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Abstract

The Sylvia Grinnell Lake area project is a collaborative activity between the Canada-Nunavut Geoscience Office, the Geo-

logical Survey of Canada (Geo-mapping for Energy and Minerals program), Nunavut Research Institute and Carleton Uni-

versity. The study area for summer 2015 is located north of Iqaluit, and covers 16 000 km2 over NTS map areas 25N, 26C

and F. The surficial geology results will assist the search for and development of future natural resources, and provide input

for infrastructure and environmental studies. Samples of till, stream sediment, lake sediment, stream water and lake water

were collected during the summer of 2015 and the results are expected in early 2016. Field observations on surficial sedi-

ments and geomorphological processes were documented, and will support the drafting of new 1:100 000 surficial geology

maps for the study area. Glaciodynamic settings were mapped as cold-based, intermediate cold-based and warm-based

zones from field observations and remote sensing work. The ice-flow history from the last glaciation is divided into two

broad phases, ice that flowed toward Foxe Basin, Frobisher Bay and Cumberland Sound, and ice that terminated at

terrestrial or grounded ice margins as the glaciers retreated into the highlands.

Résumé

La région du lac Sylvia Grinnell fait l’objet d’un projet de nature collaborative impliquant le Bureau géoscientifique

Canada-Nunavut, la Commission géologique du Canada (programme de géocartographie de l’énergie et des minéraux), le

Nunavut Research Institute et l’Université Carleton. La région à l’étude au cours de l’été 2015 est située au nord d’Iqaluit et

couvre 16 000 km2 des régions cartographiques 25N, 26C et F du SNRC. Les résultats des travaux géologiques de surface

entrepris devraient d’une part contribuer à rendre plus facile le processus d’exploration et de mise en valeur de ressources

naturelles futures et, d’autre part fournir les données nécessaires à la poursuite d’études sur les infrastructures et

l’environnement. Les résultats d’analyse d’échantillons de till, de sédiments fluviatiles et lacustres, et d’eau de lac et de

ruisseau recueillis au cours de l’été 2015 sont attendus au début de 2016. Les observations faites sur le terrain portant sur les

sédiments de surface et les processus géomorphologiques ont été documentés et serviront à la réalisation à l’échelle de

1/100 000 de nouvelles cartes de la géologie de surface de la région. Les milieux glaciodynamiques ont également été portés

sur carte sous forme de zones à base froide, à base froide intermédiaire et à base tempérée à partir des observations faites sur

le terrain et l’interprétation de données de télédétection. Les antécédents de l’écoulement glaciaire datant de la dernière gla-

ciation se répartissent selon deux grandes phases, d’une part la glace qui s’écoulait vers le bassin Foxe, la baie Frobisher et le

détroit de Cumberland et, d’autre part la glace qui jouxtait des marges terrestres ou de glace échouée à mesure que les gla-

ciers reculaient en direction des hautes-terres.
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Introduction

The Sylvia Grinnell Lake area project is a collaborative ac-

tivity between the Canada-Nunavut Geoscience Office, the

Geological Survey of Canada (Geo-mapping for Energy

and Minerals program), Nunavut Research Institute and

Carleton University. The Canada-Nunavut Geoscience Of-

fice (CNGO) has a mandate to promote mineral exploration

in the territory; this includes gathering baseline informa-

tion about the geochemistry and mineralogy of surficial

sediments. This baseline data will potentially help to lower

the financial risks of finding new mineral prospects by the

exploration industry. Mineral exploration, geotechnical

and aggregate resource studies require accurate surficial

geology maps and glaciodynamic interpretations. The col-

lection of baseline information about the geochemistry of

soils and water is useful, particularly for environmental

studies. This project aims to collect geochemical and min-

eralogical data for surficial sediments from an area north of

Iqaluit, on southern Baffin Island, Nunavut, where little or

no public data exists. The study area was located north of

Iqaluit, and covers 16 000 km2 over NTS map areas 25N,

26C and F (Figure 1). Currently, the publicly available sur-

ficial geology mapping is limited to a national-scale map

(Fulton, 1995) and detailed mapping of NTS 25N (Hod-

gson, 2005).

