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Abstract

This paper summarizes observations of surficial geology and landscape hazards relevant to infrastructure stability and com-

munity sustainability in Arviat, Nunavut. It is based on a site visit and rapid reconnaissance survey in July 2009 in support of

climate-change adaptation planning. The scientific work focused on surficial deposits, permafrost and ground ice, slope

stability, runoff and drainage, sea-level change, and coastal processes in relation to building foundation stability, building

pad construction, safety and viability of coastal infrastructure, and land-use planning for community expansion. These is-

sues were addressed by mapping surficial materials and landscape units based on a brief reconnaissance survey and inter-

pretation of high-resolution optical imagery. Through a classification of relative risk to infrastructure for various surficial

materials, a preliminary map of foundation stability risk was developed to support adaptation planning under the Nunavut

Climate Change Partnership and to provide general guidance on the challenges facing future development in various parts

of the community.

Résumé

Le présent rapport résume certaines observations faites au sujet de la géologie de surface et les risques géomorphologiques

dans la région d’Arviat, au Nunavut, dans la mesure où ces questions ont trait à la stabilité des infrastructures et à la

durabilité de la collectivité. Ces observations ont été faites au cours d’une visite sur place et d’un bref levé de reconnais-

sance réalisés en juillet 2009 dans le cadre d’activités de planification des mesures d’adaptation aux changements climat-

iques. Les travaux scientifiques ont surtout porté sur les dépôts de surface, le pergélisol et la glace dans le sol, la stabilité des

pentes, le ruissellement et le drainage, le changement du niveau marin et les processus côtiers par rapport à leurs répercus-

sions sur la stabilité des fondations d’immeubles, la construction de plates-formes de bâtiments, la sécurité et la viabilité des

infrastructures littorales et la planification liée à l’aménagement des terres en vue d’une expansion communautaire future.

Pour traiter ces questions, on a eu recours à la cartographie des matériaux de surface et des unités géomorphologiques à

partir d’un levé de reconnaissance de brève durée et de l’interprétation d’images optiques à haute résolution. En se basant

sur une classification du degré relatif de risque aux infrastructure en fonction de divers matériaux de surface, on a pu dresser

une carte préliminaire du degré de risque à la stabilité des fondations. Non seulement cette carte peut-elle jouer un rôle au

niveau du processus de planification des mesures d’adaptation dans le cadre du Partenariat sur les changements climatiques

du Nunavut, mais encore peut-elle fournir des conseils d’ordre général au sujet des défis auxquels devront faire face toutes

les activités futures de mise en valeur entreprises à différents endroits de cette collectivité.
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Introduction

Arviat is located along the west coast of Hudson Bay at

61°09'N, 94°14'W, in the Kivalliq Region of Nunavut (Fig-

ure 1). The community (formerly Eskimo Point) is located

215 km south of Rankin Inlet and 260 km north of Chur-

chill, Manitoba. It is the third largest urban centre in

Nunavut with a population of 1810 in the 2011 census, a

1.4% growth since 2006 (Statistics Canada, 2013). There is

a high demand for new housing, and the built-up area of

Arviat has expanded rapidly in recent years. However, is-

sues of foundation instability, specifically frost jacking,

thaw settlement and possible instability related to saline

permafrost, have emerged in both older and new construc-

tion. There is a need for information on foundation condi-

tions, surface water drainage, slope stability and other is-

sues relevant to infrastructure resilience. These other issues

include coastal changes and hazards, such as land uplift and

relative sea-level rise, the implications of falling local sea

levels for navigation and sealift operations, potential haz-

ards associated with storm surge and wind-driven waves in

summer, changes in landfast sea ice and the duration of the

open-water season. People in this region have vivid memo-

ries of starvation in the last century and are well aware of

the need for adaptation, but today’s dependence on built in-

frastructure places some limits on adaptive capacity and

resilience. The purpose of this study was to gather an

information base for adaptation planning.

This project was undertaken within the Nunavut Climate

Change Partnership (NCCP; Mate and Reinhart, 2011) to-

gether with the Government of Nunavut (GN) and volun-

teer planners from the Canadian Institute of Planners (CIP).

