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Abstract

Natural Resources Canada scientists and partners are assessing coastal conditions at various sites in Nunavut to help deter-

mine coastal stability and predict future changes. Mapping of coastal landforms and material composition has been carried

out for over 2500 km of coastline in southern Coronation Gulf. Coastal stability was assessed at an existing mining port fa-

cility (Roberts bay8) and a planned one (Grays Bay). Results indicate that the shoreline at Roberts bay is relatively stable, al-

though there is some sedimentation at the mouth of one river, and some erosion of ice-rich backshore cliffs. The coast

around Grays Bay also shows little overall change due to the predominance of bedrock in the region. However, there are

pockets where erosion is occurring and areas where progradation has occurred. A preliminary investigation shows that a

method developed for the mapping of bottom-fast ice (BFI) in the Mackenzie Delta, using synthetic aperture radar imagery,

can be successfully applied to identify BFI in the Coppermine River delta as well. Data indicative of past relative sea level

were collected from 18 sites around the hamlet of Arviat and, together with previously published observations, were used to

determine a regional Holocene sea-level curve. This information, together with results from a Global Positioning System

(GPS) site near the hamlet, shows present-day crustal uplift of just under 10 mm/yr. Two new continuous GPS sites were in-

stalled at Ennadai Lake and Repulse Bay to measure vertical crustal motion. An improved model of vertical crustal motion is

being developed that will assist with making projections of relative sea-level change in the territory.

Résumé

Les chercheurs de Ressources naturelles Canada et leurs partenaires procèdent à une évaluation des conditions côtières

prévalant à divers sites au Nunavut dans le but d’analyser le niveau de stabilité des côtes et de prévoir les changements

futurs. La cartographie des formes de relief côtières et de la composition des matériaux a été réalisée sur une distance

couvrant 2500 km de trait de côte de la partie sud du golfe Coronation. Une évaluation de la stabilité des côtes a été

complétée dans une installation portuaire minière (baie Roberts) et une autre est prévue (baie Grays). Les résultats révèlent

que la ligne de rivage à la baie Roberts est relativement stable, bien que l’embouchure d’une des rivières fasse preuve d’un

certain degré de sédimentation et que les falaises à forte teneur en glace de l’arrière-plage présentent des signes d’érosion.

Le rivage autour de la baie Grays ne montre que peu de signes de modification globale en raison de la prédominance du sub-

stratum rocheux dans la région. On remarque cependant la présence de certains endroits où l’érosion se manifeste et d’autres

qui, eux, sont touchés par la progradation. Une enquête préliminaire a établi qu’une méthode mise au point afin de carto-

graphier les glaces de fond du delta du Mackenzie à l’aide d’images prises au moyen d’un radar à synthèse d’ouverture peut

également servir à identifier les glaces de fond du delta de la rivière Coppermine. Des données témoignant de changements
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relatifs du niveau marin antérieurs ont été recueillies à 18 sites entourant le hameau d’Arviat et, combinées aux renseigne-

ments préalablement publiés provenant d’observations sur le terrain, ont servi à établir une courbe régionale du niveau

marin au cours de l’Holocène. En conjuguant cette information aux résultats obtenus d’un site de système mondial de local-

isation (GPS) situé à proximité du hameau, il a été possible de démontrer que le soulèvement actuel de la croûte terrestre ne

dépasse pas 10 mm par année. Deux nouveaux sites GPS continus ont été installés au lac Ennadai et à la baie Repulse dans le

but de mesurer le degré de mouvement vertical de la croûte terrestre. On procède actuellement à la mise au point d’un

modèle amélioré des mouvements verticaux de la croûte terrestre qui devrait aider à l’établissement de prévisions quant aux

changements relatifs du niveau marin dans le territoire.

Introduction

Scientists at Natural Resources Canada (NRCan), along

with colleagues from the Canada-Nunavut Geoscience Of-

fice (CNGO) and academic partners, have been carrying

out research to assess coastal conditions in Nunavut in or-

der to support mining activities and other infrastructure de-

velopment. A number of approaches are being used to de-

termine the current stability of the coast as well as its

vulnerability to future environmental changes. Some of the

work is territorial or regional in nature and covers large ar-

eas, whereas other elements are tightly focused on local pro-

cesses. The research encompasses a variety of timescales,

ranging from interseasonal alterations in the morphology

of delta channels, to multidecadal erosion rates, to long-

term changes in relative sea level. The work summarized

here focuses on analyses carried out in 2013, but these ac-

tivities are part of larger multiyear research initiatives of

NRCan’s Climate Change Geoscience Program (CCGP),

Environmental Geoscience Program (EGP), and the Cana-

dian Geodetic Survey (CGS), as well as CNGO’s ‘Protect-

ing Investments in Infrastructure’ project.

