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Abstract

This study is part of the Canada-Nunavut Geoscience Office’s Hall Peninsula Integrated Geoscience Program, a multiyear

bedrock and surficial geology mapping program with associated thematic studies. The Qaqqanittuaq area (QA), a south-

east-trending, doubly plunging, synformal structural basin on the southern Hall Peninsula, Nunavut, contains rock units and

relationships representative of the supracrustal rocks and mafic and ultramafic intrusions in the eastern domain of Machado

et al. (2013). Biotite tonalite and intrusions of monzogranite and syenogranite form the crystalline, gneissic structural base-

ment of the QA. The structural basin comprises a series of supracrustal rocks dominated by micaceous psammite with lesser

quartzite and pelite. The supracrustal rocks are intruded by a series of mafic and ultramafic intrusions and younger

monzogranite sills and dikes. Two distinct deformational events (D1 and D2) are thought to have occurred in the QA, with

peak metamorphic conditions (upper amphibolite; M1) being reached during D1. The gneissic layering containing the peak

metamorphic assemblage of sillimanite–garnet–K-feldspar–biotite was folded during D2, when the structural basin devel-

oped. Post-D2 monzogranite intrusions occur in the supracrustal sequence but are not observed in the crystalline, gneissic

structural basement. Gossanous areas are locally present in the QA, most of which are attributed to the weathering of biotite.

However, some are associated with quartz veining and contain minor sulphide (pyrite-pyrrhotite) mineralization.

Résumé

Cette étude fait partie du Programme géoscientifique intégré de la péninsule Hall, du Bureau géoscientifique Canada-

Nunavut, un programme pluriannuel de cartographie du substratum rocheux et de la géologie de surface accompagnée

d’études thématiques connexes. La zone Qaqqanittuaq (QA), un bassin structural synforme à double plongement de direc-

tion sud-est dans le sud de la péninsule Hall (Nunavut) comporte des unités lithologiques et des relations représentatives des

roches supracrustales et des intrusions mafiques et ultramafiques du domaine oriental déterminé par Machado et al. (2013).

La tonalite à biotite et des intrusions de monzogranite et de syénogranite forment le socle structural gneissique et cristallin

de la zone QA. Le bassin structural comprend une série de roches supracrustales dominées par de la psammite micacée avec

de petites quantités de quartzite et de pélite. Les roches supracrustales sont recoupées par une série d’intrusions mafiques et

ultramafiques ainsi que de filons couches et de dykes de monzogranite plus récents. On pense que deux épisodes de

déformation distincts (D1 et D2) ont eu lieu dans la zone QA, et les conditions maximales de métamorphisme (amphibolite

supérieur; M1) ont été atteintes pendant l’événement D1. La stratification gneissique contenant l’assemblage

métamorphique maximal de sillimanite-grenat- feldspath potassique-biotite a été plissé au cours de D2, lors de la mise en

place du bassin structural. Des intrusions de monzogranite post-D2 se manifestent dans la séquence supracrustale, mais elles

sont absentes du socle structural gneissique et cristallin. Des zones ferrugineuses sont présentes par endroits dans la zone

QA, dont la plupart sont attribuées à l’altération de la biotite; cependant, certaines sont associées à des veines de quartz et

renferment une minéralisation mineure en sulfures (pyrite-pyrrhotite).
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Introduction

The Hall Peninsula Integrated Geoscience Program

(HPIGP) is being led by the Canada-Nunavut Geoscience

Office in collaboration with the Government of Nunavut,

Aboriginal Affairs and Northern Development Canada,

Dalhousie University, University of Alberta, Université

Laval, University of Manitoba, University of Ottawa, Uni-

versity of Saskatchewan, Nunavut Arctic College and the

Geological Survey of Canada. It is supported logistically

by several local, Inuit-owned businesses. The study area

comprises all or parts of six 1:250 000 scale National Topo-

graphic System map areas north and east of Iqaluit (NTS

026A, B, 025I, J, O, P).

In the summer of 2012, fieldwork was conducted in the

southern half of the peninsula (NTS 025 I, J, O, P) between

June 22 and August 8. Fieldwork was supported by a 20–25

person camp located approximately 130 km southeast of

Iqaluit. The focus was on bedrock mapping at a scale of

1:250 000 and surficial-sediment mapping at a scale of

1:100 000. A range of thematic studies was also supported.

