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Grain-size analysis show th at th e sea-bed sediments over large areas in the Norwegian Trench and along it s nor
th ern slope consist of hom ogeneou s silty clay wi th a clay conte nt of 50-75 % and generally less th an 2% sand.
Sediments on th e plateau along th e Norway-Denm ark median line are dominated by fin e and very fine sands, which
beco me coarser at shallower wate r depths towards the southeast, w here sand consti tutes up to 80% of th e sedi
me nts, and silt and clay approximate ly 10% each.These sediments are t ransport ed into th e Skagerrak main ly by the
At lant ic Curren t, the currents fro m th e North Sea and th e Jut land Current, and orig inate from sea-floor erosion in
th e North Sea, from rivers on t he cont inent and in Britain and from coasta l erosion between Denmark and th e
Eng lish Channel.
Sed imenta tio n rates in th e Norwegi an Trench and on the plateau along the Norway-Denm ark medi an line are gene
rally 10-20 cm/ lOO years, increasing to more than 30 cm/ lOO years in t he sout heastern part s of the inve stigated
area. Areas of sed imentat ion rates >50 cm/lOO years are located on th e sout heastern and easte rn slopes of the
Norwegian Trench . Areas of high sed imentat ion rates generally occur where there is a reduction in hydraulic energy
and sediment t ransporting competency of the ocean currents. It is esti mated t hat 18.6 mil l. to ns of sedime nt (dry
we ig ht) accumulate in th e Norwegi an part of th e Skagerrak annually .
Along the upper part of th e southern slope of th e Norwegi an Trench and on the plateau towards Denmark th ere is
an up ward coarsening tr end in t he uppermost 30 cm of t he sed iments on th e sea bottom . This indi cates th at ove r
th e past 150-250 years th ere has been a change in the directi on and/or mag nitude of th e major current systems, lea
d ing to an increased supp ly of coarser -grai ned material from th e southwest, while fin e-grained mate rial has been
transpo rted into th e deeper part s of the Skagerrak.
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Introduction

The Norwegian part of the Skagerrak is dominated by the
Norwegian Trench, which is a glacially eroded sedime nta
ry basin trending parallel to the coast of Norway (e.g.
Holtedahl 1993). The Skagerrak and the Norwegian
Trench (Fig. 1) are the deepest and largest basins of the
North Sea, and form a major sink for fine-grained mate rial
(Eisma & Kalf 1987, Van Weering et al. 1993a). More th an
half of the sediments deposited in the North Sea are
deposited in the Skagerrak (Eisma & Irion 1988).

The sea-bed sediments in the Skagerrak have previous
ly been studied by a number of aut hors (see review by
Van Weering et al. 1993b), but have never been sampled
in a dense and regular gri d allowing deta iled analysis of
lateral and vert ical distribution patterns. In the period
1991-1995 the Geological Survey of Norway, as coordina
tor, together with several other insti t ut ions, carried out a
sea-bed investigation programme in the Norwegian part
of the Skagerrak (Figs. 1 and 2) to map this important area
of sediment deposit ion. During the project, more than
12,000 km of shallow seismic reflect ion data (Ottesen et
al. 1994) and more than 850 short cores from 132 sam
pling stations (Fig. 2) (B0e 1995) were acqu ired in the

Norwegian part of the Skagerrak in orde r to map bedrock

and Quaternary geology, sea-bed sediments and the sta
te of pollution in the sea-bed sediments. In thi s contribu
tion we present some results from the sea-bed sediment
mapping carried out during the project.

Bathymetry and hydrography

The Skagerrak basin reaches a maximum depth in excess
of 700 m app roximately 50 km to the southeast of
Arend al (Fig. 1). Along the northwestern margin of the
Norwegian Trench there is a grad ual shallowing towards
mainl and Norway, although in a broad belt along the
coast, especially in the northeast, there is an irregular
topograp hy. Along the southea stern marg in of the deep
basin the re is a shallowing towards the median line bet
ween Denma rk and Norway. At 250-300 m water depth
there is a decreasing gradient of the slope as one enters a
gently northwestward sloping plateau. To the west there
is a gradual shallow ing of the Norwegian Trench , while in
the east the trench widens before it term inates to the
southeast of Langesund (Fig. 1).

