GEODYNAMICS & TECTONOPHYSICS

PUBLISHED BY THE INSTITUTE OF THE EARTH’S CRUST
SIBERIAN BRANCH OF RUSSIAN ACADEMY OF SCIENCES

2015 VOLUME 6 ISSUE 1 PAGES 77-89 ISSN 2078-502X

http://dx.doi.org/10.5800/GT-2015-6-1-0173

STRUCTURE OF THE LITHOSPHERE AND SEISMOTECTONIC
DEFORMATIONS IN CONTACT ZONE OF LITHOSPHERIC
PLATES IN THE SUMATRA ISLAND REGION

0. A. Kuchayl, N. A. Bushenkoval 2, A. A. Tataurova?

1 Trofimuk Institute of Petroleum Geology and Geophysics, Siberian Branch of RAS, Novosibirsk, Russia
2 Novosibirsk State University, Novosibirsk, Russia

Abstract: The inversion seismic tomography algorithm (ITS) was used to calculate 3D seismic anomalies models for
velocities of P- and S-waves in the zone of the Sunda arc, Indonesia. In the area under study, strong earthquakes
(M>4.8) are clustered in the zone of high P-wave velocities. Earthquake hypocenters are located in zones of both high
and low velocity anomalies of S-waves. The giant Sumatra earthquake (December 26, 2004, Mw=9.0) ruptured the
greatest fault length of any recorded earthquake, and the rupture started in the area wherein the sign of P-wave velo-
city anomalies is abruptly changed. We calculated seismotectonic deformations (STD) from data on mechanisms of
2227 earthquakes recorded from 1977 to 2013, and our calculations show that the STD component, that controls ver-
tical extension of rocks, is most stable through all the depth levels. In the marginal regions at the western and eastern
sides of the Sunda arc, the crustal areas (depths from 0 to 35 km) are subject to deformations which sign is opposite
to that of deformations in the central part. Besides, at depths from 70 to 150 km beneath the Sumatra earthquake epi-
centre area, the zone is subject to deformations which sign is opposite to that of deformations in the studied part of
the Sunda arc. For earthquakes that may occur in the crust in the Sunda arc in the contact zone of the plates, maximum
magnitudes depend on the direction of pressure imposed by the actively subducting plate, which is an additional cri-
teria for determining the limit magnitude for the region under study.
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CTPYKTYPA JINTOC®EPLI U CEHCMOTEKTOHUYECKHUE JE®OPMAILIUU
30HbI KOHTAKTA JINTOC®EPHBIX IIJIUT B PAMOHE OCTPOBA CYMATPA

0. A. Kyyaiil, H. A. BymenkoBal- 2, A. A. TataypoBa2

1 HHcmumym Hegpmezazoeoll eeonozuu u ceopusuku um. A.A. Tpogpumyka CO PAH, Hosocubupck, Poccus
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AnHoTtanus: Ha ocHoBe celicMoToMorpaduyeckoro anroputma UTC paccunTaHo TpexMepHOe pacipejesieHrne aHo-
MaJIMi ckopocTei P- 1 S-BoJiH B 30He 30H/cKOH aAyru. CusibHble 3eMieTpsiceHus1 (¢ M>4.8) paccmaTpruBaeMoro paio-
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Ha IPyNIUPYIOTCA B 30He NOBBIIIEHHBIX CKOPOCTel P-Bo/IH. [MIOLLeHTPbI ceHCMUYeCKHUX COOBITHH NONAaJaloT B 30HbI
KaK MOBBILIEHHbIX, TAK U NOHMXEeHHBIX CKOpocTel S-BoJH. ['eorpaduyecku Hayaso BcnapbelBaHUs odara CymaTpaH-
ckoro 3emietpsiceHust 2004 r. (Mw=9.0) coBnaziaeT ¢ palOHOM pe3KOro U3MEHeHHUs] 3HaKa aHOMaJIUl CKopocTei
P-BosiH. PacueT celicMoTekTOHMYeCKUX AedopMaliUil 10 JaHHBIM MeXaHU3MOB 2227 3eMJIeTpsiICEHUH, 3aperucTpUpo-
BaHHbIX ¢ 1977 no 2013 r., mokasaJi, UTO Ha BceX IJiy6uMHax HauboJiee yCTOMYMBO BefeT ce6s1 komnoHeHTa CT/l, oTBe-
yalollas 3a BepTHKa/lbHOe yAJNHeHHe 06beMOB FOPHBIX Macc. Y4acTKU 3eMHOU Kophl (0-35 KM) B OKpaWHHBIX paii-
OHaX C 3amafHOW M BOCTOYHOM CTOPOHBI 30HJCKOW AYrH XapaKTepHU3YyOTcA AePopMalUsIMU NMPOTHBOIMOJIOMXKHOTO
3HaKa [0 OTHOILEHUIO K LieHTpaJbHOM yacTu. Takxke B cjoe 70-150 KM moj, snvLeHTpasbHON 06JacThio CymMaTpaH-
CKOTO 3eMJIeTPsICEHUS NPOUCXOJAT AePpopMaly NPOTHUBOMOJI0KHOIO 3HaKa 110 OTHOLIEHHUI0 K AedopMaLUaM pac-
cMaTpuBaeMoM yacTu 30HACKOM Ayru. MakcuMa/ibHble MarHUTY/Ibl KOPOBBIX 3eMJIeTPsCeHU 30HACKOM AyTH, BO3-
HUKalollye B 30He KOHTAKTA IJIUT, 3aBUCAT OT HalpaBJ/eHHUsl AaBJeHHUs aKTUBHON MOTpy»Karolleics IJIUTHI, 4TO fB-

