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Abstract

The Western Hudson Bay project is a Canada-Nunavut Geoscience Office–led geoscience project collecting and compiling

geoscience data for infrastructure. Significant new infrastructure is being considered in the Kivalliq region of Nunavut, in-

cluding a proposed Manitoba-Nunavut road corridor, in order to support natural resource and community development.

Western Hudson Bay lies in the continuous permafrost zone, where 90–100 % of the ground surface is underlain by perma-

frost. Alack of compiled regional geoscience knowledge in this region is a hindrance in helping advance informed decision-

making to build this type of infrastructure. This paper presents 1) the new digital compilation of surficial geology for the

area, from various maps published in the 1970s and 1980s; 2) a methodology for interpreting land cover from RapidEye im-

ages to enhance the location of some potential aggregate sources (gravel deposits), bedrock outcrops, bouldery tills, freshly

eroded sediments, vegetation and water surfaces; 3) a bibliographical summary of till and lake-sediment geochemical sam-

ples and of bedrock geology synthesis maps, and of the location of mineral occurrences; and 4) a summary of the existing lit-

erature on the permafrost conditions. This paper also presents ongoing and possible future work on 1) the integration of

modern and traditional knowledge on permafrost conditions, 2) the assessment of ground surface displacement using a re-

mote sensing method, and 3) new bedrock geology mapping to complete the coverage of the study area.

Résumé

Dans le cadre du projet géoscientifique de l’ouest de la baie d’Hudson dirigé par le Bureau géoscientifique Canada-

Nunavut, on a procédé à la cueillette et à la compilation de données géoscientifiques relatives aux infrastructures. Le but

d’importants nouveaux projets d’infrastructure à l’étude dans la région de Kivalliq, au Nunavut, notamment le corridor

routier proposé reliant le Manitoba et le Nunavut, est de contribuer aussi bien au développement communautaire qu’à celui

des ressources naturelles. La partie ouest de la baie d’Hudson se situe dans une zone de pergélisol continu où presque la

totalité (90 à 100%) de la région en question repose sur du pergélisol. Des lacunes au niveau des connaissances

géoscientifiques au sujet de cette région s’avèrent une entrave à l’amélioration du processus de prise de décisions éclairée

lorsqu’il s’agit de construire ce type d’infrastructure. Le présent article porte sur 1) la nouvelle restitution numérique de

données géologiques de surface de la région, établie à partir de diverses cartes publiées au cours des années 1970 et 1980; 2)

la méthodologie adoptée afin d’interpréter la couverture des terres à partir d’images captées par le système RapidEye de

façon à mieux faire ressortir l’emplacement de certaines sources possibles d’agrégats (dépôts de gravier), d’affleurements

de la roche en place, de tills pierreux, de sédiments fraîchement érodés et de surfaces couvertes par de la végétation ou de

l’eau; 3) l’élaboration d’un répertoire bibliographique d’échantillons géochimiques provenant de tills ou de sédiments

lacustres ainsi que de cartes de synthèse de la géologie du substratum rocheux et de l’emplacement des venues minérales; et

4) un sommaire des ouvrages publiés relatifs aux conditions propres au pergélisol. L’article porte également sur des travaux
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en cours ou éventuels ayant trait: 1) à l’intégration des connaissances actuelles et du savoir traditionnel au sujet du

pergélisol; 2) à l’évaluation du niveau de perturbation de la surface du sol au moyen de méthodes de télédétection; et 3) à de

nouveaux travaux cartographiques de la géologie du substratum rocheux entrepris en vue de compléter la couverture de la

région à l’étude.

Introduction

Significant new infrastructure, including a proposed Mani-

toba–Nunavut road corridor, is being considered in the

Kivalliq region of Nunavut (Figure 1) in order to support

natural resource and community development. In 2006,

Nishi-Khon/SNC-Lavalin Limited produced a founda-

tional report, Building Lasting Infrastructure: Nunavut-

Manitoba Route Selection Study, which aimed to identify

and evaluate a series of routes for a proposed road corridor

that linked Rankin Inlet, Nunavut, with an existing all-

weather road network in northern Manitoba (Nishi-Khon/

SNC-Lavalin Limited, 2006, 2007, 2010a, b). A lack of

compiled regional geoscience knowledge in this region is a

hindrance to advancing informed decision-making to build

this type of infrastructure.

In order to address this knowledge gap, the Canada-

Nunavut Geoscience Office (CNGO) in collaboration with

the Geological Survey of Canada (GSC) has implemented a

two-year project (2014–2016) guided by geoscience priori-

ties developed through a commissioned report (Levson,

2014). These priorities include 1) regional mapping of po-

tential sources of granular material and aggregate quality

evaluations; 2) identification and detailed evaluation of

specific, large-volume and high-quality sources of granular

material; 3) detailed permafrost and ground-ice studies

within the proposed corridor; 4) 1:50 000 scale surficial ge-

ology mapping in areas where granular material is particu-

larly scarce and where ground-ice conditions are expected

to be particularly problematic; 5) detailed (e.g., 1:5000

scale) terrain hazard analysis at major stream crossings or

other problematic areas; and 6) identification of areas with

relatively high mineral prospectivity within the proposed

corridor.