This included Archean and Paleoproterozoic tectonics, geo-

chronology, landscape uplift and exhumation, detailed map-

ping in mineralized areas, microdiamonds, sedimentary

rock xenoliths and permafrost. Summaries and preliminary

observations for all of these studies can be found in this vol-

ume.

During the summer of 2012, a mapping project was con-

ducted in the Qaqqanittuaq area (QA) to study the geologi-

cal relationships in an approximately 50 km2 area of the

southern Hall Peninsula, Baffin Island, Nunavut (Fig-

ures 1, 2). The study area has strategic value in that it has

excellent exposure and contains rock units and relation-

ships that are representative of the supracrustal rocks found

in the eastern domain of the Hall Peninsula, as defined by

Machado et al. (2013). The supracrustal rocks in the QA

may represent an eastern facies of the Lake Harbour Group

of southern Baffin Island (St-Onge et al., 2006; Figure 1).

The QA was previously mapped at reconnaissance scale in

1966 during the Geological Survey of Canada’s Operation

Amadjuak (Blackadar, 1966). The 1966 study interpreted

the QA to consist principally of biotite-quartz-feldspar

gneiss, sillimanite gneiss and schist, and garnet-biotite-

quartz-feldspar gneiss. The mineral rights for parts of the

QA were previously held by International Capri Resources

Ltd. during the 1990s under mineral permits 1884 and 1892

(Lichtblau, 1997).

In general, the QA forms a synformal structural basin, ap-

proximately 15 km long by 3.5 km wide, that trends south-

east (Figure 2). Field relationships described below suggest

that a tonalite gneiss complex forms the stratigraphic and

structural crystalline basement to a supracrustal sequence

comprising siliciclastic strata intruded by a series of mafic

and ultramafic sills and monzogranite intrusions. Mineral

assemblages indicate that rocks in the QAwere subjected to

upper-amphibolite-facies metamorphic conditions. In ad-

dition, there is clear evidence that the area was subjected to

at least two distinct deformational events. This paper de-

scribes the distinct rock units and their field relationships,

discusses the evidence for and implications of the observed

metamorphic and deformational events, and outlines the eco-

nomic potential of the QA.

Detailed mapping of the QA was completed by combining

focused mapping in key areas, helicopter-assisted recon-

naissance and a detailed east-west transect across the entire

width of the central QA synformal structural basin (Fig-

ure 2). Locations and measurements in the field were re-

corded on an HP iPAQ 210 device running GPS-integrated

GIS software. All interpretations of mineralogy, structure

and metamorphism are derived from field observations.

Description of rock types

Tonalite gneiss complex

The tonalite gneiss complex (Figure 3a) comprises pre-

dominantly biotite tonalite (70%), and younger, crosscut-

ting, white-weathering monzogranite (20%) and pink

syenogranite (10%). Both the monzogranite and the

syenogranite occur as thin sheets and stringers that are typi-

cally centimetres to decimetres in thickness. However,

metre-scale monzogranite intrusions have been observed.

The monzogranite and syenogranite intrusions crosscut an

earlier gneissosity—visible in lower strain regions de-

scribed below—but are themselves deformed and meta-

morphosed. Mafic enclaves, which are typically lenticular

and range in scale from several centimetres to more than

10 m, are observed throughout the tonalite gneiss complex.

The enclaves are interpreted to be deformed mafic inclu-

sions and/or deformed, boudinaged, premetamorphic

mafic dikes. Two generations of pegmatite dikes intrude the

tonalite gneiss complex. The first is of syenogranite com-

position and is overprinted by the regional fabric. This type

of dike is thought to represent a pegmatitic phase of the

syenogranite intrusions pervasive throughout the tonalite

gneiss complex. The other pegmatite is broadly granitic in

composition and crosscuts all fabrics. One of the deformed

syenogranite pegmatite dikes in the QA was sampled by

N.M. Rayner for U-Pb geochronology, in order to place a

minimum age on the regional fabric and a maximum age on

the deposition of the supracrustal rocks (Figure 2).

