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In high latitude continental margins, glacio-seismotectonics becomes particularly relevant during postglacial
unloading periods and related isostatic rebound. Based on multibeam bathymetry and parametric profiles, an
unexpected active 30 km long NNW-SSE fault is imaged for the first time in the inner Storfjorden glacial trough,
at the passive continental margin of the Barents Sea. The 10 km southern tip of the fault was surveyed in detail
and it is characterised by a total fault throw of 65 m. The fault forms an asymmetric valley with an upraised block
to its east (top at 245 m water depth), a downthrown block to the west (at 310 m water depth), and a most recent
fault scarp with 8 m relief at the seafloor valley axis. Recent fault activity is evidenced by its morphological
expression on the seafloor, the faulting of the glacial, glaciomarine and marine sediments and streamlined
landforms formed during the last glacial-interglacial period. Mass-flow deposits along the upraised block would
also indicate recent fault activity.

This fault may trigger earthquakes of up to My 6.2, based on the magnitude/length ratio of the detailed
surveyed segment, which is similar in magnitude to those that occurred in the nearby northeastern regions
during 2008-2012. In any case, earthquakes may reach up to My 6.8 if the entire fault length is activated. Rather
than the expected normal fault on the passive margin, this fault seems to be reversed and dipping eastwards. The
integration of the Storfjorden glacial trough reverse fault with regional structures suggests that the fault activated
the southwestward front of a wide, continental crustal block. These results are in accordance with a change in the
stresses in the passive continental margin since the rifting stage, from extension to post-rift compression, and
suggest that postglacial unloading may have favoured the fault development.

1. Introduction grow, the lithosphere flexes to accommodate the increased load, while

ice loss results in uplift. The lithosphere mainly accommodates the load

The main tectonic structures observed on passive continental mar-
gins are inactive normal faults formed during continental rifting and
followed by post-rift quiet subsidence (Brekke, 2000; Faleide et al.,
2008; Ebinger et al., 2013). However, regional stresses transmitted
through basement rock may later deform these margins and produce
differential subsidence, exhumation and compressional faults and folds
(Johnson, 2008). High latitude margins have undergone the tectonic
effect of glacial isostatic adjustments (GIA), because glacial and inter-
glacial cycles affect the thickness of the ice sheet (Lambeck et al., 2002a,
2002b). GIA processes represent the solid Earth response to changes in
ice and ocean loadings throughout the glacial cycles. When ice sheets
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through elastic deformation during glacial cycles of loading and
unloading, while the upper asthenosphere displays viscoelastic behav-
iour. The location of the grounding lines (Gomez et al., 2010) during the
glacial cycles is also affected by the mantle rheological features that in
certain settings may contribute towards stabilising the ice cap and
grounding line location (Whitehouse et al., 2019). During the postglacial
period, rapid isostatic rebound such as that which occurred during the
Bolling Allergd (~ 14.800-12.700 Kky) (Ingolfsson and Norddahl, 2001),
provoked tilting and the rapid uplift of the crustal hinterlands and
continental margins of the Arctic glaciomarine regions (Fjeldskaar et al.,
2000; Clague and James, 2002).
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In these glacio-tectonic scenarios, postglacial isostatic rebound is the
main cause of fault reactivation and development of new faulting in the
lithosphere due to postglacial unloading and the subsequent uplift. This
setting leads to pronounced seismic activity that may cause submarine
slope failure (Stewart et al., 2000; Watts, 2001; Maslin et al., 2004;
Kukkonen et al., 2011; Pirli et al., 2021; Steffen et al., 2021). The rate of
glacio-seismotectonic faulting decreases during the presence of an ice
sheet and strongly increases during deglaciation due to the decrease in
the average normal stress as has been proven by numerical modelling
(Turpeinen et al., 2008; Hampel, 2017). Tectonic deformations have
occurred at the Mgre and Lofoten passive margins in Norway, simulta-
neous to a major Miocene regression (Lgseth and Henriksen, 2005), and
related to long-term-uplift along west and northern Norway (Japsen and
Chalmers, 2000; Keiding et al., 2015 and references therein). During the
earliest Holocene period, the glacial isostatic adjustment provoked the
reactivation of reverse faults in Scandinavia (Turpeinen et al., 2008;
Steffen et al., 2021), reaching a maximum towards the end of the period
~13-9 ka. In North America, fault reactivation is considered to have
begun prior to 9 ka (Klemann and Wolf, 1998), whereas, reactivation of
normal faults has occurred along the Wasatch Fault in Utah (Hampel and
Hetzel, 2006).

