CHAPTER IV

EVOLUTION OF SEDIMENTARY DEPOSITION

Tectonic Setting and Stru

1. Regional ~

originally formed during vatious Pz e C ‘ ‘ ‘ s0zoic orogenic events to the Late

Oligocene reactivation (Tamm‘ :

986, Polachan and Sattayarak 1989,
e .

i

) '
The onshoreJl' ert:lary basins ahgned in a broad N-S trending belt that

et Y M AW Y e i

Craton in the Wést which has bee3 suffered from several orogQJ c events since the

Paleo@ m mﬂﬁm WJ‘]W lﬂnﬂm led to many

similariti€s in age, basin fill, structural style and hydrocarbon habitats (Burri, 1989).

2. Structural Framework

The Wichian Buri sub-basin appears to lie near the intersection of two
major strike-slip fault system. These faults are the NW-SE trending Mae Ping Fault
Zone (MPFZ) and the NE-SW Uttaradit Fault Zone (UFZ). The MPFZ is the
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principal right-lateral strike-slip fault and the UFZ is the conjugate left-lateral strike-
slip fault which is terminated by the MPFZ.  The pre-Tertiary motion on the MPFZ
and UFZ was sinitral and dextral in order. The sinistral strain of the MPFZ as shown
by Bunopas (1981) that was active during Jurassic to Cretaceous, and ceased the
moving in the Late Cretaceous, using the evidence of significant lefi-lateral offset of

ides, Le dain et al. (1984) studied the
& ates that the MPFZ ( Papun fault)

al. (1986) concluded that the

"various rocks in the western

mechanism of recent eartb,gg ’

is moving with right - la

MPFZ was re-activatedsaf teral sense, reversing its pre-

Tertiary left-lateral mg cene) and also proposed that
the UFZ which formg Z, has move in an opposite

direction to the MPFZ.

Polachan (1988) ¢ “ J hangeiin moving direction of these faults and
the development of Tertiary hasm.q:‘m Sundaland by using transtensional shear model,
as the result of the collision ¢ the u Asia (Figure 4.1 & 4.2).
The eastward movement and cloc - of South China away from India,
caused clockwise rotatlodx; of S.E. A51a resultmg n mcreasmgly oblique subduction of

the Indian oﬂw ﬂeﬁ}%rﬂmwwsg This led to the Mae

Ping Fault and 6ther NW-SE faults Jvere re—actlvated and began to move with a right-
e QERPOFY BT 8 PRI Bl i
active u}g to the present. In this model, the Uttaradit Fault and other NE-SW trending
strike-slip faults which form a conjugate pair to the NW-SE trending faults, therefore
sinistral.  Faults with a dominant N-S orientation were re-activated under extension

and sedimentary basins, including the Wichian Buri sub-basin, were formed.
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Figure 4.1 Tectonics map of S.E. Asia and South China (Polachan, 1988).
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Figure 4.2 Structural map of the centfal of Thailand and the dextral transtensional

shear model, Phetchgbun Basin (modified from Polachan and Sattayarak, 1989).
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3. Structural Style

3.1 Border Faults

In seismic cross-sections, the Wichian Buri sub-basin has half-garben

geometry and are controlled by listticmogmal faults. The half garben structure of the

basin is bounded on its eastern "‘é in ‘the' setr
fault (subsequently refewéh Qﬁ change to the west bounded
half garben in the no( by th stward dipping fault, with the

greastest accumulation

basin in the Oligocene. 1tow<of these fat variable from 500 meters in the

LAl 2 A

Buri sub-basin, they:g»pear variable.

The border fmts controlle

of syndepositional ﬁdfé ﬁ m‘? tﬁ ﬂtﬂms was the increasing in
‘ 9
thickness of Y%a its e .uyr r S. ddition to thinning away

€ basmal formatmn. Perhaps the best evidence

-~ from fault in a.tr $ dvii ﬁl Weﬁﬁﬂlﬁn out toward

the lataﬁlaﬁnmﬁ:ﬁ:ls eﬂ(ﬂss of unifs are a agent for
variations in basin subsidence, then subsidence was greastest near the center of the
basin adjacent to the border fault and decreased away from this region in all directions.

