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ABSTRACT

Production from the Cepu ares occurs from the Twban and Kewengon Formations. Srudies of organic
richness and thermal maturicy of thirty eight conventional core samples from four wells penetrating the unity
by wse of Rock-vval pyrolysis method reveal that a high totel ergamic content (= 0.50% ) ocours in part of the
Tuhen Formation h'hm!n-:in-w:nmfﬂmnﬂcmnmfﬂ.f?!‘ﬂ.ﬂ?ﬁjhﬂbﬁmadhrhﬁdmfnmm
Thermal maturity range 5 fmomarure 1o mature with Temax ranging from 339°C fo 4359C with the mature
Hage being confined ro the Tuban Formation. nemdnhmgml}'pﬂﬁmmailmmﬂypnwl With

limited ocourrence of unstructured kerogen (type IT),

Those results suggest Mmmhuafmﬂﬂmm&bﬁrmermme.mmm
graved and trapped ar relatively Mmmlm.;rammﬁnmmmmmmnmm
bwumcmﬂﬁrﬁundmmudnepﬂﬂmmmm

L INTRODUCTION

Despite the long history of exploration for pe-
troleum hydrocarbons in the onshore portion of the
Northeast Java basin, only recently thst organic geo-
chemical studies form part of an exploration cam-
paign in that area. With this condition, our under -
standing on the prospectivenass of the basin is greatly
improved and further exploration sctivities can be
carried Ut in o more effective way.

Basically, organic geochemical study is con-
carned with identification of fwo main parameters,
i. the organic richness of the sediments, and the de-
gree of thermal maturity by which the organic materi-
als eould have been changed into petroleum hydrogar-
bons. Apart from that, sdditional parameters such as
potential hydrocarbon yicld and kerogen type are
also required, so that the extent of hydrocarbon gene-
rative areas can be better be delincated and the type
of any hydrocarbon that may be generated can be pre-
dicted. Tt should be emphasized that all those informa-

tion have t4 be integrated with geological &nd geophy-
sical data so thai the hydrocarbon potential of the areq
can be more precisely determined.

In the following sccount, we present the pre-
liminary results of organic geochemical studies of
thirty eight conventional core samples from the Ka-
wengan oil field in Cepu area, Central Jawa. The cores
represent the Mio-Pliocene Tuban and Kawengan For-
mations, which is penetrated by Kw-90, Kw-95, Kw-
103 and Kw-107 wells, and recovered from the
following depths -

Kw-90 - two cores of the Kawengan Formation from
the depth of 661.5 to 667.5 m and fourteen coras of
the Tuban Formation covering the depth of 1450 ta
2169 m.

Kw-95 : fifteen core of the Kawengan Formation
from the depih of 730 to 756 m and four cores of the
Tuban Formation covering the depth interval of 803
10 8225 i,

* Gwologioal Resasrch Growg, FPRFTMG A ' Lemigas™
** Gaoshamicel pnd Geotharmasl Memarch Group, PPRTMGES

2

" Lamigae'™

Scientific Contnbution 10851




Ew-103 : two cores of the KEawenpan Formation
(801 - 803 m)

Kw-107 : onc coro of the Tubsn Formation (871 -
BT m)

Although we have been able to recognize po-
tential source rocks, however, further geochemical
studies are still needed in order to clardfy the remain-
bng potential of the area, especially in an effort to lo-
cate possible subtle fraps.

. GEOLOGIC SETTING

The location of the Cepu urea and its principal
producing ofl ficlds is shown on the outline map pre-
sented in Flg. 1. Detailed stratigraphy and sedimenta-
thon history as well a3 structoral and lectonic frame-
work of the area have been published elsewhers,
therefore, it will not be throughly discussed in this
article.

The Cepu area is located In the southwestern
poitlon of the Mortheast Java basin. Since the end of
the last century, varions geological works have been
carried out in this ares which resulted in the discove-
ry of saveral ol fields, the largest one being the Kawe-
ngan oil field which was discovered in 1894, The
WHW-ESE trending Kowengan structurs consists of
several culminations and s built up by a large and
narfow ringe of hills consisting mostly of glauconitic
calcarenites with highly fossiliferous marls intercala-
ted by glsuconitic calcarenites layers cropping out on

the culminations. The NE flank is dipping 15 - 25,
ocoasionally steeper (30 - 45%) in some places,
whereas the SW flank is very steep or even overlumed
(Lemigas & BEICIP, 1969} The structure is also cut
by several {ransverse faults.

