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ABSTRACT
Late Weichselian and Holocene dinoflagellate cyst assemblages ha1.e been inirestigated at t\\,o
stations situated close to the modern Polar Front at the continental margin off East Greenland.
Both the concentrations of dinoflagellate cysts and the assemblage composition reflect changes
ill the surface water conditions, occurring in distinct steps during the past 15,000 years. Low
concentrations of dinoflagellate cysts during Termination Ia suggest harsh environmental conditions, most probably caused by an extensive sea-ice cover and/or a high influx of low salinity meltwater. A surface water warnung was recorded from 13,000 - 12,000 years BP, related
to the inflow of warmer water from the North Atlantic into the western Norwegian-Greenland
Sea. The interval between Terminations Ia and Ib was characterized by a strong seasonality
with an extensive sea-ice cover in winter and relatively warin surface waters in summer. At the
transition to the Holocene, a reorganisation of the hydrography resulted in surface water conditions characteristic for the Holocene with three well-defined major water masses and oceanographic fronts. The modern water mass conditions at both stations were established at the end
of Termination Ib, around 6,400 to 6,800 years BP.
In general, the influence of colder surface waters was more pronounced at the location off
Scoresby Sund throughout the Holocene. Arctic water had the strongest influence at both stations in the middle Holocene. A progressive cooling with an increase in sea-ice cover is timetransgressively recorded at both stations during the Holocene, indicating that the Polar Front
moved to its present position or that branches of the zonal currents expanded from the East
Greenland shelf eastward during the last 3,000 years.

INTRODUCTION
The surface waters of the Norwegian-Greenland
Seas represent modifications and mixtures of two
major water masses which enter from the Atlantic
and the Arctic oceans, respectively (e.g. Swift,
1986). The Norwegian Atlantic Current (NAC)
carries the relatively warm, saline Atlantic water
along the Norwegian continental margin towards
the Arctic Ocean and supplies the lugh northern
latitudes with heat and moisture (Fig. 1). Smaller
influxes of warmer water are provided by the
Irminger Current (IC) and the Norwegian Coastal
current (NCC). The East Greenland Current (EGC)

counteracts this warm water influence, transporting cold, low saline surface water and sea ice
along the East Greenland shelf edge to the Denmark Strait. These boundary currents create two
large cyclonic gyres in the central part of the
Greenland and Iceland seas, resulting in the c l ~ a racteristic distribution of hydrographic fronts and
surface water masses (Fig. 1).
These meridional and zonal hydrographic coiltrasts cause a distinct distribution of sea ice. The
North Atlantic water (NAW) is usually free of sea
ice throughout the year. The Arctic Water (AW) is
characterized by a large seasonal and interannual
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cores (e.g. Gard & Backrnan, 1990;
Baumann et al., 1993; Koq et ol., 1993;
Stein et al., 1994, 1996; Nam e f al., 1995;
Antonow, 1995; Nam, 1996). Therefore, the influence of polar water has
been widely ignored or considered a
marginal phenomenon. It was quite
recently realized that changes in the
supply of fresh water from the Arctic
Ocean via the EGC may considerably
disturb the hydrological cycle in the
Norwegian-Greenland Sea and the
North Atlantic, resulting in changes in
deep water convection (Aagaard &
Carmack, 1989). The transport of sea
ice and low saline surface water in the
EGC through the Fram Strait is the largest contribution of fresh water to the
Norwegian-Greenland Sea, of which
only less than 3% flows into the convective gyres (Aagard & Carmack,
1989).If this influx increases annually
by a factor of two, the deep convection
would shut down. Sea-ice formation
in the central Greenland and Iceland
seas is also linked to the influx of low
salinity, low density water froin the
Figure 1. Schematic surface currents and distribution of surface water
EGC (Swift, 1986). Thus, past changes
masses in the Norwegian-Greenland Sea. Abbreviations: PW = polar
in the hydrography of the western
water masses; AW = arctic water masses; NAW = North Atlantic water
Greenland and Iceland seas may have
masses; EGC = East Greenland Current; NAC = Norwegian Atlantic
had a strong '*Iuence
On the Ocean'Current; NCC = Norwegian Coastal Current; IC = Trminger Current
graphy
of
the
entire
Norwegian(after Dickson ct nl., 1988; Joha~messen,1986; Swift, 1986).
Greenland Sea.
variability in sea-ice cover especially in the winter,
Unfortunately, the variability of the present day
remaining free of sea ice in some years and being
oceanographic conditions is not adequately reflected in the distribution of planktic microfossils in
ice covered in other years. In contrast, the polar
water (PW) is permanently covered by sea ice in
the surface sediments from the Greenland and Icewinter (Vinje, 1977; Swift, 1986),whereas open conland seas, and the reconstruction of paleoceanograditions mainly prevail in the western 1celand Sea in
phic conditions is seriously hampered beca~lscof
summer.
the sedimentary conditions. Calcareous microfossils are of restricted importance due to sparse
Paleoceanographic investigations to date mainoccurrences and low d&ersity of assemblages,
ly focused on t h e Norwegian Sea because of the
profound influence of the warm North Atlantic
reflecting the harsh ecological conditions (e.g.
Pflaumann, 1986; Eide 1990; Samtleben pt a!.,
water on the past and present climate of Europe.
1995b). Additionally, abiotic processes, in particuThe first inflow of relatiGely warmer water into the
Strait after.Terminalar dissolution, alter the living communities of the
Norwegian Sea and the
tion Ia forms a major datum in the late glacial and
calcareous and biosiliceous plankton, often leaving
Holocene paleoceanography of the region (e.g. Janonly a fragmentary record in recent and Holocene
sen et al., 1983; Jansen & Bj~rklund,1985; Koq Karsediments (e.g. Samtleben et al., 1995b).
puz & Jansen, 1992; Lehman & Keigwin, 1992;
Dinoflagellate cysts differ from calcareous and
Veum et a/., 1992; Koq et al., 1993, 1996; Haflidason
biosiliceous microfossils in being chemically illore
et nl., 1995; Hald et al., 1996) which initiated thc
resistent to biochemical degradation and dissolumodern meridional Holocene type circulation
tion because their cyst wall is made of organic com(Sarnthein et al., 1995). In contrast, upper Quaterpounds. They are persistently present in recent
nary sediments underlying the colder water massediments from the Norwegian-Greenland Sea,
ses were investigated only in the past few years
reflecting the summer conditions, and form
distinct assemblages in upper Quaternary sedibecause of a previous lack of suitable sediment
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ments (Matthiessen, 1991, 1995, 1996; Baumann &
Matthiessen, 1992).
Therefore, dinoflagellate cysts assemblages
have been investigated at two stations at the continental margin off East Greenland in order to reconstruct the evolution of surface waters during the
last ca. 15,000 years which are today cold, relatively
low saline and seasonally ice covered. The chronostratigraphy of both cores is well-constrained by
means of stable oxygen isotopes and accelerator
mass spectrometry dating (Jones & Keigwin, 1988;
Narn et al., 1995; Nam, 1996; Stein et al., 1994,1996).
Previous investigations at both stations focused on
reconstructil~gglacial-interglacial changes in the
sedimentary environment (Letzig, 1995; Narn et al.,
1995; Nam, 1996; Stein et al., 1994, 1996), whereas
micropaleontological analyses were carried out
only on Holocene coccolith and dinoflagellate cyst
assemblages from core PSI295 (Matthiessen, 1991;
Baumam & Matthiessen, 1992), and on planktic
foraminifera from the gravity core of station
PSI730 (Nam et al., 1995; Nam, 1996).
In this study, special emphasis is placed on Termination I because previous paleoceanographic
reconstructions suggested a time-transgressive
inflow of North Atlantic surface water into the
Norwegian Sea during the last deglaciation (Kog et
al., 1993; Hald et al., 1996), reaching the southeastern Norwegian Sea from 13,500 to 13,000 years
BP, the Fram Strait from 12,500 years BP and the
western Iceland Sea after 9,000 to 8,000 years BP. A
comparison of different planktic microfossil
groups, however, showed that only dinoflagellate
cysts are continuously present in the Greenland
Sea during the past 11,000 years (Samtleben et al.,
1995b).Thus, dinoflagellate cysts may have a great
potential to reconstruct the paleoceanography of

