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Abstract

To investigate the formation of the martian crustal
dichotomy and its possible link to Tharsis volcanic
region, several sets of numerical simulations are
presented. They mainly focus on the effect of
various melt and crustal production parameters on the
long-term mantle convection subsequent to a giant
impact. Diagnostics comparable to observational data
including topography, crustal thickness and surface
heat flux are computed.

1. Introduction

The crustal dichotomy is one of the most prominent
characteristics of Mars, featuring a =5.5 km contrast
in topography and =25 km difference in crustal
thickness between the southern highlands and the
northern lowlands [1], and is thought to have formed
within the first 400-500 Myr of martian history [2].
However, it remains unclear how the dichotomy was
formed. While some workers suggested an
excavation of crust in the northern hemisphere by a
giant impact forming the Borealis basin [3], others
suggested that impact-induced melting and
subsequent crustal production creates the highlands
in the southern hemisphere [7, 8].

On the other hand, the Tharsis volcanic region is
another dominating feature, and is emplaced
throughout late Noachian and early Hesperian period
[2]. Numerous models suggest a degree 1 upwelling
to explain Tharsis volcanism, involving an endogenic
origin where a viscosity jump in mid-mantle
facilitates the formation of such an upwelling [5, 6],
and the presence of a thick and radiogenically
enriched crust on one side of the planet that attracts
and gathers plumes into a single upwelling [8, 10].

Several studies suggested the linkage between the
crustal dichotomy and the emplacement of Tharsis [4,
8, 10]. Here we investigate the feasibility of creating

both a crustal dichotomy and a long-lived volcanic
region as the consequence of a single giant impact
using thermochemical models.

2. Methods

We use the thermochemical convection code StagY'Y
[11] in 2D spherical annulus and axisymmetric
geometry. Phase changes relevant to Mars and
temperature- and pressure-dependent viscosity are
considered.

A parametrized impact is imposed as a thermal
anomaly, whose size and amplitude follow standard
methods of impact scaling [12]. Melting of silicates
causes compositional buoyancy and can affect
geodynamic processes, and therefore related
parameter, such as melt densities, are systematically
studied.

The presence of crust in Mars’ early geological
history already at =4.547 Ga was suggested [13]. To
account for this, primordial crust of various extent
and thickness is imposed at the beginning of the
simulation.  Heat  producing elements are
preferentially partitioned into the crust, leaving the
mantle relatively depleted.

3. Results

Initial models show that compositional buoyancy of
melt causes the impact induced magma pond to rise
and spread, forming a degree 1 convection pattern for
at least 1 Gyr after the impact (Fig. 1a). During this
time crust production occurs preferentially at the
impact side and spreads to the whole surface of the
planet as a higher degree convection pattern develops
(Fig. 1b).



Fig. la: Compositional field at =1.11 Byr after the
imposed impact. Red - basalt, dark blue - depleted
harzburgite, light blue - pyrolite. Overlaid by velocity field
as black arrows and streamlines in white. Crust production
preferentially at impact side (on the right), with a degree 1
convective pattern.

Fig. 1b:  Compositional field at =4.55 Byr. Crust
production observed on non-impact side, on top of high
degree convection cells.

Additional simulations with varying melt density and
rheology, and primordial crust of different extents
will be presented.

4. Future work

Smoothed particle hydrodynamics (SPH) simulations
can give insights into different impact scenarios [9],
other than the less likely head-on collisions
considered here. Results from SPH models will be
used as initial conditions for long-term
thermochemical evolution of Martian mantle to study
the preservation and evolution of impact signatures.
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