The objective of this CNGO-GSC project is to compile all

existing aggregate, mineral potential, surficial and perma-

frost data for a corridor approximately 100 km wide and ex-

tending from the Manitoba border to Rankin Inlet (NTS

map areas 55D–F, J–L, N, O, 65A, H), along the western

Hudson Bay coastline. Expected results from this work in-

clude 1) a newly compiled surficial geology dataset for the

area, 2) regional identification of aggregate resources and

mineral potential, and 3) reports on permafrost characteris-

tics and terrain sensitivity. Compilation of geoscience in-

formation in this region, for infrastructure development

purposes, has never been completed and addresses a signif-

icant knowledge gap for decision-makers. It is expected

that results from this project will help direct more detailed

geoscience research in the area in the future.

This paper will provide an update on existing or new per-

mafrost, geomorphology, mineral potential and surficial

geology compilations and assessment work being con-

ducted in the study area. The following specific objectives

and results are presented in this paper:

• compilation and conversion of existing surficial geol-

ogy paper maps (1:125 000 scale) to digital format, us-

ing new GSC legend;

• enhancement of the resolution of some units on the

surficial maps with satellite image interpretation

(RapidEye, multispectral 5 m resolution), with the goal

of finding and detailing gravel sources, and identifying

thaw-sensitive areas;

• compilation of existing data and knowledge on climate

and permafrost in the study area; and

• examination of the need for new permafrost studies re-

quired to enhance knowledge, including field measure-

ments (borehole measurements, thermistors or geo-

physical surveys) and satellite image observations

(RADARSAT, differential interferometric synthetic

aperture radar [DInSAR]).

Regional settings

The study area (Figure 1) lies within the Kivalliq region of

Nunavut, in the informal general geographic area previ-

ously known as Keewatin in former maps and reports. The

general topography is a slightly undulating plain generally

under 200 m above sea level (asl), and mostly under

100 m asl, with one isolated elevated hill south of Chester-

field Inlet (331 m asl). A mostly parallel, tight network of

medium-sized rivers drains the area to the southeast toward

Hudson Bay, interrupted by several large lakes (Kaminak

Lake, South Henik Lake, Maguse Lake). Small lakes

abound, forming in depressions related to bedrock basins,

till landforms, eskers and a few rounded depressions that

could be associated with thermokarst terrain. Flat plains,

underlain by thick marine sediments, strand across the

coastline in the vicinity of Arviat. The narrow Chesterfield

Inlet leads to the Baker Lake area, and is mostly surrounded

by lower elevation, rocky terrain. Most of the study area is

covered with tundra vegetation typical of the low-arctic re-

gion (mosses, herbaceous plants, shrubs, alpine-arctic

plants). The treeline is in the southwestern part of study

area, with short trees (e.g., Picea mariana) sparsely

distributed in isolated pockets.
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The bedrock is principally formed of gneiss terranes,

supracrustal belts and associated plutons of the Western

Churchill Province (Hearne domain). These Archean and

Paleoproterozoic rocks were deformed during Paleopro-

terozoic times (Paul et al., 2002; Tella et al., 2007).

The history of ice flows (Shilts, 1973; Dyke and Dredge,

1989; Fulton, 1995; McMartin and Henderson, 2004a) in-

dicates that the main ice flow direction is to the southwest in

the study area, emanating from the Keewatin Ice Divide

during the last glaciation and deglaciation. This ice flow is

associated with most streamlined tills, ribbed moraines and

the general direction of eskers in the study area (Aylsworth

and Shilts, 1989). An earlier ice flow to the southwest is

also detected from the striations record (McMartin and

Henderson, 2004a).
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Figure 1: Surficial geology map of western Hudson Bay area, Nunavut. The black outline shows the RapidEye 5 m resolution multispectral
data coverage, the blue outline is the RADARSAT 1 m resolution coverage and the grey outline is the RADARSAT 3 m resolution coverage.
The black dots represent the mineral occurrences (NunavutGeoscience.ca, 2015). The inset map shows the location of the study area
(grey area) within Canada, and the black line corresponds to the southern limit of continuous permafrost.



Most of the study area, except the area around South Henik

and Edehon lakes, was inundated by the Tyrell Sea after

deglaciation (Dyke and Dredge, 1989; Dyke et al., 2003).

The maximum marine limit is between 150 and 190 m asl.

Deglaciation occurred between 8 and 6.5 14C ka.

