
1.  Introduction
The central Myanmar region is the southward extension of the Tibetan Plateau through the Eastern Hima-
layan Syntaxis and is largely situated above the obliquely subducting Indian slab beneath the Eurasian Plate 
(Figure 1). At present, the Indian Plate moves at a direction of about N50°E in a no-net-rotation reference 
frame based on the NNR-MORVEL56 model (Argus et al., 2011), with a convergence rate of 13–17 mm/yr 
(Steckler et al., 2016) or 12–24 mm/yr (Mallick et al., 2019) relative to the Eurasian Plate in Myanmar. The 

Abstract This study represents the first campaign-style teleseismic shear wave splitting (SWS) 
investigation of central Myanmar, an area that is tectonically controlled by the oblique subduction 
of the Indian Plate underneath the Eurasian Plate. The resulting 678 well-defined and 247 null SWS 
measurements obtained from recently deployed 71 broadband seismic stations show that the Indo-Burma 
Ranges (IBR) possess mostly N-S fast orientations that are parallel to the trend of the depth contours of 
the subducted slab. Relative to the global average of 1.0 s, extremely large splitting times with station-
averaged values ranging from 1.28 to 2.79 s and an area-averaged value of 2.09 ± 0.55 s are observed in the 
IBR. In contrast, the Central Basin (CB) and the Shan Plateau (SP) are characterized by slightly larger than 
normal splitting times. The fast orientations observed in the CB are mostly NE-SW in the northern part 
of the study area, N-S in the central part, and NW-SE in the southern part. The fast orientations change 
from nearly N-S along the N-S oriented Sagaing Fault, to NW-SE in the central and eastern portions of 
the SP. These observations, together with SWS measurements using local S events, crustal anisotropy 
measurements using P-to-S receiver functions, and the estimated depth of the source of anisotropy using 
the spatial coherency of the splitting parameters, suggest the presence of a trench-parallel sub-slab flow 
system driven by slab rollback, a trench-perpendicular corner flow, and a trench-parallel flow possibly 
entering the mantle wedge through a slab window or gap.

Plain Language Summary Myanmar is located at the boundary between the Indian Plate 
and the Eurasian Plate. Here, the Indian Plate moves northward at a rate that is faster than most other 
tectonic plates on Earth and subducts obliquely beneath the Eurasian Plate. This subduction not only 
causes a strong deformation of the Earth's surface, forming the approximately 1,250 km long, N–S 
trending Indo-Burma Ranges, but also results in pervasive crustal deformation and possibly modulates 
the mantle flow field in the area. Mostly due to the limited coverage by broadband seismic stations until 
recently, crustal deformation and mantle flow beneath Myanmar were poorly understood. In this study, 
we used data from 71 seismic stations that we deployed in central Myanmar to analyze seismic azimuthal 
anisotropy, that is, the directional dependence of the velocity of seismic waves in a medium, at different 
depths. Based on the established relationship between seismic anisotropy and mantle flow, we proposed 
a model to explain the observations. Our model implies the presence of a trench-parallel mantle flow 
beneath the subducted Indian Plate. Above the plate, there are two flow systems with trench-parallel and 
trench-orthogonal orientations, respectively, with spatially varying strengths.
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active tectonics of central Myanmar is mainly controlled by two geodynamic processes. The first is shearing 
primarily originated from the obliqueness of the subduction, resulting in a series of approximately N-S 
oriented dextral strike-slip faults including the ∼1,200 km long Sagaing Fault (SF), which links the Eastern 
Himalayan Syntaxis to the north and the Andaman Sea spreading center to the south (Sloan et al., 2017). 
The second is E-W oriented compression due to the coupling between the subducting Indian Plate and 
overriding Eurasian Plate that led to the formation of the Indo-Burma Ranges (IBR), which is interpreted 
as a wide accretionary wedge associated with the plate subduction since about 43 Ma (Rangin, 2017). The 

Figure 1.
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Central Basin (CB), comprising Mesozoic and Cenozoic magmatic rocks, is interpreted as a combination 
of the forearc and back-arc basins that are separated by the Central Volcanic Arc Belt approximately along 
the basin axis (Rangin, 2017). The Shan Plateau (SP), which is separated from the CB by the SF, is covered 
by sedimentary rock sequences with ages ranging from the Precambrian to the Mesozoic (Curray, 2005; 
Mitchell, 1989).

