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Abstract Using dense seismic data sets, we present a new 3D velocity model of Taiwan that images a
prominent mid‐crustal (∼20–30 km) high‐velocity body beneath west‐central Taiwan. The inclusion of high‐
quality post‐2012 recordings from the Central Weather Administration Seismic Network (CWASN) ensures the
elimination of uncorrectable timing errors. In addition, a machine learning–based phase picker was applied to
the entire data set to improve the consistency and accuracy of phase arrival identification. The resulting model
generally aligns with previous tomographic studies. Structures inferred from velocity gradients in the
tomographic profiles largely correspond to mapped faults and geological unit boundaries in Taiwan. The model
also images a pronounced mid‐crustal (∼20–30 km) high‐velocity anomaly beneath west‐central Taiwan. Under
representative P–T conditions, Vp–Vs–density comparisons indicate the best match with mafic compositions,
though the interpretation is not unique. This mafic interpretation is compatible with passive‐margin mafic
additions (underplating and/or intrusions). The anomaly coincides with reduced seismicity below ∼20 km and
depth‐dependent stress orientations, consistent with a relatively competent mid‐crustal volume. Geological and
geophysical similarities with the Dongsha Rise further suggest a possible shared tectonic and magmatic origin,
likely linked to mafic underplating during South China Sea rifting. These findings improve our understanding of
structural highs along passive continental margins and their role in influencing crustal deformation in the
Taiwan orogen. The new model also provides a robust framework for future waveform‐based seismic imaging.

Plain Language Summary This study uses a large amount of seismic data to create a new 3D model
of Taiwan, imaging a high seismic velocity body at 20–30 km depth beneath west‐central Taiwan. The model
incorporates high‐quality seismic data, which reduce timing uncertainties, and employs a machine learning–
based algorithm to improve the accuracy and consistency of P‐ and S‐wave arrival picks. Our seismic
tomography generally agrees with previous studies, and structures inferred from wave‐speed gradients align
with mapped faults and geological boundaries. The model also images a high‐velocity zone in the middle crust
beneath west‐central Taiwan. Comparisons of observed wave speeds and densities with modeled rock properties
suggest the best match is mafic compositions, though other lithologies cannot be excluded. This feature may
reflect magmatic additions during earlier passive‐margin times, either as underplated layers or intrusions.
Geophysical and geological similarities with the Dongsha Rise, another structural high along the passive
margin, suggest that this feature may have formed during early margin evolution through magmatic
underplating. These findings provide new insight into inherited structures within passive continental margins
and their role in influencing crustal deformation and strain localization within the Taiwan orogen.

1. Introduction
Arc‐continent collisions are fundamental geological processes that lead to crustal shortening, thickening, and
complex deformation. These settings provide valuable opportunities to investigate mountain‐building mecha-
nisms, the evolution of fault systems, and lithospheric dynamics (e.g., Brown & Ryan, 2011). Among global
examples, the Taiwan orogen is one of the most active and well‐studied arc‐continent collision zones, resulting
from the ongoing convergence between the Philippine Sea Plate and the Eurasian continental margin (Figure 1)
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(e.g., Byrne et al., 2011; Eakin et al., 2014; Ho, 1986; Huang et al., 1997; Lee et al., 2022; Malavieille et al., 2002;
Teng, 1990).

Early interpretations of the Taiwan orogeny emphasized a thin‐skinned tectonic model, wherein an imbricate
thrust‐and‐fold belt developed above a shallow east‐dipping detachment fault (e.g., Barr & Dahlen, 1990; Carena
et al., 2002; Suppe, 1980, 1981). This model was supported by surface geology and seismic profiles from the
Western Foothills, effectively explaining the frontal fold‐and‐thrust belts (e.g., Suppe, 1980, 1981). However,
subsequent geophysical evidence, including seismicity, gravity anomalies, and tomography, has revealed that
deformation in Taiwan extends into the middle and lower crust (e.g., Lallemand et al., 2001; Rau & Wu, 1995; Wu
et al., 1997; Yen et al., 1998), challenging the traditional shallow‐crust interpretation.

Seismic tomography models have imaged a thickened crust beneath Taiwan, extending to depths of 50–60 km and
indicating the presence of a crustal root. However, the limited resolution of earlier models has often hindered
efforts to directly correlate subsurface velocity anomalies with mapped surface geology. When tomographic
resolution is sufficiently high, such models can significantly improve geological interpretations by capturing
detailed crustal architecture. For example, a high‐resolution tomographic profile by Van Avendonk et al. (2016),

Writing – review & editing: E.‐J. Lee,
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Figure 1. Tectonic setting and topography of Taiwan and its surrounding region. The inset map in the upper‐left corner shows
the regional topography, with the red box indicating the focus area of this study. The main map displays the topographic and
geological framework of Taiwan. Major basins are labeled: (1) Taipei Basin, (2) Lanyang Plain, (3) Longitudinal Valley, (4)
Coastal Plain, and (5) Pingtung Plain. Abbreviations: WF—Western Foothills; HR—Hsueshan Range; CR—Central Range;
CoR—Coastal Range; PKH—Peikang High; TV—Tatun Volcano; SLT—Southern Longitudinal Trough. The white dashed
line within the Central Range marks the trace of the Tayulin Fault (TF), as identified by Lee et al. (2022).
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further analyzed by Lee et al. (2022), demonstrated that velocity anomalies in northern Taiwan are spatially
consistent with surface structures, such as the anticlines in the Hsueshan Range and the Tayulin out‐of‐sequence
thrust in the Central Range (Figure 1). This case highlights the potential of high‐resolution seismic tomography to
establish meaningful connections between subsurface structures and surface geology (Lee et al., 2022; Tan
et al., 2024).

Recent research has underscored the critical role of tectonic inheritance from the passive continental margin in
shaping the orogenic deformation observed in Taiwan. Pre‐existing basement structures, such as variations in
basement geometry and inherited extensional faults, have been shown to significantly influence the evolution of
foreland basins, fold‐and‐thrust systems, and the spatial distribution of seismicity (e.g., Alvarez‐Marron
et al., 2014; Brown et al., 2012, 2017, 2022; Lin et al., 2003; Lin & Watts, 2002; Yang et al., 2006, 2016).
High‐resolution seismic tomography plays a crucial role in resolving these crustal features, offering new insights
into the structural framework of the Taiwan orogen.

2. Background
The primary deformation structures in the Taiwan orogen are interpreted to have developed above a regional basal
detachment fault. A series of ramp–flat geometries evolved above this detachment surface, producing west‐
verging fold‐and‐thrust systems that shape the topography of the orogenic belt (e.g., Brown et al., 2012; Lee
et al., 2022; Tan et al., 2024). The Coastal Range to the east acts as a mechanically rigid backstop, focusing
compressional stress westward into the orogenic wedge. From west to east, Taiwan consists of distinct geological
provinces: the Coastal Plain, Western Foothills, Hsueshan Range, Central Range, and Coastal Range, which
reflect progressive crustal shortening and uplift (Figure 1) (e.g., Ho, 1986; Huang et al., 1997; Lee et al., 2022;
Tan et al., 2024; Teng, 1990). In addition to dominant forward‐propagating thrusts, recent studies identified an
out‐of‐sequence thrust system, the Tayulin Fault (TF), located in the Central Range (Figure 1). This fault was
reactivated in the later stages of orogenesis and is associated with rapid uplift and exhumation (Lee et al., 2022;
Tan et al., 2024).

