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ABSTRACT. This study presents a comprehensive investigation of the crustal structure in Thailand, Myanmar, and
Malaysia using Rayleigh wave dispersion data from a dense network of 49 seismic stations. A direct inversion approach is
employed to derive a high-resolution, 3D shear wave velocity model of the crust, circumventing the traditional intermediate
step of constructing group velocity maps. The Fast Marching Method is utilized to compute surface wave travel times and
ray paths, ensuring an accurate representation of the complex wave propagation patterns within the heterogeneous Earth
structure. The resulting 3D velocity model, with dimensions of 120 (longitude) x 112 (latitude) x 9 (depth) and a total
of 120960 grid points, reveals significant lateral heterogeneity that correlates with major tectonic features such as the
West Burma terrane, Shan-Thai terrane, Indo-China terrane, and the Sagaing fault. The integration of these findings with
existing geological and geophysical knowledge provides critical insights into the tectonic evolution and crustal dynamics
of this seismically active region, furthering our understanding of the complex interplay between tectonic processes and
crustal architecture in Southeast Asia.
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MPAMAA UHBEPCUA JUCIEPCUU T'PYNIIIOBOM CKOPOCTH BOJIH P3JIEA 111 TPEXMEPHOM
CTPYKTYPbI CKOPOCTHU KOPOBBIX C/IBUTOBBIX BOJIH B TAUJIAH/IE, MbAHME U MAJIAM3UH

K. Caeran’, B. CpucaBar?

!YuuBepcuteT HakxoH Cu Txammapat Pamka6xat, [lpoBunuus Hakxon Cu Txammapat, 80280, Tausiang,
2MyHununaabHas mkosia Bat Txanxo, [IpoBunnusa Hakxon Cu Txammapat, 80000, TausiaH/

AHHOTAILUA. /lanHas paboTa npeAcTaBasieT co60M KOMIIJIEKCHOE UCC/e[JoBaHUE CTPOEHUsI 3eMHOM Kophbl B Tau-
Ja”je, MpssHMe 1 Maslali3uH € UCII0JIb30BaHUEM JJaHHBIX O JMCIIePCUU BOJIH Pasesi, 3aperucTpupoBaHHbIX CEThIO U3
49 ctaHnui. MeToz NpsIMOM UHBEPCUHU OblJI IPUMEHEH NPU pa3paboTKe TpeXMePHON MoJesId 3eMHOM KOpbI B BbICO-
KOM paspellleHHH JJ51 pacyeTa CKOPOCTH CABUTOBBIX BOJIH, B 00X0/, TPaZULIHOHHOTO NPOMEXYTOYHOT0 3Tana KapTH-
pOBaHHUsA IPyNNOBLIX CKOpOocTel. MeTo GbICTPOTO Mapllla MCIO0JIb30BaJICA AJis pacyeTa BpeMeHHU npobera U Tpaek-
TOPUI NOBEPXHOCTHBIX BOJIH, 06€eClleYrBaIOIIMX TOYHOe 0TOOpaKeHHe KOMIIJIEKCHOTO XapaKTepa pacnpocTpaHeH!s
BOJIH B HEOJHOPOJHOU CTPYKType 3eMuiu. [losydeHHas TpexMepHas Mo/Jieslb CKOPOCTH ¢ napaMeTpamu 120 (mosro-
Ta) x 112 (mwupota) x 9 (riybuHa) U 06IIUM YUCJI0M ONOPHBIX TouyeK 120960 BbIAB/sSET 3HAUUTEbHYIO JIaTePaJbHY0
HeOZHOPO/JHOCTb, KOPPEJIMPYIOILYIO C [JIaBHbIMU TEeKTOHUYECKHMU CTPYKTYpaMH, TAKUMHU Kak 3anajHo-bupMaHckuit
6s10k, lllan-Talickuit TeppeitH, UHA0KUTalCKUM TeppeiiH, a TakxKe passioM CarauHr. UHTerpauus nojaydyeHHbIX pe-
3yJIbTATOB C y>Ke UMEeIOIIMMHUCS re0JIOTMYeCKUMU U reoprU3UYeCcKUMH JaHHbIMU NIPeloCTaB/IsieT BO3MOXXHOCTb KpH-
THUYECKOT0 OCMbIC/TIEHUS TEKTOHUYECKOH 3BOJIIOLIMM U KOPOBOM AUHAMUKH 3TOTO CECMUYECKH aKTUBHOTO PeruoHa,
yI/1y6.151s1 HOHMMaHWe B3aUMOCBA3U MeX/y TEKTOHUYEeCKHMH NpolieccaMy U CTpoeHreM 3eMHOM Kopkl B 0ro-Boctou-
HOM A3uu.

