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Kongsfjorden and Krossfjorden are two ice-proximal fjords on the western
coast of Spitsbergen which have been surveyed using multibeam bathym-
etry, sub-bottom profiling and gravity coring. Central and outer Kongsf-
jorden is dominated by a 30 km? outcrop of bedrock, with a thin (<10 m)
sediment cover. The bedrock displays a relict sub-glacial, ice-scoured
topography produced during the glacial re-advances of the Weichselian
(20 Ky BP) and again during the last major Holocene re-advance of the
Little Ice Age (550-200 yrs BP). Drumlins and glacial flutes are common
across the floor of Kongsfjorden, with lengths of 1.5-2.5 km and widths
of <100 m, rising up to 10 m in water depths of <100 m. This topography
is smoothed by bottom currents from the wind-driven forcing of surface
waters. The flow is counter-clockwise, matching boundary layer move-
ment under the influence of Coriolis force. Both fjords are character-
ized by a variable acoustic character, based on sub-bottom profile data.
The deepest basins are dominated by parallel, well-laminated reflectors
and an irregular-transparent acoustic character indicating the presence
of Holocene-age fine-grained sediments up to 30 m thick. A parallel,
irregular-transparent acoustic character with waveform morphology in
inner Kongsfjorden is interpreted as moraines, originating from the 1948
and 1869 surges of Kronebreen glacier. Mass-flows are common on the
flanks of topographic highs as acoustically chaotic-transparent lensoid
and wedge-shaped reflectors. The sediments of outer and central Kongs-
fjorden are characterized by bioturbated, gas-rich homogeneous muds
interpreted as being the result of the settling of fine-grained sediment and
particulate suspensions.
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High latitude glaciomarine depositional envi-
ronments are geologically significant in that they
contain sediment records trapped by their basin-
sill morphology that have the potential to pre-
serve a detailed record of climatic variability
in polar regions. Glacier-influenced fjords have
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been studied using acoustic surveys from polar
and sub-polar regions in both the Arctic and Ant-
arctic (Elverhei et al. 1980; Powell & Molnia
1989; Syvitski & Praeg 1989; Bartek et al. 1997,
DaSilva et al. 1997). The use of multibeam bathy-
metric surveys to map the seafloor morphology of

301



Fig. 1. Map of the main islands of Svalbard indicating the
location of RRS James Clark Ross multibeam and Topas sub-
bottom profiling and gravity core survey in Kongsfjorden and
Krossfjorden, western Spitsbergen.

polar regions has been used extensively to iden-
tify glacial modification of the seafloor and other
large-scale morphological features related to ice
movement (Shaw & Courtney 1997; Shipp &
Anderson 1997).

Since 1980, acoustic seafloor data have been
collected from Kongsfjorden and Krossfjorden,
western Spitsbergen, Svalbard, by a number of
workers to document the glaciomarine sedimen-
tary environments and their depositional chro-
nology. In Kongsfjorden, the most notable work
in this field was the early surveys conducted by
Elverhoi et al. (1980, 1983) and later by Sexton
et al. (1992), which provide the basic seismic
stratigraphy referred to in this paper. Although a
similar profile has been illustrated before (Sexton
et al. 1992), we present new multibeam bathyme-
try and corresponding sub-bottom profile (Topas)
data that illustrate both the seismic stratigraphy
and seabed morphology of the fjord. The seabed
survey was obtained during the July 2002 Arctic
cruise of the RRS James Clark Ross, as part of the
Scottish Association of Marine Science Northern
Seas project. One of the main aims of this project
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is to examine signals of recent climatic ameliora-
tion from mid- to high latitude marine sediments
using the proxies of sediment texture, type and
geochemistry. Utilizing the high sedimentation
rates of the Polar North Atlantic (3-100 cm/Ky
[thousand years]; Elverhei et al. 1998), climatic
events can be detected at a high temporal reso-
lution allowing the timing and onset of climatic
events and their relationship to sediment supply
and biogenic productivity to be examined.

Here we present a detailed multibeam bathy-
metric map and corresponding sub-bottom pro-
files of the Kongsfjorden area to document the
modern and short-term historical glaciomarine
depositional environments of the fjord system.
A 6 m long gravity corer was also used to obtain
sediment records from the fine-grained basinal
fjord sites in Kongsfjorden.

Regional setting

Physiography

Kongsfjorden and Krossfjorden are two fjord sys-
tems, sharing a combined mouth, located between
78°40"and 77°30'N and 11°3' and 13°6'E on the
western coast of Svalbard (Fig. 1). The fjords
consist of two basins combining at their seaward
limits to form the main submarine glacial trough,
the Kongsfjordrenna. Kongsfjorden, the more
southerly of the two fjords, is oriented south-east
to north-west. Krossfjorden lies to the north of
Kongsfjorden and is oriented north to south. Total
drainage for both fjords is 3074 km? (Svendsen
et al. 2002). Kongsfjorden is 20 km long, vary-
ing in width from 4-10 km. The fjord can be
divided into an inner fjord with water depths of
less than 100 m and a deeper central and outer
fjord basin. The deepest point of Kongsfjorden
is =394 m in the outer fjord basin. The total area
of Kongsfjorden is estimated as 29.4 km? (Ito &
Kudoh 1997). A number of tidewater glaciers
drain into Kongsfjorden: Kronebreen, Kongs-
breen and Kongsvegen at its head, and Conway-
breen and Blomstrandbreen on its northern coast
(see Fig. 2 in Svendsen et al. 2002). Krossfjorden
is 30 km long and varies in width from 3-6 km.
Its volume is estimated as 25 km?. The deepest
point of Krossfjorden is —375 m in the inner fjord.
It also has a number of glaciers draining into it,
notably Lillich6okbreen at its head.
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Geology

