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ABSTRACT - Banyumas Basin is a basin that has signs of the presence of hydrocarbons, including oil and gas 
seep on the surface, which indicates active petroleum systems in the subsurface. A lot of oil and gas seeps were 
found in Banyumas Basin, including oil seeps in Cipari and Besuki, while gas seeps were found in Mount Wetan, 
Karanglewas, and also Cipari. Exploration drilling wells have also been carried out, such as the Jati-1 Well, Ka-
rang Nangka-1, Karang Gedang-1, Tjipari-1, and Mount Wetan-1, but there still has been no significant evidence 
of this basin producing hydrocarbons. The TOC value of the outcrop samples taken in Cipari and Besuki have bad 
values, while the crude oil has reflected a severe biodegradation process. Both oil seep samples and one extract 
bitumen contained high bicadinane (R (resin) annotation) and oleanane indicating both oils and extract to have an 
input to Tertiary-sourced oils throughout Southeast Asia. Both oil seep samples do not exhibit similarity with the 
extract source rock. Based on this negative correlation there may be another source rocks in Banyumas Basin, de-
rived from rocks that are not only from Pemali Formation. The existence of this research is expected to be able to 
add geological data, especially hydrocarbon geochemical data in Banyumas Basin, so that it can provide evidence 
of the prospect and calculation of reserves contained in this basin, and an understanding of the source rock it self.
Keywords: Source Rock, Oil Seep, Banyumas Basin, Correlation. 
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INTRODUCTION

Background

The Banyumas Basin is a sedimentary basin in 
the South Serayu region and administratively is the 
southern part of Central Java. As is known in Banyu-
mas Basin, quite a lot of oil and gas seep is found 
(Figure 1). The presence of a lot of oil and gas seep 

indicates that the petroleum systems have been active 
because the source rock has matured and migrated a 
small part to the surface to become seepage. There 
are several oil seeps have been identified on the 
surface of Banyumas Basin, including oil seeps in 
Cipari and Besuki, while gas seeps are also quite a 
lot, such as in Mount Wetan, Karanglewas, and also 
Cipari. There are also seepages that arise as a result 
of human intervention, such as the incident in Tipar 
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Kidul Village, Ajibarang, where at a depth of about 
90 meters it released oil, when a refueling station 
drilled a water well. The well was closed in 2010, to 
avoid unwanted things happening. Another incident 
occurred when a farmer drilled a water well in his 
rice field in Sikampuh Village, Kroya, at a depth of 
20 meters spouting gas at a high enough pressure 
for 4 hours.

Five oil wells have been drilled for oil and gas 
exploration in Banyumas Basin but have not found 
economic reserves (Purwasatriya et al., 2019). There 
is no significant evidence up to now that this basin 
produces hydrocarbons. The exploration drilling 
that has failed are wells Jati-1, Karang Nangka-1, 
Karang Gedang-1, Tjipari-1, and Mount Wetan-1. 
This failure does not mean that there is no economi-
cally viable hydrocarbon in Banyumas Basin, but a 
new view of the geological setting is needed. Further 
research about this basin is needed. Setiawan et al. 
(2019) also stated that the Pemali Formation is as-
sumed to be a potential source rock, while Gabon, 
Rambatan, and Kalipucang Formations are assumed 
to be hydrocarbon reservoir rocks in Banyumas Ba-
sin. The geochemical analysis does show a fair TOC 
value containing carbon, immature Tmax, and tends 
to produce gas (type III kerogen).

The source rock is one of the main problems in 
petroleum systems in Banyumas Basin. The prob-
lems include the content of organic material and 
the maturity level of the parent rock, so the level of 
organic material richness and maturity of the source 
rock needs to be investigated further. Several pre-
vious researchers, including Noeradi et al. (2006) 
have conducted research related to source rock for 
Banyumas Basin and its surroundings, namely ana-
lyzing rock samples from the Halang and Pemali 
Formation from Majenang and Bumiayu areas. The 
results of the study stated that the sample had an 
average TOC (Total Organic Carbon) below 0.5%. 
However, this is the result of surface samples that in 

Figure 1
Examples of oil seepage in Cipari and gas seepage in 

Karanglewas, Jatilawang, Banyumas.

general have undergone leaching or biodegradation, 
so the results still need to be validated from other 
data such as data from drilling wells or outcrop data 
that are still in fresh condition.  The existence of this 
research is expected to be able to add the geological 
data, especially hydrocarbon geochemical data in 
Banyumas Basin, so that it can provide evidence of 
the prospect and calculation of reserves contained in 
this basin, in addition to increasing self-confidence in 
understanding the source rock in Banyumas Basin.

