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The Sumatra subduction zone is located in the southwest of the Suna plate, between the Euro-Asia Plate and
Indo-Austrilian Plates. With the obliquely subducting of the Indo-Austrilian Plate toward the the Euro-Asia Plate,
complex tectonics, strong earthquakes and volcanoes have been observed in this area which has become a well
experimental field used to study the subduction zone. In this work, we employed receiver function method to
evaluate the S-wave velocity structure beneath 5 broadband seismic stations along the Sumatra subduction zone.
We selected 332 receiver function waveforms with intelligent software and manual picking methods, including
130, 34, 42, 29 and 97 receiver function waveforms corresponding to BKNI, GSI, LHMI, MNAI, and PMBI sta-
tions, respectively. These stacked receiver function waveforms were applied to inversion to estimate Swave
structure beneath each station based on a Neighborhood Algorithm (NA). Our results indicate that the sediment
layers for GSI, LHMI and MNAI stations are more than 3 km thick, two stations of which are thicker than 6 km (e.
g. GSI and LHMI). The difference of receiver function waveforms for NE, SW and W orientation at station GSI
where is accompanied with strong thrust earthquakes suggests that there is a complicated structure beneath this
station. Station BKNI and PMBI are located on the eastern side of the Sumatra fault and the thickness of their
sediment layers is only ~ 1 km. The crustal thickness for back-arc basin is within 30-36 km. However, the crustal
thickness of forearc area varies from ~ 26 km of the forearc ridge to 26-30 km of the forearc basin toward
continent and its, which suggests that the down dip limit (slab-Moho intersection) of seismogenic zone is within
29-36 km in forearc and explains why the shallow-focus earthquakes play a dominant role in this area. The stable
state for the inner wedge of forearc within a seismogenic circle provides a favorable environment for storing
stress. Meanwhile, these faults caused by the subducting of Indo-Austrilian Plate constructed a condition (e.g.
cracking of intact rocks and frictional sliding) in which it would trigger shallow-focus seismic activities (releasing
stress).

1. Introduction

The Sumatra subduction zone is located between the Eurasian plate
and the Indo Australian plate, on the southwestern margin of the Sunda
landmass (Fig. 1). Due to the subduction of the Indo Australian plate to
the Eurasian plate, the region has experienced an extremely complex
tectonic evolution process [1-8]. A large number of seismic tomography
studies have revealed three-dimensional images of the lithospheric
structure of the Sumatra subduction zone [9-15], providing a good prior
model for the study of the small-scale deep dynamic characteristics in
the front of the Mentawai arc.
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Sumatra subduction zone is an area with strong seismicity. From
1900 to 0:00 on January 1, 2018, there were 10,041 earthquakes with
Ms = 3.0-10, including 32 earthquakes with Mw > 7.0, which can be
shown in Fig. 1. In the 300 years before 2004, three large earthquakes
(1797, 1833, 1861) were recorded in history, which formed the main
fault in front of arc at present (Fig. 1); since 2004, five large earthquakes
(2004, 2005, 2007a, 2007b, 2010) have occurred in the study area.

According to McCaffrey’s study of seismic slip vector, it is shown that
the pre arc lobes between the Sumatra fault and the subduction trench
are extending northwestward [16,17]. His model implies that the front
arc is not rigid, but extends at a uniform strain rate of 1-3 x 1078
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Fig. 1. Map showing the seismic stations, large earthquakes (Mw > 7.0) and
volcanoes along the Sumatra subduction zone. Blue rectangles mark the seismic
stations. Black lines denote the fault zones, such as SMF- Sumatra Fault, MTF-
Mentawai Fault, BF-Batee Fault and WAF-West Andaman Fault. The bold line
with triangles indicates the boundary of plate. Volcanoes are presented as dark
red triangles with dots. Yellow Stars show all large earthquakes in this area
(Data from USGS, 1900-2018 Mw > 7.0). Wharton Fossil Ridge (WFR) and
convergence vector [14] are also shown.

mm/yr, but the deformation caused by stretching is not clearly under-
stood. McCaffrey infers that the front of the arc will be stretched by
normal faults that form the forearc basin and also by strike slip faults.
Therefore, the fault will cross the subduction trench to the fore arc area
of Sumatra fault. However, there is no conclusive evidence for extension
deformation or pre arc stretching [18,19].

