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Abstract

Newly acquired sediment cores and geophysical data from Pond Inlet, a fiord in northern Baffin Bay, provide the first op-

portunity for a thorough investigation of the Holocene sedimentary record in this region. Northern Baffin Bay is in a zone of

high seismic hazard, and earthquakes in this area have the potential to trigger slope failures. It is not known if the fiord pre-

serves a record of seismogenic mass wasting and a detailed analysis of the marine sedimentary record is necessary to begin

to investigate this issue. This study uses high-resolution multibeam bathymetric data, 3.5 kilohertz sub-bottom profiler data

and piston cores to assess the sedimentary record in Pond Inlet. This is being accomplished through seabed mapping, analy-

sis of core, shallow lithological and acoustic stratigraphy, and geochronology.

Preliminary results indicate a record of gravity-driven sedimentary events in the fiord, including mass transport deposits

(MTDs) and turbidites. Sub-bottom profiler data reveal acoustically chaotic to reflection-free facies interpreted as MTDs,

as well as continuous high-amplitude reflections interpreted as turbidites; both the MTDs and turbidites are correlatable

over a large area. The piston cores show evidence of MTDs, including deformed mud and mudclast conglomerate deposits

up to 5 m thick, as well as centimetre-thick sandy-silty turbidites. Aradiocarbon date indicates that over the last 3 ka, a mini-

mum of four turbidite deposits have reached the centre of Pond Inlet and work is ongoing to establish if these deposits were

the result of seismic activity. This research will contribute to an improved understanding of geohazards in the northern

Baffin region.

Résumé

Des carottes de sédiment et des données géophysiques récemment acquises dans le bras de Pond, un fjord au nord de la baie

de Baffin, permettent aux chercheurs de procéder pour la première fois à un examen approfondi du profil sédimentaire

holocène de cette région. La partie septentrionale de la baie de Baffin est une zone à grand risque d’aléas sismiques et les

tremblements de terre qui se manifestent dans cette région peuvent entraîner des ruptures de versants. Aucunes données ne

sont disponibles établissant si le fjord a conservé des traces des mouvements de masse d’origine sismique qui s’y sont

produits et une analyse détaillée du profil sédimentaire marin s’impose avant d’être en mesure de procéder à l’examen de la

question. La présente étude a recours aux données bathymétriques par secteurs à haute résolution, aux données acquises à

l’aide d’un sondeur de sédiments fonctionnant à 3,5 kilohertz et aux données de carottage par piston afin d’examiner le

profil sédimentaire du détroit de Pond au moyen de la cartographie du fond marin, l’analyse des carottes recueillies, l’étude

du profil stratigraphique que révèlent les données acoustiques et lithologiques acquises à faible profondeur et la

géochronologie.

Les résultats préliminaires attestent du fait que le fjord présente un profil caractérisé par les effets causés par des événements

gravitaires de nature sédimentaire, y compris des dépôts résultant d’un transport en masse et des courants de turbidité. Les

Summary of Activities 2017 93

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/2017/.



données fournies par le sondeur de sédiments indiquent la présence de faciès acoustiques dont la signature varie de

chaotique à sans réflexion, qui peuvent représenter des dépôts résultant d’un transport en masse, ainsi que de réflexions de

haute amplitude continues, qui peuvent être interprétées comme étant des turbidites; en outre, ces deux types de dépôts

peuvent être corrélés l’un avec l’autre sur une vaste zone. Les données de carottage par piston témoignent de la présence de

dépôts résultant d’un transport en masse, y compris des dépôts déformés de conglomérat de boue ou à clastes de boue

calcaire pouvant atteindre 5 m d’épaisseur, ainsi que des turbidites d’épaisseur centimétrique dont la texture varie de

sableuse à limoneuse. La datation au radiocarbone a permis d’établir qu’au cours des derniers 3000 ans, au moins quatre

épisodes de sédimentation impliquant des courants de turbidité ont touchés la région centrale du bras de Pond et les

recherches se poursuivent afin de déterminer si les dépôts qui en résultent sont le produit de l’activité sismique. Ces

recherches contribueront à améliorer le niveau de compréhension au sujet des géorisques dans la région septentrionale de la

baie de Baffin.

