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CHAPTER |
INTRODUCTION

1.1 Background
Earthquake is is unable to control and
unpredictable when it rthquakes can cause large
damages in many pa c [ ing. ', h as the earthquake that
happen on 12 May 20 L weste China Jan Province killed more than
8000 people. | |
There ar rebound model and
the dilation source £ The ToMes Do\ » ‘ hat at a geological fault
between two moving : ( .} 3 3 S cks This theory supports
the idea that eart chanismis: ' .4 ectly re ‘ 3 to tectonic especially, active
e action of tectonic forces.
Energy release associat ith- mover clive faults is the cause of most
earthquakes. w22 -
The ea["thquake ' ase of energy in the Earth's crust
that creates sei i waves Th e _seismicity or seismic_activity ‘C an area refers to the
frequency, ty‘_ ) : J period of times. As
commonly knownme earthqual along udcticmzones on the ring of fire

(Figure 1.1).The occa{rence of earthquakes |n Southeast Asia coincides with tectonic

/0743060 110 1101\ 118 10 o i

Although Thailand has not been considered to& a seismically actiwountry
FRARIN TR U N B E
qbsolutely to be save from earthquakes because annals and stone inscriptions indicated
that large earthquakes have been recorded many times in several parts of Thailand,
magnitude earthquakes. Thailand Meteorology Department shows that the distribution

of most epicenters place in boundary of Thai-Burma, Thai-Loas, Burma-China and


http://en.wikipedia.org/wiki/Crust_(geology)�
http://en.wikipedia.org/wiki/Tectonics�
http://en.wikipedia.org/wiki/Active_fault�
http://en.wikipedia.org/wiki/Earthquake�

Andaman sea, those reveal that earthquake concern with major faults in this region

Peru-Chile mam‘:h

"9.3MwTsun . ¥ Lk “&m

2004 effegted in Thaila f \ s
SUBDUCT e t RE ;

Figure 1.1 Map of P |f oceaﬁieg; " howm subduel on zones on the ring of

fire. (Modified 5ﬂel'#h€7"/s andeys.com/Reports/041222.EQ.warning/
rkiiely ) -

050827, Deyo. E_(ﬂiflmi)'

Figure 1.2 Map of regional South East Asia showing earthquakes of different depths


http://standeyo.com/Reports/041222.EQ.warning/�

(0-800 km (http://umfacts.um.edu.my/gallery/index.php?menu=research
_details&cid=110).
(Figure 1.3).

There are two major faults in the

thern Thailand, including the Ranong (RF in
this study) and the Khlong Maru classified as the potentially active

fault by Hinthong (1997 re Ty T ting results. Earlier than that,

004 with magnitude 9.3 Mw
effected around the A V [ » and.nearby | A \ gulf of Thailand on 27-
28 September, c d of : 1.8-5.0 M power quakes make people
alarmingly and stigate the Ranong Fault
Zone. In this study, s ‘ a'cation of remote-sensing,

seismic data, TL - dating ineate; e faultand to classify fault segments.

The main purposes of ‘Ff;‘..sr "' aracterize of the Ranong Fault

(RF) Zone, in detail and to cla pﬁm pa ;9 ‘-:ﬁ : along the studied fault zone.
The main kno I d ge : 3 _ es tigation in this
study include rerio 'ﬁargi on

morphotectonic a'I -bses, Y S ner tihg results. The

prime goal of the output is to help design of building or large construction and planning

in order re e t| ut nsequently, the
results tlsiJe rch an :ﬁ ”ﬁ ﬁ

1. IdenUfﬂg characteristics of the R?nong Fault Zone

F RIRNT TALAAITNA Y

4 Estimating the paleocearthquake magnitudes and slip-rates of these fault movement.
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Figure 1.4 Map of Part of southern Thailand showing the location of study area
(A) Study area in Andaman Sea (red square), (B) Study area in main land

(purple area), and (C) Study area in Gulf of Thailand (orange square).



1.3 Study area
The study area selected for the present research is located within the RF zone. Study
areas consist 3 parts (Figure 1.4)

1. Mainland area bounded b |ati

s 9°0'0"N to 13°0°0” N and longitudes
98°0’0"E to 10°0°0”E to cover most Pr. n, Chumphon and Ranong.
'0"N to 12°45'0" N and

8.0'0” N and longitudes
95"30'0"E to 98°15;
The total stu study area is approximately

250-900 km far from B

1.4 Methodolo
) including:

upporting further steps of study. This
¥ i ol '." ;,'. 4 !
data is composed of rev u.tf::i: flires for s work, selecting topographic

maps, analyzmg geologlc 4.. c A*_

remotesensing _Im: Jrelated technical and

arthquake epicenters, acquiring

nontechnical docln
1.4.2 To iEpre _mc
The secon ‘ step involves remote-sensing interpretation. Commencement of the

stage is to,study the gn%cale usin igitally“enhanced satellite imageries and
IR KNI Tk

r Basi fort
is enhanﬂd Landsat 5, SRTM DEM, DEM from detail survey resolution 2 m. and

LTSN (M N I e

aenal photographs (1:50,000) and color-orthographs (1:4,000) for geomorphology

interpretation

evidence of active tectonic landforms.
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Figure 1.5 Flow chart showing the methodology used in this study.



1.4.3 To investigate Macroseismic

In this step , used three earthquake events that took place in Prachaub Khiri
Khan area of south Central Thailand on September 27 and 28 and October 8, 2006.

ined and investigated for the construction of the

These earthquake events were redetern

epicenters which happened in fﬂ; Y i the most probable location of the
epicenters .Including, ,_ s ‘ céhquake of these earthquake
events 7 7‘

1.4.4 To inter

Interpreted se in the RF zone were

provided by De 2 parts, 4 surveys in

Andaman sea are etermining lineaments,

i _:F“ -;.,J_
trenching. Then geological dataand-sample-ct

'*..- b

Dating is.the l 1%}; ples for dating by
) meth /s that of Takashima and

1.4.6 To do age-dating

Thermolumine&" 1CE

Watanabe (1994) ommencing table gol gical samples related to

active faults, treatment of quartz-enriched samples for dating, and analyzing both of

e‘”“'”'ﬁ'il?ﬂﬁ NUISNEINg

Iast step includes mtegra:lon of all the avallable investigated and surveyed

TRTES IS T TR

1.5 Research output
The clearly-defined segments of RF and the active fault map at a scale1:50,000

form the main output of this study.



1.6 A Brief Guide to the Thesis
This thesis provides an emphasis on tectonic geomorphology and

geochronology of the Ranong Fault Zone in succession of Chapters as following :

Chapter | mentions about an in

odugtion, objective, study area, methodology

Chapter Il notifies the regional ' evolution of tectonic plate in

southern Thailand. Active faults studies ' ] haiI@ investigations on The RF
zone area are incIM
Chapter 1] is i€ paciu : ed re » e- Ser ng vestigation including the

process of enhance Ntempy iC L3 ) ' ages, DEM data and aerial

stigation including the
process of Interview 3V > Conyeried Lo Ir ensity Sca R make intensity maps
: <han area of south Central

Thailand on October 8, Z 7 e I mechanical of these event.

Chapter V interprg jp aman area and Gulf of Thailand area

Chapter.VI provi ed to active fault evidence.

TeCtor”C geo -.eplnil-Yf:'.'ﬂulﬂlE'AIIIQ.-'-I-l-ll-lellg-l.'g-ti—‘i' v g " dences and ShOW
the sedimentary Taye sation:

] I
Chapter !' entions the uses of the dated sedimenta 1ges to approximate the
fault ages. "4 2

apter rfpar

T](—iﬁi%yﬁew r ﬂaﬂ ﬁstigations to
discuss qﬂcharac eristics of the

and neotectonic evolution.

Chapter IX is the conclusionﬁeduced from the‘fesult of study projectrésearch.

RNt iETRE



CHAPTER I
GEOLOGICAL TECTONIC SETTINGS

2.1 Regional Setting

Regional setting of the | st Asia has been accepted as the result

of the collision of the Indian ag and the Urasian plate seems to stop
its movement, while the | rthwards. This gave rise to the
Southeast Asian regionsmovee — CIOG’lee rotations«(Figure 2.1)These mentioned by

many researchers , 91; Dewey et al., 1989;
Rangin et al., 1990; I ) ackham, 1996; and Mathews et.

al., 1997) Cenozoi A' ' g o5 | ! ; oo t is tectonic process (Figure

‘ el KJ.' “
2.1.1 Structur. eoﬁgxﬁe}

The Southern Thai

nd e—--'- --. S the large-scale fold structures

with the major fold axis in the 19.1' th trend 8 {'some areas have been related to the

magmatism and metamorphiég;{ﬁ_géé:-r Y. he

/e created the mountainous area,

.-‘n Phetchaburi in the nc : ol so th. In the Western

- -

n Ths é?"t;rn fault traces

which extend:s

Thailand and the 4upp

collectively calledmhree Pagoo

trend. In the middle of southern Thailand, the structural geology is dominated by the

Ranonﬁﬂﬂ ﬁ%ﬂﬁ ﬁ o
of the y| E- \Wﬂ ult'ty :s.i lipifault zones with

ductile de rmation in Tertiary F|gur8*2 4). Accordmg&Watkmson etal. ( 2%) These

discrete fault zones.

3) lying inﬁ northwest - southeast

Geology of the region is depicted as a geologic map with scale 1:1,000,000 and
modified geologic map scale 1:50,000 of Prachuab Khiri Khan, Chumphon, Ranong and
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Bengal Basin
Indo-Burma Ranges
Thailand riff
Three F
Fault

Ranong Fault.

Gulf of Thailand

North Sumatra Basin —i—
uconia atfo:
HT = Himalayan Terrain Baling Provj
LCT = Lhasa-Cogen Terrain i
TB = Tanggula Block
1YS = Indus Yarlung Sutt

Metamorphiclc‘oreco plex (MG
(Late Oligocene-Ea ocene)

Bengal Basin (foredeep basg
- Approximate area of ba

M = Mongok gneiss MCC, 26-21 Ma |
DI-DS = Doi Inthanon-Doi Suthep MCG
26-14 Ma 4
BK = Bu Khang dome MCC 30-33
DN = Dai Nui Con Voi dome MCC, 28-24 Ma

\AW

Figure 2.2 Regio ] 12j0r tectonic sedimentary

500 km
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g5 / 12N

b Prachuap
/4 Khiri Khan

11N

S o

To°N  Andaman sea -

.ﬂh

Qhe . ('Eand Khlong Marui fault
zones.(a) Fault map, dark grey, metamorphic cores and granite outlines
stippled- We&f the RF- belonjm ‘fo'the Western Province and dotted-east

A - RA AL A L

Mlneral Resources, 1982 and basin outlines from Intawong (2006).(

ol gl i) AT

study area (in box).

Figure 2.4 Detall
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it consists of several units of metasediments and sedimentary rocks and few granite
intrusive rocks. Ages of the rocks vary from Carboniferous to Quaternary. Almost all rock
units were cut by the RF. In this thesis, the geology is explained only along and within
the RF (Figure 2.5 and Figure 2.6), based on the work of DMR (2005).

2.1.1.1 Kaeng Krachan | CP) covers most of the study area and

composed of gray pebble mudstoi \ a and sandstone of Carboniferous —

Permian period behaves centinuous /s o ‘ Ialn by the limestone of Ratburi

, grey, well laminated,
interlaminated with sz dstohe graine brounded, low sphericity;

brouned, low spericity

greenish grey, grey, ne ‘ ‘ Sl de asts are scattering, 2x3 mm.
in average size of qua
subrounded, low to moderate%sphm' i ed, exfoliation and gravel oriented

s I-J..I":"’Jﬂ-
near fault zone;-quartzite, hornfels and m

laminated,; lenticular fine air vith-guartzitic sandstone, fine

T

to medium grained, subrounded, moderately spheriticity; and.conglomerate lens near

the upper part thin toﬁh& bedded, mudstoneishowing cleavage near fault zone.

TR G

good sor@ medlum gramed thin bedded with Posidonomiya sp.

AR IS ARIRANTRAR .

%olomlte, grey to dark grey, massive, locally chert nodules, interbedded with sandstone

and shale with fusulinid.
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Figure 2.5 Geological map showmg%nentatlons and distribution of the RanGn§ Fault.

A RN Fradledtditad frita et

Sakae districts of Prachuab Khiri Khan province whereas the southern part

passes through Ranong and Kraburi cities of Ranong province (Modified

from Department of Mineral Resources, 2007).
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Legend
Sedimentary and Metamorphic Rock

E Alluvial deposits | Graval, sand, silt and clay ; beach and alluvail fan deposit

. gravel and sand

Alluvail deposits | Gravel, sand, silt and clay

se to fine crystalline,
| shale, with fusulinids,

aranite, and fine

i |
lj"

Figure 2.6 Expla n of geolog odifi from Department of

Mineral Resources 2007) showmg in Figure 2.5.

ﬂ'HEJ’JVIEWIﬁWEJ']ﬂi
QW’]Nﬂ‘iﬁlJ UANINYA Y

2.1.1.3 Triassic-Jurassic Sedimentary Rocks is distributed along the
shore line in the eastern side of the KMF. Rocks are marine siltstone interbeded

sandstone and with limestone lenses in some area.
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2.1.1.4 Triassic-Cretaceous Sedimentary Rocks expose around the
eastern side of the KMF. The rocks are non-marine shale, siltstone, and sandstone from
reddish-brown to red colors. In some area, cross beddings and ripple marks are
discovered.

2.1.1.5 Cenozoic sedi re young and semi-consolidated deposits.

and corals.

| Alluvial s

large sized massive

Resources, 2005).

Z.EA Structure

Within the stu@y&ea the physmgrapfwonssts of ten major structural domains:

Central R| ro g M ult Zone, and Ranong- Klong

Marui Fault Zone, Mergui-Malacca éhelf (Sunda Shelf)sand Similan Basini(Figure 2.7,
IR ’] M e ‘EMN L ’Bvaﬂ el ol
eposﬂed in Mergui basin beyond territorial Thai waters has the thickness more than
8,000 meter. Basement of the Mergui basin is granite, volcanic, and low grade

metamorphic rock from late cretaceous to late Eocene period.

2.1.2.1.1 Mergui Ridge
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Mergui Ridge is a longitudinal NE-SW trending, paleo-high structure, which
separated the Andaman spreading center (Andaman Basin) in the west from the Mergui
Basin in the east. The Ridge is approximately 70 km wide. The ridge is bounded to the
west by NE-SW trending steeply westward dipping faults (East Andaman Fault Zone),

and cut in the north by NW-SE Strike-sl' aults (Mergui Fault Zone).

d Mesozoic rocks, overlying

Mergui and Easte
Mergui sub-basins ang ness is estimated to be up

n (Polachan, 1988). Faults in

(2) Northdl ‘ ¢ fable' N-S trending  which

and affect N-S tr@jing half-graben basin
pattern. The NNE- SSAA/ fault is the conjugate fault of the N-S Mergui fault but almost

separa ely endin lon characterize for
former and rollovers characterize foﬂ'ater

9 m M ﬂiﬂé&tﬂﬂg Y]nEl’]ﬂ d

The Western Mergui Sub-Basin is the N-S trending half-graben, which lies

controlls openlngl the Cenozo

between the Mergui Ridge and Central High. The basin is bounded to the east by the
steep westward dipping Mergui Fault Zone. Over 3,000 meters of sediment were drilled

by the Trang and Mergui wells. Sediments in this sub-basin thicken eastwards.
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2.1.2.1.5 The Eastern Mergui Basin
The Eastern Mergui Sub-Basin lies between the Central High to the west and the
Mergui Shelf to the northeast or the Ranong Fault Zone to the southeast. The geological
structures within this sub-basin comprise a series of westward tilting N-S trending half-

grabens separated by a series of east-dipping N-S trending normal faults. Sediments in

O
The Central High'is a-complex édmg along the Mergui Fault

Zone, which is N-S tr i €l - area and bends into a SW

trend in the Souther '. : rid s.h- west by easterly and

westerly dipping nor I8 e -L- appeared to rise in Late

Oligocene (Pola ald 91, Be w;\o . fi and stop during Early

' ime, ‘ \ mail I, 2 : e reefal and carbonate rocks in the
Mergui Basin to be dgposi on th ' ! .

‘g basement high, bounded

to the east by a steeply e i=dif -,—u- =S ding nermal fault. This ridge has been

offset left-laterally by the NE-SWirending Raneng Fault Zone. Sediments deposited on

. half-graben NE-SW

The .?.",-;

trending along thmianong Fau

Ridge and the Mer%w Malacca Shelf. Sedlments thicken southward and westward

tmrdﬁﬁﬂ’?"i’l&lﬂﬁﬂ&l’]ﬂ‘i
RIA NI INGIAE

Similan Basin, half- graben which lied in north — south trending and link up to

ojgle rogh@s between the Ranong

Ranong Basin at the north direction. The total length of the basin is estimate at about 50

km and average width of about 30 km with deeply west about 2 km.
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2.1.2.1.10 The Andaman Basin
The Andaman basin was located between Nicobar Islands and Mergui Ridge,
north-south trending that start from northern Sumatra Island in the south and terminate at

Moetama bay in the north.

From accumulate \\ envirg an arrange the sediment from

oldest to youngest into 9 forme S( e 2.9) as follow;

vertically and laterally ur it the Yala tion. Data from fauna and flora
studies suggest t ‘ d Yala. orr ‘-A ns ir le Late Oligocene to Early

Miocene sediment.

The Yala Formation Sists 0 , ) bathyal shales and submarine fan
sediments. The Yala [ as (Benthic foraminifera and
glauconitic shale), e Ranong Formation. Yala

Formation that is Late Olig«

The Payang F | contains Mainly sandston@linterbeded with shales.. The

Payang Format s—Early—ivhocene—age—an: Sfifof ably by the Surin
e vl

Formation. Based-on fo madion is suggested to be a

shallow marine environment, which progressively deepens towards the top.

2 4 Tai Formatlow

W\ﬂ%% ﬁasement highs
inthe C aI and upper outhern Area of the Mergui Basm This formation is a reefal

Limestone. Phangha. This formatlor‘Fcorresponds to theregional unconforrryat the top

ammmmww Bhoehoife v

ormat|on is an Early Miocene carbonate build up, which was deposited in a shallow
marine environment.

2.1.2.2.5 Kantang Formation
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The Kantang Formation is Lower Miocene age (based on Paleontology),
consisting mainly of shales with minor sandstones. The Kantang Formation can be
correlated to the Payang and Tai Formations, which are similar in age but different
lithologies.

2.1.2.2.6 Suri =

The Surin Formation is equl

i

Payang Formation S ol ife S nd shellfragments, contained

within the Surin For was dep03|ted in a shallow

The Trang For jon cofsi - ales overl ng the antang Formation. The
Trang Formation is pie: o1 o8 wells.In the Mergui in. Abundant foraminifera
contained in the Trang ‘ jgest Middle: scene age sediments deposited in

lower bathyal, in the low ni )gressive owing to middle/upper bathyal in

foraminiferafor, 1:ate Mioc :-.1.-._....-.._-__-.-m.,‘,,,,f,g,,.,.g,,,.r shales . Based on

Y

foraminifera, emvifor ation'is interpreted the be

deep lower bathyﬂt the base and gradually che esito sﬂlower in the upper part.

