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I. Motivation I1I. Synthetics: Comparison of BSM & ESPM predictions
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To understand the physical rationale behind the success of the backslip model for interpreting subduction zone geodetic data

Fault Geometry, h/D = 1. Fault Geometry, h/D = 0.01.
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(Savage, 1983) by studying a kinematically more consistent model for subduction. Specifically, we want to know under what
conditions the backslip model 1s a good approximation for predicting surface deformation on the over-riding plate.
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Surface displacement on the footwall 1s ~ ZERO w.r.t. the Surface displacement on the footwall 1s equal to the expected
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Sieh et al. (1999) & Zhao and Takemoto (2000) suggested models similar to ESPM but did not analyze the effects of plate
| o thickness on deformation 1n the elastic Earth. We show that the ESPM provides a more intuitive rationale for both the BSM
e e Discrete approximation for a curved fault interface: and the BFM. ESPM may provide an “elastic” plate thickness appropriate for interseismic time-scales.

Net Shear Strain = 2Tan(6/2) ASXy = Z(Ayi/ AXi) = ZTan(AG)i) ~ ZAei
Plate thickness by locking depth ratios, H/D, for the best-fitting ESPM for ALL Sumatra cross-sections are < 1. The BSM

does an equally good job of fitting currently available geodetic data in Sumatra.
ESPM CXPericnces deformation in the SU'de'Ctmg_plate due to bendmg at the trench: Our results are consistent with more detailed inversions (e.g., Chlieh et al., 2006):

Au, = 2V, Sin(A8/2) ~ V A8,
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the trench (above, as well as Panels 1 & 2 to the right). In other words, material in the subducting plate undergoes simple shear : =

as shown above as it passes through the “bend”. This strain associated with bending is also shown in the bottom right color As can be seen at the right, models are highly sensitive to assumed fault geometry. Difficult to fit BOTH verticals & horizon-

intensity plot which shows the second invariant of the strain tensor overlaid by the principal stress orientations within the elastic tals at the same time (elastic structure & geometry may both be important).

medium. The larger the dip (linear fault geometry) or curvature (curved geometry) at the trench, the larger this compression. GPS data from Japan is being re-processed by MS to check if plate thickness is better resolved for Tohoku or Nankai.

If the subducting plate 1s to not experience net strain, a process equivalent to slip along the axial plane (red lines, at right) of the
hinge must OCCUT, with a VelOCityo Au: shown above. For a curved faU’lta this 1s distributed over a series of such planes (ShOWIl Savage J.C. 1983. A dislocation model of strain accumulation and release at a subduction zone, J. geophys. Res., 142, 4984-4996.
in red, at right). The slip computed above EXACTLY cancels the hinge shear strain, so that we recover the BSM from the ESPM
for ANY plate thickness. So, IF THE STRAIN ASSOCIATED WITH BENDING IS RELEASED ONLY EPISODICALLY, OR
AT DEPTH (> lOOkm), THEN ESPM & BSM DIFFER SIGNIFIC ANTLY UPTO A FEW LOCKING DEPTHS FROM THE Zhao, S and S. Takemoto, 2000, Deformation and stress change associated with plate Interaction at subduction zones: a kinematic modelling, Geophys. J. Int., 142, 300-318.
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