cold, ice-covered regions. Additionally, the possible causes for differences between the dinoflagellate cyst and other planktic rnicrofossil records are
discussed because the continuous presence of
dinoflagellate cysts has important implications for
paleoecanographic reconstructions, which were
previously based only on calcareous and siliceous
microfossils.
MATERIAL & METHODS
The sediment cores from stations PSI295 and
PSI730 were selected for this study because accelerator mass spectrometry radiocarbon dates (Table
1) and stable oxygen isotopes (Fig. 2) suggest that
they provide continuous sections during the last
ca. 15,000 years BP (Jones & Keigwin, 1988; Nan1 et
al., 1995; Nam, 1996; Stein et al., 1994; 1996). Boxcore PSI295 (formerly referred to as PS21295-4 by
Jones & Keigwin, 1988; 21295 by Baumann & Matthiessen, 1992) was collected in the southern Fram
Strait (77O59.52' N, 2O25.23' E, 3112 m), while the
boxcore (70°06.99'N, 17"41,66'W, 1622m ) and the
gravity core (70°07.19' N, 17O42.06' W, 1617m)from
station PSI730 were taken in the western Iceland
Sea (Fig. 1).
The upper Quaternary sediments of both cores
consist of greyish brown silty clays to clayey silts
with a variable degree of bioturbation (Letzig,
1995; Nam, 1996; Fig. 2). Samples were taken at
variable intervals in order to get a resolution of
approximately one sample per 1,000 years. An
initial study on sediment core PSI295 revealed a
distinct temporal variation in the composition of
dinoflagellate cyst assemblages (Matthiessen, 1991)
despite the low sedimentation rate (ca. 2 to
3 cm/ka; Jones & Keigwin 1988). Therefore, additional samples were analyzed from Termination 1.
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Figure 2. Correlation between the dinoflagellate cyst records of station PSI730 and PS1295. The distinct changes in the
composition of the assemblages are marked with a dashed line. Arrows in the stable oxygen isotope record indicate
AMS ages (Nam ~ ,nl.,
t 1995),while all samples used for stable oxygen isotope analyses from PSI295 were dated (Jones
& Keigwin, 1988).
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Table 1.AMS dates of sediment cores.

Table 2. Taxonomic listing of species recovered.

Depth
(em)

Algidasphaeridium? Ivinutum s.I.
(Harland & Reid, i liHarland et al. 1980) 1
suoka & Bujak. 1988
Brigantedinium simp)'ex
(Wall 1965) Reid 1977
Brigantedinium spp.
Reid la74
lmpagidir
us,j
Bujak
Nematosprraarupwa labyrinthus
(Oster~feld1903) Reid 1974
Operculo,dinium centrocarpum
(Defla~
idre & Coolkson 1955)
-sulnlrentes
. .. .. efonoatu.S S.I.
Reid 1
Spinife
ltUS
Reic
Spiniferites frigidus
Harland & Reid, in Harland etal. 1980
Spinilerites cf. elongatus
Harland & Shar
Spiniferit~
?S spp.
(Manti311 1850) Sa rjeant 1970
,...Spinife
(Del
5) Sarjeant 1970
Spinife
Reic
-sp~n~tentes
. ..
memoranaceus
(Rossignol 1964) Sarjeant
Spiniferites
mirabilis
.(RO!ssignol 1963), Sarieanl 1970
Spinile'rites ramosUS
(Ehl,enberg) Lo,eblich & Loteblich 1966
L..,,.:.

2
.
.

Nam efal. 19

The samples were processed with standard
palynological methods wluch have been briefly
described by Matthiessen (1995, 1996). Dinoflagellate cyst concentrations are calculated per gram
dry sediment. The second set of samples from core
PSI295 and all samples from the box and gravity
core PS1730 were sieved with 6 pm mesh after each
acid treatment, while 10 lun was used with the first
set of samples from PSI295 (Matthiessen, 1991).
The different mesh sizes d o not pose any problems
because the smallest Quaternary dinoflagellate
cysts are usually larger than approximately 15 pm.
The taxonomy follows principally Matthiessen
(1991,1995) who also illustrated the species shown
in Figures 2 to 4. All species recovered are listed in
Table 2.
Chronostratigraphy
Accelerator mass spectrometry I4C dates on the
planktic foraminifera1 species Neogloboqrurdrino
pnch!ydcrnm (sin.) provides the basic chronostratigraphic framework for the sediment cores (Table
1). Boxcore PSI295 has a well constrained chrono-

.