Regional setting

The topography of the area is displayed using digital eleva-

tion modelling (DEM; Natural Resources Canada, 2012;

Figure 2). The Sylvia Grinnell River valley is at ~100–

200 m asl, with steplike ridges raising up to the plateaus to-

ward the southwest (Meta Incognita plateau, up to 500–

600 m asl) and north (McKeand River plateau, adjacent to

Hall Peninsula plateau). The undulating McKeand River

plateau is the culminating elevation of the study area at

about 700 m asl (forming part of the Baffin surface [Bird,

1967]) and gently dips to the northwest to about 400 m asl

in the northern part of the study area. This plateau is dis-

sected by deep river valleys, and locally displays a well-

formed, subdendritic drainage pattern. The northeastern

parts of the study area are slightly more rugged than the pla-

teau, at about 300–500 m asl, and the western part of the

study area dips to the west toward the west Baffin lowlands

and Foxe Basin, at about 100–400 m asl. The study area’s

local vegetation is typical of the low-arctic tundra, and lies

within the continuous permafrost zone. The observed wild-

life consists of sparse caribou, fox, weasel, lemming, snow

goose, Canada goose, raven, ptarmigan and small birds

(i.e., snow bunting, piper).

The geology of the study area is made up of mainly grani-

toid rocks associated with the middle Paleoproterozoic Cum-

berland Batholith (Weller et al., 2015; the granitoid is seen

on Figure 3a), which contains screens and enclaves of meta-

sedimentary rocks, including quartzite, pelite, marble and

greywacke (Lake Harbour and Piling groups affinities).

The area has been affected by amphibolite-grade metamor-

phism and deformation associated with the Trans-Hudson

Orogen (Hoffman, 1988). Weller et al. (2015) mention the

presence of sulphide-bearing gossans and layered mafic-

ultramafic sills that may host sulphide mineralization. In

the southeastern part of study area, Paleozoic carbonate

rocks (Figure 3b; limestone, dolomitic limestone and or-

ganic-rich black shale) overlie the Paleoproterozoic rocks

(Zhang, 2012), and are bounded by either fault zones or un-

conformities between Ordovician and eroded Paleopro-

terozoic rocks (Figure 3b).

Previous surficial geology studies

There are currently no surficial geology maps for the Sylvia

Grinnell Lake area, except for the area of NTS 25N, which

was mapped at 1:100 000 scale by Hodgson (2005).

Hodgson (2005) and Manley and Miller (2001) have con-

tributed to a renewed synthesis of ice-flow chronology in

the southeastern Baffin area, and Utting et al. (2007)

drafted the ice-flow chronology for southwest Baffin Is-

land (around Foxe Peninsula). To the east of study area, fur-

ther improvements to the knowledge base on ice flow and

geomorphology have resulted from the studies from

CNGO’s Hall Peninsula project (Leblanc-Dumas et al.,

2014; Tremblay et al., 2015a, b). Numerous surficial geol-

ogy works have involved southern Baffin Island (Andrews

and Sim, 1964; Matthews, 1967; Miller, 1980, 1985; An-

drews, 1989; Utting et al., 2007; Briner et al., 2009;

Clements et al., 2009; Vickers et al., 2010; Johnson et al.,

2012; Tremblay et al., 2015a), but only a few were

conducted directly in the study area.

The study area was covered by the Laurentide Ice Sheet

during the last glaciation. During the last glacial maximum

(LGM), the ice flowed toward Hudson Strait, Frobisher

Bay and Cumberland Sound (Andrews, 1989; Manley and

Miller, 2001; Hodgson, 2005; De Angelis and Kleman,

2007). The extent of the Frobisher Bay ice flow during

LGM is not defined; some studies propose that the ice flow

extended all the way from Foxe Basin (De Angelis and

Kleman, 2007), and other studies suggest its extent was

limited to the vicinity of Frobisher Bay (Andrews, 1989;

