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Abstract 

In Southern Thailand two major strike slip faults are crossing the 

Malay Peninsula, the Khlong Marui (KMFZ) and the Ranong Fault Zone from SW to 

NE, which were identified as inactive before 2004 by the Department of Mineral 

Resources (DMR), Thailand. Seismological observations in 2005 have confirmed 

seismicity with low magnitudes (M<4.5) along the faults and in southern Thailand. 

Paleoseismological investigations of the clearly exposed western part of the KMFZ by 

the DMR in 2007 have shown that paleoearthquakes occurred in the last few thousand 

years. For the eastern part, mainly in Surat Thani Province, where the fault is less 

exposed, this study could identify several locations with evidences of 

paleoearthquakes. Both thermoluminescence and optically-stimulated luminescence 

method were applied in this study to determine the occurrence time of the 

paleoseismological events. The paleoearthquake magnitude was determined by 

detailed investigations in changes and displacements of the stratigraphy and geologic 

setting. From the results it can be concluded that there has been at least three periods 

of paleoearthquakes at the eastern part of the KMFZ, at 33-112 ka, 2.5–10 ka, and 

younger than 2.5 ka. The KMFZ can be classified as an active fault. The 

paleoseismological results also have shown that the KMFZ can generate higher 

magnitude earthquakes than any seismogram has ever recorded for this area with Mw 

more than 6.6 and maximal 7.8 and by this indicate that these magnitudes can be also 

expected in the future along this fault. Any seismic hazard analysis for this area has to 

take this into account. 
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CHAPTER 1 
INTRODUCTION 

 

1.1 Introduction 

1.1.1 Role of paleoseismological research for seismic risk assessment 

Earthquakes are defined as a trembling of the earth caused by a sudden 

release of energy stored in subsurface rock units (e.g. Kurniawan et al. 2009). The 

effect of earthquake activities can pose a significant hazard to the lives of people and 

the infrastructure because the ground acceleration associated with the seismic waves 

can result in the collapse of buildings and other structures. Moreover, there are 

secondary effects, like landslides and tsunamis, which also result in loss of lives and 

destruction of infrastructure. In order to understand and estimate the existing hazard 

for an area, the study of earthquakes in this area is necessary, the present earthquakes 

as well as the past ones. 

For the study of the present or modern earthquakes instrumental data 

from seismometers are used, so called seismograms. Seismogram data give 

information about the seismic waves propagated from the earthquake hypocenter 

(origin point of an earthquake) to the seismometer station. From the analysis of 

seismograms from different stations the earthquake parameters can be determined, 

like location, occurrence time, and magnitude. 

A magnitude of an earthquake provides a unit of how “big” an 

earthquake is. Spence et al. (1989) presented a summary of several earthquake 

magnitudes, like local magnitude (ML), calculated from maximum amplitude of wave 

train measured assuming the parameter of a Wood–Anderson seismometer, surface 

wave magnitude (MS), calculated from the maximal amplitude with a certain period of 

the surface waves, body-wave magnitude (mb), calculated from the amplitude and 

period of the ground motion (velocity), and moment magnitude (Mw), calculated from 

the seismic moment that is related to fault geometry and the low frequency part of the 
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amplitude–frequency diagram. The earthquake magnitude is in logarithm scale of the 

related factors (amplitude of recorded wave, seismic moment). 

The effect of earthquake activities can pose a significant hazard to the 

lives of people and the infrastructure. Although the sources of the earthquakes are 

often known, for example active faults, it is often not known due to limitations in 

available seismological data what earthquake with what magnitude a fault has been 

generated in the past. Such information is an important base for a seismic hazard 

analysis as seismological observations worldwide started in the 1912 (DMR, 2013) 

and in Thailand in 1963 (TMD, 2013). Paleoseismological methods provide a tool to 

investigate earthquakes in the past before any instrumental records where available as 

an earthquake leaves evidence in the geological record. 

1.1.2 Aim of the study 

In Southern Thailand two major strike slip faults are crossing the 

Malay Peninsula from SW to NE, the Khlong Marui (KMFZ) and the Ranong Fault 

Zone (RFZ), which were identified as inactive before 2004 by the Department of 

Mineral Resources (DMR), Thailand, however no seismicity studies have been carried 

out at that time. Seismological observations by Dürrast et al. (2007) in early 2005 

have confirmed seismicity with low magnitudes (M<4.5) along the faults and in 

southern Thailand. As earthquakes can have an effect on local people in this area the 

seismicity needs to be known so that a seismic hazard analysis can be carried out as a 

base for preparedness and mitigation efforts. 

This study is applying both thermoluminescence (TL) and optically-

stimulated luminescence (OSL) method to determine the occurrence time of the 

geological events identified as possible past earthquakes along the eastern part of the 

active Khlong Marui Fault Zone where less reliable data were available so far. 

Moreover, the earthquake magnitude is determined by detailed investigations in 

changes of the stratigraphy and geologic setting. These data will then be part of a 

seismic hazard analysis of the area. 
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1.2 Paleoseismology research 

For earthquakes in the past there are no instrumental records available. 

However, usually an earthquake leaves evidence in the geological record, like faults, 

landslides, or stream changes, which can be used to study past earthquakes. 

Paleoseismology is a tool for investigating geological evidence in order to determine 

the occurrence of earthquakes in historical and geological time. Three parameters 

have to be resolved, comparable to the earthquake determination with instrumental 

data using seismograms: 1) the location of an earthquake, 2) its occurrence time, and 

3) its size, generally known as magnitude (McCalpin 2008). 

The geological record and the geomorphology of a fault zone can be 

used to identify and evaluate the location of a paleoearthquake (Fattahi 2009). 

Geochronological analysis of sediments related to the paleoearthquake is required for 

evaluating occurrence time of the past earthquake. There are many techniques 

available to date sediments such as radioactive carbon, electron spin resonance (ESR), 

thermoluminescence (TL), or optically-stimulated luminescence (OSL). The use of 

one of these methods depends on what kind of material was found in the sediment and 

the limitations of each technique. For the magnitude determination, several techniques 

can be used as presented by McCalpin (2008), like the logarithm of rupture length 

and/or the displacement of a fault. 

 

1.2.1  Geological record of earthquakes 

A fault movement is evidence for the occurrence of an earthquake. The 

geological environment of a fault zone where earthquakes happened provides 

information about the past movements. In generally, a fault is a crack in the earth's 

crust resulting from the displacement of one side with respect to the other. After the 

fault moves in vertical direction, one side of it moves in higher level that called fault 

scarp. There are three main fault types that consisting of normal, reverse, and strike-

slip fault as shown in Figure 1.1. For a normal fault, a footwall (the block of rock 

lying under an inclined geologic fault plane) moves in upward direction that is 
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opposite to a reverse fault in Figure 1.2. For a strike-slip fault, the surfaces on the 

opposite sides of a fault plane have moved horizontally and parallel to the strike of the 

fault. The strike-slip fault is defined by the movement in horizontal direction from a 

top view: the counter-clockwise movement called sinestral, and the clockwise 

movement called dextral. 

 

 

Figure 1.1 Fault types: (a) normal, (b) reverse, (c) sinestral strike-slip, and (d) 
dextral strike-slip. 

 

McCalpin (2008) described the tectonic environments that are related 

to the three major fault types: (1) the normal fault accommodates typically in a crustal 

extensional environment. Extensional tectonic forces result from three sources: 

crustal-scale extension related to plate motion, mid-to-upper-crustal extension where 

extensional secondary faults form related to the major reverse or strike-slip faults or 

upper-crustal extension due to gravitational collapse of very elevated terrain. (2) The 

second is the compressional environment that accommodates reverse faults. The 

reverse fault is shown in Figure 1.2. (3) The last one is the strike-slip environment 

that typically accommodates strike-slip faults. The normal component in the strike-

slip environment is called a negative flower structure as shown in Figure 1.3(a), and 

the reverse fault component is called a positive flower structure as shown in Figure 

1.3(b). 
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Figure 1.2 Reverse fault environments and it development over time, top from left to 
right. The left-below is a reverse fault in a strike-slip environment (McCalpin 2008). 

 

 

Figure 1.3 Strike-slip environment: (a) right lateral extensional duplex, and (b) right 
lateral contractional duplex (McCalpin 2008). 

 
Fattahi (2009) described that after an earthquake event two sides of a 

fault will have a difference in elevation or offset, and sediments, colluvium, alluvium, 

or aeolian, will laid or progressively fill the lower side. These sediments can be used 

to apply dating techniques to evaluate their ages. Nichols (2009) described the 

alluvium sediment occurring process: differences in the velocity of the water can 

result in sediments that have different particle size either to erode, transport or to 

deposit. The so called Hjülstrom diagram as shown in Figure 1.4 is presenting this as 

a relationship between grain size and flow speed. Similarly, the factor that affects the 

colluvium is the gravitational force, e.g. hill slope deposit. Aeolian sediments are 

transported by wind, so those deposits are made up mainly of wind-blown material 

(Nichols 2009), which is fine grained sediments up to sand size. 
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Figure 1.4 Hjülstrom diagram described water transport and size of particle; the 
erosional upper, transportational middle, and depositional lower part (Nichols 2009). 

 

1.2.2  Paleoseismological studies in strike slip tectonic regimes 

Rodríguez-Pascua et al. (2009) studied the tectonic slip-rate of 

Pozohondo Fault in Albacete Province, Spain, from Quaternary sediments. The 

Pozohondo Fault is a NW-SE right lateral oblique-fault. It is approximately 55 km in 

length. The Uranium-Thorium dating method was applied to date sediments related to 

paleoearthquakes. Field GPS, aerial orthophoto, and Ortho-Landsat 7 were used to 

determine the surface rupture length. Fault displacement was measured directly to 

scarp. The result gave three stage of tectonic. Stage 1 was between 400–700 ka that 

has 0.09 mm/y slip rate. Stage 2 was between 100–400 ka that has 0.05 mm/y slip 

rate. Stage 3 was between 100 ka to present that has two paleoearthquake events. 

From stage 1 to 3, there were magnitudes calculated from Wells and Coppersmith 

(1994) with values of 6.0–7.0. 

The Department of Mineral Resources (DMR 2011) has assigned the 

Department of Earth Science, Kasetsart University to study the recurrence interval in 

Utaradit and Pua fault in Northern of Thailand. The digital elevation model (DEM) 
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was preliminarily used before fieldwork, mainly geophysics using ground penetrating 

radar (GPR), trenching, and sampling. The thermoluminescence dating and 

radioactive carbon age dating were used to date sediments related to past earthquakes. 

The oblique normal fault was found at Ban Rai Teentok site. Its stratigraphy, dating 

results and evolution are shown in Figure 1.5. The sediment unit A was formed before 

12,000 years ago before an earthquake occurred between 12,000–10,300 years ago 

(see the discontinuity of unit A). Then unit B, C, D, E, F, and G, respectively, 

occurred. From these results, it can be concluded that this fault was moved around 

11,200 years ago. The surface rupture length was used to determine the possible 

maximum magnitude around 5.8. 

 

 
Figure 1.5 Stratigraphy and dating result from TL and C-14 (top), and the evolution 
of the fault with the earthquake occurrence shown in frame (2) before the other 
sediments settled (3 and 4) (bottom) (after DMR 2011). 
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1.2.3  Paleoseismological studies in Southern Thailand 

Sutiwanich et al. (2008) carried out paleoseismic investigations at the 

KMFZ for the Khlang Tham Dam seismic analysis. The south-western segment of the 

Khlong Marui fault zone in Pang Nga Province gave paleoearthquakes results with 

ages from TL dating of less than 10,000 years (in average 3,000 years), which can be 

seen as the last movement. Moreover, they found that a return period of 5,300 years in 

this area with a maximum 5.5 paleoearthquake magnitude. 

The Department of Mineral Resources (DMR 2007) assigned the 

Department of Geology, Chulalongkorn University, to carry out a preliminarily study 

on the recurrence interval of the RFZ and the southwestern and middle part of the 

KMFZ. Remote sensing, topographic surveys, and geophysical investigations were 

applied to study tectonic geomorphology and locate trenches and sampling location. 

The TL, C-14, and ESR dating were applied to determine the last fault movement. 

Trenching and outcrops were used to define sediment stratigraphy related to 

paleoearthquake. Their study concluded that the last movement of the KMFZ was 

1,200 years ago and that of the RFZ 2,000 years. Moreover, the recurrence interval of 

the KMFZ and RFZ is 1,000 years and 2,000 years, respectively. 

A location in Vibhavadi District in Surat Thani Province was presented 

in DMR (2007). The surface rupture length was determined from remote sensing data 

at 330 m length. Additionally, a stream offset was found. Three sedimentary units 

were found: 0.1-1.7 m thick light brown sand as top layer (Unit C in Figure 1.6), 

about 0.3 m thick brown sandy gravel in the middle (Unit B in Figure 1.6), and white 

to light brown sandstone at the base (Unit A in Figure 1.6). The TL and C-14 dating 

were applied for dating the sediments at the bottom of Unit C, which gave 220-584 ka 

of TL ages and 1,240-5,570 years of C-14 ages. Moreover, the age of Unit A was 

determined by TL with 787 ka. The TL results were not used in the further 

interpretation because of assumed uncertainties. Therefore, only the C-14 ages were 

used for the interpretation of past earthquakes. The surface rupture length by remote 

sensing was 17 km giving a 6.5 maximum paleoearthquake magnitude. 

