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 Abstract: A study of the sedimentary rocks of the Ngrayong formation has been carried 
out on five samples from the Polaman outcrop point to determine the potential of coal as 
a source rock for producing oil and gas through GC-MS analysis. Biomarker analysis 
shows the presence of n-alkanes (C16-C36) with a bimodal distribution, indicating that the 
source of organic material in sedimentary rocks comes from bacteria, algae, and vascular 
plants, which is supported by several parameters such as CPI, OEP, LHCPI, wax index, 
ACL and AlkTerr values. This dominant source of terrigenous organic matter is also 
proven by the TAR value, C31/C19, C29/C17 ratio, and several aromatic compounds and 
their derivatives. Bacterial input as an organic source of allouchtonic sedimentary rocks 
is also proven by the presence of hopanoid, de-A-lupane biomarkers, and C17/C31 ratio. 
The oxic deposition environment is indicated by the Pr/Ph ratio. CPI and OEP 
parameters, C29 bb/ab ratio > 0.15 and C31 22S/(22S+22R) < 1 indicate low maturity of 
the sediment sample. Several parameters and the presence of biomarkers stated above 
conclude that Ngrayong coal as a source rock has the potential to produce oil and gas. 

Keywords: aliphatic hydrocarbons; aromatic hydrocarbons; biomarkers; Ngrayong 
formation; Polaman sediments 

 
■ INTRODUCTION 

Oil and gas exploration is inseparable from the 
petroleum system. This concept is an integration of the 
source rock, reservoir, migration, trapping model, and the 
presence of overburden. The research area is centered on 
the northern part of the East Java Basin. Several types of 
source rock commonly exist in this basin, including 
lacustrine (Ngimbang formation), shale (Kujung 
formation), and coal (Ngrayong formation), which is 
considered as the secondary source of hydrocarbons. The 
Middle Miocene-aged Ngrayong formation that was 
deposited in a tidal area has transgressed into the middle 
to outer exposure environment. The dominance of 
lithology was in the form of clean sand, generating a main 

reservoir in the Rembang zone, especially the Cepu 
district. The Ngrayong formation can be represented as 
an outcrop on the Braholo river and the Polaman 
outcrop in the previous quartz sandstone mine. The 
Polaman outcrop occurred in the Middle Miocene, with 
the clay stone composed at the bottom. This outcrop 
enables it to turn upwards, becoming an interlude 
between sandstone and shale. The PLM 1, PLM 2, PLM 
3, PLM 4, and PLM 5 samples were taken at five different 
points from the Polaman outcrop. The shale rock 
exhibited a dark color and contained organic material. 
These two lithologies are promising candidates for 
source rock based on petroleum systems [1-2]. Several 
researchers have reported organic geochemical 
characteristics through biomarker analysis to determine 



Indones. J. Chem., 2023, 23 (6), 1567 - 1583   
        
                                                                                                                                                                                                                                             

 

 

Yulfi Zetra et al. 
 

1568 

the source of organic compounds, thermal maturity, and 
depositional environment of a geological sediment sample 
[3]. The dominance of long-chain n-alkanes homologues 
over short-chain n-alkanes confirmed vascular plants as 
the source of organic compounds. The presence of 
hopanoid compounds such as 17α(H),21β(H)-hopane, 
17β(H),21α(H)-hopane, and 17α(H),21β(H)-30-
homohopane with 22S and 22R configurations assigned 
the contribution of bacteria during the process of organic 
compounds formation. Hopanoid compounds were also 
an indicator of the thermal maturity of a sediment. The 
dominance of 17α(H),21β(H)-homohopane (22R) against 
17α(H),21β(H)-homohopane (22S) was a sign of low 
maturity [4-8]. Environmental conditions of sediment 
deposition can be investigated through the distribution of 
pristane and phytane compounds [6,9]. 

The biomarker analysis provided information on 
the organic geochemical allowing the hydrocarbon 
potential hydrocarbons in the Polaman sediments of the 
Ngrayong formation, Northeast Java Basin. This analysis 
was adopted due to its feasibility and accuracy since the 
biomarker inferred the characteristics of oil and gas in the 

reservoir. In addition, this analysis was mostly applied in 
the oil and gas exploration field. Biomarkers were 
extracted using the Soxhlet method and fractioned over 
TLC SiO2 GF254. Extraction and fractionation results 
were further identified by gas chromatography-mass 
spectrometry (GC-MS). 

■ EXPERIMENTAL SECTION 

Materials 

Sediment samples were obtained from five 
different coordinate points with characteristics as 
mentioned in Table 1. The five sedimentary rock objects 
are outcrop pattern sediment samples. The organic 
solvents used in this study were n-hexane and 
dichloromethane (grade pro analysis, Sigma-Aldrich). 
Other materials were copper powder and silica gel GF254 
TLC plate (Sigma-Aldrich). 

Instrumentation 

Identification of biomakers in this work used the 
Agilent D5975C GC-MS with column type of HP-5MS 
(60 µm × 250 µm × 0.33 µm). 