Data compilation and results

Surficial geology maps

The existing 1:125 000 scale surficial maps were recently

digitized by the Geological Survey of Canada (Wright,

1967; Boydell, 1974; Shilts et al., 1976; Arsenault et al.,

1981a–c; Aylsworth et al., 1981a–c, 1986a–c, 1990; Mc-

Martin, 2002; McMartin and Henderson, 2004b; Dredge et

al., 2013). The newly converted maps will soon be avail-

able online in digital format (Canadian Geoscience Maps

series), whereas the original maps are currently available

only in .pdf format online at Natural Resources Canada’s

bibliographic database (http://geoscan.nrcan.gc.ca).

During the digital conversion of the original source maps,

the new GSC legend (surficial data model, version 2.1;

Cocking et al., 2015) was applied to all of the maps. The

main generalized surficial geology units are presented on

Figure 1; on the final maps, each of these generalized units

is subdivided into one or more surficial geology units (indi-

cated by letters) as described in the next sections. Unless

otherwise stated, the following description of surficial ge-

ology units was modified from Shilts et al. (1976).

Till

The most frequently represented till units are till blanket

(Tb; including zones with drumlins and flutings) and

ridged till (Tr; till [ribbed moraines] unit on Figure 1); the

later delimits areas of ribbed moraines, and includes mostly

Rogen moraines and De Geer moraines along the coastline

(Shilts et al., 1976). Undifferentiated tills (T), moraine tills

(Tm) and hummocky tills (Th) are present in a few places in

the study area, but are mapped along with Tb in Figure 1

(till unit). Thin veneer (<1 m discontinuous till cover over

bedrock) is mapped along with bedrock (R) on Figure 1.

From multiple samples taken in a variety of till types, the

grain size of tills averages 53% sand, 45% silt and 2% clay

around the Rankin Inlet and Kaminak Lake areas

(McMartin, 2000; McMartin and Henderson, 2004b). The

till is described as having a liquid limit of 8–18% and plas-

ticity indices of 0–8%, and is susceptible to liquefaction un-

der loading, and during heavy rains or spring thaw (Shilts et

al., 1976). In the study area, tills frequently contain signifi-

cant amounts of Dubawnt Supergroup clasts in dispersal

trains, which are rich in silt and clay and depressed in metal

trace elements (Shilts, 1973). Multiple tills are seen in the

Kaminak Lake area and along the Kazan River (west of the

study area) with significant contrast in texture and compo-

sition (Shilts, 1971), generally corresponding to varying

amounts of the Dubawnt Supergroup clasts in the tills.

Supraglacial tills and ribbed moraines are likely to be more

bouldery and rougher at the surface than drumlinized tills,

presumably because more ground-ice is present (Nishi-

Khon/SNC-Lavalin Limited, 2007). Drainage, ice content

and peat cover is expected to have an important effect on

the susceptibility of tills to freeze-thaw movement. Sedi-

mentological and geochemical data on tills will be

compiled from existing publications in future reports.

Till geochemical and heavy mineral analyses are available

within 11 different GSC reports listed in the Canadian Geo-

chemical Survey Database (http://geochem.nrcan.gc.ca)

and available in digital format (Hornbrook and Jonasson,

1971; Dilabio and Shilts, 1977; Dilabio, 1979; Coker and

Ellwood, 1981; Coker et al., 1981; Shilts and Wyatt, 1989;

Shilts and Coker, 1995; Henderson, 2000; McMartin,

2000, 2009; McMartin et al., 2001, 2003; McCurdy et al.,

2012a, b; Scott et al., 2012). All of these reports contain

data from till and lake-sediment sample work from the last

50 years using different analytical methods and variable

background levels.

Other sediment types

Glaciofluvial sediments (GF; all mapped as glaciofluvial

sediments on Figure 1) form diverse types of landforms,

composed of a wide range of sediments, deposited by the

action of glacial meltwaters. The most prominent unit is

sand and gravel deposited in contact with ice (GFc) and this

unit includes eskers and fan-deltas. Below the marine limit,

sand and silt were deposited over the base of eskers and are

mapped as GFf (Shilts et al., 1976). Above the marine limit,

subaerial outwash plains (GFp) were deposited from the

main esker tunnels into the valleys, and remain in flat,

hummocky and terraced sand and gravel deposits juxtapos-

ing the previously deposited esker ridges (Shilts et al.,

1976). Eskers are abundant and of different sizes (com-

monly >30 m high) with up to four orders of tributaries, and

can be associated with fans or can be beaded (Aylsworth

and Shilts, 1989). In some places, eskers crosscut drum-

linoids at sharp angles, and Aylsworth and Shilts (1989)

concluded that the eskers were not formed at the same time

or under the same conditions as the drumlinoids, but in a

later phase of deglaciation and close to the ice margin.

Rarely, short eskers are grouped and parallel, and likely

were deposited close to the ice margin (e.g., in the area east

of Maguse Lake).