JideTCA OJHHUM U3 AOIIOJIHUTEJ/IbHBIX KPUTEPUEB ollpeeIeHUsd l'Ipe,C[e.)'leOﬁ MAarHuTyZAbl 3TOTO paﬁox—la.

Karwuesvle c06a: anoManuu ckopocrtei P- u S-BosH, 30H/ACKas Ayra, CECMOTEKTOHUYECKHe AedopManuHy,

npeaejibHad MarHutyza.

1. INTRODUCTION

The giant Sumatra earthquake (December 26, 2004,
Mw=9.0) has become a subject of many interesting
publications both abroad [Cheng Zong-yi, Zhu Wen-yao,
2001; Chlieh et al, 2007; Dewey et al, 2007; Engdahl et
al, 2007; Vallee, 2007] and in Russia [Rebetskii, Marinin,
2006; Shevchenko et al,, 2006]. With account of the fact
that it was followed by several strong seismic events
near the Sumatra Island, our idea was to conduct a de-
tailed study of seismotectonic deformations (STD) and
recent earthquakes. We reviewed data on earthquake
focal mechanisms (M>4.8) in the Sunda subduction
zone [The Global Centroid-Moment-Tensor..., 2015] and
estimated STD values for the following depths: 0-35
km (1450 solutions of earthquake focal mechanisms),
36-70 km (539 solutions), 71-105 km (156 solutions),
106-150 km (43 solutions), and 151-300 km (29 solu-
tions). Thicknesses of the layers were determined with
account of the availability of data on earthquake foci
mechanisms. We checked several options for determi-
ning a thickness of a layer for which we estimated STD
with application of models showing anomalies of
P- and S-wave velocities at various depths. In many
cases, we were not satisfied with a number of seismic
event records in the given layer, and thus decided to
focus our attention on the option with the solutions
specified above.

The Sunda arc represents a convergent margin and
reflects processes of interaction between the Indo-
Australian and Eurasian lithospheric plates that are
approaching each other. This movement takes place
along the Andaman, Nicobar, Sumatra and Java islands.
Seismicity is high in the subduction zone. It should be
noted that the density of earthquake hypocentres with

M>4.8 decreases with depth, and only a few strong
seismic events were recorded at depths below 200 km.
Hypocentres of seismic events migrate from the deep-
water trough towards the Sumatra and Java islands.
The deepest seismic events took place underneath the
Barisan ridge with recent volcanism. Earthquakes of
thrust (60 %), shear (15 %) and normal-fault (25 %)
types occurred in the crust to depths of 70 km. At
depths from 70 to 250 km, cases of shearing are rare,
and 75-80 % foci were associated with thrusting, and
15-20 % foci with normal faulting.

In the focal area of the giant Sumatra earthquake of
December 2004, thrusting took place along the gently
sloping plane in the west-south-western direction [The
Global Centroid-Moment-Tensor.., 2015]. In the hori-
zontal plane, the focal area is 1000 km long. Similar
focal mechanisms are typical of the strongest after-
shocks and earthquakes recorded both before and after
the Sumatra earthquake, except seismic events of the
shear type near Andaman and Nicobar islands. The pat-
tern of the majority of fault planes of the seismic events
correlates with the strike of the Sunda arc.

