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ABSTRACT 

The Labrador Trough, which is part of the New Québec Orogen, is an Early Proterozoic fold 
and thrust belt (2.17-1.87 Ga) located on the northeastern margin of the Archean Superior Province. 
In Québec, the belt includes two volcaniclastic cycles (2.17-2.14 Ga and 1.88-1.87 Ga, according to 
U-Pb dating). A third cycle composed of synorogenic molasse-type metasedimentary rocks overlies the 
sequence. The belt is subdivided into eleven lithotectonic zones, each limited by a major thrust fault 
or erosional unconformity. Each zone is internally uniform with respect to lithological assemblage and 
structural style, and the distribution of mineral deposit types is characteristic for each zone. Three zones 
of autochthonous and parautochthonous sedimentary rocks lie along the margin of the Superior Province 
(Bérard, Cambrien, and Tamarack zones); three zones are sedimentary and allochthonous (Mélèzes, 
Schefferville, and Wheeler zones); and five zones consist of volcaniclastic strata from the first cycle 
(Howse Zone), second cycle (Payne, Gerido, and Retty zones), or both cycles (Hurst Zone) — these 
five zones are allochthonous. 

A geological and tectonic framework has been established for the 392 mineral deposits (major 
deposits and showings) known in the region. Among these, 336 (86%) are located within the Labrador 
Trough or in its immediate hinterland, and 5 (1%) are within Early Proterozoic outliers located in the 
Superior Province immediately west of the orogen. The remaining 51 (13%) are located in Archean 
rocks of the Superior Province. Of these 336 deposits, 65 (19% of these deposits) are classified as Lake 
Superior—type iron formations, 3 (1%) as Algoma-type iron formations, and 35 (10%) as enriched iron 
formations (direct-shipping ore). Of the remaining 233 deposits, 111 (48% of these deposits) are inter-
preted as having mainly a syn- to diagenetic origin, 111 (48%) as having mainly an epigenetic origin, 
and 11 (5%) as belonging to a different or undetermined type. Among the syn- to diagenetic deposits, 
the more common types are magmatic Cu-Ni-PGE (71 deposits or 64% of this class), volcanogenic 
massive sulfides (20 deposits or 18%), and stratiform sedimentary Cu (11 deposits or 10%). Among 
the epigenetic deposits, the more common types are vein Cu (49 deposits or 44% of this class), vein 
or disseminated Cu-Ni-PGE (20 deposits or 18%), vein U (17 deposits or 15%), vein (lode, orogenic) 
gold (8 deposits or 7%), and vein Ag-Pb-Zn (8 deposits or 7%). 

Several syn- to diagenetic deposits hosted by rocks from the first cycle can be linked to the initial 
rifting of the Archean craton, to the rift infilling that followed, and to the establishment of an early 
marine platform. Stratiform copper sulfide deposits located in the dolomites of the early platform 
stage are typical of deposits observed in this environment elsewhere on Earth. A few sedimentary 
uranium deposits were formed in sandstones and siltstones that accumulated during the rifting event, 
particularly in the Early Proterozoic outliers located west of the orogen in the Superior Province. Lake 
Superior—type iron formation precipitated during the early platform stage of the second cycle. Algoma-
type iron formation and associated VMS deposits originated in deeper water in an adjacent basin that 
was coeval with this platform. Magmatic Cu-Ni-PGE deposits, hosted mainly in mafic sills and locally 
in picritic lava flows, formed at the beginning of the mafic volcanic episode ending the second cycle. 
A large carbonatite intrusion emplaced late in the second cycle contains concentrations of Nb-Ta-REE. 
Tectonometamorphic fluids generated during the Hudsonian Orogeny (1.82-1.77 Ga) are believed to 
have remobilized preexisting deposits, resulting in the formation of a variety of epigenetic base- and 
precious-metal deposits. Locally, these deposits are spatially associated with regional or local faults. 

This document includes the following parts: (1) a synthesis report on the lithotectonic and metal-
logenic evolution of the orogen; (2) a lithotectonic and metallogenic synthesis map at the scale of 
1:750,000 (insert); (3) descriptions of the main deposit types (Appendix 1); (4) a catalogue of known 
deposits (Appendix 2); and (5) a selection of lake sediment geochemical maps (Appendix 3). 
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This report presents, for the first time, a lithotectonic and 
metallogenic synthesis of the volcano-sedimentary fold 
and thrust belt commonly known as the Labrador Trough 
(often shortened to "the Trough" in this report). This belt 
is an important component of the New Québec Orogen. 
The orogen includes, in addition to the Trough, terrains in 
the eastern hinterland that experienced the same orogenic 
forces as the Trough. After folding, these units formed an 
important mountain belt (orogen). In this report, the name 
Labrador Trough refers to the western volcano-sedimentary 
part of the orogen. The terms "orogen" and "New Québec 
Orogen" are used in a more general sense and include the 
Trough and its hinterland. 

This synthesis has become necessary for several rea-
sons. First, the literature covering the geology and min-
eral deposits of the orogen has become voluminous. The 
information is scattered throughout geoscientific journals, 
government reports, and archived mining company reports. 
Thus, a purpose of this report is to provide an introduction 
to this literature. A second reason is that mining company 
geologists interested in the mineral potential of the area are 
commonly unfamiliar with its geology and mineral depos-
its. Periodically, the authors of this report are requested to 
provide basic geological information to these individuals, 
who often have little time to devote to searching for and 
assimilating the data. Therefore, this report provides these 
persons with a rapid way to update their knowledge base. A 
third justification for this report is that we have arrived at a 
time when consolidation and synthesis of known informa-
tion constitute a natural follow-up of previous work. After a 
long period of government investment in geological research 
in the orogen, first-pass mapping at a scale of 1:50,000 is 
almost complete. Nevertheless, major gaps and weaknesses 
still exist in our geological understanding, both in the Trough 
and in its hinterland. Lastly, the final mapping campaigns 
were accompanied or followed by detailed mineral deposit 
and metallogenic studies, in which the authors of this report 
were highly involved. 

This report, available in paper or digital formats, includes 
the following parts: (1) a synthesis report on the lithotec-
tonic (Part 1) and metallogenic (Part 2) evolution of the 
orogen; (2) a lithotectonic and metallogenic synthesis map 
at the scale of 1:750,000; (3) summary descriptions of most 
of the 22 mineral deposit types present in the area (Appen-
dix 1); (4) a catalogue of the 392' mineral deposits included 
in the SIGEOM database for the area (Appendix 2); and 
(5) a selection of lake-bottom sediment geochemical maps 
accompanied by a short explanatory text (Appendix 3, pre-
pared by M. Beaumier of the MRNF). 

A synthesis of this scope has evidently benefitted from the 
contributions of many geologists, most of whom worked on 
projects financed by the Ministère des Ressources naturelles 
et de la Faune du Québec (MRNF). We especially thank the 
following geologists with whom we have had the pleasure 
of working in the Labrador Trough: Tom Avison, Georges 
Beaudoin, Marc Bélanger, Jean Berger, Tyson Birkett, 
Yve Bourque, Bertrand Brassard, Daniel Brisebois, Pierre 
Brouillette, Don Brown, Alain Caron, Serge Chevé, André 
Ciesielski, Preston Cloud, Marc Deschênes, Burkhard 
Dressler, Janet Dunphy, Dominique Fournier, Jamie Gebert, 
Alain Girard, Réjean Girard, Normand Goulet, Jean Goutier, 
Paul Hoffman, Jill Kearvell, Alex Kiddie, Rod Kirkham, 
Leslie Kish, Sylvain Lacroix, Lao Kheang, Bernard Lapointe, 
Claude Larouche, Roger Laurent, Nuno Machado, Pierre 
Marcoux, James Moorhead, George Nooten, Victor Owen, 
Serge Perreault, Pierre Poisson, Guy Roger, Marie-Luce 
Rohon, Tom Skulski, Karen St. Seymour, Pierrette Tremblay, 
John van der Leeden, and Dick Wardle. We thank two 
persons who contributed directly to the text: Stefano Salvi 
(Type 8, Appendix 1) and Marc Beaumier (Appendix 3). 
The first author would like to underscore the importance 
of the work by Erich Dimroth and Burkhard Dressler, two 
Ministry geologists who worked in the Trough for many 
years before his own passage in the area. The first author 
would like to mention in particular Edgard St-Onge and 
Joseph Simon, both of Betsiamites, for their friendship 
and help over many years in their role as canoemen. We 
apologize to those who contributed in one way or another 
to this work, but whose names we have inadvertantly not 
mentioned. 

We extend our thanks to Michel Hocq, of the Service 
géologique de Québec, whose detailed comments greatly 
improved the first version of the manuscript. We also 
thank Prof. Michel Jébrak, of the Université du Québec à 
Montréal, for his judicious and constructive comments on 
the second version of the report. The errors that remain are 
the authors' responsibility. We would like to thank Charlotte 
Grenier, Katy Tremblay, Carole Roy and André Beaulé, of 
the Service de la Géoinformation, for the preparation of 
the figures and the synthesis map. Thanks also to Frédérick 
St. Pierre of the Service de la Géoinformation for preparing 
the digital version of the synthesis map. We are grateful to 
Jean-Pierre Lalonde and Denis Lefèbvre (French version) 
and to Jean Choinière (English version) of the Service de 
la Géoinformation for their very useful suggestions during 
editing. Thanks are also due to Michelle Vézina, who pre-
pared the text for editing. 

1. This figure takes into account the cancellation of showing no. 52 from the SIGEOM 
database (see Appendix 2). 
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INTRODUCTION 

The lithotectonic subdivisions of the orogen presented 
here (see synthesis map, inserted) are taken, in part, from 
previous work (Wares et al., 1988; Wardle et al., 1990a, 
1990b; Wares and Goutier, 1990b; Skulski et al., 1993), as 
well as from a geological and stratigraphic reinterpretation 
of published compilation maps (Avramtchev et al., 1990). 
Except for the immediate hinterland of the Labrador Trough, 
the synthesis does not include the subdivisions of the vast 
area extending to the east as far as the Torngat Orogen, near 
the Labrador coast. For this area, systematic geological 
data available include regional surveys at 1:250,000 scale 
by Taylor (1982) and at 1:50,000 scale by the MRNF (e.g., 
Bourque, 1991; Danis, 1988, 1991; Owen, 1989; van der 
Leeden, 1994). They also include thematic or local studies 
(e.g., Bélanger, 1984; van der Leeden et al., 1990; Moorhead 
and Hynes, 1990; Poirier et al., 1990; Girard, 1995; James 
and Dunning, 2000; Wardle et al., 2002 and cited refer-
ences). The few known mineral showings in the immediate 
hinterland are nevertheless mentioned in this report and 
compiled on the synthesis map. 

The lithotectonic zones described in Part 1 have been 
defined in accordance with standard practice in naming 
orogenic components. These components are limited by 
tectonic discontinuities and are characterized by a consistent 
lithological assemblage or structural style. In addition, they 
can be traced over a large part of the orogen (Coney et al., 
1980; Williams and Hatcher, 1982). These zones are related 
to each other through their stratigraphic assemblages or 
paleogeographic associations. The subdivision of an oro-
genic belt into lithotectonic zones or exotic terranes is useful 
because it allows the definition of the paleosedimentary and 
metallogenic environments in the various parts of the oro-
gen, the delimitation of corridors of tectonic transport, and 
the interpretation of the evolution of the orogen according 
to modern plate-tectonic concepts (Williams and Hatcher, 
1982; Gibb, 1983; Thomas and Gibb, 1985; Hoffman, 
1988; Rivers et al., 1989; Wardle et al., 1990b; James and 
Gunning, 2000; Wardle et al., 2002). 

REGIONAL GEOLOGICAL 
CONTEXT 

The Paleoproterozoic New Québec Orogen (Hoffman, 
1988), whose western part is known as the "Labrador 
Trough," extends for over 850 km, from the Grenville 
Front in the south, as far as Ungava Bay in the north (Clark, 
1994; figure 1). The orogen is located east of the Archean 
Superior Province and corresponds to part of the Archean-
Proterozoic Southeastern Churchill Province (Stockwell, 
1961; Hoffman, 1988, 1990a). The orogen constitutes 
part of the "Circum-Ungava Geosyncline," which sur-
rounds the northeastern part of the Superior Province and 
also includes the Ungava Orogen ("Cape Smith Belt" or 
"Ungava Trough"), the Ottawa Islands, and the Belcher 
Islands Belt (figure 1; Dimroth et al., 1970a; Baragar and 
Scoates, 1981). The Circum-Ungava Geosyncline, includ-
ing the New Québec Orogen, is considered by Lewry and 
Collerson (1990) to be part of the extensive Trans-Hudson 
Orogen. The latter is a major orogenic zone extending from 
South Dakota, northeastwards across the Canadian Shield, 
as far as the Ungava Orogen. In addition, the Trans-Hudson 
Orogen includes, according to Lewry and Collerson (1990), 
the Southeastern Churchill Province (including the New 
Québec Orogen) and certain parts of Baffin Island and 
Greenland. Hoffman (1990a) envisaged a link between the 
Ungava and New Québec Orogens, a hypothesis supported 
by recent work by Madore and Larbi (2000). According to 
Hoffman (1988), the Southeastern Churchill Province forms 
a part of the Archean Rae Province, whose reference area is 
located in the Northwest Territories. However, the extension 
of the Trans-Hudson Orogen onto Baffin Island (St. Onge 
et al., 1998; Wardle et al., 2002) prohibits a physical con-
nection between the Rae (sensu stricto) and the Southeastern 
Churchill Province. 

The supracrustal rocks of the Labrador Trough constitute 
the foreland of the New Québec Orogen. These rocks form a 
thrust and fold belt on the margin of the Superior Province. 
The Paleoproterozoic supracustal rocks (-2.17-1.87 Ga; 
Stockwell, 1982; Machado et al., 1989; Clark and Thorpe, 
1990; Machado, 1990; Rohon et al., 1993; Skulski et al., 
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1993; Machado et al., 1997) occur within autochthonous/ 
parauthochthonous and allochthonous belts. Farther east, 
the orogen includes an internal metamorphic-plutonic zone, 
made up in large part of Archean rocks (the "core zone" of 
Wardle et al., 2002) (Hoffman, 1988; Poirier et al., 1990; 
van der Leeden et al., 1990; Wardle et al., 1990a, 1990b, 
2002; Girard, 1990; James and Dunning, 2000). 

Work by Dimroth (1970a, 1972, 1978, 1981), Dimroth 
et al. (1970), Harrison et al. (1970), Dimroth and Dressler 
(1978), and Wardle and Bailey (1981) led to the first strati-
graphic and structural syntheses of the central part of the 
orogen. The Labrador Trough (figure 2) was subdivided into 
three supracrustal belts: (1) a western, parauthochthonous 
to allochthonous "miogeosynclinal" belt composed mainly 
of platform sedimentary rocks; (2) a central, allochthonous  

"eugeosynclinal" belt composed mainly of greenschist 
facies, deep-water, volcano-sedimentary rocks intruded by 
numerous gabbro sills; and (3) an eastern allochthonous belt 
marking the beginning of the hinterland and composed of 
amphibolite facies rocks, in part equivalent to rocks of the 
central belt, and tectonic nappes of Archean basement rocks. 
The stratigraphic nomenclature contains a plethora of names 
originating from these studies. This phenomenon resulted 
from the fact that the early stratigraphic correlations were 
based on the old concepts of miogeosynclinal and eugeosyn-
clinal sialic basins (Aubouin, 1965). These correlations did 
not take into consideration modern tectonostratigraphic con-
cepts, such as facies changes and the structural imbrication 
of formations. More recent work (Le Gallais and Lavoie, 
1982; Hoffman, 1988, 1990a, 1990b; Clark and Thorpe, 
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1990; Wardle et al., 1990b; Wares and Skulski, 1992; 
Machado et al., 1997; James and Dunning, 2000), supported 
by U-Pb geochronology, has led to regional stratigraphic 
correlations, including correlations between the central and 
northern parts of the foreland of the orogen. As a result, the 
first lithotectonic models for certain parts of the orogen were 
proposed (Wares et al., 1988; Wardle et al., 1990a, 1990b; 
Wares and Goutier, 1990b; Skulski et al., 1993). 

STRATIGRAPHY 

The foreland of the orogen (the Labrador Trough) is com-
posed of three cycles of sedimentation and volcanism, which 
make up the Kaniapiskau Supergroup (Frarey and Duffell, 
1964). The cycles thicken eastwards and are separated 
from each other by erosional unconformities (figure 3b; 
Dimroth et al., 1970a; Wardle and Bailey, 1981; Le Gallais 
and Lavoie, 1982; Hoffman, 1987; Clark, 1988; Clark and 
Thorpe, 1990; Clark, 1994). 

The first cycle is composed of an intracratonic rift basin 
sequence overlain by a passive margin sequence. First 
cycle rocks are situated mainly in the part of the Trough 
between latitude 57°30'N and the Grenville Front. They 
lie discordantly on the Superior craton and begin with 
an immature, continental rift sequence (Seward Group 
sandstones and conglomerates; figure 3b). This sequence 
was deposited about 2.2 Ga ago as a result of the rifting 
of the Archean continent along the northeastern margin of 
the Superior Province (e.g., Hoffman, 1988; Wardle et al., 
2002). During rifling, the creation of a crustal promontory 
north of 57°N would explain the absence of most of the 
first cycle in the northern part of the Trough (Skulski et al., 
1993). The immature sedimentary rocks of the Seward 
Group were deposited in rivers generally oriented parallel 
to the rift (Baragar, 1967). Mafic, weakly alkalic volcanic 
activity was contemporaneous with sedimentation. In the 
Cambrien, Chakonipau, and Otelnuk lakes area (latitude 
56°15'), rift sediments were deposited at the base of east-
west-oriented escarpments. One of these corresponded 
to the Cambrien—Otelnuk Fault (an interpreted fault, now 
cryptic), which limited the Castignon graben (Dimroth et al., 
1970). Seward sedimentary rocks in this area and Sakami 
Formation sedimentary rocks located in Proterozoic outli-
ers west of Cambrien Lake (see figures 1 and 2, as well as 
the synthesis map) are considered as correlative by Fahrig 
(1969) and Clark (1984). 

The Proterozoic outliers, composed of rocks preserved in 
half-grabens, are vestiges of what Hoffman (1988) termed 
the "Cambrien Lake Aulacogen." However, the hypothesis 
of an aulacogen during the time of sedimentation is not 
supported by paleocurrent directions in fluviatile sandstones 
in half-grabens near Cambrien Lake (Clark, 1984). These 
directions are commonly at high angles to the half-grabens, 
suggesting that the rift zone did not control the direction of  

the trunk rivers responsible for sediment transport. Detailed 
work carried out on uranium deposits in the outliers are 
in agreement with this conclusion (see later discussion; 
Gehrisch et al., 1982). According to this work, the deposi-
tion of the lower Sakami occurred in local basins whose 
NE-SW elongation was controled by normal faults oriented 
in the same direction. Movement on these faults continued 
during and after deposition of the lower Sakami. The last 
tectonic movements, along east-west faults, tilted the basins 
towards the south, and subsequent erosion produced the 
outliers observed today. 

Following deposition of immature sediments and volcanic 
rocks in the NW-SE rift in the foreland of the orogen, sand-
stones and dolomites of the Pistolet Group were deposited 
on a passive margin platform. This platform eventually 
foundered, and basalt and flysch of the Swampy Bay Group 
were deposited in a marine basin. Locally, basalts directly 
overlie immature Seward sediments, probably because 
the basalts were erupted near the axis of initial rifting. 
The sequence is overlain by the shallow-water rocks of a 
dolomitic reef complex (Attikamagen Group), indicating 
the establishment of a platform and a marine regression at 
the end of the first cycle (Hoffman and Grotzinger, 1989). 
The Attikamagen Group includes dolomites of the Denault 
Formation, mudstones of the Dolly Formation, and chert 
breccias of the Fleming Formation (Harrison et al., 1972; 
Dimroth, 1978; Birkett, 1991). 

The second cycle, whose age is 1.88-1.87 Ga, includes 
a transgressive sequence composed of platform sediments 
(Ferriman Group, including Wishart Formation sandstone 
and Sokoman Formation iron formation) and turbidites 
(Menihek Formation sandstone and mudstone) (figure 3b). 
These rocks unconformably overlie the Superior craton 
and first cycle rocks (Dimroth, 1978). The alkalic volca-
nic rocks of the Nimish Formation (Evans, 1978) and the 
intrusive and effusive rocks (meimechites, carbonatites) of 
the Castignon complex (Dimroth, 1970b; Chevé, 1993) are 
contemporaneous with the Wishart and Sokoman rocks. In 
the south-central part of the Trough, the Wishart-Sokoman-
Menihek sequence correlates chronostratigraphically with 
a volcano-sedimentary sequence deposited in a gradually 
deepening basin located farther east (basalt and flysch of 
the Doublet Group) (Dimroth, 1981; Wardle and Bailey, 
1981; Le Gallais and Lavoie, 1982). Pyroclastic rocks (tuff, 
breccia, and amygdaloidal agglomerates) of the Murdoch 
Formation (Baragar, 1967) form the base of the Doublet 
Group east of the Walsh Lake Fault (see synthesis map). 
The fact that the Murdoch and Menihek formations occur 
on opposite sides of the Walsh Lake Fault makes interpre-
tation of their stratigraphic relations difficult (see Baragar, 
1967). The Murdoch is considered to correlate, in part, 
with the Menihek Formation (Frarey, 1967; Fournier, 1983; 
Findlay et al., 1995). On the basis of available geochrono-
logical data, Findlay et al. (1995) correlated the Murdoch 
more specifically with the lower part of the Menihek. They 
also correlated Willbob basalts with the upper part of the 
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FIGURE 3 - Schematic stratigraphy of the foreland of the New Québec Orogen (Labrador Trough), subdivided into three cycles. (a) Stratigraphy following 
the former nomenclature of Bérard (1965), Dimroth (1970a, 1978), Dimroth et al. (1970), and Dressler (1979). (b) Nomenclature proposed in the present 
report. Only the main formations are indicated. Available U-Pb zircon ages provide a time framework for the stratigraphie column. The Sakami Formation 
is correlated with the Seward Group and is included in this unit in the figure. CC, Castignon complex; LM, Le Moyne Carbonatite. 



	  13 

Menihek. Thus, these more recent stratigraphic interpreta-
tions do not support the assignment of the Doublet Group to 
a third volcano-sedimentary cycle, as suggested by Dimroth 
(1970a, 1978) and Dimroth et al. (1970) (figure 3a). 

According to early stratigraphic interpretations, the 
Abner, Baby, and Hellancourt formations, located in the 
northern part of the Trough (north of latitude 57°N), also 
belong to a third volcano-sedimentary cycle. At the time, 
it was believed that these units lie conformably on the 
second-cycle platform sequence (Bérard, 1965; Sauvé and 
Bergeron, 1965; figure 3a). However, the discovery of a 
major thrust fault (the Garigue Fault) below the Abner 
Formation (Clark, 1979; Budkewitsch, 1986; Goulet, 1986) 
and the results from U-Pb and Pb-Pb geochronology led to a 
new interpretation of the stratigraphy in the northern part of 
the Trough (Fournier, 1985; Clark, 1988; Clark and Thorpe, 
1990; Machado et al., 1997). The Abner Formation is now 
interpreted as equivalent to the first-cycle Denault Formation 
(Attikamagen Group), mapped in the southern part of the 
Trough. This equivalence was suggested by Hoffman and 
Grotzinger (1989) and is supported by the fact that the car-
bon isotope compositions of the two formations are similar 
(Melezhik et al., 1997)'. The Sokoman Iron Formation is 
interpreted as equivalent to the iron formation forming the 
middle unit of the Baby Formation (Clark, 1988), and the 
Ferriman Group is considered to have the same age as the 
Baby-Hellancourt sequence. The correlation of the Sokoman 
and Baby iron formations is supported by the similarity of 
their rare earth element profiles (Clark, 1988). The Baby-
Hellancourt sequence (termed the Koksoak Group) may be 
correlative with the Doublet Group in the southern part of 
the Trough (Rohon et al., 1993). The volcanic rocks, con-
glomerates, and dolomites of the Le Moyne Group, located 
in the north-central part of the Trough, were deposited near 
the end of the second cycle. These three groups make up the 
second volcano-sedimentary cycle (figure 3b). 

The second-cycle platform sequence is unconformably 
overlain, in the north, by the Chioak Formation and, in the 
south, by the Tamarack River Formation. These formations, 
composed of synorogenic molasse (foredeep sediments), 
are now assigned to a third sedimentary cycle (figure 3b; 
Hoffman, 1987, 1988). 

In the hinterland northeast of Schefferville, stratigraphic 
relations indicate that the metasedimentary rocks (mainly 
metapelites, with some quartzite, calc-silicate rocks, sul-
fidic iron formation, and amphibolite) of the Deborah 
Formation in part overlie and in part are intercalated with 
metabasalts correlated with the Willbob Formation (Girard, 
1995; Girard, personal communication, 2002). The Willbob 
appears to thin towards the east in this region (Girard, 
personal communication, 2002). Thus, the Deborah, which 
makes up most of the Laporte Group in this region, may be 
considered as part of the second cycle. In the eastern part 

1. In the northern part of the orogen, north of Feuilles (Leaf) Bay, the presence of 
first-cycle rocks is suspected, but their abundance on a regional scale is unknown 
(Mungall and Wares, 1997). 

of the northern sector of the Trough, quartz sandstones 
and mudstones of the Thévenet Formation, which outcrop 
mainly to the south of Thévenet Lake in the Hellancourt 
Syncline, were interpreted as overlying the Hellancourt 
Formation by Sauvé and Bergeron (1965). Given that the 
contact between the Thévenet and Hellancourt formations 
is not exposed, the present authors believe that the Thévenet 
occupies a position analogous to that of the Deborah Forma-
tion in the south. Thus, the Thévenet would be equivalent to 
a part of the Koksoak Group sequence and would have been 
thrust over the latter during Hudsonian deformation. 

Finally, the formations in the central part of the Trough 
(cycles 1 and 2) are intruded by numerous tholeiitic, 
mafic-ultramafic sills classified under the general name of 
"Montagnais Sills" (termed "Montagnais Group" by Baragar, 
1967, and Dimroth, 1978). These sills are contemporaneous 
and comagmatic with associated volcanic rocks (St. Seymour 
et al., 1991; Rohon et al., 1993; Skulski et al., 1993; Findlay 
et al., 1995). In addition, a large carbonatite intrusion 
(the Le Moyne Intrusion; Birkett and Clark, 1991) was 
emplaced near the end of the second cycle, in the upper 
part of the sequence. 

A revised nomenclature for the Kaniapiskau Supergroup 
is proposed in Figure 3b. This new nomenclature, used in 
the present report, has been developed for the following 
reasons: 

1) The term "subgroup" is not accepted by the North 
American Stratigraphic Code (The North American 
Commission on Stratigraphic Nomenclature, 1983). It is 
therefore proposed that Dimroth's (1970a, 1978) first-cycle 
subgroups be reclassified as groups. 

2) According to its original definition, the Knob Lake 
Group includeds all Proterozoic rocks underlying the Doublet 
Group, i.e., all the sedimentary rocks located west of the lat-
ter group (Harrison, 1952). Since the Ferriman Group is now 
interpreted as the chronostratigraphic equivalent of a part 
of the Doublet Group (e.g., Le Gallais and Lavoie, 1982), it 
is illogical to include Ferriman rocks in the same group as 
the units making up the first cycle. In addition, because of 
point 1, above, first-cycle units ("subgroups") can no lon-
ger be included in a single group. Therefore, it is proposed 
that the name "Knob Lake Group" be abandoned and that 
the Ferriman Group be redefined as the autochthonous-
parautochthonous sequence of the second cycle. Because 
of the narrowness of several bands composed of Wishart, 
Ruth, and Sokoman rocks, the Menihek Formation has been 
included in the Ferriman Group in order to improve the 
clarity of the lithotectonic synthesis map. 

3) Previously, Wares and Goutier (1989) had proposed 
to group the Abner, Baby, and Hellancourt formations in 
the northern part of the Trough under the informal name of 
"Gerido Group." Later, Wares and Goutier (1990a, 1990b) 
proposed the name "Koksoak Group" in order to avoid 
repeating the name "Gerido," which they used instead to 
designate a regional structural domain. The term "Koksoak 
Group" is retained here, although it includes only the Baby 
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and Hellancourt formations, since the Abner Formation 
(equivalent to the Denault Formation) belongs to the first 
volcano-sedimentary cycle (Attikamagen Group). 

4) The Le Fer and Bacchus formations, composed largely 
of flysch-like sedimentary rocks, make up the lower part 
of the Attikamagen subgroup as defined by Dimroth 
(1978). According to Hoffman (1987), the upper part of the 
Attikamagen (Denault, Fleming, and Dolly formations) was 
deposited during a marine regression and the establishment 
of a carbonate platform. On the other hand, the underlying 
formations of the Swampy Bay Group are composed of 
flysch-like sedimentary rocks deposited on a deep conti-
nental margin. According to Dimroth (1978), the Le Fer is 
transitional to and interdigitated with adjacent formations, 
such as the Savigny and the Bacchus. Therefore, it is pro-
posed that the Le Fer and Bacchus formations be included 
in the Swampy Bay Group because of their natural affinities. 
The Attikamagen Group would therefore include only the 
Denault (Abner), Fleming, and Dolly formations. However, 
as was mentioned above, low values for the carbon isotope 
composition of the Denault (Abner) dolomites (813C values 
between -3 and +5%o; Melezhik et al., 1997) suggest that 
these dolomites have a chemical affinity with second-cycle 
rocks, rather than with the older, first-cycle dolomites of 
the Alder, Dunphy and Uvé formations. The carbon iso-
topes are heavier in the latter formations, with 813C values 
between +5 and +16%o (Schrijver et al., 1986; Melezhik 
et al., 1997). The heavy isotopic composition of carbon in 
the older dolomites corresponds to a positive 613C excur-
sion characteristically observed, on the scale of the planet, 
in carbonate rocks whose age lies between about 2.22 and 
2.06 Ga (Karhu and Holland, 1996). Thus, it appears that 
the Attikamagen Group is younger than about 2.06 Ga. 

5) It is proposed that the Douay (new informal name) 
and Aulneau formations be grouped in the Le Moyne Group 
(new name). 

6) Several redundant formation names exist for units that 
are now interpreted as identical. Thus, it is proposed that 
the following names be eliminated: 

• the Allison and Fenimore formations (equivalent to the 
Wishart and Sokoman formations, respectively); 

• the Abner and Harveng formations (equivalent to the 
Denault Formation; Hoffman and Grotzinger, 1989); 

• the Larch River Formation (equivalent to the Baby 
Formation); 

• the Nachicapau Formation (equivalent to parts of the 
Ferriman, Attikamagen, and Swampy Bay groups; 
Avramtchev et al., 1990); 

• the Mistamisk Formation (equivalent to the Bacchus 
Formation). 

In addition, it is proposed that the Dragon Formation 
be considered as a sandy, shaly member of the Menihek 
Formation. Finally, the Deborah Formation (Girard, 1995), 
mapped in the southern part of the orogen, and its homotaxial 
equivalent in the north, the Thévenet Formation (Sauvé and 
Bergeron, 1965; Clark, 1980), are provisionally assigned 
to the second cycle. As mentioned above, the Deborah and 
probably the Thévenet are in part laterally equivalent to and 
contemporaneous with the Doublet and Koksoak groups, 
respectively. 

OVERVIEW OF 
STRUCTURAL STYLE 

Dimroth (1970a) was the first to establish a general picture 
of the structural style of the Labrador Trough. He published 
a schematic structural section across the Trough by extrapo-
lating the plunge of mapped structures to depth (see his 
figure 10). This interpretation has been modified by local 
studies in the central and northern parts of the Trough, e.g., 
Dressler (1979), Clark (1988), Brouillette (1989), Boone and 
Hynes (1990), Wares and Goutier (1990a, 1990b), Goulet 
(1995), and Madore and Larbi (2000). 

Dimroth (1970a) showed that the western part of the 
Trough (west of the Ferrum River Fault) was deformed into a 
wide synclinorium cut by a system of imbricated thrust faults 
dipping at high angles towards the northeast. At increasing 
depth, the faults dip at increasingly shallow angles and 
meet along a basal décollement. In strongly imbricated 
areas, doubly plunging, southwest-vergent, isoclinal folds 
have been mapped. In a few places, thrust faults penetrated 
Archean basement and carried slices of these rocks into the 
imbricated Proterozoic sequence. Examples occur north 
of Colombet Lake, southeast of Canichico Lake, and east 
of Cambrien Lake (Dimroth, 1978; Dressler, 1979). The 
Wheeler Dome, located east of Romanet Lake, is interpreted 
as a large mass of Archean rocks transported westwards and 
upwards along a major thrust fault (figure 4; Clark, 1986). 

Dimroth (1970a) also proposed the existence of a large, 
central anticlinorium, limited and cut by major thrust faults 
(e.g., the Ferrum River, Argencourt, Chassin, Walsh Lake, 
and Robelin faults). He noted that the length of these faults 
ranges from 80 to 250 km and that displacement along them 
diminishes from their centres towards their extremities. 
Some of the major thrust faults, such as the Robelin, Rachel 
Lake, and Wade Lake faults, are out-of-sequence faults that 
cut earlier faults (e.g., the Garigue Fault) and folds (Wares 
and Goutier, 1990b; James et al., 1996; Wares and Mungall, 
1997; Mungall and Wares, 1997). In the central anticlino-
rium, synforms are generally open, whereas antiforms 
are typically tight, angular, and cut by thrust faults. The 
eastern part of the Trough, including part of the immediate 
hinterland, is a wide synclinorium with overturned, nearly 
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FIGURE 4 - Schematic (not to scale), palinspastic, predeformational stratigraphic section, oriented SW-NE across the orogen at Chakonipau Lake and the 
valley of Mistamisk and Romanet lakes. The presumed locations of future, major thrust faults are shown. Note the presence of a basal detachment surface 
below the Wheeler Dome. Illustration modified from Clark (1986). 

isoclinal folds. In many places, the structural style reflects 
interference between several generations of folds. Dome 
and basin structures are fairly common, e.g., near Cramolet 
Lake and west of Hérodier Lake. At latitude 58°N, structural 
shortening due to folding and movement on thrust faults 
was estimated at 64% (Boone and Hynes, 1990). Between 
the Robelin and Rachel faults, in the same area, Wares 
and Goutier (1990b) estimated the minimum shortening at 
between 50 and 78%. Near Schefferville, shorthening in the 
western part of the Trough was estimated at between 28 and 
35% (Zajac, 1974). 

Thrust nappes composed of Archean rocks are structur-
ally intercalated with supracrustal rocks in the immediate 
hinterland and foreland of the orogen west of Kuujjuaq and 
east of Schefferville. Nappe emplacement near Kuujjuaq 
was interpreted by Moorhead and Hynes (1990) as being 
more recent than the development of a décollement surface 
between the Archean basement and the Paleoproterozoic 
sequence. The nappes were first transported towards the 
northwest, then folded during an episode of deformation, 
directed towards the southwest, that affected the foreland 
(Boulder and Moyer antiforms, Renia and Scattered syn-
forms; Moorhead, 1989; Moorhead and Hynes, 1990). 

Most of the structures in the foldbelt are attributed to 
oblique-dextral collision between the Archean core zone  

of the orogen, to the east, and the Superior Province, to the 
west (Hoffman, 1989, 1990b; Wardle et al., 1990b, 2002). 
The tectonic fabric in the foldbelt is oriented NNW-SSE, and 
folds plunge generally towards the SSE at an average angle 
of about 15°. Structures related to the collision include map-
scale folds and various generations of thrust faults, several 
of which (e.g., the Rachel Lake and Olmstead Lake faults) 
include a dextral strike-slip component (Goulet et al., 1987; 
Moorhead and Hynes, 1990; Goulet, 1995). The Tudor Lake 
Fault, in the southern hinterland, is a major structure with 
dextral strike-slip and thrust components, indicating trans-
pressional movement. Near Ungava Bay, the Turcotte Lake 
Fault may be its equivalent (Wardle et al., 2002). 

Recent field work north of Payne Bay suggests that the 
Proterozoic rocks in this area were transported towards 
the southeast on an early basal décollement (Madore and 
Larbi, 2000). The early structures were affected by a later, 
southwest-directed deformation (Madore and Larbi, 2000; 
Goulet, 2001). 

In strong contrast to the rest of the orogen, folds in the 
Petitsikapau Synclinorium located southeast of Schefferville 
(see the synthesis map) plunge northwesterly, and axial 
planes have been rotated in a counterclockwise direction. 
These contrasting structural features are related to out-
of-sequence faults with reverse and sinistral strike-slip 
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components (e.g., the Mina Lake, Quartzite Lake, and Moss 
Lake faults; Wardle, 1979). 

OVERVIEW OF METAMORPHISM 

Metamorphic grade increases from west to east in the 
foreland of the orogen (i.e., between the margin of the 
Superior Province and the Keato Lake and Rachel Lake 
faults), passing from subgreenschist facies to upper green-
schist facies (Dimroth and Dressler, 1978; Wares et al., 
1988; Perreault and Hynes, 1990). Rocks in the hinterland 
were metamorphosed to the upper greenschist facies (near 
the western limit of the hinterland), the amphibolite facies, 
or the granulite facies. Metamorphism increases from west 
to east in the immediate hinterland of the orogen (Dimroth 
and Dressler, 1978; Perreault and Hynes, 1990; Girard, 
1995). 

GEOCHRONOLOGICAL 
DATA AND THE 
TECTONOSTRATIGRAPHIC 
EVOLUTION OF THE OROGEN 

Available geochronological data', though not abundant, 
provide important constraints on the temporal evolution of 
the orogen (figure 5). An age of 2169 ±4 Ma was obtained 
for a gabbro sill intruding immature sedimentary rocks 
of the Chakonipau Formation at Wakuach Lake (Rohon 
et al., 1993). This age indicates that rifting of the Archean 
continent began before 2169 Ma. In addition, the age sup-
ports the hypothesis of Buchan et al. (1998), who proposed 
that between 2.3 and 2.1 Ga, a mantle plume located SE of 
Ungava Bay caused a rift along the future northeastern mar-
gin of the Superior Province. The plume is supposed to have 
been located at the apex of a fan of mafic dike swarms in the 
Superior, i.e., the Klotz (2.21 Ga), the Maguire (2.23 Ga), 
and the Senneterre (2.22 Ga) swarms (Buchan et al., 1998; 
Ernst and Buchan, 2001). Deposition of first cycle rocks con-
tinued to at least 2142 +4/-2 Ma, which is the age of a rhyo-
lite dike cutting the upper part of the Bacchus Formation at 
Colombet Lake (T. Krogh and B. Dressler, unpublished data 
cited by Clark, 1984, page 4). Thus, first cycle deposition 
covered a period of at least 27 Ma (2169-2142 Ma). How-
ever, the end of first-cycle deposition may have occurred 
at a later date. Based on the isotopic composition of carbon 
in Denault Formation dolomites, which occur at the top of 
the first cycle (see the section "Stratigraphy"), this forma- 

tion may be younger than about 2.06 Ga. Thus, first-cycle 
deposition may have lasted more than 109 Ma. Pb/Pb ratios 
obtained from galena in the Abner Formation, equivalent 
to the Denault Formation, gave a model age between 2140 
and 1940 Ma (Clark and Thorpe, 1990). This model age 
is consistent with the stratigraphic interpretations and ages 
mentioned above. 

Geochronological data are also available for the second 
cycle. The age of a carbonatite dike in the Castignon complex, 
located east of Cambrien Lake, is 1880 ±2 Ma (figure 3b; 
Chevé and Machado, 1988). This dike and associated alkalic 
tuffs are contemporaneous with the Sokoman Formation 
(Ferriman Group) and therefore give the age of this unit. The 
age of felsic volcanic rocks in the Nimish Formation, which 
are intercalated with Sokoman rocks southeast of Schefferville, 
is essentially identical, i.e., 1878 ±1 Ma2  (Findlay et al., 
1995). A glomeroporphyritic gabbro sill cutting turbidites 
from the Menihek Formation overlying the Sokoman For-
mation at Howse Lake gave an age of 1884 ±2 Ma. The last 
two ages suggest that the Sokoman and Menihek formations 
were deposited diachronously (Findlay et al., 1995). These 
authors proposed that the two formations were deposited 
either in a foreland trough migrating westwards, or in a rift 
basin of progressively increasing depth and width. South of 
Feuilles Bay (Leaf Bay), a glomeroporphyritic gabbro sill 
intruding basalts at the top of the Hellancourt Formation 
gave an age of 1874 ±3 Ma (Machado et al., 1997). A Pb-Pb 
age of 1885 ±67 Ma was obtained for Willbob Formation 
basalts in the southern part of the orogen (Rohon et al., 
1993). This age is consistent with the interpretation that 
the basalts correlate with Hellancourt Formation basalts 
in the north. A mineralized, mafic-ultramafic sill located 
in the Roberts Syncline in the extreme northern part of the 
orogen gave a U-Pb age of 1882 ±4 Ma (Wodicka et al., 
2002), which is within the age bracket for second-cycle 
mafic magmatism (basalts and gabbros). The youngest age 
from second-cycle rocks is 1870 ±4 Ma, which was obtained 
from rhyodacite located near Douay Lake (southwest of 
Le Moyne Lake) (Machado et al., 1997). The sample was 
collected from an unusual volcano-sedimentary sequence 
called the Le Moyne Group. This sequence is composed of 
felsic volcanic and sedimentary rocks of the Douay forma-
tion (new informal name), which is overlain by the platfor-
mal sedimentary rocks of the Aulneau Formation (Dressler, 
1979). The sequence also includes mafic and ultramafic 
tuffs contemporaneous with a carbonatite intrusion several 
kilometres in diameter (the Le Moyne Carbonatite; Birkett 
and Clark, 1991). Based on the age obtained, this sequence 
and, by extension, the associated carbonatite are correlative 
with Hellancourt basalts. The age suggests the existence, 
at the end of the second cycle in the area southwest of Le 
Moyne Lake, of an isolated volcano-sedimentary platform 

1. The geochronological data are U-Pb ages, unless otherwise indicated. 

2. This age was obtained from a pebble of quartz syenite in a conglomerate intercalated in Nimish volcanic rocks. The syenite was interpreted as the intrusive equivalent of 
Nimish felsic volcanic rocks by Findlay et al. (1995). 
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within a deep basin environment. The age also suggests 
that the Le Moyne Carbonatite is at least 4 Ma younger 
than the Castignon Lake carbonatitic complex, which was 
dated at 1880 ±2 Ma (Chevé and Machado, 1988). Taken 
together, ages obtained from second-cycle rocks indicate 
that deposition occurred over a period of at least 14 Ma 
(1884-1870 Ma). 

The unconformity between the first and second cycles 
represents a period of about 260 Ma (2142-1884 Ma), as 
noted by Rohon et al. (1993). As mentioned above, carbon 
isotope analyses carried out on dolomites from the Denault 
Formation suggest that these rocks are younger than about 
2.06 Ga (see the section "Stratigraphy"). Thus, the time span 
between the two cycles would be less than 175 Ma. Never-
theless, it is possible that the absence of U-Pb ages between 
2.14 and 1.88 Ga is due as much to the incompleteness of 
the geochronological data as to a stratigraphic hiatus. 

Events occurring between the two depositional cycles 
are uncertain. In the Trough, no stratigraphic evidence has 
been found for deposition during this period. In addition, 
no important tectonic activity occurred during this hiatus, 
according to Dimroth (1971a), although the Archean fore-
land was uplifted slightly, giving rise to a low-angle, mar-
ginal unconformity below the Wishart Formation. According 
to this interpretation, it appears that the passive continental 
margin established during the deposition of the first cycle 
was maintained without much disturbance through the depo-
sition of the second cycle until the beginning of Hudsonian 
deformation. In constrast with this interpretation, however, 
an orogenic episode, described as a "proto-Hudsonian 
deformation," was postulated by Le Gallais and Lavoie 
(1982) for the period between the two cycles, even though 
the authors acknowledged the absence of field evidence. In 
addition, erosion of the Archean foreland before deposition 
of the second cycle was interpreted by Hoffman (1987) as 
evidence for the development of an outer foreland arch 
related to the beginning of thrusting and to the development 
of a foredeep. According to this interpretation, the second 
cycle would be considered as synorogenic. This hypothesis 
was rejected by Wardle et al. (2002), because orogenic 
deformation related to the collision of the core zone with the 
Superior craton occurred between 1.82 and 1.77 Ga, that is, 
after the end of cycle 2 deposition. In the hinterland of the 
orogen, the De Pas Batholith (van der Leeden et al., 1990; 
Dunphy and Skulski, 1996; Martelain et al., 1998; James 
and Dunning, 2000) and the Kuujjuaq Batholith (Perreault 
and Hynes, 1990) were emplaced between 1.84 and 1.81 Ga; 
they are pre- to synorogenic. 

Deformation and metamorphism in the various parts of 
the orogen took place between >1.84 and 1.77 Ga (Machado 
et al., 1988, 1989; Machado, 1990; Perreault and Hynes, 
1990; Wardle et al., 1990b; James and Dunning, 2000; 
Wardle et al., 2002). In the eastern part of the Kuujjuaq 
domain, deformation and granulite facies metamorphism 
occurred before 1845 Ma; a second metamorphic event in 
this terrane, at upper amphibolite facies grade, probably  

reached its peak at about 1.83 Ga (Perreault and Hynes, 
1990). Farther west, between the Rachel Lake and Turcotte 
Lake faults, amphibolite facies metamorphism marking 
the end of thrusting and dextral strike-slip displacement 
occurred between 1793 and 1783 Ma (Machado et al., 
1989). The end of orogenesis in the Kuujjuaq domain was 
marked by posttectonic activity (e.g., intrusion of pegma-
tites; crystallization of rutile in Archean gneiss domes) at 
1774-1741 Ma (Machado et al., 1988, 1989). On the other 
hand, in the foreland of the orogen, deformation ended (at 
least locally) before 1813 ±4 Ga, based on an age from a 
small, posttectonic monzonite intrusion at Nachicapau Lake 
(Machado et al., 1997). In the south-central part of the 
Labrador Trough hinterland, deformation began at 1.82 Ga, 
towards the end of the intrusion of the De Pas Batholith. 
This deformation occurred when Archean rocks west of the 
batholith collided with the Archean core zone located east 
of the batholith (James and Dunning, 2000). In this area, 
amphibolite facies metamorphism associated with crustal 
thickening was followed by a period of crustal cooling at 
1775 Ma (James and Dunning, 2000). 

LITHOTECTONIC ZONES 

The lithotectonic zones in the Labrador Trough are sepa-
rated from each other by major thrust faults. The zones are 
composed of either autochthonous/parauthochthonous or 
allochthonous assemblages. The western limit of the alloch-
thonous part of the Trough has been localized, in places in a 
somewhat arbitrary fashion, at the first thrust fault showing 
importance at the scale of the map'. Figure 6 shows sche-
matically the relative positions of the zones in the Trough, 
the stratigraphy of each zone, the stratigraphic variations 
within each zone as a function of latitude, and the faults that 
subtend the allochthonous zones. 

The following lithotectonic zones have been identified: 

• three autochthonous/parautochthonous, sedimentary 
zones on the craton margin (Bérard, Cambrien, and 
Tamarack); the Bérard Zone was previously called the 
Chioak Zone (Wares et al., 1989; Wares and Goutier, 
1990b; Skulski et al., 1993); 

• three allochthonous, sedimentary zones (Mélèzes, 
Schefferville, and Wheeler2); 

• one allochthonous, volcano-sedimentary zone composed 
mostly of first-cycle formations (Howse); 

1. The definition of the western limit of the allochthon proves difficult, for example, 
between 56°30' and 57°00'. 

2. In the Wheeler Zone, the Seward, Pistolet, and Swampy Bay groups contain a small 
quantity of mafic volcanic rocks, but the zone is essentially sedimentary. 
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• three allochthonous, volcano-sedimentary zones com-
posed mainly of second-cycle formations (Payne, 
Gerido, and Retty); 

• one allochthonous, volcano-sedimentary zone composed 
of first- and second-cycle formations (Hurst). 

The volcano-sedimentary zones are intruded by numer-
ous gabbro sills (Montagnais Sills) and by two carbonatite 
complexes; these are indicated schematically in figure 6. 
The main characteristics of the various zones are presented 
below. 

The Bérard Zone forms the northern part of the 
autochthonous/parauthochthonous belt (between 56°30' 
and 58°30'). This zone lies unconformably on the Archean 
basement and includes mainly the Ferriman Group and the 
overlying molasse of the Chioak Formation. In the northern 
part of the Bérard Zone, a unit of dolomite lying between 
the Wishart Formation and the basement (the "lower dolo-
mite" of Bérard, 1965) is probably equivalent to the Denault 
Formation. 

The autochthonous units of the Cambrien Zone occur 
to the south of the Bérard Zone, in the Cambrien Lake rift 
zone. These units include the Seward, Pistolet, Swampy Bay, 
and Ferriman groups, as well as the Sakami Formation. The 
Sakami has been correlated with the Chakonipau Formation 
in the Seward Group (Fahrig, 1969; Clark, 1984). The Sakami 
is preserved mainly in half-grabens oriented perpendicular 
to the orogen and interpreted as vestiges of an aulacogen by 
Hoffman (1988). 

Farther south (south of 55°), the marginal autochthonous/ 
parautochthonous belt contains a third zone, the Tamarack 
Zone. This zone includes the Ferriman Group, which is 
overlain in Labrador by the Tamarack River Formation. This 
third-cycle molasse is correlated with the Chioak Formation; 
Swinden et al., 1991). 

The Mélèzes Zone was previously classified as a domain 
of the former Baby zone (now the Gerido Zone; see Wares 
et al., 1989; Wares and Goutier, 1990b). It is now recognized 
that this assemblage constitutes a distinct lithological and 
structural entity. North of the Mélèzes River, the Mélèzes 
Zone is thrust over the Bérard Zone, but south of the Mélèzes 
River, the Mélèzes Zone is thrust over the Schefferville 
Zone along the Garigue Fault (Clark, 1988). To the east, 
the Gerido Zone is thrust over the Mélèzes Zone along the 
Robelin Fault. The Mélèzes Zone consists simply of an 
imbricated sequence of Denault Formation dolomite, iron-
rich beds of problematic stratigraphic affiliation (see the 
following paragraph), and Baby Formation turbidites (also 
known as the "Larch River slates" or the "Larch River For-
mation"; Fahrig, 1964; Bérard, 1965; Sauvé and Bergeron, 
1965; Dimroth et al., 1970; Clark, 1979). 

An iron-rich carbonate unit, overlain by a thin unit of 
fissile siltstone and slate, has been noted near the south-
west limit of the Mélèzes Zone (Fahrig, 1964; Clark, 1979;  

Avramtchev et al., 1990). However, the iron content of 
this carbonate unit is rather low (about 7% Fe), and the 
unit is therefore not an iron formation according to the 
definition formulated by Gross (1959), which states that an 
iron formation must contain at least 15% Fe. On the other 
hand, Trendall's (1983) more liberal definition allows its 
classification as iron formation. This iron-rich unit could 
be considered as a sequence of ferruginous dolomite and 
chert beds situated in the upper part of the Denault (Abner) 
Formation; the overlying argillaceous rocks could belong 
to the Fleming and Dolly formations. If this is the case, the 
Larch River turbidites, which overlie the argillaceous beds, 
would be equivalent to the lower unit of the Baby Formation. 
On the other hand, if the ferruginous beds are considered 
to represent the middle unit of the Baby Formation, the 
overlying turbidites would be equivalent to the upper unit 
of the Baby Formation. 

The Schefferville Zone stretches from the Mélèzes River 
to the Grenville Front and constitutes the westernmost 
allochthonous zone in this part of the Labrador Trough. 
The zone is the main sedimentary belt of the Trough (it 
is also called the "miogeosynclinal belt") and is thrust 
over the autochthonous/parautochthonous platform. The 
Schefferville Zone includes imbricated sequences of the 
Ferriman Group and, south of the Cambrien Lake rift zone, 
of all sedimentary groups in the first cycle. The Pistolet 
Group, however, is limited to the area between latitudes 
56°30' and 57°. This fact suggests the possibility that the 
siliciclastic-carbonate platform of the first cycle was of 
only local distribution along the passive continental margin 
(Wardle and Bailey, 1981). The Ferriman Group in the zone 
locally includes alkalic to peralkalic volcanic rocks belong-
ing to the Castignon carbonatite complex (Chevé, 1993, and 
cited references) and to the Nimish Formation (Evans, 1978; 
Findlay et al., 1995). 

Southeast of Schefferville, in the southern part of the 
Labrador Trough, the Schefferville Zone contains tec-
tonic slices of Archean rocks, such as the Snelgrove Lake 
Anticline (Wardle, 1979). These slices were emplaced 
as a result of movement on late, out-of-sequence faults, 
such as the Wade Lake Fault. These movements occurred 
after the formation of fold structures observed within the 
Schefferville Zone in this area and were the cause of the 
atypical, northwest plunge of folds in the Petitsikapau 
Synclinorium (see the synthesis map) (Wardle et al., 1990b). 
The Snelgrove Lake Anticline and the Schefferville and 
Retty zones in this area are limited on the east by the Gill 
Lake Fault and by its southerly extension, the Ashuanipi River 
Shear Zone. According to James et al. (1996), this fault may 
have developed in a transpressional regime and be the site 
of at least 150 km of lateral displacement. 

The Colombet Lake area contains two inliers of Archean 
granitic rocks and, in erosional contact with the granites, 
first cycle arkoses and conglomerates. These units are 
surrounded by Howse zone rocks. In this synthesis, these 
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immature sediments have been included in the Schefferville 
Zone. They may be part of slices thrust over Howse Zone 
rocks by means of out-of-sequence faults. 

The Wheeler Zone covers mainly the valley of Mistamisk 
and Romanet lakes. Archean gneisses of the Wheeler Dome 
are located within it. The zone is composed mostly of sedi-
mentary rocks of the Seward, Pistolet, and Swampy Bay 
groups (Dimroth, 1978). Each of these groups locally con-
tains a small amount of mafic volcanic rocks, but the zone 
is essentially sedimentary (Clark, 1986). The structure of 
this area is very complex and has been interpreted in various 
ways (e.g., Dimroth, 1978, 1981; Le Gallais and Lavoie, 
1982; Clark, 1986). Between Mistamisk and Romanet lakes, 
a vertical to subvertical, late-stage, northeast—side-up fault, 
named the Bertin Fault, forms the southwestern boundary 
of the zone (Chevé, 1985; Clark, 1986). A normal fault 
or a fault zone with a moderate, northeast dip forms its 
northeastern boundary (Clark, 1986). Farther southeast, the 
Wheeler Zone seems to be limited by a thrust fault at the 
base of the Howse Zone. The latter is structurally above the 
Wheeler Zone in this area. In the eastern part of the valley, 
meta-arkoses of the Milamar Formation (Seward Group) 
are in unfaulted, erosional contact with Archean gneisses of 
the Wheeler Dome (Dimroth, 1970a, 1978). Dimroth inter-
preted the Wheeler Dome as being in positive relief during 
sedimentation; it therefore acted as a source for detritus 
deposited in the Seward Group (figure 4). According to our 
interpretation, a major décollement is located beneath the 
Wheeler Dome. This interpretation implies that the dome 
and its sedimentary cover rocks are allochthonous (figure 4). 
Before movement on the Bertin Fault and other late faults, 
the Howse Zone, composed mainly of Swampy Bay Group 
basalts and Seward Group sedimentary rocks, continuously 
covered the rocks of the valley (Dimroth, 1978). Le Gallais 
and Lavoie (1982) referred to the structure resulting from 
the late faults as the Romanet Horst (see also Chevé, 1985, 
and Clark, 1986). 

The Howse Zone stretches from the Mélèzes River to 
Attikamagen Lake (-55°). This zone is thrust over the 
Schefferville Zone, over almost all of its length, along 
the Ferrum River Fault. It is likely that the entire Howse 
Zone structurally overlies the sedimentary rocks of the 
Schefferville Zone. This zone is therefore a shallow-dipping 
thrust nappe, which was folded and disrupted by faults 
after its emplacement. The Howse Zone is composed of 
the Seward Group and the overlying Swampy Bay Group 
(Bacchus Formation). The upper part of the Pistolet Group 
(Alder and Uvé formations) and the other formations of the 
Swampy Bay Group are absent. The absence of the upper 
Pistolet Group in the Howse Zone in the central part of the 
Labrador Trough could be the result of erosion associated 
with the emergence of a "central geanticline," as proposed 
by Dimroth (1970a). It is also possible that its absence is 
due to non-deposition of the formations; the thrust nappe 
corresponding to this zone may have originated far to the  

east of its present location (Clark, 1986). Volcanic rocks 
are intercalated with the sedimentary rocks in this zone, 
and the sequence is intruded by a large number of gabbro 
sills. However, between latitude 57° and the Mélèzes River 
(i.e., near the northern limit of the zone), dolomite and iron 
formation, which can be correlated with the Attikamagen 
and Ferriman groups, occur associated with mafic igneous 
rocks. Thus, in this area, the Mélèzes and Howse zones 
resemble each other, at least as far as the sedimentary rocks 
are concerned. 

The Payne Zone is composed of the Ferriman Group, over 
which are thrust the Hellancourt Formation and, in places, 
first-cycle dolomites of the Attikamagen Group. A folded 
thrust fault defines the contact between the the Ferriman 
Group and the Archean basement (Madore and Larbi, 2000). 
The Payne Zone is therefore allochthonous. Farther south, 
near Feuilles Bay, it is thrust over the Bérard Zone. The 
northern part of the Payne Zone is interpreted to have been 
transported as a thrust nappe or klippe, initially towards the 
southeast. It was subsequently affected by transpressional 
deformation directed towards the southwest (Madore et al., 
1999; Madore and Larbi, 2000; Ferron et al., 2001; Goulet, 
2001). 

The Gerido Zone comprises the eastern part of the 
Labrador Trough between the Wheeler Dome (-56°30') 
and Hopes Advance Bay (-59°20'). As a result of move-
ment on the Robelin Fault, the Gerido Zone was thrust 
over the Payne and Mélèzes zones north of the Koksoak 
River, and over the Howse Zone south of this river. Near 
Kuujjuaq, north of the Koksoak River, the Rachel Lake Fault 
separates the Gerido Zone from the hinterland. This fault 
has a dextral component of movement according to Goulet 
(1995). In the hinterland (Rachel Zone), the metamorphic 
grade increases abruptly to amphibolite facies (Moorhead 
and Hynes, 1990; Perreault and Hynes, 1990). The jump 
to amphibolite facies is due to major tectonic transport 
on faults marking the western limit of the hinterland. The 
Gerido Zone is composed of the Denault (Abner) Formation 
and the overlying Koksoak Group. Near latitude 57°, the 
Baby Formation is interdigitated with Murdoch Formation 
pyroclastic rocks. Near Le Moyne Lake, the sequence is 
overlain by Le Moyne Group volcano-sedimentary rocks 
with an associated carbonatite intrusion (Birkett and Clark, 
1991; Machado et al., 1997). Finally, numerous gabbro sills 
intrude the sedimentary rocks of the Gerido Zone. 

The Retty Zone includes the eastern part of the Labrador 
Trough situated south of the Wheeler Dome. The Walsh 
Lake Fault juxtaposes this zone against the Hurst Zone 
and, farther south, the Schefferville Zone. Baragar (1967) 
interpreted this structural break as an east-dipping thrust 
fault. Dimroth (1970a), on the other hand, suggested the 
Walsh Lake Fault is a back-thrust with a westerly dip. The 
synthesis map shows the structure as an east-dipping thrust 
fault. The Retty Zone is composed of the Doublet Group 
and numerous mafic and mafic-ultramafic sills. 
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The Hurst Zone lies between the Howse and Retty zones. 
It is composed of the Attikamagen and Ferriman groups. 
Horizons of sulfidic mudstone, mafic pyroclastic rocks, 
and basalt flows occur in the upper half of the Menihek 
Formation (included in the Ferriman Group in this report) 
(Baragar, 1967). The Menihek is intruded by numerous, 
aphyric and glomeroporphyritic gabbro sills. The fact 
that the units in the Hurst Zone are generally in a normal 
stratigraphic order (easterly dips and tops up) suggests that 
this zone is a thick thrust sheet structurally overlying the 
Howse Zone. The Chassin Fault separating the Hurst and 
Howse zones may be an out-of-sequence fault that cuts the 
Ferrum River Thrust Fault marking the base of the Howse 
Zone nappe. 

The hinterland of the New Québec Orogen lies east of the 
Point Reef, Rachel Lake, Hérodier Lake, Keato Lake, and 
Gill Lake faults. The hinterland comprises a zone of mainly 
metasedimentary rocks (biotite schists and gneisses, desig-
nated on the synthesis map by the code SC) and, farther east, 
a complex of reworked Archean gneisses, Paleoproterozoic 
supracrustal rocks, and Paleoproterozoic granitic plutons 
(Hoffman, 1988; van der Leeden et al., 1990; Wardle et al., 
2002). In the south, the metasedimentary zone rocks are 
assigned to the Laporte Group, which includes the Deborah 
Formation (Fahrig, 1951; Taylor, 1979; Girard, 1995). The 
metasedimentary zone is composed of rocks that are in part 
equivalent to formations in the Labrador Trough (Girard, 
1995). It has also been suggested that the zone represents 
an accretionary prism (Wardle and van Kranendonk, 1996). 
The zone of gneiss and granitic rocks located to the east of 
the metasedimentary zone corresponds to the core zone of 
the orogen (Wardle et al., 2002). In the south, the western 
part of the core zone between the Tudor Lake and Gill Lake 
faults (see the synthesis map) may represent a fragment of 
the Superior craton detached during 2.2 Ga rifting and reas-
sembled during Hudsonian orogenesis at 1.8 Ga (James and 
Dunning, 2000). The possible northwestward extension of 
this fragment of the Superior craton was proposed by Wardle 
et al. (2002; their Kuujjuaq domain) (see also figure 13 in 
Skulski et al., 1993). The presence of Archean rocks in the 
core zone led Hoffman (1988) to consider this zone as the 
southeastern branch of the Archean Rae Province. How-
ever, this hypothesis is now rejected (Wardle et al., 2002) 
because the eastern extension of the Trans-Hudson Orogen, 
recognized in the southern part of Baffin Island, separates 
the Rae Province from the core zone. 

In the Kuujjuaq area, four thrust nappes composed of 
Archean rocks were transported towards the northwest on 
décollement surfaces (Moorhead and Hynes, 1990). These 
sheath fold—type nappes were deformed by NW-SE-oriented, 
SE-plunging folds, which are similar to the regional folds 
dominating the structural pattern in the Labrador Trough in 
the same area. These younger folds and associated strike-
slip faults (e.g., the Olmstead Lake Fault) suggest dextral 

1. This zone is equivalent to the Rachel—Laporte zone of Wardle et al. (2002). 

transpression related to the oblique collision of the Archean 
hinterland with the Superior Province (Hoffman, 1989; 
Wardle et al., 2002). The area east of the Olmstead Lake 
Fault near Kuujjuaq contains granitic intrusions of about 
1.84 Ga belonging to the Kuujjuaq Batholith (Machado 
et al., 1988; Poirier et al., 1990; Perreault and Hynes, 
1990). 

The axis of the orogen is occupied by the De Pas 
Batholith, which is about 600 km long and about 30 km wide 
and whose age is estimated at 1.84-1.81 Ga (James et al., 
1996; Dunphy and Skulski, 1996). In the southern part of 
the area, the batholith was emplaced into Archean gneisses 
of supracrustal and intrusive origin (James et al., 1996). 
The batholith has been interpreted by Lewry and Collerson 
(1990) and Wardle et al. (1990b) as late-orogenic, emplaced 
after the collision of the Archean hinterland with the Superior 
Province. However, according to van der Leeden et al. 
(1990), Dunphy and Skulski (1996), Martelain et al. (1998), 
and Wardle et al. (2002), it is in fact a magmatic-arc batho-
lith emplaced over an easterly dipping subduction zone. 
Nevertheless, the youngest parts of the batholith could be 
syncollisional (Wardle et al., 2002). 

The De Pas Batholith is bounded along a part of its 
western flank by the dextral Tudor Lake Shear Zone (van 
der Leeden et al., 1990; James et al., 1996; Dunphy and 
Skulski, 1996; James and Dunning, 2000). This fault may 
extend northwestwards as far as Kuujjuaq, where it may 
merge with the Olmstead Lake and Turcotte Lake fault 
system (Wardle et al., 2002). 

SUMMARY 

Rocks forming the western part of the New Québec 
Orogen (Labrador Trough) were deposited along the mar-
gin of the Archean Superior Province after rifting of a 
larger craton about 2.2 billion years ago. The Labrador 
Trough is composed of three depositional cycles bounded 
by erosional unconformities: two volcano-sedimentary 
cycles (2.17-2.14 Ga [or possibly 2.17— >2.06 Ga] and 
1.88-1.87 Ga) and a third sedimentary cycle composed of 
molasse. The first cycle formed as a result of continental 
rifting (arkoses, conglomerates, slightly alkalic volcanic 
rocks), the development of a passive continental margin 
(quartz sandstones, dolomites), the foundering and rifting 
of this platform (flysch, basalt, mafic sills), and the even-
tual reestablishment of the platform (dolomites). The first 
cycle was followed by a long period (>175 Ma) of relative 
tectonic quiescence characterized by non-deposition or 
non-preservation. Second-cycle rocks lie above a low-angle 
unconformity affecting mainly the oldest first-cycle rocks 
located near the western margin of the orogen. The second 
cycle began with the deposition of high-energy, platform 
sediments (quartz sandstones) and chemical sediments (iron 
formation, chert). Alkalic volcanic rocks, carbonatites, and 
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meimechites were coeval with these sedimentary rocks. 
Soon after, the foundering of the platform was associated 
with deposition of turbidites and, farther east, basalts and 
mafic sills. In one area, a restricted platform developed in the 
resulting basin, and a large carbonatite body was emplaced. 
Sedimentation ended with the deposition of synorogenic, 
fluviatile molasse (third cycle). 

As described in a recent synthesis of the evolution of 
the northeastern part of the Canadian Shield (Wardle et al., 
2002), the Southeastern Churchill Province was formed as 
a result of the oblique collision of the Archean core zone 
with the Archean Superior and Nain provinces. The New 
Québec and Torngat orogens mark the collision zones. The 
New Québec Orogen resulted from the collision, 1.82 to 1.77 
billion years ago, of the Superior craton and its marginal 
cover of Paleoproterozoic strata with the core zone. The 
Torngat Orogen is a belt of metasedimentary and magmatic 
arc rocks that were deformed during the collision between 
the Nain craton and the core zone 1.87 to 1.85 billion years 
ago. The transpressional stresses developed during the 
oblique collisions produced thrust and strike-slip faults; the 
latter were dextral in the case of the New Québec Orogen 
and sinistral in the case of the Torngat Orogen. At the same 
time, the Superior and Nain cratons collided with terrains 
farther north, producing the Trans-Hudson Orogen in the 
extreme northern part of Québec, in southern Baffin Island, 
and in Greenland. 

Oblique collision of the Superior craton with the core 
zone produced major shortening, ranging from about 30% 
to about 80% in various parts of the orogen. Ophiolites 
(oceanic crust), mélanges, and blue schists have not been 
observed in the orogen (Dimroth, 1972). This fact is per-
haps due to the development of a narrow volcanic basin on 
thinned crust, without the creation of real oceanic crust. The 
absence of ophiolites has made difficult the interpretation of 
the presence and the location of a suture zone between the 
Superior Province and the core zone. In the south-central 
part of the orogen, the suture may correspond to the Tudor 
Lake Shear Zone (Girard, 1990; James et al., 1996) and, in 
the northern part, to the Turcotte Lake Fault (Perreault and 
Hynes, 1990). 

Structural and metamorphic events in the various parts of 
the orogen took place between >1.84 and 1.77 Ga (Machado 
et al., 1988, 1989; Machado, 1990; Perreault and Hynes, 
1990; Wardle et al., 1990b; James and Dunning, 2000; 
Wardle et al., 2002). Major faults in the hinterland (Rachel 
Lake, Olmstead Lake, Turcotte Lake, Gill Lake, and Tudor 
Lake faults) would have acted as thrust faults at the begin-
ning of orogenesis and as strike-slip faults towards the end  

of it (-1.79 Ga) (Machado et al., 1989; Dunphy and Skulski, 
1996; James and Dunning, 2000). In the south-central part 
of the hinterland, deformation and metamorphism began 
about 1.82 Ga ago, i.e., towards the end of the intrusion of 
the De Pas Batholith, and continued until orogenic cooling 
about 1.77 Ga ago (James and Dunning, 2000). Pegmatites 
were formed in the hinterland near Kuujjuaq 1774 Ma ago 
(Machado et al., 1988). The posttectonic period and crustal 
uplift and cooling in the northern areas lasted until about 
1.74 Ga (Machado et al., 1988, 1989; Machado, 1990). Late 
hydrothermal activity occurred at about 1.74 Ga (Machado 
et al., 1989). 

The chronological development of the New Québec 
Orogen and its hinterland is illustrated schematically in 
figure 5. According to this scenario, the region evolved in 
the following manner: 

1) About 2.2 Ga: initial rifting of the Archean craton; 
emplacement of mafic dikes; deposition of immature sedi-
ments and slightly alkalic volcanic rocks (beginning of 
cycle 1). 

2) About 2.17 to 2.14 Ga: deposition of passive margin 
sediments and MORB-type, axial, mafic volcanic rocks; 
intrusion of mafic sills (most of cycle 1). 

3)After -2.06 Ga: deposition of dolomites, cherts, etc. on 
a reestablished platform. 

4) From 1.88 to 1.87 Ga (cycle 2): platform and basin 
sedimentation associated with a new episode of rifting or 
with the development of a foredeep basin; meimechites and 
carbonatites; MORB-type, mafic volcanism (creation of 
continental-transitional oceanic crust); intrusion of mafic-
ultramafic sills. 

5) From 1.84 to 1.83 Ga: deformation and high-grade 
metamorphism in the hinterland near Kuujjuaq (Kuujjuaq 
domain). 

6) From 1.84 to 1.81 Ga: intrusion of the De Pas Batholith 
in a continental magmatic arc above an east-dipping sub-
duction zone; the youngest parts of the batholith may be 
syncollisional. 

7) From 1.82 to 1.77 Ga: oblique collision of the Superior 
craton with the core zone, causing transpressional defor-
mation; formation of a thrust and fold belt with westerly 
vergeance (Labrador Trough); metamorphism of the belt; 
molasse sedimentation (cycle 3) on the margin of the 
Superior Province. 

8) About 1.81 Ga: local intrusion of small, posttectonic 
monzonite bodies in the Labrador Trough. 

9) From 1.77 to 1.74 Ga: exhumation and cooling of 
the hinterland of the Trough; late- to posttectonic activity 
(pegmatites, hydrothermal activity) in the hinterland near 
Kuujjuaq. 
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Part 2 — Metallogenic Synthesis 

HISTORICAL PERSPECTIVE 

Exploration in the New Québec Orogen (including the 
Labrador Trough) began more than 100 years ago, but no 
economic deposits of base or precious metals (except iron) 
have yet been discovered. During the 1860s, Father Louis 
Babel explored the continental interior north of the Gulf of 
Saint Lawrence. He was probably the first to mention the 
presence of iron-rich rocks (Geren and McCollough, 1990'). 
A few years later, between 1892 and 1895, geologist Albert 
P. Low carried out the first geological reconnaissance of 
the Labrador peninsula. He mentioned, in particular, the 
vast stretches of iron ore in the Labrador Trough area. In 
1929, geologists W.F. James and J.E. Gill discovered direct-
shipping iron ore in the Schefferville area. Ore was extracted 
from the Ruth Lake and Gill open pit mines from 1954 to 
1958, and subsequently from several other mines until the 
close of the Schefferville operations in 1982. Towards the 
end of the 1930s, geologist J.A. Retty began an evaluation of 
the area for its base and precious metal potential"' 3. After a 
faltering start, several zones mineralized in base metals were 
discovered after 1942. From the 1940s through the 1960s, 
exploration continued for iron (in the Sokoman Formation) 
and base metals (copper, zinc, and lead in sedimentary and 
volcano-sedimentary rocks; copper-nickel in Montagnais 
Sills). During the 1970s, strong demand for uranium led to 
several exploration programs in the parautochthonous and 
allochthonous zones (in the Chioak and Chakonipau forma-
tions and the Pistolet Group). During the 1980s, thanks to 
flow-through financing, several mining companies reevalu-
ated known deposits for precious metals (platinum-group 
elements and gold), but without economic success. In spite 
of these disappointments, the New Québec Orogen, like 
several other Proterozoic belts in the world, offers excellent 
potential for economic discoveries. 

CLASSIFICATION 
AND DISTRIBUTION 
OF MINERAL DEPOSITS 

The mineral deposits of the New Québec Orogen and 
the adjacent Superior Province have been classified into 
22 types, which are listed in Table 1 and described in 
Appendix 1. The mineral deposit compilation is an update of 
information initially presented by Avramtchev et al. (1990). 
The classification is based on the scheme used by Eckstrand 
et al. (1995). The classification is in part descriptive and 
in part genetic; it incorporates terms traditionally used for 
certain types of deposits, for example, "placer gold" and 
"Mississippi Valley lead-zinc." Several types correspond 
to well-known descriptive or genetic models. 

In this report, the deposits have been grouped as 
follows: 

• syngenetic/diagenetic deposits'; 

• epigenetic deposits; 

• other types of deposits. 

In the first two groups, the deposit types are listed 
according to approximately increasing temperature or depth 
of formation (as in Eckstrand et al., 1995). The classification 
used here is based on data from several previously published 
mineral deposit or metallogenic studies, including Dugas 
(1970), Kish and Tremblay-Clark (1978, 1979), Fournier 
(1981, 1982, 1985), Chevé (1985), Clark (1986, 1991), Clark 
et al. (1986), Rohon (1987), Wares et al. (1988), Wares and 
Goutier (1989, 1990a, unpublished report), Lacroix (1990), 
and Goutier and Wares (1991). The mineral deposit files 
in the SIGEOM database of the Ministère des Ressources 

1. The book "Cain's Legacy," by R. Geren and B. McCollough, is a fascinating account of the people involved in the development of Québec's interior and of the creation of 
the Iron Ore Company of Canada. 

2. Of necessity, the work began with topographic surveys of the main water courses. Thus, the names of geologists, prospectors, workers, and businessmen involved in the 
exploration became scattered across topographic maps covering a large part of the Labrador Trough and adjacent areas. Among others, the following names are in use: 
Auger, Ferguson, Frederickson, Gill, Greig, Griffis, Howells, Hurst, Hyland, Keating, Moss, Murdoch, Partington, Retty, and Youngren. Many other topographic names 
in the area are of native origin (Montagnais, Naskapi, Innuit), such as Attikamagen, Caniapiscau, Chakonipau, Koksoak, Kuujjuaq, Menihek, Mistamisk, and Petitsikapau. 

3. Retty was also responsible for the discovery of rich hematite ore in the North Shore area of the Grenville Province. 

4. Deposits formed at the same time, or nearly the same time, as the host rocks. 

5. Deposits formed later than the host rocks. 



TABLE 1 - Classification of mineral deposits in the New Québec Orogen (deposit types described in Appendix 1 are in italics)' 

Syngenetic/diagenetic deposits 	 SIGEOM Code 

1 	Uraniferous phosphorite 	 200 

2 	Iron formation 
2a 	Lake Superior type 	 310 
2b 	Algoma type : Iron (pyrite) in graphitic mudstone 	 320 

3 	Base and precious metals in exhalative massive sulfides 	 600 
3a 	Cu-Zn-Co-Ag-Au in graphitic mudstone 	 630a 
3b 	Zn-Pb-Cu-Ag-Au in graphitic mudstone 	 630b 

4 	Sedimentary uranium 
4a 	Unconformity-associated uranium 	 700 
4b 	Sandstone-hosted stratiform uranium 	 811 
4c 	Mudstone- and siltstone-hosted stratiform uranium 	 812 
4d 	Carbonate-hosted stratiform uranium 	 813 

5 	Sediment-hosted stratiform copper 	 830 
5a 	Kupferschiefer-type stratiform copper 	 831 
5b 	Redbed-type copper 	 832 
5c 	Dolomite-hosted Cu ±Ag 	 833 

6 	Volcanic redbed Cu ±Ag ±U 	 900 

7 	Rare metals in granitic pegmatite 	 2100 

8 	Zr-Y-Nb-REE in peralkaline rocks 	 2300 

9 	Nb-Ta-REE-Th in carbonatite 	 2400 

10 	Magmatic Cu-Ni ±PGE 	 2700 
10a 	Cu-Ni ±PGE in picritic basalt 	 2716 
10b Cu-Ni-Co ±PGE in aphyric gabbro (gabbro ±peridotite) 	 2715a 
10c 	Cu-Ni-Co ±PGE in glomeroporphyritic gabbro (gabbro ±pyroxenite) 	2715b 
10d PGE-Cu-Ni-Au in layered gabbro with stratiform pegmatite 	 2722 

26 

1. This classification is used in the legend of the synthesis map (insert) and in Appendix 2. 
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TABLE 1 - (Continued) 

Epigenetic deposits 

11 	Mississippi Valley—type Pb-Zn 	 1000 

12 	Vein uranium 
	

1300 
12a 	Vein U-Au ±Cu associated with albitization 

	
1310 

13 	Vein gold 	 1520 
13a 	Vein Au ±As in Archean iron formation 	 1530 
13b 	Vein gold in Paleoproterozoic iron formation 	 1530 
13c 	Vein Au-Cu ±Ag in gabbro 	 1520 

14 	Disseminated and replacement gold 	 1540 

15 	Vein Ag-Pb-Zn 	 1600 

16 	Remobilized Zn-Pb-Cu-Au-Ag — replacement deposits in sedimentary rocks 

17 	Vein copper 	 1700 
17a 	Vein Cu-Au ±Ag associated with mafic rocks 
17b 	Vein Cu ±U±Au ±Ag associated with albitization 	 2210 

18 	Skarn deposits 	 2000 

19 	Vein and disseminated Cu ±Ni ±PGE ±Au ±Ag 	 2730 
19a 	in mafic to ultramafic intrusions 	 2732 
19b 	in mafic volcanic rocks 	 2736 
19c 	in sedimentary rocks 	 2737 

Other deposit types 

20 	Placer gold 	 100 

21 	Secondary enrichment deposits 
21a Enriched iron formation ("direct-shipping" iron) 	 410 
2 lb Sandstone-hosted manganese 
21c Supergene copper 	 420 

22 Unclassified 	 9999 
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naturelles et de la Faune du Québec also served as a source 
of information. 

A compilation of data on the mineral deposits of the 
Labrador Trough, including its immediate hinterland, and 
the adjacent Superior Province is presented in Appendix 2. 
The locations of the 3921  compiled deposits are shown on 
the lithotectonic map accompanying this report (insert). 
Each deposit is represented by a symbol specific to its type 
(Table 1) and by a number corresponding to its position in 
Appendix 2. 

Appendix 2 contains information concerning the location 
and the nature of the deposits, which are listed sequentially 
beginning in the southernmost NTS map-sheets and pro-
gressing northwards. For each deposit, Appendix 2 gives 
its name, the code number for the deposit type described in 
this report (1 to 22), the simplified SIGEOM name for the 
deposit type, an overview of the nature of the mineralization, 
and representative analytical results. Several syngenetic and 
diagenetic deposits have been partially remobilized and pos-
sess an epigenetic component; for example, a magmatic Cu-
Ni deposit that has undergone partial tectonometamorphic 
remobilization. In some cases, the epigenetic component 
dominates. In cases where several origins apply, multiple 
codes separated by slashes (/) are given in Appendix 2. 
Where the origin of the deposit can be interpreted in another 
way, an alternative code is given in brackets (...). However, 
in cases of multiple or alternative codes, the first-mentioned 
code is the one shown on the synthesis map (insert). For a 
large number of deposits, the paucity or doubtful quality of 
the data makes their classification uncertain. In such cases, 
the classification is given in Appendix 2 as either provisional 
(indicated by the symbol ?) or undetermined (type 22). 

