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Article history The Abadan Plain is one of the most prolific basins in southwestern Iran and a part of the
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Accepted: 13 December 2024 Mesopotamian Basin. In recent years, exploring new hydrocarbon resources in the region and the
Keywords: occurrence of shared oil fields in this region necessitates comprehensive geological and geochemical
Rock-Eval pyrolysis, evaluations. Despite the significance of the Garau Formation as a key source rock in this region, no
Hydrocarbon potential, Source ) ) ) o ]
rock, Mineral matrix effect, detailed study has yet been conducted to evaluate its hydrocarbon generation potential in the Jufair field.
Jufair oil field. This study investigated the geochemical evaluation of the Garau Formation as a candidate source rock
E "k in the Jufair oil field in northern Abadan Plain. For this purpose, Rock-Eval pyrolysis analysis was
S e conducted on 14 cutting samples to assess the quantity, quality, and thermal maturity of organic matter.
The results indicated that the Garau Formation has an average total organic carbon (TOC) content of 2.2
wt.% and an average hydrogen index (HI) of 303 mg HC/g TOC, which is dominantly composed of
mostly marine-type organic matter (i.e., Type Il kerogen) with slightly terrestrial organic matter (i.e.,
Type 11 kerogen). Hence, the Garau Formation was classified as a good to excellent source rock in the
Jufair oilfield. Also, the average thermal maturity of the Garau Formation is equal to the vitrinite
reflectance of 0.8%, which implies the peak of the oil window. The matrix effect and inert organic carbon
in the Garau Formation were also examined by plotting S, versus TOC and drawing a regression line.
The results showed that the matrix can absorb a significant amount of generated hydrocarbons, equal to
2.5 mg HC/g Rock, highlighting the mineral matrix has an essential role in the geochemical nature of the
formation. This study emphasizes that the Garau Formation has played a vital role in charging the
overlying reservoir formations in the Jufair oil field.
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Introduction

Organic geochemistry is widely acknowledged as a
critical discipline in optimizing the exploration and
development of hydrocarbons worldwide. It plays a key
role in hydrocarbon reservoir exploration, modeling
petroleum systems, studying different oil families and
their source rocks, investigating reservoir continuity, and
reconstructing hydrocarbon migration pathways (Hunt et
al., 2002). It is crucial to carefully evaluate the petroleum
system elements, including source rock, reservoir rock,
cap rock, and the influencing processes such as
generation timing, migration, and trapping mechanisms

of hydrocarbons, to investigate the hydrocarbon potential
of a region (Tissot and Welte, 2013). Rock-Eval
pyrolysis is the most widely used method to evaluate the
generation potential and thermal maturity of organic
matter in different source rocks. It also provides valuable
information about the quantity, quality, maturity, and
remaining potential of candidate source rocks
(Hunt,1996).

The Abadan Plain, located in the southwestern Zagros
fold-thrust belt (ZFTB), is a highly promising target area
due to its significant oil and gas reserves (i.e., over 56
billion barrels of oil and 35 trillion cubic feet of gas)
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(Motiei, 2010). However, despite the high importance of
the region, limited studies have been conducted
compared to the Dezful Embayment. Previous studies in
Iran and the Mesopotamian Basin in Iraq have shown that
the Garau and Sergelu formations have appropriate
potential and maturity and can be considered as the
primary source rocks for the oil and gas reservoirs in the
Abadan Plain (Abeed et al., 2011; Zeinalzadeh et al.,
2015).

In this study, due to the significance of the Garau
Formation as a critical source rock in the Abadan Plain,
its hydrocarbon generation potential was evaluated in the
Jufair oilfield. The samples from the shaly layers of the
Garau Formation were analyzed using Rock-Eval
pyrolysis to characterize the quantity, quality, and
thermal maturity of the organic matter after initial quality
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control of the data. The impacts of the mineral matrix and
inert organic carbon on the geochemical parameters were
also investigated.

