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Geometrical roughness stabilizes injection-induced fault
slip: Laboratory experiments and numerical modeling
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Geometrical roughness ubiquitously prevails in natural faults over a wide range of length
scales. We investigate the effects of stress heterogeneity arising from geometrical
irregularities on fluid-induced fault slip and on characteristics of associated seismicity using
laboratory injection experiments performed on permeable sandstone samples containing a
fault with notably varying surface roughness in conjunction with numerical modelling. We
demonstrate that geometrical roughness can stabilize injection-induced fault slip by
reducing slip velocity and fault slip-weakening rates, but complicates spatial distributions
and focal mechanisms of injection-induced micro-seismicity. In contrast to the planar fault
where injection-induced micro-seismicity is spatially distributed, the non-planar fault
architectures result in more localized micro-seismicity events that occur around high-stress
asperities where induced local slip rates are high. Non-double-couple micro-earthquakes
associated with fluid injection are promoted by roughness. Our laboratory-scale findings
imply that real-time monitoring of induced seismicity during fluid operations may allow us

to characterize fault structure complexity.
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