Therefore, deglaciation provides a feasible glacio-seismotectonic
mechanism for recent active faulting and seismicity in high latitude
margins such as in the glacio-tectonic scenarios of the southern Svalbard
Islands, in the northwestern Barents Sea. The Barents Sea and Svalbard
were covered by extensive large ice domes (Fig. 1B) and developed large
ice shelves (Vorren et al., 2011; Knies et al., 2009; Rebesco et al., 2014;
Lasabuda et al., 2018) with rapidly retreating stages during the Holo-
cene. The southern Svalbard islands were deformed by a fold-and-thrust
belt limited by the Hoursund fault zone (HFZ), formed from Paleozoic to
Tertiary that seems to be inactive today (Bergh and Grogan, 2003;
Minakov et al., 2018). In southern Svalbard, the Storfjorden glacial
trough is affected by a strike-slip seismicity that reached a magnitude of
My ~ 6.1 in 2008, in southern Spitsbergen (Bergh and Grogan, 2003;
Pirli et al., 2013). Furthermore, it has been proposed that earthquakes of
up to My ~ 8 could occur in the western Barents Sea during deglaciation
Arvidsson (1996). Thus, the remarkable seismicity in the western
Barents Sea shows tectonic activity and calls for neotectonic fault
analysis to link postglacial uplift with the development of new faults or
the reactivation of pre-existing faults.

This study shows for the first time a striking active fault in the
Storfjorden glacial trough located in the former passive margin. We
analyse its morphological impact and deformation and its effect on the
most recent stratigraphy and deposits, to characterise the fault activity
and its potential seismicity. This research provides new evidence of
glacial-seismotectonically induced faults and insights that help to
determine its earthquake hazard in this region that has undergone pe-
riods of alternating transpression and extension, glacial or tectonically
induced.

2. Regional setting

The Storfjorden Glacial Trough (StGT) is located in the continental
margin of the northwestern Barents Sea, bounded to the west by the
oceanic crust of the Greenland Sea, to the north by Svalbard, and to the
south by the Spitsbergen Bank (Gabrielsen et al., 1990) (Fig. 1A and B).
It has been excavated during the glacial periods by ice-streams fed by
several ice domes (Pedrosa et al., 2011; Lucchi et al., 2015; Shackleton
et al.,, 2019) (Fig. 1B). The StGT is a relatively medium-sized NE-SW
glacial trough (within an area of 35,000 km?) 272 km long and 130 km
wide at the continental shelf break.

The western Barents Sea was deformed by the dextral shear
displacement of Greenland (North American plate) with respect to
Svalbard (Eurasian Plate) during the Paleocene-Eocene North Atlantic
opening that developed the Greenland Sea (Talwani and Eldholm, 1977;
Srivastava, 1985; Olesen et al., 2007; Engen et al., 2008; Faleide et al.,
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2008; Gaina et al., 2009; Lasabuda et al., 2018, 2021; Gac et al., 2020).
The continental basement has undergone extensional, strike-slip and
compressional episodes that develop a fold-and-thrust belt from the
Paleozoic (Friend et al., 1997) up to Tertiary (Bergh and Grogan, 2003).
This setting favoured alternating of episodes of transtension, strike-slip
and transpression (Gac et al., 2020) during the development of fold-and-
thrust belts.

After the rifting and development of the passive margins, seafloor
spreading has occurred since the Miocene along the Knipovich Ridge
(Engen et al., 2008; Dumais et al., 2021) resulting in the opening of Fram
Strait (Fig. 1A) which led to deep-water circulation between the
northeastern Atlantic Ocean and the Arctic Ocean (Faleide et al., 2008;
Engen et al., 2008; Jakobsson et al., 2007; Jokat et al., 2019; Kris-
toffersen, 1990).

