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Abstract: Identification of aromatic hydrocarbon fraction by biomarker analysis was carried out to determine the geochemical 
characteristics of the coal samples from the Muara Enim formation in the South Sumatra basin for potential coalbed methane (CBM) 
exploration and production. Biomarker analysis using gas chromatography-mass spectrometry (GC-MS) shows the distribution of 
naphthalene, phenanthrene, and pentacyclic polyaromatic triterpenoid compound groups. The high abundance of 1,2,5- and 1,2,7- 
trimethylnaphthalene (TMN) compounds indicates that the organic matter in the coal samples mostly originated from higher Angiosperm 
plants that were deposited in a terrestrial and oxic environment. This terrestrial depositional environment was also indicated by the 
dominance of the 1,6- and 1,7- dimethylphenanthrene (DMP) compounds. The low maturity of the analyzed coal was indicated by the 
dominance of less stable isomers over more stable isomers. The identification of 2- and 1- methylphenanthrene (MP) biomarkers that are 
associated with type II and type III kerogens in relatively high abundance indicates that the analyzed coal samples tend to produce oil and 
gas. However, the lower abundance value of 2,7-dimethyl-1,2-(isopropylpenteno)-1,2,3,4-tetrahydrochrysene compared to 1,2,4a,9-
tetramethyl-1,2,3,4,4a ,5,6,14b-octahydropicene indicates that the coal samples from the Muara Enim formation possess a higher 
potential to produce gas than oil. In addition, the high vitrinite content in the samples is related to type III kerogen, which shows that the 
coal is more gas-prone than oil-prone. The obtained methylphenanthrene index (MPI) value of 0.99 indicates moderate maturity of coal. 
These implicatons show that the analyzed coal can be exploited for its CBM gas content.  
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1. Introduction 

Coalbed methane (CBM) is a rare natural gas found in coal 
seams. This gas is trapped in the coal matrix in the form of bubbles 
or dissolved in water and released into the surrounding sediment 
during compaction at shallow depths and low temperatures (Gao 
et al., 2020). A ton of coal typically produces 250–500 cubic feet 
of methane gas but can produce 250,000–500,000 Btu when 
burned. This energy potential makes CBM suitable for use as a fuel 
(Gao et al., 2020). Furthermore, CBM can be extracted from coal 
deposits without having to conduct coal mining. CBM is an 
environmentally friendly fuel because it does not produce sulfur 
oxides, nitrogen, or other toxic materials. The carbon dioxide gas 
emissions produced by CBM are less than those produced by the 
direct combustion of conventional coal fossil fuels in steam power 
plants. The development of CBM by the coal mining industry in 
Indonesia has a positive impact on the environment by reducing 
in-situ gas content during the exploitation process, which can also 
improve industrial safety conditions (Huang et al., 2019).  

Indonesia has the largest coal reserves in the Asia-Pacific region 
and is one of the largest coal-producing countries in the world. As 
of 2020, the total coal resources in Indonesia reached 143.73 

billion tons, with coal reserves reaching up to 38.80 billion tons 
(ESDM, 2020), which accounts for 3.7% of the world’s reserves. 
Most Indonesian coal is low- and medium-calorie, which posses a 
lower economic value than high-calorie coal (Nugroho, 2017). 
Furthemore, many of the largest coal reserves are located in the 
South Sumatra Basin. This basin is a tertiary basin that includes 
the Lahat, Lemat, Talang Akar, Baturaja, Gumai, Lower 
Palembang, Kasai and Muara Enim formations. The Muara Enim 
formation has coal bearings that were formed in the Late Miocene 
to Early Pliocene eras (Amijaya et al., 2006; Darman, 2000; Kim et 
al., 2017; Stanford, 2013; Yasin et al., 2021).  

