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This work is part of the larger South Baffin mapping project, a partnership between the Canada-Nunavut Geoscience Office (CNGO) and
Natural Resources Canada’s (NRCan) Geo-mapping for Energy and Minerals (GEM) program on Baffin Island. This particular mapping
project is being led by the Geological Survey of Canada (GSC) in collaboration with CNGO, the Government of Nunavut, Nunavut Arctic
College, Carleton University and Oxford University. Logistical support is provided by the Polar Continental Shelf Project and several lo-
cal, Inuit-owned businesses. The study area comprises all or parts of six 1:250 000 map areas north of Iqaluit (NTS areas 26B, C, F, G, J
and K). The objective of the work is to complete the regional bedrock mapping for the southern half of Baffin Island and provide a new,
modern, geoscience understanding of this part of eastern Nunavut.
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Abstract

Presented in this paper, are the 2015 field observations from the Frobisher suite of mafic and mafic-ultramafic sills of south-
ern Baffin Island; geochemical data from mafic/ultramafic samples collected during the 2014 field season on Meta Incog-
nita Peninsula; and U-Pb geochronological results from a leucogabbroic sample of the upper portion of a layered mafic-
ultramafic sill. The Frobisher suite sills are emplaced into the psammitic to pelitic metasedimentary strata of the middle
Paleoproterozoic Lake Harbour Group. The sills vary in thickness from a few metres to a hundred metres and layering
within both mafic and mafic-ultramafic bodies occurs at the centimetre to metre scale. Disseminated sulphides are present in
the sills, and in some cases, the adjacent host psammite. Lithologically, the sills vary from pyroxenite/peridotite at the base
to gabbro/leucogabbro at the top. Similar sills have been documented throughout southern Baffin Island (including Foxe,
Hall and Meta Incognita peninsulas), and a mantle-derived mafic-ultramafic magmatic province of this size may represent
the exposed plumbing system of a large igneous province (LIP). Based on major- and trace-element chemistry, the
Frobisher suite can be divided into four subgroups. Uranium-lead dating of a leucogabbroic sample from the top of a layered
mafic-ultramafic sill was done using the sensitive high-resolution ion microprobe (SHRIMP) and isotope dilution–thermal
ionization mass spectrometry (ID-TIMS). A minimum crystallization age of ca. 1900 Ma is suggested based on the prelimi-
nary data.

Résumé

Ce document présente les observations de terrain faites en 2015 au sujet des filons-couches mafiques et mafiques-ultramaf-
iques de la suite de Frobisher dans la partie sud de l’île de Baffin; des données géochimiques obtenues à partir d’échantillons
mafiques ou ultramafiques recueillis au cours de la campagne de terrain de 2014 dans la péninsule Meta Incognita; et des
résultats de datation géochronologique U-Pb sur un échantillon de leucogabbro provenant de la partie supérieure d’un filon-
couche lité mafique-ultramafique de la péninsule Meta Incognita. Les filons-couches de la suite de Frobisher ont été mis en
place dans les strates psammitiques à pélitiques du groupe de Lake Harbour, datant du Paléoprotérozoïque moyen, et leur
épaisseur varie entre quelques mètres à une centaine de mètres. Une stratification d’ordre centimétrique à métrique
caractérise les intrusions mafiques et ultramafiques et on a noté la présence de sulfures disséminés aussi bien au sein des
filons-couches qu’à certains endroits dans des unités adjacentes de psammite encaissante. La composition des filons-
couches varie de la pyroxénite ou péridotite à la base, jusqu’au gabbro ou leucogabbro au sommet. La présence de filons-
couches semblables a été remarquée dans la partie sud de l’île de Baffin (y compris les péninsules Foxe, Hall et Meta Incog-

Summary of Activities 2015 21

This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2015/.