The map unit Mo represents mainly offshore marine sedi-

ments, composed of silty sand and clayey silt, that were de-

posited below wave action, which commonly display as

mudboils and have a mottled appearance on satellite im-

ages. Marine deltas (Md) and marine intertidal sediments

(Mi) are mapped along with Mo on Figure 1 (marine sedi-

ments [intertidal, deltaic or offshore] on Figure 1). The Mo

sediments are thicker and more prominent below 60 m asl

and along main river valleys. Map unit Mr (marine sedi-
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ments [littoral] on Figure 1) represents mostly marine litto-

ral sediments with beach crests, and is found over diverse

types of terrain (till, Mo, esker). The Mn map units (marine

sediments [nearshore] on Figure 1) represent nearshore

sediments, deposited by different processes, and are

commonly composed of coarse sediments.

Unit A (alluvial and marine sediments on Figure 1) gener-

ally consists of undifferentiated alluvium overlying the M

unit (undifferentiated marine sediments). Unit A/M occurs

below the marine limit, and unit A/GF is found above the

marine limit. The A/M complex unit consists mainly of

sand and silt that has been reworked by wave action in the

nearby marine shoreline environment, or deposited from

the sedimentary load of glaciofluvial streams, or left in

place from the action of alluvial streams. The A/GF unit is

described as sorted silt, sand, gravel or cobbles deposited in

glaciofluvial channels generally above the marine maxi-

mum limit. Along major rivers and streams, a cover of silt,

sand and gravel is mapped as alluvial floodplain sediments

(Ap). Lacustrine sediments (L; lacustrine on Figure 1) con-

sist of a mixture of fine-grained sediments and organic ma-

terial, and are usually found where a lake dried up or

catastrophically drained.

Land-cover interpretation with RapidEye satellite
images

Satellite images of Earth are in the public domain or are

available commercially. These datasets provide recent im-

age information and have the advantage of covering large

areas and are, therefore, useful for reconnaissance work.

The relatively low resolution offered by Landsat (30 m) or

ASTER (15 m), however, limits observations of the details

of small landscape features, which are necessary for the in-

terpretation of landforms associated with glacial surface

deposits. Several commercial data providers offer

multispectral satellite data with 2 or 4 m resolution, but the

high cost for wide area coverage has made using this

multispectral data beyond the scope of this work. For this

work, the authors chose to employ a set of data products,

with an intermediate resolution and

s i m i l a r s p e c t r a l b a n d s , f r o m

RapidEye (RapidEye AG, 2012).

These datasets offer a practical com-

mercial solution for covering wide

areas with improved resolution over

Landsat or ASTER.

RapidEye is a constellation of five

satellites (RE1–5), which permits

once-per-day imaging opportunities

and collects data in five discrete spec-

tral bands from 0.44 to 0.85 μm repre-

senting the visible to near infrared

range of the electromagnetic spec-

trum (Naughton et al., 2011). Data

collected from the same seasonal period and under similar

environmental conditions are especially important for the

interpretation of terrain as maturation of the vegetation

cover changes over time. These changes affect the spectral

characteristics of the image, as do wet or dry conditions on

more sparsely vegetated soils or surficial deposits. The

RapidEye data covered 16 250 km2 (26 scenes) of the study

area from two 80 km wide passes on July 24 and 26, 2014.

The resolution or ground sampling distance of RapidEye is

approximately 6.5 m. Level 3A data products, acquired for

this study, have a pixel spacing of 5 m. Various near-true

colour and false colour images were created from the five

available bands, including the red edge band (BlackBridge,

2013), which is ideally positioned to capture vegetation

vigour due to the high reflectance in the infrared from the

mesophyll in healthy internal leaf structure. Vegetation

cover is commonly associated with the type of mineral soil

substrate and was used in this study to assist with the identi-

fication and interpretation of surficial deposit types. A

number of surficial cover types were successfully identi-

fied and mapped using a supervised classification tech-

nique; this is described in more detail below.

The process of RapidEye land cover interpretation is simi-

lar to remote predictive mapping for surficial sediments in

that both consist of classification of satellite images (and

other data) to obtain information about the surficial materi-

als from a remote sensing perspective (e.g., Harris et al.,

2012; Campbell et al., 2013; Wityk et al., 2013). However,

with RapidEye land-cover interpretation, the results are

given in terms of observed physical composition of the im-

ages (e.g., vegetation, water, lichen-covered boulders, li-

chen-covered rock, fresh sediment) rather than inferred

geological units (till, marine sediments, alluvial sedi-

ments). The rationale for this particular methodology is that

some applications might require precision in the mapping

of specific features that are observable on the images,

whereas other details might not be so significant or easy to

see on the images from the classification. The RapidEye

land-cover interpretation process is illustrated on Figure 2.
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Figure 2: Land cover classification workflow diagram, using RapidEye satellite images and
surficial geology maps. The bold letters indicate the RapidEye bands used for classification.
Abbreviation: NIR, near infrared.



