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S U M M A R Y
The Jiaodong Peninsula consists of the Jiaobei massif and the Northern Sulu UHP massif.
These are separated by the Wulian suture zone (WSZ), a key region for understanding the
collision between the North China Craton (NCC) and South China Block (SCB). To interpret
this collisional zone, a broad-band seismic profile of 20 stations was installed across the WSZ.
Shear wave splitting analysis of teleseismic data revealed a contrast in the splitting patterns
beneath different structural zones of the Jiaodong Peninsula. The anisotropic structures of the
Jiaobei massif and Northern Sulu UHP massif can be explained by a single anisotropic layer
model with WNW-ESE or E-W oriented fast directions. In the WSZ, splitting parameters
exhibit pronounced variation in backazimuths indicating a two-layer anisotropy pattern. The
lower layer exhibits a WNW-ESE fast direction consistent with that observed in the other
two regions. Because the fast direction is generally parallel to the present-day direction of
Pacific plate subduction, the anisotropy most likely represents asthenospheric return flow in
the big mantle wedge caused by Pacific plate subduction. The upper layer exhibits an NE fast
direction, that is, parallel to faulting associated with the WSZ. The lithosphere may preserve
fossilized anisotropy induced by the Late Triassic collision of the NCC and SCB even after
subsequent destruction and thinning from the Late Mesozoic to Cenozoic. We infer that the
WSZ represents a lithospheric-scale structural boundary between the NCC and SCB.

Key words: Seismic anisotropy; Fractures, faults, and high strain deformation zones; Rhe-
ology: mantle.

1 I N T RO D U C T I O N

The boundary between the North China Craton (NCC) and the South
China Block (SCB) records continental subduction and tectonic
processes of Northeast Asia. During the Late Triassic, northward
subduction of the SCB beneath the NCC generated the Dabie-Sulu
UHP orogenic belt, which extends over 1500 km in an E-W ori-
entation and represents an irregular suture between the NCC and
SCB (Liou et al. 1996; Hacker et al., 1998, 2000). The suture west
of the Tan–Lu Fault (TLF) lies near the northern boundary of the
Qinling–Dabie orogenic belt (Okay & Celal Sengo¨r 1992). The
belt and the suture in this location are abruptly truncated to the east
by the NNE-striking TLF (Fig. 1).

The location of the suture east of the TLF remains uncertain.
The Wulian suture zone (WSZ) is commonly interpreted to rep-
resent the boundary between the NCC and SCB in the Jiaodong

Peninsula east of the TLF (Cao et al. 1990; Okay & Celal Sengo¨r
1992; Yin & Nie 1993; Gilder et al. 1999; Zhai et al. 2000; Zhou
et al. 2008). The WSZ separates the Northern Sulu UHP massif
in the southeast, which is composed of typical UHP metamorphic
rocks, from the Jiaobei massif in the northwest, which consists of
both Precambrian basement and Mesozoic magmatic rocks (Fig. 1).
A crustal-detachment model proposed by Li (1994) however inter-
preted the upper crust of the SCB as detached from the lower crust
and thrust over the NCC for more than 400 km. This model also
interpreted the lower part of the lithosphere as subducted under the
NCC along a subsurface suture running east from Nanjing. Struc-
tural analysis by Faure et al. (2001, 2002, 2003) indicated that the
Jiaobei massif belongs to the SCB and that the boundary between
the NCC and SCB must lie to the north of the Jiaodong Peninsula.
Findings reported in Wu et al. (2004) and Zheng et al. (2005) that
the Wulian granitoids represent tectonic slices scraped off from the
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Deformation in the Jiaodong Peninsula 957

