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INTRODUCTION

Crustal deformation styles change when 
subduction terminates and becomes a collision. 
Some of these structural changes have been suc-
cessfully documented by studying surface geol-
ogy and other data sets (Silver et al., 1983; Teng, 
1990; Abers and McCaffrey, 1994; Wu et al., 
1997; Brown et al., 1998; Draut and Clift, 2001; 
Kao et al., 2001; Malavieille et al., 2002; Dilek et 
al., 2010). In the study of many mature collision 
zones, the map-view tectonic extrusion model 
is a leading hypothesis (e.g., Peltzer and Tap-
ponnier, 1988; Houseman and England, 1993) 
used to explain observed collisional features; 
however, it is still unclear whether and how such 
process can occur coseismically, and whether 
smaller-scale (tens of kilometers) indentors can 
cause map-view extrusion in a style similar to 
that of the continental scale. It is also not clear 

if there are geophysical features that can be cor-
related with these potential earthquake rupture 
zones. These questions are important for seismic 
hazard analysis purposes. Here, recently pub-
lished earthquake waveform modeling results 
are used to interpret seismogenic structural pat-
terns of an arc-continent collision in the Taiwan 
region where the subduction zone terminates as a 
result of the arrival of the thick and buoyant con-
tinental passive margin at the convergence zone.

The incoming passive margin basement is 
composed of horsts and grabens, which were 
formed by many strike-slip and normal faults. 
These steep preexisting, or subvertical weak 
zones appear to have been reactivated in the col-
lision zone, thus complicating the seismogenic 
structures due to the preexisting weak fault sur-
faces. In particular, the basement highs can act 
as indentors that infl uence the style of coseismic 
energy release. Also included will be a discus-
sion about the ways in which global positioning 
system (GPS), gravity, and heat-fl ow data sets 
can be used to help interpret these high seismic 
hazard zones in other collision zones.

REGIONAL TECTONIC SETTING

Taiwan is located along the boundary between 
the Eurasian and Philippine Sea plates. To the 

south, the oceanic lithosphere of the South China 
Sea is subducting eastward beneath the Philip-
pine Sea plate (Bowin et al., 1978) with a high 
rate of 7–9 cm/yr (e.g., Yu et al., 1997). To the 
north, the subduction terminates and changes into 
arc-continent collision where the Chinese passive 
margin enters into the convergence zone (McIn-
tosh et al., 2005). Thus, in map view, Taiwan cap-
tures an along-strike transition from subduction 
of oceanic lithosphere to collision of a passive 
margin with the same convergence zone, with 
the resultant termination of subduction (Fig. 1). 
Currently, the rate of southward propagation of 
the Taiwan collision zone along the convergent 
boundary ranges from 55 to 90 mm/yr (Suppe, 
1984; Byrne and Liu, 2002; Willett et al., 2003).

Along the subduction zone, the mid-ocean 
ridge of the South China Sea plate used to spread 
in a NW-SE direction (Briais et al., 1993). To the 
north in the collision zone, the Chinese passive 
margin has NE-SW–striking normal faults dip-
ping to the SE and NW (Liu et al., 1997; Hsu et 
al., 2004). Some of the normal faults are linked 
by NNW-SSE–striking transfer faults. Some 
of the normal faults are deep rooted (Nissen et 
al., 1995; Wang et al., 2006). Based on grav-
ity modeling, Nissen et al. (1995) documented 
Moho-cutting fault structures along a passive 
margin transect west of Taiwan. Near Taiwan, the 

Coseismic indentor-related deformation during the 
termination of subduction and its associated geophysical 
characteristics: An example from Taiwan

