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Abstract
Natural Resources Canada (NRCan) has been conducting research into hazardous marine geological conditions (or geohazards) in Baffin Bay, Nunavut, since 2013. In 2020, part of NRCan’s geohazard research was aimed at mapping the distribution of submarine slope failures in the fiords of eastern Baffin Island using all available multibeam echosounder and subbottom profiler data. Submarine slope failures (also known as submarine landslides) are a type of geohazard that occurs
when sediments become unstable on an angled seabed and these sediments move downslope due to gravity. The volume of
material moved by a slope failure has the potential to be immense (e.g., the 1929 submarine landslide offshore Newfoundland displaced more than 100 km3 of sediment), so it is important to investigate these features. Although long recognized,
the distribution of slope failures in fiords of Baffin Bay is not well understood. Preliminary mapping shows 273 slope failures observed within 22 fiords, with 86% of the fiords examined having at least one slope failure. It is important to understand the distribution of slope failures, as they have the potential to damage seabed infrastructure (e.g., underwater fibre-optic cables and pipes) and cause tsunamis.

Introduction
Fiords are deep estuaries located at high latitudes of both
hemispheres that have been modified by the action of glacial ice. Canada has more fiords than the rest of the world
combined, with more than 50% of its fiords being located in
the Canadian Arctic Archipelago (Syvitski et al., 1987).
Baffin Island’s eastern coastline is incised by fiords
throughout the study area (Figure 1). Slope failures are
common within fiord settings due to the fiords’ characteristic steep sides and potential for very high sedimentation
rates—key factors for failure development (Syvitski et al.,
1987). Slope failures have the potential to damage seabed
infrastructure and, in some cases, these failures are able to
generate tsunamis. Fiords can be characterized by underconsolidated sediments lying on steep slopes that could fail
under their own weight, or be easily triggered by external
factors (i.e., earthquakes, waves, delta progradation or
subaerial failures). New research shows that many fiords of

Baffin Island are affected by submarine slope failures
(Broom et al., 2017; Brouard and Lajeunesse, 2019; Deering et al., 2019; Normandeau et al., work in progress) and
that their triggers are likely different than those of lower latitude failures (Normandeau et al., 2021). Fiord sediments
can be highly variable in their composition due to the numerous input sources and diverse glacial histories. This
sediment variability can lead to discontinuities and unconformities that are potential failure surfaces (Syvitski et al.,
1987).
In order to assess the hazard associated with slope failures
in Baffin Island fiords, it is necessary to understand the recurrence of such events, preconditioning factors and likely
locations of future events. The distribution of past events
preserved as slope-failure deposits may provide insight
into future events. This study used all available multibeam
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Figure 1: Study area on eastern Baffin Island, with yellow dots indicating fiord areas that were examined for the presence of slope failures.
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and sub-bottom profiler data to determine the distribution
of slope failures within the fiords of Baffin Island.

Methods
Two data types were used during this research for mapping
slope failures: a) multibeam echosounder data collected by
either the Canadian Coast Guard Ship (CCGS) Amundsen
and CSL Heron through the ArcticNet program or Geological Survey of Canada (GSC) personnel onboard the Government of Nunavut’s Research Vessel (RV) Nuliajuk; and
b) Huntec deep-tow high-resolution seismic sub-bottom
profiler data collected by the GSC onboard the CCGS Hudson in 1982 (GSC cruise #82031). Multibeam data were
first assessed for quality and then reprocessed to 2 m resolution and 4x vertical exaggeration. The multibeam and navigation components of the Huntec data were imported into a
Geographic Information System (GIS). All seabed features
interpreted as slope failures were mapped in the GIS, given
a unique identification number, and measured and classified in a database using the seven parameters highlighted in
bold below. The data type, fiord name and any comments
from the interpreter were also recorded in the database.
The following information was recorded in the database for
each slope failure:
· Id: unique identifier number for each mapped slope failure
· Morphology: interpretation of how well defined the
feature is on geophysical records
· Type: identifies if the feature is a single failure or a
group of two or more failures (i.e., failure complex; after “Object type” in Clare et al., 2019)
· Debris: denotes if a debris deposit is visible at the
downslope termination of the feature
· Rmax: maximum runout length of the failure in metres
(includes the debris field [Figure 2]; after “total length”
in Clare et al., 2019)
· Wmax: maximum width of the failure in metres (includes the debris field [Figure 2]; after “scar width” in
Clare et al., 2019)
· Hmax: maximum head scarp width in metres (see Figure 2)
· Scour: observations of ice scours near the head scarp of
the failure (within ~300 m)
· Fiord: name of the fiord where the feature is located
· Source: source of the data used to make the interpretation
· Comments: any comments by the interpreter
To date, 22 fiord areas have been mapped to determine the
distribution of slope failures. The fiord areas that were
mapped for slope failures using multibeam data were
Frobisher Bay, Pangnirtung Fiord, Mermaid Fiord, Totnes
Road, Akpait Fiord, Southwind Fiord, Boas Fiord, near
Qikiqtarjuaq, Touak Fiord, Nallussiaq Fiord, Aktijartukan
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Fiord, Clephane Bay and Amittuarjuk. Huntec data were
used in Sunneshine Fiord, Coronation Fiord, North Pangnirtung Fiord, Tingin Fiord, Itirbilung Fiord, McBeth Fiord,
Inugsuin Fiord, Clark Fiord and Cambridge Fiord (see Figure 1 for locations).

