msulasuulseglinuiun/fentansenlsznalng Taalifeyanimssdasnszuufidasiumis
(ANIRA) LATMTIATIZHANMUIATLA

AN,

mainlaneand  neRanssdiang

A9 ﬁﬂ“ﬂ‘iﬁ]ﬂd%’r’ﬂf}% 188

Avdvrssginnanzimine sy

011540



CRUSTAL DEFORMATION IN THAILAND USING GLOBAL POSITIONING SYSTEM (GPS) DATA
AND STRAIN ANALYSIS

A ﬂ“ﬁ@%ﬂq’}ﬂ“’i

wma Degree of Master of Science Program in Earth Sciences

AR THIEI N4

Chulalongkorn University
Academic Year 2008
Copyright of Chulalongkorn University



Thesis Title CRUSTAL DEFORMATION IN THAILAND USING GLOBAL
POSITIONING SYSTEM (GPS) DATA AND STRAIN ANALYSIS

By Miss Sarandhorp Bamrungwong

Field of Study Earth Science

Thesis Principal Advisor ' ¢ 3 chen Satirapod, Ph.D
Thesis Co-advisor S

Accépted bythie Gac) clience alongkorn oni ersity in Partial Fulfillment of

the Reguirements for,

of the Faculty of Science

TR R R R R TR ANAAAeanaan el 2Si< Principal Advisor

erd D.)

‘¥
vvvreee. Thesis Co-advisor

~ (Assistant F'mfeéor Somchai Nakagadungrat, Ph.D.)  GLF

RN TEN N Y

(Assistant Professor Nopadon Muangnoicharoen, Ph.D.)



Fass thyaned © mawlAsuwlsspliauiufantantenlsmalng Tanlddeyanisasasin

SINFEULRAAAIUMYY AWI8R) uAZNIFIATIZHAUIATEA. (CRUSTAL DEFORMATION IN

2547 Taw1idayadayanisnsiafnagnas witls @ian) uazniramziaATER 9NGY
fl#Anmeyanaindens vt UL dayaie A 2537 — 2549 ldan

I1glf samri

w:'l'.'iﬂf"mn'l'rmmnﬁnﬂmiz.unmnunnuuuunﬁan WFARzusendoavile-neiuan@oald Jadl

43 mz:rm:ﬁmm;z::::z:t

Tugy Fafdandng q'muunu‘lw:'luuﬁmﬂuymnu'lmﬁmua uruulwalngy

Y WIANN I U u‘mqwmaa

mn-ﬁa sEUINE ABTBTTRR.. T e —— .
f1111  lanArand aBiieTa 8 MBNE I TInuEuEn. A S
nsfAnm 2551 anilede 8 M BnsAnentinugio. . N A5 A o

ATINABAARS




##487 2608323 :MAJOR EARTH SCIENCES
KEY WORD: CRUSTAL DEFORMATION / STRAIN ANALYSIS / GPS

SARANDHORN BAMRUNGWONG : CRUSTAL DEFORMATION IN THAILAND USING

HAMA BA 0. ;_
The objective of 1y b Kk, especially Thailand, deforms

before and after the Sumat daman 200¢ 0a mg GPS measurement and
strain analysis. The stu ad d3 eled betwee! ‘. n, om 6 regional GPS sites
consisting of Phuket, Chugiporngd Chionk ‘ f ea)| S . u, ampang in Thailand, and
one GPS site from the northe

During 1994-2004 befgfe mega ",i s on the December 26, 2004, it was found that
Thailand as the whole area had w P horizo ---:"_ i a = same rate to the east with the
average rate of approximately 33.2 :|: A& ‘ : . The horizontal strain rate was found to
be less than 30 nanostrain per year; Wiicl

showed the similarity is-

- However, this horizontal strain rate
gaing fault. Alie e mega-earthquake, it

3 f e different rates. It was
ion type in the direction of

caused the change *t‘-"r_
also found that Thailand the princ

northeast — southwest. The strain rate tensors were agreed with the movement of Sumatran trench.

In addition, t ocities and strain
rates pattern il ﬁ aftershock of the

megaaearthquak
ent Geology Student’s SIONAIURE § It iresivsmmsantssnisasimsaiirinssagis
Field of study : Earth Sciences Principal Advisor's signature : .

Academic year : 2008 Co-advisor’s signature : .



ACKNOWLEDGEMENTS

This thesis is based on the M.Sc. program carried out under the
guidance of my advisor Associate Professor Dr. Chalermchon Satirapod, Department of
Survey Engineering, Faculty of ‘a"n.i[ 5./ Chulalongkorn University and my co-

L

advisor Miss Boossarasiri ‘Thana, Depariment” g

eology, Faculty of Science,

Chulalongkorn UniversitysBi Chalermchon guidEasME willupatience and enthusiasm for

sroviding all knowle

approaching my study logically edge of the field and completing

thesis. Miss Boossarasiri als® ave me preécious su; o stion throughout this thesis work.
A AN
| am indebted to the Roya ai' Survaey Departmer and Dr. Wim Simons of Delf

University of Techalog fed mé all ata. | have a deep gratitude

towards Professor [ ﬁm Research Institue,

Kyoto University and Prg S50 ichin Hashizume far expanding my knowledge and

a lot of ideas. My ia 5 10 Associate
o 4

.j' : pen,
‘_m mitt

ssor Dr. Punya Charusiri,
Assistant Professor D INg ,,_.

L Assistant Professor Dr.

Somchai Nakapadungrat, Fhesis, Evé embers who contributed to

o T
o 8
GRG0 x

& Dy

improvements of my

g
=

-

t Chabangborn and Miss

<IN
Thanks are alSe €xtended 1o

N

Wasuntra Chairatwho gave me support and encouragement. | gratefully acknowledge

- -
Dr. Surasak B ;‘_—‘ : o English in thesis
-nd supported wﬁn every stag S g my t studies. Last but not

least, | felt deeply agpreciated to my family, friends, and other persons that | did not

“HUYINYMINYINT
RN IUNRINYIAE



CONTENTS

Page

ABSTRAGT IN THAL ..ot ee oo eeeeseeseseeeeeee oo IV
ABSTRACT IN ENGLISH.............
ACKNOWLEDGEMENTS. ..
LIST OF TABLES........
LIST OF FIGURES... " W S o X
CHAPTER | : INTR
1.1

1.2

1.3

14

CHAPTER Il : THEOR
2.1
2.2 Basicldeag@bout Stialn. ... P . SRS |
221 P -‘E"f‘"""--u«i Mo 14

2.2.2 The Strain Efip :
gy ..3 o reme! -

Crustal D€fo Process:  Tectonics Theory.............

23

232 Control Segment...........c.eueeuervernrs. A
zasfﬂr&egment ........... 18

f LS RTINS

CHAPTER il : METHODOLOGY AND DATA USED... ol - - 22

9 M‘immﬂ'}'}ﬂiﬂﬁ El”

Data Collection and Equipment Used...