The region encompassing Kongsfjorden and
Krossfjorden is situated on the tectonic bounda-
ry between a Teriary fold—thrust belt that extends
across western Spitsbergen and the Northwestern
Basement Province, which lies to the north-east
(Bergh et al. 2000). Kongsfjorden has formed
in a depression formed from bedrock fractur-
ing parallel to the thrust front. North of Kongs-
fjorden, the bedrock consists of medium-grade
metamorphic marbles, mica-schists and quartz-
ites of middle Proterozoic age. The islands of
Blomstrandhalveya and Lovéneyane (Fig. 2)
comprise Devonian red conglomerates and sand-
stones, interlayered with marbles. South of Kongs-
fjorden, Breggerhalveya (Bregger peninsula;
Fig. 2) displays the Tertiary thrust with Palaeo-
zoic sediments comprising conglomerates, sand-
stones, carbonates and dolomites occurring on
the south-east of the peninsula. In the vicinity of
Ny-Alesund, two Tertiary thrust sheets comprise
conglomerates, sandstones and shales interbed-
ded with coal (Svendsen et al. 2002). The entire
area surrounding Krossfjorden and Kongsfjord-
en has been subject to glacial activity. Brogger-
halveya experienced four isostatically-induced
cycles of late Weischselian glaciation (Miller et
al. 1989). All the glaciers had begun to retreat
during the early Holocene (9500 yrs BP) and the
region was ice-free until 4500 yrs BP, when max-
imum Holocene ice extent was reached during
the Little Ice Age (H. Svendsen et al. 2002). At
the present time, as elsewhere on Svalbard, all the
glaciers are currently retreating.

Sedimentation and depositional processes

Sedimentation in both Kongsfjorden and Kross-
fjorden is strongly influenced by the glaciers and
the seasonal generation of sea ice. A number of
studies have been conducted on the sedimenta-
tion in Kongsfjorden, notably on the suspend-
ed particulate matter (see Svendsen et al. 2002
for a detailed review of this subject). The sus-
pended particulate matter has a key influence
on a number of physical parameters within the
fjord, such as: the extent of the euphotic zone
and the consequence for primary production;
heat exchange with the atmosphere; floccula-
tion of particles and colloids; direct impact on
the benthos and the physical-chemical and geo-
technical properties of the sea floor (Svendsen
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et al. 2002). Highest concentrations of suspend-
ed inorganic particulate matter were observed in
the inner fjord of Kongsfjorden during spring in
the surface waters under fast ice, reaching values
of 20 g m3. The highest values of organic par-
ticulate matter were also found in the spring sur-
face waters of the inner fjord, with values reach-
ing 26 g m 3. By late summer the total suspended
solids were 1 g m=, with a water column resi-
dence time of 20-23 days. By comparison, the
residence time in ice-covered sea is 52-293 days
(Cochran et al. 1995).

Generally, both fjords can be described as
having glaciomarine depositional environments
with sediment supply from the glaciers direct-
ly into the basins in both a proximal and distal
setting. Icebergs can carry sediments into the
fjord by ice rafting and entrain sediment during
grounding and scouring (Dowdeswell & Fors-
berg 1992). Highest sedimentation rates are
found adjacent to the glaciers, with decreasing
sediment input away from the glaciers. Localized
resedimentation can occur in the deeper basins,
where oversteepened slopes can lead to a failure
and the deposition of glacigenic debris flows and
turbidites (Howe, unpubl. data).

Oceanography

Oceanographically, the western Svalbard coast is
influenced by two main currents, the West Spits-
bergen Current (WSC) and Arctic Coastal Water.
The upper 600 m of the WSC are dominated by
warmer, more saline waters of Atlantic Water
(AW). AW follows the continental slope, and pro-
duces the relatively ice-free conditions of west-
ern Svalbard (Vinje 2001). As a result of mixing
with the Arctic Coastal Water, the Atlantic origin
water entering Kongsfjorden differs from the AW
flowing within the WSC and is thus termed Trans-
formed Atlantic Water (TAW), which has lower
salinity and temperatures values of 1°C and 34.7
psu. TAW is principally confined to the inter-
mediate waters whilst the deeper waters of the
fjord basins contain colder waters, termed Local
Water, with temperatures typically of <1°C.
Local Water is the result of convection process-
es during autumn/winter cooling. Extremely cold
water masses, with temperatures as low as —1.4°C
and with relatively high salinities, are found fill-
ing the deepest basins. They result from winter
cooling and sea ice formation (with associated
brine rejection creating dense, very cold water).
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This water mass is termed Winter Cooled Water
(Svendsen et al. 2002). Surface Water is charac-
terized by decreased salinities of 28-30 psu and
only occupies the upper few metres of the water
column. Consequently, this water can undergo
rapid solar heating and temperatures can reach
4°C in this brackish water layer.

