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[1] The NW moving Philippine Sea plate (PSP) collides with the Eurasian plate (EUP) in
the vicinity of Taiwan, and at the same time, it subducts toward the north along SW
Ryukyu. The Ryukyu subduction zone terminates against eastern Taiwan. While the
Ryukyu Trench is a linear bathymetric low about 100 km east of Taiwan, closer to Taiwan,
it cannot be clearly identified bathymetrically owing to the deformation related to the
collision, making the location of the intersection of the Ryukyu with Taiwan difficult to
decipher. We propose a model for this complex of boundaries on the basis of seismicity
and 3-D velocity structures. In this model the intersection is placed at the latitude of
about 23.7°N, placing the northern part of the Coastal Range on EUP. As PSP gets deeper
along the subduction zone it collides with EUP on the Taiwan side only where they are in

direct contact. Thus, the Eurasian plate on the Taiwan side is being pushed and
compressed by the NW moving Philippine Sea plate, at increasing depth toward the
north. Offshore of northeastern Taiwan the wedge-shaped EUP on top of the Ryukyu
subducting plate is connected to the EUP on the Ryukyu side and coupled to the NW
moving PSP by friction at the plate interface. The two sides of the EUP above the western
end of the subduction zone are not subjected to the same forces, and a difference in
motions can be expected. The deformation of Taiwan as revealed by continuous GPS
measurements, geodetic movement along the east coast of Taiwan, and the formation of
the Hoping Basin can be understood in terms of the proposed model.
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1. Introduction

[2] That the Ryukyu subduction zone runs westward into
and terminates against the Taiwan mountain belt is com-
monly agreed, but the geometry of the Philippine Sea plate
(PSP) and the Eurasian plate (EUP) at this junction has been
given various forms in the literature [Angelier, 1986;
Angelier et al., 1990; Lu et al., 1995; Deffontaines et al.,
1997; Lallemand et al., 1997; Font et al., 2001; Kao and
Rau, 1999; Kao and Jian, 2001; Chen and Chen, 2004; Wu
et al., 1997]. On the basis of different data sets and
conceptual tectonic frameworks these investigators may
choose among four plate configurations that differ mainly

"Department of Geological Sciences, State University of New York at
Binghamton, Binghamton, New York, USA.

’Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan.

Sus. Geological Survey, Denver, Colorado, USA.

“Instituto de Ciencias de la Tierra “Jaume Almera,” CSIC, Barcelona,
Spain.

Copyright 2009 by the American Geophysical Union.
0148-0227/09/20081B005950$09.00

in their geometry near Taiwan (Figure 1). In most cases the
boundaries were shown without much discussion. However,
more accurate representation of the boundaries will be
necessary for understanding the tectonics of northern
Taiwan.

[3] All of the models of the boundaries are essentially the
same from the western terminus of the bathymetrically well-
defined Ryukyu Trench to about 50 km offshore of eastern
Taiwan (121.95°E and 23.54°N, Figure 1). At this point the
submarine Hualian Canyon, which begins in the Hoping
Basin and follows a southeastward course, reaches the foot
of the Ryukyu accretionary wedge. Three of the four models
place at least a part of the plate boundary along the Hualian
Canyon. In all these models the collision boundary of PSP
with EUP on the Taiwan side is the Longitudinal Valley
with or without an extension along the northeast coast of
Taiwan, to connect to the Ryukyu “Trench,” i.e., the
Hualian Canyon. In the following, we shall distinguish the
models by their eastern boundary.

[4] Model I (Figure 1b) extends along the canyon and the
western side of the Hoping Basin toward Suao [e.g., Lu et
al., 1995; Angelier et al., 1990]. Model II (Figure 1b) also
follows the canyon, but ends at about 24.2°N on the east
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(a) Plate configuration in the vicinity of Taiwan. The arrows indicate the predicted (red, from

