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FOREWORD

The Geo-mapping for Energy and Minerals (GEM) program laid down the foundation for sustainable
economic development in the North. The Program provided modern public geoscience that will set the
stage for long-term decision making related to investment in responsible resource development.
Geoscience knowledge produced by GEM supports evidence-based exploration for new energy and
mineral resources and enables northern communities to make informed decisions about their land,
economy and society. Building upon the success of its first five-years, GEM was renewed until 2020 to
continue the production of new, publicly available, regional-scale geoscience knowledge on Canada’s
North.

The Cretaceous volcanic terrain exposed in the east-central Sverdrup Basin, known as the Canadian
portion of the High Arctic Large Igneous Province (HALIP), was the focus of an activity approved for
the second phase of NRCan’s Geo-Mapping for Energy and Minerals Program (Western Arctic Region
Project). The main objective of the HALIP Activity was to test the hypothesis that areas on Axel
Heiberg Island and northern Ellesmere Island have high potential for Ni-Cu-PGE deposits (Figure 1).
Specific activities included (1) detailed mapping of sills and dykes not included in current 1:250 000
scale geological maps; (2) the collection of samples for mineralogical and geochemical studies; (3) the
development of geological models and a regional stratigraphic and structural framework to identify
volcanic-intrusive complexes that could host nickel sulphide deposits; and (4) the transfer of data,
maps and knowledge to decision-makers and stakeholders in northern communities, government, and
industry.

Mineral Prospectivity of the HALIP

The HALIP consists of volcanic rocks and associated intrusive rocks of Cretaceous age occurring in
the Canadian Arctic Archipelago, Franz Josef Land (Russia), Svalbard (Norway) and the Barents Sea
(Ernst, 2014). Portions of the HALIP occurring in Canada’s Arctic Archipelago (Figure 2) are
prospective for magmatic Ni-Cu-PGE (platinum group element) mineralization, based on geochemical
evidence (Jowitt et al., 2014) and similarities to world class mining camps such as Norils’k-Talnakh,
Russia (Williamson and MacRae, 2015).

This report contains databases of geochemical and mineralogical data acquired during regional stream
sediment surveys carried out on central Axel Heiberg Island. The datasets provide additional constraints
to existing studies on the regional-scale mineral prospectivity of the HALIP on Axel Heiberg Island and
northern Ellesmere Island (Saumur et al., 2016; McNeil et al., 2017, 2018; Williamson et al., 2016,
2017; Wilton et al., 2017, 2019).
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Figure 1. Regional map of the GEM 2 activities (2014-2017) showing the area covered by the Western Arctic Region
Project. The area covered by the HALIP activity (red dotted line) includes Axel Heiberg Island and northern Ellesmere
Islands, Nunavut.
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Figure 2. Map of the circum-Arctic region (from Williamson, 2015). Areas in orange show the general distribution of
exposures of the HALIP (after Jowitt et al., 2014). The extent of the intrusive rocks in the Canadian HALIP matches the
outline of the Sverdrup Basin shown by a black dotted line. The simplified pattern of the Queen Elizabeth Island dyke swarm
(QEI) and the Surprise Fiord dyke swarm (SF) are illustrated by thick red lines (after Buchan and Ernst, 2006). The crustal
thickness of the submarine portion of the High Arctic is after Alvey et al. (2008). The crustal structure highlights the
geometry of submarine features of the Arctic Ocean: AR — Alpha Ridge; MR — Mendeleev Ridge; LR — Lomonosov Ridge;

NR — Nansen Ridge.



ABSTRACT

We report the results of a stream sediment and water study that was carried out as part of the GEM2
Western Arctic Region Project’s HALIP activity in Canada’s Arctic Islands. The survey was
complementary to bedrock mapping in three areas of central Axel Heiberg Island, Nunavut. The
objective of the study was to use regional drainage sediment and water to evaluate the mineral potential
in these areas. This activity was part of a larger project, undertaken to evaluate mineral potential of the
High Arctic Large Igneous Province (HALIP). It also expanded the drainage coverage from the original
study conducted in 2013 in the East Fiord area of western Axel Heiberg Island that provided promising
results.

Stream silt and water samples were collected from 72 sites. At 32 of these sites, bulk sediment samples
were collected for the heavy mineral concentrate (HMC) component in the <2 mm fraction. Silt and
water samples were analysed by ICP-MS and ICP-ES as well as for carbon content. Water samples
were also submitted for alkalinity, anions by ion-chromatography and in situ physico-chemical
measurements. Bulk sediment samples were processed and the resulting HMC samples were picked for
indicator minerals of various deposit types. Sampling and analytical techniques followed established
NGR methodologies, ensuring data compatibility with the NGR database. Although limited in scope,
the study yielded a second drainage dataset for the northernmost part of Nunavut.

Stream sediment surveys carried out in the Lightfoot River and Geodetic Hills areas of Axel Heiberg
Island do not show any clear evidence of mineralization. The most promising geochemical and mineral
data resulted from a survey in the Expedition Fiord area. We highlight some of the results in a pilot
mineralogical study of the Heavy Mineral Concentrates (HMC) using the MLA-SEM technique. A
comparison of data for the East Fiord (2013) and Expedition Fiord (2015) areas highlights the presence
of sulphides in the HMCs as well as other similarities in the geological setting. Notable differences in
water, silt and HMC composition between the two areas are not well understood, and require further
research on (1) the age, composition and volume of mafic intrusions in the two areas; (2) the extent of
mechanical mixing between igneous and evaporite rocks in proximity to diapirs; (3) compositional
variations in streams with distance from glaciers; and (4) the role of conduits for fluid flow in the wall-
and-basin evaporite structures in the Strand Fiord-Expedition Fiord area.



INTRODUCTION

Stream sediment and water sampling programs such as the Geological Survey of Canada’s (GSC)
National Geochemical Reconnaissance (NGR) program (Friske, 1991) were established to acquire
systematic mineralogical and geochemical data as indicators of regional mineral prospectivity. The
principal assumption in orientation surveys of this type is that the sediment chemistry and mineralogy
reflect the bedrock and surficial geology of the catchment area upstream from the sample site. In the
absence of mineralization, the sediment geochemistry reflects background element concentrations
typical of the source bedrock. The presence of mineralized bedrock will be revealed by locally elevated
metal and/or indicator mineral contents in sediment. Heavy mineral concentrates are typically composed
of key indicator minerals that indicate the presence of a specific type of mineralization, alteration or
lithology (McClenaghan, 2005).

