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The effects of long-term slip rates to crustal deformation
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The Taiwan orogenic belt is located in the

Geodynamic framework of the
Talwan region

Lin (2009)

Schematic plot of the tectonic model in the Taiwan area. The eastward
subduction of the Eurasian plate in southern Taiwan might be extended to

middle of the western margin of the hilippine Sea plate, with the Ryukyu central Taiwan, but the subducting slab changes from a typical oceanic
and Luzon subduction systems to the northeast and south, respectively. plate south of 23°N to the continental margin to the north.




Velocity field of the Taiwan region
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Results of the Taiwan GPS Network surveyed four to six

The 7~9 cm/yr convergence rate across the plate

boundarx Is taken from the GPS data.

times from 1990 to 1995 (Yu et al.,1997).



Elastic dislocation model

Earth is approximated as an elastic half-space, and the surface velocity field is attributed to steady creep on
buried dislocations. The horizontal data are best explained with a shallow dipping (2°-11°) de collement

underlying the entire Taiwan island.
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Elastic dislocation model
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Location of detachment

Philippine plate
detachment
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Carena et al. (2002)
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Sheu and Shieh (2004)%
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2D distinct element model of Taiwan
4 (Hu et al., 2001)

| — discontinuity
| © contact points X . distinct element model. Discretization of the medium into
|

Figure 4. Rheology and boundary conditions for the 2-D

triangular zones as dotted lines. Contact points along the
discontinuity shown as open dots. Young's modulus is 60 GPa
for the rigid subdomain (shaded) and 10 GPa for the weak zone
. (open). Poisson’s ratio is 0.25 for both subdomains. Solid

Ks triangles indicate tips of fixed boundaries (northwest corner). No
Kn symbol indicates free boundaries (northeast and southwest
corners). Solid arrows indicate directions of displacement at
castern and southeastern boundaries (based on GPS, see Figure 3).
Three discontinuities are involved: the frontal thrust of the
western Taiwan, with its southward transition into the front of the
submarine accretionary wedge offshore southwestern Taiwan; the
thrust between the Hsuehshan-Central Range and the Western
Foothills; and the Longitudinal Valley Fault (see Figure 2). For
material properties, see Table 1.
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Table 1. Location of Axis and Angular Rotation Rates of
Euler Poles Used to Describe the Relative Motions of the
Philippine Sea Plate (Ph), Central Range Block (CeR), and
Coastal Range Block (CoR)

Ph/ITRF CeR/Ph  CeR/CoR  CoR/Ph

Latitude 47.1 3215 —23.34 —19.42
Longitude 1504 133.30 —54.93 —58.11
Q(° /Myr) —-09251 -2.1351 7.0154 —4.94
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Interseismic deformation Steady state Backslip

Figure 5. [Illustration of lithospheric block model. Interseismic deformation is the sum of deformations
for steady state and perturbation by back slip.

Lithospheric block model
(Huang et al., 2010)
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FEM (ABAQUS) Model

Meshed domain of the numerical model.

Edge of the model is infinite element.

Surface of model is structured according to
DEM of Taiwan.




Dislocation of a node-pair. (a) The schematic
FEM mesh includes a node-pair consisting of initially
collocated nodes m and » on fault patch ABCD. (b) The
static dislocation 1s implemented by imposing the kinematic
constraints shown at the bottom, where the dislocation
vector, Au,., is parallel x’.




Vp maps at nine different depths. Blue and
red show high and low velocity.

Wu et al.(2007)

Vp/Vs maps at nine different depths.
Wu et al.(2007)

Depth 2 km, P-wave Velocity = 4.64 km/sec. Depth 6 km, P-wave VeloGity = 5.22 km/sec Depth 9 km, P-wave Velocity = 564 km/sac. Depth 2 km, Vp/Vs = 1.76 Depth 6 km, Vp/Vs = 1.71 Depth 9 km, Vp/V's = 1.71
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Convert
velocity structure to
Young’s modulus (E) distribute

¢ p(BA+2u) A
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Young’'s modulus (E) maps at
different depths used in following
3D-FEM model.

Depth: 50 km
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FEM Model
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Model test
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Inversion
Gm=4d

G is the matrix of synthetic Green'’s functions for displacement.
m is a vector of dislocations for node-pairs simulating fault slip.
d is the data vector of observed three-component GPS displacements.

Each coefficient G; is a displacement component at location
j due to a unit dislocation of node-pair i. (estimated by FEM model)

_ G d
min m —
AL O || (parker, 1977)

L is a Laplacian smoothing matrix that penalizes steep gradients in slip between neighboring
dislocations.

s a regularization weighting parameter.
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