The geographic distribution and classification of the 3921  
deposits is presented in Table 2. Of these deposits, 336 
(85.7%) are located in the Labrador Trough or its immedi-
ate hinterland, 51 deposits (13.0%) occur in Archean rocks 
of the Superior Province, and 5 deposits (1.3%) are found 
in Proterozoic outliers lying unconformably on Archean 
Superior Province rocks. Of the 336 deposits in the Labrador 
Trough and its immediate hinterland, 65 (19.4%) are classi-
fied as Lake Superior—type iron formation, 3 deposits (0.9%) 
as Algoma-type iron formation, and 35 deposits (10.4%) 
as enriched iron formation; 233 deposits (69.4%) contain 
substances other than iron (figure 7a). In the latter group, 
111 deposits (47.6%) are mainly of syngenetic or diagenetic 
origin, 111 deposits (47.6%) are mainly of epigenetic ori-
gin, and 11 deposits (4.7%) belong to other types (includ-
ing "unclassified"). Among the 111 syngenetic/diagenetic 
deposits, the most common types are magmatic Cu-Ni-PGE 
(64.0%), exhalative volcanogenic massive sulfides (18.0%), 
and sediment-hosted stratiform copper (9.9%) (figure 7b). 
Among the 111 epigenetic deposits, the following types are 

1. This figure takes into account the cancellation of showing no. 52 from the SIGEOM 
database (see Appendix 2). 

Epigenetic deposits (n = 111) 

FIGURE 7 - Frequency of mineral deposit types among the 336 deposits 
in the SIGEOM inventory for the Labrador Trough, its proximal hinterland, 
and the adjacent Superior Province: (a) main deposit classes; (b) 111 syn-
or diagenetic deposits; (c) 111 epigenetic deposits. 
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TABLE 2 - Distribution of mineral deposits by area and deposit type (according to first-mentioned codes in Appendix 2). 

Deposits Number 0/0  

Deposits in this compilation (from the SIGEOM database) 392 100,00 
Deposits in the Labrador Trough and its hinterland 336 85,71 
Deposits in the Superior Province (Archean rocks) 51 13,01 
Deposits in the Superior Province (Proterozoic rocks, Sakami Formation) 5 1,28 

Deposits in the Labrador Trough and its hinterland 336 100,00 
Iron formation, Lake Superior type (type 2a) 65 19,35 
Iron formation, Algoma type (type 2b) 3 0,89 
Enriched iron formation (type 21a) 35 10,42 
Substances other than iron (including unclassified deposits) 233 69,35 

Substances other than iron (including unclassified deposits) 233 100,00 
Syngenetic/diagenetic 111 47,64 
Epigenetic 111 47,64 
Other types (including unclassified deposits) 11 4,72 

Syngenetic/diagenetic (substances other than iron) 111 100,00 
Phosphorite (type 1) 1 0,90 
Exhalative massive sulfides (type 3) 20 18,02 
Sedimentary uranium (type 4) 5 4,50 
Sediment-hosted stratiform copper (type 5) 11 9,91 
Volcanic redbed Cu-Ag-U (type 6) 1 0,90 
Nb-Ta-REE-Th in carbonatite (type 9) 2 1,80 
Magmatic Cu-Ni-PGE (type 10) 71 63,96 

Epigenetic 111 100,00 
Mississippi Valley-type Pb-Zn (type 11) 4 3,60 
Vein uranium (type 12) 17 15,32 
Vein gold (types 13, 13b, 13c) 8 7,21 
Disseminated and replacement gold (type 14) 2 1,80 
Vein Ag-Pb-Zn (type 15) 8 7,21 
Remobilized Zn-Pb-Cu-Au-Ag, replacing sediments (type 16) 1 0,90 
Vein copper (type 17) 49 44,14 
Skarn (type 18) 2 1,80 
Vein and disseminated Cu-Ni-PGE-Au-Ag (type 19) 20 18,02 

Other deposit types 11 100,00 
Placer gold (type 20) 1 9,09 
Supergene copper (type 21c) 1 9,09 
Unclassified deposits (type 22) 9 81,82 
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most common: vein copper (44.1%), vein or disseminated 
Cu-Ni-PGE (18.0%), vein uranium (15.3%), vein gold 
(7.2%), and vein Ag-Pb-Zn (7.2%) (figure 7c). 

Inspection of the synthesis map (insert) and Figure 6 
reveals that each lithotectonic zone is characterized by a 
different distribution of mineral deposit types (Table 3). 
The following sections of the report deal with this aspect 
in more detail. 

MINERAL DEPOSITS 
IN THEIR GEOLOGICAL 
AND TECTONIC CONTEXTS 

In this chapter, we attempt to place most of the 3921  
deposits in the Labrador Trough, including its immediate 
foreland and hinterland, in their geological and tectonic 
contexts. Thus, we present the deposits in the context of 
their relation to the overall development of the orogen. This 
analysis is based on the lithostratigraphic interpretations 
presented in Part 1 of this report and on the geographic 
distribution and classification of the deposits. The charac-
teristics of individual deposits are discussed only in a gen-
eral way in this chapter. The reader will find more detailed 
information on representative deposits for each deposit type 
in Appendix 1. 

The data show that the characteristics of a large number 
of deposits can be related to their geological and tectonic 
environments. In the following sections, the metallogenic 
history is treated in terms of the geotectonic events described 
in Part 1. Epigenetic deposits, many of which are related to 
regional deformation and metamorphism, are considered at 
the end. It will be apparent that the Labrador Trough contains 
deposits typical of a Paleoproterozoic volcano-sedimentary 
belt developed on the margin of an eroded Archean continent 
following crustal rifling. In addition, several epigenetic 
deposits are related to movement of hydrothermal fluids 
during tectonometamorphic events associated with the for-
mation of the orogen. The distribution of the main mineral 
deposit types in relation to the lithotectonic zones and the 
stratigraphic sequence is presented in figures 6 and 8. 

The deposit types found in the orogen are similar to the 
types of economic deposits observed worldwide in rocks 
of similar age (Meyer, 1988) (figure 9). Between 2.2 and 
1.8 Ga on a world scale, the following deposit types are 
of particular importance: iron formation (BIF), stratiform 
sedimentary copper, carbonatite-associated rare metals, 
Kambalda-type Ni-Cu, and Cu-Ni in mafic and ultramafic 
intrusions. In the following pages, we show that the New 
Québec Orogen contains deposits corresponding to all of 
these types. 

1. This figure takes into account the cancellation of showing no. 52 from the SIGEOM 
database (see Appendix 2). 

Cycle 1— Deposits associated with 
rifting of the Archean continent 

Paleogeographic and paleotectonic context 
of the Seward Group 

The development of the New Québec Orogen began with 
continental rifling along a line approximately parallel to the 
axis of the orogen. This event was followed by marine trans-
gression. Immature sediments of the Chakonipau Formation 
(conglomerates and sandstones), formed by erosion of the 
Archean craton, were deposited about 2.17 Ga under hot 
and semi-arid climatic conditions. These sediments, which 
constitute the lower part of the Seward Group, accumulated 
either in rivers flowing parallel to the axis of the rift (i.e., 
towards the NW or SE in current geographic terms) or at the 
base of east-west-oriented escarpments located in the area 
of Cambrien and Otelnuk lakes (Baragar, 1967; Dimroth, 
1970a, 1978; Rohon et al., 1993). Their red or pink color is 
due to the oxidizing conditions prevailing after oxygenation 
of the Earth's atmosphere about 2.4 to 2.3 Ga ago (Kirkham 
and Roscoe, 1993; Holland, 2002; Bekker et al., 2004). This 
change in the composition of the atmosphere was important 
for the development of mineral deposits that depend on 
atmospheric composition and the redox conditions in the 
environments of metal transport and deposition. Weakly 
alkalic, mafic and intermediate volcanic rocks (trachybasalt, 
andesite) and mafic dikes were locally deposited or intruded 
into these sediments. Volcanism was explosive and partly 
subaerial (Dimroth, 197 lb, 1978). Andesite pebbles with 
a red weathered crust have been observed in Chakonipau 
Formation conglomerates (Dimroth and Kimberley, 1976). 
The rift deposits are preserved mainly in the allochthonous 
Schefferville and Howse zones; they are also present in the 
autochthonous Cambrien zone, but are not as thick (see the 
synthesis map and figures 6 and 10). Thus, the axis of the 
rift was located initially an unknown distance east of the 
current location of the sediments. 

Paleoproterozoic continental sediments are also present 
in the autochthonous outliers located west of the orogen in 
the Superior Province (figures 1 and 2). The sequence in 
the outliers typically comprises distinct lower and upper 
units. The lower unit, which is metres to hundreds of meters 
thick, is composed of green and red mudstone, siltstone, 
and conglomerate (lacustrine or deltaic deposits). The 
kilometres-thick upper unit is composed of beige, grey, or 
pink, subarkosic and arkosic sandstone (fluviatile deposits) 
(Gehrisch et al., 1982; Clark, 1984; Gehrisch, 1987). These 
sediments are commonly preserved in half-grabens marking 
the Cambrien Lake rift zone, oriented almost perpendicular 
to the orogen (Clark, 1984). The sediments are correlated 
with the Sakami Formation (defined in the James Bay area; 
Chown et al., 1977). They are considered contemporaneous 
with Chakonipau Formation sandstones and conglomerates 
(Eade, 1966; Fahrig, 1969; Séguin et al., 1981; Clark, 1984; 
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FIGURE 8 - Schematic stratigraphy of the Labrador Trough, subdivided into three cycles, and the distribution of the main mineral deposit types (adapted from figure 3b; see also figure 6 for the distribution 
of mineral deposit types in the various lithotectonic zones). 
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U (4b, 4d)-> 

Cu - Zn (3a), Zn - Pb - Cu (3b)-> 
U - P (1), Fe, Mn (2a, 21a)-s 

Mn (21b)-> 

U - Th (7), Au (13a)-> 

Conglomerate, 
arkose (molasse) 

Flysch (Menihek) 
Iron formation (Sokoman) - 1880 Ma 
Mudstone, sandstone, chert (Ruth) 
Volcanites (Nimish) - 1878 Ma 
Quartz arenite (Wishart) 

Granite, 
gneiss 

Seward Group 

Archean basement 

(Superior Province) 

Le Moyne Group 
(center-north) 

Chioak (north) and 
Tamarack River (south) formations 

Koksoak Group 
(north) 

Doublet Group 
(south) 

Attikamagen Group 

Swampy Bay Group 

Pistolet Group 

Ferriman Group 

Conglomerate, dolomite, dolomitic tuff 
(Aulneau); Rhyodacite, dolomite, shale, 
basalt (Douay) - 1870 Ma 

Basalt (Hellancourt) - 1874 Ma 
Flysch (upper Baby), 
Iron formation (middle Baby) 
Flysch (lower Baby) 

Basalt (Willbob) 
Rhythmite, basalt, iron formation 
(Thompson Lake) 
Pyroclastites, basalt (Murdoch) 

Mudstone, sandstone (Dolly) 
Chert, mudstone (Fleming) 

Dolomite, sandstone (Denault) 

Basalt, flysch (Bacchus) - 2142 Ma 
Flysch (Le Fer, Otelnuc, Savigny, 
Du Chambon, Romanet) 
Black mudstone and chert (Hautes-Chutes) 

Dolomite (Uvé) 
Quartz arenite, dolomite (Alder) 
Mudstone, sandstone (Lace Lake) 
Arkose, dolomite 
(Portage, Dunphy, Milamar) 
Arkose, conglomerate, basalt 
(Chakonipau) - 2169 Ma 
Mudstone, siltstone, sandstone, 
conglomerate (Sakami) 

F Pb-Zn(11) 

F- Ag - Pb - Zn (15), Cu (17a, 1713) 

West East Granite, gneiss 

Nb - Ta (9) 

Cu - Ni -  PGE (10b, 10c, 10d, 19a), U (12), Ag - Pb - Zn (15), Cu 

a) 
U 

o 
F U (4b, 12, 12a), Pb - Zn (11), Ag - Pb - Zn (15) 
F U (4b, 12, 12a), Cu (5a, 17, 17b) 
F Cu (5c, 17), U (12) 

F- Cu (6, 17, 17b) 

~ U (46, 4c) 

(17a) 

E- Zn - Cu (3b), Cu - NI - PGE (10a, 19b) 
E- Fe (2b), Cu - Zn (3a), Cu - Ni - PGE (10, 190) 
+- Fe (2b), Zn - Cu (3b), Au (13b) 
<- Zn - Pb - Cu (3b), Zn - Pb - Cu (16) 

<- Fe (2b), Zn - Pb - Cu (3b), Cu (17) 
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Ni-Cu 
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intrusions 
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I  
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FIGURE 9 - Time distribution at the scale of the Earth of selected mineral 
deposit types (from Meyer, 1988). Each bar corresponds to an interval 
of 50 million years and the height of the bar corresponds to the quantity 
of ore formed during the interval in relation to the total tonnage discov-
ered worldwide for the deposit type in question. Our type 3 corresponds 
approximately to "Abitibi-type VMS" and our type l0a corresponds to 
"Kambalda-type Ni-Cu". 

Gehrisch, 1987)'. Hoffman (1988) interpreted the Cambrien 
Lake rift zone as an aulacogen representing an episode of 
aborted rifling contemporaneous with the initial rifting in 
the New Québec Orogen. 

During the subsequent marine transgression, pink and red 
sandy sediments accumulated on the east and west margins 
of a shallow sea (Portage and Milamar formations); stro-
matolitic dolomites and siltites were deposited in the central 
zone (Dunphy Formation) (Dimroth, 1970a, 1978). These 
rocks, which form the upper part of the Seward Group, mark 
the establishment of a continental platform. Rocks formed 
during the marine transgression are preserved mainly in 

1. Paleomagnetic studies have given contradictory results for the relative ages of tilting 
of the half-grabens and the magnetization of the sedimentary strata (compare Séguin 
et al., 1981 and Schwarz and Freda, 1983). The Chakonipau redbeds are considered 
slightly younger (-10 Ma) than the sediments in the Paleoproterozoic outliers 
(Schwarz and Freda, 1983). 

the autochthonous Cambrien Zone and the allochthonous 
Schefferville and Howse zones (see the synthesis map and 
figure 10). 

A few horizons of detrital sediments, whose dark color 
suggests reducing conditions, occur locally above the 
Chakonipau. For example, a greenish siltstone horizon forms 
the base of the Portage Formation at Cramolet Lake, and 
black slates, dark-colored quartzites, grey siltstones, and 
grey dolomites occur at the base of the Dunphy Formation 
west of Romanet Lake (Dimroth, 1978; Chevé, 1985). How-
ever, no syn- to diagenetic deposits have yet been discovered 
in any of these horizons. 

Syn- to diagenetic uranium deposits (types 4b, 4c) 

Significant examples of syn- to diagenetic uranium miner-
alization, associated with the early, initial rifling event, are 
located in the Paleoproterozoic sedimentary outliers lying 
west of the orogen (e.g., deposits 164-166, 392, 393). The 
most important uranium deposits of this type are concordant 
and occur within greenish, argillaceous sediments near the 
Archean-Proterozoic contact in the Cambrien Zone (type 4c, 
figures 10 and 11; Orr et al., 1979; Kish and Tremblay-Clark, 
1979; Holmstead et al., 1981; Gehrisch et al., 1982; Clark, 
1984; Gehrisch, 1987). Mineralized zones measuring 400 m 
wide and 1.5 to 2.0 km long, on average, have been outlined 
(Holmstead et al., 1981). The thickness of the mineralized 
horizon varies between 0.2 and 3.0 m. Uranium grades 
are highest in olive-green to brown, gyttja-type sediments 
deposited under transitional, oxidizing to reducing redox 
conditions (Gehrisch, 1987). It is thought that uranium 
was extracted from Archean granitic and metamorphic 
rocks relatively rich in the element and was transported, as 
soluble U6+, in oxidizing surface waters (Gehrisch et al., 
1982; Gehrisch, 1987). The uranium was deposited in calm, 
shallow water, such as in playa lakes (ephemeral lakes with 
no outflow) or deltas, at the beginning of Paleoproterozoic 
sedimentation in these environments. The soluble uranium 
was reduced by bacteria in the argillaceous sediments and 
precipitated, as insoluble U4+, in the form of pitchblende. 

The Paleoproterozoic sedimentary outliers are a very 
important target for this type of uranium deposit. Their 
importance stems from the presence of greenish, argilla-
ceous and silty sedimentary rocks, indicative of reducing 
conditions, at the base of the sequence (lower Sakami) and 
from the fact that the mineralized units are generally well 
preserved in half-grabens. The presence of a few horizons 
rich in albite suggests that evaporitic conditions prevaled 
periodically. The widespread distribution of these sedi-
mentary rocks makes them a target of regional importance. 
However, the Gayot Lake outlier, in which the Dietier Lake 
deposits occur (deposits 392, 393; type 4c), is considered 
more promising than the Gerzine and Pons Lake outliers 
(deposits 164-166; types 4b and 4c) because the thickness 
of the greenish lower sequence in the Gayot Lake outlier is 
greater (Holmstead et al., 1981; Gehrisch et al., 1982). The 
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FIGURE 10 - Schematic stratigraphie columns (not to scale) for (a) the Cambrien Zone, (b) the Howse Zone (at 56°), and 
(c) the Wheeler Zone. The columns also indicate the deposit types that are characteristic of the zones. These columns are 
extracted from figure 6; the reader should refer to this figure for the meaning of the patterns. 

FIGURE 11 - Schematic and synthetic section, oriented WNW-ESE (subparallel to strike), showing the location of uranium deposits in the lower 
part of the Sakami Formation in the Paleoproterozoic Gayot Lake sedimentary outlier (adapted from Gehrisch, 1987). Note the control exercised 
by NE-SW-oriented synsedimentary faults on the location of the uranium deposits. A few NE-SW faults also affect the upper part of the Sakami 
Formation. 
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orientation of individual mineralized zones was controlled 
by NE-SW faults, which were active before, during, and 
after the deposition of the lower Sakami sequence and the 
mineralizing event (figure 11). Also, the mineralized zones 
are thickest near these faults. Gehrisch et al. (1982) noted 
that the syngenetic, stratabound uranium mineralizations 
at Dieter Lake are the first examples of deposits occurring 
in unmetamorphosed Precambrian sedimentary rocks to be 
considered to have economic potential. 

In the Labrador Trough, a small number of uranium show-
ings in sedimentary rocks deposited during the marine trans-
gression may be of syngenetic/diagenetic origin; examples 

SWAMPY BAY 

occur in the Castignon Lake area (see the section on deposit 
types 4b and 5a). 

Elsewhere in the world, similar deposits have been 
discovered in sedimentary rocks younger than those in 
the Labrador Trough, e.g., deposits at Ranstaad, Sweden 
(Cambrian) and Lodève, France (Permian) (Gehrisch et al., 
1982; Gehrisch, 1987). Generally, Paleoproterozoic, carbo-
naceous, argillaceous sedimentary rocks are considered to 
be a metallotect of major importance for syngenetic uranium 
deposits (Gehrisch et al., 1982; Gehrisch, 1987; Tilsley, 
1987). In addition, syngenetic uranium deposits occurring 
in modern continental environments have been discovered in 
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Australia (Yeelirrie) and elsewhere; however, these deposits 
occur in carbonate beds (calcrete) (Briot, 1982). 

Syn- to diagenetic copper deposits (types 5a, 5b, 5c, 6) 

Very few syn- to diagenetic copper deposits have been 
discovered to date in sandstones and conglomerates 
deposited at the beginning of the rifting event. Diagenetic 
copper deposits in reducing, dark-colored sedimentary rocks 
associated with early rifting are also rare. A minor example 
occurs in Chakonipau Formation basalts near Mistamisk 
Lake (deposit 194, type 6; Wheeler zone; figure 10). At 
this locality, an amygdaloidal basalt unit within red arkoses 
and conglomerates of the Chakonipau Formation contains 
disseminated chalcopyrite. Epidote-chlorite-hematite altera-
tion in the basalt suggests that the mineralizing fluids were 
oxidizing, probably because they had passed through red, 
oxidized sediments. 

In the Castignon, Chakonipau, and Otelnuk lakes area, 
the contact zone between the Portage and Lace Lake forma-
tions (Brouillette, 1989) is cut by the regionally important 
Argencourt Fault and by subsidiary shear zones probably 
associated with this fault. The zone contains several epi-
genetic copper and/or uranium deposits (see the sections 
on types 12a, 17, and 17b). However, some deposits may 
have a syn- to diagenetic component. For example, the 
Train no. 4 - Lac Crabe deposit (185), located northeast 
of Chakonipau Lake, is composed mainly of chalcopyrite, 
along with a little digenite and bornite, disseminated in 
carbonate beds, slates, and phyllites (Tremblay and Meusy, 
1982; Brouillette, 1989). Copper minerals also occur in 
quartz-calcite veins cutting greenish, argillaceous sedimen-
tary rocks (Brouillette, 1989). The disseminated and vein-
style copper deposit, whose grade reaches several percent, 
is remarkably continuous and forms a concordant, tabular 
body 955 m long and 1.3 m thick, with a down-dip exten-
sion of at least 45 m. The presence of uranium along with 
the copper is, by contrast, intermittent and samples are low 
grade; uranium minerals occur mainly in fracture fillings 
(Brouillette, 1989). This disseminated copper deposit has 
been classified provisionally as type Sa (Kupferschiefer-type 
copper) because of its concordant, tabular form, the dissemi-
nated nature of the sulfides, and the fact that the deposit is 
hosted in carbonate and argillaceous metasedimentary rocks 
deposited during a redox transition'. However, a part of the 
copper is vein type and epigenetic (type 17). In addition, 
evidence from drill core suggested to Tremblay and Meusy 
(1982) that the uranium mineralization was controlled by a 
ductile fault (type 12). 

The laminated to massive dolomites of the Dunphy 
Formation were deposited (like the Portage Formation) 
at the beginning of the marine transgression and are very 
important metallogenically. In the Wheeler and Howse 

1. Brouillette (1989) interpreted these deposits as epigenetic and, in part, supergene; 
he recognized the genetic importance of the Argencourt Fault. 

zones, several stratiform and stratabound copper deposits 
(type 5c) are associated with Dunphy dolomites and silt-
stones in the Romanet Lake area (deposits 138, 150-152, 
157), in the Mistamisk Lake area (deposits 144, 172, 178), 
and in the Dunphy Lake area (deposit 135) (see figure 10). 
These deposits, which have been explored intensively, are 
composed mainly of chalcopyrite, bornite, and digenite, 
along with a little covellite and pyrite. Fine laminations 
present locally in Dunphy dolomite suggest a calm, low-
energy depositional environment, favorable for the growth 
of cyanobacteria and the formation of algal mats (Chevé 
et al., 1985). A primary porosity (fenestrae or birds eyes) 
formed in the cryptalgal dolomites by bacterial decomposi-
tion. These fenestrae contain most of the copper (figures 12 
and 13). The fenestrae represent up to 30% of the massive to 
weakly laminated dolomite; they are less common in finely 

FIGURE 12 - Outcrop photograph of mineralized, fenestral (birdseye-bear-
ing) dolomite (deposit no. 178, located 23 km northwest of Romanet Lake; 
Clark, 1986). Lenticular bodies up to 5 x 1 cm and composed of chalcocite, 
bornite, pyrite, and hematite occur within sedimentary laminations in the 
dolomite (Dunphy Formation). A quartz-carbonate vein containing dis-
seminated bornite cuts the dolomite at high angle. 

FIGURE 13 - Selected sample of white dolomite containing blebs and 
lenticular aggregates (fenestrae) filled with copper sulfides (chalcocite, 
bornite). Source of the photograph: Chevé (1985). 
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laminated dolomite. Continuity of the primary porosity 
would have favored lateral movement of mineralizing diage-
netic fluids. It is thought that the copper-iron sulfides in the 
fenestrae formed by microbial reduction of sulfates present 
in pore water. They would have been deposited as cement in 
the last stage of the filling of the primary porosity (Chevé, 
1985; Chevé et al., 1985; Clark, 1986; Schrijver et al., 
1989). The rather light sulfur isotope composition (8345 = 
-7.7%0, on average) of the disseminated sulfides supports 
this model (Chevé et al., 1985). The ultimate source of the 
copper and iron may have been labile minerals in underly-
ing Chakonipau redbeds. Diagenetic fluids that leached and 
transported the metals would have risen along synsedimen-
tary faults cutting the Chakonipau and Dunphy formations 
and then percolated along permeable dolomite beds in the 
Dunphy (figure 14). These synsedimentary faults may have 
formed by reactivation of normal faults that cut the Archean 
basement and produced paleorelief on the erosion surface 
(e.g., the Wheeler Dome). The paleorelief and the associ-
ated synsedimentary faults may have channeled diagenetic 
fluids in the same way as proposed for Kupferschiefer-type 
deposits (Jowett, 1986). The cryptic Cambrien-Otelnuk 
normal fault, whose existence was proposed by Dimroth 
(1970a, 1978) from lithofaciological considerations, would 
have been another structure producing major paleorelief in 
the basement during deposition of Chakonipau sediments 
and may thus have been metallogenically important. 

Several copper deposits of this type are cut by quartz-
carbonate veins mineralized in copper (figure 13). In places, 
the mineralized veins are more abundant than disseminated, 
diagenetic copper (vein sulfides represent between 3 and 
70% of the sulfides) (Chevé et al., 1985). The veins have 
been interpreted as epigenetic because of their locally 
observed sigmoid form and en echelon distribution. These 
characteristics suggest that the veins formed by filling of 
extension gashes produced during shearing. The veins are 
classified as type 17 in this report (see the section on Cu-Ag 
veins in dolomite, type 17). 

The contact between the Chakonipau and the overly-
ing, transitional marine sediments (Portage, Dunphy, and 
Milamar formations) is extensively exposed in the Trough, 
thus providing explorationists with a large target. The 
Portage Formation consists largely of pink or red sandstones 
intercalated with stromatolitic dolomite horizons (Dimroth, 
1978). This formation is the lateral equivalent of the Dunphy 
Formation, which lies farther east; it has a mixed fluviatile 
and marine origin. Reduced detrital sediments appear to 
be rare in the Portage but have been reported locally, for 
example, at Cramolet Lake where they are located at the 
base of the formation (Dimroth, 1978). The sandy-dolomitic 
Milamar Formation lies to the east of the Dunphy Formation 
and is its lateral equivalent. The Milamar lies unconformably 
on the granitic gneisses of the Wheeler Dome (Dimroth, 
1978). At their upper contact, the Portage, Dunphy, and 
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Milamar formations are overlain by detrital marine sedi-
ments of the Lace Lake Formation (Pistolet Group). In 
places, such as near Castignon and Romanet lakes (Dimroth, 
1978; Chevé, 1985; Clark, 1986), these sediments are dark 
green, dark grey, or black, and graphite is locally present 
(e.g., in the "central basin facies"; Dimroth, 1978). These 
dark colors indicate a major change in redox conditions at 
the base of the Pistolet Group in these areas. 

Copper deposits in sediments deposited during the rifting 
and subsequent marine transgression events show similari-
ties with some sediment-hosted stratiform copper deposits 
elsewhere in the world (figure 15). Deposits in dolomites 
and slates overlying the Chakonipau seem analogous, with 
respect to their host rocks and tectonic context, to copper 
deposits in dolomites and shales in the Permian Zechstein 
marine basin in Germany (Jowett, 1986). There, Rotliegende 
redbeds and volcanic rocks, deposited in a continental rift, 
are overlain by marine shales well mineralized in copper 
(the Kupferschiefer) and, higher, by mineralized Zechstein 
dolomites. These mineralizations were probably formed 
from oxidizing brines escaping from the underlying, rift-
related, continental sandstones. Sulfides formed where 
fluids encountered reducing horizons, like the dark, pyritic 
shales of the Kupferschiefer or the Zechstein stromatolitic 
dolomites. An association has been noted between base-
ment paleorelief and the presence of volcanic rocks in the 
continental sequence. 

Schrijver et al. (1989) also noted similarities between 
the cryptalgal dolomites of the Trough and the Meso-
proterozoic Copper Harbour stromatolitic dolomites in 
Michigan (USA). Also, they speculated on the possibil-
ity of a genetic link with deposits of disseminated copper 
in Proterozoic Redstone cryptalgal dolomites, Northwest 
Territories (Canada). Kirkham and van Staal (1990) noted 
similarities with Chinese Bizigou-type (or Hubi-type) 
copper deposits. In the Chinese examples, mineralized 
extension veins and breccias cut dolomites. The latter overlie 
a regional redox change indicated by a change from oxidiz-
ing to reducing sedimentary conditions. Kirkham and van 
Staal (1990) suggested that the veins in these deposits may 
have formed by the remobilization of diagenetic copper 
during metamorphism and deformation. It is noted again 
that numerous copper-bearing, quartz-carbonate veins cut 
copper deposits in dolomites in the Labrador Trough (see 
also the section on vein Cu in Appendix 1). 

Cycle 1— Deposits associated with 
the continental platform and slope 

Paleogeographic and paleotectonic contexts 

Following deposition of transitional sediments at the top 
of the Seward Group, a marine platform was established 
on the passive margin of the Archean continent (Dimroth, 
1970a, 1978). This paleogeographic transition brought about 
a major redox change in the sedimentary environment. The  

platform sequence begins with the Lace Lake Formation of 
the Pistolet Group. The Lace Lake is composed of green-
ish or greyish mudstones, siltstones, fine-grained sandstones, 
and dolomites. These are followed upwards by stromatolitic 
dolomites, dolomitic sandstones, and white quartzites of 
the Alder Formation and massive, brown dolomites of the 
Uvé Formation (figure 3b). These formations are preserved 
in the allochthonous Cambrien and Schefferville zones 
(figure 16). 

Stratigraphic relations suggest that, during Pistolet depo-
sition, lands located west and east of the Trough shed detritus 
to the site of deposition. The chemical conditions during 
sedimentation of the Lace Lake Formation were transitional 
between oxidizing and reducing near the west margin of the 
Trough, where green and red sediments were deposited; 
conditions remained so during diagenesis (Dimroth, 1978). 
Redox conditions were more reducing farther east, in the 
axial zone of deposition, where water depth was greater and 
where organic matter accumulated in grey, fine-grained, 
detrital sediments. The Alder Formation, which overlies the 
Lace Lake, is composed of shallow-water, red, green, grey, 
or white, detrital sediments. Their characteristics suggest 
chemical conditions similar to those of the marginal facies 
of the Lace Lake Formation. The Alder also contains reefal, 
stromatolitic dolomites. The nature of Uvé Formation sedi-
ments, which include massive, non-stromatolitic, brown-
weathering, grey dolomites, suggests deposition in calm, 
deeper water where conditions were locally reducing. 

Several independent, deeper-water basins subsequently 
developed on this platform. They are represented by 
Swampy Bay Group rocks, which are preserved in the 
allochthonous Schefferville, Howse, and Wheeler zones 
(figures 10 and 16). Dimroth (1970a, 1978) proposed that 
an area of positive relief (the "Central Geanticline") devel-
oped in the central part of the Trough. Older sedimentary 
formations (mainly the Pistolet Group) would have been 
partly eroded from this uplifted terrain. Detritus would have 
accumulated in adjacent basins, forming the Swampy Bay 
Group sequence. However, an alternative explanation can 
be proposed for the absence, in the Howse Zone, of certain 
stratigraphic sections (principally the Alder and Uvé for-
mations). Thus, the volcano-sedimentary sequence in the 
allochthonous Howse Zone, which underwent considerable 
westward transport, may have formed in a part of the basin 
where the "missing" sedimentary rocks were not deposited 
(Clark, 1986). 

The Swampy Bay sequence generally begins with the 
commonly pyritic black slates and cherts of the Hautes 
Chutes Formation (figures 3b and 17). Dimroth (1978) 
proposed that these sedimentary rocks were deposited in 
shallow water, where organic matter production was high 
and input of coarse, detrital material was very low. Pyrite 
in these black sediments is diagenetic. 

Subsequently, a marked change occurred in the paleo-
environment. Uplift in the source areas led to the deposition 
of thick flysch-like successions of slate, impure sandstone, 
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FIGURE 16 - Schematic stratigraphic columns (not to scale) for (a) the 
Cambrien Zone and (b) the Schefferville Zone (at 56°). The columns 
also indicate the deposit types that are characteristic of the zones. These 
columns are extracted from figure 6; the reader should refer to this figure 
for the meaning of the patterns. 
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FIGURE 17 - Conceptual model for the lithostratigraphy of the Labrador Trough during Attikamagen Group time. The Attikamagen overlies sedimentary and volcanic rocks of the Swampy Bay Group. 
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quartz wacke, and locally conglomerate. These sediments 
make up the Savigny, Otelnuk, Du Chambon, and Romanet 
formations of the Swampy Bay Group. The rocks are grey, 
black, or green, and locally graphitic, and grading bedding 
is common. They were interpreted as turbidites by Dimroth 
(1978). Their source area was probably sedimentary, and 
not metamorphic or volcanic. Le Fer Formation sediments, 
also of the Swampy Bay Group, are transitional and inter-
digitated with the turbidites. Le Fer rocks include mainly 
red or green shales in the western part of the Trough and 
grey shales farther east. Beds of fine-grained sandstone and 
dolomite are intercalated with the shales. The red and green 
shales are interpreted as calm-water, pro-deltaic deposits 
whose source area lay to the west, while the grey shales are 
thought to have been deposited in a deeper basin located 
farther east. 

The Bacchus Formation is composed mainly of shales and 
basalts, with a few intercalated horizons of impure sandstone 
and quartz wacke (Baragar, 1967; Dimroth, 1970a; Dimroth 
et al., 1970). In the centre of the Trough (in the allochtho-
nous Howse Zone), the Bacchus overlies sandstones and 
conglomerates of the Chakonipau Formation, sandstones 
of the Portage Formation, and mudtones and siltstones of 
the Lace Lake Formation. This diachronous relation is due, 
according to Dimroth (1978), to the erosional unconfor-
mity caused by the emergence of the Central Geanticline. 
MORB-type (i.e., mid-ocean ridge—type) tholeiitic basalts 
erupted during a major episode of mafic volcanism. Since 
the basalts overlie immature Chakonipau sediments, the 
volcanism occurred approximately in the axis of the rift 
(figure 17). Towards the end of the volcanic event, felsic 
lavas erupted locally, for example, near La Lande and 
Colombet lakes (Hashimoto, 1964, 1968; Dressler, 1979; 
Lao Kheang, 1984). Mafic and mafic-ultramafic sills were 
emplaced into first-cycle volcano-sedimentary rocks. They 
are cogenetic with the basalts and exhibit a differentiation 
trend towards iron-rich compositions and, in the final stages, 
silica-rich compositions (Baragar, 1967; Dimroth, 1971b). 
The mafic magmas originated in a depleted mantle (Rohon 
et al., 1993). 

First-cycle sedimentation terminated with the deposi-
tion of the Attikamagen Group (figure 17). This group is 
composed of reefal stromatolitic dolomites of the Denault 
Formation (equivalent to the former Abner Formation in the 
northern part of the Trough); black, grey, and green shales, 
sandstones, and siltstones of the Dolly Formation; and grey 
siltstones and chert breccias of the Fleming Formation. 
This group, or parts of it, is preserved in the allochthonous 
Howse, Hurst, Baby, Mélèzes, and (perhaps) Payne zones 
(figure 6). The rock sequence accumulated in a shallow-
water environment and indicates the re-establishment of 
a platform at the end of cycle 1. However, the Denault 
Dolomite is very different, with respect to its carbon isotope  

composition (it is isotopically lighter), from the dolomites in 
the lower part of the first cycle (Melezhik et al., 1997). This 
fact suggests that the Attikamagen Group is younger than 
about 2.06 Ga. This age marks the end of a major positive 
excursion in the value of 6130  (Karhu and Holland, 1996). 

Syn- to diagenetic uranium 
and/or copper deposits (types 4b, 5a) 

Northeast of Chakonipau Lake, copper deposits possibly 
of syn- to diagenetic origin are located at the top of the 
Seward Group, near the contact with the Pistolet Group. 
These deposits were mentioned in the preceding section, 
in the context of rift-associated mineralization. 

In the same sector, but at a slightly higher stratigraphic 
level than deposit 185, the Lace Lake Formation is com-
posed of greywacke, siltstone, and pyritic quartzite and is 
intruded by gabbro sills. The sandstone is mineralized in 
uranium ± cobalt. In particular, at the Train no. 1 showing 
(187), uranium-cobalt minerals occur as uniform dissemina-
tions in a sheared, pyritic quartzite, forming a deposit that 
is persistent along strike. The deposit is in the form of a 
lens about 85 m long by 20 m wide containing pitchblende, 
pyrite, and chalcopyrite. Up to 0.10% U over 2.3 m and 
0.11% Co over 1.3 m has been reported in drill core. The 
cobalt grade increases at the edge of the uranium-bearing 
lens. Secondary uranium (phosphuranylite) is concentrated 
in fractures cutting a brecciated quartzite. The gabbroic 
rocks are also radioactive in places. The significance of this 
homogeneously mineralized quartzite is that it could repre-
sent a preconcentration of syn- to diagenetic uranium, which 
might have been subsequently remobilized and enriched 
by epigenetic processes. At the Train no. 2 showing (186), 
hematitized microfractures cutting a sheared, black wacke 
are mineralized in uranium. 

It is thought, therefore, that the area could contain syn- to 
diagenetic Cu ± U ± Co deposits. The disseminated uranium 
mineralizations are reminiscent of the Shaba uranium depos-
its in Zaïre, according to Tremblay and Meusy (1982). Syn-
to diagenetic copper-uranium deposits in the Trough might 
have acted as a source for epigenetic deposits formed much 
later, during Hudsonian deformation and metamorphism (see 
the later discussion on epigenetic deposits). 

Cycle 2 — Deposits associated 
with the continental platform 

and marginal ocean basin 

Paleogeographic and paleotectonic contexts 

Second-cycle rocks were deposited over the entire length 
of the Labrador Trough. They are present in every alloch-
thonous/parautochthonous or allochthonous zone, with the 
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exception of the Howse Zone. Sedimentary rocks of the 
second cycle unconformably overlie Archean-age Superior 
Province rocks along the western border of the orogen. Far-
ther east, they are separated from first-cycle Attikamagen 
Group rocks by a low-angle erosional unconformity or, 
still farther east, by a gradational or conformable contact 
(Dimroth, 1971a). According to radiometric ages from both 
cycles and to carbon isotope data, this erosional uncon-
formity could represent a hiatus of up to 175 Ma (see the 
section entitled "Stratigraphy"). 

In the western part of the Trough, the second cycle cor-
responds to the Ferriman Group, which is known by this 
name over the whole length of the belt (figure 18). Farther 
east, parts of the Doublet Group (in the south) and the 
Koksoak Group (in the north) are stratigraphically equiva-
lent to the Ferriman Group (see, for example, Le Gallais 
and Lavoie, 1982; figure 3b). However, sedimentary facies 
variations from west to east indicate changes in the depo-
sitional environment. The base of the Ferriman Group is 
composed of Wishart Formation quartz sandstones, which 
were deposited during a marine transgression in a coastal 
or shallow-water environment. They are overlain by ferru-
ginous mudstones, siltstones, and sandstones of the Ruth 
Formation. It is interesting to note that the Ruth contains a 
thin horizon, tracable for more than 3 km, composed of 20 
to 30% pyrite (Zajac, 1974). The Sokoman Formation, over-
lying the Ruth, is an economically important unit by virtue 
of its vast iron resources, which are still the basis for the 
orogen's fame. The Sokoman is composed of cherty, iron-
rich sediments of chemical origin (Gross, 1968; Dimroth, 
1968, 1970a, 1972, 1975, 1978; Dimroth and Chauvel, 
1973). The complexity of the depositional environment 
is shown by the numerous sedimentary facies observed, 
including basin facies, sand bars, and lagoonal platforms 
(Dimroth, 1975). In places, conditions were evaporitic. In 
the southern part of the Trough, subaerial, alkalic volcanic 
rocks of the Nimish Formation are spatially associated 
with the Sokoman Formation (Evans, 1978; Hassler and 
Simonson, 1989). Farther north, east of Cambrien Lake, 
this period was also marked by the intrusion of numerous 
meimechite and carbonatite bodies (Dimroth, 1970b; Chevé, 
1993). Later, the basin deepened, and rhythmites (turbiditic 
sandstones and mudstones) of the Menihek Formation were 
deposited. Mafic volcanism began near the end of Menihek 
deposition, and the resulting volcanic rocks are well pre-
served in the allochthonous Hurst Zone in the southern part 
of the belt (Baragar, 1967). Also, aphyric (equigranular) and 
glomeroporphyritic mafic sills intrude the Menihek in this 
zone. Thus, the Ferriman Group (from the Wishart to the 
Menihek) is the result of progressive collapse and drowning 
of the marine platform. 

In the northern part of the orogen, a marked facies change 
occurs from west to east in rocks of the second cycle. Thus, 
Wishart quartz sandstones near the western margin (Payne 
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FIGURE 18 - Schematic stratigraphic column (not to scale) for the 
Schefferville Zone (at 57°), illustrating the stratigraphic context of the 
Ferriman Group. The column also indicates the deposit types that are char-
acteristic of the zone in this area. This column is extracted from figure 6; 
the reader should refer to this figure for the meaning of the patterns. 

and Bérard zones and the northern part of the Schefferville 
Zone) are correlated, farther east (Mélèzes and Gerido 
zones), with a thick sequence of flyschoid rhythmites and 
quartz sandstones making up the lower member of the 
Baby Formation (figure 3b). The chemico-detrital middle 
member of the Baby Formation was deposited on top of 
these flyschoid sediments. The middle member is an iron 
formation composed of silicate-carbonate, carbonate, and 
sulfide facies rocks; it is considered to be equivalent to the 
Sokoman Iron Formation, farther west, but was deposited in 
deeper water (Clark, 1988). As it hosts several polymetallic 
sulfide deposits, the middle iron-rich member of the Baby 
is very important from a metallogenic point of view (see 
the following section). It is overlain by the upper Baby, 
composed of flyschoid rhythmites, quartz or feldspathic 
sandstones, and, locally at the top, more ferruginous sedi-
mentary rocks. The latter include silicate and sulfide facies 
iron formation and intercalated black mudstone. The ferru-
ginous rocks at the top of the Baby are also metallogenically 
significant. Although a few basalt flows were erupted during 
Baby sedimentation (for example, associated with the iron 
formation of the middle member; Clark, 1978, 1988; Wares 
et al., 1988), most of the mafic volcanism occurred during 
deposition of the Hellancourt Formation, which overlies 
the Baby. The thickness of the Hellancourt Formation was 
estimated at between 0.8 and 1.5 km by Sauvé and Bergeron 
(1965). At its base, the Hellancourt contains a thin unit of 
glomeroporphyritic basalt with plagioclase glomerocrysts 
up to 2 cm in diameter. This unit is overlain by a thick pile 
of non-amygdaloidal, pillow and massive basalts with a 
few interbeds of lapilli tuff and, locally, sulfidic mudstone 
(Wares and Goutier, 1989). The MgO content of Hellancourt 
basalts south of Hopes Advance Bay is fairly constant, 
between 4.5 and 8.7%. The TiO2  content ranges from 
1.1 to 2.6% (R. Wares and T. Clark, unpublished data). It 
should be noted that north of Feuilles Bay, the Hellancourt 
includes at least one horizon of sulfide and silicate facies 
iron formation (Mungall and Wares, 1997). The Baby and 
Hellancourt formations are part of the Koksoak Group 
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and are preserved in the allochthonous Mélèzes, Gerido, 
and Payne zones. The Koksoak Group is equivalent to the 
Doublet Group in the south. 

In the southern and central parts of the Trough, the base 
of the Doublet Group consists of mafic pyroclastic rocks 
of the Murdoch Formation (figure 3b); these rocks are 
preserved in the allochthonous Retty and Gerido zones. 
The Murdoch is a volcanic sequence stretching for about 
340 km in a NW-SE direction. It is composed of mafic 
pyroclastic rocks (amygdaloidal tuff, agglomerate, and brec-
cia), basalt flows, and sedimentary rocks (graphitic shales, 
pyritic shales, quartzites, greywackes, and massive pyrite 
beds) (Baragar, 1967; Dimroth, 1978). The stratigraphic 
position of the Murdoch in the southern sector is difficult 
to establish from available evidence. According to Baragar 
(1967), the Murdoch correlates with either the top of the 
Sokoman Formation or the top of the Menihek Formation. 
According to Findlay et al. (1995), it is equivalent to the 
lower part of the Menihek. The Murdoch originated mostly 
from a series of explosive, mafic-volcanic cones or fissures 
(Dimroth, 1978). Individual volcanostratigraphic units have 
little lateral extension, probably less than a few hundred 
metres. Given the amygdaloidal character of the pyroclastic 
rocks and the composition of some of the sedimentary rocks, 
the Murdoch was deposited in fairly shallow water under 
locally euxinic (reducing) conditions. The Aulneau Lake 
area (west of Le Moyne Lake) in the Gerido Zone appears 
to have been the centre of such volcanic activity, as sug-
gested by the decreasing size of pyroclastic fragments in a 
southwards direction from this location (Dressler, 1979). 
The large size of fragments in the mafic pyroclastic belt 
farther southeast, near Murdoch Lake in the Retty Zone, 
suggests another volcanic centre in that area. 

In the Retty Zone, the Murdoch is overlain by locally 
sulfidic rhythmites, areally restricted oxide-facies iron 
formation (at Irène Lake; figure 6), and basalt. These units 
make up the mainly sedimentary Thompson Lake Forma-
tion (Baragar, 1967; Frarey, 1967). The Thompson Lake is 
interpreted as equivalent to the middle part of the Menihek 
Formation by Findlay et al. (1995). The sequence is capped 
by basalts and intercalated sedimentary rocks of the Willbob 
Formation, whose maximum thickness was estimated at 
5 km by Rohon (1989). The Willbob was correlated with 
the Hellancourt Formation by Rohon et al. (1993), based 
on geochronological data. Willbob basalts are composition-
ally variable, notably in their MgO content, which varies 
between 4.8 and 14.3% (Rohon, 1989; Girard, 1995); TiO2  
varies between 0.6 and 1.7%. Note that several samples 
returned analyses greater than 10% MgO. The presence of 
lavas corresponding to high-magnesium basalt or komatiitic 
basalt was noted by Girard (1995). 

Several differentiated, aphyric gabbro and peridotite-
gabbro sills (the Montagnais Sills) were intruded into the 
Murdoch—Thompson Lake—Willbob succession in the Retty  

Zone. An aphyric peridotite-gabbro sill intruded along the 
contact between the Thompson Lake and the Willbob is very 
important metallogenically because it contains most of the 
Cu-Ni ±PGE deposits in this part of the Trough. 

Marked differences in stratigraphy and in the composition 
of the sills suggest that the adjacent Hurst and Retty zones 
represent contrasting tectonostratigraphic and magmatic 
contexts. The Hurst Zone is characterized by platform 
sedimentary rocks, a few basalt horizons, and numerous 
glomeroporphyritic gabbro sills. In contrast, the Retty 
Zone is characterized by abundant mafic pyroclastic rocks 
and basalt flows, relatively deep-water sediments, and 
mineralized, aphyric, mafic-ultramafic sills; glomeropor-
phyritic gabbro sills are notably absent. 

In the Gerido Zone, the Baby and Hellancourt forma-
tions are intruded by two types of Montagnais mafic and 
mafic-ultramafic sills: aphyric (equigranular) and, less com-
monly, glomeroporphyritic (Sauvé and Bergeron, 1965). The 
thickness of the sills ranges from a few meters to 1000 m, 
although few are thicker than 500 m. Aphyric sills are either 
homogeneous or differentiated. Differentiated sills are 
composed generally of a lower olivine-bearing zone (in the 
form of lenses or horizons of peridotite, olivine pyroxenite, 
or olivine gabbro); a middle, variably textured gabbro zone; 
and an upper, locally pegmatitic, quartz gabbro or quartz 
diorite zone. The glomeroporphyritic gabbro sills, for their 
part, are about 150 m thick on average and contain, in their 
centres, plagioclase glomerocrysts from a few centimetres 
to a few decimetres across (Sauvé and Bergeron, 1965; 
Wares and Goutier, 1989). A pyroxenite horizon is located, 
in many cases, immediately below the glomeroporphyritic 
zone (Wares and Goutier, 1989). 

In the northern part of the Trough, glomeroporphyritic 
sills occur mainly at the lower contact of the Hellancourt 
volcanic sequence and host significant Cu-Ni ±PGE depos-
its. By comparison, in the southern part of the Trough (Hurst 
Zone), typically unmineralized glomeroporphyritic gabbros 
intrude the upper part of the Menihek Formation. The fact 
that glomeroporphyritic gabbro sills occur at the base of the 
Hellancourt basalts, where a horizon of glomeroporphyritic 
basalt also occurs, suggests that glomeroporphyritic magmas 
were produced at the beginning of this major volcanic period 
(Wares et al., 1988; Skulski et al., 1993). Cutting relations 
suggest that aphyric, mafic-ultramafic sills are younger 
than glomeroporphyritic sills (Wares and Goutier, 1990a). 
According to Wares and Goutier (1989), glomeroporphy-
ritic magma fed the base of the Hellancourt volcanic pile, 
whereas aphyric magma erupted as aphyric lava flows in 
the rest of the Hellancourt. 

North of Payne Bay, in the Roberts Syncline, the Qargasiaq 
complex occurs within a succession of basalts presumably 
equivalent to Hellancourt Formation basalts. This complex 
is composed of a series of picritic lavas and subvolcanic sills 
containing several Ni-Cu-PGE sulfide deposits (Mungall, 
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1998). Magmas related to this complex were rich in MgO, 
with about 11.5% MgO, according to J. Mungall (personal 
communication, 2002); however, analyses of samples from 
the chilled margins of the sills gave 13 to 18% MgO (R. 
Wares, unpublished data). 

Variations in composition and texture observed in lavas 
and sills suggest several magmatic evolutionary trends, as 
mentioned below (St. Seymour et al., 1991; Skulski et al., 
1993). These variations are important for the understand-
ing of the mechanisms by which the various types of sills 
mineralized in Cu-Ni were intruded. 

Several studies have shown that the Hellancourt and 
Willbob basalts and associated mafic sills are comagmatic 
and the result of magmatism in an extensional tectonic 
regime. A large majority of the basalts are potassium-poor 
tholeiites classified chemically as MORB, transitional 
to intraplate (Baragar, 1960; Rohon et al., 1988, 1993; 
St. Seymour et al., 1991; Skulski et al., 1993; Girard, 1995). 
The basalts are locally more primitive, reaching the com-
position of high-magnesium basalt, picrite, or komatiitic 
basalt. Based on trace element and Nd isotope composi-
tions, Skulski et al. (1993) concluded that the aphyric and 
glomeroporphyritic magmas originated from a common 
parent magma. They also proposed that the mineralogical 
and chemical differences observed in the sills are the result 
of variations in the processes of fractionation and intrusion. 
From olivine compositions, Skulski et al. (1993) determined 
that most of the aphyric, homogeneous or differentiated sills 
in the northern part of the orogen formed from magmas with 
a maximum MgO content of about 8.2% (high-magnesium 
basalt). During crustal extension, magma was generated 
by partial melting in a depleted part of the mantle, and this 
magma subsequently experienced a low degree of crustal 
contamination (<5%). This interpretation is supported by 
ENdT values`, which lie generally between +2.1 and +5.2, and 
by the near-chondritic values for La/Nb and La/Yb (Rohon 
et al., 1993; Skulski et al., 1993). Crustal contamination, 
although weak, seems to have been a little greater in sills 
than in basalt flows, and also greater in primitive magmas 
than in more evolved magmas. 

According to the model proposed by Skulski et al. (1993), 
second-cycle mafic magmas originating in the upper mantle 
would have fractionally crystallized olivine and ortho-
pyroxene in magma chambers located at the base of the 
crust. Magmas derived from this crystallization rose into 
the crust and, in magma chambers located at intermediate 
depths, crystallized calcic plagioclase, which accumulated 
by flotation at the top of the chambers. Mixtures of mafic 
magma and plagioclase glomerocrysts formed in these 
chambers were emplaced as glomeroporphyritic sills and 
flows. Continued extension of the crust was associated with 

1. ENdT  is a mesure of the difference between the value of 143Nd/'44Nd for a sample 
or a suite of samples and a reference value, here CHUR — chondritic uniform 
reservoir (DePaolo and Wasserburg, 1976; Rollinson, 1993). 

a higher degree of partial melting in the mantle, producing 
picritic magmas. After fractional crystallization of olivine 
and clinopyroxene in magma chambers deep in the crust, 
the magma continued to rise and was erupted to form a thick 
pile of aphyric basalts or intruded as shallow, aphyric sills. 
Ultramafic sills would have formed from picritic magma that 
rose to high levels in the crust without fractionating. 

More recently, Mungall and Wares (1997) and Wares 
and Mungall (1997) proposed the existence of two suites 
of magmas in the area north of Feuilles Bay: an iron-poor 
tholeiitic suite (MORB) and an iron-rich tholeiitic suite. 
These authors suggested that the parent magmas of the two 
suites were picritic, with more than 14% MgO (Wares and 
Mungall, 1997). According to these authors, the iron-poor 
MORB suite includes tholeiitic basalts of the Hellancourt 
Formation; some differentiated, aphyric sills composed 
of gabbro and peridotite; and some aphyric gabbro sills. 
The iron-rich tholeiitic suite includes glomeroporphyritic 
gabbros and some ultramafic sills. The latter magmas are 
characterized by high concentrations of total FeO, Ti02, Zr, 
and Y at a given MgO content; these high concentrations 
may be the result of crustal contamination. The authors 
noted that sills formed from iron-poor tholeiitic magmas 
are generally barren. On the other hand, the main Ni-Cu 
deposits north of Feuilles Bay appear to be related to iron-
rich tholeiitic magmas. These interpretations concern only 
rocks north of Feuilles Bay; their validity in other parts of 
the Trough remains to be shown. 

It is very important to note that primitive magmas have 
been identified locally in the orogen—in the south mainly 
near Retty Lake and in the north, north of Feuilles Bay and 
north of Payne Bay. Primitive basalts, whose compositions 
(10-15% MgO) fall between those of magnesium-rich basalt 
and komatiitic basalt, occur in several places in the Retty 
Zone (Rohon, 1989; Girard, 1995). Compositions between 
8.2 and 13.2% MgO have been reported from five samples of 
very fine-grained rock from the chilled margins of aphyric, 
mafic to ultramafic sills near Bleu Lake in the Retty Lake 
area (Beaudoin and Laurent, 1989; Clark, 1989). A sill 
located east of Retty Lake has a chilled margin with 16.6% 
MgO (Girard, 1995). Chilled margins from picritic flows 
and sills in the Qargasiaq complex, in the Payne Bay area, 
have between 13 and 18% MgO (R. Wares, unpublished 
data). The presence of "hot spots" in these areas, where 
magmatism was primitive (MgO-rich magmas), increases 
the potential for Cu-Ni-PGE deposits. 

According to the proposed model, Willbob and 
Hellancourt basalts are the result of rifting of the crust con-
taining the second-cycle sedimentary sequence. Extension 
led to the thinning of the Superior craton and allowed large 
volumes of mafic magma to reach the surface of the Earth 
or be emplaced as sills. Skulski et al. (1993) suggested that 
second-cycle basalts were erupted in transitional, pull-apart 
ocean basins filled with thick sedimentary successions (Baby 
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FIGURE 19 - Tectonic model for the rocks of cycle 2 in the New Québec Orogen at 1.88 Ga (after Skulski et al., 1993). Local alkalic magmatism occurred 
at the margins of the basin (e.g., the Castignon carbonatite complex and the Le Moyne Carbonatite). The centre of the ocean basin in underlain by a thick 
succession of sedimentary and volcanic rocks intruded by mafic and mafic-ultramafic sills. Note the fragment of Archean crust outboard from the Superior 
Province and the subduction zone below the margin of the SE-Churchill Province. The large arrow indicates dextral-oblique compression, which is related 
to the origin of the basin. Abbreviations: SECP, SE-Churchill Province; CLM, continental lithospheric mantle; OLM, oceanic lithospheric mantle. 

and Thompson Lake formations) (figure 19). They proposed 
that these basins were formed as a result of extension in a 
preorogenic, dextral, transpressional regime. The authors 
proposed the Gulf of California as a modern analogue. 

Near Douay Lake, located about 5 km west of Le Moyne 
Lake at latitude 57°, Murdoch Formation mafic pyroclastic 
rocks are overlain by a unique sequence of volcanic and 
sedimentary rocks. The Douay Lake area is underlain by 
rhyolites, rhyodacites, felsic tuffs, volcanic rocks oversatu-
rated in potassium, dolomites, and pelites (Dressler, 1979). 
We have given the informal name "Douay formation" to 
this succession. A sample of rhyodacite has been dated at 
1870 ±4 Ma (Machado et al., 1997). This sequence is over-
lain by the Aulneau Formation, a sedimentary succession 
composed of dolomite (locally tuffaceous), mudstone, and 
conglomerate (Dressler, 1979). A subvolcanic carbonatite 
intrusion measuring 15 x 4 km and mineralized in Nb, Ta, 
and REE (figure 20; see the section on type 9 deposits) was 
emplaced into this volcano-sedimentary succession (Birkett 
and Clark, 1991). Mafic pyroclastic rocks coeval with the 
intrusion are intercalated with the sedimentary rocks of the 
Aulneau Formation. The fragmentary nature, coarse grain, 
and amygdaloidal character of the mafic pyroclastic rocks 
and the composition of the sedimentary rocks (dolomites and 
conglomerates) in the upper part of the succession indicate 
that volcanism was violent and occurred in a shallow-water 
environment. The stratigraphie relations described above 
suggest that this succession was deposited on the same sub-
siding platform as the iron-rich sediments and rhythmites of 
the Doublet and Koksoak groups. The volcanic edifice was 
subaerial and probably formed a prominant structure in the 
contemporaneous landscape. The building of the volcano 
on the continental margin may have been coeval with the 
end of eruption of the voluminous tholeiitic basalts of the 
Hellancourt and Willbob formations in the neighbouring 
ocean basin. 

Lake Superior—type and Algoma-type 
iron formations (types 2a, 2b), enriched iron 
formation (type 21a), and supergene Mn (type 21b) 

The Sokoman Formation is surely the most remarkable 
unit in the Labrador Trough. This iron formation extends 
almost continously from Quaqtaq, in the north, to the 
Manicouagan Reservoir area of the Grenville Province, in 
the south, i.e., a distance of about 1200 km. Iron explora-
tion and mining in the Schefferville area was an important 
factor in the opening up and development of northeast-
ern Québec (see, for example, Gross, 1968; Geren and 
McCullough, 1990). Today, iron mining in the Fermont—
Wabush—Labrador City area is still an essential economic 
motor on the North Shore. 

The sedimentological, petrological, and petrographical 
characteristics of the Sokoman have already been described 
elsewhere and will only be summarized here (see, for 
example, Dimroth, 1968, 1975, 1978; Gross, 1968, 1995a; 
Dimroth and Chauvel, 1972, 1973; Zajac, 1974; Klein and 
Fink, 1976; Gross and Zajac, 1983). The Sokoman is more 
than 170 m thick in the Schefferville area and is rarely less 
than 30 m thick along the western margin of the Trough. 
Towards the east its thickness decreases, and the formation 
is difficult to follow because of structural complexities. The 
Sokoman is situated near the base of the second cycle, above 
the quartz arenites of the Wishart and the ferruginous shales 
of the Ruth and below the euxinic shales and turbidites of 
the Menihek Formation. Note that strong iron enrichment 
begins in the Ruth shales. Thus, the Sokoman occupies 
a stratigraphie position between shallow-water, high-energy 
sediments (Wishart) and deep-water, largely lower-energy 
sediments (Menihek). Stratigraphie relations indicate that 
the Sokoman is part of a transgressive succession. Hoffman 
(1987) interpreted the context as a foredeep related to the 
presence of a subduction zone to the east. This hypothesis 
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Le Moyne Carbonatite 

®  Conglomerate 

	 Carbonatite breccia 

Ultramafic carbonatite 

Carbonatite 

Carbonate-rich mafic tuff 

Mafic to ultramafic tuff 

Montagnais Sills 

Gabbro 

Murdoch Formation 
(± Aulneau Formation) 

Albitized pillow basalt 

Brownish orange weathering "dolomite" 

Mafic tuff 

Rhyodacite 

Shale, siltstone 

Basalt 

Grey dolomite 

Mafic pyroclastic rocks 

Biotite schist 

Fault 

Thrust fault 

FIGURE 20 - Geological sketch map of the Le Moyne Carbonatite (Birkett and Clark, 1991; Dressler, 1979, and unpublished data). The geology at the 
northern extremity of the carbonatite is uncertain. The locations of mineral deposits in the SIGEOM database and of several other mineralized sites are 
indicated. Grades for two deposits as determined from selected samples are as follows (Lafontaine, 1984a): Erlandson 1 (site 1 in the figure, deposit 
no. 218 on the synthesis map) - 5.57% Nb, 0.16% La + Ce, 0.14% Th, 0.03% U; Erlandson 2 (site 2, deposit no. 219 on the synthesis map) - 7.00% Nb, 
0.24% La + Ce, 0.21% Th, 0.02% Y. Grades obtained during a reconnaissance sampling program (unpublished analytical data from T.C. Birkett and 
T. Clark) are as follows: site 3 - 1.36% La + Ce; site 4 - 0.31% La + Ce; site 5 - 0.11% La + Ce; site 6 - 0.11% La + Ce, 0.07% Nb; site 7 - 1.82% Nb, 
0.04% U, 0.01% Th; site 8 - 0.10% La + Ce, 0.09% Nb, 0.02% U; site 9 - 3.52% La + Ce, 0.01% Nb; site 10 -1.13 % La + Ce, 0.02% Nb; site 11 - 0.37% Nb, 
0.18% La + Ce + Sm + Nd, 0.06% U, 0.06% Ta; site 12 - 0.54% La + Ce + Sm + Nd, 0.02% Y, 0.02% Th, 0.07% Cr; site 13 - 0.05% La + Ce + Sm + Nd, 
0.01% Nb; site 14 - 0.23% La + Ce + Sm + Nd, 0.01% Y, 0.01% Th; site 15 - 0.10% La + Ce + Sm + Nd, 0.02% Nb; site 16 - 0.43% Cr. 
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FIGURE 21 - Rare earth element concentrations for iron-rich rocks in 
the Sokoman and Baby formations, normalized to average mudrock from 
the Labrador Trough and to the North American shale composite (NASC). 
Values for average Labrador Trough mudrock and Sokoman Formation 
iron-rich rocks are from Fryer (1977). Values for Baby Formation iron-rich 
rocks are from Clark (1988). 

explains the stratigraphie sequence but, on the other hand,  

esting that the Sokoman and lowermost Menihek formations 
locally contain thin uraniferous phosphorite units (see the 
following section on type 1 deposits). The Sokoman exhibits 
sedimentary structures, such as fine sedimentary interbeds, 
granules and oolites, crossbedding, intraformational brec-
cias, synsedimentary folds, compaction and desiccation 
structures, and stromatolites. 

The Sokoman Formation is classified as a Lake Superior—
type iron formation (type 2a). This type is composed mainly 
of magnetite and hematite and is commonly associated with 
mature sedimentary rocks, such as quartz arenite, dolomite, 
black shale, and mudstone (Gross, 1995a). Generally little 
metamorphosed and altered, the Sokoman can be termed 
taconite. Huge resources of taconite containing about 
30% iron have been outlined in the Trough, for example 
in the Magnetite and Hematite lakes area located northeast 
of Cambrien Lake (deposits 197-202) and near Howells 
River (Labrador). Several deposits of metataconite are 
known in the area west of Hopes Advance Bay (deposits 
324-333, 356, and 358-364). In the Grenville Province 
(Fermont—Wabush—Labrador City), the iron formation is 
more strongly metamorphosed and recrystallized, and is 
consequently easier to concentrate. 

Deep weathering of the taconite in the Schefferville area 
resulted in the formation of direct-shipping residual iron 
deposits (type 21a) (Gross, 1995b). These deposits were 
mined between 1954 and 1982 and were the largest of this 
type in Canada. They contained more than 400 Mt of ore 
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mafic volcanic rocks located in the eastern part of the Trough 
(Skulski et al., 1993). 

In the northern part of the Trough, the Sokoman is cor-
related with the middle member of the Baby Formation, 
whose thickness reaches at least 50 m southwest of Kuujjuaq 
(Clark, 1988). This correlation is based on the presence of 
a regional thrust fault (Garigue Fault) below the succession 
containing the Baby (Clark, 1979). It is also supported by 
the similarity in the rare earth element profiles for the iron-
rich rocks of the Sokoman and Baby formations (figure 21; 
Clark, 1988). 

The Sokoman is a cherty iron formation composed of 
iron-rich oxide (figure 22), carbonate, silicate, and sulfide 
facies, which form discrete lithostratigraphic units (Zajac, 
1974; Gross, 1995a). The same facies occur in the middle 
member of the Baby (Clark, 1988). The stratigraphie order 
of the first three facies mentioned varies from place to place, 
but in general, the silicate and carbonate facies occupy 
the lower part of the Sokoman. The sulfide facies occurs 
sporadically in the Sokoman, as well as in the shales of the 
underlying Ruth Formation and in the middle member of 
the Baby Formation. Laminated sulfide-rich sediments also 
occur higher in the sequence, in the upper Baby, Thompson 
Lake, and Menihek formations (Frarey, 1967; Wares and 
Goutier, 1989 and unpublished data). Chert is a ubiquitous 
component of the Sokoman and Baby formations. It is inter- 

MRNQ, 1971). The residual iron deposits near Schefferville 
also included manganiferous iron ore containing a mini-
mum of 3.5% Mn and 50% Fe+Mn. In Québec, resources 
of this ore type were evaluated in 1979 at 9.5 Mt with an 
average grade of 6.08% Mn (Kish et al., 1986). The deep 
weathering that produced the residual deposits occurred 
during the Cretaceous under tropical and humid climatic 
conditions (Dorf, 1959). It is thought that phreatic waters 

FIGURE 22 - Sokoman Iron Formation. The photograph shows typical 
oxide facies, composed of alternating bands of jasper (red) and iron oxides 
(hematite, magnetite). 
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percolated downwards, to depths exceeding 150 m, along 
transverse fractures and steeply dipping, porous beds located 
on the flanks of hills (Gross, 1968, 1995b). The waters 
dissolved and leached silica, oxidized iron, and produced 
a rich residual ore composed of fine-grained hematite and 
goethite. 

Deposits enriched mainly in manganese by supergene pro-
cesses have also been identified (type 2 lb). These deposits 
contain between 0.2 and 0.6 Mt grading 10-15% Mn and 
12-18% Fe (Kish et al., 1986). The manganese was leached 
from the iron formation, transported in its reduced form, and 
deposited in zones where the solution encountered oxidizing 
waters, commonly in fractured and porous quartzites of the 
underlying Wishart Formation. 

Iron formations occurring in the middle and upper mem-
bers of the Baby Formation are classified as Algoma-type 
(type 2b) (Wares and Goutier, unpublished data). Algoma-
type iron formation is characterized by interbedded chert 
and layers rich in iron minerals (oxides, carbonates, silicates, 
and sulfides) and by an association with volcanic rocks 
(Gross, 1995c). Previously, Baby iron formations had been 
grouped with the Sokoman Formation as Lake Superior type 
(Gross, 1995a). Elsewhere in the world, the various facies 
of Algoma-type iron formation host large concentrations 
of base metals (copper, zinc, lead), tin, rare earth elements, 
tungsten, and gold (Gross, 1995c). In the northern part of 
the Labrador Trough, a spatial and temporal association 
between some iron formations and volcanic activity has been 
demonstrated (Clark, 1978, 1988; Wares et al., 1988). An 
exhalative, hydrothermal origin has been attributed to a bed 
of sulfidic chert below the massive sulfide lens at the Koke 
deposit, which occurs in the middle member of the Baby 
Formation (see the following section) (Wares et al., 1988). 

The origin of the Labrador Trough iron formations is 
controversial, as is the case for iron formations throughout 
the world. Below, we will discuss a model of general appli-
cation, then conclude with a consideration of the Labrador 
Trough iron formations. According to the model proposed 
by Gross (1965, 1995a), the origin of iron formation and 
its contained major, minor, and trace elements is related to 
exhalative volcanic and hydrothermal processes'. Accord-
ing to this hypothesis, iron from submarine, volcanogenic, 
hydrothermal vents was initially in soluble, reduced (Fez+) 

form. The concentration of this iron was at first homoge-
neous throughout the Earth's ocean reservoir. Evidence in 
favor of a volcanic-hydrothermal origin include (1) evidence 
of coeval volcanic activity; (2) the presence, in Proterozoic 
iron-rich rocks, of a chemical signature similar to that of 
modern metalliferous sediments for which a link with marine 
hydrothermal activity is clear; and (3) the association of 
the iron-rich rocks with sulfide facies rocks, for which a 

1. Other models have been proposed, for example, by Lepp and Goldich (1964—
weathering of continental rocks), Kimberley (1974, 1979—diagenetic replace-
ment of oolitic, calcareous sediments), and Cloud (1973) and LaBerge et al. 
(1987—biological precipitation of iron). 

hydrothermal origin is generally accepted. Gross (1995a) 
proposed that the main factors controlling the composition 
of iron-rich rocks are their depositional environment, their 
tectonic context, and the composition of local, exhalative, 
hydrothermal fluids. According to Klein and Beukes (1989), 
Lake Superior—type iron formations in South Africa were 
deposited in a stratified water column hundreds of metres 
thick. Their origin was related to periods of marine trans-
gression and to the marked decrease in the amount of detrital 
material deposited. According to this model, variations in 
the amount of oxygen delivered to the zone of oxidation of 
the reduced iron, linked to variations in the availability of 
organic carbon, would have produced the various facies of 
iron formation (oxide, silicate, and carbonate). Iron would 
have been deposited as hydrous, ferriferous gels and very 
fine-grained, ferriferous precipitates (Holland, 1973; Klein 
and Fink, 1976). Siderite was a primary precipitate (Klein 
and Beukes, 1989). The mineralogical composition of the 
ferriferous precursors would have been transformed, under 
variable physicochemical conditions, during diagenesis 
and metamorphism of the sediments (Klein, 1983; Miyano, 
1987). 

Although it is assumed that silica, like iron, in iron forma-
tion originated from hydrothermal activity (e.g., Klein and 
Beukes, 1989), recent studies of the Ge/Si ratio of banded 
iron formations suggest that silica deposited as chert beds 
originated from continental weathering (Hamade et al., 
2003). If true, this would mean that the two main com-
ponents in iron formation, Si and Fe, come from different 
sources. 

The oxygenation of the atmosphere (called "oxyatmo-
version" or "The Great Oxidation Event" by some workers) 
was a critical event in the history of the Earth. This event, 
whose existence is now considered as almost certain 
(Holland, 2002; cf. Dimroth and Kimberley, 1976), would 
have been of major importance for the evolution of cer-
tain types of mineral deposits, including iron formations 
(Kirkham and Roscoe, 1993). This atmospheric change 
occurred about 2.4 Ga ago, according to Kirkham and 
Roscoe (1993), or closer to 2.3 Ga ago, according to Holland 
(2002) and Bekker et al. (2004). At the scale of the Earth, 
the event coincided with or was followed by deposition of 
the first major redbeds, deposition of gypsum and anhydrite 
in evaporites, changes in the geochemistry of uranium, and 
changes in the oxidation state of paleosols. Paleoproterozoic 
iron formations make up 90% of the Earth's iron formations 
(James and Trendall, 1982). They formed during the period 
between 2.5 and 1.8 Ga; thus, their formation spanned the 
period of oxygenation of the atmosphere between 2.4 and 
2.3 Ga (Kirkham and Roscoe, 1993). Certain types of ore 
deposits formed only after oxygenation of the atmosphere 
(Kirkham and Roscoe, 1993), for example, sedimentary 
uranium deposits (type 4 in this report), stratiform sedimen-
tary copper deposits (type 5), and volcanic redbed copper 
deposits (type 6). All of these are recognized in the Labrador 
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Trough. SEDEX deposits, which have not been found in 
the Trough (see the section "SEDEX-type deposits"), also 
postdate atmospheric oxygenation. 

Several models have been proposed to explain the 
increase in the quantity of oxygen in the atmosphere and the 
transition from anoxic to oxidized conditions. Atmospheric 
oxygenation can be explained by the development and 
proliferation, during the Paleoproterozoic, of cyanobacteria 
that produced oxygen through photosynthesis. This change 
allowed the oxidation of reduced iron (Fe2+) abundantly 
present in the marine waters of the day (e.g., Cloud, 1973; 
Konhauser et al., 2002). However, Brocks et al. (1999) 
discovered biochemical indicators suggesting the pres-
ence of cyanobacteria in certain Archean metasedimentary 
rocks. This discovery led Holland (2002) to propose, as an 
alternative hypothesis, that oxygenation of the atmosphere 
resulted from a gradual increase in the fugacity of oxygen 
(oxidation state) of volcanic gasses and hydrothermal fluids 
contributing to the atmosphere-ocean system. 

Hydrothermalism such as that associated with coeval 
submarine volcanism is probably insufficient to explain 
the accumulation of the huge quantities of iron contained 
in Paleoproterozoic iron formations, although the mecha-
nism may have been a contributing factor (Holland, 1973; 
Kirkham and Roscoe, 1993). According to a more likely 
model, the oceans served, during the Archean and the 
beginning of the Proterozoic, as a sink in which reduced 
iron accumulated (figure 23). During and after oxygenation 
of the atmosphere, water enriched in reduced iron upwelled 
from the depths of the ocean. Oxygenation of the iron to Fe3+ 
near the ocean's surface would have caused deposition of 
vast quantities of iron in the form of hydroxides and oxides  

in shallow water near the margins of Archean continents. 
Increasing marine sulfate concentration and bacterial sulfate 
reduction would have decreased the amount of reduced iron 
in seawater by producing sulfide, perhaps eventually limit-
ing iron formation deposition (Canfield, 1998). 

A complete model to explain the origin of the Sokoman 
Formation is still to be developed. Dimroth (1975) proposed 
a shallow-marine (up to 100 m) paleoenvironment for iron 
deposition. He recognized sedimentary facies indicative of 
basin, shoal, lagoon, and shoreline environments. These 
facies were deposited under oxidizing sedimentary and 
diagenetic conditions. Several authors (e.g., Gross, 1995a) 
favor a volcanic-hydrothermal origin for the Sokoman. 
Indeed, Cameron (1983) reported isotopic evidence support-
ing a hydrothermal-exhalative model for the origin of sul-
fidic sediments associated with the Sokoman. Clark (1988) 
showed that rare earth element profiles for the Sokoman 
and Baby iron formations are very similar, with positive 
europium anomalies (figure 21). This anomaly has been 
attributed to the addition of a volcanogenic hydrothermal 
fluid component to the marine water (Fryer et al., 1979; 
Fryer, 1983; Klein and Beukes, 1989). Simonson (1985) 
proposed that hydrothermal activity was occurring in a 
deep basin located outboard from the platform on which the 
Sokoman iron-rich sediments were being deposited. 

Thus, the model proposed by Kirkham and Roscoe (1993) 
suggests that before the deposition of the Sokoman Forma-
tion, the sea marginal to the Superior craton contained a great 
quantity of reduced iron. This iron was used up gradually 
during accumulation of the ferriferous sediments. Note, 
however, that the Sokoman Formation has been dated at 
1.88 Ga and is among the youngest of the Lake Superior— 
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FIGURE 23 - Diagram illustrating the oxygen and iron reservoirs that may have existed during deposition of the Sokoman Iron Formation and the 
iron-rich middle member of the Baby Formation (adapted from Cameron, 1983, and Kirkham and Roscoe, 1993). The turbidites and rhythmites 
shown belong to the lower Baby. Mafic volcanic rocks and black, sulfidic muds were locally deposited with the iron-rich rocks of the Baby. The 
presence of a thick sequence of cycle 1 rocks in the northern Trough is hypothetical. 
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type iron formations. Therefore, atmospheric oxygenation 
had begun long before the deposition of the Sokoman, even 
before the oldest sediments (rift-related, redbed arkoses 
and conglomerates) in cycle 1 (2.2-2.1 Ga). It must be 
concluded, therefore, that the paleogeographic and tectonic 
contexts in the Labrador Trough at that time were such that 
the sea, which perhaps was fairly narrow with limited access 
and perhaps had an unfavorable orientation relative to the 
prevailing winds (Parrish, 1982), was able to conserve a 
large part of its reduced iron until deposition of cycle 2 
about 1.9 Ga ago. This sea would have been stratified, with 
an oxygenated surface layer overlying a thick, oxygen-poor 
deep layer (Cameron, 1983; Klein and Beukes, 1989). The 
reduced iron content of the marine basin would have been 
largely exhausted during deposition of the Sokoman. 

The model proposes that oxidation of the iron and depo-
sition of the Sokoman were the result of the upwelling of 
anoxic bottom waters rich in reduced iron and the transport 
of the iron towards the oxygenated, shallow-water envi-
ronment of the platform. The upwelling may have been 
the result of the interaction of the dominant winds with 
the ocean currents (Parrish, 1982) or of coeval volcanic 
activity (Klein and Beukes, 1989). Note that the solubility 
of reduced iron is at its maximum just below the boundary 
between the oxygenated and anoxic waters in a stratified 
water column (Cameron, 1983). This fact would have made 
reduced iron easily available for oxidation and precipitation 
on the platform or in deeper water (figure 24). The following 
is a possible evolutionary scenario: A pull-apart, extensional 
basin containing a narrow, elongated sea, such as the modem 
Gulf of California, was the tectonic context for deposition 
of cycle 2 sediments in the Labrador Trough (Skulski et al., 
1993). In such a context, and with a favorable continental 
configuration (conditions that perhaps did not exist during 
cycle 1), a prevailing wind blowing parallel to the axis of the 
sea would have caused upwelling of deep, anoxic, iron-rich 
water. This water would have moved preferentially towards 
one of the shores because of the Coriolis effect (Parrish, 
1982). When this water encountered oxidizing conditions, 
iron was precipitated in the manner proposed by Klein and 
Beukes (1989). 

FIGURE 24 - Diagram illustrating the distribution of dis-
solved oxygen, sulfur, and reduced iron in a marine basin 
with a stratified water column (after Cameron, 1983). Note 
that the solubility of Fez' is at a maximum just below the 
layer of oxygenated water. 

Uraniferous phosphorite (type 1) 

Two examples of uraniferous phosphorite have been 
found in the Labrador Trough. The Lac Canova show-
ing (type 1, no. 205) is located about 25 km northwest of 
Cambrien Lake (Bélair, 1977). The showing consists of a 
soil containing radioactive fragments of phosphorite and 
dolomite. This anomalous soil has been traced over 1.2 km. 
The fragments presumably originated in the underlying 
bedrock, which includes silicate-carbonate facies iron 
formation of the Sokoman Formation (Dressler, 1979). It 
is thought that the Sokoman, in this area, contains beds of 
brownish red phosphorite and dolomite corresponding to the 
composition of the fragments (Bélair, 1977). The following 
minerals have been identified by means of X-ray diffraction 
analysis: apatite [Ca5(PO4)3(F,OH,C1)] and xanthoxenite 
[Ca4Fe3+2(PO4)4(OH)2.3H2O] (Bélair, 1977). Uranium (U4+) 
would have replaced calcium (Ca2+) in the apatite. Grades 
of 0.33% and 0.015% U3O8  were reported from fragments 
of phosphorite and dolomite, respectively, taken from the 
anomalous soil. The phosphorite is composed of 39.65% 
P2O5. 

