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Based on experiments and thermodynamic modeling, we reproduced water-rock
reactions in early Mars, icy satellites such as Enceladus and Europa where internal oceans exist
beneath their ice crusts, and the parent body of Ryugu that is the target asteroid of Hayabusa2
mission. As a result, we revealed 1) physico-chemical conditions of water-rock reactions in the
parent body of Ryugu, 2) chemical compositions of water environments in early Mars, Enceladus and
Europa, 3) compositions of hydrothermal fluids generated by high-temperature water-rock reactions,
and 4) distributions of bioavailable energies in water environments. We proposed that “ sustainable
supply of bioavailable energies” can be added as the second criterion of habitability of
extraterrestrial bodies to the primary criterion “ presence of liquid water” that has long been
used exclusively.
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