Wu-Cheng Chi*
INSTITUTE OF EARTH SCIENCES, ACADEMIA SINICA, 128 ACADEMIA ROAD, SEC 2, NANKANG, TAIPEI 115, TAIWAN

ABSTRACT

Collision is among the important processes for the growth of continents, and the way in which subduction becomes a collision is still an 
active research topic. Here, I examine the seismogenic structures of southern and central Taiwan where the subduction along the Manila 
Trench has terminated and given way to an arc-continent collision on land. Based on focal mechanisms and seven fi nite-fault slip models, 
coseismic tectonic extrusion is active in this region, in which the basement highs on the incoming passive margin are acting as indentors 
and strongly modifying the seismic moment release patterns in the collision zone. At least three magnitude 7 earthquakes have ruptured 
both north and south of an indentor called the Peikang high in the past hundred years. After examination, the basement highs show little 
global positioning system (GPS)–recorded relative motion with respect to the incoming passive margin; high Bouguer gravity anomalies 
associated with denser materials of the basement; and low heat fl ow due to less dewatering and exhumation. With regard to seismogenic 
structures, faster GPS relative motions, lower Bouguer gravity anomalies, and higher heat fl ow characterize the regions surrounding the 
indentors. Similar processes might be operating in other arc-continent collision zones. For other regions where there are fewer seismic 
instruments to monitor earthquakes, it might be helpful to combine a geological survey with gravity and other geophysical data sets to help 
identify such potential seismogenic structures.

LITHOSPHERE; v. 4; no. 6; p. 594–602 | Published online 2 October 2012 doi: 10.1130/L193.1

For permission to copy, contact editing@geosociety.org | © 2012 Geological Society of America

*E-mail: wchi@gate.sinica.edu.tw.
Editor’s note: This article is part of a special issue ti-

tled “Initiation and Termination of Subduction: Rock Re-
cord, Geodynamic Models, Modern Plate Boundaries,” 
edited by John Shervais and John Wakabaya shi. The 
full issue can be found at http://lithosphere.gsapubs
.org/content/4/6.toc.

Downloaded from http://pubs.geoscienceworld.org/gsa/lithosphere/article-pdf/4/6/594/3039927/594.pdf
by guest
on 24 April 2024



LITHOSPHERE | Volume 4 | Number 6 | www.gsapubs.org 595

Coseismic indentor-related deformation and its geophysical characteristics | RESEARCH

continental shelf shows more complex structures, 
including horsts and grabens that generate base-
ment highs and thick sedimentary strata. There 
are two basement highs on the incoming plate 
west of Taiwan: the Peikang high and Kuanyin 
high. Lin et al. (2003) published a basement map, 
showing these basement highs. Lu et al. (2002) 
also interpreted the infl uence of the basement 
highs on the curvatures of the fault traces in the 
overriding plate in this region (Fig. 2). Recently, 
Byrne et al. (2011) discussed in detail how such 
basement highs affect mountain-building pro-
cesses. They proposed that the basement highs 
and the basins surrounding them are results of 
spreading direction changes. These structures on 
the incoming plate can infl uence the deformation 
on the overriding plate.

The deformation styles of the overriding 
plate also vary from subduction to collision. 
The subduction zone includes a well-developed 
accretionary prism, forearc basin, and arc. The 
accretionary prism can be classifi ed into three 
domains (Reed et al., 1992). The lower slope 
domain near the trench shows typical fold-
and-thrust structures. The upper slope domain 
is transparent in seismic profi les, suggesting 
intense deformation or subvertical strata. The 
back-thrust domain lies along the boundary 
between the accretionary prism and the forearc 
basin where a tectonic wedging process is active 
(Chi et al., 2003). The forearc strata are subpar-
allel, some with mass-wasting deposits (Yen and 
Lundberg, 2006), at least at shallow depths. The 
arc is subparallel to the trench with a constant 
distance of ~120 km in the subduction zone, 
but the distance decreases where the subduction 
zone terminates near Taiwan, and the forearc 
basin is consumed in the collision zone.

