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a b s t r a c t
Kveithola Trough, an E–W trending glacial trough in the NW Barents Sea, was surveyed for the ﬁrst time
during the EGLACOM cruise of R/V OGS-Explora in summer 2008. Swath bathymetry shows that the seaﬂoor is
characterized by E–W trending mega-scale glacial lineations (MSGL) that record a fast ﬂowing ice stream
draining the Svalbard/Barents Sea Ice Sheet (SBIS) during the Last Glacial Maximum (LGM). MSGL are
overprinted by transverse sediment ridges about 15 km apart which give rise to a staircase axial proﬁle of the
trough. Such transverse ridges are interpreted to be grounding-zone wedges (GZWs) formed by deposition of
subglacial till during episodic ice stream retreat. Sub-bottom (CHIRP) and multi-channel reﬂection seismic
data show that the present-day morphology is largely inherited from the palaeo-seaﬂoor topography at the
time of deposition of the transverse ridges, overlain by a draping glaciomarine unit which in places is over
15 m thick. Our data allow the reconstruction of depositional processes which accompanied deglaciation of
the Spitsbergen Bank area. The sedimentary drape deposited on top of the GZWs is suggested to have
accumulated at a very high rate, (on average in the order of 1–1.5 m ka−1) and therefore may potentially
preserve a high-resolution palaeoclimatic record of deglaciation and post-glacial conditions in this sector of
the Barents Sea.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction
The rate of ice sheet retreat across polar continental shelves, ice
stream collapse and sea-level changes during deglacial periods are
matters of debate (e.g. Alley et al., 2007; Clark and Mix, 2002; Clark et al.,
2001). During deglacial periods deposition of grounding-zone systems,
which include till deltas, morainal banks, grounding-zone wedges
(GZWs), and recessional moraines, appears to be closely related to the
deformation and transport of subglacial sediments to the ice margin.
Nevertheless, our knowledge of the nature of the interface between ice
and sediments is still limited, resulting in only rudimentary understanding of the basal boundary conditions beneath ice streams and the
generation of subglacial bedforms (King et al., 2009). Major unresolved
questions relating to grounding-zone systems include the mechanisms
of ice stream initiation and shutdown, the role that GZW ridges play in
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stabilising and/or inﬂuencing the rate of ice stream retreat, and spatial
and temporal controls on GZW formation. These questions cannot be
answered only through numerical modelling, but require insights from a
wide variety of ﬁeldwork studies within terrestrial and marine
environments. Assemblages of submarine landforms exposed by ice
stream retreat across high-latitude continental shelves and fjords
provide important information on the processes that accompany ice
ﬂow and retreat (e.g. Dowdeswell et al., 2008; Ó Cofaigh et al., 2008).
One important element in the study of ice sheet retreat across polar
continental shelves is the sensitivity of the ice sheet to environmental
changes (temperature, precipitation, and sea level). Ice sheets with a
small catchment area and small ice reservoir, for example the Antarctic
Peninsula, provide a high-resolution record of climate changes and the
most accurate reconstruction of the glacial processes accompanying
advance and retreat of the ice (e.g. Barker and Camerlenghi, 2002;
Domack et al., 2003). Conversely, large ice sheets, such as the East
Antarctic Ice Sheet, may be relatively insensitive to high frequency
climatic changes (Pollard and DeConto, 2005).
The Kveithola Trough glacial-marine sedimentary system is located
in the NW Barents Sea. It is part of the Storfjorden glacial system, with
ice streams that during the last glaciation drained ice from southern
Svalbard in the north and Bear Island in the south (Andreassen et al.,
2008; Fig. 1).