 



9 

 

Figure 1.6 Sediment stratigraphy at Vibhavadi area (top), and the evolution of the 
sediments in the stratigraphy which earthquakes occurred between 1,000 and 4,700 
years ago (bottom) (DMR 2007). 

 

1.3 Study area 

Southern of Thailand is located on the Malaysian Peninsular between 

latitude 5 and 11 degree north, and it is situated between the Gulf of Thailand in the 

East and the Andaman Sea in the West. In the upper part is the Tanawasri mountain 

range, which is located at the border between Thailand and Myanmar. The middle 

part has two mountain ranges, Nakhon Sri Thammarat range and Phuket range, 

located in NS direction. In the lowest part, there is Sankalakiri mountain range as a 
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border between Thailand and Malaysia. Southern Thailand is affected from both the 

SE monsoon and NW monsoon that brings rainfall from mid of May until mid of 

February. The rainfall can be as much as 4,000 mm per year (TMD 2007). 

Quaternary sediments in the upper eastern coast of Southern Thailand 

are classified by Chotikasathien and Kohpina (1993) as shown in Figure 1.7, based on 

the environment of deposition: A). non-marine lithofacies, and B). coastal lithofacies. 

These two lithofacies can be further classified as following. Non-marine lithofacies: 

A1. Regolith: Layer of loose, heterogeneous material covering solid rock. A2. 

Colluvium: Loose deposits of rock debris accumulated through the action of gravity at 

the base of a cliff or slope. A3. Alluvium: Loose, unconsolidated (not cemented 

together into a solid rock) soil or sediments, which has been eroded, reshaped by 

water in some form, and re–deposited in a non-marine setting. Coastal lithofacies: B1. 

Deltaic sediments: Sediments that were formed at the mouth of a river, where the 

river flows into an ocean, sea, estuary, lake, or reservoir. B2. Estuarine and intertidal 

mud flat: Coastal wetlands that were formed when mud is deposited by tides, rivers, 

or estuarine activities. B3. Coastal barrier sand. 
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Figure 1.7 Geologic setting and sediment transportation in the upper part of Southern 
Thailand (Chotikasathien and Kohpina 1993). 

 

Surat Thani Province was selected as the study area for this work. It is 

located at the upper eastern coast of Southern Thailand. The area comprises various 

geologic settings (DMR 2007): 1) granites of Triasic and Jurassic age, 2) mudstone, 

shale, sandstone, and siltstone of Permo-Carboniferous, which are overlain by 3) 

Permian limestone, 4) Mesozoic sedimentary rocks (major rocks exposed are 

interbeds of sandstone and shale and locally lenses of limestone), 5) Cenozoic 

sediment deposits (as shown in Figure 1.8). According to DMR (2007) the KMFZ 

appears in NE-SW direction from Chaiya coastline via Vibhavadi district until Phang 

Nga bay at the western coast (Figure 1.8). Note, that all maps presented in this work, 

which are in the Universal Transverse Mercator (UTM) grid, are using the WGS–84 

as base map, and all UTM maps are in Zone 47. 
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Figure 1.8 Geological map of Surat Thani province in UTM grid (Bureau of 
Geological Survey 2007); CP = pebbly mudstone, Jgr = Granite, TrJ= Sandstone and 
siltstone, Qt = Terrace and colluvial deposit, and Qa = alluvial deposit. 

 

Vibhavadi district is located more than 50 m above sea level (up to 

1,000 m in the mountains). It is in the hills of the Phuket mountain range. Tha Chang 

district extends from the coast to the Bandon Bay in the east until the ridge of the 

Phuket mountain range, which forms the boundary between the provinces of Surat 

Thani and Ranong. 

 

1.4 Fault zone in southern of Thailand 

Kosuwan et al. (2004) defined fifteen active faults in Thailand with 

two in Southern Thailand, the Ranong Fault Zone (RFZ) and the Khlong Marui Fault 

Zone (KMFZ) (Figure 1.5). Watkinson et al. (2008) described these as major NNE-

trending strike-slip faults, diachronous reversal in shear sense, originated before but 

active during the India–Eurasia collision. They can be divided into four phases of 
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movement; D1 low grade ductile dextral strike-slip 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. 

The KMFZ is 130 km long and mainly passes Tertiary granites and 

Cenozoic sediments (Kosuwan et al. 2004). It cuts across the Phang Nga Bay and Ban 

Don Bay (see Figure 1.9). The KMFZ can generate a maximum earthquake magnitude 

of M 6.9 according to Sutiwanich et al. (2008). The RFZ extends from Prachup 

Khirikhan at the Gulf of Thailand coast southwest towards Ranong at the Andaman 

Sea. The total fault length is approximately 220 km. The fault zone, which follows the 

channel of the Kraburi River, has its subsidiary faults cutting Late Cretaceous granites 

and Cenozoic sediments (Kosuwan et al. 2004). There were three significant 

instrumental earthquake reports along the RFZ and KMFZ reported by TMD (2013); 

(1) 16 May 1933 at RFZ with M 6.5, (2) 27 September 2006 at RFZ with M 4.7, and 

(3) 23 December 2008 at KMF Z with M 4.1 (TMD 2013). 

     

Figure 1.9 Active faults in Thailand (left) and in Southern Thailand (right) (after 
Kosuwan et al. 2004). 
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DMR (2007) concluded there several earthquakes occurred in southern 

Thailand based on instrumental data from the Thai Meteorology Department, Prince 

of Songkla University, and the United States Geological Survey (USGS). Body wave 

magnitudes (mb) were observed with mb 4 to 5 about 1,879 times, between mb 5 to 6 

about 378 times, and more than 6 for 13 times. An earthquake map based on 

instrumental data is presented in Figure 1.10. 

 

 

Figure 1.10 Instrumental earthquake map of Southern Thailand 1973–2007, modified 
from DMR (2007). Different colors mark different magnitude ranges.  
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1.5 Luminescence dating of sediments 

Luminescence is light released from matter responded by some 

external stimulations. In this study, luminescence as a property of matter, here 

minerals, stimulated by light or/and heat is applied to determine the ages of sediments 

related to activities of paleoseismological events. These signals are accumulated by 

ionizing radiation. 

1.5.1 Natural ionizing radiation 

Ionizing radiation is defined as the radiation consisting of particles, X-

rays, or gamma rays with sufficient energy to cause ionization in the medium through 

which it passes. In the environment natural radioactive elements are generally found 

such as uranium, thorium, and potassium as well as their daughter products (Lian and 

Huntley 2002), emitting ionizing radiation such as alpha, beta, and gamma. These 

radiations have cause the environmental dose rate, or the rate of radiation to the 

environment. Preusser et al. (2008) separated the environmental dose rate into three 

types; cosmic radiation, external radiation, and internal radiation as shown in 

Figure 1.11. 

 

 

Figure 1.11 Natural ionizing radiation that has an effect on the environmental dose 
rate (after Preusser et al. 2008). 

 

The internal radiation usually comes from potassium feldspar, which 

has a component of K-40 (radioactive isotope). The external dose rate is the radiation 
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of the surrounding grains towards the mineral of interest. Each particle/ray has 

different abilities to penetrate into the sediment and therefore different penetration 

depths: approximately 20 m of alpha, 2 mm for beta, and 20–30 cm for gamma 

(Aitken 1998). The cosmic radiation is the third factor affecting the dose rate. This 

radiation is from the cosmogenic particles that result from the interaction between 

solar radiation, earth magnetic field, and gases in the atmosphere. 

 

1.5.2 Origin of luminescence signal 

Usually, all minerals or crystals contain a vast number of point defects. 

Even when in quartz the concentration of these defects is in the order of ppb, it should 

be noted that about 1013 defects per cm3 are present (Preusser et al. 2009). These 

defects, such as O atoms vacancy between Si atoms in quartz minerals, can make Si 

atoms to have a positive charge. Thus, electrons can be trapped there as shown in 

Figure 1.12(c). The mechanisms how electrons can be trapped can be described by the 

band theory. 

Aitken (1985), Preusser et al. (2008), and Fattahi (2009) used the band 

theory in order to describe the occurrence of the luminescence phenomena. When 

minerals and their valence band electrons are exposed to ionizing radiation, these 

electrons are exited until they contain sufficient energy to reach the conduction band 

(CB). Some electrons may become detached from their parent nuclei in the crystal 

lattice and diffuse in the vicinity of defects in the conduction band and become 

trapped at the trap (T) level located below the conduction band. The duration and the 

intensity of the radiation are proportional to the number of trapped electrons as shown 

in Figure 1.12(a). 

In case the accumulated electrons in the minerals are exposed to 

sunlight or heat, they will receive enough energy to change to the conduction band 

level again before suddenly decreasing their energy level to the recombination center 

(R), where the energy level is between T and the valence band. When particles, 
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electrons, decrease their energy, light is released called the luminescence as shown in 

Figure 1.12(b). 

 

  

Figure 1.12 Luminescence processes: (a) mineral received ionizing radiation and 
electrons are trapped (energy level T) and accumulated, (b) after the crystal is exposed 
to sunlight or heat it decreases the energy level to R and releases luminescence light, 
(c) quartz defect structure that shows O defects and trapped electrons (circle = O 
atom, dot = Si atom). 

 

In practice, minerals, which are widely used as dosimeters and for the 

dating, are quartz and feldspar. Quartz, which is commonly found in sediments, can 

resist weathering and its properties are relatively good investigated (Preusser et al. 

2008), and therefore is a preferred mineral in luminescence dating. However, in some 

environments, quartz cannot be found. Then feldspar is chosen to be the dosimeter, 

because feldspar can accumulate electrons in a larger amount than quartz. Feldspar 

can also be used to date older ages than using quartz. 

1.5.3 Luminescence dating in geological study 

When studying of geological events that occurred in the past the time 

when events occurred is necessary to be determined. Many techniques are available 
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for dating these events, but every technique has its limitation, like gas isotopes were 

leaked in loose sediments or the ages were over estimated. The luminescence 

technique, both TL and OSL, has the advantage to date the time when sediment were 

the last time exposed to sunlight (Fattahi 2009); like in Figure 1.13 indicated by the 

black dot. When this sediment was not exposed to sunlight, the luminescence signal 

increased. However, after it received sunlight, the signal was reset until it was covered 

again. That means that the signal has been being accumulated from that time to 

present (Figure 1.13). The amount of accumulated electron is used to determine how 

long that sediment has been disconnected from sunlight (related to the geological 

events). 

 

 

Figure 1.13 Accumulation and releasing of luminescence signal in a sediment (a), 
(c) upper sediment layer is covering the black dot and luminescence signal started to 
accumulate in traps, (b) black dot being exposed to sunlight which lead to the 
luminescence signal reset to zero. 

 

However, there is a weakness of the luminescence technique that is the 

incomplete bleaching of minerals in sediments like the colluvium. These sediments 

are eroded and transported along hill slopes by flowing water under gravity, and that 

usually forms wedge-shaped deposits at the foot-slope (Fuchs and Lang 2009). Fuchs 
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and Lang (2009) also offered a method to achieve good quality results: (1) study of 

the equivalent dose distribution of small aliquots and single grains, (2) comparison of 

luminescence signals with different light sensitivity, (3) stratigraphic consistency of 

OSL age estimates, and (4) comparison of OSL-ages and independent age control. 

The remaining percentage of the luminescence signal for each mineral, both for TL 

and OSL, after bleaching at day light and under water are presented in Figure 1.14. 

 

 

Figure 1.14 TL and OSL bleaching characteristic: Percentage of the remaining 
luminescence signal after exposed to day light (left) and exposed for three hours to 
light transmitted through various depths of seawater (right) (note linear scale and log 
scale). QOSL– quartz OSL, FOSL–feldspar OSL, QTL–quart TL, and FTL–Feldspar 
TL (Stokes 1999). 

 

1.5.4 Luminescence signals from minerals 

During the luminescence process the traps, where the electrons are 

accumulated in the energy levels below the conduction band (CB), can vary 

depending on how is the depth of the energy below the CB, how are the stimulation 

sources, either thermal or optical, and also depending on the energy characteristics, 

temperature and wavelength. Therefore, these factors have an effect on the 

luminescence characteristics of different minerals and related to different methods, as 

explained below. 
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Quartz TL peak: Wintle (1997) concluded that there are three dominant 

temperature peaks apparent in quartz thermoluminescence, at 383 K, 598 K, and 648 

K. The 383 K can be found in all quartz minerals, but because of the low stability of 

383 K, this peak is not used for dating. In contrast, the 598 K and 648 K have higher 

stability. However, because the 648 K is bleaching slower than the 598 K, and the 

saturation is at lower doses, the 598 K is widely used. The 598 K could be used for 

dating up to millions of years. Moreover, the 598 K TL peak is quite rapidly than 

others bleached even 500 nm wavelength. The wavelength emitted for various 

temperatures is shown in Figure 1.15. 

 

 
Figure 1.15 TL signal of different wavelengths emitted from quartz at different 
temperatures (Scholefield et al. 1994). 
 

