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Abstract

Hall Peninsula exposes an oblique cross-section through an eroded midcrustal segment of the Paleoproterozoic Trans-

Hudson Orogen. The style of Paleoproterozoic deformation and structures progresses from a foreland fold-thrust belt on the

eastern side of the peninsula to a region of ductile, east-verging, isoclinal folding in the west. The relative timing of defor-

mation and fabric development records a transition from early thin-skinned folding and thrusting of supracrustal cover

strata to later thick-skinned thrusting and folding of all tectonostratigraphic levels. The metamorphic grade increases struc-

turally upward from amphibolite facies in the east to granulite facies in the west. Two suites of leucogranite dikes and sills,

formed by the dehydration and breakdown of muscovite and biotite, preserve a record of partial melting of pelitic metasedi-

mentary rocks and bracket the thick-skinned thrusting event. The earlier leucogranite suite forms sills within the supra-

crustal strata and acts as the rheologically competent unit during regional-scale isoclinal folding. Field observations suggest

that the partial melting of metasedimentary rocks strengthened the crust by 1) creating a coarse-grained, megacrystic,

garnet-rich restite, lacking abundant, rheologically weaker, biotite and muscovite and 2) crystallizing leucogranite that is

more resistant to deformation than the host metasedimentary rocks. These findings suggest that partial melting, melt segre-

gation and melt crystallization carry significant implications in addition to those generally evoked in the widely accepted

melt-weakening and melt-flow models.

Résumé

Une coupe transversale oblique d’un segment érodé de la croûte intermédiaire de l’orogène trans-hudsonien du Paléo-

protérozoïque se trouve exposée dans la péninsule Hall. Le style de la déformation et des structures paléoprotérozoïques fait

preuve d’une progression, d’une ceinture de plissement et de chevauchement d’avant-pays dans la partie orientale de la

péninsule à une zone de plissement isoclinal ductile à vergence est dans la partie occidentale. Le rythme relatif de la

déformation et du développement de la fabrique géologique témoigne de la transition qui a eu lieu, d’une période de

chevauchements et de plissements de couches minces des strates de roches supracrustales à une période postérieure de

chevauchements et de plissements de couches épaisses de tous les niveaux tectonotratigraphiques. Structurellement, le

degré de métamorphisme augmente et devient plus élevé, passant du faciès des amphibolites dans l’est à celui des granulites

dans l’ouest. Deux suites de dykes et de filons-couches de leucogranite, formés par la déshydratation et la décomposition de

la muscovite et de la biotite, conservent les traces de la fusion partielle de roches métasédimentaires pélitiques et encadrent

l’épisode de chevauchements de couches épaisses. La suite plus ancienne de leucogranite forme des filons-couches au sein

des strates de roches supracrustales et joue le rôle de couche compétente, en termes rhéologiques, au cours des épisodes de
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formation de plis isoclinaux d’échelle régionale. Les observations sur le terrain semblent indiquer que la fusion partielle de

roches métasédimentaires a contribué au renforcement de l’écorce en: 1) créant une restite macrocristalline à grains gros-

siers riche en grenats et dépourvue d’une abondance de biotite et de muscovite, éléments rhéologiquement plus faibles, et 2)

cristallisant un leucogranite plus résistant aux effets de la déformation que les roches métasédimentaires encaissantes. Ces

conclusions laissent supposer que la fusion partielle, la ségrégation des magmas et la cristallisation de ces derniers ont

d’importantes conséquences qui viennent s’ajouter à celles habituellement soulevées dans les modèles largement acceptés

d’affaiblissement et d’écoulement des magmas.

Introduction

The generation, emplacement and crystallization of anatec-

tic melts have significant implications for the distribution

of strain during the evolution of collisional mountain belts

(Brown 2007). The localization of partial melts within the

crust forms mechanically weak zones that will easily de-

form given a deviatoric/tectonic stress (Rosenberg and Han-

dy, 2005). The effect of deformation on partially melted

rocks is well documented in the literature (e.g., Rutter and

Neumann, 1995; Vigneresse and Tikoff, 1999; Beaumont

et al., 2001; Rosenberg and Handy, 2005), but the signifi-

cance of melt segregation and emplacement on strain parti-

tioning and deformation at the orogenic scale is poorly con-

strained.

