CHAPTER 1I

GEOLOGY OF THE PHITSANULOK BASIN

2.1 INTRODUCTION

Geologically, Sirikit oil field is a pat ¢ Phitsanulok basin which is underlain by

Mesozoic basement. Phitsant

Dasin’ /g est onshore Tertiary basin of
Thailand. This basin is cl8 ehy-rela %‘ramework (Figure 2.1)which
directly effects thickne r on| e thifek SEatments in the basin is considered
to be the kitchen area ?‘t\\ pply to the Sirikit oil field.
| Sevolution, stratigraphy and

he Lan Krabu Formation (LKU

This chapter will repog@cngfal
environment of the basigdh

FM.).

2.2 STRUCTURAL S

]

Phitsanulok basin is apparenti 0g geological structures, particularly
rifting and faulting, ';v________m“___g_w_w,,, 4of) Malayan peninsula and

) . ¢ \ L
Indochina. Rift ba !"f ¥ ‘. similar to suture zone

between Shan Thai a l’l ndochina

ents. Balis subsequently developed

by several fault systems @r@und the basin. Sgmuctural configuration of the Phitsanulok

s is cons @h YR UL S S4B Gt soundary i

Uttaradit fault, Rdae Ping fault and P?chabun fault (Floures 2.2 and 2. 3)
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STRUCTURAL FRAMEWORK OF THE PHITSANULOK BASIN
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Figure 2.1



2.3 BASIN EVOLUTION

Structure of the Phitsanulok basin is effected by movements of four major faults;
therefore basin development is directly involved by those events. Burgisser (1995)

divided evolution of the Phitsanulok basin into four periods as below.

Phase I (Extensional) : Extension occurs along the western boundary fault system

in WSW-ENE direction. The Uttaradit|f@ult acts as the northern basin edge and

sl the basement. In addition, dextral
ma block leads to compression in

along the Mae Ping fault and

accommodates the extension wit
movement along the Phetc |
Soi Dao area. Combinatiga
dextral movement along

both faults (Figure 2.2).

liyergence nearby junction of

Phase II  (Extension aunfl Frahstersion) " his \ (Figure 2.2) begins with
extensional movement & ' ects inversion in the southern
area which leads to con@ifiuglis mey ( jalong 'thel Petchabun fault. Divergence

during Phase I compensatéd

consequently, the compression i ;9&_,-;"' }T
= e e

in the northeast disappears,
a.is increasing.

Phase III (Transtens r
2.3. The northern paE of the "basinaeceo
compression still continugs,while overthrusging develops in the Soi Dao area. Block

of the fault syﬁhﬂ[&jﬁrﬁéitﬂu&]ﬁ%n@tw ngqaﬂ‘ﬁult) in the northeast

leads to developfident of a hinge zone the eastern up throwing ﬂank and Nakhon Thai

:f:sammmmm TN

Uttaradit fault; in addition, Sukhothai depression, already started in Phase II, still

",,
Bhése is revealed in Figure

dlishes e@ension process, however,

carries on. In the south, extension continues and leads to anti-clockwise rotation in the
southern Phitsanulok basin. This rotation is compensated by dextral displacement

along NW-SE trending faults.

Phase IV  (Transpression) : This phase starts when extension in the southern part

of the area is blocked. This event leads to increasing of compressional stresses and



inversion features with dextral wrench faulting parallel to the Petchabun

faultwhichthe later affects pre-existing structures (Figure 2.3).

=
X J
|

AU INENTNEINS
ARIANTAUNN TN



COMPRESSION

CONVERGENCE | EXTENSION
TRANSTENSION I

EXTENSION
)
3 R 2O F
N - S
=
S S
X X
£ &
g:_ g:_ Indosinian
Blocks Moves
South

- !