Introduction

Northeastern Baffin Island is close to one of Canada’s high

risk, active, seismic zones. The seismic activity is related to

tectonics in Baffin Bay and upper mantle adjustments asso-

ciated with ongoing deglaciation (Figure 1; Stein et al.,

1979). Several studies have demonstrated that marine sedi-

ments in fiords can preserve detailed records of climatic

and geological hazards because of typically very high sedi-

mentation rates (St-Onge et al., 2012). Until now, the ma-

rine sediments in Pond Inlet, Baffin Island, have not been

evaluated in detail for their Holocene depositional record,

including seismic mass wasting. Due to the lack of paleo-

seismology studies in northeastern Baffin Island, the poten-

tial for Holocene marine sediments to hold useful informa-

tion for assessing paleoseismic frequency or magnitude is

unknown. Over the next decade, there are plans to identify,

correlate and date regionally extensive thick deposits of de-

formed marine sediments (mass transport deposits

[MTDs]) in numerous fiords on the coast of Baffin Island.

A MTD can be identified as an acoustically chaotic seismic

facies that is associated with, and commonly overlain by
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Figure 1: A century of seismicity near Pond Inlet, Nunavut. Data for the mapped area are ISC-Bulletin

events with known magnitude (M≥3) and known depth, from January 1, 1917 to October 1, 2017 (Giacomo
et al., 2014; International Seismological Centre, 2017). White circle shows the location of the 1933 surface-
wave magnitude 7.3 earthquake. Stars are communities near seismically active regions: A, Arctic Bay; C,
Clyde River; P, Pond Inlet; R, Resolute. Study area is outlined in yellow. Base map imagery ©2017 IBCAO,
Landsat/Copernicus, U.S. Geological Survey; data SIO, NOAA, U.S. Navy, NGS, GEBCO; map data
©2017 Google.



turbidites (Posamentier and Kolla, 2003). In core, MTDs

are recognized as folded mud, stratified mud exhibiting

tilted beds, mudclast conglomerate and diamicton (Jenner

et al., 2007). Using the results of the ongoing mapping and

dating of large MTDs around eastern Baffin Island, the

long-term objective is to determine if spatial and temporal

patterns of intraplate nontectonic shaking can be predicted

by considering the mantle stress fields related to regional

deglaciation, a significant concern for countries that are ex-

periencing rapid deglaciation. To do this, it is necessary to

establish the magnitude, location and frequency of previ-

ous large earthquakes that possibly have variable recur-

rence intervals of centuries or longer and are not likely to

have been recorded by instruments. This paper will outline

the preliminary results of the ongoing proof-of-concept

analysis of the postglacial stratigraphy in Pond Inlet, Baffin

Island.

In 2013, the Geological Survey of Canada (GSC) con-

ducted a scientific expedition to Baffin Bay aboard the Ca-

nadian Coast Guard Ship (CCGS) Hudson, affording the

opportunity to collect 3.5 kilohertz (kHz) sub-bottom

profiler data and piston cores from the seabed (Figure 2b;

Campbell, 2014). This data acquisition was guided by mul-

tibeam bathymetry previously collected in the region by

ArcticNet aboard the CCGS Amundsen (Ocean Mapping

Group, 2013). The Pond Inlet phase of this expedition re-

vealed thick basinal sediment packages. Subsequent to the

2013 expedition, additional piston cores in Pond Inlet were

collected in 2015 on the Amundsen (Figure 2b).

The newly available sediment cores and geophysical data

enable the first detailed analysis of the Holocene sedimen-

tary record in Pond Inlet. The purpose of this study is to de-

termine the extents of MTDs, turbidite and glaciomarine

and hemipelagic sediment deposits in the fiord, the timing

of their deposition and what factors triggered their deposi-

tion, such as high seismicity in the region. The first objec-

tive of this research is to characterize the MTDs and turbi-

dite deposits within Pond Inlet, obtain radiocarbon dates to

constrain their timing, and correlate these deposits through-

out the fiord. This will lead to determining if these MTDs

and turbidites can be indicative of significant Holocene

ground-shaking events.

