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RESUME

L’océanographie de la région de Disko Bugt est influencée par le glacier Jakobshavn
Isbrae qui draine une partie de la calotte groenlandaise vers la mer. Les interactions
entre les masses d’eau et ce dernier ont ét€é documentées a partir d’une carotte de
sédiment marin (MSM343300) prélevée sur le plateau continental & 518 m de
profondeur, a 68°28,311’N et 54°00,118’W. D’une part, une analyse palynologique a
été réalisée en portant une attention particuliere aux kystes de dinoflagellés
(dinokystes) qui permettent de caractériser les conditions océaniques de surface. La
technique des analogues modernes a permis de reconstituer quantitativement les
températures de surface, la salinité et le couvert de glace de mer. D’autre part,
’analyse isotopique de tests de foraminiféres benthiques a permis de caractériser les
propriétés de la masse d’eau découlant du Courant ouest groenlandais.

De ~10 000 a ~9250 ans calibrés (cal.) BP (Before Present), la composition
isotopique (5'°0) des foraminiféres benthiques indique une température basse et une
salinité relativement élevée dans les eaux de fond. Vers 9250 ans cal. BP, une
transition vers des eaux plus chaudes s’écoulant vers la baie de Baffin est enregistrée.
Toutefois, les assemblages de dinokystes indiquent qu’ en surface, les conditions sont
restées rigoureuses avec un couvert de glace de mer dense et une productivité faible
jusque vers 7300 ans cal. BP. A partir de ce moment, s’entame la période
postglaciaire marquée par la diversification des espeéces dans les assemblages de
dinokystes jusqu’alors limités aux taxons hétérotrophes. La pénétration tardive des
eaux atlantiques via le Courant ouest-groenlandais en surface serait en partie due aux
apports de fonte glaciaire importantes de la calotte groenlandaise qui rendrait ainsi
compte d’une couche dessalée en surface et d’une forte stratification dans les masses
d’eau. Un optimum thermique avec des températures de surface ~10-12°C en été est
finalement enregistré a partir de ~6000 ans cal. BP. En profondeur, on reconstitue une
augmentation des températures d’environ 1°C. Dans les eaux de surface, I’optimum
thermique est interrompu par deux épisodes de refroidissement, de ~4200 a 4000 et
de ~1500 a 1000 ans cal. BP. Finalement, de ~1000 a ~800 ans cal. BP, la
température de surface augmente jusqu’a atteindre ~10°C alors que la moyenne
actuelle est de ~4,4°C (NODC, 2001). Il s’agit sans doute d’un intervalle
correspondant a la période chaude médiévale.

Dans la série postglaciaire analysée, il est intéressant de noter 1’opposition entre la
température et la salinité. Lors d’épisodes chauds, la température augmente alors que



xii

la salinité diminue résultant sans doute d’une augmentation des apports d’eaux de
fonte en provenance des marges du Groenland et créant ainsi une stratification accrue
des eaux de surface induisant un fort réchauffement estival.

MOTS-CLES : Dinokystes, foraminiféres, Holocéne, Courant ouest groenlandais,
baie de Baffin, température de surface.



INTRODUCTION

L’Arctique est un milieu vulnérable vis-a-vis les changements du climat. Les effets
d’une augmentation ou diminution de température y apparaissent de maniére marquée
notamment par I’augmentation ou la réduction du couvert de glace de mer, les
avancées et les reculs de glaciers et la migration de la faune et de la flore (IPCC,
2012). Depuis la derniére glaciation, 1I’Arctique a subi des fluctuations climatiques,
des réchauffements et refroidissements jusqu’a récemment attribuables a des facteurs
naturels, tels que I’activité solaire et les paramétres orbitaux (e.g. Berger, 1988 ; Bond
et al., 2001). Or, actuellement, sur une courte période et de facon accélérée, nous
assistons a la détérioration du pergélisol, a la diminution du couvert de glace de mer
et a la fonte des glacicrs et calottes glaciaires (Holland et al., 2008 ; IPCC, 2012). De
maniére globale, la température estivale de 1’air a augmenté de ~0,74°C entre 1905 et
2005; ’augmentation du niveau de la mer a été évaluée a 1,7 + 0,5 mm/an entre 1901
et 2010 et de 3,2 + 0,7 mm/an entre 1993 et 2010 (GIEC, 2013). L’Arctique est
maintenant I’objet d’une attention particuliére tant en lien avec les changements du
climat et de 1’environnement qu’avec I’impact sur les populations humaines et
animales. Les perturbations climatiques actuelles sont souvent attribuées a des
pressions anthropiques, mais il apparait important d’approfondir nos connaissances

sur 1I’évolution naturelle du climat afin de mieux cerner les mécanismes en cause.

L’ouest du Groenland

Les marges de la calotte glaciaire groenlandaise qui atteignent les cotes et s’écoulent
vers le plateau continental sont influencées par les fluctuations de température de

I’océan. La récente augmentation de la température des eaux atlantiques entraine ainsi



une accélération du retrait glaciaire et une augmentation des eaux de fonte (Holland et
al., 2008 ; Rignot et Kanagaratnam, 2006). La fonte de la calotte groenlandaise
rendrait compte d’une hausse du niveau marin de ~0,34 mm/an pour la période 1996-

2005 (Rignot et Kanagaratnam, 2006).

Dans cette perspective, la région de Disko Bugt est particuliérement intéressante du
fait qu’elle est située en aval d’un des glaciers des plus dynamiques de la calotte
groenlandaise. Le Jakobshavn Isbrae draine prés de 7% de la calotte groenlandaise
(Roberts et Long, 2005) produisant une grande quantité d’icebergs (Weidick et
Bennike, 2007). En 2003, la vélocité du retrait glaciaire du Jakobshavn Isbrae a
atteint 12,6 km/an (Joughin, Abdalati et Fahnestock, 2004) entrainant des apports
d’eaux de fonte et diluant les eaux de surface marine. D’un point de vue océanique, la
région est baignée par le Courant ouest-groenlandais. Celui-ci se forme a la pointe
sud du Groenland ot le Courant Irminger composé d’apports d’eaux chaudes et salées
de I’Atlantique nord et le Courant est-groenlandais composé d’apports froids et peu
salés se rencontrent (Buch, 1982 ; Tang et al., 2004). La baie de Disko est aussi
marquée par une vitesse de sédimentation importante ce qui permet de produire des

reconstitutions paléocéanographiques a haute résolution temporelle.

Dans ce mémoire, une attention spéciale est portée a la dynamique des échanges
océan-glacier en caractérisant les conditions hydrographiques de la région de Disko
Bugt. Afin de mesurer ceux-ci, une carotte de sédiment marin a été prélevée au large
des cotes du Groenland. Les eaux de sub-surface y sont sous influence du Courant
ouest-groenlandais, alors que les eaux de surface sont directement affectées par les
décharges d’eaux de fonte des marges groenlandaises. A partir des indicateurs
micropaléontologiques, il sera possible de dégager des signaux en provenance
respectives des eaux de surface et des eaux atlantiques au cours de 1’Holocéne.
L’analyse des dinokystes servira aux reconstitutions des conditions de surface

incluant la température, la salinité, la glace de mer et la productivité dans le but



d’évaluer les apports d’eaux de fonte en provenance du Jakobshavn Isbrae et leurs
effets sur I’environnement. Les analyses isotopiques (8'%0 et 8'°C) a partir des tests
de foraminiferes benthiques apportent des informations sur la masse d’eau profonde
et Dlinfluence du Courant ouest-groenlandais. Combinés ces deux «proxys»
permettront de retracer la pénétration du Courant ouest-groenlandais en profondeur et

en surface.



CHAPITRE 1

PALEOCEANOGRAPHIC CHANGES IN THE DISKO BUGT
AREA, WEST GREENLAND, DURING THE HOLOCENE
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Matthias Moros>
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ABSTRACT

Micropaleontological analyses of a sediment core raised in Disko Bugt (West of
Greenland) were undertaken in order to document paleoceanographical changes in the
eastern Baffin Bay during the Holocene. The modern analogue technique (MAT)
applied to dinocyst assemblages provided information on paleo-sea-surface
conditions whereas isotopic analyses of benthic foraminifers aimed at documenting
the "deep” water mass occupying the site. During the earlier interval recorded (~10 to
~7.3 cal. ka BP), important discharge of ice and meltwater from the Greenland ice
sheet (GIS) margin, notably through the Jakobshavn Isbrae, resulted in harsh
conditions with a dense sea-ice cover and low temperatures, productivity and
foraminiferal abundances. Postglacial conditions settled at ~7.3 cal. ka BP, with a
sharp rise in dinocyst abundance and species diversity, which led to an increase in
reconstructed summer temperatures. We link this transition to the advection of West
Greenland Current waters in the upper part of the water column after the reduction of
meltwater inputs from GIS. Optimal temperature conditions reaching up to > 10°C
were finally achieved in surface waters at ~6 cal. ka BP. Slight cooling pulses were
then recorded at ~4.2-4 and ~1.5-1 cal. ka BP and the final optimum recorded in
surface temperature from ~1 to 0.8 cal. ka BP is associated with the Medieval Warm
Period. Throughout the postglacial interval, the data suggest an opposition between
sea-surface temperatures and salinity, with warmer intervals being characterized by
lower salinity waters, probably as a result as the higher freshwater discharge along
the ice margin and notably the Jakobshavn Isbrae.

