
mid-Proterozoic oxygen landscapes 

Chris Reinhard 
NASA Astrobiology Institute 

Earth & Atmospheric Sciences, Georgia Institute of Technology 



After Lyons et al. [2014]; Planavsky et al. [2014] 

PhanerozoicProterozoic

Neo-Meso-Paleo-

Archean

Meso-Paleo- Neo-

cyanobacteria
total group eukaryotes

crown group eukaryotes

lobose amoebae
cercozoans

LOEMs
‘Doushantuo biota’

stem group metazoans
bilaterians

ciliates
demosponges

metazoans
demosponges
cnidarians

bilateriansmajor eukaryotic
diversification

Age (Ga)
0.00.51.01.52.02.53.03.5

cr
ow

n 
gr

ou
ps

low-latitude
glaciation

Apex chert

oxygenic
photosynthesis

methanogenesis

sulfate reduction

low-latitude
glaciation

oxygen and the evolution of biological complexity 



After Lyons et al. [2014]; Planavsky et al. [2014] 

PhanerozoicProterozoic

Neo-Meso-Paleo-

Archean

Meso-Paleo- Neo-

cyanobacteria
total group eukaryotes

crown group eukaryotes

lobose amoebae
cercozoans

LOEMs
‘Doushantuo biota’

stem group metazoans
bilaterians

ciliates
demosponges

metazoans
demosponges
cnidarians

bilateriansmajor eukaryotic
diversification

Age (Ga)
0.00.51.01.52.02.53.03.5

cr
ow

n 
gr

ou
ps

low-latitude
glaciation

Apex chert

oxygenic
photosynthesis

methanogenesis

sulfate reduction

low-latitude
glaciation

oxygen and the evolution of biological complexity 



ocean oxygen landscapes 
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spa$ally	  variable	  surface	  O2	  and	  pervasive	  benthic	  
anoxia	   across	   the	   spectrum	   of	   possible	  mid-‐	   and	  
late-‐Proterozoic	  atmospheric	  pO2	  

Reinhard et al. [In press] 
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temporally	   unstable	   (and	   spa$ally	   ‘patchy’)	  
marine	  O2	  levels	  may	  have	  led	  to	  severe	  ecological	  
constraints	  on	  early	  eukaryo$c	  and	  metazoan	  life	  

Reinhard et al. [In press] 



iodide	  (I-‐)	  à	  iodate	  (IO3
-‐)	  

O2 ≥ 1-3 µM 
	  

proxies for O2 in the shallow ocean: iodine 

Rue et al. [1997]; Lu et al. [2010] 



Long-‐term	  Record	  for	  Iodine	  

Hardisty et al. [In review] 

proxies for O2 in the shallow ocean: iodine 



Long-‐term	  Record	  for	  Iodine	  

Reinhard et al. [2013] 

iodine	   systema$cs	   indicate	   low	   and	  
variable	  O2	  in	  the	  surface	  ocean	  

proxies for O2 in the shallow ocean: iodine 
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