CHAPTER 11

GEOLOGY

2.1 Phxsiographx

The Gulf of Thailand is berdered on the east by the Indochina

peninsular, and on the wvesi eninsular (Fig. 2.1 a).The

Gulf is a large conti he Lf mng one of the world’ s

extends from the Cen P '.aﬁ.'a about 800 kilometres

toward the 'ﬁ\ southern part that
gradually extends to 3 ;ﬁ7'q §\ ‘P ilometres or more of
the Gulf extends thro .hwff7¥ a anc J‘.a sea (Shepard, 1973).
The head of the Gulf the a3 Pf‘Ba@ 6k covers approximately
10,000 square kilometres ( ,;? ,16 Hua Hin basin rests on the
head of the Gulf | féatures and sea floor
configurations the and flat  Dbasin

(Achalabhuti, 1980):]The upper Gu 1s very siﬂllow, and the average

2, i::‘:‘,’“@im?l 1N i A
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depression area in central part of the Gulf. The central part of the
Gulf is a broad depression, with maxihum depth of 86 metres below
the mean sea level. Some parts of the eastern and western marginal
areas of the Upper Gulf are occasionally interrupted by ridges, that

many rise aboﬁe the sea level as island namely, Ko Chang, Ko Sichang,
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Figure 2.1 a The Gulf of Thailand and adjacent areas.

(after Achalabhutl, 1980)
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Figure 2.1 b  Bathymetric chart of the Gulf of Thailand.

(after Emery and Niino, 1963)
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Ko Phai, Ko Khram Yai, Ko Samee San and Ko Samet.

There are few geological studies on bottom sediments
dispersal patterns in the Gulf of Thailand, namely, Emery and Niino
(1963) ,Dharmvanij (1988)and etc. Generally, sediments in the Gulf
are dominated by mud; whereas the shelf is dominated by sand.

Although the inner Gulf is m

) )’y red by mud, with some irregular

N

patches of sand and mud nd rocks are present near

the marginal area 9 %}ugh (Fig.2.1.c). The
sediments on the floor % \ 1in t 1 shelf are classified
genetically into 6

modern detrital (E oy 1 : ercentage of organic
and residual origin arglmihorinot moreithan 0.3 % of the total. Most

different general ages of ';“_ ‘The modern detrital sediments

are allotted 1nt2kh@ Gulf iﬁ@! 1 nti shelf, as

indicated by the ":c“>" -3¢ i in median

diameter. The sourc of modern detrital sedlm‘ 

that drain fr ﬂﬂqﬂ m g eﬂﬁsedlment is found
only 5 % 1nFiL ut occurs about 60% at atop of continental
o AR ‘a‘mm‘m'a ik TRY e

iron-contained, and rounded. Its sources ‘may be relict beach sand

s must be the rivers

left from a Pleistocene time of glacially lower sea level. Most
sediments in the upper Gulf of Thailand are the modern detrital, that

is dominated by mud and sand at east coastal area (Fig.2.1.d).
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Figure 2.1 d The types of origin of surficial sediments in the Gulf

of Thailand. (after Emery and Niino, 1963).
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242 Geological Setting

The Gulf of Thailand is a intracratonic basin, which is
believed to ‘be formed during Late Cretaceous to Early Tertiary
(Achalabhuti,1980; Bunopas and Vella,1983b; Barber,1985). The Upper

Gulf 1is bordered on the south and west by a Paleozoic geosyncline

which had undergone orogeny Mesozoic time. The north to

y the rocks of the Shan-
J

northwestern part of th

fold belt, and the Loej It d Ir Craton. Its southern

iland (Fig.2.2.a).

. In 1974, Bu peninsular Thailand

into four major zone al positive zone is the

Paleozoic rocks eosynclinal zone is a
B T ¥ =3

Paleozoic/Mesozoic series *é%é%;_ nics which have been strongly

miogeanticlinal zone

al rocks only; and
the miogeosynclinallﬂzoné,' : ndiaiﬂOcean, is Paleozoic
rocks overlain by thin#Mesozoic rocksssBunopas (1982), subdivided the

geology of peﬂufg.l T"l mr'&l nﬁ W&Lf] ﬂ ﬁly, middle and

southern penlnsular(Flg 2.2.¢c).%The middle=peninsular drea is defined
by the aam;g aﬁ@j m;lln‘ws:lg MIEJ 1& ﬂnd Ranong
provinces? The southern peninsular extend southward from Krabi and
Surat Thani provinces to the south of Songkhla and Narathiwat

provinces.