Keywords: dinocysts, foraminifers, Holocene, West Greenland, Baffin Bay, sea-

surface temperature.



1.1 Introduction

Disko Bugt is an area of interest with regard to ocean-ice dynamics because it is
located on the western margin of Greenland, where flows the Jakobshavn Isbrae, the
largest and fastest ice stream of the Northern Hemisphere (Bindschadler, 1984).
Disko Bugt is bathed by the West Greenland Current (WGC), which constists of a
mixture of waters from the East Greenland Current (EGC) and Atlantic waters from
the Irminger Current (IC). A warming trend of the WGC, accompanied by significant
acceleration of glacier retreats and meltwater discharges has recently been recorded
(Holland et al., 2008; Rignot and Kanagaratnam, 2006). The Jakobshavn Isbrae
currently drains 7% of the Greenland Ice Sheet (GIS) (Roberts and Long, 2005) and
produces a large amount of icebergs (Weidick and Bennike, 2007). In 2003, the
velocity of the Jakobshavn Isbrae reached 12.6 km.yr' (Joughin et al., 2004).
Ongoing ice discharges from the GIS contribute significantly to the sea level rise,

with values of 0.34 mm.yr from 1996 to 2005 (Rignot and Kanagaratnam, 2006).

In order to explore the relationship between the Jakobshavn Isbrae dynamics
and the oceanographic conditions during the Holocene, we have analyzed a marine
sediment core from Disko Bugt (core MSM343300; Figure 1). A first objective was
to document long-term changes of the WGC, in particular that of the subsurface layer,
which is mostly influenced by the northward flow of North Atlantic waters. A second
objective was to reconstruct sea-surface temperature and salinity to assess the impact
of meltwater discharge from Jakobshavn Isbrae on marine conditions at the mouth of
Disko Bugt. To meet these objectives, we used organic-walled and calcareous
microfossils as tracers of surface water masses properties. Palynological analyses
were performed with special attention to dinoflagellate cysts, which permit the
quantitative reconstruction of summer sea-surface temperature (SST), salinity (SSS),
sea ice cover and primary productivity (e.g. de Vernal and Rochon, 2011). In
addition, isotopic analyses (8'%0 and 8"C) of benthic foraminifer shells were made

on two different species, Islandiella norcrossi and Nonionellina labradorica as a



means to document the properties of bottom waters, which correspond to the deeper

part of the WGC, mostly its "warm" component from the North Atlantic.

1.2 Study area

Disko Bugt is a large marine embayment with water depths ranging mostly from 200
to 400 m and reaching up to 900 m in the Egedesminde Dyb trough (Long and
Roberts, 2003; Roberts and Long, 2005; (0] Cofaigh et al., 2013; Perner et al., 2011;
Hogan et al., 2012). The trough is associated with the Jakobshavn Isbrae ice stream
route and GIS melting path during glacial times (Long and Roberts, 2003). In the
Disko Bugt area, the WGC constitutes a combination of the IC formed of warm and
saline Atlantic waters from the North Atlantic Current (NAC) and the EGC, which
consists of polar and low salinity waters (Buch, 1982; Tang et al., 2004). The area is
also characterized by buoyant low-salinity surface waters resulting from GIS
meltwater supplies (Andersen, 1981). The WGC today occupies sub-surface waters
below 200 m, where temperature and salinity are 2.5-3.5°C and 34.5-34.8 psu
respectively (Andersen, 1981). The surface waters are usually colder as they are
influenced by the polar water from the EGC in addition to the regional run-off and
meltwater discharge. Data compiled from the National Oceanographic Data Center
(NODC, 2001) indicate summer sea-surface temperature of 4.4 *+ 1.24°C and salinity
ranging between 32.9 and 33.4 at the study site. The modern sea ice cover averages
3.8 + 1.3 months.yr™ for the period 1953 to 2003 (National Snow and Ice data center,
2003).

13 Material and Methods

1.3.1 Sediment core and chronology

The study core MSM343300 (68°28,311°N, 54°00,118°W, Figure 1) was collected by
gravity coring during the June 2007 Maria S. Merian expedition. It was retrieved
from 519 m water depth (Harff et al., 2007), southwest of Disko Bugt in the direct
flow path of the WGC.




The chronology was established from 25 accelerator mass spectrometry (AMS)
'C dates in mollusc shells and benthic foraminifers (Table 1, Figure 2). The AMS
radiocarbon dates were calibrated using the Marine09 (Reimer et al., 2009)
calibration curve in CALIB 6.0.2 (Stuiver and Reimer, 1993). A total air-sea reservoir
correction of 550 years was applied. It includes the usual correction of 410 years and
a AR of 140 * 35 years established from two measurements on modern Astarte
collected at 60-70 m of water depth (McNeely et al., 2006). Such reservoir correction
is consistent with the one applied by e.g. Lloyd et al. (2011) and Pemer et al. (2011;
2013).

1.3.2 Age-Depth profile

The age vs depth profile was established based on interpolation (Figure 2). For the
interval younger than 7500 cal. yr BP, the age to depth relationship is the same as the
one reported by Perner et al. (2013). Based on the age model, sedimentation rates at
the coring site ranged from 0.5 to 0.9 mm.yr"' during the last 10 000 years: they were
approximately 0.82 mm yr' between ~10 000 and ~7300 cal. yr BP, 0.5 mm.yr"
between 7300 and 2500 cal. yr BP and 0.9 mm.yr”" between 2500 and 800 cal. yr BP.
In the lower part of the core, from 597 to 1113 cm, five AMS 1C dates yielded
similar ages of about 10 000 to 10 200 cal. years BP, which indicate extremely rapid

sediment accumulation.

1.3.3 Microfossil analyses

Sub-sampling was done at 4-cm intervals throughout the core, which provide a time
resolution of 50 to 80 years. The sediment samples were processed according to the
protocol of de Vernal et al. (1996). A volume of 1 to 3.5 cm® of dry sediment was
sieved on 106 um and 10 um mesh sieves. The fraction between 10 and 106 um was
used for palynological preparation and the fraction > 106 um was kept for the hand-

picking of foraminifers.




1.3.3.1 Palynological analyses. In order to concentrate the organic remains,

carbonate and silicate particles were dissolved by repeated chemical treatment with
HCI (10%) and warm HF (48%). A small drop of the final residue was mounted on a
microscope slides with glycerine jelly. Before sieving and chemical treatments,
Lycopodium clavatum spore tablets were added to estimate palynomorph
concentration (Mertens et al., 2009; Matthews, 1969). Counting and identification
were performed with an Orthoplan Leitz optical microscope at 400x magnification.
All palynomorphs were counted (dinoflagellate cysts, pollen grains, spores,
Halodinium and organic linings of foraminifer). A special attention was paid to
dinoflagellate cysts (hereafter dinocysts). At least 300 dinocysts were counted per
sample, which provide statistically reliable data (Mertens et al., 2009). The taxonomic

nomenclature was based on Rochon et al. (1999) and Radi et al. (2013).

1.3.3.2 Quantitative reconstructions of sea-surface conditions from dinocyst
assemblages. Reconstructions for sea-surface parameters were made based on the
modern analogue technique (MAT), which relies on similarities between fossil and
modern assemblages instead of calibrations between sea-surface parameters and
assemblages (Guiot and de Vernal, 2007). Hence, MAT can be applied for
simultaneous reconstruction of different parameters and appears appropriate in the
case of non-linear relationship between assemblages and climate parameters. MAT
was applied using dinocyst assemblages to reconstruct sea-surface temperature (SST)
and salinity (SSS) in summer, in addition to sea ice cover extent and mean annual
productivity. All these parameters play a determining role in the distribution of
dinocyst assemblages as shown from multivariate analyses (e.g. Rochon et al., 1999;
de Vemal et al., 2001, 2005, 2013; Radi and de Vernal, 2008). Here, we have used
the updated Geotop dinocyst database that includes 66 taxa after taxonomic
standardization and 1492 reference sites from the mid- to high latitudes of the
Northern Hemisphere (de Vernal et al., 2013). We have followed the procedure as

described by de Vernal et al. (2005). The relative occurrence of taxa was logarithmic
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transformed in order to emphasize the weight of accompanying taxa as they have
usually a more narrow range of ecological affinities than dominant taxa, which are
often opportunistic and cosmopolitan (de Vernal et al.,, 2005). After the log
transformation of the taxa occurrence, the five closest modern analogues were
identified to estimate past sea-surface conditions. Reconstructions are given as the
most probable value, which is the mean of the sea-surface parameter for the 5 best
analogues, weighted inversely to the distance between the fossil and modern spectra.
The minimum and maximum possible values according to the set of identified
analogues are also reported. In order to assess the error of prediction of the
reconstructions, validation tests are made after splitting of the database, with 1/6 of
the data points taken randomly being used to verify the ability of the approach to
reconstruct the sea-surface parameters. The errors of prediction at *1c level were
found to be +1.6°C for summer SST, +2.6 for SSS, + 1.4 months.year'1 for the sea ice
cover and + 55 gC m™ for productivity. It is noted that the SSS error of prediction is
large because the database includes low salinity environments (down to 5 psu), where
the variability of surface conditions is particularly large. When considering only the >
30 and > 33 salinity domains, the summer SSS errors of prediction are *1.3 and +0.8

psu, respectively.