NUVEL-1) and GPS-measured (blue, from Yu et al. [1997]) plate velocity vectors, relative to Penghu
Islands (PI) with scale shown at top. (b) The four forms of junction referred to in the paper for the boxed
area in Figure la. These are found in papers by different authors (see text). Between the two red
arrowheads is the Hualian Canyon. The location of this area is shown by the white rectangle in Figure 1a.
In this and Figures 2a, 3a, 6a, 6b, 8a, and 11, the frequently used place and geological province names are
abbreviated. The place names are HB, Hoping Basin; IP, Ilan Plain; NB, Nanao basin; ENB, East Nanao
basin; TV, Tatun volcano; and LV, Longitudinal Valley. The geological province names are CP, Coastal
Plain; HR, Hsueshan Range; WF, Western Foothills; BR, Backbone Range; ECR, Eastern Central Range;
CR, Coastal Range. Red line indicates Chelunpu Fault (of the 1999 Chi-Chi earthquake.) The less frequently
used names can be found in the captions of the figures in which they appear.

coast of Taiwan [e.g., Deffontaines et al., 1997; Font et al.,
2001]. Kao et al. [1998a] chose nearly the same boundary
on the basis of the hypocentral distribution of local earth-
quakes and teleseismically relocated events offshore of
eastern Taiwan. Model II is by far the most commonly
used. In model III [e.g., Lacombe et al., 2001], the boundary
extends into Hualian (Figure 1b), at the northern end of the
Longitudinal Valley; it is incorporated in one of the most
commonly used 3-D representation of the plate tectonics of
Taiwan [Angelier, 1986]. In all three of the models a piece
of the Philippine Sea plate, explicitly identified as a part of
the Luzon Arc by Font et al. [2001], is located offshore of
northeastern Taiwan between the western and the eastern

branches of the collision/subduction boundary. Thus, the
Philippine Sea and the Eurasian plates (the Asian continen-
tal shelf locally) are in convergence there in this model
[Lallemand et al., 1997]. The eastern boundaries of these
models are either a strike-slip fault [Font et al., 2001] or not
clearly specified. Model IV essentially extends the boundary
along the discernible Trench westward, following the foot
of the accretionary wedge, to meet the island; it is based on
local catalog seismicity [e.g., Wu et al., 1997]. The Ryukyu
subduction boundary in this case intersects with Taiwan
south of Hualian.

[5] To understand the effects of the collision of PSP with
EUP, it is important to know the contact between the two
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plates, and the exact geometry of the PSP subduction zone
as it terminates against Taiwan becomes important. Except
in model I above, in which the collision of the two plates
occurs along the whole length of the Taiwan orogen from
Suao southward, the other models involve the subduction of
PSP northward north of the junction as it continues to move
in the direction of N50°W to collide with EUP [Seno, 1977,
Yu et al.,, 1997]. The subduction of PSP means that the
collision shall take place at increasingly greater depth to the
north. Such a system is inherently three-dimensional, and it
is the purpose of this paper to investigate the plate structures
in the vicinity of the junction and to propose a 3-D model
specifying the location of the junction. Although the plate
boundaries at the surface are not clearly definable near
Taiwan without a bathymetric trench, we can decipher the
plate geometry using the two basic properties of an active
subduction system: the seismicity associated with the sub-
duction zone and its seismic velocity signatures. To resolve
the seismic zones under northern Taiwan and its immediate
vicinity more accurately, we use the well-tested method of
double-difference hypocentral determination [Waldhauser
and Ellsworth, 2000] and conduct a relatively high-
resolution tomography under northern Taiwan to map 3-D
velocity structures under northern Taiwan. Only events
within the network or near the edge of the covered area
are used in order to obtain good quality hypocentral
solutions and velocity images. We use the results to con-
struct a consistent plate model and then extrapolate to the
surface to define the boundaries. Furthermore, to get a sense
of the overall PSP subduction zone between the end of the
well-defined Ryukyu Trench and eastern Taiwan, we com-
bine data from the Ryukyu Islands and northern Taiwan to
locate events in this area, again using the double-difference
method [see also Font et al., 2004; Chou et al., 2006].

