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ABSTRACT 

The Parry Sound domain (PSD) is an allochthon of quite different character to 

adjacent rocks in the Central Gneiss Belt, southwestern Grenville orogen, Ontario. 

Three distinct tectonostratigraphic units are recognized in the domain: the Parry Island 

and Twelve Mile Bay thrust sheets are dominated by upper amphibolite facies 

supracrustal rocks with subordinate plutonic rocks, whereas the overlying Parry Sound 

thrust sheet comprises mostly granulite facies plutonic rocks with lesser supracrustal 

rocks. The pre-Grenvillian history of the Parry Island and Twelve Mile Bay thrust 

sheets involved deposition of sedimentary detritus after ca. 1385 Ma, anorthositic to 

granitic magmatism between ca. 1359 and 1290 Ma, and granodiorite-tonalite 

magmatism in the period ca. 1312-1288 Ma. Sedimentation in the overlying Parry 

Sound thrust sheet predated intiusion of ca. 1294-1279 Ma tonalitic plutons. 

The Grenvillian history of the PSD was primarily marked by several distinct 

episodes of deformation and metamorphism. The earliest episode involved high-Pr 

granulite facies metamorphism of Parry Sound thrust sheet rocks which shortly 

predated northwestward thrusting at ca. 1159-1157 Ma. In turn, ca. 1163-1151 Ma 

anorthosite and mafic dyke emplacement, intermediate-PT granulite facies 

metamorphism, and orogen-parallel extension in the Parry Island thrust sheet occurred 

penecontemporaneously with early thrusting. Rocks from the bottom part of the Parry 

Island thrust sheet record a second northwestward thrusting event at ca. 1120 Ma 

which may have closely coincided with high-Pr metamorphism. Large-scale erosion, 

as recorded by detrital zircon ages from post-ca. 1120-1140 Ma synorogenic 

sediments, may have led to thrusting and rapid exhumation of PSD rocks. At ca. 

1080-1075 Ma, PSD rocks were reheated, possibly in response to major reactivation 

of the structurally higher Central Metasedimentary Belt boundary thrust zone. Finally, 

the deepest structural level rocks of the PSD were exhumed in the footwall of a shear 

zone developed within a ca. 1020-970 Ma episode of late extension. 

The pre- and early Grenvillian history (between ca. 1400 and 1120 Ma) of the 

PSD is strikingly similar to that described from the Central Metasedimentary Belt, 

suggesting that the latter represents the source region of the Parry Sound allochthon. 

xiv 
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Chapter 1 

Introduction 

1.1 BACKGROUND 

The Middle Proterozoic (ca. 1190-980 Ma) Grenville orogen, widely accepted 

as representing the deeply excavated roots of an ancient mountain belt, provides a 

natural laboratory for the study of processes occurring at depths equivalent to those of 

the middle to lower crust in collisional orogens. It is exposed from the Labrador coast 

to Georgian Bay along the southeast side of the Canadian Shield, and extends far 

beyond the Shield, from southern Sweden to southern Mexico. Rocks with similar 

ages have also been found in East Antarctica, Madagascar, eastern India, and 

Australia (Dalziel 1991; Hoffman 1991; Moores 1991). 

During the past decade or so, progress has been made toward understanding 

the nature and evolution of the Grenville orogen in Ontario (Fig. 1.1) through detailed 

geological mapping (e.g., Davidson and Morgan 1981; Davidson et al. 1982; 

Davidson 1984, 1986; Culshaw et al. 1983, 1988, 1989, 1990a), the use of modern 

techniques of structural geology, metamorphic petrology, and geochronology (e.g., 

van Breemen et al. 1986; Hanmer 1988; Anovitz and Essene 1990; Nadeau 1990; 

Cosca et al. 1991; Culshaw et al. 1991a; Jamieson et al. 1992; Hanmer and 

McEachern 1992; Nadeau and Hanmer 1992; Tuccillo et al. 1990, 1992; Haggart et 

al. 1993; McEachern and van Breemen 1993; Mezger et al. 1993; Sager-Kinsman and 

Parrish 1993; Corrigan et al. 1994), and interpretation of deep seismic reflection data 

1 
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Figure 1.1. Principal elements of the Grenville orogen in Ontario and New York 
(inset is map of Canada for reference). GFTZ = Grenville Front Tectonic Zone; 
CGB = Central Gneiss Belt; PS = Parry Sound domain; CMBbtz = Central 
Metasedimentary Belt boundary thrust zone; CMB = Central Metasedimentary Belt; 
CGT = Central Granulite Terrane. 
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(e.g., Green et al. 1988; Culotta et al. 1990; Milkereit et al. 1992; White et al. 1992). 

This part of the Grenville orogen is currently interpreted as a doubly vergent orogen 

that involved collision between the Superior and Southern continent to the northwest, a 

magmatic arc, and an unknown continent to the southeast (e.g., Windley 1986, 1989; 

Culotta et al. 1990; Haggart et al. 1993; Jamieson et al. 1994). One of the more 

persistent questions relating to the tectonic evolution of the southwestern Grenville 

orogen concerns the time of collision of the magmatic arc (Central Metasedimentary 

Belt) with the southeastern edge of Laurentia (Central Gneiss Belt). Some workers 

argued that accretion of the Central Metasedimentary Belt occurred at ca. 1060 Ma 

(e.g., Windley 1986; Corriveau 1990). More recently, Hanmer and McEachern 

(1992) and McEachern and van Breemen (1993) proposed that initial collision 

occurred at ca. 1190-1180 Ma with renewed., regional deformation again at the 

northwestern margin of the Central Metasedimentary Belt at ca. 1080-1050 Ma. 

Another major problem in. Grenvillian geology is to distinguish between Grenvillian 

and pre-Grenvillian thennotectonic events and thus, to better define the extent, style, 

intensity, and timing of the Grenvillian orogeny (e.g., van Breemen et al. 1986; 

Rivers et al. 1989; Jamieson et al. 1992; Tuccillo et al. 1992; Corrigan et al. 1994; 

Jamieson et al. 1994; Ketchum et al. 1994). Although it is now well established that 

regional deformation was principally manifested in the northwest-directed thrust 

displacement of parautochthonous and allochthonous blocks and slices along granulite 

to upper amphibolite facies ductile shear zones (e.g., Davidson et al. 1982; Culshaw 

et al. 1983, 1994a; Davidson 1984; Hanmer 1988; Nadeau and Hanmer 1992; Hanmer 
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and McEachern 1992), there is a growing structural and geochronological database 

that provides compelling evidence for significant late orogenic extension (e.g., 

Ketchum et al. 1993; Culshaw et al. 1994a). 

The Parry Sound domain, located in the Central Gneiss Belt of Ontario (Fig. 

1.1), is a far-travelled allochthon, isolated from an as yet unknown source to the 

southeast. Its northwestern boundary (Fig. 2.2), referred to as the Parry Sound shear 

zone by most workers, is widely accepted as representing a major ductile shear zone 

(Davidson 1984) that may separate parautochthonous rocks to the northwest from 

allochthonous rocks to the southeast (Rivers et al. 1989). However, recent work 

indicates that the southwestern segment of this boundary is not simply a structural 

feature since it contains a distinctive lithological assemblage (Culshaw et al. 1989, 

1991b; Jamieson et al. 1992). 

1.2 PURPOSE AND SIGNIFICANCE 

Some of the major problems in Grenvillian geology, as oudined above, lead to 

important questions: did Grenvillian deformation and metamorphism occur during a 

single continuous event or multiple episodic events? What are the relationships 

between metamorphism, deformation, and plutonism? In particular, what was the role 

of thrust and extensional deformation in the thermal evolution of the southwestern 

Grenville orogen? What was the P-T-t evolution of the deeply buried and 

metamorphosed rocks? What is the nature of deformation in the mid- to lower crust 

during crustal shortening? More specifically, what is the nature and tectonic 
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significance of the northwestern boundary of the Parry Sound domain, and what was 

the source region of the Parry Sound allochthon? This thesis, which includes detailed 

geological mapping, structural geology, metamorphic petrology, thermobarometry, and 

geochronology, is central to answering many of these questions. Moreover, a study of 

the rocks of the Parry Sound domain is critical not only to deciphering Grenvillian 

tectonics, but also to the understanding of the behaviour of the lower crust during 

orogenesis, and to analogies between the Grenville and modern orogenic belts such as 

the Himalayas. 

1.3 ORGANIZATION 

This thesis reports structural, metamorphic, U-Pb, and 40Ar/39Ar data from the 

southwestern Parry Sound domain near Parry Sound and Twelve Mile Bay, Ontario, 

along the east shore of Georgian Bay (Fig. 2.2). It documents the tectonostratigraphy, 

structural framework (Chapter 2), metamorphic evolution (Chapter 3), and timing 

constraints on the magmatic, depositional, and tectonothermal history (Chapter 4) of 

this part of the Grenville orogen. The main results provide a valuable reference frame 

for interpretation of the Middle Proterozoic evolution of the Parry Sound domain and 

its implications for the tectonic development of the southwestern Grenville orogen 

(Chapter 5). 



Chapter 2 

Tectonostratigraphy and structural framework of the 

Parry Sound domain, southwestern Grenville orogen, Ontario 

2.1 INTRODUCTION 

A first step to unravelling the evolution of orogenic belts is the clear 

documentation of the structural framework of distinct tectonostratigraphic assemblages. 

Formulation of tectonic models and interpretation of metamorphic textures, pressure-

temperature determinations, and geochronological results greatly depend upon careful 

field and structural observations. In high-grade, poly deformed rocks such as found in 

the Grenville orogen, these observations are invaluable mostly because of variably 

developed overprinting fabrics and mineral assemblages which make it very difficult to 

separate distinct structural styles and episodes. Concurrently, an important problem in 

deeply eroded orogens concerns the recognition of thrusts which is central to the 

understanding of Grenvillian tectonics. Compared to high-level thrust systems, mid-

to deep-crustal thrusts typically involve intense ductile deformation of both the 

footwall and hangingwall, and are not as readily identifiable. In recent years, many 

workers have focussed upon the nature and extent of high-strain zones that separate 

distinct tectonostratigraphic units within the southwestern Grenville orogen (Culshaw 

et al. 1983, 1991b, 1994a; Davidson 1984; Hanmer 1988; Nadeau 1990; McEachern 

1990; Hanmer and McEachern 1992; Jamieson el al. 1992; Nadeau and Hanmer 

1992). Accordingly, many of these high-strain zones have been interpreted as ductile 

6 
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thrust zones using several criteria. As an example, the northwestern boundary of the 

Parry Sound domain is viewed by most geologists as a major southeast-dipping ductile 

shear zone that accommodated northwest-directed overthrusting of granulite facies 

rocks (e.g., Davidson 1984, 1986; Rivers et al. 1989). However, recent work along 

the shore of Georgian Bay indicates that this boundary contains rocks that are 

lithologically distinct from those above and below (Culshaw et al. 1989, 1991b, 

1994a; Jamieson et al. 1,992; Wodicka 1992). This highlights the need to review the 

different criteria used to identify ductile thrust zones in deeply eroded orogens. 

This chapter presents field observations and structural data from the 

southwestern Parry Sound domain near Parry Sound and Twelve Mile Bay, along the 

east shore of Georgian Bay (Fig. 2.2). It outlines the tectonostratigraphic assemblages 

within the domain and documents the main structural elements. It also discusses the 

significance of lithological breaks as a useful criterion for the recognition of deep-

seated thrust structures. 

2.2 REGIONAL SETTING, PREVIOUS WORK, AND NOMENCLATURE 

In Ontario, the Grenville orogen comprises two major, geologically 

contrasting, southeast-dipping belts, the Central Gneiss Belt1 and the Central 

Metasedimentary Belt (Wynne-Edwards 1972), bounded by two crustal-scale shear 

zones, the Grenville Front Tectonic Zone (Wynne-Edwards 1972) and the Central 

Metasedimentary Belt boundary thrust zone (Hanmer and McEachern 1992) (Table 

^erms in bold indicate nomenclature adopted in this study (Table 2.1) 
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2.1; Fig. 2.1). Rivers et al. (1989) recently subdivided the Central Gneiss Belt into 

two belts, a Parautochthonous Belt and an Allochthonous Polycyclic Belt, to the 

northwest of the Allochthonous Monocyclic Belt or Central Metasedimentary Belt 

(Table 2.1). The Central Gneiss Belt is underlain by upper amphibolite to granulite 

facies gneissic and migmatitic rocks of pre-Grenvillian age (> 1350 Ma), with the 

exception of granitic pegmatites and coronitic metagabbros of Grenvillian age (<1170 

Ma). By contrast, the Central Metasedimentary Belt is dominated by ca. 1300 to 1050 

Ma metasedimentary, metavolcanic, and metaplutonic rocks which exhibit upper 

greenschist to granulite facies assemblages. The Grenville Front Tectonic Zone is a 

broad zone of southeast-dipping mylonite zones that separates the Central Gneiss Belt 

from the underlying Archean and Proterozoic rocks of the Superior and Southern 

Provinces (Wynne-Edwards 1972; Davidson and Bethune 1988; Rivers et al. 1989). 

To the southeast, the Central Metasedimentary Belt boundary thrust zone, a 10 km 

thick dip-slip ductile shear zone, lies structurally above the Centrai Gneiss Belt and 

separates it from the Central Metasedimentary Belt (Culshaw et al. 1983; Hanmer and 

Ciesielski 1984; Hanmer 1988; McEachern 1990; Hanmer and McEachern 1992). 

During the last decade, reconnaissance studies greatly improved the 

understanding of the apparent structurally and metamorphically monotonous (Wynne-

Edwards 1972) Central Gneiss Belt (Fig. 2.1; Davidson and Morgan 1981; Davidson 

et al. 1982; Culshaw et al. 1983; Davidson 1984). Recognition of continuous belts of 

highly strained rocks, interpreted as ductile shear zones, provided the basis for 

subdividing the Belt into a number of domains and subdomains. The latter are 



Table 2.1. Overview of proposed tectonic divisions of the southwestern Grenville Province*. 

Wynne-Edwards (1972) Davidson (1986) Rivers et al. (19S9) Hanmer and McEachern (1992) 

Grenville Front 

Grenville Front 
Tectonic Zone 

Central Gneiss Belt 

Central Metasedimentary 
Beit 
Glamorgan-Cardiff arch 
Hastings Basin 
Frontenac Axis and 
Adirondack Lowlands 
Mont Laurier Basin 

Grenville Front 

Grenville Front 
Tectonic Zone 

Central Gneiss Belt 
Britt domain 
Algonquin domain 

Parry Sound domain 
Muskoka domain 

Central Metasedimentary 
Belt boundary zone 

Central Metasedimentary 
Belt 
Bancroft terrane 
Elzevir terrane 
Frontenac terrane and New 
York Lowlands 

Grenville Front 

Parautochthonous Belt 

Parautochthonous Belt 
Nipissing terrane 

Allochthonous Polycyclk 
Belt 
Parry Sound terrane 
Muskoka terrane 

Monocyclic Belt 
Boundary Zone 

Allochthonous Monocyclic 
Belt 
Bancroft terrane 
Elzevir terrane 
Frontenac terrane (includej New 
York Lowlands) 
Mont Laurier terrane 

Central Metasedimentary 
Belt boundary thrust zone (closely 
approximates the Bancroft terrane) 

Central Granulite 
Terrain 
Adirondack Highlands 

Central Granulite 
Terrane 

Adirondacks terrane 

*For consistency with most published literature, the regional terminology nsed throughout this thesis is that originally introduced by 
Wynne-Edwards (1972). The adopted term for the northwestern boundary of the Central Metasedimentary belt is that recently proposed 
by Hanmer and McEachern (1992). 

v© 



Figure 2.1. Schematic diagram illustrating the distribution of the major structural 
elements (1-3) of the southwestern Central Gneiss Belt (CGB). 1 Britt and Kiosk 
domains, Algonquin thrust stack, and Rosseau and Go Home subdomains of Muskoka 
domain; 2 Parry Sound domain; 3 Moon River and Seguin thrust sheets. The Central 
Gneiss Belt is bounded by the Grenville Front Tectonic Zone (GFTZ) to the NW and 
by the Central Metasedimentary Belt boundary thrust zone (CMBbtz) to the SE. 
CMB = Central Metasedimentary Belt. Tectonic boundaries are after Wynne-
Edwards (1972), and Culshaw et al. (1983, 1988, 1989, 1990a). Inset shows the 
location of the Central Gneiss Belt (stippled area) within the Grenville Province. Box 
= location of main figure. Below the main figure is a schematic cross-section from 
central Britt domain (a) to Go Home subdomain (b) along Georgian Bay (after 
Culshaw et al. 1990b). 
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distinguished from one another by contrasting lithology, structure, metamorphic grade, 

and geophysical signatures. At a broader scale, these domains and subdomains have 

been grouped into three superincumbent structural decks or levels (Culshaw et al. 

