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Climate change and warming conditions are occurring in the north. Any decisions concerning land-use planning, infrastructure develop-
ment or community sustainability are hindered by limited publicly available geoscience information in remote regions. Between 2014 and
2018, CNGO is leading a geoscience compilation project in the Kivalliq Region, along the western coast of Hudson Bay from the Manitoba
border to Rankin Inlet (NTS map areas 55D–F, K, L). The objective is to compile all existing aggregate, mineral potential, surficial geol-
ogy, land cover and permafrost data for this area. Although permafrost and ground ice are important features of the landscape along the
western coast of Hudson Bay, there have been few measurements of ground temperature and permafrost studies in the Kivalliq Region of
Nunavut. Part of the research activity will involve the development of methods for regional characterization of permafrost conditions by in-
tegrating observations from different sources across different scales, from site-based data to remotely sensed data.
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Abstract

The western coast of Hudson Bay in the Kivalliq Region of Nunavut is undergoing significant infrastructure development

associated with natural resources and community sustainability. Permafrost and ground ice are important features of this

landscape and they can significantly affect land-based infrastructure. Scientific planning operations and fieldwork have

been conducted in the Hamlet of Rankin Inlet and over the Kivalliq Region of Nunavut as the preliminary stage in a study to

provide permafrost information and an understanding of permafrost conditions for this area. Recent fieldwork involved

geomorphological observations, examination of surficial geological materials and site selection for establishment of per-

mafrost and ground temperature monitoring stations. Initial sites in Rankin Inlet and at Ennadai Lake were instrumented

with ground temperature and moisture sensors. Additional site locations have been chosen to represent a variety of condi-

tions, including developed and undeveloped land and different geological settings. Field observations will be used for anal-

ysis of satellite-based mapping of ground movement and landscape classification, with a major objective of the work being

the development of methods for regional permafrost characterization and understanding geological controls on permafrost

conditions.

Résumé

La côte ouest de la baie d’Hudson dans la région du Kivalliq, au Nunavut, subit d’importantes transformations au niveau de

ses infrastructures en lien avec l’exploitation des ressources naturelles et en vue d’assurer la durabilité des communautés.

Le pergélisol et la glace de sol sont des éléments importants du paysage qui peuvent avoir une incidence considérable sur les

infrastructures terrestres. La planification d’opérations de recherche scientifique et des travaux de terrain à Rankin Inlet et

dans la région du Kivalliq, au Nunavut, ont été entrepris à titre de phase préliminaire d’un projet de recherche visant à

fournir de l’information sur le pergélisol et les conditions qui le caractérisent dans la région. Les tâches accomplies au cours

des plus récents travaux de terrain impliquaient la réalisation d’observations géomorphologiques, l’examen de matériaux

géologiques de surface et la sélection de sites en vue de l’installation de stations de surveillance du pergélisol et de la

température au sol. Les premiers sites équipés de capteurs de température et d’humidité du sol ont été installés à Rankin Inlet

et au lac Ennadai. L’emplacement de sites supplémentaires s’est fait en fonction de la présence d’une variété de conditions,

notamment la présence de terrains mis en valeur et non mis en valeur ou celle de différents contextes géologiques. Les ob-

servations de terrain serviront aux fins d’analyse des travaux de cartographie des mouvements de terrain au moyen de la

télédétection satellitaire et de classification du paysage. L’objectif principal des recherches est de mettre au point des
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méthodes permettant de caractériser le pergélisol à l’échelle régionale et de mieux comprendre l’incidence des contrôles

géologiques sur les conditions régissant le pergélisol.

Introduction

The western coast of Hudson Bay in the Kivalliq Region of

Nunavut is undergoing significant infrastructure develop-

ment associated with natural resources and community

sustainability. Establishment of a road or power corridor

between Manitoba and the Kivalliq Region has been under

consideration for several years (Nishi-Khon/SNC-Lavalin

Limited, 2007, 2010; Varga, 2014; Rogers, 2015). Perma-

frost and ground ice are important features of this landscape

and they can significantly affect ground stability and infra-

structure. Knowledge of permafrost conditions is required

to characterize climate change impacts, reduce risks and aid

in adaptation solutions for the region. However, there is

limited historical or contemporary permafrost data along

the western coast of Hudson Bay (Smith and Burgess,

2000). Although ground temperature data are often col-

lected as part of natural resource projects, such as at Agnico

Eagle Mines Limited’s Meadowbank mine and advanced-

stage Meliadine gold project, these data are often site spe-

cific and limited in recording period, or are not publicly ac-

cessible beyond data released in environmental assessment

reports (e.g., Smith et al., 2013). Without fundamental

knowledge of past and current permafrost conditions, any

response of permafrost or landscape change to climate

warming is difficult to establish.

