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Abstract: This study provides a comprehensive review of the petroleum systems in the Iranian Zagros and Persian Gulf
regions, spanning the Phanerozoic, with the objective of synthesizing geological, geochemical and basin-modelling data to
enhance exploration strategies. Three primary petroleum systems are identified: Paleozoic—Triassic, Jurassic—Cretaceous and
Cenozoic, each characterized by distinct source rocks, reservoirs and seals. The methodology integrates extensive literature
reviews and original geochemical analyses, including Rock-Eval pyrolysis, vitrinite reflectance, biomarker studies, carbon
isotope and kinetic modelling, to assess source-rock maturity, kerogen type and oil-source correlations. The main results
highlight the Paleozoic—Triassic system, driven by Silurian Sarchahan ‘hot shales’, feeding gas-rich Permian—Triassic Dalan
and Kangan reservoirs, sealed by Triassic Dashtak evaporites, but challenged by deep burial and high non-hydrocarbon
content. The Jurassic—Cretaceous system, which contributes more than 50% of Iran’s oil, features the oil-prone Sargelu, Garau
and Kazhdumi source rocks, with reservoirs in the Khami and Bangestan groups, sealed by the Hith/Gotnia and Gurpi
formations. The Cenozoic system, centred in the Dezful Embayment, relies on the Pabdeh source rock, Asmari reservoir and
Gachsaran seal, with significant vertical migration from underlying Mesozoic systems. Chemometric classification of 21 oil
samples revealed three distinct oil families that are genetically linked to these petroleum systems. Family A oils are attributed to
Upper Jurassic—-Miocene source rocks, characterized by a high C,g/C,q regular sterane ratio. Family B oils correlate to Jurassic
or older source rocks, and are classified as high-maturity oils. Family C oils sourced from the Aptian—Albian Kazhdumi

Formation and display biomarker parameters indicative of anoxic marine conditions.
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This study summarizes petroleum systems in the Iranian Zagros and
Persian Gulf, highlighting factors behind major hydrocarbon
accumulations. Decades of exploration spanning from Paleozoic—
Cenozoic successions via numerous well penetrations and surface
analogues provide a robust understanding of the subsurface geology
and petroleum system evolution (Ko 2017; Alipour 2023). Figure 1
depicts the geographical distribution of oilfields and gas fields
sourced from these petroleum systems.

Efficient petroleum systems across the Arabian Plate (Saudi
Arabia, Iraq, United Arab Emirates (UAE) and Oman) result from
ideal elements/processes, their systematic arrangement and the
basin’s vast scale, creating large drainage areas (Stoneley 1990;
Beydoun 1991; Bordenave 2014). Regionally extensive source,
reservoir and seal rocks, combined with large structural closures
timed with peak oil migration, lead to significant accumulations
(Esrafili-Dizaji and Rahimpour-Bonab 2019) (Fig. 2). Stratigraphic/
compound traps are also explored (Mirzakhanian and Hashemi
2022).

The Paleozoic petroleum system is primarily sourced by the basal
Silurian Sarchahan ‘hot shales’ (Fig. 3), feeding Paleozoic and basal
Triassic reservoirs (Esrafili-Dizaji and Rahimpour-Bonab 2013;
Bordenave 2014). These Lower Silurian shales, particularly the
distinctive basal organic-rich (‘hot’) shale unit, are the primary
source of most of Paleozoic-derived hydrocarbons in the North
Africa and Arabian Plate. These shales supply hydrocarbons to both
intra-Paleozoic and basal Triassic reservoirs (Alsharhan and Nairn
1997; Boote et al. 1998; Schenk et al. 2020). Minor contributions
may also come from Carboniferous, Permian Faraghan and Lower
Triassic Kangan source rocks (Sabbaghiyan and Aria-Nasab 2019;
Sfidari et al. 2025). Burial depth (>6000 m) limits pre-Silurian
exploration in the Zagros and Persian Gulf, while in the southern

territories, such as Oman, there has been successful Precambrian
and Lower Paleozoic exploration (Murris 1980; Droste 1997;
Grosjean et al. 2009).

The Mesozoic system accounts for more than 50% of Iran’s oil
(Bordenave and Hegre 2005; Al-Husseini 2007; Esrafili-Dizaji and
Rahimpour-Bonab 2019). Primary sources for this petroleum
system include the Sargelu, Garau, Kazhdumi formations (equiva-
lent to the Hanifa/Diyab, Sulaiy and Nahr-Umr formations in Saudi
Arabia) (Bordenave and Huc 1995; Van Laer er al. 2014;
Vahrenkamp et al. 2015a; Vincent et al. 2015; Alizadeh et al.
2017). Minor sources include Aghar Shale of the Dashtak
Formation, lower Surmeh Shale, and Ahmadi and Gurpi shales
(Bordenave and Hegre 2010; Lasemi and Jalilian 2010; Rabbani
and Bagheri Tirtashi 2010; Alaei et al. 2012; Mashhadi and
Rabbani 2015; Mashhadi et al. 2015a, b; Mirshahani et al. 2017,
Alizadeh et al. 2020). The main reservoir rocks are found within the
Khami Group and the Bangestan Group, while the most effective
cap rocks include the Gotnia/Hith evaporites, as well as the
Kazhdumi and Gurpi marls (Esrafili-Dizaji and Rahimpour-Bonab
2019) (Fig. 3). In addition, intra-formational shaly units can serve as
subordinate seals within the Mesozoic petroleum system (Alsharhan
and Nairn 2003a).

The Cenozoic petroleum system is characterized by the Pabdeh
(source — immature/mature), Asmari (high-quality reservoir) and
Gachsaran (effective seal) formations (Fig. 3) (Bordenave and
Hegre 2010; Alizadeh et al. 2018; Rabbani et al. 2022). The
Cenozoic petroleum system is primarily confined to the Dezful
Embayment; however, substantial volumes of hydrocarbons have
migrated vertically from the underlying Mesozoic system into the
Asmari reservoir through the extensively fractured intervening strata
(Alizadeh et al. 2012b; Kobraei et al. 2019; Rabbani et al. 2022;
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Fig. 1. Map of the Iranian Zagros and Persian Gulf regions showing the studied oilfields and gas fields colour coded by the age of the main producing
reservoir interval: red, Permian—Triassic Dehram Group; pink, Jurassic—Aptian Khami Group; blue, Albian—Santonian Bangestan Group; and yellow,
Oligo-Miocene Asmari Formation and Guri Member. Source: modified after Esrafili-Dizaji ef al. (2013) and Bordenave (2014).

