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ABSTRACT

This thesis examines the petrology and geochronology of high-pressure granulites and eclogites
within the Snowbird tectonic zone of the western Canadian Shield. The focus of this study is the
East Athabasca mylonite triangle (EAmt), a well-exposed terrane of granulite facies mylonitic
rocks along the trace of the Snowbird tectonic zone in northern Saskatchewan. This study focuses
on the 400 km® Southern Domain of the EAmt, which contains a spectacular suite of high-
pressure granulites and eclogites that have been metamorphosed at conditions exceeding 1.5 GPa
and 1000°C.

Each chapter of this thesis focuses on a different lithology within the Southern Domain — mafic
granulite, eclogite, sapphirine granulite, and felsic granulite. The approach that is taken in
understanding each of these rock types is an integrated study of the petrological and
geochronological constraints that yield important information about the metamorphic evolution of
these unique rocks. The main discovery through these integrated studies is that the Snowbird
tectonic zone records a significant Paleoproterozoic high-pressure metamorphism that was
previously unrecognized.

Petrological and geochronological studies of each of these rock types constrains the pressure-
temperature-time path of these rocks from their initial formation to their ultimate exhumation.
The granulites and eclogites of the Southern Domain are derived from Archean igneous and
sedimentary protoliths. The dominant rock type of the Southern Domain, the felsic gneiss, is
interpreted to be derived from a pelitic protolith that underwent an early metamorphism at 2.62-
2.60 Ga. Protoliths of the mafic lithologies intruded at mid-crustal levels by 2.55-2.52 Ga. The
eclogite protolith was derived from a plagioclase-bearing cumulate source at pressures <1.0 GPa.
The eclogite and mafic granulite, and, to a lesser extent, the felsic gneiss record high-pressure
metamorphism at 1.9 Ga. Near-isothermal decompression P-T paths in the mafic granulite and
eclogite record rapid exhumation to medium-pressure granulite facies conditions of ~1.0 GPa,
800°C. Sapphirine-bearing veins within the eclogite record further decompression, cooling, and
re-equilibration in the middle crust at ~0.6 GPa, 600-700°C. Final exhumation of these rocks
occurred by more protracted erosional processes from 1.9 to 1.8 Ga.

Thesis Supervisor: Samuel A. Bowring
Title: Professor of Geology
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Chapter 1

Introduction

High-pressure (HP) granulites are exposed in both young and old metamorphic
terranes (e.g., Namche Barwa, Eastern Himalaya, 45 Ma; European Variscides, 400-340
Ma; Hengshan, China, 1.8 Ga). Documented metamorphic pressures in these terranes
typically exceed 1.4 GPa, at temperatures above 800°C (O'Brien & Rétzler, 2003),
implying that the lower levels or thickened crust, or crust undergoing subduction, can be
subjected to particularly high thermal regimes. Additionally, HP granulites are
sometimes associated with eclogites (e.g., Indares, 1993; Indares & Dunning, 1997;
Moller, 1998). Understanding the P-T evolution of HP granulites in these metamorphic
terranes, and their relationship to eclogites, can provide important constraints on the
thermal evolution of the lower crust involved in crustal thickening or continental
subduction processes.

High-pressure granulites are characterized by the key mineral associations of
garnet-clinopyroxene-plagioclase-quartz in mafic rocks, and kyanite-K-feldspar in
metapelites and felsic rocks. HP granulites are a sub-facies of the granulite field that lies
above the ‘garnet-in’ reaction in quartz tholeiite (for basic compositions) (Green &
Ringwood, 1967). The upper pressure limit of the HP mafic granulite assemblage is
marked by the disappearance of plagioclase that gives rise to garnet-omphacite
assemblages, characteristic of eclogites (Carswell, 1990). The occurrence of HP
granulites in association with eclogites can be controlled by a variety of factors, including
equilibration at different P-T conditions along a P-T path, or distinct P-T evolution for
the different rock types. However, this delineation between HP granulite and eclogite
facies can also be controlled by bulk composition, rather than P-T conditions, in that the
upper P-T limit of plagioclase stability field depends on the Al content of the original
gabbro (Green & Ringwood, 1967; Green & Ringwood, 1972). This limit coincides with

the granulite-eclogite transition only for quartz-tholeiite compositions, whereas
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CHAPTER 1 - INTRODUCTION

plagioclase in high-Al bulk compositions persists at pressures well within the eclogite
facies. Thus the spatial association of HP granulites and eclogites need not reflect
variation in peak P-T conditions or the metamorphic evolution, and importantly, implies
that many of these occurrences reflect regional high-T eclogite facies conditions.

