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ABSTRACT
The Taipei basin, historically low in seismicity, is located in northern Taiwan. A dense broadband seismic array was
deployed in the basin in June 2004 to monitor seismic activity. During the period of operation, three felt earthquakes occurred
near the eastern part of the Taipei basin, about 3 km to the south of Taipei 101 then the tallest building in the world. Relocated
earthquakes show a southeast-dipping distribution of hypocenters beneath the Taipei basin. The seismicity pattern and focal
mechanisms of the three felt events suggest the existence of a blind normal fault whose surface projection is along the river
channel in the middle of the basin.
Key words: Taipei basin, Seismicity, Blind normal fault

Citation: Chen, K. C., B. S. Huang, W. G. Huang, J. H. Wang, K. H. Kim, S. J. Lee, Y. C. Lai, S. Tsao, and C. H. Chen, 2010: A blind normal fault beneath
the Taipei basin in northern Taiwan. Terr. Atmos. Ocean. Sci., 21, 495-502, doi: 10.3319/TAO.2010.01.25.01(TH)

1. INTRODUCTION
Taiwan is situated along the collision boundary between the Philippine Sea plate and the Eurasian plate (Tsai
et al. 1977; Wu 1978; Lin 2002). The former is moving
northwestward with a speed of about 7 cm yr-1 (Seno 1977).
The Philippine Sea plate has subducted underneath the Eurasian plate in northern Taiwan (Fig. 1). This collision causes
high seismicity in the Taiwan region (e.g., Wang 1998). The
Taipei Metropolitan Area (TMA), the political, economic,
and cultural center of Taiwan, including the City of Taipei and several satellite cities lies within the Taipei basin
and demands serious attention to seismic risk mitigation.
In the past two decades, many buildings in the TMA have
collapsed or were damaged as a result of numerous distant
earthquakes, such as the Hualien offshore earthquakes of 20
May and 14 November 1986 (Chen and Wang 1988), the
Chi-Chi earthquake of 21 September 1999 (Shin and Teng
2001), and the Hualien offshore earthquake of 31 March
2002 (Chen 2003). In addition to the damages caused by
distant events, in 1694 and 1909, TMA was also damaged
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by earthquakes underneath the basin (Hsu 1961, 1983).
Hence, the studies of seismicity and delineation of faults as
well as their geometry in this area are important to assess
earthquake hazards.
From the Pliocene to the Pleistocene, three main reverse faults developed along the western boundary of the
Western Foothills in the Taipei basin (Ho 1986). From NW
to SE, the three faults are: the Hsinchuang fault, the Kangjiao fault, and the Taipei fault, all trending in the NE-SW
direction (Fig. 1). A segment of the Hsinchuang fault has
been re-activated as a normal fault and is called the Shanchiao fault (Fig. 1). Tan (1939) proposed that the Taipei basin was formed by the downfall of a hanging wall along the
Shanchiao fault. From the epicentral distributions, several
authors (Tsai et al. 1973; Wang et al. 1983, 2006; Wang
1988; Chen and Yeh 1991; Chen et al. 1995; Chen 2005;
Kim et al. 2005a; Konstantinou et al. 2007) show lower
seismicity in the Taipei basin than other areas in northern
Taiwan and a low correlation between seismicity and recognized faults. A dense broadband seismic array has been
deployed in the Taipei basin since June 2004 to monitor
seismic activity and to study the focal mechanisms associated with the faults. During the period of operation, three
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Fig. 1. (a) Seismicity in the Taipei area recorded by the TTSN and CWBSN from 1973 to March 2006. Three felt earthquakes (stars) occurred near
the eastern area of the Taipei basin, about 3 km to the south of Taipei 101 (large square) then the tallest building in the world. The large triangle
denotes the downhole seismic station at YH. The map also shows focal mechanism of the 23 October 2004 earthquake determined by Lin (2005).
The dashed and solid lines mark the Taipei fault (F1), the Kangjiao fault (F2), the Shanchiao fault (F3) and the Hsinchuang fault (F4), respectively.
Temporary broadband seismic stations noted along the northern segment of the Shanchiao fault from June 2004 to June 2005 (squares), and the
rearrangement of stations after June 2005 to cover the whole Taipei basin (triangles). Depth cross-sections of hypocenters: (b) for the NS direction
and (c) for the EW direction.