1983, their Fig. 28.11). In a recent modification of these schemes, the Central Gneiss 

Belt along Georgian Bay has been considered in terms of five tectonostratigraphic 

units, each internally subdivided into gneiss associations and distinguished primarily on 

the basis of lithology, metamorphic and plutonic history, and structural style (Table 

2.2; Culshaw et al. 1988, 1989, 1990a, 1991b, 1994a; Jamieson et al. 1992, their Fig. 

3). 

The tectonic subdivision of the southwestern Central Gneiss Belt adopted in this 

thesis is a modified version of that proposed by Culshaw et al. (1983), using recent 

data from Culshaw et al. (1988, 1989, 1990a, 1994a) on the relative structural position 

of important tectonic boundaries (Fig. 2.1). The Parry Sound domain, level 2, is 

geographically and structurally intermediate between the Grenville Front Tectonic 

Zone to the northwest and the Central Metasedimentary Belt boundary thrust zone to 

the southeast. It is lithologically, structurally, and metamorphically distinct from 

rocks in the footwall, level 1, and hangingwall, level 3. Level 2 and 3 rocks lie 

within the Allochthonous Polycyciic Belt of Rivers et al. (1989), whereas Level 1 

rocks fall within the Parautochthonous Belt (Table 2.1). However, there is a growing 

geological and geochronological database suggesting that the southern Britt domain 

(part of Level 1 in Fig. 2.1), southeast of the Central Britt shear zone, is composed of 

allochthonous rocks (Jamieson et al. 1992; Culshaw et al. 1994a). 
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Shear-sense criteria throughout the Central Gneiss Belt indicate northwest-

directed thrusting along gently, generally southeast-plunging stretching lineations (Fig. 

2.2; Culshaw et al. 1983, 1989). However, some of these boundaries, notably the 

Central Britt shear zone (CBSZ) and the eastern boundary of the Grenville Front 

Tectonic Zone (Fig. 2.2), show early thrust fabrics overprinted by extensional 

structures (Culshaw et al. 1989, 1991b, 1994a; Ketchum et al. 1993; Jamieson et al. 

1994). U-Pb dating of zircon from late-synthrusting pegmatites yields ages of ca. 

1160 Ma in the Parry Sound thrust zone (van Breemen et al. 1986), and ca. 1103 and 

1097 Ma in the Parry Sound/Moon River and Parry Sound/Seguin boundary thrust 

zones, respectively (van Breemen and Davidson 1990; Nadeau 1990). Farther 

southeast, northwest-directed thrusting along the Central Metasedimentary Belt 

boundary thrust zone occurred during two main phases, initially at ca. 1190-1180 Ma 

and later at ca. 1080-1050 Ma (van Breemen and Hanmer 1986; McEachern 1990; 

Hanmer and McEachern 1992; McEachern and van Breemen 1993). The 

geochronological data coupled with structural observations have been interpreted as 

recording the southeastward migration of a break-back stacking sequence across the 

southeastern half of the Central Gneiss Belt (that is, from the Parry Sound thrust stack 

to the Central Metasedimentary Belt boundary thrust zone) (Nadeau 1990; Nadeau and 

Hanmer 1992). According to Nadeau and Hanmer (1992), bieak-back thrusting 

occurred over the interval 1160-1060 Ma, following early thrusting at ca. 1190-1180 

Ma along the Central Metasedimentary Belt boundary thrust zone. By contrast, other 

workers provide structural, metamorphic, and geochronological evidence for 
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Figure 2.2. Map showing structural setting of the Parry Sound domain within the 
Central Gneiss Belt and location of the study area (boxes). Parry Island thrust sheet 
(PITS), Parry Sound thrust sheet (PSTS), Twelve Mile Bay thrust sheet (TMBTS), 
Central Britt shear zone (CBSZ), Go Home subdomain (GH), Moon River thrust 
sheet (MR), Rosseau subdomain (R), Seguin thrust sheet (S), Central 
Metasedimentary Belt boundary thrust zone (CMBbtz), Grenville Front Tectonic Zone 
(GFTZ), and major folds within and adjacent to the study area indicated. Structural 
boundaries are after Culshaw et al. (1983, 1988, 1989, 1990a), Davidson and Grant 
(1986), and Macfie and Dixon (1992). 
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northwestward propagation of the principal thrust front across the northwestern half of 

the Central Gneiss Belt along Georgian Bay (diat is, from the Parry Sound thrust stack 

to the Grenville Front Tectonic Zone) (Jamieson et al. 1992; Haggart et al. 1993; 

Culshaw et al. 1994a). Northwestward advance of the orogen occurred during and 

after the waning stages of break-back thrusting in the region to the southeast. 

2.3 THE PARRY SOUND DOMAIN 

This thesis focusses on the northern and southern parts of the southwestern 

Parry Sound domain along the well-exposed shores of Georgian Bay (Fig. 2.2). 

Previous mapping and structural, metamorphic, geochronological, and geophysical 

studies were undertaken at a variety of scales, and concentrated mostly upon the 

geology of the northern part of the Parry Sound domain (e.g., Walker 1913; Quirke 

1930; Satterly 1943; Hewitt 1967; Davidson and Morgan 1981; Davidson et al. 1982; 

Lindia et al. 1983; Nadeau 1984; van Breemen et al. 1986; White and Mawer 1986, 

1988; Anovitz 1987; Culshaw et al. 1989, 1991b, 1994a; Gower 1992; Gower and 

Simpson 1992; Hicks 1992; Lamb and Moecher 1992: Moecher et al. 1992; Tuccillo 

et al. 1992; White and Flagler 1992). Only a few studies dealt with the geology of 

the southern part of the southwestern Parry Sound domain (e.g., Hanmer 1984a; 

Culshaw et al. 1989, 1991b; Gower 1992). To facilitate comparison with previous 

work, the present study gives particular emphasis on the northern margin of the Parry 

Sound domain. Furthermore, the tectonic nature and importance of continuous gneiss 

zones within the Central Gneiss Belt were first recognized along this margin 
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(Davidson and Morgan 1981). This led Davidson (1984) to propose that the 

northwestern boundary of the Parry Sound domain is a major, 120 km long, southeast-

dipping, upper amphibolite facies ductile shear zone with a northwestward sense of 

overthrusting. Marked by apparently continuously layered gneissic mylonite and 

straight gneiss, the so-called "Parry Sound shear zone" was viewed as a tectonic 

feature separating granulite facies rocks of the interior Parry Sound domain (sensu 

Davidson 1984) from the underlying amphibolite facies rocks of the Britt domain. 

The "Parry Sound shear zone" was subsequently referred to as a "continental 

megathrust" (White and Mawer 1988) and as the Allochthon Boundary Thrust (Rivers 

et al. 1989). There are, however, several lines of evidence suggesting that the "Parry 

Sound shear zone" is, in part, a lithological entity and not simply a structural feature. 

Rocks in the interior part of the Parry Sound domain are lithologically, structurally, 

metamorphicaliy, and geophysically distinct from the underlying rocks in the "Parry 

Sound shear zone". Moreover, these two tectonostratigraphic units are separated by a 

discrete ductile thrust zone. It is here proposed that the Parry Sound domain 

comprises several thrust sheets, the Parry Island, Parry Sound, and Twelve Mile 

Bay thrust sheets, with their bounding ductile thrust zones. The Parry Island thrust 

sheet with its bounding tectonites, as depicted in Fig. 2.3, closely approximates the 

area defined by the "Parry Sound shear zone" (e.g., Davidson 1986, his Fig. 4), and 

its upper limit corresponds to a discrete ductile shear zone, here termed the Parry 

Sound thrust zone. By contrast, its structural base, the basal thrust zone, is ill-

defined but marks an abrupt change in lithology (see below). The new terms thrust 
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sheets and thrust zones are introduced in preference to the non-genetic terms 

subdomains and ductile shear zones, respectively, since they more clearly convey the 

tectonic nature of the Central Gneiss Belt. As well, they are consistent with both 

current terminology used in ihe southwestern Grenville orogen (e.g., Hanmer and 

Ciesielski 1984; Windley 1986; Hanmer 1988; Rivers et al. 1989; McEachern 1990; 

Nadeau 1990; Nadeau and Hanmer 1992; Hanmer and McEachern 1992; Culshaw et 

al. 1994a) and modern thrust terminology (Butler 1982; Boyer and Elliot 1982; 

McClay 1992). 

The existence of both tectonic windows (Go Home and Rosseau subdomains) 

and directly overlying thrust sheets (Moon River and Seguin) southeast of the Parry 

Sound domain, and the absence of ca. 1152 to 1170 Ma coronitic metagabbros 

(Davidson and van Breemen 1988; van Breemen and Davidson 1990; Heaman and 

LeCheminant 1993) in the latter, suggest that the Parry Sound domain is a far-

travelled allochthon with an as yet unknown, distant source to the southeast (cf. 

Davidson 1986; Chapters 4 and 5). This is supported by gravity modelling, which 

suggests that the Parry Sound domain "bottoms out" between 4 and 13 km (Lindia et 

al. 1983), by seismic images, which show reflectors dipping inward from the bounding 

tectonites and converging at a depth of ca. 6 km (White et al. 1992), and by schematic 

cross sections for the Central Gneiss Belt (Fig. 2.1; Davidson 1984; Mawer 1987; 

Jamieson et al. 1992). 
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2.4 TECTONOSTRATIGRAPHY AND STRUCTURAL ELEMENTS OF THE 

PARRY SOUND DOMAIN 

2.4.1 Definition of thrust sheets 

In the Central Gneiss Belt along Georgian Bay, recent studies defined several 

tectonic units (or assemblages) characterized by differences in lithology, contrasting 

metamorphic and structural histories, and distinctive suites of granitic plutons and 

mafic dykes (Jamieson et al. 1992; Culshaw et al. 1994a). Within the study area, 

geological mapping, combined with structural geology, metamorphic petrology, and 

geochronology, allowed the recognition of three tectonic units that differ in various 

aspects of their lithology, (micro-) structural style (see below), and metamorphic 

(Chapter 3), plutonic, and depositional history (Chapter 4). These tectonic units are 

herein termed thrust sheets, mainly because the boundaries between the units are 

interpreted as thrust zones (see section on Ductile thrust zones below). 

The thrust sheets and thrust zones contain various types of tectonites, including 

regular to straight gneisses and mylonitic rocks. Detailed description of the formation 

of the high-grade tectonites has been presented elsewhere (e.g., Davidson et al. 1982; 

Davidson 1984; Mawer 1987; Hanmer 1988; Nadeau 1990; McEachern 1990; Nadeau 

and Hanmer 1992). Essentially, fine- to medium-grained straight gneisses are 

thoroughly recovered granoblastic mylonites derived by the degradation, attenuation, 

and transposition of mixed protoliths, most commonly amphibolite and 

quartzofeldspathic rocks. Mylonitic and protomylonitic rocks are similar to straight 

gneisses but are generally finer-grained and contain mineral augen or porphyroclasts. 
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By contrast, irregular and regular gneisses typically show low-angle discordant 

features. 

In what follows, the main lithological elements and structural features of each 

thrust sheet are first described, prior to examining the ductile thrust zones. The 

divisions and terminology proposed here represent a slight modification of those used 

previously, as shown in Table 2.2. 

2.4.2 Parry Island thrust sheet 

Ltihology 

Heterogeneous and volumetrically important granulite to upper amphibolite 

facies supracrustal rocks with subordinate Middle Proterozoic plutonic rocks dominate 

the geology of the Parry Island thrust sheet (Fig. 2.3, Table 2.2). Most of the 

mappable units are small but remarkably continuous along strike, and a 

tectonostratigraphy is recognized. The lower part of the thrust sheet comprises 

migmatitic supracrustal rocks including gneissic or schistose pelite and semi-pelite, 

quartzofeldspathic and calcareous gneiss, quartzite, and marble (Lighthouse gneiss 

association of Culshaw et al. 1989). These metasediments are interlayered at all 

scales (0.1 to 100's of metres) with concordant, commonly garnetiferous amphibolite 

and hornblende gneiss sheets containing both massive and layered members, but no 

distinct primary textures. The intimate spatial association of these mafic sheets with 

the metasediments suggests a supracrustal origin. Marble layers are invariably 

tectonic melanges or breccias (Davidson et al. 1982; Hanmer 1988), containing 



Table 2.2. Overview of proposed subdivisions of the central part of the Central Gneiss Belt along Georgian Bay. 

Lithologies (NW to SE) 

Migmatitic granodiorite-tonalite orthogneiss (ca. 1450 Ma1) 

Supracrustal rocks (^1301 Ma1): quartzofeldspathic gneiss and 
schist, amphibolite, quartzite, calcareous gneiss, marble 

Granodioritic gneiss, minor supracrustal rocks 

Marginal orthogneiss (ca. 1350 Ma3) 
Coronitic metagabbro (ca. 11522), anorthosite, meta-eclogite 

Straight gneiss: mostly granodioritic and mafic in composition; 
transposed Britt and Parry Sound domain rocks 

(Semi-)pelitic gneiss and schist, amphibolite, quartzofeldspathic 
gneiss, quartzite, marble; granodiorite-tonalite orthogneiss; mafic 
dykes; Garnet amphibolite, migmatitic gneiss, minor pelitic gneiss 

Sandy Island, Parry Island, and Whitestone (ca. 1350 Ma3) 
anorthosites; Isabella Island granitic to monzonitic gneiss 

Mylonite and straight gneiss developed in Parry Island and Parry 
Sound thrust sheet rocks 

Davidson (1984) 

Southern Britt 
domain 

Parry Sound shear 
zone 

Culshaw et al. (1988,1989, 
1990a, 1994a) 

Southern Britt domain: 

Ojibway gneiss association 

Sand Bay gneiss association 

Unamed gneiss association 

Basal Parry Sound 
assemblage: 

Lighthouse and Armer Bay 
gneiss associations 

This study 

Southern Britt domain 
(immediate footwall) 

Basal thrust zone 

Parry Island thrust 
sheet 

Parry Sound thrust 
zone 

v© 



Table 2.2. (concluded) Overview of proposed subdivisions of the central part of the Central Gneiss Belt along Georgian Bay. 

Lithologies (NW to SE) 

Predominant opx-bearing mafic to granitoid orthogneiss with, well 
layered mafic to felsic granulite, minor pelite, calc-silicate, 
quartzite, and marble; mafic dykes 

Mostly dioritic to charnockitic orthogneiss (ca. 1425 Ma3), mafic 
gneiss, minor paragneiss; mafic dykes 

Mafic gneiss and amphibolite, quartzite, minor (semi-)pelitic gneiss, 
granodiorite-tonalite orthogneiss, mafic dykes, anorthosite 

Migmatitic orthogneiss and paragneiss 

Migmatitic granitic to granodioritic gneiss; potassic leucogneiss 

Mostly potassic leucogneiss, granodioritic to trondhjemitic gneiss, 
minor supracrustal gneiss, amphibolite 
Coronitic metagabbro 

Davidson (1984) 

Interior Parry Sound 
domain 

Moon River 
subdomain 

Go Home 
subdomain 

Moon River 
subdomain 

Culshaw e ta l . (1988, 1989, 
1990a) 

Interior Parry Sound domain: 

McLaren Island gneiss 
association 

Moon Island gneiss 
association 

Twelve Mile Bay assemblage 

Go Home subdomain: 

Pine Island gneiss association 

Moon River subdomain: 

Blackstone Lake gneiss assoc. 

Moon River gneiss association 

This study 

Parry Sound thrust 
sheet 

Twelve Mile Bay 
thrust sheet 

Go Home subdomain 
(immediate footwall) 

Moon River thrust 
sheet 

(immediate 
hangingwall) 

^Culshaw et al. 1994b; ^Heaman and LeCheminant 1993; ^van Breemen et al. 1986. 

to 
o 
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scattered and highly contorted cm- to m-scale inclusions of mafic to quartzofeldspathic 

gneiss (Fig. 2.4 a). The metasediments and amphibolites are interlayered with 

metaplutonic rocks, including hornblende-biotite±garnet±ortiiopyroxene granodiorite 

and tonalite gneiss, anorthosite, and gabbro. Anorthositic rocks occur either as trains 

of slivers and blocks or as map-scale slices and masses including the Sandy Island and 

Parry Island anorthosites (Fig. 2.3). Some interior parts of these bodies, particularly 

the Parry Island anorthosite, are not strongly strained, preserving primary igneous 

texture and layering. 

The upper part of the Parry Island thrust sheet consists primarily of garnet 

amphibolite, the Whitestone anorthosite, the Isabella Island granitic gneiss, and 

volumetricaUy minor pelitic and quartzofeldspathic gneiss, diorite, and ferrodiorite 

(part of Armer Bay gneiss association of Culshaw et al. 1989) (Fig. 2.3). Compared 

to amphibolites from the bottom part of the thrust sheet, the amphibolite unit from this 

part of the thrust sheet is remarkably homogeneous, suggesting an igneous origin 

(gabbroic in composition). 

