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Acoustic and detailed swath bathymetry data revealed a systematic picture of submarine landslides on the Sibe-
rian part of Lomonosov Ridge.Whereas numerous studies onmassmovement exist along themargin of the Arctic
Ocean less is known from central Arctic. A regional survey comprising swath bathymetry, sediment echo sounder
andmultichannel seismic profiling was performed on the southeastern Lomonosov Ridge. The data provide con-
straints on the present-day morphology of the Siberian part of Lomonosov Ridge, between 81°–84°N and 140°–
146°E.Wemapped twelve crescent-shaped escarpments located on both flanks on the crest of Lomonosov Ridge.
The escarpments are 2.1 to 10.2 kmwide, 1.7 to 8.2 km long and 125 to 851 m high from which 58 to 207 m are
occupied by crescent-shaped headscarps. Subbottom data show chaotic reflections within most of the escarp-
ment areas. The unit is overlain by ~110–340 m of semi-coherent parallel reflections. At its bottom the chaotic
reflections are limited by a partly eroded high-amplitude reflection sequence that is inclined with <1°
basinwards. We find the escarpments to be remnants of submarine landslide events that mobilized 0.09 to
7.58 km3 of sediments between mid Pliocene and mid Miocene. The relatively small amounts of mobilized sed-
iments seem to be typical for the Lomonosov Ridge. The epoch corresponds to the ongoing subsidence of the
Lomonosov Ridge below sea level. During that time deposition and the load of sediments changed. We suggest
that changes in sediment type preconditioned, and co-occurring earthquakes finally triggered the submarine
landslides.

© 2021 Published by Elsevier B.V.
1. Introduction

Submarine landslides are known from continental margins world-
wide. They occur on all types of margins and vary tremendously in
size (e.g. Canals et al., 2004; Masson et al., 2006; Mosher et al., 2010).
The largest currently-known surficial landslide, the Holocene Storegga
Slide (2400–3200 km3, Haflidason et al., 2004, 2005), is located off the
Mid-Norway margin (Haflidason et al., 2004). Several studies refer to
it as “Storegga slides” (Vogt et al., 1999) or “slide complex” (Bryn
et al., 2003) since it is the result of a succession of events (Bugge et al.,
1987, 1988). Numerous smaller submarine landslides are found north
of Storegga, for instance on the eastern flank of the Jan Mayen Ridge
(Laberg et al., 2014), in the Fram Strait west of Svalbard (Freire et al.,
2014), and along the Northwest Barents Sea continental margin
(Safronova et al., 2017). The northernmost mapped mass wasting
event is the Hinlopen/Yermak Slide (Vanneste et al., 2006,
Winkelmann et al., 2006) off Hinlopen Strait, on part of the North Sval-
bard continental margin. Difficult sea ice conditions have, however,
inhibited the acquisition of systematic swath bathymetric data from
the central Arctic Ocean to get a complete overview on such features
in the Arctic. However, some escarpments indicating submarine
landsliding were reported e.g. from Canada Basin (Mosher et al.,
2012), the Alpha Ridge (Boggild et al., 2020, Kristoffersen et al., 2008)
and from Lomonosov Ridge in an area close to the North Pole
(Kristoffersen et al., 2007).