Rocks of pelitic bulk compositions, although less common, are also found in
many regional HP granulite terranes. At these P-T conditions, pelitic granulites should
be kyanite- and K-feldspar-bearing, and at high temperatures, show evidence for
dehydration melting of biotite (Vielzeuf & Montel, 1994). Ternary feldspar
homogenization thermometry of HP hypersolvus ternary feldspars in felsic granulites is
generally considered the most robust method of deducing temperature conditions for
these granulites (Kroner et al., 2000; O'Brien & Rétzler, 2003; Rotzler & Romer, 2001;
Snoeyenbos et al., 1995). Consistent ultrahigh temperatures of over 1000°C have been
deduced by this method, which, in conjunction with the coexistence of kyanite, requires
pressures of at least 1.5 GPa. This important observation shows that ultrahigh-
temperature (UHT) granulites are not just restricted to rocks formed at normal crustal
pressures, but can also occur in overthickened crust or subducted continental crust.

The Snowbird tectonic zone (STZ) is a ~2800-km-long linear feature in the
horizontal gravity gradient map of the western Canadian Shield that separates the
Archean Rae and Hearne Domains (Goodacre et al., 1987). Authors have long speculated
on the tectonic significance of the STZ. Some have argued that the STZ represents a
Paleoproterozoic suture (Hoffman, 1988), whereas others argue that the structure is
fundamentally an Archean intracratonic shear zone with only local Paleoproterozoic
reactivation (Hanmer et al., 1994; Hanmer et al., 1995a; Hanmer et al., 1995b). This
thesis attempts to resolve some of these outstanding questions related to the tectonic
significance of the STZ through a focused petrological, geochronological, and
geochemical study of high-pressure granulites and eclogites that occur within a segment
of the STZ.

The Striding-Athabasca (S-A) mylonite zone, northern Saskatchewan, Canada, is
host to a spectacular suite of HP granulites and eclogites. The S-A mylonite zone is a
~400-km-long segment of the STZ. This well-exposed 125 x 80 x 75 km southwestern

segment of the S-A mylonite zone has been described as the East Athabasca mylonite
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CHAPTER 1 - INTRODUCTION

triangle (EAmt), and consists of anastamosing lower crustal granulite facies mylonites
(Hanmer, 1994; Hanmer, 1997; Hanmer et al., 1994; Hanmer et al., 1995a; Hanmer et al.,
1995b). The EAmt has been interpreted as an Archean intra-continental strike-slip shear
zone (Hanmer, 1994; Hanmer, 1997; Hanmer et al., 1994; Hanmer et al., 1995a; Hanmer
et al., 1995b). The work contained in this thesis has focused on the highest-pressure
rocks exposed within the Southern Domain of the EAmt. Consisting of rocks that have
been metamorphosed at pressures of >1.5 GPa and temperatures of 900-1000°C (Baldwin
et al., 2003; Snoeyenbos et al., 1995), the Southern Domain provides a unique natural
laboratory for understanding the thermal evolution of the lower crust during extreme
metamorphic conditions.

The primary motivation behind this thesis research was to obtain a more complete
understanding of these unusual rocks, within both a metamorphic and a temporal
framework. This research aims at obtaining a better understanding of the evolution of the
high-pressure granulites of the EAmt from their formation to their ultimate exhumation
through an integrated petrological and geochronological study. Previous studies of these
types of rocks tended to focus primarily on the petrology and P-T paths, and largely
neglected the timescales of metamorphism, residence in the lower crust, and exhumation.
This study attempts to quantify these processes and obtain a better understanding of the
behavior and growth of accessory phases under extreme metamorphic conditions.

