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Abstract: In order to realize the crustal structure in Taiwan, the receiver function method was used to
analyze the teleseismic waveforms recorded by two orthogonal broadband linear arrays deployed in
northern Taiwan in the east–west and south–north directions by the TAiwan Integrated GEodynamics
Research (TAIGER) project from 2007 to 2009. By incorporation with Common Conversion Point
(CCP) stacking, the Moho discontinuities beneath northern Taiwan were imaged. Based on the
CCP stack of receiver functions in the east–west direction array, a collision boundary between the
Philippine Sea Plate and the Eurasian Plate appears at the east of Taiwan. The Moho depth of the
Eurasian Plate in west Taiwan is flat and 30 km; the Moho depth of the Philippine Sea Plate below the
Central Mountain Range is about 55 km; in the east, the Moho depth of the Ryukyu arc is about 40 km.
The south–north profile shows a brittle–ductile transition zone at depths of 15–20 km beneath central
Taiwan from south to north. Moreover, the Moho depth of the Eurasian Plate is about 20–25 km in
northern Taiwan. The Moho depth appears to deepen from north to south. The deepest Moho is
located at the junction of the two profile lines, the Philippine Sea Plate, and has a depth of 60 km.
According to these Moho depths, the crustal structure is thin and flat in the west part of northern
Taiwan which is similar to the thin-skin model. However, the lithosphere is deformed and forms the
mountain root in the east part which is similar to the lithospheric collision model.

Keywords: crustal structure; moho depth; receiver function; mountain root

1. Introduction

Taiwan is located at the collision zone between the Eurasian Plate and the Philippine Sea
Plate. GPS observations show that the crust of Taiwan continues to rise vertically due to the
compression of plates [1]. In the southeast part of Taiwan, the Philippine Sea Plate is squeezed
towards the Eurasian Plate at a speed of 82 mm/year [2]. In the northeast part of Taiwan, the
Philippine Sea Plate has been subducting under the Eurasian Plate along the Ryukyu Trench.
The plate configuration in the vicinity of Taiwan is shown in Figure 1. The distribution of
earthquake hypocenters forms a sloping northwest subduction zone. However, the Eurasian
Plate subducts eastward under the Philippine Sea Plate at the southern part of Taiwan [3], which
results in the active orogeny process in Taiwan. The collision not only causes a series of folds
and faults but also induces frequent earthquakes around Taiwan area. Many models have
been proposed to explain the orogeny process around Taiwan area due to the collision of the
Eurasian Plate and the Philippine Sea Plate. Some examples are as follows: the thin-skin model
advocates that the orogenic movement is only carried out above the detachment surface [4];
the lithospheric collision model indicates that the whole lithosphere is deformed and forms
mountain roots [5]; a model of breaking the Eurasian Plate beneath Taiwan can show the reversal
of the subduction polarity in northern Taiwan [6]; a model of active continental subduction
followed by crustal exhumation [7]; a subducting indenter model using seismicity and 3D
velocity structures [8].
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Figure 1. Plate configuration in the vicinity of Taiwan. The Philippine Sea Plate is moving north-
westward with a rate of 82 mm/year and colliding with the Eurasian Plate. The red dotted line is the 
western edge of the Philippine Sea Plate, which is modified from Wu et al. [8]. IP = Ilan Plain, TV = 
Tatun volcano, LV = Longitudinal Valley, CP = Coastal Plain, HR = Hsueshan Range, WF = Western 
Foothills, BR = Backbone Range (or Western Central Mountain Range), ECR = Eastern Central Moun-
tain Range and CR = Coastal Range. 

In recent years, with the widespread establishment of broadband seismic stations in 
Taiwan, abundant seismic data have become available for the study of Taiwan’s geologi-
cal structure. One important achievement is using seismic tomography to estimate the 
velocity structure beneath Taiwan by utilizing these high-quality seismic broadband data 
[9-13]. However, velocity tomography can exhibit structures with different velocities, but 
fails to distinguish structures with no velocity difference. Moreover, the Moho velocity 
under Taiwan has not yet been determined with confidence; thus, it is still difficult to 
judge the position and depth of the Moho from the velocity model. 