Though contacts between lithological units are generally tectonic, cross-cutting 

relationships are locally well preserved. For example, the Isabella Island granitic 

gneiss clearly cuts the Whitestone anorthosite (Figs. 2.3 and 4.2 e). In turn, both the 

Parry Island and Whitestone anorthosites contain quartzite inclusions (this study; L. 

Nadeau, personal communication, 1991). Van Breemen et al. (1986) obtained a 

poorly constrained U-Pb crystallization age of 1350 ± 50 Ma on zircons from the 

Whitestone anorthosite immediately northeast of the study area. Locally, field 



' 1 

22 

Figure 2.4. Parry Island thrust sheet lithologies. a Contorted isolated inclusions of 
quartzofeldspathic gneiss and amphibolite in coarse marble tectonic melange. The 
amphibolite is tectonically spalled off from adjacent unit as seen here (left), b Three 
texturally different mafic dykes: fine-grained garnet-bearing dyke cuts medium-grained 
mafic dyke with similar "leopard skin" texture. Both of these are cut by a thin 
porphyritic mafic dyke, c, d, and e Preservation of primary lithological features in 
the vicinity of Parry Island: c interlayered quartzofeldspathic and pelitic gneiss, d 
primary layering in quartzite cut by a mafic dyke, and e enclaves in tonalite cut by a 
mafic dyke, f Strongly attenuated amphibolite with boudined pegmatite from near the 
town of Parry Sound. Compare degree of attenuation and transposition with c, d, and 
e. Locations of photographs are shown in Fig. 2.17. 
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Figure 2.6 
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relationships suggest that the Parry Island anorthosite intruded tonalite (Fig. 4.2 c). 

These cross-cutting relationships rule out the possibility that the anorthosites were 

tectonically emplaced into the neighbouring gneisses (cf. van Breemen et al. 1986). In 

the lower part of the Parry Island thrust sheet, the quartzite, granodiorite-tonalite 

gneiss, and Parry Island anorthosite are cut by abundant mafic dykes that are 

themselves deformed and metamorphosed. These dykes serve as important lithological 

markers since they are absent in the immediate footwall, i.e. the southern Britt 

domain. In places, branching forms and internal cross-cutting relationships indicate 

the presence of at least four textural types of dykes (Fig. 2.4 b). Within the Parry 

Island anorthosite, the dykes preserve granulite facies mineral assemblages whereas 

those within the flanking gneisses are metamorphosed at upper amphibolite facies 

conditions (see section on Structural features below; Chapter 3). 

In an attempt to compare different field occurrences of mafic dykes within the 

Parry Island thrust sheet, 16 whole-rock chemical analyses were obtained (Table Al, 

Appendix A). All dykes are tholeiitic and, with the exception of samples 88-N48a and 

88-N34c, shov only slight variations in bulk chemical composition (Table Al; Fig. 

Al). Variations in elemental concentrations, particularly major elements, may result 

in part from metamorphic and deformation processes. In the case of sample 88-N48a, 

the difference in bulk composition can be correlated with texture. In spite of this, 

there is no justification on chemical or textural grounds for separating mafic dykes 

within the anorthosites and those within the flanking gneisses. 

Assuming that the primary compositions of Parry Island thrust sheet mafic 
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dykes were not significantly altered by metamorphism and/or other processes, the 

above results allow comparison with mafic dykes occurring elsewhere in the 

southwestern Grenville orogen. The Parry Island thrust sheet mafic dykes are 

geochemically distinct from the alkaline olivine basalt chemistry of the ca. 1238 Ma 

Sudbury dykes in Ontario (Fig. Al; Krogh et al. 1987; Bethune and Davidson 1988; 

Bethune 1989) and the mostly alkaline chemistry of the ca. 588 Ma Adirondack dykes 

in New York (Coish and Sinton 1992). They are similar in composition to the ca. 590 

Ma tholeiitic Grenville dykes in Ontario (Fig. Al; Bethune 1989; Kumarapeli 1993). 

However, field relationships (see below) and available geochronological data suggest 

that rocks of the Parry Island thrust sheet, including the mafic dykes, were deformed 

and metamorphosed at ca. 1160 and 1120 Ma (van Breemen et al. 1986; Jamieson et 

al. 1992), precluding correlation with the Grenville dykes. 

On Parry Island and adjacent islands, primary lithological features are locally 

preserved, but farther northeast, in the town of Parry Sound, penetrative deformation 

has resulted in complete obliteration of these earlier features (compare Fig. 2.4 c, d, 

and e with 2.4 f). However, despite the strong transposition and attenuation of rock 

units, a comparable gross tectonostratigraphy is preserved across the northeastern 

portion of the Parry Island thrust sheet near Parry Sound (Fig. 2.3). In fact, similar 

lithological associations have been traced along the entire northwestern boundary 

(Davidson et al. 1982; Bright 1986, 1990; McRoberts and Tremblay 1987, 1991) and 

part of the southeastern boundary (Culshaw et al. 1989; see section on Twelve Mile 

Bay thrust sheet below) of the Parry Sound domain. This suggests that the Parry 
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Island thrust sheet may be part of a single, coherent thrust sheet that floors the Parry 

Sound thrust sheet (e.g., Culshaw et al. 1989) and shows lateral and transverse 

variations in degree of transposition and attenuation of lithologies. 

Structural features 

The 1-7 km thick Parry Island thrust sheet is bounded above and below by the 

Parry Sound thrust zone and basal thrust zone, respectively (Figs. 2.3, 2.5, and 2.7). 

The following observations demonstrate that intense internal deformation accompanied 

the emplacement of the thrust sheet. The boundaries and overall internal planar, S»L 

fabric of the thrust sheet, expressed by the mineral foliation, compositional layering, 

and preferred orientation of metamorphic segregations, are co-planar with the 

tectonites of both the Parry Sound and basal thrust zones (Fig. 2.5). An extension 

lineation, manifested as a rodding, mineral alignment, and drawn-out 

quartzofeldspathic aggregates, systematically plunges moderately to shallowly southeast 

irrespective of foliation attitude, with the striking exception of a northeast-plunging 

lineation within the Parry Island anorthosite (see below; Fig. 2.5). Open to isoclinal 

folds, with axes parallel to the extension lineation, are common (Fig. 2.6 a). 

The distribution, development, and preservation of high-strain fabrics in the 

Parry Island thrust sheet are complex. As mentioned above, rocks in the vicinity of 

the town of Parry Sound are highly attenuated straight gneisses. In places, they carry 

shear-sense indicators suggesting top-side up to the northwest movement, such as the 

classic oblique pinch-and-swell structure in pegmatite (Fig. 2.6 b; see Hanmer 1984b; 

Hanmer and Passchier 1991, their Fig. 73 b). In the southwestern portion of the 
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Figure 2.6, Structural features of the Parry Island thrust sheet, a Isoclinal fold in 
mafic dyke and pink migmatitic orthogneiss. The fold axis is parallel to the southeast-
plunging stretching lineation. b Pinch-and-swell structure in pegmatite in mafic 
straight gneiss near the town of Parry Sound, looking northeast. Shear-sense indicated 
by these structures is top-side to the northwest, c Sheath fold in mylonitic mafic rock; 
axis plunges away from viewer, d Orthopyroxene megacryst almost completely 
recrystallized to an assemblage of opx-cpx-hb in the Parry Island anorthosite. The 
recrystallized orthopyroxene is stretched out and forms a "flame-like" structure, e 
Granulite facies fabric and mafic sheets in Parry Island anorthosite cut at a moderate 
angle by a thick mafic dyke itself metamorphosed and deformed, f Transposed and 
tightly folded mafic dyke interlayered with quartzite. g Tightly folded, recrystallized, 
and retrogressed Parry Island anorthosite. h Tight, inclined, NE-SW-trending folds in 
heterogeneous amphibolite and pink quartzofeldspathic gneiss from the strain shadow 
of the Parry Island anorthosite. Locations of photographs are shown in Fig. 2.17. 
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Figure 2.6 



thrust sheet, regional-scale strain gradients indicate a progression from moderately 

strained irregular to regular gneisses within the relatively "stiff Parry Island 

anorthosite to more highly strained regular and straight gneisses on either side of the 

body (see below), finally passing into extremely attenuated straight gneisses with 

sheath folds in the proximity of the thrust zones (Fig. 2.6 c). 

Outside of the moderate strain zones within the flanks of the Parry Island 

anorthosite, there are several narrow, layer-parallel shear zones, 10's of metres thick 

and 3 to 10's of kilometres in strike length, well away from the bounding thrust zones 

(Fig. 2.7). These include, from bottom to top, a shear zone best developed in pelitic 

and semi-peiitic rocks, and two discontinuous belts of marble tectonic melange. The 

former shear zone is visibly derived from the transposition and attenuation of layered, 

coarse-grained pelitic gneisses, and shows no sign of metamorphic retrogression. 

Shear-sense indicators are relatively scarce; most, though not all, indicate top-side 

down to the southeast movement along the direction of the extension lineation. The 

discrete nature of the shear zone suggests that high-temperature shearing occurred 

after development of the main fabric. 

The marble tectonites occur at or near the base of two compositionally similar 

packages of rocks including granodiorite-tonalite orthogneiss, quartzite, and mafic 

dykes (Fig. 2.3). Carbonate tectonites can absorb significant strains and undergo 

important displacement with respect to surrounding gneisses (Hanmer 1988). The 

presence of marble melange at different structural levels within the succession could 

be explained by the extreme mobility of the marble and its ability to penetrate and 
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intrude the parent body (Fig. 2.4 a). While evidence for non-coaxial deformation 

exists along these shear zones, no consistent kinematic pattern has been recognized as 

yet. The marble tectonites could represent splays off the basal thrust zone slicing up 

into the orthogneiss-paragneiss succession. Alternatively, the repetition of units across 

strike could be attributed to large-scale folding (cf. Gower 1992). However, there is 

no evidence for a fold closure within the st-idy area (see Discussion below). 

Microstructurally, the recovered quartzofeldspathic gneisses of the thrust sheet 

show an overall subequigranular to equigranular granoblastic texture (Fig. 2.7) with 

smoothly curved to straight grain boundaries (Fig. 2.8 a). Grain size varies greatly 

from 0.2 to 4 mm with an average of 1 mm. The most uniform grain size is 

developed in straight gneiss. Quartz and most feldspar crystals (i.e. plagioclase, 

microcline, and rare microperthite) have completely recrystallized. Quartz crystals 

commonly form polycrystalline ribbons ranging from 0.5-1 mm in thickness. 

Compared to the Whitestone anorthosite, the Parry Island anorthosite has 

received little attention (e.g., Walker 1913). The body is variably deformed and 

metamorphosed, and is lithologically layered at outcrop scale, varying, for the most 

part, from pure anorthosite to gabbroic anorthosite. Very coarse (>1 m in length) 

orthopyroxene and finer plagioclase of igneous habit are commonly preserved, 

particularly in the interior part of the body. Both are variably recrystallized, with 

orthopyroxene successively surrounded by coronas of polygonal orthopyroxene, 

clinopyroxene, hornblende, and locally garnet. These partly to totally recrystallized 

orthopyroxenes are typically deformed into "flame-like" structures (Fig. 2.6 d), which 
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Figure 2.7. Map illustrating shear zones, characteristic microstructural features, 
orientation of mafic dykes, and selected metamorphic features in the Parry Island 
(PITS) and overlying Parry Sound (PSTS) thrust sheets, h denotes the field 
occurrence of metamorphic orthopyroxene. Outline of the Parry Island anorthosite is 
shown for reference. PSTZ = Parry Sound thrust zone; BTZ = basal thrust zone. 
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Figure 2.8. Microstructural features of quartzofeldspathic rocks, a Subequigranular 
granoblastic texture in upper amphibolite facies straight gneiss from the Parry Island 
thrust sheet, b Porphyroclastic texture with thin attenuated quartz ribbons in gneissic 
rock from the Parry Sound thrust sheet, c Heterogeneous granoblastic-polygonal 
texture in retrograde granulite facies mylonitic rock from the Parry Sound thrust zone. 
All photographs are oriented perpendicular to foliation and parallel to the lineation. 
The scale bar is 1 mm long. 
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Figure 2.8 
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at map-scale are oriented subparallel to the walls of the anorthosite body. In places, 

the planar fabric in the anorthosite and thin hornblende-plagioclase-garnet mafic sheets 

are deformed about northeast-southwest-trending, open to tight folds. Whereas some 

of these folds have northeast-plunging axes coaxial with the mineral lineation in the 

Parry Island anorthosite, others have southeast-plunging axes parallel to the regional 

extension lineation outside of the anorthosite (Fig. 2.5). The latter folds show a 

constant S asymmetry, when looking down-plunge. Orthopyroxene crystals locally 

define the northeast-plunging, mineral lineation in the anorthosite. Deformed and 

metamorphosed, two-pyroxene mafic dykes cut at a moderate angle the "flame-like" 

fabric, mafic sheets, and igneous texture of the anorthosite (Fig. 2.6 e). The dykes 

trend northwest-southeast to northeast-southwest, and some are folded (Fig. 2.7). 

Most mafic dykes carry an internal wall-parallel foliation and a gently to moderately, 

northeast-plunging lineation defined by drawn-out feldspar aggregates. These 

observations collectively suggest that deformation (which produced orogen-parallel 

structures) and granulite facies metamorphism took place during emplacement of the 

mafic dykes and Parry Island anorthosite. 

Towards the margins of the anorthosite body, there is a penetrative planar 

fabric expressed by flattened polycrystalline aggregates of plagioclase and amphibole, 

as well as a strong, southeast-plunging extension lineation. In contrast to the "flame-

like" structure, this gneissic fabric is associated with extensive recrystallization of the 

anorthosite (Fig. 2.6 g). Locally, the strongly deformed anorthosite has a greasy 

green hue, suggesting granulite facies conditions during penetrative deformation. 
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However, in most places, the anorthosite contains a retrograde metamorphic 

assemblage of plagioclase-hornblende-biotite-scapolite-garnet-clinopyroxene. The 

mafic dykes are attenuated and transposed into parallelism with the main fabric, and 

isoclinal folds are locally developed. Similarly deformed mafic dykes and upper 

amphibolite facies metamorphic assemblages are preserved within the flanking gneisses 

(Fig. 2.6 f; compare with 2.6 e). 

The preservation of a granulite facies fabric in the anorthosite and cross-cutting 

mafic dykes, coupled with the transposition of mafic dykes in adjacent gneisses and 

rotation of lineations parallel to the edges of the anorthosite (Fig. 2.5), suggest that the 

Parry Island anorthosite acted as a "stiff body during the penetrative deformation. In 

a low strain area east of the anorthosite, the preservation of intensely crenulated and 

folded pelitic schists and gneisses is compatible with this interpretation. Folds in this 

area are inclined to upright, open to tight, with northeast- to southwest-plunging axes 

(Fig. 2.6 h). 

The Parry Island thrust sheet and its bounding tectonites are folded by a set of 

open folds of variable size (metre- to map-scale in wavelength) and orientation. 

Minor folds are best developed within the basal thrust zone and along the base of the 

thrust sheet, particularly in the area immediately west of Sandy Island (Fig. 2.3). 

Here tight to isoclinal folds are modified by steep to upright open folds with 

moderately to steeply, northeast- to southeast-trending axes and east-northeast-dipping 

axial surfaces (Fig. 2.9 a). Mineral lineations, coaxial with these fold axes, clearly 

overprint the regional southeast-plunging extension lineation (Fig. 2.9 b). Abundant 
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Figure 2.9. Characteristics of late folding in the Parry Island thrust sheet, a Isoclinal 
fold refolded into upright, open fold with steeply plunging WSW-trending fold axis. 
The latter is coaxial with the stretching lineation. b Thrust-related southeast-plunging 
rod lineation overprinted by a mineral lineation that is coaxial with the late fold axis in 
a. Pens are oriented parallel to the fabrics, c Tightly folded and layered migmatitic 
gneiss cut by little deformed but folded late tectonic pegmatite. Locations of 
photographs are shown in Fig. 2.17. 



46 

Figure 2.14 
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Figure 2.9. 
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granitic pegmatites cut the early tight to isoclinal folds but are themselves deformed by 

the later open folds (Fig. 2.9 c). This folding event appears to be associated with 

extensive retrogression of the tectonites to lower amphibolite facies assemblages. At 

map-scale, this part of the thrust sheet is marked by kl .snv.ire-scale, NNW-SSE-

trending folds that extend northwestward into the Britt domain (Fig. 2.2). Near the 

town of Parry Sound, the tectonites are deformed about broad, open folds with 

shallowly, easterly-plunging hinges. These observations suggest that the open folds 

postdate the penetrative deformation within the thrust zones and Parry Island thrust 

sheet. In the Britt domain, the NNW-SSE-trending folds are associated with 

extensional fabrics in the Central Britt shear zone (Culshaw et al. 1994a). 