nita) et il se peut qu’une province magmatique mafique-ultramafique d’origine mantellique de cette taille puisse représenter
un exemple mis à nu du système d’alimentation à l’origine d’une importante province ignée. En fonction des résultats
obtenus des analyses des éléments majeurs et à l’état de traces, la suite de Frobisher peut être divisée en quatre sous-groupes.
Les données préliminaires obtenues de la datation géochronologique U-Pb sur un échantillon de leucogabbro provenant du
sommet d’un filon-couche mafique-ultramafique au moyen de la microsonde ionique à haute résolution et à haute
sensibilité (SHRIMP) et de l’analyse par dilution isotopique et spectrométrie de masse à thermo-ionisation (ID-TIMS)
semblent indiquer un âge minimum de cristallisation d’environ 1900 Ma.

Introduction

Presented in this paper is an overview of the characteristics
and economic potential of the mafic and mafic-ultramafic
sills of the Frobisher suite, based on field observations from
the Clearwater Fiord, McKeand River, Sylvia Grinnell
Lake, Amittok Lake, Irvine Inlet and Chidliak Bay map ar-
eas of southern Baffin Island (Figure 1). In addition, this

paper includes geochemical and preliminary geochronol-
ogical data from samples collected during the 2014 field
season on Meta Incognita Peninsula (see St-Onge et al.,
2015a for field observations). The geochemical data are
used to demonstrate variation within the Frobisher suite
sills on Meta Incognita Peninsula, and the preliminary geo-
chronological data provide a first minimum-crystallization
age for this suite.
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Figure 1: Simplified geological map of the central area of southern Baffin Island, Nunavut, showing locations of mafic and mafic-ultramafic
sills. Intrusions sampled for geochemical analyses are shown in red.



Summary of 2015 field observations from
the central area of southern Baffin Island

The Geo-mapping for Energy and Minerals (GEM) pro-
gram, led by Natural Resources Canada (NRCan) in con-
junction with the Canada-Nunavut Geoscience office
(CNGO) in Nunavut, targeted the central area of southern
Baffin Island in 2015, thus effectively completing the re-
gional bedrock mapping for southern Baffin Island (Weller
et al., 2015). The fieldwork was carried out between June
21th and August 18th and covered parts of NTS map areas
26B, C, F, G, J and K. The current project is part of the South
Baffin project, led by the Geological Survey of Canada
(GSC) in collaboration with the Canada-Nunavut Geo-
science Office (CNGO), the Government of Nunavut, Nun-

avut Arctic College, Carleton University and Oxford
University.

Geological Framework

The metaplutonic and metasedimentary units of the central
area of southern Baffin Island form part of the northeastern
segment of the Trans-Hudson Orogen; an orogenic belt that
extends from northeastern to south-central North America
in a broad arcuate shape (Hoffman, 1988; Lewry and
Collerson, 1990). This belt comprises tectonostratigraphic
packages that were either accumulated on, or accreted to,
the northern margin of the lower-plate Paleoarchean to
Neoarchean Superior craton during the middle Paleopro-
terozoic (St-Onge et al., 2006, 2009). Southern Baffin Is-
land can be subdivided into three orogen-scale stacked tec-
tonic elements (St-Onge et al., 2002, 2015b) all separated by
major deformation zones. The crustal construct of southern
Baffin Island includes the metasedimentary and metavol-
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Figure 2: The northern sill (15SAB-L075A–15SAB-L081A), Hall
Peninsula, Baffin Island. Detailed sampling was conducted across
this structurally overturned layered mafic-ultramafic sill in order to
determine the petrogenesis of the Frobisher magmatic suite from a
regional perspective. The sill comprises a basal clinopyroxenite,
overlain by peridotite, overlain by gabbro and capped by leuco-
grabbro.

Figure 3: Layered metagabbro (15SAB-L080A), Hall Peninsula,
Baffin Island. Rhythmic layering is a result of differences in the
modal abundances in plagioclase, clinopyroxene and hornblende;
hammer is 75 cm in length.