Manley and Miller, 2001; Hodgson, 2005). Hodgson

(2005) suggests that the carbonate content of till matrix

(around 7%) north of Frobisher Bay would have been

higher if ice flow from Foxe Basin to Frobisher Bay had

been sustained during LGM. Comparatively, on Melville

Peninsula and Rae Isthmus to the northwest, the carbonate

content of till matrix is typically 25–50%, after a glacial

transport distance of approximately 100 km over Precam-

brian rocks (Dredge, 2000b). Field observations between

Amadjuak Lake, to the west of the study area, and Sylvia

Grinnell Lake could aid in understanding the history of ice

flow between Foxe Basin and Frobisher Bay.
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Figure 1: Location map of samples and study area (black outline), Sylvia Grinnell Lake area,
Baffin Island, Nunavut. Background imagery is SPOT multispectral (green represents vegeta-
tion, pink is boulder diamicton and bedrock, white is vegetation-poor carbonate material and
dark grey is water; GeoBase

®
, 2015). Recently acquired multibeam bathymetric data is shown

in Frobisher Bay (Mate et al., 2015; Ocean Mapping Group, 2015). The grey dashed lines de-
limit the territorial parks, Sylvia Grinnell Park (including Qaummaarviit Park; north of Frobisher
Bay) and Katannilik Park (west of Frobisher Bay).
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Figure 2: Ice-flow map, with geomorphological features and topographic elevation, Sylvia Grinnell Lake
area, Baffin Island, Nunavut. Background image was generated using a CanVec digital elevation model
(Natural Resources Canada, 2012).



In Frobisher Bay and Cumberland Sound, ice flows are im-

portant as they would have persisted for some time as high-

velocity zones of ice flows, or ice streams (Dyke and Mor-

ris, 1988; Margold et al., 2015a, b). During deglaciation, an

ice stream developed toward Frobisher Bay as evidenced

by the ice-flow chronologies and features mapped by nu-

merous authors, including Andrews (1989), Fulton (1995),

Manley (1996), Hodgson (2005) and De Angelis and

Kleman (2007). The Frobisher Bay moraine (FBM; Fig-

ures 2, 4a, b) was deposited around 9 14C ka (Blake, 1966;

Miller, 1980), and the complete deglaciation of Frobisher

Bay occurred between 7 and 8 14C ka (standard Geological

Survey of Canada [GSC] dating, uncorrected for marine

reservoir effect, all dates below follow this same criteria

unless otherwise indicated; Blake, 1966; Dyke et al., 2003;

Hodgson, 2005), after the ice retreated from FBM. The de-

caying ice cap retreated at several terminal positions on the

McKeand River plateau where proglacial lakes were

dammed in basins (Figure 4d; Miller, 1980; Johnson, 2013;

Tremblay et al., 2014, 2015a). The west coast of Baffin Is-

land was deglaciated before 6.8 14C ka (Blake, 1966; Dyke

et al., 2003; Vickers et al., 2010), equivalent to about

6.2 14C ka with reservoir effect correction (Vickers et al.,

2010). The complete deglaciation of the sector is con-

strained by only one minimum date, 4.5 14C ka, from a bulk

organic sample from a bog deposit near Amadjuak Lake

(Blake, 1966), a material subject to reservoir effect fre-

quently older than 1500 yr (Richard et al., 1997; Tremblay,

2008). Prest (1969) suggested that the ice remnants stayed

at least until 5.5 14C ka between Amadjuak Lake and

McKeand River.

The southern portion of the study area around Frobisher

Bay was inundated by marine waters to levels of 20–

40 m asl north of FBM, and 100–120 m asl south of FBM.

Glaciomarine deltas are common features at the mouths of

rivers in the northern part of Frobisher Bay (Figure 4e;

Hodgson, 2005). In the Foxe Basin area, the maximum ma-

rine level is 107 m asl (Andrews, 1989; Vickers et al., 2010)

but these marine levels were not attained within the study

area.

Field methodology

This section presents an overview of the methodology used

for geochemical sampling in the study area. Samples were

collected from multiple surficial mediums (till, lake sedi-

ment, lake water, stream sediment, stream water). Field du-

plicate samples, laboratory sample splits and certified ref-

erence material samples were inserted into the sample

populations prior to submission for chemical analyses for

the purpose of monitoring, evaluating and ensuring data

quality. All samples collected during the 2015 field season

have been submitted for sample processing and subsequent

mineralogical and geochemical analyses; however, results

have not been received yet. Additionally, one sample was

collected from marine shells for radiocarbon dating to

improve understanding of deglaciation in the study area.