2.4.3 Twelve Mile Bay thrust sheet 

Lithology 

The Twelve Mile Bay thrust sheet, several hundreds of metres thick, underlies the 

Parry Sound thrust sheet to the south (Fig. 2.2). Previously mapped as part of the 

Moon River thrust sheet (Davidson et al. 1982), this complexly folded assemblage 

separates the Parry Sound thrust sheet from the underlying Go Home subdomain in 

Georgian Bay (Fig. 2.10). Culshaw et al. (1989) tentatively correlated the Twelve 

Mile Bay thrust sheet with the Parry Island thrust sheet on the basis of lithological 

similarities and similar structural position with respect to the overlying Parry Sound 

thrust sheet. Along Twelve Mile Bay, the rocks form a highly attenuated, northward-

dipping belt of well layered gneissic anorthosite, quartzite, amphibolite, granodiorite to 
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Southern Britt 
domain 

Figs. 2.3 and 2.5 

Georgian 

Bay 

Twelve Mile Bay_ 
thrust sheet 

5 km Go Home subdomain 

Figure 2.10. Simplified map of the southwestern Parry Sound domain showing 
boundaries (thrust zones) between major tectonostratigraphic units (modified after 
Jamieson et al. 1992). Locations of Figs. 2.3, 2.5, 2.11, and 2.13 are indicated. 
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tonalite gneiss, and minor semi-pelitic gneiss (Fig. 2.11; Table 2.2). The granodiorite 

and tonalite gneisses are cut by abundant mafic dykes. The dykes preserve granulite 

facies assemblages, whereas most orthogneisses and paragneisses contain upper 

amphibolite facies assemblages. Despite strong attenuation and transposition of rock 

units, primary features are locally well preserved (Fig. 2.12 a and b; compare with 

2.4 b and e). 

Structural features 

The main structural elements of the Twelve Mile Bay thrust sheet contrast 

markedly with those of the Parry Island and northern Parry Sound thrust sheets. 

Along Twelve Mile Bay, all planar structures dip moderately north to northeast (Fig. 

2.13). A well developed extension lineation plunges, for the most part, shallowly 

towards the east-northeast. A northwest-plunging lineation is locally developed though 

no overprinting relationships have been observed (cf. Hanmer 1984a). Tight to 

isoclinal folds, with fold axes coaxial with the northeast-plunging extension lineation, 

are common. 

Although the thrust sheet lithologies are highly attenuated, there is a variation 

in strain distribution. In the eastern part, the rocks are remarkably homogeneously 

deformed and straight gneisses predominate. To the west, deformation at outcrop-

scale is more heterogeneous, resulting in the preservation of lower strain pods within a 

network of anastomosing shear zones (Fig. 2.12 c; mesh structure of Hanmer 1984a). 

Local shear-sense indicators within the thrust sheet, such as rotated winged feldspars 

and asymmetric folds, indicate top-side down to the northeast movement along the 
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Figure 2.12. Lithological and structural features of the Twelve Mile Bay thrust sheet. 
a Mafic dyke cutting an enclave in tonalite at a high angle; from near the top of the 
thrust sheet, b Homogeneous and "leopard skin" mafic dyke, the latter with branching 
forms, c Steep strain gradient illustrating the development of porphyroclastic mylonite 
by the transposition of interlayered migmatitic tonalite and mafic dykes, d Dextral 
rotated winged feldspar porphyroclast in hornblende-garnet-bearing tonalite, indicating 
top-side down to the northeast movement, e Upper amphibolite facies straight gneiss 
composed of thin and continuous layers of amphibolite, quartzite, and megacrystic 
orthogneiss; from the top of the Twelve Mile Bay thrust sheet. Locations of 
photographs are shown in Fig. 2.17. 
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Figure 2.12 
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direction of the extension lineation (Fig. 2.12 d). Locally, the margins of the thrust 

sheet are marked by extremely straight and thinly layered gneisses similar to the basal 

thrust zone rocks (Fig. 2.12 e; compare with Fig. 2.16 a). Go Home subdomain 

gneisses directly below the Twelve Mile Bay thrust sheet are similarly deformed. 

Microstructurally, the Tv/elve Mile Bay thrust sheet tectonites closely resemble 

those of the Parry Island thrust sheet. The microstructure is recovered with a 

polygonal granoblastic texture. Grain size is very coarse (up to 4 mm) but becomes 

finer (ca. 0.5 mm) and more uniform with increasing ductile strain. 

2.4.4 Parry Sound thrust sheet 

Lithology 

In contrast to the Parry Island and Twelve Mile Bay thrust sheets, the Parry 

Sound thrust sheet is primarily composed of granulite facies plutonic rocks with 

subordinate supracrustal rocks (Figs. 2.3 and 2.11; Table 2.2). The northern part of 

the sheet consists largely of orthopyroxene-bearing gabbroic to granitic rocks and well 

layered mafic to felsic granulite gneiss, with lesser pelitic granulite migmatite, calc-

silicate granulite, and marble (Figs. 2.3 and 2.14 a and b; McLaren Island gneiss 

association of Culshaw et al. 1989). All evidence of primary sedimentary or volcanic 

features in the mafic to felsic granulite has been destroyed. The metaplutonic rocks 

locally form sheets or ovoid masses in the cores of northeast-striking folds, wrapped 

around by the layered gneissic granulite. Most of the contacts have been tectonically 

and/or metamorphically modified except locally, where cross-cutting relationships 
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Figure 2.14. Northern Parry Sound thrust sheet lithologies. a Boudined mafic 
granulite in pink charnocldte. The mafic boudins are aligned parallel to foliation in 
the host gneiss, b Migmatitic garnet-biotite-sillimanite-bearing pelitic metasediment. 
c Layered mafic gneiss cut by medium-grained hornblende-bearing orthogneiss. 
Locations of photographs are shown in Fig. 2.17. 
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indicate the intrusive nature of the more felsic plutonic rocks (Fig. 2.14 c). 

The southern part of the thrust sheet is underlain mostly by orthopyroxene-

bearing metaplutonic rocks, ranging from diorite through quartz diorite and tonalite to 

granite, plagioclase-phyric mafic dykes, subordinate mafic to intermediate granulite, 

and metasedimentary gneiss (Fig. 2.11; Moon Island gneiss association of Culshaw et 

al. 1989). These rocks are extensively hydrated to amphibolite facies assemblages 

owing to a number of processes including pegmatite emplacement, shearing, and large-

scale folding (Chapter 3). The proportion of granitic pegmatite is high compared with 

the northern part. Northeast of the study area within the southern part of the Parry 

Sound thrust sheet, an orthopyroxene-bearing orthogneiss, referred to as the McKellar 

gneiss (Lacy 1960), has been dated imprecisely at 1425 + 75 Ma (U-Pb crystallization 

age on zircon; van Breemen et al. 1986). 

Structural features 

As indicated by regional mapping and geophysical study, the Parry Sound thrust sheet 

as a whole is thickest in the central part (up to 13 km) and thinnest in the northeastern 

and southwestern regions (approximately 5 to 6 km) (Davidson and Morgan 1981; 

Davidson et al. 1982; Culshaw et al. 1983; Lindia et al. 1983; White et al. 1992). 

Gravity modelling suggests that it extends southeastward beneath the Moon River and 

Seguin thrust sheets (Lindia et al. 1983). Its internal structure and fabric differ mostly 

in intensity from those of the underlying thrust zones, and the Parry Island and Twelve 

Mile Bay thrust sheets (Figs. 2.5 and 2.13). Gneisses are distinctly less planar and 

dips are in general steeper. Northeast-striking, moderately to steeply dipping planar 
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structures prevail throughout much of the northern part of the thrust sheet. The 

stretching lineation, defined by drawn-out mineral aggregates, mineral alignment, or 

rodding, is parallel to the regional lineation trend, though variations do exist (Fig. 

2.5). Internal deformation of this portion of the thrust sheet is heterogeneous, 

characterized by a network of narrow high-strain zones that surround lower strain pods 

of granulite. These anastomosing shears are oriented subparallel to the underlying 

Parry Sound thrust zone and most contain shear-sense indicators showing a 

northwestward sense of overthrusting consistent with the regional picture. The degree 

of heterogeneity of strain distribution decreases as one approaches the thrust zone. 

Ductile deformation took place under granulite to upper amphibolite facies conditions 

(Chapter 3; see also Davidson 1991). 

Several kilometres above the Parry Sound thrust zone lies a layer-parallel shear 

zone that involved hydration of the host granulite facies rocks. Relatively abundant 

shear-sense indicators suggest top-side down to the southeast movement (Culshaw et 

al. 1989). The discrete nature, retrograde mineralogy, and grain size refinement 

suggest that this shear zone is younger than the main ductile thrusting. 

Microstructurally, the constituent tectonites of the northern part of the Parry 

Sound thrust sheet are highly distinct from the recovered granoblastic gneisses of the 

underlying Parry Island thrust sheet. For instance, they show, though not 

ubiquitously, a strongly developed porphyroclastic texture with sutured grain 

boundaries (Fig. 2.8 b). The elongate porphyroclasts of mainly perthitic and 

antiperthitic feldspars show spectacular internal deformation features such as bent or 
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folded twin lamellae, new mechanical twins, and sweeping undulose extinction. They 

also show strong marginal recrystallization to very small subgrains and new grains 

averaging about 0.1 mm in size. Core and mantle textures have also been observed in 

feldspars from elsewhere in the Parry Sound thrust sheet (White and Mawer 1986, 

1988; Gower and Simpson 1992), and are consistent with dynamic recrystallization. 

Together, these crystal-plastic deformation features attest to a very high PT 

deformation environment (e.g., White and Mawer 1986, 1988). The change from the 

porphyroclastic texture to the granoblastic texture of the underlying gneisses is abrupt 

across the Parry Sound thrust zone (Fig. 2.7). 

Structurally, the southern part of the Parry Sound thrust sheet differs in several 

respects from the northern part. First, foliations define a shallowly, east-southeast-

plunging, overturned synform with an east-southeast-west-northwest axial surface (Fig. 

2.13). Although a northwest-plunging lineation is locally developed, the extension 

lineation generally plunges shallowly to moderately to the east-northeast and east-

southeast (Fig. 2.13). Second, both dextral and sinistral shear have been documented 

for this area (Hanmer 1984a). Third, the few tectonites that have been observed 

microscopically show a subequigranular granoblastic texture as opposed to a 

porphyroclastic texture. As in the northern part, however, the constituent tectonites 

are more intensely deformed as one approaches the underlying Twelve Mile Bay thrust 

sheet. 
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2.4.5 Ductile thrust zones 

In the Parry Sound domain, the three thrust sheets are bounded by high-strain 

zones of variable width which, in some cases, can be distinguished from the thrust 

sheets on the basis of distinctive features of the constituent tectonites. For instance, 

strain gradients, such as grain size variations, show that the magnitude of finite strain 

in the bounding tectonites is much higher than in the interior parts of the thrust sheets. 

In other cases, the bounding zones are difficult to recognize. However, within each of 

the bounding zones, contacts between thrust sheets are invariably marked by sharp 

breaks in lithology (e.g., Culshaw et al. 1991b, 1994a; see Discussion below). Given 

that these contacts separate units with contrasting geological histories, the high-strain 

zones are interpreted as thrust zones (cf. Jamieson et al. 1992). 

Parry Sound thrust zone 

The 0.5 to 1.5 km thick Parry Sound thrust zone, located between the Parry 

Sound thrust sheet and the underlying Parry Island thrust sheet, marks a sharp 

discontinuity associated with changes in lithology, strain intensity, microstructure, and 

metamorphic grade (Figs. 2.3, 2.5, and 2.7; see also Davidson 1984; Nadeau 1984; 

White and Flagler 1992; Chapter 3). The thrust zone is characterized by spectacular 

mylonitic and protomylonitic rocks deformed under upper amphibolite facies 

conditions (Fig. 2.15 a). It is in large part derived from the deformation of the 

Whitestone anorthosite, and granitic and mafic gneiss of the Parry Island thrust sheet. 

Mylonitic and protomylonitic rocks of tonalitic and partly retrograded mafic granulite 

composition are demonstrably derived from the overlying Parry Sound thrust sheet 
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Figure 2.15. Features of Parry Sound thrust zone tectonites. a Annealed granoblastic 
mylonite derived from the Whitestone anorthosite. Note hornblende (black) and 
plagioclase (white) porphyroclasts. b Unrecovered protomylonite derived from 
hornblende-garnet tonalite gneiss plus pink migmatitic and mafic gneiss. Note 
abundant feldspar and hornblende porphyroclasts as well as the large grey, perthitic 
feldspar rimmed by pink K-feldspar near centre of photograph, c and d Sinistral 
rotated winged feldspar porphyroclasts in mylonitic gabbroic anorthosite indicating a 
northwestward sense of overthrusting. Locations of photographs are shown in Fig. 
2.17. 
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Figure 2.15 
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(Fig. 2.15 b). The Parry Sound thrust zone is therefore derived from both the 

footwall and hangingwall lithologies. The lithological break between the footwall and 

hangingwall rocks is locally very sharp; within only a few metres one can walk from 

footwall to hangingwall lithologies. The mylonitic foliation and lithological layering 

are steeply to shallowly dipping and strike north-south to northeast-southwest. A 

widely developed extension lineation plunges directly or obliquely down-dip (Fig. 

2.5). The alignment of minerals, the streaking-out of quartzofeldspathic aggregates, 

and the alignment of isoclinal fold axes, combine to indicate that this is indeed an 

extension lineation. Shear-sense indicators, principally rotated winged feldspars and 

polymineralic tectonic inclusions (Hanmer 1984b; Passchier and Simpson 1986; 

Hanmer and Passchier 1991), are common and indicate a consistent top-side 

northwestward sense of overthrusting along the extension lineation direction (Fig. 2.15 

c and d). 

The mylonitic rocks form a map-scale stack of anastomosing, southeastward-

dipping, tens of metres thick sheets which are interleaved with, or enclose, lenses of 

their lesser strained protoliths (Fig. 2.7). The high-strain tectonites show marked 

grain refinement as a result of dynamic recrystallization at high temperatures (ca. 

800°C, White and Mawer 1992). Microstructurally, the rocks show extensive 

evidence for recovery and an equigranular granoblastic-polygonal texture (Fig. 2.8 c). 

Unrecrystallized porphyroclasts are surrounded by a mantle of optically clear, 

polygonal new grains. The very fine (0.05-0.2 mm) and uniform matrix grain-size 

suggests the previous existence of an even finer-grained mylonitic microstructure. 
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Basal thrust zone 

Structurally, the basal thrust zone is transitional to the overlying Parry Island 

thrust sheet, particularly in the town of Parry Sound, as well as to the immediate 

footwall, the southern Britt domain (e.g., Culshaw et al. 1994a). This renders the 

recognition and delineation of the basal thrust zone difficult. Observations from the 

northern side of Parry Island and near the town of Parry Sound indicate that the basal 

thrust zone can be defined as that ductile shear zone which contains high-strain 

tectonites that separate two lithologically distinct units. Although co-planar with the 

Parry Sound thrust zone, the constituent tectonites of the basal thrust zone are 

different. Granoblastic mylonitic rocks, which are dominantly straight gneisses, are 

coarser grained and carry fewer shear-sense indicators than in the Parry Sound thrust 

zone. Compositionally, the flaggy S»L tectonites consist of continuously and finely 

(cm- to dm-scale) layered hornblende-biotite-epidote±magnetite quartzo-feldspathic 

rocks (mostly granodioritic in composition), quartzite, and amphibolite (Fig. 2.16 a). 

Locally, the amphibolite is reminiscent of strongly deformed mafic dykes which 

characterize the Parry Sound domain. The thrust zone also contains a m-scale tectonic 

inclusion of coronitic metagabbro which, though lacking olivine, is akin to those of the 

Britt domain as opposed to the Parry Sound domain. The basal straight gneisses may 

therefore be derived by the transposition of Britt and Parry Island rocks. Any original 

cross-cutting relationships have been completely obliterated. Tight to isoclinal folds 

and sheath folds, with fold axes and bisectors parallel to the stretching lineation, are 

locally present (Fig. 2.16 b). Within the thrust zone, there is a zone of isolated, 
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Figure 2.16. Features of basal thrust zone tectonites. a Medium-grained, annealed 
straight gneiss composed of cm-thick layers of pink quartzofeld spathic and mafic 
gneiss, b Sheath fold developed in highly strained marble; sheath axis plunges away 
from viewer. Locations of photographs are shown in Fig. 2.17. 
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Figure 2.17. General geological map of the southwestern Parry Sound domain 
showing locations of field photographs. PITS = Parry Island thrust sheet; PSTS = 
Parry Sound thrust sheet; TMBTS = Twelve Mile Bay thrust sheet. Parry Island (PI) 
and Whitestone (W) anorthosites are shown. 



widely separated, m- to dm-scale meta-anorthosite and leucogabbro masses (Fig. 2.3) 

commonly showing a well preserved primary igneous texture. The size and 

distribution of these boudins, coupled with the other features, attest to the severity of 

ductile deformation within the basal thrust zone. 

