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the Polar Continental Shelf Program. The focus is on bedrock and surficial geology mapping (1:100 000 scale). In addition, a range of 
thematic studies is being conducted, including Archean and Paleoproterozoic tectonics, geochronology, landscape uplift and exhumation, 
microdiamonds, sedimentary rock xenoliths and permafrost. The goal is to increase the level of geological knowledge and better evaluate 
the natural resource potential in this frontier area.
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Abstract

A number of granitic pegmatites on the Hall Peninsula were sampled in 2014 as part of an ongoing study to determine their
petrogenesis and composition, and to evaluate their metallogenic potential, with a particular focus on rare metals, rare-earth
elements and/or gems. To date, whole-rock lithogeochemistry, as well as laser-ablation, multiple-collector, inductively cou-
pled plasma mass–spectrometry, for both spot mineral geochemical analysis and U-Pb geochronology on zircons and
monazites, have been completed on various subsets of the more than 70 samples collected as part of the project. This paper
presents selected preliminary data available from these analyses to date.

Résumé

Quelques pegmatites granitiques de la péninsule Hall ont été échantillonnées en 2014 dans le cadre d’une étude en cours
portant sur la détermination de leur pétrogenèse et de leur composition, ainsi que sur l’évaluation de leur potentiel sur le plan
métallogénique, tout particulièrement en ce qui a trait à la présence possible de métaux rares, d’éléments des terres rares et,
le cas échéant, de gemmes. À ce jour, des études de litho-géochimie sur roche totale, ainsi que des analyses géochimiques
des minéraux et des études géochronologiques par la méthode uranium-plomb sur zircon et monazite ont été réalisées au
moyen de l’ablation laser couplée à un spectromètre de masse à source à plasma inductif et collection d’ions multiple sur di-
vers sous-ensembles des plus de 70 échantillons recueillis aux fins de ce projet. Cet article présente des données
préliminaires choisies parmi les résultats d’analyses présentement disponibles.

Introduction

The regional geology of the Hall Peninsula can be divided
into two major lithological assemblages corresponding to
the western and eastern halves of the peninsula (Figure 1).
The western half consists of Paleoproterozoic metasedi-
mentary rocks, containing leucogranitic dykes and other
granitic intrusions, and supracrustal rocks that are com-
posed mainly of pelite, semipelite and psammite and show
evidence of localized partial melting (Dyck and St-Onge,
2014; Skipton and St-Onge, 2014). The eastern half of the

peninsula is composed of an Archean orthogneiss complex
of alternating tonalite and monzogranite units with minor
enclaves of mafic and ultramafic rocks, all of which are
crosscut by syenogranite dykes. Supracrustal rocks are also
found in the east, structurally above and below the Archean
basement (Dyck and St-Onge, 2014; From et al., 2014;
Skipton and St-Onge, 2014; Bigio et al., 2015).

Pegmatite bodies are found across the Hall Peninsula. Most
of the pegmatites in the study area crosscut the regional
metamorphic fabric, although some are foliation-parallel,
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Figure 1: Simplified geology of the Hall Peninsula, Baffin Island, Nunavut. Pegmatites are found in both major geological assem-
blages. Station numbers indicate locations of pegmatites identified in 2014. Bolded station numbers indicate stations at which
whole-rock geochemistry samples were collected (modified after Rayner, 2015).



and all generally appear to have intruded late in the deform-
ational history of the Trans-Hudson Orogen (Skipton and
St-Onge, 2014; Bigio et al., 2015). In the eastern half of the
study area, locally deformed pegmatites are rarely ob-
served, while in the west, deformation is more common.

To date, whole-rock lithogeochemistry, laser-ablation,
multiple-collector, inductively coupled plasma mass–spec-
trometry (LA-MC-ICP-MS) of micas and feldspars, and U-
Pb zircon and monazite geochronology analyses have been
performed on samples taken in the 2014 field season (Bigio
et al., 2015). This paper describes the analytical methods
used, and preliminary results obtained from, these analy-
ses.

