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CALYPSO• Yvon Balut développe en 1990 un carottier 
exceptionnel.

• Marion Dufresne II - 1995 : capable de 
carotter vite et magnifiquement bien 
(coupée adaptée et treuil puissant)

•longueur moyenne 40m !
• 1ere >50m : SEYMAMA MD90-0963
• Record 64m : MONA MD02-2512 

• La plupart des autres navires font 10-20m
• Le Knorr (WHOI) essaye de rivaliser 
Système lent et cher. Peu de retombées 
scientifiques pour l’instant. Rumeurs 
d’abandon du système. 

• 1995, une large communauté de 
paléocéanographes se fédére pour utiliser
au mieux les qualités de ce carottier.
  ->  IMAGES



MD évolutions
• 2002 apparition du CASQ  

• Nouveaux réglages (Cinéma) - 
2010 - Meilleures parties supérieures 
(limite l’élongation des carottes)

•Futur : nouveau câble, nouveau treuil...

 => MDII v2 sera un superbe outil unique 
et parfaitement adapté à la 
paléocéanographie pour toutes les échelles 
de temps.  (évolution stratégique actuelle 
vers les derniers millénaires).

Pérennisation du carottage grâce au C2FN.

Et surtout grâce au soutient de l’IPEV



IMAGES
• Né en 1995 

• Programme collaboratif international visant à 
récolter et interpréter des carottes 
sédimentaires de grande qualité.

• Rôle de l’océan dans les changements 
climatiques au cours des derniers cycles 
climatiques. 
Quantifier le rôle de la circulation océanique 
dans les changements climatiques
Quantifier les changements dans le cycle du 
carbone et des nutriments océaniques

• Programme avalisé par IGBP-PAGES

•                                    => IODP



IMAGES France

• En France, nous sommes environ 80 
chercheurs, répartis dans de 
nombreux laboratoires.  

• Les trois principaux sont EPOC 
(Bordeaux), LSCE (Gif/Yvette) et 
CEREGE (Aix)

Travail en synergie :
•Exemple MONOPOL (2012)
Chefs de mission LSCE & CEREGE
Equipage scientifique : composé de 
ces 3 labos 
(+Orsay, IPG, MNHN).
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Les 18 campagnes IMAGES

Images 1 – 1995; Images 2 (NAUSICAA) – 1996; Images 3 (IPHIS) – 1997; Images 4 WEPAMA I)- 1998;(Images 5 (GINNA) – 
1999; Images 6 (WEPAMA 2)– 2000; Images 7 (WEPAMA 3) – 2001; Images 8 (MONA) -  2002; Images 9 -  2002 (PICASSO 1); 
Images 10 (CADO) – 2003; Images 11 (PICASSO 2) – 2003; Images 12 (MARCO POLO) – 2005; Images13 (PECTEN) – 2005; 
Images 14 (MARCO POLO 2) – 2006; Images 15 (PACHYDERME) – 2007); Images 16 (RETRO2) – 2008; Images 17 (AMOCINT) – 
2008; Images 18 (RETRO3) - 2009



> 800 articles (1996-2012)

~40-50% avec premier auteur français
~75% avec un auteur français

~ 40 articles dans Nature (mIF: 32), Nature Geoscience (10), 
Science (30)
~ 65 articles dans EPSL (5)
~ 85 articles dans QSR (5.5)
~ 65 articles dans Paleoceanography (4)



although the structure of the global stack is similar to the pattern of
Antarctic temperature change, it lags Antarctica by several centuries
to a millennium throughout most of the deglaciation (Fig. 2a). Thus,
the small apparent lead of Antarctic temperature over CO2 in the ice-
core records12,14 does not apply to global temperature. An additional
evaluation of this result comes from an objective identification of
inflection points in the CO2 and global temperature records, which

suggests that changes in CO2 concentration were either synchronous
with or led global warming during the various steps of the deglaciation
(Supplementary Table 2). An important exception is the onset of
deglaciation, which features about 0.3 uC of global warming before
the initial increase in CO2 ,17.5 kyr ago. This finding suggests that
CO2 was not the cause of initial warming. We return to this point
below. Nevertheless, the overall correlation and phasing of global
temperature and CO2 are consistent with CO2 being an important
driver of global warming during the deglaciation, with the centennial-
scale lag of temperature behind CO2 being consistent with the thermal
inertia of the climate system owing to ocean heat uptake and ice
melting15.