Uraniferous phosphorite has also been reported in the low-
ermost 10 m of the Menihek Formation near Schefferville, 
in Labrador (Bell and Ruzicka, 1985; Bell and Thorpe, 
1986). Carbonaceous, phosphatic, and pyritic black shales, 
siltstones, fine sandstones, and conglomerates contain up to 
about 100 ppm uranium, considered to be of syn- to diagenetic 
origin. Local remobilization during folding has upgraded the 
uranium to the 1000 ppm level in carbonaceous, phosphatic, 
calcareous breccias. 

Phosphatic sediments have also been reported in the 
Denault, Dolly, and Wishart formations in the Schefferville 
area, but these have not been described as uraniferous 
(Harrison et al., 1972; see also Birkett, 1991). In the 
Wishart Formation, phosphate occurs in the form of euhe-
dral apatite crystals in the cherty matrix of chert-pebble 
conglomerates. 

Given that phosphorites would be easy to miss in the 
field, it is possible that other showings of this type exist 
in the Trough. They would be associated mainly with iron 
formation, cherty and pyritic black shales, and chert-matrix 
conglomerates (see Chandler and Christie, 1995). 

Phosphorites are mainly used as a source of fertilizer; 
they also provide uranium, vanadium, and fluorine, among 
other substances, as biproducts (Chandler and Christie, 
1995). No sedimentary phosphorite deposit is currently 
being mined in Canada. 

Cu-Zn-Co-Ag-Au and Zn-Pb-Cu-Ag-Au 
SMV-type deposits (types 3a, 3b) 

Cu-Zn-Co-Ag-Au (type 3a) and Zn-Pb-Cu-Ag-Au (type 3b) 
sulfide deposits are, from an economic standpoint, among 
the most interesting deposit types in the orogen. We have 
distinguished the two types mentioned in the heading mainly 
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on the basis of their compositions (relative Zn, Pb, and Cu 
grades). Although each subtype has its own particularities, 
the classification of a deposit into one or the other can 
be difficult. This stems from the fact that deposits of the 
two subtypes have some common characteristics and that, 
very likely, all 3a- and 3b-type deposits had an essentially 
similar origin. 

The following deposits are examples of Cu-Zn-Co-Ag-
Au (type 3a) deposits: Soucy 1 — A and D zones (295), 
Prud'homme 1 (297), and perhaps Lac Murdoch-ouest (111). 
Deposits in the northern part of the Trough (Soucy 1 and 
Prud'homme 1; figures 25 and 26a), located in the Gerido 
Zone, are hosted in an iron-rich sedimentary unit. This unit 
is located in flyschoid sediments near the top of the upper 
member of the Baby Formation, just below the base of the 
Hellancourt Formation basalts (figure 26a; Wares et al., 
1988; Barrett et al., 1988). These deposits are therefore 
higher in the stratigraphy than the Zn-Pb-Cu-Ag-Au deposits 
associated with the middle member of the Baby (type 3b; 
see below). The upper iron-rich unit includes graphitic and 
sulfidic mudstones, chloritic mudstones, sulfidic turbidites, 
beds of massive and laminated pyrite, and silicate facies 
iron formation. The Lac Murdoch-ouest deposit, located in 
the southern part of the Trough (Hurst Zone; figure 26b), 
occurs in a thin horizon of graphitic mudstone situated 
between two gabbro sills intruding the upper part of the 
Menihek Formation. Note that the Menihek in this zone 
contains a pyroclastic basalt unit located stratigraphically 
below the sulfide deposit and a basaltic flow unit at the top of 
the formation. Thus, mafic volcanism punctuated Menihek 
sedimentation in this part of the Trough. 

At the Soucy 1 deposit, massive sulfides overlie an altera-
tion pipe. Siltstones and mudstones in the pipe are cut dis-
cordantly by irregular, millimetre-scale veinlets composed 
of ankerite, stilpnomelane, pyrrhotite, and chalcopyrite 
(figure 25; Barrett et al., 1988). The sedimentary rocks 
are strongly altered to stilpnomelane and ankerite near the 
veins. The massive sulfides in this deposit (zone A: 400 m 
long by 40 m thick) are composed of pyrite framboids in a 
fine-grained, granoblastic matrix of pyrrhotite, chalcopyrite, 
sphalerite, and traces of galena. The sulfide body contains 
about 15% gangue composed of ankerite, magnetite, and 
a little stilpnomelane and quartz. A laminated sulfide unit 
overlies the massive sulfide lens. It is composed of very 
fine grains of pyrite, which are probably syngenetic, dis-
seminated in a coarser-grained, recrystallized matrix of 
pyrrhotite, iron silicates, muscovite, and quartz. 

The Zn-Pb-Cu-Ag-Au deposits (type 3b) include the fol-
lowing examples: Lac Jimmick (41), Lac Frederickson-NW 
(48), Lac Youngren (112), Gauthier-McNeely (113), Kan 
(240), and Koke (Boylen) (245). The first four deposits 
are hosted in graphitic mudstones in the upper part of the 
Menihek Formation (Hurst Zone; figure 26b). The Kan and 
Koke deposits are closely associated with the iron forma-
tion of the middle member of the Baby Formation (Gerido 
Zone; figures 3b, 6, 26a, and 27). Note that the Menihek is  

homotaxial with the upper member of the Baby. Thus, in 
the southern part of the Trough, deposits of this type occur 
at a slightly higher stratigraphic level (upper Menihek) than 
those in the north (middle Baby). 

In the southern part of the orogen, the Zn-Pb-Cu-Ag-Au 
deposits are composed of bedding-concordant, disseminated 
and massive sulfides. The Frederickson-NW deposit is made 
up of two, 2m thick lenses of laminated massive sulfides 
extending 200 m along strike. These sulfides are composed 
of bands rich in sphalerite and galena alternating with bands 
of chalcopyrite and porphyroblastic pyrite (Gebert, 1988, 
1991). The massive sulfides grade laterally into sulfide facies 
iron formation composed of barren disseminated sulfides. 
A breccia zone below the deposit, containing disseminated 
sulfides and pyritiferous quartz-carbonate veins, could 
represent an alteration pipe. 

The Koke and Kan deposits are composed of polymetallic 
massive sulfides. They are hosted in a sequence of black, 
graphitic mudstones and chert belonging to the middle iron-
rich member of the Baby Formation (Fournier, 1982; Wares 
et al., 1988; Dessureault and Trépanier, 1999; Trépanier and 
Dessureault, 2000; Wares and Goutier, unpublished report). 
The Koke deposit is composed of a strongly deformed, 
stratiform massive sulfide body, about 10 m thick and at 
least 275 m long in the down-plunge direction (figure 28). 
The deposit appears to occupy the hinge zone of a tight fold 
(Wares et al., 1988). In the Kan deposit, the massive sulfide 
lens has been followed for 40 m within a horizon contain-
ing disseminated sulfides. This horizon is at least 400 m in 
strike length (Dessureault and Trépanier, 1999; Trépanier 
and Dessureault, 2000). In these deposits, sulfides are 
associated with chert, iron carbonate, graphitic mudstone, 
and sericite schist (figures 29 and 30). The sulfides are fine 
grained and granoblastic, due to metamorphic recrystalliza-
tion. They are composed of an allotriomorphic assemblage 
of sphalerite, galena, pyrrhotite, chalcopyrite, and arseno-
pyrite, with disseminated idiomorphic pyrite crystals. In the 
Koke deposit, the massive sulfides and sulfidic mudstone 
beds are hosted in carbonate facies iron formation, which 
overlies silicate facies iron formation (figures 28 and 30). 
Horizons of metabasalt and sericite schist intercalated in 
carbonate facies iron formation below the Koke deposit 
are evidence of local, coeval volcanic and hydrothermal 
activity. A horizon of finely laminated and banded sulfidic 
chert (pyrite and sphalerite) immediately below the deposit 
is a chemical exhalite of submarine hydrothermal origin 
(Wares et al., 1988). 

On a Cu-Pb-Zn diagram (figure 3 lb), samples from the 
Soucy 1 and Prud'homme 1 deposits (type 3a) show a 
continuous distribution near the Cu-Zn axis (Wares et al., 
1988; Wares and Goutier, unpublished report). Samples 
from the Koke and Kan deposits (figure 31 a), as well as 
from the Frederickson-NW deposit (whose Pb grade is 
unknown; Gebert, 1991), all type 3b deposits, plot near the 
Zn pole and are slightly enriched in Pb compared to samples 
from type 3a deposits. Type 3a deposits are also richer in 



=,1 

PRUD'HOMME 1 
SOUTH ZONE 

SOUCY 1 
ZONE A 

Graphitic mudstone 
and laminated pyrite 

Graphitic mudstone 

_.-'-- .=_•— 	Sulfidic rhythmite 
_ 	s and chloritic mudstone 

Gabbro and 
laminated pyrite (grey) 

Laminated pyrite 
(grey) and gabbro 

Massive sulfides  

Laminated pyrite (grey) 
and gabbro 

E 
0 
IC) 

Laminated pyrite 

Massive 
sulfides 

Massive sulfides (black) 
and laminated pyrite 

Gabbro 

Altered rhythmite 

Rhythmites 
with alteration 

pipe Gabbro 

Altered 
mudstone 

(a) GERIDO ZONE (58°) (b) 	HURST ZONE 
3b  

    

10c 

10 b eit•~ 
Menihek 

FERRIMAN 

Menihek 

FERRIMAN 

1874 Ma 
10C 

3b 
KOKSOAK 

	 ATTIKAMAGEN 
Denault 

=MEE 
•%(/` 	G-("ç' 3a  

19a, 19b, 19c 3a, 
2b ~ 

~ 	 7 

13b  
13b 

ATTIKAMAGEN 
Denault A 	\ A 

Chassin Fault 
Robelin Fault 

FIGURE 25 - Schematic stratigraphic columns for the Soucy 1 and Prud'homme 1 deposits (from Wares 
et al., 1988, and Wares and Goutier, unpublished report). 
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Ni (avg. = 34 ppm) and Co (avg. = 565 ppm) than type 3b 
deposits (Wares and Clark, 1994). In addition, type 3a 
deposits and associated barren pyrite beds are characterized 
by isotopically lighter sulfur (634S = +0.3 to +10.9%0) than 
type 3b deposits (6345 = +10.2 to +17.2%0) (Wares and 
Clark, 1994). 

The barren Partington 1 (Lac en Crochet) sulfide deposit 
(282) is hosted in the upper member of the Baby Formation, 
probably near its top (Gerido Zone; type 2b, figure 26a). 
The sulfide body is composed of between 40 and 100% 
aphanitic pyrite. It has been interpreted as syngenetic iron 
formation (Wares and Goutier, 1989) and is classified here 
as an Algoma-type iron formation (type 2b). The deposit 
has been evaluated at 27 Mt grading 25.9% S. It is part of 
a unit, up to 6 m thick, composed of intercalated beds of 
pyritic mudstone and black, graphitic mudstone. Although 
a few samples of pyritic mudstone collected during the 
initial exploration of the deposit gave grades reaching 6% 
Zn and 0.7% Cu, the sulfides are generally barren in base 
and precious metals. The pyritic unit overlies a lustrous, 
variably graphitic, black slate unit. Overlying and in fault 
contact with the deposit is a unit composed of intercalated 
beds of cherty slate, with 1-10% disseminated pyrrhotite 
and pyrite and traces of chalcopyrite and sphalerite, and 
carbonate-bearing chert. Although Partington 1 (type 2b) 
is almost devoid of base metals, it is probable that this type  

of deposit and Cu-Zn-Co-Ag-Au sulfide deposits (type 3a) 
form a continuum of deposits with similar origins. 

Cu-Zn-Co-Ag-Au (type 3a) and Zn-Pb-Cu-Ag-Au (type 3b) 
deposits are considered to be of exhalative origin and related 
to local mafic volcanic and hydrothermal activity (figure 27). 
A syngenetic origin is suggested by the concordant nature 
of the deposits and by their association with graphitic and 
sulfidic horizons. In the northern part of the Trough, the 
deposits are also associated with horizons of sulfidic chert 
interpreted as exhalites. In both deposit types, the laminated 
pyrite and graphitic and sulfidic mudstone units, which are 
closely associated with the massive sulfide bodies, were 
formed by the sedimentary accumulation of pelagic mat-
ter and pyrite microparticles. The pyrite microparticles 
are interpreted as chemical precipitates resulting from the 
saturation of seawater in iron sulfides close to hydrothermal 
vents (Barrett et al., 1988). The barren laminated pyrite is 
the equivalent of Algoma-type sulfide facies iron formation 
(type 2b). It should be noted that, in the southern part of the 
orogen, a horizon of sulfidic shale in the Ruth Formation 
(Schefferville Zone) and sulfidic mudstone beds in the 
Menihek Formation (Hurst Zone) have also been interpreted 
as having an exhalative hydrothermal origin on the basis of 
their sulfur isotopes (Cameron, 1983). Some zinc-rich 
deposits (e.g., Koke and Kan) are directly associated with 
sulfide-, carbonate-, and silicate-facies iron formation. Other 
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FIGURE 29 - Photograph of a sample from the Koke deposit showing 
banded massive sulfides with fragments of laminated chert beds, deformed 
by synsedimentary slumping. 

FIGURE 30 - Stratigraphy near the Koke deposit (modified from Wares 
et al., 1988). 

deposits are generally associated with sulfide-facies iron 
formation, although the Soucy 1 deposit contains interbeds 
of silicate-facies iron formation. Some deposits lie above an 
alteration pipe characterized by iron enrichment and alkali 
leaching (e.g., Soucy 1). 

All type 3 deposits are hosted in a succession dominated 
by platform sedimentary rocks. Above and below the 
deposits, these rocks include horizons of basalt, a fact sug-
gesting that the deposits formed in a volcano-sedimentary 
environment. Volcanism and associated chemical sedimenta-
tion (iron formation, chert) occurred sporadically, in deep 
water on a collapsing continental-margin platform. This 
volcanism was precursor to extensive rifting and eruption 
of voluminous, MORB-like basaltic lava. These lavas make 
up the Hellancourt (in the north) and Willbob (in the south) 
formations at the top of cycle 2. The numerous gabbro sills 
intruding the cycle 2 sequence are probably related to this 
volcanism. The relative enrichment of type 3a deposits in 

A - Volcanic terrains 
B - Volcano-sedimentary terrains 
C - Sedimentary terrains (SEDEX) 

Average grades 
• Koke 

• Jimmick 

♦ Frederickson-NW 

o Koke and Kan 

Pb 

Pb 	 Zn 
FIGURE 31 - Base metal proportions in volcanogenic massive sulfide 
deposits of the Labrador Trough (Wares et al., 1988, and unpublished 
report). The limits of fields for various types of exhalative massive sul-
fide deposits are from Pélissonnier (1972), Sangster and Scott (1976), 
Gustafson and Williams (1981), and Lydon (1988). (a) Metal proportions 
in samples from the Koke and Kan deposits (indicated without distinction 
by small open circles; type 3b). Superimposed on these results are the 
average grades of the Koke, Jimmick, and Frederickson-NW deposits (red 
symbols). The composition of the Frederickson-NW deposit is shown on 
the Cu-Zn axis because, although the Pb grade is unknown, it is very low. 
(b) Metal proportions in samples from the Soucy 1 and Prud'homme 1 
deposits (type 3a). 
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SOUTH-CENTRAL AREA 

Doublet Group 

NORTHERN AREA 

Koksoak Group 

Schematic stratigraphy 

- Glomeroporphyritic gabbro sills 

- Aphyric gabbro sills 

Aphyric, olivine-rich, mafic-ultramafic sills; 
peridotite sills 

FIGURE 33 - Schematic stratigraphic columns showing the contexts for the various types of sills, the picritic flows, and the sulfide deposits associated with these units in the south-central and northern 
parts of the Labrador Trough. 

Basalt, graphitic and 
sulfidic mudstone 

Picritic flows and sills 

MINERALIZED SILLS 
Sulfide facies iron formation 
Sandstone, siltstone, mudstone 
(rhythmite) 

Iron formation — carbonate, 
silicate, and sulfide facies 

Sandstone, siltstone, 
mudstone (rhythmite) 

Dolomite 

Willbob Fm. 

Thompson Lake Fm. 

Murdoch Fm. 

Basalt, graphitic and 
sulfidic mudstone 

MINERALIZED SILL 

Mudstone (sulfidic near the top of the 
formation), quartz sandstone 

Iron formation (oxide facies — Irène L.) 

Mafic pyroclastic rocks 

Hellancourt Fm. 

(Qargasiaq complex, 
Payne Bay) 

Upper Baby Fm. 

Middle Baby Fm. 

Lower Baby Fm. 

Attikamagen Group 

Denault (Abner) Fm. 

411. 
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(a)  

(b)  

FIGURE 34 - Schematic vertical sections through the aphyric, mafic-ultramafic middle sill at (a) the Lac Bleu deposit (from Clark, 1989) and (b) the 
Centre deposit (from Laurent, 1995). In (a), the deposit is subdivided into zones (Lac Bleu 2, 3, and 4); the section follows line 146+OOS (drill holes are 
indicated by vertical lines). Note that, in (a), the vertical and horizontal scales are slightly different. In the Lac Bleu and Centre deposits, the massive 
sulfide lenses are located at or near the lower contact of the sill. The sulfide lenses may occur within the sill, in the underlying metasedimentary rocks, or 
at the contact between these units. Sulfide lenses are locally stacked vertically. It is possible that certain sulfide lenses were tectonically injected along the 
plane of a thrust fault (Clark, 1989). 
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FIGURE 36 - Photograph of the base of the massive sulfide lens in the 
Lac Bleu 1 deposit (the photo was taken in an exploratory drift, now 
inaccessible). Note the sheared, chloritic (ripidolite) zone enriched in 
platinum-group elements (B) (see the section of text on type 19 deposits 
in Appendix 1). The chloritic zone is subjacent to the massive sulfide body 
(A) and contains a sliver of massive sulfides. Metasedimentary rocks (C) 
lie below the chloritic zone. 
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FIGURE 35 - Schematic stratigraphic columns (not to scale) for (a) the Hurst Zone, (b) the Retty Zone, and (c) the 
Gerido Zone (at 58°), showing the stratigraphic context of the Montagnais sills. The columns also indicate the deposit 
types that are characteristic of the zones. These columns are extracted from figure 6; the reader should refer to this figure 
for the meaning of the patterns. 
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FIGURE 37 - Vertical NNE-SSW section through the Lac Bleu 1 deposit (Clark, 1989). The section (along line 134+OOS) shows a thick massive sulfide 
horizon at the base of the sill and extending into the underlying metasedimentary rocks, possibly along the plane of a thrust fault. Sulfur profiles (in black) 
in rocks with disseminated sulfides are shown for several drill holes (vertical lines). 



FIGURE 38 - Photograph of a mineralized glomeroporphyritic gabbro. The 
gabbro is composed of plagioclase glomerocrysts in a rusty, sulfide-bearing 
matrix. The glomerocrysts in the photo are on the scale of centimetres, but 
elsewhere, their size ranges from less than 1 cm to several metres. 
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FIGURE 39 - Stratigraphic sections from glomeroporphyritic gabbro sills near the Leslie 2, Erickson 1, Chrysler 2, and Soucy 1 (zone C) deposits (Wares 
and Goutier, 1989, and unpublished report). 
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The latter are cut by a series of D, thrust faults (Wares and 
Mungall, 1997). Although the lens is small, the massive 
sulfides are rich in nickel and copper (12,600 tonnes grading 
6.6% Ni and 3.2% Cu. The Ouest lens may represent a part 
of a larger magmatic Cu-Ni deposit, perhaps related to a sill 
of ferropicritic composition (Wares and Mungall, 1997). 
The Ouest lens may have been tectonically detached from 
an initial magmatic deposit by fault movement. The origin 
of this lens is very different from that of the Pio — zone Est 
deposit (the other part of deposit no. 307), which is classi-
fied as an epigenetic Cu-Ni deposit (type 19b; see the sec-
tion concerning type 19). We have classified the composite 
deposit no. 307 in type 19b in order to emphasize its origin 
through remobilization, whether tectonic (Ouest zone) or 
hydrothermal (Est zone). 

Both mineralized aphyric gabbro sills and mineralized 
glomeroporphyritic gabbro sills are located at the lower 
contact of a thick basaltic sequence belonging to the Willbob 
or Hellancourt Formation (figures 35b and 35c). In general, 
sills intruding other parts of the succession are unmineral-
ized. The unique location of the mineralized sills therefore 
constitutes an important metallotect. 

The mineralized sills were emplaced into sulfide-rich 
sedimentary rocks, which probably acted as a source of 
sulfur for the magma. The glomeroporphyritic gabbros in 
the northern part of the orogen intrude sulfidic mudstones 
at the top of the Baby Formation (syngenetic sulfide facies 
of the upper iron formation; Wares and Goutier, 1989). The 
black argillites at the top of the Thompson Lake Formation, 
in the southern part of the orogen, are particularly rich in 
sulfides (pyrite and pyrrhotite, probably of syngenetic exha-
lative origin; Frarey, 1967; Rohon, 1989). Thus, the mafic 
magmas injected into these sulfide-rich sedimentary horizons 
appear to have assimilated sulfur during emplacement. Such 
magmas therefore would have greater potential for large 
tonnage deposits. This interpretation is supported by sulfur 
isotope analyses carried out on magmatic sulfide deposits. 
Wares and Goutier (1989) obtained 6345  values between 
0 and +9%o for sulfides in glomeroporphyritic gabbros in 
the northern areas. By comparison, barren, pyritic sulfide 
facies iron formation from the top of the Baby Formation 
gave 6345  values between +0.3 and +5.2%0 (Wares and 
Clark, 1994). In the south, Clark (1991) reported values 
between +2.3 and +4.7%o for sulfides in aphyric gabbros. 
In the Frederickson Lake area (Hurst Zone), a Cu-Ni 
deposit in a glomeroporphyritic gabbro gave a 6345 value 
of +3.5%0, which is similar to values obtained from pyrrho-
tite- and pyrite-bearing iron formations in the same area, 
i.e., between +2.4 and +4.1%0 (Gebert, 1991). In addition, 
analysis of 12 samples of sulfidic iron formation from the 
Menihek Formation, collected over a distance of 77 km, 
gave values between +2.3 and +5.2%0 (average of +3.7%0) 
(Cameron, 1983). The results from the magmatic sulfide 
deposits include several 634S values greater than the maxi-
mum value for mantle-derived sulfur, whose 6345  values 
range between -3 and +3%0 (Ripley, 1999). Thus, it appears  

that at least a part of the sulfur in the magmatic deposits was 
derived from crustal sulfur. Gebert (1988) determined that 
assimilation by a tholeiitic magma of a very small quantity 
(<0.5 weight percent) of xenoliths of sulfidic iron formation 
containing 50% pyrite would have been sufficient to cause 
saturation of the magma in sulfides. 

In order to better compare the compositions of the sul-
fides in aphyric sills with those in glomeroporphyritic sills, 
analytical results have been recalculated to 100% sulfides 
(figure 40; method used by Naldrett, 198lb). Sulfides 
hosted in differentiated aphyric gabbros are slightly richer 
in Ni (at 100% sulfides) than those in glomeroporphyritic 
gabbros. The Cu grades of sulfides from the Chrysler 2 
deposit, hosted in a glomeroporphyritic gabbro, are con-
siderably greater than those from aphyric gabbros. In fact, 
the Cu/Ni ratios of sulfides in glomeroporphyritic gabbros 
are generally greater than those in aphyric gabbros, as 
mentioned above (Clark, 1987). Note that the average Ni 
grades of sulfides in gabbros from the New Québec Orogen 
are considerably smaller than those of important deposits 
elsewhere in the world. This relative poverty in Ni explains 
in part the lack of success to date in exploring for economic 
deposits in the Trough. 

The Ni, Cu, PGE, and Au concentrations, normalized 
to mantle values, of the magmatic sulfide deposits in the 
Trough are illustrated in figure 41a. This diagram is useful 
for distinguishing the various kinds of magmatic depos-
its. It also serves to show the effects of varying degrees 
of partial fusion in the mantle, sulfide retention in the 
mantle during partial melting, magmatic differentiation, 
and early segregation of sulfides from the magma (Barnes 
et al., 1988). Figure 41b shows element patterns for major 
deposits discovered elsewhere in the world and allows 
comparison with Labrador Trough deposits. In figure 41 a, 
the impoverishment in Os, Ir, and Ru in deposits of type 10b 
(Lac Bleu, Centre, and Pogo) is typical of deposits occur-
ring in olivine-fractionated mafic rocks. The Voisey's Bay 
deposit has a very similar pattern (figure 4 lb). The mantle-
normalized Cu/Pd ratio for 10b- and 10c-type deposits 
(values between 1.3 and 6.6) are slightly higher than the 
mantle value (value = 1). This produces a weak positive 
slope between Pd and Cu on the diagram. Cu/Pd values 
greater than the mantle value can be explained by the loss 
of sulfides from the magma before its final emplacement. 
When sulfides separate from a magma, the Cu/Pd ratio of 
the magma (as well as that of sulfides that might separate 
later from the magma) increases because Pd has a greater 
affinity for sulfides than does Cu. Compared to the mantle, 
sulfides in differentiated aphyric gabbros are only slightly 
impoverished in PGE (normalized Cu/Pd values near 1), 
while sulfides in glomeroporphyritic gabbros are impov-
erished to a greater degree. Aphyric gabbros are therefore 
considered to be better targets for PGE, as biproducts of 
Cu-Ni extraction, than glomeroporphyritic gabbros. 

As mentioned above (see section entitled "Cycle 2 — 
Paleogeographic and paleotectonic contexts"), several facts 
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Aphyric (A) 

♦ Lac Bleu 1 (MS) 

• Centre (MS) 

• Pogo (MS) 

Glomeroporphyritic (G) 

x Chrysler 2 (DS) 

* Leslie 2 (DS) 

Picritic (P) 

• Qargasiaq (MS) 

+ Qargasiaq (DS) 

• Tasikutaak (MS) 

• Tasikutaak (DS) 

Pegmatitic (PEG) 

• Gillet (DS) 

FIGURE 40 - Average Cu and Ni concentrations in massive and disseminated sulfides from the various types of magmatic sulfide deposits in the Labrador 
Trough (concentrations have been recalculated to 100% sulfides using the method of Naldrett, 198 lb). These values are compared to values from deposits 
in various contexts worldwide (from Naldrett, 1989). 

suggest that magmas intruded as mineralized aphyric sills 
were more primitive than those giving rise to glomero-
porphyritic sills (Clark, 1987, 1989; Beaudoin and Laurent, 
1989; Skulski et al., 1993; Girard, 1995). The lines of 
evidence include, for the aphyric sills, the more magnesian 
composition of the magma, the presence of peridotite, and 
the greater Ni/Cu ratio of sulfides. In glomeroporphyritic 
sills, a more evolved composition is suggested by the pro-
longed crystallization of plagioclase. Thus, it appears that 
magmas related to mineralized aphyric sills were more 
primitive, hotter, and richer in nickel (compared to copper) 
than those related to glomeroporphyritic sills. On the other 
hand, relatively low Ni and Cu grades in massive sulfides 
from both types of deposits suggest that the sulfides inter-
acted with only small volumes of mafic magma (giving rise 
to small R-factor values`). It seems, therefore, that sulfides 
precipitated from the magmas shortly after sulfide satura-
tion. This probably arose because the source of most of the 
sulfur was the underlying sediments and magma movement 
in the sills was rather limited. The local sulfur source and 
the probability that magma flow after incorporation of the 
sulfur was limited and fairly gentle would have prevented 
major enrichment of the sulfides in metals. 

Magmatic sulfide deposits hosted in picritic lava flows 
and intrusions (type 10a) represent a deposit type that 
was identified only fairly recently in the Labrador Trough 
(Mungall, 1998). The deposits are located in the Qargasiaq 
igneous complex, which is composed of the Tasikutaak and 

1. The R-factor is the ratio between the mass of silicate magma and the mass of 
interacting sulfide liquid (Campbell and Naldrett, 1979). 

Qargasiaq units, each of which is made up of three subunits. 
The complex is provisionally correlated with the Hellancourt 
Formation, based on recent geochronological results (Wodicka 
et al., 2002; figure 33b). It occurs in the Roberts Syncline, 
located in the Payne Zone. The Qargasiaq complex is made 
up mainly of lava flows, according to Mungall (1998). 
However, the present authors interpret only the Tasikutaak 
unit as effusive; the Qargasiaq unit, on the other hand, may 
be constituted of subhorizontal subvolcanic intrusions. The 
flows and intrusions are picritic and composed of peridotite 
(olivine cumulates) at the base and gabbro. Thermal erosion 
of their floor is an important characteristic. Disseminated and 
massive sulfides are located close to the base of the subunits. 
Hand samples from the Qargasiaq unit contain up to 6.5% 
Ni, up to 2.35 g/t Pd, and up to 1.45 g/t Pt (Mungall, 1998; 
Kiddie, 1999a). Sulfides from these picritic units are clearly 
richer in Ni and have higher Ni/Cu ratios than sulfides from 
other types of magmatic deposits elsewhere in the Trough 
(figure 40). For example, the Ni content of sulfides from the 
Qargasiaq unit range from 2.33 to 7.33% (analytical results 
recalculated to 100% sulfides; Mungall, 1998). Such high 
Ni grades in sulfides suggest that the sulfides originated in 
a primitive magma and that they interacted effectively with 
a large volume of magma (giving high R-factor values). 
This scenario would have resulted if sulfide liquid droplets 
had experienced turbulent conditions while being entrained 
in the hot and very fluid picritic magmas. Such conditions 
contrast strongly with those experienced by sulfide droplets 
in aphyric and glomeroporphyritic mafic magmas elsewhere 
in the orogen (small R-factor values). In figure 41 a, it can 
be seen that, by virtue of a higher Ni grade, the element 
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Ni Os Ir Ru Rh Pt Pd Au Cu 

FIGURE 41 - Ni, Cu, PGE, and Au concentrations, recalculated to 100% sulfides and normalized to mantle values (normalizing 
values from McDonough and Sun, 1995). (a) Examples of Labrador Trough deposits. (b) Examples from elsewhere. Data sources: 
Sudbury (average of five deposits) —Naldrett (1989); Voisey's Bay (Ovoid) — Naldrett et al. (2000); Duluth (Dunka Road) — Thériault 
and Barnes (1998); Archean komatiites (average of 18 deposits) — Naldrett (1989); J-M Reef (Stillwater) — Naldrett (1989); Lac 
des Iles (hybrid zone) — Sweeny and Edgar (1987, 1988); Talnakh (Noril'sk) — Naldrett (1989); Katiniq — Barnes et al. (1997). 
MS = Massive sulfides, DS = Disseminated sulfides 
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pattern shown by deposits in the Qargasiaq unit is flatter than 
the patterns of deposits in aphyric and glomeroporphyritic 
gabbros (lack of analyses prevents knowing if there is an 
impoverishment in Os, Ir, and Ru). Thus, Qargasiaq sulfides 
resemble sulfides associated with Archean komatiites and 
sulfides in the Paleoproterozoic Katiniq (Raglan) deposit in 
the Ungava Orogen (Cape Smith Belt) (figure 41b). It can 
also be seen that massive sulfides from the Qargasiaq and 
Tasikutaak units have normalized Cu/Pd ratios near or less 
than 1. On the other hand, disseminated sulfides from the 
Qargasiaq unit have normalized Cu/Pd ratios greater than 
1. These relations suggest that when the picritic magmas 
formed in the mantle, they were undersaturated in sulfides 
and did not lose sulfides (and consequently the Ni, Cu, and 
PGE in such sulfides) before their final emplacement; in 
other words, the magmas were fertile in Ni, Cu, and PGE 
(see, for example, Keays, 1995). With respect to their mecha-
nism of formation and the composition of their sulfides, 
deposits in the Qargasiaq complex are similar to Raglan 
(Ungava Orogen) and Kambalda (Australia) deposits. 

Deposits of the type "magmatic PGE-Cu-Ni-Au, PGE 
dominant" (type 10d) have been identified in the north-
ern part of the orogen (Wares and Berger, 1987; Wares 
et al., 1988; Dessureault and Woldeabzghi, 1988a; Osisko 
Exploration, press releases, March 27, August 16, September 
13, 2000). These deposits consist of PGE-enriched sulfides 
associated with pegmatitic gabbro. In the Paladin deposit 
— Gillet property (243), the gabbro contains several percent 
disseminated sulfides. These sulfides are stratabound, are 
traceable for more than 1 km, and occur discontinuously in 
a horizon of pegmatitic gabbro as well as in adjacent equi-
granular gabbro. The Lac Lafortune deposit (286) consists 
of a small, irregular, metre-scale body associated with a 
horizon of pegmatitic gabbro. The mineralized pegmatitic 
facies occurs within an aphyric sill devoid of other sulfides. 
In the Paladin deposit, sulfides are very rich in copper (at 
100% sulfides) and have a high Cu/Ni ratio (figure 40). PGE 
grades in these deposits vary generally between 2 and 5 g/t 
Pd+Pt, and Au grades reach 1.5 g/t. In figure 41a, it can 
be seen that sulfides in the Paladin deposit give a pattern 
indicating enrichment in Cu and PGE. In addition, enrich-
ment in Pd produces a profile with a strongly negative slope 
between Pd and Cu in figure 41a. The Cu/Pd ratio is smaller 
than the mantle value (i.e., mantle-normalized Cu/Pd < 1), 
which indicates that Pd has been enriched to a greater degree 
than Cu when compared to mantle values. In this respect, 
and making due allowance for scale, the pattern resembles 
those associated with the Stillwater and Lac des Iles deposits 
(figure 4 lb). It is likely that the mafic magma related to the 
mineralizing event was undersaturated in sulfides when it 
was emplaced. During late stage crystallization, it became 
saturated in sulfides and volatile substances, which led to 
concentration of the PGE in or near the pegmatitic hori-
zons. Based on this hypothesis and on the fact that a large 
number of sills in the Trough contain horizons or pockets 
of pegmatitic rock, while being devoid of basal sulfide  

accumulations (for example, see Bérard, 1965), it is likely 
that other PGE-dominant deposits will be found. 

The above data suggest that most of the important mag-
matic Cu-Ni deposits in the orogen are located in areas 
where mafic magmatism was in part primitive and picritic. 
Examples of such sectors include the Retty Lake area and 
to the east of that lake, north of Feuilles Bay, and north 
of Payne Bay. Primitive, hot, magnesian magmas in these 
areas would have been generated in relatively hot parts 
of the mantle. The presence of magnesian igneous rocks 
in these areas increases the probability of finding Ni- and 
PGE-rich deposits. 

Finally, it should be noted that tectonism is in part 
responsible for the present form of several massive or dis-
seminated sulfide lenses in mafic sills. Massive sulfides in 
the Lac Bleu 1 deposit (44) appear to have been partially 
detached from the base of their host sill and to have been 
injected some distance into the underlying metasedimentary 
rocks (Clark, 1991). This detachment may have been due 
to the possible presence of a thrust fault beneath the sill. 
Deposits in the Aulneau Lake area (211, 212, 214, 217) 
have the shape of flattened cigars plunging down dip. This 
shape resulted from ductile deformation and movement 
on a nearby thrust fault (Lacroix and Darling, 1991). The 
lens of massive sulfides forming the Ouest zone in the 
Pio deposit (307) is interpreted as a mass detached from a 
larger massive sulfide deposit of magmatic origin (Wares 
and Mungall, 1997). These characteristics may be due to 
the ease with which sulfides can deform in the plastic state, 
even at fairly low temperatures and pressures (e.g., Clark 
and Kelly, 1973). The effects of tectonism should therefore 
be taken into account when exploring for magmatic sulfide 
deposits in the orogen. 

Cycle 3 — Mineral deposits 
in molasse-type sedimentary rocks 

Paleogeographic and paleotectonic contexts 

Molasse-type sedimentary rocks preserved along the 
western margin of the orogen are the result of syntectonic 
erosion of terrains uplifted during the Hudsonian Orogeny. 
These sediments make up most of the Chioak and Tamarack 
River formations, respectively located in the Bérard (in the 
north) and Tamarack (in the south, outside the limits of the 
synthesis map) zones. The molasse sediments include pink, 
red, green, and grey sandstones and polymictic conglomer-
ates, locally with thin interbeds of reddish, stromatolitic 
dolomite and minor volcanic rocks. The detrital sediments 
are of fluviatile origin and were deposited in high-energy, 
oxidizing to reducing environments. An erosional uncon-
formity separates them from underlying Archean granitic 
rocks and Paleoproterozoic metasediments. The sediments 
were derived from Superior Province granitic basement 
rocks and older formations of the Labrador Trough (Bérard, 
1965; Clark, 1979; Wardle and Bailey, 1981; Hoffman, 
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1987). The presence of beds of stromatolitic carbonate 
suggests that the water was locally calm, shallow, warm, 
and supportive of bacterial growth; local marine incursions 
were possible. 

Syn- to diagenetic sediment-hosted 
uranium deposits (types 4b, 4d) 

In the northern part of the orogen (Bérard Zone; figure 42), 
several sediment-hosted uranium deposits have been discov-
ered in Chioak Formation molasse (deposits 223, 233, 239, 
316)1. Depending on the case, the uranium deposits contain, 
thorium, vanadium, or copper sulfides. The deposits are gen-
erally composed of pitchblende disseminated in the matrix 
of the sandy sediments (type 4b). The Chioak Formation is 
described in more detail in Appendix 1. 

The Chioak uranium-thorium-copper deposit (316; type 4b) 
consists of fine disseminations in greenish arkosic sandstone 
of the Chioak Formation. Mineralization resulted from 
diagenetic fluids ascending normal faults and circulating 
along permeable horizons (figure 43; Boyd, 1978). The host 
sediments are generally greenish, and mineralization appears 
to have been related to changes in the redox conditions at 
the site of deposition. Other deposits in Chioak sandstones 
probably originated in a similar way. 

The uranium-vanadium minerals in the August deposit 
(233; type 4b) occur in fractures and as fine disseminations 
in the matrix of Chioak Formation arkosic sandstones. The 
Lac Trimac deposit (239; type 4b) consists of pitchblende 
and minor copper sulfides disseminated in arkose and also 
filling fractures. 

The Adelaide Ungava uranium-thorium deposit (223; 
type 4d) is hosted in a bed of reddish brown stromatolitic 
dolomite intercalated in the pink and red arkoses and con-
glomerates of the Chioak Formation. Locally, radioactive 
minerals occur in fracture-filling veins. It is possible that this 
showing is related to processes that form syngenetic uranium 
deposits in carbonate beds in a continental environment 
(calcretes), e.g., Yeelirrie, Australia (Briot, 1982). 

Epigenetic mineral deposits 

Introduction 

The New Québec Orogen contains a large number of 
epigenetic mineral deposits displaying a wide variety of 
compositions and forms. Several factors resulting in the 
great abundance of these deposits are listed below. First, 
thrust faults are very common in the orogen, and movement 
on them has resulted in the imbrication of the volcano-
sedimentary sequence (see the lithotectonic synthesis map). 
Tectonic adjustments also occurred along major normal 

1. Recall that several type 4 deposits are located in Paleoproterozoic outliers in the 
Superior Province west of Cambrien Lake and also in the Trough (see the sections 
"Cycle 1 — Deposits associated with rifting of the Archean continent" and "Cycle 1 
— Deposits associated with the continental platform and slope"). 

BÉRARD ZONE 

4b 
4d 

2a 

ATTIKAMAGEN 
BASEMENT 
(Superior Prov.) 

FIGURE 42 - Schematic stratigraphic column (not to scale) for the Bérard 
Zone (at 57°). The column also indicates the deposit types that are charac-
teristic of the zone in this area. This column is extracted from figure 6; the 
reader should refer to this figure for the meaning of the patterns. 

faults. The fact that several epigenetic deposits occur near 
regionally important faults (e.g., the Argencourt Fault) sug-
gests that these structures acted as conduits for mineralizing 
fluids. The porosity and permeability of certain sedimentary 
horizons (such as sandstone beds in the Pistolet Group) also 
contributed to the origin of the some epigenetic deposits. 
Dehydration of beds during weak to moderate metamor-
phism would have generated abundant metamorphic fluids. 
Such fluids might also have originated from metamorphism 
of Archean rocks below the Proterozoic belt, as is suggested 
by the local presence of slices of granitic rock imbricated 
with the strata of the belt (e.g., east of Cambrien Lake, east 
of Romanet Lake, and near Patu and Colombet lakes). The 
presence of evaporites in the lower part of cycle 1 (Sakami 
and Dunphy formations), suspected by some workers (e.g., 
Kish and Cuney, 1981; Gehrisch et al., 1982), may have 
influenced the concentration of alkali elements and chlo-
ride in the fluids and increased their capacity to transport 
metals. 

The fluids would have had the opportunity to react with 
a large number of low-grade preconcentrations and syn-
and diagenetic deposits of variable composition. This is 
reflected in the great variety of epigenetic deposits. Several 
epigenetic uranium, copper, and uranium-copper deposits 
have been discovered in strata overlying rift-fill sediments 
at the base of cycle 1. These metals may have been derived 
from syn- and diagenetic preconcentrations occurring in 
the rift-fill sediments, as is suggested by the presence of 
a few small showings of early-formed Cu and U (e.g., 
deposits 186, 187). In addition, metamorphic fluids may 
have leached metals present in Archean basement rocks and 
in labile materials (mafic minerals and fragments of mafic 
rock) in the immature rift sandstones. Epigenetic Cu-Ni and 
PGE-Cu-Ni deposits located near several magmatic Cu-Ni-
PGE deposits are additional examples of remobilized metal 
concentrations. 

The composition of the host rocks, and especially their 
reducing nature, played a role in the origin of several epi-
genetic deposits. Thus, green, grey, and black sedimentary 
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rocks, like those in the Lace Lake Formation, are commonly 
host to epigenetic deposits. The formation of several gold 
deposits appears to have been controlled by the composition 
and rheology of certain lithofacies. For example, gabbros 
and iron formations in the northern part of the orogen are 
cut by gold-bearing quartz veins. Remarkably, a small epi-
genetic PGE showing has also been discovered in an iron 
formation (244). Finally, black shale horizons present at 
various stratigraphic levels in the orogen are potential hosts 
for syngenetic and epigenetic deposits. In the following 
paragraphs, several important types of epigenetic deposits 
are discussed. 

Mississippi Valley—type Zn-Pb deposits (type 11) 

A small number of epigenetic Zn-Pb showings in 
Labrador Trough dolomites have been classified provi-
sionally as Mississippi Valley type. Examples occur in 
the Denault (Abner) Formation in the northern part of the 
Trough (deposits 249-251) and in the Alder Formation in 
the central sector (161). 

Three showings (249-251) occur southeast of the con-
fluence of the Caniapiscau and Mélèzes rivers (Mélèzes 
Zone). They are aligned parallel to the strike of the Denault 
Formation and occur over a distance of 7 km. Stromatolitic 
dolomite is cut by concordant veins of coarse-grained dolo-
mite containing up to 10% pyrite and 5% sphalerite. Other 
veins are discordant and are composed of dolomite, quartz,  

pyrite, pyrrhotite, sphalerite, and galena. The best results 
obtained from drilling gave 3.52% Zn over 0.9 m, but hand 
samples gave up to 12.9% Zn (see Appendix 2). Deposit 
161 (Étang Uvé), located southeast of Chakonipau Lake 
(Schefferville Zone), consists of thin veinlets of sphalerite 
and galena cutting stromatolitic dolomite of the Alder 
Formation. The texture of the mineralized rock suggests 
that the dolomite experienced local dissolution and cavity 
filling. A hand sample returned 0.74% Zn and 0.16% Pb 
(Appendix 2). Nearby, microveinlets of chalcopyrite cut 
dolomitic sandstone. Kish (1968) noted that soils overlying 
the stromatolitic dolomites in this area are anomalous in 
zinc, which he attributed to the presence of sphalerite and 
galena in the bedrock. 

U ±Cu and Cu ±U vein deposits (types 12, 12a, 17b) 

Epigenetic uranium deposits are particularly common 
in the valley containing Mistamisk and Romanet lakes 
(Wheeler Zone; figure 10c) and northeast of Castignon, 
Chakonipau, and Otelnuk lakes (Howse Zone; figure 10b). 
Uranium is commonly, but not everywhere, accompanied by 
copper and other elements, such as gold, silver, zinc, lead, 
vanadium, and manganese. Locally, copper is more abun-
dant than uranium. In many places, uranium minerals are 
associated with alterations like albitization, hematitization, 
carbonatization, chloritization, and silicification. Discussed 
below are uranium vein deposits associated with major faults 
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(next section) and, following that, two subtypes, namely 
uranium and copper deposits associated with albitization 
(section on types 12a and 17b). 

U deposits associated with thrust faults (type 12) 

Several radioactive deposits have been discovered north-
east of Chakonipau and Otelnuk lakes near the Argencourt 
thrust fault or a parallel secondary fault (Howse Zone; 
figure 44); other deposits are located northeast of Castignon 
Lake and are associated with fracture zones (Schefferville 
Zone) (Tremblay, 1979; Brouillette, 1989). These are poly-
metallic uranium deposits composed of uranium and 
accessory copper, zinc, lead, vanadium, silver, gold, and 
manganese. The uranium concentration in these deposits 
is generally less than 0.05%, but much higher grades have 
been obtained locally (e.g., 1.48% U, 2.16% U, and 0.65% 
U in various hand samples; Brouillette, 1989). Copper is  

generally not abundant, thorium is rare, and rare earth ele-
ments appear to be absent (Tremblay, 1979; Brouillette, 
1989). This contrasts with deposits in the Mistamisk and 
Romanet lakes valley (see the following section concerning 
types 12a and 17b). 

The Bravo deposit (181) and deposits 185 and 186 are 
located east of Castignon Lake. Mineralization affected 
beige to grey (on fresh surfaces), cataclastic dolomites of the 
Portage Formation. Other mineralized rocks include black 
and grey wackes and greenish phyllites. Dolomite is typi-
cally recrystallized and contains radioactive pockets of pink 
or red calcite. Calcite and barite veins fill open, hematitized 
fractures in the dolomite. Phyllites are generally altered to 
sericite and kaolin, and the presence of chlorite gives them 
a greenish tint. Uranium occurs mainly as pitchblende and 
brannerite, but yellow supergene minerals (possibly urano-
phane and a uranium oxyhydroxide) are also present in the 
fractures (Scott, 1980; Brouillette, 1989). The Bravo deposit 

Carbonatite 

	Granite 

	 Bacchus Fm. — basalt, gabbro, pelite 

	Swampy Bay and Pistolet groups — pelite, 
	 sandstone, dolomite, conglomerate 

%Hydrothermal fluid flow 

a Albitization 

V Breccia, carbonate, albitite 

Lace Lake Fm. — pelite, dolomite 

Dunphy and Portage fms. — dolomite, sandstone 

Chakonipau Fm. — sandstone, conglomerate 

	 Archean — granitic basement 

• Sedimentary Cu 

Sedimentary U 

Fault displacement 

♦ Vein Ag-Pb-Zn 

A Vein Cu-Au, vein Cu 

Vein U-Au, vein U 

FIGURE 44 - Schematic structure section (see also figure 4) through the Howse and Wheeler zones at the latitudes of the Mistamisk and Romanet lakes 
valley (about 56°30'). This area is host to several epigenetic deposits, some with high metal grades. The main epigenetic deposit types are vein U-Au 
(type 12a), vein Cu-Au (types 17a, 17b), vein U (type 12), vein Cu (type 17), and vein Ag-Pb-Zn (type 15). Several sediment-hosted, syn- to diagenetic 
Cu and U deposits (types 4b, 5c, and 6) are also known. The presence of carbonatitic or granitic intrusions at depth is speculative. 
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also contains minor sulfides, including chalcopyrite, pyrite, 
and digenite (Brouillette, 1989). At deposit 188, located 
south of the Bravo deposit, radioactive veins of carbonate 
and feldspar (with accessory hematite, chlorite, epidote, 
pyrite, and malachite) cut gabbro. 

These epigenetic deposits probably formed from oxidizing 
hydrothermal fluids capable of transporting soluble uranium 
(U6+). Insoluble uranium (U4+) would have precipitated when 
conditions became sufficiently reducing, whether in sedi-
ments containing organic matter or in gabbros. The source 
of the uranium may have been local sediments containing 
preconcentrated syn- or diagenetic uranium (deposits 186 
and 187 are examples). Other sources may have been the 
underlying, immature, slightly uranium-enriched sediments 
of the Seward Group or Archean granites in the basement. 
Uranium-transporting fluids may have risen along a system 
of thrust faults developed during orogenic activity. The 
Argencourt Fault, for example, may be a subsidiary of the 
major Ferrum River thrust fault, as proposed by Clark (1986) 
(see figures 4 and 44). The latter fault may root in a basal 
décollement beneath sandstones and conglomerates of the 
Seward Group and, farther east, Archean granitic rocks of 
the Wheeler Dome. Thus, the fluids, essentially of meta-
morphic origin and channelled by this fault system, may 
have become enriched in metals, like copper and uranium, 
present in the succession. 

Vein U-Au ±Cu and Cu ±U ±Au ±Ag deposits 
associated with albitization (types 12a, 17b) 

In recent years, large exploration campaigns have been 
mounted in the search for mineral deposits related to 
albitization.1  Many deposits have been discovered in the 
valley of Mistamisk and Romanet lakes (Romanet Horst), 
located in the central part of the orogen (Wheeler Zone, 
figures 10c and 44; Clark, 1986) where exploration for this 
type of deposit has been concentrated (see Gagnon, 1997, 
for a summary of the work). Other deposits are located near 
Colombet Lake (Girard, 1988). Strong sodic alteration has 
also been noted near the northern extremity of Murdoch 
Lake (Machado et al., 1997). In these places, an association 
has been noted between certain alterations, like albitization, 
carbonatization, and hematitization, and uranium, copper, 
and precious metals mineralization. Thus, the distribution of 
the deposits suggests that the combination of factors neces-
sary for their formation may be repeated in different places 
in the orogen. Among the significant factors, as discussed 
below, are: (1) the presence of immature detrital sediments 
and slices of Archean granite, which may have acted as a 
metal source, and (2) nearness to major faults, which may 
have provided channels for mineralizing hydrothermal 
fluids. Based on the apparent absence of coeval mafic or 

1. In order to facilitate distinction on the basis of composition, these epigenetic copper 
and uranium deposits have been subdivided into two types (12a and 17b), which 
are treated separately in Appendix 1 and on the synthesis map. However, in the 
present section, they are discussed together. 

felsic magmatism, Kish and Cuney (1981) suggested that 
the fluids were of metamorphic origin. A major unresolved 
problem is the diversity of observed deposit compositions 
in relatively small areas. 

The Mistamisk-Romanet valley marks the presence of 
the Romanet Horst (Dimroth, 1978; Le Gallais and Lavoie, 
1982; Clark, 1986). The horst is about 40 km long and 
between 3 and 12 km wide; its orientation is oblique to the 
direction of the orogen (see the lithotectonic synthesis map). 
On its southwest side, the horst is bounded by the Bertin 
Fault, a normal fault with a vertical to subvertical dip (the 
fault is a steep inverse fault where it dips to the northeast) 
(Chevé, 1985; Clark, 1986). Towards the northwest (i.e., 
northwest of Mistamisk Lake), this fault appears to diminish 
in importance, with less vertical movement. Southeast of 
Romanet Lake, where the fault is less well known, we have 
interpreted the contact between the rocks in the valley and 
those in the Howse Zone, to the southwest, as a thrust fault. 
The northeastern limit of the valley is a normal fault with a 
moderate dip to the northeast. Towards the southeast, this 
fault may be superimposed on the trace of an older thrust 
fault (Clark, 1986). 

The volcano-sedimentary rocks in the Mistamisk-Romanet 
valley belong to the Seward, Pistolet, and Swampy Bay 
groups and are part of the allochthonous Wheeler Zone (fig-
ure 10c). The Wheeler Dome is located at the southeastern 
end of the valley and is composed of Archean granitic 
rocks. The rocks bordering the valley include basalts and 
intercalated sedimentary rocks of the Bacchus Forma-
tion (Swampy Bay Group) and sedimentary rocks of the 
Seward Group; they are part of the allochthonous Howse 
Zone. Vertical movement of the horst exposed rocks of the 
Wheeler Zone, which, according to Dimroth (1978), were 
previously overlain continuously by Howse Zone rocks. This 
movement was late, occurring after the open folding that 
affected Howse Zone strata and that produced the undulating 
structural pattern visible on geological maps (see synthesis 
map; Dimroth, 1978; and Avramtchev et al., 1990). 

The polymetallic deposits are composed of various com-
binations and concentrations of the following elements: U, 
Cu, Au, Ag, Se, Te, Pb, Mo, Y, and REE (Kish and Cuney, 
1981; Kearvell, 1985; Clark, 1986; Kearvell and Clark, 
1988). The deposits have been classified according to 
the dominant element, i.e., uranium (type 12a) or copper 
(type 17b); note, however, that the two types show tran-
sitional characteristics. Type 12a is composed mainly of 
uranium and gold, but copper is present locally. The Eagle 
(173), Viking (195), Kish (180; figure 45), and GM (146) 
deposits are good examples. In the GM deposit, selenides are 
more abundant than tellurides, while in the Eagle deposit, 
the reverse is true (Kearvell and Clark, 1988). Type 17b 
is composed mainly of copper, along with uranium, gold, 
and silver locally. Examples of this type include the Delhi 
Pacific (143; figure 46), Lomer (171), and Lac Colombet 5 
(229) deposits. Gold grades in these polymetallic deposits 
are very variable and locally spectacular: concentrations in 
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FIGURE 45 - Veins of pink albite and dolomite (Kish deposit, no. 180, 
type 12a, located 22 km northwest of Romanet Lake). The veins are typi-
cally zoned, with pink albite at the margins and carbonate at the centre. 
Only the vein in the centre of the photo is strongly radioactive. The vein 
at the top of the photo contains quartz and is not radioactive. Up to 15 cm 
thick, the veins cut pale green mudstone and are oriented perpendicular 
to bedding. They likely formed by filling of extension gashes. The local 
pinkish tint in the mudstone is probably due to the presence of very fine 
hematite. Analysis of several samples gave an average grade of 0.11% 
U3O8, 25 ppm Th, and 500 ppm Au. 

FIGURE 46 - Sulfide-rich, beige, laminated, and strongly folded albitite 
(Delhi Pacific deposit, no. 142, type 17b, located 10 km northwest of 
Romanet Lake, at the northeastern margin of the Romanet Horst). The 
mineralized zone, which is several metres thick, is located immediately 
above a pyrite-rich, calcitic fault breccia and below a thick sequence of 
basalt. The breccia zone cuts black mudstone, black albitite, and metagab-
bro. The beige albitite is rich in chalcopyrite, pyrrhotite, and pyrite; the 
sulfides occur in veinlets and in millimetre-scale masses of recrystallized 
albitite. Albitite may be the result of thorough sodic metasomatism of a 
mudstone protolith. A selected mineralized sample gave 6.4% Cu, 1.3 g/t 
Au, and 23.3 g/t Ag (Clark, 1986). 

the hundreds of grams per tonne have been reported from 
samples collected in the Mistamisk Lake boulder field 
(Gagnon, 1997). Sampling of these blocks during various 
exploration campaigns has revealed average grades ranging 
between 11 and 68 g/t Au. The most recent estimate, based 
on 31 samples, was 51 g/t Au and 0.3% U (Gagnon, 1997). 
Uranium grades obtained from hand samples, trenching, and 
drilling vary between tens ofppm and 2%. Radioactive veins 
at Mistamisk Lake (0.8% U over 0.3 m in drill core from 
the Eagle deposit) are composed mainly of the following 
minerals (Kish and Cuney, 1981): uraninite, albite, chlorite, 
dolomite, quartz, tellurides (melonite, altaite), selenides 
(clausthalite), sulfides (molybdenite, chalcopyrite, pyrite, 
galena), native gold, calcite, pitchblende, secondary uranium 
products, and goethite. 

One of the most important characteristics of this type of 
deposit is strong hydrothermal alteration, including albi-
tization, hematitization, sericitization, and carbonatization. 
These alterations occur mainly along the northeastern side 
of the Mistamisk-Romanet valley, in a well-mineralized 
zone that is several kilometres long and oriented NW-SE. 
Sodic alteration is characterized by albite-rich, fracture-
filling veins (figure 45). It also caused metasomatism of the 
protolith, ultimately transforming it into albitite (Langshur, 
1984; Clark, 1986). Sodic metasomatism affected rocks as 
diverse as basalts and mudstones; the Delhi Pacific deposit 
(143) is a good example of a deposit where several differ-
ent lithofacies have been albitized (figure 46; Clark, 1986). 
Metasomatic albitization affected protoliths to varying 
degrees, resulting in variable soda contents, e.g., between 
2.15 and 10.50% Na20 (Clark, 1986). 

Hydrothermalism associated with albitization resulted 
mainly in the formation of mineralized veins in fractures and 
shear zones. Mineralized veins occur in competent rocks, 
mainly greenish siltstones from the lower part of the Lace 
Lake Formation or the upper part of the Dunphy Forma-
tion. Veins rarely cut dolomite horizons intercalated in the 
siltstones because of the low competence of dolomite com-
pared to siltstone. Veins are typically composed of albite, 
carbonate, and quartz, in variable proportions, e.g., in the 
Eagle (173), Kish (180; figure 45), and GM (146) deposits. 
Some mineralization involves metasomatic replacement. 
Thus, Charbonneau (1979) reported high uranium and gold 
grades in samples of recrystallized dolomite or mudrock 
collected from the wallrocks of mineralized veins at the 
Eagle deposit. 

Hematitization is another alteration typical of the min-
eralized zones in the valley. It is particularly evident in 
numerous mineralized boulders located near the southeast 
end of Mistamisk Lake, as well as at the Viking (195) and 
SGR-09 (190) deposits (Gagnon, 1997) and at the Anomalie 
79-1 deposit (156) (Fournier, 1993). The alteration is char-
acterized by a reddish pigmentation in albitite veins and in 
their wallrocks. 

Carbonate alteration is characteristic of the GM deposit 
(146) and of several showings with quartz-carbonate veins. 
Uranium-rich albitic veins also contain carbonate miner-
als (e.g., dolomite in the Kish showing; Kish and Cuney, 
1981). 

Local sulfidic breccias containing polygenic fragments 
and with an iron-rich, carbonate-bearing matrix may be evi-
dence of intense, explosive hydrothermal activity. Resem- 
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bling conglomerate, these breccias contain subangular to 
rounded, partly albitized inclusions of variable composition 
(e.g., inclusions rich in feldspar or composed of dolomite, 
mica schist, arenite, slate, phyllite, chert, etc.) (Langshur, 
1984; Kearvell, 1985; Clark, 1986; Kearvell and Clark, 
1988). The breccias contain about 4% (up to 20%) dis-
seminated, millimetre-scale pyrite crystals as well as minor 
chalcopyrite and magnetite (Kearvell and Clark, 1988). The 
breccias may have originated as hydrothermal diatremes 
(see also Appendix 1, type 17b). 

The distribution of uranium and copper in the valley has 
several interesting characteristics (Clark, 1986). Deposits in 
which uranium is most abundant contain small amounts of 
copper, while copper deposits contain little or no uranium' 
(the Anomalie 79-1 [156] showing is an exception to this 
generalization). In many cases, albitic rocks (breccias and 
veins) are not uraniferous. Also, where present, radioactive 
minerals are sporadically distributed. These mineralogical 
and chemical variations are probably the result of composi-
tional and temperature variations in the hydrothermal fluids, 
which would have affected their capacity to transport the 
various metals. 

Field evidence supports the interpretation that the 
deposits are syn- to late-tectonic (Clark, 1986): (1) depos-
its are mostly vein type and are associated with locally 
important fracture and shear zones; (2) pelite clasts with 
cleavage occur locally in albitic breccia; (3) albitite veinlets 
occur locally along crenulation cleavage planes; (4) albitite 
veins fill fractures related to flattening and boudinage of 
sedimentary strata; and (5) some deposits have been weakly 
affected by ductile deformation (folding), although these 
deposits appear to be younger than the main folding event. 
It is not certain that the deposits are related to the late faults 
bounding the Romanet Horst. The very common occur-
rence of mineralization in the horst and the fact that most 
of the deposits are located near the fault on the northeast 
side of the valley (Romanet River Fault) suggest that the 
relationship may be true. However, such a relationship is 
not supported by the fact that, locally, mineralized rocks 
are weakly affected by ductile folding. Nor is it supported 
by the absence of evidence for an association between late 
faults and folding. It is also possible that mineralizing fluids 
were channelled along thrust faults, including the fault in the 
escarpment bounding the northeast side of the Mistamisk-
Romanet valley2. 

It is probable that all deposits associated with alterations 
(albitization, carbonatization, hematitization, sericitization) 
in the Mistamisk-Romanet valley were formed during the 
same mineralizing event and resulted from variations in the 
composition, temperature, and chemical conditions of the 
hydrothermal fluids and in their depositional environment 

1. Tremblay (1980) made a similar observation about the uranium-copper deposits 
located northeast of Castignon Lake. 

2. It is clear, however, that another type of deposit in the valley (i.e., Ag-Pb-Zn 
veins, type 15; Chevé, 1985) is directly related to movement on the subvertical 
Bertin Fault. The late nature of this fault indicates that these are late-tectonic 
deposits. 

(Kish and Cuney, 1981). From a study of fluid inclusions 
in uraniferous albite-carbonate-quartz veins near Mistamisk 
Lake, these authors determined that the mineralizing fluids 
were rich in NaC1, that their temperature was 300-350°C, 
and that the veins formed at a pressure of 2.5 kbar. These 
authors suggested that the fluids originated from the meta-
morphism of sodic schists, perhaps originally evaporites, 
present locally in the sedimentary succession. The fluids 
would have been generated during the late stage of the 
Hudsonian Orogeny. The fluids may also have interacted 
with immature detrital sediments, with buried Archean 
granitic rocks (in a tectonic slice?), or with Archean rocks 
in the Wheeler Dome. Thus, the fluids could have become 
enriched in metals, like uranium, present in slightly anoma-
lous concentrations in these rocks. A major décollement 
thought to underlie the Wheeler Dome (figure 4; Clark, 
1986) could have channelled metamorphic fluids towards 
the depositional sites. 

It should be noted that no granitic or late mafic intru-
sions, which could have provided or driven large quanti-
ties of hydrothermal fluid, have been found in or near the 
Mistamisk-Romanet valley. Nevertheless, some workers 
(e.g., Langshur, 1984) suspect the presence of buried felsic 
intrusions. The local presence of breccias resembling hydro-
thermal diatremes (Kearvell and Clark, 1988) supports the 
hypothesis. It is also possible that the region contains, at 
surface or at depth, small carbonatitic intrusions belonging 
to the Castignon complex or to some other suite (Dimroth, 
1970b; Birkett and Clark, 1991; Chevé, 1993). Other geolo-
gists have speculated on the possibility that alkalic mafic 
intrusions are buried beneath the valley (Kennecott Canada 
Inc., 1995). In spite of the apparent absence of such alkalic 
intrusions, high or anomalous REE concentrations in several 
deposits could be seen as supportive evidence. Note, for 
example, the following results: 1.83% Ce, 1.02% La, and 
0.11% Sm from the Eldorado 2 deposit (192); 0.13% Ce 
from the GM deposit (146); and 0.13% Ce, 0.01% La, 0.01% 
Sm, and 0.01% Lu from the Anomalie 79-1 showing (156). 
The presence of Ce in the carbonate rock in the GM deposit 
may indicate that the host is a small carbonatitic intrusion. 
However, the La and Ba concentrations are not anomalous 
(24 ppm and <20 ppm respectively; Clark, 1986 and unpub-
lished data), the contrary of what would be expected for a 
carbonatite (Barker, 1996). Also, high REE grades do not 
necessarily indicate an affiliation with alkalic rocks. In this 
respect, high Y and heavy REE concentrations have been 
found in low-temperature, hydrothermal uranium deposits in 
Athabasca Group sedimentary rocks (MacDougall, 1990). 

Near the western shore of Colombet Lake, several 
epigenetic copper deposits (types 17 and 17a) have been 
discovered. Also found were uranium showings probably 
related to sodic metasomatism (albitization) (type 17b) 
(Girard, 1988). The latter author disovered a few pieces of 
radioactive drill core in a pile of rejected core suspected to 
have come from the Lac Colombet 5 deposit (229). These 
pieces had one or the other of the following compositions: 
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(1) rock composed of albite (60%), quartz (20%), potassic 
feldspar (10%), and calcite (7%), with accessory apatite, 
zircon, and iron oxides; or (2) graphitic schist cut by albite-
quartz veinlets. The radioactive minerals in the core included 
(1) primary uraninite, coeval with metasomatic alterations 
such as carbonatization, albitization, and silicification; 
(2) a brannerite-type uranium-titanium compound, formed 
by the alteration of uraninite; and (3) secondary uraninite 
associated with matrix calcite. Pyrite and, more rarely, 
chalcopyrite and galena were associated with the uranium 
mineralization. The Lac Colombet 5 sulfide deposit is located 
adjacent to a fault and occurs in a sequence of carbonatized, 
albitized, and brecciated sandstone and siltstone (Girard, 
1988). Pyrite, chalcopyrite, and chalcocite occur in calcite-
ankerite veins cutting metasedimentary rocks; the same 
sulfides are also disseminated in the metasediments. Up to 
5% Cu over 1.5 m was obtained in drill core. In the same 
area ("Float" zone, located 600 m southeast of the Lac 
Colombet 5 deposit), sulfide veins (pyrite and chalcopyrite) 
occur in boulders of radioactive, strongly fractured granite; 
quartz veins cut the sulfide veins. Girard (1988) proposed 
that the uranium and transporting fluid were related to the 
presence of faulted slices of Archean rocks located to the 
west and northwest of Colombet Lake (Dressler, 1979). 

Similarities exist between the deposits and alterations in 
the Mistamisk-Romanet valley and those occurring in the 
Paleoproterozoic rocks of the Otish Supergroup in central 
Québec (Ruhlmann et al., 1986). These authors suggested 
that oxidizing fluids generated during the Hudsonian tectono-
metamorphic event leached metals from sandstones and 
conglomerates in the lower part of the Otish Supergroup 
(Indicator Group). When the fluids encountered reducing 
conditions in mafic sills and dikes, the igneous rocks were 
altered to albite and carbonate, and metals were precipitated 
in the form of uranium minerals, iron and copper sulfides, 
tellurides, and selenides. 

The vein-type uranium deposits in the Labrador Trough 
also possess characteristics in common with those of Paleo-
proterozoic uranium deposits in the Beaverlodge district of 
Saskatchewan (Tremblay, 1972; Ruzicka, 1995). The latter 
deposits are epigenetic, are composed mainly of pitch-
blende and brannerite, and were formed by remobilization 
of preconcentrated uranium. Associated alterations include 
albitization, hematitization, chloritization, and carbonatiza-
tion. Uranium initially present in trace amounts in Archean 
granitic plutons was preconcentrated in Paleoproterozoic 
sediments. During the Hudsonian Orogeny, this uranium 
was remobilized by hydrothermal fluids and deposited at 
economic grades in faults and shear zones. However, in 
contrast with the deposits in the Mistamisk-Romanet valley, 
the Beaverlodge deposits are not enriched in REE; this sug-
gests that an additional factor played a role in the origin of 
the Labrador Trough deposits. 

With respect of their chemical composition, altera-
tions, tectonic context, and potential economic importance, 
Labrador Trough deposits are similar to certain epigenetic  

Au-Co-U deposits in the Fennoscandian shield, for exam-
ple, the Kuusamo deposits (Pankka and Vanhanen, 1992; 
Pankka, 1997). These deposits occur in a Paleoproterozoic 
volcano-sedimentary rift zone. The following alteration 
minerals, which formed after the metamorphic peak, are 
commonly associated with the deposits: albite (formed dur-
ing an early alteration phase), chlorite, amphibole, biotite, 
sericite, carbonate, and quartz. The authors proposed that 
fluids originating in coeval granites located some 20 to 
30 km from the deposits were channelled along fault and 
fracture zones towards the sites of deposition. 

Finally, the enrichment of Labrador Trough deposits in U, 
Cu, Au, Ag, and REE, and the styles of the associated altera-
tions, especially albitization and hematitization, suggest a 
possible link with hydrothermal deposits of the iron oxide-
copper-gold (IOCG) type, to which the giant Olympic Dam 
deposit belongs (e.g., Hitzman, 2000; Haynes, 2000). How-
ever, understanding the epigenetic Cu-U-Au-Ag deposits of 
the Trough involves the same uncertainties as those related 
to IOCG-type deposits, e.g., sources of metals, fluids, and 
heat to circulate the fluids (Haynes, 2000). 

Vein gold deposits (type 13) 

Gold deposits in Archean iron formation (type 13a) 

During the 1980s, the Archean Superior Province north-
west of Schefferville was a hotspot for gold exploration. 
The activity was the result of a discovery by the MRNF in 
1985 of high gold grades in Archean iron formation (18.9 g/t 
Au in a hand sample collected near Canoë Lake; Bélanger, 
1986, 1987; Lapointe, 1986, 1989a). The gold deposits are 
hosted in Archean, Algoma-type iron formation (Chevé 
and Brouillette, 1988, 1992a, 1992b, 1995; Panneton and 
Doucet, 1987a; Lapointe, 1989b). These rocks are part of 
the Rivière du Sable Complex, an assemblage of metatex-
ites, diatexites, and granodiorite and tonalite intrusions 
belonging to the granulitic Ashuanipi subprovince (Card 
and Ciesielski, 1986). The discovery was important for the 
recognition of northern Québec's gold potential because 
Archean iron formations are major sources of gold at the 
global scale (e.g., Kerswill, 1995). Also, this success her-
alded later gold discoveries in Archean iron formations 
elsewhere in the northern part of the Superior Province 
in Québec (e.g., by the tandem SOQUEM-Cominco at 
the beginning of the 1990s and at Dupire Lake in 1994 
(Lamothe, 1997)). 

About 45 gold showings and a large number of weakly 
mineralized sites (the latter show gold grades below the 
minimum required to be classified as a "showing" by the 
MRNF) have been discovered in an area measuring approxi-
mately 70 km by 20 km. This area is located northwest of 
Schefferville and west of the New Québec Orogen (see 
the lithotectonic synthesis map). Most of the deposits are 
hosted in boudins of iron formation reaching several metres 
in thickness and several decametres in length (Chevé and 



Brouillette, 1995). The former existence of continuous bands 
of iron formation is suggested by the local presence of hori-
zons measuring a few hundred metres in length. Iron forma-
tion is interlayered with metatexites. It consists of laminae 
and bands of quartzite (metachert?) intercalated with bands 
of magnetite and "pyrigarnite" (orthopyroxene + garnet ± 
amphibole ± clinopyroxene). Mineralized rock contains 10% 
sulfides or less and occurs mainly in the "pyrigarnite." It 
is composed of pyrrhotite, along with pyrite, chalcopyrite, 
arsenopyrite (FeAsS), l6llingite (FeAs2), and, more rarely, 
graphite. The highest gold grades occur in showings that are 
richest in arsenopyrite. Native gold occurs locally in grains 
of arsenopyrite, especially in those that contain bodies or 
exsolutions of l6llingite. 

Field observations on mineralized iron formation and 
its host rocks suggest a volcano-sedimentary depositional 
environment. Based on the characteristics of the various 
deposits, three subenvironments have been identified: (1) a 
volcanic environment, (2) a perivolcanic sedimentary basin, 
and (3) a sedimentary basin containing aluminous detritus 
(Chevé and Brouillette, 1992a, 1995). Because of weakly 
anomalous gold concentrations in unmineralized iron for-
mation, the latter is considered favorable for low grade, 
exhalative gold deposits (Chevé and Brouillette, 1992a, 
1995). However, based on the difference in competence 
between iron formation and metatexite, a structural control 
(such as shear zones and interbed slip surfaces on the flanks 
of folds and in fold hinges) is necessary to explain high gold 
grades. According to these authors, gold was precipitated 
from oxidizing, syn- to late-tectonic, hydrothermal fluids 
originating at the amphibolite-granulite transition in the 
crust (model proposed by Cameron, 1989). Iron formation 
near the deposits was not the source of the gold, according 
to Chevé and Brouillette (1992a, 1995); iron formation 
simply acted as a chemical trap. 

Gold deposits in Proterozoic iron formation (type 13b) 

Gold-bearing quartz veins were discovered for the first 
time in Paleoproterozoic iron formation of the Labrador 
Trough in 1987, in the Gerido Zone west of Kuujjuaq (fig-
ure 35c). The main deposits are the following: Pyrite Falls 
(241), Venditelli (287), and Dessureault (or Lac Rougemont) 
(288) (Dessureault and Venditelli, 1989; Wares and Goutier, 
1990a; Goutier and Wares, 1991). Exploration revealed 
grades reaching 12.1 g/t Au over 3.2 m (channel sample) 
at the Dessureault showing and 22.2 g/t Au over 1.5 m 
(drill core) at the Pyrite Falls showing. The various show-
ings are similar with respect to their structural control and 
the compositions of veins, host rocks, and alterations. The 
deposits are generally located on the flank of an anticline 
and near a thrust fault that may have been reactivated as a 
normal fault. Veins are oriented N-S, NE-SW, or E-W, dip at 
a shallow to steep angle, and are associated with networks 
of transverse fractures (figure 47). Results from a structural 
study suggest that emplacement of the veins was not struc- 

FIGURE 47 - Gold-bearing quartz veins (type 13b) cutting iron forma-
tion of the middle member of the Baby Formation (Pyrite Falls deposit, 
no. 241). The veins fill transverse fractures in anticlines and contain minor 
quantities of ankerite, albite, pyrite, and pyrrhotite. 

turally related to local faults or folds. Therefore, the veins 
have been interpreted as late tectonic (Wares and Goutier, 
1990a; Goutier and Wares, 1991). 

The veins cut the silicate-carbonate (ankerite) facies of 
iron formation in the middle member of the Baby Formation. 
Perhaps less commonly, they also cut aphyric gabbro sills 
(see the next section concerning type 13c). Gold-bearing 
veins are composed of milky quartz and minor ankerite, 
albite, pyrite, and pyrrhotite. Also, veins in the Dessureault 
deposit contain rare grains of native gold (Goutier and 
Wares, 1991). 

The host rocks were altered during vein emplacement. 
The most common types of alteration are the replacement 
of ankerite porphyroblasts in iron formation by fine-grained 
pyrrhotite (which contains traces of chalcopyrite) and weak 
sericitization (Wares and Goutier, 1990a). At the Dessureault 
deposit, alteration also included local silicification and 
crystallization of pyrite, arsenopyrite, and traces of galena 
and chalcopyrite; micro-inclusions of native gold and traces 
of sylvanite [(Au, Ag)2Te4] occur locally in arsenopyrite 
(Goutier and Wares, 1991). However, no statistical correla-
tion has been noted between arsenic and gold concentrations 
in samples from the Dessureault deposit (Wares and Goutier, 
unpublished data). At the Venditelli deposit, the wallrocks 
of veins cutting iron formation are altered to a gold-bearing 
assemblage of quartz + albite + ankerite + muscovite + 
pyrite ± rutile. However, in general, altered iron formation 
is not gold bearing. Idiomorphic porphyroblasts of pyrite 
are common in iron formation in the area and are probably 
of metamorphic origin. 

These vein-type gold deposits are epigenetic and were 
formed from postmetamorphic, late-tectonic hydrother-
mal fluids. A study of fluid inclusions in vein quartz has 
shown that the fluids were of moderate salinity (16-20% 
NaC1 equivalent) and that their minimum temperature was 
between 160 and 340°C (Wares and Goutier, unpublished 
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data). The hydrothermal fluids also weakly albitized the 
iron formation and remobilized quartz originally present 
in the rock. 

The widespread distribution of Baby Iron Formation 
and gabbros in the northern part of the Trough and the fact 
that these rocks are commonly strongly tectonized make 
this part of the orogen particularly favorable for this type 
of mineralization. It is speculated that the hydrothermal 
event was related to reduction of pressure and temperature 
in the orogen between 1790 and 1740 Ma (Machado, 1990; 
Machado et al., 1989). Fluids may have originated, at least 
in part, in Archean rocks below the Trough, to the extent 
that these rocks were affected by Hudsonian deformation. In 
this regard, it should be noted that Archean gold deposits are 
present in the Superior Province northwest of Schefferville 
(see the section on type 13a). The characteristics of Labrador 
Trough gold deposits are similar to those of Archean meso-
thermal (orogenic) gold deposits in the Superior Province 
(Hodgson, 1993; Robert, 1995). 

Gold deposits in gabbro (type 13c) 

Aphyric gabbro sills in the northern part of the orogen 
(Gerido Zone) are cut locally by gold-bearing quartz-
carbonate veins. The most important examples are the 
Lac Terre Rouge (215), Lac Daubancourt (216), and Lac 
Dietrich-Sud (231) showings. Hand samples grading sev-
eral grams per tonne gold have been collected. Alteration 
of gabbro is much more evident on outcrop than alteration 
of iron formation (Wares and Goutier, 1990a). Altered 
gabbro is soft and has a characteristic, chamois-colored 
weathered surface. In weakly altered gabbro, secondary 
minerals include chlorite, albite, quartz, ankerite (replacing 
chlorite and albite), and epidote. More-thorough alteration 
produces a strongly carbonatized and sericitized gabbro with 
a light-grey weathered surface. The following assemblage is 
characteristic: ankerite + sericite + quartz + rutile ± pyrite ± 
fuchsite. The extent to which this alteration occurs is a func-
tion of the intensity of fracturing in the gabbro. 

Vein Ag-Pb-Zn deposits (type 15) 

Several vein-type Ag-Pb-Zn deposits are located near 
Dunphy Lake and on the southwest flank of the Mistamisk-
Romanet valley (Howse Zone). The following deposits are 
examples (see Appendix 2 for representative analytical 
results): Lac Dunphy-Ouest (136), Canalask (137), John-
smith (147), Anaconda (148), and Goose (158). At Dunphy 
Lake (136, 137), mineralized calcite-quartz veins cut brec-
ciated cycle 1 sediments. The Dunphy Lake deposits are 
composed mainly of disseminated or massive sphalerite; 
they are located near copper showings in which mineral-
ized calcite veins cut gabbro. In the Mistamisk-Romanet 
area, mineralized calcite veins are located very near the  

Bertin Fault, a late, steeply dipping fault that bounds the 
Romanet Horst on its southwest side. Several calcite veins 
are mineralized in galena, sphalerite, and chalcopyrite, in 
variable proportions. These veins cut Montagnais gabbros 
and Bacchus Formation basalts (Chevé, 1985). 

Chevé (1985) proposed that these deposits were formed 
from fault-controlled hydrothermal fluids. These fluids 
originated at shallow depth (ocean, meteoric, or connate 
water), or alternatively, at greater depth (metamorphic water 
originating in the underlying Archean basement). Chevé 
(1985) noted that, on surface, the immediate geological 
environment of the showings near the Bertin Fault is mainly 
copper-bearing and appears unfavorable for Pb-Zn depos-
its. Therefore, he proposed that the hydrothermal fluids 
were of deep origin, perhaps originating in the subjacent 
basement. Other parameters affecting the variations in the 
proportions in Zn, Pb, and Cu in the deposits include fluid 
temperature and differences in solubility among the metals 
in these fluids. 

