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ABSTRACT

In this introduction, we briefly describe the project to produce a new tectonometamorphic map of the Canadian Shield. The
design of the legend differs from that of traditional metamorphic maps by visually emphasizing differences in metamorphic ages
grade, as well as pressure regime. A web site has been established to facilitate the digital distribution of a 1:3,0807@@0 scal
of the Shield, in addition to 1:1,000,000 and 1:2,000,000 scale regional maps. Associated P-T, geochronological, and metamc
phic assemblage databases for different parts of the Shield also are available. The legend design is illustrated wigd a simplif
version of the 1:2,000,000 scale tectonometamorphic map of the Grenville Province in Quebec and Labrador, for which a brie
summary is provided.

Keywords tectonometamorphic map, Canadian Shield.
SOMMAIRE

Dans cette introduction, nous décrivons brievement le projet de produire une nouvelle carte tectonométamorphigque du Boucli
Canadien. L'organisation de la Iégende différe de celle des cartes métamorphiques traditionnelles en distinguant vissellement |
ages de métamorphisme, le degré de métamorphisme, de méme que le contexte de pression. Nous avons établi un site web afi
faciliter la distribution des cartes du Bouclier en entier (1:3,000,000) et de régions plus restreintes (1:1,000,000,600).2,000
dans un format digital. Les banques de données associées, par exemple sur les pressions et températures détermmges, les dat
et les assemblages métamorphiques, sont aussi disponibles pour les diverses parties du Bouclier. Le concept de la légende
illustré au moyen d’'une version simplifiée de la carte tectonométamorphique (1:2,000,000) de la Province du Grenville au Québe
et au Labrador, dont on donne ici un bref apercu.

(Traduit par la Rédaction)

Mots-clés carte tectonométamorphique, Bouclier Canadien.

INTRODUCTION timing and physical conditions of metamorphic events.
In order to appreciate the impact of these advances on
The first metamorphic map of the Canadian Shieldnderstanding the tectonometamorphic history of the
was published in 1978 (Frasatral. 1978), and, together Canadian Shield, a new tectonometamorphic map of the
with a compendium of related papers (Fraser &anadian Shield has been prepared (R.G. Berman, in
Heywood 1978), has remained the only major sourqgeep.) with the help of numerous people and organiza-
showing the distribution of metamorphic facies for mogtons listed on the map. Here, we present a brief over-
parts of the Canadian Shield. Since the publication wfew of this project, including the main products, a
this map, there have been significant advances in lsummary of key mineral reactions used to define most
derstanding the relationship between metamorphism ameétamorphic facies (Fig. 1), a description of the design
tectonics, as well as in developing geochronological ad the map legend (Fig. 2), a simplified tectonometa-
petrological techniques needed to characterize better therphic map of the Grenville Province in Quebec and
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Fic. 1. Key mineral reactions defining metamorphic zones. Solid and dashed curves refer to reactions in potassic and calcic bulk
compositions, respectively.

Labrador (Fig. 3) that illustrates the legend design, aid3,000,000 scale, along with two larger-scale maps

a brief summary of this region. showing Archean-only and Proterozoic and younger
metamorphism. Also available are regional maps at
ProbucTs 1:1,000,000 scale (Manitoba, Ontario, Saskatchewan,

Greenland, Slave Province) and 1:2,000,000 scale

The tectonometamorphic map of the CanadiafGrenville Province). Maps for other regions or at
Shield project has a number of products. The magifferent scales are available on special request.
which includes Greenland, has been prepared Ristribution of the maps and associated databases
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(geochronology, P—T data, point-source data on minetalels of information, including (a) regions with uni-
assemblages) is provided primarily by internet accefiam, but transitional metamorphic grade, (b) regions
(http://gis.NRCan.gc.ca/metmap/index4.htm). It is arwith varied metamorphic grade, (c) regions with uncer-
ticipated that this form of distribution will facilitate thetain metamorphic grade. Igneous charnockites are
exchange of information that can be used to update thes®wn separately from other granulite-facies rocks. For
maps periodically. unmetamorphosed rocks, igneous charnockites, and
plutonic bodies that have largely escaped penetrative
LEGEND deformation and metamorphism, relative age is con-
veyed with a gradational grey scale from light (young)