Background

Setting and physiography

The physiography of Baffin Bay resulted from the histori-

cal tectonic, fluvial and glacial events of the region. Baffin

Bay is a rifted basin that separates Baffin Island from

Greenland and formed during seafloor spreading and trans-

form shear during the Cretaceous to the Oligocene

(MacLean et al., 1990). Pond Inlet is a fiord located in

northeastern Baffin Bay and separates Baffin Island from

Bylot Island to the north (Figure 2a). The surrounding

mountain ranges on Bylot Island and Baffin Island are ap-

proximately 1900 m high and bathymetry indicates that the

fiord exceeds 1000 m in depth to create a combined local re-

lief of approximately 2900 m. The fiord is fed by active al-

pine glaciers and second-order streams from northeastern

Baffin Island. The fiord walls appear to be mostly barren of

sediment owing to their steepness and the erosive nature of

the Pond Inlet ice stream. The rectangular nature of the

fiord and tributary valleys is partly a result of pre-rift– and

rift–related structures in the dominantly Proterozoic crust

exposed there. Faults associated with mid-Paleozoic arch-

ing and Mesozoic and early Cenozoic rifting may provide

planes of weakness for subsequent faulting (L. Currie, pers.

comm., 2016). On land, Eocene and potentially Pliocene

sediments have been mapped, however, no evidence of Ce-

nozoic offsets has been observed (Jackson and Davidson,

1975; Jackson et al., 1975).

Glacial history

Relative to other regions of Baffin Island, the glacial his-

tory of Pond Inlet and Tasiujaq (formerly Eclipse Sound)

are not well studied. There has been no report of pre-Wis-

consinan stratigraphy on land. Owing to the polythermal

nature of the regional ice (Hilchey, 2004; Staiger et al.,

2006) much of the region was covered by glaciers with lim-

ited capacity for erosion of the interfiord summits. During

the early Holocene, the entire fiord of Pond Inlet was occu-

pied by erosive wet-based ice (Dyke, 2004) and possibly an

ice stream. Recent reconstructions utilizing marine geo-

physical data to determine the extent of the Laurentide Ice

Sheet (LIS) during marine isotope stage 2 suggest that in

western Baffin Bay, a fast-flowing ice stream occupied

Pond Inlet and that the ice sheet extended to the edge of the

continental shelf (Brouard and Lajenuesse, 2017). Since

deglaciation, the fiord is now surrounded by onshore cirque

and valley glaciers on Bylot and Baffin islands.

Regional seismicity of Baffin Bay

Baffin Bay is one of the most seismically active regions in

Canada and boasts the largest instrumentally recorded

earthquake north of the Arctic Circle, surface-wave magni-

tude of 7.3 in 1933 (northern Baffin Bay; Figure 1; Bent,

2002). Currently, seismicity along the Atlantic margin is

highest near Baffin Island and generally decreases south-

ward (Stein et al., 1979). Despite the poor precision in de-

termining the position and depth of the earthquake foci,

many appear to be associated with thrust and strike-slip

faults (Stein et al., 1979; Bent, 2002). However, it has been

proposed that the high frequency and high magnitude seis-

micity in the region is related to the reactivation of faults by

upper mantle dynamics related to the ongoing deglaciation

(Stein et al., 1979). Alternatively, the relatively high intra-

fault seismicity here could be a result of recent active tec-

tonic stresses between northern Baffin Island and Green-

land but the earthquake foci positions are poorly resolved.
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There is an absence of paleoseismology studies in Canada’s

eastern Arctic, including Baffin Bay. The instrumental

earthquake record from the Canadian National Seismo-

graph Network was limited until its expansion in the 1960s,

which makes the historical earthquake record poorly

constrained.