Furthermore, within the framework of arc‐continent collision, the structural inheritance from passive margin
features, particularly basement geometry and pre‐existing structural fabrics, shapes Taiwan's complex orogenic
structure. As an extension of the northern South China Sea margin (Figure 1), the crustal architecture of this
passive continental margin fundamentally governs the evolution of the Taiwan mountain belt and its foreland
basins (e.g., Brown et al., 2017, 2022; Byrne et al., 2011; Lin et al., 2003; Lin & Watts, 2002; Mouthereau &
Petit, 2003; Yang et al., 2006, 2016). The Peikang Basement High significantly influences sediment distribution
and serves as a mechanical barrier, affecting deformation front propagation and the fold‐and‐thrust belt (Figure 1)
(e.g., Alvarez‐Marron et al., 2014; Biete et al., 2018; Brown et al., 2012, 2017, 2022; Camanni et al., 2016;
Lacombe et al., 2003; Mirakian et al., 2013; Yang et al., 2016). Integrated studies utilizing 3D seismic tomog-
raphy and seismicity patterns have mapped the basement‐sediment interface with seismic velocities
(Vp > 5.2 km/s), demonstrating how basement morphology directly controls basal thrust geometry in the Taiwan
orogen (e.g., Alvarez‐Marron et al., 2014; Biete et al., 2018, 2019; Camanni et al., 2016). Additionally, early
extensional tectonics related to the opening of the South China Sea created suites of normal faults that were
subsequently reactivated under compressional stress conditions, influencing the fault geometries and the spatial
distribution of seismicity. The Peikang Basement High is part of the full thickness of the margin, located between
the Eocene‐aged Taishi Basin and the Miocene‐aged Tainan Basin, along the necking zone of the margin (e.g.,
Alvarez‐Marron et al., 2014; Brown et al., 2017, 2022; Lacombe & Bellahsen, 2016; Lee et al., 2025; Liao
et al., 2025; Mouthereau et al., 2002; Mouthereau & Lacombe, 2006; Yang et al., 2016).

While previous studies extensively addressed upper crustal structures and sedimentary layers (e.g., Alvarez‐
Marron et al., 2014; Brown et al., 2012, 2017, 2022; Lacombe et al., 2003; Lin et al., 2003; Lin &
Watts, 2002; Mirakian et al., 2013; Mouthereau et al., 2002; Yang et al., 2006, 2016), deeper crustal structures
resulting from early extensional processes remain comparatively understudied. Gravity anomaly analyses in west‐
central Taiwan indicate the presence of high‐density materials in deeper crustal layers (Hsieh & Yen, 2016).
Combined seismic tomography and gravity data further support the presence of high‐velocity zones in the middle
crust (Cheng, 2004; Cheng et al., 2003). In addition, a high‐amplitude magnetic anomaly has been reported in
west‐central Taiwan, coincident with the Peikang Basement High and extending eastward (e.g., Hsu et al., 1998).
After reduction‐to‐the‐pole correction, the anomaly shifts northward relative to the uncorrected field (e.g., Doo
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et al., 2025; Hsu et al., 2008). Recent analyses further indicate a mid‐crustal source at ∼20–30 km depth (Doo
et al., 2025).

In this study, we present a new seismic tomography model of Taiwan, made possible by increased seismic station
density and improved data quality, enabling a more refined understanding of deep crustal structures. Although
numerous tomographic studies have previously been conducted (e.g., Huang et al., 2014; Kim et al., 2005;
Koulakov et al., 2014, 2015; Kuo‐Chen et al., 2012; Rau & Wu, 1995; Roecker et al., 1987; Wu et al., 2007,
2009), further updates remain essential. Most prior tomographic models have relied on P‐ and S‐wave arrival
times from the Central Weather Administration (CWA) catalog, which were manually picked by multiple ana-
lysts. The large data set size and variability in individual picking criteria, particularly for S‐wave arrivals that are
often affected by coda waves and scattering, have introduced inconsistencies that may compromise model res-
olution and reliability. To address this limitation, we employ a machine learning–based phase‐picking algorithm,
specifically trained and validated on seismic data from Taiwan, which substantially improves the accuracy and
consistency of both P‐ and S‐wave picks (Liao et al., 2021, 2022). In addition, seismic data quality has markedly
improved since 2012, following the upgrade of Taiwan's Central Weather Administration Seismic Network
(CWASN) to 24‐bit recording systems with GPS‐synchronized timing (Chang et al., 2012). Extensive synthetic
testing, including inversions using independent data subsets (e.g., odd/even event tests), confirms the robustness
and reliability of the derived structures. Our inversion was performed using the LOTOS code, which employs
quasi‐continuous rotated grids to produce stable, grid‐independent velocity models (Koulakov, 2009). Com-
parisons with previous models further validate the consistency and reliability of our results. Overall, this updated
seismic tomography, supported by advanced data sets, rigorous processing techniques, and comprehensive
validation, provides new insights into the crustal architecture and geodynamic processes of the Taiwan orogenic
belt.

3. Data, Methods, and Resolution Analysis
3.1. Integrated Seismic Networks

The resolution of seismic tomography strongly depends on data coverage. Therefore, seismic recordings from
both permanent and temporary seismic networks have been utilized for this study. The networks used include: (a)
CWASN (Central Weather Administration Seismic Network) (Shin et al., 2013), (b) TSMIP (Taiwan Strong
Motion Instrumentation Program) (Liu et al., 1999), (c) BATS (Broadband Array in Taiwan for Seismology) (Kao
et al., 1998), (d) TAIGER (TAiwan Integrated GEodynamics Research) (Okaya et al., 2006), (e) P‐alert (Wu
et al., 2013), and (f) Japan Meteorological Agency Seismic Network (JP network). Figure 2 illustrates the dis-
tribution of stations from these networks used in this study.

CWASN, established in 1991 for routine earthquake detection and monitoring (Shin et al., 2013), initially
transmitted seismic data via telephone lines with timestamps assigned at the Taipei data center. Prior to 2012, this
setup introduced random telemetry delays (0.06–0.24 s) that varied over time and across stations (Chang
et al., 2012). In 2012, CWASN was upgraded to 24‐bit recording and on‐site GPS timing (Chang et al., 2012).
While CWASN phase picks are widely used in tomographic studies (e.g., Huang et al., 2014; Kim et al., 2005;
Koulakov et al., 2015; Kuo‐Chen et al., 2012; Rau & Wu, 1995; Roecker et al., 1987; Wu et al., 2007, 2009),
incorporating pre‐2012 data with random delays may bias inversions, especially when combined with other
networks like BATS. To avoid these errors, this study uses only CWASN data recorded after 2012.

We incorporate earthquake recordings from the TAIGER project (2006–2009), which include broadband, short‐
period, and ocean‐bottom seismometers (Okaya et al., 2006). Additional data come from Taiwan's TSMIP and
P‐alert accelerometer networks, which provide dense coverage in metropolitan areas (Figure 2). TSMIP,
established in 1991 for seismic hazard assessment (Liu et al., 1999), operated mostly in triggered mode before
2018, leading to timing uncertainties. Since then, it has transitioned toward real‐time recording. P‐alert, launched
around 2010, offers real‐time data for early warning and rapid damage assessment (Wu et al., 2013). We also
include data from Japan's southernmost JMA station to improve coverage near the Ryukyu Trench and Okinawa
Trough.