Table 1. Characteristics of PLM sediment samples PLM 1-PLM 5 

Sample number 
Coordinate 

Rock description 
Latitude Longitude 

PLM 1 6°54'11.02"S 111°26'30.17"E Type: Shale stone  
Color: Brownish gray 
Grain size: Very fine sand 
Evolved sedimentary structure: Flake 
General composition: Silica cement 
Presence of mature organic/fossil: Few fossils form 

PLM 2 6°54'11.11"S 111°26'30.14"E Type: Shale stone 
Color: Light gray 
Grain size: Very fine sand 
Developed sedimentary structure: Slightly laminated 
General composition: Silica cement 
Organic/fossil maturity state: Organic maturity present 

PLM 3 6°54'11.20"S 111°26'30.13"E Type: Clay 
Color: Light gray 
Granule Size: Clay 
Evolved sedimentary structure: Conchoidal 
General composition: Silica cement 
Organic/fossil maturity state: Slightly organic maturity 
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Sample number 
Coordinate 

Rock description 
Latitude Longitude 

PLM 4 6°54'11.28"S 111°26'30.11"E Type: Shale 
Color: Gray 
Grain size: Very fine sand 
Evolved sedimentary structure: Laminate 
General composition: Silica cement 
Organic/fossil maturity state: Carbon strike 

PLM 5 6°54'11.36"S 111°26'30.09"E Type: Shale 
Color: Blackish gray 
Grain size: Very fine sand 
Evolved sedimentary structure: Flake 
General composition: Silica cement 
Organic/fossil maturity state: Carbon strike 

 
Procedure 

About 100 mg of Polaman sediment was extracted 
in dichloromethane to obtain a total organic extract. The 
organic extract was fractionated by the thin layer 
chromatography (TLC) method with n-hexane as eluent 
to separate aliphatic, aromatic, and polar hydrocarbon 
fractions. The aromatic hydrocarbon fraction was then 
desulfurized using copper (Cu) powder. The aliphatic and 
aromatic fractions were further analyzed using GC-MS. 
Each Polaman sediment sample was dissolved in n-
hexane and injected into GC-MS afterward [8]. 

Helium as carrier gas, flowed at the rate of 1 mL/min. 
The oven temperature was programmed with an initial 
temperature at 70 °C held for 3 min, ramped at 10 °C/min 
to 160 °C, and a final ramp of 3 °C/min to 320 °C 
maintained for 27.5 min. The sample was injected with a 
split ratio of 50:1, and analysis was conducted with a 
solvent delay of 4 min. The mass spectrometer is operated 
with an electron energy of 70 eV. The data obtained were 
further analyzed with Enhanced Chemstation software. 
The compounds were identified based on the specific m/z 
fragmentogram, retention time pattern, and mass 
spectrum fragmentation. The identification results were 
compared to previous studies [4,10-13]. 

■ RESULTS AND DISCUSSION 

Aliphatic Hydrocarbon Fraction 

The result of biomarker aliphatic hydrocarbon 
fraction identification of sediment samples using GC-MS 

is depicted in Fig. 1. It was observed that all samples 
contained n-alkanes, isoprenoids, and triterpenoids. The 
n-alkanes were found in PLM 1-5, while isoprenoids 
only existed in samples PLM 2 and PLM 3. 

n-Alkanes and isoprenoids 
The n-alkanes and op were identified based on the 

specific fragmentogram m/z 57 that showed the presence 
of short-chain (n-C16–n-C20), medium (n-C21–n-C25), 
and long-chain (n-C26–n-C37) of alkanes over bimodal 
distribution (Fig. 2). The length of the alkane chain 
assigned the organic matter source, where the short 
chain represented bacteria (i.e. cyanobacteria) and algae. 
The medium chain confirmed the contribution of 
bacteria, algae, and machropyte, including the 
submerged and floating ones. In addition, the vascular 
plant as the source of organic matter was affirmed by the 
long-chain alkane [14-20]. 

All samples exhibited a wide range of alkanes, with 
the highest and the lowest abundance being n-C27 and n-
C16, respectively. This result concludes that the organic 
matter source originated from bacteria, algae, and 
vascular plants, as found in sediments in Teluk Bunai, 
eastern Malaysia [20]. In terms of isoprenoid, pristane 
was observed in PLM 2, and phytane was found in PLM 
2 as well as PLM 3. The abundance of alkane and 
isoprenoid is illustrated in Table 2. This table explains 
several parameters, i.e., carbon preference index (CPI), 
odd/even predominance (OEP), low-to-high chain carbon 
preference  index  (LHCPI),  Pr/Ph,  Pr/n-C17,  Ph/n-C18,  
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Fig 1. Total ion chromatogram of aliphatic hydrocarbon fraction of PLM sediment samples 1-5. (1) n-alkane, (2) 
isoprenoids, (3) sesterterpenoids, and (4) pentacyclic triterpenoids 
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Fig 2. Fragmentogram of n-alkane and isoprenoid compounds on m/z 57 sediment samples PLM 1-5 

Table 2. The abundance of aliphatic hydrocarbon fractions in PLM sediment samples 1-5 

Peak Compound 
Molecular 
formula 

Base peak 
(m/z) 

M+ 

(m/z) 
Composition (%) 

PLM-1 PLM-2 PLM-3 PLM-4 PLM-5 
n-alkanes, and isoprenoids 
a n-C16 C16H34 57 226 0.21 0.10 - - - 
b n-C17 C17H36 57 240 0.30 0.29 0.41 - - 
c pristane C19H40 57 268 - 0.21 0.58 - - 
d n-C18 C18H38 57 254 0.42 0.46 0.54 - - 
e phytane C20H42 57 282 - 0.17 - - - 
f n-C19 C19H40 57 268 0.27 0.51 0.46 0.14 0.20 
g n-C20 C20H42 57 282 0.59 1.20 0.87 0.30 0.34 
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Peak Compound 
Molecular 
formula 