Many rock formations ranging in age from Late Paleozoic to

Cenozoic are distributed surrouding the Gulf of Thailand and adjacent

P
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eastern Theiland); SC, South ('e:ma and ST, Shan-Thai

qmﬁmmamﬁwq 1

farine Paleozoic to Triassic sediments and tholeitic volcanic
rocks that accumulated along the margins of the cratons.
Ophiolites lie between contiguous fold belts. Sinistral
faulting and oroclinal bending occurred mainly. during the
Jurassic and Cretaceous. K, Khorat Easin; CHM, Chiangmai;
V, Vientiane; WM,.West Malay Peninsula; EM, East Malay
Peninsule; B, Bentong cphiolite line.(cfter Bunopos, 1981)
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Figure 2.2 ¢ Lithostratigraphic units of Peninsular Thailand.
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areas. The Gulf 1is believed to be mainly covered by Quaternary
deposits, which is extending from the Lower Central Plain to the
south, with only few localities where the.Late Paleozoic rocks are
exposed as islands. The eastern part of the Gulf is bounded mainly by
Quarternary deposits and large volume of granite, granodiorite and

diorite of probably Carboniferous to Cretaceous age. Precambrian

rt of granite which are
characterized by metamo e c ibolite facies, biotite-
microcline gneiss, biotite schist, banded
quartzite, calc-si with augen layered,
laminated and well main rocksvare mainly
present in the we Carboniferous-Permain
rocks are chert,r pebbly shale,

pebbly sandstone ofs g y tn&ﬁ is A - greenish gray, brown,

The the Chao Phraya

basin as defined of Nakhon Sawan in

south. The Chao Phraya

the North to the'Upgir Gulf of Thailand in th:
basin rests ﬁ ﬁﬁand Hua Hin basin
in the southtq go. rayﬁasm is composenf small basins which
= AW TAN Tf‘ﬁ'MﬁﬁT‘TWEﬁ"ﬁ 4 i
basin. The small basins in the Choa Phraya ba51n are oriented in the
N to S direction and each one covers an area ranging from
approximately 100 to 1,000 square kilometres (Fig.2.2.e). The’
thickness of sedimentar& sequences in these small basins are more\

than 4,000 meters. O’Leary and Hill (1989) suggested ,the basins were

developed in the Oligocene to Miocene between Mae Ping and Three
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Figure 2.2 d The distribution of many rock units around the

Gulf of Thailand. (after DMR, 1985)
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Figure 2.2 e

Map of the Choa Phraya basin showing small Tertiary
basins distribution, and the major tectonic
lineaments. 1 Sing buri; 2 Suphan buri; 3 Kamphaeng
saen; 4 Ayuthaya; 5 Thon buri; 6 Sakhon; 7 Paknam;

8 Hua Hin (after Nutalaya and Rau, 1981; Palachan
and Sattayarak,1989 and 0’leary, 1989)
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Pagodas Fault Zones which the E to W dip extension of basins were
controlled by the N to S trending of Indosinian fabric. The N to S
f#brics are the direct result of Indosinian orogeny in the Early
Triassic with the final collision of Shan-Thai and Indochina plates.
The later NW to SE trending sinistral fault, Three Pagodas and Mae

Ping Faults Zones, were active during Mesozoic (Bunopas, 1981). In

the Late to Early Oligocene movement on Mae Ping and

te$ frqéb-scale dextral shear
- T—
n th‘_‘-‘hprobably caused by

ndochina with the

Three Pagodas Fault Zonésw
—
stress in the major '
clockwise rotation o
- continued collision Hill,1989). This
shear stress may be e iIsional basins which
are controlled by tran raphy of the lower
Central Plain is subdivi . Unit I, the lower

part is deposited during to Mid Miocene. The

=L J‘J . : . : E
sediments are fluvigltlle' ﬂi%&én¢s with e intervening fluvio-

lacustrine sequence T_"____T%'_
sediments of lacustxg\e origin %t and fluvialtile
origin in the upper pargs, Unit 1II, ghe fluvialtile sediments are