By integrating data from multiple seismic networks, our study aims to achieve comprehensive coverage and
enhanced resolution for crustal scale seismic tomography in Taiwan. The diverse data sources, along with the
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inclusion of post‐2012 CWASN recordings to avoid telemetry delay issues, will contribute to a more reliable
crustal‐scale tomography of Taiwan.

3.2. Earthquake Selection Process

Seismic tomography relies on crossing ray paths to resolve seismic velocity. We applied the following event
selection procedures to ensure efficient ray path coverage for our tomographic inversion in the high seismicity
region of Taiwan:

1. Spatial Division: The study area was divided into 0.05° × 0.05° × 5 km cubes.
2. Initial Event Selection: For each cube, the five events with the largest number of P and S picks in the CWA

catalog were selected as candidate earthquakes.
3. Phase Picking: The RED‐PAN phase picker, a deep learning‐based seismic phase picking algorithm (Liao

et al., 2021, 2022), was applied to available seismic recordings from different networks.
4. Final Event Selection: From the candidate events, the two with the largest number of qualified P and S picks in

each cube were selected for our tomographic inversion.

Events with fewer than eight phase picks were rejected. This event selection procedure was applied to two time
periods to select seismic recordings from various networks: March 2006 to September 2009: During the TAIGER
project period, available seismic data from BATS, TAIGER, and JP network were selected. January 2012 to July
2022: Available seismic data from CWASN, BATS, TSMIP, P‐alert, and JP network were selected. Figure 2
shows the distribution of earthquakes used in our tomographic inversion.

3.3. Seismic Phase Picking

Accurate P and S arrival picks are critical for reliable travel time tomography. Manual picking, though common,
becomes impractical and prone to bias when handling large data sets. To address this, we use the RED‐PAN
machine learning model, trained on diverse seismic data from Taiwan, including broadband, short‐period, and
accelerometer recordings (Liao et al., 2021, 2022). RED‐PAN achieves high precision on an independent Taiwan
data set, with 98% accuracy for P‐wave and 95% for S‐wave picks using thresholds of <0.1 s error and phase
probability >0.5 (Liao et al., 2022). Compared to manual picks, machine learning based picks offer greater
consistency (Liao et al., 2021) and reduced error, improving inversion quality.

Figure 2. Distribution of earthquake events (left) and seismic stations from various networks (right) used in this study for
seismic tomographic inversion. The thick black lines on the left map indicate the locations of the profiles shown in Figure 7.
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We use the following procedures and thresholds to select reliable P and S picks for our tomographic inversion:

1. Initial Selection: P and S arrivals with probabilities predicted by RED‐PAN greater than 0.5 are selected as
potential picks for an earthquake.

2. Signal‐to‐Noise Ratio (SNR): The signal‐to‐noise ratios (SNRs) of selected P and S waves are used for phase
selection. A bandpass corner frequency filter is applied to the waveforms. The SNR is based on the root mean
square (RMS) of three‐component seismograms. The noise is a 10‐s waveform ending 1.0 s before the pre-
dicted P arrival, the signal for the P phase is a 3‐s waveform starting 0.5 s before the predicted P arrival, and the
signal for the S phase is a 4‐s waveform starting 0.5 s before the predicted S arrival. P arrivals with SNR less
than 4 and S arrivals with SNR less than 6 are rejected.

3. Confirmation: Predicted P and S arrivals based on the initial layered model are used for confirmation. The
thresholds for the differences between predicted and observed travel times are 2.5 s for P picks and 3.5 s for S
picks.

A total of more than 12,000 seismic events were selected for analysis (Figure 2), yielding in excess of 643,000 P‐
wave and 479,000 S‐wave arrival picks for the tomographic inversion. The distributions of P‐ and S‐wave arrival
time residuals for the selected picks are illustrated in Figure 3.

3.4. Tomographic Inversion

In this study, we applied the updated Local Tomography Software (LOTOS) developed by Koulakov (2009) for
our Taiwan seismic tomographic inversion. Our tomographic model is centered at 120.0°E and 23.5°N, extending
250 km both east and west, and 300 km both south and north. The depth range is from 4 km above the surface to
140 km underground. The horizontal grid spacing is 5 km; in the vertical direction, the grid spacing varies
depending on the ray density, but cannot be less than 4 km. The initial 1D layered model used in this study is the
same as that in Huang et al. (2014), which is averaged from the 3D velocity model of Wu et al. (2009). The grids
are parameterized with four azimuthal orientations (0°, 22°, 45°, and 67°) for tomographic inversions to avoid
potential grid‐dependent effects (Koulakov, 2009). In LOTOS, the bending method is used for ray tracing in 3D
velocity models. In each iteration, before each seismic tomographic inversion, the hypocenters of the earthquakes
used are relocated in the current 3D model. The first derivative matrix, A, is then calculated using the ray paths
based on these hypocenters in the velocity models. Each element of the matrix, Aij, represents the time deviation
along the ith ray due to a unit‐velocity perturbation in the jth node. The inversion of the matrix is performed using
the damped LSQR method (Nolet, 1985; Paige & Saunders, 1982) simultaneously for the P and S data and for the
source parameters (dx, dy, dy and dt for each event). Note that in this study, the Vp/Vs ratio was calculated by
simple division of the obtained absolute values of the Vp and Vs. A number of synthetic tests presented below
demonstrate the adequacy of this method.

The damping and smoothing parameters for both P‐ and S‐wave velocity models were determined through
synthetic modeling, following the recommendations of Koulakov (2009). These synthetic tests were designed to
mirror the real‐data inversion process as closely as possible, using the same event and station distributions,

Figure 3. P‐wave (left) and S‐wave (right) arrival time residuals for the initial 1D layered model (blue histograms) and the
final 3D velocity model (red histograms) obtained in this study.
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inversion procedures, and ray coverage. Importantly, in our testing workflow, source locations were treated as
unknowns. As in the real inversion, we first performed absolute event relocation and then applied iterative
inversion steps, which include source and velocity updates. This approach realistically captures the trade‐off
between source parameters and velocity structure, a critical aspect in passive‐source tomography that is often
overlooked in some previous studies. To identify the optimal inversion parameters, we conducted multiple
synthetic checkerboard tests using different combinations of damping and smoothing values. The optimal results,
achieving the most accurate recovery of the synthetic anomalies, were obtained using a damping factor of 1.5 and
a smoothing coefficient of 5.0. These values were therefore adopted in the inversion of the real data set
(Koulakov, 2009).

In our tomographic inversion, we performed three iterations to achieve optimal results. The number of iterations
was determined based on the convergence of the time residuals for both P and S arrivals. The variance reduction in
L1 norm of P‐wave residuals after three iterations was from 0.465 to 0.213 s (52.98%), and that of the S‐wave
residuals was from 0.656 to 0.291 s (55.59%). These significant reductions in residuals demonstrate high qual-
ity of the data having high signal‐to‐noise ratio that was provided by the new automated picking procedure. For
example, using a similar way of variance reduction calculation, in another tomography study of Taiwan by
Koulakov et al. (2015) the reductions were from 0.622 to 0.414 s (33.44%) for the P‐waves and from 1.043 to
0.663 s (36.43%) for the S‐waves. In another study, Huang et al. (2014) reported a total 67% of variance reduction,
however, it was calculated in the L2 norm giving larger values of reductions than the L1 norm used here.

