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Abstract

Fully dynamical convection models of the martian
mantle coupled with a mineralogical model and a pa-
rameterized representation of a large meteorite impact
are used to derive geophysical observables, in partic-
ular synthetic density/gravity, seismic velocities, and
heat flow, which are of interest with respect to the on-
going InSight mission.

1. Introduction

‘We model the thermochemical evolution of Mars with
the fully dynamical mantle convection code STAGYY
[1] coupled to a petrological and mineral physics
model of the mantle and core materials to determine
their physical properties and melting behavior (cf.
[2]). Starting at 4.4 Ga, the models are allowed to
evolve undergoing compositional changes due to melt-
ing and are subjected to a large, basin-forming impact
at 4 Ga that causes further melting and heating of the
mantle and introduce major thermal and compositional
anomalies. The impacts are implemented in a simpli-
fied, parameterized form that focuses on describing the
first-order effects caused by shock-heating in the sur-
roundings of the impact site (e.g., [3]). The final result
of a typical modeling run is a model of the present-day
thermal and compositional state of the martian interior,
in particular of the mantle.

The coupling of the fluid-dynamical model to the
mineral physics model ensures not only that the dy-
namical evolution is internally consistent with the ther-
moelastic properties of the mantle and core materials
but also allows to derive various geophysical observ-
ables from the model in an internally consistent way.
Some of the most important physical properties are the
density, the seismic velocities, and the thermal con-
ductivity, which are observed by gravity, seismics, and
heat flow measurements from orbit or from the ground.
Gravity measurements of Mars have been carried out
by spacecraft for many years, whereas seismic and

heat flow observations are expected to become avail-
able after 2018 with the deployment of the InSight lan-
der now on its way to Mars.

2. Results

With time the planetary interior cools in all models.
A depleted, less dense layer forms at the base of the
lithosphere and reduces convective motion in the melt-
ing region. Impacts provide an instantaneous input of
energy that temporarily disturbs this otherwise stable
layering, the more the larger the impact. The strong
thermal and compositional impact-generated anoma-
lies (Fig. 1) spread out at the base of the lithosphere,
where they leave a distinct signature in the density
structure of the mantle that stabilizes compositional
anomalies over long periods.

Figure 1: Compositional anomaly, Utopia-size impact.
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The increased depletion caused by impacts modifies
the density of the target and thus leaves a low-density
mantle anomaly (Fig. 2a) that is expected to be visi-
ble in gravity measurements. Estimates show that the
contributions of both the crust and the mantle to the to-
tal anomaly are detectable by ground-based and orbit-
ing spacecraft and that neglecting the mantle anomaly
may result in misestimates of the crustal thickness on
the order of several kilometers.

Seismic velocity models of the mantle reproduce the
expected first-order seismic discontinuities of the mar-
tian interior, including a mid-mantle discontinuity of
~210m/s at a depth of about 1100 km that is mostly
due to the high-pressure phase transitions of olivine;
shallow, impact-generated anomalies (Fig. 2b), how-
ever, are too small to be detected with single sta-
tions such as the SEIS experiment of InSight or sparse
global seismic networks.

Global heat flows from the models are consistent
with the geochemical model by [4] and close to the
values determined by [5]. Local circumstances such
as anomalous crustal properties in impact basins due
to the deposition of cold crust at the surface result in
heat flows that lie a few mW/m? below the global av-
erage and are considered a lower bound.

Furthermore, electrical conductivity can be ob-
tained from the model and be compared with conduc-
tivities inferred from magnetometer data.
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Figure 2: Present-day density and bulk sound velocity
at the impact site.