Replacement-type Zn-Pb-Cu-Au-Ag deposits (type 16) 

The Saint-Pierre deposit (298) is the sole known example 
of this type (see Appendix 1). It is composed of a small 
discordant body of massive sulfides measuring 3.0 x 0.5 m 
and is hosted in rhythmites of the lower member of the Baby 
Formation (Wares et al., 1988). The body is bordered by a 
1 m thick carbonatized envelope, surrounded in turn by a 
chloritic envelope up to 10 cm thick. A metre-scale sericitic 
and chloritic altered zone surrounds the preceding zones. 
The massive sulfides are composed of sphalerite, galena, 
chalcopyrite, and pyrite; electrum is also present. Gangue 
associated with the sulfides is composed of quartz, calcite, 
chlorite, and muscovite. Quartz veinlets and disseminated 
pyrite and sphalerite occur in the sericite-chlorite zone. 
The Saint-Pierre deposit is richer in Cu and Pb, compared 
to Zn, than type 3b deposits (figure 48). It is also richer in 
precious metals, with hand samples grading up to 353 g/t 
Au. The sulfide mass is interpreted as having formed by 
tectonic remobilization, near a fault zone, of a hypothetical 
syngenetic massive sulfide body hosted in graphitic and sul-
fidic mudstones (type 3b) (Wares et al., 1988). Enrichment 
in Pb compared to Zn is thus a result of the relatively high 
ductility of lead sulfides. The altered, gold-enriched zones 
would have resulted from circulating hydrothermal fluids, 
which perhaps were of metamorphic origin. 

Vein Cu deposits (type 17) 

This section concerns vein copper deposits that were not 
mentioned in the section entitled "U ±Cu and Cu ±U vein 
deposits (types 12, 12a, 17b)." In the New Québec Orogen, 
vein copper deposits are commonplace and show diverse 
characteristics. 
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A - Volcanic terrains 
B - Volcano-sedimentary terrains 
C - Sedimentary terrains (SEDEX) 

FIGURE 48 - Metal proportions in the Sain -Pierre deposit (no. 298). 
The shaded field is defined by massive sulfide samples from the Koke and 
Kan deposits (type 3b). The limits of fields for various types of exhalative 
massive sulfide deposits are from Pélissonnier (1972), Sangster and Scott 
(1976), Gustafson and Williams (1981), and Lydon (1988). 

Vein Cu Ag deposits in dolomite (type 17) 

Some diagenetic, stratiform copper deposits in Dunphy 
Formation dolomite (type 5c) contain a large number of 
epigenetic, copper-bearing quartz-carbonate veins (type 17). 
Vein sulfides constitute between 3 and 70% of sulfides pres-
ent in these dolomite-hosted deposits (Chevé et al., 1985). 
The sulfides are mainly chalcopyrite, with minor bornite, 
digenite, covellite, and pyrite. A hand sample of mineralized 
vein material from the Chibtown deposit (144; figure 49), 
located in the Mistamisk-Romanet valley, graded 2.25% Cu 
and 2.8 g/t Ag (Clark, 1986). These veins form a stockwork 
composed of several different styles of veins. Veins located 
southwest of Romanet Lake are interpreted as the result of 
filling of extensional fractures ("tension gashes") developed 
during regional deformation and metamorphism (Chevé, 
1985; Chevé et al., 1985). Copper veins of this type are 
common in some sedimentary stratiform copper deposits, 
such as the Bizigou deposits in China (Kirkham and van 
Staal, 1990). The copper in the veins may have originated 
from the remobilization of diagenetic copper. 

Vein Cu-Au-Ag deposits associated 
with mafic igneous rocks (type 17a) 

More than twenty showings of vein-type Cu-Au ±Ag 
occur in association with mafic rocks (type 17a). Most occur 
in the Howse and Gerido zones, which contain an abundance 
of mafic flows and sills. Several deposits also occur in the 
Mistamisk-Romanet valley (Wheeler Zone). Certain vein 
copper deposits in the Retty Zone have a spatial relation with 
mafic rocks. Also, several showings occur in the hinterland, 
near the Lac Tudor Shear Zone. 

FIGURE 49 - Stockwork of several styles of quartz veins and dolomite-
ankerite veins mineralized in chalcopyrite (Chibtown deposit, no. 144, 
type 5c/17, located near the shore of the Romanet River, 8 km northwest 
of Romanet Lake; Clark, 1986). The veins cut dolomite of the Dunphy 
Formation. Some veins are en echelon and appear to fill extension 
gashes. Others fill more continuous fractures. Most veins, but not all, are 
deformed. 

The widespread distribution of the deposits reflects the 
fact that mafic rocks occur in several different environments 
in the orogen and that such rocks may contain primary mag-
matic sulfide deposits. On the other hand, the composition 
of the epigenetic deposits is commonly influenced by the 
nature of the host rocks located near the mafic rocks. 

In the Musset Lake area, immature sandstones of the 
Chakonipau Formation, deposited during initial rifting of 
the Archean craton, are cut by a weakly alkalic gabbro dike. 
The dike hosts a low-grade Cu-Ag deposit (Brassard, 1984). 
The dike is presumably coeval with a unit of trachybasalt 
located near the base of the Chakonipau (Dimroth, 1978). 
The mineralized dike is about 7 km long and 30-80 m wide 
and is oriented NW-SE with a steep northeasterly dip. It 
was intruded into the Chakonipau near the aforementioned 
volcanic unit. The gabbro dike is intensely fractured and 
has been altered to a propyllitic assemblage of epidote, 
carbonate, hematite, chlorite, and albite; it also shows 
local potassic alteration (potassic feldspar). The gabbro 
contains widespread, epigenetic chalcopyrite, pyrite, and 
local bornite (the Franelle [116] and Bennelle [117] depos-
its; type 17a). It also contains supergene malachite and 
chrysocolla (deposit 118; type 21c). A similar copper 
deposit, the Reuben showing (115), is located 4 km to the 
southwest, in a gabbro sill. After a drilling campaign of 
limited scope, the exploration company estimated possible 
resources of about 110 million tonnes grading 0.23% Cu in 
the gabbro dike (Plummer, 1977). Note that some copper-
rich hand samples gave high grades in silver (e.g., grades 
of 60% Cu and 43.5 g/t Ag were obtained from a mass of 
bornite), although the main deposit is poor in silver. Sulfide 
abundance appears to vary according to the intensity of 
propyllitic alteration. Intense potassic alteration occurs in 
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a breccia zone well mineralized in chalcopyrite and bornite. 
Finally, minor shear zones contain chalcopyrite and radioac-
tive minerals. For example, at a locality in the dike near the 
contact with host sandstone, the gabbro contains albite- and 
chalcopyrite-bearing veinlets and shows increased radioac-
tivity; this gabbro is also altered to hematite, chlorite, and 
epidote. The deposit was interpreted by Brassard (1984) as 
epigenetic on account of its microscopic-scale vein style, 
the absence of pyrrhotite and nickel, and the presence of a 
propyllitic mineral assemblage. It is possible that oxidizing, 
mineralizing fluids were derived from immature sediments 
of the Chakonipau Formation (possible source of copper) and 
Archean granitic rocks of the subjacent basement (possible 
source of uranium). The copper-bearing fluids pervasively 
infiltrated the gabbro dike, following an extensive system 
of microfractures, and produced a propyllitic alteration 
assemblage. Conversely, uranium precipitation was more 
local and was restricted to a few narrow shear zones. It is 
possible that the precipitation of metals in the gabbro was 
due to ambient reducing conditions. This epigenetic, locally 
radioactive copper deposit has characteristics reminiscent 
of some deposits in the Mistamisk-Romanet valley, farther 
north (although the latter contain a more varied assemblage 
of metals). Another analogue may be the gabbro-hosted 
deposits in the Otish Mountains (Ruhlmann et al., 1986) 
(see the section on types 12a and 17b). 

In other areas, Montagnais gabbros are cut by carbon-
ate and/or quartz veins that contain copper sulfides. In the 
Dunphy Lake area, for example (deposits 139 and 140), 
calcite veins are mineralized in chalcocite, chalcopyrite, 
bornite, and pyrite. Hand samples have graded up to 1.65% 
Cu and 2.4 g/t Ag, with traces of lead and zinc. Several 
vein copper deposits associated with mafic rocks (deposits 
149, 150, and 179) are located in the Mistamisk-Romanet 
valley. At the Lac Ronsin-Ouest (149) and Anacon (150) 
deposits, the mineralized zone is located at the sheared 
contact between pink dolomite of the Dunphy Formation and 
a metabasite (metagabbro) unit (Chevé, 1985). Chalcocite 
occurs in the foliation planes in a schistose zone. Chalco-
pyrite-bearing calcite veins cut the schistose metabasite. 
The highest copper grades (0.89% Cu over 19 min a chan-
nel sample) occur in schistose metabasite (Chevé, 1985). 
Southwest of Retty Lake, chalcopyrite-bearing quartz veins 
and calcite veins cut gabbros and metasediments (deposits 
45 and 47). North of Feuilles Bay (deposits 312 and 313), 
sheared and altered glomeroporphyritic gabbro sills host 
nickel-poor, chalcopyrite-bearing veins, which are locally 
anomalous in precious metals (up to 5.2% Cu, 0.6 g/t Au, 
and 14.8 g/t Ag in deposit 312). 

Vein and disseminated 
Cu ±Ni ±PGE ±Au ±Ag deposits (type 19) 

The New Québec Orogen contains several postmagmatic 
Ni-Cu-PGE deposits of hydrothermal origin. Generally, 
these deposits are directly associated with magmatic depos- 

its and are considered to have formed by hydrothermal 
remobilization of the latter. They may be hosted in mafic 
and ultramafic intrusions (type 19a; e.g, deposits 354, 355), 
in mafic volcanic rocks (type 19b; e.g., deposit 307), or in 
metasedimentary rocks (type 19c; e.g., deposits 244, 311, 
353). 

The sill-hosted massive sulfide deposits in the Retty 
Lake area are bordered by zones, from one decimetre to 
several metres thick, of iron-rich chloritic rock enriched 
in PGE. A bulk sample of this rock from a deposit at Bleu 
Lake (deposit 44; types 10b/19a) graded 3.3 g/t Pd and 
0.06 g/t Pt (Clark, 1989). Other hydrothermal concentra-
tions of PGE have also been discovered in the Chrysler 2 
(deposit 260; types 10c/19a) and Hopes Advance 1-Nord 
(deposit 347; types 19c/10c/10b) deposits in the northern 
part of the orogen. It is interpreted that tectonometamorphic 
hydrothermal fluids circulating along faults and lithologi-
cal contacts leached easily soluble metals (especially Pd, 
Au, and Fe) from magmatic sulfides and transported them 
to their depositional sites in the wallrocks (Beaudoin and 
Laurent, 1989). The chemical alteration of the wallrocks 
involved enrichment mainly in iron and, to a lesser degree, 
in potassium and magnesium, forming a schist rich in iron 
chlorite (ripidolite) (Clark, 1989). 

The Pio-Est zone (deposit 307; type 19b), located in the 
Gerido Zone, is rich in copper and palladium (about 7% 
Cu and 1 g/t Pd). The deposit is finely laminated and con-
cordant with respect to penetrative schistosity in the host 
basalts (Wares and Goutier, 1990a). For the Pio-Est zone, 
these authors initially proposed that the deposit originated 
from the remobilization of syngenetic volcanogenic sulfides. 
However, low concentrations of nickel and anomalous 
concentrations of palladium (500-1800 ppb) suggest that 
this hypothesis is incorrect. It is now thought that the Est 
zone was formed by the emplacement of epigenetic sulfides 
along planes of schistosity. The sulfides are thought to have 
precipitated from hydrothermal fluids whose composition 
had been modified by interaction with igneous rocks and 
magmatic sulfides. This origin is in strong contrast with that 
suggested for the Ouest zone of the Pio deposit. This zone 
is composed of a lens of massive sulfides thought to have 
been tectonically detached from a larger body of magmatic 
sulfides. 

Sediment-hosted, epigenetic Cu ±Ni ±PGE +Au ±Ag 
deposits, in which metals were probably derived from 
igneous rocks, include Pt in amphibole-bearing iron forma-
tion (244) and Cu sulfides in sulfidic black schist (sulfide 
facies iron formation) (311, 353). 

Potential for other types of deposits 

Deposits hosted in black shales and slates 

Several metals can, in principle, be concentrated in the 
black shales, slates, and metapelites of the New Québec 
Orogen. These metals include the following: gold, nickel, 
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copper, zinc, vanadium, manganese, uranium, arsenic, 
cobalt, molybdenum, and the platinum-group elements (see, 
for example, Kish, 1994; Hulbert, 1995; Coveney, 2003). 
Deposits of these metals can be syngenetic, diagenetic, 
or epigenetic (Coveney, 2003). In weakly to moderately 
metamorphosed terrains (like the Labrador Trough), the 
dark color of a rock is commonly caused by organic mat-
ter in the form of microgranular, spongy-textured kerogen 
(Kish, 1994). At higher metamorphic grade (amphibolite or 
granulite facies, as in the hinterland of the Trough), organic 
matter is transformed into well-crystallized graphite. The 
solubility and precipitation of certain metals, like uranium, 
thorium, manganese, and iron, are very sensitive to local 
redox conditions (Kish, 1994). However, Kish noted that, 
during the Proterozoic, the accumulation of metals in black 
shales and slates was most commonly the result of epigen-
etic processus. 

Stratigraphic units containing horizons of black shale or 
slate that could harbor metal concentrations are, in cycle 1, 
the Dunphy, Hautes Chutes, Du Chambon, and Bacchus 
formations. In cycle 2, the Menihek, Murdoch, Thompson 
Lake, Willbob, Baby, and Hellancourt formations may 
contain such horizons. In the hinterland, the Deborah 
Formation contains dark-colored or black metasediments. 
Kish (1994) reported that the Hautes Chutes Formation 
locally reveals anomalous gold grades. Also, argillaceous 
and carbonate-bearing schists located near the base of the 
Dunphy Formation carry anomalous concentrations of 
copper and gold. 

Volcanogenic massive sulfide deposits in cycle 1 

In spite of apparent similarities in lithotectonic contexts, 
volcano-sedimentary rocks in cycle 1 are very different 
from those in cycle 2 with respect to volcanogenic massive 
sulfide (VMS) deposits. Several VMS deposits have been 
discovered in cycle 2, but no important example has been 
found to date in cycle 1. 

Certain indications suggest, however, that such deposits 
might exist in first-cycle volcano-sedimentary rocks. In the 
Bacchus Formation, for example, veins and disseminations 
of sphalerite and galena have been found (e.g., east of Louis 
Lake and west of Cramolet Lake). These could indicate the 
presence, proximal or distal, of a VMS deposit. Also, the 
Bacchus locally contains rusty, felsic volcanic rocks @art 
of the former Mistamisk Formation), and these may have 
potential for volcanogenic Cu-Zn deposits (Lao Kheang, 
1984). 

SEDEX deposits 

The apparent absence of SEDEX deposits in the New 
Québec Orogen is an important problem. In fact, Lydon 
(1995) stated that the New Québec Orogen has potential 
for SEDEX deposits. The orogen boasts several favorable  

characteristics for such deposits (see Goodfellow et al., 
1993; Lydon, 1995), including: 

• an intracontinental rift environment; 

• an extensional tectonic environment; 

• the presence of several second-order sedimentary 
basins, separated by shoals and perhaps limited by syn-
sedimentary faults; 

• a rift—cover sedimentary sequence composed of litho-
facies commonly associated with SEDEX deposits (e.g., 
black shales, turbidites, carbonates); 

• volcanic activity coeval with the potential sedimentary 
host rocks. 

However, rocks in the Trough, and in particular those 
in cycle 1 (about 2.1 Ga), are older than most of Earth's 
SEDEX deposits. On a global scale, most SEDEX deposits, 
and the largest examples, are in rocks 1.8-1.6 Ga old or in 
rocks of Paleozoic age (figure 9; Meyer, 1988; Kirkham and 
Roscoe, 1993; Lydon, 1995). Lydon (1995) saw no a priori 
reason preventing SEDEX deposits from forming in rocks 
older than 1.8 Ga. This age, he maintained, does not cor-
respond to a permanent or important change in the Earth's 
climate, in the composition of seawater (but see below) or 
the atmosphere, or in geotectonic processes. 

According to Kirkham and Roscoe (1993) and 
Goodfellow et al. (1993), the composition of seawater 
before oxygenation of the atmosphere and hydrosphere 
during the Paleoproterozoic would have been a limiting 
factor for the formation of SEDEX deposits. Oxygenation 
of the atmosphere occurred globally about 2.4 to 2.3 Ga ago 
(Kirkham and Roscoe, 1993; Holland, 2002; Bekker et al., 
2004). SEDEX deposits can form only after the elimination, 
following atmospheric oxygenation, of the vast quantity of 
Fee+  dissolved in deep, anoxic ocean water (see also the 
section on types 2a and 2b) (Kirkham and Roscoe, 1993; 
Goodfellow et al., 1993). The reason for this is that bot-
tom water in the ocean must contain H2S and be anoxic for 
SEDEX deposits to form (Goodfellow, 1992; Goodfellow 
et al., 1993). In the presence of abundant Fee+, reduced sulfur 
in bottom water would have been eliminated progressively 
by the formation of pyrite. Without reduced sulfur to fix 
them, metals in hydrothermal fluids exhaled on the ocean 
floor would have been dispersed in the water column. 

If this hypothesis is correct and is applied to the Labrador 
Trough, cycle 1 sedimentary sequences, which are older 
than the Sokoman Iron Formation, would be unfavorable for 
SEDEX deposits because local seawater at that time would 
still have been rich in reduced iron. On the other hand, 
cycle 2 sedimentary rocks that formed after the Sokoman 
should have a greater potential. The Menihek Formation 
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should therefore have an interesting potential for SEDEX 
deposits. In this regard, it is noteworthy that the concentra-
tion of zinc in lake-bottom sediments is strongly anomalous 
in the area underlain by the Menihek north of Schefferville, 
in the Schefferville Zone (see map for Zn in Appendix 3 
of this report). In this area, the Menihek does not contain 
volcanic rocks. 

Paleoplacer gold deposits 

It is interesting to note the presence of numerous, spot 
geochemical anomalies for gold in lake-bottom sediments 
in the area east and north of Schefferville (Appendix 3; 
Beaumier, 1984). It may be significant that the Superior 
Province west of Schefferville contains a large number of 
vein-type gold showings (type 13a). It is possible, therefore, 
that Proterozoic detrital sediments with sources in this part 
of the Superior Province could have a potential for paleo-
placer gold deposits. 

SUMMARY AND CONCLUSIONS 

Mineral deposits in the lower part of the first depositional 
cycle in the Labrador Trough (New Québec Orogen) are 
typical of those normally associated with the early to late 
stages of continental rifting. Thus, the succession contains 
numerous stratiform, syn- to diagenetic, sediment-hosted 
copper deposits. These are associated with changes in redox 
conditions marking the establishment of a platform and 
the development of local basins. A few uranium deposits, 
perhaps of syn- to diagenetic origin, also formed in cycle 1 
sediments overlying the initial rift sequence. In addition, 
important syngenetic uranium deposits were deposited in 
greenish, argillaceous sediments at the base of the sedimen-
tary succession in Paleoproterozoic outliers in the Superior 
Province to the west of the orogen. 

However, few deposits have been found in rocks repre-
senting the later stages of the development and collapse of 
the first-cycle platform. For example, very few Cu ±Zn ±Pb 
sulfide deposits have been found in first-cycle volcano-
sedimentary basins. Several small showings are known, but 
no important sulfide concentrations have been discovered to 
date. This is in strong contrast with the numerous sediment-
hosted, volcanogenic massive sulfide deposits found in 
similar contexts in the second cycle. The explanation for 
this phenomenon remains obscure. 

Mafic sills intruding cycle 1 rocks are generally barren 
in Cu and Ni. This state of affairs may be explained by the 
fact that first-cycle sedimentary rocks hosting the sills are 
generally very poor in syn- to diagenetic sulfides. Thus, 
little sulfides would have been available for assimilation by 
the magmas, thereby making the eventual saturation of the 
magmas in sulfides unlikely. The sulfur assimilation process 
is thought to be a very important factor in the genesis of mag- 

matic Cu-Ni deposits. On the other hand, these sills could 
have potential for stratiform PGE deposits. This possibility 
stems from the fact that the initial concentration of PGE in 
the mafic magma would not have been reduced by the early 
separation of sulfides. Therefore, the PGE could have been 
concentrated at a late stage in horizons or pockets containing 
a small quantity of sulfides derived from the crystallization 
and differentiation of the magma. However, no deposits of 
this type are known in first-cycle sills. 

The great number and size of the iron deposits in the 
second-cycle Lake Superior—type Sokoman Formation make 
these deposits a world-class resource. Horizons of uraniferous 
phosphorite occur locally in the Sokoman and at the base 
of the Menihek Formation. Iron formation in the middle 
member of the Baby Formation, coeval with the Sokoman, 
was deposited in deeper water farther east. This eastern iron 
formation is locally associated with minor mafic volcanic 
rocks and with lenses of volcanogenic, massive Zn-Cu 
sulfides with significant grades and tonnages. Other lenses 
and horizons of Cu-Zn, Zn-Cu, or barren (pyrite, pyrrhotite) 
massive sulfides were deposited during deep-water sedimen-
tation just before the beginning of the major mafic volcanic 
episode that marked the second half of cycle 2 deposition 
(after Menihek and Thompson Lake sedimentation). 

The picritic flows and sills of the Qargasiaq complex 
(Roberts Syncline) and the Montagnais aphyric and glomero-
porphyritic mafic and mafic-ultramafic sills of the second 
cycle are host to several major magmatic Cu-Ni ±PGE 
deposits. Several favorable factors contributed to this metal-
logenic episode. The mineralized sills of the second cycle 
are located mainly at the top of a flyschoid sedimentary 
succession containing horizons rich in syn- to diagenetic 
sulfides. The sedimentary strata immediately beneath the 
mineralized sills are typically well mineralized with dis-
seminated sulfides. During ascension of the mafic magmas 
through this sequence and their injection into the sulfide-rich 
sediments, the magmas incorporated sedimentary sulfur 
and thus became saturated in sulfides. Note also that some 
mafic sills in the second cycle contain stratiform horizons 
and pockets of pegmatitic gabbro enriched in PGE. Sulfides 
did not accumulate at the base of these PGE-bearing sills, 
a fact suggesting that the magmas did not achieve sulfide 
saturation before the formation of the PGE-rich horizons. 
Finally, the potential of certain second-cycle sills and flows 
for Ni- and PGE-rich deposits is enhanced by the fact that 
they crystallized from relatively mafic, hot, and primitive 
magmas (e.g., sills and flows in the Roberts Syncline and 
sills east of Retty Lake). 

Two episodes of carbonatitic magmatism occurred dur-
ing cycle 2. One of the resulting intrusions, the Le Moyne 
Carbonatite, is mineralized in Nb-Ta-REE. 

The Hudsonian Orogeny produced a large number of 
epigenetic deposits. During the orogeny, the stratigraphic 
succession was shortened by folding and faulting and 
experienced low- to medium-grade metamorphism. Some 
polymetallic uranium deposits located near major faults may 
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have formed by remobilization of syn- to diagenetic uranium 
deposited in first-cycle sediments. Similarly, fractures and 
faults separating units of contrasting rheology appear to 
have controlled the circulation of hydrothermal fluids and 
the emplacement of numerous vein-type U-Au ±Cu and 
Cu ±U ±Au ±Ag deposits associated with albite-hematite 
alterations. These deposits are similar to epigenetic uranium 
deposits in the Beaverlodge area (Saskatchewan) and in 
the Fennoscandian shield, and may also be similar to the 
iron oxide-copper-gold type (e.g., Olympic Dam). A few 
small epigenetic Pb-Zn deposits, classified provisionally 
as Mississippi Valley type, occur in stromatolitic dolomite 
of the Alder Formation, in the lower part of cycle 1. Others 
occur in stromatolitic dolomite of the Denault (Abner) 
Formation, which was deposited during the reestablishment 
of a platform at the end of cycle 1. Vein copper deposits are 
very numerous and occur in a wide variety of host rocks. 
Mesothermal, gold-bearing quartz and quartz-carbonate 
veins locally cut iron formation beds and gabbro sills. The 
above-mentioned vein deposits, with their highly varied 
characteristics, resulted from hydrothermal fluids of diverse 
compositions circulating in the volcano-sedimentary units 
during the tectonometamorphic event. The diversity of 
epigenetic deposits resulted in part from the great variety 
of syn- and diagenetic deposits present in the two volcano-
sedimentary cycles. 

In the authors' opinion, the economic potential of the New 
Québec Orogen resides mainly in (1) exhalative Zn-Pb-Cu-
Ag-Au massive sulfides (type 3b) in the Menihek and Baby 
formations, located in the Mélèzes, Hurst, and Gerido zones; 
(2) sediment-hosted stratiform copper deposits (mainly 
type 5c) in the Dunphy Formation, located in the Howse 
and Wheeler zones (type 5 may also occur in other zones 
where no such deposits are currently known, e.g., Cambrien 
Zone); (3) magmatic Cu-Ni-PGE deposits in picritic flows 
and sills (type 10a), located in the Payne Zone; (4) vein 
gold deposits (type 13b) in iron formation of the middle 
member of the Baby Formation, located in the Gerido 
Zone; (5) exhalative Cu-Zn-Co-Ag-Au massive sulfides in 
graphitic mudstones (type 3a); and (6) iron deposits in the 
Sokoman Formation. 

Several metallogenic and geotectonic questions remain. 
One problem concerns the distribution of zinc-dominant 
polymetallic VMS deposits. In the northern part of the oro-
gen, such deposits are associated with iron formation of the 
middle member of the Baby Formation (Gerido Zone). In 
contrast, in the south, two deposits of this type are hosted 
in flyschoid metasediments of the Menihek Formation 
(Hurst Zone), i.e., they occupy a higher stratigraphic posi-
tion than in the north. Can we therefore expect to discover 
zinc-dominant polymetallic VMS deposits in the Thompson 
Lake Formation (Retty Zone), interpreted as equivalent to 
the Menihek? Also, what is the explanation for the apparent 
absence of major VMS deposits in cycle 1? Another question 
concerns the geotectonic and metallogenic implications of 
the apparent absence of felsic intrusions in the volcano- 

sedimentary part of the orogen. In addition, is it possible that 
the orogen contains undiscovered alkalic mafic intrusions 
in areas with U-Cu-Au-REE deposits, for example, in the 
Mistamisk-Romanet valley (Wheeler Zone)? Is the absence 
of SEDEX deposits apparent or real, and if it is real, what is 
the explanation? What is the exact age of the sedimentary 
rocks in the Paleoproterozoic outliers west of Cambrien 
Lake and what is their relation, if any, to the initial rifting 
in the Labrador Trough? What events occurred during the 
long period between the deposition of cycles 1 and 2? What 
is the geotectonic explanation for the two events resulting in 
the intrusion of carbonatite magmas? Where is the location 
of the presumed suture zone between the Superior craton 
and the internal zone of the orogen? Although it is thought 
that the suture zone corresponds, in the south, to the Lac 
Tudor Shear Zone, its trace farther north, near Ungava Bay, 
is poorly known. Finally, what is the relation between the 
rocks in the extreme northern part of the orogen (Payne 
Zone) and those in the Cape Smith Belt (Ungava Trough), 
and what are the exploration implications for magmatic 
Ni-Cu-PGE deposits? 

In this report, we have drawn attention to the fact that 
each lithotectonic zone is characterized by its contained 
mineral deposit types. This distribution is the result of many 
factors—sedimentologic, magmatic, tectonic, and metamor-
phic. This information should prove useful to geologists 
planning future exploration programs—programs that the 
New Québec Orogen fully merits. 
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INTRODUCTION 

Appendix 1 contains brief descriptions of the main types 
of mineral deposits in the New Québec Orogen. Table 1 in 
Part 2 of this report presents a classification of the deposits 
in the orogen and the adjacent Superior Province. This 
classification is used on the synthesis map (insert) and in 
Appendix 1. 

Each mineral deposit type is described according to the 
following criteria: name of deposit type, examples (the 
number following the name of the deposit corresponds to the 
deposit number as indicated in Appendix 2), representative 
or selected grades and geological resources, age, metamor-
phism, general geological context, local geology, typology 
and genetic model, metallotects and economic potential. 
The typology is based on the deposit classification scheme 
proposed by Eckstrand et al. (1995). For each type, a few 
representative deposits are described. Information presented 
in Appendix 1 was obtained mainly from geoscience reports 
published by the MRNF. Other data are from assessment 
reports (GM reports) or publications in scientific journals. 
Results from chemical analyses are generally from the 
mineral deposit files in the SIGEOM database; others are 
from published MRNF reports. 

TYPE 2B: 
ALGOMA-TYPE IRON 
FORMATION: PYRITE 
IN GRAPHITIC MUDSTONE 

Examples 

Lac Frederickson-NW (48 - main classification: 3b); 
Rivière Savalette (106); Lac Rond (121 - main classifica-
tion: 19c); Partington 1 (Lac en Crochet) (282); Soucy 1 
(295 - main classification: 3a); Prud'homme 1 (Partington 2) 
(297 - main classification: 3a); additional mineralized sites: 
Lac Vert (241K/02), Lac Kozela (23P/05). 

Representative grades 
and geological resources 

• Partington 1 (Lac en Crochet) (282): 27.2 Mt at 25.9% 
sulfur (minimum); 

• Rivière Savalette: 0.12% Cu, 0.21% Zn. 

Age 

Paleoproterozoic, —1.88 Ga (Chevé and Machado, 1988; 
Machado et al., 1989; Clark and Thorpe, 1990; Skulski 
et al., 1993; Wodicka et al., 2002). 

Metamorphism 

Lower greenschist facies (Lac Frederickson-NW, 
Partington 1, Soucy 1, Prud'homme 1); amphibolite facies 
(Rivière Savalette, Lac Rond, Lac Vert, Lac Kozela). 

General geological context 

Mineral deposits of this type occur mainly in the foreland 
of the orogen, in the Gerido and Hurst zones (Wares and 
Goutier, 1990a and unpublished report; Gebert, 1991). They 
have also been observed in the hinterland, e.g., at Vert Lake 
(east of Thévenet Lake), near Savalette River (deposit 106), 
and in the Kozela window (Fournier, 1985; Girard, 1995). 
The Gerido Zone includes the Denault (Abner) Dolomite and 
Koksoak Group rocks (Baby and Hellancourt formations). 
The Baby Formation consists of a turbidite sequence that 
contains two Algoma-type iron formations: one unit located 
within the turbidites ("middle iron formation") and another 
unit located higher in the turbidites, at the contact with the 
basalts of the overlying Hellancourt Formation. The upper 
ferriferous unit includes graphitic and sulfidic mudstones, 
chloritic mudstones, sulfidic turbidites, and beds of "mas-
sive" laminated pyrite (type 2b). The Hellancourt basalts 
locally contain silicate and sulfide facies iron formations 
(Mungall and Wares, 1997). The hinterland includes strongly 
metamorphosed equivalents of foreland units (including a 
sulfide facies iron formation), as well as metasedimentary 
rocks of unknown origin, which are imbricated and folded 
with remobilized Archean rocks (Fournier, 1985; Moorhead 
and Hynes, 1990; Girard, 1995). 

Local geology 

The pyritic Partington 1 deposit is the best example of 
an Algoma-type iron formation in the orogen. Units of 
laminated pyrite (+ pyrrhotite) also overlie the Soucy 1 and 
Prud'homme 1 polymetallic deposits (type 3a deposits). 
The Partington 1 pyrite deposit is located in the core of 
the Crochet Lake Syncline (Wares and Goutier, 1989). The 
laminated pyrite unit is almost horizontal in this area. It is 
5 m thick and overlies 90 m of graphitic mudstone. The 
top of the unit is characterized by 1 m of tectonic breccia 
composed in part of massive pyrrhotite and is located along 
a near-horizontal thrust fault. This breccia includes rounded 
fragments of mudstone and pyrite in a coarse-grained 
pyrrhotite matrix containing traces of chalcopyrite. In the 
breccia, pyrrhotite replaces pyrite. The pyrrhotite matrix 
constitutes up to 80% of the breccia. 

Above the Prud'homme 1 deposit (Wares et al., 1988; 
Wares and Goutier, unpublished report), laminated pyrite is 
interbedded with graphitic mudstone. The contact between 
these two lithologies is gradual over a distance of less than 
1 m, and the pyrite concentration in the graphitic mudstone 
increases progressively until the rock consists of lami-
nated aphanitic pyrite. This pyritic rock is composed of a 
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succession of centimetre-scale beds with fine parallel lami-
nations. These laminations, whose thickness ranges between 
0.05 and 0.1 mm, are composed of pyrite and mudstone 
in varying proportions. Centimetre-scale, synsedimentary 
folds occur locally. Beds in this unit are often separated by 
veinlets of recrystallized quartz and pyrite (the latter as idio-
morphic crystals 0.5 to 2 mm in diameter). The veinlets are 
either parallel to the bedding or follow cleavage and oblique 
fractures. As seen in thin-sections of samples relatively 
rich in mud-size particles, pyrite forms rounded grains, 10 
to 30 gm in diameter, which occur alone or in irregularly 
shaped clusters. Pyrite in the mudstone is locally replaced by 
stilpnomelane-bearing patches of allotriomorphic pyrrhotite. 
The replacement of pyrite by pyrrhotite is related to contact 
metamorphism by gabbro sills and tectonic deformation. In 
the Soucy 1 and Prud'homme 1 deposits, "massive" lami-
nated pyrite becomes massive medium-grained pyrrhotite 
within 50 cm of the contact with the gabbro sill. 

At the Frederickson-NW deposit, barren sulfide facies 
iron formation occurs laterally from zinc-bearing massive 
sulfide lenses (Gebert, 1991). 

North of Feuilles Bay (Gerido Zone), the volcanic 
Hellancourt Formation contains at least one iron formation 
horizon composed of sulfide and silicate facies (Mungall 
and Wares, 1997). Basalts located below this horizon are 
affected by a sericite-pyrrhotite alteration. The iron forma-
tion is composed of massive pyrrhotite beds—up to 2 m 
thick and with a lateral extension of several hundreds of 
metres—which grade laterally into laminated, sulfidic 
mudstones. This horizon formed during a hiatus in the mafic 
volcanism, when sedimentation and submarine hydrother-
mal activity were dominant 

Fournier (1985) observed massive pyrrhotite breccias 
hosted by graphitic slates in the immediate hinterland of 
the orogen (Lac Vert mineralized site in the northern part of 
the orogen; Rivière Savalette deposit (106) and Lac Kozela 
site in the southern part). Sulfides are concentrated at the 
contacts between slate and amphibolite and within black 
graphitic slate. Pyrrhotite and local pyrite as well as a little 
chalcopyrite and sphalerite are observed. Girard (1995) 
described an iron formation (graphitic phyllite) composed of 
sulfide and silicate facies at the Lac Rond deposit (121), in 
the Kozela window northeast of Retty Lake. The deposit is 
composed mainly of pyrrhotite, with traces of chalcopyrite, 
pentlandite, and sphalerite. Au, Pd, and Ni grades in this 
deposit may reflect a contribution from hydrothermal fluids, 
which may have remobilized metals from mineralized mafic 
rocks that probably occur in the area. These sulfidic iron 
formations are similar to the pyrrhotite breccias observed 
in the foreland. 

Typology and genetic model 

The laminated pyrite unit in the upper iron formation 
(Baby Formation) is conformable and interbedded with 
graphitic mudstone and polymetallic massive sulfides of  

type 3a. A lateral zonation expressed by the change from 
zinc sulfides to barren sulfides at the Lac Frederickson-NW 
deposit (in the Menihek Formation) provides evidence for 
a proximal—distal relationship (Gebert, 1991). The barren 
pyrite beds are interpreted as syngenetic and are closely 
associated with exhalative-type polymetallic deposits. The 
pyritic horizons, as well as the commonly associated gra-
phitic mudstones, are interpreted as products of the sedi-
mentation of pelagic material and microparticles of pyrite. 
These particles are chemical precipitates resulting from 
the saturation of ocean water in iron sulfides near hydro-
thermal hotsprings, under stagnant and anoxic conditions 
(Barrett et al., 1988). A syngenetic origin for sulfide facies 
iron formation in the Kozela window was also proposed by 
Girard (1995). He attributed the base metal concentrations to 
chemical interactions between sulfide facies iron formation 
and metal-bearing hydrothermal fluids and magmas. 

Metallotects and economic potential 

The upper iron formation of the Baby Formation and 
sulfide-rich horizons in the Menihek Formation are explora-
tion targets for this deposit type. Pyritic horizons are usually 
devoid of base and precious metals (Gebert, 1991; Wares 
and Goutier, unpublished report); low Cu and Zn grades 
(<1% Cu + Zn) are observed only near type 3a polymetal-
lic deposits. Thus this lithofacies shows little potential for 
base metals. Its presence is more useful as a metallotect for 
polymetallic deposits of types 3a and 3b. However, sulfide 
facies iron formation possesses an economic potential for 
gold in areas where it is strongly deformed and cut by quartz 
veins, particularly in the hinterland of the orogen. 

TYPE 3A: 
EXHALATIVE Cu-Zn-Co-Ag-Au-
BEARING MASSIVE SULFIDES 
IN GRAPHITIC MUDSTONE 

Examples 

Soucy 1 — zones A and D (295); Prud'homme 1 
(Partington 2) (297); Lac Murdoch-Ouest (111) (?). 

Representative grades 
and geological resources 

• Soucy 1 — zones A and D: 5.44 Mt at 1.49% Cu, 1.80% 
Zn, 1.61 g/t Au, 13.7 g/t Ag (Wares et al., 1988, from 
federal mineral deposit file 501780); 

• Prud'homme 1 (south and north): 5.31 Mt at 1.57% Cu, 
1.36% Zn, 1.37 g/t Au, 21.9 g/t Ag (Wares et al., 1988, 
from federal mineral deposit file 501781); 
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• Lac Murdoch-Ouest: 5.28% Cu, 0.09% Ni, 0.10% Zn, 
0.5 g/t Au, 26.1 g/t Ag (selected sample). 

In the polymetallic massive sulfides of the Soucy 1 and 
Prud'homme 1 deposits, cobalt grades generally range between 
0.04 and 0.1%, but reach 0.8% at Prud'homme 1 (Wares and 
Goutier, unpublished report). 

Age 

Paleoproterozoic, —1.88 Ga (Chevé and Machado, 1988; 
Machado et al., 1989; Clark and Thorpe, 1990; Skulski 
et al., 1993; Wodicka et al., 2002). 

Metamorphism 

Lower to middle greenschist facies. 

General geological context 

Mineral deposits of this type are located mainly in the 
northern part of the foreland of the orogen, in the Gerido 
Zone (Wares and Goutier, 1990a and unpublished report). A 
deposit that may belong to this type (Lac Murdoch-Ouest) is 
located in the southern area, in the Hurst Zone. The Gerido 
Zone is underlain by the Denault (Abner) Dolomite and 
Koksoak Group rocks (Baby and Hellancourt formations). 
The Baby Formation consists of a turbidite sequence that 
contains two Algoma-type iron formations: one unit located 
within the turbidites ("middle iron formation") and another 
located higher in the turbidites, at the contact with the basalts 
of the overlying Hellancourt Formation ("upper iron forma-
tion"). The deposits are located in the upper iron formation. 
This iron-rich unit includes graphitic and sulfidic mudstones, 
chloritic mudstones, sulfidic turbidites, and beds of "mas-
sive" laminated pyrite. Wares et al. (1988) and Barrett et al. 
(1988) placed the deposits in the middle iron formation, but 
work that followed (Wares and Goutier, unpublished report) 
led to a better resolution of the regional stratigraphy, such 
that these deposits are now localized in the upper part of the 
Baby Formation. The Hurst Zone, in the southern part of 
the Trough, is composed of Attikamagen Group dolomites 
at the base (Denault Formation) overlain by chemical and 
detrital sedimentary rocks of the Ferriman Group; in this 
report, the Menihek Formation is included in the Ferriman 
Group. The upper part of the Menihek includes horizons of 
mafic pyroclastic rock and lava (Baragar, 1967). The mineral 
deposits in the Hurst Zone occur in mudstones located in 
the upper part of the Menihek. 

Local geology 

The Soucy 1 deposit is located at the contact between 
turbidites and the upper iron formation, whereas the 
Prud'homme 1 deposit is hosted in the upper iron formation. 
More specifically, the polymetallic massive sulfide lenses  

occur in graphitic and sulfidic mudstones, which are inter-
bedded with sulfidic turbidites, particularly laterally from 
the deposits. The lenses are overlain by one or several "mas-
sive" laminated pyrite units (figure 25). Laminated pyrite 
is also observed within the lenses of polymetallic sulfides. 
The sedimentary rocks underlying the massive sulfides 
are strongly altered (mainly to the assembage chlorite + 
ankerite + biotite), in zones that may represent alteration 
pipes. Alteration is strongest at the contact between the mas-
sive sulfides and the sediments. A vein-type alteration pipe 
is evident under the Soucy 1 deposit (Barrett et al., 1988). 
Both deposits are cut by gabbro sills and are truncated later-
ally (on the north and south sides) by these sills. 

The Soucy 1 deposit includes two conformable zones 
trending N—S and dipping steeply towards the east. The 
A zone is approximately 400 m long and 100 m deep, and 
has a maximum thickness of 40 m (Wares et al., 1988). 
The D zone, located 160 m to the west of zone A, includes 
small discontinuous lenses of massive sulfides and massive 
magnetite. Zone D has a maximum thickness of 10 m and 
a minimum length of 130 m. These two zones are probably 
part of the same massive sulfide lens, which was folded 
during the main deformation (Wares and Goutier, unpub-
lished report). 

The Prud'homme 1 deposit includes two zones, south and 
north. The south zone trends N—S and dips east at 50°. It 
is about 340 m long, 210 m deep, and a maximum of 40 m 
thick. A thrust fault borders it on the west side. The north 
zone, located 1 km to the north along the same stratigraphic 
horizon, consists of a second lens with similar trend and dip. 
It is about 150 m long, 230 m deep, and up to 35 m thick. 

The massive sulfide lenses are deformed and partly 
recrystallized (due to regional metamorphism and contact 
metamorphism by the sills), but several primary textures 
are preserved. The sulfides occur in a silicate—carbonate 
matrix, which constitutes, on average, between 5 and 20% 
of the sulfide lens. The matrix is composed mainly of iron 
carbonate, granoblastic quartz, and minor stilpnomelane, 
minnesotaite, grunerite, and muscovite. Opaque minerals 
include framboidal pyrite grains reaching 3 cm in diameter. 
They have a nodular shape and a radial internal structure 
(Wares et al., 1988; Barrett et al., 1988). The carbonate 
matrix also includes rounded microparticles of pyrite less 
than 20 µm in diameter. This pyrite is similar to that occur-
ring in the laminated pyrite unit (type 2b —Algoma-type iron 
formation). The pyrite grains are in places concentrated at 
the margins of the framboidal pyrites. Idiomorphic pyrite 
and magnetite also occur (crystals <1 mm). Pyrrhotite, chalco-
pyrite, sphalerite, and traces of galena and arsenopyrite occur 
as granoblastic, anhedral grains replacing framboidal pyrite 
and magnetite and, less commonly, idiomorphic pyrite. 

Laminated pyrite overlies the polymetallic massive 
sulfide lenses, forming a unit at least 20 m thick. In the 
case of the Soucy 1 deposit, the laminated pyrite extends 
laterally towards the south over a distance of at least 450 m. 
Laminated pyrite also forms beds less than 1 m thick within 
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the massive sulfide zone. The contact between the laminated 
pyrite unit and the massive sulfides is typically sharp. The 
laminated pyrite unit contains between 50 and 100% sul-
fides, mainly aphanitic pyrite and pyrrhotite. Near the mas-
sive sulfides, it contains a little disseminated chalcopyrite 
and sphalerite (<5%). Laminated pyrite corresponds to type 
2b deposits (Algoma-type iron formation; see the previous 
section in Appendix 1). 

The deposits in the Gerido Zone are essentially copper-
zinc deposits, whose compositions correspond to those of 
massive sulfides in volcano-sedimentary terrains; in these 
deposits, Cu/Zn ratios are highly variable (figure 3 lb). The 
laminated pyrite unit, generally barren, contains up to 1% 
Cu + Zn close to massive sulfide lenses. Gold grades in 
polymetallic sulfide samples are usually less than 1 g/t. Gold 
grades locally reach 3 to 7 g/t over core lengths of about 
1.5 m in drill hole intersections. The highest gold grades are 
associated with anomalous arsenopyrite concentrations in 
the massive sulfides. Arsenopyrite is intergrown with pyr-
rhotite, which suggests that it is syngenetic, as is the case for 
gold. Cobalt concentrations in polymetallic massive sulfides 
are generally between 400 and 1000 ppm, but concentrations 
reaching 8300 ppm over 1.5 m have been reported from drill 
core from Prud'homme 1. The alteration pipe in the Soucy 1 
deposit shows evidence of significant losses in Si, Al, K, Na, 
and Ba. Significant gains have been reported for Fe, Mn, Ca, 
and base metals (Barrett et al., 1988; Wares and Goutier, 
unpublished report). These deposits are anomalous in Ni 
and Co and contain sulfides with fairly low sulfur isotope 
ratios (OS), suggesting the influence of gabbro sills pres-
ent in the host sequence on the composition of mineralizing 
hydrothermal fluids (Wares and Clark, 1994). 

The Lac Murdoch-Ouest deposit, in the Hurst Zone, is 
located in a thin mudstone horizon separating two gab-
bro sills. It is composed of a small massive sulfide body 
(pyrrhotite and chalcopyrite). The Cu/Zn ratio is high, and 
sulfides (in selected samples) have returned up to 1.2 g/t Au 
and up to 26.1 g/t Ag. 

Typology and genetic model 

These polymetallic deposits are exhalative (volcano-
genic) sulfide bodies similar to those occurring in volcano-
sedimentary terrains. The conformable nature of the deposits, 
the primary textures in sulfides, and the underlying hydro-
thermal alteration zones are evidence for a syngenetic origin. 
The alteration pipe in the Soucy 1 deposit is characterized by 
iron enrichment and alkali leaching. This chemistry is typi-
cal of the chloritic parts of alteration pipes associated with 
Archean volcanogenic massive sulfides. The composition of 
the mineralizing hydrothermal fluids was influenced by the 
presence of mafic sills in the host sequence. These deposits 
are similar to Japanese, sediment-hosted, Besshi-type Cu-
Zn-Co deposits (Kanehira and Tatsumi, 1970; Slack, 1993), 
as well as to Cu-Zn deposits in the Norwegian Caledonides  

(Frietsch et al., 1979) and in the Damara Orogen, Namibia 
(Klemd et al., 1987, 1989). Some Norwegian deposits 
(Kvikne district) are also associated with iron formations 
(Nilsen, 1978). 

The laminated pyrite unit (type 2b) in the upper iron 
formation of the Baby Formation is interbedded with gra-
phitic mudstone and polymetallic massive sulfides. This 
unit, which is closely associated with polymetallic massive 
sulfide lenses and graphitic mudstone, are probably sedi-
mentary accumulations of pelagic matter and pyrite micro-
particles. These microparticles are chemical precipitates 
resulting from the saturation of ocean water in iron sulfides 
near hydrothermal hot springs (Barrett et al., 1988). 

Metallotects and economic potential 

The upper iron formation of the Baby Formation and 
horizons of sulfide facies iron formation in the Menihek 
Formation are exploration targets for this deposit type. 
The mineralized lenses respond well to ground magnetic 
surveys; however, electromagnetic survey data are more 
difficult to interpret due to the excellent conductivity of 
graphitic mudstone. 

Besshi-type deposits are relatively difficult targets due 
to their rather low base metal grades (generally —3% Cu + 
Zn or less), Co grades (<0.1%), and precious metal grades 
(generally <1  g/t Au and <20 g/t Ag), according to statistics 
compiled by Slack (1993). However, Cu grades can locally 
be higher (up to 5%; e.g., Goldstream), and tonnages can 
be very large (>100 Mt; e.g., Windy Craggy, Ducktown). 
Underground exploitations are also known (e.g., the Otjihase 
deposit, Namibia; Miller, 1983). Tonnages of the Soucy 1 
and Prud'homme 1 deposits are within the upper 35% 
of tonnages in deposits of this type (Slack, 1993). Their 
Cu grades correspond to the average grade for this type, 
but their Zn grades are relatively high, falling within the 
upper 10% of grades for these deposits. The Soucy 1 and 
Prud'homme 1 deposits are also relatively rich in Ag and 
Au. These facts tend to raise the potential of the orogen for 
this type of deposit. 

TYPE 3B: 
EXHALATIVE Zn-Pb-Cu-Ag-Au-
BEARING MASSIVE SULFIDES 
IN GRAPHITIC MUDSTONE 

Examples 

Lac Jimmick (41), Lac Frederickson-NW (48), Lac 
Youngren (112), Gauthier-McNeely (113), Kan Property 
(240), Koke (Boylen) (245), Lac Ducreux (252), Ruisseau 
Robelin (263). 
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Representative grades 
and geological resources 

• Lac Jimmick• 109,000 t at 5.20% Zn, 0.26% Cu, 
0.61% Pb; 

• Lac Frederickson-NW: 279,000 t at 4.38% Zn, 0.77% 
Cu, 42.2 g/t Ag, 0.69 g/t Au; best drill hole results: 
14.07% Zn, 2.25% Cu, 1.76% Pb, 345 g/t Ag over 1.3 m 
(drill core); 

• Lac Youngren: 4.28% Zn, 0.88% Cu (selected sample); 

• Gauthier-McNeely: 6.72% Zn, 0.65% Cu, plus Ag and 
Au values over 1.9 m (drill core); 

• Kan Property: average from 7 selected samples: 12.8% 
Zn, 7.3% Pb, 266 g/t Ag, 1.08 g/t Au (Wares and 
Goutier, unpublished report); drill hole results: 5.20% 
Zn, 2.60% Pb, 96 g/t Ag, 0.07% Cu over 1.2 m (drill 
core); 

• Koke: 1.06 Mt at 6.86% Zn, 1.03% Pb, 0.70% Cu, 
54.5 g/t Ag, 1.03 g/t Au. 

Age 

Paleoproterozoic, -1.88 Ga (Chevé and Machado, 1988; 
Machado et al., 1989; Clark and Thorpe, 1990; Skulski 
et al., 1993; Wodicka et al., 2002). 

Metamorphism 

Lower greenschist facies. 

General geological context 

Mineral deposits of this type occur in the Gerido, Mélèzes, 
and Hurst zones (Fournier, 1982; Wares et al., 1988; 
Wares and Goutier, 1990a and unpublished report; Gebert, 
1991). The Gerido Zone is underlain by the Denault 
(Abner) Dolomite and Koksoak Group rocks (Baby and 
Hellancourt formations). The Mélèzes Zone includes the 
Denault (Abner) Dolomite and Koksoak Group rocks (Baby 
Formation). The Hurst Zone includes the Denault Dolomite 
and Ferriman Group rocks (Wishart, Ruth, Sokoman, and 
Menihek formations). The Baby Formation is composed of 
a turbidite sequence that contains two Algoma-type iron 
formations: one unit (the "middle iron formation") is located 
in turbidites, and the second (the "upper iron formation") is 
located higher in the turbidites, at the contact with basalts 
of the overlying Hellancourt Formation. In the northern part 
of the orogen (Mélèzes and Gerido zones), the deposits are 
located in sulfide facies rocks (graphitic mudstones) of the 
middle iron formation. In the southern part of the orogen  

(Hurst Zone), the deposits are hosted in graphitic mudstones 
of the turbidite-dominated Menihek Formation. In the Hurst 
Zone, volcanic activity was locally contemporaneous with 
these sediments. Thus, a mafic pyroclastic horizon is inter-
calated with the mudstones stratigraphically below the Lac 
Youngren and Gauthier-McNeely deposits (Baragar, 1967). 
In addition, basalt flows occur at the top of the Menihek in 
this area. 

Local geology 

Koke (Boylen) and Kan 

The Koke (Boylen) deposit is the best example of this 
mineral deposit type. This polymetallic massive sulfide 
deposit is stratiform but strongly deformed. It is located 
in the hinge zone of an isoclinal syncline, which is prob-
ably a sheath fold (figure 28; Wares et al., 1988; Wares 
and Goutier, unpublished report). This fold is refolded by 
coaxial, open to tight folds. At surface, the sulfide body is 
oriented at 120° and has a strike length of 120 m. At depth, 
the deposit is oriented parallel to the synclinal axial plane, 
which dips NNE at 45°. The deposit has a minimum down-
dip length of 275 m and an average thickness of 10 m. 
The present shape of the body is that of an undulating, 
east-plunging tongue. A minor thrust fault is located in the 
footwall of the deposit. The trace of the Robelin Fault, a 
regionally important thrust fault, is located approximately 
1 km southwest of the deposit. 

The Koke sulfide body is hosted in a graphitic, cherty 
mudstone unit, which corresponds to the sulfide facies of 
the middle Baby iron formation (figure 30; Fournier, 1982; 
Wares et al., 1988; Wares and Goutier, unpublished report). 
The sulfide facies forms discontinuous beds within carbon-
ate facies iron formation. Silicate facies iron formation is 
located southwest of a minor thrust fault in the deposit's 
footwall. A distinctive stratigraphy around the deposit pro-
vides evidence for local volcanic and hydrothermal activ-
ity. Carbonate facies iron formation below the deposit is 
interbedded with metabasalt and sericite schist Immediately 
below the sulfide lens, a sulfidic chert unit grades into gra-
phitic, cherty schist (sulfide facies) at the contact with the 
sulfide body (figure 30). The sulfidic chert is superficially 
similar to the carbonate facies of the iron formation, but is 
more finely laminated and contains appreciable amounts 
of pyrite. Just north of the deposit, the chert is interbedded 
with metabasalt (chlorite schist) and carbonate facies iron 
formation. Near the deposit, banding in the chert is charac-
terized by alternating layers of chert and sulfides—mainly 
pyrite and sphalerite (see figure 29). This chert unit also 
contains small massive sulfide bodies measuring about 2 m 
long and less than 50 cm thick. 

Kan deposit massive sulfides are located in a stratigraphic 
context similar to that of the Koke deposit (Wares and 
Goutier, unpublished report). The Kan body is a polymetallic 
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massive sulfide lens about 1.2 m thick and 40 m long hosted 
in a 3 m thick horizon of graphitic phyllite. Sericite and 
carbonate schists (metabasalts) and carbonate facies iron 
formation are associated with the body (Dessureault and 
Trépanier, 1999). The sulfide body appears to be elongated 
parallel to the stretching lineation, which suggests sig-
nificant structural control over the shape of the mineralized 
zone, as was the case for the Koke deposit (Trépanier and 
Dessureault, 2000). 

The Koke and Kan massive sulfides are texturally homo-
geneous. The sulfides (70-98%) are fine grained and form 
a granoblastic assemblage with chert and very fine-grained 
iron carbonate. Pyrite is idiomorphic and occurs in an allot-
riomorphic assemblage of sphalerite, galena, pyrrhotite, 
and minor amounts of chalcopyrite and arsenopyrite. The 
sulfides replace pyrite. Textures are typical of recrystallized 
sulfides in metamorphic environments. The deposits are 
enriched mainly in Zn and plot in the field of exhalative 
deposits in volcano-sedimentary terrains (see figure 3la). 
Zn-Cu sulfides occur mainly in the massive sulfide bodies, 
but sulfidic chert and graphitic, sulfidic mudstone underlying 
the Koke deposit contain locally significant concentrations 
of base and precious metals. 

Frederickson-NW, Jimmick, Lac Youngren 
and Gauthier-McNeely 

The Frederickson-NW, Jimmick, Lac Youngren, and 
Gauthier-McNeely deposits are located in the Hurst Zone, 
in the southern part of the orogen. The Frederickson-NW 
deposit includes two conformable lenses of polymetallic 
massive sulfides. These lenses are 2 m thick, extend over a 
strike length of 200 m, and are hosted by black, graphitic, 
and pyritic mudstone belonging to the turbidite-dominated 
Menihek Formation. The mudstone horizon is part of a 
sedimentary lens separating two gabbro sills that come into 
contact with each other 2 km south of the deposit (Gebert, 
1991). The massive sulfide lenses are located immediately 
below the upper, aphyric gabbro sill; note that the lower gab-
bro sill is of glomeroporphyritic type. The sulfides are lami-
nated and composed of bands rich in sphalerite and galena 
alternating with bands rich in pyrrhotite, chalcopyrite, and 
porphyroblastic pyrite (Fournier, 1982; Gebert, 1991). 
Traces of arsenopyrite are also present. The black mudstone 
hosting the massive sulfide lenses becomes siliceous close 
to the lenses. Distally from the polymetallic massive sulfide 
lenses, the mudstone contains sulfides barren in base metals 
(sulfide facies iron formation, type 2b). A locally brecci-
ated zone containing disseminated sulfides and pyritic 
quartz—carbonate veins is located below the massive sulfide 
lenses. The pyrrhotite-rich massive sulfides in the deposit 
have a 634S  isotopic value of +9.2%o (Gebert, 1991). 

The Lac Jimmick deposit is composed of disseminated 
sulfides (sphalerite, chalcopyrite, galena) in black mud-
stones of the Menihek Formation (Frarey, 1961; Gebert, 
1991). The deposit is located near the hinge of a regional  

synform. The Lac Youngren and Gauthier-McNeely deposits 
are located in sulfidic mudstones belonging to the upper part 
of the Menihek Formation (Baragar, 1967). 

We have classified the Frederickson-NW, Lac Jimmick, 
Lac Youngren, and Gauthier-McNeely deposits in the same 
group as the Koke and Kan deposits due to their zinc-rich 
compositions. However, their stratigraphic context is more 
similar to that of the Cu-Zn-Co-Ag-Au deposits in graphitic 
mudstones in the northern part of the orogen (type 3a). 

Typology and genetic model 

Type 3b polymetallic deposits are interpreted as exhala-
tive (volcanogenic) sulfides similar to those occurring in 
volcano-sedimentary terrains (Franklin, 1993, 1995). Depos-
its in the Trough are chemically similar to the Phanerozoic 
Zn-Pb-Cu deposits in the Bathurst-Newcastle camp, New 
Brunswick (Luff, 1977; Lydon, 1988; McCutcheon, 1992; 
Goodfellow, 2002; Peter, 2003 and references therein). 
Moreover, the Koke, Kan, and Frederickson-NW deposits 
are hosted in iron formation, as are the Bathurst-Newcastle 
deposits. The conformable nature of the deposits, their 
association with graphitic, sulfidic horizons and, in the 
northern part of the orogen, their association with sulfidic 
chert provide evidence for a syngenetic origin. The sulfidic 
chert horizon underlying the Koke deposit is interpreted 
as an exhalite, i.e., a chemical sediment resulting from 
submarine hydrothermal exhalations. This definition could 
also apply to the carbonate facies of the middle Baby iron 
formation, since the two units are similar. These observa-
tions are evidence for a genetic link between Algoma-type 
iron formations and oceanic hydrothermal activity (Gross, 
1991). This hydrothermalism was probably associated with 
volcanic activity, because mafic volcanic horizons occur 
above and below the deposits in the orogen. 

Metallotects and economic potential 

Type 3b polymetallic deposits are hosted in graphitic, 
pyritic mudstones in the Baby and Menihek formations. 
Electromagnetic surveys are not useful in this environment 
because of the excellent conductivity of the mudstones. Mas-
sive sulfide bodies, however, react well to gravity surveys 
(residual anomalies of 0.2-0.5 mgals at the Koke deposit). 
These deposits offer an interesting exploration potential, 
because metals occur at economic grades and the deposits 
are located in poorly explored iron formations that extend 
over many kilometres. The iron formation hosting the Koke 
and Kan deposits has a strike length of more than 50 km in 
a NNW—SSE direction. The sulfide facies iron formation 
hosting the Kan deposit is located in the core of a refolded 
syncline approximately 1.5 km long. 

An area located 10-15 km NNW of the Koke deposit, 
in the Mélèzes Zone, shows exploration promise. Deposit 
263, located west of Ducreux Lake in sulfide facies iron 
formation, corresponds to a strong, unexplained, residual 
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aeromagnetic anomaly (Sauvé and Bergeron, 1965). In 
the 1960s, a hole was drilled to determine the nature and 
position of an electromagnetic conductor more than 500 m 
long (Baldwin, 1962). The drill hole intersected graphitic 
schists and 20 m of "quartzite" containing 15% sulfides. We 
believe that the "quartzite" is in fact sulfidic chert, suggest-
ing that the hole was drilled near a massive sulfide body. 
Another deposit (252), 5 km to the southeast and located 
in a zone of strong Zn geochemical anomalies (Rosatelli, 
1995), occurs in pyrite- and pyrrhotite-bearing graphitic 
mudrock associated with silicate and carbonate facies iron 
formation. A selected sample returned 1.1% Zn, and a drill 
hole gave 0.5% Zn and 5 g/t Ag over 6 m (Kennecott Canada 
Exploration Inc., 1997). 

TYPE 4: 
SEDIMENTARY URANIUM 

• Type 4b: Sandstone-hosted stratiform U; 

• Type 4c: Mudstone- and siltstone-hosted stratiform U; 

• Type 4d: Carbonate-hosted stratiform U. 

Examples 

• Type 4b: Lac Fenster (164), Lac Pons-Nord (166), 
Train No. 1 (187), August (233), Trimac (239), Chioak 
(316); 

• Type 4c: Lac Fenster-SE (165), Lac Gayot (Fearless 
One) (392), Lac Bert (393); other significant zones in 
the Dieter Lake area have been discovered, but are not 
listed as "showings" in the SIGEOM database, e.g., the 
Vivian Lake, Nancy I, and Nancy II zones; 

• Type 4d: Adelaide Ungava (223). 

Representative grades 
and geological resources 

• Chioak: 0.10% U3O8  over 4.8 m (drill core); 

• Resource estimate for Dieter Lake deposits (Holmstead 
et al., 1981): 19.7 Mt at 0.049% U3O8, equivalent to 
9700 tonnes U3O8  (cutoff at 200 ppm U3O8  and 2 m 
thickness), or 7.9 Mt at 0.074% U3O8  (cutoff at 500 ppm 
U3O8  and 2 m thickness); 

• Adelaide Ungava: 0.22% U3O8  over 2 m (drill core). 

Age 

Paleoproterozoic. 

Metamorphism 

Unmetamorphosed or weakly metamorphosed. 

General geological context 

The Lac Fenster, Lac Fenster-SE, Lac Pons, Lac Gayot, 
and Lac Bert deposits occur within autochthonous outliers 
of Paleoproterozoic sedimentary rocks located west of the 
Labrador Trough, in the Superior Province. The sedimentary 
rocks are commonly preserved in half-grabens marking the 
Cambrien Lake rift zone, oriented approximately perpen-
dicular to the orogen (Clark, 1984). The sedimentary rocks 
have been correlated with the Sakami Formation (initially 
observed in the James Bay area) and are considered as 
contemporaneous with the sandstones and conglomerates 
of the Chakonipau Formation (Eade, 1966; Séguin et al., 
1981; Gehrisch et al., 1982; Clark, 1984). According to 
Hoffman (1988), the Cambrien Lake rift zone contains 
the remnants of an aulacogen formed during an aborted 
episode of rifting contemporaneous with initial rifting in 
the Labrador Trough. 

Other deposits, such as Train No. 1, August, and Chioak, 
are located in detrital sediments of the Lace Lake Forma-
tion (Howse Zone) or Chioak Formation (Bérard Zone). 
The Adelaide Ungava deposit is hosted in a stromatolitic 
dolomite horizon in the Chioak Formation. The Chioak For-
mation is a molasse-type sedimentary unit and constitutes 
the third depositional cycle in the Trough. The Lace Lake 
Formation was deposited shortly after the beginning of a 
marine transgression during the first volcano-sedimentary 
cycle. 

Local geology 

The Lac Fenster and Lac Fenster-SE uranium deposits 
are located in the Paleoproterozoic Gerzine Lake outlier. 
This outlier, which unconformably overlies the Archean 
granitic basement, is composed of two distinct sequences 
correlated with the Sakami Formation (Clark, 1984). The 
lower sequence consists of grey subarkoses, containing 
quartz, feldspar, and granite pebbles, and beige to light 
grey subarkoses with planar oblique cross-stratification. 
Beds of brick-red siltstone and mudrock and of greenish 
sandstone and siltstone are intercalated with these rocks. 
The upper sequence consists of thick beds (1-8 m) of 
salmon- to beige-colored subarkosic sandstone and arkosic 
wacke, with interbeds of beige to grey subarkosic sandstone 
and brick-red mudrock and siltstone. Sandstone beds in the 
upper sequence display planar oblique cross-stratification 
and bedding-parallel laminations, whereas mudrocks locally 
show desiccation cracks. The Lac Fenster deposit is located 
at the northern contact between the outlier and the base-
ment, whereas the Lac Fenster-SE deposit is located at the 
margin of a basement paleorelief that outcrops in the center 
of the outlier. Uranium minerals (up to 0.24% U in analyzed 
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samples) are disseminated in greenish arkoses and siltstones 
in the lower sequence, near the basement contact. At the Lac 
Fenster deposit, mineralized rocks are strongly chloritized 
and sheared. Mineralized rocks in the Gerzine Lake outlier 
are similar to those in the intensely explored Gayot Lake 
outlier, located farther west. 

A conformable uranium deposit, between 0.2 and 3 m 
thick, was discovered in the Gayot Lake outlier at Dieter 
Lake (Lac Gayot and Lac Bert showings). The deposit is 
hosted mainly in olive green to brown silty mudstones in 
the lower sequence (approximately 370 m thick in this area) 
of the Sakami Formation (figure 11; Holmstead et al., 1981; 
Gehrisch et al., 1982). A Pb-Pb age of 1.85 Ga was reported 
for pitchblende in shales of the lower Sakami (Holmstead 
et al., 1981; Gehrisch et al., 1982). This age is considerably 
younger than the age attibuted to the host sediments; the 
meaning of this age is uncertain. Several mineralized zones 
have been outlined (Vivian Lake, Nancy I, Nancy II, Bert 
Lake), with average dimensions of 400 m by 1.5-2 km 
(Holmstead et al., 1981). The main mineralized horizon 
is located between green or red mudstones (9-80 m) and 
red or green sandy mudstones (80 m). The green or red 
mudstones contain thin interbeds of carbonate, siltstone, 
and sandy mudstone. The red or green sandy mudstones 
contain interbeds of conglomerate and microconglomerate. 
Evaporites, represented by albite-rich beds, occur locally 
near the mineralized horizon (Gehrisch et al., 1982). The 
olive green to brown silty mudstones in the mineralized 
horizon contain between a few hundred and 5000 ppm U3O8. 
Mineralized rock contains pitchblende, including very fine-
grained pitchblende (sooty pitchblende), along with less 
than 1% sulfides (chalcopyrite, bornite, pyrite, chalcocite, 
molybdenite). Mineralized rock also contains less than 1% 
organic matter (Gehrisch et al., 1982). Locally, the mineral-
ized rock was enriched by secondary processes (shrinkage 
cracks filled with calcite and pitchblende; Holmstead et al., 
1981). Molybdenum-bearing rock, returning 0.8% Mo over 
1 m and 0.05% Mo over 11 m in drill core, occurs in NE—
SW-trending hematitized fractures affecting the Archean 
granitic basement near the Vivian Lake zone (Holmstead 
et al., 1981). 

The Lac Pons-Nord uranium-thorium deposit is located 
at the margin of the Pons Lake outlier. Radioactive miner-
als (up to 0.38% U in rock samples) occur in hematitized 
fractures in Archean granite, near conglomerate at the base 
of the Paleoproterozoic sequence. In addition, beds of dark 
green wacke and argillaceous wacke are cut by veins weakly 
mineralized in uranium. However, drill hole data indicate 
that the lower Sakami sequence is scarce in the Pons Lake 
outlier (Holmstead, 1983). 

The Chioak deposit (316) is located in the Chioak For-
mation, a molasse-type sedimentary unit constituting the 
third depositional cycle in the orogen (Boyd, 1978). The 
Chioak in this area has been subdivided into seven members 
(see figure 43). The lower two members are composed of 
dark grey to black arkose, conglomeratic arkose, and con- 

glomerate, which locally contain disseminated framboidal 
pyrite. The overlying Jerry Lake member contains most of 
the significantly mineralized rock. The member consists 
of arkose, conglomeratic arkose, and arkosic conglomer-
ate of various colors, i.e., greenish grey, grey, light green, 
brown, and pink. Disseminated uranium minerals occur in 
light green or brown sediments. Bed thickness in the Jerry 
Lake member varies rapidly, and several beds have been 
interpreted as debris flows. This member is interpreted 
as having formed in an alluvial fan. Since the Jerry Lake 
overlies dark grey to black strata, Boyd (1978) believed 
that it represents a transition from reducing to oxidizing 
conditions. The upper members are composed mainly of 
sandstone and polymictic conglomerate, with local greenish 
volcanic horizons and red carbonate beds that may be linked 
to the volcanism. The sequence is cut by several normal 
faults, and near these faults, the color of the sediments is 
variable. Drilling has revealed up to 0.10% U3O8  over 4.8 m. 
In the same area (Boyd, 1978), anomalous U concentrations 
are also found in arkoses near the unconformity with the 
Superior Province. Massive pitchblende veins have been 
discovered in a dolomite horizon (the "Lower Dolomite," 
which may represent the top of the first cycle) near the 
base of the Paleoproterozoic sequence. Anomalous U and 
Th concentrations are also found in Archean gneiss west of 
the Chioak deposit. 

The Adelaide Ungava uranium deposit is located in the 
Chioak Formation, which, in the deposit area, is composed 
of reddish brown massive sandstone (with metre-thick 
interbeds of stromatolitic or pelletoidal dolomite), pinkish 
grey conglomerate, and grey quartz sandstone (Clark, 1979). 
The uranium minerals are hosted mainly in a reddish brown 
stromatolitic dolomite horizon, which can be followed for 
about 3 km. 

Typology and genetic model 

Sedimentary stratiform uranium deposits have been clas-
sified in this report as sandstone-hosted (type 4b), mudstone-
and siltstone-hosted (type 4c), or carbonate-hosted (type 4d) 
deposits. Type 4a deposits (unconformity-associated uranium 
deposits) have not been observed in the area. 

According to the model proposed by Gehrisch et al. 
(1982) for deposits around Dieter Lake (Lac Gayot, Lac 
Bert, and other deposits; type 4c), the mineralizing event 
was syngenetic to early diagenetic. Oxidizing surface waters 
are thought to have dissolved uranium in Archean granitic 
rocks of the Superior Province and to have carried it as 
soluble U6+  into low-energy lakes. The uranium was fixed 
as U4+  in bacteria-rich lake-bottom muds. The bacteria are 
thought to be responsible for the reduced nature and, by 
extension, the greenish color of the mineralized horizons.1  

1. Some small modern lakes located near the Dieter Lake mineralized zone contain 
lake-bottom muds anomalous in uranium, which suggests that similar processes 
are still occurring today (Gehrisch et al., 1982). 
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Uranium may also have been adsorbed on clay minerals. 
Uranium was concentrated in lake-bottom depressions, 
where sediments accumulated in relatively thick beds. The 
orientation of the depressions was controlled by NE—SW-
trending, syn- to postsedimentary faults (figure 11). Accord-
ing to Gehrisch et al. (1982), the rate of evaporation in 
the lakes was approximately equal to the filling rate, such 
that the uranium concentration in the water was kept suf-
ficiently high. Albite-rich beds near the mineralized horizon 
suggest periodic evaporitic conditions.)  Mineralized rocks 
were locally enriched by the precipitation of pitchblende 
and calcite in shrinkage cracks. Type 4c is analogous to the 
type named "carbonaceous pelite—hosted uranium deposits" 
by Tilsley (1987). 

In the Train No. 1 (187) deposit, uranium minerals dis-
seminated in pyritic quartzite (type 4b) of the Lace Lake 
Formation were interpreted as syngenetic by Tremblay and 
Meusy (1982). This occurrence may be similar to the Shaba 
deposits in Zaire, according to these authors. 

In the case of deposits in the Chioak Formation, e.g., the 
Chioak deposit (type 4b), diagenetic mineralizing fluids 
carrying soluble uranium (U6+) probably moved up along 
normal faults, several of which are known in the Chioak 
deposit area (see figure 43). The fluids seeped along perme-
able sandy horizons. Uranium precipitated as insoluble U4+  

in chemically favorable strata, like those in the Jerry Lake 
member. In the Cliff Lake zone (part of the Chioak deposit), 
fluid circulation may have been controlled by the presence 
of a barrier of kaolinized and carbonatized sediments above 
the mineralized horizon (Boyd, 1978). Uranium minerals in 
the Chioak Formation appear to have precipitated in zones 
where the diagenetic redox conditions were variable, giv-
ing rise to color changes (greenish, variably colored) in the 
matrix of the sediments. However, in the case of the Chioak 
deposit, it is unclear why some reduced sandstone beds in 
the lower part of the formation (dark grey or black beds con-
taining framboidal pyrite) are not mineralized. Boyd (1978) 
also proposed that sedimentary strata of the Ferriman Group 
situated below the Sokoman iron formation (i.e., sandstones 
and siltstones of the Wishart and Ruth formations) contained 
preconcentrations of uranium that were remobilized by dia-
genetic fluids circulating in permeable strata. Presumably, 
the ultimate source of uranium was the Archean granitic 
basement. In the case of the Adelaide Ungava deposit, ura-
nium precipitation in stromatolitic horizons was probably 
induced by their initially reduced character resulting from 
the presence of organic matter. 

According to the general model proposed by Bell (1995), 
sandstone-hosted uranium deposits (corresponding to our 
type 4b) are formed in continental environments, shortly 
after deposition and during diagenesis of the host sand-
stones. Uranium is probably dissolved from a granitic 

1. Carbonate beds formed under evaporitic conditions in a continental environment 
(calcrete) can have potential for syngenetic uranium accumulations (e.g., the Yee-
lirrie deposit, Western Australia, and other deposits elsewhere; Briot, 1982). 

source (basement), weakly enriched in uranium, by oxidiz-
ing meteoric waters. Under semiarid (wet—dry) climatic 
conditions, uranium is carried as soluble U6+  by surface 
waters or by underground waters circulating in permeable 
strata. Uranium precipitation as insoluble U4+  occurs under 
reducing conditions probably resulting from the presence 
of organic matter or sulfides. In this model, the host rocks 
are generally permeable sandstones, but mudstone beds 
rich in organic matter situated adjacent to porous sandstone 
horizons can also be mineralized. Note that type 4b deposits 
in the area covered by this report are much older than most 
sandstone-hosted uranium deposits, which are generally of 
Phanerozoic age (younger than Silurian). 

Metallotects and economic potential 

Type 4c deposits occur mainly in greenish argillaceous 
sediments and, to a lesser degree, in greenish wackes in the 
lower part of the Sakami Formation in Paleoproterozoic 
outliers west of the Labrador Trough (Gehrisch et al., 1982; 
Holmstead et al., 1981). Type 4b deposits occur in sandy 
sedimentary rocks, both in the Labrador Trough and in the 
Paleoproterozoic outliers. The half-graben context of the 
outliers probably favored the preservation of these depos-
its. Type 4d deposits are located in stromatolitic dolomite 
horizons. 

The presence of organic matter in the greenish sediments 
was important for uranium fixation, which probably hap-
pened at the redox inversion boundary. The mineralized 
zones were probably formed in shallow water. The most 
promising type 4c deposits are located in relatively thick 
units of argillaceous sedimentary rock; these units are 
thought to have formed in lake-bottom depressions. The 
mineralized bodies are elongated parallel to NE—SW faults, 
which were probably active during deposition and may 
have been reactivated later. Local, structurally controlled 
remobilization may have increased the uranium grade. 
The presence of evaporites in the sequence is favorable, as 
well as the proximity of a basement composed of granitic 
or metamorphic rocks moderately to strongly enriched in 
uranium. 

Tilsley (1987) mentioned that Paleoproterozoic carbona-
ceous pelites are the main collectors of uranium in type 4c 
deposits (mudstone- and siltstone-hosted uranium depos-
its). Syngenetic concentration of uranium in carbonaceous 
pelites can produce subeconomic or economic deposits. The 
remobilization and enrichment of a subeconomic deposit 
can make it economic. Gehrisch et al. (1982) noted that 
the uranium deposits at Dieter Lake are the first reported 
syngenetic uranium deposits hosted in unmetamorphosed 
Precambrian sedimentary rocks to be recognized as poten-
tially economic. 



102 	  

TYPE 5: 
SEDIMENT-HOSTED 
STRATIFORM COPPER 

• Type 5a: Kupferschiefer-type stratiform Cu deposits; 

• Type 5c: Stratiform Cu ±Ag deposits in dolomite. 

Examples 

• Type 5a: Train No. 4 - Lac Crabe (185) (provisional 
main classification; in part types 17 and 12); 

• Type 5c: Lac Maugue (135), Lac Dunphy (138), 
Chibtown (144), Lac Ronsin (151), Lac Romanet-Ouest 
(152) (located SW of Bellefleur Lake), Lac Mistamisk-
SE (178). 

Representative grades 
and geological resources 

• Type 5a: Train No. 4 - Lac Crabe: 3.71% Cu over 1.75 m 
(best drill hole intersection); 1.47% Cu over 1.28 m 
(average of all drill hole intersections); 0.07% U over 
1.15 m (uraniferous drill hole intersection); 

• Type 5c: Lac Romanet-Ouest (SW of Bellefleur Lake): 
20 Mt at 0.14-1.48% Cu ("possible reserves"; Russell, 
1963). 

Age 

Paleoproterozoic, 2.17-2.14 Ga (Dressler and Krogh, 
unpublished, cited in Clark, 1984; Rohon et al., 1993). 

Metamorphism 

Greenschist facies. 

General geological context 

Sediment-hosted stratiform copper deposits occur in the 
Wheeler and Howse zones. In the central part of the Trough, 
the sedimentary and allochthonous Wheeler Zone includes 
most of the first-cycle sedimentary units (Seward, Pistolet, 
and Swampy Bay groups). The volcaniclastic and alloch-
thonous Howse Zone includes the rift and early platform 
rocks of the lower part of the first cycle (Seward Group), 
as well as the overlying argillaceous, detrital sediments of 
the Lace Lake Formation and the thick basalt flows of the 
Bacchus Formation. In the valley of Romanet and Mistamisk 
lakes, a tectonic window (Romanet Horst) exposes Wheeler 
Zone rocks through the Howse Zone thrust sheet. 

Type 5c deposits are hosted in the Dunphy Formation 
(Seward Group). This formation is composed of white, 
beige, and pink, cryptalgal, stromatolitic, and sandy dolo-
mites (and local calcitic marble) and grey, black, green, and 
purple mudrocks. These rocks were deposited in littoral and 
shallow marine platform environments. The Dunphy is over-
lain by dark grey, black, and green mudstones and siltstones 
of the Lace Lake Formation, which are deeper-water marine 
deposits. The Dunphy overlies pink to red, fluviatile arkoses 
and conglomerates (redbeds) of the Chakonipau Formation, 
which accumulated in the initial rift of the Trough. A region-
ally important change in redox conditions therefore occurred 
towards the end of Dunphy Formation deposition, as a result 
of paleogeographic changes in this part of the basin. 

Local geology 

Train No. 4 - Lac Crabe 

Northeast of Chakonipau Lake, several copper and ura-
nium deposits occur in the faulted contact zone (Argencourt 
Fault) between the Portage and Lace Lake formations 
(Brouillette, 1989). The Train No. 4 - Lac Crabe deposit 
(deposit no. 185, which includes trains 4 and 6 as described 
by Tremblay and Meusy, 1982) consists mainly of chal-
copyrite disseminated in slates, phyllites, and carbonate 
rocks. Some of the copper occurs in quartz—calcite veins. 
This copper deposit, which has given values up to a few 
percent copper, is tabular, conformable, 955 m long, 1.3 m 
thick, and at least 45 m deep in the down-dip direction. 
Copper minerals have a remarkably continuous distribution. 
The deposit is also mineralized sporadically in uranium, but 
grades are low. 