3.2 Intrabasinal Faults

On the basis of seismic studies, the intrabasinal faults appear to
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Figure 4.3 Interpreted seismic profiles of line SW1-88-11, SW1i-88-09, and
ST-88-103, showing the geometry of the Wichian Buri sub-basin
a) west bounded half-garben in the north

b) garben in the central

c) east bounded half-garben in the south.
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postdate the deposition of Tertiary strata preserved in the hanging walls because none
of preserved strata thickening toward the intrabasinal faults. These younger intra-
basinal faults gave rise to a complex structure of synthetic and antithetic rotated block
faulting. The density of the intrabasinal fault appears high in the central part of the

basin, especially in the western side where contains numerous NNW-SSE trending fault
Hf sect with the main west dipping fault
% For the eastern side of the basin
@ocks Intrabasinal faults are

biocks which throw dowu to th&

along the central axis of the

- =
is little deformed, with @ss
considered to be extenM

However, the struc

b ‘ . ‘
bounded by NNE- S:ﬁfaults The S1 Thep type is a central garben basement high,

bounded by nﬂ:ﬂm% Ej W EJ 'Tliﬁx?cent fault movement is

indicated by seiSihic and well data i 1s considered hkely to be the resuh of uplift of the

e VYT PTET A Y1 88 e v i

dome stfucture fromed by the combination of N-S faulting and intrusions. The

presence of this structure is considered likely to be the uplifted remnants of the basin.

Igneous Activities in the Wichian Buri Sub-basin

Igneous units are present throughout the stratigraphic sequence and are wide-

spread within the Wichian Buri sub-basin. They include weathered fine- grained
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Figure 4.4b Interpreted seismic profile of line WB-89-03, showing

the internal structure and prograding deltas within the basin.
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Figure 4.5b Interpreted seismic profiles of line ST-90-227 across the Si Thep-1
well, showing the presence of Si Thep type.
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Figure 4.9 Topography of Early/Middle Miocene horizon.
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Figure 4.10 Topography of Middle/Late Miocene horizon.
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volcanic rocks, basaltic tuffs, diorite and diabase intrusive bodies. Radiometric dating
of igneous rocks in wells is shown periodic magmatism, beginning during the Early to
Middie Miocene (11.6-15 Ma)(Wébster, 1989). During period of rapid subsidence, the
Wichian Buri sub-basin have experienced a higher extension rate. This may result in

sufficiently rapid thinning of the crust to generate adiabatic melting in the mantle and

result in intrusive igneous activi in during Eary to Middle Miocene time.

Emplacement of intrusives abls anied by eruption of volcanics.
This interpretation is b@ 5. @s which are present within the
M gimilari \h@c rocks. Basaltic tuff at the

base of the WB-3 Formation'ha\e been ) Suppoit this idea of major volcanism

The evidences of ig éous tiviti the Wichian Buri sub-basin are
recognized in two ways.
within the basinal formations fr ry wells except the Si Thep-1 well. And another

...u'___. .|--" .‘-.

evidence as indica e‘& by seismic reflecti on d hich/ showed that high-amplitude

reflections can be generate m bod S intrusive rocks.  Analysis of
reflection data collect&d over the area suggests that the"igneous layer encountered in

the wells, or aﬂqﬂaﬂ 43/% ETW%IMT ﬂdi)ccurs over a large part

of the sub-basm}] However, these 1gneous odies act as an acoustlc barrier which little
gy RN 15 Tk e o st iy on
eastern Side of the basin problematic. =~ The widespread eruption of igneous rocks
represents a large thermal input into the crust and may have occurred with a major
change in the tectonic evolution of the basin.  Seismic study has shown that the
orientation of igneous bodies in the Wichian Buri sub-basin generally appears to be
elongate in N-S trend. The orientation along N-S direction is conformable with the
regional N-S trending extensional fractures during the Oligocene age which resulted in

the opening of the Gulf of Thailand and Andaman Sea.  Therefore, it leads to the
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conclusion that eruptions of the Late Cenozoic igneous rocks may have been related to
the reactivated extensional fractures resulted by released pressure after collision

between Indian and Eurasian Plates (Jungyusuk and Khositanont, 1992).