Previously, land-cover maps were produced at 30 m resolu-

tion from Landsat images (Natural Resources Canada,

2015), however not with the specific objective of providing

information for surficial sediments mapping. The Landsat

land-cover maps will be compared with the new RapidEye

land-cover maps in future publications from the Western

Hudson Bay project.

The software used for the image classification is SAGA

(System for Automated Geoscientific Analyses, version

2.1.4; Conrad et al., 2015), within the supervised classifica-

tion module. Classification zones with specific land-cover

attributes were delimited to drive the classification process

(Figure 2), based on the surficial sediments map and geo-

logical interpretation of the 5 m RapidEye satellite image.

The operation was repeated for each of the 26 satellite im-

age scenes. The land-cover interpretation was classified

from RapidEye images, with bands 2 (green), 4 (red edge)

and 5 (near infrared, or NIR). These colours were selected

because they provide suitable contrast in the vegetation

type and moisture content of the ground, which in turns re-

flects the underlying surficial material. The amount and

type of mineral material (bedrock, sand, silt, till), as well as

the roughness and lichen cover, are also important factors

that are well-represented by these three bands. Figure 3

shows the satellite image classification, which is expressed

in a contrasting colour scheme that reflects the main units,

and is easy to read for most users, including nonspecialists.

The interpretation map is focused on important geological

features that will assist in the design of infrastructure, from

both engineering and environmental aspects.

The RapidEye images proved useful at finding gravel

sources, due to the red edge and near infrared combination

that allows one to find subtle contrasts within different

types of terrain, depending on moisture, vegetation colour,

lichen, rock and sand cover (Figure 3; see Tremblay et al.

[2015]6 for full-definition georeferenced image). On the

land-cover map, gravel sources are defined by a combina-

tion of black (mostly gravel and vegetation), white (general

mixture of sediments and vegetation), purple (mostly li-

chen-covered boulders) and yellow (mostly freshly ex-

posed sediments). Black is the most specific indicator of

gravel, associated with dry vegetation, however black is

also found in other settings, including some specific bed-

rock units east of Maze Lake. Esker ridges, beaded eskers,

fans and kames are common landforms that display black

and indicate mostly gravel, however, some of these do not

display as black. The parts of beach ridges (Mr) that are

commonly deposited from the reworking of glaciofluvial

sediments can also appear as black. In some localities, the

RapidEye interpretation allows the identification of gravel

deposits (sector A, Figure 4a–c) as being mainly eskers and

beaches, and this increases the precision of the surficial

maps. In addition, the RapidEye allows one to map some

gravel (eskers) deposits that were not mapped in the

surficial geology maps (sector B, Figure 4d–f).

Coarse and rocky terrain, such as bedrock and ribbed mo-

raine areas, were identified in detail by zones of purple (li-

chen-covered bedrock and boulders). North of Kakiak-

turjuaq lake, there are good examples of areas of coarse

ribbed moraines delimited by purple (Figure 3). Another

area of coarse ribbed moraines is evident in the northeast

corner of sector A (Figure 4d). Coarse ribbed moraines dif-

fer from the bedrock areas, as interpreted from the

RapidEye images, as the latter displays geometrical frac-

tures and the former is more irregular and diffuse (Fig-

ure 4d).

Zones with wet vegetation cover (green; thick vegetation,

peat) were identified with detail using the RapidEye image

interpretation. Thick and wet vegetation cover (vegetation

C and D, dark green) is found in depressions in the till cover

and/or in fine-grained sediments (marine, lacustrine, allu-

vial). These zones are more likely to contain more ground-

ice and to be thaw-sensitive, although this interpretation

needs to be confirmed by field observations. Vegetation A

and B (pale green) are variable and may consist of vege-

tated soils without thick peat cover. Notably, the pale green

areas have several identified drumlinoids, except that the

top section of the drumlinloids are dominantly white (indi-

cating a general mix of sediments and vegetation). Fig-

ure 4a shows that vegetation C and D are mapped in detail,

and are found over almost every unit of the surficial map

but dominantly over Tb, A (which corresponds to alluvial

sediments in Figure 4b) and L.

Yellow units indicate some freshly exposed sediments, of

different granulometry, with little vegetation or lichen on

the sediments. These sediments occur on top of eskers, in

intermittent or recently drained lakes, on raised beaches,

near the seashore or on river banks. In some localities, the

sediments of the paler yellow unit (A) are thought to be wet-

ter or slightly more vegetated, than the sediments of the

darker yellow unit (B).