Till sampling

Sixty-six till geochemistry samples (~2 kg) were collected,

predominantly in the warm-based glaciodynamic zone,

where glacial erosion, transport and depositional processes

were most intense (see description below; Figure 2). Induc-

tively coupled plasma–mass spectrometry (ICP-MS) and

inductively coupled plasma–emission spectrometry (ICP-

ES) will be used to analyze for trace and major elements in

the <63 µm till fraction. Fifty-nine till heavy mineral sam-

ples (~10 kg) were taken to provide information on

kimberlite-indicator minerals (KIMs), base-metal sul-

phides, platinum, gold, gemstones and other minerals of in-

terest. Spacing between till samples was typically 10–

20 km. In addition to till samples, the network of heavy

mineral samples was complemented by stream sediment
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Figure 3: a) Paleoproterozoic granite, exposed at the Ordovician unconformity, showing dissolution pits and black (manganese?) staining,
faintly eroded by recent glacial erosion (striae near the compass); b) Paleozoic carbonate rocks (background hill), with drumlins and car-
bonate tills in the foreground, in warm-based glaciodynamic zone.
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Figure 4: Aerial field photographs of a) Frobisher Bay moraine, with kettles and hummocky till; b) Frobisher Bay moraine, with large till
ridges separated by elongated lakes; c) polygonal soils, typical of till or diamictons in permafrost ground; d) glaciolacustrine sediments, in-
cluding fine-grained sediments (grassy, paler areas in the valley) and glaciolacustrine delta (sandy area in the forefront); e) glaciomarine
delta by Frobisher Bay; f) beaded esker, displaying bulges separated by narrow sections; g) glaciofluvial ice-contact terraced sediments,
with supraglacial facies, kettles and meltwater channels; h) glaciofluvial ice-contact deltaic sediments in glaciolacustrine setting, with ket-
tles; and i) glaciofluvial channels on the McKeand River plateau edge.



samples, and collected predominantly in cold-based zones

where river networks are well developed and glacial ero-

sion was limited. The Sylvia Grinnell Lake survey is a

mixed medium survey, similar to Utting et al. (2008) in the

north Baffin Island region, where both till and stream-sedi-

ment heavy mineral samples were collected in warm-based

and cold-based zones, respectively.

Stream sediment and water sampling

In general, stream sediment and water samples are the pre-

ferred sampling media when conducting regional drainage

geochemical surveys in areas with a regular network of de-

veloped streams (Prior et al., 2009). Stream sediment and

water samples collected as part of this study followed the

GSC’s former National Geochemical Reconnaissance

(NGR) program’s standards for sample collection and ana-

lytical techniques (Friske and Hornbrook, 1991). These stan-

dards were used to ensure consistent and reliable results re-

gardless of the area, date of the survey or the analytical lab-

oratory used. Field equipment used and samples collected

at a typical bulk stream sediment and water site are illus-

trated in Figure 5.

Stream sediment and water samples were collected at 76

sites, predominantly from the uplands north of Iqaluit

(parts of NTS 25N, 26C, F). Site-specific field observations

were recorded at each location. Bulk stream sediment sam-

ples were wet sieved on site to obtain ~15 kg of <2 mm

sized material from relatively high-energy, gravel-rich

sites; these will be processed for heavy mineral contents.

Similarly to till samples, the heavy mineral concentrates

will be picked to obtain counts for gold grains and platinum

group metal (PGM) grains as well as KIMs and metal sul-

phide-associated minerals. Water samples were collected

from the main flowing channel and filtered (0.45 µm) in

situ. Chemical analyses of stream waters will involve 67

variables.

Lake sediment and water sampling

In areas of low to moderate topographic relief and abundant

lakes, stream networks are typically poorly developed and

generally do not provide a suitable sampling media for a

broad regional drainage geochemical survey. However,

centre-lake sediment and water samples do provide a suit-

able medium for regional and higher-density geochemical

surveys. Seventeen lakes with a surface area smaller than

5 km2 were targeted and sampled using a torpedo-like grab

sampler (routinely used by GSC; Figure 6) for organic-rich

lake sediment (gyttia).