KJ/IIOYEBBIE CJIOBA: cTpoeHue 3eMHOU KOPbI; IpsiMasi HUHBEPCUST; AUCIiepCcusi BOJIH Pajsiess; CKOPOCTb CIBUTOBBIX

BoJiH; lOro-BocTouHasa A3uga

OGUHAHCUPOBAHME: He ykazaHo.

1. INTRODUCTION

Southeast Asia, encompassing Thailand, Myanmar, and
Malaysia, is a region characterized by complex tectonic set-
tings and significant seismic activity. Situated at the con-
fluence of the West Burma terrane, the Shan-Thai terrane,
and the Indo-China terrane (Fig. 1), this area has under-
gone a multifaceted geological evolution. The West Burma
terrane, an extension of the West Sumatra block, was sepa-
rated from the main continent by the Miocene opening of
the Andaman Sea [Barber, Crow, 2009]. The Shan-Thai ter-
rane stretches from western Thailand to southern China,
while the Indo-China terrane constitutes the core of South-
east Asia [Morley et al.,, 2011]. These terranes are demar-
cated by several prominent fault systems, notably the right-
lateral Sagaing fault in Myanmar, which is linked to the
Mae Ping fault in Thailand [Searle, Morley, 2011]. To un-
ravel the ongoing tectonic processes and to interpret the
crustal architecture of this region, comprehensive seismic
imaging is essential.

Numerous studies have endeavored to model the crust-
al structure of Southeast Asia using various techniques,
underscoring the need for high-resolution, three-dimen-
sional models that accurately capture variations in shear
wave velocity [Bao et al,, 2015; Shapiro, Ritzwoller, 2002].
Rayleigh wave dispersion analysis, a well-established meth-
od in seismology, involves measuring the velocity of Rayleigh
waves at different frequencies to infer subsurface structures
[Dziewonski, Anderson, 1981]. [Saetang et al., 2018] ap-
plied travel time tomography to delineate subsurface geo-

thermal sources and the Moho depth in Northern Thailand,
revealing a correlation between subsurface geothermal
sources and surface hot spring locations, and estimating
the Moho depth to be approximately 35 km.

Seismic anisotropy, a crucial indicator of mantle defor-
mation and flow, has been investigated in the region using
shear-wave splitting (SWS) measurements. [Saetang, 2022]
presented a two-layer anisotropy model beneath Myanmar
and Thailand, interpreting the upper and lower layers as
the lithosphere and asthenosphere, respectively. The study
revealed that the fast polarization direction (¢) values of
the West Burma terrane indicate a northward flow direc-
tion, while the Shan-Thai terrane and Indo-China terrane
exhibit a southeastern flow direction.

Earthquake focal mechanisms offer valuable insights
into the stress field orientation and fault geometry. [Saetang,
2017] determined the focal mechanisms of Mw 6.3 after-
shocks in the Phayao fault zone, Northern Thailand, using
waveform inversions. The results indicated a WSW-trending
left-lateral strike-slip fault with a reverse component in
the northern part of the fault zone. [Noisagool et al., 2016;
Pananont et al., 2017] also investigated the focal mecha-
nisms and aftershocks of the Mw 6.3 earthquake, report-
ing both reverse and normal faulting.

To further enhance understanding of the crustal struc-
ture in the region [Saetang, Duerrast, 2023] developed a
minimum 1-D velocity model for Northern Thailand using
the VELEST code. The study utilized P- and S-wave travel
time data from local earthquakes recorded by stations of

https://www.gt-crust.ru


https://www.gt-crust.ru

Saetang K., Srisawat W.: Direct Inversion of Rayleigh Wave...