While the Wadati-Benioff zone extends to a maximum depth of ∼150  km (Frohlich,  2006; Hurukawa 
et  al.,  2012), most seismic tomography studies suggest a greater depth extent of the slab, ranging from 
∼300 km (Li et al., 2008) to the bottom of the mantle transition zone (Koulakov, 2011; Yao et al., 2021). 
Additionally, the tomography results of Raoof et al. (2017) suggest that the subducted part of the Indian 
lithosphere beneath the IBR at ∼26°N appears to have broken off from the rest, leaving a gap between the 
two segments in the depth range of ∼50–100  km. Moreover, a recent receiver function (RF) study (Bai 
et al., 2020) using teleseismic data recorded by the same stations used in this study suggests the presence 
of a slab tear located approximately at 21°N. Previous studies (R. Hall & Morley, 2004; Kundu & Gaha-
laut, 2012; Lee et al., 2016; Li et al., 2008) suggest a westward trench migration and rollback of the subduct-
ing Indian slab, which can modulate the mantle flow system in the vicinity of the subduction zone (e.g., 
Long & Silver, 2008). Specifically, a trench-parallel asthenospheric flow in the sub-slab region produced by 
slab rollback is suggested by numerical modeling studies (e.g., Becker & Faccenna, 2009). Investigation of 
the mantle flow field in this complex system has the potential to shed light on the mantle dynamics and the 
relationship between surface dynamic processes and mantle deformation associated with plate subduction.

One of the most robust and commonly employed techniques for delineating crustal and mantle flow and 
deformation is shear wave splitting (SWS) analysis (Ando et al., 1980; Silver & Chan, 1991). SWS is the 
process whereby a shear wave splits into two quasi-S-waves with orthogonal polarization directions as it 
passes through a transversely isotropic medium, which is the simplest form of azimuthal anisotropy. The 
two waves travel at different speeds in the medium and therefore accumulate a separation between their 
arrivals. The splitting parameters include the polarization orientation of the fast wave which is termed as 
the fast orientation (or ϕ), and the delay time (splitting time or δt) between those two components which 
is proportional to the product of the length of the path through the anisotropic material and the strength 
of the anisotropy. The most significant anisotropic domain within the Earth is the upper mantle, in which 
olivine, an anisotropic mineral, is the most abundant constitute. Laboratory experiments show that pro-
gressive simple shear (deformation) can lead to the development of lattice preferred orientations (LPO) 
of olivine minerals (e.g., Karato et al., 2008) and gradient in mantle flow velocity, with the fast orientation 
aligning with the mantle flow direction for A-, C-, and E-type olivine fabrics (Karato et al., 2008). Under 
conditions that are typically found near the tip of the mantle wedge above a subducted oceanic slab, includ-
ing low-temperature, high pressure, and moderate water content, B-type olivine fabric could develop for 
which the fast orientation is perpendicular to the mantle flow direction (Jung & Karato, 2001; McCormack 
et  al.,  2013). Because the subducted slab is believed to be a water-poor continental lithosphere (Zheng 
et al., 2020), B-type olivine fabric is unlikely to be pervasively present in the area.

Due to the lack of sufficient coverage by broadband seismic stations, XKS (including SKS, SKKS, and PKS) 
splitting parameters were only measured at a few stations in the Myanmar region (L. Liu et al., 2019; Saikia 
et al., 2018). Most of them are in the IBR and one is near the SF. The fast orientations in the IBR follow 
the strike of the orogen and are interpreted as resulting from both the lithospheric deformation and as-
thenospheric flow (L. Liu et al., 2019; Saikia et al., 2018). Russo (2012) obtained 103 source-side splitting 

Figure 1.  (a) Topographic map of Myanmar and adjacent areas showing major tectonic provinces and previous well-defined PKS, SKKS, and SKS shear wave 
splitting measurements (blue bars) and null measurements (open circles) obtained from http://splitting.gm.univ-montp2.fr/DB/public/searchdatabase.html 
and Liu et al. (2019). Orange arrows represent GPS velocity measurements relative to Eurasia (M. Wang & Shen, 2020). Brown arrows show the directions of 
the absolute plate motion based on the NNR-MORVEL56 model (Argus et al., 2011). Major faults and plate boundaries were plotted as black and red curves in 
the main and inset figures, respectively (Y. Wang et al., 2014). Suture zones were plotted as dashed black lines. The purple circle at 26°N and the purple ellipse 
at 21°N mark the slab gap (Raoof et al., 2017) and slab tear (Bai et al., 2020), respectively. The mapped area is outlined by a black rectangle in the inset map. (b) 
Distribution of the 71 portable broadband stations. The red triangles indicate the 67 stations at which well-defined splitting parameters were obtained from this 
study, the white triangles indicate the three stations that obtained only null measurements, and the black triangle indicates the station with no reliable results. 
The tectonic units were delimited by different colors. Contours show the depth of the subducting Indian slab (Hayes et al., 2018). The yellow symbols mark 
the locations of magmatic rocks. The brown curve is the Kabaw Fault, and the black curve is the dextral Sagaing Fault. Central Basin (CB); Eastern Himalayan 
Syntaxis (EHS); Indo-Burma Ranges (IBR); Indus-Yalu Suture (IYS); Main Boundary Thrust (MBT); Shan Plateau (SP).
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measurements from 15 earthquakes along the subducting slab that have been corrected for anisotropy be-
neath the receiver to study sub-slab anisotropy. The IBR shows predominantly trench-parallel fast orien-
tations and the fast orientations in the CB are mostly trench-normal between latitude 22°N and 25°N. The 
splitting times have a mean of 3.0 s. The SWS measurements are attributed to mantle flow through a slab 
gap at 22°N and around the slab.

