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two eras, e.g., tonalite-trondhjemite-granite (TTG) and greenstone genesis. However, one
fundamental problem plagues the interpretation of all Archean geology. namely the
application of uniformitarian (i.e., plate tectonic) principles and whether they adequately
account for the exposed Archean crustal record. Crustal products and average crustal
compositions varied significantly in the Archean compared to the present, and hence the
extrapolation of a plate tectonic framework back to the Archean has sparked vigorous
debate (e.g., de Wit 1998; Hamilton 1998). Apart from the absence of directly
comparable Archean and Palaeozoic (or younger) sequences, one of the principal
arguments against the operation of modern-style plate tectonics in the early Earth is the
inference of hotter ambient mantle temperatures at that time. At least four lines of
evidence imply that the Hadean Earth was hot and extremely energetic (Pollack 1997),
including: (a) the kinetic and gravitational energy associated with planetary accretion and
core formation, (b) the inferred early meteorite bombardment, (c¢) radiogenic heat
production from short-lived nuclides, and (d) the scarcity of crust of Hadean and
Paleoarchean age. Since the Hadean, the Earth’s interior and has been steadily cooling as
a result of the decline in radiogenic heat production (Davies 1992; Pollack 1997).
Radiogenic heat production from the Paleoarchean to the present. and from the
Paleoarchean to the end of the Neoarchean, are estimated to have declined by factors of ~
6-3 and 3-2. respectively (Pollack 1997). The continuing challenge is to constrain the
time at which the Earth attained the thermal and mechanical properties favourable for the

onset of a plate tectonic dynamic.
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(Henderson 2004). A 1:30 000 scale geological transect in three parts (Fig. 3.2a) across
key localities of the Snare River terrane was undertaken to investigate the structural and
metamorphic evolution in the exposed crustal levels. Supracrustal sequences in the low-
grade belts consist of bimodal volcanic rocks and are intruded by syn-volcanic plutons
(ca. 26742658 Ma) and two distinct packages of greywacke-mudstone turbidite (2674-
2635 Ma and < 2635 Ma, respectively). The medium- to high-grade Bigspruce and Ghost
subdomains consist predominantly of granitic rocks and associated gneisses (ca. 2640—
2589 Ma) with tectonic lenses of supracrustal rocks interpreted as the high-grade
equivalents of those in the adjacent low-grade belts. The presence of the same
supracrustal units at greenschist and granulite grades provides a rare opportunity to
integrate the tectonic evolution of upper- and mid-crustal domains. Previous studies have
shown that the oldest crustal components occur in the low-grade upper crust whereas
younger units predominate in the high-grade mid crust (Villeneuve and Henderson 1998;

Bennett et al. 2005).

3.3.1 Exposed Crust Levels

The Snare River terrane can be subdivided into three crustal levels on the basis of
lithotectonic associations and paleopressure determinations (Fig. 3.2b): (i) the upper crust
(2—4 kbar; ca. 7-14 km paleodepth) comprises the low- to medium-grade, narrow arcuate
volcano-sedimentary Kwejinne Lake, Labrish Lake and Russell-Slemon supracrustal
belts; (ii) the transition zone (ca. 45 kbar; ca. 14-20 km paleodepth) is characterized by
upper amphibolite-facies metamorphism, widespread anatexis and the presence of

abundant migmatite and sparse granite sheets; and (iii) the mid crust (ca. 6.5—
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In summary D1 structures and associated low-grade metamorphism are
interpreted to reflect thin-skinned crustal shortening over a ca. 45 M.y. interval, when D0
and deformation of pre-2637 Ma turbidite packages is considered. An accretionary wedge
setting is invoked and resulted in intercalation of the young turbidite packages with the
older volcano-plutonic crust. A lithologically and structually distinct accretionary wedge
is invoked for the Snare River terrane. Modern counterparts differ markedly in structural
style, lithological diversity, the lack of major chaotic disruption zones, polymict melange
and HP/L'T metamorphic assemblage (Hamilton 1998). Imbricate thrust fault
development is an important component of modern subduction zones and is typically
facilitated by lithology-induced competeny contrasts. Analogous fault systems have not
be recognized in the turbidite packages of the Snare River terrane, further supporting a
unique wedge setting. Subcretion, which was inferred from geochemical and inherited
zircon datasets in Chapters 4 and 5 to be an important Neoarchean process in the study
area, provides a means to reconcile the observed differences in wedge dynamic. In
modern settings, the vertical component of the underthust slab imparts significant control
on trench geometry and subsequent deformation styles. In contrast, subcretion would
result in greater horizontal accretion, precluding formation a large trench. Lateral
shortening rather than downward off-scraping would characterize the Neoarchean
subcretionary wedge. In this setting, chaotic disruption would be minimal, imbricate
thrusting would be less and HP-LT assemblages would not routinely form. The origin of
the compressive stress regime is inferred to be continued lateral crustal motions between

the Snare River terrane and the Central Slave Basement complex to the east (Fig. 3.14).
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Figure 3.14 continued: Deformation history of the Snare River terrane depicted in six
schematic crustal profiles. (d) During the latter stages of D2, the locus of deformation
migrated to deeper crustal levels, such that the upper crust was decoupled or isolated from the
effects of the F2¢ and F2d, which are restricted to the transition zone and Ghost subdomain.
These fold events post-dated most orogenic plutonism (i.e., post-2600 Ma). The diachronous
nature of D2 is best understood in terms of the superstructure—infrastructure geodynamic
model of Culshaw et al. (2004), in which a highly ductile mid-crust is decoupled from a more
rigid upper crust during collision with a cratonic block (the CSBC). Three segments can be
distinguished, including the upper and lower limbs of the antiformal nappe (Snare River
terrane; superstructure), and a lower plate (infrastructure) which the upper plate overrides
during orogenesis and consists of a collage of material from both the Snare River terrane and
the Central Slave Basement Complex. The occurrence of ca. 2637 Ma plutons and pre-2635
Ma turbidites in the Ghost subdomain, but not in the overlying transitional migmatite zone or
supracrustal belts, provides evidence for the existence of a lithologically distinct lower plate.
Furthermore, the occurrence of >2.8 Ga zircon inheritance data (Ootes et al. 2005) in lower-
crustally-derived plutons east of the Snare River terrane provides additional support to the
collisional model with the Central Slave Basement Complex as the lower plate and the Snare
River terrane as the overriding plate. The change in fold style tight to isoclinal overturned F2¢
folds to gently plunging open F2d folds reflects the transition from subhorizontal transport of
the Snare mid crust onto the CSBC (F2c) and limited horizontal shortening of the assembled
thrust stack (F2d). Contrasting fold interference patterns resulted from the two events, with
Type 3 coaxial refolding resulting from superposition of F2¢ in contrast to Type 1 dome-and-
basin interference resulting from superposition of F2d. (e} Post—orogenic collapse (D3)
immediately followed D2 overthickening. The initial stage involved collapse of crust
overlying the Ghost subdomain along a detachment fault and coincided with uplift of a mid-
crustal wedge through pervasive conjugate shearing (S3) and crustal thinning. The future site
of the Snare River terrane partial crustal section occurs on the lower plate and is marked. (f)
Impingement of the ductile migmatitic transition zone on the overlying brittle upper crust
resulted in steepening of structures and telescoping of isograds in the transition zone. Crustal
thinning led to a higher heat flow during D3 uplift and M3 decompression metamorphism.
Intrusion of the ca. 2585 Ma pegmatite suite marks the termination of D3 in the Snare River
terrane.
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also result from constrictional strain when the ductile Ghost subdomain was compressed

against the migmatite transition zone during uplift.

3.6 Discussion

The complex sequence of polyphase deformation and the model for the structural
evolution of the Snare River terrane provides insight into several fundamental problems
pertaining to the evolution of high- and low-grade terranes. These include: (1) the role of
structural and metamorphic diachroneity; (2) the importance of the migmatitic transition
zones that link steeply dipping low-grade belts to gently dipping high-grade belts; (3) the
contrasting tectonometamorphic processes that gave rise to the low-grade and high-grade
belts; and (4) secular changes in deformation mechanisms during crustal evolution. These

are discussed briefly below.

3.6.1 Structural and metamorphic diachroneity

The combination of overprinting fabric relationships and the restriction of certain
structural elements to particular crustal levels resulted in a regional younging of
structures as a function of paleodepth (Figs. 3.12, 3.13). The age-stratified crustal
geometry is attributed to both the sequence of crustal evolution (i.e., D1 structures in the
upper crust and D3 structures in the mid crust), and to the diachroneity of progressive D2
deformation during crustal thickening. D2 diachroneity also accounts for the transition
from coaxial to non-coaxial deformation with crustal depth. Coaxial (to near-coaxial) F2a

and F2b fold interference patterns (Type III, hook) that characterize the upper crust
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contrast with the non-coaxial F2d (Type I, dome-and-basin) patterns in the mid crust, and
simultaneously provide evidence of migration of the D2 deformation front to greater
depths. In contrast, F2d dome-and-basin interference patterns exhibit decreasing
amplitude from the Ghost subdomain upward into the transition zone where the F2d
deformation front dissipated. Fold interference patterns in the Ghost subdomain were
subsequently amplified by Paleoproterozoic cross-folding (F4) that affected the entire
crust, in particular the southern subarea of Ghost subdomain where they resulted in non-
coaxial Type Il (crescent) interference patterns. A relative structural age map (Fig. 3.15)
summarizes these observations to demonstrate the relationship between deformational
diachroneity and fold interference patterns across the Snare River terrane. Additionally,
high-level crustal decoupling also contributed to the observed pattern of metamorphic
and deformational diachroneity as it isolated the upper crust from the effects of later
orogenic events.

Diachroneity between metamorphism and deformation took place at all crustal
levels. For instance, M2a metamorphism was associated with post-tectonic growth of
cordierite in the upper crust (Figs. 3.4h, 3.6j,k), indicating that M2a outlasted D2 at that
structural level. Similarly, in the transition zone and Ghost subdomain, post-tectonic
diatexite in metaturbidites locally truncates F2a structures, indicating that M2b outlasted
D2 there. These results indicate the potential for contrasting relative deformational and
metamorphic ages at any crustal level.