The Arviat work was mirrored in other NCCPpilot commu-

nities (Allard et al., 2014; Smith, 2014; Smith and Forbes,

2014), although specific methodology and products varied

from site to site. The scientific team for the Arviat work car-

ried out a number of other studies. These included an exten-

sive sampling effort to improve knowledge of postglacial

relative sea-level change, particularly within the past few

thousand years, and also to quantify rates of uplift as a con-

tribution to more robust projections of local sea-level

change (James et al., 2011; Couture et al., 2014). In addi-

tion, a team from the Canada Centre for Remote Sensing

(now the Canada Centre for Mapping and Earth Observa-

tion), Natural Resources Canada (NRCan), carried out

work on freshwater resources and surveyed a number of

lakes in the vicinity to identify potential backup sources of

potable water (Budkewitsch et al., 2011).

Physical setting

Arviat lies within the Western Churchill Province of the

Canadian Shield and specifically within the Hearne do-

main, which is composed of predominantly Archean early

crust (Tella et al., 2007). The bedrock exposed in Arviat is

Proterozoic dark grey paragneiss with lenses of quartz,

forming low whalebacks carved by ice flow during and af-

ter the last glacial maximum (LGM). Following the LGM,

the ice centre west of Hudson Bay shifted eastward to form

the Keewatin Ice Divide, about 250 km west of the present-

day coast. Outflow from this topographic high was approx-

imately eastward in the Arviat region (Aylsworth and

Shilts, 1989), creating elongated drumlins and large flutes

over much of the landscape to the west of

the community (Figure 1). A thin veneer of

ice-contact deposits (glacial till) is present

over much of the landscape as well as

thicker till forming ribbed moraines in

some areas. Evidence of ice flow and reces-

sion is also revealed by the many east-

trending eskers (Aylsworth and Shilts, 1989).

The opening of Hudson Strait after 9 ka 14C

BP (10.2 ka cal. BP) triggered rapid reces-

sion of the ice-sheet margin on the west side

of Hudson Bay, probably along a tidewater

ice front, as esker deposits continued to be

laid down and fine sediment (mud) settled

out of suspension on the newly formed sea-

floor. The postglacial Tyrrell Sea was formed

by the expansion of late-glacial Hudson

Bay over the isostatically depressed land

surface. It reached a maximum elevation of

about 170 m above present sea level shortly

after 8 ka cal. BP and extended as much as

150 km west of the current coast (Dyke,

2004). The subsequent isostatic rebound
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Figure 1: Geographic setting of Arviat, Nunavut, on west coast of Hudson Bay, with
partial road network (in orange) based on field surveys. The white box shows the area
of the surficial geology and landscape hazards maps (Figures 3, 5). Backdrop is
orthorectified, 15 m resolution, panchromatic Landsat 7 imagery acquired in July 2001
(GeoBase

®
, 1999–2003; UTM zone 15N).



(uplift) and emergence resulted in reworking of the glacial

and marine deposits into flights of raised beaches, visible in

Figure 1 (north of Arviat).

Arviat is located on an esker ridge along the southern shore

of the harbour (Figure 2a). This ridge forms the north side

of a peninsula extending eastward into Hudson Bay (Fig-

ure 1). A second, parallel, esker ridge forms the southern

edge of the peninsula. In previous work, Arsenault et al.

(1981) mapped the two main esker ridges and an extensive

cover of shallow-marine deposits, which includes raised

beach ridges, thin sheets of sand representing emergent

coastal reworking of marine mud and silty sand, and aban-

doned tidal flats with peat cover. The terrain is slightly roll-

ing with a general increase in elevation westward away

from the coast. Although the townsite on the esker ridge is

about 10 m above mean sea level, the built-up area is fairly

flat (Figure 2b). An extensive shallow wetland covers a

large part of the subtle depression between the two esker

ridges. Much of the wetland has been capped with gravel

pads for construction of housing and infrastructure

(Figure 2c).

The climate of Arviat is cold and dry, with mean daily tem-

peratures from +11°C in July to –29°C in January and total

annual precipitation of 286 mm, of which 112 mm (39%)

falls as snow (Canadian climate normals, 1981–2010 [En-

vironment Canada, 2013]). Arviat lies within the continu-

ous permafrost zone (Brown et al., 2001). The thickness of

the active layer (maximum depth of summer thaw) varies

with the sediment properties, from <0.5 m in poorly drained

organic-rich deposits to 1.5 m or more in well drained

outwash sediments (Shilts et al., 1976). The tides are

semidiurnal and the large (spring) tidal range is about 4 m

(Canadian Hydrographic Service, 2002). Hudson Bay has

extensive sea-ice cover in winter but the mean dates of

freeze-up and break-up have been changing, resulting in a

longer open-water season and a higher probability of fall

storms occurring with open water (Forbes et al., 2008;

Allard et al., 2014). Little information is available on storm

characteristics, wave climate or storm surges in the Arviat

region.