Axel Heiberg Island is located within the High Arctic Large Igneous Province (HALIP), which is
comprised of widespread mafic Cretaceous intrusive and extrusive igneous rocks emplaced in the
Sverdrup Basin, a rift basin that contains a thick succession of marine and non-marine clastic rocks
(Embry and Beauchamp, 2019; Figure 3). On Axel Heiberg Island, all the lava flows analysed to date
are tholeiitic. However, the composition of sills and dykes in subvolcanic complexes varies from mafic
to intermediate (e.g. Williamson et al., 2016).
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Figure 3. Simplified geological map of the Canadian Arctic Islands showing the location of the study area on Axel Heiberg
Island (contributed by J.C. Harrison).



In this report, we present the results of a regional-scale drainage survey carried out in areas with distinct
geological settings: Area 1, Lightfoot River; Area 2, Geodetic Hills; and Area 3, Expedition Fiord
(Figure 4). We also include preliminary results of a quantitative mineralogical study of the Heavy
Mineral Concentrates (HMC) from the survey in Area 3. The MLA-SEM technique provides a
quantitative measurement of mineral phases present in each type of sample. The overall objective was
to expand the initial 2013 study by acquiring several regional datasets that could then be integrated with
the results of new bedrock mapping and geochemical analysis of HALIP igneous rocks from other parts
of Axel Heiberg Island and western Ellesmere Island.
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Figure 4. Map of Axel Heiberg Island, Nunavut, with the survey areas highlighted in red for data presented in this report as
well as a red circle for site 560A 2015 1034 that did not fit in an area.



SAMPLING LOCALITIES

The rationale for selecting the three areas described below was to carry out additional geochemical
surveys in as wide a variety of geological settings as possible.

Area 1: Lightfoot River Dyke Swarm

Previous studies of the Lightfoot River dyke swarm suggest that the dykes consist of gabbroic igneous
rocks emplaced during the first phase of the HALIP at ~ 125 Ma (Jowitt et al., 2014). The area was
selected for the drainage survey to investigate the potential input of widespread HALIP intrusions on
the mineralogy and geochemistry of sediments and waters (Figure 5) without the influence and
structural controls associated with evaporite structures. A total of 28 sites were sampled, covering an
area of approximately 600 km?. Additional bulk sediment samples for the recovery of heavy minerals
were acquired at 12 sites (Figure 6, 7).

Area 2: Geodetic Hills

The Geodetic Hills area is characterized by the presence of evaporites in diapirs sourced from the
Carboniferous Otto Fiord Formation. Evaporite structures intrude Cretaceous to Triassic sedimentary
successions and are intersected by multiple fault structures such as the major NW-SE trending Stolz
Thrust Fault (Figure 8). The rationale for selecting Geodetic Hills for a drainage survey was to
investigate the potential combined effect(s) of evaporite diapirs and faulting on mineral prospectivity.
A total of 16 sites, covering an area of approximately 300 km?, were targeted for the collection of
sediment and water samples of which nine sites have an additional bulk sediment sample for the recovery
of heavy minerals.

Area 3: Expedition Fiord

The bedrock geology of the Strand Fiord-Expedition Fiord region is more complex than in the other two
survey areas. The geology of this area is dominated by Triassic through Lower Cretaceous mudrocks
and coarse clastic rocks intruded by HALIP volcanic and intrusive rocks, and overlain by Late
Cretaceous through Eocene sediments (Figure 9). Regional anticlines, which formed during the
Paleogene Eurekan Orogeny, trend north on a regular ~20 km wavelength and probably detach from the
autochthonous evaporates sourced in the Carboniferous Otto Fiord Formation (Harrison and Jackson,
2011). A massive sulphide occurrence first reported by industry geologists (Goddard, 2010) and
recently investigated by Williamson et al. (2016) and Wilton et. al. (2019) is located near Between Lake
in the White Glacier Basin (1018, 1019, Figure 9). The rationale for selecting this area for a drainage
survey was to evaluate base metal prospectivity on a regional scale in an area characterized by complex
geology including evaporites and igneous rock and structures. A total of 27 sites covering an area of
approximately 650 km? were visited for the collection of sediment and water samples of which 10 sites
have an additional bulk sediment sample extracted for the recovery of heavy minerals.
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Figure 6. Sample location map of the Lightfoot River area. The Lightfoot River study area, located E-NE of the Bukken
River headwaters has a plateau like landscape with sharply incised valleys. It is characterized by the absence of evaporitic
diapirs, the predominance of shales, limestones and siltstones of the Blaa Mountain Formation, shale and siltstone of the
Blind Fiord Formation, the late Triassic/Early Jurassic Heiberg sandstone, siltstone Formation and the presence of the
Lightfoot River dyke swarm (Figure 5). See Figure 7 for a legend of geological units.



PALEOGENE
Paleogene and Eocene
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Medium to dark grey shale; minor sandstone, quartz arenite; minor coal

Medium to dark grey shale

Medium to dark grey shale; minor sandstone, quartz arenite; minor eoal
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Late Cretaceous

Kanguk
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Early and Late Cretaceous
Hassel Group
Strand Fiord

Bastion Ridge
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Queen Elizabeth
swarm

0066

Early Cretaceous
Christopher Group

Macdougall Pt. member

Invincible Pt. member,
Junction beds

Invincible Pt member
Christopher

Isachsen

0600060

Sandstone, quartz arenite, fine- to medium grained; minor siltstone,
shale and coal

Sandstone, quariz arenite, fine- to medium-grained; miner siltstane,
shale and ironstone

Dark coloured shale, minor sandstone, siltstone and mudstone

Dark grey to black mafic flows and pyroclastic rocks; weathering red;
minor coal, shale and conglomerate

Dark grey silty shale; minor siltstone; minor sandistone; minor ironstone
and voleaniclastic sandstone.

fine- o caarse-g
local mafic volcanic flows

:d; siltstone; minor shale;

Gabbro; minor granitoid and hybrid rocks, diabase

Dark grey to brownish black shale, minor limestone concretions
volcaniclastic sandstone
Grey to greenish grey sandstone, feldspathic quartz arenite; siltstone:

Dark greenish grey and brownish grey shale, grading upwards to lesser
local i

Dark coloured shale, minor siltstone, sandstone and mudstone

Sandstone, minor shale, silistone and conglomerate

JURASSIC AND CRETACEQUS

Late Jurassic and Early Cretaceous

Deer Bay
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Late Jurassic

Awingak

Dark coloured shale, minor siltstone, sandstone and mudstone

Sandstone, partly shaly; local coal

JURASSIC AND CRETACEOUS
Early Jurassic to Early Cretaceous

Savik

Savik

Awingak Formation: Sandstone, siltstone, minor shale;
Savik Formation: sandstone, dark coloured shale, siltstone,;
Borden Island Formation: sandstone

Jamesen Bay formation: medium to dark grey shale and siltstone;
red weathering ironstone nodules;

Sandy Paint formation: thin ledge of very fine to fine grained, burrawed
sandstone with ironstone