In specific areas, de[:?snmnal environment of this formation is recognized as basin floor

deeptﬁumm‘;ﬂmwwraﬁ“
fining in‘the u iated in't indica gradational fan

lobe with d|stal channel fill in a lowenrfan enwronment

ARIANN I URNINYA Y




Figure 2.7 | ucturEge C ea (after DMR.,STS.

L

And BEICIP FRANLAB, 1996
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Figure 2.8 Physiographic map FHie Mergui B , Andaman Sea (Mahatanachai,1996).
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2.1.2.2.9 Takua Pa Formation
The Takua Pa Formation primarily contains calcareous, glauconitic shales with
abundant planktonic foraminifera, and occasional siltstones. The Takua Pa Formation
overlies the Trang Formation with an unconformable contact between the formations.

Palaeontology of the Takua Pa For

ion suggest that deposition in various

f the unit to shallower in the upper

Southeast Asia lay ably oriented in the NW-SE

direction. It was progr '

northward progress of India Jﬂfb"mherry A

Q-i'___. -_"

northerly orientation by the

e progressive rotation of Southeast

subduction led g | eﬂrmagmatlo arc (Lower
Cretaceous-Late cene) in Western Thailand and an aCo. lerated strike-slip motion
associated with the Je\ﬁpment of transtensiohal Cenozoic basins in this region. The

AU RS

Polacha tal., 1991).

VATH s e

endmg transcurrent faults, Ranong and Khlong Marui, exhibiting sinistral motion
(Figure 2.10). These basins are formed more and less parallel in the N-S direction as
grabens or half grabens. In addition, structural grain of the Pre-Tertiary rocks in this

region lies in N-S direction and influenced the basin trends (pradidtan and Dook, 1992



GULF OF THAILAND
Tranatensional dextral shear

“‘ -.‘U )
AT

Figure 2.10 Structure map of Gulf ofiThailand showinﬁlationship betweerwnjugate
ARSLRIOEMA AR
Sakhon, (2) Paknam ua Hin, (4) North western, (5) Prachuab, (
Western, (7) Kra, (8) Pattani, (9) Chumporn, (10) Nakhon, (11) Songkhla,
(12) Malay (Polachan and Sattayarak,1989).

27



3
l
:
z
|
:
2
|
é

104 MY

E-Mid Miocens [l_ Mioc.- Qual.
R

- 24.5 MY

-—]
44 MY

Maximuam,
Apatke F.T.

Pre~Tert. |? Eoc.~ L. Oligo.

Figure 2.11 Generalised chronestratigraphic.summary of basins in.the.northern part of.the Gulf of Thailand
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and Packham, 1993). Hua Hin and North Western basins are bounded to the north by
the Three Pagoda fault and to the west by the Ranong and Khlong Marui faults. They are
formed as pull-apart basins by fault stepping of the Three Pagoda, Ranong and Khlong
Marui.

2.1.3.2 Basin Formatio

There is difficulty in « es_of Cenozoic basin formation in

Thailand because it has raphic controls throughout the

led to conflicting a ham (1993) summarised

the sequence of zoic basins in Thailand

as follows. Early ent of rifting and basin

formation induced b iddle Miocene. Relative

tectonic quiesce pansion of deposition

outwards from the i sible increase in dextral

shear with local basin {version angerosion, Gongurrent with sea level fall. Late Middle

Miocene. Inception of al lithospheric strain except

near active strike-slip nary. Decrease in tectonism,

lithospheric cooling, and marpe;trqns;gres JIn the Gulf of Thailand.
.;u"" rl"‘ﬁ::'"_- f“"‘:‘ ».l - -

..:l 2.1.3.2.1 General Stratig ,, vt_arn Part of the Gulf of

Thailand

General if of Thailand has been

ﬂti{; G;m
established by ny authors. Woollands and Haw (1976) separated the Tertiary
sediments_in the (ﬁlﬂ Thailand into threé cycles of sedimentation which are

b W ST WA T e o

Chmbun&brn et a1.(1989) divided the stratigraphy of Cenozoic basins in Thalland into

OV MR R TTEa b Ika ks

Qhanand into four units(Figure 2.11). Pre-Tertiary basement in the northern part of the
Gulf of Thailand, penetrated by several wells, compose of Permian carbonates,
Mesozoic carbonates, Paleozoic metaclastics and Cretaceous granite. Tertiary

sequences, unconformably overlying the Pre-Tertiary, are almost entirely non-marine
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sediments and the biostratigraphic controls throughout the Tertiary are limited.
Pradidtan and Dook (1992) reviewed the stratigraphy of the northern part of the Gulf

using Late Miocene unconformity to divide the Tertiary succession into two sequences,

Post-rift and Syn-rift sequences (Figure 2.12).

Deformation of ailand_throughout Cenozoic_Periot '. ‘sult of the collision
between the i £ eollision (Paleotectonic)
and between Ind@ plate and ure he second (ﬂsion (neotectonic). The

interaction of Shan T|?I and Indochina blocks&ate Paleozoic age is the reason of
main c n Thailand
(Buno ﬂ nﬁ ﬁﬂﬂﬁﬁmﬂ nﬂﬂﬂ i and faults are
Nam Pat, and Thoen-Long-Phrae Fatlts in northern Thailand and Ranong and Khlong
WHENTU NN INGA Y
The experiments with plasticine of Tapponnieir et al. (1982) are shown in Figure
2.13 They indicated many similarities between the results of their experiments and those

of the geology of the Southeast Asia. For instance, they proposed that the F2 fault in the

experiment corresponds to the Altyn Tagh Fault, and the F1 corresponds to the Red
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River Fault. The tectonics of eastern of eastern Asia would thus reflect the succession in
time of two major phases of the continental extrusion. The gap between block 2 and
block 1, which are compared to the southern China and the Indonesia, respectively
(Figure 2.12); would be analogous to the South China Sea, whereas the gap A, between

the rigid block and block 1, corresponds

he Andaman Sea.

four stages, related to

the northward movement ofsthe dr : ple to the Eurasian plate. It is

of Thailand had been openmg at 40=35 Ma
=Ly A

7 ) e
Stage lrﬁarly Ollgocene 16 Earl
|

y Miocene (32 £6/28.Ma)zend of the lateral Mea

in the Gulf of Thal lale
Oligocene, and omnued to Early Miocene. The northern Thailand basins probably

developed at this sta"e&e Mea Ping and Th@ Pagodas Faults changed to dextral
sense ﬂ \%rﬂ @sﬁhﬁ% ﬁarw ﬁﬂ ﬁﬁcaults became
S|n|stral
Stage [lI: Early to Middle M|£ene (23t0 15 lockwise rotation ofithe entire
AR T T DT v v
morth Sumatra Basin and Central Thailand Basins were still undergoing extension.
During 20-15 Ma, clockwise rotation of Southern Thailand and counter-clockwise rotation

of Malay Peninsular and Sumatra were reported. Inversion in the Malay and West Natuna
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111

Figure 2.13 Threeﬂccessive usion-te T ic model (IV to VI)

with pIasUcme experiment (plain view). In umlaterally confined experiment,

ﬂmﬁwmﬁiﬁ 130 19 e O

nd opengap 1, 1+2, 2 t%vSouth China Sea Andaman Sea, and Uheastern

A RTRITTITN MTTNYINY
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Basin, most Cenozoic basins in the Gulf of Thailand and onshore Thailand experienced
uplift and erosion that corresponded to a pervasive Middle-Miocene unconformity.

Stage IV: Middle Miocene to Recent ( <15 Ma): the counter-clockwise rotation of
Borneo still continued while rotation of the Thai-Malay Peninsular and Sumatra ceased,

and continued northward moving

Australia. North Sumatra had rotated

ion proceeded the orientation of the

jte motion vector. This caused

the dextral Sumatran strike-slip System, and ex@ndaman Sea region.
Extension . ',

Natuna Basins, wheieas the/Anda | | toward its present extent.

in the Malay and West

late-stage subsidence

According to the c¢ vergevht,.a‘.f-'r"'d ‘ ian plate in late Cenozoic,

.I“"J -

there were development 0 -South € Cenozoic basins of offshore

Vietnam, Cambodia and in No hern-Thailand Iso been attributed to movement on
‘_, l!..vi"..l.,-".l'l .r'-l".‘, § =
the NW-trending,strike=slip faults T‘ébpd’F\ﬁTe et 5 i offshore extensions of

Thailand. However,, Paci ic - orthwest but Urasian plate

almost still motionless while Indian and Indonesia-Australian plate moves to upward in

the north in the Ch"ra&r clockwise, all @Jt these were cause of continuously

~FHEARER IR

2.3 Actlve Faults in Thailand

AR ANAal AN Y

In Thailand, the first explanation on the earthquakes has been recorded directly
from annals or stone inscription and astronomy. At present, there are many earthquake

have been reported in Thailand, especially western and northern part of Thailand.
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However, a few researches have been reported, they have been more or less

concerned with structural geology and tectonic geomorphology of southern Thailand.
Nutalaya et al. (1985) first studied characteristic earthquakes and described

seismic source zones in the Myanmar, Thailand and Indochina areas. Twelve

seismotectonic zones were identified. Th

located Thailand within zone F and zone G

rom their report, southern Thailand

rs history. The foci and
iland and neighboring

171'|n;' F
_‘r‘f“‘x a"i . 'r .
Chuavirote (199 : | ; ts. - and and identified 13 faults

in Andaman Sea (Figu

including Ranong and Khlon Marui-—fau
-i' e\“'r" Jf'."'l

.r'-l".,,‘ i J -
iﬁsllp faults and mainly t

rend ih the no sthwest direction.

Faults were stri

India and Asia, a SUGQ ‘ istra movement, and at the

same time the KME'was dextral. However, in the middle Cretaceous, they commended

that the KMF was Sln"tr&s the Ranong Faul

ﬁrﬂ wn&%%w ’tac ique to study
geologlcqlstructures related to earthquakes in Thailand and neighboring countries. The
results are useful in determinin thg seismic source’zénes to indicate thMarthquake

oL ERE LK G Tja by i

q\ccordlng to this study, the Ranong and the KMF were located in zone G of their
seismic-source map.

Hinthong (1997) reported “Study of Active Faults in Thailand” and first produced

the active fault map of Thailand. Based upon geologic and geochronological available
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data, and with exclusion of the tentatively inactive and inactive classification, fault
activity can be classified as three classes namely, active, potentially active and
tentatively active. Basically, there are three major criteria for recognition of active faults,
namely, geologic, historic and seismologic criteria. Four classes have been proposed of

active faults in Thailand including, pt active, historically and seismologically

respectively.

n Thailand into three classes,

'@ed on results of morpho-
seen Classedias

tentatively active fault ,

namely active, pote
tectonic and TL d

except at Kraburi a

them to tentatively 4 ‘
After an accidi ' .'I:‘ arnk ] l er 2006 and 8 October

2006, Department of Mineral _:'— 00 .'_ Irrigation Department (2006)

reported the macroseismic |nv 7 '

.il ,.p"ri "-"i'l ___.-llr'f-r ij ——
d that the mosf"‘p'ngabfe‘T'o a i""“ > epicegnters are in the Gulf of

The maps indic

Thailand rathe

Mineral Resour d the Ranong and Khiong

Marui Faults with integration of data from remote-sensing, field.work, and TL dating data.

The result shows that‘)ﬁaults were sinistralﬁjke—slip faults and have the latest

atkinson et aI 008 ‘studied the k|nemet|c |story of the Khlong Marui and

Ranong Faults, southern Thailand. ﬁe suggested tHatthe Ranong Fault Was the zone
b Ul At b 1 o o) e

9|Ip shear complete before 87 Ma ; D2: medium to high grade ductile dextral strike-slip

shear after 72 Ma and before 56 Ma; D3: brittle sinistral and sinistral reverse oblique

strike-slip shear after 52 Ma; and D4: brittle dextral strike-slip shear at about 23 Ma.
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Figure 2.15 Teoti map of

movement, of the SE Asian crustal blooks in response to India-Asia collision
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AR RTIRENIR RN

Block (Charusiri el al., 2007).
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that the study areamlocated as blue box in ( The study area W|th epicentral d|str|but|on and RNF is shown in (C).
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Figure 2.17 Map of Thailand showing major active faults and quaternary age
dating results along the major active faults (Charusiri et al., 1998).

The study area covers within the fault line No.11.
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Pananon et.al. (2009) studied the project of earthquake hazard risk in Prachuab
Khiri Khan province and adjacent area. They can divided fault segment of Ranong fault
zone in Prachuab Khiri Khan area into 11 fault segments and have range of movement
about 4,500-16,000 years ago.

Kaewmuangmoon (2010) studie bout paleoearthquake investigation along

Khlong Marui Fault Zone. He divide d A , ult segments based on geomorphic

index and remote-sensing data and cc ; active sinistral fault .

The definition. o Ve laufls ies wi Wn proposal. Willis (1923)

defined an active fa gffault, Awhich, a slip is i occur in the future, and a

Albee and ive fault in a geologic
sense as a fault u entually break again in the
future. The activene \\ epends on the degree of
activity |

An active faul the historic movement
that shows evidence of re nt the trace phenomena

Cluff and Bolt (1969) sa d7 1ld be considered active if it has

A A

displaced recen aIIuvnum or o‘fﬁef'r'e"cenﬂfl FOrme whose surface effects have

not been mod *‘”? to an.appreciable extent by erosion = '
Allen et'al. {196¢ ed sufficiently recent
movement to displace the ground surface are usually Consi ed active by geologists

simply because the ggo&d surface is a very yvg and ephemeral feature. If stream

M INANG
“active’ st ied ting back into the Pleisto h, perhaps as

much as 100,000 years.

o Wrlgpdtta m@d BATNBAR
!io,ooo years, to the Holocene Epoch. This study adopted the definition proposed by
the United States Bureau of Reclamation that an active fault is the fault that has a relative
displacement within the past 100,000 years.

At present, methods for estimating future hazards of faults are deficient. The
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designation of a fault merely as active provides an inadequate indication of the
attendant hazard. Restricting of the definition of active faults to those having had
displacement within a defined past period of time, such as 10,000 or 100,000 years,
provides little assessment of the hazard. In addition, the adoption of different restricted

definitions by different agencies has cat confusion. An accurate expression of the

probability of occurrence of future di | ' ‘earthquakes generated, and of the

f active faults (Wallace, 1980).

The active fa iteg muwey (USGS), is a fault
ef ‘ m Faults are commonly

considered to be acii ' : f ‘ DI M S in the last 10,000 years.

that is likely to hav

physiographic province. Act|v

|-|_,f., ‘,.-‘.o" * .r' f-r p

sﬂfault act|V|ty Jexistand e of-the user to decide

:ﬁ;e “Holocene A 'has moved within the last
A

that all degree

“dangerous”. Th

10,000 years; “L uaternary Active Fault” — a fault that has meved within the last

130,000 yearS' and “@'uﬁrnary Active Fault” @ault that has moved within the last

1,600 % ﬁ gjsq ﬂha of the historic
magmtucﬁp or greater earthquakes in the Basm and Range province have occurred

on faults that did not have Holocene‘acnwty, furthermoréy earthquakes in thMovmce

el fedetbedd 117 V12T B
%lte investigations for foundations of nuclear power plants and research reactors (IAEA,
1988 and 1992; U.S. Nuclear Regulatory Commission, 1982.) states that a “capable
fault” is a fault which has exhibited one or more of the following characteristics:

Movement at or near the ground surface at least once within the past 35,000 years or



Table 2.1 Active fault rank, criteria, and examples in Thailand (modified after

Charusiri et al., 2001).

43

Rank Historic Geologic Seismologic ~ Examples

Active (AF):

Tectonic fault which displays a history of strong earthquake or surtace faulting in the past

hrae,Thoen.Pua.

A tectonic fault withont hisfori <t ce_offsef with cuprence interval sufficient to

picenters but with low
- signed locations.
e Tha, Mae Hong Son,
 Thtee - Pagoda.
Tentatively "w*._m—: 1‘.'" 'v
A fault with ins — cier ur e ce interval is relatively
very long or poosrly defined, or displatg an earthquake within 1.'5'[ 0,000 pyrs.

Data md1ca? fault evidences, but ev1de&$s may not be definitive.

AU TIOEIRGINT™

Payao. Nam Pat,

RIAINT UM THD R
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Table 2.2 Activity of faults in Thailand based upon age-dating data (modified after

Charusiri et al., 2001).

Era Period Epoch Yrs betore Fault activity
i Active tault is categorized
within one of these
C events:
1) Active- it one quake
E within 35,000 yrs,
or several within
N 100,000 yrs.
- Potentially active- it
O _one quake within
100,000 yrs
z Tentatively active —
it one quake within
O 500,000 yrs
Neotectonic fault
I (difticult to
_determine-active or
c

I 4 inactive )
—
A

(Paleo-)Tectonic fault

(or inactive )
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Figure 2.18 Index map of Thailand showing major active faults (Department of Mineral

Resources, 2006). Noted that the study area is shown as red box.
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movement of a recurring nature within the past 500,000 years; Macroseismicity
instrumentally was determined with records of sufficient precision to demonstrate a
direct relationship with the fault; and a structural relationship to a capable fault
according to characteristic 1) or 2) such that movement on one could be reasonably

expected to be accompanied by moven

on the other.
N )
In this study the writ 24 }ion of active fault following that of
Charusiri et al. (2001). My g é
2.3.3 Some thoug [ ’

of life, injury or damage. —_——

- —-::f:,‘l:i'r‘{;‘ - b i

According to various authors andiresearcher. ' iches to define active
A il |

faults can be disti

fefl - llatory definition. Those three
itions were discussed, based primarily_on its original definition

general technica

applications of
which was proposed;in Eoontext of a two—foWIassifioation of dead and alive or active
faults, ﬂ w ﬁpgca Whﬂ %ﬁ WUE ’rglvﬂ ‘i recurrence of
displacemnt or offset. ‘

In consideration that based G?aon available datarand with the exclusion of the
b K I L i X
QIasses, namély active, potentiaﬂy, énd Vtentatively, activ‘e. Basically, there are three
major criteria for recognition of active faults: geologic, historic, and seismologic criteria.
In order to scope with the problems of the study of active faults in Thailand, the

adoption of active fault classifications, specifically for the benefit of the utilization only in
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Thailand, four classes have been proposed, namely, potentially active, historically and
seismologically active, neotectonically active, and tentatively active faults.

