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The Cathaysia Block, a pivotal tectonic unit in South China, possesses a
complex crustal architecture shaped by multi-phase tectonic evolution. This
study integrates harmonic analysis of crustal anisotropy with an advanced
H-x-c stacking method applied to teleseismic receiver functions from 185
stations, to investigate crustal thickness (H), Vp/Vs ratio (x), and anisotropic
characteristics. The results reveal significant spatial heterogeneity: crustal
thickness ranges from 24.5 to 36.6 km, while Vp/Vs ratios (1.65-1.84) indicate
a compositional transition from felsic-dominated inland regions to mafic-
enriched coastal zones. Crustal anisotropy, quantified by fast polarization
directions (FPDs) and delay times (0.06-0.46 s), exhibits systematic spatial
variations. In eastern Cathaysia, FPDs systematically rotate from NW-SE in the
north to NNW-SSE in the south, aligning with the subduction trajectory of the
Paleo-Pacific Plate. This pattern, along with crustal thinning, reflects extension
induced by slab rollback, associated with mantle upwelling and underplating.
Conversely, in western Cathaysia, E-W trending FPDs primarily reflect NW-
SE compressive stresses imparted by Paleo-Pacific Plate subduction. Post-
rollback thermal relaxation and widespread granitic emplacement subsequently
enhanced crustal strength, promoting brittle fracture over ductile flow during
regional extension. Collectively, this study elucidates the interplay between
Paleo-Pacific Plate dynamics, crustal deformation mechanisms (brittle vs.
ductile), and compositional evolution in shaping the tectonic architecture of the
Cathaysia Block.

KEYWORDS

South China Block, Cathaysia Block, receiver functions, crustal anisotropy, H-k-c
stacking method

1 Introduction

The Cathaysia Block, constituting a pivotal tectonic unit in eastern China, occupies the
southeastern segment of the composite South China Block (amalgamated from the Yangtze
and Cathaysia blocks). Neoproterozoic amalgamation during the Jiangnan Orogeny drove
subduction and subsequent collision of the Cathaysia Block beneath the Yangtze Block along
the Jiangshan-Shaoxing Fault (JSF), culminating in the consolidation of the unified South
China Block. Subsequent multi-phase tectono-magmatic reactivation affected the Cathaysia
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Block (Shu et al, 2011). Mesozoic tectonic activity, dominantly
controlled by Paleo-Pacific Plate subduction beneath Cathaysia,
generated alternating compressional and extensional regimes
accompanied by extensive magmatism and mineralization
(Chu et al., 2019; Li et al., 2023a; Ma et al., 2023; Mao et al., 2021).
Since the Late Mesozoic, the tectonic framework of South China has
been largely established, with weakened activity and the cessation of
surface magmatism (Li et al., 2023a; Li and Li, 2007; Liu et al., 2012).
The dynamic setting of this period has been primarily controlled by
the combined effects of the subduction of the Pacific Plate and the
far-field impact of the India-Eurasia collision. GPS measurements
further reveal consistent surface deformation within the Cathaysia
Block, indicating the absence of significant internal strain (Wang
and Shen, 2020; Zheng et al., 2017).

The spatiotemporal correlation between Mesozoic magmatism
and Paleo-Pacific plate subduction has motivated numerous studies
utilizing magmatic records to constrain subduction dynamics
(Chuetal., 2019; Li et al., 2023a; Li and Li, 2007; Zhou and Li, 2000).
Key proposed mechanisms include: (1) a transition from shallow
to steep slab subduction to explain seaward-younging volcanic
sequences (Zhou and Li, 2000); (2) Permian-initiated flat-slab
subduction accounting for broad (1300 km wide) intracontinental
orogenesis and magmatism (Li and Li, 2007); and (3) lithospheric
extension coupled with coeval asthenospheric upwelling (Guo et al.,
2012; Livand Niu, 2012; Wang et al., 2003). Crucially, discriminating
between these models requires high-resolution quantification of
crustal deformation. Crustal anisotropy serves as a direct proxy for
finite strain, providing key constraints on deformation mechanisms.

