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Abstract— The study of the aromatics of aromatic hydrocarbons
from Tarakan crude oil, North Kalimantan, has been carried
out through the analysis of Gas Chromatography-Mass
Spectroscopy (GC-MS) analysis. The biomarkers identified
showed the presence of naphthalene groups, phenanthrene and
pentacyclic triterpenoids where the pentacyclic triterpenoid
showed the highest abundance. The presence of 3,3,7-trimethyl1,2,3,4-tetrahydrochrysene biomarkers; 1,2,9-trimethyl-1,2,3,4tetrahydropicene; 2,7-dimethyl-1,2- (isopropylpenteno) -1,2,3,4tetrahydrochrysene and dinorursa-1,3,5 (10), 13 (18) -tetraene
as indicators of plants Angiosperms and chrysene indicate input
bacteria. The existence of 1,3,7 + 2,6,9 + 2,7,9-TMP biomarkers;
3-MC and 2-MC indicate mature oil samples. The presence of
DMP, TMP and chrysene biomarkers indicates terrestrial and
marine depositional environments.
Keywords— Tarakan Oil, Aromatic Fraction, Terrestrial,
Marine, Oxic

I. INTRODUCTION
HE need for hydrocarbon products is still the main energy

Tused by many countries. Including Indonesia, which still

uses fossil energy as the main energy, especially petroleum,
in fulfilling the country's consumption needs in 2016 it is still
dominated by fuel oil by 47% [1]. The average GDP growth
rate is 6.04% per year and population growth is 0.71% per
year during 2016-2050 resulting in a growth rate of final
energy requirements of 5.3% per year. Thus, energy demand
is predicted to increase from 795 million in 2016 to 4,569
million in 2050 [1].
In order to meet the increasing oil consumption needs by
maximizing oil production. The Tarakan Basin is in the
northeastern part of Kalimantan and is divided into 4 subbasins namely the Tidung Basin, the Tarakan Basin, the
Berau Basin, and the Muara Basin [2]. However, currently the
Tarakan Basin oil production has entered its final stage. The
possibility of optimizing petroleum exploration and
production can be known through the application of
geochemistry [2] as a complement to geological data [3].
Organic geochemical studies are carried out through
biomarker analysis on a particular sedimenter. Biomarker
(biological marker) or commonly called a biological marker
compound is a molecular fossil in sediments, rocks and
petroleum which has shown a slight change in the structure
of the compounds from living organisms based on the
geology that occurs. This biological marker compound was
identified through analysis with the Gas Chromatography Mass Spectrometry (GC-MS) instrument after separation [4].
The distribution and abundance of aromatic hydrocarbon
biomass are used as identification of sources of depositional
organic matter, thermal maturity and depositional

environment [5]. Naphthalene, phenanthrene and alkylated
benzene are a number of groups of aromatic compounds that
are commonly found in petroleum [2]. The
methylphenantrene index is identified based on the 178 m/z
fragmentogram as an indicator of the maturity level of
petroleum [2]–[5]. Several groups of alkylnaphthalene, such
as
1,6-dimethylnaphthalene
(1,6-DMN),
1,2,5trimethylnaphthalene (1,2,5-TMN), 1,7-dimethylnaftalene
(1,7-DMN), and cadalene can also be used as an indicator of
the source of organic material for terrestrial plants [4]–[7].
Groups of heterocyclic aromatics such as dibenzothiophene,
dibenzofuran and fluorene are found in terrestrial and marine
oil from the Early Miocene to the Late Miocene as indicators
of depositional environments [5]–[7].
This paper will report the presence of aromatic
hydrocarbon biomass in Tarakan oil samples and their
organic geochemical aspects, including sources of origin of
organic matter, depositional environment and maturity so that
the potential of the Tarakan oil well to be reactivated can be
known.
II. METHOD
As much as 2 grams of bitumen were extracted with 50 mL
of n-hexane to obtain maltene. Maltene is then fractionated
by column chromatography based on the solvent gradient
system. Elution with n-hexane solvent to obtain aliphatic
hydrocarbon fractions, dichloromethane solvents to obtain
aromatic hydrocarbon fractions, and methanol for the
separation of polar fractions [3], [5], [6]. This paper only
reports biomarkers contained in romatic hydrocarbon
fractions. The analysis was carried out by Agilent
GCMSD5975C Gas Chromatography-Mass Spectrometer
(GC-MS), HP-5MS column type (30 m x 250 µm x 0.2 µm)
with 5% phenyl methyl silox and helium (He) gas as carrier
gas. The column temperature setting is 70oC (isothermal for
2 minutes) then the temperature is raised to 100oC at a rate of
10oC/minute and raised again to 300oC, the rate of
4oC/minute, for 20 minutes. Biomarker of aromatic
hydrocarbon fractions were identified based on specific m/z
fragmentation, retention time, mass spectrum, and compared
the results of previous studies published by previous
researchers as references
III. RESULTS AND DISCUSSION
A. Identification of Aromatic Hydrocarbon Biomarker
Compounds
Gas chromatography-mass spectrometer (GC-MS)
analysis of the aromatic hydrocarbon fraction of Tarakan
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crude oil samples, North Kalimantan can be seen in the Total
Ion Chromatogram (TIC) Figure 1. Identification of
structures based on specific m/z fragmentogram, retention
time and through comparison between spectra mass obtained
with the mass spectrum that has been published in previous
studies [7]–[15]. The results of the identification showed
three (3) groups of compounds namely: naphthalene and
derivatives; phenanthrene and its derivatives and the aromatic
pentacyclic triterpenoid group.