Base peak 
(m/z) 

M+ 

(m/z) 
Composition (%) 

PLM-1 PLM-2 PLM-3 PLM-4 PLM-5 
h n-C21 C21H44 57 296 0.62 1.44 0.93 0.59 0.66 
i n-C22 C22H46 57 310 3.34 3.54 3.73 2.42 2.56 
j n-C23 C23H48 57 324 4.77 4.72 4.17 3.59 3.39 
k n-C24 C24H50 57 338 7.93 7.79 7.54 6.57 6.58 
l n-C25 C25H52 57 352 9.31 10.65 9.72 10.30 9.00 
m n-C26 C26H54 57 366 9.91 10.90 10.53 9.43 10.86 
n n-C27 C27H56 57 380 10.14 12.31 10.86 11.44 11.71 
o n-C28 C28H58 57 394 8.95 9.98 9.37 9.57 10.35 
p n-C29 C29H60 57 408 9.80 9.18 9.42 10.15 10.93 
q n-C30 C30H62 57 422 7.52 7.36 6.92 8.17 8.27 
r n-C31 C31H64 57 436 9.94 7.87 9.87 10.68 10.41 
s n-C32 C32H66 57 450 5.04 4.26 4.82 5.52 4.92 
t n-C33 C33H68 57 464 7.41 5.25 4.84 7.16 6.17 
u n-C34 C34H70 57 478 1.72 1.83 2.14 2.06 1.75 
v n-C35 C35H72 57 492 1.35 - 1.65 1.31 1.28 
w n-C36 C36H74 57 506 0.47 - 0.63 0.19 0.61 
x n-C37 C37H76 57 520 - - - 0.40 - 
Sesterterpenoids 
a de-A-lupane C24H42 123 330 37.82 17.68 24.21 13.16 28.09 
Pentacyclic Triterpenoids 
b 17α(H)-22,29,30-trisnorhopane (Tm) C27H46 191 370 2.36 - - - 3.25 
c 17β(H)-22,29,30-trisnorhopane C27H46 191 370 15.40 8.64 8.80 18.59 14.83 
d olean-12-ene C30H50 218 410 5.44 43.27 23.70 - 3.18 
e 17α(H),21β(H)-30-norhopane C29H50 191 398 - - - 10.19 - 
f 17β(H),21β(H)-30-norhopane C29H50 177 398 8.07 9.18 6.11 22.78 8.78 
g 17β(H), 21β(H)-hopane C30H52 191 412 3.78 - 2.89 8.85 5.44 
h 17β(H),21α(H)-30-normorethane C29H50 177 398 11.33 - 10.98 10.38 12.49 
i 17α(H),21β(H)-30-homohopane (22S) C31H54 191 426 2.77 4.09 5.29 5.68 4.42 
j 17α(H),21β(H)-30-homohopane (22R) C31H54 191 426 10.13 7.40 11.93 10.37 10.41 
k gamaserane C30H52 191 412 - 6.90 - - - 
l 17β(H),21β(H)-30-homohopane C31H54 205 426 2.91 2.85 6.09 - 9.11 

wax index, average chain length (ACL), Paq, 
terrigenous/aquatic ratio (TAR), low molecular weight to 
high molecular weight (LMW/HMW), alkane terrigenous 
(AlkTerr), n-C29/n-C17, and n-C31/n-C19 [19,21]. 

The maturity, organic matter source, and sediment 
were represented by the parameters mentioned in Table 
3. CPI assigned the organic compound source. When the 
CPI value was lower than one indicated bacteria and algae, 

while the higher value affirmed the vascular plants. All 
samples possessed CPI values higher than 1, confirming 
the vascular plant as the major source. The highest CPI 
value of 1.35 belonged to PLM 4, and the lowest value of 
1.00 was exhibited by PLM 2. The same result was also 
found in the investigation of the Yellow River in China 
[17,22]. The CPI index also indicated the maturity of 
sediment samples; higher CPI pointed to a higher 
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maturity [23]. All samples possessed CPI values lower 
than 1, confirming the low maturity of coal [6,24-25]. 

The OEP value of sediments was found to be lower 
than 1 and dominated by odd carbon, which confirms 
aquatic creatures as the main source of organic 
compounds [11,23,26]. All samples showed a narrow 
range of OEP values from 1.14–1.20, confirming vascular 
plants as the major organic source origin, as observed in 
the Posidonia and Hils Syncline sediment samples in 
Germany, and eastern Junggar, China [9,11,23,26]. 

The LHCPI also confirmed the organic compound 
source through the presence of alkane in sediment. The 
vascular plant's role in the formation of organic sources 
was confirmed by LHCP value of below one. Beyond that, 
the short chain was claimed by the high LHCPI value that 
points to the role of bacteria. The LHCPI also provided 
information on the maturity of Polaman sediments. It was 
confirmed that the major organic compound source was 
vascular plants, as affirmed by all samples possessing 
LHCPI lower than one, mentioned on Teluk Brunei 
sediment, Malaysia [20]. Another parameter was the wax 
index as an affirmation of the organic source. The 
dominance of short-chain n-alkanes over long chains was 
inferred by a wax value of higher than 1, confirming the 

bacteria and algae as the main contributors [8]. All 
samples have a wax index lower than one, with the 
highest wax index of 0.15 and the lowest of 0.26. This 
value informed that the source of organic compounds 
was dominated by vascular plants [8]. 