Coastal information system (CIS) mapping
for Coronation Gulf

With support from CNGO and EGP, scientists in the CCGP

used seven hours of colour aerial video and WorldView-2

satellite imagery to map coastal landforms and material

composition along 2653 km of the southern Coronation

Gulf coast. The original aerial video coverage, with shore-

zone commentary, was flown for Environment Canada

from August 18 to 25, 1994 (Gillie, 1995), converted to

DVD in 2012, and was determined to be of a suitable qual-

ity for detailed coastal mapping and interpretation. Aerial

video coverage begins at Qikirrarnaq Bluff and continues

southwestward to the hamlet of Kugluktuk (Figure 1).

WorldView-2 imagery from July 11 and July 16, 2011

(DigitalGlobe Inc., 2011a, b) was used to map the hamlet of

Kugluktuk, and eastward for 75 km, where aerial video

coverage was unavailable. Aerial video coverage resumes

just east of the WorldView-2 imagery and continues to Trap

Point on Kiillinnguyaq (formerly Kent Peninsula).

Coastal form and material composition were mapped and

interpreted using a coastal information system (CIS),

which was developed at the Geological Survey of Canada

(Atlantic) in 1994 for coastal information management pur-

poses (Sherin and Edwardson, 1996). The interpreted phys-

ical features of the shoreline (Jenner et al., 2003; Sherin et

al., 2003) were transferred into an existing ArcGIS-based

database as individual layers for each of the backshore,

foreshore and nearshore zones. These layers will also be

used to populate NRCan’s CanCoast geospatial database

(Manson et al., 2012).

A sample query of the CIS database shows the variability

within the backshore and foreshore zones of the southern

Coronation Gulf coast (Figure 1; Table 1). A total of

1300 km (54.3%) of backshore forms are unconsolidated

and, when broken down by form type, consist of slopes,

wetlands, flats, unconsolidated cliffs, dunes and water-

ways. The remaining backshore (45.7%) is composed of

solid forms, including cliffs and anthropogenic form types.

By comparison, the foreshore consists predominantly of

beaches (51.9%), with only 20.4% comprising solid out-

crop (bedrock). These detailed form and material data are

used to ground-truth rates of coastal change at Roberts bay

and Grays Bay, which were determined from aerial photo-

graphs and satellite imagery (see next section). Further-

more, these coastal data provide specific attribute informa-

tion for the hamlet of Kugluktuk and can also be used to

quantify the variability of the remainder of the southern

Coronation Gulf coastline in terms of understanding coas-

tal stability at proposed port sites, coastal sensitivity to

climate change, and coastal hazards.

Coastal stability assessments

Studies of historical coastal change at key sites provide

baseline data for environmental assessment of these critical

areas. Historical airphotos and more recent satellite imag-

ery are used to assess coastal change for Roberts bay and

Grays Bay within Coronation Gulf. Aerial oblique video is

used to map the physical character of the coastline and to

validate the coastal change results from historical photos.

Results of this study are summarized here.

Roberts bay (Hope Bay)

Roberts bay extends 6 km into mainland Nunavut and is lo-

cated 125 km southwest of Cambridge Bay. It has almost

30 km of coastline and provides open-water access for the
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rich mineral deposits of the Hope Bay volcanic belt

(AMEC, 2007). Comparison of historical airphotos (1956,

1984, 2000) at Roberts bay to more recent satellite imagery

from August 4, 2011 has shown that this coastal region has

remained relatively stable since 1956 (Figure 2). The calcu-

lated long-term mean shoreline change rate is 2 cm/yr. This

slow erosion rate can be attributed to the abundance of bed-

rock cliffs and the reduced impact of ocean waves and mo-

bile sea ice within the restricted fetch of Roberts bay. There

is very little movement of the foreshore beach material,

with the exception of the distributary mouth bar and outlet

channels associated with one of the major rivers draining

into Roberts bay located 0.6 km east of the port facility.