The legend used for this map differs considerably dark (old).
from that of most metamorphic maps, which have gen- Two different series of colors are used to distinguish
erally used legends similar to that of Zwart (1973petween Archean metamorphism and >1760 Ma
These legends show polymetamorphic relationshipfaleoproterozoic metamorphism (younger metamorphic
with hatched linework, but they in general do not graphages are discussed below), shown in the last two col-
cally depict metamorphic age-relations, nor do they disimns of Figure 2 as a series of bright colors (age abbre-
tinguish pressure regimes. In order to enhance thi@tion = 26) and pastel colors (age abbreviation = 18),
tectonic value of the new map, its legend utilizes a nengspectively. Within each color (age) series, lines of the
scheme for graphical representation of metamorphépposite color series are used to indicate pressure
age, metamorphic grade, as well as pressure regime. k¥gimes: horizontal (low-P), vertical (high-P), horizon-
do not employ more recent tectonometamorphic class and vertical hatching (undivided; unknown). These
fications based on P-T—t patlesd, Brown 1993) ow- pressure distinctions represent the classic Abukuma
ing to limitations of the available data across thdow-P/T) and Barrovian (intermediate-P/T) facies-
Canadian Shield. Because metamorphic and age rederies, respectively; the “subduction zone” (high-P/T)
tions are both depicted, the legend is necessarily coseries that forms a very minor component of the Cana-
plex; users of the new map will need to becomeian Shield is represented with blueschist and eclogite
acquainted with the design of this legend before thégcies. For granulite-facies rocks, a separate “interme-
can take full advantage of all the information portrayedliate-P” category (~6.5-8.5 kbar; depicted with diago-
In order to facilitate this process, we provide below mal lines on Figures 1-3) is introduced, mainly on the
description of the design of this legend. basis of application of thermobarometric data.

For the purposes of illustration of the legend design Younger metamorphic ages, which occur primarily
within the size limitations of this journal’s format, we showin the Grenville Province, are depicted (Fig. 2) with a
a version of the legend (Fig. 2) used for the 1:2,000,0@@ttern of alternating bright and white lines (age abbre-
scale tectonometamorphic map of the Grenville Provinegation = 14) or pastel and white lines (age abbreviation
in Quebec and Labrador (Fig. 3). The only difference 10). The orientation of lines indicates the pressure
between this legend and those applied to the Canadiagime, as described above. Further distinctions with
Shield and other regional maps is the number and idergard to age within the above groupgy( 1190-1750
tity of the different metamorphic ages used for each rbta and <1190 Ma, Fig. 2) are made with thinner lines
gion. For example, Easton (2000b) shows a legend with right angles to the pressure lines, or oriented &t 45
the different metamorphic ages used in Ontario. where there is no pressure information. Where there is