—
w

33 DIt PrOCESEING. o vssorssinssimesss s soysk s sassimansss istessseininy, S0
3.3.1 Calculation of coordinate time series from GPS

T LU= T 1= | =S~



wiii

Page
3.3.2 Calculation of VEIOGIY. ....ccccovnimrmiiicnrmesisrsisimsinsissosinsnes 21
27

%
m
e
z
B
w
c
@
5
8

4.1

s 8

3
4.2

4.3

8 8 ¥ 8 8 8

(]
-

=T
E BOXINg-ddy.

433 , {'; rthat

S 8

4.4 Discussio

-

hguake and the 2005 Nias
T 42
gring areas.... 44

43 45

444 Geotectonic of Thailand... 47

4.4.5% BNtonic deformation M obse T strain ellipsoids. .. 50

wfl ‘Hoﬂ%%‘i%ﬂ ’4ﬂ‘§w

Qﬁ?}gﬁﬁwwﬁmmaaz

CURRICHLUIM MITAE. .l i i o riatads s v i ia 64



LIST OF TABLES

Table
31 Location of GPS sites collecting data in this research...............
32 Availability of GPS data observed at fhaiThz S .vvvvn
41 + rate dufing thd peflogiof 1994 — 2004...............
4.2
4.3 nncipalstrainsdie at three months-after the'Nias earthquake...
44 ‘
4.5
46 7 sarthquake..........
47 /6F the dctivé fablts in Thai d pro faults across..
A1 Cossismic 2l padiseismic bebtTitigarithmic model parameters for the

two earthquake;

AUINENINEINg
RIANTUNRINYINY

I

9



LIST OF FIGURES

Figure Page
1.1 Topography, seismicity, main active faults, index of the geographical

2
2.1 4
2.2 5
2.3 5
24 6
2.5 9
2.6
13
27  Adetail of the 5
perpendiculafto it
form perpendicul ’E . PRSI |
2.8 Typesufdefﬂnnatfnn 0ssibly he i rvrosrrsnsessanare 1D
2.9 #’1 : 17
2.10 St Srgnatorerrer - .3'% SR |
3.1 : i r'!:- MG GiRs DR
3.2 GPS Sites i Thailand and northern Malaysia used in t tudy 23
33 The GPS stail tworks... 28
" BB RIS INT
@ m

4.2 Post-seismic time series in F‘rth (a) and east (Ehdirection due to thellL/

N WAt AL

§4.3  Velocity vectors of GPS sites during 1994-2004. .
4.4 Velocity Estimates (ITRF2000) in Thailand (1998-2002)...........cccccveevnn. 33



Figure

4.5

4.6

4.7
4.8

49

4.10

4.11

4.12
4.13

4.14
413

4.14

Xi

Page
Velocity vectors of GPS sites at one and a half month after the Boxing-day
mega-arthquake........... 34
Velocity vectors of GPS s £ g - b) 6 months, (c) 9 months
and (d) one year aft : 35
Strain rate tensc a7
Strain rate ‘ aif month afteniiie Boxing-day mega-
earthquake.... A BRSNS, eereereeeeienennnnne 38
ths and (d) one year
41
43
transect
44
45
) simulate lateral-escape
tectonics. .. " 46
ive/Tallits s A 48

.

Strain @llifisoic
the statio
Strain elli

h!T'ﬁ  triangle from

A " " 50
i
id compared with calculated strain rate te 50r of a particular

o B ERTRIANT

rdunate Time Series of Lampang (ORTI) site..

aﬁﬁ’tﬁm‘i‘mﬁfﬂmﬂma Else

0-5
C6

Coordinate Time Series of Uthaitani (UTHA) site..
Coordinate Time Series of Geting, Malaysia (GETI) site......................c... . 63



CHAPTER |
INTRODUCTION

Despite the fact that the earthquakes happen around the world and cause many
hazards, researching into this field is stll difficult and not yet fully understood. An

earthquake is a rapid return of '_ st x‘fv, /u crust. The majority of significant
earthquakes usually occur at.the zones whict .- as boundaries between
tectonic plates in wheresgeformation is concentrateds

From past re ributed over the Earth's
surface. They tend lg Qf corging to the plate tectonic
theory, the Earth's

between the plates are aélive

1g plates. Boundanas
ges inthe middle of the oceans,
subduction zones i ocean trgnches oF motntain range: .\ ontinents, or margins
where the plates slide ast Bneanother Mast of the world's earthquakes occur at plate
boundaries.

Many researchgrs (e al., 2007 etc.) claim that it
is not well understood ho i _ an plate affects the tectonics
in Indo-china peninsula. Thaila o 5 a suit area for crustal dynamics studies,

:J"'" A
because Thailand covers witl s of the Indoc ninsula. Although Thailand is

not located at th B

ate he idéa as well as initiate
the study of the f‘ -

\.‘

11Statementan

R

near a{:twﬂaults normally deforms bsfore during and ﬁr earthquakes. Dpw-shcally

PICIEAL AR LINTLTACRE

a5 s
of points on the Earth's surface; ground tilt, linear and angular strains, and fault slip by

using Global Positioning System (GPS) measurements. GPS, as a geodetic
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measurement, can provide very accurate positions on the earth, at millimeter scale.

Thus, GPS can be an excellent tool to measure the active deformation of the crust.

70" 80° 90" 100° 10° 120° 130°
a > -

40° 40°
30° 30"
20 20"
10° 10°
o o
-10° -10°
-20° -20°

Figure 1.1 Topography, seismicity, main active faults,aNd.the approximate-
(absolute/| TRF2000)motiops-of the Eurasiap, Ingian, AustralianyPhilippine
plates and the South China and Sundaland blocks, respectively, near and in

SE Asia (Simons et al., 2007)
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The Sundaland block in Eurasian plate shown in Figure 1.1 including mainland
Indochina (Vietnam, Laos, Cambodia, Thailand and Malaysia), Sunda shelf, Borneo,
Sumatra and Java, is the southeastern extremity of the vast zone of Asian continent
affected by the collision between Indian-Australian plate and Asia. Previous studies

year eastward, small but noliceat a'Wwithin the block, the deformation is less
; ess, these little changes may
indicate an accumulatior asfic streds in the platerAnrattempt to understand such
geodetic movemen!’ 5 peets ailand which cover: de area of the Indochina
Peninsula, but slightly fac.aWay i a\active plate marginginto a somewhat stable

zone is therefore cg

dynamics study. In addition,
there already were g sgional aspect in this area.
Therefore, it is vefy intgfésting 1o g ar E Be el understanding the phenomenon in

Thailand region.