Although other mechanisms contributed to climate change during
the ice ages, climate models suggest that their impacts were regional
and thus cannot explain the global extent of temperature changes
documented by our stacked record alone9,16,17. This conclusion is sup-
ported by the distinct differences, relative to the temperature stack, in
the temporal variabilities of other likely climate change agents (Fig. 3).
For example, insolation is a smoothly varying sinusoid that is in
antiphase between the hemispheres and sums to near zero globally at
the top of the atmosphere (Fig. 3f). Although spatial and temporal
asymmetries in albedo could convert insolation to a non-zero forcing
at Earth’s surface, it is unlikely to account for much of the step-like
structure and global nature of the temperature stack.

Similarly, although ice-sheet extent and its associated albedo (from
ice cover and emergent continental shelves) and orographic forcing
decreased through the deglaciation, global ice volume and area changed
only slowly or not at all during intervals of pronounced global warming
such as the Oldest Dryas and Younger Dryas, and the greatest volume
or area loss in fact occurred during intervals of little or no warming
around 19 kyr ago and the Bølling–Allerød (Fig. 3a, b). This distinction
is particularly notable during the early Holocene, when the temperature
stack had reached interglacial levels while nearly one-third of the excess
global ice still remained, although we note that any ice-driven warming
would have been partly offset by decreasing greenhouse gas forcing
(Fig. 3c and Supplementary Fig. 29a). The apparently small influence
of ice-sheet forcing on the temperature stack is consistent with general
circulation models that suggest its effect was largely confined to the
northern mid to high latitudes and was otherwise modest in the areas
sampled by our proxy network16–18, which is biased away from the ice
sheets. Our results, therefore, do not preclude an important contri-
bution to global mean warming from ice-sheet retreat, but suggest that
much of this warming was spatially restricted and may be inherently
under-represented owing to the lack of suitable palaeotemperature
records from and proximal to areas formerly covered by ice.

90° N

90° S
18

0°

12
0°

 W
60

° W 0°
60

° E

12
0°

 E
18

0°

60° N

60° S

30° N

30° S

0°

a b
90° N

60° N

30° N

0°

30° S

60° S

90° S

La
tit

ud
e

0 4 8
No. records

0 0.05
Fraction of
planet area

Mg/Ca 
U37

k′

Ice core 
TEX86
Microfossils 
Pollen 
MBT/CBT 

Longitude

La
tit

ud
e

Figure 1 | Proxy temperature records. a, Location map. CBT, cyclization
ratio of branched tetraethers; MBT, methylation index of branched tetraethers;
TEX86, tetraether index of tetraethers consisting of 86 carbon atoms;

Uk0
37, alkenone unsaturation index. b, Distribution of the records by latitude

(grey histogram) and areal fraction of the planet in 5u steps (blue line).
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Figure 2 | CO2 concentration and temperature. a, The global proxy
temperature stack (blue) as deviations from the early Holocene (11.5–6.5 kyr
ago) mean, an Antarctic ice-core composite temperature record42 (red), and
atmospheric CO2 concentration (refs 12, 13; yellow dots). The Holocene,
Younger Dryas (YD), Bølling–Allerød (B–A), Oldest Dryas (OD) and Last
Glacial Maximum (LGM) intervals are indicated. Error bars, 1s (Methods);
p.p.m.v., parts per million by volume. b, The phasing of CO2 concentration and
temperature for the global (grey), Northern Hemisphere (NH; blue) and
Southern Hemisphere (SH; red) proxy stacks based on lag correlations from
20–10 kyr ago in 1,000 Monte Carlo simulations (Methods). The mean and 1s
of the histograms are given. CO2 concentration leads the global temperature
stack in 90% of the simulations and lags it in 6%.
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although the structure of the global stack is similar to the pattern of
Antarctic temperature change, it lags Antarctica by several centuries
to a millennium throughout most of the deglaciation (Fig. 2a). Thus,
the small apparent lead of Antarctic temperature over CO2 in the ice-
core records12,14 does not apply to global temperature. An additional
evaluation of this result comes from an objective identification of
inflection points in the CO2 and global temperature records, which

suggests that changes in CO2 concentration were either synchronous
with or led global warming during the various steps of the deglaciation
(Supplementary Table 2). An important exception is the onset of
deglaciation, which features about 0.3 uC of global warming before
the initial increase in CO2 ,17.5 kyr ago. This finding suggests that
CO2 was not the cause of initial warming. We return to this point
below. Nevertheless, the overall correlation and phasing of global
temperature and CO2 are consistent with CO2 being an important
driver of global warming during the deglaciation, with the centennial-
scale lag of temperature behind CO2 being consistent with the thermal
inertia of the climate system owing to ocean heat uptake and ice
melting15.

