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Ductile shear zones act as the continuation of faults into To facilitate comparison between simulation results and different types of observations, we
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the lower crust and upper mantle. Two viscous . is >100x the background strain rate (>10"°s™) Brittle-Ductile Transition (BDT): gone
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This model makes it possible to self-consistently (both fault Slip and integrated viscous strain) background tectonic loading 1016 105 104 1013 10712 10° 10! 102 10°
simulate: strain rate, grain size, dominant deformation strain rate (1/s) grain size (um)

mechanism, and stress, in the vicinity of a strike-slip
fault and 1ts deep extension in the lower crust.

Model Effect of Layered Model

To investigate interactions between a shallow seismogenic zone, deeper aseismic fault creep, and off-fault vis- Only Feldsp ar F eldsp ar over Olivine While grain size reduction and grain size
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(2014) and Allison and Dunham (2017). 3 Strain Rate Grain Size Strain Rate Grain Size effect, the etfect may not be powerful enough
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We model system behavior using a steady-state approximation, in which the fault slips steadily (no s é é this case, grain size reduction would be a
earthquakes), and the slip velocity and viscous strain rates are determined as part of the steady-state solution. % % % consequence of localization, but not its
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We consider two crystal-plastic creep deformation mechanisms: grain size insensitive dislocation creep and
grain size sensitive diffusion creep. These two mechanisms act in parallel t t
Effect of Background Geotherm
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We consider the effect of varying background zone both occur at a roughly constant
We model grain size evolution following the piezometer proposed by Twiss (1977), in which grain size 1s a geotherm on the range of the BDT, the kine- Temperature Range Depth Range temperature
nonlinear function of stress. Rheological parameters in the lower crust are for wet feldspar (Dresen et al. 1996; matic shear zone, and the structural shear
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