Feldspar TL peak: Wintle (1997) concluded that there are two 

dominant temperature peaks in feldspar thermoluminescence, 553 K and 603 K. For 

potassium feldspar, luminescence with 390–440 nm wavelength is emitted, and 560-

570 nm wavelength for plagioclase feldspar. 

Quartz OSL: From the observation of OSL signals in quartz when 

irradiated crystal were exposed to visible light it was found that the OSL production is 
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presented clearly at 365 nm (Huntley et al. 1991; Wintle 1997) as shown in Figure 

1.16a.  

Feldspar OSL: The feldspar OSL production clearly occurs at about 

400 nm (Huntley et al. 1991) as shown in Figure 1.16b. They emit in three bands at 

330 nm, 400 nm (mainly in K-feldspar), and 570 nm (mainly Na-feldspar). 

 

      

Figure 1.16 Left: Apparent OSL signal of quartz at various age ranges (647 nm light 
stimulated); Right: apparent OSL signal of several Finland K-feldspars (775-980 
nm light stimulated) (Huntley et al. 1991). 
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CHAPTER 2 

METHODOLOGY 

 

2.1 Fieldwork 

Two main field surveys in May and October 2012 were carried out in 

the study area of western Surat Thani Province for identifying locations of 

paleoearthquakes, between UTM 0495000 and 0523000 East, and UTM 1015000 and 

1031000 North. Before the field surveys previous studies, geological maps as well as 

Google Earth satellite images were analyzed in order to identify possible outcrop 

locations. Main outcrops of subsurface sediment and rock formations were mainly 

quarries, active as well as abandoned and road cuts. In one case a small trench has 

been made using an excavator. From the field surveys finally three locations were 

chosen for this study, three places in Vibhavadi District (V1, V2 and V3) and two 

locations in Tha Chang District (TC and CTR) as shown in Figure 2.1. 

At the selected sites the lithologies, structures, stratigraphy, and 

general environment were studied and recorded. Detailed photos were taken and 

sketching and drawing by hand were done by making grids with ropes over the 

exposed structures, if accessible. Geological investigations were carried out, for 

example the strike directions of faults were determined from slickensides in the 

vicinity. Furthermore, a small trench was done at CTR site for observing the 

structures and collecting samples. At all the five sites chosen for this study TL and/or 

OSL samples were taken with multiple samples from one site as different stratigraphic 

layers have been sampled.  
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2.2 TL dating of sediment 

2.2.1 Sampling method 

TL samples were collected in the night time for protecting the sediment 

material from light exposure by using a cylindrical steel sample holder (Figure 2.2), 

10 centimeters in diameter and 50 centimeters long. Samples were taken from 

different layers identified at the outcrops wall in mainly horizontal direction. Both 

sides of the open steel cylinders were sealed against light during the transport until 

further processing in the laboratory. 

 
Figure 2.1 Study locations in Surat Thani province: V1, V2, and V3 are in Vibhavadi 
district; TC and CTR are in Tha Chang district (after RTSD 2003(a), RTSD 2003(b), 
RTSD 2004 and RTSD 2005)  

 

Collected samples were separated into two parts; the first part was used 

to determine dose rate (this part can be processed under normal light) and the second 

part, which needed to be processed under red light for luminescence measuring 

process. 
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Figure 2.2 Sample holders in an outcrop wall (left); the middle part of the collected 
sediment was used for luminescence measuring, and the outer parts were used for 
dose rate determination (right). 

 

2.2.2 Dose rate determination 

Many approaches can be applied to determine dose rate such as 

dosimetry in situ measurement (Kitis et al. 1982), spectrometry in situ measurement 

(Lian and Huntley 2002), or laboratory analysis of activity (Preusser et al. 2008). The 

first two approaches need relatively more time as they are done during fieldwork. For 

this study the laboratory analysis was selected. 

The activity analysis of the natural ionizing radiation is an important 

factor for the TL age calculation. Elements analysis techniques can be used to 

determine the natural three elements, potassium, uranium, and thorium, for example 

gamma spectrometry, alpha counting, and inductively coupled plasma-mass 

spectrometry (ICP-MS). First, samples were dried and milled in order to get a smaller 

grain size that was needed for all analysis. 

In this work, gamma spectrometry was used to determine the dose rate. 

Gamma spectrometry is a high performance technique to determine the activity of 

nuclear elements that emit gamma ray. A total of 116 grams of milled samples were 
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kept in a sealed container for a period of one month in order to get the gas Radon into 

equilibrium inside the container. Then a gamma ray spectrometry was carried out to 

determine the amount of U-238, Th-232, and K-40 by using a high-purity germanium 

(HPGe) detector at 1.460 MeV for K-40, 1.760MeV or 0.609 MeV of Bi-214 (U-238) 

and 2.615 MeV of Tl-208 or 0.911 MeV of Ac-228 (Th-232), as shown in Figure 2.3. 

The three elements are used for calculating the annual dose or dose rate (D). The 

specific activity of the sample (concentration of nuclide) are calculated as following 

 

 a (Bq/kg) = kCn 2.1 

 

where k=1/PMs, a is the specific activity of the sample in Bq/kg, Cn is the count 

rate at a certain peak,  is a detector efficiency, P is the percentage of gammas per 

disintegration of this nuclide for a transition at energy E, and Ms is the mass in kg of 

the measured sample. The detector efficiency, , can be determined by using known 

activity of samples and the number of counts that appeared on the spectrum. After  at 

the interesting energy level and the counts of the sample are known, the activities of 

each element in a sample are also known. For using the activities in the dose rate 

calculation they have to be changed into concentration units, ppm or percent, with 

1 ppm U is 12.35 Bq/kg U, 1 ppm Th is 4.06 Bq/kg Th, and 1 % K is 313 Bq/kg K 

(Aboelkhair and Zaaeimah 2012). 
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Figure 2.3 Typical gamma ray spectrum showing the positions of the conventional 
energy windows (IAEA 2003). 

 

To determine the efficiency of the detector a standard with known 

activity is used. For this study, the 96.62 g IAEA Soil6 sample from Hatyai Campus 

was used, which has an activity of 19,050 Bq/kg (1840.61 Bq). Five energy levels 

from Ra-226 and the calculation of their efficiencies are shown in Table 2.1. The 

efficiency at its energy was plotted in Figure 2.4 and determined following the 

relationship shown in Equation 2.2. 

 
 Eff = 0.0013*(E)-0.465 2.2 

 

Table 2.1 Calculation of standard efficiency IAEA soil6 after six hours measurement. 
P is the percentage of gammas per disintegration of this nuclide for a transition at 
energy E; A0 is activity of known sample. 

Nuclide A0 (dps) Half life 
(s)

Intensity 
(P)

E(keV) Net Area cps = Net 
Area/21600

Theoritical 
= Ao* P

Eff= 
cps/Theoritical

Pb-214 1840.61 1608 0.192 295.21 646 0.02991 353.3973 8.46283E-05
Pb-214 1840.61 1608 0.372 351.92 1428 0.06611 684.7073 9.65538E-05
Bi-214 1840.61 1194 0.463 609.31 1357 0.06282 852.2029 7.37196E-05
Bi-214 1840.61 1194 0.151 1120.29 293 0.01356 277.9323 4.88062E-05
Bi-214 1840.61 1194 0.158 1764.49 260 0.01204 290.8165 4.13905E-05  



27 

 

 
Figure 2.4 Efficiency versus energy (in logarithm scale) and related equation. 
 

In this study, the energy of K, U, Th were used for the determination of 

the efficiency. The 1,764 keV peak of Bi-214 and 2,614 keV peak of Tl-208 were 

used to determine the equivalent of U and Th, respectively and 1,462 keV peak for K-

40. The efficiency at each energy level was calculated using Equation 2.2. Therefore, 

at 1,764 keV the efficiency is 4.157x10-5, at 2614 keV it is 3.462x10-5, and at 1,462 

keV it is 4.536x10-5.The 116 gram part of each sample, which was kept in a sealed 

container, was measured. The k values of the three isotopes are keqU = 13,042.14, 

keqTh = 2,489.79, and kK = 17,277.18. These k values will be used to determine the 

activity using Equation 2.1. 

2.2.3 Cosmic dose rate 

The determination of the cosmic dose rate was presented by Prescott 

and Hutton (1994), which is widely used. First, the dose rate D0 at the depth of 

sampling was determined using following equation. 

)exp(
))()((0 Bx

Hxadx
CD 


   2.3 

 

where D0 is in Gy/ka and x is in hg/cm2 (100 g/cm2), C = 6,072, B = 

5.50 x 10-4, d = 11.6, a = 75,  = 1.68, and H = 212, and where x can be determined 
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from the assumed density of the sediment samples of 2.50 g/cm3 and the depth of the 

sample position in centimeter. For example, if a sample was collected at 100 

centimeter depth, x = 2.50 g/cm3 x 100 cm = 250 g/cm2 = 2.50 hg/cm2. 

As the cosmic ray depends on the geomagnetic field, the correction of 

the geomagnetic latitude is needed. The conversion from geographic latitude () and 

longitude () to geomagnetic magnitude () is presented in Equation 2.4. The 

geomagnetic latitude is used to determine the constant values, J, F, and H, following 

Figure 2.5, which is needed for the calculation of the cosmic dose rate in 

Equation 2.5. The real cosmic dose rate Dc is presented in Gy/ka, where h is altitude 

in km. 

 

 sin979.0)291cos(cos203.0sin   2.4 

)]/exp([0 HhJFDDc   2.5 
 

 

 

Figure 2.5 Determination of J, F, and H constant values to correct the geomagnetic 
latitude (redrawn from Prescott and Hutton 1994). 
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2.2.4 Dose rate calculation 

Aitken (1985) offered a way to determine the dose rate from the 

concentration of these elements using the conversion factors (constant values), which 

were developed by Guérin et al. (2011) as shown in Equation 2.6a and b. For the 

determination of the net external dose rate after a correction for the water content is 

shown in Equation 2.6c. 

D = 0.0277 Th + 0.1457 U + 0.7982 K 

D = 0.0479 Th + 0.1116 U + 0.2491 K 

Dext = WF
D

WF
D

14.1125.11 



   

2.6a 

2.6b 

2.6c 

 

Dext is net external dose rate in Gy/ka, which is calculated from the beta dose rate 

(D), and the gamma dose rate (D) after corrected for water content (weight of water 

over dry weight) W in the sediment, whereas F is the fraction of water saturation in 

the soil. So, in Equation 2.6c, no value for F is assumed (Aitken 1985). For Th, U, and 

K the concentration of the radioactive element (Th, U, and K respectively) is in ppm, 

for Th and U, and in percent for K. 

In case of quartz luminescence, the internal dose rate can be skipped 

(Preusser et al. 2008) because there is trace radioactive element in the crystal. 

Therefore, the net dose rate, D, can be calculated using the external dose rate and 

cosmic dose rate following Equation 2.7. 

cext DDD   2.7 

For example, sample BT1177 with 9.82 ppm Th, 2.52 ppm U, and 

0.487% K, and with 6.7% water content, D is 0.0277x9.82 + 0.1457x2.52 + 

0.7982x0.48 = 1.027 Gy/ka. D is determined accordingly. Using Equation 2.6c and 

2.7 the total dose rate is determined using W=0.067, F=0.8 and Dc=0.155, so Dext and 

D is 1.791 and 1.946 Gy/ka, respectively. 
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2.2.5 Sample preparation 

All sample preparation procedures were done in a dark room under red 

light conditions. Field collected samples were sieved. The 90-200 micron fraction was 

used as a coarse grain sample. Samples were treated with 10% or less hydrochloric 

acid (HCl) (high concentration could generate heat during the reaction) until the 

reaction was finished for removing all carbonate material.  

Treated samples were separated by using density liquid, tetra–

bromoethane (density 2.967 g/cm3) and dipropylene glycol (density 1.021 g/cm3). For 

the first density separation procedure, the 2.70 g/cm3 density liquid was mixed with 

the cleaned minerals for separating the heavy minerals. The minerals were separated 

into two parts, higher and lower than 2.70 g/cm3. The lower part, which has a density 

of less than 2.70 g/cm3 was applied to the 2.58 g/cm3 heavy liquid for the separation 

of quartz (>2.58 g/cm3) and feldspar and others (<2.58 g/cm3). Finally, in order to get 

a bright TL signal, the interesting minerals (quartz or feldspar) were etched using 

hydrofluoric acid (HF) for removing the minerals surface, where mostly effected by 

any alpha particle. A diagram summarizing the preparation and treatment steps is 

given in Figure 2.6. 

  

Figure 2.6 Steps for the preparation of quartz for luminescence measurements; 
treatment and density separation. 
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2.2.6 Measurement and processing of multi-aliquot additive dose TL 

Thermoluminescence is a luminescence emitted by thermal stimu-

lation. A Harshaw 3500 TL Reader was used to measure the TL signal at the Physics 

Section, Department of Science, Faculty of Science and Technology, PSU, Pattani 

Campus. The samples were stepwise heated up with 25 C per second until 600 C 

was reached. All samples were irradiated at the Office of Atoms for Peace in 

Bangkok, Thailand. 

There are two main techniques to determine the equivalent dose, ED, 

multi-aliquot and regeneration technique. The multi-aliquot technique (additive dose) 

is a method where artificial radiation is added to the natural level to simulate a future 

situation. After the present and future levels are known, extrapolation method is used 

to determine the starting point when the mineral was reset the last time in the past as 

shown in Figure 2.7. 