Diament et al. point out that there is more than one strike slip fault
parallel to the arc in front of the arc [20], indicating that the horizontal
arc shear is acceptable and the discovery of the Mentawai fault provides
evidence for this model in 1992 (Fig. 2). The 600 km long Mentawai
fault is located in the eastern part of the Mentawai islands, which are the
boundary between the fore arc ridge and the fore arc basin. Diament
et al. believe that this situation is similar to that of Sumatra fault, and the
linear normal flower structure of Mentawai fault is typical of large-scale
strike slip fault, which explains a small amount of movement parallel to
trench. At the same time, they observed these movements along the
Sumatra subduction zone in South Sumatra (Fig. 2).

The study of high-resolution reflection seismology and bathymetric
data did not find any evidence of strike slip movement [21]. Instead,
they found that the mindawai fault is a series of Southwest dipping
thrust faults. This result supports the original explanation of karig which
the mindawai fault is a recoil fault with strike slip movement [22].

Kumar et al. pointed out in 2013 that the seismogenic zone near the
front arc of Sumatra subduction zone is extremely developed due to the
fact that the deep fault becomes the channel for upward transmission of
dehydrated fluid from subducted plate [23]. Regional tomography and
seismic relocation results reveal that there are two seismogenic regions
in front of the mingdawei arc, with a depth of 25-30 km [24]. In recent
years, the rupture depths of the four major earthquakes in front of the
mindawai arc are between 20 and 35 km (MW 8.4 2007, MW 7.9 2007,
MW 7.2 2008, MW 7.7 2010). According to the research results of
receiver function, the crustal thickness in the forearc area increases from
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Fig. 2. Sketch of receiver function principle [32]. (a) Radial receiver function
obtained from deconvolution of vertical from the radial component; (b) Ray
sketch of different phase.

~ 26 km of the forearc ridge to 26-30 km near the continental side of
the forearc basin, which further indicates that the seismogenic area is
mainly developed near the crust mantle boundary zone. However, pre-
vious studies mainly focus on exploring the subduction plate and the
rupture mechanism of large earthquakes, and there is no systematic
study on the dynamic mechanism among the crustal structure, seismo-
genic zone and subduction plate. The focal depth information of velocity
structure is the key to explore the dynamic characteristics of Sumatra
subduction zone, it can also provide reference for seismic activity
analysis and earthquake prevention and mitigation.

In this study, the velocity discontinuity and S-wave velocity structure
under the stations are studied by using the receiver function method
based on the recorded data of five broadband fixed seismic stations.

Based on the research results of receiver function method, combined
with seismic activity characteristics, fault distribution and other
regional geological data, the crustal structure and geodynamic charac-
teristics of Sumatra subduction zone are revealed, which provides new
Seismological Evidence for the structural evolution of Sumatra sub-
duction zone.
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Table 1

Information for five broadband seismic stations along Sumatra.

Station code Longitude Latitude Elevation (m)
BKNI 101.04 0.33 51
GSI 97.58 1.30 107
LHMI 96.94 5.22 3
MNAI 102.96 —4.36 154
PMBI 104.77 — 292 30

2. Data and methods
2.1. Receiver function

In 1979, Langston proposed a method to separate radial and
tangential receiver functions from teleseismic P-wave waveform data
based on the equivalent source assumption [25]. Owens et al. applied
this method to broadband seismic records in 1984 and proposed a linear
inversion method of receiver function under the assumption of homo-
geneous layered medium in the crust [26]. Since the receiver function
method has a high vertical resolution (generally 1 km), it can not only
obtain the S-wave velocity structure under the station, but also has a
good constraint on the converted wave interface [27-29]. This method
has been widely used since it was proposed and its theory and method
have been constantly improved and developed [30,31].

In short, the receiver function is related to the teleseismic rays
sampled from the earth’s medium along the propagation path. By
eliminating the influence from the source and propagation path, the
local impulse response of the media under the seismic station can be
obtained which can be used to retrieve the velocity structure and
discontinuity information under the seismic station. The receiver func-
tion waveform carries a lot of local multiple information, as shown in
Fig. 2, such as PpPmP, PpPmS, PpSmS. PsSmS, etc [32].