Twelve metamorphic grades are used, ranging for teeggnificant uncertainty as to age, dashedy( age
most part from cool to warm colors with increasingbbreviation = Y, Fig. 2) or dotted lines are used. The
grade. For each metamorphic event, only the peak metaimber of different metamorphic ages varies with the
morphic grade is shown. Most metamorphic facies amsap scale. The Shield map utilizes nine age divisions
defined by reactions (Fig. 1) taken from a petrogenet{m geons): 9-13, 14-16, 16-17.5, 17.6-18.6, 18.8—-20,
grid for pelitic rocks constructed by D.M. CarmichaeR5-25.7, 25.8-26.8, 26.8-28, >28. Smaller scale maps
(Davidsonet al. 1990), with additional amphibole— use a somewhat more detailed breakdown of ages. For
orthopyroxene reactions from Froese (1997). Definexample, the legend for the Grenville Province (Fig. 2)
tions of subgreenschist, greenschist, amphibolitencludes the following age distinctions (in geons):
albite—epidote amphibolite (high-P amphibolite)<10.2, 10.2-10.8, 11.2-11.9, 11.9-12.5, 13.5-15.1, 16—
blueschist, and eclogite facies in mafic rocks are bastd.5, 10-16, 17.6-18.6, and 25.8-26.8.
on a petrogenetic grid derived by Evans (1990). A com- Polymetamorphism is represented with circles super-
plete description of mineralogical criteria used to deteimposed on the background pattern described above.
mine metamorphic grade is given in the marginal notd$he background shows the dominant metamorphism:
of the Shield metamorphic map (R.G. Berman, in prepthat which is the most visible on the ground, the most
Because more emphasis has been placed on visualydent from geochronology, or that considered to be
conveying age relationships, two mixed gradethe most important tectonically. Each circle contains
(greenschist — lower amphibolite and upper amphibthe same grade, age, and pressure information as the
lite — granulite) have been used to represent differemackground. In rare situations where more than two
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GRENVILLE METAMORPHIC MAP LEGEND
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Fic. 2. Legend for the simplified tectonometamorphic map of the Grenville Province in Quebec and Labrador (Fig. 3). The
legend is presented as a matrix showing metamorphic grade and metamorphic age. For each metamorphic grade and age, tl
orientation of the linework depicts the pressure regime.
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Fic. 3. Simplified tectonometamorphic map of the Grenville Province in Quebec and Labrador.
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metamorphic events can be recognized over a signifihe Grenville Province in Quebec and Labrador
cant area, additional circles are added adjacent to the
first. Examples of polymetamorphic patterns used in the The Grenville Province of the southeastern Canadian
Grenville map are illustrated in the legend (Fig. 2). Shield contains a remarkable extent of polymetamor-
more comprehensive and concise representation of ovehosed, high-grade, complexly deformed rocks that
print patterns accompanies the complete 1:2,000,0€€cord the late Paleo- and Mesoproterozoic tectonic his-
scale map. In regions where there is considerabiay of a large segment of the Laurentian margin. The
uncertainty regarding overprinting relationships, smalléectonometamorphic map portrays the province as a
overprint circles are used. mid- to deep-level crustal section dominated by granu-
Also portrayed on the new map (where data atite- and upper-amphibolite-facies gneiss and migmatite,
available) are: (1) lithological information, (2) pre-jinvaded by voluminous anorthosite — mangerite —
syn-, and post-metamorphic pluton suites, in order tharnockite — granite (AMCG) complexes of varied
better illustrate relationships between metamorphisages. In contrast, the lowest-grade upper-greenschist-
and plutonism, and (3) plutons with documentethcies rocks are restricted to the Hastings region of
contact-metamorphic aureoles, even though the aureadesitheastern Ontarie (g, Carmichaelet al. 1978,
themselves are too small to illustrate at the publish&iston 2000b) and to the Wakeham Supergroup of east-

map-scales. ern Quebecd.g, Martignoleet al. 1994). The profu-
sion of AMCG plutonic complexes and the paucity of
THE TECTONOMETAMORPHICMAP low-grade rocksi(e., below upper-amphibolite facies)