Quartzite

Fine- to medium-grained quartzite occurs as discrete, thin

(<1 m), laterally continuous layers that commonly contain

up to 1% graphite. Quartzite occurs at or just above the con-

tact between the tonalite gneiss complex and the supracrus-

tal rocks at all observed localities. Graphitic quartzite also
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occurs in a distinct, 1–2 m thick boudinaged layer within

the micaceous psammite that is traceable along strike (Fig-

ure 3b). A sample of quartzite was taken from the QA by

N.M. Rayner for detrital zircon U-Pb geochronology (Fig-

ure 2).

Micaceous psammite

Micaceous psammite (Figure 3c) comprises the bulk of the

supracrustal rocks within the QA structural basin. Quartz-

plagioclase-biotite±sillimanite±garnet is dominant meta-

morphic mineral assemblage. Sillimanite occurs as faser-

kiesel aggregates. The garnet porphyroblasts are common-

ly rimmed by plagioclase and biotite.

Pelite

Pelite is found throughout the supracrustal package and

ranges from centimetre-scale layers within the micaceous

psammite to discrete intervals up to 2 m thick. Mineralogi-

cally, the pelite contains biotite–plagioclase–quartz±gar-

net±sillimanite±K-feldspar. Near fold hinges, garnet

porphyroblasts greater than 10 cm in length are observed

(Figure 3d).

Mafic and ultramafic rocks

Mafic rocks of the QA range from thin (<2 m), continuous

and discontinuous amphibolite layers within the siliciclas-

tic supracrustal rocks to thick (>5 m), discrete, laterally con-

Summary of Activities 2012 57

Figure 1: Geology of southern Hall Peninsula, Baffin Island, Nunavut (after Machado et al., 2013).
Green box outlines the Qaqqanittuaq area (Figure 2).



tinuous amphibolite units. All mafic rocks within the

supracrustal sequence are found within 500 m of the under-

lying contact with the tonalite gneiss complex and are inter-

preted as mafic sills and dikes. On the west limb of the QA

adjacent to the contact with the tonalite gneiss complex,

mafic rocks occur as thin, discontinuous, highly deformed

layers (Figure 4a). Higher in the supracrustal package, on

the west limb, there is a thicker (3–5 m), discrete mafic

layer within the supracrustal rocks. On the east limb of the

QA, mafic rocks occur as three thick (3–5 m), laterally con-

tinuous layers and as minor, thin (<1 m) discontinuous lay-

ers near the contact with the tonalite gneiss complex.

Hornblende-plagioclase-biotite±garnet is the dominant

mineral assemblage in the mafic rocks.

Ultramafic rocks occur primarily within a distinct, layered,

boudinaged unit traceable along strike. Structurally lower

layers of this boudinaged ultramafic unit are massive and

contain centimetre-scale orthopyroxene oikocrysts (Fig-

ure 4b). Upper layers are strongly foliated and consist al-

most entirely of amphibole. Isolated ultramafic pods also

occur near the contact with the tonalite gneiss complex; one

such pod is thoroughly recrystallized and contains abun-

dant actinolite, chlorite, talc and chromium diopside (Fig-

ure 4c).

Monzogranite

Dikes and sheets, up to 2 m thick, of white-weathering, me-

dium-grained, garnet-bearing monzogranite are found

throughout the supracrustal sequence but occur primarily

in contact with mafic rocks. The monzogranite intrusions

are observed both concordant and discordant with the re-

gional fabric (Figure 4d). The occurrence of concordant

monzogranite intrusions is interpreted to be controlled by

rheological contrasts between the amphibolite and the

supracrustal rocks, not as a predeformation intrusive phase.

The garnet monzogranite makes up less than 1% of the re-

gion and individual intrusions are too small to be shown on

the map (Figure 2). A sample of a large (2 m wide) discor-

dant monzogranite dike in the QA was taken by N.M.

Rayner for U-Pb geochronology, in order to determine min-

imum age of the supracrustal rocks within the QA (Fig-

ure 2).
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Figure 2: Geology of the Qaqqanittuaq area.



Deformation and metamorphism

The QA comprises a southeast-trending, doubly plunging,

synformal structural basin with a large (approximately

800 m across), well-preserved parasitic fold on its eastern

limb (Figure 5a). Limb repetition of all major rock types

was observed during a detailed transect across the QA con-

ducted in August 2012 (Figure 2), indicating lateral conti-

nuity of units across the basin.