Although other mechanisms contributed to climate change during
the ice ages, climate models suggest that their impacts were regional
and thus cannot explain the global extent of temperature changes
documented by our stacked record alone9,16,17. This conclusion is sup-
ported by the distinct differences, relative to the temperature stack, in
the temporal variabilities of other likely climate change agents (Fig. 3).
For example, insolation is a smoothly varying sinusoid that is in
antiphase between the hemispheres and sums to near zero globally at
the top of the atmosphere (Fig. 3f). Although spatial and temporal
asymmetries in albedo could convert insolation to a non-zero forcing
at Earth’s surface, it is unlikely to account for much of the step-like
structure and global nature of the temperature stack.

Similarly, although ice-sheet extent and its associated albedo (from
ice cover and emergent continental shelves) and orographic forcing
decreased through the deglaciation, global ice volume and area changed
only slowly or not at all during intervals of pronounced global warming
such as the Oldest Dryas and Younger Dryas, and the greatest volume
or area loss in fact occurred during intervals of little or no warming
around 19 kyr ago and the Bølling–Allerød (Fig. 3a, b). This distinction
is particularly notable during the early Holocene, when the temperature
stack had reached interglacial levels while nearly one-third of the excess
global ice still remained, although we note that any ice-driven warming
would have been partly offset by decreasing greenhouse gas forcing
(Fig. 3c and Supplementary Fig. 29a). The apparently small influence
of ice-sheet forcing on the temperature stack is consistent with general
circulation models that suggest its effect was largely confined to the
northern mid to high latitudes and was otherwise modest in the areas
sampled by our proxy network16–18, which is biased away from the ice
sheets. Our results, therefore, do not preclude an important contri-
bution to global mean warming from ice-sheet retreat, but suggest that
much of this warming was spatially restricted and may be inherently
under-represented owing to the lack of suitable palaeotemperature
records from and proximal to areas formerly covered by ice.
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Figure 1 | Proxy temperature records. a, Location map. CBT, cyclization
ratio of branched tetraethers; MBT, methylation index of branched tetraethers;
TEX86, tetraether index of tetraethers consisting of 86 carbon atoms;

Uk0
37, alkenone unsaturation index. b, Distribution of the records by latitude

(grey histogram) and areal fraction of the planet in 5u steps (blue line).
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Figure 2 | CO2 concentration and temperature. a, The global proxy
temperature stack (blue) as deviations from the early Holocene (11.5–6.5 kyr
ago) mean, an Antarctic ice-core composite temperature record42 (red), and
atmospheric CO2 concentration (refs 12, 13; yellow dots). The Holocene,
Younger Dryas (YD), Bølling–Allerød (B–A), Oldest Dryas (OD) and Last
Glacial Maximum (LGM) intervals are indicated. Error bars, 1s (Methods);
p.p.m.v., parts per million by volume. b, The phasing of CO2 concentration and
temperature for the global (grey), Northern Hemisphere (NH; blue) and
Southern Hemisphere (SH; red) proxy stacks based on lag correlations from
20–10 kyr ago in 1,000 Monte Carlo simulations (Methods). The mean and 1s
of the histograms are given. CO2 concentration leads the global temperature
stack in 90% of the simulations and lags it in 6%.
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Nb carottes / navire

Shakun, et al., Nature, 2012

nature
Réponse tardive de la température globale à 
l’augmentation de pCO2 atmosphérique 
pour la dernière déglaciation



Paléoclimats en basses latitudes 

Examples 
IPHIS-MONA-PECTEN



Paléoclimats en basses latitudes 

Examples 
IPHIS-MONA-PECTEN

•Echelles longues (Million d’années) vers 
échelles courtes (décennie)

•Température > cycle du carbone



VIII

III

XIII

Normale El Niño

Thermocline

la Niña

Australie AmériqueOcéan Pacifique

Images 3 (IPHIS) – 1997;  Images 8 (MONA) -  2002; Images13 (PECTEN) – 2005; 



Evolution de la température dans le 
Pacifique Ouest équatorial au Pléistocène

• Stabilité des températures au 
cours du Pléistocène

• Intensification de la 
circulation de Walker 
synchrone avec la mise en 
place des cycles glaciaires de 
100 ka

de Garidel-Thoron et al., Nature, 2005

Pacifique Est

Volume des glaces

Pacifique Ouest

100 ka 41 ka

MD97-2140

nature
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δ	  18O	  G.	  ruber	  ss	  (‰)

T	  Mg/Ca	  ss	  et	  sl	  (°C)

ΔT	  Mg/Ca	  ss-‐sl	  (°C)	  

Remontée de la thermocline au dernier maximum glaciaire

Regoli et al., submitted

G.ruber	  sensu	  
stricto

G.ruber	  
sensu	  lato

Remontée 
progressive après la 
transition mid-
Brunhes

=> intensification 
des cellules de 
circulation sub-
tropicales au cours 
des glaciaires 
récents

MD05-2930



•Profondeur de la thermocline répond au forçages 
d’excentricité et d’obliquité, précession. 