The island of Taiwan is located in a mature 
collision zone. From west (foreland) to east (hin-
terland), there are six geological units: Coastal 
Plains, Western Foothills, Hsuehshan Range, 
Central Range, Longitudinal Valley, and Coastal 
Range. The Coastal Plain contains passive mar-
gin structures overlain by a vast amount of sedi-
ments eroded from the east since the time the 
collisional mountain-building process has been 
active. In the Western Foothills, the thrusts show 
curvatures with wavelengths of ~100 km. Some 
of the thrusts are connected by transfer faults. 
The Hsuehshan Range is interpreted as a pop-
up structure from reactivation of normal faults 
bounded by a previous graben (Teng, 1990). 
The Central Range is the northern extension 
of the upper slope domain of the offshore Tai-
wan accretionary prism. The Longitudinal Val-
ley is the northern extension of the consumed 
forearc basin, and it has taken up at least half 
of the current 7–9 cm/yr interseismic shortening 
across this convergence zone (Yu et al., 1997). 
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Figure 1. Map of Taiwan. To the south, 

the South China Sea (SCS) plate is sub-

ducting under the Philippine Sea plate 

(PSP) with a relative motion of 7–9 cm/

yr, forming the Manila Trench, Taiwan 

accretionary prism, forearc basin, and 

the Luzon arc. The offshore Taiwan accre-

tionary prism is composed of the lower 

slope domain, upper slope domain, and 

the back-thrust domain. North of the 

continent-ocean boundary (COB), the 

subduction becomes a collision, and 

forms the island of Taiwan where the 

Chinese passive margin (CPM) enters 

into the convergence zone. There are 

several geological provinces in Taiwan. 

From west (foreland) to east (hinterland), 

they include: the Coastal Plains (CP), 

Western Foothills (W), Hsuehshan Range 

(HR), Central Range (CEN), and Coastal 

Range (CR).

Figure 2. Mesozoic basement map of Taiwan (modifi ed after Lin et al., 2003). The sediment 

thickness data in the foreland are compiled from a large number of oil wells. We have plotted 

the thrusts in the foreland region. Note the location of the Peikang and Kuanyin highs. These 

two basement highs, or indentors, have infl uenced the curvature of the fault traces (Lu et al., 

2002). The star shows the hypocenter of the 1999 Chi-Chi, Taiwan, earthquake.

Downloaded from http://pubs.geoscienceworld.org/gsa/lithosphere/article-pdf/4/6/594/3039927/594.pdf
by guest
on 24 April 2024



WU-CHENG CHI

596 www.gsapubs.org | Volume 4 | Number 6 | LITHOSPHERE

The Coastal Range is an accreted volcanic arc. 
Based on paleomagnetic data, the arc was seg-
mented and rotated clockwise when it entered 
the collision zone (Lee et al., 1991). There is no 
morphological evidence of a forearc basin in the 
collision zone (Lundberg et al., 1997), where 
the collided arc is juxtaposed directly against 
the Central Range of Taiwan.

Due to the oblique plate-boundary confi gu-
ration in the Taiwan region, different stages of 
subduction and collision occur simultaneously 
along the strike of the convergent boundary. 
As a result, the evolution of seismogenic struc-
tures can be studied based upon evidence from 
the younger subduction zone to the south to the 
collision zone to the north. In particular, we are 
interested in determining if there are unique 
seismogenic structures that are associated with 
the termination of the subduction in the mature 
collision zone in Central Taiwan, where the 
basement highs along the passive margin have 
entered into the convergence zone as indentors.

RECENT RESULTS ON SEISMOGENIC 

STRUCTURES OF TAIWAN

In this study, I will mainly use two seismic 
data sets derived from our group. The fi rst data 
set was published recently (Chang et al., 2011) 
and is based upon a new procedure we devel-
oped to invert moment tensor solutions using 
Taiwan’s excellent strong motion waveform 
data. The second data set is from our previous 
work on fi nite-fault inversions of the Chi-Chi 
main shock and its large aftershocks (Chi et 
al., 2001; Chi and Dreger, 2002; Chi and Dre-
ger, 2004). The reliability of these two data sets 
has been carefully documented and rigorously 
reviewed in our previous work. In addition, 
another moment tensor catalog (e.g., Kao et al., 
2001) derived from data from a regional broad-
band network (BATS) will also be discussed 
briefl y. Because these solutions are constrained 
by full waveforms, these solutions are usually 
considered of higher reliability. In this work, I 
will focus on geological and geophysical inter-
pretation of these data sets and correlate them 
with other available geophysical data in order to 
study the seismogenic structures where the sub-
duction terminates.

