BSTRACT

RODUCTION

~ The North Sumatra Basin (NSB), as illuserased
E:l.m: 1 (afier Tiliman, 1987), ix & hack-arc basin
which oil has been in continpous production,
ez its discovery over one hundred years ago. The
hermal gradient in the basin is one of the highest

mid{dﬂ"i: to 50” € per kilometre), and has

couraged maturation of the residual organic matter
= the extent thal extremely light oilfcondensate is
ed from formations ol relatively shallow

The general peology of Morh Sumatra has
"- descnbed in & serics of maps (at 1: 250000 scale)

mu arising from the co-operative project
by the Geological Survey of Indoncsia
Dh'IR.ﬂR]I'} and the Instiiue of Geological
5 (now BGS), between 1975 and 1980, The
-. ; --:r hy, lithology, tectonics and structare of the

S8 have been summarised by Kingsione (1978}, the
Sertiary structural evolution and hydrocasbon ocour-

mocs described by Davies (1984, and a more recent
serpretation of parnt of the hasin, hased on seismic
sellection data, has been given by Kirby et al. (1989),
T mapor units are shown m figure 2 {Cardner and
meim, 1985), the Lipper Oligocene being dominased
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ORGANIC GEOCHEMICAL STUDES IN THE MORTH SUMATRA BASIN

E A NMickolson * ) & § Soekapradys ** )

Preliminary studies of existing organic geochemical data from the North Sumatea Basin, indicate that any
me of several sedimeniary formations may be responsible for the sowrcing of indigenous Rydrocarfon reserves
areas and formations are delineated as apparently having greater source potential than others bui the
ailability af fresh, unoxidised, rock samples hay hirdered move specific conclustons being driwn. However,
pis have been made to make uxe of the recenly installed VG Trio-2 GCIMYS @i Lemipas, tovacguire and interpret
{ peachemical daia on oils, and possible souwrce rocks, relevant to this disciision,

by Bampo shales, the Lower Mincene by Belumm
samds, the Middle Miocene by the Baong hales, and
Upper Miocenc o Pliocene by the sands ol Keuta-
pang, Seurls, ond  Julu Bayew Fommations, all of
which rest on g Pre-Termry husement.

IL GECCHEMICAL STUDIES

The geochemistry of the NSB his boen dis-
cussed by Kingswone (1978), Situmeang and Davics
{1988} and bricfly by Robison (1987). The Lemigas
Basin Studies Group undeniook o held survey m 1985,
and subseguently pub-liched Imited peochemical data
based on the analysis of 84 owcrmop samples. This
presend study re-examimes original duta obtained by
commercial service organisabions such as PT. Ge-
pservices and PT. Boberson Rescarch, which wors
contracicd o provide specific geochemical neports
for the Indonesion Stte Oi Company, PERTAMI-
NA, and combines it with more recently acquired
data,

Becawse the N5B dota have been gathered over
a npmber of years by several independent labora-
tories, having dilferent types of speculised analyiical
cquipment, it has not been possible (0 chonse the ime
wells o show companisons berween the dillerent par-
amelers determined, becaonse of batches of missing
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data. Hence, individual wells have beon chosen thit
demonstraic a panicular parameter clearly, with duc
regard 10 these wells being representative of a field or
Tocal area.

Geochemical data were made available by
PERTAMINA for most of the wells drilled on its be-
half in the NSB, from the middle 1970's o the pres-
ent day. These dats comprised wtal organic carbon
(TOC) determinations, Rock Eval pymolysis, maceral
characierisation using vitrinite reflectance and spore
coloration techmgues, and limited gas choramo-
graphic (GC) enalyses of headspace gases, gasoline-
range hydrocarbons and solvent extracts of drill
cuttimgs; some GC data were also available for oils.
In iotal, geochemical data on | 501 samples were en-
tered im0 & computer database 1o facilitate Further
procesung.

It was unfonunate, from the geochemical re-
scarch aspect, that only o few wells in the southern
ond of the basm have been drilled through to the Pre-
Tertmry basement. In the northern arca, the Middle
Baong Sendsione of the Baong Formation was gener-
ally the target formation for oil exploration, and hence
commerisl inderest dictated that very few wells pene-
treicd beneath this depth (o allow geochemical infor-
mation 10 be obtained abowl pussible source-rocks
occurmmg further down the siratigraphic column; this
bas lod 0 =0 imbalance in the reporied data, biascd
ioseand the southern end of the basin.