This dissertation consists of four chapters that have been written for publication in
international geologic journals. Chapter 2, published in the Journal of Metamorphic
Geology, describes the nature of the boundary between the structurally lowest levels of
the Southern Domain and the charnockitic granulites to the north. Well-preserved corona
textures in the mafic granulite of the Southern Domain record a near-isothermal
decompression path from maximum pressures of 1.9 GPa to 1.0 GPa. Zircon in the mafic
granulites records two metamorphic events, at 2.55-2.52 Ga and 1.9 Ga. This study
provides the first evidence for Paleoproterozoic high-pressure metamorphism within the
EAmt.

Chapter 3, submitted to Contributions to Mineralogy and Petrology, describes the
petrology of the eclogites of the EAmt. This eclogite unit is remarkable in its structural

preservation as a thin, 15-m-thick layer contained within a host felsic gneiss that occurs
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along strike for over 10 km. This study documents the occurrence of the eclogite through
a detailed study of its geochemistry and mineral chemistry. The eclogite was derived
from a plagioclase-bearing gabbroic protolith, and experienced peak metamorphic
conditions of 1.8-2.0 GPa at 920-1000°C. Reaction textures in the eclogite record near-
isothermal decompression to similar conditions recorded in the mafic granulite of ~1.0
GPa, 800°C. U-Pb geochronology of zircon from the eclogite records high-pressure
metamorphism at 1.9 Ga. Thus this study provides the best evidence so far for an
important Paleoproterozoic high-P event in the STZ.

Chapter 4, prepared for submission to the Journal of Petrology, is a focused study
of the reaction textures preserved in sapphirine granulites associated with the
decompressed kyanite eclogites. The results of this petrological study suggest that these
rocks re-equilibrated at mid-crustal depths following the high-PT metamorphism.
Spectacular reaction textures are preserved in these rocks that allow for detailed
petrological modeling and construction of petrogenetic grids that are applicable to a
variety of sapphirine assemblages in decompressed kyanite eclogites in the literature.

Chapter 5, prepared for submission to Contributions to Mineralogy and
Petrology, is a petrological, geochronological, and geochemical study of the most
abundant lithology in the Southern Domain, the felsic HP granulites. This chapter
presents important evidence for an Archean (2.6 Ga) metamorphic history. This study
presents detailed investigations of monazite from the felsic gneiss using combined
electron microprobe and ID-TIMS methods, and reveals that monazite records a complex
growth history from 2.6 to 1.9 Ga. This study shows how the petrographic setting of
monazite affects its ability to participate in later metamorphic reactions and also shows
how the geochemistry of the individual grains vary depending on the petrographic setting
as inclusions in garnet or as matrix grains. Additionally, this chapter presents important
Sm-Nd geochemical data that bears on the isotopic source region during the formation of
monazite at different times. Petrological observations imply that the felsic gneiss is
interpreted to largely be a product of dehydration melting in the lower crust, but the
precise timing and nature of the 2.6 versus 1.9 Ga history of this rock remains somewhat
elusive. Nevertheless, an important conclusion of this study is the empirical verfication

of the high closure temperature for Pb diffusion in monazite. This study provides
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evidence that despite temperatures as great as 1000°C, monazite that is well-armored in
garnet does not show any evidence for diffusional Pb loss.

The final chapter of this dissertation, Chapter 6, summarizes the main conclusions
drawn from this research, and also presents additional regional geochronological data that
bears on the regional implications of this study. U-Pb geochronological data from each
of the three distinct lithotectonic domains of the EAmt are presented. These data
highlight the differences in metamorphic histories from each domain. The Northwestern
Domain, consisting largely of 2.6 Ga meta-igneous rocks, shows little evidence for any
Paleoproterozoic metamorphism recorded in accessory phase growth. In contrast, the
Southeastern Domain, experienced an important magmatic and metamorphic event at
1890-1895 Ma as manifested by the Chipman mafic dike swarm. This mafic dike swarm
was previously thought to be Archean in age (Williams et al., 1995), and the presence of
voluminous mafic magmatism in close temporal association with the HP metamorphism
in the Southern Domain raises intriguing questions. Finally, this chapter presents
additional data from three lithologies of the Southern Domain: the felsic gneiss, mafic
granulite, and sapphirine granulite. These data are meant to complement the detailed data
set for one sample presented in Chapter 5. These samples record similar metamorphic
histories from 2.6 to 1.9 Ga. In addition, rutile data from the felsic gneiss bear evidence
for protracted exhumation from ~1.9-1.8 Ga.