Knowledge on the origin of CBM is a prerequisite for formulating 
an effective and successful CBM exploration strategy (Martini et 
al., 2008; Scott et al., 1994). Biogenic CBM is produced through 
microbial decomposition of organic matter in coal at low 
temperatures (usually less than 56 °C). In contrast, thermogenic 
CBM is produced from thermal decomposition of organic matter 
in coal, primarily at temperatures above 100 °C at which 
methanogenic microbial activity becomes biochemically 
impossible (Hunt, 1979; Rice & Claypool, 1981). The exploration 
of biogenic CBM should be focused on shallow and thermally 
immature coal seams that possess larger fractures which can 
result in a faster gas extraction process. In contrast, thermogenic 
CBM is more likely to accumulate in deeper and more thermally 
mature coal seams, where the network of open fractures are 
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limited (McIntosh et al., 2008; Rice, 1993; Strapoć et al., 2007). 
Furthermore, the production of mixed CBM (thermogenic and 
biogenic) require complex exploration and production strategies 
based on the local geological and hydrological conditions. Thus, 
successful CBM exploration largely depends on studying the origin 
of coal seam gas (Dai et al., 2009; Faiz & Hendry, 2008; Flores et 
al., 2008; Rice, 1993; Scott et al., 1994; Whiticar, 1999). 

Biomarker analysis can be carried out to identify the origin of 
coal seam gas for CBM exploration. Aromatic hydrocarbon 
biomarkers with naphthalene, phenanthrene and pentacyclic 
aromatic triterpenoid structural frameworks indicate that the 
organic matter originate from terrestrial higher plants. Isomers 
such as 1,2,5-TMN and 1,2,7-TMN can be used as indicators of 
coal deposition environments (Burhan et al., 2020; Jiang & 
George, 2019; Wang et al., 2022). The presence of 
methylphenanthrene biomarkers can be used to determine the 
type of kerogen on the van Krevelen diagram. The presence of 3-
MP, 2-MP, 9-MP and 1-MP isomers potentially determines 
whether coal is a gas producer (gas-prone) or oil producer (oil-
prone). Kerogen types I and II are oil-prone, whereas kerogen type 
III is gas-prone (El-Sabagh et al., 2018; Zhang & Li, 2018).  

The biogenical formation of CBM with the help of bacteria 
requires a group of methoxylated aromatic compounds (MACs) or 
compounds that have methoxy groups to carry out 
methanogenesis and produce methane gas. Methanosarcinales 
bacteria convert MACs into methane gas in coal seams. These 
MACs are derivatives of lignin found in plant wood tissue and are 
often buried in humic coal sediments, so these compounds can be 
considered biogenic markers of CBM (Mayumi et al., 2016). In this 
article, geochemical characterization of the coal samples 
extracted from the Muara Enim formation is conducted by 
aromatic biomarker analysis and discusses the implications of the 
biomarker analysis to determine the origin of organic matter, 
depositional environment and coal maturity for CBM exploration 
and production. 

 
2. Method 

Sample 
The coal samples in this study were extracted from the Muara 

Enim mine in Rambutan Field, South Sumatra Basin, which were 
formed in the Cretaceous-Early Tertiary period. The samples 
taken at a depth of 503.7 m with a layer thickness of 10.67 m were 
included in the sub-bituminous rank. 

 

Method 
A total of 10 g of finely ground coal sample was extracted in a 

dichloromethane/methanol solvent (97:3 v/v) for 16 h. The 
solvent mixture was evaporated and the asphaltene and maltene 
were separated using an excess n-hexane solvent (Theuerkorn et 
al., 2008). The maltene extract was fractionated by thin layer 
chromatography using silica gel GF254 in an n-hexane solvent to 
separate aliphatic and aromatic hydrocarbon fractions. 
Furthermore, the aromatic hydrocarbon fraction was analyzed for 
its components by Gas Chromatography-Mass Spectrometry (GC-
MS) using Agilent 122-5561 with an HP-5MS column type (60 µm 
x 250 µm x 0.33 µm). The carrier gas was helium, the flow rate 
was set to 1 mL/min and the mass spectrometer was conditioned 
at an energy of 70 eV. The operating temperature was initiated at 
70 ℃ and kept isothermal for 1 minute and then increased to 180 
°C at a rate of 10 °C/min. The temperature was increased again to 
315 °C at a rate of 4 °C/min and kept isothermal for 30 min. The 
mass spectrometer was operated in full-scan mode. The 
biomarker structure was identified based on specific m/z 
fragmentograms, retention time patterns and by comparing the 
mass spectrum with reference data published by previous 
researchers.  
 

