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A 2D numerical model of magmatism in the convecting mantle



Resurfacing of Venus by a widespread magmatism

(Hansen & Lopez., 2018)

tessera terrain   → volcanic plain

Ovda; no lithosphere Artemis; thicker lithosphere

(Brown & Grimm, 1999)



Various models of resurfacing

(Breuer & Moore, 2015)

Dynamics of magmatism & convection in the evolving mantle



A model of magmatism in the convecting mantle

peridotite

basalt residue
Upwelling flow → magma-generation

the post spinel boundary

T-dependent viscosity → the stagnant lithosphere

two elementary processes that exert control over mantle evolution:

(1) the magmatism-mantle upwelling feedback, (2) mantle burst



(1) The Magmatism-Mantle Upwelling feedback

upwelling flow magmatism

Melt-buoyancy + volume change of matrix from magma-migration

decompression melting



(Hirose, 1999)
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(2) Mantle burst



A two-stage evolution model of the Venus’ mantle 

heated by radioactive elements that decay with time

mantle burst extensive magmatism



Two stages of magmatism: burst vs. shallow magmatism
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(Hansen & Lopez., 2018)

Small-scale magmatism 

→ resurfacing?

surface deformation → tessera?



tectonic plates reproduced by a stress-history dependent viscosity
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Venus + plate tectonics = a two-stage evolution model of the Earth
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Two stages of plate tectonics and magmatism



A thermo-chemical pile in the deep mantle ⬌ LLSVP

Temperature & magma composition

Recycled basaltic crustSlab graveyard

(French & Romanowicz, 2014)
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Summary

The mantle has evolved in two stages in Venus & the Earth:

the earlier stage: repeated mantle bursts

tessera terrain (Venus)

chaotic plate tectonics (the Earth)

the later stage: steady mantle convection

resurfacing by a mild but widespread magmatism (Venus)

stable plate tectonics

& thermo-chemical piles on the CMB (the Earth) 
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(Stixrude & Lithgow-Bertelloni, 2011)



（Utsunomiya et al., 2007)
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Venus model + plate tectonics = the Earth’s two-stage evolution model


