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Introduction

The comparative analysis about the two strong earth-
quakes near Sumatra Island (Indonesia) is performed
concerning their tsunamigenic potential. In the frame
of the recent geotectonics, epicenter and hypocenter
positions, depths of the seismic events, rupture pro-
cess and as well as other parameters considered the
explanation about the tsunami generation process is
outlined. The first giant earthquake (Mw9.3) gener-
ated a huge transatlantic tsunami, which kills more
than 200 000 people around the Indian Ocean. Three
continents and 12 countries have been affected and
this event appeared as one of the greatest catastro-
phes during the mankind history. The second one
(Mw8.7), located to the south, produced a relatively
very small tsunami (which is absolutely unusual for
such size of magnitude), but brought large destruc-
tions and more than 1000 deaths on the Nias Island.
To know why two similar in power events generated
(or did not generate) huge tsunamis, appears of es-
sential importance in view of the people protection
and economic safety of the threaten nations. This
study is focused on one of the main problems gen-
erated by the two strong earthquakes — The Sumatra
one (on 26th December 2004, M~9.3) and the Nias
one (March 28th 2005, M~8.7) and their tsunami-
genic potential. To answer the question — why simi-
lar in their magnitudes and other dynamic parame-
ters very strong seismic events, generated so different
in size tsunamis? — is a complicated task. The first
dangerous event (a couple of earthquake and tsuna-
mi) had heavy consequences of more than 200 000
fatalities, many injured and about one million home-
less people. The second one — generated relatively
small tsunamis with no victims, but affected Nias
island with about 1 500 deaths and more then 20 000
houses destructed and damaged as a consequence
mainly due to the earthquake effects to the build-
ings. These very strong and destructive disasters chal-
lenged our interest and have been followed by this
investigation. Many data and information have been

collected and different models of explanations sug-
gested. The special attention has been paid to the
historical seismicity and tsunamis. The preliminary
assessment of the observed differences of the both
seismic events and occurred tsunamis suggests that
probably several factors influenced the tsunami gen-
eration process. The main result of this study shows
that the most probable explanation about so differ-
ent tsunami consequences are the volume of the dis-
placed water due to the large bottom deformations
of the both shocks and the average water depth of
the areas where both shocks occurred.

Tectonic Setting

The region where the great earthquake occurred on
26 December 2004, marks the seismic boundary
formed by the movement of the Indo-Australian plate
as it collides with the Burma subplate, which is part
of the Eurasian plate. However, the Indo-Australian
tectonic plate may not be as coherent as previously
believed. According to recent studies reported in the
Earth and Planetary Science Letters (vol. 133), it
appears that the two plates have separated many
million years ago and that the Australian plate is
rotating in a counterclockwise direction, putting
stress in the southern segment of the India plate. For
millions of years the India tectonic plate has drifted
and moved in a north/northeast direction, colliding
with the Eurasian tectonic plate and forming the
Himalayan Mountains. As a result of such migra-
tion and collision with both the Eurasian and the
Australian tectonic plates, the Indian plate’s eastern
boundary is a diffuse zone of active seismicity and
deformation, characterized by extensive faulting and
numerous large earthquakes. The epicenter of the
26 December 2004 earthquake was near the triple
point junction of three tectonic plates where major
earthquakes and tsunamis have occurred in the past.
Previous major earthquakes have occurred further
north, in the Andaman Sea and further South along
the Sumatra, Java and Sunda sections of one of the
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earth’s greatest fault zones, a subduction zone known
as the Sunda Trench. The great Sunda trench ex-
tends for about 3,400 miles (5,500 km) from Myan-
mar (Burma) south past Sumatra and Java and east
toward Australia and the Lesser Sunda Islands, end-
ing up near Timor. Slippage and plate subduction
make this region highly seismic. The volcanoes of
Krakatau, Tambora and Toba, well known for their
violent eruptions, are byproducts of such tectonic
interactions. In addition to the Sunda Trench, the
Sumatra fault is responsible for seismic activity on
the Island of Sumatra. This is a strike-slip type of
fault which extends along the entire length of the
island. The Burma plate encompasses the northwest
portion of the island of Sumatra as well as the An-
daman and the Nicobar Islands, which separate the
Andaman Sea from the Indian Ocean. Further to
the east, a divergent boundary separates the Burma
plate from the Sunda plate. More specifically, in the
region off the west coast of northern Sumatra, the
India plate is moving in a northeastward direction
at about 5 to 5.5 cm per year relative to the Burma
plate.

