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Part I
New I3ELVIS development 
based on own textbook…



New compressible visco-elasto-plastic I3ELVIS:
What has been developed (in both C and MatLab)

Define initial computational 
time step Δt

Solve the momentum 
and continuity equations 

Compute nodal stresses 
and stress changes

Compute adiabatic and 
shear heating

Solve the temperature 
equation 

Interpolate marker 
properties to staggered nodes

Adjust visco-plastic 
viscosity

Apply conditions for 
the time step Δt reduction

Apply conditions for 
continuing iteration

Interpolate velocity, pressure 
and stress changes to markers

Interpolate temperature
changes to markers

Advect markers by the 
velocity field, rotate stresses 
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1. Staggered grid with external velocity, pressure, temperature and stress nodes
(temperature is in pressure nodes, not in basic nodes).



2. Fully coupled thermomechanical multigrid solver with global iterations
(non-linear feedbacks from shear and adiabatic heating and thermal expansion)

+ hreg

Dilatant plastic deformation

Regularised Kelvin plasticity model
Duretz et al. (2018)



3. Continuity-based marker advection (ultimate MQS advection scheme).



LINEAR Gerya 2019 MQS

3. Continuity-based marker advection (ultimate MQS advection scheme).
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4. Newton iteration for dislocation creep to compute effective viscosity for markers

Luca Blum, 2018 (BSc Thesis)



5. Accurate 3D elastic stress rotation for markers

Anton Popov (personal communication)



6. Arbitrary shapes for thermal and material rectangles
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7. Free surface stabilization “sticky air”
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Part II
New I3ELVIS model examples:

Rifting-spreading transition

Subduction with grain damage



Rifting-spreading transition
Model size: 480x224x192 km 
Model resolution: 481x225x193 nodes
Run time: 2 months on 24 CPUs















Subduction with grain damage

Model size: 1600x192x750 km 
Model resolution: 1601x193x145 nodes
Run time: 2 months on 64 CPUs
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Planetary - Adding self-gravitation should be straigth forward

STM - Adding inertia and Rate- and State Friction should be straigth forward

HTM - Adding poroelasticity and two-phase flow should be straigth forward

Landscape - Adding coupling to surface processes should be straigth forward

I3ELVIS Outlook

Conclusions
New I3ELVIS is ready for use

Parallelization is still OpenMP and requires fat nodes