Kongsfjorden and Krossfjorden can be con-
sidered a glacial fjord system (Svendsen et al.
2002). Kongsfjorden and Krossfjorden do not
possess well-defined sills at their mouths. How-
ever, the glacial trough of Kongsfjordrenna con-
tains water depths down to 350 m, and shallows
gradullly across the shelf. Processes operating
in the fjords are dominated by seasonal varia-
tions, typically freshwater supply, water temper-
ature changes, predominant wind-direction (up-
fjord in summer, down-fjord in winter) and sea
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ice formation/melt. An important process is rota-
tional dynamics produced by the Coriolis Effect,
which can aid water stratification and cause the
inflow to generally hug the southern shore, with
outflow following the northern shore. Freshwa-
ter is supplied by meltwater from the glaciers at
the surface and at deeper levels by the calving
and melting of icebergs. The freshwater influx
is greater during the summer months and limit-
ed during the winter. The freezing and melting
of fast ice in the inner fjords effectively removes
freshwater to the surface layers and homogenizes
the water stratification due to vertical convection
initiated by salt rejection and freezing (Svendsen
et al. 2002). A strong, well developed pycnocline
causes flow in deep layers to be somewhat inde-
pendent of surface (wind-driven) flow.
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Methods

Core sampling methods

Core samples were obtained at all stations using
the 6 m British Geological Survey gravity corer.
The corer uses a 1000 kg weight and a 6 m long,
10 cm diameter steel barrel, within which is a
polycarbonate liner. After the corer is run into
the seabed at 40 m/min and retrieved, the core
is measured and sliced into 1-m sections. Fol-
lowing sectioning, the core was passed through
a Bartington MS2 magnetic susceptibility loop
onboard prior to splitting. Once split, the cores
were logged and digitally photographed. Onshore
laboratory work comprised bulk particle size
analysis, using an LS230 Coulter Counter.

Multibeam and Topas sub-bottom profiling
survey methods

Seabed mapping of Krossfjorden and Kongs-
fjorden (Fig. 2) was carried out using the hull-
mounted Simrad EM120 Multibeam bathymetry
sonar system and the Topas sub-bottom profil-
ing system on the RRS James Clark Ross. These
two systems provide detailed data of the seabed
morphology (EM120 Multibeam) and the sedi-
ment geometry and acoustic character (Topas)
and were operated continuously throughout the
cruise. Detailed surveys were made at each sam-
pling station. The work within the fjords was
conducted at a speed of 6 knots. Water column
velocity profiles needed to correct the swath data
were derived from ship-mounted Acoustic Dop-
pler Current Profiler (ADCP) run in the survey
area. Spurious depth values were edited from
the bathymetry profiles using Simrad’s Neptune
software. The final data were contoured and dis-
played as shaded relief maps using the Generic
Mapping Tool (Wessel & Smith 1995). The coast-
line used to display the maps is from the GEBCO
digital atlas (10C, ITHO & BODC 1997).

Topas uses a parametric acoustic source which
produces a very narrow acoustic beam pattern.
In the fjord area it was operated in “burst” mode
set so that the transmitted pulse was equivalent
to two periods of 2.8 kHz. The return signal was
sampled at a frequency of 10 kHz over a 400 msec
trace length. Subsequently, the recorded profiles
were processed using filtering and time variant
gain to enhance the sub-bottom reflectors.
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Multibeam survey data
Seabed morphology

The processed image of the multibeam bathy-
metry and interpretation are shown in Figs. 3
and 4. The seabed morphology is highly varia-
ble throughout Kongsfjorden, although general-
ly Krossfjorden is somewhat flatter, containing
less significant rough topography. Central and
outer Kongsfjorden is dominated by outcrops of
bedrock, presumably Devonian-age conglomer-
ates and sandstones with a thin (< 10 m) sediment
cover. The bedrock mass extends over 30 km?,
north into Krossfjorden, and displays an approx-
imate NNW-SSE structural trend, enhanced by
a relict sub-glacial, ice-scoured topography pos-
sibly produced during the last glaciation of the
Pleistocene (Weichselian) and again during the
last major readvance in the Holocene (Little Ice
Age). The boundary between outer Kongsfjor-
den and the shelf glacial trough of Kongsfjord-
renna is marked by the sill, rising from 350 m to
<50 m water depths and with a maximum width
of approximately 2 km. The sill is well devel-
oped in the north but flattens and becomes less
well defined to the south in water depths of 250
to 300 m. Kongsfjorden, with its rougher topog-
raphy, contains two significant basins with flat,
smooth seabed in water depths of over 350 m. One
in central Kongsfjorden, north of Ny-Alesund, is
fed by a channel from the inner fjord, trends
north-west—south-east, has a width of <50 m and
is 5-10 m deeper than the surrounding seabed.
The channel is interpreted to be a relict sub-
glacial feature. The basin is surrounded by cliffs
and steep slopes, with heights of between 100 and
150 m. The deepest point (-394 m) in Kongsfjor-
den is found within a topographically confused
basin 4.5 km north of Kvadehuken, surrounded
by cliffs and smoothed bedrock highs. Signifi-
cantly, central Kongsfjorden displays smoothed,
teardrop-shaped lineations clearly visible south
of Kapp Guissez and covering the bedrock
highs in water depths <200 m. These features
range in length from 1.5 to 2.5 km, with widths
of <100 m and rising up to 10 m above the sur-
rounding sea floor. The features have a high head
and a long, smooth “tail” and are interpreted to be
relict sub-glacial drumlins. The drumlins trend
north-west—south-east on the north shore of cen-
tral Kongsfjorden, changing counter-clockwise to
trend south-west—north-east on the south shore of
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Kvadehuken

Fig. 3. Sun illuminated (from the
north-east) and colour contoured
multibeam image of Kongs-
fjorden and Krossfjorden.
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central Kongsfjorden.