Geodynamics & Tectonophysics 2025 Volume 16 Issue 1

A
24° ——?/

N Myanmar

22°
20°
18° -
16° -
14° -
12° -
10° -
8° -
6° -
4° -

2° 1

, kg

1 — Ailao Shan-Red River shear zone
2 — Khlong. Marui fault zone

3 — Mae Chan fault zone

4 — Mae Hong Son fault zone

5 — Mae Ing fault zone L
6 — Mae Ping fault zone

7 — Mae Tha fault zone

¥ 8 — Mae Yom fault zone

9 — Pua fault zone

10 — Ranong fault zone

11 — Sagaing fault zone

12 — Three Pagodas fault.zone

13 — Uttaradit fault zone

14 — Great Sumatran fault zone

AS — Andaman Sea
CB — Central basin

GOT - Gulf of Thailand AR .
KP — Khorat Plateau

PT — Peninsular Thailand

PM — Peninsular Malaysia
WH — Wéstern Highlands

E

_——

T T L
92° 94° 96° 98° 100° 102° 104°

T T T T T T
106°  108° 112°  114°  116° 18°E

110°

Fig. 1. Tectonic setting and seismic station distribution in Thailand, Myanmar, and Malaysia.

Green triangles indicate the seismic stations employed in this study. Major tectonic boundaries and terranes are delineated with red
and blue lines, respectively. The map highlights the West Burma Terrane (WBT), Shan-Thai Terrane (STT), and Indo-China Terrane
(ICT). Key geological features and fault zones are numbered and labelled (modified from [Charusiri et al., 1993; Geological Map..., 2007;

Morley et al,, 2011]).

Puc. 1. TekToHU4YecKasi 06CTaHOBKA U paclpejiesieHde ceicMuuecKux cTaHuui B Taunanze, MbsiHMe 1 Manai3uu.

3e/IeHbIMU TPEYroJIbHUKaMHU 0603Ha4eHbl CeCMOCTaHL MY, 33/leiCTBOBAHHbIe B IAHHOM MCC/Ie[,0BaHUMU. [JlaBHble TEKTOHUYeCKHe
rpaHHULbl U TeppeiHbl 0603HaYeHbl KPAaCHBIMU U CHHUMU JMHUSIMU COOTBEeTCTBeHHO. Ha kapTe nokasaHbl 3anajHo-bupmaHckuit
610k (WBT), lllan-Taiickuii TeppeitH (STT) u UngokuTaiickuii TeppeiiH (ICT). OcHOoBHbIe reosioruyecKue 06 beKThI M 30HbI Pa3/IOMOB
MPOHYMepPOBaHbl U NpoMapkupoBankl (no [Charusiri et al., 1993; Geological Map..., 2007; Morley et al.,, 2011], c ©13MeHEHUSIMHU).

the Thai Meteorological Department (TMD) network. The
resulting velocity model, along with station delays, provided
insights into the lateral velocity variations related to the
near-surface geology.

This study aims to apply a direct inversion method to
Rayleigh wave dispersion data to derive a high-resolution,
three-dimensional shear wave velocity model of the crust
in Thailand, Myanmar, and Malaysia. By circumventing the
traditional intermediate step of constructing group veloci-
ty maps and employing the Fast Marching Method (FMM)
for computing surface wave travel times and ray paths, we
expect to obtain a more accurate representation of the
crustal structure. The integration of our findings with ex-
isting geological and geophysical knowledge will contribute
to a comprehensive understanding of the tectonic evolu-

tion and crustal dynamics in Southeast Asia. This research
will shed light on the complex interplay between tectonic
processes and crustal architecture, providing valuable in-
sights for seismic hazard assessment and resource explo-
ration in the region.

