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Abstract A total of 431 well‐defined and 632 null shear–wave splitting measurements obtained from 115
broadband seismic stations located in the eastern Himalayan syntaxis and adjacent areas is largely
inconsistent with predicted fast orientations by absolute plate motion models. Spatial coherency analysis of
the splitting parameters suggests that the observed azimuthal anisotropy is mostly located in the upper
asthenosphere or the transitional layer between the lithosphere and asthenosphere, and the disagreement
between the fast orientations and regional tectonic fabrics suggests an insignificant lithospheric contribution
to the observed anisotropy. The observations may be attributed to flow systems that are driven by the
westward rollback of the Indian slab beneath the Indo‐Burma block and are modulated by a previously
revealed gap between the northward and eastward subducting slabs of the Indian plate.

1. Introduction

The eastern Himalayan syntaxis (EHS), situated at the junction of the Indian plate, the Tibetan Plateau, and
the Burma block (Figure 1), is characterized by two different styles of structural patterns (Bracciali et al.,
2016; Zhang et al., 2004). One is a ductile contractional deformation system caused by the nearly N‐S frontal
Indian‐Eurasian collision since ~50 Ma, and the other is lateral slip along the boundary, probably created by
the subsequent indention of the Indian plate into the Eurasian plate (Li et al., 2008; Yin & Harrison, 2000;
Zhang et al., 2004). Approximately 20 mm/year of dextral motion is induced by the oblique subduction of
the Indian plate beneath the Burma block along the Arakan trench since the middle to late Eocene (Argus
et al., 2011; Ni et al., 1989; Powell & Conaghan, 1973; Steckler et al., 2016; Tapponnier et al., 1982). The
northward subducting Indian slab is imaged by seismic tomographic investigations as a subhorizontal slab,
located at a depth of about 100 km beneath the Himalayan Orogenic Belt and the Lhasa Terrane, and has
reached the Bangong‐Nujing Suture, which is the boundary between the Lhasa and Qiangtang Terranes
(Figure 1; Li et al., 2013). For the eastward subduction, some tomographic images indicate that the slab
has reached a depth of 300–400 km (Huang, Zhao, &Wang, 2015; Huang & Zhao, 2006; Li et al., 2008), while
other studies (Huang, Wang, Xu, Wang, et al., 2015; Lei et al., 2009; Lei & Zhao, 2016) suggest that it has
reached the mantle transition zone.

The existence of a slab gap beneath the EHS between the northward and eastward slabs has been suggested
by some of the seismic tomographic studies (e.g., Giacomuzzi et al., 2012; Li et al., 2006; Lucente et al., 1999).
The slab gap corresponds to a sudden break in seismicity (Dasgupta et al., 2003; Reyners et al., 1991) and
negative velocity anomalies in the upper mantle (Li et al., 2006). Additionally, the presence of the gap is con-
sistent with results of receiver function studies, which show depth variations of discontinuities in the crust
and upper mantle (Kumar et al., 2016; Xu et al., 2018).

Geodynamic modeling and observational studies indicate that the dominant mantle flow field in active sub-
duction zones is corner flow in the mantle wedge that is parallel to the downdip motion of the slab (Long &
Silver, 2008, 2009). With appropriate trench migration velocity, trench‐parallel and trench‐perpendicular
mantle flows may exist beneath and above the slab, respectively (Long & Becker, 2010; Long & Silver,
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2008). Previous modeling studies also suggest that an opening within a retreating slab may drive mantle
material from the subslab region to the overlying mantle wedge, connecting the trench‐parallel and
trench‐perpendicular return flow systems to a clockwise/anticlockwise toroidal flow around the slab edge
(Becker & Faccenna, 2009; Duarte et al., 2013; Long & Wirth, 2013; Schellart, 2004; Stegman et al., 2006).
However, direct observations for such a toroidal flow system are rare (Jadamec & Billen, 2010, 2012).