Figure 2. Fragmentogram of MN

Figure 1. The total ion chromatogram (TIC) aromatic hydrocarbon fraction
which shows the distribution of aromatic hydrocarbons. Condition: Agilent
KG-SM GCMSD5975C. Program temperature: 70ºC isothermal for 2
minutes, temperature rise to 100ºC is programmed at a rate of 10ºC / minute,
from 100ºC-300ºC at a rate of 4ºC / minute, and isothermal temperature at
300ºC for 20 minutes.

B. Biomarker of the Naphtalene Group
Naphthalene derivatives in Tarakan oil samples were
identified based on 128/142, 156, 170 and 184
fragmentogram m, as well as comparison of mass spectrum
data obtained with mass spectrum data that had been
published by previous researchers [8]–[15]. The presence of
naphthalene and its derivatives is identified as naphthalene
(m / z 128), methylnaphthalene (MN, m / z 142),
dimethylnaphthalene
(DMN,
m
/
z
156),
trimethylnaphthalene (TMN, m / z 170), and
tetramethylnaftalene (TeMN, m / z 184). The presence of
naphthalene compounds and their derivatives can provide
information about the source of organic matter [8]–[15], level
of thermal maturity [8]–[11], and depositional environments
[12]–[15].
Methylnaphthalene (MN) compounds identified by m / z
142 fragmentogram, show 2-MN and 1-MN isomers [8]–[15].
The abundance of 2-MN compounds is slightly lower than 1MN as shown in Figure 2 and Table 1 below. 2-MN
substituted by the methyl group at position β has a higher
stability than 1-MN substituted by the methyl group at
position α [8]–[15]. An almost equal abundance between 2MN and 1-MN indicates oil that is near thermal maturity [8]–
[15]. However, the indication of Tarakan oil maturity was not
only reviewed based on the presence of methylnaphtalene
compounds, but also the presence of other biomarkers in the
samples analyzed.
Table 1.
Intensity of MN group
Compound

Rt (Minute)

Intensity (%)

2-MN
1-MN

18.89
19.34

98,7
100

Dimethylnaphthalene (DMN) compounds identified based
on m / z 156 fragmentogram showed the presence of
structural isomers 2.6 + 2.7, 1.3 + 1.7 and 1.6-DMN [8]–[15].
Distribution of DMN compounds in Tarakan crude oil
samples showed the highest intensity was 1.6 DMN, while
the lowest intensity was 1.3 + 1.7-DMN (Figure 3 and Table
2). High stability isomers at 2.6 + 2.7-DMN are also lower
than 1.6-DMN isomers. The high abundance of 1.6-DMN is
caused by the abundant source of input of organic matter. 1.6DMN originates from the aromatization of polycadene resin
in the catagenesis stage which produces a 1.6-DMN
compound [8]–[15]. The discovery of the 1.6-DMN
compound with the highest abundance in the Tarakan oil
sample showed oil produced from terrestrial plants [11].
Table 2.
Intensity of DMN group
Compound
2,6+2,7-DMN
1,3+1,7-DMN
1,6-DMN