3.5. Resolution Analysis

The resolution of tomographic models plays a critical role in interpreting subsurface structures. To evaluate the
robustness and limitations of our inversion results, we conducted three types of synthetic resolution tests: a
checkerboard test (Figure 4), a restoration test (Figure 5), and a spike test (Text S1 and Figure S1 in Supporting
Information S1). The spike test demonstrates that finer‐scale anomalies can be reliably resolved in regions with
dense data coverage. All synthetic tests were designed using the same station and event distributions, and they
follow identical inversion procedures as applied to the real data set.

We first conducted a 3D checkerboard test by assigning synthetic anomalies of±10% in P‐ and S‐wave velocities
to alternating cubic cells, with a spacing of 25 km in both horizontal and vertical directions. The vertical
checkerboard anomalies are initiated at 10 km above sea level to ensure that they span the entire elevation range of
the model, The P‐ and S‐wave anomalies were given opposite signs to introduce variation in the Vp/Vs ratio.
Figure 4 presents the results of the checkerboard resolution tests, displaying recovered anomalies in map view at
depths of 6, 25, and 50 km, as well as along vertical cross‐sections traversing different parts of the model domain.
Overall, the checkerboard patterns are reasonably well recovered to depths of approximately 50 km across most
regions.

To further evaluate model robustness under more realistic geological scenarios, we constructed a 3D synthetic
model consisting of free‐form prisms that replicate the shapes of key structures identified in the real‐data inversion.
These synthetic anomalies span three depth intervals: the shallow crust (<16 km), mid‐crust (16–45 km), and lower
crust to upper mantle (45–80 km). Notably, the deepest layer extends beyond the vertical resolution limits inferred
from the checkerboard test results in Figure 4. Despite their increased depth and geometric complexity, the syn-
thetic anomalies are recovered across most of the study area and throughout all depth intervals (Figure 5). This
indicates that even in deeper regions, where traditional checkerboard tests typically fail, meaningful structural
resolution can still be achieved when anomalies are sufficiently large.

4. Tomographic Results and Model Validation
4.1. Tomographic Results

The resulting model is presented in terms of Vp, Vs, and the Vp/Vs ratio across four horizontal and seven vertical
sections, as illustrated in Figures 6 and 7. To ensure comparability, the depths of the horizontal sections were
defined in alignment with those used in Huang et al. (2014). For clarity, earthquakes are not displayed in the
resulting panels to prevent overcrowding, except in specific vertical sections where they are included to support
our interpretation.
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At 0 km depth (Figure 6), the velocity model images Taiwan's major basins and plains as contiguous low‐velocity
zones. The Taipei Basin, Lanyang Plain, Coastal Plain, and Pingtung Plain exhibit Vp < 3.8 km/s and
Vs < 2.2 km/s, accompanied by elevated Vp/Vs ratios (>1.73). The Western Foothills show similar shallow low‐
velocity characteristics. In contrast, the Hsueshan Range and Central Range appear as higher‐velocity domains
(Vp > 3.7 km/s, Vs > 2.3 km/s) with lower Vp/Vs ratios (<1.71). The Longitudinal Valley suture is expressed as
a sharp lateral velocity contrast that coincides with the valley trace. The Coastal Range is characterized by
relatively low Vp (<3.8 km/s) and Vs (<2.2 km/s), which could be attributed to its composition of accreted
volcanic islands and forearc basin sediments (Figure 6, first row). These observations confirm that the inversion
reliably reproduces the known near‐surface geological provinces, supporting the robustness of the model in the
shallow crust.

Figure 4. Vertical and Horizontal Checkerboard Resolution Test Results. This figure presents the results of checkerboard resolution tests for the dVp, dVs, and Vp/Vs
models at various depths (6, 25, and 50 km), as well as along multiple vertical cross‐sections. The horizontal test panels illustrate alternating high and low velocity
anomalies across Taiwan, while the vertical cross‐sections depict the model's resolution along selected transects (profiles 1–7) spanning different regions of the island.
At a depth of 25 km, the dashed ellipse outlines the region corresponding to a high‐velocity anomaly identified in the final 3D seismic velocity model beneath west‐
central Taiwan.
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Figure 5. Synthetic test with free‐shaped anomalies of realistic shapes. The upper row presents the synthetic model defined in selected depth intervals. The values of dVp
and dVs in percent are indicated inside each pattern. The recovery of dVp and dVs at three depths are shown in the middle and lower rows. The shapes of the synthetic
anomalies are indicated with the dotted lines.
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Figure 6. Map view of Vp, Vs, and Vp/Vs values from our 3D velocity model at different depths. Dashed lines highlight the
structures discussed in the text. Abbreviations: TB–Taipei Basin, LP–Lanyang Plain, CP–Coastal Plain, PP–Pingtung Plain,
PKH–Peikang High, and PSP–Philippine Sea Plate.
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Figure 7.
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Beyond near‐surface structures, our seismic tomography results show good overall consistency with previous
crustal‐scale tomographic studies in Taiwan (e.g., Huang et al., 2014; Kim et al., 2005; Koulakov et al., 2015;
Kuo‐Chen et al., 2012; Rau & Wu, 1995; Roecker et al., 1987; Wu et al., 2007, 2009). The following features have
been commonly imaged in earlier models and are also resolved in this study. At a depth of 6 km, our model reveals
a zone of relatively high Vp (>5 km/s) beneath the Coastal Plain of west‐central Taiwan (Figure 6, second row),
corresponding to the Peikang Basement High (PKH), a prominent Mesozoic structural high (Lin et al., 2003; Lin
& Watts, 2002; Yang et al., 2006). This feature has been consistently documented in prior tomographic studies
(e.g., Huang et al., 2014; Kuo‐Chen et al., 2012; Roecker et al., 1987; Wu et al., 2007, 2009). The Western
Foothills and Coastal Plain are characterized by relatively low Vp (<4.8 km/s) and high Vp/Vs ratios (>1.8),
reflecting the sedimentary composition of Taiwan's foreland basins (Figures 6 and 7, profiles Aa–Dd). Notably,
the Pingtung Plain shows similar low Vp and high Vp/Vs anomalies extending to approximately 15 km depth
(Profile Aa, Figure 7), which are suggestive of significant sedimentary accumulation. These features are
consistent with previous velocity models (Huang et al., 2014; Wu et al., 2007).

At the crustal scale, our tomographic model generally agrees with the first‐order architecture reported by previous
3D tomographic studies of Taiwan (e.g., Huang et al., 2014; Kim et al., 2005; Koulakov et al., 2015; Kuo‐Chen
et al., 2012; Rau & Wu, 1995; Wu et al., 2007, 2009). From south to north (profiles Aa–Dd, Figure 7), the model
images an eastward‐deepening Moho and associated crustal thickening beneath the orogen. The crustal thickness
increases from ∼20 to 30 km beneath the western foreland to ∼40–50 km beneath the Central Range (e.g., Kuo‐
Chen et al., 2012; Rau & Wu, 1995). In addition, a sharp velocity gradient along the Longitudinal Valley suture
zone (Figure 6, dashed lines at depths of 6 and 25 km) is imaged, consistent with earlier studies (e.g., Huang
et al., 2014; Kuo‐Chen et al., 2012).