One of the most common constraints on the distribution of mantle flow systems is seismic azimuthal aniso-
tropy as quantified by shear–wave splitting (SWS) analysis. As a commonly used tool to characterize mantle
deformation, splitting of P‐to‐S converted waves at the core‐mantle boundary (SKS, SKKS, and PKS, herein-
after referred to as XKS) has been used to provide insight into the deformation field in the lithosphere and
asthenosphere in a wide range of tectonic settings (Long & Silver, 2009; Savage, 1999; Silver, 1996). Two
XKS splitting parameters, the polarization orientation of the fast wave (fast orientation) and the arrival time
difference between the fast and slow waves (splitting time), indicate the orientation and strength of seismic
anisotropy accumulated along the ray path, respectively. While it is well‐known that the XKS technique has
a high lateral but low vertical resolution (Savage, 1999; Silver & Chan, 1991), under some circumstances, the
optimal depth of anisotropy can be estimated using the spatial coherency of the splitting parameters (Gao &
Liu, 2012).

Laboratory and observational investigations suggest that azimuthal anisotropy is dominantly caused by lat-
tice preferred orientation (LPO) of anisotropic minerals in the upper mantle, principally olivine (Katayama&

Figure 1. A topographic map of the southern and eastern Tibet and northern India showing major tectonic provinces
(Hazarika et al., 2013). Orange bars represent measurements from more than 20 previous investigations (http://split-
ting.gm.univ‐montp2.fr/DB/public/searchdatabase.html), while red triangles indicate stations used in this study. Station
LSA is marked as a green triangle. Blue circles represent stations with all‐null measurements from previous studies (Chen
& Özalaybey, 1998; Flesch et al., 2005; Fu et al., 2008; Roy et al., 2012; Sol et al., 2007; Wang et al., 2008). Plate boundaries
are from Socquet et al. (2006). White and gray arrows show the directions of the APM based on the NNR‐MORVEL56
(Argus et al., 2011) and HS3‐NUVEL1A models (Gripp & Gordon, 2002). The purple dash lines mark the gap between the
northward and eastward subducting Indian slab segments indicated by Li et al. (2006). IYS: Indus‐Yalu Suture; BNS:
Bangong‐Nujiang Suture; MBT: Main Boundary Thrust. Light blue arrows represent GPS velocity measurements relative
to Eurasia (Gan et al., 2007). The mapped area of the main figure is outlined by the rectangle in the inset map, and our
study area is outlined by the black dash lines in the main map.
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Karato, 2006; Silver, 1996; Zhang &Karato, 1995). A number of mantle deformation processes have been pro-
posed to explain the observed LPO. The first one is vertically coherent lithospheric deformation resulting
from horizontal compression in which the resulting LPO is normal to the direction of maximum horizontal
shortening. Another anisotropy‐generating process is simple shear arising from the relative movement
between the lithosphere and asthenosphere, which produces flow‐parallel fast orientations in the
lithosphere‐asthenosphere transitional zone. The simple shear is commonly related to the absolute plate
motion (APM) and other plate tectonic processes such as rifting, slab subduction, and slab rollback (Gao
et al., 1994; Long & Becker, 2010; Schellart, 2004).

2. Previous SWS Studies in the Vicinity of the EHS

Most previous SWS investigations on seismic anisotropy presumably associated with the Indian‐Eurasian
convergence focus on the northward subduction zone (north of 26°N), where a clockwise rotation pattern
of anisotropy is detected around the EHS (Figure 1; Chang et al., 2015; Hazarika et al., 2013; Sol et al.,
2007; Wang et al., 2008). Most of the studies attribute the observed anisotropy to crust‐mantle coupled
deformation, on the basis of the consistency between the fast orientations from XKS splitting measure-
ments and directions of surface deformation from global positioning system (GPS) measurements. One
of the most puzzling observations is that in spite of the fact that the lithosphere beneath the
Himalayan Orogenic Belt and the Lhasa Terrane has experienced considerable N‐S compressional strain
over the past tens of millions of years, weak or no azimuthal anisotropy is revealed by many SWS inves-
tigations in these areas (Chen et al., 2010; Fu et al., 2008; Huang et al., 2000; Zhao et al., 2014). To explain
this, a two‐layered model of anisotropy is proposed by Gao and Liu (2009) for station LSA, which is
located in the northwestern portion of the study area (Figure 1). The top layer of anisotropy is related
to lithospheric deformation, while the lower layer is probably caused by compressional stress or APM‐

induced mantle flow. This combined effect could explain the observed weak anisotropy, while accounting
for ongoing deformation.

