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Earthquake mechanics relies on the ability to simulate frictional failure of faults. One of the dominant char-
acteristics of seismic events is unstable frictional failure, that is, the occurrence of fast runaway slip.

In their seminar work, Dieterich [1] and Ruina [2] proposed a mathematical description of friction, the rate and
state friction law, which is capable of reproducing stick-slip behavior observed experimentally. The resulting
frictional behavior has been analyzed in detail using a fully dynamic description for zero-dimensional (block-
spring) models [e.g., 3]. One of the key features of the system is stick-slip displacement, whereby the block is
stagnant for the majority of time, with sudden bursts of high velocity and acceleration. This behavior suggests
combining a quasi-static (non-inertial) description during the stick phase, and a dynamic description during
the slip phase.

In order to properly assess the seismic hazard associated with the earthquake, a dynamic simulation is needed
to capture the unstable slip response. However, performing full-scale coupled flow-geomechanics dynamic
simulations is a formidable task due to the requirement of using very small timesteps (~ 1ms) within multiple
earthquake cycles (~ tens of years). In fact, such an approach would be so computationally intensive that is
well out of reach and will continue to be in the foreseeable future.

In this work, we address this challenge by extending a simulation approach of coupled flow-geomechanics
of faulted reservoirs by automatically switching from a quasi-static description of mechanics while the faults
are locked to a dynamic description when slip occurs. We investigate the proper definition of this switching
criterion with zero-dimensional models, and test them on two-dimensional poroelastic models with a strike-
slip fault, for which a fully dynamic simulation is feasible. Finally, we evaluate the applicability of a quasi-
dynamic formulation (which relies on a viscous approximation of the inertial term [5] during the slip phase)
for fully coupled models in realistic three-dimensional geologic structures.
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