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Abstract The northeastern high-latitude North Atlantic is
characterised by the Bellsund and Isfjorden fans on the
continental slope off west Svalbard, the asymmetrical
ultraslow Knipovich spreading ridge and a 1,000 m deep
rift valley. Recently collected multichannel seismic profiles
and bathymetric records now provide a more complete
picture of sedimentary processes and depositional envi-
ronments within this region. Both downslope and alongs-
lope sedimentary processes are identified in the study area.
Turbidity currents and deposition of glacigenic debris flows
are the dominating downslope processes, whereas mass
failures, which are a common process on glaciated mar-
gins, appear to have been less significant. The slide debrite
observed on the Bellsund Fan is most likely related to a
2.5-1.7 Ma old failure on the northwestern Barents Sea
margin. The seismic records further reveal that alongslope
current processes played a major role in shaping the sedi-
ment packages in the study area. Within the Knipovich rift
valley and at the western rift flank accumulations as thick
as 950-1,000 m are deposited. We note that oceanic
basement is locally exposed within the rift valley, and that
seismostratigraphic relationships indicate that fault activity
along the eastern rift flank lasted until at least as recently as
1.5 Ma. A purely hemipelagic origin of the sediments in
the rift valley and on the western rift flank is unlikely. We
suggest that these sediments, partly, have been sourced
from the western Svalbard—northwestern Barents Sea
margin and into the Knipovich Ridge rift valley before
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continuous spreading and tectonic activity caused the
sediments to be transported out of the valley and westward.
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Introduction

The northern North Atlantic (Fig. 1) provides a region to
study Cenozoic variations in ocean circulation, erosion,
sedimentary processes and depositional environments in
relations to tectonic events. The prominent Mid-Atlantic
spreading ridge (Fig. 1) stretches for a distance of about
1,800 km through this part of the Atlantic Ocean and has
over the last 55 million years shaped the Norwegian-
Greenland Sea into its present configuration. Through its
development, the ridge affected sediment distribution and
source areas (Skogseid and Eldholm 1989; Eldholm et al.
1994; Bruvoll et al. 2009). The Fram Strait and the
Greenland-Scotland Ridge (Fig. 1), which limit the Nor-
wegian-Greenland Sea towards north and south, represent
significant gateways that during their Miocene opening and
subsidence (Engen et al. 2003; Stoker et al. 2005) influ-
enced oceanic circulation and depositional processes on
both regional and global scale.

The continental margin off west Svalbard and the
ultraslow Knipovich spreading ridge is the focus of this
study (Figs. 1, 2). The availability of multichannel seismic
transects, stretching from the continental shelf and across
the Knipovich Ridge, now make it possible to get a more
complete picture of a shallow to deep sea depositional
system. The seismic profiles, in addition to bathymetric
records, also document the structural setting and sedi-
mentary record within a rift valley in much larger detail
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Fig. 1 Bathymetric map of the northern North Atlantic. Red box
indicates study area. Yellow line represents position of geoseismic
profile shown in Fig. 2c. BF Bjgrngya Fan, FS Fram Strait, GSR

than previously possible. The objectives of this paper is
thus to: (1) establish a seismic stratigraphy for the sedi-
mentary succession within the study area, (2) describe rift
valley structures and sediment infill, (3) map out the sed-
iments on the western flank of the Knipovich Ridge, (4)
study seismic facies in order to identify sedimentary pro-
cesses and in which places along the margin each of these
processes are active, and (5) extend our knowledge on
processes and depositional environments on glacial-
dominated continental margins.

Background

The opening of the northern North Atlantic (Fig. 1)
occurred at the Paleocene-Eocene transition and took place
in two stages, reflecting the change from a three- to two-
plate configuration (e.g. Talwani and Eldholm 1977).
During the first stage the region between Greenland and
Svalbard (Fig. 1) did not open but moved along a conti-
nent—continent mega-shear zone. In the early Oligocene, the
relative plate motion changed to a more east-westerly trend.
This caused a northward opening of the Greenland Sea, first
by continental extension and finally by sea floor spreading
along the Knipovich Ridge (e.g. Mosar et al. 2002).