The effects of crustal decoupling and structural / metamorphic diachroneity on

crustal architecture have been well documented in the Neoarchean crustal section
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exposed in the Kapuskasing Uplift (e.g., Corfu 1987 Bursnall et al. 1992; Krogh 1993;
Moser et al. 1996). Their detailed integrated datasets demonstrate that similar processes
operated in this orogen, including decoupling of the brittle upper crust with its record of
old structures from the underlying ductile mid and lower crust, as well as migration of the
structural and metamorphic fronts to greater crustal depths with time as a consequence of
progressive downward stiffening of the orogen. Although these processes are by no mean
restricted to the Neoarchean, the occurrence of a similar tectonometamorphic evolution
within broadly the same time frame (Snare Orogen, ca. 2674-2560 Ma; Kapuskasing
Uplift ca. 2725-2585 Ma) implies that such processes were important elements of crust

formation in the late Archean.

3.6.2 Migmatitic transition zone: Bridging the crustal gap

Exposure of the transition zone, which exhibits several structural attributes of
both the low-grade supracrustal belts and high-grade Ghost subdomain, was crucial for
correlating the deformation histories across the Snare River terrane. Preservation of both
upper- and mid-crustal structures in the transition zone is attributed to D2 diachroneity
and variable strain intensity, whereby older F2a and F2b structures were not completely
transposed into F2c¢ and F2d fabrics, resulting in a distinct structural domain
characterized by complex and locally disharmonic folding.

The structurally highest level of the transition zone approximately coincides with
the limit of M3 decompression metamorphism (Fig. 3.12a). lending support to the
concept of upper crustal decoupling, whereby the effects of M3 were restricted to the mid

crust. Telescoping of M2 isograds is evident across the transition zone, particularly in
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However, numerous workers have proposed that prominent subhorizontal mid-
crustal fabrics developed during ductile extensional flow in response to overthickening
(e.g., Krogh 1993; Kelly et al. 2000; Fyson and Jackson 2004), and the process has been
documented beneath Tibet, which is characterized by extensional collapse localized in the
partially molten mid crust (Nelson 1992). Thermo-mechanical modelling predicts that
mid-crustal channel flow and ductile extrusion are outcomes of this tectonic
configuration (e.g., Beaumont at al. 2001), processes invoked by Cairns et al. (2005) to
account for the subhorizontal structures in the Walmsley Lake area southeast of the
Central Slave Basement complex. Although ductile flow of the mid-crust cannot be ruled
out, we consider that in the Snare River terrane, subhorizontal structures developed
principally during thrusting and crustal thickening, with subsequent modifications during
extensional collapse being a secondary feature.

Such structural modifications of the thrust architecture occurred during both D3
extensional mid-crustal uplift and post-Archean deformational events (D4), as indicated
by the telescoping of M2 isograds and the presence of late recumbent folds in the
transition zone near Cowan Lake (Fyson and Jackson 2004). Mid-crustal uplift was also
the mechanism principally responsible for lateral juxtaposition of the low- and high-grade
domains across the belt.

The superstructure—infrastructure model of Culshaw et al. (2004) may also
account for F2c and F2d folding events, which are not observed in the upper crust. In the
model (Fig. 3.14d), collision of the Snare River terrane (upper plate) with a cratonic
block (lower plate) resulted in overthrusting of the weakened Snare mid crust eastward

onto the cratonic block. In this case, the cratonic block corresponds to the Central Slave
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Basement Complex and continued underthrusting of this block generated the
progressively younger structures in the mid crust of the Snare River terrane. Implicit in
this model is underthrusting as the dominant driving force in the system, which resulted
in migration of the deformation front to progressively deeper crustal levels as the system
evolved.

Crustal thickening and decoupling are also central to understanding the origin of
steeply- and gently-dipping structures. In the Snare River terrane. S2b fabric
development and M2 diachroneity differ above and below the inferred zone of
decoupling: in the upper crust, D2 crustal thickening was accompanied by development
of low-grade pressure-solution, stylolitic and crenulation fabrics (S2b), whereas in the
underlying migmatitic transition zone and mid crust, leucosome fabrics formed (S2c,
S2d). Additionally, preservation of DO, D1 and the oldest phase of D2 are restricted to
upper crustal levels that, together with the absence of later overprinting, suggest crustal
decoupling was important. The decoupling event, although not well understood, may
have been a consequence of the migration of diachronous deformational and
metamorphic fronts to greater paleodepth as the leading edge of the Central Slave
Basement Complex was underthrust beneath its orogenic superstructure composed of the
Snare River terrane.

In summary, the similarities between the surface geometry of the Snare River
terrane, the subsurface geometry displayed in the LITHOPROBE SNORCLE seismic
reflection profile, and the crustal configuration predicted by the superstructure—
infrastructure model of Culshaw et al. (2004) are striking and warrant further

investigation through additional structural analysis and integrated modelling studies.



3.6.4 Crustal evolution and secular change in deformation mechanisms
Crustal evolution in the Snare River terrane took place in two contrasting tectonic
regimes and can be correlated to changes in the mode of deformation and associated style
of metamorphism. In tectonic regime 1 (TR1), early crustal development during D0 and
D1 was characterized by protracted (>45 M.y.) lateral accretion of turbidite packages and
their eventual intercalation with older volcano-plutonic crust. Metamorphic grade was
low, consistent with minimal crustal thickening at this time, and the structural style
exhibits diachronous lateral imbrication as originally distal thrust slices were
successively accreted against each other in a broad shallow long-lived thrust stack. In
contrast, D2 was a rapid event (<20 M.y.) involving substantial crustal thickening and
reworking, and we infer that TR2 was a collisional tectonic regime characterized by
diachronous vertical imbrication of crust. The style of metamorphism also changed and
attainment of M2b granulite-facies conditions at >22 km depth implies a strong
perturbation of the geothermal gradient, partly as a consequence of voluminous HT
magmatic additions to the orogenic crust (Chapter 6). Crustal overthickening was
followed by post-orogenic collapse, mid-crustal uplift and decompression metamorphism
(M3) in which locations of isograds were dependent on the telescoped distribution of M2
high-grade cordierite in the transition zone and in Ghost subdomain. In summary,
correlation of different structural processes during D1-D3 to specific stages of crustal
evolution emphasizes the importance of deformation in controlling the amalgamation,

metamorphic modification, and attainment of equilibrium in the Snare River terrane.

3-86



Coaapter N mmcitic e

3.6.5 Regional implications

The sequence of Neoarchean deformation outlined for the turbidite packages of
the Snare River terrane correlates well to craton-wide deformation events that similarly
involved two major episodes of shortening and a terminal phase of crustal stabilization.
The structural style also appears to exhibit similarities across the Slave Province despite
local differences, which as discussed below appear to have been principally a function of
proximity to the Mesoarchean cratonic nucleus, the age of the turbidite package, and
diachroneity of deformation.

Turbidite sedimentation was diachronous and occurred in at least two different
tectonic settings across the Slave Province: (i) in ensialic rift basins within the basement
complex (Henderson 1985; Bleeker and Villeneuve 1995; Pehrsson 1998); and (ii) in
ocean basins flanking the east and west sides of the Mesoarchean Central Slave Basement
complex (Pehrsson et al. 1998; Bennett et al. 2005, this study; Cairns et al. 2005).
Turbidite packages on rifted crust of the Central Slave Basement Complex were
deposited at ca. 2660 Ma (e.g., at Point Lake and Watta Lake; Mortensen et al. 1991;
Bleeker and Villeneuve 1995), whereas more distal turbidite successions west of the
Central Slave Basement complex post-dated the ca. 2637 Ma Defeat suite plutons (e.g.,
Damoti Formation, Kwejinne Lake supracrustal belt to west, Perhsson and Villeneuve
1999; Bennett et al. 2005). The age of distal turbidites east of Mesoarchean crust is
unconstrained.

D1 fold-thrust belts provide evidence for horizontal shortening without substantial
thickening, suggesting formation in an accretionary-wedge setting (e.g., King and

Helmsteadt 1988; Relf 1992; King et al. 1992; Pehrsson 1998), as in the Kwejinne Lake
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belt, and published data indicate that D] deformation was diachronous, occurring both
prior to and after the intrusion of Defeat Suite plutonism (~2620-2640 Ma) across the
Slave Province (Bleeker and Villeneuve 1995; Bleeker et al. 1999; Pehrsson and
Villeneuve 1999; Cairns et al 2005). Two main structural observations suggest that the
locus of D1 deformation migrated both westward and eastward away from the
Mesoarchean crustal core including post-2635 Ma D1 deformation of turbidite packages
in the southwestern and southeastern Slave Province (Pehrsson 1999; Cairns et al. 2005;
this study) and the occurrence of early D1 structures at Point Lake but their absence, east
at Contwoto Lake (King and Helmsteadt 1988; Relf 1992). By the termination of D1 this
had resulted in a new crustal configuration where outlying Neoarchean terranes had
docked onto the margins of the Mesoarchean basement. One exception to this tectonic
model of D1 lateral shortening without significant thickening occurred at Point Lake,
where complex D1 structures indicate that important crustal thickening occurred at the
turbidite—basement contact (King and Helmsteadt 1988; Relf 1992), suggesting that D1
strain was greatest where the outboard terranes docked against the Central Slave
Basement Complex and elsewhere was partitioned with decreasing intensity throughout
the fold-thrust belts.

D2 deformation histories and structural styles depend on proximity to the
Mesoarchean cratonic core. In the marginal turbidite localities, significant crustal
thickening occurred, as demonstrated by the formation of high-grade mid-crustal domains
marginal to the Central Slave Basement Complex (Fig. 3.1). Closer to the cratonic core,
crustal thickening and structural reworking were more moderate (e.g., at Contwoyto

Lake). Finally, turbidite sequences overlying the central regions of the Mesoarchean core

3-88



underwent only minor F2 thickening and refolding of the D1 structures (e.g., at Watta
Lake; Bleeker and Villeneuve 1995; Fig. 3.1). The NW-trending regional fold trends in
the Watta Lake area contrast with the N and NE trends in the Kwejinne Lake and Indin
Lake belts on the west side of the Central Slave Basement Complex and with the NNW to
NW trending structural grain east of the cratonic core at Walmsley Lake (Fig. 3.1).
Collectively, these observations indicate that the bulk of D2 strain was accommodated in
the marginal supracrustal belts which underwent rapid crustal thickening. Cairns et al.
(2005) outlined a deformation sequence for the Walmsley Lake area that is very similar
in both timing and tectonic style to that described here for the Snare River terrane. These
authors demonstrated that an older upper-crustal tectonothermal domain with steep D1
and D2 structures was decoupled from a high-grade mid-crustal domain characterized by
younger subhorizontal structures and metamorphism. The timing of events parallels that
in the Snare River terrane (Table 3.2), with an early phase of D2 in the upper crust
predating intrusion of the ca. 2597 Ma orogenic plutons and later deformation in the mid-
crust (their D3) occurring after cessation of dated plutonism. Cairns et al. (2005)
attributed the subhorizontal geometry of the mid-crustal domain to gravitational loading
and mid-crustal flow, supporting the inference of enhanced crustal thickening in these
marginal zones. This implies that post-orogenic extensional structures documented in
several overthickened regions were a consequence of D2 overthickening in the external
domains.