Although crustal anisotropy is well-documented globally
(Savage, 1999; Silver, 1996) and measurable via receiver function
analysis of Pms converted phase sinusoidal variations (Kong et al.,
2016), extant studies in the Cathaysia Block yield conflicting
fast polarization directions (FPDs). The results from Gao et al.
(2009) revealed that the crustal anisotropy in the southeastern
Cathaysia Block is predominantly oriented NE-SW. In contrast,
Xu et al. (2023), utilizing a more extensive dataset from seismic
stations, reported that the fast-wave polarization directions in the
Cathaysia Block are mainly oriented NW-SE. However, Li et al.
(2023b), employing a similar seismic station network to that of
Xu et al. (2023), found that the crustal anisotropy in the western
Cathaysia Block is oriented NE-SW, while in the central Cathaysia
Block, the fast polarization directions exhibit a radial pattern.
These discrepancies likely stem from unmodelled dipping Moho
effects during Pms-phase analysis. Significant Moho topography
across the block (Deng et al, 2014) implies that neglecting
interface inclination compromises Pms fitting accuracy and induces
data loss. Furthermore, sparse seismic network geometries have
precluded continuous spatial tracking of anisotropy, hindering
robust deformation pattern analysis.

To address these limitations, this study uses integrated
2D broadband seismic networks and dense arrays across the
Cathaysia Block. This approach enables simultaneous resolution
of crustal anisotropy parameters and Moho geometry, yielding
high-resolution spatial anisotropy distributions. Combined with
crustal thickness and Vp/Vs ratio measurements from H-x-c
stacking method, these results provide unprecedented quantitative
constraints on crustal deformation processes and the tectonic
evolution of the Cathaysia Block.
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2 Data and methods
2.1 Data

We analyzed continuous broadband seismic data from 148
permanent stations deployed in the Cathaysia Block (Figure 1),
covering the operational period from January 2011 to December
2012. Complementary data were obtained from a temporary
broadband seismic array comprising 37 stations deployed across
the Cathaysia block between 2012 and 2014, with average inter-
station spacing of 10-20 km. This integrated network of 185
stations provided continuous waveform records for teleseismic
event selection. We extracted events meeting the following criteria:
surface-wave magnitude (Mg) = 5.0 and epicentral distances
between 30° and 90°. As illustrated in Figure 1, the spatial
distribution of the selected events demonstrates comprehensive
azimuthal coverage.

P- wave receiver functions were computed using the time-
domain iterative deconvolution algorithm proposed by Ligorria and
Ammon (1999), employing a Gaussian coefficient of 2.5. The derived
receiver functions underwent rigorous manual selection based on
signal-to-noise ratio (SNR) criteria and waveform stability, with
particular emphasis on retaining those exhibiting clear Moho Pms
converted phases. This quality control procedure resulted in 26,244
validated receiver functions from 185 seismic stations.

2.2 Harmonic fitting method

Crustal anisotropy was characterized through harmonic analysis
of the backazimuthal variations in the Pms phase. Adopting the
method of Li et al. (2019), the incident moveout corrections
and backazimuth (BAZ) binning were applied prior to harmonic
fitting to enhance measurement reliability. To minimize arrival
time variations caused by differential ray parameters, Pms moveout
corrections were computed using the global IASP91 reference model
(Kennett and Engdahl, 1991) and standardized to a reference
ray parameter of 0.06 s/km (Yuan et al.,, 1997). Subsequently, the
corrected waveforms were stacked within 5° backazimuth intervals
to ensure uniform azimuthal coverage and optimize the SNR.

Theoretical formulations (Liu and Niu, 2012; Savage, 1998)
and synthetic modeling (Tan and Nie, 2021) demonstrate distinct
azimuthal dependencies: isotropic crust with horizontal Moho
exhibits BAZ-independent Pms arrivals, anisotropic media with
horizontal symmetry axis display 180° periodicity, while dipping
Moho interfaces produce 360° periodic variations. Our analysis
employs a composite harmonic function (Equation 1) to resolve
these effects:

F(0)=A,+A, cos(0—-0,)—A,cos2(0-6,) (1)
where 6 represents BAZ, A, denotes isotropic arrival time. The
coeflicients A, is related to the dip angle and 0, is related to the dip
direction. While (24,, 6,) relate to crustal anisotropy parameters
including delay time (6f) and the FPD (¢). The FPD reveals
anisotropic orientation, while the delay time quantifies anisotropy
magnitude (Liu and Niu, 2012). Then, the harmonic fitting of Pms
phases is performed using a grid search method, which identifies
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FIGURE 1
Tectonic map (Zhao and Cawood, 2012) and seismic stations distribution in the study area. Red triangles denote permanent seismic stations, while
temporary stations are indicated by blue triangles; black triangles specifically highlight stations that are featured in Figure 2. Major faults are shown as
black lines: JSF (Jiangshan-Shaoxing Fault), ZDF (Zhenghe-Dapu Fault), CPF (Chaling-Pingxiang Fault), CLF (Chenzhou-Linwu Fault), and SMF
(Shizong-Mile Fault). Dashed lines delineate potential boundaries between the Yangtze and Cathaysia block within the southwestern South China
block. The upper-left inset displays epicentral distributions of analyzed teleseismic events and red triangle indicates the study area.