Characterization of Hall Peninsula
pegmatites

Mineralogy of the pegmatites in the study area varies be-
tween K-feldspar and plagioclase feldspar, with quartz, bi-
otite, muscovite, magnetite, graphite, tourmaline, and rare
apatite and beryl. The mineral assemblages present allow
the pegmatites to be categorized as lithium-cesium-tanta-
lum (LCT)–type pegmatites, based on the classification
scheme of �erný and Ercit, (2005) and �erný et al. (2012),
and are typically sourced from S-type granites. The
pegmatites usually display very coarse grained textures in-
cluding blocky feldspar crystals, graphic feldspar-quartz
intergrowths, and biotite occurring as books or sheets.
Graphic texture is observed at both macro- and microscopic
scales and shows alkali feldspar with intergrown quartz.
Figure 2 is a scanning electron microscope–back-scattered
electron (SEM-BSE) image of graphically intergrown K-
feldspar and quartz. For a more detailed discussion of the
mineralogy and field relationships of pegmatites in the
study area, refer to Bigio et al. (2015).

Preliminary analytical results

Whole-rock geochemistry

Nineteen pegmatite samples were selected for whole-rock
geochemical analysis. To ensure accurate analytical results
from the extremely coarse grained pegmatites, it was neces-
sary to analyze between 1 and 4 kg of material from each
pegmatite sampled. The analyses were conducted by Acti-
vation Laboratories (Actlabs) Ltd. in Ancaster, Ont. The
initial analytical package selected for the samples was
4Lithores (Activation Laboratories Ltd., 2015a). Limited
funding was available to have 3 of the 19 samples further
analyzed using the Ultratrace 6 package, to obtain lighter
element quantities not measurable using 4Lithores, in par-
ticular Li (see data in Table 1). Lithogeochemical data for
the 19 samples analyzed with the 4Lithores method is pre-
sented in the CNGO Geoscience Data Series file GDS2015-
0083 (Bigio and Lentz, 2015) and is plotted on Figure 3.

Methods

Actlabs’ 4Lithores analytical process involves a lithium
metaborate/tetraborate fusion ICP for whole-rock analysis,
and trace-element analysis through ICP-MS. Three blanks
and five control samples are analyzed per group of samples,
and duplicates are inserted after every 15 samples for qual-
ity control (Activation Laboratories Ltd., 2015a). None of
the additional options were requested as the samples were
not expected to be high in base metals, As, Sb, W or Cr (all
of which would need more specific analysis).

The Ultratrace 6 process (Activation Laboratories Ltd.,
2015b) begins with a 4-acid digestion process involving a
sequence of hydrofluoric, nitric, and perchloric acids and
aqua regia. Highly resistant minerals such as zircon, mon-
azite, titanite, chromite and barite may only be partially dis-
solved during the process. After digestion, samples are ana-
lyzed through ICP-MS, with one blank per 40 samples, one
in-house control per 20 samples, one standard every 80
samples, and a duplicate every 15 samples for quality
control.

Trace-element results from whole-rock geochemistry

Sample 14SUB-A074A01 returned the highest rare-earth
element (REE) values out of the 19 samples analyzed using
the 4Lithores analytical package (Figure 3). The lithogeo-
chemical data are presented in two graphs for clarity, as
sample 14SUBA074A01 has some extremely anomalous
values in comparison with the rest of the samples that
would be over emphasized if all the data were displayed on
one plot. Of particular note were the light rare-earth ele-
ments (LREE): La (1470 ppm), Ce (3020 ppm), Nd
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Figure 2: Field-emission scanning electron microscope–back-
scattered electron (FESEM-BSE) image of K-feldspar grain from
sample 14SUB-A047C01, showing microscopic graphic quartz-
feldspar intergrowth texture (Hall Peninsula, Baffin Island,
Nunavut). Abbreviations: ksp, K-feldspar (orthoclase); qz, quartz.

3CNGO Geoscience Data Series GDS2015-008, containing the
data or other information sources used to compile this paper, is
available online to download free of charge at http://cngo.ca/
summary-of-activities/2015/.



(1230 ppm) and Pr (341 ppm). Thorium (1560 ppm) was
also anomalous compared to the rest of the whole-rock
samples. As noted above, complete results from the whole-
rock lithogeochemistry analysis can be found in GDS2015-
008 (Bigio and Lentz, 2015).

After analysis via the Ultratrace 6 method (Activation Lab-
oratories Ltd., 2015b), sample 14SUB-A026B01 returned
24 ppm Be, which is significantly higher than the average
crustal abundance (Taylor and McLennan, 1985) and may
indicate a partially melted sedimentary source rock. Other
results of note include Li values from samples 14SUB-
A053A01 and 14SUB-A065B02, which were 43 ppm Li
and 55 ppm Li, respectively (Table 1).