Average chain length enabled the prediction of 
organic sources through the abundance of odd-chain 
alkanes (C25-C33) [22,27]. The benchmark ACL value was 
28; the value below this point represented the wax layer. 
Inversely, the ACL value above 28 pointed to the role of 
vascular plants. Specifically, n-C31 and n-C33 confirmed 
that grass and herbs are the origin of organic 
compounds. Generally, all samples provided generated 
ACL values in the span of 28.32 to 28.83, confirming the 
wax and vascular plant as the source of the organic 
compound. This result was also observed in the study of 
Guanabara sediment [22,28]. 

The Paq parameter value represents the origin of 
the coal. The Paq values of PLM 1, PLM 2, PLM 3, PLM 
4, and PLM 5 are 0.42, 0.47, 0.42, 0.40, and 0.37, 
respectively (Fig. 2). Paq values < 0.1 were for vascular 
plants, 0.1–0.4 for emergent macrophytes, and 0.4–1.0 
for submerged/floating macrophytes [11,16,18-19]. Coal 
samples from PLM 1-4 were indicated to originate from  

Table 3. Parameter values of n-alkane, isoprenoid, and triterpenoid compounds in PLM sediments 1-5 

Parameter Sample 
PLM-1 PLM-2 PLM-3 PLM-4 PLM-5 

CPI 1.30 1.22 1.23 1.35 1.26 
OEP 1.19 - 1.14 1.20 1.14 
LHCPI 0.03 0.03 0.05 - - 
Pr/Ph - 1.26 - - - 
Pr/n-C17 - 0.73 - - - 
Ph/n-C18 - 0.36 - - - 
Wax index 0.21 0.26 0.25 0.15 0.15 
ACL 28.83 28.32 28.52 28.72 28.71 
Paq 0.42 0.47 0.42 0.40 0.37 
TAR - 36.92 - - - 
LMW/HMW - 0.02 - - - 
AlkTerr 0.39 0.34 - - - 
n-C29/n-C17 32.67 32.11 22.71 - - 
n-C31/n-C19 36.81 15.46 21.66 75.35 51.35 
n-C17/n-C31 0.03 0.03 0.04 - - 
C29 ββ/αβ    2.24  
C31 22S/(22S + 22R) 0.22 0.33 0.31 0.35 0.30 
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submerged/floating macrophytes, similar to the 
sediments of the Cochin mangrove forest on the west 
coast of India, while PLM 5 came from emergent 
macrophytes [29]. 

The relationship of organic matter sources with 
aquatic and terrestrial environments was evaluated 
through the TAR parameter, which was obtained from the 
ratio of the total n-alkanes C27, C29, and C31 to the total n-
alkanes C15, C17, and C19. The TAR value of PLM 2 was 
36.92, indicating a higher contribution of vascular plants 
in the terrestrial environment [11,19]. Parameter 
LMW/HMW was calculated by comparing the abundance 
of n-alkane ≤ C21 with n-alkane ≥ C21 as well as coastal 
sediments of St. Lawrence Estuary and Gulf, Quebec, 
Canada [30]. The PLM 2 sample has an LMW/HMW 
value of 0.02 (< 1) (Table 3), confirming that the organic 
matter comes from vascular plants. 

The main role of vascular plants as the source of 
organic matter for PLM samples is confirmed by the 
AlkTerr value, as found in the Brunei Bay sediments, East 
Malaysia [20]. The AlkTerr value of PLM 1 samples was 
0.39, and PLM 2 was 0.34 (or > 0.3), confirming the main 
role of vascular plants as the origin of organic matter and 
indicating the dominance of terrestrial higher plants. The 
contribution of terrestrial or marine organisms is 
confirmed by the C31/C19 ratio. The value of the C31/C19 ratio 
of each PLM 1 to PLM 5 is 36.81, 15.46, 21.66, 75.35, and 
51.35, respectively, which shows that terrestrial organisms 
are more dominant than marine organisms as a source of 
organic matter, such as sediments in surface sediments of 
the Bohai Sea, Yellow Sea, and East China Sea [31]. 

The C29/C17 ratio can also conclude that the source 
of organic matter comes from the terrestrial or aquatic 
environment. The C29/C17 ratio of PLM 1, PLM 2, and 
PLM 3 were 32.67, 32.11, and 22.71, respectively, 
confirming that the source of organic matter is a 
contribution from the terrestrial environment, such as 
sediments in surface sediments of the Bohai Sea, Yellow 
Sea, and East China Sea [29,31]. The C17/C31 ratio 
determined the presence of autochthonous or 
allochthonous organic matter sources, and the C17/C31 
ratio of samples PLM 1, PLM 2, and PLM 3 are 0.03, 0.03, 
and 0.04 respectively, representing allochthonous 

sources, such as on the sediments of the East Yellow Sea, 
Northwest Pacific Ocean, China [22,32]. 

