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ABSTRACT

The Parry Sound and Shawanaga domains of the Central Gneiss Belt along Georgian Bay, Ontario, contain monocyclic rocl
that originated at or near the southeastern margin of Laurentia betsavd&®0 and 1120 Ma. Their deformation and metamor-
phism are entirely attributable to Grenvillian orogenesis. Metamorphic assemblages, fabrics, and P-T—t paths from these roc
therefore provide important constraints on Grenvillian thermal and tectonic history. Rocks in the interior and basal Rarry Soun
assemblages of the northern Parry Sound domain were metamorphosed to granulite-facies conditions during an early phase
Grenvillian tectonismi.e., atca. 1161 and 1163 Ma, respectively. The most likely setting for high-P — high-T granulite-facies
metamorphism in the interior Parry Sound assemblage was at or near the base of crust that was underplated by voluminous me
magma. In contrast, heat advected from anorthosite could account for intermediate-P granulite-facies metamorphism in the bas
Parry Sound assemblage. In the upper part of the basal Parry Sound assemblage, retrogression from the granulite to upr
amphibolite facies likely occurred in response to thrust emplacement of the interior Parry Sound assemblage onto ties part of t
basal Parry Sound assemblageaatl159 Ma. In the lower part of the basal Parry Sound assemblage, thrust deformation and re-
equilibration at lower-amphibolite-facies conditions took placeaail120 Ma. In the southern Parry Sound domain, a highly
attenuated sequence of quartzites and mafic rocks, deposited some time after 1140-1120 Ma, was affected by upper-amphibol
facies metamorphism before or at 1080 Ma. Northwest of and structurally below the Parry Sound domain, rocks in the Shawanag
domain were affected by eclogite-facies metamorphisa.4090-1085 Ma, suggesting deep burial or partial subduction of the
Laurentian margin beneath the Central Metasedimentary Belt at this time. Widespread upper-amphibolite-facies metamorphisi
afterca. 1080 Ma was associated with a major phase of northwest-directed thrusting and crustal thickening. Sillimanite-grade
conditions in the Shawanaga domain were maintained until atked€20 Ma, the time of major extensional deformation. Data
on metamorphic grade and age are consistent with progressive northwest-directed juxtaposition of lithotectonic assemblag
metamorphosed at progressively later times, and may thus record progressive or multistage convergence at the southeast
margin of Laurentia. Evidence for multiple phases of Grenvillian high-grade metamorphism in the Parry Sound and Shawanag
domains suggests that construction and interpretation of P—T—t paths from these rocks require careful assessment of timing &
overprinting relationships. Derived P—T—t paths suggest that exhumation of interior Parry Sound granulites resulted from thrust
ing soon after peak metamorphism, whereas those for rocks of the Shawanaga domain suggest that exhumation was likely as
ciated with both thrusting and extension.

Keywords Grenville Province, monocyclic rocks, granulite, amphibolite, retrogression, P—T—t paths, overprinting effects, con-
vergence history, Georgian Bay, Ontario.

SOMMAIRE

Les domaines de Parry Sound et Shawanaga de la Ceinture gneissique centrale le long de la baie Georgienne, en Onta
contiennent des roches monocycliques qui ont pris naissance a (ou pres de) la marge sud-est de Laurentia entre environ 145
1120 Ma. Leur métamorphisme et déformation sont dis entierement & I'orogenése grenvillienne. Ainsi, les assemblage
métamorphiques, les textures et les trajectoires P-T—t provenant de ces roches permettent d’établir des contraintes importar
guant a I'histoire thermique et tectonique grenvillienne. Dans la région nord du domaine de Parry Sound, les roches @rovenant
l'intérieur et de la base des assemblages de Parry Sound ont été métamorphisées au faciés granulite pendant une phase préco
tectonisme grenvillien, soit vers 1161 et 1163 Ma, respectivement. Le milieu le plus probable pour le métamorphisme du facié
granulite de pression et température élevées a l'intérieur de 'assemblage de Parry Sound était a (ou prés de) ladigse de la cr
sous-plaguée par des venues volumineuses de magma mafique. D’'autre part, la chaleur émise durant la mise en place d’
anorthosite pourrait étre la cause du métamorphisme au facies granulite de pression intermédiaire a la base de I'assemblage
Parry Sound. Dans la partie supérieure de la base de I'assemblage de Parry Sound, la rétrogression du facies grasulite au fa
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amphibolite supérieur était probablement en réponse au chevauchement de I'intérieur de I'assemblage de Parry Sound sur la ba:
de 'assemblage de Parry Sound a environ 1159 Ma. Dans la partie inférieure de I'assemblage de Parry Sound, la déformatior
associée au chevauchement et le ré-équilibrage au faciés amphibolite inférieur ont eu lieu vers 1120 Ma. Dans la région sud d
domaine de Parry Sound, une séquence trés attenuée de quartzites et de roches mafiques, déposée peu de temps apres 1140—
Ma, a subi un métamorphisme au facies amphibolite supérieur avant ou vers 1080 Ma. Au nord-ouest du domaine de Parry Sounc
les roches du domaine de Shawanaga qui occupent un niveau structural inférieur ont subi un métamorphisme au facies éclogit
vers 1090-1085 Ma, ce qui concorderait avec I'enfouissement ou la subduction partielle de la marge laurentienne soas la Ceintur
métasedimentaire centrale. Le métamorphisme de grande étendue au facies amphibolite supérieur postérieur a 1080 Ma résulter:
d’'une phase majeure de chevauchement vers le nord-ouest et d’'un épaississement de la crolte. Les conditions au grade
sillimanite dans le domaine de Shawanaga ont été maintenues jusqu’a environ 1020 Ma, I'age de la déformation majeure associé
al'extension. Les données métamorphiques et géochronologiques sont compatibles avec la juxtaposition progressive de directio
nord-ouest d’'unités lithotectoniques métamorphisées a des périodes progressivement plus tardives, et documentent une conve
gence progressive ou en multiples stades a la marge sud-est de Laurentia. Vue I'existence de phases multiples de métamorphisr
grenvillien de degré élevé dans les domaines de Parry Sound et Shawanaga, la construction et I'interprétation des trajectoire
P—T—t pour ces roches requiérent une évaluation consciencieuse des relations de temps et de superposition. D’apriésdes trajecto
P—T—t dérivées, I'exhumation de l'intérieur du domaine de Parry Sound résulterait du chevauchement qui a eu lieu peu apres
I'apogée du métamorphisme, tandis que celles pour les roches du domaine de Shawanaga indiquent une exhumation probableme
associée au chevauchement et a I'extension.

Mots-clés:Province du Grenville, roches monocycliques, granulite, amphibolite, rétrogression, trajectoires P-T—t, effets de
superposition, histoire de convergence, baie Georgienne, Ontario.

INTRODUCTION (ca.1190-980 Ma) metamorphism. Some authors have
presented P-T—t paths that have been interpreted in
Important advances have been made in understatelkms of Grenvillian thermal and tectonic processes
ing the relationships between tectonics and metamde.g, Anovitz & Chase 1990, Tuccillet al. 1990,
phism within orogenic belts through the use ofamiesoret al. 1995). However, the well-documented
quantitative pressure — temperature — time (P—T—t) damaperposition of multiple pre-Grenvillian and Gren-
(e.g, Speaet al. 1984, Selverstonet al. 1984) and the villian high-grade metamorphic and tectonic events in
application of one- and two-dimensional thermal-kinemany parts of the Grenville orogee.q, Jamiesoret
matic models€.g, Oxburgh & Turcotte 1974, Englandal. 1992, Tuccilloet al. 1992, Ketchunet al. 1994,
& Richardson 1977, England & Thompson 1984Culshawet al. 1997) means that constructing and inter-
Ruppel & Hodges 1994, Huergh al. 1998). However, preting P-T-t paths from these rocks requires careful
interactions between thermal and tectonic processes, @sdessment of timing and overprinting relationships, and
their consequences for regional metamorphism, remdhe degree to which maximum P-T estimates really re-
poorly understood (Jamiesa@t al. 1998). In ancient flect peak P-T condition®(g, Frost & Chacko 1989,
orogenic belts, these problems are compounded by drostet al. 1998, Pattison 1998). Only then can the
ficulties associated with the construction and interpreaetamorphic data provide quantitative constraints on
tation of P-T—t paths, especially in high-grade rockbe tectonic processes operating during the Grenvillian
(e.g, Jamieson 1988, Frost & Chacko 1989, Vernoarogenesis.
1996), and difficulties in understanding exhumed crustal In this paper, we report metamorphic data from the
sections, which are typically overprinted by later effect®arry Sound and Shawanaga domains along the well-
in terms of fundamental metamorphic processes.  exposed eastern shore of Georgian Bay (Figs. 1, 2, and
The deeply eroded Grenville orogen of the Canadia®). This region contains rocks that were affected only
Shield offers an excellent opportunity to examine thiey Grenvillian metamorphism, and therefore potentially
metamorphic and structural evolution of the lower corprovides the best opportunity to study links between
tinental crust during the development of a collisionahetamorphic and tectonic processes during Grenvillian
orogen of Himalayan proportions.§, Dewey & Burke orogenesis. Our metamorphic data, combined with data
1973, Windley 1986). As a result of late- to posten timing of metamorphism, are consistent with the pro-
Grenvillian extensional and erosional unroofing, middigressive northwest-directed juxtaposition of lithotec-
to deep levels of crust are exposed throughout mosttohic assemblages metamorphosed at progressively later
the Grenville orogen, as shown by the prevalence tifnes. However, we also show that derivation of tec-
granulite- and upper-amphibolite-facies rocksg( tonically meaningful P-T—t paths for these high-grade
Davidson 1986, Riverst al. 1989, Anovitz & Essene rocks is limited by variable overprinting and partial
1990). In the Ontario segment of the Grenville orogene-equilibration of mineral assemblages, fabrics, and
metamorphic and geochronological studies have prtrermobarometers. The extent of overprinting can be
vided thermobarometric and thermochronological cotinked to strain, fluid access, and high-temperature resi-
straints on pre-Grenvillian (>1190 Ma) and Grenvilliardence time.



GRENVILLIAN METAMORPHISM, GEORGIAN BAY, ONTARIO 473

GEOLOGICAL SETTING margin and arc assemblages and continental terranes
lying to the southease(g, Riverset al. 1989, Easton
Regional framework 1992, McLellancet al. 1996). The Ontario segment of

the Grenville orogen comprises (Fig. 1; Wynne-

In the southeastern Canadian Shield (Fig. 1), thedwards 1972): (1) the Grenville Front Tectonic Zone,
Grenville orogen is widely regarded as a Himalayanwhich marks the northwestern boundary of the orogen,
scale, deeply eroded, convergent orogen developed d2nthe Central Gneiss Belt (CGB), which consists
result of collision between the SE-facing Laurentiatargely of reworked high-grade rocks (pre-1400 Ma) of
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Fic. 1. Location of study area and lithotectonic domains within the Central Gneiss Belt (CGB), Ontario segment of the Grenville
orogen. GFTZ: Grenville Front Tectonic Zone, CMBBZ: Central Metasedimentary Belt boundary thrust zone, CMB: Central
Metasedimentary Belt. Heavy barbed lines indicate major thrust boundaries. Thin lines represent domain boundaries afte
Davidson (1984) and Davidson & van Breemen (1988), with minor modifications by Cugtlz1997). Geology of the
Parry Sound and Pointe-au-Baril areas is shown in Figures 2 and 3, respectively. Inset map shows location of study area
Grenville orogen of the southeastern Canadian Shield.
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the Laurentian craton and younger supracrustal sda composite system of magmatic arcs and marginal
guences deposited on its margin, and (3) the Centlalsins é.g, Windley 1989, Easton 1992, Davidson
Metasedimentary Belt (CMB) interpreted as a post-14A®95), accreted to or accumulated on the Laurentian
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Fic. 2. Geological map of (a) the northern Parry Sound and southern Shawanaga domains, and (b) the southern Parry Sount
domain along Georgian Bay (after Davidson 1984, Culstaai; 1989, 1994, Wodicka 1994). The boundaries of the Light-
house assemblage differ slightly from those of the Lighthouse gneiss association of @ulah&1989; their Fig. 2). PI:
Parry Island anorthosite, W: Whitestone anorthosite, I: Isabella Island granitic gneiss. Location of samples used for
thermobarometry is shown.
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Ojibway assemblage Sand Bay assemblage
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Fic. 3. Geological map of the Shawanaga domain in the vicinity of Pointe-au-Baril (after Cetshlat®94, Ketchum 1995).
Lithological contacts are folded by regional-scale NNW-trending folds. Dashes indicate extensional shear zones. SP
Shawanaga pluton, SSZ: Shawanaga shear zone. Location of samples used for thermobarometry is shown.

margin during more than 300 m.y. of tectonic activity1993, Krogh 1994). During and following the later
The CMB overlies the CGB along the crustal-scale Cestages of convergence, much of the Ontario segment of
tral Metasedimentary Belt boundary thrust zone (Fig. 1he Grenville orogen underwent extensierg( Carlson
Hanmer & McEachern 1992). et al. 1990, Culshavet al. 1994, Jamiesoat al. 1995,
Contractional deformation that culminated in contiBusch & van der Pluijm 1996, Busct al. 1996,
nent—continent collision led to the progressive juxtapd<etchumet al. 1998). Whereas the CGB appears to have
sition, internal imbrication, and northwestwardextended by distributed, subhorizontal ductile flow in
translation of Mesoproterozoic allochthonous asseran extremely weak lower crust (Culshatval. 1997),
blages of the CGB and CMB, and reworking of Paleaarrow, steeply dipping, late- to post-orogenic exten-
and Mesoproterozoic parautochthonous units of ttstonal faults characterize the CMB (Carlstral. 1990,
CGB (.9, Riverset al.1989, Easton 1992, Jamiesgin Busch & van der Pluijm 1996, Busel al. 1996).
al. 1992, Davidson 1995, Culshatal. 1997). Thrust Contrasts in geological, metamorphic, and structural
displacement began as earlyasl190 Ma (McEachern histories have been used to distinguish a number of
& van Breemen 1993) and endedcat 980 Ma along lithotectonic units in the CGB (Davidson & Morgan
the Grenville Front Tectonic Zone.f, Haggartet al. 1981, Davidsort al. 1982, Culshavet al. 1983, 1988,
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1989, 1990, 1994). A NW-SE cross-section of the CGB8Vodickaet al. 1996), is now structurally overlain by
and its bounding shear zones shows a crustal-scale liilvotectonic units that have Laurentian affinitié®.(

plex with contrasting structural styles in the upper andoon River and Muskoka domains). The Moon River
lower levels of the crust (Fig. 4a; Culshatal. 1997). domain is interpreted to have been emplaced onto the
Relatively thick parautochthonous uniig( Grenville Parry Sound domain along an out-of-sequence ductile
Front Tectonic Zone and the Britt domain) and transhrust zone (Culshawt al. 1997). The allochthonous
ported allochthonous elements of the Laurentian cratoocks of the CGB are separated from the underlying
(i.e., lower Go Home, southern Rosseau, and Algonquparautochthonous units by a regiodétollementthe
domains; Ketchum 1995) characterize the lower arf@hawanaga shear zone (Fig. 4b; Culskawl. 1994,
intermediate structural levels, respectively. In contragetchum 1995).