Thrust zones bounding the Twelve Mile Bay thrust sheet 

As in the case of the basal and Parry Sound thrust zones, the Twelve Mile Bay 

thrust sheet boundaries mark abrupt lithological discontinuities (Fig. 2.11). The 

boundaries are co-planar with planar structures within the Twelve Mile Bay thrust 

sheet, the southern Parry Sound thrust sheet, and the northern Go Home subdomain 

(Fig. 2.13). 

The structural geometry and lithological associations of the Parry Sound 

domain suggest that the boundary thrust zones of the Parry Island thrust sheet should 

coalesce at depth with those of the Twelve Mile Bay thrust sheet. However, the 

northern boundary of the Twelve Mile Bay thrust sheet contrasts markedly with the 

supposedly correlative Parry Sound thrust zone, in that it does not contain distinctive 

mylonitic and protomylonitic rocks with abundant shear-sense indicators. This 

suggests either that the two boundaries are distinct and cannot be correlated, or that 

the northern boundary of the Twelve Mile Bay thrust sheet was extensively modified 

by later events. By contrast, the southern boundary of the Twelve Mile Bay thrust 

sheet is very similar to the basal thrust zone to the north. Both contain rare shear-

sense indicators and separate similar lithological assemblages in both their hangingwall 

and footwall (e.g., Culshaw et al. 1989). Thus, in spite of the above differences and 



59 

absence of definitive outcrop-scale shear-sense indicators, the kinematic character of 

the Twelve Mile Bay thrust sheet boundaries may be resolved on the basis of regional 

considerations. Given the lithological associations and the kinematically informative 

Parry Island thrust sheet and Parry Sound thrust zone, it seems reasonable to conclude 

that the Twelve Mile Bay thrust sheet rocks were translated northwestwards relative to 

the underlying Go Home subdomain. 

2.5 STRUCTURAL INTERPRETATION AND KINEMATICS 

The principal structural elements and kinematic framework of the Parry Sound 

domain along Georgian Bay have been unravelled through geological mapping and 

detailed field observations (Table 2.3). In the Parry Sound region, similarities in 

orientation of fabrics and kinematics suggest that the dominant fabric in the Parry 

Island thrust sheet and its bounding thrust zones correlates with that in the northern 

part of the Parry Sound thrust sheet. Shear-sense criteria are consistent with 

northwest-directed thrusting along the southeast-plunging extension lineation (cf. 

Davidson 1984). However, given that other thrust zones of variable ages throughout 

the southwestern Grenville orogen also indicate northwest-directed movement (e.g., 

van Breemen et al. 1986; Nadeau and Hanmer 1992; Haggart et al. 1993; McEachern 

and van Breemen 1993), the kinematic consistency in this part of the Parry Sound 

domain does not necessarily reflect the scale at which displacements were 

contemporaneous. In addition, the boudinage and S»L symmetry of tectonites in the 

Parry Sound region indicate that northwest-directed thrusting was associated with both 



Table 2.3. Summary of the tectonostratigraphy and structural framework m the Parry Sound domain along Georgian Bay. 

Unit Lithology Fabrics Structural interpretation 

Bottom of Parry 
Island thrust sheet 

1. Quartzite, pelitic to semipelitic gneiss, 
quartzofeldspathic gneiss, marble; 
layered to massive amphibolite (volcanic 
origin?); tonalite to granodiorite gneiss; 
Sandy Island anorthosite 

a) Pervasive tectonic fabric; 
b) narrow shear zone developed in 
pelitic gneisses (contains scarce 
top-side down to the southeast 
shear-sense indicators); c) minor 
NNW-SSE-trending folds west of 
Sandy Island 

a) Northwestward thrusting; 
b) possibly late southeastward 
extension; c) folding postdates 
northwestward thrusting 

2. Parry Island anorthosite; cross-cutting 
mafic dykes 

NE-SW-trending folds; NE-
plunging lineation 

Orogen-parallel deformation 
broadly coeval with 
northwestward thrusting 

Top of Parry Island 
thrust sheet 

Garnet amphibolite (gabbroic 
composition); minor semipelitic gneiss; 
Isabella Island granitic gneiss; 
Whitestone anorthosite 

Pervasive tectonic fabric Northwestward thrusting 

Northern Parry 
Sound thrust sheet 

Layered mafic and granitoid gneiss; 
minor chamockite; pelite and marble 

a) Strong tectonic fabric; b) narrow 
shear zone with top-side down to 
the southeast shear-sense indicators 

a) Northwestward thrusting; 
b) late southeastward extension 

Southern Parry 
Sound thrust sheet 

Quartz diorite to diorite, tonalite, 
chamockite; mafic to intermediate gneiss 

Strong tectonic fabric; WNW-ESE-
trending overturned synform 

Northwestward thrusting strongly 
modified by later folding and/or 
extensional shearing 

Twelve Mile Bay 
thrust sheet 

Tonalite to granodiorite gneiss; 
anorthosite; quartzite, pelite, amphibolite 

Pervasive tectonic fabric; WNW-
ESE-trending overturned synform 

Northwestward thrusting strongly 
modified by later folding and/or 
extensional shearing 
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a significant component of shortening across the flow plane and strike-parallel 

extension. The northeast-southwest-trending structures within the Parry Island 

anorthosite, coupled with the northwest-southeast trend of some cross-cutting mafic 

dykes (see above; Figs. 2.5 and 2.7), are consistent with such a kinematic framework. 

Deviations of the orientation of mafic dykes from the northwest-southeast trend may 

reflect later folding and/or transposition of the dykes. Alternatively, the northeast-

oriented extension lineation within the Parry Island anorthosite could suggest an earlier 

component of northeast-southwest maximum stretching, not related in time with the 

dominant northwestward thrusting (e.g., Gower 1992). These two possibilities are 

further discussed below. 

The discrete, layer-parallel shear zone near the bottom of the northern Parry 

Sound thrust sheet (Fig. 2.7), characterized by a top-side down to the southeast sense 

of movement (Culshaw et al. 1989), appears to postdate northwestward thrusting (see 

above). These relationships imply a relatively late southeastward extension of the 

assembled, or assembling, thrust sheet. By contrast, insufficient data exist to interpret 

the layer-parallel shear zone (developed in pelitic rocks) in the Parry Island thrust 

sheet as an extensional shear zone. Thermobarometric and cooling age data have been 

collected in order to resolve this problem (Chapters 3 and 4). 

In the Twelve Mile Bay region, the kinematic picture is also complex. 

Lineation azimuth is highly variable, i.e. from northwest to northeast in the Twelve 

Mile Bay thrust sheet and from, east-northeast to east-southeast in the directly 

overlying Parry Sound thrust sheet (Fig. 2.13). In the Twelve Mile Bay thrust sheet, 
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lack of overprinting relationships between the mutually perpendicular lineations 

suggests that the older lineation was re-oriented (rotated?) by later deformation. In the 

southern Parry Sound thrust sheet, both sinistral and dextral shear have been observed. 

Dextral shear-sense indicators, coupled with the moderately, east-northeast-plunging 

lineation, suggest top-side to the west-southwest movement. However, the spatial and 

timing relationships with the other shear components remain unclear. 

2.6 DISCUSSION 

2.6.1 Recognition of mid- to deep-crustal thrust sheets and thrust zones 

From the field observations and structural data presented above, it is evident 

that thrust zones in the middle to lower continental crust are not always easy to 

recognize. This difficulty can be largely attributed to the high-grade conditions and 

penetrative scale of deformation, the lack of recognizable stratigraphy, and the 

presence of overprinting structures (e.g., Myers 1978; Davidson 1984; Hanmer 1988; 

Fossen and Rykkelid 1992; Culshaw et al. 1994a). However, recognition of thrust 

zones is primordial to our understanding of Grenvillian tectonics. The interpretation 

of distinct lithotectonic domains and subdomains as thrust sheets depends upon the 

recognition of the nature of the bounding tectonites. Until recently, the most 

important criteria used to define mid- to deep-crustal thrust zones included the 

following: 

(1) The magnitude of finite strain, as determined from qualitative indicators of 

strain intensity (e.g., fold tightness, cross-cutting relations, and grain size), is much 
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higher in the bounding tectonites than in the interior parts of thrust sheets (e.g., 

Davidson 1984; Nadeau 1990; McEachern 1990; Hanmer and McEachern 1992; 

Nadeau and Hanmer 1992). Concurrently, boundary zones between the thrust sheets 

contain particularly highly strained rocks, including mylonites and straight gneisses, 

that can be traced continuously for many tens of kilometres. 

(2) Bounding tectonites may contrast compositionally with gneisses within the 

thrust sheets (e.g., Hanmer and McEachern 1992). 

(3) The boundary zone can be reasonably interpreted as a thrust zone if it 

places high-grade rocks on lower-grade rocks (e.g., Davidson 1986). 

(4) The bounding tectonites contain an assemblage of mechanically independent 

shear-sense indicators that demonstrate a consistent sense of differential movement 

along the direction of maximum finite extension (e.g., Davidson 1984; Hanmer 1988; 

Hanmer and McEachern 1992). 

However, despite these criteria, precise delineation of ductile thrust zones 

within the southwestern Grenville orogen is still difficult, mainly because development 

of many of these thrust zones was accompanied by significant penetrative deformation 

of the thrust sheets themselves (e.g., this study; Hanmer and McEachern 1992; 

Nadeau and Hanmer 1992). It is probably for these reasons that the Parry Island 

thrust sheet was widely regarded as a major shear zone (e.g., Davidson 1984). This 

is not surprising considering that this thrust sheet largely consists of mechanically 

weak material, including semipelites, marbles, and other metasedimentary rocks. In 

spite of this, it has been shown that the Parry Island thrust sheet boundaries, as well 



64 

as all other boundary zones within the study area, contain contacts that are invariably 

marked by abrupt lithological discontinuities (cf. Jamieson et al. 1992; Culshaw et al. 

1994a). Thus, these sharp discontinuities provide yet another useful criterion for the 

recognition and delineation of deep-seated ductile thrust zones. However, 

interpretation of the boundary zones as thrust zones necessarily depends upon other 

evidence for thrust deformation. 

2.6.2 Pre-Grenvillian NE-directed thrusting versus Grenvillian orogen-parallel 

extension 

Recently, Gower (1992) documented an early generation of metre- to 

kilometre-scale, northeast-southwest-striking folds with southeast-plunging axes in the 

Parry Island and Parry Sound thrust sheets. He argued that the fold geometries are 

consistent with northeast- rather than northwest-directed thrusting and imply that the 

Central Gneiss Belt experienced an early sinistral oblique collision. He also suggested 

that both the Whitestone and Parry Island anorthosites within the Parry Island thrust 

sheet were emplaced in the hinge zones of these early folds and would thereby provide 

a constraint on the timing of folding. Thus, according to Gower, sinistral oblique 

collision occurred at ca. 1350 Ma, the age of crystallization of the Whitestone 

anorthosite (van Breemen et al. 1986). 

Several features within the low strain interior of the Parry Island anorthosite 

are consistent with observations made by Gower (1992). For example, metre-scale 

folds strike northeast-southwest and some have southeast-plunging axes. Also, field 
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relations suggest that orogen-parallel deformation was broadly coeval with 

emplacement of the anorthosite (see section on Structural features in the Parry Island 

thrust sheet above). However, this study failed to identify a kilometre-scale fold with 

a northeast closure on Parry Island (see Gower 1992, his Fig. 2). Also, as argued 

above, all orogen-parallel structures within the Parry Island anorthosite are compatible 

with the broadly contemporaneous operation of northwestward thrusting and northeast-

southwest maximum stretching. 

Large-scale extension in contractional orogens is common and typically forms 

in the interiors of mountain belts during active shortening in foreland regions (e.g., 

Dewey 1988). For example, in the southern margin of the Tibetan Plateau, 

development of longitudinal extensional structures (top-side east ductile shearing, east-

west-oriented extension lineation) at upper structural levels was broadly 

contemporaneous with transverse thrusting at lower structural levels (Main Central 

thrust) (e.g., Pecher et al. 1991; Hodges et al. 1992). Moreover, at the top of the 

metamorphic pile, north-south grabens mark an important component of east-west 

extension during north-northeast-south-southwest shortening. Thus, the Parry Sound 

domain may be structurally analogous to the Himalayas. Alternatively, large-scale 

extension in the Parry Sound domain may have formed in response to convergence in 

the foreland region of an orogenic front (i.e. analogous to Keweenawan rifting during 

Grenvillian orogenesis; e.g., Gordon and Hempton 1986). In either case, orogen-

parallel structures in the Parry Island anorthosite may have developed almost 

synchronously with northwestward thrusting, as opposed to during pre-Grenvillian 
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northeast-directed thrusting (Gower 1992). However, reorientation of extensional 

structures and mafic dykes into parallelism with the thrust-related fabrics in the flanks 

of the anorthosite, suggests that orogen-parallel extension and northwestward thrusting 

in the Parry Island thrust sheet, though broadly coeval, may not have been strictly 

contemporaneous. Also, it remains unclear whether these two hypotheses can explain 

all northeast-southwest-striking folds within the Parry Sound domain. In spite of this, 

this new interpretation of the data suggests that emplacement of the Parry Island 

anorthosite and mafic dykes may have been broadly contemporaneous with ca. 1160 or 

1120 Ma northwest-directed thrusting (van Bieemen et al. 1986) in the Parry Sound 

domain, and that the Parry Island anorthosite may be much younger than the ca. 1350 

Ma Whitestone anorthosite. U-Pb dating of the anorthosite and mafic dykes would 

provide a geochronological test of the two models (Chapter 4). The possible 

kinematic evolution of the Parry Sound domain during Grenvillian orogenesis is 

further discussed in Chapter 5. 

2.7 CONCLUSIONS 

(1) Geological and structural studies along Georgian Bay indicate that the Parry 

Sound domain can be divided into three thrust sheets: the Parry Island, Parry Sound, 

and Twelve Mile Bay thrust sheets. The bottom portion of the Parry Island thrust 

sheet is dominated by mostly upper amphibolite grade supracrustal rocks (including 

quartzite, pelite, marble, and amphibolite) and granodiorite to tonalite gneisses 

intruded by the Parry Island anorthosite and mafic dykes. The upper portion of the 
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thrust sheet consists of garnet amphibolite (gabbroic in composition), the Whitestone 

anorthosite intruded by granitic to monzonitic gneiss, and minor metasedimentary 

gneiss. The overlying Parry Sound thrust sheet comprises granulite grade granitic and 

mafic gneiss with minor metasedimentary gneiss in the north, and pervasively 

retrograded diorite to quartz diorite, tonalite, charnockite, and mafic to intermediate 

gneiss in the south. The Twelve Mile Bay thrust sheet consists of granulite to upper 

amphibolite facies granodiorite, tonalite, and anorthosite, with lesser quartzite, pelite, 

and amphibolite. 

(2) The thrust sheets are bounded by ductile thrust zones, including the basal 

and Parry Sound thrust zones, which formed at mid- to deep-crustal depths during the 

Grenvillian orogeny. Development of the ductile thrust zones was accompanied by 

intense penetrative deformation of the thrust sheets themselves, particularly the Parry 

Island and Twelve Mile Bay thrust sheets. The identification and delineation of these 

ductile thrust zones depends upon the recognition of sharp lithological discontinuities, 

the relationships between gneiss structure and finite strain, and the presence of n^n-

coaxial flow indicators. 

(3) Lithological similarities and similar structural position between the Parry 

Island and Twelve Mile Bay thrust sheets suggest that correlation is possible. 

However, differences in orientation of fabrics and kinematics indicate that the Twelve 

Mile Bay and Parry Island thrust sheet gneisses had distinct structural histories. 

(4) The kinematic framework of the Parry Sound domain is complex. In the 

Parry Sound region, northwestward thrusting was associated with a significant 

I 
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component of shortening across the flow plane and strike-parallel extension. 

Development of orogen-parallel structures and emplacement of the Parry Island 

anorthosite and northwest-southeast-trending mafic dykes may have been broadly 

contemporaneous with northwestward thrusting. Late southeastward extension on a 

discrete shear zone apparently postdates the thrust structures in the Parry Sound thrust 

sheet. 



