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The spatial and magnitude distribution of seismic events can provide much insight into fault mechanics and stress
from the plate boundary scale down to tiny asperities. Here, we analyze the possibly smallest, recordable seis-
mic events, generated during stick-slip sliding on rough surface, a laboratory analog to earthquakes. We examine
the influence of fault roughness on Gutenberg-Richter b-values, focal mechanisms and spatial localization of AE
events, taking advantage of state-of-the art acoustic emission system, X-ray tomography and white-light inter-
ferometry surface imaging. Our experiments are conducted on rough and smooth faults in cylindrical Westerly
granite specimens, which are loaded axially at 120 to 150 MPa confining pressure. We create a range of different
roughness by grinding saw-cut surfaces and by creating fresh-fractures in previously intact samples. Since both
roughness and stress changes are expected to influence Gutenberg-Richter b-values, we strive to isolate roughness
contributions by analyzing only AE events close to peak stress. We find that fault-roughness strongly influences
the spatial distribution of AE events so that roughened and fractured surfaces exhibit spatially more distributed
seismicity. Rougher faults also lead to more heterogeneous near-fault stresses, inferred from focal mechanisms of
AE events, while focal mechanisms of smooth surfaces are largely aligned with the applied macroscopic stress
field. Our results suggest that an increase in fault-roughness modulates AE event characteristics in three ways,
namely rougher faults are associated with: 1) more distributed seismicity within the fault damage zone, 2) higher
b-values and 3) a high degree of variability in focal mechanisms, likely due to heterogeneous, underlying stress
fields at the micro-scale. Thus, seismic events are expected to preferably grow to larger sizes if they nucleate on
smooth faults and within a more homogeneous stress field.