When the teleseismic P-wave passes through an interface between two materials with 
different acoustic impedances, the P-wave and the converted S-wave are transmitted out 
from the interface. Thus, the depth of the interface can be estimated by the difference in 
travel time between the P-wave and converted S-wave. The receiver function method was 

Figure 1. Plate configuration in the vicinity of Taiwan. The Philippine Sea Plate is moving
northwestward with a rate of 82 mm/year and colliding with the Eurasian Plate. The red dot-
ted line is the western edge of the Philippine Sea Plate, which is modified from Wu et al. [8].
IP = Ilan Plain, TV = Tatun volcano, LV = Longitudinal Valley, CP = Coastal Plain,
HR = Hsueshan Range, WF = Western Foothills, BR = Backbone Range (or Western Central Mountain
Range), ECR = Eastern Central Mountain Range and CR = Coastal Range.

In recent years, with the widespread establishment of broadband seismic stations in
Taiwan, abundant seismic data have become available for the study of Taiwan’s geological
structure. One important achievement is using seismic tomography to estimate the velocity
structure beneath Taiwan by utilizing these high-quality seismic broadband data [9–13].
However, velocity tomography can exhibit structures with different velocities, but fails
to distinguish structures with no velocity difference. Moreover, the Moho velocity under
Taiwan has not yet been determined with confidence; thus, it is still difficult to judge the
position and depth of the Moho from the velocity model.

When the teleseismic P-wave passes through an interface between two materials with
different acoustic impedances, the P-wave and the converted S-wave are transmitted out
from the interface. Thus, the depth of the interface can be estimated by the difference
in travel time between the P-wave and converted S-wave. The receiver function method
was first proposed by Phinney [14], which is the deconvolution of the incoming vertical
and longitudinal components of the seismogram; thus, it contains the information of
the time difference between the P-wave and converted S-wave. Therefore, the interface
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(for example, Moho discontinuity) of two materials (for example, crust and mantle) with
different acoustic impedances can be estimated by the receiver function. Then, this method
was refined by Langston [15], who converted the receiver function spectrum back to the
time domain and used the “water-level” technique to stabilize the deconvolution result,
and then used a Gaussian function low-pass filter to reduce the high-frequency noise.
Owens et al. [16] developed an iterative linearized inversion procedure in the time domain
to obtain a one-dimensional velocity model. Ammon [17] discovered that the receiver
function is sensitive to the relative velocity of the crust rather than the absolute velocity.
Therefore, the difference in impedance of the medium is the main factor in producing a
clear receiver function. Ammon [18] proposed that the absolute amplitude of the receiver
function is affected by the angle of incidence and the refractive index, and the amplitude
will decrease with the increase of the epicenter distance. Nowadays, this is the common
method used to study the structure of the crust and upper mantle [19–23]. In addition,
Zhu [21] developed the Common Conversion Point (CCP) stacking technique by stacking
the conversion positions so the position of the crustal structure can be imaged more clearly.

Thereafter, the single-station receiver function was used to explore the crustal structure
of Taiwan [10,24–26]. Thus, the Moho depths under the stations can be demonstrated but
the Moho depths between stations are still unknown. From 2007 to 2009, high-quality
seismic data were acquired by two high-density linear arrays deployed at north Taiwan
in east–west and south–north directions, which are part of the TAiwan Integrated GEody-
namics Research (TAIGER) project. These high-density array data and the receiver function
method incorporating the CCP stacking technique [21] are used to image the crustal struc-
ture beneath northern Taiwan in this study. In the following sections, the origin of the
seismic data and the methodology of receiver function are given. Then, the CCP stack of
receiver functions of the two high-density linear arrays are calculated and interpreted, and
finally, the discussions and conclusions of the receiver functions beneath northern Taiwan
are demonstrated.

