CHAPTER 2

BASIN EVOLUTION OF THE NORTHERN PART OF THE

WESTERN BASIN

General stratigrf DN YV o©] e--.,,;b'ém_s;- in the Gulf of

Thailand

The ol tary rocks penetrated
by the drill-h T \of, Thailand are Late

Oligocene (after Rl.,1989)  but  older

undrilled section 3PP r*d P' bresent in the deeper
part of several ba31#5¥?ﬂn%§{ ion , Eocene fossils have
been identifi ;;:_-_;_-;;, onshore peninsula
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Gulf of Thdlland has beeg presented by several authors.
ammmmummmaa
Woolands and Haw (1976) subdivided the Cenozoic
stratigraphy in the Gulf of Thailand into three major
sedimentary cycles (Fig.2.1 a). The lower most part is Cycle
1 (Oligocene - Early Miocene )is a regressive sequence of
continental deposits. Cycle 1 was nowhere fully penetrated.It

is a coarse basal unit resting unconformably on the Pre-



Northern part of the Gulf of Thailand
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Figure 2.1 a Stratigraphy succession of the Gulf of

Thailand. (after Woolands and Haw, 1976)
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Tertiary basement. On the top of Cycle 1 is Cycle 2
(Early Miocene - Late Middle Miocene), which is a
regressive sequence of deltaic coastal progradation into
a brackish/marine environment. After the maximum
regressive Cycle 1 and 2 , they are followed by a short

marine transgressive phase , which is more widespread in

as vever, this is only well
V% hich is represented b
digg;i’% p p 4

the main Dbasinal

documened for ther"""‘

a widespread nconiormity in Late Middle

Miocene.Overlyi . the Cycle 3.(Upper'

Late Middle o - ;i T:‘f BAe Cycle 3 .is a

transgressive s ained and deposited in

lower energy envi ’b*.earlier cycles.

Achalabhu '3s summarized the

stratigraphy of Cengﬁg$@}
; 7%
~ Jl?$nu§\ *; ﬁi; 2 but they have
';dne 1 is Oligocene

ain the Gulf of Thailand

into five zon

a little diffl 1

y Zone” 2.1s LoWer - Middle Mlocene "In: the Cycle. 3, 'he

W “ﬁﬁﬁ"‘?%ﬂ‘ﬂ'ﬁw dANip]
VAR 210|259 Girices o

stratlﬁraphy of Cenozoic basin in the Gulf of Thailand
into 2 sequences, syn-rift and post-rift sequences. The
syn-rift sequence consists of Lower, Middle and Upper
~units. The Lower unit (Late Oligocene - Lower Miocene)
generally started with red brown claystone with minor

coarse to fine lithic-sandstone of alluvial plain and
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Figure 2.1 b The general stratigraphic section of the

Gulf of Thailand.

(After Achalabhuti, 1981)
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lacustrine deposition. The Middle uniy (Lower Miocene -
Middle Miocene) contains organic rich lacustrine
claystone and shale. The Upper unit (Middle - Late
Miocene) is generally composed of fluvial deposits. The
post-rift sequence (Late Miocene - Recent), overlies

unconformably the Upper syn-rift unit and consists of

high energy fluviatil

interbeded varicol

of Cenozoic b ‘the Gu hailand into four
units (Fig.2.1 gff. it I 2 he same as Cycle 1

and 3, but in CyFl s \ & _» vided into two units.

0.2 . Me. . ds
age from a few

diagnostic flora‘

ﬂ‘lJEl’J‘VlﬂWﬁWH"lﬂi

Stratlgrap of the nortbern part of the Western basin

ARIANN TN TR FREE

The Pre-Tertiary of the northern part of the

Western basin, which was drilled by well 6-1-C is
dolomite. Dolomite are medium crystalline with a
rhombohedral téxtu‘re. Detailed thin- section analysis by
Robertson (Singapore) Private Limit.ed are as follow: No

foraminifera were present and the carbonates are
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STRATIGRAPHY OF CENOZOIC BASINS IN THE GULF OF THAILAND :
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Figure 2.1 c¢ The stratigraphic of Cenozoic basin in the
Gulf of Thailand. (After Polachan

et.al.,1991)
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considered barren of fauna. Plant debris are low
throughout, and no pollen grain is present.There is no
faunal or floral evidence for the age of this interval.
However, postulated a Mesozoic depositional basin in the
Gulf of Thailand, based upon evidence from adjacent
on-shore areas. The limestone sequence in the deepest

of such a depositional

an indeterminate age,

part of this well

basin. It has however

The Ceng#bi A tig of ‘the northern part of
units (Fig.2.2 a)
This : unit i ' the integration of

2ismic interpretation

Data from 6 1-C well reveals that the unit A is

e s SUHIA PERGH LA Josr v o

unconformab the Pre - Tertlary basement 'v this basin

4 %?ﬁ'%’ﬂﬁﬁil%ﬁﬂ%ﬂcﬂ?ﬂ B ebis unie

varies ccordlng to the shape of basin.

