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ABSTRACT 
Coal geochemical studies of the Eocene Ombilin Basin were conducted through a biomarker analysis. 
The coal studied came from the Sawahlunto coal, West Sumatra. The coal extract was fractionated by 
column chromatography and biomarkers of aromatic hydrocarbon groups were identified using gas 
chromatography-mass spectrometry. The results showed the distribution of naphthalene compounds 
with sesquiterpenoid skeleton, phenanthrene compounds with diterpenoid skeletons, and aromatic 
pentacyclic triterpenoid compounds. The presence of sesquiterpenoid and triterpenoid compounds 
indicates that the organic compounds of coal are derived from the α-/β-amyrin precursors which are 
abundant in angiosperms and there is a contribution from bacteria. In addition, gymnosperms plants 
also provide little contribution on the availability of organic material which is indicated by the 
presence of a little amount of diterpenoid compound. Organic geochemical studies through biomarker 
analysis indicate that coal is mature and classified as sub-bituminous coal. 
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 INTRODUCTION 
 

Indonesia has more than 60 sedimentary basins with coal deposits scattered on six islands. Most of the 
sources and reserves are located on the islands of Sumatra and Kalimantan. Indonesia has around 126 
billion tons of coal resources with reserves of around 32 billion tons. More than 80% of Indonesian 
coal is categorized as coal with a low level of maturity (lignite and sub-bituminous) which has very 
low ash and sulfur levels. Indonesian coal is generally formed during the Early Eocene, including the 
one deposited in the Ombilin (West Sumatra) and several small basins in Java and South Sulawesi [1-
3]. 
 
      The Ombilin Basin, a small (20 × 60-km) Paleogene onshore basin, is located just west of the 
much larger Central Sumatra Basin. It contains thick Eocene to Miocene marine and terrestrial 
sediments that share a similar tectonic and stratigraphic history which is similar to all of the rift basins 
on Sumatra. The economic coal occurs within the Eocene Sawahlunto formation which is composed 
of gray mudstone and siltstone and coal seams with minor quartz-rich sandstone. Three coal seams, 
locally up to 8-m thick, occur in the upper part of the Sawahlunto formation and are the main units 
mined [4]. 
 
      The Ombilin or Sawahlunto coal mine, located 57-km northeast of Padang, West Sumatra, is 
owned by PT Tambang Batubara Bukit Asam (PTBA), and includes both mining and Eocene age coal 
underground and surface operations. The underground mine uses a longwall retreating system, with 
semi-mechanized equipment, operated manually, and fully mechanized longwall equipment, 
hydraulically operated [5].  

 
      The Sawahlunto coal mine was first exploited in 1891 with an underground mining system and 
mining activities have been formally closed since February 2016 because they are considered 
uneconomical. But in reality, the coal mines that have been closed, are still producing because the 
Sawahlunto coal generally has a high heat rating. This mining is done traditionally by the people 
around the mine. The high interest of the community in mining activities is certainly a special 
attraction for the study of organic geochemistry through biomarker analysis of Sawahlunto coal. 
Organic geochemical studies include paleo environment of coal, the source of the origin of coal 
organic compounds and the maturity of coal.  

 
      Rresearch in organic geochemistry have carried out biomarker analysis of aliphatic, aromatic, 
ketone, alcohol, acid and other polar fraction of several coals with different heat ratings and different 
mine locations in Indonesia. Among them, the Inul coal of Sangatta coal mines, East Borneo, the 
Balikpapan formation, aged as old as Middle Miocene to Late Miocene [6-9], Coal Tertiary, Tanjung 
Enim, South Sumatra Basin [10], Lower Suban, coal seam, South Sumatra Basin [11], and the 
Miocene Embalut coal from Kutai Basin, Mahakam Delta, East Kalimantan [12]. Aromatic 
hydrocarbon biomarkers are compounds that are abundant in the sediment as the thermal maturity 
process increases. Some aromatic biomarkers in sedimentary samples of the Late Ordovician Period-
Early Devonian are known to be formed from terrestrial and marine environmental precursors. The 
terrestrial environmental biomarkers are shown by methyl phenanthrene (MP), dimethyl phenanthrene 
(DMP), cadalene, retene, simonelitte, and tetrahydroretene compounds [13, 14]. The anoxic 
environment of sediment formation is indicated by the presence of alkylibenzothiopene [15]. The 
level of coal maturity is shown by the abundance of naphthalene, phenanthrene and picene derivatives 
[12]. Through petrography analysis, it shows that Sawahlunto coal is mature and belongs to the high 
volatile bituminous group [5]. But there has been no organic geochemical study of the Sawahlunto 
coal to determine the depositional environment and source of origin of coal-forming organic 
compounds. This paper will examine the aspects of organic geochemistry through biomarker analysis 
of aromatic hydrocarbon fractions to determine the coal potential of Sawahlunto, Ombilin Basin. 
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MATERIALS AND METHODS 
 

