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There is a wide variety of the amounts and compositions of the atmospheres on the
terrestrial planets in our solar system, and only Earth has oceans. The existence of liquid
water and atmosphere has been thought to be essential for the emergence and evolution of life.
In my talk, I reviewed mechanisms of supply and loss of volatiles that consist of atmospheres
and oceans on the terrestrial planets. Then I discussed the effects of giant impacts during the
last stage of terrestrial planet formation and the effects of late veneer (late heavy
bombardment) on the formation of the atmospheres and oceans.

Planets form in a protoplanetary disk composed of dust and gas. If the main building
blocks of the terrestrial planets have no volatile, some mechanisms to supply or produce
volatiles on the Earth are required to possess the ocean and atmosphere. Supply process of
volatile-rich objects from outside the terrestrial planet region is highly related to the planet
formation process. Recent planet formation theory suggests that the behavior of forming
Jupiter have a great influence on this supply process. Loss of volatiles from planets also has
an influence on the volatile budget on the terrestrial planets. Several volatile loss mechanisms
have been discussed, such as hydrodynamic escape, loss by giant impact, and so on. Loss of
water from Venus is important to the habitability of planets.

It is generally accepted that many giant impacts occur during the last stage of terrestrial
planet formation. The energy released by a giant impact is huge, and it can raise the
temperature of the whole proto-Earth by about S000K in average. Therefore, the planet should
be wholly molten just after a giant impact. Cooling process from molten terrestrial planets is
important to formation of the ocean and atmosphere. We investigated the cooling process
using coupled model of magma ocean, atmosphere, and space, and discussed the beheivior of
volatiles on the Earth and Venus. Steam atmosphere formed just after the solidification of
magma ocean rapidly cools, and the ocean forms in 1000 years through the intense rainfall.

The rain drops are very hot (~ 300 °C) and the rain fall rate is very high (~ 500 cm/yr).
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Table 1. Estimated water contents in the Earth’s mantle e.g., Genda (2016)
Mantle Mass (10*' kg)  Natural samples  Electrical conductivity High-pressure experiments Water mass (M,_,)
Upper mantle 615 50-200 ppm!" <0.09 wt%'" <0.4 wt%'" 0.02-2
Transition zone 415 ~1 wt%!? ~0.1 wt%"! ~2 wt%!" 0.3-5
Lower mantle 2955 300-1000 ppm?™! — ~0.2 wt%'®! 0.6—4

Data from [1] Hirschmann (2006), [2] Pearson et al. (2014), [3] Dixon et al. (1997, 2002), Hauri (2002), [4] Wang et al. (2008), [5] Yoshino et
al. (2008), Huang et al. (2005), [6] Bell et al. (2003), Koga et al. (2003), [7] wadsleyite: Inoue et al. (1995, 1998), ringwoodite: Kohlstedt et al.
(1996), [8] Murakami et al. (2002), Litasov et al. (2003).
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