To gain insights into the previously poorly-understood mantle dynamics and deformation characteristics 
of the plate boundary system beneath central Myanmar, we deployed the first portable seismic array in 
Myanmar as part of the China-Myanmar Geophysical Survey of the Myanmar Orogen (CMGSMO) project. 
Here, we apply the SWS technique to both XKS and local S-waves, and combine the splitting measurements 
with observations of crustal anisotropy using P-to-S conversions at the Moho, to investigate the spatial 
distribution of anisotropy beneath central Myanmar and estimate the depth of anisotropy using the spatial 
coherency approach (K. H. Liu & Gao, 2011). A geodynamic model involving flow systems associated with 
trench migration and slab rollback is proposed to explain the observed azimuthal anisotropy in this tecton-
ically complex area dominated by plate convergence.

2.  Data and Methods
2.1.  Data

We investigated SWS at 71 broadband seismic stations located throughout the IBR, the CB, and the SP (Fig-
ure 1). Thirty-nine stations (those with names starting with the letter “M” in Figure 1b) form a dense east-
west trending linear subarray approximately along the 22°N latitudinal line, with spacings of 10–15 km. 
The other stations, which are 30–50 km apart, form a 2D backbone network. The stations were in operation 
from June 2016 to February 2018 (Mon et al., 2020), with a recording frequency of 40 samples per second. 
Each of the stations was equipped with either a Nanometrics Trillium 120PA or a Guralp CMG-3ESP broad-
band seismometer, together with a Reftek RT130 digitizer. Three kinds of P-to-S converted phases at the 
core-mantle boundary, including PKS, SKKS, and SKS, from earthquakes in the epicentral distance range 
between 84° and 180°, were utilized (Figure 2). We apply a cutoff magnitude of 5.6 for events with focal 
depths shallower than 100 km, and 5.5 for deeper events.

2.2.  Methods

SWS analysis was performed by following the set of procedures and criteria described in K. H. Liu and 
Gao (2013). The XKS seismograms were band-pass filtered in the frequency band of 0.04–0.5 Hz, which 
includes the main XKS energy. The XKS time window used to compute the splitting parameters was initially 
set as 5 s before and 20 s after the predicted XKS arrival times computed based on the IASP91 Earth model. 
If the signal-to-noise ratio (SNR) on the radial component is smaller than 4.0, the event-station pair was not 
used. Details for computing the SNR can be found in K. H. Liu et al. (2008).

The remaining seismograms were then used to search for the optimal pair of XKS splitting parameters, 
which correspond to the minimum energy on the corrected transverse component (Silver & Chan, 1991). 
Manual checking was applied to each of the measurements, and if necessary, the XKS time window and the 
band-pass filtering parameters were adjusted to minimize the influence of non-XKS arrivals to the resulting 
optimal splitting parameters, whose standard deviation was estimated using the F-test described in Silver 
and Chan (1991). Only measurements with standard deviations less than 15° and 0.5 s, respectively, for ϕ 
and δt, were kept.

The resulting measurements were ranked into A (outstanding), B (good), C (poor), and N (null) based on 
the similarity between the resultant fast and slow components, the uniqueness of the minimal energy point 
on the corrected transverse component, and the linearity of the horizontal particle motion pattern follow-
ing the correction for splitting (K. H. Liu & Gao, 2013; K. H. Liu et al., 2008). Null measurements were 
also recorded in this study, for which we required a clearly visible XKS phase on the radial component and 
unobservable XKS energy on the original transverse component. Examples of well-constrained splitting 
measurements are shown in Figure 3.
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To provide constraints on the vertical distribution of the observed anisotropy from XKS splitting, which 
is a measure of the integrated anisotropy from the core-mantle boundary to the surface, we applied three 
techniques in addition to XKS splitting to the data set. The first is estimating the depth of the main source 
of the observed anisotropy using the spatial coherency of the splitting parameters (K. H. Liu & Gao, 2011). 
The technique assumes an array of candidate depths and calculates a variation factor defined by Equation 
7 in K. H. Liu and Gao (2011) at each depth. The weighting factors for the two parameters were chosen 
based on the maximum possible range of fast orientations and splitting times, as described in K. H. Liu and 
Gao (2011). The optimal depth corresponds to the maximum spatial coherency (or minimum spatial vari-
ation). Reliable application of this technique requires spatially varying single layer anisotropy with a con-
stant depth, as detailed in K. H. Liu and Gao (2011). The second technique is to measure the contribution 
of the crust to the observed XKS splitting using the arrival time and amplitude of the source-normalized 
P-to-S converted phases (or RFs) from the Moho. A detailed description of the approach and its application 
to the southeastern Tibetan Plateau can be found in Kong et al. (2016). The third technique is to measure 
anisotropy from the focus of a local earthquake to the surface (e.g., Crampin & Booth, 1985). The optimal 
pair of splitting parameters is found by minimizing the lesser of the two eigenvalues of the covariance ma-
trix of the corrected seismograms (Silver & Chan, 1991). Because this study is focused on XKS splitting, local 
splitting and RF analysis results from only a few critically-positioned stations that can provide constraints 
on the depth distribution of the observed XKS splitting are presented. Full analyses of the entire data set 
using both local SWS and RF analyses are the subjects of future studies.