A total of 50 g of fine Sawahlunto coal samples were extracted for 10 days using Sohxlet equipment 
with a mixture of acetone, methanol, and chloroform (47/23/30) [11] The concentrated extract of coal 
obtained was fractionated using silica gel column chromatography based on the method of 
Schwarzbauer et al.[16], to obtain 4 fractions. Fraction 1 eluted with n-hexane, fraction 2 with n-
hexane/dichloromethane (95/5), fraction 3 with n-hexane/ dichloromethane (90/10), and fraction 4 
with n-hexane/dichloromethane (40/60). This paper only reports the results of fraction 1 biomarker 
analysis. 
 
      Biomarker identification used Hewlett Packard 5890 Series II gas chromatography-mass 
spectroscopy (GC-MS) equipped with a combination of silica and HP-5 films 30 m x 0.25 mm x 0.25 
μm. Gas carried Helium with a flow rate of 1.2 mL min-1. The temperature was programmed at 70°C 
(1 min), 70°C- 150°C at a rate of 10°C min-1, 150°C-180°C at a rate of 1°C min-1, 180°C-300°C at a 
rate 5°C min-1, isothermal temperature at 300°C for 7 min.  
 
      The mass spectrometer was operated with Hewlett Packard 5972 Series Mass Selective Detector 
with 70 eV electron energy. 
 

RESULTS AND DISCUSSION 
 

Classification of Sawahlunto Coal: The calorific value test using the calorimeter bomb against the 
Sawahlunto coal sample showed a calorific value of 7472 calories g-1 means that the coal is classified 
as sub-bituminous rank [17], in which the coal goes to mature process (medium). 
 
Identification of Aromatic Biomarkers: Biomarker of aromatic hydrocarbon fraction of Sawahlunto 
coal was identified based on specific fragmentograms, (example: Widodo et al.[12], Romero-
Sarmiento et al. [14], Smith et al.[18], Stojanovic et al.[19], Tuo and Philp [20], Armstroff et al.[21], 
Sonibaire et al.[22], Fabianska and Kurkiewicz [23]). Identified aromatic compounds consisted of 
naphthalene groups with sesquiterpenoid skeletons, phenantrene with diterpenoid skeletons and 
pentacyclic triterpenoid compounds, as seen in figure 1. Steroid compounds were not found in 
Sawahlunto coal samples. The absence of aromatic steroid compounds was also in accordance with 
Amijaya et al. [11] Anggayana [24] and on several coal Tertiary Periods in Indonesia. Steroid 
compounds which are not found in coal are caused by the unchanging organic compound precursors 
into sterane and sterene [25]. 
 

 
 

Figure 1. The gas chromatography-mass spectrometry (GC-MS) of the total ion chromatograms (TIC) of 
the aromatic hydrocarbon fractions which shows the distribution of aromatic hydrocarbon compounds. 