The whole-rock samples can be grouped into three catego-
ries based on having either a strongly positive, strongly
negative, or weakly positive or negative Eu anomaly. Posi-
tive Eu anomalies could indicate that Eu fractionated into
feldspars (usually plagioclase) as they crystallized out of a
melt and which were then picked up by new magma that in-
truded into host rock as a pegmatite. Alternatively, it could
represent an Eu-enriched sedimentary source rock, which
partially melted to form the magma that later became the
pegmatite. Negative Eu anomalies could indicate a source
magma that left its Eu-enriched feldspar crystals behind in

the magma chamber when it intruded elsewhere into host
rock (Rollinson, 1993).

Laser-ablation, multiple-collector, inductively
coupled plasma–mass spectrometry geochemistry

Methods

All of the samples collected in 2014 were analyzed on a
Resonetics S-155-LR 193 nm excimer laser ablation sys-
tem and an Agilent 7700x quadrupole ICP-MS at the Uni-
versity of New Brunswick, using NIST-610, NIST-612 and
BCR2G glass standards. Ablation sequences were set up
for each group of slides focusing on the contacts between
biotite and potassium-feldspar crystals, or muscovite and
potassium-feldspar crystals if the sample contained no bio-
tite. Ablation tracks were set to run perpendicular to mica
cleavages, and across mica-feldspar grain boundaries
where contacts were present between the minerals (Fig-
ure 4), in order to determine whether there was any
compositional zoning in the micas or any concentration of
REEs along mica cleavages or at the edges of the feldspar
grains. When present, minerals such as titanite or tourma-
line were also ablated to determine if they showed any com-
positional zoning or areas of REE concentration. The abla-
tions were set to a depth of 60 μm at 30 Hz laser frequency
over 60 s.

14 Canada-Nunavut Geoscience Office

Table 1: Major- and trace-element analyses using the Ultratrace 6 analytical package for samples 14SUB-A026B01, A053A01 and
A065B02 (Hall Peninsula, Baffin Island). Samples were analyzed at Activation Laboratories (Actlabs) Ltd. in Ancaster, Ont.
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Data collected during the analyses is being processed and
results are pending.

U-Pb geochronology and field-emission scanning
electron microscope (FE-SEM) imaging

The crushed reject remainders from seven samples
(14SUB-A026B01, A032B02, A047B01, A053B02,
A057B02, A065B02 and A074A01) were submitted to
Overburden Drilling Management Ltd. (ODM) of Ottawa,
Ont., for preparation of heavy mineral separates and corre-
sponding zircon and monazite concentrates. Zircons and
monazites were picked from the heavy mineral separates.
The remainder of each sample is stored at the University of
New Brunswick in case further analysis is needed.

Samples were selected for U-Pb geochronology on the ba-
sis of having higher-than-background radioactivity, as de-
termined by the field usage of a GR-135 Plus radioisotope
detector (Bigio et al., 2015). Pegmatites with high gamma-
ray activity compared to background levels were deter-
mined to be good potential sources of minerals suitable for
radiometric dating, or possible uranium mineralization. Af-
ter heavy-mineral picking, samples A053A01 and
A057B02 were determined to contain uraninite/thorianite
grains in the pan concentrates. From the whole-rock geo-
chemistry (Bigio and Lentz, 2015), A053A01 showed ele-
vated U (279 ppm) and Th (201 ppm), as well as the highest
Pb value (473 ppm) of the 19 samples, and was enriched in
both LREEs and heavy rare-earth elements (HREEs). Sam-
ple A057B02 did not show comparably elevated U, Th or
Pb, but was also enriched in REEs; A053A01 had more
enrichment in HREEs while A057B02 was more enriched
in LREEs.

The monazite grains selected for dating were imaged using
a Hitachi SU-70 field-emission scanning electron micro-
scope (FE-SEM) at the University of New Brunswick, to
determine if the crystals showed compositional zoning
prior to U-Pb geochronology analysis. This process was to
ensure that analyses done on individual grains would come
from the same compositional zone.

Initial examination of the geochronological data acquired
suggests that the dated pegmatites have an approximate age
of 1.8 Ga; further detailed analysis of the data is pending.

Discussion and implications for rare element
mineralization potential

Initial geochronological data obtained from 7 of the pegma-
tite samples provide a preliminary age of 1.8 Ga. These
data, combined with field relationships, particularly cross-
cutting relationships and deformation, suggest that the
pegmatites marginally postdate the peak metamorphism in
the southern Hall Peninsula region of the Trans-Hudson
Orogen, which occurred between 1850 and 1830 Ma
(Skipton et al., 2014; Rayner, 2015).

