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Exploring	
  four	
  billion	
  years	
  of	
  persistent	
  
habitability	
  on	
  a	
  dynamic	
  early	
  Earth…	
   …to	
  guide	
  NASA’s	
  mission-­‐specific	
  

search	
  for	
  life	
  on	
  distant	
  worlds.	
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  Earth	
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How has Earth remained persistently 
inhabited through most of its dynamic 
history, and how did those varying states  
of inhabitation manifest in the atmosphere?  
  
What would Earth look like if analyzed 
remotely over its long history? 	
  
	
  
	
  



Alterna(ve	
  Earths	
  



AlternaSve	
  Earth	
  1	
  —	
  In	
  the	
  mid-­‐late	
  Archean	
  (3.2	
  to	
  2.4	
  billion	
  years	
  ago)	
  we	
  are	
  
	
  searching	
  the	
  rock	
  record	
  for	
  the	
  earliest	
  atmospheric	
  and	
  oceanic	
  traces	
  of	
  	
  
oxygenic	
  photosynthesis	
  and	
  the	
  reasons	
  behind	
  their	
  Sming.	
  	
  
	
  	
  
	
  
AlternaSve	
  Earth	
  2	
  —	
  In	
  the	
  mid-­‐Paleoproterozoic	
  (2.2	
  to	
  2.0	
  billion	
  years	
  ago)	
  	
  
we	
  are	
  invesSgaSng	
  whether	
  Earth’s	
  surface	
  experienced	
  a	
  unidirecSonal	
  oxygen	
  
	
  rise	
  or	
  instead	
  rose	
  to	
  near-­‐modern	
  levels,	
  then	
  crashed	
  dramaScally.	
  
	
  	
  
	
  
AlternaSve	
  Earth	
  3	
  —	
  In	
  the	
  mid-­‐Proterozoic	
  (1.8	
  to	
  0.8	
  billion	
  years	
  ago),	
  we	
  are	
  
	
  exploring	
  the	
  interplay	
  among	
  oxygen,	
  the	
  rise	
  and	
  increasing	
  complexity	
  of	
  	
  
eukaryotes,	
  and	
  condiSons	
  that	
  set	
  the	
  stage	
  for	
  the	
  eventual	
  rise	
  of	
  metazoans.	
  	
  
	
  	
  
	
  
Over	
  the	
  course	
  of	
  Year	
  1,	
  we	
  also	
  nurtured	
  our	
  natural	
  synergism	
  with	
  the	
  	
  
Origins	
  of	
  Complexity	
  NAI	
  Team.	
  The	
  result	
  is	
  a	
  new	
  Kme	
  interval	
  of	
  primary	
  interest:	
  
	
  	
  
AlternaSve	
  Earth	
  4	
  —	
  In	
  the	
  late	
  Proterozoic	
  (0.8	
  to	
  0.5	
  billion	
  years	
  ago),	
  our	
  	
  
central	
  goal	
  is	
  to	
  work	
  with	
  the	
  Origins	
  of	
  Complexity	
  NAI	
  Team	
  to	
  be`er	
  	
  
understand	
  how	
  the	
  rise	
  of	
  complex	
  life	
  shaped	
  planetary-­‐scale	
  biosignatures.	
  



Earth’s Oxygenation 

² Biogenic O2 may have predated remotely detectable 
atmospheric O2 by more than two billion years!  

² O2 may not be a reliable biosignature for Earth-like planets 
around sun-like stars.  
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Earth’s atmosphere has been an unfaithful 
reflection of surface chemistry and biology  

 
 Biosignature gases—not just O2—can be cycled within 

the ocean without accumulating in the atmosphere. 

O2	
  concentrated	
  	
  
in	
  surface	
  ocean	
  



	
  	
  

COMING	
  UP	
  NEXT…	
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