— L DN Whdickhk do the present

(Pradidtan and Tongtaow 1984). ¢

QW’]Mﬂﬁm um’mmaa

geologists such as ; Park.et. al., and
Achalabhuti (1974,1980), attempted to explain the complex structural
framework of the Gulf for a long time ago. At present, the parallel
series of N to S trend horsts and grabens are well known and
efficiently divide the overall Gulf of Thailand complicated basins

into a number of small troughs and ridges. Three major ridges are
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recognized, notably, Narathiwat ridge , Ko Kra ridge, and the Samui
Shelf. The Ko Kra ridge and Narathiwat ridge divide the Gulf into
western and eastern sectors. The western sector of the Gulf is
_composed of minor shallow basins , such as, Kra basin which lies in
the N-S direction parallel to the Ko Kra ridge. Chumphon basin which
is an only deep basin bounded by the Ranong and Khlong Marui faﬁlts.
The eastern part of the Gulf i ‘M# of few major deep basins,
namely, the Pattani tro é}’he Pattani trough is an

0-50 Kilometres wide

elongate basin of 3
oriented in the N t in is located on the
eastern side of in the N to NW

direction (Fig.2.2. he Gulf, the Three

Khlong Marui faults are ' thelNE to SW direction resting
on the western part of Wﬁ_{i&f} the local structural

features are -~-_-»,'r:::-:‘:—”-‘-'~ consisting of splay

X
ar dﬂhe others.

A1) ﬁﬂﬁmﬁ?iﬁiﬁi, 5
o ) 021 e PN e T

Pradidtan,1987). In the eastern part, Lian and Bradley (1986) divided

faults, faulted al‘ltiﬁihnb

the Tertiary sediments into 4 units representing the periods of
transgression and regression while Woolland and Haw (1976) has
divided into 3 cycles similar to the western part (Fig.2.2.g).

However , the eastern part of the Gulf is deeper than the western
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Thailand. (after Achalabhuti, 1980)
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Northern part of the Gulf of Thailand

Cycle ~Major Lithology Environment Age
sand , clay and coal Inner Neritic , Coastal Quaternary
o :
swamp
Pliocene
T sand, .-.‘___. eous clo¥ " Fluyie! to Deltaic/ to
swamp Miocene
Early
Bl
’ Tertiary
Sout he
‘Cycle @E ‘N\ ronment Age
Iy f‘f
Inner Neritic Quaternary
T

agrove Pliocene to

Mid- Miocene

U

Fluvial and Deltaic
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sﬁﬁd oy T el ﬁn . Early — Mid
I ﬂ m j w ,] ﬂ i : Miocene

Iat:lsml swamp ow

abundant coal, ‘elg and

"~

Early

Sandstone, Siltstone and

Channel and Flood —| Tertiary
Shale /Mudstone plain 7

Figure 2.2 g Stratigraphic¢ succession of the Gulf of Thailand.

(after Woollands and Haw, 1976)
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part and opening broad toward the South China sea in the south of the
Gulf of Thailand. Therefore, the eastern sector has more marine
influence than in the western sector. Considering from the different
subdivisions of sedimentary sequences in the eastern and western
parts of the Gulf, the Unit 2 of Lian and Bradley (1986) shows the‘

marine transgression 51m11ar t ower part of Cycle II of Woolland

and Haw(1976). This may b : gressive phase which became
widespreadly in the m é«e end of regression in

imentary facies in the

Cycle 1. Therefore,
Gulf of Thailand y | "%1 s. In summary; the
Tertiary sediments ivided into 3 cycles
. representing the egression during the
time of »depositio e lower part of the

sequence deposited in s and grabens, with N to

S normal faults controlled’ This cycle i ‘confined in the deeper part
of grabens. Besi Ay be -caté?' deposited in the
uplifted Mesozoic l:1~vfff———-f"f;;r ----------- : =t bresented by alluvial

fan, fluviatile and 1acu"*” thiﬂdeeper part of grabens

the lacustrine faci€s., are always present, whereas elsewhere the

Pacies may beﬂ 3% Q,%&J 741‘3 Wﬂ’qvﬂt‘ie. This cyele ia

Oligocene to Early Miocene ¢'in age. Cyele regressive
seavnd) Vb WL WL AR Lin 1 e
" lower part of cycle. The topography of deposition in the lower part
of this cycle is still horsts and grabens then the sediments are
lacustriﬁe, fluvio- mérine, coastal plain and coal swamp deposits.
The sediments are da;k shale interbedded with sandstone. This cycle
is Early miocene to Middle Miocene in age. Due to the iacking of the

topography of horsts and grabens in the upper part, therefore

-
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sediments in the upper sequence of this cycle are widespread
deposited by fluviatile‘ and delta facies. The sediments are shale
interbedded with sandstone and coal, the sandstone thick is ranging
from few to over ten meters. The boundary of Cycle II and Cycle III

is the Mid Miocene Unconformity which is the climax of rifting in

this region (Rodolfo,1969). Cycle III is the marine transgression.

