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AbsTrAcT

Southwest (SW) Taiwan lies on the deformation front of a plate collision zone. 
Most earthquakes in this region occur due to deformation of the upper crust, there-
fore, potential seismic hazards in this area must be considered. On 6 February 2016, 
a moderate, but disastrous earthquake (ML = 6.6; depth = 14.6 km) occurred in Mei-
nong, a district in the Kaohsiung area of Taiwan. This earthquake produced three 
cluster-like aftershocks. Among them, two of the aftershocks clusters were not spa-
tially correlated with the main earthquake. Additionally, the trends of these two seis-
mic clusters were not associated with previously known faults or geological struc-
tures. Therefore, our major intention is not only to investigate the rupture process of 
the 2016 Meinong earthquake, but more importantly, to look into the corresponding 
seismogenic process. In this research, high quality strong-motion data was used to 
invert the slip distribution on the fault plane using the isochron method. In addition, 
we relocated aftershocks to further obtain focal mechanisms using a 3D velocity 
model. Coulomb failure stress maps are calculated for different depth ranges based 
on the obtained source slip distribution to verify whether the main-shock triggers 
nearby unknown faults or not. In conclusion, we suggest that there might exist a NW-
SE trending, north-dipping fault, which is located north of the source area and may 
have been triggered by the initial shock. We also conclude that the 2016 Meinong 
earthquake did trigger the pre-existing normal faults beneath Tainan City.
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1. InTroducTIon

Taiwan is a classic example of an area of seismic ac-
tivity owing to vigorous plate collisions. The deformation 
front as proposed by the “thin-skinned” model (Suppe 1981) 
is composed of several active fold-and-thrust systems. An 
example of this model is the Chelungpu fault that caused 
the great 1999 Chi-Chi (ML = 7.3) earthquake. To under-
stand the seismogenic and earthquake nucleation processes 
in a fault zone is still a great challenge. Further, the inter-
actions among different fault systems remain unsolved. In 
southwest (SW) Taiwan, most fault activity typically occurs 
in the upper crust within 10 - 15 km in depth (Lacombe and 
Mouthereau 2002; Lin et al. 2009). In addition, the occur-
rence of segmentation along a fault is also a common ob-
servation in Taiwan, which is caused by several stages of 
complex geological evolution. The heterogeneity of a fault 

makes it more difficult to understand the whole spectrum 
of the seismogenic process, as well as to answer the ques-
tion of whether one strong earthquake can or cannot trigger 
neighboring faults to generate additional shocks. Despite the 
above challenges, it has been found that a strong main-shock 
is often accompanied by a series of aftershocks, which gen-
erally have the same focal mechanism as the main-shock; 
however, there is an exception. If the main-shock occurs in 
a highly fractured crust with complex fault systems that may 
not be recognized or know before (Nur et al. 1986; Wen et 
al. 2008), such as in Taiwan region, it could lead to the gen-
eration of different focal mechanisms among the main-shock 
and aftershocks (Chen et al. 2003; Wen et al. 2008). The 
explanation for this is that when main-shock strikes, it also 
triggers nearby faults and can produce a different slip type 
of earthquake sequence. Therefore, if the source region is 
located in a highly fractured zone with a web-like fault sys-
tem in complex geological formations, its rupture behavior 
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will be relatively complicated. In other words, answering the 
question of whether distinct focal mechanisms exist between 
main-shock and aftershock sequences may provide evidence 
and a linkage between earthquake triggering and interactions 
among faults (Steacy et al. 2005).

On 4 March 2010, a moderate earthquake occurred in 
the Jiasian area (ML = 6.4, depth = 22 km) in SW Taiwan 
(hereafter called the Jiasian EQ) (Ching et al. 2011; Huang et 
al. 2011; Wen et al. 2012; Lee et al. 2013). About two years 
later, another earthquake with ML = 6.35 (depth = 26 km; 
hereafter called the Wutai EQ) occurred in the Wutai area, 
which is about 30 km away from the epicenter of the Jia-
sian EQ, and triggered a series of aftershocks (Chan and Wu 
2012; Chiang et al. 2016). In Fig. 1, the blue and red circles 
indicate the aftershocks of the Jiasian EQ and the Wutai EQ, 
respectively. Six years later, on 6 February 2016, another 
disastrous earthquake (ML = 6.6; depth = 14.6 km) occurred 
in Meinong, Kaoshiung City, Taiwan (hereafter called the 
Meinong EQ). Figure 1 shows the epicenters of the three 
moderate earthquakes (denoted by red stars). The diameters 
of the solid circles are scaled by magnitude and represent 
the aftershocks of the 2016 Meinong EQ. The focal depth of 
each event is indicated by the gray scale. It can be observed 
that the spatial distribution of aftershocks has no relation 
to current known geological structures. Thus, to clarify the 

