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Due to the economic importance, accumulated geological 
knowledge, the outstanding degree of preservation of primary 
geological relationship, and generally easy access to excellent 
exposures, the southern Abitibi greenstone belt of Ontario 
and Quebec, Canada, represents one of the most important 
field trip destinations for industry professionals and geology 
students worldwide. Gaining field experience in the classic 
mining camps of the southern Abitibi greenstone belt is par-
ticularly important for industry geologists exploring for base 
and precious metal deposits. 

The purpose of the present volume is to provide a compre-
hensive review of the geology of the major mining camps of 
the southern Abitibi greenstone belt. An overview of recent 
advances in the understanding of Neoarchean geology and 
metallogeny is provided. The papers collected here also give 
an update on current deposit models and camp-scale geologi-
cal factors controlling the location of the world-class deposits 
of the southern Abitibi greenstone belt, and they emphasize 
implications for deep exploration in Neoarchean greenstone 
terranes.

This volume was initially compiled as a guidebook for a 
field trip held in conjunction with the Society of Economic 
Geologists 2010 Conference in Keystone on October 6–11, 
2010. Subsequent modifications and updates were made for 
the Society of Economic Geologist Foundation Student Field 

Trip, held September 3–11, 2014. As travel distances between 
adjacent mining camps are not large in the southern Abitibi 
greenstone belt, it is possible to visit the most important mines 
and key outcrops within a few days. Both field trips com-
menced in Timmins, Ontario, and ended in Rouyn-Noranda, 
Quebec. Road logs and descriptions of outcrops visited during 
both field trips are given in the appendices to the respective 
chapters of this Reviews in Economic Geology volume.

We express our gratitude to the mine geologists and com-
pany representatives who assisted in the set-up of the field 
trips, especially B. Atkinson, E. Barr, F. Blanchet, P. Calloway, 
B. Drolet, R. Dubuc, D. Gamble, D. Gervais, and D. Pitre. 
We are indebted to R. Goldfarb for constructive review. Some 
of the contributions forming part of this volume resulted 
from the collaborative Targeted Geoscientific Initiative of 
Natural Resources Canada and the Plan Cuivre project of the 
Ministère des Ressources naturelles et de la Faune du Qué-
bec. The production of this volume was financially supported 
by Natural Resources Canada and the Colorado School of 
Mines.

Thomas Monecke
Patrick Mercier-Langevin

Benoît Dubé
May 8, 2017
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Réal Daigneault received a B.Sc. degree in 1980 from 
University of Montréal and an M.Sc.A. in 1983  from Poly-
technique School in Montréal. Working with the Ministère 
de l’Energie et des Ressources naturelles du Québec, he has 
been in charge of the camp-scale mapping of the Chibouga-
mau mining district from 1982 to 1987. He completed a Ph.D. 
degree at Université Laval in 1991. Since 1988, he has been 
professor in structural geology at Université du Québec à 
Chicoutimi, conducting numerous research projects involving 
many graduate students, focusing on the major deformation 
corridors of the Abitibi greenstone belt and their relationship 
to gold and base metal deposits. Réal is currently director of 
the Centre d’Études sur les Ressources Minérales (CERM), 
a research unit of Université du Québec à Chicoutimi. Since 
2000, he is also director of CONSOREM, a mineral explora-
tion research consortium that primarily develops innovative, 
applied exploration tools and concepts for the industry. 

Stéphane De Souza graduated from Université du Québec 
à Montréal in 2004, where he also obtained M.Sc. (2007) and 
Ph.D. (2011) degrees. His doctoral research on mountain 
building processes, plus a keen interest in economic geol-
ogy, led him to undertake postdoctoral research (2012–2015) 
on the genesis of the Canadian Malartic Archean low-grade, 
bulk-tonnage gold deposit with the Geological Survey of 

AUTHOR BIOGRAPHIES



x

Canada as part of the Targeted Geoscience Initiative-4, a 
multidisciplinary research program on major Canadian ore 
systems. He also worked in the mineral exploration industry 
and contributed to mapping projects for the Ministère de 
l’Énergie et des Ressources naturelles du Québec. He is now 
professor of geology and tectonics at Université du Québec 
à Montréal, developing and conducting several research and 
mapping projects aimed at better understanding the genesis 
of precious and base metal ore deposits and at providing the 
industry with improved mineral exploration models.

