Revisiting rocky planets cooling phase and magma ocean occurence
with a consistent atmospheric model
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Abstract

Rocky planets can host two distinct types of magma oceans. First, post-accretion magma oceans,
sustained by the residual heat from accretional impacts [1]. The planet’s surface can remain molten
for extended periods depending on the planet’s volatile content and the atmospheric properties. Second,
permanent magma oceans, maintained by intense stellar irradiation combined with a strong greenhouse
effect. In both cases, the assumption of a fully convective atmosphere, often used in previous studies,
may not hold true for hot and dense atmospheres 5] where radiative processes can dominate and
significantly lower surface temperatures. These findings challenge former atmospheric models and
suggest that magma oceans sustained solely by stellar insolation may be less common than previously
thought.

In this study, we present an improved coupling model between magma ocean evolution and a consistent
1D radiative-convective atmospheric model, using the Exo k framework [3]. This approach enables a
more realistic representation of atmospheric structure and radiative transfer compared to prior models
[2, 4] and allows us to reassess magma ocean lifetimes under a variety of atmospheric conditions. Our
results offer new insights into the early evolution of rocky planets, with potential implications for
planets such as Venus.

References

[1] L. Elkins-Tanton. Linked magma ocean solidification and atmospheric growth for Earth and Mars.
FEarth and Planetary Science Letters, 271(1-4):181-191, July 2008.

[2] K. Hamano, Y. Abe, and H. Genda. Emergence of two types of terrestrial planet on solidification
of magma ocean. Nature, 497(7451):607-610, May 2013. Publisher: Nature Publishing Group.

[3] J. Leconte. Spectral binning of precomputed correlated-k coefficients. Astronomy & Astrophysics,
645:A20, Jan. 2021. Publisher: EDP Sciences.

[4] H. Massol, A. Davaille, and P. Sarda. Early Formation of a Water Ocean as a
Function of Initial CO2 and H20 Contents in a Solidifying Rocky Planet. Jour-
nal of Geophysical Research: Planets,  128(8):€2023JE007848,  2023. __eprint:
https://onlinelibrary.wiley.com/doi/pdf/10.1029/2023JE007848.

[5] F. Selsis, J. Leconte, M. Turbet, G. Chaverot, and E. Bolmont. A cool runaway greenhouse without
surface magma ocean. Nature, 620(7973):287-291, Aug. 2023. Publisher: Nature Publishing Group.