After sampling, sediment samples were dried to completion

(at <40°C) and sieved to obtain the <177 µm fraction,

which was analyzed by 1) aqua-regia digestion followed by

ICP-MS analysis, 2) four-acid digestion followed by ICP-

MS analysis, and 3) instrumental neutron activation analy-

sis (INAA). Surface water samples (~0.5 m depth) were

also collected at each site. Water samples were measured in

situ for physical properties (pH, conductivity, dissolved ox-

ygen and redox) and passed through a 0.45 µm filter to be

analyzed by ICP-MS, ion chromatography and titration.
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Figure 5: a) Field gear used and samples collected at a typical bulk stream sediment and water site: 1) two 60 ml water samples (filtered
with 0.45 µm filter); 2) YSI Inc. Professional Plus multiparameter water meter; 3) silt-sized stream sediment sample (~2 kg wet); 4) #10

mesh (2 mm) sieve; 5) pan; 6) steel shovel; 7) bulk stream sediment sample (>12 kg of ≤2 mm sediment); 8) bucket lined with prelabelled
sample bag (not yet stretched tightly about the bucket opening); and 9) iPad used for navigation and recording site-specific field observa-
tions. b) Typical bulk stream sediment and water sampling site.



Chemical analyses of lake sediments and lake waters will

yield 90 and 67 variables, respectively.

Microbial water quality indicators

Concentrations of total coliform and Escherichia coli (E. coli,

a subset of coliforms) were measured in surface waters

from a subset of sites visited in the 2015 field campaign.

These samples will extend the Nunavut Research Institute

microbial water quality indicators study already in place

around Iqaluit (Apex river watershed). Total coliform and

E. coli concentrations are used worldwide as indicators of

the basic microbial quality of surface waters. The bacteria

can be detected rapidly, accurately and with relatively mini-

mal cost and effort. For this project, 11 samples were col-

lected in sterile 120 mL plastic bottles containing a minor

quantity of sodium thiosulphate. Water samples for

coliform testing were taken immediately after the sediment

samples and before any other disturbance to the sample site.

Collection bottles were handled with clean nitrile lab

gloves to avoid sample contamination. At each site, sam-

ples were collected by dipping the sample bottles into the

water, just below the surface of the lake or stream sampled.

Care was taken to collect samples at a similar depth in an ef-

fort to control for variability in the vertical distribution of

coliforms in the water column. Following collection, sam-

ple bottles were tightly closed and kept as cool as possible

for their return to the Nunavut Research Institute lab in

Iqaluit.

Upon delivery to the lab, water samples were immediately

inoculated with powdered Colilert® reagent (kit from

IDEXX Laboratories, Inc.) and incubated for 24 hours at

35°C in heat-sealed disposable 97-well Quanti-Trays®, as

per manufacturer’s instructions. Total coliform levels were

then quantified by enumerating colour change in individual

wells of the incubated trays, and E. coli levels were quanti-

fied based on ultraviolet-fluorescence of the wells. These

well counts were then converted to total organism numbers

(with 95% confidence) by reference to the most-probable

number charts provided by the manufacturer.

Mercury in water

Samples for analysis of mercury in water were collected us-

ing a similar methodology as the survey already being un-

dertaken around Iqaluit (Apex river watershed), initiated

by the Nunavut Research Institute (NRI) and Carleton Uni-

versity. Prior to disturbance at any sampling site, water

samples to test for mercury were collected in 250 mLplastic

bottles. These bottles were handled exclusively with clean

nitrile lab gloves to avoid contamination and placed in dou-

ble bags after collection. Thirty-six dip samples were taken

from lake or stream water to fill the bottles, after triple rins-

ing with sample water. Rinse water was discarded away

from the dip site (e.g., downstream at stream sites, down-

wind at lake sites). Stream samples were taken near the wa-

ter surface, without disturbing the benthos. Lake samples

were taken at approximately 30 cm below the water sur-

face. Sample bottles were then kept as cool as possible, in

an opaque container to minimize light exposure, for their

return to the NRI lab.