Pierre Doucet received a B.Sc. degree (1981) from Queen’s 
University in Kingston and an M.Sc. degree (1983) in meta-
morphic petrology from Dalhousie University in Halifax. He 
has more than 20 years of professional experience. From 1987 
to 1989 he worked as a project geologist with Noramco Explo-
rations, exploring for base metal and gold deposits. He has 
worked for over 18 years with the Ministère de l’Énergie et 
des Ressources naturelles du Québec as a project and then 
district geologist. He is the author/co-author of four scientific 
papers and more than 50 government publications. 

Benoît Dubé received B.Ing. (1982) and M.Sc. (1985) 
degrees from Université Laval and a Ph.D. degree from Uni-
versité du Québec à Chicoutimi in 1990. He has worked in 
the industry for more than 25 years, mainly with the Geologi-
cal Survey of Canada as senior research scientist conducting 
studies on various types of gold and gold-rich massive sulfide 
deposits in ancient metamorphosed terranes. He has also 
studied ancient epithermal gold deposits in Newfoundland 
and Patagonia. In recent years, he has led multidisciplinary 
and multiagency projects designed to study gold deposits in 
the Superior and Churchill provinces, Canada. Benoît is an 
adjunct professor at Université Laval, Laurentian University, 
and Institut National de la Recherche Scientifique–Centre 
Eau, Terre et Environnement. He is the author or co-author 
of more than 50 journal papers and 150 government publica-
tions. Benoît was awarded the Geological Association of Can-
ada Julian Boldy Medal in Economic Geology and Robinson 
Lecturer Medal in 1997 and 1998, respectively, the Associa-
tion de l’Exploration Minière du Québec Jean-Descarreaux 
Award in 2006, the SEG Brian J. Skinner award for best paper 
published in Economic Geology in 2007, the Geological Asso-
ciation of Canada Duncan Derry Medal for contributions 
in the field of economic geology in Canada in 2011, and the 
Canadian Institute of Mining and Metallurgy Barlow Medal, 
as co-author, for best geological paper in Exploration and 
Mining Geology journal in 2014. 

Richard Dubuc obtained his B.Sc. degree from Université 
du Québec à Montréal in 1991. He was hired by Aurizon 
Mines as exploration geologist from 1991 to 1993, and then 
as a production geologist from 1993 to 1997 with TVX (Casa 
Berardi mine), Cambior (Géant Dormant mine), and Placer 
Dome (Sigma mine). He was administrative and technical 
director at Franc Or Resources Cayenne project in French 
Guyana from 1997 to 1999, where he was in charge of explo-
ration, including soil geochemistry in Amazonian laterites 

and saprolites. Richard moved back to Canada in 2000 and 
worked both as exploration and production geologist at vari-
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The Abitibi greenstone belt of eastern Canada represents 
the world’s largest Neoarchean terrane of supracrustal rocks. 
Straddling the border between the provinces of Ontario and 
Quebec, the belt covers an area that is approximately 700 
km from southeast to northwest and 350 km from north to 
south. The belt is comprised of several major east-trending 
successions of folded volcanic and sedimentary rocks, with 
intervening intrusions. The supracrustal rocks of the Abitibi 
greenstone belt are uniquely well preserved and have mostly 
been overprinted only at a low metamorphic grade, allowing 
the study of primary geological relationships.