WESTERN
BOUNDARY 3
FAULT 8
SYSTEM Nz
2, b 4
7y
6;0/4’ Z
> St o ™~
- =7 e
Sy i B e
™M

R )

Movement -t
to Southeast with

an extensional compoment
PHASE 1l (20’ -'"15")

PHASE |('50'-'20%1‘uﬂf;nJ 50km' Uwﬂ']ﬂﬂi
T l_ocationofSirikitFieldq Wﬂﬁﬂﬂﬁgﬁuﬁ’]’iﬂﬂ’]éjﬂ

Figure 2.2 Structural model of the Phitsanulok basin in phase I and phase I (Mékel et al., 1997).
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Figure 2.3 Structural model of the Phitsanulok basin in phase III and phase IV (Makel et al., 1997)
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2.4 STRATIGRAPHY

Sedimentation in the Phitsanulok basin has taken place since Late Oligocene when the
Sarabop Formation started its deposition. This formation overlies Mesozoic basement;
that implies the oldest Tertiary clastics in the basin. This sedimentary sequence
contains sandstone, conglomerate, siltstone and mottled claystone. They likely
indicate high-energy alluvial fan environment. It is estimated that sands have an

average extent of 200-300 meters g maximum of 600 meters (Goesten et

al.,1991). The Sarabop Formation . particuls overed by lower energy lacustrine
and fluviatile sequences Ofthe~Lan } béum Saeng Formations; both
formations are in MiogghesasC.~Lhe | S '_ Eopmation is characterized by

S| a etails of this formation will
\I’ ation composes of soft

\w-\ ormation is covered by the
Pratu Tao Formation, cgfitaj | 4 ‘ _\ ndividual sands range in

1993). Finally, these older

sequence of mouthbar
be described in the ne

lacustrine claystone. Sul

thickness from 1 to 4
_ ‘Ping Formations, respectively.
The Yom Formation lies ab@Ve 4-var "'r“ir‘_ ale (5 to 30 meters)whichseparates
it from the Pratu Tao Formatio; ﬁ;;; Y ation has an average of 300 meters
thick.  Individual | San ' 16 ofp; 1 to 30 meters.
(Phuthithammakul,1998). Their 57 Ma up to recent. The

youngest Ping Formatig is chara and with i r' bedded shale (Figure 2.4).
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Figure 2.4 Stratigraphic column of sedimentary sequences in the Phitsanulok basin in correlation with regional tectonic events
(Makel et al., 1997).
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2.5 SEDIMENTARY TRANSPORTATION

The main orientation of basin is in north-south direction which is apparently
significant source of the depositional system. Sedimentation in the Phitsanulok basin
can be subdivided, base on lake level, into highstand cycle and lowstand cycle.
During high lake level period, water may fill up lake the basin, then sediments are

potentially supplied from all directions (Figure 2.5a). Sirikit field, which is located far

low lake level (Figure 2.5b).
Consequently, most north-se e basin, including Sirikit area,
appear to be the main inf] this period.
2.6 DEPOSTIONAL EN

Depositional environ basinis “€learly related to structural
evolution in this area. Thg! nt is reasonably discussed in
correlation with structure #of -‘-‘jﬁ- T gsteh and Coutts (1989) divided

depositional environments in t )i " ges: including 1) alluvial fan and

alluvial plain depositSiin ' ogene age; 2) lacustrine and
Owér Miocene age; and 3)

wpper par@f the basin during Middle

alluvial plain deposit3:
alluvial plain and alluEl fan depe
Miocene age to recent.

AUBINYNINYINS

The sedimentaryideposits under stages 1 and 2 have taken place w1th1n Phase I of the

M R 1 Y 0 112 2
Sarabop vi luvial Ita deposits.

Sediments are derived from the west of western boundary fault system; that leads to

occurrences of the younger sediments progressively along the eastern part of the area.

In Miocene, sediments appear to have deposited during subsiding of the basin, in

which depositional environment changes to open lacustrine deposits of the Chum
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Figure 2.5 Schematic models of directional sedimentary transportation in ancient
Phitsanulok lake, containing cycles of high lake level (a) and low lake
level (b) (Mikel et al.,1997).
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Saeng Formation and Fluvio-deltaic deposits of the Lan Krabu Formation along the

central and eastern parts.

Depositional environment then changes abruptly in Middle Miocene, that is
equivalent to Phase II of structural history. Extension of movement in the basin is
decreasing whereas major tectonic is dominated by transtension. This tectonic

changing therefore affects sedimentation which consequently causes deposits of the

Phatu Tao Formation and the Yo . Environments of those deposits are

described as braided and meand Phuthithammakul, 1993).