White units represent three different classification catego-

ries: till, various fine marine sediments and nearshore or

beach sediments. These sediments were grouped into one

category because they overlap significantly in RapidEye

images. In general, the areas depicted by white display vari-

able amounts of mudboils and some vegetation, and are be-

lieved to be relatively well-drained. However, this needs to

be confirmed in future fieldwork.
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Figure 3: Land-cover map from RapidEye classification. Clouds and shadows are shown as grey areas. Full-reso-
lution image is available in Tremblay et al. (2015).
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Figure 4: Comparison of RapidEye land-cover maps (see Figure 3 for legend), surficial geology maps (see Figure 1 for legend) and
RapidEye images (band 4 is red, band 3 is blue, band 5 is green; copyright 2015© BlackBridge) for sectors A and B (see Figure 3 for loca-
tions): a) sector A, RapidEye land-cover map; b) sector A, surficial geology map; c) sector A, RapidEye image; d) sector B, RapidEye land-
cover map; e) sector B, surficial geology map; and f) sector B, RapidEye image.



The following items could be assessed in order to improve

the quality and usefulness of the RapidEye land-cover in-

terpretation for western Hudson Bay area:

• Complete the RapidEye image coverage during the

early summer of 2016. The existing 2014 coverage was

marginally increased by images collected in the summer

of 2015, and will be processed in 2016.

• Conduct fieldwork to ground-truth permafrost, surficial

geology and RapidEye land-cover map features.

• Classify land cover using RADARSAT images. In par-

ticular, the mapping of zones of gravel (including

eskers) could be examined. Also, the overall roughness

of the terrain can be observed in the RADARSAT data,

and the delineation of terrain differences could be of

particular interest for infrastructure projects.

• Compare the Landsat land-cover maps (Natural Re-

sources Canada, 2015) with the new RapidEye land-

cover maps.

Permafrost conditions

Permafrost is defined as ground that remains at or below

0°C for at least two consecutive years (French, 2007).

Western Hudson Bay lies in the continuous permafrost

zone, where 90–100% of the ground surface is underlain by

permafrost (French, 2007). The limit between discontinu-

ous permafrost (being defined as 50–90% of the surface un-

derlain by permafrost) and continuous permafrost is lo-

cated 50 km south of the study area, as displayed on the

inset map of Figure 1 (Brown et al., 2002). In the continu-

ous zone, permafrost is interspersed with layers of taliks,

which are layers of ground that remain unfrozen year-

round; they are usually found under bodies of water affect-

ing the thermal regime of the soil (French, 2007). Certain

conditions are propitious to ice-rich ground, and ground ice

is normally found in low-lying marine sediments. At those

locations, numerous periglacial features such as ice-wedge

polygons, patterned ground and mudboils can be found

(Figure 5; McMartin, 2002). Some retrogressive thaw

flows were also mapped in the area of Rankin Inlet (Mc-

Martin, 2002). In the vicinities of Rankin Inlet and Baker

Lake, high salinity levels are reported ranging from 2.5 to

30 ppt with the salinity originating from marine submer-

gence by higher sea levels during glacial retreat (Hivon and

Sego, 1993). Elevated soil salinity increases the unfrozen

water content and decreases the strength of the soil (Hivon

and Sego, 1995), which could have an impact on the

performance of infrastructure.

In the western Hudson Bay region, the thickness of the ac-

tive layer (the top layer of soil that undergoes seasonal thaw

and freeze) is highly variable and depends greatly on site-

specific conditions (Brown, 1978; French, 2007). Active

layer thickness in the region was initially assessed by

Brown from 1974 to 1976 near Rankin Inlet and Baker

Lake using thermistor cables in bedrock, eskers, till and

marine sediments. In these terrain units, the active layer

thicknesses ranged from 30 cm in sand and gravel to 400 cm

in bedrock (Brown, 1978). More recently, active layer

thickness data derived from borehole thermistors were also

provided for a site in coarse gravel and sand near Baker

Lake (Smith et al., 2005, 2010, 2013). The active layer

thickness varied from 125 to 229 cm between 1997 and

2007. The thickness of the permafrost has been estimated to

be 200–300 m near Rankin Inlet, and 500 m in the Baker

Lake area (Brown, 1978).

The mean annual air temperature (MAAT) for 1981–2014

calculated using Environment Canada climate station data

(Environment Canada, 2015), is –11.7°C for Baker Lake

and –10.3°C for Rankin Inlet. During the same time period,

the MAAT rose 2°C at an average rate of 0.068°C/yr, indi-

cating a progressive warming of the climate in the region

(Figure 6). Climate warming is observable throughout the

western Hudson Bay area, with similar trends observable at

Arviat, Chesterfield Inlet and Whale Cove climate stations.

