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ABSTRACT

One of the major advances in mineral physics and seismology is the realization that dif-
ferent olivine fabric types are functions of temperature, shear stress, and water content in
oceanic subducting systems. The distribution of different olivine fabric types and geodynamic
processes in the mantle wedge above a subducting continental slab remain poorly understood.
Here, based on splitting analysis of shear waves recorded by 46 stations recently deployed
in central Myanmar, we reveal trench-perpendicular fast orientations between the 80 and
100 km slab contours sandwiched between trench-parallel fast orientations from the mantle
wedge tip to the backarc. The dramatic change in fast orientations indicates the transition
of olivine fabric types in the mantle wedge combined with corner flow. Cold continental sub-
duction and shear stress reduction caused by partial melting favor B-type and C- or E-type

olivine fabrics, respectively.

INTRODUCTION

Myanmar is situated east of the oblique sub-
duction zone of the Indian plate underneath
the Eurasian plate. Plate convergence initiated
during Aptian time (113-121 Ma; Cai et al.,
2019) created a series of N-S-trending tectonic
features, including mainly the Indo-Burman
Ranges, the Central Basin, and the Sagaing
fault (Fig. 1). The Indo-Burman Ranges are
an accretionary wedge formed during the late
Neogene and presently undergo dextral shear
deformation (Maurin and Rangin, 2009).
Bounded by the Kabaw fault on the west and
the Sagaing fault on the east, the Central Basin
is divided by the Wuntho-Popa volcanic arc
into forearc and backarc basins. Belousov et al.
(2018) reported eruptions in the Monywa and
Popa areas (Fig. 1) along the Wuntho-Popa
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arc at ca. 10,000 yr B.P. and ca. 8000 yr B.P,,
respectively, indicating ongoing volcanic activ-
ity. East of the Sagaing fault is the Mogok met-
amorphic belt, composed mainly of high-grade
metamorphic rocks and granites (Searle et al.,
2017).

Mantle flow patterns in the mantle wedge
associated with oceanic subduction have been
revealed by numerous seismic anisotropy studies
(Long and Wirth, 2013). However, the mantle
flow and more importantly the distribution of
olivine fabric types above the subducting con-
tinental slab are still poorly understood. Seis-
mic tomography and receiver functions reveal
eastward-subducting Indian continental litho-
sphere with a dip angle of ~25° to a depth of at
least 100 km beneath central Myanmar, between
22°N and 24°N (Zhang et al., 2021; Zheng et al.,
2020). This region provides an ideal opportunity
to study the distribution of olivine fabric types
and flow patterns in the mantle wedge under
continental subduction.

Seismic anisotropy in the upper mantle is
caused largely by the lattice-preferred orienta-
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tion of olivine. A-type olivine fabric, formed
under water-poor conditions, aligns its fast axes
parallel to the flow direction under large strain,
causing faster shear waves polarized in the same
direction (Karato et al., 2008). Therefore, the
patterns of mantle flow and deformation can be
inferred by obtaining the polarization orientation
of the faster shear wave using the shear wave
splitting (SWS) method. Additionally, B-type
olivine fabric forms under conditions of high
water content, low temperature, and high stress
(Karato et al., 2008). Deformation experiments
on strongly textured dunites have demonstrated
the formation of an “apparent B-type” fabric
when the pre-existing foliation aligns obliquely
or parallel to the shortening direction (Boneh
and Skemer, 2014; Boneh et al., 2015). Besides
A- and B-type olivine fabrics, other fabric types
include C- and E-type, which form under high-
water-content, high-temperature, and low-stress
conditions (Karato et al., 2008). However, under
horizontal flow, C- and E-type olivine fabrics
produce the same fast orientations as A-type
fabric, while B-type fabric causes flow-perpen-
dicular fast orientations.