Acollaborative activity between the Canada-Nunavut Geo-

science Office and the Geological Survey of Canada has

been initiated to provide, in part, geoscience information

on permafrost and landscape conditions for infrastructure

and community development along the western coast of

Hudson Bay (Tremblay et al., 2015; LeBlanc et al., 2016;

Oldenborger et al., 2016; Short et al., 2016). Objectives of

this activity include 1) collection of valuable baseline ter-

rain and permafrost information in the Kivalliq Region of

Nunavut, such as surficial geology, land cover, periglacial

landforms and ground temperature; 2) development of

methods for regional characterization of permafrost condi-

tions by integrating observations from different sources

across different scales, from site-based data to remotely

sensed data; and 3) understanding permafrost conditions,

the relationship to surficial geology and the potential re-

sponse to infrastructure development and climate warming.

Scientific planning operations and fieldwork have been

conducted in Rankin Inlet and over the Kivalliq Region as

the preliminary stage of research activity. Recent fieldwork

involved geomorphological observations, examination of

surficial geological materials and site selection for perma-

frost and ground temperature monitoring stations. Initial

sites at Rankin Inlet and Ennadai Lake were instrumented

with ground temperature and moisture sensors. Additional

site locations have been chosen to represent a variety of

conditions, including developed and undeveloped land and

different geological settings. The full suite of activities will

include sediment sampling, permafrost coring, and mea-

surements of ground temperature, water content and

ground movement.

Site-based observations will be used for thermal modelling

and the analysis of geophysical and satellite data, which

will be used for mapping ground movement and landscape

classification. Better understanding of terrain conditions,

ground ice occurrence, thaw susceptibility and the pro-

cesses affecting permafrost will contribute to improved

prediction and management of the impacts of permafrost

degradation on infrastructure and community welfare in

the region.

Study area

Permafrost underlies almost half of Canada’s landmass and

all of Nunavut (Heginbottom et al., 1995). Rankin Inlet and

the western coast of Hudson Bay are within the continuous

permafrost zone where 90–100% of the land area is under-

lain by permafrost (Figure 1). Only the most southwestern

portion of the Kivalliq Region is in the extensive discontin-

uous permafrost zone (Figure 1). Permafrost thickness in

the Rankin Inlet region has been estimated to be 200–300 m

and active layer thickness may vary from 0.3–4 m depend-

ing on local ground conditions (Brown, 1978; Smith and

Burgess, 2002; Genivar Inc., 2014). Mean annual ground

temperature (MAGT) has been reported as –6.4 to –7.9°C

from 4 to 14 m depth (Brown, 1978). Periglacial features,

such as ice-wedge polygons and mudboils, have been

mapped as part of the surficial geology (McMartin, 2002).

Little information exists on ground ice occurrence in the re-

gion, although it is likely spatially variable and related to

surficial geology and hydrology (e.g., Judge et al., 1991;

LeBlanc et al., 2015).

Mean annual air temperature for 1981–2014, calculated us-

ing Environment Canada climate station data, is –10.3°C

for Rankin Inlet (Environment Canada, 2015). During the

same time period, mean annual air temperature has risen by

2.2°C. Similar trends are recorded for Arviat, Chesterfield

Inlet and Whale Cove climate stations indicating a regional

warming trend (e.g., Tremblay et al., 2015).
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Site locations

Field observations were initiated with a general survey of

the landscape, taking into consideration available surficial

geological mapping (McMartin, 2002) and land-cover

mapping (Tremblay et al., 2015). Site visits were planned to

cover a representative suite of surficial geological units and

land-cover types. Site locations for ground temperature

boreholes and permafrost monitoring stations in the region

of Rankin Inlet were established after

considering the field observations

(Figure 2; Table 1) and after in-person

consultation with representatives

from the Hamlet of Rankin Inlet, the

Government of Nunavut and the

Kivalliq Inuit Association. Com-

ments were sought from the commu-

nity, but none have been received to

this date beyond those received at

previous engagement events (e.g.,

Oldenborger et al., 2016).