Subsurface data clearly indicate that the Ka-
wengan siruciure is an asymmetrle upthrust anticline
wilh the NE block being displace southwards (Fig. 2).
It is also appurent that the axis of the anticline in
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depth is shifted 200 to 300 m northwards with res-
pect to the antichinal axis at the surface. Overthrust-
ing appears to be diminished at greater depth, As re-
gards steeper portion of the NE flank, it corresponds
in depth 1o reverse faults are striking E-W, approxima-

tely parallel with the anticlinal axis. These phenome-
i are thought to related to Middle Mioceno-Recent
comprassional deformation recognized elsewhere in
the Western Indonesfan back-arc basins (Situmorang
et al., 1983; Situmorang & Yulihanto, 1985),
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Figure 2a
Structure comtour map, top of Mgravong Member
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Figure 2b
Tectonic cross section across Kawengon culminotion
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A generalized stratigraphic column for the on-
shore poriion of the Northeast Java basin i presented
in Fig3. The sediments range from Late Eocene o
Pleistocens in age, with thickness of mare 5000 m.

The Tertiary sedimentary section consists pre-
dominantly of sandstone, clays, shales, Hmestones
and mads which were deposdited in a littoral and neri-
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Figure 3

Generalized strtigraphic ssction, NE Java Basin
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tic to bathyal environments sceompanied by reefal
development in some ploces.

There is no evidence for non-deposition and
or histus in Cepu arca. Contineous sedimentation
appears to prevailed since the Paleogene. As already
mentioned, upthrusting and reverse fauliing of the
the Kawengan structure is related to Middle Miocene-
Recent compressionsl deformation, Whal might oc-
cured was an inmitinl peotle compression which result-
ing in a broad flexuring. Il was subgequently follow-
ed by maximum compression during Plio-Fleistocene,
piving rise fo struciural style now recognizable in Ka-
wengan strugture. Similar explanation has been put
forward by Davies (1984 io explain the lack of an
unconfornilty a1 the hise of the Late Miocene Kéu-
topang Formation in the Morth Sumatrs basin.

M. ANALYTIC TECHNIQUES

Pyrolysas analysis by use of Oil Show Analvser
were gccomplished in the following manner §

Approximately 100 mg srmples of pronulsted
whale rock are progressively heated to 600° C witha
temperarure program of 300 C/minute in 2 heliom at-
maosphere, and evolved hydrocarbon vapours and CO-
are monitoréd o a function of temperaturs.

Six matn parameters are measured (Fig. 4),
L.
Arca 8y represents the quantity of gas already present
in the rock.
Ares 5 represents the hydrocarbons already present
in the rock which are distilled off at temperatures be-
low ca. 3000 .
Area 8y represenis the amount of hydrocarbons
which are generated through thermal cracking of the
kerogen st tomperature berwean 300° C and 6009 C
{Cyele 1)
Area 8y represents COp which has been generated
fromn the kerogen concomitont with the generation of
hydrocarbons. 1t s not considered in the present
wark,
Ares 54 represents the amount of organic CO; evolv-
ed from combistion of the residual orpamic carbon.
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T-max is the temperature recorded at the maximum

of the pulse S,.
TOC is determined with the formula :

TOC : 82% (Sg+S1+S,) + ;72 S v (Rad, 1984)

The amount Sy + S) measures the total gene-
tic potential of the rock, expressed in kg of hydrocar-
bons per ton of rock (kg/ton).

The maturity of source - bed is predicted on
the basis of temperature index T-max which can be
plotted against hydrogen index (HI) to determine the
kerogen type.
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Figure 4
Example of program prinout obtained with pyrolysis
method
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IV.  RESULTS AND DISCUSSIONS

The results of geochemical analysis can be
seen in Tables 1, 2, 3 and 4. Ten samples with high
organic matter content (TOC : 0.53 - 2.30 %) appear
to be confined to the clay-shale section of the Tuban
Formation, i.e. from the depth intervals of 1550 -
1774 m, 1841 - 1842 m and 2168 - 2169 m in Kw-90,
and from 803 to 822.5 m depth in Kw-95. The re-
maining samples (eight from the Tuban Formation
and twenty from the Kawengan Formation) display a
low organic matter content (TOC : 0.07 - 0.34%). The
minimum limits of organic matter concentration
(TOC) recognized by most geochemist as essential for
a source-rock are 0.5% for shales and 0.2% for car-
bonates (Welte, 1965; Philippi, 1969). Hence, those
values indicate that the Tuban Formation can be con-
sidered as a potential source-bed.