Geological Setting

The Abadan Plain is part of the Mesopotamian Basin
(Fig. 1) and is situated southwest of the Dezful
Embayment (Alavi, 1994, 2004; Fard et al., 2006). The
Abadan Plain extends approximately 26,500 km2,
incorporating offshore and onshore areas. This area is a
low-relief  depositional  floodplain, predominantly
covered by recent alluvium (Fard et al., 2006). This study
focuses on the geochemical evaluation of the Garau
Formation as the most critical source interval in the study
area.
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Fig. 1. Geographical location of the Abadan Plain and Jufair oil field

Materials and Methods

Fourteen cutting samples of the Gurau Formation
were collected from exploratory well No. 4 in the Jufair
oilfield, located in the Abadan Plain, for the source rock
evaluation. The studied samples were analyzed by the
Rock-Eval 6 apparatus (Vinci Technologies) at the
Research Institute of Petroleum Industry (RIPI) in Iran.
The Rock-Eval pyrolysis involves temperature-
programmed heating of a small amount of rock (i.e., 70
mg) in an oxygen-free atmosphere (i.e., nitrogen). The
generated liquid hydrocarbons are recorded as S: (free

hydrocarbon; mg HC/g rock), S, (cracked hydrocarbon;
mg HC/g rock), and Ss (derived from oxygen-containing
organic molecules; mg CO2/g rock) peaks in pyrolysis
oven and, S (residual carbon) and Ss (mineral carbon)
peaks in the oxidation oven. Additional key parameters
measured include Tmax, the hydrogen index (HI), and
the oxygen index (Ol) (Behar et al., 2001).

Results and Discussion
The S: versus TOC curve discriminates migrated
hydrocarbons and contaminants from indigenous
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hydrocarbons (Hunt,1996). The results showed that some
of the studied samples were contaminated with
nonindigenous hydrocarbons (Fig. 2. a). The samples
were washed with an organic solvent to remove these
contaminants and avoid their influence on the
geochemical analyses (Fig. 2. b). Once the accuracy of
the Rock-Eval pyrolysis results for the studied samples
was confirmed, a geochemical assessment of the Gurau
Formation, including the quantity, quality, and maturity
of the organic matter, was performed. The first step in
evaluating the hydrocarbon potential of the studied
formation is to determine its total organic carbon (TOC)
content (Peters, 1986). The total organic carbon content
of the Garau Formation ranges from 0.68 to 9.4 weight
percent, covering a fair to excellent quantity. Since the
TOC values in most samples are above 1 %wt, it
indicates that this formation has significant hydrocarbon
potential.

Evaluations indicate that the quantity of organic
matter in the Garau Formation is appropriate, and the
quality of organic matter must also be evaluated to
determine its hydrocarbon generation potential. In the
analyzed samples, S, ranges between 2.01 and 11.01 mg
HC/g rock, indicating a fair to good potential for the
Garau Formation. Based on the S;+S; (production
potential) versus TOC plot (Fig. 2. c¢), the present
production potential of the Garau Formation is
categorized as fair to good (Dembicki Jr, 2009). A
commonly used method for classifying organic matter
based on Rock-Eval pyrolysis data involves plotting the
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hydrogen index (HI) versus the oxygen index (OI) (Fig.
2. d) (Hunt,1996). Hydrogen index values in the Jufair
oilfield range from 117 to 437 mg HC/g TOC, indicating
a combination of Type II/lIl kerogen for the Garau
Formation.

Additionally, three samples from the Garau
Formation, located at depths of more than 5200 meters,
with hydrogen index values of 50-200 mg HC/g TOC.
Therefore, the Garau Formation generally contains a
mixture of Type Il/111 and Type Il kerogens. The thermal
maturity of the Garau Formation was determined based
on Tmax, PI, and vitrinite reflectance. In the analyzed
rock samples, Tmax values range from 431°C to 449°C,
with an average of 442°C. The equal vitrinite reflectance
was estimated for 14 samples, yielding an average value
of approximately 0.8 %. According to the HI versus
Tmax plot (Fig. 2. e) and equal vitrinite reflectance, the
thermal maturity of the organic matter in the Garau
Formation is identified as being at peak oil generation.