TRIASSIC AND JURASSIC

Late Triassic and Early Jurassic

Heiberg

TRIASIC
Middle and Late Triassic
Blaa Mountain Group

Barrow

Gore Point
Hoyle Bay
Murray Harbour

Blaa Mountain

8600e

Early Triassic

Blind Fiord
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Guadalupian
Sabine Bay Group

Trold Fiord
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Cisularian
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Great Bear Cape

Sandstone, siltstone; minor shale

Medium to dark grey shale and siltstone

Medium to dark grey limestone; medium grey, brown weathering,
calcareous siltstone with minor shale

Medium to dark grey shale and siltstone, very fine to fine grained
sandstone

Gravel, sand and mud

Dark coloured shale,siltstone, light grey calcareous siltstone; minor
sandstone

Siltstone; minor shale, sandstone and conglomerate

Siltstone, sandstone; miner bioclastic limestane, conglomerate
and chert

Light coloured limestone and chert

Basalt fiaws, minor pyraclastic rocks
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CARBONIFEROUS AND PERMIAN

Hare Fiord
Trappers Cove

Nansen

00

CARBONIFEROUS
Otto Fiord

Otto Fiord

Dark grey to black shale and chert; minor limestone

Light coloured limestene, minor sandstone, siltstone and shale

Anhydrite, gypsum, minor limestone and shale

Gypsum, with included blocks and masses of anhydrite, dolomite
and limestone

Figure 7. Geological legend for figures 6, 8 and 9.

Modified from Harrison et al. (2015a, 2015b, 2015c).
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Figure 8. Sample location map of the Geodetic Hills area. The Geodetic Hills area is located west of Gibs Fiord and
bordering the Miiller Ice Cap has large anastomosing drainages flowing into wide peneplains. It is characterized by the
presence of evaporite diapirs intruding Cretaceous and Triassic sedimentary successions as well as multiple fault structures
such as the major NW-SE trending Stolz Thrust Fault. The rationale for selecting Geodetic Hills for a drainage survey was
to investigate the combined effect(s) of evaporite diapirs and faulting on mineral prospectivity. See Figure 7 for a legend of
geological units.
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Figure 9. Sample location map of the Expedition Fiord area illustrating the bedrock geology (after Harrison et al., 2015a,
2015b, 2015¢c). The Expedition Fiord area located in central Axel Heiberg Island covers the north side of Expedition Fiord
and the Kanguk Peninsula. The Strand Fiord-Expedition Fiord region is dominated by regional anticlines, which formed
during the Paleogene Eurekan Orogeny, trend roughly north on a regular ~20 km wavelength and probably detach on
autochthonous evaporate structures sourced in the Carboniferous Otto Fiord Formation. The northeast part of Expedition
Fiord borders the Muller Ice Cap and the area generally has a landscape of steep, short drainages. The rationale for selecting
this area for a drainage survey was to better understand the relative roles of igneous bedrock, evaporite diapirs and glaciers
on the proportions of stream indicator minerals with implications for regional mineral prospectivity. See Figure 7 for a legend
of geological units.
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FIELD METHODS
Stream Water

Stream water and sediment were collected at each site. Bulk sediment samples collected for the heavy
mineral concentrate (HMC) component in the <2 mm fraction were only acquired at selected sites. In
total, 72 samples were collected from drainage systems in three areas described above. Figure 10
illustrates the equipment used for collection of stream sediment and water samples, and field data.
Each set of water samples was comprised of three bottles:
g

1- Filtered and Acidified (FA),

2- Unfiltered and Acidifed (UA)

3- Filtered and Unacidified (FU)

On-site, 60 ml of water was collected by filling the syringe from the active part of the stream channel
(Figure 11). The water was filtered through a single-use Millipore Sterivex-HV® 0.45 um filter unit
attached to a 60 ml sterile plastic syringe into each of the triple rinsed FA and FU 60 ml Nalgene®
bottles (Figure 12). The UA bottle was filled with 60 ml of unfiltered water. The FA and UA samples
were also preserved by acidifying to 0.4% with high-purity 8M HNO;.

The FA and the UA samples were collected for trace and major element analysis by inductively coupled
plasma mass spectrometry and emission spectrometry (ICP-MS and ES). All water samples were
analysed at the GSC Inorganic Geochemistry Research Laboratory for trace metals, major cations and
anions. The FU samples were analysed for anions, alkalinity and dissolved organic carbon (DOC). In
situ water measurements were also collected for temperature, pH, Eh, conductivity and dissolved oxygen
using a YSI Pro Plus® multi-probe meter. See Appendix A for a full description of Sampling Methods
and Analytical Procedures.

Sediment
Stream Silt Sediment (<177 um)

After collection of the water sample, care was taken to ensure active fluvial sediment was collected into
a spun-bonded polyester fabric bag from first and second order streams (Figure 13A). The sediment
represents fine-textured, sandy-silty-clayey, bed load material from relatively low energy fluvial
environment. The sediments were collected by hand from several points in the active channel while
moving upstream, typically over a distance of 5 to 15 m, to produce a representative composite sample
of the drainage basin.

Bulk Stream Sediments (For Heavy Mineral Concentrates)

The ideal site for collecting bulk stream sediment, to be processed for a heavy mineral concentrate
fraction, is a reasonably well-sorted, high-energy, mid-channel depositional environment where a
generous amount of gravel allows the entire sample to be taken from the same hole dug into the
streambed. Over the course of the field campaign, samples were collected from a variety of
environments including large gravel bars (longitudinal, transverse and point bars) in rivers, boulder
traps, and tiny pools of sediment in rocky narrow streams. Where possible, the upstream head of active
longitudinal bars was preferentially selected.
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Roughly 12—15 kg of <2 mm stream sediment was collected by wet-sieving stream material on site into
a 20 litre (5 gallon) pail lined with a pre-labeled, heavy duty polyethylene bag measuring 46x61 cm
(18x24 inches, 4 Mil) (Figure 13B). The bag was securely closed with a coloured cable-tie. The sample
was then placed into a second polyethylene bag for greater protection and securely closed with a second
coloured cable-tie looped through a Tyvek tag pre-labeled with the sample number. At the end of each
day, samples were catalogued and packed into 20 1 (5 gallon) pails for direct shipping to Overburden
Drilling Management Inc. where they underwent processing and analysis.

Figure 10. Samples collected and field equipment used at a typical bulk stream sediment and water site. [1] tablet used for
field data capture; [2] multi-parameter water meter; [3] 2 x 60 ml water samples; [4] silt sediment sample (~1 kg); [5] bulk
sediment sample (~15 kg of <2 mm); [6] shovel; [7] 10 mesh (2 mm) sieve; [8] gold pan; [9] 5 gallon pail.
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Figure 11. Filtering water sample with a 0.45 pm filter into a 60 ml HDPE bottle.