The 1lithology of this unit is massive, dence
limestone ,which is occasionally white, pink, yellow to
reddish white. Mainly microcrystalline to

cryptocrystalline, often finely fractured (with hairline
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GEOLOGICAL INFORMATION OF THE 6-1-C WELL
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Figure 2.2 a The stratigraphy of the northern part of the

Western basin.
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fractures) filled with calcite micro veins. The limestone
associate with claystone, silty claystone mainly reddish
to reddish brown but also vari colored. These 1ifhologies
grade both vertically and laterally into the limestone
facies. It is assumed that this section is approximately
Early Miocene in age, and deposited in a lake or shallow
- water lagoon , with ywatile environment. These
sediments are assumed 'xd “‘hiﬁp derived mainly from

that time on the

carbonate source’
western shelf. t there must have
occurred during nt in the source
areas to cause in. undt. A and unit

B (after Keston, j“““

é%:m
LN

2.Unit B (: r-,.,,;@r’

The Iitholoc _._‘u_.-_,_.;—ﬁi redominantly of
i - —————— LY
sandstones. Théﬁl v bedded with vari-

coloured claystone ‘mainly reddlsh brown and also often

- g °"“1ﬂ‘ﬂﬁ"3 | ﬂﬂ‘iw 813
4RI TR WO VR 10 sse

sharp, nd is marked by a thick, white, dense, limestone
bed (at 6170 ft.). The limestone bed at 6110 - 6120 ft.

is reddish in colour.

The age for this unit is interpreted to be Early

to Middle Miocene and the environment of deposition is a
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fluviatile , rapidly changing including shallow, fresh -
water lakes and lagoons inwhich the limestones

accumulated (after Keston, 1976.).

No foraminifera and palynomorphs were recovered

from this interval. Rare pollen grains and plant debris

interval is therefore

were recorded. The age ,// ;
indeterminate. ure of the lithologies

caused the ¥ &Y . ‘ ;' ~supply the coarse
sediments. The e oo ' ‘ ‘ basin may have been
relatively closie he eastern area (Kra
Ridge) 1is presuma supply the bulk
of coarse clastic s el » pfesumably of

palaeozoic l

fine-grained a ¥

|

PR TRE TN o0 oo,

these highfly calcareous claystone grade 1nto marls and

'“a”ﬂewdﬁﬁﬁﬂ"ﬁﬁﬁmﬂaﬂ OGS which can

clearl seen from density and sonic logs and mud log.

........... ——the bulk of the

The limestones appear to be non-marine. No
foraminifera were recored from the limestone.This unit
has a good oil show between 3,850 - 6,100 ft. At the base

of this unit is base on decreasing transit time in sonic



log, due to increasing the denser rock.

From sonic log (Fig 2.2 a) show coarsening upward
sequence that means in the lower part of this unit is low
energy because of fresh water limestone appear in the

lowerpart. Then the energy change to high fluviatile

energy that sandstone a

3.Unit C (1901

This unj ivide from wire-line

e;ﬁhh\r$\ as unit ‘B. .But on
"» * \\ istics it can be

logs, because
the basis of
subdivides into

PO £t )

P s

Compriges predominantly of “reddish to reddish -
g —— \ |

brow clayst oloured varieties

[

(yellow/gray, pu ple/whlte) occurrlng as patches and/or
¢ a

pockets. ﬁ””%%%?ﬂﬁﬂﬁﬁ]es similar to

those occlil ring - dn tge upper unit. Most of these

sa“d%ﬁﬁﬂ‘ﬂﬂfiﬁﬁ'ﬁmﬂl‘}%ﬁ’ﬂfﬂr to pin

visible porosity.