3. Results and Discussion 
Coal Classification 
The analyzed coal sample had a calorific value of 5669 cal/gram, 

which is equivalent to the subbituminous coal rank (Sharma et al., 
2019). This subbituminous coal ranking is in accordance with the 
results of the proximate analysis carried out by (Sosrowidjojo, 
2013). The results include, among others, a low vitrinite 
reflectance (Ro = 0.31–0.49%) which indicate subbituminous rank, 
high moisture content (21%), low ash content (5.6 – 19.8%), 
volatile matter of the seams in the range of 29.3–45.8%, fixed 
carbon content less than 80% weight (daf) and a maximum fixed 
carbon of 46.54%. 

Identification of Aromatic Hydrocarbon Fraction Biomarkers 
The biomarker structure of the aromatic hydrocarbon fraction 

was identified based on specific m/z fragmentograms, mass 
spectra and comparing the results with previous publications 
(Buckley et al., 2021; Burhan et al., 2019; Gan et al., 2023; Lima et 
al., 2023; Synnott et al., 2021; Zheng et al., 2023). The biomarkers 
identified were naphthalene, phenanthrene and aromatic 
pentacyclic triterpenoid compounds (Figure 1 and Table 1). 
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Figure 1. Total ion chromatogram (TIC) of aromatic hydrocarbon compounds 

 
 

Table 1. Abundance of naphthalene, phenanthrene and pentacyclic polyaromatic triterpenoid compounds 

Naphthalene Phenanthrene Polyaromatic pentacyclic triterpenoid 

Compounds m/z % abundance Compounds m/z % abundance Compounds m/z % abundance 

2-MN 142 33.85 3-MP 192 10.63 C27 triaromatic-8,14-
secotriterpenoid 

169 100 

1-MN 142 66.15 2-MP 192 38.56 C28 triaromatic-8,14-
secotriterpenoid 

183 100 

(2+1)-EN 156 1.33 9-MP 192 23.53 2,9-dimethylpicene 306 100 

(2,6+2,7)-DMN 156 10.09 1-MP 192 27.29 1,2,9-trimethylpicene 320 100 

(1,3+1,7)-DMN 156 12.58 2,6-DMP 206 3.42 2,2,9-trimethyl-1,2,3,4-
tetrahydropicene 

324 63.8 

1,6-DMN 156 65.52 (1,3+2,10+3,9+3,10)-DMP 206 8.7 1,2,9-trimethyl-1,2,3,4-
tetrahydropicene 

324 36.2 

(1.4+2.3+1.5)-DMN 156 6.5 (1,6+2,9)-DMP 206 37.02 8,14-triaromatic secolupane 145 76.36 

1,2-DMN 156 3.99 1,7-DMP 206 29.35 8,14-triaromatic secooleanane 145 23.64 
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Naphthalene Phenanthrene Polyaromatic pentacyclic triterpenoid 

Compounds m/z % abundance Compounds m/z % abundance Compounds m/z % abundance 

1,3,7-TMN 170 2.36 2,3-DMP 206 5.11 1,2,4a,9-tetramethyl-
1,2,3,4,4a,5,6,14b-
octahydropicene 

257 89.02 

1,3,6-TMN 170 13.91 (1,9+1,4)-DMP 206 10.48 2,7-dimethyl-1,2-
(isopropylpenteno)-1,2,3,4-
tetrahydrochrysene 