thin allochthonous sheets that originated near the Most of the tectonic boundaries shown in Figure 4
Laurentian margini ., Shawanaga and upper Go Homeare interpreted to have originated as NW-directed
domains) and as part of the CMBe(, Parry Sound thrusts, but many of them have been partly or perva-
domain) occupy higher structural levels. The Parrgively overprinted by SE-directed extensional fabrics
Sound domain, with its presumed CMB parentag@ee belowge.g, Culshawet al. 1994, Jamiesoet al.
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Fic. 4. (a) Crustal-scale cross-section extending from the Grenville Front to the CMB (Fig. 1), based on geological and struc-
tural data and seismic reflection profiles (AGL-31, 32, 33 and GLIMPSE-J; €rak®988, Whiteet al. 1994;cf. Culshaw
et al. 1997). Abbreviations: PSD: Parry Sound domain, uGH: upper Go Home domain, GFTZ, CMBBZ, and CMB as in
Figure 1; foreland corresponds to Southern and Superior Provinces in Figure 1. Circles with dots indicate NE-trending line-
ation. Details of the construction techniques are given by Culehaiv(1997). (b) Schematic cross-section along A-A’ of
Figure 1 (after Culshawt al. 1997) showing (1) approximate time of thrusting and extension as determined by U-Pb and
40Ar/3%Ar geochronology for the basal Parry Sound boundary shears and Shawanaga shear zone, (2) distribution of relict
eclogite and coronitic metagabbro in allochthonous units, and (3) U-Pb data for granulite-facies metamorphism (boxes with
square edges), eclogite-facies metamorphism (lozenge-shaped boxes), and amphibolite-facies metamorphism (boxes witt
rounded edges) in the study area. Solid lines represent the boundaries between lithotectonic units shown in Figure 1. Arrows
show shear sense (normal and thrust), and hooked arrow represents an inferred folded thrust. References for age dates a
given in the text.
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1995). The superposition of late orogenic extension @ould be composite (Wodicka 1994, Wodick@aal.
the ductile thrust belt is considered to be responsible f6896). The Twelve Mile Bay assemblage (Wodieka
the subhorizontal structural attitude and NW-trendingl. 1996), which structurally underlies the interior Parry
folds dominant along Georgian Bay (Culshatval. Sound assemblage in the south (Fig. 2b), comprises a
1994). thin sequence of supracrustal rocks (quartzite, pelitic
In this paper, we focus on allochthonous monocygneiss, and amphibolite) in tectonic contact with
clic rocks of the Parry Sound and Shawanaga domaitsnalitic to granodioritic orthogneiss and anorthosite cut
which preserve no evidence for pre-Grenvillian orogeipy mafic dykes. These rocks resemble those of the basal
esis €.g, Wodicka 1994, Ketchum 1995, Culshaiv Parry Sound assemblage, but the quartzite is younger
al. 1997). Their metamorphic mineral assemblages a@eposited afteca. 1140-1120 Ma; Wodickat al.
considered to be entirely of Grenvillian age. Thus, thed®96).
rocks provide the best available constraints on the ther- The Parry Sound domain has clear lithological and
mal and tectonic evolution of this part of the Grenvillage affinities with rocks of the Central Metasedimentary
orogen. The following section summarizes the mo&elt boundary thrust zone and eastern CMB (Wodicka
important features of these allochthonous domains. et al.1996). It is now completely detached from its pre-
Throughout this paper, we use the term “monocyumed southeastern source, implying at least 100 km of
clic” for units affected only by Grenvillian orogenesidisplacement of the allochthon (Fig. 4a). Field evidence
(e.g, Riverset al. 1989). The term “allochthonous” is and U-Pb geochronology suggest that the different
used to describe any far-travelled unit, whether or notlithotectonic elements of the Parry Sound domain were
is inferred to have originally formed part of Laurentimssembled early in the convergence history prior to their
(e.g.,Riverset al. 1989, Culshavet al. 1997, Ketchum final emplacement onto the Laurentian craton (Wodicka
& Davidson 2000). The term “Grenvillian orogenesis’t al. 1996, Culshavet al. 1997).
is used here for events (tectonic, metamorphic, and plu-
tonic) within the rangea. 1190 to 980 Mag.g, Rivers The Shawanaga domain
et al. 1989, Rivers 1997).
The Shawanaga domain (Ketchum 1995), which
The Parry Sound domain structurally underlies the Parry Sound domain, can be
divided into four lithotectonic assemblages (Figs. 2a and
Geological and geochronological data suggest thaf Culshawet al. 1988, 1989, 1994, 1997). In descend-
the Parry Sound domain (Davidson & Morgan 1981ipng structural order, these are the (1) Lighthouse assem-
comprises at least three distinctive lithotectonic asseflage, (2) Sand Bay assemblage, (3) Ojibway assem-
blages. From highest to lowest structural level, thebdage, and (4) Shawanaga pluton. The uppermost
include the: (1) interior Parry Sound, (2) basal Parfyighthouse assemblage comprises interlayered pelitic
Sound, and (3) Twelve Mile Bay assemblages (Fig. 2nd psammitic gneiss (metagreywacke—shale), quartzo-
Culshawet al. 1989, 1994, Wodicka 1994, Wodickd feldspathic gneiss, amphibolite, and calc-silicate
al. 1996). The interior Parry Sound assemblag@ig. 2a). Originally interpreted as belonging to the basal
(Culshawet al. 1994) consists ofa. 1400-1300 Ma Parry Sound assemblage (Culstetwal. 1989, Wodicka
(van Breemeret al. 1986, Wodickaet al. 1996) granu- 1994), the Lighthouse assemblage has been re-assigned
lite-facies metaplutonic rocks ranging from gabbro to the Shawanaga domain primarily on the basis of the
granite, with subordinate metasupracrustal rocks includbsence of mafic dykes, which contrasts with the over-
ing pelitic gneiss, calc-silicate, and marble (Culslkeaw lying units of the basal Parry Sound assemblage
al. 1989, Wodicka 1994). The upper part of the baséCulshaw & Dostal 1997). The structurally underlying
Parry Sound assemblage (Culshetval. 1994) consists Sand Bay assemblage is characterized by migmatitic
of the Whitestone anorthosite (13%050 Ma; van quartzofeldspathic gneiss and schist, quartzite, calca-
Breemenet al. 1986) intruded by the 1388 14 Ma reous gneiss, amphibolite, and rare marble (Fig. 3;
Isabella Island granitic gneiss (Wodicka al. 1996), Davidsoret al.1982, Culshawet al. 1994). Single-crys-
garnet amphibolite of probable igneous origin, and mial zircon dating of a quartz-rich paragneiss indicates
nor pelitic and quartzofeldspathic gneiss. The lower patéposition afteca. 1417 Ma (T. Krogh, unpubl. data).
of the assemblage comprisea. 1400-1330 Ma On the basis of field relations and geochemical data,
tonalitic to granodioritic orthogneiss, the Parry Islangaragneisses of the Sand Bay assemblage are interpreted
anorthosite intruded at 11633 Ma, and posta. 1436 to mark the opening of a Grenvillian ocean or a mar-
Ma quartzite interlayered with pelitic and semipelitiginal basin landward of an Andean-type margin
gneiss and schist, quartzofeldspathic gneiss, amphilf@ulshaw & Dostal 1997). A unit of granodioritic
lite, and marble (Wodickat al. 1996). In contrast to orthogneiss lying above this supracrustal assemblage
the uppermost units, these rocks are cut by variably deas been dated at 134% 3, Ma (U-Pb on zircon; van
formed and metamorphosed mafic dykes emplaced Biteemeret al. 1986). The Ojibway assemblage is domi-
some time between 1163 and 1151 Ma (Wodetkal. nated by migmatitic granodioritic to tonalitic ortho-
1996), suggesting that the basal Parry Sound assemblggeiss (146& 11 Ma; T. Krogh, unpubl. data) in which
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leucosomes become progressively more abundant Rarry Island anorthosite and paragneisses in an adjacent
ward the southeast, close to the contact with the Patoyv-strain area (Fig. 4a; Gower 1992, Wodicka 1994).
Sound domain. It also contains isolated concordant lalyecally, deformed 1163-1151 Ma mafic dykes, which
ers of granitic gneiss and amphibolite, as well as pelitbemselves carry a northeast-plunging lineation, cut at
gneiss, which occurs as enclaves in orthogneiss and ia anoderate angle the orogen-parallel fabric incdae
large exposure of supracrustal rock (Fig. 3) previously163 Ma Parry Island anorthosite. Orogen-parallel de-
mapped as a tectonic window of the Britt domaiformation in the basal Parry Sound assemblage thus
(Culshawet al. 1994). The lowermost Shawanaga pluappears to have been broadly coeval with emplacement
ton, a granitic to granodioritic orthogneiss, forms anf the Parry Island anorthosite and mafic dykes
elongate body between the parautochthonous Britt dWodicka 1994).
main and the Ojibway assemblage (Fig. 3). Dated.at =~ Boundaries separating lithotectonic assemblages are
1460 Ma (T. Krogh, unpubl. data), this pluton is similadistinguished by the presence of kinematic indicators,
in age to both the Britt domain and the Ojibway granlecalized zones of high strain, truncation of structures
toid orthogneisses. The monocyclic rocks of th& adjacent rocks, and contrasts in tectonostratigraphy
Shawanaga domain are interpreted to represent the ré@ulshawet al. 1994, 1997, Wodicka 1994, Ketchum
nants of an active, post-1450 Ma Laurentian margit995). The interior Parry Sound — basal Parry Sound
(Culshaw & Dostal 1997, Culshaet al. 1997). contact is a thrust-sense shear zone that coincides with
In the Shawanaga domain, rare layers of garnet-bearsharp lithological break (Fig. 4b). The lower bound-
ing amphibolite interpreted as mafic dykes are confinety of the basal Parry Sound assemblage the Parry
to the Sand Bay assemblage (Ketchum 1995, Culsh&wound — Shawanaga contact, is interpreted as a cryptic
& Dostal 1997). These dykes are texturally distinct frorthrust that is overprinted by a discrete extensional shear
mafic dykes in both the underlying Britt and overlyingzone developed within thick, older tectonites (Culshaw
Parry Sound domains, and may represent syn-volcarical. 1994, 1997, Wodicka 1994). Geochronological
intrusions (Culshaw & Dostal 1997). Minor mafic in-data suggest that displacements along the thrusts were
trusions in the Ojibway assemblage and Shawanaga phot contemporaneous. The thrust separating the basal
ton include small podiform bodies of metagabbro, andarry Sound assemblage from the overlying interior
garnet—clinopyroxene-rich rocks interpreted as retré&arry Sound assemblage has been dateal 4159 Ma
graded eclogites (Fig. 4b; Davidson 1990, 1991). ThHgan Breemeret al. 1986). Though not dated directly,
metagabbro bodies belong to tbe. 1170-1150 Ma thrust displacement along the Parry Sound — Shawanaga
(Davidson & van Breemen 1988, van Breemen &ontact probably occurred, at least in pargatl120
Davidson 1990, Heaman & LeCheminant 1993Wa (Wodicka 1994).
coronitic olivine metagabbro suite that occurs through- The allochthonous Shawanaga domain is separated
out the CGB, with the exception of the Parry Sound aritbm the parautochthonous Britt domain by the shal-
Britt domains €.g, Grant 1987, Davidson 1991).lowly to moderately dipping upper-amphibolite-facies
Though similar in age, the coronitic metagabbros do nBhawanaga shear zone (Ketchum 1995). The shear zone
have the same chemical or physical attributes as tb@ncides with an important seismic reflector that dips
1163-1151 Ma mafic dykes of the basal Parry Sourmgntly beneath the Parry Sound domain (Whital.
assemblage (N. Wodicka, unpubl. data, A. Davidso994). It displays dominantly top—to-the-southeast ex-

pers. commun., 1998). tensional kinematic indicators, but there is evidence that
the extensional shear zone reactivated an older thrust
Structure with opposite vergence (Culshawal. 1994, Ketchum

1995, Ketchumet al. 1998). Geochronological con-

Rocks throughout the Parry Sound and Shawanagimaints indicate that major extensional displacement
domains were deformed by penetrative ductile flowlong the Shawanaga shear zone occurred.dt020
during the Grenvillian orogeny. Lithological boundariedla (Ketchumet al. 1998).
are generally parallel to the dominant fabric, a gneissic Large, recumbent, nappe-like folds in the Shawanaga
foliation (dominantly S L), with a shallow to locally domain (Culshawet al. 1989, 1994) and isolated, re-
steep, southeast-dipping enveloping surface associatdidied folds in the interior Parry Sound assemblage
with a southeast-plunging lineation. Although locallyCulshawet al. 1989), and possibly also in the basal
overprinted by extensional shear in high-strain zon&arry Sound assemblage (Gower 1992), are interpreted
(see below), the dominant gneissic fabric in both the have formed during thrust-related deformation
Parry Sound and Shawanaga domains formed durif@ulshawet al. 1994, 1997). Extension-related defor-
northwest-directed thrusting, as suggested by sparsation produced regional-scale, upright, north-north-
kinematic indicators and extension lineatioesgy(, west-trending folds with subhorizontal enveloping
Davidson 1984, Culshaet al. 1994, Wodicka 1994, surfaces in both the Shawanaga domain and its footwall
Ketchum 1995). In the basal Parry Sound assemblagéBaitt domain) (Fig. 3p.g, Culshawet al. 1994, 1997).
northeast-trending lineation is preserved within the
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The Parry Sound domain

PETROGRAPHICRELATIONS
The mineralogical and textural characteristics of Mineral assemblages in the Parry Sound domain

monocyclic rocks from the Parry Sound and Shawanadacument conditions ranging from lower amphibolite

domains are outlined below and in Tables 1 and 2. At granulite facies (Fig. 5). In theterior Parry Sound

breviations for mineral names are mainly after Kretassemblagemetamorphism generally occurred in the
granulite facies (Anovitz & Essene 1990), although ret-

(1983).
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TABLE 1. MINERAL ASSEMBLAGES AND TEXTURAL RELATIONS IN
PARRY SOUND DOMAIN ROCKS

Unit

Lithology

Mineralogy

Texture

Northern interior
Parry Sound
assemblage

Southern interior

Pelitic granulite

Mafic gneiss and
granulite

Mafic gneiss

peak: Sil - Grt - Bt - Qtz + Kfs +
Pl=+ Spl+ Opx + Rt + Ilm

pb: Crt (Qtz - Sil - Bt - Spl - RY),
Kfs (Qtz - Bt), Opx (Grt), Spl
(Bt - Qtz)

peak: Hbl - P1+ Opx = Cpx £ Qtz
+ Grt + Bt £ Ilm

pb: Grt (Qtz - P1 - Hbl), Hb! (PI -
Qtz - Ap), Opx - Cpx (Hbl - P1)

retro: Hbl - P1+ Bt £ Ep + Tt [+

Thrust-related fabric; well-developed
porphyroclastic texture; minor retrogression

Thrust-related fabric; subequigranular

Parry Sound Cpx + Opx] granoblastic texture; extensively retrograded
assemblage
Upper part of Group-I pelitic retro: Grt - Bt- P1- Kfs - Qtz - Pervasive thrust-related fabric; highly embayed
basal Parry Sound  gneiss Ky - Sil = Rt £ [Im garnet porphyroclasts (subidioblastic to
assemblage pb: Grt (Qtz - Bt - Zm - P1 - Kfs - xenoblastic) with plagioclase coronas/moats
Ap - Sil), Ky in both pelitic and mafic rocks
Garnet amphibolite  refro: P1 - Hbl £ Grt + Cpx + Tin
+Bt+Qtz
‘Whitestone retro: Pl - Hbl + Grt = Bt + Cpx =
anorthosite Ilm 4 Ttn £ Scp + [Opx]
Lower part of Parry Island peak: Opx - Hbl - P1+ Grt + Cpx  NE-plunging lineation defined by Opx; locally
basal Parry Sound  anorthosite and mafic developed coronitic texture in anorthosite;
assemblage dykes well-equilibrated, granoblastic texture in
mafic dykes.
retro: PL- Hbl = Sep £ Cpx £ Grt  Pervasive thrust-related fabric; granoblastic
+Bt+ Ttn + Qtz + Cal texture
Group-I1 pelitic retro: Grt - Bt- P1- Sil - Gr- 8t-  Coarsely recrystallized and strongly
schist Qtz+ Rt = Ilm - [Ky - Kfs - retrograded; folds and crenulations with NE-
Grt] and SW-plunging axes
pb: Grt (Qtz - P1L- Kfs - Sil - Rt -
Ilm - Bt - Gr), Ky, P1(Sil), St
Tonalite/granodiorite  refro: Bt-Pl- Qtz+ Kfs £+ Grt+  Pervasive thrust-related fabric; granoblastic
gneiss Hbl + Cpx =+ Ttn £ [Opx] texture
Twelve Mile Bay  Pelitic gneiss retro: Grt - Bt- Qtz - P1 - Kfs - Pervasive thrust-related fabric; well-
assemblage Sil + Rt + lm equilibrated granoblastic texture