The lower boundary of this unit is provisional
placed as the base of the thick claystone bed and top of
the predominantly sandstone section, however it could

have been placed also at 3,740 ft. or 3,850 ft.
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The side wall core samples at 3,740 ft. and 3,798

ft. are beginning to show signs of induration and tight
compaction, hence the boundary could have been placed at-

3,740 ft., and based on sﬁbsequent oil shows at 3,850 ft.

No gas or oil shows in this interval. The age of

this interval is anti L pat | be Late Miocene, and the

zellowish claystone,
massive, ' interbedded with

whitish to yel: ow1sh sandstone,

subangulaﬂtuﬁﬁ;ﬂeﬂ W?ﬂ BF Fflic8peous natrix.
TR BB FHAA T A oo

sharp, but the basal boundary appear transitional. Both

fine to coarse grained,

boundaries are based on wire line log pattern. No gas or

0il shows.

The age of this unit is anticipated to be Late

Miocene and the environment of deposition is fluviatile

Tlbsbib%1:
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No microfossil was found. The lower baundary of this unit
is base on a seismic séquence corresponding to the
unconformity. No clear evidence from sonic and gamma ray
because they are at the end of wireline log. Between
3,200-3500 ft.; the electric log signature shows fining

upward sequence (Fig.2.2.3 a) which is interpreted to be
W overbank fine-grained of
= stream swinging from

side to side acro Lal “-n gentle slope.

the channel deposit

high sinuosity chan

4. Un1t

This uni series of interbedded

gray to brownishf Cstone, and claystone
A a"_“t

with lignite and p v¥r43@_Jr one is fraible made
up mainly of quarﬂ?_gyjy i s and 1lithic fragments,
generally figd, subangular to

surrounded.

\ " A
BetLv 4 ﬂ] he sandstone is
generally sligh ly to. noh~- calcareous, calcareous fossils

are very ﬁru Erl’g ﬁmwm‘ibserved No gas

or oil shows

The age of this section 1s anticipated to be
Pliocene - Pleistocene. The environment of deposition is
assumed to be brackish water coastal plain to deltaic in

character.

The interval 600-1010 ft. yield shallow water



X ¢ :
_GAMMA_BAXI & < INTERVAL TRANSIT TIME UNIT
APl UNITS e E > ICROSECONDS FOOT

)
.

AL .
;f;f—"-‘;:;n Fi

Figure 2.2.3 a The electric log signature shows fining

upward sequence.
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benthonic foraminifera, notably Ammonia bacciorii and

Eliphidium sp. . Palynomorph are fairly abundant in the
upper 600 ft., but the lower 300 ft. contains sparse

- floras. Two specimens of Dacrydium sp. were recorded,

indicating a Pliocene age for this interval. Between

700-1,000 i A the electric log signature shows

2. // This is interpreted to
be the progradationwg ”

From SJ‘ (Fig . 224 BY; the

Tertiary base , t>f:,=: LS. | lowest marker

coarsening upward (Fi

indicating these Cenozoic

sequences with er of reflection to
acoustic Dbaseme basement map (time
structural map) '.2.4 o The second
marker shows onlap iz_rif -Ji,_. ing with the top of the
¥apping to acoustic
X )

Fé structural map is

lowest sequence,

basement at th

with the ﬂou Ej f}w Ejelﬁn% wmn "j’Senerally, this

marker is Well known as, ,the Mlddle Miocene Unconformlty,

e Ll i) SRR LSRR B rorsary

basins! in Thailand. This unconformity indicates the

4 d The thlrd marker is rather conform

cessation of major rifting of most Tertiary basins and
commonly marks by the die out of the faults which in turn
‘have close relations with the development of Tertiary

basins in Thailand.
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Figure 2.2.4 a The electric log signature shows

coarsening upward sequence.
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Figure 2.2.4 ¢ The structural map of the basement of the

northern part of the Western basin



42

-1130N

¥ Lar20N

L1110N

Figure 2.2.4 d The structural map of the Early Miocene

age.
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.Heat flow analysis

This heat flow analysis is undertaken using the
6-1-C well log data (gamma ray and density logs). All the
logging depths have been corrected to the sub-sea datum

The data has been read every 50 foot interval except

depth of 150-188 ft. the
interval is 38 ftg‘¥5f" -sea extrapolation. The
gamm ray data sta’¥?7?  T Lf_?;»4_0‘6,838 ft., but the
’ 7 6,838 ft. Vsh and

. from the following

formulas.
Vsh " ,!L't / {(GRmax-GRmin)
Vsh | \\
GRred
GRmax :j:f“g;a-:é : reading
, 1
Por051$: D1

