
 
 

 
 

PhD position @ ISAE-SUPAERO 
Determination of deep Mars internal structure from SEIS data on board 
INSIGHT NASA discovery mission 

PhD advisors : Raphael F. Garcia (SSPA, ISAE-SUPAERO, Toulouse), Marie Calvet (IRAP/OMP/UPS, Toulouse) 

Contact : raphael.garcia@isae.fr - http://www.researcherid.com/rid/B-2612-2012 

Scientific domains : Planetology, Seismology, Planetary Instruments 

Keywords : formation and evolution of planets, seismology, planetary cores, hydrated materials 

Application deadline : May 15th 2018 

Application : Send a CV for a first contact 

Summary :  

After the discovery of the lunar iron core (Garcia et al., 2011), a new step in understanding the mechanisms of 
formation and evolution towards the habitability of the planets will be the imaging of the deep internal 
structure of Mars by the INSIGHT NASA Discovery mission. This mission will be launched in May 2018, and the 
main scientific instrument (SEIS), under the direction of CNES, will allow French seismologists to reveal the 
internal structure of Mars. 
The objectives of this project are to image the deep interior, especially the iron core, and to estimate the water 
content of the planet Mars. Knowledge of the global structure of Mars, especially the size and physical state of 
the core, is critical because it impacts the internal dynamics of the planets and therefore their ability to 
generate a magnetic field or create convective movements in the mantle. The presence and estimation of the 
hydrated material content of the planet is also critical to understand the long-term interaction between the 
internal dynamics and the atmosphere of the planets. 

The detection of seismic waves reflected at the core-mantle boundary will allow to deduce the size of Mars' 
core. This size is a crucial piece of information to understand the mass distribution during the formation of the 
planets of our solar system and its influence on long-term planetary evolution. The type of seismic waves (S or 
P) propagating or not in the nucleus will inform us about its physical state (liquid or solid) and will allow us to 
discuss the dynamo models predicting the extinction of the magnetic field of Mars. In addition, the normal 
mode frequencies of the planet will reveal the thermal state and the geodynamic activity of Mars. Finally, an 
estimate of the attenuation of high-frequency seismic waves, which distinguishes the contribution of 
absorption - associated with the presence of hydrated materials - and scattering by the small-scale 
heterogeneities of the medium, will allow us to estimate the water content in Martian soil, and thus to 
understand the interaction between the presence of water and the internal dynamics of the planets. 

The tools necessary for the realization of the project have been prepared during 4 years for the acquisition of 
the first Martian seismological data. The project will be carried out within the framework of the international 
scientific team associated with the INSIGHT project, in which R. F. Garcia is co-investigator and M. Calvet is a 
collaborator. 

The implementation schedule will be phased on the INSIGHT mission calendar, for which the first seismological 
data are expected in November 2018. 
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The prospects of this research project lie in the context of the renewal of planetary seismology. Indeed, after a 
phase of exploration of planets by means of orbiter and rovers, space agencies are now turning to imaging the 
internal structure of solar system objects. This shift is also motivated by the recent understanding that internal 
/ external interactions (atmosphere) are crucial for the long term habitability of planets, as well as the desire to 
better constrain the habitable zone of the exo-planetary systems. 

The ISAE-SUPAERO team is currently working on the development of several types of seismological sensors for 
solar system objects in collaboration with CNES, ESA and JPL/NASA. The collaboration set up within this project 
aims to combine the recognized expertise of ISAE-SUPAERO in planetary instrumentation with IRAP's scientific 
expertise in seismology to play a role in future missions and discoveries.  

 
Applicants must have a Master's degree (or be in the final year of a Master's degree), be rigorous, autonomous 
and must have strong skills in geophysics/seismology and/or numerical modeling. 

 

 

On the left, variability in density and P wave velocity profiles 
of the various prior models of Mars Interior. On the right, artist view of INSIGHT lander and opened 
view of SEIS instrument. 