Figure 2.  (a) Azimuthal equidistant projection map centered at the study area (star), showing the distribution of 
teleseismic events (circles) used in this study. The size of the circles is proportional to the number of shear wave 
splitting measurements from each event. Blue: PKS; Purple: SKKS; Red: SKS. (b) A histogram and a rose diagram 
illuminating the distributions of back-azimuths and resulting fast orientations of SKS measurements, respectively. (c) 
Same as (b), but for SKKS measurements. (d) Same as (b), but for PKS measurements.
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3.  Results
Among the 71 stations, well-defined (Quality A or B) measurements were obtained at 67 stations, three 
stations only produced null measurements, and one station did not result in any well-defined or null meas-
urements. We obtained a total of 678 pairs of Quality A or B XKS parameters from 82 events (Figure 2a), 
including 54 PKS, 149 SKKS, and 475 SKS measurements (Figures 2b–2d). A total of 247 pairs of null meas-
urements were obtained from 71 events (Figure S1), including 4 PKS, 75 SKKS, and 168 SKS measurements. 
The original and corrected radial and transverse components and the particle motion diagram for each of 
the 678 measurements (similar to Figure 3), and the splitting parameters plotted against the back azimuth 
for all the 67 stations can be found at ftp://159.226.119.161/data/CMGSMO-1/SWSData/web_XKS/all/
web_XKS.html (Internet Explorer is recommended to open the link).

To investigate the existence of multilayered anisotropy which is characterized by splitting parameters var-
ying as functions of the initial polarization (or back azimuth) with a π/2 period (Rümpker & Silver, 1998; 
Silver & Savage, 1994), we plotted the individual splitting parameters against the back azimuth for each 
of the stations (see e.g., Figures 4 and S2) and visually verified the existence or non-existence of periodic 

Figure 3.  Examples of well-constrained PKS, SKKS, and SKS shear wave splitting measurements from Stations (a) 
M46, (b) M32, and (c) M04, respectively. Note the very large and well-constrained splitting time obtained at Station 
M04. For each measurement, showing the (top) original and corrected radial and transverse components, (middle) 
fast (red) and slow (black) waveforms and the associated particle motion pattern in the E-N plane, that is, N-S is along 
the y axis and E-W is along the x axis, (left) before and (right) after time delay correction, and (bottom) a contour map 
representing the normalized energy on the corrected transverse component in the XKS time window. The star indicates 
the optimal pair of splitting parameters corresponding to the minimum transverse energy.

ftp://159.226.119.161/data/CMGSMO-1/SWSData/web_XKS/all/web_XKS.html
ftp://159.226.119.161/data/CMGSMO-1/SWSData/web_XKS/all/web_XKS.html
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azimuthal variations of the splitting parameters. For stations located in the boundary zone between neigh-
boring areas with different splitting parameters (e.g., Stations E02 and N06 in Figure 4), the splitting param-
eters vary as functions of the ray piercing point location, suggesting that ray paths from different azimuths 
sample areas with different splitting parameters (K. H. Liu & Gao, 2013). Periodic azimuthal variations are 
not convincingly observed at any of the stations (e.g., Stations M30 and M42 in Figure 4), suggesting that a 
single layer of anisotropy with a horizontal axis of symmetry is sufficient to explain the observations. How-
ever, it must be mentioned that the azimuthal coverage at some of the stations is not sufficient to completely 
reject the possibility of systematic azimuthal variations of the splitting parameters, and consequently, the 
existence of complex anisotropy cannot be entirely ruled out.

For the entire study area, the resulting fast orientations are dominantly NNW-SSE with a circular mean 
of −15.3  ±  25.3°. No systematic differences between the results of SKS, SKKS, and PKS phases are ob-
served (Figure 2), and the spatial variations are mainly controlled by the location of the ray-piercing points 
(Figure 5a).