Mafic gneiss

pb: Grt (Bt - Qtz - P1 - Kfs - Sil -
Zc), Kfs

retro; P1-Hbl + Grt+ Qtz + Bt +
Ttn [+ Opx + Cpx]

Notes: peak’= peak mineral assemblage; 7refro’ = mineral assemblage that developed subsequent to peak metamorphism; pb’=
porphyroblasts. (...) indicates minerals present as inclusions in porphyroblasts and [ ...} indicates highly embayed and/or corroded

minerals.

rogression to the amphibolite facies is extensive in tharry Sound assemblage (Table 1), although kyanite has
south and southeast (see below and Fig. 5; Hanni®en reported from several localities north and east of
1984, Culshavet al. 1989). Sillimanite is the ubiqui- the study area (Anovitz & Essene 1990, Davidson, pers.
tous aluminosilicate in pelitic granulites (N122bcommun., 1990). In most pelitic granulites, porphyro-
N125b, N130a, and N131a) from the northern interiarlastic fabrics are prevalent (Fig. 6a): thermal peak min-
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TABLE 2. MINERAL ASSEMBLAGES AND TEXTURAL RELATIONS IN
SHAWANAGA DOMAIN ROCKS

Unit Lithology Mineralogy Texture
Lighthouse Pelitic gneiss peak: Grt - Ky - Kfs - P1- Qtz - Pervasive thrust-related fabric; garnet ranges in
assemblage Bt+Rt+1lm shape from subidioblastic to elongate grains
pb: Grt (Qtz-Bt-1lm - Rt - P1 with their long axes parallel to the foliation;
-Kfs-Ms-Gr-Zm- Ap - late retrogression to muscovite
Py), Ky
Pelitic mylonite retro: Grt - Kfs - PL- Qtz - Ky -  Strong extensional fabric; fine-grained mylonitic
Sil - Bt = Rt + [Im matrix; lack of retrogression to muscovite in
pb: Grt (P1 - Ky - Sil}, Ky, Kfs pelitic rocks; plagioclase coronas around gamnet
porphyroclasts in amphibolites
Amphibolite retro: Hbl - P1 + Grt £ Bt + Qiz
+ Sep [+ Cpx]
Sand Bay Paragneiss retro: Qtz - Kfs - P1- Bt - Ms-  Strongly migmatitic; pervasive thrust-related
assemblage Ep+Hbl+Ttn+ Chi+ Rt + fabric except in Shawanaga shear zone where
Tim extensional fabrics prevail; equigranular
granoblastic texture
QOjibway Tonalite/granodiorite refro: P1-Kfs - Qtz - Hbl - Bt - Strongly migmatitic; pervasive thrust-related
assemblage gneiss Ttn+ Grt + Ep fabric except in Shawanaga shear zone where
extensional fabrics prevail; mildly deformed
Amphibolite retro: Hbl - P1- Qtz - Bt + Grt metagabbro retains subophitic and coronitic

+Ep textures, whereas intensely recrystallized
coronite is reduced to amphibolite
retro: Pl - Qtz - Kfs - Bt - Grt +
Ky +Sil+ Ms + [lm + Rt + Gr
pb: Grt (Qtz - Bt - Rt), Ky (Qtz
- Bty

Pelitic gneiss

Coronitic metagabbro refro: Grt - Hbl - P1- Cpx - Ilm
and relict eclogite - Bt [+ Opx]

Notes: ‘peak’” = peak mineral assemblage; retro’ = mineral assemblage that developed subsequent to peak metamorphism; pb’=
porphyrobiasts. (...) indicates minerals present as inclusions in porphyroblasts and [...] indicates highly embayed and/or corroded
minerals.

eral phases, including garnet (Alsfras{Grsi4  recrystallization of perthitic feldspar into discrete albite
Sps-4), perthite, orthopyroxene (kdfrs2), and spinel, and K-feldspar grains.

occur as porphyroclasts wrapped by a foliation defined In mafic gneiss and granulite (N144 and N171) from
by aligned crystals of prismatic sillimanite, biotite, andhe northern interior Parry Sound assemblage, garnet
ribbon quartz. Biotite compositions are Mg-rich (0.19 €<Almsg_sPrpi1-15rS0-215p$-g), Orthopyroxene, am-
Xre< 0.31,i.e., phlogopite; 4-5% Tig) and are hetero- phibole, clinopyroxene, and plagioclase form porphy-
geneous on the scale of a thin section. In most samplexlasts in a fine-grained matrix of plagioclase {Ag),
there is no distinct correlation between Fe/(Fe + Mgjuartz, amphibole (ferropargasite), orthopyroxene,
and TiG content of the biotite with its color, morphol-clinopyroxene, biotite, and ilmenite. In strongly de-
ogy, or location with respect to garnet in a single setermed samples, hornblende, plagioclase, and ortho-
tion. Recrystallized plagioclase in the matrix is generallyyroxene porphyroclasts are recrystallized to finer-
sodic (Ano-27), and there is no significant compositionagrained equivalents along their margins. The alignment
variation within individual samples except N130a §An of orthopyroxene, clinopyroxene, amphibole, and biotite
12). Sillimanite is either entirely enclosed within garnetrystals within the main foliation documents the
porphyroclasts or defines curved trails of inclusions thaynmetamorphic nature of the thrust-related fabric. Late
are continuous with the thrust-related fabric in thalteration is restricted to minor growth of late amphi-
matrix. Sillimanite prisms in the matrix are aligned parbole around pyroxene, late biotite around and within the
allel to the extension lineation. Locally, minor retrocleavage planes of hornblende, and titanite around
gression led to secondary growth of biotite, and to thienenite.
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Fic. 6. Typical metamorphic textures in Parry Sound domain rocks. Numbers in square brackets indicate width of field of view.
(a) Porphyroclastic texture in pelitic granulite (N130a), interior Parry Sound assemblage. Highly embayed garnet porphyroclast
wrapped by mylonitic foliation defined by fine-grained biotite and ribbon quartz [5 mm)]. (b) Garnet porphyroclast in a Group-
| pelitic gneiss (N76b) with slightly curved trails of inclusion of sillimanite that pass continuously into the matrixrfoliatio
upper part of the basal Parry Sound assemblage. Note resorption embayments filled with mostly biotite and some quartz [2
mm]. (c) Well-equilibrated, granoblastic texture in granulite-facies mafic dyke (N153c) containing plagioclase, orthopyroxene,
hornblende, and garnet, lower part of the basal Parry Sound assemblage [7 mm]. (d) Strongly retrograded and coarsely
recrystallized Group-II pelitic schist containing biotite, sillimanite, garnet, muscovite, and relict kyanite, lower part of th
basal Parry Sound assemblage [2.5 mm]. (e) Embayed garnet porphyroclast in pelitic gneiss (N205a) with coarse feldspar anc
biotite inclusions, Twelve Mile Bay assemblage. Note pressure shadows filled with biotite and quartz [5 mm]. See text for
further details.
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Overall, the textural relationships outlined above fagarnet porphyroclasts (Fig. 6b). Plagioclase occurs as
the pelitic and mafic rocks from the northern interiogranoblastic to xenoblastic matrix grains ¢&nand
Parry Sound assemblage suggest that thrust-related ldeally forms a thin moat around garnet. Kyanite occurs
formation occurred under granulite-facies conditionas corroded porphyroclasts aligned parallel to the main
(Table 1), which caused recrystallization of pre-existnatrix foliation, whereas sillimanite defines inclusion
ing assemblages without retrogression. Both rock typasils in the rim of garnet that pass continuously into the
also show evidence for minor, late-stage retrogressianatrix foliation (Fig. 6b). As indicated by its highly
In some cases, retrogression of the granulite-facies roekabayed morphology, kyanite probably ceased crystal-
can be related to the emplacement of late pegmatitizing prior to sillimanite.
dykes, as indicated by the presence of retrograde haloesGarnet amphibolite (N74c), spatially associated with
adjacent to the dykes. Group-| pelitic gneiss, contains garnet (AbRrps

Rocks exposed in the southern interior Parry Souriérs;Sps) typically rimmed by plagioclase coronas.
assemblage are characterized by upper-amphibolite-fedhe composition of the matrix plagioclase (Anis
cies assemblages (Fig. 5b) and are texturally distinmtiform at the thin-section scale. Clinopyroxene occurs
from rocks in the northern part of the assemblage (Talds xenoblastic porphyroclasts, as inclusions in garnet,
1). In the study area, evidence for the retrograded rend as a matrix phase (W&nsFsis). Amphibole
ture of the amphibolite-facies assemblages includes (t)agnesiopargasite) variably replaces clinopyroxene.
the presence of numerous patches of granulite-faci€sese textural features suggest that the plagioclase —
rocks scattered throughout the predominantly grey tmrnblende assemblage may be the consequence of the
black gneisses, (2) relict clinopyroxene and orthopylecompression—hydration reaction:
roxene grains rimmed by biotitehornblende, and (3)
the presence of epidote and titanite. Field relationships Pl + Hbl = Grt + Cpx + KO @)
indicate that extensive hydration and re-equilibration of
the granulites occurred in response to fluid infiltratiofHicks 1992). For consistency, all reactions are written
along the boundary of the Parry Sound and Moon Riveiith the higher-T assemblage on the right-hand side of
domains (Culshawt al. 1997). In sample N192a, com-the equation.
positionally homogeneous garnet (AlRrpGrssSps) In thelower part of the basal Parry Sound assem-
forms strikingly poikiloblastic grains, with inclusionsblage granulite-facies assemblages are well preserved
of quartz, plagioclase, and amphibole. Amphibolenly in the core of the mildly deformed Parry Island
(ferropargasite) and plagioclase @Analso occur as anorthosite and its cross-cutting mafic dykes (Table 1,
recrystallized grains in the matrix. Figs. 5a, 6¢). Mafic dykes (N153c) contain texturally

Rocks from theipper part of the basal Parry Soundwell-equilibrated orthopyroxene (EifFss4), amphibole
assemblagecontain mostly upper-amphibolite-facies(magnesiopargasite), plagioclase §4nand garnet
assemblages (Table 1, Fig. 5a). However, previous peMms:PrpsGrsoSps). Peak-grade assemblages in the
rological, compositional, and thermobarometric studiemnorthosite are characterized by secondary orthopy-
from the garnet amphibolite unit (Fig. 2a) provide eviroxene, clinopyroxene, hornblendegarnet coronas
dence for an earlier granulite-facies metamorphisaround relict igneous orthopyroxene. Locally, the
(Hicks 1992). Garnet amphibolites contain the asserarogen-parallel, NE-plunging lineation in the anor-
blage Hbl + Pl + quartzofeldspathic pad&rt+ Cpx+  thosite is defined by the alignment of orthopyroxene
Grt £ Bt + Ttn, whereas pelitic rocks are characterizedrystals. Toward the margin of the anorthosite body, the
by Grt + Ky + Sil + Kfs + Pl + Qtz + Bt + quartzofelds-mafic dykes and the fabric in the anorthosite are trans-
pathic podst lIm + Rt assemblages. The Whiteston@osed into parallelism. Anorthosite is mostly character-
anorthosite contains Pl + HbIGrt+ Bt + Cpx+ llm + ized by upper-amphibolite-facies Pl + HbScp+ Cpx
Ttn =+ Scp assemblages. + Grt+ Qtz+ Bt + Ttn+ Cc assemblages that developed

Pelitic rocks from the upper part of the basal Parrgynkinematically. Pervasive, thrust-related deformation
Sound assemblage are texturally distinct from thoseansformed the mafic dykes within the margin of the
from the lower part of the assemblage (Table 1) and anrorthosite and within the host rocks to amphibolites
here referred to a&roup-I pelitic gneisses. In these (Hbl + Pl+ Grt+ Cpx+ Qtz+ Bt + Ttn). Similarly, the
gneisses (N75c and N76b), large garnet porphyroclagara- and orthogneisses flanking the anorthosite show
(Alm7o_7Prpe—2£5rs-sSp$-3) contain fine-grained in- penetratively overprinted fabrics and upper-amphibo-
clusions in their core, and fewer but very coarse-grainéitt-facies assemblages (Fig. 5a). Pelitic gneisses are
inclusions in their rim. A second generation of smallecharacterized by Grt + Bt + Qtz + Pl + Kfs + Ky +
inclusion-poor, idioblastic garnet crystals is common iguartzofeldspathic pods Sil + Rt + Ilm assemblages,
the matrix. Biotite is found both as laths that define thehereas tonalitic and granitic gneisses contain Bt + Pl
matrix foliation (0.52 Kre< 0.54; 3.5-4.0% Tig) and + Qtz + quartzofeldspathic podsKfs + Grt + Hbl +
as coarse grains together with quartz and kyanite in t8px+ Ttn assemblages. Rare occurrences of relict meta-
pressure shadows and resorption embayments aroundrphic orthopyroxene in the strongly deformed
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orthogneisses suggest that the flanking gneisses shangle to the external foliation. In contrast, sample N73
the same metamorphic history as the Parry Island arentains a second generation of smedl. ¢ mm) and
orthosite and mafic dykes. These features combineitelusion-free garnet grains (AbPrp4GrsSps).
indicate that (1) rocks in the lower part of the basal Parry The Twelve Mile Bay assemblage characterized
Sound assemblage underwent an earlier granulite-faci®s mostly upper-amphibolite-facies rocks (Fig. 5b).
metamorphism during orogen-parallel deformation, (Felitic gneisses (N205a) contain the assemblage Grt +
growth of the upper-amphibolite-facies minerals waBt + Qtz + Pl + Kfs + Sil + quartzofeldspathic pods,
synchronous with thrust-related deformation, and (3) theth the notable absence of kyanite. Garnet (@Rme
upper-amphibolite-facies para- and orthogneisses weeessSps) either occurs as large, embayed poikiloblasts
formerly granulite-facies rocks. (Fig. 6e) or as smaller, subidioblastic, and inclusion-
Locally, pelitic rocks from the lower part of the basapoor grains in the matrix. Garnet and feldspar porphyro-
Parry Sound assemblage contain lower-amphibolite-felasts are wrapped by the matrix foliation defined by
cies assemblages. Here referred t@&asup-Il pelitic  aligned prismatic to acicular sillimanite, biotite, and rib-
schists (N59, N73, and N138), these coarsely recrysthbn quartz. Compositions of the matrix biotite show a
lized rocks occur directly east of the Parry Island amonsiderable variation in Fe/(Fe + Mg) (0.4X& <
orthosite (Fig. 5a). In this area, the highest-grad®48). A correlation exists between a high ratio of gar-
minerals (garnet, K-feldspar, and kyanite) are typicallyet to biotite Vgame{Vbioite > 1) and a low Fe/(Fe + Mg)
corroded and altered, and the new assemblage comprigalsie in biotite.
garnet, plagioclase, sillimanite, staurolite, and musco- Although most mafic rocks of the Twelve Mile Bay
vite (Fig. 6d). Locally, garnet porphyroblasts are paassemblage have been converted to amphibole, these
tially rimmed by intergrowths of sillimanite and biotite.rocks locally preserve granulite-facies assemblages
The presence of a staurolite rim around kyanite suggeétble 1). Evidence for retrogression includes the pres-

the following low-temperature reaction: ence of a hornblende biotite rim around pyroxene
grains. The alignment of hornblende and biotite within
St + Ms + Qtz = Alm + Ky + Bt + bD (2) the main foliation suggests that growth of these lower-

temperature minerals was synchronous with deforma-
These relationships suggest that the lower-amphibolitéen related to thrusting. Amphibolitic rocks (N204b)
facies assemblages are retrograde and formed at toatain garnet porphyroblasts (AJgRrpsGrssSps),
expense of the upper-amphibolite-facies assemblagamphibole (ferropargasite), plagioclase {§At quartz
In a manner analogous to pressure shadows with rettobiotite + titanite. The textural features in the pelitic
grade assemblages adjacent to porphyroblasts, theard mafic rocks of the Twelve Mile Bay assemblage
striction of the retrograde lower-amphibolite-faciesombine to indicate upper-amphibolite-facies conditions
assemblages to a low-strain area adjacent to the Patuying thrust-related deformation.
Island anorthosite suggests an origin related to a “mega-
pressure-shadow” effect (Wodicka 1994). The Parfjhe Shawanaga domain
Island anorthosite is considered to have behaved as a
rigid body during penetrative thrust-related deformation. In contrast to the Parry Sound domain, migmatitic
Group-II rocks in the strain shadow of the anorthositepper-amphibolite-facies assemblages are characteris-
would have been shielded from maximum compressitie of the Shawanaga domain (Figs. 5a, 7), although
stress by their proximity to the rigid anorthosite. Retrasrthopyroxene is present in coronitic metagabbro and
gression and coarse recrystallization of these rocks weedict eclogite (Table 2). Pelitic gneiss (N7f, N31a, and
most likely contemporaneous with both thrust deforma@N43b) from the structurally highekighthouse assem-
tion and the related upper-amphibolite-facies metamdstage(Fig. 2a) contains the assemblage Grt + Ky + Kfs
phic overprint in the gneisses flanking the anorthosite. Pl + Bt + quartzofeldspathic pod$Rt+ Iim (Table 2,