Figure 1. Map of the Jiaodong Peninsula (eastern China). The study area is noted by the red rectangle in the upper right inset. Enlarged view: the red triangles
indicate the locations of the stations deployed along the seismic profile NCISP9. Blue triangles represent permanent stations. The grey arrow indicates the
subduction direction of the Pacific plate. Earthquakes used for SWS analysis are shown as small red circles on a worldwide map in the upper left inset. The
central triangle indicates the location of the study area. Abbreviations: Jiaobei, Jiaobei massif; Sulu, Northern Sulu UHP massif; WSZ, Wulian suture zone; in
the upper right inset: NCC, North China Craton; SCB, South China Block; QLDB, Qinling–Dabie orogenic belt and TLF, Tan–Lu fault.

upper part of the SCB during Late Triassic continental subduction
supported the interpretation that the suture lies north of the WSZ.

Collision between the NCC and SCB would cause lithospheric
deformation along the boundary between them and thereby im-
print the lithosphere with a crystallographic fabric as fossilized
anisotropy (Silver & Chan 1988). Subsequent tectonic activity could
disturb this fabric as could present-day asthenospheric flow. High-
resolution seismic observations can detect upper-mantle deforma-
tion beyond the limitation of spatially confined geochemical sam-
ples. Mantle deformation can be specifically obtained by estimating
azimuthal seismic anisotropy caused by lattice preferred orienta-
tion (LPO) of olivine in the upper mantle (Nicolas & Christensen
1987; Zhang & Karato 1995). Shear wave splitting (SWS) anal-
ysis is an effective tool for detecting and measuring this seismic
anisotropy (Silver & Chan 1991; Silver 1996; Savage 1999). This
report describes SWS results from 20 portable broad-band stations
deployed across the WSZ with additional data from nine surround-
ing permanent stations (Fig. 1). The results provide new insights
into upper-mantle deformation in the Jiaodong Peninsula and fur-
ther elucidate the boundary between the NCC and SCB.

2 DATA A N D M E T H O D S

2.1 Data

The teleseismic data used in this study were recorded by the lin-
ear seismic profile NCISP9 operated from 2017 November to 2019
August. The profile ran NW-SE across WSZ and included 20 broad-
band stations (Fig. 1). The profile spanned a total length of 170 km
with an average station spacing of 9 km. In order to increase data

coverage, we used additional recordings from nine nearby perma-
nent stations belonging to the China National Seismic Network
between from 2017 March to 2018 September (Zheng et al. 2010).

2.2 Seismic sensor orientation correction

Prior to SWS analysis, we inspected and corrected the sensor mis-
orientation using P-wave particle motion (Fontaine et al. 2009; Niu
& Li 2011; Wang et al. 2016; Scholz et al. 2017). This procedure
prevents station misorientation from degrading SWS results. We se-
lected earthquakes with magnitudes (Mw) ≥ 5.5 and epicentral dis-
tances of 5◦–90◦ (Fig. 2) and filtered the data within a 0.02–0.2 Hz
frequency band. The data were retained if their average signal-to-
noise ratio (S/N) of horizontal components exceeded 3.0 and their
eigenvalue ratio (λmin/λmax) ratio was less than 0.2 (for more details
see Wang et al. 2016). Then we applied a transverse energy mini-
mizing function (minT) to the horizontal waveform data to estimate
sensor misorientations. For an assumed component azimuth, α, we
first rotate the two horizontal components into radial and transverse
directions with the theoretical backazimuth for each event. We then
calculated the S/N-weighted summation of the normalized P-wave
energy in the transverse component of all the events as:

ET (α) =
∑N

i=1 ωi Ei
T (α)

∑N
i=1 ωi

.

In this expression, Ei
T (α) is the energy in the transverse compo-

nent calculated within a manually selected time window for the
ith event and N represents the number of events. The weight,
ωi, is the mean S/N of the two horizontal components where
ωi = 0.5×(Ri ,BHN+Ri ,BHE). We varied α across a 0◦–180◦ range
at increments of 1◦. The misorientation angle is considered as the
value for the azimuth α when the sum of the P-wave energy in the
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958 C. Wu et al.

