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Frictional systems are omnipresent, and it is thought that earthquakes essentially correspond to
slip at frictional fault systems [1, 2]. One of the challenges of our time is unraveling the statistics
of earthquakes, which are distributed according to a power law only when averaged on several
faults systems [3].

We pose the following question: Can a system of frictional interfaces display rich (earth-
quake-like) statistics? And if they can, is that a result of interfaces modifying each others’ con-
stitutive properties? We treat this question through a combination of experiments and numerics
[4]. The experimental system consists of a stack of PMMA plates driven in constant shear using
a lever attached to the plates by springs (Fig. 1a). The numerical model is geometrically com-
parable, with the hallmark feature of presenting mesoscopic disorder and inertia, such that no
constitutive friction law is prescribed but does display the common rate-and-state law [5]. We
observe, both experimentally and numerically, that the macroscopic distribution of slip events
is distributed and seemingly dependent on the number of plates (Fig. 1d). We argue, supported
by our dynamics, that in our set-up, these rich statistics result from compliant driving as a peri-
odic stick-slip cycle is observed in the case of rigid driving (cf. Figs. 1b and 1¢). However, we
do show that these rich statistics are only observed macroscopically, as their wide distribution
disappears if the interfacial properties are considered (Fig. 1e).
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Figure 1. (a) Experimental set-up where we drive N layered plates, applying the same amount of shear by pulling a lever that
rotates around a fixed point. We accurately capture the average position of each layer and the force acting on the lever (denoted
F). We numerically model the same system by combining mesoscopic disorder and inertia. We show that the system displays
stick-slip with a stress X' vs. slip (lever rotation y) relationship that is (b) periodic of a rigid driving frame, while (c) it is
seemingly disordered for compliant driving. Indeed, the latter results in a broad distribution of stress jumps during slip events.
We show, however, that the rich statistics in (d) is not due to the constitutive frictional properties at the interface” ?

(T
T
'll "

0.4

References

[1] C. H. Scholz, “Earthquakes and friction laws,” Nature, 391(6662): 37-42, 1998.

[2] W. F. Brace and J. D. Byerlee, “Stick-Slip as a Mechanism for Earthquakes,” Science, 153(3739): 990-992, 1966.

[3] B. U. Gutenberg and C. F. Richter, Seismicity of the earth and related phenomena. Princeton (NJ), 1954.

[4] S. Poincloux, T. W. J. de Geus, P. Reiss, “Rich statistics in the simplest possible experiments mimicking some features of earthquakes,”
In preparation, 2022.

[5] T. W. J. de Geus, M. Wyart, “Relating disorder, avalanches, rate-and-state, and fracture at the frictional interface,” In preparation, 2022.