Submarine landslides are an integral part of passive rifted continen-
tal margins around the world. The Lomonosov Ridge is a continental
sliver (Jokat et al., 1992, Karasik, 1968) in the center of the Arctic
Ocean resulting first from opening of Amerasia Basin, when the ridge
was still part of the Siberian margin. Then, during the Cenozoic, the
rifting and subsequent sea floor spreading detached the ridge from the
Eurasian continent. Consequently, both flanks of the ridge represent
rifted margins. Such double-sided rifted margin is unique in a global
context, while the remaining vast majority of riftedmargins underwent
only a single rifting event. The only analogue to Lomonosov Ridge can be
found at thewest coast ofMexico. The difference to the Arctic is that the
Baja California peninsula is currently still subaerially attached to the
North American continent. Here, the analogue to the Eurasia Basin is
the Gulf of California off western Mexico.
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Topographically, Lomonosov Ridge rises several kilometers above
the adjacent abyssal plains (Jakobsson et al., 2012) (Fig. 1a). Due to
its pronounced topography the ridge influences ocean current sys-
tems (Weigelt et al., 2020, Woodgate et al., 2001), and was subject
to glaciogenic processes (e.g. Jakobsson et al., 2016, Stein et al.,
2016). The flanks of the ridge are sediment starved because there is
no extensive hinterland. This makes the Lomonosov Ridge unique
in comparison to most rifted margins. In northern hemisphere
north of 80°N the sedimentary environment for Lomonosov Ridge
is only comparable with other polar submarine plateaux or ridges
(e.g. Alpha-Mendeleev Ridge) within the Central Arctic Ocean. In
contrast, glaciated margins in the south (e.g. East Greenland, Arndt
et al., 2017) or surrounding the Central Arctic Ocean are strongly
modified by glaciers and ice streams with large onshore catchment
areas. This is missing on Lomonosov Ridge. After its subsidence
below sea level the ridge faced only current controlled erosion if
Fig. 1.Overviewmap and research area: (a) International Bathymetric Chart of theArctic Ocean
AWI-91090 (Jokat et al., 1992, 1995), AWI-98585 (Jokat, 2005) and 81°N-Transect (Jokat et a
profile part shown in Fig. 5, black dots and triangles: locations of detected earthquakes and
2020), hatched area: study area of submarine landslides of Kristoffersen et al. (2007); (b) a
(c) research area. Both areas reveal crescent-shaped headscarps. Dashed black lines: top o
measurements, solid red lines: seismic reflection and sediment echo sounder profiles, dashed
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any. During glacial times its crest has been partly modified by deep
reaching ice bergs (Jakobsson et al., 2016, Stein et al., 2016), and
sediments delivered by the sea ice cover/ice floes (Dowdeswell
et al., 1998, Nürnberg et al., 1994). Sediments transported on the
subaerial ice surface and released by melting or floe fragmentation,
is here the controlling process.

This study presents a part of the eastern Lomonosov Ridge close to
the Laptev Sea margin to show the distribution of submarine landslides
on the rims of the ridge and how they contribute to its present-day
morphology.

2. Methods and data

Swath bathymetry, sediment echo sounder and seismic reflection
data presented in this study were collected during mostly ice-free con-
ditions with RV Polarstern in September 2014 (Stein, 2015).
(IBCAO) (Jakobsson et al., 2012). Solid red lines (north to south): seismic reflection profiles
l., 2013), yellow star: ACEX-drilling site, yellow line on 81°N-Transect: seismic reflection
seismometers, respectively, over the last 50 years (International Seismological Centre,
nd (c) new swath bathymetry data from 2014 separated in northern (b) and southern
f headscarps A to H studied in this paper, solid straight black lines: sections for slope
red lines: solely sediment echo sounder profiles.
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In total, 10,371 km of swath bathymetry profiles were collected cov-
ering an area of 80,935 km2 (Stein, 2015). The data were obtained with
the ATLAS Hydrographic Hydrosweep DS3 multibeam echo sounder,
which is permanently mounted on RV Polarstern. Within the research
area, the swath width was set to 4–5 times the water depth with a ver-
tical resolution of ~0.5% of thewater depth, i.e. 5m vertical resolution at
a depth of 1000m (Stein, 2015). Expendable conductivity-temperature-
depth measurements were collected for sound velocity correction to
calibrate the depth calculations of the swath data (Stein, 2015). The
data were processed using CARIS HIPS & SIPS software. They were
corrected for reflection errors, cleaned from coarse depth errors and,
subsequently, gridded with a cell size 30 × 30 m.

Subbottom profiling data were obtained with a hull-mounted deep
sea sediment echo sounder ATLAS Hydrographic PARASOUND DS III-P70
on RV Polarstern. The following settings were applied: primary frequen-
cies of 20 and 24 kHz resulting in a secondary low frequency (SLF) of 4
kHz, pulse length of 0.5ms and abeamangle of 4°. SLF datawere recorded
in ASD and PS3 format, converted to standard SGY format and, finally,
imported into IHS Kingdom for further visualization and interpretation.