Other spi?cies
Ataxio~
jinium choa
Reic1 1974
- re,pikiense
Bitecta~roorn~urn
Wils;on 1973
lmpagr'dinium spp.
e
.
.
.
31U\ ier & Evitt 1Y I O
lmpagr'dinium sph,sericum
(Wa11 1967) Leritin & Willia m s i v v i
.,-. ~diniummachaerophor~rm
(Deflandre& Cookson 1955) Wall 196
Pentapharsodinium dalei
Indelicate & Loeblich 1986
Trinov;
Reic

..
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logy because of 22 AMS dates (Jones & Keigwin,
1988). The gravity core from station PSI730 was
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Figure 3. Dinoflagellate cyst record of selected species at station PS1730. The stable oxygen isotope stratigraphy and
AMS dates are from Nam et al. (1995). The distinct changes in the composition of the assemblages are marked with a
dashed line.
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Figure 4. Dinoflagellate cyst record of selected species at station PS1295. The stable oxygen isotope stratigraphy and
the AMS dates are from Jones & Keigwu~(1988). The distinct changes in the composition of the assemblages are
marked with a dashed line.

dated at four levels within the upper 100 cm (Nam
et al., 1995; Nam, 1996; Stein et al., 1994, 1996). The
ages have been reservoir corrected with 440 and
550 years, respectively (Tab. 2). Additionally, the
Vedde Ash is a tephrachronological marker horizon at 35 cm core depth in gravity core PSI730
(Nam et al., 1995; Fig. 2) which has been recently
dated by AMS at 10,310 +/- 50 years B.P. (Birks et
al., 1996). Boxcore PSI730 was not dated. The age of
the surface sediment from station PSI730 has been

set at 500 years BP, in accordance with ages of surface sediments from the western Iceland and
Greenland seas (Samtleben et al., 1995b). All ages
recorded in this study are conventional 14C ages.
Ages between the fix points were calculated assuming linear sedimentation rates. This chronostratigraphic framework is supported by the stable oxygen isotope stratigraphy of N e o ~ l o b o ~ ~ z ~ a d rpacllyiiza
dernza (sin.) which clearly shows Termination Ia
and Ib (Figure 2; Jones & Keigwin, 1988; Nam e t al.,
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Table 3. Dinoflagellate cyst data from station PS1730. Note the different depth columns for the composite section,
the box corn (BC) and the gravity core (GC).
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1995; Nam, 1996; Stein et nl., 1994).The chronologic
terminology of Mangerud et 01. (1974) and Mangerud & Berglund (1978) has been used in Figures 3
to 6.

RESULTS
Dinoflagellate cyst stratigraphy
The sediment cores from both stations show a comparable development of the dinoflagellate cyst
assemblages which is characterized by changes in
percentage abundances of few species (Tables 3
and 4). In particular, the change in dominance from
Nenlntospltaeropsis lnbyrinth~rs to Opercrrlodinirrnf
centrocarprrm provides an independent tool for stratigraphic correlation between the sediment cores
and enables the construction of a composite section
for station PSI730 (Tab. 3). The depth scale of the
gravity core was corrected by +10 cm to obtain the
best fit of the dinoflagellate cyst curves. In addition
to the abundant taxa, other cyst species contribute
usually less than 4% at both stations (Tables 3 and
4). These species are listed in Table 2. Usually, the
diversity of the assemblages is higher in the samples from the Fram Strait. This is probably caused
by the stronger influence of relatively warmer
water on the hydrography.
Fluctuations in the concentrations and the percentage abundances of 0. cenlrocarpz~nr,N. lnb!yrinthzrs and Spiniferltcs elonsntrrs s.1. enable correlation
of both sediment cores (Fig. 2). The concentrations
continuously increase from the late Weichselian to
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the late Holocene. Concentrations are extremely
low during Termination la, preventing the calculation of percentage abundances of individual taxa.
The changeover in dominance from 0. cenfrocnrplrm to N . lnbyinfhtrs has been recognized in
several sediment cores from the Norwegian Sea
(Matthiessen, 1991; Baumann & Matthiessen, 1992;
Samtleben et nl., 1995b) and the eastern North
Atlantic Ocean (Harland, 1994; Harland & Howe,
1995). The assemblages from the Greenland and
Iceland seas (e.g. at station PS1730; Table 3) differ
in having higher percentage abundances of lnrpngidini~rnt?pallidrrm than the assemblages from the
Norwegian Sea, and in showing a distinct increase
of Algidflsphneridirrm? minutrrrff s.1. and Brignnfedinifim spp. in the late Holocene.
The interval between Terminations Ia and Ib is
dominated by species of Spiniferifes, especially 5.
elongntus s.l., together with N. Inlryrinth~rs.I.? pnllidlrnl is almost absent in the late Weichselian, and S.
elongnlirs s.1. increases downcore. The distinct increase of I.? pallidrrnr at the transition to the Holocene has been observed in other sediment cores
from the Iceland and Greenland seas (e.g. Samtleben ef nl., 1995b) and thus may be a good marker
for the onset of interglacial hydrographic conditions.
The distinct changes in the composition of the
assemblages are approximately associated with the
end of Termination la, the onset of Termination Ib
and the end of Termination Ib. The significant
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Table 4. Dinoflagellate cyst data from station PS1295.

decrease of 0. certtrororptrnf in the latest Holocene
is not clearly reflected in the stable oxygen isotope
records. The major changes occur almost synchronously in both sediment cores proving the usefulness of dinoflagellate cysts as ecostratigraphic tools
(Figs. 3 and 4). Stratigraphic datums are (1) 13,000
to 12,000 years BP at the end of Termination Ia, (2)
around 10,000 years BP at the transition from the
late glacial to the Holocene and (3) around 6,400 to
6,800 years BP at the end of Termination IB, whereas the change in the late Holocene occurred timetransgressively.
Ecology of species'
The ecologic preferences are determined from the
distribution in surface sediments in the North Atlantic Ocean and adjacent seas (Harland, 1983;
Mudie, 1992; de Vernal cf al., 1994; Rochon & de
Vernal, 1994; Matthiessen, 1995) and from sediment trap investigations in the Norwegian-Greenland Sea (Dale & Dale, 1992). The abundant dinoflagellate cyst species are arranged according to
basic ecological preferences in Figures 3 and 4.
Al~idnsphaeridirrmntirzltfrrnr s. I. comprises morphotypes resembling the holotype (Harland &
Reid in Harland el nl., 1980), and A,? n~inrrtumvar.
ccsnre (de Vernal et a!., 1989). It is a polar taxon
(Dale & Dale, 1992; Mudie, 1992; Matthiessen,
1995), which is principally adapted to low sea-surface temperatures (<5'C), salinities less than ca.

