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Understanding of planetary diversity originated from coupled evolution of early
atmosphere and magma ocean
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We have developed a coupled model of H2-H20 atmospheres and magma oceans to
investigate how initial redox state of atmospheres and magma oceans affects solidification time and
the subsequent early climate. Our model includes blanketing effects by an H2-H20 atmosphere, escape
of H2 into space, outgassing of H2 and H20, and redox reaction between an atmosphere and a magma
ocean. At the Earth’ s orbit, amount of H2 has less affected the solidification time of a magma
ocean, as long as the total H2 water-equivalent mass is less than several ocean mass of water.
However, the initial composition of the atmosphere greatly affects the atmospheric composition after

solidification. If several bars of H2 remains after the solidification, it can keep the surface
temperature above the freezing point of water without other greenhouse gases. In the case with the
larger H2 amount or at closer orbit to the young Sun, the solidification time becomes sensitive to

the initial amount of H2 and H20.
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