Figure 4: Layered metaperidotite (15SAB-L077A), Hall Peninsula,
Baffin Island. Rhythmic layering is a result of differences in the
modal abundances of clinopyroxene, orthopyroxene and olivine;
hammer is 75 cm in length.

Figure 5: Basal metaclinopyroxenite (15SAB-L076A), Hall Penin-
sula, Baffin Island; hammer is 75 cm in length.
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canic strata of the Lake Harbour Group (Jackson and Taylor,
1972), and underlying orthogneiss, units that are inter-
preted as the cover sequence and crystalline basement, re-
spectively, of the accreted middle Paleoproterozoic Meta
Incognita microcontinent (St-Onge et al., 2000). The cover
and basement units are intruded by various mafic to felsic
plutons of the Cumberland Batholith (Whalen et al., 2010).

Lake Harbour Group

The psammite, semipelite, pelite, quartzite, marble and am-
phibolite rock strata, mapped in the central area of southern
Baffin Island, belong to the middle Paleoproterozoic Lake
Harbour Group. The supracrustal sequence is volumetri-
cally dominated by garnetiferous psammite and pelite, with
graded bedding locally preserved. Southwest of Clearwater
Fiord, marble and calcsilicate layers become more preva-
lent and are characterized by diopside-scapolite-phlogo-
pite, and locally magnetite-rich mineral assemblages. The
siliciclastic strata are locally sulphidic.

Frobisher suite

The newly recognized Frobisher suite (informally named
after the suite’s geographic proximity to Frobisher Bay,
Baffin Island, Nunavut) comprises concordant to slightly
discordant sheets of variably altered coarse-grained
metaperidotite, medium- to coarse-grained metaperidotite-
metagabbro, and medium-grained metagabbro emplaced
into the siliciclastic strata of the Lake Harbour Group.
Commonly, the mafic-ultramafic sills vary lithologically
from pyroxenite at the base, overlain by peridotite, and
capped by gabbro to leucogabbro at the top (Figure 2); a se-
quence that provides a way-up indicator, if layering is due
to gravity-induced magmatic differentiation. A single
mafic-ultramafic gradational sequence is interpreted as due
to a single pulse of magma. In map view, the intrusive bod-
ies appear elongate to lensoid in shape, with thicknesses
typically ranging from 5 to 20 m—although a few reach
100 m in thickness—and in most cases extend for several
kilometres along strike. During the terminal collision of the
Trans-Hudson orogeny (1820–1795 Ma; St-Onge et al.,
2009), the sills were folded and/or overturned. Metamor-
phic mineral assemblages indicate that amphibolite- to
granulite-facies metamorphic conditions were reached dur-
ing the Trans-Hudson orogeny (St-Onge et al., 2007b).

Metagabbro

The majority of the mafic intrusions of the Frobisher suite
are characterized by faint, to well-defined, centimetre- to
metre-scale rhythmic layering (Figure 3) defined by varia-
tions in modal abundance of plagioclase, clinopyroxene
and hornblende. A minority of the intrusions are homoge-
neous. The layering is parallel to the intrusive contacts,
consistent with emplacement as sills.

Metaperidotite and metapyroxenite

The ultramafic bodies comprise clinopyroxene-orthopyr-
oxene-olivine metaperidotite (Figure 4) and clinopyr-
oxene-orthopyroxene metapyroxenite (Figure 5), and are
particularly well layered. In contrast to the homogeneous
ultramafic sills that occur on Meta Incognita Peninsula (St-
Onge et al., 2015a), the ultramafic units mapped in 2015 are
part of layered mafic-ultramafic bodies. Evidence for par-
tial melting or of enclaves of host strata within the sills was
not observed. Many intrusions contain disseminated sul-
phide mineralization—mostly pyrite and/or chalcopyrite,
<1 mm in grain size. Deep orange gossans occur in the host
psammite adjacent to some of the mafic-ultramafic sills,
and commonly contain significant amounts of visible dis-
seminated sulphide minerals.