Rt (Minute)
21.45
21.77
23.93

Intensity (%)
64,4
53,4
100

Figure 3. Fragmentogram of DMN

Trimethylnaphthalene (TMN) compounds identified based
on fragmentogram m / z 170 in Tarakan oil samples showed
1,3,7-TMN isomers, 1,3,6-TMN, 1,4,5 + 1,3,5-TMN, 2 , 3,6TMN, 1,2,7-TMN, 1,6,7-TMN as seen in Figure 4 [8]–[15].
TMN compounds can be used as indicators of sources of
organic matter and depositional environments [8]–[15]. The
presence of 1,2,7-TMN isomers was found with the highest
intensity and followed by an abundance of 1,6,7-TMN and
1,4,5 + 1,3,5-TMN in Tarakan oil samples (Table 3, Figure
4) is an indicator of the input of sources of organic matter
from the degradation of oleanene-type triterpenoid
compounds in high plants, especially Angiosperms [8], [9],
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[12]. Besides that, the existence of these biomarkers also
indicates the oxidation depositional environment, so that it
can be said that the formation of Tarakan oil is deposited in
the oxic environment [13].
Table 3.
Intensity of TMN group
Compound
1,3,7-TMN
1,3,6-TMN
1,4,5+1,3,5-TMN
2,3,6-TMN
1,2,7-TMN
1,6,7-TMN

Rt (Minute)
23,14
24,09
25,25
25,42
25,73
25,95

Intensity (%)
13,8
28,1
41,3
19,7
100
66,8
Figure 5. Fragmentogram of TeMN

Figure 4. Fragmentogram of TMN

Tetramethylnaphtalene (TeMN) compounds identified
based on the m / z 184 fragmentogram in the Tarakan Basin
oil sample showed a 1,3,5,7-TeMN isomer, 1,3,6,7-TeMN,
1,2,4,6 + 1 , 2,4,7 + 1,4,6,7-TeMN, 1,2,5,7-TeMN, 2,3,6,7TeMN, 1,2,6,7 + 1,2,3 , 7-TeMN, 1,2,3,6-TeMN and 1,2,5,6
+ 1,2,3,5-TeMN [8]–[15]. 2,3,6,7-TeMN isomers showed the
highest intensity followed by 1,2,5,7-TeMN, 1,3,6,7-TeMN,
(1,2,6,7 + 1,2,3, 7) -TeMN (Figure 5, Table 4). 1,2,5,6-TeMN
isomers are α-substitution isomers, whereas 1,3,6,7-TeMN is
β-substitution isomer. The methyl group at position β is more
stable at high temperatures than the position until so that the
peak intensity of 1,3,6,7-TeMN higher than 1,2,5,6-TeMN
indicates that the oil is ripe. Strachan et al., 1988 said that
2,3,6,7-TeMN and 1,2,5,6-TeMN isomers were obtained
from the aromatication process of β-amyrin in high-level
Angiosperm plants. In addition, this 1,2,5,6-TeMN
compound is also produced from hopanoid precursors
produced by bacteria, so the presence of this compound
indicates the presence of bacterial input on the formation of
Tarakan oil organic compounds analyzed [15].
Table 4.
Intensity of TeMN group
Compound
1,3,5,7-TeMN
1,3,6,7-TeMN
1,2,4,6+1,2,4,7+1,4,6,7TeMN
1,2,5,7-TeMN
2,3,6,7-TeMN
1,2,6,7+1,2,3,7-TeMN
1,2,3,6-TeMN
1,2,5,6+1,2,3,5-TeMN