If we make an ideal assumption of various effects, three kinds of
propagation responses are applied to the source time function to form a
series linear system. In addition, the instrument response I(t) should be
considered and the final system output will produce displacement u(t).
This series representation corresponds to a convolution model. Because
of the superposition effect of linear system, convolution can be per-
formed. In the time domain, the system is expressed as follows:

uy(t) = s()*Ns*P(t)*Nr, *I(t)
ug(t) = s(t)*Ns*P(t)*Ng, *I(t) 1)
ur(t) = s(t)*Ns*P(t)*Ng, *I(t)
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where uy(t), ug(t), ur(t) and represent the vertical component, radial
component and tangential component of the seismic record respectively,
and the asterisk represents convolution operation. The above formula is
converted to frequency domain as follows:

uy(w) = s(w) x Ng x P(w) X Ng, x I(w)
ur(w) = s(w) x Ng x P(W) x Ng, x I(w) (2)
ur(w) = s(w) x Ng x P(w) x Ng, x I(w)

The common terms of the three components in Formula (1) and (2)
can be eliminated by deconvolution, where and are the required radial
and tangential receiving functions. At present, there are two kinds of
commonly used methods to separate receiver functions, one is time
domain deconvolution, the other is frequency domain deconvolution.
The receiver function extracted by time domain deconvolution method
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Fig. 4. The principle of receive function picking. (a) and (b) fitness of the radial
component and convolution between receiver function and vertical component
no more than 80 %. (c) lacking of Ps and multiple wave phases. (d) amplitude of
translating phase is too big. (e) first P-wave phase is minus.
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Fig. 3. Sketch of three component seismic data translated from ENZ to RTZ direction.
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Fig. 5. Receiver function ranking for BKNI. Left fonts denote the back azimuth.

has less background noise and has no limit on the recording length of
seismic waveform, which is beneficial to the study of time domain using
receiver function (such as receiver function migration imaging); fre-
quency domain deconvolution method can achieve trade-off between
signal-to-noise ratio and resolution of receiver function, which is
beneficial to waveform research such as receiver function inversion. In
this paper, the time domain deconvolution method is used to extract the
receiver function.

2.2. Iterative deconvolution in time domain

Time domain iterative deconvolution is different from frequency
domain deconvolution. It decomposes time series into time-shift super-
position of pulse wavelet h(t)with different assignment values, and then
iterates step by step. The mathematical formula is as follows:

<rf(t) >=> mih(t—t;) 3)

When the error of the following formula is a minimum, VZ¢p = (1X1)¢

and ¢(x;) can be obtained,
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If 4, is to be derivative of m;, the corresponding m; can be expressed
as follows:

_ [T R(t)Z(t - t)dt
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Therefore, if 4, is a minimum and [[*ZR(£)Z(t - tl)dt]2 is a
maximum, then t; can be obtained and the value of m; can be obtained.
Finally, m;h(t —t;) is subtracted from R(t) and R(t) is replaced by R/(t).
based on the same operation flow, m, and t, are obtained :

R(t) = R(t) —mh(t—t;) @)

The next iteration of the loop can obtain m; and t;. if Ay,; does not
decrease significantly, the iteration stops. The corresponding receiver
function can be obtained by introducing (my,t;) into formula 3 and
Gaussian filtering, and the final solution error is Ay, .

2.3. Receiver function inversion

According to the measured seismic observation data, the receiver
function waveform is extracted, and the theoretical receiver function is
calculated after the initial input model is given. In order to solve the
error between the theoretical receiver function and the observed
receiver function waveform, it is necessary to iterate and update the
model. If the error between the observed receiver function and the
theoretical receiver function is minimal, the final S-wave velocity
structure model can be obtained. This process is called receiver function
waveform inversion method. Receiver function inversion is essentially a
non-linear problem. Linear inversion is linearized based on the first-
order partial differential operator of nonlinear function. In general, it
can fit the waveform of observation receiver function well by using
multiple underground medium model parameters. However, it is diffi-
cult to guarantee the reliability of the inversion results because of the
non uniqueness of the receiver function of the relatively complex
geological model. More importantly, the linear inversion method
strongly depends on the initial velocity model and the inversion results
are affected by too many velocity layers [33]. In contrast, the nonlinear
inversion method, especially the global optimization algorithm, can
invert the main parameters of the underground medium with a small
number of initial model parameters. At the same time, if VP/VS and
anisotropy exist, the relatively accurate velocity structure can also be
found. Therefore, the receiver function nonlinear inversion method has
been widely studied and applied since it was proposed. Sambridge
proposed a neighborhood search algorithm in 1999, which derived the
parameter search space based on Tyson unit [34]. A derivative free
adaptive search strategy is adopted to search for the optimal model with
only two adjustment parameters. In this study, the crustal velocity
structure is inversed by this method.

