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Earth has passed through a series of oxygenation events 

through history with lower atmospheric pO2 levels in the 
Neoproterozoic. A key line of evidence for anoxia and 
ferruginous ocean conditions at this time comes from Fe 
speciation proxies that show Fe was transported in locally 
anoxic waters before deposition into the sediments [1]. 
However, a recent study from the Peru upwelling zone shows 
that Fe is also cycled in modern-day oxygen minimum zone 
settings (OMZ) [2]. This leads to the question how the marine 
Fe cycle in the Neoproterozoic was different from today. 

We studied the iron isotope composition in a range of 
Neoproterozoic sediments deposited under oxic and 
ferruginous conditions, because the dissolved Fe2+ transport 
and precipitation mechanism should leave a characteristic 
isotope signal in the sedimentary record. For example, in a 
modern OMZ Fe is reductively mobilized from the anoxic 
sediments and is laterally transported in the anoxic bottom 
waters before oxidative re-precipitation down stream the OMZ. 
This phenomenon produces higher δ56FeT (total iron) signal in 
the more Fe/Al enriched samples.  

In contrast, our Neoproterozoic samples display little or no 
δ56FeT variability, yet the samples fall on a (steep) negative 
trend on a Fe/Al vs. δ56Fe array, distinct from modern OMZ 
settings and more similar to sediments from the modern Black 
Sea. Because, our samples come from nine different 
formations worldwide, we disregard the possibility that the 
samples were all deposited in restricted marine settings similar 
to the Black Sea. We suggest the muted isotope fractionations 
in the ferruginous Neoproterozoic sediments resulted from Fe 
transport and deposition under fully anoxic conditions either as 
a result of wholesale Fe removal between source and 
sediments and/or via a carbonate-Fe removal pathway that 
induces little or no isotope fractionation. In all cases, we 
conclude that the Fe isotopic signature together with 
enrichments of reactive iron constitute additional evidence for 
anoxic deep oceans at this time. 
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