Two ground temperature monitoring

sites (RI01, RI02) were chosen to re-

cord the thermal regime of the Rankin

Inlet area both for developed and un-

developed land-use scenarios. Both

sites are on marine-washed till, sev-

eral metres thick, adjacent to littoral

sediments consisting mostly of coarse

brown sand raised beaches (McMar-

tin, 2002). Washed till and marine

sediments are considered to be repre-

sentative of large portions of the

western coast of Hudson Bay. Sites

were chosen to avoid any unusual

snow drifting. These boreholes are

planned as air-track drillholes that will be completed to

bedrock (or 15 m depth). Multi-thermistor cables con-

nected to autonomous data loggers will be deployed in

these holes and maintained for future generations.

In addition to permanent ground temperature monitoring

borehole sites, five sites were selected for installation of

shallow permafrost monitoring stations with permafrost

coring and measurements of ground temperature, ground

heave, thaw depth and moisture con-

tent (RI03–07). At these sites, sen-

sors will be installed using a combi-

nation of shallow permafrost coring,

water-jet drilling and hand digging of

soil pits. Sites were chosen to repre-

sent different scenarios of surficial

geology to allow investigations of

geological controls on permafrost

conditions. Sites include a raised

beach ridge characterized by large-

scale, ice-wedge troughs (RI03), un-

differentiated till and nearshore ma-

rine sediments characterized by

hummocky ground (RI04), nearshore

marine sediments with a well-devel-

oped ice-wedge polygon network

(RI05), littoral and offshore marine

sediments (RI06) and transitional till/
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Figure 1: Map of ground temperature monitoring boreholes in the Canadian Permafrost
Monitoring Network (black dots, updated from Smith et al., 2010). The Baker Lake site has
been inactive since 2008. Purple is the continuous permafrost zone; blue is the discontinu-
ous permafrost zone (extensive and sporadic; after Heginbottom et al., 1995).

Figure 2: Site locations for permanent ground temperature monitoring stations (RI01, RI02)
and shallow permafrost monitoring stations (RI03–07), Rankin Inlet area, southern Nunavut.



nearshore sediments with mudboils (RI07). During site re-

connaissance, sediment samples were acquired for grain

size and porewater salinity analyses, and landscape/vegeta-

tion observations were recorded for verification and

training of satellite-based land-cover mapping methods

(Tremblay et al., 2015).

Raised beach

Of the five sites selected for shallow permafrost monitoring

stations, site RI03 was chosen for the initial installation

(Figure 3). Site RI03 is on a raised beach with large-scale

ice-wedge troughs that do not connect into a closed poly-

gon network. The site is dry in the summer and the topogra-

phy slopes gently downhill to an adjacent valley with

glaciofluvial fill. Excavation to the thaw depth revealed a

thin organic layer, over medium brown eolian sand, over a

littoral marine deposit consisting of well-sorted pebbly

brown sand with coarse sand layers and shell fragments be-

low 110 cm depth. Thermistors and dielectric (moisture

content) sensors were installed side-by-side at the same

depths in the excavated pit (Figure 4). Sensors were con-

nected to data loggers on the surface for continuous moni-

toring. The current sensors will be complemented by

permafrost coring and other investigations.

Ennadai Lake

In addition to Rankin Inlet, there is an interest in extending

permafrost and landscape characterization to the larger

Kivalliq Region. To this end, ground surface observations

(from low-level flight) were made from Baker Lake to

Ennadai Lake (along the Kazan River) and from Ennadai

Lake to Rankin Inlet for further verification and training of

satellite-based land-cover mapping methods over a larger

area (Tremblay et al., 2015). A ground temperature moni-

toring borehole was installed at Ennadai Lake to represent

the vast inland region of Nunavut, which is lacking in

ground temperature data (Figure 1).

Site selection at Ennadai Lake was limited to the vicinity of

an outpost camp, which is regularly inspected by the Gov-

ernment of Nunavut (Figure 5). The site falls within the ex-

tensive discontinuous permafrost zone (Figure 1). Recon-

naissance observations indicated three general types of

surficial geology in the immediate area: fine-grained clay/

silt regions with thaw depths of <70 cm, coarser-grained

sandy areas with thaw depths of >150 cm, and peatlands

with peat mounds (palsa bogs and peat plateaus) with thaw
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Table 1: Anticipated suite of observations for monitoring sites, Rankin
Inlet and Ennadai Lake areas, southern Nunavut.