As regards hydrocarbon yield, high poten-
tial yield is exhibited by the Tuban Formation
(0.22 to 1.81 kg/ton), whereas the Kawengan For-
mation shows a low potential yield (0.26 0.13
kg/ton). The highest potential yield of 2.28 kg/ton
is obtained from one sample of the sandy clay of the
Tuban Formation at the dept of 821.5 -822.5 m in
Kw-95 well. Following Tissot and Welte (1978), po-
tential yield of 2.0 kg/ton is used as a basis for dis-
criminating the formation of hydrocarbons. Poten-
tial yield of less than 2.0 kg/ton indicates that the
rock has some potential for gas whereas the value
greater than 2.0 kg/ton is distinctive for a moderate
to good source rock. It appears then, that in general
both the Tuban and Kawengan Formations are proba-
bly gas source formations.

In order to generate petroleum hydrocarbons,
a source-bed have to reach sufficient maturity. In this
paper, the temperature recorded at the maximum of
the peak S, (see section 3, T-max) is used to define
the stage of thermal maturation reached by the orga-
nic matters. A T-max of 4309 is used as the minimum
limit for a source-bed to be thermally matured (Espi-
talie et.al, 1977). As shown in Table 1, most of core
samples of the Tuban Formation in Kw-90 exhibit
T-max values greater than 430° C. It suggest that this
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of the Tuban Formation has reached sufficient
o ture for hydrocarbon generation, The remuin-
ng core samples which represent the uppermost part
the Tuban Formstion snd the Kawenpan Forma-
appear to be in an immature to early mature

The plot of hydrogen index (HI) vs T-Max for
gﬂhn;:kuilﬁupdr;tadmﬂg.i,‘fhumintypu&fh:-
rogen in the Tuban and Kawengan Formations are
 type NI and a small amount of type 1. Tt means that
the organic matters in those ook units are mainky
-drmtmudkaugmwhﬂlt:ndmmu-mmm=
'lh.' organic matiers in Kw-95 and Kw-103 are up.

H.L. {mg HCAg TOC]

structured kerogen which have 2 high potential for
both oif and gas, however, they have not achieved ma-
turity for peneration of hydrocarbons.

V. CONCLUSIONS

Organle - geochemicul studies” performed on
core samples of the Tuban and Kawengan Formations
from Cepu ares indicate thal the Tuban Formation
shows good TOOC value (average 0.75 %), and is
thought to be a good source-bed. The maturity level
is relatively high (T-max == 430° C), with gas-prone
type kerogen (type LII) being the muin constituent of
the ofganic matters. 11 implies that gas which sccumu-
lated at shallow depths (such as in the Balun area)is
probably sourced Trom the clay-shale section of the
Tuban Formeticn. Thermally mature hydrocarbon
souree beds with marine kerogen may be present at
grester depths, from which the ofls that trapped in
the wpper. part of the Tuban Formation (the Mpra-
yong Sand) und the Kswengan Formation are or-
ginated. Hence, deeper prospects are expected to
oecur n this ares to which further exploration efforts
should be directed, Structorl accumulations may nof
be the prime target In this highly explored ares, Futu-
nd‘uc-mufymndiufnewmnumpmhlﬂrh
expecied from subtle traps, for which detniled res.
search of stratigraphy, paleostruciure, paleogeogrs-
phy and geochemistry must be carried out,
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Tuble 1
Results of geochemical analysis of conventional cores of Kw-90