Saadati er al. 2025). This system, yielding more than 43% of
discovered oil, is the most studied system (Bordenave and Hegre
2005; Al-Husseini 2007; Esrafili-Dizaji and Rahimpour-Bonab
2019). The richest Pabdeh Formation source was deposited in the
deep Khuzestan/Lengeh troughs during the upper Eocene—lowest
Oligocene lowstand parts of sequences Pg25 and Pg30 (Piryaei and
Davies 2024). The sandstones and carbonates of the Asmari
Formation are is the key reservoir for the Cenozoic petroleum
system, particularly in Khuzestan and the northwestern Persian
Gulf. The Jahrum Formation and carbonates of the Pabdeh
Formation, as well as the Guri Member of the Mishan Formation,
are secondary reservoirs for this petroleum system (Rastegar Lari
2008; Esrafili-Dizaji and Rahimpour-Bonab 2019; Gholamalian
et al. 2023; Piryaei and Davies 2024). These reservoirs are capped
by extensive evaporitic deposits of the Gachsaran Formation (Fig. 3)
(Bordenave and Hegre 2010; Alsharhan 2014; Maleki et al. 2021).

Hydrocarbon generation from potential source rocks in the
Zagros Basin is significantly influenced by regional heat-flow
patterns (Rudkiewicz et al. 2007). The composition of the generated
hydrocarbons is determined by the kinetic properties of the source
rocks, which govern the breakdown of associated kerogen (Tissot
and Welte 1984; Tegelaar and Noble 1994; Pepper and Corvi 1995).
Recent modelling studies have documented the timing of
hydrocarbon generation from various source rocks in southwestern
Tran (Karimi et al. 2016; Sfidari et al. 2016) and in the Persian Gulf
(Mohsenian et al. 2014; Baniasad et al. 2016, 2017; Alipour ef al.
2017a, 2019). A comprehensive study on source-rock maturation
and the generated and expelled hydrocarbons was recently
conducted as part of the Pearl Initiative Programme of the Persian
Gulf region, which included a detailed 3D modelling study of the
associated petroleum systems (NIOC 2016). This report reviews the

petroleum systems in southwestern Iran and the adjacent offshore
areas, with a particular focus on the remaining resources and
evolving exploration and production trends.

Most accumulations are in NW—SE Zagros structural traps within
the Oligo-Miocene Asmari, Mesozoic Bangestan and Khami groups
and the Permian and Lower Triassic Dehram Group (Beydoun et al.
1992; Atashbari et al. 2018; Esrafili-Dizaji and Rahimpour-Bonab
2019; Vergés et al. 2024). Paleozoic traps are less developed due to
their depth.

Conversely, structural traps linked to north—south orientated
‘Arab’ tectonism and halokinesis of the Infracambrian Hormuz Salt
are more prevalent in the outer regions of the Iranian Zagros and the
Persian Gulf regions (Orang et al. 2018; Faridi ef al. 2021). Recent
exploration efforts have increasingly targeted stratigraphic and
combination traps around basement palacohighs, such as the
Hendijan and South Pars fields, particularly within the Late
Cretaceous Sarvak and Ilam formations and the Oligocene—
Miocene Asmari Formation. The former features rudist-dominated
platform carbonates interbedded with muddy intrashelf basinal
‘Oilgostegina’ facies, notably observed in the Abadan Plain (e.g.
Piryaei et al. 2010; Bromhead et al. 2022; Simmons et al. 2025).

Dataset and methodology

A synthetic and comprehensive understanding of the petroleum
systems in the Iranian Zagros and Persian Gulf regions, focusing on
the Paleozoic—Triassic, Jurassic—Cretaceous and Cenozoic systems,
was carried out in this study. In this paper, an extensive review of
published literature (e.g. Bordenave 2014; Esrafili-Dizaji and
Rahimpour-Bonab 2019) and unpublished internal National
Iranian Oil Company (NIOC) reports (e.g. NIOC Exploration
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Directorate and RIPI 2018; NIOC 2021) were conducted in the
domains of geology, geochemistry and petroleum systems. This
dataset provided critical data on source-rock properties, kinetic
parameters and oil compositions. A comparison and regional
integration have also been performed between the study area
petroleum systems and neighbouring countries (e.g. Saudi Arabia,
Iraq, UAE and Oman) within the broader Arabian Plate framework,
drawing on references such as Abu-Ali ez al. (1999) and Aqrawi and
Badics (2015).

This review synthesizes geochemical data (Rock-Eval pyrolysis,
vitrinite reflectance and biomarkers) from literature to assess
source-rock maturity, kerogen type and generation potential (e.g.
total organic carbon (TOC) content, hydrogen index (HI) and T}«
for Sarchahan shales of the Sargelu Formation) (NIOC 2014; Saberi
et al. 2016). Diagnostic biomarkers were identified in the source
rocks of the Pabdeh, Kazhdumi, Garau and Sargelu formations.
Compound-specific isotope analysis (CSIA) was performed on oils
sourced from the Garau and Sargelu formations. In addition, the
kinetic properties governing hydrocarbon generation from the
source rocks of the Pabdeh, Garau and Sargelu formations were
examined.

To characterize source rocks such as the Sarchahan Formation,
we utilized direct geochemical measurements (TOC content and
reflectance) from outcrop sections at locations including Kuh-e-

Faraghan and Kuh-e-Gahkum, following the methodologies from
Szabo and Kheradpir (1978) and Ghavidel-syooki et al. (2011).
Separately, original chemometric analysis categorized 21 oil
samples into three families (A, B and C) using biomarker indicators
such as C,g/C,9 sterane ratios. Statistical methods aided oil-source
correlation. Biomarker and §'3C isotope analyses (literature and
original) established genetic links between oils and source rocks
(e.g. the Kazhdumi and Pabdeh formations).

The Paleozoic—Triassic petroleum system

The Paleozoic—Triassic petroleum system is so named because of its
age context and because of the Permian—Triassic uppermost
reservoir succession, specifically the lower Triassic Kangan
Formation, and its cap rocks, the middle—late Triassic Dashtak
Formation (see Fig. 3). This Paleozoic—Triassic system in the
Iranian Zagros and Persian Gulf holds significant economic value
due to its vast reserves of natural gas, high gas/oil ratio (GOR),
condensates and, in some instances, light oil (Bordenave 2014).
However, accurately characterizing this system has proven challen-
ging due to its considerable depth, which has resulted in limited
direct sampling and suboptimal seismic data acquisition. Only a
select few deep wells — such as those located in the Golshan, South
Pars, Huleylan, Kabir Kuh, Kuh-e-Siah, Kuh-e Mond, Sepand,
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Fig. 4. (a) General palaeogeographical reconstruction of the Late Jurassic showing the development of anoxic intrashelf basins in the NE Arabian Plate.
(b) Schematic west—east cross-section through the Diyab Basin from the Qatar Arch to the Neo-Tethys margin (profile line in Fig. 9a). Source: (a) modified
from Vahrenkamp ez al. (2015b) and Fox and Ahlbrandt (2002); (b) from Van Laer et al. (2014).