Data about the earthquakes

The 26™ Boxing Day 2004 earthquake occurred with
a starting point of the hypocenter located at 3,316°N;
95,854°E. The reported mechanism by the Harvard
tensor moment solution was thrust type. Then the
ruptured process has extended to the North for about
10 minutes and according different models (Wahyu
Triyoso, 2005; José Fernando Borges, 2005) the area
of the surface dislocations covered more than
337 500 sq. kilometers. The depth reached 33 km.
The initial aftershock’s behavior confirmed this di-
rection of dislocation. Almost two-three months af-
ter the main event, all aftershocks covered the north
part of affected area, thus suggesting the highest
probability to expect the next strong event located to
the south. The thrust type mechanism, the great
magnitude, large area of surface deformations, the
activation of the underwater deposits slides and the
displaced water volume are the main factors leaded
to the giant tsunami spread across the Indian Ocean
and brought so much victims and destructions. The
earthquake of March 28, 2005 (M~8.7, depth down
to 33 km., coordinates 2,074°N; 97,013°E) was prob-
ably triggered by the dynamic stress loading caused
by the 26 December 2004 (M9.3) earthquake. The
March 28 earthquake occurred — as a result of thrust
faulting — on the boundary of the Australian and
Sunda plates. It was caused by the release of stresses
when the Australian plate subducted (and perhaps
rotated) beneath the overriding Sunda plate. This
interaction results in convergence at the Sunda
Trench and involves local movement, with a total
area of displacement of about 63 750 km?2. The shock
was located to the south of the ruptured area of the
first strong seismic event, and thus could be consid-
ered as a giant aftershock.
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The data about the maximum heights of tsuna-
mis and observed strong earthquakes in the region
have been compiled using different sources. This
information shows that this area is strongly seismic
active and frequently produced tsunamis (Murty,
1977; Tinti, 1993). The maximum observed heights
are connected with the 1883 Krakatau eruption and
affected Batavia (at present Djakarta city).

A comparative analysis

Such great earthquakes (magnitude greater then 8.0)
do not occur with great frequency on earth. Great
earthquakes occur on the average every ten years. In
the 20th century there have been about a dozen earth-
quakes with magnitude greater than 8 that can be
characterized as great. For two great earthquakes to
occur so close to each other in time and space — as
the 26 December 2004 and the 28 March 2005 events
— is very unusual. However, the northern segment of
the great Sunda Trench is a seismically unusual re-
gion of the world, characterized by very active inter-
action between the Indian and Australian tectonic
plates and the Burma and Sunda subplates of the
Eurasian tectonic block. Both of the recent earth-
quakes had their epicenters near the triple junction
point where the Indian, Australian and Burma tec-
tonic plates meet. Triple junction points of tectonic
plates, particularly in areas of active subduction, are
some of the most seismic areas of the world — capa-
ble of causing great earthquakes and tsunamis. The
1960 Great Chilean Earthquake and Tsunami orig-
inated near such a triple point tectonic junction.
Usually, when a great earthquake occurs, most of
the stress is relieved and another great earthquake
may not occur for many years in the same region.
However, this is not always the case, as dynamic stress
loading can accelerate the occurrence of another
earthquake along an adjacent seismic zone. Some-
times the opposite occurs and the release of energy
on one segment, may also release stress on an adja-
cent seismic fault. In this case it appears that the
process was accelerated rather than delayed. The
summary of all investigated parameters are as fol-
lows. Both seismic events have very similar characte-
ristics (magnitudes — 9,3 and 8,7, depths — 30 and
33 km, mechanism type — thrust). The differences
are connected mainly to the ruptured areas (lengths
1200-1300 and 350-400 km, widths — 270 and 170
km, volumes of displaced water — 210 938 and 20
719 km?®), average water depth, the supposed under-
water slides and the tsunami parameters — maxi-
mum observed run ups (37 and 4,7 meters) and the
displaced water volumes. It is visible that the maxi-
mum run ups H,, are of one order difference and
the displaced water volumes have the same differ-
ences. So, the reasonable explanation is connected
with the presented model and due probably to the
displaced water volumes. These numbers depends
mainly on the average water depth in the areas of
bottom displacements and their sizes. The energies



released are 3.35x10'® and 1.11x10'® respectively,
which means 1/3 to 1/4 and depend on the magni-
tudes.

