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Megathrust locking modeling in the southern Kurile subduction zone
considering viscoelastic relaxation and non-uniform compliance of upper plate
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We present a new megathrust locking model in the southern Kurile subduction zone where many tsunamigenic

megathrust earthquakes have occurred. Previous locking models include physically unreasonable features such as

slip deficit rates exceeding the plate convergence rate of 8 cm/yr and/or deep locking at depth where stick-slip

behavior of faults is not expected. We address these problematic features by incorporating interseismic viscoelastic

relaxation and non-uniform compliance of upper plate into locking models using Finite Element Method. Land
GNSS velocities before the 2003 M,, 8.0 Tokachi-oki earthquake are inverted to the megathrust locking. The
obtained full locking depth before the 2003 event is shallower than a rupture dimension of it, which suggests that

shrinking of locked area of the megathrust and/or invasion of seismic rupture into low locking degree area. However,

another model in which full locking covers the 2003 rupture dimension can fit the horizontal GNSS reasonably, so

the shallowing of full locking depth needs careful interpretation.
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Figure: The preferred megathrust locking model using
the viscoelastic Green’s functions with non-uniform
compliance of upper plate and the GNSS velocities
corrected for the effects of the 1952 M 8.1, 1968 My,
8.3 and 1973 M, 7.8 earthquakes. Fitting of
horizontal GNSS velocities and model prediction are
shown with green and blue vectors, respectively.
Contours and rectangles show slip models of past M8

— 9 earthquakes.