Hall Peninsula, located on southern Baffin Island, Nunavut

(Figure 1), exposes a superbly preserved cross-section

through the eroded partially molten hinterland of the

Paleoproterozoic Trans-Hudson Orogen. Building on pre-

vious reconnaissance mapping by Blackadar (1967) and

Scott (1999), the Canada-Nunavut Geoscience Office

(CNGO), Hall Peninsula Integrated Geoscience Program

was established to improve knowledge of the tectonic his-

tory and economic potential of Hall Peninsula in the con-

text of southern Baffin Island and the greater Trans-Hudson

Orogen (northern Quebec and southern Baffin Island). In

this paper, the authors present results from field mapping

that outline the structural evolution, and relative timing of

fabric and metamorphism for the northern portion of Hall

Peninsula. Two suites of leucogranite sills and dikes are char-

acterized in this paper, and the impact that leucogranite em-

placement had on the Paleoproterozoic structural evolution

of Hall Peninsula is outlined.

Geology of the northern portion of Hall
Peninsula

The bedrock lithological units of Hall Peninsula can be

grouped into three principal rock associations: Archean

basement gneisses, overlying Paleoproterozoic cover/sup-

racrustal strata, and Paleoproterozoic intrusive plutonic

bodies. The basement gneisses, which are exposed on the

eastern portion of the peninsula, comprise multiple plu-

tonic phases of Archean mafic diorite, tonalite and grano-

diorite together with monzogranite and syenogranite (Scott

1999; From et al., 2014; Rayner, 2014). The Paleoprotero-

zoic cover rocks are found overlying the exposed basement

gneisses and progressively become the dominant associa-

tion in the western portion of the peninsula. Detrital zircon

studies of the clastic sedimentary units (quartzite and psam-

mite) yield maximum ages of deposition that range from

2126 ±16 Ma to 1906 ±9 Ma (Rayner, 2014). The cover

strata include carbonate units, mafic sedimentary and vol-

canic rocks and their metamorphic equivalents. The supra-

crustal rocks are intruded by tonalitic- monzogranitic and

leucogranite sills and dikes with crystallization ages be-

tween 1.89 and 1.87 Ga (Scott, 1999; Rayner, 2014).

There is a progressive change in the nature of the supracrus-

tal units exposed on Hall Peninsula from east to west

(Steenkamp and St-Onge, 2014). In the east, basal quartzite

is typically overlain by psammite with calcsilicate, marble,

altered pillow-basalt, magnetite-rich banded iron forma-

tion, mafic sedimentary rock and pelite. Sills of gabbro and

retrogressed ultramafic rocks are parallel to compositional

layering and are often boudinaged. A low- strain deposit-

ional contact separates the cover sequence from the under-

lying basement. Retrogressed ultramafic bodies with the

same composition as the cover-sequence–hosted sills are

found within the basement.

In the centre of the peninsula, the cover sequence contains

marble and quartzite, but is overall more psammitic than in

the east. Peridotite and pyroxenite, plus associated mafic

gabbro, form sills hosted in the psammitic sedimentary

units. Monzogranitic leucogranite sills crosscut all other

units.

The western metasedimentary rocks are strongly migma-

tized and composed mostly of interbedded psammite and

pelite with rare horizons of psammite-hosted calcsilicate.

The supracrustal rocks are intruded by 5–500 m wide sills

of granulite-facies mafic tonalite and granodiorite. Two

generations of monzogranitic leucogranite cut across the

metasedimentary units and sills in bodies 1–1000 m wide.

The relative volume of leucogranite increases toward the

west, becoming the dominant rock type at the western ex-

tent of the mapped area.

Late, crosscutting pegmatite of variable composition is

most abundant in the east. The pegmatite dikes have S-type

compositions, suggesting they were derived from a sedi-

mentary source.
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Figure 1: Map of southern Baffin Island, Nunavut, showing the location of Hall Peninsula.



