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We develop a novel quantitative apﬁroach that constrains the global
biogeochemical cycles of C, N, P, 0, and S through biogeochemical model inversion based on data from
the geologic record. Our approach provides an integrated, quantitative, and statistically
informative picture of the global biogeochemical state of the mid-Proterozoic Earth system, opening
new perspectives on a wide range of scientific questions in research seeking to understand Earth
system evolution. In particular, our results greatly refine current understanding of the global
oxygen budget during the mid-Proterozoic, and provide persuasive evidence for a strongly suppressed
oxygenic biosphere as the primary cause of Earth’ s protracted oxygenation.
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