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Mantle Convection and Plate Tectonics

At the elevated pressures and temperatures of
Earth’s deep interior, mantle rock responds to
stress by slow, creeping solid-state flow. The
resulting convection in the Earth’s mantle is the
driving mechanism of plate tectonics,
volcanism, earthquakes, mountain building,
and other geologic activity.

The Geophysical Motivation 

Subduction occurs when a cold tectonic plate 
plunges into the hot interior of the mantle.

Subduction

A Subduction Dynamics Computation

Numerical Challenges 

Nonlinear system

Strong Discontinuities: composition field, viscosity and density 

Overshoot / undershoot: bound preserving, numerical
instability

Multi-scale problem

5Overview of this 
Study

Goal: 
Develop a stable, accurate, and efficient mixed CG-DG finite element method for 
composition advection equation problems of mantle dynamics

Approach: 
Apply Local Discontinuous Galerkin (LDG) Method to composition advection equation 
with a bound preserving limiter (Zhang & Shu 2010, 2013).

Apply CG Finite Element Method (FEM) to Stokes equation for the velocity field.

Use Adaptive Mesh Refinement technique.

Codes implementation in deal.ii.

Test case: 
Use falling box benchmark and compare to the FEM with Entropy Viscosity 
Stabilization (EVS) (J-L Guermond 2011). Tests run in ASPECT and deal.ii.
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