2.4. Data sources

The data of five broadband seismic stations in Sumatra subduction
zone are used in this study, as shown in Fig. 1. Four stations (LHMI,
BKNI, MNAI, PMBI) on Sumatra island and one station (GSI) on Nias
island are included. The five stations belong to the Ge network under the
GEOFON data center and are deployed by the Potsdam geoscience
Center (GFZ).

GSI stations are located on the fore arc ridge of Sumatra subduction
zone, LHMI, BKNI and PMBI are located in the back arc basin of Sumatra
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Fig. 6. Results of receiver function waveforms stacking by ray parameter for NE, SE and W direction at the GSI station. Left panels present teleseismic events of each
direction. Middle panels show receiver function waveforms ranking by ray parameter. Right panels indicate the average receiver function after stacking.

Table 2 Table 3
Initial reference model. Space parameter for an inversion model.
Horizon Thickness Top S-wave Bottom S-wave Vp/ Vs Horizon Thickness Top S-wave Bottom S-wave Vp/ Vs
(km) velocity(km/s) velocity(km/s) (km) velocity(km/s) velocity(km/s)
Sedimentary 2 2.6 2.8 2.80 Sedimentary 0-8 1.0-4.0 1.0-4.0 1.8-3.0
layer layer
Crystalline 1 2.8 2.9 1.80 Crystalline 0-3 1.0-4.4 2.0-4.4 1.5-2.0
substrate substrate
Upper crust 13 3.0 3.6 1.75 Upper crust 5-15 1.0-4.4 2.6-4.6 1.5-2.0
Middle crust 15 3.6 3.8 1.75 Middle crust 5-15 2.8-4.6 3.0-4.6 1.5-2.0
Lower crust 8 3.8 4.0 1.75 Lower crust 5-15 3.0-4.6 3.0-4.6 1.5-2.0
Upper mantle 20 4.3 4.4 1.80 Upper mantle 10-30 3.6-5.0 3.6-5.0 1.7-2.0
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Fig. 8. S-wave velocity structure of the GSI station. Other introduction is similar to Fig. 7.

subduction zone, and MNAI is located near the continental side of the
front arc basin edge of Sumatra subduction zone, as shown in Table 1. In
this study, the event waveform data (Mb > 5.5) for three years from
January 2015 to December 2017 was applied from geofon data center.
The epicenter distance range was 0-90° and the seismic waveform re-
cords were intercepted after preprocessing the original vertical seismic
waveform. There are two methods for waveform interception. One is to
calculate the theoretical arrival time of seismic wave from the source to
the station according to the standard earth model, determine the
waveform time window relative to the time of earthquake occurrence
and then intercept the waveform of seismic events from the recorded
data; The other one is to intercept the waveform of earthquake events
according to the time of earthquake occurrence.

Firstly, the original waveform data are selected to obtain high-
quality three-component seismic waveform data in accordance with
teleseismic tomography. Teleseismic events are selected according to
the following principles: (1) the epicenter distance is between 30° and

90° to avoid the influence of complex structure of lower mantle and core
mantle boundary on teleseismic P-wave travel time; (2) the magnitude
of earthquake is greater than 5.5 (Mb > 5.5) to ensure high signal-to-
noise ratio. Since the time domain iterative deconvolution can effec-
tively suppress the background noise data, for the Sumatra subduction
zone with relatively complex crustal structure, the effective signal with
high signal-to-noise ratio can be preserved by using this method to
extract the receiver function. The prime minister rotates the original
three-component teleseismic waveform data to the RTZ direction, as
shown in Fig. 3, and then uses the time domain iterative deconvolution
method to extract the receiver function. In order to avoid the interfer-
ence of excessive high-frequency noise, the Gaussian factor is 1.5
(0.72 Hz), and the time window removes 20 s before the P-wave and
100 s after the P-wave.