The Sgrkapp-Hornsund (southern Spitsbergen) tectonic structures
(Fig. 1B, C), located at the northwestern Barents Sea, were active during
the Cenozoic (Vincenz et al., 1984; Dallmann et al., 1993; Dallmann,
1993; Winsnes et al., 1993; Bergh and Grogan, 2003). The Hornsund
Fault Zone (HFZ) at the western shore off Spitsbergen and the Inner
Hornsund Fault Zone (IHFZ) (Bergh et al., 1997; Gabrielsen et al., 1990,
1997; Bergh and Grogan, 2003; Faleide et al., 2015) belong to the West
Spitsbergen fold-and-thrust belt (Fig. 1D) (Myhre and Eldholm, 1988;
Faleide et al., 1991). Eastwards, the Billefjorden Fault Zone (BLF) and
the Lomfjorden Fault Zone (LFZ) comprise of normal, reverse and strike-
slip faults and limit the eastern Spitsbergen (Fig.1D) (Bergh and Grogan,
2003).

Svalbard is an important area for local intraplate seismicity. This
seismic activity occurs mainly in two regions: (i) Heerland with low
seismicity (Mw < 2.4) (Mitchell et al., 1990 and references therein); and
(ii) the Storfjorden glacial through, where the highest earthquake
magnitude of My 6.1 was recorded in 2008 (Pirli et al., 2013) (Fig. 1D).
Moreover, in the Edgegya platform, earthquakes of My 5.7 and My 5.1
occurred in 2003 and 2016 respectively, in the northern areas (Fig. 1D)
(Stange and Schweitzer, 2004; Pirli et al., 2021). The world stress map
(Heidbach et al., 2016) shows scarce data from the Barents Sea conti-
nental margin. Far south of the study area, reverse earthquake focal
mechanisms indicate ENE-WSW compressional stress and roughly
similar NE-SW compression is indicated by stress release from explora-
tion wells.

3. Material and methods

High-resolution bathymetry and sub-bottom parametric profiles
were collected from the mid sector of the StGT during the IPY Cruise
SVAIS, on board the BIO Hespérides (Longyearbyen, July 29-August 17,
2007). Bathymetry was logged using the Simrad Mermaid system and
data was processed using the CARIS HIPS & SIPS software (https://
www.teledynecaris.com/en/products/hips-and-sips/), to  perform
morphological analysis, and create a high resolution (25 m) Digital
Terrain Model (DTM). The parametric profiles were obtained using a
Kongsberg TOPAS PS 18 hull-mounted parametric system, simulta-
neously with the above-mentioned multibeam echosounder. This system
uses two primary frequencies, ranging from 16 to 22 kHz to produce a
narrow beam with a secondary frequency ranging between 0.5 and 6.0
kHz. The dataset was sampled at 16 kHz and stored both in its raw
proprietary format and the conventional SEG-Y format. They were
subsequently imported into the IHS Kingdom Suite software (https
://kingdom.ihs.com/) after a SEG-Y header edition. The conversion
from two-way travel time to depth measured on the TOPAS profile was
made using a sediment sound velocity equal to 1600 m/s (Pedrosa et al.,
2011; Pedrosa-Gonzalez et al., 2022).
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Fig. 1. Geological setting and seismicity of the Storfjorden glacial trough (StGT). A) Regional colour shade relief bathymetry map displaying the study area (red
square). B) Shade relief map of the StGT (IBCAO) v3.0 (Jakobsson et al., 2012). C) Tectonic structures in the southern Spitsbergen and StGT (Bergh et al., 1997; Bergh
and Grogan, 2003; Faleide et al., 2008, 2015; Lasabuda et al., 2018). D) Structural and seismicity map of southern Svalbard Islands and northwestern Barents Sea
(Bergh et al., 1997; Bergh and Grogan, 2003; Faleide et al., 2008, 2015; Lasabuda et al., 2018). Earthquakes from Pirli et al., 2013, 2021. BFZ, Billefjorden Fault
Zone; HFZ, Hornsund Fault Zone; IHFZ, Inner Hornsund Fault Zone; KnR, Knipovich Ridge; LFZ, Lomfjorden Fault Zone; MoR, Mohns Ridge; SFZ, Storfjorden Fault

Zone. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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4. Results
4.1. Seafloor multibeam morphology

