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Abstract

This paper and the accompanying digital database summarizes three years (2011–2013) of geochemistry, mineralogy

(heavy minerals) and sedimentology data on surficial sediments from Hall Peninsula, Nunavut (NTS 25I, J, O, P, 26A, B).

The maps and data provided in this paper are useful for estimating regional-scale mineral exploration potential on Hall Pen-

insula. Two hundred and sixty-four samples were analyzed for geochemical and/or heavy mineral content. Heavy mineral

analysis on till and glaciofluvial sediments indicate good potential for diamond exploration. The kimberlite-indicator min-

erals of pyrope, forsterite (olivine) and chrome-diopside were found in significant numbers around the known Chidliak dia-

mondiferous kimberlite field. The geochemical contents of some samples show relatively high polymetallic elemental con-

centrations, which include gold, silver, copper, zinc, nickel, platinum and palladium. Grains indicative of gemstone potential

were found in the heavy mineral fraction of sediment samples, indicating some modest potential for rubies, sapphires and

sapphirines. Both grain-size and geochemistry data is included in a sediment database for Hall Peninsula, which provides

information useful for infrastructure development in the area.

Résumé

Le présent rapport et la base de données numériques qui l’accompagne résument trois années (2011–2013) de données

d’analyses géochimiques, minéralogiques (minéraux lourds) et sédimentologiques des sédiments superficiels de la

péninsule Hall, au Nunavut (SNRC 25I, J, O, P, 26A, B). Les cartes et les données présentées dans ce rapport servent à

évaluer le potentiel de la péninsule Hall en matière d’exploration minérale à l’échelle régionale. On a procédé à l’analyse de

264 échantillons afin de déterminer soit leur contenu en minéraux lourds, soit leur composition géochimique, ou les deux.

L’analyse des minéraux lourds des échantillons de till et de sédiments fluvioglaciaires révèle qu’il s’agit d’une région favo-

rable à l’exploitation diamantifère. Les minéraux indicateurs de kimberlites, notamment le pyrope, la forstérite (olivine) et

le diopside chromique, se retrouvent en grand nombre à de nombreux endroits autour du champ de kimberlites diamantifère

connu de Chidliak. Le contenu géochimique de certains échantillons révèle la présence de concentrations élémentaires de

nature polymétallique élevées, y compris de l’or, de l’argent, du cuivre, du zinc, du nickel, du platine et du palladium. Des

grains, pouvant indiquer la présence de gemmes, trouvés dans la fraction des minéraux lourds des échantillons de sédiment

témoignent du fait que la région peut receler des rubis, des saphirs et des saphirines en modeste quantité. Une base de

données des sédiments échantillonnés dans la péninsule Hall contient toutes les données relatives à la granulométrie et à la

géochimie susceptibles de fournir des renseignements utiles à la mise en place d’infrastructures dans cette région.
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Introduction

Between 2011 and 2013, a sediment (mostly till) sampling

program was completed as part of surficial geology map-

ping on Hall Peninsula, Baffin Island, Nunavut (Figure 1).

The study area covers approximately 38 000 km2. This pa-

per presents data and maps with geochemistry results for

the northern half of the study area (NTS 26A, B). Results

from the southern part of Hall Peninsula have been pub-

lished previously (Tremblay and Leblanc-Dumas, 2014;

Tremblay et al., 2014a, b). Both the original data files and

the compilation data sheets (a streamlined, georeferenced

version of the data) are provided in a Canada-Nunavut

Geoscience Office Geoscience Data Series file (Tremblay

and Leblanc-Dumas, 20153). Sedimentological results for

the entire peninsula have been compiled in this report

(Figure 2).

The main physiographic features of Hall Peninsula are a

flat plateau at around 600 m asl in the central part of the

peninsula, eastern highlands covered with ice caps (up to

1200 m asl) and numerous steep fiords along the coastline.

Hall Peninsula was entirely covered by ice during the last

glaciation (Dyke et al., 2003), is located north of the

treeline, and is underlain by continuous permafrost. The

main bedrock geology units are Archean tonalite in the east,

and Proterozoic paragneiss and granite in the west

(Steenkamp and St-Onge, 2014). Kimberlite pipes and

dykes were discovered south of Chidliak Bay, notably by

using kimberlite-indicator minerals (KIMs; Clements et al.,

2009; Pell, 2013; Tremblay et al., 2014b).