257 10.98 

(1,4,6+1,3,5)-TMN 170 7.16 1,8-DMP 206 5.93       

2,3,6-TMN 170 7.08 (1,3,6+1,3,10+2,6,10)-TMP 220 8.82       

1,2,7-TMN 170 23.08 (1,3,7+2,6,9+2,7,9)-TMP 220 15.96       

(1,6,7+1,2,6)-TMN 170 6.38 (1,3,9+2,3,6)-TMP 220 10.46       

1,2,4-TMN 170 28.17 (1,6,9+1,7,9+2,7,3)-TMP 220 14.6       

1,2,5-TMN 170 11.85 1,3,8-TMP 220 12.28       

      2,3,10-TMP 220 8.51       

      1,6,7-TMP 220 9.98       

      1,2,8-TMP 220 19.39       

MN = Methyl Naphthalene               MP = Methyl Phenanthrene 

EN = Ethyl Naphthalene                   DMP = Dimethyl Naphthalene 

DMN = Dimethyl Naphthalene        TMP = Trimethyl Naphthalene 

TMN = Trimethyl Naphthalene 
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The presence of alkyl naphthalene in the coal samples is 
produced by the precursor β-amyrin, which comes from higher 
Angiosperm plants (Ding et al., 2022; Li et al., 2022). The higher 
abundance of 1-MN compared to 2-MN is shown in Figure 2 and 
Table 1. Structurally, the stability of α-substituted 1-MN is lower 
than that of β-substituted 2-MN. Therefore, the low maturity of 
the analyzed samples is indicated by the higher abundance of 1-
MN compared to 2-MN (Abdullah et al., 2021; Burhan et al., 2019, 
2020; Killops & Killops, 2005; Zetra et al., 2016). However, to 
determine the organic geochemical characteristics, such as 
maturity, source of organic compounds and depositional 
environment, it is necessary to conduct other biomarker analysis 
on the samples.  

 

Dimethylnaphthalene (DMN) compounds can be used to 
indicate coal maturity based on differences in isomer intensity. 
The abundance of 1,6-DMN compounds was higher than that of 
other DMNs, namely 1,2-DMN and 2,6+2,7-DMN (Figure 2). The 
thermal maturity of the coal samples can be determined from the 
abundance value of the identified isomers. The high intensity of 
the 1,6-DMN peak, which is a less stable isomer compared to 
2,6+2,7-DMN and 1,2-DMN, indicates immature coal. Therefore, 
the dominance of 1,6-DMN compounds over 1,2-DMN and 
2,6+2,7-DMN in the samples indicates that the coal samples are 
immature (Fang et al., 2019; He et al., 2019; Killops & Killops, 
2005; Wang et al., 2022; Zetra et al., 2016). 

 
 

 
Figure 2. The presence of naphthalene-derived compounds 

 
Another alkyl naphthalene compound in the coal samples that 

was analyzed was trimethylnaphthalene (TMN). In Figure 2 and 
Table 1, it can be seen that the isomers 1,2,4-TMN and 1,2,7-TMN 
have higher abundance values than the other isomers. The higher 
abundance of less stable isomers indicates the low maturity of the 
sediment samples (Aboglila et al., 2019; Li et al., 2022). 
Compounds 1,2,7-TMN and 1,2,4-TMN are less stable isomers 
compared to 1,2,5-TMN. Therefore, the higher abundance of 
compounds 1,2,4-TMN and 1,2,7-TMN compared to 1,2,5-TMN 
indicates immature samples. The presence of the isomers 1,2,5-
TMN and 1,2,7-TMN in the analyzed CBM samples also indicates 
an oxic depositional environment, which were produced through 
the degradation of β-amyrin compounds as precursors (Burhan et 
al., 2019). In addition, the formation of 1,2,5,6-TeMN and 1,2,5-
TMN compounds in the coal samples indicates the presence of 

bacterial input via bacteriohopanetetrol as a precursor 
(Ogungbesan & Adedosu, 2020; Qiao et al., 2021; Rontani et al., 
2017). 

The cadalene and isocadalene compounds identified based on 
the m/z 183 fragmentogram are naphthalene derivatives formed 
through the depolymerization of polycadinene derived from 
higher plant resins (Zakrzewski & Kosakowski, 2021). These two 
isomers have the potential to be used as indicators of coal 
maturity because isocadalene compounds originate from the 
isomerization of cadalene through thermal enhancement. The 
deeper the coal deposition environment, the higher the 
abundance of isocadalene compounds. Therefore, the lower 
abundance of isocadalene compared to cadalene indicates that 
the coal samples are immature (Li et al., 2022). 
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Figure 3. The presence of phenanthrene-derived compounds 