The matrix foliation in Group-Il pelitic schists isFig. 8a). Garnet (Alrs_7Prpi3-15rs-sSps-3) forms
defined by biotite (0.41 Xre < 0.44; 2—4% TiQ), sil- fractured porphyroclasts with abundant, generally fine-
limanite, graphite, and locally kyanite. Plagioclase ograined inclusions in its cores that commonly define
curs either as a matrix phase Any) or as idioblastic straight to weakly sigmoidal trails of inclusions oriented
porphyroblasts (As) that overgrow matrix crenula- at a high angle to the matrix fabric. Rare inclusions in
tions. Sillimanite outlasted growth of kyanite, but is itthe rim are of similar size to the matrix. Plagioclase
self overprinted by muscovite in highly retrograded¢ompositions are homogeneous within a given sample
samples. Garnet forms several morphological populéAn,g_3). The penetrative thrust fabric is defined by
tions. In samples N59 and N138, garnet (AmPrpis-  coarse quartz-aggregate ribbons, kyanite, and biotite
15Gr$Sp$-3 occurs as porphyroblasts up to 2 cm if0.44 <Xge < 0.46; 3—4% Ti@). These minerals are
diameter with few to abundant inclusions in their coredeformed around the garnet porphyroclasts. These fea-
that are either crystallographically oriented or definkires suggest that the high-pressure phases grew prior
straight to curved trails of inclusions oriented at a higto or during thrust-related deformation. Leucosomes of
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Fic. 7. Simplified geological map of the northern Shawanaga domain showing (1) the distribution of the amphibolite-facies
domain and relict eclogite, and (2) P-T results across the study area. Abbreviations are as in Figure 3.

coarse-grained plagioclase + quartz + K-feldgpgar- and sillimanite are also present as inclusions in the rim
net are oriented parallel to the main foliation and a& garnet porphyroclasts, and sillimanite locally defines
commonly rimmed by kyanite and biotite. inclusion trails that are continuous with the matrix fo-
At the Parry Sound — Shawanaga contact (Figs. dmtion. The restriction of sillimanite and of garnet rims
4b), late extensional shearing transformed the pelitiith kyanite inclusions to the pelitic mylonites suggests
gneisses and amphibolites of the Lighthouse assembldhat these phases grew during late extensional deforma-
into mylonites (Wodicka 1994). The pelitic mylonitestion. In some places, inclusion trails in garnet cores are
(N1d, N71b, and N58a) differ from the gneisses by theabruptly truncated against kyanite, which itself contains
finer grain-size, the presence of sillimanite, and loweénclusion trails oriented parallel to the matrix foliation.
modal proportions of biotite. The latter two featureJhis suggests that kyanite formed after growth of gar-
suggest relatively high-temperature conditions duringet cores, possibly as a result of a continuous reaction
mylonitization. Garnet, kyanite, and perthite occur asf the type:
highly fractured and disaggregateide(, kyanite)
porphyroclasts in a mylonitic matrix consisting of re- Bt + Ky + Qtz = Grt + Kfs + HO 3)
crystallized quartz, K-feldspar, plagioclase, sillimanite,
biotite (0.38 <Xre < 0.46; 4-5% TiQ), and rutile (Fig. Kyanite along garnet margins is deformed, suggesting
8b). Garnet is almandine—pyrope-rich (Alny#rpi- operation of this reaction before or during extensional
28GrssSpsg) with significant zoning from core to rim shear. Ketchum (1995) observed similar relationships
(from AlmgPrp0GresSps to AlmzPrp/GrssSpg) de-  in pelitic rocks within the Shawanaga shear zone.
tected in one sample (N71b). Coarse inclusions of pla- Pelitic mylonites of the Lighthouse assemblage at the
gioclase in the core of the zoned garnet are less soBiarry Sound — Shawanaga contact lack retrograde mus-
(Angg) than matrix plagioclase (AgL,). Both kyanite covite, whereas most pelitic gneisses in the immediate
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Fic. 8. Typical metamorphic textures in Shawanaga domain rocks. Numbers in square brackets indicate width of field of view.
(a) Pelitic gneiss (N31a) containing garnet porphyroclast with inclusion-rich core mantled by an inclusion-free rim, Light-
house assemblage. Note aligned kyanite in matrix [6.5 mm]. (b) Pelitic mylonite from the Parry Sound — Shawanaga contact
with mylonitic foliation defined by aligned biotite, strongly disaggregated kyanite, and ribbon quartz, Lighthouse assemblage
[6.5 mm]. Compare grain size and texture with those in Figure 8a. (c) Amphibole, biotite, and apatite in recrystallized,
granoblastic quartzofeldspathic schist, Sand Bay assemblage [5.7 mm]. (d) Recrystallized aggregate of orthopyroxene,
clinopyroxene, hornblende, and garnet in coronitic metagabbro (125), Ojibway assemblage [5.7 mm]. See text for further
details.

footwall show evidence for minor retrogression of kyadant leucosome hosting porphyroblasts of muscovite,
nite, garnet, and K-feldspar to muscovite. The coarseagnetite, amphibole, and clinopyroxene. Paragneiss
laths of muscovite locally form foliation “fish” with an contains the assemblage Qtz + Kfs + Pl + Bt + Ms + Ep
extensional sense of shear. These features are consi$ibl + Ttn + Chl + Rt + lIm (Fig. 8c). Plagioclase
tent with juxtaposition of cooler basal Parry Soundanges from fresh to strongly sericitized, with over-
hanging-wall rocks on hotter Lighthouse footwall rockgrowths of muscovite, calcite, and epidote. Other over-
along an extensional shear zone. growth relationships include muscovite on biotite,

Mylonitized garnet amphibolite (N1c) within the epidote on allanite, and titanite on ilmenite. In contrast
extensional shear zone contains garnet ¢8Rrpy  to the Ojibway gneisses, muscovite and chlorite are
Grs:1Sps), plagioclase, and hornblende porphyroclasigbiquitous in the Sand Bay gneisses. The differences in
in a fine-grained mylonitic matrix consisting of recrysimineral assemblages and textures between the Ojibway
tallized hornblende (ferropargasite) and plagioclasnd Sand Bay assemblages (Table 2) may be attributed
(Angy). Garnet porphyroclasts are highly resorbed arid variations in composition of the bulk rocks or meta-
typically immed by a plagioclase corona. morphic fluid (or both).

Although strongly deformed by extensional shear In the Ojibway assemblagéFig. 3), amphibolite
fabrics, all lithologies of the&Sand Bay assemblage(208b) contains the assemblage Hbl (magnesio-
(Fig. 3) show granoblastic polygonal textures, suggegiargasite) + Pl + Qtz + BXfe = 0.42; 4% TiQ) + Grt
ing widespread recovery and postkinematic growth af Ep. Garnet (AlmPrpsGrs2Spsg) occurs as rare,
the grains. With few exceptions, all units contain aburembayed relics in a plagioclase-rich gmmatrix, sug-
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gesting that garnet-consuming decompression reactid®smmary and interpretation

largely went to completion. In pelitic gneiss (D47a and

129b), garnet occurs as embayed porphyroblasts The mineral assemblages presented above, together
(Alm7z_7Prpi1-16rs sSps-129) in a matrix of plagio- with evidence for partial melting.€., quartzofelds-
clase (Ang_p9, biotite (0.55 <Xre < 0.60; 4% TiQ), pathic pods), place first-order constraints on the P-T
kyanite, sillimanite, and quartz, suggesting that presenditions during thermal peak metamorphism and sub-

sure-sensitive reactions of the type: sequent overprinting events in the Parry Sound and
Shawanaga domains. In the interior Parry Sound assem-
Pl = Grt + AbSIiOs + Qtz (4) blage, the presence of orthopyroxene in pelitic granu-

lites (Table 1) suggests that temperature conditions were
were responsible for garnet consumption. Muscovite &ove the lower-T limit of the dehydration-melting re-
normally retrograde, but locally forms part of the equiaction:
librium assemblage. Kyanite ranges from idioblastic
prisms to strongly embayed relics. Sillimanite ranges Bt + Qtz+ Pl = Opx + Kfs + L 5)
from coarse-grained prisms to fibrolite, but mainly
forms bundles of acicular grains aligned within the foFor typical pelitic rocks, this reaction is crossed at800
liation. These textural relationships suggest that sillle.g, Spear 1993). The local occurrence of the peak
manite crystallized after kyanite. assemblage Opx-Sil-Qtz in these granulites (Table 1;
Metamorphic assemblages in coronitic metagabbidavidsonret al. 1990) constrains pressures to more than
in the Ojibway assemblage and Shawanaga plutabout 9 kbar at 80C (e.g, Carrington 1995, Aranovich
record higher-grade conditions than those indicated ByBerman 1996).
their host rocks (Table 2). Metastable preservation of Rocks from the upper part of the basal Parry Sound
early, high-grade assemblages in metabasite is comnamsemblage are extensively retrograded to upper-am-
as reaction kinetics are relatively sluggish in these dphibolite-facies assemblages (Fig. 5a). Textural features
competent rockse(g, Brodie & Rutter 1985, Indares within Group-I pelitic gneisses (see above) are consis-
1993). Where undeformed or only mildly deformedtent with a P-T path that evolved from the stability field
metagabbro (125) retains a subophitic texture and eofsillimanite, then toward and probably across the Ky—
hibits metamorphic coronas formed by reaction of prSil boundary, and back into the stability field of silli-
mary olivine and Fe—Ti oxide with igneous plagioclasmanite. The coexistence of these aluminosilicates with
(Davidson & van Breemen 1988). Recrystallized dd{-feldspar indicates temperature conditions above the
mains contain the assemblage Grt (AJRTpsGrs, dehydration melting of muscovite according to the re-
Sps) + Hbl (magnesiopargasite) + Pl (4 + Cpx action:
(Wos2Ens7Fsis; 0.78% NaO) + Ilm + Bt (Xre = 0.48;
4% TiO,) £ Opx (Fig. 8d). Where intensely recrystal- Ms + Qtz+ Pl = Ky or Sil + Kfs + L (6)
lized, coronitic metagabbro is reduced to fine-grained
garnet amphibolite with vestiges of a subophitic texturén addition, the presence of leucosomes with garnet in
A tectonic enclave of fine-grained, garnet—clinopythese gneisses indicates that the reaction:
roxene-rich metabasite, hosted by straight gneiss of the
Ojibway assemblage in the Shawanaga shear zone, conBt + Ky or Sil + Qtz+ Pl = Kfs + Grt + L @)
tains a similar assemblage of minerals as found in the
recrystallized coronitic metagabbro. The unfoliated coso occurred. For plagioclase-bearing pelitic rocks, re-
of this body, characterized by abundant clinopyroxeneetions (6) and (7) occur at 680-7@0andca. 750°C
plagioclase symplectite, is reduced to foliated amphib@for pressures between 6 and 10 kbar), respectively
lite near the margins. Orthopyroxene is a relict matrifteBreton & Thompson 1988, Vielzeuf & Holloway
phase in symplectite. Reaction textures and minera988). The absence of orthopyroxene implies tempera-
composition suggest that mafic bodies identical to thtares less than about 8@
enclave throughout the Central Gneiss Belt are re-equili- In the lower part of the basal Parry Sound assem-
brated relics of eclogite (Davidson 1990). Clinopyblage, there is evidence for an early granulite-facies
roxene—plagioclase symplectite is interpreted as ti@etamorphic event that led to formation of the assem-
product of breakdown of omphacite during decompreblage Opx + Hbl + P+ Grt+ Cpx (Table 1). The ab-
sion from eclogite facies. Mineral assemblages isence of leucosomes in the granulite-facies mafic dykes
coronitic metagabbro and relict eclogite indicatsuggests peak metamorphic temperatures below 730-
eclogite-facies metamorphism in the Ojibway asser®00°C (e.g, Pattison 1991, Wolf & Wyllie 1994). The
blage prior to initial re-equilibration in the granulite fappresence off{coronitic) garnet in these granulites sug-
cies and final equilibration in the amphibolite facies (segests relatively high-P conditions, probably in excess
also Needham 1992). of 5 kbar (Beard & Lofgren 1991, Rushmer 1991).
Along the margins of, and adjacent to, the Parry Is-
land anorthosite, the granulite-facies assemblages were
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extensively overprinted by upper- to lower-amphibolite93 electron-microprobe analyses per sample. In each
facies assemblages (Fig. 5a). The coexistence of kyarp@ished thin section, compositional data were collected
+ sillimanite and K-feldspar in the flanking upper-from two or more microdomains to check for consis-
amphibolite-facies pelitic gneisses indicates that meteency of mineral compositions. Where a given mineral
morphic temperatures exceeded those required for tt@mposition was consistent within a sample, the data
dehydration-melting reaction (6)€., >680—740C be- were averaged to yield a representative composition for
tween 6 and 10 kbar). In the lower-amphibolite-faciesse in thermobarometry. Where chemical heterogene-
pelitic schists (Group II) east of the Parry Island arity was detected, averaged compositions from texturally
orthosite, growth of sillimanite and biotite at the expenseell-equilibrated subdomains or results of individual
of garnet may be the result of back-reaction of thenalyses were used. Core-inclusion and rim composi-
subsolidus equilibrium (3) (but with sillimanite as aions from strongly zoned mineraks.§, sample N71b)
product) or of the partial melting reaction (7). were treated separately. To minimize the potential ef-
In the Twelve Mile Bay assemblage, retrograde ugects of retrograde Fe—Mg exchange, all analyzed ferro-
per-amphibolite-facies assemblages dominate (Fig. 5bagnesian minerals were separated by a neutral phase
The assemblage Grt + Bt + Sil + Qtz + Pl + Kfs {e.g, quartz, feldspar).
quartzofeldspathic pods in pelitic gneisses suggests the
divariant dehydration-melting reaction (7), implyingApproach
temperatures abowa. 750°C. The absence of kyanite
provides an upper-P limit afa. 8—10 kbar. All P—T estimates were calculated with the TWQ
In the Shawanaga domain, migmatized pelitic rocksoftware program of Berman (1991) using an internally
provide some constraints on the P-T conditions durire@nsistent thermodynamic dataset for end members and
upper-amphibolite-facies metamorphism. In pelitisolution properties. Activities of end-member mineral
gneisses of the Lighthouse assemblage (Fig. 2a), th@mponents were calculated using the models of
occurrence of biotite and kyanite in melanosomes suBerman (1990) for garnet, Aranovich (1991) for plagio-
rounding leucosomes suggests the partial melting reatase, McMullinet al.(1991) for biotite, Newton (1983)
tion (7), implying temperatures 8B750°C. The presence for pyroxenes, and Madet al. (1994) for amphibole.
of kyanite places a lower-P limit o&.8-10 kbar. Tex- The Aranovich (1991) solution model for plagioclase
tural features within the pelitic gneisses suggest thags favored over the widely used Fuhrman & Lindsley
these P-T conditions were reached during thrust-relatgd®88) model for the following reasons: (1) for those
deformation. Furthermore, the presence of sillimanigamples that contain plagioclase with An content <20%,
in pelitic mylonites at the Parry Sound — Shawanagaessures estimated using the Fuhrman & Lindsley
contact indicates that P—T conditions in the Lighthoug&988) model were 3-4 kbar higher than those calcu-
assemblage entered the stability field of sillimanite dutated using the Aranovich (1991) solution model, and
ing extensional shearing. P-T estimates fell in the kyanite stability field, which is
In the Ojibway assemblage, local persistence of terot consistent with the observed assemblage of miner-
turally stable muscovite in kyanite—sillimanite-bearingls, and (2) for those samples with An content >20%,
pelitic gneisses suggests that the dehydration-meltiggod agreement (pressure differens@ss kbar) was
reaction (6) did not go to completion. As noted aboveptained using either model. Unless stated otherwise,
this reaction implies temperatures a&. 680—-740C  all other minerals were treated as pure phases.
between 6 and 10 kbar. Furthermore, textural features
within these gneisses suggest thais#0Ds growth his-
tory was similar to that in pelitic rocks of the Lighthouse