Khartang, Deng and Salman fields (see Fig. 1) — have successfully
penetrated the pre-Permian strata. The presence of light oil and
condensates within the Permian—Triassic Dalan—Kangan carbonates
or the Permian Faraghan siliciclastics in the external Fars area and
Persian Gulf suggests the effectiveness of the Paleozoic—Triassic
petroleum system (Pollastro 2003; Aali and Rahmani 2011;
Ahanjan ef al. 2016, 2017). Below is a general overview of the
key elements and processes that define this petroleum system based
on the available data.

In contrast to regions such as Saudi Arabia (Hakami and Inan
2016), Iraq (Aqrawi and Badics 2015) and the UAE (Alsharhan
1993), the Triassic interval in the Iranian Zagros and Persian Gulf
lacks the defining characteristics of an independent petroleum system
(ie. a cohesive source-reservoir—cap rock combination). For
instance, in the Rub-Al-Khali Basin (Fig. 4), the Upper Triassic—
Lower Jurassic siliciclastic succession has been found to host prolific
gas reserves sourced from interbedded coal intervals (Stewart et al.
2016). This finding, alongside similar reports of coal-bearing
intervals in Saudi Arabia’s Triassic formations (Al-Mahmoud et al.
2014), suggest that the Triassic succession in the Zagros and Persian
Gulf, especially offshore, may have significant exploration potential
for natural gas. Onshore, the Lower Triassic Kangan Formation
features high-quality reservoir rocks for hydrocarbons sourced from
the Paleozoic, while the evaporites of the Upper Triassic Dashtak
Formation act as an effective cap rock (Szabo and Kheradpir 1978;
Insalaco et al. 2006; Bordenave 2008).

Given the limited hydrocarbon potential of the Triassic, the
subsequent discussion will focus on the Mesozoic petroleum
systems within the Jurassic and Cretaceous successions.

Source rocks

The basal Silurian marine ‘hot shales’ of the Sarchahan Formation
(Figs 3, 5 and 6a) are identified as the primary source rock within the
Paleozoic petroleum system, accounting for more than 90% of the
hydrocarbons generated in the Arabian Plate region and north Africa
(Mahmoud et al. 1992; Aqrawi 1998; Jones and Stump 1999; Abu-
Ali and Littke 2005; Grabowski 2005; Faqira ez al. 2013; Inan et al.
2017). The term ‘Silurian hot shale’ refers to an organic-rich,
lowermost Silurian (Rhuddanian Stage) shale, deposited during the

early Silurian lowstand and early transgression stages following late
Ordovician glaciation. This unit exhibits lateral discontinuity, with
its distribution and thickness primarily influenced by early Silurian
palaeorelief that was shaped by glacial processes during the late
Ordovician ice age, as well as by Pan-African and infra-Cambrian
compressional and extensional tectonism. This shaly interval is
characterized by a high gamma-ray (GR) signature, typically
ranging from 150 to 200° API or higher, reflecting an elevated
uranium content associated with high TOC contents (3% for
maturities around the oil window; lower TOC contents for higher
maturities) and Type II (oil-prone) kerogen (Liining et al. 2000;
Saberi et al. 2016; Mehrabi ef al. 2021). In the Arabian Plate, the
Silurian shales are present in the Faydah-Jafurah and Nafud-
Ma’aniya basins, separated by the Al-Batin Arch (Fig. 4). These
basinal deposits have been truncated locally by the overlying
Hercynian unconformity (Faqira et al. 2009). Geochemical
fingerprinting links these shales to the non-associated gas in
Qatar’s North Field and the oil reserves in central Saudi Arabia
(Alsharhan and Nairn 1997).

Although the Sarchahan Formation is exposed in limited areas
within the interior parts of the Zagros, it remains deeply buried
beneath the exterior parts of the Zagros and Persian Gulf regions
(Figs 6a and 7). The organic geochemistry of these shales has been
studied in outcrop sections in Kuh-e-Faraghan and Kuh-e-
Gahkum, NE of Bandar Abbas in eastern Zagros (Szabo and
Kheradpir 1978; Bordenave and Burwood 1990; Bordenave 2008;
Ghavidel-syooki et al. 2011; Saberi et al. 2016). In these areas, the
highly organic-rich hot shales at the base of the Sarchahan
Formation are typically 30—50 m thick and exhibit average TOC
content values of 5.27 wt%, an average Tp,.x value of 459°C and
average HI value of 72. 2 mgHC g~! TOC — values consistent with
a late mature source rock containing Type II/III organic matter. The
Ordovician and early Llandoverian portions of the Sarchahan
Formation contain Types II and III kerogen with TOC values
ranging from 2.94 to 7.19 wt%, but the rest of the Sarchahan
Formation (late Llandoverian) has lower TOC values (0.10—
0.58 wt%). Therefore, the ‘hot shales’ interval in the Kuh-e-
Faraghan section coincides with the Hirnantian and early
Llandoverian (Rhuddanian) age, within which the GR response
reaches c¢. 180° API (Saberi et al. 2016).
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While the Silurian ‘hot shales’ in Iran remain unexplored in
subsurface wells, the equivalent ‘hot shales’ at the base of the
Qusaiba Formation in Saudi Arabia have been extensively studied
due to their relatively shallow depths (see Figs 5 and 6¢). These
basal Qusaiba ‘hot shales’, ranging from 3 to 70 m in thickness,
exhibit a pronounced high GR signature in well logs. They are
characterized by Type II organic matter with TOC contents reaching
up to 8 wt% and have excellent oil-generating potential (Mahmoud
etal. 1992; Wender et al. 1998; Abu-Ali et al. 1999,2001; Abu-Ali
and Littke 2005). Upwards in the Qusaiba Formation are leaner
shales with lower GR values that are referred to as ‘warm shales’
(e.g. Abu-Ali et al. 1991; Jones and Stump 1999; Liining et al.
2000; Fagqira et al. 2009, 2013; Le Heron et al. 2009). The kinetics
of hydrocarbon generation from the Sarchahan shales in the Iranian
Zagros and Persian Gulf areas are expected to be similar to those of
the time-equivalent ‘hot shales’ at the base of the Qusaiba
Formation in Saudi Arabia (e.g. Abu-Ali ef al. 1999) (Fig. 6¢).

