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Abstract

Marine geohazards in Baffin Bay are varied and widespread across the region. Turbidity currents are present mostly on

fiord-head submarine deltas supplied by large volumes of sediment from melting glaciers. However, lakes in the watersheds

act as buffers for sediment transport, trapping sediment in the watershed and preventing the formation of turbidity currents

at some fiord heads. It is thus possible to predict the most likely location of turbidity currents across the fiords of eastern

Baffin Island, showing that about half of the fiord-head submarine deltas have active turbidity currents. Turbidity currents

also occur at the end of littoral cells, such as on the south shore of Broughton Island. These geohazards related to longshore

drift are currently underexplored in Baffin Bay. In addition to turbidity currents, submarine landslides are widespread in the

fiords of Baffin Island. Recent seafloor mapping showed considerable volumes of displaced material in front of Pang-

nirtung, although these events appear relatively old. Nonetheless, submarine landslides are known to be occurring currently

in some fiords of eastern Baffin Island and are an ongoing process. Offshore, in deep water, evidence of localized Holocene

landslides are observed but do not appear as widespread as in the fiords or nearshore parts of Baffin Island. Ongoing re-

search will help to refine the timing and the triggers of these events. These marine geohazards have considerable

implications for nearshore and submarine infrastructure projects and public safety.

Résumé

Les géorisques marins dans la baie de Baffin sont variés et répandus dans toute la région. Les courants de turbidité sont

principalement présents dans les deltas sous-marins de fjord alimentés par de grandes quantités de sédiments provenant de

la fonte des glaciers. Cependant, les lacs dans les bassins versants agissent à titre de zones tampons pour le transport des

sédiments en retenant ces derniers dans le bassin et en empêchant la formation de courants de turbidité au fond des fjords. Il

est donc possible de prédire l'emplacement probable des courants de turbidité dans les fjords de l'est de l'île de Baffin,

démontrant ainsi que les courants de turbidité sont actifs dans environ la moitié des deltas sous-marins de fjords. Des

courants de turbidité sont aussi générés à l'extrémité des cellules littorales, comme sur la rive sud de l'île Broughton. Ces

géorisques liés à la dérive littorale sont actuellement sous-explorés dans la baie de Baffin. Outre les courants de turbidité, les

traces d'anciens glissements de terrain sous-marins se manifestent à plusieurs endroits dans les fjords de l'île de Baffin. Des

travaux de cartographie récents des fonds marins ont révélé la présence de volumes considérables de matériaux déplacés

devant Pangnirtung, bien que ces événements semblent relativement anciens. Néanmoins, il est reconnu que des

glissements de terrain sous-marins se produisent actuellement dans certains fjords de l'est de l'île de Baffin et sont en cours.

Au large, dans les eaux profondes, la présence de traces de glissements de terrain localisés d'âge holocène a été notée, mais

ces derniers ne semblent pas y être aussi répandus que dans les fjords de l'île de Baffin. Les recherches en cours aideront à

établir de façon plus précise l'âge et les facteurs responsables du déclenchement de ces événements. Ces géorisques marins
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ont des implications considérables aussi bien au niveau de tout projet d'infrastructure côtière et sous-marine que de la

sécurité publique.

Introduction

High seismicity on northeastern Baffin Island has led scien-

tists involved in the Public Safety Geoscience Program of

Natural Resources Canada (NRCan) to conduct research to

improve the understanding of geological processes and

hazards (geohazards) in Baffin Bay. This research informs

stakeholder decisions on the use of offshore areas and pro-

vides northern communities with better knowledge for im-

proving public safety. Since 2012, the Geological Survey

of Canada of NRCan has undertaken several research expe-

ditions to map the distribution and understand the recurrence

of marine geohazards, some potentially triggered by earth-

quakes.

The study of marine geology within a region provides criti-

cal information about the modern stability of the seabed,

reveals evidence of past instability and divulges specific

constraints around the timing and triggering of past events,

thus improving predictive capability for future events. For

example, determining the past record of seismic activity pre-

served in marine sediments helps to better estimate earth-

quake recurrence and evaluate seismic risk.

Fiords are well-known sediment traps, as evidenced by the

presence of thick deposits accumulated at high sedimenta-

tion rates. Therefore, they are more likely to record past

geohazard events such as large earthquakes. Fiords are con-

strained environments where mapping of past landslide

distribution is much easier than in the offshore, where data

collection is expensive and the record is not as well pre-

served. Fiords represent cost-effective natural laboratories

for studying geohazard activity in Baffin Bay.

Fiords are known to be more susceptible to submarine and

subaerial sidewall failures, producing some of the highest

tsunami run-ups on Earth. From the 14 highest tsunami run-

ups ever recorded in the world, 10 occurred in glaciated en-

vironments such as fiords (Higman et al., 2018), environ-

ments similar to eastern Baffin Island. The 2017 Greenland

tsunami and its devastating effects that included loss of

lives serve as a reminder of the risk they pose and their dra-

matic impact on northern communities.

