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Abstract
Northeastern Baffin Island, between the hamlets of Clyde River (Kangiqtugaapik) and Pond Inlet (Mittimatilik) is vulnerable to coastal and inland seismogenic and climatogenic geohazards. Communities and infrastructure within this high seismicity region are situated mostly within 60 m above sea level, and geohazards, such as landsliding, displacement waves and
earthquakes, have all been observed or felt this past half century. Prehistoric and recent hazard records are used to establish
the magnitude, cause and nature of the regional seismicity, and the frequency and probability of future earthquakes, large
landslides and tsunamis. In this paper, analyses of marine-sediment records from Pond Inlet and Tasiujaq (formerly Eclipse
Sound), the first results of a survey of regional terrestrial rock avalanches and related oral-history accounts—based on interviews of citizens of Clyde River—are presented. These initial results indicate that the greatest number of observed onshore
landslides and hazardous processes occur within a seismically active region between the hamlets of Pond Inlet and Clyde
River. Offshore, evidence of significant Holocene mass wasting has been observed in the marine-sediment record of Pond
Inlet and Tasiujaq. Although the lack of evidence outside the zone of high seismicity does not preclude other triggering
mechanisms, a causal relationship between past hazardous processes and seismicity may exist. As permafrost thawing continues, it is possible that frequency of landslides and displacement waves may increase to levels analogous to those in
aseismic Arctic regions with lithologies and fiord relief similar to those of western Norway.

Résumé
La région du nord-est de l’île de Baffin qui s’étend entre les hameaux de Clyde River (Kangiqtugaapik) et de Pond Inlet
(Mittimatilik) est vulnérable aux géorisques de nature sismogénique et climatologique se manifestant le long des côtes ou
dans l’arrière-pays. Les collectivités et infrastructures situées à l’intérieur de cette zone à risque de sismicité élevée gisent
pour la plupart en-deçà de 60 m au-dessus du niveau de la mer et des effets découlant de géorisques, tels des glissements de
terrain, ondes et tremblements de terre, s’y étant produits ou ayant été ressentis au cours des 50 dernières années ont été
notés. Les signes laissés par les aléas naturels survenus depuis la préhistoire jusqu’à maintenant servent à établir la magnitude, la cause et la nature de l’activité sismique à l’échelle régionale, ainsi qu’à déterminer la fréquence et le risque de
tremblements de terre et de tsunamis futurs. Des résultats d’analyses de sédiments marins provenant du bras Pond et de
Tasiujaq (anciennement le détroit d’Éclipse) sont présentés dans cette étude, ainsi que les premiers résultats d’un levé des
avalanches de pierres survenues dans la partie terrestre de la région et des témoignages par histoire orale recueillis au cours
d’entrevues tenues avec des citoyens de Clyde River. Ces premiers résultats révèlent que le plus grand nombre de
glissements de terrain terrestres et autres processus dangereux se manifestent à l’intérieur d’une zone sismique active entre
les hameaux de Pond Inlet et de Clyde River. Au large, des traces de mouvements de masse importants datant de l’Holocène
ont été notés dans les sédiments marins s’étant accumulés dans les eaux du bras de mer Pond et de Tasiujaq. Bien que le manque de preuves de mécanismes autres que l’activité sismique à l’extérieur de la zone active n’exclut pas la possibilité de leur
This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2019/.
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existence, un rapport de cause à effet entre la sismicité et les processus dangereux s’étant produits est néanmoins possible. À
mesure que la fonte du pergélisol se poursuit, la fréquence à laquelle ces tremblements de terre, glissements de terrain
importants et ondes se produisent augmentera probablement de façon à atteindre celle de ces zones arctiques asismiques qui
partagent avec la partie ouest de la Norvège une lithologie semblable ainsi qu’un relief ponctué de fjords.

Introduction
In the past two decades, Nordic countries have invested significant effort in understanding the causes, magnitude and
frequency of nontectonogenic seismicity (Schmidt et al.,
2014), and in evaluating the risk of fatalities and property
damage caused by displacement waves—tsunamis arising
from landslides into the ocean (Hermanns et al., 2014a, b).
In addition, Norway has taken a leadership role in evaluating the hazard and risk of massive rock-slope failures and
their secondary effects, such as displacement waves and
rockslide damming, many of which have been associated
with rapid permafrost thawing (Huggel et al., 2012; Hilger
et al., 2018). In Norway today, seven fiord walls are being
constantly monitored (with early-warning procedures in
place), while more than 80 unstable rock slopes are under
surveillance and subject to periodic monitoring. In total,
over 300 fiord locations where large rock-mass failures can
occur have been identified, and the magnitude–frequency
relations of past failures are being established through the
use of mapping and cosmogenic exposure dating (Schleier
et al., 2015, 2017; Oppikofer et al., 2017).
Northeastern Baffin Island is situated in a region of high
topographic relief within an onshore and offshore zone of
high seismicity. The Qikiqtaaluk hamlets on Baffin Island
are rapidly growing and require expensive infrastructure
(relative to subarctic communities) for new housing and
public services, telecommunications, marine shipping and
local industries. Directly across Baffin Bay from these
communities, one of the tallest (100 m) displacement
waves in recorded history devastated the remote settlement
of Nuugaatsiaq, western Greenland, on June 17, 2017
(Schiermeier, 2017). That tsunami, which was caused by a
massive landslide that generated a large magnitude (M4.1)
earthquake, resulted in four fatalities and dozens injured
out of a population of 84, with half (11) of the houses in the
area destroyed. Yet, despite the recognized hazard potential, the knowledge base in eastern Arctic Canada is currently insufficient to assess seismic, tsunami and landslide
hazards (i.e., quantification of frequency and magnitude of
hazardous processes), let alone proceed with a risk assessment (the probability of the hazards multiplied by the number of fatalities or cost of damage; Leonard et al., 2014).
There is insufficient instrumentation to precisely measure
the location, depth, magnitude and focal mechanisms of
modern earthquakes, even in the high-risk zones, and evaluation of the record of prehistoric seismicity and landslides
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has only recently begun. Permafrost depth and rate of permafrost thaw in the bedrock of eastern Arctic Canada
remain highly uncertain (Smith et al., 2013). These compounded knowledge gaps leave eastern Arctic communities and infrastructure particularly vulnerable to coastal
hazards.