Figure 2. An example of the minT method applied to station JD08. Upper left plot: earthquakes used in analysis (small red circles on the global map) and the
central triangle indicates the location of the study area. Lower graphics: single-earthquake minT measurements determined from 97 earthquakes and sorted
by time (line linking red triangles), with reference to S/N (black line linking small circles) and the earthquake magnitude (blue line linking small circles). All
these measurements are around the misorientation angle of −13◦. The cross-correlation coefficients (CC) between the vertical and radial components are all
close to 1.0 after misorientation correction (line linking green triangles). Upper right plot: variation curve of the Tenergy with the misorientation angle and the
grey arrow points to the angle of −13◦ (clockwise from the north) corresponding to the minimum Tenergy.

transverse component ET(α) (Tenergy) reaches its minimum value
(Niu & Li 2011). In addition to station misorientation, the estimated
misorientation angle may be also affected by a dipping interface or
anisotropy (Schulte-Pelkum et al. 2001). However, the influence of a
dipping interface or anisotropy is relatively small for misorientation
estimates because they produce a periodic pattern with backazimuth
(Wang et al. 2016). The misorientation angle for station JD08 was
estimated at −13◦ clockwise from the north because the minimum
Tenergy corresponds to this angle (upper right plot in Fig. 2). Each
individual events gave misorientation angles estimated at around
−13◦ (red triangles in Fig. 2). The green triangles indicate cross-
correlation coefficients between vertical and radial components,
which should approach 1.0 for good waveform quality. Misorienta-
tion angles for NCISP9 stations ranged from −18◦ to −1◦ with an
average value of −9.6 ± 3.0◦ (Fig. S1 and Table S1, Supporting In-
formation). Comparison with the mean magnetic declination −7.5◦

for the study region indicates that the misorientation angle arises
mainly from inadequate correction of magnetic declination. Careful
installation of temporary stations can give average misorientation
angles of 3◦ from standard error sources (Wang et al. 2016). By
contrast, permanent stations gave misorientation angles of around
0◦ (Fig. S1 and Table S1, Supporting Information).

The SWS analysis can be used to verify the accuracy of the sensor
orientation correction. The SC and the RC methods generate consis-
tent results in the absence of senor misorientation for the horizontal
components (Tian et al. 2011; Wu et al. 2015). For uncorrected
data, differences in fast directions calculated by the two methods

exceeded 20◦ at station JD08 (Fig. 3). Misorientation correction
reconciles measurements using these two methods (Fig. 4).

2.3 XKS splitting measurements

We selected earthquake events with magnitudes (Mw) ≥ 5.5 and
epicentral distances ranging from 85◦ to 150◦ for SWS analysis.
This study used a total of 68 events with broad azimuthal coverage
(Fig. 1). Teleseismic SKS, SKKS and PKS phases were subjected to
SWS analysis. The seismic data were bandpass filtered with corner
frequencies of 0.04–0.5 Hz (Gao et al. 2010). We calculated SWS
measurements using the Splitlab software (Wüstefeld et al. 2008).
The rotation-correlation (RC) method (Bowman & Ando 1987)
and the transverse-component minimization (SC) method (Silver
& Chan 1991) were both utilized to obtain ϕ (fast-wave polariza-
tion direction) and δt (delay time) splitting parameters. SWS results
were ranked based on the differences between the results generated
by RC and SC (Wu¨stefeld & Bokelmann 2007). Ranking specifi-
cally used the angular difference � = |ϕRC−ϕSC| and the ratio of δt
(ρ = δtRC/δtSC) to categorize results as good, fair and poor. ‘Good’
splitting measurements fall within the range of 0.8 ≤ ρ ≤ 1.1 and
� ≤ 10◦, while ‘fair’ measurements fall within the range of 0.7
≤ ρ ≤ 1.2 and � ≤ 15◦. All other splitting measurements catego-
rized as ‘poor’. Fig. 4 shows an example of a ‘good’ measurement
of SKS phase generated by the event 2019:131:16:06 recorded at
station JD08. Only good and fair measurements were advanced to
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Deformation in the Jiaodong Peninsula 959

