CHAPTER II

TECTONICS AND SEISMICITY

2.1 Tectonics
2.1.1 General Background
Basically, knowledge of earth’s interior has been

provided by geophysical studies of earth’s gravity and
magnetic fields and earthquake seismology.

Furthermore, seismolo-~ 3:. an important role in
this concept. - ‘4..‘:3 étng, seismic  wave
properties can be opl : rstand the earth’s
interior (Figure "2% ‘ arth’s interior has

been divided int6 e N o the crust, the
mantle, and the DO between crust and
mantle i1s marked Nen aﬁgncreased suddenly
This zone i (e \‘ discontinuit
. *k ‘ v

Additionally, pw en \\ .ntle and core is
marked by zone ’,. o-~ ance and a sharp
reduction in velg v!%h This zone 1s called
“Gutenberg discao rd 88 the core, it can
and the inner which
s (Lehmann, 1936),
ndary of “Lehmann

.,f (o}
be divided into t
the inner has highe P—;ﬁ '-.
and is displayeg , bo

discontinuity”.

Tectonica . : dynamic planet
in the solarigsy — FOEr) is composed of
individual otﬁL_nx ' psf are related
altogether. InTiac plates can be
produced and estroyed Dby earth’s<s tectonism. Such

tectonic processqp of the ear can be well-explained by

t“ﬁﬂmwamwmm

1s the study of forces within the
earth that give rise fto cont:nents, ocean basins,

B e ee b iRy (10 S

The cause of plate movement can be briefly explained
that the convection cell of magma in astenosphare has
risen, and magma 1is released out to the crust. This
magma-risen process is commonly observed at the zone of
spreading center or mid oceanic ridge, which is located
between plates (Figure 2.2).

According to plate tectonics, there are two
important terms related in this context; lithosphere and
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Figure 2.1 Mode
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Figure 2.2 Seafloor spreading. The

convective motion
of the mantle material carreis the
seafloor in a conveyor-belt fashion to the
deep-ocean trenches, where the seafloor

descends into the mantle(after Tarbuck &
Lutgens., 1999).




18

astenosphere. Lithospere 1is rigid material composed of
the crust and the uppermost portion of mantle. This
sphere is override asthenosphere and the zone between two
spheres is marked by low velocity zone, commonly found in
the mantle at depths of 50-150 km.

There are three main categories of plate boundaries;
divergent, convergent, and transform fault (Figure 2.3).
Firstly, convergent boundaries consist of zones of plate
convergence which are the location where oceanic
lithosphere is subducted and absorbed into the mantle.
When plate convergence s, 4 the leading edge of one
plate is bent downward no it to descend beneath

the other. The region whe = eanic plate descends
éhbduction zone” .

T
‘ can be subdivided

., Oceanic-oceanic
(Figure 2.4). These
*\ crustal material
The example of
. Andean arc that

In additiony
into there typas
and continental-
zones are con
involved and
oceanic-continen

when the Nasca g@Cednilc i'_ I beneath the South
American Plate. exampleMof) oeecanic-oceanic types
is the subductic Clantic Dbeneath the
Caribbean plate. ntinental-continental
convergent boundary type most well-known as a
collision between Inﬁiﬁﬁﬁn_ lkasian plates producing
the Hlmalayaslh the most sf mguntain range on
Earth. -

Secondly, :ﬁ 1ive ia;urfed along the
crests of ocean ridges. In this area,“plates move away
from each other €L, from the 1dge axis. As a result,
molten ro sthenosphere
belon havk] uﬁa RN SN T s
plates. This hot materlal cools to hard rocks, then,
produc1n new slivers seafléer. In a %tontinuous

e f}@*&ﬂﬁiﬁéﬁim‘lﬁﬂ I

The most well know divergent boundary is Mid-
Atlantic Ridge where is the zone divided North and South
American from Eurasian and African plates.

Finally, transform fault is characterized by strike-
slip faulting where plates grind past one another without
production and destruction of lithosphere. Horizontal
displacement on these faults causes offset of an oceanic
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showing
motion of

ransform fault
oundary
buck & Lutgens, 1999).