Consequently, with the restriction, deficiency of necessary data, and the lack of

various seismologic, geodetic, geophysical, and other subsurface methods of analysis,

ive faults, based upon

historic, geologic, and'seismc : 2 ‘ W iland is not the main site

would be become “tentatively active™. A hese faults are expected to occur within a
e

future time spa&BT concern to society. The fault becc ) enic” if it occurred in

Pliocene or '.,. POy eg mactive” if it occurred

2.4 Ranong Fault

‘a Q/
APRINRIRaN I ) e
two set il,th faults (R land (s J in fig.”2.10). ever the

locations of these two faults are veryifough. 25 o/
ARSI TUNN N AR
Tcluding Ranong faults. He said that Ranong fault was strike—sliko faults and mainly trend
in the northeast-southwest direction .
The Ranong Fault (RF) has been suggested as one of thirteen active faults in

Thailand (Figure 2.18) base on the report by Department of Mineral Resources (2006).
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The Ranong Fault (RF) and Khlong Marui Fault (KMF) are the major NNE trending strike-
slip faults which dissect peninsular Thailand. They have been assumed to be conjugate
to the NW-trending Three Pagodas Fault (TPF) and Mae Ping Fault (MPF) in Northern
Thailand, which experienced a diachronous reversal in shear sense during India—

Eurasia collision (Watkinson et al., 2008) |

estigated the paleosiesmicities in

erpretaion and dating in some selected

@g provinces Ranong

3¢ The RF h r- gthref about 300 km and consist

estimated from the leagth oifa Sgment (W ‘ \Q"}\: 1994) deduced from

40
remote-sensing interpretation. The res ' '\ " Ranong fault also generated

areas. Base on their study in Prachuab Khiri K

Fault is defined as th

guake magnitude can be

the latest

Pananon et al. (Z studied - earthc ake hazard risk in Prachuab
Khirikhan province a adj /4 éd ‘lii‘ nents of Ranong fault zone
in Prachuab Khiri Khan'a 7: el ents with the earthquake range of

movement occurring between 4,7 nd 16,C ears ago. (Figure 2.20).

AU INENTNGINS
QRININIUNRINYIAE
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CHAPTER 1lI

REMOTE-SENSING INVESTIGATIONS

In this paleoearthquake research the remote-sensing data have been used to

interpret geology and structure geology e-sensing data for this study comprises
of satellite images, digital eleve : de fo} nd aerial photographs satellite
image were applied to co ove £ stween 9°0°0°N to 13°0°0” N and
longitudes 98°0'0"E to - he res froMnsmg interpretation can be

helpful in the study of @ ' ices investig ',--‘;\o investigation.

o) tic mapping), shuttle
N igital elevation from

detail survey resoluti ’ é ¢; raphs d in this investigation.

| IIite Landsat 5 TM+, which
liberated to the space since A' ar 1982, S tIIitertakes electromagnetic wave
signal that release out frc “garth-sarfa ace has_the ability in reflecting
definite frequebey_waves_spectrum (Figure 3.1) —Because .l he' pictures have the
difference of yu‘s: \; stellite Landsat 5 TM+
receive 7 wave .;J» of which bands 1-3"are visible wavelength, bands 4, 5 and 7 are

infrared wavelength, i“d wave band 6 is ther%lnfrared

07w 11 i

129/row 53 of Landsat 5TM+ mageﬁ this study, whickawere received from/The Global

PWARIN I UATINETRE
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Table 3.1 Band spectrum and wavelength interval of Landsat Thematic Mapper

(Landsat 5 )(USGS, 2009).

30 x 30

Band 2 30 x 30

Band 3 30 x 30

Band 4 30 x 30

Band 5 30 x 30

Band 6 120 x 120

Band 7 - 30 x 30

In this resea ' b andsat 5 TM were used for
interpreting structural g mofpholog i ea. The informative image detail is

shown in tables 3.2.

e
Table 3.2 Image;information from Sateliite, Lz i fedln thi h
able magegi \J is researc

-

Spatial Resolution (m)

No.  Path/Row . Spectral BndB

(no.)

0 m (MX), 30 m (TI)

3.1.2 Digital Elevation Model

Digital Elevation Model are gray scale images wherein the pixel values are

actually elevation numbers. The pixels are also coordinated to world space (longitude
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and latitude), and each pixel represents some variable amount of that space (foot,
meter, mile, etc.) depending on the purpose of the model and land area involved. They
produced using elevation data derived from existing contour maps, digitized elevations

and photogrammetric stereo-models based on aerial photographs and satellite remote-

altitudes of world su ‘ 77 f ‘- )i ‘ ather alic | odel for dilineating real
topography and can b v _ i 5 map or 3 dimension model).
> _ it related to topography
work. DEM data w: € A DEC ‘- y study geomorphology for
separate stone types and | | >al structure. | 0O ‘-4 in this research received

data assistance from CGIAF ; ( es cover lower southern Thailand

(Figure3.1).

Table 3.3 Im

"‘F ]
No. Spatial Resolution (m)

U

51 RABAAIUUNIINEIA -

epartment 2006) which cover study area to construct model and registered wgs-1984

3.1.2.2 DEM producerby contour Ilne

zone 47N coordinates. Elevation data were investigate on 2006 supported by Royal

Irrigation department. These are cover Prachuab Khirikhan, Chumphon and Ranong
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province There are more detail than SRTM DEM and helpful to provide

lineament.(Figure 3.3)

3.1.3 Arial Orthographic image

bhotographs of the ground from an elevated

Aerial photography is the taking ¢
e camera is not supported by a

unted, and photographs may

aerial photography ineltide fixed-w craft, - h e '-_' balloons, blimps and

dirigibles, rockets, kite ind g g enal photography should

\ \. serve both as a photo

g}eraﬁ /wiki/Aerial_photography).
iﬂﬂ. / ! .
view. photographs can be
ey Y A\

are often used to create or phot%ﬁ aphs which have been "corrected" so as to
..:t

_irected vertically. These

be usable as a map. In ry 2 ¢] 5 a simulation of a photograph taken

from an infinite distance, Iookrf do om nadir. Perspective must obviously
i .
be removed, but ve ) Id orrected. Orthophotos are
S F

commonly ﬁp}j [ sed to create maps.

Once the imagesﬁve been alig

they can be widely d}oloyed Orthophotos at a scale of 1:50,000 in this research were

e N
L kR Va1 b1V gl 1011

3.1.4 Airbone geophysic data

knom real-world coordinates,

The three main airborne geophysics procedures are magnetic, electromagnetic, and

radioactive.Airborne magnetometry (aeromag) is quite common and aeromag maps


http://en.wikipedia.org/wiki/Photograph
http://en.wikipedia.org/wiki/Camera
http://en.wikipedia.org/wiki/Aircraft
http://en.wikipedia.org/wiki/Helicopter
http://en.wikipedia.org/wiki/Balloon_(aircraft)
http://en.wikipedia.org/wiki/Blimp
http://en.wikipedia.org/wiki/Dirigible
http://en.wikipedia.org/wiki/Rocket
http://en.wikipedia.org/wiki/Kite_aerial_photography
http://en.wikipedia.org/wiki/Parachuting
http://en.wikipedia.org/wiki/Air-to-Air_Photography
http://en.wikipedia.org/wiki/Aerial_photography
http://en.wikipedia.org/wiki/Bird%27s-eye_view
http://en.wikipedia.org/wiki/Nadir
http://en.wikipedia.org/wiki/Geographic_information_system
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d) lineament map interpreted using airborne geophysic (modified from
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areavailable for most of the United States. Aeromag mapping is very useful for mineral
exploration and geological studies of magnetic rocks. Airborne electromagnetic
methods are used in both the frequency and time domains.Ore body exploration is the

chief use of airborne EMmethods. Airborne radioactive measurements of gamma rays

may be used for uranium and thorium e ration. In this study use the result of The
: ’ ent of mineral resources,Thailand

cture data from aeromagnetic

nic investigation in this

,-"J t.r‘ll"* : ;
nﬂ)r structures"'" n'd' €enozoic bas
L

' cteristics ﬁi patterns of geological

lineaments in the stud‘y area and nearby, Landsat 5 TM+ imageries and DEM data were
conducﬂ ge with scale 1:

250,00 uﬁqmﬂ ﬂj ?iﬂjlﬂ ﬁred, green, and
blue (Flgure 3.5,3.6), respectively he other is fals&oloured Compoan_gf spectral

TR IR AR B

In addition, DEM data were used for creating a hill shade image or virtual terrain

3.2.1 linedn

In an atte

57

model as shown in Figure3.8 . Those images as mentioned above covers study area
and nearby areas. Figure 3.5 shows prominent the NE-SW trending lineament of

Bangsaphan and Khoa Kwang segments from the enhanced image. It is clear that
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Bangsaphan segment extends northeastward to the Gulf of Thailand. Figure 3.6 display
the obvious lineament also in the NE-SW trend which is here in called Sawi segment. It
is also noticed that the sharp lineaments at Ranong city seems to control the kraburi
estuary. Additionally, as shown in figure 3.7 the NNW-SSE- trending lineament in

southern Myanmar near Prachuab Khiri city is sharp as shown as the colour band/

ratio 6/3 :2:4/5 (red: green: blug

The interpretation sat 5TM+ images and DEM for

neotectonic evidence. | i .@‘nage interpretation is used
to assist in delinewf m define orientations and

. The result shows the
appearance of sevegal ne 1 ncluding arps, triangular facets,
offset streams, and s esl Based up Landsat an M interpretation, there

exists a series of fal ' | the"nort east-southwest, northwest- southeast, north-

were developed in Cqu;gﬂ@ i c_ opening of basins in the Gulf of

Thailand. The minor i vhi orthwest-sutheast and east-west

- = |
directions, formiag the Ug outhwest — trending

lineaments. As shown in Figure 3.9, most of lineaments whiokmiented in the northwest-

southeast direction situate in the area dominated by basement rocks, whereas the

el W D E TR W AR T o o

basemenﬂ:locks and sedimentary bésm Add|t|onally, those structural I|neaments in the

TRIAN ATINIINNR e

There are about 158 lineaments in the north-south direction (Figure 3.10a),
lineaments in the east-west direction (Figure 3.10b), 294 lineaments which align in the

northeast — southwest direction and 90 lineaments in the northwest — southeast direction
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Figure 3.5 Enfiansed Landsat 5TM map with the false co

loun comrpos'ite data of bands

4:5:7(red: green: blue) showing the physiographic features of Prachuab —

Khiri khan area, south central Thailand.
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4:5:7 (red: green: blue) showing the physiographic feature of Chumphon and

Ranong areas, southern Thailand. Good example is a sharp lineament which

is Sawi segment.
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Province

ﬂﬁy boundary

6/3:2:4/5 (red: green: blue) showing the physiographic features of

12°0'0"N

11°30'0"N

Prachuab Khiri khan area. Note that identification of Cenozoic basins (show

herein as yellow-colour) can be seen easily after the enhancement process.
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Figure 3.8 Shaded relief image from DEM data showing prominent structures and

fracture in study area.
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100°0'E

%
; Muang Prachuap Khiri Khan

1 i

enhanced Lansat5TM and DEM data. Noted that the Cenozoic basins in the

Ranong Province are mainly from DMR (2007).
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(Figure 3.10c) and (Figure 3.10d). The total of 602 lineaments were used to construct
the rose diagram as shown in Figure 3.9. The result indicates that the northeast —

southwest — trending lineaments are much more distinctive.

3.2.2 Sediment basins and bou

From the interpretation : ggested | ' the characteristic of topography in
the study area is the p o' , Nt mountai ' i st. The mountains lie in the
2 ea are almost alluvial plain
and coastal plain.

these are quite contre .' ; e " j untains s est. Figure 3.11)

was divided intg four se 1 differe historical surface rupture (Allen,

1968). The long r"'":._‘_:_;;_f_:::_:_f_t_f_i:“.wm’?:- (Segall and
v N

Pollard, 1980). to the identification of

Tﬂ S€eQ tm
individual fault gments based on continuity, charactef and orientation. It is

wﬁﬁﬁ pN/I12) [0}
sugges eation ed dentification of

d|scont|numes in the fault system. Dﬁcontmwty can bexdivided into two main 75 groups:
%Wﬂ Blndrbdrad Gl dob ol i sldpind el ol or
elsmologlsts who have used these terms for asperities and barrier. In addition, it is
believed that fault may be segmented at a variety of scale that is from a few meters to

several tens of kilometers in length (Schwatz, 1989).
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All fault segments have their own boundaries. In this study, the segment
boundary is a portion of a fault where at least two preferable successive rupture zones
have ends (Wheeler, 1989). There are several geomorphic features related to fault

boundary or termination. For example, releasing bends and steps, restraining bends,

branch and cross-cutting structures, e change in sense of slips are commonly

'> nuepfer, 1989). For normal and

‘ir_--_-,ﬁ >-3l1PH A
reverse faults, geomofs fQ ‘defi@t endpoints are not clear
(McCalpin, 1996). ’—’ , ‘-ﬁ

Since late 1970s any o ; four : t eII faults have historical
rupture records ve been conducted in
order to work geometric, structural,
geophysical, and g ogighl ofiter Ne .b ) \ marized criteria for fault
segmentation into. fiv ] V '\ g to new criteria of fault
segmentation have arisen | | N se by various authors depending
upon different criteria. er .*.:‘.'5‘.,,.- an. as FaL‘Ht was divided into segments

by at least four‘authors

i
In the %.r!;— l#‘ used to indicate

s N

features associatﬁ with act of stikﬁlip faulting (Keller and

Pinter,1996). There Were several explanatlon of each tectonic landorm associated with

ANTEYENNG.

ut hICh controls straight of the gream channels.

TANTAAIIIna0aY..

he shutter ridge effected fault cutting through the hill ridge and appeared the ridge

moved out from the originally mountain line, It is common evident of strike-slip fault.
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(3) Offset stream which was a result of strike-slip fault by cutting through
the stream, effect stream, which originally flow straight line was moved out and distance
of movement from the originally stream line can be refered to displacement of fault

movement.

(4) Beheaded stres m, e of ause of strike-slip fault, was formed by

stream, which appeares as a straight line om originally line. A new stream

through that are

..-.\ ault and strike-slip fault.

Common appear | [ofe] / /ed steep i t to the basin and saw in

rows a trace moves ; Ji—= | \ |
Vhic A-'" dredledsr —slip fault and caused of

subsidence of thefand g § 3, W ult gut t - - and filled by parallel fault

| | them.

generated open gap of fracture

subsurface consequence the undérg .PU” hat area flows out from subsurface.
et e S

Somewhere we s re
1‘ of normal fault, was

effected by surfacErosion until have the loc - nI clir@aracter.

Bq«c&the topography Iﬂgmrm that was developed from later

o FHH R B N = -

steps.

WSy T A T

changed to vertical erosion. The result of valley that had resemble in wine glass, that is

to say, the top of valley rather wide and below part will narrow and deep.
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Figure 3.12 Assemblage of lan h active tectonic strike — slip

faulting (modified ;-: Jerand 996).
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Table 3.2 Types of fault segments and criteria used for active fault segmentation in this

study (McCalpin,1996).

Type of Segment” characteristics used to define the segment’® Likelihood of being An

earthquake segment °

By definition, 100% ©

1.Earthquake Historic rupture Iiit

2.Behavioral 1) High

Mod. (26%)

3.Structural | Mod.-High (31%)

4.Geologic Boun . arn l \§ AN \ Varlable ¢ (39%)

;
-I'
}
a"
al anomalies.

nt

5.Geometric ow-Mod. (18%)

‘M= J_ ‘

aClassific n following the se youndary types .‘r};‘ etal. (1989,

1991) and Knuepfer 9989

UM N

owever restriction of a single historic ruptuﬂo the segment doeﬁgat mean

ARINTHUNINNAY

mall number of observations, accuracy questionable (Knuepfer, 1989, Table 3
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Table 3.3 Fault segment lengths proposed for active fault by various authors (modified

after (McCalpin,1996).

Fault name Type Number of | Total fault | Mean Modal Criteria

segments | length segment segment used for

(km) length length recognition”
(km) (km)
1. Wasatch fault zone® N 33 35 B,P,S,.G,\M
2. NE Basin and N 25 20-35 B,P,S,G,M
Range, >100 km°® :
3. NE Basin and N - 10-20 B,P,S,G,M
Range, <100 km°® - ‘ 4
4. 1daho® 28 20-25 B,P,S.G,M
5. North-central Neva i 10 M
e Y
6. San Adreas’ ' 15-175? B,P,S.GM
6. San Adreas® ! 300? B,P,S,G,\M
6. San Adreas" | ‘.1 1 M
6. San Adreas' : A Y AN 12 M
7. San Jacinto 20 250 10-15 M
8. Elsinore" s Bl7 A SN - M,P
9. Xianshuihe' 1 fmpr i ( - M
10. Transverse Ranges™ . ; - . - M
J AT

11. Oued Fodda, Algeria” | R Bl 11-12 B,P,SM
°N,normal; Sstrike-slip; R reverse: = =
bB,behavioral; P,paleiseismic; ieje ; M,geometric.

‘Machette et

‘Crone and H le f

“Wallace (1989). m
f

Allen (1968).
‘Wallac

Bilham am King (1989).

;
wanaﬁiJEJ’J‘VIEmﬁWEJ’]ﬂi

Wﬂﬂﬁ\ﬂﬂ‘im UANINYA Y

AIIen et al. (1989).
"Ziony and Yerkes (1985).

"King and Yielding (1983).
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(11) Parallel ridge, the landform characterized not height hill and there
was the wideness more than the length very much. It would be often appearance within
2 parallel fault segments, relative with horizontal fault movement rather than vertical fault

movement.

In this study we use three ntation which are structural,
geological and geometric_applied urp ed by McCalpin (1996).
Previous sections play.an’ ; ' J t.onk ating and delineating the fault
but also for segmentin gsed on the re s of ' sgmentation integrated with
the previous study (Departr of Miner O th RF can be divided into
19 fault segments'see , -igure 3.14 st } the overall fault segments.
Individual segments [ : ' L ‘ ( .‘ J 7k ) Bangsaphan (45 km),
Nong Ya plong (44 km) ) Lo > km), | N0| (22 km), Bangsaphan
Noi (28 km), Khao Kwanv 08 k ] h f . , Khlong Nam Khoa (50km), Pakjun
20(km), Tha Mai Lai (20 km), il - i (28 km), Laun (54km), Ranong (98

km), Kra buri (65 km), P )’km)-and Pathut In:this study Ranong segment is

X

Bar Hp P@ and terminates at Ban

the longest i“v -
L\

(1)Thap Sgae segment cc

Rai Noen of Tup S%«ae district (Figure3. 15bmportant morphotectonic features are

~ AU AN T

movemeq]The trend of the Thap Sakae segment is in the northeast-southwest direction

Wﬁaaﬂﬁmwﬁwmaa

2) Khao Mun segment segment commences from Ban Khoa Mun in the north of
Bangsaphan distric to Khao Taback Prong in the west to of Tup Sakae district (Figure
3.16). The total length of segment is 7 km. Important morphotectonic features are an

linear valley and offset stream suggestion shows the left lateral movement (Figures
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3.16¢-3.16d). The trend of the Khao Mun segment is in the northeast-southwest direction

(N42°E, S42°W).

