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In mantle convection studies, two-dimensional geometry calculations are predominantly used, due
to their reduced computational costs when compared to full 3-D spherical shell models. Although
various 3-D grid formulations [e.g. 1, 2] have been employed in studies using complex scenarios of
thermal evolution [e.g., 3, 4], simulations with these geometries remain highly expensive in terms
of computational power and thus 2-D geometries are still preferred in most of the exploratory
studies involving broader ranges of parameters. However, these 2-D geometries still present
drawbacks for modeling thermal convection. Although scaling and approximations can be applied
to better match the average quantities obtained with 3D models [5], in particular, the convection
pattern that in turn is critical to estimate melt production and distribution during the thermal
evolution is difficult to reproduce with a 2D cylindrical geometry. In this scope, another 2D
geometry called “spherical annulus” has been proposed by Hernlund and Tackley, 2008 [6].
Although steady state comparison between 2D cylindrical, spherical annulus and 3D geometry
exist [6], so far no systematic study of the effects of these geometries in a thermal evolution
scenario is available.
In this study we implemented a 2-D spherical annulus geometry in the mantle convection code
GAIA [7] and used it along 2-D cylindrical and 3-D geometries to model the thermal evolution of 3
terrestrial bodies, respectively Mercury, the Moon and Mars.
First, we have performed steady state calculations in various geometries and compared the results
obtained with GAIA with results from other mantle convection codes [6,8,9]. For this comparison
we used several scenarios with increasing complexity in the Boussinesq approximation (BA).
In a second step we run thermal evolution simulations for Mars, Mercury, and the Moon using
GAIA with 2D scaled cylinder, spherical annulus and 3D spherical shell geometries.In this case we
considered the extended Boussinesq approximation (EBA), an Arrhenius law for the viscosity, a
variable thermal conductivity between the crust and the mantle, while taking into account the heat
source decay and the cooling of the core, as appropriate for modeling the thermal evolution. A
detailed comparison between all geometries and planets will be presented focussing on the
convection pattern and melt production. In particular, we aim to determine which 2D geometry
reproduces most accurately the results obtained in a 3D spherical shell model.
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