33%0,and to a long seasonal sea-ice cover (de Vernal ef nl., 1994).This species characterizes sediment
assemblages underlying the polar surface water
masses in the Norwegian-Greenland Sea (Matthiessen, 1995).
Bripntedini~rnr species, which are commonly
referred to as spherical brown protoperidinioid
cysts, occur in polar to tropical regions (e.g. Wall ef
nl., 1977; Marret, 1994; Mattluessen, 1995; Biebow,
1995; Zonneveld, 1996). Most protoperidinioid
cysts probably belong to heterotrophic dinoflagellates (Dale, 1983). It has been observed that several
species feed on diatoms (lacobsen & Andersen,
1986). Their presence may therefore be related to
the occurrence of food organisms in the first
instance and secondly to hydrographic parameters
such as temperature and salinity (e.g. Dodge,
1994).
Usually, the orientation and preservation of
these delicate cysts prevents identification of most
specimens to species level. Therefore, it is only possible to assign specific assemblages to environments by considering the individual species in the
assemblages, and not the percentage composition
of the assemblage. Recent assemblages from polar
to subpolar environments (Mudie & Short, 1985;
Mudie, 1992; Rochon & de Vernal, 1994; Matthiessen, 1995) dominated by B~i~pnnfedinianr
contain
usually two species, B. sititplcx and B. cnrincoense.
Brignntedinium simplex is the characteristic species
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of polar environments (Dale, 1985; Matthiessen,
1991; 1995), and is abundant to dominant on the
East Greenland shelf. In polar environments Rriganfedii~ilirnspecies co-occur with A.? 17iiiz1if1iins.l.,
while gonyaulacoid species such as 0 . ceizfrocarpli~iland S. elongatus s.1. are rare to absent. In contrast, recent assemblages from warmer environments such as the permanent upwelling area off
Peru contain several other species of Brignlifedi~iiliiiiand additionally numerous spinose protoperidinioid species that are absent in polar environments (Wall e f al., 1977; Biebow, 1996).In the tropical eastern Atlantic, assemblages which are domispp. are characterized by
nated by Briga~~tedinizilil
gonyaulacoid species (mainly Spiniferites), while
other spinose protoperidinioid species are usually
rare (Marret, 1994).
In this study, only Brigmitediriilm~siiiiplex- has
been unequivocally identified, and counts have
been included in Briga~~fediniunl
spp.. Brigaiitedi11iti17~
species from polar and cold-temperate envirorunents are adapted to a wide range of temperatures but obviously prefer sea-surface salinities
lower than 330/00 and occur in regions with some
months of sea-ice cover (de Vernal e f al., 1994).
Thus, assemblages composed of both A,? rr~intit~irrl
s.1. and Brigaiitedirziliiii spp. characterize environments with low sea-surface temperatures and salinities, and a long seasonal extent of sea-ice cover
(Mudie & Short, 1985; de Vernal et nl., 1994; Rochon
& de Vernal, 1994; Matthiessen, 1995) such as the
polar water masses in the Norwegian-Greenland
Sea. Both species only occur in the latest Holocene
of both sediment cores (Figures 3 and 4).
Impngidi~~iuiiz?
pallidzinl is probably a bipolar
species because it has been observed only in high
northern (Mudie, 1992; Dale & Dale, 1992; de Vernal e f al., 1994; Mattluessen, 1995), and southern
latitudes (Marret & de Vernal, in press). It requires
similar summer temperatures as A,? i?liniifum s.1.
but has a higher minimum Limit for sea-surface
salinities (>25%) and is found in regions with a
somewhat lower extent of seasonal sea-ice cover
(de Vernal ct al., 1994). It characterizes recent
assemblages underlying the Arctic water masses of
the Norwegian-Greenland Sea (Matthiessen, 1995).
This species is abundant only in the Holocene,
generally decreasing upwards in the cores. Thus, it
is a good marker of the interglacial surface water
conditions along the East Greenland continental
margin.
The other species recorded in both sediment
cores are characteristic of the relatively warmer
waters found in the Norwegian Sea (e.g. Harland,
1983; Dale & Dale, 1992; Matthiessen, 1995). These
species usually dominate the assemblages, and
here, only the abundant species are considered.