 



Yulfi Zetra et al                                           Journal of Applicable Chemistry, 2019, 8 (5):2129-2141 

www. joac.info 2132 

 

Biomarker of Naphthalene Group: The presence of naphthalene compounds was identified based 
on specific fragmentograms at m/z 128, methylnaphthalene, MN (m/z 142), dimethyl naphthalene, 
DMN (m/z 156), trimethyl naphthalene, TMN (m/z 170), tetramethyl naphthalene, TeMN (m/z 184), 
and pentamethyl naphthalene, PMN (m/z 198). Chromatogram analysis of methylnaphthalene peak 
(m/z 142), indicates the presence of 1-methylnaphthalene (1-MN) and 2- methylnaphthalene (2-MN) 
compounds. The peak intensity of 2-MN is higher than that of 1-MN which shows coal with medium 
maturity. 2-MN intensity higher than 1-MN (Figure 2) is also found in the coal samples studied by 
Armstroff et al. [21] and Borrego et al. [26]. The maturity of a coal can be shown by the high 
intensity of an isomer against another isomer. The higher the intensity of the isomer structure, which 
is more stable than the less stable one, the higher the maturity of the coal will be. Compound 2-MN 
where the methyl group is substituted at the β-position is more stable than 1-MN substituted at the α-
position of the naphthalene ring [27]. 
 

 
  
 

Figure 2. Distribution of naphthalene (m/z 128) and methylnaphthalene (m/z 142) 
 

       Coal maturity can also be shown by the presence of dimethyl naphthalene (DMN) compounds 
identified based on fragmentograms m/z 156 (Figure 3). The high intensity of the peak 1,6-DMN 
compared to 2,6+2,7-DMN and 1,3+1,7-DMN indicates the maturity of the coal medium. 
Characteristics of coal with medium maturity are also reported by Alexander et.al. [28] where the 
abundance of 1,6-DMN isomers which are less stable is higher than that of 1,3- and 1,7-DMN which 
are more stable. This shows that coal does not have high maturity. 
 
       The presence of the 1,2,7-TMN compound identified based on the m/z 170 fragmentograms 
(Figure 4) shows the source of the coal organic compound derived from the abundant β-amyrin 
precursor in the angiosperm plant. Pentacyclic triterpenoid compounds with oleane skeleton (β-
amyrin) degraded to produce 1,2,5-TMN and 1,2,7-TMN as reported by Strachan et al. [29]. Besides 
that, 1,2,5-TMN compounds can also be derived from diterpenoids such as agatic acid in conifer 
plants through aromatization reactions [21]. The vegetation of several coniferous plant genera such as 
Dacrydium, Podocarpus, and Burseraceae families in gymnospermae plants is also found in the 
southwestern peat deposition environment of Kalimantan [30]. 
 
      The Dacrydium genus is also a prominent peat swamp forest in Sumatra, so the presence of 1,2,5-
TMN compounds also shows the contribution of gymnospermae plants to the formation of 
Sawahlunto coal [11]. The peak intensity of 2,3,6-TMN compounds is higher than 1,3,7-TMN and 
1,3,6-TMN and the high intensity of 1,2,5-TMN shows the maturity of coal medium. 
 
    Coal with medium-high maturity will have a distribution of TMN isomers with methyl groups 
substituted at the β-position. Isomerization reaction as seen in figure 5 below shows a 1,2,5-TMN  
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compound having a methyl group at a less stable α-position to a more stable 2,3,6-TMN isomer [29]. 
 
 

 
 

Figure 3. Distribution of dimethylnaphthalene (DMN) based on 
 fragmentograms m/z 156. 

 
 

                                               
 
 

Figure 4. Distribution of trimethylnaphthalene (TMN) based on 
 fragmentograms m/z 170. 

 
      The 1,2,5,6-TeMN compound identified based on fragmentograms m/z 184 in the Sawahlunto coal 
sample as seen in figure 6 can be produced from the β-amyrin precursor which has been degraded to 
form the 8,14-secotriterpenoid compound (Figure 6). Beside β-amyrin, secohopane monoaromatic is a 
precursor for the formation of 1,2,5-TMN and 1,2,5,6-TeMN compounds [13]. The compounds 1,2,6-
TMN; 1,2,5,7-TeMN and 1,2,3,5-TeMN identified in the sample, can be formed from 1,2,2,5-
tetramethyltetraline and 1,2, 2,5,6-pentamethyltetraline derived from hopanoid precursors [31]. 
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Figure 5. Schematic reaction of trimethylnaphthalene isomerization [29]. 
 
 
 

                                                     
 
 

Figure 6. Distribution of tetramethylnaphthalene (TeMN) based on 
 fragmentograms m/z 184. 