In this study, a special attention was paid to the genus Islandinium, as the
specie cezare appears to have an important weight in salinity reconstruction where

dinocyst diversity is low (cf. Ouellet-Bernier, 2014).

1:3.3.3 Foraminifer processing. The >106 um fraction was used for foraminifer
analyses. We did not analyzed benthic foraminifer assemblages, as they were
previously described by Perner et al. (2013). The two dominant calcareous taxa,
Islandiella norcrossi (Cushman, 1933) and Nonionellina labradorica (Dawson, 1860)
were selected for isotopic measurements. These two species have different ecological

affinities. I. norcrossi is a shallow infaunal species common in Arctic environment
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characterized by high and stable salinities, in addition to relatively warm subpolar
waters conditions (Knudsen et al., 2012; Polyak et al., 2002; Hald and Steinsund,
1996). The foraminifer N. labradorica is a deeper infaunal species, which is
associated with episodic fresh phytodetritus production (Knudsen et al., 2012; Polyak
et al., 2002; Murray, 2006; Rytter et al., 2002; Steinsund, 1994).

In the study core, the foraminifer shells of I. norcrossi occur sporadically prior
to ~6100 cal. yr BP and continuously afterward (above 341 cm). Shells of N.
labradorica records sporadic occurrences at ~8200, ~6000, ~5500-5100, ~4000-2800
and ~1900-1200 cal. yr BP. Although, N. labradorica was the second most abundant
specie after Lnorcrossi, it occurred in low abundance. Hence, two size fraction were

used: 150-250 um and >250 um to collect enough specimens for isotope analyses.

1.3.3.4 Oxygen and carbon isotope analyses (8°0, 8°C) in foraminifer shells.
Approximately 15 tests of I. norcrossi (150-250 um) and 10 tests of N. labradorica
(>250 um) were roasted under vacuum at 250°C for one hour. Then, they were
analyzed with a Micromass Isoprime™ isotope ratio mass spectrometer in dual inlet
mode coupled with a MultiCard™ preparation system. Samples were heated to a
constant temperature (90°C) for at least 30 minutes. CO, from foraminifer shells was
extracted after dissolution with H3;PO, (102%). An internal reference carbonate
material (UQ6) calibrated on the V-PDB scale was used to correct measurements.
The overall analytical uncertainty (x10) is better than +0.05%o for both 8'°C and

§'%0, as determined from replicate measurements of the home standard material.
1.4  Results

1.4.1 Palynological assemblages and pelagic fluxes

The palynological assemblages were largely dominated by dinocysts. Their
concentration ranged between 2040 cysts g™ and 171 500 cysts g’! suggesting very
high pelagic productivity at least during the middle and late Holocene (Figure 3).




12

Average fluxes of 3400 cysts cm2.yr' were calculated in the interval spanning ~10
000 to ~7300 cal. yr BP (625-405 cm) while they ranged from ~2000 to ~20 000

cysts cm™.yr in the upper part of the sequence.

Pollen grains were present in low numbers (< 1400 grains g'). Picea, Pinus
and Betula were the most common taxa. Low numbers of monolete and trilete spores,
including Lycopodium spp., were observed. Concentrations of organic linings of
foraminifers (cf. de Vernal et al., 1992) were relatively high, ranging between 550
and 234 000 linings g, with maximum abundance during the middle and late
Holocene. Concentrations of organic linings were significantly higher than those of
calcareous shells of benthic foraminifers. Since the linings were observed in the 10-
106 um fraction while shells were counted in the >106 um fraction, the higher lining
abundances might either indicate some calcium carbonate dissolution in the sediment
(cf. de Vernal et al., 1992) or a much higher abundance of small lining-bearing
benthic foraminifers in the < 106 um fraction and probably both. High concentrations
of the acritarch Halodinium were rtecorded with up to 31 200 specimens g’.
Halodinium has still unknown biological affinities, but it is generally associated with
shallow marine and estuarine environment (e.g. Verhoeven et al., 2014), notably in
cold arctic-subarctic settings marked by freshwater-meltwater inputs (de Vernal et al.,

1989; Richerol et al., 2008).

1.4.2 Dinocyst assemblages

Dinocyst assemblages showed moderately high species diversity, with a maximum of
15 species, 9 being common to abundant (Table 2, Figure 3). The assemblages were
dominated by Islandinium minutum, which was accompanied by the cyst of
Pentapharsodinium dalei, Brigantedinium spp., Operculodinium centrocarpum,
Spiniferites elongatus, Selenopemphix quanta and Islandinium? cezare.
Nematosphaeropsis labyrinthus and Spiniferites ramosus occurred in very low

number. The dinocyst assemblages permit to identify two main zones (Figure 3).
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Zone I covers from ~10 000 to ~7300 cal. yr BP. The assemblage was
composed almost exclusively of heterotrophic taxa, notably Islandinium minutum,
which largely dominates, and Brigantedinium spp.. I. minutum occurs mostly in
neritic environments, where it can thrive under a wide range of temperature and
salinity conditions, but generally dominates in environments characterized by cold
conditions and dense seasonal sea ice cover (Buck et al., 1998; Rochon et al., 1999;
de Vernal et al., 2001, 2008, 2013). I. minutum has recently been shown to live under
sea ice (Potvin et al., 2013). Brigantedinium spp. is a cosmopolitan taxon, which can
be abundant in polar environments (Kunz-Pirrung, 2001; Rochon et al., 1999;
Matthiessen et al., 2005).

Zone II covers from ~7300 to ~800 cal. yr BP and was defined from the
increase of the P. dalei (Dale, 1996; Rochon et al., 1999), which reaches up to 40%,
and the occurrence of other taxa such as S. elongatus, S. ramosus, N. labyrinthus and
S. quanta. The taxa S. elongatus and S. ramosus are generally found in association
with Atlantic waters (Rochon et al., 1999; Zonneveld et al., 2001; Marret and
Scourse, 2003). S. elongatus prefers cool to temperate conditions (Rochon et al.,
1999), whereas S. ramosus is more cosmopolitan and occurs in tropical to subpolar
environments (e.g. Rochon et al., 1999; Zonneveld et al., 2001). N. labyrinthus
develops in temperate to subpolar latitudes and prefers open oceanic environments
(de Vernal et al., 2001; Kunz-Pirrung, 2001). S. quanta is cosmopolitan and occurs in
temperate to subpolar environments (Rochon et al., 1999). It is abundant in upwelling
zones and in areas of high nutrient concentration (Dale and Fjellsd, 1994; Sangiorgi et

al., 2002).

1.4.3 Reconstruction of sea-surface conditions

Close modern analogues of dinocyst assemblages were found for all samples and are
located mostly in the Arctic Ocean and/or subpolar North Atlantic. The high

concentration of dinocysts allowing statistically reliable counts (> 300 counted
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specimens/sample) and the high degree of similarity between the fossil assemblages
and their modern analogues permit to be as confident as possible with the

reconstruction from MAT

In zone I, the reconstructions indicated cold conditions with summer SST
averaging 1.5°C, almost 9 months.yr’ of sea ice cover and very low primary
productivity (100 gC mZyr"). SSS was relatively high (~31.5 psu) during the

interval.

In Zone II, which is characterized by an increase in species diversity, the
MAT-based reconstructions showed a gradual warming in surface waters. From
~7300 to ~7000 cal. yr BP, SST increased rapidly up to ~7°C, while salinities
decreased to ~30.5 psu and sea ice cover was reduced to 5-6 months.yr’. Optimal
conditions finally established at ~6000 cal. yr BP, with average summer SSTs of
about 9-10°C. During this interval, SSS were low, around 28-30 psu, sea ice cover
was restricted to the winter season, and productivity slowly increased up to ~ 400 gC
m2yr’. Cooling pulses were recorded at ~4000-4200 and ~1500-1000 cal. yr BP.
They correspond to increase in salinity (up to ~32 psu), which we interpret here as the

result of reduced meltwater discharge.

