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IPCC AR5 Synthesis 2014, Figure SPM.1

Changement climatique et le role dû carbone

27/6/19, www.bbc.co.uk
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IPCC AR5 Synthesis 2014, Figure SPM.6
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Pourquoi il est important de comprendre le cycle du carbone…
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U.S. DOE. Carbon Cycling and Biosequestration; Report from the March 2008 Workshop. DOE/SC-108.

Le cycle du carbone court terme en détaille… 



Le CO2… dissous?

DIC – dissolved inorganic carbon



IPCC AR5 Synthesis 2014, FigureTS-04-3

D’où vient… et où part… 
le CO2 anthropogénique?
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Analyses du cycle de carbon court terme
La courbe de Keeling (Charles David Keeling, 1928- 2005) 
Analyses directes et quotidiennes du CO2 atmosphérique depuis 1958, Mauna Loa (USA)
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Analyses du cycle de carbon court terme

British Antarctic Survey Image Collection Photo 10000195.

Casado, 2018. Antarctic Stable Isotopes. In Reference Module in Earth 
Systems And Environmental Sciences. DOI: 10.1016/B978-0-12-
409548-9.11655-0

Carottes de glace en Antarctique (1957 – présent, multinationaux) 
CO2 atmosphérique piégé dans la glace qui remonte jusqu’à ~1 000 000 d’années.
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Carottes de glace en Antarctique (1957 – présent, multinationaux) 
CO2 atmosphérique piégé dans la glace qui remonte jusqu’à ~1 000 000 d’années.
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Sur des échelles supérieures à 1 Ma d’années… le cycle du carbone long terme
Importance des sediments et de la subduction. Exemple: La plateforme carbonatée des Bahamas

Photo: NASA



Sur des échelles supérieures à 1 Ma d’années… le cycle du carbone long terme
À longue terme et sans l’influence humaine, les apports et les puits du CO2 sont considérés en équilibre… 

Berner RA, 1999. A New Look at the Long-term Carbon Cycle. GSA Today 9: 1-6. Figure 1.  



Sédimentation et subduction du CO2 font la distinction entre Venus et la Terre…

Photo: NASA /JPL
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Sédimentation et subduction du CO2 font la distinction entre Venus et la Terre…

Photo: NASA /JPL

Sur des échelles supérieures à 1 Ma d’années… le cycle du carbone long terme

Vénus
Température d’un corps noir:    -41 ºC
Température de surface:  +464 ºC
CO2 atmosphérique:  96.5%

La Terre
Température d’un corps noir:  -19 ºC
Température de surface:  +15 ºC
CO2 atmosphérique:  0.041%



Les archives sédimentaires nous montrent comment le cycle du carbone de la Terre… et son climat…  
fonctionnaient différemment dans le passé.

Image: NOAA

Sur des échelles supérieures à 1 Ma d’années… le cycle du carbone long terme



JOIDES Resolution, USA. 
Photo IODP.

Marion Dufresne, France. Photo TAAF.

Chikyu, Japon. Photo JAMSTEC.

IODP Expedition 352, sélection des échantillons. 
Photo JSRO.

Préparation de carottes, 
2018 EAGER cruise, IUEM/France. 
Photo EAGER.

23 Participating Nations

Les archives sédimentaires nous montrent comment le cycle du carbone de la Terre… et son climat…  
fonctionnaient différemment dans le passé.

Sur des échelles supérieures à 1 Ma d’années… le cycle du carbone long terme



Pour aller plus loin dans le passé… il faut des archives sédimentaires plus anciennes préservées 
sur les continents.

regions where the upper mantle is very anomalous. An approximate
formula for this curve is

δTs = −3: + 0:52 A + 4:5ð Þ1:65

where S is the vertical travel time, residual δTs is expressed in seconds,
and A is the lithospheric age in Ga.

2.3. A “seismic continental growth curve”

Applying this S-delay versus age relationship to the global maps of
Fig. 2, we obtain a histogram that relates surface of continents with a
given lithospheric age. A cumulative representation of this distribu-
tion may be interpreted as a “continental growth curve”. The curve
obtained from the 250 km S vertical travel times, plotted in Fig. 6,
is very similar to the average of a large collection of the curves
published by geochronologists (for a recent compilation see Fig. 1 of
Rino et al., 2004). In both sets of curves, the largest increase in the
growth rate of continents occurs between 3 and 1 Ga. The growth
curve derived from seismology is also reminiscent of the curves
obtained from heat flow interpretations (Pollack, 1986; Artemieva,
2006) but Pollack's curve is shifted towards older ages. Despite the
better constraint provided by seismological measurements on the
deep structure of the lithosphere, the trend of secular evolution of the
continents is similar that from other disciplines. The growth curve
of Fig. 6 depends strongly on the validity of the S delay versus
age relationship. Use of a more “linear” relationship would shift the
growth curve toward older ages. The initial S delay histograms do not
contain very large peaks and this may indicate continuity in the rate
of continental growth. Alternatively, it could reflect the lack of lateral
resolution of surface wave tomography. The inversion smoothes
velocity variations and does not preserve the discontinuous nature of
the velocity histogram.