The simplified surficial map, shown in the background of

all figures in this paper, is based upon data from four new

1:100 000 scale surficial geology maps currently in produc-

tion by the authors. The thematic geological units selected

for this map include moraine-associated sediment (till de-

posited in mostly ridged and hummocky moraine land-

forms), regolith-associated sediment (mostly till mixed

with regolith but some areas are primarily regolith) and

glaciolacustrine sediment (undivided). During glaciations,

the regolith-associated sediment areas were mainly cov-

ered by cold-based glaciers, where erosive action was lim-

ited as the glacier was frozen at its base and there was lim-

ited or no sliding (Dyke, 1993; Leblanc-Dumas et al., 2013,

2015; Tremblay et al., 2013, 2014a). The ‘white’ areas are

mostly composed of till and bedrock outcrops, which occur

in areas dominantly influenced by the erosion and deposi-

tion of warm-based glaciers, with minor glaciofluvial, col-

luvial, alluvial and marine sediments. The area around the

external borders of the regolith-associated sediment areas

is the intermediate cold-based zone (Tremblay et al., 2013,

2014a). This zone shares characteristics of both cold-based

and warm-based zones. The selected map units provide the

reader with the general distribution of cold-based versus

warm-based zones on Hall Peninsula. In plateau regions,

zones are more complex due to discrete late, deglacial,

warm-based glacier readvances that crosscut previous

cold-based areas.

Geochemistry and sedimentology analytical
techniques

Sediment descriptions and locations for this study are

found in Tremblay and Leblanc-Dumas (2015, under the

‘Samples’ tab). Two hundred and sixty-four samples were

analyzed for geochemical and/or heavy mineral content.

Among those, a total of 238 sediment samples (2 kg each;

10 in 2011, 131 in 2012 and 97 in 2013) was analyzed for

geochemistry. Within the samples analyzed for geochemis-

try, there are 203 till samples (or till mixed with regolith),

17 regolith samples, 7 glaciofluvial sediment samples, 10

glaciolacustrine sediment samples and 1 marine sediment

samples. These sediments were also analyzed for grain

size, Munsell colour and carbon content. A total of 192

heavy mineral samples (~10 kg bags; 87 in 2012 and 105 in

2013) was collected to provide information on the potential

for kimberlites, massive sulphides, gold, gemstones and

other commodities. Among the samples analyzed for heavy

minerals, 162 are till (or till mixed with regolith), 5 are

regolith sediments, 24 are glaciofluvial sediments and 1 is

glaciolacustrine littoral sediments. The glaciofluvial sam-

ples were sieved in the field in order to bag about 10 kg of

the <2.2 cm fraction.

Samples were processed at the Geological Survey of Can-

ada (GSC) Sedimentology Laboratory (Ottawa, Ontario).

A portion of the matrix (<2 mm) of each sample was wet-

sieved to 63 µm for geochemical analysis. Another <2 mm

portion was sent for grain-size analysis and inorganic car-

bon content analysis. Lastly, a portion was saved for archi-

val purposes. The till sample grain size (sand, silt and clay;

Figure 2 and ‘Grain size’ tab in Tremblay and Leblanc-

Dumas, 2015) was determined by use of a laser particle size

analyzer (Lecotrac LT100) in conjunction with sieving or

digital image analysis instrumentation (Camsizer®) on the

<63 µm fraction (see Girard et al., 2004, for details on labo-

ratory protocols). The grain size of fractions between

63 µm and 2 mm was determined by wet sieving.

Inorganic carbon and loss-on-ignition (LOI) was measured

with the LECO® CR412 carbon moisture analyzer

(‘CarbLOI’ tab in Tremblay and Leblanc-Dumas, 2015).

Munsell colour determination was done using an X-Rite

SP64 portable sphere spectrophotometer.

A split of each 2 kg sample was dried and sieved to

<0.063 mm fraction (till matrix) at the Acme Analytical
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Figure 1: Sediment sample locations, simplified Quaternary map and ice-flow chronology (see text for thematic description of these two
later items) for Hall Peninsula, Nunavut. The thick black arrow of phase 1 ice flow indicates ice streams in Frobisher Bay and Cumber-
land Sound.
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Figure 2: Grain size of till, regolith, glaciolacustrine, glaciofluvial and marine sediments across Hall Peninsula, Nunavut. The clay con-
tent is <4 µm.