Using the variation of S, versus TOC, the absorbed
proportion of organic carbon by mineral matrix can be
assessed. ldeally, the regression line for the samples
should pass through the origin of the coordinate system;
however, except in specific and rare instances, the
regression line is typically positioned far from the origin
(Dahl et al., 2004). In the S; versus TOC plot (Fig. 2. f),
the intersection of the regression line with the S; axis is
2.5, indicating a significant influence of the mineral
matrix on the pyrolysis results.
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Fig. 2. a) Migration index plot used to assess sample contamination before washing with an organic solvent; b) after washing with
an organic solvent (adopted from Hunt,1996); c) S1+S, vs. TOC diagram for evaluating the hydrocarbon potential (adopted from
Dembicki Jr, 2009); d) HI vs. Ol plot for determining type of kerogen (adopted from Hunt,1996); e) HI vs. Tmax plot (adopted from
Abeed et al., 2011); f) TOC vs. S, diagram determining the inert and adsorbed carbon content of the Garau Formation samples

Conclusions

Geochemical studies of source rocks, as a key element
in petroleum system evaluation, play a significant role in
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understanding the hydrocarbon potential of sedimentary
basins. In this study, the Garau Formation was
investigated as the potential source rock for the Jufair oil
field, and geochemical analyses were conducted using
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Rock-Eval pyrolysis on 14 drilling cutting samples. The
results indicate that the Garau Formation exhibits a
hydrocarbon generation potential ranging from moderate
to good. Hydrogen Index (HI) values vary between 117—
437 mg HC/g TOC. High HI values in depths of 4700 to
5100 meters indicate a dominance of marine organic
matter and the presence of Type Il kerogen; however, the
decline in HI at depths exceeding 5200 meters suggests a
shift to Type 111 kerogen and increased thermal maturity.
Thermal maturity evaluation of the Garau Formation
based on Tmax, production index (PI), and equal vitrinite
reflectance showed that the thermal maturity increases
with depth, indicating a transition of the sediments from
early to intermediate stages of thermal maturity. These
findings are consistent with the estimated vitrinite
reflectance data.

In conclusion, the obtained results suggest that the
Garau Formation has favorable organic richness,
appropriate thermal maturity, and relatively good
hydrocarbon generation potential in the Jufair oil field.
These characteristics make the Garau Formation a crucial
element of the petroleum system in the Abadan Plain,
emphasizing its vital role in supplying hydrocarbon
resources in the Jufair field.
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Fig. 1. Geographical location of the Abadan Plain and Jufair oilfield.
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Fig. 2. Stratigraphic column of the Abadan Plain Basin (Atashbari et al., 2018).
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Table 1. Results of Rock-Eval pyrolysis after washing with an organic solvent.

No. Sample Depth Formation Field S1 S2 TOC Tmax HI ol Pl S1/TOC  Mineral C
ID (m) Name
1 S-1 4692 Garau Jufair 0.24 4.5 1.33 436 337 116 0.29 0.18 6.69
2 S-2 4702 Garau Jufair 0.15 3.82 0.89 445 430 117 0.19 0.17 9.21
3 S-3 4710 Garau Jufair 0.17 3.7 1.17 437 315 130 0.22 0.15 6.74
4 S-4 4718 Garau Jufair 0.13 3.41 1.09 431 312 97 0.17 0.12 5.98
5 S-5 4756 Garau Jufair 0.09 3.18 0.85 440 373 76 0.12 0.11 7.71
6 S-6 4764 Garau Jufair 0.12 2.37 0.72 438 328 98 0.17 0.17 8.55
7 S-7 4778 Garau Jufair 0.13 4.63 1.53 444 303 75 0.16 0.08 8.47
8 S-8 4786 Garau Jufair 0.09 2.01 0.68 440 296 88 0.13 0.13 9.17
9 S-9 4798 Garau Jufair 0.14 3.11 0.73 442 428 96 0.19 0.19 9.25
10 S-10 5194 Garau Jufair 0.13 5.48 1.26 445 437 115 0.15 0.10 8.74
11 S-11 5202 Garau Jufair 0.16 4.68 1.62 446 289 82 0.19 0.10 7.70
12 S-12 5208 Garau Jufair 0.12 6.88 4.27 448 161 28 0.14 0.03 6.96
13 S-13 5214 Garau Jufair 0.16 11.01 9.4 449 117 14  0.17 0.02 7.10
14 S-14 5218 Garau Jufair 0.18 6.81 5.63 446 121 20 0.21 0.03 7.72
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Fig. 3. a) Migration index plot used to assess sample contamination before washing with an organic solvent; b) after washing with

an organic solvent (adopted from Hunt, 1996).
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