spatial relationship between the 2016 Meinong EQ and its 
aftershocks is the main intention of this research. In order to 
achieve this goal, we have conducted waveform inversion 
to investigate the slip distribution on the fault plane (AA’ in 
Fig. 1), which will help us to comprehend the seismogenic 
process of the 2016 Meinong EQ and its spatial connection 
with the associated aftershocks.

In recent years, seismologists and earthquake engineers 
have extensively investigated the earthquake source process 
using strong ground motion records. Aki (1968) first ap-
plied a heterogeneous boundary elastic model to simulate 
the strong ground motion of the 1966 Parkfield earthquake. 
Following that study, several inversion approaches were de-
veloped to deal with complex configurations of slip distribu-
tion on a fault plane (Trifunac 1974; Olson and Apsel 1982; 
Hartzell and Heaton 1983; Takeo 1987; Beroza and Spudich 
1988; Wald et al. 1991). In addition, Papageorgiou and Aki 
(1983a, b) used high-frequency seismic acceleration data to 
build a stochastic model to explain the source rupture pro-
cess. In this study, the isochron synthesis method and re-
peated stochastic seismic inversion (Bernard and Madariaga 
1984; Spudich and Frazer 1984; Zeng et al. 1993) are ad-
opted to calculate slip distributions for each sub-fault block. 
Zeng et al. (1993) applied the above methods successfully 
to describe the rupture process of the 1989 Loma Prieta  

Fig. 1. Geological setting and topography map of study area. The solid blue triangles represent the locations of the CWBSN stations. The solid red 
stars indicate the epicenters of three moderate earthquakes that occurred in the study region from 2010 to 2016. The aftershocks of the 2016 Meinong 
EQ are denoted by solid circles scaled by magnitude. Gray scaling is used within the circles to indicate the depth of each event. Blue circles are the 
aftersshocks of the 2010 Jiasian EQ, while red circles are the aftershocks of the 2012 Wutai EQ. The red solid lines indicate active faults, while the 
black solid lines are the strike of the rupture plane (AA’ shown in the inset located in the lower left-hand corner and the red triangular is indicated 
as the used station). The area enclosed by a black dashed rectangle indicates the CTFZ. The inset in the lower left-hand corner shows the grid points 
used in estimating slip distribution. The ‘+’ sign presents the nodes of the rupture image. CSF: the Chishan fault; CZF: the Chaozhou fault; LGF: 
the Liugui fault; TCF: the Tsochen fault. (Color online only)
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earthquake. The high quality strong motion data recorded 
by the Taiwan Strong Motion Instrumentation Program 
(TSMIP), operated by the Central Weather Bureau, Taiwan, 
gives us an opportunity to examine the rupture process of 
the 2016 Meinong EQ as well as its interactions with nearby 
fault systems (see Table 1).