Figure 3. Example of SWS analysis for event 2019:131:16:06 recorded at station JD08 before sensor misorientation correction and processed using the
Splitlab software package (Wüstefeld et al. 2008). Upper left panel shows the original radial and transverse seismic signals (blue dashed and red solid lines,
respectively). The upper central panel gathers information about the event, station, filter, S/N, etc., and splitting results. The upper right panel is the stereoplot
centred on the reference station. The middle and lower plots show the measurements obtained by applying the RC and the SC methods, respectively. From left
to right: corrected fast and slow waveforms, radial (Q) and transverse (T) components once rotated, particle motion before and after anisotropy correction and
contour diagram of splitting parameters pairs. The difference between the result obtained by the RC and the one provided by the SC method is over 20◦.

further analysis. The transverse component contains no distinct en-
ergy when the backazimuth of the incoming wave ran parallel or
perpendicular to the fast direction, or when the wave propagated
through an isotropic media. This kind of measurements are null
measurements defined as 32◦ ≤ � ≤ 58◦ and ρ ≤ 0.3 (Wu¨stefeld
& Bokelmann 2007).

3 R E S U LT S

3.1 Spatial distribution of XKS splitting measurements

We obtained 90 splitting measurements including 72 ‘good’ ones
and 18 ‘fair’ ones (as defined in Section 2.3 above, Fig. S2 and Table
S3, Supporting Information) along with 124 null measurements
(Fig. S3, Supporting Information). According to the distribution
of the station locations, the results apply to three distinct spatial
regions. Stations JD01–JD09, CHD, LOK, LAY and YTA were
located within the Jiaobei massif. Although the splitting parameters
at JD06 and JD07 showed some dependence on event backazimuths,
we just calculated an average value due to the limited number of
measurements. The average splitting parameters were 109 ± 15◦

for ϕ and 1.04 ± 0.26 s for δt. Stations JD10–JD17 and LZH were
located on or adjacent to the WSZ, and their splitting parameters
showed similar variation with backazimuth. This implies a complex
anisotropic structure beneath the region being discussed below in
Section 3.2. Stations JD18–20, RCH, WED, RSH and HAY occur
within the Northern Sulu UHP massif and gave mean values of
ϕ = 95 ± 16◦ and δt = 0.70 ± 0.21 s. Previous studies have reported
SWS results for several permanent stations (Tian & Santosh 2015;
Shi et al. 2015). Their station-averaged measurements gave E-W to
WNW-ESE directions with a delay time of about 1.0 s. These values
generally agree with our results (Table S2, Supporting Information).

3.2 Two-layer anisotropy structure in the WSZ

We combined results for stations within the WSZ due to limited
measurements for stations in that region. The combined stations
showed similar variation in backazimuth. A total of 35 pairs of
splitting parameters showed strong azimuthal dependence with a
π /2 periodicity suggesting a two-layer anisotropic structure with a
horizontal axis of symmetry (Silver & Savage 1994). The complex
anisotropy is also reflected in the null measurements for stations
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Figure 4. Same as in Fig. 3, but after sensor misorientation correction. Results obtained by the RC method and by the SC method show good agreement after
this correction.