1.4.2 Isotopic composition of benthic foraminifer shells

The isotopic analyzes allowed the establishment of a discontinuous record with large
gaps before ~6300 cal. yr BP due to the rarity of specimens (Figure 5). After ~6300

cal. yr BP, the record is more continuous.

The taxon I norcrossi usually records 8'®0 and & C values close to
equilibrium with bottom sea-water, which makes it a useful paleoceanographic tracer
(Ishimura et al., 2012). Zone I was characterized by high 8'%0 values (~4.0%0) from
~10 000 to ~9250 cal. yr BP, which reflect cold water conditions with a near standard

mean ocean water salinity. It however depicted variable 8"°C values, ranging between
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-1.91 and -0.53%0, with particularly low values (-4.72%o) around 8200 cal. yr BP.
This light *C excursion appeared significant since it was recorded in both taxa
analyzed, I. norcrossi and N. labradorica. Zone 11 was marked by 'O values
ranging 3.56 to 3.1%o from ~6100 to ~960 cal. yr BP and by 8°C ranging between -
0.69 and -0.08%o.

The sporadic occurrences of N. labradorica could be related to episodes of
high sea-surface productivity (e.g. Jennings et al., 2004; Mudie et al., 1984; Polyak
and Solheim, 1994; Wollenburg and Mackensen, 1998; Rytter et al., 2002; Polyak et
al., 2002; Hald and Steinsund, 1992; Mackensen et al.,, 2001). N. labradorica
recorded 8'®0 values ranging from 3 to 3.57%o, which was very close to those
observed in I. norcrossi. With respect to 8'>C, N. labradorica usually yielded higher
values than I. norcrossi, which may be related to the direct influence of high seasonal
productivity of fresh phytodetritus (Knudsen et al., 2012; Polyak et al., 2002; Murray,
2006; Rytter et al., 2002). As mentioned above, in Zone I, the 8'C of N. labradorica
was characterized by particularly low values at ~8200 cal. yr BP (-6.41 to -6.03%o),
consistent with the isotopic excursion recorded by I norcrossi. In Zone II, N.

labradorica recorded larger variations than I. norcrossi, with values ranging from -
2.93 to -0.74%o.

1.5  Discussion
1.5.1 The deglaciation phase from ~10 000-~7300 cal. yr BP

Important changes occurred in surface and bottom waters in the study area during the
deglaciation and the Holocene. In the Disko Bugt area, the glacial retreat began after
13 800 yr BP (O Cofaigh et al., 2013). From the adjacent core MSM343340 (Figure
1), it was suggested that a fast ice retreat started at about 12 050 cal. yr BP, with a
retreat rate of ~22-275 m a™ (O Cofaigh et al., 2013). By 10 900 cal. yr BP, the ice
margin had retreated at the mouth of Disko Bugt, where glacier ablation resulted in

high terrigenous input from 10 140 to 8490 cal. yr BP (Jennings et al., 2014). The
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extremely high sedimentation rates recorded in our core at about 10 000 cal. yr BP
also suggesting a rapid sediment accumulation, which might be related with
glaciomarine processes (Figure 2). According to Weidick and Bennike (2007), the
deglaciation of Disko Bugt occurred rapidly during the early Holocene (~10 500 to
~10 000 yr BP). Long and Roberts (2003) also suggested that the Jakobshavns Isbrae
recorded a rapid retreat after ~10 300 cal. yr BP with a velocity of about 4.8 km.yr”,
approching the modern values of 6-7 km.yr’'. Atmospheric temperature significantly
increased from ~10 000 to ~8000 yr BP as indicated from the NGRIP ice core data
(Vinther et al., 2006). Whereas the GIS margin was retreating, surface waters were
characterized by a dense sea ice cover (> 9 months.yr'), low summer temperatures
(0-3°C) and a low productivity (~100 gC m>yr'), which is consistent with
glaciomarine conditions. This is also compatible with the dominance of Islandinium
minutum that can lives under pack ice (Potvin et al., 2013; Rochon et al., 1999).
Moreover, high 8'%0 values (~4%o) in benthic foraminifers indicate low temperatures

and a relatively high salinity in bottom waters.

Glaciomarine conditions were documented to have prevailed until 7800 cal. yr
BP based on tephra shards analyses and the occurrence of the agglutinated benthic
foraminifer Spiroplectammina biformis (Jennings et al., 2014), which was associated
with glacial meltwater (Schafer and Cole, 1986; Jennings and Helgadottir, 1994).
Hence low surface salinity and stratification of the upper water column may have
resulted from the occurrence of low salinity-cold surface waters, overlying warmer
and more saline bottom waters linked to Atlantic water inputs. Glacier runoff
probably slowed down as the glacier became land-based around 7700-7500 cal. yr BP
(Young et al., 2011; Seidenkrantz et al., 2013). Widespread mollusc colonization and
organic accumulation in coastal lakes began some 7500 years ago, after the retreat of
the Jakobshavn Isbrae and/or GIS margin (Donner and Jungner, 1975; Briner et al.,
2010; Fredskild, 2000). The postglacial warming along the southwest Greenland

coastline was possibly delayed because of meltwater runoff along the Greenland
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margins, as documented from diatoms in the Ameralik fjord where the WGC reached
the surface only by ~7800 cal. yr BP (Ren et al., 2009; Seidenkrantz et al., 2013) as
well as from many coastal lake pollen records (cf. Fréchette and de Vernal, 2009) (cf.

Figure 6).

The light *C-excursion recorded by both benthic foraminifer species at ~8200
cal. yr BP deserves some attention. Based on the micropaleontological data presented
here, neither surface conditions, nor benthic production or bottom water properties
have changed significantly during the interval spanning from ~8200 to ~7000 cal. yr
BP. We are thus tempted to link this excursion to a methane seepage event on the
seafloor (Kaneko et al., 2010). Further geochemical analyses are underway to

document this hypothesis.

1.5.2 First WGC influence ~7300 cal. yr BP

In surface waters of the Disko Bugt, the northward penetration of the WGC likely
occurred at about 7300 cal. yr BP as shown by the dinocyst-based reconstruction of
SSTs and sea ice cover. This transition was marked by an increase in dinocyst species
diversity, with the significant occurrence of cysts of Pentapharsodinium dalei,
Operculodinium centrocarpum and Spiniferites ramosus, in addition to
Selenopemphix quanta. From ~7300 to ~6000 cal. yr BP, large amplitude warming of
surface waters was recorded. The change in dinocyst assemblages led to reconstruct
SSTs increase from 3°C to 10°C in summer, which was accompanied by a decrease in
sea ice cover from > 8 to < 3 months.yr'. This change was also marked by an
increase of annual productivity, which reached up to 350 gC m>2.yr. The transition
from ~7300 to ~6200 cal. yr BP is also recorded in bottom waters as shown by the
synchronous increase of benthic foraminifer species associated with Atlantic waters,

such was Islandiella norcrossi and Cassidulina reniforme (Fig.6 ; Perner et al., 2013).

It is notable that the SST increase at ~7300 cal. yr BP was accompanied with a

salinity decrease in surface waters, which suggests that warmer condition may have
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led to accelerated glacier melting, resulting in enhanced freshwater discharges from
the Jakobshavn Isbrae and/or the Greenland margins. Therefore, our data support the
hypothesis of a delayed influence of WGC in the surface waters as compared to

seafloor conditions, due to high meltwater supplies (Lloyd et al., 2005).

1.5.3 Mid-Holocene Optimal conditions from ~6000 cal. yr BP

Optimal conditions were established in surface waters from ~6000 cal. yr BP. The
thermal optimum was locally characterized by sea ice cover restricted to the winter
season (~3 months.yr"), high primary productivity (up to 300-400 gC m2.yr), and
summer SST reaching up to 10-12°C. The general salinity decrease to about 29 psu
was possibly related with meltwater discharge from the ice margin when Jakobshavn
Isbrae recorded its maximal retreat, which occurred by ~4000 cal. yr BP (Weidick et
al., 1990; Weidick, 1992). Many paleoclimate studies of the southwest and western
Greenland are consistent with the reconstructions of sea-surface conditions presented
herein. Most of them suggest that optimum conditions were attained relatively late,
from ~6000 to ~3500-3000 cal. yr BP (cf. Figure 6). In particular, Perner et al. (2013)
have described an episode of high phytodetritus supply, coherent with the high
surface primary productivity we reconstructed from our dinocyst assemblages.
Moreover, StCOnge and St Onge (2014) documented the ice margin retreat to the
present position from 7000 to 6000 cal. yr BP based on magnetic susceptibility and
density.