0025-3227/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.margeo.2010.10.018

Please cite this article as: Rebesco, M., et al., Deglaciation of the western margin of the Barents Sea Ice Sheet — A swath bathymetric and subbottom seismic study from the Kveithola Trough, Marine Geology (2010), doi:10.1016/j.margeo.2010.10.018

2

M. Rebesco et al. / Marine Geology xxx (2010) xxx–xxx

Fig. 1. Location map. A) Bathymetry of the Barents Sea based on a composite grid of the IBCAO dataset (Jakobsson et al., 2008) and picks of the seismic seaﬂoor reﬂection on 2D
seismic data obtained from Statoil (Winsborrow et al., 2010). Key locations mentioned in the text are indicated and major ice streams operating at the Last Glacial Maximum are
shown as black and white arrows. The dashed box shows the extent of B. Trough mouth fans are indicated in dark grey; BI TMF: Bear Island Trough Mouth Fan, STMF: Storfjorden
Trough Mouth Fan. B) Shaded relief map of the study area derived from a composite grid of the regional data set compiled by the Norwegian Hydrographic Service with grid cell size
of 500 m (Ottesen et al., 2006) and made available to NICE STREAMS, with superimposed higher resolution (grid cell size 200 m) swath bathymetry data collected within the Italian
EGLACOM and Spanish SVAIS projects. Contours are 50 m between 0 and 500 m depth, and 200 m at greater depths. The solid rectangle indicates the location of the swath data
shown in Fig. 2.

Unlike the glacial system draining the Bear Island Trough, the
Storfjorden–Kveithola system was small and sustained by a relatively
small catchment area (Elverhøi et al., 1998; Mangerud et al., 1998).
The short distance from source of ice to offshore calving areas, and the
small ice volume should reﬂect in a shorter residence time of ice in
this sector of the ice sheet compared to the major ice drainage system
of the Barents Sea (e.g. Svendsen et al., 2004). As a consequence, this
part of the ice sheet can be expected to have responded rapidly to
climatic changes. Furthermore, this glacial system was close to the
Fram Strait, the northern oceanic gateway separating the Arctic Ocean
from the Norwegian–Greenland Sea, which played a fundamental role
in controlling the oceanographic and climatic conditions of the
Atlantic sector of the Northern Hemisphere (e.g. Elverhøi et al.,
1998; Hald et al., 2001; Hebbeln et al., 1998; Rasmussen et al., 2007;
Thiede and Myhre, 1996; Thiede et al., 1998). The rapid, climatically
controlled changes in oceanic circulation in and around the Fram
Strait would have affected sea ice distribution, sea surface temperatures and in turn, the regional scale thermal budget, making it likely
that the development of the Storfjorden–Kveithola glacial margin was
closely related to regional climatic evolution (Faleide et al., 1996;
Solheim et al., 1998; Vorren et al., 1991).
In this study we use multi-beam and shallow seismic data to
describe the morphology and stratigraphy of landforms produced by
ice streaming in the Kveithola glacial trough. The geophysical
investigation of sedimentary deposits documents an episodic glacial
retreat and allows reconstruction of a relative chronology of events.
The ﬁndings indicate a highly dynamic, and possibly long-lasting
Kveithola palaeo ice stream, and are relevant for the Quaternary ice
sheet history in the Svalbard–Barents Sea region.
2. Methods
The data shown in this paper were acquired on board R/V OGSExplora during the EGLACOM (Evolution of a GLacial Arctic COntinental
Margin: the southern Svalbard ice stream-dominated sedimentary
system) cruise between 8th July and 4th August 2008. Data acquisition,
focused on the Storfjorden Fan and Kveithola Trough, included a multichannel seismic (MCS) reﬂection survey and the simultaneous