2.4. A global map of “lithospheric ages” derived from seismology

The map in Fig. 7 is a direct conversion of the S delay map into a
map showing the ages of the continental lithosphere. It is similar in
many ways to a map of tectonothermal ages. The smoothness of the
initial S delay map is transferred to the lithospheric age map. The map
clearly shows the principal cratons and indicates a significant
variation in their tectonothermal ages. A relatively young age
(b2.5 Ga) for some cratons could be caused by thermal and/or tectonic
perturbations resulted in rejuvenation of their lithosphere.

3. Conclusions

Knowing the age of the continental lithosphere is necessary if we
are to understand its origin and its tectonic and thermal evolution. This
parameter, however, is difficult to determine. Geological ages of
exposed crustal rocks are commonly used as proxies for lithospheric
ages but this approximation only works if the crust and the upper
mantle formed at the same time; it breaks downwhen thermal process
in the crust and the mantle lithosphere are decoupled. Moreover, in
many regions, the ages of crustal rocks are poorly constrained or totally
unknown. Therefore, it could be useful to find alternative methods to
establish the age of the continental lithosphere.

Many seismological studies demonstrated a clear correlation
between the age of the continental lithosphere and its seismic prop-
erties. We have attempted to use this correlation to establish a simple
quantitative relationship between seismic travel times and lithospheric
age. A similar approach has been recently applied by Ritzwoller et al.
(2004) to study oceanic lithosphere across the Pacific. Based on
inversion of surface wave dispersion data and a simple cooling model
they mapped the “thermal age” of the oceanic lithosphere. At young
ages (b70 My) this parameter was found to be in excellent agreement
with the sea floor age as determined from magnetic anomalies

Fig. 7. Map of the age of the lithosphere computed from the CUB2.0 tomographic model and the relationship between the age of the lithosphere and the S vertical traveltime delay
shown in Fig. 5.

5G. Poupinet, N.M. Shapiro / Lithos xxx (2008) xxx–xxx

ARTICLE IN PRESS

Please cite this article as: Poupinet, G., Shapiro, N.M., Worldwide distribution of ages of the continental lithosphere derived from a global
seismic tomographic model, Lithos (2008), doi:10.1016/j.lithos.2008.10.023

Poupinet G, Shapiro NM (2009) Worldwide distribution of ages of the continental lithosphere derived from a global seismic tomographic model. Lithos 109, 125-130, Figure 7.  
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Death Valley, USA

Death Valley, USA

Atacama Desert, Chile Hamersley Basin,
W. Australia

Red Lake, Canada

Favourable Lake, 
Canada

Northern Cape, S. Africa

Photos: Lalonde
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Sur des échelles supérieures à 1 Ma d’années… le cycle du carbone long terme

Death Valley, USA

21 Participating Nations, 153 projects since 1996  

Photo: Lalonde

Photo: ICDP

Photo: ICDPPhoto: ICDP

International 
Continental Scientific 
Drilling Program



Le changement climatique au cours des derniers 65 millions d’années 
révèlé par les sédiments marins anciens

USGS Professional paper 1386-A, Figure 29.

Maximum Thermique
Paléocène – Éocène

Extinction K-T (dinosaures)



Le changement climatique au cours des derniers 65 millions d’années 
révèlé par les sédiments marins anciens

USGS Professional paper 1386-A, Figure 29.

Le maximum 
thermique du passage 
Paléocène – Éocène 
(PETM)

The Paleocene-Eocene 
Thermal Maximum

• A short-lived, catastrophic, transient event at the P/E boundary (~55 
Ma) led to rapid global warming, severe perturbation of the carbon 
cycle, and dramatic changes in marine and terrestrial ecosystems.

• deep-ocean and high-latitude surface water temperatures rose by 4–
6°C  in <5000 years

• archaic mammals died out while modern mammalian ancestors 
appeared in the geologic record 
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• many deep-sea species became extinct or disappeared temporarily 
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Le changement climatique au cours des derniers 542 millions d’années 
révèlé par les sédiments marins anciens



Changeons de l’échelle pour une vue du climat encore plus élargie…