Krossfjorden lacks any dramatic morphologi-
cal features, although the outcrop of rough bed-
rock continues from Kongsfjorden into south-
ern Krossfjorden before disappearing into the
seabed. Krossfjorden is flatter, containing a
smooth seabed interrupted by two small features,
possibly channels fed by nearby rivers from the
western shore, approximately 15 and 22 km from
Lillehookbreen glacier in the north. A steep,
100 m high slope is also present, marking the
change from smooth, flat seabed in Krossfjorden
to the more complex topography of Lillehdok-
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fjorden. On either side of the slope are the two
ice-proximal and ice-distal basins illustrated in
the sub-bottom profile of Fig. 5.

Topas sub-bottom profiles

The region can be divided into areas of dominant
acoustic character based on the Topas sub-bottom
profiles. Broadly, four main categories, found in
both Kongsfjorden and Krossfjorden, can be rec-
ognized: (i) acoustically well-laminated with con-
tinuous parallel reflectors (Figs. 5, 6); (ii) paral-
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Fig. 4. Seabed morphology
interpreted from the multi-
beam bathymetry. Features
highlighted include the current-
modified sub-glacial topogra-
phy, including drumlin field.
The currents are produced from
the counter-clockwise circula-
tion of wind-driven forcing

of surface waters, leading to
strong bottom boundary layer
flow. The main channel supply-
ing sediment to the main inner
fjord basin off Ny-Alesund,

is visible, interpreted as a

relict sub-glacial feature. Also
highlighted are the across-fjord
channels in Krossfjorden, cor- 4
responding to the river mouths
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lel, irregular-transparent reflectors (Figs. 5, 6);
(iii) transparent-chaotic reflectors (Fig. 6); and
(iv) continuous, highly reflective (Figs. 7, 8). The
detailed acoustic character and seismic stratig-
raphy of Krossfjorden and Kongsfjorden have
been described previously by Elverhei et al.
(1983). Below we present an interpretation of the
modern processes operating in the fjords based
on the reflector characteristics illustrated in the
sub-bottom profiles, followed by a summary of
the stratigraphy of the depositional sequences
that have resulted in the acoustic geometry dis-
played in the fjords, adapted from Elverhoi et al.
(1983), Sexton et al. (1992) and Whittington et al.
(1997).
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Well-laminated, continuous parallel reflectors

This acoustic character is dominant in the deep-
est basins of the two fjords, typically below water
depths of 250 m. The sediment package compris-
es up to 30 m of well-laminated continuous par-
allel reflectors that infill the seabed depressions
(Figs. 5, 6). At the margins of most of the basins
the reflectors display some onlapping. This is
suggestive of deposition from settling from sus-
pension. However, in some cases, notably the
isolated basin north-west of Ny-Alesund in
Kongsfjorden, the reflectors display a “ponded”
character, indicative of turbiditic, downslope
mass-movement. The well-laminated, continu-
ous parallel sequence described here encompass-

307



NNE
Lillehookfjorden

reflectors

Holocene, fine-grained glaciomarine
sediments infilling discrete basins

-270 m

reflectors

20 m

1 km

Unit 5
Unit 4b
3 Unit 4a ]
9 Unit 3
v
. /
S \&,,,_,-)f
(32]
Bedrock Unit 6
o
<
o

Metres below
sea level

Bedrock

es the Holocene Stratified Sequence as described
by Whittington et al. (1997).

Parallel, irregular-transparent reflectors

The parallel, irregular-transparent reflections are
common in both fjords, notably on the gentler
slopes and in isolated lees of rougher topography.
The sediment package is thin, suggesting a high
acoustic impedance when compared to the well-
laminated continuous parallel character of the
basins. Typical sediment thickness is 10-15 m
with drop-outs and transparent sections common
(Fig. 6). This acoustic character is indicative of
thin, more poorly-sorted sediments with possible
significant gas content. This is also noted from
the inner fjord in association with the moraines
from Kongsbreen glacier. The parallel, irregular-
transparent sequence described here also encom-
passes the Holocene Stratified Sequence as docu-
mented by Whittington et al. (1997).
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Acoustically parallel, well-laminated (a)

Acoustically parallel, irregular-transparent

Across-fiord channel

Krossfjorqen

Fig. 5. (a) Topas sub-bottom
profile of Lilleh6okfjorden and
Krossfjorden with the two main
depositional basins of acousti-
cally parallel, well-laminated
reflectors interpreted as up to

30 m of Holocene (post-Little
Ice Age) fine-grained glacigenic
sediments separated by a 100

m high submarine cliff. The
small channel is also visible,
corresponding to change in
acoustic character to parallel,
irregular-transparent reflectors,
down-fjord. (b) Interpretation of
acoustic units based on Sexton
et al. (Fig. 2 in 1992). Units 1-2
are not shown; they occur 5 km to
the NNE and represent the Little
Ice Age moraines. Units 3-6
(b) (shown) are interpreted by Sexton
et al. (1992) as a post-Little Ice
Age fan complex of ice-proximal
glaciomarine sediments.

SsSwW

Transparent-chaotic reflectors

A transparent or chaotic acoustic character is
common on the flanks and at the base of steep-
er slopes in the fjords. The sediment package is
up to 5 m thick and displays a wedge-shaped or
lensoid geometry (Fig. 6). This character is inter-
preted to be minor downslope mass-wasting,
possibly as small isolated debris flows on steep
slopes, and as mixed, poorly sorted glaciomar-
ine sediments.