(3) Bangsaphan segment starts from Ban Khlong Kum of Bangsaphan district to

Ban Morasuop of Tup Sakae distric. (Fi 3. 17) The total length of segment is 45 km.

Important morphotectonic featur . s show left lateral movement, linear

ridges and trigular facets ( gures 3. 7 7 d of the Bangsaphan segment

(4) Nong Y smeént commenc es fri hap Sakae distric near the town
to Ban Neon Kruat gifBangsa _ distriet (Fig 5 3.16 e aI length of segment is
44 km. Important morphotegtonic features-are of OW left lateral movement,

parallel ridge, pré | rifigert ncllitr ul S

trend of the Nong #Ya glef < “is-indt -southwest direction (N40°E,

\

Ban Khirilom to Ban Neon Kruat of

gure 3.18¢-3.18h). The

S40°W).

(5)
Bangsaphan district (Figur ,':t segment is 22 km. It consists of 2

subsegments | ,:,.' uding Khao Khirilom -1 in the east (12 km long).and Khao Khirilom in

l

t and trigular facet: gures 3.190-3@1‘). The trend of Khoa

the west (10 k ”;rf'o streams which show

H

left lateral moveme

Khirilom segment is nftwortheast southwestidirection ( (N40’E, S40°W).

Bl EANENIWEIND. o .o

Duang D| of Bangsaphan district Il'gure 3.20). Thetotal length of segmentris 22 km.

TR B FREF B R

20b The trend of the Khoa Dang Noi segment is in the northeast-southwest direction

(N38°E, S38°W).
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(7) Bangsaphan Noi segment start from Amphoe Bangsaphan to Ban Bo Kop of
Bangsaphan Noi district. The total length of segment is 28 km. Important
morphotectonic feature is offset streams show left lateral movement (Figure 3.21). The

trend of the Bangsaphan Noi segment is in the northeast-southwest direction (N37 E,

The trend of the an§ segrent istinithe northe st west direction (N37°E,

S37°W).

the northeast—souﬂest direc

(10) Khlong P‘é\rﬂhoa segment startgfrom Ban Kuan Din Deang of Tha Sae to

LI OT I T T -

Importanﬂjnorphotectomc features ?re offset streams show left lateral movement and

NN ﬂm&mﬁ‘mﬂﬁﬂﬂ”

e northeast-southwest di

(11) Pak Jun segment commences from Ban Chan Thueng of Tha Sae distric to

Ban Plai Khlong Wan of Kraburi district (Figure 3.25). The total length of segment is 20
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km. It consists of 3 subsegments including Pak Jun -1 which is the east line (12 km
long), Pak Jun-2 is the west line(4.5 km long) and Pak Jun -3 is the lower line (6.5 km
long) Important morphotectonic features are offset streams show left lateral movement,

linear valley, pressure ride and trigular facets (Figure 3.25c-3.25d). The trend of Pak Jun

trigular facets (Figures 8. 3. 7??@%.
' il e rent

(14) Nong Ki segmen 5;., e ___é np 0 Thong of Sawi distric to Khlong

Nek of Laun district (Figure 3.28). The ftotal length of segmehi is 28 km. Important

(Figure 3.28). The total leng 2,

of the Nong Ki segment

morphoteotonil!_ [ ement, linear valley,

parallel ridge and trigular facets(Figures 3.28¢-3.28h). The trer

is in the northeast- sofhﬁs’[ direction N25 Eﬁ}5 W

ALEINANINENND. . o

Mai Pai of Muang Ranong (Figure @9 The total length of segment is 54km, /It consists
%Wﬂ SRl bl ol b oo
, Laun -2 is the middle line(8 km long), Laun -3 is the middle line(7 km long and

Laun -4 is the lower line (24 km long) Important morphotectonic features are linear

valley and trigular facets (Figures 3.29a-3.29c). The trend of Laun segment is in the
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northeast-southwest direction (N240E, S24OW). This segment lies almost at boundary

between granite rock and unconsolidated deposit.

(16) Ranong segment commences from Ban Thap Chak of Laun distric to Sook

Sumran district (Figure 3.30). gth of segment is 98km. It consists of 9

subsegments.The shortest subs egme ) m at Ban Sai Dang of Laun distric

and the longest subsegm : ut 3 on rn Chang to ban Hat sai Dum of

(17) Kraburi sggmen | ménees-from \Rang ofKraburidistrictto Ban

Salam in Myan ‘”:‘fo” ent is 65km. Important

morphotectonic fer esjare ffset&#‘ rig a acets. The trend of Kraburi

segment is in the nort st u’ﬁ}v
'

(18) Pato segment cofy ,f;i" -ﬂ:d | Tako of Tung Tako district to

Ban Chi Mi of Kapoe gg{b 3.32
Important morphe ,'.,n.,...._..m‘.A_.A_.A_.__...._.._“..._,_..r_,_.‘.; facets. The trend of
Pato segment b , S4 {.

otal length of segment is 70km.

(19) Pathtgegment commences from Ban Thon Phogof Tung Tako district to

R KON (141 i 1111

facets. The trend of Pato segmerit is in the northeast-southwest direction ( (N48°E,

FHRIANNIUANTINEIAE
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geomorphology. (Yellow color = Cenozoic deposits and grey coulour =

hard rocks).
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geomorphology. (Yellow color = Cenozoic deposits and grey coulour =

hard rocks). Noted that the Cenozoic basins in the Ranong Province area

mainly from DMR (2007).
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Figure 3.30 (Cont) 3D colour-orthographic mterpretahq.l‘%@e ) along the Rawg segment (enlarged ﬂgure 3.31b) showing trlgular facets at
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CHAPTER IV
MACROSEISMIC INVESTIGATION AND FOCAL MECHANISM

4.1 Macroseismic intensity map (on the 2006 earthquake event in Prachuab Khiri Khan)

Many articles have been published in the newspaper and other media (Thairath

newspaper 2006 and Matio»h News : 6) about the earthquake event at
Prachuap Khiri Khan on 27th-28th Se ot 8th October 2006. The people
living in many areas 8 Khl*harﬂ) experience the vibration

that the center of th S ~atéd/in [ ailand. The Earthquake has

occurred at the depth T h-28th September and at the

depth of 35 kilometers on g"
ot

‘begause of the descent of

the Earth crust; ve tion or the moveme Srlist. Yet, the epicenter

Eﬂ < ) mame in this event (See
igure4.1). There is still no conclusion abo here it occurs; Burma

F
according Thailand %MIogical Departmefit.or it could be gulf of Thailand according

e Pl R

need to ry out this study which covers three objectives, including: 3 main tasks

q LHE NPTV

3. to create the intensity map.

and the magnitu

Table 4.1 and
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Table 4.1 Coordinates of the epicenter locations and the magnitude of the earthquake

base on different seismic centers (TMD, 2006).

No. |Date and Time TMD USGS GEOFON EMSC GSRC
(Depth, Km) (Depth, Km) (Depth, Km) (Depth, Km)
1 | 27 Sep 2006 N 11.70N,99.96E N N N
2027
2 | 27 sep 2006 N N N
2257
3 | 28sep 2006 N N
0038
4 | 28 Sep2006 N N
0146
5 | 28 Sep 2006 | N N
1647
6 | 8O0ct2006 11.76N,100.06E | 11.87N,100.15E
0412 4.9Mb 5.4 Mb
(34) (35)
Note * According to Thai Ioc GS= United State Geological
Survey,USA
EMSC = “ 7_‘Jvr-IIHl-‘m;;lﬂlﬁlllvﬁll-;lvlh‘llll'l'?iiiiﬁi;;“_-llm—::l‘:,i‘ 3
r g ™
GEOFON = GEOFON tition, Germany.
GSRC = Geophysical Survey Russian Academy of Sciences, , Russia.

= Thallandaﬂg)rologlcal Departm(a:‘III t (data reported in 2006)

m,mmm&wmm
AR AINIUNRINYINY




127

12°30'N

12°N

11°30'N

11°N

99°E

99°30'E
1

12°30'N

10°N

12°N

11°30'N

Symbol

-
—
¢ uses

rE EMSC

¥

]

11°N

GEOFON
GSRC
District
Proviice
Province boundary

Country boundary

5 o
] ‘.-

ER £}
Fi

Tha Sae
®
] 99°30'

" |

] L} #} L]
nap of Prachuap’

L]

re4.1" o.oo"oo

. L} .
ri Khan area showi

g earthqg fake
epicenters on 27"-28" September 2006 and 8 October 2006 measured by

seismological network stations.
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4.1.1 Method of work
In this study, the procedure is divided into many steps as seen in the Figure
4.2. It will be the study of the vibration that can be sensed and seen in a wide area or it

can be a field study without any assisted equipment .The study is called macroseismic

and field investigate.

3. Carry out su n of the earthquake intensity.

The targeted group will beﬁ_ ve place to reside at the time the
earthquake occusre i

- ——J", ,
Table 4.2). F * PO > data will be col "x# partment of mineral

B su S rﬁform with the Modified
ale (Table 4.3). The scale was used to iavestigate the on the 29"

September 2006 Daﬁ ofithe earthquake on 27th-28th September 2006) and 9" October

- FHBTRDIEREN-—-
9

e spiown in Figure 4.3 and

resource which u

Mercalli Intensity

three ev
| gh}i
1 | incident survey
4 -5 Oct 2006 27 Sep 2006 68
4 -5 Oct 2006 28 Sep 2006 68
15 - 16 Oct 2006 8 Oct 2006 41
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!

Articles and Con pare the - Area affected
> reviews earthquake intensity - earthquake
epicenter
- Relationship
—>| Maps and between
Photograph
earthquake event
and geologic
Report of the structure
earthquake
event
Data from field
investigation

Figure 4.2 Flow chart she in macroseismic investigation.

ﬂUEJ’JVIEJVIﬁWEJ’]ﬂ‘i
QW’]ﬂﬂﬂ‘iﬁumﬂﬂﬂﬁl’]ﬂﬂ
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4.1.1.2 Setting up and comparing the intensity
In this study, the earthquake intensity data collected from the people who felt the
vibration. This can be done by considering the people reaction or the vibration of the

different types of objects as well as 3} ing. that has been destroyed as a result of the

earthquake as the criteria to compare with odified Mercalli Intensity Scale of

Ricther(1956). The scale has 12 lev S (Ta s ith the distinction in each level at

After compari - o infensity with the ard scale (Table 4.3), the
seismic intensity map d i A : ) 2(2006 us, the map can be
alyzed and codified.

The overview of the le progeéd ‘,,-‘
pridey

Scale (Boit, 2006) ;

.

Table 4.3 Modified Mefcalli

Intensity

ircumstances

o
Felt by only a few.peaple z

=

| rest; espe he upper floors of buildings
,_“,.ﬁ'n'."'»- =

i : lidings
WY f “ joors by many people, outdoors by }u@“

\ mea ly-e dombreak; plaster cracks

r
Vi Felt bﬁw/eryone; many frightened and run outdoors; he;ufurniture moves

VII Everyoneﬁmutdoors; slight to modﬂe damage in ordinary structures

G0 .."..-.= ?,ﬁ ordinany stftstu 3;.11 ney ano a ents fall

X Most structures destroyed;‘ails bend; Iandslidﬂccur; water splashesq\'/’r banks

QARSAZEI AT B Tore

Xl Damage total; waves seen on ground surfaces; objects thrown in air
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Figure 4.3 Map showing investigated points in Prachuab Khiri Khan province.

(Data from Department of Mineral Resources, 2006).
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4.1.2 Result of the study

After analyzing 177 collected data, the intensity can be estimated and the
intensity map in Prachuap Khiri Khan Region can be created with the details below.

1) After analyzing 168 data on the 27" September 2006, the magnitude of the

earthquake is about 4.2 ML (4.3 \\ ,

4.4).The intensity is high .. i

n the intensity level from Il to V (Figure
intensity decreases when the

point measured is fai l ri district in the South and

West direction. It ¢ he flat land at Tub Sakae

and Bangsapha ahd jaay 14 i e 7 >d to the intensity in the
» ' district.

2) After ana 2180d e — 28" Se ._ 006, the magnitude of the
earthquake is about 'd ML (4.5° 1 | " l enS|ty level from Ill to V
(Figure 4.5).Thou' ; r , ' “—- the .- L 2 " September 2006, the
earthquake felt was divided equally _ H egi ‘. be felt in Amphor Muang,

Pranburi and Kuiburi district _ff: & ;alis' bsided offshore.

=

3) After,analyzing 109 dat 006, the magnitude of the

earthquake |S u’l-."I-l'll-l’.""lﬂI.I-lllls-lJQIIi-In-inljlnlﬁ.llvi from ||| to V (F|gure

4.6).The vibration fe

L]

spread in the reg'

(Figure4.6). The vibration

n around the shore of Pranburi and Kuibu

stict as well as Amphor

Muang

ﬂ%ﬂ?ﬂﬁﬂﬁﬂﬁl’]ﬂi

4.1.3.1 The location ‘f the earthquakei@picenter

AW A HLEL) At

|dea of the location of earthquake neither conformed to the point estimated by the
Thailand Meteorological Department nor the United State Geological Survey, USGS. The

researchers try to superimpose the map of the spread of tertiary basin from Qa,
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Quaternary alluvium and the map of Qt, Terrace sediment with the earthquake intensity
map on the 27"-28" September 2006 and 8" October 2006 according to the GIS
procedure (Figure 4.7, 4. 8 and 9). The result indicates that the earthquake occurred

mostly on the flat land near the sea. Its intensity decreases in the region of hard rocks.

offshore area in the Gulf of Thailand. | sibility is higher than the region of Burma
(Figure 4.4, 4.5, 4.6, 4.7, d 4.9 i ‘&ay have some relationship with
the Kungyaungale F 8 Wr!h branehed-frem Tennassarim Fault, Bender,

J " L
1983. This is becau in i ity eal data if the epicenters

locate in the sea f

the powerful fault'locating in the outhern B ‘; ig .6), Kungyaungale Fault,
Ol Rt~

WCFS, 1998, which [ ‘ thea : ction and is a branch of

Compared ttht tural lineament frowwborne geophysmal interpretation data

organizati ound the structura Imeamen in Prach uap hiri Khan locates in a

group in the East-West d|rect|on‘ This complex #structural line mayﬂiﬁve some
RN RSB WS A
Qarthquake occurred in 2006 in Prachuap Khiri Khun locates offshore from the Thai gulf,
there may have something to do with the effect of the petroleum or the natural gas
production through pumping. The vibration wave may have expanded and causes the

earthquake. This case has happened before in the North Sea region between England
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and Norway on 7" May 2005. The earthquake has the magnitude about 4.1-4.4 Mw near
the petroleum source in EKOFISK. The vibration can be felt on the drilling machine and
in the radius of 3-5 kilometers. The cause of the earthquake was that during the drilling
process whereby the osmotic pressure in the upper structure increases drastically

resulting in the collapsing (Ottemiller ane group, 2005). That case is very different
from this event because epicen e b © has the depth of 10-35 kilometers
which is deeper than the le \ ¥ &i gulf (Morley, 2001) and the
- th“urce (Figure 4.13). Thus,it

roleum source is not the

epicenter of the earthe
can be concluded

true cause of the

Prachuap Khiri Khan,

1) The inteﬁsity' st daKe " tley \ o V. The area affected
mostly locates near t alfrom Taye ’ ,istric  '~ chburi province to
Bangsapan district of, Prachug Khar |

2) The satellite photo pws‘ ault with one part in the northern

most of the Randhg It ¢ ma f

3) Fro @

might be some re’ﬂﬁns en Bmgsaphan segment
Bang sapan Noi tsegment, Nong Ya Plong fault segment

segment 1ihlch lie agoﬂh

FEIENTTIE LT ol -

in the eaﬁwest direction which mlght have some relatlonshlp with the eplcenter of

sﬁﬂ“’mmm 1142308088

| neament in gulf of Thailand which lies in north —south direction and near the

\g of Thailand, there

d Tub Sakae fault

epicenters.
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Note, that the epicentral location as reported by TMD were relocated in
Prachuab Khirikhan Earthquakes and its aftershocks project, 2007. The new record
shows the epicenter of earthquake event on 27"-28" September 2006 and 8" October

2006 occurred in offshore areas in the Gulf of Thailand (Table 4.4)

‘I | 4

Table 4.4 The relocated coort : ' epter and the magnitude of the

earthquake from. and difiefent.seismic center.

No. |Date and Time EMSC GSRC
(Depth, Km) (Depth, Km)
1 | 27 Sep 2006 N N
2027
2 | 27 sep 2006 N N
2257
3 | 28sep 2006 N N
0038
4 | 28 Sep2006 N N
0146 4.8\
5 | 28 Sep 2006 N N
1647
6 | 8Oct 200 f /100.06E | 11.87N,100.15E
0412 = . 4.9 Mb 5.4 Mb
“I (10) .l*l (34) (35)

Note * According ? &I local time USGS dJ;GS United State Geological

AREANININEING

GEOFON GEOFON Network Centr‘ | geo science regéarch institution, Gerfhahy.
FRTRTRIAV B E
= Thailand Meteorological Department (data reported on 2007)

N = No data recorded, Mb = Body-wave magnitude,

ML = Ritcher magnitude
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(Thipyopass et al., 2009) for the earthquake taking places on 27" September
2006 (based on the Modified Mercalli Intensity scale (MMI)).
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4.2 Focal Mechanism(on 8" October 2006 earthquake event in Prachuab Khiri Khan)

From macrosiesmic investigation of earthquake event on 8" October 2006 about

5.0 Mb found that epicenter of these event in Gulf of Thailand. It may be related with

major structures of southern Thailand (Ranong fault zone ) or major structure in Gulf of
se seismic waveform to find focal

.

Thailand (North-South structure),

mechanism of this event

was used before wavefor W d digitally and this method is
o ]
4 L : — ,
still used in this study for earthquakes too small for €asy moment tensor solution.