The dinocyst-based reconstruction shows cooling pulses at ~4200-4000 (down
to 6°C) and ~1500-1000 cal. yr BP (down to 3-4°C). They could be associated with
the Neoglacial cooling phase (e.g. Kelly, 1980; Dahl-Jensen, 1998; Kaufman, 2004;
Miller et al., 2005). Hence, these cooling pulses seem to represent a consistent feature
on regional scale. Diatom data from Disko Bugt also show a temperature decrease
between ~4000 and ~3800 cal. yr BP (Moros et al., 2006). Similarly, in Ameralik

Fjord, an episode of extensive sea ice cover and colder surface water was observed
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from ~4400 to ~3600 cal. yr BP (Ren et al., 2009). The Neoglacial cooling period
was recorded from ~3500 to ~2000-1800 yr BP in many regional reconstructions of
climate changes (Andresen et al., 2010; Krawczyk et al., 2010; Lloyd et al., 2007;
Perner et al., 2011, 2013) (Figure 6) correlated with a Jakobshavn Isbrae glacier
readvance (StLiOnge and StOOnge, 2014). Moreover, the second cooling phase we
reconstruct at ~1500 cal. yr BP was also reported from microfossil data in the Disko
Bugt area as the so-called Dark ages period. Krawczyk et al. (2010) and Seidenkrantz
et al. (2008) reconstructed a cooling period from ~1500 to ~1300 cal. yr BP
respectively based on diatom and dinocyst data. Seidenkrantz et al. (2007) suggested
a cooling period from ~1600 to ~1200 based on benthic foraminifers analyses. Jensen
et al. (2004) and Ribeiro et al. (2012) documented a cooling event from ~1450 to
~1250 yr BP (cal. AD 500 to 750) based on diatom and dinocyst data (Figure 6).

In addition to SST changes, the dinocyst data permitted to reconstruct surface
salinity changes, which ranged from 29 to 32 psu during the interval. A striking
feature is the almost systematic opposite trend of surface-water salinity and summer
temperature: warm episodes correspond to low salinity conditions, and vice-versa, the
coldest phase being marked by the highest salinity. The salinity vs temperature
variations in the study core tend to support the hypothesis of accelerated Jakobshavn
Isbrae melting and freshwater discharges under warm conditions in relation to the

strength and/or the temperature of the WGC.

In bottom sediments, benthic foraminifers became abundant enough around
6000 cal. yr BP to establish a continuous isotopic record. The $'®Q-values in
Islandiella norcrossi slightly decreased from ~6000 to ~5000 cal. yr BP (from ~3.45
to 3.2%o), which might correspond to a temperature rise (<1°C) of the bottom waters.
This is consistent with the increase of I. norcrossi relative to Arctic species such as
Elphidium excavatum and Cassidulina arctica, which together suggest a stronger

Atlantic component in the WGC or reduced meltwater supplies through the EGC
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(Lloyd, 2006a; Perner et al., 2013). Overall benthic foraminifer assemblages also
showed a thermal maximum from ~6000 to ~5000 cal. yr BP, followed by a gradual
cooling until ~3900 cal. yr BP (Lloyd et al., 2007; McCarthy, 2011; Perner et al.,
2011, 2013).

8'®0-values in I. norcrossi slightly increased (up to ~3.32%0) from ~2100 to
~1100 cal. yr BP, thus suggesting a temperature decrease of the bottom waters
matching that reconstructed at the sea-surface. The corresponding change in benthic
foraminifer assemblages might be associated with an enhanced influence of the EGC
(Perner et al., 2011, 2013; Jennings et al., 2011) relative to a decrease influence of the
IC (Lloyd et al., 2007).

Finally, one should highlight the fact that productivity variations reconstructed
from dinocysts are consistent with the occurrence of the phytodetritus feeder
Nonionellina labradorica from ~6000 to ~5100 and ~4000 to ~2800 cal. yr BP
(Jennings et al., 2004; McCarthy, 2011; Lloyd, 2006b).

1.5.4 Medieval warming (~1000-800 cal. yr BP)

From ~1000 to ~800 cal. yr BP, summer SSTs increased to about 10°C, which is
much higher than the present day summer SST of ~4.4°C+1.24°C at the coring site.
In the dinocyst assemblage, I. minutum percentages decreased whereas the S.
elongatus percentages increase. We suggested that this event correspond to a
warming of the WGC. Benthic foraminiferal analyses also led to suggest enhanced
contribution of IC to the WGC from ~1400 to ~900 cal. yr BP (Perner et al., 2013).
This event can be associated with a regional signature of thé Medieval warm period
as described, for example, by Dahl-Jensen (1998) from Greenland ice cores and by
many others paleoceanographical proxies of the Disko Bugt and western Greenland
areas (Andresen et al., 2010; Krawczyk et al., 2010; Lloyd et al., 2007; Perner et al.,
2011; Ribeiro et al., 2012; Seidenkrantz et al., 2007) (Figure 6). Correlation with
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records from Southern and Eastern Greenland (Jensen et al., 2004; Lassen et al.,
2004; Kaplan, 2002; Anderson and Leng, 2004) and with Icelandic shelf (Eiriksson et
al., 2000; Jiang et al., 2002) records might also be proposed.

1.6 Conclusion

We have attempted here to reconstruct paleoceanographical changes along the West
Greenland margin during the Holocene from a multi-proxy approach with a better
than centennial time resolution for some proxies. Dinocyst-based reconstructions
provided information on sea-surface conditions and permitted to distinguish both
temperature and salinity signals as a complex response to the northward flow of the
WGC and freshwater discharge from the GIS. Data indicate glaciomarine conditions
until ~10 000 cal. yr BP while the earliest evidence of some Atlantic influence
through the WGC appeared in deep water, when the benthic foraminifer Islandiella
norcrossi was first recorded in the core. The WGC influence was recorded much later
in surface waters, which were characterized locally by cold conditions with a dense
ice cover until ~7300 cal. yr BP, likely because of important discharge of ice and
meltwater from the GIS. After a gradual transition marked by an increasing influence
of Atlantic waters, optimal conditions finally settled at ~6000 cal. yr BP. Some
cooling pulses were recorded later on, at ~4200-4000 and ~1500-1000 cal. yr BP,
alternating with warm phases at ~6000-4200, ~4000-1500 and ~1000-800 cal. yr BP.
Throughout the postglacial, there is an opposition between SSTs and surface
salinities, with warmer intervals being characterized by more diluted surface water.
We thus associate the warming linked to increasing influence of Atlantic waters
through the WGC, to phases of enhanced melt, thus resulting in higher freshwater
discharge from Greenland ice margins and notably from the Jakobshavn Isbrae. The
Holocene paleoceanographical record of Disko Bugt presented herein tends to

demonstrate close linkage between the ocean and ice dynamics.
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Table 1.1 Radiocarbon dates for core MSM343300. Calibrated years include
one standard deviation

Depths Lab.code  Material Mass C date Calibrated yr BP Median
(cm) (mgC) (yrBP) 1950 AR 140+35
55 Poz-39052 Mix benthic foraminifera 0.3 1415+ 35 767-885 826
30 Poz-39051 Mix benthic foraminifera 0.4 1645 + 30 990-1117 1053.5
71 Poz-33489 Mix benthic foraminifera 1990 + 50 1324-1466 1395
100.5 Poz-39047 Mix benthic foraminifera 2305+ 30 1697-1817 1757
149.5 Poz-39048 Mix benthic foraminifera 0.35 2750 + 60 2167-2353 2260
169.5 Poz-43445  Mix benthic foraminifera 0.7 3005 £ 35 2561-2713 2637
190 AA-81304  Paired Yoldia limatula 3248 + 44 2800-2935 2867.5
213.5 Poz-30985 G. auriculata arctica & 3715+ 35 3401-3532 3466.5
N. labradorica
219.5 Poz-43446 Mix benthic foraminifera 0.3 3820+ 50 3507-3675 3591
239.5 Poz-43447 Mix benthic foraminifera 0.2 4410 + 50 4290-4474 4382
261.5 Poz-33456 G. auriculata arctica & 4490 £ 40 4410-4555 4482.5
N. labradorica
297.5 Poz-33457 N. labradorica 4970 + 40 5041-5226 5133.5
319.5 Poz-39053 Mix benthic foraminifera 5440 £ 40 5594-5708 5651
340 AA-81307 G. auriculata arctica & 5822 £ 57 6000-6171 6085.5
N. labradorica
359 Poz-39054 Mix benthic foraminifera 0.4 6500 % 50 6746-6905 6825.5
381 LuS 9918 Mix benthic foraminifera 6380 % 80 6575-6795 6685
399.5 P0z-39055 Mix benthic foraminifera 7390 + 50 7649-7782 7715.5
434 LuS 9704 Mix benthic foraminifera 0.27 7025 + 70 7318-7466 7392
456 LuS 9919 Mix benthic foraminifera 7780 + 80 7995-8184 8089.5
541.5 LuS 9705 Mix benthic foraminifera 0.37 8585+ 75 8967-9194 9080.5
597.5 Poz-33458  Unid gastropod 9390 * 60 9994-10176 10085
655 AA-81305 Paired Yoldia. chalky 9473 + 57 10106-10250 10178
668 LuS 9706 Mix benthic foraminifera 0.34 9475 % 80 10068-10292 10180
976.5 LuS 9707 Mix benthic foraminifera 0.43 9295 + 80 9810-10109 9959.5
1113 LuS 9708 Mix benthic foraminifera 0.25 9455 + 90 10000-10261 10130.5

Poz - Poznan Radiocarbon Laboratory
AA - Aarhus University
LuS - Lund University




Grouped as
Brigantedinium spp.