Two major events of igneous activities occurred within the Wichian Buri sub-

The first igneous activi rred mE iddle Miocene time from K/Ar

dating of samples from which have yield ages of about 15 Ma

(Remus et al., 1993). aracte .\ ed by a very low GR response

A\

and comprises of both iy {- ey are represented by basaltic

tuffs at the base of WB-3 Formaiti .. the uapublished, Wichian Buri-2, and Wichian

Khao Leng-1 wells. Drite and diabase sills those composed
predominantly of p{%’oclase‘ pyroxe;é and hornblei [ These units are fine-grained
with subophitic or lathwork textures, suggesting rapid . ooling.  Eruption of this
igneous group has beemnterbree pe related to the ﬂrly phase of crustal extension

" UL INEN TN
o ST T YRR

the Bo Rang-1 well and K/Ar dating of this sill indicates a Middle to Late Miocene age
of emplacement (11.6 Ma)(Remus et al., 1993). This igneous group is charact;erized
by a higher GR response, reflecting the increase of alkali feldspars and biotite content.
The sill may have been intru&ed in the same time with surface Wichian Buri basalts

which are alkaline basalts and K/Ar radiometric age determination yielded 9.7 to 11.6

Ma (Charusiri et al., 1990).
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Tectono-sedimentary Evolution

The primary purpose of this section is to put the deposition events related to
the development of this basin into the broad context of depositional history in the area

extending from Oligocene through Recent.

Sediments within d\\%\% sub-basin are entirely non-marine
sediments, including ﬂuwaﬂmustwe @ Their accumulation occurred

during a time of relati S osed that the basin may have

been formed by large- m Oligocene-Recent, and this
region represents ma

basin are considered 0

subsidence within several dev, Opl.ﬂ:g:

ltl

t half-garben sub-basin. It is

ﬁl

tectonic significance bec it gpﬁéhr{ ransition from fault-controlled
TR
subsidence to a phase of therﬁ_fzi_ffi riven subsidence at the end of Middle Miocene.

The sedimeigiogical and tectonic i¢ Wichian Buri sub-basin is
dominated by two pnglpal extensional phases d uﬁng@ligocene—l{ecent. An early
phase of crustal extensiehein the region is.characterized by major normal faulting

Jediog o bas.ﬁu&’lmm AL fMicte Mioome. During

this time, the deposmon was mainly controlledsby the border €ault movement and
mainly aeﬁycl &m‘; M%ﬂl&nﬂm&nce which is
fault-controlled subsidence produced the half-garben geometry of this basin. The
style of extension changed in late Middle Miocene. The late stage is characterized
by renewed basin growth concided with structural inversion. Renewed subsidence is
considered to be thermally controlled subsidence. ~ Pliocene - Pleistocene inversion
achieved by reversal of the direction of extension to more E-W structural control on

sedimentation.
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Oligocene to Middle Miocene

Two major phases can be deduced from data presented here in combined with
that from previous studies. The evolution presented below is restricted to the early

stage of tectono-sedimentary evolution of the Wichian Buri sub-basin only.