Due to variable ice conditions two different hydrophone streamers
were used for themultichannel seismic (MCS) data acquisition.While op-
erating in close sea ice, a 300-m-long analogue Prakla streamer with 48
channels (group interval of 6.25 m) and an air gun array of 6 G-guns
(fired every 15 s, shot point spacing ~40m)were operated. The recording
length was 12 s with a sample rate of 2 ms. A total of 287 km of seismic
data were acquired with this setup. In areas with little or no sea ice, a
3000mdigital Sercel Sentinel solid streamerwith 240 channels (group in-
terval of 12.50 m) together with an air gun array of 3 G-guns (fired every
15 s, shot point spacing ~40 m) was used, acquiring a total of 2058 km of
data. The recording length was 12 s with a sample rate of 1 ms.

The seismic data processing comprised common depth point sorting
with 25 m bin spacing, band pass filtering, velocity analysis, spherical
divergence and normal moveout correction, and stacking as well as
post-stack time migration.

We used swath bathymetry data to measure the spatial extent and
to calculate the volumes of materialmissing on the seafloor as indicated
by scars on the seafloor topography. For the latter, we estimated the
sediments that are missing on the surface by calculating the difference
between the present seafloor topography and a hypothetical pre-
surface that connects the upper scar edges (Canals et al., 2004, Clare
et al., 2019). The pre-surface was calculated with the method spline
with barriers (Zoraster, 2003).

We measured the gradients of such scars via analysis of the inclina-
tion values of all bathymetric grid points related to the scar. The result is
presented as box plot displaying the minimum and maximum value,
first and third quantile as well as median and mean values of this
analysis (Fig. 2). This method seems us more reliable than measuring
Fig. 2. Inclination values for headwalls: plotted as boxplot showing, from left to right:
minimum, first quantile (start of box), median (orange, vertical line in box), mean (dot),
third quantile (end of box), maximum inclination value.
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the inclination of an along-slope line, which is unlikely to be represen-
tative of the variability of the scar. Normal gradients, however, were
measured using along-slope lines in undisturbed areas next to each
scar (Fig. 1b, c).

MCS and sediment echo sounder profiles are used to calculate the
volume of subbottom sediments. We applied a seismic velocity of 1.7
km/s for depths and dip calculations of the shallow sediments.

3. Results

Swath bathymetry data reveal twelve transverse escarpments be-
tween 81° and 84°N and 140° and 146°E, located on both sides of the
crest of the Lomonosov Ridge and oriented to the adjacent basins.
These features cover roughly 7% of the investigated research area.
Eight of them are investigated in greater detail (Fig. 1b, c: A-H). The es-
carpments typically comprise a steep, up to ~21° (3rd quantile, Fig. 2) in-
clined, crescent-shaped headscarp that borders a lower level area. The
surrounding topography is basinwards inclined with slopes of up to
14°. The escarpments are 2.1–10.2 km wide and 1.7–8.2 km long.
Their total height ranges from 125 to 851 m from which 58–207 m are
occupied by the headscarp. And the volumes missing in each escarp-
ment span over two orders of magnitude from 0.09 to 7.58 km3

(Table 1).
MCS and sediment echosounder data are available for a few of the

newly discovered escarpments. They cross them randomly because
the expedition was originally not targeted to map escarpments on the
ridge. Where available, seismic data show that the seafloor in the es-
carpment region is covered by 130 ms to 400 ms TWT (~110–340 m)
of semi-coherent parallel subbottom reflections interbedded with
acoustically transparent lens-shaped deposits (Fig. 3d). Outside the
escarpment region i.e., on the crest of the ridge, the upper semi-
coherent reflections continue with lower amplitude and overly con-
formably a high-amplitude reflection sequence (HARS). Hence,
the upper sequence reaches thicknesses of ~550 ms TWT (~470 m) in
the northern research area and, on average, 630 ms TWT (~540 m) in
the southern research area. Inside the escarpment region, a chaotic
subbottom reflection is observed between the semi-coherent unit on
top and the HARS below (Fig. 3c). Here, the HARS dips towards the ad-
jacent basins with less than 1° and, furthermore, it shows traces of ero-
sion at its interface to the chaotic unit. The chaotic unit is confined to the
escarpment area (Fig. 3c). Calculations of their volumes result in 1.09 to
2.33 km3. Fig. 3e shows an exception where no chaotic unit is observed
and the HARS is truncated instead. However, in four out of five cases
where MCS data cross the escarpments, the chaotic unit is observed.