After the receiver function is extracted, a very important step is to
select the receiver function to obtain the receiver function with high
signal-to-noise ratio. In order to improve the efficiency of receiver
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function selection and avoid the error caused by human selection as far
as possible, this study uses a set of automatic receiver function selection
tools, as shown in Fig. 4. The operation process is mainly divided into
four steps.

1. The extracted receiver function is convoluted with the vertical
component and the convolution result is cross correlated with the
radial component obtained by rotation. The receiver function whose
cross-correlation fit degree is higher than 80 % is selected;

2. According to the amplitude of first arrival direct wave, the receiving
function with negative amplitude of direct P wave is deleted;

3. After the first and second steps are executed, the receiver functions
are superimposed to obtain the average receiver function and the
cross-correlation operation is performed between each receiver
function and the average receiver function. The cross-correlation
window time is from 1 second to 2 s after P-wave, and the receiver
functions with cross-correlation number less than 0.6 are eliminated;

According to steps 1, 2 and 3, the bad receiver function is selected

and the receiver function with low signal-to-noise ratio and obvious
phase error is eliminated.

After the above selection process is completed, BKNI selects 130
receiver functions. As shown in Fig. 5, GSI selects 34 receiver functions,
LHMI selects 42 receiver functions, MNAI selects 29 receiver functions,
and PMBI selects 97 receiver functions.

2.5. Receiver function inversion

In order to improve the signal-to-noise ratio of the receiver function
and obtain more accurate S-wave velocity structure information, ac-
cording to the waveform characteristics of the receiver function, we take
the research area as the center, and divide the receiver function into NE,
SE and W according to the inverse azimuth angle (Fig. 6) and stack the
receiver functions of each azimuth to obtain the three azimuth average
receiver functions, which are used for inversion calculation.

Due to the strong nonlinearity of receiver function inversion, the non
uniqueness of receiver function inversion and the dependence of linear
inversion on initial model were discussed by Ammon et al. [35].
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show the receiver function waveforms corresponding to the best inversion model.

Therefore, this paper uses the neighborhood algorithm (NA) proposed
by sambridge to carry out receiver function inversion. NA algorithm is a
kind of nonlinear search algorithm with strong adaptive search ability.

Given the reference model and the model search space, the theo-
retical receiver function corresponding to the optimal model was syn-
thesized by Thomson Haskell matrix method according to the best model
obtained in each iteration, and then calculate the mismatch value be-
tween the theoretical receiver function and the observed receiver
function corresponding to the optimal model until the mismatch value
converges and reaches the minimum and the optimal inversion model
can be obtained.

Before inversion, the appropriate initial reference model and model
search space are given. The model parameters are as follows: target layer
thickness, S-wave velocity at the top and bottom of the target layer, and
the corresponding wave velocity ratio. The velocity in the layer

increases with the depth.

Table 2 and Table 3 show the initial reference model and its spatial
parameters, which refer to the existing research results in this area [36,
37]. The inversion steps are summarized as follows:

1. Sample n; in model space is obtained by Voronoi cells;

2. Calculate the mismatch function between the receiver function and
the observed receiver function of the generation model, and select
the model ng; with the minimum mismatch value;

3. Create a new model space sample n in the filtered ny model space;

4. Repeat step 2 until the minimum mismatch function is obtained.

Through the trial calculation of different spatial samples, the
following inversion parameters are finally determined: the sampling
points in Voronoi cells model space, the minimum mismatch function
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Table 4
Contrast of sediment and crust thickness from different studies.
Station code Sediment thickness(km) Crustal thickness Refs.
(km)

BKNI 1.0 29 Macpherson
1.0 30 Harmon
1.0 27-30 Bora
1.0 31 CRUST1.0
1.0(NE) 29(NE) Present study
2.0(SE) 32 (SE)
1.0(W) 30(W)