The SE Tibetan Plateau and the northern Indochina Peninsula show fast orientations that are parallel to the
major strike slip faults (Figure 1). South of 26°N, there is a dramatic variation in the fast orientations, fromN‐
S to E‐W within less than 100 km (Figure 1; Flesch et al., 2005; Huang, Wang, Xu, Ding, et al., 2015; Kong
et al., 2018; Lev et al., 2006; Sol et al., 2007; Wang et al., 2008). The fast orientations are significantly different
from surface tectonic fabrics, conflicting with the hypothesis of lithospheric coherent deformation, and are
likely related to mantle flow induced by the westward rollback of the subducted Indian plate beneath SE
Tibet and Indochina (Kong et al., 2018; Yu et al., 2018).

On the Indian plate, while some early studies (Barruol & Hoffmann, 1999; Chen & Özalaybey, 1998; Sandvol
et al., 1997) suggest a lack of observable splitting based on measurements at a few stations, significant aniso-
tropy is detected by most of the more recent investigations (Figure 1; Hazarika et al., 2013; Heintz et al., 2009;
Saikia et al., 2010, 2018; Singh et al., 2006, 2007). Using data from 56 broadband seismic stations in the east-
ern Himalayan and Burmese arc region, Saikia et al. (2018) report weak orogen‐parallel anisotropy. Weak or
the absence of anisotropy reported at stations on the Indian plate is attributed to multiple layers of anisotropy
with nearly orthogonal fast orientations.

The present study is motivated by several factors. The first is a significant increase in the number of broad-
band seismic stations with available data in the previously sparsely sampled area (Figure 1). As demonstrated
below, the greatly improved station coverage over previous studies is essential for the proposed mantle flow
model associated with the two subduction systems and the slab gap between them. The second rationale for
the current study is that most previous investigations only present station‐averaged results, a practice that is
only valid if the anisotropic structure can be approximated by a single layer of anisotropy with a horizontal
axis of symmetry (Silver & Savage, 1994). The third reason is that there is no estimate for the depth of the
source of anisotropy, which limits viable interpretations of the SWS measurements. In the current study,
we measure SWS measurements at an unprecedented number of stations in the EHS and surrounding areas,
probe the presence of complex anisotropy by examining the azimuthal variation of individual splitting para-
meters, estimate the depth of anisotropy using the spatial coherency approach (Gao et al., 2010; Liu & Gao,
2011), and propose a geodynamic model involving slab subduction and rollback to explain the observed split-
ting parameters in the inadequately investigated but tectonically interesting area.
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3. Data and Methods

The data processing parameters and procedure are identical to those described in Liu and Gao (2013) and are
briefly summarized below. The broadband XKS data used in the study were recorded by a total of 115 three‐
component broadband seismic stations in the area between 88°E and 100°E, and 20°N and 30°N (Figures 1
and 2), over periods ranging from July 1991 to January 2018. Data from 70 stations were requested from the
Incorporated Research Institutions for Seismology Data Management Center, and those from 45 stations
were from the Indian National Geophysical Research Institute (Saikia et al., 2018). Among these stations, sta-
tion LSA (longitude 91.13°, latitude 29.70°) on the Lhasa Terrane has recorded seismograms for over 20
years, and complex anisotropy has been revealed from a total of 67 SWS measurements at this station
(Gao & Liu, 2009). The supporting information Figure S1a shows the distribution of the 130 teleseismic
events that have provided at least one well‐defined measurement used in this study.

The seismograms were band pass filtered in the frequency range of 0.04–0.5 Hz, and those with a signal‐to‐
noise ratio that is smaller than 2.0 on the radial component were rejected by an automatic data selection rou-
tine. The SWS parameters were computed using the minimization of transverse energy approach of Silver
and Chan (1991). After automatic calculation and ranking, we manually checked all the measurements,
and if necessary, some of the data processing parameters were adjusted, including the beginning and ending
time of the XKS window, band‐pass filtering frequencies, and the ranking. In addition to well‐defined split-
ting parameters, null measurements, which are characterized by strong XKS arrivals on the radial

Figure 2. Shear wave splitting measurements from this (green and black bars) and previous (blue bars) studies. The thin
green bars indicate individual measurements plotted above the 200‐km ray‐piercing points, while the thick black bars
represent station‐averaged ones plotted at the stations (red circles) obtained from this study. The blue bars are station‐
averaged results from previous studies. The purple lines are the boundaries among different subregions, most of which are
consistent with the tectonic boundaries (Hazarika et al., 2013). The background image shows lithospheric thickness
(Pasyanos et al., 2014), and labels A–E indicate subregions.