Three coarse-grained gabbroic dikes that are 20–50 m in

width crosscut all basement units in the northeastern part of

Hall Peninsula. These are interpreted to belong to the 723–

718 Ma Franklin swarm (Heaman et al., 1992), which

formed during the breakup of the Rodinia supercontinent.

The latest magmatic event on Hall Peninsula is the em-

placement of kimberlite pipes and dikes during the Jurassic

156–138 Ma (Heaman et al., 2012).

Structural elements, fabric development and
relative timing of deformation/
metamorphism

The mapping of Hall Peninsula has documented a progres-

sion in the style and character of the Paleoproterozoic de-

formation and related fabrics from east to west, and with

time (Table 1).

The eastern portion of the peninsula preserves a record of

ductile folding, thrust repetition and late cleavage develop-

ment. The earliest Paleoproterozoic deformation observed

(D1) is largely restricted to the supracrustal rocks and inter-

preted as being thin-skinned in nature. The D1 thrust repeti-

tion of supracrustal rocks is documented by 1) a repeating

sequence of west-dipping 10–100 m thick mafic sedimen-

tary rock, pelite and psammite layers and 2) the observation

of high-strain sheared contacts between the psammite and

mafic sedimentary rock. The D1 isoclinal folding, termed

(F1a), is documented by ~100 m wide inclined isoclinal syn-

formal and antiformal structures. The F1a folds are east-verg-

ing with west-dipping axial planes (~180�/65�W) and shal-

low north- and south-plunging fold axes.

The earliest fabric observed within all mapped units,

termed S1a, is a strong, penetrative, metamorphic foliation.

The S1a fabric is axial planar to the F1a isoclinal folds. In

pelitic compositions S1a is characteristically spaced (milli-

metre scale) and defined by aligned muscovite, biotite,

sillimanite, platy quartz and elongation of feldspars. At

higher metamorphic grades, it is defined by the alignment

of thermal peak metamorphic minerals, as well as leuco-

some and melanosome, yielding a centimetre-spaced gneis-

sosity in metasedimentary migmatites. The S1a fabric is

south-striking and predominantly west-dipping with an av-

erage orientation of ~190�/50�W, and an average dip steep-

ening toward the west.

In the western portion of Hall Peninsula, F1b outcrop-scale

folds are defined by the folding of bedding, leucosome and/

or the S1a metamorphic foliation (Figure 2a, b). The folding

is isoclinal and east-verging with northwest-trending

(345�) fold axes, plunging ~15� and west-dipping axial planes

orientated ~180�/55�W. The F1b map-scale folding has the

same orientation as the folds seen in outcrop, and is typi-

cally outlined by mapped lithological contacts between

supracrustal strata, mafic tonalite and granodiorite sills, as

well as one generation of monzogranitic leucogranite sills.

Lobe-cuspate structures are recognized at map scale be-

tween leucogranite sills and host supracrustal rocks. The

leucogranite forms the lobes of folds and the host rocks

form the deformed cuspate structures (Figure 2c).

A second fabric, termed S1b, is developed in the western

portion of the peninsula and comprises a penetrative folia-

tion axial planar to F1b isoclinal folds. The S1b fabric is de-

fined by the alignment of platy quartz and biotite when

present, and can only be observed at an angle to S1a in F1b

fold hinges. The S1b foliation strikes to the south and dips

consistently west at ~55°. The S1b fabric postdates crystalli-

zation of leucosome parallel to S1a, and crystallization of

map-scale leucogranite sills.

The D2 structures involve both basement gneisses and

cover strata and are documented in the well-exposed terrain

between Ptarmigan Fiord and Chidliak Bay (Figure 2e).