The presence of B-type olivine fabric in the
forearc mantle wedge and other types in the
backarc has emerged as one of the plausible
models to explain the 90° deflection of the fast
orientations measured through local S splitting
from the forearc to the backarc in some subduc-
tion zones (Long and Wirth, 2013). However, no
previous studies have reported a 90° deflection
of the fast orientations from local S waves within
the forearc of any subduction zone. Numerous
subduction zone models explain forearc mantle
wedge anisotropy relying on a single type of
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Figure 1. Tectonic setting of central Myanmar, showing seismic station and event distribu-
tion. Red triangles are seismic stations, and circles show event epicenters, color-coded by
focal depth. Brown dashed lines mark slab contours (Hayes et al., 2018). Green line approxi-
mates the axis of the Wuntho-Popa volcanic arc (brown regions). Volcanic rocks from Popa
and Monywa are outlined by thick red and blue lines, respectively. Red rectangle in the inset
shows the study region. Red arrow in the inset shows the direction of absolute plate motion
for the Indian plate (Argus et al., 2011), and purple curves show faults and plate boundaries.

olivine fabric with either trench-perpendicular
or trench-parallel flow (Long and Wirth, 2013).
This study aims to provide seismic anisotropy
constraints for understanding mantle flow pat-
terns by considering various olivine fabric types
in central Myanmar, an area underlain by the
subducted Indian continental lithospheric slab.

RESULTS

The seismic data came from the China-
Myanmar Geophysical Survey in the Myanmar
Orogen (CMGSMO) array, which consisted of
46 stations (Fig. 1), operational from June 2016
to February 2018 (Mon et al., 2020). A total of
384 well-defined (quality A or B) local S split-
ting measurements were obtained (Fig. S1 in the

Supplemental Material') from 211 local events
in central Myanmar (Figs. 1 and 2A). These
measurements exhibit standard deviations of
< 15° for fast orientations and <0.1 s for split-
ting times. Because most earthquakes occurred
within the subducting slab, the local S phases
traversed through the slab, mantle wedge, and
overriding crust (Fig. 2A), each potentially con-
tributing to the observed splitting parameters.

!Supplemental Material. Detailed descriptions of
the data, methods, supplemental Figures S1-S9, and
Table S1 (splitting parameters). Please visit https://doi
.org/10.1130/GEOL.S.24944961 to access the supple-
mental material; contact editing @ geosociety.org with
any questions.

We observed higher spatial coherency of the
splitting parameters (i.e., consistency among
all splitting parameters in a given region) when
placing the measurements at the mid-points
between the stations and epicenters (Fig. 2B)
than at individual stations or epicenters (Figs.
S2b and S2c¢). The measurements show a unique
pattern with trench-perpendicular fast orienta-
tions in a narrow band within the forearc sand-
wiched by two zones of trench-parallel fast
orientations (Fig. 2B). Despite larger incidence
angles causing more scattered fast orientations,
the unique “sandwich” pattern persists across
different incidence angle ranges (Fig. S3), and
the splitting parameters do not vary significantly
with the initial polarization direction (Fig. S4),
suggesting that a single layer of anisotropy with
a horizontal axis of symmetry is sufficient to
explain the observations.

In the Indo-Burman Ranges, the dominant
fast orientation is N-S, parallel to the strike of
the Indo-Burman Ranges and slab contours
(Fig. 2B). Along the northern and central seg-
ments of the Kabaw fault, fast orientations are
mostly E-W. In the Central Basin, most fast ori-
entations align with the strike of the slab con-
tours. However, between the 80 and 100 km
slab contours, fast orientations are dominantly
perpendicular to the slab’s strike, except at the
southernmost tip of the region delimited by these
contours (Fig. 2B). The average splitting time
for the entire study area is 0.35 4= 0.15 s. Some
regions, like the SW corner of the study area
and ~23°N on the Kabaw fault, exhibit longer
splitting times, exceeding 0.4 s (Fig. 2C). In
other areas with dense measurements, splitting
times are close to the mean value and show no
apparent correlation with focal depth (Fig. 2).

DISCUSSION
Contribution of the Crust and Subducting
Slab

The crust’s contribution to observed anisot-
ropy can be estimated by shear waves from
local earthquakes within the crust. Near the
Kabaw fault, SWS measurements with event
depths shallower than the average Moho depth
of 35 km (Zheng et al., 2020) show both fault-
parallel (N-S) and fault-perpendicular (E-W)
fast orientations (Fig. 2B). A common mecha-
nism for the observed fast-orientation changes
in the crust is stress-induced changes to micro-
crack geometry (Crampin and Peacock, 2008).
The Kabaw fault is an E-dipping reverse fault,
absorbing ~5-6 mm/yr of dextral motion (Piv-
nik et al., 1998; Steckler et al., 2016). Princi-
pal compressive stress directions from shallow
earthquakes (<50 km) near the Kabaw fault
(Mon et al., 2020) show both N-S and E-W ori-
entations, explaining the observed N-S and E-W
fast orientations, respectively.