Methods

Hydroacoustic analysis

High-resolution multibeam bathymetric data were col-

lected using a Kongsberg Maritime EM 302 multibeam

echosounder onboard the Amundsen. Multibeam bathy-

metry was utilized to identify landforms at the seabed in-

cluding possible sediment sources, faults and evidence of

unstable seabed (Figure 2a). The 3.5 kHz sub-bottom

profiler (Knudsen Engineering Ltd. model 3260) data were

collected in 2013 by the GSC Atlantic (GSC-A) on the

Hudson and processed at the GSC-A facility (Fig-

ure 2b). Seismic facies were defined based on the

amplitude, continuity and internal configuration

of reflectors as described by Sangree and Widmier

(1979) and major surfaces were defined by corre-

lating continuous high-amplitude reflectors

throughout the fiord.

Core analysis

Four piston cores were collected from Pond Inlet

during the Hudson and Amundsen expeditions in

2013 and 2015 (Figure 2b). Piston core 065 (lat.

72.814°N, long. 77.676°W) is 810 cm long and

was collected at the base of an escarpment. Core

067 (lat. 72.815°N, long. 77.426°W) has a length

of 1063 cm and was targeted to retrieve a high-res-

olution section of the sedimentary record. Core

002 (lat. 72.822°N, long. 77.553°W) is 299 cm

long and targeted a condensed section of sedi-

ments. Core 003 (lat. 72.809°N, long. 77.278°W)

has a total length of 520 cm and targeted a MTD

close to the seabed.

Cores were split, photographed and X-radio-

graphed using a Universal HE425 X-ray system at

the GSC-Afacility. Physical properties were mea-

sured along the cores using a Geotek Ltd. multi-

sensor core logger (MSCL). Whole core sections

were measured for compressional (p-wave) ve-

locity, bulk density and magnetic susceptibility at

1 cm intervals. The split core sections were then

measured for magnetic susceptibility and colour

at 1 cm intervals. Discrete measurements of shear

strength (using a shear vane apparatus) and veloc-

ity (using transducer probes) were taken every

10 cm along the split core. Grain size was ana-

lyzed along core 067 using a Beckman Coulter LS

230 laser diffraction particle size analyzer. Grain

size was measured every 20 cm within mud and every few

centimetres within laminated sand.

Geochronology

The main purpose of determining the chronology of events

is to guide correlations, particularly of deposits related to

mass wasting, which are important for understanding the

history of seabed stability and paleoseismology of Pond In-

let. A radiocarbon date was obtained from a fragmented

benthic Colus shell within core 067 at approximately 589–

591 cm depth (dragged 2 cm when split) within hemipe-

lagic mud. Sampling was completed at the GSC-A facility,

and the shell was dated by accelerator mass spectrometry

(AMS) at the Keck-Carbon Cycle Accelerator Mass Spec-

trometry Facility at the University of California (Irvine,

California). The radiocarbon age was calibrated with Calib

7.1 using the Marine13 calibration curve (Stuiver et al.,
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Figure 2: a) Multibeam bathymetric data of Pond Inlet. The area where piston
cores were collected is shown as a yellow polygon. Background image from
Ocean Mapping Group (2013) and ArcticDEM created by the Polar Geospatial
Center from DigitalGlobe imagery (Polar Geospatial Center, 2017). b) Multi-
beam bathymetric data across the area where piston cores were collected with
core locations and sub-bottom profiler lines.



2017). A marine reservoir correction of 220 years

(Coulthard et al., 2010) was applied to account for re-

gional air–sea reservoir difference in the benthic

sample. Several additional radiocarbon analyses are

underway.

Results

Preliminary results from the hydroacoustic
analysis

Seabed geomorphology

The high-resolution multibeam bathymetric data

show a seafloor composed of submarine glacial land-

forms, flat basinal floors and bedrock with varying

amounts of sediment drape (Figure 3). The submarine

glacial landforms include mega-scale glacial line-

ations, iceberg scours, drumlins, crag-and-tail fea-

tures and moraines (Figure 3). The cores and sub-bot-

tom profiler data were collected in the middle of the

fiord in an area with a relatively flat bottom sur-

rounded by sediment-draped bedrock highs and steep

fiord sides. The seafloor in this portion of the fiord

reaches depths of approximately 1080 m and the bed-

rock highs can reach up to 900 m from the basin floor.

