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We present preliminary models of mantle convection in
Mars over a timespan of several billions of years. We have
combined the mantle convection program STAG3D [e.g. 9]
with a parameterized thermodynamic model of martian man-
tle mineralogy and carried out calculations of convection in
a 2D compressible model of the planet’s mantle. The model
fully takes into account the thermoelastic properties of the
mantle, including p,T -dependent density, expansivity, heat ca-
pacity, thermal conductivity and phase transitions of olivine
and non-olivine phases; mineral endmember data are mostly
taken from Saxena et al. [8]. All models are heated from
below by a cooling core, and two of them are also heated
from within by the radioactive decay of 40K, 235U, 238U, and
232Th, whose concentrations were taken from Wänke and
Dreibus [10]. The viscosity of the mantle is temperature and
pressure-dependent. The radius of the martian core, and hence
the depth of the mantle, is only known to within a few hundred
kilometers; we ran models with mantle depths of 1700 and
2000 km, which essentially cover the range of possible values.

The higher iron content of the martian mantle as compared
to Earth’s mantle results in a mineralogy and phase transition
pattern which is somewhat different to that of the Earth; for
instance, ringwoodite appears already at lower pressures than
wadsleyite. Moreover, the two-phase loops in the Mg2SiO4–
Fe2SiO4 system are broader and their position and width seem
to be more sensitive to changes in temperature. We have
parameterized phase diagrams for this system [5–7] in terms
of p, T , and Mg#; for the non-olivine phases, which are more
complicated and less well investigated, and for the general
phase proportions we have used the results by Bertka and Fei
[1], supplemented by data on endmembers for the Clapeyron
slopes of phase transitions [e.g. 2, 3]. Water and melting have
not been considered in these models.

The core-mantle boundary in Mars happens to lie at about
the depth of the ringwoodite–(perovskite+ferropericlase) tran-
sition. Previous studies [e.g. 4] have already demonstrated
the possibility that Mars had a perovskite layer at the base
of its mantle which may have disappeared during the history
of the planet as a consequence of secular cooling. Here we
show the evolution of the phase transition patterns, i.e. the
changes in position and width of transitions and the miner-
alogical changes, as a consequence of secular cooling and
discuss their effect on the long-term convection style of the

martian mantle.
The models with a big core have no pv+fp layer, whereas

in the models with a small core, such a layer exists for the first
2.5–3 Ga; it thins during this time and finally disappears; in
the small-core models, there are also intermittent appearances
of γ+2fp+st at the bottoms of cold downwellings near the
CMB at this stage. All models display a transition from an
early two-layer convection regime with a lifetime of roughly
1.5 Ga to a regime with more extensive flow throughout the
whole mantle. Due to secular cooling, the stability field of
ringwoodite expands with time at the expense of the olivine
and the perovskite layers in all models.
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