Figure 2.4 Zones of plate
convergence.

A. Oceanic-continental.

B. Oceanic-oceanic.

C. Continental-continent
(after Tarbuck & Lutgens,1999).
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ridge, However, movement along these faults was found to
be in the exact opposite direction required to produce
the offset ridge segment. Displacements along the Mid-
Oceanic Ridge are of the examples of this type of plate
movements (Tarbuck & Lutgens, 1999).

2:1.2 RégionalvTectonic Setting

Tectonic feature of Southeast Asia is associated to
collision between Indian and Eurasian plates (Tapponnier
et al., 1977; Pollachan & Sattayarak, 1989; Charusiri et
al., 2001). Several evide e as the result of this
collision. All of the onics of China are, to
some extent, relate A ’ éfurasian convergent
which have collide& b pouit 5 cm/year since
Cenozoic time ; China, there are
three major systems with
characteristic motion. This

movement appears (Tapponnier
& Molnar, 1977 96) stated that
Australia is movip§ Wards (along, asvector of 010° to
020°), toward sefl th'a
65 to 75 mm/yr.
south China,
the Kan-Ting, the

 11\5 in southwest to
ainous areas such as
lere are dominantly
gtrike-glip. In W fault in eastern
Tibet and south Chi 1iewvg o be the result of
Indian plate moving dast— to southeast beneath Eurasian
plate (Verma et al., 1S "

7e_<stibduction zones
in western Burma "“ tonic study in
this region. Iﬁgth ] d plate subducts
beneath the Indoburman ranges. This proeess has continued
until recently. However, nowa s, Indian plate has move
easterly, e similar to
southmmmm mmmmm (Curray
et al. and Curray et al. 1982) However,
Tapponni sted that tirike—slip

i ﬁ’i@;*% 55%@3&%?&:&’%& =

Indoburma range are the results of northward translation
of Indian plate. Indoburma range, as a result, has not
only move north but also apparently rotated several tens
of degree clockwise and move west which may be respected
to Indian. Present day tectonics of Burma and surrounding
region seem to be part of changing pattern from
convergent and subduction to strike-slip displacements
and conjugate shears on vertical planes (Le Dain et al.,
1984) . The subduction zone can be traced southwards in
the approximately N-S trend and passes southernmost
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Myanmar to Andaman Sea. Ridge trench collision zone in
Andaman Sea has migrated northward along the east of the
Ninetyeast Ridge. There is the cause of much
compressional stress released from this zone. This stress
has applied to the back-arc region and causing the
opening of Andaman Sea. However, this =zone 1is not a
common subduction zone related to back-arc basin, but
probably a basin formed by oblique extension and rifting
related to both ridge subduction and deformation of the
back-arc region caused by a nearby continental collision
(Eguchi et al., 1979). Spreading center found in the
back-arc basin east of subd 'on zone is the evidence of
this complexity. This spxe . ‘genter relates to Sagiang
fault in the north, 1 Sumatra fault in the
south. The extentlx* Chewspreading center may

be associated B w of both faults,
which are underg o e-slip movement.
microcontinents;
the left. These
continents have continent-
continent type . ‘ The event
occurred since 1 assi@ Meried | (Bunopas, 1994 and
Charusiri, 1997}% / ' ] is composed of
western half of and north-west
Malay peninsular. onsists of eastern
half of Thalland South Vietnam and
these two continents
This belt is called
ajit, 1997) and
ind abut against