2. DATA AND METHODS

To achieve the objectives outlined in the introduction
and obtain a high-resolution 3D crustal model of the study
area, we employ a comprehensive data collection, prepro-
cessing, and inversion approach. The following sections de-
tail the Ambient Noise Tomography (ANT) method used to
extract Rayleigh wave dispersion data, the quality control
measures applied to ensure data reliability, and the direct
inversion technique employed to derive the 3D shear wave
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velocity structure. By leveraging advanced seismological
techniques and robust methodologies, we aim to provide
valuable insights into the crustal structure of the region
encompassing Thailand, Myanmar, and Malaysia.

2.1. Data collection and preprocessing

In this study, the ANT method was applied to extract
surface waves using cross-correlation of vertical compo-
nents of Rayleigh waves recorded at 49 seismic stations
(Fig. 1). Data, sourced from the DMC Web Services cover-
ing the period until May 2018, underwent preprocessing
steps such as instrument response removal, daily trend
adjustments, and band-pass filtering to emphasize signals
within the 15-50 s period range. Signals were resampled at
1 Hz for consistency. The continuous waveform data were
processed using the seismic-noise-tomography Python
framework [Goutorbe et al., 2015]; generating 1032 sta-
tion pairs, and dispersion curves for Rayleigh wave group
velocities were extracted using Frequency-Time Analysis
techniques.

Quality control involved evaluating the Signal-to-Noise
Ratio (SNR) and Standard Deviations (SD) of group ve-
locity, with criteria set to ensure high-quality data (mini-
mum SNR of 2 and maximum SD of 0.1 km/s). To mitigate
seasonal variations and enhance the reliability of veloci-
ty measurements, dispersion curves were systematically
stacked over three-month intervals (Fig. 2). Each subset

of input waveforms was grouped into specific monthly
combinations, and the SD of group velocity for each period
and station pair were computed from these three-month
stacks. The cross-correlation procedure followed the steps
advocated by [Bensen et al., 2007], and the measurement
of dispersion curves was based on the FTAN with phase-
matched filtering described by [Levshin, Ritzwoller, 2001;
Bensen et al., 2007].

2.2. Direct inversion of Rayleigh wave dispersion

After extracting dispersion curves from the prepro-
cessed ambient noise data, the DSurfTomo v1.4 software
[Fang et al., 2015] was employed to directly invert the dis-
persion data and obtain a 3D shear wave velocity model of
the study area. This approach circumvents the conventional
intermediate step of constructing group velocity maps,
thereby minimizing potential biases introduced by the as-
sumption of great-circle propagation paths. DSurfTomo
v1.4 utilizes the FMM [Rawlinson, Sambridge, 2004] to
compute surface wave travel times and raypaths at each
period, ensuring a more accurate representation of the
complex wave propagation patterns within the heteroge-
neous Earth structure (Fig. 3).

To optimize the inversion process and ensure high-reso-
lution imaging, input parameters for DSurfTomo v1.4 were
carefully selected. The study area, encompassing Thailand,
Myanmar, and Malaysia, was parameterized using a 3D
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Fig. 2. FTAN plot for the station pair TM.CMMT-IC.KMI (distance - 801 km, n days - 1782).
The green curve represents the SNR, while the grey lines show the three-month dispersion curves. The black line indicates the clean
dispersion curve. The inset map locates the CMMT and KMI stations within the regional tectonic framework.

Puc. 2. 'paduk yactoTHO-BpeMeHHOro aHaiu3a (FTAN) gusa napsl cranuuit TM.CMMT-IC.KMI (pacctosinue - 801 kM, KOTUYECTBO

JIHel - 1782).

3eJieHas KpUBas NpejcTaB/seT co60i oTHomeHUe curHasn/mym (SNR), cepbIMU IMHUSAMU NOKa3aHbl JUCIIepCUOHHbIE KPUBbIE 3a
TpexMeCcsIYHbIH nepuof. YepHoH JMHMeHN oka3aHa KpUBas AUCIePCUU B YMCTOM BUJe. Ha kapTe-Bpe3ke N0Ka3aHO MeCTOMNOJIOKEHNe
ctaHiuii CMMT u KMI BHYTpH peruoHajJbHON TEKTOHUYECKOUN CTPYKTYPBIL.
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Fig. 3. Spatial distribution of seismic stations and inter-station raypaths utilized in this study.
The map depicts the locations of 49 seismic stations (green triangles) across Thailand, Myanmar, and Malaysia. Blue lines represent the
1032 station pairs for which Rayleigh wave dispersion data were obtained and analyzed.