We (Chang et al., 2011) inverted strong 
motion waveforms to derive moment tensors of 
many Mw >4.8 and greater earthquakes since 
1993. In the 2011 paper, a new procedure used 
to derive the solutions was documented. Here, I 
will discuss the interpretation of these solutions. 
This catalog covers a large portion of the seismic 
moment release in this region (Fig. 3). Overall, 
the maximum compressive stress (sigma 1) direc-
tion is subparallel with the plate convergence 

direction, except in regions where the arc starts to 
dock and rotate along the passive margin.

In the foreland region, including the Coastal 
Plains, Western Foothills, Hsuehshan Range, 
and western fl ank of the Central Range, there 
are diverse focal mechanisms from shallow 
depths down to the lower crust. Most of them 
refl ect thrusts or reverse mechanisms, but there 
are also strike-slip faults. With the exception of 

the Chi-Chi main shock and some of its after-
shocks, which we will discuss later, most of the 
dip-slip events are of relatively high angles and 
at greater depths, some as deep as 40 km. Lin 
and Roecker (1993) have also proposed a cluster 
of seismicity down to 60 km at latitude 24°N.

In the hinterland region, particularly the 
eastern fl ank of the Central Range, there are two 
groups of particular focal mechanisms. In the 
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Figure 3. The focal mechanisms derived from our recent study (Chang et al., 2011). There are 

diverse focal mechanisms in the foreland of the collision zone, mostly strike-slip and reverse 

as deep as 40 km. There are also shallow thrusts in the sediments deposited after erosion 

from the collisional mountain-building process to the east. In this study, I also document 

three features: (1) the strike-slip faults in the hinterland (eastern fl ank of the Central Range) 

at 23°N; (2) the normal faults in the hinterland at 24°N; and (3) an earthquake sequence 

in the Coastal Plains (earthquake numbers from 41 to 50). For detailed information of the 

earthquakes, check the numbers that are listed in Chang et al. (2011). Blocks A and B best 

show the focal mechanisms in regions of dense seismicity.
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south, between 23°N and 23.5°N, where the arc 
starts to collide with the passive margin, there 
are mostly strike-slip faults in the shallow to 
midcrust area. As the collision becomes more 
mature at 24°N, we see mostly normal faults in 
the hinterland.

This catalog also includes a 1999 earthquake 
sequence in Meishan in the foreland region under 
the Coastal Plains. This earthquake sequence, 
which occurred one month after the Chi-Chi 
main shock, is unique because there were two M 
7 earthquakes that occurred in this region in 1906 
(M

L
 7.1) and in 1941 (M

L
 7.1), causing substan-

tial damage. A similar event now would cause 
much more damage due to the current dense 
population in this region. Several very different 
and confl icting seismogenic structures have been 
interpreted, including right-lateral, left-lateral 
strike-slip faults, and thrusts. From the catalog 
(Fig. 4), we found that this sequence is domi-
nated by a NE-SW–trending strike-slip fault 
with reverse faults at the ends of the fault trace. 
Shyu et al. (2005) also interpreted the strike-slip 
fault as a transfer fault. This earthquake sequence 
ruptured the basement and occurred along the 

southern boundary of the Peikang high (Fig. 2). 
A month prior to this earthquake sequence, the 
Chi-Chi earthquake sequence ruptured to the 
north of the Peikang high.

We inverted fi nite-fault source models of 
the Chi-Chi earthquake and its large after-
shocks (Chi et al., 2001; Chi and Dreger, 2002; 
Chi and Dreger, 2004). The main shock rup-
tured within a triangular region that is bounded 
by the Peikang and Kuanyin basement highs. 
During the earthquake sequence, two trans-
fer faults were also identifi ed (Kao and Chen, 
2000; Chi and Dreger, 2004). From our fi nite-
fault model, we found that at least one of the 
strike-slip faults ruptured in the basement at 
depth with a small moment release; thereafter, 
most of the moment release occurred above the 
décollement (Fig. 5).