Continuous, highly reflective

This is the most common acoustic character
throughout both fjords. The continuous, highly
reflective seabed is interpreted as possessing
either a thin (<2 m) or non-existent sediment
cover, or where coarse-grained or poorly sorted
sediments provide a strong acoustic return. Typ-
ically occurring in the fjords’ shallower regions
(<100 m), this acoustic character is associated
with the both the bedrock highs and morainal
banks and moraines of Kongsfjorden (Figs. 7, 8).
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Fig. 6. (a) Topas sub-bottom
profile of the 355 m deep basin, (a)
north-west of Ny-Alesund,

Kongsfjorden, showing acousti-

cally parallel, well-laminated

reflectors infilling the basin inter- NW
preted as Holocene fine-grained
glacigenic sediments. A minor
debris flow is also visible in the
north-west as a wedge-shaped
lens of acoustically chaotic-
transparent reflectors. Gravity
core GCO65 was recovered from
this station. (b) Interpretation of 320

. . . i
acoustic units based on Elverhgi !

et al. (Fig. 6 in 1983). The el IR it AR
“distinct” and “semi-prolonged” —
bottom echoes, as described by 500 m

Elverhoi et al. (1983), are here

interpreted as the highly reflec- 20 m|

tive and transparent-chaotic and

parallel, well-laminated acoustic
character. These are interpreted
as Holocene (post-Little Ice Age)
glaciomarine sediments.

320 300 280 260 240 220

P
O
~

Krossfjorden and Lillehéékfjorden: acoustic
character

Krossfjorden displays a simple acoustic charac-
ter. The fjord is dominated by bedrock outcrops
at its southerly reaches, adjacent to the merger
with outer Kongsfjorden. Here Krossfjorden dis-
plays a highly reflective and chaotic-transparent
character across the rough topography. This is
interpreted as a thin cover of coarser glaciomar-
ine sediments with some minor downslope move-
ments. North, away from the influence of the ice-
scoured topography of the drumlins and bedrock,
the acoustic character changes, as does the mor-
phology, with a smooth, flatter seabed and corre-
sponding dominance of parallel, irregular-trans-
parent acoustic character. Two discrete basins,
containing a thicker sequence of well-laminated
continuous parallel reflectors providing a sedi-
ment package up to 30 m thick (Fig. 5), are sep-
arated by a steep 100 m high slope. One basin
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Distinct echoes
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reflectors Ny-Alesund
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lies at 270 m water depth in Lillehdokfjorden
and one at 370 m water depth in Krossfjorden.
These basins and their seismic stratigraphy have
been described in detail by Sexton et al. (1992)
and interpreted as a fan complex developed at
the front of Little Ice Age moraines. The internal
stratigraphy has been divided into units 1-6, of
which units 3 -6 are illustrated here (see Fig. 5).
An explanation of the seismic stratigraphy is pro-
vided below.

The small across-fjord channels visible on the
multibeam image are also displayed as <10 m
deep asymmetrical channels cutting down into
the well-laminated continuous parallel acous-
tic sequence. These channels may have originat-
ed from riverine bedload transport of sediments
during seasonal melts providing dense, sediment-
laden turbidites to the fjord floor.
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Fig. 7 (a) Topas sub-bottom profile of outer Kongsfjorden and Kongsfjordrenna showing the discontinuous sill with a highly
reflective acoustic character. Two km west of the sill, a small bank of acoustically chaotic-transparent character is visible,
interpreted as a moraine. (b) Interpretation of acoustic units based on Elverhei et al. (Fig. 6 in 1983). The “distinct” and “semi-
prolonged” bottom echoes, as described by Elverhgi et al. (1983), are here interpreted as the highly reflective and transparent-

chaotic acoustic character.

Outer Kongsfjorden: acoustic character

Outer Kongsfjorden encompasses both Kongs-
fjordrenna (the glacial trough) and Kongsfjorden
itself. Acoustically the area is dominated by a
continuous, highly reflective character interpret-
ed as being ice-scoured bedrock with thin sed-
iment cover, and a coarser sediment dominated
shelf in outer Kongsfjorden, including Kongs-
fjordrenna (Fig. 7). Within the glacial trough
are isolated acoustically transparent packages
of reflectors that pinch-out against isolated top-
ographic highs interpreted as small, glacigenic
mass-flows. In the outer fjord, a more significant,
fine-grained sediment fill becomes more notable,
with isolated sequences of well-laminated con-
tinuous parallel reflectors and acoustically cha-
otic-transparent packages. These are all indica-
tive of fine-grained glaciomarine sedimentation,
the chaotic and transparent units being interpret-
ed as mass-flows and the well-laminated, contin-
uous parallel, reflectors undisturbed recent sedi-
mentation in the deeper (>250 m) basins.

310

Central and inner Kongsfjorden: acoustic
character

Like outer Kongsfjorden, central and inner Kongs-
fjorden is characterized by an acoustically very
varied character. The isolated basins are infilled
with well-laminated continuous parallel reflectors
and, irregular-transparent reflections indicating
quiet, continuous, distal, fine-grained glacioma-
rine deposition (Fig. 6). A high organic content
may have given rise to methane gas, producing
gas-blanking of the profiles in places which is
notable in the cores recovered. Minor mass-flows
are also present against the flanks of topographic
highs and are represented by acoustically chaotic-
transparent lensoid and wedge-shaped packages
of reflectors. The topographic highs are sediment-
free, providing acoustically rough, highly reflec-
tive surfaces. Retreat moraines from Kongsbreen
are also noted south-east of Blomstrandhalveya,
the profiles displaying a wave-like morphology
and a highly reflective acoustic character (Fig.
8). These moraines correspond to the position of
the maximum extent of the 1869 and 1948 surges

Multibeam bathymetry and depositional environments
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Fig. 8. (a) Inner Kongsfjorden, south-east of Blomstrandhalveya, the profiles displaying a wave-like morphology and a highly
reflective acoustic character interpreted as retreat moraines from the 1948 and 1869 surges of Kongsbreen glacier noted by Whit-
tington et al. (1997). (b) Interpretation of acoustic units based on Elverhei et al. (Fig. 6 in 1983) and Whittington et al. (Fig. 5

in 1997).

of Kronebreen glacier noted by Whittington et al.
(1997).