Rt (Minute)
27.48
29.1
29.45
30.36
30.46
30.48
31.41
31.97

Intensity (%)
44
73
17
92
100
62
20
26

C. Biomarker of the Phenantrene Group
Phenantrene and derivatives in Tarakan oil samples were
identified based on m/z fragmentogram 178, 206, 220.
Structure identification was carried out by comparing
retention times and mass spectrum data obtained with mass
spectrum data that had been published by previous
researchers [7]–[11]. Phenantrene and its derivatives were
identified as dimethylphenanthrene (DMP, m/z 206) and
trimethylphenanthrene
(TMP,
m/z
220).
The
dimethylphenantrene (DMP) compound identified based on
the m/z 206 fragmentogram showed a isomer of 3,6-DMP,
2,7-DMP, (1,6 + 2,9) -DMP, 2,6-DMP, 1,3+ 2,10 + 3,9 +
3,10-DMP, 1,7-DMP and 2,3-DMP [7]–[12]. 3,6-DMP
isomer (Table 5, Figure 6) shows high intensity and low 1.7DMP isomer. DMP isomers substituted with the methyl group
at C9 and C10 1.3 + 2.10 + 3.9 + 3.10-DMP indicate the
marine environment as also previously reported by other
researchers [9]–[11], [14]. The abundance of the 1.7-DMP
isomer (pimantrene), is considered to have a relationship with
the natural precursors of pimaric acid in terrestrial plant resins
[9]. Therefore, the presence of DMP isomers in the oil
samples of the Tarakan Basin analyzed this shows the sources
of the origin of organic compounds from terrestrial and
marine environments.
Table 5.
Intensity of dimethylphenanthrene (DMP) group
Compound
3,6-DMP
2,6-DMP
2,7-DMP
1,3+2,10+3,9+3,10-DMP
1,6+2,9-DMP
1,7-DMP
2,3-DMP

Rt (Minute)
41.59
41.80
42.01
42.18
42.34
42.78
43.27

Intensity (%)
100
34
50
28
39
12
11

Trimethylphenanthrene (TMP) compounds in Tarakan
Basin oil identified by m/z 220 fragmentogram, show
isomeric distribution (1,3,6 + 1,3,10 + 2,6,10) -TMP; (1,3,7
+ 2,6,9 + 2,7,9) -TMP; (1,3,9 + 2,3,6) -TMP; (1,6,9 + 1,7,9 +
2,3,7) -TMP; 1,3,8-TMP; 2,3,10-TMP; 1,6,7-TMP and 1,2,6TMP [15]–[18]. Isomer (1,3,7 + 2,6,9 + 2,7,9) -TMP has a
high intensity as seen in Table 6 and Figure 7. TMP
compounds are used as information on indicators of sources
of origin of organic compounds and thermal maturity [15]–
[19]. The stability of TMP will be high if the methyl group is
substituted in the position of βββ such as 2,3,6-TMP and the
position of αββ such as 2,6,9-TMP; 2,6,10-TMP; 2,7,9-TMP;
1,3,6-TMP and 1,3,7-TMP [17], [18]. Therefore, the
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dominance of 1,3,7 + 2,6,9 + 2,7,9-TMP isomers with αββ
substituents compared to other isomers indicates that the
Tarakan oil samples are ripe. In addition, the presence of αββsubstituted isomers provides information on sources of input
for terrestrial organic matter [18], [19].
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the input of Angiospermae plants [19], [20].
Cadalene and isocadalene compounds were identified in
Tarakan oil samples based on 183 m / z fragmentogram [8],
[19]–[21]. Cadalene compounds showed higher intensity than
isocadalene (Table 7, Figure 8). Isocadalene isomer is a more
stable isomer than Cadalene. Therefore, the discovery of
isocadalene with a fairly high intensity (42.9%) compared to
Cadalene (100%) indicates that the oil is ripe, but has not
reached maximum maturity [21]. The higher the maturity of
an oil, the more isocadalene intensity will be higher than
cadalene [20], [21].
Table 7.
Intensity of cadalene and isocadalene
Compound
Cadalene
Isocadalene

Rt (Minute)
32.79
33.17

Intensity (%)
100
42,9

Figure 6. Fragmentogram of DMP

While other TMP isomers such as 1,6,9-TMP; 1,7,9-TMP
and 1,3,8-TMP are indicators of marine environmental
sources [17]–[19]. Therefore, the presence of TMP isomers
in the Tarakan oil sample indicates oil that is ripe and
deposited in terrestrial and marine environments.
Table 6.
Intensity of trimethylphenantrene (TMP) group
Compound
(1,3,6+1,3,10+2,6,10)-TMP
(1,3,7+2,6,9+2,7,9)-TMP
(1,3,9+2,3,6)-TMP
(1,6,9+1,7,9+2,3,7)-TMP
1,3,8-TMP
2,3,10-TMP
1,6,7-TMP
1,2,6-TMP