1.2 Objective
The objective of : ( portion of Sundaland block,
especially Thailand, deforms before and after 26 December 2004 Sumatra-Andaman

mi‘ g

iy

mega-earthq 2, whi

GPS measuremies

1.3Soopenfﬂ1aﬁsﬂgaﬁn —

Two periods ‘[ GPS data will be fooused and analyzed in this study. The details

) “"‘FT“J.L&J ANUNINYANT

2 After the Boxing-day meaa—earthquake Upto 2006.

A ALANL 3T UANINYIA

To gain understanding of the better characteristics of crustal deformation in
Thailand during 1994-2006

mega-ea l'ﬁ‘tcwakﬂ*. by USing



CHAPTER I
THEORY AND LITERATURE REVIEW

In this chapter theory and literature reviews which are related to this research
S _ ion 2. _:_},L..;;_ 7 :
tectonics theory. Section 2 -_ s s 2 hasir i bout strain as the path of finding
solution in this research. InSection 2.3, ﬁat used for data collection is

2 and/or volume of these

substances. Stress isdfe {drcg - plied to.material, the {ends to change its dimensions
while strain is th fess shoWn bythe material. The response of a rock to stress
depends on the typg 2o presstre, the t “mperature, the type of rock,
and the length of ti e | & subjecledglo the Slress. There are 3 types of
deformation in relatiofiShip Wi '

1. Elastic Deformalien --Strair i lional to stress. Rock will return to

original state if stress isT Jor2.2)

2. Brittle Failure lied, stress.is to a critical value,

Rocks &l or near Ihe urface {cold low pressureltead.fo deform by brittie

ruptu < différential movement on

|

qu?ﬁﬂ8ﬂ§W81ﬂi

Yield Point

ARAY AN R

ﬁ Elastic Deformation

Strain ——)

Figure 2.1 Brittle failure (Ritter, 2006)

either sid 3’ the fractu
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3. Plastic Deformation - Permanent deformation caused by flowing and folding at

stresses above the elastic limit at high confining pressure and/or temperature.

Warm rocks tend to deform plastically. (Figure 2.2)

W o

Rupture Point

Stress

ume when stress and strain

Continuous g

causes rock to buckle @nd ._:u A fold can be defined as a
bend in rock that is the regpo sormpressive forces, Folds are most visible in rocks

that contain layering. (Figt

antig

e
.......

TN - Y
AWOLAINFTT LW TINEING §
“IFigure 2.3 The regularity of fold structures can assist with interpolation. This diagram

shows the fold axial surface and the hinge line where a geologic formation

intersects the axial surface (Mclnerney et al., 2005).
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Discontinuous deformation can occur as faults form in rocks when the stresses
overcome the internal strength of the rock resulting in a fracture. There are several

different kinds of faults. These faults are named by the nature of the relative movement

of the rock blocks across the fault plane thus reflecting the type of stress that acts on the

Figure 2.4 Basic classification of fault types: (a) Normal fault, (b) Reverse fault and (c)
Strike-slip fault (modified after Jordan, 2006).
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Deformation of the Earth's surface is the result of powerful forces which move
ocean sediments to an elevation many thousands meters above sea level. Generally

speaking, the displacement or deformation of rock can be caused by a tectonic plate

movement.

Plate tectonics is a unifyin mpts to explain about the origin of
patterns of deformation in ¢ on, supercontinents, and mid-
ocean ridges. The theon n:--...-' e tectoni s conby veral ideas about continental
drift (originally proposed Wege o ermany) and sea-floor
spreading (suggested” origiaally oy Harry Hess nceton University). Two major

premises of plate te
1. The lithogp resting on a weaker

asthenosp

2. The lith plates that are in
motion witifresp@ct o one 2 and are confinua changing shape and
size. 1

The Earth's surface i like 3'mosaic o ates whil e moving. According to

plate tectonic theory, t created and consumed. At

oceanic ridge, adjacent plates di nr:r; her in a process known as sedfloor

spreading, the parentalitheory of platé tecto: adjaceni-plates diverge, hot
mantle rock ase ¢ behaves like a fluid

because of solid

-k cools, it becomes rigid
i
and accretes to the ‘ates. creating new plale area. These are {9wn as divergent plate

boundaries.

mﬂﬂm‘ﬂ I NN

plates bend and descend into the intéfior of the Earth in@process known as subiduction.

FRA T TR R R IR TR

er For the above reason, ocean trenches are also known as convergent plate

buundaries‘
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The zone between two plates sliding horizontally past one another is called a
transform-fault boundary, or simply a transform boundary. These large faults or fracture
zones connect two spreading centers (divergent plate boundaries) or, less commonly,
trenches (convergent plate boundaries). (Ryan, 2006)

AU INENTNYINS
ARIAINTUNNINGA Y



idges: ¢ Cross-sections

show details of typical plate boundaries. (Artwork by Dennis Tasa courtesy of Tasa

Graphic Arts)
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2.2 Basic Ideas about Strain

There are two classes of deformation, namely homogeneous deformation and
inhomogeneous deformation. In case of a homogeneous deformation, all parallel lines of
particles of material in the undeformed state remain parallel in the same proportion in

Any homoges ain, a rotation and a
ges the term strain as

apa of a body but do

translation. (Means,
deformation of rocks beg

not know the origina

As mentioned earlig glorns ;'. N or i ' id, is a result of stress

in an elastic solid, is gth of each line on the

body and describing how afljac Fi&_l}:} o th slid or sheared past each other.
(Means, 1976) Then strain can be flassified as{ gr Pluijm and Marshak, 2004) -
1. Contragtional:. '
2. Extersipeglresuiting in extension pfaregion—.J
\ 7 AX |
3. Strike-SHpsre horie

g or extension.

JJ-'

8 ‘E]ZETTL’IHEJ *’rm*:::;:

of the line in the undeformed state. Theg

RINNIYPNNIINYINY

(2-1)

ll'- ll
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where £ is the elongation and fd and f,, are the length in the deformed and
undeformed (original) state, respectively.
The stretch of a line (S ) is the ratio of its deformed to undeformed lengths:

(2-2)

(2-3)

increase in press afto fhe f a sa id th simplest example of
strain. This volume or dilation. The volumetric

strain or dilation ( 4} is ti

(2-4)

Fnrth e of convenience, infinitesimal strain is considéred so the volumetric

strain become F_

.II
i
B

ﬂusfﬁ%?ﬁﬁm

which x, nd z denote coordinate ‘,axes while u, v and w denote dlsplaoements in
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Then for quantities expressing shear (or called shear strain) the change in angle
occuring between two line segments that were originally perpendicular to one another.
Then
' taﬂ_'ﬂ' (2-6)

where } is shear strain and ¥ is angular ‘ﬂ"“f etime called angular shear.

"

Ve and anlicloCkwiSe shear strains will be positive.

Clockwise shear strains 1 , S
Turcotte and Schubert (2002)'defing the sfiear strain as one-half of the decrease in a

right angle in a solid through wHiCi'the sides Jf the tangular element are
rotated when it is defo / '

o
eq.