Beyond the prominent basal Silurian source rock, other intervals
within the Paleozoic succession of the Iranian Zagros — such as
portions of the Zakeen, Sepand and Faraghan formations — may also
possess source-rock potential. Notably, the recently identified
Carboniferous Sepand Formation in the South Pars Field contains a
38 m-thick source-rock interval with average TOC and HI values of
3.87 wt% and 127 mgHC g~! TOC, respectively (Fig. 7) (NIOC
2017). Moreover, parts of the Zakeen and Faraghan formations may
also include source-rock intervals, as suggested by recently acquired
geochemical data that include well logs, Rock-Eval pyrolysis data
and kinetic measurements (Saberi and Jalilian 2018).

The organic-rich shales within the Lower Triassic Kangan
Formation may exhibit moderate source-rock potential and could
have contributed to charging several Triassic reservoirs located in
the northern limb of the South Pars Palacohigh in the Homa, Shanul,
Tabnak, Khayam, Safid Baghun, Safid Zakhur, Dalan and Aghar

Source: from Faqira et al. (2009).

fields (see Fig. 1 for their locations) (Ahanjan et al. 2017). Although
the geochemical characteristics of these source rocks have not been
extensively documented, it is noted that their organic matter differs
isotopically and geochemically from that found in the basal Silurian
shales (Ahanjan ez a/. 2017). For instance, condensates derived from
the Early Triassic Kangan source rock display low concentrations of
tetracyclic terpanes and high ratios of extended tricyclic terpanes,
and are likely to contain predominantly marine algal-derived Type
I kerogen, favouring the generation of high-quality oil and
condensate under reducing depositional conditions. In contrast,
the Sarchahan Formation shows a higher tetracyclic terpane content
and lower extended tricyclic terpane ratios, suggesting a mixed
organic input, possibly with a greater terrestrial influence and Type
II/IIT kerogen, which leads to a broader hydrocarbon spectrum
including oil, condensate and significant natural gas generation
(Ahanjan et al. 2017).

Shale-rich mudstones within the K2 unit at the base of the
Kangan Formation demonstrate fair to good source potential, with
TOC values reaching up to 2.15 wt% and organic matter mainly
composed of Type II kerogen (some levels show Type II/IIL
kerogen). However, the hydrocarbon generation kinetics and
geographical extents of the Lower Triassic source rocks are
poorly known, and they are thought to have generated relatively
minor volumes of hydrocarbons compared with the basal Silurian
source rock (Bordenave 2008).

Reservoir rocks and seals
Reservoirs

The Permian—Triassic carbonates and siliciclastics of the Middle
Permian—Lower Triassic Dehram Group — including the Faraghan,
Dalan and Kangan formations — serve as the primary reservoir rocks
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Fig. 6. (a) Outcrop view of the basal Silurian hot shale of the Sarchahan Formation in the Tang-e Zakeen section of the Faraghan Mountains. (b) Kinetic
properties of the petroleum formation from the Silurian Qusaiba Formation source rock. (¢) Gamma-ray profile v. depth for the basal Silurian hot shale
intervals from a well in the Saudi Arabia. Source: (b) from Abu-Ali ef al. (1991); (b) from Jones and Stump (1999).

charged by the Paleozoic source rocks in the Iranian Zagros and
Persian Gulfregions (Bashari 2005; Insalaco et al. 2006; Bordenave
and Hegre 2010; Esrafili-Dizaji ef al. 2013; Ahanjan et al. 2016).
Gas occurrences within the siliciclastics of the Faraghan Formation
have been reported at several locations in the Fars area and Persian
Gulf (e.g. the Khartang, Sepand and Salman fields), where overlying
Dalan and Kangan reservoirs may facilitate multi-reservoir systems.
For instance, significant gas accumulations have been identified in the
sandstones of the Faraghan Formation in the Khartang Field (Vennin
et al. 2015). The uppermost section of the Faraghan Formation,
which corresponds to the ‘Basal Khuff® clastics, is predominantly
muddy and exhibits limited reservoir potential. In contrast, the ‘Basal
Khuff” clastics serve as significant gas reservoirs in Saudi Arabia and
the UAE (Ali and Silwadi 1989; Fox and Ahlbrandt 2002; Taher et al.
2012; Al-Johi and Al-Laboun 2015).

The Dalan and Kangan formations are characterized by thick,
dolomitized carbonates that host some of the largest gas reserves
globally (Amel et al. 2015). Specifically, the upper sections of these
formations within the Dehram Group are the primary reservoirs for
the Paleozoic petroleum system in the South Pars Field and its
extension into Qatar, known as North Dome (Esrafili-Dizaji et al.
2013; Bordenave 2014). These reservoirs have been confirmed in
the outer Fars area, including notable fields such as Aghar, Dalan,
Tabnak and Nar. Conversely, in the Lurestan area — in fields like
Huleylan, Kabir Kuh and Samand — these reservoirs contain non-
commercial gas reserves characterized by a high nitrogen content
(Bordenave 2008). These intervals correspond to the Khuff A, B
and C reservoirs found in Saudi Arabia (Alsharhan and Nairn
2003a; Alsharhan 2006).

The Nar Member, which delineates the Lower and Upper Dalan
formations (Fig. 3), is characterized lithologically by a combination
of evaporites and carbonates. Notably, the carbonates in the lower
and middle sections of the Nar Member are gas-producing in certain
locations, such as in the Kish and Safid Zakhur fields.

While the Dashtak Formation generally acts as an effective seal,
carbonate intervals in its lower section, specifically between the
Aghar Shale Member and the S6 unit, exhibit non-commercial gas
accumulations.

Seals

The shaly and argillaceous intervals between the Faraghan and Dalan
formations, corresponding to the basal Khuff clastics of Saudi Arabia,
provide a robust seal for the underlying Faraghan reservoirs (Asghari
2014). The evaporitic Nar Member (Fig. 3), which separates the
Lower and Upper Dalan formations, has been recognized as an
impermeable unit across the Persian Gulf and Coastal Fars regions
(e.g. the Kish, Golshan, Pazan, Khayam and Homa fields). This
impermeability effectively prevents the upward migration of
Paleozoic-sourced hydrocarbons (Insalaco ez al. 2006; Amel et al.
2015). However, this regional cap rock thins or transitions into
solution breccia and dolomitic units towards the northeastern Zagros,
leading to a loss of sealing efficiency. Consequently, the Faraghan,
Dalan and Kangan formations — collectively referred to as the
Dehram reservoirs — form a continuous reservoir unit in the Fars area,
exemplified by fields such as Safid Zakhur and West Assaluyeh.