2. GeoloGIcAl seTTInG

The geological structures in our geographical area of 
study consist mainly of two oblique thrust-type faults, the 
Chaozhou Fault (CZF) and the Chishan fault (CSF). The 
CSF, which trends in the NE-SW direction, is a prominent 
boundary between the Western Foothills (WF) and the Ping-
dong alluvial plain (PAP) (Fig. 1). Lin et al. (2000) shows 
that the CSF is a thrust fault with left-lateral slip motion from 
the evidence of slickenside. The dip in the CSF was estimated 
to be 65° from gravity interpretation (Hsieh 1970). The west 
of the CSF is covered with relatively un-deformed mudstone 
from the Pliocene and Pleistocene epochs, and the east of the 
CSF is covered with late Miocene sandstone (Chiang et al. 
2004). In contrast, there exists a fold-and-thrust fault system 
in the east region of the CZF, which results in ongoing moun-
tain building. From previous surveys, the CZF is a high angle 
left-lateral strike-slip fault (Tsan and Keng 1968) that acts 
as a boundary between the PAP and the Central Mountain 
Range (CMR). Several studies have determined that the dip 
in the CZF is estimated to be about 70 - 80° based on some 
geophysical data, such as micro-earthquake and gravity data 
(Yu et al. 1983). The eastern region of the CZF is composed 
of metamorphic rock, e.g., slate, phyllite, and metamorphic 
sandstone. In addition to the two main fault systems, the Liu-
gui fault (LGF) is also a strike slip fault with a NNE-SSW 
strike direction and left-lateral slip motion. The dip in the 
LGF is approximately vertical, and fault breccia and gouge 
are present at the surface (Tsan and Keng 1968). According to 
earlier studies (Rau and Wu 1998; Lacombe et al. 2001), our 
study area is located within a seismic zone called the Chishan 
Transfer Fault Zone (CTFZ; enclosed by a dashed rectangle, 
Fig. 1), which trends in the NW-SE direction with a left-lat-
eral strike slip sense (Ching et al. 2011). From the spatial 
distribution of aftershocks of the three moderate earthquakes, 
the general trends are more or less parallel to the CTFZ, but 
not associated with the previously known faults, such as the 
CZF and CSF. Otherwise, the Tsochen fault (TCF) which 
trends in the NW-SE direction may has a very high prob-
ability to be the surface expression of the CTFZ (Huang et 
al. 2004). Although the fault length is about 10 km to the 
TCF, but the geological significance is very important that 
this fault separates the north and south sides of the geologi-
cal structures in the southwest foothills of Taiwan. Of great 
interest is the spatial distribution of aftershocks followed by 
the 2016 Meinong EQ. That is, one sequence is located to the 
west of the epicenter with most events occurring at depths 

greater than 20 km (denoted by Zone 2, Fig. 2a), while an-
other sequence is located to the north of the epicenter with fo-
cal depths between 5 and 15 km (denoted by Zone 3, Fig. 3a). 
Additionally, one sequence called Zone 1 (Fig. 3a) surrounds 
the epicenter of the main-shock, the depth range of events in 
this zone is between 10 and 20 km.

3. dATA processInG And MeThodoloGy

In this section, we will describe the core features of the 
data set and the approaches for investigating the seismogenic 
process of the 2016 Meinong EQ sequence. We have divided 
our work into three phases. Phase (I) began with relocating 
the earthquake sequence with a 3D tomographic velocity 
model obtained by Wen et al. (2012). Due to the complex 
pattern of the distribution of aftershocks, we used only the 
first month of data to relocate the earthquake sequence and 
identify the rupture pattern. Next, we used the first P-wave 
polarities to determine focal mechanisms for events with clear 
polarities greater than 8, and re-calculated the azimuths and 
take-off angles of the direct P-wave using the pseudo bend-
ing ray tracing technique (Thurber 1983). The polarities of 
the direct P-wave recorded by the CWBSN were used and we 
relocated the earthquake sequence through the 3D velocity 
model (Wen et al. 2012) and obtain the refresh information, 
which include the azimuths and take-off angles. Then we use 
the information to calculate the fault plane solutions by FP-
FIT software (Reasenberg and Oppenheimer 1985). Figure 2 
shows the fault plane solutions of the main-shock as well as 
22 aftershocks (also see Table 2). In Zone 2, most of the focal 
mechanisms of events that occurred at depths between 15 and 

station longitude latitude elevation (m) Amplitude MAX.

KAU068 120.5443 22.9759 125. 2.00G

KAU028 120.5990 22.8261 95. 2.00G

CHY061 120.5190 23.0747 90. 2.00G

KAU012 120.3793 22.8779 20. 2.00G

KAU047 120.5906 23.0804 278. 2.00G

CHY065 120.3517 22.9042 36. 2.00G

MTN155 120.6730 23.0734 417. 2.00G

KAU021 120.4425 22.7499 55. 2.00G

CHY063 120.3465 23.0259 30. 2.00G

CHY062 120.4591 23.1217 40. 2.00G

KAU026 120.5070 22.6978 42. 2.00G

KAU086 120.3030 22.7927 33. 2.00G

KAU066 120.3454 22.7302 31. 2.00G

CHY096 120.2407 22.9814 39. 2.00G

CHY078 120.2367 23.0380 8. 2.00G

Table 1. The list of TSMIP stations that was used to the Meinong 
earthquake source waveform inversion.
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20 km show left-lateral strike-slip motion. It is worth noting 
that there were several normal faulting events that occurred 
at depths greater than 20 km.

