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Abstract

Analysis of existing data reveals that several marine geological hazards in Baffin Bay pose a potential threat to coastal com-

munities, the environment and infrastructure in the area. Since 2011, the Geological Survey of Canada (GSC) has actively

undertaken research on this issue. In August and September 2013, the GSC conducted an expedition to the area to investi-

gate marine geological hazards. Preliminary results of this research are provided. A range of geological and geophysical

data was collected during the expedition in order to develop a geological framework for the area and to characterize geologi-

cal hazards. Data collected during the expedition will be used to assess seafloor stability, sediment transport, the recurrence

of large earthquakes, the recurrence of seabed failure and the characterization of natural hydrocarbon seeps. This informa-

tion will be provided to northern communities, the Government of Nunavut and regulators in order to better manage these

offshore areas.

Résumé

L’analyse des données existantes révèle que certains risques géologiques d’origine marine dans la baie de Baffin peuvent

poser un danger pour les collectivités côtières, à l’environnement et aux infrastructures de la région. Depuis 2011, la Com-

mission géologique du Canada (CGC) poursuit des études liées à ces questions. En août et septembre 2013, des chercheurs

de la CGC ont mené une expédition dans la région en vue d’étudier ces risques géologiques d’origine marine. Le présent

rapport fait état des résultats préliminaires provenant de cette étude. Une gamme de données géologiques et géophysiques

ont été recueillies au cours de cette expédition en vue d’élaborer le cadre géologique de la région et de mieux cerner la nature

des risques géologiques. Les données recueillies au cours de cette expédition serviront également à juger le degré de

stabilité des fonds océaniques, les modes de transport des sédiments, la périodicité de tremblements de terre de grande

envergure et de glissements des fonds marins, et la caractérisation des suintements d’hydrocarbures naturels. Cette informa-

tion sera transmise aux collectivités du Nord, au gouvernement du Nunavut et aux organismes de réglementation afin de les

aider à mieux gérer ces régions extracôtières.

Introduction

A geological hazard is an adverse geological condition ca-

pable of causing damage or loss of property and life. Since

2011, the Geological Survey of Canada (GSC) has con-

ducted research on marine geological hazards in Baffin

Bay. The Baffin Bay Geohazards Activity of the GSC’s

Public Safety Geoscience Program is aimed at improving

the understanding of geological processes and hazards

(geohazards) in Baffin Bay that could be a risk to coastal

communities, the environment and infrastructure. Knowl-

edge of geohazards is required in Baffin Bay to support

community, Nunavut government and regulator decisions

on the use of offshore areas and provide northern coastal

communities with better knowledge for improving public

safety.

Analysis of existing data suggest that geological hazards in

Baffin Bay include hydrocarbon venting features, uneven

seabed caused by glacial seafloor processes, submarine

slope failures, ice scour and a high level of earthquake ac-

tivity (Bennett et al., 2013). The magnitude (M) 7.3 earth-

quake of November 20, 1933 in Baffin Bay (Figure 1) is the

largest passive-margin earthquake in North America and
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the largest known earthquake north of the Arctic

Circle (Bent, 2002). During community consul-

tations in April 2013, several community mem-

bers from Pond Inlet, Clyde River and Qikiqtar-

juaq reported experiencing tremors and waves

under the ice that may be evidence of possible

past seismic activity, tsunamis and submarine

landslides. The frequency of seismic events, com-

bined with the region’s high latitude, makes

Baffin Bay unique compared to other glaciated

margins. Despite the presence of these hazards,

there are large portions of the seabed in Baffin

Bay that have never been mapped or sampled,

thus creating gaps in the understanding of geo-

hazards in Baffin Bay.

During August–September 2013, the GSC con-

ducted a scientific expedition to the Baffin Bay

region (Figure 1) aboard Canadian Coast Guard

Ship (CCGS) Hudson. The objectives of the ex-

pedition were to improve understanding of the

surficial geology, seafloor properties and pro-

cesses on the continental shelf and slope in the

area, in order to better assess geological hazards.

Specifically, the expedition

1) assessed the regional surficial geology frame-

work in the area, including the shallow litho

and acoustic stratigraphy, and physical prop-

erties;

2) collected data, including strategic coring in locations

that may record an earthquake signature in the sedi-

ments, that should improve estimates of recurrence of

large earthquakes in the area;

3) investigated natural hydrocarbon seeps on the seabed in

the area; and

4) investigated slope instability features in the area.

This paper presents some preliminary results from the 2013

expedition.

