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It has been proposed, yet remains debated, that 
free oxygen might have been locally available to 
enable the establishment of aerobic biogeochemistry 
in the Neoarchaean eon prior to the GOE. Here we 
present bulk-rock multiproxy geochemical analyses 
of well-preserved ~2.7-billion-year-old sediments of 
the Manjeri Formation, from the Belingwe greenstone 
belt in southern Zimbabwe, to reconstruct the ocean 
redox chemistry during this time. Iron (Fe) speciation 
analyses (FeHR/FeT and FePy/FeHR), reflecting water-
column redox conditions at the time of deposition, 
show large variations throughout the studied sections, 
with the majority of samples exhibiting elevated 
FeHR/FeT (> 0.38) and low FePy/FeHR, indicating 
deposition from anoxic, ferruginous (Fe (II)-rich) 
water. However, a few samples show a hint of oxic 
conditions, with FeHR/FeT values below the 
oxic/anoxic threshold of 0.22. This is compatible with 
a wide range of carbon (C) and sulphur (S) isotope 
values that point to complex metabolic consortia in 
the deep waters, consistent with the involvement of 
both aerobic and anaerobic processes. Interestingly, 
some samples from shallow-water deposits display 
contrasting geochemical signals, with high FeHR/FeT 
values indicative of anoxic depositional conditions 
along with δ13C and δ34S values suggestive of aerobic 
metabolic activity. Collectively, our data suggest 
stratified paleo-redox conditions and complex 
microbial ecosystems in the Manjeri depositional 
environment and at least localized O2 production in 
the oceans dating back to 2.7 billion years ago. 

 
 