4. Interpretation and discussion

We interpret the escarpments to be remnants of former submarine
landslide events due to their morphology being limited in space and
their basin-facing orientation transverse to the direction of the crest of
the Lomonosov Ridge. The steep crescent-shaped headscarps open
basinwards, therefore, leaving a pathway for sediments to escape.
Subbottom data show semi-coherent parallel seafloor echoes indicative
of a surficial sedimentary drape unit. Below this layer an acoustically
chaotic subbottom reflection is typically observed in this area whereas
outside the semi-coherent parallel stratification continues with depth.
We interpret the chaotic unit to have been affected by the slide event
or represent remnant slid material. A slightly basin-dipping high-
amplitude reflection sequence (HARS) is imaged beneath the chaotic
unit. Its partly eroded upper rim suggests that it has worked as glide
plane. In our scenario, former potentially well-stratified sediments got
instable within a restricted area. One part of the sediment moved
basinwards along a glide plane whereas the other part got mixed up
and remained on the glide plane. As a result of this process an escarp-
ment with a crescent-shaped headwall was created. After this slide
event, new sediments were deposited draping the new topography.



Table 1
Summary of the specific slide geometries, volumes, drape thickness and estimated ages.

Land-slide Volume
total/buried
[km3]

Width
[km]

Length
[km]

Total
height
[m]

Headwall
height
[m]

Inclination Thickness Estimated
age [Ma]

Glide
plane

Slope
min/max

Headwall 1./3.
quantile

Drape
TWT
in [ms]

Sedimentb

TWT
in [ms]

A 1.84/1.09 4.9 3.7 190 58 0.5° 4°/6° 6.8°/13.5° ~400 ~550 13
B 3.60/2.33 5.7 4.1 413 172 ~0° 5°/14° 8.3°/16.0° ~130 ~550 4
C 7.58/x 10.2 8.2 851 x x 3°/10° 3.4°/13.7° x x x
D 2.64/1.52 5.1 4.7 282 207 0.9°a 1°/13° 8.2°/17.2° ~240 ~580 7
E 2.23/1.66 4.5 3.7 125 70 0.6° −1°/3° 5.2°/10.3° ~300 ~680 9
F 3.03/x 8.4 5.9 222 147 – 3°/7° 6.1°/14.5° – – x
G 0.09/x 2.1 1.7 231 112 – 7°/12° 11.0°/18.0° – – x
H 1.96/x 5.9 4.8 374 129 – 3°/14° 10.2°/20.8° – – x

x no information available
– no seismic data available to image this feature (see Fig. 1b, c)

a Seismic profile located perpendicular to sliding direction
b Above HARS.
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Acoustically transparent, lens-shaped reflections within the drape indi-
cate other generations of submarinemasswasting events withmore re-
cent and much smaller amounts of redeposited material. They did
certainly not produce the escarpments studied here. Their further dis-
cussion, therefore, exceeds the scope of this paper andwill be neglected
hereafter. Fig. 3e shows, in contrast to all other submarine landslides
withMCS data, a truncated HARS and no acoustically chaotic reflections
which can be linked to the slide event. Therefore, this escarpment illus-
trates that also other types of slide processes occur on Lomonosov
Ridge.

Submarine landslides are common worldwide (e.g. Canals et al.,
2004;Mosher et al., 2010). Hereafter,we present a comparison between
the volumes mobilized by submarine landslides in this study with se-
lected slides distributed around the globe. They represent a vast variety
of volumes mobilized by submarine landslide events. These volumes
range from as small as 0.001 km3 (Finneidfjord, Canals et al., 2004) to
as large as 3200 km3 (Storegga, Haflidason et al., 2005) (Fig. 4). The sub-
marine landslides of the Lomonosov Ridge have failed sediment vol-
umes of between 0.09 km3 and 7.58 km3. They are, therefore, small in
a global context. As well, regarding their small volumina, we find their
potential to cause tsunamis highly unlikely. Additionally, the large dis-
tance of the Lomonosov Ridge to the shelves and the vast shelves sur-
rounding the Arctic Ocean would probably attenuate a runup of waves
(Masson et al., 2006). The inclinations for headwall, glide plane and
slope gradient, on the other hand, are consistent with inclinations re-
ported by Canals et al. (2004): headwalls of up to 23°, glide planes
below 1° and slope gradients between less than 2° but also up to 20°.