Chibtown, Lac Ronsin, Lac Romanet-Ouest, 
Lac Mistamisk-SE 

West of Romanet Lake, the Dunphy has been subdivided 
into four subunits, which are, from bottom to top (Chevé, 
1985): grey to black mudrock with grey dolomite interbeds 
(-100 m); greenish mudrock interstratified with grey dolo-
mite (-30 m); argillaceous sandy dolomite with interbeds of 
purple mudrock and rare chloritic schist (-450 m); and white 
and locally pink, massive to laminated, cryptalgal dolomite 
with rare interbeds of purple mudrock (--150 m). The beds 
have been folded isoclinally and refolded. 

The Lac Ronsin deposit occurs in a white to pinkish 
massive dolomite horizon, which is 2 m thick and traceable 
over a distance of about 300 m; the horizon is also cut by 
copper veins of type 17 (Chevé, 1985). The Lac Romanet-
Ouest deposit (located southwest of Bellefleur Lake) is 
approximately 1.5 km long and 15 to 20 m thick. The Lac 
Mistamisk-SE deposit, located about 20 km northwest of the 
previous deposits, is hosted in pale beige to flesh-colored 
dolomite (Clark, 1986). These deposits are characterized by 
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(1) millimetre- to centimetre-scale aggregates and small dis-
seminated grains of digenite and/or chalcocite and, locally, 
bornite or chalcopyrite; and (2) disseminated chalcopyrite 
grains (Chevé, 1985). The deposits are considered to be dia-
genetic, but they are also cut by epigenetic, copper-bearing 
quartz veins (e.g., Chibtown deposit; see type 17). 

Most of the deposits in the Mistamisk—Romanet valley 
are hosted by cryptalgal, laminated dolomite containing 
"fenestrae" or "birdseyes" (see figures 12 and 13). Accord-
ing to Chevé (1985) and Chevé et al. (1985), these structures 
are vestiges of a primary porosity. The fenestrae are zoned, 
1-4 mm wide bodies composed of dolosparite, quartz, and, 
locally, opaque minerals (sulfides and oxides) (Chevé et al., 
1985). Fenestrae are abundant (up to 30% of the rock) in 
the copper-bearing zones, but seem to be lacking in barren 
rocks. A minority of the fenestrae are mineralized in sulfides; 
barren fenestrae are composed only of several generations of 
carbonate cement. Less commonly, copper sulfides are dis-
seminated in dolomicrite. Coarse-grained dolosparite—quartz 
veins, locally with sulfide pockets, cut mineralized dolomite. 
These veins contain between 3 and 70% of the copper in 
deposits of this type near Romanet Lake. 

The only economically interesting base metal in these 
deposits is copper. Sulfides include chalcopyrite, bornite, 
and digenite and/or chalcocite, with a little covellite and 
pyrite (Chevé et al., 1985). Digenite, bornite, and chalco-
pyrite predominate in fenestrae, whereas chalcopyrite is 
the most common sulfide in veins. Where present, sulfides 
are located in the center of fenestrae. Some sulfide aggre-
gates are zoned in the order chalcopyrite-bornite-digenite-
covellite, from center to edge (Chevé et al., 1985). 

Lac Dunphy 

The Lac Dunphy deposit is located in the upper part of 
the Dunphy Formation and extends laterally over a distance 
of approximately 1.5 km. The Dunphy in this area is com-
posed of dolostone; stromatolitic, cryptalgal, and micritic 
calcitic marble; and greenish grey mudrock. The deposit 
is located above a color transition, in which the carbonate 
rocks change upwards from pink to grey (MPH Consulting 
Ltd., 1994). Deformation producing recumbent, isoclinal 
folds, perhaps related to the emplacement of the Howse 
allochthon, resulted in transposition and dismemberment 
of the dolomitic beds; the entire package was refolded into 
upright folds. At the main deposit, concordant and discor-
dant calcite—quartz veins are mineralized in chalcopyrite 
± bornite ± chalcocite. Stromatolitic horizons contain dis-
seminated sulfides (chalcopyrite ± bornite). Some copper 
sulfides are also reported in dark grey to black, graphitic 
mudstones of the Lace Lake Formation. 

Typology and genetic model 

We interpret the Train No. 4 - Lac Crabe (185) deposit 
as mainly a Kupferschiefer-type sediment-hosted stratiform  

Cu deposit (type 5a) because of its stratiform shape, dis-
seminated nature, and the fact that it is hosted in argillaceous 
metasedimentary rocks and carbonates. However, part of the 
copper occurs in veins and is thus epigenetic (type 17). In 
addition, drill core evidence (Tremblay and Meusy, 1982) 
suggests that the deposition of uranium minerals in this 
area was controlled by fluid movement in the Argencourt 
Fault (type 12). 

Type 5c copper deposits are stratabound and hosted in car-
bonate rocks. The copper minerals are either disseminated 
(generally diagenetic) or in veins (epigenetic; type 17). The 
relative proportions of these two styles are highly variable 
among deposits, but vein sulfides do not occur in horizons 
lacking disseminated sulfides. 

As in several deposits worldwide, there is a relation 
between fenestral textures and sulfides near Romanet Lake 
(Chevé et al., 1985; Schrijver et al., 1989). Cyanobacterial 
mats are thought to have been the precursors for cryptalgal 
laminated dolomites. Fenestrae represent a primary poros-
ity in these mats. Synsedimentary and diagenetic processes 
affecting the mats include (1) calcification; (2) development 
of a primary porosity (fenestrae), which presumably resulted 
from aerobic respiration of bacteria; (3) dolomitization; and 
(4) filling of the primary porosity (Chevé et al., 1985). The 
fenestrae, which form a more or less continuous network, 
are thought to have provided channels for the lateral cir-
culation of diagenetic fluids and sites for the precipitation 
of cement (see figure 14). The fluids progressively filled 
the fenestrae with carbonate (dolosparite) and, locally, 
sulfides (chalcopyrite, bornite, digenite, and a little pyrite), 
in strongly reducing micro-environments; the fenestrae are 
thus zoned concentrically. This process was followed by 
lithification and, much later, regional metamorphism. Fluid 
inclusion work has revealed homogenization temperatures 
of 225-290°C for primary inclusions in dolomites and 
242-312°C for inclusions in veins (Schrijver et al., 1986). 
Sulfides in fenestrae are considered to be diagenetic and to 
have formed by microbial reduction of sulfate in pore water. 
Copper and iron may have been leached from redbeds and 
volcanics in the underlying Chakonipau Formation (Chevé 
et al., 1985). Metalliferous, diagenetic fluids presumably 
moved up along synsedimentary faults and then were 
channeled along permeable carbonate beds in the Dunphy 
Formation (see figure 14). 

According to the interpretation of Chevé et al. (1985), 
the pink color in some dolomites is a result of the circula-
tion of late tectonic oxidizing fluids that dissolved sulfides 
in fenestrae and replaced them by goethite. These copper-
bearing solutions probably then moved upwards by convec-
tion towards the paleosurface. However, according to MPH 
Consulting Ltd. (1994), the transition from pink to grey 
is fundamental and represents a regional-scale diagenetic 
redox change. 

Several dolospar—quartz veins were deposited in exten-
sion cracks related to synmetamorphic shear zones (Chevé 
et al., 1985; Schrijver et al., 1986); see section on type 17. 
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~ ~ CoC ~ ~ ò ~ 	~. 8 , w ~ ~, ~ `

,`;6 
~ ° H ô 

Fr-) ~ G ~ ~ , ~ 	g ~ ~~! ~ Z ~ 
a cD ?r ~ '. 

co~ ~. CM ~' ,~ CD 
00 	

~ w C O ~~• N P~ ~ `C 0 c~D 
: ~ w ~ ~ ~ w ~ t. ~ , ~ ~ ~ ~ ~ ~ r O 

~ ~• ~ Ô N ~ o ~ UQ ~ ~ ~ E. 0 
~ Ç ~ g ~ ... ~ 	•, ~ 	

h 
~ P . CD 	~ ~ O .`~ CD P~ 

;rn 
~

'+ a' E7' 0 ^.~. 0 p, A 
. a G ~• ~ ~ C~D ~d ~ ~ • UQ 

	

P ~ • `A. aQ 	C~ 	o ~ 
p~p Ô H • p Ô ~' n ~~ ~ ~. ~. 
~ ~ ~ ~' ~ ~ ~ ~ ~ ~D 2 ô' 

in
 this

 secti o
n

 are fr om
 B

lackbu
rn

 and  D
enne

n
 (1997) 

ut
sn

l d
ao

ut
nl

aN
  

u
oS

S
i3

g  
o~

7  



STRANGE 
LAKE r 

'is 

A 

QUÉBEC ~ LA~RA~ {~ 

‘...N) 
	

• ..,....4•• 

300 Km 

LEGEND 

X X 
Lac Brisson 
Pluton 

x 
x x ++++ 

++++++ 
+++++++ 

++++++++ 
++++++++++ 

+++++++++++ 
++++++++++++++ 

++++++++++++++++ 

t 1-
+  + + + + 

+ + + + + + + 
+ + + + + + + 

+ + + + + + + + 
1- +++ ++++ 
+ +++++ 

1-+++++ 
+ ++++ _x_x_x 

1-+++++ 
+ ++++ 

1- + + + ++< 
+ + + + + 

1-+++++< x 
+ + + + + < 

;-+++ ++ x 
+ + + + + 

1-+++++ 
+ ++++ 

1-+++++ 
+ +++++ 

1-++++++ 
+ + + + + + + ' 

1-+++++++ 
+ +++++++ 

1-++++++++ 
+ +++++++++ 

1-+++++++++++ 
+ +++++++++++++ 

1- + + + + + + + + + + + + + + 

Mesoproterozoic intrusion 

Quartz monzonite 

X 
X X 

X X X 

x% X 	X 
x x 

X X 
X X 

X X 

X 

X 

X 
++ 
+ 4 .Strange Lake 

Deposit 

Altered 
	 leucogranite 

nLeucogranite 

nMelanogranite 

+ +++++++++++++++++++++++++++++ . 
1- + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 
+ +++++++++++++++++++++++++++++ 

1 
64°10' 

1 
64°05' 

2 Km 

Paleoproterozoic basement 

nMetagabbro 

ijMetadiorite 

nQuartzofeldspathic gneiss 

0 Calc-silicate gneiss 
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leucocratic granite contains xenoliths and irregular bodies 
of melanocratic granite, whose dark color is due to abundant 
arfvedsonite. Veins and decametre-scale bodies of pegmatite 
are common in the leucocratic granite. 

The leucogranite is partly altered, mainly in the northern 
half of the intrusion. The alteration is expressed mainly by 
the replacement of arfvedsonite by aegirine and hematite; 
the relative abundance of the two minerals determines 
whether the rock is greenish or red. The pegmatite bodies 
and veins are also strongly altered, even those cutting fresh 
granite. In pegmatite, galena is associated with quartz. 
The strongest alteration occurs in the Lac Brisson deposit, 
which is located in the north-central part of the intrusion 
(figure 50). The shape of the mineralized zone has not 
been defined. Minerals containing high-technology metals 
are disseminated and also form small yellow and brown 
centimetre-sized masses. These minerals, which constitute 
up to 20% of the rock, include the accessory minerals mentioned 
above, as well as gittinsite [CaZrSi2O7], calcic catapleiite 
[CaZrSi309 2H20], gadolinite-(Y) [Y2Fe2+Be2Si2010], gaga-
rinite-(Y) [NaCaY(F,CI)6], and bastnasite [(Ce,La,Nd)CO3F] 
(Salvi and Williams-Jones, 1990; Birkett et al., 1992). Some 
minerals in altered granite and pegmatite are of hydrother-
mal origin; they replace primary minerals and are associated 
with hematitization. Thus, gittinsite with quartz and zircon 
replace elpidite and armstrongite; armstrongite replaces 
elpidite; catapleiite replaces vlasovite; and the assemblage 
titanite + quartz + fluorite replaces narsarsukite. 

Calcium and ferric iron enrichment and leaching of alkalis 
in altered granite reflect hematitization of the rock and calcic 
metasomatism of the sodic minerals. It is precisely in the 
most hematitized and calcium-enriched phases of the gran-
ite and pegmatite that the highest concentrations of high-
technology metals, such as Zr, Y, rare earth elements (REE), 
and Nb, are found (Salvi and Williams-Jones, 1990). 

Typology and genetic model 

Based on hydrothermal alterations and fluid inclusion 
data, Salvi and Williams-Jones (1990) postulated that 
high-technology metals were first concentrated during the 
magmatic stage by differentiation of the peralkaline gra-
nitic magma (perhaps in the presence of a pneumatolytic 
phase). During intrusion, the granitic magma would have 
caused circulation of meteoric fluids in the host rocks, 
which would have leached calcium from the gneiss. At low 
temperatures (<200°C), interaction of the calcic fluids with 
the granite presumably altered the latter and reconcentrated 
high-technology metals in some of the mineral phases 
listed above. In contrast, Birkett et al. (1992) postulated 
that concentration of high-technology metals was a mag-
matic—hydrothermal phenomenon and that no meteoric fluid 
was involved in the process. 

Metallotects and economic potential 

The Lac Brisson (Strange Lake) deposit is one of the larg-
est deposits of Zr, Y, and REE in the world. The deposit lacks 
a particular geophysical signature and was discovered as a 
result of geochemical anomalies (U and F) in lake-bottom 
and river sediments. The source of the anomalies was dis-
covered by mapping mineralized erratic boulders (Miller, 
1986). Prospecting in the granitic parts of the hinterland and 
regional geochemical surveys are the best tools for discov-
ering this type of deposit. However, since the Lac Brisson 
deposit is not associated with the Hudsonian orogeny (being 
much younger), it is difficult to predict which part of the 
hinterland is the most favorable for this type of deposit. 

TYPE 9: 
Nb-Ta-REE-Th IN CARBONATITE 

Examples 

Erlandson 1 (218), Erlandson 2 (219) (see figure 20); 
additional mineralized site: Lac Savigny (24C/07). 

Representative grades 
and geological resources 

Le Moyne carbonatite complex (Erlandson 1 and Erlandson 2): 
7% Nb, 0.18% Ce, 0.15% Zr, 0.21% Th (selected sample); 
0.18% REE, 0.06% U, 0.06% Ta (selected sample). 

Age 

Paleoproterozoic. The Castignon complex has been dated 
at 1880 ±2 Ma (Chevé and Machado, 1988). A rhyodacite 
from the Douay Formation, interpreted as being slightly 
older than the Le Moyne carbonatite complex, has been 
dated at 1870 ±3 Ma (Machado et al., 1997). 

Metamorphism 

Greenschist facies. 

General geological context 

The various components of the Castignon carbonatite 
complex are located, for the most part, within an area 
of about 300 km2  east and northeast of Cambrien Lake 
(Dimroth, 1970b; Dressler, 1979; Chevé, 1993). They 
occur in the autochthonous/parautochthonous Cambrien and 
Bérard zones as well as in the allochthonous Schefferville 
Zone. In several places, components of the complex are 
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intimately related to the iron-rich rocks of the Sokoman For-
mation. In other places, they were emplaced as dikes, sills, or 
diatreme breccias, which cut first-cycle sedimentary forma-
tions of the Pistolet Group (platform sedimentary rocks) and 
Swampy Bay Group (flyschoid sedimentary rocks). 

The Le Moyne carbonatite complex is hosted in a second-
cycle volcano-sedimentary sequence west of Le Moyne 
Lake, in the allochthonous Gerido Zone. The complex is 
coeval with the Aulneau Formation, which is composed of 
coarse detrital sediments, tuffaceous dolomites, and dolo-
mitic tuffs (Dressler, 1979; Birkett and Clark, 1991). This 
sequence overlies the volcanic and sedimentary rocks of the 
Douay Formation, dated at 1870 ±3 Ma. 

Local geology 

Castignon carbonatite complex 

Castignon carbonatite complex rocks outcrop in approxi-
mately sixty different sites scattered over a distance of nearly 
85 km in a NNW—SSE direction, although most of them 
are concentrated in a 35 km long zone east of Cambrien 
Lake (Dimroth, 1970b; Dressler, 1979; Chevé, 1993). The 
complex consists of pyroclastic and volcaniclastic horizons 
(tuffs, pyroclastic breccias, tuffaceous sediments), diatreme 
breccias, and dikes and sills. The volcano-sedimentary units 
are mainly carbonatitic or melilitic. The diatreme breccias 
are carbonatitic. The dikes and sills are composed of mica-
ceous carbonatite or massive, micaceous, ultramafic rocks. 
In general, the carbonate is ankerite. Dimroth (1970b) noted 
the absence of fenitization in the wallrocks of the complex. 
Melilitic tuffs intercalated with iron-rich rocks of the 
Sokoman Formation are considered by Chevé (1993) as an 
integral part of this formation. No significant mineral deposit 
has been found in the Castignon complex. 

Le Moyne carbonatite complex 

The Le Moyne carbonatite complex is 15 km long by 
4 km wide (figure 20). It is composed of intrusive and extru-
sive components (Birkett and Clark, 1991). Intrusive litho-
facies include massive carbonatite, ultramafic carbonatite, 
and brecciated carbonatite. Extrusive lithofacies are located 
in the marginal part of the complex and include blocky and 
scoriaceous varieties (a volcanic apron?). Mafic and ultra-
mafic tuffs, which are generally sodic, and carbonatitic tuffs 
are also present. Glimmerite (a biotite- and pyrochlore-rich 
rock) was noted by Wright et al. (1998). This rock seems 
to occur mainly in the marginal parts of the complex, as is 
the case for glimmerite in the Palabora complex in South 
Africa (Eriksson, 1989). However, sulfide concentrations, 
characteristic of Palabora, have not been discovered in 
the Le Moyne complex. Horizons of dolomite weathering 
brownish orange with anomalous Cr (up to 0.43% Cr) and  

REE (up to 0.05% REE) concentrations may represent 
carbonatitic tuffs or shallow-water sediments contaminated 
by coeval volcanic activity. Green mica (fuchsite?) has also 
been observed locally near the complex margin (Birkett and 
Clark, unpublished). 

Mineralized rocks contain bastnasite [(La,Ce)CO3F], 
columbite [(Fe,Mn,Mg)Nb206], and pyrochlore [(Ca,Na)2  
Nb206(OH,F)] (Birkett and Clark, 1991). Several units, 
particularly ankeritic carbonatite, contain disseminated 
monazite [(La,Ce,Nd)PO4] (Wright et al., 1998). Fluorite 
occurs in strongly mineralized zones. Selected samples 
from widely distributed sites in the carbonatite core of the 
complex (including the Erlandson 1 and 2 deposits; see 
figure 20) returned up to 7% Nb and 0.24% La + Ce, and 
gave average concentrations of 250 ppm U and 2129 ppm Th 
(Lafontaine, 1984a). The samples also revealed anomalous 
Ta concentrations (up to 0.16% Ta). Subsequent sampling 
returned up to 3.5% La + Ce (unpublished data from T.C. 
Birkett; figure 20). A glimmerite unit enriched in pyro-
chlore (typically 5%, maximum 40%) returned 1.8% Nb 
and 2400 ppm Ta, as well as anomalous Th and U values 
(Wright et al., 1998). 

Typology and genetic model 

The Castignon complex consists of volcanic cones, sub-
volcanic feeder dikes, diatremes, and various dikes and 
sills (Dimroth, 1970b). Magmatism was ultramafic and 
alkaline, and magmas were rich in volatiles (CO2  and H20). 
Depending on the degree of erosion, various levels in the 
volcanic structures are exposed. Castignon complex rocks 
show lithochemical similarities and differences compared 
to kimberlitic and meimechitic rocks elsewhere in the world 
(Dimroth, 1970b). Lithochemical results from rocks of the 
complex suggest that the complex is more closely related to 
ultramafic lamprophyres than to kimberlites or lamproites 
(Chevé, 1993). 

The occurrence of a large number of carbonatitic intru-
sions east of Cambrien Lake suggests a link with the 
Cambrien Lake rift zone, which may have been active ini-
tially about 2.2 Ga ago. Faults associated with early rifting 
would have affected the Archean basement east of Cambrien 
Lake long before generation of the carbonatitic magmas 
(1.88 Ga); however, this basement is now hidden beneath 
Paleoproterozoic rocks. The generation and ascent of some 
of these magmas may have resulted from the reactivation of 
these old faults. Nevertheless, the overall NNW—SSE dis-
tribution of the components of the complex and the similar 
orientation of Castignon dikes suggest a link to structures 
related to the development of the Labrador Trough. 

The volcanic—intrusive Le Moyne carbonatite complex 
was emplaced in a platform environment near the end 
of second-cycle volcanism and sedimentation (1.87 Ga); 
the Le Moyne complex is thus slightly younger than the 
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Castignon complex. The Le Moyne complex may be the 
result of alkaline magmatism occurring near the continental 
margin and coeval with the end of MORB-type mafic mag-
matism in the neighboring ocean basin. 

Metallotects and economic potential 

Carbonatite-associated deposits contain most of the 
world's known niobium reserves (Richardson and Birkett, 
1995). They also contain the majority of the world's known 
REE reserves, as well as significant phosphate reserves 
(apatite). 

No mineral concentration of economic significance was 
reported by Chevé (1993) in the Castignon carbonatite 
complex. However, he noted that up to 3% sulfides—mainly 
pyrite and accessory chalcopyrite and pyrrhotite—occur 
locally in melilitic rocks. Chevé (1993) considered the 
PGE and gold potentials of the complex to be low. He also 
considered that the diamond potential of the complex is 
diminished by its lithochemical affiliation with ultramafic 
lamprophyres. Dimroth (1978) noted that the ankeritic com-
position of carbonate in the complex is not favorable for Nb 
and REE deposits. However, he noted the presence of apatite 
and fluorite in an intrusion just west of Brèche Lake (20 km 
east of Cambrien Lake). Traces of Nb have been detected 
at this mineralized site (Lac Savigny site). 

The Le Moyne complex is economically interesting for 
niobium, tantalum, rare earth elements, and apatite (type 9 
deposits). Two deposits (Erlandson 1 and 2) have been dis-
covered in the core of the carbonatite (Lafontaine, 1984a). 
The deposits contain pyrochlore and columbite, along with 
pyrite and magnetite. The host carbonatite is commonly 
brecciated and is composed of dolomite, ankerite, biotite, 
phlogopite, and fluorite. However, according to Wright et al. 
(1998), glimmerite has the greatest potential for pyrochlore. 
Wright et al. (1998) noted that apatite is ubiquitous in the 
complex and constitutes about 30% of the ankeritic carbon-
atite unit, which suggests a potential for phosphorus. 

TYPE 10A: 
MAGMATIC Cu-Ni-Co ±PGE 
IN PICRITIC BASALT 

Examples 

TasikutaakAl-B2-C1-C2, A2, B3 (deposits 383 to 385; 
type l0a); Qargasiag Al, A2, B1, B2, C (deposits 378 to 
382; type 10b).1  

1. Mineral deposits in the Qargasiaq unit have been classified as type 10b (Table 2). 
They are described with type l0a deposits for conveniency, because of the close 
association of the two deposit types. 

Representative grades 
and geological resources 

Disseminated and massive sulfides in the Tasikutaak and 
Qargasiaq units returned the following grades (Mungall, 
1998; Kiddie, 1999a): 

• Zones TA1 and TA2: 0.34-0.54% Ni, 0.22-0.40% Cu, 
0.04-0.08% Co, up to 426 ppb Pd, up to 67 ppb Pt, up 
to 18 ppb Au; 

• Zone TB 1: <0.10% Ni, 3.00-3.20% Cu, <0.01% Co, up 
to 63 ppb Pd, up to 35 ppb Pt, up to 51 ppb Au; 

• Zones TB2 and TB3: 0.28-1.54% Ni, 0.19-0.33% Cu, 
0.03-0.16% Co, up to 832 ppb Pd, up to 386 ppb Pt, up 
to 9 ppb Au; 

• Zone TB4: 0.11-0.43% Ni, 0.13-1.98% Cu, 0.01-
0.08% Co; 

• Zones TC1 and TC2: 0.32-1.45% Ni, 0.32-1.00% Cu, 
0.06-0.18% Co, up to 1970 ppb Pd, up to 308 ppb Pt, 
up to 133 ppb Au; 

• Zones QA1 and QA2: 0.40-3.60% Ni, 0.15-0.73% Cu, 
0.02-0.18% Co, up to 2351 ppb Pd, up to 678 ppb Pt, 
up to 15 ppb Au; 

• Zones QB1 and QB2: 0.59-4.10% Ni, 0.17-0.47% Cu, 
0.04-0.27% Co, up to 140 ppb Pd, up to 988 ppb Pt, up 
to 10 ppb Au; 

• Zone QB4: 1.08-2.50% Ni, 0.54-1.41% Cu, 0.06-
0.14% Co; 

• Zone QC: 0.17-6.50% Ni, 0.05-1.40% Cu, 0.01— 
0.34% Co, up to 827 ppb Pd, up to 1450 ppb Pt, up to 
5 ppb Au. 

Age 

Paleoproterozoic. A mafic sill located north of Payne Bay 
and belonging to the Qargasiaq complex yielded an age of 
1882 ±4 Ma (Wodicka et al., 2002). These units are thus 
coeval with mafic sills located farther south in the orogen 
(ca. 1884-1874 Ma; Chevé and Machado, 1988; Machado 
et al., 1989; Findlay et al., 1995; Machado et al., 1997). 

Metamorphism 

Metamorphic grade increases from greenschist facies on 
the western limb of the Roberts Syncline to amphibolite 
facies on the eastern limb (Hardy, 1976). 
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General geological context 

The deposits are located near the northern end of the 
orogen, in Paleoproterozoic metavolcanic rocks correlated 
with the Hellancourt Formation and situated in the alloch-
thonous Payne Zone. These rocks overlie a Paleoproterozoic 
metasedimentary sequence consisting of iron formation, 
turbidite, sulfidic and graphitic mudstone, and a little dolo-
mite. Recently, it was postulated that the northern part of 
the Payne Zone is a nappe or a klippe that was transported 
southeastwards on a detachment surface located between 
the Paleoproterozoic sequence and the Archean rocks of the 
Superior craton (Madore et al., 1999; Madore and Larbi, 
2000; Ferron et al., 2001; Goulet, 2001). If this hypothesis 
is correct, the stratigraphic relationships with the rest of 
the orogen to the south become uncertain. After transport 
towards the southeast, it is thought that the sequence was 
involved in the southwest-directed deformation character-
istic of the Hudsonian Orogeny in the area. North of Payne 
Bay, the Paleoproterozoic rocks are part of a southeast-
plunging regional structure called the Roberts Syncline 
(Hardy, 1976). 

The area hosting the deposits contains mafic-ultramafic 
units up to 500 m thick, which were emplaced in a sequence 
of basalt and sulfidic sediments (Hardy, 1976; Ward, 1988; 
Mungall, 1998). Some units, initially identified as sills, 
are well differentiated and consist, from bottom to top, 
of serpentinized peridotite, amphibolite, metagabbro, and 
ferriferous metadiorite (Ward, 1988). These units display 
chilled lower margins where they contact underlying sul-
fidic, graphitic schists. 

Local geology 

Several deposits are hosted in Qargasiaq complex rocks 
located in the western limb of the Roberts Syncline. The 
Qargasiaq complex consists of peridotite, gabbro, and 
basalt. During early geological mapping (Hardy, 1976), 
the complex was identified as a layered sill composed of 
peridotite and gabbro. More recently, it was interpreted as 
a series of picritic flows and subvolcanic conduits (sills) 
(Mungall, 1998). 

The Qargasiaq complex is subdivided into two units 
separated by a thrust fault that follows a horizon of sulfidic 
sediments: (1) the Tasikutaak unit (consisting of three flows), 
at the base; and (2) the Qargasiaq unit (consisting of three 
subunits, either sills or flows), at the top (Mungall, 1998; 
R. Wares, unpublished data). An important characteristic 
of the flows and sills is that they eroded their floor dur-
ing emplacement. Five samples collected from the chilled 
margins of the Qargasiaq complex returned between 13 and 
18% MgO (Kiddie, 1999a; R. Wares, unpublished data). 
These units are locally characterized by olivine cumulates  

(peridotite) at the base and breccias at the top (Mungall, 
1998; Kiddie, 1999a). The peridotitic bodies occur as 
elongated, convex-downwards crescents, which are gener-
ally 1 to 1.5 km long and up to 300 m thick. The gabbroic 
portion constitutes a maximum of 20% of the volume of 
the complex. 

Eleven mineralized zones containing disseminated or 
massive sulfides have been discovered over a distance of 
7.5 km in picritic lavas and sills in the two units (Mungall, 
1998). These zones have been grouped into eight deposits 
by the MRNF, i.e., six in the Qargasiaq unit and two in the 
Tasikutaak unit. In the Qargasiaq unit, the deposits consist of 
disseminated and massive sulfides (pyrrhotite, chalcopyrite, 
and pentlandite); one of the deposits is 100 m long and 1 
to 5 m thick. Massive sulfides typically form metre-scale 
bodies near the bases of flows and sills. Results from shal-
low drilling have revealed disseminated sulfides to a depth 
of 100 m (Kiddie, 1999a). 

Selected samples of non-vein-type massive sulfides 
returned high Ni, Cu, Co, and PGE grades (Mungall, 
1998). Analytical results for mineralized samples from 
the Qargasiaq unit, recalculated to 100% sulfides, reveal 
high Ni and Co grades in sulfides: 2.33-7.33% Ni and 
0.11-0.42% Co (see figure 40). Recalculated Cu grades vary 
considerably, between 0.11 and 3.48%. In general, sulfides 
from the Tasikutaak unit are poorer in metals (recalculated 
grades): 0.44-1.86% Ni, 0.26-1.89% Cu, 0.09-0.31% Co. 
Exceptionally, zone TA1 contains sulfides with 4.60% Ni 
(analytical result recalculated to 100% sulfides). Relatively 
high Co/Ni ratios for sulfides from the Tasikutaak unit sug-
gest an early stop to the enrichment of the sulfides in metals 
(Mungall, 1998). 

Typology and genetic model 

We have classified these deposits as magmatic Cu-Ni-
Co ±PGE deposits (1) in picritic basalt (type 10a); and 
(2) in aphyric gabbro (gabbro ± peridotite) (type 10b). The 
examples of type 10b in the Qargasiaq complex are described 
here for conveniency. The PGE concentrations in these 
deposits correspond to grades typical of by-product PGE 
in Ni-Cu deposits. The magmatic sulfides probably formed 
by sulfide saturation of a mafic magma (containing about 
11.5% MgO; J. Mungall, personal communication, 2002) 
that had assimilated crustal sulfur present in sulfidic sedi-
ments. The massive sulfide lenses probably accumulated 
by gravity in thermally eroded depressions on the floor of 
lava flows or at the base of sills. The sills are interpreted as 
subvolcanic and initially subhorizontal feeder conduits. This 
model is similar to that proposed for the economic deposits 
of Raglan, in the Cape Smith belt (Ungava Orogen; see, for 
example, Picard et al., 1994; Green and Dupras, 1999), and 
at Kambalda, in Australia (Naldrett, 1989). 
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Metallotects and economic potential 

Mungall (1998) considered that the magmatic system 
related to the Qargasiaq unit was fertile, so that the unit 
has good potential for economic deposits. Such deposits 
would be composed of massive sulfides located at the base 
of peridotite lenses. According to Mungall (1998), the 
potential of the Tasikutaak unit for Ni-Cu is not as high as 
that of the Qargasiaq unit because sulfides in the former 
are poorer in Ni, Cu, and Co, even though the Tasikutaak 
deposits are larger. 

TYPE 10B: 
MAGMATIC Cu-Ni ±Co ±PGE 
IN APHYRIC GABBRO 
(GABBRO ±PERIDOTITE) 

Examples 

Lac Retty (Lac Bleu) (44), Lac Retty (Lac Pogo) (53), 
Lac Retty (Centre) (54), Lac Retty-Ouest (101), Lac de 
la Chance (108), Island (211), Lac Twin deposits (372, 
374-376), Qargasiaq Al, A2, B1, B2, C (378-382; see 
description in the section on type 10a deposits), Lac Chaunet 
(386); additional mineralized site: Lac Berry (230/01). 

Representative grades 
and geological resources 

• Lac Bleu 1: 394,000 metric tons at 0.99% Cu, 0.66% 
Ni, 1.13 g/t Pt + Pd; 

• Lac Bleu 2: 1,034,000 metric tons at 0.80% Cu, 0.41% 
Ni, 0.80 g/t Pt + Pd; 

• Pogo: 1,241,000 metric tons at 0.96% Cu, 0.49% Ni, 
0.71 g/t Pt + Pd; 

• Centre 1: 280,000 metric tons at 1.05% Cu, 0.62% Ni, 
1.09 g/t Pt + Pd; 

• Centre 2: 1,209,000 metric tons at 0.70% Cu, 0.58% Ni, 
0.85 g/t Pt + Pd; 

• Lac de la Chance: 649,000 metric tons at 0.66% Cu, 
0.89% Ni; 

• Lac Twin No. 1: 0.83% Cu, 0.82% Ni, over 6.1 m (drill 
core); 

• Lac Chaunet: average of 15 selected samples with 1 to 
30% sulfides — 0.30% Cu, 0.27% Ni; maximum values 
for the 15 samples — 0.98% Cu, 1.29% Ni; maximum  

values for 3 samples — 1.55 g/t Pd, 0.28 g/t Pt (Kiddie, 
1999b). 

Age 

Paleoproterozoic, 1884-1874 Ma (Chevé and Machado, 
1988; Machado et al., 1989; Clark and Thorpe, 1990; 
Skulski et al., 1993; Findlay et al., 1995; Machado et al., 
1997; Wodicka et al., 2002). 

Metamorphism 

Lower greenschist to greenschist facies in the south 
(Frarey, 1967). In the north, metamorphic grade increases 
from greenschist facies on the western limb of the Roberts 
Syncline to amphibolite facies on the eastern limb (Hardy, 
1976). 

General geological context 

Many examples of this mineral deposit type occur in 
the Retty Zone, which consists of the Murdoch Forma-
tion (mafic pyroclastic rocks) at the base, overlain by the 
Thompson Lake Formation (detrital sediments, including 
sulfidic mudrocks especially at the top of the formation; 
local basalt) and the Willbob Formation (basalt) (Frarey, 
1967). Numerous aphyric, mafic and mafic-ultramafic sills 
intrude this sequence. 

Almost all the Cu-Ni ±PGE deposits in the southern part 
of the Trough are hosted in a 70 to 250 m thick, aphyric, 
mafic-ultramafic sill. The sill was emplaced along the upper 
contact of the Thompson Lake Formation and is known as 
the middle sill. A similar sill was emplaced lower in the 
Thompson Lake, and others are located in the overlying 
Willbob Formation; however, these sills are not mineralized, 
except at the Lac Berry site. 

Several deposits are located near the northern end of the 
orogen in the southeast-plunging Roberts Syncline (Hardy, 
1976). The deposits in the Qargasiaq unit (Payne Zone), 
composed of picritic sills and flows, are classified as type 
10b but are described in the previous section on deposits 
hosted in picritic basalts (type 10a), with which they have a 
strong affinity. The mineralized, mafic-ultramafic Chaunet 
complex (East and West zones) occurs within a thick 
sequence of basalt and graphitic, sulfidic sediments. The 
Lac Twin deposits, and others, occur within the Kyak Bay 
mafic-ultramafic intrusion, which was emplaced into the 
basaltic sequence north of Payne Bay (Hardy, 1976). 

Local geology 

The aphyric, mafic-ultramafic sills in the Retty Lake area 
are differentiated (Fahrig, 1962; Frarey, 1967; Baragar, 
1967; Clark, 1991; Rohon et al., 1993; Laurent, 1995). The 
mineralized sill is about 170 m thick, whereas unmineralized 
sills in the area are more than 250 m thick (Beaudoin and 
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Laurent, 1989). Olivine and pyroxene cumulates occur in 
their basal and central parts and include websterite, olivine 
websterite, wehrlite, and lherzolite. The mineralogical 
composition of the sills was partly to entirely transformed 
during regional greenschist facies metamorphism. However, 
the initial presence of plagioclase in some lithofacies is 
indicated by significant aluminum concentrations, which 
result in between 5 and 25% normative plagioclase (Clark, 
1991; Laurent, 1995). Generally, there is a thin mafic chilled 
margin at the base of the cumulates. Various types of gabbro, 
typically in thick units, overlie the cumulates, but they may 
also be absent. Layers and lenses of massive sulfides, locally 
stacked one above the other, occur near or at the base of the 
sill (see figures 34a, 34b, and 37). 

The composition of the chilled margin in the middle sill 
southwest of Retty Lake (Bleu Lake area) corresponds to 
tholeiitic basalt or picrite, with an average MgO content of 
11.1% (Beaudoin and Laurent, 1989; Clark, 1989). Chemi-
cal modeling has revealed that minerals crystallized in the 
following order: olivine, clinopyroxene, plagioclase, ortho-
pyroxene or pigeonite (Laurent, 1995). MgO-rich magmas 
corresponding to high-magnesium basalt or komatiitic 
basalt also occur elsewhere in the Retty Zone (Rohon, 1989; 
Girard, 1995). 

The massive sulfide lenses in the various deposits south-
west of Retty Lake are between 1 and 8 m thick and up 
to 400 m long. They are deformed and recrystallized, and 
are enriched in Cu and Pd near sheared contacts. Zones of 
disseminated sulfides occur above the basal massive sul-
fide bodies, but they can also occur isolated from massive 
sulfides. Massive and disseminated sulfides consist of pyr-
rhotite, chalcopyrite, pentlandite, and pyrite; sphalerite is 
rare. Several platinum group minerals have been identified, 
including sudburyite [(Pb,Ni)Sb], temagamite [Pd3HgTe3], 
kotulskite [Pd(Te,Bi)], michenerite [(Pd,Pt)BiTe], and altaite 
[PdTe] (Rohon, 1989; Beaudoin et al., 1990; Clark, 1991). 
Igneous and sedimentary host rocks in contact with massive 
sulfides show a strong, hydrothermal iron chlorite alteration; 
this altered zone is from decimetres to metres thick and is 
locally enriched in Pd (Clark, 1989; La Fosse Platinum 
Group internal reports). 

The Lac Bleu 1 deposit is one of a group of about ten 
similar deposits (including Centre and Lac Pogo) located 
southwest of Retty Lake (Beaudoin and Laurent, 1989; 
Clark, 1989, 1991; Laurent, 1995). The host middle sill is 
composed of the metamorphosed equivalents of lherzolite, 
olivine websterite, websterite, plagioclase websterite, and 
gabbro. Variations in the order of the lithofacies as well 
as in the Mg/(Mg+Fe) and olivine/pyroxene ratios suggest 
that the sill is polycyclic and was formed as a result of sev-
eral magmatic pulses. The Lac Bleu 1 deposit consists of 
a massive sulfide lens, measuring 400 m x 200 m and 1.5 
to 7 m thick, located at the base of the sill. In part of the 
deposit, the massive sulfide lens extends, over a distance of 
more than 25 m, into metasediments beneath the sill (fig-
ure 37). The grade of the massive sulfide lens is 1.7% Cu +  

Ni (Cu/Ni = 1.5), -0.08% Co, and 1.13 g/t Pd + Pt (Pd/Pt - 
4). Mineralized ultramafic rocks in the sill contain from 1 
to 30% disseminated, interstitial sulfides. A bulk sample of 
approximately 1 tonne taken from a decimetre- to metre-
thick, chloritic border zone returned 3.3 g/t Pd, 0.06 g/t Pt, 
0.55% Cu, and 0.39% Ni (Clark, 1989). 

The Chaunet complex (East and West zones) is com-
posed of several mafic-ultramafic sills or, alternatively, by 
a single sheared and dismembered sill (Kiddie, 1999b). The 
complex consists of peridotite, troctolite, pyroxenite, and 
leucocratic to melanocratic gabbro. The East zone is located 
below a horizon of graphitic sedimentary rock containing 
fine-grained, massive pyrrhotite beds whose origin is prob-
ably exhalative (Kiddie, 1999b). The Lac Chaunet deposit 
occurs in the West zone and consists of disseminated sulfides 
(1-30%) in gabbro and pyroxenite. Values up to 0.98% Ni, 
1.29% Cu, 1.55 g/t Pd, 0.28 g/t Pt, and 62 ppb Au have been 
obtained from among several selected samples. 

The Kyak Bay intrusion, which is deformed but of uncer-
tain age, consists of mafic and ultramafic rocks showing 
primary magmatic layering (Hardy, 1976). Sulfide deposits 
are hosted in late, discordant, variably metamorphosed 
peridotite-norite bodies located near and along the north-
eastern margin, interpreted as the base, of the intrusion 
(Kiddie and Mungall, 2000). The remainder of the intrusion 
consists of layered mafic to dioritic rocks. In the Lac Twin 
deposits, brecciated fragments of peridotite occur within 
a matrix of finer-grained, sulfide-rich peridotite (Kiddie, 
1999b; Kiddie and Mungall, 2000). Sulfides are locally 
semimassive. Disseminated sulfides also occur in perido-
tite above the breccias. An average value of 0.69% Ni was 
obtained from a set of 58 samples from various showings, 
with a maximum value of 2.9% Ni in semimassive sulfides 
(Kiddie and Mungall, 2000). The average Cu/Ni ratio is 
0.35. The showings are generally poor in PGE. Sulfides in 
the showings are enriched in Ni, ranging from 2.6 to 8.5% Ni 
(average 4.5% Ni), as determined by recalculating analytical 
results to 100% sulfides (Kiddie and Mungall, 2000). 

Typology and genetic model 

A magmatic origin for the sulfides in Retty Lake area 
deposits-i.e., accumulation of an immiscible sulfide liq-
uid that separated from mafic magma-was proposed by 
Baragar (1967), Fournier (1982), Rohon (1987), Beaudoin 
and Laurent (1989), and Clark (1989, 1991). This interpre-
tation is based on the basal position, the textures, and the 
compositions of the sulfides. The concentration of olivine 
in the central part of some sills (e.g., the Griffis Lake sill) 
suggests that the magma was moving (Fahrig, 1962). Sul-
fides were probably formed in a dynamic system, involv-
ing one or several pulses of mafic magma. Cu/Pd ratios 
(10,000-18,000) are a little higher than the mantle value, 
suggesting that the mafic magmas had lost part of their PGE 
content before final emplacement. This loss was probably 
the result of early segregation of a small amount of sulfides 
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(Clark, 2001). The very high S/Se ratio in sulfides suggests 
that a significant part of the sulfur came from the continental 
crust (Eckstrand and Hulbert, 1987; Clark, 1991). 

According to a different hypothesis (Laurent, 1995), 
the sulfides are of volcanic origin and were produced by 
the replacement of silicates during the rise of hydrothermal 
fluids. 

The primary sulfides near Bleu Lake were deformed and 
remobilized during the Hudsonian Orogeny. The dynamic 
and hydrothermal processes related to this event have pro-
duced (1) replacement textures in which sulfides replace 
silicates; (2) foliation or banding in massive sulfides; (3) Cu 
and Pd enrichment in the margins of the massive sulfides; 
and (4) strong iron alteration, with local Pd enrichment, of 
wallrocks. It appears that massive sulfides in the Lac Bleu 1 
deposit were also tectonically remobilized and emplaced by 
plastic flow along a fault that followed a part of the lower 
contact of the sill (figure 37; Clark, 1989). 

Sulfides in the Lac Bleu 1 deposit are relatively poor in 
Ni, Cu, PGE, and Au, compared with other deposits in the 
world (figures 40 and 41). If a magmatic origin is assumed, 
the low Ni and Cu concentrations in massive sulfides can be 
interpreted as the result of late sulfide saturation (near the 
site of crystallization), so that sulfides were unable to mix 
with enough silicate magma to become enriched in metals 
(small R factor; Campbell and Naldrett, 1979). Sulfur may 
have been derived from sulfidic mudrocks in the Thompson 
Lake Formation, which are particularly abundant at the 
top of the formation (Frarey, 1967). Deposits of this type 
have a lower Cu/Ni ratio (1.7) than those associated with 
glomeroporphyritic gabbro (3.8) (Clark, 1987); this char-
acteristic can be attributed to the more primitive and more 
magnesian initial composition of magmas associated with 
type 10b deposits. 

Mineralized peridotites and writes in discordant intru-
sions emplaced into the basal part of the Kyak Bay intrusion 
are interpreted as originally subhorizontal, tubelike feeder 
conduits (Kiddie and Mungall, 2000). A low Cu/Ni ratio 
(0.35) in sulfides suggests relatively primitive magma. 

Metallotects and economic potential 

In the southern part of the orogen, this deposit type occurs 
almost exclusively in the middle sill, which was intruded 
along the contact between the Thompson Lake and Willbob 
formations. Very few examples exist of sulfides in other 
mafic-ultramafic sills in the Retty Lake area (one example 
is the Lac Berry mineralized site), even though they are 
chemically similar and are probably comagmatic with the 
middle sill (Laurent, 1995; Rohon et al., 1993). However, 
the middle sill displays more lithofacies variations, which 
suggests that it is the result of multiple magmatic injections. 
In addition, the sedimentary rocks in the footwall (top of the 
Thompson Lake Formation) of the middle sill are relatively 
rich in sulfides (source of sulfur). 

The mafic-ultramafic sills of the Chaunet complex, in the 
northern part of the orogen, are generally composed of the 
same lithofacies as the sills in the Retty Lake area. The pres-
ence of sulfidic sediments in the host rocks in the two areas 
is favorable for this deposit type. The sheared and/or altered 
contacts are favorable for Cu, Pd, and Au enrichments. 

With the exception of deposits in the Kyak Bay intrusion, 
the economic potential of this deposit type is limited by the 
relatively low Ni and Cu concentrations, even in massive 
sulfides, when compared with other known deposits in the 
world. However, some deposits have moderately high PGE 
concentrations (at by-product levels); for example, massive 
sulfides in the Retty Lake area contain from 0.7 to 1.1 g/t 
Pd + Pt, on average. In addition, the potential is increased 
by the possible presence of zones enriched in Cu and PGE, 
such as the chloritic borders in the Lac Bleu 1 deposit. By 
contrast, sulfides in the Kyak Bay intrusion are enriched 
in Ni (and locally in Cu), probably as a result of different 
conditions of magma emplacement. 

TYPE 10C: 
MAGMATIC Cu-Ni ±Co ±PGE 
IN GLOMEROPORPHYRITIC 
GABBRO 
(GABBRO ±PYROXENITE) 

Examples 

Lac Frederickson (51), Island (211), Lepage - Zone Knob 
(212), Lac Redcliff (213), Leslie No. 2 - Zone Nord (253), 
Leslie No. 2 - Zone Sud (254), Chrysler No. 2 (260), 
Erickson No. 4 - Upper (267), Erickson No. 4 - Gallant (268), 
Erickson No. 4 - Lower (269), Prud'homme No. 2 - Zone A 
(Lac Climax) (274), Prud'homme No. 2 - Zone B (Leslie 1) 
(276), Erickson No. 1 (285), Soucy No. 1 - Zones C and B 
(294), Hopes Advance No. 5 (345), Hopes Advance No. 1 
— Zone Principale (346), Hopes Advance No. 1 - Zone Nord 
(347), Hopes Advance No. 3 (Schindler) (348); additional 
mineralized sites: Connolly (24F/14), Hopes Advance No. 7 
(24N/05). 

Representative grades 
and geological resources 

• Lepage + Island: 1.09 Mt at 2.02% Cu, 0.45% Ni; 

• Lac Redcliff: 0.97 Mt at 2.09% Cu, 0.51% Ni; 

• Leslie No. 2: 693,900 t at 1.56% Cu, 0.33% Ni; 

• Chrysler No. 2: 1.89 Mt at 1.79% Cu, 0.66% Ni, 
0.10% Co; 
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• Erickson No. 1: 520,000 t at 1.12% Cu, 0.32% Ni; 

• Soucy No. 1 - Zone C: 143,000 t at 0.72% Cu, 
0.22% Ni; 

• Hopes Advance No. 1 - Zone Principale: —31 Mt at 0.5% 
Cu, 0.2% Ni (possible resources); 

• Hopes Advance No. 3: 5.10 Mt at 0.76% Cu, 0.26% Ni 
(possible resources). 

Age 

Paleoproterozoic, 1884-1874 Ma (Chevé and Machado, 
1988; Machado et al., 1989; Clark and Thorpe, 1990; 
Skulski et al., 1993; Findlay et al., 1995; Machado et al., 
1997; Wodicka et al., 2002). 

Metamorphism 

Greenschist to amphibolite facies. 

General geological context 

Type 10c Cu-Ni deposits occur in the Gerido and Retty 
zones. The Gerido Zone includes the Denault (Abner) 
Dolomite, the Koksoak Group (Baby and Hellancourt 
formations), and, at its southern end, the Murdoch Forma-
tion. The Retty Zone consists of the Doublet Group, which 
includes the Murdoch Formation (mafic pyroclastic rocks) 
at the base, overlain by the Thompson Lake Formation 
(detrital sediments, including sulfidic mudstones, which 
are particularly common at the top of the formation; local 
basalt) and the Willbob Formation (basalt, with intercala-
tions of mudrock) (Frarey, 1967). Several aphyric, mafic and 
mafic-ultramafic sills intrude this sequence. The Koksoak 
Group is correlated with the Doublet Group. 

These Cu-Ni deposits are hosted in glomeroporphyritic 
gabbro sills. The sills were emplaced into (1) sulfidic meta-
sediments (upper iron formation) of the Baby Formation in 
the northern part of the orogen (Wares and Goutier, 1989, 
1990a, and unpublished report); (2) pyroclastic rocks and 
basalts of the Murdoch Formation in the center of the orogen 
(Aulneau Lake area; Fournier, 1982, 1983; Lacroix, 1990; 
Lacroix and Darling, 1991); and (3) sulfidic, graphitic 
mudstones of the Menihek Formation in the southern part 
of the orogen (Fournier, 1982, 1983; Gebert, 1991). This 
deposit type is very common, and the northern part of the 
orogen hosts dozens of Cu-Ni deposits in glomeroporphy-
ritic sills. The examples listed above are among the most 
significant deposits. 

Local geology 

In the northern part of the orogen, type 10c deposits con-
sist of concordant bodies of disseminated or massive sulfides  

located in the lower or central parts of glomeroporphyritic 
sills. In this area, the sills are almost excusively located at 
the contact between the Baby Formation (turbidite and iron 
formation) and the overlying Hellancourt Formation (basalt) 
(figure 33). They are considered to be feeders to local glome-
roporphyritic basalt flows at the base of the Hellancourt 
Formation (Wares and Goutier, 1989, and unpublished 
report). Apyroxene cumulate (pyroxenite) commonly occurs 
in the lower part of little-deformed sills, immediately below 
mineralized glomeroporphyritic gabbro. This pyroxenite, 
which disappears laterally beyond the sulfide-bearing zone, 
is closely associated with the sulfides. Vertical sections 
through some of the most important deposits in the northern 
part of the orogen (figure 39) illustrate the relationships 
between the sulfides and the igneous stratigraphy of the 
sills. Pyroxenite is usually aphyric, except in its upper parts, 
where plagioclase phenocrysts can be present over thick-
nesses of up to 7 m. Because of the presence of thrust faults 
and the resulting imbrication, some sills (e.g., those hosting 
the Chrysler 2 and Hopes Advance 1 deposits) show more 
complex relationships between their internal stratigraphy 
and the mineralized zones. The pyroxenite is not necessarily 
present in these cases. 

Disseminated sulfides (10-50%) occur in both pyroxenite 
and glomeroporphyritic gabbro (figure 39). They consist 
mainly of pyrrhotite, pentlandite (as exsolutions in pyr-
rhotite), and chalcopyrite. The sulfides occur in the matrix 
and are intergrown with silicate minerals, mainly actinolite. 
Sulfide grains are also enclosed within plagioclase phe-
nocrysts. Massive sulfide horizons occur less commonly 
(e.g., Chrysler No. 2). They are composed of a granoblastic 
assemblage of medium-grained pyrrhotite and chalcopyrite, 
which enclose idiomorphic magnetite crystals and fractured 
and xenomorphic pentlandite grains. Massive sulfides are 
homogeneous but locally display mineral segregations, i.e., 
banding defined by alternating pyrrhotite-rich and chalco-
pyrite-rich layers. 

In the Aulneau Lake area, in the central part of the oro-
gen, some deposits (Lepage, Float [214], Lac Redcliff, 
Nine South [220]) are associated with glomeroporphyritic 
gabbro/pyroxenite sills (Lacroix, 1990; Lacroix and Darling, 
1991). In the southern part of the orogen, Cu-Ni deposits 
in glomeroporphyritic gabbro sills are not associated with 
pyroxenite (Fournier, 1983; Gebert, 1991). 

In glomeroporphyritic gabbro, sulfide-filled fractures cut 
both the gabbroic matrix and plagioclase phenocrysts; these 
sulfides resulted from tectonometamorphic remobilization 
of magmatic sulfides. Near fault zones, sulfides may occur 
along the penetrative schistosity. In the Aulneau Lake area, 
this phenomenon is attributed to solid-state flow of sulfides 
(Lacroix and Darling, 1991; see also the sections on 
types 19a, 19b, and 19c). 

Cu and Ni grades are generally low: <1% Cu + Ni in 
zones of disseminated sulfides and 1-3% Cu + Ni in mas-
sive sulfides. Similarly, Pt and Pd grades rarely exceed 
1 g/t Pt + Pd. Cu/Pd, Cu/Pt, and Cu/Ni ratios of sulfides 
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in glomeroporphyritic gabbro are generally higher than in 
aphyric mafic sills (type 10b) (Clark, 1987, 2001). In addi-
tion, Cu/Ni ratios are higher than in other deposits associated 
with tholeiitic magmas in the world (see figure 40), although 
their Ni/Pd and Ni/Co ratios are similar (Wares and Goutier, 
unpublished report). 

Typology and genetic model 

The characteristics of massive and disseminated Cu-Ni 
sulfides in glomeroporphyritic sills indicate that they are of 
magmatic origin. The close association between pyroxenite 
and Cu-Ni sulfides is indicative of local crystal fractionation 
during crystallization of the magmas; this process produced 
pyroxene crystallization and accumulation and led to sul-
fide saturation (Wares and Goutier, 1989, and unpublished 
report; Lacroix, 1990). The low Ni/Co ratios and the low 
Cu, Ni, and PGE grades suggest a low magma/liquid sulfide 
ratio (low R factor; Campbell and Naldrett, 1979; Naldrett, 
1981a). This suggests that sulfide liquid droplets formed 
near the crystallization site in the sills, perhaps because 
the magma assimilated sulfur by interaction with local 
sedimentary rocks. 

Cu/Pd ratios are considerably higher (15,000-170,000) 
than the mantle value (see figure 41 a). This suggests that 
much of the PGEs were lost from the mafic magma before 
its emplacement, probably due to early segregation of 
sulfides. 

Low Se concentrations and, therefore, high S/Se ratios, 
when compared with sulfides composed of mantle-derived 
sulfur, suggest that a large part of the sulfur in the glomero-
porphyritic sills is of crustal origin (Wares and Goutier, 
1989). The graphitic, sulfidic mudrocks commonly asso-
ciated with the sills are a probable source for this sulfur. 
This possiblity is supported by sulfur isotope values for 
sulfide deposits in the northern and southern parts of the 
orogen (Wares and Goutier, 1989 and unpublished report; 
Gebert, 1991). Sulfur isotope values for Aulneau Lake area 
sulfides are near the mantle value (Lacroix and Darling, 
1991), but data are insufficient to conclude on the origin 
of the sulfur. 

Metallotects and economic potential 

Known deposits of type 10c have low economic poten-
tial due to their low Cu and Ni grades and their small size 
(generally <2  Mt). It is unlikely that richer deposits will be 
found in glomeroporphyritic gabbros, since the data suggest 
that sulfides were formed shortly before or immediately after 
the emplacement of these magmas (small R factor); this can 
explain their low Ni grades (see figure 40). The sulfides 
probably did not come from a deep magma chamber—a deep 
origin is generally favorable for the genesis of economic 
deposits of this type (Naldrett, 1981a). 

TYPE 10D: 
MAGMATIC PGE-Cu-Ni-Au 
IN LAYERED GABBRO 
WITH STRATIFORM PEGMATITE 

Examples 

Paladin (propriété Gillet) (243), Lac Lafortune (286), 
Lac Larochelle (303). 

Representative grades 
and geological resources 

• Paladin (propriété Gillet): 4.61 g/t Pd, 0.76 g/t Pt, 0.27 g/t 
Au over 2 m (best results from channel samples); 0.30% 
Cu, 2.25 g/t Pd + Pt (Pd/Pt = 6) (average from several 
selected samples); 

• Lac Lafortune: 1.45% Cu, 0.08% Ni, 1.65 g/t Pd, 
2.54 g/t Pt (average from 4 selected samples) (Wares 
and Goutier, unpublished report); 

• Lac Larochelle: 0.64 g/t Pd, 0.35 g/t Pt, 3.30 g/t Au 
(selected sample). 

Age 

Paleoproterozoic, 1884-1874 Ma (Chevé and Machado, 
1988; Machado et al., 1989; Clark and Thorpe, 1990; 
Skulski et al., 1993; Findlay et al., 1995; Machado et al., 
1997; Wodicka et al., 2002). 

Metamorphism 

Greenschist facies. 

General geological context 

Examples of this mineral deposit type are found in the 
northern part of the orogen, in the Gerido Zone (Bélanger, 
1982; Wares et al., 1988; Wares and Goutier, 1990a, and 
unpublished report). This zone includes the Denault (Abner) 
Dolomite and Koksoak Group rocks (Baby and Hellancourt 
formations). These formations are cut by numerous tholeiitic 
gabbro sills (Montagnais sills). 

Local geology 

Three deposits of PGE-rich disseminated sulfides have 
been discovered in pegmatitic gabbro in the northern part 
of the orogen: the Paladin (propriété Gillet), Lac Lafortune, 
and Lac Larochelle deposits. In the Paladin deposit, PGE-
rich disseminated sulfides (1-5%) are hosted in a differen- 
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tiated mafic sill (Osisko Exploration, press release, March 
27, 2000). The PGE occur in a leucogabbro horizon (the 
"Paladin horizon") and in an overlying pegmatitic gabbro 
horizon. The Paladin horizon extends discontinuously over a 
distance of at least 1.2 km and is up to 2 m thick. It contains 
1-5% chalcopyrite + pyrrhotite. Selected samples collected 
over the entire length of the zone returned an average grade 
of 0.30% Cu and 2.25 g/t Pd + Pt (Pd/Pt = 6). Channel 
sampling revealed an average grade of 4-5 g/t Pt + Pd in 
two sections, each 2 m long (Osisko Exploration, press 
releases, August 16 and September 13, 2000). Samples 
collected from pegmatitic gabbro returned an average grade 
of 0.28 g/t Pt + Pd. Gold grades reaching 1.5 g/t were also 
obtained from this deposit. A selected sample of silicified, 
coarse-grained gabbro containing 5% disseminated sulfides, 
collected earlier by Noranda near Osisko's sample site, 
returned 5.95 g/t Pd, 1.04 g/t Pt, and 0.22% Ni (Dessureault 
and Woldeabzghi, 1988a). A selected sample of pegmatitic 
melagabbro containing 1-2% pyrrhotite + chalcopyrite gave 
1.51 g/t Au, 0.60 g/t Pd, and 0.10 g/t Pt. 

The Lac Lafortune deposit occurs in a horizon of pegma-
titic, mesocratic olivine gabbro in a differentiated gabbro 
sill (Wares and Berger, 1987; Wares et al., 1988; Wares and 
Goutier, unpublished report). The deposit consists of weakly 
disseminated chalcopyrite (about 3%), pyrrhotite, and traces 
of magnetite in an irregularly shaped body measuring about 
1.5 m by 4 m at surface. In thin section, the chalcopyrite 
occurs as amoeboid grains intergrown with plagioclase and 
quartz. Ovoid grains of chalcopyrite up to 1 cm long occur 
within actinolite pseudomorphs. All other sampled lithofa-
cies in this differentiated sill, including layered peridotite, 
are devoid of PGE. The PGE occur mainly in tellurides 
(Pt-merenskyite, hessite) within chalcopyrite. Four selected 
samples returned an average grade of 1.45% Cu, 0.08% Ni, 
1.65 g/t Pd, and 2.54 g/t Pt (Wares et al., 1988; Wares and 
Goutier, unpublished report). 

The Lac Larochelle deposit occurs in pegmatitic gabbro. 
A selected sample with 3-5% sulfides (chalcopyrite and 
pyrite) returned 0.64 g/t Pd, 0.35 g/t Pt, and 3.30 g/t Au 
(Scott, 1988). 

Typology and genetic model 

Textures suggest that these deposits are of magmatic—
hydrothermal origin. This type of PGE deposit is not 
common in differentiated gabbroic complexes but has 
been documented elsewhere, e.g., the Coldwell complex and 
the Strathcona mine (Mulja and Mitchell, 1991; Watkinson 
and Ohnenstetter, 1992; Li et al., 1992). The metallogenic 
significance of gabbroic pegmatites and hydrothermal fluids 
for the concentration of PGE has been demonstrated at the 
Lac des Iles deposit, Ontario (e.g., Sweeny and Edgar, 1987, 
1988; Briigmann et al., 1989; Sutcliffe et al., 1989). Because 
of the absence of basal sulfides in sills associated with type 
10d deposits, the magmas were not saturated in sulfides at 
the time of their emplacement. Thus, they probably had not  

lost PGE during an earlier episode of sulfide separation. This 
would explain the shape of the mantle-normalized patterns 
for PGE, Au, Ni, and Cu in sulfides (see figure 41a). These 
deposits seem to have originated from PGE-rich fluids 
produced during the differentiation and crystallization of 
the mafic magma. In this kind of deposit, the abundance of 
disseminated sulfides ranges from 1 to 10%. 

Metallotects and economic potential 

The abundance of PGE in these deposits compared to cop-
per and nickel suggests that the mafic magmas were fertile 
and enriched in PGE at the time of their emplacement. It is 
possible that sills of this type, lacking any sulfide accumu-
lation near their base, are good targets for PGE deposits. 
Bodies or horizons of pegmatitic or granophyric gabbro 
are relatively common in Montagnais sills, and some are 
mineralized in disseminated pyrrhotite (Sauvé and Bergeron, 
1965; Wares and Goutier, unpublished report). Sills whose 
upper parts contain a horizon of pegmatitic gabbro with a 
small amount of disseminated sulfides (<10%) are worth 
sampling for PGE and Au; thick (>500 m), differentiated 
sills are the best targets. First-cycle mafic sills typically 
lack basal sulfides and may thus carry PGE in pegmatitic 
zones, if present. 

TYPE 12: 
VEIN URANIUM 

Examples 

Ferme Nord (168), Ferme Sud (169), Racine (170), 
Bravo (Train No. 3) (181), Otel (182), Train No. 4 (Lac 
Crabe) (185; in part type 12; see also types 5a and 17), 
Train No. 2 (186), Train No. 1 (187; main classification: 
4b), Lac Bishop (188). 

Representative grades 
and geological resources 

• Ferme Nord: 0.33% U, 0.31% Cu, 0.16% Mo over 1.4 m 
(drill core); 1.48% U, 2.48% V, 2.14% Mo, 1.69% Zn, 
1.20% Pb, 0.59% Cu, 0.39% Ni, 88 g/t Ag (selected 
sample of graphitic, sheared rock); 

• Bravo (Train No. 3): 2.16% U, 4.5 g/t Ag (selected 
sample); 

• Racine: 0.65% U, 2.48% V, 0.14% Co, 0.12% Cu, 
18.1 g/t Ag (selected sample); 

• Otel: 0.10% U over 1 m (drill core); 

• Train No. 2: 0.15% U over 1.9 m (drill core). 
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Age 

Paleoproterozoic. 

Metamorphism 

Greenschist facies. 

General geological context 

Vein uranium deposits are located in the lower part of 
the first volcano-sedimentary cycle of the Trough. They 
occur in gabbro cutting redbed arkose and conglomerate of 
the Chakonipau Formation; in dolomite and mudstone of 
the Portage Formation; in mudstone, wacke, and dolomite 
of the Lace Lake Formation; and in quartz arenite of the 
Alder Formation. The deposits are therefore located in a 
part of the sedimentary sequence in which chemical condi-
tions changed from oxidizing to reducing. Several deposits 
are located near local or regional thrust faults, such as the 
Argencourt Fault. 

Local geology 

Seven vein uranium deposits have been found in the 
Minowean Lake area (northeast of Castignon Lake), north-
east of Chakonipau Lake, and northeast of Otelnuk Lake. 
Five of them are hosted in sedimentary rocks and two in 
gabbro. At the Ferme Nord (168) deposit, located in the 
Minowean Lake area, radioactivity is strong in a thin, 
fractured, and sheared zone cutting arenite, a few metres 
from the contact with grey dolomite (Brouillette, 1989). 
However, radioactivity is even stronger in a lens or bed 
of sheared, black, graphitic rock located within the same 
fractured and sheared zone. The protolith of the graphitic 
rock was probably a pelite. At the Ferme Sud and Racine 
deposits, in contrast to the Ferme Nord deposit, the mineral-
ized sheared zone is discontinuous and located directly at 
the contact between quartz arenite and dolomite beds. The 
mineralized rocks are polymetallic and variably enriched 
in U, V, Mo, Zn, Pb, Cu, Co, Ni, Ba, and Ag. Supergene 
minerals, comprising yellow and green, uranium- and cop-
per-bearing alteration products (including malachite), coat 
numerous fractures in the quartz arenite. The following 
minerals have been identified: tivanite [V3+TiO3(OH)], 
pyrite, roscoelite [K(V3+,A1,Mg)2(Si,AI)4O10(OH)2], graph-
ite, cattierite [CoS2], linnaeite [Co2+Co3+2S4], pitchblende 
[UO2], chalcopyrite, sphalerite, molybdenite, galena, torber-
nite [Cu2+(UO2)2(PO4)2.8-12H2O], covellite [CuS], goe-
thite, volborthite [Cu2+3V5+2O7(OH)2.2H2O], and ferghanite 
[U3(VO4)•6H20] (Brouillette, 1989).1  

At the Bravo deposit, located northeast of Chakonipau 
Lake, uranium minerals are hosted in a cataclastic, red, 
calcitic dolomite in the footwall of the Argencourt Fault. 

1. Chemical formulas in this section are from Blackburn and Dennen (1997). 

According to Brouillette (1989), the imbrication associated 
with this fault affects all lithofacies occurring between the 
upper part of the Chakonipau Formation and the lower part 
of the Lace Lake Formation. According to the stratigraphic 
column established for the Bravo deposit, the calcitic 
dolomite is located near the top of the Portage Formation, 
which consists of metre- to decametre-thick units of quartz 
arenite to subarkosic arenite, sericitic and chloritic green 
schist, and dolomite (Brouillette, 1989). The color of the 
units is variable: pink, red, beige, or green. Dark grey silt-
stones, argillites, and wackes of the Lace Lake Formation 
occur in the hangingwall of the Argencourt Fault. Uranium 
minerals are concentrated mainly in pockets of pink or 
red calcite resulting from the recrystallization of catacla-
stic, beige to pinkish dolomite. Irregular, centimetre-scale 
masses and disseminated, millimetre-size grains probably 
composed of pitchblende occur in these pockets. Brannerite 
[(U,Ca,Y,Ce)(Ti,Fe)2O6] also occurs as a major component. 
Uranophane {Ca[(UO2)SiO3(OH)]2(H20)5  } and a uranium 
oxyhydroxide located in fractures have been provisionally 
identified as yellow supergene alteration products (Scott, 
1980; Brouillette, 1989). The deposit also contains a small 
amount of sulfides, including chalcopyrite, pyrite, and 
digenite (Brouillette, 1989). The Bravo deposit is enriched 
in uranium and copper, contains a little lead and manganese, 
but is almost devoid of thorium. The most interesting grades 
are 0.58% uranium over 25 cm and 0.14% uranium over 
28 cm in channel samples (Tremblay, 1979). The Bravo 
deposit and other nearby deposits are not vanadium bearing, 
in contrast to deposits in the Minowean Lake area, located 
farther northwest. 

At the Train No. 2 deposit, located just east of the Bravo 
deposit, radioactivity is associated with hematitic micro-
fractures in a dark green or black sheared rock. At the Otel 
deposit, located northeast of Otelnuk Lake, radioactive 
minerals occur in a shear zone separating two gabbro sills, 
which, at this locality, constitute the base of the sequence 
in the hangingwall of the Argencourt Fault. The following 
minerals are observed: chalcopyrite in a cataclastic zone; 
uranium minerals in veins, with gangue composed of chlo-
rite, hematite, biotite, and calcite; and pitchblende in veins. 
At the Lac Bishop deposit, located northeast of Chakonipau 
Lake in the structural block below the Argencourt Fault, 
radioactive minerals accompanied by minor copper occur 
within carbonate—feldspar veins cutting a locally fractured 
gabbro sill. Alteration minerals (hematite, chlorite, epidote, 
pyrite, and malachite) are associated with these veins. 

By contrast, the Train No. 1 uranium deposit, also located 
northeast of Chakonipau Lake, is characterized by glacial 
boulders of Lace Lake Formation pyritic quartz sandstone 
containing disseminated radioactive minerals. These blocks 
are generally highly fractured and sheared. The disseminated 
nature of the uranium minerals and their presence in reduced 
and permeable sedimentary rock suggest that this deposit is 
syn- to diagenetic (see the section on type 4b, which is the 
main classification for this deposit). 
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Typology and genetic model 

Uranium-copper deposits of this type are interpreted 
as epigenetic and syntectonic. Uranium-copper minerals 
were deposited (1) in recrystallized dolomite of the Portage 
Formation; (2) as fillings of microfractures in this dolo-
mite or in detrital sediments of the Lace Lake Formation; 
(3) in shear zones cutting arenites and pelites of the Alder 
Formation; and (4) in fractures cutting gabbro (Wagner, 
1978; Brouillette, 1989). In view of the hematitic alteration 
associated with some of these deposits, the origin of such 
deposits seems to be related to oxidizing hydrothermal flu-
ids, which were probably channeled along sheared horizons 
adjacent to certain thrust faults, e.g., the Argencourt Fault. 
Subsequently, post-tectonic supergene minerals, including 
uranophane and malachite, were formed in proximity to the 
epigenetic deposits. 

Brouillette (1989) noted several similarities between these 
deposits and the syngenetic/diagenetic uranium-vanadium 
deposits of the Colorado Plateau (type 4b). However, some 
characteristics point to a slightly different origin for the 
Labrador Trough deposits. Brouillette (1989) found that the 
uranium-vanadium minerals formed during three different 
phases: syngenetic/diagenetic, epigenetic, and supergene. 
He proposed that vanadiferous materials (such as tivanite 
and vanadiferous clay, precursor to roscoelite), organic 
matter, and pyrite accumulated or developed in the detrital 
sedimentary sequence during the syngenetic/diagenetic 
stage. Uranium minerals (pitchblende, torbernite) and 
Cu, Ni, Co, Zn, Mo, and Pb sulfides crystallized during 
the epigenetic stage from hydrothermal fluids circulating 
in fracture or shear zones. Metal deposition occurred in 
reducing environments (mainly argillaceous horizons). 
Organic matter and vanadiferous clay are thought to have 
been remobilized in sheared horizons. Volborthite, fergha-
nite, covellite, and goethite are believed to have formed 
later, during supergene alteration affecting the syngenetic 
and epigenetic minerals. An alternative interpretation was 
proposed by Lafontaine (1984b), who considered that the 
uranium deposits are essentially syngenetic, with a relatively 
minor episode of syntectonic remobilization and, finally, 
supergene enrichment. 

Metallotects and economic potential 

The main metallotect for this type of deposit is a perme-
able zone adjacent to a major reverse fault that can channel 
oxidizing fluids capable of carrying uranium, as soluble 
U6+, and other metals present in the deposits. At the deposit 
scale, mineralization was controlled by relatively minor and 
rather narrow (decimetre- to metre-scale) shear zones. These 
zones cut competent rocks (quartz arenite, gabbro) or follow 
the contact between lithofacies with different competencies 
(e.g., quartz arenite and dolomite). The depositional envi-
ronment was probably reducing, as suggested by the dark 
color of the sheared arenites and the common occurrence  

of deposits in black, graphitic horizons. The source of the 
uranium may have been immature arkosic sediments in the 
Seward Group or uranium-bearing Archean granites and 
gneisses in the Superior craton. Archean rocks beneath the 
Seward may have served as a source of detritus for this unit 
and may also have affected the composition of syntectonic 
hydrothermal fluids emanating from the basement. 

TYPE 12A: 
VEIN U-Au ±Cu ASSOCIATED 
WITH ALBITIZATION 

Examples 

Eagle (173), Deschênes (177), Kish (180), SGR-09 (190), 
Eldorado 2 (192), Eldorado 1 (193). 

Representative grades 
and geological resources 

• Eagle: 0.8% U, 5.4 g/t Au over 0.3 m (drill core); 

• Kish: 0.10% U, 500 ppb Au (average from chip 
samples); 

• SGR-09: 0.15% U, 3.3 g/t Au over 0.61 m (drill core); 

• Eldorado 2: 21 ppm U, 4.3 g/t Au (selected sample); 
0.27 g/t Au, 1.02% La, 1.83% Ce, 0.11% Sm, 738 ppm 
Th (selected sample); 

• Eldorado 1: 2.37 g/t Au, 3.6 g/t Ag (selected sample); 
up to 199 ppm U (selected sample). 

Age 

Paleoproterozoic. 

Metamorphism 

Greenschist facies. 

General geological context 

The deposits are located in the valley of Mistamisk and 
Romanet lakes (Wheeler Zone), which corresponds in large 
part to the area underlain by the Romanet Horst (Le Gallais 
and Lavoie, 1982; figure 44). The area consists of Archean 
gneisses of the Wheeler Dome, as well as sedimentary rocks 
and minor volcanic rocks belonging to the Seward, Pistolet, 
and Swampy Bay groups (Dimroth, 1978). The Bertin Fault, 
a late vertical to subvertical fault, bounds the valley on its 
southwest side (Chevé, 1985; Clark, 1986; figure 44). A 
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normal fault or a fault zone (with reverse sense?) with a 
moderate northeastly dip (depending on the area) forms its 
northeastern limit (Clark, 1986). Farther southeast, the zone 
appears to be limited by the thrust fault at the base of the 
Howse Zone thrust sheet. In the eastern part of the valley, 
meta-arkoses of the Milamar Formation (Seward Group) 
are in erosional, unfaulted contact with Archean rocks of 
the Wheeler Dome, a zone in positive relief during part of 
cycle 1 deposition (see figure 4; Dimroth, 1970a; Dimroth, 
1978). 

Several deposits (e.g., Eagle, Kish) located near Mistamisk 
Lake, in the northwestern part of the valley, occur in mauve, 
greenish, or grey mudrocks and siltstones, which contain 
dolomite interbeds. These strata were deposited in shallow, 
rather calm water. They were correlated with the base of the 
Lace Lake Formation by Clark (1986) but, alternatively, they 
may represent the top of the Dunphy Formation (Dimroth, 
1978). The sequence was affected by early deformation 
involving flattening, local isoclinal folding, and boudinage 
of competent beds. The units were then deformed during 
a younger event, producing isoclinal folds that are over-
turned towards the southwest or west; the hinge zones of 
these folds are concentric to similar in style, and the folds 
are associated with a penetrative cleavage (Charbonneau, 
1979; Clark, 1986). 

Local geology 

Eagle 

The Eagle deposit, discovered in 1975, is located near 
the southeastern end of Mistamisk Lake (Béland, 1976; 
Charbonneau, 1979). It is composed of several radioac-
tive veins cutting a sequence of interbedded dolomite 
and mauve, mauve-grey, and green mudrock; these were 
correlated with the Dunphy and Lace Lake formations by 
Clark (1986). The veins generally trend at 325° and have a 
vertical to steep northeastly dip; the veins cut bedding and 
cleavage at high angle. Other veins are parallel to cleavage 
or bedding. Mineralized veins cut mudrock horizons mainly 
and do not transect dolomite interbeds. This feature sug-
gests that the veins originated by filling of open fractures 
developed during boudinage of the mudrock beds, which 
were relatively competent compared with the dolomite beds 
(Charbonneau, 1979; Clark, 1986). Three varieties of veins 
have been identified (Charbonneau, 1979): (1) pink albite 
veins; (2) light pink chert veins; and (3) quartz—carbonate 
veins. The albite and quartz—carbonate veins also contain 
chlorite, dolomite, hematite, uraninite (UO2), pitchblende, 
and yellow and yellow-orange uraniferous alteration prod-
ucts. The pinkish or red-brown tint of the veins and their 
wallrocks is due to disseminated hematite and to hematite 
coatings. Accessory minerals include zircon, apatite, pyrite, 
phlogopite, galena, chalcopyrite, tellurides, and organic 
matter (Béland, 1976; Kish and Tremblay-Clark, 1979; 
Kish and Cuney, 1981). Uranium minerals are distributed  

erratically in the veins. Detailed sampling of several veins 
revealed a significant variation in average grades from 
one vein to another: 57-540 ppm U3O8, 4-94 ppm ThO2, 
5-750 ppm Au (Charbonneau, 1979). The wallrocks of the 
veins are locally mineralized, with grades up to 1.54% U3O8  
and 15 g/t Au. 

Kish 

The Kish deposit, located 1 km southeast of the Eagle 
deposit, consists of at least two veins, 15-30 cm thick, 
trending NNW—SSE and dipping SW at about 70° (Kish 
and Cuney, 1981; occurrence H in Clark, 1986). The host 
rocks are mudrocks with a light pink weathered surface and 
dolomite interbeds 2-5 cm thick; beds dip NE at 15-25°. 
The presence of radioactive boulders led to the discovery 
of outcropping veins. The veins are composed mainly 
of albite, uraninite, dolomite, and chlorite (sheridanite), 
with accessory quartz, tellurides (melonite, NiTe2; altaite, 
PbTe), and uraniferous and ferriferous alteration products 
(figure 45; Kish and Cuney, 1981). Sulfides (chalcopyrite, 
pyrite, galena) occur rarely. Native gold forms small grains 
mainly within altaite and melonite crystals. The veins locally 
contain abundant fragments of host rock. Albite occurs as 
crystals, up to 3 cm long, that are oriented randomly except 
at the margins of the veins, where they are perpendicular 
to the contact. Brittle deformation of albite is indicated by 
displacements on microfractures and crystal brecciation. 
Albite is pink due to the presence of fine hematite, which 
occurs as disseminated grains and as coatings in cleavages 
and microfractures. Albite is partly altered to fine-grained 
white mica and locally contains small, rounded, millimetre-
scale masses of non-uraniferous, carbonaceous material 
(also observed in the GM deposit (146, type 17b; Clark, 
1986)). Uraninite is generally concentrated in the axial 
part of veins and forms centimetre-scale crystal aggregates. 
Uraninite was one of the first minerals to crystallize in the 
veins; it is fractured and cemented by albite and carbonate. 
Uraninite is poor in Th and REE, but analysis of a mineral 
concentrate gave 0.32% Y (Kish and Cuney, 1981). 