The broad synchroneity of these events over such large distances reveals much
about craton-building processes during the Neoarchean. Recent structural datasets (e.g.,

Pehrsson 1998; Bleeker et al. 1999; Cairns et al. 2005; this study) have enabled
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formulation of a more complete picture of the rates and processes involved in
cratonization of the Slave Province. Clearly the occurrence and location of Mesoarchean
crust was crucial to later crustal development, since it formed the nucleus onto which the
younger Neoarchean crust was progressively accreted from both the east and west. The
driving force for these compressive stresses that controlled cratonic growth remains
enigmatic, but we speculate that lateral crustal accretion on both sides of the cratonic core
is evidence that an embryonic form of plate tectonics involving lateral movement of
microplates had evolved by the Neoarchean. However, the critical question of how and
why apparently identical accretionary histories occurred on opposite margins of the
cratonic core at the same time remains unanswered.

The contrasting tectonothermal histories across the Slave Province have
significant implications with regard to diamond prospectivity. A first-order negative
correlation is evident between the locations of uplifted formerly overthickened crust with
perturbed geothermal gradients and the distribution of known diamond-bearing
kimberlite arrays (Fig. 3.1). Specifically, in the southwest Slave Province no economic
kimberlite deposits have been identified. In contrast, diamond-bearing kimberlite arrays
are ubiquitous throughout the central and eastern regions, where the host supracrustal
belts record only moderate crustal thickening and D3 mid-crustal uplift and orogenic
collapse have not been documented. These observations may imply a relationship
between the crustal tectonothermal history and the diamond stability field in the
underlying mantle. Recognizing this relationship suggests that orogenic collapse
structures, overthickened crust, and spinel-cordierite decompression textures may be

indicators of areas with low diamond prospectivity in the Slave Province.
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3.7 Conclusions

We have shown that contrasting structural topologies and deformation histories in
the upper and mid crust of the Snare River terrane resulted from superposition of three
Neoarchean tectonothermal events (D1/M1— D3/M3) and one phase of Paleoproterozoic
deformation (D4). Structural analysis of the transition zone separating the low-grade
supracrustal belts with steep structures from a mid-crustal granulite-facies domain with
more gently-dipping structures has revealed that depth—time variations developed in a
prograde M2 metamorphic gradient without obvious structural or metamorphic
discontinuities. The oldest Neoarchean deformation events (D1, D2a-b) are preserved in
the higher structural levels, whereas younger events (D2c-d, D3) occur in the mid crust.
The transition zone, which is characterized by migmatitic rocks formed during M2,
provides a crucial link between these structural levels, exhibiting structural elements
common to both of them (i.e., F2b-F2d, S2a, S2b and F3/S3). M2 both predated (M2a)
and was coeval with (M2b) voluminous ca. 2597 Ma orogenic plutonism.

Preservation of DO and D1 structures is restricted to the upper crust of the
Kwejinne Lake supracrustal belt. F1 fold successions, defined by reversals in SO facing
directions, are best developed on the northwest limbs of regional D2 folds. High-level
coaxial F2a and F2b fold sets are associated with axial planar S2a fabrics defined by
biotite, cordierite, and sillimanite + melt that formed at the M2a thermal peak. Post-
tectonic cordierite is linked to ca. 2597 Ma plutonism. At deeper levels, S2a and S2b

leucosome fabrics have mineral assemblages indicative of anatexis at progressively
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inferred to have been the result of horizontal crustal motion between the Snare
River terrane and the Central Slave Basement complex.

D2 — Nappe tectonics and crustal thickening involving: (a) early near-coaxial
refolding of the D1 fold belt into F2a folds coinciding with M2a metamorphism
and minor crustal thickening, (b) large-scale coaxial F2b folding and
establishment of upper and lower limb nappe geometry, accompanied by (c)
voluminous ca. 2597 Ma pluton emplacement and onset of M2b metamorphism,
(d) decoupling of the upper crust from the more ductile migmatitic transition
zone, and (e) continued shortening of the lower limb of a crustal-scale nappe,
leading to the establishment of a superstructure (Snare River terrane) and
infrastructure (leading edge of the Central Slave Basement complex) crustal
configuration.

D3 — Post-orogenic collapse and mid-crustal uplift prior to ca. 2585 Ma, crustal
thinning by displacement on conjugate shear sets, and core complex formation.
M3 decompression metamorphism affected the transition zone and Ghost
subdomain, demonstrating uplift of these crustal levels, with no corresponding
uplift of the upper crust.

D4 — Paleoproterozoic NE-SW shortening involving low-grade cleavage
formation and steep NNW-plunging open F4 folding at all crustal levels.

The combined effects of metamorphic and deformational diachroneity and depth-

dependent progressive deformation resulted in a younging of the structural architecture

with paleodepth. Variations in relative structural age across the Snare River terrane

demonstrate a close relationship between deformational diachroneity and regional fold
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interference patterns. Coaxial to near-coaxial F2a and F2b refolding (Type 111, hook) that
characterizes the upper-crust contrasts with non-coaxial F2d (Type I, dome-and-basin)
fold superposition in the mid-crust. The occurrence of hook, dome-and-basin, and
crescent fold interference patterns in the transition zone represents F2¢ and F2d refolding
of the complex F1-F2a—-F2b geometry. Collectively, the distribution of fold interference
patterns across the Snare River terrane demonstrates migration of the D2 deformation
front to greater depths during crustal thickening.

Structural datasets for the juxtaposed steep. low-grade upper-crust and shallow,
high-grade mid-crust in the Snare River terrane conform well to the superstructure—
infrastructure model of Culshaw et al. (2004). As predicted by the model, gently-dipping
D2 mid-crustal structures formed after the steep polyphase DO-D?2 structures in the upper
crust. The presence of undulating low-angle reflectors at mid-crustal depths on the
Lithoprobe SNORCLE transect demonstrates a pre-exhumation origin, which is inferred
to be a consequence of mid-crustal thrusting during crustal thickening. The narrow
migmatitic transition zone is critical to understanding the progression of deformation
from the upper- to the mid-crust and its exposure in two areas of the Snare River terrane
was essential in assessing the applicability of the superstructure—infrastructure model. In
this case, the infrastructure comprising Central Slave Basement Complex and its environs
underthrust the superstructure composed of the Snare River terrane, generating
progressively younger and flatter structures with depth.

Crustal evolution of the Snare River terrane and the Slave Province as a whole
documents secular changes in the principal modes of deformation and associated styles of

metamorphism. Tectonothermal development in supracrustal belts was dependent on the
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of pre-2.8 Ga ensialic basement blocks, crustal processes evolved towards an incipient
plate tectonic regime during the Neoarchean. This new regime involved reworking of
older TTG crust, genesis of new granite—greenstone crust, and formation of granite—
volcano-sedimentary crust outboard of the composite TTG-granite—greenstone blocks. In
this model, the presence of Paleo- and Mesoarchean basement is pivotal to subsequent
Neoarchean crustal growth. In the Slave Province, the eastern margin of the Paleo- to
Mesoarchean TTG basement, known as the Central Slave Basement Complex (Bleeker et
al. 1999a, b), is demarcated by Pb and Nd isotopic boundaries defined by Thorpe et al.
(1992) and Davis and Hegner (1992). However, the geometry of the western margin
remains enigmatic, particularly in the southwest where the geochemical/isotopic database
is limited and exposures of Paleo- to Mesoarchean crust have yet to be identified.

In this paper, we present geochemical and Nd isotopic data for magmatic and
metasedimentary rocks from the Snare River terrane, a Neoarchean granite—volcano-
sedimentary belt in the southwestern Slave Province. The primary objectives are to use the
integrated datasets to constrain the magmatic evolution of the Snare River terrane,
document the mechanisms of crust formation and growth including assessment of the role
played by Paleo- to Mesoarchean basement, and evaluate the implications for the Slave

Province as a whole.

4.3 Geological Setting

4.3.1 Regional Geological Setting

The Slave Province (Fig. 4.1a) consists of four principal lithotectonic components:
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encompassed two tectonic regimes, TR1 comprising D1/M1 and ca. 2674-2608 Ma
magmatism, and TR2 comprising D2/M2 and D3/M3 and ca. 2600-2580 Ma magmatism.
The data presented in this study permit improved definition of the magmatic aspects of

these two tectonic regimes.

4.4 Magmatic Groups of the Snare River Terrane

Magmatic rocks in the Snare River terrane have been subdivided into four groups
on the basis of age and tectonic regime (Fig. 4.2; Chapter 2; Table E1). Metaluminous
compositions predominate in the older groups 1 and 2, whereas both metaluminous and
peraluminous compositions occur in the younger groups 3 and 4. Group 1 encompasses
volcanic and coeval plutonic bodies that crystallized between ca. 2674-2654 Ma and range
from basalt to rhyodacite and gabbro to tonalite. Field relationships indicate this group
was affected by early D1/M1. Group 2, with a compositional range from ultramafic
hornblendite to granodiorite, intruded syn- to post-D1/M1 in the interval ca. 2637-2608
Ma. Group 3 is predominantly granitic and was emplaced syn-to late-D2/M2 at ca. 2597
Ma. Group 4 comprises small-volume melts of tonalitic to granitic composition that
intruded syn- to post-D3/M3 from ca. 2590 to 2585 Ma.

Representative samples of each group were slabbed, stained and examined in thin
section prior to analysis, permitting subdivision of the groups into suites on the basis of
composition, field and petrographic criteria. A summary of important characteristics and

cross-cutting relationships of each suite is given in Table 4.1 and representative features
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are illustrated in Fig. 4.3. Detailed petrographic descriptions and sources of U-Pb age data

used to subdivided each magmatic group are provided in Appendix E.

4.5 Analytical Techniques

Major- and trace-element geochemistry and Sm-Nd isotopic analyses were carried
out for this study. All analyzed samples were related, directly or indirectly, to dated
plutons. Sample locations are listed in Tables 4.2-4.4 and shown on Fig. 4.1. After clean
crushing and grinding, individual powders were split into three samples for major-
element, trace-element and Sm-Nd isotopic analysis. Major- and trace-element analyses of
28 representative samples were completed in the Department of Earth Sciences, Memorial
University of Newfoundland using X-ray fluorescence spectrometry (XRF) and
inductively coupled plasma mass spectrometry (ICP-MS). Sm-Nd isotopic analyses were
completed for 13 samples at the Radiogenic [sotope Facility, Department of Earth &
Atmospheric Sciences, University of Alberta, by isotope dilution thermal - ionization mass
spectrometry (ID-TIMS). Details of the analytical methods employed are given in
Appendix D.