A cross-section view (Fig. 6) shows that the 
Chi-Chi main shock ruptured on the ramp and 
fl at of the décollement. There was another after-
shock that ruptured on the fl at. We identifi ed a 
back thrust that ruptured above the décollement, 
and a reverse fault that ruptured from the décol-
lement to the basement. As mentioned in the 

previous paragraph, the earthquake nucleated on 
a vertical strike-slip fault in the basement, but 
then ruptured upward, with most of the moment 
release occurring at shallow depth on the ver-
tical transfer fault above the décollement. Kao 
and Chen (2000) interpreted this strike-slip fault 
as a transfer fault, similar to the lateral ramp of 
the thrusting on the décollement.

INTERPRETATIONS OF SEISMOGENIC 

STRUCTURES

The steeply dipping reverse faulting and sub-
vertical strike-slip faulting in the mid- or lower 
crust suggest that these are reactivations of 
preexisting structures from the passive margin 
(Fig. 6). Some of the normal faults might have 
cut the lower crust as suggested by Nissen et al. 
(1995). In addition, there are new thrusts that 
developed in shallow sedimentary strata depos-
ited during the collisional processes. However, 
even the shallow earthquake events are affected 
by the passive margin structures. For example, 
the strike-slip fault at a shallow depth is collo-
cated with the strike-slip fault plane at basement 

Figure 4. The locations and the focal mechanisms of the 22 October 1999 earthquake sequence. Previously, two early magnitude 7 earthquakes 

occurred in this region. The 1906 earthquake showed a possible surface rupture. We found the 22 October 1999 earthquake sequence rupture on a 

strike-slip fault plane and several reverse faults to the south of the strike-slip fault. The strike-slip fault is interpreted as a transfer fault (Shyu et al., 

2005) bounded on the southern margin of the Peikang high.
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depth. Also, the Chi-Chi main shock ruptured 
between the basement highs.

There are debates about whether seamounts 
(or other indentors) can act as asperities or bar-
riers for earthquake ruptures (e.g., Tsumura et 
al., 2009; Wang and Bilek, 2011). In the case 
of Chi-Chi main shock, the basement highs 
acted as barriers that stopped the rupture of the 
main shock. The distance between the basement 
high thus defi nes the length of the earthquake 
rupture surface. Based on scaling relations, we 
can roughly estimate the size of the earthquake 
using the length of the earthquake rupture sur-
face, i.e., distance between the basement highs, 
for seismic hazard estimates or earthquake sim-
ulation scenarios.

We found that the areas north and south of 
the Peikang high are capable of generating Mw 
7 or greater earthquakes: Mw 7.6, 1999 Chi-Chi 
earthquake to the north, and M 7.1, 17 March 
1906 Meishan earthquake and M 7.1, 17 Decem-
ber 1941 Chungpu earthquake to the south of the 
Peikang high. These large events can rupture 
on the strike-slip transfer faults or on the thrust 

2000

2000
2000

2000

120.5°E 121°E

23.5°N

24°N

0 20 40 60 80 100120140160180

Slip (cm)

0
5

10
15

120.80° 120.85° 120.90°

Event 3 (cross section view)

Event 6

Event 3

Event 2

Event 5
Event 4

Event 1

m
ai

ns
ho

ck
 s

lip
 a

re
a

Kuanyin high

Peikang
high

decollementD
ep

th
 (

km
)

Figure 5. The map view of the fi nite-fault slip model 

of the 1999 Chi-Chi main shock and its six large after-

shocks (Chi and Dreger, 2004). The color scale shows 

the amount of slip on the fault plane. Because the aver-

age main-shock slip is much larger than that of the 

aftershocks, only the main-shock slip area (Chi et al., 

2001) is marked as the gray triangle area. The slips and 

the fault planes have been superimposed upon the top-

ographic surface, which has a contour interval of 200 m. 