During tectonic changi € ‘- : , is creasing and more uniform

throughout the basin. hanging from transtension to

transpression of struc s beginning of the Ping

ents, they are likely derived

\\\ 0 alluvial fan and braided

A iocene age. Thickness

Formation’s deposits. Rega
from meandering fluvial ¢

stream deposits of the Pifig
2.7 LAN KRABU FOR

The Lan Krabu For nation be;
of 600-700 meters "f'_— 1:"5 ences of the formation,
consisting of progradatE‘.al deltaictongues™Tnese tong\.@ are separated by the open
lacustrine shale of the Cljum, Saeng Formatiop (Figure 2.6). The interbedded Chum

Saeng sequencﬂ ifafcfid ’% 84 B B HanPdice) FvpSiwhen sirikit area is

flooded. These 8cles represent progradatlon of a lobate delta sUem into a very

shallo ﬂﬁa m;j VT;TTIQ tl ga) ds sand and
shale be thickness average rangin w cenfimetres {o Several meters.

Flint et al. (1988) studied the core facies analysis. Their results present that deltaic

sandstone in the Sirikit oil field are overall sheet rather than bar-finger geometries

The Lan Krabu Formation is a main reservoir in Sirikit oil field, which can be
subdivided, base on correlation techniques, into several members including K, L and
M members (Jahn ef al., 1989). K member is able to be splited into four sub-members

(e.g. K1, K2, K3 and K4), as well as, L member contains four sub-members (e.g. L1,
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Figure 2.6 Schematic Tertiary chronostratigraphy of the Phitsanulok basin (Makel et al.,1997).
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L2, L3 and L4). For the M member, it is more homogeneous and could not be

categorized to sub-member.

There are four facies of main reservoir of the Lan Krabu Formation in Sirikit area
(Ainsworth et al., 1997). They are mouthbar facies, channel facies, heterolithics facies

and crevasse-splay facies.

Jahn et al. (1989) have dise o Cieval play“faeiesiformed as very thin beds. In
general, crevasse-splay_ issifitcabCdds hihard fi ‘\: shales, whereas mouthbar

Goesten (1992) suggested e amast ‘ : \: acies in the Sirikit area is
mouthbar facies. Thicks individual sUb-membe le is often ranging from10
to 15 meters. Moreover, G0es | [CleRstele! ed at'only 10% sands are present in

the Lan Krabu Formation. Mhidkuess- of -« eted channels varies from 3 to 14

meters. Channel orientation is along norih rend with north to south flowing

gL = o e

direction.

2.8 LAN KRABU RVOIR'GEQ

oy, Y84 ) IR LI S INBIAR Fric were i

using calculatidil of approximate ‘yvidth and thickness (Table 2.1). Result of

F=9 d
o) 1. 1OV LT S OH SV TITLEL YR
sandbodyq his is a resul ithostratigraphic ™ correlation tec

sandbodies estimated from well information are generally smaller than those expected

of the lower

nique. In fact,
by this technique.
Recently, reservoir geometry of the Lan Krabu Formation is studied from reservoir

modeling of Sirikit oil field (Table 2.2). The model is especially focused on mouthbar

and channel geometries. Lithostratigraphic correlation and Repeat Formation Testing
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(RFT) are additional tools, which may be used to check geometry size and to indicate

connection between sandbodies.
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Table 2.1 Geometrical size and sand volume of reservoir body estimated from

width and thickness of the formation (M&kel et al.,1997).

- Mouth-bar sand Crevasse sand Channel sand
Unit Size m % total Meter % total Meter % total
net sand net sand net
o . sand
K2 900 - 2700 75 450 - 2100 20 500 - 1500 5

K3 900-2500 25N SRS 400 - 900 15
K4 1450 - 2600w NS5 60 450 - 900 10
LU 1450 - 400 - 1300 5

LL 1200 - 26 400 - 700 20

Sub-Member \ hbar ar $and Channel

Y Length  W/T Max.
1 (km_ ratio width (m)

¥

D, K&L1,2,4M ; to2 1.5to2 0.5 km 20 100

Laks ﬂumwamwmnﬁm 0

9
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Figure 2.7 Depositional elements and architecture of Lake Phitsanulok reviewing fluvially dominated deltaic complex
(Makel et al.,1997).
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