Nei7tafosplzaeropsis lahyriiztht~s and Operctllodirziunz ceiitrocarp~in~
are two opportunistic cosmopolitan species (Wall c f al., 1977; Harland, 1983). 0.
perculodini~inz ceiitrocarplinl obviously tolerates a
wider range in temperature and salinity conditions
than N . lnbyrintli~is(e.g. Dale, 1985; de Vernal e f al.,
1994). This species is often a pioneer species in
polar environments (Harland, 1983) and it is even
adapted to brackish waters (Dale, 1988). The common to abundant occurrence of N . labyrii~fliusin
sediments from the Norwegian-Greenland Sea and
the Northeast Atlantic has been previously associated with a cold-temperate to subpolar outer neritic
to oceanic preference (Matthiessen, 1991, 1995;
Harland & Howe, 1995) but recently it has been
shown that this species is also abundant to dominant in the tropical Arabian Sea (Zonneveld, 1996).
Therefore, it may prefer Iugher sea surface temperatures than 0. cel~trocarptirii.
Spiniferifes elongafus s.1. comprises a variety of
morphotypes (Harland e f al., 1980; Harland, 1982;
Harland & Sharp, 1986; Matthiessen, 1991, 1995)
including S . elongaflis, S. frigidus and intergrades. It
prefers in contrast of Spiiiifcrifes spp. cold-temperate to polar conditions (Dale, 1983). Spii~ijkrifes
s p p comprises all species other S . elorigaf~rss.1.
which have a preference for relatively warmer conditions (Tab. 2).
Spiiziferifrs elongaflis s.1. and 0 . ceiitrorarp~irrr
form characteristic assemblages in subpolar environments. In Baffin Bay, these assemblages are
associated with sea-surface temperatures around
2°C and reduced salinities around 32%0(Mudie &
Short, 1985; Rochon & de Vernal, 1994). Similar
assemblages occur in the inner Barents Sea (Harland, 1982), where the surface waters are stratified
in summer because of relatively high sea-surface
temperatures (ca. 7" to 9O C) and sea-surface salinities lower than 34.7% (Midttun, 1989,1990;Loeng,
1991). The Baffin Bay and the Barents Sea are characterized by some months of sea-ice cover (Vinje,
1983; Loeng, 1991; Middtun, 1989; Vinje & Kvambekk, 1991; Mudie & Short, 1985).
This compilation of the ecological preferences
thus show that the predominant species, which are
continuously present during the past 13,000 years
are cosmopolitan forms, whereas the species which
indicate specific ecological conditions are abundant during specific intervals (Figs. 3,4).
DISCUSSION
Paleoceanographic interpretation
Termination Ia
Both stations show a period of extremely low Quaternary dinoflagellate cyst concentrations between
15,000 to ca. 13,000 years BP (Figures 3 and 4). The
coeval shift in the stable oxygen isotope values is
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probably caused by a significant decrease in surface water salinities owing to a strong freshwater
discharge (Jones & Keigwin, 1988; Stein et ol., 1994,
1996). Termination Ia was characterized by a high
input of meltwater into the entire NorwegianGreenland Sea because of the decay of the major ice
sheets (e.g. Hald ct n l , 1996; Koq & Jansen, 1994;
Stein rt nl., 1994, 1996; Sarnthein ct al., 1995).111 the
Fram Strait, the retreat of the ice sheet from the
outer shelf of Spitsbergen and the southern Barents
Sea may have contributed to the increased meltwater discharge until ca. 13,000 to 12,500 years BP
(Hald et nl., 1996; Elverhni et al., 1995; Polyak ct al.,
1995). Stein et al. (1994) and Nam ct al. (1995) attributed the light stable oxygen isotope values at station PSI730 off Scoresby Sund to fluctuations in the
Greenland ice sheet. Additionally, changes in the
inflow of low saline meltwater from the Arctic
Ocean may have influei~cedthe surface waters at
both stations.
The low concentrations of dinoflagellate cysts
may be explained by harsh living conditions for
cyst forming dii~oflagellatesbecause of too low
sea-surface salinities and/or an extensive sea-ice
cover, resulting in a low production. The meltwater
probably contained a high suspension load providing a difficult light regime which in addition to
the low salinity caused a hostile environment for
dinoflagellates.
Dinoflagellate cyst concentrations increased
slightly between 13,000 and 12,000 years BP, corresponding to the end of Termination Ia (Figures 3
and 4). This event is well-dated in core PS1295,
occurring between 13,000 to 12,600 years BP, while
the lower temporal resolution of PSI730 hampers a
more precise definition than 13,000 to 12,000 years
BP. The presence of species which characterize relatively high surface water temperatures indicate
that the initial warming occurred at the locations
off Scoresby Sund and in the Fram Strait already at
the end of Termination Ia. Previous investigations
suggest that Atlantic waters flowed first into the
southeastern Norwegian Sea around 13,500 years
BP (e.g. Koq & Jansen, 1992, 1994; Lehman & Keigwin, 1992; Sarntl~einet al., 1995), reached the
Barents shelf slope around 12,500 years BP (Hald et
al., 1996; Koq t7t al., 1996) and the Iceland and
Greenland Sea after 9,000 years BP (Koq et al.,
1993). The time-transgressive inflow along the
Norwegian and Barents continental margins cannot be confirmed by the present study. Furthermore, the increase in dinoflagellate cyst concentrations in a sediment core from the Barents shelf
slope is dated at 13,100 to 12,800 years BP (Baumaru~,A., unpubl. data), supporting that the initial
warming occurred synchronously along the path
of the Norwegian Atlantic Current. Time-slice

reconstructions based on stable oxygen isotope
records revealed that the Holocei~estyle interglacial circulation 111ode persisted largely in the Norwegian-Greenland Sea over the last 12,800 years
(Sarnthein rt nl., 1995).In the adjacent North Atlantic, summer sea-surface temperatures increased
already from 15,000 to 13,000 years BP (Duplessy rf
nl., 1992a,b; Koc ct nl., 1996; Sarnthein rt al., 1995),
suggesting that warmer water might have also
flowed into the Norwegian a i ~ dIceland seas. Thus,
it appears likely that warmer water reached almost
synchronously the Fram Strait and the western Iceland Sea, but the question remains open as to
whether the central Greenland and Iceland seas
were also influenced by warmer water from 13,000
to 12,000 years BP.
presence of dinoflaIn general, the contin~~ous
gellate cysts suggest that the ocean climate evolved
in accordance with the atmospheric climate. When
the summer insolation increased in the high northern latitudes after the last glacial maximum (Berger, 1978), dinoflagellate cyst assemblages reflect
the improving environmental conditions froill
13,000 to 12,000 years BP.