Figure 12. Equipment used for filtering stream water samples on site. A) 60 ml Nalgene® bottles B) 60 ml syringe and C)
Millipore® 0.45 pm capsule filter.
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Figure 13. A. Approximately 1 kg of wet silt and clay is collected from lower energy part of streams into a cloth bag.
B. Approximately 12-15 kg bulk sediment for heavy minerals is collected by wet sieving with a 2 mm mesh sieve in higher
energy part of streams into large plastic bags.

Data Collection

Site locations, field observations, stream water physico-chemical measurements, sample type, and any
more specific comments were recorded on a digital field card using a digital tablet at each sampling
station. The field card (Figure 14), was adapted from the stream sediment and water survey field data
collection card developed by Garrett (1974) for the GSC National Geochemical Reconnaissance
program and converted to a digital format to be used with a tablet in-situ.

16



NGR Stream Sediment and Water Field Data

. a Re|
Project Name Stream Site ID NTS Stat
Resampled Site ID Latitude NAD83 Longitude NAD83 Elevation
[l [ | HEEEEER NN
Width  Depth Date Time Name of Samplers
N{FTFD{S | WETERS | n+v ‘ MONTH VF}AR ‘ START EfD | |
GENERAL STREAM SOURCE(S)  WATER CLARITY SLOPE OF BANK STREAM BED
PHYSIOGRAPHY ] Ground _| cloar (ol v CONPOSITION STREAM WATER MEASUREMENTS
] Mountainous u SpringMelt _l Partially Gloudy | sioped _| 1 Boulders Temperature
_—I Hilly | Glacier _1 ciougy [ vertical _] 1 Cobbles °c
1 Pain 1 Recent Rain [ Undercut _| — Pabbles :
1 Peneplain ] Unknown STREAMELOW, BANK PRECIPITATE — sanc pH ORP
] swamp [ stagnant e Yes T —| sit& Clay <
STREAM CLASS ] stow v —1 organics b "
SURFACE Primary Moderate b ..
EXPRESSION - U —— STREAM SEDIMENT Conductivity
1 Secondary ] Fast BOTTOM PRECIPITATE COMPOSITION
[] Hummocky nSfem
| Inclined ] ey L Torrenta o s ‘—I Sand %
[T Bt _1 Quaternary VEGETATION b Sill & Clay % Total Dissolved Salids
1 Undefined — Organics % ppm
DRAINAGE PATTERN 1] ieerersie STREAMSEDIMENT
STREAM TYPE [ Deciduous i i Samples Collected Salinity
H :a”d”“: |l Permanent 1 Mixed v ¥ Sediment / Vegetation -
erringbone "
[ Rectiinear L] intermitart L Grass CONTAMINATION(S) (] sit¢ss)
L Trelis ] Re-emergent H Bog :Il None |__| Bulk Sediment (BS) Dissolved Oxygen Content
] undefined Other Possible |__| Suspensate (SU)
| Poor 1 Probable PR
= || Vegetation (VG)
|_] Discontinuous SITE BANK TYPE(S) 1 Definite —
|1 Closed DRAINAGE ] Aluvium F_1 Mining Other 3
L] el 0 colwium L ndustry —
CHANNEL PATTERN | Moderate 1 F_| Agriculture |_| Fiterediagidified (FA} ¥ )
[_] straignt [ poor [_] cutwash '3 Domestic [__] Unfiltered fUnacidified () NTU
Meand (] Bare Rock r Forestry Filtered fied (F
1 Eén ering WATER COLOUR ) it 1= sum [_] Fittered / Unacidified (FU) Colour
|_] Braided _] Colourless 0 Asisiree [ Mercury (Hg)
Organic cu
[_] Anastomosing —————
] other Other

Bulk Stream Sediment Stream Bed
[Heavy Mineral Concentrate (HMC)] Profile Measurements

HMC SITE CLAST LITHOLOGY(IES) Distance Depth Flow Distance Depth Flow
] Longituinal Bar (mj {m) (misec) (m) {m) {misec)
%
Transverse Bar i
:I : 0.0 0.5
__| Point Bar o4
__| Diagonal Bar 1.0 15
"_] Boulder Trap % 20 25
Log Trap o
- : _ & 3.0 35
_| Vegetation Trap
__| Bedrock Step —_— ® 4.0 4.5
—| Pool 5.0 55
__| Gravel Veneer BEDROCK EXPOSED
__| Stream Bed _Ino Yes D 6:0 6tS
"] Beaver Dam "‘." 7.0 7.5
HMC SITE BT e— 8.0 85
COMPOSITION 9.0 95
Cohbles %
9 BOULDERS PRESENT 10.0
Pebbles % Dl ves ] Total Width {m}):
Sand % 9 B
Silt %
Clay % —— COMMENTS:
Organics %
CiReTSiARE SITE RATING
’:l Good
%
Rounded |__| Good to Moderate
i a
Sub-Angular %% I_I Woderate
Angular % [_] Moderate to Poor
Platy/Flat % ’:l Poor

Figure 14. Field data card adapted from Garrett (1974) to be used in digital format on portable field tablets.
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ANALYTICAL PROCEDURES
The analytical procedures are described in Appendix A for water, silt and heavy mineral fractions.
FIELD PHOTOGRAPHS

Field photographs of the sampling sites are included with this report and available in Appendix B. At
each site, two photos were taken, a panoramic view and a close up view of the sampling site. The photos
are labeled with the site ID followed by the mention “Site” for the large upstream view and “Detail” for
the close up view of the sampling site.

QUANTITATIVE MODAL MINERALOGY OF HMCs, EXPEDITION FIORD

The results for Areas 1 and 2 will be discussed in a separate publication. For the purposes of this report,
we highlight a pilot study of the HMCs in Area 3, Expedition Fiord.

The geology of the Expedition Fiord area exhibits a complex and unique fold interference pattern known
as wall-and-basin (WAB) structure. The WAB structural pattern results from a combination of salt
tectonics coeval with sedimentation and volcanism within the Sverdrup Basin, and subsequent
shortening during the Eurekan Orogeny (Jackson & Harrison, 2006; Harrison & Jackson, 2014). This
fold interference pattern exerts a first order control on the geomorphology of the area as plateaus and
ridges tend to consist of either physically resistant HALIP lava flows or sills and, to a lesser extent,
quartz-rich sandstone units of the Isachsen Formation. Rivers and their valleys exploit physically weak,
fine-grained siliciclastic units.