An Inuktut word for ‘rapid inundation of land by seawater’
is Ulinniq. Inundation heights of displacement waves range
from metres (Grand Banks tsunami) to above 100 m (the
193 m high tsunami of 2015 in Taan Fiord, Icy Bay, Alaska
was the highest historical event documented; Higman et al.,
2018). A consortium of researchers from Canadian and international universities and geological surveys, including
the Canada-Nunavut Geoscience Office, are supported by
the Marine Environmental Observation, Prediction, and
Response Network (MEOPAR, a national Network of Centres of Excellence) in their study of these geohazards.
Funding has been received for a MEOPAR project known
as ‘Arctic ULINNIQ: Underwater listening network for
novel investigations of quakes’ (hereafter referred to as
‘ULINNIQ’). This project funds the research reported in
this paper, which concerns the paleo- and historical record
of onshore and offshore mass wasting and displacement
waves. Thus, the focus of this research is not only on the
seismic hazard, but also on the potentially more devastating
tsunami hazard (Figure 1). The long-term goal of the
ULINNIQ project is to provide a comprehensive analysis
of seismic and tsunami risk for eastern Arctic Canada. In
this paper, initial results from an onshore and offshore
study conducted in northern Baffin Island are summarized
using methodologies that range from mapping of terrestrial
landslides, and interpretation and dating of marine-sediment records of mass-wasting events, to the use of oral histories shared by Qikiqtaaluk citizens. These results will
help document coastal hazards that have occurred in the last
50 years and link them to possible triggering mechanisms.
Co-ordination with the local hamlet councils and hunters
and trappers organisations, along with Qikiqtani Inuit Association, the Nunavut Research Institute and other
Nunavut government and research agencies will help optimize the utility of data collected from the offshore and onshore seismic sensing arrays and marine and onshore surveys.
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related to bedrock-slope instability and landsliding in Norway (e.g., Hilger et al., 2018) and has been implicated as a
potential trigger in Canada (Huggel et al., 2012). Coupled
groundwater-flow and heat-transport models revealing the
complexities of permafrost degradation and the impacts of
nonfrozen groundwater production during current and projected climate change in arctic regions reveal a lowering of
the groundwater table over the next century (Shojae Ghias
et al., 2019).

Figure 1: Three mechanisms that cause displacement waves (tsunamis) in high-relief Arctic regions, as reproduced from a 2019
ULINNIQ (underwater listening network for novel investigation of
quakes) project brochure, with translation in Inuktut.

Background
Regional physiography, geology and historical
seismicity
Northeastern Baffin Island, situated along western Baffin
Bay, is a mountainous terrain with very limited sediment
cover, extant valley glaciers and ice caps, exposed rugged
fiord coastlines and broad isolated coastal plains (Figure 2a). It comprises two physiographic provinces, the Davis Highlands (Bostock, 1970) of the eastern Canadian
Arctic rim and discontinuous coastal forelands that extend
onto the modern continental shelf. In the study area, more
than 1000 km of coast is dissected by deeply penetrating fiords with near-vertical cliffs reaching 1000 m above sea
level (asl). Fiord depths frequently reach 400 m below sea
level (bsl), up to 900 m bsl in Kangiqtualuk Uqquqti (formerly Sam Ford Fiord), and the slopes are often near vertical (Figure 2a, b). Between and landward from the fiords,
multiple concordant plateaus remain mostly covered by ice
caps and alpine glacial systems above 900 m asl. The region’s high relief was inherited from Mesozoic stream
drainages and deepened by highly erosive valley glaciers
that extended to the shelf edge during the last glacial maximum. The Pleistocene glacial history of the study area has
been well studied (Andrews, 1989; Klassen, 1993; Dyke et
al., 2003; Refsnider et al., 2013) and includes both strongly
erosive valley glaciers and weakly erosive to nonerosive
cold-based glaciers. These glacial systems persist today as
isolated glaciers with diminishing volume, including a few
tidewater glaciers. Accelerated glacial melting is linked to
recent air-temperature warming (Gardner et al., 2012). The
study region falls within the continuous-permafrost zone,
generally –5 to –10°C at the point of zero annual amplitude
(Smith et al., 2013). Permafrost thaw has already been
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The bedrock in the study region is composed of deformed
tonalite, quartz diorite, granodiorite and/or monzogranite,
and commonly includes layers or enclaves of diorite and
gabbro oriented parallel to gneissosity (Jackson and Morgan, 1975; Jackson, 2000; Skipton et al., 2017). The foliation within these units is frequently shallowly dipping with
variable strike. Granite intrusions, diorite and thin bands of
supracrustal rock are also present. The gabbroic Borden
and Franklin dykes, up to 200 m thick, trend northwest, paralleling numerous brittle faults with steep dips. No
regional-scale study of fracture density has been conducted
on Baffin Island. However, stark contrasts have been observed during fieldwork between local highly fractured
zones (spacing exceeding 10 fractures/m), which are commonly incised by lateral meltwater channels in warm- and
cold-based glacier zones, and zones of much lower fracture
density (<0.5 fractures/m) responsible for tors on plateaus,
large boulder erratics and streamlined bedrock hills. Based
on field observations in the study area, the first-order controls on fracture density and orientation include local lithology and structural elements with pronounced variability in
fracture density occurring near lithological or structural
boundaries. Some fracture sets that parallel topography
may relate to unloading from exhumation or deglaciation,
although no thorough study of the phenomenon has been
conducted in this region.
The largest recorded earthquake above the Arctic Circle
(latitude 66°34'N) was a magnitude 7.3 earthquake that occurred offshore northeastern Baffin Island in 1933 (Bent,
2002). Prior to this earthquake, Baffin Bay and Baffin Island had been believed to be aseismic. As seismic monitoring in northern Canada and worldwide improved, it was
recognized that the Baffin Bay and Baffin Island region is
actually highly active (Figure 3; Basham et al., 1982), with
the risk of seismic hazard considered in the late 20th century to be comparable to that of coastal British Columbia
(Basham et al., 1997). Today, the risk of seismic hazard in
the Baffin Bay and Baffin Island region is estimated to be as
significant as that on the west coast of British Columbia,
but not as high as for Vancouver Island (Earthquakes Canada, 2019).
Despite improvements in the coverage provided by Canada’s seismological stations, the Baffin Bay and Baffin Island region remains Canada’s high-seismicity area with the
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Figure 2: Relevant seismic and geomorphological features of northeastern Baffin Island, Nunavut: a) locations of major earthquakes (>M3.0) as well as that of recorded
landslides and tsunamis, with DEM and GEBCO bathymetry (GEBCO Compilation Group, 2014), 2019 onshore study area (dark grey outline) and Figure 4 (box with
dashed outline). Abbreviations: EQ, earthquake; masl, metres above sea level; USCG, United States Coast Guard.
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Figure 2 (continued): Relevant seismic and geomorphological features of northeastern Baffin Island, Nunavut: b) raster maps of topographic slopes on land from Canadian digital elevation model (Natural Resources Canada, 2016) and in the ocean from GEBCO (GEBCO Compilation Group, 2014). Inset map: Arctic coasts showing
study area (red box), Baffin Island (BI), Greenland (G), Home Bay (HB), Norway (N) and Navy Board Inlet (NBI). GeoMap coastal and country boundary dataset on Arctic projection (www.geomapapp.org).

least instrumentation installed. The limited data on earthquakes in this area is interpolated from data recorded at distant stations (Figure 3). Owing to the imprecision of the location, depth and moments of earthquakes over the past
century in the field area, it is not possible to use critical information from the more frequent, less energetic earthquakes (approximately M2–3) or microseismicity (approximately M<2) to delineate faults and their geometry. With
current instrumentation, only earthquakes approximately
M>6 have provided signals with sufficient precision to determine the breaking mechanisms, though with contradicting results. Four earthquakes of magnitude 6.0 or greater
have occurred in Baffin Bay and one on Baffin Island since
the 1933 event (Bent, 2002). In Qamar (1974), the author
suggested that the Baffin Bay events were aftershocks of
the 1933 earthquake and not independent events. Soon afterward, in the late 1970s and 1980s, based on a small number of existing focal mechanisms, it was proposed that in
the Baffin Bay area, events are dominated by thrust faulting, whereas earthquakes on Baffin Island are the result of
normal faulting (Stein et al., 1979, 1989). However, a more

recent investigation (Bent, 2002) found strong evidence
that the 1933 event was generated by strike-slip motion
with subsequent large M6 events, providing additional evidence for strike-slip faulting. While it is likely that earthquakes in this area are caused by strike-slip, transtensional
normal or transpressional thrust motion along tectonically
active faults in the offshore, some earthquakes may be
caused by glacially induced loading stresses related to nontectonic dynamics of the sublithospheric mantle (Lund,
2015). One of the research goals of ULINNIQ is to test a
hypothesis regarding how, during deglaciation of an area,
changes in the stress field within the sublithospheric mantle
can relax compressional stresses on pre-existing planes of
weakness in the lithosphere—such as inactive crustal
faults—thereby allowing nontectonic rupture. The inability thus far to clearly determine the breaking mechanisms
for even the very large earthquakes is in part due to the geological complexities of the Baffin Bay and Baffin Island
region but also highlights the lack of historical earthquakemonitoring data.