Separated from the port site by a large rocky point, the sedi-

mentation appears to be confined to the nearshore area at

the river mouth and is unlikely to affect the bathymetry at

the port facility (Figure 3). Bathymetric surveys acquired

as part of the Roberts bay jetty fisheries authorization mon-

itoring project show no major sedimentation changes for

the area surrounding the jetty. In particular there is no evi-

dence that may suggest any nearshore disruption of sedi-

ment transport patterns as a result of the jetty construction

(Rescan, 2010). The backshore region is composed of bed-
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Table 1: Summary showing the variability of backshore and
foreshore coastal forms and the percentage of solid and
unconsolidated backshore forms, Coronation Gulf coast, Nunavut.

Figure 1: Location map showing the extent of the completed mapping for the southern Coronation Gulf coast, Nunavut. Most of the map-
ping was interpreted from aerial coastal video, with the exception of 75 km, beginning at the hamlet of Kugluktuk and continuing eastward,
which was mapped from WorldView-2 imagery. These data show the distribution of solid versus unconsolidated forms along the backshore.
Base image from GeoGratis (2013). Place names with the generic in lower case are unofficial.



rock cliffs, ice-rich, glacially derived unconsolidated mate-

rial, and raised marine beaches. The backshore cliffs show

evidence of erosion and slumping of unconsolidated

material, which can be attributed to thawing of ice-rich

matter.

Grays Bay

Grays Bay is located east of Kugluktuk and west of Kilu-

hiqtuq (formerly Bathurst Inlet; see Figure 1). Grays Bay is

a strong potential candidate site for a proposed port that

would support numerous mining prospects to the south. A

study of the coastline at the proposed port site shows very

little change since the 1950s in areas dominated by bed-

rock, although there are pockets showing coastal changes

on either side of the proposed port location (Figure 4). The

foreshore region is made up primarily of unconsolidated

beach material, whereas 33% of the shoreline consists of

low-lying (2–5 m high) bedrock granitoid cliffs. As ex-

pected, the coastal change along the cliffs is within the

uncertainty of the shoreline measurement and is likely nil in

most cases. The foreshore beach material is relatively sta-

ble, with the exception of a few localities along the coast

that have experienced high levels of erosion (50 m since

1957); other areas have prograded by up to 42 m during the

same time period. The backshore region of Grays Bay is

characterized by mainly low-lying solid bedrock cliffs cov-

ering 61% of the region. The remainder of the backshore is

characterized by gently sloping unconsolidated material

consisting of glacial till, raised marine terraces and wetland

areas. Although there is some sediment accumulation along

the beach in front of the unconsolidated sediments, it is still

unclear how much of the foreshore material is moving

seaward on an annual basis and being deposited into the

nearshore zone.
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Figure 2: Measurement of shoreline change calculated from comparison of historic airphotos and
current satellite imagery at Roberts bay, Nunavut. Image (DigitalGlobe, Inc., 2011c) includes copy-
righted material DigitalGlobe, Inc., all rights reserved. Place names with the generic in lower case
are unofficial.



Investigation of bottom-fast ice (BFI) off
Kugluktuk

A series of RADARSAT-2, fine-mode, quad-pol synthetic

aperture radar (SAR) images was acquired between No-

vember 2011 and June 2012, to observe the freezeup, win-

ter growth, and breakup of nearshore ice in, and adjacent to,

the Coppermine River delta at Kugluktuk. A major objec-

tive of this work was to test whether methods of SAR inter-

pretation for mapping of bottom-fast ice (BFI) in the Mac-

kenzie Delta could be applied in a smaller Arctic delta with

lower freshwater discharge. Previous studies have success-

fully used SAR imagery for mapping BFI in Arctic lakes

(Jefferies et al., 1996) and in Arctic nearshore areas where

the water is sufficiently fresh that the SAR signal is able to

penetrate through the ice (Eicken et al., 2005; Solomon et

al., 2008a). The imagery was acquired to explore the poten-

tial of SAR data for delineating the extent of BFI and for

monitoring ice and flood conditions during spring breakup

in the Coppermine delta. Understanding the BFI distribu-

tion is important as it provides information on shallow-

seabed morphology and is also known to have effects on

ground temperatures and permafrost aggradation (Solo-

mon et al., 2008b). In addition, BFI restricts the flow of wa-

ter and sediment during the spring freshet, which can lead

to flooding over the nearshore ice and associated hazards,

such as strudel scour (Solomon et al., 2008a, b; Dickins et

al., 2011).

