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MET—< A theoretical study on the regulation mechanism of the Archean climate based on H-Fe—C
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A better understanding of the impacts of |ife on the Archean atmosphere has a critical implication
for the habitability of early Earth in the face of a ‘faint young Sun’ , which is a central problem
in the geosciences and planetary science. Here, a new numerical model of the global biogeochemical
cycles of H, C, and Fe was developed in order to reconstruct atmospheric composition (H,, CHs4, CO,
and C0,), global net primary production, and biogeochemical cycles during the early Archean time
before the advent of oxygenic photosynthesis. 1 focused on two idealized scenarios with different
configurations of a primitive Archean ecosystem: an entirely non-photosynthetic (chemotrophic)
ecosystem and an anoxygenic photosynthetic ecosystem. The stochastic approach reveals that
atmospheric CHs levels have been relatively high (7100-1000 ppmv) and that global biological
productivities have been extremely low. Our stochastic analysis also constrained the biogeochemical
cycles of H, C and P. These results provide important ramifications for the sustained habitability
of early Earth with reducing atmosphere that host primitive life. Although a complete treatment
of the coupled H-C—Fe cycles is left to future studies, the results obtained here are an important
step towards assessing the climate stability during the Archean.