2. Seismic Data

The TAIGER project deployed two high-density linear seismic arrays in north Taiwan.
The first is composed of 19 broadband (Guralp CMG-3T, 120 s) seismic stations installed
from May 2007 to July 2008 and 45 short-period (Sercel L-22, 2 Hz) seismic stations installed
from March 2008 to June 2008 in the east–west direction, which are shown in Figure 2 as
blue and red triangles, respectively. The other is composed of 25 broadband (Nanometrics
Trillium 120, 120 s and Guralp CMG-3ESP, 120 s) stations installed from February 2008 to
June 2009 in the south–north direction, shown as green triangles in Figure 2. Although
there are two types of instruments used in this study, the instrument and source effects
were removed, leaving only the path effect, by deconvolution of the radial component with
the vertical component of the teleseismic P-wave in obtaining the receiver function. Thus,
the broadband and short-period receiver functions can be used in combination. Since the
influence and bias induced by the variation in the lateral crustal structural on the CCP
stacking can be reduced by the full azimuthal coverage of the teleseismic earthquakes,
the full back-azimuth coverage of the teleseismic earthquakes for performing the receiver
function and CCP stacking is required. The teleseismic earthquakes are sorted during
the array operation time for those whose magnitudes (Mw) are greater than 5.0 and the
epicenter distances are between 30◦ and 90◦ with full back-azimuth coverage from the
two arrays. There are 388 teleseismic earthquakes fitted the requirements, shown in
Figure 3. In total, there were 2833 direct P-wave events detected in the two arrays for
these 388 teleseismic earthquakes. Data quality is crucial in the receiver function analysis.
Therefore, the poor signal-to-noise ratio data and harmful traces are removed. Finally, there
are 1211 and 1287 events are used in the east–west and south–north profiles, respectively.
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Figure 2. The positions of two orthogonal linear dense arrays deployed in north Taiwan in east–
west (A-A’ line) and south–north (B-B′ line) directions. The blue triangles represent 19 broadband 
seismic stations installed from May 2007 to July 2008. The green triangles indicate 25 broadband 
stations installed from February 2008 to June 2009, and the red triangles are 45 short-period stations 
installed from March 2008 to June 2008. 

Figure 2. The positions of two orthogonal linear dense arrays deployed in north Taiwan in east–west
(A-A’ line) and south–north (B-B′ line) directions. The blue triangles represent 19 broadband seismic
stations installed from May 2007 to July 2008. The green triangles indicate 25 broadband stations
installed from February 2008 to June 2009, and the red triangles are 45 short-period stations installed
from March 2008 to June 2008.
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3. Methods of Receiver Function and CCP Stacking
3.1. Receiver Function

The receiver function method refined by Langston [27] and Owens et al. [16] shows
that the source and instrument effects can be removed using the division of the radial
component by the vertical component of the teleseismic P-wave operated in the frequency
domain. The corresponding time sequence of the divide is called the receiver function,
which contains the converted phase produced by the interface beneath the receiver. Thus,
the receiver function can be used to indicate the depth of the interface. The teleseismic
P-waves used in this study were first filtered by a Butterworth filter from 0.1 to 2.0 Hz.
Then, all first arriving P-waves of the vertical components were aligned by the waveform
cross-correlation technique. Next, the receiver functions were calculated using the time-
domain iterative deconvolution technique [28]. Finally, the receiver functions were filtered
by the Gaussian low-pass filter (1 Hz) to suppress the high-frequency noises for imaging.
Figure 4 shows the receiver functions of the teleseismic P-wave detected by stations N22,
TGN17 and NSN22. Stations N22 and TGN17 are the short-period and broadband seismic
stations distributed at the same position in the AA′ profile but at a different time period.
The 3-s events appearing in stations N22 and TGN17 are consistent. However, the 5-s
events only appear in station TGN17, since long travel time events are more easily detected
by the broadband seismic station. NSN22 is the broadband seismic station deployed in BB’
profile. The 3- and 4-s events can be seen in the station NSN22 during the azimuth angles
of 200–360 degrees. When compared with previously mentioned studies [20,21,23], the
events appearing in these back-azimuth receiver function plots are random, which shows
that the structure below Taiwan is complex. This also indicates the importance of using
array data to refocus individual events to their originated places.
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3.2. CCP Stacking (Common Conversion Point Stacking)

In this study, the CCP stacking technique [21] was used to image the crustal structure.
Since the amplitude of the time sequence of receiver function represents the acoustic
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impedance change of the medium at the conversion point, the amplitude at each point
on the receiver function is assigned to the corresponding position on the ray path, where
the P-S conversion occurs for the time relative to the direct P-wave. Then, the study area
along the profile is gridded into sufficiently small pixels, and all amplitudes in each pixel
are summed to obtain the average amplitude. Therefore, the image of the crustal structure
along the profile is obtained. A background velocity model modified from the velocity
model of Wu et al. [12] was used to calculate the ray path of the receiver function, and then,
we applied the CCP stacking technique to stack all the receiver functions of teleseismic
events along the profile. Then, the CCP stacking image was obtained along the profile.