Eldorado 1 and 2 

The Eldorado 1 and 2 deposits consist of U- and Au-
bearing veins that are associated with albitic breccias. The 
breccias occur in diverse stratigraphic contexts. At the 
Eldorado 1 deposit, located 1 km northeast of Du Chambon 
Lake in the Mistamisk—Romanet valley, albitic breccia 
forms a 10 m thick unit, in contact with a 1 m thick horizon 
of massive albitite (Fournier, 1993). The albitic rocks are 
concordant and located at the contact between dolomite of 
the Uvé Formation and black mudrock of the Du Chambon 
Formation. Both types of albitic rock generally contain from 
5 to 10% (locally up to 30%) finely disseminated pyrite. 
Mineralized minor fractures locally give high gold grades 
and anomalous Ag, U, and Th concentrations. 
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The Eldorado 2 deposit, located 3 km northeast of 
Du Chambon Lake, consists of two thin, E—W- and NW—SE-
trending veins that cut an albitic breccia body measuring 
approximately 30 m by 80 m (Fournier, 1993). The brec-
cia is located in the hinge zone of a tight fold in dolomite 
and white quartzite of the Alder Formation. A mineralized 
sample returned high concentrations of light rare earth ele-
ments (2.96% La + Ce + Sm), and a second sample gave 
4.3 g/t Au and 21 ppm U. 

Typology and genetic model 

The origin of this deposit type is probably similar to that 
of type 17b, "Vein Cu ±U ±Au ±Ag associated with albiti-
zation." In several cases, the two deposit types occur in 
close proximity and display similar alteration styles (e.g., 
albitization and carbonatization). They differ mainly in their 
metal proportions and in the fact that hematitization is more 
common in type 12a. The two types can be considered as 
subtypes of the same deposit type; however we prefer to 
classify them separately because (1) distinction based on 
whether Cu or U dominates in the deposit is usually easy; 
(2) our general classsification scheme is based on composi-
tion; and (3) separate classification permits visualization of 
possible compositional zoning patterns on the synthesis map 
(insert). However, the two types are discussed together in 
the section in Part 2 concerning vein U-Au ±Cu and vein 
Cu ±U ±Au ±Ag associated with albitization (types 12a 
and 17b). 

Kish and Cuney (1981) noted the presence of an uncom-
mon association of elements in the Mistamisk—Romanet val-
ley: Na-Mg-U-Y-Te-Ni-Pb-Cu-Au. A fluid inclusion study 
on vein minerals in the Eagle and Kish deposits revealed 
that the radioactive veins originated from hydrothermal 
fluids with temperatures between 300 and 350°C and at 
a pressure of 2.5 kbar (Kish and Cuney, 1981). The fluids 
were oversaturated in NaC1 and rich in N2  and CO2.  During 
vein formation, the fluids caused sodic metasomatism in the 
wallrocks of the veins, resulting in the replacement of ser-
icite by albite and an increase in the Na/K ratio. Albite and 
uraninite probably crystallized during the early, syntectonic 
stage of hydrothermalism. Tellurides, gold, and sulfides are 
interpreted to have precipitated during a late hydrothermal 
stage. According to Kish and Cuney (1981), sodic fluids 
were developed during metamorphism of sodic sediments, 
perhaps of evaporitic origin. Sodic schists have, in fact, been 
found in the Mistamisk—Romanet valley; these schists are 
slightly anomalous in thorium and contain a little pyrite. 
Three samples from veins gave U-Pb ages of approximately 
1800 Ma for uraninite crystallization and about 400 Ma for 
remobilization of uranium and deposition as pitchblende 
(Kish and Cuney, 1981). 

Several geologists have speculated on a possible relation 
between the U-Au deposits in the Mistamisk—Romanet valley 
and alkalic mafic magmatism (e.g., Kennecott Canada Inc., 
1995). Although no alkalic mafic intrusions have been iden- 

tified with certainty in the area, the hypothesis is supported 
by local high rare earth element concentrations (e.g., at type 
12a deposit Eldorado 2 and type 17b deposits Anomalie 79-1 
(Bacon) (156) and GM (146; in part type 12a?)). 

Vein uranium deposits in the Labrador Trough are similar 
in many respects (e.g., metals, mineralogy, alterations, and 
control by reactivated faults, fractures, and breccias) to 
uranium deposits in the Beaverlodge area, Saskatchewan 
(Tremblay, 1972; Ruzicka, 1995). The latter were classi-
fied as "vein uranium deposits in shear zones" by Ruzicka 
(1995). They are Paleoproterozoic, epigenetic deposits that 
feature later remobilization. At Beaver lodge, hydrothermal 
fluid circulation and metal deposition were controlled by 
major faults (presence of mylonites) and late fracture zones. 
Uranium minerals occur as disseminations and fracture 
fillings. In addition, uranium minerals are disseminated in 
breccias composed of granitized, mylonitized, and brec-
ciated rock fragments. Uranium is mainly in pitchblende 
(secondary uranium oxides). The following minerals are 
also common: brannerite (U—Ti-oxide), thucolite (a mixture 
of uraninite and carbonaceous matter), hematite, and pyrite. 
Chalcopyrite, galena, sphalerite, and clausthalite (PbSe) 
also occur locally. The main gangue minerals are carbonate, 
quartz, chlorite, and albite; carbonate and quartz—carbonate 
veins are common. An episode of sodic metasomatism 
occurred during the early stage of the mineralizing event 
at Beaverlodge. This alteration resulted in millimetre-thick 
albite and albite—quartz veinlets cutting the host rocks in 
various directions. Other alterations, which affect the wall-
rocks of the veins, include hematitization, chloritization, 
feldspathization, and carbonatization. According to the 
proposed genetic hypothesis (Tremblay, 1972; Ruzicka, 
1995), uranium was initially present in Archean granitic 
plutons. Uranium was then concentrated syngenetically in 
Paleoproterozoic detrital sediments, and finally, during the 
Hudsonian Orogeny, it was remobilized by hydrothermal 
fluids and deposited in structural discontinuities. 

Similarities also exist between the deposits and associ-
ated alterations in the Mistamisk—Romanet valley and those 
in the Proterozoic rocks of the Otish Group in Québec 
(Ruhlmann et al., 1986). In that area, alteration affects 
mainly late Paleoproterozoic gabbro sills and dikes. These 
authors recognized several phases of alteration. The first 
phase was alkalic and resulted from oxidizing brines of 
late tectonometamorphic origin that had leached metals, 
including uranium, present in the volcanic—detrital strata in 
the sedimentary basin (lower part of the Otish Group). The 
fluids precipitated albite, hematite, goethite, brannerite, 
and uraninite. The second phase involved brecciation of 
the previous assemblage and precipitation of carbonate 
(dolomite), tellurides, selenides, and, at the end, sulfides. 
Native gold (as well as native bismuth and copper) occurs 
as small inclusions in tellurides and selenides, and is also 
associated with secondary minerals. The third phase resulted 
in deposition of quartz and copper-bearing sulfides. Lastly, 
an assemblage of pink calcite (with fine-grained hematite) + 
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chlorite + pitchblende + sulfides was precipitated. Accord-
ing to Ruhlmann et al. (1986), the oxidizing fluids were 
formed during a late Paleoproterozoic tectonometamorphic 
episode, with which mafic magmatism was associated. The 
fluids precipitated metals in the relatively reducing gabbro 
sills. Ruhlmann et al. (1986) emphasized that this style of 
Paleoproterozoic alkalic alteration and uranium-sulfide 
mineralization is common in several shields of the world. 

These deposits are also similar to economically important, 
epigenetic Au-Co-U deposits located in the Fennoscandian 
Shield, e.g., deposits at Kuusamo (Pankka and Vanhanen, 
1992; Pankka, 1997). The similarities include the composi-
tion of the deposits, the alterations, and the tectonic context 
(see the section in Part 2 on vein U-Au ±Cu and vein Cu 
±U ±Au ±Ag deposits associated with albitization (types 
12a and 17b)). 

The deposit style and the associated alterations also 
suggest a possible relation with hydrothermal "iron oxide-
copper-gold deposits" (IOCG), to which the giant Olympic 
Dam deposit belongs (e.g., Hitzman, 2000; Haynes, 
2000). 

Metallotects and economic potential 

The principal metallotects related to these deposits 
are (1) major faults (shears or fracture zones; figure 44); 
(2) metasomatic alterations (albitization, carbonatization, 
hematitization) and associated veins; and, perhaps, (3) host 
stratigraphic sequences in proximity to immature, Paleo-
proterozoic sedimentary rocks and Archean granitic rocks; 
the latter may be hidden below the deposits. From an 
exploration standpoint, these deposits are interesting for 
their locally very high Au, U, and Cu grades. The problem 
for exploration geologists working in this vein context is to 
find minable volumes of ore with sufficiently high grades. 
A good example of the effort required is the work, mainly 
unsuccessful up to now, aimed at discovering a large-volume 
source for the well-mineralized boulders at the southeast-
ern end of Mistamisk Lake. 

An important problem to resolve is the source of the 
mineralizing hydrothermal fluids. According to a popular 
hypothesis, the fluids are metamorphic and originated from 
sodic, perhaps evaporitic, sediments, which are presumed to 
be present in the area (e.g., Kish and Cuney, 1981). If this 
idea is correct, then the search for sediments of this com-
position should be part of any exploration program for this 
deposit type. Another hypothesis that has been considered 
is that fluids were derived from alkalic mafic intrusions 
buried below the deposits (Kennecott Canada Inc., 1995). In 
this regard, the search for and the investigation of magnetic 
anomalies commonly associated with such intrusions would 
be a useful strategy. 

TYPE 13A: 
VEIN Au ±As IN ARCHEAN 
IRON FORMATION 

Examples 

Lac Lilois (7), Lac Boucault (9 and 10), Lac du Canoë 
(66, 82-84), Baleine Rouge (67), Rusty Acres (68), Arsène 
(89), Scheffor (Secteur 18) (90). 

Representative grades 
and geological resources 

• Lac Lilois: 1.19 g/t Au over 5 m followed by 1.45 g/t 
Au over 3.8 m (drill core); local grades up to 50 g/t Au 
in arsenopyrite- and lëllingite-rich samples; 

• Lac du Canoë: 1-40 g/t Au (selected surface samples); 
4.1 g/t Au over 0.30 m (channel sample); 5.81 g/t Au 
over 3.04 m (drill core); 

• Arsène: 31.13 g/t Au (selected sample); 3.25 g/t Au over 
1 m (channel sample); 4.76 g/t Au over 1.76 m (drill 
core); 

• Baleine Rouge: 2.45 g/t Au over 2.4 m (channel sam-
ple); 3.38 g/t Au over 2.0 m (channel sample); up to 
12.21 g/t Au (selected samples); 

• Rusty Acres: 4.83 g/t Au over 0.9 m and 1.70 g/t Au 
over 2.1 m (channel samples); up to 9.5 g/t Au (selected 
sample); 

• Scheffor (Secteur 18): 1.78 g/t Au (selected sample). 

Age 

Archean. The age of the iron formations is probably 
>2.7 Ga, whereas the age of the migmatization and deforma-
tion (D2) event associated with the epigenetic concentration 
of gold is probably -2.62 Ga (Chevé and Brouillette, 
1995). 

Metamorphism 

Upper amphibolite facies to granulite facies, with retro-
grade greenschist facies metamorphism. 

General geological context 

The gold deposits are hosted in Archean Algoma-type 
iron formation (Panneton and Doucet, 1987a; Chevé and 
Brouillette, 1988, 1992a, 1992b, 1995; Lapointe, 1989b). 
These rocks are part of the Rivière du Sable Complex, an 
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assemblage of metatexites, diatexites, and granodiorite and 
tonalite intrusions belonging to the granulitic Ashuanipi 
Subprovince (Card and Ciesielski, 1986). 

Local geology 

Lac du Canoë 

The Lac du Canoë deposit is hosted in map-scale biotite + 
pyroxene ± garnet metatexite, generally with less than 33% 
leucosome (Chevé and Brouillette, 1992a). However, at 
the deposit, the host rock contains several generations of 
leucosome, accounting for nearly 50% of the rock (Chevé 
and Brouillette, 1992b). The Si  foliation and the metatexite 
leucosomes are deformed into tight F2  folds dipping moder-
ately towards the west. The iron formation consists of two 
varieties: (1) an oxide facies, composed of millimetre-thick 
laminae of magnetite (with local centimetre-scale ribbons 
ofpyrigarnitel ) alternating with millimetre-thick quartzose 
laminae; and (2) a silicate facies, composed of alternating, 
centimetre-thick ribbons of quartzose rock and pyrigarnite, 
locally with a few laminated and dismembered layers of 
oxide facies iron formation. Horizons of oxide facies iron 
formation are commonly broken up into lenses measuring 
20 cm by 2-3 m, whereas bodies of silicate facies iron 
formation reach a thickness of about 1 m and a length of 
10 m. 

Gold in the Lac du Canoë deposit occurs in discontinuous, 
boudinaged horizons extending over a few tens of metres 
along strike (Lapointe, 1989b; Chevé and Brouillette, 
1992a). The best gold grades were obtained from samples 
collected in the hinge zone of an outcrop-scale F2  antiform, 
and more specifically near the axis of this fold. However, 
gold has an erratic distribution. The mineralized zone cor-
responds to an ovoid body of banded and rusty pyrigarnite 
measuring 2 m by 5 m. The body does not contain any oxide 
facies iron formation, but a little magnetite is disseminated 
in the pyrigarnite. The latter contains up to 10% pyrrhotite, 
1-15% irregularly distributed arsenopyrite, and traces of 
chalcopyrite. Micrometre-scale grains of native gold occur 
in lollingite (FeAs2) located in the core of some arsenopyrite 
(FeAsS) crystals. 

Arsène 

The Arsène deposit consists of two folded and partially 
boudinaged horizons of iron formation hosted in metatexites 
(Chevé and Brouillette, 1992a). The iron formation consists 
of alternating, centimetre-scale bands of quartzose rock, 
magnetite-bearing rock, and pyrigarnite. The bands show 
tight to isoclinal folds. Most of the mineralized rock occurs 

1. Chevé and Brouillette (1988) use this term in a petrographic sense, similar to 
Winkler's (1979) usage, i.e., granulite rich in pyroxene (>30 volume %) and 
garnet. 

in a 50 cm thick sheared horizon located at the contact 
between iron formation and metatexite. 

Baleine Rouge 

The Baleine Rouge deposit consists of a zone measuring 
2 m by —30 m in mineralized banded iron formation (Chevé 
and Brouillette, 1992b). Centimetre-scale pyrigarnite beds 
are mineralized in pyrrhotite (up to 10%) and arsenopyrite 
(up to 5%). The same iron formation horizon can be fol-
lowed for about 500 m but contains little gold outside the 
deposit. 

Lac Lilois 

The Lac Lilois deposit occurs in a body of iron formation 
measuring 300 m x 800 m, which is located at the contact 
between Archean metaxite and a tonalite—granodiorite 
intrusion (Lapointe and Chown, 1993). The iron forma-
tion is composed mainly of quartz, orthopyroxene (fer-
rosilite), and garnet (almandine), with minor plagioclase 
(An50), K-feldspar, biotite, apatite, and olivine (fayalite). 
The presence of mineralogical banding in the iron forma-
tion suggests reactions producing skarn-type mineralogy 
(Lapointe and Chown, 1993). The opaque minerals include 
pyrrhotite, arsenopyrite, lollingite, magnetite, and pyrite, 
as well as a little chalcopyrite, pentlandite, and ilmenite. 
Sulfide concentrations (up to 20%) are typically concor-
dant with banding; in rare instances, however, bands are 
cut by centimetre-thick veins of massive pyrrhotite. Gold 
occurs in narrow cracks and as replacements. The fact that 
arsenopyrite is generally located at the contact between 
lollingite and pyrrhotite indicates that arsenopyrite formed 
by reaction of these two minerals. Gold inclusions (5-100 
micrometres) occur most commonly within lollingite and at 
lollingite—arsenopyrite contacts; less commonly, they occur 
within arsenopyrite. The iron formations in the area, min-
eralized or not, underwent postmineralization retrograde 
metamorphism that produced grunerite, ferro-hornblende, 
actinolite—tremolite, and sericite. 

Typology and genetic model 

The origin of gold deposits in Archean iron forma-
tion is controversial. Hypotheses include a syngenetic 
origin, an epigenetic origin, and a combination of the 
two (e.g., Kerswill, 1996). Deposits located northwest 
of Schefferville are interpreted as essentially epigenetic 
(Lapointe and Chown, 1993; Chevé and Brouillette, 1995). 
Field observation in sectors containing iron formation 
suggest a volcano-sedimentary depositional environment. 
Based on the characteristics of the deposits, at least three 
subenvironments have been distinguished (Chevé and 
Brouillette, 1992a, 1995): (1) a volcanic environment 
(e.g., the Scheffor—Secteur 18 deposit); (2) a perivolcanic 
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sedimentary basin (e.g., the Lac du Canoë, Arsène, and 
Baleine Rouge deposits); and (3) a sedimentary basin with an 
aluminous detrital fill (e.g., the Lac Lilois deposit). Because 
of slightly anomalous gold grades in unmineralized samples 
of iron formation, this unit is considered favorable for low-
grade, exhalative gold deposits (Chevé and Brouillette, 
1992, 1995). However, a structural control (shears, inter-
strata slip surfaces on fold limbs, fold hinge zones) resulting 
from competency differences between iron formation and 
metatexite is necessary to explain the high gold grades in 
the deposits. The gold is not hosted in leucosomes produced 
by local anatexis, as is the case for some deposits in high-
grade metamorphic terrains (Tomkins and Mavrogenes, 
2002). According to Chevé and Brouillette (1992a, 1995), 
gold precipitated from oxidizing, syn- to late-kinematic 
metamorphic fluids generated at the amphibolite—granulite 
transition in the crust (Cameron, 1989). Iron formation near 
the deposits was not the source of the gold; it simply acted 
as a chemical trap. Gold is thought to have been derived 
from rocks deeper in the crust. This model is similar to that 
proposed by Lapointe and Chown (1993). According to their 
work on the Lac Lilois deposit, the silicate assemblages 
associated with the gold were formed at the maximum 
metamorphic temperature (-775°C) and at a pressure of 
approximately 7 kbar. Arsenopyrite may have formed by 
sulfidation of l6llingite (Barnicoat et al., 1991; Neumayr 
et al., 1993). The arsenopyrite—lëllingite—pyrrhotite assem-
blage is thought to have formed at a temperature below 
500°C (Lapointe and Chown, 1993). Thus, these authors 
consider that the gold was emplaced during the last stages 
of prograde metamorphism. 

The deposits northwest of Schefferville are thought to 
correspond to "stratabound but non-stratiform Au in iron 
formation" (Kerswill, 1996). Lapointe and Chown (1993) 
suggested that the gold deposits in Ashuanipi granulites are 
the equivalent, but at greater crustal depth, of mesothermal 
gold deposits typical of Archean supracrustal belts. 
According to them, and to Chevé and Brouillette (1992a, 
1995), the source of gold was the deep crust. 

Metallotects and economic potential 

The oxidizing mineralizing fluids were probably gener-
ated by devolatilization in the middle or lower crust (see 
Hodgson, 1993). Gold deposits in granulitic terrains are 
considered as deep equivalents of mesothermal gold deposits 
typical of less metamorphosed supracrustal belts (Barnicoat 
et al., 1991). In the case of type 13a deposits, the presence 
of iron formation was significant because the iron-rich rocks 
acted as a reducing chemical trap. Exploration work suggests 
that silicate facies iron formation (pyrigarnite) possesses the 
best potential for gold (Panneton and Doucet, 1987a and b; 
Chevé and Brouillette, 1992a). Shear zones, fractures, and  

folds affecting the iron formations are thought to have chan-
neled fluids at a local scale. The presence of arsenopyrite, 
preferably associated with lollingite, is a favorable factor. 

On a world scale, iron formations are a major source of 
gold (Kerswill, 1996). Archean iron formations are well 
known for their gold potential, e.g., the mainly vein-type 
deposits of MacLeod-Cockshutt (Ontario) and Musselwhite 
(N.W.T.) and the stratiform-type deposits of Lupin (N.W.T.) 
and Agnico-Eagle (Québec) (Kerswill, 1996). Iron forma-
tions located in the Superior Province of northern Québec 
have been explored intensely for this type of deposit, e.g., 
in the Dupire belt (Gaudreau, 1997; Lamothe, 1997; Labbé 
et al., 1998; Labbé and Lacoste, 1999; Dion and Goutier, 
2002). 

TYPE 13B: 
VEIN Au 
IN PALEOPROTEROZOIC 
IRON FORMATION 

Examples 

Pyrite Falls (241), Venditelli (287), Lac Rougemont 
(Dessureault) (288). 

Representative grades 
and geological resources 

• Lac Rougemont (Dessureault): 12.1 g/t Au over 3.2 m 
(channel sample); 4.1 g/t Au over 7.6 m (drill core); 

• Pyrite Falls: 13.4 g/t Au over 2.1 m (channel sample); 
22.2 g/t Au and 11 g/t Ag over 0.8 m (drill core). 

Copper concentrations in veins, altered iron formation, 
and altered gabbro are, with few exceptions, low (<0.1% 
Cu, maximum value 0.38% Cu) (Wares and Goutier, 1990; 
Goutier and Wares, 1991; Wares and Goutier, unpublished 
report). 

Age 

Paleoproterozoic and probably late tectonic (Chevé and 
Machado, 1988; Machado et al., 1989; Machado, 1990; 
Clark and Thorpe, 1990; Skulski et al., 1993; Machado 
et al., 1997). 

Metamorphism 

Greenschist facies. 
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General geological context 

This mineral deposit type is located in the northern part of 
the orogen, in the Gerido Zone (Wares and Goutier, 1990a 
and unpublished report). This zone includes the Denault 
Dolomite (Abner) and Koksoak Group rocks (Baby and 
Hellancourt formations). The Baby Formation consists 
of a turbidite sequence containing two iron formations: a 
middle unit of Algoma-type iron formation, composed of 
various lithofacies, and an upper unit of sulfide facies iron 
formation, located below the contact with basalts of the 
Hellancourt Formation. Deposits of this type are hosted in 
iron formation of the middle unit. 

Local geology 

The deposits include gold-bearing veins cutting silicate-
carbonate facies iron formation belonging to the middle unit 
of the Baby Formation and, less commonly, aphyric gabbro 
sills. The Vendittelli and Lac Rougemont (Dessureault) 
deposits have been studied in detail, and the following 
descriptions are from reports by Wares and Goutier (1990a 
and unpublished report) and Goutier and Wares (1991). 
These deposits are located within southeast-plunging anti-
clinal structures. The northeastern limbs of these structures 
are cut by thrust faults showing evidence of normal-sense 
reactivation. The anticlines are characterized by numer-
ous joints and quartz veins cutting iron formation, gabbro, 
and folds. Veins in the Vendittelli deposit generally trend 
SSW to SW and dip steeply to the WNW. Veins in the Lac 
Rougemont (Dessureault) deposit form two groups: a steeply 
dipping set trending more or less N—S and a shallowly dip-
ping set trending N—S to E—W. The veins are late tectonic. A 
structural analysis of the veins, folds, and faults of the area 
revealed that the veins are not structurally linked to local 
folds or faults (Wares and Goutier, 1990a). 

Gold mineralization is erratic and limited mainly to 
swarms of quartz veins cutting the iron formation. Gold-
bearing veins consist of grey or white quartz, along with 
small amounts of ankerite, albite, pyrite or pyrrhotite, and, 
in the Lac Rougemont (Dessureault) deposit, arsenopyrite 
and native gold. 

Veins are associated with alteration zones in iron forma-
tion and adjacent gabbro sills. Altered gabbro is not sig-
nificantly mineralized, and only at the Lac Rougemont 
(Dessureault) deposit does gold occur in altered iron forma-
tion. In iron formation, alteration involved the recrystalliza-
tion of the primary mineral assemblage and precipitation of 
sulfides (pyrrhotite + pyrite + arsenopyrite, traces of galena 
and chalcopyrite). In the Lac Rougemont (Dessureault) 
deposit, pyrrhotite, arsenopyrite, and sylvanite [(Au,Ag)2Te4] 
replace pyrite. Alteration minerals present in vein wallrocks 
include albite, chlorite, muscovite, and rutile. Alteration in 
iron formation is not very conspicuous in the field because  

of the rusty weathered surfaces. In gabbro, alteration is 
much more visible because altered gabbro is soft and has a 
buff-colored weathered surface. The mineralogy of altered 
gabbro varies according to the degree of alteration. Least 
altered gabbro (cryptic alteration) is dark green and 
chloritized, and ophitic texture is preserved. Plagioclase is 
clear and albitized. This gabbro contains varying amounts of 
quartz, leucoxene, and ankerite, as well as traces of epidote. 
Ankerite replaces albite and chlorite. Where alteration is 
stronger, gabbro is carbonatized and sericitized, and ophitic 
texture is obliterated. Strongly altered gabbro is light grey 
on fresh surface, and the assemblage chlorite + albite + 
quartz ± epidote is replaced by a fine-grained assemblage 
of ankerite + sericite + quartz + rutile ± pyrite. Locally, 
emerald green fuchsite is present. 

Altered iron formation shows weak calcium loss and 
weak sodium gain compared to the protolith. Copper, lead, 
arsenic, gold, and silver concentrations increased, but B, 
Bi, Cd, Mo, Sb, and W show no significant change (Wares 
and Goutier, 1990a and unpublished report; Goutier and 
Wares, 1991). There is no geochemical correlation between 
arsenic and gold in the samples from the Lac Rougemont 
(Dessureault) deposit. Fluid inclusion data from quartz in 
gold-bearing veins indicate that the hydrothermal fluids 
were carbonic and of moderate salinity; precipitation tem-
peratures were between 250 and 350°C (Wares and Goutier, 
unpublished report). 

Typology and genetic model 

These generally copper-poor gold deposits are epigenetic 
and of replacement or vein type; they are considered to be 
examples of orogenic gold. They result from hydrothermal 
activity of unknown origin, contemporaneous with late-
tectonic and postmetamorphic fracturing. Hydrothermal 
fluids may be related to relaxation and cooling of the 
orogen between 1790 and 1740 Ma (Machado et al., 1989; 
Machado, 1990). It is possible that the fluids originated, at 
least in part, in the Archean basement below folded Labrador 
Trough strata, assuming the basement was affected by 
Hudsonian deformation. In this case, preconcentrations of 
Archean gold, such as the deposits hosted in Archean iron 
formation west of Schefferville (type 13a), may have acted 
as a source of gold. In the foreland of the orogen, late- and 
post-tectonic felsic intrusions, which could have provided 
fluids and heat to promote fluid circulation, are lacking. 
The vein mineralogy, the sericite + ankerite alteration 
(developed mainly in gabbro), and the mesothermal regime 
are characteristics typical of many Archean gold deposits 
(Kerrich, 1983; Robert and Kelly, 1987; Roberts, 1988; 
Hodgson, 1993; Robert, 1995). Of particularly interest are 
the quartz + albite + pyrite + Au ± arsenopyrite assemblage 
in the veins, the sericitization and carbonatization of gab-
bro near the veins, and the chloritization of gabbro as a 
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distal alteration facies (cf. Sigma mine, Robert and Brown, 
1986). The type of mineralization in the Lac Rougemont 
(Dessureault) deposit is also similar to that in some Archean 
deposits in Ontario hosted in Algoma-type iron formation 
(MacDonald, 1984). 

Metallotects and economic potential 

The epigenetic deposits listed above suggest an interest-
ing gold potential for iron formation in the middle member 
of the Baby Formation in the northern part of the orogen, 
especially where the unit is strongly deformed. Iron forma-
tion in the middle member of the Baby is strongly tectonized 
and metamorphosed to amphibolite facies north of Hopes 
Advance Bay. It is strongly deformed and metamorphosed 
to greenschist facies between the Koksoak River and Pyrite 
Falls (deposit 241, insert map). 

Sulfide-bearing iron formation and gabbro altered to 
sericite and ankerite in proximity to iron formation are the 
best metallotects for this mineral deposit type. Unexplored 
areas of carbonatized gabbro are located southeast of the Lac 
Rougemont (Dessureault) deposit (deposit 288, insert map) 
and 7 km northwest of the Venditelli deposit (deposit 287, 
insert map) (Sauvé and Bergeron, 1965). Farther south, 
gold deposits in Archean rocks of the Superior Province 
west of Schefferville may have acted as a source for Paleo-
proterozoic gold-bearing veins, assuming the deposits 
continue to the east under the orogen. 

TYPE 13C: 
VEIN Au-Cu ±Ag IN GABBRO 

Examples 

Lac Terre Rouge (215), Lac Daubancourt (216), Lac 
Dietrich-Sud (231). 

Representative grades 
and geological resources 

• Lac Terre Rouge: 24.75 g/t Au, 285 ppm As, Cu not 
analyzed (selected sample); 

• Daubancourt: 14.3 g/t Au, <1 ppm As, Cu not analyzed 
(selected sample); 

• Lac Dietrich-Sud: 1.86 g/t Au, Cu not analyzed (selected 
sample). 

Age 

Paleoproterozoic and probably syntectonic to late tec-
tonic (Chevé and Machado, 1988; Machado et al., 1989;  

Machado, 1990; Clark and Thorpe, 1990; Skulski et al., 
1993; Findlay et al., 1995; Machado et al., 1997). 

Metamorphism 

Greenschist facies to amphibolite facies. 

General geological context 

Three occurrences of gold- and copper-bearing veins cut-
ting gabbro sills have been discovered west of Le Moyne 
Lake, in the Gerido Zone. The sills intrude detrital sediments 
probably belonging to the lower part of the Baby Forma-
tion. No iron formation occurs in the vicinity of the known 
deposits. Gabbro sills are locally carbonatized. Note that 
alteration is a common feature in gabbro intruding gold-
mineralized iron formation in type 13b deposits. 

Local geology 

The Lac Terre Rouge deposit, located near the north end 
of the lake bearing the same name, consists of a quartz—
calcite—chalcopyrite (3%) vein cutting a gabbro sill at its 
contact with turbidites of the Baby Formation (Dessureault 
and Woldeabzghi, 1988b). A similar vein, located 2 km 
from the first along the same contact, returned 0.78 g/t 
Au. The Lac Daubancourt deposit is located near the south 
end of Daubancourt Lake and consists of a 10 cm wide 
quartz—calcite—chalcopyrite—bornite vein cutting a gabbro 
sill located several hundred metres west of a narrow band of 
iron formation. Other sulfides reported in these two depos-
its are pyrrhotite, pyrite, and galena. Near Dietrich Lake, 
a gabbro sill is cut by veinlets of quartz and pyrite (3%) 
(Noranda Exploration Company Ltd., 1988). Veins in the 
area of these deposits are oriented mainly NNE—SSW and 
NNW—SSE (Dessureault and Woldeabzghi, 1988b). 

Typology and genetic model 

The quartz—carbonate veins mineralized in Au and Cu 
were emplaced in fault zones or fractures and are probably 
syntectonic to late tectonic. Their origin is uncertain but 
could be similar to that of type 13b veins. 

Metallotects and economic potential 

Contacts between gabbro sills and Baby Formation sedi-
mentary rocks are worthy of attention. The small number of 
examples of this style of mineralization hinders the evalu-
ation of its potential. 



	  125 

TYPE 16: 
REMOBILIZED Zn-Pb-Cu-Au-Ag - 
REPLACEMENT DEPOSITS 
IN SEDIMENTARY ROCKS 

Example 

Saint-Pierre (298). 

Representative grades 
and geological resources 

Saint-Pierre: 3.25% Cu, 9.52% Zn, 7.10% Pb, 284 g/t Ag, 
170 g/t Au over 0.5 m (channel sample). 

Age 

Paleoproterozoic and probably syntectonic to late tec-
tonic (Chevé and Machado, 1988; Machado et al., 1989; 
Machado, 1990; Clark and Thorpe, 1990; Skulski et al., 
1993; Machado et al., 1997). 

Metamorphism 

Greenschist facies. 

General geological context 

The lone example of this mineral deposit type (the Saint-
Pierre deposit) is located in the northern part of the orogen, 
in the Gerido Zone (Wares et al., 1988; Wares and Goutier, 
1990a and unpublished report). This zone includes the 
Denault Dolomite (Abner) and Koksoak Group rocks (Baby 
and Hellancourt formations). The Baby Formation consists 
of a turbidite sequence containing two iron formations: a 
middle unit of Algoma-type iron formation, composed of 
various lithofacies, and an upper unit of sulfide facies iron 
formation, located below the contact with Hellancourt 
Formation basalts. The Saint-Pierre deposit is located in a 
fault zone cutting turbidites underlying the middle-member 
iron formation of the Baby Formation. 

Local geology 

The Saint-Pierre deposit consists of polymetallic massive 
sulfides and is located in a thrust zone northeast of Lafortune 
Lake (Wares et al., 1988; Wares and Goutier, unpublished 
report). The local NW trend, instead of N or NNW, of thrust 
faults in this area suggests an apparent senestral strike-slip 
component. The deposit includes a small discordant body 
(boudin) of massive sulfides measuring 3 m x 0.5 m, as 
exposed on surface, and hosted in rhythmites of the lower 
member of the Baby Formation. Around the sulfide body,  

the rhythmites are schistose, chloritized, and sericitized, 
and contain up to 30% disseminated pyrite. The width of 
the rusty alteration zone ranges from 1 to 3 m, and its length 
exceeds 25 m in a direction parallel to the schistosity. The 
contacts of the sulfide body are marked by a carbonatized 
halo from 2 to 10 mm thick, surrounded by a second zone, 
strongly chloritized and from 2 to 10 cm thick. The sulfides 
clearly display discordant relationships with the rhythmites; 
for example, they occur as injections along axial planar 
surfaces of folds (Wares et al., 1988). 

The massive sulfide body is composed of a fine-grained 
assemblage of sphalerite, pyrite, galena, chalcopyrite, and 
electrum. Subangular fragments of massive, aphanitic 
pyrite are enclosed in polymetallic sulfides. In thin section, 
these fragments and idiomorphic grains of pyrite (<1 mm 
in diameter) appear to be replaced by an allotriomorphic 
assemblage of sphalerite, galena, and chalcopyrite. Electrum 
occurs as dendritic masses (<0.5 mm in diameter) in the 
silicate gangue. This gangue, which constitutes from 10 to 
15% of the sulfide body, is composed of an assemblage of 
polygonal quartz, calcite, chlorite, and muscovite. Traces 
of covellite, arsenopyrite, marcasite, and cerusite (PbCO3), 
the latter replacing galena at grain margins, also occur. The 
textures and mineralogy of the sulfides in this deposit are 
similar to those of the Koke deposit (a type 3b deposit). 

Compared to type 3b deposits, the Saint-Pierre deposit 
displays higher Cu/Zn and Pb/Zn ratios (figure 48). The 
Saint-Pierre deposit is more highly enriched in precious met-
als (mainly gold) than type 3b deposits, and samples have 
returned up to 353 g/t Au. The pyritic alteration zone sur-
rounding the deposit is also gold bearing. A sample of pyritic 
mudstone, collected at a distance of more than 1 m from the 
massive sulfides, revealed 63 g/t Au, whereas a sample of 
sericitized, pyritic mudstone, collected 20 m northwest of 
the deposit, returned 9.94 g/t Au (Wares et al., 1988). 

Typology and genetic model 

The geological context, mineralogy, and epigenetic nature 
of this deposit suggest that it resulted from tectonic remobi-
lization of a primary type 3b deposit (syngenetic massive 
sulfides in graphitic, sulfidic mudstones). The deposit occurs 
in rhythmites, but it is interesting to note that the middle 
iron formation of the Baby—which can host type 3b deposits 
and is also cut by thrust faults—is located less than 1 km 
from the deposit. Relative enrichment in lead (and silver) 
is thought to be the result of differential plastic flow of the 
sulfides, galena being the most ductile sulfide (Kelly and 
Clark, 1975). Gold was probably enriched by hydrothermal 
processes, perhaps involving metamorphic fluids. 

Metallotects and economic potential 

This deposit points to an interesting potential for base 
and precious metals associated with thrust faults cutting 
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syngenetic, type 3b massive sulfides. If pyritic rocks in thrust 
faults are present between the Koke and Kan deposits, they 
would be worth sampling for gold. 

TYPE 17: 
VEIN Cu 

Examples 

Chibtown (144), Lac Ronsin (in part) (151), Lac Romanet-
Ouest (152), Lac Otelnuk (163), Lac Cutus-Sud (175), Lac 
Mistamisk-SE (178). 

Representative grades 
and geological resources 

• Chibtown: 2.25% Cu, 2.8 g/t Ag (selected sample); 
16.25% Cu, 8.9 g/t Ag (selected sample); 

• Lac Ronsin (in part): 0.60% Cu over 28 m in slate 
(trench); 

• Lac Cutus-Sud: 51.4% Cu, 10.62 g/t Ag, 1.25 g/t Au 
(selected sample). 

Age 

Paleoproterozoic and probably syntectonic to late tec-
tonic (Chevé and Machado, 1988; Machado et al., 1989; 
Machado, 1990; Clark and Thorpe, 1990; Skulski et al., 
1993; Machado et al., 1997). 

Metamorphism 

Greenschist facies. 

General geological context 

Vein copper deposits are very widely distributed through-
out the orogen and occur in highly varied geological con-
texts. A total of 49 vein copper deposits are listed, and taken 
together, they exhibit a large spectrum of characteritics. Two 
subtypes are distinguished, and they are treated separately 
in Part 2 of this report: vein copper deposits associated with 
mafic rocks (type 17a) and vein copper deposits associated 
with albitization (type 17b). The current section concerns 
all vein copper deposits that do not belong to either of the 
subtypes mentioned above—the latter are discussed in the 
following two sections. 

Local geology 

Deposits in the valley of Mistamisk 
and Romanet lakes (Wheeler Zone) 

Dolomites of the Dunphy Formation, which in places 
are host to syn- to diagenetic copper deposits (type 5c), 
are commonly cut by carbonate (dolospar)—quartz veins 
containing copper sulfides. Chalcopyrite is the main sulfide 
and occurs along with a little bornite, digenite, covellite, 
and pyrite. Veins contain between 3 and 70% of the copper 
in the dolomites (Chevé et al., 1985). Veins in deposits 
near Romanet Lake (Lac Ronsin, in part, and Lac Romanet-
Ouest) cut bedding in the dolomite at an angle of 45° 
to 90°; they have a sigmoid shape and occur en echelon 
(Chevé et al., 1985). The veins contain erratically distrib-
uted aggregates and individual grains of sulfide. However, 
in deposits near the Romanet River (Chibtown and Lac 
Mistamisk-SE), veins cut the dolomite in all directions 
(Clark, 1986). The Chibtown deposit is at least 50 m x 60 m 
on surface and occurs adjacent to the unfaulted contact 
with the Lace Lake Formation. Several quartz—carbonate 
veins are folded; others are undeformed. However, all are 
mineralized in chalcopyrite. The proportions of quartz and 
carbonate are highly variable in the veins, and chalcopyrite 
is preferentially associated with quartz segregations. The 
host dolomite also contains small amounts of disseminated 
chalcopyrite. 

A large part of the copper in the Lac Ronsin deposit 
is epigenetic and hosted in a black, graphitic slate unit 
(Chevé, 1985). This unit underlies dolomites hosting syn- to 
diagenetic copper deposits in the upper part of the Dunphy 
and it overlies a metabasite unit and sandstones of the 
Chakonipau Formation. The copper minerals occur mainly 
in fissility and fracture planes in the slates. Sulfides are 
mostly chalcocite, with lesser bornite, chalcopyrite, and 
pyrite. Pyrite disseminated in slates is considered to be 
metamorphic, whereas later pyrite occurs in leucosomes 
and quartz—carbonate veinlets emplaced along or across 
the fissility in the slates (Chevé, 1985). The slates have also 
been bleached, sericitized, and infiltrated by iron oxides 
and hydroxides. 

Typology and genetic model 

Dolomite-hosted vein copper deposits are epigenetic and 
related to the circulation of hydrothermal fluids in fractures 
probably formed during the orogenic period. The sigmoid 
veins have been interpreted as resulting from the filling of 
tension cracks during shearing (Chevé et al., 1985). These 
authors attributed the origin of the veins and copper deposits 
to synkinematic metamorphic processes, such as pressure 
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solution and solution transfer. The source of the copper 
in the veins may have been diagenetic copper minerals 
disseminated in the dolomite. However, variations in the 
degree of deformation recorded by the mineralized veins 
in some deposits (e.g. Chibtown deposit) suggest that 
vein emplacement was spread over the syn- to late-tectonic 
period. 

Sulfides occurring in the fissility of the slates in the Lac 
Ronsin deposit are also thought to be epigenetic and of a 
hydrothermal origin (Chevé, 1985). Sedimentary copper 
deposits in nearby dolomites are thought to be the main 
source of the copper. Chevé (1985) suggested that the hydro-
thermal activity was related to movements on the brittle Lac 
Bertin Fault, located nearby, and that the fluids percolated 
along local fractures and shear zones in the rocks hosting 
syn- to diagenetic copper deposits. 

Metallotects and economic potential 

Epigenetic, copper-bearing quartz—carbonate veins asso-
ciated with diagenetic, dolomite-hosted copper deposits 
(type 5c) are similar in terms of context and form to depos-
its exploited in China (Kirkham and van Staal, 1990). The 
Chinese deposits, of Bizigou (or Hubi) type (Kirkham and 
van Staal, 1990), occur in a stratigraphic position analogous 
to that of the vein copper deposits in the Mistamisk—Romanet 
valley. In the Labrador Trough, vein copper deposits are 
usually associated with diagenetic, dolomite-hosted cop-
per deposits containing disseminated sulfides, suggesting 
a genetic link between these two types. The occurrence of 
vein sulfides would increase the economic potential of the 
disseminated sulfides, but the economic potential of such 
vein deposits, occurring alone and in a North American 
context, is doubtful. 

Supergene deposits, formed by percolation of meteoric 
waters along structural discontinuities, are commonly 
associated with epigenetic vein copper deposits (Brassard, 
1984; Chevé, 1985). 

TYPE 17A: 
VEIN Cu-Au ±Ag ASSOCIATED 
WITH MAFIC ROCKS 

Examples 

Reuben (115), Franelle (116), Bennelle (117), Couture 
(122), Zone XII (123), Grand Rosoy 1 (127), Lac Crescent 
(140), Lac Ronsin-Ouest (149), Anacon (150), Lac Ronsin 
(in part) (151), Lac Plissé (179), Lac Colombet (208),  

Zone Principale (209), Zone de la Peninsule (210), Muskox 
(312). 

Representative grades 
and geological resources 

• Franelle: 110 Mt at 0.23% Cu (estimated resources; 
Plummer, 1977); local very high Ag grades; 

• Couture: 65% Cu, 420 g/t Ag, 0.95 g/t Au, 0.24% Se 
(selected sample); 

• Zone XII: 1.1% Cu (selected sample); 

• Grand Rosoy 1: 2.3% Cu over 1 m (chip sample); 

• Lac Crescent: 1.65% Cu, 2.4 g/t Ag (selected sample); 

• Lac Ronsin-Ouest and Anacon: 0.89% Cu over 19 m 
(Chevé, 1985); 

• Lac Colombet: 1.00% Cu over 1.5 m (drill core); 13.3% 
Cu over 0.64 m (drill core); 

• Muskox: 5.2% Cu, 14.8 g/t Ag, 564 ppb Au (selected 
sample). 

Age 

Paleoproterozoic and probably syntectonic to late tec-
tonic (Chevé and Machado, 1988; Machado et al., 1989; 
Machado, 1990; Clark and Thorpe, 1990; Skulski et al., 
1993; Machado et al., 1997; Wodicka et al., 2002). 

Metamorphism 

Greenschist to amphibolite facies. 

General geological context 

About twenty deposits of this type are known, and they 
occur in highly varied contexts. The type "Vein Cu-Au ±Ag 
deposits associated with mafic rocks" is treated separately 
from the type "Vein copper deposits" because a large num-
ber of examples occur in mafic rocks. Most of the deposits 
are located in the Howse Zone (at Musset, Dunphy, and 
Colombet lakes) and in the Gerido Zone (at Saint-Pierre 
Lake, Anderson Lake, and Feuilles Bay (Leaf Bay)). These 
zones are composed in large part of mafic volcanic rocks 
and mafic sills. A group of deposits is located in the 
Mistamisk—Romanet valley, which is part of the Wheeler 
Zone. Several deposits are also located in the hinterland, 



128 	  

near the Lac Tudor Shear Zone. Deposits illustrating the 
diversity of the group are described below. 

Local geology 

Franelle and Bennelle 

A gabbro dike with alkalic tendencies located near Musset 
Lake hosts a low-grade vein copper and silver deposit 
(Brassard, 1984). The dike intrudes oxidized, red sandstones 
of the Chakonipau Formation, at the base of the first cycle. 
The mineralized dike extends longitudinally for at least 7 km 
and is 30-80 m thick. The dike is strongly fractured and 
altered to a propylitic assemblage (epidote + carbonate + 
hematite + chlorite + albite). Sulfide minerals occur in fine 
veinlets and include chalcopyrite, pyrite, and local bornite. 
Radioactivity associated with minor shearing has been noted 
locally. Potassic alteration, characterized by the assemblage 
calcite + K-feldspar + chlorite + hematite + chalcopyrite + 
bornite, is associated with a breccia zone measuring 6 m x 
7 m. Supergene malachite and chrysocolla are associated 
with the epigenetic copper veinlets. 

Anacon 

This deposit (and the similar Lac Ronsin-Ouest deposit) 
is located in the Mistamisk—Romanet valley, in a shear zone 
at the contact between pink dolomite of the Dunphy Forma-
tion and a metabasite unit (metagabbro) (Chevé, 1985). It is 
located about 100 m from a stratabound, dolomite-hosted 
copper deposit (type 5c). This dolomite is structurally below 
the metabasite unit, which is schistose and greenish to red-
dish in color over a few tens of metres from its sheared 
contact with the dolomite. Chalcocite and malachite occur 
in fissility planes in the metabasite. Chalcopyrite occurs in 
calcite veinlets cutting these rocks. 

Lac Plissé 

This copper deposit occurs in a small gabbro intrusion on 
the western shore of Plissé Lake in the Mistamisk—Romanet 
valley (Clark, 1986). The intrusion was originally inter-
preted as an alkalic meimechite (Dimroth, 1978; Clark, 
1986), but later work showed that it is in fact a Montagnais-
type gabbro body (Chevé, 1993). The intrusion is composed 
of medium-grained, moderately to strongly magnetic gab-
bro with a greenish grey fresh surface. The margin of the 
intrusion is strongly fractured and locally brecciated, with 
actinolite and talc in fractures. The margin is invaded by 
1-15 cm thick veins and lenses of carbonate and unidentified 
black mica and green silicate. The veins contain masses of 
pyrite, chalcopyrite, and bornite. 

Near Colombet Lake 

Three vein copper deposits associated with mafic rocks 
occur in the Colombet Lake area (Lac Colombet, Zone 
Principale, and Zone de la Péninsule) (Girard, 1988). This 
area is underlain mainly by quartzite, arkose, conglomerate, 
and basalt. The basalt is locally silicified, sheared, and 
mineralized in chalcopyrite. The quartzites and arkoses 
also locally contain disseminated chalcopyrite. However, 
most of the sulfides occur in carbonate—quartz and quartz 
veins cutting basalt. The veins contain chalcopyrite, born-
ite, pyrite, pyrrhotite, and galena, in varying proportions. 
These deposits occur in proximity to vein copper deposits 
associated with albitization (type 17b). 

Couture 

This deposit is located in the hinterland of the orogen and 
measures 100 m long by up to 30 cm wide. It consists of 
disseminated or massive chalcocite hosted in a shear zone 
cutting metabasalt (Bélanger and van der Leeden, 1987; 
Danis, 1988). This zone is located just east of the Lac Tudor 
Shear Zone, which may represent the suture zone between 
the Superior Province—Labrador Trough and the core zone 
of the SE-Churchill Province (Wardle et al., 2002; cf. van 
der Leeden et al., 1990). A sample of massive chalcocite 
from this deposit gave 65% Cu, 420 g/t Ag, and 0.95 g/t 
Au (Danis, 1988). 

Typology and genetic model 

These deposits possess several characteristics typical 
of vein copper deposits associated with mafic rocks, as 
defined by Kirkham and Sinclair (1995). The deposits in 
the New Québec Orogen are enriched in copper and may 
have significant gold and silver grades—typical of the vein 
copper type (Kirkham and Sinclair, 1995). In the orogen, 
this deposit type occurs in several geological contexts and 
in various forms. Mineralization was controlled by structural 
factors. Thus, sulfides occur in geological discontinuities 
like sheared contacts and faults. Sulfides can be dissemi-
nated in sheared rocks or hosted in discordant veins and 
breccias. The deposits are epigenetic and probably related 
to hydrothermal fluids of syn- to late-tectonic origin. The 
fluids were not necessarily related genetically to the mafic 
rocks in which the sulfides occur. In some cases, the source 
of the metals may be syn- to diagenetic metal concentrations 
in nearby rocks. In the hinterland of the orogen, some fluids 
may be associated with felsic plutons. 

Metallotects and economic potential 

The widespread distribution of the deposits reflects the 
fact that mafic rocks are located in several different con-
texts in the orogen and that these mafic rocks or nearby 
sedimentary rocks may contain local syn- to diagenetic, 
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magmatic and sedimentary deposits. Thus, the composition 
of the epigenetic deposits was probably influenced by the 
nature of the host rocks and by any older deposits present 
in the sequence. 

In cases where sulfides are widely distributed in the host 
rock, e.g., in the Franelle and Bennelle deposits, there is 
potential for deposits of large tonnage and low copper grade. 
In other vein-type deposits, copper concentrations may be 
greater, but volumes are generally limited. 

Historically, vein copper deposits associated with mafic 
rocks have been a major copper resource in Canada and 
elsewhere (e.g., Bruce Mines, Ontario; Churchill Copper, 
B.C.; perhaps Icon-Sullivan, Québec). However, they con-
stitute a very small proportion of current reserves (Kirkham 
and Sinclair, 1995). 

TYPE 17B: 
VEIN Cu ±U ±Au ±Ag ASSOCIATED 
WITH ALBITIZATION 

Examples 

Delhi Pacific (143), GM (146), Anomalie 79-1 (Bacon) 
(156), Lac Colombet 2 (225), Lac Colombet 1 (227), Lac 
Colombet 5 (229). 

Representative grades 
and geological resources; 

• Delhi Pacific: 0.69% Cu over 30.1 m (drill core); 4.23% 
Cu, 12.5 g/t Ag over 7.6 m (trench sample); up to 1.3 g/t 
Au (selected samples); 

• GM: 1.51 g/t Au, 5.0 g/t Ag, 0.60% Cu (selected sam-
ple); 4.88% U308, 0.07% Th02  over 45 cm (trench 
sample); 0.48% U, 0.13% Ce (selected sample); 

• Anomalie 79-1 (Bacon): 7.33% Cu, 37.2 g/t Au, 0.75% 
U, 0.75% Pb (selected sample); 8.01% Cu, 9.4 g/t Au, 
>0.2% U, 0.42% Se, 0.15% Te, 0.13% Ce, 110 ppm La 
(selected sample); 

• Lac Colombet 2: 2.17% Cu over 5.3 m (drill core); 

• Lac Colombet 1: 2.38% Cu over 1.2 m (drill core); 

• Lac Colombet 5: 4.98% Cu over 1.5 m (drill core); 
probable U values (in drill core of uncertain origin). 

Age 

Paleoproterozoic and probably syntectonic to late tec-
tonic (Chevé and Machado, 1988; Machado et al., 1989;  

Machado, 1990; Clark and Thorpe, 1990; Skulski et al., 
1993; Machado et al., 1997). 

Metamorphism 

Greenschist facies. 

Local geology 

The strip of land adjacent to the northeastern flank of the 
Mistamisk—Romanet valley and other areas of the valley 
locally contain an unusual mineralized albitic breccia 
(Kearvell, 1985; Kearvell and Clark, 1988). This rock was 
described by Dimroth (1978) as a "nodular quartzite" or 
a "sandstone-pebble conglomerate" belonging to the 
Du Chambon Formation. The breccia is mineralized in 
pyrite (4% on average, up to 20%) and chalcopyrite. The 
fragments are polygenetic, subangular to rounded, and 
between 1 mm and 60 cm in diameter (1-5 cm, on aver-
age). The matrix of the breccia is generally dolomitic and 
in part feldspathic; it is fine grained to very fine grained, 
and its weathered surface is brownish orange to whitish, 
depending on its composition. The brecciated structure, 
the cross-cutting relationships, the albitic or quartzose 
alteration of the wallrocks, and the polygenetic nature of 
the fragments suggest that these breccias are volatile-rich 
diatremes. Their emplacement is thought to be related to 
overpressured hydrothermal fluids. 

Delhi Pacific 

The Delhi Pacific deposit is located on the northern 
slope of the Mistamisk—Romanet valley. This hydrothermal 
Cu-Au-Ag deposit is associated with very strong albitiza-
tion (Zurowski, 1963; Clark, 1986). Sulfide minerals are 
observed over a strike length of more than 1 km in the 
escarpment marking the limit of the valley. Most of the sul-
fides (chalcopyrite, pyrrhotite, pyrite) are hosted in beige or 
grey, laminated, fine-grained albitite (figure 46). The nature 
of the mineralized albitite's protolith is uncertain, but it may 
be a sedimentary rock. A selected sample, collected in the 
thickest and richest part of the mineralized zone, returned 
6.40% Cu, 0.08% Zn, 1.3 g/t Au, 23.3 g/t Ag, and 5 ppm U 
(Clark, 1986). Albitization is an alteration generally associ-
ated with uranium deposits in the valley, but the uranium 
concentration is very low in the Delhi Pacific deposit. The 
influx of albitizing and mineralizing hydrothermal fluids is 
thought to be related to the presence of at least one major 
fault (reverse, perhaps reactivated) in the escarpment. 
Durchbewegung structures are shown by rock fragments in 
a carbonate-rich fault zone. 

Anomalie 79-1 (Bacon) 

This deposit, located 1 km from the western shore 
of Romanet Lake in the Mistamisk—Romanet valley, is 
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characterized by strongly hematitization and uranium enrich-
ment (albitization has not been reported, but because of the 
context is thought to occur) in a fracture zone approximately 
50 cm wide and at least 25 m long (Chevé, 1985; Fournier, 
1993; Gagnon, 1997). This zone cuts a fenestral dolomite 
(with birdseyes) belonging to the Dunphy Formation, near 
the contact with the Lace Lake Formation. The deposit is 
in the form of NW—SE-striking veins, from 1 to 5 cm-thick, 
composed of chalcocite (up to 10%), pitchblende—uraninite 
(up to 6%), malachite (up to 4%), and yellow uraniferous 
alteration products. Analyses of selected samples have 
revealed high Cu, Au, U, Se, Te, and Ce concentrations. 

Lac Colombet 1 

This deposit consists of pyrite and chalcopyrite dis-
seminated in rhyolitic volcanic rocks and also hosted in 
quartz—ankerite—calcite veins (Girard, 1988). The volcanic 
rocks belong to the upper part of the Bacchus Formation. 
The sulfides are constrained to a zone of sodic metasoma-
tism (albitization) a few tens of metres wide. The deposit is 
located near a major thrust fault. It is also located approxi-
mately 1.5 km north of a probably allochthonous, 1 km wide 
inlier of Archean granitic rocks. 

Lac Colombet 5 

This deposit is exposed in several mineralized outcrops 
distributed over a distance of 1 km along a fault (Girard, 
1988). The deposit consists of pyrite, chalcopyrite, and 
chalcocite hosted in calcite—ankerite veins (abundant near 
the fault) and also disseminated in sandstone and siltstone. 
The sedimentary rocks are strongly altered (carbonatized 
and albitized). Pieces of drill core mineralized in uranium 
and copper found on the site may belong to this deposit. 
The mineral assemblage in the drill core includes brannerite 
[(U,Ca,Y,Ce)(Ti,Fe)206], uraninite [UO2], secondary radio-
active minerals, pyrite, chalcopyrite, and galena. These min-
erals occur in carbonatized and albitized sandstone and in 
graphitic schist cut by radioactive albite—quartz—carbonate 
veinlets. The deposit is located 0.5 km north of an inlier of 
Archean granitic rocks. Girard (1988) proposed that uranium 
was precipitated from hydrothermal fluids that may have 
interacted with Archean granitic rocks. 

Typology and genetic model 

The origin of this deposit type is probably similar to that 
of type 12a, "Vein U-Au ±Cu deposits associated with albiti-
zation." The reader should refer to the section on type 12a 
in this appendix. The two types are discussed together in 
Part 2, in the section on vein U-Au ±Cu and vein Cu ±U 
±Au ±Ag deposits associated with albitization (types 12a 
and 17b). 

Metallotects and economic potential 

The main metallotects related to these deposits are the 
proximity of a major fault (shear or fracture zones), meta-
somatic and vein alterations (albitization, carbonatization, 
hematitization), and, at least at Colombet Lake, nearby 
Archean granitic rocks (see also the section on type 12a). 

TYPE 19: 
VEIN OR DISSEMINATED 
Cu ±Ni ±PGE ±Au ±Ag 

• Type 19a: Vein or disseminated Cu ±Ni ±PGE ±Au +Ag 
in mafic to ultramafic intrusions; 

• Type 19b: Vein or disseminated Cu ±Ni ±PGE ±Au ±Ag 
in mafic volcanic rocks; 

• Type 19c: Vein or disseminated Cu ±Ni ±PGE ±Au +Ag 
in sedimentary rocks. 

These three subtypes are treated together because several 
deposits exhibit characteristics of more than one subtype 
(e.g., Lac Retty (Lac Bleu), Lepage (Zone Knob), Hopes 
Advance 1 — Zone Nord). 

Examples 

Lac Retty (Lac Bleu) (44), Lac Retty (Lac Pogo) (53), 
Lac Retty (Centre) (54), Island (211), Lepage (Zone Knob) 
(212), Chrysler 2 (260), Pio — Zone de Lave (304), Pio — 
Filons Ouest et Est, East zone (307, in part), Tri-Lakes (311), 
Hopes Advance 1 — Zone Nord (347), Hopes Advance 3 
(Schindler) (348), Zone Mungall (353), Falcon (354), Zone 
Bay (355). 

Note that epigenetic sulfides are more abundant than 
magmatic sulfides only in deposits 304, 307, 311, 347, 353, 
354, and 355; in others deposits, the epigenetic component 
is less important. 

Representative grades 
and geological resources 

• Lac Retty (Lac Bleu): 0.55% Cu, 0.39% Ni, 3.32 g/t Pd, 
0.06 g/t Pt, <0.02 g/t Au (chloritic rock, 1 tonne bulk 
sample; Clark, 1989); 

• Hopes Advance 1 — Zone Nord: 4.23% Cu, 1.20% Ni 
over 24.2 m (drill core); 2.29% Cu, 1.90% Ni, 0.10% 
Co, 260 ppb Pd, 345 ppb Pt (average of two selected 
samples of massive sulfides; Wares and Goutier, 1990a); 
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12.2% Cu, 63 g/t Ag, 14.4 g/t Pd, 4.6 g/t Pt (selected 
sample from a glacial erratic composed of massive 
chalcopyrite; Wares and Goutier, 1990a and unpublished 
report); 42,000 tons at 2.17% Cu, 0.33% Ni ("probable" 
resources); 

• Chrysler 2: 12.3% Cu, 0.38% Ni, 21.3 g/t Ag, 1.1 g/t Pd 
(average of 4 selected samples from a chalcopyrite-rich 
vein; Wares and Goutier, unpublished report); 3.44% Cu, 
0.18% Ni, 1.68 g/t Pd, 198 ppb Pt, 291 ppb Au (chloritic 
rock, weighted average over a total of 7.1 m of drill core 
from 2 drill holes, nos. 117 and 126; Ward, 1989); 

• Pio — Filons Ouest et Est, East zone: 10,245 metric 
tonnes at 6.9% Cu, 0.3% Ni; 1.28% Cu, 0.03% Ni over 
14.6 m (drill core); 12.4% Cu, 0.12% Ni, 21.4 g/t Ag, 
1.1 g/t Pd (average of 9 selected samples; Wares and 
Goutier, 1990a and unpublished report); 

• Zone Bay: 9.4% Cu, 2.1% Ni (selected sample of mas-
sive sulfides); 2.1% Ni, 0.32% Cu, 214 ppb Au (selected 
sample with disseminated sulfides). 

Age 

Paleoproterozoic and probably syntectonic to late tec-
tonic (Chevé and Machado, 1988; Machado et al., 1989; 
Machado, 1990; Clark and Thorpe, 1990; Skulski et al., 
1993; Findlay et al., 1995; Machado et al., 1997; Wodicka 
et al., 2002). 

Metamorphism 

Greenschist to amphibolite facies. 

General geological context 

These deposit subtypes occur in the Gerido and Retty 
zones (Clark, 1989, 1991; Wares and Goutier, 1990a and 
unpublished report; Lacroix, 1990; Lacroix and Darling, 
1991). The Gerido Zone includes the Denault Dolomite 
(Abner), Koksoak Group rocks (Baby and Hellancourt 
formations), and, at its southern end, the Murdoch Forma-
tion. The Retty Zone consists of the Doublet Group, which 
is composed of the Murdoch Formation (mafic pyroclastic 
rocks) at the base, overlain by the Thompson Lake For-
mation (detrital sediments, including sulfidic mudrocks, 
particularly at the top of the formation; local basalt), 
and the Willbob Formation (basalt, with intercalations of 
mudrock) (Frarey, 1967). Numerous aphyric, mafic and 
mafic-ultramafic sills intrude this sequence. The Koksoak 
Group (in the north) is correlated with the Doublet Group 
(in the south). 

Several magmatic Cu-Ni deposits (type 10) display 
features, such as the presence of a few sulfide veinlets,  

suggesting partial or minor tectonometamorphic remobi-
lization of magmatic sulfides. However, hydrothermal vein 
or disseminated Cu ±Ni ±PGE ±Au ±Ag deposits (type 
19) are distinct, due to the greater abundance of the remo-
bilized component compared to the magmatic component 
and, in some cases, to compositional differences compared 
to type 10 magmatic Cu-Ni deposits (Clark, 2001). Type 
19 deposits generally form veins in fault zones or in the 
schistosity, and they do not necessarily occur within mafic 
or ultramafic rocks. 

Local geology 

Epigenetic Cu-Ni deposits show various characteristics. 
These include (1) veinlets of chalcopyrite (±pyrrhotite) in 
fault zones cutting biotite paraschist, pyroxenite, and aphyric 
gabbro (at Hopes Advance 1 — Zone Nord); (2) veinlets 
and disseminations of chalcopyrite—pyrrhotite in biotite 
schist and basalt (near Hopes Advance 3); (3) quartz—
chlorite—chalcopyrite veinlets cutting gabbro (peripheral to 
Chrysler 2), and chalcopyrite veinlets in fault zones (along 
the margins of Chrysler 2); (4) quartz—ankerite—calcite—
chlorite—epidote—pyrite—chalcopyrite veins (propylitic 
alteration) in shear zones cutting gabbro (near the Aulneau 
Lake deposits); (5) an altered envelope composed of the 
assemblage stilpnomelane + ankerite + magnetite + pyrite + 
chalcopyrite bordering massive sulfides (in the Lapage 
deposit at Aulneau Lake); and (6) an altered envelope 
composed of the assemblage iron-rich chlorite (ripidolite) + 
quartz + biotite + talc + argillaceous component + pyrite 
bordering massive sulfides (in the Lac Retty — Lac Bleu 
deposit and probably in the Chrysler 2 deposit). In addition, 
the Hopes Advance 1 — Zone Nord deposit is exceptional in 
that the massive Cu-Ni sulfides are located in the hinge zone 
of a fold. The fold affects sulfide-bearing biotite paraschists 
underlying a glomeroporphyritic gabbro—pyroxenite sill. 
This deposit may have formed by tectonic remobilization 
of magmatic sulfides or by injection of sulfide liquid into 
the sedimentary rocks underlying the sill. 

These epigenetic deposits are enriched in copper com-
pared to the magmatic deposits of types 10b and 10c, 
resulting in lower Ni/Cu ratios. They also display a relative 
increase in PGE concentrations, particularly in palladium, 
and locally show increases in Au and Ag (Clark, 1989; Ward, 
1989; Lacroix, 1990; Wares and Goutier, 1990a and unpub-
lished report; Lacroix and Darling, 1991; Clark, 2001). The 
PGE are locally hosted in small telluride grains (<150 µm) 
included in chalcopyrite. Studies of several deposits have 
revealed that the PGE occur in the following minerals1 : 
sudburyite [(Pd,Ni)Sb], merenskyite [(Pd,Pt)(Te,Se,Bi)2], 
kotulskite [Pd(Te,Bi)], temagamite [Pd3HgTe3], michenerite 
[(Pd,Pt)BiTe], melonite [NiTe2],  altaite [PbTe], and hessite 
[Ag2Te] (Fournier, 1982; Beaudoin and Laurent, 1989; 

1. Chemical formulas in this section are from Blackburn and Dennen (1997). 
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Beaudoin et al., 1990; Clark, 1991; Wares and Goutier, 
unpublished report). 

Lac Retty (Lac Bleu) (see also the section on type 10b) 

The magmatic massive sulfide lens constituting the Lac 
Bleu deposit is hosted in an aphyric sill of mafic to ultramafic 
composition. The sill was intruded along the contact 
between metasediments of the Thompson Lake Formation 
(below) and basalts of the Willbob Formation (Clark, 1989; 
figure 33). The massive sulfide lens is located at the base 
of the sill, but part of it is enclosed within the underlying 
sediments (figure 37). The sulfides display a structure char-
acterized by bands or lenses of chalcopyrite up to 1 cm thick 
in a pyrrhotite matrix and by finely folded chlorite veinlets. 
These features suggest that the magmatic sulfides underwent 
ductile deformation and total recrystallization. The sulfides 
are also cut by late veins of chlorite, chlorite + pyrrhotite, 
calcite + actinolite, magnetite, calcite + magnetite, calcite + 
chalcopyrite, chalcopyrite + magnetite, and pyrrhotite + 
chalcopyrite. Pd concentrations are high where numerous 
sulfide- and magnetite-rich veins occur at the upper contact 
of the massive sulfides and also near shear zones affecting 
the sulfides. These veins probably formed as a result of the 
remobilization of metals in the massive sulfides by circulat-
ing hydrothermal fluids (Clark, 1989). 

Chloritic schists occur along both margins of the massive 
sulfides. The persistent chloritic schist horizon at the base of 
the massive sulfides is about 30 cm thick, on average, and is 
composed of iron-rich chlorite (ripidolite), quartz, biotite, 
actinolite, talc, pyrite, and an argillaceous component. It is 
enriched in Pd (several g/t) and has a high Pd/Pt ratio (>35) 
(Clark et al., 1988; Clark, 1989). In places, sheets of mas-
sive sulfides are locally incorporated in the schist. In the 
Chrysler 2 deposit, a chloritic zone containing quartz—chlo-
rite—chalcopyrite veinlets borders the sulfides and is enriched 
in precious metals (1.7 g/t Pd, 0.2 g/t Pt, 0.3 g/t Au; Clark, 
2001). The nature of the protolith of the Lac Bleu chloritic 
schist is uncertain, but it is clear that an iron-rich altera-
tion has affected sandstone locally underlying the massive 
sulfide layer. The most evident compositional changes in 
the sandstone are strong gains in Fee+, Fe3+, Mg, Mn, and 
K, and losses in Na and Si (Clark, 1989). A potassic altera-
tion (biotite) has also been observed in the hanging wall of 
the west vein in the Pio — Filons Ouest et Est deposit (see 
below). Hydrothermal fluids circulating in narrow shears 
bordering the massive sulfide lens are probably responsible 
for this iron- and palladium-rich alteration. 

Aulneau Lake area (Lepage, Island, etc.; 
see also the sections on types 10b and 10c) 

The seven Cu-Ni sulfide deposits located in the Aulneau 
Lake area are hosted by aphyric or glomeroporphyritic 
gabbro sills cutting mafic pyroclastic rocks and mafic  

lavas of the Murdoch Formation. They are located along 
the trace of a major thrust fault. Deformation associated 
with this fault stretched the sulfide lenses in the direction 
of dip, producing elongated, tabular bodies (Lacroix and 
Darling, 1991). Magmatic sulfides are thought to have been 
remobilized in the plastic state and injected along cleavage 
planes in the adjacent metavolcanic rocks. Syntectonic 
alteration affected the sulfides and the host rocks. Quartz—
ankerite—calcite—chlorite—epidote—pyrite—chalcopyrite veins 
(propylitic alteration) are observed in shear zones cutting 
the gabbros. In addition, the massive sulfides are enveloped 
by altered rocks composed of the iron-rich assemblage stil-
pnomelane + ankerite + magnetite + pyrite + chalcopyrite. 
These alterations, the local Cu enrichment of the sulfides, 
and the transformation of magmatic pyrrhotite into pyrite are 
interpreted as the result of the circulation of hydrothermal 
fluids of metamorphic origin (Lacroix and Darling, 1991). 
The proximal alteration in stilpnomelane is locally associ-
ated with minor enrichment in Au (up to 630 ppb). 

Hopes Advance 1 — Zone Nord 

This deposit is composed of a small, irregularly shaped 
massive sulfide body measuring 8 m x 10 m on surface 
(Wares and Goutier, 1990a and unpublished report). The 
body is located in the hinge zone of a tight synform affect-
ing metasediments (biotite—quartz—sulfide schist) in the 
upper part of the Baby Formation. The body is adjacent 
to a sheared, glomeroporphyritic gabbro—pyroxenite sill. 
It is haloed by a zone of disseminated sulfides in the meta-
sediments and the sill. These sulfides occur in cleavage 
planes in the metasediments and are locally concentrated 
in fault zones. The disseminated sulfide zone mea-
sures approximately 110 m by 5-30 m. The body of mas-
sive sulfides is homogeneous in composition and texture, 
and is composed of granoblastic pyrrhotite (>80%) and 
chalcopyrite (5-10%) containing idiomorphic grains of 
magnetite (1-2%) and grains of pentlandite (1-5%). The 
body may have originated as a mass of magmatic sulfides 
injected as a liquid into the metasediments, as interpreted 
for some vein sulfides in the Noril'sk area, Siberia (Naldrett, 
1989). A loose fragment of massive chalcopyrite, which 
probably came from a nearby fault zone, returned 14.4 g/t 
Pd, 4.6 g/t Pt, 250 ppb Au, and 63 g/t Ag (Wares and Goutier, 
1990a and unpublished report). A sample of sheared gabbro 
with disseminated sulfides (30%) returned 14.4% Cu, 0.82% 
Ni, 1.3 g/t Pd, 1.3 g/t Pt, 92 ppb Au, and 23 g/t Ag. The dis-
seminated sulfides surrounding the body of massive sulfides 
are probably of hydrothermal origin, formed by the tectono-
metamorphic remobilization of the magmatic sulfides. 

Pio — Filons Ouest et Est 

This deposit consist of two near-parallel zones ("veins") 
of massive sulfides located in a zone of thrust faults cutting 
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basalts of the Hellancourt Formation (Wares and Goutier, 
1990a and unpublished report). The deposit was briefly 
exploited in 1973-1974 by underground methods. The East 
zone is exposed over 58 m and the West zone over 46 m. A 
total of 2983 tonnes of ore was extracted from the East zone 
and 1235 tonnes from the West zone. This ore was stockpiled 
near the adit, which is now inaccessible. A small open pit 
was excavated in the West zone approximately 160 m south 
of the adit, and 1338 tonnes of massive ore were extracted. 
This ore was stockpiled near the pit or transported to the adit. 
Both zones trend NNW and dip at 60 to 85° towards the east. 
The two zones are about 15 m apart and have been drilled to 
a depth of 35 m. The East zone is 2 m thick and 36 m long, 
whereas the West zone is 3 m thick and 60 m long. 

In the East zone, the deposit consists of finely laminated 
chalcopyrite and pyrrhotite. The lamination is parallel to 
the penetrative schistosity in the host rock and is commonly 
folded. The laminated structure results from variations in 
the proportions of sulfides and silicates. The sulfide laminae 
(70% of the rock), whose thickness ranges from less than 
one millimetre to several millimetres, are composed of very 
fine, rounded grains of chalcopyrite and pyrrhotite in the 
proportion of 7 to 3. The silicate laminations are black and 
composed of a very fine-grained assemblage of chlorite, 
sericite, amphibole, quartz, and plagioclase. Pyrrhotite 
replaces chalcopyrite in the laminated sulfides. In both 
zones, coarse-grained veinlets of quartz, actinolite, calcite, 
chalcopyrite, and pyrrhotite cut the sulfides. The East zone 
was previously interpreted as the result of the remobilization 
of syngenetic, volcanogenic sulfides (Wares and Goutier, 
1990a). Alternatively, the finely laminated texture may be 
the result of the epigenetic injection of sulfides along the 
penetrative schistosity, a hypothesis supported by anomalous 
Ni and Pd concentrations (500-1800 ppb Pd) and magmatic 
values obtained for 634S  (Wares and Goutier, unpublished 
report). 

In the West zone, the sulfides are massive and banded, and 
consist of chalcopyrite, pyrrhotite, and pentlandite. Local 
bulges form near-horizontal sulfide bodies oriented parallel 
to joints; these bodies are perpendicular to bedding and the 
penetrative schistosity. Banding in the sulfides in the bulges 
is also near horizontal and is produced by alternating layers 
(1-10 mm thick) rich in chalcopyrite and pyrrhotite. Thin 
section study shows that pyrrhotite and chalcopyrite have 
the same granoblastic texture (with idiomorphic magnetite 
and pentlandite) as massive sulfides in deposits of types 10b 
and 10c. West zone sulfides are interpreted as magmatic, but 
their localization in Hellancourt basalt makes it difficult to 
substantiate a relation with a nearby sill. During emplace-
ment of the massive sulfides, strong, ductile deformation 
is thought to have produced the banded structure and the 
granoblastic texture in the deposit (as in the Lac Bleu 1 
deposit). The sulfides are also thought to have been hydro-
thermally altered. The footwall of the West zone is char-
acterized by the alteration assemblage quartz + sericite + 
chlorite + pyrrhotite, which is observed in faults, and the  

local presence of brecciated veinlets of pseudotachylite. The 
hanging wall is dark green and composed of the assemblage 
biotite + actinolite + zoisite, suggesting potassic alteration; 
the hangingwall is also cut by a stockwork of chalcopyrite + 
pyrrhotite + calcite + quartz. Sulfides are also disseminated 
in the altered zone. 

Typology and genetic model 

In contrasting to the West zone of the Pio — Filons Ouest 
et Est deposit, which is interpreted to have resulted from 
ductile remobilization of sulfides, the Cu and precious metal 
enrichment in most type 19 deposits cannot be explained 
by ductile flow, since pyrrhotite is more ductile than chal-
copyrite under metamorphic conditions compatible with 
the greenschist facies (Kelly and Clark, 1975). Various late 
veins, enriched in precious metals, are the result of hydro-
thermal remobilization of magmatic sulfides, probably by 
means of metamorphic fluids (Beaudoin and Laurent, 1989; 
Clark, 1989; Beaudoin et al., 1990; Lacroix and Darling, 
1991; Wares and Goutier, 1990a and unpublished report). 
These processes resulted in the enrichment of copper rela-
tive to nickel and palladium relative to platinum (Mountain 
and Wood, 1988; Hulbert et al., 1988). The precious metal 
enrichment is also similar to enrichment resulting from 
serpentinization in some hydrothermal Cu-Ni-PGE-Au 
deposits (Talkington and Watkinson, 1984; Prichard et al., 
1986). 

Hydrothermal enrichment in fault zones of PGE initially 
in mafic intrusion—hosted magmatic sulfides has been 
documented elsewhere, e.g., at New Rambler, Wyoming 
(McCallum et al., 1976); Donaldson West, in the Cape 
Smith Belt (Dillon-Leitch et al., 1986); and Rathbun Lake, 
Ontario (Rowell and Edgar, 1986). 

Metallotects and economic potential 

Throughout the Labrador Trough, magmatic Cu-Ni 
deposits show evidence of late remobilization of precious 
metals. Deposits in the Hopes Advance Bay area are located 
in the northern part of the orogen, where deformation and 
metamorphism were at their strongest. These deposits point 
to an interesting potential for hydrothermal Cu-Ni-Ag-PGE 
deposits, particularly north of Feuilles Bay (Leaf Bay), 
where some magmatic Cu-Ni deposits have been tectonized. 
The Hopes Advance 5 (no. 345), 6 (no. 357), and 7 deposits, 
as well as the Pio — Zone de Lave deposit, are worth spe-
cial attention. Gold enrichment is locally associated with 
hydrothermal alteration and stilpnomelane crystallization 
at Aulneau Lake. Elsewhere, PGE—particularly Pd—are 
concentrated in iron-rich alteration haloes of hydrothermal 
origin bordering Cu-Ni massive sulfide deposits, e.g., the 
Lac Bleu 1 and Chrysler 2 deposits. The potential of Cu-Ni 
deposits is thus increased where hydrothermal alteration 
and PGE, Au, and Ag enrichment are well developed in the 
margins of sulfide bodies or in nearby fault zones. 
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Catalogue of mineral deposits in the New Québec Orogen and adjacent areas 

No.1  Deposit name2  

Deposit 

type 

codes  

Abbreviated 

name of 

deposit type°  

Summary description of the deposits  Grades / Resourcess  

1 Malcolm-1 21a Iron form enrich Enriched iron formation (direct-shipping ore). Probable reserves (1980): 3.44 Mt at 55.23% Fe, 1.10% Mn. 

2 Lac Bringadin-Nord 22 Undetermined 
Mineralization in pods or lenses with amphibole, boudinaged, 
oxidized, metre to tens of metre-long, hosted by a paragneiss 
sequence. 

61.3 g/t Ag, 60 ppb Au (grab sample). 

3 Barney-1 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Proven reserves (1980): 12.45 Mt at 51.66% Fe, 0.31% Mn, including 
194,000 t (proven) at 48.54% Fe, 5.14% Mn; 5 Mt of Bessemer ore 
and 7 Mt of non-Bessemer ore. 

4 Timmins-3-Sud 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Proven reserves (1980): 1.81 Mt at 48.07% Fe, 0.07% Mn. 
Total reserves were 4.7 Mt of Bessemer ore. 

5 Mine Fleming-3 21a Iron form enrich Enriched iron formation (direct-shipping ore). Proven reserves (1948): 2.68 Mt at 61.00% Fe (Bessemer ore). 

6 Fleming-9 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Probable reserves (1980): 542,000 t at 50.72% Fe, 0.81% Mn, 
including 16.000 t at 45.46% Fe, 5.20% Mn. 

7 Lac Lilois 13a Au iron form 
Disseminated mineralization and massive centimetre-thick beds 
(PY+PO+MG+AS+native Au), in a pyrigarnite lens within gneiss. 

2.40 g/t Au (grab sample); 1.19 g/t Au (over 5 m) followed by 1.45 g/t Au 
(over 3.8 m, drill core); 2.20 g/t Au (over 4.5 m) followed by 
1.42 g/t Au (over 2.14 m, drill core). 

8 Sawmill 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Probable reserves (1980): 830,000 t at 50.19% Fe, 1.28% Mn, 
including 60,000 t at 44.95% Fe, 4.87% Mn. 

9 Lac Boucault-Sud-1 14? Au diss / repl? 
Disseminated mineralization and centimetre-thick beds in 
boudinaged horizons with 50 % AM (amphibolite), in a BO+GR 
paragneiss sequence. 

7.50 g/t Au (grab sample). 

10 Lac Boucault-Sud-2 14? Au diss / repl? 

 

AS+CP+PY+native gold in a boudinaged amphibolite lens within a 
BO+GR paragneiss sequence. 

2.20 g/t Au (grab sample). 

11 Lac à la Truite-Nord 18? Skarn? 
Semi-massive SF (GL+SP+OF) hosted by boudinaged amphibolite 
within paragneisses. 

3.6% Pb, 1.41% Zn, 40 ppb Au (grab sample). 

12 Lac Hamard-Nord-1 22 Undetermined 
Semi-massive SF (CP) hosted by boudinaged amphibolite within 
paragneisses. 

7.0 g/t Ag, 40 ppb Au (grab sample). 