 
The distribution of methylphenanthrene (MP) is shown in Figure 

3 and Table 1, with the higher peak of 2-MP indicating a higher 
abundance. Furthermore, 9-MP and 1-MP showed similar 
abundance values, with 1-MP having a slightly higher abundance 
value. The low abundance of 3-MP, which is relatively more stable 
than 1-MP and 9-MP, indicates the low maturity of the analyzed 
samples. However, the high abundance of 2-MP, which is a more 
stable isomer compared to 1-MP and 9-MP, also indicates high 
maturity (Ayu et al., 2021). To further analyze the maturity of the 
coal samples, the methylphenanthrene index (MPI) value was 
used as an indicator of maturity (Sharma et al., 2022; Zheng et al., 
2023). The MPI index is a quantitative maturity indicator 
calculated from the abundance of MP isomers in organic 
sediments. An MPI value < 0.8 indicate sediments with low 
maturity, an MPI value in the range of 0.8–1.0 indicate medium 
maturity, while an MPI value > 1.0 indicate mature sediments 
(Abdullah et al., 2021; Akinlua et al., 2023; He et al., 2019). The 
results show an MPI of 0.99, indicating medium-maturity coal.  

The presence of MP biomarkers can be used to determine the 
type of kerogen on the van Krevelen diagram. The presence of 3-
MP, 2-MP, 9-MP and 1-MP isomers can potentially determine 
whether coal, as a source rock, tends to produce gas (gas-prone) 
or oil (oil-prone). Type I and type II kerogens are oil-prone, 
whereas type III kerogen are gas-prone. The abundance of 1-MP 
is related to type III kerogen, the abundance of 9-MP is associated 
with type II and type III kerogens, while 2-MP and 3-MP are 
related to type II and type III kerogens (El-Sabagh et al., 2018; 
Zhang & Li, 2018). The identification of 2-MP and 1-MP 
biomarkers with relatively high abundance indicates that the 
analyzed coal samples tend to produce both oil and gas because 
these MP biomarkers are associated with type II and type III 
kerogens.  

This type II and III kerogen classification is supported by the high 
vitrinite content in the Muara Enim formation located in the 
Rambutan Field in the South Sumatra basin (Sosrowidjojo & 

Sagha, 2009; Zajuli et al., 2017). This high vitrinite content is 
related to type III kerogen, which is more susceptible to gas than 
oil. The tendency toward gas- and oil-prone coal in the Muara 
Enim formation has also been reported by several previous 
researchers (Sosrowidjojo & Sagha, 2009; Zajuli et al., 2017). In 
addition to Angiosperm plants as the source of organic matter in 
the analyzed Muara Enim coal samples, there was also a small 
amount of organic matter originating from Gymnosperm plants 
which was identified by the presence of 1-MP and 1,7-DMP 
biomarkers (Bechtel et al., 2020; Jiang & George, 2019). 

Based on the m/z 206 fragmentogram (Figure 3), the distribution 
of dimethylphenanthrene (DMP) compounds exhibited the 
highest abundance in the α-isomers such as (1,6+2,9)-DMP and 
1,7-DMP. The α-isomer has low stability. Therefore, its high 
abundance indicates low maturity of the samples (Lima et al., 
2023; Zheng et al., 2023). Coal with αβ-substituted DMPs such as 
2,9-DMP and 1,9-DMP indicate type II kerogen, which tends to 
produce oil (oil-prone). Therefore, the presence of 2,9-DMP and 
1,9-DMP in the analyzed coal samples indicates that the CBM coal 
samples possess type II kerogen properties (oil-prone). However, 
proximate analysis and gas composition in the samples showed 
high vitrinite and high methane gas content (96.55%), indicating 
the potential for the coal samples to also produce gas 
(Sosrowidjojo & Sagha, 2009; Zajuli et al., 2017). In addition, the 
abundance of 1,6-DMP and 1,7-DMP in the analyzed samples also 
indicates that the coal was deposited in a terrestrial environment 
(Lima et al., 2023; Zheng et al., 2023). 