4. Imaging results
4.1. A-A′ Profile

The seismic data acquired by the east–west high-density linear seismic array were pro-
cessed by the receiver function and CCP stacking methods and then projected to the A-A′

profile, shown in Figure 5. The topography of Taiwan along the A-A′ profile is shown at the
top of the figure. The triangles represent the locations of seismic stations which are projected to
the A-A′ profile and the arrow indicates the cross point of profiles A-A′ and B-B′, where the
latitude and longitude are 24.6 degrees N and 121.5 degrees E. The top figure is the CCP stack
of receiver functions along the profile. The bottom figure is the interpretation of the top figure
and incorporated with the earthquakes relocated by Wu et al. [29] for magnitude (ML) ≥ 3.0
in the past 15 years. A collision boundary could be seen from the distribution of earthquakes
and the CCP stack of receiver functions, shown by the blue dashed line and characters “CB” in
the figure. The surface position of the boundary is at 121.7 degrees E longitude. On the west
side of this boundary, most of the earthquake depths are shallower than 20 km. However, on
the east of the boundary, the earthquake depths are relatively deep. The deepest depth of the
earthquakes is about 60 km. Thus, this boundary could be the collision boundary between the
Eurasian Plate and the Philippine Sea Plate. The west part of the boundary is the Eurasian
Plate and the east part is the Philippine Sea Plate and the Ryukyu arc. This collision position
is consistent with the plate boundary between the Eurasian Plate and Philippine Sea Plate of
Wu et al. [8]. A strong horizontal event appeared at a depth of 30 km and horizontal distances
of 30–90 km, shown by a blue line and characters “EP”, which is interpreted as the Moho
discontinuity of the Eurasian Plate. This indicates that the Moho of the Eurasian Plate is flat, its
depth is 30 km in the north-west of Taiwan. In addition, the event for the horizontal distances
of 110–130 km at a depth of 55 km shown by a blue line and characters “PSP” is considered as
the Moho discontinuity of the Philippine Sea Plate. Since this area is just below the cross point
of profiles A-A′ and B-B′, this interpretation is supported by the B-B′ profile (Figure 6). The
event for the horizontal distances of 130–160 km at a depth of 40 km, shown by a blue line and
characters ”RKA”, is considered as the Moho discontinuity of the Ryukyu arc. This indicates
that the crust of the Ryukyu arc was deposited on the Philippine Sea Plate and pushed into the
Eurasian Plate.
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Figure 5. The CCP stack of receiver functions along the A-A′ profile. The topography along the A-A′

profile is shown at the top of the figure. The triangles represent the locations of seismic stations
which are projected to the A-A′ profile and the arrow indicates the cross point of profiles A-A′ and
B-B’. The top figure is the CCP stack of receiver functions along the profile. The bottom figure is the
interpretation of the top figure and incorporated with the earthquakes relocated by Wu et al. [29] for
magnitude (ML) ≥ 3.0 in the past 15 years. The blue dashed line represents the collision boundary
“CB” between the Philippine Sea Plate and the Eurasian Plate. The blue lines indicate the Moho
discontinuities of the Eurasian Plate (EP), Philippine Sea Plate (PSP) and Ryukyu arc (RKA).
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Figure 6. The CCP stack of receiver functions along the B-B′ profile (south–north direction). The top
figure is the CCP stack of receiver functions along the profile. The bottom figure is the interpretation
of the top figure and incorporated with the earthquakes relocated by Wu et al. [29] for magnitude
(ML) ≥ 3.0 in the past 15 years. The blue dashed line represents the Benioff seismic zone. The
yellow line is the brittle–ductile transition zone in the upper crust. The blue lines indicate the Moho
discontinuities of the Eurasian Plate (EP) and Philippine Sea Plate (PSP).