As soon as possible upon delivery to the lab, water samples

were acidified to 1% by volume with Hg–analytical-grade

HCl acid (Optima™, Fisher Chemical), and then refriger-

ated. These sample bottles were then double-bagged again

and shipped in a cooler to Université de Montréal. Total

aqueous mercury will be quantified by BrCl oxidation,

SnCl2 reduction, two-stage gold amalgamation and gas-

phase detection with a Tekran® Instruments Corporation

Series 2600 total mercury analyzer with a cold vapour
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Figure 6: a) Field gear used for lake sediment and water sampling: 1) torpedo-like lake sediment sampler, with 30 m rope; 2) plastic cup for
extracting the lake sediment core from the sampler; 3) cloth bag for sample; 4) 250 ml sampling bottle–sample is split into two 60 ml water
samples (filtered with 0.45 µm filter). Also used for lake sediment and water sampling is the YSI Inc. Professional Plus multiparameter water
meter (Figure 5a-2) and the iPad for navigation and recording site-specific field observations (Figure 5a-9). b) Helicopter on fixed floats
used for lake sediment and water sampling survey.



atomic fluorescence spectrophotometer (CVAFS). Total

and/or dissolved methylmercury will be first distilled to re-

move any matrix interferences and then ethylated with

NaB(C2H5)4, followed by gas chromatography separation

with CVAFS.

Sampling results

Preliminary analytical and mineralogical data will not be

available until late 2015, with the complete dataset ex-

pected in early 2016. A subsequent publication will contain

site-specific field observations, chemical analyses of sedi-

ment and water samples, coliform and mercury analysis of

water samples, and heavy mineral content data. All results

from the sampling will be published in a report following

analyses and interpretation of the data.

Preliminary surficial geology results

Surficial geology mapping at a scale of 1:100 000 was un-

dertaken during the summer of 2015 with helicopter sup-

port. Field observations, including landforms, surficial

cover composition and ice-flow indicators, were compiled

using the GSC-developed GanFeld application (Shima-

mura et al., 2008) and the GSC legend (Cocking et al.,

2015). Prior to fieldwork, office-based mapping used an

all-digital approach that combined a mosaic of airphotos in

an on-screen stereoscopic view and Summit Evolution

software (DAT/EM Systems International, 2012). Addi-

tionally, the landform mapping processes relied on Landsat

(GeoBase®, 2012) and SPOT (GeoBase®, 2015; pan-sharp-

ened to 10 m; Figure 2) satellite imagery and a DEM image

(1:50 000 scale) from CanVec data (Natural Resources

Canada, 2012). The area covered was approximately

16 000 km2, of which 14 000 km2 will be mapped, exclud-

ing the previously mapped NTS 25N map area (Hodgson,

2005). Surficial cover composition includes bedrock (Pre-

cambrian granitoid rocks and gneiss and Paleozoic carbon-

ate rocks), regolith mixed with till, till (Figure 4a–c),

glaciofluvial sediments (Figure 4f–i), glaciolacustrine

(Figure 4d) and marine (Figure 4e) sediments, and colluvial

and alluvial deposits (Figure 5b). Figure 2 depicts locations

of the principal moraines mapped, macroforms (including

drumlins, flutings, streamlined glacial features and glacial

transport features; Figure 3b), eskers (Figure 4f), striae

(new data and from Hodgson, 2005) and glacial lake foot-

prints (Figure 4d, h).

Glaciodynamic zones

Glaciodynamic zone mapping aims to interpret the amount

of glacial activity (erosion and transport) that took place

during the Quaternary period (Figure 2). A methodology

for this mapping was developed after work on Hall Penin-

sula (Johnson, 2013; Leblanc-Dumas et al., 2015;

Tremblay et al., 2015a), and includes procedures from the

central Canadian Arctic (Dyke, 1993), Melville Peninsula

(Dredge, 2000a; Tremblay and Paulen, 2012) and Baffin Is-

land (Sugden and Watts, 1977; Andrews et al., 1985).