the optimal solutions for the parameters A, A,, 8, and 6, (Li et al.,
2019). The search range for each parameter was set as follows: A;:
0-0.5s; Ay: 0-0.25s; 0,: 0°-355°% 0,: 0°-175°. The determination
of these search ranges was primarily based on previous studies of
crustal anisotropy in the Cathaysia Block (Gao et al., 2009; Li et al.,
2023b; Xu et al,, 2023), as well as the regional Moho topography
(Deng et al., 2019; Deng et al., 2014; Wei et al., 2025).

2.3 H-k-c stacking method

Crustal thickness (H) and Vp/Vs ratio (k) constitute critical
parameters for elucidating crustal evolution and composition
(Ji et al,, 2009; Zandt and Ammon, 1995). While the H-x stacking
method represents the standard method for their simultaneous
determination (Zhu and Kanamori, 2000), it assumes an isotropic
crust with a flat Moho interface. This assumption may yield biased
estimates in regions exhibiting complex crustal structures, as both
crustal anisotropy and a dipping Moho can significantly perturb the
arrival times of converted and multiple seismic phases (Lietal., 2019;
Lombardi et al., 2008; Wang et al., 2010; Zha et al., 2013).

To mitigate the limitations of conventional H-k stacking, we
employ the improved H-x-¢ method (Li et al, 2019), which
incorporates pre-stacking corrections for crustal anisotropy and
Moho inclination in receiver function analysis. Our implementation
proceeds through three sequential stages: First, conventional H-x
stacking is applied to derive preliminary reference arrival times for
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the Pms phase and crustal multiples at each station. Subsequently,
harmonic analysis is performed on the azimuthal variations of
both phase arrivals following the procedure in Section 2.2. The
sinusoidal functions containing A;, A, , 0, and 0, terms are
employed to model the azimuthal variations in arrival times
caused by crustal anisotropy and dipping interfaces. Finally, the
derived harmonic parameters correct the initial reference times by
alignment to a unified central arrival time. Utilizing these optimized
corrections, the H-« stacking procedure is reapplied to obtain robust
estimates of crustal thickness (H) and Vp/Vs ratio (x), effectively
minimizing biases from anisotropic media and non-horizontal
discontinuities.

3 Results
3.1 Crustal anisotropy measurements

Owing to insufficient azimuthal coverage of receiver functions
at certain stations, reliable harmonic fitting of Pms phases
was unattainable. Ultimately, crustal anisotropy parameters were
successfully determined for 131 stations. Examples from four
stations across distinct tectonic domains of the Cathaysia Block are
illustrated in Figure 2. The derived parameters A,, A,, 6, and 0, are
presented as 2D “energy map” (A vs. 0, A, vs. 0,,and A; vs. A,).

Figure 2 demonstrates strong consistency between theoretical
and observed Pms arrival times. Station PTNR, situated in the
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FIGURE 2

from harmonic analysis.

Harmonic fitting analysis of Pms phases recorded at four seismic stations: (a) PTNR, (b) SC13, (c) SHG, and (d) HEJ. In the receiver function profiles,
black curves demarcate theoretical arrival times of Pms phases, while white crosses in the energy maps indicate optimal solution positions derived
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eastern coastal region, exhibits an FPD of 95° (0,, clockwise from
north), corresponding to a NW-SE orientation, with a delay time of
0.24 s (2A,). At station SC13, the FPD is oriented at 30°, indicating
a NE-SW orientation. The significant delay time of 0.4 s suggests
relatively strong crustal anisotropy. In contrast, station SHG shows
negligible anisotropy, characterized by a minimal delay time of
0.06s. Station HEJ, located along the southern margin of the
Cathaysia Block, displays an FPD of 155° (NNW) and a delay
time of 0.3 s.