The volumetrically most important current entering
the Skagerrak consists of Atlantic wate r, which ente rs the
North Sea north of Shetland (Fig. 1) (Rodhe 1987, Aure et
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Fig. I. Bathym etry in metres and general cir
culation of water masses in the Skagerrak
and adjacent areas. Open and filled arrows
indicate subsurface and surface water mas
ses respectively. Awh, Atlantic water high
(shallow) and Awl, Atlantic wa ter low (deep)
together constitute the Atlantic Water
Current. BW: Balt ic water (Baltic Current);
CNSW: Central North Sea Water (Central
North Sea Current); KW: Jutland coastal
wate r (Jutland Current); NCW: Norwegian
coastal water (Norw egian Coastal Current );
SNSW: Southern North Sea water (Southern
North Sea Current); SSW: Skagerrak surface
wa ter; NT: Norwegian Trench; H: Hanstholm.
Modi fied from Danielsen et al. (1991).

Fig. 2. Coring stations and bathymetry in the
Norw egian part of the Skagerrak.

al. 1990, Danielsen et al. 1991 ). The inflow of At lant ic
wate r consists of two partly separable currents : 1) a direct
inflow along the southern slope of the Norwegian Trench
with a deep core located above the 150 m bottom con
tou r; 2) a branch along the 70 m bottom contour, on the

Danish side (Aure et al. 1990). Invest igat ions on th e regio
nal hydrog raphy by Sva nsso n (1975), Rodh e (1987) and
Fonselius (1990) have shown that the other main comp o
nent s of the ant iclockwise circulat ion in the Skagerrak are
the influx of Cent ral Nort h Sea water and Southern North
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Sea water, and English Channel water, Continental
Coastal water and Jutland Coastal water, wh ich together
make up the Jutland Current (Fig. 1). At the outlet of the
Kattegat, the Jutland Current mixes with Baltic water and
then continues along the Swedish west coast to Norway,
where it turns towards the southwest to become the
Norwegian Coastal Current. As the water flows along the
Swedish and Norwegian coasts it is mixed with fresh
water from the rivers and the fjords.

Methods

A total of 132 stations were sampled , the locat ions of
which are shown in Fig. 2. At Stations 2-75, cores were
retrieved by a Niernisto corer, while a multicorer was used

at Stations 76-133. The sedimentary characteristics of one
core (59 mm core diameter and core length generally less
than 50 cm) from each of the 132 sampling stations were
described, including sedimentary structures, textures
and composition (B0e 1993, 1994, 1995). Sea-bed sedi
ment samples (0-2 cm depth) from all stations were ana
lysed on a Leco carbon analyser to obtain total carbon
(TC) and total organic carbon (TOC). These data are pre
sented as maps of carbonate and TOC content.
Subsamples for grain-size analysis were taken at the sea
bed (approximately 3 cm core depth) and at 30 cm core
depth and analysed by standard sieving techniques (frac
tion >63 urn) and Sedigraph (fraction <63 urn) . Based on
the grain -size analysis and the map of Holocene sediment
distribution (Rise et aI., this volume), a sea-bed sediment
map and a map of sediment types at 30 cm core depth
were compiled.

Fig. 3. Total organ ic carbo n ( roC) (a) and carbonate (C03, % of total dry

weight) (b) content of sea-bed sediments (0-2 cm core depth) in the
Norwegian part of the Skagerrak.