The geomorphological indicators of glacial erosion are

summarized as broad classifications of terrain types. The

interpretations resulting from this study are based on nu-

merous field observations and interpretation of DEM work,

satellite imagery and airphotos. For instance, glacial scour-

ing, as evident from the presence of numerous small lakes

and glacially eroded outcrop, is interpreted to represent

erosive basal conditions (warm-based ice, Figure 7a). Al-

ternatively, the existence of a mix of thick nonglacial

regolith, felsenmeer and till would suggest little or no slid-

ing to have occurred at the glacier bed, and therefore, was

covered predominantly by weakly erosive cold-based ice

(Figure 7c). The dynamic character of the former ice sheet

(cold- versus warm-based) can be inferred from these inter-

pretations and classifications, and can therefore help to un-

derstand and outline the nature of glacial transport. The in-

termediate cold-based zones are interpreted to be areas

where glacial erosion gradually became more marked as

evidenced by more lakes and bedrock outcrops, and ulti-

mately with the appearance of streamlined outcrops and

macroforms (Figure 7b). Cosmogenic samples (Ross et al.,

2015) and mineralogical data (Leblanc-Dumas et al., 2015)

emphasize the distinction between till from glacially

eroded terrain, and regolith and till mixed with regolith in

less glacially eroded terrain (Tremblay et al., 2015a). Cov-

erage by cold-based ice sheets during the Quaternary is in-

dicated by locally abundant glaciofluvial channels (Fig-

ure 4i) and occasional glacial erratics. Of particular

importance, accumulations of glaciofluvial sediments

occur across the glaciodynamic boundaries on the southern

part of the McKeand River plateau.

Ice-flow chronology

Ice-flow directions and chronology are established using

existing geochronological data: striae, glacial landforms

and glacial sedimentology (Figure 2). Different phases of

ice flow were observed in the field by crosscutting relation-

ships between striae. Interpretation of this ice-flow history

is, in part, based on numerous scientific contributions

(Prest, 1969; Andrews, 1989; Manley and Miller, 2001;

Dyke et al., 2003; Hodgson, 2005; De Angelis and Kleman,

2007; Johnson, 2013; Tremblay et al., 2015a). In this next

section, the notion of cold-based ice flow can refer to a mo-

mentary physical state of the glacier, occurring over areas

described as cold-based, intermediate cold-based and

warm-based zones (Figure 2).

Ice-flow phase 1 (marine terminus)

Ice-flow phase 1 involved two important glacial ice outlets

that existed during LGM in Baffin Bay, Frobisher Bay

(convergent ice flow to the southeast) and Cumberland

Sound (northwest ice flow). In Foxe Basin, an ice divide
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was present over the west and central part of study area dur-

ing LGM (Manley and Miller, 2001; Hodgson, 2005;

Utting et al., 2007). Therefore, the ice flow over the west

(Amadjuak ice divide), southwest (Meta Incognita ice di-

vide) and central part of study area (Hall Peninsula ice di-

vide) was considered to be briefly cold-based during LGM.

The absence of a significant carbonate till dispersal train in

the Sylvia Grinnell River valley (Hodgson, 2005), one

which is comparable in magnitude to the one on Melville

Peninsula, and the presence of intermediate cold-based–

zone terrain in the middle portion of the valley between Syl-

via Grinnell Lake and Amadjuak Lake, confirm that no

strong ice flow from Foxe Basin or Amadjuak Lake area oc-

curred during LGM or at any time during deglaciation. A

Frobisher Bay catchment area extending into Foxe Basin,

as was suggested in De Angelis and Kleman (2007), is

therefore unlikely. A regional glaciological model (Kaplan

et al., 1999) illustrates how ice from a cold-based glacier in

Foxe Basin (Foxe ice divide) flowed to Cumberland Sound

and southwest Baffin Island (south of Amadjuak Lake, as

indicated by Utting et al. [2007]) rather than to Frobisher

Bay during LGM.

