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Abstract

This study aimed to isolate and identify the oil-degrading bacteria and analyze the origin of the crude oil pool. The oil
samples were collected from the oil pool located at Ukai River, South of Minas field. The bacteria were isolated using the
serial dilution method on nutrient agar media and identified based on the 16 s rRNA gene sequence. Meanwhile, the oil
pool's origin was analyzed using a digital elevation model (DEMNAS) to interpret lineament and drainage patterns and
then supported by subsurface geological data to analyze the migration pathway from the subsurface to the surface. The
identification result revealed three species of the strains L1, L2, and L3 bacteria, which were similar to Klebsiella qua-
sipnumoniae strain 07A044T, Bulkhoderia multivorans strain ATCC BAA-247T, and Moraxella osloensis CCUG350T,
respectively. The analysis of lineaments drainage patterns and supported by subsurface data shows no evidence for the
migration pathway of oil seepage. Meanwhile the gas chromatography, and gas chromatography mass spectrometry
results show that there are similarities between the oil pool and crude oil from the Minas field, but it has experienced
degradation. Based on the results, it can be concluded that the three types of bacteria found in oil pools can be used for
bioremediation because they are able to degrade the oil pool and make it heavy, while lineament analysis cannot confirm
the origin of the oil pool; however, the results of gas chromatography and gas chromatography mass spectrometry show
that the oil pool is proven from the Minas field.
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1. Introduction

The Central Sumatra Basin (CSB), Indonesia, is a
mature sedimentary basin which was first discov-
ered the oil field in 1939, and then the giant Duri
and Minas fields were discovered, and both started
producing in 1944.1,2 Furthermore, oil and gas
exploration continued to find new oil and gas fields,
such as Petapahan, which spudded entirely in 1971,3

and Beruk field in 1976.4,5 The CSB is estimated to
have generated oil and gas with greater potential

than the identified hydrocarbon resources.5 These
include the total original heavy oil potential of 40.6
BBO, and there are seven potential areas for heavy
oil found.6,7

Studying the oil and gas deposits in the CSB is
fascinating since they differ from the typical Indo-
nesian sedimentary basins in that most known de-
posits exhibit seepage at the basin's borders. The
existence of this seepage is closely related to the
presence of oil and gas on the basin scale and to
petroleum generation and entrapment, but has less
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associated with the sub-basin scale.8 The existence
of seepage usually follows lineament trends (faults
and fractures), which are indicated as migration
routes for hydrocarbons reaching the surface.9,10

Lineament is generally related to topographic fea-
tures, such as straight valleys or river flow; shifting
rock formation layers; regular river bends inducible
as straight lines; the relationship between the main
river and its tributaries, which are perpendicular to
each other; the straightness of triangle-facets rows;
and extreme lithological offsets or topographical
changes.11,12 Lineament mapping can be carried out
using Landsat 8 and DEM.11 The random forest
application shows that lineament is an essential
factor for oil and gas exploration.13 Based on this
literature, the origin of oil seeps (oil pools) can be
determined by studying the relationship between
surface structures from Landsat and DEM data and
subsurface structures from literature studies or in-
terpretations of seismic and gravity data.
The literature studies have shown that fewer

studies have reported seepage around the CSB.
Even the systemized surface geology map officially
issued by the Government of the Republic of
Indonesia through the Geological Survey Centre -
Geological Agency, Ministry of Energy and Mineral
Resources does not inform that there is oil and gas
seepage in the basin,14e16 but in the year 2022 was
reported an oil pool, which is located south of Minas
field with an API gravity of 11�.7 The existence of
this heavy oil pool is very interesting for further
study, especially to analyze the types of oil biodeg-
radation bacteria, which are one of the agents for the
formation of heavy oil and the occurrence of oil
pools, whether it occurred by natural processes
called as oil seep or by human activities, which is
referred as oil pool.
The primary and most effective natural method

for removing petroleum hydrocarbon contaminants
from the environment is microbial degradation.
Yeast, bacteria, and fungi are the main bio-
degraders of hydrocarbons in the environment.
Many researchers found that complex combina-
tions of hydrocarbons, like crude oil in the soil,
require heterogeneous populations with generally
broad enzymatic capacity.17e19 A bioremediation
process, defined as the employment of microor-
ganisms to detoxify or eliminate pollutants due to
their wide metabolic capabilities, is an emerging
method for the removal and degradation of many
environmental contaminants.20 Additionally, the
bioremediation method is thought to be relatively
non-invasive and economical.21 Several genera
have been reported to have an important role in the
degradation of heavy oil, such as Acinetobacter

