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Large Low-Shear-Velocity Provinces (LLSVPs), stabilized at
the base of the lower mantle for at least 540 Myr [1,2], play a
critical role in lower mantle dynamics. However, the origin of
their long-term stability remains unclear, as the thermal
buoyancy [3] of LLSVPs should reduce their viscosity and thus
accelerate convective destruction. Here we quantitatively
determined the effect of water on the grain growth kinetics of
bridgmanite, the dominant mineral in the lower mantle, through
high pressure and high temperature multi-anvil experiments. Our
results show that even very tiny amount of water significantly
enhances the grain growth rate. This water-induced coarsening of
bridgmanite enables LLSVPs to develop larger grain sizes and
consequently higher viscosity than the surrounding mantle
despite of their relatively high temperatures, which accounts for
the long-term stability of LLSVPs.
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