The geodesy data and limitations

The use of geodesy data (and especially the GPS
data) in the case of the two big Sumatra earthquakes
is rather complicated because of the several reasons:

— the biggest displacements have been located
underwater;

— the observed displacements on the surface have
been located relatively far from the earthquake sourc-
es;

— the used models have different assumptions
(all of them trying to fit the observational data) which
lead to different results.

To avoid these differences several methods based
on geodesy have been suggested to eliminate uncer-
tainties:

— The Scripps scientists with their Indonesian
counterparts at the National Coordination Agency
for Surveys and Mapping in Cibinong, West Java,
measured the shift in position of GPS stations whose
locations had been accurately determined prior to
the earthquake. They have been surveying GPS mon-
uments in northern Sumatra and Aceh provinces with
colleagues from Indonesia since 1989, with the last
survey conducted in 2001. The surveys to study the
process of oblique plate subduction provided with
an invaluable record of observations prior to the great
Sumatra-Andaman earthquake. They mobilized
quickly after the earthquake to re-survey these mon-
uments. The Indonesian surveys were completed
under extremely difficult field conditions in the re-
gions of greatest devastation within several weeks after
the event.

— Finally, the researchers compared satellite im-
ages of island lagoons and reefs taken before and
after the earthquake: changes in the color of the sea-
water or reefs indicated a change in the water’s depth
and hence a rise or fall of the crust at that location.

The average motions measured prior the great
earthquakes have been estimated according the long
term measurements. The results about the long term
crustal displacements and deformation patterns in
South East Asia in average reached 4-5 cm/yr., de-
termined by GPS campaigns conducted under the
GEODYSSEA and SEAMERGES programs since
1994 up to present. (http://track.sfo.jaxa.jp/en/con-
tents/news.html). They show a rigid plate, moving
independently from Eurasia, with deformed bound-
aries. Residual vectors near the boundaries are usu-
ally small (< 3 mm/yr) except in north Sumatra where
the 6 mm/yr residual pointing inland (at station
MEDA), indicates “high coupling” with the subduc-
tion. This is in contrast with South Sumatra and Java,
where residuals are smaller. This is probably related

to the changing obliquity of the subduction and fact
that the dipping angle becomes almost 90° in Java.

Even after such approach the different results
have been still under discussion:

The coseismic displacements have been modeled
by different teams and different results have been
obtained. The most promising are the comparison
results concerning the measured motions (horizon-
tal displacements and vertical subsidence), because
they are much reliable then the models. According
to them the main tsunamigenic source of the 26/12/
05 event has a rectangular form with vertical sub-
sidence reaching — 1.5-2.0 meters and vertical up-
lift to 3.5-4.0 meters and 350-400 km length and
about 250-300 km — width. This model coincides
well with the moment tensor solution given by Har-
vard and follows well the surface GPS measurements.
Much more interesting are the results of the GPS
measurements very near to the source. They show
the co-seismic displacements due to the 26 Decem-
ber 2004 mega-thrust earthquake. All displacements
point to the direction of the earthquake epicenter,
and decrease as the distance becomes larger (but are
still about 0.5 cm at more than 3000 km distance).
The right panel zooms in on the SEAMERGES GPS
network, which mainly consists out of permanent
GPS stations maintained by Chulalongkorn Univer-
sity, DEOS, DSMM and BAKOSURTANAL. The
campaign GPS sites in Thailand were observed by
RTSD at the end of October 2004, and again in Feb-
ruary of 2005. The GPS network, concerning the sta-
tions in Phuket shows the largest displacements. This
is because the island of Phuket is almost directly in
front of a patch of the ruptured zone where the slip
was very high, between 20 and 25 meter. This patch
comes out clearly from the slip inversion based on
the GPS results. Also the earthquake model predicts
that the largest displacements on land where between
20 and 25 meters, and occurred on the Andaman
and Nicobar Islands. The measurements there con-
firmed up to 16 meters horizontal movements and
up to 2 meters vertical uplift and down to -3 meters
subsidence (http://track.sfo.jaxa.jp/en/contents/
news.html).