Methods and survey activities

Members of the science team were onsite for one week

(July 6–13, 2009). On the first day, the team (including sci-

entific staff, CIP planners, GN staff, a hamlet official and a

local elder) toured the hamlet on foot and met in the council

chamber for a discussion of issues. During this tour, it was

apparent that surface drainage issues are a concern within

the built-up area (Figure 2c, d). Water is retained at the sur-

face because of the low surface slope, underlying ice-

bonded and impermeable sediments or rock at shallow

depth and poor drainage infrastructure. Differential move-

ment of piles and damage due to local thaw subsidence was

apparent at a number of sites (Figure 2e), but most struc-

tures in the community were found to be supported on

adjustable wooden blocks or, for more recent construction,

on space frames (trihedral frame supports; Figure 2f). The

morning discussion included a consideration of future de-

velopment trends and siting options for construction of ad-

ditional housing. The afternoon provided an opportunity

for an initial survey of the area surrounding Arviat.

Landscape hazard mapping was carried out for a 25 km2

area surrounding the built-up part of Arviat (Figure 1). Fol-

lowing the earlier work of Arsenault et al. (1981), the map-

ping reported here was carried out independently using

high-resolution satellite imagery to discriminate built in-

frastructure, geomorphology, surficial geological units,

shallow nearshore seabed and hydrological features (lakes

and channels). The image interpretation was validated by

ground observations of surface materials and examination

of shallow sections in channel cuts and gravel pits. This in-

formation was used to create a surficial geology (surface

materials and landscape units) map for the study area.

Landscape hazards were identified in relation to sediments

prone to slope failure (marine muds), ice-rich deposits sus-

ceptible to differential thaw settlement (shallow-marine

sediments, organic cover including areas of high-centre

polygons, and existing wetlands), coastal features open to

nearshore ice pressure, storm-surge flooding, wave action

and shoreline erosion, among others. A landscape hazards

map was developed using a simple green-amber-red colour

scheme pioneered in other pilot studies in Nunavut, notably

Arctic Bay and Clyde River (Ford et al., 2006; Irvine et al.,

2007).

A GPS survey monument (designated ARVI) was estab-

lished on a rock knoll west of the south end of the runway. A

geodetic-quality GPS antenna was set up over a steel pin

cemented in bedrock, and the receiver was operated for five

days. Subsequent GPS occupations in 2010 (three days)

and 2012 (three days) and processing of data in Interna-

tional Terrestrial Reference Frame (ITRF) 2005, using the

Canadian Spatial Reference System Precise Point Position-

ing (CSRS-PPP) tool of the Canadian Geodetic Survey

(Natural Resources Canada, 2013), indicate an uplift rate of

<10 mm/yr (Couture et al., 2014).

Elevations were determined for raised shoreline features

and the sites of organic samples collected for radiocarbon

age determination to improve knowledge of sea-level

change. In 2009, a post-processed static differential GPS

was used with a base station at Government of the North-

west Territories bench mark 6019210 on the edge of the for-

mer airstrip near the reservoir. The position of this monu-

ment was also determined by CSRS-PPP and the geoidal

correction was validated by surveys of water level.
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Results

Surficial geology

The surficial geology map (Figure 3) shows deposits ex-

posed on the landscape around Arviat. The oldest unit is

bedrock (R), occurring mostly in isolated, glacially

sculpted, whaleback outcrops south of the airstrip, as well

as off the map to the west and north. The rock is an ancient

paragneiss (Tella et al., 2007) and is stable in outcrop near

the coast. However, frost shattering and heaving of joint-

defined blocks was observed to the west of the hamlet, be-

yond the limits of Figure 3.