The Abitibi greenstone belt is of outstanding economic 
importance as it contains some of the most important gold and 
base metal mining camps in Canada, with a total endowment 
of over 800 million metric tonnes (Mt) of polymetallic mas-
sive sulfide ore (Mercier-Langevin et al., 2011) contained in 
volcanogenic massive sulfide (VMS) deposits and over 4,500 
t of gold (Dubé and Gosselin, 2007) largely hosted by oro-
genic, Au-rich VMS, and intrusion-centered gold deposits. 
World-class deposits in the Abitibi greenstone belt include 
the Hollinger-McIntyre and Dome orogenic gold deposits 
in the Timmins-Porcupine gold camp (Rogers, 1982; Moritz 
and Crocket, 1991; Burrows et al., 1993; Poulsen et al., 2000; 
Bateman et al., 2008, Dubé et al., 2017); the giant Kidd Creek 
VMS deposit near Timmins (Bleeker, 1999; Hannington et al., 
1999a, b); the Detour Lake orogenic gold deposit northeast 
of Cochrane (Oliver et al., 2012); the Kirkland Lake orogenic 
gold or syenite-associated gold deposit (Cameron and Hattori, 
1987; Hicks and Hattori, 1988; Poulsen et al., 2000; Ispolatov 
et al., 2008); the Kerr-Addison orogenic gold deposit in the 
Larder Lake camp (Kishida and Kerrich, 1987; Smith et al., 
1993; Ispolatov et al., 2008); the Horne gold-rich VMS deposit 
in the Noranda camp (e.g., Kerr and Mason, 1990; Barrett et 
al., 1991; MacLean and Hoy, 1991; Kerr and Gibson, 1993; 
Gibson et al., 2000; Monecke et al., 2008); the Doyon and 
Westwood intrusion-centered gold deposits as well as the 
Bousquet 2-Dumagami and LaRonde Penna gold-rich VMS 
deposits in the Doyon-Bousquet-LaRonde camp (Savoie et 
al., 1986; Marquis et al., 1990; Tourigny et al., 1993; Dubé et 
al., 2007, 2014; Mercier-Langevin et al., 2007a, b, c; Galley 
and Lafrance, 2014; Yergeau et al., 2015); the low-grade, bulk-
tonnage orogenic and/or intrusion-centered Canadian Malar-
tic deposit in the Malartic camp (Helt et al., 2014; De Souza 
et al., 2015, 2017); and the Sigma-Lamaque orogenic gold 
system in Val-d’Or (Robert and Brown, 1986a, b; Gaboury et 

al., 2001; Olivo et al., 2006). In addition to these deposit types, 
Chibougamau-type Cu-Au vein deposits, komatiite-hosted 
Ni-Cu-(PGE) sulfide deposits, silver vein deposits, banded 
iron ore deposits, as well as molybdenum and lithium deposits 
have been exploited in the Abitibi greenstone belt.

Since the discovery of the first ore deposits in the Abitibi 
greenstone belt over 100 years ago (Poulsen, 2017, and refer-
ences therein), extensive mapping and geoscientific research 
has been carried out at various scales to constrain the geo-
logic characteristics and genesis of known deposits and their 
regional stratigraphic, plutonic, structural, and metamorphic 
context. These studies and resulting peer-reviewed publica-
tions, graduate theses, and reports have contributed signifi-
cantly to the development of ore deposit models, in particular 
those for VMS deposits (e.g., Franklin et al., 1981, 2005; Gal-
ley et al., 2007) and orogenic gold deposits (e.g., Goldfarb et 
al., 2005; Robert et al., 2005; Dubé and Gosselin, 2007), as 
well as to models of greenstone belt development and crustal 
evolution during the Neoarchean (e.g., Goodwin, 1977; Dim-
roth et al., 1983; Ludden et al., 1986; Desrochers et al., 1993; 
Jackson et al., 1994; Mueller et al., 1996; Ayer et al., 2002; 
Daigneault et al., 2002; Wyman et al., 2002; Thurston et al., 
2008; Bleeker, 2012). With over 500 U-Pb zircon age dates 
(e.g., Corfu, 1993; Mortensen, 1993a, b; Ayer et al., 2002; 
David et al., 2006, 2010; McNicoll et al., 2014; Ross et al., 
2014), a firm geochronological framework is available for most 
areas. The Abitibi greenstone belt is arguably the most fertile 
and best studied Neoarchean terrane in the world.