Grouped as
Operculodinium
centrocarpum sensu

Table 1.2

Dinoflagellate cyst names
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List of dinoflagellate cysts

References

Islandinium minutum
Islandinium ? cezare

Echinidinium karaense
Selenopemphix quanta
Brigantedinium spp.

F Brigantedinium simplex

Brigantedinium cariacoense
Operculodinium centrocarpum sensu
Operculodinium centrocarpum short
processes

Operculodinium centrocarpum
Arctic

Nematosphaeropsis labyrinthus
Spiniferites elongatus
Spiniferites ramosus

Spiniferites spp.

Cyst of Pentapharsodinium dalei

H=Heterotrophic, A=Autotrophic

> P> I I LT T I =T

> > > >

(Harland and Reid in Harland et al., 1980)

(de Vernal et al., 1989 ex de Vernal in
Rochon et al., 1999) Radi et al., 2013

(Head et al., 2001) Radi et al., 2013
(Bradford, 1975) Matsuoka, 1985

Reid, 1977 ex Lentin and Williams, 1993
Wall 1965 ex Lentin and Williams, 1993
(Wall, 1967) Lentin and Williams, 1993
Wall and Dale, 1966

Wall and Dale, 1966

(Ostenfeld, 1903) Reid, 1974
Reid, 1974
(Ehrenberg, 1838) Mantell, 1854 sensu lato

Indelicato & Loeblich III, 1986




Figure 1.1 Map of the study area
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Location of the studied core MSM343300, indicated by a star, and the nearby core
MSM343340 also discussed here (round dot). EGC: East Greenland Current, WGC:
West Greenland Current, IC: Irminger Current, LC: Labrador Current.
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Figure 1.2 Age vs, depth relationship in core MSM343300
0 T ' T ' T ' T ' T '

200

1000

1200 . 1 . | . ! . | , 1 .
0 2000 4000 6000 8000 10000 12000

Age (cal. yr BP)

1-sigma range calibrated age 14 C is represented in black, smooth interpolation on the
median values is represented by a black line and 2-sigma range smooth interpolations
are represented by a gray line.
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Figure 1.3

Percentages of main dinocyst taxa in core MSM343300 and
concentrations of dinocyst, pollen grains, Halodinium and organic linings of
foraminifers.
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Figure 1.4 Reconstruction of summer sea-surface temperature (SST),
sallmty (SSS), seasonal sea ice cover in months.yr” and productivity (in gC m’
2 yr’)) for the last ~10 000 years based on MAT applied to dinocyst assemblages
in core MSM343300.
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Figure 1.5 Isotopic compositions (8"°C and 8"0) of Islandiella norcrossi
(solid diamonds) and Nonionellina labradorica (circles) from core MSM343300
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zonation as Figure 3.
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Figure 1.6a Comparison of sea-surface temperature from core MSM343300
(this study) with reconstruction from adjacent marine cores of southwest and
west Greenland, and with the NGRIP 5'®0 record (Vinther et al., 2006) (graphic

representation)
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Figure 1.6b Map of the sites referred to by the numbers in of Figure 6a
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CONCLUSION

Les analyses micropaléontologiques de la carotte MSM343300 ont permis d’établir
une reconstitution climatique et paléocéanographique de la région de Disko Bugt au
cours des derniers ~10 000 ans. D’une part, la technique des analogues modernes a
permis une reconstitution de la température et de la salinité a partir des assemblages
de kystes de dinoflagellé, démontrant ainsi la pertinence du proxy pour la
paléocéanographie de milieux arctiques et subarctiques. La reconstitution des deux
parametres clés, température et salinité, permet d’affirmer que les eaux de surface
sont influencées localement par les apports d’eaux de fonte du glacier Jakobshavn
Isbrae et/ou des marges groenlandaises. En effet, une augmentation des températures
est associée a une diminution de la salinité et vice-versa. D’autre part, les analyses
isotopiques des foraminiféres benthiques ont permis une meilleure compréhension de

I’évolution des courants, a quelques centaines de métres de profondeur.

Aux environs de 10 000 ans cal. BP, la marge glaciaire se stabilise sur le plateau
continental pendant prés de 1000 ans (McCarthy, 2011). La premiére manifestation
du Courant ouest-groenlandais s’est faite en profondeur vers ~10 000 ans cal. BP
lorsque le foraminifére benthique Islandiella norcrossi colonise la région. En surface,
le couvert de glace de mer était quasi-continu et la température était trés basse.
L’établissement de conditions postglaciaires marquées par une augmentation des
températures de surface s’est fait a partir de ~7300 ans cal. BP, lorsque le Courant
ouest-groenlandais circule en surface amenant une augmentation de la diversité des
espéces dans les assemblages de dinokystes. Ce sont les apports de fonte en
provenant du glacier Jakobshavn Isbrae qui auraient retardé 1’établissement de

conditions de surface postglaciaires, une faible salinité de surface engendrant la
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subduction du Courant ouest-groenlandais (e.g. Ren et al., 2009 ; Seidenkrantz et al.,
2013). Un optimum thermique est enregistré a partir de ~6000 ans cal. BP lorsque la
contribution des eaux atlantiques est devenue dominante a la surface. De courtes
périodes de refroidissement sont observées, de ~4200-4000 et de ~1500-1000 ans cal.
BP, pendant lesquelles le Courant ouest-groenlandais parait avoir été surtout
influencé par les eaux polaires. Finalement, des températures maximales, nettement
plus élevées qu’a I’actuel, sont enregistrées de ~1000 a ~800 ans cal. BP ce qui

correspondrait 2 la période chaude médiévale.




APPENDICE A

RESULTATS DES DINOKYSTES ET AUTRES PALYNOMORPHES

Tableau A.1 : Dénombrements et concentrations des dinokystes dans la carotte
MSM343300

Tableau A.2 : Dénombrements et concentrations des grains de pollens et autres

palynomorphes dans la carotte MSM343300

Tableau A.3 : Reconstitution des conditions de surface a partir des abondances
relatives des dinokystes de la carotte MSM343300 en utilisant la méthode des

analogues modernes (Base de données du Geotop; n=1492)

Figure A.1 : Abondances relatives des dinokystes et concentrations des principaux

palynomorphes

Figure A.2 : Reconstitutions de surface de la température, salinité, couvert de glace
et productivité de la carotte MSM343300 en utilisant la méthode des analogues

modernes (Base de données du Geotop n=1492)

Figure A.3: Analyse en composantes principales réalisée a partir des abondances
relatives des dinokystes de la carotte MSM343300
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Tableau A.2 Dénombrements et concentrations des grains de pollen et autres

palynomorphes dans la carotte MSM343300
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Tableau A.3 Reconstitution des conditions de surface a partir des abondances
relatives des dinokystes de la carotte MSM343300 en utilisant la méthode des
analogues modernes (Base de données du Geotop; n=1492)

Température  Salinité de Nombre de Productivité
Profondeur (cm)  de surface surface d'été mois de glace Cm?
48t (°C) (psu) demer  8Cm/an)