In addition to the regional sampling of mafic and mafic-
ultramafic sills in the project area, detailed sampling was
conducted on a structurally overturned layered mafic-ultra-
mafic sill on Hall Peninsula (Figure 2; the ‘northern sill’ of
Steenkamp et al., 2014). Samples were collected starting at
the basal contact of the sill, and upward through the internal
magmatic stratigraphy to the upper contact. From strati-
graphic bottom to top, the sill comprises a basal clinopyrox-
enite, overlain by peridotite (volumetrically the dominant
component), overlain by gabbro and capped by leuco-
gabbro.

Analytical results from 2014 fieldwork on
Meta Incognita Peninsula

Geochemistry

Figure 6 indicates the locations of geochemistry samples
collected from mafic, ultramafic and mafic-ultramafic sills
during the 2014 mapping program (St-Onge et al., 2015b)
on Meta Incognita Peninsula, Baffin Island, Nunavut; a
subset of sills display evidence of igneous layering. A geo-
chemical data table (see Geochemistry, Liikane et al.,
20154) for these samples can be found in the data repository
for the 2015 edition of the CNGO Summary of Activities.

The sample suite has MgO ranging from 1 to 30 wt. %. Av-
erage Ni (1500 ppm) and Cr (3000 ppm) concentrations are
high, and decrease with decreasing Mg# (Figure 7). Based
on major- and trace-element chemistry, the Frobisher suite
can be divided into four groups, which correlate with modal
mineralogy and layering. These can be discriminated using
chondrite-normalized rare-earth element (REE) plots (Fig-
ure 8).
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4CNGO Geoscience Data Series GDS2015-014, containing the
data or other information sources used to compile this paper, is
available online to download free of charge at http://cngo.ca/
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Group A (blue star symbols; Figure 8a) exhibits a flat REE
pattern, similar to mid-ocean–ridge basalt (MORB), with
La/Yb ratios of ~1.8. Group A comprises peridotitic and
pyroxenitic units.

Group B (green triangle symbols; Figure 8b) has more en-
riched light rare-earth element (LREE) patterns, while
maintaining a flat heavy rare-earth element (HREE) pat-
tern, with La/Gd ratios of ~2.6 and Gd/Yb ratios of ~1.4.
This group includes gabbroic, peridotitic and pyroxenitic
units. Samples from group B may simply be crustally con-
taminated variants of group A, given group B’s elevated
LREE contents.

Group C (purple cross symbols; Figure 8c) is characterized
by an enriched REE pattern, with average La/Gd and Gd/
Yb ratios of 7.7 and 2.5, respectively. Also characteristic, is
a positive Eu anomaly with Eu/Eu* ranging from 0.72 to
3.24, consistent with accumulated plagioclase. Group C
comprises leucogabbroic and peridotitic units. Approxi-
mately one half of the samples from group C are spatially
associated with samples from group A. Processes such as
magmatic differentiation and cumulate precipitation could
be the cause of the contrasting REE patterns between the
two groups.

Group D (red cross symbols; Figure 8d) shows an enriched
REE pattern, with average La/Gd and Gd/Yb ratios of 2.9
and 2.6, respectively. Lithologically, group D includes
gabbroic, peridotitic and pyroxenitic units. Group D has a
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Figure 8: Rare-earth element plots (chondrite-normalization
values from Sun and McDonough, 1989), differentiating four
distinct groups of rocks from the Frobisher suite on Meta Incog-
nita Peninsula, Baffin Island, Nunavut: a) group A (blue star
symbols) displays a relatively flat pattern; b) group B (green tri-
angle symbols) displays a gently sloping pattern; c) group C
(purple cross symbols) displays a steeply sloping pattern, with
a significant positive europium anomaly; d) group D (red cross
symbols) is similar to group B, but has a steeper mid to heavy
rare-earth element pattern.