The Knipovich Ridge (Fig. 1), which s characterised by a
1,000-2,000 m deep rift valley and a sea floor depth ranging
between 2,500 m and 3,800 m, has been classified as an
ultraslow spreading ridge (Dick et al. 2003). An important
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characteristic of ultraslow spreading ridges is that their axes
are made up of a series of linked magmatic and amagmatic
accretionary segments. The rift valley of the Knipovich
Ridge is no exception to this trend; it is segmented into
extensional basins bounded by narrow, volcanically active
and tectonically modified axial highs (Crane et al. 2001).
The spreading direction along the Knipovich Ridge is
NNW-SSE, which is highly oblique to the rift axis. At
present, the spreading rates along the Knipovich Ridge are
slower in the north than in the south; estimated at 11.2 and
12.3 mm/year (full rates), respectively (Dick et al. 2003).
Kandilarov et al. (2008) have shown that the Knipovich
Ridge spreading rates have varied between 11 and 16 mm/
year (full rates) through time. The magnetic anomalies
generated around the Knipovich Ridge are diffuse. This is
probably related to factors such as high heat flow and sed-
iment loading (Engen et al. 2003). We note, however, that
Anomalies 5 (9.8 Ma; Cande and Kent 1995), 6 (19.6 Ma)
and 7 (24.6 Ma) have been identified in a distance between
c. 50 and 150 km from the Knipovich Ridge rift valley
(Fig. 2a) (Engen et al. 2008; Kandilarov et al. 2008, 2010).
The continental slope off west Svalbard is characterised
by Late Plio-Pleistocene fan complexes (e.g. Vorren et al.
1998). These fans have been deposited in front of troughs
on the continental shelf (Fig. 2a) and they are strongly
related to the glaciation history of the Barents Sea-Svalbard
region. Recently, it has been suggested that the growth of
the Barents Sea-Svalbard ice sheet have occurred in three
stages (Knies et al. 2009): (1) An initial stage, between
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<« Fig. 2 a Study area. Location of interpreted MCS profiles are shown
by black lines, EM300 bathymetric coverage is outlined by red box,
trough mouth fans are shown by a light grey colour, whereas the
position of the Knipovich Ridge (KnR) rift valley is indicated by a
dark grey zone. Positions of magnetic anomalies (A5-A7), shown by
brown stippled lines, are from Kandilarov (2010). Blue stippled line
show location of geoseismic profile shown in c¢. Bathymetry in
meters. Figure location shown in Fig. 1. BS Bellsund, BeF Bellsund
Fan, HR Hovgaard Ridge, IF Isfjorden Fan, KF Kongsfjorden Fan, SF
Storfjorden Fan. b Seismic sequence stratigraphy (Faleide et al. 1996)
and ages (Butt et al. 2000) used in this study. RI-R7: Identified
sequence boundaries; GO-GIII: Identified sequences. ¢ Interpreted
seismic transect from the Barents Sea-Svalbard margin. R1-R7:
Identified sequence boundaries. Crossing with seismic profiles in
Figs. 3a and 6a are shown by grey lines. Profile location in Fig. 1 and
a. Figure modified from Faleide et al. (1996). d Examples of main
seismic facies in the study area. (1) Chaotic facies (slide debrites), (2)
Parallel facies (glacimarine/hemipelagic sediments), (3) Migrating/
Mounded facies (contourites)

3.6 Ma and 2.4 Ma, with mountain and coastal glaciations,
(2) a transition phase, between 2.4 Ma and 1.0 Ma, where
the Barents Sea-Svalbard ice sheet periodically extended
onto the continental shelf, and (3) a final phase after
1.0 Ma, with repeated ice sheet advances to the shelf edge.

Data and methods

This work is based on 2D multichannel seismic (MCS)
profiles and bathymetric records collected by the Univer-
sity of Bergen in 1999 and 2004 (Figs. 2a, 3, 4, 5, 6). The
EM300 bathymetric records were acquired by R/V G.O.
Sars in 2004 and cover about 1,500 km? of the Knipovich
Ridge (Fig. 2a). The EM300 data were processed using a
grid size of 50 x 50 m. The seismic profiles have a total
length of 500 km. The main focus in this study will be the
MCS profiles that stretch from the continental shelf to the
deep ocean off Isfjorden and Bellsund (Fig. 2a).