There are as well as some data which are not easy
explainable may be due to the lower measurements
accuracy and/or the models used to fit the data. For
example the second earthquake on 28 March does
not produce so significant displacements measured
by the GPS stations in the same areas. Another inter-
esting fact is related with the larger (then expected
by the models) coseismic and aseismic displacements
registered on Sri Lanka due to the first giant earth-
quake. Both examples confirm that in such compli-
cated cases with large displacements located under-
water and low density GPS measurement network,
the results are difficult to interpret (Milusheva and
Ranguelov, 2006).
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Conclusions

When the 26 December 2004 earthquake occurred,
the Indian plate subducted the Burma plate and
moved in a northeast direction. This movement
caused dynamic transfer and loading of stress to both
the Australian and Burma plates, immediately to the
south, on the other side of the triple junction point.
As a result of this load transfer, the Australian plate
moved in relation to the Burma plate and probably
rotated somewhat in a counterclockwise direction,
causing the great earthquake of 28 March 2005. The
block that moved was relatively small in compari-
son. However, another great earthquake similar to
that of 1833 (magnitude 8.7) along the south coast
of the western Sumatra, is possible. That particular
earthquake generated a great tsunami. The waves
may have been as much as 10 to 15 meters on the
western coast of Sumatra. Luckily, most of the ener-
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gy from that tsunami was directed towards the un-
populated regions of the southwest Indian Ocean.
According to Carayannis the smaller tsunami gen-
erated by the second shock is due to the different
tectonic position, the lower energy (1/2 to 1/4 small-
er) than to the first shock and the thicker sediments
to the north (http://www.drgeorgepc.com/). Accord-
ing to our research and geodesy models the main
reasons for the first generated giant tsunami are the
earthquake ruptured mechanism, the great water
volume displacements, the large magnitude and area
affected (probably the underwater deposits slides
activated) and the velocity of the rupturing process.
The second earthquake generated much smaller tsu-
namis. They are due to the shallower water (the earth-
quake epicenter located just near the Nias Island)
and smaller area of displacements covered by the
smaller volume of ocean water.
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IlyHamMureHeH NoTeHIAAJ HA JBeTEe CUJIHU 3eMeTpeCeH s
kpaii Cymatpa (26/12/2004 u 28/03/2005)

Jecucaasa Muayweea', Boiiko Panzeaos?

Pe3rome. HanpaseH € cpaBHUTENIEH aHAJIU3 OTHOC-
HO LYHAMHUTCHHHS MOTEHIUAJ Ha BETE CHUJIHU 3€-
metrpecenus kpait Cymarpa (Manonesus) npes 2004
u 2005 r. Pasmienany ca TEXHATE TEKTOHCKHU I103U-
LAY, CIJIaTa, PA3MOJIOKEHUETO HA EHUICHTPUTE U
XUIOIEHTPUTE UM, ABJIOOUYMHUTE, MPOIECUTE Ha
pas3joMsBaHe U APYIH MapaMeTpy UMAIIY OTHOIIIe-
HUE KBM IIPOIeca CBbP3aH C TeHEPUPAHETO HA 1IY-
Hamu. [TbpBOTO 3eMeTpecenue ¢ MaruuTyn 9,3 npe-
JIW3BUKA OTPOMHM TPAHCOKEAHCKU LIyHAMH, KOUTO
B3emart noseue oT 200 000 xepTBU, IBSIBAWKH CE€ TIO
TO3HU HaYWH €JIHa OT Hall-rpaHIMO3HUTE KaTaCTPO-
¢u, croJierTem YoBeueCTBOTO. BropoTo — ¢ Maruu-
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Tyn 8,7, pa3noJIoKeHO MO Ha FOT, MPEeIU3BUKBA OT-
HOCHUTEJTHO MaJIKa BbJIHA IlyHaMHu (KOETO € aOCOJIFOT-
HO HEOOHMYAKWHO 3a 3eMETPECEHHUs C MOJ00Ha CrJjia),
HO reHepupa TeXKH pa3pylieHus Ha ocTpoB Husic.
AHaJIM3BT ¥ MOJIETIUTE B3 OCHOBA Ha T'e0J1e3U4eC-
KUTE U3MEPBAHUs, IOTBBPXKIABAT JaHHUTE OT Ce-
MU3MOJIOTMYHUTE U FeOIMHAMHUYHH YCJIOBHs. YCTa-
HOBEHM ca MpUYMHUTE (IIpeJIOKEHA € XUIIOTe3a),
3a110 OJIU3KM MO CHJIa 3€METPEeCeHHs] reHepupaT
(n11 HE), ONTACHM IyHAMH, KOETO € OT U3KJIFOUUTE-
HAa BaXHOCT 3a 3alUTaTa Ha HACEJECHUETO U KO-
HOMHUYecKaTa MHQPACTPYKTypa Ha 3aCTpaIlICHUTE
CTpaHH.



