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Mineralogical,	
  gene<c	
  and	
  metabolic	
  diversity	
  @	
  the	
  micrometric	
  level:	
  

The  joint  characteriza.on  at  the  appropriate  scale  is  mandatory  to  unravel  microbes/minerals  interac.ons  ,  track  
down  traces  of  microbial  life  in  rocks,    characterize  their  microhabitats  and  establish  new  types  of  biomarkers


+	
  

Imaging	
  life	
  in	
  rocks	
  @the	
  micrometric	
  level	
  

-­‐ 	
  techniques	
  of	
  molecular	
  biology	
  (OMICS,	
  FISH,	
  immunodetec<on,	
  …)	
  
-­‐	
  electronic	
  microscopy	
  (SEM/TEM)	
  
-­‐	
  vibra<onal	
  spectroscopies	
  (Raman,	
  FTIR)	
  
-­‐ 	
  in	
  situ	
  stable	
  isotopes	
  analysis	
  
-­‐	
  Synchrotron	
  µimaging	
  (µXRF,	
  XAS,	
  STXM,	
  µFTIR,	
  SDUV)	
  
-­‐	
  Tof-­‐SIMS	
  
…	
  

Technical  and  methodological  developments:


in	
  situ	
  characterizaEon	
  at	
  high	
  spaEal	
  resoluEon	
  of	
  living	
  and	
  fossil	
  organic	
  maRer	
  and	
  biominerals	
  

@IPGP	
  

and	
  collabora<ons	
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!metabolic	
  poten<al	
  
and	
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  sources	
  	
  

FISH	
  guided	
  Laser	
  Microdissec<on	
  
and	
  full	
  genome	
  amplifica<on	
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Analogical	
  and	
  numerical	
  modelling	
  
	
  

Microimaging	
  &	
  microanalyses	
  (chemical,	
  isotopic	
  &	
  OMICS)	
  

search	
  for	
  traces	
  of	
  life	
  in	
  
ac<ve	
  or	
  ancient	
  systems	
  

Understanding	
  of	
  their	
  
func<oning	
  and	
  

their	
  overall	
  impact	
  

Cul<vable	
  models	
   Numerical	
  upscaling	
  

(L.	
  Richard)	
  

Thermodynamics	
  

Field	
  work	
  
	
  Archean	
  drillings	
   Hydrothermal	
  sites	
  	
   CCS	
  pilote	
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The	
  bioEc/abioEc	
  interface	
  	
  

fluid	
  flow	
  

Where	
  and	
  how	
  do	
  we	
  shi[	
  from	
  the	
  “geo”	
  to	
  
the	
  “bio”?	
  

!  How	
  to	
  define	
  these	
  Subsurface	
  Ecosystems	
  
(SLIMEs)?	
  

!  Implica<ons	
  for	
  the	
  emergence	
  of	
  life?	
   ?	
  

C	
  ?	
  

How	
  and	
  to	
  which	
  extend	
  geochemical	
  processes	
  at	
  depth	
  
influence	
  the	
  development	
  of	
  subsurface	
  ecosystems	
  ?	
  	
  

! Characterize  the  energe.c  substrates  that  determine  the  microbial  
development  at  depth  and  the  source  of  carbon


! Impact  for  glocal  biogeochemical  cycles  (C,  N…)	
  

FROM THE “GEO”
TO THE “BIO”

To	
  which	
  extend	
  life	
  is	
  able	
  to	
  colonize	
  deep	
  levels?	
  
!Define	
  the	
  physical	
  and	
  chemical	
  barriers,	
  evaluate	
  the	
  driving	
  role	
  of	
  
hydrodynamics	
  and	
  the	
  imprint	
  of	
  organics	
  derived	
  from	
  photosynthesis	
  	
  

?	
  

FROM THE “BIO”
TO THE “GEO”
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Analyses	
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….	
  

Biochimie	
  

Big	
  data	
  