Phase A : Basin Opening

Consequently, with Eurasian Plate was the cause
of reversal movement of Mg ‘ ral in Mesozoic to dextral in
Tertiary. The major dexta® W- nding faults including the Red
River, Mae Ping and ™’ 'eved to have occurred in the
Oligocene and it resulted in lafg g-sca .. dextral shear st ess in the block between this
faults. This shear stress sz ‘eet' ause the major extension of the Tertiary

u _,,_ s

basins during rifting in this reg1 i th a dominant N-S orientation were re-

l‘ .r" _.- ‘ .
activated under exteﬁlon and sediment. uding the Wichian Buri sub-

The ti of b ntary deposits are poorly
envisaged beca?% ﬁ ﬁdﬁ]ﬁnﬁw g:riﬁhfeneral c;onclusion, the
ages o nts o Tgf are Oligocene.
Based ‘iﬁﬁ mﬂ i rﬂtﬁ /jl?ﬁlaﬁn e Phitsanulok

Basin which has lithology similar to the WB-1 Formation of the Wichian Buri sub-

&?1

basin. Thus, radiometric dating of igneous layer in a well indicates lastest Early
Miocene for intrusion. The opening of the basin began before this because the igneous
units intruded the syn-rift s'édimentary rocks. Therefore, the Oligocene is considered

to be the time of initial basin development.
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Phase B : Basin Fill (Fault-controlled subsidence)

The Late Oligocene-Middle Miocene fill of the Wichian Buri sub-basin
comprises of the WB-1, WB-2 and WB-3 Formations. These formations were

deposited during the continued motion along the border faults and were characterized

by marked increases in thickness svj: s,on the downthrown side of these faults.
) .
During this time extension VK !’@ % border fauits.

The oldest basi i Wg the initial stage of basin

p = . ! i . . .
formation. It overlies fh}gxc metasediments and volcanic

forces. These alluvial se ﬁ:’i;fei‘ = ,-y:' ) a river system ancestral to the
present day Mae Nam Pa Sali .%%1?: ‘;.‘J alluvial plain deposits. The presence
of volcanic rocks associated with sediments Formation indicates that
rifting began with -_ dest formation. i the deposition of the basin

began in the Late Oligacene with fluvial sedimentation Ache WB-1 Formation, but the

main phase Ofﬁlﬂﬁ ﬁﬁ»ﬁlgeﬂl{ﬁ ET iocene with high rate of

subsidence.

VRSB ANEAL., o

rate of extension rapidly increased, leading to a pronounced increase in the asymmetry
of the half-garben, sagging of the basin floor along the border faults. This is believed
to be associated with the increase of structural activities, especially the re-activation of
existng major faults, Mae Ping and Uttaradit Fault Zones. At this time, total
subsidence was greater than sediment influx and the basin deepened rapidly leading to

the creation of a large lake. A persistent lake occupied most part of the basin resulted
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in the deposition of thick, organic-rich claystone of the WB-2 Formation which
represents lacustrine environment of deposition. The lacustrine deposits are
widespread especially in the center and southern part of the basin. In addition, fault
. subsidence which was rapid and continuous enough so that coarse material rarely

buildout into the lake, as shown by the complete lack of sandstone and minor amount

of silt-size sediments in the W-Zl‘\ﬂ’j}
W\
7z,
wwell data, lacustrine condition
t yth.i

Interpretation o

was established across t the basin was probably great,

this estimaties based

4
allﬂ

reflecting along-strike va tlgg?r is
Accordingly, the greastest subst& h S-OcCH

BEL o) _, * # =

central axis of the ba.in This N-S ext

persisted through thi

?YT ﬂ ‘IT and a widespread lake
developed, a]lu\q’l fans wo ave form along margms Lower gradient

g R AT T ST IR e

thus clastic sediments encroached upon the lake margins, and shed prograding deltas
into the basin, causing long-life lacustrine environment in the basin being interrupted by
~ a period of high sediment input and rapid delta progradation accordingly leading to
detaic-lacustrine environment. The coarsening-upward deltas are relatively thin (1-
2m.) but are widespread (tens of kilometers). Because they occur so frequently during
the mﬁllmg process, they account for a significant volume of basin sequence.

