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the Martian gravity field 
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NASA’s InSight mission has brought new information about the Martian lithosphere (Banerdt et al.
2020), which warrants a re-analysis of the support of the crustal and sub-crustal masses.
Furthermore, the discovery of a possible mantle plume underneath the region south of Elysium Mons
(Broquet et al. 2023), gives evidence for recent magmatic activity underneath the crust of Mars
causing dynamic support to volcanic structures.

The goal of this study is to combine a global flexural model combined with mantle convection
modelling to study the different uncertainties in the geophysical parameters that dictate crustal
(short-scale) and mantle (large-scale) mass anomalies. After conducting spectral analysis on the
gravitational signal of we found that the Martian lithosphere can be best modelled by an elastic thin
shell with the following physical parameters: crustal thickness of 60 ±10 km, crustal density of 3050
±50 kg/m3, mantle density of 3550 ±100 kg/m3, and the elastic thickness (Te) is found to be 80 ±5
km.



Figure 1: Crustal density from short scale gravity anomalies inversion. The flexural model is not able
to represent to perfect isostasy ate Hellas Basin (and assumed present also at Utopia basin).
Therefore, high crustal density is seen reflecting a shallower crust-mantle interface. Isidis and Argyle
basin also show high mass regions that could be interpreted as shallow crust-mantle boundary or
magmatic intrusions in the crust. Other high mass features are related to volcanoes and large
impact craters. Finally, the northern polar planes show also anomalous high mass regions.

By using this spectral analysis, we were able to isolate the remaining long-wavelength signal that
cannot be realistically modelled by a flexure model. The location of the residual anomaly correlates
with the Tharsis Rise, which suggests active large-scale dynamic support of the volcanic region. A
negative mass anomaly in the mantle underneath the Tharsis Region explains the remaining gravity
residual. This anomaly could be interpreted as underplating of the lithosphere, a phase transition
anomaly at 1000 km depth, or an rising mantle plume. Could mantle convection is still be active in
Mars explaining the relatively young geologic surface volcanism?

The remaining short scale gravity residuals give insight in Martian crustal density distributions
(Figure 1). Flexure models cannot account for these structures as the lithosphere is strong enough
to reduce/negate any topographic signature. Especially in the northern polar plains several buried
mass anomalies have been detected (Figure 2). The nature of these anomalies is unclear, as they
could be interpreted with a volcanic origin, impact related structures, or tectonic orogeny that would
all be buried be the sedimentary layer that is observed on the surface of the northern hemisphere. If
these structures are interpreted as impact craters this would suggest of an older crustal age of the
northern hemisphere of Mars than is now considered. New gravity satellite missions towards Mars
are needed to uncover the nature of these subsurface mass anomalies (Wörner et al 2023, Genova
et al 2020).



Figure 2: Contours of the high mass anomalies in the nortern polar plains. These high mass
anomalies seem to have no topograohic signature. Topography is shown in the colorscale and taken
from the MOLA dataset.
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