Thailand
Indochina on t

is determined as an qggmgl}
the Nan Suture Bunoﬁa%“ i
lies in apprexim )

the Red River (L& Re e

through the noigr_ nd ce nd-with subsequently

bend to the eastern par jgemingly continues

and lies across o the Gulf of Thailand. Moreover, this

geosuture into two

tectonic @u%ﬁ gw ?ﬂgﬁ@? (Figure 2.6)
94

(Bunopas,

takﬁmﬁ*mmm%'l‘ﬁﬂil”’fﬁ‘%ﬂﬁ%“éii

north 'l (e.g., Kun Lun, and Altyn Tagh faults) but
persistent moderate earthquake activity across mainland
southeast Asia indicates contemporary deformation in this
region (Fenton et al.,1997). Integration of the
geometrical relationship of strike-slip and extentional
faults with the evidence of clockwise rotation of crustal
block and earthquake analyses are related to the strain
ellipsoid of dextral simple shear. The NW-SE trending
faults, the Red River, Mae Ping, Three-Pagoda, and
Sumatra represent the master dextral faults, and the NNE-
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SSW trending faults, the northern Thailand, Uttaradit,
Ranong and Klong Marui are sinistral. It is considered
that these sets of faults also characterized as conjugate
set (Figure 2.7) (Pollachan & Sattayarak, 1989).

2.1.3 Active Faults in Thailand

According to Charusiri et al. (2001), Thailand
active faults were classified into five seismic active
belts (SABs) which were defined as linear or elongate
zones of seismicity. These SABs were commonly classified
based upon neotectonic ts and coincident with

major tectonic GEUCRE i re 2.8). They are
Northern, Western-=1» \\ S ﬁentral peninsular,
Southern peninsula y : heastern SABs. The

Northern SAB isp %fault zones with
difference clas _ | Qi IP™Sactiveness. As a
result, Mae Chan ‘ ’ ified as the active
fault. Mae Tha pelieved to be a
tentatively acti ’ ) rae fault zone was
designed as the 3 {am t fault =zone was
considered to e d . ault. Pua fault
zone was regarded and Phayao fault
zone was inferr a6 - slactive fault. The
Western-Northweste ' ‘hag’ fi major fault zones.
Ranging from the Mae Hong Son fault
zone was interprete tially active fault. Mae
Ping fault zone was co the potentially active
fault. Sri Sawat faqﬁiﬁﬁﬁ@ge S0 was inferred as the
potentially aetive fault, ‘h hree-Pagoda fault
zone inferredisto be the active Fault Thirdly, the
Central Peninsu [ , long Marui, and
Klong Thom faiﬂf ZONE ong” fault =zone was
suggested as a ntatively active faults The Klong Marui
was inferred as 41:22 potentlai],y active fault, and the

active . g4 Ehod Ve Vel TR R feghinsuner  san

consists offj several sets of discontinuous, isolated, and
relatlvel short faults® with sparse distribution hot

zﬁizzﬁf T SR A S e o e

Lastlyy, the Eastern-Northeastern SAB consists of two
major fault zones; Pethchabun and Klaeng fault zones.
Both fault zones were assigned as the tentatively active
faults.

2.2 Seismicity
Earthquake 1is caused by sudden release of stored

elastic energy along a fault inside the earth. The main
source of that energy is from plate tectonics. It is
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acceptable among scientists that elastic rebound theory
can provide information about the cause of earthquake.
This theory is explained that if fault surfaces have been
locked rather than slipped easily passing one another.
Rocks on either side of the fault will bend while store
elastic energy. Consequently, when the fault ultimately
does slip and the bent rocks rebound to their original in
a huge earthquake (Skinner & Porter, 1993). Release
energy from the rock is formed partly as heat and partly
as elastic waves or seismic waves (Bolt., 1999). Seismic
waves can be divided into two main types; body waves and
surface waves. The body wave: an travel outward in all

directions from the fo %; A 0o the capacity to travel
through the earth’s dinterior. ThEr€ are two types of body
waves; P-waves and ' gﬂs=£;r primary waves can
deform materials This change is
performed Dby compression and
expansion. S-wave the other hand,

deform materials which are called
shear waves. S vel around but

be recorded by a
on distance betwe

seconds depended
raph station. P-

yuakes in Thailand
have long beend ized S *mast historical

period. c re hguakes in this
country had no b-~ ocC 5w most of strong
earthquakes have. been reported frequenﬂ} in Myanmar and

