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MO mass: 1/2 BSE
Solubility: 1,500°C, basaltic magma
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pressure [bar]

Initial AIW= -2 C/H in the mantle and surface: 1-2
H budget = 3 oceans [e.g. Hirschmann 2016; Marty 2012]
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Implications for occurrence rates of MO with H2> atmospheres

H, atmospheres (highly reducing cases) : occurrence rates may reflect the planet formation style

» Magma ocean tends to sustain longer according to H; inventory acquired

: H, amount captured on protoplanets in the solar nebula  [ikoma and Genda, 2006] h
(in water equivalent)
Mars-size: . Earth-size:
< ~0.3 % [Earth's ocean]
l x 10 (merged) several to tens of the Earth's ocean
several % at most
The merged Earth-sized planet would solidify The MO stage has a longer lifetime

in < 0.1 Myr : > 100 Myr even at 1 au
- J
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The lifetime of magma oceans with H>0 atmospheres

Initial bulk content of water
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[Hamano et al. 2015]
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Recent 3D simulations for Venus (slowly-rotating planets)

10 bar, HZO b 400 m ~4 Ga Today [Turbet et al. 2021]
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- H inventory: 1-10 Earth’s ocean
-C/H:0.5-5

[Bower et al. 2022, Maurice et al. 2023]
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‘ Total H inventory: 5 Earth’s ocean masses, Fast cooling cases

Initial fo2: IW-2 Initial fo2: IW-5 At 1 au
Thick Hx-rich atmosphere forms Massive Hz-rich atmosphere prolongs
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At 1 au

Solidification timescale under H>-H20 atmospheres
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» Total H inventory < S oceans
Magma oceans solidify on comparable timescales for different initial fo:

» Total H inventory > 10 oceans
Magma oceans sustain > 100 Myr for initial fo, < IW-4
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Solidification timescale under H>-H>0 atmospheres
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Mac Crystallization time: the order of 0.1 - 1 Myr
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‘Total H inventory: 5 Earth’s ocean masses

fO>lC K B IKTFIE

Critical distance HZO (IW+3)

FLong-lived MO

Rapid solidification

Type Il| «—> Type |

0.2

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Orbital distance from the Sun [au]

2

Critical distance

- \ \ \ ‘ \ ‘ ‘ \ ‘ \

@ 1000 ..

Q H,O remains intact

o

|

o

S

2 100

g

= Dry

) B

= 10 |

- 3

(4+] - - -

aE> /Type Il «— |Type |

m 1 | | | | | | | | . | | | | | | | |
02 04 06 08 1 12 14 16 18

Orbital distance from the Sun [au]

[Hamano et al. 2013, Hamano & Genda, Under review]




Solidification time [Myr]

-
o
o

-
o
T

—

o
O

‘Total H inventory: 5 Earth’s ocean masses

H>-H>O KK : 1%
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Solidification time [Myr]

‘Total H inventory: 5 Earth’s ocean masses
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» On Type | planet, the remaining outgassed atmosphere reflects the initial redox state

» On Type |l planet, initial fo; has little effects on the MO lifetime and atmosphere remained
[Hamano et al. 2013, Hamano & Genda, Under review]
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