The Norwegian Trench below 350 m
water depth and adjacent areas to the
north

The very dark grey, homogeneous silty clays which domi
nate the Norwegian Trench and adjacent areas (Fig. 1) are
moderately to strongly bioturbated, and whole and disin
tegrated shells, up to several centimetres in diameter,
occur . The most common trace fossils are Chondrites and
Planolites, but vertical spreiten burrows (Teichichnus)
and feeding-spreiten (Lophoctenium) also occur, with
burrows up to 4 cm diameter. A dark greyish -brown layer
a few centimetres thick at the surface is enriched in orga
nic carbon (up to 2.4% TOe, Fig. 3a) and manganese
(Szether et al., this volume), and commonly contains
tubes made by polychaetes. The sea-bed sediments
generally contain 7-11% carbonate (Fig. 3b).

Grain-size analysis shows that the sea-bed sediments
at 3 cm depth consist of moderately sorted silty clay with
a clay «2flm) content of 50-75%. The majority of the
samples contain 60-70% clay, with the highest clay con
tents in the deepest parts of the trench (Figs. 4a and 6).
The silt content of the sea-bed sediments is generally 30
40% (Fig. 4b). No systematic variation in the clay or silt
content has been detected; however, in a zone trending
southeastwards from Langesund the silt content is redu
ced to approximately 25%. The sand content of the sea
bed sediments is generally 1-2% (Fig. 4c), while gravel
constitutes less than 1%. Material in the gravel fraction
consists entirely of biocla stic carbonate, dominated by
shells and shell fragments of main ly foraminifers and
bivalves, while in the sand fraction there is also siliciclastic
materia l.

Downcore, a slight decrease in sand content is com
m o n . The m edian g rain size o f the sedi m e n t s at 3 c m

depth varies from 0.7 urn to 2.0 urn (Fig. 4d), while at 30
cm depth it is0.1-0.2 urn smaller. In the northeastern part
of the invest igated area the sedimen ts at 30 cm depth
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Fig. 4. Clay content (a), silt content (b), sand content (c) and median diameter (d) of thesea-bed sediments (3 cm coredepth) in theNorwegian pan of theSkagerrak.
M: Manda/; K: Kristiansand; A: Arenda/; L: Langesund.

consist o f si lt y cl ay (Fig. 7), an d ar e less variable in compo

sition and finer-gra ined than the sediments on the sea
floor (Fig. 6).

Based on reflecti on seismic data, a narrow area of ero
sion/n on-deposition has been located to the southeast of
Arend al (Fig. 6). Van Weering (1981) refers to a sample
wi th median diameter in the fine to very fine sand fract i
on and w ith a clay content of less than 30%, and the area
therefore probably consists of sand-silt-clay.

The southern slope of the Norweg ian
Trench above 350 m water depth and
the plateau towards the Danish
median line

Along the southern and southeastern slope of t he
Norweg ian Trench there is a change from silty clay to

san d -sil t-clay (Fig . 6 ) at about 350 m wat e r d epth, w h i le at

abo ut 200 m water depth there is a change to silty sand.
At water depths shallow er tha n 150 m th e sediments
consist of up to 80% of well-sorted sand, predominant ly
in the very fine and fine sand fract ions, w hile silt and clay
each represent about 10% (Figs. 4a-4c). The sands are
usually moderately bioturbated, and ripple cross-lamina
ti on and flaser lamina ti on occur. Shells and shell frag
ments are present throughout the cores, while the colour
of the sedimen ts varies from dark grey to olive grey. TOe
is wi t hin this area reduced to approximate ly 0.5%, w hile
carbo nate const itu tes ca. 3%. Downcore th ere is general
ly an up to 10% increase in th e content of both silt and
clay, while the sand content decreases by up to 15% (the
med ian diameter in the surface samples close to the
median line reaches 105 mm, wh ile at 30 cm depth in the
cores there is a reducti on to 101 urn, Fig. 4d). Gravel
genera lly makes up less than 1% of the sediment, and is
composed predo minant ly of bioclastic carbonate. The
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Stations 65 (355 m water depth) and 66 (269 m water
depth), there are sharp, possibly erosional boundaries
between 5 cm thick layers of fine sand on top of silty
clay/clayey silt, and sandy silt on top of clayey silt , respec
t ively. At 30 cm depth below the sea floor the northward
extent of the area of sand-silt-clay has been reduced , and
the lobe of silty clay « 60% clay content) stretching
northwestward into the deepest parts of the Skagerrak
has almost disappeared (Fig. 7). The boundary between
sand-silt-clay and silty clay occurs at water depths of 250
300 m, which is less than at 3 cm core depth, and clayey
silt occurs in the northeasternmost parts of the sand and
sand-silt-clay areas.