10.1029/2019GL084961Geophysical Research Letters

LIU ET AL. 11,083



component but nearly no XKS energy on the transverse component, are also identified. They indicate that
the back‐azimuth (BAZ) of the event is parallel or perpendicular to the fast orientation, or the mantle
beneath the station, when integrated along the entire ray path from the core‐mantle boundary to the surface,
is an apparent isotropic medium (Silver & Chan, 1991).

4. Results

A total of 431 well‐defined (Quality A or B) SWS measurements was obtained at 85 stations (including 364
observations at 84 stations from this study and 67 from station LSA obtained by Gao & Liu, 2009). Among
them, 53 are PKS, 114 are SKKS, and 264 are SKS measurements (Figure S1). Besides the Quality A and B
measurements, 632 null measurements were observed in the study area, including 30 (among totally 115) sta-
tions with all‐null measurements (Figure S2). The individual and station‐averaged measurements are shown
in Figure 2, while the original and corrected radial and transverse components and other related data for
each of the measurements can be found online (http://web.mst.edu/~sgao/Hima‐SWS).

For the entire study area, the circular mean value of the fast orientations is 45.5° ± 47.6°, while the splitting
times vary from 0.25 to 2.15 s with an average of 0.93 ± 0.32 s, which is comparable to the global average of
1.0 s for continents (Silver, 1996). In the following the study area is divided into five subregions according to
the tectonic background and the spatial distribution of the splitting parameters, as shown in Figure 2.

4.1. Area A

Area A includes the Himalayan Orogenic Belt and the Lhasa Terrane of the Tibetan Plateau and contains 232
well‐defined measurements from 53 stations. The fast orientations are characterized by a circular average of
57.8° ± 27.5°, while the corresponding splitting time has a mean value of 0.84 ± 0.30 s. The dominant fast
orientation shows a systematic spatial variation, ranging from NE‐SW in the eastern part to E‐W in the cen-
tral area and NW‐SE at the southwestern corner of the area. Clear splitting was observed at most of the sta-
tions in this area, where many previous studies proposed that there is weak or no mantle anisotropy (Chen
et al., 2010; Fu et al., 2008; Huang et al., 2000; Zhao et al., 2014). As demonstrated in Figure S2, the XKS
events are concentrated in three narrow BAZ ranges: ~120o for SKS, ~280o for SKKS, and ~20o for PKS,
which are largely parallel or orthogonal to the dominant fast orientations in this area (Figure S1), leading
to numerous null measurements. In particular, the vast majority of the SKS events, which were used exclu-
sively by most previous SWS studies in this area, are located in the southwest Pacific subduction zone and
thus have a narrow BAZ range that is almost identical to the dominant fast or slow orientation in the area.
The inclusion of the PKS and SKKS phases greatly increased the BAZ coverage and consequently revealed
the existence of observable azimuthal anisotropy.

4.2. Area B

Area B is separated from Area A by the Nujiang suture and contains 59 Quality A or B measurements from
six stations. The fast orientations in this area vary from NW‐SE in the northern part to N‐S in the southern
part, with a circular mean of 152.8° ± 22.7°, which is consistent with the surface tectonic fabrics and GPS‐
measured crust movement direction relative to the stable interior of Eurasia (Gan et al., 2007). The mean
splitting time is 1.00 ± 0.30 s. The pattern of spatial variation of the fast orientations is in agreement with
the results of previous studies (Chang et al., 2015; Kong et al., 2018; Sol et al., 2007; Wang et al., 2008).