Marinobacter, Achromobacter, Alkaindiges, Arthro-
bacter, Alteromonas, Burkholderia, Dietzia, Strepto-
coccus, Streptobacillus, Enterobacter Mycobacterium,
Pandoraea, Rhodococcus, and Pseudomonas.22 For
instance, Streptomyces spp. isolated from plants
growing in oil-contaminated soil had a hydrocar-
bon utilisation efficiency of up to 98%. These strains
were cultivated on petroleum as a single carbon
source and decomposed the aromatic, PAHs, and n-
alkanes (C6eC30) hydrocarbons at varying levels
within 7 days.23

The existence of these bacterial in the oil pool area
is strongly influenced by environmental conditions
such as temperature, pH, salinity, organic matter,
soil moisture, and nutrients.17 Based on the toler-
ance of oil biodegradation bacteria to temperature, it
can calculate the maximum depth of heavy oil
formed.18 This is because heavy oil is produced as a
result of water washing and/or bacterial biodegra-
dation processed.6 Parameters like surface temper-
ature, temperature gradient, thermal conductivity,
rock density, and geothermal heat movement affect
the subsurface temperature at a specific depth.19

Utilizing bacteria as a biodegradation agent for
bioremediation procedures in areas contaminated
with crude oil is another advantage of bacterial
identification.24,25 Because indigenous bacteria need
carbon for development and reproduction, they
eventually destroy the majority of petroleum hy-
drocarbons found in the environment.22 This study
of petroleum degrading bacteria identification and
the status of oil pool in South of Minas field is
crucial since oil pollution still happens in Indonesia
due to tanker accidents, docking waste, leaks or
breaks in oil pipes, discharge of bilge water and fuel
tanks during the ballasting process, and mishaps
involving oil drilling. Several accidents affecting
coastal areas have been recorded, including the oil
spill on Balikpapan beach,26 the oil spill from the
Montara platform,27 and oil spills that polluted the
Karawang coast and its surroundings.28

To the best of our knowledge, there is practically
no published report related to the oil-degrading
bacteria in the CSB oil pool. Therefore this study
aims to identify oil-degrading bacteria isolated from
the CSB oil pool and analyze the occurrence of the
oil pool based on remote sensing data and subsur-
face data from the Minas field.1,29 In this study, oil-
degrading bacteria were isolated from an oil pool in
the Ukai River, Minas field, then purified and
molecularly identified. Furthermore, the geochem-
ical study of the pool and the digital elevation model
were also examined. The study's results are ex-
pected to be used to explore further heavy oil in the
CSB and utilize these bacteria as potential
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candidates for oil pollutant treatment in order to
reduce pollution naturally.

2. Materials and methods

2.1. Oil pool location

The oil pool was located at coordinates
101.47751�E and 0.64018�N in Ukai River, on the
southern edge of the Minas field, with the surface
condition covered by grass and shrubs. Based on the
subsurface map, the oil pool is located among two
faults in the northesouth (NeS) direction in the
Minas field (Fig. 1). This field formed by the
tensional and wrench fault systems during the
Tertiary.30 The Minas field experienced three tec-
tonic phases, namely the tensional phase in the

Eocene - Oligocene, then changed to trans-tensional
in the Early Miocene - Middle Miocene, and then
the compressional phase in the Middle Miocene -
Present. This tectonic process forms many oil and
gas structural traps, with the geological structure
dominated by NeS and northwest-southeast
(NWeSE) trend.31,32 The NeS trending structure is
the oldest, parallel to the Malaysian structure, while
the NWeSE trending structure is younger and
parallel to the Semangko Fault.33 The two main
structures in this basin were actively moving during
the tertiary time.30