Our seismic tomography also captures features associated with the subduction of the Philippine Sea Plate (PSP)
beneath the Eurasian Plate (EP) along the Ryukyu Trench in northeastern Taiwan, in agreement with earlier
studies (e.g., Huang et al., 2014; Kim et al., 2005; Koulakov et al., 2015; Kuo‐Chen et al., 2012; Rau & Wu, 1995;
Wu et al., 2007, 2009). Profile Ff (Figure 7) shows a high Vp/Vs ratio body (>1.75) beneath the Coastal Range,
extending northward toward the Ryukyu Trench, likely representing volcanic arc and forearc basin materials. The
northward‐dipping trend of this high Vp/Vs body provides evidence for PSP subduction. Similarly, Profile Gg
(Figure 7) exhibits northward‐dipping structures, where low Vp/Vs ratios (<1.7) likely reflect the subducting
oceanic crust of the PSP. The regional background seismicity also displays a consistent northward‐dipping
pattern. A noteworthy feature is a near‐vertical cluster of earthquakes observed at depths between 15 and
30 km along the northern margin of the Hoping Basin (HB) (Figure 7, profile Gg). The spatial distribution of
earthquakes (events with Grade A and B location errors) in the Geophysical Data Management System (GDMS)
corresponds closely to a prominent discontinuity imaged in both Vs and Vp/Vs in our tomographic model.
Notably, this feature has also been independently identified through a dense Ocean Bottom Seismometer (OBS)
array deployed in the region (Lallemand et al., 2013; Profile 5), thereby providing external validation for the
reliability of our model.

Beyond characterizing the general crustal structures of Taiwan, our 3D velocity model reveals features that
correlate with several major earthquake sequences, demonstrating the model's potential in imaging seismogenic
structures. The earthquake data utilized in this analysis were obtained from the GDMS maintained by the CWA
(Shin et al., 2013). To ensure data reliability, only events with location quality ratings of A and B were included in
the analysis (Central Weather Administration, 2012). Profile Bb in Figure 7 reveals a prominent eastward‐dipping
trend in the Longitudinal Valley region, particularly evident in the Vp/Vs distribution. This structural feature,
previously documented in seismic tomography studies (e.g., Wu et al., 2007), shows remarkable correlation with
the 2003 Mw 6.8 Chengkung earthquake sequence associated with the Longitudinal Valley Fault system. The
spatial relationship between the velocity structure and seismicity patterns provides compelling evidence for the

Figure 7. Cross‐sectional profiles of Vp, Vs, and Vp/Vs ratios, along with topography, extracted from the 3D seismic velocity model developed in this study. The
locations of the profile lines are shown in Figure 2. Gray dashed lines indicate the structures inferred from the velocity model (see Text S4 in Supporting
Information S1). Black dots represent earthquake hypocenters, while red dashed lines mark faults inferred from both seismicity patterns and velocity anomalies.
Abbreviations: PP—Pingtung Plain; CF—Chaochou Fault; CR—Central Range; TF—Tayulin Fault; SF—Sanyi Fault; SLT—Southern Longitudinal Trough; CP—
Coastal Plain; WF—Western Foothills; LV—Longitudinal Valley; CoR—Coastal Range; HR—Hsueshan Range; TB—Taipei Basin; OT—Okinawa Trough; RT—
Ryukyu Trench; HB—Hoping Basin.
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fault system's geometry and extent. Further north, Profile Cc (Figure 7) exhibits a high‐angle westward‐dipping
velocity discontinuity in the Longitudinal Valley region. This structural feature demonstrates strong spatial
correspondence with the 2013 Mw 6.2 Ruisui earthquake sequence. On profile Dd (Figure 7), the seismicity of the
2018 Mw 6.4 Hualien earthquake sequence also spatially coincides with Vp/Vs gradients in our model.

4.2. High‐Velocity Structure in the Middle Crust of West‐Central Taiwan

The geometry and shallow extent of the Peikang Basement High have been well constrained by previous seismic
and drilling investigations (e.g., Lacombe et al., 2003; Lin et al., 2003; Lin & Watts, 2002; Yang et al., 2006,
2016). Upper crustal high‐velocity anomalies associated with this feature have been consistently imaged in past
tomographic models (e.g., Huang et al., 2014; Kuo‐Chen et al., 2012; Roecker et al., 1987; Wu et al., 2007).
However, the deeper crustal structure beneath west‐central Taiwan has remained poorly resolved. Our tomog-
raphy reveals a mid‐crustal (∼20–30 km) high‐velocity body beneath west‐central Taiwan (Figure 6, third row).
Although similar anomalies are present in previous models (e.g., Huang et al., 2014; Kuo‐Chen et al., 2012),
notable discrepancies in their extent and velocities are observed relative to our results (Text S2 and Figure S2 in
Supporting Information S1). This anomaly is spatially correlated with the surface projection of the Peikang
Basement High, but it extends farther eastward and occupies a broader region at depth. This spatial correspon-
dence highlights a possible link between the mid‐crustal anomaly and the Peikang Basement High, implying that
they may be associated with related tectonic processes, as further discussed in Section 5.3.

To assess possible rock types for the high‐velocity body in the middle crust of west‐central Taiwan, we used the
rock database compiled by Brown et al. (2024) to model seismic velocities and densities at given pressures and
temperatures. The data set includes common middle–lower crustal lithologies as well as potential rock types
relevant to the Taiwan region, compiled from diverse locations. This approach minimizes geographic bias and
provides representative compositions for comparative analyses. The average Vp and Vs within the targeted zone,
corresponding to the circled area in the third row of Figure 6 and spanning depths from 20 to 30 km, were
calculated using a horizontal grid spacing of 0.1° and a vertical resolution of 1 km. The resulting averages are
Vp = 6.81 ± 0.22 km/s and Vs = 3.84 ± 0.10 km/s. Gravity data indicate a corresponding density range of
approximately 2.9–3.1 g/cm3 (Hsieh & Yen, 2016). Assuming a geothermal gradient of 25°C/km and a crustal
density of 2.8 g/cm3, the estimated temperature and pressure at 25 km depth are ∼650°C and ∼0.686 GPa,
respectively. We applied the worksheet and macros developed by Abers and Hacker (2016) to estimate Vp, Vs,
and density under pressure–temperature conditions relevant to the middle crust. Figure 8 presents Vp–Vs and
Vp–density cross‐plots for representative lithologies, overlaid with our seismic velocity and density estimates.
Our estimates fall within the fields of mafic granulite (Vp = 7.00 ± 0.27 km/s; Vs = 3.92 ± 0.17 km/s;
ρ = 3.13 ± 0.15 g/cm3), amphibolite (6.74 ± 0.26; 3.85 ± 0.18; 3.12 ± 0.14), and gabbro (6.91 ± 0.11;
3.86 ± 0.08; 3.06 ± 0.12), which provide the closest joint matches in both panels. Felsic granulite (6.95 ± 0.38;
3.95 ± 0.24; 3.07 ± 0.20) also overlaps our estimates within uncertainties, but the match is sensitive to garnet

Figure 8. Vp–Vs and Vp–Density plots for the modeled lithologies under mid‐crustal conditions. Colored symbols show
lithologies from the Brown et al. (2024) rock database, with means±1σ. The black square marks the average seismic velocity
values (±1σ) for the west‐central Taiwan target volume (20–30 km), and the density estimate is based on gravity analyses
(Hsieh & Yen, 2016).
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modal abundance. Garnet enrichment raises both Vp and density, shifting felsic compositions into the acceptance
region, whereas garnet‐poor felsic rocks tend to underpredict them (e.g., Brown et al., 2024). By contrast, eclogite
and peridotite are systematically too fast and dense, whereas marble is too slow and light. Pelite overlaps only
marginally owing to its lower Vp. These mid‐crustal averages fall within the fields of amphibolite, mafic
granulite, gabbro in Vp–Vs–ρ space, but the match is non‐unique; we therefore defer lithologic and origin in-
terpretations to Section 5.