(-7)

where ¢| and #2 are the angles

e original rectangular

element are rotated. The sig convertiic ;_: 2d here makes w nNegative if the
original right angle is altered'to ar&eute angle. gineéering literature (Hibberaler,
1997), ¥y = 23_.,. is often u""""'"‘-","‘-_ metric strain, infinitesimal strain

equation is considered fo

L;, (2-8)

ARIAINIYNB1INYIAE,

or
_1fov ou
‘““z—'ﬁ' E;—a (2-10)
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Undeformed state
]
]
I
DT S~
I
|
ke
2z
B (2 — B Simple shear
il A\ |
Figure 2.6 An infinitesi Bl stale and deformed state
as A. Pure nd B. e r (modi r a publication of
Integrated n Progr:
If the amount ' irrotational deformation, the

distortion is

Iﬂ 1= ¥ m (2-11)
AUSINBREHEINT =
ISP I NHYEY

¢ =

(2-13)

2|
I
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Then 0, =2 @14
I 2 @
1 Ou

and By = 55 (2-15)

Because the stra s g sl gmmetric matrix, by singular value
decomposition it can e esente 35 et"clenthegonal eigenvectors, directions

(2-16)

2-17)

(2-18)

In the principal rain axis coordinate systemn, shear strain cofponents are zero. The

direction of one of th‘ pfifigipal axes of strain 45/

AUEINENINEINT

tan 26 = (2-19)

ammnimﬂmqwmaa

where Oisan angle between the direction of maximum variance and x-direction.
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222 The Strain Ellipse
In any homogenous deformation, particles lying on the surface of a sphere in the
undeformed state will lie on the surface of an ellipsoid in the deformed state. This
ellipsoid is called the strain ellipsoid. Like any ellipsoid, the general strain ellipsoid has

three planes of symmetry at right anglés 1@ one another. These planes intersect in the

three principal diameters of the ellipsaici, irections of these diameters are

Strain elli
an application ofsshowing ™t :

structure.

S as in Figure 2.7, can be

nd/or other geological

- U aANaNINIns

perpenducular to the shaaenmg direction, ﬂle normal faults an:h\}ms form

RSN INL.
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2.2.3 Strain Measurements
The surface of the Earth, which is continually being strained by tectonic
processes, is often a consequence of large-scale forces. Hence, the measurement of

surface strain can provide important information on fundamental geodynamic processes.

minimum polygon pute™Strain. Figure 2" Ws*the deformation possibly
happening when stre
For the long sually determined. The

velocity field is used to ent field.

Jii

represents point that measure displacement or velocity represented by black

arrows.
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2.3 Basic concept of GPS
The Global Positioning Systern (GPS) is a satellite-based navigation system
which is funded and controlled by the U.S. Department of Defense (DOD) and is now
only fully functional Global Navigation Satellite Systems (GNSS). To compute position in

231
The s 8 GPS satellites (on
September 10", f. approximately 20,200

kilometers in six circ _ |ch have approximately
55 degree inclination (ral@tivetolEartn's equator) and equally '. ed (60 degrees apar),
with four satellites egeh g2, This‘Gonstellatic vides the user with between

five and eight satellites

Foter 1. Dans 290

AR1aN ﬂ%%%%ﬂ@aﬁiﬂ A

Each GPS satellite continually transmits a signal which has components i.e. two
sinusidal waves (also known as carrier frequencies, L1=1,575.42 MHz and L2=1,227.60
MHz), two digital codes (C/A-code and P-code), and a navigation massage which
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contains the time the message was sent, an orbit information for the satellite sending the
message (the ephemeris), and the general system health and rough orbits of all GPS
satellites (the almanac). The carriers and the codes are used mainly to determine the
distance from the user's receiver to the GE'S satellites. (Figure 2.10)

| \
Figure 2 ,._.[.#F' gnals (Dana, 2000)

P T“\'\
232 Control Segme =

US Air Force monltuﬁ O-stations in Hawaill, Kwajalein, Ascension Island, Diego

Garcia, and Colorado Springs. whic ment of the GPS system, have a

,,!._w;
L1

d predict satellite
locations, syst ?{ C (S ‘ ospheric data, the

primary task fo-4r:

satellite almanac, and other ¢ i aster station, locating at

Schriever Air Force Basa (formerly Falcon AFB) in Colorado, uploads ephemeris and

°'““ﬁ“wﬁ ‘VIEJVl‘ﬁWEJ’lﬂ‘i

2 i3 User Segment

m'mm 9\ m R (1IN R

mh can be converted into position anywhere in the world. GPS is currently available
to all users worldwide at no direct charge. There are a number of the usage of GPS data
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such as navigation, positioning, time dissemination, and research. Plate tectonic studies

are also an example of research using precise positioning of GPS receivers.

2.3.4 Concept of Positioning using GPS Measurements

The basic principle of nsitioning technique is to use simple
resection by distances t coordinates. If the satellite
coordinates are assumed 6" b sy Can' be ﬂnputed from the navigation
message), the receive coore computed from the resection using the

measured pseudoranges. |Lit#€ asSumed that there i the pseudoranges, the
absolute coordi re £0nsidered asithe only unknow ameters. Therefore, at

least three pseudaj lve for three coordinate
components. As a maiffe dct) there aie many errors in measuring pseudoranges,
especially in mez . | :
the receiver. Hence the rgceive HASAS sidered as an additional parameter,
and a minimum of fo i n\.- solve for four unknown

parameters, three coofdinatés and the receivenc fset. (Satirapod, 2002)

\

AUINENINeINg
RN IUNRINYIAE
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24 Literature Review
Since 1990's, GPS networks in Southeast Asia have been established by several
projects such as GEODYSSEA (GEODYnamics of South and South-East Asia), GAME-T
(GEWEX Asia Monsoon Experiment Tropics) and SEAMERGES (South-East Asia

Mastering Environmental Research with GEadgtic Space technigues). Thus, there were

Southeast Asia under the framewerk o ‘ ¥SSEA program to reveal that a large
piece of continental li n---- ; - éilinsula, Sunda shelf and
part of Indonesia behavgs st adjustment of velocity
vectors obtained in a E t Sundaland block was
rotating clockwise With respect 19 & fasia arqu pole of rotation located at the
Chel & caled GEODYSSEA-GPS

4l GPS Service (IGS) and

southern part of Aus
measurements and adde
Asia Pacific Regional/Geodetic Projec ) 97/98 1o censtrain the motion of SE-
Asia within a global referghce ni%\qwgi un Hthat Sundaland and South China were
moving coherently to the ez I B the ‘bous ; _and that the eastward motion of

4 Y K e
India was compensated by the easStward daland-South China. In addition,

they indicated that Sundaland, iie; r he western and central parf of

Indonesia, constitulgd yiea st with respect to

Eurasia ata +*1Y‘—L ) ‘

Gorﬁldennggregmnai aspect, Vigny et al. (2003) usg GPS measurement

oL 10T B Tl o

that active 'ufarmatmn related to the n-:)nhward motion of India is distributed across

T AP N ARTATB RN kAP h 1

n‘nahun on the peninsula by using six permanent GPS sites which were established

in Thailand and had been conducted since March 1998. They found that the strain rate
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in the order of 10* per year, small but significant, existed in Thailand and estimated
velocities suggested that most of the Indochina peninsula was rigid.