In the IBR, we observed nearly consistent N-S fast orientations that are parallel to the strike of the orogen 
and also to the trend of the depth contours of the subducting slab. The corresponding splitting times have 
a mean value of 2.09 ± 0.55 s, which is much greater than the global average of 1.0 s for continents (Sil-
ver, 1996). Among all the stations, the maximum splitting time is found at Station M04, which displays an 
average value of 2.79 ± 0.09 s (Figure S2) and a maximum value that is greater than 3.0 s (Figure 3c), a value 
that is rarely matched by any reliable XKS splitting measurements in previous studies.

The splitting measurements in the CB show more spatial variability than the IBR and the splitting times re-
duce to ∼1.0 s from about ∼2.0 s across the IBR/CB boundary (Figure 5d), with a mean value of 1.12 ± 0.39 s. 
Most of the fast orientations south of latitude 22.2°N are NW-SE, with a mean value of −30.7 ± 25.2°. In 
comparison, those in the area to the north of this latitude are mostly NE-SW, with a mean of 34.6 ± 33.7°, 

Figure 4.  (a–d) XKS fast orientations for stations E02, M30, M42, and N06 plotted against back azimuth. (e–h) Same as (a–d) but for splitting times. (i–l) XKS 
splitting parameters from the 4 stations plotted above the ray-piercing points at 200 km deep on a topographic map. The blue triangles in (i–l) display the station 
locations, and the blue lines in (a–h) indicate the station-averaged values. The red, purple, and blue symbols represent results from the SKS, SKKS, and PKS 
phases, respectively.
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and most of the fast orientations in a narrow zone centered at this latitude are N-S. Interestingly, the con-
tour lines of the subducted slab (Hayes et al., 2018) also demonstrate a directional change across this lati-
tude, from NNW-SSE in the south to NNE-SSW in the north (Figure 5a).

The fast orientations observed in the SP show a counter-clockwise rotation toward the east, from nearly N-S 
along the SF which is the western boundary of the SP, to NW-SE and WNW-ESE in the central and eastern 
portions of this region (Figure 5c). There is no significant change in the splitting times observed in this 
area relative to those obtained in the CB. The orientations of the null measurements, which are parallel or 

Figure 5.  (a) Shear wave splitting measurements (colored bars) from this study plotted on a topographic map. The tectonic units are delimited by different 
colors. Contours show the depth of the subducting Indian slab (Hayes et al., 2018). Individual measurements from SKS, SKKS, and PKS are shown in red, 
purple, and blue, respectively, and are plotted above the ray-piercing points at 200 km deep. The eight stations discussed in the text are shown as blue triangles. 
For the other labels, see Figure 1. (b) Well-defined local S splitting measurements plotted at the midpoint between the events and stations. The ray paths are 
shown in Figure S6. The thick blue bar is a Pms splitting measurement at station M09. The rose diagram in the upper left corner illuminates the distribution of 
the resulting fast orientations of the local S measurements. The background color denotes the splitting time produced by averaging the XKS individual splitting 
times at the piercing points of 200 km deep in overlapping 1° × 1° blocks with a moving step of 0.1°. (c) Spatially averaged XKS fast orientations from individual 
measurements in each of the r = 0.4° circles. (d) Averaged XKS splitting times over longitudinal bands of 0.25° wide (bottom panel) and surface elevation along 
latitude = 21.9°N (upper panel).
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orthogonal to the back azimuth of the events, observed in this and the other areas are generally consistent 
with the fast or slow orientations (Figure S1). Note that when the well-defined and null measurements 
are plotted at the same depth (e.g., 200  km), for a given area both types of measurements may coexist 
(Figures 5a and S1b). This apparently counterintuitive phenomenon is due to the fact that the events that 
produced the null measurements have a back azimuth that is parallel or orthogonal to the fast orientation 
in the area and is not indicative of a lack of azimuthal anisotropy in the area.

4.  Discussion
4.1.  Estimation of the Depth of Anisotropy

To estimate the depth of the main contributing layer of the observed anisotropy, we applied the spatial co-
herency technique, which is reliable for areas dominated by a single layer but spatially varying azimuthal 
anisotropy (K. H. Liu & Gao, 2011). This technique is also applicable to the special two-layer situation when 
the fast orientations of the two layers are approximately orthogonal to each other. In this case, the two-lay-
ered structure is equivalent to a single layer with a fast orientation that is the same as that of the layer with 
the greater splitting time, and with a splitting time that is the difference between that of the two layers (Sil-
ver & Savage, 1994). For the SP (the area east of 96.3°E), the resulting optimal depth of the anisotropic layer 
is 190 km (Figure 6a), and in the CB (longitude range 94.0–95.5°E), the estimated depth is about 215 km 
(Figure 6b). Near the SF, the optimal depth is about 45 km and there is another minimum value probably 
corresponding to a deeper layer (Figure 6c). A dominant minimum variation factor was not found using 
data recorded in the IBR, probably due to the insignificant spatial variations of the splitting parameters, or 
due to significant variations of the depth of the anisotropic layer.