JD10 and JD15. These have varying backazimuths of incoming
waves (Fig. S3, Supporting Information). We then calculated op-
timal splitting parameters for the two layers using a grid-search
method. The fast direction for each layer was varied from 0◦ to
180◦ at 1◦ increments. The delay time was varied from 0 to 1.6 s
at 0.1 s increments. We assumed that the delay time for the upper
layer does not exceed half that for the lower layer based on the
∼70 km thickness of the lithosphere in the study region. Following
statistical methods described in Walker et al. (2005) and Fontaine
et al. (2007), we generated an R index to determine whether the
two-layer models fit the splitting measurements better than a single-
layer model with a horizontal symmetry axis. The R value should
exceed 0.25 in order to meet statistical significance criteria and the
maximum R gives the optimal pair of splitting parameters. The best-
fitting model estimated here gave an R value of 0.39. This model
included ϕlower = 130◦, δtlower = 1.3 s, ϕupper = 54◦ and δtupper = 0.5 s
(Fig. 5). Fig. 5 also shows models with R values greater than 0.25.
About 30 per cent of the valid models included parameters similar
to those of the optimal model. Specifically, lower layer parameters
ranged from 120◦ ≤ ϕlower ≤ 140◦ and 1.1 s ≤ δtlower ≤ 1.5 s and
upper layer parameters ranged from 44◦ ≤ ϕupper ≤ 64◦ and 0.3 s ≤
δtupper ≤ 0.7 s. These limited ranges represent statistical support for
the best-fitting solution. Fig. 6 shows the anisotropy results for both
the one- and two-layer models. Tian et al. (2015) also detected two-
layer anisotropy at three permanent stations in eastern China. The

splitting parameters for the lower layer reported in their study agree
with those reported here. However, fast directions for upper layers
reported in Tian et al. (2015) approach an E-W direction, and delay
times exceed those reported here. Distinct lithospheric deformation
may generate different anisotropy estimates for the upper layer.

4 D I S C U S S I O N

The SWS parameters depend on the travel path from the core man-
tle boundary to the station and therefore provide no direct con-
straints on the depth of anisotropy. It is broadly accepted that XKS
splitting measurements mainly capture upper-mantle structure re-
lated to lithospheric deformation and/or asthenospheric flow (Sil-
ver 1996; Savage 1999; Long & van der Hilst 2005). According
to receiver function analysis (Chen et al. 2006) and wide-angle
reflection/refraction detection (Pan et al. 2015), the study area in-
vestigated here includes a lithosphere reaching only about 70 km
thickness and a Moho depth of ∼33 km. Thus, the contribution
from lithospheric deformation should be negligible compared to
the average ∼1.0 s splitting time for the Jiaobei massif, North-
ern Sulu UHP massif and the lower layer of the WSZ (Table S2,
Supporting Information). In addition, these regions exhibit E-W or
WNW-ESE fast directions, which contrast the NE-oriented strike
for surface structures in the study region (Fig. 6). We therefore in-
terpret the single-layer anisotropy and lower layer of the two-layer
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Deformation in the Jiaodong Peninsula 961

Figure 5. The two panels on the left show the variation of the two-layer anisotropy parameters (fast-wave direction and delay time) with the event backazimuth.
The blue solid lines represent the theoretical splitting parameters obtained from the optimal two-layer anisotropy model (ϕupper = 54◦, δtupper = 0.5 s,
ϕlower = 130◦ and δtlower = 1.3 s). Red dots with error bars indicate apparent splitting results. Green diamonds indicate null measurements. Horizontal grey
dashed lines indicate average splitting values. The four histograms on the right show the distribution of the splitting parameters for the upper and lower layers.
These were obtained from 3675 models and for an index R > 0.25. Red dashed lines indicate the optimal fast-wave direction and delay time values for the
upper and lower layers (given above).

Figure 6. Station-averaged anisotropy results for the Jiaodong Peninsula (red bars of different length). A two-layer model allows estimating anisotropy in
the WSZ: blue bars represent the splitting parameters for the upper layer, while red bars are the splitting vectors for the lower layer. Red dots mean null
measurements. The scale for delay times is included in the upper right corner. The grey arrow indicates the subduction direction of the Pacific plate.

anisotropy as deriving mainly from the asthenosphere. However,
fast directions are also generally parallel to trends in regional Late
Mesozoic–Cenozoic extensional features. This indicates the con-
tribution from lithospheric deformation could not be completely
eliminated.