[6] The junction model so defined can be tested against
other observations that are dependent on the plate geometry
and kinematics. For example, at the intersection where the
transition from collision to subduction occurs we can expect
the stress regime to change along strike; while the change
may not be abrupt it would be systematic. These changes
could be detected either by changes in focal mechanisms of
earthquakes or by deformation patterns as revealed by land-
based GPS measurements. Also, if any part of the island
overlies the junction, the interseismic deformation as mea-
sured by a leveling survey or GPS may undergo a change in
behavior going from one side to the other and if the
geometry of the termination has existed for an extended
time, say more than 1 Ma, the topography may reflect this
transition. The geometry of this boundary is certainly
critical in the understanding of how the collision operates
in Taiwan to create the mountains. Any attempt to geo-
dynamically model the orogen must specify this boundary
correctly.

[7] Tt should be noted that the model we shall propose is
based on the present configuration of the Philippine Sea
plate in northern Taiwan. This configuration may have
existed for some time but in this paper we are not concerned
generally about the time factor. There are many other
models of Taiwan tectonics, such as those proposed by
Chemenda et al. [2001], Lallemand et al. [2001], and Sibuet
et al. [2002] that deal with evolutionary aspects of collision
of Taiwan in the past millions to 15 Ma. It suffices to say
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that if the proposed model is correct, then the last stage of
this model should be the same as the proposed model.

2. Seismicity and Tomography of Philippine Sea
Plate Subduction Near Taiwan

2.1. Seismicity of NE Taiwan

[8] The double-difference earthquake relocation method
[Waldhauser and Ellsworth, 2000] utilizes the differences of
observed and calculated travel times for pairs of nearby
events recorded at the same stations. It is the relative
locations of clusters with respect to the average of all
clustered events that are being solved. The advantage of
the method is that the effects of three-dimensional velocity
structures and possible clock bias (the time-invariant part) at
different stations on event location are minimized. It allows
the derivation of high-resolution seismicity in many areas
[Waldhauser and Ellsworth, 2000]. While the relative
arrival times at stations determined by cross-correlating
the seismograms may bring the best results, even using
catalog P and S times are found to sharpen seismicity
[Waldhauser and Ellsworth, 2000], as confirmed by our
previous work using the catalogs from Central Weather
Bureau (CWB) of Taiwan [Wu et al., 2004]. In this paper
we apply the double-difference method to two data sets in
order to determine the subduction structures under Taiwan
and its eastern continuation. The first one is the 1994—-2002
CWB P and S phase data and the other one is the phase data
from the combined 1997-2003 Japan Meteorological
Agency (JMA-NIED) and CWB data for events in the area
between the east coast of Taiwan and the westernmost
Ryukyu Islands, Japan (Figure 1). We have performed a
massive reweighing of the arrival data based on the signal-
to-noise ratio because, for operational reasons, the relatively
small first arrivals from events in the northern inclined
seismic zones were often down-weighed to achieve smaller
RMS for hypocentral locations.

[¢] In the map view (Figure 2a) increasingly deeper
seismicity (color coded in Figure 2a) from south to north
can be seen to lie under the north and northeastern part of
the Taiwan Island. Although this fact has long been known
[e.g., Wu et al., 1997] the Wadati-Benioff zone (WBZ) is
more sharply defined after the double-difference relocation.
Although WBZ can be inferred from a seismicity map
(Figure 2a) it is clearly displayed in the NNE oriented cross
sections (Figure 2b). Close to the east coast of Taiwan,
profiles 7—10 in Figure 2b show inclined zones distinctly
below about 40 km. Above that depth complex structures in
seismicity, most probably related to the brittle deformation
of PSP, are found, rendering it impossible to determine
where the seismic zone begins to bend, a feature one would
associate with the initial downward flexure of a subducting
plate. However, especially in profiles 8 and 9, along the
Longitudinal Valley and the Coastal Range (see Figure 2a
for the locations of the profiles), such points can be
identified at the bottom of the zone (see arrows in the left
part of the profiles). Using the scale on the profiles and
referring to Figure 2a, we can estimate the intersection of
the locus of the bending point with the Longitudinal Valley
to be about 23.7°N (see Figure 2a and 2b, profiles 8, 9, and
10). The exact point of intersection at the surface is not
physically meaningful but with the changes in boundary
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