Andaman-Sumatra bg&t

Generﬂlu ﬂ q%& w%’}%ﬁf provinces;
the west amd the north (Figure e west, for

example, four moderate eafthquake sWwarms were igported in

oo, WAL TR STV D LERAE & 5

in Ap i1 22, 1983. Swarm earthquakes also were reported
located around Khao Laem dam since portable seismographs
were installed in 1982. The larger event occurred in Jan
22, 1985 with magnitude 4.5. However, these two
earthquake events in the west were interpreted as
reservoir induced seismicity phenomena (Klaipongpan et
al., 1991. and Hetrakul et al., 1991).In the north,
according to Bott et al.(1997), both historical and
instrumental earthquake data in Thailand and adjacent
areas had been revised. These data were gathered from



27

P wave —— Compressians Undisturbed medium

Py P A 4 /A A A 7 ®
+ F—F +/1’I + - ll s ll Illillll Z ,I 7 111151’1/
b e 4 e :

e
i ga L
. R {I

8

BEpr FESEE S °I IRRnanERRnE!
BBEEC S| 1 REE ‘EEEEHIHHE’

9- ~ l?” of ground
“motig S22 S U] n gﬁur types of

o SPUE ALENTWEIDS . e

and adjac areas compiled by Nu%laya et 1985) for

a

the | 4 ational
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Interdational Seismological Summaries (1SS) ; (3)
Gutenberg and Richter (1954); (4) the National
Geophysical Data Center, USA; (5) the Thai Meteorological
Department (TMD) catalogue, 1983-1996; (6) seismic
located by the Electricity Generating Authority of
Thailand (EGAT) in a geothermal study from 1976-1978
(Ramingwong et al., 1980); and (7) the U.S. National
Earthquake Information Service (NEIS) Preliminaty
Determination of Epicenters (PDEs) from 1985 to date.
There are 17 significant historical earthquakes of
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maximum intensity MM VI or M.5 and greater have been
reported in the north since 1362 (Figure 2.12). For
instance, the first documentary report was Sukhothai
event in 1362 with assigned maximum intensity MM VI.
Subsequently, three events in Chiang Mai were reported in
1482, 1545, and 1715 with maximum intensity MM VI, VII,
and VI, respectively. The 1545 event had damaged Great
Pagoda in this province and the 1715 event occurring near
Chiang Saen district had destroyed temples and pagodas in
four districts.

_J )
'_'_4 ssihemss  Surface
waves
arrive last

; and surface waves.
Typical record made: lograph. All three types
of wave leave vt dake focus at the same
instant. | Al " waves reach the
selsmogn : il Javes arrive. The
. P or S waves

Figure 2.10 Travel ti

, oAU INHNANEANG e

also felt ported in Thailand. I September and 30,

crpzolaiel (1140 | b Mgt 13 WV ﬂiﬁ’  Rai

provin€e, with same My .8, caused damages in northern
Thailand. September 11, 1994 earthquake event had
reported with epicenter closed to Mae Suai, Chiang Rai
province with m, 5.1. Felt report was found across Chiang
Rai province and Phan district was influenced the largest
damage. The damage were included a community hospital
building, 21 schools and 30 temples. Landslide in Doi Mok
was also reported in response to this event. In December
21, 1995, earthquake with M; 5.2 was located near Phrao
district of Chiang Mai province. Felt report was also
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found in Chiang Rai, Phayao, Lamphun, Lampang, and Mae
Hong Son provinces with minor damage in Chiang Mai.

2.2.2 Seismicity in the Phrae Basin and Nearby Areas

Based on earthquake instrumental records from Chiang
Mai Seismograph Station, 106 small to moderate
earthquakes with magnitudes ranging from M, 1.3 to 5.1,
had occurred within and nearby the Phrae basin between
December 1993 to January 2000. Interested event was
December 9, 1995, near Rong Kwang earthquake with M; 5.1
was found located near . Kwang district of Phrae
province. This event occur gh felt report in Chiang
Rai, Chiang Mai, Phayao, Uttaradit, and
Nan provinces and in Phrae province.