Repeating of the thin deltaic layers indicates several short-life periods of delta
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progradation, which might be related to short-life tecfonic events or climatic
oscillations. From seismic profile, it shows the prograding deltaic sandstones derived
from the lake margin of the basin and transported eastward into the basin along
downslope (Figure 4.4b). This leads to the interpretation that the sedimentation at this

time was in the open lake condition.

In Middle Miocene, co i{ the sheared margin causes the activity

of the fault system tend to th the uplift of the crust. These
—

resulted in the marked yf th ratww The total subsidence was

then less than sedlment . The lake gradually regressed

coincidental with the j gh time. After tectonic
subsidence ceased, the i inage be , This action resulted in an
extensive fluvial depositi dsover, ring the Middle Miocene time,

although small lakes persigte / $othé area ™ This is evidenced by the presence of

within the Early-Middle
Miocene sedimentatiofi (Figure 4.11a & i éonformity related to local

tectonic and i igneous a 2 1v1ty is recogmsed at the base of the WB-3 Formation by the

appearance of ﬂuy aah?frgl Wﬂej ﬂﬁm Buri-2 and Wichian

Buri-3 wells intrusives egulvalent penetra in the unpubhshed Bo Rang-

R T AN Y e

some areds of thg basin, indicating the local unconformity. Radiometric dating of the
intrusive and basaltic tuff samples indicates an Early / Middle Miocene age
(approximately 15 Ma). The initial magmatism represents a large thermal input into

the crust and may provide a possible explanation for this local uplift.

A second major unconformity appears at the top of the WB-3 Formation was
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LATE MIOCENE UNCON.
s e

NB-89-01, showing the Middle/

Late Miocene uncofifo nlap of ' 1mation are truncated by the

b

overlying WB-4 Forfha

Figure 4.11b Interpreted seismic profile of line ST-89-204, showing onlap of
the WB-3 Formation onto the underlying WB-2 Formation.
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a result of regional tectonic uplift. ~The Middle / Late Miocene unconformity is
identified by a change in palynological assemblage, offsets in electric logs, and onlap
and truncation on seismic data. The change in palynological assemblages from a
tropical palynological assemblage in the Lower to Middle Miocene to a temperate
assemblage in the Late Miocene, reflects a climatic change associated with eustatic sea
level fall due to widespread tectonis: East Asia at the end of the Middle
Miocene. The sill encountered o éﬂl have yielded radiometric as old

> .
i ith the Middle/Late Miocene

as about 11.6 Ma, co

event.

Due to the £ preserved a long history of
igneous activity, cont us resulted in a block of hot
rock that move upward produced an extreme structural
high for this region. The ‘structure is considered likely to be

i 4354 G WE‘P‘W‘%%%}'} 179
’QAW%*‘J*F] BRI AGE v + ma

climatic ch ange occurred at the end of the Middle Miocene, the sedimentary record of
this event was marked initially by the renewed basin growth with subsidence and
sedimentation. It is believed that this subsidence was a consequence of cooling phase
of the heated and streching lithosphere. Thermal subsidence seems to be very likely

because major thermal events are known to have preceeded this stage.
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In Late Miocene, a renewed sedimentary cycle was similar to that of Early to
Middle Miocene. "I'he thermal subsidence began with the deposition of a
predominantly claystone succession of the WB-4 Formation overlies on the Middle/
Late Miocene unconformity.  This indicates the widespread return of lacustrine

condition around newly formed areas of higher relief which were surface expression of

large igneous intrusives at d \ : o evidence of igneous activity in the
WB-4 Formation. However,. 8 c @mentatlon persisted locally in the

were uplified and truncated along

most part of the basin until P
the margins of the Wichigi i cene-Pleistocene time before

the deposition of the ovg
Phase B : Block-faulting 4

Following the Late " 1€ (e ion, extension shows a more E-
W direction.  Extension was then gz J.a set of east and west-dipping listric
normal faults. This faulti jhere extension segmented
the basin into numerods, N B¥fLlt blocks. - - Most site of
extension shifted eastwa ds From seismic reﬂectlon profiles (Figure 4.4a & b) these

fault blocks shﬂ utﬂ W(ETW‘? Wﬂﬂﬁ?ﬁwaﬂ displacement.