Another interesting feature after relocation is that the 
spatial distributions of aftershock sequences are cluster-like 
(Fig. 2a). Thus, the purpose of phase (II) of this study is 
to apply the method proposed by Robinson and Mcginty 
(2000) to invert the orientation of principal stress axes in 
each cluster. This method is very useful for cases where 
the source area is dominated by micro-earthquakes and fo-
cal mechanisms are unavailable or unable to be determined 
precisely due to the lack of clear P-wave arrivals (Wen et 
al. 2012). The aftershock sequences were divided into three 
groups as mentioned in section 2: Zones 1, 2, and 3. There 
are 391, 469, and 579 P-wave readings in Zones 1, 2, and 
3 respectively, which are later used in performing stress in-
version (see Fig. 2).

The tasks in phase (III) are described as follows. Ac-
cording to the CWB report, the focal mechanism of the 2016 
Meinong EQ has a strike of 275° with a dip of 42°, and 
the rake angle is 17°. For comparison, we used fault plane 
solutions obtained from the USGS and the BATs (moment 
tensor solution) to verify the possible range of fault orienta-

tions. Thus, we used the three fault plane solutions above, 
with fault attitude varying ±30° at increments of 5° to gener-
ate synthetic waveforms and find the minimum misfit solu-
tions (Wen et al. 2008). The dimensions of the input fault 
model are 40 and 30 km along the strike and dip direction 
respectively (see AA’ in Fig. 1); and the fault is buried at a 
depth between 15 and 45 km along the dip direction. The 
1D velocity structure was modified from the results of Wen 
et al. (2012) to calculate Green’s functions (see Table 3). 
Finally, we estimated the slip distribution on the fault plane. 
To gain better solution convergence, we selected 15 stations 
that are located near the source area of the 2016 Meinong 
EQ [see Fig. 1 (the red triangles) and Table 1] due to the 
onset of the maximum peak velocity often coincides with 
the arrival time of the direct S-waves for epicentral distanc-
es less than 30 km (Zeng et al. 1993). Therefore, we used 
the direct S-waves displacement data and bandpass filtering 
from 0.2 - 0.8 Hz with a taper of 0.05 for waveform inver-
sion and rupture time modeling (Zeng et al. 1993; Wen et 
al. 2008). Several studies (Beroza 1991; Wald et al. 1991; 
Cohee and Beroza 1994) suggest that slip distributions can 
have strong lateral variations, even with constant rupture 
velocity. In this research, we set the rupture velocity of 

date/hour/min:second lon. lat. dep (km) Mag. strike dip. rake

20160205/20/18:43.09 120.3610 22.9600 28.0 3.51 170 75 160

20160205/21/07:19.27 120.3490 23.0052 21.1 4.28 0 85 -160

20160205/22/14:26.57 120.3703 22.9905 21.7 3.08 355 90 -160

20160205/23/07:29.42 120.3355 22.9978 27.4 3.24 160 70 150

20160206/00/17:33.49 120.4522 22.9202 11.2 2.19 260 10 150

20160206/13/41:57.26 120.3507 22.9598 21.4 3.49 265 70 20

20160207/12/14:16.31 120.3457 23.0110 27.2 2.03 70 15 60

20160208/09/54:51.65 120.5722 23.0060 11.1 3.76 75 90 -90

20160208/09/54:51.65 120.5722 23.0060 11.1 3.76 75 90 -90

20160208/13/16:23.26 120.5845 23.0737 8.4 1.22 50 75 160

20160209/19/56:04.20 120.3240 22.9977 27.4 2.93 0 80 -160

20160210/00/40:26.71 120.4405 23.1347 17.8 3.79 345 25 110

20160210/06/37:52.40 120.5722 23.1092 2.8 3.14 85 50 -100

20160210/10/32:24.00 120.4543 22.9752 19.2 2.04 75 55 -30

20160210/13/34:27.79 120.5663 22.9035 14.6 3.84 0 70 -110

20160211/08/52:25.90 120.5397 23.0532 14.2 1.66 15 15 30

20160212/01/10:49.70 120.5440 22.9325 10.7 3.82 140 5 -50

20160212/20/56:25.33 120.4147 22.9758 21.8 2.58 5 80 -170

20160217/04/15:21.02 120.5415 22.8990 18.8 3.58 70 65 -150

20160218/20/41:50.38 120.5720 22.9832 13.4 2.77 260 85 -20

20160218/21/20:06.78 120.2990 22.9682 29.4 4.25 40 65 -90

20160226/20/39:06.61 120.4685 22.9963 21.9 1.37 305 85 -130

20160310/03/41:27.21 120.3708 22.9653 28.4 3.43 175 85 160

Table 2. The obtained fault plane solutions from the 2016 Meinong EQ’s aftershocks.
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source time function to 2.5 km s-1 and the rise time to 0.8 s, 
which are constraints from waveform fitting with minimum 
error. The input velocity model beneath the Meinong area 
is derived by Wen et al. (2012). For density estimation, we 
adopted the empirical formula 1.7 0.2at = + , where α is 
the P-wave velocity.