Although a network of climate station exists in the region,

boreholes for monitoring the permafrost thermal regime are

sparse. Brown (1963) was the first to provide ground ther-
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Figure 5: a) Ice wedge polygons and b) mudboils in the vicinity of a
road infrastructure, near Rankin Inlet.



mal data for the Rankin Inlet area with the mean annual

ground temperature (MAGT) varying from –8 to –9°C at a

30 m depth in 1960. Further investigations were conducted

by Brown between 1974 and 1976 in the Rankin Inlet and

Baker Lake areas (Brown, 1978). Near Rankin Inlet, bore-

hole depths ranged from 4 to 14 m and the MAGT at the bot-

tom of the boreholes was –6.4 to –7.9°C (Brown, 1978). In

Baker Lake, the boreholes were significantly deeper, rang-

ing from 61 to 130 m deep and the MAGT at the bottom of

the boreholes ranged from –4.2 to –5.2°C (Brown, 1978).

Two decades later, similar ground temperatures were re-

ported by Dyke (1998) in Rankin Inlet: –7 to –8°C at a

depth of 16 m in undisturbed terrain. The borehole with the

longest continuous dataset is located in Baker Lake with

ground thermal data being collected from 1997 to 2007

with a MAGT of –7.6°C at a depth of 3 m (Smith et al.,

2010; Throop et al., 2012). Despite these historical ground

temperatures, contemporary borehole monitoring in com-

munities along western Hudson Bay is rare. Furthermore,

ground temperature data are being collected at developing

mine sites, such as Agnico Eagle Mines Limited’s

Meadowbank and Meliadine sites, but these data are com-

monly limited in the length of the recording period, or are

not publicly accessible beyond data released in environ-

mental assessment reports (e.g., Smith et al., 2013).

Recent studies have projected changes in the region in re-

sponse to contemporary climate change that could have im-

portant impacts on the permafrost distribution, ecology and

the infrastructure sustainability in the region. Two studies

have modelled the permafrost response to climate change

in the region: a) Tam (2014) concentrated his efforts on

modelling the possible distribution of permafrost for the

21st century under climate warming scenarios along a

south–north transect in Canada, including Rankin Inlet as a

field site; and b) Zhang (2013) projected changes in perma-

frost from 2010 to 2200 in the northwestern area of the

Hudson Bay Lowland, a region characterized by different

permafrost zones, such as continuous, extensive discontin-

uous, sporadically discontinuous and isolated permafrost

zones. Both authors suggest that the continuous permafrost

in the Hudson Bay region will undergo a transition between

continuous permafrost conditions to discontinuous perma-

frost, but they do not agree on the timing of this change.

Tam (2014) states that by 2040 the permafrost in the Rankin

Inlet region will change from continuous to discontinuous

permafrost, whereas Zhang (2013) predicts a more gradual

change with discontinuous conditions reached during the

22nd century. Both researchers agree that the majority of the

predicted climate warming will occur during the 21st cen-

tury.

Although permafrost is a well-known phenomenon in Can-

ada, the understanding of permafrost conditions in the

western Hudson Bay region remains limited and calls for

further research. A network of functional climate stations

exists in the region; however, continuous ground thermal

monitoring data is scarce to nonexistent and the available

data were collected more than a decade ago. The thermal re-

sponse of permafrost to recent climate warming (Figure 6)

is difficult to establish from available ground temperature

records, thus limiting the capacity to understand the
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Figure 6: Mean annual air temperatures (MAATs) at five stations located in Nunavut in the western Hudson Bay region. Data were acquired
from Environment Canada (Environment Canada, 2015); data gaps represent years where the data quality was judged insufficient to be in-
cluded. The black lines represent the MAAT trend for Rankin Inlet (solid) and Baker Lake (dashed).



changes in the permafrost conditions under climatic varia-

tions. Finally, future climate change effects are projected to

also alter the current permafrost conditions.

Local landscape and permafrost knowledge

In order to assess modern and traditional knowledge of per-

mafrost, discussions were conducted in Rankin Inlet with

the Kivalliq Inuit Association (KIA) and the Hunters and

Trappers Organization (HTO) in the summer of 2015 with

the goal of putting new permafrost geoscience observations

into an historical and traditional context. The discussions

lead to an agreement to conduct community engagement

activities in the winter of 2015–2016. One of the major ac-

tivities will be a mapping and information workshop with

the participation of elders and experienced local land users.

The goals will be to 1) identify areas that have undergone or

are undergoing landscape change (related to permafrost de-

gradation); 2) identify areas that are sensitive or critical to

traditional ways of life, such as culturally significant areas,

wildlife zones, or areas where access may become limited

due to permafrost and climate change; and 3) identify areas

with high potential risk to infrastructure. Traditional

knowledge will be used as input to scientific planning and

will be incorporated with scientific observations, such as

surficial geology, ground-ice occurrences and satellite im-

agery, to form a unified understanding of permafrost

conditions.