distinguish the Grenville Province from all other

The most significant advances in understanding ti&recambrian terranes of the Canadian Shield.
tectonometamorphic evolution of the Canadian Shield In addition to reworked Archean greenstone belts
have come not as much from improved delineation @ind Paleoproterozoic passive-margin sequences that
metamorphic zones, which in many places have nbave been locally traced well within the Grenville Prov-
changed dramatically from the 1978 map, but from thace, regionally extensive orogenic events made signifi-
greatly expanded geochronological database, which kst contributions to the Grenville’s crust during the
allowed definition of 12 different metamorphic eventd.7-1.6 Ga (Labradorian), 1.51-1.45 Ga (Pinwarian),
of regional extent (see above). Application of the ledgt.45-1.38 Ga (Montauban - La Bostonnais), 1.25-1.19
end described above to the Canadian Shield allows 8 (Elzevirian), 1.19-1.12 Ga ( Shawinigan), 1.08-1.02
visual depiction of these different metamorphic eventéQttawan), and 1010-960 Ma (Rigolet) time windows
as well as the pressure regime characteristic of eaftf. Davidson (1995, 1998a) and Rivers (1997) for com-
Separate maps showing Archean-only and youngerehensive reviews]. Many of these events were accom-
than-Proterozoic-only metamorphism eliminate mogianied or followed by the emplacement of large AMCG
overprint patterns, and further facilitate interpretationomplexes, namely at 1.65-1.63 Ga (Mealy Mountains,
of metamorphic relationships. At present, the most sigivhite Bear Arm), 1.35 Ga (Riviére-Pentecbte,
nificant impediment to constructing a more complet&/hitestone), 1.16-1.13 Ga (Parry Island, Morin, Marcy,
metamorphic map is the limited availability of linkedLac Saint-Jean, Havre Saint-Pierre, Atikonak), 1.08 Ga
geochronological and metamorphic data for many paitSaint-Urbain), and 1.01 Ga (Labrievillegf(Marti-
of the Canadian Shield, a problem that is particularignole 1996).
acute in polymetamorphic regions. Significant advances Each of these orogenic and plutonic events has vari-
can be expected in the near future from applicatiam of ously contributed to the regional make-up of the crust
situ dating techniques that provide a means of datiraj the Grenville Province, and to the complex, overprint-
specific metamorphic minerals and associated fabrigeg deformation and metamorphic relationships that are
and establishing reliable P—T—t characteristieg( one of the hallmarks of its high-grade gneiss. Given the
Stern & Berman 2000, Williamst al. 1999). complex tectonic history outlined above, it must be

For summaries and discussion of large-scalg,( stressed that in most of the province, metamorphic
tectonic province) tectonometamorphic features, séextures and parageneses, as well as ductile deforma-
Easton (2000a) for the Superior Province in Ontaridion, cannota priori be attributed to a Grenvillian
Easton (2000b) for the Grenville Province in Ontarig(1.3—0.95 Ga) origin. These pre-Grenvillian metamor-
and Berman (in prep.) for other regions. Detailed sunphic and plutonic rocks were last reworked and deeply
maries and discussions of specific areas can be founeeikhumed during the Grenvillian Orogersefisu lath
many of the papers in this volume (see Preface), as wElle latter embraces a range of tectonic events begin-
as the first volume of this serieBhle Canadian Miner- ning at ~1.3 Ga with an early accretionary stage involv-
alogist, volume35, October issue). As an accompaniing ocean closure and continent—continent collision at
ment to the simplified 1:2,000,000 metamorphic mapl.2 Ga, with attendant crustal shortening and thicken-
presented here (Fig. 3), highlights of the tectonometang, terminating with relative rapid exhumation shortly
morphic map of the Grenville Province in Quebec analfter 1.0 Ga (Davidson 1998a).
Labrador are briefly summarized below.
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The new metamorphic map is largely based on, and have been affected by medium- to high-grade
is a complement to, the most recent geological com@inwarian (~1.51-1.45 Ga) metamorphism (Wasteneys
lation map of the Grenville Province by Davidsoret al.1997, Gower 1996). Metamorphic grade as low as
(1998b). It embraces current regional tectonic interpréie middle-greenschist facies occurs in some of the well-
tations as initially outlined in the landmark paper opreserved supracrustal rocks of the Wakeham Super-
Riverset al. (1989), who systematically described angroup (Martignoleet al. 1994). Although largely
divided the Grenville orogen into three first-ordeiobscured by the high-grade Grenvillian overprint, high-
orogen-parallel belts: 1) the Parautochthonous Betirade metamorphism of Archean age is well docu-
comprising upgraded and tectonically reworkednented in the parautochthon of southwestern Quebec
Archean and Paleoproterozoic rocks that are demonstfa-g, Childeet al.1993). Metamorphism of Labradorian
bly related to rocks in the adjacent foreland, 2) a centiahd Pinwarian age has locally been recognized in the
Allochthonous Polycyclic Belt, composed of Latecentral and northern Georgian Bay region of Ontario
Paleoproterozoic and Mesoproterozoic terranes afelg, Ketchumet al. 1994, Corrigaret al. 1994), as
rocks with a pre-Grenvillian metamorphic history, andhown by Easton (2000b).