4. resulTs And dIscussIons

According to the original location of aftershocks, the 
2016 Meinong EQ sequence is very complex and the dis-
tribution is different with the 2010 Jiasian EQ sequence 
and 2012 Wutai EQ sequence in the study area (see Fig. 1). 
Therefore, we present the distribution of the relocated after-
shocks shows three distinct clusters when average RMS of 
travel-time residuals is reduced to 0.21 s in the 3-D solution 
(Wen et al. 2012). The relocated aftershocks show some 
changes with respect to the location given by the CWB, but 
the results confirm that the distributions of aftershocks not 
only occurred around the source area, but also that some 
seismic events at varying depths occurred to the west and 
north of the source area (see Fig. 2a, Zones 1, 2, and 3, 
dotted circles). Therefore, in order to distinguish the dis-
tribution of aftershocks and main-shock, two profiles were 
selected to illustrate the depth-dependent characteristics of 
the three seismic clusters. The profile BB’ is parallel to the 
strike of the CTFZ and cuts across Tainan City, whereas the 
profile CC’ is perpendicular to the profile BB’. Zone 1 en-
closes the main-shock, which is bordered by a clustered af-
tershock sequence (Fig. 2b). The aftershocks that occurred 
in Zone 2 show a narrow-band distribution with a dip to the 
west roughly observed from the profile BB’ (Fig. 2b). Zone 
3 exhibits seismic clusters primarily with depths less than 
20 km (Fig. 2c).

4.1 The profile bb’

In order to envision the geological structures and evo-

lution of the study area, we choose the same two profiles to 
illustrate the 3D tomography model. In Fig. 2b, a prominent 
low Vp anomaly zone with high Vp/Vs ratio is apparent to 
the west of the CSF which is derived from the 3-D velocity 
model (Wen et al. 2012). This zone extends to a depth of  
30 km which suggests that thick accumulated sediments ex-
ist in the accretionary wedge (the blue color in Vp pertur-
bation) (Leggett et al. 1979; Shyu et al. 2005), and that the 
fault type in this area is a normal or strike-slip mechanism 
(Lin et al. 2009). Therefore, we consider that the thick, low 
Vp anomaly may reflect the typical character of an accre-
tionary wedge with unconsolidated sediments (Leggett et 
al. 1979). From other investigations, Wu et al. (2007) also 
found that there is a low Vp anomaly zone with high Vp/
Vs ratio beneath Tainan City, which is in the east end of 
the profile BB’; Lacombe et al. (2001) point out that there 
exists a fluid-rich muddy formation in the uppermost crust 
beneath our study area.

4.2 The profile cc’

In Fig. 2c, there is a high Vp with low Vp/Vs ratio 
anomaly zone dipping southward as well as a sharp bound-
ary between the high and low Vp anomaly zones in the 
northern part of the profile CC’. This result is consistent 
with the observation that the southern part of the CMR is 
composed mainly of granitic continental rocks (Wu et al. 
2007). Otherwise, there is a high Vp/Vs ratio anomaly zone 
with a low Vp anomaly in the southern part of this profile 
and it can be referred to the structures of PAP (Wen et al. 
2012). Furthermore, we projected the focal mechanism of 
the Meinong earthquake sequence along the profile BB’ and 
CC’ and found that the potential fault plane is analogous 
with the trend of the seismic zone.