Along the upper part of the southern slope of the
Norwegian Trench, to the south of Kristiansand, an area
of zero Holocene thickness has been interpreted from
seismic reflection data (Rise et aI., this volume), Within
this area glaciomarine deposits are exposed at the sea
floor, with Cretaceous bedrock outcropping in a narrow
zone. To the south of the area of zero Holocene thickness ,
early Holocene reflectors are truncated, showing that
erosion has occurred or still occurs, while to the north the
Holocene unit onlaps and pinches out, and there isa zone
of non-deposition. Four of our sampling stations (Stat ions
91, 113, 118 and 131) from the area of erosion /non-depo
sition (Fig. 6) record sediments very different from the si1
ty clays to the north and the silty sands to the south. At
these four stations the sea-bed sediments consist of grey
coloured and moderately bioturbated sediments with 40
50% clay, 30-40% silt, up to 25% sand and a few percent
gravel. Shells and shell fragments are concentrated in lay-
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Fig. 5. Triangular diagram (modified from Shepard (954)) show ing grain
size distribut ion of the sea-bed sediments at 3 cm core dep th. Dots: cores
with silty clay; fill ed squares: cores wi th glacial/ reworked glacia l deposits
along the coast of Norway; empty squares: cores from the area of
erosion/ non -deposition on the southern slope of the Norw egian Trench;
crosses: cores from the plateau along the Danish median line; diam onds:
cores with a clear upward -coarsening trend from the plateau alon g the
Danish median line; A: sand; B: silty sand; C:sandy sil t; 0 : silt; E: clayey sand,
F: sand-silt -clay; G:clayey sil t; H: sandy clay; I ( siltyclay « 60% clay); 12: sil ty
clay (>60% clay); I:clay.

upward coarsening is especially well expressed in an area
along the border to Denmark, stretching from Station 65
in the northeast to Station 78 in the southwest (Fig. 2). At

NORWAY

Fig. 6. Sea-bed sediments at 3 cm core depth
(see Fig. 5 for expla nation of legend) in the
Norwegian pa rt of the Skagerrak. ER: Areas
of erosion/ non-deposition on the southern
slopeof theNorwegian Trench and along the
south eastern slope of the Arendal terrace.
DE: Areas with thick Holocene deposits.

1~0 3iL j O 50 Kilometers

Legend
~;l~;l;~ A: Sand
..... ..... B: Silly sand

IIIIII F: Sand -sill-clay
~::l G: Clayey sill
11111111111 H: Sandy clay

11 : Silly clay , <60% clay
_ 12: Silly clay , > 60% clay
iggggl Undiff . bottom lype
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Fig. 7. Sediment type at 30 cm core depth (see Fig
for explanation of legend) in the Norwegian pan
the Skagerrak. ER: Areas oferosion/non-depositk
on the southern slope of the Norwegian Treru
and alo ng the sout heastern slope of the Arena
terrace. DE: Areas with thick Holocene deposits .
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Legend
~!lml1 A: Sand

B: Silty sand
E: Clayey sand

IIIIII F: Sand-siIt-clay
G: Clayey silt
11: Silty clay, <60% clay

- 12: Silty clay, >60% clay
ggggg: Undiff. bottom type

ers at Station 131, while pebbles up to 2 cm in diameter
occur concentra ted in the interval 9-15 cm depth at
Station 91. At Stat ion 91 th ere is a sharp boundary at 15
cm core depth and at Station 118 th ere is a trans it iona l
boundary at 13 cm depth , where th e poorly sorted inte r
vals overlie grey, well-sorted and moderately bioturbated
silty clay (containing isolated peb bles at Stat ion 91). At
Station 113 the sediment contains scattered pebbles
throughout.