In addition to data collected in this study, we have also drawn on the results of
Perks (1997) and Yamashita et al. (1999), who performed Nd isotopic analyses of
metasedimentary and ca. 2.64-2.59 Ga plutonic rocks from the Forked Lake area, Ghost

subdomain (Fig. 4.1b), the geochemical investigations of Branstromm (2000) and Ootes
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Table 4.1: Petrographic Characteristics of Magmatic rocks in Snare River terrane

Group/ RockType/ Igneous Accessory Metamorphic Crustal Level Crosscutting
Age Attributes Mineralogy Minerals Mineralogy ! Domain Relationships
GROUP 1
ca. 2674 Ma Matfic Volcanic Rocks

Fault-bound and conformable Hbl + Pl + Zrn, Ep Amp + Tr /Act; Upper-crust None

contacts. Lineated blocks of Bt + Opx + Ttn Chl (retr) KLSB Observed

massive - pillowed flows, Cpx

hyaloclastic breccia.

(Fig. 4.3a)

Felsic Volcanic Rocks

Fault-bound contacts. Pervasively Pl + Qtz + Zrn, Ep Amp + Tr/Act; Upper-crust Oldest unit dated,

lineated pyroclastic lava, lapilli, Hbl + Bt Ttn Chi (retr) KLSB crosscut by ca.

ashfall tuff and 2585 Ma pegmatitic

volcaniclastic sequences. granites

(Fig. 4.3b)

Mafic Plutonic Rocks

Metre scale pods, cgr Pl + Qtz + Fe-Ti oxide Amp + Ep Upper-crust HSZ mantles ca.

gabbroic gneiss. Hbl + Bt KLSB 2654 Ma Hinscliffe

(Fig. 4.3c) intrusive complex

Felsic Plutonic Rocks

Meter-scale lenses of variably Pl + Qtz + Zm, Fe-Ti Amp + Ep Upper-crust HSZ mantles ca.

strained medium-grained tonalitic. Hbl + Bt oxide KLSB 2654 Ma Hinscliffe

gneiss interiayered with gabbroic intrusive complex

mafic gneiss. (Fig. 4.3c)
GROUP 1
ca. 2654 Ma Hinscliffe Plutonic Complex. Pl +Qtz + Zrn, Ttn, Ep; (retr chl) Upper-crust Incorporates

Recrystallized fgr trondhjemite Kfs + Bt Aln KLSB enclaves of strained

and mgr granodiorite (Fig. 4.3d)
mafic - intermediate enclaves.
Gneissic texture, pronounced

on margin.

ca. 2674 Ma mafic
to intermediate
gneissic enclaves
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Table 4.1: Continued

Group/ RockType/ Igneous Accessory Metamorphic Crustal Level Crosscutting
Age Attributes Mineralogy Minerals Mineralalogy / Domain Relationships
GROUP 2 Disco Intrusive Suite: Qtz + Pl + Zm, Mnz, Ep Grt (at pelite Mid Crust / Inclusions of pre-
ca. 2635 Ma Weakly - strongly foliated, fgr to Kfs + Bt Mag, Tur contacts), Ghost Sub 2635 Ma turbidite
mgr massive / sheet-like Opx + Kfs Domain package;
bodies of tonalite to granodiorite
with amphibolite enclaves
(Fig. 4.3e)
GROUP 2 Mafic Intrusive Complexes: (1) Tr-Ed Mag, Spn, Zrn,  Hbl+Ep Upper Crust Inclusions of post-
ca. 2608 Ma small to medium, heterogeneous (2) Pl + Mc + Ap, Sulf / KLSB 2635 Ma turbidites
plutons, agmatite, intrusive breccia, Qtz + Amp + Bt inclusions of high
magma mingling. 4 main phases -  (3) Hbl + Pl + strain zone
(1) cgr hornblendite; Kfs + Cpx lithologies
(2) mgr quartz monzodiorite; (4) Qtz + Mc
(3) cgr gabbro-monzonite; + Pl + Bt
(4) Fine-grained Late aplitic dykes
(Fig. 4.3h)
GROUP 3:
ca. 2600 Ma Biotite Granodiorite Qtz + PI + Kfs Zrn, Ttn, Ep Chl (retr) Upper Crust Crosscuts ~2608 Ma
fgr - mgr irregular + Bt + Hbl Fe-Ti oxide / KLSB MIC and F2 folds
plutons and sheets; in turbidites
(Fig. 4.31)
Two Mica Granite Qtz + Pl + Kfs Ap, Zrn, Spn Grt + Bt Upper Crust Crosscuts F2 folds
Large batholith - discrete plutons + Ms + Bt (pelite / Bigspruce in turbidites
and sheets; equigranular / porphyritic contacts) Plutonic
phases - (1) variably foliated with Sub-domain
abundant metasedimentary enclaves
(2) weak mica foliation, enclave-free
(Fig. 4.3j and 4.3k, respectively)
Orthopyroxene Granite Qtz + Pl + Kfs Zm, Mnz, Ap, Mid-Crust Crosscuts ~2635 Ma
Mgr sheets; pink + Bt + Opx Fe-Ti oxide / Ghost Disco Intrusive Suite
weakly foliated; abundant mafic Sub-domain

enclaves  (Fig. 4.3g)
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Table 4.4: Major and trace element geochemistry of metaturbidites

il s e teene i

Iioe

Sample: VB18A VB47A VB64 VB92B vB111 VB1590 VvB160
Rock: Tb-crd Tb-crd Tb-crd TB-melt TB-melt Dt Dt
Location 115°54 8'E 115°50.6'E  115°484'E  115°43.5E  115°42.7E 115°28.8E  115° 26.2°E
63°44.8'N 63°45.5'N 63°45.7'N 63°47 4'N 63°46.7'N 63°42.2’N 63°36.7'N
SiO; 55.32 51.05 56.06 54.35 56.4 56.9 58.9
TiO, 0.79 0.89 0.72 0.94 0.84 0.89 0.89
AlL,O3 22.56 21.31 21.09 18.85 18.89 15.24 15.08
Fe,0,T * 7.05 10.78 6.56 9.08 7.92 7.93 9.71
MnO 0.04 0.05 0.04 0.07 0.06 0.1 0.06
MgO 4.93 4,95 4.83 5.06 4.53 5.32 3.88
Ca0o 0.91 057 1.02 1.75 0.94 2.7 0.66
Na,O 2.38 0.69 2.21 2.38 1.79 2.74 1.25
KO 4.04 4.58 3.8 2.99 3.43 1.93 2.88
P05 0.11 01 0.13 0.08 0.1 0.05 0.04
LOI® 2.93 3.97 2.99 2.76 2.49 1.47 1.38
Total 98.62 95.98 97.78 96.28 95.34 94.50 93.89
XRF
Cr 264 310 255 248 209 233 264
Ni 37 83 64 58 24 58 30
\% 184 191 179 180 158 161 165
Zn 58 50 42 61 40 36 45
Rb 138.1 132.5 88.5 72.3 91.2 62.6 73.7
Ba 835 846 922 706 802 747 336
Sr 191 118 198 269 171 334 97
Nb 11 8.8 9.9 8 9.3 8.2 9.7
Zr 134.5 124.9 137.8 196 128.6 118.6 157.2
Y 13.1 13 17.2 16.6 9.7 15.5 16
S 863 2880 984 1854 780 1738 1383
Cl 20 360 190 162 252 287 156
Sc 20 30 30 25 21 18 22
ICP MS
Ba 689 684 684 562 653 654 258
Ta 6.63 1.27 1.33 1.66 1.65 2.33 2.39
Nb 13.23 9.47 10.66 8.58 9.26 9.04 10.07
Hf 3.41 3.23 3.17 4.97 3.28 3.48 3.77
Zr 138.7 125.2 128.8 213.1 131.2 142.5 160.7
Y 14.64 14.75 15.79 16.16 9.54 18.36 18.99
Th 8.88 8.31 8.18 8.21 7.37 14.67 9.33
La 12.26 12.02 16.26 25.90 11.52 34.37 31.35
Ce 23.70 26.92 34.78 52.55 25.72 70.69 62.98
Pr 2.85 3.46 4.23 6.02 3.05 8.33 7.44
Nd 11.23 14.94 17.28 23.16 12.09 31.00 28.35
Sm 2.49 3.64 3.54 4.27 2.37 555 5.28
Eu 0.99 1.04 1.12 1.28 0.82 1.44 0.83
Gd 2.42 3.26 2.97 3.59 1.87 4.33 4.16
Tb 0.42 0.50 0.45 0.52 0.28 0.61 0.60
Dy 275 2.93 2.95 3.07 175 3.65 3.64
Ho 0.59 0.59 0.64 0.64 0.38 0.74 0.74
Er 1.75 1.70 1.99 1.82 1.17 2.08 2.18
Tm 0.25 0.25 0.30 0.27 0.18 0.30 0.32
Yb 167 1.64 2.02 1.67 1.21 1.95 2.09
Lu 0.26 0.24 0.30 0.26 0.19 0.30 0.31
[La/Sm]en® 3.1 2.0 29 3.8 3.1 3.9 3.7
[La/Yblen 5.0 5.0 55 10.5 6.4 11.9 10.1
Mg# ¢ 33.60 476 59.3 52.5 53.1 57.1 442
AJCNK ® 2.27 2.99 2.20 1.82 2.26 1.32 2.37
A/NK ' 272 3.50 2.72 2.64 2.84 2.31 2.91

Notes: Major elements in wt%, trace elements in weight parts per million. ? Total Iron calculated as Fe,O,. ° LOI — Loss on ignition, weight
on heating to 1000°C, equivalent to total volatiles. * CN — Chondrite Normalized. ¥ Mg # - Molar Mg/(Mg+Total Fe).® AICNK — molar Al,O;
/(CaO+Na,0+K;0). " A/NK — molar AlLO; /( Na,0O+K;0). 0 values = not determined. Tb-crd — cordierite bearing amphibolite; TB-melt: Melt —
in cordierite; Dt-diatexite.
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Figure 4.7: Continued. (e) ca. 2674-2661 Ma calc-alkaline felsic magmatic rocks from
the Kwejinne LLake and Russell-Slemon supracrustal belts. (f) Comparison of ca. 2658
Ma HREE depleted felsic magmas with ca. 2674-2661 Ma calc-alkaline felsic magmatic
rocks from the Kwejinne Lake and Russell-Slemon supracrustal belts. (g) Comparison
of ca. 2674-2660 Ma calc-alkaline felsic magmas from the SRT with Banting felsic
magmas of the Central Slave Province. (h) Comparison of ca. 2660-2650 Ma HREE-
depleted felsic magmas from the SRT with Olga Suite (Davis et al. 1994).
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5.1 Abstract