GSI 4.0 30 Macpherson
5.0 32 Kieling [40]
3.0 19 Bora
2.0 27 CRUST1.0
7.0(NE) 26 (NE) Present study
6.0(SE) 26 (SE)
7.0(W) 26 (W)

LHMI 5.0 30 Macpherson
7.0 35 Bora
5.0 30 CRUST1.0
6.0(NE) 29 (NE) Present study
7.0(SE) 36 (SE)
6.0(W) 27(W)

MNAI 2.0 16 Macpherson
4.0 31 Bora
4.0 26 CRUST1.0
4.0(NE) 26(NE) Present study
6.0(SE) 28(SE)
3.0(W) 30(W)

PMBI 1.0 32 Bora
1.0 32 CRUST1.0
1.0(NE) 33(NE) Present study
1.0(SE) 34 (SE)
1.0(W) 30(W)

sampling model, and the number of inversion iterations.
Since only the crustal velocity structure is inversed, in order to avoid
the noise data after the main seismic phases (such as Ps, PpPs, PpSs and
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PsPs) from interfering with the inversion results, the inversion time of
receiver function waveform is 5 before the first arrival P-wave In order
to avoid the non uniqueness of the receiver function, we select the
average value of 1000 S-wave velocity structure models with the mini-
mum mismatch function as the final inversion model.

Finally, the S-wave velocity structure of three directions (NE, SE and
W) of each seismic station is obtained (Figs. 7-11). Fig. 12 shows the
waveform fitting diagram of receiver function in three directions (NE, SE
and W) before and after inversion. Generally speaking, the receiver
function corresponding to the best model fits well with the average
receiver function waveform of actual observation receiver function.
Since the sedimentary layer and crystalline basement are given in the
initial model and search space, the S-wave velocity structure informa-
tion of shallow sedimentary layer and crystalline basement is also ob-
tained, and the corresponding receiver function waveform is well fitted
within 0-3s.

3. Discussion

In this study, the crustal velocity structure under five broadband
seismic stations in Sumatra subduction zone is inversed by Teleseismic
Receiver function method, and the thickness of sedimentary layer and
crust beneath the stations are given (Table 4).

The thickness of sediments obtained at GSI, LHMI and MNAI stations
is more than 3 km, and the thickness of sedimentary layer at GSI and
LHMI stations is more than 6 km.

The GSI station is located on the accretionary wedge of the forearc
ridge of the Sumatra subduction zone, adjacent to the bat fault zone (BF)
(Fig. 13). A large amount of sediments scraped from the oceanic crust
were deposited here. Many strong earthquakes or earthquakes with m >
6 occurred around the station, and most of them were thrust type
earthquakes (Fig. 13). The difference of receiver function waveforms in
different directions implies the complex crustal and sedimentary struc-
ture beneath the GSI station (Fig. 8).

The LHMI station located in North Sumatra Basin has also deposited

o
=
w
©
©
=
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w

98" : 102°

Fig. 13. Distributions of shallow-depth earthquakes (Focus depth < 60 km) (Left) and focal mechanism solutions (Magnitude > 6.0) (Right). Blue rectangles mark the
five broadband stations. Yellow, red and dark red circles indicates the earthquakes for M 6.0-6.9, M€7.0-7.9 and M 2 8.0. These data comes from USGS (January
1900-December 2017). The circles with red and white indicates the mechanism solutions. These data comes from the GCMT of Harvard University (1976-

December 2013).
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very thick sediments. Because the station is close to the Andaman
Islands, the subduction angle of the Indo Australian plate to the Eurasian
plate is small, and the resistance of the sediments above the oceanic
crust is small in this area, which may be one of the reasons for the
massive accumulation of the sediments. MNAI station is located on the
near continental side of the egnano basin, which belongs to the edge of
the forearc basin. Due to the scraping of the subducted oceanic crust, a
large number of sediments were deposited here. BKNI and PMBI stations
are located in the back arc basin of Sumatra subduction zone. Since there
is no large amount of deposition of oceanic crust sediments, the thick-
ness of sedimentary layer here is about 1 km (Table 4), mainly Qua-
ternary sediments.