Chapter 3 

Metamorphic evolution of the Parry Sound domain, 

southwestern Grenville orogen, Ontario 

3.1 INTRODUCTION 

Information on the pressure-temperature-time (P-T-t) evolution of rocks is a 

prerequisite to understanding large-scale tectonic and metamorphic processes. The 

concept of a P-T-t path stems largely from thermal models of overthrust belts (e.g., 

Oxburgh and Turcotte 1974; England and Richardson 1977; England and Thompson 

1984). Thermal modelling of orogenic processes and the direct derivation of 

metamorphic P-T-t paths may indeed be used to establish the relations between P-T 

shapes and contrasting tectonic settings. However, one-dimensional thermal modelling 

is for a simplified deformation history in which large-scale thermal perturbations are 

caused by instantaneous crustal thickening, and does not address the smaller scale 

relations between deformational events and metamorphism. Metamorphic textures, 

together with well constrained field relationships, will give most information on 

complex metamorphic histories and on the relative timing of mineral growth and 

recrystallization, and allow distinction between regional and local features. Thus, a 

thorough understanding of metamorphic textures provides the starting point for P-T-t 

determinations (e.g., Ghent etal. 1988; Jamieson 1988, 1991). 

In high-grade metamorphic belts such as the Grenville orogen, data on early 

portions of the P-T-t path are rarely available owing to widespread mineral re-

69 
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equilibration at the metamorphic peak (e.g., Lasaga 1983; Loomis 1983) and to 

intense deformation which has largely obliterated pre-existing structures and fabrics. 

As a result, mineral zoning, mineral reactions, and fluid inclusions have been used in 

many studies to outline the retrograde P-T-t path of rocks in the Grenville orogen 

(e.g., Anovitz and Essene 1990; Indares and Martignole 1990a and b; Nadeau 1990; 

Tuccillo et al. 1990; Lamb and Moecher 1992; Lamb 1993). However, in recent 

years, some workers have studied anhydrous rocks such as metagabbros that provide 

information about earlier stages of metamorphic histories (e.g., Grant 1989; Davidson 

1991; Indares 1993). In the Parry Sound domain, in spite of widespread evidence for 

late-stage re-equilibration of the constituent minerals, the presence of mafic dykes has 

allowed evaluation of earlier parts of P-T paths. 

The purposes of this chapter are: (1) to describe the textures occurring in 

pelitic and mafic rocks from the Parry Island, Parry Sound, and Twelve Mile Bay 

thrust sheets, and to establish the relationships between metamorphic mineral growth, 

recrystallization, and deformation; (2) to present thermobarometric results for pelitic 

and mafic rocks; (3) to evaluate the P-T paths followed by rocks from various 

locations in the Parry Sound domain; and (4) to discuss the tectonic significance of the 

P-T data recorded by the high-grade metamorphic rocks. 

3.2 METAMORPHIC SETTING 

Metamorphism in the southwestern Central Gneiss Belt ranges from upper 

amphibolite to granulite facies (Fig. 3.1). Granulite facies rocks underlie most of the 
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Parry Sound domain and Algonquin thrust stack and other smaller parts of structural 

level 1. Patches of retrograded granulite are also present in structural level 3. In the 

structurally lowest level, field relationships and present radiometric data indicate 

superimposed metamorphic events, including pre-Grenvillian (pre-ca. 1680 Ma and ca. 

1450 Ma) granulite facies metamorphism and Grenvillian metamorphism at ca. 1060-

1020 Ma (e.g., Krogh and Davis 1968, 1973; Culshaw et al. 1988, 1989, 1990a, 

1991b; Davidson and van Breemen 1988; Davidson et al. 1990; Nadeau 1990; van 

Breemen and Davidson 1990; Jamieson et al. 1992; Tuccillo et al. 1992; Corrigan et 

al. 1994; Ketchum et al. 1994). By contrast, structural level 2 rocks (i.e. Parry 

Sound domain) do not retain textural or geochronological evidence for pre-Grenvillian 

metamorphism and deformation. Data from the southwestern part of the Parry Sound 

domain indicate a distinct episode of Grenvillian metamorphism at ca. 1160-1120 Ma 

(van Breemen et al. 1986; Jamieson et al. 1992; Tuccillo et al. 1992; Wodicka 1992; 

Chapter 4). Recently, Anovitz (1987; Anovitz and Essene 1990) quantitatively 

evaluated metamorphic conditions on a regional scale, and estimated paleopressures of 

9-11 kbar and paleotemperatures of 700-800°C with a broad thermal high of 800°C 

around the region of Parry Sound. Large pressure discontinuities between thrust 

sheets, domains, and subdomains were no! found (Anovitz and Essene 1990). Anovitz 

and Essene (1990), however, failed to distinguish betv/een rocks which show 

contrasting metamorphic histories, or to discriminate between the effects of pre-

Grenvillian and Grenvillian metamorphic episodes. Nonetheless, such high pressures 

suggest that the present erosion surface in the Central Gneiss Belt represents crustal 
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Figure 3.1. Distribution of meta-eclogite, largest coronitic olivine metagabbro bodies, 
and rocks in granulite and amphibolite facies in the Central Gneiss Belt (CGB), 
Ontario (after Davidson and Grant 1986; Davidson et al. 1990; Davidson 1991). Inset 
shows superincumbent structural levels; 1, lowest to 3, highest. Note absence of 
coronitic metagabbro and meta-eclogite from the Parry Sound domain (PS) and 
northwest of the Central Britt shear zone (CBSZ). A = Algonquin thrust stack; 
GFTZ = Grenville Front Tectonic Zone; CMBbtz = Central Metasedimentary Belt 
boundary thrust zone; CMB = Central Metasedimentary Belt. 



73 

depths exceeding 20-30 km. 

The ca. 1152 to 1170 Ma olivine metagabbro bodies, which occur throughout 

the Central Gneiss Belt except in the Parry Sound domain and nortlwest of the Central 

Britt shear zone (Fig. 3.1), are characterized by a coronitic structure which apparently 

formed during Grenvillian upper amphibolite to granulite facies metamorphism at ca. 

1030-1060 Ma (e.g., Davidson and van Breemen 1988; van Breemen and Davidson 

1990; Davidson 1991; Heaman and LeCL^nlinant 1993). Field relations and complex 

reaction textures indicate that the metagabbros were emplaced in the form of dykes at 

crustal depths of ca. 30-40 km (Grant 1987). 

Evidence for higher-pressure metamorphism within the Central Gneiss Belt is 

provided by the presence of kyanite-bearing basic rocks of eclogitic affinity. These 

meta-eclogites occur within major high-strain zones and, as of yet, appear restricted to 

the structurally lowest level, southeast of the Central Britt shear zone (Fig. 3.1; 

Culshaw et al. 1983; Davidson 1990, 1991). In some places, corundum-bearing meta-

anorthositic rocks are spatially associated with the meta-eclogites (e.g., Davidson 

1990). Phase relations indicate that the retrograded eclogites equilibrated under a 

minimum pressure of 12-13 kbar (Grant 1989; Davidson 1990). The age of this 

metamorphism is still poorly constrained. On the basis of field and petrological 

observations, Davidson (1991) suggested that it may be older than the ca. 1170 Ma 

coronite suite. By contrast, zircons from a meta-eclogite collected just north of the 

study area yielded an age of ca. 1120 Ma (Culshaw and Krogh, unpublished data). 

Given the uncertainty in the timing of eclogite metamorphism, some important 
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aspects of the tectonic history of the Central Gneiss Belt still remain unresolved. The 

data, however, indicate that the Belt experienced substantial crustal thickening with an 

unspecific, but Grenvillian, time range. The Grenvillian high-grade metamorphism 

probably reflects the thermal response of the middle and lower crust to crustal 

thickening by thrust-stacking. Elsewhere in the Grenville Province, it is argued that 

Grenvillian-age metamorphism was caused by heat released by the crystallization of 

plutonic complexes of associated anorthosite, rnangerite, charnockite, and granite dated 

between ca. 1160 and 1120 Ma (e.g., Martignole 1986; Emslie and Hunt 1990). Until 

now, such a mechanism of heat introduction appeared inappropriate for the Central 

Gneiss Belt, since Grenvillian-age plutonism is scarce apart from pegmatites and 

small, scattered bodies of ca. 1152 to 1170 Ma coronitic olivine metagabbro (see 

Chapter 4). 

3.3 METAMORPHISM IN THE PARRY SOUND DOMAIN 

As yet there has been no detailed investigation of the metamorphism in the 

Parry Sound domain. In the northern portion of the domain along Georgian Bay, 

Davidson (1984, 1986) interpreted the increase in metamorphic grade from 

amphibolite facies to granulite facies across the "Parry Sound shear zone" as a 

possible inverted metamorphic gradient established during ductile deformation. 

Alternatively, Anovitz and Essene (1990) suggested that the lower grade assemblages 

in the shear zone may be retrograde or reflect an increase in water pressure. More 

recently, Jamieson el. al. (1992) presented preliminary petrological and 
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geochronological data that stem primarily from the present work, and that are 

consistent with metamorphism in the Parry Island thrust sheet (i.e. Parry Sound shear 

zone) resulting from or accompanying overthrusting by the Parry Sound thrust sheet. 

However, continued work in this area has revealed a somewhat more complex 

metamorphic history for these rocks. 

3.3.1 Mineral growth, recrystallization, and deformation relations 

The relative chronology of metamorphism and deformation in the Parry Island, 

Parry Sound, and Twelve Mile Bay thrust sheets discussed in the following sections is 

primarily based upon the relationships of internal foliation of porphyroblasts/clasts, 

external foliation, and strain and recrystallization features in the matrix. 

Parry Island thrust sheet 

In the Parry Island thrust sheet, the strain intensity and the distribution of 

upper amphibolite versus granulite facies assemblages are largely dependent on 

lithology (Chapter 2). Granulite facies assemblages are best preserved in the core of 

the dry and mildly deformed Parry Island anorthosite and its cross-cutting mafic 

dykes. By contrast, the weaker quartz-bearing metasediments and orthogneisses that 

flank the anorthosite show penetrative overprinting fabrics and mostly upper 

amphibolite facies mineral assemblages. Evidence for granulite facies metamorphic 

conditions in the flanking gneisses include (1) the "greasy green" appearance of some 

orthogneisses around the Parry Island anorthosite, and (2) compositional data from a 

garnet amphibolite indicative of former higher temperatures (Hicks 1992). 
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Parry Island anorthosite and cross-cutting mafic dykes 

The low strain interior of the Parry Island anorthosite retains original 

plagioclase grains and giant igneous orthopyroxenes rimmed by secondary coronas. 

The preservation of relict igneous textures and coronas attests to limited diffusion in 

the core of the dry anorthosite. Relict orthopyroxenes are surrounded in turn by zones 

of secondary orthopyroxene (locally with magnetite), clinopyroxene, and hornblende; 

some have an outer zone of garnet. Locally, progressive recrystallization has led to 

widening and coarsening of the corona mineral zones, with complete replacement of 

relict orthopyroxene. The coronas are typically distorted and dispersed along the 

foliation plane, forming a "flame-like" structure (Chapter 2; Fig. 2.6 d). The planar 

fabric in the anorthosite locally contains a northeast-plunging lineation defined by 

orthopyroxene crystals. The synmetamorphic, "flame-like" structure in the anorthosite 

is cut by deformed mafic dykes (Fig. 2.6 e) which contain a metamorphic mineral 

assemblage of garnet + orthopyroxene + clinopyroxene + hornblende + plagioclase 

(Table 3.2; Fig. 3.2 a). These features, coupled with similarities in orientation of 

lineations in both the anorthosite and mafic dykes, provide evidence for granulite-

grade metamorphism of these rocks during orogen-parallel deformation (Chapter 2). 

Towards the margins of the anorthosite, the mafic dykes and the fabric in the 

anorthosite are transposed into parallelism. Although the anorthosite locally retains a 

"greasy green" hue, it is mostly characterized by an upper amphibolite facies 

plagioclase + hornblende + scapolite + clinopyroxene + garnet ± biotite + titanite 

± calcite assemblage that developed syn-kinematically. Similarly, ductile deformation 
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Ab 
Aim 
Amp 
An 
And 
Ann 
Ap 
Bt 
Cal 
Cpx 
Di 
En 
Ep 
Fs 
Fo 

albite 
almandine 
amphibole 
anorthite 
andalusite 
annite 
apatite 
biotite 
calcite 
clinopyroxene 
diopside 
enstatite 
epidote 
ferrosilite 
forsterite 

Fprg 
Ftr 
Fts 
Gr 
Grt 
Hbl 
Hd 
Kfs 
Ky 
Ilm 
Mnz 
Ms 
Opx 
Phi 
PI 

ferropargasite 
ferrotremolite 
ferrotschermakite 
graphite 
garnet 
hornblende 
hedenbergite 
K-feldspar 
kyanite 
ilmenite 
monazite 
muscovite 
orthopyroxene 
phlogopite 
plagioclase 

Prg 
Pip 
Py 
Qtz 
Rt 
Sep 
Sil 
Spl 
St 
Tr 
Ts 
Ttn 
Wo 
Zrn 

pargasite 
pyrope 
pyrite 
quartz 
rutile 
scapolite 
sillimanite 
spinel 
staurolite 
tremolite 
tschermakite 
titanite 
wollastonite 
zircon 

Table 3.2. Summary of mineral assemblages. 

Lithology Assemblage 

Parry Island thrust sheet 
Pelitic gneiss 
Mafic gneiss 
Mafic dyke 
Marble 
Calc-silicate rock 

Twelve Mile Bay thrust sheet 
Pelitic gneiss 
Mafic gneiss 
Mafic dyke 

Parry Sound thrust sheet 
Pelitic gneiss 
Mafic gneiss 
Marble 
Calc-silicate rock 

Qtz+Pl±Kfs+Bt+Grt+i:ly±Sil 
Pl+Hbl±Qtz±Grt±Cpx±Bt±Ttn 
Pl+Hbl+Cpx±Grt±Opx 
Di±Cal±Pl±Kfs±Phl±Spl±Qtz±Fo±Scp 
Grt+Di+Pl+Hbl+Ttn+Ep±Scp 

Qtz+Pl±Kfs+Bl+Grt+Su 
Pl+Hbl±Grt±Cpx 
PI+Hbl+Grt+Cpx ± Opx 

Qtz+Kfs±Pl+Bt+Grt+Sil±Spl±Opx 
Pl+Hbl+Qtz+Grt±Opx+Cpx±Bt 
*Di+Grt+Wo±Pl±Cal±Qtz 
P1+Qtz+Grt+Cpx+Hbl+Bt+Scp ±Ttn 

Mineral abbreviations are as in Table 3.1. 
Accessory minerals in pelite include monazite, zircon, rutile, ilmenite, graphite, apatite, 
pyrite, pyrrhotite, and chalcopyrite. In mafic rocks, accessory minerals include titanite, 
apatite, zircon, allanite, scapolite, epidote, and opaque minerals. 
*Mineral assemblage from Davidson and Morgan (1981). 
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Figure 3.2. Textures of mafic and pelitic rocks from the Parry Island thrust sheet, a 
Well-equilibrated granoblastic texture in a granulite facies mafic dyke (plagioclase-
orthopyroxene-hornblende-garnet), sample 89-N153c. b Garnet porphyroclasts with 
narrow plagioclase rims in a garnet amphibolite, sample 88-Nlc. c Photomicrograph 
of a Group A pelitic gneiss showing the foliation defined by elongate kyanite and 
biotite grains. Kyanite and garnet porphyroclasts in Group A rocks may show 
fractures, kinks, boudinage, and undulose extinction, indicating that garnet and kyanite 
grew before or during the early stages of deformation, d Highly embayed kyanite and 
garnet porphyroclasts in a Group A pelitic gneiss with late muscovite. e 
Photomicrograph of a Group B pelitic rock showing the mylonitic foliation defined by 
biotite, sillimanite, and strongly disaggregated kyanite. The rims of garnet 
porphyroclasts havQ overgrown the foliation, indicating that the garnet rims grew 
during the early stages of deformation. Compare with d. f Photomicrograph of a 
Group B pelitic mylonite (sample 88-N71b) showing garnet with straight inclusion 
trails oriented at a high angle to the matrix foliation and truncated by kyanite which 
itself contains straight inclusion trails parallel to the external foliation. See text for 
more details. Bar scale on all photomicrographs represents 1 mm. Mineral 
abbreviations are as in Table 3.1. 
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of the mafic dykes has reduced them to amphibolites. These features combine to 

indicate that the dominant, thrust-related fabric extensively reworked the granulite 

facies anorthosite and mafic dykes. 

Flanking gneisses 

Gneisses on either side and east of the Parry Island anorthosite are extensively 

deformed and metamorphosed to mostly upper amphibolite grade. Mafic gneisses, 

garnet amphibolites, and mafic dykes contain the assemblage hornblende + plagioclase 

± garnet + quartz + ciinopyroxene ± biotite ± titanite (Table 3.2). The most 

widespread reaction to have occurred is the partial to complete replacement of 

ciinopyroxene by hornblende. Another important reaction includes plagioclase rims 

around garnet (Fig. 3.2 b). 