Such events also seem to be quite common on Lomonosov Ridge.
Jokat (2005) reported indications for mass wasting events on AWI-
98585-profile (location see Fig. 1a, c) and Pérez et al. (2020) found
mass transport deposits in our research area. Kristoffersen et al.
(2007) investigated seven fully imaged arc-shaped slide scars located
on central Lomonosov Ridge between 87°15′ and 88°N (location see
Fig. 1a). Similar to our new discoveries further towards the Siberian
shelf, they are between 150 and 200 m high, 5 to 6 km wide and 7 to
9 km long, and occur on both flanks of Lomonosov Ridge.

Owing to the lack of deep scientific drilling holes within our re-
search area, reliable age dating and information on the composition
of the slid sediments is not possible. Instead, we use information
gained from the Arctic Coring Expedition (ACEX) drill sites located
more than 400 km to the north at the central Lomonosov Ridge.
Backman et al. (2008) correlated the stratigraphic units from ACEX
with seismic units of seismic reflection profile AWI-91090 (Jokat
et al., 1992, 1995) crossing the drill site (Fig. 5c). Using this informa-
tion Weigelt et al. (2014) correlated similarities in seismic reflection
signal characteristics between the AWI-91090-profile and the 81°N-
Transect (Jokat et al., 2013) across the Siberian end of Lomonosov
4

Ridge (Fig. 5a, c). Among these characteristics, a high amplitude re-
flection sequence (HARS) is a typical feature in the mentioned seis-
mic data (AWI-91090, 81°N-Transect, this study; Fig. 5a–c). We
apply their interpretation of a 18.2 Myr old age estimate for the
upper boundary of the HARS (Weigelt et al., 2014) and use it as ref-
erence for our composition and age estimates.

The material above the HARS consists of silty clay to clayey silt
(Backman et al., 2006) (Fig. 5). This is confirmed for the upper 7.5 m
by gravity core and box-core samples within the study area (Stein,
2015, 2019). ACEX cores show that the HARS unit mainly consists of
mud-bearing biosiliceous ooze (Backman et al., 2006) (Fig. 5). The
traces of erosion at the interface between HARS and upper sediments
in the escarpment area (Fig. 3c) indicate that the erosion was caused
by the slide event. Therefore, the eroded material is most likely part of
the failed material and, consequently, the failed material deposited on
top of the eroded HARS is probably a mixture of silty clay to clayey silt
and mud-bearing biosiliceous ooze.

Based onWeigelt et al. (2014) estimate of 18.2Ma for the age of HARS,
we suggest our submarine landslide events date from mid Miocene to
mid Pliocene times. Sediments on top of the HARS accumulated with
quite uniform sedimentation rates (Backman et al., 2008). We calculate
average sedimentation rates of 26 and 29 m/Myr for the northern and
southern research areas, respectively. Consequently, the landslides'
drapes, with a thickness of 130 ms (~110 m) to 400 ms TWT (~340 m),
needed between 4 and 13 Myr to accumulate.

The causes of specific submarine landslides are, in most cases, un-
known. There are, however, several preconditioning factors that affect
slope instability and common factors that act as triggers for slide events
(Canals et al., 2004). Factors discussed here are the effects of free gas,
sedimentation rates, bottom currents, sediment layering, glaciation
and earthquakes.

Free intraformation gas and free gas can contribute to the
initiation of submarine landslides by the generation of excess pore
pressures (Best et al., 2003; Canals et al., 2004; Geissler et al.,
2016). However, neither seismic reflection data nor core samples in
our research area show indications for the presence of gas. Therefore,
we exclude any gas releases as preconditioning or triggering factor
for our landslides.

High sedimentation rates can cause sediment instability by generat-
ing excess pore pressures (Canals et al., 2004; Dugan and Sheahan,
2012; Masson et al., 2006). Sediment transport in the high Arctic is
mainly controlled by the sea ice cover which hosts sediments from the
adjacent continental margins and occasional turbidity currents
(Dowdeswell et al., 1998; Nürnberg et al., 1994). This leads to a rela-
tively low sediment input. Our sedimentation rates of only ≤29 m/Myr
are likely to have been low enough to allow consolidationwithout over-
pressure (cf. Kristoffersen et al., 2007).