Frontiers in Earth Science

Figure 3 graphically summarizes the spatial distribution

of crustal anisotropy measurements across the study
area, while Supplementary Table S1 provides detailed anisotropy
parameters of FPD (¢) and delay time (6¢) for each station.

The delay time in the Cathaysia Block varies from less than
0.1 s-0.46s. With an average delay time of 0.28s. Our crustal
anisotropy results are consistent with those of previous studies
at the majority of stations (Supplementary Figure S1) (Li et al.,

2023b). However, significant discrepancies are observed at some
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stations. We have conducted a thorough analysis of the reasons
behind these discrepancies. Li et al. (2023b) presented four stations
as examples; due to their broader station coverage, only one of
these stations (JX.ANY) coincides with those used in our study.
To facilitate a clearer comparison with previous results, we have
plotted the receiver functions together (Supplementary Figure S2).
It can be observed that although the characteristics of the
receiver functions are generally consistent, our receiver functions
exhibit better azimuthal coverage compared to those of Li et al.
(2023). More importantly, the fitting of the Pms phase in our
receiver functions is superior. For instance, in the back-azimuth
range of 180-280 ° and 40-50 °, their Pms phase is not well
fitted (Supplementary Figure S2b), whereas our Pms phases are all
satisfactorily fitted (Supplementary Figure S2d). When their fitting
curve is superimposed on our receiver function, the misfit becomes
evident (Supplementary Figure S2¢). Furthermore, we performed
forward modeling of the anisotropy obtained in this study
based on the Raysum algorithm (Frederiksen and Bostock, 2000)
(Supplementary Figure S2e), which also shows that the synthetic
receiver functions are generally consistent with our observed
ones. We also compared the Pms fitting and conducted forward
modeling of receiver functions for other stations with significant
differences in crustal anisotropy, and the results consistently
indicate that our crustal anisotropy results are likely more reliable
(Supplementary Figure S3). More importantly, the profile results
across the Cathaysia Block demonstrate consistency with crustal
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anisotropy observed at discrete seismic stations and, furthermore,
reveal a distinct anisotropic contrast between the coastal region
and the interior of the block. Therefore, we conclude that the
discrepancies between our crustal anisotropy results and those of the
previous study can be attributed to: 1) our better azimuthal coverage
of receiver functions; and 2) our harmonic analysis incorporates
additional constraints on dipping interfaces, thereby enabling the
acquisition of more reliable crustal anisotropy results. Our findings
also reveal a distinct crustal anisotropy across different regions
within the Cathaysia Block. Taking into account the geological
structure and the spatial distribution characteristics of the FPDs
from various stations, the study area has been delineated into three
separate regions, namely, the northern coastal region, the southern
coastal region, and the inland region. For each of these regions,
we have computed the average FPDs, and the results are visually
presented in rose maps as shown in Figure 4.

In the Cathaysia Block, the northern coastal, southern coastal,
and inland regions have average delay times of 0.27s, 0.32s,
and 0.29s, respectively. While the average delay times across
these three regions are modestly similar, the FPDs reveal striking
differences. More specifically, the FPDs of crustal anisotropy display
marked spatial heterogeneity along the coastal region from north
to south. In the northern region, the FPDs are predominantly
NW-SE, gradually transitioning to NNW-SSE towards the south.
This anisotropic alignment exhibits strong coherence with the
subduction trajectory of the paleo-Pacific plate. In contrast,
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Rose maps of crustal anisotropy in different regions of the study area. The varying shades delineate the Cathaysia block's three regions: A (northern
coastal), B (southern coastal), and C (inland). Each rose map displays per-station anisotropic parameters (red bars) and regional averages (blue bars).
The time difference from the center of the annular ring to the outermost periphery is 0.3 s, and the interval between each ring is 0.1 s.

the inland region is characterized by predominantly near E-
W FPDs, yet with notable regional variations. In the southern
part of this region, the FPDs are mainly near E-W and NWW-
SEE, while in the northern part, they shift to NEE-SWW.
Furthermore, the principal anisotropic directions in this zone are
nearly orthogonal to the subduction direction of the paleo-Pacific
plate.

3.2 Crustal thicknesses and Vp/Vs ratios

Figures 5, 6 illustrate the application of H-x and H-k-c stacking
methodologies at stations PTNR and HEJ, respectively. Both panels
incorporate harmonic fitting results for multi-phase arrivals of
PpPs (labeled M1) and PpSs + PsPs (labeled M2). Detailed
fitting outcomes for the Pms phase are presented in Figure 2. The
comparison of derived crustal thicknesses (H), Vp/Vs ratios (),
their associated uncertainties, and stacking images reveals that the
H-«-c stacking method demonstrates superior accuracy compared
to conventional H-x approaches.