The oldest exposed surficial unit (Pgf) is late-glacial out-

wash forming two prominent esker ridges extending east-

southeast across the map area (Figures 2a, 4a–c). These de-

posits, primarily of sand and gravel with boulders, were

laid down before and during the retreat of the ice front as

the ice sheet contracted toward the west. Concurrent with
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Figure 2: a) Oblique aerial view of Arviat, Nunavut, looking east with harbour at left and Hudson Bay in the background; note dock in fore-
ground and sealift landing site in middle distance (July 13, 2009). b) Closer overview showing bridge over lake drainage channel (site of
slope failure in Figure 4b) and development impinging on wetland in right foreground (July 13, 2009). c) Development expanding across
wetland over thin layers of fill on south side of community (July 7, 2009). d) Ponded water in ditch along a major street in Arviat (July 7,
2009). e) House deformed by frost jacking of pile beside depression, which may have resulted from thaw subsidence under ponded water
(July 11, 2009). f) Space-frame foundation of multiplex under construction on thin fill over wetland (July 7, 2009).
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Figure 3: Surficial geology based on 2009 reconnaissance surveys and interpretation of 2006 satellite imagery (DigitalGlobe, Inc.,
2006) for immediate vicinity of Arviat, Nunavut (area defined by white box in Figure 1; UTM zone 15N). See text for description of
units. Contains copyrighted material DigitalGlobe, Inc., all rights reserved.



and following recession of the ice, after 10.2 ka cal. BP, ma-

rine deposits (Hm) of the Tyrrell Sea accumulated by set-

tling of suspended sediment over the glacial units. As the

land emerged from the sea, waves and nearshore ice re-

worked the eskers, other glacial sediments and deepwater

deposits, leaving a large expanse of shallow-marine sedi-

ment cover, with wave-washed boulders scattered across

the landscape, piles of boulders with little interstitial mate-

rial in places along esker flanks (Figure 4c), and mixtures

of silt, sand and gravel forming a widespread veneer.

Where sufficient sediment was exposed to wave action at

the shoreline, beach ridges (Hbr) were formed and later

stranded as the land continued to emerge. These ridges are

composed of sand and gravel, have little vegetation cover

and may be marked by orthogonal frost cracks. The esker

ridges were also reworked, forming temporary beaches as
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Figure 4: a) Harbour shore showing houses on the northern flank of the esker ridge (unit Pgf in Figure 3), with subsistence infrastructure
above the high-tide line; note poorly sorted coarse gravel beach in foreground, low erosional scarp in turf at top of beach at left and partial
undermining of shed in middle distance (July 13, 2009). b) Slope failure in marine muds (unit Hm in Figure 3) initiated by heavy rain on flank
of esker at west end of community (July 10, 2009). c) Evening light on emerged boulder shoal along northern esker (July 12, 2009).
d) Landward-dipping (to left) interbedded sand and gravel washover deposits (unit Hbr in Figure 3) on north side of southern esker north of
landfill; attributed to storm waves from the southeast in Hudson Bay when water level was almost 10 m higher than this day (July 12, 2009);
length of red scale is 1 m. e) High-centred polygons in area of thick Holocene organic cover (unit Ho in Figure 3; July 7, 2009). f) Dunes (unit
He in Figure 3) along south-facing shore, in lower right corner of Figure 3 (July 7, 2009).



they emerged from the sea. Sediment washed over the

ridges in places and formed landward-thinning wedges of

washover deposits (sand and gravel) on the landward side

(Figure 4d). A wide expanse of tidal flats (Hmt) with a

higher proportion of fine sediments and a sparse gravel

cover occurs in the wide bay south of the community (Fig-

ure 3). The modern beach (Hb) is typically coarse gravel

(predominantly pebble and cobble) and the active storm

ridge at the east end of the peninsula is relatively low for an

exposed coast (orthometric crest elevation 3.3 m). Despite

the coarse grain size and more restricted fetch, the beach

along the waterfront facing the harbour is actively

reworked by local waves (Figure 4a).

As the land surface rose above the influence of tides and

waves, an organic cover of fibrous peat began to form over

much of the area (Ho; Figure 3). The peat thickness is typi-

cally 0.4 m or more, but rarely >1 m (Arsenault et al., 1981).

This organic cover continues to accumulate and its surface

is marked by high-centred ice-wedge polygons (Figure 4e)

and thaw ponds 2–3 m deep. Windblown dunes (He) occur

along the esker ridge east of the landfill, extending inter-

mittently to the east end of the peninsula (Figure 4f).