Additionall 1 Letidu u_;”“aﬁsib\(1954) mentioned
that in May 13, odth te eventwwith M, 6.5 occurred

swarms began in De F fro, 1980 \withwM; 3.5. The largest
events were “ , and December
23,1981 with ectively. These
) “ in the south of
the Phrae basin. £ thesel earthquakes were detected
by seismograph sta ' i ccurred between 1980
and 1983 had no . man-made structural
damages and human f
i) ,-'e' _,.a’

It can be calcufaféﬁ’thhwh
frequency inggSis Phrﬂe ba
approximately T

ion of earthquake
e~:rby areas 1is
,\Fll to moderate
sizes. Figure sh tribution in the
Phrae basin anij&earby areas using th‘ record mentioned
above and addltl al records of earthquake during 1980
and 1983 scattered
throughoutﬂ%‘g %@ﬂn gﬂ Q\rqefia(ﬁcenters were

located in ﬂountalnous area outside

* PRI TR IMAINY 1A Y

2.3.1 General

Plate tectonics has provided the fundamental
geological theory needed to understand both global and
regional seismicity. It has long been well known that
many earthquakes occurred along the edges of interacting
plates (interplate earthquakes) than within the plate
boundaries (intraplate earthquakes). More than 90 percent
of earthquakes are located in convergence plate
boundaries with shallow earthquakes, as well as
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intermediate and deep-focus earthquakes. For example, the
1960 and 1985 Chile earthquakes, the 1964 Alaska
earthquake, and the 1985 Maxico earthquake, have
originated in the subduction regions as a result of
trusting mechanism. In addition, most of earthquake
distributions along the Ring of Fires of the Pacific
margins are the result of subduction tectonism. Besides,
intraplate earthquakes must arise from localized system
of forces in the crust, perhaps associated with ancient
geological structural complexities with anomalies 1in
temperatures and strength of the lithosphere. For
instance, the 1811 and 3 arge earthquakes in New
Madrid area of Missourd erated by buried faults
in the upper part Qf% American plate (Bolt,
1999) . — -

Thailand,
lies immediately
belt. Many of ea
in Thailand (Hin

traplate region,
atra earthquake
*1_ oelt usually felt
i ' earthquakes in

Asf caused DY iated tectonism
related to the sub onlizgn& ‘and ‘spreading ridge in
Andaman Sea (Siri i | .

According tg@F € tudies \ Makert (1979), EGAT
(1980), and Ramlnch.g;;f"'“i S or small earthquake
epicentral distrib@tida;= " thes had shown that
epicenters were locategd q n orsnearby the edges of the
Tertiary basin, both™= and_ the north of
Thailand. Althedgh som éxs are scattered
outside the ba ~;‘ar, 5@ | to the opening
activities of -*f'em (Siribhakdi,

Fault@ﬁﬂﬁ?lﬁmjMm:a‘m

played an important rolegin expl %ﬁ the atlonshlp

toca B lired b ol Ge L in Eﬂﬁ]ﬂi"?ﬁ

seismdlogical observation. Since the mechanism of bot
oceanic earthquakes and earthquakes with no evidence of
ground surface rupture are doubtful for understanding,
therefore, the study of earthquake focal mechanism is
needed to explain the identification of the seismic
Tanles,
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2.3.2.1 Basic Concept

The concept of focal mechanism rises from the
assumption that seismic wave behavior is due to forces
acting on a focal point (point force). This assumption is
related to the radiation pattern of P-waves, and distance
between the hypocenter and stations. The double couple
force system acting on the hypocenters can explain the
polarity of P-waves of most natural earthquakes. Besides,
some earthquakes resulting of volcanic activity and all
artificial events such as nuclear test, cannot be

explained by the double Vydel.
couple force system

Configurat' 

can be explained i rces (Figure 2.14).