About the source inversion, we present our final results 
of the slip distribution of the 2016 Meinong EQ from a low 
frequency perspective. In Fig. 3a, we show the slip distribu-
tion on the fault plane (AA’). The epicenter is indicated by a 
black star; the rupture time contour is represented by black 
solid lines with a contour interval of 2.5 s; and the white ar-
rows show the direction of slip for each sub-fault, with size 
proportional to the magnitude of slip. We found two signifi-
cant slip zones; the first is located 10 km north of the hypo-
center at a greater depth. This area is dominated by strike-
slip faulting with a maximum offset of approximately 2.7 
m. This zone can be considered as an asperity with an area 
of 20 × 15 km2. To the north of the man-shock epicenter, 
another prominent slip area dominated by thrust type seismic 
events is observed. The total seismic moment is estimated 
to be 4.46 × 1018 Nm, similar to the result derived from the 
USGS (http://earthquake.usgs.gov/earthquakes/eventpage/
us20004y6h#moment-tensor). The comparison between the 
observed waveform and the synthetic waveform is shown at 
the bottom panel of Fig. 3a. The synthetic seismograms were 

layer (km) Vp (km s-1) Vs (km s-1)

0.00000 2.10000 1.10000

0.50000 3.97762 2.21683

2.00000 5.46555 3.03349

5.00000 5.80191 3.17667

10.00000 6.16778 3.33857

15.00000 6.53365 3.68603

25.00000 7.07587 3.97571

35.00000 7.87285 4.44921

50.00000 8.02000 4.72905

Table 3. The 1D velocity modified from 
Wen et al. (2012).

http://earthquake.usgs.gov/earthquakes/eventpage/us20004y6h#moment-tensor
http://earthquake.usgs.gov/earthquakes/eventpage/us20004y6h#moment-tensor
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plotted with red solid lines and at the same scale. The corre-
lation between the synthetic and observed data is, in general, 
quite strong. The value listed at the right-hand side of each 
trace represents the corresponding peak value and cross-
correlation coefficient. However, at some stations, the cor-
relation is poor such as KAU068, KAU047, MTN155, and 
KAU021 in the N-S component, and KAU028, KAU021, 
CHY063, and KAU026 in the E-W component (see Fig. 3b 
bottom and right panels, the cross-correlation coefficient is 
lower than 0.25). Beneath these stations, there exists 10 km 
of thick unconsolidated sediments that leads to strong site 
effects causing the waveform fitting to be relatively poor 
(Bard and Riepl-Thomas 2000; Lin and Watts 2002). The 
slip distribution depicted in Fig. 3a indicates that the failure 
process of the 2016 Meinong EQ might have initiated as a 
small event with the rupture accelerating and slip amplitude 
increasing toward the west where Tainan City is located, 
causing a major seismic hazard in the area.

In order to understand the stress field of these three 
seismic clusters, except to the 22 fault plane solutions that 
were obtained using the FPFIT technique (Reasenberg and 
Oppenheimer 1985), we adopted the stress inversion meth-
od (Robinson and Mcginty 2000) to retrieve the orientation 
of principal stress axes σ1 and σ3 in each zone. This method 
allows us to use the numerous smaller aftershocks rather 
than the more limited set of fault plane solutions from the 
earthquake sequence. The results are obtained by setting the 
95% confidence interval for σ1 and σ3 from 1000 resamples 
(Michael 1987). The beach balls diagrams in Fig. 4 show 
the focal mechanisms (lower hemisphere projection) cor-
responding to an optimal fault type in Zones 1, 2, and 3. 
The preferred fault plane shows normal faulting in Zone 2, 
thrust faulting in Zone 3 and left-lateral with reverse fault-
ing in Zone 1, which are all consistent with the fault plane 
solutions obtained from first P polarities. Our findings also 
suggest that the aftershocks of the 2016 Meinong EQ are not 
associated with any currently known geological structure in 
proximity to the source area. Based on our results, we can 
remark that the fault type in the upper crust of Zones 1 and 
2 is similar with the CTFZ which exhibits left-lateral thrust 
rupture behavior (Rau and Wu 1998; Lacombe et al. 2001; 
Ching et al. 2011; Wen et al. 2012); however, the aftershocks 
that occurred in the lower crust in Zone 2 and those shallow-
depth thrust events in Zone 3 were generated by triggering 
pre-existing structures or blind faults. Nevertheless, the in-
teraction between the main-shock and the aftershocks is ob-
viously very complicated, and the precise spatial-temporal 
process is an important mission in future works.