3) an outboard and discontinuous Allochthonous Mono- The recent documentation by Krogh (1994) that the
cyclic Belt, with rocks showing evidence of having beeRarautochthonous Belt adjacent to the Grenville Front
formed and metamorphosed only during the Grenvilliais characterized along most of its length by remarkably
orogenic cycle (<1.3 Ga). These belts are set apart tgnsistent Grenvillian metamorphic ages (~990 Ma) and
three first-order southeast-dipping crustal-scale ductifteoderate- to high-pressure mineral assemblages, in
thrust zones with northwest- to north-directed tectongpite of variable uplift of the crust, suggests a system-
transport: the Grenville Front, the Allochthon Boundatic temporal zonation of metamorphic P—T conditions
ary Thrust, and the Monocyclic Belt Boundary Zonealong, and across, the orogen. The reconstruction in
Each first-order belt comprises smaller tectonic entitiepace and time of this zonal arrangement is hindered,
bounded by kinematically compatible ductile shedrowever, by the scarcity of adequate geochronological
zones. A strong metamorphic connotation is entrenchadd thermobarometric data and by late orogenic exten-
in these definitions (Rivermst al. 1989): the complexity sional faulting and differential uplift. Nonetheless, high-
and age of the metamorphic overprinting relationshiggessure rocks locally containing eclogitic parageneses
are expected to decrease outboard from the Parautosbeur much further inboard from the Grenville Front,
thonous Belt, with some major breaks in metamorphitamely in the Georgian Bay — Algonquin (Davidson
history occurring across first-order tectonic boundarie&990) and Temiskaming (Indares & Dunning 1997) re-
Indeed, the map shows a distribution of metamorphgions, in the Manicouagan imbricate zone, and in
zones that corresponds in many places to lithotectorMolson Lake terrane (Indarext al. 1998). These
terranes. This is not surprising, as the latter were definedogitic and high-pressure rocks occur along deeply
on the basis of contrasting assemblages, structural stytsgted ductile shear zones locally corresponding to the
metamorphic gradestc. In addition, many shear zonesAllochthon Boundary Thrust.

defining terrane boundaries, either compressional or The map also emphasizes the importance of AMCG
extensional, are late-orogenic, transposing ductile strummplexes and, in particular, those of the voluminous
tures formed at the peak of metamorphism in thelrl80-1120 Ma event that are spread throughout the
immediate footwall and hanging wall, as well as juxtaAllochthonous Polycyclic Belt, from the Marcy Com-
posing rocks and terranes with different earlier histg@lex of the Adirondacks Highlands, to the Atikonak and
ries of peak metamorphism and cooling. Havre-Saint-Pierre complexes of eastern Quebec. There