The crust types can be divided into oceanic crust (3-15 km), tran-
sitional crust (15-30 km) and continental crust (30-70 km). Oceanic
type and continental type are the main types of crust. The crustal
thickness of GSI and MNALI stations located in fore arc ridge and forearc
basin is mainly between 25 and 30 km, belonging to transitional crust,
while that of BKNI, LHMI and PMBI stations in back arc basin increases
to 30-35 km, belonging to continental crust (Table 4). Sumatra fault
zone is the largest fault in the study area, which passes through the
whole Sumatra island. It is the boundary zone between the pre arc and
back arc of Sumatra subduction zone system. According to the crustal
structure of five stations (Table 4), it is also the boundary zone between
oceanic crust and continental crust in this area.

According to the receiver function, the crustal thickness in the
forearc basin increases from ~ 26 km (Table 4, GSI station) to 26-30 km
(Table 4, MNAI station) on the near continental side of the forearc basin,
while in the back arc basin, the crustal thickness increases to 30-36 km
(Table 4, BNKI, LHMI and PMBI stations), and the subducted plate in-
tersects the Moho plane at ~ 25 The depth is about 140 km from the
deformation front. The transition from transitional crust to typical
continental crust indicates that there are complex tectonic movements in
this area.

A large number of shallow earthquakes occurred in the forearc area,
suggesting strong deformation of the overlying plate in this area
(Fig. 13). The focal depths of the representative large earthquakes in the
fore arc area are about 80 km, except for the East mindavi earthquake in
2009, the focal depths of other major earthquakes (such as the great
earthquake in North Sumatra Andaman region in 2004, the great
earthquake near Nias island in 2005, the great earthquake in mingguru,
South Sumatra in 2007, and the southern mindavi islands in South
Sumatra in 2010) have the focal depths of about 80 km Between 20 and
35 km.

According to the dynamic Coulomb wedge model proposed by Wang
and Hu, the forearc area of Sumatra subduction zone is located in the
inner wedge of Coulomb wedge model, corresponding to the seismo-
genic zone of subduction zone interface. During the whole seismic cycle,
the internal wedge usually maintains a stable state, providing a stable
environment for the deformation of the forearc basin [38]. In the
Mentawai fore arc area, the focal location reveals that there are two
faults in the area, one is the Mentawai fault (MTF), which is located in
the west of Mentawai basin (Fig. 13), and the other thrust fault is located
in the east side of Mentawai basin [24]. Kumar pointed out that the
dehydrated fluid from subducted plate migrated upward through the
deep and large fault in the forearc area and did not form serpentinization
in the downdip area in the forearc area of Sumatra subduction zone.
Therefore, a wide seismogenic zone developed near the deep fault [23].

According to the induced mechanism of subduction zone earthquake,
the formation mechanism of shallow earthquake is brittle fracture or
friction slip [39]. For the strong shallow earthquake activity in Sumatra
forearc area, the rupture area formed by the subduction of
Indo-Australian Plate provides conditions for the stress release of
large-scale mantle source earthquake activity in front of arc (such as
brittle fracture and friction slip).
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4. Conclusions

In this paper, the S-wave velocity structure under five fixed stations
in Sumatra area is obtained by collecting and sorting the seismic data of
seismic stations and combining with the geological and geophysical data
of the study area, the following main conclusions and understandings
are obtained:

(1) The thicknesses of the sedimentary layer obtained from the three
azimuths of GSI, LHMI and MNAI stations are more than 3 km.
The thicknesses of the sedimentary layer of GSI and LHMI stations
are more than 6 km, which deposited a large number of marine
sediments scraped from the oceanic crust. The differences of
receiver function waveforms in different directions imply the
complex structure of crust and sedimentary layer under GSI sta-
tion. At BKNI and PMBI stations located in the back arc basin of
Sumatra subduction zone, the thicknesses of sedimentary layer
are about 1 km, mainly Quaternary sediments.

The crustal thickness of the back arc basin is 30-36 km, while the
crustal thickness in the forearc area increases from ~ 26 km of
the forearc ridge to 26-30 km near the mainland side of the
forearc basin, which implies that the dip limit (Plate-Moho con-
tact belt) of the seismogenic zone in the forearc area is within
29-36 km, which also explains why shallow earthquakes (focal
depth < 60 km) in the forearc area dominate.

(2

—
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