The seafloor morphology of the mid sector of StGT (Fig. 2A) is
characterised by a valley (5 km wide and up to 65 m of relief) that may
reach up to 30 km in length (Fig. 1B, C). The tectonic nature of its for-
mation and location seems to be controlled by a NW-SE linear feature
extending >10 km (Fig. 2A). This feature is located on the valley floor
and is characterised by an 8 m relief scarp that fades out towards the
southeast. The valley displays an asymmetric V cross-section evolving to
a U cross-section southeastward. The eastern wall is taller (65 m high)
and steeper (3° decreasing to 1.5°) than the western wall (40 m high;
gradient <1.5°). The seafloor walls are shaped by sedimentary features
such as mass-flow deposits and glacial streamline landforms. The mass-
flow deposits occur mostly in the steeper eastern wall. There, the ba-
thymetry shows downsloping concave features that seem to draw lobate
features in the lower parts. The streamline landforms are mostly mapped
on the gentle western wall, although locally they also extend downwards
to the valley floor where it is wider. They consist of quasi-parallel, linear
features, ranging from ~0.5 to 1.5 km in length and are oriented SW-NE
at an oblique angle to the main valley trend. Their cross-section profiles
display subtle positive reliefs of a few metres, separated by troughs to a
depth of 10 m (Fig. 2A, E).

The adjacent external margins of the valley also feature landforms.
The western margin displays streamlines similar to the next valley wall,
although with more subtle relief. The eastern margin is affected by
iceberg ploughmarks. They are highly linear to slightly irregular de-
pressions with different relief sizes (metric in scale). They are clearly
concentrated in the shallower area where a roughly SW-NE orientation
can be noted.

4.2. High-resolution sub-bottom stratigraphy: Acoustic facies and deposits

The high-resolution seismic profiles show three distinct stratigraphic
features. From oldest to youngest they are as follows:

A highly reflective surface (i) acoustically defined by prolonged
echoes. It bounds underlying indistinct deposits with opaque acoustic
response and local discontinuous stratified facies (Figs. 2 and 3). Its
profile is characterised by a mound shaped (5 km long and 50 m high)
domain with an irregular appearance, located to the east of the tectonic
valley (Fig. 3).

This high surface reflectivity is overlaid by two regional discontin-
uous and irregular juxtaposed units (ii) (each up to 20 m thick) of
sediment with transparent facies and rough upper boundaries. Locally,
in the valley (Fig. 2), that surface is overlaid by small-scale lenticular
bodies (up to 1500 m long, 25 m thick). They are vertically and laterally
stacked and distributed along the eastern wall and valley floor. These
lenticular bodies comprise transparent facies with internal reflections of
high amplitude that point to the occurrence of different sub-bodies
(Figs. 2 and 3).

The transparent units and lenticular bodies are draped by a relatively
thin (up to 3 ms or 5 m thick) and discontinuous transparent unit (iii)
that makes up the surface sediment (Figs. 2 and 3). In the valley, the
lateral continuity of this level appears interrupted or is under the scale
resolution of the parametric system, mostly in the eastern wall and the
scarp (Fig. 2). In the western wall, the draping level mimics the sub-
bottom irregularities closest to the surface, that correspond to the
streamline landforms as imaged by multibeam bathymetry (Fig. 2).

In the shallower area of the adjacent mound domain, it shows a spiky
seafloor surface where iceberg ploughmarks mostly occur.

4.3. Tectonic deformations: A main near-surface fault

The tectonic deformation is imaged by the morphology and the
faulting of the stratigraphic features (Figs. 2 and 3). The asymmetry of
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the valley is related to a main fault that cuts deep-lying surfaces and the
overlying sediment until the seafloor. The fault related relief has a
strikingly sharp fault trace located along the trough and an eastern
upraised block. Eastwards (Fig. 3), the undulated topography may be
related to long wavelength folding or alternatively, may have glacial
origins. Regional (Fig. 1C) and local detailed bathymetry (Fig. 2A) show
that the fault has a straight trace with a NNW-SSE orientation. Its length
is 30 km in the regional bathymetry (Fig. 1B), whereas the local survey
covers the southern 10 km (Fig. 2A), where the total throw reaches 65 m
and the recent throw in the fault scarp is up to 8 m.