The multibeam bathymetric data reveal no evidence

of slide scars in the area surrounding the core sam-

pling sites, though slide scars are observed along the

north slope of the western part of the fiord (Figure 4b)
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Figure 3: Interpretation of the submarine glacial landforms of Pond Inlet based on multibeam bathymetric data. Locations of Figure 4a
and b outlined in black. Background image from Ocean Mapping Group (2013).

Figure 4: a) Escarpment shown in multibeam bathymetric data (Ocean
Mapping Group, 2013) in the centre of Pond Inlet. b) Slide scars on the
northwestern slope of Tasiuaq shown in multibeam bathymetric data
(Ocean Mapping Group, 2013).



and range in area from 2.9 to13.3 km2. A prominent escarp-

ment is recognized adjacent to core 065 (Figure 4a). This

escarpment appears to continue into the adjacent bedrock

highs, though this is not imaged by the acoustic data owing

to the steepness of the bedrock slopes. The escarpment has

a vertical relief of approximately 20 m in sub-bottom

profiler data and can be traced in the multibeam

bathymetric data for a minimum of 3.5 km within the

basinal sediments. It is not immediately obvious whether

the escarpment is a fault scarp that cuts postglacial basinal

sediments, an eroded fault-line scarp (associated with early

Cenozoic or older faults mapped onshore [Currie et al.,

2012]) that is draped by postglacial sediments, or simply a

plucked or otherwise subglacially eroded wall not directly

related to faulting.

Acoustic facies

Sub-bottom profiler data reveal that the fiord is filled with a

minimum of 50 m of basinal sediments (Figure 5). Prelimi-

nary interpretations focus on the main sub-bottom profiler

line, from the seafloor to the strong continuous basal reflec-

tor (Figure 2b). The two predominant acoustic facies in the

Pond Inlet region are an acoustically chaotic to reflection-

free facies (facies 1) and an acoustically stratified facies

(facies 2; Table 1), similar to acoustic facies interpreted in

fiords in eastern Canada and Norway (St-Onge et al., 2012;

Bellwald et al., 2016). Facies 1 is composed of discontinu-

ous low to moderate strength reflections or is reflection

free. It is defined by elongate wedges that pinch out and

show erosional truncations with underlying units, and the

upper surface of these deposits can be hummocky. Facies 1

deposits are often stacked and are separated by continuous

high-amplitude reflectors. These wedge deposits reach up

to 20 m in thickness and can be traced for 1550 m. Smaller

deposits of facies 1 are lobe shaped and disrupt high-ampli-

tude continuous reflections. These deposits reach thick-

nesses of 2.5 m and can be traced for <1000 m. Facies 2

(Figure 5, Table 1) comprises the majority of basinal sedi-

ments and is composed of parallel to divergent, moderate-

to high-amplitude, continuous reflections. Facies 2 is often

overlain by continuous high-amplitude reflectors and is lo-

cally interrupted by lobes and wedge-shaped bodies of fa-

cies 1, which intersect the moderate- to high-amplitude re-

flectors. This facies forms lens-shaped deposits that

thicken toward the centre of the basin with a maximum

thickness of 8 m and thin toward the east and west as ac-

commodation in the basin decreases.

Lithofacies

Analysis of four piston cores, including X-radiographs,

core photographs and physical properties (bulk density,

magnetic susceptibility, colour), suggest that the sediments

in this part of Pond Inlet can be separated into six litho-

logical facies (lithofacies L1–L6; Table 2). The back-
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Table 1: Characteristics of the major acoustic facies in Pond Inlet.

Table 2: Lithofacies (L) characteristics for Pond Inlet, Baffin Bay.



ground sedimentary infill is composed of olive-grey–dark

grey massive to stratified mud (L1; Figure 6). Lithofacies 1

is the most abundant lithofacies, comprising the majority of

the sediments in the cores (Figure 7). It is characterized by

predominantly massive to occasionally parallel-laminated

mud and can have a high degree of bioturbation (Table 2). It

ranges in thickness from 3 to 200 cm and is characterized by

low to moderate bulk density and magnetic susceptibility.