Under the assumption that the estimated lithospheric thicknesses in LITHO1.0 (Figure  7b; Pasyanos 
et al., 2014) are realistic, which show a thickness of ∼50 km in the SP including the area along the SF, the 
resultant optimal depth of 190 km for the SP suggests that the observed anisotropy is from the astheno-
sphere. In the vicinity of the SF, the 45 km optimal depth suggests that the anisotropy is mostly located in 
the lithosphere or the rheological transition zone between the lithosphere and the asthenosphere (Conrad 
& Behn, 2010; McKenzie, 1979; Yang et al., 2017). For this area, while the possibility that lithospheric fabrics 
are the main source of the observed azimuthal anisotropy cannot be completely excluded, the fact that the 
expected increase in the observed splitting times near the SF is not observed, suggests limited contributions 
from lithospheric fabrics associated with the major fault zone, where lithospheric deformation and strain 

Figure 6.  Normalized spatial variation factors computed using individual shear wave splitting measurements in areas (a) east of longitude 96.3°E in the Shan 
Plateau, (b) between longitudes 94°E and 95.5°E in the Central Basin, and (c) near the Sagaing Fault. The resulting optimal depth of the anisotropic layer is 
marked by the dashed blue line, corresponding to the minimum variation factor. Note that dx is the block size in degrees.
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localization are the most intensive. In this area, it appears that there is a second minimum in the variation 
factor curve (Figure 6c) that is indicative of a layer of anisotropy in the asthenosphere. An alternative model 
is that the mostly N-S oriented anisotropy in the vicinity of the SF is the result of two competing layers: a 
shallow layer in the lithosphere with an N-S oriented anisotropy, and a deeper layer with an E-W anisotropy 
and a relatively smaller splitting time. Additional studies such as anisotropic surface wave tomography or 
full waveform modeling are needed to distinguish these models. For the central and western parts of the 
CB, where the top of the subducting slab has a depth ranging from 60 to 150 km (Figure 5), the estimated 
depth of anisotropy (∼215 km) implies that the observed seismic anisotropy is most likely from the sub-slab 
mantle.

4.2.  Contribution of Lithospheric Fabrics to the Observed Anisotropy on the IBR

Lithospheric anisotropy with fast orientations perpendicular to the shortening direction can result from 
coherent deformation of the lithosphere (Silver, 1996; Silver & Chan, 1991). In the IBR, which was mostly 
the result of intensive E-W compression associated with the convergent margin (Mon et  al.,  2020), the 
fast orientations are parallel to the strike of the orogen, and the corresponding splitting times are large 
(2.09 ± 0.55 s on average) and are positively correlated with the topography (Figure 5d). Such a correspond-
ence between topography (which is a measure of lithospheric compressional strain in the IBR) and the 
splitting times suggests possible contributions from the lithosphere of the overriding plate (Figure 8).

Beneath the stations on the IBR, the Indian slab has a depth range of about 40–60 km (Figure 1b) which 
is comparable to the thickness of the crust of the overriding plate (Zheng et al., 2020). Contributions from 
the crust can be estimated by fitting the azimuthal moveout of the P-to-S conversions from the Moho (Pms) 
on the RFs using a sinusoidal function (Kong et al., 2016). Clear azimuthal variations of the moveout of 
the Pms phase were observed at most stations on the IBR, but due to the limited back azimuthal coverage, 
we were only able to obtain reliable results at Station M09 (Figures 5b and S3). However, as demonstrated 
by Station N16 (Figures 5b and S4), the moveout of the RFs recorded at most stations with a comparable 
number of high-quality RFs as Station N16 on the IBR can be satisfactorily matched by the theoretical mo-
veout curves computed using the optimal crustal anisotropy parameters obtained at M09, suggesting that 
results obtained at M09 are representative for crustal anisotropy in the IBR. The resulting fast orientation 
of crustal anisotropy is −9.8° and is consistent with that obtained by the XKS splitting analysis in the same 
area (Figure 5b). The crustal δt value of 0.62 s is about 1/3 of the average XKS splitting time on the IBR 
and is comparable to other continental areas that are being actively thickened such as the eastern Tibetan 
Plateau (Kong et al., 2016). While the possibility that the contributions from a tilting Moho to the moveout 

Figure 7.  (a) Shear wave splitting measurements plotted on P-wave velocity anomalies at 190 km deep constrained from teleseismic tomography 
(Koulakov, 2011). Individual SKS, SKKS, and PKS measurements from this study are shown in red, purple, and blue respectively, and are plotted above the 
ray-piercing points at 200 km deep. Measurements from previous studies (orange bars and circles) are plotted at the station locations. (b) Station-averaged XKS 
splitting measurements from this study (black bars and red circles). The background image shows the thickness of the lithosphere (Pasyanos et al., 2014).
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cannot be completely excluded, the fact that the arrival time of the Pms from events from the west (∼270° 
back-azimuth), which sample thinner crust, is relatively late at both stations shown in Figures S3 and S4, 
suggests limited contributions from an eastward tilting Moho.