Figure 7: Mafic/ultramafic samples from the Frobisher suite col-
lected from Meta Incognita Peninsula, Baffin Island, showing a de-
crease in abundance of both a) Cr and b) Ni as Mg# decreases.



variety of trace-element geochemical traits that suggest it is
distinctive from group A (Figure 9). Group D has more
fractionated REE, and it is relatively enriched in Ti and Th-
Nb-Ta. This is illustrated in Figure 9, where two samples
from each group are shown, one at 6 wt. % MgO (most
evolved) and the other at 22 wt. % MgO contents (least
evolved).

Geochronology

To determine the age of the Frobisher suite, a leucogabbroic
sample (14SAB-L017A; location shown in Figure 6) from
south-central Meta Incognita Peninsula was selected for U-
Pb geochronology with the sensitive high-resolution ion
microprobe (SHRIMP) and with isotope dilution–thermal
ionization mass spectrometry (ID-TIMS), at the Geological
Survey of Canada. Abundant, high-quality, clear, colour-
less zircon grains were recovered from the leucogabbro.
The zircon grains are morphologically diverse: anhedral
(Figure 10a), prismatic (Figure 10b) or rounded (not
shown), and simply zoned (Figure 10c, d) with no apparent
core/overgrowths.

Twenty-five analyses, via SHRIMP, of 22 zircon grains en-
compassing the full morphological range yielded ages
ranging from 2004 to 1833 Ma (Figure 10e), with a
weighted mean 207Pb/206Pb age of 1922 ±12 Ma (2σ, n=25,
MSWD = 1.9). Four single-grain ID-TIMS fractions were
analyzed, yielding slightly discordant 207Pb/206Pb ages be-

tween 1876.9 and1896.6 Ma (Figure 10e, inset). The TIMS
results indicate some cryptic complexity in the zircon
microstructure or U-Pb systematics that only becomes ap-
parent in high spatial resolution analyses. All grains also
have Th/U ratios in excess of 1, which is a common attrib-
ute of zircon recovered from mafic rocks (Wang, et al.,
2011). The concentric oscillatory zoning is consistent with
magmatic crystallization (Corfu, 2003) and the high Th/U
signature suggests an igneous origin for the zircon (Hea-
man et al., 1990). Based on the collective data, these pre-
liminary results suggest a minimum crystallization age of
ca. 1900 Ma. Results and methods (Table 2, Liikane et al.,
2015) can be found in the data repository for the 2015 edi-
tion of the CNGO Summary of Activities.

Regional considerations

Middle Paleoproterozoic cover sequences of the northern
Superior craton host numerous magmatic nickel–copper–
platinum-group element deposits and showings, with the
Raglan-type deposits within the eastern Cape Smith Belt in
northern Quebec currently supporting active mineral pro-
duction (see overviews in Green and Dupras, 1999; Lesher,
2007; Northern Miner, 2014). Multiple publications have
described the petrology, geochemistry and petrogenesis of
these sulphide deposits and their associated platinum-
group element (PGE) enrichment (e.g., Miller, 1977;
Naldrett, 1981; Barnes et al., 1982, 1997; Lesher, 2007),
with a few focusing on the regional, orogen-scale controls
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Figure 9: Primitive mantle-normalized rare-earth element plot (primitive mantle-normaliza-
tion values from Sun and McDonough, 1989), illustrating the differences in the trace-element
patterns of groups A (blue stars) and D (red crosses). One representative sample from each
group is shown, at both ~6 wt. % MgO and ~22 wt. % MgO concentrations.



on the size and distribution of the deposits and showings
(Giovenazzo, 1991; St-Onge and Lucas, 1994; Lesher,
2007).