assemblage, implying a P-T path that progressed fromABLE 3. SELECTED EQUILIBRIA USED IN TWQ
the stability field of kyanite toward that of sillimanite. ANALYSIS OF PELITIC (1 to 5) AND

MAFIC (4 to 11) SAMPLES

1. Alm+ Phl=Prp+ Ann

= N | f peliti d fi .2, Alm+3Rt=Ky/Sil +2 Qtz+ 3 llm
wenty-seven samples or pelituc ana maric gnelss,3 5 Ky/SII + QtZ+ Grs =3 An

garnet amphlbollte_, a_nd coronitic metagabbro with 3Qtz+Grs+2 Alm =3 An + 6 Fs]
granulite- or amphibolite-facies mineral assemblage z

- . . 3En+2Alm=3Fsl+2Prmp
appropriate for thermobarometric work were selecte Grs+2Prp+ 3 Qtz=6En~+3 An
from the Parry Sound and Shawanaga domains fot’ 5 Tr+5£l)m=5 Pro + 3 Fir
analysis. Sample sites (Figs. 2, 3) were chosen in ordel’ P .

: o . A4Grs+2Prp+12Qtz+3Ts=3Tr+ 12 An

to determine the P—T conditions of the thermal peak o 2 Grs+Prp+ 18 Qz+3 Pra=3 Tr + 6 An+ 3 Ab
metamorphism and subsequent overprinting events a % D &

P—T EsTiMATES

(2) constrain possible P—T paths for the Parry Sound ang' ﬁ}m 1 ; (D}i =+P;pQ+t 3*H3de PN
Shawanaga domains. The mineral compositions used for 2™ i i L 1
P—T estimates (Appendix I) are based on results of 84¢l abbreviations are after Kretz (1983).
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TABLE 4. P-T RESULTS AND ASSEMBLAGES USED IN TWQ ANALYSIS

Sample No. Assemblage P (kbar) SD (kbar)+ T(C) SD
(°O)t
PARRY SOUND DOMAIN
Northern interior Parry Sound assemblage
N122b Grt-P1-Bt-Sil-Qtz-[Kfs] 11.8* 0.00 873* 0
N125b Grt-P1-Bt-Sil-Qtz-[ Kfs] 10.9* 0.00 757* 0
N130a Grt-Pl-Bt-Sil-Qtz-[Kfs] 10.1%* 0.00 869* 0
Nl13la Grt-P1-Bt-Sil-Opx-Qtz-[ Kfs-Rt-Ilm] 7.6 0.40 729 27
N144 Grt-P1-Hbl-Qtz 13.3 0.73 976 5
N171 Grt-PI-Hbl-Qtz-[Opx] 12.7 0.49 883 3
Southern interior Parry Sound assemblage
N192a Grt-Pl-Hbl-Qtz 14.9 0.70 1008 5
Upper part of basal Parry Sound assemblage
Group-1
N75¢ Grt-P1-Bt-Ky-Sil-Rt-1Im-Qtz-[Kfs] 7.9 0.92 868
N76b Grt-PI-Bt-Ky-Sil-Ri-1Im-Qtz-[ Kfs] 7.1 0.14 777 1
N74c¢ Grt-P1-Cpx-Hbl-Qtz 8.5 0.66 725 36
Lower part of basal Parry Sound assemblage
N153¢ Grt-P1-Opx-Hbl-Qtz 7.2 0.15 656 14
Group-1T
N59 Grt-P1-Bt-Sil-Rt-1lm-Qtz- [Kfs-St} 5.5 0.67 615 3
N73 Grt-PL-Bt-Sil-Re-Ilm-Qtz- [ Kfs-Ms] 52 1.74 653 10
N138 Grt-Pl-Bt-Ky-Sil-Rt-TIm-Qtz-[Kfs] 6.5 0.51 691 3
Twelve Mile Bay assemblage
N205a Grt-P1-Bt-Sil-Rt-Ilm-Qtz-[K{s] 72 1.36 824 8
N204b Grt-P1-Hbl-Qtz 12.8 0.14 943 0.8
SHAWANAGA DOMAIN
Lighthouse assemblage
N7f Grt-Pl-Bt-Ky-Rt-Ilm-Qtz-[Kfs] 7.1 0.53 702 3
N3la Grt-P1-Bt-Ky-Rt-1Im-Qtz-[ Kfs] : 7.1 0.74 702 4
N43b Grt-Pl-Bt-Ky-Rt-1lm-Qtz 7.0 0.82 726 4
NId Grt-P1-Bt-Ky-Sil-Rt-TIm-Qtz-[Kfs] 5.7 0.68 687 4
NS58a Grt-P1-Bt-Ky-Sil-Rt-1lm-Qtz-[Kfs] 5.6 0.23 660 1
N71b (core) Grt-Pl-Bt-Ky-Sil-Qtz-[K{fs] 10.9* 0.00 831% 0
N71b (rim) Grt-Pl-Bt-Ky-Sil-Rt-IIm-Qtz-[Kfs] 6.3 0.18 687 1
Nlc Grt-Pl-Hbl-Qtz 10.6 0.89 832 6
Ojibway assemblage
D47a Grt-Pl-Bt-Ky-Sil-Rt-Ilm-Qtz-{ K fs] 6.6 0.48 671 3
129b Grt-P1-Bt-Ky-Sil-Rt-1lm-Qtz-{Kf5] 5.0 0.48 581 3
125 Grt-Pi-Cpx-Hbl-Qtz-[Bt] 8.4 0.29 687 1
208b Grt-P1-Hbl-Qtz-[Bt] 7.6 0.50 702 3

+tThe 1.0 sigma standard deviation (SD) calculated with the INTERSX program (Berman 1991). *P-T estimate
based on only two independent reactions. [...] indicates minerals present but not used for P-T estimates.
Abbreviations are as in Table 2.
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For all samples, P-T estimates were computed frohie Parry Sound domain
subsets of the most robust linearly independent equilib-
ria for pelitic and mafic rocks (Table 8;g, Maderet The highest P-T estimates from the Parry Sound
al. 1994). The thermobarometric results and assememain were obtained from interior Parry Sound assem-
blages used in TWQ analysis are listed in Table 4. Théage rocks (Figs. 5, 9, Table 4). The mafic gneiss and
P-T results are also presented graphically in Figuregganulite samples (N144 and N171) from the northern
and 10. We adopted a conservative uncertainty part of the assemblage (Fig. 2a) yielded P-T estimates
+1 kbar and+50°C for our results, which probably of 12.5-13.0 kbar and 885-915 and plot within error
closely reflects the maximum P-T uncertaingyg¢ of the stability field of the appropriate aluminosilicate
Essene 1989). We also report the standard deviationgfeig. 9). We interpret these results as representing peak
the P—T intersections as calculated by Berman’s (199dr) near-peak granulite-facies conditions in the interior
INTERSX program (Table 4). These error bars allowarry Sound assemblage. These high pressures and tem-
an assessment of the overall consistency of the resufisratures are consistent with the presence of Opx + Sil
but do not represent statistically valid uncertainties i Qtz in nearby pelites and of Spr + Qtz in pelitic granu-
P-T, as they do not include errors in the electron-niites to the northeast of the study area (Davidsoal.
croprobe data, thermodynamic properties or solutidi®90). Sillimanite-bearing pelitic granulites (N122b,
models. The P-T estimates quoted below have bedt25b, and N130a) from the northern part of the inte-
rounded to the nearestGand 0.5 kbar. rior Parry Sound assemblage gave somewhat lower P—
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Fic. 9. P-T data for the Parry Sound domain. P-T estimates for individual samples are
based on the reactions and mineral assemblages given in Tables 3 and 4, respectively.
Error boxes are shown #0.25 kbar and12.5°C for clarity. BPSA: basal Parry Sound
assemblage. See text for further details.
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Fic. 10. P-T data for the Shawanaga domain. For details, see text and caption to Figure 9.

T estimates than the mafic rocks, in the range 10-12 In the upper part of the basal Parry Sound assem-
kbar and 760-87%. Since none of these samples corblage, Group-I pelitic gneisses (N75c and N76b) yielded
tains rutile in equilibrium with ilmenite, these P-TP-T estimates of 7-8 kbar and 780-87(Figs. 5a, 9,
determinations are based on only two independent eqliable 4). The partially hydrated garnet amphibolite
libria involving garnet — plagioclase — biotite — silliman{N74c) yielded a slightly higher P of 8.5 kbar and a
ite — quartz (Table 4). With the exception of N125b, thiewer T of 725C. All three estimates straddle the Ky—
estimates plot within or close to the stability field ofSil boundary or plot within the stability field of silli-
sillimanite and are similar to previously determined Pmanite, consistent with sillimanite outlasting kyanite in
T estimates for this area (Anovitz 1991; Fig. 9). Fothe pelitic gneiss samples. However, sample N75c
these reasons, two of the three resiks (0-12 kbar, records a temperature well above the dehydration melt-
870-878C) are regarded as reliable and may refleébhg reaction (5), inconsistent with the absence of
partial re-equilibration. The orthopyroxene-bearingrthopyroxene in this pelitic rock. Given the petroge-
pelitic granulite N131a yielded the lowest P-T estimategetic constraints outlined above, we suggest that the
7.5 kbar and 73, and may reflect re-equilibration atresults from samples N74c and N76b may closely re-
a later stage. Sample N192a, a garnet amphibolite frdtect the P-T conditions during the upper-amphibolite-
the retrograded area in the southern interior Parry Soufadties overprinting event in this part of the basal Parry
assemblage (Figs. 2b, 5b), gave the highest P-T e§ound assemblage.

mate of 15 kbar and 1010. This estimate appears high  In the lower part of the basal Parry Sound assemblage,
for upper-amphibolite-facies metamorphism, but therthe granulite-facies mafic dyke N153c (Fig. 2a) that cuts
are insufficient data from this area to determine the sitite Parry Island anorthosite yielded a P-T estimate of 7.0
nificance of this result. kbar and 66%C (Fig. 9, Table 4). We interpret this P-T
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result as recording peak or near-peak granulite-facias earlier point on the P—T path for the Lighthouse as-
conditions during orogen-parallel deformation within theemblage rocks.
basal Parry Sound assemblage, although minor re-equili- In the structurally lower Ojibway assemblage, the
bration during cooling cannot be ruled out. highest pressure estimate (8.5 kbar,°685-igs. 7, 10,
Group-1l pelitic schists (N59, N73, and N138), lo-Table 4) was obtained from recrystallized domains
cated in the low-strain area east of the Parry Island amithin coronitic metagabbro (sample 125; Fig. 8d) in
orthosite (Fig. 2a), yielded the lowest P-T estimatdhe Shawanaga pluton. The amphibolite sample 208b
(Figs. 5a, 9, Table 4), consistent with the observation pielded a lower P of 7.5 kbar and a slightly higher T of
lower-amphibolite-facies retrogression in this area. PFO’C. These P—T estimates suggest that peak condi-
T determinations for these samples are in the range 5tns of metamorphism in the Ojibway assemblage may
6.5 kbar and 615-69GQ. Although sample N73 shows have reached at least 8.5-7.5 kbar and 7006 &&imi-
a large degree of scatter in#1(7 kbar), it yielded a P— lar results were reported from the northern Shawanaga
T estimate that falls within error of the other twadomain by Anovitz & Essene (1990) for coronitic
samples (Table 4). metagabbro (<10.2 kbar, 700-70) and by Tuccillo
The sillimanite-bearing pelitic gneiss N205a fronet al.(1992) for garnet metagabbro and pelite (~7-9 kbar
the Twelve Mile Bay assemblage yielded a P-T estt 700C). Pelitic gneisses yielded lower P—T estimates
mate of 7.0 kbar and 826, whereas the garnet am-than the coronitic metagabbro and amphibolite, consis-
phibolite N204b gave a much higher P of 13.0 kbar artént with the greater resistance of mafic rocks to fluid
T of 94C°C (Figs. 5b, 9, Table 4). Both results fall withininflux and retrograde reactior.g, Brodie & Rutter
the stability field of the appropriate aluminosilicate1985). The pelitic gneiss sample D47a, collected from
However, the garnet amphibolite records a pressure ahe large exposure of supracrustal rock (Fig. 3), yielded
temperature well above the dehydration—-melting reaan estimate of 6.5 kbar and 670 whereas the pelitic
tion (7), inconsistent with the mineral assemblage olgneiss enclave 129b gave a lower P-T estimate, 5.0 kbar
served in the pelitic gneiss (see above). It is thus possibled 580C (Figs. 7, 10, Table 4). Both results fall within
that the garnet amphibolite escaped re-equilibration ésror of the Ky—Sil univariant curve, consistent with the
upper-amphibolite-facies conditions and records P-{resence of both phases in these gneisses. We suggest
conditions during granulite-facies metamorphisnthat P-T estimates from the pelitic gneiss reflect partial
Thermobarometric data from this area are currently ine-equilibration during cooling.
sufficient to test this hypothesis. In contrast, although
the pelitic gneiss shows a large scatter i P4 kbar), P—T—t RTHs
its P—T estimate is consistent with mineral equilibria and
may thus reflect the P—T conditions during the upper- Figure 11 shows possible P-T—t paths for Parry