A total of ten bulk stream sediment samples were collected in the Expedition Fiord area (Figure 9).
Each sample was wet-sieved on site to <2 mm and then processed and refined into various non-magnetic
heavy mineral fractions (>3.2 specific gravity). From the resulting <0.25mm non-magnetic HMC
fraction, the samples are further refined following the methodology of Wilton and Winter (2012) to
recover the 125 to 180 um fraction for mounting in epoxy pucks for SEM-MLA analysis. The MLA-
SEM consists of a fast SEM and associated sophisticated MLA software that allows the Energy
Dispersive X-ray (EDX) component of the SEM to quantitatively define the abundance, association,
size and shape of minerals in an automated, systematic fashion (Wilton et al. 2017; Wilton and Winter
2012).

RESULTS

The samples consist of two groups based on their broad geographic locations: Expedition Fiord and
Kanguk Peninsula. These groups also correlate with distinct mineral-assemblages identified by MLA-
SEM analysis. The Expedition Fiord group consists of samples 1018, 1020, 1023, 1026 and 1031,
located on the North side of Expedition Fiord. Sampling sites 1020 and 1018 are closest to White
Glacier, with 1018 located ~100 m downstream from the Between Lake showing (Figure 15A).
Samples from the second group, 1033, 1037, 1040, 1044 and 1048, are primarily located on the Kanguk
Peninsula between Expedition Fiord and Strand Fiord.

Figures 16A and 16B illustrate the average value, in area percent, of the top seven mineral phases in
the samples from both areas. These top mineral phases constitute 68% and 67% of the Expedition Fiord
and Kanguk Peninsula groups, respectively. The main mineral assemblage of the Exploration Fiord
group is clinopyroxene-pyrite-ilmenite with augite as is the primary mineral phase comprising 30.9% of
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the sample, pyrite 16.7% and ilmenite 9.2%. Hornblende, oxidized pyrite, siderite and tourmaline
account for the other top minerals (See Appendix D for a full account of the mineralogy). The main
mineral assemblage in the Kanguk Peninsula samples as identified by the SEM-MLA is pyrite, oxidized
pyrite, siderite and tourmaline. Pyrite is the primary mineral phase comprising 37.4% of the sample
mineralogy, oxidized pyrite 8.0%, tourmaline 6.9% and siderite 5.9%. Various other minerals (e.g.,
augite, ilmenite, hornblende) constitute the remaining top mineral phases.

@ HVC, Expedition F. Group

79°30'0"N—f SELECTED GEOLOGY
' 2

79°20'0""

Figure 15. Location of bulk sediment heavy mineral concentrate (HMC) samples illustrated in Figure 16 and discussed in
the text. Topographic contours indicate 20 m intervals. Bedrock geology is interpreted from new GEM 2 - HALIP
fieldwork, SPOT 7 imagery and after Harrison and Jackson (2011). Figure 1 of Wilton et al. (2019), unedited.

ED, Expedition Diapir; CD, Colour Diapir; HD, Hidden Diapir; LM, Little Matterhorn.
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Figure 16. Pie charts illustrating the top eight mineral phases identified by SEM-MLA in the 125 pum to 180 um fraction in
the bulk sediment heavy mineral concentrates sampled in A. the Expedition Fiord area, and B. the Kanguk Peninsula area.
The data are presented as a percent average area of each mineral phase from the five samples in each area. C. and D. illustrate
mineral phases from sites near the Between Lake Showing, by percent average area: C. sampling site 1018 and D. sampling
site 1020 (Figure 15).

Essentially, the two groups reflect the bedrock lithologies of each area through which the streams
flowed. The Kanguk Peninsula Heavy Mineral Concentrates (HMC) contain much more sulphide as
pyrite and oxidized pyrite than do the Expedition Fiord samples. Therefore, it must be assumed that the
Isachsen Formation basalt and sedimentary rocks, Strand Fiord basalts, and (?) evaporites contain more
pyrite than the intrusive rocks exposed in the Expedition Fiord area.

Near the Between Lake showing (Figure 15A), heavy mineral concentrates from sites 1018 and 1020
(Figures 16C and 16D) have a similar main mineral assemblage of clinopyroxene-ilmenite-hornblende
but with greater contents than the other Expedition Fiord samples (Figure 16A). Notably, they differ
from all other samples by their very low pyrite abundances, which only constitute 3.4% and 1.9% in
samples 1018 and 1020, respectively, compared to an average 16.7% in the Expedition group and 37.4%
in the Kanguk Peninsula group.

Sulphide Content

Sulphides other than pyrite, including sphalerite, chalcopyrite, galena and pyrrhotite, are minor
components, constituting on average only 0.9% of the mineral area in the heavy mineral concentrates.
Aside from pyrite, pyrrhotite is the main primary sulfide present at all sites except 1018 (near Between
Lake), varying between 0.05% and 1.71%, followed by sphalerite, chalcopyrite and galena. Galena
overall does not have a significant presence; the largest galena area was 0.04% from site 1018.
Interestingly, site 1018 exhibits very little sulphide, accounting for only 0.26% of the sample, actually
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representing the lowest content for all ten sites examined in this study. The maximum value (1.88%)
was obtained from site 1040 on Kanguk Peninsula (Figure 16B).

Pyrite grains, as seen in the electron micrographs (Figures 17 A-C), typically exhibit framboidal
textures with various levels of oxidation. The MLA-SEM cannot distinguish between marcasite and
pyrite, and though marcasite typically has a concretionary form, the FeS phases in many samples are
definitely framboidal pyrite. Sphalerite, barite, and chalcopyrite occur as infill within framboidal
spherules, particularly in the Kanguk Peninsula samples. The presence of intergranular barite suggests
that the framboidal pyrite may have been derived from evaporites. Other minerals of interest identified
by SEM-MLA include pentlandite with chalcopyrite at site 1018, presumably derived from the Rotten
Rock Ridge gabbroic to diabasic sills, and a solitary cobaltite inclusion in quartz-albite (Figures 17 D
and E).

Figure 17. A-C. Back Scatter Electron (BSE) images of typical framboidal pyrite grains in stream sediment Heavy Mineral
Concentrate (HMC). A. Sample 59H 2015 1040 sphalerite (white) intergranular to pyrite framboids. B. Sample
59H 2015 1044 chalcopyrite (white) intergranular to pyrite framboids. C. Sample 59H 2015 1037 barite (white) in pyrite
framboids. D-E. Sample from site 1018, BSE images of possible orthomagmatic sulphide minerals in sample 1018 HMC.
D. Minute cobaltite (white) grain in quartz and mixed clay minerals. E. Pentlandite (Pn) and chalcopyrite (Cpy) in pyrite
grain. Note scale bars (in pm) in the lower right corner of each image.
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DISCUSSION