In addition 1 the above, PERTAMINA UEP-1
gave permission for sub-samples of a selection of
ongeal drill cotings and core sections o be taken for
forher malyss the micntion being w check some of
e spperent discrepancies between TOC dats derived
from the difflerent methods used for determination, bul
the beeakdown of the LECO WR-12 TOC analyser
prevented this. Tt is not known how reliable these
checks would have been, however, as storage of
sample msteral in anything other than ideal condi-
1o, meeds i be closely controlled (o avoid oxidation
of the readenl orgamc matier; this is particulary true
m 3 popecal envaooment

Core ssmples were made available from a
ﬂ:_nl‘-hﬂlhuqh these were probably
ongimally ken = being representative of particular

rock formations for geotechnical wsting, they ©
imined sufficient shale material 0 malke 8 numbe
them inte-resting for further geochemmcal mvesiy
bon. Mamy of these cores ane cumenlly being S
by LEMIGAS trainces, in both the United Kinge
and Australia, as part of their research opics
higher degrees, and therefore more detailed genches
istry condlusions will be available i dué course,

ML SOURCE ROCK CHARAUTERISATION
It General

A potential hydrmcarbon sporce-rock 1
racterised by a combination of scveral difforent @
Al masuremenls, nanely the wolal organic ca
content, the type of organic matter from which ioof
inales (maceral composition), the extent to which
organic maticr has  matared {time and iemperal
dependent), the perroleum "potential’ of ihe
companent, and the iype and amounts of hydros
bons it produces, In addition, hoth gualitstive a8
guaniitative delerminalions, and comparison,
groups of compounds by GOMS, on oils and solve
exlracts of source rocks, can assist the geoc :
with the nterpretaton of oilfsource mock and odlk
correlation data, These data arc wscful in pel
research stdies and, i combination with other ge
logical 1echnigques, muy wssist with the prediciion
likely locations for further nil exploration. Any o8
of these measurements can be indicative, bul gene
ally the determinatinn of at least iwno or morne of
parwmelers must be undedaken before any early oo
clusions can be drawn aboul the possible hydrocarh
source pobential of the sumples being studied. Eve
then il is usisally necessary (0 investigale some p
ticular types of samples more thoroughly with o
echnigues.

M2, Deell Cotting wnd Core Analyvses
HLLL Total Drganic { arhon
Total organic carbon (TOC) determination

one of the preliminary peochemical screciing (0ck
nigues carmied out prior o more detsiled analyins
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procedures. TOC contents of [L.5% for shale, or 0.3%
for carbonates, are considercd o be the minimum ac-
ceplable lower limits for commercial oil generation,

As there appeared 1o be considerable duplica-
on of TOC data obained from the N5SB by conven-
tional techniques, and also by Rock Eval, a single
‘databasze file has been produced o rationalise the re-
sults and to allow easier compuler processing. TOC
obtained by Rock Eval Pyrolysis frequently gives
shghtly differont results &0 those obtained by standard
axidation procodwres, and this is due 10 the method of
calculaiing the final result by addiion of the carbon
contents from each stage of the pyrolysis procedure,
Generally this is nol a significant problem, end 1o all
iments and purposes can be ignored:; therefore the data
wsed here is based on the TOC obtained by cither one
or by both methods. Where a pronounced difference in
the TOC results between the two methods was appar-
enl ncither result was used. The final TOC dambase
file consisted of 1483 samples.

Relerence to Table 1 shows that the average
TOC content of all the samples is 0.65%, with only the
Seurula and Keutapang Formations containing ap-
preciably lower levels. OF the 85 samples from the
Seuruls Formation none has a TOC content of 0.5%.
The number of samples from the Kcutapang Forma-
on was almost half the 1otal of all the results gvail-
shie, with T46 pieces of data, The TOC on the Seurula
and Keutapang ficld samples, reposted by Tambunan
(1985}, gencrally supports these findings, and con-
firms that neither formation would be likely to gener-
#ic any appreci able liguid hydrocarbons, based solely
o their TOC content.

The Baong Formation is represented in all bt
three of the wells for which dats are available, and
forms the second langest group with 560 samples. The
‘average TOC content of all the samples is 1.0%,
which therefore muost include the Baong Formation
s one of the most likely source rocks of the North
Sematra Basin. The Lemigas Basin Studies Group
collected 48 Baong outcrop samples, all but four of
~which contained 0.5% TOC; this therefore also con-
farms the well data.