A regional seal is further provided by the anhydrites and shales of
the Triassic Dashtak Formation, which serve as an effective cap rock
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for reservoirs in the Upper Dalan and Kangan formations (Szabo
and Kheradpir 1978; Sadooni and Alsharhan 2004; Bordenave
2008). Nonetheless, in certain fields in the western Fars area (e.g.
the Nar and Aghar fields: Fig. 1), the Dashtak Formation functions
as both a reservoir and a cap rock. The proportion of evaporitic
facies within the Dashtak Formation diminishes towards the internal
and eastern Zagros regions, facilitating the upward migration of
hydrocarbons from the Dehram reservoirs (e.g. Alipour 2024).
The ‘Aghar Shale’ at the base of the Dashtak Formation and its time-
equivalent Sudair shales in the Arabian Peninsula can be regarded as
regional seals for the underlying oolitic carbonates and dolomitic
Dalan—Kangan reservoirs in the Fars and Persian Gulf areas (e.g. the
North Dome, South Pars and Tabnak gas fields) (Bashari 2005).

Understanding reservoir quality and seal efficiency is crucial for
assessing the risks associated with the Paleozoic petroleum system
in southwestern Iran. A comprehensive grasp of the areal extent of
porous, grain-dominated facies in the Dalan—Kangan reservoirs will
reveal future exploration trends within this petroleum system
(Bordenave 2008, 2014; Alipour 2024).

Hydrocarbon generation and migration

Basal Silurian Sarchahan source at Kuh-e-Faraghan and Kuh-e-
Gahkum was buried to a depth of 6 km before its subsequent
exposure during the Cenozoic Zagros orogeny (Kamali and Rezaee
2003). The burial maturity of these shales to gas-window levels has
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Fig. 8. TOC v. S1 + S2 diagram showing the abundance of organic matter
in the Silurian Sarchahan Formation source rocks in the South Pars Field.

led to the formation of significant natural gas reserves within the
Permian—Triassic Dalan Formation and Kangan Formation reser-
voirs (Ala ef al. 1980; Bordenave and Hegre 2010; Ghavidel-syooki
et al. 2011; Alipour 2024). An organic petrographical analysis of
the organic matter present in these ‘hot’ shales, primarily utilizing
graptolite reflectance, has validated their elevated thermal maturity,
indicating a dry-gas window (Khani ez a/. 2016). This conclusion is
further supported by the average Rock-Eval T, values of 459°C
documented for this basal Silurian Sarchahan source rock from the
Kuh-e-Faraghan outcrop section (Saberi et al. 2016).

Deep drilling into the Sarchahan Formation, particularly in the
South Pars, Golshan and Zirreh fields, has not reached the basal ‘hot-
shale’ interval. However, the maximum vitrinite reflectance (VR,)
values obtained from one well at the South Pars Field, where VR, is
c. 1.33% at a depth of 4488 m — align with the gas-generation
window (Fig. 7). The maturity (R,) of the Sarchahan hot shale in this
well (189 m drilled to a depth of 4488 m) is constrained to <2%
based on a comparison to the formation’s regional thickness (Liining
et al. 2000), placing it firmly in the wet-gas window (South Pars
Field). Excellent hydrocarbon generation potential is also indicated
for Carboniferous shales and the Lower Permian section within this
well, supported by TOC values of more than 2% and high S1 + S2
values (Fig. 8). 1D and 2D petroleum system modelling studies of
the Paleozoic petroleum system (Kamali and Rezaee 2003;
Rudkiewicz et al. 2007; Bordenave and Hegre 2010) indicate that
the Sarchahan source rock entered the oil window during the Early
Cretaceous in the northwestern regions of the Fars Platform,

(a)

particularly at Salamati. In addition, shales within the Kangan
Formation are modelled to have commenced oil generation in the
Late Cretaceous, especially in the northern part of the South Pars
Palaeohigh. The basal section of the Kangan Formation is situated
within the oil window in some fields such as East Assaluyeh and
Khayam fields in the subcoastal Fars area, as well as in the northern
and central sectors of the South Pars High (Ahanjan ez al. 2017).

Previous research has established that the burial history and
hydrocarbon generation behaviour of the Sarchahan source rock
were influenced by a series of basement highs, with the South Pars
Palaeohigh being the most significant (Bordenave 2008; Fagqira
etal.2009,2013; Alipour 2024). Early generated oil appears to have
migrated toward these highs, filling broad, gentle closures and
forming ‘pre-Zagros’ oil and gas accumulations (Fig. 9a)
(Bordenave and Hegre 2005, 2010; Rudkiewicz et al. 2007;
Bordenave 2008). Despite their considerable size, these accumula-
tions were later redistributed into younger anticlines created during
Zagros Orogeny folding (Fig. 9b). This process involved an initial
phase of lateral migration towards the giant pre-Zagros structures,
followed by vertical remigration during the Zagros Orogeny
(Alsharhan and Kendall 2021; Alipour 2024). The geochemistry
of gas reserves within the Paleozoic reservoir rocks was shaped by
both fractionation during migration and subsequent mixing of
multiple hydrocarbon charges (Ahanjan et al. 2017). While some
geochemical evidence suggests that secondary cracking of oil
contributed to the occurrence and geochemistry of Paleozoic gas
(Aali and Rahmani 2011), it is also likely that hydrocarbons in the
Dehram Group (i.e. Dalan and Kangan formations) were primarily
generated through kerogen cracking rather than oil cracking
(Dessort et al. 2006; Ahanjan et al. 2017). Nevertheless, a detailed
understanding of the migration dynamics of Paleozoic gas in
southwestern Iran and the associated light-oil play fairways remains
elusive (Alipour 2024).

Recent studies in northwestern and east-central Saudi Arabia
have identified potential for unconventional gas and oil resources
(shale gas and shale oil) within the Silurian ‘hot shales’ (Inan et al.
2016, 2017). Similarly, multidimensional modelling of petroleum
system in offshore Iran has indicated that the maturity required for
shale gas development has been achieved in the equivalent
Sarchahan ‘hot shales’ located in the southern Persian Gulf
(Alipour et al. 2021). Both the basal Silurian ‘hot shales’ and the
immediately overlying ‘warm shales’ (Fig. 3) are promising
candidates for unconventional resource exploration in southwestern
Iran (Alipour et al. 2021; Inan et al. 2017). However, given the
significant depths of the basal Silurian ‘hot shales’, the current
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Fig. 9. (a) Schematic cartoon showing initial entrapment of oil derived from the Paleozoic—Triassic petroleum system in large-scale, gentle structures before
the Zagros Orogeny. (b) Remigration causing the mixing of multiple charges within younger structures formed as a result of the Zagros Orogeny. Source:

Rudkiewicz et al. (2007).
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economic viability of developing these reserves remains question-
able at present.

The Paleozoic—Triassic petroleum system in the Lurestan area is
notable for high concentrations of nitrogen gas, particularly in fields
such as Kabir Kuh and Huleylan, where nitrogen levels range from
60 to 94% across different wells. However, the sources and
mechanisms behind nitrogen formation in this region have yet to be
thoroughly investigated.