13 Lac Guillaume - 1 13a Au iron form 
Disseminated mineralization in boudinaged pyrigarnite 
(oxides+silicates facies) within paragneisses. 

2.20 g/t Au and 1.01 g/t Au (grab samples). 

14 
Indice 

de la Montagne 
13a Au iron form 

Disseminated mineralization in pyrigarnite within paragneisses near 
a granite intrusion. Associated PY. Fold hinge. 

7.55 g/t Au and 2.62 g/t Au (grab samples). 

15 Lac Guillaume-Nord 22 Undetermined 
Mineralization in BO+GR paragneisses with amphibolite; 
associated PY. 

13.5 g/t Au (grab sample). 

16 Lac Boucault Est 13a Au iron form 
Disseminated mineralization (PO+PY+AS+CP) in a banded and 
dismembered iron formation (QZ+PX+GR+GP), within a metatexite. 

1.41 g/t Au (grab sample). 

17 Lac Guillaume -2 13a Au iron form 
Disseminated mineralization (PO+PY+AS+CP) in a banded and 
dismembered iron formation (QZ+PX+GR+GP), within a metatexite. 

4.46 g/t Au, 2.1 g/t Ag (grab sample). 

18 Lac La Borde -1 13a? Au iron form? 
Disseminated mineralization (PO+PY+AS+GP) in a melanosome 
(iron formation?), within metatexites. 

7.9 g/t Ag, 205 ppb Au, 862 ppm Cu, 317 ppm Zn (grab sample); 
10.3 g/t Ag, 425 ppb Au, 1200 ppm Cu, 37 ppm Zn (grab sample). 

19 Lac La Borde -2 13a Au iron form 
Disseminated mineralization (<2 % PO+PY+MS+GP) in pyrigarnite, 
hosted by metatexites. 

9.9 /t A 	80 	b Au, 342ppm Cu, 155ppm Zn(grab sample). g 	g' 	pp  

20 Rivière Howells - 1 13a Au iron form 
Disseminated mineralization (up to 10 % PO+PY; up to 1 % 
AS+CP) in a banded and dismembered iron formation 
(QZ+PX+GR+GP) hosted by metatexites. 

1.13 g/t Au (grab sample). 

Footnotes 1-6 are explained on the last page of this appendix. 
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21 Lac Hamard-Nord-2 14? Au diss / repl? 
Disseminated mineralization (SF+GP) within a quartzite hosted by 
quartzofeldspathic gneisses. 

1.43 g/t Au over 4.5 m (chip sample). 

22 Lac Fred - 1 13? Au vein QZ-CB? 
Disseminated mineralization (AS) in QZ veinlets hosted by sheared 
quartzofeldspathic gneisses. 

1.23 g/t Au (grab sample); reanalysis of the same sample gave 
11 g/tAu. 

23 Lac Fred - 2 14? Au diss / repl? 
Disseminated mineralization (<2% SF+AS?) in QZ-rich 
paragneisses. 

3.55 g/t Au (grab sample). 

24 Lac Guillaume - 4 13a Au iron form Disseminated sulfides in pyrigarnite. 1.61 g/t Au (grab sample). 

25 Mine Retty 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Reserves (1966): 16.7 Mt at 53.77% Fe. Reserves (1947): 
7.23 Mt (Bessemer ore) and 7.44 Mt (non-Bessemer ore). 

26 Squaw Woollett 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Probable reserves (1980): 2.53 Mt at 53.90% Fe, 0.14% Mn; 
about 2 Mt of non-Bessemer ore. 

27 
Mine Knox 
(Fleming-8) 

21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Proven reserves (1980): 5.82 Mt at 48.74% Fe, 0.68% Mn, 
including 242,000 t at 44.67% Fe, 5.06% Mn. 

28 Fleming-6 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Reserves (1948): 26,400 t at 50% Fe (Bessemer ore); 9.5 Mt at 
55.8% Fe (non-Bessemer ore); 1.5 Mt at 50.7% Fe, 6.3% Mn. 
Probable reserves (1980): 811 000 t at 48.12% Fe, 0.89% Mn. 

29 Ferriman-4 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Probable reserves (1980): 13.73 Mt at 48.81% Fe, 1.63% Mn, 
including 1,071,000 t at 43.01% Fe, 6.83% Mn. 

30 Star Creek-2 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Probable reserves (1980): 1.48 Mt at 51.36% Fe, 1.05% Mn; 
78 000 t at 52.03% Fe, 5.37% Mn. 

31 Mine Star Creek-1 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Proven reserves (1980): 6.74 Mt at 49.71% Fe, 3.44% Mn; 
2.36 Mt (proven) at 45.92% Fe, 6.57% Mn. 

32 Mine Ferriman-Nord 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Proven reserves (1980): 3.35 Mt at 44.64% Fe, 0.65% Mn; 
18 000 t (proven) at 42.34% Fe, 4.69% Mn. 

33 Mine Gagnon 21 a / 21 b 
Iron form enrich / 

Mn sandstone 
Enriched iron formation (direct-shipping ore) / 
secondary Mn. Mine exhausted. Production: 30.6 Mt (long) at 50.00% Fe. 

34 Denault-1 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Possible reserves (1980): 4.06 Mt at 47.70% Fe, 1.42% Mn, including 
916,000 t (possible) at 45.15% Fe, 5.36% Mn. 

35 Mine French 21a Iron form enrich Enriched iron formation (direct-shipping ore). Reserves (1949): 23,133,000 t at 59% Fe, including 5,405,000 t at 50% Fe, 
9.6% Mn (manganiferous ore). Bessemer ore: 58% of total reserves. 

36 Denault-2 21a Iron form enrich Enriched iron formation (direct-shipping ore). 53.4% Fe (sample). 

37 
Mine Rowe 

(Ferriman-Sud) 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Proven reserves (1980): 432,000 t at 46.50% Fe, 1.16% Mn, including 
57,000 t (proven) at 43.84% Fe, 5.23% Mn. 

38 Mine Burnt Creek 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Proven reserves (1980): 218,000 t at 49.36% Fe, 1.18% Mn; 
419,000 t (proven) at 51.40% Fe, 5.81% Mn (mainly non-Bessemer ore). 

39 Star Creek-3 21a Iron form enrich Enriched iron formation (direct-shipping ore). Reserves (1980): 3.4 Mt at 50.41% Fe, 0.16% Mn. 
40 Lance Ridge-1 21a Iron form enrich Enriched iron formation (direct-shipping ore). Probable reserves (1980): 5.06 Mt at 49.03% Fe, 1.68% Mn. 

41 Lac Jimmick 3b VMS S+CP in fractured and carbonatized graywackes and mudstones. 
Sample from boulder: 0.46% Cu, 0.16% Zn. 	° 	° 
Resources (1977): 109,000 t at 5.20% Zn, 0.61% Pb, 0.26% Cu. 

42 
Lac Otelnuk 
(Zone Sud) 

2a Iron form Lake Sup Taconite; MG replaces HM. Probable reserves (1976): 114 Mt at 25% Fe (average grade). 

43 Lac Dobbin-Sud 10c Ni-Cu glomero Disseminated to massive SF at the base of a glomeroporphyritic 
gabbro sill and disseminated in metasediments. 

0.5% Cu, 0.12% Ni (over 3.05 m, drill core); 
0.66% Ni, 0.45% Cu (over 0.5 m, drill core). 

Footnotes 1-6 are explained on the last page of this appendix. 
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44 
Lac Retty 
(Lac Bleu) 

10b / 19a 
Ni-Cu aphyr / 

Ni-Cu hyd intru 

Massive sulfide lenses (PO+CP+PD+PY+MG) at the base of a 
differentiated mafic-ultramafic sill and in underlying metasediments; 
disseminated SF within the sill; 
chloritic PGE-rich fringe. 

0.83% Cu, 0.57% Ni, 0.08% Co, 893 ppb Pd, 263 ppb Pt, 38 ppb Au (average 
of 14 grab samples of massive sulfides from drill holes - Lac Bleu 1 zone); 
3.32 g/t Pd, 60 ppb Pt, <20 ppb Au, 0.55%Cu, 0.39% Ni, 0.05% Co in 
chloritic rock bordering massive sulfides - Lac Bleu 1 zone). Probable 
reserves over 6 zones: 1.03 Mt at 0.88% Cu, 0.44% Ni, 0.90 g/t Pt+Pd. 

45 Lac Walsh 17 Cu veins 
Disseminated SF in CC±QZ veins; 5-15% SF over 1 m x 2 m, at the 
contact of a glomeroporphyritic gabbro with metasediments; 
chloritization associated with copper-bearing veins. 

1.68% Cu (grab sample from trench); 1.56% Cu over 2 m 
(channel sample); 
0.15% Cu over 12.7 m (drill core). 

46 Lac Walsh-Quest 10b / 2b? 
Ni-Cu aphyr / 

Iron form Algoma? 
Semi-massive and disseminated SF in gabbro; Semi-massive and 
disseminated PO (barren) in slate. 

2.87% Cu, 0.67% Ni over 4.3 m (drill core). 

47 Lac Willbob-Ouest 17 Cu veins 
Disseminated SF (PO+CP+SP+PY) in QZ veins cutting quartzy 
sandstone and gabbro; conductive zone of about 850 m-long by 
25 m-wide. 

1.6% Cu, 0.3% Zn over 1 m (drill core); 1.2% Cu over 2.1 m (drill core); 
1% Zn over 1.8 m (drill core). 

48 
Lac 

Frederickson-NO 
3b / 2b VMS 

Several concordant semi-massive SF lenses (CP+PO+SP+PY+GL) 
in cherty argillites (Menihek Formation) bordered by gabbro sills. 

1.04% Zn, 2.77% Cu, 60 g/t Ag (grab sample); 1.36% Zn, 0.67% Cu, 
55.2 g/t Ag, 2.13 g/t Au (grab sample); 4.80% Zn, 0.44% Cu, 
43.9 g/t Ag (grab sample); best drill hole: 14.07% Zn, 2.25% Cu,  
1.76% Pb, 345 g/t Ag over 1.3 m. Geological resources (1977): 
279,000 t at 4.38% Zn, 0.77% Cu, 42.16 g/t Ag, 0.69 g/t Au. 

49 Lac Marbrelle-Nord 17? / 2b? 
Cu veins? / 

Iron form Algoma? 

Thin band (lens) of semi-massive SF (PO+CP) within black slate in 
contact with a basalt with disseminated PO and CP to the west, and 
with a serpentinized peridotite with traces of Ni to the east; 
also SF veins (CP) in fractures. 

0.25% Cu, 0.01 g/t Au (grab sample of basalt); 
24.5% Cu, 69.2 g/t Ag (grab sample of a 2 cm-thick chalcopyrite vein). 

50 Lac Doublet-NO 3 Exhal sulfides 
Semi-massive and disseminated SF (CP+PO) in slate; 
disseminated SF in basalt (and in pillow margins); 
stronger mineralization near the contact with slate. 

0.76% Cu (grab sample of basalt); 0.25% Cu (grab sample of slate). 

51 Lac Frederickson 
10c / 
19a? 

Ni-Cu glomero / 
Ni-Cu hyd intru? 

Massive and semi-massive SF (CP+PO+PD+PY) at the center of a 
glomeroporphyritic gabbro sill. 

1.44% Cu, 1.03% Ni, 0.5 g/t Pd, 0.09 g/t Pt, <0.02 g/t Au, 1.0 g/t Ag 
(grab sample); 3.99% Cu, 0.94% Ni, 0.42 g/t Pd, 0.15 g/t Pt, <0.02 g/t Au, 
3.5 g/t Ag (grab sample). Low values in Zn. 

52 
Lac Retty-SO 

Cancelled showing 

53 
Lac Retty 

(Lac Pogo) 
10b / 19a 

Ni-Cu aphyr / 
Ni-Cu hyd intru 

Massive SF (PO+CP+PD+MG) near the base of a gabbro-peridotite 
sill; chloritic PGE-rich fringe. 

1.19% Cu, 0.54% Ni, 0.08% Co, 649 ppb Pd, 115 ppb Pt, 10 ppb Au 
(average of 9 grab samples of massive sulfides from drill holes); 
13.0 g/t Pd, 1.4 g/t Pt (over 0.6 m (drill core cutting sulfures massifs). 
Reserves: 1.24 Mt at 0.96% Cu, 0.49% Ni, 0.71 g/t Pt+Pd. 

54 Lac Retty (Centre) 10b / 19a 
Ni-Cu aphyr / 

Ni-Cu hyd intru 

Several massive SF lenses (80% PO, 10% CP, 3% PD, 6% MG) 
located at about 20 m above the base of an ultramafic to mafic sill 
(wehrlite, lherzolite, olivine websterite, gabbronorite, hornblende 
gabbro, pegmatitic and granophyric lenses); 
chloritic PGE-bearing fringe. 

0.92% Cu, 0.63% Ni, 0.07% Co, 906 ppb Pd, 293 ppb Pt, 43 ppb Au 
(average of 16 grab samples of massive sulfides from drill holes). 
Reserves:1.39 Mt at 0.77% Cu, 0.59% Ni, 0.90 g/t Pt+Pd. 

55 Lac Berry-Est 14? Au diss / repl? 1% PO disseminated in gabbro. 1.88 g/t Au, 15 ppb Pd, 15 ppb Pt (12.2 m channel sample of gabbro). 
56 Lac Hyland (Zone K) 14? Au diss / repl? 1-5% SF disseminated in a peridotite sill. 1.29 g/t Au, <15 ppb Pd, <15 ppb Pt (grab sample). 

Footnotes 1-6 are explained on the last page of this appendix. 
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57 Anomalie 4 17? Cu veins? 
Disseminated SF (5-10% PY+PO+CP) as breccia filling associated 
with a fault cutting through sediments (argillites and quartz 
sandstones) of Thompson Lake; occurrence of a peridotite sill. 

2.19 g/t Au and 4.14% Cu (grab sample). 

58 Lac Syncline 21a Iron form enrich Enriched iron formation (direct-shipping ore). Up to 55% Fe (samples); certain horizons contain Mn. 

59 Lac Trough No. 1 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Reserves (1980): 2.18 Mt possible at 48.23% Fe, 1.10% Mn, 
including 228,000 t at 43.79% Fe, 5.78% Mn. 

60 Lac Partington No. 2 21a Iron form enrich Enriched iron formation (direct-shipping ore). "Reserves" (category unknown, 1980: 4.617 Mt at 53,35% Fe. 

61 Goodwood No. 1 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Probable reserves (1980): 58.37 Mt at 51.80% Fe, 0.51% Mn, 
including 1.20 Mt at 44.76% Fe, 6.61% Mn. 40.4 Mt are Bessemer ore. 

62 Leroy No. 1 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
"Reserves" (category unknown, 1980): 7.01 Mt at 51.81% Fe, 
0.92% Mn, including 68,000 tat 38.81% Fe, 7.01% Mn. 
Bessemer ore makes up a little more than half of the reserves. 

63 Sunny No. 3 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Probable reserves (1980): 2.44 Mt at 57.06% Fe, 0.16% Mn. 
Mainly blue-type Bessemer ore. 

64 Lac Annabel 21a Iron form enrich Enriched iron formation (direct-shipping ore). 
Resources: 200,000 t per vertical metre (grade unspecified), to an unknown 
depth. 

65 Kivivic No. 3 21 a Iron form enrich Enriched iron formation (direct-shipping ore). 
Probable reserves (1980) in Québec: 902,000 t at 57.66% Fe, 0.11% Mn. 
Most of the deposit is located in Labrador: total reserves are 
estimated at >5 Mt, of which two thirds consist of Bessemer ore. 

66 Lac du Canoe 13a Au iron form 

Mineralization occurs in a melanocratic paragneiss boudin 
(pyrigarnite) of 5 m x 2 m hosted by metatexites. SF (PY+ AS+CP) 
in disseminated clusters oriented with the foliation trend at 285°/60°. 
Native gold in loellingite, forming cores in AS. 

Up to 40 g/t Au (grab samples); 5.81 g/t Au over 3.04 m (best grade, 
drill core). 

67 Baleine Rouge 13a Au iron form 
Mineralization (5-10% PO et 1-5% AS) in an iron formation 
composed of 1 to 2 cm-thick MG beds interbedded with silicate and 
sulfide-bearing horizons; associated with PX+BO+GR paragneisses. 

2.45 g/t Au over 2.4 m (channel sample); 
3.38 g/t Au over 2.0 m (channel sample); 
up to 12.21 g/t (grab samples). 

68 Rusty Acres 13a Au iron form 
Sulfide-bearing beds containing 1-5 % AS interbedded with 
MG- and QZ-rich beds. Occurrence hosted by BO+GR 
paragneisses. 

4.83 g/t Au over 0.9 m and 1.70 g/t Au over 2.1 m (channel samples); 
up to 9.5 g/t (grab samples). 

69 Disco 13a Au iron form 
10% AS, 4% PY, <1% CP, in centimetre-thick layers within an iron 
formation, silicate, oxide and sulfide facies. 

1.0 g/t Au over 0.46 m and 2.3 g/t Au over 0.15 m (channel samples); 
1.52 g/t Au (grab sample). 

70 Rover Valley 13a Au iron form 
Native Au and AS in centimetre-thick bands within discontinuous 
iron formation hosted by PX+BO+GR paragneisses, with locally 
sulfide-rich lenses. AS+PY+GP disseminated within paragneisses. 

3.7 g/t Au, 2.86 g/t Au, 3.6 g/t Au (grab samples). 

71 Wolf 13a Au iron form 
Up to 5 % AS in small lenses within an iron formation surrounded by 
PX+BO+GR paragneisses; subhorizontal fold axes. 

1.08 g/t Au (grab sample). 

72 South Hills 13a Au iron form 
Disseminated AS in iron formations hosted by PX+BO+GR 
paragneisses. 

4.48 g/t Au over 30 cm and 1.63 g/t Au over 2 m (drill core). 

73 Anomalie 691 13a Au iron form 
PO+PY+AS disseminated in small discontinuous lenses within 
silicate facies iron formation composed of QZ, PX, FP, GR and GP. 

3.04 g/t Au and 1.09 g/t Au (grab samples). 

Footnotes 1-6 are explained on the last page of this appendix. 
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74 Indice 1254 13a Au iron form 

3-5% (reaching 50% locally) disseminated PO and AS, in 
discontinuous and boudinaged lenses concordant with the foliation; 
localized mineralization in silicate facies iron formation composed of 
PX, "chert", PG, GR, CL and, locally, 3-5% GP; 
MG-rich interbeds are barren; 
host rocks: PX+BO+GR paragneisses. 

3.29 g/t Au (grab sample). 

75 Indice 1155 13a Au iron form Same as occurrence 1254 (no. 74). 1.45 g/t Au (grab sample). 
76 Indice 999 13a Au iron form Same as occurrence 1254 (no. 74). 1.70 g/t Au (grab sample). 
77 Indice 1248 13a Au iron form Same as occurrence 1254 (no. 74). 2.29 g/t Au (grab sample). 
78 Indice 1067 13a Au iron form Same as occurrence 1254 (no. 74). 10.05 g/t Au over 0.15 m (channel sample). 
79 Béluga 13a Au iron form Same as occurrence 1254 (no. 74). 1.08 g/t Au and 1.20 g/t Au (grab samples). 
80 Rover Valley-Sud 13a Au iron form Same as occurrence 1254 (no. 74). 15.88 g/t Au and 3.33 g/t Au (grab samples). 
81 Rusty Acres-NO 13a Au iron form Same as occurrence 1254 (no. 74). 1.74 g/t Au and 1.46 g/t Au (grab samples). 
82 Canoe-Est 13a Au iron form Same as occurrence 1254 (no. 74). 16.37 g/t Au (grab sample); 4.42 g/t Au over 0.35 m (channel sample). 
83 Canoe-Ouest 13a Au iron form Same as occurrence 1254 (no. 74). 3.05 g/t Au (grab sample). 
84 Canoe-Nord 13a Au iron form Same as occurrence 1254 (no. 74). 28.66 g/t Au and 18.9 g/t Au (grab samples). 
85 Disco-NE 13a Au iron form Same as occurrence 1254 (no. 74). 1.70 g/t Au (grab sample). 

86 Delta - 1 B 13a Au iron form 
Mineralization in banded Algoma-type iron formation; 
hosted by metatexites; occurrence of SF. 

6.9 g/t Au and 5.79 g/t Au (grab samples). 

87 Goodwood -1199 13a Au iron form 
Mineralization associated with meta-iron formations (pyrigarnite); 
Disseminated AS, MG and PY. 

6.53 g/t Au, 3.26 g/t Au, 2.01 g/t Au (grab samples). 

88 Eclipse No. 1 21a Iron form enrich 
Mainly blue HM, with fine-grained red HM, GO, LM and 
manganiferous minerals; 
Bessemer-type ore (>55% Fe, <0.45% P, <1% Mn). 

"Possible reserves": 41.16 Mt at 55.19% Fe, 0.47% Mn, 
including2.0 Mt possible at 49.94% Fe, 4.05% Mn. 

89 Arsène 13a Au iron form 
5 to 15% PO, traces to 5% AS in centimetre-thick semi-massive 
bands in the silicate fades of an iron formation. The mineralized 
zone spreads over about 100 m and is between 1 and 5 m-thick. 

Up to 31.13 g/t Au (grab samples); 3.25 g/t Au over 1 m (channel sample); 
2.00 g/t Au over 3.29 m (drill core); 
2.66 g/t Au over 3.0 m (drill core); 4.76 g/t Au over 1.76 m (drill core). 

90 
Scheffor 

(Secteur 18) 
13a Au iron form 

Disseminated PO (2-5%) and PY (1-2%) in centimetre-thick bands, 
within a PX+FP+QZ+GR+BO meta-iron formation (pyrigarnite), lying 
between amphibolite and paragneisses. The dimensions of the 
mineralized zone are at least 28 m x 2-4 m. 

1.78 g/t Au (grab sample). 

91 Secteur 10 13a Au iron form 
PO (up to 25%), some PY, traces of CP in cm-thick bands within a 
metre-thick, folded and boudinaged silicate facies iron formation 
(chert, PX, GR). Paragneiss with 3-10% GP. 

2.35 g/t Au (reanalysis: 2.53 g/t Au) over 1 m (channel sample); 
 Au /t 1.40 g 	(grabsample). 

92 Rivière Goodwood 13a Au iron form 

PO+AS (3-5%, reaching 50% locally), traces of PY and CP, forming 
gold-bearing lenses; host rock is a silicate fades iron formation 
(PX, chert, PG, GR, CL, 3-5% GP); 
millimetre-thick MG and chert barren interbeds. 

/t Au Au /t 1.87 	(reanalysis: 3.11 	 sample). g 	( 	y 	9 	) (grab   

Footnotes 1-6 are explained on the last page of this appendix. 
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93 
Rivière 

Goodwood-Nord 
13a Au iron form 

Mineralization in silicate fades iron formations composed of PX, 
"chert", PG, GR, CL and, locally, 3-5% GP; the iron formations 
contain gold-bearing sulfide lenses; millimetre-thick MG- and 
chert-rich bands form barren interbeds; host rocks = PX+BO+GR 
paragneisses; Mineralization consist of 3-5% (up to 50%) PO+AS; 
traces of PY and CP; sulfides are finely disseminated, locally in 
centimetre-wide clusters. 

1.89 g/t Au (grab sample). 

94 Indice 1186 13a Au iron form Same as Rivière Goddwood-Nord occurrence (no. 93). 1.81 g/t Au (grab sample). 
95 Indice 1112 13a Au iron form Same as Rivière Goddwood-Nord occurrence (no. 93). 2.65 g/t Au (grab sample). 

96 Indice GS6 13a Au iron form 
AS+PY mineralization disseminated in PX, "chert", GR, CL iron 
formations; host rocks = PX+BO+GR paragneisses. 

1.43 g/t Au (grab sample). 

97 Scheffor-Est 13a Au iron form 

Mineralization in silicate facies iron formations composed of PX, 
"chert", PG, GR, CL and, locally, 3-5% GP; the iron formations 
contain gold-bearing sulfide lenses; millimetre-thick MG- and 
chert-rich bands form barren interbeds; host rocks = PX+BO+GR 
paragneisses. Mineralization consist of 3 to 5% (reaching 50% 
locally) PO and AS; traces of PY and CP; 
SF are finely disseminated, locally in centimetre-wide clusters. 

2.68 g/t Au (grab sample). 

98 Goodwood - 4207 13a Au iron form 
Mineralization within meta-iron formations (pyrigarnite); 
occurrence of SF; host rocks = metatexites. 

1.0 g/t Au (grab sample). 

99 Lac Selina 

10c / 
19a / 
19c / 

3 

Ni-Cu glomero / 
Ni-Cu hyd intru / 

Ni-Cu hyd sedim / 
Exhal sulfides 

Disseminated and massive SF in veins and veinlets within a 
glomeroporphyritic gabbro; Disseminated SF (10% PO+CP), 
massive SF (15 cm, PO+CP) and SF-veinlets (PO+CP) in laminated 
siliceous metasediments below the sill. 

1.23% Cu, 0.35% Ni, 0.42 g/t Ag over 0.9 m (trench); the sample came 
from a vein of semimassive sulfides cutting metasediments. 

100 Lac Anticline 10b Ni-Cu aphyr 
Massive SF (PO+CP+PD?) at the center of a peridotite sill and 
disseminated SF near the base. 

0.35% Cu, 0.31% Ni (grab sample). 

101 

Lac Retty-Ouest 
New showing 

replacing the former 
"Lac Retry" 

10b Ni-Cu aphyr 
Massive SF (PO+CP+PY; 0.7 m-thick in drill-hole) located at the 
base of a differentiated mafic-ultramafic sill. 

0.60% Cu, 0.56% Ni, 0.30% Zn over 0.7 m (drill core); maximum grades of 
1.0 g/t Pd, 0.5 g/t Pt, 1.5 g/t Au obtained from four samples from boulders 
located 1.7 km to the SE of the showing. 

102 
Lac Hyland 

(Zone I) 
20 Placer gold 

Au in a sand delta (900 m square) which source is a sulfide horizon 
in the Thompson Lake Formation. 

1 grab sample out of 10 gave an anomalous gold grade: 3.6 g/t Au, 
233 ppm Cu, <15 ppb Pd, <15 ppb Pt. 

103 
Lac Hyland 
(Zone C) 

10b Ni-Cu aphyr Disseminated SF (1-5% CP, 5-15% PO) in peridotites and basalts. 
0.14% Ni, 0.11% Cu, <15 ppb Pd, <15 ppb Pt, 2.0 g/t Au 
(grab sample of peridotite). 

104 
Lac Hyland 
(Zone D) 

10b Ni-Cu aphyr Disseminated SF (1-5% CP, 5-15% PO) in a peridotite sill. 
0.61% Cu, 0.58% Ni, 270 ppb Pd, 78 ppb Pt, <5  ppb Au 
(grab sample of peridotite). 

105 Kangeld 3b VMS 

Massive PO+PY concordant zone, with CP+SP+GL disseminations, 
veinlets and stringers within graphite- and pyrite-bearing argillites. 
SF are stratigraphically above a SR and CL schist zone, and 
overlaid by basalts. 

2.4% Pb, 1.7% Zn, 40.1 g/t Ag over 4 m (drill core); 0.98% Zn, 6.6 g/t Ag 
over 9.75 m (drill core); 
0.9% Pb, 1.4% Zn, 15.6 g/t Ag over 9.1 m (drill core). 
About 0.2% Cu, generally. 

106 Riv. Savalette 2b / 19c? 
Iron form Algoma / 
Ni-Cu hyd sedim? 

Disseminated SF (PO+CP) in a GP-bearing black slate breccia, 
within BO gneiss and adinoles; 
barren metagabbro on each side. 

1.00% Cu, 0.10% Ni (grab sample); 0.13% Zn, 0.04% Ni, 0.03% Cu 
slate); (grab sample of slate); 

0.12%Cu, 0.21% Zn (grab sample of slate containing massive sulfides (PO)). 

Footnotes 1-6 are explained on the last page of this appendix. 
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107 Lac Glance 
10b / 
19a / 
2a 

Ni-Cu aphyr / 
Ni-Cu hyd intru / 
Iron form Algoma 

Disseminated SF in a peridotite sill; SF in black argillites (PY; PO 
breccia) below the sill. 
Massive SF in lenses of PO+CP+SP+PD?. 

0.30% Cu, 0.29% Ni, 0.85% Zn over 1.5 m (drill core). Sulfide zone observed 
on surface is about 2.5 m thick and about 1 km long (60% PO,CP). 

108 Lac de la Chance 10b Ni-Cu aphyr 
2 lenses of massive SF PO+CP+PD+SP and disseminated SF u 
to 20% PO+CP) in a peridotite sill; one lens in the sill is 5 m-thick; p 
one 2 m-thick massive SF lens occurs in the overlaying basalts. 

1.1% Ni, 0.90% Cu, 1.13% Zn sur 2.4 m from massive sulfides (trench 
sample); 0.92% Ni, 0.45% Cu, 0.13% Co, 366 ppb Pd, 198 ppb Pt, 
2 	pb Au from a vein of massive sulfides t at 0.6  % Curab sample). 
Resources ("Proven reserves"): 649,000 t at 0.66 /° Cu, 0.89% Ni. 

109 Lac Murdoch-Nord 2b Iron form Algoma 
Also Irene Lake . Fine-grained HM and MG but coarser-grained 
(easily concentrable) than the Sokoman Formation oxides farther 
west; quartz gangue. 

1.10 Mt/m vertical at 33% Fe. 

110 Lac Ahr-Nord 10b Ni-Cu aphyr 
Disseminated SF (PO+CP+PD+CP) in a peridotite sill; remobilized 
PO+CP in fractures. 

1.00% Cu, 0.70% Ni, 0.07% Zn over 1.1 m (drill core). 

111 Lac Murdoch-Quest 
3a? 

(17? 

19c?) 

VMS?(Cu veins?, 
Ni-Cu hyd sedim?) 

Massive SF in lenses (50% PO, 50% CP) within a thin horizon of 
argillic schist (+siltstone, quartzite, graywacke), between a 
glomeroporphyritic gabbro and an aphyric gabbro; 
small size occurrence. 

5.28% Cu, 0.09% Ni, 0.10% Zn, 26.1 g/t Ag, 0.5 g/t Au (grab sample); 
2.14% Cu, traces of Ni and Zn, 6.17 g/t Ag, 1.20 g/t Au (grab sample). 

112 Lac Youngreen 3b VMS 

QZ+FP+CB and PO+CP+SP veinlets cutting through or parallel to 
the bedding, on a length of more than 12 m, in quartzite and argil- 
lites near the contact of a fine-grained gabbro; local fine-grained PO. 
Several drill-holes returned Cu-, Zn-, Au- and Ag-rich sections but 
their size was limited. 

0.88% Cu, 4.28% Zn (grab sample); 
0.19% Cu, trace of Zn, 0.10% Ni, 42.9 g/t Ag, 1.0 g/t Au (drill 
core sample). 

113 Gauthier-McNeely 3b VMS 
Disseminated to massive PO, SP, CP; concordant SF and SF in 
veins within conglomerates and graphitic argillites. 

0.72% Cu, 1.56% Zn, 0.07% Ni, 52.11 g/t Ag (overface sample); 
6.72% Zn, 0.65% Cu, +Ag, +Au over 1.9 m (drill core). 

114 Split Lake - NO 10c / 19? 
Ni-Cu glomero / 
Ni-Cu hydrother? 

Disseminated SF (CP+P0?) in a glomeroporphyritic gabbro; 
possible remobilization. 

0.88% Cu, 0.38% Ni (grab sample). 

115 Reuben 
17a / 
19a / 
21c 

Cu veins / 
Cu-Ni hyd intru / 

Supergene 

Epigenetic (metamorphic?) SF (CP) in an altered gabbro emplaced 
within red sandstones. Hydrothermal alteration (CC+EP+CP veinlet 
stockwork) associated with brittle fractures. Occurrence of MC. 
Weakly disseminated PO, PY, PD and CP of magmatic origin, 
within the unaltered gabbro hosting the epigenetic sulfides. 
Mineralized zone of 30 m x >425 m (irregular distribution). The main 
occurrence is 60 m x 6 m. 

4.00% Cu, 6.9 g/t Ag (grab sample); 
2.61% Cu, 2.5 g/t Ag (grab sample). 

116 Franelle 
17a / 
19a / 
21c 

Cu veins / 
Cu-Ni hyd intru / 

Supergene 

Mineralized gabbro dike, relatively Fe-, Ti-, and Na-rich (alkaline 
affinity) intruding red sandstones. Mineralization types: 
(1) disseminated or microveins of PY and CP all along the dike, of 
either magmatic-syngenetic or epigenetic origin; (2) massive 
CP+BN, of hydrothermal-epigenetic origin, in fractures containing 
EP+CC and associated with AB+CB+EP+HM+FK alterations; 
(3) supergene chrysocolla+MC+BN+CP+DG+CV. Presence of teno- 
rite, CT, and cuprite. Mineralized zone observed over 2600 m x 76 m. 

Very variable grades: most of the drill holes gave about 0.25% Cu over 
thicknesses varying between 1 and 50 m; 
drill hole R-77-1 gave 0.19% Cu over 49.5 m; 
drill hole R-77-3 gave 0.24% Cu over 173.4 m; 
drill hole R-77-4 gave 0.51% Cu over 50.3 m; 
60% Cu, 43.49 g/t Ag (10 cm sample of massive BN); 
2.7% Cu, 5.3 g/t Ag over 0.35 m (chip sample). 
Rough resource evaluation: 110 Mt at 0.23% Cu. 

Footnotes 1-6 are explained on the last page of this appendix. 
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117 Bennelle 
17a / 
12a? 

Cu veins / 
U veins-shear? 

Veins, veinlets, and disseminations of SF (CP+BN; with CV+MC+ 
native Cu) of hydrothermal origin in fractures and microfractures with 
veins of QZ+CC+EP+CL, within a gabbro dike cutting red 
sandstones; EP+CC+AB+CL+MG alteration of the gabbro, mainly 
associated with joints; presence of yellow radioactive minerals 
(U oxides?) associated with CP in QZ veins injected into a chloritized 
and carbonatized shear zone. The mineralized zone is 450 m x 1-3 m. 

° 
2.06% Cu (grab sample); 
1.49% Cu, 4.9 g/t Ag (grab sample). 

118 Beluet 21c/ 12a 
Supergene / 

U veins-shear 

Mineralization (MC, AZ, CY, CP) in sheared red sandstones at the 
contact with a gabbro; mineralization of hydrothermal origin with a 
later supergene component; alteration minerals: HM and FK. 
The mineralized zone is 50 m x 5 m. 

6.15% Cu (grab sample); 4.83% Cu (grab sample); 
0.67% Cu over 1.0 m (channel sample). 

119 Zone XIX 17a Cu veins 
QZ+FP+SF veinlets parallel to the schistosity in a sheared 
amphibolite. 

1.55 g/t Au, 2.8 g/t Ag and 0.54% Cu (grab sample). 

120 TB2-B
(3?) 

 
17a / 2b? 

Cu veins / 
Iron form Algoma? 
(Exhal sulfides?) 

Semi-massive SF composed of barren PY+PO laminae alternating 
with quartzose laminae; cut by PO+PY+CP veins; 
in contact with amphibolite. 

5.3% Cu, 7.4 g/t Ag (grab sample). 

121 Lac Rond 
19c? / 
2b / 
3? 

Ni-Cu hyd sedim? / 
Iron form Algoma / 

Exhal sulfides? 

Massive PO in graphitic schist (sulfide meta-iron formation), near an 
altered peridotite. 

0.48% Cu, 0.04% Ni, 0.03% Co, 150 ppb Au, 11 ppb Pd, 9 ppb Pt (overface 
grab sample); 
up to 10 g/t Au and 1 g/t Pd (drill core). 

122 Couture 17a / 21c 
Cu veins / 
Supergene 

Massive, brecciated, and disseminated SF in a shear zone cutting 
metabasalts and meta-arkoses; mineralization = DG+HM+BH, as 
well as BN+CV+MC+AZ+PO+GO+clausthalite+ lepidocrocite. 
Alterations = EP (metabasalt), HM (meta-arkose). The mineralized 
zone is 100 m x 30 cm; the massive sulfide-rich zone is 10 m long. 

65% Cu, 420 g/t Ag, 0.95 g/t Au, 0.24% Se (grab sample); 
15% Cu, 156 g/t Ag, 0.98 g/t Au (grab sample). 

123 Zone XII 17a / 21 c 
Cu veins / 
Supergene 

QZ+FP veins with disseminated and massive SF (PY+PO+CP+BN) 
cutting amphibolite; occurrence of MC+AZ. 

1.1% Cu, 1.1% Cu, and 0.70% Cu (grab samples). 

124 Lac Uni 17a Cu veins QZ+FP veins with SF, cutting amphibolite. 0.56% Cu (grab sample). 

125 Couture Sud 3? Exhal sulfides? 
Centimetre-thick bands of massive PY intercalated with amphibolite 
(metabasalt); millimetre-thick zones of disseminated SF (10%) 
(PY+CP+BN). 

1.5% Cu, 1.4 g/t Ag (grab sample). 

126 Couture Nord 17a? Cu veins? 
Disseminated SF (PY+PO+CP) in a brecciated, epidotized, and 
sheared amphibolite, within a fault zone. 

0.81% Cu (grab sample). 

127 Grand Rosoy 1 17a? Cu veins? 
Disseminated SF (PY+PO+CP, and MG+BN+CV) in a QZ+FP+HB 
vein stockwork cutting a metagabbro; minor massive SF bordering 
the veins. 

2.3% Cu over 1 m (chip sample). 

128 Danis #3 18? Skarn? 
Disseminated mineralization (CP+MC), +EP, in a fault zone cutting 
calc-silicate gneiss. 

2.5 g/t Au (grab sample). 

129 Lac Recouet - 1 
17? 

(18?) / 

21c 

Cu veins?(Skarn?) / 
Enrich Cu 

Disseminated SF (PY+PO+CP, with BN, CV, native Cu, and AZ), 
minor massive SF, in a QZ+FP vein associated with a fault cutting 
calc-silicate gneiss. 

0.71% Cu (grab sample). 

130 Lac Recouet - 2 18? Skarn? Disseminated mineralization (MC) in calc-silicate gneiss. 1.61% Cu, 7.4 g/t Ag (grab sample). 

131 Lac Champdoré - 1 22 Undetermined 
Disseminated SF (PY+CP) in HB-gneiss inclusions within 
granodiorite. 

1.0% Cu, 5.7 g/t Ag, 0.26 g/t Au (grab sample). 

Footnotes 1-6 are explained on the last page of this appendix. 



Catalogue of mineral deposits in the New Québec Orogen and adjacent areas 

No.1  Deposit name2  
Deposit 

type 
code3  

Abbreviated 
name of 

deposit type°  
Summary description of the deposits  Grades / Resources6  

132 Lac Champdoré - 2 22 Undetermined 
Disseminated SF (PY+CP) in HB-gneiss inclusions within 
granodiorite. 

2.37% Cu, 33.7 g/t Ag, 1.82 g/t Au (grab sample). 

133 Lac Tudor-Est 12? U veins? 
Colloform PB, +PY+PO+CP; PB follows fine bedding in a HY+AM- 
bearing quartzofeldspathic gneiss; 1 m x 100 m (min.). 

0.83% U308  (grab sample); 
0.39% U308, 13 ppm Th (grab sample). 

134 Lac Romanet No. 1 5c Cu dolomite 
SF (CT+CP) in QZ+CC veins cutting dolomite, and CT+CP+PY in 
veins parallel to the schistosity in the dolomite; 
SF also in fractures cutting gabbro. 

0.68% Cu, 0.30 g/t Au (grab sample). 

135 Lac Maugue 5c Cu dolomite 
CP+BN stringers in stratiform bands of coarse-grained white CC, in 
white dolomite; BN+CP filling fenestrae and fine fractures; 
disseminated Cu in a SR schist; discordant veins. 

1.49% Cu, 7 ppm Pb, 69 ppm Zn, 323 g/t Ag (grab sample from trench); 
0.61% Cu, 144 g/t Ag over 3.19 m (weighted average of samples from 
trench). 

136 Lac Dunphy-Ouest 15 Ag-Pb-Zn veins 
SP forming disseminated masses in a QZ+CC vein (1 m thick) 
cutting a brecciated sequence (5 m thick) of black quartzite, argillite 
and siltstone. 

20.01% Zn, 1.41% Zn (grab samples). 

137 Canalask 15 / 17 
Ag-Pb-Zn veins / 

Cu veins 

CP and MC, with a little BN and CT, in veinlets of CC cutting a 
schistose, carbonatized gabbro sill, about 10 m thick, intruding the 
Lace Lake Formation; HM present. A massive SP vein of 
2-3 m x >100 m cuts brecciated argillites between gabbro sills. 

8.00% Zn, 0.90% Cu, 1.25% Pb, 62 g/t Ag, 1.25 g/t Au over 30 m (channel 
sample); 
19.3% Zn over 2-3 m in a vein of SP; 20.0% Zn, 523 ppm Cu, 
157 ppm Co, 1.3 g/t Ag (grab sample). 

138 Lac Dunphy 5c / 17 
Cu dolomite / 

Cu veins 

CP+BN+CT streaks in stratiform bands of massive CC in dolomite 
(Dunphy Formation); disseminated BN+CP in CC+QZ veinlets; 
disseminated SF also in the dolomite. 

12.8% Cu, 18.8 g/t Ag over 0.3 m (channel sample); 1.56% Cu over 3 m (drill 
core); 1.30% Cu over 3 m (including 3.26% Cu over 0.7 m) (drill core); 
2.56% Cu over 4.97 m (trench); 10.45% Cu, 18.5 g/t Ag, 0.17 g/t Au 
over 0.5 m (drill core). 

139 Grillage Canalask 17a Cu veins 
CT+PY masses in CC veins cutting gabbro; 
disseminated MC in gabbro. 

0.58% Cu, 1.4 g/t Ag (grab sample). 

140 Lac Crescent 17a Cu veins 
CP, BN, AZ, and CT disseminated in a CC vein along 
a gabbro-siltstone contact. 

1.65% Cu, 2.4 g/t Ag, 165 ppm Pb, 140 ppm Zn (grab sample). 

141 Lac Maugue-Sud 15 Ag-Pb-Zn veins 
PY and GL disseminated in interlaminated grey dolomite and light 
green SR-rich rock (Dunphy Formation?); boulders with GL masses 
and stringers in smoky quartz veins or GL stringers in silty dolomite. 

0.17% Pb, 1.1 g/t Ag over 0.32 m (channel sample); 
3.85% Pb, 25.7 g/t Ag (grab sample, boulder with QZ+GL veins); 
6.21% Pb, 37.1 g/t Ag (grab sample, boulder of brecciated, silty dolomite). 

142 Taché Lake 17 / 12a? 
Cu veins / 

U veins-shear? 
Silicified zones with PO, CP, and PY, at the contact between a 
siltstone and a dolomite or a gabbro; radioactive FP+QZ veins. 

3.40% Cu, 13.7 g/t Ag, 3.4 g/t Au over 1 m (trench); 
3.48-30.8% Cu, 11.1-44.7 g/t Ag, <0.5-1.1 g/t Au; 
0.78% Cu, 123 ppm U, 0.54% Zn, 16.4 g/t Ag (three CP-rich grab samples); 
0.34% U (grab sample). 

143 Delhi Pacific 17b ±Au±Cu±U albiti 
SF (CP+PO+PY) in fine-grained, albitized, and laminated 
rocks (albitite); 
PY+CP in veins emplaced in a carbonatized fault breccia. 

0.54-6.40% Cu, trace to 23.3 g/t Ag, trace to 1.3 g/t Au (grab samples); 
0.69% Cu over 30.1 m (drill core); 
4.23% Cu, 12.5 g/t Ag over 7.6 m (trench). 

144 Chibtown 5c / 17 Cu dolomite Disseminated CP in dolomite; CP in QZ veins. 
16.25% Cu, 8.9 g/t Ag (grab sample); 6.77% Cu, 4.8 g/t Ag (grab sample); 
9.03% Cu, 42.9 g/t Ag, 3.4 g/t Au (grab sample). 

145 
Lac Bertin-Est 

(Satellite) 
17 Cu veins CP+PY-bearing CC vein cutting metagabbro. 2% Cu (grab sample). 

146 GM 
17b / 
12a? 

±Au±Cu±U albiti / 
U veins-shear? 

Mineralized zone measuring 10 m x 75 m. QZ+CB+FP veins in 
siltslate and phyllite; albitization (veinlets). Occurrence of 
PY, CP, PB, MO, Au, coffinite, and selenides (clausthalite). 
Radioactive metre-wide bodies of coarse-grained dolomite hosting 
organic matter, MO, and CP. 

1.51 g/t Au, 5.0 g/t Ag, 0.60% Cu (grab sample); 
7.8 g/t Ag, 0.46% Mo, 0.45% U from a QZ+CB vein cutting siltstone (grab 
sample); 
4.88% U308, 0.07% Th02  over 45 cm (trench); 
0.48% U, 0.13% Ce, 620 ppm Ho, 24 ppm La, 85 ppm Th (grab sample). 

Footnotes 1-6 are explained on the last page of this appendix. 
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147 
Lac Bertin 
(Jonsmith) 

15 Ag-Pb-Zn veins 

Mineralization in a carbonatized and silicified fault breccia cut by CC 
veinlets, in gabbro; fault between gabbro and dolomites; 
up to 20% SP and 3% PO+GL+PY+CP disseminated in the 
fragments and matrix, as well as in CC extension veins. 

2.36% Zn over 14.0 m (trench); 3.23% Zn over 5.1 m (trench). 

148 
Lac Derbuel 
(Anaconda) 

15 Ag-Pb-Zn veins GL+SP in a calcite vein cutting metabasite. 
 2.19%Zn (grab sample); 

3.89% Zn, 1.86% Pb, 8.12 g/t Ag (grab sample). 

149 Lac Ronsin-Ouest 17a Cu veins 
CT in sheared gabbro, CP in CC veins cutting gabbro; 
shear zone between gabbro and dolomites. 

1.76% Cu and 1.04% Cu (grab samples). 

150 Anacon 
17a / 5c / 

17 

Cu veins / 
Cu dolomite / 

Cu veins 

CT in fractures cutting dolomites, in QZ veins, and disseminated in 
sheared basalts; BN and CT in QZ veins; PY, CP, and MC in basalt; 
CT and CP in veins cutting a gabbro dike. 

9.78% Cu and 12.19% Cu (grab samples); 
4.34% Cu over 2.1 m (trench); 
0.79% Cu over 6.1 m and 0.89% Cu over 19 m (trenches). 

151 Lac Ronsin Sc Cu dolomite 

CP, MC, BN, and PY disseminated in CC bands within dolomites 
and in veins cutting dolomites and slates; U in a PY-bearing 
dolomite; Cu mineralization in altered CL-, SR-, AK-bearing rocks; 
U mineralization in FC-, altered HM-bearing rocks. 

0.51-7.05% Cu (6 grab samples); 
° 

2.04 /° Cu over 2.4 m (channel sample); 
546 ppm U from a nearby outcrop (grab sample). 

152 Lac Romanet-Ouest 5c Cu dolomite CP, PY, CT, and BN disseminated in CC+QZ bands in dolomites. 
0.59-2.05% Cu (3 grab samples); 
4.89% Cu over 4.9 m (channel sample); resource estimate in 1963: 
20 Mt at a grade varying between 0.14 and 1.48% Cu. 

153 
Indice Simon 

(Airport) 
12a U veins-shear 

Radioactive AB+CB veins cutting basalt; hematitization of the wall 
rocks. 

860 ppm U from a vein (grab sample); 
1.17% U and 569 ppm U (grab samples from nearby). 

154 Saarberg No. 1 17b ±Au±Cu±U albiti 
PY, CP, and CT in an albitic breccia at a gabbro-slate contact; 
silicification. 

0.30% Cu, 2.84 g/t Ag over 5 m (trench). 

155 Saarberg No. 2 17b ±Au±Cu±U albiti 
SF in an albitic breccia at the contact between a gabbro and a slate; 
SF also in a AB, QZ, CB, and CL rock at the breccia contact; 
AC+CL+PG alteration (Q occurrence of Clark, 1986). 

1.11% Cu, 2.26 g/t Ag, 0.57 g/t Au over 3 m (trench); 
7.8 g/t Ag, 1.01 g/t Au (grab sample). 

156 
Anomalie 79-1 

(Bacon) 
17b ±Au±Cu±U albiti 

Vein mineralization in a fracture network cutting a fenestral dolomite 
(with birdseyes); 
CT, MC, and PB in QZ veins and extension veins; strong HM 
alteration near the veins; 
possible albitization. 

7.33% Cu, 7.22 g/t Au, 37.2 g/t Ag, 0.75% U, 0.75% Pb (grab sample); 
3.33 g/t Au, 1.45% Cu, >0.2% U (grab sample); 
9.40 g/t Au, 8.01% Cu, >0.2% U, 27 g/t Ag, 0.42% Se, 0.15% Te, 
110 ppm La, 0.13% Ce, 126 ppm Sm, 127 ppm Lu (grab sample); 
2.02% U, 12.80% Cu (grab sample from trench). 

157 Lac Bacon 5c Cu dolomite Disseminated CT and CP in stromatolitic dolomite. 
0.76% Cu over 12 m, including 1.58% Cu over 3.1 m (channel sample); 
0.45% Cu over 1.1 m (drill core). 

158 Goose 15 Ag-Pb-Zn veins 
SP in a graphite-bearing, siliceous breccia associated with a fault 
cutting a gabbro. 

9.08% Zn (grab sample); 
2.40% Zn over 1 m (channel sample). 

159 
Anse Duvic- 

Lac Romanet 
22 Undetermined 

PY and CP in a carbonatized schist in contact with a dolomite 
(Dunphy Formation). 

15.8% Cu (grab sample); 
1.30% Cu (grab sample from nearby). 

160 Lac Chakonipau 17 Cu veins 
Mineralization in a fractured and sheared quartzite (Alder); 
CP, MC, and PY veinlets in fractures and CP in CC veins located in 
shear zones. 

0.47% Cu; 
0.31% Cu (grab sample or sample from trench). 

161 Étang Uvé 11? MVT? 
Thin SP and GL veinlets in dolomites (stromatolitic dolomites and 
dolomitic sandstones of the Alder Formation). 

0.74% Zn, 0.16% Pb (grab sample); 
0.32% Zn and 0.39% Zn (drill core samples). 

162 Riv. Swampy Bay 17 Cu veins 
CP and MC in coarse-grained CC+QZ veins cutting black slates; 
CP in sheared graphitic black slates located 1.3 km from the 
showing. 

3.80% Cu, 0.01% Ni (grab sample). 

Footnotes 1-6 are explained on the last page of this appendix. 
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163 Lac Otelnuk 17 Cu veins 
CP (+MC+AZ) filling fractures and disseminated in the wall rocks; 
veins cutting a dark sandstone (Chakonipau Formation). 

1.14% Cu (grab sample). 

164 Lac Fenster 4b U sandstone 
Mineralization in a strongly chloritized and sheared, greenish arkose 
(or wacke) (Sakami Formation); 
the contact with the granitic basement is intensely sheared. 

0.29% U308  (grab sample from a boulder of arkosic sandstone). 

165 Lac Fenster-SE 4c U mud / siltstone 
Disseminated U mineralization in greenish, siliceous siltstones 
interstratified with thin calcic beds (Sakami Formation). 

0.07% U308  (grab sample). 

166 Lac Pons-Nord 4b U sandstone 

Mineralization in fractures cutting green or red wackes and in 
hematitized granite; mineralization also in wacke boulders; 
basal conglomerate nearby; 
remobilized mineralization? 

0.448% U308  (grab sample); 0.11% U308  over 1 m, including 0.49% U308  
over 0.2 m (drill hole cutting red concretions in a green wacke); 
209 ppm Pb, 110 ppm Mo (drill core); 0.045% U308  over 1 m (drill core, 
showing HM, LM, and Mn alterations). 

167 Lac Goethite 
2a / 
21a 

Iron form 
Lake Sup / 

Iron form enrich 

Cherty iron formation basin, with GO veins; 
the unit is 1 m thick. 

° 	°  49.08% Fe, 7.42% Mn, 6.06% Si02  (boulder). 

168 Ferme Nord 12 U veins 

Film-like mineralization (PB, MO, PY, CP, linnaeite, and roscoelite) 
in shear zones, fractures, and cement in fractured and sheared 
quartz sandstone, near the contact with dolomitic sandstone (Alder 
Formation); 
mineralization occurs over a length of 5 km. 

0.33% U, 0.31 % Cu, 0.16% Mo over 1.4 m (drill core); 
110-13900 ppm U, 76-44000 ppm V, 381-10400 ppm Pb, 
5-21200 ppm Zn, 94-23600 ppm Cu, 74-13600 ppm Co, 
34-33600 ppm Mo (samples from trenches); 1.48% U, 2.48% V, 
2.14% Mo, 1.69% Zn, 1.20% Pb, 0.59% Cu, 0.39% Ni, <3 ppm Th, 
88 g/t Ag, 83 ppb Au (grab sample of graphitic, sheared rock). 

169 Ferme Sud 12 U veins 

Film-like mineralization at the sheared contact between quartz 
arenite and dolomitic sandstone (Alder Formation); 
the U is in the shear zone and fractures near the contact; 
the Cu is more widespread. 

0.08% U, 0.59% Cu over 1.2 m (drill core); 
590-27200 ppm U, 44-272 ppm V, 2975-28000 ppm Cu, 
100-6300 ppm Pb, 4-740 ppm Zn (samples from trenches). 

170 Racine 12 U veins 

Mineralization (PB, MO, PY, CP, linnaeite, and roscoelite) located in 
fractured and sheared quartz arenite at less than 1 m from the 
contact with dolomitic sandstone (Alder); the mineralization is in the 
recrystallized silica cement in the arenite and also in argillic spoon- 
like structures; occurrence of supergene MC and erythrite. 
The mineralized zone is 65 m x 1 m. 

0.37% U (grab sample from a mineralized lens of 5.5 x 1.3 m); 
7.44% U, 1.28% Cu, 0.22% Co, 6.08% Zn (grab sample); 
0.65% U, 2.48% V, 0.14% Co, 0.12% Cu, 0.05% Pb, 0.03% Ni, 
12 ppm Th, <4 ppm Mo, 0.17% Ba, 18.1 g/t Ag, <15 ppb Au (grab sample). 

171 Lomer 17b ±Au±Cu±U albiti 
SF (PY+PO+CP) in the carbonatized matrix of a breccia and in 
albitized, laminated, felsic rock (CP veinlets). 

4.13% Cu, 2.00 g/t Ag (grab sample); 4.95% Cu, 3.2 g/t Ag from massive 
sulfides in albitized mudstone and albitized gabbro (grab sample). 

172 
Eagle II 

(Lac Mistamisk) 5c Cu dolomite 
Also Eagle Copper . Veins and disseminated SF (CP+BN+CT) in 
dolomite and greenish slate (Lace Lake). 

4.58% Cu (grab sample). 

173 Eagle 12a U veins-shear 
Also Eagl e Uranium . PB and UR, with CL and HM, in AB veins; 
QZ+CB veins; cutting green mudstone (Lace Lake); 
Au also in dolomitic wall rocks; HM alteration. 

1.00% U308, 90 ppm Th02, 1.07 g/t Au (grab sample); 
5.4 g/t Au, 0.8% U over 0.3 m (drill core); 
15 g/t Au from dolomite in wallrock of a radioactive vein. 

174 Dead Beat 17 Cu veins Mineralization (CP, BN, and PY) in QZ veins cutting grey quartzite. 3.90% Cu, 0.17 g/t Au over 0.3 m (channel sample). 

175 Lac Cutus-Sud 17 Cu veins 
CT in veinlets and disseminated in dolomite (Dunphy); 
massive CP in dolomite at the contact with gabbro; 
local native Cu; CC, TM, and TC alteration of the dolomite. 

51.4% Cu, 1.25 g/t Au, 10.62 g/t Ag (grab sample); 
0.96% Cu over 3.37 m (drill core). 

176 Lac Cutus-Nord 17 Cu veins 
CP in extension veins filled with QZ+CC or QZ, cutting dolomite 
(Dunphy); associated with a shear zone cutting the dolomite. 

7.05% Cu, 5.62 g/t Ag (grab sample); 
3.05% Cu over 0.7 m (channel sample). 

Footnotes 1-6 are explained on the last page of this appendix. 
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177 Indice Deschênes 12a U veins-shear 
Radioactive veins (PB+PY in QZ+AB+CL+MI veinlets) cutting 
greenish mudstone (Lace Lake); 
disseminated MO in fractured "aplite" dikes. 

626 ppm U (drill core sample); 
0.28% Mo from a zone of aplite dikes (drill core sample). 

178 Lac Mistamisk-SE 5c Cu dolomite 
Flattened masses, up to 5 cm x 1 cm, composed of CT, BN, PY, 
and HM disseminated in cleavage planes in dolomite (Dunphy); 
a QZ+CB vein contains BN. 

0.20-1.24% Cu (grab samples). 

Lac Plissé-Ouest 17a Cu veins 179 
 Mineralization in fractures and shear zones cutting gabbro; brecciat-

ed borders with CB matrix; PY, CP, and BN in CB veins; CT veinlets. 
2.01% Cu, 1.84% Cu, and 0.61% Cu (grab samples). 

180 Kish 12a U veins-shear 
Radioactive mineralization (UR and PB) in AB+AK+CL+HM veins 
cutting greenish mudstone (Lace Lake). 

1189 ppm U306, 25 ppm Th02, 500 ppb Au (average of several chip samples 
from the main vein); 
other results: 1 g/t Au, 1% U over 0.3 m; 3.9 g/t Au, 0.12% U. 

181 Bravo (Train no.3) 12? U veins? 

Disseminated PB in sheared recrystallized dolomite (pink to red 
CC), near overlying CL+SR schist (fault?); 
alterations: calcitization, hematitization, chloritization?; 
CC and BR veins in hematitized fractures; 
remobilized U from detrital sediments below? 

42-380000 ppm U, 11-12000 ppm Cu, 17-208 ppm Zn, 900-50000 ppm Pb, 
31-168 ppm Co, 17-282 ppm Ni, 0.25-1.0% Mn, <5-4740 ppb Au, 
<18 ppm Th (boulders). 5785 ppm U over 25 cm and 1408 ppm U over 
28 cm (channel samples); 2.16% U, 4.5 g/t Ag (grab sample); 
0.05% U over 25 cm (drill core). 

182 Otel 12 U veins 
Mineralization in a shear zone between 2 fractured or unfractured 
gabbros; CP in a cataclastic zone; 
U in veins with CL, HM, BO, CC gangue; PB veins. 

13-38500 ppm U, 27-68800 ppm Cu (boulders); 
0.10% U over 1 m, 1.24% Cu over 0.5 m, 1.88% Cu over 0.25 m (drill core 
samples); 0.93% Cu, 0.6 g/t Ag (grab sample). 

183 
Décharge du 

Lac du Chambon 
17 Cu veins 

PY and CP in fractures, shear zones, or breccias cutting greyish 
pink chert or cherty dolomite, with CB lenses and veins; 
CP-bearing QZ veins. 

1.81%   Cu, traces of Au and Ag (grab sample). 

184 Lac du Chambon 
5a? 

(11?) 
Kupferschiefer? 

(MVT?) 

GL, CP, PY, and SP disseminated in sandy dolomite (Alder); 
GL forms a 3 cm x 1 cm lens; PY in QZ veins; 
GL and SP are distal minerals? 

4.00%   Pb (grab sample). 

185 
Train no.4 

(Lac Crabe) 
5a?/ 17 / 

12 

Kupferschiefer? / 
Cu veins / 
U veins 

Disseminated CP in slates, phyllites, and carbonatized horizons 
(Lace Lake); CP in QZ+CC veins; mineralized zone is 955 m long x 
1.3 m wide x at least 45 m down dip (source regions for trains 4 and 
6); U occurs in a fault (mylonite). 

3.71% Cu over 1.8 m (drill core); 
0.07% U over 1.2 m (drill core). 

186 Train No.2 12 / 4b? 
U veins / 

U sandstone? 

Radioactivity mainly in a blackish wacke; mineralization in HM-
bearing microfractures cutting dark green or black (sheared) 
CL-, HM-, KL-, SR-, and QZ-bearing cataclasite. 

0.15% U over 1.9 m (drill core). 

187 Train No.1 4b / 12 
U sandstone / 

U veins 
Radioactive minerals disseminated in pyrite-bearing quartzite (Lace 
Lake) and gabbro; radioactive breccia zone in the quartzite. 

0.10% U over 2.3 m (drill core); 
0.11% Co over 1.3 m (drill core). 

188 Lac Bishop 12 U veins 
CB+FP (+HM, CL, EP, MC, and PY) veins, up to 20 cm thick and 
2 m long, in fractured and altered gabbro cutting the Chakonipau 
Formation. 

0.47% U308  over 0.15 m (sample of mineralized vein). 

189 Mistamisk-Gariépy 17 Cu veins 
Disseminated CP in QZ+AK+CL veins in grey-green mudstones 
(Lace Lake); PY nodules disseminated in mudstones. 

2.90% Cu over 0.5 m and 1.06% Cu over 0.15 m (drill core samples). 

190 SGR-09 
12a? 
(4b?) 

U veins-shear? 
(U sandstone?) 

Disseminated UR (from traces to 10%) in siltstones and 
sandstones; HM, SR, and AB alteration. 

3.3 g/t Au, 0.15% U over 0.61 m (drill core). 

191 SGR-11 22 Undetermined Disseminated PY (2%) in grey-beige siltstone. 31.2 g/t Ag over 1.5 m (drill core). 

Footnotes 1-6 are explained on the last page of this appendix. 
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192 Eldorado 2 12a U veins-shear 
Disseminated PY (with Au, REE) in fractures cutting albitic breccia; 
the breccia is surrounded by dolomite and white quartzite. 

4.3 g/t Au, 21 ppm U (grab sample); 0.27 g/t Au, 1.02% La, 1.83% Ce, 
1130 ppm Sm, 738 ppm Th (grab sample). 

193 Eldorado 1 12a U veins-shear 
Disseminated PY (5-30 %) in albitic breccia and massive albitite, at 
the contact between dolomites (Uvé Formation) and black shales 
(Du Chambon Formation). 

2.37 g/t Au, 3.6 g/tAg (grab sample); 
best grades obtained during another program: 280 ppb Au, 199 ppm U. 

194 SGR-02 6 Cu volc 
Disseminated CP (3-6%) in magnetic, amygdaloidal basalt, cutting 
HM-bearing arkose, conglomerate, and dolomite (Chakonipau?); 
EP and CL alteration of the basalt. 

4640 ppm Cu, 287 ppb Au over 1.5 m (drill core); 
1.03% Cu over 1.5 m (drill core). 

195 Viking 17b ±Au±Cu±U albiti 

Concordant, massive HM and 5-10% MC in sandy dolomites; 
B A+HM alteration in discordant structures below the mineralized 

horizon; widespread SR, AB and HM alteration of the sandy 
dolomites. 

223.4 g/t Au, 0.1% U, 0.4% Cu (grab sample); 
Au grades vary between 2.3 g/t and 223.4 g/t in 6 grab samples. 

196 Lac Patu-Nord 
17? 

(5b?) 
Cu veins? 

(Cu red bed?) 
CT, BN, and CP in veinlets filling fractures in quartzites and red 
arkoses. 

2.23% Cu (grab sample). 

197 Lac Décembre 2a Iron form Lake Sup 
NW-SE-oriented, stratiform deposit occurring over 11 km by 
2.4 km, to a depth of 76 m. 

35.10% soluble Fe over 1.7 m (drill core). Resources ("possible re-serves", 
1977): main zone — 2,000 Mt possible at 22.30% magnetic Fe. 

198 Lac Blackie 2a Iron form Lake Sup Stratiform deposit occurring over 1.8 km, to a depth of 35 m. 
Resources ("probable reserves", 1966): Lac Blackie Nord 	82.70 Mt at 
31.70% soluble Fe; Lac Blackie Sud — 184.91 Mt at 31.70% soluble Fe. 

199 
Lac de 

l'Hématite-Nord 
2a Iron form Lake Sup 

Stratiform deposit occurring over 1.5 km by 500 m. 
MG-rich beds in an anticline faulted along its western side and 
plunging 10 degrees to the N. 

Resources ("probable reserves"): 36.4 Mt at 33.68% soluble Fe. 

200 
Lac 

de l'Hématite-Sud 
2a Iron form Lake Sup 

Stratiform deposit occurring over more than 5.5 km by 1.5 km, 
located in a synclinal structure plunging 11 degrees to the N. Y 	 P 	9~ 9 	9 

35% soluble Fe over 6 m (drill core). 
Resources("probable reserves", 1966): 88.0 Mt at 34.51% Fe. 

201 Péninsule Nord 2a Iron form Lake Sup 
Stratiform deposit occurring over 1.7 km by 200 m, with a thickness 
of 36.5 m. 
Located in a complex fold plunging 10 degrees to the S. 

Resources ("probable reserves", 1966): 11.6 Mt at 32.28% soluble Fe. 

202 Lac Junction 2a Iron form Lake Sup 
Stratiform deposit occurring over 4 km, with a thickness of 36 m. 
Located in a homoclinal, N-S-oriented structure. 

Resources ("probable reserves", 1966): 22.2 Mt at 33.10% Fe. 

203 Chute aux schistes 2a Iron form Lake Sup 
Jasper interstratified with MG and HM, overlain by 6.1 m of 
petrosiliceous limestone containing large AK patches. 

31.28% Fe and 33.62% Fe (grab samples). 

204 Lac Connelly 2a Iron form Lake Sup 
NE-SW trending, stratiform deposit dipping weakly to the SE, 
outcropping along a 60 m high cliff over a distance of 3 km; 
the thickness of the strata is about 53 m. 

Between 45.7 and 60.5% Fe (channel sample). 

205 Lac Canova 1 / 4b 
Phosphorite / 
U sandstone 

Anomalous radioactive soil over 1.2 km long indicating the presence 
of uraniferous phosphorite (with AP and xanothoxenite) and 
dolomite horizons in the underlying Sokoman Formation; 
KL intraclasts (paleolaterite?) and disseminated MS in the dolomite; 
U in the AP structure. 

0.33% U308, 39.65% P205 in phosphorite (grab sample); 
0.015 /° U306 in dolomite (grab sample). 
Grades from fragments taken from a soil sample. 

206 Rivière Caniapiscau 2a Iron form Lake Sup 

15 m of red, schistose, ferruginous, siliceous, and garnetiferous 
schistose clay and jasper are overlain by 61 m of jaspery ore, 
composed mainly of MG and coloured by mixed HM. 
800 m downstream, 122 m of jasper-bearing MG and HM occur, 
overlain by 15 m of petrosilicious carbonatized rock. 

48.29% Fe (grab sample). 

Footnotes 1-6 are explained on the last page of this appendix. 
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207 Prospect McDonald 21a / 2a 
Iron form enrich / 

Iron form Lake Sup 

1.4 km x 180 m oxidized zone. Partly leached (GO); locally 
Mn-rich. Several other deposits are known in the area, including 
Lac Girard, 2.7 m thick. 

Prospect McDonald — up to 62.41% Fe (grab sample). 
Lac Girard — 21.2% Mn, 11.8% Si, 20.4% Fe. 

208 Lac Colombet 17a Cu veins 
Mineralization (CP in small patches) in a shear zone bordering 
basalt within a subarkose and quartz arenite sequence; PY+PO-
bearing QZ veins; PY-bearing DM veins; CP in QZ+CB veins. 

1.00% Cu over 1.5 m (drill core); 
13.30% Cu over 0.64 m (drill core). 

209 Zone Principale 17a Cu veins 

Mineralization observed over a length of 46 m, associated with 
silicification in a decimetre-wide shear zone; CP is disseminated in 
altered quartzite and silicified basalt; also 1-2 cm CP+BN+PY pods 
in QZ+CB veins; strong silicification has been observed over 
2 km x 400 m. 

0.95% Cu over 1.2 m (chip sample); 
1.52% Cu (grab sample). 

210 
Zone 

de la Péninsule 
17a Cu veins 

Disseminated mineralization in quartzite (main host), in basalt, and 
in QZ+CB (up to 10% CP) and QZ veins cutting the basalt. 
SF (CP, BN, GL) are mainly in fractures and at fracture intersections; 
CP and BN also disseminated in the rocks. 
The main zone measures 90 m x 1-5 m. 

° 
3.55% Cu (chip sample); 
0.76 /u Cu over 7.6 m (drill core). 

211 Island 
10b? / 

19a 
Ni-Cu aphyr? / 
Ni-Cu hyd intru 

Massive SF below pyroxenite containing 5-15% SF; 
SF in foliation and shear planes and associated with 
QZ+CB+SE+CL alteration. 

4.24% Cu, 0.33% Ni, 1.14 g/t Pd, 300 ppb Pt, 260 ppb Au over 6.72 m, 
including 2.44 m at 15.02% Cu, 0.61% Ni, 6.27 g/t Pd, 1.46 g/t Pt, 
830 ppb Au (drill core). Probable aggregate reserves for the Island and 
Lepage showings: 1.09 Mt at 2.02% Cu, 0.45% Ni. 

212 
Lepage 

(Zone Knob) 
10c/ 19a 

Ni-Cu glomero / 
Ni-Cu hyd intru 

SF are associated with a gabbroic sill with a glomeroporphyritic 
component; massive SF (several horizons) occur in sheared, 
chloritized gabbro, and in the sheared and altered volcano- 
sedimentary host; magmatic minerals are PO, CP, PD, and MG; 
PY, CP, SP and GL occur as hydrothermal minerals in QZ+AK+CC 
veins. 

3.22% Cu, 0.30% Ni (massive sulfides); 1.7% Cu, 1.06% Ni, 0.06% Co, 
100 ppb Pd, 30 ppb Au, 110 ppm Zn overface grab sample). 
"Reserves" (unknown category, 1987): 790,000 t at 2.76% Cu, 0.66% Ni 
(annual report, La Fosse Platinum Group, 1987). 
Probable aggregate reserves for the Island and Lepage showings: 
1.09 Mt at 2.02% Cu, 0.45% Ni. 

213 Redcliff 10c / 19a 
Ni-Cu glomero / 
Ni-Cu hyd intru 

SF are associated with a gabbroic sill with a glomeroporphyritic 
component; massive SF (several horizons, PO, CP, PY, and MG) 
occur in gabbro and tuffs; hydrothermal sulfides (PY, CP, and GL) 
occur in QZ and QZ+CB veins and near the magmatic 
mineralization; QZ+CB+SE+CL alteration is associated with the 
hydrothermal mineralization. 

1.38% Cu, 0.31% Ni, 330 ppb Pd, 180 ppb Pt over 5.18 m (drill core). 
"Reserves" (unknown category, 1987): 1.07 Mt at 2.09% Cu, 0.51% Ni 
(annual report, La Fosse Platinum Group, 1987). 

214 Float 10c/ 19a 
Ni-Cu glomero / 
Ni-Cu hyd intru 

SF are associated with a gabbroic sill with a glomeroporphyritic 
component; massive SF (PY, CP, MG, PO; magmatic minerals are 
PO, CP, MG, and PD) in gabbro and andesite; disseminated 
SF (PY, CP, PO, SP, GL) occur in gabbro, andesite, and argillite; 
secondary minerals are PY, CP, SP, and GL, and are associated 
with QZ+CB+SE+CL alteration. 

"Reserves" (unknown category, 1987): 133,000 t at 2.10% Cu, 0.34% Ni 
(annual report, La Fosse Platinum Group, 1987). 

215 Lac Terre Rouge 13c Au vein QZ-CB 3% CP in a QZ+CC vein cutting gabbro. 24.75 g/t Au, <200 ppm Zn, 285 ppm As (grab sample). 
216 Lac Daubancourt 13c Au vein QZ-CB CP, BN, and MC in a QZ vein cutting gabbro. 14.3 g/t Au, <200 ppm Zn, <1 ppm As (grab sample). 

Footnotes 1-6 are explained on the last page of this appendix. 
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217 Marymac I 10b/ 19c 
Ni-Cu aphyr / 

Ni-Cu hyd sedim 

Massive SF (PO, CP, 10% PY, MG) in an aphyric gabbro sill; 
disseminated SF (PY, CP, GL, SP) mainly in QZ+AK+CC veins 
cutting adjacent argillite. 

1.62% Cu, 1.03% Ni, 0.18 g/t Pt, 0.70 g/t Pd, 0.10 g/t Au over 6.1 m, 
including 2.16% Cu, 1.52% Ni, 0.38 g/t Pt, 1.13 g/t Pd, 0.14 g/t Au over 
1.4 m (drill core); 1.98% Cu, 0.98% Ni, 0.21 g/t Pt, 0.59 g/t Pd, 
0.12 g/t Au over 15.9 m, including 3.88% Cu, 1.32% Ni, 0.39 g/t Pt, 
1.33 g/t Pd, 0.26 g/t Au over 5.1 m and 7.75% Cu, 2.36% Ni, 1.13 g/t Pt, 
4.21 g/t Pd, 0.37 g/t Au over 1.83 m (drill core). 

218 Erlandson No. 1 9 Carbonatite 
Lens of MG, PY, PM and/or NB in a commonly brecciated 
carbonatite containing DM, AK, BO, PH, and FL. 

5.57% Nb, 0.16% Ta (grab sample). 

219 Erlandson No. 2 9 Carbonatite 0.06% 
MG, PY, PM and/or NB in a commonly brecciated carbonatite 
containing DM, AK, BO, PH, and FL. 

7.00%Nb, 0.15% Zr, 0.21% Th, 0.18% Ce (grab sample); 0.37% Nb, 
U, 0.10% Ce, 0.03% La, 0.05% Nd, 0.06% Ta (grab sample, 

TC-5-2-90, from a mineralized outcrop 1.1 km SW of the showing). 

220 Nine South 10c/ 19a 
Ni-Cu glomero / 
Ni-Cu hyd intru 

Substratiform, magmatic massive sulfides (PO, CP, MG) in a 
gabbro sill with a glomeroporphyritic component; sulfides also occur 
in host rocks (argillite, tuff, black slate). The primary mineralization 
is cut by secondary, hydrothermal mineralization (PY, CP), which is 
associated mainly with QZ+CB veins in shear planes; a QZ-CB-SE-
CL alteration is associated with the hydrothermal mineralization. 
The zone has the form of a pancake more than 185 m long and 
145 m down dip, with a maximum thickness of 8 m. 

Not available. 

221 
Colline Gossen 

(Zones Nos. 1 et 2) 
2a Iron form Lake Sup 

1500 m x 975 m outcrop of massive iron formation. 
Generally, the iron formation in this area is composed, from base to 
top, of: (1) a sequence of ferriferous metallic oxide and jasper beds 
interstratified with carbonate and chert; 
(2) a sequence of interstratified iron carbonate and chert; and 
(3) a sequence of spotted siliceous carbonate. 

Resources: 
Zone 1 - 114.47 Mt at 24.0% Fe, 1.50% Mn, 34.70% insoluble material; 
Zone 2 - 62.15 Mt at 33.0% Fe, 2.60% Mn, 34.30% insoluble material. 

222 
Colline Old Red 

(Zones Nos. 1 et 2) 
2a Iron form Lake Sup 

Generally, the iron formation in this area is composed, from base to 
top, of: (1) a sequence of ferriferous metallic oxide and jasper beds 
interstratified with carbonate and chert; (2) a sequence of 
interstratified iron carbonate and chert; and (3) a sequence of 
spotted siliceous carbonate. 

Resources: 
Zone 1 -150.0 Mt at 24.50% Fe, 1.52% Mn, 29.82% insoluble material; 
Zone 2 - 101.8 Mt at 32.70% Fe, 2.21% Mn, 35.35% insoluble material. 

223 Adelaide Ungava 4d U carbonate 
Radioactive uranium-bearing minerals disseminated in a red-brown 
stromatolitic dolomite. 
Several horizons are mineralized, according to drill-hole data. 

0.22% U308  over 2 m and 0.23% U308  over 1.6 m (drill core samples). 

224 Lac Gillet 19a Ni-Cu hyd intru 
Massive to semi-massive PY, PO, CP, and SP in a CL+TC zone 
located in gabbro; the CP is concentrated near the contact of 
massive SF with chloritic gabbro. 

0.51% Cu, 0.10% Ni (grab sample); 0.37% Cu over 9.14 m and 
0.34 g/t Au over 88 cm from talc schist (drill core). 

Footnotes 1-6 are explained on the last page of this appendix. 
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225 Lac Colombet No. 2 
17b / 
17? 

±Au±Cu±U albiti / 
Cu veins? 

Sulfides occur in numerous QZ+CB veins (up to 40% CP) cutting 
albitic tuffs, basalts, brecciated sandstones, siltstones and graphitic 
schists. PY and CP are located in an E-W fault cutting these rocks; 
presence of sodic alteration (AB, ±DM, QZ, CB, PY, CP, MC); 
CC+AK in the breccia cement and veins; QZ+AB+CB veinlets in the 
siltstone; DM+AK around basalt fragments; CP in CB veins and also 
intergranular; up to 50% PY in the CB matrix. The zone is 8 m thick 
on surface; drill holes intersected the zone to a vertical depth of 
60 m and indicate that it extends laterally over 300 m. 

1.58% Cu over 6.6 m (drill core); 
2.17% Cu over 5.3 m (drill core); 
25.7 g/t Ag over 2.2 m (drill core). 

226 Lac Colombet No. 8 17 Cu veins 
Disseminated and fracture-filling sulfides (CP, PY) cutting quartzite 
and graphitic schist, probably associated with a fault. 

1.56% Cu, 3.37 g/t Ag over 3 m (drill core). 

Lac Colombet No. 1 17b 
inated

227 ±Au±Cu±U albiti 

Sulfides in rhyolite and volcanoclastic rock; PY and CP dissem- 
 in QZ+AK+CC veins; CP mainly in veins and veinlets filling 

fractures and replacing PY (disseminated and in veins). Sulfides are 
restricted to a sodic alteration zone (albitization). 

2.38% Cu over 1.2 m (drill core). 

228 Lac Colombet No. 10 17 Cu veins 

PY and CP disseminated in conglomerate with a chloritic matrix and 
in a fractured zone cut by CB veins. 
The mineralized zone is associated with a fault and extends over 
20 m x 3 m along this structure. 

1.58% Cu (composite sample). 

229 Lac Colombet No. 5 17b / 17? 
±Au±Cu±U albiti / 

Cu veins? 

PY, CP, and traces of CT in CC+AK veins and disseminated in 
sandstones and siltstones; sulfides are associated with a fault, with 
brecciation and CB-AB alteration; CP replaces PY and CT replaces 
CP; Ag identified locally; brannerite and UR in pieces of drill core 
suspected to come from this occurrence.  

4.98% Cu over 1.5 m (drill core). 

230 Marymac II 10b / 19a 
Ni-Cu aphyr / 

Ni-Cu hyd intru 

Several massive SF lenses (PO, CP, PD, MG) in gabbro and 
argillite; also disseminated SF (PO, PY, CP). 
The deposit is in the form of a pancake measuring 600 m in the 
down dip direction, 385 m wide, and 46 m thick. 

1.03% Cu, 0.41% Ni over 3.5 m (drill core). 
"Reserves.' (unknown category, 1987): 930,000 t at 1.60% Cu, 
0.43% Ni (annual report, La Fosse Platinum Group, 1987). 

231 Lac Dietrich-Sud 13c Au vein QZ-CB PY-bearing QZ veins cutting gabbro. 1.86 g/t Au (grab sample). 

232 Ball No. 1 21a/ 2a 
Iron form enrich / 

Iron form Lake Sup 
A large portion of the silica has been leached; crumbly HM to a 
depth of 12.2 m. The deposit extends over 305 m x 180 m. 