2.2. Oil sample collection

The oil samples for bacterial analysis were carried
out on 25eOctober 30, 2020 from the oil pool around

Fig. 1. General information of study areas, a. the location of the study area in Sumatra Island, Indonesia, b. Oil pool location overlaid on Open Street
Map, c. Crude of oil pool appearance, d. Overlaid between the oil pool and the Subsurface Map Top of Sihapas Formation, and e. Oil pool overlaid
with the Surface Geological Map.
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the Ukai River (Fig. 1c), a tributary of the Minas
River. About 200 cc of oil samples were taken at
coordinates 101.47751�E and 0.64018�N, and stored
in two glass vessels for bacterial, gas chromatog-
raphy (GC), and gas chromatography mass spec-
trometry (GCMS) analysis. The weather conditions
at the time of sampling were sunny and tended to be
hot. The field survey also conducted to identify any
manifestations of existing geological structures,
such as lithological offset, subsidence along the
fault, scarp or cliff, drainage pattern change, and
vegetation types.

2.3. Isolation and identification of bacteria

Bacterial isolation was carried out at the Process
Laboratory, Research and Development Center for
Oil and Gas Technology ‘LEMIGAS‘, while bacterial
identification was carried out at Research Center for
Biology - Indonesian Institute of Sciences (LIPI).
Bacteria were isolated from oil samples using the
serial dilution method using 0.85% sterile NaCl. Oil-
degrading bacteria were isolated by spreading
diluted samples on Luria-Bertani (LB) agar con-
taining 1% tryptone, 1% of yeast extract, 0.5% of
NaCl, and 1.5% bacteriological agar with pH 7. The
plates were incubated at 35 �C until a colony
formed. The isolated bacteria were then purified in
the same media prior to further investigation. The
genomic DNA of each bacterium was extracted
based on the GES method with modification.34 The
16 s rRNA gene sequence was amplified using
universal 16 s rRNA gene primers of 27 F (50AGA
GTT TGA TCC TGG CTC AG 3‘) and 1492 R (5’GGT
TAC CTT GTT ACG ACT T 30).35 The PCR products
were purified using the PEG precipitation method.36

The purified PCR products were used for
sequencing analysis using an automated DNA
sequencer (ABI PRISM 3130 Genetic Analyzer,
Applied Biosystems). The raw gene sequence data
were trimmed and assembled using the BioEdit
program. The assembled sequences were compared
with the 16 s rRNA online gene database EzBio-
Cloud (https://www.ezbiocloud.net/). The se-
quences were aligned with closely related bacterial
species obtained from the database using ClustalW.
The phylogenetic tree was constructed by Neighbor-
Joining Method using MEGA-X software.37

The bacteria that have been identified can be used
to estimate the depth of heavy oil reservoirs based
on their adaptability to subsurface temperatures.
These bacteria can live in oil reservoirs and degrade
them into heavy oil at a maximum temperature of
60 �C.38 The maximum depth can be calculated
using the formula: (max temperature�surface

temperature)/the thermal gradient x 100. Whereas,
the average surface temperature in the Central
Sumatra Basin is 26.67 �C, and the geothermal
gradient is 6 �C/100 m.18

2.4. Geochemical analysis of oil pool

Oil pool geochemical analysis using GC and GC-
MS was carried out at the Geochemical Laboratory,
Exploration Division, Center for Research and
Development of Oil and Gas Technology, ‘LEMI-
GAS‘. GC analysis was carried out at high temper-
ature by injecting a 0.1 mL seepage oil sample into an
Agilent 6890 N GC instrument using a flame ioni-
zation detector (FID) with a DB-1 (J and W)
10 m � 0.21 mm i.d. Capillary column. GC-MS
analysis of the saturate and aromatic fractions was
carried out using an Agilent 6890 N GC by injecting
a 0.1 ml seepage oil sample with the addition of a
Mass Selective Detector (MSD) and computer ap-
plications using Chemstation software. The GC in-
strument column used by the DB-5MS (J and W) has
dimensions of 60 m � 0.25 mm i.d. The automatic
injector is used with the Agilent 7673 type with the
split/splitless method. EM voltage is 1980 V, electron
energy is 70 eV, and the source temperature is
250 �C.39 The GC and GC-MS results were then
compared with Minas Field geochemical data
derived from previous studies.