4.3. Model Validations

Model validation is a critical component of seismic tomography, as it provides independent evidence for the
reliability and robustness of the derived velocity structures. In this study, we applied three complementary ap-
proaches to evaluate the credibility of our tomographic results. First, we performed an internal consistency test by
dividing the data set into odd‐ and even‐event subsets. Independent inversions were conducted using each subset
to assess the stability of the recovered structures. This approach helps ensure that the resulting model is not overly
dependent on specific data subsets, and that the major structural features are consistently recovered regardless of
data partitioning (Text S3 and Figure S3 in Supporting Information S1). Second, we converted our P‐wave ve-
locity (Vp) model into an equivalent density distribution using an empirical Vp–density relationship. The
resulting density model was then compared with observed Bouguer gravity anomalies. Lastly, we compared our
tomographic model with ambient noise Green's functions, which were derived independently and do not involve
any of the travel‐time data used in the inversion. These validation strategies provide independent support for the
reliability of our seismic velocity model.

4.3.1. Model Comparison With Gravity Observations

The comparison of computed and observed gravity anomalies provides an independent method for evaluating
velocity models and potentially offers insights into geological structures (Lo et al., 2021; Yen & Hsieh, 2010). In
this study, we conducted comparative analyses using three tomographic models: Kuo‐Chen et al. (2012), Huang
et al. (2014), and our current model. To facilitate this comparison, we converted the P‐wave velocities from the
velocity models into density models using established empirical relationships between P‐wave velocity and rock
density (Brocher, 2005). The analysis utilized an updated Bouguer anomaly data set for Taiwan, which in-
corporates more accurate terrain data for improved precision (Yen & Hsieh, 2010). For standardized comparison,
P‐wave velocities were linearly interpolated onto a uniform grid with 1 km spacing, and gravity anomalies were
calculated for depths ranging from 0 to 60 km. Correlation analysis between the observed and calculated Bouguer
anomalies yielded coefficients of approximately 0.37 for Kuo‐Chen et al. (2012), 0.66 for Huang et al. (2014), and
0.74 for our tomographic model (Figures 9a–9d). These results suggest that our model demonstrates better
agreement with observed gravity anomalies compared to the previous models.

In addition, gravity forward calculations may provide valuable insights into the gravity performance of velocity
models and contribute to understanding geological structures in the study area (e.g., Lo et al., 2021). In this study,
we performed separate forward calculations for the upper crust (0–20 km) and middle to lower crust (20–60 km)
based on our velocity model to analyze gravity anomalies and their geological implications (Figures 9e and 9f).
The upper crustal analysis reveals distinct gravity patterns across different geological regions. The Coastal Plain
and Western Foothills regions predominantly show relatively low gravity anomalies. In contrast, the Peikang
Basement High region exhibits higher gravity anomalies, consistent with its relatively shallow sedimentary cover
(Figure 9e). These gravity anomalies show notable consistency with basement structure estimations proposed by
Lin et al. (2003). Lower gravity anomalies are observed in the Taishi Basin to the north and the Tainan Basin to
the south, reflecting their thicker sedimentary deposits (e.g., Lin et al., 2003; Yang et al., 2006). Particularly
notable are the significantly low gravity values in the Pingtung Plain, corresponding to substantial sedimentary
accumulation in this region. The mountainous regions display relatively high gravity anomalies, consistent with
Taiwan's geological units, likely reflecting variations in rock composition.

Analysis of the middle to lower crust (20–60 km) reveals distinctive features, particularly notable relatively low
gravity anomalies beneath the mountain regions from 22.5°N to 24.5°N, reflecting crustal thickening (Figure 9f).
More pronounced negative gravity anomalies in the northern part suggest enhanced crustal thickening in this
region. These observations align well with previous tomographic studies (e.g., Huang et al., 2014; Kim
et al., 2005; Koulakov et al., 2015; Kuo‐Chen et al., 2012; Rau & Wu, 1995; Roecker et al., 1987; Wu et al., 2007,
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2009), providing additional validation of our model's reliability. Our velocity model also reveals relatively high
gravity anomalies in west‐central Taiwan (Figure 9f), consistent with the possible high‐density body suggested in
previous gravity analyses (Hsieh & Yen, 2016). These gravity forward calculations reinforce our model's

Figure 9. (a) Observed Bouguer gravity anomalies across Taiwan (Yen & Hsieh, 2010). (b)–(d) Modeled Bouguer gravity anomalies based on Vp models at depths of
0–60 km from Huang et al. (2014), Kuo‐Chen et al. (2012), and this study, respectively. The CC represents the correlation coefficient between observed and modeled
gravity anomalies. (e) Modeled Bouguer gravity anomalies derived from the Vp model of this study at depths of 0–20 km. (f) Modeled Bouguer gravity anomalies
derived from the Vp model of this study at depths of 20–60 km. The dashed line indicates a region associated with a relatively high‐velocity anomaly in our model.
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consistency with known geological features, including crustal thickening patterns and sedimentary variations in
plains and basins.

4.3.2. Model Evaluations Using Waveform Simulations

Advances in numerical simulation methods and computing capabilities have enabled the simulation of seismic
wave propagation in complex 3D velocity models. These seismic wave simulations can also be used to evaluate
the accuracy and reliability of 3D velocity models. In this study, we employ empirical Green's functions (EGFs),
obtained by stacking cross‐correlation functions of ambient noise (e.g., Bensen et al., 2007; Schimmel
et al., 2011), for model evaluations. The EGFs are calculated among the broadband stations. A similar validation
approach has been applied in evaluating velocity models of southern California (e.g., Ma et al., 2008). Since the
EGFs are not used in our tomographic inversions, the results provide an independent evaluation of our velocity
model.

For the waveform comparisons, we utilize the SW4 (Seismic Waves, 4th order) code (Petersson & Sjö-
green, 2014) for seismic waveform simulations of EGFs, considering the topography in the simulations. The
waveforms are bandpassed at corner frequencies between 0.1 and 0.2 Hz. Figure 10 presents examples of
waveform comparisons among data waveforms and those generated from the initial 1D layered model and our 3D
model. The waveforms of the 3D model show significant improvements compared to those of the 1D layered
model, reflecting the enhancements in the velocity model at the crustal scale. The improvements in the velocity
model not only provide a more reliable initial model for future full‐wave‐based tomographic inversions but also
serve as a reference model for centroid moment tensor inversions using waveforms of the 3D model (e.g., Lee
et al., 2011, 2014). These advancements in velocity modeling contribute to a better understanding of the complex
seismic structure and the accuracy of seismic source parameter estimations in the study region.