T i
Seismologists use-qj;}rﬁ*gﬂéﬁ;ff -

eismograms to calculate the focal

mechanism ar&gmpicallvfdisplay, it on maps as ¢ - --a_ ol. This symbol is the

-

projection on .,'uf‘: plane of t ; pherioal shell (focal

sphere) surround@ the earthqus 415). Aﬂye is scribed where the

fault plane intersects the shell. The stress-field orientation at the time of rupture governs

¢ Q/
the dir fy slip 10 e Itrpl 4 2 ‘ icts this stress
orienta’H rlﬂiEhﬁtiﬂyﬂMﬁiﬁOﬂhﬂﬂsﬁaxis (T), which

reflects t& minimum compressive saess direction, aEthe white quadranﬁ:})ntain the

RITIAINANINEIY ™

4.2.2 Methodology

1) From the preliminary determination of the epicenter, we know the location and origin

time of the earthquake. Computed the distance between each station and the


http://en.wikipedia.org/wiki/Earthquake
http://en.wikipedia.org/wiki/Fault_(geology)
http://en.wikipedia.org/wiki/Fault_plane
http://en.wikipedia.org/wiki/Euclidean_vector
http://en.wikipedia.org/wiki/Seismic
http://en.wikipedia.org/wiki/Waveforms
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Schematic diagram of a focal mechanism

A View from side View from abowve
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Fg4ShmtdgmfPImh mhwgth e types ffltg
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epicenter. Then use a standard seismic-velocity model of Earth to define the exact time
(t) that the P-wave of the earthquake should have arrived at each station. Consulting the
seismogram recording the vertical component at each station, evaluate whether the first
motion detected at that station was an “up”motion, a “down” motion, or no apparent

signal at the expected time.(Figure 4,13

2) The portion of the energy rece eismograph, that left the

earthquake focus in the fo Mcan be thought of as having
;

traveled along a ray Cus!' the seismograph. \We have to know two

things about that r m traveled from the

earthquake focus te N,é .. 1 as angle of
emergence). The take af -7 -'  the. r: ,~i~.¢ just emerges from the
focus and an imaginap/ve I ‘i'; 1 o s In routine work, the
take-off angle is in o if 2 table that relat i e-0 a e to distance between
the focus and the stai Q ! ¥ | } %" ¥ N \

e ok | ographic projection use an
equal-area stereonet. For @ ? T { 7 ol is .> ed Iong a line extending from
the center of the plot toward : S azim _'—f’ h ON e ative to the earthquake focus,

and the take-off angle deflne ,- 2 1ce from the center of the plot to the

symbol.

B e+ -
In this study-additionatly-data-from-6-se ism |Iand Meteorological
Department were ake hazard Risk study

o, o
i“Khan Province and adjacent Area (Pananen,

shown in Table 4.5 (Figure.4.17)

ﬂ%ﬂ%%ﬂ%?ﬁ%ﬂﬂ%mwm

station | is study were up (Figures 4.18-4.19) and 2 data from Pananon(2009) were

L Bl RGERI I ap i

ble of take off angle (Japan Meteorological Department, 1990). Then plot data on a

in Prachuab Khi 2009) to analyze as

stereographic projection (Figure 4.20).
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Figure 4.17 The map of seismic station which recorded seismograph of the earthquake

event on 8" October 2006.
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Table 4.5 Seismic station , location and first time of P-wave arrival in this study

Station Location

code

Longitude Lattitu

de Time (GMT)

CHBT  Chantaburi
MHIT Mae Hong
PBKT
SRDT
UBPT
SAIYO
KRDT
SKDT

Note

Table 4.6 Para

Station Code '

CHBT

MHIT

PBKT

SAIY

KRDT ‘o 606.60

4 2.3 Preliminary Result

qhown :1@% Cltis fcﬁd hat

12.7526 21:13:03.9187
19.3148 21:14:19.3898
5733 21:14:33.7568

21.13.10.2578
21:15:08.3346
21.13.08.9700

Take- off angle (degree)

21
27
255
22.5
26.3
26.6

A BPB R

the earthquake caused

y movement of fault can

happen in three variations which are normal fault, reverse fault and oblique fault.

If the angle of the fault is lower than 15 degree or between 75-85 degree, the

movement of the fault can occur in all three ways. The Normal fault can be possibly
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caused by the fault with fault plane lie in the direction of N70E-N30W(70-330 degree).
The reverse fault can be possibly triggered by the fault with fault plane lie in the
direction N65E-S25E(65-155 degree). The oblique fault can be possibly generated by
the fault with fault plane lie in the direction N20W-N64W(296-340 degree) and S30E-
S70E(110-150 degree).

the case of normalyosslg/ caused by the fault with fault plane lie in the
direction N8OE-N3 80- i ee). _mique fault, it is just the
movement along the*hormal ' b fau e of value of the fault

of the fault plane direction. 1"?" fore; 1_ o] J seismological data derived from the

seismograph from the report 9
e-"___. -I"'. z "-

5, and the new “beach fall was | s shown in Fig. 4.23. After

shown in Tabl?

putting the data-f

research data, | feun

3 o two new stations was
down. This enables me to narrow down the direction of the fau plane and allow me to

construct beach ball"sﬂmwn in figure 4.23. W€ have discovered that the movement of

B SAESWEATS

pOSS|b|I|ty of being the normal case is very low because the earthquake is

U BT A

I|p component in the ranges of N36E-N60E (36-60 degree) and S40W-S70W (200-250

degree).
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4.25 Discuss and Conclusion

From the result of this research study, the focal mechanism based on beach ball
analysis is compared with the main structure which may be the cause of this earthquake

(8 Oct 2006) such as the fault in the north- south direction which is the main structure

creating the main basins in Gulf \ aile
e :
direction largely strikes inthe north ( 7 und that:

normal fault plan which strikes in
North-south direction folle 5 the main structure i ‘the Gulf of Thailand. If the beach
ball has the relationshipfas sta i / \A \ of the fault plane in the

oblique sense type'Wwith e dip ar s from 30 . gree (Fig
2. 1f the earfiifiualé hds the relationship ¥ .\~  of Ranong fault that cut

through the Gulf of Thg 114 ', ith the focal mechanism
of the oblique fault wit S| ‘angle*fror 3 e as well (Fig.4.23).

3. Therefore, wé cail c Juake is related to the oblique fault

i _;e"c.‘ -'.l""' | ™ . .
s-research.stu S low quantity, this study of the fault

78
plane and focal mechani e:--t-_-_r;g_-_ _‘g_ﬂ" be ac

4. As the data frrﬁ thi
is because the low quantity of
data prevents me¥from assessing the accuracy of the movemeni'in gach station which in
turn use to tra V‘ 1'“" e compared with
other stations whiﬁlocate arou Same annot Chﬁ& whether it is the same

which will allow us toipmove the error from the station due to the different types of noise

R TN Ef"ﬂ“ﬁWEﬂ N7
ammmm UANINYA Y
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l I

Figure 4.18 Recorded seismic waveforms from seismic station which recorded the

earthquake event on October 8, 2006.
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CHAPTER V

SEISMIC INTERPRETATION

From the remote sensing interpretation in chapter 3, the Ranong fault (RNF) zone

trends in the northeast-southwest dire -rom this direction, it is possible that the

Ranong fault zone will extend int ' e G j nd Andaman Sea (Polachan and

Andaman sea with the litudes  Ri nd the transition part in the

- . Therefore, we have to

interprete  seismics dn tie | hali -.'_ ' ‘jv dam: (F|gure. 5.1).The first

report on the RNF cutiing thrc seaffoor And at of Chuntong (2010).

The deep survi nes; ‘~- ¢ g I dr to be across the Ranong

Fault, have been selected for th w"'w dy as shown in (Figure 5.2). Taking Kingdom

program 8.4 is applie ' ‘llﬂe‘ om Department of Mineral Fules,
Ministry of energy which chn‘g r : , AN2, AN3 and AN4.

In thisi erpr l rizohs distribution were

: o
used and can juished into ¢ 5 line marke g k by Mahattanacha,

2. greenline mﬁ@presentlng the Top of Thalang formation

- AU EFRBATHEART

ge line marker representmg the Top of Kantang formation

ammmmmﬁomzﬁ N

ased on stratigraphic correlation of the Mergui Basin and the geological time, we can

(1996). They are :‘m
1. light blue marker representing sea floor

approximate ages of these formations as follows:
1.The ages of Top of Thalang — Top of Trang are between 5.3 and 11.6 Ma ;
2. The ages of Top of Trang — Top of Kantang are between 11.6 and 16.0 Ma ;

earthquake in the area of

ened could be the result
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3. The ages of Top of Kantang — Top of Ranong are between 16.0 and 20.0 Ma ;
4. The ages of Top of Ranong — Top of Basement are between 120.0 and 28.4

Ma ;
5. The ages of Top of Basement- lower Basement are between 28.4 Ma.
The depth in these seismic sections ated by the following fomular (eq. 5.1)
s X T (5.1)
Where
In this study, Vi s fre Jle of Vrms ¢ have been used to

calculated depi by be G alculated by the

formular (eq.5.2) —. '

dwwmmmumwmaﬂ

SP1 = short point No.1 , and
SP2 = short point No.2
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Figure 5.1 Map showing seismic survey lines used in the study Andaman sea and Gulf

of Thailand areas (pink blocks).
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several epicenters detected at both ends of the seismic lines AN1, AN2,

AN3 and AN4.
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5.1.1 Preliminary Result

Although, the seismic data were enhanced properly, it is noted that the result of
this research work is preliminary due to the scarcity of the seismic survey lines. The

offsets taken from the estimation are frequently approximate due to the inaccuracy of the

enhanced data.

RNE wa found at the Ranong ridge
and this RNF segment cuts sediment int » e 7. -,_,H shows the displacement
along the RNF. cat'of the RN edt : ADr slip which its distance

F1 cuts sedimer : vern {0 the ¢ 25 ok ault ets the seafloor with the

dip angle of 75 d recit heE eastsThe!f ult ; ica sllp of 47m (0.039sec), and
the slip rate of abo A ) 1 At (c \ »--5 1ient with the dip angle of
56 degree to east. ang - . 7 sec) and slip rate of about
0.1282 mmiyr. i \ |

F2 cuts sedimen Iaye

‘he fault offsets the seafloor with the

dip angle of 70 degree to tf “?‘-ﬁ"' t ertical slip of 74m (0.058 sec), and
the slip rate of abo | -;é with the dip angle of
65degree to ﬁf_ ( d # ) rate about 0.0038

mm/yr. " : :j

F3 cuts sedlment layers up to the seafloor. The fault offsets the seafloor with the

-0t mmzmsweﬁ"fﬁ B
ammnimum'mmaﬂ
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Table 5.1 Displacement of faults in seismic line survey AN1.

Point Vertical displacement Vertical slip rate Dip angle Age of top
Sec m mm./yr (degree) layer
Ma
A 16
B 16
C 287, 16
D ‘ 0.0 20
E OB 28.4
The result of mévement Iﬁag RNFfwas found 2 'the Ranong ridge and this

RNF segment cut/Sediments |nto '-; o,#' (F1) \ N anong ridge around 70
seme

kilometers synthetic fadlt of a%%;@}m (F2) cu

developing the half garb ...._..(. 3 A . Table 5.2 shows the displacement
: -
ediment layer moved and the offset

t into Takuapa formation,

along the RNF. Movement of alo
can be measured as shown_{z

F1 cus _Sec ults . offsets the Thalang

formation with 'h:‘"; "L 1’ s the vertical slip of

S N

36m (0.040 sec), slip rate of ¢ SO oseﬂop of Kantrang with the

dip angle of 47 degree to east and the vertical slip of 230 m (

02 sec) and slip rate of
about hi sets % of 47 degree to
east anﬁweﬁwﬂh , uﬂegj m m %Jraﬁ fi}ﬁ 0.1524 mm/yr.

(Figure 5% 5.11).

QSRR HIAD VoI B

Q/lth the dip angle of 46 degree to east . The fault has the vertical slip rate of 91m (0.050
sec) and slip rate of about 0.0046mm/yr. It also offsets top of basement with the dip
angle of 48 degree to east with vertical slip rate of 2,736 m (1.617 sec), slip rate of about

0.0963 mm/yr. (Figure 5.12).
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Table 5.2 Displacement of faults in seismic line survey AN2.

175

Interpretation ofith

cuts through seafloor

at JRanong-fidge

Point Vertical displacement Vertical slip rate Dip angle Age of top
Sec. m. mm./yr (degree) layer
. S/ ". - Ma.
A 0.040 36 | 0bobe” 55 5.3
B 0.202. | 0147 = 16
C 1524 | 47 28.4
D / \; \ - 20
E | =7 \\\\ 28.4

that the RNF Ranong fault

' Ranong ridge around 30

kilometers, synthetic faults of .L'E.\.‘ ‘, ment up to top of Ranong formation

and from the half garben str gﬂ'»
e U

Fault offset sedime

(table 5.3). v ' oA ‘

F1 cuts s

with the dip angle

0.1556 mﬂyr (Figure 5.15-5.16)

>.14). Movement along the Ranong

l to more than 3,000 m

eﬂnen 5 0 'f-ﬂ! op of Thalang formation
f 55 degree to east with the thickness of : ‘ 0 m (0.036 sec) and the
slip rate of.about 0.005 th the dip angle of 47
UL %JWW kel

rate of about

9 YR AT T A,

sec slip rate of about 0.1177 mm/yr. (Figure 5.17).
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Figure 5.16 Seismic ‘omeotion of the enlarged seismic line survey AN3 at Ranong
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Table 5.3 Displacement of faults in seismic line survey AN3.

Point Vertical displacement Vertical slip rate Dip angle Age of top
Sec m - mm./yr (degree) layer
A7, Ma
A 0.036 ‘ \‘ \”:'”“ ""'{‘! ‘ 55 5.3
) 0. S——_ 28.4
C 28.4
From the il dlf thi disrm - £ N ind that the RNF moved

almost to seafloor at =’_‘ ) ri &F ) anc
J | ﬂld-l id

founded fault seg ent Of Ré % b (F2) ut into’ .-‘*ln Figures 5.18 and 5.19).
Movement along the Ranong Fault.o .' nent layers with the distance ranging from

\

Rano 'dge around 40 kilometers

40 to more than 8,000 m (Table T

Ficuts top of Thala on 10 K apa formation. The end of fault is

61 m from sea 3_,- ! ang formation with the dip

angle of 53 o%ﬁf 'rdl sec) The result

indicates slip rat about 0 sets top

basement with the dip

angle of 47 degree eastward with the vertical S|Ip of 7,039 m (2 615 sec). The result give

I INGAT. e

with the angle of 60 degree to tlae eastward and the vertical slip of 81 m (0.086 sec)

VRSO IO YA

0.0060 mm/yr. It also offsets top of basement with the dip angle of 56 degree to east
and the vertical slip of 8,251 m (2.254 sec) and slip rate of about 0.2905 mm/yr.(Figure
5.22-5.23).
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Figure 5.21 Seisi /ey AN4 at Ranong
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Table 5.4 Displacement of faults in seismic line survey AN4.

Point Vertical displacement Vertical slip rate Dip angle | Age of top layer
Sec. m. mm./yr (degree) Ma.
A 0.047 40 53 5.3
B 2.615 47 28.4
C 0.086 60 53
D 0.057 11.6
E 16
F 28.4

5.1.2 Sum y of
From the resulifof this stion i : “" ar & Qbserved that the Ranong
fault zone is divide |nt> any fau ) e ost obvious fault segments

(Figure.5.24) are the Ré second and the Ranong F2

as to the blue line. When ith structure in Andaman Sea
(Modified from DMR, STS. ‘ , 1996) (Figure.525), it can be
concluded that the two fault-lines ar i " M of the Ranong fault zone that are
still active fault lbe wmwnh _o the seafloor. They
are related to the.€arthc 7 “J area with the size of
3.0-5.0 ML and thm are many er quake ithﬂ magnitude of <3 ML in
the northeastward of the area near Phanga province line in northeasth -southwest
directio ). These fault
segmeﬂug:l ?r] Ej ﬂcﬁfsﬁﬂ P:] nﬁof Ranong fault

Zone in t Andaman Sea leads toéhe narrow push&n‘t (Ranong ridge) &j}l the fault

KIRSOIUANTINDIRE

show Ranong fault through mergui shelf which left lateral movement (Figure 5.27).
From the interpreted data above, the special features of the three fault line can

be identified



Table 5.5 Displacement of Ranong fault which cutting to the seafloor.
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name

Line Dip angle | Vertical displacement Vertical slip rate (mm./yr)

F2

AN1

AN
AN
AN2
AN3

AN4

0.0153

Table 5.6 Displacer

Line Vertical slip rate
name (mm./yr)

F1 F2

A ) ___—_=. +
AN1 o e —al ——e— X 11 0.1282 -
AN2 - ’ 9 0.1524 0.0963
1 , ,

AN3 I 47 4419 2.487 0.1556 0.1177
AN4 7039 ,2.615 | 2.254 | 0.2478 0.2905
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1.Ranong F1 (red line) identified by seismic interpretation, strikes in the
northeast-southwest direction (NE-SW) N10E and dips about 47-60 degree to the
southeast. Its length is approximately 100 kilometers. F1cuts basement to the seafloor,
the fault offsets seafloor and Thalang formation with the dip angle of 53-75 degree to

-0.058 sec). This can give rise to the slip

east and with the vertical slip of 30-76

rate of about 0.0029-0.007 offsets top of basement with the dip

The slip rate of ab:? Jyr.i s shown in table 5.5.
2. egmen ue line) ids y seismic interpretation
and epicentral of uake =‘ ' e northe

thwest direction (NE-SW)

3. Ranong F3 ( ’_ )" . ; al of earthquake, strikes in the

northeast-southwest dwec_’qg&W pproximate length of 55 kilometers.

Moreover, Ranofig f3 is tentative fault se: - i récommended for future

Note that armégional (or long - term)

sliprate which Calgated from 2D seismic survey.

“SG'FTTJS“‘“J NOMINYINT

|s part Kingdom 8.4 pro ram was used to interpret 3 seismic lines located

TSI AR e

?’wterpretation in this area does not have the borehole drilling hole log data to separate
the sediment formation. It can only separates the layer into basement, sediment horizon

seafloor and fault line.
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In this study, the focus is on the Ranong fault zone that is suspected to pass into
the gulf of Thailand and it could be the cause of the mentioned earthquake event. In this

part use same formular as seismic interpretation in Andaman

From report of Basin Modelling of Hua Hin South Basin Block B3/32, Gulf of

When thvm d tcﬂwe sea, it reaches the
seismic line G1 which is 10 km away (Figure 5.38) from the west seismic line. The line is

within the point nealﬂfﬂplcenter of earthguake event on 27 September 2006 when
selsmloﬁj

erpr aﬁ i%a%]t%%s%i;wwﬁjth’e]nﬁtivﬁﬂower structure

uIt in the above structure cut through the sediment layer until it reaches the

Tﬁﬁmﬁ sl ey

Moreover, F3 (yellow line) which is 15 km west from the seismic line is found at
point B. A fault dip 44 degree west cuts through the sediment layer until it reaches the

seafloor as well and it a normal fault. F3 offsets top of horizon A with the dip angle of 44
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degree to west with vertical slip of 14-22 m (0.0014-0.016 sec) and slip rate of about
0.0022-0.0026 mm/yr. (Figure 5.36) as shown in table 5.7

Table 5.7 Displacement of faults in seismic line survey G1

Point Vertical displacem

' ‘ \\I /o ate | Dip angle | Age of top layer
] /
Sec \\E‘- Ma

(degree)

0.015 .