Figure 3: A century of seismicity around Baffin Island, Nunavut. Data for the mapped area correspond to
events reported in the International Seismological Centre-Bulletin with known magnitude (M≥2) and
known depth, from January 1, 1917, to October 1, 2017 (Di Giacomo et al., 2014; International Seismological Centre, 2017). White circle shows the location of the 1933 surface-wave magnitude 7.3 earthquake (modified from Broom, 2019). Yellow box indicates the planned deployment area for the oceanbottom seismometer of the Arctic: ULINNIQ project. Yellow ellipse outlines a proposed complementary
land deployment area for seismological stations. Stars are communities near seismically active regions:
A, Arctic Bay; C, Clyde River; P, Pond Inlet; R, Resolute. Base map imagery ©2017 IBCAO, Landsat/Copernicus, United States Geological Survey; data SIO, NOAA, United States Navy, NGS, GEBCO; map
data ©2017 Google.
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Previous landside and tsunami research
A guide and classification of landslides in Canada strongly
recommends further scientific study of this geohazard
(Cruden and VanDine, 2013). Cruden et al. (1989) suggested that landslides in fiords are linked to high sediment
rates and seismicity. Within the study area, high sedimentation rates have occurred since deglaciation in the fiords and
the high seismic activity in northern Baffin Island is well
recognized (Andrews et al., 1985). Landslide and tsunami
risks are currently a concern for government authorities on
Baffin Island (Canadian Broadcasting Corporation News,
2017; Hill, 2017; Forbes et al., 2018) but there seem to be
no studies that have focused on sufficiently large landslides
capable of creating displacement waves in the vicinity of
the hamlets of Pond Inlet and Clyde River. Instead, previous geohazard analyses have focused on processes active
near municipal assets, particularly infrastructure vulnerable to geohazards (3v Geomatics Inc. and BGC Engineering Inc., 2011) or changing permafrost characteristics
(Ednie and Smith, 2011; Smith et al., 2012a–c). Infrastructure and sustainable-development needs for Pond Inlet and
Clyde River are outlined in the Aarluk Consulting Inc.
(2010, 2011) reports. However, a compilation of all climate-change–related initiatives, including permafrost-related and extreme-events issues (Labbé et al., 2017) among
other types of initiatives, indicates that Pond Inlet (1–3 initiatives) and Clyde River (30–40 initiatives) are modestly
represented among the eight Baffin Island communities, especially those more southern or populated. Furthermore,
like other regions of Arctic Canada, less attention has been
given to potential large landslide or rock-avalanche risks;
instead, regional scientific mass-wasting studies or engineering assessments have highlighted slumps triggered by
permafrost thaw or small-scale solifluction in or near the
communities, such as the 2010 retrogressive-thaw slump
near the Hamlet of Pond Inlet (3v Geomatics Inc. and BGC
Engineering Inc., 2011). This study marks the beginning of
a long-term focus on displacement waves triggered by
landslides and seismic activity, based on a systematic analysis of seafloor morphology and marine sedimentary records within fiords with high sedimentation rates; the modeling of displacement-wave heights from mass wasting on
selected cliffs; the chronology of previous onshore and
offshore large landslide events; and oral histories of displacement waves and coastal mass wasting by residents of
Pond Inlet and Clyde River.