The MCS data were acquired with a 3 km long streamer,
containing 240 recording groups with 12.5 m spacing. The
recording was done using 3 Hz low (18 db/octave) and
180 Hz high (72 db/octave) cut filters. A tuned airgun array
composed of 7 airguns as source was used throughout the
survey. The shot-point interval performed was 50 m
whereas the sampling interval and recording length were
2 ms and 12 s(two-way travel time [twt]), respectively.
The vessel speed during acquisition was 4.5 kt. The seis-
mic data set was processed in 2004 by the Russian
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Fig. 3 a MCS transect from off Isfjorden. Interpreted sequence
boundaries, R1-R7, are shown. WD Water depth. Profile location in
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distribution and fault pattern within, and at the flanks, of the
Knipovich Ridge rift valley. Profile location in a. d Sediment
distribution and fault configuration west of the Knipovich Ridge rift
valley. Profile location in a
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Fig. 5 Sediment distribution and fault-pattern characteristic along the Knipovich Ridge rift valley off Isfjorden. Profile location in Fig. 2a

company Sevmorgeo, following a standard workflow for
seismic processing.

The processed MCS seismic profiles have a satisfactory
signal-to-noise ratio for seismic interpretation. The profiles
have a dominant frequency spectrum of 40 Hz and 30 Hz
in their upper and lower parts, respectively (Amundsen
2008). By using an interval velocity of ~1.7 km/s
(Kandilarov et al. 2008) the vertical resolution is thus
about 10 m for the upper sediment layers. For the
lower part of the sedimentary succession the vertical res-
olution is reduced to ~48 m, assuming a velocity of
~5.7 km/s (Ljones et al. 2004). Petrel v. 2007.1.1, from
Schlumberger, was the primary software used for the
interpretation of the seismic profiles. For conversion to
sediment thicknesses and depths in metres a velocity of
1,800 m/s has been used throughout the paper.
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The MCS profiles in this study have been tied to the
interpreted seismic profiles which Faleide et al. (1996)
applied in their establishment of a regional stratigraphical
framework for the entire Barents Sea-Svalbard margin
(Fig. 2c). Based on seismic correlation to wells, Faleide
et al. (1996) also added a chronology to their seismostra-
tigraphy. The chronostratigraphy has later been revised by
Butt et al. (2000), based on analyses of ODP Site 986
(Fig. 2b). As our MCS profiles cross the interpreted seis-
mic profiles by Faleide et al. (1996) (Figs. 2c, 3a, 6a) a
well constrained seismostratigraphy is obtained for our
seismic data base. The seismostratigraphy encompasses
four main sedimentary sequences (GO-GIII) bounded by
sequence boundaries R7-R1 (Fig. 2b), where the R7
sequence boundary represents the change from mountain
ice sheets to continental shelf extending ice sheets.
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Results

The seismic tie to the established seismostratigraphy
along the Barents Sea-Svalbard margin infer that most of
the sediments deposited on the western Svalbard conti-
nental slope are very young, i.e. of Late Pliocene and
Pleistocene age (Figs. 2c, 3a, 6a). The identified pre-
glacial sequence in the seismic profiles drapes the base-
ment relief and is characterised by parallel reflectors on
the upper continental slope, whereas sub-parallel reflec-
tors and a hummocky seismic facies are observed down-
slope.

The sub-sequence that is bounded by reflectors R7
and R6 contains parallel reflectors and off Isfjorden this
sub-sequence shows a westward thinning. Further south
on the margin the R7-R6 sub-sequence comprises a
chaotic seismic pattern (Figs. 2d, 6a, 6b). The sub-
sequence is, in this region, showing a thickening from
135 m near the shelf edge to 610 m at the middle slope
before thinning again to 125 m on the lower slope
(Fig. 6a).

The upper sedimentary succession on the continental
slope, i.e. the sediments deposited between Reflector R6
(Figs. 3b, 6b) and the seabed are commonly characterised
by parallel and sub-parallel reflectors that display medium

to high amplitudes (Fig. 2d). A migrating seismic pattern is
however observed in the sub-sequence bounded by reflec-
tors R6 and RS off Bellsund (Fig. 6b). Reflector RS defines
a prominent unconformity, termed URU in previous studies
(e.g. Solheim et al. 1996), that is observed all along the
studied continental margin. We also note that both
Reflector RS and Reflector R6, which hold ages around
1.5 Ma, are intersected by faults nearby the ridge axis
(Fig. 3b).