Fig. 3.Maps, seismic profiles and sediment echo sounder data for selected submarine landslides: (a) and (b) new swath bathymetry data of investigated landslides E and C, respectively
(location see Fig. 1c). Headwalls are limited by their upper (dashed black lines) and lower (curved dotted black line) rims. Escarpment areas are limited by the top of headwall and a
straight line (dotted black) connecting the endpoints of the top of headwall. Two-sided arrows: width and length of escarpment. For the remaining lines see Fig. 1. (c) and (e) seismic
reflection profiles of landslides E and C, respectively. Note that in landslide E the chaotic, non-parallel reflections (failed sediments) overlain by quite well-stratified sediments (drape)
and bounded at the bottom by a high-amplitude reflection sequence (HARS) that shows traces of erosion. (d) Sediment echo sounder section of landslide E showing acoustic
transparent, lens-shaped features.
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Bottom currents can directly excavate slide scar areas or contribute
to slope instability by erosional undercutting and sediment redistribu-
tion (Kayen et al., 1989). Bottom currents flow in opposite directions
on both sides of Lomonosov Ridge. Currents on the Amundsen Basin
side flow from the Siberian end of the Lomonosov Ridge to Fram Strait
(Jones, 2001; Rudels et al., 1994). Their mean speed velocities are 5
cm/s or lower. Mooring stations close to the study area measured
speeds of eddy features of ~10 cm/s. This value decreases with increas-
ing depth (Woodgate et al., 2001). Lower velocities are reported from
the other side of Lomonosov Ridge, on the Makarov Basin side (Jones,
5

2001; Rudels et al., 1994; Woodgate et al., 2001). We assume bottom
currents of <10 cm/s are not strong enough for sediment redistribution
or slope undercutting. However, data frommooring stations measuring
bottomcurrent velocities close to Lomonosov Ridge are sparse andmea-
surement periods are short (Aagaard, 1981; Rudels et al., 1994;
Woodgate et al., 2001).

Unfavorable soil layering can be a preconditioning factor for subma-
rine landslides (Vanneste et al., 2013). The HARS is indicative for a sed-
imentary layer with highly variable composition (Weigelt et al., 2020).
During its development large changes in the deposition environment



Fig. 4.Comparison of failed sediment volumes of submarine landslides: grey box: results of landslides discussed in this paper, black lines: global existing slides, source: Canals et al. (2004),
Freire et al. (2014), Vanneste et al. (2006).
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occurred due to the ongoing subsidence of Lomonosov Ridge below sea
level to greater depths and the gradual opening of Fram Strait since
early Oligocene leading, over time, to themodern ocean circulation sys-
tem (e.g. Jakobsson et al., 2007; Jokat et al., 2016; Weigelt et al., 2020).
Hemipelagic sedimentation prevailed before Miocene (Weigelt et al.,
2020). Above this distinct sequence semi-coherent reflections with
lower amplitude occur as a result of an establishedmodern ocean circu-
lation system since early Miocene (Jakobsson et al., 2007). Hencefor-
ward, pelagic sedimentation prevailed (Weigelt et al., 2020). MCS data
show that the interface between the HARS and the low-amplitude se-
quence above repeatedly acted as glide plane. Therefore, we propose
that the rapid transformation from predominantly hemipelagic to pe-
lagic sedimentation was a preconditioning factor for the slide events.