Areas along the coast of Norway

An approximately 10 km wide zone along th e coast of
Norway (Fig. 6) is characterised by small, sediment-filled
depressions, and there is considerable variatio n in sedi
ment composition, both laterally and vertically. At
Sta t ions 96 and 127 (Fig. 2) the sediments co nsist o f grey,

poo rly sorte d and moderate ly bioturbated sandy and
pebb ly c1ay/si lty and sandy clay wit h pebbles up to 3 cm
in diameter. At Station s 3 and 20 grey, moderate ly biot ur
bated silty clays are overlain by 7 cm and 15 cm th ick,
dark grey layers of sandy clay with silt, separated byerosi
on surfaces.At Stat ion 11 dark grey, mod erate ly bioturba
ted silt y clay with isolated pebbles is overlain by a 15 cm
thic k, poorly sorted layer of sandy clay wi th pebbles up to
5 cm in diam eter and shell fragments up to 1 cm in dia
meter.

Sediment accumu lat ion rates

Measurements of present sediment accumulation rates
carried out by a number of aut hors and insti t uti ons and
by different met hod s were comb ined wi th the map of
Holocene sediment thickness(Rise et al., th is volume) and
sea-bed sediment descriptions to synthes ize a map of
approximate sediment accumu lat ion rates th roughout
the Norweg ian part of the Skagerrak (Fig. 8). The major ity
of the sedimen tation rates have been obtained by th e
210Pb meth od, but also sedimentat ion rates obtained
from foram inifera and anthropogenic po llution were
used (Jorgensen et al. 1981, 1990, Erlenkeuser &
Pederstad 1984, Muller & Irion 1984, Iversen &
Jorgensen 1985, Thiede 1985, Van Weering et al. 1987,
1993a, Bojesen-Koefoed 1992, Denneqard et al. 1992,
Anton et al. 1993, Hass 1993, Meyenburg & Liebezeit
1993 , Paetzel et al. 1994, Ku nze nd o rf et al ., th is volu m e

and prev iously unpubl. data).
The lowest sediment accumulation rates occur along

the axis of the Norweg ian Trench, wi th rates of 10-1 5
cm/lOO years (Fig. 8), On th e plateau along the Norway
Denmark median line sedimentation rates up to 21
cm/ l OOyears have been measured; however, from seis
mic and bathyme tric data it is evident t hat erosion may
prevail locally (see below), The area of erosion/non-depo
sit ion term inates to the east in a narrow trench. Sediment
accumulat ion rates up to 98 cm/ l OO years have been
measured in an area of thick Holocene deposit s, to the
north and east of th is trench. In the northeasternmost
part of the Norwegian Trench, sediment accumul at ion
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rates up to 110 cm/lOO years have been measured . The
latter area also coincides with a zone of thick Holocene
depos its.

Along the coast of Norway we assume that rates of
deposition vary, with high rates in small basins, alterna
ting with topographic highs character ised by little depo
sition and even erosion . To the south and southeast of
th e area of variable sedimentation rates (Fig. 8), rates up
to 30 cm/lOO years are indicated where thick Holocene
deposits occur. Only one measurement has been obta i
ned (southwest of Manda l) to confirm the interpretat ion,
wh ich is therefore very uncerta in. It is possible that most
of these sediments were deposited during the early
Holocene land uplift, filling topograph ical dep ressions,
and that the present sediment accumulat ion rates are
lower.