Figure 7 and Supplementary Table S1 delineate the crustal
thickness (H) and Vp/Vs ratio (k) of the study area as determined
via the H-k-c stacking method. Our findings unveil marked spatial
heterogeneity in both crustal thickness and Vp/V's ratio across the
Cathaysia Block.
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The crustal thickness in the Cathaysia Block varies between 24.5
and 36.6 km, which is significantly less than the global average. A
northeastward thickening trend of the crust is evident, aligning with
previous studies (Deng et al., 2019), while the southwestern region
is characterized by considerable thinning, with values below 30 km.

The crustal Vp/Vs ratios in the Cathaysia Block range from 1.65
to 1.84. Higher ratios are observed southeast of the Zhenghe-Dapu
Fault (ZDF), whereas lower ratios are present to the northwest.
This range is comparable to the conventional H-« stacking results
(Xia et al., 2015). In the eastern coastal region, the crustal Vp/Vs
ratio is relatively high (1.75-1.84), which may result from thick
sedimentary layers, partial melting, high crustal temperature, or
specific crustal composition. However, several lines of evidence
argue against these mechanisms: (1) the sedimentary layers in this
area are relatively thin (Li et al., 2006), making their contribution
to the average crustal Vp/Vs ratio negligible; (2) although partial
melting strongly elevates Vp/Vs ratios, its occurrence usually
requires crustal S-wave velocities below ~3.4 km/s (Nie et al., 2023;
Yang et al., 2012), and the high crustal velocities observed in
previous studies (Bao et al., 2015; Han et al., 2021; Li et al., 2022)
preclude large-scale melting; (3) the estimated crustal temperature
in this region (approximately 400 °C) (Sun et al, 2013) is not
anomalously high and thus insufficient to solely account for the
observed Vp/Vs anomaly. Therefore, the high Vp/Vs ratio reflects
a crustal composition in which the mafic mineral content is
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(a—b) Harmonic fitting of multiple-phase arrivals of PpPs (M1) and PpSs + PsPs (M2) at station PTNR, with corresponding (c—d) crustal thickness (H) and
Vp/Vs ratios (k) determinations derived from H-x and H-«-c stacking method.

equivalent to or surpasses the felsic components. In contrast, the
northwestern regions exhibit Vp/Vs ratios of 1.65-1.81, with most
areas having values below 1.76, suggesting a crust dominated by
felsic compositions. Additionally, the stations in the Yangtze Block
present a distinct pattern of thicker crust combined with lower
Vp/ Vs ratios.

4 Discussion

4.1 Crustal anisotropy aligned with
Paleo-Pacific plate subduction suggests
strong coastal extension

Our results reveal significant spatial heterogeneity in crustal
anisotropy across the Cathaysia Block. The FPDs exhibit a systematic
north-to-south transition in orientation within the coastal region:
predominantly NW-SE in the north (region A), gradually shifting
to NNW-SE towards the south (region B). While Li et al

Frontiers in Earth Science

(2023b) reported fast polarization directions sub-parallel to the
continental margin along the coast—nearly orthogonal to our
results—we argue this difference may stem from the effect of
coastal Moho topography on anisotropy measurements. Our results,
especially the profile within the coastal area, robustly demonstrate
a fast polarization direction perpendicular to the continental
margin. Notably, these anisotropic orientations closely parallel the
subduction trajectory of the Paleo-Pacific Plate, conflicting with
classical models predicting compressional deformation induced by
slab subduction (Li et al., 2023a; Long and Becker, 2010).

Previous studies propose a two-stage tectonic evolution for
the Paleo-Pacific slab: an initial phase of flat-slab subduction
followed by slab rollback (Chu et al, 2019; Li et al, 2014).
Numerical simulations demonstrate that slab rollback typically
induces extensional deformation within the overriding block,
oriented parallel to the plate motion direction (Long, 2016; Long
and Silver, 2009). This mechanism is consistent with the observed
FPD orientations. Structural evidence from the Cathaysia Block
further supports this interpretation, including NE-trending basins
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bounded by high-angle normal faults and NW-dipping, low-angle
detachment faults (shear zones), which collectively record NW-
SE extensional deformation (Dong et al., 2020; Li et al.,, 2020).
The synchronicity between this extensional direction and the
southeastward migration of magmatic activity suggests extension
occurred in a back-arc setting dynamically linked to rollback of the
subducting Paleo-Pacific slab (Li et al., 2014).