Inherited zircon analyses for nine plutonic rocks from the Neoarchean Snare River
terrane, southwestern Slave Province, were integrated with BSE image characterization and LAM
ICP-MS U-Pb age determinations to examine linkages between mid- and lower-crustal evolution.
The inherited zircon age data show that metaluminous and peraluminous magmas emplaced into
the mid and upper crust originated from discrete lower- and mid-crustal reservoirs at different
stages of crustal development, thereby providing a temporal isotopic profile of crust formation.
Secular changes in metaluminous magma inheritance trends reflect intermittent growth of a
garnet-rich mafic lower crust over ca. 77 M.y. by both ‘local” magmatic additions and tectonic
intercalation of ‘exotic’ mafic material (of Kam Group tholeiite affinity). Synchronous mid- and
upper-crustal TTG magmatism implies a linked mantle—rustal evolution during this interval of
crustal growth. In addition, inheritance ages reveal the absence of Mesoarchean crust during the
growth of the lower-crust in the Snare River terrane. Other conclusions derived from the
inheritance data include: (i) refractory zircon in a mantle-derived sanukitoid implies longevity of
chemically isolated domains in the lithospheric mantle; (ii) the similarity between inheritance
profiles of peraluminous granites and detrital zircon spectra in metaturbidites demonstrates the
occurrence of a major metasedimentary reservoir in the mid crust from which the peraluminous
magmas were sourced; and (iii) a megacrystic granite suite is shown to have two distinct inherited
components consistent with petrogenetic interpretations involving mixing of metasedimentary
and mafic source rocks. A new technique is presented that utilizes inherited zircon ages to
quantify the end-members used in binary and multicomponent Sm-Nd isotope mixing models.
Specifically it is shown that magmas in the Snare River terrane can be derived by mixing lower-
and mid-crustal sources of ca. 2700 Ma and younger.

Key words: Inherited zircon, BSE imaging, LAM ICPMS U-Pb dating; isotopic profile.
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region (inherited zircon) or by entrainment during ascent (contaminant zircon; Miller et
al. 2003). Since preservation of zircon in magmas is principally controlled by the
solubility and dissolution kinetics of Zr, zircon in Zr-undersaturated melts consists almost
entirely of magmatic precipitate grains (Watson and Harrison 1983; Harrison and Watson
1983; Hansmaan and Orberli 1991; Hanchar and Watson 2003). In contrast Zr-saturated
melts contain appreciable quantities of premagmatic refractory zircon on which magmatic
zircon commonly occurs as overgrowths. It is thus critical when undertaking U-Pb
studies to distinguish between magmatic and premagmatic regions of individual zircon
grains to avoid acquiring mixed U-Pb ages. Characterization of zoning by
cathodoluminescence (CL) or back-scattered electron imaging (BSE) techniques is
essential to delineate age domains. In multistage zircon crystals, subhedral to anhedral
inherited cores are typically surrounded by compositionally and texturally distinct
epitaxial rims, indicating growth in different environments (Paterson et al. 1992; Hanchar
and Miller 1993; Belousova et al. 2002; Griffin et al. 2002; Corfu et al. 2003). Variable
zoning patterns of inherited cores in a single sample imply different growth histories and
a mixed inheritance (e.g. Harrison et al. 1987; Pidgeon and Compston 1992; Hanchar and
Rudnick 1995; Corfu et al. 2003).

Numerous studies in the past twenty years have integrated U-Pb dating and BSE /
CL imaging of inherited zircon populations to investigate the relationship between
magma chemistry and inheritance trends (e.g. Harrison et al. 1987; Hansmann and Oberli
1991; Pidgeon and Compston 1992; Roddick and Bevier 1991; Chappell et al. 2000), and

a powerful application of zircon inheritance has been to elucidate the lower crustal
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composition and evolution recorded by the zircon populations in mafic xenolith suites
(e.g. Rudnick and Cameron 1991; Hanchar and Rudnick 1995; Schmitz and Bowring
2000). A recent analysis of zircon from mafic xenoliths in the Slave Province has
demonstrated the longevity of lower crustal evolution and its intimate relationship with
the overlying mid and upper crust (Davis et al. 2003). We further examine this linked
lower-, mid- and upper-crustal evolution in the Slave Province in this contribution using
inherited zircon from Neoarchean metaluminous and peraluminous plutonic rocks of the

Snare River terrane.

5.4 Geological Context

5.4.1 Regional Setting

The Slave Province, northwestern Canada (Fig. 5.1a), records a protracted history
of crustal development from ca. 4.06 to 2.57 Ga. The main geological elements can be
grouped into four broad lithotectonic units: (i) 4.06-2.8 Ga basement and its cover termed
the Central Slave Basement Complex and Cover Sequence respectively (CSBC and
CSCS respectively; Bleeker et al. 1999; Bowring and Williams 1999), (ii) two stages of
greenstone-turbidite development from ca. 2.72-2.63 Ga, an older stage comprising 2.72-
2.70 Ga tholeiitic and 2.66 Ga felsic volcanic rocks (Kam and Banting groups) and >2.66
Ga turbidites (Henderson 1970; Bleeker and Villeneuve 1995), and a younger stage
comprising 2.68-2.66 Ga felsic and subordinate mafic volcanic rocks and <2.63 Ga
turbidites (e.g. Pehrsson and Villeneuve 1999, Bennett et al. 2005); (iii) widespread

plutonism, grouped into 2.63-2.60 Ga, (Defeat, Concession and Siege suites), and 2.60-
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Henderson 1998; Bennett et al. 2005; Fig. 5.1b). Turbidites are the dominant supracrustal
lithology and both pre- and post-2635 Ma packages have been identified.

The Snare River terrane exhibits evidence for three linked deformation/
metamorphic events. D1/M1 (ca. 2640-2610 Ma) involved intercalation of turbidite and
volcanic successions under greenschist- to amphibolite-facies conditions, D2/M2 (ca.
2610-2595 Ma) was the orogenic peak and in the mid-crustal Ghost subdomain took
place under HT-LP granulite-facies conditions, and D3/M3 (2595-2580 Ma) involved
extensional uplift and decompression of the Ghost subdomain. Pressures estimates, which
range from 2.5-3.5 kbar in the supracrustal belts to 6.5-7 kbar in the high-grade gneisses
(Appendix I; Chacko et al. 1995a, b), indicate burial from 9 to 25 km across the terrane.
The concept of tectonic regimes was proposed by Bennett et al. (2005; Chapter 2) to
describe episodes of deformation, metamorphism and magmatism that occur in a similar
tectonic setting. The tectonic history of the Snare River terrane is subdivided into two
broad tectonic regimes TR1 and TR2. Relationships among the various components of

the study area integrated into the tectonic regime concept are shown in Fig. 5.2.

5.4.2 Magmatic rocks in the Snare River terrane

Magmatic rocks in the Snare River terrane range from metaluminous to
peraluminous and are classified into four temporal groups. Group 1 (2674-2650 Ma,
metaluminous) includes volcanic rocks and synvolcanic plutons ranging from basalt to
rhyodacite and gabbro to tonalite, respectively; Group 2 (2637-2608 Ma, metaluminous)

ranges in composition from ultramafic hornblendite to granodiorite; Group 3 (ca. 2600
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5.6.2 eNd modelling data

The final dataset involves Sm-Nd data for two samples that are used as case studies
to investigate the link between inherited zircon data and eNd isotopic mixing models. The
samples, a mid-crustally-derived peraluminous megacrystic granite (PVB9) and a lower-
crustally-derived metaluminous biotite granite (VB1357), both contain abundant
inherited zircon and their geochemical and their isotopic signatures indicate negligible
post-emplacement disturbance. Geochemical and temporal correlation of magmatic suites
across the Slave Province (Chapter 4; Bennett et al. accepted) provides the rationale for
the assignment of eNdt values to each age component in the inherited zircon spectra. A
Sm-Nd database (Appendix F, Table F3) was compiled to determine average eNdr values
and Nd concentrations for magmatic suites across the Slave Province, using the datasets
of Davis and Hegner (1992), MacLachlan (1993), Davis et al. (1994), Yamashita et al.
(1999a), Branstromm (2000), Cousens (2000), Cousens et al. (2002), Bennett et al.
(submitted), and A. Alcazar and B. Cousens (unpublished data). These average values
were assigned to each inherited component in the two samples. For example, the average
eNdr for ca. 2680-2670 Ma tholeiites in the Snare River terrane is +1.9, so this value is
assigned to the ca. 2680-2670 Ma inherited zircon component in VB1357, a
metaluminous magma interpreted to originate from tholeiitic protoliths. Note that this
value represents the average eNdy of this age component in the magma source, not that of
the inherited zircon itself. A proportion is assigned to each inherited component based on
the number of analyses of the component compared to the total number of analyses of

inherited grains.
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The inherited age components and proportions, crystallization ages, measured whole-
rock eNd values, assigned average eNd values, and bulk protolith geochemistry for
VB1357 and PVB9 are given in Table 5.4. Assigned eNd values were calculated for
T=2597 Ma, the approximate crystallization age of both samples. Petrogenesis of the
peraluminous megacrystic granite suite involved a metaturbidite protolith and a
proportion of its inherited zircon originated from this source. In order to characterise the
turbidite component, detrital zircon data for a metaturbidite from the Kwejinne Lake
supracrustal belt (Bennett et al. 2005) are included in Table 5.4 with the proportions and
whole rock €Nd values of each major provenance population. Additional details are

found in the discussion and Appendix H.