During the past 7 years, NRCan has been funded by the Pro-

gram of Energy Research and Development (PERD) and

Crown-Indigenous Relations and Northern Affairs Canada

(CIRNAC) to assess the recurrence of geohazards offshore

eastern Baffin Island. This paper summarizes active and

Holocene marine geohazards identified through research

expeditions on the CCGS Hudson (Expedition 2018042;

Normandeau et al., 2018), CCGS Amundsen (Expedition

2019804; Normandeau et al., 2019a) and the Government

of Nunavut's R/V Nuliajuk (Expedition 2019NULIAJUK;

Normandeau et al., 2019c). Specifically, it shows examples

of modern turbidity currents and submarine landslides in

fiords of eastern Baffin Island and offshore Home Bay.

These examples reveal the wide variety of marine geo-

hazards currently affecting the shoreline and offshore areas

of Baffin Island.

Regional setting

Baffin Bay is a 1300 km long, 450 km wide, elongated ocean

basin connecting the Arctic Ocean to the Labrador Sea

(Figure 1 inset). The offshore of eastern Baffin Island can

be divided into four distinct morphological settings: 1) the

inner fiords, which trap most of the sediment supplied by

the rivers and consisting of steep-sided walls; 2) the conti-

nental shelf, 40–60 km wide with numerous U-shaped

transverse troughs that reach 700 m deep; 3) the continental

slope, dissected by submarine channels and submarine

landslides; and 4) the Baffin Bay basin, accumulating sedi-

ment from both the Greenland and Baffin Bay margins and

reaching a depth of 2300 m.

Turbidity currents at fiord heads

Numerous fiord heads consist of well-developed deltas with

submarine channels and/or bedforms on their delta slope and

prodelta (Hughes Clarke et al., 2015). Recently, Norman-

deau et al. (2019b) showed that turbidity currents were ac-

tive when there was a direct connection between a glacier

and the delta. Alternatively, when lakes are present in the

sediment-routing system, they tend to capture most of the

coarse-grained sediment in the watershed, leading to ero-

sion of the deltas. When glaciers retreat from the water-

shed, the reduction in sediment supply also leads to erosion

of the deltas. This was shown by 2019 surveys in Padle

Fiord (Figure 2): the arm southeast of Padle Fiord shows a

direct connection between the glacier front and the delta,

leading to the formation of bedforms by turbidity currents

on the delta front (Figure 2b). In contrast, Padle Fiord has

lakes in the sediment-routing system. Clear filling of the

lakes is observed on airphotos (Figure 2a), showing how

sediments are currently trapped upstream, thus preventing

the formation of turbidity currents (Figure 2c). These new

findings enabled prediction of the locations of active tur-

bidity currents in eastern Baffin Island fiords (Normandeau

and Dietrich, 2019).
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Turbidity currents at end of littoral cells

Submarine channels and bedforms are observed not only at

the submarine front of deltas but also along the coastline,

away from direct river inputs. One example is on the south

side of Broughton Island, near Qikiqtarjuaq (Figure 3). A

2013 survey shows that submarine channels are present on

a steep slope, where the shelf becomes narrow. The shore-

line in the region is clearly eroding, most likely during the

large storms that affect the region. The currents generated

by these storms transport sediment westward, where the

shelf becomes narrow. There, sediments overspill and cre-

ate turbidity currents that carve the channels and form the

bedforms visible on the seabed. In 2019, a second survey

completed over this field of submarine channels and

bedforms did not reveal any change on the seabed, suggest-

ing that no significant turbidity currents were triggered be-

tween 2013 and 2019. However, storms during that period

could have triggered low-density turbidity currents that did

not lead to bedform migration. These results suggest that

powerful turbidity currents in the region are relatively rare.

Asediment core collected in 2019 will allow reconstruction

of the recurrence of such major storms.
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Figure 1: Location of study area offshore southeastern Baffin Island, Nunavut. Background bathymetry is from the General Bathymetric
Chart of the Oceans (GEBCO; International Hydrographic Organization and the Intergovernmental Oceanographic Commission, 2020)
and the digital elevation model (DEM) is from the Canadian DEM (Natural Resources Canada, 2015).



Landslides on fiord sidewalls

Evidence of slope instability is observed on the fiord side-

walls in all the fiords surveyed. The focus in 2019 was on fi-

ords near the communities of Qikiqtarjuaq and Pangnirtung

to assess the risk submarine landslides pose to these com-

munities. Near Qikiqtarjuaq, Padle and Southwind fiords

were specifically studied for this purpose. An estimated 56

submarine landslides were mapped in Southwind Fiord

(<1000 m runout, hundreds of metres wide), showing a

high density of slope instabilities. Therefore, Southwind

Fiord was chosen as a test site to understand the factors re-

sponsible for sediment instabilities. Geotechnical proper-

ties of sediment cores collected on the slope do not reveal

specific weak layers of sediment. This contrasts with off-

shore cores, in which distinct weak sedimentary layers may

be responsible for failures (Campbell et al., 2017) in the

event of an external trigger. Repeat bathymetry conducted

in 2019 showed the presence of a new landslide, not present

in the 2013 data. This new landslide shows that these pro-

cesses are active in the fiords of Baffin Island. The land-

slide occurred in 2018 or 2019, and does not appear to have

been triggered by an earthquake because no large ones oc-

curred during that time. Therefore, research is underway to

understand what triggered this landslide.