3 10,93 28,50 3,24 382,63
9 9,32 30,46 3,69 252,76
13 10,99 30,57 3,36 260,89
17 10,04 30,39 3,40 293,28
20 10,62 30,13 3,35 309,03
25 9,83 30,48 3,64 252,51
30 8,29 30,48 3,87 226,75
33 4,30 32,43 5,17 152,43
37 9,76 30,14 3,73 243,82
40 6,09 31,99 4,17 177,65
45 15,33 28,84 3,21 388,31
49 9,96 30,55 3,61 241,68
52 9,63 30,97 1,80 266,50
57 6,29 31,72 4,61 170,53
61 7,66 30,87 4,04 205,24
65 5,76 31,24 6,72 180,22
69 2,80 31,26 8,08 110,67
73 2,94 32,73 7,33 109,76
77 8,34 30,01 5,64 199,29
81 8,08 32,11 1,64 240,31
85 12,15 28,99 4,06 334,08
89 7,79 30,16 6,18 198,46
93 6,32 30,70 6,37 194,11
97 9,64 31,20 1,76 284,49
101 12,37 30,41 3,25 290,86
105 11,77 30,37 2,51 326,03
109 12,54 30,28 2,46 328,17
113 9,66 30,51 3,19 263,39
117 11,94 29,18 4,12 343,63
121 10,09 29,75 4,63 273,57
125 11,23 30,49 - 3,33 265,60
129 10,01 30,18 3,36 244,23
134 12,01 29,76 3,19 366,93
137 14,12 28,82 3,42 378,63
141 7,23 30,12 5,79 222,49
145 9,94 30,32 3,49 235,79
149 14,46 28,78 3,58 391,53

153 12,86 28,95 3,84 347,55
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Reconstitution des conditions de surface a partir des abondances relatives des
dinokystes de la carotte MSM343300 en utilisant la méthode des analogues
modernes (Base de données du Geotop; n=1492) (suite)

Température  Salinité de Nombre de Productivité

Profondeur (cm)  de surface surface d'été  mois de glace 2
d'été (°C) (psu) demer  (@Cm/an)

157 9,57 29,52 5,00 286,03
165 12,01 29,07 3,93 336,94
169 9,74 30,55 3,13 263,66
173 12,28 28,91 4,19 330,97
177 10,02 29,76 3,43 299,13
181 8,35 30,50 2,17 328,54
185 8,37 30,16 5,23 252,49
189 14,51 28,77 3,58 392,22
193 9,54 30,96 1,83 286,14
197 11,20 29,29 3,72 341,04
200 10,30 29,31 4,37 295,59
205 13,26 29,39 2,82 359,79
209 11,09 30,53 2,41 324,00
213 9,21 29,65 5,24 240,16
217 8,93 30,29 2,32 336,64
221 12,52 29,53 2,83 357,34
225 7,53 30,09 5,63 232,81
229 9,62 29,87 5,04 262,78
233 7,07 30,14 5,52 298,48
237 10,58 30,82 2,74 334,14
241 11,37 30,62 2,78 338,05
245 5,88 32,14 4,13 225,50
249 5,88 28,26 6,83 248,18
253 6,02 31,67 3,80 208,92
257 11,76 28,89 3,18 398,76
261 10,34 29,37 4,47 281,82
265 5,99 30,58 6,48 215,08
269 8,98 30,94 2,08 292,00
273 11,55 28,88 3,20 412,17
277 10,32 29,72 2,84 384,96
281 9,14 30,23 3,40 280,67
285 9,40 31,00 3,20 278,77
289 11,57 28,89 3,20 411,18
293 9,68 30,76 2,21 290,77
297 10,21 29,29 2,78 379,52
301 11,33 28,90 3,83 364,57
305 11,44 28,83 3,21 416,88
309 12,61 29,72 3,13 362,59
13 11,59 28,90 3,20 410,36

317 10,28 29,94 2,73 363,93
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Reconstitution des conditions de surface a partir des abondances relatives des
dinokystes de la carotte MSM343300 en utilisant la méthode des analogues
modernes (Base de données du Geotop; n=1492) (suite)

Température  Salinité de Nombre de I

ez . Productivité

Profondeur (cm)  de surface surface d'été  mois de glace C m? )

d'été (°C) (psu) demer  (BCm/an

321 11,19 31,06 2,31 326,67
325 11,35 28,79 3,21 420,57
329 11,04 30,79 2,67 328,52
333 10,15 29,94 2,76 375,65
337 10,17 30,64 2,63 325,01
341 9,41 29,25 3,89 385,47
345 6,08 32,33 3,67 216,17
349 10,07 29,60 4,80 269,13
353 8,27 31,25 4,17 211,37
357 4,35 30,84 7,53 182,21
361 3,84 28,97 7,67 198,69
365 6,03 31,72 5,38 181,29
369 3,46 28,96 8,06 193,88
373 6,24 31,91 4,53 156,11
377 2,62 31,31 8,12 126,77
381 6,06 31,80 5,54 153,11
385 2,83 29,32 8,70 120,14
389 6,13 30,35 6,38 188,73
393 7,72 31,99 2,62 219,69
397 8,11 30,35 4,52 227,25
401 2,67 32,42 7,41 103,59
405 4,17 31,78 6,46 132,05
409 3,00 32,16 7,41 102,48
413 1,29 31,68 8,51 99,36
417 1,75 31,98 7,89 112,72
421 1,57 31,95 7,83 119,67
425 5,12 31,14 6,59 196,54
429 3,82 31,24 6,98 167,28
433 1,82 32,01 7,76 108,95
441 1,68 31,98 7,80 116,05
445 1,84 32,11 7,94 115,03
449 1,41 31,43 8,27 110,77
453 1,76 32,00 7,86 112,42
457 1,68 31,99 7,75 114,11
461 1,42 31,46 8,03 112,89
465 1,24 31,37 8,16 115,78
469 1,60 31,66 8,04 110,61
473 1,57 31,60 8,21 101,07

477 1,58 31,97 7,80 120,12



71

Reconstitution des conditions de surface a partir des abondances relatives des
dinokystes de la carotte MSM343300 en utilisant la méthode des analogues
modernes (Base de données du Geotop; n=1492) (suite)

Température  Salinité de Nombre de Productivité
Profondeur (cm)  de surface surface d'été mois de glace C m?/ )
d'té (°C) (psu) demer  (BCm/an

481 1,58 31,96 7,83 119,79
485 1,51 31,64 7,97 117,36
489 1,45 31,48 8,27 110,32
497 0,66 31,29 9,42 91,31
505 1,35 31,48 8,63 110,43
513 1,45 31,29 8,21 110,35
521 1,61 31,61 8,17 110,53
529 1,12 31,17 8,60 112,39
537 1,44 31,27 8,22 110,16
545 1,09 31,13 8,63 111,96
553 1,74 32,13 7,82 118,32
561 1,42 31,56 8,59 110,05
565 1,35 31,35 8,05 112,42
577 1,24 31,42 8,72 110,65
585 0,68 31,20 9,16 106,38
593 0,68 31,22 9,02 105,62
601 1,14 31,20 8,61 112,67
625 1,56 31,58 8,06 110,55
673 1,58 31,96 7,83 120,16
709 1,41 31,86 8,34 116,80
805 1,27 31,36 8,68 110,35
909 0,71 30,93 9,08 104,23
1013 0,82 31,17 9,17 102,76

1109 1,99 32,27 8,32 105,51
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Figure A.1 Abondances relatives des dinokystes et concentrations des
principaux palynomorphes
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Figure A.3

Analyse en composantes principales réalisée a partir des

abondances relatives des dinokystes de la carotte MSM343300
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APPENDICE B

RESULTATS DES ANALYSES ISOTOPIQUES

Tableau B.1 : Résultats des analyses isotopiques (8"°C) effectuées sur la matiére

organique dans la carotte MSM343300

Tableau B.2 : Résultats des analyses isotopiques (8°C et 8'®0) des tests carbonatés

du foraminifére benthique Islandiella norcrossi dans la carotte MSM343300

Tableau B.3 : Résultats des analyses isotopiques (8"°C et 8'%0) des tests carbonatés

du foraminifere benthique Nonionellina labradorica dans la carotte MSM343300

Figure B.1 : Compositions isotopiques (6"°C) de la matiére organique dans la carotte
MSM343300

Figure B.2 : Compositions isotopiques des foraminifeéres benthiques Islandiella
norcrossi (losanges) et Nonionellina labradorica (cercles) dans la carotte
MSM343300
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Tableau B.1 Résultats des analyses isotopiques (5"°C) effectuées sur la matiére

organique dans la carotte MSM343300

8*C MO exprimé en %o vs VPDB (x0,1%0 4 10)