Discussion

Sedim ents deposited in the Norwegian part of the
Skagerrak are transport ed from the southwest by th e
Jut land Current and the currents from the southern and
central North Sea, and from the west by the Atlanti c
Water Current (North Sea Task Force 1993). These sedi
ments are deri ved from sea-floo r erosion in the North
Sea, especially during large wi nter storms (Eisma & Kalf
198 7 ), from the North Atl antic Ocean, from t he rivers s u r
roundin g the south ern North Sea (e.g. Kuijpers et al.
1993) and from coastal erosion . Smaller amounts come
from the atmosphere, primary production and the Baltic

59

58

Fig. 8. Sediment accumulation rates in the
Norweg ian pa rt of the Skagerrak based on
270Pb derived accum ula tion ra tes, thickness
of Holocene sediments and sea-bed sedi
ment typesa

(Eisma & Irion 1988). Late Holocene mineralogy and com
position support a southerly origin for much of the fine
grained mate rial depos ited in the Skagerrak (Rosenqvist
1985, Kuijper s et al. 1993, Pederstad et al. 1993, Z0 11mer &
Irion 1993).

Several areas in the southern North Sea and along the
eastern coasts of the North Sea, from Britain to
Hansthol m in Denmark (Fig. 1) exhibit annual erosion of
up to 600 q/rn ? (Pohlmann & Puis 1994). Also along the
southwestern slope of the Norwegian Trench, where bot
tom-current veloc it ies may reach 30-40 cm/s (Delhez &
Mart in 1992), there is evidence of strong erosion (Rise et
al., th is volume). Previous estimates of sediment accumu
lati on in the Skagerrak vary from 17 mill. ton s of suspen
ded matter deposited in the Skagerrak and the
Norwegian Trench per year (Eisma & Irion 1988) to 28 mil l.
tons dry weight deposited in the Skagerrak per year (Van
Weering et al. 1987). Our estimate, based on measured
and est imated sediment accumu lati on rates (Fig. 8) and
dry bulk densiti es measured at every sampling stat ion
(Rise & B0e 1995), is 18.6 mi ll. ton s dry weight deposited
in the Norwegian part of t he Skagerrak (south of 59°N
and east of a line between Jeeren and Hanstholm in
Denma rk) (Fig. 1) per year.This is in good agreement with
the figu res of Van Weering et al. (1987).

The grain sizesof the Holocene sea-bed sedi ments clo
sely reflect current velocities, wit h sandy, predominan tly
t ra ction transpo rt ed se d im e n t s in s ha llo w areas w it h

strong bottom currents (Fig. 1). There is a distinct fining
of the sediments with increasing water depths (Figs. 2
and 4). This was also ob served by Van Weering (1981),
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who described a northward (from Denmark towards
Norway) stepwise transition from well sorted sand (t ract i
on transported) to well sorted sand/moderately sorted
silt and clay (t ract ion and suspension transported) and
finally moderately sorted silt and clay transported in sus
pension .

To th e south and east of the area of erosion /non-depo
sition , on the southern slope (Fig. 6), there is rapid variati
on in sea-bed sediment type over relatively short distan 
ces. Ripple, flaser and lenticular lamina ti on in the sea-bed
sediments indicate dep ositi on from suspension as well as
bed load due to fluctuating current strength. In this area
there is a bottom nepheloid layer developed, from which
near bottom suspension deposition of resuspended
material takes place (Van Weering et al. 1993a, Lepland &
Stevens, this volume). Some of the variation in sediment
type may be the result of local hydrographical variations ,
where changing weather conditions may change the
direct ion and magnitude of th e major ocean currents
(e.g. Larsson & Rodhe 1979) and thereby the sediment
supply. Detailed bathymetry and seismic reflection data
indicate the presence of gravity slides in the area of high
sedimentation rates on the southern slope, in water
depths of 250-450 m, and vertical and lateral grain-size
variations are probably associated with these features.
These data also show the existence of large relict sand
waves (which have migrated to wards the southeast) in a
wide area along the median line, in wat er depths shallo
wer than 250-300 m. It is probable that the variation in
sediment type to some extent can be explained by diffe
rences in depos it ional setti ng between th e crests and the
troughs of these ancient sand waves. There are also NE
SW tren ding elong ated dep ressions, up to 45 m deep,
300 m wide, 1500 m long, and probably caused by comb
ined gas escape and curren t erosion, showing that large
local variations in current regime and depositiona l envi
ronment exist.