'_ = Matrlx den31ty, sand = 2.65, dolomite

ﬂUEJ’}W’EWﬁWH’m’i

= Read%Pg den31t

q ‘Wﬂ aN ﬂ?ﬂ*ﬁd%%‘ﬂlﬁl AfKEL-1 o ron

mud= 1.0)

The thermal conductivity for each interval have
been calculated by two equations .
1. First equation

(K) = (R1/(K1(1-°)Kw°) + Rz/(Kzu-o)Kwo))-l
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(K) = Geometric mean thermal conductivity
R, = Volume of the first component, Rl = sand
component = 1-Vsh
R, = Volume of second component , R2 = shale

component = Vsh

K, = Thermal conductivity of sand matrix = 8

=4.66 W/m° K

lvity of shale matrix=2

7of water = 0.6

The geothérgal 8T MOl the 6-1-C. well is
By means of this
correct tl':;e thermal
conductivity s _,i describe by the
following relé_

(Kne) 8 x (K 1 84) b ((1/2 31t} T (273+1200):)

ﬂuﬂ’ﬁ“‘ﬂ HNINYINT

= Scale Facﬁ?r
0 RS AR e o
sand, shale, and dolomite
Kme= Thermal conductivity after temperature
correction
t = Temperature at each interval

1.84 = Thermal conductivity at 1200 °C
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Finally, the average thermal conductivity ((K))
and heat flow (Q) of the 6-1-C well can be calculated by

the following formulas.

CARE) = L
Sum 1,/k;
((K)) = Average thermal conductivity
: F
1y
ki ";Ys‘:sz ct1v1ty
0 = (K" Tk ater ; ¢
Q = HeaffT 16wl J fi' 1'k' \\Q:r\
£ / ( ~‘ |

The res shot gure 2.3 a and can
conclude that
1. The thefmg = ities of the 6-1-C well

are apparently contggﬁﬁ?@%&?

¥

porosity rather than Vsh
as shown 1in porosity versus
Vi

depth. This mltﬁ ﬁw e Unocal's report

that the porosi y 1n the Tertlary section of the Pattani

e ﬂ"ﬂ’&l BHEN TN HA T

AThe por051tyk in some interval m ght not be

accuﬁmzw PG AR ABTHEAGH oo o

investi gation of the tool.

Structural setting

Pollachan (1988) reviewed the tectonic framework

of the Cenozoic basins in the Gulf of Thailand as it
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appears to lie near the intersection of the NE-SW Ranong
Klong Marui and the NW-SE Three Pagodas strike-slip
faults. During the Tertiary faults the Ranong-Klong Marui.
are conjugate left lateral strike - slip fault, which cut
across the Thai - Malay Peninsula into the western part

of the Gulf of Thailand. The Three Pagodas is the

principle right late slip fault, located at

the east edge ofe. / Thailand Myanma. It

represent a s 1 9ging ault in Mayanma and
Northern tip o wacross the Thai-Malay
Peninsula, L of " .Thailand. Based on
principal NW-SE

structural re

right lateral ’(‘p - River, Mae Ping,
Three Pagodas an 54 onjugate NE-SW left

lateral strike—§1 g , " (Northern Thailand,
Uttraradit, ‘ | together : with the
evidence of : crustal block, Polachan
(1988) conclud tha ndingCenozoic basin in

Thailand develope dextral transten31onal shear along the

pre e’““ﬁ"ﬁ‘ﬁ"ﬂ“‘ﬁ EJ‘Vl’ﬁ'W A1)
q RIRNNG DAY HBDEE e o

amounfl of left lateral offset along the NW-SE Three
Pagodas fault as a result of the collision between the
Shan-Thai and Indochina blocks during the late Permian to
Middle Triassic. However, these faults changed the sense
of movement from left to right lateral during the

development of the Cenozoic Basins. Since the Oligocene,
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the right lateral displacement of these faults is only
some tens of kilometres, ‘which is not sufficient to

destroy a relict of the previous left lateral offset.

Western basin is one of the Cenozoic basins,

which is located in the Western intermontane graben area.

It has developed a ’Wn ned result of the N-S

extensional faul NW—SE Three Pagodas

transcurrent fau :,-‘1se timing of the

opening of the

The no : Nestern basin 1is a
half-graben basi ich®" 4% bounded to the east and
controlled by a e'av'-'ﬁkft to form narrow and
elongate N-S tren :; basinnal high (buried)

is present in this utrggxgi sement high was probably

caused by linkfhg patterns of half grabehs .

