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Slow earthquakes and regular earthquakes differ in two statistical properties: the size—frequency distribution
and moment—duration scaling relation. However, the underlying mechanisms remain poorly understood. To
investigate the conditions governing these statistical differences, we conducted rotary shear experiments on
granular layers and discrete element method simulations.

Experiments using hydrogel particles or glass beads under various packing fractions, strain rates, and fluid
conditions revealed that the size(torque drop)-frequency distribution depends primarily on strain rate and particle
elasticity: higher strain rates and softer particles yield exponential distributions, while lower strain rates and
harder particles yield power—law distributions. The moment—duration scaling depends on fluid presence and
confining pressure, transitioning from a linear relation under fluid conditions to a cubic relation under dry three—
dimensional confinement. Notably, the linear moment—duration relation was maintained while the size—frequency
distribution transitioned between power—law and exponential, consistent with seismological observations.

Simulations confirmed force chain structures within the granular layer. Increasing confining pressure or fluid
viscosity promoted system—spanning force chain networks, while decreasing these parameters led to stress
homogenization and force chain localization. These results suggest that force chain buckling dynamics govern the
statistical transition between slow and regular earthquakes.