4.3. Area C

Area C is situated in the northeastern Indian plate. The fast orientations from the 102 measurements at 24
stations are mostly N‐S with a mean value of 29.8° ± 43.4°, and the mean splitting time is 1.02 ± 0.31 s.
The fast orientations, especially those at stations away from the northern and eastern boundaries of this area,
are mostly N‐S, which differ significantly from the dominantly NE‐SW orientations observed at the rest of the
Indian continent (Figure 1; see also Jolivet et al., 2018). In this area, there were limited splitting measure-
ments observed in previous investigations (Figure 1), most of which concluded that the mantle is isotropic
or weakly anisotropic on the basis of a limited number of null measurements (Barruol & Hoffmann, 1999;
Chen & Özalaybey, 1998; Sandvol et al., 1997). In sharp contrast, results from this study show clear aniso-
tropy beneath this area. A total of 164 null measurements from 25 stations was obtained from this study
in Area C.
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4.4. Area D

Area D is part of the Indo‐Burma range between the Indian plate and the
Indochina block. Most of the measurements from this study are along the
western and eastern boundaries of this region, which was not sampled by
previous studies except for the NW corner (Figure 2). There are 34 mea-
surements from four stations in this area. The splitting parameters are
characterized by N‐S fast orientations (165.0° ± 13.1°), similar to those
in the northeast part of the Indian plate, while the average splitting time
of 1.17 ± 0.30 s is apparently greater than that of Area C. Stations along
the western margin of this area and those along the eastern margin of
Area C show a remarkable parallelism with the Arakan trench.

4.5. Area E

Area E is the westernmost part of the Indochina block. Its northern
boundary separates the area with dominantly N‐S fast orientations in
Area B and E‐W fast orientations in the northern part of Area E. The
two closest stations in the two areas, MC15 in Area B and MC21 in Area
E (Figure 2), have a distance of about 100 km. The splitting times of the
two stations in this area have a mean value of 1.10 ± 0.42 s, which is com-
parable to that of the global average. At station KTN, the event from the
south has a nearly E‐W fast orientation, while that from the west shows
a nearly N‐S fast orientation (Figures 2, S3a, and S3b).

5. Discussion
5.1. Estimation of the Depth of Anisotropy

The dominantly simple anisotropy (except for station LSA, beneath which
complex anisotropy has been identified by Gao & Liu, 2009) and densely
spaced stations in the study area provide the necessary conditions to apply

the spatial coherency technique to estimate the depth of anisotropy for some of the five subregions. The
description of the technique and the accompanying FORTRAN program can be found in Gao and Liu
(2012) and are briefly summarized here. The spatial variation factor, which is the weighted sum of the circu-
lar standard deviation of the fast orientations and the arithmetic standard deviation of the splitting times in
overlapping rectangle blocks, is calculated for each assumed depth from 0 to 400 kmwith an interval of 5 km.
The optimal anisotropy depth corresponds to the minimum variation factor on the resulting curve. The
resulting optimal depth of the anisotropic layer is 200, 135, and 160 km beneath areas A, B, and C, respec-
tively (Figure 3). The estimated depth of anisotropy beneath Area A is greater than the lithospheric thickness
of 80–160 km in the LITHO1.0 model (Figure 2; Pasyanos et al., 2014), suggesting that the observed seismic
anisotropy mostly originates from the upper asthenosphere. In contrast, for Areas B and C, where the litho-
spheric thickness obtained from several seismic techniques (Kumar et al., 2013; Pasyanos et al., 2014) is com-
parable to the estimated depth of 135 and 160 km (Figure 2; Pasyanos et al., 2014), the observed anisotropy is
most likely from the lithosphere‐asthenosphere transitional zone (Debayle & Ricard, 2013), as proposed else-
where such as the eastern United States (Yang et al., 2017). For Areas D and E, the distance between the sta-
tions is too large to apply the spatial coherency approach to estimate the depth of anisotropy.

In Area E, apparent azimuthal variations of the splitting measurements are observed at station KTN from
events with different BAZs (Figures S3a and S3b), an observation that is consistent with a source that is dee-
per than the depth at which the corresponding Fresnel zones overlap (Alsina & Snieder, 1995). Under the
assumption that the lithospheric thickness of 40–80 km (Figure 2) in this area is accurately determined,
the source of anisotropy is located in the upper asthenosphere.