After the incident of the 26 December 2004 Sumatra-Andaman earthquake,

Vigny et al. (2005) found that the is earthquake must be at least 1000

kilometers long and that non-h s required to fit the large
which were collected at
‘al. (2006) had analyzed
2 and islands in Indian

& observed at Phuket

displacement gradients re , d
about 60 sites in South
continuous GPS dale
Ocean. It was found
5f afterslip was different
from the co-seismic slif’ diglrigltion! [ Thailand,  Satire Simons et al. (2007)
determined the postSeisgiic displacemgnts’ t S gampaigns which collected
the data in January 2008 and F eBruary.20¢ yahd found that the earthquake had resulted
in the horizontal displacegien!s, wr jing from @3icm in the seuth, 9 cm in the centre, to
about 3 cm in the north'e ast yreover, the past-seismic motion due to
the earthquake had increased | 1€ dis; : the PHUK (Phuket) station.
For the following earthquake, e, Satirapod, Laoniyomthai and
Chabangborn (2007) found & impact that ake had. resulted in small
horizontal displa &qﬂ;;mmmm;mm:;ﬁ ¥ le
, —_— A ‘
According E'me finding in the above-mentioned p@caﬂons. the crustal
deformation in Thaiténijn the view of strain rate tepsor i st not considered. Therefore,

'““"”FT“TIET’T‘FI”E‘TTW“?W g1
ammnim UAIINYA Y



CHAPTER Il
METHODOLOGY AND DATA USED

The methodology as well as the data used in this research will be explained in

odology and the steps involving the

~lion 32 tion and equipment used are
T H » H :
;

3.1 Methodology -"—# M
After conv dat: o_' . R 11'\ at, the GPS RINEX files were

processed using thedGIPSY-OASIS |

inates for each GPS

station. To get the st > fensdrs i hofizor : tes, displacements and

L \\»l
ved displacements and
\ sors before the Sumatra-

—2004) and 1.5 months after

of each triangle which

the Sumatra-Andaman & wake and ever t after Nias earthquake up to
Figure 3.1 rits = flow chartof the research methodology.
November 2006. Figure 3.1 pre -"3"—_4 _ ogy

—frt:*w., :

AN

and'al

Figure 3.1 Methodological flow chart
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3.2 Data Collection and Equipment Used

The primary GPS data used in this research were kindly provided by the Royal
Thai Survey Department and International GNSS Service (IGS).

The GPS data obtained from the Royal Thai Survey Department (RTSD), which

In addition;™! == ' station (GELL "-'v"‘l“- oFIGS network, which is a
voluntary federati@
(GNSS station datz

purces and permanent

Ti station will fulfill the

gap in the southerr goe dlland. and fea 1"‘;
deformation ovegiifa ’\\
250 ml\\

W
-
=,

A8 dATalindng o

Figure 3.2 GPS Sites in Thailand and northern Malaysia used in this study
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Table 3.1 Location of GPS sites collecting data in this research

GPS Station Longitude Latitude
Location
Name °N) (E)
PHUK Phuket 98.304 7.759

BANH Chumporn : 10.61

Cho 13.121
15.384
14.901
18.335
6.226

Table 3.2 Availability o GH _ :'r'i"u VE t the Thal geodetic network sites

- C (8] P 18 ]

U TN

amamﬁuumﬁﬂmaa

(Note: B = BANH, C = CHON, O = OTRI, P = PHUK, S = SRIS and U = UTHA)




3.3 Data Processing

3.3.1 Calculation of coordinate time series from GPS measurements
After conversion of GPS raw data to RINEX files (standard GPS data format), the
RINEX files and additional data are processed by GPS Inferred Positioning System-Orbit

i . e | ¢ ‘-"'?“_‘; BT '_'_
The additionaluis ion-requiree fﬁf‘e&m by GIPSY-OASIS i

are the JPL preciser S, Infaemation . polar molion and earth orientation as well

as satellite eclipse ig jofl. iy Can Be downloaded from.Jet Propulsion Laboratory

2005)

easig step, @ dividual solutions avﬂlergad into one daily
covariance band maJnx (no correlations betwae;t different stations), after which the

:::m:ﬂ::m AN 1w} 113014 p

dlsplac nts. Therefore, a numbeg'of permanent Gﬂsfauﬂns from the w“aumal

IR AT

experience with mapping local networks in South East Asia (e.g. Wilson et al., 1998;
Simons et al., 1999; Michel et al., 2001) into ITRF has shown that if only regional 1G5
stations are selected the mapping may not always be optimal, and position and velocity
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errors may occur. Moreover, some stations may have been affected by nearby
earthquakes, and hence they do not always fit the linear velocity trend given by ITRF,
nor are official position jumps yet made available. To avoid the above-mentioned
mapping problems, a number of well-detaﬂninad global IGS sites are included in the

data processing. This is done to eslablish & - eformed reference solution, which is
not affected by episodic jumps il \J‘ 40F some of the IGS stations. In total,
IGS data from 31 stations -* ,,._ rieved r Baghfeampaign period from the IGS
databases (Beutler etaly19¢ owever, coordinatertime series in this research was

processed by Dr. WiF / arsity of Technology (Simon et al., 2005 and
2007) and Or. f/ ; \‘\\ Survey Engineering,
. \\-\‘~

To fit coordinajig time ser s-of data’b %\ \ -day megaearthquake
(1994 — 2004), these canfbe £s -wir through all ITRF-2000

Chulalongkorn Unives

-

mapped station coordinates a ,5‘ ials at each point in the

time series (Simon €l al. J200F). Whereas fitt e series of data after the
Boxing-day megaearlliuae, afterslih £VeniS gannot be dene using a simple linear

trend fitting as done wilh t ?’“"E sries f oxing-day megaearthquake
because of continuing defﬂnn Hon—Satirapod-et al. (2008) found that a Logarithmic

Jn .
decay function_ which he " F'! 5! (1991) can fit the
akes better. Then

al.
FIOStSEiSI'I'liG time Series due to the 2004 Meaa and 2005 Nias-eadhi
W Y|

the Logarithmic deéca of the sites as following:
(See best-fit logarithmic model pare

ﬂ‘LlEJ’ZI Wﬂ%‘l‘ﬁﬁmﬂ‘i &
WW EN drosivmen a0l

is co-seismic offset
a is the amplitude associated with the decay
Ty, is the logarithmic decay time
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3.3.2 Calculation of velocity

As the data fitting as linear during 1994 — 2004, trend line in each station figure
is estimated by the plotting software. The uncertainties of all velocity components are at
the 95% confidence level.

(3-2)

3.3.3 Cal :

After thal, thelraif i tiorizontal hias been calculated as 6 minor triangle
networks (as _ one, 1.5 months after
Sumatra — Andaman Earth (0,425 1 every t onth after Nias Earthquake
i.e.t=05,0.75,1,4.2

VEs i
FVEI VN -
v BFE
v . ON (3-3)
0, || ¥~
é.E AN, || 9E
aVN

M Eﬁiﬁﬂﬁiﬁi 5{1&1 18

In this research, the vertical positioning results does not show any detectable vertical
motions in Thailand as their values are within the vertical displacement inaccuracies.
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statio 15 -
E U

From calculated ﬂocity gradient taansasI Two-dimensional symmetric strain

= YR IHEIN S
QR B SR 6

2 8E ©oN oN

S {,‘ by 3 nearest
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Each component can be substituted as

& =—=t
== ap (3-5)
oS~ (37)
which Matrix E b Eigény /~ <ho d (3-9)
(3-8)
(3-9)

where 5'.“ and - -ar ] ' sion or exiénsion. Positive value
will be considered a8 Stior
In the pri +E strain axis 2ar straif) components are zero.
a¥

The direction of one o the prinmpal axes of strain can be computed using

ﬂuEI’JZLEIﬂQW 21173

‘E—E

ARIASAIDIAVIANGEL.

direction.

