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During the middle Proterozoic, the lag between a
shift from a microbially-dominated world to the emer-
gence of eukaryotes has been hypothesized to be a re-
sult of molybdenum (Mo) deficiency, driven by intense
burial of Mo under euxinic conditions pervasive during
that time period [1]. Mo is a trace nutrient that is vital
for nitrogen fixation, with levels below ~5 nM causing
Mo-N co-limitation to ecosystems and potentially im-
peding the development of eukaryotes in the middle
Proterozoic [2,3]. No quantitative proxy currently ex-
ists to constrain Mo concentrations in the ancient open
ocean. The Mo contents of pyrite deposited in black
shales and shallow carbonate deposits have been sug-
gested to directly reflect dissolved Mo concentrations,
but this approach is still non-quantitative [4,5]. We
determined the relationship between dissolved Mo
concentrations and Mo contents of experimentally-
precipitated pyrite at 80°C. The Mo contents of pyrite
were found to correlate strongly with Mo concentra-
tions irrespective of pH and pyrite precipitation rates.
Applying the observed correlation directly to Mo con-
tents of geological pyrite, seawater Mo in the middle
Proterozoic typically vary between 10-50 nM, above
the 5 nM threshold for nitrogen fixation. This suggests
that biological stasis during the Proterozoic may not be
attributable to Mo-N co-limitation. However, modern
pyrite deposited under euxinic water columns displays
20 to 3,000 fold enrichments in Mo content compared
to prediction from the experimentally-derived relation-
ship. Therefore, ancient pyrite minerals likely overes-
timate seawater Mo concentrations especially in eux-
inic conditions thought to have been prevalent in the
Proterozoic.
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