Geological Setting

 The Stratigraphy of Banyumas Basin was pub-
lished by Lemigas (2005) in which the stratigraphic 
arrangement from oldest to youngest is as follows: 
The Gabon Formation is the oldest formation ex-
posed in Banyumas Basin, which is predominantly 
composed of volcanic breccias, then the Kalipucang 
Formation in the form of reef limestones and clastic 
limestones that surrounded with the Pemali Forma-
tion, which consists of gray-black claystone with 
sandstone inserts. The Rambatan Formation consists 
of sandstone with claystone inserts, the Halang For-
mation consists of turbidite deposits with alternating 
sandstones with claystone and limestone, the Kum-
bang Formation consists of breccias with lava inser-
tions, and the Tapak Formation consists of marl and 
breccia inserted sandstones (Figure 2 ). Lunt et al. 
(2008) stated that the Pemali Formation is younger 
than the Halang Formation, based on research in the 
North Serayu Basin, while Kabul et al. (2012) stated 
that the Pemali Formation in Banyumas Basin which 
is of Late Miocene age (N17-N18) is older than the 
Halang Formation. 

In general, almost all oil and gas seeps in Banyu-
mas Basin are in the Halang Formation (Purwasatriya 
and Waluyo, 2012). Other authors also argue that 
the oil seep sample comes from the Pemali Forma-
tion where oil has undergone secondary migration 
through the northwest-southeast trending joint and 
was found in the Halang Formation (Anil, 2021). 
Other researchers analyzed the relationship be-
tween source rock and oil samples (source rock to 
oil correlation) in four formations, namely Halang 
Formation, Rambatan Formation, Pemali Forma-
tion, and Karangsambung Formation (Figure 3), as 
well as oil samples from the Karang Nangka-1 well, 
Gunung Wetan -1, oil seep in Kali Panjatan, Lawen, 
and Karang Kobar. The results show that the Halang 
Formation has the most similar characteristics to 
the oil samples, but the authors doubt whether the 
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Figure 2
Regional stratigraphy of the South Serayu Basin (LEMIGAS, 2005).

relatively young Halang Formation, namely Middle 
Miocene – Late Miocene, has a sufficient maturity 
level, so it is concluded that the possibility of the 
Wungkal Formation which has similar character-
istics to the Halang Formation but having an older 
age is considered to be the source rock in Banyumas 
Basin area (Subroto, et al., 2007). The oil-to-source 
correlation between oil samples from Jati-1 Well 
(Total Depth of 14,747 feet) and rock formations 
on the surface shows that the oil samples in Jati-1 
Well show similar characteristics to the Eocene Ka-
rangsambung Formation with a marine environment. 
shallow (Subroto et al., 2008). The rapid deposition 
of the volcaniclastic system in the magma arc will 
make the organic material preservation system better 

and the very thick volcaniclastic sediment will make 
the geothermal gradient sufficient to ripen the parent 
rock at the bottom (Purwasatriya et al., 2018). The 
rapid and thick deposition of the sediment is caused 
by the type of volcanic arc flexure basin where the 
basin is limited by the presence of a volcanic arc 
in the middle of the sea. The implications for the 
source rock are mainly in the intensity of heat in 
the basin and thick volcaniclastic deposition, all 
of which affect the maturity level of hydrocarbons 
(Purwasatriya et al., 2019). Based on this, Banyumas 
Basin is estimated to have 2 (two) potential source 
rocks, specifically from Karangsambung Formation 
(Paleogene host rock) and the lower Halang Forma-
tion (Neogene source rock).
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Figure 3
Analysis of partial mass chromatogram m/z-191 which shows the distribution of the hottest tricyclic and pentacyclic and 

partial mass chromatogram m/z-217 which shows the distribution of steranes in the sample (Subroto et al., 2007).