Depih . |moc] 51 | s2 i?ﬂtm!m‘ﬂﬂ:l Tmax | Kerogen
No. |Samples {m} Litholngy | Formation %) lmgolmgn]  (keiton) ©c) | Type
1.| Az | 6615 - 664 |clayey sand | Kawengan |0,18]| 0.13 | 0.03 016 431 W
2.| A3 | 8645 - 667.5|clayey sand | Kawengan {0.26| 0.17 | 0.29 0.46 426 | W
3. A+ [4s0 - 1453 |clay Tuben  |0:25| 003 | 0.27 0.30 431 | m
4. A5 [1530 —1552 |clay Tuban 1.00| 006 | D94 1,00 434 | m
s.| A6 J1596 - 1597 [clay Tuban 1.17] 008 | 1.10 1.18 435 | m
6. A7 [1700 — 1700.3|mandy cluy | Tuban 150|001 | 104 1.15 430 | I
7.1 AR [1742 — 1744 |shale Tuban 0.9 | 0.06 | 0.76 0.82 434 |
8.1 A9 [I7980 —1792 |clayey sand | Tuban 037 | 004 | 026 0.30 432 I
9.| AID [1841 — 1842 |shale Tuban 0.9%| 007 | 082 0.99 435 | o
10.| an FEEE — 1887 |sandy clay |Tuban 039| 0.04 | 022 0.26 428 | MW
11.] A1z 1976 - 1977 [sandyclay |Tuban  |0.36| 0.03 | 028 031 425 | m
12.] A3 [I981 — 1982 |[shale Tuban 032|004 | 023 027 27| m
13.| A14 [O15 - 2016 |shale Tuban  [0.25] 0.03 | 025 024 431 | m
14| AIS 072 —2073 |[shale Tuban o31| ooz |027 0.29 428 | I
15.] A16 [2119 -2120 |shale Tuban (028 0.01 | 0.21 0.22 430 | O
16.] Al7 [2168 —216% |shale Tuban  |0.53| 0.07 |0.74 0.81 431 1

Table 2
Results of geochemical analysis of conventional cores of Kw-95

Depth Toc| 81 | 82 |Potentisl Yield [Tmax | Kerogen
it | O O ot B o me:--:mgm (keg/ton) | °C) | Type
i.] Bl |730 — 731 |sandymad |Kawengan |0.15]0.06 | D21 0.27 419 | m
2| B2 | 737 — 738 |jsandymar |Kawengan |0.14 | 0.02 | 0.14 0.16 427 | m
3.| B3 738 — 739 |sandy murl | Kewengan |0.14 | 003 | 0.17 020 424 1
4| B4 740 — 741 5psandy mad | Kawengan [0.09 ) 0010 | 033 0.43 426 n
5] B5 | 7415 742.5jsandy matl | Kawengan |0.14 | 0.04 | 0.17 0.21 419 | In
6| B6 | 7425 — 743.5|sandy marl |Kawengan [0.14| 0.03 | 0.16 0.9 424 | M
T.| B7 744 5 — 745.5|sandy marl | Kewengan |0.13 | 0.04 | 0.14 0.18 421 1t
a.| B8 | 7455 746.5(sandy marl | Kawengan |0.26| 0.14 | 0.24 038 417 | m
9. B9 | 7465 - 747.5|sandy marl | Knwengan |0.09 | 0.01 | 0.06 0.07 435 mt
10.| Blo | 7475 — 748.5[sandy marl |Kawengan (034 0,15 | 044 0.59 424 | M
11.| B11 | 7495 - 750 [sandy marl |Kewengan (0,14 | 0,02 | 0.08 0.10 424 | m
12.| B12 | 7505 — 751 (sandy marl |Kawengan [0.14 | 003 | 0.17 0.20 44 | M
13.| B3 | 751 — 752 |sndymar |Kawengan |0.28 | 0.05 | 0.24 029 424 |
14.| Bid4 | 752 753 |sandy mard |Kswengan (007 | 001 [ 0011 b1z 437 m
15.| BIS | 755 — 756 |sandy mard |Kawengan |0.19 | 0.04 | 0.19 0.23 44 |
16.| B3z | 803 — 308 |clay Tuban |03 | 0.17 | D96 1.13 42| m
17.] B34 | 815 — 816 [clay Tuban 230 | 065 | 1.15 | 80 4i4 | m
18.| B39 | 820.5— 821.50sandy clay |Tuban 106 1.1 | 083 1.81 402 | IO
19.| B0 | 821.5 - 822.5fsandy clay |Tuban 100 1.59 |0.69 2.28 300 [ m
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Table 3
Results of geochemical amalysis of conventional cores of Kw-103

Depih Toc| s1 | s2 Fblunhl‘!"hhl Tmax | Ke
Lithal F RO
m) opy | Formation | e linglg)kmg/s)| Gegion) | ©C) | Type
Bl €2 | 801 — B02 jsandymarl |Kuwengan [0.14 [ 005 |0.29 034 27| 1
C3 |[802 - 803 |sandy marl |Kawengn [0.16 | 008 | 032 0.40 26| 1
Tahle 4
Results of geochemical analysis of conventional cores of Kw-107
Depth .y " TOC| 51 | 52 [Potential Yield | Tmax |Kerogen
(m) tory  |Formation | wey \rmgig)lima/e)|  Gimfon) | 0) | Type
Ll D2 |81 — 877 |shale Tuban  [0.43 0.12 | D49 D.61 423 | m
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