Furthermore, the widespread exposure of intermediate-mafic
volcanic rocks (Li et al, 2023a) and deep seismic reflection
observations of mafic sills in the middle-lower crust indicate mantle-
derived magma underplating/intrusion beneath the coastal region
(Dong et al,, 20205 Li et al,, 2023a). This magmatism aligns with
our observation of high Vp/Vs ratios in the same area, which is also
consistent with NE-trending high gravity and magnetic anomalies
(Guo and Gao, 2018). Therefore, we interpret the FPDs parallel to
the Paleo-Pacific plate subduction direction as indicative of intense
crustal extension within the coastal Cathaysia Block. As the Paleo-
Pacific Plate rolled back, the subduction angle became steeper,
and the coastal crust experienced strong NW-SE extension. This
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extension facilitated the ascent of mantle-derived magmas through
lithospheric fractures, leading to the eruption of intermediate-mafic
volcanic rocks observed at the surface (Chu et al., 2019; Li et al.,
2023a) and potentially contributing to the development of porphyry
copper deposits in the region (Mao et al., 2021). An interesting
discovery is that the lower Vp/Vs ratios in region B compared to
region A are likely attributable to a significant reduction in the
volume of mantle-derived magmatic intrusions, which leads to a
lower average crustal Vp/Vs ratio. This interpretation is further
supported by the substantial decrease of Cretaceous volcanic rocks
observed from region A to region B (Li et al., 2023a).

4.2 Anomalous rheology in the interior of
Cathaysia preserves flat-slab deformation
during rollback

Li et al. (2023b) observed a radial pattern of fast crustal
anisotropy directions within the interior of the Cathaysia Block,
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which they attributed to asthenospheric upwelling associated
with the retreat of the Paleo-Pacific Plate. However, our results,
constrained by a better fit to the receiver function Pms phase,
reveal that the FPDs of crustal anisotropy exhibit a predominant
near E-W trend in the interior of the Cathaysia Block (bounded
by the ZDF and JSF). This orientation is nearly orthogonal to the
subduction direction of the Paleo-Pacific Plate, indicating lateral
deformation driven by NW-SE compressive stresses generated
during slab subduction. Despite significant slab rollback occurring
after the flat subduction (Chu et al,, 2019; Li et al., 2023a; Li
and Li, 2007; Zhou and Li, 2000), the FPDs within this inland
region show no alignment with the rollback direction. Instead, the
region retains compressional deformation features characteristic of
the earlier flat-slab subduction phase.

The underlying mechanism for this anomaly likely involves
a coupled effect: slab rollback-induced
changes reduced crustal temperatures, while widespread granitic

thermomechanical

plutons within the region significantly enhanced crustal rigidity.
Consequently, despite the shift in regional tectonic setting to
an extensional regime, the crust in the interior of the Cathaysia
Block did not undergo ductile flow. Instead, it accommodated
changes in the tectonic stress field through brittle fracturing. This
spatiotemporal disparity in the brittle-ductile transition mechanism
offers a novel perspective for elucidating crustal response patterns
during slab rollback.

The ambient noise tomography results reveal that the crustal
velocity in the coastal area east of the ZDF is significantly higher
than that in the region west of the fault (Li et al, 2022). Deep
seismic reflection profiling also observed notable variations in
crustal structure across the ZDE, with the eastern part dominated by
more mafic lithologies (Dong et al., 2020), a feature consistent with
the main findings of this study. We propose that the marked and
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non-gradual structural contrast across the ZDF may be attributed
to the fault representing the western boundary of the volcanic arc
associated with the Paleo-Pacific Plate subduction.

We also compared our results with SKS splitting measurements.
The observed SKS splitting in the Cathaysia Block is primarily
attributed to asthenospheric flow, given its relatively thin
lithospheric the approximately E-W fast
polarization direction that aligns subparallel to the absolute
plate motion (Yang et al., 2019). However, within the interior of the

thickness and

Cathaysia Block, the fast polarization direction of crustal anisotropy
exhibits distinct and abrupt changes, which is inconsistent with the
anisotropy pattern obtained from SKS measurements. Therefore, we
do not interpret the observed crustal anisotropy as resulting from
crustal deformation induced by asthenospheric flow.

