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Abstract

It is now well established that most of the terrestrial
planets underwent a magma ocean stage during their
accretion. On Earth, it is probable that at the end of
accretion, giant impacts like the hypothesised Moon-
forming impact, together with other sources of heat
such as conversion of gravitational energy of forma-
tion into heat, radioactive decay, heat losses from the
core at the core-mantle boundary, electromagnetic in-
duction heating and tidal heating, melted a substantial
part of the mantle. The thermal and chemical evolu-
tion of the resulting magma ocean most certainly had
dramatic consequences on the history of the planet, in-
fluencing the chemical composition of the mantle after
differentiation, the style of tectonic regime prevailing
in the solid-state mantle and its habitability.

Considerable research has been done on magma
oceans using 1-D models [1], [5], [3]. However, its dy-
namics, evolution from a molten state to the present
day solid state, and crystallisation are still not fully
understood and are more complex than a 1-D formula-
tion. Recent advances in computational methods and
resources allow us to address numerically more com-
plex problems, with higher resolution and multiple
physics incorporated. Moreover, new developments in
mineral physics that indicate that melt can be denser
than solid at high pressures [2] can have very important
impacts on the classical views of the solidification of
magma oceans [4].

The goal of our study is to understand and character-
ize the influence of melting on the long-term thermo-
chemical evolution of rocky planet interiors, starting
from an initial molten state (magma ocean). Our ap-
proach is to model viscous creep of the solid mantle,
while parameterizing processes that involve melt. We
will be testing existing published 1-D parameterisa-
tions of magma ocean dynamics and extending them
into 2-D models. To address this problem, the numer-
ical code StagYY [6] is used. Some details about this

code are the following: it uses a finite-volume scheme
for advection of temperature, a multigrid solver to ob-
tain a velocity-pressure solution at each timestep, trac-
ers to track composition, and a treatment of partial
melting and crustal formation. Enhancements in the
code related to the physics and parameterisation of
melting have been implemented, however additional
improvements are still needed.

We will be showing our most recent results for the
evolution of an Earth-like planet from a molten initial
state, while testing different scenarios and addressing
the implications that a magma ocean may have had on
the history of the planet.

References
[1] Abe, Y. (1997), Thermal and chemical evolution of the

terrestrial magma ocean, Physics of the Earth and Plane-
tary Interiors, 100, 27-39.

[2] de Koker, N., B. B. Karki, and L. Stixrude (2013), Ther-
modynamics of the MgO-SiO2 liquid system in Earth’s
lowermost mantle from first principles, Earth and Plane-
tary Science Letters, pp. 58-63.

[3] Elkins-Tanton, L. T. (2008), Linked magma ocean so-
lidification and atmospheric growth for Earth and Mars,
Earth and Planetary Science Letters, 271, 181-191.

[4] Labrosse, S., J. W. Hernlund, and N. Coltice (2007),
A crystallizing dense magma ocean at the base of the
Earth’s mantle, Nature, 450(7171), 866-869.

[5] Solomatov, V. S. (2007), Magma oceans and primor-
dial mantle differentiation, Treatise on geophysics, pp.
91-119.

[6] Tackley, P. J. (2008), Modelling compressible man-
tle convection with large viscosity contrasts in a three-
dimensional spherical shell using the yin-yang grid,
Physics of the Earth and Planetary Interiors, 171(1-4),
7-18.

EPSC Abstracts
Vol. 9, EPSC2014-524, 2014
European Planetary Science Congress 2014
c© Author(s) 2014

EPSC
European Planetary Science Congress


