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With the InSight mission and its Very Broad Band Seismometer (SEIS, Lognonné et al., 2020) together with compositional constraints from SNC meteorites, Mars is the second terrestrial body after the Moon for which constraints are provided by seismic, geodetic, gravity, magnetic measurements and crustal samples. The Moon will be further explored by new missions before 2025, including the two sample return missions Chang’e 5 and Chang’e 7 of the Chinese Lunar Exploration Program. In particular the Chang’e 7 mission will carry a seismometer. These set of new geophysical data for both Mars and the Moon and new samples for the Moon will allow new inversions of the internal structure of these terrestrial bodies to be made, including, for seismology, by joint measurements of primary and secondary body waves travel times and attenuations, and receiver functions.

The goal of this Master and PhD project will be to perform such a comparative analysis for the crust and mantle of these two bodies in terms of compositional and temperature profiles. Monte Carlo Markov chain inversions (Drilleau et al., 2020) will be performed by computing observed geophysical data from landers and orbiters for very large populations of interior models. These models will be constructed for various mantle mineralogies, constrained by samples in conjunction to the thermal evolution modelling of the two terrestrial bodies. In this modelling special care will be made to account for the porosity and structure of the crust, the presence of volatiles in the mantle and crust, and partial melting in the mantle, which may affect not only the thermal evolution and state, but also seismic velocities and attenuation.

Although the planed seismic data processing aspects will benefit from a pre-existing catalogue of primary arrival times, an effort will be made for the search of secondary phases in both InSight and Apollo data, and in their inclusion into the inversion process, in addition to the more classical P and S direct phases. Receiver functions will also be integrated explicitly in these inversions.

The first conclusion of the PhD will be a comparative analysis of the inversion results obtained for both Mars and the Moon. For Mars, this will be performed using seismic, geodetic and magnetic data from InSight, and gravimetry and tidal measurements from Mars’ orbiters. For the Moon, the ALSEP seismic, geodetic, and magnetic data and GRAIL gravimetry and tidal measurements will be used.

This PhD will also prepare the future inversions of Lunar structure, via the joint inversion of the geophysical data from both Apollo and those from future lunar geophysical missions expected in 2024-2025.
Collaboration with T.Kawamura (IPGP), the Institut of Geology and Geophysics of Beijing from the Chinese Academy of Science (J.Zhang, Y.Lin), as well as with SUPAERO-ISAE,Toulouse (R. Garcia and M. Drilleau) will be made during this project.
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