5.7 Interpretation

In evaluating the significance of the zircon inheritance age data, the implications
in regard to the tectonic and petrogenetic evolution magmas in the Snare River terrane are
examined and the importance of observed secular variations in the source regions of
metaluminous magmas and the role of metasedimentary protoliths in the genesis of
peraluminous magmas are highlighted. The discussion concludes with an evaluation of
the dataset in the context of whole-rock eng data for two samples, which demonstrate that
the zircon inheritance data can yield quantitative constraints for binary and
multicomponent eng mixing models, and thus provide valuable insight into magma

petrogenesis.
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Figure 5.7: Comparison of premagmatic zircon component in VJ375 with magmatic
zircon. (a) LAM ICP-MS error range for individual magmatic and premagmatic analyses
compared to crystallization age determined by IDTIMS (2°’Pb/2°Pb age;1c). Figure
demonstrates the overlap in maximum and minumum uncertainties in LAM ICP-MS
analyses for two components at the 16 confidence level. (b) Cumulative probabilit
diagram resolving the older premagmatic age component in relation to the IDTIM
crystallization age.
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6.1 Abstract

Zircon saturation thermometry is used to document the thermal character of
Neoarchean magmatic rocks emplaced during 90 M.y. of growth and evolution of the
Snare River terrane, southwestern Slave Province. The data constrain the contrasting
thermal contributions of magmatism to the crustal heat budget during both steady state
and perturbed geothermal settings. Refinement of zircon saturation temperatures was
achieved by integrating information from whole-rock geochemistry, BSE imaging to
discriminate inherited and magmatic zircon, and petrographic analysis of zircon textures,
and the accuracy of the estimated temperatures was constrained by independent datasets.
The results indicate the importance of removing the inherited Zr component where
refractory zircon abundance is high. The corrected zircon saturation temperatures reveal
secular changes during crustal evolution, which was characterized by: (i) a prolonged
period of moderate-temperature (740-756 °C) TTG magmatism during crust formation
and growth; (ii) a short period of orogenic magmatism involving several episodes of
H,O-rich, low-temperature (ca. 675 °C) and H,O-poor, high-temperature (779-794 °C;
867 °C) plutonism; and (iii) a short period of low-temperature (657 °C) post-orogenic
anatectic magmatism. Low-temperature orogenic plutons were emplaced into the upper
crust, buffering and locally overprinting an older thermal regime, whereas high-
temperature orogenic plutons emplaced into a 10 km thick section of the mid crust were
the principal heat and fluid source for regional metamorphism. The onset of anhydrous
conditions in the mid crust was related to emplacement of high-temperature

orthopyroxene granite. Post-emplacement metamorphism of lower mid-crustal magmas
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demarcates the maximum depth at which pluton-driven metamorphism was effective.

Collectively, the data illustrate the diachroneity and variable roles of magmatic heat in

crustal metamorphism.

6.2 Introduction

Intracrustal magmatism was a fundamental process in the growth and cratonization of
Neoarchean crust (e.g., Champion and Sheraton 1997; Oberthiir et al. 2002; Chamberlain
et al. 2003; Bédard et al. 2003). To a first approximation, crustal evolution can be
subdivided into three stages, an initial stage of steady-state or intermittent crustal growth,
an intermediate orogenic stage of pervasive crustal reworking, and a terminal stage
involving cratonization, typically followed by a return to steady-state conditions.
Analysis of the secular geochemical trends in crustal magmas formed during each of
these stages can aid in defining the nature and rate of crustal maturation (e.g.,
Wiedenbeck and Watkins 1993; Moyen et al. 2003; Chapter 4), but a complementary
understanding of the thermal effects of these magmas in a time—space context is generally
lacking. Published thermometric datasets of initial melting and/or magma crystallization
temperatures are limited (e.g., Bédard 2003), but such studies have the potential to
provide important constraints on the heat budget, which during the Neoarchean is
generally agreed to have been at least 2-3 times greater than the present (Pollack 1997).
Given the abundance of crustal magmatism, the prevalence of high temperature / low
pressure (HT/LP) metamorphism in the Neoarchean, and the continuing debate

concerning causes of perturbed geothermal gradients (e.g., Fyfe 1973; Percival 1994;
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6.3 Geological setting

The Snare River terrane is located in the southwestern Slave Province, a small
Archean craton of approximately 190 000 km? recording over 1.5 B.y. of punctuated
crustal history. Four first-order lithotectonic components are recognized in the Slave
Province: Paleo- to Mesoarchean basement complexes, Neoarchean volcano-sedimentary
belts, Neoarchean plutonic rocks, and LP/HT granite-granulite domains (Bowring and
Williams 1999; Bleeker et al. 1999; Mortensen et al. 1988; Isachsen et al. 1991, Davis et
al. 1994; Pehrsson et al. 2000). Of these, the Neoarchean plutonic rocks are the most
voluminous at the present level of erosion, comprising approximately 60% of the surface
area of the craton and exhibiting a broad secular variation from older metaluminous to
younger peraluminous compositions (Davis et al. 1994; Yamashita et al. 1999, 2000).
Occurrences of HT/LP metamorphic belts are associated with Neoarchean magmas,
suggesting a genetic link. The thermal peak of HT/LP metamorphism in supracrustal
belts across the province occurred at ca. 2.6 Ga and peak temperatures varied from 400
°C to 750 °C (Thompson 1978; Relf 1992).

The Snare River terrane (Fig. 6.1), the largest HT/LP belt, is characterized by a
core of granulite- and amphibolite-facies rocks and voluminous magmatic suites (Ghost
and Bigspruce sub-domains; Henderson and Schaan 1993; Pehrsson et al. 2000; Bennett
et al. 2005) surrounded by greenschist- to amphibolite-facies supracrustal belts
(Kwejinne Lake, Labrish Lake and Russell-Slemon supracrustal belts). The supracrustal
belts consist of ca. 2674-2635 Ma bimodal volcanic rocks, syn-volcanic plutons and

greywacke-mudstone metaturbidites that are intruded by ca. 2608-2595 Ma
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metaluminous and peraluminous magmas (Mortensen et al. 1992; Villeneuve and
Henderson 1998; Bennett et al. 2005). The high-grade core is predominantly composed of
ca. 2630-2590 Ga plutonic rocks with tectonic lenses of the ca. 2674-2635 Ma volcano-
sedimentary lithologies (Jackson and Bennett 2003; Bennett et al. 2005; Chapter 2).

The deformation history in the Snare River terrane comprised three events (D1 to
D3; Chapter 3), similar to the Slave Province as a whole. D1, which peaked between ca.
2640-2610 Ma, resulted in penetrative folding and fabric development and the
intercalation of volcanic and sedimentary lithologies (Pehrsson and Villeneuve 1999). D2
involved crustal thickening and was coeval with HT granulite-facies metamorphism
between ca. 2610-2600 Ma. Evidence for D3 includes open folds and pre-2585 Ma
conjugate shear sets.

Magmatic rocks in the Snare River terrane are subdivided into four groups on the
basis of age and composition (Bennett et al. accepted). Groups | and 2 are metaluminous,
whereas both metaluminous and peraluminous compositions occur in groups 3 and 4.
Group 1 magmas occur predominantly in the supracrustal belts and include volcanic
rocks and syn-volcanic plutons, ranging from basalt to rhyodacite and gabbro to tonalite
respectively, that crystallized episodically between ca. 2674-2650 Ma. Group 2 magmas
are plutonic, intruded syn- to post-D1/M1 from ca. 2635-2608 Ma and range in
composition from ultramafic hornblendite to hornblende-biotite granodiorite. Magmas of
Group 3 are granitic in composition, intruded syn- to late D2 at ca. 2597 Ma and were
associated with upper-amphibolite- to granulite-facies metamorphism. Group 3

metaluminous magmas consist of abundant orthopyroxene granite, which occurs



exclusively within the Ghost subdomain, and less abundant biotitexhornblende granite
emplaced into Ghost subdomain and the surrounding supracrustal belts. Group 3
peraluminous magmas include numerous bodies of megacrystic granite in Ghost and
Bigspruce subdomains and the voluminous two-mica granite suite in Bigspruce
subdomain and adjacent supracrustal belts. Group 4 magmas are small volume melts,
ranging from metaluminous tonalite to peraluminous cordierite leucogranite and
pegmatitic granite, which intruded during or post- D3 from ca. 2590-2585 Ma. Important
field relationships and petrographic features are illustrated in Fig. 6.2.

Three phases of Neoarchean metamorphism (M1 to M3) are recognized in the
Snare River terrane. M1 coincided with D1 and involved low temperature — low pressure
(LT-LP) metamorphism (Pehrsson 1998). A titanite cooling age of 2610 = 4 Ma from the
Hinscliffe plutonic complex (Fig. 6.1) is suggested to represent a maximum age of M1 in
the Kwejinne Lake supracrustal belt (Villeneuve and Henderson 1998). M2 involved high
temperature — low to medium pressure (HT-L/MP) metamorphism and was coeval with
D2 and Group 3 magmatism. The M2 thermal peak is constrained by 2592 + 5 Ma
metamorphic zircon in mafic granulite at Forked Lake (Perks 1997) and ca. 2596-2590
Ma metamorphic monazite in tonalitic gneiss north of Ghost Lake (Henderson 2004). A
prograde HT/LP M2 metamorphic sequence comprising six zones and five isograds in
metapelitic rocks has been defined (Figs. 6.1 and 6.3; Table 6.1; Appendix [). From
lowest to highest grade the isograds are: (i) Biotite-In, (ii) Cordierite 1-In, (ii)

Sillimanite+Melt-In (Cordierite 1-Out), (iii) Cordierite+Melt-In, and (v)
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Figure 6.2: Field and petrographic relationships of magmatic suites in the Snare River
terrane. Hammer and lens cap are approximately 45 cm long and 5 cm in diameter.
Scale and fields of view (FOV) for polished slabs and photomicrographs are indicated.
(i) Contact relations between Disco Intrusive Suite and crosscutting orthopyroxene
granite. Photomicrograph of Bf and Hb/ dehydration within Disco Intrusive Suite,
indicating anhydrous metamorphic conditions related to intrusion of orthopyroxene
granite. (j) Photomicrograph illustrating biotite dehydration and metamorphic
orthopyroxene formation in orthopyroxene granite suite adjacent to core of 'Forked
Lake' structural dome, Ghost subdomain. (k) Polished slabs of orthopyroxene granite at
lowest and highest levels of the Ghost subdomain. Field photograph illustrating
alteration occurring at deepest level where sample on left was collected (c.f. Newton
1990). (1) Mafic enclave within orthopyroxene granite with dehydration metamorphic
rind. (m) Photomicrographs of Hbl-Bt core and Opx-P! rim of mafic enclaves illustrated
in (1). (n) Photomicrographs of orthopyroxene granite immediately adjacent to Grf + Kfs
isograd. Biotite dehydration is responsible for formation of garnet at these localities. (0)
Photomicrographs and polished slabs of megacrystic granite occurring in 'Big Bird'
structural dome core. Figure illustrates the progressive breakdown of Gr and Bt and
correlative formation of Opx as dome core is traversed.
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3. An absence of Mesoarchean crust in lower-crustal magma reservoirs for the duration
of crustal evolution in the Snare River terrane;

4. Recognition of genetic links between voluminous peraluminous magmatism and
metasedimentary protoliths as revealed by overlapping detrital and inheritance ages:

5. A new application of inherited zircon datasets, acquired through LAM ICP-MS
techniques, to better interpret binary and multicomponent Sm-Nd isotope mixing

models.