,y,f«~ X

depicts hidden

sty BN IOA 9T PEART|Gic o one e

as shown i Figure 2.4 & This may be represent the old

o SR NFUANIINYTAY

Evolution of the Northern part of the Western basin

The selsmlc 1nterpretation

1. Oligocene to Early Miocene

During Oligocene time, the northern part of the
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western basin developed as a small narrow basin
associated with N-S extensional fault ; Shallow
lacustrine occurred in this period. The Depocenterv of the
basin was to the east. The fault talus caused by the N-S

narxl{al fault that bounded the Ko Kra basin.

2. Early Miocen ‘ e Miocene

the environment of
deposition is ake and lagoon in
which the 1i Athe umpit X :The
limeston might b i ved-smais ‘rom the erosion of
carbonate sourcey t that time od the western
shelf and re-pre dary carbonate in a
shallow, fresh wa lathe 2 iagoon. During the Middle
Miocene a change i e “and/or climati-c condition

took place w2 with  the  cessatidf deposition of

fluvio-—lacustr rom well (unit B)

suggests rapid upllft and rapld

oo P T F G rorarer o

of the WdHtern basin ‘most of NS exte ional fault

o SR T SNSRI Boncrss

may hdve been caused by chianging of regional stress

supply of coarse

regime due to a major realignment of plate movement.

(Polachan et al.,1991)

3. Late Miocene to Pliocene
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The unit C comprises interbeded fluvio-floodplain
'clayStone and sandstone. The clastic sediments are thick
and widespread through out the northern part of the
Western basin. This basin during this period is mainly

subsided and created more extensive basin.

4., Pliocene

The evide : - ansgression from the
southern part Q\ "“*\ , ie, Patttani and
Malay basins s iming J‘ al incursion of the

sea in the Gu Oligocene (Woolland

(=

iy B
~". “1‘" 5

In the Upper Gulf

5 AT I
area,a the depo 4/,3’3 was shallow marine
represented by ¢t FERLlu marine transgression

Q.
fut
8]
[
e
Q
—
o
()
|
si)
§
®
o
el
=
O
o
o

During : “ene in the northern

part of the Western basin 1s referred to as the unit D.

- AU EAINANG i o

env1ronmen
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The né&thern part of the Western basin model

There are three main ideas about the development
of the Tertiary basins in the Gulf of Thailand. The
ideas are as follows; the first idea is defined during

1974 to 1987 by many geologists.They believe that the
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development of the Tertiary basins in the Gulf is the
result of the plate motions in Southeast Asia during the
Late Cretaceous to Early Tertiary. The activities of
plates in Southeast Asia were closely related to the
movements of India toward Asia, the sea-floor spreading,

rifting and emplacement of granite in this region. Most
of geologists define // sins as the rift basin
model. However, / é ch as Mitchell (1985)
and Hutchison W 3ss ] ' basins as the

back-arc basin

1986 to 1988. 3 fond idea .is  believed that the

idea is originate ination of the first and

development of the

second idea. In

Tertiary basig » in the ire the-fesult of the plate
fi ; .

motion in So| £ Early Cenozoic

combined with t e 1nteractlons of wrench faults in this

e BN o e

apart basinimodel.
awm\‘mmwnﬂmaﬂ
The structural style of the northern part of the
Western basin is dominated by mainly N-S to NNE to SSW
fault. The basin is elongated in the N-S trend. The basin
is approximately 6 kilometres wide and 11 kilometres
long. The major N-S normal fault which controlled the

basin lies on the east of the basin corresponding to the
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depocenter on the east. This fault is believed to be the
effect of the collision of India with Urasia that make
the N-S compression and cause the E-W extension. The.
result found the normal faults in this basin. The
collision of India with Asia was the main cause of the

reactivation of these transcurrent faults during the

Early Tertiary. Afterward, plate motion,a such as

rifting and uplifeing, ‘ __aitive during that time
| — F -d

resulting in the Chamnging sedimentation in this basin.
 R— :

The sedimentary Ffaedes associated . with faulting were

basin forming.

The 2 3 DE\ 2, Western basin is
classified as intfacrats  {,, "\ ';‘ﬂ and as pull-apart
.7 e Eocene to Oligocene
collision of the with Eurasia and the

subsequent exg , Indochina.
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