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Introduction

The Abadan Plain in southwestern Iran is part of the
Zagros sedimentary basin, Iran's most productive
petroleum basin. Despite its estimated reserves of
56 billion barrels of oil and 35 trillion cubic feet of
gas [ 1], it remains relatively understudied. Moreover,
several petroleum systems from different geological
periods are active in the Zagros sedimentary basin.
In addition, studies have identified five petroleum
systems with different geological ages: Paleozoic,
Middle Jurassic, Upper Jurassic, Lower Cretaceous,
and Middle Cretaceous to Lower Miocene. Together,
these petroleum systems account for 8% of the
world's oil reserves and 15% of the world's gas
reserves [2]. Furthermore, the concurrent operation
of these petroleum systems has resulted in forming
different oil families within this basin [3]. One of
the petroleum systems from the Lower Cretaceous is
characterized by the organic-rich shales of the Garau
Formation, which serve as the source rock for this
system. In addition, the Garau Formation is a well-
known source rock in the Abadan Plain due to its
unique lithological features, substantial thickness, and
extensive distribution throughout the Zagros basin [4].
Furthermore, the Sargelu Formation, which contains
type II-S kerogen and exhibits high thermal maturity,
is another significant source rock in the petroleum
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systems of the Abadan Plain [5]. Consequently, the
varying contributions from these two source rocks
have led to forming different petroleum families
with distinct geochemical characteristics in the
Abadan Plain. Despite extensive studies conducted
on the petroleum systems of the Abadan Plain and the
identification of the Garau and Sargelu formations as
the region's main source rocks, the detailed analyses
of oil families in some oil fields, especially the Jufair
field, have not been performed. The primary objective
of this paper is to investigate the oil families of the
Ilam and Fahliyan reservoirs in the Jufair field using
biomarker data. Therefore, an initial oil-oil correlation
will be performed on these reservoirs, then the
geochemical characteristics will be examined. Finally,
the pyrolysis and biomarker data were employed to
determine candidate source rock for the defined oil
family, and perform an comprehensive oil-source rock
study.

Materials and Methods

Two oil samples from Ilam and Fahlian reservoirs and
two source rock samples from the Garau Formation
were selected for biomarker studies. In addition, 14
rock samples from the Garau Formation were selected
for Rock-Eval pyrolysis. Moreover, asphaltenes were
precipitated from oils and extracted bitumen from rock
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samples using excess n-hexane, followed by filtration.
Furthermore, the deasphalted oil (maltene) was then
fractionated using column chromatography into saturates,
aromatics, and polar compounds (NSO) by eluting with
n-hexane, elution benzene, and methanol, respectively.
Gas chromatography (GC) and gas chromatography-
mass spectrometry (GC-MS) analyses were performed
on the obtained fractions. In addition, GC analysis of
the saturate fraction was conducted using an HP 5890
gas chromatograph to identify normal alkanes and
isoprenoids. The instrument was equipped with a DB-1
capillary column (30 mx 0.25 mmx 0.25 mm) and a
flame ionization detector (FID). Moreover, the detector
temperature was set at 300 °C, and helium gas was
used as the carrier gas at a flow rate of 1.6 mL/min.
Furthermore, the column temperature was programmed
to begin with an initial isothermal hold at 80 °C for 5
minutes, followed by a ramping rate of 5 °C/min until
it reached a final temperature of 310 °C, where it was
maintained for an additional 20 minutes. Moreover, GC-
MS analysis using a Shimadzu QP2010SE instrument
operated in selected ion monitoring (SIM) mode was
performed on the saturate and aromatic fractions of
crude oil to determine saturate biomarkers and aromatic
hydrocarbons. In addition, the system was equipped with
a DB-1 capillary column (60 m % 0.1 mm x0.25 mm),
and helium was used as the carrier gas. Also, the column
temperature program was set as follows: starting at
80 °C, the temperature was increased to 150 °C at a rate
of 20 °C/min, then further raised to 320 °C at a rate of
2 °C/min, and held at 320 °C for 60 min.

The pyrolysis analysis of 14 rock samples from the
Garau Formation was performed using RockEval 6
(Vinci Technologies) to evaluate the geochemical
characteristics of the source rocks.

All analyses were performed at the Research Institute
of Petroleum Industry (RIPI), Iran.