Puc. 3. [IpocTpaHCTBEHHOE pacnpe/eseHre CEHCMUYECKUX CTAaHIIMI U MEXKCTAaHIIMOHHBIX TPAEKTOPUH JIBIXKEHU JIy4el, 3a/1eHCTBO-

BaHHBIX B JAHHOM HMCCJ/IeJOBAHUH.

Ha xapTe nokasaHo MecTomnoJioxkeHue 49 cTaHL UM (3esieHble TpeyrosbHUKK) B Taunanze, MbssHMe v Masaiisaud. CHHUMU JIMHUSIMU
nokasaHbl 1032 napsl cTaHLUH, AJ11 KOTOPbIX ObLIY MOJIy4eHbl M IPOaHaJM3MPOBaHbl JaHHbIe 0 AUCIIepCUU BOJH Pases.

grid with dimensions of 120 (longitude) x 112 (latitude) x
x 9 (depth), resulting in a total of 120,960 grid points. The
geographic coordinates of the grid were defined with the
upper left corner at 25.5°N, 92.5°E, and a uniform grid
spacing of 0.25° in both latitude and longitude. This pa-
rameterization yielded a model space extending from
92.5 °E to 122.25 °E in longitude and from -2.25 °N to
-25.5 °N in latitude, with a depth range of 0-40 km.

The dispersion data, consisting of Rayleigh wave group
velocities measured at 36 periods ranging from 4.0 to 39.0
s with an increment of 1.0 s, were provided as input to the
inversion algorithm. To balance the trade-off between data
fitting and model smoothness, weighting parameters of 5.0
and 1.0 were assigned to the data misfit and regularization
terms, respectively. The smoothing factor, controlling the
vertical smoothness of the model, was set to 3, allowing for
the resolution of vertical velocity gradients. The initial shear
wave velocity model was derived from the 1D model pro-

posed by [Saetang, Duerrast, 2023] for Northern Thailand,
with a depth range of 0-40 km and a layer thickness of 5 km
(Table 1).

To ensure the stability and convergence of the inver-
sion process, we imposed velocity bounds of 1.5-6.0 km/s
based on the observed velocity range in the dispersion
curves. These bounds serve to constrain the inversion and
prevent the algorithm from exploring unrealistic velocity
values [Fang et al., 2015]. The maximum number of itera-
tions was set to 10, providing sufficient cycles for the algo-
rithm to converge to a stable solution while avoiding exces-
sive computational time. As suggested in the DSurfTomo
user manual [Fang, Yao, 2023], 10 iterations are usually
more than enough, and stable results are often achieved
after 4-5 iterations.

The damping factor, which controls the amplitude of
the model perturbations, was set to 0.2. This value strikes
a balance between allowing the model to adapt to the data
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Table 1. Initial 1-D shear wave velocity model used in the 3D
inversion, based on the model proposed by [Saetang, Duerrast,
2023] for Northern Thailand

Ta6smmna 1. VicxonHast ofHOMepHasi MoJieJb CKOPOCTH CABUTO-
BBIX BOJIH, UcNloJIb3yeMasi B 3D MHBepcHH, OCHOBaHHAs Ha MO-
Jlesiy, peJioskeHHOH [Saetang, Duerrast, 2023] guist CeBepHOro
Taunnanga

Depth, km S-wave velocity, km/s
0-5 3.35
5-10 3.35
10-15 3.53
15-20 3.59
20-25 3.67
25-30 3.67
30-35 3.67
35-40 4.00

Note. The model extends from the surface to a depth of 40 km, with a
layer thickness of 5 km for each depth interval.

[pumevanue. Moesib ipecTaBJieHa st JIyGUH OT OBEPXHOCTH 3eM-
Jii 10 40 KM, IpY TOJILMHE CJI0s1 5 KM JIJIs1 KaX/{0T0 [JIYGUHHOTO HH-
TepBaJa.

and preventing overfitting or instability [Fang, Yao, 2023].
The damping parameter is an input for the Isqr function,
which is responsible for controlling the amplitude of the
inverted parameters [Fang, Yao, 2023].