The distribution of trimethylphenanthrene (TMP) isomers 
identified based on the m/z 220 fragmentogram shows the low 
maturity of the analyzed coal samples. This is indicated by the low 
intensity of the 2,3,6-TMP peak, which is a more stable isomer 
than the other isomers, as shown in Figure 3 and Table 1. In 
addition to being an indicator of maturity, the origin of organic 
matter in sediment samples can be determined by the presence 
of TMP isomers. The isomer with the highest abundance, namely 
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1,2,8-TMP, is produced by the precursor β-amyrin, which is 
abundant in higher terrestrial plants. Therefore, the abundance 
1,2,8-TMP is an indicator of the terrestrial environment (Jiang & 
George, 2019; Ogungbesan & Adedosu, 2020). 

A low abundance of another biomarker, namely retene, was also 
exhibited in the analyzed coal samples using the m/z 218 
fragmentogram. Retene can be used as an indicator of organic 
matter originating from Gymnosperm plants, because retene is 
produced from abietic acid, a major constituent of coniferous 
plants which are a group of Gymnosperms (Ghosh et al., 2022; 
Jurek & Kowalski, 2022; Simoneit et al., 2020). Therefore, the 
identification of retene compounds in low abundance indicates 
that the organic matter in the coal samples did not only originate 
from Angiosperm plants but a small amount of organic matter in 
the coal samples also originated from Gymnosperm plants. 

The presence of C27 triaromatic-8,14-secotriterpenoid and C28 
triaromatic-8,14-secotriterpenoid compounds were identified 
using the m/z 169 and m/z 183 fragmentograms, respectively 
(Figure 4). The presence of these biomarkers indicates terrestrial 
source of organic compound because these biomarkers are 
produced from β-amyrin, a typical precursor of Angiosperm plants 
(Fadhliah et al., 2020; Wang et al., 2022). Therefore, the C27 
triaromatic-8,14-secotriterpenoid and C28 triaromatic-8,14-
secotriterpenoid compounds produced through triterpenoid 
aromatization during the diagenesis stage in the Miocene era are 
related to coals that are immature (Fadhliah et al., 2020; Wang et 
al., 2022).  

Other biomarkers, namely 3,3,7-trimethyl-1,2,3,4-
tetrahydrochrysene (m/z 274 fragmentogram), 2,2,9-trimethyl-
1,2,3,4-tetrahydrochrysene (m/z 257 fragmentogram), 2,2,9-
trimethyl-1,2,3,4-tetrahydropicene (m/z 324 fragmentogram) 
and 1,2,9-trimethyl-1,2,3,4-tetrahydropicene (m/z 324 

fragmentogram), were exhibited to be highly abundant. All of 
these biomarkers indicates organic matter originating from 
Angiosperm plants, further indicating the extent of Angiosperm 
vegetation during the Miocene period (Burhan et al., 2019; Jiang 
& George, 2019). Furthermore, compounds 2,9-dimethylpicenes 
and 1,2,9-trimethylpicenes were identified based on the m/z 306 
fragmentogram and m/z 306 fragmentogram, respectively. 
Compound 2,9-dimethylpicenes was exhibited to be more 
abundant than 1,2,9-trimethylpicenes (Table 1). The compound 
1,2,9-trimethylpicenes is derived from α-amyrin, while 2,9-
dimethylpicenes is derived from the full aromatization of β-
amyrin and are isomers of each other (Jiang & George, 2019; 
Killops & Killops, 2005). These compounds may also be produced 
by the microbial aromatization of triterpenoid during diagenesis. 
This indicates that the dehydrogenation reaction of triterpenoid 
to produce polyaromatic hydrocarbon compounds does not 
require a long time and high temperature (Ding et al., 2022; 
Körmös et al., 2021). Therefore, considering that the Muara Enim 
coal samples are immature, the identified polyaromatic 
pentacyclic triterpenoid compounds are suspected to be an 
indication of Angiosperms.  

