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Plume-induced initiation of subduction: 

insights from global visco-elasto-plastic models with a free surface

Motivation and perspectives:
The onset of plate tectonics on Earth is not well understood. For how long has the Earth's surface been

covered by mutually colliding and subducting plates is unknown - the geochemical and geological data
provide only limited constraint, with most estimates ranging from cca. 600 My to about 3.5 Gy (e.g. Dhuime
et al., 2015). Various mechanisms have been proposed to weaken the existing plate boundaries and thus to
allow for subductions to proceed, but only a few of these can act to form a new lithospheric-scale shear zone
inside an unbroken plate. One such plausible candidate that may have triggered plate tectonics on Earth is
plume-induced subduction (e.g. Gerya et al., 2015). The mechanism is recently gaining attention also because
some observations indicate that it is occurring on Venus at present time (e.g. Davaille et al., 2017).

When the strength of lithospheric rocks is derived from laboratory measurements, one needs relatively
strong plumes in order to break a stagnant lid. The relative buoyancy of mantle plumes depends on the
amount of internal heating. We plan to investigate the role of internal heating in the plume-induced
subduction scenario, because estimates of the amount of radioactive heat in primordial mantle range broadly.

This work (in progress):
We perform models of mantle convection in which strong plumes self-consistently develop and analyze the interaction between plume heads and the

lithosphere. The models incorporate realistic parameter values descriptive of the planet Earth and thus include compressibility, phase transitions, shear
heating, diffusion creep with pressure and temperature dependent viscosity, and are heated both internally and from the bottom. We employ visco-elasto-
plastic (VEP) rheology and a free surface, and test the influence of 1) elasticity, 2) yield stress, and 3) free surface on the dynamic features of the observed
subductions.

Numerical model
Truncated anelastic Boussinesq approximation

Model parameters
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Typical stresses resulting from
small-scale convection (in MPa)
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Plume head reached the bottom                  of the lithosphere
- compare with the initial set-up                of Lu et al., 2015 


