Geophysical evidence for a compositionally stratified Martian mantle
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The identification of deep reflected S-waves on Mars has led to the first seismic estimation of a core size of 1830+40 km [1]. 2 | | |
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anomalously slow propagating P-waves diffracted along the core-mantle boundary [2]. | g . — Areotherm | 9
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Alternatively, Mars' mantle may be heterogeneous as a result of a magma ocean solidification that formed a basal layer | 8 02 f _L,° i forward | ‘
enriched in iron and heat-producing elements [3], resulting in the the presence of a molten silicate layer above the core, overlain K ? R | e ? problem | |
by a partially molten layer [4].To determine the planet structures compatible with observations, we performed a probabilistic | B | o0 569 1000 1500 2000 2500 1000 2000 3000 § |
inversion of seismic data. Our inversion relies on a parameterisation in terms of quantities that influence the thermo-chemical | 1000 1500 2000 2500 Horizontally averaged T [KI Present-day temperature [K] convecting RN £ N\ |
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evolution of the planet composed of a liquid iron core, a silicate mantle (with or without a enriched Basal Mantle Layer), and an [Samuel et al., 2021] 3 _ ﬁ ke t
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evolving lithosphere and crust [5]. | 1.0 —— T |
We show that such a layered Martian mantle is compatible with all geophysical data including (i) deep reflected and diffracted | s | 3000 |
seismic phases from the mantle, (i) weak shear attenuation at seismic frequencies, and (i) Mars' dissipative behaviour at | L 2 |
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~In particular, our results point to a revised core size of 1650+20 km implying a density of 6.5 g/cm3, 5-8% larger than previous % : g | |
seismic estimates. Using a core equation of state that reproduces experimental data, we show that Mars' core can be explained g 0.4 7 , k: v MCMc inversion (e.g., [5]) |
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