It is logical to suggest that deep processes and the
structure of the crust and the lithospheric mantle play
an important role in the distribution of deformation
and the occurrence of the earthquake foci.

2. TOMOGRAPHY MODELLING METHOD

The velocity structure of the Sumatra Island region
has been studied for many years, yet remains insuffi-
ciently investigated for constructing a comprehensive
geodynamic model that would unambiguously show
the development of the territory under study. Seismic



tomography technologies are now widely applied in
studies of velocity patterns at depths. The available
models either represent separate local reconstructions
or show results of global studies with low resolution
levels due to insufficient quantities or quality of ana-
lysed data, such as global models of mantle inhomoge-
neities [Hafkenscheid et al, 2001; Van der Hilst et al,
1997], local crust models to the 10 km depth for the
Krakatau region [Jaxybulatov et al,, 2011] and others.

We studied the seismic pattern of the mantle by ap-
plying the inversion tomographic scheme (ITS). Initial-
ly, ITS was proposed as an alternative to the traditional
direct teleseismic scheme applied to studying high
seismicity regions wherein the seismic networks failed
to provide for tomographic inversion of proper quality
[Koulakov, 1998]. The main prerequisite for using ITS is
the availability of records by stations of the global
seismic networks of a sufficient number of seismic
events in the study area. In the earlier versions of ITS
[Koulakov et al, 2002; Kulakov et al, 2003], only
teleseismic rays were applied, and sources were not
relocated. In the next version of ITS [Koulakov et al.,
2006], which is applied in our study, all possible rays
available in the catalogues are used. Rays with small
epicentral distances provide for preliminary determi-
nations of sources' locations, and rays with large epi-
central distances are used to determine the regional
deep seismic structure. The ITS algorithm uses the ar-
rival time of seismic P- and S-waves from earthquakes
inside the studied region, which were recorded by sta-
tions of the global seismic network. Based on the algo-
rithm, it is possible to calculate 3D patterns of anoma-
lies of P- and S-wave velocities and locations of seismic
sources.

In our study, the tomographic inversion was cal-
culated in three circular windows with specified coor-
dinates and radius, which are overlapping each other.
The circle radius is close by value to the depth of
the area under study. To study the upper mantle, the
radius is accepted at ~1000 km. For each circular
window, we selected data on seismic sources located
inside such circles, and inversion was carried out with
two parametrization grids of different orientations. In-
version results for the circular windows were consoli-
dated into one model. The ITS algorithm is based on
the linearized approach envisaging calculation of seis-
mic anomalies during one iteration of inversion on the
basis of rays in a one-dimensional model since for ob-
taining stable results, it is required to process huge
volumes of data from the International Seismological
Centre (ISC) catalogue (with a high noise factor). Ap-
plying non-linear approaches (mainly, 3D ray tracing)
makes the task more cumbersome. Moreover, relatively
small variations of seismic velocities in the upper man-
tle (maximum 5 %) do not cause any significant chang-
es in the path of the rays and, correspondingly, do not
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lead to calculating errors. In our study, we used the al-
gorithm that is described in detail in [Koulakov et al,
2006].

For our study, we took data on seismic events from
the ISC catalogue for the period from 1964 to 2007, and
used the arrival times recorded by stations of the
global seismic network (10000+). Within the entire
study region, we selected 2110 seismic events which
travel times are known (more than 200000 times for
P- and over 180000 times for the S-rays). Inversion
was carried out in the three overlapping circular win-
dows, each with a radius of 8°. Locations of all the
earthquakes, which data were taken from the ISC cata-
logue, were recalculated under the options of the
above-mentioned algorithm, and outlying values were
screened out and rejected (more than 15 % in the ISC
catalogue).