2.5. Digital elevation model processing and
interpretation

The sources of digital elevation model (DEM) data
were used to assess the origin of seepage from Na-
tional DEM (DEMNAS) with the numbers 0816e54,
0816e63, 0816e61, and 0816e52, and downloaded
from https://tanahair.indonesia,go.id. The geolog-
ical map of the Pekanbaru quadrangle was down-
loaded from https://esdm/go.id/geologi (Fig. 1e).
DEMNAS data processing includes hill-shade,
drainage pattern, and aspect. The parameters for
data processing were carried out with azimuth 0�,
315�, 270�, and 225�, and the altitude parameter was
used 45�, considering that the research area has a
smooth-relief- to hill morphology.
Lineaments were interpreted from a hill shade

using four azimuths of light, revealing complete
data, drainage pattern, and aspect so that detailed
lineament can be identified from various directions
than a single azimuth of light.40 Lineament inter-
pretation was performed manually on hill-shade
images with azimuth light 0�, 315�, 270�, and 225�.
The interpretation was carried out by considering
the understanding of the regional geological
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conditions of the study area and consistently using a
one-hundred-thousandth-scale display. The
drainage pattern is produced by hydrologic and
climatic in an area, regardless of whether they are
permanently occupied rivers or temporary net-
works.41 Regional drainage patterns were controlled
by the topography, type, and thickness of rock
layers or lithology, geological structure, vegetation
density, and climate.42 The aspect was the direction
of the slope orientation, calculated according to the
clockwise direction in degrees from 0�to 360�, where
0� was facing north, 90� was facing east, 180� was
facing south, and 270� was facing west. The results
of the lineament interpretation were used to analyze
potential oil leaking zones around the study area by
examining the relationship between the surface and
subsurface lineament that allow for oil migration
pathways.

3. Result and discussion

3.1. Bacterial identification based on 16s rRNA
gene sequence

Many microorganisms can degrade hydrocarbons
and utilize them as a carbon or energy source. These
three strains were labeled L1, L2, and L3, respec-
tively. Subsequently, taxonomic identities of the
three strains were performed by PCR amplification
and comparing the obtained 16 s rRNA gene se-
quences with the available data in the EzBioCloud
database. Based on the molecular analysis, the three
isolated bacterial strains were similar to Klebsiella
quasipnumoniae, Burkholderia multivorans, and Mor-
axella osloensis for L1, L2, and L3, respectively. Fig. 2
show the constructed phylogenetic tree using
Neighbor-Joining Method.
The L1, L2, and L3 strains were bacteria isolated

from oil samples in the CSB, Indonesia. The 16 s
rRNA gene sequence was 1404, 1368, and 1372 bp
long and deposited in GenBank under the accession
number ON340567, ON340569, and ON340571, for
L1, L2, and L3 respectively. The phylogenetic anal-
ysis indicated that those three strains belonged to
Klebsiella, Bukholderia, and Moraxella genus. Each
strain showed 99.86, 99.71, and 99.13% silimarity to
K. quasipneumoniae subsp. similipneumoniae 07A044T,
B. multivorans ATCC BAA-247T, and M. osloensis
CCUG350T for L1, L2, and L3, respectively (Fig. 2).
Enteric bacteria particularly do not degrade hydro-
carbons as an energy source. However, several
Enterobacteriaceae species, particularly those from
the genera Klebsiella, Enterobacter, Escherichia, and
Hafnia, have been reported capable of hydrocarbon
degradation. For instance, Klebsiella pneumoniae