Overview of the Volume
The present volume is structured into nine chapters, review-
ing the geology of major mining camps and deposits of the 
southern Abitibi. Chapter 1 (Monecke et al., 2017a) provides 
a review of the geological make-up of the Abitibi greenstone 
belt. The chapter describes the distribution of rock types and 
discusses the volcanic and sedimentary stratigraphy of this 
Neoarchean terrane. Based on the work of previous authors, 
the structural and tectonic evolution of the Abitibi greenstone 
belt is reconstructed. The chapter also provides an introduc-
tion to the main deposit types occurring in the Abitibi green-
stone belt and their metallogenic significance.

The Timmins-Porcupine gold camp of northeastern Ontario 
(Fig. 1) represents the largest Archean orogenic greenstone-
hosted gold camp worldwide in terms of total gold produc-
tion. This uniquely endowed gold camp is associated with the 
Porcupine-Destor fault zone, a first-order, crustal-scale fault 
that is also associated with a number of other gold deposits 
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and districts further to the east. Chapter 2 (Dubé et al., 2017) 
presents a review of the stratigraphy and structural setting 
of this important camp. The characteristics of the two giant 
deposits in the camp, Hollinger-McIntyre and Dome, are 
described in detail. The Hollinger-McIntyre deposit repre-
sents the largest single concentration of gold in Canada. The 
deposit yielded approximately 1,000 t of Au from 102 Mt of 
ore grading on average 9.76 g/t Au. The Dome deposit has 
been in production since 1910 and to date has produced more 
than 500 t of Au. 

The Kidd Creek deposit north of Timmins (Fig. 1) is the 
largest known Archean volcanogenic massive sulfide (VMS) 
deposit currently in production. With total past production, 
reserves, and resources of 170.9 Mt grading 2.25% Cu, 5.88% 
Zn, 0.22% Pb, and 77 g/t Ag, Kidd Creek also represents one 
of the largest and highest grade deposits of its kind. The ore-
bodies of the deposit are exploited from surface to more than 
3 km depth, making Kidd Creek the deepest base metal mine 
in the world. Chapter 3 (Hannington et al., 2017) provides 
a comprehensive review of the exploration and development 
history of the Kidd Creek deposit and the geology of the dif-
ferent orebodies. Emphasis is placed on the geology of Mine 
D, which accounts for most of the current production.

Chapter 4 (Houlé et al., 2017) gives an overview of the 
komatiite-hosted Ni-Cu-PGE deposits of the southern Abitibi 
greenstone belt and their geologic setting. Details on two of 
the best-preserved spinifex-textured sheet flows in world are 
given, one of which was originally described by Pyke et al. 
(1973) and today represents the komatiite-flow archetype. 
The chapter also describes the geological setting and physical 
volcanology of the Potter deposit that is located close to Pyke 
Hill in Munro Township east of Matheson (Fig. 1). The Pot-
ter deposit is a comparably small volcanogenic massive sulfide 
deposit hosted within basaltic volcaniclastic rocks intercalated 
within a komatiitic flow succession. The volcaniclastic rocks 
hosting the massive sulfides form part of a vent-proximal sub-
marine fire fountain and spatter rampart deposit.

The Larder Lake-Cadillac fault zone, which represents a 
first-order, crustal-scale fault that shares analogies with the 
Porcupine-Destor fault zone to the north, is a steeply dipping 
zone of deformation that has a curvilinear trace and is marked 
by a strong and protracted deformation history and hydro-
thermal carbonate alteration. Conflicting kinematic indicators 
record a complex structural history. Chapter 5 (Poulsen, 2017) 
describes the geological characteristics of major gold camps 
located along the Larder Lake-Cadillac fault zone (Fig. 1). It 
highlights the importance of this long-lived crustal-scale struc-
ture in controlling sedimentation during the late stages of the 
greenstone evolution, its importance as a conduit for orogenic 
gold fluids, and role in the preservation of the deposits. The 
chapter also describes key stratigraphic and structural relation-
ships and highlights the importance of alteration vectoring in 
the exploration for orogenic greenstone-hosted gold deposits.