The E-W or WNW-ESE direction of the lower layer and one-
layered anisotropy (Fig. 6) are consistent with results reported by
previous studies of eastern China (Shi et al. 2015; Tian & Santosh
2015). Features appear roughly parallel to the subduction direc-
tion of the Pacific plate calculated using the GSRM V2.1 model
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(Kreemer et al. 2014). The present northwestward subduction of
the Pacific plate may thus cause asthenospheric return flow and cor-
responding anisotropy. Traveltime tomographic studies (Huang &
Zhao 2006; Zhao et al. 2007) indicate that the subducted Pacific
slab has stagnated within the mantle transition zone and underlies
the entire region beneath eastern China. Deep-seated slab dehydra-
tion processes cause upwelling of high temperature asthenosphere
materials and convective circulation in the mantle wedge as outlined
in the big mantle wedge (BMW) model (Zhao et al. 2007). High
temperatures reduce asthenospheric viscosity. This in turn enables
LPO development to generate the anisotropy (Karato et al 2008).
The anisotropy west of the Jiaobei massif is relatively weak (JD01–
JD05, Fig. 6). These stations are located near the TLF (Fig. 1),
which may have acted as a channel for asthenospheric upwelling
during Late Mesozoic–Cenozoic continental extension and litho-
sphere thinning in eastern China (Chen et al. 2006; Zheng et al.
2008). A vertically flowing asthenosphere should induce a vertical
olivine lineation, carried by the [100] crystal axes and therefore
a small anisotropy for vertically propagating shear waves such as
SKS waves (Ismail & Mainprice 1998). Zhao & Xue (2010) made
similar observations about the NCC.

The anisotropy of the upper layer in the WSZ is oriented in a
NE direction parallel to the strike of the WSZ (Fig. 6) implying a
lithospheric cause of anisotropy. The collision between the NCC
and SCB in the Jiaodong Peninsula during the Late Triassic led to
coherent vertical deformation between the crust and lithospheric
mantle at the suture zone to generate the LPO of anisotropic min-
erals parallel to the suture between the NCC and SCB. This caused
the anisotropic NE oriented fast direction we observed. Anisotropy
in the upper crust (∼15 km depth) is often caused by stress-aligned,
fluid-filled cracks in the brittle crust (Crampin & Peacock 2005).
This makes only a negligible contribution to the overall delay time
in SKS-splitting. Anisotropy in the lower crust and upper mantle
of ancient orogens in general is controlled by anisotropic minerals
and may result from ductile deformation, dynamic recrystallization
and annealing (Meissner et al. 2002), which is preserved as the fos-
silized anisotropy. The expression L = (δt∗ Vs) A−1 (Bonnin et al.
2010), which links delay time δt (0.5 s), velocity of the shear wave
(here SKS) Vs (mean value 4.0 km s−1), anisotropy magnitude A
(4 per cent) and length of the anisotropic path L, indicates that the
thickness of the anisotropic layer should be ∼50 km. This agrees
well with thickness estimates for the lower crust and lithospheric
mantle in the Jiaodong Peninsula. When foliation exhibits vertical
or high dip angles such as those observed for the WSZ, the XKS
wave runs roughly parallel to the foliation plane and the delay time
is about 0.1–0.2 s per 10 km in lower crustal rocks (Barruol &
Mainprice 1993). Thus, the crustal contribution to the delay time
observed for the upper layer can reach 0.2–0.4 s given a lower crustal
thickness of 20 km. Receiver function analysis of the same profile
with short-period dense stations shows a dislocation of the Moho
on opposite sides of the WSZ. A wide-angle reflection/refraction
study of the Jiaodong Peninsula by Pan et al. (2015) interpreted
the WSZ as a major structural boundary because crustal velocity
structures appeared different on either side of the suture zone. In
the crustal detachment model (Li 1994), the upper crust of the SCB
detached from the lower crust and thrust over the NCC into the Sulu
region. Under these circumstances, deformation and any velocity
contrast should be confined to the upper crust. Dislocation of the
Moho therefore contradicts the crustal detachment model. Faure
et al. (2001) argued that the boundary occurs north of the Sulu area
based on the fact that the Jiaobei massif and Northern Sulu UHP
massif experienced similar deformational episodes characterized