collection of swath bathymetry and sub-bottom CHIRP (Compressed
High Intensity Radar Pulse) proﬁles.
The swath bathymetry was collected using a hull-mounted RESON
SeaBat 8111 multi-beam echosounder, operating at a frequency of
100 kHz. This system illuminates a swath of 150° on the seaﬂoor, which
consists of 101 individual 1.5° by 1.5° beams with a bottom detection
range resolution of 3.7 cm. The ship speed was generally about 9 knots
but it varied depending on weather and sea conditions. The resulting
horizontal resolution in the Kveithola Trough is of the order of 10 m. The
sub-bottom BENTHOS CAP-6600 CHIRP proﬁler consists of 16 keel
mounted AT 471 transducers and a top side unit, composed of an
analogue ampliﬁer and a data logger. Sweeps range between 2 and
7 kHz.
The acquisition of the MCS data was performed with a 1200 m
digital streamer with 96 channels (spaced 12.5 m) and a 160 cubic
inches array of sleeve guns. Fold coverage was 24, shot interval 25 m
and sampling rate 1 ms. The processing included a t-squared scaling
for spherical divergence correction multi-channel spiking deconvolution, bandpass ﬁltering varying with the water bottom and trace
equalisation.Finally, an integrated interpretation of all data has been
performed using the Kingdom Suite software provided by Seismic
Micro-technology.
3. Landform assemblage in the Kveithola Trough
Compared to adjacent troughs that hosted major ice streams
draining the Svalbard/Barents Sea Ice Sheet (SBIS) during the last
glacial, the Kveithola Trough is relatively small. It is an E–W trending
glacial trough in the north-western Barents Sea (Fig. 1A), nearly
90 km long from the shelf edge to its eastward termination, and less
than 15 km wide. Water depth varies between about 200 and 400 m.
The transverse proﬁle of the trough is U-shaped with relatively steep
ﬂanks (dipping about 2°) and a ﬂat thalweg, about 150 m below the
average depth of the continental shelf seaﬂoor in which it is incised.
The axial proﬁle along the thalweg dips gently towards the shelf edge
and is markedly staircase-like, composed of at least three steps about
15 km apart. On regional bathymetric data (Fig. 1B) compiled by the
Norwegian Hydrographic Service (Ottesen et al., 2006) Kveithola

Please cite this article as: Rebesco, M., et al., Deglaciation of the western margin of the Barents Sea Ice Sheet — A swath bathymetric and subbottom seismic study from the Kveithola Trough, Marine Geology (2010), doi:10.1016/j.margeo.2010.10.018

M. Rebesco et al. / Marine Geology xxx (2010) xxx–xxx

3

Fig. 2. Shaded relief multi-beam bathymetry of the outermost part of the Kveithola Trough showing the presence of MSGL overprinted by transverse ridges (GZW). Grid
spacing = 10 m; vertical exaggeration factor = 7; illumination from NNW. Location of subsequent ﬁgures is also shown.

shows a very fresh morphology terminating abruptly eastward at the
divide between the Spitsbergen Bank and Bear Island topographic
highs (Fig. 1B).
The swath data acquired during the EGLACOM Cruise (Fig. 2)
covers approximately the western third of the Kveithola Trough as it
can be seen in the available regional bathymetric grid. The data
provide an image of the outermost part of the trough, including the
continental shelf edge and its staircase-like bathymetry. The two
outermost bathymetric steps (nearly 400 and 350 m deep, respectively) and the beginning of a third eastward one (less than 300 m
deep) are covered by multi-beam data. Along the axis of the trough,
the seaﬂoor of each step dips gently eastward and is marked by E–W
to ESE–WNW trending mega-scale glacial lineations (MSGL; according to the criteria of Stokes and Clark (1999)) produced at the base of a
westward ﬂowing ice stream which drained the SBIS.
The MSGL are composed of ridges and grooves of variable width
(generally between about 100 and 600 m) and relief generally less
than 15 m (Fig. 3). Many MSGL in the north-western part of the
trough can be followed for about 8 km (Figs. 2 and 3), with a length to
width ratio N10:1. It is worth mentioning that the acquisition runlines
in the inner part of the survey are sub-parallel to the MSGLs.
Nevertheless, the effect of minor residual artefacts caused by
acquisition direction does not hinder the imaging of the MSGL, nor
invalidate their interpretation, which is based also on the appraisal of
the morphology in the north-western part of the trough. The MSGL
are sub-parallel to the ﬂanks of the trough; therefore they are parallel
to each other in the narrower and rectilinear inner part of the trough,
while they are divergent in the outer part widening towards the
continental shelf edge. Here, a fan-shaped ridge over 10 km long and a
few tens of metres high separates two diverging directions of MSGL at
the shelf edge (Fig. 2).
The MSGL are overprinted by transverse sediment ridges, up to 70 m
high, about 15 km apart, that give rise to the staircase axial proﬁle of the
trough (grounding-zone wedges, GZW, sensu Dowdeswell et al., 2008).
They are perpendicular to the streamlined landforms and hence
transverse to former ice ﬂow. They have an asymmetrical axial proﬁle,

with a steep markedly lobate western edge and a gently eastward
dipping surface, and extend for the whole width of the trough (Fig. 3).
The surface of the GZWs and the ﬂanks of the trough are affected by
iceberg-keel grounding that produces a seaﬂoor vertical roughness of
about 1 m. Iceberg plough marks are not linear, but their general trend is
consistently oriented in an E–W direction (trough-parallel) on the
northern ﬂank and in a NNW–SSE direction (shelf edge-parallel) beyond
the shelf edge.
The large scale sub-bottom structure of the Kveithola Trough
landforms is imaged by multi-channel seismic reﬂection. This
indicates that the staircase proﬁle of the trough is generated by an
eastward-thickening acoustically transparent sedimentary wedge in
correspondence to each GZW (Fig. 4). The sedimentary wedges are