amphibolite-facies overprinting event. Sound and Shawanaga domain rocks. The paths were
generated from P—T data from various samples that (1)
The Shawanaga domain shared a common metamorphic history and (2) were

either sufficiently closely spaced or from the same struc-
TWQ results for the pelitic gneisses and mylonitewiral level that significant differences in P-T—t history

from the Lighthouse assemblage show remarkabbetween outcrops are unlikebf.(Jamiesoet al. 1995).
intersample consistency (Figs. 5a, 10, Table 4), suggeStithermore, we assume that the P-T estimates used to
ing that local equilibrium was achieved in the immedieonstruct the P-T—t paths reflect either conditions ap-
ate footwall to and at the Parry Sound — Shawanageoaching the thermal peak or re-equilibration at a later
contact. P-T determinations for the kyanite-bearingtage. For these reasons, we believe it to be unlikely that
pelitic gneiss samples (N7f, N31a, and N43b) are in thlee paths shown in Figure 11 represent metamorphic
range 7.0 kbar and 700-7Z5 All three points fall field-gradients. P-T—t paths could not be reconstructed
within the stability field of sillimanite, suggesting thatfor the basal Parry Sound or Twelve Mile Bay assem-
the calculated pressures and temperatures repredglages because of insufficient data.
minimum estimates of upper-amphibolite-facies condi-
tions. Data from the pelitic mylonites (N1d and N58ajThe Parry Sound domain
including matrix and rim compositions from sample
N71b, yielded lower P-T estimates of 5.5-6.5 kbar and P-T data from the interior Parry Sound assemblage
660-690C that may reflect ambient P-T conditiondie on a P-T—t path suggesting initial near-isothermal
during extensional shearing along the Parry Sounddecompression over the range 13-10 kbar and 950—
Shawanaga contact. In contrast, the garnet core — indB70°C, followed by decompression @@ kbar) ac-
sion assemblage in the pelitic mylonite N71b and tt@ompanied by more cooling (87873C°C) (Fig. 11a).
mylonitized garnet amphibolite N1c yielded muchrhe higher-P segment of the P-T—t path resembles that
higher P-T estimates, 10.5-11.0 kbar and°&30 proposed by Anovitz (1991), whereas the lower-P seg-
(Fig. 10, Table 4). These two samples may thus recamkent has a much steeper slope than the one obtained by
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assemblage), and “OA” (Ojibway assemblage) are based on our data, whereas paths “A&E 90” and “A 91" are after Anovitz

& Essene (1990) and Anovitz (1991), respectively. Also shown are U-PBtarntiAr dates for high-grade metamorphism,
extensional deformation, and cooling in the Parry Sound and Shawanaga domains (van 8raka886, Davidson & van
Breemen 1988, Culshaet al. 1991, Tuccilloet al. 1992, Heaman & LeCheminant 1993, Wodicka 1994, Ketchum 1995,

Krogh 1997, Ketchuret al. 1998) and the generally accepted ranges of closure temperatures for the U-Pb system in titanite

(Heaman & Parrish 1991) and for tHfir/3°Ar system in hornblendee(g, Baldwin et al. 1990). As noted in text, not all

titanite data can be interpreted as cooling dates, and the temperature shown may not be applicable in all cases. BPSA: ba

Parry Sound assemblage.

Anovitz & Essene (1990). These investigators integest that granulite-facies assemblages in this part of the
preted their P-T—t path to reflect a composite histolyasal Parry Sound assemblage were re-equilibrated to
involving a significant period of pre-peak unloadingipper-amphibolite-facies conditions in response to over-
followed by isobaric cooling (Anovitz 1991). The iso-thrusting by interior Parry Sound assemblage rocks.
baric cooling path was modeled by postulating a post— P—T data from Group-II pelitic schists from the lower
thrusting period of extension at or near the peak part of the basal Parry Sound assemblage record the
metamorphism (Anovitz & Chase 1990). In contrast, olowest pressures and temperatures from the Parry Sound
data suggest that the post-peak P—T—t evolution of in@emain (5.0-6.5 kbar, 615690, Fig. 11a), and likely
rior Parry Sound assemblage rocks involved decompresflect conditions during the lower-amphibolite-facies
sion and cooling which, as discussed below, can lbeetamorphic overprint. Textural evidence for an ear-
attributed to thrusting. lier, high-grade Ky—Kfs assemblage in these schists does
The final part of the P—T—t path followed by interiomot justify construction of a path that directly links these
Parry Sound assemblage granulites overlaps with Pda@ta with those from the granulite-facies mafic dyke
data from the upper part of the basal Parry Sound &$153c. Unfortunately, there are currently no thermo-
semblage, when realistic uncertainties in P-T estimatearometric data for the Ky—Kfs assemblage, but petro-
are taken into account (Fig. 11a). Retrograde amphibgenetic constraints suggest that Group-II pelitic schists
lite-facies minerals in rocks from the upper part of thikely reached = 680—740C and P> 8-10 kbar (see
basal Parry Sound assemblage define the tectonic falbove) following granulite-facies metamorphism at in-
ric associated with thrust-related deformation below thtermediate P and T (7.0 kbar and 86pand prior to
interior Parry Sound — basal Parry Sound contam-equilibration to lower-amphibolite-facies conditions
(Fig. 4b). On the basis of these observations, we suy®-0-6.5 kbar and 615-6%90).
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The Shawanaga domain Sound domain formed as a result of more than one meta-
. . . morphic event (Fig. 4b). High-P — high-T granulite-
Core and rim thermobarometric data from the pelitigycies metamorphism in the interior Parry Sound assem-
mylonite N71b of the nghthouse_ assemblage lie on age has been dated at 1168 Ma (Fig. 11a; van
P—T—t path showing decompression{if.5 kbar) ac- Breemeret al.1986). This metamorphism was approxi-
companied by cooling (838685°C) (Fig. 11b). Sev- mately coeval with the upper-amphibolite-facies over-
eral features suggest that the relative shape of this pgHhting event in the upper part of the basal Parry Sound
in P—T space is correct: (1) P—T points from the othgksemblage, which is constrained by a 1253 Ma
Lighthouse assemblage rocks within and adjacent to tl@;?anite-bearing pegmatitic leucosome from a Group-|
Parry Sound — Shawanaga contact all fall along the sajginite—sillimanite pelitic gneiss and by metamorphic
path defined by the core and rim P—T estimates, and &)con from a nearby garnet amphibolite, which yielded
the path progresses from the kyanite field toward trgasnghﬂy younger, minimum age of 11486 Ma
stability field of sillimanite, consistent with the observequg_ 11a; Wodicka 1994). Tuccillet al. (1992)
sequence of aluminosilicate polymorphs. Howevepptained an identic&?Pb2%%Pb age of 115F 1 Ma on
given the magnitude of P—T uncertainties, the possibihonazite from a metasedimentary rock lying at the same
ity that the Ky—Sil transition occurred at a lower P thagtryctural level as Group-I rocks. Thrust deformation
that shown in Figure 11 cannot be ruled out. along the interior Parry Sound — basal Parry Sound con-
Three of the four P-T points from the Ojibway astact has been dated as. 1159 Ma (Fig. 4b; van
semblage lie on a P—T-t path suggesting decompressiffaemeret al. 1986), consistent with the suggestion that
over the range 7.5-5.0 kbar and 700-8B(Fig. 11b). conversion of granulite-facies rocks to amphibolite
A steeper P—T—t path segment is defined by linking thegghin this part of the basal Parry Sound assemblage was
data with the fourth P-T point, coronitic metagabbrg consequence of overthrusting by interior Parry Sound
125, which lies at a higher pressure (8.5 kbar). The ifissemblage rocks (see above).
tial part of the P—T—t path crosses from the kyanite field | the lower part of the basal Parry Sound assem-
to the sillimanite field, consistent with mineral textureg|age, field relationships indicate that intermediate-P
in Ojibway pelitic.gneisses,.which indicate Si|”manitQ3ranu|ite-facies metamorphism was coeval with em-
growth after kyanite. The middle part of the path ovelsiacement of the 11683 Ma Parry Island anorthosite
laps with the final P-T-t path segment followed byrigs. 4b, 11a; Wodicka 1994). The lower-amphibolite-
Lighthouse assemblage rocks, suggesting that theggies metamorphic overprint in this part of the basal
rocks hag, at least in part, a similar exhumatllon hlStQF}'arry Sound assemblage appears to postdate both kyan-
as the Ojibway assemblage rocks. However, final equilie-grade metamorphism at higher structural levels and
bration in the Ojibway assemblage occurred at a lowgfanulite-facies metamorphism in the basal Parry Sound
Pand T than in the Lighthouse assemblage (Fig. 11ksemblage bya. 40 m.y. Monazite from a Group-li
In general, the P-T—t paths shown in Figure 11 feyejitic schist from the low-strain area east of the Parry
the interior Parry Sound, Lighthouse, and Ojibway a$sjand anorthosite yielded an age of 1146, Ma
semblages closely resemble those previously det?f/vodicka 1994), and a comparaBEPb2%Pb garnet
mined by Wodicka (1994) and Ketchum (1995) for thgge ofca. 1123 Ma was reported from another pelitic
same areas (see Culshetal. 1997). Minor differences, ynjt from the lower part of the basal Parry Sound as-
particularly in the location of the paths in P-T spacgemplage (Tuccill@t al. 1992). These data are inter-
probably result from the use of (1) a differenpreted to date the time of thrust-related, upper- to
thermobarometric approach and (2) different 50|Ut'0'Fower-amphibolite-facies metamorphic overprintat
models for plagioclase. Wodicka (1994) and Ketchumy20 Ma in the lower part of the basal Parry Sound as-
(1995) generally used all possible equilibriz.(the semplage (Fig. 11a; Wodicka 1994). This interpretation
multi-equilibrium approach of Berman 1991) and thes consistent with recently reported U-Pb zircon ages of
Fuhrman & Lindsley (1988) solution model to calculatgs 1129-1104 Ma for boudin infills in amphibolitized
P and T in the Parry Sound and Shawanaga domaifsgks from the lower part of the basal Parry Sound as-
whereas in this paper we used only the most robust |§bmblage (Krogh 1997). At higher structural levels
early independent equilibria and the Aranovich (1991jjithin the interior Parry Sound assemblage, evidence
model. Our results tend to be up to 1.5 kbar lower f@h; minor deformation and associated amphibolite-fa-
pelitic rocks and about 3 kbar higher for mafic rocks thagf)eg metamorphism at about the same time comes from
those estimated by Wodicka (1994) and Ketchum (199%); 1121 5 Ma late tectonic pegmatite (van Breersen
al. 1986) and 1114 2 Ma metamorphic zircon from a
deformed and amphibolitized mafic dyke (Bugsal.
1995). Thus, these data combine to suggest a signifi-
The Parry Sound domain cant time-gap between granulite-facies metamorphism
(ca. 1163 Ma) and deformation and associated hydra-
Geochronological data show that the granulite- artibn (ca. 1120 Ma) in the lower part of the basal Parry
amphibolite-facies assemblages in the northern Pa$pund assemblagége., retrogression did not occur

TiMING oF METAMORPHISM,
DerorMATION AND COOLING
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during cooling of the granulite-facies rocks soon aftanust be younger thaca. 1170-1150 Ma, the age of
ca. 1163 Ma. coronitic metagabbro bodies that preserve granulite-
U—Pb titanite data from the basal and northern intéacies assemblages. On the basis of petrographic con-
rior Parry Sound assemblages record ages beteaensiderations, this metamorphism is likely also younger
1120 and 1080 Ma (Fig. 11a; Tucciled al. 1992, than the age of the eclogite-facies event. Upper-am-
Wodicka 1994). These data likely reflect coolinghibolite-facies metamorphism in the Shawanaga do-
through=600°C following high-grade metamorphism main is distinctly younger than that recorded in the Parry
(Culshawet al. 1997), although the possibility that theSound domain (Fig. 4b). Migmatite in the immediate
ages represent the times of late shearing or recrystalbotwall of the Parry Sound domain has recently been
zation (or both) €.g, Tuccillo et al. 1992, Wodicka dated atca. 1082 Ma (Krogh 1997), and a somewhat
1994) cannot be excluded. Decompression in the interippunger metamorphic zircon age cd. 1050 Ma
Parry Sound assemblage must have occurred bef¢kieaman & LeCheminant 1993) and a discordant
1120-1080 Ma, as all the metamorphic temperaturggnite age ofta. 1058 Ma (Tuccillcet al. 1992) have
exceed the closure temperature of titanite (Fig. 11d)een obtained from rocks at lower structural levels
Textural observations, together with U-Pb data on timvithin the Shawanaga domain (Fig. 11b). It is not yet
ing of thrusting along the interior Parry Sound — basalear whether upper-amphibolite-facies metamorphism
Parry Sound contact, suggest that decompressionhbeftween about 1080 and 1050 Ma was continuous or
rocks of the interior Parry Sound assemblage can bpisodic. Sillimanite-grade conditions were maintained
linked to thrusting soon after peak granulite-facies metantil at leasta. 1020 Ma, the age of a late-syntectonic
morphism. granitic pegmatite within the extensional Shawanaga
Cooling through closure temperatures of hornblendshear zone (Ketchuret al. 1998).4CAr/3%Ar data on
(ca.500°C) took place betweera. 1068 Ma and 1018 hornblende suggest that extensional displacement along
Ma (Fig. 11a; Wodicka 1994 °Ar/3°Ar muscovite ages the Parry Sound — Shawanaga contact occurred some
are considerably younger and indicate cooling of theme betweerca. 1020 and 970 Ma (Wodicka 1994),
basal Parry Sound domain througgh300°C byca.890 i.e., possibly at about the same time as along the
Ma (Reynoldset al. 1995). Shawanaga shear zonec& 990 Ma post-tectonic peg-
Overall, the geochronological data from the northmatite indicates that ductile deformation in the northern
ern Parry Sound domain indicate that the rocks expeBhawanaga domain ceased prior to this time (Ketchum
enced polyphase metamorphism and deformation. Wit al. 1998).
increasing structural depthe., from the northern inte- U—Pb titanite data from the Shawanaga domain de-
rior Parry Sound assemblage to the lowest structurfale two distinct age-populations. The older group of
level of the basal Parry Sound assemblage, there appeayss (1028-1018 Ma; Fig. 11b) is interpreted to mark
to be a systematic younging of amphibolite-facies meteegional cooling through the closure temperature of
morphism, associated deformation, and subsequéitanite during or immediately following extensional
cooling through=600-500C (Wodicka 1994, Krogh unroofing, whereas the younger group of ages (967-956
1997). This pattern is consistent with northwestwarifla) is considered to date postkinematic recrystalliza-
propagation of the Grenville orogen into its forelantion (Ketchumet al. 1998).40Ar/3%Ar data indicate that
(e.g, Jamiesoret al. 1992, 1995, Haggast al. 1993, the Shawanaga domain cooled through the closure tem-
Culshawet al. 1994, 1997). In the Twelve Mile Bay perature of hornblende at 92010 Ma (Fig. 11b;
assemblage, the absolute time of metamorphism is c@Qulshawet al. 1991, Wodicka 1994), some 50-80 m.y.
rently unknown. However, metamorphism must havater than the Parry Sound domain. Together i/
postdated the deposition of quartzitesatl140-1120 3°Ar muscovite ages of 908_,, Ma, the hornblende
Ma (Wodickaet al. 1996), and either predated or waglata indicate slow, uniform cooling of the domain at 2—
synchronous with widespread upper-amphibolite-faciesC/m.y. (Culshawet al. 1991, Reynold®t al. 1995)
metamorphism in the CGB ah. 1080-1035 Mad.g, following extensional deformation at sillimanite-grade