4.3 Revisiting the transformation of the
Cathaysia Block driven by Paleo-Pacific
Plate subduction

Previous studies, based on the spatiotemporal distribution of
surface volcanic rocks, suggested the flat subduction of the paleo-
Pacific Plate followed by its rollback (Li et al., 2023a; Li and Li,
2007; Zhou and Li, 2000). They also linked these tectonic events
to the formation of the extensional structures in the South China
Block, with the change in the geometry of the subducting slab being
supported by deep seismic reflection results (Li et al., 2023a). By
incorporating the results of crustal anisotropy, thickness, and Vp/Vs
ratio of the Cathaysia Block, our understanding of the impact of the
paleo-Pacific Plate subduction on the overlying Cathaysian Block
has been further enhanced. Initially, from the Early Jurassic to the
Late Cretaceous, the strong compression resulting from the flat
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subduction of the paleo-Pacific Plate caused the overlying Cathaysia
Block to thicken and undergo plastic deformation perpendicular to
the subduction direction, leading to anisotropy that is perpendicular
to the subduction direction within the Cathaysia Block.

In the late Cretaceous, the paleo-Pacific Plate began to
roll back. The asthenospheric flow caused by the slab rollback
induced significant extension in the overlying Cathaysia Block (Lin
and Li, 2021; Ma et al., 2023). This extension was most pronounced
in the coastal regions and gradually weakened inland, which is
consistent with our crustal thickness results showing a marked
thinning of the Cathaysia Block's crust towards the coastal areas.
Due to the high temperatures in the coastal regions, where the two
plates interact, the crust is more prone to mineral alignment under
extensional conditions. As a result, the strong crustal extension in
the coastal areas has led to significant plastic deformation of the
crust in the direction consistent with the subduction direction. At
the same time, the intense extension also allowed the arc magmatism
generated by the subducted slab to directly intrude into the crust,
resulting in the high Vp/Vs ratio observed in the coastal regions.

In contrast, the interior of the Cathaysia Block, experiencing
weaker extension, did not undergo significant plastic deformation
of the crust. Instead, it preserved the lateral extensional deformation
from the flat subduction period, as indicated by the observed
near E-W anisotropy direction. This may be due to the reduced
mantle heat flow following the slab rollback, causing the molten
middle and lower crust to cool and form granitic rocks. This is
supported by the middle crust velocity results of the Cathysia Block
(Deng et al., 2019). Our crustal Vp/Vs ratio results also show a
relatively low Vp/Vs ratio in the interior of the Cathaysia Block,
indicating a crust dominated by felsic rocks. The relatively hard
granitic rocks (Li et al., 2023a), under weaker extension and cooler
crustal temperatures (Jiang et al., 2019), are less likely to undergo
significant ductile deformation and are therefore more prone to the
formation of large-scale normal faults.

5 Conclusion

The crustal structure of the Cathaysia Block exhibits significant
spatial heterogeneity. Crustal thickness, ranging from 24.5 to
36.6 km, displays a southwestward thinning trend. In contrast,
the Vp/Vs ratio (1.65-1.84) increases towards the coastal regions,
potentially reflecting a transition in crustal composition from more
mafic inland to more mafic coastal areas. In eastern Cathaysia, the
crustal anisotropy-characterized by a transition in FPDs from NW-
SE in the north to NNW-SSE in the south-aligns with the direction
of the Paleo-Pacific Plate subduction and rollback. It is proposed that
this anisotropy likely relates to intense extension induced by slab
rollback along the subduction direction. The highest Vp/Vs ratios
(indicative of magmatic intrusion) and the thinnest crust observed
in the coastal region further support the occurrence of significant
extension.

In contrast, western Cathaysia exhibits dominantly E-
W oriented FPDs, nearly perpendicular to the Paleo-Pacific
Plate subduction direction. This pattern may reflect crustal
lateral deformation generated during the earlier phase of flat-
slab subduction. Although the Paleo-Pacific Plate subsequently
underwent rollback, the associated thermal relaxation and granite
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emplacement in western Cathaysia support the observed lower
Vp/Vs ratios. These processes strengthened the crust, favoring brittle
fracturing over ductile flow. Consequently, western Cathaysia has
preserved the crustal deformation features characteristic of the
earlier flat-slab subduction period.
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