4.2. B-B′ Profile

The seismic data acquired from the south–north high-density linear seismic array were pro-
cessed by the same techniques used in profile A-A′ and then projected to the B-B′ profile, shown
in Figure 6. The topography along the B-B′ profile is shown at the top of the figure. The top
figure is the CCP stack of receiver functions and the bottom figure is the interpretation of the top
figure incorporated with the earthquakes relocated by Wu et al. [29] for magnitude (ML) ≥ 3.0
in the past 15 years. An interface is seen at depths of 15–20 km and horizontal distances of
40–180 km, shown by a yellow line and characters “BD”. Almost all of the earthquakes oc-
cur above this interface, which is considered as a brittle–ductile transition zone in the upper
crust. This position is consistent with the study results of crustal rheology in Taiwan by Kidder
et al. [30] based on the analysis of the composition and deformation of quartzite. This upper
crustal structure is similar to those in the Baltic Shield, where there is an interface in the upper
crustal and almost all earthquakes occur above this interface [31]. However, almost all of
the stations distributed in the A-A′ profile are on the alluvial plain, and the multi-reflection
waves induced in the low-velocity sedimentary layers contaminate the shallow structure signals;
therefore, the brittle–ductile transition zone is not found in the A-A′ profile. On the contrary,
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the stations deployed in the B-B′ profile are on the rock site, thus no multi-reflection wave is
produced here and the brittle–ductile transition zone is observed in the B-B′ profile.

In the northmost part of the profile, a strong event appeared at depths of 20–25 km
and horizontal distances of 180–220 km, shown by the blue line and characters “EP”, which
is interpreted as the Moho discontinuity of the Eurasian Plate. In addition, the event for
horizontal distances of 110–150 km at depths of 55–60 km, shown by the blue line and
characters “PSP”, is considered as the Moho discontinuity of the Philippine Sea Plate.
Wu et al. [8] showed that the western edge of the Philippine Sea Plate is inserted into the
asthenosphere at a depth of 50 km below the Eurasian Plate in northern Taiwan. The depth
and position of the western edge of the Philippine Sea Plate are consistent with our results.
There are two groups of earthquakes for horizontal distances of 160–200 km in this profile.
One group, at depths of 20–60 km and located at the plate boundary, is considered as
the collision zone of the Eurasian Plate and the Philippine Sea Plate. Another group dips
northward at depths of 60–100 km, shown by the blue dashed line and word “Benioff”,
which is regarded as the Benioff seismic zone. This indicates that the Philippine Sea Plate is
subducting northward under the Eurasian Plate along the Ryukyu Trench in north Taiwan.
This interpretation is consistent with those proposed by Kao and Rau [32]. In addition, the
event for horizontal distances of 40–110 km, shown by the blue line and characters “EP”, is
considered as the Moho discontinuity of the Eurasian Plate at depths of 40–55 km. Overall,
the depth of the Moho discontinuity of the Eurasian Plate gradually becomes deeper from
north Taiwan to the center of Taiwan. The deepest Moho discontinuity is the Philippine
Sea Plate at the center of Taiwan, with a depth of 60 km.