To enhance the robustness of the inversion results, a
threshold value of 1.5 was used to remove outliers from
the dispersion data. By filtering out anomalous data points
that deviate significantly from the general trend, the in-
version process becomes less sensitive to noise and errors
in the dispersion measurements [Fang, Yao, 2023]. The
threshold parameter in the input file represents a value
between 1 and 2, which is mainly used to remove outliers
from the data [Fang, Yao, 2023]. Setting the threshold to
1.5 will remove residuals greater than 1.5 times the 75th
percentile of all the residuals and those smaller than the
25th percentile.

2.3. Methodology for direct inversion

The methodology employed for direct inversion of sur-
face wave dispersion data is based on the approach described
by [Fang et al., 2015]. This method inverts dispersion data
directly to 3D shear wave velocity (Vs) models using fre-
quency-dependent ray tracing and a wavelet-based sparsi-
ty-constrained tomographic inversion technique.

The inversion procedure utilizes the FMM [Rawlinson,
Sambridge, 2004] to compute surface wave travel times
and ray paths between sources and receivers at each pe-
riod. This approach avoids the assumption of great-circle
propagation, which is generally inappropriate in complex
media.

For the forward problem, the average surface wave
group velocity C,;(w) is measured at angular frequency
between source A and receiver B with an assumption of

great-circle propagation. The actual travel time ¢t,;(w) is
then given by:

(W) =7~ (D
Cas (w)
where L,, is the great-circle distance between A and B.
Due to structural heterogeneity, the real surface wave ray
path may deviate from the great-circle path, and the travel
time can be expressed as:

(@)= [ S(Lw)dl 2)
IAB

where S(I,w) is the local slowness along the actual ray path
1, . Discretizing this, we get:

tpw)= iSP(w)AIAB 3)

where S, (w) represents the group slowness for path segment
Al,, along AB, and P is the number of path segments.

The study area is parametrized using a regular grid of
K points, each associated with a 1-D model 6, . The slow-
ness at the kth grid point S (w) is obtained from a for-
ward function g(6,,w), mapping 6, to frequency-depen-
dent group velocities. The travel time t,;(w) can then be
expressed as:

P K
tis(w)= Zzypksk (WAL, (4)
p=1 k=1
where v, are bilinear interpolation coefficients.

The objective of the inversion is to minimize the differ-
ences 0t,(w) between observed travel times tfbs (w) and
model predictions ¢,(w) for all frequencies w. The travel
time difference for path i is:

&i(w):t;’“(w)—t,-(w)=i”fkéfk(“)” i ig Ew;

5)

where C, and 6C, (w) are the group velocity and its per-
turbation at the kth grid point, respectively. The group ve-
locity perturbation 6C, (w) is:

oC, (w):f

aC, (w)
Oay, (z) .
ac, (w)
op,(2) .
where «,(z), 3,(z), and p,(z) are the compressional wave
speed, shear wave speed, and mass density, respectively.
Utilizing empirical relationships of [Brocher, 2005], these

parameters and their perturbations are related to shear
wave speed f3.

" (Z)+6C (w)

7., 86, (z)+

+

8p,(2)|dz (6)

3. RESULTS AND DISCUSSION
The 3D shear wave velocity model derived from the
direct inversion of Rayleigh wave dispersion data reveals
significant lateral heterogeneity in the crustal structure
across Thailand, Myanmar, and Malaysia. The velocity maps
at depths of 10, 15 and 20 km (Figs 4, 5, and 6) showcase
distinct velocity patterns that correlate with major tectonic
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Fig. 4. Shear wave velocity map at a depth of 10 km.

The color scale represents shear wave velocity (Vs) in km/s, with red areas indicating higher velocities and green and blue areas indi-
cating lower velocities. Major tectonic boundaries and terranes (dark green lines), corresponding to those shown in Fig. 1, delineate the
primary geological features of the region. Pink triangles denote the locations of seismic stations used in this study.