(3-1 0)



CHAPTER IV
RESULTS AND DISCUSSION

After processing the GPS data and calculating the strain rate tensors using the

g 27 Mov. 1994 and 25

During 1994 — 2004 @Il GP§ sités had Similarity.in echanging of position. The time
series of CHON s : 4.1, For other stations,

please see Appendi h in latitude direction,

to east in longitude di i alm ‘\\ slig
mm per year. Only Lampang (O .f'* > M d diffe e data had a linear trend
as the best fit to all sites :

tly uplifted, about 2 - 5

Figure 4.1 Sample of coordinate time series in the period of1994 — 2004: Chonburi
(CHON) site (Simons et al., 2007)
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4.1.2 After the Boxing-day mega-earthquake (between 26 Dec. 2004 and 6
Nov. 2006)
After the Boxing-day mega-earthquake, there was a significant movement all

over the region near the epicenter as well as in Thailand. Every station in this research

the time passed.

It was noted thalthe b

; oo@larch 2005, affected the

southern region of /e PHUK (and GET shown in this figure)
movement showed : ' e idates T : fil was perhaps a major
aftershock of the mega-garthglial post-seis notic 1 be fitted very well with
logarithmic decay functiofas ! ﬁ? :
0 b 0
.,L.._h—- ........ - A ST
% e ; Tas
a5 \\ e R R e cHoN
g.n. ........................................... - -
Sl
] A o
st e~
i) % .............. . « 3 é ....................................
U s b e R ‘-ﬁ .................. # ______ L ... <SR
-ﬂl 02§ Bs , g | j 0s | 125 15 11 "
q}ugﬂmmr Year (since 12/26/2004)

ANASDIAUBINENRE,

day and Nias earthquakes for Thai geodetic network sites. Solid lines are
best-fit logarithmic decay functions. (Satirapod et al., 2007)
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4.2 Velocity Vectors
From coordinate time series, the velocity vectors could be clearly illustrated. To

analyze velocity of GPS stations, the time series can be divided into 3 periods - the first
period is between 1994 and 2004 (before the Boxing-day mega-earthquake), the

421 sen 27 Nov. 1994 and 25
Velocity ’m\- coordinate time series of
Simon et al. (20074fbefdre thd Boxing ¢ Bgdes -'- It was found that each

station st-sputheastern direction. The

magnitudes of t erage of around 33.2 1.1

millimeter/year

Figure 4.3 Velocity vectors of GPS sites during 1994-2004
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The derived velocity vectors were also compared with the results produced by
Iwakuni (2004) (Figure 4.4) to be noted that they were very much agreeable as they

showed nearly the same direction of movement with the velocity 31 to 35 millimeters per
year.

nu N EIT’I‘“?WEETTFI?”“ )

The elocity vectors at nne;and a half mo&s were caiculateijs the

PERINTDTI NI

direction with greater velocity closer to the epicenter and gradually reduced further
away. The velocity at PHUK site was about 240 millimeters per year while that in ORTI
site, about 1800kms due north, was only about 40 millimeters per year.
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Figure 4.5 Velocity vectors & --,.', €5 € and a half month after the Boxing-day

X 'J
423 : Mar Eandﬁﬂw 2006)
las Earthquake, it was found that all GPS siatmns illustrated a similar

‘"ﬁﬂﬂﬂmiﬂmn

{Flgu 4.6)

Q‘W']ﬂ\'iﬂ‘ifu UAIINYIA
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(a) (b)
: [ ol
f— b ) UTHA 10 y
2. _ . > ol
al \\ / | -
‘. cHON '7 | // = CHOR
| i
« 19 \ 3
r \ -
L
’ : ' 4 Nk
> (] —
S o —=
(c) D qgir Y |
,';!-] "
- L .
i = g VPN Y . v "
» P 1 1_—:!';,1-;_;_1 g » X
N :
: : = 1
b - {
“ﬁ Q)

Figure 4.6 Velocity vectors of GPS sites at (a) 3 months, (b) 6 months, (c) 9 months and

(d) one year after the Nias earthquake
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4.3 Strain Rate Tensors

The crustal deformation was studied using the representative principal strain
rate within a triangle forming by 3 nearest GPS stations, in which the area inside of each
triangle is assumed to be homogeneous. Similarly, the analysis was divided into 3

a[%hmrun 27 Nov. 1994 and 25
J_
T ——

994 — 2004, Thailand's crustal deformation

periods.

4.3.1 Before the Bos

Dec.
During the
\ :ﬁ‘ 1"‘“ 35 significantly of extensional
'a,ﬂ_ and BANH site.
s agreed with the
PS data from GAME-T
Project between 1998 dnc nich purid that Thai ""'I.: had a maximum shear

patterns varied from
type in Triangle 2 (s
The magnitude is

research work do

strain around 10 — 40 nagostrain. Vear. Table 4.1 shows the value of principal strain
rate {Ef, and E;} which Wi 7 egative as compression,

and 0 which is an angle bet

Table 4.1 eriod of 1994-2004
LY

No. 0 1‘ (nano 0
(deg)

strainfyr)
1 | OTRI UTHA¢ |SRIS 101.2790 q:921&5 75 59| 61.2627
L e v e T e
3 A a. 13| | 4| -0es2
4 E%\ CHON | BANH _120.0413 13.0395 -3.2 91| 726971
S 101 \ 115
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Zoom in

} a - _lJ-,

R —

AL

| ——

Figure 4.7 Strain rate tensof€ during 1994-2004. Red Grossed arrow denote as

extension significance B
_H“ v

Boxing-day mega—earth@a& It was found that wtal deformation pattern in Thailand
had chan tf ﬂnﬁﬂﬂﬂl ﬂi?t& as the
eﬁensinnﬂnﬁnﬂe ’znﬂt - u st "di a gnitude of
approximately 0.3 microstrain per year (See Table 4.2). These are some noticesithat the

TRATIR IR HRAGHEARY

in the upper part of country.
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Table 4.2 Results of principal strain rate at one and a half months after the Boxing-

day mega-earthquake o

Position of Centroid £, £

No. Triangle Network LON LAT (nano (nano mi}
(deg) strain/yr) | strain/yr)

1 o [uTHA 202| -389| -45.7263

2 |oR |uTHA 994847 | 1477864 2 400 | -43.0052

3 |UTHA |sRis OI0LE240 | 144765 1 t8B|  -436 [ -30.5630

4 |utHa | cHow ' a8 | 13.0395 f 20 50.1 | -38.3504

5 |cHoN |sRis 01 497 possd | 29| 67.9045

6 |BANH |PHUK "" 998 f jf‘F“\ "" 504 | -16.3841

7/5N
e2

ARIAINIUHBIINYNE

earthquake
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4.3.3 After the Nias earthquake (between 28 Mar.2005 and 6 Nov. 2006)