Rt (Minute)
44.86
45.15
45.45
45.65
46.03
46.32
46.54
46.79

Intensity (%)
76
100
20
58
17
9
17
12

Figure 7. Fragmentogram of TMP

Besides trimethylphenanthrene, retene compound were
also identified based on 234 m/z fragmentogram [19], [20].
Retene compound are produced from precursors of abietic
acid which are found abundantly in conifer plants
Gymnosperms [14]. Abietic acid gradually undergoes
aromatization with an increase in high thermal temperatures
resulting in perfectly dehydroabiethane, simonellite and
retene [19], [20]. This data shows that the presence of low
intensity retene in Tarakan oil samples analyzed is potentially
used as a mature oil indicator. Besides that, the retinal
presence in Tarakan oil samples also indicates the presence
of small amounts of Gymnosperme plant input, in addition to

Figure 8. Fragmentogram of cadalene and isocadalene

Ionene compound in Tarakan oil samples were identified
based on m/z 159 fragmentogram as the base peak and m/z
174 as molecular ion peaks [7], [8], [21]–[23]. Ionena is the
result of sporopollenine degradation originating from highspore spores plants [22]–[24]. However ionene is also
obtained through degradation of labdene diterpenoids which
are a major component of conifer resin in an oxidative
environment [21], [22]. Therefore, ionene compounds are not
specific biomarkers used in geochemical analysis, because
their structure has undergone degradation and oxidation at the
diagenetic stage [21]–[24].
Compound
3,3,7-trimethyl-1,2,3,4-tetrahydrochrysene
identified based on m/z 274 fragmentogram [23]–[25] have
the potential to be used as indicators of Angiosperm plants.
This is because 3,3,7-trimethyl-1,2,3,4-tetrahydrochrysene is
produced from β-amyrin precursors which undergo
biodegradation or geodegradation during the initial stages of
diagenesis [23]–[25].
Methylchrysene (MC) in Tarakan oil samples was
identified based on m/z 243 fragmentogram with the
distribution of 3-MC, 2-MC, 6-MC and 1-MC isomers, as
seen in Table 8 and Figure 9 [26]–[29]. 3-MC and 2-MC
isomers have the highest stability compared to other isomers.
Therefore, the dominance of this isomer compared to others,
indicates a mature oil sample. In addition to methylchrysene
(MC), chrysene compounds were also identified based on
fragmentogram m/z 228 [26]–[29]. Chrysene is a derivative
of α- and β-amyrin pentacyclic triterpene precursors which
are found abundantly in high terrestrial epicuticular wax [28].
In addition, chrysene is also a hopper degradation product at
the diagenesis stage, followed by aromatic reactions [28],
[29]. This shows that the presence of chrysene is an indicator
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of ripe oil and the organic matter of the sample comes from
terrestrial plants and the bacterial input to the oil formation is
analyzed.
Table 8.
Intensity of the methylcrisene group (MC)
Compound
3-MC
2-MC
6-MC
1-MC

Rt (Minute)
57.32
57.48
57.79
58.03

Intensity (%)
100
66
52
48
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ripe and produced from the vegetation of the Angiospermae
plant which was very abundant.
Table 9.
Intensity of the triaromatic pentacyclic group
Compound
Rt (Minute)
2,2,4a,9-tetramethyl71.63
1,2,3,4,4a,5,6,14b-octahydropicene

Intensity (%)
14

2,7-dimetil-1,2-(isopropilpenteno)1,2,3,4-tetrahydrochrysene

72.30

100

2,3,4a,9-tetramethyll,la,2,3,4,4a,5,6-octahydropicene

72.68

43

The presence of pentacyclic tetraaromatic compounds
(Table 10, Figure 11) has been identified based on the m/z
fragmentogram 324. Three identified peaks are shown as
2,2,9-trimethyl-1,2,3,4-tetrahydropicene;
1,2-(1'isopropylpropano)-7-methylchrysene and 1,2,9-trimethyl1,2,3,4-tetrahydropicene [7], [8], [32]–[35]. The abundance
of the 1,2,9-trimethyl-1,2,3,4-tetrahydropicene compound
looks more dominant in this fragmentogram. The discovery
of this compound in the Tarakan oil sample analyzed
indicated that there was an abundant input of Angiospermae
vegetation in the formation of Tarakan oil.
Figure 9. Fragmentogram of MC