Puc. 4. Kapta ckopocTy cJBUTOBOH BOJIHBI Ha Iiy6rHe 10 KM.

[[BeToBasI 1IKasia 0TOGpakaeT CKOPOCTb CABUTOBOM BoJIHbI (VS) B KM/C; KpacHble 06JIaCTH YKa3bIBalOT Ha 60Jiee BLICOKHE CKOPOCTH,
3eJieHble U CHHUE 06J1acTU - Ha 60Jiee HU3KHe. [JlaBHbIe TEKTOHUYECKUE TPaHULbI U TEPPEiHbI (TEMHO-3€eJ/IeHbIe JIMHUHU), COOTBET-
CTBYIOLIME [VIABHBIM TEKTOHUYECKUM PaHMLaM U TeppeiHaM, I0Ka3aHHbIM Ha puc. 1, 04epuYUBaOT OCHOBHbIE Ie0JIOTMYECKHE 06b-
€KTbl peruoHa. PO30BbIMH TpeyroJibHHKaMH 0603Ha4eHO MECTOMOJIOKEHHE CEHCMUYECKHUX CTAaHI[UM, 3a/|eACTBOBAHHbIX B IAHHOM
HCCJIeIOBAaHUH.
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Fig. 5. Shear wave velocity map at a depth of 15 km. See the caption of Fig. 4 for explanations.
Puc. 5. KapTa ckopocTu cBUroBo# BoJIHbI Ha [1y6uHe 15 kM. [losicHeHUsI - CM. TOAIHUCH K puc. 4.
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features, such as the West Burma terrane, Shan-Thai terrane,
Indo-China terrane, Peninsular Thailand, and the Sagaing
fault (see Fig. 1).

The spatial resolution and model reliability are funda-
mentally constrained by the distribution of seismic stations
across the study region (see Fig. 3). Marine areas, particu-
larly the Andaman Sea and Gulf of Thailand, exhibit limited
resolution due to the absence of offshore instrumentation.
Velocity structures in the offshore domain, notably the
high-velocity anomalies in the 4-10° N, 104-112° E re-
gion, require careful consideration in interpretation due to
sparse raypath coverage, an inherent limitation of the land-
based seismic network configuration. Thus, our analysis
principally focuses on continental regions where dense
raypath coverage provides optimal model resolution.

Atadepth of 10 km (see Fig. 4), high-velocity anomalies
are predominantly observed in the mountainous regions
of western Thailand and eastern Myanmar, corresponding
to the Shan-Thai terrane. However, the pattern and orien-
tation of these anomalies deviate from the expected north-
south trending layout of basement rocks, as described by
[Charusiri et al.,, 1993]. This discrepancy suggests the in-
fluence of additional geological factors, such as mafic intru-
sions or the older and more thermally stable crustal seg-
ments. High-velocity anomalies extend from the northern
part of the Sagaing fault to the Mae Ping fault, indicating
a complex interaction of tectonic processes in these re-
gions. The 10 km deep high-velocity anomalies observed in
the mountainous regions of western Thailand and eastern
Myanmar do not appear to extend significantly into the
southern part of the Central Basin and the Gulf of Thailand.
The same-depth high-velocity anomalies from the southern

part of the West Burma terrane are less prominent and
do not clearly extend into the Andaman Sea. The 10 km
high-velocity anomalies are evident on the eastern side
of the Khlong Marui fault zone in southern Thailand but
not strongly connected with those in Peninsular Malaysia.
High-velocity anomalies are observed at the northern and
southern parts of the Khorat Plateau, highlighting areas of
dense and consolidated crustal structure.

In contrast, prominent low-velocity anomalies are ob-
served in the central part of the Central Basin of Thailand,
the Gulf of Thailand, and the Andaman Sea. These anoma-
lies are associated with thick sedimentary sequences and
extended continental crust, characteristic of these regions
[Morley, 2002; Curray, 2005].