In this study, every sample was irradiated from 50 to 1,500 Gy. 

Plotting the deconvoluted signal with the artificial dose an equation fitted can be 

drawn. The interception of the signal and residual level is called equivalent dose or 

accumulated dose (ED). The separated quartz was bleached for 20 hours in the 

sunlight in order to determine the residual level of quartz after bleached by the sun. 

 

 
Figure 2.7 Principle of the multi-aliquot technique. White circle is present (natural) 
signal, black circles are artificial signals added to the natural signal. 
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Glow curve deconvolution 

The measured TL signal can be quite complex as shown in Figure 2.8, 

as it could show four or more peaks because of more electron traps type overall. For 

the TL signal analysis a deconvolution software was used; here the GlowFit v1.1 

freeware, which was developed and presented by Puchalska and Bilski (2006). The 

main advantage of GlowFit is the ability to resolve complex TL glow curves 

consisting of strongly overlapping peaks. The GlowFit provides the intensity for each 

temperature peak. The area under each peak is calculated and used as the intensity of 

the artificial dose as shown in Figure 2.7. 

 

 

Figure 2.8 GlowFit v1.1 deconvolution result. The laboratory signal (dots) are 
deconvolved for each temperature peak (blue, red, gray, and green lines), and the total 
deconvolved results (yellow line) of sample TL08. The violet line is the black body 
radiation. 

 

2.2.7 Age calculation 

It was assumed that the dose rate, D, to a mineral from the ionizing 

radiation of the environment, external, internal, and cosmic radiation, was constant. 

The accumulated dose or equivalent dose, ED, can be estimated by multi aliquot and a 
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regeneration technique, which is presented in the previous section. The age of sample 

can then be determined by following Equation 2.8. 

D
EDAge   2.8 

 

The error of age can be estimated from Equation 2.8 by using partial 

derivative method and the Equation 2.9 can be used. 

 
D

D
AgeED

ED
AgeAge 
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DED
D
EDAge 




  2.9 

 

2.3 OSL dating of sediment 

For the OSL dating some of the operating steps are similar to the TL 

steps, like the sampling method, cosmic dose rate determination, dose rate calculation, 

and age calculation. However, for the sample preparation the high density liquid was 

made from a sodium polytungstate (NST) solution, whose density depends on its 

concentration. 

 

2.3.1 Dose rate determination 

For the OSL dating thick source alpha counting was used for the 

determination of the U and Th content in the sediments, and ICP-MS was applied for 

the determination of the K content.  

Thick source alpha counting (TSAC) is a technique for determining the 

concentration of radioactive elements, which are emitting alpha particles in sediments, 

such as in the uranium series. As an alpha particle can move a maximum of 25 m, 

this technique uses a sample source with a thickness of more than 25 m (Aitken 

1985) as shown in Figure 2.9 (a). The dried-crushed samples, which have a particle 
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size of less than 63 m, were prepared as described above and then put into trays of a 

ZnS (Ag) scintillator as shown in Figure 2.9 (b). The ZnS (Ag) scintillator can emit 

light when it is stimulated by alpha particles in the samples (Michael and Zacharias 

2000). All samples were stored for a minimum of one month in order to reach 

equilibrium of the gas radionuclides before the samples were measured. 

 

Figure 2.9 (a) TSAC idealized sketch (Aitken 1985) with only particles at the 
distance R (approx. 25 m) from the bottom are converted to light emission; (b) 
practical tray for the measurement of TSAC (Soumana et al. 1997). 

 

ICP-MS is a spectroscopy technique which is used for the 

determination of the potassium 40 content for the OSL dating. Wolf (2005) described 

the principles of the ICP-MS to determine the elements. ICP-MS combines a high-

temperature ICP (inductively coupled plasma) source with a mass spectrometer. The 

ICP source converts the atoms of the elements in the sample to ions. These ions are 

then separated and detected by the mass spectrometer. In a magnetic field the ion of 

each element, which has a different mass, has a circular motion for which the radius is 

varying with the mass. An overview of the ICP-MS principle is shown in Figure 2.10. 
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Figure 2.10 Schematic diagram of ICP-MS (Wolf 2005). 

2.3.2 Measurement and processing of single aliquot OSL 

OSL is the emission of luminescence light by visible light stimulation, 

blue light in this study. A Risø TL/OSL reader was used in this study at the University 

of Bayreuth, Germany. This instrument has its own irradiation system, which is 
90Sr/90Y. The concept of this measurement is shown in Figure 2.11. 

Single-aliquot regeneration 

The single-aliquot regeneration (SAR) method involves the 

interpolation and measurement of the dose of the ionizing radiation that produces the 

same luminescence signal than a signal that was measured from the sample in its 

natural state (Fattahi 2009). In principal, the regeneration method is simulating the 

luminescence signal since the time it was bleached since it has received the natural 

ionizing radiation (here artificially in laboratory). The natural signal intensity is then 

used in the comparison with the interpolating graph as an ED as shown in Figure 2.12. 
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Figure 2.11 Basic features of a Risø OSL reader (Preusser et al. 2008). 

 

Step measurements 

Preusser et al. (2008) described the step measurements for the 

regeneration technique as shown in Figure 2.13. After bleaching was carried out for 

each step sensitivity changes can occur. A test dose (Tx) step is necessary by the 

irradiation of a low fixed dose for each generative dose. It is needed for normalizing 

the interesting signal (Lx) into Lx/Tx. For a suitable fitting a difference between the 

regenerative dose points (plus a zero point) is required (Preusser et al. 2008). To avoid 

possible errors, Preusser et al. (2008) suggested to measure two times the lowest 

regenerative dose (cycle 2 and 6 in Figure 2.12). If they show more than 10% 

deviation from unity, the data can be discarded. 
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Figure 2.12 Principle of the regeneration method; cycle 1 is the natural luminescence 
level, cycles 2–4, and 6 are bleached and make artificial irradiation, cycle 5 shows 
bleached signal (after Preusser et al. 2008). In this case ED is 15 Gy. 

 

 

Figure 2.13 Step measurement of regeneration technique (Preusser et al. 2008). 
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Age model 

Because the SAR method can give several values of ED, a statistical 

analysis is necessary to be carried out. Galbraith and Roberts (2012) gave 

recommendations about the statistical aspects of the equivalent dose and error 

calculation and the display of results in OSL dating. The age model is a statistical 

analysis of the ED. Five age models were presented by Galbraith and Roberts (2012): 

1) Common age model, suitable for well bleached grains, the distribution curve is 

approximately normal Gaussian with no overdispersion, 2) Central age model, CAM, 

likely the common age model but could be overdispersed, 3) Minimum age model, 

MAM, for colluvial sediments which show incomplete bleaching, 4) Maximum age 

model, for fully bleached sediments like aerial sediment, 5. Finite mixture model, 

which is used in cases where there are more than two ages in a sediment sample. The 

statistical model was run by the R-studio software with luminescence package 

(Kreutzer et al. 2012). 

 

2.4 C-14 dating 

Ancient plant material was found in Vibahvadi district, outcrop V1. 

Radioactive carbon dating was used to determine its age by following the ASTM 

D6866-06a (ASTM International Standards Worldwide 2013). For this study the 

analysis was carried out by the Thailand Institute of Nuclear Technology (TINT), 

Nakorn Nayok, Thailand. The ASTM D6866-06a is a standard test method for 

determining the biobased content of natural range materials using radioactive carbon 

and isotope ratio mass spectrometry analysis. 

C-14 is a radioactive isotope that is formed in the upper atmosphere. 

The ratio of the C-14/C-12 in living plants is a constant value. After a plant is dead the 

living processes in the plant are stopped and by this the intake of new C-14. Then the 

C-14 decays, so the amount of C-14 decreasing according to a half-life of 5,730 years. 

The amount of C-14 after the biological processes have been stopped is shown in 

Figure 2.14. The equation to calculate the age from the remaining C-14 content in the 
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organic matter is shown in Equation 2.10 where age is in years, with  =1.2097x10-4 

year-1, C is the amount of C-14 in the dated material, and C0 is the amount of C-14 in 

nature. 

 

 

Figure 2.14 C-14 remaining in dated materials and its age (BBC 2013). 
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2.5 Paleomagnitude estimation 

For present earthquakes, all important parameters, location, occurrence 

time, and magnitude, can be determined from seismograms. However, for prehistoric 

earthquakes, no seismograms are available, so geological evidences are used. The 

location is known from a fault location, the occurrence time of a paleoearthquake can 

be known from dating methods, like luminescence dating in this study, and the 

paleomagnitude can be inferred from evidences of fault movement in the geological 

and environmental record. McCalpin (2009) presented several techniques for the 

determination of paleomagnitudes, such as surface rupture length (SRL), maximum 
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displacement (MD), and average displacement (AD), which were widely used. The 

empirical relationship is generally in the form of Equation 2.11. 

M = a+ b*log (D), 2.11 
 

where M is the paleomagnitude, D is the length or displacement, and a, 

b are constant values that are determined from regression lines (Wells and 

Coppersmith 1994) between geologic movements, such as length or displacement, and 

known magnitudes from historical earthquake as presented in Table 2.2.  

Table 2.2 Techniques for the determination of the paleomagnitude, maximum 
displacement (MD), and average displacement (AD), with their regression line 
constant values (a, b) and their source range (Wells and Coppersmith 1994). 

Method Slip type a b Standard 
deviation* 

Displacement 
range (m) 

Mw range 

MD Strike slip 6.81 0.78 0.29 0.01-14.6 5.6-8.1 
 Reverse 6.52 0.44 0.52 0.11-6.5 5.4-7.4 
 Normal 6.61 0.71 0.34 0.06-6.1 5.2-7.3 

AD Strike slip 7.04 0.89 0.28 0.05-8.0 5.6-8.1 
 Reverse 6.64 0.13 0.50 0.06-1.5 5.8-7.4 
 Normal 6.78 0.65 0.33 0.08-2.1 6.0-7.3 

* Standard deviation of magnitude M 

As the surface rupture length was not part of the scope of this study, the 

SRL method was not applied here. For the estimation of the paleomagnitude the 

displacements found in outcrops and stream offset were used. 
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CHAPTER 3 

RESULTS 

 

This chapter comprises the dating results and a detailed description of 

the five sites in Surat Thani Province where evidences of paleoearthquakes have been 

identified.  

 

3.1 Dating Results 

3.1.1 Radioactive elements analysis 

Gamma spectrometry was used to determine the concentrations of the 

radioactive elements, which are used for dose rate calculation as part of the 

thermoluminescence age dating. From Equation 2.1, the peak areas of the interesting 

energies and k values were calculated as shown in Chapter 2 and were then used to 

calculate the activities, which are then converted into concentration of each element 

(U, Th, and K). The results are shown in Table 3.1. As the peak of TL12 at 2,610 keV 

was less than the background the peak of Ac-228 was selected for calculating the 

concentration of Th. 

Alpha counting and ICP-MS data were used in determining the 

concentrations of U, Th, and K for the dose rate calculation of the OSL dating. All 

alpha counting results were converted from cph (count per hour) to ppm and 

percentages of K in the samples and shown in Table 3.2. Furthermore, the water 

content values for all samples are presented in Table 3.3 as well as the annual dose 

rate results. 

 

3.1.2 Annual dose rate 

Data from Section 3.2.1 were used in the calculation of the annual dose 

rate by the equations presented in Chapter 2. The errors are only presented in the total 

dose rate values. These results are presented in Table 3.3. 
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Table 3.1 Activities and concentrations of U, Th, and K based on calculations of the peak areas after removing the background. 
 

Th DTh K DK U DU Th DTh U DU Th DTh K DK
TL00 323 5 47 295 88 1 4 2 28 1 34 2 2.30 0.07 8.38 0.54 0.013 0.006
TL01 190 3 55 280 52 0 2 1 33 1 32 2 2.69 0.08 7.95 0.52 0.008 0.004
TL02 302 5 8 263 83 1 4 2 5 0 30 2 0.39 0.03 7.47 0.51 0.013 0.006
TL03 26 1 2 153 7 0 1 1 1 0 18 2 0.10 0.01 4.34 0.39 0.003 0.003
TL04 539 445 80 379 148 6 356 17 48 1 44 2 3.91 0.09 10.76 0.61 1.137 0.054
TL05 127 775 35 161 35 8 620 22 21 1 19 2 1.71 0.06 4.57 0.40 1.981 0.071
TL06 109 915 20 270 30 8 732 24 12 1 31 2 0.98 0.05 7.67 0.52 2.338 0.077
TL07 129 385 37 36 35 5 308 16 22 1 4 1 1.81 0.06 1.02 0.19 0.984 0.050
TL08 174 365 24 183 48 5 292 15 14 1 21 2 1.17 0.05 5.20 0.42 0.933 0.049
TL09 109 725 28 175 30 7 580 22 17 1 20 2 1.37 0.05 4.97 0.41 1.853 0.069
TL10 119 323 9 150 33 5 258 14 5 0 17 2 0.44 0.03 4.26 0.38 0.825 0.046
TL11 211 455 59 188 58 6 364 17 36 1 22 2 2.88 0.08 5.34 0.43 1.163 0.055
TL12 195 425 22 - 53 6 340 16 13 1 - - 1.08 0.05 13.15 1.39 1.086 0.053
TL13 438 435 114 119 120 6 348 17 69 1 14 1 5.57 0.11 3.38 0.34 1.112 0.053
TL14 619 715 61 537 169 7 572 21 37 1 62 3 2.98 0.08 15.25 0.73 1.827 0.068
TL15 618 1035 72 466 169 9 828 26 43 1 54 3 3.52 0.09 13.23 0.68 2.645 0.082
TL16 350 595 69.9 300 96 7 476 20 42 1 35 2 3.42 0.09 8.52 0.54 1.521 0.062
TL17 802 775 87 640 220 8 620 22 53 1 74 3 4.25 0.10 18.17 0.79 1.981 0.071
TL18 545 835 78 416 149 8 668 23 47 1 48 3 3.81 0.09 11.81 0.64 2.134 0.074
TL19 279 505 28 282 76 6 404 18 17 1 33 2 1.37 0.05 8.01 0.53 1.291 0.057

K from 1460 
(%)Tl-208 

(2614)
Bi-214 
(1764)

K-40 
(1462)

Ac-228 
(911.2)

K from 
1460

U from 
1764

Th from 
2614

U from 1764 
(ppm)

Th from 2614 
(ppm)Sa

m
pl

e

Peak area at keV Activity and error (Bq/kg) Concentration and error
Th from 

911
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Table 3.2 Alpha counting and ICP-MS results. 