The ratio of Pr/Ph compounds describes the 
depositional environment of geological sediments. If the 
Pr/Ph ratio is more than > 1, it indicates an oxic 
depositional environment, while a ratio less than < 1 
indicates an anoxic depositional environment. A Pr/Ph 
ratio higher than 1 as an indicator of oxic deposition was 
reported in the Brunei Bay sediments in Malaysia [20]. 
Table 2 shows the presence of pristane in PLM 2 and 
PLM 3, while phytane was only identified in PLM 2 
[10,33-34]. The Pr/Ph ratio of the PLM 2 sample yielded 
a value of 1.26, indicating an oxic depositional 
environment (Table 3). Based on Pr/n-C17 ratio (0.73) 
and Ph/n-C18 ratio (0.36) indicate that PLM 3 is in the 
oxic region [20]. This ratio has been applied in the 
Liaodong Bay subbasin, Bohai Bay Basin, China [35]. 

Triterpenoid 
The identification of triterpenoids in the sediment 

samples based upon the specific fragmentogram m/z 191 
confirmed the presence of de-A-lupane compounds and 
pentacyclic triterpenoids, as observed in Fig. 3 and Table 
2. 

Table 2 describes the presence of de-A-lupane, 
17β(H)-22,29,30-trisnorhopane, 17β(H),21β(H)-30-
norhopane, and 17α(H),21β(H)-30-homohopane with 
22S and 22R configurations in all samples. The 17α(H)-
22,29,30-trisnorhopane (Tm) was only observed in PLM 
1 and PLM 5 sediments; olean-12-ene and 
17β(H),21β(H)-30-homohopane existed in all sample 
but PLM-4. The 17α(H),21β(H)-30-norhopane was only 
identified in PLM 4 while the 17β(H), 21β(H)-hopane 
and 17β(H),21α(H)-30-normorethane were only absent 
in PLM 4. In addition, the gamaserane was only 
identified in PLM 2. 

The presence of triterpenoid compounds was 
beneficial in determining the source of organic matter 
from Polaman sediments. De-A-lupane, a non-hopanoid 
triterpenoid group, was formed due to bacterial activity, 
resulting in the degradation of the lupane compound 
during the deposition period. Diagenesis, the compound 
of lupane, was derived from lupeol as a precursor of 
vascular  plants   Angiosperms  [36-38].   Therefore,  the  
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Fig 3. Fragmentogram of pentacyclic sesterterpenoids and triterpenoids on m/z 191 

 
presence of de-A-lupane in Polaman sediments affirmed 
the organic origin from higher terrestrial plants 
Angiosperms and the presence of bacterial input during 
sediment deposition [37,39]. This result was also supported 
by the presence of similar biomarkers in the Bikaner, 
Nagaur, Jalore, Jaisalmer, and Barmer districts of Rajasthan, 
western India, and Papua Basin, Papua New Guinea, as 
indicators of sources of terrestrial higher plant organic 
matter [40-41]. The origin of organic compounds from 
Angiosperms was also affirmed by the presence of olean-
12-ene compounds in PLM 1, 2, 3, and 5 which derived 
from β-amirin as a precursor. A similar result was 
reported in the study of coastal sediments and soils 
around the city of Tromso [41-42]. The hopanoid 
triterpenoid compounds in Polaman sediments depicted 
the presence of C27–C30 hopane homologues such as Tm, 
17β(H)-22,29,30-trisnorhopane, 17α(H),21β(H)-30-
norhopane, 17β(H),21β(H)-30-norhopane, 17β(H),21β 
(H)-hopane, and 17β(H),21α(H)-30-normorethane. 
These compounds were derived from the hopanoids 
diplotene and diplopterol. In addition, there were C31 
hopane compounds, entitled 17α(H),21β(H)-30-
homohopane with 22S and 22R configurations, and 
17β(H),21β(H)-30-homohopane originated from 
bacteriohopanatetrol in the membranes of prokaryotic 
bacteria [43]. Subsequently, the presence of hopanoid 
compounds indicated the contribution of bacteria to the 
source of organic compounds in Polaman sediments. The 

contribution from this bacterium was also inferred by 
the presence of the compound gamacerane, since this 
compound was associated with dehydrated and 
hydrogenated tetrahymanol precursors on the protozoan 
membrane [44-45]. Thus, the identification of gamacerane 
compounds justified the role of bacteria in the PLM 2 
sediment. Hopanoid and gamacerane compounds were 
also observed in Upper Cretaceous petroleum source 
rocks from the Gippsland Basin, Australia [8]. 

The hopanoid compounds in all samples were also 
employed as an indicator of sample maturity based on 
the ratio of C29 ββ/αβ and C31 22S/(22S + 22R), as written 
in Table 3. The C29 ββ/αβ parameter was calculated 
based on the ratio of 17α(H),21β(H)-30-norhopane to 
17β(H),21β(H)-30-norhopane in PLM 4. C29 ββ/αβ ratio 
value > 0.15 confirmed low maturity, while the value 
< 0.15 inferred high maturity [23,46]. Based on Table 3, 
PLM 4 exhibited low maturity with the C29 ββ/αβ ratio 
value of 2.24. 