Methods and initial results
Survey of recent onshore landslides
Brief methodology
Prior to and during the 2019 field season, examination of
remote-sensing images (Landsat images, aerial photos and
ArcticDEM [Porter et al., 2018]) was used to search for po-
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tential evidence of coastal landsliding along steep fiord
walls. In the field, weather conditions permitting (clouds,
fog, wind), helicopter access facilitated inspection of cliff
morphology, large-scale fracture geometries and potential
landslides. Over 600 km of valleys and fiords were surveyed for evidence of large landslides and failure surfaces,
and break-away faces on cliffs (as evident from their geomorphology and lack of surface weathering relative to adjacent cliff surfaces). Additional geomorphological observations on cliffs near Dexterity Island were made from the
deck of the Government of Nunavut Research Vessel (RV)
Nuliajuk in late August 2019. Following fieldwork, landslide size, geometry and chronology, as well as glacier velocity, were established using ArcticDEM (Porter et al.,
2018), a high-resolution digital elevation model (Natural
Resources Canada, 2018) and Landsat images (oldest
Landsat images date from 1972). In the case of each landslide, the nose of the landslide deposit was the point of
reference used to calculate the glacier velocity.
Results of the onshore landslide survey
Throughout the 2019 study area (Figure 2), the shallowdipping felsic gneiss and tonalite appear less weathered farther inland and along the steepest and highest fiord walls.
Seaward throughout the coastal hills and lowlands, the relatively lower and less steep cliffs show greater evidence of
weathering, possibly owing to less intense glacial erosion.
Furthermore, their greater proximity to Baffin Bay may result in accelerated grain-scale weathering owing to sea-salt
crystallization and fracture propagation by ice wedging because of relatively longer durations of freeze-thaw temperatures. This would certainly call for further detailed investigation because both these factors (angle of cliff and
weathering of bedrock) likely play an important role in
rock-failure susceptibility.
Various types of small-scale (surface areas <10 000 m2)
landslides on bedrock slopes were observed throughout the
field area. In general, those landslides often appear to be associated with anisotropies in the rock types, such as contacts between felsic and mafic rocks, or with steeply dipping felsic gneissic foliation that daylights seaward (i.e.,
plane of weakness is dipping toward the face of the cliff).
Hermanns et al. (2013) noted that, in Norway, the evidence
for large bedrock landslides is elusive in coastal regions
and steep-walled fiords because large landslide deposits
and rock avalanches could be hidden under deep fiord waters. This is likely the case with the Baffin Island fiords, as
indicated in Broom (2019). However, unlike Norway,
along the slopes of the fiords surveyed in Baffin Island, the
effects of deglaciation have also been so recent that the
steep cliffs lack the weathering necessary to provide a contrast useful in delineating recent slide planes or break-away
surfaces. It became apparent that evidence for large late
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servations, bedrock in the probable source
region is foliated gneiss dipping 40° toward
the valley, with a strong lithological anisotropy in the upper section of the cliff, where
a mafic rock lens is exposed. The contact between felsic and mafic rocks may have provided a point of weakness for failure, about
100 m from the bedrock/glacier contact.
From Landsat image interpretations, the
glacier ice and bedrock material forming the
cliff retreated by up to 150 m during the
collapse.
Supraglacial deposit LS2, interpreted as a
large glacier-ice and colluvial/glacial-materials landslide (possibly a debris flow) with
boulders deposited mainly in the frontal rim,
consists of about 50 000 m3 of rock and has
an H/L ratio of 0.23 (Figure 5c, d, Table 1).
The failure probably occurred a few months
before August 18, 1972, based on Landsat
images. In the immediate source area, the
gneissic foliation dips shallowly into the
mountain, which suggests that no bedrock
failure was involved in this landslide event.
Supraglacial deposit LS3 is interpreted as a
rock (and possibly colluvial/glacial material) landslide (avalanche; Figure 5d, e) alFigure 4: Location of supraglacial landslides LS1, LS2 and LS3 and reconstruction to
their original position (see inset figure for location on Baffin Island). Glacier margins though it may simply be a reworked mofrom Natural Resources Canada (2017); DEM from Canadian digital elevation model raine, originally buttressed against the
(Natural Resources Canada, 2016). Abbreviation: masl, metres above sea level.
nunatak shown on Figure 5e. The observation that the deposit crosscuts the glacier foHolocene landslides in this region was best preserved and
liation,
similarly
to LS1 and LS2, strongly supports the noevident on extant inland glaciers.
tion that it is the result of a mass-wasting event. The
760 000 m3 of bouldery debris, which progressively beRemote sensing and field observations led to the discovery
comes more elongated down-ice, was deposited around
of three large supraglacial landslides, each with distinct
1855, based on extrapolation of ice-flow rates deduced
characteristics (Figures 4, 5, Table 1). All three were rapfrom Landsat images taken between 1972 and 1978, and the
idly deposited onto glaciers south of Pond Inlet (Figure 4).
assumption of constant ice-flow velocities. A H/L ratio of
Their date of failure was inferred using ice-surface veloci0.25 is inferred, although the exact shape of the original
ties over the past half century, estimated from Landsat imlandslide is unknown. The gneissic foliation at this site dips
agery (Figure 6). The three landslide deposits differ in
steeply toward the valley (>70°) and a mafic lens is exposed
terms of their age, size, nature of the deposit and bedrockin the cliff nearby, above the interpreted location of original
cliff lithology.
deposition. As with LS1, a weak contact between the felsic
and mafic unit may have contributed to the failure.
Supraglacial deposit LS1 is a complex landslide involving
a mix of glacier ice, colluvial/glacial debris and possibly
Discussion and importance of the onshore landslide
bedrock. It occurred between July 20 and 31, 2008, based
survey
on book-ending Landsat images, and has an estimated rock
volume of 460 000 m3 and an H/L (height to length) ratio of
As the three large supraglacial deposits mapped are not
coastal failures, they could not generate displacement
0.33 (Figure 5a, b, Table 1). Currently, this deposit is a thin,
waves. Besides these three large deposits, small (<5000 m3
bouldery, lobate sheet with lateral levees and a ‘hollow’
core, where glacial ice debris was originally deposited, as
of rock) avalanches were observed, especially in the region
observed on the July 31, 2008, Landsat image. Some thinaround LS1, LS2 and LS3. While smaller mass-wasting dening and elongation of the landslide may have occurred
posits, including debris flows and slump failures in unconduring supraglacial transport. From helicopter-assisted obsolidated sediment, are more common and can lend the sta-
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Figure 5: Photographs of supraglacial landslides taken from a helicopter (see Figure 4 for location); a) LS1, oblique view toward the
northwest (white arrow indicates the mafic/felsic rock contact);
b) LS1 overhead view; c) LS2 cliff, horizontal view toward the
south; d) LS2, oblique view toward the north (black arrow indicates
location of cliff shown on Figure 5c); e) LS3, oblique view toward
the southwest.

tistical strength by which their postglacial frequency can be
estimated, in this study the focus is on bedrock-involved
large-volume rock avalanches, owing to their propensity to
trigger large displacement waves. More avalanches will
need to be found to constrain a frequency-density function,
particularly if a bedrock source can be confirmed. It is interesting that the mapped deposits occur in the region of high
onshore seismicity, which suggests that they may well bolster the terrestrial record of seismic-related mass wasting.
A first-order controlling factor in the occurrence of the observed landslides may be the strong bedrock anisotropies,
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such as the contact between mafic lenses and felsic gneissic
rocks. This is also observed in fiords southeast of Cumberland Sound, southeastern Baffin Island, where a strong anisotropy between a large, vertical mafic dyke and felsic
gneiss is linked to the occurrence of a large rock avalanche
(Tremblay et al., 2015). Furthermore, the loss of glacier-ice
buttressing during accelerated deglaciation since the 1970s
and thawing permafrost may also have contributed to the
slope failure. Multiple studies on glacier mass balance have
shown accelerated decrease since 1995–2000 (Gardner et
al., 2012; Van Wychen et al., 2015; Burgess, 2016; Schaffer
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Table 1: Characteristics of the three supraglacial landslides (LS1, LS2 and LS3) south of Pond Inlet, Baffin Island.