Lithofacies 2 (L2) is composed of olive-grey inclined strat-

ified mud (Figure 6). Lithofacies 2 is observed in core 067

and is 150 cm thick and deposited between units of L1 (Fig-

ure 7). Lithofacies 2 is characterized by inclined parallel la-

minations, which have an inclination of approximately 25°,

and has low bulk density and magnetic susceptibility (Ta-

ble 2). Lithofacies 3 (L3) is composed of folded olive-

grey–dark grey mud, makes up the majority of the sedi-

ments in core 065, and is 495 cm thick (Figure 7). Litho-

facies 3 is characterized by highly deformed mud intervals

with folded mud and convoluted layering, which can be

vertical in the core (Figure 6), and has low to moderate bulk

density and magnetic susceptibility (Table 2). Lithofacies 4

(L4) is composed of a monomict mudclast conglomerate

(Figure 6), ranges in thickness from 12 to 27 cm, and is ob-

served in all four cores (Figure 7). This lithofacies is often

clast supported and occasionally matrix supported. Clasts

are subrounded, the matrix ranges from silty to sandy mud,

and this lithofacies is characterized by higher bulk density

and magnetic susceptibility measurements (Table 2).
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Figure 5: a) Sub-bottom profiler line (location shown in Figure 2b) showing characteristics of acoustic facies, the escarpment and the loca-
tion of piston cores (PC) 065, 067 and 003, Pond Inlet. b) Line drawing showing stacks of acoustically stratified facies (facies 1) and acousti-
cally chaotic to reflection-free facies (facies 2) and continuous high-amplitude reflectors in yellow. The mass transport deposits (MTDs) are
shown in dark grey and five turbidites (T1–T5) are shown in yellow. Abbreviations: NW, northwest; SE, southeast.



Lithofacies 5 (L5) is found near the base of core 065 (Fig-

ure 7) and consists of massive olive-grey mud with ice

rafted detritus (IRD; Figure 6). It has moderate bulk density

and magnetic susceptibility (Table 2). Lithofacies 6 (L6) is

located within all four piston cores and is composed of

sorted sand and silt deposits (Figure 7). This lithofacies is

characterized by parallel-laminated or crosslaminated silt

and sand beds, which are normally graded and sometimes

massive, and often has an erosive base (Figure 6). Li-

thofacies 6 varies in thickness from <1 to 45 cm and is char-

acterized by higher bulk density and magnetic susceptibil-

ity (Table 2).

The lithostratigraphic sequence preserved in Pond Inlet is

as follows: discrete units of grey mud with some IRD (L5)

are overlain by a succession of predominantly massive and

occasionally laminated grey muds (L1). These grey muds

are interrupted by intervals of deformed grey mud (L3 and

L4) and mudclast conglomerate (L5), which are often over-

lain by sorted silt and sand deposits (L6). Thin layers of

sorted silt (L6) also interrupt the background massive to la-

minated grey mud intervals.

Chronology

In core 067 at a depth of approximately 589–591 cm, a

Colus shell fragment was sampled from massive olive-grey

mud (L1). A radiocarbon age of 3.34 ±0.03 cal. ka was ob-

tained from the shell and the age indicates that the deposi-

tion of the overlying sorted sand deposit (L6) occurred ear-

lier than 3.34 ka and that the underlying inclined stratified

mud was deposited prior to the deposition of the shell.
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Figure 6: Lithofacies (L) characteristics for Pond Inlet shown in core photography (L1, L2, L3, L4, L6) and in X-radiographs (L5) on the left
side. Sedimentary structure interpretations are on the right side: L1 shows no structures; L2 shows inclined parallel laminations in black; L3
shows convolute layering in black; L4 shows mudclasts in dark grey; L5 shows ice-rafted detritus (IRD) in dark grey; and L6 shows parallel
laminations in black.
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Figure 7: Core logs showing lithofacies interpretations for piston cores (PC) 065, 002, 067 and 003, Pond Inlet. Calibrated radiocarbon date
shown in core 067 and the seven mass transport deposits (MTDs) and turbidite sequences labelled as events 1 to 7. Grain size shown as
mud, sand and mudclast conglomerate (Mcc).