The thin mantle wedge below the Indo-
Burman Ranges (Zheng et al., 2020) indicates
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Figure 2. (A) Cross-section view displaying seismic stations (yellow triangles), local events (red dots), and ray paths (blue lines). Surface
elevation and S-wave velocity along the 22°N latitude (Zheng et al., 2020) are shown in the upper and lower panels with vertical exaggerations
of 31 and 1, respectively. (B) Local S-wave splitting measurements (black bars) at mid-points between epicenters and stations. Green bars
show measurements with event depth <35 km. Background shows absolute difference between fast orientation and slab strike. Red bars show
crustal anisotropy measurements at stations M09 (Fan et al., 2021) and M21. (C) Station-averaged teleseismic shear wave splitting measure-
ments in black bars with red and light blue circles from Fan et al. (2021) and Liu et al. (2019), respectively, plotted on spatially smoothed local

S-wave splitting times. For other symbols, see Figure 1.

that the splitting parameters reflect mainly the
anisotropy of the subducting slab or the over-
lying accretionary wedge. The dominantly N-S
fast orientations in the Indo-Burman Ranges,
parallel to the strike of the orogen, agree with the

crustal anisotropy measurement at station M09
and teleseismic SWS measurements (Figs. 2B
and 2C), supporting vertically coherent litho-
spheric deformation in the Indo-Burman Ranges
(Fan et al., 2021).
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Crustal anisotropy estimation in the Central
Basin (Supplemental Material) is challenging
due to the presence of a thick sediment layer
(e.g., Zheng et al., 2020), resulting in reli-
able measurement at only one station (M21;
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Fig. 2B; Fig. S5). The fast orientation (29.0°)
of crustal anisotropy at station M21 is consis-
tent with local S-wave measurements near the
station, but the splitting time (0.29 s) is slightly
smaller (Fig. 2B), suggesting additional aniso-
tropic contributions below the crust. A series
of N-S-striking dextral strike-slip faults with
dominantly dextral strike-slip focal mechanisms
in the Central Basin (Mon et al., 2020) would
predict N-S fast orientations in the crust, incon-
sistent with the E-W fast orientations between
the 80 and 100 km slab contours, except at the
southernmost tip of the area where these ori-
entations are observed (Fig. 2B). Additionally,
weak coherence of the measurements placed at
the stations (Fig. S2b) and at the epicenters (Fig.
S2c¢) suggests that neither the near-station crust
nor the subducting slab is the main source of
anisotropy. Assuming anisotropy is preserved
within the slab during subduction, as revealed in
the subducted northern Philippine Sea plate (Liu
etal., 2022), N-S fast orientations would appear
in the Central Basin due to coherent deforma-
tion between the slab and overlying accretionary
wedge beneath the Indo-Burman Ranges, incon-
sistent with the E-W fast orientations. Therefore,
neither the crust nor the slab is likely the main
contributor to the E-W-oriented anisotropy in
the Central Basin.

Competing Flows in the Mantle Wedge

The mantle wedge is thus responsible for
both E-W and N-S fast orientations in the Cen-
tral Basin (Fig. 2B), supported by estimation
of anisotropy depth using the spatial coherence
method (Supplemental Material). Between
94.0°E and 94.5°E and east of 94.5°E, the opti-
mal depths of the anisotropic layers are 40.0 km
and 55.0 km, respectively (Fig. S6). Comparison

Central Basin

Figure 3. Summary of
main findings in a three-
dimensional schematic
illustration. Green line rep-
resents the approximate
axis of the Wuntho-Popa
volcanic arc. Orange
banded area between the
80 and 100 km slab con-
tours indicates partial
melting and C- or E-type
olivine fabrics. Blue areas
indicate B-type fabric. Red
arrows indicate trench-
perpendicular mantle flow
toward the trench.

# Mantle flow

|:| Indo-Burman Ranges

with the subducting slab’s top interface depth of
~60-120 km (Hayes et al., 2018) and the aver-
age Moho depth of ~35 km (Zheng et al., 2020)
reveals that the observed seismic anisotropy is
mostly from the mantle wedge.

The mantle flow model by Fan et al. (2021)
suggests coexistence of trench-parallel and
corner flows induced by subduction and slab
rollback in the mantle wedge beneath the Cen-
tral Basin. Assuming A-type olivine fabric, fast
orientation aligns parallel to flow direction. If
corner flow prevailed, fast orientations would
align perpendicular to the trench, and if trench-
parallel flow prevailed, trench-parallel fast ori-
entations would dominate. Although the obser-
vations can be explained by this model if corner
flow between the 80 and 100 km slab contours
is stronger than trench-parallel flow, the mecha-
nisms behind corner flow’s dominance in this
narrow band remain unclear.