5. Discussions
5.1. Inferred Crustal Structures From Tomographic Velocity Gradients

Our seismic tomographic results reproduce many crustal features reported in previous studies, supporting the
reliability of the model. In addition, the velocity model benefits from dense station coverage, a large number of
seismic phase picks, and a refined inversion setup, yielding improved resolution. This enables more refined
structural interpretations, particularly in the upper crust where the resolving capability is relatively stronger (see
Text S2 in Supporting Information S1, spike test). To constrain the potential structures, velocity gradients
observed in our tomographic profiles are compared with surface fault traces and mapped geological unit
boundaries (Figure 7, profiles Aa–Dd). For these interpretations, we relied primarily on Vs, which provides
stronger velocity constraints in our model, while Vp shows a consistent overall trend (see Text S4 in Supporting
Information S1; Figure 7). The interpreted fault or contact traces inferred from the velocity gradients are indicated

Figure 10. Waveform comparisons of synthetic and observed empirical Green's functions. The map shows the station pairs of the empirical Green's functions. The black
lines represent the observed empirical Green's functions, while the red lines represent the corresponding synthetic waveforms calculated using the 1D layered model and
our 3D velocity model.
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by dashed lines, while question marks denote uncertainties in their depth extent (Figure 7). Below, we present the
inferred faults and structural contacts, organized from south to north across the Aa–Dd profiles (Figure 7).

Profile Aa (southern Taiwan): Three major structures can be identified from west to east. The westernmost
inferred structure lies near the boundary between the Pingtung Plain (PP) and the Central Range (CR), close to the
Chaochou Fault (CF). The central structure aligns spatially with the Tayulin Fault (TF) (Lee et al., 2022). The
easternmost structure lies near the CR–Southern Longitudinal Trough (SLT) boundary. The slightly west‐dipping
feature inferred from the tomographic contours is relatively subtle (Text S4 in Supporting Information S1).
Additional investigation will be required to further clarify the detailed structural geometry and its tectonic
implications.

Profile Bb: Four major inferred structures are identified. From west to east: (a) the transition zone between the
Coastal Plain (CP) and the Western Foothills (WF); (b) the WF–CR boundary; (c) a structure within the CR,
spatially consistent with the TF; and (d) a west‐dipping feature also imaged in the Vp/Vs ratio near the Longi-
tudinal Valley (LV), likely representing the Central Range Fault (CRF). The west‐dipping geometry inferred from
the tomographic contours is relatively subtle (Text S4 in Supporting Information S1), and additional investigation
will be necessary to further constrain its detailed structural geometry.

Profile Cc: Four structures are inferred from west to east. (a) The CP–WF boundary; (b) the WF–Hsueshan Range
(HR) boundary; (c) a feature near the HR–CR boundary and the TF; and (d) a west‐dipping feature also observed
in the Vp/Vs ratio near the LV, likely representing the CRF.

Profile Dd: This profile is largely comparable to the Taiwan orogen modeling results of Tan et al. (2024; their
Figure 3d). The inferred structures show notable consistency with Tan et al.’s (2024) modeling results. From west
to east: (a) near the front of the WF; (b) a structure near the Sanyi Fault region; (c) a feature spatially aligned with
the WF–HR boundary; (d) a structure near the HR–CR boundary and the TF; and (e) a west‐dipping feature also
imaged in the Vp/Vs ratio near the LV.

5.2. Observed Seismicity and Stress Rotation Related to a Mid‐Crustal High‐Velocity Block in West‐
Central Taiwan

The Peikang Basement High, recognized as a relatively rigid structural feature, is associated with significantly
lower seismic activity compared to the surrounding regions (Figure 11a), consistent with its interpretation as a
mechanically strong basement block (e.g., Biete et al., 2019; Brown et al., 2017; Yang et al., 2006). A similar
pattern is observed in our tomographic model, where a mid‐crustal (∼20–30 km) high‐velocity zone characterized
by elevated Vp and Vs values is imaged beneath west‐central Taiwan. Within this zone, seismicity below 20 km is
markedly reduced relative to adjacent areas (Figures 11b and 11c). Chen et al. (2017) conducted stress inversions
based on earthquake focal mechanisms, using a grid resolution of 0.1° horizontally and 10 km vertically. Their
analysis revealed a distinct change in the orientation of the maximum compressive stress axis above and below
20 km depth near the northern boundary of the high‐velocity zone imaged in our model. The close spatial as-
sociation of elevated seismic velocities, increased density (Hsieh & Yen, 2016), reduced seismicity, and stress
rotation (Chen et al., 2017) suggests a relationship with compositional contrasts, although the reactivation of pre‐
existing faults cannot be excluded. Based on our lithological analysis (Figure 8), this mid‐crustal high‐velocity
body is plausibly composed of mafic materials, as suggested by its map‐view spatial overlap with basalts
intersected at shallow depth in well K1, reported by Wang et al. (2012). These depth‐dependent stress variations
are broadly consistent with the extent of the high‐velocity zone and are likely influenced by compositional
contrasts. Such compositional heterogeneity has been shown to influence regional stress fields and deformation
styles in other orogenic systems (e.g., Lacombe & Bellahsen, 2016; Mouthereau & Lacombe, 2006). The mid‐
crustal high‐velocity anomaly in west‐central Taiwan may play a critical role in modulating strain accumula-
tion and seismicity distribution, thereby influencing the processes of orogenesis in Taiwan.

5.3. Passive‐Margin Inheritance of the Mid‐Crustal Anomaly: Geophysical and Geochemical Evidence
From Dongsha and West‐Central Taiwan

Along many rifted continental margins worldwide, high‐velocity lower crust (HVLC) is generally interpreted as
mafic intrusions or underplated magmas emplaced during continental breakup (e.g., Brune et al., 2017; Sapin
et al., 2021; White et al., 2008). Volcanic or magma‐rich margins typically exhibit thick and laterally continuous
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HVLC beneath the continent–ocean transition (COT), whereas magma‐poor margins are characterized by
exhumed mantle beneath strongly thinned continental crust (Brune et al., 2017; Tugend et al., 2024). The northern
margin of the South China Sea has often been regarded as an intermediate or transitional case between these two
end‐member types (e.g., Chang et al., 2017; Gao et al., 2015). Geophysical observations reveal pronounced
HVLC beneath certain segments of the margin, while other areas display weaker or even absent HVLC expression
(e.g., Chang et al., 2017; Chang et al., 2024; Gao et al., 2015). This pronounced spatial variability indicates that
magmatic addition was not uniformly distributed along the margin, supporting its classification as a transitional
case between classic magma‐rich and magma‐poor rifted margins.