could be useful to assess geometry and stability of cliffs in regions where a potential
displacement wave produced by a large
rock failure could affect one or more hamlets (Casagli et al., 2017). Additional inspections, perhaps with infrared- or other
geophysical-imaging techniques, should
also be completed along coasts that share
similar geological features with settings
where the supraglacial landslides were observed. As these cliffs are not near the communities or fiord waters, the lack of events
Figure 6. History of glacier velocity extracted from the frontal part (nose) of landslide in this region requires extending the study
deposits on Landsat imagery for three glacier segments that are transporting
area from the local environments to more
supraglacial landslide deposits (LS1, LS2, LS3).
distal analogous regions. Ground-based
LiDAR (light detecting and ranging) topoet al., 2017; Box et al., 2018). That accelerated rate of thingraphical characterization is also a useful tool for the study
ning is the highest in the past 4 cal. ka (Fisher et al., 2012).
of cliffs susceptible to landslides (Jaboyedoff et al., 2012b).
In high alpine environments, Huggel et al. (2012) stressed
Modern techniques making use of satellites, such as interthe important relationship between climate-change conseferometric synthetic aperture radar, can define the movequences (permafrost thaw, greater frequency and magniment of a block slowly moving downslope (Dehls et al.,
tude of rain events, glacial debuttressing) and the frequency
2014). This method was used in Pond Inlet to assess the seaand magnitude of landslides. A strong link between permasonal ground movement and potential slope instability on
frost warming and rockfall in steep bedrock cliffs was also
the coastal lowlands (3v Geomatics Inc. and BGC Engiestablished in the Alps by Gruber and Haeberli (2007). In
neering Inc., 2011). In addition to the focus on past and fuanother study focusing on catastrophic rock-slope failures
ture catastrophic events, geochronological techniques such
(Hermanns and Longva, 2012), it is suggested that in glacias cosmogenic nuclide dating can assess whether gradually
ated landscapes, the largest landslides and highest fremoving rock blocks are accelerating or decelerating
quency occur shortly after deglaciation, and that progres(Hermanns et al., 2012b).
sive stress release and joint propagation play a role in
Results from analysis of the Pond Inlet marine
delayed rock-slope failures after deglaciation. Hermanns
record
and Longva (2012) acknowledged that proximity to faults
may provide the double effect of greater fracture density
Broom (2019) determined the postglacial depositional hisand the possibility of ground acceleration owing to distory of submarine mass wasting and assessed marine geoplacements, even along seismically inactive but weak fault
logical hazards in Pond Inlet and Tasiujaq. Additionally,
planes. However, in Norway, there is no record of a cataoverall tsunami hazard linked to potentially unstable cliffs
strophic rock-slope failure being triggered by a seismic
can be assessed using spatial relationships of landslide size,
event (Kalsnes et al., 2017).
distance and tsunami wave height, as expressed in the
The close observation from the helicopter of steep fiord
cliffs revealed locations in most fiords that exhibited precarious small (less than hectometre-scale) fracture-bound
blocks. Unlike in Norway, long cracks (>300 m laterally) or
sets of en échelon long cracks parallel to cliff faces were not
observed in these Baffin Island fiords, nor were any discernible downward movements of large rock masses.
The next phase of work could include several techniques
aimed at assessing the susceptibility of rock-face failure in
regions that are not yet surveyed, or in mapped regions that
exhibit signs of slope instability. Future work may also include techniques developed in other mountainous or fiord
environments, such as those described in Jaboyedoff et al.
(2012a), in which susceptibility of large rock instabilities
using observed strain, strain rates, and the type of instability and deformation was quantified. A drone survey of cliffs
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SPLASH model (semi-empirical prediction of landslidegenerated wave run-up heights; Oppikofer et al., 2019).
The following detailed case study is a valuable template
that could be applied to other fiords in the region.
Brief methodology
A number of geophysical and coring activities conducted
over the past 15 years have proven very helpful for this
study. Multibeam bathymetric data were collected by the
Canadian Coast Guard Ship (CCGS) Amundsen during the
2005–2008 ArcticNet expeditions using a Kongsberg
Simrad EM300 multibeam sonar system; those data were
gridded to a resolution of 10 by 10 m2. Additional 3.5 kHz
sub-bottom profiler data were collected during expedition
2013-029 of the CCGS Hudson using a Chirp 3260 Echosounder manufactured by Knudsen Engineering Limited
(Campbell, 2014). The sub-bottom data have a theoretical
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vertical resolution of 11 cm and sediment thicknesses Table 2: Piston-core information from Pond Inlet cores collected during exwere estimated using sediment velocities of 1500 m/s. pedition 2013-029 of the CCGS Hudson and expedition 2015-805 of the
CCGS Amundsen, including latitude, longitude, water depth and recoveredThree piston cores (0065, 0066 and 0067) were col- core length (modified from Broom, 2019).
lected during expedition 2013-029 of the CCGS Hudson, along with two additional piston cores (0002 and
0003) during expedition 2015-805 of the CCGS
Amundsen (Table 2). These cores were taken to the
Geological Survey of Canada–Atlantic office for further analysis and mixed benthic and planktonic foraminifera or Colus shell fragments yielded 12 radiocarbon dates (Broom, 2019). Samples were sent for
accelerator mass spectrometry (AMS) to the National
Ocean Sciences Accelerator Mass Spectrometry faciltial failure sites along the southern coast of Bylot Island
ity of the Woods Hole Oceanographic Institution and the
were chosen for this analysis.
Keck-Carbon Cycle AMS facility at the University of CaliEvidence for submarine mass wasting
fornia. Radiocarbon ages were calibrated using ‘classical’
age modelling software (CLAM, version 2.2; Blaauw,
Except for minor slumps associated with deltas and other
2010), as well as the Marine13 radiocarbon-age calibration
submarine coastal zones with high sedimentation rates,
curve (http://calib.org) and a global reservoir correction of
there is little evidence of active mass wasting on the sea400 years, with a local marine reservoir correction (ΔR) of
floor in Pond Inlet and Tasiujaq. The multibeam bath220 years (Coulthard et al., 2010).
ymetry reveals a north–south escarpment crossing the centre of Pond Inlet, which can be traced for 3.5 km along the
Factor of safety (FS) calculations were completed on core
basin floor and shows a relief of 20 m, based on sub-bottom
0067 to determine if the shear stress on a slope surface exprofiler data (Figure 7; Broom, 2019). It is unclear if this
ceeds the undrained shear strength of the sediment, assumdisplacement was generated in the Quaternary, but the lack
ing insignificant dewatering or compaction during coring.
of onshore evidence of active faulting suggests otherwise.
Equation 1 (Morgenstern and Price, 1967) was used, where
Most of the evidence for postglacial submarine mass wastSu is the shear strength, γ' is the effective weight of the sediing in Pond Inlet occurs below the seafloor. The start of the
ment (acceleration due to gravity, overburden thickness
postglacial record is marked by a distinct high-amplitude,
and sediment density), β is the slope angle, and h is the
continuous reflection in the sub-bottom profiler data (lower
height of overburden. When FS =1, the slope is potentially
unit-upper unit or LU-UU boundary; Figure 8a; Broom,
unstable.
2019) that denotes a boundary separating the proglacial to
2 Su
deglacial sediments below, from the postglacial sediments
(1)
FS =
sin 2β γ' h
above. The acoustic data show that the postglacial record is
composed of a well-stratified acoustic facies, interpreted as
Steep mountain faces on Bylot Island occur directly across
hemipelagic sediments, punctuated by lenses and wedgethe seaway from the Hamlet of Pond Inlet. Displacementshaped bodies of an acoustically chaotic to reflection-free
wave hazard for the hamlet was investigated using the
facies, which are interpreted as mass-transport deposits
SPLASH model in Oppikofer et al. (2019). Equation 2 was
(MTDs; Figure 8a–c; Broom, 2019).
used to determine if a displacement wave generated from a
subaerial landslide on Bylot Island, entering the seaway,
could generate run-up heights large enough to reach community infrastructure:
R = aV b x c

(2)

where R is the run-up height in metres, V is the landslide
volume in Mm3 and x is the distance from the landslide in
kilometres. Additionally, best-fit parameters are a = 18.093,
b = 0.57110 and c = –0.74189. Since there are no known
landslide volumes along the southern coast of Bylot Island,
published volumes from the recent 2017 landslide that
occurred near Nuugaatsiaq, Greenland, on the other side of
Baffin Bay, were used; volume estimates included
33.4 Mm3 (Bessette-Kirton et al., 2017), 45 Mm3 (Fritz et
al., 2017) and 74.4 Mm3 (Chao et al., 2018). Seven poten-
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Within the well-stratified facies, moderately high-amplitude continuous reflections correspond to sand/silt deposits
in the sediment cores and are interpreted as turbidites.
There are nine of these reflections in central Pond Inlet,
consisting of turbidites A–H and the lower unit–upper unit
(LU–UU; Figure 8a–c) boundary, which can collectively
be traced for 2–22 km in the subsurface. There are six
MTDs identified in central Pond Inlet; these reach 9–22 m
in thickness and cover areas of approximately 4–34 km2
(Figure 8a–c). Ages extracted from calibrated radiocarbon
dates, assuming constant sedimentation rates (Broom,
2019), reveal that postglacial sedimentation in central Pond
Inlet started around 10.7 cal. ka with the deposition of the
first postglacial turbidite (LU–UU boundary: Table 3).
Since then, at the resolution scale of the sub-bottom data,