Figure 4
The map of lithology and oil seep, in Cipari, Besuki, and Karangsambung, Banyumas Basin.
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METHODOLOGY

Several geochemical analyses were carried 
out on surface samples (outcrops) in Besuki and 
Karangsambung areas, including analysis of total 
organic carbon (TOC), rock eval pyrolysis (REP), 
and kerogen type. Meanwhile, analysis of gas chro-
matography (GC) and gas chromatography/mass 
spectrometry (GC/MS) was carried out on surface 
samples and oil seep. All sample analyses were 

Peters and Cassa (1994), which is then modified as 
in Table 3. TOC is the amount of organic carbon 
stored in rock expressed as a percent by weight of 
the dry rock. Sedimentary rock can be source rock if 
it has a minimum TOC value. This TOC parameter is 
used at an early stage to determine the potential for 
hydrocarbons in rock before proceeding to the next 
stage of analysis. TOC measurements were carried 
out and continued with rock eval pyrolysis (REP) 
if the rock contains a TOC of more than 0.5, while 
other analyses was the type of kerogen. Sample char-
acteristics are shown on the GCMS profile, including 
organic matter content and source facies. 

The quality of organic matter must also be the 
next determining parameter, which is a determinant 
of the basic properties of oil and gas products, which 
is referred to as kerogen. The concentration is owned 
by the five main elements: carbon, hydrogen, oxygen, 
nitrogen, and sulfur. This is a determinant to identify 
the type of kerogen. The method used to classify the 
type of kerogen is to use a graph of the value between 
hydrogen (HI) and oxygen (OI) known as the Van 
Krevelen diagram (Peters and Cassa, 1994). In the 
final stage of the study, the correlation was carried out 
between the two oil seeps (OS-1 and OS-2) and the 
extract samples (LP-11). One method of geochemi-
cal correlation is to compare biomarkers in source 

carried out at the geochemical laboratory of PT. 
Geoservices. The standard method used is interna-
tionally recognized according to ISO 9001:2015. The 
data for all analyzed samples can be seen in Table 1, 
and the sample locations map is shown in Figure 4, 
while the peak identification of the chromatogram 
can be seen in Table 2. The general standard that 
can be used as an indication of source rock potential 
is the TOC value scale for sedimentary rocks from 

Table 1
Sample identification

rock and oil samples. Several types of biomarkers 
used include normal alkanes, sterane, and triterpane. 
Sterane biomarkers will indicate the source facies. 
Each source rock and oil sample was plotted for 
correlation purposes, so the results of plotting will 
show whether the samples are correlative or come 
from different sources. Triterpane tricyclic patterns 
can also indicate source facies. The correlation can 
be done by indicating the origin of organic material 
and source facies with the identification of tricyclic 
triterpane patterns from source rock and oil samples. 
A positive correlation may or may not indicate a 
relationship between samples, while a negative cor-
relation will provide strong evidence that there is a 
lack of relationship between the samples (Peters et 
al., 2005).

RESULTS AND DISCUSSION

Based on the TOC value of the FS-1, FS-2, and 
FS-3 samples, the range of TOC is 0,19-0.55, which 
are considered bad values. The analysis did not con-
tinue to the next step based on these TOC values. The 
oil seeps (OS-1) from Cipari and LP-1 (OS-2), and 
the extract sample (LP-11) were analyzed (Table 1) 
using capillary gas chromatography (GC) and gas 
chromatography-mass spectrometry (GC-MS). The 
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Table 2 
Labels used for peak identification in mass chromatograms
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Table 3
Classification of TOC, REP, and VR according to Peter and Cassa (1994)

oil seep sample has been characterized and inferred 
as the expected source rock facies in Banyumas Ba-
sin, Centre of Java. The characterization of the oil 
seep sample was determined by GC-MS chromato-
grams to conclude the input of organic matter and 
its depositional environment. The oil seep sample 
was first analyzed using the GC technique, presented 
in Figures 5 and 6.  Based on GC traces, it can be 
seen in Figures 5 and 6, that crude oil from Cipari 
and Besuki locations has reflected a severe biodeg-
radation process to reach level 5 biodegradation. 