7.3.2 Three-dimensional Architecture

Integrated studies of the evolution of deformation and metamorphism permit
analysis of the gross pre-orogenic, orogenic and post-orogenic architectural development
of the Snare River terrane. Specifically, Chapter 3 outlines the deformation mechanisms
responsible for the formation of the partial (mid to upper) crustal section. Structural and
metamorphic transitions, which occur where the partial section is preserved, involve a
gradational change in structural architecture with palaecodepth. They are characterized by
steep structures in the greenschist- to lower-amphibolite-facies upper-crust, moderately
dipping structures in the transitional mid- and upper-amphibolite-facies migmatite zone,
and moderately- to gently-dipping structures in the granulite-facies mid crust. A model
involving progressive contractional deformation and nappe tectonics following collision
of the Snare River terrane with the leading edge of a Mesoarchean protocraton (the

Central Slave Basement Complex) provides a resolution to the “structural versus seismic

7-10



paradox’ of steep structures in the upper crust overlying shallow structures in the mid to

lower crust.

Analysis of the deformation history of the Snare River terrane has led to the following
conclusions:

1. Superposition of three major phases of Neoarchean deformation and one phase of
post-Archean (Paleoproterozoic) deformation has resulted in the juxtaposition of
steeply-dipping low-grade supracrustal belts with the gently-dipping high-grade mid
crust. Two types of locally superposed contacts are observed between the low- and
high-grade domains, Archean ductile shear zones and Paleoproterozoic brittle faults;

2. The transitional migmatite zones exhibit continuity with the overlying upper crust and
underlying mid crust and have proven to be key areas to correlate structures and
deformation histories throughout the crust;

3. Three principal deformation mechanisms operated during crustal evolution of the
Snare River terrane, lateral crustal shortening by fold—thrust tectonics (D1), nappe
tectonics involving progressive imbrication of the upper plate (Snare River terrane)
and overriding of the lower plate (leading edge of the Central Slave Basement
Complex) during D2, and extensional collapse and mid-crustal uplift (D3);

4. Recognition of diachroneity and variable overprinting of D2, with older structures
well preserved in the upper crust, younger structures predominating in the mid crust,
and the intervening transition zones recording the effects of both older and younger

phases of deformation;

7-11






Choster D fveseanch Hachlights and Conclias a,

Recognition that mantle-melting episodes (at ca. 2674, 2660, 2608 and 2589 Ma)
subdivide crustal evolution into four stages of crust-formation, crustal growth,
orogenesis and orogenic collapse. The close relationship between mantle melting and
crustal evolution implies a coupled crust—-mantle system was important during the
development of the Snare River terrane;

Crustal magmatism demonstrates the transition from lower-crustal melting during
early crust formation to predominantly mid-crustal melting during and after the
orogenic peak, the changing locus of magmatism reflecting the maturation and
thickening of the crustal column;

HREE-depleted metaluminous magmatism prevailed throughout the four stages of
crustal evolution, implying progressive growth of a garnet-rich mafic lower crust;
Peraluminous magmas, which were derived predominantly from metasedimentary
sources, occur after the onset of orogenesis (i.e., in TR2), indicating that
metasedimentary material had not entered the mid crust until this time;

The crust of the Snare River terrane is compositionally stratified, with the older, low-
grade upper crust characterized by metaluminous magmas, whereas the younger,
high-grade mid crust is composed of both metaluminous and voluminous
peraluminous magmas;

The four stages of crustal evolution that have been identified are correlated with four
distinct tectonic settings: (a) initial crust-formation in an oceanic plateau environment
(tholeiites and coeval TTG magmatism); (b) crustal growth in a protoarc setting as a

result of shallow subduction or subcretion (TTG magmatism); (¢) rapid orogenic

7-13
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between magmatism and HT-LP metamorphism in the Snare River terrane. At the
highest crustal levels, low-temperature magmas overprinted and buffered the pre-
existing metamorphic thermal regime. In contrast, pluton-driven, upper-amphibolite-
and granulite-facies metamorphism prevailed across a 10 km thick zone in the mid
crust. At the lowest observed crustal levels, pluton-driven metamorphism is
superseded by regional post-emplacement metamorphism;

3. High-grade metamorphic isograds are spatially associated with the emplacement of
moderate- and high-temperature magmas. Intrusions of megacrystic granite are
closely associated with upper-amphibolite-facies, hydrous metamorphic conditions in
overlying metapelitic rocks. Similarly, the onset of anhydrous granulite-facies
conditions is spatially correlated with intrusions of high-temperature orthopyroxene
granite;

4. Integration of the zircon saturation temperature with field and metamorphic
constraints demonstrates crustal-scale diachroneity in the timing of metamorphism,
with the oldest phase of metamorphism occurring in the upper crust and progressively

younger phases (or fronts) occurring at successively deeper crustal levels.

7.4 Four-Dimensional Crustal Evolution in the Snare River

Terrane.

7.4.1 Tectonic Evolution
Integration of the multidisciplinary datasets presented in Chapters 2—6 permits

reconstruction of the tectonic evolution of the Snare River terrane. Four distinct tectonic
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tectonics and the onset of collisional orogenesis (Fig. 7.2¢). Removal of the underlying
slab and associated upwelling of hot mantle resulted in gross perturbation of the
prevailing TTG thermal regime, creating the HT-LP conditions that characterized the

collisional episode.

Stage 3: Protoarc—continent collisional orogenesis (2608 - 2597 Ma)

Initiation of protoarc—continent collision heralded a penetrative, short-lived period
of HT-LP orogenesis (Snare Orogen; TR2a) and resulted in crustal reworking and
voluminous growth and thickening of the mid crust. The leading edge of the crust to the
east was composed predominantly of metaturbidite, ca. 2640-2420 Ma TTG magmas
(Defeat Suite), and >2700 Ma mafic crust (Kam Group equivalent), with subordinate ca.
2680-2660 Ma volcano-plutonic fragments (Banting Group equivalent). As collision
progressed, this crust was tectonically intercalated at both mid- and lower-crustal depths
resulting in a wedge-shaped or indented orogenic geometry (Fig. 7d), with denser mafic
material (>2700 Ma) incorporated into the lower crust and TTGs and fluid-rich
metaturbidite intercalated into the mid crust of the Snare Orogen. Upper-crustal
shortening resulted in refolding of D1 structures through progressive nappe tectonics
(D2), such that the upper plate, primarily comprised of interleaved ca. 2674-2654 Ma
volcano-plutonic crust and post-2635 Ma turbidite packages, overrode the lower plate
composed of continental crust derived from the east. Deformation in the lower regions of
the superstructure outlasted that in the upper crust as revealed by the occurrence of

successively younger structures at progressively deeper levels. Underthrusting of the
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chapters 2—6 mirror several of the first-order observations from the Kapuskasing Uplift

(Fig. 7.3), specifically in regard to the following:

l.

The depth-dependence of crustal-growth ages (i.e., older upper crust versus younger
mid crust);

The gross compositional zonation of the crust, characterized by a volcano-
sedimentary (predominantly mafic) upper-crust, a plutonic (granitoid) mid-crust and a
mafic lower crust,

The importance of magmatism during all phases of crustal evolution and the
evolution of magma compositions with time corresponding to progressive crustal
thickening and maturity;

The crustal-scale metamorphic zonation from a greenschist-facies upper crust to a
granulite-facies mid crust;

The diachronous nature of deformation and metamorphism throughout the crustal
column;

The similarity in structural architecture between the two areas, with steep upper-
crustal structures and low- to moderately-dipping mid-crustal dome-and-basin
geometries, consistent with seismic reflection datasets.

The thermal and inherited zircon datasets presented in chapters 5 and 6 provide

unique insight into the crustal stratigraphy and demonstrate the intimate feedback

relationships occurring between crustal levels in response to crustal evolution. Inherited

zircon data support the existing understanding of the development and evolution of the

lower crust as a consequence of mafic magmatic additions and subsequent melt
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First cordierite zone

The first cordierite zone represents the onset of amphibolite-facies conditions in
the study area. It is defined by the appearance of poikiloblastic cordierite in the mica-rich
schistose tops of graded metaturbidites. Close to the isograd the poikiloblasts are small
and sparse, but they increase in size and abundance across the zone until their breakdown
at the termination of the zone. The cordierite poikiloblasts are zoned at both meso- and
microscopic scales, which is inferred to be due to variable Mg and Fe concentrations,
although since unaltered cordierite has not been observed this has not been proven.
Where retrogression is incomplete, relict sector zoning can be observed. Andalusite-
bearing assemblages are restricted to aluminous horizons and adjacent to quartz veins.
Garnet-bearing assemblages are uncommon, occurring in discontinuous horizons. The
diagnostic peak assemblage for the zone is: Crd-Ms-Bt-Qtz+And+Grt+Chl, with minor
phases including tourmaline, magnetite, epidote and titanite. Inclusion phases within
cordierite poikiloblasts include Ms, Bt, Qtz and Chl, with primary chlorite inclusions
being restricted to adjacent to the isograd. The upper limit of the first cordierite zone is
marked by the formation of sillimanite at the expense of cordierite.