4.3.  Mantle Wedge Anisotropy Beneath the CB Revealed by Splitting of Local S-Waves

To estimate the contribution of the mantle wedge beneath the CB to the observed XKS splitting, we conduct-
ed splitting analysis using S-waves originated from local earthquakes in the S-wave window (see Figure S5 
for examples) which is defined by a maximum incident angle of about 35° (Booth & Crampin, 1985). The 
seismograms were band-pass filtered in the frequency band of 0.1–1 Hz. We obtained 20 pairs of well-de-
fined SWS parameters from 9 events with a focal depth ranging from 50 to 160 km (Figure S6). The splitting 
times range from 0.12 to 0.6 s with a mean value of 0.39 ± 0.12 s, which is about 1/3 of the average XKS 
splitting time in the CB. The fast orientations from the local S-waves are mostly N-S, but a few of them 
are nearly E-W, resulting in a bimodal distribution, as indicated by the rose diagram in Figure  5b. The 
splitting parameters and information of the events for the local S splitting measurements can be found 
at ftp://159.226.119.161/data/CMGSMO-1/SWSData/web_localS/all/web_localS.html (Internet Explorer is 
recommended to open the link).

A recent study suggests that the earthquakes used for the local S splitting analysis mainly concentrate in 
the lower part of the subducting crust (Zheng et al., 2020). Therefore, the anisotropy responsible for the 
observed local S splitting parameters must reside in the mantle wedge, the overriding plate, or the slab. The 
fact that different splitting measurements using different local S events were observed at the same stations 
(e.g., Stations E06 and M13 in Figure S6) implies that the overriding plate, in which the rays from different 
events coming to the same station sample similar areas, is not the main source of the observed anisotro-
py. Similarly, the fact that different splitting parameters were observed using data from the same events 
(e.g., event 2017-346-05:56, i.e., light blue star in Figure S6) recorded by different stations suggests that the 
subducting slab, in which the rays to different stations sample similar areas, is also not the main source of 
anisotropy. Therefore, we infer that the anisotropy observed from local earthquakes mainly comes from the 
mantle wedge.

Figure 8.  A schematic diagram showing the deformation systems that can explain the vast majority of the splitting 
measurements in the study area. The subducting Indian continental and oceanic slabs are shown in light blue and 
dark blue, respectively (Koulakov, 2011; Zheng et al., 2020). Short black lines in the Indo-Burma Ranges (IBR) indicate 
lithospheric fabrics associated with E-W shortening. The red and orange arrows indicate trench-parallel mantle flow in 
the sub-slab region and the mantle wedge, respectively. Note that the flow directions have a 180° ambiguity.

ftp://159.226.119.161/data/CMGSMO-1/SWSData/web_localS/all/web_localS.html
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In the mantle wedge beneath the western part of the CB, a low shear-wave velocity zone has recently been 
imaged at a depth of ∼40 km (Wu et al., 2021). Additionally, P-wave and S-wave velocities at the nose of 
the mantle wedge below the CB are basically consistent with the velocities in the thicker portions of the 
mantle wedge (Zhang et al., 2021), suggesting that the nose of the mantle wedge is not particularly cold. 
We speculate that the bimodal distribution of the fast orientations observed using local S-waves in the CB 
(Figure 5b) may mainly arise from two flow systems with nearly orthogonal directions (Figure 8). Under 
the assumption that the previously suggested slab tear at 21°N (Bai et al., 2020) and slab gap at ∼26°N 
(Raoof et al., 2017) do exist, we propose that the sub-slab mantle is transported through the slab tear or 
gab into the mantle wedge, forming the trench-parallel flow system. This kind of transportation of sub-
slab materials through a slab gap into the mantle wedge has been suggested by both numerical modeling 
(e.g., Jadamec, 2016; Király et al., 2020) and observation studies (e.g., Kong et al., 2020). The second flow 
is the horizontal component of a two-dimensional corner flow system in the mantle wedge associated with 
viscous coupling between the slab and the overlying mantle (C. E. Hall et al., 2000), resulting in trench-per-
pendicular fast orientations. It has long been recognized that for two anisotropy forming processes with 
orthogonal fast orientations, the net splitting time is the difference of the individual splitting time of the 
two processes, and the fast orientation is the same as that having the greater splitting time (Silver & Sav-
age, 1994). Therefore, depending on which of the two flow systems has a greater strength in a given region 
in the CB, the resulting net fast orientation revealed by local S-wave splitting analysis could either be N-S if 
the trench parallel flow dominates, or E-W if the corner flow dominates (Figure 8).