Seismic stratigraphy

The new multibeam bathymetry and Topas sub-
bottom profile data allow a comparison with ear-
lier acoustic survey data across the fjords, nota-
bly the work of Elverhei et al. (1983) on the echo
character type mapping of Kongsfjorden, Sexton
et al. (1992) on the basic seismic stratigraphy of
Krossfjorden and Whittington et al. (1997) on the
seismic signatures of ice-proximal sediments in
inner Kongsfjorden. The profiles displayed here
(Figs. 5-8) illustrate and extend the differing
seismic stratigraphies adopted in these works.
The lowest (oldest) seismic unit described (unit
3 of Sexton et al. 1992; and encompassing the
“distinct” echo character of Elverhoi et al. 1983)
is defined as being a blanket of possibly Late
Weichselian-age glaciomarine sediments depos-
ited from rapidly retreating ice. The intermediate
stratigraphies (units 1 and 4 of Sexton et al. 1992
and including the “semi-prolonged”, “transpar-
ent” and “semi-transparent” echo and transpar-
ency character of Elverhoi et al. 1983) are inter-
preted as post-Weichselian, pre-Little Ice Age
sediments locally derived from tidewater glaciers
within the fjords. The Little Ice Age stratigraph-
ic units (unit 2 and including unit 5 of Sexton
et al. 1992) are only displayed in Fig. 5 and are
interpreted as Little Ice Age moraines and the
upper part of the fan complex present in the ice-
proximal basin in Lilleh6okfjorden. Post-Little
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Ice Age deposition is represented by the upper-
most seismic unit (unit 6 of Sexton et al. 1992
and including the Holocene Stratified Sequence
of Whittington et al. 1997) and is interpreted as
modern fine-grained sedimentation derived from
particulate settling from the water column and
distal glaciomarine sediments locally input via
plumes from the glaciers.

Sedimentology

Three cores were recovered from Kongsfjorden
only (see Fig. 2). Two from the central fjord
basins, north of Ny-Alesund, and one from the
outer fjord, adjacent of the fjord mouth sill. Sum-
mary core information is provided in Table 1.

Outer Kongsfjorden

One core was retrieved from Outer Kongsfjorden,
GC064 from the south-eastern flank of the fjord
mouth sill in 307 m of water. The core is dominat-
ed by intensely bioturbated, gas-rich, dark green-
ish grey homogeneous muds containing many
worm tubes of the Chaetopertid polychaete Spi-
ochaetoperis typicus, as well as occasional lone-
stones and intact shelly material, notably bivalves
and gastropods. Gas is a problem at this site and
core disturbance cannot be discounted at this
stage. The core is interpreted as distal organic-
rich glaciomarine muds, possibly as a result of
settling from dilute fine-grained sediment and
particulate suspensions.
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Central Kongsfjorden

Two cores were recovered from central Kongs-
fjorden: GC065 from 355 m from a small basin
north of Ny-Alesund and GC074 from 379 m from
a similar small basin north-west of Ny-Alesund.
Both cores are dominated by dark greenish
brown, intensely bioturbated muds with mono-
sulphic knots, lonestones and S. typicus worm
tubes common throughout. GCO074 contained
gradational sand layers at 2.70-2.90 m with a
sharp, erosive lower contact and fining-upward
trend. Both cores are interpreted as fine-grained
glaciomarine muds resulting from settling from
dilute fine-grained sediment and particulate sus-
pension. The sandy layers in GC074 are interpret-
ed as turbidites, indicating some slope instability
within the fjord, possibly as a result of the high
sediment supply producing oversteepened slopes
in the basins, leading to subsequent failure.

Modern sedimentary environments

Kongsfjorden and Krossfjorden can be described
as glaciomarine, ice-proximal sedimentary envi-
ronments. Both have localized ice sources from
the tidewater glaciers of Kongsbreen and Krone-
breen in Kongsfjorden, and Lillehdokbreen into
Lillehookfjorden and thence into Krossfjorden
(Whittington et al. 1997). The sedimentary envi-
ronments of both fjords can be subdivided into
basins (water depths >250 m), intermediate envi-
ronments, including the central fjord bedrock
banks (water depths between 250-100 m), and
shallow water, including the fjord margins (water
depths <100 m).

Basinal environments

The basins of the two fjords are all dominated
by fine-grained, low energy deposition. Sedi-

Table 1. Outer and central Kongsfjorden gravity core stations.

ment supply appears to be from three main proc-
esses: direct settling from the water column of
clastic and particulate (both organic and inor-
ganic) material; sediment redistribution from
downslope movements; and alongslope trans-
port of fine-grained material by geostrophic cur-
rents (< 10 cm/s!; Svendsen et al. 2002). Of these
processes the most important is direct settling
from the water column. Both the sub-bottom pro-
files and the multibeam bathymetry provide evi-
dence for the settling of sediments in the basins.
The acoustic character of well-laminated, con-
tinuous parallel reflectors, with a draped geom-
etry and the smooth, featureless morphology of
the basin floors all indicate a low energy dep-
ositional environment. Occasional downslope
mass-movements can occur, as noted from the
turbidites in core GC074 and from the isolated
transparent-chaotic lenses at the base of slopes
interpreted as debris flows. These events may
have resulted from oversteepening of the basin
slopes from the high sediment supply or perhaps
sediment distruption due to overturning icebergs
or trawling activity.