The Neoarchean Noranda camp in Quebec (Fig. 1) is host to 
some of the most thoroughly studied volcanogenic massive sul-
fide deposits in the world and has, together with the Miocene 
Hokuroku district of Japan, shaped the current understanding 
of the geology and volcanological setting of this deposit type. 
Chapter 6 (Monecke et al., 2017b) provides a review of the 
geology and stratigraphy of the lava-flow-dominated host-rock 

succession of the Main Camp, which comprises several Cu-Zn 
± Au-Ag massive sulfide deposits that formed as mounds on 
the ancient sea floor. The chapter compares and contrasts the 
characteristics of the massive sulfide deposits of the Main 
Camp with the world-class, gold-rich Horne and Quemont 
deposits of the South Camp, which formed largely by subsea-
floor replacement and sulfide infiltration of felsic volcaniclas-
tic strata. The chapter reviews volcanological controls on the 
location of massive sulfide deposit in ancient volcanic terranes 
and provides exploration guidelines.

Among the over 90 known massive sulfide deposits of the 
Abitibi greenstone belt, five deposits are characterized by an 
unusual gold endowment. These include the LaRonde Penna 
and Bousquet 2-Dumagami deposits of the Doyon-Bousquet-
LaRonde mining camp, east of Rouyn-Noranda (Fig. 1). Chap-
ter 7 (Mercier-Langevin et al., 2017a) reviews the history of 
exploration and development of this mining camp and briefly 
describes the camp geology. The chapter also describes the 
geology of the LaRonde Penna deposit. With a total endow-
ment of 71.3 Mt of ore at 3.91 g/t Au, for approximately 280 
t Au, this deposit represents one of the largest Au deposits in 
Canada. The chapter provides important information on the 
nature of the hydrothermal alteration halo surrounding the 
LaRonde Penna deposit, which has undergone intense defor-
mation and a metamorphic overprint at upper greenschist to 
lower amphibolite facies conditions.

Chapter 8 (Mercier-Langevin et al., 2017b) focuses on the 
geology of the Cadillac mining camp and the Lapa orogenic 
gold deposit near Cadillac in Quebec (Fig. 1). The Lapa 
deposit represents an exceptional example of a deformed 
quartz-carbonate vein- and replacement-type deposit located 
within a first-order crustal structure, the Larder Lake-Cadil-
lac fault zone (Simard et al., 2013). The chapter highlights 
the effects of superimposed hydrothermal alteration and 
metamorphism at upper greenschist to lower amphibolite 
grade on the dominantly ultramafic host-rock succession. It 
also describes the various styles of ore present in the Cadil-
lac camp, which are largely hosted within the Larder Lake-
Cadillac fault zone.

The final section of this volume, Chapter 9 (De Souza et al., 
2017), describes the geology and geological setting of the oro-
genic and/or intrusion-centered Canadian Malartic deposit in 
the town of Malartic in Quebec (Fig. 1). Commercial produc-
tion of the open pit mining operation began in May 2011,with 
proven and probable Au reserves of 303 t, contained in 343.7 Mt 
of ore grading an average of 0.97 g/t Au and calculated on a 
basis of a 0.34 g/t lower cutoff grade. The operation, which 
currently is the largest Canadian gold producer (~17.3  t  Au 
in 2014), is centered on three past-producing underground 
mines that exploited the same auriferous hydrothermal system 
at an average grade of 3.3 to 4.9 g/t (De Souza et al., 2015). 
The Canadian Malartic mine has not only made history as it 
represents the first large-scale bulk-tonnage–low-grade gold 
deposit to be developed in the Abitibi greenstone belt, but 
also because it is located south of the Larder Lake-Cadillac 
fault zone within sedimentary rocks previously regarded to be 
unlikely hosts for major gold deposits. The chapter provides a 
detailed account of the deposit geology, its structural setting, 
the style of mineralization, and the characteristics of the hydro-
thermal alteration associated with this world-class deposit.
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