5. Discussion
5.1. Recent sedimentation: constraining the time frames

The advance and retreat of glaciers due to glacial and interglacial
periods provoke the erosion of pre-existing sediments (Boulton, 1979;
Alley et al., 2019; Patton et al., 2022). Because of that, the near-surface
sediments of the continental shelf and fjords generally correspond to the
last glacial-interglacial period (Elverhgi et al., 1998; Ottesen et al., 2007;
Knies et al., 2009). The analysis of the recent seismic stratigraphy and
the multibeam seafloor morphology allow us to infer the history of
recent sedimentation processes on the StGT. In this regard, based on the
morphological and acoustic characteristics of the deep-lying highly
reflective surface, the acoustic response of the underlying deposits and
by comparison with the characteristic stratigraphic signature in other
similar sedimentary contexts, we suggest that this surface represents the
top of till-deformed deposits (Rebesco et al., 2011; Riither et al., 2012;
Bjarnadottir et al., 2014; Bjarnadottir and Andreassen, 2016; Lucchi
et al., 2015; Zecchin and Rebesco, 2018; Shackleton et al., 2019). Thus,
these sediments were deposited by the subglacial action of the ice-sheet
(Alley et al., 1989; Ercilla et al., 1998; Garcia et al., 2009) moving along
the StGT during the last glacial period. The irregular morphology of that
surface may result in subglacial processes such as deformation,
ploughing and lodgement or a combination of these processes (Pio-
trowski et al., 2006; Dowdeswell and Hogan, 2016; Evans, 2017; Wise
et al., 2017; Ottesen and Dowdeswell, 2022). The overlying two units
and small lenticular bodies with their transparent acoustic character
allow for penetration of the signal from the parametric system, thus
suggesting they are made up of relatively fine and homogeneous sedi-
ments. In the glacial trough environment, fine sediment deposits
commonly occur from suspension settling, release of sediment from
gravity flows at grounding line from the melting ice, and sediment mass-
wasting in the form of mass flows (Powell and Domack, 2002; Bjarna-
dottir et al., 2013). The regional distribution and variable thickness of
the two units suggest their deposition from melting sediment gravity
flows. They probably formed close to the grounding line as indicated by
their spiky, rough upper surface, probably also due to further iceberg
scouring (Wise et al., 2017). On the other hand, the small stacked
lenticular bodies at the valley wall and floor are interpreted as mass-flow
deposits resulting from gravitational sedimentary instabilities due to the
overstepping (to 3°) of the upraised block. Sediments here as delivered
and deposited from the ice base or grounding line would move down-
slope the block wall and redeposit mainly by mass flows.

In this scenario, the streamline landforms affecting the fault valley
may be interpreted as gullies or sedimentary ridge-trough features.
These gullies, that in glaciomarine environments are commonly formed
by gravity flows of ice meltwater sediment (Garcia et al., 2009; Ercilla
et al., 2021 and references therein), have been discarded because their
pathway does not fit with the direction of the maximum slope as fol-
lowed by those flows. This means that the gullies' trajectory should be
perpendicular to the regional slope rather than the oblique trend dis-
played. Discarding this genesis, the streamline landform formation may
be interpreted in conjunction with the mass-flow deposits, whose dis-
tribution occurs mainly along the valley walls. This feature association
would be tentatively interpreted in terms of variation in acceleration of
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the ice movement during the pulsed episodes of still stands and advances
as characterised by the last interglacial (Lgnne and Nemec, 2011; Bjar-
nadottir et al., 2013; Dove et al., 2017). Commonly, ice over topographic
highs as banks are slower, contrasting with a faster flow in troughs
(Wellner et al., 2001). Furthermore, the glacial lineations are commonly
indicative of ice ground acceleration (Boulton and Clark, 1990; Wins-
borrow et al., 2010; Stokes et al., 2013). Our tentative interpretation is
that the effect of ice-anchoring as generated by the upraised fault block
would have favoured a slower-moving ice flow, dumping subglacial
material over its overstepping wall, and provoking the formation of mass
flows or their subsequent mass wasting in the form of mass flows as has
been mentioned above. Similar cases of ice anchoring have been
described in Disco Bay (Greenland) where the troughs appear affected
by fault steps that provide stabilising pinning points counteracting the
retreat of the ice margin (Hoffman, 2016). The western StGT is also
affected by the southern tip of Spitsbergen and underlying bedrock
ridges, which provide lateral and basal pinning points thus stabilising
the retreat of the ice stream (Shackleton et al., 2019). Once the ice has
passed the upraised block and flowed over the gentle seafloor of the
downthrown block, the ice flow accelerates forming the subglacial lin-
eations. On the other hand, these lineations could be also interpreted as
glacial elongated ridge-trough features, formed where ice has flowed
over relatively softer sediment (Wellner et al., 2001). Slower-moving ice
over the upraised block, followed by a longer period of ice coverage,
would have favoured a higher over consolidation than the sediment on
the downthrown block, which would be more easily eroded by the ice
(Dowdeswell et al., 1993; Stokes and Clark, 2003; Bjarnadottir and
Andreassen, 2016; Batchelor et al., 2019).