Based on this radiocarbon age, the mean constant sedimen-

tation rate for this part of the fiord is 1.8 mm/yr.

Preliminary interpretations

Mass transport deposits and turbidites

The sub-bottom profiler data and piston cores reveal that

the basinal sediments of Pond Inlet are dominated by hemi-

pelagic sediments interrupted by gravity flow deposits in-

cluding MTDs and turbidites, which represent periods of

environmental change or seabed instability. The massive

olive-grey mud that comprises the majority of the cores

(L1, L5) is interpreted as hemipelagic sediment with occa-

sional IRD. It is likely that local Holocene tidal-water gla-

ciers calving into Pond Inlet from Bylot Island or Baffin Is-

land could have sourced those IRD. The sub-bottom

profiler section reveals three major MTDs separated by

hemipelagic sediments and a minimum of five turbidite de-

posits (Figure 5). Mass transport deposits are the largest

mass wasting deposits by volume, and are characterized in

geophysical data by acoustically chaotic to reflection-free

facies that form wedge deposits, similar to postglacial fiord

mass wasting deposits described by St-Onge et al. (2012)

and Bellwald et al. (2016). These submarine MTDs are ero-

sive and cut into underlying sediments. The smallest MTD

in the study area is deposited adjacent to a 20 m escarpment

(Figure 5). Lithofacies 2, 3 and 4 are interpreted to repre-

sent MTD lithofacies (Figure 7) and are similar to MTD

lithofacies discussed by Tripsanas et al. (2008). The in-

clined and folded mud (L2, L3) represent a lower degree of

deformation in comparison with the mudclast conglomer-

ate (L4). The acoustically chaotic to reflection-free acous-

tic facies identified in the sub-bottom profiler data is

intersected by cores 065 and 003, correlating with the MTD

lithofacies L3 and L4 in the sediment cores.

Turbidites are the most abundant gravity flow deposit ob-

served in the basin (Figure 5). They are interpreted as high-

amplitude continuous reflectors in the sub-bottom profiler

data and as the sorted silt and sand deposits (L6), in agree-

ment with Tripsanas et al. (2008). Aminimum of five major

turbidite deposits can be recognized within the sub-bottom

profiler section. These flows interrupt normal sedimenta-

tion in the basin and are interbedded with hemipelagic sedi-

ments (Figure 5). The turbidites often occur at the top of the

MTD sequence, similar to the relationship reported by Jen-

ner et al. (2007) along the central Scotian Slope. These de-

posits are the most laterally continuous gravity flows and

can be correlated up to 2 km on sub-bottom profiler data,

and range in thickness from <1 to 45 cm.

Sedimentation rates and frequency of gravity
flows

The late Holocene sedimentation rate in Pond Inlet of

1.8 mm/yr. is higher than reported sedimentation rates for

the Baffin Island Shelf and other Baffin Bay fiords, which

are on the order of 0.3–0.6 mm/yr. (Andrews et al., 1985).

This gives Pond Inlet a greater potential to preserve a

higher resolution sedimentary record. Core 067 represents

the longest continuous record in Pond Inlet and reveals a to-

tal of seven MTDs and/or turbidites recorded in this portion

of the basin during the late Holocene (Figure 7). The geo-

chronology results provide an initial estimate of the fre-

quency of MTD and turbidite events in the basin of 1 every

800 years.

Triggering mechanisms for mass transport
deposits and turbidites

Multiple Holocene MTDs and turbidites are preserved in

Pond Inlet. It is possible that the sediment record contains a

paleoseismological framework for northern Baffin Bay.