Each pair conta p ual magnitude and
opposite directi i 1 rce 1is equal to
zero. The double has an equivalent
force system in wh 5 tension and
compression, - X _-f,'l nd perpendicular to
each other. gt fon- oF \they, Pair of tension is

called tension g (Tfaxis)y¥and that of compression is

The
system can be brie

couple force
the double couple
Seismic wave far from the

faulting (Figure 2.15).
double couple force

source as that due
According to the orL
system, one of.these t dr{ the orientation
of the faultigg plane and anéfhér one is the
auxiliary planed There S Eoldle force system
is determined to il j ajlearthquake, then
two possible oxrdentations of the seismic fault can be

revealed. lﬂi gﬂ’} w&wfim’&’}ﬂ;‘; is normally

used for eagt quake focal mechanism analysis. The P-wave
radiation 1is composed 6f four-lebed pattek&r (Figure
e RARIMNIU B AR Gt
aroun ati is. The
patter of the polarity and amplitude is symmetric to the
hypocenter. The amplitudes are zero along two planes
separating the areas of different polarities. These two
planes are called “nodal planes” (fault plane and
auxiliary plane) and have the same orientations as those
of the double couple force system (the two plane are
orthogonal to each other, since the two couple forces are
perpendicular to each other). Therefore, it is suggested
that two possible orientation of seismic faults can be
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determined from the two P-wave nodal planes of P-wave
polarity information (Suetsugu, 1995).

B

Figure 2.14™ Z e couple system. Solid-head
arrows =-indicate compression, —opes-head arrows
repre AT fc’ to fault and

auxiliaﬁ plified earthquake
mechanism, open circles denote latation P-wave

and clos?d circles indicate compression (after

Sﬁt u )

AR TN ...

According to Bott et

on focal mechanisms from 10 earthquake events in Thailand
had been integrated together with the two new events
(Figure 2.17). The previous studies are those of Chung
and Lui (1992), Klaipongpan et al.(1991), Hetrakul et al.
(1991), and National Earthquake Center USA. Additionally,
the new solutions are from those of December 9, 1995 and
December 21, 1995 of the near Rong Kwang and Phrao
events, respectively.

120913173
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nodal plane

Seismograph
id circles) can seperated
circles) by lines of
= of fault plane and

Figure 2.15 Nes

stations re
from those
intersecad®
auxiliary j

double coyple shear dislocation
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negative on seismographs since first motion down;
T, tension with positive at earthquake focus and
upward first motion (after Suetsugu, 1995).
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Regarding to these focal mechanisms, the
maximum principal stress appears to rotate from north-
northwest to a northeast orientation from south to north.
Oon the other hand, these mechanisms suggested that
Thailand is being subjected to approximately west-east to
northwest-southeast tectonic extension (Fenton et al.,
1997).

Based on focal mechanism solutions of this
thesis study, the two new events earlier performed by
Bott et al.(1997) had been econstructed. The objective
is to construct new echanism diagrams using
different computer pro B "ydelding additional data
compared to the pre -;.-.. , 4; computer program used
in this thesis study™ MOHAME Dl ary earthquake data
used in this stud ::"/«c ided. bV al Meteorological

Department (TMD) oI ="~ 0 station @cross Thailand. As

a result, focal *' this study are

shown in Figure 2.
According v,shf.fffi .s- December 9, 1995

N

event, which prji#ary gafa *COl _» \' 9 seismographs,
it can be intergfefed « v‘ - \ fault should be
displaced by stfike- \ small normal
component. The P-axlls #QE 3° plunge, and T-

axis is in SE-NW i oﬁf“f R . o nodal planes have
stricken in 149° and e""""' ’th-a a gle dipping. For the
December 21, 1995 eve -a.—-i.s.-:‘-: 'sult from 7 seismograph
stations indicates ~--1-'g e placement with normal
component. P-axXisilies in N ed 24 degrees

and T-axis is sh—"'—""—"“— :J 4° plunge. Two

V.

nodal planes ared cang with moderate
and high degree f dipping, respectivel W
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Figure 2.18 Focal mechanism solution diagrams of
near Rong Kwang event(above, equivalent to
no. 10 of Figure 2.17) and Phrao event
(below, equivalent to no. 9 of Figure 2.17)
using Mohamed program for construction. P
represents compressional axis and T
indicates tensional axis.
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