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Evolution of early-Earth atmophere with reduced chemical compositions
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Thermodﬁnamic calculations using the elemental composition of carbonaceous
asteroid Ryugu samples reveal that hydrogen is thermally released at high yields even from
carbonaceous meteorite-like compositions, which are the most oxidizing among Earth material
materials. The formation of a hydrogen-rich proto-atmosphere is considered to have been inevitable
on Earth. Hydrodynamic escape of hydrogen and atmospheric photochemical processes driven by the
short-wavelength component of solar radiation were carefully simulated numerically. The results
revealed that radiative cooling of CH4, H20, and their photolysis products slows down the hydrogen
loss that requires atmospheric heating and that organic molecules photochemically generated from CH4
shield solar UV light and inhibit the photolysis of H20, preventing the production of O atoms and
OH radicals that serve as oxidants, thereby self-promoting organic polymerization.
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Hydrodynamic escape of H2-H20 atmospheres on terrestrial planets orbiting pre-main sequence M dwarfs
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Hydrodynamic escape of reduced proto-atmospheres: different consequences for surface volatile inventories between Mars and
Earth
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