Laboratories Ltd. (Vancouver, British Columbia) for analy-

sis (see McClenaghan et al., 2013, for laboratory proto-

cols). A 30 g split was digested by aqua regia and analyzed

by inductively coupled plasma–mass spectrometry (ICP-

MS) for 65 elements, including gold, base metals, platinum

and rare-earth elements. Another 2 g split was digested

with lithium metaborate/lithium tetraborate fusion and then

analyzed by inductively coupled plasma–emission spec-

trometry (ICP-ES) for 11 major elements and 7 trace ele-

ments. Analytical accuracy and precision was monitored

by including GSC blind CANMET standards (TILL-2 and

TILL-4) in the analytical analysis. Laboratory duplicates of

samples, Acme Analytical Laboratories Ltd. blanks,

reference standards and analytical duplicates were also

analyzed.

Samples were sent to Overburden Drilling Management Lim-

ited (Nepean, Ontario) for heavy mineral analysis (see

Plouffe et al., 2013, for laboratory protocols). The standard

pre-analysis treatment was applied to all samples, which

first included sieving of pebbles (>2 mm; the 4–8 mm frac-

tion were separated for lithological counting) and

preconcentration of heavy minerals by shaking table. Field

sample duplicates and GSC blanks from granite grus and

till were inserted for quality control and quality assurance

(Plouffe et al., 2013). The gold grains from a panning con-

centrate were counted, described and replaced in the same

fraction. The heavy mineral preconcentrate was then sub-

mitted for heavy liquid separation (methylene iodide, spe-

cific gravity=3.2) and ferromagnetic separation. The

>0.25 mm fraction of nonferromagnetic heavy mineral

concentrate (NFHMC) was examined by binocular micro-

scope for the identification of various distinctive mineral

species, namely, kimberlite-indicator minerals (KIMs) and

metamorphic massive-sulphide–indicator minerals

(MMSIMs), which notably include gahnite, red rutile, py-

rite, chalcopyrite and arsenopyrite (Averill, 2001). The

mineralogical picking was performed on three different

size fractions (0.25–0.5 mm, 0.5–1 mm, 1–2 mm) of

NFHMC. Following further preparation, binocular identi-

fications of MMSIMs and KIMs were undertaken and sup-

ported in some cases by scanning electron microscope

(SEM) analysis.

Ice flow and glacial transport

Regional ice-flow studies on Hall Peninsula have been con-

ducted by Tremblay et al. (2013, 2014a) and Johnson et al.

(2013). The ice-flow history of the map area was influ-

enced by the occurrence of diverging ice flow on the Hall

Peninsula plateau during the last glacial maximum (phase

1), which was coalescent with the large ice streams of

Frobisher Bay and Cumberland Sound (Miller, 1980). Dur-

ing deglaciation, ice flow was focused in the U-shaped gla-

cial valleys and fiords (phase 2) located at the southern and

eastern margins of the Hall Peninsula plateau (Johnson et

al., 2013). A late ice-flow reversal is observed on the north

coast of Frobisher Bay (phase 3; Stravers et al., 1992).

Three distinct phases of glacial readvance are marked by

the presence of moraines on the southern Hall Peninsula

plateau (phase 4), toward Hall moraine (phase 5; Miller,

1980) and toward Frobisher Bay moraine (phase 6; Blake,

1966). The extent of phase 4’s southerly deglacial ice flow

may be slightly larger than indicated (Johnson et al., 2013),

but ice-flow indicators for this event are weak and uncer-

tain in regions marginal to cold-based zones. Alast phase of

westward ice flow is observed around the main present-day

ice cap (phase 7; Miller, 1980), and marked by numerous

hummocky moraines.