Fig. 3. Close-up of swath bathymetry data showing the MSGL (ridges and grooves) and
the lobate westward (downstream) edge of the transverse ridge (GZW2). Iceberg
plough marks on the northern ﬂank of the troughs are also visible. For location see
Fig. 2.
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stacked transparent units (Figs. 2, 6 and 7). Such a reﬂector, located at
the toe of the westward (downstream) steep side of each GZW,
underlies the westward (seaward) termination of the overlying unit.
The present-day seaﬂoor roughness that identiﬁes the MSGL reﬂects
the roughness of D3, the lower boundary of the sedimentary draping
(Fig. 7). It is hence evident from the CHIRP proﬁles that the presentday seaﬂoor morphology is inherited from the palaeo-seaﬂoor
topography at the time of deposition of D3, which is not obliterated
by the subsequent deposition of the sedimentary drape.
4. Discussion
4.1. Morphogenesis
Fig. 4. Multi-channel seismic reﬂection proﬁle IT_EG-06 showing the gross sub-bottom
structure of the Kveithola Trough landforms. An eastward-thickening sedimentary
drape overlies an acoustically transparent sedimentary wedge, which overlies a topset
surface capping the seaward dipping foreset reﬂectors of the prograding Kveithola
Trough mouth fan. For location see Fig. 2.

capped by a sedimentary drape, which also thickens eastwards. The
drape attains 20 ms two-way travel time (TWT), which corresponds
to at least 15 m using the conservative seismic velocity of 1500 m s−1.
The transparent wedge below the ﬁrst step attains a thickness of
nearly 40 ms TWT, corresponding to about 36 m assuming a seismic
velocity of about 1800 m s−1 in this buried unit. These estimations are
based on the interval velocities derived from velocity analysis
performed on semblance plots during the processing of the multichannel seismic data. The sedimentary wedges unconformably overlie
a topset surface capping the increasingly steeper seaward dipping
foreset reﬂectors of the prograding Kveithola Trough mouth fan.
Higher resolution images of the sub-bottom structure provided by
CHIRP data indicate that the draping unit is laterally continuous
throughout the surveyed area (Fig. 5). The continuity of the draping
unit is less clear but still distinguishable on the shallow and outer part
of the transverse ridges (GZW2 and 3), where it is partially masked by
iceberg-keel ploughing. The draping unit is composed of an upper
acoustically homogeneous Unit 1, up to about 10 ms thick, between
the seaﬂoor and internal reﬂector D1, and a lower acoustically
laminated Unit 2, also up to about 10 ms thick, sandwiched between
reﬂectors D1 and D3 (Figs. 5 and 6). In general, the uppermost
reﬂectors of Unit 2 are higher in amplitude than the lower ones
making a further distinction into sub-units a and b possible. Reﬂector
D3 identiﬁes the base of this draping unit and corresponds to the
upper surface of the underlying transparent wedges imaged by multichannel seismic reﬂection.
Within each transparent wedge (within Unit 3) the higher
resolution data show a short reﬂector at the interface between two