AOR2 was found to have the greatest potential for
oil recovery via long-chain hydrocarbon degrada-
tion.43 Furthermore, K. pneumoniae AWD5 was iso-
lated from automobile waste-contaminated sites
from Silchar, Assam exhibiting degradation of pol-
yaromatic hydrocarbon (PAH) and stimulating plant
growth, for rhizosphere-mediated bioremediation.
The AWD5 genome also revealed a potential
degradation pathway for polyaromatic hydrocar-
bons, benzoate, phenylacetate, 3-hydroxyphenyl
propionate (3-HPP), and 2- and 3-fluorobenzoates.44

Rodrigues et al. identified four distinct catabolic
genes (todC1, ndoB, xylE, and alkB1) in oil-
degrading Klebsiella strains isolated from hydro-
carbon-contaminated sediments in Santos-S~ao
Vicente estuary systems in Brazil. These genes play
a role in oil degradation.45

Burkholderia multivorans are gram-negative, aero-
bic, nonfermenting bacillus that is found in soil and
water.46 Burkholderia sp. Can use aliphatic and aro-
matic hydrocarbons as primary carbon and energy
sources.47 Many Burkholderia species have plasmids
that contribute to their adaptability and produce
dioxygenase, enzymes required for the initial
oxidation of hydrocarbon chains and aromatic
rings.48e50 This bacterium can also be used as an
indicator to map the deepest reservoirs/traps
bearing heavy oils based on their adaptability to life
at a maximum temperature of 60 �C.18 In the CSB,
calculations show that at this temperature, the depth
reaches around 555.5 m, and the biodegradation
process of crude oil can still occur in the presence of
these bacteria and water contact. Moreover, M.
osloensis is gram-negative bacteria and is considered
a commensal organism on human skin, respiratory
tract, and mucosa.51 This bacteria has previously
been reported to have the potential to be used as a
bioremediation agent for oil-contaminated envi-
ronments due to the strain of SBE01's lipolytic and
lipase activity.52 Kusumo et al. also discovered that
Moraxella sp. bacteria isolated from rivers in
Wonocolo, Bojonegoro, can reduce hydrocarbons to
0.67%/hour during the exponential growth phase.53

Previous research indicates that the genera Kleb-
siella, Burkholderia, and Moraxella can breakdown
hydrocarbons.45,54e56 In general, the microbial oil
degradation process began with the emulsification
of the petroleum pollutant by bacteria-secreted
surfactant. The emulsified hydrocarbon was subse-
quently absorbed by the microorganisms, followed
by active or passive transport and endocytosis
penetrating the cell membrane. In the end, the pe-
troleum hydrocarbon that enters the cell undergoes
an enzymatic reaction with the matching enzyme to
degrade the pollutant.57 Microbial communities
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with high enzymatic capacity can digest complex
hydrocarbons (aliphatics and polyaromatics), and
knowing microbial functional diversity and the fac-
tors influencing microbial functions is vital for
bioremediation investigations.58 Several processes
promote its breakdown, which can be identified by
genes related to their hydrocarbon routes, mono-
oxygenase (alkB1) and dioxygenase (nodB, todC1,
and xylE).58

3.2. Lineament and drainage pattern interpretation

The interpretation results identified 372 linea-
ments with varying lengths between 400 and 4000 m

and then plotted them on a rose diagram (Fig. 3a).
Plotting the results show that the general direction
of lineaments developing in the Minas field and its
surroundings can be grouped into NWeSE, NeS,
and NEeSW directions (Fig. 3a). Lineaments in the
NeS and NWeSE directions correspond to the main
of structures that developed in the CSB, where
structures trending NeS are known as old struc-
tures and NWeSE as young structures.31,32 The
structure in the NeS and NWeSE directions is
rejuvenated by the compression forces and the
extension of the wrench fault system during the
tertiary.31 Lineaments with the NEeSW direction
are thought to have occurred by tectonics in the

