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Holocene sea surface conditions in the western North Atlantic: Spatial
and temporal heterogeneities
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[1] Holocene records of sea surface conditions in the western Nordic seas were obtained from quantitative
reconstructions based on dinoflagellate cyst assemblages. Two sediment cores from the east Greenland and the
north Iceland shelves provide a detailed account of the long- and short-term dynamics of the opposing flows of
Arctic versus Atlantic waters. Both marker species and quantitative reconstructions depict an overall trend
toward warmer winter temperatures, saltier surface waters, and decreased sea ice extent. The latter is supported
by a close relationship between relative abundances of an Atlantic dinocyst species, Nematosphaeropsis
labyrinthus, and ice-rafted debris (IRD) records. We propose that the late Holocene increased IRD delivery in
the Denmark Strait region was primarily induced by a combination of less extensive sea ice cover under
increased Atlantic water inflow and sustained iceberg calving tied to the readvance of the Greenland ice sheet.
Our records thus suggest diminishing polar water supplies throughout the Holocene, although the timing of
regime changes differs between the western and eastern sides of the Denmark Strait. Finally, comparison of our
records with a core from southern Greenland points to very heterogeneous sea surface conditions in the western
North Atlantic, which could be explained by the decoupled dynamics of the two Irminger Current branches.
Similarities between the southern Greenland marine record and a continental record nearby suggest a close
coupling with atmospheric processes, reminiscent of a North Atlantic Oscillation—like climate pattern.
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1. Introduction and salinity gradients due to the presence of very contrast-
ing water masses, as well as by a strong sensitivity to
climate changes related to their high-latitude setting. In
particular, the Denmark Strait is a central region when
addressing the sea surface variability of the Nordic seas as
it extends over very different interacting environments,
characterized by Arctic water outflow to the west and by
the influence of warm and saline North Atlantic waters to the
east. Recent paleoenvironmental studies have highlighted
the sensitivity of this oceanic realm to subtle changes in
climate variations and ocean processes throughout the last
10,000 years [Andrews et al., 2002; Jennings et al., 2002;
Knudsen et al., 2004; Andresen et al., 2005]. Two study sites
were thus chosen on each side of the Denmark Strait in order
to document the recent history of Atlantic and Arctic sea
surface and its influence on the heat and salt budget of the
western North Atlantic.

[4] Sea surface parameters (temperature, salinity and sea
ice extent) were reconstructed for the past 10,000 calibrated
years on the basis of organic-walled dinoflagellate cyst
(dinocyst) assemblages. Dinocysts are a sensitive proxy
for sea surface conditions and allow the reconstruction of
hydrographical parameters including temperature and salin-
ity of the coldest and warmest months, salinity and sea ice
cover extent [e.g., de Vernal et al., 1994, 2005].

[2] Holocene climate variability has been the focus of
numerous studies in the recent years. There is a general
consensus on a climate transition in the mid-Holocene
[e.g., Steig, 1999], generally attributed to insolation changes
[e.g., Alley et al., 1999; Marchal et al., 2002]. In addition,
growing evidence suggest that higher-frequency oscillations
are superimposed on this long-term trend, in atmospheric
[O Brien et al., 1995], continental [Campbell et al., 1998],
sea surface [Bond et al., 1997], as well as deep-sea [Bianchi
and McCave, 1999] records. However, many inconsisten-
cies are observed between the records, with respect for
instance to the timing of these oscillations, their periodici-
ties, their cause and their spatial extent [e.g., Solignac et al.,
2004].

[3] The spatial extent of climate fluctuations, either on a
long or short term, is an important factor to assess as it can
shed light on climate mechanisms (e.g., seesaw patterns as
in the North Atlantic Oscillation versus global temperature
trends). Here we aim at understanding sea surface changes
throughout the Holocene in different domains of the Nordic
seas, which are characterized by pronounced temperature

'Centre de Recherche en Géochimie Isotopique et Géochronologie,
Université du Québec a Montréal, Montreal, Quebec, Canada.
“Environnements et Paléoenvironnements Océaniques, UMR CNRS 2. Oceanographic Setting
5805, Université Bordeaux 1, Talence, France. .
[s] The cold and relatively fresh East Greenland Current
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