The highest sediment accumulation rates in the
Skagerrak (Fig. 8) occur in the northeast, where there is a
la rg e vortex fo rmed by t he At la nt ic Current, the Jut land

Current , t he Baltic Current and the Norwegian Coastal
Current. The very high sediment accumul ation rates have
been exp lained by a large area in the centre of this vortex
where current velocities are low, and where suspended
mater ial is allowed to settle through the water column to
the bottom (Eisma & Kalf 1987). We interpret the high
sediment accumulation rates on the southern slope of
the Norwegian Trench, further southwest, to reflect a
reduction in hyd raulic energy and sediment transp orting
com petency of the ocean currents. This may be due to
increasing water depths and decreasing slope angle in
the predominant transport direct ion, leading to deposit i
on of suspended fine s and sandy mat erial. Model simula
tions of bottom flow velocities and current directions car
ried out du ring this project by the Institute of Marine
Research, as well as the elonga ted depressions on the sea
floor, show th e predominant bottom-water curren t di rec
t ion in th isarea to be towardsthe northeast, ca. 200 to the

north of the depth contours. In add it ion, it is probable
that east of the out let of the narrow trench in the eastern
terminat ion of the area of erosion/non-deposition , there
is a de-focusing of the current s along the slope, leading
to high rates of deposit ion .

The coarsening-upward trend observed in the sea-bed
sediments along the sout hern slope of the Norwegian
Trench and on th e plateau towards Denmark ind icates
that there has been an increased supply of coarse-grai
ned material over the past 150-250 years. This may be
due to changes in the directions and magn itudes of the
major ocean current systems. One can speculate if this
reflects an increasing importance of the Jut land and
North Sea Currents relative to the Atlan t ic Water Current,
wi th increasing supply of coarse-grained material from
the southwest. Hass (1993) speculated wh ether the
upward -coarsening trend observed in long cores in the
area of Stations 87 and 91 reflects climatic cond it ions in
this century comparable with those reported from the
Litt le Ice Age, with increasing bottom current strengths
and very high sedimentati on ratesdue to higher frequen
cies of westerly wi nds and storms changing the circulat i
on patterns. Also Jerqensen et al. (1981) interpreted the
upward coarsening, close to Stations65 and 66, to be due
to increased bed load transport caused by a gradua l incre
ase in bottom current strength. During the Little Ice Age,
sediments in th is area were occasionally deposited at a
rate of up to 500 cm/ 100 years (Hass 1993). Two long
cores (spanning th e past 1000 years) from the eastern
part of the area of high sedimen t accumulation rates, bet
ween Stations 53 and 54, contain silty clays characte rised
by a contourite-Iike sedimen tat ion pattern (Hass 1993),
which was interpreted to reflect climatically induced,
fluctu at ing bottom currents. Recently, Hass & Kaminski
(1995) have proposed that the last phase of the Litt le Ice
Age (1750-1900) was characte rised by stormy westerlies
wh ich were likely to amp lify water circulat ion in the
Skagerrak and thereby cause transport of coarser-grained
sediments, while the maximum of the Little Ice Age
(15 50 - 1750) wa s d om in ated b y calm e r, more easterly

winds. Also Nordberg (1991) and Alve (1995) have inter
preted changes in the major curren t system s flowing into
the Skagerrak during the past hund reds of years.