Preliminary results

Slope off the Disko Trough

A portion of the Greenland shelf is located in Canada’s Ex-

clusive Economic Zone (Figure 1). The area is the seaward

limit of the Disko Trough, which is incised into a large

promontory extending into Baffin Bay. The seabed sea-

ward of the trough is steep and historical data from this area

are limited. The West Greenland Current sweeps the seabed

along the slope in this area as it moves northward, and it is

expected that the current strength is enhanced as it encoun-

ters the promontory. The area was traversed during a CCGS

Hudson survey in 2008 while the ship was steaming north

(Campbell and de Vernal, 2009). The 3.5 kHz sub-bottom

data from that expedition showed irregular undulations on

the seabed immediately south of the promontory. The undu-

lations appeared to be gullies with depths of several tens of

metres and relatively regular distance between crests. It

was not clear from the 2008 data whether these undulations

were due to down-slope sediment transport or seabed

erosion by strong along-slope bottom currents.

During the 2013 expedition, multibeam bathymetry, sub-

bottom profiler data and sediment sample data were col-

lected on the slope off the Disko Trough in order to deter-

mine the origin of the gullies imaged in the 2008 data and to

collect data for establishing the geological framework in

this part of Baffin Bay (Figure 2). As the area lies within the

Baffin Bay Narwhal Closure Area, a secondary objective

was to collect seabed data to enable Fisheries and Oceans

Canada to characterize the benthic biology.

The multibeam data reveal that the seabed morphology

consists of both gullies that are oriented down slope and

moats and smaller scours that are oriented along slope (Fig-

ure 2). The gullies are up to 60 m deep, while the scours are

typically 20–30 m deep (Figure 2b). The floors of the gul-

lies are draped by acoustically stratified sediments overly-

ing an erosional unconformity. The drape thins substan-

tially on the intervening ridges. The one moat that was

crossed is not filled by the draped sediments, implying that

it may still be active (Figure 2d), and shows upslope-mi-

grating sediment waves on the adjacent contourite levée.
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Figure 1: Digital elevation model of the Baffin Bay region, eastern Nunavut and
western Greenland, showing the location of data collected during the 2013 ex-
pedition, as well as locations and features referred to in the text.
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Figure 2: a) Bathymetry of the slope off the Disko Trough, western Greenland, showing the shaded-relief multibeam data and sample loca-
tions from the 2013 expedition; the seabed appears to show evidence of both down-slope and along-slope processes. b) 3.5 kHz sub-bot-
tom strike profile across down-slope gullies; note the acoustically stratified sediments on the floor of the gullies that thin substantially on the
ridge crests. c) 3.5 kHz sub-bottom dip profile that cuts a down-slope gully obliquely and shows the location of piston cores (PC) 084
and 082. d) 3.5 kHz sub-bottom dip profile that crosses a contourite moat; note the absence of acoustically stratified sediments in the floor
of the moat and the upslope-migrating sediment waves on the contourite levée.



The observed thinning of draped sediments on the gully

ridges is therefore interpreted to be due to the preferential

winnowing by bottom currents of sediments on the ridge

crests and their deposition in the gullies; the gullies are cur-

rently inactive except for occasional events. The piston

cores collected in this area sampled the draped sediments

and will help date the underlying erosional unconformity.

Slope seaward of Home Bay

The shallow acoustic stratigraphy of the slope seaward of

Home Bay (Figure 1) is different than the slope north of

Home Bay. The slope sediments seaward of Home Bay con-

sist of relatively thick accumulations of acoustically strati-

fied sediments, whereas the slope north of Home Bay is

draped by relatively thin, acoustically transparent or strati-

fied sediments over prolonged strong reflections.

High-resolution seismic-reflection data collected in 1978

show that the shallow seismic stratigraphy on the slope sea-

ward of Home Bay is dominated by well-stratified sedi-

ments interrupted by mass-transport deposits (Figure 3a).

The data show one such deposit that extends laterally for

several kilometres. This deposit is overlain by several

metres of sediment, making it likely Pleistocene in age.

There is evidence in the data for rotational failure on the

slope (Figure 3a), and there appears to be a recent mass-

transport deposit on the seabed. Piston cores were collected

in this area to date the shallowest mass-transport deposit

and to establish the normal lithostratigraphy.

Slope north of Home Bay to Pond Inlet

The shallow acoustic stratigraphy of the eastern Baffin Bay

slope extending from north of Home Bay to Pond Inlet is

very consistent (Figures 1, 3). The typical stratigraphy con-

sists of an acoustically transparent or stratified interval that

overlies prolonged strong reflections (Figure 3b, c). The

upper unit is interpreted to be mud-dominated glaciomarine

sediments; it is variable in thickness but rarely exceeds a

few metres. The upper unit is thickest on the mid-slope ter-

race that is located along the Baffin Bay slope seaward of

Clyde River (Figure 3c). This stratigraphy is interrupted in

a few locations by mass-transport deposits, interpreted to

represent glaciogenic debris flows (Figure 3b). Holocene

sedimentation rates on the floor of Baffin Bay are low (Si-

mon et al., 2012). The interpretation of a glaciogenic debris

flow at the seabed on the slope with little postglacial sedi-

ment overlying the deposit potentially indicates similarly

low Holocene sedimentation rates on the slope. Piston

cores were collected in this area to sample the typical

shallow stratigraphy, as well as sample and date the mass-

transport deposits.