A 47 5.3
B 0.014 5.3
C 0.014 5.3
D 0.016 10
F | 5.3
The basement and other fa N be separated as shown in figures 5.39

> Y 1 !
and 5.41. Displacement of 455!’-' elsm O, line G2 is shown in table 5.7. By

extending Ranong fault segm 3 ﬁhr# ek e seismic line, the fault is suspected

to be found at point

way in-the western direction

respectively. Th Tﬁ{] hauake event on 28
September 2006 v I \ o
I

From the :seismic interpretation, point C has the faumructure in the negative

flower structure and lﬁﬁZ red line) in the @bove structure cut through the sediment

BB HA R G

FZWsets horizon A with the ver’ucal slip of 21m (0.017 sec) and slip rate of about

a%ﬂaiﬁeﬁwumw&nam

|pp|ng 40 degree west is found. It cuts through the sediment layer until it reaches the
seafloor in the normal fault movement. The fault is also the eastern edge of the Prachuab
basin (Figure. 5 45) and offset horizon A with the vertical slip of 25 m (0.024 sec) and
slip rate of about 0.0047 mm/yr. (Figure 5.42),
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reaching to the seafloor.
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F4 cut the seafloor at point E in the movement of normal fault with dip angle of 60
degree to west and offset horizon A with thickness of 27 m (0.023 sec), slip rate about

0.0051 mm/yr.(Figure 5.42 ),

Table 5.8 Displacement of faults in seis nic line survey G2

'-

— W VVEEF
Point Vertical displac ':-:__\j Ve {";f ~ Dipangle | Age of top layer
. . :
Sec E 7_'.".'- Ma
A 5.3
5.3
C 5.3

5.2.1.

Basement and Ot s shown in figures 5.45 and

5.46. By extending Ranon he seismic line G3, the fault is

suspected to pass throug ffﬂ . ,a’ > 5, 20 and 40 km away in the

western direction respectlvel A JA
=t

& F ' theé edge of the Prachuab

At pomt

basin until it re y_—_:* I ‘. point G, there is no

fault that has th

E SNt 1ayer in the shallow level
]i
However, in the aréa around 5-10 km, both east and west side(Figure 5.45).there are

faults (F3,.F4, and Fg dip angle of 54 ree to west, they cuts through until it
reacheﬂum A REHINEARS

A oint G, F6 cuts to the seéloor in the normal fault movement with d|p angle of

TWTHNN TN UANINYA Y
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5.2.2 Summary of seismic interpretation in Gulf of Thailand
From the result we found
1.Faults at the edge of Prachuab basin , both western and eastern, has the

movement that cut the seafloor showing that it still has continuous movement and they

e of 40-60 degree to east and the

' aadded L AN , ,
they reach the edge > Pré ' _" in-cuttin; oug sediment layer until they

reach the seafloor. This show:s ) + ult. (Rigure 5.50)
- ~, ¥ L

area.
,...._....:.,._;L;‘;‘:.__.._f_....-m..=._....._..=.... smber 2006 with the size

o

s that it was the strike slip

e particular group o@ult cut through until it

reached the seafloo&. Therefore, it is very likely that the earthquake incident on 27
=

] 34 8 A TR I N EIIELS, o
normal '&ls ip fault. This'is ause the fault | flo structure group cut the

sediment layer in the normal movemént. o /s

AN TN ARG

1.2 mb at point A. At point C, a fault dipping 40 degree cut the sediment until it reaches

The G

4.1 mb at point'Al -,A iw .

fault movement. 1‘ re is a fau

the seafloor in the normal fault movement .It also formed the east edge of the Prachuab
basin. This makes me believe that the earthquake incident on the 28 September was

caused by the normal fault movement.
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For the earthquake incident on 8 October 2006, there is no seismic line passing
through the area. The nearest to the epicenter of the earthquake is G2.When the
perpendicular line from the epicenter is projected to the line of G2, there is still no fault

cutting through the seafloor. However, when the Bangsaphan Noi is extended until it

can calculated reg
5. With the ImBer ¢ smic lines used.to -- out interpretation, the
position of the fault p nacc " " more seismic lines are required to

obtain the accurate :
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Chapter VI

Field Investigations

This chapter covers description mainly from the results related to field

investigations. Firstly, it involves the of previous investigations of landform
evidence perhaps related to as hot spring locations in this study
and nearby areas Be$|d : ed for locating fault segments
Secondary, emphasi od on’iﬂnces as expressed by

morphotectonic fea long such relevant fault

segments. In fact ed in field because dense

segments along main'NE-8 ndln u‘ ibili ) \ 7"‘re performed.

| :rr;'.
AN

There are some 1-"50 )

area based on the results of

morphotectonic evidence. Foll ¢ riptions of field surveys.

d was first recorded by

The hIStOBf the alla@
Brown and Buravas (1978). However, not many studies have been performed so far on

the phy e f ot th nly preliminary
work o S%j ﬂeﬂg ine ﬁgand Electricity

GeneratuﬂAuthonty of Thailand.

A RN RN B

eat sources, ground water and reservoir rocks. The main heat source is from active
magmatic activity within the crust that emplace to shallower levels from unstable areas,
such as active volcanic belts, fault zones, and subduction zones, or from areas

dominated by high contents of radioactive elements, such as uranium (U), thorium (Th),
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and potassium (K). Groundwater is the main source of water supply. The water is
principally derived from rain and cool water on the surface that percolates to the
subsurface along bedding planes voids, fractures, joints, or faults of rocks. Some
portions may be derived from steam of magmas in a cooling stage (magmatic or juvenile

water) and water-bearing pore spaces of sediments (connate water). Good properties of

reservoir rocks are high porosity anc
ﬁi. e W

and secondary fractured" I \ s
to reservoir rocks and | :
heated and flow u

rface and become a hot

spring. There are g, in southern Thailand

subsegments nearby: : arig F A r ing) 3 (Phon Lung hotspring)

Radon ga | as i gﬂermal power resource,
monitoring the explosion of a volcano, predicting earthquake events, seeking for

sinkholes, ,and iden ﬁaotlve fault traceMrve Data_of radon gas survey can
f 5

roea il b 34y oo

dommateMby active faults can shogg high Concentrat|ons of radon gas than the areas

LATAY RN Ay

The radon investigation at Si Yeak Ban Krut area (Bangsaphan Distrit, Prachuab

cause the area,

Khiri Khan) was done by Artyotha (2009) in the northwest — southeast direction (Figure

6.3). Values of radon gas becomes higher than background value at approximately
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igure 6.3 Plots of gas radon concentrations and distance in radon survey lines at Ban

Line1

Gas radon concentration(Bg/m3)

Neon Kruat area (Artyotha, 2007), showing the peak of random content

immediately at the fault line (in Fig. 6.2)
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distance of 60 and 100 meters (Figure 6.3). The result shows that the Ban Neon Kruat

area of the Khoa Khirilom subsegment is also active based on the high radon contents.
6.2 Tectonic Geomorphology

In order to clarify and visualize the evidence of morphotectonic features as

deduced from the interpretation, morphotectonic

investigations were condt . The followi ' scriptions of these evidences.

interesting areas in . 2 off i [ ,mhing location.

run through 3 provinces,

appears in 1:50,000 s graphy- al +_‘ i 8 sheet 49314 (Amphoe Thap
Sakae), can be accesse : road: . | huab Khiri khan - Chumphon)

in the western side of NE-SW tra ely K hao Nakkharat. This mountain range

is characterizecjﬁy narrow sh‘é’p‘)ﬂé'b‘éfwz n‘basins. T annels-are separated by this
mountain suc y ne'HlL S mmmm-ir-Wﬂ-.-Y-‘-i-\"’-Ydl"b] ‘ the some branches

J —
flow in the north€as IE - )

by foothill sediments, the majority is

e moUntain were supported

e pebble gravel size until sand size, angular

sharpen and poor @rﬂ The rocks in r‘rwtam zones are composed largely of

ﬁ WEFHENTREINT

seoond is Ban Neon Kraet area, southward of Khoa Nakkharaud located

WA APy WK (1 D

asphalt road number 4 (Prachuab Khirikhan - Chumphon). In the western side is
mountain range, which is characterized by sharpen line of northeast-southwest front

mountain. The Khlong Thong and The Khlong Loi channels are the main channels, and
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flow east — west direction(Figure 6.4). The basins were eastward of this area and
supported by mountain sediment, whereas the rock in the mountain zone are composed

largely of sandstone, siltstone, claystone and limestone.

6.2.2 Field investigations

In the field at center poin

S \f‘

Si Yeak Ban Krut, mountain range,

lar facets aimmediately at the

with the westward faging'suggesting nning 0 the mountain front (Figure

6.5). The appearane iahgular, -‘ s Nong Ya Plong segment is well

igation along the NE-SW trending

. # ;..“ Ll . 5. r
traces, several lines of morphotec aj, der ate that the NE-SW traces have a

potential to be the ‘ l‘sense together with

the subordinate. left

6.3 Paleoseismicmnch
i ces relevant to
the fault s ﬁ gl W fault segment traces. Site

selechon”f specific areas for det?ed field |nvest|gat|on and paIeosesra&trenchlng

AINSOIR AT

was conducted by compiling relevant supporting information of remotesinsing and field

morphology and showing the location of paleosiesmic trenching on topographic map
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Figure 6.6 ( COI({) rtho- image showing location of Siyeak B‘ Krut trench. (b) The

artificial p‘ool (Si Yeak Ban Krut Trench at Ban Si Yeak Ban Krut, Thap

A3 lﬂﬂﬂ‘?"ﬁﬂﬂ I{ e Mo

segment of the RNF.

RIFAI M UMINYIAY
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Khoa Nakka

i 4 :S-I

y of weathered granite an'Nong C nw iat,
q Prachuab Khirikhan showing the orientation of quartz vein in 20° /68°, almost

following the regional trend of the fault.
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Figure 6.9 A panoramic view showing a series of trigular farce’t‘s-,a'-al'éh‘g-g' the Nongth’a"‘p?éﬁ‘g segment of the RNF Ban Hin Thung, Thap Sakae district,

Prachuab Khirikhan province. ( Looki-ag&vest). Note that the electric power-line-is behiré' this mountain.

Y, A

| -
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Figure 6.11 Color -orthg

channel and

| ’,‘(; ' T &

Figure 6.12 Aclose

o

: o & L
-up view ( ! :

12) part o

’ 4 = : TR —
Fig. 6. f Khlong Loi river showing part of offset

stream at Ban Neon Kruat area. (Looking west)
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Figure 6.13 Color -Ogihograp ream evidence of Khoa Khirilom

area and logationdof Nec \ch (yell 'r).

Neon Kruat French

) Y L Be o L1 E): ]

igure 6.14 Topo graphy view of Neon kruat'area afound Neon Krdat trenching

Note that the electric power line are located following the Kho Khirilom
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(Figrue 6.4). The most effective and suitable area was chosen for further detailed study

and trench excavation. Nontechnically, the criteria are the accessibility.

Since backhole must be used for digging trench, and the ownership and

authorization of the proposed area must be the second criteria. Three trench sites were

l-;

Ban Nong Ya Plong trenehis located nmae District along the main

road no. 4. Remote-sens

selected in this study.

6.3.1 Trench 1: Si

geomorphology indicates'© El san or ridg ar valleys, offset ridges, and

triangular facets (866 Figst 6.6'10/610) on i ographi 5;. 1:50,000, sheet 49314
(Amphoe Thap Sakae). Tk ‘- ' /as an agticu | : | pool for rainfall support at
grid reference 544673E/124 6 &A{Ls vnsin figur it is situated in the steeper

slope at the left han Sld of | & n.» ‘ne > offse ', and triangular facets.
This artificial pool | - sediments deposits, traverse
perpendicularly across th on YarPlong 2 gment. The pool's geometry is 30 m in

width, 50 m in length, and 7 4

6.3.1.

As .uMi ' at the Si Yeak Ban Neon

Kruat trench has relativel uC atig ahy.‘ nch-log stratigraphy is

characterized by 4 unconsolidated sediment units and a one of granite rock basement.

"~ EUEYENINGIDT.

of pegmeﬂe vein with othorclase, n&ca and quart are dominant. This unit @ear at the

RINITUURTINGTRY ™

Unit B is a completely weathered granite which is brown to dark yellow. This

layer contains fracture zone with set of quartz veins. The weathering granite has the
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characterize by shape brittle fracture, mix by iron oxide and very coarse sand to gravel

but not show stratum. The thickness of this unit varies significantly from 1 - 3 meters.
Unit C is well-defined, grey to pale brown silty clay of alluvial deposit consisting

of clay (70%) with silt to fine sand (25%) and iron oxide (5%). The deposit is well-sorted,

and mainly matrix support. It is found as a small layer at the top of unit B in the middle of

Unit D is characteri by sm c e h brown, silty to sandy gravel

In the excavated trer /eral pi vidence regarding faulting

based on trench-log stratigraphy. ;_.'. It systér s recognized (F1) which cut

through the sedimentary unﬂs&ﬁ \d E. The important fault evidence includes the
. -“‘.-i’ q- e e ; =
discontinuity Cfﬂlt B and unit D, quarti‘fr eins in Ve heredrgranite of unit B were

and offset (15-2

j t. The other evidence is
some gravels of wnit E near the fault F1 change their orientation following the west-

dipping fault plane a ape contact between unit D and unit E.

Al UBFRBRTHEANG -

current r@photectonlc mvestlgatlons the sense of fault movement in the area is mainly

o8 WER Al (L e E-X T

ﬂearby trench location. Tri-angular facet were dipping to the east, too. The true

displacement of F1 be not sure to observe because the hanging wall of units B, D and E

are different thickness but at least, we can estimate the fault offset by assuming the top
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REERL

i |
Unit A: Weathred gra l!
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Figure 6.16 Trench log section of the north
major faults orientation and ﬁ
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Figure 6.17 Trench log's N : riheast w | < Ban Krut showing

ich displacement

Figure 6.18 Trench log section at the northeast wall of Si Yeak Ban Krut showing
the orientation of normal fault and the clear offset of quartz veins with

separation of approximately 15-25 cm.
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of layer B, which overlain by shape contact of unit D E. So its offset is approximately at

least 0.56 m.

6.3.2 Trench 2: Ban Neon Kraut

This trench is the co-operati g etween Chulalongkorn University and
Department of Mineral Resot ce ir earthquake investigation. Ban Neon
Kraut trench is located at Ban N hong, Bang Saphan, Distric,

Prachuab Khirikhan, fal ) 3 i ) 8 km. in northwestward, at

the 135 degree in azimuth g m, 4its s 37 1 ) dth, 32 m in length, and
3.5 m in depth. | b
6.3.2.
Results on explorato ;.?'-— ' IS aiCtH g reveals 4 stratigraphic units from

Unit ,_. § .,-!-,.,_7.7___-._-_-&_,!_,-__, n alluvial de veI layer consisting

-k

of gravel 85 V 5€ IIy, gravel is quartz

and shale, well s&d with 2-3 ¢ grave S|ze, su@angular to sub rounded

and high sphericity. T‘he thickness of this unit i |s more than 0.3 m.

oy mmm e 5‘;?22‘117‘1?!

percent), well-sorted. Thickness of t@ unit is about O&) .9 meter.

thick and overlying unlt in the Ie t hand side of trenc and fade out in the right

hand side.
Unit D is alluvial deposit the gray clayey sand layer consists of very fine sand 80

percent, clay 20 percent. Unit D has the the thickness of 1.9-1.5 m.
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6.3.2.2 Structural and Evidence of faulting

Main geological structures found in the trench include the F1 and F2 cutting
through Unit B and Unit C. There two faults have the attitude of 60 degree strike with

dipping angle 45 degree to southeast with reverse movement, F1 offset Unit C with the

slip length of 62 cm. F2 cutting throuc it B.and Unit C and has the attitude of 60
degree strike with dipping ar utheast with reverse movement

(Figures 6.21 and 6.2 ot be estimated. This area is

within the of Khao Khirl Lo ’1:!-7" t with the t‘"a'ﬂ-qgal‘-_il“ ortheastward of trench. The

fault in this area is the reve
6.4 Conclusion

Base on both : tion, it is evidenced that

the RNF is active. [ th > report earlier by DMR

(2007) and RID (2008). Hq \; quite contrast to these of

earlier works.

ﬂUEJ’JVIEJVIﬁWEJ’]ﬂ‘i
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Figure 6.20 Trench log section of the north-west W&BBan Neo s ab ‘;‘ii rikhan showing preliminary sediment straigraphy,
4
major faults orientation and sample location for dating.
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Figure 6.21 Trench ] i 60 \,\‘ showing structure
of reverse fault andiclearlyl offsét ofUnit C w dislacement

appro: iately 6

l I

Figure 6.22 Trench log section at the northeast wall of Neon Kruat showing structure

of reverse fault and clearly offset of Unit C .
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Chapter VII

Luminescence Dating

There are many Quaternary Dating methods such as ESR, OSL aand TL etc. The

sample for dating in this study are fro

he paleoseismic trenches, and contain no

In this section 7 b : L) dating procedures and
results. The proced C \ kash ma and Honda (1989). The

methodology of analysis'is josed o * ncludlng equivalent dose

7.1 Basic Conce

Thermolumi Se (TL) is the Quate ng techniques which measure

cept which is mainly from

TL is known as 'electfon-trap’ hnigues. Some natural materials such as
various stones and soi hem, such as pottery and stone

tools) absorb. or > - surroundings. This

happens at a w - ' rated with electrons
after about 50,0om/ears. Since the worlo uch older thﬁ this, most objects are

already saturated. Hewever if these substances are heated (such as when pottery is
fired mﬂ electrons and
resets 'ﬁﬁ g ﬂoﬂmﬁ wﬁ :Iﬂjz again. These
electrons can be released and counted in a Iaborat(&lto give a date smWhe object

IR IREIR
qxposed to sunlight. If they are then buried beneath later deposits, they begin to trap
electrons again. This produces a date for the burial of the deposit.

The object to be dated is heated in a laboratory until it glows. Part of this is the

ordinary glow of burning, the remainder is due to escape of these trapped electrons and
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this is measured. These techniques can date objects up to 50,000 years old, although
both are more accurate within the past 10,000 years. Even so, for the past 5000 years
they are less accurate than other dating methods like radiocarbon. They can be useful
for dating early sites and those that don't contain material suitable for radiocarbon or

other dating methods (Figure 7.1).

>

Collected sample

(recent)

residual

>

time

o Electron concentration in electron trap

eposition

Figure 7.1 Applied thermoluml escence met
= L -'"‘f-?‘!"'_ f""
between am n ne, (

or,dating by showing relationship

odified after Won-

e -
Generallymsulators such as covalence solids armglasses can generate
thermoluminescence"('hdating signal, butﬁ‘rpetals cannot. As a result, TL-dating
metho ﬂ ﬁ Itﬁﬁ W ﬁ’]ﬁ;ﬂﬁel to review on
general Iﬁckgroun of ating method is based on ionic crystal model, which is
simplified as shown in Figure 7.2
VAT N NEARY -
omposed of lattice of positive and negative ions. In this lattice, it can be defected due
to at least three reasons; an impurity atom, a rapid cooling from the molten stage, and
damage by nuclear radiation. The defected lattice is presented by lacking of electron

from its proper place or electron vacancy, called “electron trap”, leads ionized electrons
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from vicinity to fill up in this trap hole. In addition, ionized electron is the result of nuclear
radiation from earth materials or solar radiation. However, both nuclear radiation and
solar radiation have caused much less damages to the lattice structure.