Results and Discussion

Oil Biomarker Data

The biomarker fingerprints of source rock and crude
oil are influenced by organic matter input, depositional
environment, lithology, age, and the maturity of
the source rock [6]. In 1993, Peters and Moldowan
mentioned that all oil samples with (Pr/Ph) ratios
<1.0 were likely deposited under anoxic conditions
[7]. Moreover, the Pr/Ph ratio in the studied samples
is less than 1.0 (with an average of 0.67), indicating
reducing conditions in the sedimentary environment of
their source rock. In addition, the reducing conditions
of the sedimentary environment are also confirmed by
the Pr/C, and Ph/C ; values (Fig. 1a). Furthermore,
the low Pr/Ph ratio, combined with the relatively high
C,,S/C, S ratio, indicates that the oils were generated
from euxinic carbonate or marl source rocks [8]. The
predominance of short and medium-chain alkanes over
long-chain alkanes, and the predominance of n-C_,
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indicates a substantial contribution of marine organic
matter to the source rock. The low terrigenous aquatic
ratio (TAR) values (0.25-0.38) also indicate marine
organic matter [6]. In addition, terpane and sterane
distributions support the role of marine organic matter
in the studied oils (Fig. 1b). The higher abundance of
C,, sterane compared to C,, and C, steranes indicates
a greater presence of marine organic matter relative
to terrestrial organic matter in the source rock of the
Ilam and Fahlian reservoirs [9]. The low values of C,/
C,, (0.20-0.31) and C,/C,, (0.38-0.54) for tricyclic
terpanes [6], along with the high values of C,/C,
tricyclic terpanes (0.50-0.69), support the presence
of marine carbonate or marl source rocks. Pr/Ph and
dibenzothiophene/phenanthrene ratios also confirm
this interpretation [10] (Fig. 1c).

The thermal maturity assessment of the studied oil
samples was conducted using terpane and sterane
biomarker ratios, as well as non-biomarker indicators.
The results revealed that the critical biomarker maturity
parameters, including C,; aaa 20S/(S+R) and C,, ofp/
(aao+afp), indicated that the oil samples were generated
at the peak of the oil window (Fig. 1d). Additionally,
non-biomarker maturity parameters, such as the carbon
preference index (CPI), methylphenanthrene index
(MPI), and methyl dibenzothiophene ratio (MDR), also
corroborated the previous results.

Oil-oil and Oil-source Rock Correlation

Oil-oil and oil-source correlation are used to compare
the similarities and differences in the geochemical
characteristics of oil and source rock. To confirm a
genetic relationship, multiple available geochemical
characteristics (biomarkers such as terpanes, steranes,
and isoprenoids; bulk components such as alkanes and
aromatics, etc.) should be interpreted comprehensively
in the context of reasonable geological scenarios [11].
Biomarkers are crucial in delineating petroleum systems
by establishing source rocks and identifying genetically
related oils [6, 12]. In addition, the star diagram of selected
biomarkers from the studied oil samples shows a similar
pattern. However, slight differences may arise from the
contribution of different source rocks in the oil production
of these reservoirs or from lateral changes in the organic
facies of the source rock. Minor variations exist between
the oils of the Ilam and Fahlian reservoirs in the Jufair oil
field (Fig. 1e).Since the Garau Formation is one of the most
significant source rocks in the Abadan Plain region and is
considered a potential source rock in the Jufair field, after
geochemical evaluation of this formation to determine
the type of kerogen, production potential, and thermal
maturity, two samples from this formation were selected for
bitumen extraction and biomarker studies. A comparison
of the biomarker parameters of bitumen extracted from the
Garau Formation with crude oils from the Ilam and Fahlian
reservoirs confirms a genetic correlation between the Garau
Formation and the studied oils (Fig. 11).
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Fig. 1 a) Pristane/n-C . versus phytane/n-C , of the studied samples [10], b) The GC-MS chromatograms of M/Z 191 and 217,
c) Cross plot of the dibenzothiophene/phenanthrene versus pristane/ phytane [ 10], d) Cross plot of C,, steranes offp /(aaa + afi
) versus C,, steranes 20S/(20S+20R), e,f) Star diagram based on source-related biomarker parameters for the studied samples.

Conclusions

The geochemical correlation studies play a crucial role
in investigating the petroleum systems of sedimentary
basins. In this study, the geochemical correlation of
oils from the Ilam and Fahliyan reservoirs in the Jufair
oil field was performed, and the most probable source
rock for these reservoirs was identified. Moreover,

geochemical analyses of the oil samples based on GC
data, biomarker parameters, and aromatic hydrocarbons
from GC-MS analysis indicate that the source rock for
these oils is of carbonate—marl lithology, deposited in
an anoxic marine environment. In addition, biomarker
ratios related to maturity suggest that the studied
oils were generated from a source rock at the peak
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of the oil window. Furthermore, the biomarker star
diagrams show that the Ilam and Fahliyan reservoir
oils overlap substantially. However, minor differences
in specific parameters may reflect contributions
from other formations or variations in organic facies
within the primary source rock during reservoir
charging. Moreover, the geochemical interpretation of
samples from the Garau Formation demonstrates its
suitable generative potential, and in the Jufair field,
it has reached an adequate level of maturity for oil
generation. Furthermore, the Garau Formation exhibits
favorable geochemical characteristics that match those
of the Ilam and Fahliyan reservoir oils, supporting its
identification as the principal source rock for these
reservoirs in the Jufair field. However, contributions
from other formations, such as Sargelu or facies
changes within the Garau Formation, may also be
involved in oil generation for the Ilam reservoir.
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Table 1. GC and GC-MS—derived parameters of bitumen samples from the Garau Formatlon and oils from the Ilam and Fahhyan

reservoirs in the Jufair oil field.