The new tectonometamorphic map emphasizes tleecompelling structural evidence throughout the prov-
diachronous and poly-orogenic nature of the provinc@ce suggesting that AMCG magmatism closely suc-
wide high-grade metamorphic overprint. For exampleeeded an early phase of Grenvillian crustal thickening,
although upper-amphibolite and granulite-facies metand was accompanied and followed by renewed high-
morphism in much of Labrador occurred ~1.65 Ga dugrade metamorphism and deformation. Although the
ing the Labradorian orogeng.g, Goweret al. 1991, tectonic role of AMCG magmatism remains subject to
Connelly & Heaman 1993), comparable conditions afebate ¢.g, Martignole 1996, Corrigan & Hanmer
metamorphism were attained much later, between 1.2897), the widespread emplacement of these complexes
and 1.16 Ga, in younger terranes of central and sougtignals the development during Grenvillian time of sub-
western Quebee(g, Corriveau & van Breemen 2000, continental-scale mantle thermal disturbances that have
Friedman & Martignole 1995). In contrast, the effectbad a direct impact on the thermal regime of the
of Grenvillian metamorphism are minimal in some oGrenvillian crust and, hence, the nature of regional
these terranes, ranging from middle-greenschist toetamorphism.
middle-amphibolite facies, where they are mainly local- The considerable progress made in our understand-
ized in bounding ductile shear zonesg( Scottet al. ing of the tectonic development of the Grenville
1993, Corrigaret al. 2000). Following the Labradorian Province since the publication of the 1978 metamorphic
orogeny, most of the eastern Grenville Province appeamsp is anchored to regional and detailed structural stud-
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ies coupled with geothermobarometry, and above all, @iLog, F., Doig, R. & Gariepy, C. (1993): Monazite as a
the application of precise U-Pb dating of igneous and metamorphic chronometer, south of the Grenville Front,
metamorphic minerals. Such well constrained studies Western Quebecan. J. Earth ScB0, 1056-1065.
unfortunately remain too few and far between, Ieavin§ IN & M L M. (1993): U—Pb h
considerable room for interpretation. Hence, as depict 8“;NE.LLY|’ e AMANh’ M. (1 )'I - ?ioc rO”OT”
on the new map, the present metamorphic picture is gg'ca ConStra{mS OLntbeé?;tomc e\éogt'(;goltz; ﬂgnv' ©
K ! e . . rovince, western Laora recamp. Reds, - .
likely to be profoundly modified in regions where new

structural and metamorphic data become available. drrican, D., QuLsHAw, N.G. & MorTENSEN K.J. (1994):
spite of this, however, the new map provides a signifi- Pre-Grenvillian evolution and Grenvillian overprinting of
cant step toward the goal of producing a comprehensive the Parautochthonous Belt in Key Harbour, Ontario: U-Pb
and tectonically meaningful metamorphic map of the and field constraintCan. J. Earth Sci31, 583-596.
Grenville Province. _

The above remarks are clearly not intended as an— & MNMER, S. (1997): Anorthosites and related
overview of Grenville metamorphic history. Our aim is ~granitoids in the Grenville orogen: a product of convective
to highlight the major regional metamorphic regimes, thinning of the lithosphereGeology25, 61-64.
and to give impetus for new detailed metamorphic stud- RERS, T. & DUNNING, G. (2000): U-Pb constraints
ies. The reader is referred to the seminal works bY f5rine piutonic and tectonometamorphic evolution of Lake
Davidson (1998a, 1995) and Rivers (1997), and refer- welville terrane, Labrador and implications for basement
ences therein, for comprehensive reviews of the geol- reworking in the northeastern Grenville Province.
ogy and tectonic history of the Grenville Province, as Precamb. Re€09, 65-90.
well as to other recent syntheses focussing on the _
Grenvillian terranes of Labrador (Gower 1996), QUECORRIVEAU, L. & VAN BReemeN, O. (2000): Docking of the
bec (Hocq 1994), Ontario (Easton 1992, 2000b, &arr Central Metasedimentary Belt to Laurentia in geon 12: evi-

A i , dence from the 1.17-1.16 Ga Chevreuil intrusive suite and
al. 2000), and the Adirondacks (McLellaatlal. 1996). host gneisses, Québean. J. Earth SCB7, 253-269.
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