Intermediate environments

Intermediate environments encompass the 250 -
100 m zone and include the bedrock highs and
slopes and the deeper fjord margins. Processes
in this zone are dominated by a mixture of down-
slope and alongslope movements of sediment and
the settling of material down through the water
column. The multibeam image is testament to the
ability of alongslope currents in intermediate and
deep-water depths to entrain and transport fine-
grained sediments. The current has smoothed the
morphology of the drumlins and other sub-gla-
cial topography across the bedrock. The smooth
2 km “tail” behind a large obstacle, such as bed-
rock high or drumlin, is evidence of the persist-
ent bottom boundary layer flow. The presence of

Core number  Position ~ Water depth Recovery Description of area General sediment type

GC064 79°03.03'N 307 m 3.28m  Outer Kongsfjorden, on the south- Homogeneous greeny-grey
11°21.54'E eastern flank of the sill, at fjord mouth  silt

GC065 78°57.46'N 355m 3.34m Central Kongsfjorden main basin north  Homogeneous brown and
11°54.49'E of Ny-Alesund black silts

GC074 78°59.36'N 379 m 348 m  Central Kongsfjorden, small isolated Greeny-black muds and sands
11°46.03'E basin north-west of Ny-Alesund
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an upstream obstacle (a bedrock high or large
ice-rafted boulder) produces an accelerated flow
leading to some seabed erosion or non-depo-
sition. Down-current, the velocity of the flow
decreases and the sediment is deposited. Current
speeds in this zone have been measured by ADCP
as 5-10 cm/s™!' (Svendsen et al. 2002). These cur-
rent velocities are well within the parameters for
the transport and deposition of fine sand and silt-
sized sediments.

Shallow environments

The shallow water environments of the fjords
show the influence of ice, both from the tidewater
glaciers at the heads of the fjords and from sea-
sonal sea ice formation and subsequent iceberg
scouring leading to sediment disturbance in the
shallower water. Dowdeswell & Forsberg (1992)
document iceberg scouring in Kongsfjorden
down to 40 m only, the product of the larger,
calved icebergs from the glaciers, rather than sea-
sonal sea ice. The seasonal formation of ice has
a number of notable influences on the shallow
water areas surrounding the fjords. The contribu-
tion of meltwater containing ice-rafted sediments
can supply high volumes of material into shallow
water either directly in front of the calving gla-
cier or during the spring thaw as direct rain-out
from sea ice. Once the fjord becomes ice-free
during late spring or early summer, the prevail-
ing processes are wave and wind-driven, rework-
ing the shoreface and redistributing sediments on
steeper slopes.

Discussion

The multibeam image and sub-bottom profiles
from Kongsfjorden and Krossfjorden display a
number of features that indicate the modern sea
floor processes operating in the fjord. Most sig-
nificantly in terms of sediment redistribution is
the influence of bottom currents. The seabed
morphology visible on the multibeam image is
interpreted as relict sub-glacial features, such as
drumlins and glacial flutes subsequently modi-
fied by bottom current flow from the wind-driven
forcing of surface waters, leading to a strong
bottom boundary layer in the central and outer
fjord. From the trend of the features, the inferred
flow of bottom currents in central Kongsfjord-
en is counter-clockwise—matching the meas-
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ured flow of bottom boundary layer flow under
the influence of Coriolis forcing (Svendsen et al.
2002). This trend is also a pre-existing imprint of
the direction of the original ice movement, east
to west down Kongsfjorden and north-east to
south-west down Krossfjorden, all towards the
open sea, during the last glaciation. This glacial
morphology could not have been produced by
modern iceberg activity as the 20 m high Kongs-
breen and Kronebreen tidewater glaciers do not
produced large enough bergs to scour the seabed.
The drumlins and flutes are all in excess of 100 m
of water. These sub-glacial features represent an
old glacial readvance, possibly the Last Glacial
Maximum (Weichselian), certainly older than the
“neoglacial” Holocene advance (Little Ice Age)
thought to be not older than 4.5 Ky (Svendsen
et al. 2002). Sexton et al. (1992) describe Weich-
selian glacial limits within the Kongsfjorden
region as being 15 km beyond present positions.
This would encompass the relict sub-glacial fea-
tures imaged on the multibeam and include the
shelf morainal bank in Kongsfjordrenna. Other
authors have extended this Weichselian ice limit
to include the shelf edge (Landvik et al. 1998;
Mangerud et al. 1998). The features represent a
relict sub-glacial topography, most likely a drum-
lin field, which has become subsequently modi-
fied by persistent modern bottom current activ-
ity. Relict drumlins have been observed on other
submerged shelves, notably on the Ross Sea con-
tinental shelf, Antarctica (Shipp & Anderson
1997). The Ross Sea drumlins are very similar
to the features observed in Kongsfjorden, both
in their geometry and height, and in their rela-
tionship to the sub-surface geology being formed
on crystalline basement rocks and sedimenta-
ry strata.