Late Glacial
The composition of the dinoflagellate cyst assemblages varied in the late glacial but thev are characterized by S . elorzgntlrs s.l., and an Inverse relationship between N. lah!/rlrltlll~sand 0. ceritrocarpll~rl.
These species indicate a stronger influence of relatively warmer water at both stations in summer
but they occur today also in regioils with some
months of sea-ice cover (de Vernal t7t al., 1994).The
assemblages are somewhat comparable with recent
assemblages from Baffin Bay (Mudie & Short, 1985,
Rochon & de Vernal, 1994) and in particular the
inner Barents Sea (Harland, 1982). The hydrography of both regions is characterized by the inflow
of relatively warm water in summer mixing with
cold polar water, causing a stratified upper water
column. However, the assemblages from the continental margin of Greenland differ from these
recent assemblages in having high proportions of
N. lahyri~~tlzus.
This can not be definitely explained
yet but the ecological preferences of N. lnb!jrint/lus
suggest that sea-surface temperatures and salinities were relatively higher when it was more abu11dant. The decrease of 5. c l o ~ z ~ a t s.1.
l ~ s towards the
Holocene may indicate an increase in sea-surface
salinities. The late glacial surface water conditioils
at the East Greenland continental margin probably
involved a strong seasonality. Low temperatures
and a sea-ice cover may have prevailed in winter,
whereas in summer the inflow of warmer water,
the warming of the sea surface and the input of
meltwater led to a stratified upper water column
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which covered colder polar water.
Short-term input of meltwater from
the margins of the retreating ice sheets
close to the stations may have helped to
maintain lower sea-surface salinities in
summer. A second meltwater event started in the Fram Strait just after 13,000
years BP, when the ice retreated from the
inner shelf to the coast of Spitsbergen but
was interrupted by a short readvance
glacier probaet al.,
around
1995). The
ca. 12,400
Scoresby
years
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ment accumulation rates at station
PSI730 between ca. 11,000 and 13,200
years BP (Nam et 0l.1 1995). UnforFigure 5. Comparison of dinoflagellate cyst and coccolith records
tunately, such events are not reflected ill
of station PS1295. The arrows mark the first increase of dinoflagelthe stable oxygen isotope curves of statilate cyst concentrations and coccoliths at the end of Termination Ia
and at the base of Termination lb, respectively.
ons PSI295 and PSI730 because of their
low temporal resolution.
1996; Koq et al., 1993; Samtleben et nl., 1995b) sugPrevious investigations on diatoms and planktic foraminifera revealed a strong variability in the
gest considerable changes in surface water inass
properties and the position of oceanographic
inflow of warmer water from the North Atlantic
and in the hydrographic properties along the Norfronts.
wegian continental margin between 13,000 and
10,000 years BP (Lehman & Keigwin, 1992; Koq &
Early Holocene: Teri~linatioiiIb
Jansen, 1992; ~ a f l i d a s o nct al., 1995; Koq et al.,
The distinct increase of I.? pallidunl and the strong
decline of S. elongatus s.1. at the transition to the
1996). This cannot be resolved at stations PSI730
Holocene indicate that interglacial conditions were
and PSI295 because of low sample resolution and
low sedimentation rates. However, fluctuations in
established along the East Greenland continental
margin after 9,000 to 10,000 years BP. Because the
the assemblages from core PSI295 might be assodistribution of I.? pallidlir~lis today strongly related
ciated with the Younger Dryas around 11,000 to
10,000 years BP (Figure 4). Peaks in the abundance
to the Arctic surface waters, the characteristic
modern distribution of the surface water masses
of N. lab!jrinth~lsbracket the Younger Dryas. The
peak in the abundance of I.? pallidlliii suggests that
and oceanographic fronts did not exist before the
the sea surface was cooler in summer than before,
Younger Dryas/Holocene transition. The onset of
the Holocene conditions is clearly reflected in the
and the sea-surface salinities increased during the
coccolith abundances in the Fram Strait and GreenYounger Dryas. Sarnthein et 01. (1995) suggested
land Sea (e.g. Figure 5; Andruleit, 1995; Baumann,
that a strong seasonality prevailed in the Norwe1990; Baumam & Matthiessen, 1992; Samtleben et
gian-Greenland Sea during the Younger Dryas
with a closed sea-ice cover in winter, low surface
al., 1995b) which strongly increase first after 9,000
water temperatures and sea-surface salinities in
years BP.
Termination Ib is characterized by fl~lctuations
summer similar to modern values. According to
their spatial reconstructions, colder waters extenin the surface water temperatures which is reflecded to the east, but a narrow corridor was left open
ted by a somewhat reciprocal relationship between
for Atlantic water inflow.
I.? pallidurn and N. lab!/riizth~ls. An abundance
maximum of N. lab!jrinthi~sis found at both staHolocene
tions around 9,000 to 8,000 years BP bracketed by
Although the Holocene is considered to be a period
peaks of I.? pallid~rnl.This reflects a short-term warof long-term stability in ocean climate without
ming during a period of generally stronger influmajor evolutionary trends and/or important shortence of Arctic water.
term events (e.g. Sarnthein et al., 1995), the dinoflaThe end of Termination Ib is marked by a
gellate cyst records from the East Greenland contichangeover in dominance from N. lab!jrintlzus to 0.
nental margin and other planktic microfossil
centrocarpun~,suggesting that modern hydrograrecords (e.g. Bauch & Weinelt, in press; Hald et rrl.,
phic conditions were established at the East Green7
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land continental margin around 6,400 to 6,800
years BP (Figure 2). This event occurred slightly
later in the Iceland and Greenland seas than the
eastern Norwegian Sea (Samtleben et al., 1995b;
Baumann, A., unpubl. data) but this may be the
result of the different temporal resolution and age
control of the records.
Despite the major role of temperature as primary ecological factor, this pronounced change in
the composition of the assemblages cannot be
explained by the smooth long-term atmospheric
temperature fluctuations during the middle Holoceile alone. Both species are adapted to relatively
warin sea-surface temperatures but 0. ceritrocnrpi1171 tolerates a wider salinity range. Thus, the
cause of change has to be found in the North Atlantic Drift-Norwegian Atlantic Current (NAC)
system because the percentage abundances of I.?
;7dliidi~tiiwhich is indicative of colder conditions
does not change in the middle Holocene. Other
ecological factors may have been involved, such as
short-term surface water salinity changes. At the
end of the postglacial sea-level rise (Fairbanks,
1989) a marked rise by ca. 6.5 m occurred within a
few decades around 6,800 years BP (Blanchon &
Shaw, 1995), probably resulting in short-term salinity reduction. Blanchon & Shaw (1995) correlate
this rise event with a minimum in the stable oxygen isotope records from the Greenland ice sheet at
ca. 7,300 years BP, indicating a cooling (Johnsen et
nl., 1992; Dansgaard et al., 1993; Taylor et nl., 1993).
These events again occurred almost synchronously
with a short-term climate cooling in coastal East
Greenland dated at ca. 8,000 to 7,500 years BP
(Bjork et nl., 1994a; b). Additionally, the reorganisation of the surface water circulation along the
Northwest European continental margin, in particular changes in the hydrographic properties of the
Norwegian Coastal Current, has been proposed as
possible causes ( k i u m a ~& Matthiessen, 1992;
Bauch & Weinelt, in press). Thus, both a short-term
input of freshwater and a cooling phase may have
triggered the changes in the assemblages but the
ultimate cause of this event can only be resolved, if
marine records with a comparable temporal resolution as the sea level and ice core records are investiga ted.