 
       Heating at high temperatures 1,2,2,5-tetramethyltetralin compounds will produce 1,2,5-TMN and 
1,2,3,5-TeMN. The compounds 1,2,2,5,6-pentamethyltetralin in the same condition also produce 
1,2,5,7-TeMN and 1,2,6-TMN as the main products. The presence of these compounds is likely to be 
formed due to alteration by bacteria at the time of the formation of Sawahlunto coal organic 
compounds. The high abundance of 1,2,5-TMN and 1,2,5,6-TeMN compounds compared to their 
respective isomers in the sample indicates the medium rank of coal maturity as reported by Armstroff 
et al. [21]. 
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       The presence of cadalene compounds in Sawahlunto coal samples identified based on 
fragmentograms m/z 183 can be derived from cadinene and cadinol which are abundant in high-grade 
resin as precursors [7, 10, 32]. Dipterocarpaceae is the most common resin family found in Southeast 
Asia. One of its genera, Shorea, is a plant found in modern tropical (ombrogenous) lowland peat 
swamps, especially in Sumatra and Kalimantan [11]. Indicators of coal maturity can be shown by the 
presence of cadalene and isocadalene. The high abundance of cadalene compared to isocadalene, 
indicates coal with medium maturity. Coal with high maturity will produce isocadalene which is more 
abundant than cadalene. The increasing amount of isocadalene in coal samples can be caused by 
heating and the presence of catalytic clay or acid components in the sediment [31]. 

 
       Pentamethyl naphthalene compound (PMN) as 1,2,3,5,6-and 1,2,4,6,7-PMN. PMN in coal 
samples analyzed indicate the source of organic compounds produced by precursor drimenol in higher 
plants. The presence of this PMN compound also indicates the role of microbes in the formation of 
coal organic compounds. The high abundance of compounds 1,2,3,5,6-PMN, compared to 1,2,4,6,7-
PMN as seen in figure 7, is indicating that coal is immaturity. The same thing was also reported by 
Bastow et al. [33], who found an abundance of 1,2,3,5,6-PMN compared to 1,2,4,6,7-PMN as an 
indicator of coal that did not have high maturity. Compounds with saturated drimanoid structure 
formed 1,2,2,5,6-pentamethyltetralin, then experienced methyl group rearrangement accompanied by 
aromatization to form 1,2,3,5,6-PMN. Mature organic material is characterized by 1,2,4,6,7-PMN 
abundance in the isomer distribution, whereas abundance 1,2,3,5,6-PMN which is relatively high 
indicates immature organic matter. High abundance of 1,2,3,5,6-PMN compounds in the sample can 
also be produced through 1,2,5,6-TeMN methylation as an indicator of coal leading to the thermal 
maturation process [33]. 
 

                                                   
 
 

Figure 7. Distribution of pentamethylnaphthalene (PMN) based on 
 fragmentograms m/z 198. 

 
Biomarker of phenanthrene group: The presence of phenanthrene (P) compounds in coal samples is 
generally derived from the diterpenoid found in higher plant gymnosperms resins and is used as an 
indicator of organic compounds from higher plants [12]. Increased coal maturity is indicated by 
isomerization of alkyl phenanthrene (α-isomer to β-isomer) and dealkylation of alkyl phenanthrene 
(α-/β- isomer to phenanthrene) in its compound distribution [19]. The high abundance of 
phenanthrene compared to alkyl phenanthrene indicates the maturity of coal [34]. 
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       The presence of methylcholanthrene (MP) identified based on fragmentograms m/z 192 in mature 
coal samples is indicated by an increase in 2-MP and 3-MP abundance against 9-MP and 1-MP [19]. 
Samples with an abundance of 9-MP and 1-MP were more dominant than 3-MP and 2-MP, indicating 
the continued process of coal formation in coal. In addition, the presence of 1-MP compounds is also 
associated with the precursors of isopimaroid, rimuoid, beyeroid, kauroid, phyllocladoid, or 
podocarpic acid, as indicators of higher plant gymnosperms [27]. The 1-MP and 1,7-DMP 
compounds, usually formed together with retene, are produced from the precursors of abietane types, 
such as abietic acid which is abundant in gymnosperms. This shows the slight contribution of 
gymnosperms plants to the formation of coal organic compounds [14]. 