An extensive flat area between the two esker ridges is poor-

ly drained and has been mapped as wetland (Hw). There are

numerous lakes and smaller ponds in this area. The wetland

has discontinuous organic cover and is underlain predomi-

nantly by shallow-marine deposits, reworked from under-

lying sediments. Thus, the wetland has characteristics both

of shallow-marine and organic-cover units.

The other widespread unit in the map area is artificial fill.

Aggregate resources are abundant in the Arviat area, partic-

ularly in the many accessible esker deposits close to the

community, and lots for new development are being created

on an ongoing basis by pushing fill out across the wetlands.

The thickness of the fill is typically less than 1 m, but in

some cases not much more than 0.5 m, which may provide

insufficient insulation for stability.

All units are underlain by permafrost, with varying effects.

Sediments without silt or clay generally have lower ice con-

tent and are not susceptible to heave or thaw settlement.

Nevertheless, they may contain ice wedges. Deposits with

finer sediments are more likely to contain excess ice, which

may occur as lenses or more massive bodies of ice. It may

have formed as permafrost progressed downward during

and after land emergence. This excess ice can lead to settle-

ment if seasonal thaw penetrates more deeply into the un-

derlying permafrost with a warming climate. Relict

shallow-marine sediments, emergent tidal flats, areas of or-

ganic cover and shallow wetlands may all have excess ice at

shallow depth, posing a hazard to foundation stability. At

present, there is little information on the thickness of per-

mafrost, the mean ground surface temperature or the extent

of excess ground ice in the Arviat area.

Another factor is saline permafrost. Because the entire area

was covered by marine waters of the Tyrrell Sea, pore water

in the sediments at the time of emergence and start of per-

mafrost development would have been saline to some de-

gree. Hivon and Sego (1993) reported porewater salinities

in Arviat ranging from 0.8 to 38.3 parts per thousand (ppt).

Because the freezing temperature is depressed in a saline

solution, frozen soils with salinity >5 ppt have reduced

strength and bearing capacity (Hivon and Sego, 1993).

Sea-level rise and coastal hazards

Coastal hazards are considered relatively minor in Arviat

because of the continuing rapid uplift and emergence of the

land. Local traditional knowledge points to many instances

of shoaling, with channels becoming unnavigable, shoals

appearing as islands and islands becoming peninsulas

(Nasmith and Sullivan, 2010). Thus, the rapidly falling rel-

ative sea levels create issues for navigation, both for small

boats and for larger sealift vessels, which may face more re-

stricted access to the community landing facility (Figure

2a, b) in the future.

Development of a more energetic wave climate may be an

outcome of declining concentrations and duration of sea ice

in the region (Allard et al., 2014) as well as possible

changes in storm climatology. Despite falling mean sea

level, storm waves are still effective in reworking coarse

gravel, reshaping the outer coastline and presumably re-

working nearshore sediments. Small erosional scarps in the

turf at the top of the beach along the community shorefront

attest to erosional processes even within the harbour (Fig-

ure 4a, left side). Some small-scale subsistence infrastruc-

ture (storage sheds and platforms) appears to be at risk from

storm waves or ice push (Figure 4a). No instances of ice

ride-up or pile-up were mentioned in conversations with

Arviat residents, but damaging ice pile-up is a recognized

hazard (Forbes and Taylor, 1994; Forbes and Hansom,

2012).

James et al. (2011) have reviewed the state of knowledge on

vertical land motion and sea-level rise as a basis for project-

ing future local sea-level rise at the NCCP communities.

They provided an envelope of possible trends in relative sea

level (the mean water level relative to the land surface) over

90 years from 2010 to 2100. Results for Arviat suggested

that local sea level is unlikely to fall more than 0.70 m and

unlikely to rise more than 0.25 m (these projections incor-

porate both land uplift and sea-level rise). This is obviously

a wide range and it may be difficult to determine an

appropriate response.

Should the rate of sea-level rise outpace the rate of uplift in

the future, this would undoubtedly lead to shoreline dis-
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equilibrium and readjustment. It would also open the door

to more storm-surge flooding of low-lying land and likely

to increasing erosion along the hamlet waterfront. These

potential impacts are largely in the future, but form part of

the framework for climate-change adaptation in this rapidly

growing community.