Because of the importance of glacial transport, the ice-flow

chronology map (Figure 1) is useful for mineral explora-

tion in the areas covered with till (warm-based zone) or till

mixed with regolith (intermediate cold-based zone). Sam-

ples of till with/without regolith from the regolith-associ-

ated sediment areas display less glacial transport than till

samples from warm-based glacier zones. In the case of the

regolith samples, where the glacier was mostly cold-based,

glacial transport evidence is weak and limited to a few er-

ratic boulders. Other active geomorphological agents, such

as colluvial, glaciofluvial and glaciolacustrine processes,

are more likely to affect the transport of mineral-explora-

tion indicators in the cold-based zone, and to a lesser extent

in the intermediate cold-based zone. Glaciofluvial sedi-

ments were sampled in the cold-based zone for the specific

purpose of estimating the mineral potential for kimberlite,

as KIMs and most MMSIMs tend to be well preserved dur-

ing small to moderate amounts of meltwater transport

(McClenaghan et al., 1998). Most glaciofluvial sediment

samples are from poorly sorted deposits, with angular to

subangular clasts, and are linked with short glaciofluvial

channels, indicating limited glaciofluvial transport (see

‘Samples’ tab in Tremblay and Leblanc-Dumas, 2015).

Economic considerations

Geochemical and heavy mineral contents of surficial sedi-

ment samples from Hall Peninsula are presented in Fig-

ures 3 to 9 and the raw data can be found under the

‘Geochem’ and ‘Heavy mineral’ tabs in Tremblay and

Leblanc-Dumas (2015). These maps and data constitute a

useful basis for estimating the regional-scale mineral ex-

ploration potential of Hall Peninsula.

Geochemistry results indicate that Ag and Au from the fine

portion of till and regolith (Figure 3) show maximum val-

ues of 498 and 41 ppb, respectively. The Ag and Au anoma-

lies are generally located in the western part of study area

and are associated with Paleoproterozoic rocks rather than

Archean tonalite rocks found to the east (see geological

map in Steenkamp and St-Onge, 2014). As seen on Fig-

ure 4, Zn and Cu show maximum values of 178 and
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Figure 3: Distribution of Au and Ag, from till, till mixed with regolith and regolith samples, Hall Peninsula, Nunavut. Geochemical
analysis by inductively coupled plasma–mass spectrometry with aqua regia dissolution on <63 µm fraction.

Figure 4: Distribution of Zn and Cu, from till, till mixed with regolith and regolith samples, Hall Peninsula, Nunavut. Geochemical
analysis by inductively coupled plasma–mass spectrometry with aqua regia dissolution on <63 µm fraction.
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Figure 6: Distribution of Pt and Pd, from till, till mixed with regolith and regolith samples, Hall Peninsula, Nunavut. Geochemical
analysis by inductively coupled plasma–mass spectrometry with aqua regia dissolution on <63 µm fraction.

Figure 5: Distribution of Cr and Ni, from till, till mixed with regolith and regolith samples, Hall Peninsula, Nunavut. Geochemical
analysis by inductively coupled plasma–mass spectrometry with aqua regia dissolution on <63 µm fraction.
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Figure 7: Distribution of gold grains, from the heavy mineral fraction (normalized to 10 kg table feed) of till, till mixed with
regolith, regolith and glaciofluvial sediment samples, Hall Peninsula, Nunavut. Glaciofluvial sediment samples are indicated by
blue squares.

Figure 8: Distribution of kimberlite-indicator minerals (KIMs), from the heavy mineral fraction (normalized to 10 kg table feed)
of till, till mixed with regolith, regolith and glaciofluvial sediment samples, Hall Peninsula, Nunavut. Glaciofluvial sediment sam-
ples are indicated by blue squares.



254 ppm, respectively, and are also located in the western

part of the study area. Maximum values of Cr and Ni are

204 and 202 ppm (Figure 5), and their distributions are sim-

ilar to Au, Ag, Zn and Cu as they concentrate in a few zones

located in the western part of study area. These zones could

be investigated for polymetallic deposits, possibly associ-

ated with layered mafic-ultramafic intrusive rocks (Steen-

kamp et al., 2014; St-Onge et al., 2015). On Figure 6, Pt and

Pd display anomalous values reaching 4 and 32 ppb, re-

spectively. The Pt and Pd could also be associated with

layered mafic-ultramafic intrusions.

Figure 7 shows that 32 samples contain gold grains, with

four of those samples containing four or more grains. The

maximum number of gold grains per sample is 13 grains,

with nine reshaped and four modified grains, indicating

some glacial transport or being derived from older sedi-

ments. The average number of gold grains per sample is

generally quite low, between zero and two grains. Glacio-

fluvial sediments display a lower background concentra-

tion of gold grains in the heavy mineral fraction (close to

zero grains per sample), relative to the till samples.