Using the trace-element discrimination diagrams of Pearce
et al. (1984) to plot the whole-rock geochemistry data, a
syncollisional-volcanic arc (S- to I-type) granitic source for
most of the sampled pegmatites is suggested (Figure 5).

Geochemistry results to date indicate that the potential for
economic rare-element mineralization in the southern Hall
Peninsula region appears to be low. Although many of the
whole-rock geochemistry samples did show elevated
LREE and/or HREE quantities, only one sample (14SUB-
A074) returned ‘showing-level’ REE quantities, using the
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Figure 4: Mosaic image of thin section of sample 14SUB-A074A01 (Hall Peninsula, Baffin Is-
land). Blue lines indicate potential laser-ablation, multiple-collector, inductively coupled
plasma–mass spectrometry LA-MC-ICP-MS ablation tracks; not all proposed tracks were used
for each sample. Tracks were selected to be perpendicular to mica cleavage and to cross mica-
feldspar grain boundaries. Abbreviations: bt, biotite; ksp, K-feldspar; msc, muscovite; qz,
quartz. Slide is 26 by 46 mm.



criteria applied for a showing to be considered significant
(with a cutoff grade of 0.2% for rare-earth elements and
0.25% for REE oxides) for inclusion in the Nunavut Min-
eral Occurrence and Reference Database (NUMIN;
Markey et al., 2015).

However, occurrences of white beryl, pink tourmaline and
green spodumene have been reported from central and
northern Baffin Island (Bell, 1992) and elsewhere in the
territory, so it is possible that the pegmatites exposed on the
southern Hall Peninsula represent the REE-barren zone
closest to their parent granite or granites (Selway et al.,
2005). It is also possible that these more northern occur-
rences may be related to different tectonic or petrogenetic
processes than the Hall Peninsula pegmatites; but whether
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Legend

Figure 5: Tectonic discrimination diagram after Pearce et al. (1984). Samples collected from Hall Peninsula, Baffin Island. Ab-
breviations: VAG, volcanic arc granite; ORG, orogenic granite; WPG, within-plate granite; syn-COLG, syncollisional granite.



the two populations are related or not, there may still be
economic pegmatite potential on Baffin Island.

Economic considerations

Pegmatites are major sources of economically significant
elements, such as Li, Cs, Ta and Sn, and rare-earth elements
(REEs), as well as ceramic-grade feldspar and electronics-
grade quartz, and gems such as beryl or gem-quality tour-
maline (Bigio et al., 2015).

The global markets for lithium and REEs are currently sup-
plied primarily by Australia, Chile and China. However,
the potential for economic deposits of rare-earth elements
and rare metals exists in several places in Canada (e.g.,
Northwest Territories, Ontario, Quebec, Newfoundland,
Nova Scotia, Nunavut). Although no REE production or re-
fining is currently taking place in Canada, the investment
and political climates are stable and the mining industry has
the necessary expertise (House of Commons, Standing
Committee on Natural Resources, 2014) to ultimately
begin mining REEs for market.

Several companies in Canada are exploring for, or produc-
ing, lithium; in particular, Canada Lithium Corp. produced
lithium carbonate at its Quebec Lithium property between
2013 and 2015, and Nemaska Lithium Inc. is in the permit-
ting process for its Whabouchi lithium deposit (Met-Chem
Canada Inc., 2014), both of which are in Quebec. Demand
for REEs and other rare metals and elements is expected to
increase worldwide due to increasing demand for advanced
electronics products and clean energy applications (CREEN,
2013). Therefore, increased supply of these commodities
would be beneficial to the Canadian economy (House of Com-
mons, Standing Committee on Natural Resources, 2014).

Summary

Although rare-metal, REE and gem potential of the south-
ern Hall Peninsula pegmatites appears to be low, further
analysis of the LA-MC-ICP-MS data is currently being
completed. Reports of REE-bearing minerals from other
parts of Baffin Island, including tourmaline and beryl, indi-
cate that such potential may be higher elsewhere on the
island.

Detailed analysis of the U-Pb geochronological data is ex-
pected to further refine the age of the dated pegmatites, al-
lowing them to be more accurately placed in the tectonic
history of the southern Hall Peninsula.
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