Upon inversion in the circular windows, the root-
mean-square (RMS) time residual for the used data was
reduced by 35 to 45 %, depending on the circle. Re-
latively small reduction of the time residual is due to
a high noise factor in the data and the low-contrast
structure of inhomogeneities in the upper mantle.
Results of inversion of the real data for anomalies of
P- and S-wave velocities are shown in horizontal sec-
tions (see Fig. 1, a, b, ¢, d, e). A correlation between
patterns of anomalies of P- and S-wave velocities is
evident, which is an indirect confirmation that the
proposed models are reliable. Across the region, the
anomalies are most contrasting to a depth of 200 km
(amplitudes of ~3.5 %); at the lower depths of
the mantle, they become less contrasting. It should
be borne in mind that tomographic inversion generally
yields lower amplitudes of anomalies, which is shown
in [Koulakov et al., 2006] by results of synthetic testing
of the algorithm. Uncertainty with amplitude anomalies
reconstruction is a common problem of tomography,
which arises in any similar study. In our assumption
for the given case, the real amplitude of the anomalies
may average higher by a factor of 1.5-2.0 than the
obtained results. The tomographic model of the Suma-
tra-Andaman zone shows anomalies with higher
P-wave velocities at different depths (50 km, 100 km,
150 km, and 220 km; see Fig. 1, g, b, ¢, d, e). When using
the regional seismic tomography schemes, as in our
case, it is technically impossible to determine the de-
tailed structure of the upper 50-km layer (i.e. the crust)
because the path of teleseismic rays at such depths is
practically vertical. When applying the seismic tomog-
raphy method to study the structure of the crust, it is
required to have a large database of uniformly dis-
tributed local seismic data, to which it would be pos-
sible to apply local seismic tomography schemes. In the
given case, we did not have the materials from the local
network. Therefore, the results obtained for the depth
of 50 km were used twice, when seismotectonic
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Fig. 1, a, b, c, d, e - anomalies of seismic P- and S-wave ve-
locities at depths of 50, 100, 150, and 220 km.

Areas of high P- and S-wave velocities are shaded in blue; areas
of low P- and S-wave velocities are shaded in red-brown. Velocity
anomalies are given in percentage values in the column at the
bottom of the figure. Epicentres close to the corresponding
depths are shown by black and red circles. Yellow and black as-
terisks show start locations of the rupture in the 2004 Sumatra
earthquake focal area.

Puc. 1, a, b, ¢, d, e. - aHOMaJIUU CKOPOCTEMN CEHCMUYECKUX
P- u S-BosiH Ha ry6uHax 50, 100, 150, 220 kM.

CuHYe TOHA — 30HBI C MOBbILIEHHBIMH 3HAYEHUSIMU CKOpPOCTEH
P- 1 S-BOJIH; KpaCHO-KOPUYHEBbIE TOHA — 30HbI MOHIKEHHBIX
cKkopocTeit P- u S-BosiH. BHH3y pUCyHKa MOKa3aHa KOJIOHKA rpa-
Januil aHoOMaJIMH CKOpPOCTel B MpOLIEHTHOM OTHolueHuu. Yep-
HBIM U KPaCHbIM OTMEY€HbI 3MULEHTPhI 3eMJIETPSCEHUH, 61U3-
KHX K COOTBETCTBYIOLIUM IJIyOMHAM Cpe30B. B Buze 3Be3n xei-
TOr'0 WJIM YepHOTO IIBeTa OTMeYeHbl MeCTONOJIOKEeHHUsT Hadaslb-
HOM TOYKHM BcrapbIBaHUs B o4yare CyMaTpaHCKOTO 3eMJieTpsice-
Hus 2004 r.



deformations were compared in the layer 0-35 km and
in the layer 36-70 km.

3. ANALYSIS OF TOMOGRAPHIC MODEL CALCULATIONS
AND DISTRIBUTION OF EARTHQUAKE FOCI

By analyzing of the distribution of earthquake epi-
centres in the maps of increasing and decreasing veloc-
ity of compressional and shear waves, we found that
the majority of seismic events (M> 4.8) in the study re-
gion are clustered within the zone of high velocity of
P-waves (see Fig. 1, a, b, ¢, d, €). It is most obvious for
earthquakes at depths from 36 to 70 km (for the depth
of 50 km, the velocity field is reconstructed). Deeper
earthquake sources (70-300 km) are concentrated on-
ly in areas of high velocity of P-waves (see Fig. 1, ¢, d,
e). Hypocentres of seismic events are revealed in zones
of both high and low velocity of S-waves (Fig. 1, a, b, c,
d, ). An interesting fact is that the rupture associated
with the Sumatra earthquake (December 26, 2004,
Mw=9.0) started in the area characterized by an abrupt
change of the sign of P-wave velocity anomalies (see
Fig. 1, a).

