Free surface models of partially molten rock with visco-elasto—plastic rheology:
numerical solutions using a staggered-grid finite-difference discretisation
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Project RIFT-O-MAT: to quantify the role of melt in rifting
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A well accepted hypothesis is that melt intrusion reduces lithospheric strength and promote rifting,
but we need to test it in a consistent model and understand it quantitatively.



Conceptual model and key physics

=~ Upwarping

lithosphere

e Consistent modelling of magma/rock interaction
(McKenzie 1984)

e Ductile deformation and brittle fracture of rocks
(Keller et al. 2013)

time

e Topographic change on the surface: a key pathway
for validation




Numerical framework: FD-PDE

Magma dynamics using FD-PDE:

a new, PETSc-based, finite-difference staggered-grid framework for
solving partial differential equations

PDE Solver for two-phase flow with magma dynamics
(Pusok et al. 2020)
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Benchmark of the phase field method

Example 1: Representation of a Example 2: Deformation of a circular drop by a single vortex
sharp interface using a diffuse
phase field. . . R . o i
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Example 1: a rising plume

Subgrid-scale displacement of the interface:

,( | ; | ; From the value of phase field, we can estimate the location of interface
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Example 2: extension of a two-phase lithosphere
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1. All values here are non-dimensional ones.

2. Porosity (1%) is assumed as a constant in space and time for this example. The shear stresses, volumetric strain rates and the

compaction pressure of the solid phase.
.



Conclusions

The FD-PDE, PETSc based finite difference staggered-grid framework, now can:
1. Capturing the free surface, or interface between two fluids, in the sub-grid scale by using the phase field method;

2. Simulating the plastic failure with a visco-elasto-plastic rheology for a two-phase flow with magma dynamics.
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