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The long term C cycle: a natural climate regulation	
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Global climate regultion: Walker’s hypothesis (1981)	
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Where is C being currently stored?	
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The long-term record of carbon burial	



Long term variations of the isotopic composition of marine carbonates: 
what does it mean?  



C3 : δ13C = -26 ‰ 
C4 : δ13C = -13 ‰ 

Glucose  

Photosynthetic isotopic fractionation 	



Photosynthesis	
  

Atmosphere	
  
CO2	
  

δ13C	
  =	
  -­‐8‰	
  



dMorg

dt
= JburXorg

bur − JerXorg

er

dMorg

dt
= Jer • Xorg

bur
−Xorg

er( ) ≅ dO2
dt

≅ −
dCO2
dt

orgX =
δ carb −δ ave

ΔB

Δ B = δ carb − δTOC

Mass balance calculations	



Inorganic	
  C	
  

	
  	
  	
  Organic	
  C	
  

Mantelic	
  C	
  

Derry	
  and	
  France-­‐Lanord,	
  Paleoceanogr.,1996	
  



Isotopic fractionation between Inorganic and Organic C	
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Balance between Inorganic and Organic C burial	



Isotopic fractionation!

Fraction of Organic C!
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The chilling effect of mountain growth: the Himalayan example	
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The global long-term organic carbon carbon cycle	
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Where is terrestrial OC buried?	
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What is the fate of terrestrial OC in the ocean?	
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What controls burial efficiency?	
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The case of river dominated active margins	
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The specific area paradox	
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Basin scale source to sink approach	
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Case study: the Himalayan system	





The depth sampling approach	



Suspended	
  sediments	
  (SL):	
  
depth	
  profiles	
  (5	
  pt/profile)	
  

~15	
  m	
  

Bed	
  sediments	
  (BL)	
  :	
  dredging	
  

ADCP	
  Acous8c	
  Doppler	
  
Current	
  Profiler	
  

Flow	
  velocity	
  

SL	
  



Flow velocity in the river section	
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Sediment heterogeneity: chemical composition	
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Organic Carbon loading	
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Proportion of petrogenic C: source rocks content	
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Proportion of petrogenic C: source rocks content	
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The 14C jumble	



Large	
  contrast	
  between	
  petrogenic	
  and	
  biospheric	
  C	
  
Biospheric	
  C	
  is	
  a	
  mixture	
  of	
  young	
  and	
  old	
  components	
  



Quantification of petrogenic C: use of bulk 14C data	



  Binary mixing model:  
petrogenic C (14C dead) + biospheric C (contains some 14C) 

  Hypothesis: 
(1)  no soils older than de DL of the AMS 
(2) all petrogenic C is 14C dead 
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Quantification of petrogenic C: use of bulk 14C data	
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Proportion of petrogenic C: bulk 14C analyses	
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What does petrogenic C look like? 	



Raman	
  spectroscopy	
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  High	
  resolu8on	
  TEM	
  imaging	
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Characterization of petrogenic C: Raman and TEM	
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Characterization of petrogenic C: Raman	
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Characterization of petrogenic C: Raman spectroscopy and TEM	
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Comparison with the Amazon system	
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Source of OC: terrestrial/marine contribution ?	
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OC preservation	
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Himalaya: CO2 source or sink ?	


A.	
  Galy	
  and	
  France-­‐Lanord,	
  Chem.	
  Geol.,	
  1999	
  	
  
V.	
  Galy	
  et	
  al.,	
  Nature,	
  2007	
  
Becker	
  et	
  al.,	
  EPSL,	
  2008	
  
Evans	
  et	
  al.,	
  G3,	
  2008	
  
V.	
  Galy	
  et	
  al.,	
  Science,	
  2008	
  	
  



A new look at the long term C cycle	


High-­‐T	
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The short term C cycle: sensitivity of the atmospheric reservoir 	
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Continental processes of OC recycling	



Terrestrial	
  OC	
  is	
  affected	
  by	
  several	
  exchange	
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  its	
  way	
  to	
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POC flux to the Ocean: the importance of SMRI	





SMRI example: Taiwan	





Taiwan: tectonic context	



Fast	
  convergence	
  =	
  high	
  relief	
  and	
  fast	
  physical	
  erosion	
  



Taiwan: a strong climate forcing	



Hurricane pathway and intensity 

Image	
  by	
  Robert	
  A.	
  Rohde,	
  from	
  NASA	
  Earth	
  Observatory	
  



OC export during extreme events: typhoon Mindulle	





OC export during typhoon Mindulle	
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Increase	
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  non-­‐fossil	
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  supply	
  

•  Water	
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(Qw,	
  m3	
  s-­‐1)	
  
posi8vely	
  
correlated	
  with	
  
non-­‐fossil	
  POC	
  
load.	
  