Electrons have been trapped in trap holes lasted until shaken out due to the

vibration of crystal lattice. A rapid increase of temperature to high in narrow range leads

rature usually upward of 400°C can
around the crystal. Note that,
temperatures to evi ique. However, diffused
electrons can be dig

be retrapped at different

types of defect whicifis de et ; A ecombined with an ion in

has done at non- Iummescence;sl_:th Kil ater, there is no emission of light and
_ A 2 1

the energy is represented in the = Tor of heat.

7.3). Firstly, ionlzajr’r of electrons is adiation. Secondly, some of

sted until temperature

these electrons ‘trapped in continuous and constant rates

has increased. Th|rdlf e of electrons areﬁgated at the optimized temperature level
to ewcﬁ u Ejv Q ﬁ Ej wﬁ w ﬂw’a ﬁtﬁ are then reach
Iumlnescﬂce centers and in case of recombination process has done, light emission
from luminescence centers is genegted The amount-6f emitted light or the“number of
QL7 R EEE ME LT IatakliE Yo 1 i
qwe amount of nuclear radiative proportion or paleodose. In addition, dose rate of
nuclear radiative applied to environment is called annual dose.
Ultimately, based on TL process mentioned above, age of quartz-bearing

sediments (such as those of this study) can be determined by simple equation 7.1
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below;
Age = PaleodosSe .. (7.1)
Annual dose

7.2 Laboratory Precesses

The laboratory proce: in th ‘followed that of Takashima and

: met [ of a Iysiﬁd of 2 main procedures,
including paleodo ' se eval dose evaluation (Figure

7.4).
7.2.1 Cru
are dried by 40-50°C baked
in the dark room. " Wate neas d for a : o being dated because it
is the one signific Jannualk dete jination. The formula of water

content calculation is

Water content = (weight of a wet sample-weli dried sample)x 100....... (7.2)

e _was.shattered by using a

rubber-hamm "-;YA-i.YA‘”-nﬁiYATEBII'A‘YGJ-Y.-:?ATI-"I'TA‘I.'W-"'—TGF‘EIU.II;"7-, i e gra|n S|ze fract|on
i\ |

in 2 parts. Sedi =." ISV sh ﬁ 841 Um) were collected
\

about 300 g an was separated to keep in plastic cor ftainers for annual dose

determination. Remn.‘hﬂrt from annual dowollectlon is carefully re-sieved and the

materlﬂ %ﬂ Ej ﬁ!(%j % z%ja t| n 60-200 mesh.
rtions wer

Both of TMse po e kept in beakers for purifying quartz graln and equivalent

dose determination, respective ; ﬁthe annual dosé;*a sample portion ueady and

BV POV 91 4 o) P e B e

‘etermmanon is necessary to participate in chemical treatment.
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Figure 7.2 S|mpl|f|ed didgra oﬁ S‘H‘U 4 ystal showing (a) ideal

N ,
model of Comp' ely |af .'....: o .n."f >-ion vacancy occurred in ionic crystal
Fl Jr- a o 4 1 . .
cause negati e-ion -ﬁ—-: tial'and- ition impurity center (c) electron

ancy and (d) electron escape

capture by elect e

from _:'J-f

m ] =
ﬂﬂﬁlﬂ] mwmﬂ Jm}';m
qn@an thid

(4) (B) Irradiation (C) Storage (D) Eviction

Figure 7.3 Simplified model showing energy states in Thermoluminescense processes,

Energy

(Aitken, 1985).
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7.2.2 Annual Dose Evaluation

Generally, sediments are exposed continuously to ionizing radiation, which
originates from their radioactive contents, plus a small fraction from cosmic rays (Aitken,

1985). There are essentially 3 radioactive elements which contribute to the natural dose

' | ) and potassium (K). The decay of
| \\:}‘.‘ hereas potassium emits B and Yy
normally, the natural dose -uﬁ__ ost sedlm order of mGy/year.

For age determir i | te the natural dose rate
accurately. Several componer S ] forana f ra annual dose is:

b. Calculation of envir e | onte sample and

The annual dosé " I, 4 fid) concentrations of K, U and

Th by the method" o At N (1985), as shown in

Measurement of Uranium, Thorium, and Potassium Contents

iiiliﬁmﬂ'ﬁ NN TS

than 10% rUand Th, and less tha?3% for K using ’@ﬁxed count error C“Iatlon

TRIAILIRAATINE1AE

Annual dose is calculated from chemical data of U, Th, and K contents

with the equations proposed by Bell (1979) and Aitken (1985), as shown
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AD = [0.15(2.783U + 0.783Th)/(1+1.50(W/100))]
+[(0.1148BU + 0.0514BTh +0.2492BK)/(1+1.14(W/100))]
+[(0.1462U + 0.0286Th + 0.8303K)K/(1+1.25(W/100))]

T 0.1 (7.4)
Where ;
7.2.3 Pal
The main obj five, al atment s : { quartz
mineral in TL samples from  methoc U._ okeep o \a oying the signal of

a) Washing the sample by-disti { W ime or removing some

b) Chemically sed the'sample in at 50°-60°C in a period of
15-30 minutestane re-washed several times with distilted- waterfer eliminating
as ' Y
carbonates and deep-r

o

c) Etching t J

e sample in 24% HF at 50-60 C for 15- 0.1 inutes and rewashed it

several times with di‘tg water. HF was u%to dissolve the plagioclase and outer

- A g

d) After washing with Waterﬁnd drying in thet@dark room, the driedisdmple was

QARG TR b T TR By e

merals ) by using an isodynamic separator (Frant'z isodynamic magnetometer)
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Treat sample
Equivalent dose

| 100 g H_E" Water content © | Annual dose
[ o : (AD)
sieve o ~—dioactive Intensit
sample | 1 0 mesh | L Radioactive nden5|y :
- S OFu, Thand K :
(500 1,0009) (300 g) . . !
\4

age€ = Equivalent dose

Pure : - _- - seperaior Annual dose
R | .\\\
T A g g T | N ‘- . i‘ &
a Y \ 7 Equivalent dose
- >
T &) - (ED)

Fig 7.4 Chart of calglate @nni el dosbémi o |vaIe A dos L and OSL dating,
s e,
A

:;;_-J-d ild

(modified after Te

Figure 7.5 Summary of neutron activation analysis (NAA) procedures with

sample preparation and annual dose determination.
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After finishing sample treatment, it is necessary to check purity of
quartz sample by XRD analysis. If the quartz-rich samples contain less than 10% of the
other minerals, the samples were supposed to contain pure quartz concentrates.Then

the sample was ready for determine equivalent dose in the next step.

or Equivalent Dose Measurement
tis subdivided into 3 parts:

ated natural sensitivities of
——
| sunlight for 12 hours (Aitken,
V ing only what is termed
idual levels; and

outfhecharacteristio,c z effective

gamma ray source 0 “ | wradnlm S a Co m Office of Atomic Energy for
AL |

“‘.I“J'
“p ..'1

.il

Y nescence Detector (TLD) at geology

B e =z
Lhasi A 2
department, fa ty of. smenc‘é/c-'h"maiaﬁ‘ rn” universi Figure 7.6) was used for

In this study used t &—The

evaluatlon Of “"l,pu:ll.ul--lum-uculllll.uln-o.‘mn|mi ‘ TL intenSitieS on 3
Vo Y]

sample portions: ! a san ation 'sample portion and, 3)

residual sample ROl ion (in sedime ample). About 20 m@f sample was filled in

aluminum planchett?gj placed on a lybdenum heater. The graph shows a

A7 LY LR
1985). lf{lte is given to plotintensities o itt versus temperature

(Figure 7.3a). Calculation of equwalgmt dose can be déne by extrapolating fiatural signal
PRI ATV AR
@tensﬂy. The result is assumed to be proportional to the equivalent dose of equation

7.1,
Although the glow curve shown in Figure 6.4b is smooth continuum, it is really

composed of stable and unstable signals. This procedure makes by comparing the



257

shape of the natural glow-curve (i.e. the glow-curve observed from a sample which has
not received any artificial irradiation in the laboratory) with the artificial glow-curve
observed as a result of artificial irradiation. Thus a constant ratio between natural and
artificial glow curves gives an indication that, throughout this plateau region, there has

been negligible leakage of electrons over the centuries that have elapsed since all traps

were emptied in the course of he St ila //@nt environment.

e This can be done by the

by the straight-fon intensity from a natural
sample (N) and co m the same sample that
know certain dosage ( study, after heating the quartz-
extracted at 320°C ft .;;‘,’é'"' T “ liquated for 5 sub-samples

(Takashima et al., 1989).For gach sub-sample, ariificial irradiation was added with the

Appendix). It should be noted herein that most graphs of the natural intensity values

close to the arhﬂmall.ﬁﬂhated liquated |ew+1 440 Gy). Therefore their paleodose

~ARETRBRINREINT

7.2.3.5 Residual Tes&

WA IRAMYTTAE

natural TL signal acquired since deposition and the residual signal that the sample had
when it was deposited in the last time. Many scientists (e.g. Wintle and Huntley, 1980;
Tanaka et. al., 1997) proposed several methods to simulate the light source exposures.

Samples were exposed to some kinds of light sources. Natural sunlight, UV-ray lamp
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department, facuty of science, chulalongkorn university (b) Main equipment that
comprises the “reader”, which is necessary for measuring the paleodose,
irradiating the sample, heating the sample, and deriving a “growth” curve, (Lian,

2007).
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make misinterpretation of the peak, which is the result of electron emission from deep
traps not other shallow traps. Glow-curve peak, which has located in the stable region,
is that of interest. The stable region is usually at 3000C or higher where electrons from

deep traps are evicted near zero. The method to recognize the stable region is a
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plateau test. There are two glow-curves of natural sample (N) and natural + artificial
sample (N+7Y) that had been plotted as solid lines in the same graph. Ratio between N
and N+Y is shown as dots. The plateau of dots is the stable region red-colour zone or
band. In addition, peaks of both samples have been generated at the same

temperature, and N+ peak is higher peak, it means that deep traps are deep

enough to contain other electr

A total of Quater 7 .- _ ted from paleoseismic trench
at Si Yeak Ban Krut and Ban Nee -m--_-; N in Figure 7.9 - 7.11). Seven samples
wre collected from the northe ast' wall of Ban-Néor Jtutre ch (NK1—NK7) and there are
five samples wire. col rom_Siyeak_Ban Krut—Trench—(ok. ). The total of 12

samples were’ hown in Table 7.1

respectively. For ual dose analysis, dated samples ain U contents varying

from 2.71 to 5.98 pp? Th contents from 12. OU 33.68 ppm, and K contents from 1.43

to 4.96 en 1.66% and
34. 13"/@ Hﬁo@oﬂﬂﬂiﬂ ﬁ]jﬁﬁ mGy/Y, and the
paleodose (or equivalent) dose rang'e from 40.54 to 365.94 Gy. As shownjiniTable 7.1
VRATIAIEIHADGRH A G
Qetween 4,800 to 51,000 years. It is inferred from this study that the dating and
geological results show more than one paleoseismic event. The oldest age of the fault

movement is about 29,000 = 1,000 years are the latest movement took place at about

4,800 £ 1000 years ago.
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The detail of the results at Si Yeak Ban Krut trench are decribed below.

Sample no. SK1 from unit E shows good glow curves for both natural and
artificially irradiated sample (appendix). The plateau test as shown in appendix is the
rather atability line at 290° C on ward. The growth curvefor sample no. SK1 displays the

arbility TL intensity of a natural sample at 92,114 which is equivalent to the paleodoss of

7.81 m Gylyr with the water content

parameters revea é\a no. SK1 as 29,100 yr.
Sample no. @JI’VGS for both natural and

artificially irradiated.s ‘shown in appendix is the

rather atability line 2820 : ard. e ample no. SK2 displays the

Sample no. St it B shows @ ow curves for both natural and

artificially irradiated sa

rather atability line at 280° C op;i curvefor sample no. SK3 displays the
e BN S

arbility TL intenls_'\x of a naturarga"fnb‘fé a'ﬂéi‘,'Z W guivalent to the paleodoss of

369 Gy. The sample-h he-anin dose-ab .v. | the water content of

the sample is n 7 ‘ ined yield geologically
meaningless. "-ﬁ o/
ﬂmﬂw vﬁo nEj WN%OW% ﬂeﬂﬁoth natural and
artificial mradiate rsampe éppendix). The plateau test as shown in appendix is the
rather atability line at 280° C on warﬁ. The growth curfvéfor sample no. SK4'displays the
AT T 3 R T 1 VIR e
Qf 282 Gy. The sample has thé annual dose about 7.14 m Gy/yr with the water content of
3.94%. These TL parameters reveal the date of sample no. SK4 as 39,500 yr.
Sample no. SK5 from unit C shows good glow curves for both natural and

artificially irradiated sample (appendix). The plateau test as shown in appendix is the
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rather atability line at 255° C on ward. The growth curvefor sample no. SK5 displays the
arbility TL intensity of a natural sample at 72,772 which is equivalent to the paleodoss
of 375.04 Gy. The sample has the annual dose about 7.38 m Gy/yr with the water
content of 4.23%. These TL parameters reveal the date of sample no. SK5 as 51,000 yr.

Similarly, this sample yields the unreliable data due to the sample is “in-situ”.

paleodoss of 40.79 Gy. The sample has | e annua dose about 3.68 m Gy/yr with the
water content of 2.10%. o] ara ers reveal.the date of sample no. NK2 as

11,000 yr.

or both natural and

st as ﬁwn in appendix is the

rather atability line at 280° C on ward. The growth curvefor sample no. NK3 displays the

arbilit it aQU the paleodoss
oA NS e

of 1.66%. hese TL parameters reveal the date of sa &e no. NK3 as 9, 100 r

RIRSARA T NARS: -

rather atability line at 280° C on ward. The growth curvefor sample no. NK4 displays the

Sample.

artificially irradiat@samp

arbility TL intensity of a natural sample at 108,260 which is equivalent to the paleodoss
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of 30.19 Gy. The sample has the annual dose about 4.11 m Gy/yr with the water content
of 4.76%. These TL parameters reveal the date of sample no. NK4 as 7,300 yr.

Sample no. NK5 from unit A shows good glow curves for both natural and
artificially irradiated sample (appendix). The plateau test as shown in appendix is the

rather atability line at 290° C on ward. owth curvefor sample no. NK5 displays the

arbility TL intensity of a natura sampl ) hich is equivalent to the paleodoss
of 109.76 Gy. The samp - the It 6.98 m Gy/yr with the water
content of 2.43%. These [L parameters & ! : ple no. NK5 as 15,700 yr.

Sample no ' 2 es for both natural and
artificially irradiated.s own in appendix is the
rather atability line at.800 , . The *‘" uny for'sar Ie no. NK6 displays the
arbility TL intensity of 3 . ample . ), 45 | N ) ivalent to the paleodoss of
29.96 Gy. The sample has the ¢ ualrdoserabout Jr with the water content of
1.94%. These TL parametars £ X ple . NK6 as 5,000 yr.

Sample no. ' i"\ urves for both natural and

artificially irradiated s , ; per i est as shown in appendix is the
rather atability line at 28 ] _ ard. The g rvefor sample no. NK7 displays the
arbility TL intensity of a natural sample a [ 61, Y Lch is equivalent to the paleodoss of

~

50.33 Gy. The sample ha the annual dose al r with the water content of

3.18%. These T c_m.“ 8,700 yr.

) %
ﬂuﬂqw8m§WH1ﬂi
ARIAINTAUURINGIAY
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Table 7.1 TL dating results of quartz concentrates sediments for sample collected from

the study area, Prachuap Kiri Khan and Ranong, Southern Thailand.

u Th K Water Annualdose Paleo
No. Sample Age (yrs)
(ppm) (ppm) (%) Content (%) (mGylyr.) Dose(Gy)
1 SK1 4.77 25.87 4.45 2.90 7.81 227.38 29,10045,000

11

2 SK2 5.98 25.47 775 243.04 31,000+4,700

3 SK3 5.46 26.71 . ‘u - 9 ’f / Z 369.08 51,000+9,600

4 SK4 5.08 23.6 hﬁl.h_“- é - - 282.55 39,500+5,400
= _—

5 SK5 4.76 23. -PI-' ‘G&- 375.04 51,000+6,000

6 | Nki 5.19 l“' m %\K‘ﬂ 30.19 4,800+1,000

7 | nk2 | 343 ﬁyl ﬂ ‘km\ 11,003,000

T [ A N[N [

9 NK4 | 3.06 ) ‘ i ' 1""\ \m\ 7,300+2,200

10 NK5 518 'in@ ‘r\\‘\, 15,700+4,300

" NK6 4.19 li‘ !\\\‘k 9.96 5,000+£1,000

NK = Noen Kruat and EF | YedK Bz er

M-.

P
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Chapter VI
DISCUSSION

In this chapter, a main point is described for the discussion related to the the

results from current paleoseismic investigations along with the existing previous works.

Ranong fault F)fand” Kh A Viart (KMF) are the major

northeast -trending ; i i 4 ngtt : m and both are related

misinterpretation. These two fa i., ocatedHo | he south of the other two major faults
e BN
which are the T ee Pagoda ('rP/ﬁ [ n Thailand. Both RNF

set (Lacassin et al.
Garson et.al

about 250 km to the @u&west along the khlw marui fault, and 50-80km sinistral shift

to sout sﬂnﬂeﬁf ﬂaﬁﬁwn tﬂihﬂa@ granite offset
about 150 km along the RNF (Figure 8.1). Age deterrhina ions on muscovite and
lepidolite from pegmatites intrude in$ fracture lines parallel to the main tectonic feature
N B @bt i RIS Wb ) g B
Qn the above rdata it is quite boséiblé thét the KMF and RNF are sinistral mbvement after
52 Ma (Early Oligocene). This work by Garson et al. (1975) correspond well with that of

Watkinson (2008). Based on Watkinson et al. (2008) the RNF is dextral movement before

52 Ma, after 52 Ma. RNF became sinistral sense and from 20 Ma (Miocene) began to
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dextral. However, from this study, morphotectonic feature in the present study show that
the RNF shows the sinistral sense of movement. Due to the remote-sensing, ground
geophysical data and paleoseismic trenching informations from this study, it reveals that
the RNF is the strike-slip fault with the high dip angle (>45°), corresponding to those

reported by Watkinson et al. (2008) base their field evidence.