Samples GR-1 GR-2 JF-3 JF-4
Samples Type Extracts Extracts Crude oil Crude oil
Reservoir - - Tlam Fahliyan
Pr/C 0.57 0.46 0.27 0.38
Ph/C 0.69 0.57 0.43 0.47
Pr/Ph 0.53 0.69 0.60 0.87
TAR 0.18 0.07 0.38 0.25
CPI 1.14 1.08 1.12 1.12
Ct/C,t 0.25 0.28 0.20 0.31
CLt/C, t 0.43 0.46 0.62 0.49
C,t/C, t 0.55 0.47 0.38 0.54
C,H/C, H 1.33 1.31 1.39 1.06
Diasterane/sterane 0.44 0.43 0.22 0.36
Gam/C, HR 0.26 0.29 0.33 0.21
C,, sterane % 56.86 57.22 46.70 54.76
C,, sterane % 19.11 18.96 18.86 18.41
C,, sterane % 24.02 23.82 34.44 26.83
Regulare Steranes/C,, Hopane 8.98 9.79 7.28 6.74
Sterane/Hopane 0.79 0.80 0.20 0.54
Ts/(Ts+Tm) 0.49 0.52 0.50 0.58
C,,Dia/(DiatReg) 0.35 0.34 0.20 0.29
C,, app/(aaa+afBp) 0.54 0.53 0.23 0.60
C,, aao 20S/(S+R) 0.50 0.50 0.46 0.48
C,, Homohopanes 8.98 7.93 13.96 13.06
C,, Homohopanes 4.61 4.17 7.03 8.72
C,, Homohopanes 2.68 2.23 4.44 6.17
C,, Homohopanes 1.61 1.28 3.57 4.33
C,, Homohopanes 1.56 1.18 491 3.78
C,HS/C, HS 1.03 1.01 1.23 0.98
1,2,6-TMN/1,2,7- 0.53 0.54 0.56 0.55
1,2,5-TMN 8.03 9.42 7.8 5.36
1,2,7-TMN 2.89 3.41 3.75 2.92
1-MP/9-MP 0.70 0.70 0.55 0.73
MPI-1 0.88 0.87 0.77 0.70
Rc (MPI-1)= 0.6x MPI-1+% 0.93 0.92 0.86 0.82
0.4
MPI-2 1.00 1.02 0.94 0.80
MDR 2.83 3.09 2.00 291
Rec (MDR)= 0.073x MDR+% 0.72 0.74 0.66 0.72
0.51
DBT/Phenanterene 1.16 1.21 2.21 0.98
C +C /¥ TAS 0.48 0.56 0.37 0.42
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Table 2 Rock—Eval pyrolysis results of the studied Garau Formation samples from the Jufair oil field.

No. | Sumple D(ffl’;h Formation | FieldName | S, | S, |TOC| T_ | HI | Ol | PI |S/TOC
1| s | 4692 | Garau Jufair | 024 | 45 | 133 | 436 | 337 | 116 | 029 | 0.8
2 | s2 | 4702 | Garau Jufair | 015 | 382 | 089 | 445 | 430 | 117 | 019 | 0.17
3 | s3 | 4710 | Garau Wfair | 017 | 3.7 | 117 | 437 | 315 | 130 | 022 | 0.15
4 | s4 | 4118 | Garau Jufair | 0.3 | 341 [ 109 | 431 | 312 | 97 | 017 | 0.12
s | ss | 4756 | Garau Jufair | 009 | 318 [ 085 | 440 | 373 | 76 | 012 | 0.11
6 | s6 | 4764 | Garau Jfair | 012 | 237 [ 072 | 438 | 328 | 98 | 017 | 0.17
7 | s7 | 4778 | Garau Jufair | 013 | 463 | 153 | 444 | 303 | 75 | 016 | 0.08
8 | s8 | 478 | Garau Jufair | 0.09 | 201 | 068 | 440 | 296 | 88 | 0.13 | 0.13
9 | s9 | 4798 | Garau Jufair | 014 | 301 [ 073 | 442 | 428 | 96 | 019 | 0.19
10 | s-10 | 5194 | Garau Jufair | 013 | 548 | 126 | 445 | 437 | 115 | 015 | 0.10
1| s | 5202 | Garau Jufair | 0.16 | 468 | 162 | 446 | 289 | 82 | 0.19 | 0.10
12 | s12 | 5208 | Garau Jufair | 012 | 688 | 427 | 448 | 161 | 28 | 0.14 | 0.03
13 | s13 | 5214 | Garau Jufair | 016 | 11.01 | 94 | 449 | 117 | 14 | 017 | 0.02
14 | s14 | 5218 | Garau Jufait | 0.18 | 681 | 563 | 446 | 121 | 20 | 021 | 0.03
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Fig. 14 Comparison of biomarker parameters of crude oil
samples with those of the possible source rock.
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