Figure 3: Rankin Inlet site RI03, Rankin Inlet area, southern
Nunavut: a) aerial photograph of raised beach ridge with ice-
wedge troughs; b) temperature (RI03T1) and dielectric
(RI03D1) sensors installed in a pit excavated to thaw depth;
c) filled and restored pit with data loggers (connected to sen-
sors) at ground surface.



depths of <70 cm (Figure 6). The clay/silt deposits are inter-

preted to be glaciolacustrine in nature and associated with

the Ennadai glacial lake on the western side of the

Keewatin Ice Divide, whereas the sandy deposits are inter-

preted to be alluvium adjacent to esker sand and gravel

(Lee, 1959; Aylsworth, 1986). Permafrost may be absent in

thicker outwash material of the esker proper.

The fine-grained sediments were selected as a target for wa-

ter-jet drilling of a ground temperature monitoring bore-

hole at the forest’s edge (Figure 6). Ahole was completed to

approximately 275 cm at which point, coarse-grained ma-

terial (pebbly sand, interpreted as glaciofluvial) precluded

further drilling. A prebuilt thermistor cable was housed in

PVC casing and installed in the hole (Figure 7). The casing

was filled with silicone oil and the thermistor cable was

connected to a data logger at the surface for continuous

monitoring.

Economic considerations

The western coast of Hudson Bay is a region where land-

based infrastructure projects could significantly impact the

local economy and community welfare. Four coastal com-

munities are located in the region that would be served by

the proposed Manitoba–Nunavut road or energy corridor.

Permafrost studies provide important knowledge on land-

scape conditions and ground ice occurrence that may help

mitigate risk associated with thaw-sensitive substrate and

infrastructure instability. Installation of permanent ground

temperature monitoring boreholes that will provide pub-

licly available data will aid the Hamlet of Rankin Inlet in

land-use planning both now and in the future. Extension of

studies to geophysical- and satellite-based mapping will

support methods of regional characterization of permafrost

conditions in conjunction with site-specific geotechnical

studies to provide geoscience knowledge in support of

climate change preparedness and adaptation activities in

Canada.

Conclusions

Scientific planning and fieldwork were conducted in

Rankin Inlet and over the Kivalliq Region—the initial stage

of collecting baseline terrain and permafrost information in

data-poor areas of Nunavut. Fieldwork involved examina-

tion of surficial geological materials, site selection for per-

mafrost and ground temperature monitoring stations and

installation of initial permafrost monitoring equipment.
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Figure 4: Schematic illustration of the sedimentary section
and instrumentation at site RI03, Rankin Inlet area, southern
Nunavut (NAD83, UTM Zone 15N, 533198E, 6970943N).
Temperature (R103T1–4, Onset

®
Computer Corporation

TMC6-HD) and dielectric (R103D1–4, Decagon Devices, Inc.
EC-5) sensors were installed from the surface to the thaw
depth, and are connected to data loggers (Onset

®
HOBO

®

U12-008 and Decagon Devices, Inc. Em50) on the surface.

Figure 5: Location of permanent ground temperature monitoring borehole at
site EL01 near Ennadai Lake, Kivalliq Region, southern Nunavut.



Ground temperature and moisture content sensors were in-

stalled to 1.25 m depth in the active layer near Rankin Inlet,

and a multi-thermistor cable was installed to 2.75 m depth

in permafrost near Ennadai Lake.

Additional sites were chosen to represent a variety of con-

ditions, including developed and undeveloped land and dif-

ferent geological settings typical of the Rankin Inlet region.

These sites will be established in the coming field seasons.

The full suite of observations will include sediment sam-

pling, permafrost coring, and measuring ground tempera-

ture, thaw depth, water content and ground heave. Results

will be used for thermal modelling and analysis of geophys-

ical and satellite data for mapping of ground movement,

landscape classification and understanding regional per-

mafrost conditions.
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Figure 6: a) Ennadai Lake site EL01 located on glaciolacustrine
clayey silt deposits adjacent to a region of peatland with frost
mounds (yellow dashed line) and sandy alluvial deposits with
deeper thaw depth (white dashed line), Kivalliq Region, southern
Nunavut. b) Ground temperature monitoring borehole at site EL01.
c) Multi-thermistor cable connected to data logger at ground sur-
face.
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mated from water-jet drilling, and thermistor depths (EL01T1–8)
for ground temperature monitoring borehole at site EL01, Kivalliq
Region, southern Nunavut (NAD83, UTM Zone 15N, 351850E,
6739125N). The eight-thermistor cable (YSI Inc. 44033) was in-
stalled in polyvinyl chloride (PVC) casing and is connected to a
data logger (RBRconcerto) at ground surface. Thaw depth was ob-
tained by probing.
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