Within the pelitic rocks, sillimanite–K-feldspar–garnet–bi-

otite–plagioclase–quartz assemblages indicate that upper-

amphibolite-facies conditions were reached during M1. A

southeast-trending, west-dipping schistosity (S1) is ob-

served in all rock types. The S1 fabric, which may have been

overprinted by a parallel S2 fabric, is folded by southeast-

trending F2 folds (Figure 5b).

On the limbs of the QA structural basin, a down-dip, trans-

verse L1 lineation defined by sillimanite and sillimanite+K-

feldspar faserkiesel is commonly observed in pelite, with

L1 lying in the plane of S1 (S1=L1). The S1 fabric varies from

very strong, protomylonitic ‘straight gneiss’ (Figure 5c) on

the west limb to weak on the east limb. In the hinge of the

fold, there are hinge-parallel lineations (L2), defined by

faserkiesel (Figure 5d), that are interpreted to be the result

of extension during F2 folding. The consistency of strike

and dip direction across the basin indicates tight folding.

The S1=L1 fabric may be the result of east-verging thrust

imbrication during a D1 event that was later folded during a

second deformational event (D2). If this is the case, the S1=

L1 fabric is coplanar with an overprinted S2 fabric, indicat-

ing that ó1 was broadly collinear for both the D1 and D2

deformational events. Alternatively, the down-dip linea-

tions (L1) and the hinge-parallel lineations (L2) may have

been formed during the same folding event. In this case, the

down-dip lineations represent the long axis of the strain el-

lipsoid for the F2 folding event.

Faserkiesel are prevalent throughout the micaceous psam-

mite and common in pelite in the QA. Using the model that

invokes thrust imbrication followed by folding, the shape

of faserkiesel across the basin can be used to interpret the

cumulative influence of each deformational event at a par-

ticular locality. Near the contact with the tonalite gneiss
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Figure 3: a) Tonalite gneiss complex, outcrop K069. b) Boudinaged quartzite, outcrop K121. c) Micaceous psammite, outcrop K126. d)
Garnet porphyroblast in biotite-quartz-plagioclase-sillimanite pelite, outcrop K153.



complex, faserkiesel define a strong, down-dip, transverse

lineation, indicating that D1>D2 (Figure 5d). Garnet, biotite

and plagioclase appear in textural equilibrium and, together

with sillimanite, will be used to determine the pressure-

temperature conditions during D1. At some distance from

the contact with the tonalite gneiss complex, faserkiesel are

more pancake shaped, indicating a roughly equal contribu-

tion from the two deformational events (D1�D2; Figure 5e).

In the core of the fold, faserkiesel define a hinge-parallel

lineation, indicating that D2>D1 (Figure 5f). Garnet

porphyroblasts rimmed by both plagioclase and biotite are

observed in the same hinge-parallel orientation as the

faserkiesel (Figure 5f). The rimmed garnet porphyroblast

assemblage will be analyzed to determine the pressure-

temperature conditions of the D2 deformational event. If

both pressure-temperature analyses reflect the same meta-

morphic conditions, then it is more likely that D2 folding re-

sulted in both L1 and L2, in which case the faserkiesel shape

is a reflection of differences in pure shear versus simple

shear across the basin during folding.

Nearly all contacts between rock types in the QA have been

transposed about the main, regional, southeast-trending,

west-dipping planar fabric. However, on the east limb of

the QA structural basin, where schistosity is weakest, the

contact between the tonalite gneiss complex and the

supracrustal rocks has not been completely transposed into

the dominant regional orientation (Figure 6a). Along the

eastern contact, there is a transition from the structurally

lower tonalite gneiss upward through a 20 m thick zone

containing blocks of tonalite gneiss in a pelitic to psammit-

ic matrix (Figure 6b) into the siliciclastic supracrustal

rocks. This blocky zone may represent a locally preserved

paleoregolith, which would imply that the supracrustal

units originally accumulated on top of the underlying

tonalite gneiss complex prior to subsequent structural

transport. Alternatively, the tonalite blocks may have been

tectonically entrained, in which case the stratigraphic rela-

tionship between the tonalite gneiss complex and the

supracrustal rocks remains unclear.