Landscape hazards

A number of landscape-related issues were noted during

the site visit in 2009. New construction on the southern and

western fringes of the built-up area is founded on thin gravel

pads pushed out over the wetland unit (Hw; Figures 2b, c,

3), which may contain excess ground ice at shallow depth.

Drainage is poor throughout the community, with standing

water common (Figure 2c, d), a condition that can induce

thaw subsidence because water acts as a heat source. Many

buildings in the hamlet show evidence of deformation re-

lated either to frost jacking of piles or to thaw subsidence

and deformation (Figure 2e). Anecdotal evidence from the

Arviat Housing Association pointed to many reports of

cracked walls even in housing constructed on space-frame

foundations over gravel pads (Figure 2f).

Although most of Arviat is flat, steep slopes occur along the

flanks of the esker ridges and in a channel cut through the

northern ridge at the west end of town. Heavy rain on July

10, 2009, triggered a slump in fine-grained marine sedi-

ments on the channel wall just below the bridge (Figure 4b).

Further propagation of this slope failure could pose a threat

to stability of the bridge abutment and approach road.

Apreliminary landscape hazards map (Figure 5) was devel-

oped based on the properties, landscape characteristics, and

exposure of the mapped units in Figure 3. Quantitative data

on geotechnical properties, including permafrost and

ground ice, are lacking for the most part in Arviat. For this

reason, the map represents an interpretation of relative sta-

bility or instability, based on the surface expression of the

units, some information on sediment grain size and knowl-

edge of the properties of similar deposits elsewhere.

It is assumed that sites underlain by units containing fine-

grained sediments (silt and clay) will be most susceptible to

permafrost degradation, which may lead to thaw settle-

ment. For this reason, wetland and organic cover units (in-

cluding areas of high-centre polygons) have been classified

as high risk and shallow-marine sediments as moderate

risk, although it is apparent that some of the latter are fine-

grained and entail a higher risk of thaw subsidence or slope

failure (Figure 4b). More detailed surveys will be required

to differentiate the risk within this unit. Also included in the

high risk category are coastal units that may be susceptible

to storm-surge flooding, wave run-up, shoreline erosion or

ice ride-up. The remaining units (rock, esker deposits,

raised beach deposits and modern windblown sediments)

are classified as low risk for foundation instability or other

hazards. These units represent a small proportion of the

available land in the map area.

Perceived sensitivity to climate change

A number of climate-sensitive landscape hazard issues

were identified during the reconnaissance survey. These

include

� poor surface water drainage throughout the community,

even in areas built on fill;

� slope failure (landslide) in marine sediments in the deep

channel on the west side of the hamlet;

� differential pile movement and settlement of buildings;

� permafrost degradation indicated by high-centre poly-

gons; and

� frost heaving of bedrock blocks evident on some out-

crops.

The ongoing expansion of development on space-frame

foundations over thin gravel pads across the wetland on the

south side of the community may be problematic if pad

thickness is inadequate and future warming leads to

subsurface thaw settlement. More suitable building sites

may exist on land west of the reservoir, but this would in-

volve a commitment to extending services and would entail

longer travel distance to community facilities.

Other climate-change impacts of concern include

� sea-level rise and whether it will exceed the rate of land

uplift, changing the trend of relative sea level from fall-

ing to rising;

� implications of continuing emergence for future marine

access to the current freight landing area;

� changes in sea ice, with implications both for the length

of the open-water season and for safety of travel on

landfast ice; and

� changes in wave climate related both to open-water

fetch and to possible changes in storm characteristics.

All of the issues above are important considerations for

land-use planning, development practices and policies to

build a more resilient community.

Economic implications

This study addresses existing environmental and landscape

hazards in and around Arviat and how these may be com-

pounded by climate change now and in the future. Under-

standing of these conditions and the risks they pose to infra-

structure can be integrated with future community planning

in order to enhance stability and sustainability, thereby re-

ducing costs of infrastructure development and mainten-

ance.
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Figure 5: Preliminary landscape hazards map for Arviat, Nunavut, covering the same 25 km
2

area as Figure 3 (UTM zone
15N). Qualitative classification of risk to infrastructure stability derived directly from the map units in Figure 3. Contains copy-
righted material (DigitalGlobe, Inc., 2006) DigitalGlobe, Inc., all rights reserved.
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