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Iron-oxidizing bacteria, coupling Fe(II) oxidation to nitrate reduction under anoxic
conditions, may have a deep impact on the Earth’s surface geochemistry. They may be
especially implicated in the weathering of sea-floor basalts and are considered as po-
tential descendants of primitive prokaryotes, which may have promoted the formation
of massive sedimentary iron deposits, known as Banded Iron Formations. However,
mineral phases formed through such bacterial iron oxidation are still poorly docu-
mented, partly because of the necessity to investigate their composition and structure
at the submicrometer scale.

The iron-oxidizing strain BoFeN, coupling iron oxidation to nitrate reduction, was
cultured in the laboratory under anoxic conditions. The mineralogy of the biominerals
formed through Fe(II) bio-oxidation was determined by X-ray diffraction (XRD) and
X-ray absorption spectroscopy (XAS). The texture, structure and chemistry of these
minerals were followed at the nanometer scale by Scanning Transmission Electron Mi-
croscopy (STEM) and synchrotron-based Scanning Transmission X-ray Microscopy
(STXM) through the time course of a culture. STEM observations of BoFeN high-
lighted the connections of iron-bearing phases with microbial ultrastructures. Besides,
STXM analyses provided information on the speciation (type of bonding and redox
state) of both carbon and iron at the 20-nm scale. In particular, the redox state of
iron-bearing phases was mapped at the submicrometer-scale. The progressive oxida-



tion of Fe(II) and subsequent changes in the mineralogy of Fe rich phases were shown
to be associated to the progressive encrustation of the cells. Additionally, an intimate
mixture of organic carbon species, carbonates and iron-rich minerals resulting from
bacterial activity could be evidenced.

This study provides a precise scenario - at the submicrometer scale - of the mineralog-
ical evolution of iron biomineralization, triggered by iron-oxidizing bacteria, under
anoxic conditions.