The event numbers for the six aftershocks are given in 

chronological order as listed in Chi and Dreger (2004). 

The red dots are small aftershocks. The main-shock slip 

area is located in a triangle zone that is bounded by the 

Peikang and Kuanyin highs. Most of the aftershocks 

are reverse faults. There is one strike-slip fault (event 3, 

marked as the purple line on map view, with its cross-

sectional view of the slip model shown in the upper-

left part of the fi gure) to the south that ruptured fi rst 

in the basement at 15 km in depth, and showed large 

moment release not on the décollement, but above the 

décollement on a vertical strike-slip fault at shallow 

depth (see the event 3 cross-section view). The depth 

axis for the cross section is in km. The horizontal scale 

of the cross section is the same as the map-view plot, 

but the corresponding longitude is plotted as reference. 

In other words, the cross section is plotted parallel to 

the strike-slip fault. The main shock of the 22 October 

1999 sequence (event 6) ruptured on an east-vergent 

fault in the basement.
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Figure 6. The cross-section view of the fi nite-fault slip models. The base seismicity map is 

based on Carena et al. (2002). The Chi-Chi main shock ruptured from the décollement to a 

ramp of an out-of-sequence fault called Chelungpu thrust. The red lines show the ruptured 

fault planes of the large Chi-Chi reverse and thrust aftershocks on the décollement and in 

the upper plate, the green lines show the ruptures in the lower plate, and the blue enclosed 

line shows the slip area of the strike-slip aftershock on a subvertical fault plane. One after-

shock (event 1) ruptured on a back thrust above the décollement. Another aftershock (event 

2) ruptured on the fl at of the décollement. Event 4 then ruptured on a ramp at greater depth. 

The blue line encloses the strike-slip aftershock (event 3) that ruptured on the transfer fault. 

It nucleated in the basement before the major moment release above the décollement. A 

west-dipping fault (event 5) ruptured from the décollement to the basement. The green one 

on the westernmost side is the main shock (event 6) of the 22 October 1999 sequence.
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fault plane. In other words, in the case of Tai-
wan, the three-dimensional structures of the tec-
tonic extrusion include the bounding strike-slip 
faults (or subvertical reverse faults) and a very 
shallow dipping thrust in between.

It is worth noting that the time span of these 
results is less than 100 yr and may not represent 
the total coseismic release patterns in this region 
over a longer time scale. However, the particular 
seismic release patterns reported in this study 
are related to the termination of the subduction 
and show at least part of the diverse deformation 
styles existing in such a tectonic setting.

RELATIONS BETWEEN SEISMOGENIC 

STRUCTURES AND OTHER 

GEOPHYSICAL DATA SETS

Both the Chi-Chi sequence and 22 October 
1999 Meishan sequence are related to the Pei-
kang high, which acts as an indentor to cause the 
coseismic tectonic extrusion. Next, this paper 
will explore hints in other geophysical data sets 
that can help to identify such indentors and the 
associated high seismic risk zones.

Above the basement highs that act as inden-
tors, the GPS velocity is relatively small com-
pared with the other parts of Taiwan (Fig. 7). 
The basement highs (Fig. 2) are rooted in the 
passive margin and thus are relatively stationary 
with respect to the stable Asian continent. As 
a result, there are very small strain rates in the 
basement high regions, but there are relatively 
large interseismic strain rates along the thrusts 
right next to the basement highs (Hu et al., 1997; 
Hsu et al., 2009).

The basement highs are composed of denser 
materials than the sedimentary strata, and this 
should be refl ected by positive Bouguer grav-
ity anomalies. We found that the two basement 
highs are clearly visible in the Taiwan Bouguer 
gravity anomaly map (Fig. 8). As a result, the 
Chi-Chi main shock is identifi ed as having 
ruptured in the low-gravity region (blue color) 
between the two gravity highs.