However, it is recognized that the record could be the result

of a wide range of processes besides seismicity, such as lo-

cal events including stream floods, subaerial landslides,

jokulhaups and storm surges. However, the volume of the

largest MTDs discovered in Pond Inlet and the paucity of

thick sediment on the fiord walls above or below sea level

may imply that the MTDs were reworked previously de-

posited basinal sediments. At this point, local events cannot

yet be ruled out as possible triggering mechanisms, particu-

larly for the voluminous MTDs. The recognition of syn-

chronous events in multiple catchments has often been used

to provide evidence for a paleoseismic origin (Goldfinger,

2011), and the areal extent of large multifiord seismic

events would be proportional to earthquake magnitude.

Future work

Work is ongoing to characterize and correlate the MTDs

and turbidites preserved in Pond Inlet to establish the first

MTD/turbidite chronology for Baffin Bay. This work in-

cludes sedimentological analyses of thin sections, portable

X-ray fluorescence (pXRF) and X-ray computed tomogra-

phy (XCT) core imaging to improve understanding of

depositional processes. Additional radiocarbon dates will

be obtained in strategic positions to better constrain the tim-

ing of MTD and turbidite deposition in the fiord and to es-

tablish if deposits are correlative throughout and beyond

the basin. If these deposits can be linked to seismicity, this

will lead to improved assessment of the seismic hazard and

risk of displacement waves in northern Baffin Bay.

Economic considerations

Even though ground acceleration in this seismically active

region may endanger community members and property,

the greatest risk to the northeastern Baffin Island communi-

ties is displacement waves. Risks associated with displace-

ment waves have been the focus of Norway and other

Nordic countries, where fiords are common. Previous dis-

placement waves in arctic settings have had runup heights

up to 12 m (Bondevik et al., 2003). The potential for their
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disastrous effects was recently experienced in western

Greenland on June 17, 2017, when a displacement wave

killed four people in the village of Nuugaatsiaq and de-

stroyed 11 homes (Schiermeier, 2017). Nuugaatsiaq is situ-

ated across Baffin Bay from northeastern Baffin Island.

All of the communities on northeastern Baffin Island have

infrastructure within 1 m of high tide, and many hamlets are

mostly within 50 m asl elevation. The hamlet of Pond Inlet

has a population of 1617 (Statistics Canada, 2017) and its

economy is supported by government and tourism. Major

infrastructure includes an airport at 55 m asl, two schools,

one of the largest Arctic co-operatives in Nunavut (situated

below 50 m asl) and a wharf system for tour cruises and

sealifts. Activities in the area include mineral exploration

in north-central Baffin Island and planned mining at

Baffinland Iron Mines Corporation’s Mary River mine site,

located 160 km inland from the hamlet.

This study is an initial attempt to examine marine geologi-

cal hazards in Pond Inlet. This information will contribute

to an improved understanding of the potential seismic sub-

marine landslides in Pond Inlet and the vulnerability of ex-

isting and future infrastructure in this region.

Conclusions

Analysis of sediment cores and 3.5 kHz sub-bottom pro-

filer data in Pond Inlet have revealed a record of late Holo-

cene mass movement in the region. Two main acoustic fa-

cies were identified within the inner portion of the fiord,

including an acoustically stratified facies representing nor-

mal hemipelagic sedimentation that is interrupted by

MTDs of the acoustically chaotic to reflection-free facies.

Packages of hemipelagic sediments and the tops of MTDs

are overlain by five high-amplitude reflectors interpreted

as turbidites deposits. The MTDs reach thicknesses up to

20 m in the basin and turbidites up to 45 cm thick can be

traced over 2 km. Radiocarbon dates reveal a basinal sedi-

mentation rate of 1.8 mm/yr., and a preliminary estimate of

gravity-flow frequency in this region is on the order of 1

event every 800 years. The region’s high seismicity sug-

gests that the gravity driven flows could be seismic, al-

though locally derived triggering mechanisms, such as

flooding, glacial outburst floods and onshore landslides,

cannot be ruled out at this time. Analysis of the cores and

acoustic data is ongoing and this investigation aims to es-

tablish the first MTD chronology for northern Baffin Bay,

which will help improve the geohazard assessment for the

region.
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