5. TecTonIc IMplIcATIons

By combining results from investigating the slip distri-
bution, focal mechanisms, velocity model, and the relocated 
2016 Meinong earthquake sequence, we find that there may 

exist a blind fault with a NW-SE strike beneath Tainan City 
(Zone 2). Moreover, the orientations of the principal stress 
axes beneath our study area are similar to the concluding re-
marks made by Wen et al. (2012). They suggest that Zones 
3 and 4 (Fig. 5) are in convergent zones caused by the arc-
continental collision, and Zone 5 corresponds to the Jiasian 
EQ (Wen et al. 2012). Additionally, Zone 6 corresponds to 
the 2012 Wutai EQ which used 389 P-wave first motion 
polarity readings from the related aftershocks and also oc-
curred in the transfer fault zone. Both Zones 5 and 6 ex-
hibited thrust slip with the NW strike direction. Based on 
previous studies, the southern area of the CTFZ (e.g., PAP 
area in Fig. 1) exhibits tectonic escape which may relate 
to the Manila subduction zone and inactivity in this area 
(Lacombe et al. 2001; Wen et al. 2012). As the north of 
the CTFZ still exhibits thrust faulting, which implies ongo-
ing collisions; the shortening effect still dominates (Bos et 
al. 2003). Hence, the different tectonic processes lead the 
potential blind fault to be active to cause the 2016 Meinong 
earthquake sequence. Therefore, we found that the rupture 
behavior in SW Taiwan not only exhibits thrust and strike-
slip focal mechanisms (Rau and Wu 1998; Ching et al. 
2011; Wen et al. 2012), but also worth to note that the CTFZ 
would play an important role among the different tectonic 
processes and increase the seismic potential.

For the causal relationship between the aftershock clus-
ters, we also calculated Coulomb failure stress based on the 
source slip distribution obtained in this study. The calcula-
tion can help us to clarify the question of whether the seismic 
events that occurred in Zones 1, 2, and 3 were triggered or 
not. Figure 6 shows Coulomb stress distributions at three dif-
ferent depth ranges. On the left panel, we also plotted the 
principal stress orientations in each zone. In Zone 2, at a 
depth range of 20 - 30 km where deeper aftershocks occurred 
(the western part of the sequence), the calculated Coulomb 
failure stress does seem to trigger the paleo-normal faults ex-
isting in the lower crust beneath the Tainan Basin (Lee et al. 
1993; Lacombe and Mouthereau 2002; Sibuet et al. 2004). 
For the aftershocks in Zone 3, at the depth range of 0 - 10 km, 
the map of Coulomb failure stress (Fig. 5) still indicates that 
those events were triggered. Even when we used a homoge-
neous half-space in the calculation of Coulomb failure stress, 
the results continued to demonstrate solid evidence that the 
failure process of the 2016 Meinong EQ could have triggered 
the nearby fault system.

6. conclusIons

Traditionally, a fault kinematic model is obtained us-
ing strong motion data to calculate slip distribution on the 
fault plane, often not taking into account the stress state on 
the fault plane. Aki (1984) pointed out that considering bar-
riers and asperities on a fault plane is exceptionally impor-
tant to estimating the strong ground motion as well as to 
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(a) (b)

(c)

Fig. 4. The orientations of the σ1 (denoted by ‘+’) and σ3 (denoted by the circle symbol) axes from stress inversion of 1000 resampled polarities for 
(a) Zone 1 (top panel), (b) Zone 2 (middle panel), and (c) Zone 3 (bottom panel). The results are based on 95% confidence limits. The “beach balls” 
show the optimal focal mechanisms (lower hemisphere projection). (Color online only)

Fig. 5. The results of regional stress inversion for six zones within the CTFZ (Wen et al. 2012). The beach ball diagrams show the attitude of the 
stress tensors and the solid red and green circle indicates as σ1 and σ3 respectively. The convergence rate in Taiwan area is 81.5 mm yr-1 (Yu et al. 
1997). The red solid stars show the epicenters of the 2010 Jiasian EQ, 2012 Wutai EQ, and 2016 Meinong EQ. The CTFZ is indicated by the gray 
area enclosed by the blue dashed rectangle. (Color online only)
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understanding the seismogenic process of an earthquake.
From the velocity profiles, we can see that the CSF 

and the possible blind fault with NW-SE strike are both 
important boundaries between the accretionary wedge and 
the intervening continental sliver. Our results also suggest 
that the left-lateral thrust motion of the main-shock may be 
caused by pre-existing blind faults. Finally, we conclude 
that a blind, left-lateral reverse fault exists and imply that 
the main-shock affects the nearby fault system and triggers 
the occurrence of aftershocks with normal and strike-slip 
mechanisms.
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