The Snowbird tectonic zone provides a unique area in which to understand the
metamorphic evolution of high-pressure granulites from both a petrological and temporal
perspective. This study offers a view of the structural and tectonic context that is
generally not possible in xenolith studies. This field-based study provides an important
and necessary structural context, without which would make the interpretation of the
complex thermochronologic data impossible. Thus, the work contained in this study
highlights the complexities of the lower crust from both a metamorphic and

geochronological perspective.
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ABSTRACT

INTRODUCTION

The upper deck of the East Athabasca mylonite triangle (EAmt), northern Saskatchewan, Canada,
contains mafic granulites that have undergone high P-T metamorphism at conditions ranging from
1.3 to 1.9 GPa, 890-960 °C. Coronitic textures in these mafic granulites indicate a near-isothermal
decompression path to 0.9 GPa, 800 °C. The Godfrey granite occurs to the north adjacent to the upper
deck high P-T domain. Well-preserved corona textures in the Godfrey granite constrain igneous
crystallization and early metamorphism in the intermediate-pressure granulite field (Opx + Pl) at
1.0 GPa, 775 °C followed by metamorphism in the high pressure granulite field (Grt + Cpx + PI) at
1.2 GPa, 860 °C. U-Pb geochronology of zircon in upper deck mafic granulite yields evidence for events
at both ¢. 2.5 Ga and ¢. 1.9 Ga. The oldest zircon dates are interpreted to constrain a minimum age for
crystallization or early metamorphism of the protolith. A population of 1.9 Ga zircon in one mafic
granulite is interpreted to constrain the timing of high P-T metamorphism. Titanite from the mafic
granulites yields dates ranging from 1900 to 1894 Ma, and is interpreted to have grown along the
decompression path, but still above its closure temperature, indicating cooling following the high P-T
metamorphism from c¢. 960-650 °C in 4-10 Myr. Zircon dates from the Godfrey granite indicate a
minimum crystallization age of 2.61 Ga, without any evidence for 1.9 Ga overgrowths. The data
indicate that an early granulite facies event occurred at ¢. 2.55-2.52 Ga in the lower crust (c. 1.0 GPa),
but at 1.9 Ga the upper deck underwent high P-T metamorphism, then decompressed to 0.9-1.0 GPa.
Juxtaposition of the upper deck and Godfrey granite would have occurred after or been related to this
decompression. In this model, the high P-T rocks are exhumed quickly following the high pressure
metamorphism. This type of metamorphism is typically associated with collisional orogenesis, which has
important implications for the Snowbird tectonic zone as a fundamental boundary in the Canadian
Shield.

Key words: geochronology; granulites; high pressure metamorphism; petrology; Saskatchewan.

case, these rocks were metamorphosed at high pres-
sures and exhumed relatively quickly (on the order of

The discovery of granulites in metamorphic terranes
that have experienced very high pressures (> 1.5 GPa),
and in some cases also very high temperatures (> 900
1000 °C), has led to a significant expansion in the P-T
limits of crustal petrology. High pressure granulites
have been recognized in at least two distinct tectonic
settings: those that formed in overthickened crust in
collisional orogens and those that evolved near the
base of a normal thickness continental crust and were
exhumed by a mechanism unrelated to their formation.
High pressure granulites in collisional orogens include
the Variscides (e.g. Vielzeuf & Pin, 1989; Carswell &
O’Brien, 1993; O’Brien & Carswell, 1993), the Grenville
Province (e.g. Indares, 1995; Indares et al., 1998;
Indares & Dunning, 2001), the eastern Himalayas (e.g.
Liu & Zhong, 1997), and the Hengshan Complex of the
North China Craton (e.g. Zhao et al., 2001). In each