•Mécanisme de balancement zonal, similaire à l’El Niño-
Oscillation Australe, en réponse au forçage de précession Beaufort, et al., Science, 2001 

cienceS
Réponse de la profondeur de la thermocline 
équatoriale au forçage orbital

EOF 1 (40%) EOF 2 (19%)

0-80m 80-160m



Transport d’humidité de l’Atlantique vers le Pacifique 
renforce les variations climatiques abruptes 

Leduc et al., Nature, 2007

nature

MD02-2529 - IMAGES VIII

Migrations vers le Nord de la ZCIT génère un transport d’humidité de 
l’Atlantique vers le Pacifique. Quand ce transport ne se fait plus, l’Atlantique (le 
Pacifique) est moins (plus) salé et la circulation thermohaline est ralentie. 



Relargages de clathrates de méthane des sédiments marins 
intertropicaux au cours du dernier glaciaire

de Garidel-Thoron et al., PNAS, 2004

MD97-2134

G. ruber! G. truncatulinoides! Uvigerina sp.!

d13C (‰)!-10! -6! -2! 2!

-6! -4! -2! 0!

-10! -6! -2!

planctonique! benthique!

surface! thermocline!

40!

50!
A

ge (cal ka BP)!

Anomalie isotopique 
correspondant à un minimum de 5 
Tg de CH4  pouvant aller 200 Tg

PNAS



TAUX DE PRODUCTION DE NUCLÉIDES 
COMSOGÉNIQUES PENDANT L’ÉVÉNEMENT 

LASCHAMPS

Greenland 10Be Flux (73°N)
Muscheler et al. (2005)

Portuguese Margin (38°N)

Papua New-Guinea (2°S)

Ménabréaz et al., JGR, 2012MD05-2920

Marqueur chronologique global



Acidification de l’océan :
effet sur le plancton calcaire

Beaufort et al., Nature, 2011

Age (ka BP)

6 carottes MD dont 
MD97-2138 & MD97-2141 (IMAGES III) 

et MD02-2529 (IMAGES VIII)

nature



Acidification de l’océan :
effet sur le plancton calcaire

MD05-2917C2 (IMAGES XIII)

Beaufort et de Garidel-Thoron., in prep.
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• Nombre de chercheurs Francais impliqués non typique des campagnes 
IMAGES :  embarqués 4 (IPHIS) 5 (MONA) 3 (PECTEN) - Equipe Française 
exploitante réduite (<10). (ex. : très différent de MONOPOL) 

• Nombreuses d'institutions étrangères participant au financement (USA, 
Allemagne, Mexique, Taiwan, Chine, Canada, Australie, Japon) (ou privée 
TOTAL dans PECTEN).

• Publications de l’équipe française sortent progressivement : 34 
publications Rang A dont 3 Nature 1 Science 2 PNAS

(4 JGR, 4 Palaeoceanogr., 4 Quaternary S. Rev., 3  Nature, 3 TAO, 3 G3, 2 PNAS, 2 Global and Planetary Change, 2 Climate of the Past, 1 Paleo3, 1  Science, 1 
EPSL,  1  Mar. Micropal, 1  Mar. Geol.,1  Lithol. Min. Res, 1- Geochimica Cosmochimica Acta., 1- Biogeosci.)

• Exploitation non finie : 2 manuscrits soumis à Nat. Geoscien., 2 en fin de rédaction pour des revues à 
fort impact, 3 autres seront soumises dans l’année (fin de 2 thèses sur le sujet)

• Formation: 8 thèses, Université de la Mer (PECTEN) 

BILAN



CONCLUSIONS
• Exploitation d’une campagne de carottage prend du temps (stratigraphies 

isotopiques, datations) : approximativement 2 ans par carotte. 
• Les carottes d’une campagne IMAGES sont largement exploitées à la fois par la 

communauté Française et par les institutions étrangères ayant participé 
financièrement et humainement aux campagnes. 

• Les objectifs actuels sont différents d’il y a dix ans : on a besoin d’enregistrement à 
très haute résolution pour étudier les variations climatiques des derniers siècles (ex.: 
MD02-2517).  

• Le Marion-Dufresne est le navire océanographique au monde le plus adapté à la 
paléocéanographie. Cela donne un avantage à la communauté Française dans ce 
domaine.

MERCI à l’IPEV !!!