5.2. Contribution of Lithospheric Fabrics

Vertically coherent deformation of the crust and mantle can lead to seismic azimuthal anisotropy, with fast
orientations being predominantly parallel to the strike of transpressional tectonics (Silver, 1996; Silver &
Chan, 1991; Wang et al., 2008). Some previous SWS studies argue that vertically coherent lithospheric

Figure 3. Spatial variation factors plotted against assumed depth of aniso-
tropy for shear wave splitting measurements in areas A–C. The red trian-
gles on the curves represent the minimum variation factors corresponding to
the optimal depths of anisotropy.
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deformation dominates the anisotropy in the SE Tibetan Plateau on the basis of the consistent directions
between the GPS and fast orientations (Sol et al., 2007; Wang et al., 2008). However, several phenomena
described below imply that lithospheric fabrics have an insignificant contribution to the observed azimuthal
anisotropy in most of the study area.

First, some of the observed fast orientations are not consistent with the dominant strike of the major com-
pressional tectonic belts. For example, in the westernmost and easternmost parts of Area A, most of the fast
orientations are perpendicular to the strike of the Indus‐Yalu suture (Figure 2). Second, there is no signifi-
cant increase in the observed splitting times at the stations near the shear zones, where the shear strain is
expected to be more localized (Figure S4). If the anisotropy is mostly produced by lithospheric compressional
strain, larger splitting times are expected along the suture zones. Third, there is no positive correlation
between the splitting times and lithospheric thickness, an observation that is contradicting with the mechan-
ism that thicker lithosphere possesses larger splitting times under the assumption of a constant degree of ani-
sotropy in the lithosphere. Finally, results of the anisotropy depth analysis (Figure 3) suggest that the
observed anisotropy is primarily from the lithosphere‐asthenosphere transition zone or the upper astheno-
sphere. Therefore, the observed azimuthal anisotropy is most likely located in the asthenosphere or its tran-
sitional layer with the lithosphere.

5.3. Mantle Flow‐Induced Anisotropy

The controlling parameter to generate azimuthal anisotropy in subduction zone regions is the trench migra-
tion rate (Long & Silver, 2009). A 3‐D flow model controlled by the rollback of the slab is proposed beneath
subducting slabs (Long & Becker, 2010; Long & Wirth, 2013; Sternai et al., 2014).
5.3.1. APM‐Related Asthenospheric Flow
It has long been recognized that in the asthenosphere, simple shear originating from the flow gradient
caused by the relative movement between the lithosphere and asthenosphere could result in azimuthal ani-
sotropy that is parallel to the direction of shear (Silver, 1996; Silver & Chan, 1991; Zhang & Karato, 1995).
Assuming a stationary asthenosphere (or both the asthenosphere and the lithosphere move at the opposite
direction or the same direction with different speed), APM can induce azimuthal anisotropy. In the no‐
net‐rotation NNR‐MORVEL56 model (Argus et al., 2011), the moving direction of the Indian plate portion
of the study area (Area C) is about 50o clockwise from the north, at a speed of nearly 50 mm/year, while
in the HS3‐NUVEL‐1Amodel (Gripp &Gordon, 2002) that employs a fixed hot spot reference frame, the area
moves toward the north with a similar speed (Figure 2).