Sample 
U (ppm) Th (ppm) K 

(%) U DU Th DTh 

BT1168 4.24 0.41 18.59 1.37 0.699 
BT1169 5.09 0.40 17.42 1.37 0.619 
BT1170 2.68 0.26 8.39 0.87 0.030 
BT1171 3.43 0.37 15.33 1.22 0.081 
BT1172 2.35 0.27 9.33 0.91 0.023 
BT1173 4.96 0.58 19.57 1.93 0.103 
BT1174 1.76 0.17 6.03 0.58 0.139 
BT1175 6.24 0.47 10.92 1.54 0.643 
BT1176 3.07 0.36 8.60 1.19 0.397 
BT1177 2.52 0.37 9.82 1.24 0.487 

 

Table 3.3 Water content, annual dose rate (D) results of all samples. 

Db DDb Dg DDg Dc DDc D DD
TL00 0.075 0.537 0.019 0.658 0.033 0.143 0.007 1.338 0.059
TL01 0.063 0.582 0.018 0.682 0.033 0.160 0.008 1.424 0.060
TL02 0.119 0.245 0.018 0.399 0.026 0.151 0.008 0.795 0.052
TL03 0.065 0.128 0.015 0.217 0.020 0.151 0.008 0.496 0.043
TL04 0.054 1.685 0.073 1.167 0.051 0.129 0.006 2.981 0.130
TL05 0.095 1.787 0.077 0.846 0.040 0.118 0.006 2.751 0.123
TL06 0.142 1.945 0.083 0.982 0.043 0.148 0.007 3.075 0.133
TL07 0.065 1.011 0.054 0.478 0.027 0.155 0.008 1.644 0.089
TL08 0.138 0.931 0.058 0.583 0.034 0.143 0.007 1.657 0.099
TL09 0.099 1.652 0.074 0.799 0.039 0.123 0.006 2.574 0.120
TL10 0.057 0.796 0.052 0.438 0.032 0.169 0.008 1.403 0.091
TL11 0.112 1.345 0.067 0.825 0.039 0.169 0.008 2.339 0.114
TL12 0.090 1.273 0.088 0.943 0.078 0.169 0.008 2.384 0.174
TL13 0.055 1.699 0.068 1.016 0.040 0.143 0.007 2.858 0.115
TL14 0.111 2.083 0.086 1.410 0.055 0.154 0.008 3.647 0.149
TL15 0.171 2.553 0.097 1.550 0.054 0.141 0.007 4.245 0.158
TL16 0.084 1.797 0.077 1.098 0.048 0.159 0.008 3.054 0.133
TL17 0.101 2.456 0.093 1.699 0.061 0.146 0.007 4.301 0.161
TL18 0.106 2.339 0.090 1.413 0.054 0.132 0.007 3.883 0.151
TL19 0.070 1.357 0.068 0.808 0.043 0.165 0.008 2.330 0.119

Db (Gy/ka) Dg (Gy/ka) D (Gy/ka)Dc (Gy/ka)
Sample Water fraction 

per dried mass 
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Table 3.3 (cont.) Water content, annual dose rate (D) results of all samples. 

Db DDb Dg DDg Dc DDc D DD
BT1168 0.181 1.432 0.083 1.318 0.047 0.162 0.008 2.911 0.055
BT1169 0.173 1.465 0.082 1.346 0.045 0.162 0.008 2.973 0.053
BT1170 0.050 0.616 0.060 0.686 0.045 0.151 0.008 1.453 0.053
BT1171 0.089 0.908 0.080 1.058 0.053 0.143 0.007 2.110 0.060
BT1172 0.055 0.587 0.062 0.688 0.047 0.160 0.008 1.435 0.055
BT1173 0.069 1.260 0.129 1.439 0.071 0.151 0.008 2.850 0.079
BT1174 0.061 0.503 0.038 0.497 0.031 0.190 0.010 1.190 0.041
BT1175 0.075 1.604 0.103 1.309 0.049 0.143 0.007 3.056 0.056
BT1176 0.056 0.949 0.081 0.821 0.051 0.184 0.007 1.954 0.058
BT1177 0.067 0.963 0.083 0.828 0.052 0.155 0.008 1.946 0.060

D (Gy/ka)
Sample Water fraction 

per dried mass 
Db (Gy/ka) Dg (Gy/ka) Dc (Gy/ka)

 
 

3.1.3 Equivalent dose and age 

The equivalent dose of the TL multi-aliquot method is presented in 

Table 3.4 with an example shown in Figure 3.1, here sample TL11. The growth curve 

was fitted by an exponential rise to maximum equation, y = y0 + a(1-exp(-bx)). 

Residual level (dashed line) is 1.69E6. The interception of the growth curve and the 

linear residual level is the ED, in this case 42.7 Gy.  

 

 
Figure 3.1 TL result of sample TL11: The growth curve was fitted by an exponential 
rise to maximum equation, y = y0 + a(1-exp(-bx)). Residual level (dashed line) is 
1.69x106. The interception of the growth curve and the linear residual level is the ED, 
in this case 42.7 Gy. 
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Table 3.4 Equivalent dose and ages calculated from TL multi-aliquot method. 
Sample ED (Gy) Age (ka) Dage
TL00 73.0 54.6 35.2
TL01 78.7 55.2 12.5
TL02 140.3 98.6 14.1
TL03 28.9 58.2 20.0
TL04 117.9 39.5 6.6
TL05 393.9 143.2 18.3
TL06 306.7 99.7 11.8
TL07 116.4 70.8 15.9
TL08 129.4 78.1 15.0
TL09 90.5 54.6 7.3
TL10 25.2 17.9 6.2
TL11 42.7 18.2 5.3
TL12 44.8 18.8 5.1
TL13 99.4 34.8 7.0
TL14 151.1 41.4 13.1
TL15 148.8 35.1 4.4
TL16 32.0 10.5 3.6
TL17 274.2 63.8 12.4
TL18 447.7 115.3 26.5
TL19 24.4 10.5 4.0  

 

For the equivalent dose of the OSL single aliquot, each sample was 

measured with 19 or more individual aliquots and fitted using an exponential function 

for determining the ED (De). Figure 3.2 presents an example from BT1169, which has 

19 aliquots. Note that in the graph ED is presented in seconds, which was the time of 

artificial irradiation. The source parameter used to convert from ‘second’ to ‘Gy’ was 

0.1314 Gy/s. For every ED a distribution curve was plotted before using any statistical 

analysis (age model). Three age models were applied to the data, central age model, 

common age model, and minimum age model. The results of the age models are 

presented in Table 3.5. 

  



46 

 
Figure 3.2 Top: Lx/Tx is the sensitivity corrected OSL signal of one aliquot of 
Sample BT1169 fitted by an exponential equation for ED or De determination, 
which has ED=994.54 s. Note: REG Points - OSL data points of each dose, REG 
Point Repeated - error checking, repeating a measured point with the same dose, 
REG Point 0 - bleached measurement. Bottom: Histogram of 19 aliquots of sample 
BT1169 before using any age model. 
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Table 3.5 Equivalent dose and age calculated from OSL regeneration data and different statistical analyses applied. MAM3 is the 
minimum age model, CAM is central age model. 

Sample 
ED (Gy) Age (ka) 

No model MAM3** CAM No model MAM3** CAM 
ED DED Mid Min Max ED DED Age DAge Mid min max Age DAge 

BT1168 Saturated - - - - - - - - - - - - 
BT1169* 113.0 35.8 84.1 76.6 92.2 117.2 7.14 38.00 13.78 28.30 25.76 31.00 39.41 2.64 
BT1170 18.8 2.9 16.4 14.5 17.4 20.1 0.78 12.93 3.01 11.28 10.00 11.94 13.85 0.68 
BT1171 22.9 4.9 19.3 16.6 20.3 24.3 1.78 10.84 3.02 9.15 7.88 9.63 11.53 0.94 
BT1172 4.51 0.55 3.93 3.78 4.57 4.67 0.14 3.14 0.64 2.74 2.63 3.18 3.25 0.13 
BT1173 24.2 4.5 20.7 18.4 21.5 24.1 0.85 8.51 2.21 7.25 6.45 7.55 8.46 0.38 
BT1174 0.99 0.73 0.19 0.17 0.20 0.7 0.15 0.83 0.67 0.16 0.14 0.17 0.59 0.13 
BT1175 21.5 6.0 15.0 13.6 15.8 21.1 1.01 7.03 2.32 4.89 4.45 5.17 6.89 0.38 
BT1176 3.57 1.18 1.78 1.57 2.00 4.2 0.57 1.83 0.73 0.91 0.80 1.02 2.17 0.31 
BT1177 4.84 1.39 2.86 2.67 3.09 4.9 0.32 2.48 0.90 1.47 1.37 1.59 2.53 0.19 

* BT1169 has skewness = 0.025 that is close to symmetry, it was suitable to be run by common age model. ED ran by central age model = 101.90±1.49 
Gy and 34.28±0.71 ka age. **MAM3 gave non-symmetric errors. 
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3.2 Locations of paleoearthquakes 

3.2.1 Vibhavadi sites V1 and V2 

The Site V1 and V2 are located in Vibahvadi District, Surat Thani 

Province. This area was an old sand pit surrounded by a small village and rubber trees. 

DMR (2007) already worked in the area but at a location nearby and they presented a 

topographic map shown in Figure 3.4 with the Klong Marui Fault shown. According 

to the authors the KMFZ is a left lateral strike-slip fault. The authors also show a 

change of a stream with 18 meters left lateral horizontal displacement, however this 

direction is not parallel to the proposed fault line.  

The fault zone at V1 site also appeared further below at the artificial 

pool. It was white sandy clay in-between the sandstone layer, similar to the pit wall 

(see Figure 3.3). When combining the direction at the pit wall and at the pool the 

direction of the fault could be determined with 145-325 or NW–SE (Figure 3.3). GRC 

(2013) additionally defined the fault zone in this area by using seismic reflection 

surveys (Figure 3.4) with three seismic sections shown in Figure 3.5. The fault zone 

with several faults appeared in the seismic sections. A correlation indicates a NW–SE 

direction, which correlates to the fault zone found in the outcrops nearby (this study) 

and is also parallel to the stream offset founded by DMR (2007) earlier. 

 

Figure 3.3 Fault zone at V1 site which has a strike direction of 145-325. a) outcrop at 
the pit wall, b) outcrop at the pond level below and about 15 away from a). 
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Figure 3.4 (a) Topographic map of V1 and V2 site (after DMR, 2007): H are houses, S 
is a school, P are pools, green line was the fault defined seismic investigations (see 
GRC 2013). V1 and V2 are trenches. Numbers on the isolines are elevations above sea 
level. (b) Overview of the V1 and V2 (photo to SE direction). 
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Figure 3.5 Seismic reflection sections acquired in the area of V1 and V2 by GRC 
(2013). For survey locations see Figure 3.4. Red lines indicate faults interpreted by 
GRC (2013). 
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Figure 3.6 Photo and schematic diagram to SE showing the sedimentary units of V1 and V2 in Vibhavadi district including the sample 

locations and numbers used for age dating (circles = TL sample, square = OSL sample, and triangle = C-14 sample). 

 51 
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The V1 is located at UTM 496436 1018697 and 50 m above sea level. 

Eight sedimentary units were found, from A to H (Figure 3.6), as described in 

Table 3.6. Moreover, the plant material for C–14 dating was found at the bottom of 

unit C. The V2 site is 36 meters to the East of V1 (UTM 496480 1018722) and 49 m 

above sea level. The description of each layer is also presented in Table 3.6. 

 
Table 3.6 Description of V1 and V2 sedimentary units. 