West-dipping panels of Archean basement gneiss and over-

lying supracrustal rocks are interpreted as a sequence of

five thick-skinned (T2) thrust imbricates based on 1) con-

tacts between basement gneiss and overlying supracrustal

rocks being typically low-strain and interpreted as primar-

ily tectonostratigraphic, 2) the presence of high-strain

shear zones separating the supracrustal rocks from structur-

ally overlying basement gneiss and 3) shortening of the

supracrustal sequence stratigraphy and the transposition of

earlier basement structures. The primary tectonostrati-

graphic nature of the basement-overlain-by-cover contact

is further evidenced by the presence of basement-hosted

ultramafic ‘pipes’ structurally below cover sequences with

ultramafic sills (Steenkamp et al., 2014). The shear zones

separating the individual imbricates are shallowly west dip-

ping, with an average orientation of ~185�/15�W. The
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Table 1: Structural table detailing the relative timing of
deformation, fabric development and peak thermal
metamorphism, Hall Peninsula, Nunavut.
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Figure 2: Structural elements, Hall Peninsula, Nunavut: a) isoclinal folding of a monzogranitic leucosome (S1a) derived from the host
granulite-facies granodiorite; b) outcrop-scale folding of the S1a fabric in a partially melted metasedimentary rock; c) map-scale isoclinal
fold outlined by a garnet-leucogranite sill hosted in metasedimentary rocks; d) overturned thrust fault with an apparent normal sense of
shear placing Archean basement (B) on top of Paleoproterozoic cover (C); e) T2 Thrust imbricates of Archean basement (B) and
Paleoproterozoic cover (C) at Ptarmigan Fiord; basement and cover sequence of a second thrust imbricate are exposed in the background.



thickness of individual imbricates ranges from 100 to

750 m with varying thickness-ratios of basement and cover,

and the horizontal length, measured east to west, ranges be-

tween 5 and 20 km. The D2 west–over–east shear sense is

documented in C-S fabrics and both �-type and �-type

feldspar augens.

Structures and fabrics attributed to the D2 event postdate

the crystallization of leucosome and other melt structures.

The L2 fabric is a ductile, stretching and mineral-growth

lineation developed on transposed S1b foliation planes, and

expressed as rodded quartz and amphibole, oriented

sillimanite and aligned orthopyroxene. The L2 fabric

formed during the thick-skinned T2 thrusting and is plung-

ing west at ~25�. The west-over-east sense of thrust imbri-

cation and displacement is consistent with D2 east-verging

folding found across Hall Peninsula. In the easternmost

mapped area, gentle F2 folding of T2 shear planes resulted

in east-dipping shear zones with apparent normal shear

sense (Figure 2d). These folds occur at the kilometre scale

and reoriented all earlier structures. The thick-skinned

kilometre-scale F2 open folding of the thrust imbricates is

not associated with a recognizable fabric.

Late D3 west-trending open folds involve all tectonostrati-

graphic levels in the eastern portion of Hall Peninsula. The

folding is observed on a scale of 100 m to many kilometres.

Open folding of the basement gneisses and overlying cover

strata are recorded by a small deflection in foliation strike.

In the mica-rich pelites, the late D3 folding resulted in well-

developed crenulation folds (F3) with a north-dipping (S3)

axial planar crenulation cleavage (Skipton and St-Onge,

2014).

Metamorphic grade across Hall Peninsula

The peak metamorphic conditions associated with D1 in-

crease east to west from the foreland to hinterland

(Steenkamp and St-Onge, 2014). Along the east coast of the

peninsula, the rocks are amphibolite facies with a pelitic

mineral assemblage comprising muscovite+biotite+

garnet+sillimanite+quartz+plagioclase. Locally, the pelitic

mineral assemblage biotite+garnet+sillimanite+K-feld-

spar+plagioclase+quartz+melt suggests an increase in tem-

perature to upper-amphibolite–facies conditions. Further

toward the west, the metamorphic grade increases to

granulite facies in the structurally highest T2 thrust imbri-

cates, where the pelitic mineral assemblage is garnet+

quartz+plagioclase+K-feldspar+melt± sillimanite±cordi-

erite±biotite. Pelitic layers in the migmatitic western meta-

sedimentary rocks contain up to 40 vol. % coarse-grained

garnet and up to 15 vol. % K-feldspar megacrysts. The gar-

net+K-feldspar+melt mineral assemblage of the pelitic

western metasedimentary rocks is interpreted to be a res-

titic granulite facies assemblage. The mafic tonalite and

gabbroic sills contain granulite facies mineral assemblages

with both orthopyroxene and clinopyroxene. The degree of

melting also increases toward the west with the most volu-

minous partial melt fraction observed in the westernmost

extent of the map area.