Fig. 2. Phylogenetic tree of strain L1, L2, and L3 and closely related species based on 16 s rRNA gene sequence. The calculations were performed
according to the neighbor-joining algorithm (bootstrap number ¼ 1000), and the scale bar represents 0.020 sequence divergence.
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Plio-Pleistocene. The direction of these lineaments
intersects the Minas anticline axis perpendicularly,
so it is thought to be the result of the tectonic
extension forces mentioned above and forms joints
on the surface. It is suspected that the surface line-
aments are not connected to the oil and gas reser-
voirs zone.
The interpretation of the drainage pattern that

developed in Minas shows a dendritic pattern, a
sub-dendritic pattern, and a rectangular pattern.
The dendritic drainage pattern stretches in the
NWeSE direction, surrounded by a rectangular
drainage pattern, and then a sub-dendritic drainage
pattern is found on the southwest and northeast
sides (Fig. 3b). The dendritic drainage pattern
developed in the Minas anticline structure is clas-
sified as a broad and gentle sloping anticline, which
stretches towards the southeast, cut by the Siak
River. This drainage pattern flows in the Petani
Formation, the Minas Formation, and some allu-
vium deposits composed of sandstone, claystone,
mudstone, sand, and gravel. The sub-dendritic
drainage pattern develops in the northeast and
southeast of the study area. This drainage pattern
develops over the Minas Formation and Alluvial
Deposits, composed of sandstone, claystone,
mudstone, sand, clay, and gravel, with a gently
sloping morphology. The rectangular drainage
pattern develops around the Minas anticline

structure, along the Siak River and its tributaries,
from PekanbaruePerawangePekalar. This drainage
pattern dominantly flows over alluvial deposits
composed of sand, clay, and gravel, with a flat
morphology. Human activities with the construction
of irrigation networks for agriculture heavily influ-
ence the drainage pattern in this unit. This result
showed no faults develop in the area.

3.3. The status of oil pool in Minas field

The research area topographically is located at an
elevation of 110 to 10 m above sea level, with slopes
ranging from 0 to 30%, includes flat to moderately
steep slopes.59 The phenomenon of oil seepage is
located on a gentle slope, and at 1 km to north di-
rection, moderately steep slopes are found, with an
elevation difference of 20 m. So, there were no sud-
den changes in elevation, which are believed to be
evidence of a fault. The analysis shows the phe-
nomenon of oil pool on the Ukai river bank is located
in a dendritic pattern, with general shapes, such as
leaves, developing on rocks with relatively the same
hardness that are flat and resistant to weathering.
The surface geology of the study area is covered by
the Petani, Minas, Old Alluvial, and Young Alluvial
Formations, which are composed of sedimentary
rocks, namely sandstone, claystone, gravel, sand, and
shale. Based on this analysis, the study area has a

Fig. 3. The interpretation results of DEMNAS Data, a. Lineaments maps of Minas Area and rose diagram, b. Drainage pattern map.

334 EGYPTIAN JOURNAL OF PETROLEUM 2024;33:328e339



linear relationship between the rock types exposed,
the slopes, and the drainage patterns that develop,
and not found the structure of geology controlled
this area. This result is by the results of the topo-
graphical analysis described in the previous para-
graph, where no faults develop in the area.

Lineament analysis performed on DEMNAS data
by hill-shade processing with light azimuth varia-
tions of 0�, 315�, 270�, and 225� and altitude of light
45� produces three main lineament directions,
namely NWeSE, NeS, and NEeSW. These results
are in accordance with previous research in a

Fig. 4. Chromatogram analysis results, a. GC analysis of Ukai River oil seepage showing loss of light fraction due to biodegradation, b. GCMS
analysis results show a wide distribution of n-alkanes.
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regional study of the CSB. Locally, lineaments with
the NEeSW direction identified intersect perpen-
dicular to the Minas anticline axis.7,11 The subsur-
face map of Top Sihapas in the Minas field shows a
normal fault structure in the NeS and NWeSE di-
rections with a vertical displacement of about 125
feet.1,29 The seismic trajectory with the WeE direc-
tion shows a fault interpretation that indicates a
termination fault in the Petani Formation and does
not reach the surface. Previous research also shows
that the Minas field structure does not have long
and complex faults and is not continuous on the
surface.60 The oil seep phenomenon is located about
3 km from the southern tip of the two normal faults.
Based on the analysis of surface and subsurface

