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We have employed a three dimensional numerical model of mantle convection to study
the conditions under which a Low viscosity zone (LVZ) can form. Rather than pre-
scribing such a LVZ kinematically we have investigated which type of rheology leads
selflconsistently to the formation of a LVZ. The numerical experiments reveal that
neither a strong temperature dependence of the viscosity, nor a combined tempera-
ture and pressure dependence gives rise to a localized zone of low viscosity. Only
if the temperature-dependence is combined with a stress-dependence of the viscos-
ity a LVZ forms under appropriate conditions. Also for this combination a delicate
balance of forces is required for a LVZ to form. A strongly dominating temperature-
dependence leads to a formation of a stagnant lid on top of a strongly convecting
interior, a prevailing stress-dependence mobilizes the surface, resembling almost con-
vection in isovisous fluids. In neither case a LVZ is observed. An almost equal strength
of the temperature - and the stress dependence is a prerequisite for the LVZ to form.
Interestingly these are the same conditions under which plate-like motion has been
observed, arguing for a strong coupling between the existence of a low viscosity zone
and the appearance of selfconsistent plate-like motions.