The Belumai Formation is only penctrated by

wells in the snothem hall of the hasin, bt all of these
wells contained an average TOC conient in the Belu-
mai of 0,.5%, bascd on data from 65 samples, This
lzads 1o the conclusion that the Belumai Formation
may akso be considered o possible source of hydrocar-
bons, but ficld oucrop samples om the Behomai For-
migtion, as reported by Tambunan (1985), contradict
this as they are extremely poor in TOC content; al-
though it should be noded that representative sample
magterial was obiained from only cighi locations,

Both the Bampo Formation, and the Pre-Ter-
tiary Bascment, arc represented by oo few samples,
all from wellzs a1 the sopthem end of the basm, for any
reliable conclusions o be drawn. The average TOC of
the three Bampo samples is slightly above the 0.5%
threshold, and the cight ficld samples collected by
LEMIGAS range from (0.01% to 1.13%. The Bampo
Formagion must therefore he worthy of Turther Teld
and lboratory studies o delerming the e nature of
its (Tganc componcnl

The Pre-Tertiary Basemenl was only penc-
trated by three wells; i all three wells the TOC con-
teni was 0.5%. Mo known comparable daia iz
available for any ficld location, although these mcks
do opicrop further o the west wwards the Barisan
Moumtain chain. The Pre-Tertigry Basement muosl
therofore also be considered as another possible lyidro
carbon source, based on geochemical cvaluntion.

IN.2.2. Boluble Oivganic Matter (hitumen) Extrac-

tigen

The amount of soluble ongunic marerial thar
can be eximcted from a rock matrix into & sumtsble or-
ganic solvent (usually dichloromethane of a misture
of dichloromethane [/ methanol) is indicative of the
source-rock richness. Up 1o (L1% is considenzd poor
i fair, from 0.1% w0 0.4% good w0 very good, and
above (L4% cxcclicnl. 1t is principally the Baong Fos-
maton samples m the southem half of the NSB (hat
indicate good 0 very good prospects based on their
bitumen conlents.

111.2.3. Rock Eval Pyrolysis

The technigue of Rock Eval Pyrolysis was de-
veloped in France by Espitalié ot al. (1987), and in-
volves programmed pyrolvsis of &8 ground rock
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sample in an inert stmosphere. Free hydrocarbons arc
released first (81), followed ot a higher temperdure
by kerogen pyrolysis which generates hydrocarbon-
type compounds (32). 51 and 53 peaks are detected
by flame ionisation, bat the cffluent from the kerogen
pyrolysis is split so that carbon dioxide and water are
also directed through a thermal conductance cell (S 1

The hydrogen index (mg hydrocarbon/g TOC)
is cabculated from the 52 peak, and relates © the ma-
turity of the hydrocarbon which is produced from the
kerogen present in the sample, and is hence indicative
of the type of kerogen present: TOC is calculated by
summation of the carbon conicnts from each stage of
the pyrolysis procedurc. In addition, another par-
ameter referred 1o as Tmay is recorded, which corre-
sponds 10 the temperature achieved at maximum
s g e b
an also a maturation inds . A lemperature
helow 430°C is considered immature, 4307465° C
is indicative of oil generation and above 4657 C of
EAs generation.

There are only ten samples from the whole of
the NSB that have Tmax valoes greater than 465 C,
and these are concentrated in the deeper wells ot the
southem end of the basin - the formations intersected
being the Baong and Belumai Formatkons and Base-
ment. The highest icmperature recorded was 472° €,
In comtrast, 15% (222 mplmg contain oil- prone
kerogen (Tmax 430° C 1o 465" ), of which over
#0% are from the Baong Formation (182 samples).

Kerogen maturation profiles, similar (o those

reporied by Espitalié et al, (1987), were prepared
using samples with 3 Tmaa value 400 C cxtracted
from the datshase. Graphs of T gn venus Hydrogen
Index were plotied for different wells (ficlds) on an
approximate line from the southeast comer 1o the
northwest comer of the basin (A - A7), and also at right
angles (o this down at the southern end (B - BY)
(Figures 3 and 4). There is a marked difference be-
tween the opposite ends of the basin; wells in the
north west and central areas possibly indicating sourc-
ing from Type 11 kerogen, while those from south are
more indica tive of Types T and 11. However, this may
be due solely o the fact that wells further north were
generally only drilled to relatively shallow depth, and
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therefore only intersected sediments subjeceed w0
propotionately lower geothermal gradient.
Although only these six wells (ficlds)
presented here, similar resulls were phiained [
other wells in close proximity. Rock Eval duta
clsewhere in the NSB indicate & generally ove
lower level of maturily, which us stated abowve, mi
some exent be the result of a marked lack of san
materal from decper down the stratigraphic colis
in many of the arcas penctrated by cxploration we