felt earthquakes (ML = 3.8, 3.2, and 3.7) occurred near the
eastern part of the basin, about 3 km to the south of Taipei
101 then tallest building in the world. Lin (2005) suggested
that the felt earthquakes were triggered by the load of the
massive skyscraper (Taipei 101) and an active blind normal
fault was located just beneath the building. However, the
locations of the three events and their correlation to the possible blind normal fault need a further study.
Due to the importance of TMA for Taiwan, it is necessary to determine if the seismic activity is associated with
the three known faults or others existing beneath the Taipei
basin. In this study, local earthquakes recorded by a temporary broadband seismic array during June 2004 - June 2005
and collected over the last 34 years were analyzed to construct the seismicity pattern and focal mechanisms of larger-

sized events. From the results, we will study the correlation
between seismicity and faults and explore the possibility of
the existence of blind active faults.
2. GEOLOGICAL SETTINGS
The Taipei basin is located at the northern tip of the
Taiwan Mountain belt. The basin is bordered by the Western Foothills to the south and east, the Tatun volcanoes to
the north, and the Linkou Tableland to the west (Figs. 1 and
2). There are three major thrust faults striking in the NESW direction across the Taipei basin (Ho 1986). These contractional structures are formed by the northwest-directed
tectonic stress of collisional orogeny (Ho 1974; Angelier et
al. 1986). The tectonic pattern in northern Taiwan has been
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Fig. 2. Epicentral distribution of the relocated earthquakes (circles) recorded by the temporary and permanent seismic network from 1973 to March
2006. Solid and blank triangles denote the compressional and dilatational polarities of the first motions for the 23 October 2004 earthquake, respectively. The thick dashed line denotes the proposed fault trace from this study. Note that the proposed fault line is clearly separated by the opposite
polarities of the first motions and lies along the river channel. Included also are the lower-hemisphere, first-motion focal mechanisms of the three
felt earthquakes. Four main rivers across the Taipei basin: the Keelung (R1), Tanshui (R2), Hsintien (R3) and Tahan rivers (R4). WF, TV and LT
denote the Western Foothills, the Tatun volcanoes and the Linkou Tableland, respectively.

changed from contractional to extensional since the late
Quaternary (Teng 1996; Teng et. al. 2001). The Hsinchuang thrust fault (Wu 1965) in the westernmost area of the
basin altered its sense of movement and was transformed
into the Shanchiao normal fault, which caused subsidence
and sedimentation of the Taipei basin. Under the sponsor
of the Central Geological Survey (CGS 1999), much effort
has been made to investigating the subsurface geology and
engineering environment of the Taipei basin since 1991.
The Taipei basin is a triangular-shaped alluvium filled
with Quaternary unconsolidated sediments overlying a Tertiary basement. The sediments thicken northwestward from
a thin basin margin in the southeast to about 700 m in the
northwest corner of the basin (Lin 2001). Low seismicity,
faulting beneath thick unconsolidated sediments and very
low slip rates on faults in the Taipei basin make it difficult
to identify surface fault traces. There are three major thrust
faults striking in the NE-SW direction across the basin (Ho
1986). From east to west, they include the Taipei fault (F1),
Kangjiao fault (F2), and Hsinchuang fault (F4). The Shanchiao fault (F3) is believed to be an active normal fault. The
geometry and surface trace of the Shanchiao fault were delineated by using shallow seismic reflection (Wang and Sun
1999; Shih et al. 2004; Wang et al. 2004). The relatively
flat deposits of the topmost layers on the seismic profile is

