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Understanding the nature and preservation of traces of microbial life in extreme environments is crucial for
retrieving Earth’s past biosphere and to guide the search for life in other planets. Rio Tinto, a hyperacidic Mars
analogue, has produced ferric deposits entombing a diversity of fossilized organisms, despite the putative
unfavorable chemical conditions.[1,2] Investigating its unique fossil microbiota can shed light into ancient
extremophile communities and on the preservation of biosignatures on acidic environments on Earth and
potentially Mars. Here we employed an innovative multiscale approach combining the state-of-art synchrotron
X-ray nanoimaging methods of Ptychographic X-ray Computed Laminography [3] and Nano-X-Ray
Fluorescence [4] to reveal Rio Tinto’s microfossils at sub-cellular resolution. The unprecedented views of
several different specimens within their geological and geochemical contexts revealed novel intricacies of the
microbial communities. Different morphotypes, taxonomic affinities and ecological interactions were
identified based on qualitative and quantitative 3D ultrastructural information, while diagenetic processes and
metabolic affinities were inferred with complementary chemical information. Our integrated nano-to-
microscale analytical approach unveiled previously invisible microbial and mineral interactions,
complementing and filling a gap of resolution of conventional methods. Ultimately, this study contributes to
the challenge of deciphering the faint chemical and morphological biosignatures that point to life's presence -
both on early Earth and distant worlds
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