Finally, the most recent thin unit draping the area would indicate
more open-marine conditions. It would have been deposited by rain out
of terrigenous particles coming from turbid meltwater plumes over-
flowed by tidewater glaciers and biogenous particles (Powell and Evans,
1983; Pfirman and Solheim, 1989; Chauché et al., 2014). This uniform
blanket unit appears to be reworked by iceberg keels as suggested by
multibeam imaging displaying iceberg ploughmarks (Fig. 2). Their
improved development in the shallower area of the external margin and

the fact that they show a roughly SW-NE trend and not a chaotic pattern,
point to topographic control in the iceberg drifting (Jakobsson et al.,
2011).

5.2. Active tectonic deformations on the former extensional passive
margin

The rifting of the North Atlantic occurs in a setting of dextral
displacement between southwestern Barents Sea and Greenland during
Paleocene-Early Eocene (Lasabuda et al., 2018). The continental rifting
and the development of the former extensional passive continental
margin in the southwestern Barents Sea due to transtension is simulta-
neous to the contraction and transpression that develop the main faults
and folds, both in the onshore southern Spitsbergen (Bergh and Grogan,
2003; Faleide et al., 2008) and offshore (Lasabuda et al., 2018) (Fig. 1D).

Since the mid-late Eocene, rifting and oceanic spreading has pro-
gressed northwards separating Greenland from the West Spitsbergen
fold and thrust belt. Horsound Fault Zone (Fig. 2) in the offshore study
area was considered a westward dipping reverse fault zone during
Paleocene-Eocene, later affected by extension and becoming inactive
before Pleistocene (Lasabuda et al., 2018). In any case, the most recent
tectonic deformation remains unknown in the nearby StGT.

This contribution reveals for the first time the presence of a main
NNW-SSE active fault on the southwestern Barents continental margin
(Figs. 1, 2 and 3). This recent activity can be evidenced by: i) the scarp
relief of this fault trace at the seafloor; ii) the vertical offset of the most
recent glacial, glaciomarine and marine sediments; and iii) the potential
mass-wasting of sediments in the form of mass flows due to the over-
stepping (to 3°) of the upraised block. The seismicity in the Edgegya
platform (Fig. 1D) reveals the presence of active NE-SW highly dipping
dextral faults crossing the platform. WNW-ESE sinistral faults also occur
in the Heerland area (Bergh and Grogan, 2003; Pirli et al., 2013).
Moreover, earthquake focal mechanisms along the eastern coast of
Spitsbergen Island indicate E-W normal faulting, supporting a roughly
N-S extension. Junek et al. (2014) analysed the Edgegya platform
earthquake focal mechanisms and determined that close to our study
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area, there is homogeneous ENE-WSW horizontal compression. This
trend is oblique to the expected southeastwards regional displacement of
Eurasia with respect to the North American plates derived from the
NUVEL-1 model.

Extensional faulting usually occurs during the interglacial isostatic
rebound (Hetzel and Hampel, 2005; Paxman et al., 2017). Earthquake
focal mechanism data evidences that our study area undergoes a pre-
sent-day N-S to NNW-SSE extension simultaneous to an orthogonal ENE-
WSW compression (Junek et al., 2014), in agreement with the results far
south as evidenced by the World Stress Map (Heidbach et al., 2016). This
setting may be a consequence of the interaction of the ENE-WSW tec-
tonic compression produced by the push of the Knipovich Ridge and the
extensional setting related to the isostatic rebound.