A notable feature of the multibeam image is
the lack of trawl marks on the seabed. Given
the amount of trawling that can occur during the
summer months in Kongsfjorden, the lack of vis-
ible trawl marks on the Topas sub-bottom pro-
files or the multibeam bathymetry is puzzling.
Presumably the trawl marks are too small to be
detected or the influence of trawling on the seabed
is less than is assumed. Any large trawl marks—
large enough to be detected by the multibeam
survey—may have become smeared by the active
bottom currents in the basin. Shears et al. (1998)
describe trawl marks from side-scan sonar near
Ny-Alesund. The frequency is unknown, but the
trawlers generally work from 150 m depth in the
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inner part of Kongsfjorden (east of Ny-Alesund)
and seaward along the axis of the fjord (H. Hop,
pers. comm. 2003). In the outer and central fjord
the trawling may take different paths. The south-
east—north-west orientation south of Kapp Guis-
sez may indicate trawling into Krossfjorden,
although the scales are larger than expected for
trawl marks. Seabed photographs from inner
Kongsfjorden display prominent common trawl
marks on the seabed. In water depths of 350 m
these are notable as they have become smoothed
by bottom currents and are therefore of undefined
age (D. Hughes, pers. comm. 2003).

The use of the sub-bottom profiles has ena-
bled the identification of numerous minor down-
slope deposits in the deeper basins of the fjords,
notably Kongsfjorden. Thin, wedge- and lensoid-
shaped packages of acoustically transparent and
chaotic reflectors are visible on the flanks of top-
ographic highs, significantly with the steep slope.
These discrete debris flows are the product of
gravitationally-induced sediment failure on the
margins of the basins. A high sediment supply
from the glaciers would lead to localized failures
due to oversteepening of the slopes. Ice rafting
can also lead to small-scale failure with an over-
turning iceberg dumping a slurry of partially-
melted sediments directly onto the sea floor.

The presence of gas-rich sediments is nota-
ble throughout Kongsfjorden and Krossfjorden
both in the common occurrence of the chaotic-
transparent acoustic character and in recovered
sediment cores. Fader (1997) discusses the influ-
ence of gas-rich sediments on seismic reflection
profiles, describing acoustic blanking as “incoher-
ent reflections” and a “bright spot”. Gas-rich sed-
iments are extremely common in marine basins,
notably estuaries and bays where there is a high
organic input. In Kongsfjorden and Krossfjorden,
the high organic input may be from the decay of
the high organic particulate matter, possibly phy-
toplankton, produced in the summer. The organic
matter decays within the sediment and produces
methane. In continental shelf basins, gas-release
features such as pockmarks (Kelley et al. 1994)
might be observed. No surface expression of
pockmarks or other gas-release structures have
been observed from either the Topas sub-bottom
profiles or the multibeam image in Kongsfjorden
and Krossfjorden.

The age of the sediments in the fjords is fun-
damentally linked to the age of the last full gla-
cial readvance. The last readvance that filled the
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fjords with ice would have the effect of removing
the sediment fill and transporting this out onto the
shelf. Glacial retreat would provide a large sed-
iment supply from the retreating glacier to the
basins. The acoustically well-laminated sediment
fill of the ice-proximal basins in both Krossfjor-
den and Kongsfjorden must therefore be all post-
Little Ice Age, therefore younger than 1450—1800
AD (550 to 200 years ago). If this is the case then
the 30 m of sediment thickness observed from the
sub-bottom profiles represent a gross sediment
accumulation rate of over 15 ¢m a! (not taking
into account compaction). Elverhei et al. (1980)
estimated a sedimentation rate at the ice front of
Kronebreen and Kongsvegen of >10 cm a™'. How-
ever, the sub-bottom profiles illustrate the differ-
ing ages of some of the sediments in the fjords.
The acoustically highly reflective seabed has
been shown to be significantly older than the sed-
iments in the basins, having been overcompacted
by grounded ice yet not completely eroded (Elver-
hei et al. 1983). In this sense the relict sub-gla-
cial features such as the drumlins and the channel
all predate the recent fine-grained sediment fill of
the basins and may date synchronously with (if
proximal to the glaciers of Lillehd6kbreen, Kro-
nebreen and Kongsvegen) or pre-Little Ice Age.
During the Last Glacial Maximum, the fjords
were totally ice-filled, with grounded ice extend-
ing out across the western Svalbard shelf by 22.5
Kya (Svendsen et al. 1992; Andersen et al. 1996).
Glacial retreat occurred between 12 and 15 Kya
(Jones & Keigwin 1988; Svendsen et al. 1992;
Andersen et al. 1996) with the fjords becom-
ing ice-free by approximately 9 Kya. It must be
assumed, therefore, that the sub-glacial topog-
raphy observed from the multibeam bathyme-
try in Kongsfjorden and Krossfjorden date to a
time when grounded ice filled the fjords during
the Weichselian, reaching its shelfward limit
during the Last Glacial Maximum. Mangerud
et al. (1998) describe the chronology of ice sheet
movement across the Svalbard—Barents region,
with evidence for three major glaciations during
the Weichselian, each one extending across the
shelf, including the Kongsfjorden—Krossfjor-
den area. Landvik et al. (1998) discuss the min-
imum extent of the Weichselian ice sheet around
Kongsfjorden, describing the work of Lehman
& Forman (1992), who describe the morainal
bank (visible on the multibeam image presented
here) as the minimum extent of the glacier, with
deglaciation, dated from marine foraminifera on
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the proximal side of the moraine, occurring at
approximately 12.3 Kya. On the basis of this evi-
dence, we calculate that the sub-glacial features
imaged by the multibeam bathymetry must be
older than the ice-free date of 9 Kya.
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