The fast orientations observed in most parts of the Indian continent are mostly NE‐SW (Jolivet et al., 2018),
which is consistent with the APM direction predicted based on fixed hot spot APMmodels (Gripp & Gordon,
2002). Although the dominantly NE‐SW and N‐S fast orientations observed in the NE corner of the Indian
plate (Area C) are approximately parallel to the APM directions, the systematic spatial variations of the fast
orientations and their correspondence with the trends of the northern and eastern margins of this region
make it difficult to argue that APM plays a determinant role in producing the observed anisotropy in this
area. Similarly, while a small portion of the observed fast orientations (e.g., the northern part of Area E
and the central part of Area A) is consistent with the APM direction, the fact that the majority of the mea-
surements in the same subregions are inconsistent with the APM direction places doubt on the role of
APM in producing the observed azimuthal anisotropy.
5.3.2. Rollback and Slab Gap‐Induced Mantle Flow: A Preliminary Model
The absence of significant lithospheric and APM‐induced asthenospheric contributions to the observed ani-
sotropy indicates that the observed anisotropy is dominated by localized mantle flow systems. One of the
viable models is a toroidal flow driven by slab rollback (Figure 4). Under this model, the subslab trench par-
allel flow might be responsible for the dominantly N‐S fast orientations in Areas C and D. The controlling
parameter to generate azimuthal anisotropy in subduction zone regions is the trench migration rate (Long
& Silver, 2009). A 3‐D flowmodel controlled by the rollback of the slab is proposed beneath subducting slabs
elsewhere (Long & Becker, 2010; Long & Silver, 2009; Long &Wirth, 2013; Sternai et al., 2014). Most studies
suggest that the eastward subduction of the Indian plate is undergoing westward trench rollback (Kundu &
Gahalaut, 2012; Li et al., 2008; Rao & Kumar, 1999). The fact that the observed anisotropy in NE India (Area
C) is parallel to the predicted subslab flow direction rather than the APM directionmay suggest that the latter
is overprinted by the former. The rollback‐induced westward corner flow in the mantle wedge may be
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responsible for the mostly E‐W fast orientations observed in Area E and the rest of northern Indochina
Peninsula (Yu et al., 2018).

Our favored model (Figure 4) attributes the spatial variation of the observed anisotropy in Areas A and B to a
toroidal flow system driven by the slab rollback and modulated by a slab gap between the northward and
eastward subducting slabs. Seismic tomography and receiver function investigations have revealed the pre-
sence of the slab gap in the vicinity of the EHS at a depth of 200 km (Kumar et al., 2016; Li et al., 2006; Xu
et al., 2018). We propose that the trench‐parallel subslab flow escapes from the slab gap and migrates to
the mantle wedge beneath Areas A and B, leading to the observed pattern of anisotropy (Figure 4). This
model and the observed spatial distribution of azimuthal anisotropy are consistent with rollback‐driven flow
systems in the vicinity of slab gaps revealed in numerical modeling studies (Becker & Faccenna, 2009; Duarte
et al., 2013; Schellart, 2004; Stegman et al., 2006).

6. Conclusions

Measurements of seismic azimuthal anisotropy using SWS in the vicinity of the EHS reveal systematic spatial
variations of the splitting parameters. Spatial coherency analysis of the splitting parameters suggests that the
source of anisotropy is mostly located in the upper asthenosphere or the transitional layer between the litho-
sphere and asthenosphere. The observed spatial pattern of anisotropy may be explained by a model involving
three flow systems: a subslab trench‐parallel flow and a trench‐perpendicular flow in the mantle wedge dri-
ven by the rollback of the eastward subducting Indian plate and a toroidal flow system escaping from a slab
gap into the mantle wedge of both the northward and eastward subducting Indian slabs.

References
Alsina, D., & Snieder, R. (1995). Small‐scale sublithospheric continental mantle deformation: Constraints from SKS splitting observations.

Geophysical Journal International, 123(2), 431–448. https://doi.org/10.1111/j.1365‐246X.1995.tb06864.x
Argus, D. F., Gordon, R. G., & DeMets, C. (2011). Geologically current motion of 56 plates relative to the no‐net‐rotation reference frame.

Geochemistry, Geophysics, Geosystems, 12, Q11001. https://doi.org/10.1029/2011GC003751
Barruol, G., & Hoffmann, R. (1999). Upper mantle anisotropy beneath the Geoscope stations. Journal of Geophysical Research, 104(B5),

10,757–10,773. https://doi.org/10.1029/1999JB900033
Becker, T. W., & Faccenna, C. (2009). A review of the role of subduction dynamics for regional and global plate motions. In Subduction Zone

Geodynamics, (pp. 3–34). Berlin, Heidelberg: Springer.

Figure 4. (a) Schematic diagram showing direction of flow lines in the asthenosphere relative to the lithosphere beneath
the eastern Himalayan syntaxis and surrounding areas. The green bars represent station‐averaged shear–wave splitting
measurements. The background shows P‐wave velocity anomaly at the depth of 200 km (Li et al., 2006). The thick dashed
arrows show asthenosphere flow induced by the absolute plate motion and slab rollback, while the thin dashed lines
represent the location of the slab gap. (b) A three‐dimensional representation of the mantle flow model.
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