The regional tectonic scenario considered together with the geome-
try and orientation of the active fault hereby mapped allows discussion
of the fault kinematics (Fig. 4). The curved structure of the upraised and
the downthrown fault blocks may constitute fault-related folds
compatible with a curved fault surface, but this geometry is not signif-
icant to reveal their normal or reverse character (Brandes and Tanner,
2014). The fault may be considered a listric normal fault (Fig. 4B) dip-
ping westwards and related to a reactivation of the former normal faults
as developed in the continental margin during the syn-rift deformation.
A similar character has been described by Lasabuda et al. (2018) for the
Horsound Fault Zone which was only active up to the Paleocene.
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However, the local stress regime (Junek et al., 2014) points to ENE-WSW
compression that disagrees with the expected extension as related to a
NNW-SSE normal fault, but which better fits with its reverse character.
Moreover, considering a relatively high-angle reverse fault dipping
eastwards, better supports the detailed interpretation of parasound
profiles (Figs. 2 and 3), despite the high vertical exaggeration. The
eastwards tilting related to the shallow regional seafloor level of the
upraised block, also fits with an eastward dipping reverse fault whose
hanging wall has been dismantled by mass flow processes (Figs. 4A and
5). Although the data do not allow to precise exactly the fault dip, it
should be a high-angle fault because the straight character of the fault
trace. In fact, the presence of reverse faulting with the fault scarp
reaching up to 30 m is a common glacio-seismotectonic feature (Stewart
et al., 2000). Furthermore, the recently characterised reverse fault, may
represent an incipient frontal ramp of a southwestward displacing block
of Edgegya platform on the continental margin, bounded by a dextral
fault zone to the north (Fig. 5).

The onset of fault activity is difficult to be determined in detail with
the currently available data. It should be evidenced by the change in the
sediment thickness and the occurrence of mass-flow deposits. The
gravity-flow deposits (Fig. 4, orange unit) fill concave gaps on the sea
bottom, and they are absent in the upraised block close to the main fault,
indicating a possible initial uplift simultaneous with deposition. Ac-
cording with ages of sediment core JM09-020-GC (Lacka et al., 2015),

Reverse fault interpretation
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Uninterpreted image in Fig. 3B. Legend as in Fig. 3.



M.T. Pedrosa-Gonzalez et al.

Tectonophysics 873 (2024) 230217

Fig. 5. Block diagram of the geodynamic context of the reverse fault. The fault would be related to the WSW displacement of a tectonic block bounded north-
westward by an active seismic dextral fault zone. See Fig. 1 for the geodynamic context and location (Fig.1D) of the d-d’ cross-section.

we estimate that the main fault could have originated since the termi-
nation of the Bglling-Allergd (13,950 cal yr BP) coinciding with the
retreat of the Svalbard-Barents Ice Sheet. These data suggest that
faulting is primarily a result of postglacial deformation, although the
possibility of reverse faulting initiated during the glacial period due to
tectonic compression from ridge push cannot be entirely ruled out. The
main fault likely experienced subsequent periods of high activity,
causing recent landslides that cover the valley, overlaying mass-flow
deposits, and partially affecting the draping marine deposits. More-
over, the fault marked by a sea bottom scarp cuts through the gravity-
flows unit and causes a minor variation in the thickness of the draping
marine deposits (Fig. 4), supporting evidence of Holocene activity.
During the retreat of the last ice sheet in the post-glacial stage, the
glacio-seismotectonic processes result from the activation of tectonic
structures induced by changes in stresses due to postglacial unloading
and the isostatic rebound (Gregersen et al., 1989; Turpeinen et al., 2008)
(Fig. 6). The withdrawal of the last ice sheet in the Storfjorden glacial
trough during the last deglaciation (f.acka et al., 2015; Nielsen and
Rasmussen, 2018; Lasabuda et al., 2018) would have led to a decrease in
the confining normal stresses and subsequently, the differential stress
related to the tectonics would have reached the rupture point (Fig. 6). If
horizontal compressional stresses are predominant due to the push of
Knipovich Ridge, reverse faulting develops (Anderson, 1951). The newly
defined recent fault develops parallel to the previous bedrock faults of
the Cenozoic fold and thrust belt of the Inner Hoursund Fault Zone
(Bergh et al., 1997; Gabrielsen et al., 1990, 1997; Bergh and Grogan,
2003; Faleide et al., 2015). Although this fault may have developed as a
reactivated structure similar to those described by Lagerback and Sundh
(2008) and Brandes and Tanner (2014), however, if it is considered a
westward vergent reverse fault, it can be regarded as a new fault.