The strain after the Nias earthquake also retained the same characteristics with

the period of one month after the earthquake. However, the magnitudes of principal

strain rate tensors were smaller (see Table4.3). When the time passed by the magnitude

become smaller. The direction angle of t

6, gradually changed course tg &

Figure 4.9 and Table 4.4, 4.5and 4.6)

ipal strain in the southern area, Triangle

western part of country. (See

Table 4.3 Results.a rate at th :r— ir the Nias earthquake
At a..::\
No. Triangle Net 6
(deg)
[om ﬂ:jrm-ﬁ‘“ a5 | s
2 |omi Band | 99.454 _- 146 | 248731
3 |UTHA |SRIS : -186 | -42.9051
4 |utHA | cHoN E 113 -316358
5 |CHON |SRiS -132 |  -58.6056
6 |BANH | PHUK -360 | -28.4160
Table 4.4 Recwlts G Dinclnal Shain rate ol i rhonibe ahoc Iha it
o s Hiniicigl Slansiais al s ¥GNIBs earthquake
. - i
m | I = 0
No. Triangle (nano (nano
¢ (deg) strain/yr) | strain/yr)
1 | Gh. : -47.8462
2 -21.6320
: S
7
6 [BanH |[PHUK |cETI 998330 | 8.2014 212 -23.4

-25.2392




Table 4.5 Results of principal strain rate at nine months after the Nias earthquake
Position of Centroid €, E, 0
No. (nano (deg)
strain/yr)
1 |OTRI 749 | -48.0249
2 | OTRI 118 | -19.9715
3 | UTHA -10.5 | -43.7360
4 | UTHA -4.80 | -29.3497
5 | CHON 986 | -57.2827
6 | BANH -16.2 | -23.4239
Table 4.6 as earthquake
" e |
(deg)
strain/yr)

1 |OTRI -5.99 | -48.1394
2 | ORI 102 | -189709
3 | UTHA 862 | -439189
4 | UTHA 38 4 -366| -288181
5 |CHON 34" 861 | -57.0453
6 |BANH 1@ 13| 224777

AUINENINEINg
RN IUNRINYIAE




Figure 4.9 Strain rate tensors (a) 3 months, (b} 6 months, (c) 9 months and (d) one year

after the Nias earthquake
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4.4 Discussion

Comparing before and after the Boxing-day mega-earthquake, the velocity
vectors before the mega-earthquake have the same east-south east direction all over
the country, which was caused by pushing of Indian plate that will be subsequently
ion 4.4.3, while after the mega-

earthquake, the direction of veloet ty veolors washahaed to the south-west. This is due
to the fact that Myanmar pl: : g ATpiing gt&r had slipped to the west
toward Indian plate. T -::nn‘cted-“!ar platelet was dragged

along with. However e crust is'hot alrigid body, the rate“ef displacement in each
the faster the rate.

In case of thafstraj Alysis, before the Boxing-day mega-earthquake the

observed strain rale tengfrs werg v '. mall (4130 nanostrain per year). It depicted that

: I \ \ e some value of the

strain rate showed (e grus| -= jeneous. Nevertheless, as the strain

accumulation releaséx gga-earthquake ¢ enge caused the greater strain rate

tensors more than 10 tigles of the magnitude béfore the mega-earthquake.

sarthiguake and the 2005 Nias earthquake

The Boxing-day r uake 26 December 2004 is ass

ated with thrust-

faulting on the inte Urasia piate whiclifias been continuing
subduction process, C t“ proximately parallel

to the Sumatran Wlﬂ'l lerior of the Eura late, the Indian and
Australian plates had ‘;mved toward the north-northeast with ve:ocrhes of about 30
O

millimete m DQJ : of : rj in that had
accumul Ell Al = over 1300

kllnmaters%ng. occurred on and very near the fau!t&anes of main shoc@vﬂme

ORI TR

separated from il by tens or even hundreds of kilometers. (USGS, February 2005)
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.| Boxing-day EQ &
DECEMBER 26 |

Nias EC '_M_Tiiif:j

Figure 4.10 Epicents

Subsequently not so long, *:_-'":"‘"* ke 28 March 2005 also occurred as

oblique convergenc ing on the interface of the

Australia plate afaeEurasia piate_As the Australia plate subducts Lédéath the overriding

11'

Sunda plate, the 'i. sartoward the northeast
relative to the Sun H

’ [}
plate and the stresses Which caused the earthquake were
developed at the Suﬂiﬂ trench. This earthquakajas likely triggered by stress changes

- ﬁ} n&‘mﬂmm Ak

April 2005}

that the both earthquakes might had come from the same event, ie., the Nias
earthquake was a major aftershock of the Boxing-day mega-earthquake.



4.4.2 Crustal deformation in Myanmar and neighboring areas

Although the results of principal strain rate tensors before the Boxing-day mega-
earthquake were very small as it could assume negligible. They were found agreed with
the results of principal strain rate tensors at Sagaing fault, Myanmar (Vigny et al., 2003)
(Figure 4.11). It was found that the wele

of (GPS sites in Mandalay, Myanmar had

Figure 4.11 Regional and Myanmar velocities (top) with Mandalay area transect
stations velocities (bottom left) and strain rates (bottom right) (modified
after Vigny et al., 2003).
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Comparing with the results of the principal strain rate tensors at Sagaing fault,
the principal strain rate tensor of this study at the west in Figure 4.8 were almost the
same direction as the direction of extensional type of the principal strain rate tensors at

Sagaing fault.

The work of Vig be further explained by the

comment of Van der ftioned that some of the

movement on faullE™BEcommofates translation oflarge Wedges of Asia relatively

1
130°

Figure 4.12 A sketch map of major structures in southeastern Asia. The large arrows
indicate the motion of large crustal blocks (modified after Tapponnier et al.,
1982 by Van der Pluijm and Marshak, 2004).
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The simulation (Figure 4.13) showed the development of the faults by a model in
which pushed a wooden block into a cake of clay. The wooden block represented the
rigid craton of India, while the clay represented the relatively soft crust of Asia. In this

model, a rigid wall, representing the mass of western Asia, constrained the left side of
' cific margin, remained unconstrained.
y, bounded by strike-slip faults,

the trajectories of maximum

rom W2 mmmzu ...

tectonics. A wooden blgck {representlngE Indian craton) is pﬁb&d

R RINAREARIEY

large slices are squeezed eastwards (modified after Tapponnier et al.,
1982 by Van der Pluijm and Marshak, 2004).
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444 Geotectonic of Thailand