Leucogranites

Leucogranite is a product of anatexis, the partial melting of

a source rock, typically developed during higher grade

peak-metamorphic conditions. The prefix ‘leuco’, derived

from the Greek leucos for white, when used to describe

granite is generally reserved for leucocratic S-type monzo-

granites.

Characterization of Hall Peninsula leucogranites

Two suites of leucogranite sills and dikes occur in the west-

ern portion of the peninsula, and can be distinguished by

their respective mineral assemblage and relative timing of

emplacement (Table 2). Both suites are emplaced in high-

grade metasedimentary rocks and cut across the mafic

tonalite and granodiorite sills.

The older suite is a monzogranitic garnet-leucogranite char-

acterized by the assemblage quartz+plagioclase+K-feld-

spar+garnet. Sillimanite is seldom found in equilibrium

with the garnet-leucogranite mineral assemblage. Dark red,

poikiloblastic garnet with quartz, plagioclase, biotite, and

sillimanite inclusion-rich cores comprises up to 7 vol. % of

the garnet-leucogranite. (Figure 3a). Subsolidus reaction

rims of biotite+epidote form around garnet in retrogressed

domains. The garnet-leucogranite is medium to coarse

grained with heterogeneous grain size distribution between
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Table 2: Comparison table, outlining the distinguishing characteristics for the garnet-
leucogranite and muscovite-leucogranite from Hall Peninsula, Nunavut.
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Figure 3: Leucogranite textures and contact relationships, Hall Peninsula, Nunavut: a) garnet-leucogranite texture (Note: mineral deforma-
tion and lineation of dark red coarse-grained garnet aggregates.); b) transposed contact between garnet-leucogranite sill and host meta-
sedimentary rocks with a penetrative foliation (S1a) developed in both units; c) 10 m long raft of host metasedimentary rock in garnet-
leucogranite sill; d) muscovite-leucogranite texture. (Note: low-strain and millimetre-sized lilac-coloured garnets.); e) sharp vertical contact
between muscovite-leucogranite dike and host granulite-facies metasedimentary rocks; f) 2 m long raft of host metasedimentary rock in
muscovite-leucogranite dike. Abbreviations: grt, garnet; lg, leucogranite; ms, muscovite; msr, metasedimentary rock.



4 and 20 mm. Sills of the garnet-leucogranite are parallel to

the peak-metamorphic fabric in the host metasedimentary

rocks and are internally foliated by the penetrative S1a folia-

tion (Figure 3b). The sills share strongly transposed con-

tacts with the host supracrustal package and the mafic

tonalite and granodiorite sills, often containing metre-sized

rafts of metasedimentary rock aligned parallel to foliation

(Figure 3c). Elongate feldspars and aggregates of quartz as

well as rodded/cylindrical garnet growth define the L2

lineation in isolated domains. The garnet-leucogranite sills

are folded by the F1b isoclinal phase of folding, forming

fold-defining hinge structures with distinct map-scale lobe-

cuspate structures (Figure 2c). The garnet-leucogranite

suite is a major component of the bedrock in the western

portion of Hall Peninsula, with the sills typically continu-

ously exposed as 10–1000 m wide panels that strike north-

south for tens of kilometres. The composition and deforma-

tion textures detailed above suggest that the garnet-leuco-

granite formed and was emplaced during the thermal peak

of metamorphism.

A second younger distinct suite of leucogranite is com-

posed of monzogranitic muscovite-leucogranite that is

characterized by a major mineral assemblage of quartz+

plagioclase+K-feldspar+sillimanite+muscovite±garnet.