MSGL are suggested to be produced by deformation of a subglacial
till layer of low shear strength under fast ice ﬂow velocities typically
found beneath ice streams (Clark, 1993; Clark et al., 2003; Dowdeswell
et al., 2008; Stokes and Clark, 2001). The MSGL found in Kveithola
Trough (showing a variable width ranging from about 100 to 600 m)
may have formed either simultaneously or during successive phases, the
ﬁrst characterized by widely separated ice keels, and the second by
smaller scale keels (see Christoffersen et al., 2005; Clark, 1993).
GZWs are diagnostic of episodic ice stream retreat during
deglaciation (Dowdeswell et al., 2008). Episodic ice retreat has been
previously shown for both the south-western Barents Sea Ice Sheet
(Andreassen et al., 2008) and the NW Fennoscandian Ice Sheet during
the last deglaciation (Laberg et al., 2007; Ottesen et al., 2008). GZWs
differ from morainal bank systems formed during ice margin advances
in the north Norwegian fjords as no zigzag-shaped ridges and
thrusted and folded sediment blocks within the ridges are visible
(Laberg et al., 2007). The morphological and acoustic character
suggest that GZWs in Kveithola Trough formed by deposition of
unconsolidated, saturated subglacial till during temporary stillstands
in grounding-zone position (Ó Cofaigh and Stokes, 2008). The ridges
are clearly superimposed on the MSGL at their base (Fig. 3), testifying
that the formation of these landforms took place within a recessional
trend during the deglaciation phase. The fact that the eastward
(upstream) side of the GZWs is streamlined suggests that active ice
continued to deliver sediments to the margin during the stillstands
(Dowdeswell et al., 2008).
The fan-shaped ridge near the shelf edge separates two diverging
directions of MSGL (Fig. 2). Divergence of lineation sets has also been
already observed in the Barents Sea where a trough reaches a setting
less constrained by valley-side topography (Andreassen et al., 2008;
Ottesen et al., 2006). Such divergence of ﬂow is observed in many
modern ice masses in similar topographic settings. In the former
Larsen B ice shelf on the Antarctic Peninsula, for example, there was a
divergence of ﬂow as the grounded ice streams constrained within the

Fig. 5. CHIRP proﬁle IT_EG-60 showing the sub-bottom characteristics of the Kveithola Trough landforms. The laterally continuous sedimentary drape is composed of an upper
acoustically homogeneous Unit 1 (above reﬂector D1), and a lower acoustically laminated Unit 2 (above reﬂector D3), which is further divided in sub-units a (lower amplitude) and b
(higher amplitude). Transverse ridges (GZW) and MSGL identiﬁed below reﬂector D3 (the lower envelope of the sedimentary draping) are characterized by a transparent facies. For
location see Fig. 2.
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Fig. 6. Close-up of CHIRP proﬁle IT_EG-53 showing the details of the sub-bottom structure. The transparent Unit 3 (below the laterally continuous sedimentary drape composed of
units 1 and 2) is formed by stacked transparent units separated by a short reﬂector. Such a reﬂector is detectable at the toe of the westward (downstream) steep side of each GZW).
For location see Fig. 2.

tributary glacier troughs entered the ﬂoating ice shelf (Glasser and
Scambos, 2008). It is hence quite normal that Kveithola palaeo-ice
stream diverged at the shelf edge, where it was less constrained by
valley-side topography and where it started to ﬂoat. We consider it
unlikely that the MSGL divergence reﬂects the existence of two
subsequent ice streams or two concurrently adjacent ones, given the
absence of evidence for crosscutting MSGL and the fan-shaped
geometry of the ridge, which differ from the generally long and
straight shape of shear and interlobate moraines. The fan shape of the
ridge, markedly different from the transverse GZW that we observe in
the inner part of the trough, can be more sensibly explained by an
embayement of the grounding line where it is no more constrained by
valley-side topography. We hence interpret the fan-shaped ridge as a
genuine GZW (GZW1) deposited when the grounding-zone was
located close to the shelf edge during the LGM or during the earliest
stage of deglaciation. The sediments below the topset surface (Fig. 4)
represent successive phases of trough mouth fan progradation and
westward shift of the continental shelf edge by deposition of topset
beds composed of basal till at the base of the ice streams and foreset
beds formed by release of till at the grounding line (at the time it was
close to the shelf edge) and subsequent remobilization by debris ﬂows
(Andreassen et al., 2007; Vorren et al., 1989; Winsborrow et al., 2010).
The sedimentary drape overlying both MSGL and GZW ridges
reﬂect hemipelagic settling of suspended particles once grounded ice
had retreated completely from the shelf. A minor contribution from
small-scale turbidity current activity cannot be ruled out, though
inconsistent with the draping character. The result is a continuous
layer of soft glaciomarine sediments (Fig. 5). The recessional character
of the GZW ridges (younger eastward), suggests that the eastward
(upstream) thickening of the sedimentary drape must be explained
with a higher sediment input rather than a longer exposure to
sedimentation.