The fine-grained sediment s which cover most of the
investi gated area, including the Norw egian Trench, show
little variatio n in grain size in the uppermost 30 cm of th e
sea-bed, and are interpreted as hemipelagic and near
bottom suspension depos it s (see Lepland & Stevens, this
volume) deposited at a relat ively slow rate. In these dee
pest parts of the Skagerrak, waters are normally replaced
every 2-3 years by episodic inflow from the north west
along the axis of the Norwegian Channel, t hough rapid
change s can occur when bottom water cascades into th e
Norweg ian Trench from the west during very cold wi nters
(l.jeen 1981). During such events slight ly coarser-grained
materia l may possib ly be transported into the deep basin.
The highest organic carbon and carbonate contents in
the Norwegian Skagerrak occur in the Norweg ian Trench;
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however, there is a slight reduction in carbonate content
in the deepest parts of the trench, which might indicate
that carbonate dissolution occurs. A similar conclusion
was reached by Alve (1995) from the study of foraminife
ra.

Silty clays in local basins along the coast of Norway are
here interpreted as suspension and near-bottom suspen
sion deposits transported by the Norwegian Coastal
Current. Coarser-grained and poorly sorted sediments are
thought to be locally derived erosion products from sur
rounding topographic highs, which may consist of
bedrock aswell as till and glaciomarine sediments. Due to
the generally high current velocities of the Norwegian
Coastal Current these sediments may locally be eroded
and resedimented (Holtedahl 1989, Pederstad et al.
1993). Lag deposits may be present where erosion has
occurred at the sea bottom, e.g. at Stations 3 and 11.
Holtedahl (1989) and Van Weering (1981) also noticed
this zone of winnowed sediments along the coast.

Summary and conclusions

Grain size analysis has shown that the sea-bed sediments
th roughout large areas of the Norwegian Trench consist
of silty clay with a clay content of 50-75% and generally
less than 2% sand. Bioclastic gravel makes up less than
1% of the sediments, wh ile carbonate and organic carbon
contents reach 10% and 2.4%, respectively. These homo
geneous sediments are transported into the Skagerrak by
Atlantic water from the northwest, by the Jutland Current
and the currents from the central and southern North Sea
from the southwest and to a smaller degree by the Baltic
Current from the southeast, and are interpreted as hem i
pelagic and near-bottom suspension deposits.

Sediments on the gently northward sloping plateau
along the Norway-Denmark med ian line are dominated
by fine and very fine , predominantly traction-transported
sands that become coarser-grained at shallower water
depths towards the southeast, where sand const itutes up
to 80% of the sediments and silt and clay approximately
10% each. These sediments are transported into the
Skagerrak mainly by the currents from the central and
southern North Sea, including the Jutland Current, and
originate by erosion of the sea floor in the North Sea,
from rivers on the continent and in Britain, and from
coastal erosion between Denmark and the English
Channel.

Along the coast of Norway, areas of Holocene sedi
ments alternate with areas of bedrock and glacial /glacio
marine depos its. Also on the southern slope of the
Norwegian Trench, to the south of Kristiansand, and on
the southeastern margin of the Arendal terrace, there are
areas of erosion /non-deposition where glaciomarine and
glacial deposits are exposed.

Sediment accumulation rates within the Norwegian
Trench and on the plateau towards the Danish border are
generally 10-20 cm/lOO years, increasing to more than 30

cm/lOO years in the southeastern parts of the investiga
ted area and locally on the northwestern slope of the
Norwegian Trench. Very high sediment accumulation
rates (>50 cm/lOO years) occur on the southeastern slope
of the Norwegian Trench, and in the northeasternmost
part of the Norwegian Trench. Areas of high accumulati
on rates generally coincide with areas of thick Holocene
deposits, where there is a reduction in hydraulic energy
and sediment transporting competency of the ocean cur
rents. It is estimated that approximately 18.6 mill. tons of
sediment (dry weight) accumulate in the Norwegian part
of the Skagerrak annually.

Along the southern slope of the Norwegian Trench and
on the plateau towards Denmark there is a general
upward-coarsening trend in the uppermost 30 cm of the
sediments on the sea bottom. This fits well with previous
ly published data from long cores, indicating that 150
250 years ago there was a change in the direction and
magnitude of the major current systems, leading to an
increasing supply of coarse-grained material from the
southwest.
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