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Interaction between mantle convectiondarrd surface tectonics: Numerical simulation
mode

# Masaki Yoshida[1]
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The previous numerical studies of mantle convection suggested that there is a significant feedback between mantle convectit
and surface tectonics (i.e., continental drift and plate motion). The process of assembly of supercontinents induces a temperatt
increase due to the thermal insulating effect. Such thermal insulation leads to a planetary-scale reorganization of mantle flo
and results in longest-wavelength thermal heterogeneity in the mantle, i.e., spherical harmonic degree-one convection, withi
three-dimensional (3-D) spherical geometry. The formation of degree-one convection seems to be integral to the emergenc
of periodic supercontinent cycles. The rifting and breakup of supercontinental assemblies may be caused by either tension
stress due to the thermal insulating effect, or large-scale partial melting resulting from the flow reorganization and consequer
temperature increase beneath the supercontinent. Supercontinent breakup has also been correlated with the temperature incr
due to upwelling plumes originating from the deeper lower mantle or CMB as a return flow of plate subduction occurring at
supercontinental margins. Active upwelling plumes caused by the significant basal heat flow from core disrupt the periodicity of
supercontinental cycles.

The continental lithosphere exhibits a general behavior that is almost uncorrelated with the behavior of the oceanic lithospher
and/or mantle because its material is less dense than that of the oceanic lithosphere and mantle and is more rigid than that
the mantle. It thus acts as an assemblage of fairly rigid bodies ‘floating’ on top of the mantle, which explains the modeling
of continents as nondeformable, highly viscous blocks or rigid lids in the previous numerical model. Here, | present a new
numerical simulation model of mantle convection with a compositionally and rheologically heterogeneous, deformable, mobile
continental lithosphere by using 3-D regional spherical-shell geometry. A compositionally buoyant and highly viscous continen-
tal assemblage with pre-existing low-viscosity continental margins, analogous to the supercontinent, is modeled and imposed c
well-developed mantle convection whose vigor of convection, internal heating rate, and rheological parameters are appropriat
for the Earth’s mantle. The visco-plastic rheology and the associated subduction of oceanic plates are incorporated. The tinr
integration of the advection of continental materials with zero chemical diffusion is performed by a tracer particle method. The
results revealed that Earth-like continental drift is successfully reproduced, and the characteristic thermal interaction between tt
mantle and continents/supercontinents is observed in my numerical model.

In this talk, | will synthesize the results from the previous numerical studies and discuss many outstanding problems abou
the thermal and mechanical feedbacks between the supercontinent and mantle/core convection, and the temporal evolution of t
Earth’s mantle structure.
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