Bulk sampling for HMCs in streams is a proven method of evaluating the mineral potential of an area.
Heavy mineral concentrates are typically composed of key indicator minerals that indicate the presence
of a specific type of mineralization, alteration or lithology (McClenaghan, 2005). Figure 18 shows the
location of the sediment surveys carried out so far on Axel Heiberg Island. An important result of these
surveys is a better understanding of local controls by evaporate diapirs on the mineral potential. The
2013 survey in the East Fiord area revealed that sulphides such as chalcopyrite, sphalerite and galena
are present at all sites. There is a correlation between higher concentrations of all three minerals and
proximity to the East Fiord South and East Fiord North evaporite diapirs (McNeil et al., 2015).
Chalcopyrite and sphalerite grains show the greatest range of concentrations with maxima of > 500
grains at some sites. Figure 19 shows a selection of indicator minerals recovered from the heavy mineral
concentrates in the East Fiord area. Preserved crystal faces indicate that grains are weakly physically
eroded, suggesting that they have been transported only short distances from their source. Minerals such
as cinnabar, red rutile, pyrite and barite show a strong spatial link to the presence of the diapirs. This is
also the case in the Expedition Fiord area. Clinopyroxene (62-83% of the HMC sample) and ilmenite
(4-19% of the HMC fraction) reflect the presence of widespread HALIP intrusions that form the bedrock
in this area. Based on the results described in the previous section, we conclude that these observations
also apply to the Expedition Fiord area (Figure 16).

Figure 20 shows chalcopyrite grain counts from samples collected in the East Fiord area of Axel
Heiberg Island (McNeil et al., 2015) compared to grain counts in stream sediment samples from a similar
sedimentary-volcanic lithological package in the Mackenzie Mountains, Northwest Territories (Falck et
al., 2012, 2014). Both datasets are normalized to 100 grams of non-magnetic heavy minerals. The
number of chalcopyrite grains recovered in the East Fiord area ranks above the 98™ percentile with
respect to the 189 Mackenzie Mountains samples. The abundance of sulphide minerals recovered in the
HMCs is interpreted as an indication of their presence in the local bedrock. In both areas, voluminous
mafic igneous rocks intrude predominantly clastic sedimentary successions in a remnant large igneous
province, the HALIP (e.g. Jowitt et al., 2014; Williamson, 2017) and the Gunbarrel LIP (Sandeman et
al., 2014; Mackinder et al., 2019). However, a comparable result was not found in silt and water samples
of the East Fiord area. These differences may be attributed to the fact that at high latitudes, streams only
flow for a short period of time in the summer over perennial permafrost. The main source of water in
most catchment areas is therefore a short-lived supply of meltwater channeled in fast flowing streams.
This type of drainage combined with alkaline pH values of water measured in local streams suggests
little chemical dissolution of minerals, thereby inhibiting the transport of metals in solution. The metals
may only be mobilized a short distance before quickly precipitating out of solution as carbonate, oxide
and hydroxide minerals.

The Strand Fiord-Expedition Fiord region is dominated by regional anticlines which formed during
Eurekan Orogeny, trend north on a regular ~20 km wavelength and probably detach on the
autochthonous evaporites (Figure 21). A 60 km wide area known as the wall-and-basin (WAB) region,
has bimodal fold trends and irregular (<10 km) fold wavelengths (Van Berkel et al., 1984). The WAB
region is interpreted to detach on a shallow, partly exposed canopy of coalesced allochthonous evaporite
sheets (Harrison & Jackson, 2014). A model for salt-allochton controlled base-metal (sedex)
accumulation (e.g. Warren 2010) could explain the spatial distribution of base metal showings along the
margins of the wall-and-basin region (Williamson et al., 2017). Future work to compare stream and
bedrock mineralogy and geochemistry in this area would clarify (1) compositional variations of local
bedrock vs. hydrothermal deposits and gossans (Zentilli et al., 2019; Wilton et al., 2019); and (2) their
potential association with faults at the periphery of mapped evaporite structures.
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Figure 19. Examples of indicator minerals recovered from the heavy mineral concentrates in samples from the 2013 stream
sediment survey at East Fiord (Figure 17; McNeil et al., 2015). A. Sphalerite in the 0.5-1.0 mm fraction. B. chalcopyrite in
the 1.0-2.0 mm fraction. C. Barite in the 1.0-2.0 mm fraction. D. Andradite in the 0.5-1.0 mm.
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Figure 20. Histogram comparing the abundance of chalcopyrite grains recovered in the heavy mineral concentrates at East
Fiord (McNeil et al, 2017) with samples collected in the Mackenzie Mountains (Northwest Territories) where the local
geology also consists of intrusive rocks in the Gunbarrel LIP (Falck et al., 2012, 2014; Sandeman et al., 2014; Mackinder
etal., 2019).
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Figure 21. A. Location of base metal showings in the Strand Fiord-Expedition Fiord area (Williamson et al., 2017). See
text for explanation. MARS: McGill Arctic Research Station located in the White Glacier Basin area, head of Expedition
Fiord. B. Bedrock geology of the Strand Fiord-Expedition Fiord area showing three proxies to delineate the limits of a salt
canopy in this region. The limit of the wall-and-basin (WAB) region is shown by a red line. Modified from Harrison &
Jackson (2014).
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SUMMARY

Stream sediment surveys carried out in the Lightfoot River and Geodetic Hills areas of Axel Heiberg
Island do not show any clear evidence of mineralization. The most promising geochemical and mineral
data resulted from a survey in the Expedition Fiord area. We illustrate the prospectivity of the area in a
pilot MLA-SEM study of the Heavy Mineral Concentrates (HMC) carried out on stream sediments from
drainage systems around Expedition Fiord, near the Between Lake showing and in parts of the Kanguk
Peninsula. The samples near Between Lake, 1018 and 1020, were of particular interest because their
drainage flowed directly from an area of extensive HALIP exposure and 1018 was also located 100 m
downstream from the massive sulphide showing. The Kanguk Peninsula HMC drainage samples flowed
from areas with extensive mafic volcanic, sedimentary and evaporite bedrock. These samples were
distinct from the other Expedition Fiord samples in that they contained appreciable pyrite that mainly
consisted of grains with framboidal pyrite masses. Some the framboids locally contained chalcopyrite,
sphalerite, or barite ‘cement’. These may have been derived from either the Isachsen Formation
sedimentary rocks or the evaporites.

The remaining Expedition Fiord HMC samples consist mainly clinopyroxene with lesser pyrite. The
Between Lake samples (i.e., 1018 and 1020) contain even lower pyrite contents, ( < 3.4%). The 1018
sample contained a single micro-inclusion of pentlandite which might indicate a minor Ni content in the
upstream HALIP sills; no other nickel-bearing sulphides were detected in all the other HMC. A minute
grain of cobaltite was solely mapped in sample 1018.