Apreliminary examination of the imagery indicates that the

SAR signal is able to penetrate the nearshore ice of the Cop-

permine delta and that there is potential BFI in channels be-
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Figure 3: Although the shoreline itself has remained stable, there have been changes in the
nearshore sediment extent for a river draining into Roberts bay (Nunavut). Comparison between
1956 and 2011 shows an increase seaward of the channel distributary mouth bar and a bifurcation
of the channel. Image (DigitalGlobe, Inc., 2011c) includes copyrighted material DigitalGlobe, Inc.,
all rights reserved. Place names with the generic in lower case are unofficial.
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Figure 4: Measurement of coastline change calculated from comparison of historic airphotos and current
satellite imagery at Grays Bay, Nunavut. Images (DigitalGlobe, Inc., 2011d, e) includes copyrighted mate-
rial DigitalGlobe, Inc., all rights reserved.

Figure 5: Colour composite (HH-HV-VV–RGB) RADARSAT-2 images of the Coppermine River delta, Nunavut, from November 23, 2011
and April 15, 2012. Green areas in the nearshore are interpreted as floating ice while the dark, low backscatter areas in the nearshore are in-
terpreted as predominantly bottom-fast ice (BFI). The shoreline is shown in white. Red and blue points represent water depths measured

using a single beam echo sounder in 2002, 2004 and 2009. Red points are depths �1.5 m where BFI development is likely. Blue points are

depths �1.5 m. Images from MacDonald, Dettwiler and Associates Ltd. (2011, 2012).



tween islands in the delta, along the outer shore of the delta

islands, and along the shore west of the hamlet of Kugluk-

tuk. Figure 5 shows a comparison of RADARSAT-2 com-

posite images from November 23, 2011 and April 15, 2012.

Green-toned areas off the delta front are interpreted as

floating ice, with the green tones brightening throughout

the season as the ice thickens. Dark, low backscatter areas

in the nearshore are interpreted as probable BFI and corre-

spond well to water depths less than 1.5 m, as measured us-

ing a single-beam echo sounder during the summer months

of 2002, 2004 and 2009 (Figure 5). Some channels between

the delta islands are green (floating) in the November im-

age but appear dark in the April image, suggesting the ice

has thickened and become bottom-fast between the dates of

the two images.

Further examination of the imagery is required along with

the collection of validation data to gain a better understand-

ing of the timing and extent of BFI and its effects on

nearshore permafrost, sediment transport, and the initiation

of over-ice flooding and associated hazards during the

spring breakup period. Nevertheless, this initial investiga-

tion shows the potential for using RADARSAT-2 imagery

to delineate BFI in the Coppermine delta.

Sea level change in Hudson Bay

In the summers of 2009 and 2010, fieldwork was carried

out west of Hudson Bay, in the vicinity of the community of

Arviat. The primary goal of the study was to develop an im-

proved Holocene sea-level history for the region. The field-

work focused on the collection of indicators of past relative

sea level, such as marine shells and algae, driftwood and

peat, at locations away from the present-day shoreline. The

25 sites (Figure 6), numbered from high to low elevation,

include 18 new locations and 7 previously published loca-

tions. Radiocarbon ages of samples obtained from the new

locations, when combined with previously published ages,

determine a regional Holocene sea-level curve and tightly

constrain late Holocene sea-level fall (Simon et al., work in

progress).

In 2009, a campaign Global Positioning System (GPS) site,

ARVI, was established on bedrock on the outskirts of

Arviat (Figure 6b). The site was reoccupied in 2010 and

2012. The preliminary vertical uplift rate is slightly less

than 10 mm/yr, similar in magnitude to the uplift rates mea-

sured with GPS at Churchill, Manitoba and Baker Lake,

Nunavut. Additional occupations of the campaign site will

refine the uplift rate and help to supplement sparse regional

continuous GPS coverage. Both the improved sea-level

curve and present-day uplift rate can be used to improve

models of glacial isostatic adjustment. In particular, the ob-

servations place constraints on the thickness history of the

Laurentide ice sheet west of Hudson Bay (Simon et al.,

work in progress).

Territorial GPS coverage

In 2013, CGS, NRCan, installed two new continuous GPS

sites in Nunavut, one at Ennadai Lake and the other at Re-

pulse Bay (Figure 7). The two new sites augment the exist-

ing northern coverage of continuous sites operated by CGS,

including eight sites in Nunavut.
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Figure 6: Site locations of previously published (triangle) and new
(circle) relative sea-level observations near Arviat, Nunavut:
a) Data from higher elevations are found up to 150 km away from
the shoreline. b) Data from lower elevations are closer to the
coastal community of Arviat. Site locations are numbered sequen-
tially from high to low elevation; grey contours show regional eleva-
tions in metres. The location of the campaign GPS bedrock site,
ARVI, is shown by the black square.