Unit Description 
A Black top soil 
B Light brown clayey sand 

C 
Brown-grey colored and medium plastic clay, with black grains 
and black plant material 

D 
Dark-grey, slightly orange gravel with a few black grains and 
black plant material 

E Red to ocher colored medium plastic clay 
F Fractured white-yellow sandstone 
G Yellow-white sandy clay 
H Medium plastic white-grey-yellow silty clay 

 

Dating results presented in the previous part are shown in Figure 3.7 

and 3.8 for both TL and OSL result in V1 and V2. TL results are in Pleistocene but 

OSL are in Holocene. For further discussion see Chapter 4. Moreover, C-14 results 

based on plant material collected from layer C and D of V1 gave an age of 510±150 

years. 
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Figure 3.7 Vibahvadi V1 site: TL dating results (top) and OSL dating results with 
different age models (bottom). 
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Figure 3.8 Vibahvadi V2 site: TL dating results and OSL dating results with different 
age models. 
 

3.2.2 Vibhavadi site V3 

Vibhavadi site V3 is in Vibhavadi District, Surat Thani (UTM 501985 

1015938), 105 m above sea level. The site is an old sand pit developed from a road cut 

with a wall of about six meter height (see Figure 3.9 and 3.10). At the V3 site only 

samples for TL dating were collected, with sample numbers TL14 to TL19 as 

presented in Figure 3.10. 

The lithological units of the V3 site and the locations where the 

samples were collected for the age dating are also presented in Figure 3.10. The A 

layer is brown top soil, B is yellow silt, C is gravel and brown silt, D is brown silt, E is 

light brown silt, F is orange silt, G is brown grey clay, H is brown clay with gravel, I 

is red brown clay, and J is white clay with weathered rock. A normal fault was 

identified where the fault plane was marked by white clay. The orientation of the fault 

was 282/55 (dip direction/dip angle) with about 50 cm vertical movement of the 

hanging wall downwards to NW (normal fault). 
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Figure 3.9 Site V3: Fault with white clay apparent on the plane with an orientation of 

282/55 (dip direction/dip angle) and a vertical movement of about 50 cm. 

 

There was a discontinuity of the gravel and brown silt layer (unit C). 

Moreover, there was another fault where white clay appeared on the plane presented 

as a dashed line in Figure 3.10. The dating results are presented in Figure 3.11. 
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Figure 3.10 Stratigraphy of V3; A is brown top soil, B is yellow silt, C is gravel and 
brown silt, D is brown silt, E is light brown silt, F is orange silt, G is brown grey clay, 
H is brown clay with gravel, I is red brown clay, J is white clay with weathered rock, 
and dash line is a fault with white clay. 

 

 
Figure 3.11 TL sample locations and dating result at site V3. 
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3.2.3 Tha Chang site TC 

Site TC is in Tha Chang district, Surat Thani (UTM 519313 1028702), 

35 m from sea level. Normal faults were found in this area on the faulted structures as 

shown in Figure 3.13. Both TL and OSL were collected for dating. This location is in 

the rubber tree farm. An overview map is presented in Figure 3.12. 

 

 
Figure 3.12 Topographic map with the location of TC and CTR site in Tha Chang 
district of Surat Thani Province (modified from RTSD 2005). 
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Figure 3.13 Overview of TC with clearly visible faults with the sample locations as 
well as the sample numbers. 
 

Two different layers of sediment were found; in the upper part silty 

sand and in the lower part silt with small rock fragments. Eight samples were collected 

for dating, four for TL and four for OSL dating. Stratigraphic and dating results, both 

TL and OSL, are presented in Figure 3.14. Several age models were applied and 

presented here, but will be discussed in the next chapter. 
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Figure 3.14 Stratigraphic and dating results: top is TL and bottom is OSL; upper 
sediment layer is silty sand, lower layer is silt with small rock fragments. 
 

3.2.4 Chaiya–Tha Chang site CTR 

The Chaiya – Tha Chang site (CTR) is east of the road from Tha Chang 

to Chaiya in Tha Chang district, Surat Thani (UTM 522312 1030008) at 28 m above 

sea level (Figure 3.12). A large normal fault dipping north was apparent (5.5 m 

approx. minimum displacement), but no strike direction could be determined.  
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Figure 3.15 Trenching work at the CTR site (top) with a site overview of the quarry 
wall near Chaiya –Tha Chang road (middle) and a more detailed photo with the OSL 
dating results (bottom). 
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In the area approximately 1.5 m of the original upper near surface 

sediment layers were removed by quarry activities according to local people. A one–

meter deep and 12 m–long trenching was done parallel to the wall. In the trench the 

upper layer appeared to be red white clay, which was above the siltstone layer that can 

be seen in the wall shown in Figure 3.15. In the trench the fault could not be 

identified, maybe because of near surface weathering and bioturbation. Therefore the 

samples for OSL dating were collected from two sides of the fault which was 

extrapolated from the wall also shown in Figure 3.15. 
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CHAPTER 4 

DISCUSSION AND CONCLUSION 

 

The results presented in the previous chapter are discussed, especially 

the TL and OSL data with respect to their quality. For each paleoearthquake site a 

time line has been drawn with a discussion on the paleomagnitude. At the end 

conclusions have been drawn together with some outlook for the future. 

 

4.1 TL and OSL data 

4.1.1 Discrepancies of TL and OSL data 

The results of the TL dating at PSU Pattani gave age values that are 

significant different from other results, OSL from the laboratory in 

Bayreuth/Germany and the C-14 data from DMR (2007). All TL values are more than 

five times (up to eighteen times) higher than the other ones. Several possible error 

sources that might have been the reason for that have been checked.  

First, the irradiation part carried out at the Office of Atoms for Peace 

(OAP) was checked by measuring OSL from dosed quartz. One of the TL samples 

prepared for the laboratory in Pattani for TL measurements was used to measure the 

OSL signal at Bayreuth and it gave an age close to the OSL age. However, the 

equivalent dose of TL is still quite high when compared to OSL. 

Second, the detection of the thermoluminescence signal that was 

measured was emitted from heated quartz. Looking into the occurrence of the TL 

signal, each defect point in a quartz crystal has specific properties; the energy below 

the conduction band where the electrons are trapped (trap depth) and the temperature 

stimulating the electrons from escaping from the traps. The quartz samples collected 

from the study areas could have complex properties, e.g. the temperature peak of 

interest is very close with other peaks (Aitken, 1985; Preusser et al., 2009). Further, it 

could be possible that the deconvolution software cannot separate each peak that 
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appeared in the TL signals. Moreover, the temperature of interest is affected by the 

incandescence signal (Fleming, 1979; Aitken, 1985; Wintle, 1997).  

Finally, as the OSL method itself has an advantage in age dating likely 

easier for bleached (Figure 1.4), controllable stimulated wavelength light OSL (TL 

requires temperature increase) (Aitken, 1998)  and with the equipment used in 

Bayreuth and the experienced staff there it is more likely that the OSL ages are more 

realistic. These ages would correlate with the C–14 data from DMR (2007). It might 

also explain that TL ages are published in the report of DMR (2007) but not further 

used in the presentation of the results and in the conclusions. 

 

4.1.2 OSL age models 

For the final proceeding of the OSL data age models were applied, 

however different ones (see Section 2.2.6 and 3.2.2). Basically, physical and 

statistical reasons were applied in this process. In the following the process of 

applying an age model is discussed for each sample. 

Sample BT1168 has a saturation ED and the curve started to saturate at 

approximately 300 Gy and using a dose rate of 2.911 Gy/ka the age of sample 

BT1168 is therefore more than 100 ka. As the distribution curve of sample BT1169 

was mostly symmetric (skewness 0.025), the central age model was used and resulted 

in an age of 34.28±0.71 ka. As sample BT1171 is a colluvial sediment (probably not 

completely bleached), the MAM3 age model, which is giving a minimum age value is 

used. Therefore, the OSL age for this sample is 9.15 ka, with a 68% confidence 

between 7.88 ka and 9.63 ka. For consistency, sample BT1170 was located above 

BT1171. The CAM model, which gave a higher age was not reasonable to be used. 

Therefore, its age is 11.28 ka with a 68% confidence between 9.53 ka and 11.94 ka. 

As the sampling locations of sample BT1172 and BT1173 were under a tree where 

bioactivities might have occurred from the roots of the tree, the MAM3 was not 

reasonable to be used. Therefore the CAM model was selected. The age of sample 

BT1172 then is 3.25±0.04 ka and the one of sample BT1173 is then 8.46±0.92 ka. 

Sample BT1174 was top soil and the BT1176 sample was close to it. Both samples 
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were probably disturbed by bioactivities, so also here MAM3 model was not suitable. 

CAM was selected. The age of sample BT1174 is then 0.59±0.16 ka and for sample 

BT1176 an age of 2.17±0.0.44 ka was determined. The BT1177 sample was in the 

same layer with BT1176. Therefore, CAM model was selected. The BT1177 age is 

2.53±0.35ka. For sample BT1175, DMR (2007) dated a sample in the close vicinity 

that gave an age of 6.0 ka using C-14 method. The CAM model in this study gave a 

consistent value with an age of 6.89±0.69 ka. 

 

4.1.3 Equivalent dose and age relationship between TL and OSL 

The number of OSL samples is limited in comparison to the TL 

samples, however as outlined above there is a significant difference in the age values 

between both methods. For some sample locations TL and OSL data are available. 

Assuming that for any reason there might be systematic difference between the TL 

and OSL data, a correlation between both is attempted. However, not the age values 

itself, which include age models for the OSL data, are used rather then the ED values 

from both methods are compared.  

For following samples TL and OSL data for the equivalent dose (ED) 

were available and used for the comparison: TL00 and BT1171, TL01 and BT1172, 

TL02 and BT1173, TL03 and BT1170, TL13 and BT1175, and TL10 to TL12 and 

BT1176. The relationships are presented in Figure 4.1. The eight data points do not 

show a consistent relationship; rather they could be fit with two trend lines, a 

polynomial and a linear trend line. From relationship in Figure 4.1, the linear trend 

line is related to the samples, which have a higher ED value for OSL. In contrast, the 

lower ED values from OSL have a polynomial relationship with an R2 value of 

0.9997. However, if the polynomial relationship would not be used and a linear trend 

line would be used instead, the R2 would be 0.8 approximately. Therefore, the lower 

zone in Figure 4.1 will be used with a polynomial fit. 

Using available data related to the lithologies of the samples, the two 

different trend lines could not be related to the sampling site, or to the grain size, or to 
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the age. Therefore it might be possible that the reason for this difference lies in the TL 

properties as presented in the previous section. 

 

 
Figure 4.1 Relationship of ED between TL and OSL data for sample where the 
sample location is close to each other. 

 

Using the relationships shown in Figure 4.1, the TL ages from 

locations where no OSL data are available, were converted into “OSL ages” 

(converted TL, cTL), which are presented in Table 4.1. These ages could be used as 

rough estimates in the interpretation by considering the consistency with ages from 

other layers above and below presented in Chapter 3.  



66 

 
Table 4.1 Original TL ED and ages, converted TL ED and ages from the two 

relationships shown in Figure 4.1; ED in Gy, ages in ka. Bold indicates samples and 

data used to establish the relationships  

ED Age ED Age ED Age
TL00 73.03 54.58 21.31 15.93 4.25 3.17
TL01 78.65 55.23 21.56 15.14 4.48 3.14
TL02 140.34 98.55 24.22 17.01 9.08 6.38
TL03 28.87 58.20 19.41 39.13 3.54 7.13
TL04 117.88 39.54 23.25 7.80 6.96 2.34
TL05 393.94 143.20 35.18 12.79 67.97 24.71
TL06 306.68 99.73 31.41 10.21 40.45 13.15
TL07 116.40 70.80 23.19 14.10 6.84 4.16
TL08 129.38 78.08 23.75 14.33 7.98 4.82
TL09 90.46 54.59 22.07 13.32 5.06 3.06
TL10 25.15 17.93 19.25 13.72 3.57 2.54
TL11 42.66 18.24 20.00 8.55 3.55 1.52
TL12 44.79 18.79 20.09 8.43 3.57 1.50
TL13 99.41 34.78 22.45 7.86 5.60 1.96
TL14 151.09 41.43 24.69 6.77 10.27 2.82
TL15 148.81 35.05 24.59 5.79 10.01 2.36
TL16 32.03 10.49 19.54 6.40 3.52 1.15
TL17 274.20 63.75 30.00 6.98 32.15 7.48
TL18 447.73 115.31 37.50 9.66 88.74 22.85
TL19 24.41 10.48 19.21 8.25 3.57 1.53

V3

V1

V2

V1

TC

QuadraticlinearFormerSample
Location

 

 

4.2 Paleoseismological analysis of Vibhavadi site V1 and V2 

4.2.1 Paleoearthquake scenario 

A consistent pattern of the converted TL ages of the sandy clay in–

between the sandstone layer indicate that there was already a fault zone before 35 ka. 