A comparison of data for the East Fiord (2013) and Expedition Fiord (2015) survey areas highlights the
presence of sulphides in the HMCs as well as other similarities in the geological setting. Notable
differences in water, silt and HMC composition in both areas are not well understood and require further
research on (1) the age, composition and volume of mafic intrusions in the two areas; (2) an evaluation
of mechanical mixing between igneous and evaporate rocks; (3) compositional variations in streams
with distance from glaciers; and (4) the role of conduits for fluid flow in the wall-and-basin evaporite
structures in the Strand Fiord-Expedition Fiord area.

ACKNOWLEDGMENTS

RJIJM and MCW wish to thank the Polar Continental Shelf Program and the staff at the Eureka Arctic
Weather Station for logistics and aircraft support during fieldwork. Deidra Stacie provided assistance
during stream sediment surveys. We are grateful to Keith Dewing for comments that improved an earlier
version of the manuscript. Pierre Pelchat contributed specialized laboratory expertise of the GSC’s
Inorganic Geochemistry Research Laboratory in addition to the professional support provided by Alain
Grenier, Shauna Madore, Claudia Moore, and Miriam Wygergangs from the GSC Sedimentology Lab.
The High Arctic Large Igneous Province activity received support from the Geo-mapping for Energy
and Minerals Program’s Western Arctic Region Project within the Lands and Minerals Sector of Natural
Resources Canada.

26



REFERENCES

Alvey, A., Gaina, C., Kusznir, N.J., and Torsvik, T.H., 2008. Integrated crustal thickness mapping
and plate reconstructions for the high Arctic; Earth and Science Letters, v. 274, p. 310-321.

Buchan, K.L., and Ernst, R.E., 2006. Giant dyke swarms and the reconstruction of the Canadian
Arctic Islands, Greenland, Svalbard, and Franz Josef Land, in, Hanski, E., Mertanen, S., Rdmo, T., and
Vuollo, J.,(eds.), Dyke swarms: Time markers of crustal evolution: London, Taylor &
Francis/Balkema, p. 27-48.

Embry, A., and Beauchamp, B., 2019. Sverdrup Basin, in The Sedimentary Basins of the United States
and Canada, Elsevier B.V., p. 559-592. https://doi.org/10.1016/B978-0-444-63895-3.00014-0

Ernst, R.E. 2014. Large Igneous Provinces. Cambridge University Press.
https://doi.org/10.1017/CB0O9781139025300

Falck, H., Day, S.J.A., Pierce, K.L., Rentmeister, K., Ozyer, C.A., and Watson, D.M., 2012. A
compilation of heavy mineral concentrates; Results from stream sediment samples collected 2007-2-
010, McKenzie Mountains, NWT; Northwest Territories Geoscience Office, NWT Open Report 2012-
001. Digital files.

Falck, H., Day, S., Pierce, K.L., and Cairns, S., 2014. Geochemical, mineralogical and indicator mineral
data for stream silt sediment, heavy mineral concentrates and waters, Cranswick River area Northwest
Territories, (part of NTS 106F); Northwest Territories Geoscience Office, NWT Open Report 2014-012.

Friske, P.W.B., 1991. The application of lake sediment geochemistry in mineral exploration, Geological
Survey of Canada, Open File 2390, Exploration Geochemistry Workshop, Toronto, On, March 24-28,
440 pages. https://doi.org/10.4095/132388

Garrett, R.G., 1974. Field data acquisition methods for applied geochemical surveys at the Geological
Survey of Canada; Geological Survey of Canada, Paper 74-52.

Goddard, C., 2010. Ground geochemical and geological survey, Western Axel Heiberg Island, Nunavut,
Canada, Report of work, Vale Inco Limited, Axel Heiberg Island, 98 pages.

Harrison, J.C. and Jackson, M.P.A, 2011. Bedrock geology, Strand Fiord-Expedition Fiord, western
Axel Heiberg Island, northern Nunavut (parts of NTS 59E, F, G, and H); Geological = Survey  of
Canada, Map 2157A, 2 sheets, scale 1:125,000.

Harrison, J.C., and Jackson, M.P.A, 2014. Tectonostratigraphy and allochtonous salt tectonics of Axel
Heiberg Island, central Sverdrup Basin, Arctic Canada; Geological Survey of Canada, Bulletin 607 (also
Texas Bureau of Economic Geology Report of Investigation No. 279), 124 pp.
http://doi.org//10.4095/293840

Harrison, J.C., Lynds, T., Ford, A., Trettin, R, Thorsteinsson, R., and Mayr, U., 2015a. Geology,
Tectonic assemblage map of the Nansen Sound area, northern Axel Heiberg and western Ellesmere

islands, Nunavut; Geological Survey of Canada, Canadian Geoscience Map 26 (preliminary), scale
1:500,000. https://doi.org//10.4095/292821

27


https://doi.org/10.1016/B978-0-444-63895-3.00014-0
https://doi.org/10.1017/CBO9781139025300
https://doi.org/10.4095/132388
http://doi.org/10.4095/293840
https://doi.org/10.4095/292821

Harrison, J.C., M., Lynds, T., Ford, A., Balkwill, R., Thorsteinsson, R., Frisch, T., de Freitas, T.A. and
Kerr, J.W., 2015b. Geology, Tectonic assemblage map of Massey Sound, Amund Ringnes Island and

surrounding islands, Nunavut; Geological Survey of Canada, Canadian Geoscience Map 29
(preliminary), scale 1:500,000. doi:10.4095/292824

Harrison, J.C., Gilbert, C., Lynds, T., Ford, A., R., Thorsteinsson, R., and Okulitch, A.V., 2015c.
Geology, Tectonic assemblage map of Alexandra Fiord, central Ellesmere and eastern Axel Heiberg
islands, Nunavut; Geological Survey of Canada, Canadian Geoscience Map 30 (preliminary), scale
1:500,000. https://doi.org/10.4095/292827

Jackson, M.P.A., and Harrison, J.C., 2006. An allochthonous salt canopy on Axel Heiberg Island,
Sverdrup Basin, Arctic Canada; Geology, Vol. 34, no. 12, pp. 1045-1048.

Jowitt, S.M., Williamson, M.-C. and Ernst, R.E., 2014. Geochemistry of the 130 to 80 Ma Canadian
High Arctic Large Igneous Province (HALIP) Event and Implications for Ni-Cu-PGE; Economic
Geology, Vol. 109, no.2, p. 281-307. https://doi.org/10.2113/econgeo.109.2.281

Mackinder, A., Cousens, B.L., Ernst, R.E., and Chamberlain, K.R., 2019. Geochemical, isotopic and
U-Pb-zircon study of the central and southern portions of the 780 Ma Gunbarrel Large Igneous

Province in western Laurentia; Canadian Journal of Earth Sciences, Vol. 56, p. 738-755.
https://dx.doi.org/10.1139/cjes-2018-0083

McClenaghan, M.B., 2005. Indicator mineral methods in mineral exploration, Geochemistry:
Exploration, Environment, Analysis, Vol. 5, p. 233-245.