The presence of triaromatic compounds that underwent ring 
opening and monoaromatic pentacyclic triterpenoids observed in 
the partial m/z 145 fragmentogram indicate the presence of 8,14-
triaromatic secolupane and 8,14-triaromatic secooleanane 
compounds in the samples (Fadhliah et al., 2020; Wang et al., 
2022). The compounds found in the coal samples that were 
formed in the Miocene era are thought to have formed due to 
changes in the hopanoid framework by bacteria, followed by 
aromatization reactions that occurred during the diagenesis 
stage. Therefore, the presence of these compounds is an indicator 
of immature samples (Abdullah et al., 2021).  
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Figure 4. The presence of Polyaromatic pentacyclic triterpenoid-derived compounds 

 
Biomarkers that are indicators of Angiosperm plants, namely the 

molecule 1,2,4a,9-tetramethyl-1,2,3,4,4a,5,6, 14b-
octahydropicene and the compound 2,7-dimethyl-1,2-
(isopropylpenteno)-1,2,3,4-tetrahydrochrysene with a 
triaromatic ursane framework, were observed in the m/z 257 
fragmentogram (Burhan et al., 2019; Jiang & George, 2019; Zetra 
et al., 2016). The high abundance of the compound 2,7-dimethyl-
1,2-(isopropylpenteno)-1,2,3,4-tetrahydrochrysene is an 
indicator of coal that has not yet been produced (Burhan et al., 
2019). Furthermore, due to the analyzed coal samples being 
immature and associated with type II and type III kerogens, the 
coal samples possess the potential to produce gas (gas-prone) and 
oil (oil-prone). However, the relatively low abundance value of 
2,7-dimethyl-1,2-(isopropylpenteno)-1,2,3,4-tetrahydrochrysene 
compared to 1,2,4a,9-tetramethyl-1,2,3,4,4a ,5,6,14b-
octahydropicene indicates that coal within the Muara Enim 
formation has a higher potential to produce gas than oil (Burhan 
et al., 2019). 

 
 

4. Conclusion 
The geochemical implications of the results of biomarker 

analysis on the Muara Enim coal samples can be used to 
determine the origin of organic matter, depositional environment 
and coal maturity. The identification of naphthalene, 
phenanthrene and pentacyclic aromatic triterpenoid in high 
abundance indicates the that main origin of organic matter is 
Angiosperm plants. However, the presence of retene in low 
abundance shows that a small amount of organic matter in the 
samples originated from Gymnosperm plants. The dominance of 
1-MN isomers compared to 2-MN, the higher abundance value of 
1,6-DMN compared to 2,6+2,7-DMN, the higher abundance 
values of 1,2,4-TMN and 1,2,7-TMN compounds compared to 
1,2,5-TMN and the dominance of cadalene compared to 
isocadalene indicate the low maturity of the coal samples. The 
MPI value of 0.99 which was calculated from the abundance of 
MP isomers in organic sediments indicates that the coal samples 
possess a moderate maturity level. The presence of MP 
biomarkers was used to determine the type of kerogen based on 
the van Krevelen diagram. The results show that the MP 
biomarkers exhibited in the coal samples are associated with type 
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II and type III kerogens, indicating that the coal samples tend to 
produce oil (oil-prone) and gas (gas-prone). However, the high 
content of vitrinite and methane gas of the coal samples is related 
to type III kerogen, indicating the samples are more likely to 
produce gas (gas-prone) than oil (oil-prone). This is further 
supported by the low abundance of the compound 2,7-dimethyl-
1,2-(isopropylpenteno)-1,2,3,4-tetrahydrochrysene compared to 
1,2,4a,9-tetramethyl-1,2,3,4,4a,5,6,14b-octahydropicene in the 
samples which indicates that the Muara Enim coal samples 
possess more potential to produce gas than oil. The presence of 
biomarkers, namely 1,2,8-TMP, C27 triaromatic-secotriterpenoid, 
C28 triaromatic-8,14-secotriterpenoid, indicate a terrestrial 
depositional environment and humic coal. Finally, Angiosperm 
plants as the main origin of the organic matter in the samples are 
also indicated by the presence of 1,2,4a,9-tetramethyl-
1,2,3,4,4a,5,6, 14b-octahydropicene and 2,7-dimethyl-1,2-
(isopropylpenteno)-1,2,3,4-tetrahydrochrysene compounds with 
a triaromatic ursane framework. 
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