Kimberlite-indicator minerals are found in relatively high

concentrations in the south-central portion of study area.

On Figure 8, the results are normalized to 10 kg samples,

based on table feed. Ilmenite, pyrope and chrome-diopside

grains are grouped around the Chidliak diamondiferous

kimberlite field. The maximum number of forsterite (oliv-

ine) grains is estimated at 6000 grains (sample 13TIA-

T009), 99.5% of them in the 0.25 to 0.5 mm size fraction,

and 0.5% in the 0.5 to 2 mm size fraction. At nineteen sta-

tions, over one forsterite grains were observed (Figure 8).

Forsterite may be derived from a local source other than

kimberlite, as many older ultramafic bodies are docu-

mented in the area. Olivine might also indicate the location

of layered mafic-ultramafic intrusive rocks (Steenkamp et

al., 2014; St-Onge et al., 2015).

The maximum amount of pyrope garnets observed is 28

grains, of which 80% are in the 0.25 and 0.5 mm size frac-

tion and 20% are in the 0.5 and 2 mm size fraction. At nine

stations, more than one pyrope grain was observed, and at

two stations over 20 pyrope grains were observed (Fig-

ure 8). Pyrope garnets were found in glaciofluvial sedi-

ments west of the Chidliak diamondiferous kimberlite

field, possibly extending the area where kimberlite poten-

tial is previously known. Only a few chrome-diopsides

were found, with five at one station and six stations with

one or more grains (Figure 8). One sample contained one il-

menite grain and one sample contained one chromite grain

(Figure 8). According to ice-flow data and known KIM

data (Clements et al., 2009), most KIMs from the vicinity of

the Chidliak diamondiferous kimberlite field area were

probably transported toward the north or the northeast. In
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Figure 9: Distribution of various minerals grains, from the heavy mineral fraction (normalized to 10 kg table feed) of till, till
mixed with regolith, regolith and glaciofluvial sediment samples, Hall Peninsula, Nunavut. Glaciofluvial sediment samples
are indicated by blue squares



areas of regolith and till mixed with regolith, the transport

of KIMs was done by weak, elusive glacial processes,

likely to be oriented in various different directions, includ-

ing to the south (Johnson et al., 2013). However, as men-

tioned in the previous section, in the cold-based zone, col-

luvial, glaciofluvial and glaciolacustrine processes most

likely account for an important part of the displacement of

KIMs from their original kimberlite emplacement.

Grains indicative of gemstone potential, including ruby and

sapphire, were found in two different heavy mineral sam-

ples, with one grain per sample. In addition, there were

three samples with one sapphirine each (Figure 9). They in-

dicate a modest potential for gemstone exploration on Hall

Peninsula. Gahnite (up to one grain for five samples) and

sperrylite (up to three grains for six samples) are found in

the map area (Figure 9). The occurrence of sperrylite indi-

cates some potential for platinum-group elements (PGE;

McClenaghan and Cabri, 2011); however, it does not match

exactly the location of Pt and Pd geochemical anomalies.

The PGEs could potentially be associated with layered

mafic-ultramafic intrusive rocks. The presence of gahnite

might indicate the presence of metamorphosed massive

sulphides (Averill, 2001), which could occur in the Paleo-

proterozoic supracrustal sequence. High concentrations of

gahnite, sperrylite and gold grains in some surficial sedi-

ment samples on Hall Peninsula were reported by Peregrine

Diamonds Ltd. (2010).

The sedimentology and geochemistry database provides a

useful source of information for infrastructure develop-

ment and environmental baseline studies on Hall Penin-

sula. Grain-size information on the surficial sediments will

provide important information for assessing potential

ground instability linked with permafrost. For example,

fine-grained sediments are prone to having higher ice con-

tents, the melting of which could potentially lead to ground

disturbance once roads or buildings are installed. Grain-

size analyses indicate that regolith, some tills and glacio-

lacustrine sediments tend to have higher clay content than

the other types of sediments (Figure 2). Oppositely, glacio-

fluvial sediments and some tills have higher sand concen-

tration compared with other tills or regolith. In addition, the

238 geochemistry samples provide a good regional back-

ground level for 66 elements applicable to environmental

studies.
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