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Magmatism & surface environment on Mars
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A numerical model of magmatism & mantle convection
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Mantle upwelling flow

basaltic crust

residue

degassing

The original mantle materials



(Elkins-Tanton et al., 2005)

Mantle overturn

The initial thermal state of the mantle



The reference model

1600 K
fw= 500 ppm



The mantle evolves in four stages.

II III

IVI

Clement surface 
environment?



Crustal growth and degassing on Stage III

II III

IVI
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Mars
Mars

300 Tmol/yr H2
(Hayworth et al., 2020)

Dependence on 
initial temperature



(Acuna et al., 1999)

Magnetic field until ca. 4 Ga



Crustal recycling & heat flow on the CMB

basal convection



Crustal recycling & the duration of high heat flow on the CMB
Constraints on the magma ocean?



The mantle evolves in four stages.

Summary of Martian models

Degassing on Stage III ⇒ clement surface environment?
The history of magnetic field constrains that of the magma ocean.

heat flow



How robust is Stage III?

The magmatism-mantle upwelling (MMU) feedback

stronger at lower permeability
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The four-stage evolution
Strong MMU ⇒ homogeneous interior

⇔ Martian meteorites
No MMU

⇒ No later magmatism & degassing
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