Middle n l ~ dlate Holocene
The distribution of surface water masses remained
relatively stable at both stations for approximately
3,000 to 4,000 years during the middle Holocene.
The high percentage abundance of I.? pnllidt~ia
document the strong influence of Arctic surface
water on the hydrography in the Fram Strait and
off Scoresby Sund until ca. 4,000 years BP. The
dominance of 0. ceiztrocnrpunr, however, indicates

that relatively warmer water from the Norwegian
Sea continuously reached the continental margin
off East Greenland during summer. The generally
lower abundances of I.? pnllidrrnr in PSI295 indicate
that the influence of relatively warmer Atlantic
water was stronger at the location in the Fram
Strait.
A decrease of I.? pallidllril started at approximately 4,000 to 5,000 years BP, whereas 0. coitrocnrpull1 decreases time-transgressively, at station
PSI730 from approximately 2,500 years BP and at
station PSI295 from approximately 4,000 years BI'
(Figures 3 and 4). Simultaneously, the distinct
increase in polar species, especially A.? iilii~utririi
s.l., suggests that branches of the East Greenlai~d
Current reached the sites and/or the Polar Front
moved eastward. A stronger influence of coldel;
low saline surface water is recorded at station
PSI730 from 3,000 years BP, and at station PSI295
from 1,500 years BP.
In principal, polar water did not influence the
surface water at both stations before the late Holocene. During the major part of the Holocene Arctic
water played a more important role, in addition to
a variable inflow of relatively warmer North Atlantic water. The Polar Front was probably located to
the west of both stations in the summer and the
zonal advection of cold surface water was minimal.
This interpretation generally agrees wit11 the model
of Polar Front movement of Kof et 01. (1993).Koq ct
nl. (1993)suggested that the Polar Front retreated to
a position along northeastern Greenland until ca.
7,000 and the western Iceland Sea was under the
influence of subarctic conditions. The Polar Front
moved eastward from 5,000 years BP, reaching its
modern position around 3,000 years BP.
Comparison of planktic microfossil records:
Paleoceanographic implications
When comparing different planktic microfossil
records from the same stations, strong differences
in the temporal distributions are evident (Figures 5
and 6). Coccolith abundances first increased in
sediment core PSI295 during Termination Ib,
whereas dinoflagellate cysts increased their abuildances from the end of Termination Ia (Figure 5;
Baumam, 1990; Baumam & Matthiessen, 1992).
Coccolith assemblages are compared to dinoflagellate cyst assemblages of lower diversity and are
clearly dominated by Coccolitlzi~spelngicr~s which
contributes usually more than 80% to the assemblages (Baumann, 1990). Planktic foraminifer
assemblages are almost monospecific in the 125 to
250 p size fraction from gravity core PSI730
during the past 13,000 years consisting maiilly of
Neogloboquadrinn pncl7ydsiirn (sin.) (Nam et nl., 1995;
Nam, 1996).In contrast, dinoflagellate cysts which
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have been studied from the same sample intervals,
show distinct changes in assemblage composition
and are principally of higher diversity. Siliceous
microfossils were not studied in the cores but a
sediment core located ca. 20 miles to the west of
station PSI730 is barren of radiolarians during the
Holocene and Younger Dryas (Molina-Cruz, 1991).
The sediment core (M23400) is the only record
from the Greenland and Iceland seas where organic-walled, calcareous and biosiliceous planktic
microfossils have been investigated from the same
sample intervals (Figure 6; Andruleit, 1995; Baumann, A. unpubl. data; Kohly, 1994; Schroder-Ritzrau, 1995; Saintleben et al., 1995b). The differences
in the Holocene records are striking, suggesting
that records of single groups must be interpretated
with caution. Dinoflagellate cysts are present from
the base of the core. Coccoliths occur after 9,000
years BP, while diatoms and radiolarians are present only from ca. 2,000 years BP.
Comparison with previous studies show that
these differences in the temporal distribution of the
various groups has a strong impact on paleoceanographic reconstructions. Calcareous microfossils
indicate that interglacial conditions were established almost synchronously in the whole Norwegian-Greenland Sea around 10,000 to 9,000 years
BP. Coccoliths occur in most records at the transition to the Holocene (e.g. Andruleit, 1995; Baumarul, 1990; Baumann & Matthiessen, 1992; Gard &
Backman, 1990), while abundances of subpolar
planktic foraminifers strongly increase at about the
same time (e.g. Bauch, 1993; Hald et al., 1996; Bauch
& Weinelt, in press). In contrast, analyses of diatom
assemblages from the Norwegian-Greenland Sea
revealed a time-transgressive occurrence after TerM23400
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mination Ia (Koq et al., 1993). Diatoms are present
in the southeastern Norwegian Sea since 13,400
years BP, whereas they are only found from ca.
2,000 years BP in the Greenland Sea (Figure 6). The
temporal distribution of radiolarians is principally
comparable to that of diatoms (e.g. Molina-Cruz,
1991; Schroder-Ritzrau, 1995).
Possible causes of variability in planktic microfossil records
There is evidence from actuopaleontological investigations that these inconsistencies can be attributed both to abiotic and to biotic processes
(Andruleit, 1995; Kohly, 1994; Schroder-Ritzrau,
1995; Salntleben et al., 1995b). Samtleben ct al.
(1995b) concluded that dissolution in the water
column and in the sediment may considerably alter
calcareous and biosiliceous microfossil records,
causing sequences barren of biosiliceous microfossils even in Holocene sediments from the Greenland Sea. Abiotic processes obviously play a more
important role for the occurrence of biosiliceous
microfossils than for calcareous microfossils in
upper Weichselian and Holocene sediments (cf.
Figure 6).
The basic ecological requirements may additionally cause principal differences in the occurrence
of planktic microfossils along the East Greenland
continental margin both in upper Weichselian and
Holocene sediments. The distribution of all plankton groups primarily depends on sea-surface temperatures, which is well demonstrated e.g. for the
distribution of coccolithophores in the surface
waters of the northern North Atlantic (Samtleben ct
al., 1995a).Additionally, fossilizable coccolithophores, planktic foraminifers and radiolarians are
generally considered marine plankton indicating that salinity is the second important ecologic
Few cOccO1ithO~hOre
such as Enliliaizia hl~xle?ji,tolerate sea-surface
salinities as low as 20x0 (e.g. Bukry, 1974; Pan-
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Figure 6. Comparison of dinoflagellate cyst, coccolith, diatom, and radiolarian records of station M23400 from the
Greenland Sea (72"21.10'N, 007"48.40'W, 2630 m). The
arrows in the individual records mark the first increase of
concentrations (redrawn from Samtleben et al. (199%) with
additional AMS dates from Andruleit (1995)).Arrows in the
stable oxygen isotope record indicate AMS dates.