D. Biomarker Pentacyclic Triterpenoid Group
The pentacyclic triterpenoid group in the Tarakan oil
sample was identified based on fragmentogram m/z 231, 342,
324 and 376. Identification was done by comparing the
pattern of retention time and compound mass spectrum data
with results published by previous researchers [7], [8], [30]–
[33]. The presence of pentacyclic triterpenoids and their
derivatives is identified as sterane triaromatic (m/z 231),
aromatic pentacyclic (m/z 342), pentacyclic tetraaromatic
(m/z 324) and pentacyclic triaromatic (m/z 376).
Sterane triaromatic compounds are identified based on m/z
231 fragmentogram [7], [8], [30], [33]. Sterane or C20
triaromatic sterane compounds are produced from sterol
derivative compounds formed during the process of
diagenesis, catagenesis, and maturation. Aromatic steroids
can only be found at high levels of biodegradation [30]. The
precursors of aromatic steroids commonly found in sediments
are stenol and stanol [10]. This compound undergoes
transformation at the diagenesis and catagenesis stages to
produce aromatic steroids [10]. Perfect aromatization of three
steroid rings indicates a high level of thermal maturity [30]–
[33]. However, the low C20-triaromatic sterane intensity in
Tarakan oil samples shows that the oil is ripe, but has not
reached very high thermal maturity.
Triaromatic pentacyclic compounds and their abundance
identified by m/z 342 fragmentogram show distribution
2,2,4a,9-tetramethyl-1,2,3,4,4a,5,6,14b-octahydropicene,
2,7-dimethyl-1,2-(isopropylpenteno)-1,2,3,4tetrahydrochrysene and 2,3,4a,9-tetramethyl-l,la,2,3,4,4a,5,6
-octahydropicene (triaromatic ursane) as seen in Table 9 and
Figure 10 [31]–[34]. Compounds 2,7-dimethyl-1,2(isopropylpenteno)-1,2,3,4-tetrahydrochrysene which are
relatively more stable than others are found with more
dominant intensity. This indicates a mature oil sample. In
addition, these triaromatic pentacyclic compounds are
produced from β-amyrin and α-amyrin precursors which are
produced abundantly in Angiospermae plants [31]–[34].
Therefore, the presence of triaromatic pentacyclic biomarkers
in Tarakan oil samples analyzed showed samples that were

Figure 10. Fragmentogram of (a) 2,2,4a,9-tetramethyl-1,2,3,4,4a,5,6,14boctahydropicene;
(b)
2,7-dimetil-1,2-(isopropilpenteno)-1,2,3,4tetrahydrochrysene;
(c)
2,3,4a,9-tetramethyl-l,la,2,3,4,4a,5,6octahydropicene
Table 10.
Intensity of the pentacyclic tetraaromatic group
Compound
1,2-(1’-isopropylpropano)-7metilchrysene

Rt (Minute)
71.63

Intensity (%)
7

1,2,9-trimetil-1,2,3,4tetrahydropicene

72.30

100

2,2,9-trimetil-1,2,3,4tetrahydropicene

72.68

5

Figure 11. Fragmentogram of (a) 1,2-(1’-isopropylpropano)-7metilchrysene; (b) 1,2,9-trimetil-1,2,3,4-tetrahydropicene; (c) 2,2,9-trimetil1,2,3,4-tetrahydropicene
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Pentacyclic triaromatic compounds (Table 11, Figure 12)
identified based on m/z 376 fragmentogram showed two
compounds, namely dinoroleana-1,3,5 (10), 13 (18) -tetraene
and dinorursa-1,3,5 (10), 13 (18) -tetraene [7]–[9], [36]–[39].
Both compounds that have oleanane and ursane skeletons are
produced by β-amyrin precursors in Angiosperm plants and
only a small portion of Gymnosperm plants can produce this
compound [37]–[39]. Therefore, the presence of pentacyclic
triaromatic compounds in Tarakan oil samples analyzed was
potentially used as an indicator of the Angiosperm plants.

Compound
Dinoroleana-1,3,5(10),13(18)tetraene
Dinorursa-1,3,5(10),13(18)tetraene

Rt (Minute)
71,63

72,30

research can be completed.
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