T11.2.4, Headspace-(3as Analysis

Headspace, or cottings-gas analysis, cab 8
an indicaton of the maturity of a sratigraphic =S
by plowing the variation of the light hyd
gascs, methanc, cihane, propanc, norrmal and
tanes against barial depth. Also the wel-g3s o0
which is the amount of C2-C34 component diviss
the total gas coment (Tissol and Welie, 1984,
dicate the onset of ail gencration.

There is very limited data available foe
four wells in the NSB. and Figure 5 shows (e &
parameters plotied for data from the sputhem o
the six diagrams, only the ethanc conicnl &
usc in indicaung the depth st which the st i
generation might be expected 10 occur, & NS
break in slope on the other five diagrams i ]
enl. Note the higher concentrations of methes
upper part of the column which are probably
cally derived.

IT1.2.5. Gasoline-Range Hydrocarbons

The gasolne hydmcirbons age &
carbon-chain lengths fromCs-C7, and I
branched-chain and aromatic hydrmocarh
range, Crude petroleum only conlams
agesufﬂ-m:mmumﬂs.hm:hc
their concentration helps delincale the
gencration, There arc only TH daia scis @
all from the southern end of the basin, Fncs
the wholc strutigraphic column, Figure & ==
ly indicates the approximale depth at whs
ating potcotizl begins.

I11.2.6. Optical Technigues
The measurement of the relie
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icles (typically vitnnite) by reflecied-light micro-
‘scopy can be used o determine the maturity of the or-
‘ganic matter associated with the onsel of oil
ation, bt there are no fixed values that con ap-
plied umiversally. Generally a vitrinite rellectivity of
% R is considered indicative of the beginning of
secial oil accumulation, with gene mation peak-
(0.8% to 1.0%. There are only about 40 samples
fom the whole of the North Sumatra Basin that ex-
bt values in excess of (L6%, and it is in the Baong
For tion that the majority of these occur. I is usual
ke upwards of 20 measuremants per sample (sub-
1 1o there being sufficient vitrinie particles 10
- ure} in arder 1o obiain reliable data, but these are
 wery few samples that satisfy this criterium. Table 8
_ data for all of the samples having a reflectance
R.

7. Ol Analysis
 The oil samplcs obwined from the NSB, arc

wery light oils or condensates with AP1 gravities rang-
e between 407 and 56°. The samples were diluted
with AR grade hexane, and whaole oil gas chro-
pgrams run on a Varian 3700 capillary GC, tem-
rogramming from 507 10 250° C at 5" C per
g, A sclection of these chromalograms are
hng?.Thmuhimcmtmmm-
rd is about C 28 to C 29 and all the oils are well
smaured, showing the typical wi-angular-shaped chro-
mstogram, with Carbon _ Preference lndex (CP1)
b approaching unity. The CPl is thought o vary
=rendent on the level of maipnty and the source

.

‘&ype, velues around 1.0 indicaling marinc source
hnﬂiﬂnbmdann:lhmmﬁrpmmhyﬂ:mu-

s, again indicating maturity.

_ Data from eight wells wene aciuireéd during
s course of carlier surveys. CP1 valoes range from
A 0 148 with a mean of 1,08, but ralios of pristanc
& . ﬁmhmhﬂlﬁ.lﬂmmﬁrfuqﬁﬂww-
: wdrocarbons scem o be very variable, even with-
= mdividual well formation. These resulis may be
R walues, but owing o their varishility may equally
'_" e due to poor sampling and anlytical technigques.
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111.2.8. (;as Chromatography/Mass Specirometry