This can be seen by the loss of n-alkanes and some 
partial removal of the isoprenoids in the GC traces. 
(Wenger and Isaksen, 2002). A characteristic feature 
of biodegraded oil is visualized by the presence of a 
hump in the GC traces, which indicates the presence 
of a complex mixture of unsolved branched/cyclic al-
kanes (Sutadiwiria et al., 2018). Other similar reports 
about crude oil indicate that the oil source contains 
bicadinane resin significantly, which also shows the 
contribution of fluvio-deltaic organic material (Suta-
diwiria et al., 2017). GC and kerogen analysis were 
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Figure 6
Whole oil chromatograms showing representative GC oil seep from OS-2, Besuki, Banyumas Basin

Figure 7
Whole oil chromatograms showing representative GC oil seep from extract sample LP-11, Besuki, Banyumas Basin
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Figure 5
Whole oil chromatograms showing representative GC oil seep from OS-1, Cipari, Banyumas Basin

also performed on the extract sample (LP-11). The 
pristane/phytane ratio is moderate (2.39), indicating 
that the source rock was deposited in the source facies 
of marine algae under suboxic conditions (Figure 7). 
Low Hydrogen Indices (41-42) suggest the presence 
of mainly gas-prone kerogen (Type III/IV, Figure 8). 
A more detailed analysis of the GC-MS techniques 
was carried out in order to evaluate the composition 
of the high molecular weight hydrocarbon (triterpene 
and sterane) biomarkers, using m/z 191 and m/z 
217 mass chromatograms for triterpane and sterane 
biomarkers respectively. Typical m/z 191 and m/z 
217 mass chromatograms of’ the oil seeps and the 

extracted sample are shown in Figure 9 (a-f), with 
peak assignments in Table 2.  The peak pattern of 
the sterane indicates the origin of the organic mate-
rial is terrestrial and coupled with the presence of 
impurities from other compounds such as bicadinane. 
The abundance of these compounds in the oil seep 
samples indicates the presence of clay-rich sedi-
ments in the source rock. The sample is dominated 
by triterpane derived from higher plants. The abun-
dance of the 18α(H)-oleanane and bicadinane (C30 
resin-derived cycloalkanes annotated R) are present 
in relatively high amounts. 
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Figure 8
Modified Van Krevelen Diagram of Hydrogen Index Vs. Oxygen Index

Ion 191.00(190.70 to 191.70):Univ Trisakti LP1 Oilseep SAT.D\data.ms

Figure 9a
GCMS results in the form of m/z 191 showing the distribution of oil seep Cipari (OS-1), Banyumas Basin. See Table 2 

for the key to labels.
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Figure 9b
GCMS results in the form of m/z 191 showing the distribution of oil seep LP-1 (OS-2), Banyumas Basin. See Table 2 

for the key to labels.

Figure 9c
GCMS results in the form of m/z 191 showing the distribution of extract sample LP-11, Banyumas Basin. See Table 2 

for the key to labels
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ion 217.00 (216.70 to 217.70): Univ Trisakti Oilseep Cipari SAT 280122.D

Figure 9d
GCMS results in the form of m/z 217 showing the distribution of oil seep Cipari (OS-1), Banyumas Basin. See Table 2 

for the key to labels

ion 217.00 (216.70 to 217.70): Univ Trisakti Oilseep Cipari SAT 280122.D

Figure 9e
GCMS results in the form of m/z 217 showing the distribution of oil sample LP-1 (OS-2), Banyumas Basin. See Table 2 

for the key to labels
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Figure 9f
GCMS results in the form of m/z 217 showing the distribution of extract sample (LP-11), Banyumas Basin. See Table 2 