Ice-flow phase 2 (terrestrial terminus)

During early deglaciation, ice streams intensified toward

Frobisher Bay and Cumberland Sound as the ice margin ap-

proached Baffin Island from a former position in Baffin

Bay and Davis Strait (Kaplan et al., 1999; Dyke et al., 2003;

Hodgson, 2005). Consequently, the drainage area of the ice

streams likely expanded over previously cold-based ice on

the McKeand River plateau, the Sylvia Grinnell River val-

ley and Meta Incognita Peninsula. Gradually, as the Hud-

son Strait ice stream developed and the ice front retreated

into Hudson Strait, the Amadjuak River valley ice flow be-

came warm-based and westward ice flow developed to-

ward Foxe Basin, and consequently the Amadjuak ice di-

vide receded northward. In Frobisher Bay, the ice front

receded to the FBM position (circa 9.0 14C ka), and ice flow

switched from a convergent pattern to a divergent pattern.

This change in pattern is presumed to relate to a significant

reduction in output of icebergs at the ice margin as: a) the
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Frobisher Bay narrowed as the ice front receded northwest,

and therefore the width of the ice shelf was reduced; b) is-

lands in the central part of Frobisher Bay blocked the evac-

uation of icebergs and obstructed the ice discharge of the

ice front; and c) the marine ice shelf became grounded at

FBM and this resulted in the formation of significant

swaths of moraine ridges in Frobisher Bay (Figures 1, 2; as

observed on the multibeam bathymetric map described in

Mate et al., 2015). The divergent pattern of ice flow likely

extended to the central part of the Hall Peninsula referred to

as the Hall Peninsula plateau segment of FBM. However, as

seen on Figure 2, FBM is discontinuous between Frobisher

Bay and the Hall Peninsula plateau, and no geochronologi-

cal data exists to support any synchronicity between the

FBM segments in Frobisher Bay and on the Hall Peninsula

plateau. Proglacial lakes were formed as the ice front re-

treated against the topographic slope; notably, well-devel-

oped proglacial lakes were developed against the FBM po-

sition. Circa 7 14C ka, the ice progressively retreated from

Frobisher Bay and Foxe Basin, and subsequent deglacia-

tion of the highlands, suggested to occur after 5.5 14C ka,

occurred progressively (Blake, 1966; Prest, 1969).

Economic considerations

The results and interpretation of this surficial geological

mapping and sampling program can be used for mineral ex-

ploration, development of natural resources and infrastruc-

ture, and aid environmental geochemical studies in the

study area—around Nunavut’s capital city. Analysis of the

geochemical and mineralogical data from the surficial sedi-

ment samples will explore the potential regional mineral

prospect for diamonds, base metals (copper, nickel, zinc),

precious metals (gold, silver, platinum, palladium), rare-

earth elements and gemstones. Understanding ice-flow di-

rection and important geomorphological processes (dis-

played on maps and illustrated in photos) are critical to in-

terpreting the geochemical analyses of and mineralogical

data from surficial sediments. The analytical data and map-

ping outcomes of this project will provide important base-

line data for future mineral exploration and possible devel-

opment in the area, as well as for infrastructure studies

(permafrost conditions, granular aggregate sources).

Conclusions

Samples of till, stream sediment, lake sediment, stream wa-

ter and lake water were collected during the summer of

2015 and analytical results are anticipated in early 2016.

Field observations of surficial sediments and geomorpho-

logical features (glacial macroforms, proglacial lakes, es-

kers) were documented, and will support the compilation

and drafting of new 1:100 000 surficial geology maps for

the study area (excluding NTS 25N, which has already

been mapped). The glaciodynamic settings were mapped as

cold-based, intermediate cold-based and warm-based

zones from both field observations and remote sensing

work.

The ice-flow history is divided into two broad phases;

phase 1 occurred during the last glacial maximum when Frob-

isher Bay and Cumberland Sound ice streams were active,

and phase 2 took place during deglaciation. In phase 2, the

Frobisher Bay and Cumberland Sound ice streams intensi-

fied, the Frobisher Bay moraine was established, and ulti-

mately the ice front receded over the McKeand River pla-

teau. The presence of weakly glacially eroded areas

(intermediate cold-based zone) between Sylvia Grinnell

Lake and Amadjuak Lake does not support the hypothesis

that warm-based ice flowed from Foxe Basin directly to-

ward Frobisher Bay during the last glaciation.
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