Until approximately 6.89 ka, the sandstone and clay layer was covered by a dark-grey 

gravel layer. The first paleoseismological event occurred between 2.53–6.89 ka before 

present. It was likely a left lateral strike slip fault based on the horizontal 

displacement of the stream which an extensional environment, see Figure 4.3(c). 
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From this result the SWW (250) side of the sandstone layer was moved relatively up 

one meter vertically along the fault, at V1 and at V2. After this earthquake event, the 

clay layer was settled over the gravel layer at around 2.53 ka before present. The light 

brown clayey sand was continuously settled over the clay and the gravel layer around 

2.17 ka ago. The second paleoearthquake event occurred between 0.59 and 2.17 ka 

(Figure 4.3 (e)). It is assumed that it is also an oblique left lateral strike slip fault in an 

extensional environment. The SWW of the fault side was relatively moved down and 

so that the clay layer at the NEE side moved up approximately 0.4 m vertically. After 

that, the black topsoil occurred and appeared until today. 

 

4.2.2 Magnitude of paleoearthquakes 

From the scenario in Figure 4.3 there were two paleoseismic events, 

with the first event occurred between 2.53 and 6.89 ka. Here the minimum 

displacement in vertical direction was approximately 1 meter. Estimating the paleo-

magnitude for a strike slip environment using Equation 2.11, it gives a Mw value of 

6.8 for maximum displacement (MD), and Mw of 7.0 for average displacement (AD). 

The second event occurred between 0.59 and 2.17 ka, and a minimum displacement 

appeared in vertical direction of approximately 0.5 meter. Using Equation 2.11 for 

strike slip environment for the estimation of the paleomagnitude, it gives Mw of 6.6 

for maximum displacement (MD), and Mw of 6.7 for average displacement (AD). 

However, there was no evidence of horizontal displacement at the outcrops. 

From the topographic map presented by DMR (2007) and also 

confirmed during the fieldwork was an 18 meter horizontal displacement of a stream 

channel in left lateral direction (see also Figure 3.3). This displacement value could be 

the result of a single movement or it could be part of multiple movements. Using 

Equation 2.11, this evidence could produce an earthquake magnitude of up to 7.8 in 

moment magnitude scale during single movement. However, there is no evidence to 

support that it was the result of a single event or of multiple events. The magnitude 

and displacement relationship is presented in Figure 4.2. 
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Figure 4.2 Relationship between moment magnitude and maximal displacement for 

the 18 meter horizontal displacement of a stream channel in left lateral direction at 

Vibhavadi site V1 and V2. A single event with 18 m horizontal displacement would 

generate a Mw 7.8 earthquake. 

 

4.2.3 Conclusion  

From the geological observations at the outcrops, and the horizontal 

displacement of the stream channel together with the seismic reflection results from 

GRC (2013), the V1 and V2 site show a fault zone with several NNW–SSE striking 

left lateral strike slip faults. The geological records show two paleoseismic events. 

The last event occurred between 0.59 ka and 2.17 before present with a minimum Mw 

of 6.6 and a maximum of 7.8. The older event occurred between 2.53-6.89 ka with a 

Mw of more than 6.8. 
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Figure 4.3 Geological and paleoearthquake scenarios for V1 and V2 with two 

paleoseismic events (see also Figure 3.6 in Chapter 3). 

 

4.3 Paleoseismological analysis of site V3 

 4.3.1 Paleoearthquake scenario 

As for this outcrop no OSL data are available, therefore the original 

and (oTL) converted TL (cTL) are used for the scenario of the geological events in 
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the past (see Table 4.1). Before 115.3 / 9.66 ka (oTL/cTL) the brown silt with gravel 

layer was deposited. Between 63.7-115.6 / 6.98–9.66 ka there was a paleo-

seismological event (Figure 4.4 (b)). It is a normal due to an extensional system with 

an orientation of 282/55 (dip angle/dip direction). Further, the brown silt layer with 

gravel is not continuing, and the SE side was relatively moved up. At around 63.7 / 

6.98 ka before present the brown silt layer over gravel was settled. Between 63.7-

41.4 /2.88–6.98 ka the gravel layer was eroded and a brown silt layer was deposited. 

After that, the yellow silt was deposited over the brown silt layer (10.5–41.4 / 1.15–

2.82 ka before present) and later topsoil followed at 10.5 ka to present /1.15 to 

present, respectively. 

 

4.3.2 Magnitude of paleoearthquakes 

The displacements observed in the unconsolidated sediments of the 

outcrop V3 give six displacement values (in Figure 4.5), with 0.8, 0.6, 0.3, 0.5, 1.7, 

and 1.3. Calculations using maximum displacement method using 1.7 m and using the 

average displacement method (0.9 m) give a paleomagnitude (Mw) of 7.0 for both 

methods. 

 

4.3.3 Conclusion 

Here at site V3 an extensional normal fault could be observed with an 

orientation of 282/55 (dip angle/dip direction) or a strike direction of NNE–SSW as 

the result of a paleoseismological event. This event has a Mw value of minimal 7.0. 

As no OSL ages are available here this event has occurred between 87.9–127.6 ka 

(oTL) or between 7.08–8.81 ka (cTL).  
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Figure 4.4 Scenario of site V3 with one paleoseismological event. Ages are original 
TL ages and converted TL ages (see Table 4.1).  
 

 
Figure 4.5 Schematic drawing of the displacement of the sedimentary layers at site 
V3 (see also Figure 3.10 and 3.11).  

 

4.4 Paleoseismological analysis of site TC 

 4.4.1 Paleoearthquake scenario 

The OSL age results of the samples from two layers of site TC are 

close in value. It could be assumed that the upper silty sand has a relatively high 

sedimentation rate resulting in the small difference in OSL ages. The age boundary of 
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error was used for describing the scenario of this fault. The lower silt layer with small 

rock fragments was deposited more than 9.63 ka ago. After that, the upper silty sand 

layer was deposited between 9.53 and 9.63 ka before present. From 9.53 ka to present, 

there was a paleoseismological event (Figure 4.6 (c)), a normal fault in an extensional 

environment, likely with a left lateral sense of movement and with a NNE–SSW strike 

direction according to the geological observations in the field. Later the surface was 

eroded and that has smoothened the surface until present. 

 
 

 
Figure 4.6 Scenario of TC with a paleoseismological event in Holocene. 
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Figure 4.7 Vertical displacements of rock layers in the outcrop under the sampling 
location.  

 

4.4.2 Magnitude of paleoearthquakes 

The vertical displacement of the unconsolidated sediment found at site 

TC gives a value of approximately 0.2 m. Further, displacements of the rock layers 

beneath were also found (Figure 4.7), which have vertical displacement values of 0.2, 

0.5, 0.8, 0.8, and 1.4 m. Both maximum displacement (1.4 m) and average 

displacement (0.74 m) were used to calculate the paleomagnitude. Both methods give 

an Mw value of 6.9. 

 

4.4.3 Conclusion 

The fault at site TC in Tha Chang district is likely strike slip fault with 

extensional character. A paleoseismic event occurred between 9.53 ka to present. Its 

strike direction is NE-SW. The minimum Mw value for this event is 6.9. However, 

this value could be higher because this value was calculated from the vertical 

displacement of the strike slip fault that usually has more a horizontal displacement. 
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4.5 Paleoseismological analysis of site CTR 

4.5.1 Paleoearthquake scenario 

The tilting and consequently dipping south of the layers, mainly layers 

of unconsolidated white-red clay and siltstone layers, which were observed in the 

outcrop occurred more than 112 ka before present (see also Figure 3.15). Between 

34.3 and 112 ka there was extensional tectonic with a possible strike slip environment 

resulting in a north dipping fault seen in the outcrop. After that sediments from higher 

altitudes were transported and deposited at the lower part as shown in Figure 4.8 (c). 

This is a reason why trenching could not find any changes of sediments but the OSL 

measurements gave different ages. 

 

 
Figure 4.8 Scenario of CTR with a paleoseismological event in Pleistocene. 

 
4.5.2 Magnitude of paleoearthquakes 

The normal displacements of 4.0, 4.1, and 4.1 m redrawn from the 

photo in Figure 3.15 and presented in Figure 4.9 were assumed to be from a single 

event. The AD (4.07 m) method gives a Mw value of 7.6 and the MD (4.1 m) one a 

Mw of 7.3. Therefore, the minimum magnitude in this area was 7.3 on the moment 

magnitude scale. 
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Figure 4.9 Schematic drawing of the normal displacement at the CTR side based on 
the photo in Figure 3.15. Looking to west.  

 

4.5.3 Conclusion 

More than 112 ka ago the layers at site CTR were tilted and 

subsequently dipping south. After that, there was at least one earthquake event 

indicated by the presence of a fault, which might have approximately a NE–SW strike 

direction. This event occurred between 112 and 34.3 ka before present and had 

magnitude Mw of minimal 7.3. 

 
4.6 Paleoseismology of the Khlong Marui Fault Zone 

As the paleoseismological study by DMR (2007) focused on the 

western part of the Khlong Marui Fault Zone and this study mainly on the eastern 

part, the age data of both studies are discussed in the following. Several TL ages in 

the DMR (2007) report were not used by the authors as they might have assumed they 

were erroneous. The age data, TL, ESR, and C–14, related to the geological 

descriptions in the DMR (2007) study were also reinterpreted here. All age data were 

summarized in Figure 4.10 and separated regarding KMFZ and RFZ, as well as site 

and data source. 

Many study locations both for the DMR (2007) report and for this 

study have dominantly less than 10 ka ages (Figure 4.10) and data are in the age range 

from 33 to 112 ka. From the overview of the data it can be assumed that there has 
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been at least three periods of paleoearthquakes: 12–33 ka, 2.5–10 ka, and younger 

than 2.5 ka. From both studies it could be concluded that the KMFZ is still active. 

 
Figure 4.10 Earthquake events at KMFZ and RFZ from this study and DMR (2007), 
location are presented from East to West, ages presented in ka. Note that red and blue 
bars are re-interpreted data from DMR (2007) results and green bars are results 
concluded by DMR (2007). 



77 

DMR (2007) is using the surface rupture length to evaluate the paleo-

magnitude along the KMF. They present magnitude values between Mw 6.4 to 7.2. In 

this study, the displacement of faults was used for the determination of the paleo-

magnitudes, which range from Mw 6.6 to 7.8. The magnitude in this study could be 

less than 7.8, but there is no confirmed evidence how much is the actual displacement 

in horizontal direction. Moreover, all the young faults found in KMF were left lateral 

strike slip faults, whereas in this study there were mainly normal faults where a 

strike–slip component could be assumed at some sites related to the geological 

observations.  

According to the definition of an active fault by the DMR, the KMFZ 

is currently active with the latest movement less than 2.17 ka ago. More evidence 

indicates that the fault this area moved at around 10 ka before present. 

 

4.7 Implications for seismic hazard analysis 

This study and the work from DMR (2007) have shown that 

earthquakes occurred along the KMFZ in the last 10 ka and therefore can be 

categorized as an active fault zone. The paleomagnitudes give values of Mw between 

6.6 and 7.8. Such magnitude values have not been reported since instrumental data in 

this area are available. The three most significant instrumental earthquakes reported 

by TMD along the RFZ and KMFZ were on 16 May 1933 at RFZ with M 6.5, on 

27 September 2006 at RFZ with M 4.7, and on 23 December 2008 at the KMFZ with 

M 4.1. Although two of the events occurred after 2004 when the Mw 9.1 Sumatra 

Andaman Earthquake occurred there is seemingly a relatively smaller effect from this 

mega event on the earthquake magnitudes along the fault zones. This might be related 

to the fact that the 2004 earthquake resulted in a relaxation state of the lithosphere 

(see Dürrast et al 2007). But the paleoseismological investigations show that both 

fault zones can generate higher magnitude earthquakes and by this indicate that these 

magnitudes can be expected for the future. Any seismic hazard analysis for this area 

has to take this into account. 
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4.8 Conclusion 

The paleoseismological investigations in the eastern part of the Khlong 

Marui Fault Zone have revealed that it has to be classified as an active fault in terms 

of seismic hazard analysis. Although the investigated outcrops show mainly 

secondary faults they can be seen as conjugated fault to the main fault line (see Figure 

4.11). A recent stuffy by GRC (2013) has shown that the main fault line of the KMFZ 

is about 20 km further south of than previously assumed in the study of DMR (2007) 

based on clear geological and geophysical evidence (see Figure 4.11). The 

paleoseismological investigations also have shown that the KMFZ can generate 

higher magnitude earthquakes than any seismogram has ever recorded for this area 

(Mw 6.6 to 7.8) and by this indicate that these magnitudes can be also expected for 

the future. This is important and essential for any seismic hazard analysis for this area. 

 

V1-2

 
Figure 4.11 Geological map (from Bureau of Geological Survey 2007) with the 
locations in this study (red lines are strike directions of faults found in the outcrops) 
and the main fault line of the KMFZ (blue line, after GRC 2013).  

 

An essential part for the conclusions is coming from the OSL dating of 

the sediments found in the outcrops. TL measurements were also carried out in this 
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study but the ages show much older values than the OSL data. Although the reason or 

reasons for these discrepancies are not fully understood yet there are several good 

indications that the OSL data are more reliable and therefore used in the conclusions. 

 

4.9 Outlook on future work 

All data from TL dating in this study show higher values than other 

methods, especially C-14 and OSL. Other studies seemingly had a similar problem 

(e.g. DMR, 2007). This problem could come from the luminescence properties of the 

quartz minerals collected in the study area. Therefore the thermoluminescence 

properties of quartz could be studied further in order to get some answer to this 

unsolved issue. 