5. Discussions

The seismic tomogram can show the crustal velocity structure, and the receiver func-
tion responds to the crustal impedance structure, although the physical meanings of the
velocity and impedance are different but similar. Thus, they can be compared with each
other. Rau and Wu [10] used the P-wave arrival times of local earthquakes to inverse (or
tomography) the P-wave velocity structures around Taiwan region, which shows that the
crust is thick under the Central Mountain Range and thinner at the Western Foothills region
than in other areas. The tomographic results of Kim et al. [11], indicate that the Moho depth
is about 35 km beneath the Coastal Plain at western Taiwan and increases rapidly toward
the east and reaches its maximum depth of 55 km beneath the eastern Central Mountain
Range. Wu et al. [12] used the P- and S-wave arrival times of local earthquakes and the time
differences between the arrival times of S- and P-waves from a dense network of strong
motion stations (Taiwan Strong Motion Instrumentation Program network) to image the
Vp and Vp/Vs structures beneath Taiwan. Their seismic tomogram shows that the Moho
depth is about 60 km under the Central Mountain Range. Ustaszewski et al. [33] used
the velocity tomography and seismic distribution to map the crust–mantle boundaries,
showing that the Philippine Sea Plate subsides to the north and dips eastward under the
Eurasian Plate, and the western edge of the Philippine Sea plate at 24.2 degrees N latitude
is about 50–60 km in depth and the depth variation is gentle. This is consistent with “PSP”
in the BB′ profile. Li et al. [34] used the joint inversion of P- and S-wave arrival times and
Bouguer gravity to estimate the 3D velocity structures around the Taiwan area. Their study
shows the maximum Moho depth is 56 km and located beneath the Backbone Range (or
Western Central Mountain Range), and the trend of the Moho is largely consistent with
the topography of the Central Mountain Range. To summarize the comparison with the
seismic tomogram, the Moho depths around northern Taiwan estimated by the seismic
tomograms are consistent with our results.

The tomographic P-wave velocity model around the Taiwan region built by
Kuo-Chen et al. [13] is used for a comparison with our results. Their P-wave velocity model
along the A-A′ and B-B′ profiles are shown in Figure 7a,b, respectively. Using the 7.5 km/s
contour as the bottom of the crust [13], and the interval of the contour lines being 0.5 km/s,
“two parallel roots” beneath Taiwan were found in their study, which can be seen in the east–
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west direction velocity profile (Figure 7a). The main root is under the Central Mountain Range
and its depth is 50 km, corresponding with the “PSP” for horizontal distances of 110–130 km
in Figure 5. The other root is under the Coastal Range and its depth is 40 km, corresponding
with the “RKA” for horizontal distances of 130–160 km in Figure 5. In the west side of Figure 7a,
the crust depth is nearly horizontal at depths of 28–30 km, correspondent with the “EP” for
horizontal distances of 30–90 km in Figure 5. To compare the B-B′ profile (Figure 6) with
south–north direction velocity profile (Figure 7b) from south to north; the depth of the crust is
about 40 km for the horizontal distances of 40–110 km, the deepest part of the crust is about
45–50 km for the horizontal distances of 120–160 km and shallowest part of the crust is about
25–30 km for the horizontal distances of 190–240 km in Figure 7b, which are correlated with
south “EP”, “PSP” and north “EP” in Figure 6, respectively. Although there are little differences
in depth between our interpretations and Kuo-Chen et al.‘s Moho depths, the overall trends are
consistent. The CCP stack image clearly indicates the positions of the interfaces. In addition,
Figure 7 also indicates that the geological structures are very complex in northern Taiwan,
which are induced by the collision of the Eurasian Plate and the Philippine Sea Plate. The
complexity of geological structures captured by seismic waves can be quantitatively assessed
by the seismic propagators [35], so the optimum solution can be estimated by a compromise
between geological complexity, seismic imaging accuracy, and computational efficiency.

In the following, more comparisons of using receiver function to study the crustal
structure of Taiwan are made. Tomfohrde and Nowack [24] used receiver function and
Taiwan Seismographic Network data to inverse the one-dimensional velocity model under
each station. Their results show that the average Moho depth is 38 km surrounding the
Central Mountain Range of Taiwan. Kim et al. [25] analyzed the teleseismic receiver
function of each BATS (Broadband Array in Taiwan for Seismology) station and found
that the crustal thicknesses are 20–30 km at the TWB1 station and 44–46 km at the SSLB
station. The TWB1 and SSLB stations are close to the horizontal distances of 220 and 60 km
of the B-B′ profile. Wang et al. [26] used the H-κ stacking method proposed by Zhu and
Kanamori [36] to estimate crustal thickness and Vp/Vs ratio for each BATS station in
Taiwan. Their results show that the Moho depth is shallow (17–32 km) in northern and
southeastern Taiwan, becomes deep (32–39 km) in southwestern, and the deepest depth
is about 53 km below the SSLB station in central Taiwan. Goyal and Hung [37] applied
the H-V stacking method [38] which jointly utilized P- and S-wave receiver functions to
determine the Moho depths beneath the 50 stations in Taiwan and off-shore islands. Their
results show that the Moho depth is about 20 km in the north and west coastal areas of
Taiwan. The Moho depth deepens from coastal areas to the Central Mountain Range, and
the maximum depth below the midwest of the Central Mountain Range is about 47 km.
Their overall depth of the Moho is 10 km shallower than ours, but the position and trend of
the variation in Moho depth are consistent with ours. The above-mentioned study results
are consistent with ours. However, our results show the continuous variation of the Moho
depth beneath northern Taiwan.