In summary, there is a significant uncertainty regarding the
dynamics of the Paleozoic—Triassic petroleum system in south-
western Iran, particularly concerning the spatial distribution and
maturity evolution of its source rocks. Further investigations of
basin-scale migration mechanisms, potential stratigraphic traps and
the notably high nitrogen concentrations observed in some
Permian—Triassic reservoirs in the Lurestan area are needed to
clarify this uncertainty. Future exploration efforts, particularly
through the drilling of deeper wells targeting the pre-Permian
succession, will enhance our understanding of this system. Despite
being poorly understood compared with other petroleum systems in
the region, the Paleozoic may contain considerable undiscovered
hydrocarbon reserves in Iran.

Jurassic—Cretaceous petroleum system

The Jurassic and Cretaceous successions are characterized by rich
hydrocarbon contents due to the presence of highly organic-rich
source rocks that have reached optimal thermal maturation. These
source rocks have generated substantial volumes of oil and gas,
filling a variety of traps.

Jurassic
Source rocks

The Lower Jurassic Neyriz Formation (Fig. 3) is reported to extend
across much of the Iranian Zagros Basin and Persian Gulf (Alavi
2004). However, its organic geochemistry and hydrocarbon
potential in this study area remain poorly understood. While
organic-rich facies have been identified in its time-equivalent strata
in Abu Dhabi, their contribution to the Jurassic petroleum system is
regarded as minor and primarily gas focused (Taher et al. 2012).

The organic-rich layers of the Middle Jurassic are predominantly
located in the western parts of the Zagros in Iraq (e.g. Aqrawi and
Badics 2015), with significant source rocks being represented by the
Middle Jurassic Sargelu Formation. This formation was deposited
within a deep, anoxic intrashelf basin, known as the ‘Sargelu Basin’,
which trends SE-NW across the northwestern Persian Gulf,
encompassing the Khuzestan and Lurestan areas before extending
into Iraq (Szabo and Kheradpir 1978) (Fig. 10). In Iran, the organic-
rich Sargelu facies predominantly cover much of Lurestan and the
Abadan Plain, reaching eastwards into the northern Dezful
Embayment, where they extend laterally into the Surmeh
Formation’s platform carbonates (Rudkiewicz et al. 2007
Bordenave 2008; Aqrawi and Badics 2015) (Fig. 10).

Within the Zagros region, only a limited number of wells, such as
those in the Gurpi, Azadegan, Darquain and Asmari fields, have
successfully penetrated the Sargelu Formation. However, a newly
drilled well in the Abadan Plain has encountered a substantial
section of this formation, as illustrated in Figure 11.

The organic matter within the Sargelu Formation source rock is
primarily composed of oil-prone Type IIS kerogen (Aqrawi et al.
2010; Aqrawi and Badics 2015; Khani ez al. 2018). The TOC values
range from 1.5 to 5 wt%, with Rock-Eval S2 yields of 1.5-
13.2 mgHC g~! rock and HI values of 100-600 mgHC g~! TOC
(Agrawi and Badics 2015). Kinetic analysis of representative
samples reveals a broad spectrum of activation energies, spanning
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Fig. 10. General map of the intrashelf basin in the NW Zagros area in
which the Middle Jurassic Sargelu Formation source rock was deposited.
The colour scale shows the formation’s source-rock potential index (t

HC m™>). The barbed red line shows the area in the centre of the intrashelf
basin where the Sargelu Formation is overlain by Gotnia Formation
evaporites; elsewhere it is surrounded by dolomitized platform margin
facies. Source: modified from Goff (2005) and Aqrawi and Badics (2015)

39-60 kcal mol~!, with a predominant activation energy of 54
kcal mol™! (NIOC 2014) reflecting heterogeneous organic matter
decomposition characteristics (Fig. 12). The Sargelu Formation
exhibits TOC values between 0.28 and 11.18, with an average of
2.82 wt%. The HI values range from 56 to 378 mgHC g~! TOC,
averaging 197 mgHC g=! TOC. T, values for the Sargelu
Formation source rock demonstrate a significant variability,
ranging from 427 to 478°C across the examined wells, with an
average temperature of 444°C (NIOC 2014; Kobraei and Rabbani
2018). In addition, T,,,, values of 427-478°C (average 444°C)
illustrate diverse thermal maturity levels within the formation,
underscoring the complexity of its petroleum generation kinetics
and maturation history.

Characteristically, the Sargelu Formation is marked by a
predominance of C,g steranes, indicating a significant contribution
from higher plants, alongside lower concentrations of C,g steranes,
C,3 tricyclic terpanes and methylhopanes, as well as a high
diasterane content in the kitchens that supply various producing
fields (NIOC 2025). As a result, oils exhibiting C,g sterane content
below 20% are likely to have been derived from the Sargelu
Formation source rock (Fig. 13a, b), such as those in the Azadegan,
Jufair, Sohrab and Foroozan fields. The elevated diasterane content
observed in the source kitchens supplying multiple producing fields
further reflects an advanced thermal maturation and anoxic or
reducing depositional environment (Peters ef a/. 2005). Compound-
specific isotope analysis of produced oil samples has revealed a
zigzag pattern in carbon isotopic values for C;,—Cs;; alkanes,
ranging mainly from —29 to —27%o (Fig. 13c) (NIOC 2021). In
addition, a notable trend in the Sargelu Formation-sourced oil is the
progressive lightening of carbon isotope values in higher molecular
weight normal alkanes (Fig. 13d) (NIOC 2021) such as in the
Salman, Walla and Foroozan fields.

Geochemical investigations indicate that the thermal maturity of
the Sargelu Formation increases from the main oil window (0.7—
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1% VR,) to the late oil window (1-1.3% VR,) as one moves from

{_ ; the NW Persian Gulf Basin towards the Abadan Plain (Kobraei and
] : Rabbani 2018; Kobraei ef al. 2019). The highest thermal maturity is
o observed towards the Dezful Embayment and Lurestan area, where
- this source rock moved from the wet-gas to dry-gas window (2—
4% VR,) (Ghavami ef al. 2015; Sadouni and Rabbani 2018). This
trend is inversely related to the TOC and the HI distribution, with
higher maturity in the Abadan Plain and Dezful Embayment
reflecting an increased hydrocarbon generation over geological
time.