Further, more paleoseismological studies should be carried out based 

on more supporting data including 3D trenching or geophysical surveys. This might 

help to narrow down an actual displacement value and therefore a better magnitude 

value. This will be not an easy task as in the eastern part of the KMFZ as it is under a 

thicker layer of younger unconsolidated sediments. 
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APENDIX A 

TL CURVE 
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APENDIX B 

TL GROWTH CURVE 

 

TL growth curves are presented here. Note that only data points are 

plotted here that contributed to the trend line. The horizontal line is the bleached 

quartz TL signal. Y-axis is TL deconvoluted signal in million, X-axis is artificial dose 

level. Equation were fitted with an exponential rise to maximum following equation: 

y = y0 + a(1-exp(-bx)). 

TL00 

y0 4.15E+06 
a 1.36E+07 
b 2.71E-03 
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TL01 

y0 9.43E+06 
a 1.77E+07 
b 4.66E-03 

 

TL02 

y0 1.46E+07 
a 2.20E+07 
b 2.87E-03 
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TL03  

y0 4.22E+06 
a 2.65E+07 
b 3.55E-03 

 

 

TL04 

y0 1.06E+07 
a 6.38E+06 
b 7.57E-03 
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TL05 

y0 2.07E+07 
a 1.25E+07 
b 2.15E-03 

 

 

TL06 

y0 3.11E+07 
a 2.52E+07 
b 2.30E-03 
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TL07  

y0 5.66E+06 
a 1.12E+07 
b 2.97E-03 

 

 

TL08 

y0 8.59E+06 
a 1.62E+07 
b 2.84E-03 
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TL09 

y0 4.29E+07 
a 1.01E+07 
b 1.66E-02 

 

 

TL10 

y0 3.14E+06 
a 1.57E+07 
b 4.89E-03 

 

 



103 
 

TL11 

y0 6.16E+06 
a 1.97E+07 
b 4.80E-03 

 

 

TL12 

y0 5.84E+06 
a 1.72E+07 
b 4.97E-03 
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TL13 

y0 3.76E+06 
a 5.47E+06 
b 4.76E-03 

 

 

TL14 

y0 7.23E+06 
a 7.70E+06 
b 3.51E-03 
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TL15 

y0 1.91E+07 
a 7.08E+06 
b 8.80E-03 

 

 

TL16 

y0 9.96E+06 
a 9.61E+06 
b 1.46E-02 
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TL17 

y0 1.57E+07 
a 1.03E+07 
b 2.73E-03 

 

TL18 

y0 2.17E+07 
a 3.96E+06 
b 3.46E-03 
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TL19 

y0 6.48E+06 
a 1.08E+07 
b 1.05E-02 
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APENDIX C 

OSL ED HISTOGRAM 

Equivalent dose (De) presented here is shown in the x-axis in unit of seconds.  
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Paleoseismological investigations of the eastern part of the Khlong Marui Fault Zone in 
Surat Thani Province, Southern Thailand 

 
Dürrast, Helmut (1), Prakrit Noppradit (2), Ludwig Zöller (3) 

 
(1).   Geophysics Research Center, Prince of Songkla University, HatYai 90112, Thailand. Email: helmut.j@psu.ac.th 
(2).   Department of Physics, Faculty of Science, Prince of Songkla University, HatYai 90112, Thailand. 
(3).   Chair in Geomorphology, Universität Bayreuth, 95440 Bayreuth, Germany. 
 
 
 
 
Abstract: In Southern Thailand two major strike–slip faults cross the Malay Peninsula from SW to NE, the Ranong 
(RFZ) and Khlong Marui Fault Zone (KMFZ). Before the 2004 Sumatra Andaman Earthquake, these faults believed 
to be inactive. Paleoseismological investigations of the clearly exposed western part of the KMFZ have already 
shown that paleoearthquakes occurred in the last few thousands of years. For the eastern part, where the fault is 
less exposed, this study could identify at least two events between 2.53±0.19 and 6.89±0.38 ka and between 
0.59±0.13 and 2.17±0.31 ka, based on field studies and optical dating, with paleoearthquake magnitudes of 
maximum 7.8. 
 
Key words: Paleoseismology, OSL dating, Khlong Marui Fault Zone, active fault, Thailand 
 
 
On the 26 December 2004 the Mw 9.1 Sumatra-
Andaman Earthquake occurred off the west coast of 
Northern Sumatra, Indonesia; resulting in a 1,600 km 
rupture along the fault boundary between the Indian-
Australian Plate and the south-eastern part of the 
Eurasian Plate with fault slip of up to 15 m near 
Banda Aceh (Lay et al., 2004). The massive 
earthquake triggered a series of devastating 
tsunamis along the coastline of the Indian Ocean, 
killing a large number of people and inundating 
coastal communities around. 
In southern Thailand, there are a series of faults, 
mainly the Ranong (RFZ) and Khlong Marui Fault 
Zones (KMFZ), as shown in Figure 1, which were 
identified as inactive before 2004 by the Department 
of Mineral Resources, Thailand (DMR), however no 
seismicity studies have been carried out. Watkinson 
et al. (2008) described the KMFZ and RFZ as major 
NNE-SSW trending strike-slip faults, diachronous 
reversal in shear sense, originated before but 
activated during the India–Eurasia plate collision. 
Seismological observations by Dürrast et al. (2007) in 
early 2005 have confirmed seismicity with low 
magnitudes (M<4.5) along the faults and in southern 
Thailand. 
In 2006/07 the Department of Mineral Resources 
carried out a preliminarily study on the recurrence 
interval of the RFZ and the south-western and middle 
part of the KMFZ (DMR, 2007a). The exact location 
of the eastern part of the KMFZ is still unclear. 
Remote sensing, topographic surveys, and 
geophysical investigations were applied to study 
tectonic geomorphology and locate trenches and 
sampling locations. Thermoluminescence (TL), C-14, 
and electron spin resonance (ESR) dating were 
applied to determine the last fault movement. 
Trenching and outcrops were used to define 
sediment stratigraphy related to paleoearthquake.  
 

 
 
Fig. 1: Topographic map of southern Thailand with the 
major fault zones (after DMR, 2007a) and study area; base 
map in UTM WGS-84, numbers are elevations in meters. 
 
Their study concluded that the last movement of the 
KMFZ was 1,200 years and that of the RFZ 2,000 
years ago. Moreover, the recurrence interval of the 
KMFZ and RFZ is 1,000 years and 2,000 years. 
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In 2010/11 extensive geological and geophysical field 
work was carried out as part of a larger study with the 
objective (1) to locate the KMFZ in the western part - 
mainly in Surat Thani Province, north of the city of 
Surat Thani (see Figure 1), (2) to identify locations 
with evidence for paleoearthquakes, and finally (3) 
dating sediments related to these events, here using 
optically stimulated luminescence method (OSL).  
Several locations in the area showed paleo-
seismological events, with five sites chosen for dating 
(see Figure 2): V1, V2, V3 are in Vibhavadi District, 
TC in Tha Chang District, and CTR at the road 
between Chaiya and Tha Chang.  
 

 
 
Fig. 2: Geological map of the eastern part of Surat Thani 
Province, Southern Thailand, showing the locations of 
paleoseismological events used for dating (V1/V1, V3, TC, 
CTR). CPk: Carboniferous, mainly shale with sandstone 
and siltstone, Pr: Permian Ratburi Group, mainly limestone; 
Oc: Quaternary colluvial deposits; Qt: Quaternary terrace 
deposits, Qa: Quaternary fluvial deposits; Qms: Coastal 
wave–dominated deposits. Red lines – main roads, black 
line – railway; blue - Gulf of Thailand, to the East (after 
DMR, 2007b). 
 
Altogether ten samples were successfully collected 
from four sites (excluding V3) by using a cylindrical 
steel sample holder (10 cm in diameter and 50 cm 
long) during night time for protecting the sediments 
from light exposure. Samples were taken from 
different layers exposed in the outcrop mainly in 
horizontal direction. Both sides of the sample holders 
were sealed for transport until further processing in 
the laboratory. The OSL measurements were carried 
out at the University Bayreuth, Germany. Details 
about the sample preparation and measurement 
technique are described elsewhere (e.g. Fuchs et al., 
2005; Lai et al. 2007). 
 
Vibhavadi site V1 and V2 are approximately 36 m 
NNE of site V1 exposing the same face of the old pit. 
At site V1 three (see Figure 3 and 4) and at site V2 
one OSL sample were taken (in Layer C, not shown 
here). 

 
 
Fig. 3: Site Vibhavadi V1. Almost vertical face at a former 
sand pit. Photo to direction 160 (SSE). Scale (left side) 2 m.  
 

 
 
Fig. 4: Site of Vibhavadi V1. Lithological boundaries, 
location of OSL samples with the ages related to different 
age model. A: Black top soil, B: Light brown clayey sand, C: 
Brown-grey coloured and medium plastic clay, with black 
grains and black plant material, D: Dark-grey, slightly 
orange gravel with a few black grains and black plant 
material, E: Red to ochre coloured medium plastic clay, F: 
Fractured white-yellow sandstone. G: Yellow-white sandy 
clay, H: Medium plastic white-grey-yellow silty clay. MAM3 - 
minimum age model, CAM - central age model. 
 
The OSL ages were determined using different age 
models described by Galbraith & Roberts (2012) with 
MAM3 the minimum age model and CAM the central 
age model, as shown in Figure 4. At Site V2 the ages 
are: no model: 2.48±0.09 ka, MAM3: 1.47 (1.37-159) 
ka, and CAM: 2.53±0.19 ka. From the ages a 
sedimentation and tectonic scenario can be drawn 
(see Figure 5). 
Before 6.89 ka a fault has already existed there 
indicated by the clay (G) between the sandstone 
layer (F). Layer (E) was deposited above (Figure 5a 
and b). An earthquake event, assuming a strike slip 
movement, but with extensional character, occurred 
between 2.53 and 6.89 ka (Figure 5c), with a 
minimum displacement in vertical direction about one 
meter. An estimation of the paleoearthquake 
magnitude gives an Mw value of 6.8 for a maximum 
displacement (MD) and Mw of 7.0 for an average 
displacement (AD). These calculations are based on 
regression lines from Wells & Coppersmith (1994). 
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Then in the sequence, layer C and later layer B was 
deposited (Figure 5d). After that a second event 
occurred, between 0.59 and 2.17 ka, assumed a 
strike slip movement, but with extensional character 
(Figure 5e). A minimum displacement took place in 
vertical direction of approximately 0.5 m. Also here 
the estimation of the paleoearthquake magnitude 
gives Mw of 6.6 for a maximum displacement (MD) 
and Mw of 6.7 for average displacement (AD). After 
this second event the uppermost layer A was 
deposited (Figure 5f). 
 
Faults found at Vibhavadi site, with a strike of 145-
325° (NNW-SSE), are likely conjugated faults of the 
main KMFZ. Geological and geophysical results from 
the study area have shown that the actual main fault 
is about 20 km south of the location assumed before 
and shown in Figure 1 (data not shown here).  
 

(a)

(b)

(c)

V2 V1
070 250

Before 
6.89 ka

6.89 ka

6.89 –
2.53 ka

G

FF

G FF

G G

FF

E

E

E

D

D

D

D

(d)

(e)

(f)

D G

F G

F F

F G

F G

D

D

D

D

D

D

A A
B

B

BB

BB

C

C

C

C

E

E

C C

2.53 -
2.17 ka

2.17 -
0.59 ka

0.59 ka

(a)

(b)

(c)

V2 V1
070 250

Before 
6.89 ka

6.89 ka

6.89 –
2.53 ka

G

FF

G FF

G G

FF

E

E

E

D

D

D

D

(d)

(e)

(f)

D G

F G

F F

F G

F G

D

D

D

D

D

D

A A
B

B

BB

BB

C

C

C

C

E

E

C C

2.53 -
2.17 ka

2.17 -
0.59 ka

0.59 ka  
Fig. 5: Schematic geological scenarios for Vibhavadi site V1 
(left) and V2 (right) from older (a) to younger (f). Two paleo-
earthquakes could be identified at (c) and (e). See also 
Figure 4 for the abbreviations of the layers (A-G). 
 
The faults in Vibhavadi clearly have an extensional 
character and are much older then the dating here. A 
river displacement in the vicinity of site V1 and V2 
gives a horizontal displacement of about 18 m, likely 
the result of several events. However, if using MD 
and one event then the max. Mw is 7.8. The 
existence and strike direction of these faults in the 
subsurface have been confirmed by seismic 
investigations (not shown here). 
 
The result from the paleoseismological investigations 
in this area have shown that conjugated faults related 

to the main Khlong Marui Fault Zone were active in 
the last 10,000 years with at least two identifiable 
events: between 2.53 and 6.89 ka and between 0.59 
and 2.17 ka, and with a paleoearthquake magnitude 
of maximum 7.8.  
Therefore, it can be concluded that the Khlong Marui 
Fault Zone was not inactive before 2004 as already 
shown by DMR (2007a) for the western part and that 
higher magnitude earthquakes can be expected 
along this fault. This might also the case for the 
Ranong Fault Zone further north (see Figure 1). 
The clear categorization of the KMFZ as an active 
fault has further implications for the seismic hazard 
assessment and related mitigation efforts, e.g. 
engineering requirements for buildings and 
infrastructures.  
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