For comparison with the density structure, Hsieh and Yen [39] used 3D gravity inver-
sion to estimate the density structure of Taiwan and showed that the Moho depth in the
west of Taiwan is 30–35 km, corresponding to the “EP” in the AA′ profile. Their maximum
Moho depth is 45–50 km beneath the middle Central Mountain Range, which is shallower
than our result, but the position is similar.
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The thin-skin model asserts that there is a detachment surface near the subduction
plate boundary, and all orogeny processes could only be carried out above the detachment
surface. The detachment surface slopes eastward and is about 5–15 km in depth below
Taiwan [40]. However, the lithospheric collision model is opposed to the statement of
the detachment surface. According to the 1–2 s delay in the teleseismic shear wave, the
plates uplift and extend downwards to form roots under the arc-continent collision [5].
Based on our results, taking the collision of the Eurasian Plate and the Philippine Sea Plate
as the boundary, the west of the boundary is consistent with the thin-skin model, where
the Eurasian crust is thin and flat. In addition, the east of the boundary is similar to the
lithospheric collision model, where the lithosphere of the Philippine Sea Plate is deformed
and forms the mountain root.

Kind et al. [41] showed that CCP stacking would be unable to image an oblique plate
with a dip of more than 30 degrees, since the converted S-wave might destructively interfere
in CCP stacks. The same result is observed in our results, that oblique plates with a dip
of more than 30 degrees cannot be imaged in the CCP stacks. Although this limit restricts
the capability of the CCP stack of receiver functions, most of the near-horizontal Moho
discontinuities could still be imaged clearly. In addition, the velocity model used in the
CCP stack of receiver functions would affect the depths of the interfaces; a 10% change in
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the velocity model yields a 5–10% change in the depth of the Moho [42]. Thus, the absolute
depth of the Moho interface may have some error; the relative depth relationship of the
Moho interfaces is still true. In addition, the Moho interfaces can be delineated in the image
so that their horizontal variations can be easily observed.

6. Conclusions

The crustal structure beneath northern Taiwan has been studied using receiver function
and CCP stacking methods with data of two dense linear seismic arrays. As a result, in the
A-A′ profile (east–west direction), a collision boundary between the Philippine Sea Plate
and the Eurasian Plate is observed in the east of Taiwan (121.7 degrees E longitude). The
Moho discontinuity of the Eurasian Plate in the west of northern Taiwan is flat, and its
depth is 30 km. The depth of the Moho below the Central Mountain Range, which belongs
to the Philippine Sea Plate, is about 55 km. The depth of the Moho in the east, which
belongs to the crust of the Ryukyu arc, is about 40 km. In the B-B′ profile (south–north
direction), a brittle–ductile transition zone at depths of 15–20 km beneath central Taiwan
from south to north is found. The Moho depth of the Eurasian Plate is about 20–25 km in
northern Taiwan. The Moho depth of the Eurasian Plate becomes gradually deeper, from
40 to 55 km from north to south in central Taiwan. The deepest Moho, the Philippine Sea
Plate, which is located at the junction of the two profile lines (24.6 degrees N latitude and
121.5 degrees E longitude), has a depth of 60 km. According to these results, the crustal
structure in the west of the collision boundary between the Philippine Sea Plate and the
Eurasian Plate is consistent with the thin-skin model, where the Eurasian Plate is thin
and flat; the crustal structure in the east part of the collision boundary is similar to the
lithospheric collision model, where the lithosphere of the Philippine Sea Plate is deformed
and to form the mountain root.
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