for the key to labels

These components are considered to be specific 
for resinous, higher plant input to Tertiary-sourced 
oils throughout Southeast Asia (Cox et al., 1986; 
Grantham dkk., 1983, Sutadiwiria et al., 2018). Ac-
cording to Huang and Meinschein (1979), C27 sterols 
are mainly derived from algae, while C29 sterols are 
usually associated with higher plants. Figure 10 
shows a ternary diagram of the relative abundance 
of sterane (C27-C29) in Cipari and Besuki areas. Oil 
seep samples at both locations showed a relatively 
higher proportion of C27 sterane (38.24% - 42.77%) 
compared to C28 (29,55% – 35,91%) sterane and C29 
(25,85% - 27,68%) sterane. This reflects the signifi-
cant contribution of aquatic algal organic matter with 
a small contribution from terrigenous organic matter 
(Peters et al., 2005). 

Plots of the sterane distribution on the Huang 
and Meinschein paleoenvironment diagrams show 
that the oil seeps are located in an “open marine – 
estuary or bay” region. The distribution of regular 
sterane (m/z 217) for the extracted sample showed 
the dominance of C29 sterane (R) (72,75%) compared 
to the C27 form (22,33%). This implies a significant 
contribution of terrestrial organic matter, with minor 
algal contributions to the source rock (Moldowan et 
al., 1994, Figure 10). The plot of the sterane distribu-
tion on the Huang and Meinschein ternary diagrams 
shows that the extract is located in the “terrestrial” 

region. Finally, oil to oil and oil to source rock cor-
relations exercise were carried out to include both 
oil seeps (OS-1 and OS-2) and one extract bitumen 
(LP-II). The correlation was carried out based on GC, 
GC-MS (terpane and sterane), and tricyclic terpane. 
The GC traces of both oils are heavily biodegraded 
hence correlation based on GC cannot be obtained.

The distribution of sterane data for both oils 
generally has a similar significant contribution of 
terrestrial organic matter in the original source rock 
facies, whilst the extract LP-II is of mixed terrestrial 
and marine algal (Moldowan et al., 1985).  Both oil 
seep samples (OS-1 and OS-2) and extract (LP-II) 
contained high bicadinane (R (resin) annotation) and 
oleanane indicating both extract and oils to have an 
input of Tertiary-sourced higher plant (Figure 9a-f). 
Based on tricyclic terpane peaks A-L on m/z 191, 
organic facies of both oil seeps are derived from 
terrestrial dominant environments that produced 
tricyclics dominated by C19-C21 (BD). The ratio of 
C29/C30 hopane shows low values of <1 and high 
ratios of C19/C23 tricyclics (>1), this indicates the 
dominant influence of land plants (Zumberger, 1983, 
Figure 11). This indicates that these oils originated 
from the fluviodeltaic clastic host rock (Moldowan 
et al., 1985). Unlike the source rock extract, having 
low C19/C23 tricyclics (<1), this most likely suggests 
a different depositional environment (Figure 11).
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Figure 10
The carbon numbers of C27, C28, and C29 sterane, the saturated fractions of oil seeps (OS-1 and OS-2), and extract 

(LP-11) on Huang and Meinschein’s (1979) ternary diagram

Figure 11
Tricyclic Terpane Distribution of Oil Seeps (OS-1 and OS-2) and extract sample, Banyumas Basin
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CONCLUSIONS

Based on similarities/differences in the character-
istics of the biomarkers of alkanes, isoprenoids, trit-
erpene, and sterane data, both oil seep samples (OS-1 
and OS-2) shared similar biomarker characteristics 
suggesting positive correlation suggest derivation 
from a mature terrestrial source rock. However, both 
oil seep samples do not show a similarity with the 
extract sample (LP-11). This suggests the oil seeps 
and the extract have negative correlation. Paleofacies 
of rocks that are expected as source rocks are terres-
trial (higher plant), with the contribution of material 
from algae (marine algae). There may be different 
source rocks, from different families in Banyumas 
Basin which come from rocks that are not from the 
Pemali Formation.

GLOSSARY OF TERMS
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