© Blackwell Science Inc., 0263-4929/03/$15.00
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tens of millions of years) following the peak meta-
morphic event (Indares & Dunning, 1997; Kroner
et al., 2000). In contrast, high pressure granulites that
formed near the base of a ‘normal’ thickness (¢. 30—
35 km) continental crust generally record a thermal
perturbation at the base of the crust followed by iso-
baric cooling towards a cratonic geotherm. These
rocks are thought to record the long-term evolution
of the lower crust. Examples of such rocks may include
the Ivrea Zone (Zingg, 1990; Handy & Zingg, 1991), the
Kapuskasing uplift (Percival & Card, 1983; Percival
& McGrath, 1986; Percival & West, 1994).

The Snowbird tectonic zone in northern Saskatche-
wan is exposed in the East Athabasca mylonite triangle
(EAmt) (Fig. 1). The EAmt is a ¢. 3000 km? terrane of
Archean rocks that have undergone metamorphism
at minimum P-T conditions of 1.0 GPa, 800 °C
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Fig. 1. Geological and structural elements of the East Athabasca mylonite triangle (EAmt), northern Saskatchewan (modified
after Hanmer, 1994). Explanations for the three main structural subdomains are shown separately. Inset shows location of EAmt

along the Snowbird tectonic zone (Hoffman, 1988).

(Williams et al., 1995; Williams et al., 2000). Embed-
ded within this terrane is a c. 400 km? litho-tectonic
domain termed the ‘upper deck’ (Hanmer, 1994). This
high grade terrane consists of granulite facies mylo-
nites, which have been metamorphosed at conditions
exceeding 1.5 GPa and 900-1000 °C (Snoeyenbos
et al., 1995). The upper deck was noted as being
unusual compared to other high pressure terranes in
both its setting within a much larger granulite terrane
as well as by its apparent intracratonic tectonic setting
(Snoeyenbos ef al., 1995). In addition, the high tem-
perature metamorphism (900-1000 °C) is relatively
unusual in association with such high pressure rocks.
In order to understand the setting and history of these
granulites within the Snowbird tectonic zone, it is
critical to constrain the timing of high pressure meta-
morphism and the specific relationship between these
high pressure granulites and other gneisses of the
EAmt.

Although the occurrence of high P-T metamor-
phism in the upper deck of the EAmt is well-estab-
lished (Snoeyenbos er al., 1995), the timing of this
metamorphism has been uncertain. It was proposed
that the high P-T metamorphism occurred at
>2.6 Ga (Snoeyenbos et al., 1995), and that these
rocks resided in the lower crust for ¢. 700 Myr prior
to exhumation. However, evidence is mounting for
an important 1.9 Ga metamorphic event in this seg-
ment of the Snowbird tectonic zone, and identifica-
tion of the P-T conditions and nature of this event
have important implications for the tectonic evolu-
tion of the Canadian Shield. Accordingly, the specific
goals of this study are: (1) to describe the distribu-
tion and extent of high P-T metamorphism in the
upper deck; (2) to place P-T constraints on meta-
morphism across the boundary between these high
pressure rocks and the granulites to the north; and
(3) to place constraints on the timing of high P-T
metamorphism and juxtaposition of the upper deck
with the other domains of the EAmt (Fig. 1). Our
broader goal is to use the nature of the contact
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between the upper deck and granulites to the north,
as well as the differences in crustal level exposed
across this tectonic boundary to gain insight into the
larger scale behaviour and evolution of the lower
crust in this region.