Thailand is located in a part of the Sundaland block which consists of Vietnam,
Laos, Cambodia, Thailand, Peninsular Malaysia, Sumatra, Borneo, Java and the shallow
seas located in between (Sunda shelf). The rim of Sundaland block covers Sumatra and

and Eurasia Plate. Thailand. consists of 2 i ﬂeﬁ namely, Shan-Thai
block and Indochina biee addition, from the
geological evidences, 2 in the Cenozoic

age making the compre he right-lateral strike-

L] I:\X '~."
\\‘" \ , i.e. Si Sawat Fault
N _
ding Sagaing fault in
"-. aced Mortheastern -
1 4.14)

slip faults in Thailand
and Three Pagoda F,
Myanmar (Charusin et
Southwestern, i.e. Ranfng

ﬂ'L!El’J‘I’IEWI‘ﬁWEl']ﬂ‘i
Q‘Iﬂ']ﬂ*ﬂﬂ‘ifumﬂ']'lmﬂ']ﬁil
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;

e

Figure 4.14 Active faults in Thailand (DMR, 2006)
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Table 4.7 Summary of the active faults in Thailand and provinces that faults run
across (after DMR, 2006)

Fault Name List of Provinces
Mae Chan and Mae Ing | Chiang Rai and Chiang Mai

Mae Hong Son Mae Hong Sc '.Tak
A g

Mae Tha ,H;;ﬂ F”f}p d.Chiang Rai
Mae Yom = 'lu-a de

Mow jﬂr"_.-"fff ﬁixxx{h
R 77

Pua JFVI @'\\N E
utaracit_ fogaen —
Three Pagoda ‘rj Mm “&\:l\\

Si Sawat b'hl!' "'*Iﬂ?
Tha Khaek ' Jaki

Ranong

Khlong Marui .

4

ot

1. #hese cover the 22
! . ; I

provinces of Mae Ho -i.,[ , Chiang Rai, ang Mai, Lamphun, ur='! ang, Phrae, Nan,

Phayao, Tak, Kamphangpﬂel Uttaradit, Kanchanaw Ratchaburi, Uthai Thani, Nong
Khai, Nakho ni, Krabi
and Phang r\q‘ﬂ ﬂuﬁmﬂMﬁ from the
Boxing-day mega-earthquake which needfo investigate morg«in the field.

ARIANN I UAINYINY

Table 4.7 s 5"_
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4.45 Tectonic deformation from observing strain ellipsoids
Figure 4.15 illustrates the strain ellipsoids compared to the strain calculated from
pre-mega earthquake. This confirms that their relationship has the same pattern as the

movement of Sagaing fault in Myanmar which has been previously interpreted as being

a plate boundary between India and Sur daland Wigny et al., 2003).

1'3 '?";,ﬂ ansor of triangle from
¢ "'\' Figure 4.8)

the station ofORT;

b . ‘i

[ '.‘_;. 1 _’. "

=*-:" L

PN,
o e S

Figure 4.15 Strain ellip8oid gomps .

Similarly, Figure 486 jflustrates the ° pllipsoid compared with strain

calculated from post-seismic, it was found that this.Megathrust earthquake has also
A= A A

been sliding as sght-lateral obliqde faulting wt gable swith movement of

Sumatran trenchsassexplained in Section 442

- W

il RT3
RN el EREE

Figure 4.16 Strain ellipsoid compared with calculated strain rate tensor of a particular

- Fl';

triangle in Figure 4.9



CHAPTER V
CONCLUSION AND RECOMMENDATION FOR FURTHER STUDY

5.1 Conclusion
Thailand is a part of Sundaland hlock which is considered as a rigid plate

(Chamot-Rooke and Le Pichon, 1889 vever afier the mega-earthquake incident on

2gion near the epicenter which
was close to Banda Ace donesia. Thi earehave Sludied on Thailand movement
by processing the GPS : regiof PS site siisisting of Phuket, Chumporn,
Chonburi, Uthaithane 204 Lampang in Thallandy and the GPS data from a
station located in the pari of Male or both perieds of before and after the
sefore the Boxing-day
I the average rate of
approximately an 30 nano-strain per year
horizontal strain ralg'te andout part on the time,
dyanmar. After the Boxing-
in the southwest direction at
the different rates in each partghi 2 north to the south. The horizontal
strain rate tensors were the tion of northeast — southwést all

over country agréec ’ dtidition, these kinds of

results is also 7§f vith of t
that both Eaﬂhquﬂs mﬂﬁas earthquake was a
major aftershock Of the Boxing-day mega-earthquake. When {fie time passed by, the

13 f 0 it could indicate

magnitude of velocity®veBtrs and strain rate tBhdors ari gﬂi later, the pattern of

NI Tl e
ST s nendt.

l're results of the study just a coverage of the country area but it could not see in details
in some small areas that there may be some different deformations in some local areas.

Moreover, the size of triangle was quite large and strain was probably concentrated in a
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very small part of it so it cannot be indicated where the exact change should be.
However, a large GPS network for study about earth’s deformation may not yet
appropriate for Thailand because it does not have a lot of change in short time but study
only small area such as a fault is needed to investigate whether it is active is possible to

do by using GPS campaign.
As strain is defined as the shape qe alysis attempts to quantify
the magnitude and/or the orientation of the stra ' ks and regions using

the development of mathemalical-look | g@lyxis is to compare

results obtained in one ple 1other place Strain rate is a long-

term study that needs coatint tion is a long-term
change that may accumulaté encrt g the rupture points of the materials,
so at the weak point such as & slationships and statistics
should be studied in corglationWitirotiie: st ch zismology, paleontology,
etc. to understand the phe I eXar ple, relationships
between geologic structdres anc - observations of regional tectonic strain can
be correlated with potential/geo :FM ::-f Ble et al, 2003). Studies with
statistics upon the geological & i- CES, Su an obtain the history data of

strain accumulation, which may

ormipare with the strain accumulation obtained from

e

GPS measurement. These ma out the change from the

past to the present.
Furthermore, ' is used to
describe the ability of sir material to de or to flow so cali@'ﬂh&ulugy'. The

ultimate goal to study stralie or deformation of the Earth's crust is to understand the
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APPENDIX A: Value of Parameters

Table A-1 Coseismic and postseismic best-fit logarithmic model parameters for the two
earthquakes (after Satirapod, 2008)

0.9815
0.9970
0.9822
0.9977
0.9761
0.7726
0.9996
0.9996
0.9934
0.9983

12-26-04 1o 1" 0.8480

Ty ;’:ﬁ A
0.9757
0.9860
0.9738

254 T 0.3 0.7854

0002 79 09241
GETl,,,  03%29:05to 12-28-05 s 407.1 23 07436
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APPENDIX B: Eigenvalue and Eigenvectors

Eigenvalues and eigenvectors are interesting for at least two reasons:
1. The can be used to provide solutio

s to coupled differential equations.

(B-1)

(B-2)

or the tensor in the parenthesis to

or the eigenvalues is given by

] ®3)

4¥
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APPENDIX C: Coordinate Time Series during 1994-2004 (Simon et al., 2007)
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Figure C-2 Coordinate Time Series of Lampang (ORTI) site
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Figure C-4 Coordinate Time Series of Srisaket (SRIS) site
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Figure C-6 Coordinate Time Series of Geting, Malaysia (GETI) site
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