51.48% Fe, 1.32% Si over 1.8 m (drill core); 
28-43% Fe, 24-59% Si (9 surface samples). 

233 August 4b U sandstone 
Radioactive minerals in fractures and finely impregnated in the 
matrix of arkosic sandstones. 

0.50% U308  (grab sample). 

234 Caribou 7 Pe matite 9 
U-Cu in a pegmatite associated with a shear zone (Superior 
Province, 500 m from the Proterozoic sediments). 

1.26% U308, 0.055% Th02  (grab sample); >3% U308  (grab sample); 
0.42% U308, 0.13% Th02, 1.10% Cu (grab sample). 

235 Lac Trimac-Sud 12(4b?) 
U veins 

(U sandstone?) 
PY, MS, and CP veins in a N-S network of fractures cutting cherty 
iron formation. 

0.16% U308, 0.06% Cu, 0.22 g/t Au (grab sample). 

236 Lac Bergeron 21a / 2a 
Iron form enrich / 

Iron form Lake Sup 

Enriched stratiform iron deposit, including manganiferous HM; 
low-grade non-Bessemer type. 
The enriched zone is 750 m x 15-150 m. 

43.76% Fe, 5.60% Mn, 18.90% Si02  (9.07-kg sample). 

Footnotes 1-6 are explained on the last page of this appendix. 
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237 Lac Forbes-Sud 2a / 21a 
Iron form 

Lake Sup / 
Iron form enrich 

Mainly HM; LM and GO locally abundant. The enriched zone 
extends over 3.2 km x 300 m. The enriched ore is in ferriferous 
jasper (hard ore jasper) and in carbonate facies rock (cherry iron 
carbonate and slaty iron carbonate). The eastern part (Pot Hole) of 
the occurrence is located on the flank of a syncline in which the 
enrichment increases towards the fold hinge. 

East part (Pot Hole): 26.13%ô Fe, 56.10% Si02  (trench sample); 
West part: 31.03 	Fe, 43.12% Si02  (trench sample). /u 

238 Lac Forbes-Ouest 21a / 2a 
Iron form enrich / 

Iron form Lake Sup 

Mainly HM, GO, and LM. An enriched zone covering 2.6 km2  is 
located in a small overturned anticline on the northern flank of a 
major syncline. 

46.20% Fe, 0.30% Mn, 31.0% Si02  over 1.8 m (trench sample). 

239 Lac Trimac 4b(4a?) 
U sandstone 

(U unconformity?) 

Also Indian Lake . Disseminated PB in arkose or at the contact with 
sandstones and siltstones; also located in fractures or as coatings 
at the contact between two lithofacies as well as in conglomerate 
pebbles; occurrence of Cu SF. 
More than 146 radioactive localities have been found over a 
distance of 1.2 km and a width of 200 to 300 m. 

0.20% U308, 0.10% Cu (grab sample); 
0.013% U306, 0.23% Cu (grab sample). 

240 Kan 3b / 13b 
VMS / 

Au iron form 

Massive SF lens (PY, PO, GL, SP) followed over 40 m (N-S) in 
carbonatized shales (graphitic phyllite) in contact with a sericitized 
and carbonatized schist (metabasalt) and carbonatized iron 
formation; graphitic shale beds present. CB, AK, SR, and CL 
alteration (phyllites and schists) of nearby basalts. The massive SF 
are located in a 3 m thick horizon containing disseminated SF which 
can be traced over 400 m towards N. The deposit seems to be 
located in the hinge zone of a minor SE-plunging syncline. 

Main zone: 5.20% Zn, 2.60% Pb, 96.00 g/t Ag, 0.07% Cu over 1.2 m (drill 
core); mineralized boulder - 10.00% Zn, 8.00% Pb, 274.28 g/t Ag, 
0.13% Cu; NNW extension of this zone -1508 ppm Zn over 12 m (drill core); 
1.34 g/t Au over 1.3 m and 1.13 g/t Au over 1.0 m (drill core samples); 
764 ppm Zn over 106 m and 6.72 g/t Au over 2 m (drill core samples). 
Second zone (Zn mainly in graphitic shale; Au in iron formation): 
2438 ppm Zn over 24 m (drill core); 1300 ppm Zn over 80 m (drill core); 
1.04 g/t Au over 4 m and 9.46 g/t Au over 2 m (drill core samples). 

241 Pyrite Falls 13b Au iron form 
Lac Kan ? PY (max 8%) disseminated in QZ veins cutting iron 
formation and also disseminated in the iron formation. 

13.35 g/t Au over 2.1 m (channel sample); 6.41 g/t Au over 3.3 m (channel 
sample); 22.2 g/t Au, 11 g/t Ag over 0.8 m (drill core); 
10.1 g/t Au, 7.0 g/t Ag over 0.7 m (drill core); 17.8 g/t Au, 5.7 g/t Ag 
over 0.8 m (drill core). 

242 Lac Lelièvre 
3b? / 10 / 

19c 

VMS? / 
Ni-Cu magmat / 
Ni-Cu hyd sedim 

Disseminated PY, PO, and CP in gabbro (undefined type); massive 
PY+PO lenses, and syngenetic, disseminated PY and PO in 
metasediments; epigenetic veins of massive PY+PO and 
disseminated SP+CP cutting the metasediments. 

0.49% Cu, 2.50% Zn, 0.34 g/t Au (grab sample); 
0.71% Cu, 1.95% Zn, 0.17 g/t Au (grab sample). 

243 
Paladin 

(propr. Gillet) 
10d PGE SF stra 

Disseminated SF (5% PO+CP) in leucogabbro, overlain by silicified, 
pegmatitic gabbro; 
SF in fractures cutting altered (QZ+CL) gabbro. 

5.95 g/t Pd, 1.04 g/t Pt, 227 ppb Au, 0.22% Ni (grab sample); 4.61 g/t Pd, 
0.76 g/t Pt, 0.27 g/t Au over 2 m (best results from channel samples); 
0.30% Cu, 2.25 g/t Pd+Pt (Pd/Pt=6) (average of several grab samples). 

244 
Lac Lelièvre 
Nord-Ouest 

19c Ni-Cu hyd sedim 
Mineralized metasediments composed of AM beds intercalated in 
rusty iron formation. 

2.26 g/t Pt, 89 ppb Pd, 177 ppb Au (grab sample). 

245 Koke (Boylen) 3b VMS 

Stratiform massive SF, concordant with stratification, in graphitic 
slate (with associated basalt) near the top of an iron formation unit; 
SF include PY, SP, GL, PO, and CP, in a matrix of chert and very 
fine-grained carbonate; the SF contain beds and fragments of chert 
and fragments of dolomite. The deposit is highly deformed and 
located in the core of an isoclinal syncline (P1 fold) refolded by open 
to tight P2 folds. 

Resources: 1.06 Mt (possible) at 6.86% Zn, 1.03% Pb, 0.7% Cu, 
54.52 g/t Ag, 1.02 g/t Au. 

Footnotes 1-6 are explained on the last page of this appendix. 
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246 Ferricrete 13b/ 3b 
Au iron form / 

VMS 

PO, PY, and native Au disseminated in a stockwork of QZ veins 
cutting iron formation; Zn in graphitic shales underlying the iron 
formation. 

8 channel samples gave between 3.0 g/t Au over 1.0 m and 281 g/t Au over 
0.3 m; 5.0 g/t Au over 6.0 m (drill core); 
0.15% Zn over 43 m (drill core); 0.32% Zn over 20 m (drill core). 

247 Rivière Showing 
15? (11?, 

18?) 
Ag-Pb-Zn veins? 
(MVT?, Skarn?) 

GL and SP in brecciated veins cutting dolomite; 
also disseminated (location is approximate). 

Grades obtained from various grab samples: 
11.2% Pb, 9.8% Zn, 12.4 g/t Ag. 

248 Baby 3b / 13b VMS /Au iron form 
PY and PO in graphitic shales intercalated with carbonate- and 
silicate-fades iron formation and gabbro sills. 

0.17% Zn from PY-PO-bearing graphitic shale (grab sample); 
1.7 g/t Au (grab sample) in iron formation. 

249 Abner Nord 11? MVT? 
PO, PY, and SP in concordant zoned veins of coarse DM 
(85% DM, 10% PY, 5% SP) cutting dolomite (Abner); 
late discordant veins composed of DM, PY, PO, SP, QZ, and GL. 

1.3% Zn, 1.6% Pb (grab sample). 

250 Abner Centre 11? MVT? Same description as for Abner Nord (no. 249). 
12.9% Zn and 2.6% Zn (grab samples); 
0.23% Zn over 1.0 m (drill core). 

251 Abner Sud 11? MVT? Same description as for Abner Nord (no. 249). 
8 grab samples gave between 9.3% and 1.7% Zn; 
0.84% Zn over 3.0 m (drill core); 3.52% Zn over 0.9 m (drill core). 

252 Lac Ducreux 3b VMS 
Massive PO and PY (laminae, nodules) in silicate-facies iron 
formation with chert beds; disseminated PY in QZ veins cutting 
GP-bearing shale and sericitic schist. 

1.12% Zn, 1.5 g/t Ag (grab sample); 0.5% Zn, 5 g/t Ag 
over 6 m (drill core); 
0.3 g/t Au and 0.7 g/t Au (grab samples). 

253 
Leslie 

No. 2-zone Nord 
10c Ni-Cu glomero 

Massive and disseminated SF (20-50% CP+PO) in glomero- 
porphyritic gabbro and mesocratic gabbro, mainly near the base of 
the glomeroporphyritic gabbro. 
The lens is 900 m (1300 m in the subsurface) x 15 m. 

1.43% Cu, 0.42% Ni over 5.49 m (drill core); 0.32% Cu, 0.12% Ni, 
0.03% Co, 150 ppb Au+Pt+Pd (average of several grab samples collected 
from mineralized rock at the base of a glomeroporphyritic horizon). Probable 
reserves for the "Nord" and "Sud" zones: 0.69 Mt at 1.56% Cu, 0.33% Ni. 

254 
Leslie 

No. 2-zone Sud 
10c Ni-Cu glomero 

Massive PO with traces of CP in a glomeroporphyritic gabbro sill. 
The mineralized lens is 500 m x 7 m. 

1.15% Cu, 0.60% Ni over 4.4 m (trench). Probable reserves for the "Nord" 
and "Sud" zones: 0.69 Mt at 1.56% Cu, 0.33% Ni. 

255 
Lac Gerido 
(Zone A) 

10c Ni-Cu glomero 
Disseminated SF (PO, PY, CP) near the base of a 
glomeroporphyritic gabbro horizon; up to 60% SF at the gabbro- 
metasediments contact; SF in bedding or shear planes in slate. 

0.50% Cu over 1.5 m (drill core). 

256 
Lac Gerido 
(Zone B) 

10c Ni-Cu glomero 
Semi-massive SF (PO, PY, CP) at the base of a glomeroporphyritic 
gabbro sill near the contact with volcanic rocks; 
SF in microfractures cutting slate. 

0.75% Cu over 2.4 m (drill core). 

257 Erickson No. 8 10c Ni-Cu glomero 
Disseminated SF (PY, PO, CP) in ordinary gabbro; SF (PO, PY, 
CP) also in the matrix of glomeroporphyritic gabbro and in fractures; 
SF bands in black slate. 

0.61% Cu, 0.31% Ni over 7.3 m (trench). 

258 
Lac Gerido 
(Groupe D) 

10c / 3? 
Ni-Cu glomero / 
Exhal sulfides? 

Disseminated PY, PO, and CP in glomeroporphyritic gabbro; 
PO and CP also in black slate (?), at the contact. 

0.15% Cu, 0.11% Ni over 3.5 m (drill core). 

259 Lac Leopard-Nord 
19b / 
19a / 

19c / 10c 

Ni-Cu hyd volca / 
Ni-Cu hyd intru / 

Ni-Cu hyd sedim / 
Ni-Cu glomero 

Disseminated SF (PO, PY, CP) in a shear zone cutting volcanic 
rocks, glomeroporphyritic gabbro, and sediments; 
SF (PO) also in gabbro. 

° 	° 
0.34% Cu, <0.02% Ni, trace Au (average of 31 surface grab samples 
collected from a shear zone). 

Footnotes 1-6 are explained on the last page of this appendix. 
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260 Chrysler No. 2 10c / 19a 
Ni-Cu glomero / 
Ni-Cu hyd intru 

Massive SF (PO, CP, PD, SP) surrounded by disseminated SF (PY, 
PO, CP) in gabbro; 
SF in chloritic rock peripheral to the sulfides; 
3 lenses in a 300 m x 9.3 m zone. 

1.34% Cu, 1.05% Ni, 0.07% Co over 5.93 m (drill core); 2.59% Cu, 
0.93% Ni, 0.09% Co, 6 g/t Ag (grab sample); 1.7 g/t Pd, 200 ppb Pt, 
300 ppb Au (average of several samples collected from drill core); 
3.44% Cu, 0.18% Ni, 1.68 g/t Pd, 198 ppb Pt, 291 ppb Au (chloritic rock, 
weighted average over a total of 7.1 m of drill core from 2 drill holes). 
Resources ("probable reserves"): 1.89 Mt at 1.79% Cu, 0.66% Ni. 

261 Erickson No. 2 10c Ni-Cu glomero 

Disseminated SF (PO, CP, PY, SP, PD) at the eastern contact of a 
glomeroporphyritic gabbro sill vs tuff and black graphitic slate; 
SF (PO, PY, CP, PD, SP) in the matrix between PG; 
SF in a shear zone; the mineralized zone is 640 m x 25 m. 

Resources: 68 Kt at 1.00% Cu, 0.25% Ni. 

262 
Lac Gerido 
(troupe H) 

10c Ni-Cu glomero 
Disseminated SF (PO, PY, CP) at the contact between a 
glomeroporphyritic gabbro sill and metasediments; 
the sulfides are partly remobilized. 

0.30% Ni, 0.05% Cu over 3.1 m (drill core). 

263 
Ruisseau Robelin 
(Indite Boylen) 

3b VMS 
Disseminated SF (10 to 15% SF including PY, PO, and a little CP 
and SP; abundant GP and MG) in phyltite, dolomite, and graphitic 
schist; sulfides also in QZ veins. 

1.1% Zn, 2.3 g/t Ag, 169 ppm Hg (grab sample from drill core). 

264 Lac Du u p y  
3b VMS 

Massive SF (PO, PY, CP, SP) in black shale at the contact with 
gabbro. 

1.19% Zn, 0.36% Cu, 0.16% Pb, 0.16 g/t Au, 0.27% As (grab sample from a 
trench); 0.44% Zn, 0.10% Cu, 0.53 g/t Au, 1.75% As (grab sample from a 
trench); 0.58% Zn, 0.58% Cu, 0.50 g/t Au, 0.59% As (grab sample from a 
trench). 

265 Lac Dupuy-Est 13 Au vein QZ-CB Disseminated to semi-massive PY in QZ veins cutting quartz diorite. 
>15.0 g/t Au, 11.52 g/t Au, 3.77 g/t Au, and 3.58 g/t Au (4 grab samples); 
1.20 g/t Au and 1.37 g/t Au (2 grab samples collected 1 km from the previous 
4 samples). 

266 
Erickson Sud: 
Goose Pond 

10c/ 19a 
Ni-Cu glomero / 
Ni-Cu hyd intru 

Disseminated to massive SF (PO, CP) associated with pyroxenite in 
a glomeroporphyritic gabbro sill. SF forming the matrix in a breccia 
with chloritized gabbro fragments; CP veins; local CL alteration. 
Lens observed over 160 m x 15 to 60 m. 

2.10% Cu, 0.23% Ni, 2.61 g/t Pd, 730 ppb Pt, 110 ppb Au 
over 5.8 m (drill core); 
1.89% Cu, 0.89% Ni, and 0.09% Co (maximum values obtained 
from drill core, 1995). 

267 
Erickson No. 4 

(Upper) 
10c Ni-Cu glomero 

Discontinuous band of SF (5% CP) in a glomeroporphyritic gabbro 
sill. Extension of Erickson 4 (Lower Gossan) (deposit no. 269). 

1.7% Cu (grab sample from a trench; 
visually estimated CP content = 5%). 

268 
Erickson No. 4 

(Gallant) 
10c Ni-Cu glomero 

SF (up to 20% CP) as scattered patches in glomeroporphyritic 
gabbro; discontinuous sulfides observed over 336 m x 6.1 m. 

6.9% Cu (grab sample from a trench, best mineralized rock; 
visually estimated CP content = 20%). 

269 
Erickson No. 4 

(Lower) 
10c Ni-Cu glomero 

Discontinuous band of SF (up to 10% CP) in a glomeroporphyritic 
gabbro sill in contact with mafic volcanic rocks; 
the CP could be secondary; the contact could be a fault. 
The mineralized zone is >2.5 km x1 to 46 m. 

3.4% Cu (grab sample from a trench, best mineralized rock; 
visually estimated CP content = 10%; 
some of the CP may be secondary). 

270 Lac Gélinas NE 19a Ni-Cu hyd intru 
Disseminated SF (PY up to 20%, PO) in coarse-grained QZ-FP 
amphibolite. 

830 ppb Pd, 450 ppb Pt, 13 ppb Au (grab sample); 768 ppb Pd, 
190 ppb Pt, 509 ppb Au (grab sample with 15-20% PY, 5-7% PO). 

271 Lac Thévenet 19a Ni-Cu hyd intru 
Disseminated SF (10% CP) in medium-grained, sheared, grey, 
leucocratic gabbro. 

1.39 g/t Pd, 594 ppb Pt, 230 ppb Au, 0.04% Ni, 0.01% Co, 710 ppm Cr (grab 
sample). 

272 Lac Thévenet Sud 19a Ni-Cu hyd intru 
y  

Mineralized, silicified gabbro adjacent to a QZ vein; metallic 
minerals not observed.  

1.17 	/t Pd, 220ppb Pt, 65 	b Au(grab sample from silicified gabbro). g 	 pp 	 p 	 g 	) 

273 Lac Thévenet Est 19a Ni-Cu hyd intru Disseminated SF (PO, CP) in CC vein and in host gabbro. 
9.7 g/t Ag, 0.79% Cu, 1636 ppm Cr, 0.05% Ni, 0.01% Co (grab sample from 
a CC vein); 9.1 g/tAg, 0.83% Cu, 205 ppm Cr, 0.01% Ni, <0.01% Co (grab 
sample from host gabbro). 

Footnotes 1-6 are explained on the last page of this appendix. 
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274 
Prud'Homme No. 2 

(Zone A) 
10c Ni-Cu glomero 

Disseminated SF (up to 20% PO, also CP) in a mesocratic gabbro 
and glomeroporphyritic gabbro sill at the contact with graphitic 
mudstone and basalt. 

0.38% Cu (weighted average over 33.2 m in drill core); 
0.24% Cu, 0.15% Ni over 6.1 m (trench). 

275 
Prud'Homme No. 2 

(Zone C) 
19a / 10c 

Ni-Cu hyd intru / 
Ni-Cu glomero 

Massive to disseminated SF (PO, CP, MG) in a narrow shear zone 
cutting glomeroporphyritic gabbro at the contact with graphitic 
mudstone and basalt; the SF are typically as coatings; 
discontinuous sulfides are observed over 2 km. 

1.80% Cu, 0.27% Ni over 1.95 m (drill core); 
0.53% Cu, 0.13% Ni over 15.3 m (drill core). 

276 
Prud'Homme No. 

(Zone B): Leslie No 1 
10c / 19a 

Ni-Cu hyd intru 

Massive to disseminated SF (PO, 5% CP, MG, trace PY) in a 
glomeroporphyritic gabbro sill at the contact with graphitic mudstone 
and basalt; CP veinlets at the contact. 

.26% Ni and 0.36% Cu (trench); 
2 50% Ni and 1.52% Cu over 1.95 m (drill core). 

277 Baie Duchez 10c Ni-Cu glomero 
Disseminated to massive SF (CP, PY, PO, SP) in a gabbro sill 
(probably glomeroporphyritic). 

0.81% Cu, 0.03% Ni over 4.3 m (trench); 
1.59% Cu (grab sample). 

278 Lac Long 19a / 10c 
Ni-Cu hyd intru / 
Ni-Cu glomero 

Massive to disseminated PO, CP, and PY in glomeroporphyritic 
gabbro; 8 mineralized zones, some of which are sheared. 

1.21 g/t Au, 7.80 g/t Ag (grab sample); 
low Ni and Cu grades. 

279 Lac Faucon 19a Ni-Cu hyd intru 
Disseminated SF (CP, PO, PY) in shear planes and fractures 
cutting glomeroporphyritic gabbro. 

0.50% Cu (trench). 

280 
Lac Saint-Pierre 

(Palladium showing) 
10b / 19a 

Ni-Cu aphyr / 
Ni-Cu hyd intru 

Disseminated SF (20% PO+CP+PD, CP, MC, native Cu) in an 
aphyric gabbro sill; stratiform sulfides, partly remobilized; native Cu 
in shear zones; remobilized mineralization in fractures, joints, and 
shear zones; sulfides observed over 10 m x 4 m. 

1.49 g/t Pd, 570 ppb Pt (grab sample of disseminated SF); 
1.08 g/t Pd, 510 ppb Pt, 200 ppb Au (grab sample of disseminated SF); 
0.88% Cu, 0.08% Ni (grab sample of disseminated SF). 

281 
Fort Chimo 
(Lac Plissé) 

3a? / 
19c? 

VMS? / 
Ni-Cu hyd sedim? 

Massive to disseminated PO, CP, PY, and SP in banded, cherty, 
and carbonatized argillite near the contact with gabbro; 
local basalt. 

1.18% Cu, 0.27% Ni, 1.09 g/t Au, 12.8 g/t Ag, 0.72% Zn 
over 1.5 m (drill core); 
5.2% Cu, 1% Zn (grab sample). 

282 
Partington No. 1 
(Lac en Crochet) 

2b Iron form Algoma 

Massive to disseminated stratiform SF (PY, PO, CP, SP) in pyritic 
mudstone and graphitic slate; pyritic mudstone contains between 40 
and 100% aphanitic PY. Coarse-grained PY and PO are remobilized 
and recrystallized in breccia and fracture zones. The mineralized 
zone is located in the core of a large syncline and is 1.5 to 6 m x 
several km. 

6% Zn, 0.7% Cu (grab sample); 
0.31% Cu, 0.13% Ni over 2.1 m (trench). 

283 Lac Hellancourt-Est 22 Undetermined 
Disseminated CP in the matrix of a brecciated argillic schist 
underlying basalts. 

0.60% Cu, low Ni grade (grab sample). 

284 Lac Sauvé 22 Undetermined 
Disseminated SF (40% PY, PO, CP) at the contact between a 
gabbro sill and graphitic schist/slate. 

About 1% Cu (drill core). 

285 Erickson No. 1 10c Ni-Cu glomero 

North Zone: Disseminated SF (10-50% PO+PD+CP) near the base 0.20% Cu, 0.12% Ni, 0.02% Co, 150 ppb Au+Pt+Pd (average of several grab 
samples, North zone); 1.88% Cu, 0.37% Ni, 0.04% Co, 1.2 g/t Pd, 
500 ppb Pt, 600 ppb Au (grab sample, South zone). 
Resources: 0.52 Mt at 1.12% Cu, 0.32% Ni. 

of a glomeroporphyritic gabbro sill at the contact with pyroxenite; 
remobilized CP in fractures. South Zone: SF in a fault slice at the 
base of the sill; the SF are partly remobilized in the schistosity. 

286 Lac Lafortune 10d PGE SF non stra 
Irregular masses of CP and PO disseminated in a mesocratic, 
pegmatitic OV gabbro. 

4.63 g/t Pt, 2.45 g/t Pd, 2.00% Cu, 0.11% Ni (grab sample); 
2.46% Cu, 0.84% Ni, 160 ppb Au (grab sample). 

Footnotes 1-6 are explained on the last page of this appendix. 
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287 
Venditelli 

(Lac St-Pierre: 
Gold Showing) 

13b Au iron form 

QZ veins (with disseminated PY) cutting argillite and siltstone within 
an iron formation unit (silicate-carbonate facies); veins also cut 
gabbro. Gold seems to be concentrated in PY veinlets located at the 
margins of the QZ veins. Veins cutting iron formation are richer in 
gold than those cutting the gabbro. The NE-SW-trending veins are 
located on the west limb of an anticline plunging 20° SSE; they are 
centimetres to decimetres wide and 5 to 30 m long and are 
extensional in origin. The iron formation also contains 5-15% 
disseminated PY, PO, and MG. Alterations include the 
carbonatization of iron formation and gabbro, the crystallization of 
AB, PY, and FC near vein contacts in altered gabbro, and 
recrystallization and pyritization near veins in iron formation. 

27.98 g/t Au (grab sample, best grade); 
9,36 g/t Au (grab sample); 
11.98 g/t Au over 0.25 m (channel sample); 
4.39 g/t Au over 0.45 m (channel sample); 
1.78 g/t Au over 1.80 m (drill core). 
Grades between 1.02 g/t Au and 7.48 g/t Au were obtained from QZ+PY 
veins up to 470 m from the showing. 

288 
Lac Rougemont 

(Indice Dessureault) 
13b Au iron form 

Massive to disseminated SF (PY, PO, AS) and PY veinlets, 
associated with QZ veins cutting iron formation (AK-bearing silicate- 
carbonate facies), on the east limb of an antiform plunging 30° SSE; 
the gold is associated with the AS; the host rocks are carbonatized 
FC-bearing gabbros and are rarely mineralized. Alterations are 
ankeritization, silicification, and albitization. 

>15 g/t Au and 9.3 g/t Au (grab samples); 
19.90 g/t Au, 3.7 g/t Ag (grab sample); 
7.27 g/t Au, 54 g/t Ag (grab sample); 
12.1 g/t Au over 3.2 m (channel sample); 
4.1 g/t Au over 7.60 m (drill core); 
2.9 g/t Au over 2.75 m (drill core). 

289 Lac Hianveu 22 Undetermined 2-3 % disseminated PY in green siltstone. 5.28 g/tAg (grab sample). 

290 Indice Bowen 10d PGE SF non stra 
Disseminated PO, CP, and PD (10-15%) in locally pegmatitic 
gabbro; PGE with 2-5% CP and PO. 

1.90g/t Pd, 540ppb Pt(grab sample). 

291 Lac St-Pierre-Nord 17a Cu veins 
PY in a 15 cm thick, NW-SE-trending QZ vein cutting sheared and 
fractured gabbro. 

1.39% Cu, 11.9 g/t Ag, 190 ppb Au (grab sample); 
0.36% Cu, 2.1 g/t Ag, 105 ppb Au (grab sample). 

292 
Lac Sauvé: 
Zone 106 

10c / 
19a / 
19c 

Ni-Cu glomero / 
Ni-Cu hyd intru / 
Ni-Cu hyd sedim 

SF in brecciated volcanosedimentary rocks: 40% semi-massive to 
massive PO and CP veinlets; SF also in glomeroporphyritic gabbro 
cutting volcanosedimentary rocks: disseminated to massive PO and 
5% CP in fractures. 

0.52% Cu over 4.9 m (drill core from volcanosedimentary rocks). 

293 André No. 2 10c / 19a 
Ni-Cu glomero / 
Ni-Cu hyd intru 

Massive SF (60% PO, 3% CP, up to 10% MG) in medium-grained 
gabbro and glomeroporphyritic gabbro; SF remobilized in a shear 
zone; several lenses occur in a 180 m x 30 m area. 

0.28% Cu, 0.26% Ni (trench sample); 
0.83% Cu, trace Ni (trench sample). 

294 
Soucy No. 

(Zones C et B) 

10c / 
16? / 
19c 

Ni-Cu glomero / 

repl? / 
Ni-Cu hyd sedim 

Zone C: Disseminated SF (PO, CP, PD) in glomeroporphyritic 
° 	° 
/° Cu, 0.29% Ni over 3.9 m (drill core). 

Resources ("probable reserves"): 143,000 tat 0.72% Cu, 0.22% Ni. 

gabbro; 400 m long x <6 m thick. Zone B: Disseminated to massive, 
brecciated, recrystallized, and sheared SF (PO, PY, CP, SP), 
hosted in gabbro and graphitic slate and associated with a thrust 
fault; 200 m long. 

295 
Soucy No. 1 

(Zones A et D) 
3a / 2b 

VMS / 
Iron form Algoma 

Zone A: Concordant massive SF (PY, PO, CP, SP, GL) in QZ+CC 
1.72% Cu, 1.09% Zn over 1.1 m (drill core); 
0.93% Cu, 2.77% Zn (surface grab sample). 
Resources ("probable reserves"), 2 zones: 5.44 Mt at 1.49% Cu, 
1.80% Zn, 1.61 g/t Au, 13.7 g/t Ag. 

gangue; 400 m long, 40 m maximum thickness (drill holes); the 
zone consists of very fine-grained SF in black schist; PY framboids 
present. Zone D: PY, PO, CP, and SP in a concordant deposit at 
least 130 m long and 10 m maximum thickness (drill holes), hosted 
in black slate. 

296 Tent 22 Undetermined CP in lava and gabbro. 
2.14% Cu, 0.82% Ni over 1.4 m (drill core); 
1.17% Cu, 0.36% Ni over 3.7 m (drill core); 
0.28% Cu, 0.09% Ni over 47 m (drill core). 

Footnotes 1-6 are explained on the last page of this appendix. 
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297 
Prud'Homme No. 1 
(Partington No. 2) 

3a / 2b 
VMS / 

Iron form Algoma 

South Zone: Lens of massive SF (PO, CP, SP, trace GL), trending South zone: 2.67% Cu, 0.10% Zn, 0.01% Ni over 6 m (channel sample); 
NNW-SSE and measuring 180 m x 55 m, in sheared contact with 
gabbro; occurrence of PY framboids; 5-10% of gangue composed of 
iron-CB, QZ, SE, GN, and SR. 
North Zone: A series of massive SF bodies and lenses (PY, PO, 

1.46% Cu, 12.00% Zn over 9.4 m (drill core); resources ("probable reserves", 
1966) - 4.3 Mt at 2.04% Cu, 2.60% Zn, 1.25 g/t Au, 29.77 g/t Ag. 
North zone: resources ("probable reserves") - 514,500 t at 2.05% Cu, 
2.39% Zn, 1.71 g/t Au, 34.63 g/t Ag. 
South zone + North zone: resources - 5.31 Mt at 1.57% Cu, 1.36% Zn, CP, SP, trace GL) in CB-, CL-, and QZ-bearing schist bordered by 

gabbro; the mineralized zone is N-S trending, 200-300 m long and 
tens of metres thick. 

1.37 g/t Au, 21.9 g/t Ag (federal mineral deposit file). 

298 Saint-Pierre 16 
Zn-Pb-Cu-Au-Ag 

repl 

Discordant lens of massive SF measuring 3 m x 0.5 m, trending 
110° and plunging 40° ESE, hosted in altered mudstone (phyllite). 
Polymetallic SF (SP, PY, GL, CP, AS, native gold) cut a barren 
aphanitic PY body, forming breccia; the envelope of the massive SF 
is altered to CC, CL, and SR, and contains QZ veinlets and 
disseminated SF; the sector is strongly folded. 
The deposit may have formed by hydrothermal and tectonic 
remobilization of a massive SF body. 

10.69% Cu, 0.75% Zn, 0.63% Pb, 4.11 g/t Au, 58.96 g/t Ag (grab sample); 
4.58% Cu, 17.4% Zn, 22.4% Pb, 91 g/t Au, 532 g/t Ag (grab sample); 
3.25% Cu, 9.52% Zn, 7.10% Pb, 170 g/t Au, 284 g/t Ag over 0.50 m 
(channel sample, massive sulfides); 
0.73% Cu, 0.17% Zn, 63.4 g/t Au, 57 g/t Ag (grab sample, 
envelope of disseminated sulfides). 

299 Lac Anderson 17a Cu veins PO, PY, and CP in QZ+CB veins cutting gabbro. 0.62% Cu, 0.46 g/t Au (grab sample collected 600 m south of the showing). 
300 Lac Enish 10d? PGE SF non stra? Disseminated PY and CP (5-10%) in gabbro. 650 ppb Pd, 460 ppb Pt (surface grab sample). 

301 Lac Mutch 10c Ni-Cu glomero 
Disseminated PO and CP (1-2 %) at the base of a glomero- 
porphyritic gabbro sill; sediments occur below and lavas (?) and 
sediments occur above; SF observed over 50 m x 50 m. 

0.55% Cu, 0.23% Ni over 12.2 m (drill core); 
0.62% Cu, 0.30% Ni over 4.7 m (trench). 

302 Lac Céline-Est 19c? Ni-Cu hyd sedim? 
CP and PO finely disseminated and in veinlets in siltstone at the 
contact with gabbro. 

0.50% Cu (maximum grade obtained from grab samples). 

303 Lac Larochelle 10d PGE SF stra 
Disseminated CP and PY (3-5%) in pegmatitic gabbro (PG+AM); 
the pegmatite occurs as veins, irregular masses, and lenses forming 
a discontinuous "horizon." 

635 ppb Pd, 345 ppb Pt, 3.30 g/t Au (surface grab sample). 

304 
Pio: 

Zone De Lave 
19b Ni-Cu hyd volca 

Massive SF (CP, PD, PO) located between volcanic pillows; 
SR and HM alteration of basalt; CP in interpillow spaces; 
PD in masses or veins cutting the massive SF; association with a 
shear zone; the mineralized zone is 300 m x 7 m. 

10.00% Cu, 2.39% Ni (grab sample); 
4.60% Cu, 0.71% Ni (grab sample). 

Pio: 
Zone Du Synclinal 

305 
 10b / 

19a / 
19b 

Ni-Cu aphyr / 
Ni-Cu hyd intru / 
Ni-Cu hyd volca 

Disseminated to massive SF (CP, PD) in a peridotite sill cutting 
basalts; massive CP vein at the faulted lower contact; disseminated 
CP and CP stockwork in basalt near the peridotite contact; 
460mx1.5m. 

1.30% Ni (grab sample). 

306 
Pio: 

 
Zone De Gabbro 

10c / 
19a / 
19b 

Ni-Cu glomero / 
Ni-Cu hyd intru / 
Ni-Cu hyd volca 

SF (disseminated CP, PO and lenses of semi-massive SF) in a 
glomeroporphyritic gabbro sill; massive and brecciated SF (PO) 
remobilized in a fault. 

0.66% Cu, 0.23% Ni over 28.6 m (drill core). 

307 P1o: 
Filons Est et Ouest 

19b / 10 
Ni-Cu hyd volca / 

Ni-Cu-PGE magma 

Massive banded or laminated SF veins associated with a fault; host 
rocks are basalt. 
Ouest Zone Boudin tectonically detached from a larger magmatic 

"Ouest" zone: 1.97% Cu, 0.43% Ni over 12.7 m (drill core); 6.08% Cu, 1.43% Ni, 
0.05% Co, 1.10 g/t Pd, 400 ppb Pt, 15.0 g/t Ag over 2.82 m (drill core). 

"Est" zone: 1.28% Cu, 0.03% Ni over 14.6 m (drill core); 3.33% Cu, 
deposit; 60 m x 2.7 m. 
Est Zone : Formed by the hydrothermal replacement of a lens of 

0.15% Ni, 7.9 g/t Ag over 1.98 m (drill core). 
Resources ("proven reserves"): "Ouest" zone -12.621 t at 6.6% Cu, 3.2% Ni; 

sulfide-facies iron formation; 46 m x 2.2 m. "Est" zone - 10,245 t at 6.9% Cu, 0.3% Ni. 

Footnotes 1-6 are explained on the last page of this appendix. 
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308 Lac Mannic No. 1 2a Iron form Lake Sup 

Mineralized rock composed of HM, MG; several km long deposit 
divided into 5 zones (Lac Mannic no. 1, Lac Mannic no. 1A, 
Lac Monique, Lac Chaperon (Lac Pig), and the latter's SE 
extension). 

35.40% soluble Fe over 3 m (drill core); 36.30% soluble Fe over 3 m (drill 
core). Resources (conservative estimate), Lac Mannic 1 —130 Mt at 30% 
soluble Fe; estimated total resources for the 5 zones are 203.2 Mt at 30% 
soluble Fe. 

309 Lac Monique 2a Iron form Lake Sup 
Specular HM and MG in a gangue of QZ; subhorizontal, tabular 
deposit, 100 m long and 40 m maximum thickness. 

40.40% soluble Fe and 0.40% magnetic Fe over 3 m (drill core). 
Resources: 15.2 Mt at >36% soluble Fe. 

310 Lac Mannic No. la 2a Iron form Lake Sup 
Specular HM and MG in a gangue of QZ; 
tabular deposit extending over 1 km. 

40.08% soluble Fe over 2 m (drill core); 38.14% soluble Fe over 3 m (drill 
core). Resources: 15.2 Mt at >30% soluble Fe. 

311 Tri-Lakes 19c / 10b 
Ni-Cu hyd sedim / 

Ni-Cu aphyr 

Disseminated SF (PO, CP) in a fine-grained equigranular gabbro 
(barren samples); to the E, the gabbro is in fault contact with 
graphitic schist (sulfide-facies iron formation); 
a massive CP vein (2 cm) cuts the schist. 

5.12% Cu (grab sample collected from a CP vein). 

312 Muskox 
17a? 

(19a?) 
Cu veins? 

(Ni-Cu hyd intru?) 
SF in a 30 cm wide stockwork cutting a sheared and carbonatized 
glomeroporphyritic gabbro. 

5.2% Cu, 0.07% Ni, 0.03% Zn, 564 ppb Au, 14.8 g/t Ag (grab sample). 

313 
Lac Lafond 

(HR96-3268) 
17a? 

(19a?) 
Cu veins? 

(Ni-Cu hyd intru?) 
QZ vein (40 cm wide) with disseminated CP, cutting a sheared 
glomeroporphyritic gabbro. 

0.77% Cu, 0.03% Ni, 0.01% Zn, 92 ppb Au (grab sample). 

314 
Lac Pio-Sud 
(HR96-3293) 

3? Exhal sulfides? Disseminated CP in a PO-rich iron formation. 0.63% Cu, 0.01% Zn, 26 ppb Au (grab sample). 

315 Lac Lachance 22 Undetermined 
Massive SF (PY, CP, PO, SP) in a breccia zone hosted in massive 
gabbro. 

12.83% Zn, 0.50% Cu, 0.05% Pb (grab sample). 

316 Chioak 4b U sandstone 
Interstitial, disseminated minerals (uranophane, boltwoodite, UR) in 
arkosic conglomerate, arkose, and sandstone. 

0.50% U308, 0.15% Cu (grab sample); 0.10% U308  over 4.8 m (drill core); 
0.05% U308  over 7 m (drill core). The deposit is an E-W-oriented body 
measuring 210 m x 45 m; several outcrops are radioactive and are generally 
composed of greenish arkosic sandstone or conglomerate. 

317 Lac Bérard-Est 15 Ag-Pb-Zn veins 
QZ+CC veins (2 to 25 cm thick) containing disseminated GL, 
argentite, CP, and SP, cutting slate; associated with a fault. 

5.92% Pb, 2.04% Zn, 41.2 g/t Ag (grab sample). 

318 Péninsule Itijjagiaq 2a Iron form Lake Sup 
A tabular, stratiform deposit composed of MG and HM, measuring 
3.7 km x 91.5 to 335 m x 20 m thick. 

Resources ("probable reserves"): 5.8 Mt at 30.0% Fe. 

319 Lac Irony 2a Iron form Lake Sup 
A tabular, stratiform deposit composed of HM, MG, and SD, 
measuring 4.8 km x 60 to 700 m. 

39.6% soluble Fe and 26.4% magnetic Fe (maximum grades°  from analyzed 
samples). Resources ("possible reserves"): 101.8 Mt at 30.0% Fe. 

320 Riv. aux Feuilles 2a Iron form Lake Sup 
A tabular deposit composed of MG and specular HM, measuring 
731 mx244m. 

Resources ("possible reserves"): 12.3 Mt at 31.0% Fe. 

321 
Affleurement 

du Milieu 
2a Iron form Lake Sup 

A well-bedded, tabular deposit composed mainly of MG with a little 
intercalated HM; beds are 1 to 30 cm thick; 
the deposit measures 853 m x 213 m x 36.5 m deep. 

Resources ("probable reserves"): 25.2 Mt at 31.5% Fe. 

322 Riv. aux Phoques 2a / 3? 
Iron form 

Lake Sup / 
Exhal sulfides? 

Oolitic cherty iron formation composed of MG, SD, and Fe-silicates, 
overlain by a thin cherty carbonate horizon; 
HM, LM, and GO alteration; traces of PY, CP, MS, PO, and AS; 
a tabular, stratiform deposit, 4 km long and 24 m thick. 

36.80% soluble Fe and 24.30% magnetic Fe (bulk sample); 
33.20% soluble Fe and 13.80% magnetic Fe (bulk sample). 

323 
Lac Chaperon 

(Lac Pig) 
2a Iron form Lake Sup 

Taconite; layers of QZ-MG and QZ-HM (specularite). 
Average thickness of 20 m. 

45.15% soluble Fe over 3 m and 27.44% soluble Fe over 5.2 m (drill core 
samples). The deposit consists of 2 zones over several hundred metres. 
Resources (category unknown): 40.65 Mt at 35% soluble Fe. 

Footnotes 1-6 are explained on the last page of this appendix. 
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324 Zone du Coin-NO 2a Iron form Lake Sup Taconite; MG, specular HM. 
37.71% Fe, 2,31 % Mn over 236.2 m (channel sample). 	° 
Resources ("probable reserves", 1973): 16.4 Mt (long) at 37.3% Fe. 

325 Zone 2 2a Iron form Lake Sup Taconite; MG, specular HM. 
37.19% Fe, 1.52% Mn over 121.9 m (average of 8 chip samples). 
Resources ("probable reserves", 1973): 79.5 Mt (long) at 36.4% Fe. 

326 Zone 4 2a Iron form Lake Sup Taconite; MG, specular HM. 
38.93% Fe, 1,51% Mn over 6.8 m (drill core). 	 ° 
Resources ("probable reserves", 1973): 70.9 Mt (long) at 35.7% Fe. 

327 Zone 5 2a Iron form Lake Sup Taconite; MG, specular HM. No data available. 
328 Zone 6 2a Iron form Lake Sup Taconite; MG, specular HM. 38.04% Fe, 2.76% Mn over 16.8 m (chip channel sample). 

329 Zone 1 2a Iron form Lake Sup Taconite; MG, specular HM. 
36.78-48.71% Fe, 1.27-6.76% Mn (3 grab samples); 
34.37% Fe, 1.80% Mn over 189.0 m (channel sample). 

330 Zone 3 2a Iron form Lake Sup Taconite; MG, specular HM. 
43.11% Fe, 2.51% Mn over 76.2 m, including 45.90% Fe, 
6.00% Mn over 15.2 m (trench); 
35.71% Fe, 0.89% Mn over 263.7 m (channel sample). 

331 Vallée du Fer 2a Iron form Lake Sup Taconite; MG, specular HM. 
43.07% Fe, 1.26% Mn over 91.4 m (trench); 
37.0% Fe over 105.8 m (trench). 
Resources ("probable reserves", 1973): 77.1 Mt (long) at 37.7% Fe. 

332 Zone Mc Donald 2a Iron form Lake Sup Taconite; MG, specular HM. 
45.90% Fe, 4.48% Mn over 72.5 m (trench); 
48.07% Fe, 2.89% Mn over 27.4 m (trench). 
Resources ("probable reserves", 1973): 14.2 Mt (long) at 37.7% Fe. 

333 Castle Mountain 2a Iron form Lake Sup 

Taconite; MG, specular HM. The oxide-facies iron formation is 
composed of QZ, MG, and specular HM, with minor carbonate and 
silicate minerals in the gangue. Alternating Fe-rich and 
Fe-poor beds, from 3 mm to 30 cm thick. 
The MG/HM ratio varies laterally and vertically. 

Longest mineralized zone in the area. 
38.65% Fe, 0.88% Mn over 15.8 m (drill core); 
35.39% Fe, 1.06% Mn over 30.5 m (trench). 
Resources ("probable reserves", 1973): 201.1 Mt (long) at 34.8% Fe. 

334 Indice Tuk-Tuk 17? Cu veins? 
Massive to disseminated PY and MG, with trace of CP, in sulfide- 
fades iron formation (in Superior Prov.); 
chloritization of host rock. 

0.63% Cu, 2.0 g/t Ag (grab sample). 

335 
Payne Range: 

Zone Black 
2a Iron form Lake Sup Taconite; disseminated to massive MG, specular HM. 

Chevron and overturned folds; repetitions due to shallow-dipping thrust 
faults. 33.86%Fe over 35.1 m (true thickness-25.0 m) (channel sample). 
Estimated resource: 16 Mt. 

336 
Morgan Range: 

Blocs A, B, C, D et E 
2a Iron form Lake Sup 

Taconite; finely bedded MG massive MG, silicate fades with 
disseminated MG. 

Reserves, 1957: 531 Mt (long) at 21.94% Fe, including 431 Mt (proven) at 
21.76% Fe and 100 Mt (probable) at 22.70% Fe. The proven reserves 
include 250 Mt at 25.30% Fe and 181 Mt at 16.88% Fe. 

337 
Esson Lake: 

SW Limb 
2a Iron form Lake Sup Taconite; disseminated to massive MG, specular HM. 

38.52% Fe over 22.9 m (true thickness-19.8 m) (channel sample); 
33.30 /u Fe over 22.9 m (true thickness-20.7 m) (channel sample). 

338 
Morgan Range: 

Bloc 1 
2a Iron form Lake Sup 

Taconite; finely bedded MG, massive MG, silicate fades with 
disseminated MG. 

38.62% Fe over 15.2 m (true thickness-7.6 m) (channel sample). ° 
Estimated resource: 8.7 Mt. Average grade for blocks 1 to 7: 32.4% Fe. 

339 
Morgan Range: 

Bloc 2 
2a Iron form Lake Sup 

Taconite; finely bedded MG, massive MG, silicate facies with 
disseminated MG. 

34.18% Fe over 36.6 m (true thickness 18.6 m) (channel sample, chips); 
31.92% Fe, 0.31% Mn over 24.4 m (channel sample, chips); 
31.36% Fe, 0.74% Mn over 27.4 m (channel sample, chips). 
Estimated resource: 17.5 Mt. Average grade for blocks 1 to 7: 32.4% Fe. 

Footnotes 1-6 are explained on the last page of this appendix. 
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340 
Morgan Range: 

Bloc 3 
2a Iron form Lake Sup 

Taconite; finely bedded MG, massive MG, silicate facies with 
disseminated MG. 

28.79% Fe, 0.83% Mn over 15.2 m (channel sample, chips). 	° 
Estimated resource: 5 Mt. Average grade for blocks 1 to 7: 32.4% Fe. 

341 
Morgan Range: 

Bloc 4 
2a Iron form Lake Sup 

Taconite; finely bedded MG, massive MG, silicate fades with 
disseminated MG. 

33.14% Fe, 0.58% Mn over 33.53 m (channel sample, chips). 
Average grade for blocks 1 to 7: 32.4% Fe. 

342 Payne Range 2a Iron form Lake Sup Taconite; disseminated to massive MG, specular HM. 
37.41% Fe over 61.0 m (true thickness 25.9 m) (channel sample). 
Resources ("proven reserves", 1964): 71.3 Mt at 23.85% Fe. 

343 Esson Lake: NE Limb 2a Iron form Lake Sup Taconite; disseminated to massive MG, specular HM. 36.68% Fe over 24.4 m (true thickness 21.3 m). 

344 
Esson Lake: 
Extension SE 

2a Iron form Lake Sup Taconite; disseminated to massive MG, specular HM. 
34.08% Fe over 27.4 m (true thickness 26.8 m) (channel sample, chips). 
Estimated resource: 5 Mt. 

345 
Hopes Advance 

No. 5 
10c / 
19c? 

Ni-Cu glomero / 
Ni-Cu hyd sedim? 

Disseminated SF (PO, CP) (locally 15-45%, including 1-4% CP and 
a little PY) in a glomeroporphyritc gabbro sill; mineralized over 
915 m x 2-43 m; SF also in slate; 180 m long vein composed of 
massive PO and 3% CP. 

0.40% Cu, 0.10% Ni (grades obtained from drill holes and trenches). 

346 
Hopes Advance 

No. 1: 19a  
Zone principale 

10c/3    / 
Ni-Cu glomero / 
Exhal sulfides / 
Ni-Cu hyd intru 

Disseminated SF (6% PO+CP) and massive CP+PO vein in a 
glomeroporphyritic gabbro sill; disseminated SF in ultramafic rocks 
to the NE; SF (massive PO with CP laminae) also hosted in 
metasediments (sulfide-fades iron formation) to the SW. 
The zone is 800 m x 18-30 m. 

0.60% Cu, 0.23% Ni over 46.6 m (drill core). 
Resources: 31 Mt at 0.5% Cu, 0.2% Ni. 

347 
Hopes Advance 

No. 1: 
Zone Nord 

19c / 
10c / 
10b 

Ni-Cu hyd sedim / 
Ni-Cu glomero / 

Ni-Cu aphyr 

Massive SF (sulfide-facies iron formation, 10 m x 8 m on surface) 
associated with black schist intercalated among aphyric gabbro sills, 
glomeroporphyritic gabbro sills, and peridotite sills; SF veinlets in 
sheared gabbro; massive SF in glomeroporphyritic gabbro. 
The main zone is hosted in metasediments and is 120 m x 3-8 m. 

4.23% Cu, 1.20% Ni over 24.2 m (drill core, including 12.3 mat 6.73% Cu, 
2.28% Ni); 14.4% Cu, 0.82% Ni, 23 g/t Ag, 2.6 g/t Pd+Pt (average of 4 grab 
samples); 9.89% Cu, 15.0 g/t Ag, 0.4 g/t Au, 0.4 g/t Pt, 0.3 g/t°  Pd (grab 
sample of massive sulfides associated with black schist);12.2 /o Cu, 
11.3 g/t Pd, 4.4 g/t Pt, 63 g/t Ag, 0.3 g/t Au (grab sample from a boulder of 
massive CP). Possible resources: 42,000 t at 2.17% Cu, 0.33% Ni. 

348 
Hopes Advance 

No. 3 
(Schindler) 

10c / 19a 
Ni-Cu glomero / 
Ni-Cu hyd intru 

SF mainly in a glomeroporphyritic gabbro sill, also in overlying 
peridotite; disseminated SF (PO, CP) at the top of the gabbro; 
CP and PO in a mafic-ultramafic breccia; massive PO, CP, PD, and 
MG situated along the gabbro-peridotite contact, locally cutting the 
contact. 

7% Cu, 3% Ni (approx. grades returned from the massive sulfide lens); 
° 

11.6% Cu (grab sample collected from the breccia/stockwork zone); 
0.51% Cu, 0.18% Ni over 14.5 m (drill core, from 200 m NNW of the deposit). 
Probable reserves (1979): 5.10 Mt at 0.76% Cu, 0.26% Ni. 

349 Orange Hill 3b VMS Massive SF 1 m thick m (with unknown extensions) in iron formation. 5.20% Zn, 0.10% Cu (grab sample). 

350 Mac 1 10b Ni-Cu aphyr 
SF (CP, PO), disseminated, in masses, and in veinlets, at the base 
of a differentiated pyroxenite-gabbro sill. 

3.60% Cu, 0.04% Ni (grab sample); 
1.17% Cu, 0.46% Ni over 3.0 m (drill core). 

351 Mac 2 10b Ni-Cu aphyr 
SF (CP, PO, PY), disseminated, in masses, and in veinlets, in 
pyroxenite at the base of a differentiated peridotite-pyroxenite-
gabbro sill; cut by a glomeroporphyritic gabbro sill. 

2.20% Cu, 0.16% Ni (grab sample); 
0.83% Cu, 0.21% Ni over 1.5 m (drill core). 

352 Zone Gamma 10c / 19c 
Ni-Cu glomero / 
Ni-Cu hyd sedim 

Disseminated to massive SF (PO, CP) in iron formation (brecciated, 
with QZ and slate fragments and a matrix of massive SF: PO, CP, 
and PD), at the lower contact of a gabbro sill; disseminated SF (PO, 
CP) in a glomeroporphyritic gabbro sill overlying the previous gabbro 
sill and in peridotite overlying the glomeroporphyritic gabbro. 
SF observed over 950 m x 11-17 m. 

4.56% Cu, 1.44% Ni, 0.05% Co over 3.51 m (drill core). 
Possible reserves (disseminated sulfides): 6.5 Mt at 0.5% Cu, 0.2% Ni. 
Reserves (massive sulfides): 0.19 Mt at 2.4% Cu, 0.9% Ni, 
with a central zone grading 4.2% Cu, 1.4% Ni. 

Footnotes 1-6 are explained on the last page of this appendix. 
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353 Zone Mungall 19c / 2b 
Ni-Cu hyd sedim / 
Iron form Algoma 

Disseminated to massive SF (PO, CP, PY) hosted in breccia or 
stockwork cutting a 1 to 3 m thick iron formation (graphitic schist) 
located between basalts and gabbro; a fault forms the hanging wall 
of the SF zone. 

1.16-3.70% Cu (4 grab samples). 

354 Falcon 
19a? / 
19c? 

Ni-Cu hyd intru? / 
Ni-Cu hyd sedim? 

SF (CP?) in a stockwork cutting sheared gabbro or graphitic schist? 
Uncertain data. 

4.97% Cu (grab sample). 

355 Zone Bay 19a Ni-Cu hyd intru 
SF (PO, CP), disseminated and in centimetre-size massive bodies, 
hosted in deformed, sheared, and altered (CB, QZ) gabbro; 
proximity with a major fault. The mineralized zone is 40 m x 1-3 m. 

9.40% Cu, 2.10% Ni, 0.07% Co (grab sample of massive sulfides); 
2.10% Cu, 0.32% Ni, 214 ppb Au (grab sample of disseminated sulfides). 

356 
Zone de la Baie: 

Bloc C 
2a Iron form Lake Sup Massive HM+MG. 

357 
Hopes Advance 

No. 6 
10c / 19a 

Ni-Cu glomero / 
Ni-Cu hyd intru 

Disseminated PO and CP (up to 20%) in glomeroporphyritic gabbro 
and peridotite sills; veinlets and thin beds of PO and PY in adjacent 
schists. The mineralized zone is 580 m x 3-30 m. 

1.56% Cu and 0.20% Ni (best grades from grab samples 
collected in trenches); 
0.78% Cu, 0.18% Ni (grab sample). 

358 
Zone de la Baie: 

Bloc A 
2a Iron form Lake Sup Taconite; massive HM+MG. Resources ("proven reserves"): 500,000 long tons at 38.5% Fe. 

359 
Zone de la Baie: 

Bloc B 
2a Iron form Lake Sup Taconite; massive HM+MG. Resources ("proven reserves"): 10.2 million long tons at 35.4% Fe. 

360 
Zone de la Baie: 

Bloc F 
2a Iron form Lake Sup Taconite; massive HM+MG. Resources ("proven reserves"): 60.2 million long tons at 35.9% Fe. 

361 
Zone de la Baie: 

Bloc D 
2a Iron form Lake Sup Taconite; massive HM+MG. Resources ("proven reserves"): 18.4 million long tons at 34.0% Fe. 

362 
Zone de la Baie: 

Bloc E 
2a Iron form Lake Sup Taconite; massive HM+MG. Resources ("proven reserves"): 20.5 million long tons at 34.6% Fe. 

363 Greer Lake 2a Iron form Lake Sup 
Taconite; disseminated to massive MG, specular HM; 
deposit located on NE limb of kilometre-scale syncline. 

36.1% Fe over 15.2 m, 31.1% Fe over 15.2 m 
(representative channel samples). 

364 Greer Lake South 2a Iron form Lake Sup 
Taconite; disseminated to massive MG, specular HM; 
deposit located in a bedding flexure, local M folds. 

39.0% Fe over 11.3 m, 31.3% Fe over 17.1 m 
(representative channel samples). 

365 
Morgan Range: 

Rivière McCracken 
2a Iron form Lake Sup 

Taconite; disseminated to massive MG, specular HM, intercalated 
chert beds in oxide facies; AC, CG, and AT in silicate facies; 
deposit located in kilometre-scale syncline, 
NW-SE oriented and plunging shallowly to S. 

38.7% Fe over 15.9 m, 31.2% Fe over 9.1 m (true thicknesses, 
representative channel samples). 
Estimated resource: 5 Mt. 

366 
Morgan Range: 
Lac Slush NO 

2a Iron form Lake Sup 

Taconite; disseminated to massive MG, specular HM, intercalated 
chert beds in oxide facies; AC, CG, and AT in silicate fades; 
deposit located in kilometre-scale syncline, 
NW-SE oriented and plunging shallowly to S. 

33.7% Fe over 56.7 m, 32.6% Fe over 38.1 m (representative channel 
samples). 
Estimated resource: 15 Mt. 

367 
Rivière Stevenson: 

Lac Christopher 
2a Iron form Lake Sup 

Taconite; disseminated and massive MG; specular HM. 
Located on NE limb of a tight, kilometre-scale syncline oriented 
NW-SE. 

SE part: 36.4% Fe over 30.8 m (true thickness, channel sample, best 
intersection), estimated resource 4 Mt. NW part: 29.0% Fe over 14.6 m 
(true thickness, channel sample, best intersection), estimated resource 2 Mt. 

368 
Rivière Stevenson: 

Lac Marvin 
2a Iron form Lake Sup 

Taconite; disseminated and massive MG; specular HM. 
Located on SW limb of a kilometre-scale anticline oriented NW-SE. 

34.9% Fe over 16.5 m, 34.3% Fe over 20.7 m, 31.1% Fe over 12.8 m (true 
thicknesses, channel samples). 

369 
Morgan Range: 

Bloc 5 
2a Iron form Lake Sup 

Taconite; thinly bedded MG, massive MG, silicate fades with 
disseminated MG. 

Average grade for blocks 1 to 7: 32.4% Fe. 

Footnotes 1-6 are explained on the last page of this appendix. 
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370 
Morgan Range: 

Blocs 6 & 7 
2a Iron form Lake Sup 

Taconite; thinly bedded MG, massive MG, silicate facies with 
disseminated MG. 

Average grade for blocks 1 to 7: 32.4% Fe. 

371 
Morgan Range: 
Lac No.2 Range 

2a Iron form Lake Sup 
Taconite; thinly bedded MG, massive MG silicate facies with 
disseminated MG. Located in kilometre-scale, NW-SE-oriented 
anticline, with tight second-order folds. 

38.9% Fe over 14.9 m, 36.1% Fe over 8.8 m (true thicknesses, 
representative channel samples). 

372 Lac Twin No. 1 10b Ni-Cu aphyr 

 Disseminated SF (PO, CP, PD) in the matrix of a brecciated 
peridotite pipe cutting gabbro. The mineralized zone is 
90 m x 30 m. The mineralized zones at Twin Lake are distributed 
over a distance of 3.2 km. 

0.83% Cu, 0.82% Ni over 6.1 m (drill core). 

373 Baie Kyak 2a Iron form Lake Sup 
Meta-taconite composed of a mix of MG, HM, and QZ bands; 
a tabular, stratiform deposit measuring 9.6 km long x 30.4 to 
213.3 m wide, thickening in folds. 

Resources ("probable reserves"): 110 Mt at 35% Fe. 

374 Lac Twin No. 4 10b Ni-Cu aphyr 
Disseminated SF (PO, PD, CP) in a brecciated zone within a 
peridotite lens. 

1.12% Ni, 0.05% Cu (bulk sample). 

375 
Central 3 (Lac Twin 

Nos. 2 et 5) 
10b Ni-Cu aphyr 

Disseminated SF (PO, PD, CP) in brecciated peridotite, at the 
contact with gabbro. 

0.58% Ni, 0.08% Cu over 6.1 m (drill core). 

376 
Muscox 6 

(Lac Twin No. 3) 
10b Ni-Cu aphyr Disseminated SF (PO, PD, CP) in brecciated peridotite. 1.10% Ni, 0.31% Cu, 0.20% Co (bulk sample). 

377 Riv. Payne 2a Iron form Lake Sup 
Taconite; a tabular deposit composed of MG+HM; 
size unknown. 

31.7% Fe over 32 m (chip sample from a section). 

378 Qargasiaq - C 
10b 

(10a) / 
19b 

Ni-Cu aphyr 
(Ni-Cu basalt) / 
Ni-Cu hyd volca 

Disseminated and semi-massive SF (PO, PD, CP) near the base of 
a picritic sill or a picritic basalt flow; Cu-Pd remobilization at the 
base. The 100 m long mineralized zone is associated with a thrust 
fault; the massive sulfides may represent remobilizations; moreover, 
high Cu±Pt and Pd grades strongly suggest remobilization. 

6.50% Ni, 0.32% Co, 0.5 g/t Pt (grab sample); 
1.40% Cu, 1.45 g/t Pt, 0.83 g/t Pd (grab sample, vein); 
6.00% Ni, 0.73 g/t Pt, 0.35% Co (grab sample); 
7.10% Cu, 0.41% Ni (grab sample, vein); 
0.42% Ni over 1.27 m (drill core). 

379 Qargasiaq - B2 
10b 

(10a) 
Ni-Cu aphyr 

(Ni-Cu basalt) 
Disseminated SF (PO, PD, CP) near the base of picritic sill or 
picritic basalt flow. The mineralized zone is 10 m x 3 m. 

1.77% Ni, 0.47% Cu, 0.11% Co (grab sample); 
2.10% Ni, 670 ppb Pd, 480 ppb Pt (grab sample). 

380 Qargasiaq - Al 
10b 

(10a) 
Ni-Cu aphyr 

(Ni-Cu basalt) 

Massive SF (PO, PD, CP), of magmatic (intrusive?) origin, with 
ultramafic xenoliths, located at the contact between the overlying 
picritic sill or picritic basalt flow and the underlying metasediments. 
The mineralized zone (as exposed) is 2 m x 0.5 m. 

3.60% Ni, 0.22% Cu, 0.18% Co, 2.35 g/t Pd, 678 ppb Pt, 15 ppb Au 
(4-kg bulk sample); 

° 	° 	° 
0.56 /o Ni, 0.56 /° Cu, 0.04 /° Co over 0.46 m (drill core). 

381 Qargasiaq - B1 
10b 

(10a) 
Ni-Cu aphyr 

(Ni-Cu basalt) 
Massive SF (PO, PD, CP) at the base of a picritic sill or picritic 
basalt flow. The mineralized zone (as exposed) is 1 m x 0.5 m. 

4.10% Ni, 0.20% Cu, 0.27% Co, 990 ppb Pt, 140 ppb Pd, 7 ppb Au 
(grab sample). 

382 Qargasiaq -A2 
10b 

(10a) 
Ni-Cu aphyr 

(Ni-Cu basalt) 

Disseminated SF (PO, PD, CP) at the base of a picritic sill or picritic 
basalt flow. 
The mineralized zone (as exposed) is 10 m x 1 m. 

0.96%  Ni, 0.73% Cu, 0.05% Co (grab sample); 
1.22% Ni, 0.34%Cu, 0.06% Co (grab sample giving best Ni value). 
The best Cu value is 2.3% (with low Ni and PGE grades). 

383 Tasikutaak -A2 10a Ni-Cu basalt 
Massive SF (PO, PD, CP) in presumably picritic basalts. 
The mineralized zone (as observed) is 81 m x 1-2 m. 

0.40% Cu, 0.34% Ni, 0.08% Co, 426 ppb Pd, 67 ppb Pt, 18 ppb Au (grab 
sample). 

384 
Tasikutaak - 

Al, B2, Cl, C2 
10a Ni-Cu basalt 

Disseminated to massive SF (massive SF: PO, PD, CP) near or at 
the base of a picritic flow; 
Al: disseminated SF; 
B2, Cl, C2: massive SF. 

1.45% Ni, 0.32% Cu, 0.18% Co, 1.97 g/t Pd, 418 ppb Pt, 44 ppb Au 
(grab sample of massive sulfides); 
0.95% Cu, 0.76% Ni, 0.18% Co, 325 ppb Pd, 161 ppb Pt, 6 ppb Au 
over 3.4 m (channel sample). 

385 Tasikutaak - B3 10a Ni-Cu basalt 
Disseminated SF in peridotite near the base of picritic flow. 
The mineralized zone is 40 m x 2 m. 

0.36% Cu, 0.28% Ni, 0.03% Co (grab sample). 

Footnotes 1-6 are explained on the last page of this appendix. 
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386 Lac Chaunet 10b Ni-Cu aphyr 
Disseminated SF (20% PO, minor CP) associated with a pyroxenitic 
unit in a differentiated gabbro-pyroxenite sill. 
The mineralized zone is 500 m x 2 m. 

0.98% Ni, 0.75% Cu, <0.10% Co, 1.55 g/t Pd, 277 ppb Pt, 11 ppb Au 
(grab sample); 
1.29% Cu, 0.54% Ni, 1.25 g/t Pd (grab sample). 

387 Lac Yvon 2a Iron form Lake Sup 
Thinly bedded meta-taconite, composed of massive, fine- to 
medium-grained MG and HM in granular quartz; 
a tabular, stratiform deposit 24.3 to 30.4 m thick. 

Resources ("probable reserves"): 203,200 t at 36.0% Fe. 

388 Zone du Synclinal 2a Iron form Lake Sup 
Meta-taconite; massive mineralized rock composed of MG and HM, 
hosted in granular QZ; a tabular deposit of unknown size. 

Resources ("probable reserves"): 1091.6 Mt at 36.0% Fe. 

389 Zone Hump 2a Iron form Lake Sup 
Thinly bedded meta-taconite, composed of fine- to medium-grained, 
massive MG and HM, hosted in granular quartz. The mineralized 
zone has been traced over 6 km and is 24.3 to 30.4 m thick. 

37.64% Fe over 29.6 m (drill core); 
38.39% Fe over 29.6 m (drill core). 

390 Lac l'Igloo 2a Iron form Lake Sup 

Meta-taconite; massive mineralized rock composed of MG and HM, 
hosted in granular QZ. The zone has been traced over 5 km and 
occurs in a tight, doubly-plunging fold; the thickness is 25 m, as 
revealed by drilling. 

38.2% Fe over 24.1 m (drill core); 	 ° 
average grade for samples from 11 drill holes is 38.2% soluble Fe. 

391 Lac Nagvaraakuk 2a Iron form Lake Sup 

Meta-taconite; the mineralized rock is composed of massive to 
disseminated, fine- to medium-grained MG, HM, GO, and SD; 
a tabular, stratiform deposit, 12 to 21 m thick, located in a 
24 km x 8 km syncline. 

38.4% total Fe, 37.2% soluble Fe, 0.06% Ti02, 0.04% S, 0.04% P205  
(10.2-kg grab sample). 
Possible resources of 34 Mt at an undetermined grade. 

392 
Lac Gayot 

(Fearless One) 
4c U mud / siltstone 

Irregular mineralized zones, enriched in CL and commonly cut by 
CC veinlets. Disseminated PB, with minor CP, PY, and GN. 

780 ppm U308  over 3 m (drill core); 793 ppm U3O8  over 0.9 m (drill core). 
Resources ("possible reserves"): 50 Mt at 0.1% U308, or 10-15 Mt at 
0.25% U308. 

393 Lac Bert 4c U mud / siltstone 
Very fine-grained mineralized rock, which seems to be composed of 
PB in thin ribbons parallel to bedding in a siltstone, whose colour 
and composition are variable (Sakami Formation). 

518 ppm U308  over 15 cm (drill core); 
894 ppm U308  over 15 cm (drill core). 

1. The numbers in the first column correspond to the numbers that identify the deposits on the synthesis map accompanying this report 

2. Deposit names correspond to those indicated in the mineral deposits database in SIGEOM ("Nom gisement métallique"). 

3. The codes for mineral deposit types correspond to those shown in the legend of the synthesis map accompanying this report. 

Explanations: ? = doubtful classification; ( ) = alternative classification; ... / ... = the deposit is composed of multiple deposit types. 

4. Abbreviations (in alphabetical order): 
Ag-Pb-Zn veins = Ag-Pb-Zn veins; ±Au±Cu±U albiti = Au-Cu-U deposits associated with albitization; Au diss/repl = Disseminated and replacement-type Au deposits; 
Au iron form = Stratabound Au deposits in iron formation; Au vein QZ-CB = Mesothermal Au veins with quartz-carbonate gangue; Carbonatite = Carbonatite-hosted deposits; 
Cu dolomite = Dolomite-hosted stratiform Cu deposits; Cu redbeds = Redbed-hosted stratiform Cu deposits; Cu veins = Cu veins; Cu volc = Volcanic redbed-hosted stratiform Cu deposits; 
Exhal sulfides = Exhalative sulfide deposits; Iron form enrich = Enriched iron formation; Iron form Algoma = Algoma-type iron formation; Iron form Lake Sup = Lake Superior-type iron formation; 
Kupferschiefer = Kupferschiefer-type deposits; Mn sandstone = Supergene sandstone-hosted Mn deposits; MVT = Mississippi Valley-type Zn-Pb deposits; 
Ni-Cu aphyr = Aphyric intrusion-hosted Ni-Cu deposits; Ni-Cu basalt = Basalt-hosted Ni-Cu deposits; Ni-Cu glomero = Glomeroporphyritic intrusion-hosted Ni-Cu deposits; 
Ni-Cu hyd intru = Intrusion-hosted hydrothermal Ni-Cu deposits; Ni-Cu hydrother = Hydrothermal Ni-Cu deposits; Ni-Cu hyd sedim = Sediment-hosted hydrothermal Ni-Cu deposits; 
Ni-Cu hyd voice = Volcanic-hosted hydrothermal Ni-Cu deposits; Ni-Cu magmat = Magmatic Ni-Cu deposits; Ni-Cu-PGE magma = Magmatic Ni-Cu-Co-PGE deposits; 
Pegmatite = Granitic pegmatite-hosted deposits; PGE SF non stra = Non-stratiform sulfide-dominant PGE deposits; PGE SF stra = Stratiform sulfide-dominant PGE deposits; 
Phosphorite = Stratiform phosphate (phosphorite) deposits; Placer, general = Placer U and Au deposits; Skarn = Skarn- and manto-type deposits; Supergene = Supergene base and precious metal deposits; 
U carbonate = Carbonate-hosted U deposits; U sandstone = Sandstone-hosted U deposits; U mud/siltstone = Mudstone- and siltstone-hosted U deposits; U unconformity = Unconformity-related U deposits; 
U veins = U veins; U veins-shear = U veins related to a shear zone; U volc = Volcanic-associated U deposits; Undetermined = Deposits of undetermined type; 
VMS = Volcanic-associated base metal massive sulfide deposits; Zn-Pb-Cu-Au-Ag reps = Replacement Zn-Pb-Cu-Au-Ag deposits 

5. The mineral codes used in the column "Summary description of the deposit" are from the report MB 96-28 (Sharma, 1996). 

6. Most of the reserves and resources indicated in the column "Grades / Resources" were estimated before the enforcement of National Instrument 43-101. 
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INTRODUCTION 

The synthesis of lake sediment geochemistry results from 
the New Québec Orogen (Labrador Trough) requires the 
integration of data from six adjacent geochemical surveys 
carried out between 1982 and 1997. The sampling interval 
in these surveys ranges between 1 sample per 2.5 km2  and 
1 sample per 13 km2. The distributions of eight elements, As, 
Au, Ce, Cu, Ni, Pb, U, and Zn, are presented in the follow-
ing pages. During the survey period, the analytical method 
used to determine the concentrations of certain elements 
changed. For example, the method for uranium changed 
from X-ray fluorescence to instrumental neutron activation 
(INA), for gold from pyroanalysis to INA, and for arsenic 
from hydride generation to INA. 

DATA LEVELLING 

In two regions, data from more than one survey are super-
imposed. This fact can be used to establish a correlation 
between the results obtained from these surveys and thus 
to calculate a mathematical relation allowing the levelling 
of the data. In several places, the same lake was sampled 
during two surveys. In other cases, we have used two lakes 
separated by less than 200 m to establish the mathematical 
relation between the surveys. During the preparation of the 
colored element-distribution maps, we have tried to maintain 
the local character of the anomalies by using a very fine grid 
for data interpolation, while at the same time considering 
the variations due to data levelling. 

The levelling equations given below have the following 
forms (1983 Conc. = element concentration in 1983): 

1983 Conc. = Intercept + (Factor * 1982 Conc.) 
1984 Conc. = Intercept + (Factor * 1997 Conc.) 

For the equations, R = correlation coefficient. Note that 
no equation is given for gold, for the reasons explained in 
the text below. 

(a) 1982 survey versus 1983 survey 
As As1983 = 4.8 + 0.88 * As1982 R = 0.84 
Ce Ce1983 = 6.0 + 0.84 * Ce1982 R = 0.76 
Cu Cu1983 = 1.7 + 1.00 * CU1982 R = 0.85 
Ni Ni1983 = 9.1 + 1.1 * Ni1982 R = 0.85 
Pb Pb1983 = 2.4 + 0.18 * Pb1982 R = 0.35 
U U1983 = 1.9 + 0.90 * U1982 R = 0.88 
Zn Zn1983 = 45.1 + 0.54 * Zn1982 R = 0.68 

(b) 1997 survey versus 1984 survey 
As As1984 = 0.95 + 0.23 * As1997 R = 0.94 
Ce Ce1984 = 6.55 + 0.95 * Ce1997 R = 0.86 
Cu Cu1984 = 11.7 + 0.59 * Cu1997 R = 0.80 
Ni Ni1984 = 2.1 + 0.88 * Ni1997 R = 0.78 

Pb Pb1984 = 1.19 + 0.68 * Pb1997 R = 0.75 
U Ut984 = -8.14 + 0.96 * U1997 R = 0.96 
Zn Zn1984 = 2.1 + 1.1 * Zn1997 R = 0.90 

OBSERVATIONS 
AND CONCLUSIONS 

The eight maps in this appendix show the following 
characteristics (among others): 

(a) a relation between the highest copper and nickel con-
centrations in the eastern part of the Labrador Trough and 
the presence of mafic rocks; 

(b) a relation between high concentrations in uranium, 
cerium, and lead, especially along the western side of the 
Labrador Trough, and the presence of felsic intrusive rocks 
bordering the Trough; 

(c) high zinc concentrations associated with the Menihek 
Formation in the western part of the Labrador Trough; 
and 

(d) relatively high arsenic concentrations in samples col-
lected from the Labrador Trough compared to those from 
adjacent granitic terrains. 

The variations observed among the various geochemical 
surveys (for all the elements presented here) are of the order 
of a few parts per million (ppm). The size of these variations 
is therefore insignificant, which suggests that levelling is of 
little use for improving the regional display of the data and 
for establishing relations with the main lithological units. 
On the other hand, these variations are very useful in the 
search for dispersions related to the presence of mineral-
ized zones. 

The response of the lake sediment geochemical method 
in the Labrador Trough is similar to that observed in the 
Voisey's Bay area of Labrador. The nickel dispersion in the 
Voisey's Bay mineralized zone spreads, in a west to east 
direction, over six lake sediment sample sites, i.e., over a 
distance of about 25 km in the direction of glacial transport. 
A gradual decrease in nickel concentrations, from 40 to 30 
to 25 to 20 ppm Ni, is observed in this direction (Davenport 
et al., 1997). There is, therefore, a variation of only 4 to 
6 ppm between adjacent sample sites. Thus, for the display 
of similar dispersions, it is clear that variations of a few ppm 
are important. Therefore, data levelling among lake sediment 
geochemical surveys carried out over a period of a decade 
and a half is necessary to detect and characterize dispersions 
associated with economic metal concentrations. 

It is impossible to establish a correction formula for level-
ling gold concentrations among the various surveys. Among 
all the surveys carried out in the area, 95% of samples gave 
gold concentrations below the detection limit (5 ppb). This 
prevents the establishment, as was possible for the other 
elements, of a reliable distribution of concentrations and 
thus the correlation of data among the various surveys. 
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The Labrador Trough, which is part of the New Québec Orogen, is an Early Proterozoic fold and thrust belt 
(2.17-1.87 Ga) located on the northeastern margin of the Archean Superior Province. In Québec, the belt 
includes two volcaniclastic cycles (2.17-2.14 Ga and 1.88-1.87 Ga, according to U-Pb dating). A third cycle 
composed of synorogenic molasse-type metasedimentary rocks overlies the sequence. The belt is 
subdivided into eleven lithotectonic zones, each limited by a major thrust fault or erosional unconformity. 
Each zone is internally uniform with respect to lithological assemblage and structural style, and the 
distribution of mineral deposit types is characteristic for each zone. Three zones of autochthonous and 
parautochthonous sedimentary rocks lie along the margin of the Superior Province (Bérard, Cambrien, 
and Tamarack zones); three zones are sedimentary and allochthonous (Mélèzes, Schefferville, and 
Wheeler zones); and five zones consist of volcaniclastic strata from the first cycle (Howse Zone), second 
cycle (Payne, Gerido, and Retty zones), or both cycles (Hurst Zone) -these five zones are allochthonous. 

A geological and tectonic framework has been established for the 392 mineral deposits (major deposits 
and showings) known in the region. Among these, 336 (86%) are located within the Labrador Trough or in 
its immediate hinterland, and 5 (1%) are within Early Proterozoic outliers located in the Superior Province 
immediately west of the orogen. The remaining 51 (13%) are located in Archean rocks of the Superior 
Province. Of these 336 deposits, 65 (19% of these deposits) are classified as Lake Superior-type iron 
formations, 3 (1%) as Algoma-type iron formations, and 35 (10%) as enriched iron formations (direct-
shipping ore). Of the remaining 233 deposits, 111 (48% of these deposits) are interpreted as having mainly 
a syn- to diagenetic origin, 111 (48%) as having mainly an epigenetic origin, and 11 (5%) as belonging to a 
different or undetermined type. Among the syn- to diagenetic deposits, the more common types are 
magmatic Cu-Ni-PGE (71 deposits or 64% of this class), volcanogenic massive sulfides (20 deposits or 
18%), and stratiform sedimentary Cu (11 deposits or 10%). Among the epigenetic deposits, the more 
common types are vein Cu (49 deposits or 44% of this class), vein or disseminated Cu-Ni-PGE (20 deposits 
or 18%), vein U (17 deposits or 15%), vein (lode, orogenic) gold (8 deposits or 7%), and vein Ag-Pb-Zn 
(8 deposits or 7%). 

Several syn- to diagenetic deposits hosted by rocks from the first cycle can be linked to the initial rifting of 
the Archean craton, to the rift infilling that followed, and to the establishment of an early marine platform. 
Stratiform copper sulfide deposits located in the dolomites of the early platform stage are typical of 
deposits observed in this environment elsewhere on Earth. A few sedimentary uranium deposits were 
formed in sandstones and siltstones that accumulated during the rifting event, particularly in the Early 
Proterozoic outliers located west of the orogen in the Superior Province. Lake Superior-type iron formation 
precipitated during the early platform stage of the second cycle. Algoma-type iron formation and 
associated VMS deposits originated in deeper water in an adjacent basin that was coeval with this platform. 
Magmatic Cu-Ni-PGE deposits, hosted mainly in mafic sills and locally in picritic lava flows, formed at the 
beginning of the mafic volcanic episode ending the second cycle. A large carbonatite intrusion emplaced 
late in the second cycle contains concentrations of Nb-Ta-REE. Tectonometamorphic fluids generated 
during the Hudsonian Orogeny (1.82-1.77 Ga) are believed to have remobilized preexisting deposits, 
resulting in the formation of a variety of epigenetic base- and precious-metal deposits. Locally, these 
deposits are spatially associated with regional or local faults. 

This document includes the following parts: (1) a synthesis report on the lithotectonic and metallogenic 
evolution of the orogen; (2) a lithotectonic and metallogenic synthesis map at the scale of 1:750,000 
(insert); (3) descriptions of the main deposit types (Appendix 1); (4) a catalogue of known deposits 
(Appendix 2); and (5) a selection of lake sediment geochemical maps (Appendix 3). 
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