GEOLOGICAL BACKGROUND

The western Canadian Shield is a collage of Archean crustal
provinces bounded by anastomosing Palaeoproterozoic orogenic
belts (Hoffman, 1988). The boundary between the Rae and Hearne
domains of the western Churchill Province, the Snowbird tectonic
zone, coincides with a 3000 km-long gravity anomaly, which
extends from the Canadian Cordillera northeast to Hudson Bay
(Fig. 1) (Goodacre et al., 1987; Hoffman, 1988). In northern Sas-
katchewan, a well-exposed 125 x 80 x 75 km segment of the
Snowbird tectonic zone has been described as the East Athabasca
mylonite triangle (EAmt), and consists of anastamosing lower
crustal granulite facies mylonites (Hanmer, 1994, 1997; Hanmer
et al., 1994, 1995a,b). The EAmt is the south-western segment of
the Striding-Athabasca mylonite zone that has been interpreted as
an Archean intracontinental strike-slip shear zone (Hanmer, 1994;
Hanmer et al., 1994, 1995a,b).

The EAmt is bounded to the northwest and southeast by wallrocks
of the Rae and Hearne provinces, respectively, and is overlain to the
south by the c. 1.7 Ga Athabasca sandstone. Although both the Rae
and Hearne wallrocks adjacent to the EAmt are lithologicaly similar,
consisting dominantly of pelitic schist, paragneiss, amphibolite and
granitoid rocks, their overall metamorphic grade is different. Recent
work in the Neil Bay area about 40 km west of the EAmt (Kopf,
1999) suggests that much of the Rae Province in this area experienced
intermediate-P granulite facies conditions (¢. 0.8 GPa, 900 °C) at
¢. 1.9 Ga. In contrast, the Hearne Province wallrocks are separated
from the EAmt by a major amphibolite facies shear zone and record
lower pressure amphibolite facies metamorphic conditions (0.5 GPa,
600-700 °C) (Mahan er al.,, 2001). Recent work in the northern
Hearne Province by Stern & Berman, 2001) has identified a
Palacoproterozoic high pressure ( > 1.0 GPa) corridor in the northern
segment of the Snowbird tectonic zone, which includes the Krama-
nituar Complex (1.5-1.2 GPa, 850-900 °C) (Sanborn-Barrie ef al.,
2001) as well as the Uvauk Complex (1.3-1.1 GPa, 800-875 °C).
Stern & Berman (2001) interpreted this high P metamorphism to
overprint an earlier ¢. 2.5 Ga metamorphism at 0.4-0.6 GPa and
¢. 625-700 °C.

The EAmt is divided into three structural domains (Fig. 1). The
southern domain of the EAmt, termed the upper deck, consists of
garnet-kyanite quartzofeldspathic gneiss, mafic two-pyroxene garnet
granulite, and a semicontinuous 10-15 m-thick layer of eclogitic
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garnet clinopyroxenite with associated sapphirine granulites. The
northwestern domain is dominated by felsic to mafic plutonic rocks,
the largest of which is the 2.6 Ga Mary granite (Fig. 1). Williams
et al. (2000) proposed that the Mary granite was emplaced and then
metamorphosed at 1.0 GPa during dextral shearing. The south-
eastern domain is dominated by the ¢. 3.2 Ga Chipman tonalite
batholith which is intruded by the 1.9 Ga Chipman mafic dyke
swarm (Williams et al., 1995; Baldwin et al., 2000). The Chipman
dyke swarm consists of 1-100 m thick mafic dykes that were
metamorphosed and partially melted at granulite facies conditions
(Williams et al., 1995).

The northwestern and southeastern domains are collectively
referred to as the ‘lower deck’, in recognition of their relationship to
the structurally overlying mylonites of the upper deck (Hanmer,
1994; Hanmer et al., 1995; Hanmer er al., 1994). Calculated pres-
sures for both the NW and SE domains of the lower deck are
approximately 1.0 GPa (Williams ez al., 1995, 2000). In contrast, the
northern part of the upper deck records minimum pressures of
1.5 GPa, translating into a 1015 km difference in crustal level across
this boundary. The differences in peak metamorphic conditions
between the upper and lower decks are interpreted to indicate that
these two terranes had different metamorphic histories prior to their
juxtaposition (Snoeyenbos et al., 1995).