An alternative interpretation is that the overall flow field in the mantle wedge is trench-parallel, but contri-
butions from E-W oriented anisotropy in the slab or the overriding plate complicate this pattern, resulting 
in sporadic E-W fast orientations when the splitting time associated with the E-W anisotropy is greater than 
that from the trench-parallel flow. Because most crustal earthquakes in the CB show nearly N-S striking 
dextral strike-slip (Mon et al., 2020), which will most likely induce N-S oriented anisotropy, at least the 
crustal portion of the overriding plate is unlikely to be a main contributor to the E-W anisotropy. For the 
subducting slab, it may preserve the approximately E-W oriented fossilized fabric from the time of plate 
formation at the mid-ocean ridge (Francis, 1969; Hess, 1964). Because it is unclear whether such fabric is 
preserved or overprinted during the slab subduction, its contribution to the observed anisotropy cannot be 
reliably quantified.

4.4.  Trench-Perpendicular Corner Flow Beneath the SP

The fast orientations observed in the SP using XKS show a clear transition from nearly N-S along the SF to 
NW-SE and WNW-ESE in the eastern portion of this region, implying a gradual transition from trench-par-
allel dominated flow system to trench-perpendicular flow system (Figure 8). The WNW-ESE fast orienta-
tions are similar to the ones observed in the SE Tibetan Plateau (Huang et al., 2015) and the Indochina Pen-
insula (Yu et al., 2018) located to the NE and east, respectively, of the study area. The trench-perpendicular 
fast orientations away from the trench can be well explained by a corner flow system (Figure 8) induced by 
the subduction of the Indian Plate.

4.5.  Implications on Sub-Slab Mantle Flow

Previously determined fast orientations in the Indian Plate mostly coincide with the NE-SW absolute plate 
motion (APM) direction, implying simple shear at the base of the lithosphere is the dominant mechanism 
for forging anisotropy (Roy et al., 2014; L. Liu et al., 2019). However, the fast orientations observed in central 
Myanmar are inconsistent with the APM direction of the Indian Plate. Hypocentral relocations and seismic 
tomography studies have revealed a systematic lateral variation in the strike of the subducted slab beneath 
the CB (Figure 7a; Hurukawa et al., 2012; Koulakov, 2011), which is consistent with the spatial variation of 
the fast orientations from NNW-SSE in the south to NNE-SSW in the north. The subducting Indian Plate 
is undergoing westward slab rollback (Kundu & Gahalaut, 2012; Lee et al., 2016; Sternai et al., 2016) and 
trench retreat (R. Hall & Morley, 2004; Kundu & Gahalaut, 2012; Li et al., 2008), forcing the sub-slab man-
tle to flow parallel along the slab (Becker & Faccenna, 2009; Long & Silver, 2008) and providing a viable 
mechanism for the correspondence between the observed fast orientations and the trend of the subducted 
slab observed in the CB.
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Finally, the anomalously high splitting times observed in the IBR can readily be interpreted as the combined 
results of N-S oriented sub-slab flow and N-S oriented, compression-induced lithospheric fabrics in the 
overriding plate (Figure 8). Similarly, the sudden drop in the splitting times at the IBR/CB boundary and 
the close correspondence between the splitting times and the elevation (Figure 5d) can also be explained by 
the rapid eastward reduction of the compression-induced lithospheric strain at the eastern edge of the IBR.

5.  Conclusions
In this study, we employed a newly recorded broadband seismic data set to conduct the first regional-scale 
SWS investigation of central Myanmar, an area that is dominated by oblique subduction. The resulting 
splitting parameters reveal systematic spatial variations of mantle anisotropy that can be attributed to three 
flow systems driven by slab rollback and subduction. Spatial coherency analysis of the splitting parameters, 
large splitting times in the IBR, and crustal anisotropy analyses suggest that the source of the referred an-
isotropy is mostly located in the sub-slab mantle beneath the IBR and CB, and in the upper asthenosphere 
beneath the SP. N-S crustal anisotropy resulting from the lithospheric shortening of the overriding plate 
contributes significantly to the anomalously large splitting times observed on the IBR, and the rest is from 
sub-slab trench parallel flow. Beneath the CB, most of the fast orientations obtained using S-waves from 
local events located along the subducted slab show either N-S or E-W fast orientations with small splitting 
times, which can be attributed to variations in the relative strength of the E-W oriented corner flow induced 
by slab subduction and the N-S oriented trench parallel flow that is driven by slab rollback and enters the 
mantle wedge from a tomographically revealed slab gap or a slab tear. Spatially varying XKS splitting pa-
rameters in the SP can be explained by a model involving eastward diminishing trench-parallel flow systems 
and the E-W oriented corner flow that affects the eastern SP and most parts of the Indochina Peninsula and 
SE Tibetan Plateau.

Data Availability Statement
Data used in this study were provided by the Seismic Array Laboratory at the Institute of Geology and Geo-
physics, Chinese Academy of Sciences (IGGCAS).
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