Sillimanite accounts for greater than 5 vol. % of the rock

and typically forms mineral-aligned clots. Muscovite oc-

curs as randomly oriented sheets often associated with the

sillimanite clots. Garnet accounts for less than 2 vol. % and

is distinctively lilac coloured, a trait attributed to a peralum-

inous bulk composition. The garnet is often ‘pinprick’ in

size (1–5 mm), and inclusion free. The muscovite-

leucogranite is medium grained (1–5 mm) and contains K-

feldspar megacrysts, up to 10 mm in diameter (Figure 3d).

The muscovite-leucogranite suite forms dikes with moder-

ately transposed margins (Figure 3e) and locally includes

rafts of host metasedimentary rock (Figure 3f). Muscovite-

leucogranite dikes are notably less deformed than the host

rock types and are only weakly foliated. Textures and field

relations suggest that the muscovite- leucogranite dikes

were emplaced post S1b and post L2. The largest and best

studied muscovite-leucogranite dike is south striking, ver-

tical, 10 m wide and over 3 km long. Dikes of muscovite-

leucogranite are less voluminous than the garnet-leuco-

granite sills, accounting for <5% surface area in the western

portion of the peninsula.

Petrogenesis

Generating volumes of S-type leucogranite to the extent

observed on Hall Peninsula requires a suitably fertile proto-

lith and high temperatures (>750°C). The following obser-

vations strongly suggest that the source rocks for the leuco-

granite were pelitic in nature:

1) Leucogranite bodies are spatially associated with the

pelitic and psammitic metasedimentary rocks, occur-

ring as sills within metasedimentary panels or at con-

tacts between the metasedimentary rocks and the mafic

tonalite and granodiorite sills.

2) The leucogranite mineral assemblages are S-type, indi-

cating the source was a mica-rich metasedimentary rock

(Chappell and White, 2001).

3) The relative volumes of leucogranite and pelitic restitic

material are positively correlated, increasing toward the

west.

4) The westward increase in leucogranite and metamor-

phic grade is consistent with generation of leucogranite

from the prograde melting of a local metasedimentary

source.

5) Garnet-monzogranite leucosome, within the pelitic lay-

ers in the metasedimentary rocks of the western portion

of the peninsula, are compositionally and texturally

similar to the sills of garnet-leucogranite.

The subsolidus mineral assemblage in the pelitic rocks is

biotite+muscovite+garnet+quartz+plagioclase±silliman-

ite. In response to an increase in metamorphic grade toward

the west and up structural section, pelitic rocks contain the

product of two voluminous, melt- producing sets of reac-

tions: the discontinuous muscovite breakdown/dehydra-

tion reactions and the semicontinuous biotite breakdown/

dehydration reactions. An additional variable of consider-

able importance is the composition and abundance of an ex-

ternal fluid phase during melting. The presence of a water-

rich vapour phase will lower the temperature required for

melt production and increase the volumes of melt gener-

ated, but the key mineral reactants remain unchanged.

Muscovite breakdown/dehydration-melting
reactions

Along a medium P/T trajectory (~6–8 kbar of pressure),

which is a reasonable assumption for southern Baffin Is-

land (St-Onge et al., 2007), the first melt-generating min-

eral reaction reached during prograde metamorphism of a

pelite is the vapour present (K-feldspar absent) muscovite-

breakdown reaction (Reaction 1).

muscovite + plagioclase + quartz + vapour
= Al2SiO5 (sillimanite) + melt (1)

muscovite + plagioclase + quartz
= Al2SiO5 (sillimanite) + K-feldspar + melt (2)

This reaction occurs at temperatures of 650–700�C until

one reacting phase is fully exhausted (Figure 4; Spear,

1999; White, 2001). The assemblage produced by Reac-

tion 1 is devoid of peritectic products, and is expected to re-

sult in a small amount of melt with no faserkiesel (silliman-

ite+quartz±K-feldspar) texture. Reaction 2, the muscovite

dehydration-melting reaction, occurs between 650–775°C

(depending on pressure) when muscovite breaks down in

the absence of a free-vapour phase (Figure 4). Muscovite

dehydration-melting is the first voluminous melting reac-
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tion encountered and is capable of generating between ~7–

15 vol. % melt depending on the volume of muscovite

(White et al., 2001). The incongruent breakdown of musco-

vite forming peritectic sillimanite and K-feldspar is inter-

preted to result in the formation of the characteristic

faserkiesel texture noted on Hall Peninsula.