The layered mafic-ultramafic sills of the Frobisher suite
have yet to be fully investigated. Following the 2015 field-
work, it is apparent that these sills potentially represent a pre-
viously unrecognized magmatic province extending, dis-
continuously, from Clearwater Fiord in the east, to Foxe
Peninsula in the west, and to Meta Incognita and Hall penin-
sulas in the south. With an extensional setting and a mea-
sured areal extent of >80 000 km2, the Frobisher mafic-ultra-
mafic magmatic province is being evaluated as the exposed

plumbing system of a plume-generated large igneous prov-
ince (LIP) event (Ernst, 2014). Such a context would allow
petrogenetic and metallogenetic comparison with other Ni-
Cu-PGE–bearing intrusive suites known to have such a set-
ting, most notably the Norilsk intrusive suite of the Siberian
Trap LIP (Ernst and Jowitt, 2013). Other contexts for gen-
erating the magmatic suite such as back-arc rifting in an
overall convergent context will also be considered.

Economic considerations

During the 2015 systematic and targeted mapping cam-
paign, a number of lithological associations and occur-
rences with potential economic implications were identi-
fied. The tectonostratigraphic/lithological context of the
layered mafic-ultramafic sills emplaced in the sulphidic
siliciclastic metasedimentary rocks of the Lake Harbour
Group is analogous to that hosting Ni-Cu-PGE mineraliza-
tion elsewhere in the Trans-Hudson Orogen (e.g., Raglan
deposits of the eastern Cape Smith Belt of northern Que-
bec; Lesher, 2007), although metamorphic grade is signifi-
cantly higher in the Lake Harbour Group (St-Onge et al.,
2007b) than in northern Quebec. The ultramafic units of the
Frobisher suite have been serpentinized in a number of lo-
calities, and as a result might be suitable for carving stone,
although no exploitable localities were identified during
the 2015 field season.

Future work

The lead author of this field report, a graduate student and
field assistant in 2015, is currently conducting an M.Sc.
thesis on the petrology, geochemistry and geochronology
of the Frobisher suite and its associated mineralization.
Through this work, a detailed petrographic analysis of each
sample will be done to properly classify the rocks based on
their individual mineral assemblages. The characterization
of metamorphic mineral fabrics in thin section, and in situ
mineral analyses using an electron microprobe, will deter-
mine which mineral species are primary igneous phases
and which are metamorphic. Olivine can be tested, for ex-
ample, by comparing Mg# versus Ni content against known
compositions of olivine from layered intrusions (e.g.,
Simkin and Smith, 1970). Further geochemical research is
planned to determine to what degree the rocks within each
geochemical group differ, or are similar, and whether this
difference results in one group having a significantly
higher economic potential. This will involve Nd-isotope
work, in addition to whole-rock geochemistry, and will
hone in on the mantle source for each group. Data obtained
from the detailed sample set collected across the northern
sill on Hall Peninsula will be used to shed light on the petro-
genesis of the Frobisher suite as a whole. Moreover, addi-
tional geochronological work is planned to precisely and
definitively constrain the timing of Frobisher suite em-
placement.
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Figure 10: Geochronology for a leucogabbroic sample (14SAB-
L017A) collected from a mafic-ultramafic sill on Meta Incognita
Peninsula, Baffin Island, Nunavut: a) transmitted light photomicro-
graph of anhedral zircon grains from 14SAB-L017A; b) transmitted
light photomicrograph of prismatic zircon grains from 14SAB-
L017A; c), d) cathodoluminescence images of zircon grains prior
to SHRIMP analysis. White scale bar is 100 µm; e) Concordia dia-
gram of U-Pb sensitive high-resolution ion microprobe (SHRIMP)

results from 14SAB-L017A. Ellipses are plotted at the 2σ confi-
dence level, colour was selected to match the coding of the trace-
element signature of the sample, white dashed box delineates the
outline of the isotope dilution–thermal ionization mass spectrome-
try (ID-TIMS) concordia diagram. Inset: Concordia diagram of ID-

TIMS results from 14SAB-L017A. Ellipses are plotted at the 2σ
confidence level.
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