4. SEISMOTECTONIC DEFORMATION CALCULATION METHOD

The western part of the Sunda arc has been the sub-
ject of many studies aimed at analyses of parameters of
earthquake foci mechanisms. A reconstruction of the
stress field before the giant Sumatra earthquake of
2004 was published in [Rebetskii, Marinin, 2006] that
we believe to be the most interesting work. There were
attempts to reconstruct the field of stresses and strain
in different areas of this territory [Kundu, Gahalaut,
2011; Radha Krishna, Sanu, 2002; Shevchenko et al,
2006]. However, detailed analysis of seismotectonic
deformations at different depth layers has not been
executed yet. Therefore, we propose using the method
published in [Riznichenko, 1985; Kostrov, 1975] to es-
timate deformations of rock masses which took place at
different depths due to earthquake, as follows: the ten-
sor of seismotectonic deformations equals the sum of
seismic moment tensors of all the earthquakes that oc-
curred in the unit volume within a specified period of
time:

1

YoM (()n)Q(n)

Im”
where u - shear modulus; V - averaging volume; M((J") -
seismic moment of n-th earthquake; Ql(;? - components

of the directional unit tensor of seismic moment of n-th
earthquake in the geographic coordinate expressed in

the foci mechanism parameters. The value M{" is a
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weight factor calculated from the earthquake energy
class/magnitude. Deformation of areas, wherein me-
dium and strong earthquakes took place, is mainly
determined by strong seismic events. Calculations
through the entire region vary in the level of detail as
some of the smoothing windows contain only one or
two earthquakes. Within each elementary averaging
window, we calculate components of the tensor of
incremental seismotectonic deformations (STD). In our
case, division by time (T) is not carried out, and the
total seismotectonic deformation is calculated for
the entire period of observations at different depth
levels.

For the tectonic plate contact area, seismotectonic
deformations are calculated from data on mechanisms
of 2227 earthquakes recorded from 1977 to 2013 [The
Global Centroid-Moment-Tensor..., 2015]. Taking into
account their uneven distribution within the region
under study, we select an averaging area that is large
enough (1°x1° 0.5° spacing). The averaging area for
the strongest events are twice as large. For the purpos-
es of mapping, important are not values of defor-
mation, but their signs, i.e. relative elongation / short-
ening of deformations due to the earthquakes. In this
paper, positive/negative values of deformations corre-
spond to relative elongation/shortening of linear di-
mensions of elementary volumes of the crust in the
corresponding directions.

5. ANALYSIS OF CALCULATED FIELDS OF LATITUDINAL,
MERIDIONAL AND VERTICAL COMPONENTS OF
SEISMOTECTONIC DEFORMATIONS (STD)

In the field of the latitudinal component of STD, the
crustal layer (0-35 km) is mainly subject to shortening
deformation (negative values), while elongation de-
formation (positive values) are revealed in the margin-
al parts of the submeridional zone and in the northern
part (Fig. 2, a). The field of the meridional component
of STD is more uniform and characterized mainly by
negative values. Small areas of positive values are lo-
cated in the marginal zones, i.e. in the northern (near
the Andaman and Nicobar Islands) and southern parts
of the study region (see Fig. 2, a). Positive values are a
specific feature of the vertical component of defor-
mations. Areas with negative values are located outside
the fault bordering the Sunda arc from the west and
south-west, as well as at the eastern side of the Suma-
tra fault (see Fig. 2, a). Of the three components,
the highest values are typical of the vertical component
of STD.

In the next layer (36-70 km), the deformation pat-
tern is simpler, and values of the latitudinal and meri-
dional components are predominantly negative, and
positive in the northern part. The field of the vertical
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Fig. 2. Latitudinal (Exx), meridional (Eyy) and vertical (Ezz) components of seismotectonic deformations according to calcu-
lations from focal mechanisms of earthquakes (M>4.8) from 1976 to 2013: (a) H=0-35 km, (b) H=36-70 km, (c) H=71-105
km, (d) H=106-150 km, (e¢) H=150-300 km.

Columns showing data on components: left - latitudinal, central - meridional, right - vertical. Colour codes of areas marked by boxes:
shortening - blue, extension - red. The 2004 Sumatra earthquake epicentre is shown by the asterisk.