Biotite dehydration-melting reaction

Following the exhaustion of muscovite, some melt is gener-

ated at the expense of quartz and plagioclase until tempera-

tures reach ~825–850°C, at which point significant melt is

generated by the vapour-absent biotite dehydration-

melting Reaction 3 (Figure 4; LeBreton and Thompson,

1988; Spear et al., 1999).

biotite + plagioclase + quartz + sillimanite
= (garnet, cordierite) + K-feldspar + melt (3)

The peritectic product formed by biotite dehydration-

melting is pressure dependent; garnet is produced when

pressures are above ~5.5 kbar, whereas cordierite is pro-

duced at pressures below ~6 kbar, with a compositionally

dependent overlapping stability field of both garnet and

cordierite. Biotite dehydration-melting will generally pro-

duce ~20–30 vol. % melt depending on the volume of bio-

tite. Thus with a pelitic source, a combination of both mica

dehydration-melting reactions can generate 35–50 vol. %

melt at ~850°C.

Tectonic implications of leucogranite
generation, emplacement, crystallization

East-west shortening in the Paleoproterozoic Trans-Hud-

son Orogen culminated in the foreland fold-thrust belt ex-

posed on eastern Hall Peninsula and the east-verging isocli-

nal folds of supracrustal strata that dominate the

western portion of the peninsula. The progression

in structural style documented on the eastern por-

tion of the peninsula from thrusting and isoclinal

folding of supracrustal strata to thrust imbrication

and folding of basement and cover units preserves a

record of the transition from thin-skinned foreland

to thick-skinned hinterland structures.

The D1 crustal shortening coincides with increasing

metamorphic temperatures across the entire penin-

sula. Elevated temperatures at midcrustal levels in

convergent orogenic belts result from thermal re-

laxation via crustal thickening (folding and faulting

of cover units), and high internal heat production by

the decay of radiogenic isotopes (England and

Thompson, 1984). Intrusions of mantle-derived

plutons and sills act to further thicken the supra-

crustal package. Advection of mantle heat through

over-accretion of the plutonic bodies by magmatic

additions at relatively shallow crustal levels can act

as a thermal primer for later anatexis as well as bury

the metasedimentary units, increasing metamorphic

pressures (St-Onge et al., 2007). In the western portion of

Hall Peninsula, deformation fabrics and associated meta-

morphic mineral assemblages document a regional east-

west compression that led to the formation of the S1a re-

gional metamorphic foliation during an increase in

midcrustal temperatures (i.e., through muscovite dehydra-

tion-melting conditions up to biotite dehydration-melting

temperatures of ~850°C). At the highest metamorphic grades,

evidence for products of the muscovite dehydration-melt-

ing Reaction 2 (sillimanite+K-feldspar+melt) are generally

overprinted by the products of the higher temperature bio-

tite melting Reaction 3 (garnet+K-feldspar+melt; Table 2),

although the presence of sillimanite inclusions in garnet cores

can be interpreted as a product of Reaction 2.