Meanwhile, the parameter C31 22S/(22S + 22R) was 
generated from the ratio of the 22S configuration to the 
sum of the S + R configurations of 17α(H),21β(H)-
homohopane. The 22S configuration of the 
17α(H),21β(H)-homohopane structure is more stable 
compared to the 22R configuration. The low abundance 
of 17α(H),21β(H)-homohopane (22S) compared to 22R 
indicates a low maturity level. A value of C3122S/(22S + 
22R) lower than 1 indicated low maturity, while a value 
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higher than one affirmed high maturity [5-6,24]. The ratio 
value of C31 22S/(22 S+ 22R) values for PLM 1 to PLM 5 
sediments were 0.22, 0.33, 0.31, 0.35, and 0.30, 
respectively. All these values demonstrated low maturity. 
Similar results were also found for Wondama coal, 
Indonesia, with a ratio value of 0.27 as an indicator of low 
maturity [6]. The low thermal maturity of the Polaman 
sediments was also rationalized by the presence of 
bacterial activity during the sedimentary deposition 
process. This bacterial activity had been continuing in the 
early stages of diagenesis, so the presence of bacterial 
input in the formation of sediment organic matter 
indicates low maturity of sediment [3,47]. Hopanoid 
biomarkers are also adopted as indicators of Polaman 
sediment maturity. The low maturity of sediment was 
assigned by the presence of 17β(H)-22,29,30-
trisnorhopane compounds with relatively low structural 
stability [8,48]. Notably, PLM 4 exhibited high maturity 
by the presence of 17α(H),21β(H)-30-norhopane with 
stable structural over 17β(H),21β(H)-30-trisnorhopane. 

Apart from the indicator of thermal maturity, 
triterpenoid compounds were capable of determining the 
depositional environment of Polaman sediments. The 
formation of De-A-triterpenoids through the degradation 
of pentacyclic triterpenoids also affirmed the presence of 
an oxic depositional environment [33-34]. This 
environment was also pointed by De-A-triterpenoid 
compounds with the lupane, ursane, and oleanane 

structure as the result of photochemical or microbial 
degradation of pentacyclic triterpenoids. The process 
was characterized by the release of ring A in the 
oxidative environment [37]. Therefore, the finding of 
this compound in Polaman sediments indicates an oxic 
depositional environment. Gamaserane compounds as 
indicators of reductive and hypersaline depositional 
environments were also identified in very low 
abundance in PLM 2 samples. 

Aromatic Hydrocarbon Fraction 

The results of the identification of aromatic 
hydrocarbon fraction biomarkers using GC-MS 
spectrometer were presented as total ion chromatogram 
(TIC) in Fig. 4 and their abundance in Table 4. Fig. 3 and 
Table 4 exhibited alkyl benzene groups, naphthalene 
derivatives, phenanthrene derivatives, and pentacyclic 
aromatic triterpenoids as biomarkers. However, alkyl 
benzene was only observed in PLM 1 and PLM 4 
samples. 

Alkyl benzene and naphthalene derivatives 
Identification of the m/z 91 fragmentogram in PLM 

4 inferred the presence of eight alkyl benzene compounds 
such as (4,5-dimethyl)nonylbenzene, (2,7-dimethyl) 
nonylbenzene, (4,6-dimethyl)decylbenzene, (3,6-
dimethyl)decylbenzene, (2,8-dimethyl)decylbenzene, 
(5,6-dimethyl)undecylbenzene, (2,3,6-trimethyl)decyl 
benzene, and (3,8-dimethyl)undecylbenzene. The m/z 105 
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Fig 4. TIC of aromatic hydrocarbon fraction of PLM sediment sample PLM 1-PLM 5. (1) Alkylbenzene, (2) 
naphthalene derivatives, (3) phenanthrene derivatives, and (4) aromatic pentacyclic triterpenoids 
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Table 4. The abundance of aromatic hydrocarbon fraction in PLM sediment samples 1-5 

Compound name Molecular 
formula 

Base 
peak M+ Composition (%) 

PLM 1 PLM 2 PLM 3 PLM 4 PLM 5 
Naphthalene derivatives 
cadalene C15H18 183 198 93.31 100.00 96.58 - 100.00 
isocadalene C15H18 183 198 6.69 - 3.42 - - 
norcadalene C14H16 169 184 100.00 - - - - 
calamene C14H16 159 202 83.19 100.00 84.05 100.00 - 
5,6,7,8-tetrahydrocadalene C15H22 187 202 16.81 - 15.95 - - 
Phenanthrene derivatives         
phenanthrene C14H10 178 178 100.00 100.00 100.00 - 100.00 
chrysene C18H12 228 228 - 100.00 - - - 
3,4,7-trimethyl-1,2,3,4-tetrahydrochrycene C21H22 259 274 59.36 - 100.00 - - 
3,3,7-trimethyl-1,2,3,4-tetrahydrochrycene C21H22 218 274 40.64 - - - - 
Aromatic pentacyclic triterpenoids 
dinoroleane-1,3,5(10),12-tetraene C28H40 145 376 44.65 31.06 51.70 - 50.07 
dinoursa-1,3,5(10),12-tetraene C28H40 145 376 20.17 - 15.81 - 12.24 
dinoroleane-1,3,5(10)-triene C28H40 145 378 35.18 41.30 32.49 - 37.69 
dinorlupa-1,3,5(10)-triene C28H40 145 378 - 27.64 - -  
1,2,4a,9-tetramethyl-1,2,3,4,4a,5,6,14b-
octahydropicene 