consistent with the interpretation of borehole data, that is,
the Shanchiao fault has been active but might be quiet over
the past 10000 years (Lin 2001). Radiocarbon dating from
drilled cores suggests that three prehistoric earthquakes ruptured the Shanchiao fault in the past 11000 years, and the
latest event occurred around 8400 years ago (Huang et al.
2003).
3. DATA
From 1973 to 1992, the Taiwan Telemetered Seismographic Network (TTSN) (Wang 1989) was operated by the
Institute of Earth Sciences (IES), Academia Sinica. This network consisted of 25 stations and each was equipped with
a vertical high-gain and analog velocity seismometer. Since
1991, the Taiwan Seismic Network (TSN) (Shin 1992) operated by the Central Weather Bureau (CWB) has been upgraded from the CWB’s old seismic network, and many new
stations have also been constructed. This network is called
the CWB’s Seismic Network (CWBSN). In 1992, the TTSN
was merged into the TSN to form the CWBSN. At present, the CWBSN is composed of 71 stations, each equipped
with three-component digital velocity seismometers (Wu et
al. 2008). The seismograms are recorded in both high- and
low-gain forms by the network. Hence, this network pro-
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vides high-quality digital earthquake data. Earthquakes in
the TMA recorded by the TTSN from 1973 to 1990 and by
the CWBSN from 1991 to March 2006 were used in this
study.
To determine if the Shanchiao fault extends northeastward to the Tatun volcanic area, a dense broadband seismic array (see Fig. 1) sponsored by the CGS was deployed
along the northern segment of the Shanchiao fault to monitor seismic activity from June 2004 to June 2005. The temporary seismic array consisted of 17 stations equipped with
broadband sensors with a frequency range from 0.0083 to
50 Hz and GPS timing systems. Continuous recording was
100 samples per second. The sensors were buried at a depth
of about 1 meter to suppress man-made noises. During one
year of operation, a total of 318 local events were recorded.
Earthquakes were located preliminarily using the computer
program HYPOELIPSE (Lahr 1989) based on a velocity
model for northwestern Taiwan (Chen 1995). Most events
are located in northeastern Taiwan, and only 40 events in
the Tatun volcanic area and to the southeast of the basin.
No earthquake was located within the small seismic array.
Nevertheless, two felt earthquakes (ML = 3.7 and 3.2) occurred at a depth of about 9 km near the eastern Taipei basin
on 23 October 2004 and 23 March 2005. These events were
located about 3 km to the south of Taipei 101.
In June 2005, the temporary seismic array was reformed and expanded to 23 stations covering the whole of
the Taipei basin (Fig. 1). A felt earthquake (ML = 3.7) occurred very close to the previous two felt earthquakes on
5 December 2005. The shallow events within and near the
Taipei basin recorded by the temporary broadband seismic
array and collected over the last 34 years were relocated
using a joint hypocentral determination (JHD) technique
(Pujol 1988).
4. SEISMICITY IN THE TAIPEI BASIN
Figure 1 shows the earthquakes located by the TTSN
and CWBSN. Most earthquakes were located to the north
and southeast of the Taipei basin. In addition to shallow
earthquakes of depths less than 15 km, the intermediate
depth earthquakes from 70 to 150 km were associated with
the northwestward subduction of the Philippine Sea plate
beneath the Eurasian plate. An M5 earthquake occurred at
a depth of 5.3 km in the Tatun volcanic area in 1988. This
has been the largest event in the TMA since 1973. Most
earthquakes with M ≥ 3 were located underneath the Tatun
volcanic area, to the southeast of the Taipei basin, and inside the subduction zone. However, no shallow earthquake
with M ≥ 3 was located in the Taipei basin.
To examine the correlation between seismic activity
and the recognized active faults, the collected shallow earthquakes with depths less than 15 km were relocated using the
JHD technique (Pujol 1988). The velocity model which was