by northwest extensional ductile deformation. However, structural
analysis only captures upper crustal deformation which does not
comport with the deeper deformation pattern obtained in this study.
We therefore suggest that the WSZ represents a lithospheric-scale
boundary. Intensive deformational fabrics likely record Late Tri-
assic collision of the NCC and SCB and contrast deformational
features of surrounding areas.

Following the collision between the NCC and SCB, the WSZ
experienced significant Late Jurassic left-lateral movement on the
scale of about 30 km. Additional right-lateral movement occurred
from the Late Cretaceous to the Palaeocene (Zhang et al. 2007).
Shearing action associated with these processes would also induce
strike-parallel LPO of anisotropic minerals. Major strike-slip faults
are confined within the upper crust. In terms of possible widening
of shear zones at depth, the regional extent of oriented minerals
could reach dozens of kilometers in width perpendicular to the fault
(Lockett & Kusznir 1982). The upper layer anisotropic zone of
the WSZ for example extends to stations JD10 and LZH (Fig. 6).
The lateral extent of the upper layer anisotropy agrees well with
dimension of the San Andreas Fault system where the anisotropic
layer associated with each fault in the system reaches about 40 km
width at the base of the lithosphere (Bonnin et al 2010). In addition,
it should be noted that from Early Cretaceous to Palaeocene time,
the eastern NCC experienced destruction and significant thinning
of the lithosphere caused by palaeo-Pacific plate subduction (Zhu
et al. 2004; Yang et al. 2005; Zhu & Zheng 2009; Chen 2010; Lin
& Wei 2018; Yang et al. 2018). The lithosphere was not entirely
modified by this event and still preserves information on its previous
deformational history in the form of fossilized anisotropy in the
remnant lithosphere.

5 C O N C LU S I O N S

We performed SWS measurements on teleseismic data from an
NW-SE oriented seismic profile in the Jiaodong Peninsula, eastern
China. Regional differences in splitting parameters were identified
beneath the peninsula. Anisotropic structures beneath the Jiaobei
massif and Northern Sulu UHP massif can be explained by a single
anisotropic layer model. In the WSZ, the azimuthal dependence
of splitting parameters indicates a two-layer anisotropy model. The
fast direction of the lower layer and one-layered anisotropy aligns in
a WNW-ENE direction. This direction accords with the present-day
direction of Pacific plate subduction and could be associated with
asthenospheric return flow in the BMW caused by subduction. The
upper layer of the WSZ exhibits an NE-SW fast direction which
agrees well with the overall strike of the WSZ. This supports the
interpretation that the lithosphere preserves fossilized anisotropy
induced by the Late Triassic collision between the NCC and SCB.
Taken together, these observations indicate that the WSZ represents
a lithospheric-scale boundary between the NCC and SCB.
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Supplementary data are available at GJI online.
Figure S1. Sensor misorientation angles for the stations of the
seismic array (red broken line) with reference to the number of
earthquakes used for analysis (green broken line). The angles de-
termined for the 20 temporary broad-band stations are around an
average angle of −9.6◦ (deep blue solid line).
Figure S2. Individual XKS splitting measurements (red bars). The
abbreviations are the same with those in Fig. 1.
Figure S3. Null SWS measurements in the study area. The red bars
indicate the backazimuths of the incoming waves.
Table S1. The misorientation angles of the stations in this study.
Table S2. Average splitting measurements of stations with single-
layer anisotropy.
Table S3. Individual splitting parameters and respective errors cal-
culated for each station.
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