Canada-Nunavut Geoscience Office

Figure 7: a) Regional study area of Pond Inlet (PI) and Tasiujaq (T) surrounded by Bylot Island and Baffin Island. b) Topographic and bathymetric map depicting locations from which piston core and sub-bottom profiler data were gathered. Yellow star shows location of the Hamlet of Pond Inlet (HPI). Transect A-A' from Figure 8a is shown in yellow, transect B-B'
from Figure 8b in red and transect C-C' from Figure 8c in orange. Multibeam bathymetry collected by Ocean Mapping
Group (Ocean Mapping Group, 2013) as part of ArcticNet (2005-2008), and ArcticDEMs were created by the Polar
Geospatial Center from DigitalGlobe, Inc. imagery (Polar Geospatial Center, 2017).
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Figure 8: Acoustic data highlighting the postglacial subseafloor record of Pond Inlet showing nine turbidites and six mass-transport deposits (MTDs) recorded in the central region: a) MTD-1, -2, -3, -5 are found along transect A–A'; b) MTD-1, -4, along transect B–B'; c) MTD-6,
along transect C–C' (location of transects shown in Figure 7). Location of piston cores (PC) are shown (modified from Broom, 2019). Abbreviations: LU-UU, lower unit-upper unit; NE, northeast; NW, northwest; SE, southeast; SW, southwest; twt, two-way travel time.
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Table 3: Radiocarbon dates from piston cores 0065, 0066, 0067, 0002 and 0003,
including depth interval, radiometric age, analytical uncertainty, calibrated age and
total uncertainty (modified from Broom, 2019).

there has been an average of one mass-wasting event every
1.6 cal. ka (Broom, 2019). When examining the data at a
more detailed scale, such as at the resolution of the core
sedimentology data, more frequent events are observed.
Slope stability and displacement wave run-up
Factor of safety calculations for core 0067 show that FS is
<1 along the entire length of the core, with a minimum FS of
9.72 near the base of the core. Rearranging the equation to
solve for the critical-slope angle that would bring FS<1, reveals that a minimum slope angle of 8.6 degrees would be
required to trigger slope instability. This slope angle primarily occurs along the bedrock highs and steep flanks of
the seaway. The SPLASH equation shows that a landslide
from site 1 (closest to Pond Inlet) or site 7 (farthest from
Pond Inlet), similar in volume to that estimated for the 2017
Nuugaatsiaq slide, would produce run-ups of 11–14 m asl
for a 33.4 Mm3 slide and 17–22 m asl for a 74.7 Mm3 slide
(Figure 9a). Infrastructure along the coastline of the Hamlet
of Pond Inlet is situated as close as 5 m asl, with the majority occurring below 60 m asl (Figure 9b). Results from the
displacement-wave calculations suggest that a landslide,
similar in size to the 2017 slide near Nuugaatsiaq, has the
potential to trigger a displacement wave with a large
enough run-up height to reach housing and other infrastructure along the coast of the hamlet (Figure 9b). Further investigation of the steep slopes along southern Bylot Island
is required to assess the likelihood of subaerial failures occurring in this region.
Significance of the marine results
Acoustic mapping and chronologies of postglacial mass
wasting in Pond Inlet reveal an average of one event every
1.6 cal. ka. It was noted in Broom (2019) that 10.7 cal. ka is
a maximum age estimate for the onset of postglacial deposition, as the first turbidite occurs below the dated interval of
the cores. Ages were extrapolated using sedimentation rates
from the cores to depths determined from the sub-bottom
profiler data. It is likely that sedimentation rates were
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higher during the Early Holocene (Andrews et
al., 1985; Bellwald et al., 2019), which would
potentially make the extrapolated age of
10.7 cal. ka younger and, therefore, the average
recurrence more frequent; more detailed chronologies would improve these age estimates.
The cause and controlling factors responsible for
the submarine mass-wasting events have not
been established (L.A. Broom, work in progress)
and, therefore, changes in their frequency may
be linked to changes in sediment loading and sea
level in addition to any local climate or seismicity changes.

Additional research is required to determine if
the escarpment in central Pond Inlet is an active
fault, an inactive fault scarp or a bathymetric feature of the pre-Quaternary bedrock. The slope-stability
analysis indicated that the cored sediments in Pond Inlet appear stable under gravitational loading alone, although factors like sedimentation rate (and timing of compaction and
dewatering) and eustatic changes could have affected this
shortly after deglaciation. The critical angle for slope failure is primarily exceeded along bedrock highs, where
likely only a small amount of sediment cover has not been
acoustically imaged. This suggests that an external triggering mechanism is required to generate slope failure in this
region. Earthquakes are a common triggering mechanism
associated with submarine slope failures and the high seismicity in the northern Baffin Bay region is consistent with
earthquakes acting as a possible trigger. However, other
mechanisms such as glacial outburst floods, storms, permafrost thaw and unloading of valley walls cannot be ruled out
at this time. Regardless of the triggering mechanism, submarine failures are recurring in the area and should be investigated further to better understand the potential risk to
coastal communities, and coastal and seabed infrastructure.