As described by Hanmer (1994), the boundary between the upper
deck and lower deck is a several-km-wide zone. It consists of a suite
of granitic gneisses that vary in metamorphic grade from amphibolite
to granulite facies. These rocks have been termed the ‘interface
granites’ and are generally characterized by a relatively low strain
state compared to the associated mylonites (Hanmer, 1994, 1997,
Hanmer et al., 1995a,b). The focus of this report is on the region
between the base of the upper deck domain and one of these ‘inter-
face’ granitic gneisses, the Godfrey granite (Fig. 2).

THE UPPER DECK

Within the upper deck there are three dominant lithological units:
felsic gneiss, eclogitic garnet clinopyroxenite and mafic granulite
(Fig. 1). The structurally higher levels in the southern upper deck are
dominated by mafic granulite, whereas the lower structural levels
to the north are dominated by felsic gneiss. The most abundant
lithology in the northern upper deck is a massive garnet-kyanite
quartzofeldspathic gneiss. This felsic gneiss is an anhydrous mylo-
nitic rock (Grt + Pl + Qtz + Ky + Rt) with a shallow SW-plun-
ging lineation. Garnet is ubiquitous throughout the felsic gneiss, and
typically comprises 5-40% of the rock. Kyanite-bearing assemblages
are locally preserved; kyanite occurs as inclusions in garnet and as a
matrix phase wrapping around garnet. Kyanite-bearing assemblages
are particularly well-preserved in the ¢. 5 km thick zone between Axis
Lake and Currie Lake (Fig. 2). Peak metamorphic conditions for the
felsic gneiss have been calculated at 900-1000 °C and >1.5 GPa
(Snoeyenbos et al., 1995).

A distinctive and important lithological unit for constraining the
P-T history of the northern upper deck, is a thin 10-15 m-thick band

of eclogitic garnet clinopyroxenite and associated sapphirine granu-
lites which have been mapped along strike for ¢. 15 km (Fig. 2).
Garnet—clinopyroxene exchange thermometry yields 950-1000 °C
(Snoeyenbos et al., 1995). Minimum pressures of 1.5 GPa are sug-
gested by the presence of primary corundum. Research is being
carried out to more fully characterize the petrology and thermo-
chronology of these distinctive eclogitic rocks.

The third major lithological unit in the northern upper deck, and
the major focus of this study, is a layered mafic granulite (Fig. 2).
These layers are typically several metres thick, but are locally more
than 10 m thick. They contain a foliation, dipping steeply to the
south, that is parallel to foliation in the host felsic gneiss. At map
scale, the strike of this foliation is sub—parallel to the boundary
between the upper deck and the northwestern and southeastern
domains of the lower deck (Fig. 1). Most mafic granulite layers,
and the host gneisses, have a strong mineral lineation that plunges
shallowly to the southwest. Previous workers have interpreted the
mafic granulite layers as a series of intrusive sills with northeast-
striking intrusive contacts (Baer, 1969; Slimmon, 1989). However,
given the highly deformed nature of these rocks, the original con-
tacts have likely been completely transposed into their present
orientation.

In the southern upper deck (Fig. 1), a ¢. 5 km thick exposure of
layered mafic granulite is interlayered with very thin cm-scale
layers of felsic gneiss. Gabbroic textures are locally preserved in
low strain zones but in general the rocks display spectacular cor-
onitic textures. Peak metamorphism and deformation occurred in
the high pressure granulite field (garnet + clinopyroxene +
quartz; 1.4-1.2 GPa at 750-800 °C) (Kopf, 1999). A transition to
intermediate-pressure  granulite conditions (orthopyroxene +
plagioclase; 0.9 GPa at 700-750 °C) involved a period of near-
isothermal decompression, possibly related to the thrust emplace-
ment of the upper deck onto the lower deck (Kopf, 1999). This
decompression is inferred to have been followed by isobaric cool-
ing that involved development of garnet-plagioclase-magnetite
symplectite textures.

Previous geochronological constraints on the timing of granulite
facies metamorphism in the upper deck include zircon dates from
mafic granulite of ¢. 2600 Ma. This age is interpreted to constrain
the granulite facies metamorphism (Hanmer, 1997). In addition,
monazite from a sample of felsic gneiss at the western 