C26H30 342 342 75.53 - 64.77 - 82.15 

2,2,4a,9-tetramethyl-1,2,3,4,4a,5,6,14b-
octahydropicene 

C26H30 257 342 24.47 - 35.23 - 17.85 

8,14-triaromatic secolupane C27H32 169 356 65.64 - 63.88 - 65.28 
8,14-triaromatic secooleanane C27H32 169 356 34.36 - 36.12 - 34.72 
1,2-dimethyl-1,2,3,4-tetrahydropicene C24H22 295 310 100.00 - - - - 
1,2,9-trimethyl-1,2,3,4-tetrahydropicene C25H24 324 324 - - 42.25 - - 
2,2,9-trimethyl-1,2,3,4-tetrahydropicene C25H24 324 324 - - 57.75 - - 
Alkyl benzene 
(4,5-dimethyl)nonylbenzene C17H28 91 232 - - - 9.20 - 
(2,7-dimethyl)nonylbenzene C17H28 91 232 - - - 6.44 - 
(4,6-dimethyl)decylbenzene C18H30 91 246 - - - 19.05 - 
(3,6-dimethyl)decylbenzene C18H30 91 246 - - - 10.86 - 
(2,8-dimethyl)decylbenzene C18H30 91 246 - - - 9.19 - 
(5,6-dimethyl)undecylbenzene C19H32 91 260 - - - 19.89 - 
(2,3,6-dimethyl)decylbenzene C19H32 91 260 - - - 15.53 - 
(3,8-dimethyl)undecylbenzene C19H32 91 260 - - - 9.83 - 
methyloctylbenzene C15H24 105 204 44.09 - - - - 
heptyldimethylbenzene C15H24 119 204 55.91 - - - - 
methyldecylbenzene C17H28 105 232 - - - 39.32 - 
methylundecylbenzene C18H30 105 246 - - - 16.21 - 
methyldodecylbenzene C19H32 105 260 - - - 44.46 - 

 
fragmentogram confirmed the methyl octyl benzene in 
PLM 1 and PLM 4 possessed methyldecylbenzene, 
methylundecylbenzene, and methyldodecylbenzene. The 

m/z 119 fragmentogram showed the heptyl 
dimethylbenzene compounds, an indicator of organic 
matter derived from carotenoids as precursors produced 
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by higher terrestrial plants, algae, and cyanobacteria 
during the diagenesis process. In addition, alkylbenzene 
compounds also indicated the presence of bacterial 
activity in the formation of sediment [49-52]. 

Naphthalene derivatives such as cadalene and 
isocadelene were identified based on the fragmentogram 
m/z 183, calamene at m/z 159, norcadalene at m/z 169, 
and 5,6,7,8,9-tetrahydrocadalene at m/z 187. Cadalene 
compounds were observed in all PLM samples. 
Isocadalene and 5,6,7,8-tetrahydrocadalene compounds 
were only identified in PLM 1, PLM 2, and PLM 3. 
Norcadalene compounds were only found in PLM 1 and 
2 while calamene in PLM 1-4. The presence of 
naphthalene derivatives conveyed the source of organic 
matter. The abundance of cadalene, isocadalene, and 
norcadalene compounds in Polaman sediments 
confirmed the contribution of vascular plants 
Angiosperms from the Dipterocarpaceae family [4]. 
Presumably, cadalene was produced by polymerization of 
polycadinene resins in Dipterocarpaceae plants during 
the catagenesis stage [53-56]. In addition, the presence of 
cadalene and isocadalene also justifies the thermal 
maturity [4]. Isocadalene formed at high temperatures 
was a more stable isomer than cadalene [57]. Therefore, 
the high intensity of cadalene compared to isocadalene 
indicates the low maturity of the Polaman sample [58-59]. 
A high abundance of the compound cadalene was also 
found in the coal of the Kutai Basin, Indonesia [53]. 

The presence of calamene biomarkers and 5,6,7,8-
tetrahydrocadalene as derivatives of sesquiterpenoids 
supported the contribution from Angiosperms plants 
(Dipterocarpaceae family) and Gymnosperms plants 
(Cupressaceae family) [57,60-61]. These compounds were 
also present in rocks Upper Cretaceous petroleum 
resource, Gipssland Basin, Australia [12]. 

Phenanthrene derivatives 
The phenanthrene group was identified based on the 

m/z 178, 228, 259, and 218 fragmentograms. The presence 
of phenanthrene compounds in the sediments of PLM 1, 
PLM 2, PLM 3, and PLM 5 was identified based on the 
m/z 178, conveying Angiosperms and Gymnosperms as 
the source of organic matter. This compound existed in 
geological samples of the Middle Miocene [53,62]. The 

m/z 228 confirmed the chrysene in PLM 2, the m/z 259 
assigned 3,4,7-trimethyl-1,2,3,4-tetrahydrochrysene 
compounds in PLM 1 as well as PLM 3, and the m/z 218 
for the compound 3,3,7-trimethyl-1,2,3,4-
tetrahydrochrysene. These compounds are isomers yet 
originated from different structural origins. The 
compound 3,4,7-trimethyl-1,2,3,4-tetrahydrochrysene 
is derived from ursane, while 3,3,7-trimethyl-1,2,3,4-
tetrahydrochrysene is derived from oleanane [39,63-64]. 
The presence of these compounds confirmed the 
contribution of Angiosperm plants, which originated 
from the degradation of β-amyrin in the early stages of 
diagenesis [61,63,65]. Hence, these two compounds 
were promising indicators of Angiosperm contribution 
in Polaman sediment. The existence of these compounds 
was also found in the Upper Cretaceous petroleum 
source rocks of the Latrobe Group, Gippsland Basin, 
Australia [12]. 