Puc. 2. llupotHas (Exx), mepuguoHanbHas (Eyy) u BepTukanbHas (Ezz) KoMnoHeHThbl ceiCMOTEKTOHUYeCKUX JledopMa-
LMH, paccyMTaHHble MO JAaHHbBIM MEXaHU3MOB 04YaroB 3eMJIeTPsICEHUH, mpousolemux B nepuof ¢ 1976 mo 2013 r.
¢ M>4.8: (a) H=0-35 kM, (b) H=36-70 kM, (c) H=71-105 kM, (d) H=106-150 kM, (e) H=150-300 kM.

KosioHnka cieBa - noJie LL[I/IpOTHOI‘/’I KOMIIOHEHTbI, KOJIOHKa B LIEHTpe - IoJie MepPI,C[I/IOHaJ'IbHOI‘/’I KOMIIOHEHTbI, KOJIOHKA ClipaBa - I0Jie
BepTI/lKaJIbHOI‘/’I KOMINOHEeHTbl. CHHUMU LIBeTaMH OTMeY€eHbl YKOPO4Y€eHUs, KPACHbIMU — YAJIMHEHUA 06'beMOB TOpPHBIX MacC B COOTBET-

component also maintains the mode of deformation of
the upper part of the crust (Fig. 2, b).

In the subducting plate, at depths of 70-105 km and
106-150 km, volumes of rock masses are subject main-
ly to vertical extension and meridional shortening. Me-
ridional elongation and vertical shortening are ob-
served beneath the central part of the epicentral area
of the Sumatra earthquake (Fig. 2, ¢, d). In the latitudi-
nal component (Exx) of deformation, for the upper and
lower layers (71-105 km and 106-150 km, respective-
ly), positive values are revealed in the area of the An-
daman and Nicobar Islands. Southward, the defor-
mation field (at depths from 71 to 105 km) is lacking
uniformity and contains alternating areas of extension
and shortening (see Fig. 2, ¢, d). At depths from 106 to
150 km, positive values of the latitudinal component of
deformation are revealed to the south of the epicentral

H 71-130
Exx

CTBYIOLINX HAallpaBJIEHUAX. 31'II/ILleHTp Cymanchxoro 3eMJIeTPpACEHUA OTMe4YeH 3BeB,£LO‘1K0ﬁ.

area of the 2004 earthquake, and negative values are
noted in the southern part of the sublatitudinal area
(Fig. 2, d). At depths from 150 to 300 km, the number
of earthquakes is minimum, and it is possible only with
reserve to talk about meridional shortening and latitu-
dinal and vertical extension of rock masses in the cen-
tral part of the study region. But the vertical compo-
nent has positive values through virtually the entire
region covered by our analyses (Fig. 2, ). Generally,
the meridional component of deformation has negative
values in all depth ranges, with the exception of the
source area of the Sumatra earthquake wherein rock
masses at depth from 71 to 150 km are subject to me-
ridional shortening (see Fig. 2, c). Reviewing seismo-
tectonic deformations in the thinner layer, 71-130 km,
reveals similar specific features of the deformation pat-
tern in the central part of the source area (Fig. 3).

Fig. 3. Latitudinal (Exx), meridional (Eyy) and vertical (Ezz) components of seismotectonic deformations according to calcu-
lations from focal mechanisms of earthquakes at depths from 71 to 130 km.

Puc. 3. llupoTtHas (Exx), mepunuonanbHasa (Eyy) u BeptukanbHas (Ezz) KOMIOHEHTbI celICMOTEKTOHUYECKUX AedopMa-
LMH 10 JAHHBIM MeXaHHW3MOB 04aroB 3eMJIeTPsICEHHUH, 3aperuCTPUPOBAHHbIX B ManasoHe riy6uH H=71-130 km.
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Fig. 4. The pattern of extension and shortening areas in the vertical plane along the parallel across the hypocentral area of the Suma-
tra earthquake in the contact zone of the Indo-Australian and Eurasian plates (top scheme) and along the parallel at 4°S latitude. The

subducting plate is shaded in pink.

Puc. 4. Cxema pacnpenieneHus yJUIMHEHUH U YKOPOUCHHUI B BEPTHKAJILHON MIIOCKOCTU BOJIb Mapauledd Yepe3 THIOLEHTPaTbHYIO
obsacte CymMaTpaHCKOTO 3eMJIETpCEHHUs B 30He KOoHTakTa MHo-ABcTpanuiickoii 1 EBpoasnarckoii mimt (BepXHsis cXeMa) ¥ BJ0JIb
napanienu uepes 4 rpagyc 1o.11. Po3oBaTeIM TOHOM MOKa3aHa NOTPYKarOINAsCs ILTUTA.