y widespread marine condition

until the present day “ﬂ.,hedime , clay, silt, sand and
w‘:n the lower part of
iddl ene to Quaternary.

ayarak reported the

and the sediments are deposi Q\

interbedded with coal

“third unit. The age

In 1989,

stratigraphic sequences . ) " sin 5 in Thailand, including

is rift basins and divid rtide iments into 2 sequences,

identified as Late ,'le Mi > “e’t‘ me, should be Late

Miocene from clearlyjldentlflable seismic sectﬂns and the basaltic

lava dating- ? f ,-T ence deposited
during active ﬂm nﬁﬂ ﬂoﬂne ﬁie Miocene. This
sequence upper. The
lower unitgis the‘ﬁunm conﬁnng somemﬁngjd redbeds

and deposits during Late Oligocene to Early Miocene. The middle unit,
Eﬁrly Miocene to Middle Miocene, contains thick lacustrine sediments
and consists of high.organic claystone/shale with minor thin bedded
sandstone. The upper unit generally composes of fluvial deposits with

some lacustrine sediments and deposited from Middle Miocene to Late
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Miocene. The second 1is the Post-Rift sequence, unconformably
overlying the Syn-Rift sequence, which deposited from Late Miocene to
Quaternary. This sequence consists of high energy fluvialtile coarse

sand and gravel with some interbedded varicolored clay.

In 1990, Pradidtan et. ai., analyzed the sedimentary
,, Pattani and Malay basins and

//é).l. They suggested , the

e Uﬂcoxﬁ. is named as Chao Phraya

rmity in each basins is
N, -

ted as the group name

sequences of the Western, Chu

described the stratigraphs;
sequences above the La
Group. Then the sequenc
defined as a group and

(Fig.2.2 i).

Due to the fa iments in the Gulf of

Thailand are the gene ginal marine deposits,

therefore the foraminiféra/im this sedifients are very limited. The
&=

palynology is used in bim}gﬁg{ 3 although it serves only for

support, the stra l g ﬂ Gulf of ‘Thailand.

Achalabhuti (1974), reported the results of micropaleontological and

palynological ﬂauﬂ q 9’&] Eﬂ%ﬁ%&]ﬂ ﬂ ‘jand five floral

zones are alw s determined from well sectlon and re P 1 that the
e RAHRIRFHUPIBRLIRY o 1mn
Holqcene-qto Oligocene. The well data were correlated, and the
generalized stratigraphic section of the Gulf was shown with the
major lithological units, palynological zones, depositional
environments and geoiogical ages (Fig.2.2 j). Paul and Lian,(1975)
reported the palynological zones in the central Gulf area from fossil.

data of Union-Seapec 13-1 well that ranging in and from Quarternary

1
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Figure 2.29i

The Stratigraphic of the Tertiary basi‘ns in the
Gulf of Thailand.

(2):Woolands &Haw, 1976.

(1):Lian &Breadley, 1986 ;
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to Oligocene? (Fig.2.2 k). This well penefrated with about 3,368
meters and the unconformity is at 1,380 meters subsea within the
upper part of the Middie,Miocene section. The sedimentary sequences
of well sedtion are consisting of interbedded sandstone, siltstone
and shale. Lek-u thai, Sangsuwan and Thogpentai (1984), reported the

palynological ev1dence from 9-466/1x well of Chumporn basin (Fig.2.2

1). They proposed four zones ranging in age from
Holocene to Oligocen 1 ‘ env1ronment variés from
, the four to five
palynologicél zonesaPangihg se 1 Hol e to Oligocene, are
always used to es igraphic section in

this area to the pr

2'3

'wargin of SE Asia and its
‘composed of the least tu&;ﬂ@?fcy«f“'}”.: namely, Shan-Thai and
Indochina cratons“ - 2l 3 Mitchel 981). The Shan Thai

craton is exposed_tfj£h>35¢5“' :i%Erd and eastern part of

Burma.‘ The basemen% of this te raln consists of Precambrian

R TS (T N

fold belt of Pgleozo1c and Mesgzoic rocks that crop o continuously
from noﬂhw f}\ﬂbﬂdﬂhﬁ@“)ﬂ%ﬁq ”a\ Wnycr}ra cﬂton terrain
is composed of Mesozoic continental sedimentary sequences of the
Khorat Group, Permain carbonate and deep yater facies (Bunopas,1981).
The Mesoéoic Khorat sediments are believed to overlain the Kontum
massif which lies easiward into Ldas, Cambodia and Vietnam. Shan-Thai
and Indochina were cratonic fragments of Gondwana Australia in the

