REVIEWS IN
ECONOMIC GEOLOGY
Volume 19

ARCHEAN BASE AND PRECIOUS
METAL DEPOSITS, SOUTHERN ABITIBI
GREENSTONE BELT, CANADA

QUEBEC

T
ONTARIO

OPATICA SUBPROVINCE
Chibougamau

ST KAPU
RU
CT SKAS
UR
I
AL NG
ZO
N

E

Matagami

Northern AGB
Southern AGB

Timmins

C

NI

PDfz

O
CT

Kirkland Lake
LLCfz

TE
NT
O
E
FR N
E ZO

Cadillac
DoyonRouynBousquet- Malartic
Noranda
LaRonde
Val-d’Or

LL

VI

N
RE

N

G

Swayze

PONTIAC SUBPROVINCE
0

Shining Tree

PALEOPROTEROZOIC
Clastic rocks

ARCHEAN
Siliciclastic rocks

Intermediate to felsic intrusions

Volcanic rocks

Mafic to ultramafic intrusions

MINES (past and current
producers)
Gold

Copper, zinc

50 km

Nickel, copper

Faults, high-strain zones,
and shear zones

Editors
Thomas Monecke, Patrick Mercier-Langevin, and Benoît Dubé

SOCIETY OF ECONOMIC GEOLOGISTS, INC.

REVIEWS IN
ECONOMIC GEOLOGY
Volume 19

ARCHEAN BASE AND PRECIOUS
METAL DEPOSITS, SOUTHERN ABITIBI
GREENSTONE BELT, CANADA

Volume Editors

Thomas Monecke
Colorado School of Mines

Patrick Mercier-Langevin
Natural Resources Canada
Geological Survey of Canada

Benoît Dubé
Natural Resources Canada
Geological Survey of Canada

SOCIETY OF ECONOMIC GEOLOGISTS, INC.

REVIEWS IN ECONOMIC GEOLOGY
Published by the Society of Economic Geologists, Inc.
7811 Shaffer Parkway
Littleton, CO 80127, USA
Website: segweb.org
E-mail: seg@segweb.org

ISSN
0741-0123 (Print)
1933-1495 (Disc)
2374-443X (PDF)
ISBN
978-1-629492-20-9 (Print)
978-1-629492-21-6 (Disc)
978-1-629495-77-4 (PDF)

Reviews in Economic Geology is a series publication of the Society of Economic Geologists designed to
accompany the Society’s Short Course series. Like the Short Courses, each volume provides comprehensive updates on various applied and academic topics for practicing economic geologists and geochemists
in exploration, development, research, and teaching. Volumes are produced in conjunction with each
new Short Course, first serving as a textbook for that course, and subsequently made available to SEG
members and others at a modest cost.
SEG Publications Board
Through 2017
Richard J. Goldfarb, Chair
Zhaoshan Chang
Patrick Mercier-Langevin

Through 2018
Claire M. Chamberlain

Through 2019
Sarah A. Gleeson
Shaun L.L. Barker
Brian G. Hoal, ex officio
Lawrence D. Meinert, Economic
Geology Editor

On the cover: Geologic map of the Abitibi greenstone belt showing the distribution of supracrustal rocks and intervening
domes of intrusive rocks (modified from Thurston et al., 2008). LLCfz = Larder Lake-Cadillac fault zone, PDfz = PorcupineDestor fault. Inset map shows location of the belt.

© Copyright 2017, Society of Economic Geologists, Inc.