Based on analyses of the obtained results, two sec-
tions are constructed, one along the parallel across Su-
matra earthquake hypocentre, and another southward
of the equator at 4° S latitude. According to Figure 4, at
all depths, the most stable behaviour is demonstrated
by the vertical extension component of STD, and, to
some extent, by the meridional shortening component.
The STD analysis shows that at depths from 71 to 150
km beneath the Sumatra earthquake epicentre area,
deformation takes place with an opposite sign with
respect to deformations of the Sunda arc (Fig. 4).

No dependence has been revealed by attempts to
correlate the areas of extension and shortening of the
field of the latitudinal, meridional and vertical compo-
nents of STD with specific features of changes in veloci-
ties of compressional and shear waves, as evidenced by
the below figures for a range of depths (Fig. 5).

6. THE DISPLACEMENT DIRECTION OF THE INDO-
AUSTRALIAN PLATE AND THE DISTRIBUTION
OF STRONG EARTHQUAKES

We used data on strong earthquakes' epicentres in
the western part of the Sunda subduction arc (the con-

tact zone of the Indo-Australian and Eurasian plates) to
investigate the amount of energy of a strongest earth-
quake that may occur in the contact zone of these
plates, depending on the angle between the horizontal
displacement of the Indo-Australian plate and the
stretch of the contact area. In the studied segment of
the Indo-Australian plate, the amount of displacement
is practically unchanged. In our assumption, a seismic
event is within the zone impacted by the contact be-
tween the two plates, if its focus is away from the con-
tact zone by no more than 100 km. This width of the
zone is determined by both positional accuracy and
dimensions of strong earthquakes' foci.

For our analyses, the contract zone of the two plates
was divided into intervals wherein the zone's stretch
has not changed (Fig. 6). We measured the angles be-
tween the stretch of the contact (zone) and the dis-
placement direction of the Indo-Australian Plate. Since
seismic events with M=6 occurred in the crust across
the entire selected region, all the registered earth-
quakes with M>7 (from 1977 to 2013) are plotted (Fig.
7) with magnitudes shown as a function of angles be-
tween the displacement direction of the plate [Chlieh et
al., 2007] and the line of contact plates. Data from
[Chlieh et al., 2007] on the strongest earthquakes of the
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Fig. 5. Latitudinal, meridional and vertical com-
ponents of seismotectonic deformations accor-
ding to calculations from earthquake focal me-
chanisms (M>4.8) at the background of anoma-
lies of seismic P- and S-wave velocities at depths
of 50, 100, and 150 km.

Colour codes of areas marked by boxes: shortening -
dark blue; extension - red. Areas with high values of P-
and S-wave velocities are shaded in blue, low-velocity
areas - in orange-brown. The 2004 Sumatra earth-
quake epicentre is shown by the asterisk. Velocity
anomalies are given in percentage values in the co-
lumn at the bottom of the figure.

Puc. 5. lllupoTHas, MepuZMOHaIbHAs U BEPTHU-
KaJibHasi KOMIIOHEHTbl CEWCMOTEKTOHUYECKUX
JedopManuii, moJiyyeHHBbIX MO JAHHBIM MeXa-
HU3MOB 0YaroB 3eMJieTpsceHUH ¢ M>4.8, Ha
$oHe aHOMaJIMH CKOpOCTel celCMUYeCcKUX P- u
S-BoJiH Ha rary6uHax 50, 100, 150 kM.

TeMHO-CMHUMU KBaJIpaTaMH MOKa3aHbl 06J1aCTH YKO-
podYeHMs], KPaCHBIMU - yAanHeHUs1. CHHUe TOHA - 30-
Hbl C MOBbIIIEHHBIMU 3HAYE€HUSIMHU CKopocTed P- u S-
BOJIH, OpPaH)KeBO-KOpPHUYHEBbIe TOHA — 30HbI TOHWKEH-
HbIX CcKopocTed. JnuueHTp CyMaTpaHCKOro 3emiie-
TpsiCEHUsI OTMeYeH 3Be3/J04Koi. BHU3y mokasaHa Ko-
JIOHKA I'palalluii aHOMaJIMH CKOPOCTEN B TPOLIEHTHOM
OTHOIIEHUH.
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Fig. 6. Locations of earthquake epicentres (Ms>7) in the contact zone of the Indo-Australian and Eurasian plates.