Culshawet al. 1997). conditions.
Since most metamorphic temperatures in both the
The Shawanaga domain Lighthouse and Ojibway assemblages exceed the clo-

sure temperature of titanite, the initial stages of decom-
U-Pb zircon dates derived from garnet—clinopypression must have occurred before 1028-1018 Ma
roxene-rich rocks within the Shawanaga domain and i{Big. 11b),i.e., prior to extensional displacement along
bounding shear zones indicate a major phase of eclogiiee Shawanaga shear zone and the Parry Sound —
facies metamorphism a@a. 1090-1085 Ma (Fig. 4b; Shawanaga contact. In the case of the Lighthouse as-
Ketchum & Krogh 1997). An older age ©d. 1120 Ma semblage, structural and petrological data suggest that
has also been obtained from these rocks, but the signifiitial decompression can be attributed to northwest-
cance of this age is currently not very well constrainedirected thrusting. In contrast, textural observations and
Though not yet dated, granulite-facies metamorphistiPb data suggest that final decompression in the Light-
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house and Ojibway assemblages can be linked to ext&roup-Il rocks to lower-amphibolite-facies conditions
sion on the Parry Sound — Shawanaga contact (Wodickas accompanied by extensive growth of muscovite,

1994, Ketchum 1995). suggesting infiltration of aqueous fluids in the strain
shadow of the Parry Island anorthosite. We believe that

IMPLICATIONS CONCERNING THE CONTROLS retrogression in this low-strain area took place at the

OF METAMORPHISM same time as re-equilibration at upper-amphibolite-fa-

cies conditions in the adjacent high-strain zones flank-

As geochronological data provide evidence for mulng the anorthosite. Extensive growth of muscovite in
tiple phases of Grenvillian high-grade metamorphisithe strain shadow of the Parry Island anorthosite pre-
in the Parry Sound and Shawanaga domains, constraamably reflects both greater influx of fluid and further
tion and interpretation of P—T—t paths from these rockscalization of intense retrogression in this area, and the
require careful assessment of timing and overprintirigfluence ofX(H,0) on reaction positions in P-T space.
relationships, and the degree to which estimates of maxi- In the Shawanaga domain, relict eclogite- and granu-
mum P-T really reflect peak P—T conditiorsy, Frost lite-facies assemblages are only preserved in rocks of
& Chacko 1989, Frost al. 1998, Pattison 1998). Only suitable composition in low-strain areas. Betwean
then can the metamorphic data provide quantitative cotB80 and 1050 Ma, penetrative ductile deformation at
straints on the tectonic processes operating duringper-amphibolite-facies conditions largely overprinted
Grenvillian orogenesis. We argue here that the extahiese mineral assemblages. Variable re-equilibration
of overprinting of mineral assemblages, thermaalso occurred during high-temperature extensional de-
barometers, and fabrics in the polymetamorphosed rodksmation atca. 1020 Ma. Ductile extensional flow
of the Parry Sound and Shawanaga domains can deng both the Shawanaga shear zone and the Parry
linked to three important factors: strain, fluid access, al®und — Shawanaga contact overprinted earlier thrust
high-temperature residence time. fabrics. The widespread occurrence of retrograde mus-

The importance of deformation and associated inficovite and chlorite in rocks of the Sand Bay assemblage
tration of fluid in metamorphism is well knowe.g, provides direct evidence for fluid infiltration.
Brodie & Rutter 1985, Rubie 1990, Erambert & Extended residence time in the deep crust may have
Austrheim 1993, Moecher & Wintsch 1994, St-Onge &lso led to significant resetting of thermobarometers in
Lucas 1995). In the Parry Sound domain, the presentasth Parry Sound and Shawanaga domain rocks. Al-
tion of granulite-facies assemblages and associated féfiough rocks of the Parry Sound domain may have
rics appears to have been largely dependent upon fleidoled slightly followingca. 1160 Ma granulite-facies
availability and strain intensity. Both the northern intemetamorphism, final cooling through the closure tem-
rior Parry Sound assemblage and the Parry Island guerature of titanite did not take place umil. 1120—
orthosite of the basal Parry Sound assemblage remail®80 Ma (Fig. 11a). Similarly, U-Pb and Ar-Ar data
relatively strong during Grenvillian deformation, preindicate that high-grade metamorphism in the Shawanaga
serving granulite-facies assemblages and structures tlamain probably took place over an intervalcaf
formed during an early phase of Grenvillian tectonisnd0 m.y., and that the crust remained abocae500°C
Although these rocks are deformed, deformation wdsr another 40-50 m.y. following high-temperature ex-
not pervasive and occurred under relatively anhydrotsnsional deformation &@a. 1020 Ma (Fig. 11b).
conditions (see above). Mafic rocks from these litho-

tectonic assemblages were the most resistant to reset- INTERPRETATIONOF TECTONIC HISTORY
ting of thermobarometers, and thus appear to preserve a
record of peak or near-peak P—T conditions. A tectonic interpretation for high-grade metamor-

In contrast, penetration of fluid, particularly alongohism and assembly of the Parry Sound and Shawanaga
high-strain zones, facilitated weakening of the granatomains during the Grenvillian orogeny is shown in
lite-facies rocks by retrograde hydration. For exampl&jgure 12. The reconstruction is largely based on geo-
rocks along the flanks of the Parry Island anorthositegical, geometrical, and chronological constraints from
and within the upper part of the basal Parry Sound abe CGB along Georgian Bay (Culshatal. 1997, and
semblage underwent partial to complete compositionadferences therein).
change as a result of interaction with a fluid during high- At ca. 1163-1161 Ma, granulite-facies metamor-
strain, thrust-related deformation. Any pre-existinghism affected both the interior and basal Parry Sound
structures were completely transposed into the dominaagsemblages. This metamorphism was coeval with the
SE-dipping foliation in these highly strained, uppertate stages of upper-amphibolite-facies metamorphism
amphibolite-facies rocks. In the southern interior Pargnd thrust deformation in the Central Metasedimentary
Sound assemblage, conversion of granulite-facies rod&slt boundary thrust zone (McEachern & van Breemen
to amphibolite likely occurred in response to thrust993), with the waning stages of the “Elzevirian” orog-
emplacement of the overlying Moon River domain, witleny in the CMB and Adirondack Highlandsdg, Moore
fluid flow focused along the Parry Sound — Moon Rive& Thompson 1980, McLellandt al. 1996), and with
boundary (Culshavet al. 1997). Re-equilibration of widespread anorthosite — mangerite — charnockite —
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tonic evolution of the Parry Sound and
Shawanaga domains betweea. 1163
and 1020 Ma. Dotted lines show future
thrust faults, heavy lines show active
thrust and extensional faults, and dashed
lines show inactive thrust faults. (a) The
ca.1163-1161 Ma panel shows the possi-
ble setting for granulite-facies metamor-
phism in the lower part of the basal Parry
Sound assemblagiq, middle crust) and

in the interior Parry Sound assemblage
(i.e., lower crust) and for emplacement of
the Parry Island anorthosite in an overall
convergent orogen (not shown for simplic-
ity). (b) Theca. 1159 Ma panel shows
thrust emplacement of the interior Parry
Sound granulites (iPSA) onto the upper
part of the basal Parry Sound assemblage
(uBPSA). The amount of separation, if
any, between the Parry Sound domain,
CMB, and Laurentia (L) at this time is not
known. IBPSA: lower part of the basal
Parry Sound assemblage. (c) Thel120
Ma panel shows the initial encounter of
the Parry Sound domain with Laurentia
and deposition of the Twelve Mile Bay
(TMB) supracrustal unit. (d) Thea.
1090-1085 Ma panel shows the formation
of eclogite-facies metamorphism in the
Shawanaga domain (SD). The partially
subducted or deeply buried material be-
neath the CMB was heated up to form the
leucosome-rich migmatites in the SD. The
Twelve Mile Bay assemblage (TMBA)
was overridden by, and incorporated into,
the Parry Sound domain some time be-
tweenca. 1120 and 1080 Ma. (e) Tha.
1090-1050 Ma panel shows thrusting
along the Shawanaga shear zone (SSZ)
and Central Metasedimentary Belt bound-
ary thrust zone (CMBBZ) and out-of-
sequence thrusting in the Moon River
domain (MR). The SSZ facilitated both
the emplacement of the Parry Sound and
Shawanaga allochthons onto the Lau-
rentian craton and the transport of garnet—
clinopyroxene-rich rocks (filled ellipses)
to middle crust levels. NW-directed
thrusting resulted in telescoping of the
Laurentian margin and craton. The SD
was affected by upper-amphibolite-facies
metamorphism ata. 1080-1050 Ma.
(f) Extension along the SSZ, and possibly
also along the Parry Sound — Shawanaga
contact, took place ata. 1020 Ma, and
resulted in SE-directed transport of
allochthonous rocks. This panel shows the
present-day architecture of the crust in the
Parry Sound and Shawanaga domains (see
Fig. 4a). See text for further details.
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granite (AMCG) magmatism betweera. 1180 and widespread mafic underplating and lithosphere delami-
1125 Ma in the southeastern, central, and eastern parasion in the CMB and Adirondack Highlands (Corrigan
of the Grenville orogene(g, Emslie & Hunt 1990, 1995, McLellancet al.1996, Corrigan & Hanmer 1997).
McLelland & Chiarenzelli 1991, Higgins & van Although the proposed mechanism, convective removal
Breemen 1996). In contrast, with the exception of thef over-thickened suborogenic lithospheric mantle,
emplacement of gabbro e4. 1170-1150 Ma, there is seems incompatible with the lack of evidence for colli-
no tectonic activity of this age known from thesion in the study area, underplating by voluminous mafic
Laurentian craton and margin. Thus, at the time of highaagma, whatever its origin, is likely to have accompa-
grade metamorphism, the Parry Sound domain canma¢d AMCG magmatism and is also likely to have trans-
have been contiguous with the Laurentian rocks thgrred a significant amount of heat to the immediately
now underlie it (Wodickat al. 1996, Timmermanet overlying crust. The postulated underplated material,
al. 1997). Our data do not show whether the converhich on cooling would have been both denser and
gence responsible fara. 1163-1161 Ma high-grade stronger than the overlying crust, is unlikely to have
metamorphism and thrusting in the Parry Sound domaieen incorporated into the orogenic crust during subse-
occurred at a distal margin of Laurentia which is najuent tectonic shortening. We conclude that the most
preserved, or within some part of the composite arc syicely setting for 116 3 Ma high-P — high-T granu-
tem now represented by the Central Metasedimentdite-facies metamorphism in the interior Parry Sound
Belt. assemblage was at or near the base of crust underplated
Peak metamorphic conditionsad. 12—-13 kbar and by voluminous mafic magma at or shortly before
885—-975C have been estimated for the interior Parr$161 Ma (Fig. 12a). In contrast, barometric data sug-
Sound assemblage rocks. The high pressures requesst that rocks of the basal Parry Sound assemblage lay
either substantial thickening of the crust or exhumaticat much higher levels in the crusa(20-25 km, 7 kbar)
of these rocks from synorogenic lower crust correspondt the time of emplacement of the 1163 Ma Parry
ing to depths of 35—-40 km. Although there is no conisland anorthosite (Fig. 12a). A&. 1159 Ma, tectonic
pelling evidence one way or the other, the lattegmplacement of the interior Parry Sound assemblage
hypothesis may be favored by the lack of clear evidenoato the upper part of the basal Parry Sound assemblage
for continental collision in this part of the orogen, angrobably resulted in conversion of these rocks to am-
by the P-T—t path segment suggesting near-isotherrpaibolite &7.0-8.5 kbar, 725-77€; Fig. 12b). The
decompression (Fig. 11a). In addition, if granulites gfosition of rocks of the Parry Sound domain relative to
the interior Parry Sound assemblage reached peak chaurentia at the time is unknown.
ditions in the middle part of a thick orogenic crust, Moho At ca. 1120 Ma, amphibolite-facies metamorphism
temperatures must have been substantially aboaed thrust deformation affected the lower part of the
1000°C; this seems unlikely by comparison with modbasal Parry Sound assemblage (Fig. 12c). We suggest
ern orogenic settings, and should have led to widesprehdt at this time, the pre-assembled interior Parry Sound
melting in the lower crust at this time, for which there iassemblage and upper part of the basal Parry Sound
no evidence. assemblage were transported northwestward onto rocks
Possible explanations for high temperatures of metaf the lower part of the basal Parry Sound assemblage.
morphism in the interior Parry Sound assemblage iRetrological and structural data from the lower part of
clude tectonic accretion of heat-producing material, hetiite basal Parry Sound assemblage suggest that thrust-
transfer from coeval anorthosite, or underplating bing and concomitant erosion brought the Parry Sound
voluminous mafic magma. Lateral accretion or tectondomain into the middle to upper crust (5-6.5 kbar, 15—
underplating of heat-producing crustal material can pr@0 km) atca. 1120 Ma. At about the same time, the
duce the necessary temperatures (Huettal. 1998, Twelve Mile Bay quartzite was deposited from a varied
Jamiesoret al. 1998), but this part of the Parry Soundsource that included AMCG and Laurentian rocks
domain is dominated by mafic to intermediate metgWodicka et al. 1996; Fig. 12c¢). As suggested by
igneous rocks, with relatively little granitic or meta-Culshawet al. (1997), this period may mark the initial
sedimentary material. If accretion of heat-producingncounter of the Parry Sound domain and correlative
material was responsible, this material is now gone. rocks {.e., Central Metasedimentary Belt boundary
The interval 1180-1125 Ma coincides with a majothrust zone allochthons) with the outer margin of
episode of AMCG magmatism in much of the Grenvilléaurentia.
orogen. Heat advected from anorthosite could account Apart from ca. 1100 Ma syntectonic granitic
for intermediate-PX7.0 kbar and>660°C) granulite- pegmatites near the boundaries of the Moon River and
facies metamorphism in the lower part of the basal Pai®eguin domains (van Breemen & Davidson 1990,
Sound assemblage (Fig. 12a), but the absence of sifadeau 1990), few data indicate that the interval 1120—
metamorphic anorthosite or any other intrusive rocks itD90 Ma represents a major phase of thrust deforma-
the interior Parry Sound assemblage suggests that tian in the southwestern CGB or CMB, which suggests
other mechanism is required. It has recently been subat convergence slowed down or stopped. Whether this
gested that this AMCG magmatism was associated witkas due to aborted subduction of the buoyant Laurentian
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margin or to a far-field change in plate motions, perected transport of allochthonous rocks (Fig. 12f). Duc-
haps associated with the formation of the 1109-108ife extensional fabrics at the Parry Sound — Shawanaga
Ma Midcontinent rift (Van Schmus 1992, Cannorcontact may have developed at about the same time
1994), remains unknown. (Wodicka 1994). Extensional displacement along these
The recent recognition of eclogite-facies metamoshear zones postdated peak metamorphism, although
phism atca. 1090-1085 Ma in the Shawanaga domaigrowth of sillimanite parallel to the extension lineation
and other allochthonous domains of the CGB (Ketchuindicates that these rocks were hot during extensional
& Krogh 1997) suggests deep burial or partial subdushear (Wodicka 1994, Ketchum 1995). Our data sug-
tion of the Laurentian margin beneath the CMB at thigest that extensional unroofing brought rocks of the
time (Fig. 12d). Seismic and geological evidence indi-ighthouse and Ojibway assemblages into the middle
cating that the CGB extends beneath the CMBj,( to upper crust (5-6.5 kbar; 15—-20 km)xat 1020 Ma.
Culshawet al. 1983, Hanmer & McEachern 1992 ,Extension could have been driven by reduced rates of
Milkereit et al. 1992, Whiteet al. 1994) supports this convergence, excess gravitational potential related to the
interpretation. Heating of this deeply buried or partiallgevelopment of thick orogenic crust and high topogra-
subducted material formed leucosome-rich migmatitg#hy, or reduced strength of the lower crust associated
in the Shawanaga domain approximately 10 m.y. aftesith high temperatures and partial melting (Culskeaw
eclogite-facies metamorphism (Culsheial.1997). At al. 1994, 1997); it is not clear which of these mecha-
some time betweeca. 1120 and 1080 Ma, the Twelvenisms was most important in the study area.
Mile Bay assemblage was affected by upper-amphibo- In summary, the metamorphic and age data are con-
lite-facies metamorphism and was overridden by thestent with progressive NW-directed juxtaposition of
Parry Sound domain. lithotectonic assemblages metamorphosed at progres-
Eclogite-facies metamorphism in the Shawanagsvely later times, and appear to record progressive or
domain broadly coincided witha. 1090-1080 Ma multi-stage convergence at the southeastern margin of
thrusting and high-grade metamorphism in the Centradurentia. The earliest phase of convergence took place
Metasedimentary Belt boundary thrust zone, suggesbutheast of the Laurentian craton betweseni 163 and
ing renewed convergence near the Laurentian marginldi20 Ma, and resulted in assembly and granulite- to
this time (McEachern & van Breemen 1993, Timmeramphibolite-facies metamorphism of lithotectonic as-
mannet al. 1997; Fig. 12e). Betweeara. 1080 and 1050 semblages within the Parry Sound domain. The second
Ma, the Shawanaga domain was affected by upper-aphase of convergence, which began at or shortly before
phibolite-facies metamorphism and deformation, which090-1080 Ma, involved deep burial or partial subduc-
coincided with widespread metamorphism in the CGBion of the Laurentian margin beneath the CMB. Con-
with the exception of the Parry Sound domain and thimued convergence resulted in thrust imbrication and
Grenville Front Tectonic Zone. Metamorphic conditionsipper-amphibolite-facies metamorphism of the weak-
recorded by our data suggest that rocks of the Lighgned Laurentian craton (including the Shawanaga do-
house assemblage lay at crustal deptlteed30—35 km main) beneath the Parry Sound domain, transport of
(10.5-11.0 kbar) and temperaturesaaf. 830°C, garnet—clinopyroxene-rich rocks to mid-crust levels, and
whereas rocks of the Ojibway assemblage lay at deptssembly and transport of CGB lithotectonic units over
of at leastta. 22 km (7.5-8.5 kbar and 700-683 at the craton. A major episode of extensionatl020 Ma
this time. Upper-amphibolite-facies metamorphism i®llowed convergence and resulted in SE-directed trans-
interpreted as a response to ttee 1090-1080 Ma port of allochthonous rocks.
thrusting (Culshawet al. 1997). Transport of the
Shawanaga and Parry Sound allochthons over the CONCLUSIONS
Laurentian craton may have been facilitated by the
Shawanaga domain migmatite, acting as a thin, ex- 1. The Parry Sound and Shawanaga domains con-
tremely weak, intra-crustalécollementi.e., the thrust tain monocyclic rocks that originated at or near the
stage of the Shawanaga shear zone; Jamiesah southeastern margin of Laurentia betwearl450 and
1992, Whiteet al. 1994, Ketchum 1995, Culshatal. 1120 Ma. Their metamorphism and deformation are
1997). Transport of eclogite to higher levels in the crugntirely attributable to Grenvillian orogenesis.
accompanied by recrystallization to upper-amphibolite- 2. In the Parry Sound domain, both the interior and
facies assemblages, was probably associated with thrigisal Parry Sound assemblages preserve granulite-fa-
ing along the Shawanaga shear zone or similaies assemblages and structures that formed during an
structures. Subsequent out-of-sequence thrusting in gealy phase of Grenvillian tectonism. The most likely
Moon River domain caused reworking and retrogresetting forca. 1161 Ma high-P — high-Tc&. 12—13 kbar
sion of the southern interior Parry Sound assemblagad 885-97%C) granulite-facies metamorphism in the
(Culshawet al.1997). interior Parry Sound assemblage was at or near the base
At ca. 1020 Ma, extension on the Shawanaga sheaf crust that was underplated by voluminous mafic
zone (Ketchum 1995, Ketchuet al. 1998) generally magma. In contrast, heat advected from anorthosite
postdated thrusting in the CGB, and resulted in SE-dieuld account foca. 1163 Ma intermediate-R 7 kbar
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TABLE Al. CONTINUED