The Sargelu Formation source rock is believed to have generated
substantial volumes of hydrocarbons, up to 5600 MMbbl of oil
equivalent, within the Zagros region, with considerable remaining
potential for shale gas resource development (Aqrawi and Badics
2015; Khani ef al. 2018). Recent studies have also highlighted the
shale gas potential of the Sargelu Formation source rocks in Iraq
(Agrawi and Badics 2015; Schenk et al. 2015), as well as that for its
age-equivalent Tuwaiq Mountain Formation in central Saudi Arabia
(Lindsay et al. 2014; Hakami and Inan 2016; Hakami ez al. 2016).
Furthermore, the Middle Jurassic—Lower Cretaceous black shales of
both the Sargelu and Garau formations may be promising resources
for oil shale in the High-Folded Zagros area, particularly at sites
such as Ghalikuh and Kuh-e-Keyno (Kamali and Rezaee 2012;
Rasouli et al. 2015; Pirbalouti and Moayeripour 2017).

Recent analyses of unconventional resources reveal significant
Fig. 11. Well section of the Jurassic strata in the Abadan Plain showing shale gas potential in the central regions of the Lurestan area (NIOC
the Sargelu Formation source rock and the Gotnia Formation cap rock. Exploration Directorate and RIPI 2018; Abdollahi et al. 2021,
The TOC values are plotted in red solid circles for the Sargelu Formation 2022). Specifically, the basal sections of the Garau Formation and
and lower parts of the Garau Formation. the upper portions of the Sargelu Formation are both promising
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candidates for shale gas exploration (Aqrawi and Badics 2015;
Lotfiyar et al. 2018; NIOC Exploration Directorate and RIPI 2018).

The Upper Jurassic strata in the Zagros region primarily consist of
shallow-water carbonates of the Najmah Formation such as in
Lurestan, parts of Khuzestan and the northwestern Persian Gulf, as
well as carbonates of the Surmeh Formation in Khuzestan, Fars, and
most of the Persian Gulf region. These age-equivalent units exhibit
significant hydrocarbon generation potential, notably in Abu Dhabi
(Diyab/Dukhan Formation), Qatar (Hanifa Formation), Saudi
Arabia (Tuwaiq Mountain Formation) and Iraq (Naokelekan
Formation) (e.g. Carrigan et al. 1995; Sadooni 1997; Al-Suwaidi
et al. 2000; Kamali and Rezaee 2003; Alsharhan 2014; Aqrawi and
Badics 2015).

The Upper Jurassic (Oxfordian—early Kimmeridgian) Hanifa
Formation serves as a critical source rock, deposited in an anoxic
intrashelf basin that spans eastern Qatar and western onshore and
offshore Abu Dhabi. The organic richness of this formation
diminishes towards the ENE, with a TOC content ranging from 2
to 6% (averaging c. 4%) (NIOC Exploration Directorate and Repsol
2002). The Hanifa Formation source rock features Type II kerogen
and reaches c. 250 m in thickness in Qatar, while its thickness can
exceed 500 m closer to the Shah Oilfield in Abu Dhabi, where TOC

values drop to a minimum of 0.5%. Estimations suggest that the
Hanifa Formation source rock may have generated over 150 Bbbl of
oil, assuming a source-rock potential (S1+S2) of 10 kgHC t!
rock, a 75% conversion factor, a density of 2.55 g cm™> and a 50%
oil migration efficiency (Hawas and Takezaki 1995; Taher 1997;
Ayoub and En Nadi 2000).

The Hanifa and Tuwaiq Mountain formations were deposited in
depressions flanking the Qatar Arch during the Callovian—
Kimmeridgian period (Bordenave 2014). They were deposited in
the depressions situated to the east and west of the Qatar Arch during
the Callovian—Kimmeridgian period (Bordenave 2014) (Fig. 4).

Reservoir rocks and seals

The shallow-marine carbonates of the Middle-Upper Jurassic
Surmeh Formation are the main reservoir for several major fields
throughout the Iranian Zagros and Persian Gulf regions (Motiei
1993; Lasemi and Jalilian 2010). These carbonates extend
laterally into the Sargelu basinal succession (James and Wynd
1965) (Fig. 3). To the south, the Arab Formation correlates with
the carbonate—anhydrite cycles in the upper part of the Surmeh
Formation. The Arab Formation is a prolific hydrocarbon
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Fig. 14. (a) Cross-plot of transformation ratio v. time showing the approximate time of oil generation from Sargelu Formation and Garau Formation source
rocks at well W N-1 in Lurestan. (b) Petroleum systems event chart obtained from modelling studies in Iraq. Source: (a) from Khani et al. (2018); (b) from

Fox and Ahlbrandt (2002).

producer across Saudi Arabia, Bahrain, Qatar and Abu Dhabi
(Ayres et al. 1982; Al-Silwadi et al. 1996; Alsharhan and Nairn
1997; Lindsay et al. 2006; Ehrenberg et al. 2007; Honig and
Cédric 2015).

The Upper Jurassic carbonate—anhydrite cycles (A-D) are
recognized as proven reservoirs and effective cap rocks throughout
the external Fars area and Persian Gulf (Motiei 1993; Alsharhan and
Kendall 1994). In the NE and eastern Zagros regions, evaporites of
the Hith Formation, which are thin or are replaced by the brecciated
carbonates of the upper Surmeh Formation, reduce the seal
efficiency. Consequently, oils might have migrated upwards from
Jurassic or even Paleozoic source rocks and mixed with those
generated from younger sources (Pitman ez al. 2004).

The Upper Jurassic Gotnia Formation extends from southern and
central Iraq into Khuzestan and Lurestan, with a notable presence in
fields such as Emam Hassan and Masjid-e-Suleyman. The Gotnia
Formation averages about 170 m in thickness and is primarily
composed of anhydrites, with lesser amounts of salt, dolostone and
shale (Abeed et al. 2013). Notably, in the recently drilled Minoo
well located in the Abadan Plain, the Gotnia Formation exceeds
250 m in thickness and includes two significant salt units totalling c.
150 m (see Fig. 11).

It is important to highlight that extensive fracture networks can
create unique reservoir opportunities, although they may have
limited economic viability within the Jurassic succession of the
Zagros region. These fracture networks can enhance the reservoir
potential of source-rock intervals that lie within the oil window. This
unconventional play has already been documented in the Jurassic
systems of the northern Arabian Plate, Iraq and western Abu Dhabi
(Goff 2005; Aqrawi et al. 2010; Taher 2010). Identifying the extent
and characteristics of similar fractured source rock-reservoir
systems in the Iranian Zagros and Persian Gulf regions will
represent a significant opportunity for future exploration in these
regions.