 
       Identification of peaks based on fragmentograms m/z 178 and 192 also showed the presence of 
anthracene (A) and methyl anthracene, (MA) compounds. The 2-MA abundance of the other isomers 
indicates mature coal and the duration of the soaking process [35]. In addition, the presence of A 
(peak 2) and MA (peak 4) in the sample, as seen in figure 8 and table 1, also indicates the occurrence 
of combustion of terrestrial plant material [36]. 
 

 
 
 

Figure 8. Distribution of phenanthrene group 
 

Table 1. Distribution of phenanthrene on the sample 
 

Peak Number Base peak (m/z) Compound 
1 178 phenantrene (P) 
2 178 anthrachene (A) 
3 192 methylphenanthrene (MP) 
4 192 methylanthracene (MA) 
5 206 ethylphenanthrene (EP) 
6 206 dimethylphenantrene (DMP) 
7 202 fluoroanthene 
8 202 pyrene 
9 220 trimehylphenantrene (TMP) 
10 219 retene 

 
       The increase in thermal maturity of coal is also based on the distribution of DMP isomers. More 
stable DMP isomers such as: 2.6-; 2,7-; 3,6-; 2,3-; 2,10- and 2,9-DMP have increased abundantly 
along with the increasing maturity [37]. The high abundance of DMP isomers that are less stable than 
the more stable isomers in the analyzed samples indicates that coal continues to mature. 
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      The presence of trimethyl phenanthrene (TMP) compounds such as: 2,3,6- and 2,3,7-TMP 
identified based on fragmentograms m/z 220 as seen in figure 9 is also used as an indicator of coal 
maturity because the isomer structure is relatively stable. This compound is stored in coal that is 
mature [37]. 
 

                      
 
 

Figure 9. Distribution of trimethyl phenanthrene group based on fragmentograms m/z 220. 
 
       The high abundance of unstable TMP such as 1,2,8-TMP in the analyzed sample indicates that 
coal has not shown a high maturity level (medium). Increased maturity will lead to a shift in the 
methyl group in the less stable C-1,2,8 position towards the more stable position of C-1,2,6 and C-
1,2,7. This methyl group shift is identical to the isomerization reaction of 1,2,5-TMN compounds as 
shown in figure 5. Therefore, the high abundance of 1,2,8-TMP compared to 1,2,6-TMP and 1,2,7-
TMP shows that coal will continue to lead to a higher maturation process. The existence of 1,2,8-TMP 
is also linked to terrestrial plant precursors, because these compounds are produced through 
pentacyclic triterpenoid dehydrogenation reactions, such as β-amyrin and lupeol [37]. 

 
Biomarker of triterpenoid pentacyclic aromatic group: The group distribution of pentacyclic 
aromatic triterpenoid compounds is shown in figure 10 and table 2. The presence of picene derivatives 
(peak 7,8,9) which is dominant in Sawahlunto coal indicates the precursors of the angiospermae 
plants (β-amyrin). The formation of picene derivatives in sediment and peat is estimated through the 
aromatization reaction of β-amyrin mediated by microbial activity or catalytic clay processes that take 
place during the initial diagenesis [12]. 
 
The identification of compounds based on fragmentograms m/z 342 showed the presence of 
pentacyclic triaromatic compounds (peak 6) with the oleanoid skeleton of β-amyrin, ursanoids of α-
amyrin, and lupanoids of lupeol. The availability of pentacyclic aromatic triterpenoid compounds 
derived from triterpenoids with the oleane, ursane, and lupane skeletons in Sawahlunto coal is used as 
an indicator of higher terrestrial plants.  
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secotriterpenoid compound (peak 4) is formed by the breaking of the ring C from the pentacyclic 
triterpenoid skeleton and is considered as an intermediate to the formation of trimethyl naphthalene 

 
Table 2. Triterpenoid pentacyclic aromatic compound 

 
Peak Number Base peak (m/z) Compound 

1 228 chrysene 
2 242 methylchrysene 
3 256 dimethylchrysene 
4 169 C27 triaromatic-8,14-secotriterpenoid 
5 183 C28 triaromatic-8,14-secotriterpenoid 
6 342 pentacyclic triaromatic 
7 324 2,2,9-trimethyl-1,2,3,4-tetrahydropicene 
8 306 2,9-dimethylpicene 
9 320 1,2,9-trimethylpicene 

 
 

                                            
  
 

Figure 10. Distribution of triterpenoid pentacyclic aromatic group. 
 