Field observations from Hall Peninsula have implications

for the strength of the middle crust following anatectic melt

generation and leucogranite emplacement that are not con-

sidered in the widely accepted melt-weakening and melt-

flow models (Brown and Solar, 1998; Brown, 2007). The

first implication is a strengthening of the crust with the re-

sultant coarse-grained K-feldspar megacryst and garnet-

rich restite that is depleted in quartz and plagioclase and de-

void of easily deformed micas. The second and arguably

most important implication is further strengthening of the

middle crust by crystallization of porphyritic leucogranite

that is more resistant to deformation than the host (or source

protolith) unit. The emplacement of garnet-leucogranite

sills, even if only partially crystallized, could provide a suf-

ficient competency contrast to spur a change in mechanical

behaviour during compression. Modelling of granitic fold-

ing mechanics shows that a partially crystallized leuco-

some with some interstitial melt will fold as a competent
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Figure 4: Pressure-temperature diagram showing the location of the impor-
tant muscovite and biotite breakdown/dehydration reactions in the Na2O-
K2O-FeO-MgO-Al2O3-SiO2-H2O chemical system (modified after Spear et
al., 1999). The Al2SiO5 triple point is from Pattison (1992). Abbreviations:
als, aluminosilicate; and, andalusite; bt, biotite; crd, cordierite; grt, garnet;
kfs, K-feldspar; ky, kyanite; melt, silicate melt; ms, muscovite; opx,
orthopyroxene; pl, plagioclase; qz, quartz; sil, sillimanite; v, vapour.



layer in an incompetent host (i.e., high-grade metased-

imentary rock; Hobbs et al., 2007, 2008). Field observa-

tions suggest the garnet-leucogranite has acted as the

rheologically determinant unit, providing a competent

backbone for the F1b isoclinal folds (Figure 2c). The result-

ing kilometre-scale harmonic folding would have further

thickened the crust, potentially leading to further melting at

lower crustal levels.

The postmetamorphic peak (T2) thick-skinned thrusts in

the Ptarmigan Fiord area appear to have propagated struc-

turally upsection emplacing progressively higher grade

thrust imbricates on top of one another, ‘telescoping’ the

supracrustal sequence stratigraphy. The thick-skinned

thrusts (T2) are interpreted to be out-of-sequence thrusts

with a temporal progression toward the hinterland. The L2

lineation is well developed within the ductile shear planes

of the T2 thrusts, and it constrains the relative timing of

thick-skinned thrusting (see Table 1). The hangingwall of

the structurally highest thrust imbricate juxtaposes

granulite-facies supracrustal rocks (garnet+quartz+plagio-

clase+K-feldspar+melt±sillimanite±cordierite± biotite) on

top of amphibolite-facies (biotite+garnet+sillimanite+K-

feldspar+plagioclase+quartz+melt) supracrustal and base-

ment rocks. Emplacement of the muscovite-leucogranite

dikes demonstrably postdates the L2 fabric and is inter-

preted as postdating the (T2) thrusting.

The generation of muscovite-leucogranite dikes requires a

lower temperature prograde melting reaction than the peak-

metamorphic conditions recorded by the mineral assem-

blage in the host granulite-facies metasedimentary rocks. A

possible scenario is that the overthrusting of high-tempera-

ture thrust imbricates led to a temperature increase in the

footwall rocks, so that muscovite dehydration-melting (Re-

action 2) took place at about 650°C, generating melts,

which then migrated and crystallized upsection as musco-

vite-leucogranite.

Future studies and economic considerations

Samples have been collected to constrain the absolute tim-

ing of leucosome formation, leucogranite emplacement

and associated fabric development and to provide a test of

the model of thrust-induced footwall melting. A garnet-

leucogranite crystallization age would provide a maximum

age for F1b folding and thick-skinned (T2) thrusting as well

as a date on thermal-peak metamorphism. An age on a

muscovite-leucogranite would provide a minimum con-

straint on T2 thrusting and date the metamorphism that

resulted from thrust imbrication.

Continued studies on the generation and migration path-

ways of anatectic melts will help to constrain the metamor-

phic evolution of part of the eastern Trans-Hudson Orogen

as well as continue developing the understanding of strain

partitioning in orogenic belts. Constraining the Paleopro-

terozoic melting and deformation recorded on Hall Penin-

sula will further detail the structural and thermal evolution

of the peninsula and provide a quantitative context for the

consequent modification of any pre- to synthermal peak

mineral occurrence it may contain. The link between

crustal melting and deformation is inherently complex, but

through careful study of melt reactions, deformation fab-

rics and field structures it is possible to decipher some of the

fundamental tectonic processes that build mountain belts.
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