Scott Trough

Data were collected in the Scott Trough during the 2013 ex-

pedition in order to date a mass-transport deposit identified

from multibeam data collected by CCGS Amundsen (Fig-

ure 4a) and imaged on vintage seismic-reflection data. The

deposits are located downslope from features interpreted to

represent ice-margin gullies. A piston core (069, shown on

Figure 4a) taken at the deposit had little recovery. It is inter-

preted that the mass-transport deposit was composed of till

and coarse sediment that were deposited on the floor of the

trough due to failure of the adjacent trough margin.

An additional objective in the Scott Trough was to investi-

gate an area of a known seabed hydrocarbon seep in order

to assess the geological characteristics of the seafloor in the

vicinity of the seep (Figure 4). When the vessel arrived at

the seep location, it was immediately noticed that the sea

surface was scattered with several small slicks, ranging

from less than 1 to several metres in diameter (Figure 4c, d).

A camera transect and box core from the location did not

show any obvious sign of active oil seepage at the seabed,

but further detailed review of the data are required.

Multibeam bathymetry data, collected upon departure from

the area, showed extensive water-column anomalies in the

pseudo–side-scan mode of the acquisition software (Fig-

ure 4b). Further analysis of the water-column data is

necessary.

Pond Inlet

Earthquakes have been located along northeast-trending

faults on Bylot Island immediately north of Pond Inlet (L.

Currie, pers. comm., June 2013). Examination of multi-

beam data collected by CCGS Amundsen in Pond Inlet

showed that these faults extend into the marine realm and

trend toward the southwest (Figure 5).

During the 2013 expedition, sub-bottom profiler data and

piston cores were collected in the vicinity of the faults in

Pond Inlet to find evidence for slope failure associated with

fault movement and potentially collect a long record of

paleoseismicity in the inlet (Figure 5). It was difficult to im-

age the base of the faults with the sub-bottom profiler be-

cause of the steepness of the escarpments (e.g., Figure 5b).

However, slumping was observed at the base of a smaller

escarpment, apparently related to a fault secondary to the

main fault (Figure 5c). Several cores were taken in the area

to ground truth and date these observations.

Economic considerations

The preliminary results of this study identified a number of

features on the seabed in the area that are interpreted to rep-

resent geological hazards. Further analysis of the data col-

lected in 2013 is planned for 2014. It is expected that this

analysis will lead to more precise information on slope sta-

bility, the age and recurrence of submarine landslides, the

recurrence of large earthquakes, and general understanding

of the lithology and physical properties of the seabed in

Baffin Bay. The outputs from this research will be used to
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Figure 3: a) Huntec seismic-reflection profile collected in 1978, showing the shallow acoustic stratigraphy off Home Bay, east shore of
Baffin Island, eastern Nunavut, and the locations of piston cores (PC) 077 and 079, collected during the 2013 expedition. b) 3.5 kHz profile
from the slope near Scott Trough, east shore of Baffin Island, eastern Nunavut, showing an interpreted glaciogenic debris flow and stratified
sediments overlying a prolonged strong reflection. c) 3.5 kHz profile, showing an example of a thick upper unit from the slope off Clyde
River.



126 Canada-Nunavut Geoscience Office

Figure 4: a) Bathymetry of the Scott Trough, east shore of Baffin Island, eastern Nunavut, showing the sampling locations
during the 2013 expedition overlain on multibeam bathymetry data collected by CCGS Amundsen; shallow mass-transport
deposits are indicated by dashed outlines. b) Screen grab of the multibeam bathymetry acquisition software, showing ex-
tensive water-column anomalies over the Scott seep. c) and d) Photographs of the sea-surface hydrocarbon slick ob-
served at the location of the Scott seep; photos courtesy of L. Beazley, Fisheries and Oceans Canada.
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Figure 5: A) Data collected in Pond Inlet, east shore of Baffin Island, eastern Nunavut during the 2013 expedition, overlain on
multibeam bathymetry data collected in the area by CCGS Amundsen; inset shows northern Baffin Island and Bylot Island with
locations of recorded earthquakes (yellow circles), an interpreted fault and locations of data collected during the 2013 expedi-
tion. B) 3.5 kHz sub-bottom profile collected over the main fault escarpment, showing location of piston core (PC) 066.
C) 3.5 kHz sub-bottom profile collected over a smaller fault, secondary to the main fault, that shows some slumping of sediments
at the foot of the scarp; PC 065 was collected to determine the lithology of the sediment and when the slump occurred.



help formulate future regulations for infrastructure devel-

opment, thus helping to ensure the safety of northerners.
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