Initial results from an oral history analysis in
Clyde River
ULINNIQ 2019 oral history report
The ULINNIQ oral history project is focused on the Inuit
memories of, and traditional knowledge about, seismic activity and related phenomena that have occurred during
roughly the last half-century in the waters of Lancaster
Sound and Baffin Bay. The project’s activities are principally centred on Clyde River and Pond Inlet. These two
communities are today home to Inuit descended from Elders who, until the 1960s, lived in the several dozen semipermanent winter villages and seasonal summer camps that
were scattered from Navy Board Inlet and Tasiujaq through
the Buchan Gulf area, south into Home Bay.
To date, primary research activities have concentrated on
Clyde River; these were carried out over three weeks in
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Figure 9: a) Sites chosen for testing the SPLASH equation from steep mountain faces along the southern coast
of Bylot Island: the closest (22 km) and furthest (31 km) travel distances from the Hamlet of Pond Inlet are shown
with bathymetry given in metres (m). Multibeam bathymetry from Ocean Mapping Group (2013) and ArcticDEMs
created by the Polar Geospatial Center from DigitalGlobe, Inc. imagery (Polar Geospatial Center, 2017). Base
map is from imagery ©2018 IBCAO, Landsat/Copernicus, United States Geological Survey; data SIO, NOAA,
U.S. Navy, NGS, GEBCO. b) Satellite imagery of the Hamlet of Pond Inlet and two potential run-up heights predicted from the SPLASH equation of 10 and 22 m asl (yellow and orange, respectively). The 60 m elevation contour line (red) represents the elevation below which most of the homes and services for the Hamlet of Pond Inlet
exist in 2019 and therefore the run-up height likely to lead to the most extensive destruction. Map data ©2017 and
2018 Google Earth. Abbreviation: asl, above sea level.
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April and May 2018 and ten days in April and May 2019.
During this time, a total of 14 individual interviews of participants between the ages of 34 and 61 were carried out in
parallel with non-ULINNIQ research.
The interviews focused on two kinds of information. The
first was about participants’ direct experience with or observation of phenomena possibly related to seismic activity
(no interviewee stated that he or she personally experienced an earthquake), or what they had learned about the
topic from Elders’ narratives. The information elicited included direct observation of cliff collapses and unexpected
marine (displacement)-wave activity, whereas remembered narratives spoke of shaking ground and wave disturbance. Other information collected included various
Inuktut terms used especially by Elders to describe various
phenomena related to the overall goals of ULINNIQ (recall
ulinniq means ‘rapid inundation of land by seawater’ in
Inuktut).
Brief methodology
As with other research activities, research licenses were obtained and communications with various Nunavut and
Qikiqtaaluk government agencies and community officials
were initiated. The first step before commencing project
activities was to secure certification, which was received in
March 2018, from the McGill University Research Ethics
Board for research involving human subjects. The 2018
certification was followed by submission of a research license application to the Nunavut Research Institute (NRI)
in Iqaluit, Nunavut, as this agency oversees research in the
territory. Both the university certification and the NRI
research license have since been renewed twice (2019 and
2020).
At the same time, letters and an overview of the project,
both in English and translated into Inuktut, were sent to the
Hamlet Council and Hunters and Trappers Organization
(HTO) in both Clyde River and Pond Inlet. The purpose for
this was to 1) make direct contact with the relevant bodies
in the communities (rather than rely solely on any NRI
communications) and 2) arrange to meet and report back at
future dates with the respective hamlet councils, to explain
results and interpretations of the project in person. Community sessions were held in Clyde River but, unfortunately, in
2018 weather issues prevented travel between Clyde River
(Kangiqtugaapik) and Pond Inlet (Mittimatilik), and in
2019, a personal issue mandated an early return to Montreal. As a result, interviews have not yet been undertaken
in Pond Inlet.
Two means were used to contact potential interview participants. The first was to solicit the names of potential invitees
through consultation with the board members of the
Namautaq HTO in Clyde River. This approach brought
forth the names of 12 persons, 11 of whom agreed to be
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interviewed (one was absent from the community in both
years). The other means was to reach participants during a
lunchtime program broadcast in Inuktut on a community
radio station; the project was outlined, and listeners were
invited either to volunteer or suggest potential participants.
Two suggestions were received but these individuals had
already been identified through the HTO consultation;
however, three other volunteers were added to the HTO list.
Therefore, there were 14 participants from Clyde River in
total; all participants were met with separately.
Participant interviews generally lasted from one hour to up
to two and a half hours; nine participants were interviewed
twice and two generously agreed to being interviewed a
third time. Additional interviews were conducted when either a participant tired during the initial interview or the interviewer was invited by the participant to return to continue the interview from where it had previously ended.
Interviews were conversational and carried out in Inuktut
with six participants, whereas English was the language
used with the other participants. Maps (scale 1:250 000)
covering the region from northern Buchan Gulf to northern
Home Bay were used to facilitate each exchange and to
identify locales brought up during these exchanges; whenever possible, site identifications were noted in Inuktut and
English. It is noteworthy that, in some cases, the interviewers received confirmation about an event already identified by another person. Also, unless information about an
event or action has been received from an Elder, or has become part of general lore over time, Inuit generally confine
their responses to questions about events that they, as
individuals, have experienced.
Interim results
Inuktut vocabulary
While the formal name for this MEOPAR project is
Ulinniq, meaning ‘rapid inundation of land by seawater’, it,
like many Inuktut words, can have different meanings depending on the context in which they are used; for instance,
ulinniq can also refer to a ‘rising tide’. The most common
term specific to ‘earthquake’ is ‘sajuppilak’. Both these
terms were used during all interviews, but additional terms
relevant to possible seismic-related events were solicited
from respondents. Several of these terms are noted below
with a brief explanation:
• Two older participants provided the term itsik, literally

‘Big Toe’, as an old word for ‘earthquake’. Itsik can be
thought as having metaphorical reference to a giant
dragging his/her big toe along the earth.
• Tajaraq means ‘When the Water Draws Away from the

Land’, but is never used to mean a ‘lowering tide’. It is
perhaps analogous to the precursor to a tsunami-like
event. Five people knew this term.
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• Nanukluq describes the wave that a swimming polar

bear (nanuk) pushes ahead as it moves forward in the
water; all but one younger respondent knew this term.
Oral narratives
One of the difficulties with the oral narratives was that in
nearly every instance, participants could only approximate
when the event occurred. To affix a ‘date’ to such an event,
attempts were made to correlate event information with
well-known recorded events or by relating the event to the
age of the respondent, or that of other individuals known at
the time. For example, in one case for an event that occurred
when the informant was in his infancy, the approximate
year it occurred was determined by noting the age of a nowdeceased older sibling who was present at that time. The
events related in most of the narratives took place within
250 km of present-day Clyde River and event locales were
identified through their Inuktut place names. Below are examples of the kinds of events people have been told of or
have experienced:
• Atajaraq-like event happened at the head of Kangiqtualuq
Uqquqti (formerly Sam Ford Fiord) near where the Sam
Ford River enters the fiord, most likely in the late 1950s
or early 1960s (possibly 1957 or 1963). It took place
while several families were camped for caribou hunting
so it likely was August or September. The water retreated from the shore and returned as a large wave that,
once the sea had settled, left several arctic char stranded
on the beach; no humans were injured. (This story was
related by the son of one of the now-deceased hunters
who was then present.)
• This narrative came from a man who was told about it by
his mother as he was an infant at the time of the event.
His mother was living on the western shore of Dexterity
Island, at a place called ‘Qangmaqtavik’6. The woman
was in her tent with her young son when a shock wave
shook the ground and was severe enough to cause her
son to fall off her back (her son was leaning out of the
amautiq, or woman’s parka, in which he was being carried). She and the others present rushed from their tents
and at least one tent collapsed. Judging from the approximate age of the child that was being carried (one or two
years old), the occurrence was either in 1961, 1962 or
1963. (This story was confirmed by the respondent’s
brother.)
• Several men were waiting for narwhal on the island
called Umiujaq (formerly Agnes Monument) some
5 km off Cape Christian. There was landfast ice that extended out from the cape to the island, such that the men
were able to travel back and forth. The informant recalled that the ice was at least a metre thick. As he and
his brother (who was interviewed later and confirmed

6

Place names in single quotation marks are unofficial.
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these details) started for the island, the ice began to
heave and break, and broken ice became piled on both
the mainland shore and on the eastern (seaward side) of
Umiujaq. These conditions continued for two to three
days despite there being no wind and inhibited travel
from the shore at Cape Christian to the island. This happened in 2011 or 2012 and, as the men were waiting for
narwhal, probably in late June or early July. (Four other
men, two of whom were on the island, related versions
of this event; these varied in minor details [e.g., whether
the ice was disturbed for two or three days] but overall
the stories were similar.)
• The following is similar to the event related above. It

was in the early 2000s at Umiujaq, probably in late June
as there was ice extending out to and beyond the island.
Several other hunters planned to go to the island to look
for narwhal along the floe edge and had just reached
Pinguarjuit (formerly the United States Coast Guard site
at Cape Christian) when suddenly the ocean lifted the
ice, which began to grind and tumble like when ice
breaks up at the mouth of the Kuugaaluq (formerly
Kogalu River). The ice made incredible noise and was
literally ground to bits. When the interviewer told this
participant about the Umiujaq experience recorded the
previous year from several other interviewees, the man
said that this was probably a different time as there was
no one at Umiujaq when this second event happened.
• A similar narrative about a sudden breaking of the sea