West‐central Taiwan and the Dongsha Rise both lie on the Eurasian passive continental margin (Figure 1) (e.g.,
Byrne et al., 2011; Lin et al., 2003; Lin & Watts, 2002). Along the northern South China Sea margin, multi‐
channel seismic and gravity studies consistently report mid‐to lower‐crustal high‐velocity/high‐density layers
with variable thickness (∼2 to >12 km) at ∼10–30 km depth, commonly interpreted as mafic underplating (e.g.,
Chang et al., 2017; Fan et al., 2017; Gao et al., 2015; Xia et al., 2018). The depth range of these layers matches the
high‐velocity body imaged beneath west‐central Taiwan in our tomographic results. Furthermore, a 3D

Figure 11. (a) Spatial distribution of earthquakes in west‐central Taiwan (b)–(c) Horizontal maps of Vp and Vs velocity
perturbations at a depth of 25 km, shown as deviations from the initial 1D layered model. Black dots indicate earthquake
epicenters with focal depths exceeding 20 km. White dashed line denotes the Peikang High (PKH); black dashed lines outline
the mid‐crustal high‐velocity anomaly. (d)–(e) Vertical profiles of Vp and Vs perturbations along selected cross‐sections,
presented as deviations from the initial 1D layered model. Black dots represent earthquakes located within 5 km of the
respective profile planes.
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anisotropic model (Koulakov et al., 2015) images a coast‐perpendicular (margin‐normal) anisotropy beneath
west‐central Taiwan, spatially coincident with the Peikang Basement High in the upper crust and with our mid‐
crustal high‐velocity body at depth. If the high‐velocity body is mafic‐dominated (Section 4.2), its elevated
density and deep origin are consistent with mafic underplating at mid‐to lower‐crustal depths. This interpretation
may relate to post‐spreading asthenospheric upwelling and associated basaltic activity in west‐central Taiwan
(Wang et al., 2012). The observed anisotropy may be attributed to oriented fabrics associated with underplating
and likely reflects the geometry and flow direction of mafic magma emplacement during this process (e.g.,
Almqvist & Mainprice, 2017; Silver, 1996). We note, however, that seismic anisotropy is inherently non‐unique
and may also be influenced by additional factors such as localized deformation, structural heterogeneity, or
subsequent tectonic modification (e.g., Savage, 1999; Silver, 1996).

In addition to the geophysical similarities, basaltic rocks have also been documented in both the Dongsha Rise
(e.g., Li et al., 2022) and the Peikang Basement High region of west‐central Taiwan (e.g., Wang et al., 2012; well
K1). These volcanic occurrences exhibit comparable geochemical and tectonic characteristics. The Dongsha
basalts are marked by ocean island basalt (OIB)‐like trace element patterns and isotopic signatures consistent with
contributions from an enriched mantle source (e.g., Li et al., 2022). Similarly, late Miocene basalts recovered
from well K1 in the Peikang Basement High region (Wang et al., 2012) exhibit OIB‐like geochemical affinities
and isotopic compositions that overlap with those of South China Sea seamount basalts (Wang et al., 2012).
Together, these findings suggest that basaltic magmatism in both regions was derived principally from the
asthenospheric mantle, likely involving upwelling processes (e.g., Wang et al., 2012). A portion of this magma
likely erupted at the surface, whereas another portion was emplaced or underplated at the base of the crust,
forming mafic layers capable of sustaining high velocities and densities at mid‐crustal depths.

Both the Dongsha Rise and the Peikang Basement High are structural highs developed along the passive con-
tinental margin of the Eurasian Plate (Figure 1). They exhibit consistent similarities in geophysical signatures and
magmatic records, suggesting that comparable geodynamic processes were active during their formation. Inte-
grating these observations, a plausible interpretation is that asthenospheric upwelling facilitated the emplacement
and underplating of mafic magmas at the base of the crust. This process not only contributed to margin uplift but
also introduced mafic additions into the mid‐to lower crust in both regions (e.g., Chang et al., 2024; Lin
et al., 2003; Lüdmann & Wong, 1999).

6. Conclusions
This study presents a new 3D crustal velocity model for Taiwan, developed through the integration of diverse
seismic data sets and advanced data processing techniques. The model incorporates waveform data from both
permanent and temporary seismic networks, including post‐2012 upgrades to the Central Weather Administration
Seismic Network (CWASN) and the Taiwan Strong Motion Instrumentation Program (TSMIP). These upgraded
systems provide improved timing accuracy (Chang et al., 2012) and denser spatial coverage, enhancing the
quality and completeness of the data set. To further improve arrival‐time precision, we applied a machine
learning–based phase picker specifically trained on Taiwan seismic data, which enabled the consistent and ac-
curate selection of P‐ and S‐wave arrivals across a large volume of events. The reliability of the velocity model
has been thoroughly validated using multiple approaches. These include synthetic resolution tests (checkerboard,
restoration, and spike tests), internal validation through odd–even event inversions, comparisons with indepen-
dently derived gravity data, and simulations using ambient noise Green's functions. Collectively, these assess-
ments confirm that the model achieves high spatial resolution and exhibits structural features that are both
geologically plausible and geophysically consistent. Our tomographic model is broadly consistent with previ-
ously published regional studies, particularly in delineating large‐scale tectonic structures (e.g., Huang
et al., 2014; Kim et al., 2005; Koulakov et al., 2015; Kuo‐Chen et al., 2012; Rau & Wu, 1995; Roecker et al., 1987;
Wu et al., 2007, 2009). In addition, structures inferred from velocity gradients in the tomographic profiles across
the Taiwan orogen largely coincide with mapped faults and geological unit boundaries. These results highlight the
enhanced resolution achieved through the updated data set and methodology, enabling improved imaging of both
regional and localized crustal structures.

In addition to imaging the regional crustal architecture, our model delineates a pronounced mid‐crustal
(∼20–30 km) high‐velocity anomaly beneath west‐central Taiwan. This feature is characterized by elevated
Vp and Vs values and is consistent with density estimates. Rock‐physics comparisons under representative P–T
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conditions indicate that mafic lithologies provide the closest match, although alternative interpretations cannot be
excluded. Coast‐perpendicular (margin‐normal) seismic anisotropy reported by Koulakov et al. (2015) supports
the interpretation of inherited extensional fabrics. Furthermore, geophysical and geochemical similarities with the
Dongsha Rise, including mid‐to lower‐crustal high‐velocity layers and Miocene OIB‐type basalts (e.g., Li
et al., 2022; Wang et al., 2012), suggest a possible shared tectono‐magmatic origin linked to mantle upwelling and
mafic underplating during South China Sea rifting. Finally, the mid‐crustal high‐velocity body coincides with
reduced seismicity below ∼20 km and depth‐dependent stress orientations (Chen et al., 2017), implying that pre‐
existing passive‐margin structures can persist into an active orogen and modulate both orogenic architecture and
seismic behavior in Taiwan.

By comparing synthetic waveforms generated using the 3D velocity model with observed waveforms, this study
provides independent validation of the model. The empirical Green's functions, which were not utilized in the
tomographic inversion, serve as an independent data set for this validation (e.g., Ma et al., 2008). The synthetic
waveforms derived from the 3D model show significant improvement over those generated from the initial 1D
velocity model, demonstrating the reliability of the refined velocity structure. These advancements not only
validate the enhancements in velocity structures but also offer more reliable synthetic waveforms for Centroid
Moment Tensor (CMT) inversion and earthquake simulations (e.g., Lee et al., 2011, 2014). Additionally, the new
velocity model establishes a robust foundation for future full‐waveform tomography, paving the way for further
improvements.
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