5.3. Fault seismic potential

Postglacial activation of the main fault zones in Svalbard and the
northwestern Barents Sea may generate large earthquakes nowadays
(Pirli et al., 2013). In Arctic areas, faults may reach trace lengths of up to
hundreds of kilometres with estimated earthquakes of Mw > 8
(Arvidsson, 1996; Lagerback and Sundh, 2008; Lindblom et al., 2015;

Malehmir et al., 2016). The historical earthquake record for the Storf-
jorden glacial trough area shows that the highest magnitudes (Mw ~
6.1) occurred in 2008 and relevant earthquakes (< Mw 5.7) also arose
on the Edgegya platform (Pirli et al., 2021). The magnitude/length ratio
relationship as established by Wells and Coppersmith (1994) is widely
used in literature also for submarine faults (Estrada et al., 2021) to assess
the potential magnitude of earthquakes. In our study fault, the magni-
tude/length ratio relationship (Wells and Coppersmith, 1994) suggests
maximum magnitudes of up to Mw ~ 6.8, if the whole 30 km reverse
fault is activated or Mw ~ 6.2 if only the southwards 10 km long detailed
surveyed segment is active, whether it is a normal fault or a reverse fault.
These magnitudes are of the same order as those reported by the seis-
micity in the eastern regions (Pirli et al., 2021), although the study
faulted area does not show evidence of any remarkable present-day
seismic activity. The absence of seismicity may be related to the accu-
mulation of stresses during the seismic cycle, although creep cannot be
discarded. The 8 m fault scarp must have been formed by several events,
because if its formation was due to a single event, it would represent an
earthquake of Mw ~ 7.3, according to Wells and Coppersmith (1994), a
higher magnitude than the maximum magnitude that could have pro-
duced this fault considering its length (Mw ~ 6.8). Taking into account
the presence of large ice domes in the study area during the Last Glacial
Maximum (LGM) (Fig. 1), the earthquakes associated with this fault
could have caused sea-ice collapse, contributing to the rising sea level. In
this framework, this fault may represent a tsunamigenic source to be
considered in the future for detailed studies of the region.

6. Conclusion

An active fault is identified on the Storfjorden glacial trough, in the
Barents Sea passive continental margin, where normal extensional syn-
rift faults, sealed by post-rift sequences are expected. The fault has a
NNW-SSE orientation, a length of 30 km, of which the 10 km southern
part was surveyed in detail, and its recent activity is confirmed by
morphological, stratigraphic, and sedimentary evidence. Morphologi-
cally, the fault forms an asymmetric valley with a 65 m uplift of the
eastern upraised block and a striking seafloor linear fault scarp of up to
8 m high parallel to the valley axis. The fault cuts the streamline
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landforms features and the most recent sediment made of glacial (till-
ites), glaciomarine (mass-flow deposits) and marine (sediment settling
from suspension) deposits from the last glacial-interglacial period. The
mass-flow deposits may have also resulted from the mass-wasting due to
the high slope gradients (up to 3°) of the eastern upraised block. This
fault may produce earthquakes up to a magnitude of Mw 6.2 if the
southern detailed surveyed segment is active, and up to Mw 6.8 if the
full length is active.

The regional ENE-WSW tectonic compression determined by the
seismicity fits better with a high-angle reverse east-dipping fault than
with a normal west-dipping fault. This setting suggests that the conti-
nental margin has evolved from an ENE-WSW extension during rifting to
an ENE-WSW tectonic compression, probably related to the push of
oceanic spreading that occurs on the Knipovich Ridge. This fault may
have been triggered by glacio-tectonic processes, by which the degla-
ciation decreases the confining stresses and differential stresses reach
the rupture point. In this setting, the block upraised by the fault may
have contributed to the anchoring of the ice stream in the northern
Storfjorden glacial trough and may have affected iceberg drifting as
suggested by the location and trend of iceberg ploughmarks.

This work underlines that it is essential to evaluate the geometry,
kinematics, and maximum expected magnitude of glacially induced
faults to mitigate the geological hazard of earthquakes in the Arctic
areas. Glacio-seismotectonic in high latitude margins may have impli-
cations for long-term seismic hazards affecting offshore infrastructures.
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