data, it can be concluded that there is no evidence to
support that the oil pool to the south of theMinasfield
is a natural seepage. This result showed the existing
extensional structures are less disturbed, so that very
little seepage occurs, despite high oil reserves. The
lack of seepage was due to the limited inversion and
erosion that occurred in the basin, and not many
lineaments play a role in providing seepage pathways
and closed rock pores.61 Natural seepage often occurs
through faults and fractures, and the seal has been
eroded, causing the reservoir outcrops.62 In general,
seepage intensity is largely controlled by current
tectonics and the timing of petroleum migration.63,64

Seepage is dominant in tectonic features such as
active diapers, faults, and uplifted basin margins at
the sub-basin scale. It is explained further that
seepage rarely occurs in traps buried under a thick,
undisturbed layer of overburden. However, the fault
systems in the subsurface of Minas field tend to be
sealing or a barrier to hydrocarbon migration.65

Geochemical (GC) analysis shows that the oil pool
at the study location has experienced degradation
characterized by the loss of light-chain alkane frac-
tions (Fig. 4a). The GCMS results show that the oil
pool at this location has a wide distribution of
n-alkanes, which have been degraded by microbes
or washed away by rainwater over a long exposure
time (Fig. 4b). The results of the comparison of
biomarker parameters with Minas oil, which have
been studied by the Research Center for Oil and
Gas Technology, LEMIGAS show that the charac-
teristics of the oil pool are similar to those of Minas
oil.66 The results of analysis carried out in previous
research show that the API gravity of Minas's oil is
33�API,67 while the API gravity of oil pools that have
been further degraded is 11�API.68 There is a slight
difference with the oil in the field reservoir due to
the biodegradation process by bacteria that occurs
on the surface resulting in the loss of the light
fraction of the alkane chain.

Based on this study, it can be ascertained that the
oil pool originates from the Minas field. Klebsiella,
Burkholderia, and Moraxella bacteria found in the
oil pool are able to live and degrade light hydro-
carbons into heavy hydrocarbons. The presence of
bacteria is not related to the status of oil pools; the
migrating of the oil to the surface is naturally due to
geological conditions such as the presence of joints
or faults, and it is called an oil seepage. However,
the migrating of oil to the surface in the south of the
Minas field cannot be explained conclusively based
on remote sensing data and is supported by sub-
surface reservoir data from the Minas field.

3.4. Conclusions

According to the study, three bacteria, K. qua-
sipnumoniae strain L1, B. multivorans strain L2, and
M. osloensis strain L3 have been isolated from the
CSB, Indonesia. These three bacteria can break
down heavy oil, making them suitable bioremedia-
tion agents for oil pollution in the soil, notably in
Indonesia. These bacteria can also be used to
explore the potential for heavy oil in the CSB based
on its life characteristics at specific temperatures. If
these bacteria can live at a maximum temperature of
60 �C, then they can degrade crude oil into heavy oil
up to a depth of 555.5 m. Based on the geochemical
data, the crude oil contained in the oil pool is
identical to the oil from the Minas oil field. With
surface geological data in the form of lithology
types, drainage patterns, and lineaments, as well as
surface morphology, the status of the presence of an
oil pool cannot be ascertained when oil flows from
the reservoir through the oil flow paths. In the
future, research on the mechanism of oil degrada-
tion employing these three isolates should be con-
ducted. Furthermore, full genome sequence analysis
is necessary to obtain complete sequence data and
identify probable gene clusters that encode the ca-
pacity for oil breakdown. So it can be applied to
remediation programs in environments affected by
oil spills. These results can also be a guide in
identifying the presence of layers (traps) containing
heavy oil as a result of biodegradation. By
combining it with knowledge of local regional ge-
ology, it is hoped that heavy oil accumulations can
be found in the Central Sumatra basin.
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