tions in the polar regions, in particular salinity
fluctuations (e.g. Bauch & Weinelt, in press).
Schroder-Ritzrau (1995) compiled information
on salinity requirements of radiolarians showing that they may be not adapted to salinities
below ca. 25x0. Low surface water salinities
caused by e.g. deglacial meltwater discharge
may be a limiting factor for these
groups, resulting in the absence in the late
Weichselian.
This may be true for coccolithophores
are autOtrO~hic
and live in the photic 'One.
cnlith~lspelagiclls is the only polar to subpolar
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species (Samtleben rt a/., 1995a) preserved in the
fossil record but it is absent in the Norwegian-Greenland Sea in glacial times when cold polar conditions can be anticipated (e.g. Baumann, 1990; Gard
& Backman, 1990). The distribution in recent and
Holocene sediments is somewhat comparable to
that of the dinoflagellate cyst bnpngidiizinni? pnllidun1 (Samtleben et nl., 1995b, Fig. 14), suggesting
that they might have similar ecological requirements. I.? pnllidl~iizis adapted to polar and subpolar environments and salinities larger than 25-28%0
(de Vernal et nl., 1994). Coccolithlls pelngiclls may
tolerate temperatures as low as -1.7"C but it probably requires salinities exceeding 30% (Braarud,
1979). Therefore, an adverse combination of temperature and salinity might have caused the
absence of C. pelngicils and I.? pnllidl~m in upper
Weichselian sediments.
In contrast to the phytoplankton, the zooplankton is able to migrate vertically in the water
column, and foraminifers and radiolarians should
thrive in deeper waters which are less affected by
the rapid change ill sea-surface conditions. However, species such as T~~rDorotalitaquirzqllelobn,
which is an important subpolar planktic foraminifer in the Norwegian-Greenland Sea, contains symb i o n t ~restricting its depth habitat to the photic
zone (e.g. Bauch, 1994). Additionally, it may
require salinities higher than 30,5%0(Carstens &
Wefer, 1992). Therefore, its absence in the assemblages from the gravity core PSI730 may be either
attributed to the absence of symbionts or a specific
temperature/salinity relationship in surface
waters. In contrast N. pnchyderiila (sin.) might have
lived ill colder, higher saline deeper waters, and
dominated therefore the assemblages because of
unfavourable living conditions for other surface
dwelling species. The absence of radiolarians in the
late Weichselian may be also attributed to too low
sea-surface salinities for surface water species but
the ecology of deep-dwelling species is insufficiently known in order to determine the ultimate
cause of their absence (e.g. Schroder-Ritzrau, 1995).
In contrast to these planktic groups, diatoms
are best-suited for palecological studies. They tolerate a wide range of temperature and salinity conditions, and are abundant in fresh to marine water
(e.g. Pankow, 1990). Cyst forming dinoflagellates
are the only other planktic group which replicates
the salinity related distribution of diatoms (Wall et
nl., 1977). Despite these comparable ecologic
adaptions, diatoms are present only in upper
Weichselian sediments from the Norwegian Sea,
whereas dinoflagellate cysts are present in the entire Norwegian-Greenland Sea during this interval.
Again, ecologic causes cannot be completely
ruled out to explain the different records of dia-
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toms and dinoflagellate cysts. Dinoflagellates utilize a swimming strategy which is more suited for
stratified systems, in contrast to diatoms which are
adapted to a sinking strategy (Dale, 1983, 1986;
Dale & FjellsA, 1994). Dinoflagellates may actively
optimize their position in the surface water column
to find optimal living conditions with respect to
nutrients, light etc., while diatoms require some
turbulence to remain in the photic zone. Thus, a
stable upper water column in the summer season
owing to strong temperature and salinity gradients, which is suggested by dinoflagellate cysts tor
the interval between Termination Ia and Ib, may
provide difficult ecologic conditions to diatoms
and result in a low production.
In contrast to biologic causes, the late
Weichselian presence of dinoflagellate cysts can
also be interpreted in terms of transport from adjacent oceans and shelves into the NorwegianGreenland Sea (cf. Dale & Dale, 1992). The East
Greenland shelf might be a source area but late glacial sequences are barren of Quaternary dinoflagellate cysts (Matthiessen, 1996). Considering other
possible source areas this would involve long
range transport from e.g. the northern North
Atlantic, and the Iceland and Norwegian co11tinei1tal shelves. Although the dinoflagellate cyst record
therefore might not reflect a living population,
both indigenous occurrence and transport require
the presence of currents which transport warmer
water into the Norwegian-Greenland Sea. Reworking of older deposits can be ruled out with ccrtainty because similar assemblages have not been
recorded up to now from older deposits and it
would require a widespread event in the entire
ocean basin to explain the persistent distribution in
regions which are far away from each other.
The presence of all plankton groups in the Norwegian-Greenland Sea from the transition of the
Holocene suggests that the water masses then
gained their modern physical properties, while the
ocean chemistry still varied. Thus, biosiliceous
microfossils are not adequately preserved in the
Holocene sediments from the Greenland Sea.
CONCLUSIONS
Dinoflagellate cysts are continuously present along
the East Greenland continental margin during the
past 15,000 years. Distinct changes in the composition of the assemblages at two station occurred
during certain time intervals.
1. The increase in concentrations and the composition of the assemblages indicate that warmer
water reached the western Norwegian-Greenland
Sea from 13,000 to 12,000 years BP when the Holocene type meridional circulation system was established (Sarnthein et nl., 1995). The surface waters
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were free of sea ice during the summer and the
upper water column was probably stratified owing
to the surface water warming and the lowered seasurface salinities. This marked environmental
change is not reflected in the assemblages of other
planktic microfossil groups from the same region.
The specific ecological conditions and/or the lower
fossilization potential of calcareous and biosiliceous microfossils may have caused this bias in the
plankton records of the western Greenland and Iceland sea. Because of these differences, previous
reconstructions based in particular on biosiliceous
microfossil evidence suggest a later and/or timetransgressive incursion of relatively warmer water
from the North Atlantic into the western Norwegian-Greenland Sea after Termination Ia.
2. At the transition to the Holocene the interglacial surface water hydrography with the characteristic distribution of surface water masses and
oceanographic fronts was established. In the early
Holocene, changes in the assemblage composition
suggest fluctuations between warmer and cooler
conditions. The end of Termination Ib is marked by
a distinct change in dinoflagellate cyst assemblages
which reflect the onset of the modern hydrographic conditions. Since the early Holocene dinoflagellate cysts and calcareous microfossils record the
evolution of the ocean climate in the entire Norwegian-Greenland Sea while biosiliceous records are
still variable in the Greenland and Iceland Sea
suggesting that dissolution strongly altered the original signal.
3. The distribution of surface water masses
varied considerably at both stations in the Fram
Strait and off Scoresby Sund during the Holocene.
Arctic surface waters strongly influenced the
hydrography from the end of Termination Ib.The
assemblages indicate a time-transgressive cooling
at both stations. The polar front moved to its present position and/or branches of the colder zonal
currents expanded eastward in the last 3,000 to
1,500 years.
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