Southern Hemisphere during the Precambrian to lower Paleozoic. After
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rroitoics, FSIE) JVHII TR FRF v o comiex

fold belt of ﬁi&e0201c and Mesgzoic rock that crop o t continuously
o R BTV 2 3R oo vrr
is composed of Mesozoic continental sedimentary sequences of the
Khorat Group, Permain carbonate and deep water facies (Bunopas,1981).
The Mesoeoic Khorat sediments are believed to overlain the Kontum
massif which lies ecastward into Loas, Cambodia and Vietnam. Shan-Thai
and Indochina were cratonic fragments of Gondwana Australia in the

Southern Hemisphere during the Precambrian to lower Paleozoic. After
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ZONE AGE RANGE
Pocarpas ) Quarternary
Dacyrdium Pliocene
Florschuetzia meridionalis U-M Miocene
Florschuetzia levipoli ‘M-L Miocene

Florschuetzia Oligocene

Figure 2.2 k Gulf of Thailand.

Podocarpas - Dagy

4
Florscﬁt ia

Florschuetzia

levipoti ~ - = & £5 M-L  Miocengs

Florschuetzia trilobata Oligocene

Figure 2.2 l Palynological zones of the Gulf of Thailand.‘

(after Lek-u-thai,Sangsuwan and Thogpenyai,1984)
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that they were rifted, drifted and moved upward to.a low latitude
Northern Hemisphere position, which rotating about 180 degrees in
the horizontal plane from Early Carboniferous to Early Triassic. At
that time, the oceanic crust between the Shan- Thai and Indochina
microcontinents is subsided bene#th these microcontinental plates and

the result in the Triassic granite belt along the western part of

L’///zito Middle Jurassic, Shan-

Thailand (Fig. 2.3 ). During N

Thai is collided with L icrocontinents rapidly

e ——
the same time. The
collision of these mi
the central belt gra
collided by the West retaceous to Early
Tertiary that result i in Thailand. Major

strike-slip faults in i (Yo Creta ' re Mae Ping and Three .
Pagodas faults which ar strike-slip

fault. The Mae Pin stopped moving in Late

Cretaceous or Eax'ﬁfé‘-—¥lJ—f——L¢g¢ nd Vells [983b). Red River
fault separated SE A:a W icE]formed in the same
time, and stills active to the present (Bunopas,1981). The tin-

MMMMM@quwgm@wgqﬁidsmmM

along the eastern margin of the present Bay of Bengalg, It is not
crear whd) Wbauk b deburs bt &4 WhorkdvFbg bndbflolinsuta of
India rapigly moved north to close the Mesozoic Tethys and opened the
Indian Ocean. There are three main ideas about the development of the
Tertiary basin of the Gulf of Thailand. First idea, the plate‘motions
in Southeast Asia froQ Late Cretaceous to Tertiary is the major cause
of the development of Tertiary basins in this region including the

forming of Tertiary basins of the Gulf of Thailand. In addition to,

e
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&

the plate motions are combined with the ocean floor spreading,
rifting, collision of India with.Asia and emplacement of granite in
this region. These basins are classified to the'rift and back-arc
basins. Many geolbgists_ support this idea, such as, Achalabhuti

- (1974,1980), Paul and Lian (1975), Bunopas (1980), Gatinsky (1986)

and Pradidtan (1987). Second id aythe Gulf 6f Thailand is formed by

#/ wrench faults in the -Thai-

Malay peninsula and Th. = as_wr lt on the western edge of

interaction between Ranon

the Gulf (Hutchison 986; Polachan, 1988).

These basins are co he © rl wrench basin or the

transtensional bas he first and second

ideas, the develop land is the result of

the plate motions i te Mesozoic to Early -

Cenozoic combine with . s in this region (Daly,

Hooper and Sm.ith, 1987; tayarak, 1989; Chinbunchorn,

Pradidtan and Sattayar pull apart basin is the

Tertiary basin -;‘:f':"—"—?': —
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