The techiigue of GC/MS involves the direcs

coupling of a capillary pas chromatograph io 3 miss
spectrometer, ideally with both instruments hcing
controlled by the same compies data sysiem. As the
components of interest clute from the GC column mio
the source of the MS, they are bombanded with elec-
troms excited to a high energy staic, and hence break
down o form characteristic [ragmentation palicms.
Tdcntification of the mass spectra of these “lragment
m‘:mtmipmmﬂrmin:uttyperimunm-
cule from which they are derived, md also its milecu
lar weight. The commonest form of data Acquisitim
is in the scanning mode after electron mpact ionEs-
Lion, but this often results in very large data files,
probably containing much more  mfor mation thisn 1%
actually requircd. A sysicm can thercion: be initiated
that only records a few jons of specific mterest, and
which occupies a much smaller amount of data stor-
age space, As the GC/MS sysiem is reconding il
storing much less data m this Selecied fon Recording
{SIR) mode, the technigue s considerably more SRS~
tive. As with other acquisition modes, the lile can be
processed w reproduce a Reconstrucied lon Cheoma-
wgram (RIC) wrace of the ionic concentrtion wgrins
the chromatographic refention Lme,

Two mudstone core samples of Keolapang
Formation, and one sandsatone with  interbedded
mudstones  of Belumai Formation, were extracted
into dichloromethane using 8 Soxhlet apparaius, The
extract was concentrated into a small volume by rol-
ary cvaporation, and an aliquot tken, from which the
alkane {straight-chain hydrocarbon) fraction wis
removed using molecular sicve absorption. This pro-
cedure isoluted the branchedfcyclic fraction for sub
sequent GC/MS analysis, (nl samples collected from
the same fields were diluted with dichloromethane
and the whole-rock catracts, diluted whole-ml sam-
ples and the fractionated portions were then imehivid-
wally injected it the GC/MS, and data collected lor
each sample using hoth scanning and SIR modcs.
Momi-toring of the Total Ton Current (TIC) com-
menced after twenly minutes had clupsed from the
moment of the semple injection, W0 prevent uRnCCess:
Bﬁ'dﬂlﬂﬁmnlhﬂmlmﬂnndlighmmpcmmdlb

439



sample from being stored, therchy using up valuahle
dizk space in the data system, Alzo, the fragmend ions
of interest being moni tored by SIR would only stan
appearing after the C 17 peak had eluted, and it was
therefore considered unnecessary o record compari-
son data in scanning mode for the earlier cluting
peaks. In the 5TR mode, ions diagnostic of cyclic
compounds (m/z 83), alkanes (m/z 85), acyclic iso-
prenoid hydrocarbons (m/z 183), cyclic terpanes (m/z
191 and regular steranes (mfz 217, 218) were monj-
tored.

Figore 8 and 9 show the data obtained for
whobe-oil samples. Figures 10 and 11 for the extracted
care samples, Figures 12 gnd 13 for the branched/cy-
clic fraction of the core samples in both scanning and
SIR modes, respectively, Tt has not been possible; in
the relatively short time that the GC/MS has been
operating in LEMIGAS, 1o build-up sullicient experi-
ence to allow accurate interpretation of maturation
data, therefore the resulis reporied here arc hased on
visual comparisons between individual TIC s and
single ion races only,

The whole-oil TIC's (Figune §) arc very similar
toone  another with no marked differences appar-
enl al the scale of the diagram; the firt major double
peak in each trace being the C)7/pristane  peaks.
However, the SIR waces of m/z 217 and mfz 218 of
the same samples (Fi-gure 9) clearly indicate that
theee oils are very similar, while the other one is no-
ticeably different. Owing the very low coORCentra tons
above aboul T35, none of the dingnostics C27 or ©29
sieranes of cychic 1empanes  were recovered from the
ol samplies.

The soluble orpamic matier m the three core
samples all exhibit wially different TIC s inthe scan-
ning mode acquisition (Figare 10}, showing particu-
larly good recovery, with carbon numbers up 1o aboul
C25. All three samples have distinctive wnresolved
fump patiemns. 1t is obvious from the diagram that all
three either conlain soluble organics sourced in differ-
enl environments of are possibly contammnated. This
seems 10 be confirmed by the SIR data (Figure 11}, i
which the traces of the individual ions monitored ane
comparably different in cach sample,

The branched/cyelic eatracs of the core sam-

ples again show marked contrast, cspecially in the
normal scanning acquisition mode (Figure 12}, Figure
13 indicates that the cyclic terpones and sicrancs ob-
served in the extracted core sample (Figuee 11) ane
slill evident, and there now appears 1o be a similar
concentration of these compounds in that samplc.
Failure to recognise these during the analysis of the I
unseparated sample, may be due solely 1o themasking
effects of straight-chain compounds removed by the
molecular sicving techmigue, and iflustrates the ob-
vious advantage of the concenitration procedures pros
i analysis.