Another scenario, specific to the polar regions, is sea floor erosion by
iceberg keels or grounded ice during phases of glacial expansion and re-
treat. Other glaciated margins were to a large extend massively
overprinted by numerous glacial events (e.g. East Greenland (Arndt
et al., 2017), Chukchi Margin (Polyak et al., 2007)). However, on most
of these margins only structures of the Last Glacial Maximum caused
by glaciers or ice streams can be observed. This is different to
Lomonosov Ridge, which never hosted any ice streams or glaciers but
was affected by large grounded ice bergs. Stein et al. (2016) and
Jakobsson et al. (2016) presented such evidence in form of glacial line-
ations indicating events of grounding icewithin our research area. Stein
et al. (2016) dated the lineations to “Quaternary glaciations, for exam-
ple, duringMarine Isotope Stage 6” (140 ka, Jakobsson et al., 2010). Nu-
merous studies suggest however that the modern pattern of Northern
Hemisphere glacial/interglacial cycles initiated well after the slide
events depicted here (e.g. Brigham-Grette et al., 2013; Dipre et al.,
Fig. 5. Compilation of seismic lines (a) AWI-20080170 to AWI-20080165 on 81°N-Transect (Jo
20140305 close to landslide E (location see Fig. 3a, c), and (c) AWI-91090 (Jokat et al., 1992,
the top of the high-amplitude sequence (HARS) (pink) are shown between seismic profiles an
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2018; Moran et al., 2006). Consequently, it is highly unlikely that the
landslides were triggered by grounded ice or iceberg keels.

Earthquakes are often considered as triggers for submarine slide
events (Biscontin et al., 2004; Canals et al., 2004; Masson et al., 2006).
Within the last 50 years very few earthquakes (3) were detected on
Lomonosov Ridge (International Seismological Centre, 2020). However,
the current distribution of seismometers of the International Seismolog-
ical Centre (ISC) lacks seismological instruments on or close to the ridge
(Fig. 1a) (International Seismological Centre, 2020). This suggests that
the Lomonosov Ridge is likely to be affected by a larger number of
lower magnitude earthquakes. The geological history of Lomonosov
Ridge includes its separation from the Barents−Kara Sea ~56 Ma
(Jokat et al., 1995; Karasik, 1968; Vogt et al., 1979) followed by a contin-
uous subsidence below sea level ~6 Myr later (Jokat et al., 1995). Scien-
tific drilling on ACEX-site on central Lomonosov Ridge revealed that the
ridge continued its subsidence below sea level through Miocene and
thereafter until it reached its present depth (Moore, 2006; Piskarev
et al., 2019). Earthquakes have likely co-occurred during the entire Ce-
nozoic subsidence history of Lomonosov Ridge until present. It can
therefore not be excluded that different earthquakes of differentmagni-
tudes could have triggered failure depending on the actual degree of
sediment instability.

5. Conclusion

Systematic swath bathymetry on the Siberian part of Lomonosov
Ridge (81°–84°N, 140°–146°E) revealed twelve previously unknown
submarine landslides from both flanks of the Lomonosov Ridge. A de-
tailed study of eight of the landslides revealed that they are buried by
kat et al., 2013; Weigelt et al., 2014) (location see Fig. 1a, yellow line segment), (b) AWI-
1995) (location see Fig. 1a) tied to ACEX lithology (Backman et al., 2006). Correlations of
d the Arctic Coring Expedition (ACEX). Figure modified after Weigelt et al. (2014).
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~110–340 m of post-slide sediments. These landslides have spatial ex-
tents of several kilometers (2.1–10.2 km wide, 1.7–8.2 km long, 125–
851 m high) and headwall heights of 58–207 m. Volumes of failed
slide material range from 0.09 to 7.58 km3 and, in most of the investi-
gated landslides, a less than 1° basin dipping high-amplitude reflection
sequence (HARS) - visible in seismic profiles - repeatedly functioned as
glide plane.

Comparedwithworldwide existing submarine landslides, the inves-
tigated landslides are small. Previous discoveries of similar events on
central Lomonosov Ridge imply, however, that landslides of these di-
mensions are common on the ridge. Inclinations, on the other hand,
namely of headwall, glide plane and slope gradient, are within global
typical value ranges for submarine landslides.

The failed slidematerial quite likely consists of silty clay to clayey silt
possibly mixed with biosiliceous ooze. The mapped slide events most
likely occurred between mid Pliocene and mid Miocene. We propose
that the rapid transformation from predominantly hemipelagic to pe-
lagic sedimentation as indicated by the sharp transition from the
HARS to a low-amplitude sequence in MCS data, preconditioned the
submarine landslides. We further suggest earthquakes have triggered
the submarine landslides, as they are likely to have occurred during
the continuous subsidence of Lomonosov Ridge since its separation
from the Siberian shelves.
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