Transition of Olivine Fabric Types

Our favored model to explain the intriguing
band of E-W fast orientations is a transition of
olivine fabric types in the mantle wedge, which
has not been previously proposed for the world’s
subduction zones. The wet mantle wedge with
a water content of 0.25-0.54 wt% below cen-
tral Myanmar (Sano et al., 2022) favors B-, C-,
and E-type olivine fabrics (Jung et al., 2006;
Karato et al., 2008; Katayama and Karato,
2006). Numerical simulations indicate that
partial coupling between the subducting slab
and the mantle wedge, compared to full cou-
pling, leads to lower temperature and greater
stress in the forearc mantle wedge, suitable
for B-type olivine fabric (Kneller et al., 2005).
The subduction zone thermal model by Wada
and Wang (2009) supports the existence of a

cold forearc mantle due to decoupling between
the slab and the overriding mantle. The Indian
continental slab is older than most other oce-
anic slabs, which can lead to a colder overlain
mantle wedge (e.g., Kincaid and Sacks, 1997).
In addition, weak layers (subduction channels)
on the surface of continental slabs (Zheng, 2012)
may lead to decoupling or partial decoupling
between the slab and the mantle. We propose
that B-type olivine fabric is more widespread
in the mantle wedge beneath the Central Basin
under continental subduction relative to most
mantle wedges above oceanic slabs and may
even extend into the backarc (Fig. 3). The dom-
inantly trench-parallel fast orientations in the
Central Basin suggest trench-perpendicular cor-
ner flow (Figs. 2C and 3), produced by active
subduction (Steckler et al., 2016) and slab roll-
back (Lee et al., 2016).

The anomalous E-W fast orientations
between the 80 and 100 km slab contours on
the western side of the volcanic arc can be
explained by the presence of C- or E-type oliv-
ine fabrics (Figs. 2B and 3). The mantle wedge
beneath the N-S-oriented band, dominated by
E-W fast orientations, shows low S-wave veloc-
ity (Fig. 2A), interpreted as a zone of anoma-
lously high partial melt due to slab dehydration
lowering the melting point of overlying mantle
minerals (Zheng et al., 2020). The presence of
melts reduces mantle viscosity and shear stress
(Kneller et al., 2005; Wada et al., 2008; Wiemer
and Benoit, 1996), favoring C- or E-type oliv-
ine fabrics.

Another possible model is B-type olivine
fabric between 80 and 100 km slab contours
and A-type fabric elsewhere with trench-paral-
lel flow. However, the wet mantle wedge (Sano
et al., 2022) hinders A-type fabric. Addition-
ally, we simulated splitting measurements for
different olivine fabric types with various flow
directions using the MSAT toolkit (Walker and
Wookey, 2012). The residuals between observed
and simulated results were notably larger when
assuming A- and B-type fabrics with trench-par-
allel flow than involving B- and C- or E-type
fabrics under trench-perpendicular flow (Figs.
S7-S9, Supplemental Material). Consequently,
we exclude A- and B-type fabrics with trench-
parallel flow.

In conclusion, we propose a model illus-
trating the transition from B-type olivine fabric
to C- or E-type fabric and back to B-type fab-
ric from W to E in the forearc mantle wedge
beneath central Myanmar (Fig. 3). The cold
Indian continental slab, partially decoupled from
the mantle, creates low-temperature and high-
stress conditions west of the 80 km slab contour,
promoting B-type fabric. Between the 80 and
100 km slab contours, partial melting induced
by aqueous fluids favors C- or E-type fabric. As
depth increases, the mantle-slab strength con-
trast diminishes, transitioning from decoupling
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to coupling, promoting the reversion to B-type
fabric (Wada et al., 2008).

Our findings have limitations: (1) an aniso-
tropic transition zone between B- and C- or
E-type olivine fabrics was not clearly observed
due to the transition zone’s weak anisotropy,
limited station coverage, and complex anisotro-
pic structure; and (2) the SWS method’s poor
vertical resolution hinders fully clarifying the
contribution of A-type fabric in the lithosphere
to the anisotropy signal. Future research using
anisotropic surface waves may address these
issues.
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