The CGS maintains the vertical reference frame for Can-

ada, including models of the vertical crustal motion. Across

much of Canada, the land is rising and sinking due to glacial

isostatic adjustment (GIA), which is the delayed response

of the Earth to the surface loading and unloading caused by

the continental ice sheets of the last ice age. The largest GIA

uplift in Canada is thought to be located in mainland

Nunavut and the adjacent Northwest Territories. The new

site at Ennadai Lake was chosen to measure the expected

large uplift rate. The second site, located at Repulse Bay,

was chosen to fill a gap in northern coverage where crustal

uplift rates are also expected to be large. The vertical mo-

tion observed from northern coastal GPS sites will be used

for projections of relative sea-level change being generated

by the CCGP of NRCan.

Links to other coastal research activities in
Nunavut

The research described here furthers the investigations into

coastal characterization and vulnerability of coastal infra-

structure, carried out in 2012 with support from CNGO un-

der NRCan’s CCGP and EGP, as reported by James et al.

(2013). Other studies provide additional information on

specific coastal conditions in Nunavut. For instance, as-

sessments of landscape hazards and climate change im-

pacts for a number of Nunavut coastal communities can be

found in the present volume, including reports on Arviat

(Forbes et al., 2014), Cambridge Bay (Smith and Forbes,

2014), Kugluktuk (Smith, 2014) and Whale Cove (Allard

et al., 2014). Similar studies which incorporated adaptation

planning have been conducted in the past for Iqaluit (Hat-

cher et al., 2011), Hall Beach (Forbes et al., 2008) and

Clyde River (Forbes et al., 2007, 2008). Barrie et al. (1979)

did reconnaissance for marine terminal planning in the high

Arctic. Taylor et al. (2012) mapped the coastal geomor-

phology and physical characteristics of the islands known

as the Findlay Group. The causes of current and former

shoreline change have been examined at Kugluktuk (Man-

son et al., 2005), Lowther Island (St-Hilaire-Gravel et al.,

2010), and along Barrow Straight and Lancaster Sound

(Taylor and Frobel, 2006). Some studies have focused on

specific coastal processes such as the effects of sea ice and

shore ice (e.g., Taylor and McCann, 1976; Taylor, 1978;

Forbes and Taylor, 1994), while insight into general geo-

morphology and processes for polar coasts is provided by

Forbes and Hansom (2011), and for all of Canada’s coasts

by Shaw et al. (1998). Many of these studies are comple-

mentary and build on the results from earlier ones. Taken

together, they help to deepen our understanding of coastal

conditions in Nunavut, and provide stakeholders with the

knowledge they need to make decisions about infrastruc-

ture planning and development.

Economic considerations

Coastal processes and shoreline dynamics are of paramount

importance in Nunavut since almost all of its communities

(26 of 27) and infrastructure are located on the coast. Only

Baker Lake is located inland, but coastal issues are impor-

tant there as well, given the importance of ship-based traffic

to the community through Chesterfield Inlet. In addition,
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Figure 7: Location map of continuous GPS sites in northern Canada operated by Natural Resources Canada. The
four-character station abbreviations are given in brackets.



numerous mining and energy projects are underway or in

the planning stages throughout the territory, and many of

these include development of ports and other infrastructure

adjacent to the coast. Critical infrastructure for both com-

munities and industry includes port facilities themselves,

but also roads, buildings, power generation and transmis-

sion structures, water supplies, and railhead cargo handling

facilities. This infrastructure may be vulnerable to direct

damage by erosion and shoreline instability; the resulting

transport of sediment in the nearshore zone can infill har-

bours and affect the navigability of channels. Even in areas

where the coastline is stable, flooding can occur during

high tides and storm surges. All of these processes may be

exacerbated by changes in sea level (both rise and fall), in-

creases in both air and water temperatures, and reductions

in sea ice, which will lead to a longer open-water season

and increased storminess and wave action. Knowledge of

coastal materials, conditions and dominant processes is

crucial in order to protect infrastructure, plan future devel-

opment and generate strategies to adapt to changes in envi-

ronmental conditions. The studies detailed here build on

previous work by the authors to help provide information

that will enable stakeholders to assess the sensitivity of ex-

isting and proposed coastal infrastructure and implement

appropriate protection and adaptation measures. This will

contribute to the viability of the mineral and energy indus-

tries in Nunavut and the well-being of its residents.
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