Fig. 7. Close-up of CHIRP proﬁle IT_EG-60 showing the sub-bottom details of the
sedimentary drape. The present-day seaﬂoor roughness that identiﬁes the MSGL
reﬂects the roughness of the upper boundary of the transparent units. This indicates
that the present-day seaﬂoor morphology is inherited from a palaeo-seaﬂoor
topography, and has not been obliterated by the subsequent draping. For location see
Figs. 2 and 5.

The short reﬂectors within the transparent unit 3 at the downstream toe of the GZW (Figs. 6 and 7) may result, as reported by
Ó Cofaigh et al. (2005) and Evans et al. (2006), from the interface
between two till layers with different acoustic properties: underlying
stiff subglacial till and overlying softer (deformation) till. We hence
infer that these reﬂectors correspond to the interface between the
deformed till deposited by debris ﬂows released at the front of a GWZ
and the stiff till of the former GWZ. Considering that GZW formation
likely required stillstands of hundreds of years (Dowdeswell et al.,
2008; Ó Cofaigh et al., 2008), we also speculate that the interfaces
between successive GZW contain thin layers of hemipelagic or
glaciomarine sediments deposited in the interval of time between
ice retreat (from the previous GZW) and till remobilization by debris
ﬂows (at the front of the successive GZW).