Atadepth of 15 km (see Fig. 5), the high-velocity anom-
alies remain pronounced in the mountainous regions of
western Thailand and eastern Myanmar, aligning with the
tectonic boundaries of the Shan-Thai terrane. The per-
sistence of these anomalies suggests the presence of mafic
or the older and stable crustal segments that have not
undergone significant tectonic disruption. Low-velocity
anomalies are observed in the central part of the Central
Basin, the northern part of the Gulf of Thailand, and the
Andaman Sea, indicating the presence of thick sedimenta-
ry sequences at this depth. High-velocity anomalies from
the southern part of the West Burma terrane extend into
the Andaman Sea, while those at the eastern part of the
Khlong Marui fault zone in southern Thailand are less pro-
nounced compared to the 10 km depth map. High-veloci-
ty anomalies are evident in Peninsular Malaysia, further
highlighting the structural complexity of these regions.
The Khorat Plateau exhibits a mix of high and low-velocity
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Fig. 6. Shear wave velocity map at a depth of 20 km. See the caption of Fig. 4 for explanations.

Puc. 6. KapTa ckopocTu cBUroBoil BosiHbI Ha [1y6uHe 20 kM. [losicHeHusI - CM. TOATIHUCH K puc. 4.
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anomalies, with high-velocity anomalies more prominent
in the southern part, indicating areas of dense and consoli-
dated crust.

Ata depth of 20 km (Fig. 6), the shear wave velocity dis-
tribution shows high velocities beneath eastern Myanmar,
northern and eastern Thailand, and the Sunda Shelf. These
high-velocity anomalies may indicate the presence of more
mafic or the denser and more thermally stable crustal seg-
ments, consistent with the geological characteristics of
these regions [Searle, Morley, 2011]. The persistence of
low-velocity anomalies associated with the central part
of the Central Basin and the northern part of the Gulf of
Thailand at this depth suggests that these areas are under-
lain by deep-rooted sedimentary basins, extending into
the lower crust and potentially influencing the region’s
tectonic and thermal evolution [Morley, 2002]. The low-ve-
locity zones in the Andaman Sea and the southern part of
the Gulf of Thailand continue to reflect the extended con-
tinental crust and sediment accumulation in these areas.
High-velocity anomalies are also observed in the southern
part of Peninsular Malaysia, indicating the presence of the
denser crustal materials.

The similarity in the velocity patterns across the in-
vestigated depths (10, 15 and 20 km) suggests a consis-
tent crustal structure in terms of major tectonic features,
with the boundaries of the West Burma terrane, Shan-Thai
terrane, and Indo-China terrane extending through these
depths. The observed high-velocity anomalies in various
regions and the low-velocity zones provide critical insights
into the region’s tectonic architecture. The correlation of
lateral heterogeneity in shear wave velocity with known
tectonic features enhances our understanding of the crustal
dynamics and deformation mechanisms in this seismically
active region.

4. CONCLUSIONS

The 3D shear wave velocity model derived from the direct
inversion of Rayleigh wave dispersion data reveals a com-
plex and heterogeneous crustal structure across Thailand,
Myanmar, and Malaysia. The observed velocity anomalies,
including high-velocity regions corresponding to dense,
consolidated crustal segments and low-velocity zones asso-
ciated with sedimentary basins and extended continental
crust, provide critical insights into the region’s tectonic ar-
chitecture. The high-resolution imaging achieved through
the direct inversion method allows for a detailed interpre-
tation of subsurface structures, revealing the intricate in-
terplay between tectonic processes and crustal dynamics.
The similarity in velocity patterns across the investigated
depths (10, 15 and 20 km) suggests a consistent crustal
structure, with the boundaries of major tectonic features
such as the West Burma terrane, Shan-Thai terrane, and
Indo-China terrane extending through these depths. The
strong correlation between lateral heterogeneity in shear
wave velocity and known tectonic elements enhances our
understanding of the crustal deformation mechanisms and
tectonic evolution in this seismically active region. Fur-
thermore, this study demonstrates the effectiveness of the

direct inversion approach in imaging the crustal structure
with high resolution, contributing to a comprehensive un-
derstanding of the geodynamics and tectonic history of
Southeast Asia. The insights gained from this research have
important implications for seismic hazard assessment, re-
source exploration, and further geophysical investigations
in the region.
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