Unlike the mafic rocks, pelitic rocks of the Parry Island thrust sheet display 

variable mineral assemblages, textural relations, and reactions. Field and thin-section 

observations have allowed these rocks to be divided into four principal mineral and/or 

textural groups. With increasing structural depth, these categories are referred to as 

Group A, B, C, and D (Fig. 3.3). 

Group A pelitic gneisses occur at the lowest structural level of the thrust sheet, 

direcdy above the basal thrust zone (Fig. 3.3), and contain the maximum phase 

assemblage garnet + kyanite + perthite + plagioclase + quartz + biotite. They are 

characterized by the absence of sillimanite. The tectonic foliation consists of coarse 

quartz-aggregate ribbons and aligned kyanite and biotite (Fig. 3.2 c). These minerals 

are deformed around fractured garnet porphyroclasts that commonly contain straight to 
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weakly sigmoidal inclusion trails in their cores, oriented at a high angle to the matrix 

fabric. Leucosomes, mostly tonalitic to granitic in composition, are oriented parallel 

to the main foliation. Kyanite is typically kinked and shows undulose extinction. 

These features combine to suggest that (1) early garnet growth was, in some cases, 

syntectonic with respect to the included fabric, and (2) the high-pressure mineral 

phases grew prior to or during the early stages of thrust-related deformation. 

Most pelitic gneisses from Group A show evidence for minor retrogression 

(hydration) of kyanite, garnet, and K-feldspar to muscovite (Fig. 3.2 d). The coarse 

muscovite laths typically overgrow the main matrix foliation, but locally form foliation 

"fish" with a top-side down (extensional) sense of shear or are axial planar to E-W-

trending folds. 

Group B pelitic rocks lie in the high-temperature, layer-parallel shear zone 

(Chapter 2), structurally above Group A (Fig. 3.3). The pelitic mylonites differ from 

Group A pelitic gneisses by their finer grain size, the presence of sillimanite, lower 

modal proportions of biotite, and lack of retrogression to muscovite. Garnet, kyanite, 

and perthite occur as highly fractured and disaggregated (e.g., kyanite) porphyroclasts 

in a fine-grained mylonitic matrix consisting of recrystallized quartz, K-feldspar, 

plagioclase, sillimanite, biotite, and rutile (Fig. 3.2 e). Both kyanite and sillimanite 

are also present as inclusions in the rims of garnet porphyroclasts. Locally, sillimanite 

defines inclusion trails that are continuous into the mylonitic matrix. These 

microstructures combine to indicate that the garnet rims grew during the early stages 

of late, high-temperature shearing, but that deibrmation clearly postdates final growth 
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Figure 3.3. Simplified geological map illustrating the distribution of pelitic groups, sillimanite (s), and kyanite (k) in the 
Parry Island (PITS) and overlying Parry Sound (PSTS) thrust sheets. Hachured area outlines approximate extent of 
pervasive retrogression of Group C pelitic rocks on Parry Island. PSTZ = Parry Sound thrust zone; BTZ = basal thrust 
zone; PI = Parry Island anorthosite; W = Whitestone anorthosite. 
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of garnet, sillimanite, and kyanite. In some places, inclusion trails in garnet cores are 

abruptly truncated against kyanite which itself contains inclusion trails oriented parallel 

to the matrix foliation (Fig. 3.2 f). This suggests that kyanite formed after growth of 

garnet cores. 

Gradational textural relationships suggest that the assemblages in Group B 

mylonites are reworked equivalents of the underlying Group A assemblages (Chapter 

2). However, the lack of muscovite porphyroclasts within Group B pelitic rocks 

suggests that mylonitization does not postdate retrogression of Group A gneisses. The 

relative timing between mylonitization of Group B gneisses and growth of late 

muscovite in adjacent Groups A and C rocks is discussed below. 

Group C pelitic schists occur at an intermediate structural level of the thrust 

sheet, directly east of the Parry Island anorthosite in the centre of Parry Island (Fig. 

3.3). These coarsely recrystallized rocks have been subjected to severe hydration and 

retrogression compared with adjacent gneisses. Retrogression includes muscovite and 

staurolite replacing kyanite (Fig. 3.4 a), and new growth of garnet, graphite, and 

plagioclase. The matrix foliation is generally weakly to strongly crenulated and 

defined by biotite, sillimanite, graphite, and locally kyanite (Figs. 3.4 b and c). 

Muscovite appears mimetic to these crenulations (Fig. 3.4 c). The highest-grade 

minerals, kyanite and K-feldspar, are typically strongly corroded and altered. 

Sillimanite also occurs as inclusions within the rims of garnet porphyroblasts, as 

intergrowths with biotite partially replacing garnet (Fig. 3.4 b), and as needles that are 

axial planar to the matrix crenulations. Sillimanite clearly outlasted growth of kyanite, 
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but is itself overprinted by muscovite in highly retrograded samples. Garnet 

porphyroblasts up to 2 cm in diameter are characterized by complex internal fabrics 

suggesting two-stage growth. They contain few to abundant inclusions in their cores 

that are either randomly oriented, crystallographically oriented, or define straight to 

curved inclusion trails at a high angle to the main matrix foliation (e.g., Figs, 3.4 b 

and 3.9). Sillimanite inclusions in the rims of garnet porphyroblasts are aligned 

parallel to or at an angle to the matrix foliation, and locally at a high angle with 

respect to inclusion trails in the garnet cores. Locally, garnet porphyroblasts truncate 

matrix crenulations but are consistently wrapped around by the main foliation. 

Growth of porphyroblast cores is thus inferred to be syn- to post-tectonic with respect 

to the internal foliation, whereas garnet rims grew during or before tightening of the 

matrix foliation. Plagioclase porphyroblasts are idioblastic and overgrow matrix 

crenulations. Staurolite occurs as small, inclusion-free idioblastic porphyroblasts that 

are in textural equilibrium with plagioclase, sillimanite, and muscovite. 

Group D pelitic rocks lie at the highest structural level, below the Parry Sound 

thrust zone (Fig. 3.3). They are mineralogically similar to Group B pelitic mylonites, 

though Group D gneisses have higher proportions of sillimanite and biotite. Kyanite 

occurs as corroded porphyroclasts aligned parallel to the main matrix foliation, 

whereas sillimanite defines inclusion trails in the rims of garnet that are continuous 

into the matrix (Fig. 3.4 d). Locally, both aluminosilicates are in direct contact. 

These textural relationships suggest that sillimanite nucleated and recrystallized 

throughout most of the rocks' microstructural and metamorphic history. By contrast, 
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Figure 3.4. Textures of pelitic and mafic rocks from the Parry Island and Parry 
Sound thrust sheets, a Epitaxial overgrowth of staurolite around relict kyanite, Group 
C pelitic gneiss (sample 88-N59). b Weakly crenulated Group C pelitic schist (sample 
88-N59). Note partial replacement of garnet by biotite laths intergrown with 
sillimanite (upper left of photograph), c Strongly crenulated Group C pelitic schist. 
Crenulation is defined by graphite, strongly altered biotite, and mimetic muscovite. d 
Garnet porphyroclast with slightly curved sillimanite inclusion trails that are 
continuous into the matrix. Matrix sillimanite (not shown here) is aligned parallel to 
the main foliation, Group D pelitic gneiss (sample 88-N76b). e Sillimanite needles 
enclosed by a garnet porphyroclast, sample 90-N125b, Parry Sound thrust sheet. 
Sillimanite does not occur as a matrix phase. Note small spinel porphyroclast (centre 
left), f Narrow rim of amphibole, plagioclase, and ilmenite at the margin of a densely 
clouded orthopyroxene, sample 89-N171, Parry Sound thrust sheet. See text for more 
details. Mineral abbreviations are as in Table 3.1. Bar scale on all photomicrographs 
represents 1 mm. 
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kyanite postdates early generation of sillimanite but, as indicated by its highly 

embayed morphology, probably ceased crystallizing prior to late development of 

sillimanite. Leucosomes, mostly granitic in composition, are tightly folded or oriented 

parallel to the main foliation. These features collectively indicate that growth of 

thermal peak phases occurred during the early stages of thrust-related deformation. 

Parry Sound thrust sheet 

The northern half of the Parry Sound thrust sheet is dominated by granulite 

fades rocks. Characteristic mineral assemblages in pelitic granulites include 

sillimanite + garnet + biotite + quartz + perthite + antiperthite + spinel + 

orthopyroxene (Table 3.2). In contrast to the Parry Island thrust sheet, sillimanite is 

the ubiquitous aluminosilicate in pelitic rocks, altliough kyanite has been reported from 

several localities to the north and east (Anovitz and Essene 1990; Davidson, written 

communication, 1990). Sapphirine is present in pelitic granulites to the northeast of 

the study area (e.g., Davidson et al. 1990). Mafic gneisses contain assemblages of 

hornblende + plagioclase + antiperthitic plagioclase + orthopyroxene + 

clinopyroxene ± quartz + garnet ± biotite. 

The relative chronology of metamorphism and deformation is more straightforward in 

the northern part of the Parry Sound thrust sheet than in the Parry Island thrust sheet. 

In most of the pelitic granulites, protomylonitic (porphyroclastic) fabrics are prevalent 

(Fig. 2.7; Chapter 2): thermal peak mineral phases including garnet, perthite, 

orthopyroxene, and spinel, occur as porphyroclasts wrapped around by a foliation 

defined by aligned prismatic sillimanite, biotite, and ribbon quartz. These 
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microstructures clearly indicate that porphyroblast growth predated the thrust-related 

fabric. In some spinel-bearing pelitic gneisses, sillimanite is enclosed within garnet 

porphyroclasts and does not occur as part of the porphyroblast or matrix assemblage 

(Fig. 3.4 e). In these gneisses, sillimanite is considered part of the prograde 

assemblage that has been overgrown and enclosed during porphyroblasi growth. In 

other pelitic gneisses,, garnet grains contain curved or kinked inclusion trails of 

acicular sillimanite that are continuous with the tectonic fabric in the surrounding 

matrix. Sillimanite prisms in the matrix are aligned parallel to the extension lineation. 

These features combine to indicate that the early stages of thrust-related deformation 

occurred under granulite facies conditions, probably causing recrystallization of pre­

existing granulite facies assemblages without retrogression. However, there is 

evidence for minor, deformation-related retrogression of these rocks which has led to 

the secondary growth of biotite, as well as to recrystallization of perthitic feldspar into 

discrete plagioclase and K-feldspar grains. 

A striking microstructural feature of most pelitic granulites from the northern 

part of the Parry Sound domain is the fir.e grain-size of the dynamically recrystallized 

matrix phases. In addition, thermal peak porphyroclasts are largely unaltered. These 

features reflect mostly anhydrous conditions prior to and during thrust-related 

deformation, which may explain the discrepancy in composition amongst recrystallized 

grains in the strongly deformed matrix. Accordingly, equilibrium amongst the newly 

formed mineral phases may not have been attained and their compositions may not be 
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very reliable indicators of the syntectonic metamorphic conditions (see section on 

Thermobarometry). 

Mafic granulites from the northern part of the Parry Sound thrust sheet display 

similar textural relationships to the pelitic granulites. Garnet, orthopyroxene, 

hornblende, clinopyroxene, and plagioclase form porphyroclasts in a fine-grained 

matrix of plagioclase + quartz + hornblende ± orthopyroxene ± clinopyroxene + 

biotite ± ilmenite + pyrite. Inclusions of the matrix minerals are present in some 

garnet, hornblende, and pyroxene porphyroclasts. In deformed samples, hornblende, 

plagioclase, and orthopyroxene porphyroclasts are recrystallized to finer-grained 

equivalents along their margins. This is evidence for dynamic, relatively dry 

granulite-grade recrystallization. Late, deformation-related alteration is restricted to 

minor growths of late amphibole around pyroxene grains, late biotite around and 

within the cleavage planes of hornblende, and titanite around ilmenite. Locally, 

orthopyroxene is heavily replaced by a yellow/brown phase and is rimmed by coronas 

of blue-green amphibole + quartz ± ilmenite + plagioclase (Fig. 3.4 f). These 

coronas formed either during or after ductile deformation. 

Rocks exposed in the southern part of the Parry Soun-1 thrust sheet are 

extensively retrograded and texturally distinct from rocks in the northern part of the 

thrust sheet. In the study area, patches of granulite facies rocks are scattered 

throughout the predominantly grey to black gneisses. Evidence for the retrograded 

nature of the latter gneisses includes relict clino- and orthopyroxene grains rimmed by 

biotite and/or hornblende, and the presence of epidote and titanite. Marked zones of 
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retrograded rocks occur mostly in high-strain zones and adjacent to pegmatite bodies, 

suggesting release of hydrous fluids during deformation and pegmatite crystallization. 

In addition, Culshaw et al. (1989) noted the spatial relationship between large-scale 

folds and retrogression of granulite facies rocks. In contrast to the porphyroclastic 

texture in rocks from the northern part of the thrust sheet, most rocks from the 

southern Parry Sound thrust sheet display a subequigranular granoblastic texture. 

Twelve Mile Bay thrust sheet 

The Twelve Mile Bay thrust sheet is characterized by mostly upper amphibolite 

facies rocks with local occurrences of granulite facies rocks. Pelitic gneisses contain 

the assemblage garnet + biotite + quartz + plagioclase ± K-feldspar + sillimanite, 

with the notable absence of kyanite (Table 3.2). Garnet and feldspar porphyroclasts 

are wrapped around by the matrix foliation defined by aligned prismatic to acicular 

sillimanite, biotite, quartz-aggregate ribbons, rutile, and ilmenite. Some garnet grains 

contain inclusion trails of sillimanite in their rims. These features indicate upper 

amphibolite conditions during thrust-related deformation, but deformation clearly 

postdates final growth of garnet and feldspar. 

As in the Parry Island thrust sheet, mafic dykes and gneisses locally contain 

granulite facies assemblages of plagioclase + hornblende ± orthopyroxene ± 

clinopyroxene + garnet + quartz ± biotite (Table 3.2). These rocks also show 

evidence for deformation-related retrogression; pyroxene grains are rimmed by 

hornblende ± biotite. 
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3.4 TBDERMOBAROMETRY 

3.4.1 Sample selection 

Twenty-one samples of pelitic and mafic gneiss with mineral assemblages 

appropriate for thermobarometry were collected along and across strike within the 

Parry Island and Parry Sound thrust sheets (Fig. 3.5). Fourteen samples were selected 

from the Parry Island thrust sheet (ten pelitic and four mafic) and seven from the 

overlying Parry Sound thrust sheet (four pelitic and three mafic). Two additional 

samples, one of each lithology, are from the Twelve Mile Bay thrust sheet. The 

pelitic samples in the Parry Island and Twelve Mile Bay thrust sheets contain the 

following mineral assemblage: garnet + biotite + quartz + plagioclase + K-feldspar 

± kyanite ± jsillimanite (Table 3.3). Pelitic granulites in the Parry Sound thrust sheet 

contain garnet + biotite + quartz + K-feldspar + plagioclase ± sillimanite + 

orthopyroxene + spinel. The mafic samples in all three thrust sheets contain the 

assemblage hornblende + garnet + plagioclase + quartz + clinopyroxene + 

orthopyroxene (Table 3.4). The samples were analysed in order to compare the P-T 

history of the different thrust sheets, and to study the metamorphic response of the 

crust to both thrust and extensional deformation, and anorthosite emplacement. 

In each polished thin section, between 2 and 4 domains were chosen such that 

all minerals to be analysed were in mutual contact or in close proximity. The 

poikiloblastic garnets with the greatest diameter were selected for analysis in order to 

increase the probability of near-centre sections. In each section, one to three garnet 

grains were analysed along rim-core-rim traverses yielding on average 16 spot 
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Figure 3.5. Simplified geological map of the southwestern Parry Sound domain 
showing locations of samples analysed for thermobarometry. PITS = Parry Island 
thrust sheet; PSTS = Parry Sound thrust sheet; TMBTS = Twelve Mile Bay thrust 
sheet. Parry Island (PI) and Whitestone (W) anorthosites are shown. 



Table 3.3. Mineralogy of analysed pelitic samples 

Sample No. qtz Kfs pi bt grt ky 
Minerals 
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Parry Island thrust sheet 
88-Nld 
88-N7f 
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Twelve Mile Bay thrust sheet 
s - tr 
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tr 
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tr 
-
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tr 
fa­
ir 

tr 
-

tr 
tr 
tr 

tr 
tr 
tr 
tr 
tr 
tr 

tr tr tr 

89-N122b x x r x 
91-N125b x x tr x 
89-N130a x x r x 
89-N131a x x x x 

X 

X 

X 

X 

Parry Sound thrust sheet 
x - - - -
x - x - -
x - x s -

X - S -

tr 
tr 
tr 
tr 

-
tr 
-
tr 

tr 
tr 
tr 
tr 

tr 
tr 
tr 
tr 

Mineral abbreviations are as in Table 3.1. 
Symbols: x = mineral present; tr = mineral present in trace amounts; r = recrystallized grains; s = 
secondary mineral; - = mineral not present. 