4.2. Relative sequence of events
The observed glacial landform assemblage, with transverse GZW
ridges overprinting MSGL (Figs. 2 and 3), is diagnostic of episodic
deglaciation, with subsequent grounding events punctuating rapid ice
stream margin retreat (Dowdeswell et al., 2008; Ó Cofaigh et al.,
2008). Streamlining of the eastward (upstream) GZW surface
demonstrates that the ice stream remained grounded and active
throughout its retreat, and that this was rapid enough to prevent
obliteration of the MSGL. We speculate that the rapid retreats were
likely associated with lift-off of the grounded ice induced by the rapid
global sea-level rise, though the absence of dating constraints
prevents a match with sea-level curves for deglaciation.
The GZW ridges overprinting MSGL within the Kveithola Trough are
similar to glacial landforms identiﬁed elsewhere on the Norwegian–
Svalbard margin (Andreassen et al., 2008; Ottesen et al., 2006). At or
close to the shelf break, GZW ridges oriented transverse to the direction
of ice ﬂow, and therefore usually parallel to the continental shelf edge,
are generally interpreted to be terminal moraines recording the furthest
advance of full-glacial ice. Inshore of the shelf break, MSGL overprinted
by arcuate GZW ridges commonly tens of m high and tens of km wide
(e.g. Bear Island Trough end moraine zone) are indicative of ice margin
stillstands during deglaciation. Transverse ridges are also found within a
few kilometres of many tidewater glacier margins offshore Svalbard.
There, unbounded arcuate GZW ridges record the ice-front positions
during the Little Ice Age ~100 years ago, whereas linear GWZ ridges
overprinting MSGL in more inshore positions within the troughs, record
stillstands during ice margin retreat (see e.g. Hinlopen Glacier in ﬁg. 10
of Ottesen et al., 2006).
Within the surveyed area, the laterally continuous glacigenic
sedimentary drape (Fig. 5) is over 15 m thick (Figs. 6 and 7), suggesting
that the average post-ice retreat sedimentation rate has been very high.
This thick sedimentary layer does not obscure the underlying glacial
landforms, which are obvious where not masked by subsequent
grounding of iceberg-keels. The striking preservation of subglacial
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streamlined landforms in Kveithola Trough is probably due to relatively
limited iceberg ploughing.
Below the glacigenic drape, at least three grounding events are
detected above the topset reﬂectors of the Pleistocene trough mouth
fan progradation units in Kveithola Trough: 1) deposition of the
streamlined landforms that reached the shelf edge (including the
fan-shaped ridge at the mouth of the trough, GZW1); 2) deposition,
about 15 km eastward of the shelf edge, of the transverse GZW2,
which overprints the MSGL of the preceding event; and 3) deposition,
about 15 km further eastward, of GZW3, which in turn overprints the
MSGL on the eastward side of GZW2. Additional GZW ridges may be
present eastward of the surveyed area.
4.3. Dating uncertainties and need for further work
It is widely accepted that the deglaciation of the western Barents Sea
begun soon after the LGM in the Storfjorden and Bear Island troughs
(Landvik et al., 1998; Rasmussen et al., 2007; Slubowska-Woldengen et
al., 2008), and that the Spitsbergen Bank was deﬁnitively deglaciated at
the start of the Holocene (Elverhøi et al., 1995; Jessen et al., 2010;
Landvik et al., 1998; Wohlfarth et al., 1995). However, there is uncertainty about the grounded ice extent during the Younger Dryas. Most
reconstructions indicate widespread ice-free conditions (e.g. Mangerud
and Landvik, 2007; Mangerud et al., 1998). Others suggest a larger
extent with ice caps centered on Spitsbergen and Stor banks that
persisted for some thousands years, at least until the Bølling–Allerød
(e.g. Bradley and England, 2008; Landvik et al., 1995, 1998; Svendsen et
al., 2004).
The question whether an ice cap persisted there until the Younger
Dryas cannot be answered by our dataset until direct age data is
available. However, we note with interest that the average post-ice
retreat sedimentation rate in Kveithola Trough seems to have been
very high: estimated to be between over 115 cm ka−1 (assuming that
the deglaciation was completed at the beginning of the Bølling–
Allerød) and 150 cm ka−1 (assuming that it was completed at the end
of the Younger Dryas).
We plan to sample this sedimentary succession, which may be of
pivotal signiﬁcance for high-resolution palaeoclimatic reconstructions
in the western Barents Sea area, and the interfaces between the
successive GZW, which (if our inferences are correct) are comprised
of glaciomarine or hemipelagic sediments that will provide the dating
of ice retreat events in this part of the Barents Sea.
5. Summary and conclusions
The EGLACOM acoustic data collected in Kveithola Trough show
the presence of E–W trending mega-scale glacial lineations with
length to width ratio N10:1, which recorded the fast ﬂow of an ice
stream draining the Svalbard/Barents Sea Ice Sheet (SBIS) during the
Last Glacial Maximum (LGM). Subsequent transverse sediment ridges
interpreted as grounding-zone wedges (GZW) formed by deposition
of unconsolidated, saturated subglacial till indicate episodic ice
stream retreat during deglaciation.
We hence suggest the following sequence of events for the northwestern Barents Sea since the late Pleistocene:
1) Similar to what is already known for Storfjorden and Bear Island
troughs, a palaeo-ice stream extended to the shelf edge within
Kveithola Trough during multiple advances, up to the LGM.
Through deposition of basal till and debris ﬂow deposits, this ice
stream induced a few kilometres of shelf edge progradation
(Fig. 4) and contributed to the building of the southernmost part of
the Storfjorden Trough Mouth Fan;
2) A fan-shaped ridge at the mouth of the Kveithola Trough was
deposited along with other streamlined landforms close to the
shelf edge during early stages of deglaciation (Fig. 2).

3) Transverse GZW ridges about 15 km apart were deposited during
successive stillstands which punctuated the 90-km retreat of ice
stream margin (Fig. 5). Retreats between stillstands were rapid
enough to prevent obliteration of the MSGL on the eastward
(upstream) side of GZW ridges. Perhaps they were associated with
rapid lift-offs of the grounded ice induced by rapid global sea-level
rises.
4) The deposition of the GZW ridges likely required stillstands of
hundreds of years. During each stillstand, a thin hemipelagic or
glaciomarine sedimentary drape was possibly deposited on the
previously deposited GZW, and would now correspond to the
reﬂector at the interface between successive GZW (Figs. 6 and 7).
An ice cap persisted on the shallow Spitsbergen Bank during this
stage.
5) After complete deglaciation of the Kveithola Trough, a glaciomarine
sedimentary drape about 15 m thick (Figs. 6 and 7) was deposited at
a very high average sedimentation rate, which can be estimated
between over 115 cm −1 (assuming that the deglaciation was
completed at the beginning of the Bølling–Allerød) and 150 cm ka−1
(assuming that it was completed at the end of the Younger Dryas).
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