McNeil, R.J., Day, S.J.A., and Williamson, M.-C., 2015. Stream sediment and water geochemical study,
Axel Heiberg Island, Nunavut, Canada, in Environmental and Economic Significance of Gossans, (ed.)
M.-C. Williamson; Geological Survey of Canada, Open File 7718, p. 85-96.

McNeil, R.J., Williamson, M.-C., and Day, S.J.A. 2017. Drainage geochemistry surveys, Axel
Heiberg Island, Nunavut, in, GEM 2 High Arctic Large Igneous Province (HALIP) activity workshop
report; Williamson, M.-C., (ed); Geological Survey of Canada, Open File 8151, p. 27-33.
https://doi.org/10.4095/300707

McNeil, R.J., Day, S.J.A., and Williamson, M.-C., 2018. Geochemical, mineralogical, and indicator-
mineral data for stream silt sediment, water, and heavy-mineral concentrates, East Fiord area, western
Axel Heiberg Island, Nunavut (part of NTS 59-G); Geological Survey of Canada, Open File 7779, 1
.zip file. https://doi.org/10.4095/306606

Sandeman, H.A., Ootes, L., Cousens, B., and Kilian, T., 2014. Petrogenesis of the Gunbarrel
magmatic rocks: Homogeneous continental tholeiites associated with extension and rifting of
Neoproterozoic Laurentia; Precambrian Research, Vol, 252, p. 166-179.

Saumur, B.-M., Dewing, K., and Williamson, M.-C., 2016. Architecture of the Canadian portion of
the High Arctic Large Igneous Province and implications for magmatic Ni-Cu-PGE potential;
Canadian Journal of Earth Sciences, Vol. 53, p. 528-542. https://doi.org/10.4095/305827

Van Berkel, J.T., Schwerdtner, W.M., and Torrance, J.G., 1984. Wall-and-basin structure: an
intriguing tectonic prototype in the central Sverdrup Basin, Canadian Arctic Archipelago; Bulletin of
Canadian Petroleum Geology, Vol. 32, no. 4, pp. 343-358.

28


https://doi.org/10.4095/292827
https://doi.org/10.2113/econgeo.109.2.281
https://dx.doi.org/10.1139/cjes-2018-0083
https://doi.org/10.4095/300707
https://doi.org/10.4095/306606
https://doi.org/10.4095/305827

Warren, J.K., 2000. Evaporites, brines and base metals: low-temperature ore emplacement controlled
by evaporite diagenesis; Australian Journal of Earth Sciences, Vol. 47, p. 179-208.

Williamson, M.-C., 2015. Introduction to the HALIP Activity, in, Dewing, K. (ed.), 2015 Report of
activities for High Arctic Large Igneous Province (HALIP) — GEM2 Western Arctic Region Project;
Geological Survey of Canada, Open File 7976, p. 2-9. https://doi.org//10.4095/297367

Williamson, M.-C., and MacRae, R.A., 2015. Mineralization potential in volcanic rocks of the Strand
Fiord Formation and associated intrusions, Axel Heiberg Island, Nunavut, Canada; Geological Survey
of Canada, Open File 7981, 34 p. https://doi.org//10.4095/297365

Williamson, M.-C., Saumur, B.-M., and Evenchick, C., 2016. HALIP volcanic-intrusive complexes,
Axel Heiberg Island Nunavut, in Report of Activities for High Arctic Large Igneous Province
(HALIP) — GEM 2 Western Arctic Region Project: Bedrock Mapping and Mineral Exploration, (ed.)
M.-C. Williamson;  Geological Survey of Canada, Open File 7950, p. 14-26.
https://doi.org/10.4095/297784

Williamson, M.-C., Harrison, C., and McNeil, R.J. 2017. Origin of base metal showings associated with
evaporite diapirs and HALIP intrusive rocks, in, GEM 2 High Arctic Large Igneous Province (HALIP)
activity: workshop report, (ed.) M.-C. Williamson; Geological Survey of Canada Open File 8151. pp.
51-55. https://doi.org/10.4095/300713

Wilton, D.H.C., and Winter, L.S., 2012. SEM-MLA (Scanning Electron Microscope — Mineral
Liberation Analyzer) research on indicator minerals in till and stream sediments — an example from the

exploration for awaruite in Newfoundland and Labrador; Mineralogical Association of Canada Short
Course 42, St.John’s NL, May 2012, p. 265-284.

Wilton, D.H.C., Thompson, G.M., and Grant, D.C., 2017. The use of automated indicator
mineral analysis in the search for mineralization — A next generation drift prospecting tool;
Explore (Newsletter for the Association of Applied Geochemists), No. 174, 11 pp.

Wilton, D.H.C., Williamson, M.-C., and McNeil, R.J., 2017. Quantitative MLA-SEM modal
mineralogy of gossans and stream sediments in the HALIP: implications for economic potential, in,
GEM 2 High Arctic Large Igneous Province (HALIP) activity workshop report; Williamson, M.-C.,
(ed); Geological Survey of Canada, Open File 8151, p. 45-50. https://doi.org/10.4095/300712

Wilton, D.H.C, Saumur, B.M., Gordon, A., and Williamson, M.-C., 2019. Enigmatic massive sulphide
mineralization in the High Arctic Large Igneous Province, Nunavut, Canada; Canadian Journal of Earth
Sciences, Vol. 56, p. 790-801. https://dx.doi.org/10.1139/cjes-2018-0156

Zentilli, M., Omelon, C.R., Hanley, J., and LeFort, D., 2019. Paleo-hydrothermal predecessor to
perennial spring activity in thick permafrost in the Canadian High Arctic, and its relation to deep salt
structures: Expedition Fiord, Axel Heiberg Island, Nunavut;

Geofluids. https://doi.org//10.1155/2019/9502904

29


https://doi.org/10.4095/297367
https://doi.org/10.4095/297365
https://doi.org/10.4095/297784
https://doi.org/10.4095/300713
https://doi.org/10.4095/300712
https://dx.doi.org/10.1139/cjes-2018-0156
https://doi.org/10.1155/2019/9502904

	TABLE OF CONTENTS
	FOREWORD
	ABSTRACT
	INTRODUCTION
	SAMPLING LOCALITIES
	FIELD METHODS
	ANALYTICAL PROCEDURES
	FIELD PHOTOGRAPHS
	QUANTITATIVE MODAL MINERALOGY OF HMCs, EXPEDITION FIORD
	RESULTS
	DISCUSSION
	SUMMARY
	ACKNOWLEDGMENTS
	REFERENCES


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

    /Times-Bold

    /Times-BoldItalic

    /Times-Italic

    /Times-Roman

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.00000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.00000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