Profondeur (cm) 8“C Profondeur (cm) §"C Profondeur (cm) §“C
61 -21,61 369 -22,16 561 -22,83
69 -22,85 377 -22,96 561 -23,05
81 -23,26 385 -25,46 569 -22,58
85 -21,92 393 -22,35 577 -22,94
93 -21,51 397 -23,69 577 -22,83
101 -21,84 401 -24,02 589 -22,64
105 -21,10 409 -24,36 597 -22,98
117 -21,74 413 -23,73 597 -22,99
129 -21,30 413 -24,50 617 -23,32
149 -21,67 417 -23,65 633 -23,08
153 -21,43 425 -23,06 633 22,92
161 -21,32 425 -23,81 657 -23,21
173 -21,57 433 -23,79 685 224,11
173 -21,69 441 -24,58 701 -23,08
197 -22,16 445 -23,77 717 -23,33
201 -21,66 449 -24,62 741 -24,50
209 21,73 453 -26,98 765 -24,49
221 -22,63 457 -23,49 781 -24,02
229 -21,61 457 -24,23 821 -24,28
245 -22,63 461 -22,62 845 -24,70
249 -22,10 469 -22,88 861 -23,78
249 -23,11 469 -22,78 877 -23,47
257 -22,39 477 -22,73 877 -23,35
265 -21,81 477 -22,53 893 -23,65
273 -22,54 485 -22,86 909 -23,92
281 -21,71 485 -23,22 909 -23,54
289 -23,01 493 -22,77 925 -23,84
298 -22,12 501 -22,56 941 -23,94
301 -22,30 501 -22,69 941 -23,63
317 -22,06 509 -22,64 957 -23,98
325 -22,22 517 -22.85 973 -24,14
333 -22,30 517 -22,60 973 -23,62
333 -21,96 525 -22.97 990 -23,49
341 -22,32 533 -22,69

349 -22,23 545 -23,15

349 -22,02 545 -22,86

361 -22,05 553 -22,58



Tableau B.2 Résultats des analyses isotopiques (5"°C et 5'%0) des tests

carbonatés du foraminifére benthique Islandiella norcrossi dans la carotte

MSM343300

Fraction 150-250 pm Fraction >250 um

Profondeur (cm) sC s%0 Profondeur (cm) s°C 5%
20 -0,36 3,24 73 0,03 3,32
25 -0,08 3,39 153 -0,19 3,21
30 -0,69 3,26 185 -0,64 3,20
40 -0,27 3,32 197 -0,33 3,21
45 -0,20 3,29 311 -0,23 3,27
49 -0,35 3,41 549 -0,33 3,92
52 -0,11 3,39

61 -0,29 3,31

65 -0,29 3,56

77 -0,24 3,23

81 -0,35 3,32

89 -0,32 3,30

93 -0,25 3,31

97 -0,37 3,48

101 -0,46 3,36

105 -0,34 3,35

109 -0,35 3,31

113 -0,34 333

117 -0,33 3,40

121 -0,32 3,27

125 -0,42 2,86

149 -0,54 3,29

157 -0,40 3,35

161 -0,39 3,39

165 -0,47 3,24

169 -0,42 3,13

173 -0,38 3,22

177 -0,39 3,20

181 -0,30 3,17

186 -0,43 3,10

189 -0,53 3,23

193 -0,42 3,36

197 -0,54 3,11

200 -0,41 3,27

205 -0,24 3,38

209 -0,46 3,11

213 -0,33 3,22

217 -0,35 3,13
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Résultats des analyses isotopiques (5°C et 5'°0) des tests carbonatés du

foraminifére benthique Islandiella norcrossi dans la carotte MSM343300 (suite)

Fraction 150-250 um

Profondeur (cm)

8%c "0
221 0,39 332
225 024 325
229 029 3,26
233 034 3,28
237 0,29 3,29
241 0,28 327
245 | 0,50 3,16
249 028 3,19
253 0,19 2,28
257 0,25 3,28
265 033 3,26
269 0,19 322
281 037 3,15
285 0,55 3,28
289 023 335
293 041 3,29
297 042 3,11
301 032 3,39
305 0,25 3,39
309 0,28 3,728
313 021 3,43
321 0,12 3,34
325 0,30 3,31
329 034 3,44
333 0,62 2,58
337 0,16 3,39
341 0,20 3,38
393 0,53 3,49
409 -1,60 1,47
469 472 338
549 053 4,00
567 0,54 3,97
837 0,72 3,98

969 -1,91 3,76



Tableau B.3 Résultats des analyses isotopiques (5°C et 5'30) des tests

79

carbonatés du foraminifére benthique Nonionellina labradorica dans la carotte
MSM343300

Fraction 150-250 um

Profondeur (cm)
93
179
187
197
207
293
299
329
337
409
469

sc
-1,17
-1,15
-1,39
-1,74
-1,82
-1,64
-1,99
-1,60
-1,91
-1,74
-6,30

5%
2,39
3,02
3,07
2,77
3,40
3,12
3,35
3,54
3,44
3,43
2,16

Fraction >250 pum

Profondeur (cm)
47
77
81
85
89
93
97
103
111
177
181
185
189
193
197
205
209
213
221
233
293
297
301
305
309
333
337
409
469
469

stC
-1,00
0,82
-0,95
-1,74
-1,16
0,74
-1,22
-1,56
-1,99
-1,55
-1,74
-1,61
-1,63
-1,52
-1,84
-1,87
-1,71
-1,18
-1,55
-1,54
2,36
2,53
2,29
-2,66
2,93
2,41
-1,80
2,04
-6,41
-6,03

5%
3,56
3,57
3,40
3,08
3,34
3,46
3,55
3,43
3,35
3,24
3,52
3,15
3,40
3,53
3,25
3,29
3,00
3,21
3,29
3,36
3,24
3,30
3,46
3,45
3,07
3,35
3,35
3,69
3,37
3,58
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Figure B.1

Compositions isotopiques (8'3C) de la matiére organique dans

la carotte MSM343300
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Figure B.2

Compositions isotopiques des foraminiféres benthiques

Islandiella norcrossi (losanges) et Nonionellina labradorica (cercles) dans la

carotte MSM343300
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Les foraminiféres de plus grande taille ( >250 pum) et de plus petite taille (150-250
um) ont été analysés.






APPENDICE C

APPENDICE DINFLUENCE DES KYSTES D’ISLANDINIUM? CEZARE
DANS LES RECONSTITUTIONS DE SURFACE DE FAIBLES DIVERSITES
TAXONOMIQUES

Les valeurs des reconstitutions climatiques sont obtenues a partir des fonctions de
transfert. Celles-ci sont réalisées a partir de la base de données du Geotop de 1492
analogues modernes. Les échantillons a 429, 457, 473 et 481 cm (~8200 a ~7000 ans
BP) ont retenu notre attention. A ces niveaux, aucun /. ? cezare n’a été compté et les
reconstitutions montraient une diminution drastique de la salinité. Ou la diversité
taxonomique est faible, la présence ou I’absence d’un taxon peut donc avoir une
importante significative, notamment puisque les dénombrements sont exprimés en
pour mille et qu’une transformation logarithmique est appliquée. Ces échantillons ont
été comptés une seconde fois et la présence de I. ? cezare a été notée. Cette fois, la

reconstitution réalisée ne montre aucune variation majeure de la salinité.

N

Ces différentes reconstitutions permettent de mettre a 1’avant que la
reconstitution de la salinité pose plusieurs difficultés en raison des différences
importantes de salinité en Arctique notamment en raison des décharges d’eaux de
fonte qui contribuent a une importante diminution de la salinité. En contrepartie, les
reconstitutions des températures de surface demeurent inchangées venant appuyer la
solidité de la reconstitution de température et I’indépendance existant entre la
température et la salinité que permettent les reconstitutions a 1’aide des kystes de

dinoflagellés.

En somme, si 1’identification d’un taxon pose probléme, il serait mieux de le

grouper par espéce. Comme on peut le constater a partir de la reconstitution effectuée
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a partir du regroupement Islandinium minutum et Islandinium? cezare, il n’y a pas de

diminution marquée de la salinité.

Figure D.1 Comparaison des reconstitutions climatiques a partir de la

technique des analogues modernes
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A) Comptage original B) I. minitum et 1.7cezare regroupés C) Recomptage
A) Aucun I. ? cezare n’a été compté aux niveaux 429, 457, 473 et 481 cm. B)
Regroupement des taxons I. minutum et I. ? cezare (comptage original). C)

Recomptage des niveaux 429, 457, 473 et 481 cm.



APPENDICE D

PLANCHE PHOTOGRAPHIQUE

Planche D.1  Photographies des dinokystes et palynomorphes de la carotte

MSM343300 réalisées au microscope optique
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Légende de la planche photographique

A-B-C : Islandinium minutum (Harland and Reid in Harland e? al., 1980)

D : Islandinium ? cezare (de Vernal et al., 1989 ex de Vernal in Rochon et al., 1999)
E : Bringantedinium spp. Reid, 1977 ex Lentin and Williams, 1993

F : Selenopemphix quanta (Bradford, 1975) Matsuoka, 1985

G-H : Operculodinium centrocarpum sensu Wall and Dale, 1966

I-J : Cyst of Pentapharsodinium dalei Indelicato & Loeblich III, 1986

K-L : Spiniferites elongatus Reid, 1974

M : Spiniferites ramosus (Ehrenberg, 1838) Mantell, 1854 sensu lato

N : Nematosphaeropsis labyrinthus (Ostenfeld, 1903) Reid, 1974

O : Réseau organique de foraminifére

P : Halodinium spp.
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