Rift valley: structural setting and sedimentary records

Well defined terraces surround the Knipovich Ridge rift
valley. These half-grabens comprise thick sediment layers
and the bounding faults are deeply rooted into oceanic
basement (Figs. 3a, b). The faults are dipping towards the
ridge axis. Both the fault pattern and the topographical
relief around the rift valley are asymmetric (Figs. 3, 4).
Comparing the water depth on either sides, the rift moun-
tains east of the rift valley are located at c. 2,700 metres
below seafloor (mbsf) while the rift mountains on the
western side are lying at c. 1,900 mbsf (Fig. 3a). Further,
the faults on the eastern side of the rift valley have dips
between c. 30° and c. 40°, whereas faults on the western
valley flank have dips between 20 and 25°.

a Knipovich Ridge Bellsund Fan Continental shelf
rift valley ”
1 A/@
Fig. 6b A i

= Fig.6d kL e
= o
= I

3 o
(2] -

/ -
T
5 5 ~1 km
£
Southwest < —10km Northeast
14
GI-GllI
= WD: 2300 m WD: 2600 m
3 Units 1-3 |
< 3|
» (GE}
[R7]
GO
Basement
, N Basement K ~1km
5 1 Fault dip: 20°-25° — + Fault dip: 30°- 40° )
o ~10 km
Southwest I —_— Northeast

Fig. 6 a Sediment distribution and faulting characteristics along the
Bellsund seismic transect. R1-R7 Interpreted sequence boundaries,
GO-GIII Identified sequences, WD Water depth. Profile location in
Fig. 2a. b MCS example from the lower continental slope off
Bellsund, showing possible slide debrite in the GI sequence. Inserted
is image showing possible current influenced sediments. R1-R7

Interpreted sequence boundaries, GO-GIII Identified sequences.
Profile location in a. ¢ Seismic example across the Knipovich Ridge,
showing a rift valley almost empty of sediment. Profile location in
a. d Seismic example showing seismic facies characteristics west of
the Knipovich Ridge rift valley. Three distinct sedimentary units,
U1-U3, are interpreted. Profile location in a

@ Springer



448

Mar Geophys Res (2011) 32:441-453

b Bellsund Fan

Contourite

Slide debrite

s (twt)

2 km
5{ West

East

s (twt)

Knipovich Ridge rift valley

Sediment infill

a
©
o
o] i
© B
(m) ez
2 km
West TR East
d Western flank of Knipovich Ridge

s (twt)

West

East

Fig. 6 continued

The bathymetric data acquired in the northern part of the
study area (Figs. 2c, 4) clearly display the topography in
this part of the rift valley, showing that the western and
eastern side of the valley fit well together. The sea floor
along the central part of the rift valley is flat and is lying at
a water depth of 3,400 m. The valley is filled in with a
sedimentary succession that reaches a maximum thickness
of ~350 m in the centre of the valley and which increase
to ~650 m and ~550 m at the western and eastern parts,
respectively (Fig. 3c). The rift valley deposits rest

@ Springer

conformably upon the basement surface and are commonly
characterized by medium to high amplitude, parallel to
sub-parallel reflectors (Fig. 2d). An acoustically transpar-
ent sediment unit is, however, observed in this acoustically
well laminated sedimentary succession. This unit can be
traced westwards up into the terraces located at this side of
the valley, reaching a maximum thickness of ~ 160 m
(Fig. 3c).

In the northernmost MCS profile off Isfjorden (Fig. 2a)
the rift valley is filled by a sedimentary section that reaches
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a maximum thickness of 950 m (Fig. 5). We note that the
rift valley comprises a set of faults, intersecting both the
sedimentary succession and the oceanic basement. The rift
valley sediments are characterised by reflectors that appear
to be laterally extensive across the entire width of the
valley, noting that the reflectors in the middle and eastern
part of the valley display lower amplitudes compared to the
western side.

Further south along the Knipovich Ridge, i.e. off
Bellsund, the rift valley seems to have a thinner accu-
mulation of sediments compared to observations off Isf-
jorden. We note that oceanic basement is exposed in the
centre of the valley (Fig. 6¢). The largest accumulation of
sediments is found on the eastern side of the valley,
where the deposits reach a maximum thickness of
~330 m. This succession consists of eastward dipping
sub-parallel strata in its upper part and chaotic layering in
its lower part. Even though a section of data is missing, it
appears that an up to 250 m thick sediment wedge has
been deposited also at the western side of the rift valley
in this region.