60 Canada-Nunavut Geoscience Office

Figure 4: a) Mafic layers interbedded with micaceous psammite and pelite, outcrop K079. b) Orthopyroxene oikocrysts in peridotite, out-
crop K127. c) Altered ultramafic rock, outcrop K099. d) West-facing aerial photograph of discordant monzogranite (md) crosscutting am-
phibolite (a) and concordant monzogranite (mc), outcrop K079.
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Figure 5: a) North-facing aerial photograph of parasitic fold on east limb of QA; horizontal distance of photograph is approximately 600 m.
b) Biotite–garnet–sillimanite–K-feldspar mineral assemblage folded by D2, outcrop K074. c) Protomylonitic ‘straight gneiss’ in tonalite

gneiss complex, outcrop K094, west limb of QA. d) Faserkiesel where D1>D2, outcrop K124. e) Faserkiesel where D1�D2, between outcrops
K124 and K125. f) Faserkiesel where D1<D2, with biotite and plagioclase rimming garnet porphyroblasts parallel to faserkiesel, outcrop
K125.



It should be noted that deformation events, folds and fabric

elements described in this paper were observed from a local

area and the nomenclature surrounding them may not align

with regional observations. For instance, the S1 fabric de-

scribed herein may correspond to an earlier or later fabric

when viewed from a regional perspective.

Economic considerations

Mineral rights for a portion of the QA were held by Interna-

tional Capri Resources Ltd. during the 1990s under mineral

permits 1884 and 1892. The company produced a 1:7 500

scale geological map; conducted a 1:50 000 scale VLF-

EM–magnetic survey of the area; and assayed four grab

samples for Au, Cu, Ni, Zn, Pt, Pd and Ag. The company re-

ported results as high as 823 ppm Cu, 218 ppm Ni, 149 ppm

Zn and 89 ppb Au (Lichtblau, 1997). Large (>100 m across)

gossanous areas (Figure 7a) are present in the QA. When

investigated in outcrop, most of the gossans were attributed

to the breakdown of biotite; however, minor gossanous

quartz veining (Figure 7b) showed anomalously high con-

centrations of pyrite (~2%) and pyrrhotite (~2%). Asample

of this material was taken for analysis. The association with

quartz veins may suggest that mineralization formed from a

hydrothermal source. The metamorphic grade may suggest

that the potential for gold mineralization in the region is

low; however, a recent paper by Garde et al. (2012) showed

that an Archean epithermal gold deposit from southwestern

Greenland was preserved through upper-amphibolite-

grade metamorphic conditions.

Summary

Tonalitic gneiss—possibly correlative with tonalitic rocks

of the eastern Archean gneiss domain defined by Scott

(1999) and described further by From et al. (2013)—was

intruded by both syenogranite and monzogranite to form an

intrusive complex of crystalline rocks. Next, a sequence of
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Figure 6: a) Contact between tonalite gneiss complex and supracrustal rocks (red line) not transposed into S1 orientation (green line), out-
crop K069. b) Blocks of tonalite in pelitic-psammitic groundmass, possibly representing paleoregolith, outcrop K069.

Figure 7: a) West-facing aerial photograph of large gossanous areas, UTM Zone 19, 64945125E, 702207964N, NAD 83 (foreground) and
64935227E, 702161446N (background). b) Sulphide-bearing quartz vein, outcrop K120.



supracrustal rocks, comprising pelite, micaceous psammite

and quartzite, was likely deposited on top of the tonalite

gneiss complex and a suite of mafic and ultramafic dikes

and sills was emplaced into the supracrustal rocks. Re-

gional deformation (D1) and metamorphism (M1), possibly

linked to the Trans-Hudson orogeny and involving west

over east transport in the QA, is suggested by down-dip

mineral lineations observed in pelite. During M1, upper-

amphibolite-grade peak metamorphic conditions were at-

tained and the dominant southeast-trending schistosity was

developed. A second regional deformational event (D2) re-

sulted in folding of this schistosity and the development of

the QA synformal basin. Hydrothermal activity, possibly

associated with fluid flow during deformation and/or meta-

morphism, resulted in the formation of quartz veins

containing sulphide (pyrite and pyrrhotite) mineralization.
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