IV. DISCUSSION AND CONCLUSLONS

The existing TOC data points to several forma-
tions as being possible sources or the North Sumaim
Basin hydrocarhons. OF these (he Baong Farmalios
must [eature a5 the most likely, although- the large
number of samples from this formation (36000
somcwhat distort the statistical results compared 2
say the Bampo Formaton, with only three data pent
The large numbser of samples from the Keutapang B

but studies on the wolated arcas where higher resu
have been obtained may be worthwhile, The Bamgs
Formation certainly merits more intensive studics.

The Baong Formation again dominales whe
the sovent-soluble organic matter is considered, w
most of the important data being found iowards 5
southern half of the basin. The lack ol data from &8
non-penctratcd decper formations in the northern
distorts the overall paticmn, however.

During Rock Eval pymilysis, the Baong
mation provided the largest number of samples
which oil-prone kerogen was [ound, although
the results are probably distoried because of the &8
proportionaic numbcr of Bacng Formation samipie
the dathese. Based on Rock Fval data the Ke
Formation is probably oo shallowly buried 1o b
soamrce-Tock conlender, 4

Headspace gus analysis is availahle for S
wells in the NSB, cven less data are available foe
gasoline-range hydrocarbons. 1L is again unfor
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= are nol available for the northem end of the
. %0 thal comparison may be drawn. Each well
e Lhe onset of oil generstion 1o be at about
-I'Hl}uﬂqnhhul which is again in the
ﬂﬁﬁﬂﬂinmﬂﬁm}'inﬂlhclﬂrm—
s, being very light condensate-type, having
carbon numbers 10 about C 28, and of all
= ﬁmdhymnhum@ymfﬂufrm
e i field was slightly different from the re-
= l-lmhl:l GO/MS  studies reveal thai there
peans 0 very little similanity between the oil sam-
Ihn:mwuiiﬁvﬂmlh-wiﬂﬂhm‘:m
&5 mken from the same arcas, However, the com
25 were laken several vears ago, and have since
it bess than ideal storage conditions, which may
affected their organi: content through oxidation
£ In addition these core samples were unlikely 1o
been taken specifically for geochemical analysis,
or @ being represcotative of particular forma-
for geotechnical testing, therefore it perhaps not
sing that there is linle or no similarity between
and oil samples. Unlonunately no other suitable
pe material was available for analysis.
It has not been possible 1o undenake a fully
ehensive geochemical study of the NSB for
reasons. Much of the geochemical data sup-
for the study were acquired by PERTAMINA
the 1970's and was not there fore of the same
uy & would be cxpected at the present day, given
mapid advances that have been made in the stule-
rt instrumendation over the last decade. For
gonchemists can now detect, snd determine,
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Many pirameters al concenirstions previously con-
sadered impossibie, and this has been due entirely 10
the introduction of new equipment and methodology.
The GCMS in LEMIGAS s an ideal example of this
advancement, where the power of sn ordinary desk-
top microcompuier is able 0 controd all of the fung-
tions of a highly complex instrument, in addition o
manipulating ond storing vast quaniities of enolytcal
data

In conclusion, however, although the geo-
chemical study of the NSB has been restricted by the
comnstraints described above, the overall objectives,
provide manpower and technology fraining, have
been achicved and can be funther strengthened in the
futnre,
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Fig.2: Generalized Stratigraphy-North Sumatra s
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Figure 2
Generalized Stratigraphy of North Sumatra (Gardner, 1985)
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Hydrocarbon Composition vs. Depth
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Figure 7
Oil Gas Chromatographic Profile (1, 5,7, 8 Wells)
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Tahle 2

PONENTS
LIST OF GASOLINE RANGE HYDROCARBON COM

i-butanc

n-butane

i-pentane

n-penbing
2.2-dimethy] butane
cyclopentane
2.3-dimethyl butane
2-methyl penlane
1-methyl pentane
n-hexane

2 2-fimethy] pentane/methyl cyclopentane
2.4 dimethy| pentanc
benzenc

3 3-dimethyl pentanc
cyclohexanc

2-methy] hexane

1,1-dimethy] cyclopentane
3-methyl hexane

1 cis-3-dimethyl cyclopentane

1 trans-3-thimethyl cyclopentans
1,trans-2-dimethyil cyclopentanc
3-gthyl pentane

n-heptane

1.cis-2-dimethyl cyclopentanc/methyl cyclopentanc

cthyl cyclopentane

tduene
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15(R)
16(S)
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