 (TMN) from β-amyrin [20]. The dominance of β-amyrin as a precursor of Sawahlunto coal organic 
material is also supported by the presence of 3,3,7- trimethyl -1,2,3,4-tetrahydrochrysene and 2,2,9-
trimethyl-1,2,3,4-tetrahydropicene (peak 7). The presence of biomarker 3,3,7-trimethyl-1,2,3,4-
tetrahydrocrysene was identified based on fragmentograms m/z 218, while the compound 2,2,9-
trimethyl-1,2,3,4-tetrahydropicene was identified based on fragmentograms m/z 324 [38] as shown in 
figure 10. Biomarker 3,3,7-trimethyl- 1,2,3,4- tetrahydrocrysene is obtained from ring A degradation 
of the β-amyrin structure accompanied by aromatization of B, C, D rings in a pentacyclic triterpenoid 
skeleton. 

 
       The effect of increasing aromatization and isomerization reactions on triterpenoid derivatives 
along with the availability of a large number of naphthalene, phenanthrene and chrysene compounds 
indicates the occurrence of an increase in coal maturity. Therefore, with the discovery of compounds 
1,2,5-TMN, 1,2,7-TMN and 1,2,5,6-TeMN together with picene derivatives in the Sawahlunto coal 
sample indicated that the sample of coal was mature, but had not shown high maturity of coal. 
 
       The identification of fragmentograms based on m/z 183 in the sample showed the presence of a 
C14 triaromatic-8,14-secotriterpenoid compound. C28 triaromatic-8,14- secotriterpenoid compound 
(peak 5) is an intermediate compound of 1,2,5,6-TeMN formation from β-amyrin precursors. This 
reinforces the indication that the sample is dominated by the precursor of the angiospermae plant. The 

9 
8 

7 

6 

5 

4 

3 2 
1 



Yulfi Zetra et al                                           Journal of Applicable Chemistry, 2019, 8 (5):2129-2141 

www. joac.info 2139 

 

high abundance of 1,2,5,6-TeMN against the C28 triaromatic-8,14-secotriterpenoid in the sample also 
indicated that the Sawahlunto coal was mature.  
 
       Full aromatization reaction of triterpenoid derivatives shown by the presence of 2,9-
dimethylpicene (peak 8) with relatively high abundance of 1,2,9-trimethylpicene (peak 9). 2,9- 
dimethyl picene and 1,2,9-trimethylpicene compounds in the sample were identified based on 
fragmentograms m/z 306 and m/z 320 as seen in figure 10 and table 2 [39]. The higher abundance of 
2,9-dimethylpicene compounds compared to 1,2,9-trimethylpicene indicates that the process of 
combustion in the process of coal formation is still continues. In addition, compounds 2,9-
dimethylpicene and 1,2,9-trimethylpicene can also be used as an indicator of angiospermae plants. 
The full aromatization reaction of β-amyrin will produce 2,9-dimethylpicene compounds, while 1,2,9-
trimethylpicene is produced through full aromatization of α-amyrin [27]. 
 

APPLICATION 
 

This study is useful to know the type of coal, the maturity of coal and strengthened calorific value.  
 

CONCLUSION 
 
Biomarker analysis of aromatic hydrocarbon fraction of Sawahlunto coal samples, Ombilin Basin 
provides information on the composition of organic compounds contained in it. Three groups of 
aromatic compounds are: naphthalene with sesquiterpenoid skeleton, phenanthrene group with 
diterpenoid skeleton, and pentacyclic aromatic triterpenoid group. Biomarker analysis shows that coal 
organic compounds are from terrestrial plants, especially angiosperms and little input from bacteria. 
The existence of the analyzed biomarkers also showed that Sawahlunto coal samples analyzed were 
mature, but had not yet entered the catagenesis stage. This is also strengthened by the coal calorific 
value of 7472 cal g-1 and classified as sub-bituminous coal. 
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