The contact zone's scheme is taken from [Huchon, Le Pichon, 1984]. al, a2, a3 etc. (brown) - angles between the displacement direction of
the Indo-Australian lithospheric plate and the stretch of contact zone of the two plates. Black dashed lines separate areas within which the
stretch is maintained. Arrows show the displacement direction of the Indo-Australian plate, according to [Chlieh et al., 2007]. Earthquake
epicentres are shown according to [The Global Centroid-Moment-Tensor..., 2015].

Puc. 6. Pacnosio’keHHe 3NMULIEHTPOB 3eMJeTpsiceHUM ¢ Ms>=7 B 30He KOHTakTa MHA0-ABcTpanuiickoil 1 EBpoasuatckoit
IJINT.

CxeMa 30HbI KOHTAKTa UCIIOJIb30BaHa U3 cTaTbu [Huchon, Le Pichon, 1984]. Kopu4iHeBbIM IBETOM NOKa3aHbI YIJIbl MEXY HalpaBJeHUEM
cMmeeHns: UH0-ABCTpasniicKol IUTOCHEPHOU MIMTHI U 30HOM KOHTAKTa JBYX IJIUT. TH YIJbl 0603HavYeHbl KakK al, a2, a3 u T.4. Yep-
HBIMHU LITPUXOBBIMU JIMHUAMU OTZeJIeHbl YIAaCTKH, B IpeJieiaX KOTOPBIX IPOCTUPaHKe MPAaKTUYeCKH He MeHsieTcs. CTpesikaMu oKasa-
HO HampaBJjieHUe cMellleHus UHao-ABcTpanuiickoi mauthl [Chlieh et al., 2007]. 3nuiieHTPBI 3eMJIETPSICEHUH HaHECEHbI 10 JJAHHBIM [The

Global Centroid-Moment-Tensor..., 2015].

past years are also used. The most powerful earth-
quakes occurred in segments of the zone wherein the
angles are close to 80 degrees. In Figure 7, the limiting
contour shows a possible maximum magnitude of a
seismic event that may occur in different parts of the
Sunda arc. Thus, for earthquakes that may occur in the
crust in the contact zone of the plates, maximum mag-
nitudes depend on the direction of pressure imposed
by the actively subducting plate, which is an additional
criterion for determining the limit magnitude for the
study region.

7. CONCLUSION

In the Sumatra Island region, the strong earth-
quakes (M>4.8) are clustered in the zone of high
P-wave velocities. The hypocentres of the seismic
events are revealed in the zones of both high and low
velocities of S-waves.

Ripping at the source of the Sumatra earthquake
(December 26, 2004, Mw=9.0) started in the area cha-
racterized by an abrupt change of the sign of P-wave
velocity anomalies.
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Fig. 7. The dependence of the limit magnitude of earthquake in the contact zone of the Indo-Australian and Eurasian plates
on the angle between the displacement direction of the Indo-Australian lithospheric plate and the stretch of contact zone.

The plot is based on historical earthquake data from [Chlieh et al., 2007]. Color codes are the same as in Fig. 6.

Puc. 7. 3aBUCUMOCTD Npesie/IbHOU MarHUTy /bl 3eMJIETPSICEHUN, BOSHUKIIMX B 30He KOHTaKTa UHAo0-ABcTpanuiickou u EB-
p0a3uaTCKOM IUIUT, OT yIJa MeX/Ay HallpaBJjeHUeM cMelneHus1 UH0-ABCTpaniuiicko TUTochepHON IJIMThHI U 30HOM KOH-

TaKTa.

[Ipu mocTtpoeHny rpaduka MCIOJIb30BaHbl JaHHbIE 06 UCTOpPUYECKUX 3eMieTpsiceHUsx [Chlieh et al, 2007]. liBeTa Kpy>XKOB COOTBET-

CTBYIOT 3HAa4Y€HUAM MarHuTy/ Ha pUc. 6.

Our analyses of seismotectonic deformations show
that at all the depths, the most stable behaviour is
demonstrated by the vertical extension component of
STD. In the marginal areas at the western and eastern
sides of the Sunda arc, the crustal layer (0-35 km) is
subject to deformations which sign is opposite to that
of deformations in the central part. The meridional
component of STD is more uniform and characterized
mainly by negative values.

In the 70-150 km layer beneath the epicentral area
of the Sumatra earthquake, deformations change signs
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