Western flank of Knipovich Ridge

In the northern part of the study area extensive faulting at the
west flank of the Knipovich Ridge has created half-grabens
in which an up to 900-1,100 m thick sediment succession
have accumulated (Figs. 3a, d). These faults appear to be
growth faults, along where sediments have been deposited
contemporaneously with the fault movement. We note that
the sedimentary package contains parallel to sub-parallel
reflectors that locally are intersected by faults. The reflectors
are commonly of low to medium intensity. High amplitude
reflectors are, however, locally observed.

A lens, having a maximum thickness of about 500 m, is
the most characteristic accumulation west of the spreading
ridge in the southern part of the study area (Fig. 6d). The
lens comprises three distinct units, termed units U1-U3.
Unit Ul is characterised by parallel and sub-parallel
reflectors and reaches a maximum thickness of c. 100 m.
Unit U2 is up to 250 m thick and displays an acoustic
chaotic seismic pattern, whereas Unit U3 is an acoustic
well-laminated unit that drapes Unit U2. We note that
faults intersect the seabed and have displaced the sedi-
mentary succession within this area (Fig. 6d).

Discussion

Since 3.5 Ma the studied region has been strongly influ-
enced by the intensification of the glaciations within the
area (Knies et al. 2009). A predominately glacial origin is
therefore inferred for the entire continental slope

sedimentary succession deposited between Reflector R7
and the seafloor.

Commonly, the sediment package deposited on the
continental slope off west Svalbard is characterised by
parallel to sub-parallel reflectors. However, in two places
along the margin the seismic facies deviate from this trend
(Fig. 6). The acoustic chaotic nature of sub-sequence
R7-R6 on the Bellsund Fan (Fig. 6b) has been described in
several studies (e.g. Schliiter and Hinz 1978; Eiken and
Austegard 1987; Eiken and Hinz 1993). We follow the
interpretation by Faleide et al. (1996) and suggest that mass
movements have caused the chaotic seismic facies
observed. There is, however, some ambiguity regarding the
slide source area. We note that the R7-R6 sub-sequence on
the Storfjorden Fan (Fig. 2b) shows the same chaotic
seismic pattern as that on the Bellsund Fan (Faleide et al.
1996; Hjelstuen et al. 1996). Thus, the slide material on the
Bellsund Fan might be related to a slide initiated on the
Barents Sea-sourced Storfjorden Fan (Fig. 7a). Such a
scenario would also explain the R7-R6 sub-sequence
sediment composition as observed in ODP Site 986
(Fig. 2a), where low carbonate content, relatively high
smectite content, and paleontological evidence indicate a
Barents Sea origin (Forsberg et al. 1999). This interpreta-
tion is also supported by the foraminifera assemblage,
indicating that the R7-R6 sediments nearby the Knipovich
spreading ridge have been transported from shallower
water depths (Solheim et al. 1998).

Within the R6-R5 sub-sequence off Bellsund we
observe a wavy seismic pattern (Fig. 6b). This seismic
facies is typical for contourite deposits (Faugeres et al.
1999; Rebesco and Stow 2001). The presence of contou-
rites at the western Svalbard margin has been reported in
various studies (e.g. Eiken and Hinz 1993; Hustoft et al.
2009; Petersen et al. 2010). Based on mineralogical data
from ODP sites 908 and 909 in the Fram Strait (Fig. 1),
Wolf-Welling et al. (1996) suggested that the West Spits-
bergen Current reached the Fram Strait episodically during
Plio-Pleistocene (between 1.9 and 1.2 Ma). Thus, this
influx of water masses along west Svalbard could have
created environments for contourites to develop (Fig. 7b).
We note that similar contourite-like deposits are not
observed in the northern part of the study area, i.e. at the
Isfjorden Fan.