Heat fl ow is low above the indentors, but 
high in front (east) of the indentors (Fig. 9). 
The higher heat fl ow might be related to short-
ening and exhumation or it might be related 
to the more active dewatering in these zones. 
There is an active upward gas- and fl uid-migra-
tion process east of the indentors (e.g., Yang et 
al., 2006). Similar active deformation is also 
operating in the fold-and-thrust belt between 
the indentors.

We found that combined analyses of GPS, 
gravity, and heat-fl ow data sets can help to iden-
tify the basement highs that act as indentors. 
For other collision zones around the world, it 
might be interesting to study regions with simi-

lar geophysical features to better explore their 
seismic risks. In the collision zone, the rapid 
erosion on the mountains and sedimentation 
on the continental shelf and slope might have 
buried some young structures near the frontal 
thrust region. As a result, these high seismic 
risk zones might be located near where the geo-
morphic features are relatively fl at and show 
less surface expression. Seismology, GPS, and 
gravity observations need to be combined with 
fi eld observations to better understand the seis-
mic risks in such regions.

CONCLUSIONS

The dense population in Taiwan makes dense 
seismic instrumentation necessary. We used the 
excellent seismic waveform data sets to invert 
for seismogenic structures using some state-of-
the-art methods. The technical aspects of these 
methods and initial results have recently been 
published in earthquake seismology literature. 
Here, I use the results from these studies to study 
the seismogenic structures of this region. This 
is among the most closely seismic-monitored 

Figure 7. Horizontal displacements of global positioning system (GPS) stations with respect to the 

stable Asian continent between 2003 and 2009. The two basement highs have very little displace-

ments and can act as indentors coming into the convergent boundary. There are increased displace-

ments east of the indentors in regions where the spacing of the thrusts decreases. The GPS data 

set was provided by L.C. Kuo in the GPS group at the Institute of Earth Sciences, Academia Sinica. 
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Figure 8. Regional Bouguer gravity anomaly, which is 

related to the density structures at greater depths. The 

data set is based on Hsu et al. (1998). The basement 

highs contain higher-density materials and show up 

as high-gravity-anomaly regions. The three magnitude 

7 earthquakes that ruptured in the past century have 

slips in the low-gravity-anomaly regions.

Figure 9. The heat fl ow values (Lee and Cheng, 1986; 

Chi and Reed, 2008) measured above the basement 

highs are lower, while the heat fl ow just east of the 

indentors is higher, possibly due to intense dewater-

ing or more active crustal exhumation.
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collisional regions with the most comprehensive 
coseismic energy release data sets in the world. 
In addition, the oblique convergence in Taiwan 
region makes subduction and collisional pro-
cesses occur simultaneously along the conver-
gence zone. We can thus study the range of seis-
mogenic behavior where subduction terminates.

In the collision zone where the “typical” 
subduction process terminates, the irregular 
basement topography along the passive mar-
gin infl uences the deformation style (Fig. 10). 
There is more strike-slip faulting in the collision 
zone. The horsts on the passive margin that enter 
into the convergence zone can act as indentors 
and cause coseismic tectonic extrusion. Here, 
I have documented coseismic tectonic extru-
sion deformation on both sides of one indentor, 
which has generated very high seismic risks 
near these extrusion regions. I also documented 
characteristics of GPS, gravity, and heat-fl ow 
patterns near these seismogenic zones. The les-
sons learned from this region might be applied 
to other ongoing or matured arc-continent col-
lision zones where seismogenic structures are 
diffi cult to study.
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Figure 10. The coseismic tectonic extrusion 

model proposed in this study. The two base-

ment highs act as indentors squeezing the sedi-

mentary strata in between during the Chi-Chi 

main shock. One month after the Chi-Chi earth-

quake, the 22 October 1999 Meishan earth-

quake sequence occurred on the reverse fault 

and the strike-slip transfer fault south of the 

Peikang high. The indentors have small global 

positioning system displacements, a large Bou-

guer gravity anomaly, and low heat fl ow. The 

shallow thrust (Chi-Chi earthquake) ruptured in 

a low-gravity-anomaly region. Similar seismo-

genic structures might exist in other oblique 

arc-continent collision zones, which might have 

similar geophysical and geological features.
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