Crustal extensiofi| occurred in an -W duectlon during Phocene is resulted to

s 100 BT AF AT NG e 2o

(McCabe &t al., 1988)
Phase C : Deposition of Quaternary Sediments

The third unconformity lies within the Pliocene. This horizon is seen to
truncate the WB-4 Formation on seismic data (Figure 4.4a). Oxidising fluvial

condition resumed following this event.
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The Wichian Buri Sub-basin Model

It is generally accepted that sedimentary basins were formed by processes of
lithosphere extension. There are two ideas on the development of the Tertiary basins
in Thailand. The early idea showed that these basins have been characterized as a
12i y78). It is believed that the development

product of pure-shear model of M

f plate motions in S.E Asia closely

rifting and emplacement i \thi ‘ alabhuti 1974; Woolands and
' ed these basins as the rift
basin.  The later idea #high i ». ‘ I&;}*owed that these basins have
Wernicke (1985). This new

resulting to Indian and Eurasmn?ii_t:—e interacts

s e

basins are classified as‘khe rift / pull apart hm‘ ﬁ

- S

——

b !
The Wichiar;guri sub-basin is bounded by tAJ NNE-SSW and NNW-SSE

oriented faults ‘ 1 StLess, with a dominant N-S
orientation werqucm respondmg to the ‘reversal of movement of major strike-slip
faults ﬂWx % ?ﬂggcmmw llision between
contm:.?q as m:jl@led above. Extension related nﬂmg:ﬂ;la?hg: §gm in this time
with the break up of basement into a series of highs and adjacent depressions filled with
Oligocene to Recent sediments. During rifting, most of the extension in the Wichian
Buri sub-basin is accommodated along the border faults that has been confirmed by the
seismic profile in Figure 4.3c. This showed that the many gentle dipping, listric faults
merge at their base into a master detachment surface that dips gently through the crust.

Following the Late Oligocene, the Wichian Buri sub-basin may have experienced a
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higher extension rate with rapid subsidence lead to lacustrine conditions established
over the basin. And this may resulted in sufficiently rapid thinnirg of the crust to
generate adiabatic melting in the mantle, result in intrusive igneous activity and increase
in geothermal gradient in the basin during Early to Middle Miocene time. The end of

syn-tift period was marked by regional uplift at the end of Middle Miocene.

L%/ed subsidence and sedimentation is

in the post-rift (or dnfi”or 19 Lw Rate of subsidence during

drifting phase is consider r than those in the syn-rift phase. Based on

A second stage of

lithology of the WB-4 F tone interbeds in the claystone-

dominant sequence, esp sequence and the colour of

claystone is light grey or g >d the deposition in shallow lake

condition. The author weuld shallower water was caused by

the slower subsidenence th befd-‘é;f' » Considered that thermal contraction after

riting was the major dnwngﬁ“ﬁh or the post-rift subsidence (thermal
ST

ie (1978) that in cooling

subsidence). This is explained by strec ing

of the uplift hot ent which existed before

subsidence combined with

sedimentation. ﬁ gﬁ %’ ition, extension caused

the basin into @n ‘gro e?iml Zig ich covered by Quaternary
1

de’m’ﬂ"ﬁb‘l T ﬁﬁ"ﬁ‘ﬁﬂ NYIRY

As the result, the extension in the Wichian Buri sub-basin can be explained by

streching causes an icrease in density and result

a combination of simple shear and pure shear models. It concluded that the Wichian

Buri sub-basin is a rift basin.
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