THE CANADIAN MINERALOGIST

Area SHAWANAGA DOMAIN

LA OA
Sample N7F N31A N43B NiD N58A N71B N71B NIC D47A 129B 125 208B
Lithology PGN PGN PGN PGN PM PM PM AM PGN PGN CcM AM
Location R R R R R [¢] R R R A R R
n 27 31 30 28 15 4 14 7 6 1 1 2
5i0, 36.92 3732 37.14 38.03 3795 3778 37.57 38.53 3725 36.71 37.89 38.01
Al,O, 21.30 21.07 21.68 22.19 22.06 20.70 20.33 21.37 20.75 20.97 21.05 21.23
FeO 34.70 34.01 34.22 31.07 31.82 31.98 33.46 27.81 3523 3285 2779 24.93
MnO 1.25 1.02 0.89 0.51 0.60 0.48 0.51 2.03 1.83 547 156 3.60
MgO 3.23 332 4.05 716 6.31 525 5.31 4.39 2.88 2.65 3.79 4.30
CaO 241 279 2.35 1.65 1.65 325 1.84 739 1n 139 791 7.96
Total 99.81 99.53 10033 100.61 100.39 99.44 99.02  101.52 99.65 100.04 99.99  100.03
Si 2.969 2.998 2.956 2.956 2972 3.006 3.015 2.991 3.009 2.976 2997 2.993
Al 2.018 1.994 2.032 2.031 2.034 1.940 1.921 1.954 1.974 2.002 1.961 1.969
Fe 2334 2.286 2.278 2.019 2.084 2.129 2.246 1.806 2.380 2.227 1.839 1.642
Mn 0.085 0.070 0.060 0.034 0.040 0.032 0.035 0.134 0.125 0.376 0.105 0.240
Mg 0.387 0398 0.481 0.829 0.736 0.621 0.635 0.508 0.347 0.320 0.447 0.505
Ca 0.208 0.240 0.200 0.137 0.139 0.277 0.158 0.614 0.148 0.121 0.670 0.672
Sum 8.001 7.986 8.007 8.006 8.005 8.005 8.010 8.007 7.983 8.022 8.019 8.021
Mg# 0.140 0.148 0.175 0.291 0.262 0.225 0.221 0.219 0.127 0.126 0.196 0.235
Alm 0.774 0.764 0.755 0.669 0.695 0.696 0.731 0.580 0.793 0.732 0.601 0.537
Grs 0.069 0.080 0.066 0.045 0.046 0.091 0.207 0.206 0.049 0.040 0.219 0.220
Prp 0.128 0.133 0.159 0.275 0.246 0.203 0.051 0.171 0.116 0.105 0.146 0.165
Sps 0.029 0.023 0.020 0.011 0.013 0.010 0.011 0.043 0.042 0.124 0.034 0.078
Fe3+ 0.044 0.000 0.060 0.062 0.027 0.050 0.054 0.068 0.061 0.015 0.046 0.041
Fe2+ 2.289 2.287 2.215 1.956 2.055 2.076 2.188 1.736 2315 2.191 1.784 1.592
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TABLE A2. BIOTITE COMPOSITIONS USED IN TWQ ANALYSIS*

Area PARRY SOUND DOMAIN

IPSA BPSA TMBA

GROUPII GROUPI
Sample N122B  NI25B NI30A NI3lA N75C N76B N59 N73 N138 N205A
Lithology PGR PGR PGR PGR PGN PGN PS PS Ps PGN
Location MTIX MTX MTX MTX MTX MTX MTX MTX MTX MTX
n 13 6 7 16 34 32 15 36 28 20
Sio, 36.47 37.71 36.59 38.17 35.54 3577 3576 35.88 3536 3596
TiO, 4.79 4.94 4.58 4.16 3.99 3.62 221 3.69 3.06 5.07
ALO, 16.12 15.67 16.36 15.90 17.76 18.14 18.92 19.16 18.78 16.79
FeO 12.59 9.72 12.14 8.05 18.58 19.30 18.52 19.46 19.51 17.09
MnO 0.01 0.04 0.02 0.01 0.02 0.03 0.04 0.02 0.01 0.02
MgO 15.60 17.18 1548 19.15 9.78 9.46 10.58 8.51 8.98 11.24
Ca0 0.02 0.00 0.00 0.02 0.02 0.02 0.02 0.02 0.01 0.02
Na,O 0.11 0.26 0.20 0.23 0.24 0.21 0.23 0.25 0.36 0.30
K0 9.99 10.10 10.00 9.79 9.57 9.63 932 9.50 8.73 954
Total 95.69 95.63 95.37 95.50 95.50 96.16 95.59 96.49 94.83 96.02
Si 5.385 5.490 5.407 5.504 5.391 5.400 5.395 5.386 5.398 5.390
VAl 2.615 2.510 2.593 2.496 2.609 2.600 2.605 2.614 2.607 2.610
VAL 0.188 0.177 0.254 0.204 0.564 0.625 0.758 0.773 0.767 0.355
Ti 0.537 0.547 0.514 0.456 0.460 0.415 0.253 0.421 0.355 0.577
Fe 1.555 1.183 1.500 0971 2.357 2.437 2.337 2.444 2489 2.143
Mn 0.001 0.005 0.002 0.002 0.002 0.003 0.005 0.003 0.001 0.002
Mg 3.432 3.728 3.410 4.116 2.211 2.127 2.378 1.904 2.042 2.511
Ca 0.003 0.000 0.000 0.003 0.003 0.003 0.003 0.003 0.002 0.003
Na 0.032 0,075 0,058 0,065 0,070 0.062 0.069 0.074 0.108 0.086
K 1.882 1.876 1.885 1.802 1.852 1.854 1.794 1.820 1.699 1.825
Sum 15.629 15.591 15.623 15620 15520 15.526 15.597 15.442 15.464 15.501
Mg# 0.688 0,758 0.696 0.809 0.484 0.465 0.505 0.438 0451 0.540
Area SHAWANAGA DOMAIN
LA OA

Sample N7F N31A N43B NID N58A N7IB N71B D47A 129B 125 208B
Lithology PGN PGN PGN PM PM PM PM PGN PGN M AM
Location MTX MTX MTX MTX MTX INC MTX MTX MTX MTX MTX
n 33 29 8 24 14 3 35 7 11 1 3
Si0, 35.52 35.29 35.84 37.38 36.46 35.20 35.85 35.06 35.42 34.93 36.37
TiO, 4.26 3.97 278 4.33 3.94 4.19 432 3.97 3.86 4.14 4.10
AL O, 18.61 18.69 18.92 17.00 17.37 18.45 18.00 18.11 18.44 13.94 15.00
FeO 1991 19.11 19.58 14.18 14.60 17.85 16.49 20.98 19.34 19.32 16.87
MnO 0.02 0.02 0.01 0.01 0.04 0.03 0.00 0.00 0.14 0.00 0.09
MgO 7.81 7.97 9.36 13.13 12.80 9.60 10.93 773 8.69 11.62 12.89
CaO 0.01 0.02 0.05 0.01 0.01 0.01 0.02 0.00 0.00 0.19 0.00
Na,0 0.29 0.24 0.35 0.34 0.08 0.22 0.17 0.29 0.04 0.33 0.09
K,0 9.37 9.43 9.11 9.29 10.70 9.61 9.72 9.69 9.78 8.76 9.62
Total 95.79 94.75 96.00 96.16 96.00 95.14 95.49 95.83 95.71 9323 95.03
Si 5.389 5.398 5.404 5.488 5424 5.340 5.382 5.370 5.382 5476 5.516
¥Al 2.611 2.602 2.596 2.512 2.576 2.660 2618 2.630 2.618 2.524 2434
VAl 0.714 0.765 0.764 0.427 0.468 0.637 0.564 0.636 0.682 0.050 0.195
Ti 0491 0.462 0.319 0.538 0.445 0.483 0.493 0.457 0.441 0.488 0.468
Fe 2.527 2445 2.469 1.741 1.818 2.265 2.071 2.687 2458 2.533 2.140
Mn 0.003 0.003 0.001 0.001 0.005 0.003 0.000 0.000 0.018 0.000 0.012
Mg 1.766 1.818 2.104 2.872 2.838 217 2445 1.765 1.969 2.716 2914
Ca 0.002 0.004 0.008 0.002 0.001 0.002 0.003 0.000 0.000 0.032 0.000
Na 0.087 0.071 0.103 0.097 0.024 0.063 0.048 0.086 0.012 0.100 0.026
K 1.813 1.839 1.752 1.740 2.032 1.860 1.861 1.893 1.896 1.752 1.861
Sum 15.402 15.407 15.519 15.418 15.632 15.486 14.484 15.524 15.476 15.671 15.616
Mg# 0.411 0.426 0.461 0.622 0.609 0.490 0.541 0.396 0.445 0.517 0.577

*Formulae calculated on the basis of 22 atoms of oxygen (Fe = Fer,,). Compositions expressed as oxides quoted in wt.%.
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Area SHAWANAGA DOMAIN

LA OA
Sample N7F N31A N43B NID NS58A N7IB N71B NIC D47A 129B 125 208B
Lithology PGN PGN PGN PM PM PM PM AM PGN PGN CcM AM
Location MTX MTX MTX MTX MIX INC MTX MTX A A RIM RIM
n 31 22 26 41 9 6 32 13 6 9 4 1
Sio, 61.26 61.37 61.16 61.54 61.46 60.85 62.52 60.15 62.88 63.29 60.52 55.89
AlLO, 24.64 24.40 2541 24.79 23.90 24.93 23.99 25.09 2353 23.00 24.55 27.48
FeO 0.12 0.08 0.09 0.13 0.04 0.07 0.08 0.17 0.07 0.06 0.39 0.24
Ca0 577 6.41 6.27 5.69 5.58 6.83 5.34 6.80 4.76 3.86 6.10 9.90
Na,O 8.27 745 8.24 8.48 8.37 752 8.17 729 8.83 9.23 790 5.62
K0 0.18 0.22 0.06 0.19 0.17 0.26 0.09 0.22 0.23 0.13 0.20 0.23
Total 100.24 100.24 101.23 100.82 99.51 100.47 100.19 99.71 100.30 99.57 99.66 99.36
Si 2.715 2.725 2.687 2713 2741 2.695 2.760 2.684 2.776 2.806 2.703 2.529
Al 1.286 1.276 1.315 1.287 1.255 1.301 1.247 1319 1.223 1.201 1.201 1.465
Fe 0.005 0.003 0.003 0.005 0.001 0.002 0.003 0.006 0.003 0.002 0.015 0.009
Ca 0.274 0.305 0.295 0.269 0.267 0.324 0.253 0.325 0.225 0.183 0.292 0.480
Na 0.711 0.641 0.702 0.725 0.724 0.646 0.699 0.631 0.756 0.793 0.684 0.493
K 0.010 0.012 0.003 0.011 0.010 0.015 0.005 0.013 0.013 0.007 0.011 0.013
Sum 5.000 4.962 5.006 5.009 4.997 4.983 4.967 4977 4.996 4.992 4.996 4.989
Ab 0.715 0.669 0.702 0.721 0.723 0.656 0.730 0.651 0.761 0.807 0.693 0.500
An 0.275 0.318 0.295 0.268 0.267 0.329 0.264 0.336 0.226 0.186 0.296 0.487
Or 0.010 0.013 0.003 0.011 0.010 0.015 0.006 0.013 0.013 0.007 0.011 0.013
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