Ground surface displacement

Ground surface displacement can be derived from DInSAR

using repeat satellite radar observations. The ground dis-

placement is captured in the phase differences between the

radar acquisitions. Interferometric processing allows these

phase differences to be exploited to produce extensive cov-

erage maps of ground displacement. In a permafrost envi-

ronment, the ground displacement may be seasonal, due to

changes in the active layer, or long-term due to changes in

the permafrost. Based on positive results in other Nunavut

locations (Short et al., 2012a, b), DInSAR data over Rankin

Inlet was acquired in 2015. Radar data were acquired using

the Canadian RADARSAT-2 satellite with C-band SAR

and horizontal transmit and horizontal receive (HH) polar-

ization. Data were collected in two modes (Table 1), one

high-resolution spotlight (1 m resolution, 18 by 18 km cov-

erage) to replicate the high resolution results at other loca-

tions, and the other in ultra-fine wide mode, which has a

lower resolution (3 m) but covers a larger area (50 by

50 km). This mode will be used to explore if the lower reso-

lution data can still deliver useful terrain stability informa-

tion. The DInSAR results will also be interpreted in con-

junction with local and geoscience knowledge.

Mineral occurrences and new bedrock geology
fieldwork

Mineral occurrences were compiled from NUMIN

(NunavutGeoscience.ca, 2015), the online repository of

mineral occurrences in Nunavut. The complete dataset for

the study area is online, and includes 693 occurrences (Fig-

ure 1), of which 137 were recently compiled from newly re-

leased mining and exploration companies’ assessment re-

ports. In collaboration with the Western Hudson Bay

project, new mapping fieldwork was conducted this past

summer (Steenkamp et al., 2015); the reported results of

this work will lead to a greater knowledge of bedrock and

regional mineral potential.

Economic considerations

This surficial work focuses on the compilation of geoscien-

tific data in the western Hudson Bay area, where a proposed

road construction project could potentially impact the local

economy. Four coastal communities are located in the study

area and along the proposed road corridor, and may benefit

from all-year access to the national roadwork system. The

mining potential of the area is also substantial, with one

gold mine in operation and several more potential mines

advancing to development. These exploration and mining

projects could also be favourably impacted by the new road

corridor. Gravel sources are essential for building roads;

these sources can be outlined using the newly compiled

1:125 000 scale surficial geology map, and delineated with

the detailed land-cover map interpreted from the RapidEye

images. The land-cover map shows many more potential

gravel sources and at finer details locally than the regional

surficial compilation map. Environmental impact studies

can also benefit from this RapidEye land-cover map as var-

ious terrains (eskers, river terraces, grasslands) that are key

habitats for wildlife might be identified. Various surficial

geochemistry studies are also referenced as part of this

work, which could be useful for mineral potential assess-

ment and environmental studies. The RapidEye land-cover

map also identifies areas that are wetlands (peatlands) or

covered with specific vegetation; these areas are likely to

be underlain by fine sediments or contain important ground

ice—factors that might pose risks of thaw movement, infor-

mation critical for infrastructure planning. Permafrost-sen-

sitive areas will be assessed based on the surficial geology

map compilation and the RapidEye land-cover map;

ground surface displacement will be derived from

RADARSAT-2 coverage (DInSAR). New thermistors ca-
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Table 1: The RADARSAT modes and acquisition dates (2015),
western Hudson Bay area, Nunavut.



bles and other field observations/surveys (geophysics, per-

mafrost coring) are recommended to gather permafrost data

that are currently lacking spatially and over a longer time

period. Traditional knowledge is also being gathered in

Rankin Inlet to assess landscape change related to perma-

frost degradation around the community, and to identify

sensitive areas with potential risk to infrastructure develop-

ment and to cultural/traditional activities. Overall, this per-

mafrost knowledge update will assist engineers in evaluat-

ing potential routes and preparing cost assessments related

to design and construction of new roads.

Conclusion

The Western Hudson Bay project aims at providing compi-

lations of existing and new geoscience data for infrastruc-

ture planning. An important outcome to date, and to be re-

leased shortly, is the digital compilation of surficial

geology for the area, derived from various maps published

during the 1970s and 1980s. Furthermore, some of these

maps were refined locally by the use of RapidEye image

land-cover interpretation (5 m resolution), which delimited

the locations of some gravel deposits, bedrock outcrops,

bouldery tills, freshly eroded sediments and vegetation.

Further fieldwork will permit the examination of detailed

aspects of the RapidEye land-cover interpretation, notably

for the location of gravel sources and the identification of

thaw-sensitive areas based on the mapping of vegetation ar-

eas. Additionally, the study provides a bibliographical

summary of till and lake-sediment geochemical samples

and of bedrock geology synthesis maps, and of the location

of mineral occurrences. New bedrock geology mapping is

being undertaken to complete the coverage of the study

area. Finally, a compilation of the knowledge on permafrost

is underway, including a summary of the existing literature.

Future work will include the integration of traditional

knowledge with modern geoscience data, ground surface

displacement as measured with DInSAR (RADARSAT

data) and proposed new permafrost observations sites in

key locations.
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