Stacks of repeated units of glacigenic debris flows
(GDFs), turbidites and water-lain sediments define the
parallel and sub-parallel seismic facies which dominate the
GI-GIII sequences (Figs. 2d, 3, 6) (Solheim et al. 1998;
Forsberg et al. 1999; Escudia et al. 2000; Jessen et al.
2010). GDFs represent building blocks of trough mouth fan
complexes, and is up to 200 km long, <50 m thick and
1-40 km wide flows deposited only during shelf edge
glaciations (King et al. 1998; Vorren et al. 1998; Nygard
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et al. 2005). GDF deposition occurred frequently during the
late Plio-Pleistocene time period along the Svalbard margin
(Forsberg et al. 1999). Analyses of shallow sediment cores
(Andersen et al. 1996), in addition to the 950 m long ODP
Site 986 (Fig. 2a) (Forsberg et al. 1999), show that tur-
bidity currents are a repetitive sediment process at the
western Svalbard margin. The turbidites are typically some
tens of cm in thickness, and it is inferred that turbidity
currents have been the most significant down slope sedi-
ment transport mechanism during the last 1.0 Ma within
the study area (Shipboard Scientific Party 1996). Recent
studies have shown that turbidites, commonly, are associ-
ated with submarine channels or canyons (Taylor et al.
2000; o} Cofaigh et al. 2004; Haflidason et al. 2007). Such
settings are not observed along the western Svalbard
margin. Turbidity currents might, however, have been
initiated in association with the larger-scale slide events
within the study area, in a similar way as the turbidites
generated during the Holocene Storegga Slide event on the
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Identified sequence boundaries, GO—GIII Indentified sequences. Red
arrows indicate spreading directions. Spreading rate (~6 mm/year)
from Kandilarov et al. (2008)

Norwegian margin (Haflidason et al. 2004). Between the
GDF and turbidite units, 40-50 cm thick layers of hemi-
pelagic and meltwater deposits have accumulated in rela-
tion to interglacial and deglaciation periods, respectively
(Jessen et al. 2010). We note that the parallel-subparallel
seismic facies locally show a mounded seismic pattern, and
account for that turbidites, GDFs, hemipelagic sediments
and meltwater deposits might have been influenced by
currents during and after deposition.

Only a thin sediment cover, reaching a maximum
thickness of 330 m, is observed in the rift valley off
Bellsund at present (Fig. 6¢). This could be due to mag-
matic intrusions and extrusions in an active part of the
ridge, masking underlying sediment layers. In the rift val-
ley off Isfjorden an up to 950 m thick sediment accumu-
lation is identified (Fig. 3c). Similar thicknesses are
deposited on the uplifted plateaus on the western side of the
Knipovich Ridge (Figs. 3d, 5, 6d). We note that the
evolved rift valley mountains on either side of the rift
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valley are at different water depths (Figs. 3a, 6a). The
water depth difference is largest, about 800 m, in the
northern part of the study area. Similar observations have
been made at the Knipovich-Mohns spreading ridge bend
(Fig. 1; Bruvoll et al. 2009). Such depth differences might
partly be related to the variability in sediment loading
(Figs. 3a, 6a). Bruvoll et al. (2009) concluded, however,
that tectonic activity has been the most significant factor in
shaping the western and eastern rift mountains, and that
sediment overburden has played a minor role. We note that
the R6 and R5 sequence boundaries off Isfjorden are
intersected by faults (Fig. 3b), indicating that tectonic
activity within the region lasted until at least 1.5 Ma.

A purely hemipelagic origin of the sediments in the rift
valley and on the wester rift flank are unlikely, considering
the very slow sedimentation rates for such deposits com-
pared to the relatively young age of the oceanic crust
(Fig. 2a). From ODP Site 918, off southeast Greenland,
hemipelagic depositional rates are estimated to about
2 cm/ka (Solheim et al. 1998). Applying this rate to the
~ 1,000 m thick unit on the North American tectonic plate
off Isfjorden (Fig. 5), an age of about 50 Ma is estimated
for these deposits. If using a half-spreading rate of 5.5 mm/
year (Kandilarov et al. 2008) we note, however, that the
oceanic basement in this region is only about 3.5-4.5
million years old.

Eiken and Hinz (1993) suggested a possible current-
controlled origin both for the sediments in the rift valley
and for the sediments on the western flank of the Knipovich
Ridge. We estimate depositional rates as high as 2040 cm/
ka for these sediments, and note that Laberg et al. (2001)
found similar rates for current-related depositions on the
Norwegian continental margin. Even though a presence of
contourites cannot be proven for the successions in, and
west, of the Knipovich Ridge off Bellsund, indications of
current influence are observed in the upper sediment layers
on the western ridge flank off Isfjorden (Figs. 3a, d, 5).

The high sedimentation rates for these deposits and the
proximity to Svalbard may also indicate an easterly source
area for the sediment accumulation in the rift valley and
at the western rift flank. Bruvoll et al. (2009) suggested a
depositional model in which sediments were trans-
ported from the SW Barents Sea continental slope into,
and across, the Mohns-Knipovich spreading ridge bend
(Fig. 1). This happened before the spreading, uplift, and
rotation of the faults were significant enough to isolate the
depositional basins on the North American tectonic plate
from further sediment influx from the east.