ice was related by a man whose aunt lived on the southeastern side of Kangiqtugaapik (formerly Clyde Inlet)
between ‘Iqqaliktuq’ and ‘Ailuktalik’, or between the
mouth of Inugsuin Fiord and Cape Hewett. She was sitting close to the beach when the ice in front of her
heaved and a geyser of water spouted into the air. This
was some 60 or more years ago.
• Five interviewees recalled being told by older relatives

about a time, apparently in the early 1960s, when families were camped for the summer near a place called
‘Nassak’ in the northern reaches of Buchan Gulf. One
morning, a large piece of a cliff across the fiord from
where the people were camped crashed onto the sea ice.
(This is a region where there are many cliffs that rise out
of the sea, so the interviewer was not able to identify the
exact location. However, because Buchan Gulf is closer
to Pond Inlet than Clyde River, there may be people in
Pond Inlet who are familiar with this occurrence and
who will be able to provide more details.)
• The following occurred sometime in 1981 or 1982. It

happened at a time of open water with no ice, so likely in
August. Several families were camped on the northern
side of Kangiqtugaapik at ‘Akingattiarittuq’ (‘A Place
Facing the Sun’). It was evening and the families were
relaxing before continuing to the landward end of the inlet to hunt caribou. As a woman was walking between a
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spot where several men were sitting and a small boulder
on which a metal tea mug was standing, the mug tumbled off the rock and one of the men asked her if she had
bumped it. However, when it fell, the woman was already several metres past the rock. A few moments later,
the face of a cliff almost directly across the fiord from
them (i.e., on the southern side of the fiord across from
Tulukkaaqtalik, which means ‘Where Ravens Nest’)
collapsed and a large cloud of dust rose into the air. Because the place where the rock face fell was behind a
stretch of beach, the collapsed rock did not land in the
water or it is thought that a large wave would have been
pushed across the inlet. (Three participants related this
event; neither of the two places mentioned in this narrative have known English names.)
• This interviewee was travelling with his father and several

brothers by freighter canoe to hunt at Kimmiaqtaqtujuq
(formerly Cormak Arm, midway down Kangiqtugaapik).
As they neared Kimmiaqtaqtujuq, they saw a huge
cloud of dust rise along the southern side of the inlet,
beyond where it turns toward the landward end of
Kangiqtugaapik; because of the turn, they were not
immediately able to see the source. However, when they
made the turn, they saw that a part of the mountain had
fallen and had broken ice along the shore. The interviewee was not sure what year this had occurred or if the
collapse was at Tulukkaaqtalik but agreed that it might
have been the same event as that noted above. (In light
of this man’s present age and the age he thinks he was
[i.e., late adolescent] when this occurred, it may well
have been the same event.)
• The following happened near Arctic Bay sometime be-

tween 1978 and 1981, either in March or April, and was
communicated by a man whose father had told him the
story. The father often hunted on Brodeur Peninsula
across Admiralty Inlet from Arctic Bay, and also on the
Borden Peninsula between Adams Sound and Moffet
Inlet. When he travelled over land, he usually followed
one or another valley route depending on his intended
destination. This narrative concerned a time that the father set out for what was to be a hunting trip lasting several days, but from which he returned the evening of the
same day. The reason for his premature return was that
the valley route that he usually travelled (and had apparently used only a few weeks earlier to hunt ptarmigan
and hare) was impassable. It was a relatively narrow valley and he found it blocked from side to side by a considerable amount of rock debris and snow. The interviewee
said that his father speculated that there had been a landslide or avalanche but had no idea of the possible cause
of such an event.
The information in these oral histories is currently being
used to determine if there are earthquakes in available seismic catalogues that align with the location and timing con-
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straints provided. In 2019, some of the locations where displacement waves and small landslides had been observed
were visited to determine if there was evidence of a contemporaneous large rock avalanche in the adjacent fiord coasts.
No large rock-avalanche deposits were observed along
these coastlines, although their presence could be obscured
by deep seawater.

Economic considerations
Residential, government, health, commercial and industrial
infrastructure on the fiord landscape of the eastern coast of
Baffin Island is susceptible to marine geological hazards,
including displacement waves caused by landslides and
earthquakes. The scope of this project, which will integrate
marine and surficial geoscience as well as oral histories, is
important for the evaluation of marine-geohazard risk assessment. Data collected will help authorities and stakeholders make more sustainable and responsible decisions
regarding design of communities and emergency plans.
The collection of detailed information relative to seismicity
will lead to a better understanding of the causes and behaviour of active and latent fault systems in the region (both
offshore and onshore). The observations on the magnitude
and chronology of past supraglacial landslides and the history of mass wasting interpreted from the marine-sediment
record in Pond Inlet and Tasiujaq provide insight into possible causal mechanisms and frequency of these events. This
study provides a baseline of information on which to develop new research in the field of geohazards in fiord settings that will continue to experience permafrost thawing.
Examples of relevant research initiatives for geohazard risk
management in fiord environments include landslide risk
management (Kalsnes et al., 2017), systematic geological
mapping for landslides studies (Hermanns et al., 2012a)
and systematic mapping to characterize unstable bedrock
(Hermanns et al., 2013, 2014b). Although this study warrants the attention of industry and urban planners, the preliminary findings reported from the SPLASH model and
more sophisticated modeling in the future should be
considered with respect to impacts on first responder,
medical and food-security infrastructure to determine
whether potential relocation to higher elevations is
justified.

Conclusions
The following conclusions are submitted in this first year of
the ULINNIQ project. Rock- and ice-avalanche deposits
dating from the past century are observed on glaciers in the
zone of highest seismicity. A more detailed search is required to relate the landslides to earthquake shaking. The
number of bedrock-sourced rock avalanches is too few to
compute frequency. No large (i.e., more than 1 Mm3)
coastal landslide deposits were observed on land, although
large landslides from fiord walls could be concealed under

119

seawater or ice. No active fracture openings above fiord
cliffs were found to extend over more than 100 m. The marine sediment in Pond Inlet and Tasiujaq reveals several
major mass-transfer deposits, which are linked to masswasting events since deglaciation, and many smaller
events, which generated turbidites, despite the apparent
lack of evidence for large landslides on the adjacent subaerial valley walls. Oral histories from Clyde River are revealing that ground shaking has been felt in the past half
century, particularly in the onshore region of known high
seismicity. The oral histories also document observations
of displacement waves, although whether these were
caused by coastal or submarine landslides, or by seismogenic displacements of the seafloor, has not been established for each observation. A SPLASH model indicates
that if a landslide of similar size to the 2017 Nuugaatsiaq,
Greenland, landslide occurred along the south facing cliffs
of Bylot Island, it could trigger a displacement wave reaching the Hamlet of Pond Inlet with run-up heights greater
than 20 m. Compared to Norway, with similar relief, lithology, fracture density and foliation, the northeastern Baffin
Island region has experienced fewer large rock avalanches.
In addition to receiving more rainfall, a major difference is
that Norway is significantly warmer, and this may suggest
that as Baffin Island experiences bedrock-permafrost
warming, there may be a consequent increase in frequency
of large avalanches and coastal displacement-wave risk.
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