Mapping of Pangnirtung Fiord was also completed in 2019.

The maps show submarine landslides, but they are mostly

buried under 1–2 m of sediment according to sub-bottom

profiles, suggesting that they are relatively old (Figure 4b).

Very few landslides appeared to be recent. One particular

event in front of Pangnirtung is large (~4 km2; Figure 4a).

Further work on Pangnirtung landslides will provide an es-

timate of tsunami generation from submarine landslides.

Offshore landslides

Offshore, most slope-instability processes occurred during

glaciation, as glaciogenic debris flows (Jenner et al., 2018;

Figure 5b). However, submarine landslides did occur dur-
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Figure 2: Multibeam bathymetry of fiord-head deltas in the Padle Fiord area: a) location of Padle Fiord and an arm southeast of it; b) fiord-
head delta in the arm southeast of Padle Fiord, revealing sediment waves representative of active turbidity currents; c) Padle Fiord, display-
ing a smooth seafloor indicative of the absence of turbidity currents on the fiord delta. Data are from Normandeau et al. (2019c). Abbrevia-
tion: MTD, mass-transport deposit.



ing the Holocene, as attested by sub-bottom profiles showing

chaotic to incoherent reflections at the seabed (Figure 5a).

Sediment cores were collected on these submarine land-

slides to estimate their age (Figure 5c). From previous stud-

ies (e.g., Jenner et al., 2018), sedimentation rates were esti-

mated at 0.015 cm/yr. Using this estimate, the submarine

landslides could be less than 3000 years old. Unfortunately,

because of the large area of the region, limited information

exists regarding the distribution and occurrence of Holo-

cene landslides. Nevertheless, those that were observed ap-

pear to be limited in size and localized, suggesting that they

are not widespread and have a low recurrence. That said,

previous studies have shown the presence of weak layers

that could represent a risk of failing during earthquakes

(Campbell et al., 2017).

Economic considerations

Globally, submarine landslides have known negative eco-

nomic consequences on seafloor infrastructure. For exam-

ple, these landslides can break subsea communication ca-

bles that transport 95% of data around the world (Carter et

al., 2012). In August 2019, the Government of Canada an-

nounced funding to bring high-speed Internet to Iqaluit and

Kimmirut through subsea communication cables (Miron,

2019). Other communities will logically follow the same

trend, with, for example, Nuvitik Fibre Networks working

toward linking the northern communities to high-speed

Internet (http://nuvitik.ca/). Therefore, it is important, for

the sake of marine management and cable-layout routes, to

document the hazards encountered in the marine environ-

ment. The mapping of submarine landslides and turbidity

currents by the Geological Survey of Canada will facilitate

the understanding of hazards on the seafloor of Baffin Bay.

In addition to the risk they pose to future subsea infrastruc-

ture, submarine landslides can trigger tsunamis. Since all of

the communities of Baffin Island are located on the coast

and are only a few metres in elevation, understanding the
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Figure 3: Example of a submarine channel system fed by longshore drift on the south shore of Broughton Island. Data are from Norman-
deau et al. (2019a, c).
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Figure 4: a) Multibeam bathymetry of mass-transport deposits (MTDs) in Pangnirtung Fiord. b) Sub-bottom profile showing that
the MTD in front of Pangnirtung is relatively old, buried under ~1 m of sediment. Data are from Normandeau et al. (2019c). Abbrevi-
ation: MTD, mass-transport deposit.
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tsunamigenic potential of the identified submarine land-

slides is essential. However, there is currently insufficient

mapping in offshore areas to properly model the tsunami-

generating potential of submarine landslides. Future re-

search will try to address this knowledge gap by identifying

possible tsunami deposits near the communities.

Conclusions

The timing and location of marine geohazards appear to be

closely related to glacial retreat in Baffin Bay. Glaciogenic-

debris flows occurred on the slope when the ice sheet was at

the shelf edge, but the recurrence of submarine landslides

decreased as glaciers retreated landward. Today, marine

geohazards are most active near the coast, where glaciers

provide large volumes of sediments to fiords.

Compared to other regions of Canada, eastern Baffin Island

is quite active in terms of marine geohazards. Approxi-

mately half of the rivers between Pangnirtung and Pond In-

let potentially have active turbidity currents. In addition,

numerous submarine landslides, some very young, occur in

the fiords. The 2018–2019 landslide in Southwind Fiord

shows how active these processes are. Offshore, there is

currently little evidence for very recent submarine land-

slides, although there is localized evidence for some trig-

gered a few thousands years ago, and the region is an area of

relatively high seismicity. However, much of the offshore

remains unmapped and many events are possibly

unexplored.
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