Based upon this study the ¢ : e 300 km long fault extending from
A

Prachuab Khirikhan to Rano -,g 1ce. I movement is well observed

close to Nong Ya Pleng ' ar [ g, which La-un segment

is located. The resulisffom pélcesels mi nching indi t the RNF also shows its

tectonic-setting style through i partic arly be our result also conferences the

movement along the on- ive. RNEAls), | whereas the movement

9 .‘ RNF in this study

the RNF extends narthw soutt ailand and Andaman sea,

respectively and i l characteristics are shown below (Figure 8.2

Although Chqhtw (2010) first repqﬁsd that the RNF was observed by 2D

seismi ﬂ %% ijh(tﬂeﬁtudy have been
reported after that. It has been ound from th|s study (chapter 5) that the RNF is the left-

lateral strike-slip fault with the h h€|p angle (45°-60%xThe RNF extends from Ranong
TR AP T AT LA G o
mns into the Mergui basin as the Iow—magmtude epicenters can be extended and linked
with the RNF in Andaman sea. Also, the Ranong fault has the strike slip fault movement
that creates narrow push uplift (Ranong Ridge). It passes the Mergui Shelf with left

lateral movement (Figure 5.27) resulting in the creation of the fault segment with horse



271

spray pattern (Canningham and Mann, 2007). Based on the result of the seismic survey
interpretation, the structure map in Andaman sea, the active fault map in Thailand and
epicentral distribution in Andaman area, three fault segments are discovered. Ranong
F1, Ranong F2, and Ranong F3. Ranong F1move along the Ranong ridge with strike
(northeast -southwest) N10E with dip angle 47-60 degree to east. Ranong F2 strike in
N24E dip 47-60 degree to east and relation with earthquake 4.0-4.60 ML. Ranong F3 is
tentatively active fault because this fault segment created from group of earthquake
which size <3 ML near Pganga province, it will be more active fault study in the future
and it has fault plane“in the.northeast-southwest direction (NE-SW) N25E. From the
interpretation of datagRanong Fidand F2 §egments cut pass the sediment layer until the
seafloor layer in the nermal fauli movemenllzt. This shows that the RNF which runs into the
Mergui basin is the obliquesfault with the 'rpajor normal slip as the minor component of
movement. P d

II
! #

In the Thai gulf, it is possiE;Ie that B%ngéapan segment, Nong Yaplong segment
and Bangsaphan Noi segment mov]_é into thlejg.ulf,pf Thailand. When the lines of all three
faults are extrapolated to the Gulfﬂc_)nzThailané!!',Jtih_? flower structure is found in the area of
Prachuab basin where the RNE-may cut pass:'_,'l_'-h,'t!is;s,,truoture is an evidence of the strike
slip fault movement and the;e fatlts—cut inﬁg seafloor in normal movement and

related to the epicenter of tﬁé 'éérthduake eve.ﬁ!t%—n;?_?’Septembe“_r 2006 (Figures 3.8 and
5.44) that show rﬁﬁey—aﬁe—agummand—RNE—m%m%QLmbliqUe fault (normal with
strike slip movement) .However, when RNF is extended into ’iﬁéu Prachuab basin, no
structure created.by the strike slip fault movement is discovered. The faults mostly move
with normal movement..Since the data usedste interpret is little, it can be said that
Bangsapan segment, Nong Ya Plong segmentiand Bangsaphan Noi fault segment runs
into the gulif of Thailand. Nong Ya Plong segment and Bangsaphan segment that are
extended into the sea which strikes at N4OE direction.*Bangsaphan Noi extended into
the sea which.strikes at N50OE.

From the study of focal mechanism event on 8 October 2006(chapter V) and the
preliminary result of the seismic interpretation (Chapter V), the analysis using beach ball
reveals that the movement along the RNF is oblique (normal with minor strike slip

component) with the dip of 30-60 degree. It is likely that the fault plane is in northeast-
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Figure 8.2 Map showing active fault segments of the RNF on main land and faults

segments in the sea.
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southwest direction. From the seismic interpretation, there is no seismic line passing the
point of earthquake and there is no fault line related to the earthquake when the point is
projected. When the Bangsaphan Noi segment is extended towards the epicenter, the
fault in all 3 seismic lines is found. At the area where Bangsaphan Noi segment cuts
pass, there is a fault cutting through thei sediment layer upon the seafloor with normal
movement. The stated fault dips at 44-60 degree to the west which is related to the
beach ball that strikes at S36W-S46W dip angie of 60.degree to west and the fault line of
the Bangsaphan Noi segment. Therefore) it is_possible that the earthquake incident is
related to the Bangsaphan Noi.segmentithat runs passing the gulf of Thailand and it is

categorized as Obligué faulis(hormal with ‘*minor strike slip component) (Figure 8.3).

A

8.2 Geomorphic Featuresiand Paleoearthc}ualge Magnitudes

-

Department of Miheral Resotrces (2007) used the tectonic geomorphology in

the RF and KMF and stated that both.2 faulfs are active. They found that the trend of all

dd

fault segments were in the nort_hea_ét direction. However no northwest or the direction

has been reported forthe fault trend. '-f'J.r_

From the result of the Femote: sensmg migrpretatlon the fault segment can be

divided into 19 sections on malnland Thistis dﬁferent from the result of DMR that divided

|a

the fault segment of RNF into 16 segments I‘n Prachuab Khmkhan DMR (2008), there
anoi(2009). In this study, it can be

divided into 9 Segments. In the area of Chumphon and Rahc’)ﬁg DMR, there are 8

segments but the fault segments can be divided into 10 segments in this study. The
faults that are added are. Khoa khirilom segment (Bangsaphan segment, DMR (2007)
and KheaKhirilam (Pahnanon, 2009) ", Khoay Kwang segment”, Khlong Nam Khoa
segmentg Na Khoa segment, DMR (2007)), Pato and Pathui fault segment supported
by the detail of geomorphic evidence mentioning in Chapter Il1.

From/the remate sensing interpretation/with 2m.contour;line in the,area of Khao
Samianma, it is found that there is more than one fault segment (Figure 8.4), viz.
Bangsaphan fault segment and Khoakhirilom segment and lines of evidence are shown
in figures 3.18 and 3.20. In the area of Na Khoa segment (DMR, 2007) reported that

geomorphic evidence such as trigular facets and offset stream in northern and southern
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of this area. They are geomorphic evidence of Khlong Nam khoa segment (Figure 8.5)
Therefore, the remote sensing interpretation by using the 2M contour interval DEM to
divide the fault segment, the result of orientation and direction of the fault is more
detailed and clearer as compared from the result of SRTM Dem as shown in figure 8.6.
From the above result, the fault segments on mainland orient mainly in the
northeast-southwest direction. However, from the result of the remote sensing, there are
lineaments in the north-seuth, northwest - southreasirand east-west direction. As the
morphotectonic evidence is unclear and.locates on the mountainous region, most of the
fault segments are.insthe northeasi-southwest direction. Mest fault segments are in the
value of N20E-N45E#Moreaver; the Thaﬂ Mai Lai segment and Pak Jun segment are
found to be in N70E;N75E near the East—ll\/est direction. From the data of the Park Jun
seismic station in Chumphon province (TH@ 'sea network, RID), the small magnitude of
the earthquake can'be measured at 2=3 MI_T.'"It was the only seismic station in Chumphon

!
! #

but the other network in Ranong'-provinoe.;fthai could not detect the seismic wave of
earthquake due to its small sizer._.Th]_urs, ther(a:.:;h_ighii be a movement of fault in the vicinity.
It is possible that Pak Jun segmﬂe_rlt had mb}/.eij According to Well and Coppersmith
(1994) reported the relationship between surfa___c'g;_gqpture length (SRL) along the active
faults and the paleoearthqua;e magnitudes.j:tﬁ_é’.‘founded that fault segment on-land
credible palecearthquake a-sn 's"‘h}ow:n in table 8!1 ﬂﬂ'léc}, the. maximum magnitude of the
fault segment '0&‘%%4@%%&4#&4%@%@@87—8.8). Ranong fault
segment has the longest surface rupture length and migh‘t’k-)ne the cause of the
earthquake with the magnitude of 7.4 Mw. In addition, the-morphotectonic evidence
proves that the majogearthquake might be oceurred on the mentioned fault segment.
From™ the ‘result present ‘above; there are small earthquakes along RNF in
Andamany Sea and Gulf of Thailand (>100 events) that have been detected with the
maximum magnitude of about 4 Mw. As shown in the:earlier section, apart from the
background [earthguakes, many. earthquakes jare related tol the movement along the
RNF. As shown by USGS and TMD, there are moderate earthquakes in the Andaman
and Gulf of Thailand, particularly in 2005 and 2006, respectively. Therefore, it is very
likely that there could be more earthquake incidents occur on -land in the future since

not many small earthquake events have been detected on land so far.
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Table 8.1 Paleoearthquake magnitudes of the RNF in southern Thailand, estimation

from Well & Coppersmith (1994).

No. Fault segment Surface Moment Remark

Magnitude

—

© O N oo o ~ w N

Peninsular

6.1-7.4 Mw

J N S U
w N =~ O

14 ' .,__,.:m;‘—‘:—

15 =

LE anong

16

17 K‘ab ri

AUE T'}JV]EJV[ﬁWEJTIﬂi

Q“Wﬁﬂﬁﬂ"?ﬁimﬁ’mﬂﬁ”ﬁ i

W 5.08 + 1.16 log (SRL)

Whereas:
Mw = moment magnitude;

SRL = surface rupture length;



280

99°15'E 99°30'E

]

AW B ™ N TN

11°30'N
11°30'N

11°15'N
11°15'N

11°0'N
11°0'N

99°15'E 99°30'E

REl TSN

maximum credible earthquakes of paleomagnitudes of The

Ranong Fault Zone in Prachuab Khirikhan province.



281

10°30'N

10°0'N

9°30'N

98°30'E 99°0'E

10°30'N

10°0'N

9°30'N

credible earthquakes of paleomagnitudes of Ranong Fault Zone in

Chumphon and Ranong province. (Cenozoic deposits data from DMR,2007)




282

8.3 Age, Slip Rates and Recurrence Interval

8.3.1 Earthquake faulting and recurrence interval

From the research of DMR, there are 5 earthquake events in the RNF and KMF

The earthquake events along RNF can o e detected for 3 times which are 40,000

years along the Nong Ki segment, ¢ the Ranong segment and 2,000 yrs

along Khoa Khirilom segm Ngs ‘ ' R (2007) From the research

at about 4,500 yrs ago.@e Khoe hiri gment. when all the mentioned

The second faull f,_’ alk ;";, 5 based on the result of open

wall at Si Yeak Ban Krut aregw:gc[o ace o ong Ya Plong fault segment . The
Faults F1 cut I’BJg,h"énd disturbed th - bottor gures 6.16 and 6.17).
However, the fal | unit D was dated by

the slip rate of fault-at about 0.021mm/yr.

The third faulﬁ@(ent of the RanongFault Zones took place at about 7,300 yrs.

oo R £ WA oo

Khoa K om segment. The Faults F2 at Ban Neon Kruat trench cut through and

o iR T ey )i

The fourth faulting event of the RNF at about 9,000 yrs with the slip rate of 0.18
mm/yr based on the trench log and the TL dating methods from Ban Bang Non Nai area,

(DMR, 2007) which occured on Ranong segment.



m
L1m

Unit D : Alluvial :Clayey Sand \ TL-dating ( This study)
Unit C : Alluvial :Sandy Cla - - _' - Sample of TL- dating (DMR, 2007)

Unit B : Alluvial :Clayey Sand mple of C-14 (DMR, 2007)

Unit A : Gravel of Dating (yrs)

19 495 ciple stratigraphy and TL of this study,
D partrﬁvt of Mineral Resource (2007).

AULINENTNEINS
RN TUNRINYINY

Figure 8.9 Trench log section at the northeast --.tgi‘;,-,

TL ages of Department of Mineral Resouﬁ (200

€8¢
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The fifth faulting event of the RNF occurred at about 4,500 yrs. The slip rate
0.088 mm/yr is based on the results of exploratory trench at Ban Nong Chan area by TL
dating (Pananon, 2009) which took placed at Khoa Khirilom segment.

The last faulting of the RNF may have taken place at about 2,000 years age with

the slip rate 0.27 mm/yr based on the offset sedimentary layers and the C-14 AMS

RNF. — .

Itis note frw nching in Ban N n Kruat Area (Fig.8.9), that
sediment of Unit D : " 0-5, 100" A - Also, from the research result of
DMR that had been . ‘ 1t Unit D is about 2,330-
3,630 yrs and ages b rs. From the result of the
test and that of D pth close to the area

’
J;JJ

urrence: : al for 6.4 Mw of the Khrillom Fault

e

e
can preliminary deduoed thatthe f
segment is 2,000 yrs.

[e——————57

From this dy we fou e ong t NF on main land range

8.3.2

from 0.018-0.70 mm/yr from Quaternary sedlment offseted in paleoseismic trenching .

The re rategin -0.0076 mm/yr,
or apermE u ﬂ W i mhﬁe i of RNF Gulf of

ThaHandyea about 0.0025-0. 0051‘nm/yr or approxmately about 0.01 n@yr (Figure

RARSITIRLATAY. mmm

slip rate in this study found that the long term slip rate of RNF in Andaman area and
Gulf of Thailand less than the long term slip rate of active fault on land in the northern -

western Thailand as shown in the table 8.3
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Table8.2 Numbers of Earthquake faultings and recurrence interval of the fault

segments belonging to RNF

EQ/

Faulting

e

|
!

e WL Irrr dr

L. l.n"

ﬁ/'

LS
ey

Nong Ki segment

ﬂﬁmmmwmm
AT ANeat
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Table 8.3 Slip rate and regional slip rate in long term of active fault

Fault Age of most Long term slip Slip rate
recent movement rate (mm/yr) (mml/yr)
Long Late Pleistocene 0.04
Nam Pat » 0.04
Phayao . Late Pleistocene 4 ¢ 0.05
Phrae -~ - )
Pua
Theon

RNF in Andaman sea .
RNF in Gulf of Thailand

RNF on mainland

- Khoa Khirilom segn 0.27
- Nong Ya Plong 0.021
- Nong Ki 0.70
- Ranong 0.18
*Data from Fenton et. al, (20
From the result above, i €3 Wit '_ ip rate is more likely to have higher

seismic hazar 1‘. hus, it is more likely

et
tﬂ e hazard more than

that the region 9 ~land | K 10 S|

ow- tem Andaman Sea and the
| i (2003). ‘

Gulf of Thailand a not high those of Fenton et. al,

“”ﬂﬁﬂ”‘ﬂlﬂﬂﬁﬂﬂﬂﬂ‘i

mtegrated result reveals that the northeast-southwest-trending RNF shows

RIS I I NS

and in Andaman area.

that of the sea. |

Based on the work of Watkinson et al. (2008) in the KMF and Ranong Fault using
structural field and petrographic relations and geochronological synthesis, it is quite

likely that during the Tertiary Period and shortly after the Indian-Asian collision at 52 Ma,
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The RNFand Khlong Marui fault served as the major and deep fault (see Figures 8.11
and 8.12 ). They showed a sense of movement with the right lateral 250 km long, ductile
displacement during 87 - 56 Ma. They also showed such the movement in the NNE to

NE trends , which may have occurred at least 4 times. Sense of movement became

Period after 52 Ma. Their field and petrographic

lines of evidence strongly indicate that deformation may have occurred during

23 Ma, R ‘é
Our TL age-dating.data also indicate t@s the strike slip movement

with the sinistral ow N, - 0 yrs. ( Prachaseri trench,

Sawi segment, D ) Jatést about 2,000 yrs (Ban Neon Kruat

trench, Khoa Khiri ,~~\. movement occurred

simultaneously wi (he paleoseismic trench

at Ban Neon Kru data from the trenches

were also confirmed, i~ .Dépal it of 'xi-.ic Resources (2007) and
Pananon (2009).
Our results

Quaternary as shown in SPrings provide the good supporting

evidence for such neotectoni h the neotectonic activity and the

epicentral distrilutio ill active till present with the

:" o ",1.. OHOR=HA=ERAC=-SHHStha SRS CmOWEY-E .wr.v.’.v.'.v-:‘,e:' by Watklnson et al

major compon

|

(2008), the sense of ---I e Tertiary Period than

|

the present day. - 'll

AU INENTNGINS
RIANTUNRINYINY
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Figure 8.11 Simplified model-6f-fie' RNF bas
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CHAPTER IX

CONCLUSIONS

Based on the results of enhanced remote-sensing and aerial photographic

the followings;
1) The Ran rtheast trending, 300 km-

long fault extendingsf F extends from Ranong

v , sy a1

3) The Rano €, can betd i i ault segments on main land
based on discontinuity criteria| ’— 3 yments, viz, (1) Thap Sakae (11 km),
(2) Khoa Mun (7 km), (3) =5 Nong Yaplong (44 km), (5) Khoa

Khirilom (22 k ng Noi (22 km), (7 sphaneNoi (28 km), (8) Khoa

Kwang (28 km), {9)-Tha-Sae~(34-km):-(10)-Khiong 'E- km), (11) Pak Jun (20
km), (12) Tha Mai 7' i (2C 3 Ki (28 km), (15) Laun (54 km),
(16) Ranong (98

), (17) Kraburi (65 km), (18) Pato (70 km), (49) Pathui (32 km).

Slgnlfloan‘agwell defined typesidf/morphotectonic evidence can be seen

L s e

streams, l@rallel ridge, linear ridge, pressure ridge and linear valley. They are well

TRISAT IR IR

Qertiary strata to seafloor, and many of them have the closed association with the

cu

epicenters.
5) Based on preliminary result of seismic interpretation section in the gulf of

Thailand earthquake event on 27 September 2006 and 8 October 2006 occurred at the
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point which Bangsaphan segment, Nong Ya Plong segment and bangsaphan Noi
segment of RNF extended to Prachuab basin. Additionally, some part of fault segment of
RNF seem to be located at the Prachuab basin boundary (or edge) and not related to

earthquake event. In Andaman sea the earthquake swarms correspond with Ranong F1

beach ball analysis indict the RNF

e of movement on the major

e@nor component.
carihaUaKewilh the magnitude of 7.4 Mw

maximum slip rate 0.7
surface rupture length. The

ent. However, the sense of

quake of about 6.7-7.0 M

along the RNF. They 00, 9,000, 7,300, 4,500 and

2,000 years ago. Its re for the Ranong Fault zone .

9) Based on classiffi sed by Charusiri et al. (2001),

the Ranong fault zone is C|88§M ving the definition. Additional data of
‘lli r“"‘ i.‘ -
historical and irf&umentally earthqﬁ‘éke d and adjacent area
i

also indicated

10) The sense of movement of

RNF have ohangﬁn many times. First, ductile dextral strike=slip shear have develop

during Late Cretace@s&arly Eocene (87— Wa ) next, RNF became sinistral reverse

obhqueﬂ %&} a gj w ﬁ%ﬂ%a brittle dexral
strike- shrﬁ]ear at Early Miocene . Then it is left lateral after 0.29 Ma. il present.

However, at present day sinistral movemént along the studied"RNF fault is

SR NS ST TR e

Qeach ball of the Ranong Fault Zone.
12) The present- day RNF shows that most earthquakes occur in the sea while,

on land many action fault segments are recognized and they may experience major

earthquake in the future.
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