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One of the most commonly held assumptions in earthquake hazard assessment is that
the off-fault deformation associated with the earthquake cycle is purely elastic. In sub-
duction settings, this suggests that all off-fault strain associated with the slow inter-
seismic loading period is released during large megathrust earthquakes, amounting to
effectively zero deformation and surface displacement over numerous cycles. However,
recent evidence (Oryan et al., 2024) suggests that interseismic stresses can induce
increments of irreversible brittle failure across the overriding plate, creating a spatially
variable field of permanent deformation and long-term surface displacement. This indi-
cates that a significant portion of interseismic elastic energy dissipates through yielding
and is not available to drive earthquakes.

The impact of this behavior on the coseismic period and earthquake rupture pro-
cesses remains elusive. To investigate the potential imbalance in co-, post-, and in-
terseismic strain of earthquake cycles, we use Tandem (Uphoff et al., 2022), an open-
source discontinuous Galerkin volumetric solver for quasi-dynamic sequences of earth-
quakes and aseismic slip (SEAS). We simulate SEAS along a 10-degree dipping pla-
nar thrust fault with gradually varying off-fault material properties. We incorporate a
region with reduced off-fault Lamé parameters to represent a weakened area above
the transition in fault-coupling where interseismic stresses and permanent deformation
are expected to be most pronounced. Our preliminary findings may hint at a trend to-
wards fewer but larger earthquakes with significant weakening of the wedge, highlighting
the importance of off-fault permanent deformation for the long-term behavior of earth-
quakes.

Note: Figure is on the next page.
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