inferred by Chen (1995) from P- and S-wave arrival times
of local earthquakes beneath northwestern Taiwan was used.
The JHD technique is relatively insensitive to the choice of
velocity model and station-correction terms will approximately compensate for the deviations of the implemented
velocity model from the real earth structure. Determination
of earthquake hypocenters using the JHD technique is an
iteration process, with an iteration consisting of two steps.
Station corrections are determined in the first step of iteration with current earthquake hypocenters and origin times.
In the second step, earthquake hypocenters and origin times
are determined with a least squares method using station
corrections determined in the first step. In the next iteration,
earthquake parameters and station corrections determined in
the previous iteration are used as initial parameters. For one
time of iteration, in general, the root-mean-square (RMS)
residual of the events decreases. Usually, convergence is
achieved in a few iterations. The JHD technique has been
successfully used to detect lateral velocity variations and
to improve relative earthquake locations in the Taiwan area
(Chen et al. 1999, 2002; Kim et al. 2005b) and other various
tectonic regions (e.g., Pujol 1995).
In all, 51 events recorded by more than 4 stations with
depths less than 15 km and good azimuth coverage were
selected from the CWB earthquake catalog and the data
recorded by the temporary broadband seismic array. The
phase data include 463 P-wave and 284 S-wave arrival
times. In earthquake location, three events were rejected due
to large arrival time residuals and/or large values of condition number (the ratio of the largest singular value to the
smallest one). The average RMS residual decreased from
0.93 to 0.2 seconds after six iterations. The station corrections vary from -0.78 to 1.21 seconds and -1.73 to 1.21 seconds for the P- and S-wave, respectively. This leads to three
results: (1) The relocated earthquakes are more clustered for
the southeastward dipping hypocenters; (2) The epicenters
of the selected events were shifted an average of 1.3 km
toward the southwest of the initial hypocenters; and (3) The
focal depths were decreased by ~1.2 km.
The relocated events in the Taipei basin are depicted in
Fig. 2. Obviously, the earthquakes are mostly located in the
southeastern part of the basin. There is no earthquake near
the Shanchiao fault. Most events are located to the southeast of the Kangjiao fault. Fault-plane solutions of three felt
earthquakes were determined using the P-wave first motions. A grid-search algorithm (Snoke et al. 1984) is used
to infer all possible mechanisms by fitting the P-wave polarity of an earthquake. The source-station take-off angles
and azimuths are calculated from the JHD relocation. The
focal mechanisms for the three felt earthquakes show predominantly normal faulting with two nodal planes striking
northeast (Fig. 2). The distribution of polarities for the 23
October 2004 earthquake is also shown in Fig. 2. The three
felt events occurred very close to one another in space and
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have similar focal-plane solutions leading to a similar distribution of polarities.
A depth cross-section (AA’) of hypocenters (see
Figs. 2 and 3), perpendicular to the average strike of the
nodal planes of the three felt earthquakes clearly reveals
southeastward dipping of hypocenters extending to a depth
of ~14 km. This southeastward dipping seismic zone is consistent with the dip angles of the fault-plane solutions. The
three felt earthquakes occurred in the seismic fault zone at
a depth of ~9 km. The surface projection of the southeast
dipping seismic zone is located in the middle of the basin,
about 5 km southeast of the Kangjiao fault. The surface fault
line inferred from the seismicity pattern and focal mechanisms clearly separates the opposite polarities of the first
motions for the 23 October 2004 earthquake (Fig. 2).
5. DISCUSSION
As shown in Fig. 2, most shallow events were located
about 5 km to the southeast of the Kangjiao fault. The hypocentral distribution of relocated earthquakes suggests the
possible existence of a blind normal fault as shown by a
dashed line in Fig. 3. The surface trace, which is shown by
a dashed line in Fig. 2, is located in the middle of the basin.
However, surface ruptures associated with this fault were
not observed. The fault might lie beneath thick unconsolidated sediments in the study area. Figures 2 and 3 show that
only four events, with depths of 8 - 11 km, were located to
the northwest of the blind fault. It is not easy to determine
if these four events are associated with the Kangjiao fault or
other faults.
During the deployment of a temporary broadband
seismic array, three felt earthquakes occurred beneath the
eastern part of the Taipei basin, about 3 km to the south
of Taipei 101. From the CWBSN catalogue, the hypocenters of the three felt earthquakes were apart about 1.8 km
from one another (Fig. 1). The JHD relocated earthquakes
form a small cluster with a dimension of ~0.5 km across
at a depth of about 9 km. Figure 4 shows an example of
three-component seismograms of the three felt earthquakes
recorded by a nearby downhole seismic station at YH (see
Fig. 1) after bandpass filtration (1 - 10 Hz) and alignment of
their S-wave arrivals. The first two events show almost the
same P-wave arrivals, while the P-wave arrival of the third
event shows about 0.08 sec preceding those of the other
two. The travel-time differences confirm reliability of earthquake relocation. The three seismograms show remarkable
similarities suggesting that the three events occurred very
close to one another in space and were the result of ruptures
on a same fault. The three felt earthquakes were located almost on the proposed blind normal fault. The strikes and
dips of focal mechanisms of the three events are consistent
with those of the proposed blind normal fault (Fig. 2). In
addition, the related surface fault trace clearly separates the
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opposite polarities of the first motions for the 23 October
2004 earthquake which is closely associated with the surface trace of the proposed blind fault rather than with the
Kangjiao or Taipei fault. Hence, focal mechanisms of the
three felt earthquakes suggest the existence of the proposed
blind normal fault.
Based on the CWB’s catalog, Lin (2005) assumed that
several felt earthquakes were located in an active blind normal fault striking in the N-W direction and beneath Taipei
101. However, his assumption cannot properly explain the
southeastward dipping seismic fault zone and the distribution of polarities of the first motions of the 23 October 2004
earthquake.
The surface trace of the proposed blind normal fault is
located in the middle of the basin along the NE-SW direction and lies along the river channel of the lower reach of
the Tahan River (Fig. 2). A further study is necessary to
shed light on the evolution of the river system in response
to faulting in the Taipei basin through a detailed geological survey. In addition, high-resolution seismic reflection
experiments must be made in the study area to map the detailed sub-surface velocity and geological structures of the
basin and basement.
6. CONCLUSIONS
Well-relocated earthquakes recorded by a temporary
broadband seismic array during June 2004 - June 2005 and
collected by the TTSN and CWBSN over the last 34 years
in the Taipei basin suggest the possible existence of a blind

Fig. 3. Depth cross-section of the earthquakes along line AA’ shown
in Fig. 2 and cross-sectional view of focal mechanisms for the three
felt earthquakes. The dashed line depicts the fault geometry inferred
from both the earthquake distribution and focal mechanisms of felt
earthquakes. F1 and F2 denote the Taipei and Kangjiao faults, respectively.
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Fig. 4. Three-component seismograms of the three felt earthquakes recorded by the nearby downhole seismic station (YH) after bandpass filter (1 10 Hz) and alignment of their S-wave arrivals. The three events show high waveform similarity throughout the entire seismograms, indicating that
spatially they occurred very close to each other.

normal fault dipping to the southeast. Three current felt
earthquakes with normal faulting are located at depths of
~9 km on this proposed fault. The surface fault trace inferred from the seismicity patterns and focal mechanisms
lies along the channel of the Tahan River in the middle of
the basin. This proposed fault will help seismologists to better assess seismic hazards in the area.
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