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Cyanobacteria, a major phylum among the Bacteria domain,
played an important role in the evolution of early Life and Earth
by strongly changing the redox conditions of early ecosystems,
since at least the Great Oxidation Event (GOE, ~2.4 Ga). Despite
their importance, their unambiguous fossil record is scarce. Only
three microfossil taxa are interpreted as cyanobacteria with
certainty. Therefore, it is essential to characterize new
biosignatures of cyanobacteria for a better identification of their
microfossil counterparts. Newly identified fossils from well-
dated geological successions will then enable a better calibration
of molecular clocks of cyanobacteria, thereby allowing a better
understanding of their diversification, and their role in Earth and
life evolution.

Here we studied the morphology, ultrastructure, chemical
composition and metals distribution of one microfossil taxon
identified as a cyanobacterium, Polysphaeroides filiformis, from
the ~1 Ga Mbuji-Mayi Supergroup (Congo Basin, DR Congo).
P. filiformis consists of spheroidal vesicles surrounded by a
common branching sheath. The observation of the microfossil
ultrastructure reveals a trilaminar structure for the sheath. The
SR-XRF detection of homogeneous distribution of Ni within
intracellular inclusions (ICls; fossilized cell content) combined to
XANES at the Ni K-edge data highlight the phototrophic nature
of P. filiformis. The combination of microscopy, spectroscopy
and SR-analyzes allows an unambiguous interpretation of P.
filiformis as a branched and multiseriate phototroph organism,
most probably, a cyanobacterium. Moreover, the specific
distribution of other metals in ICIs, such as Co and Cu, suggests
a great potential of these elements as biosignatures.