CONTENTS

Preface

v

Sponsors

vii

Author Biographies

ix

Introduction:
Archean Base and Precious Metal Deposits,
Southern Abitibi Greenstone Belt, Canada
Thomas Monecke, Patrick Mercier-Langevin, Benoît Dubé, and Mark Hannington
Chapter 1
Geology of the Abitibi Greenstone Belt
Thomas Monecke, Patrick Mercier-Langevin, Benoît Dubé, and Ben M. Frieman
Chapter 2
Orogenic Greenstone-Hosted Quartz-Carbonate Gold Deposits of
the Timmins-Porcupine Camp
Benoît Dubé, Patrick Mercier-Langevin, John Ayer, Brian Atkinson, and Thomas Monecke
Chapter 3
The Kidd Creek Volcanogenic Massive Sulfide Deposit—An Update
Mark D. Hannington, Thomas Gemmell, and Thomas Monecke
Chapter 4
Physical Volcanology of Komatiites and Ni-Cu-(PGE) Deposits of
the Southern Abitibi Greenstone Belt
Michel G. Houlé, C. Michael Lesher, and S. Préfontaine

1

7

51

81

103

Chapter 5
The Larder Lake-Cadillac Break and Its Gold Districts
K. Howard Poulsen

133

Chapter 6
Volcanogenic Massive Sulfide Deposits of the Noranda Camp
Thomas Monecke, Harold Gibson, and Jean Goutier

169

Chapter 7
The LaRonde Penna Au-Rich Volcanogenic Massive Sulfide Deposit
225
Patrick Mercier-Langevin, Benoît Dubé, François Blanchet, David Pitre, and Annie Laberge
iii

Chapter 8
Geology of the Lapa Orogenic Gold Deposit
Patrick Mercier-Langevin, Marjorie Simard, Richard Dubuc, Jocelyn Côté,
Pierre Doucet, Réal Daigneault, and Damien Gaboury
Chapter 9
Geology and Hydrothermal Alteration of the World-Class Canadian
Malartic Gold Deposit: Genesis of an Archean Stockwork-Disseminated
Gold Deposit in the Abitibi Greenstone Belt
Stéphane De Souza, Benoît Dubé, Vicki McNicoll, Céline Dupuis,
Patrick Mercier-Langevin, Robert A. Creaser, and Ingrid Kjarsgaard

iv

247

263

PREFACE
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 particularly important for industry geologists exploring for base
and precious metal deposits.
The purpose of the present volume is to provide a comprehensive 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 geological 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 commenced 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 company 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 Québec. 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

v

SPONSORS

The Society of Economic Geologists Publications Board
thanks Natural Resources Canada and the Colorado School of Mines
for their generous financial support of this volume.
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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 massive 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 orogenic, 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, bulktonnage orogenic and/or intrusion-centered Canadian Malartic 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
† Corresponding

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 references therein), extensive mapping and geoscientific research
has been carried out at various scales to constrain the geologic characteristics and genesis of known deposits and their
regional stratigraphic, plutonic, structural, and metamorphic
context. These studies and resulting peer-reviewed publications, graduate theses, and reports have contributed significantly to the development of ore deposit models, in particular
those for VMS deposits (e.g., Franklin et al., 1981, 2005; Galley 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; Dimroth 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, reviewing 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 introduction to the main deposit types occurring in the Abitibi greenstone belt and their metallogenic significance.
The Timmins-Porcupine gold camp of northeastern Ontario
(Fig. 1) represents the largest Archean orogenic greenstonehosted gold camp worldwide in terms of total gold production. 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 represents 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 orebodies 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 different 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 Potter 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 submarine 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 hydrothermal 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 structure 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 relationships 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 sulfide 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
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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 subseafloor replacement and sulfide infiltration of felsic volcaniclastic 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-BousquetLaRonde mining camp, east of Rouyn-Noranda (Fig. 1). Chapter 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 endowment 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 deformation 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-Cadillac 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 Cadillac camp, which are largely hosted within the Larder LakeCadillac fault zone.
The final section of this volume, Chapter 9 (De Souza et al.,
2017), describes the geology and geological setting of the orogenic and/or intrusion-centered Canadian Malartic deposit in
the town of Malartic in Quebec (Fig. 1). Commercial production 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 hydrothermal alteration associated with this world-class deposit.
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