Discussion
Slope failures are located in almost all Baffin Island fiords
that were mapped during this study (Figure 3). To date, 273
slope failures have been mapped in the 22 Baffin Island
fiord areas specified in the previous paragraph. Several different styles of failure were interpreted from the multibeam
echosounder and Huntec seismic data, including slides, debris flows and evidence of turbidity currents.
Slides are commonly observed in the Baffin Island fiords
and are characterized by the rough or blocky texture of their
debris fields (Figure 4). Most slides appear to be translational due to the smooth appearance of their failure surfaces (Figure 5). A smaller number of slides show a rough,
folded texture of their failure surface in multibeam echosounder data due to frontal thrusting (Figure 6). The slope
failure in Figure 6 appears to have a headscarp and a sidescarp roughly perpendicular to each other. It is not clear if
both of these scarps were active at the same time or if failure
from the headscarp led to the creation of the sidescarp along
the margin of the original failure.
Debris flows generally have higher water content and
greater mobility than slide failures. In multibeam echosounder data, debris flows have a long run-out length and
smooth-textured debris fields, and are more likely to have a
nonlinear shape than slides. Figure 7 shows four slope failures in Frobisher Bay that are interpreted to be debris flows.
Each debris flow follows the contours of the seafloor to a
deep basin where they terminate in a smooth, low-relief terminal lobe. Debris flow 1 in Figure 7 is interpreted to be the
oldest, as it is overlain by debris flows 2 and 3. Debris
flows 1, 2, and 3 are then truncated by the youngest debris
flow, number 4. Debris flow 4 occurred in two phases, as
the headscarp of 4a is no longer visible and was either overprinted by 4b or they originated from the same headscarp.
Debris flow 4b is also observed incising into 4a. The sediments that form the terminal lobe are likely a mixture of material from all four debris-flow events.
Turbidity currents are not directly observed in the Baffin Island fiords but are inferred from the presence of sediment
waves in multibeam echosounder data (Figure 8). Normandeau et al. (2019) showed that sediment waves on fiord deltas are due to recurring turbidity currents. Sediment waves
were observed in multibeam data in about 70% of the fiords
mapped during this study (Frobisher Bay, Clephane Bay,
Pangnirtung Fiord, Mermaid Fiord, Totnes Road, Akpait
Fiord, Southwind Fiord, Boas Fiord and Nallussiaq Fiord).
Normandeau et al. (2019) also observed sediment waves in
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Figure 2: Example measurements of the Rmax, Wmax and Hmax parameters, Southwind
Fiord.

Kangiq³uruluk (formerly Oliver Sound). Thirteen of the
fifteen (87%) instances of sediment waves observed during
this study are located on fiord-head deltas.

Future studies
At the time this paper was prepared, not all of the available
multibeam data had been analyzed for slope-failure distribution. Future work will complete the analysis of these data
and the results will be released in a GSC open file or similar
publication. A database of measurements on all identified
slope failures, accompanied by distribution maps, will be
included in this publication.

Economic considerations
Slope failures can be damaging to all marine infrastructure
and must therefore be considered during project planning.
Understanding the distribution, magnitude and frequency
of slope failures is essential for design of nearby infrastructure in a safe and cost-effective manner. One specific type
of marine infrastructure that is being considered for Nunavut is submarine fibre-optic cables. These cables are very
susceptible to the impacts of slope failures and would require expensive and time-consuming repairs if damaged.
This research is a first step in understanding slope failures
in Baffin Bay fiords and can help with the safe and efficient
installation of submarine cables or other marine construction projects.

Conclusions
At this time, 86% (19 of 22) of the fiords examined show
evidence of slope failures. The types of failures observed
are slides, debris flows and turbidity currents, with 273 features identified so far. Slides and debris flows are the most
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abundant failure types. Since slope failures are so widespread in Baffin Island fiords, it is important that they are
considered during seabed infrastructure projects or when
making decisions regarding public safety and the environment. As other data are analyzed and new data are collected, future research will continue to refine and improve
the understanding of these features.
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Figure 3: Distribution of slope failures in Baffin Island fiords (red circles indicate failure positions).
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Figure 4: Slope failures in Southwind Fiord with a rough blocky texture in their debris fields.

Figure 5: Stacked slope failures in Cambridge Fiord observed from Huntec seismic sub-bottom profiler data. The zoomed-in inset image
shows the individual slope failures, each shaded in a different colour.
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Figure 6: Slope failure in Frobisher Bay displaying characteristics of frontal thrusting in its lower section. This failure also
appears to have a main headscarp and a steep sidescarp.

Figure 7: Multiple debris flows from Frobisher Bay depositing sediments in a small basin. Numbers show the order of deposition: 1, oldest, 4, youngest. Interpretation modified from Deering et al. (2019).
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Figure 8: Sediment waves and channels in Touak Fiord caused by turbidity currents.
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