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Governing Equations: Model Conditions:
® Boussinesg-Approximation
0 = V-u e 3D-Box, Cartesian grid
0 = —Vpg+Va+ Rale, e Primitive Variables
oT
— +uVT = VT
5 +u
Boundary Conditions: Fluid Conditions:
* Stress-free and impermeable e Incompressible
boundaries e Highly viscous (Pr=c)
* Thermally Insulating sidewalls e Viscoplastic Rheology

e Basal Heating
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e Temperature-Dependency
n(T') = exp (— In(Anp)T)

_

Thermal viscosity contrast

Decreasing viscosity with increasing temperature.

¢ Stress-Dependency

P Yield Stress
n(E) =n" + 75
\

Effective Viscosity at high stresses (105) Second Invariant of the Strain-Rate Tensor

Decreased viscosity at high stresses (plastic failure).
e Combinated in Harmonic Mean
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S Calculation of the Dynamic Topography
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A vanishing Normal Stress ...
!
Ozo_zz =P T Tzz
... with separated pressure components ...

P = pd + pgh

... leads to a nondimensional formulation.

h= 28T (py— 2 5

Formulation in Primitive Variables is useful!
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Episodic Behaviour
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Dynamic Topography of the Surface
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Temperature Isosurfaces: T=0.9
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Plumes beneath depressions

Surface Topography
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Initial Conditions
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e We applied a self-consistent 3D model of mantle convection with
temperature- and stress-dependent viscosity.

e At moderate yield stresses the flow shows episodic global subduction events.
e Each period can be divided into three phases:

e |n the Stagnant-Lid-Phase the topography can be clearly correlated with
the plumes.

e |[n the Subduction Phase the topography consists of a grabenlike
subduction zone and a spreading flat area of new material.

e |n the Resurfacing Phase a global correlation between plumes and
topography cannot be found.

>t is possible that a plume is rising beneath a topographic depression.

»We found hints, that topographic depressions at the surface can be formed by
an uprising plume actively.

André Fahl Geodynamics Workshop 2008 in Neustadt #16



t:::::f:u:;fdfwms;:m I—ite ratu re

MUnSTER

McKenzie (1976): Surface deformation, gravity anomalies, Geophys. ). R. astr.
Soc., 48, pp. 211-238

Trompert and Hansen (1996): 7The Application of a Finite Volume Multigrid
Method to Three-Dimensional Flow Problems in a highly viscous Fluid with a
variable Viscosity, Geophys. Astrophys. Fluid Dynamics, 83, pp. 261-291

Stein et al. (2004): 7The effect of rheological parameters on plate behaviour in a
self-consistent model of mantle convection, Phys. Earth Planet. Int. , 142, pp.
225 — 255

Méller (2007): Plumes, Thermals und Coronae — Numerische Untersuchung
maoglicher Erkldrungen fir die Oberflachenstrukturen auf der Venus, Diploma
Thesis, Institute of Geophysics, Miinster, Germany

This work is supported by the “Deutsche Forschungsgemeinschaft” (DFG) under
the grant No. Ha 1765/16-1.

André Fahl Geodynamics Workshop 2008 in Neustadt #17