Pentacyclic aromatic triterpenoids 
The pentacyclic triterpenoid aromatic compounds 

in Polaman sediments were identified based on the 
fragmentograms m/z 145, 257, 295, 324, and 356 
[10,12,38,40]. The dinoroleane-1,3,5(10),12-tetraene, 
and dinoroleane-1,3,5(10)-triene in PLM 1, PLM 2, PLM 
3, and PLM 5 were studied according to the specific 
fragmentogram m/z 145. Dinorursa-1,3,5(10),12-
tetraene biomarkers were identified in PLM 1, PLM 3, 
and PLM 5, while dinorlupa-1,3,5(10)-triene was only 
identified in PLM 2 sediments. Dinoroleane-
1,3,5(10),12-tetraene, dinorursa-1,3,5(10),12-tetraene, 
dinoroleane-1,3,5(10)-triene, and dinorlupa-1,3,5(10)-
triene are a group of pentacyclic triterpenoid 
monoaromatic compounds with oleanane, ursane and 
lupane frame. These compounds were derived from β-
amirin and α-amirin as precursors of higher terrestrial 
plants, especially Angiosperms. It is worth noted only a 
small number of Gymnosperm plants can produce these 
compounds [10,66]. Therefore, the presence of these 
three compounds in Polaman sediments indicates the 
dominance of organic matter from higher vascular 
plants, especially Angiosperms. These three compounds 
were also identified in siliclastic deposits of the Orava-
Nowy Targ Basin [66]. 
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Based on the m/z 257 fragmentogram, the 1,2,4a,9-
tetramethyl-1,2,3,4,4a,5,6,14b-octahydropysene and 
2,2,4a,9-tetramethyl-1,2,3,4,4a,5,6,14b-octahydropycene 
were observed in PLM 1, PLM 2, and PLM 3. These two 
compounds indicated that organic matter originated from 
β-amyrin and α-amyrin as precursors in higher plants 
Angiosperms [10,40]. The presence of these compounds 
1,2,9-trimethyl-1,2,3,4-tetrahydropicene and 2,2,9-
trimethyl-1,2,3,4-tetrahydropycene in the analyzed 
Polaman samples proved of the vascular plant as the 
source of organic matter [10,53,60]. This pentacyclic 
tetraaromatic compound was also found in the Eagle Ford 
Group drilling Central Texas [48]. In addition, PLM 1, 
PLM 2, PLM 3 consist of 8,14-triaromaticsecolupane and 
8,14-triaromaticsecooleanane compounds based on the 
m/z 356 fragmentogram, providing evidence of higher 
plants Angiosperms as the origin of organic compounds 
[10,47]. These two compounds were also found in 
sediments from Mulga Rock, Australia [38]. These two 
biomarkers were synthesized from the alteration and 
aromatization of triterpenoids present in Angiosperms 
during the diagenesis stage. This aromatization process 
took place as the temperature increased, forming simpler 
compounds [10,38]. Therefore, the presence of these two 
biomarkers in the sediment indicated immature samples 
[10,38,47]. 

Based on the m/z 324 fragmentogram, the 
biomarkers of 1,2,9-trimethyl-1,2,3,4-tetrahydropycene 
and 2,2,9-trimethyl-1,2,3,4-tetrahydropycene were 
identified in PLM 3. Biomarkers formed due to bacterial 
contribution in the early stages of diagenesis were 
diagenetic products of β-amyrin, namely pentacyclic 
triterpenoid with oleanane framework [10,48,53,60]. The 
same compound was also found in Sangata coal, East 
Borneo, Kutai Basin coal, and Eagle Ford Group source 
rock, Texas [10,48,53]. 

■ CONCLUSION 

Organic geochemical analysis of Polaman sediment 
samples, the Ngrayong formation as source rock was 
carried out to determine its potential as an oil and gas 
producer. Geochemical characteristics are related to the 
source of organic material, sediment maturity, and 

ancient depositional environment. The n-alkane 
biomarker with a bimodal distribution in all samples 
indicated that the organic material came from various 
sources. Several parameters such as CPI > 1.00, C31/C19 
ratio > 0.40, Paq 0.37–0.47, and the presence of 
naphthalene, phenanthrene, and pentacyclic 
monoaromatic triterpenoid derivatives indicate that the 
source of organic matter comes from higher plants, 
algae, and bacteria. This dominant source of terrigenous 
organic matter is also proven by a TAR value > 1, a C29/C17 
ratio > 1, and the presence of aromatic hydrocarbon 
compounds derived from naphthalene, phenanthrene, 
pentacyclic triterpenoids, and alkyl benzene. Apart from 
that, the inclusion of bacteria in the formation of organic 
matter is also proven by the presence of hopanoid 
compounds. This varied source of organic material is 
also proven by the C17/C31 ratio < 1 as an indicator of 
allochthonous organic material. The presence of 
pentacyclic monoaromatic triterpenoids and hopanoids 
with β isomers indicates low thermal maturity. The oxic 
deposition environment in the coal formation process is 
indicated by a Pr/Ph ratio > 1, a high abundance of de-A-
lupan. The existence of several biomarkers with the 
above parameters indicates that coal is a source rock that 
has the potential to produce oil and gas. 
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