•  Strong	
  climate	
  
control	
  on	
  POC	
  
transfer	
  

OC export during typhoons	





Overall significance of typhoons: a climate control of OC export 	



Hilton	
  et	
  al.,	
  Nature	
  Geo.,	
  2008	
  

Large	
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  C	
  export	
  in	
  Taiwan	
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  controls	
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  on	
  atmospheric	
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Fate of OC delivered during typhoons to the ocean	
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  of	
  well	
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  flow	
  

•  Direct	
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  OC	
  to	
  
the	
  deep	
  sea	
  

•  High	
  burial	
  efficiency	
  



Large globally significant rivers: the Ganges-Brahmaputra system	





Heterogeneity of the OC pool	
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• 	
  30-­‐50%	
  preserva8on	
  of	
  petrogenic	
  C	
  during	
  erosion	
  
• 	
  Complex	
  mixture	
  of	
  C3-­‐C4	
  vegeta8on	
  and	
  soil	
  OC	
  



Isotopic analysis of biomarkers	
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Abundance/distribution of plants biomarkers	



Galy	
  et	
  al.,	
  EPSL,	
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Fate of OC in the Gangetic floodplain	



Ganges	
  

Himalaya	
  

+4‰	
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  Replacement	
  of	
  mountainous	
  	
  
	
  	
  “C3”	
  OC	
  by	
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  “C4”	
  OC	
  

 	
  At	
  least	
  50%	
  of	
  Himalayan	
  OC	
  
	
  	
  is	
  oxidised	
  and	
  replaced	
  by	
  
	
  	
  floodplain	
  OC	
  

Coarse	
  bed	
  sed.	
  

Fine	
  susp.	
  sediment	
  

Galy	
  et	
  al.,	
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  in	
  press	
  



Fate of OC in the Brahmaputra basin	

 Himalaya	
  

  Differential behaviour of:	


  - coarse and fine sediments	


  - vegetation debris and “soil” OC	



  Slight replacement of “soil” OC     
in fine sediments 	



  Huge renewal of vegetation	


  debris in coarse sediments	



<2‰	
  

Coarse	
  bed	
  sediment	
  

Fine	
  suspended	
  sediment	
  

Brahmaputra	
  

Galy	
  et	
  al.,	
  EPSL,	
  in	
  press	
  



Geomorphologic control of OC fate	



Ganges:	
  wide	
  floodplain,	
  meandering	
  river,	
  extensive	
  OC	
  renewal	
  
Brahmaputra:	
  narrow	
  floodplain,	
  braided	
  riv.,	
  limited	
  OC	
  renewal	
  



Age of biospheric OC: use of bulk 14C data	



  Binary mixing model:  
petrogenic C (14C dead) + biospheric C (contains some 14C) 

  Hypothesis: 
(1)  no soils older than de DL of the AMS (≈ 60ka) 
(2) all petrogenic C is 14C dead (i.e. no rock formation younger than 60ka)  

Galy	
  et	
  al.,	
  2007	
  nature	
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Age of biospheric OC: use of bulk 14C data	



Sediments	
  with	
  same	
  amount	
  of	
  petrogenic	
  C	
  and	
  same	
  age	
  of	
  
biospheric	
  C	
  plot	
  on	
  linear	
  trends	
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%OC × Fm =%OC × FmbiosphericC −%OCpetro × FmbiosphericC

Galy	
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Residence time of biospheric C in continental reservoirs	
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14C composition of vegetation biomarkers	



Vascular	
  plants	
  biomarkers	
  are	
  much	
  younger	
  than	
  bulk	
  biospheric	
  C	
  	
  

Residence	
  8me	
  of	
  the	
  vegeta8on	
  component	
  is	
  not	
  homogenous	
  at	
  the	
  basin	
  scale	
  

Presence	
  of	
  a	
  refractory	
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  with	
  longer	
  residence	
  8me	
  than	
  bulk	
  biospheric	
  C	
  

Galy	
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  Eglinton,	
  submiAed	
  



Residence time of the refractory component	



Binary	
  mixing:	
  rela8vely	
  
young	
  labile	
  C	
  +	
  old	
  
refractory	
  C	
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  component	
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  >15	
  ka	
  

Galy	
  &	
  Eglinton,	
  submiAed	
  



Response to future warming	
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  2006	
  

Kolyma	
  river	
  

High	
  la8tude:	
  destabiliza8on	
  of	
  permafrost	
  carbon	
  =	
  source	
  of	
  CO2	
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Residence time of biospheric C: the Amazon basin	



Surprisingly	
  long	
  residence	
  8me	
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  Amazon	
  floodplain	
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What controls the residence time of biospheric OC?	



La8tudinal	
  first	
  order	
  control:	
  climate?	
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What controls the residence time of biospheric OC?	



Second	
  order	
  controls:	
  geomorphology?	
  Human	
  disturbance?	
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