Four K(F)MASH reactions (2-5; Spear and Cheney 1989) that bracket the range
of P-T conditions for the cordierite zone are listed below in order of increasing
temperature and illustrated on Fig. 12a. Where Mg end-member reactions are presented,
the Fe contents in natural samples will cause the reactions to take place at slightly lower
temperatures and hence estimates are maxima. However the lack of garnet, staurolite and

a regional andalusite isograd are suggestive of Mg-rich compositions in these
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abruptly followed (typically within 100 m) by thin, discontinuous melt stringers parallel
to the main mica fabric. Termination of the sillimanite-melt zone is marked by the
appearance of a second generation of cordierite and the breakdown of muscovite.
Outcrop-scale granitoid intrusions are pervasive throughout the zone. The peak mineral
assemblage of the sillimanite zone is Sil-Ms-Bt-Qtz-L+Crd, with minor tourmaline,
magnetite, epidote, monazite, zircon and titanite. Biotite is more abundant than primary
muscovite, which occurs as fine-grained flakes between quartz and feldspar grains. The
former cordierite 1 porphyroblasts are composed of heterogeneous assemblages of
muscovite, biotite, sillimanite, and retrograde fine white mica. Melt stringers are
granodioritic in composition consisting of Qtz-PI-Kfs+Bt. The persistence of muscovite
throughout the zone, despite the presence of melt, suggests H,O-saturated melting.
Field and petrographic evidence indicate 3 main reactions (6) — (8) occurred in the

silimanite-melt zone (Figs. I1d, e and 12a). In order of increasing temperature they are:

KFMASH reaction Ms + Crd = Bt + Sil + Qtz + H,O (6)
KNASH (H,O-saturated) QOtz+Ab +0Or+ H,O=1L (7
KASH (H,O-saturated) Ms+ Qtz = Sil + Kfs + L (8)

Reactions are presented on the grid at their ideal end-member locations, so the reactions
in natural samples would occur at slightly lower temperatures. The P-7 range for
cordierite breakdown is constrained using the recent KFMASH grid of Pattison et al.
(2002). For cordierite compositions with Xm0 > 0.5, the formation of sillimanite occurs
between 550-650 °C and 2.5-4.5 kbar (Fig. 12a). Based on the proximity of the faeserkasil

knots to the first cordierite zone, the lower P-T range for this part of the sillimanite zone

1-8
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is inferred to be similar, i.e., ca. 550 °C / 3 kbar. The rarity of alkali feldspar implies that
the operation of reaction (8) was minimal. Peak metamorphic conditions for the
sillimanite zone are established from localities where the coexistence of reactions (6) to
(8) occurs. Intersection of the H,O-saturated pelite solidus with the muscovite +
cordierite breakdown curve indicates peak of 650-670 °C and 3.5-4 kbar (Kerrick 1972;

Spear 1993; Pattison et al. 2002).

Second cordierite zone

The appearance of a second cordierite zone characterized by the subassemblage
Crd-L upgrade and structurally below the sillimanite zone defines the onset of uppermost
amphibolite-facies conditions in the Snare River terrane. The second cordierite zone is a
broad transition with abundant mesoscopic granitic intrusions that is superseded upgrade
by the appearance of garnet in shallow-dipping domal structures. Second generation
cordierite is distinguished from the zoned poikiloblasts of the first cordierite zone by its
dark blue to purple colour (iolite) and the comparative lack of inclusions. Large-scale
melting is ubiquitous in the second cordierite zone and a complete transition can be
observed from migmatite through metatexite to diatexite. Large cordierite and alkali
feldspar grains from 5-10 cm in diameter are common in the diatexite. Biotite and
cordierite increase in abundance across the zone, but a corresponding increase in alkali
feldspar content does not occur. The peak assemblage for this zone is Crd-Bt-Qtz-Pl-
L+Kfs+Sil, with minor phases including abundant zircon and monazite and subordinate

tourmaline, magnetite and ilmenite. Peraluminous leucosomes, consisting of > 90 %
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kbar; Chacko et al. 1996) and maximum temperatures are delimited by the garnet-
consuming reaction

Grt + Bt + Pl + Qtz = Crd + Opx + Melt + Kfs (17)
which marks the first appearance of orthopyroxene and takes place at ca. 800-830 °C.
These constraints bracket the P-7 range for the garnet-Kfeldspar zone overlying the
Ghost subdomain to 4.7-5.9 kbar and 740-830 °C (Fig. I12b).

Orthopyroxene-bearing pelites from northern Ghost subdomain (Fig. 6.1) were

used by Chacko et al. (1995) and Farquhar and Chacko (1996) to determine peak P-T
conditions. They described Grt-Opx and Grt-Opx-Crd assemblages from several sites and
applied the aluminum-in-Opx thermometer and Grt-PI-Opx-Qtz barometer (Fitzsimmons
and Harley 1994; Pattison and Begin 1994), which yielded temperatures and pressures of
845-920 °C and 5.9-7.4 kbar respectively. Other localities in the centre of Ghost
subdomain were observed in this study to consist of the peak assemblage Grt-Crd-Opx-
Pl-Qtz-Kfs (Figs. 11q, t, u). Textural features involving the breakdown of garnet to form
cordierite and orthopyroxene suggest the operation of reaction (17), indicating

temperatures in excess of 800 °C prevailed at these localities (Fig. 12b).
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APPENDIX J

Zircon Saturation Thermometry: Methodology and

Sample Descriptions

Introduction

Zircon saturation temperatures (Tz;;) were calculated by rearranging the solubility

model of Watson and Harrison (1983) into the formula:
Tzie = 12900/ (2.95 + 0.85M + (In C"‘Z"r"/ CZ";’“),

where Cg'f" = concentration of Zr in the melt determined from whole rock analysis,
Crireon, = stoichiometric concentration of Zr in zircon (assumed to be constant in nature;
~ 497 646 ppm), T = temperature (K) and M = cation ratio (Na + K + 2Ca)/ (Al*Si)
(molar form). M values were calculated using the molar proportions of the major
elements measured by XRF whole-rock analysis and Zr concentrations were measured by
whole-rock solution ICP-MS analysis. Details regarding the analytical techniques used
are outlined in Bennett et al. (submitted). The analytical uncertainties in measuring these
parameters are a significant source of error affecting the zircon saturation thermometer.
In some instances as much as a 50% error in Zr abundance can occur, which propagates
to a temperature uncertainty of = 35 °C (Hanchar and Watson 2003). In addition, error in
calculation of the M value over the range of 1.3 to 1.9 translates to an uncertainty of + 25

°C. However, Miller et al. (2003) noted that despite these potentially significant

analytically-induced uncertainties in the Zr and M values, the resultant uncertainty in
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6.9). In combination with textural evidence (Fig. 6.5), the corrected Tz value of 756 °C
is considered to represent the magma emplacement temperature, an interpretation that is
tentatively extended to the Disco Intrusive Suite as a whole.

Group 3 metaluminous magmas, emplaced at the ~2600 Ma orogenic peak,
consist of 3 suites, an upper-crustal biotite granite suite, a mid- to upper-crustal biotite
granodiorite suite, and a mid-crustal orthopyroxene granite suite. M values for all three
suites (1.32 to 1.70; Fig. 6.6) are within the calibration range and Zr abundances range
from 75 to 484 ppm. Calculated individual maximum Tgz;; values for the biotite granite
suite range from 769-780 °C (average 776 °C). Analysis of 25 inherited zircons from
sample VB1357 indicates ~ 74 % of Zr is inherited (Fig. 6.7), and removal of this
proportion from the Zr budget corresponds to a corrected Ty, value of 677 °C (a
reduction of 103 °C), which is considered the best estimate of emplacement temperature
(Table 6.5; Fig. 6.9). Calculated individual maximum Tz;, values for the biotite
granodiorite suite range from 790-833 °C (average 811 °C). No inherited zircon analysis
was undertaken for this suite and hence these values are considered maxima.

Calculated uncorrected individual maximum Tz;; values for two samples of the
orthopyroxene granite suite vary widely from 728 to 894 °C (Table 6.5). Analyses of 31
inherited grains in VB1841 indicate ~ 23% inherited zircon, which after removal from the
total Zr budget corresponds to a corrected Tz, value of 708 °C (Table 6.5; Fig. 6.9). In
contrast, HBA-0505-93 yields uncorrected and corrected temperatures of 894 and 867 °C,
respectively (assuming the same proportion of inherited zircon — 23%, as in VB1841).
Assuming the inheritance correction is approximately correct, two processes may account

for the wide range of estimated temperature for the orthopyroxene granite suite. Firstly,
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Calculated individual maximum Ty;, values for the megacrystic granite suite
range from 728-873 °C (average 822 °C; Table 6.4; Fig. 6.7). Zircon image analysis of 36
grains in PVB9 indicates ~ 51 % inherited Zr, which after removal corresponds to a
corrected Tz value of 794 °C, a ca. 66 °C temperature decrease (Fig. 6.8, Table 6.5). The
corrected Tz value is considered a maximum estimate of the emplacement temperature
at this crustal level (Fig. 6.9). Image analysis of 31 zircon grains in VB1688 indicates ca.
32 % inherited Zr, which equates to a corrected Tz value of 699 °C, a 29 °C difference
(Fig. 6.8, Table 6.5). However, the sample exhibits evidence for significant post-
magmatic metamorphism, with formation of orthopyroxene and pervasive biotite
breakdown (Fig. 6.5). VB1688 has an anomalously low Zr abundance with respect to the
other samples in the suite, which have correspondingly higher zircon saturation
temperatures (Table 6.3). As discussed above, biotite dehydration melting will yield a
melt fraction that upon removal from the protolith will alter the original magmatic alkali
content (M value), so the calculated temperature must be considered a minimum.
Additionally, the proportion of zircon inheritance at the time of magma emplacement
may have been greater than 32 %, as zircon has undergone extensive recrystallization in
this sample (Fig. 6.4), rendering discrimination between inherited and precipitate
(magmatic) zircon difficult or impossible. If the three remaining mid-crustal samples in
the suite (VB1848, J-0387 and FL96), are averaged and corrected for ~ 51% inheritance,
a Tzir estimate of 779 °C is determined (Table 6.5; Fig. 6.9). Petrographic evidence from
samples VB1848 and FL96 support greater abundances of inherited zircon and
importantly, all samples exhibit predominant grain-boundary growth of zircon indicating

late-stage crystallization (Fig. 6.5). The corrected average mid-crustal Tzj;, which
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overlaps within error with upper-crustal sample PVB9 (794 °C), is consistent with
magma geochemistry for the suite, which indicates that minimal fractionation or melt
segregation occurred between the various samples analyzed (Bennett et al. submitted).
Hence, the corrected average Tz, estimate (779°C) is considered a good approximation of
zircon crystallization temperatures of the megacrystic granite suite during its
emplacement into mid-crust.

Group 4 peraluminous magmas were emplaced at ~2585 Ma and coincide with
the M3 decompressional event. Two suites intruded during this interval, a cordierite
leucogranite suite and a pegmatitic granite suite. M values for both suites are within the
calibration range for the thermometer (1.05 to 1.32; Table 6.4) and Zr abundances range
from 8 to 52 ppm. The individual maximum Tz, value for the cordierite leucogranite
suite is 716 °C (Table 6.4). Analysis of inherited zircon from sample VB161 indicates ~
56 % of Zr is inherited, which corresponds to a corrected Tz, value of 657 °C, a 59 °C
decrease, which together with evidence for grain-boundary zircon growth is considered to
represent the crystallization temperature for this suite (Figs. 6.5, 6.8; Table 6.5).
Calculated individual maximum Tz;, values for the pegmatitic granite suite range from
590 to 686 °C (average 650 °C). Zr concentrations are low in this suite and the calculated
Tzir value does not change significantly after removal of the inherited Zr component. The
average Tz value for the suite (650 °C) is considered a good estimate of the

emplacement temperature for the suite (Table 6.3).