This scenario, where sediments on the western side of
the Knipovich spreading ridge were sourced from the east,
may be reflected in the MCS-transect off Bellsund. A
seismically chaotic sediment sequence, i.e. Unit U2, is here
observed (Figs. 6a, d). This sequence may be indicative of

slide debrites. Between c. 2.5 Ma and 1.7 Ma a failure
occurred on the Storfjorden Fan (Hjelstuen et al. 1996)
(Fig. 7a). The slide material from this failure was most
likely transported north-northwestward towards the Bells-
und area, and was deposited both on the continental slope
and within the rift valley that existed at that time. As the
sea floor spreading and tectonic activity continued the
sediment in the rift valley was lifted out of the valley and
transported westward with the North American tectonic
plate with a rate of about 6 mm/year (Figs. 7b, c) .

The acoustic well-laminated pattern observed in the rift
valley and at the western rift flank most likely represent
similar deposits as those identified by groundtruthing on
the western Svalbard continental slope (Andersen et al.
1996; Jessen et al. 2010), i.e. turbidites and GDFs, that had
their source area at the Svalbard margin, and hemipelagic
and meltwater deposits. As stated above, contour-con-
trolled currents have probably also transported sediments
into the study area; in addition to that they performed
reworking on already deposited sediments.

Summary and conclusions

In this study, MCS profiles and bathymetric records from
the marine realm off west Svalbard have been interpreted
in order to analyse sedimentary processes, depositional
environments and depositional history in a glacially influ-
enced region. Two seismic facies dominate the seismic
profiles interpreted: (1) Acoustic chaotic facies, related to
slide debrites and (2) acoustic well-laminated facies,
composed of parallel and sub-parallel reflectors, which
represent turbidites, GDFs, hemipelagic sediments and
melt-water deposits. Observation of mounded seismic
patterns suggests that contour-controlled currents have
influenced the sedimentation.

At the continental slope off west Svalbard the Isfjorden
and Bellsund fans were built during the Late Plio-Pleisto-
cene time period. Trough mouth fan complexes are com-
mon features at high latitude continental margins (Nielsen
et al. 2005), and during the period of active fan develop-
ment along the Svalbard margin turbidity currents and
deposition of GDFs were common sedimentary processes.
No larger-scale slides are observed on the Isfjorden Fan,
and the slide material identified on the Bellsund Fan is
most likely related to a 2.5—-1.7 Ma old failure event on the
Storfjorden Fan. Thus, it seems that slide processes have
played a less significant role in the study area than along
other glaciated margin segments, as for instance the Nor-
way-Barents Sea margin (e.g. Evans et al. 2005; Solheim
et al. 2005; Hjelstuen et al. 2007). Periodic inflow of the
West Spitsbergen Current caused contourites to form on
the lower continental slope off Svalbard in the time period
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between 1.7 and 1.5 Ma. Formation of contourites reflect
present and past ocean current systems and are not
restricted to glacial regions, but occur in a varity of high
and low latitude geological settings (Laberg et al. 2005;
Stoker et al. 2005; Rebesco et al. 2008).

The continental slope off Svalbard is bounded westward
by the ultraslow Knipovich spreading ridge. The MCS pro-
files analysed, cross the spreading ridge and also the western
rift flank, thus this study is one of the first to provide a
detailed picture on sedimentary records within such struc-
tural settings. The Knipovich Ridge is characterised by a
deep rift valley that contains up to 950 m of sediments, and
which is bounded by faults having dips of 20—40°. We note,
however, that oceanic basement is exposed within the rift
valley off Bellsund. This is probably related to recent mag-
matic activity in this part of the spreading ridge. The large
sediment thicknesses on young oceanic crust within, and
east, of the rift valley, suggest another origin than purely
hemipelagic sedimentation. Acoustic seismic facies char-
acteristics indicate that the sediments, in addition to hemi-
pelagic deposits, most likely are composed of turbidites,
GDFs, meltwater deposits and slide debrites. As along the
western Svalbard continental slope, currents might both have
transported sediments into the area and reworked sediments
during their deposition. We further suggest that some of the
sediments accumulated at the western rift flank, as the
identified slide debrite, have their origin from the western
Svalbard-northwestern Barents Sea continental margin.
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