Table 3.4. Mineralogy of analysed mafic samples 

Sample No. Pi hbl grt 
Minerals 

cpx opx qtz bt ttn ilm py 

88-Nlc 
88-N74c 
89-N153c 

90-N204b 

89-N144 
89-N171 
90-N192a 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Parry Island thrust sheet 
x - - x 
x x - -
x - x -

Twelve Mile Bay thrust sheet 
x - - x 

Parry Sound thrust sheet 
x - - x 
x - tr x 
X - - X 

tr 
tr 
tr 
tr 

tr 
-
tr 

tr 

s 
s 
s 

-
-
-

tr 
tr 
tr 

tr 

Mineral abbreviations are as in Table 3.1. Symbols as in Table 3.3. 
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analyses per garnet, whereas matrix minerals and inclusions were analysed at 3-5 

spots. Chemical zonation was detected only in garnet. With the exception of 

plagioclase from some mafic samples, and biotite from the pelitic granulites (see 

below), all other minerals show no significant compositional variation within a single 

sample, and analyses were averaged in each domain (Tables 3.5 and 3.8 and Tables 

CI to C8 in Appendix C). Analytical procedures used for collecting compositional 

data and complete mineral analyses are reported in Appendix B. For some samples, 

two different microprobes were used to obtain mineral compositions (see Appendix B). 

For samples 88-Nlc and 90-N192a, the calculated P-T were statistically 

indistinguishable regardless of the microprobe used (see Tables 3.5 and 3.8). 

However, this was not the case for samples 89-N171 and 91-N125b. For consistency, 

P-T estimates calculated using mineral analyses obtained with the JEOL superprobe 

are retained for further interpretation. 

3.4.2 Mineral chemistry and textural relations 

Pelitic rocks 

The analysed pelitic samples display the same mineral growth/recrystallization/ 

deformation relationships as described above for the Parry Island, Parry Sound, and 

Twelve Mile Bay thrust sheets. Mineral chemistry and textural relations for these 

samples are summarized below. 

Garnet mostly forms fractured porphyroclasts with several morphological 

populations which vary with structural position within and between thrust sheets. In 
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the Parry Island thrust sheet, the morphology of Group A garnet porphyroclasts 

(samples 88-N7f, 88-N31a, and 88-N43b) ranges from mostly subidioblastic grains to 

elongate grains with their long axes parallel to the foliation. Garnet grains 

characteristically have inclusion-rich cores mantled by relatively inclusion-free rims 

(Fig. 3.7 a). The inclusions in the cores are generally fine-grained (<0.1-0.5 mm) and 

include quartz, biotite, ilmenite, rutile, plagioclase, zircon, apatite, pyrite, and rare K-

feldspar, muscovite, and graphite. Eim inclusions of quartz, biotite, rutile, and 

ilmenite are of similar grain-size to matrix. In Group B pelitic samples (88-Nld, 88-

N58a, and 88-N71b), garnet rims also contain kyanite (Fig. 3.6 a) and inclusion trails 

of sillimanite that are continuous with the matrix foliation. Garnet grains in Group C 

pelitic schists (samples 88-N59, 88-N73, and 89-N138) display several morphological 

populations. Garnet in sample 89-N138 occurs as porphyroclasts with inclusion-rich 

cores, similar to Group A garnets. By contrast, garnet in sample 88-N59 forms large 

porphyroblasts up to ca. 1 cm in diameter, which have radially oriented arrays of 

acicular quartz inclusions (Fig. 3.9; see section on Garnet zoning). In both of these 

samples, garnets contain inclusions of graphite in addition to quartz, plagioclase, K-

feldspar, sillimanite, rutile, ilmenite, biotite, and pyrrhotite. In sample 88-N73, 

garnet grains are small (ca. 1 mm) and inclusion-free. In Group D, large garnet 

porphyroclasts are subidio- to xenoblastic and contain fine-grained inclusions of 

quartz, biotite, zircon, and rare plagioclase, K-feldspar, and apatite in their cores (Fig. 

3.7 b). Garnet rims contain fewer but very coarse inclusions of quartz, biotite, and 

plagioclase, as well as straight inclusion trails defined by sillimanite needles which are 
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Figure 3.6. Textures of pelitic and mafic rocks from the Parry Island and Parry 
Sound thrust sheets, a Large kyanite inclusion in the rim of a garnet porphyroclast 
(sample 88-N71b). Note dark biotite inclusions in the kyanite inclusion, b Second 
generation of small, inclusion-poor garnets in matrix of pelitic sample 88-N76b. c 
Garnet porphyroclast containing straight inclusion trails of sillimanite that are 
continuous into the matrix foliation (sample 89-N122b). d Symplectitic intergrowth of 
garnet with possible quartz and an Fe-Ti oxide around a larger Fe-Ti oxide. Mineral 
abbreviations are as in Table 3.1. Bar scale on all photomicrographs represents 1 
mm. 
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continuous with the fabric in the matrix (Fig. 3.4 d). Group D garnets are texturally 

similar to those from the Parry Sound thrust sheet pelitic granulites (compare Fig. 3.7 

b with 3.8 b). Smaller, inclusion-poor, idioblastic garnets are common in the matrix 

(Fig. 3.6 b). 

In the Parry Sound thrust sheet, garnet is generally xenoblastic, poildloblastic, 

strongly resorbed, and 2-18 mm in diameter (Fig. 3.8 b). The fractured 

porphyroclasts contain mostly medium-grained inclusions of quartz, biotite, acicular 

sillimanite, zircon, and rarely spinel, rutile, and opaque minerals. The inclusions are 

irregularly distributed throughout the grains. Sillimanite defines straight to kinked 

inclusion trails that are locally continuous into the matrix foliation. As in Group D 

pelitic gneisses from the top of the Parry Island thrust sheet, smaller, inclusion-poor, 

subidioblastic garnets occur in the matrix or â  inclusions in orthopyroxene in sample 

89-N131a. 

In the Twelve Mile Bay thrust sheet, garnet shows two morphologies. Some garnets 

are large, poildloblastic, embayed, and contain inclusions of fine-grained (ca. 0.1 mm) 

biotite, quartz, and zircon, and coarser-grained (0.5 to 1 mm) perthite, plagioclase, 

and quartz (Fig. 3.8 a). A later generation of smaller, subidioblastic, and inclusion-

poor garnets occurs in the matrix. 

Analysed garnets are essentially almandine-pyrope solutions with minor grossular and 

spessartine components, with the Parry Sound thrust sheet garnets being distinctly 

more pyropian (Prp36.51 versus Prpu_26) than garnets in the Parry Island and Twelve 

Mile Bay thrust sheets (Table 3.5; Appendix B). Most garnets exhibit a broad, 
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relatively homogeneous core with local compositional fluctuations around individual 

mineral inclusions (Figs. 3.7 and 3.8). Relaxation of garnet growth zoning by 

diffusional processes has been observed in a number of other studies (e.g., 

WooJsworth 1977; Anderson and Olympio 1977), and is a common phenomenon in 

rocks from high-grade metamorphic terranes. By contrast, the extreme rim shows 

continuous zoning mainly expressed as an outward increase in Fe and Mn and a 

decrease in Mg and is more conspicuous adjacent to biotite (Figs. 3.7 b and 3.8). 

These trends are suggestive of post-thermal peak re-equilibration by internal diffusion 

(Tracy 1982; Spear 1993). Significant concentric compositional zoning from core to 

rim was only detected in two garnets from the Parry Island thrust sheet (88-N59 and 

88-N71b; Figs. 3.9 and 3.10) and is discussed below in the section concerning garnet 

zonation. 

Biotite is found both as 0.1 to 2 mm laths that define the tectonic fabric in all 

samples and as inclusions in garnet, kyanite, and spinel. It also occurs as poorly 

aligned, coarse grains in the pressure shadows or resorption embayments around 

garnet porphyroclasts. In the pelitic granulites, matrix biotite is strongly recrystallized 

compared to that in pelites of the underlying thrust sheets. 

In the Parry Island thrust sheet, the range in biotite compositions in the matrix 

and adjacent to garnet is small in several samples (e.g., 88-N31a, 88-N59, 88-N73, 

88-N76b, and 89-N138). In the other samples, Fe/(Fe+Mg) ratios and Ti02 contents 

are generally highest in matrix biotite isolated from garnet and in biotite inclusions in 

kyanite (XFe = 0.31 to 0.46; Ti02 = 2.21 to 4.83 wt%), and lowest in biotite in 
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Figure 3.7. Representative garnet zoning profiles and morphologies of garnets from 
the Parry Island thrust sheet. Horizontal axis on zoning profiles represents full 
diameter of garnet grains. Minerals in contact with and as inclusions in garnet are 
indicated, a Group A garnet with inclusion-rich core mantled by an inclusion-free 
rim; lowest structural level of the thrust sheet, sample 88-N31a. b Highly embayed, 
Group D garnet with an inclusion-rich core; highest structural level of the thrust sheet, 
sample 88-N75c. Compare garnet morphology with a. Lines on garnets depict zoning 
traverses. Bar scale on both photomicrographs is 1 mm. 
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Figure 3.8. Representative garnet zoning profiles. Horizontal axis represents full 
diameter of garnet grains. Minerals in contact with and as inclusions in garnet are 
indicated, a Embayed garnet porphyroclast with coarse feldspar inclusions, sample 
90-N205a, Twelve Mile Bay thrust sheet (TMBTS). b Embayed garnet porphyroclast 
with randomly distributed inclusions, sample 89-N131a, Parry Sound thrust sheet 
(PSTS). Compare garnet morphology with a, and Fig. 3.7 a, and b. Lines on 
garnets depict zoning traverses. Bar scale on both photomicrographs is 1 mm. 
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contact with and as inclusions in garnet (XFe = 0.26 to 0.45; Ti02 = 1.52 to 4,78 

wt%) (Appendix B). This is attributed to diffusive re-equilibration with cooling. In 

the Twelve Mile Bay thrust sheet, there is considerable variation in the Fe/(Fe+Mg) 

ratio (XFe = 0.40 to 0.46) between biotite grains in the section. A correlation exists 

between a high garnet to biotite ratio (Vgamet/'Vblotile> 1) and a low Fe/(Fe+Mg) ratio. 

Biotite compositions in the Parry Sound thrust sheet are Mg-rich (XFe = 0.11 to 0.27) 

and are not well equilibrated on the scale of a thin section. In most samples, there is 

no distinct correlation between the Fe/(Fe+Mg) ratio and Ti02 content of biotite with 

its colour, morphology, or position with respect to garnet in a single section. Biotite 

inclusions in garnet generally have the lowest Fe/(Fe+Mg) ratios whereas those in 

spinel have ratios similar to matrix biotite (Appendix B). The lack of equilibration of 

biotite in the pelitic granulites may be due to the very fine grain size of biotite, to a 

high Vganie/VbicsUe ratio, to partial re-equilibration during cooling, or to a combination 

of all these processes. 

Plagioclase is an abundant constituent in the matrices of all samples in the 

Parry Island and Twelve Mile Bay thrust sheets. It is mostly found as subidio- to 

xenoblastic matrix grains (< 0.1 to 1 mm in diameter) and as porphyroclasts (0.5 to 5 

mm in diameter). Plagioclase compositions are homogeneous within a given sample; 

variations in compositions adjacent to garnet or other plagioclase grains are 

insignificant. The range of average plagioclase compositions between samples is from 

An23 (sample 88-N73) to An^ (sample 88-N31a) (Table 3.5). Coarse plagioclase 

inclusions (up to 1.2 mm) occur in the cores of garnet porphyroclasts in several 
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samples (Table 3.5) and generally have a lower An content than matrix plagioclase. 

Plagioclase locally forms thin moats around garnet and/or kyanite suggesting the 

following pressure-sensitive reaction: 

Ca3Al2Si3012 + 2 Al2Si05 + Si02 = 3 CaAl2Si208. (1) 

grossular kyanite quartz plagioclase 

In sample 88-N59 (Group C, Parry Island thrust sheet), plagioclase grains define a 

granoblastic texture and overgrow crenulated sillimanite needles. In the Parry Sound 

thrust sheet, plagioclase occurs mostly as small recrystallized grains (<0.1 mm) on the 

margins of alkali feldspar porphyroclasts, and more rarely as antiperthitic 

porphyroclasts in the orthopyroxene-bearing sample 89-N131a. Plagioclase is 

generally anorthite-poor (An<23%), and there is no significant compositional 

variation within all samples except 89-N130a (An varies from 2 to 12%). In most 

samples, evidence for retrogression is rare. 

K-feldspar is common, occurring either as xenoblastic crystals in the rock 

matrix, as porphyroclasts or, more rarely, as inclusions in garnet. In the Parry Island 

and Twelve Mile Bay thrust sheets, K-feldspar is found both as perthite and 

microcline, whereas in the overlying Parry Sound thrust sheet, it is exclusively 

perthitic. 

Quartz is abundant in samples from all three thrust sheets. It is found as 

inclusions in garnet, kyanite, and spinel porphyroclasts, as grains in the matrices, and 

as ribbons. Matrix quartz shows highly variable microstructures. In most samples of 

the Parry Island and Twelve Mile Bay thrust sheets, matrix quartz has completely 
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recovered, occurring mostly as unstrained grains with smoothly curved to straight 

boundaries. By contrast, quartz from all samples (except 91-N125b) of the Parry 

Sound thrust sheet is highly strained showing undulose extinction and sutured grain 

boundaries. 

Aluminosilicate. Kyanite occurs only in the Parry Island thrust sheet (Fig. 

3.3) as kinked, subidio- to xenoblastic porphyrociasts and more rarely as small 

idioblastic grains in the matrix. Kyanite inclusions in garnet are only found in the 

late, high-temper?.ture shear zone (Group B rocks, Fig. 3.6 a). The porphyrociasts 

are aligned parallel to the foliation, bent around garnet porphyrociasts, or occur in 

transposed leucosomes or segregations at boudin necks. Poikiloblastic kyanite contains 

inclusions of biotite, quartz, muscovite, rutile, ilmenite, apatite, and rare zircon, 

graphite, pyrite, and pyrrhotite. In the high-temperature shear zone and directly 

below the Parry Sound thrust zone (Groups B and D), kyanite contains inclusion trails 

of probable sillimanite needles that are continuous into the matrix. In these groups, 

kyanite is disaggregated along the foliation plane and highly embayed compared to that 

in Group A (compare Fig. 3.2 c with 3.2 e and f). 

Sillimanite is a common constituent in pelites of the Parry Island and Twelve 

Mile Bay thrust sheets, except in the lowest structural levels of the Parry Island thrust 

sheet (Fig. 3.3). It occurs as idioblastic needles or as rare prismatic crystals in the 

sample matrix, and as inclusions in garnet and kyanite porphyrociasts or in 

plagioclase. It appears to be in textural equilibrium with the matrix minerals and, 

from its occurrence as inclusions, with kyanite porphyrociasts and the outer rims of 
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the garnet porphyroclasts. 

Sillimanite is a main constituent in all samples of the Parry Sound thrust sheet, 

except sample 89-N131a (Table 3.3). In samples 89-N122b and 89-N130a, it occurs 

both as idioblastic needles in garnet porphyroclasts that define straight to kinked 

inclusion trails continuous into, but often at an angle to, the matrix foliation (Fig. 3.6 

c), and as prismatic crystals in the matrix. Sillimanite prisms are aligned parallel to 

the southeast-plunging extension lineation. In the spinel-bearing sample 90-N125b, it 

occurs exclusively as inclusions in garnet. 

Orthopyroxene is only found in sample 89-N131a of the Parry Sound thrust 

sheet. It occurs as large (10 to 20 mm), subidioblastic porphyroclasts that contain 

inclusions of garnet. The analysed orthopyroxene has Mg/(Mg+Fe) ratios of 0.73-

0.75 (Appendix B). Zoning to Mg-richer compositions and lower A1203 (from 6 to 5 

wt%) content occurs adjacent to garnet. 

Spinel is an important constituent in some pelitic granulites (samples 89-N130a 

and 91-N125b) of the Parry Sound thrust sheet. It occurs as fractured, subidioblastic 

porphyroclasts, as inclusions in garnet, and as a matrix phase (Fig. 3.4 e). The 

porphyroclasts contain few inclusions, mostly of biotite. The Mg/(Mg+Fe) ratios for 

the analysed spinels range from 0.53 to 0.60. Spinel contains an important gahnite 

component, with up to 27 wt% ZnO. 

Staurolite is restricted to Group C pelitic schists of the Parry Island thrust 

sheet (i.e. sample 88-N59). It is a late-stage mineral occurring as small idioblastic 

crystals in the matrix or as rims around residual kyanite (Fig. 3.4 a). 