Hydrocarbon generation and migration

Modelling studies indicate that hydrocarbon generation from the
Sargelu Formation source rocks in the Lurestan area commenced
during the Middle Cretaceous, with hydrocarbon expulsion —
characterized by a transformation ratio of ¢. 25% — starting in the
Late Cretaceous (Khani et al. 2018) (Fig. 14a). These processes
closely align with trap formation resulting from ophiolite obduction
and the closure of the Neo-Tethys Ocean during the Alpine Orogeny
(Fig. 14b). Similar modelling conducted on the stratigraphically
equivalent Sargelu Formation source rock in the Iraqi Zagros
yielded comparable results (Aqrawi e al. 2010; Abeed et al. 2012;
Aqrawi and Badics 2015), as did studies of the Tuwaiq Mountain

Formation source rock in Saudi Arabia (Hakami and Inan 2016).
The intense uplift and erosion associated with the Alpine Orogeny
facilitated the remigration of previously trapped hydrocarbons into
new reservoirs. It also led to their dissipation to the surface due to
the erosive removal of the overlying seal — the Gachsaran Formation
(Goff et al. 1995; Goff 2005). In the Lurestan area, where drilling
outcomes have often been underwhelming, this model may account
for the frequent surface bitumen shows and substantial deposits of
gilsonite (Goff et al. 1995; Goff 2005; Alipour 2024).

Evidence suggests that Jurassic source rocks contributed to the
charging of Cretaceous and Cenozoic reservoirs in the Soroosh,
Aboozar, Arash and Nowroz fields in the northwestern Persian Gulf
(Hassanzadeh and Khaleghi 2014). This is supported by biomarker
parameters, including elevated C,o/C3o hopane and C,,/C,9 sterane
ratios, a C,4/Csg ratio exceeding 0.7, and a high dibenzothiophene/
phenanthrene index (Hassanzadeh and Khaleghi 2014).
Hydrocarbon migration within the Jurassic—Cretaceous petroleum
system of the Zagros is predominantly influenced by variations in
the lithofacies and geometry (Aqrawi et al. 2010). Generated
hydrocarbons may migrate downwards due to intense overpressures
resulting from kerogen cracking within the source-rock interval
(Goft 2005).

Lateral migration could also occur through porous carrier beds,
potentially extending to the edges of evaporitic seal units, followed
by upward migration (Goff 2005; Aqrawi ez al. 2010). This upward
movement may be enhanced by fractures and faults at the margins of
these evaporitic units (Goff 2005; Aqrawi ef al. 2010). A similar
phenomenon has been observed in the southern Persian Gulf, where
mixed Jurassic oils are found within Cretaceous reservoirs
(Alsharhan and Kendall 1986; Al-Silwadi ef al. 1996, Al-Suwaidi
et al. 2000; Guthrie et al. 2005; Pietraszek-Mattner ez al. 2008). In
Qatar and western Abu Dhabi, oil primarily originates from the
Jurassic Hanifa/Diyab Formation (Alsharhan and Whittle 1995;
Hawas and Takezaki 1995), migrating eastwards through the Arab
reservoir with the Hith anhydrite serving as a regional seal. Upon
reaching the edge of the Hith anhydrite in the central southern
Persian Gulf, where seal is inefficient, the oil migrates vertically into
lower Cretaceous reservoirs.

Offshore Persian Gulf, the Jurassic petroleum system is
characterized by long-distance hydrocarbon migration from active
source rock kitchens located beyond (i.e. to the south of) Iran’s
territorial borders (Guthrie ef al. 2005). Recent geochemical studies
of oils from the Persian Gulf provide supporting evidence for this
phenomenon (NIOC 2016; Alipour et al. 2017a, b; Alizadeh et al.
2017; Baniasad ef al. 2017). The distribution and maturity patterns
of these source rocks indicate migration from a depocentre situated
to the south, with inferred migration distances reaching up to
250 km (Fathi Mobarakabad ef al. 2011).
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%, indicating a source potential classified as good to very good
(Peters and Cassa 1994). The HI values range from 43 to
413 mgHC g TOC™!, averaging at 210 mgHC g~! TOC (Kobraei
et al. 2017). Ty values for the Garau Formation exhibit
considerable variability, spanning 433-453°C across the examined
wells, with an average of 442°C (Kobraei et al. 2017).
Palaecogeographical reconstructions showed that the depositional
centre of the Garau Formation is in the Dezful Embayment, to the
east of the Ahwaz Oilfield, extending into the Lurestan area (Piryaei
et al. 2017) (Fig. 15). The organic matter present in the Garau
Formation is characterized by Type II amorphous kerogen,
displaying a wide range of activation energies that range from 39
to 60 kcal mol~!, with a principal activation energy of 55 kcal mol
(NIOC Exploration Directorate and RIPI 2005) (Fig. 16).

The Garau Formation source rock is distinguished by a higher
abundance of C,; steranes and a predominance of C, hopane over
Csg, as well as a greater abundance of C,, tetracyclic terpanes
compared with Cs; tricyclics (NIOC 2021; Shekarifard ef al. 2025).
C,; steranes are typically associated with marine phytoplankton,

301
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Fig. 16. (a) Transformation and vitrinite reflectance evolution of the
Garau Formation source rock with increasing temperature. (b) The
distribution of activation energies defining petroleum generation from the
Garau Formation source rock in the Dezful Embayment. The kinetic
properties are from hydrocarbon formations in the Garau Formation source
rock in the Dezful Embayment.
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indicating a significant marine organic matter contribution
(Grantham 1986). Oils generated from the Garau Formation
source rock exhibit C,g sterane contents that fall between those of
Middle Cretaceous and Sargelu Formation oils, suggesting a closer
affinity to a Lower Cretaceous source rock (Fig. 17a, b) (NIOC
2021). Compound-specific isotopic analysis of produced oil
samples indicates a linear trend in carbon isotopic values for
C,,—C;3, alkanes, ranging from —29 to —27%o (Fig. 17¢c) (NIOC
2021).

At the present time, the maturity of the Garau Formation
corresponds to the peak stage of oil generation, increasing eastwards
toward the Dezful Embayment (Kobraei et al. 2017). Thermal
maturity levels in the Lurestan area rise northwestwards, with the
lowest values observed over the Anaran High (Khani ez al. 2018).

The Aptian—Albian Kazhdumi Formation represents one of the
most significant source rocks in the study area (Bordenave and
Burwood 1990, 1995; Bordenave and Huc 1995; Bordenave 2014;
Alipour 2022; Sfidari et al. 2024). Its organic-rich facies are
predominantly developed across the Dezful Embayment and the
northwestern Persian Gulf (Fig. 18a) (Bordenave and Hegre 2010;
Bordenave 2014; Baniasad er al. 2017). The extent of the subsiding
Kazhdumi Basin was influenced by the Balarud and Kazerun
basement faults (Bordenave 2002; van Buchem er al. 20105;
Vincent et al. 2010).

Eastwards, into the Fars Platform of the Dezful Embayment,
organic-rich Kazhdumi shales give way to organic-lean marls

LTour

generated by the Garau Formation source
rock (linear trend).

87U~
670U
oeD-ur
Le>-u
[4=20] of

deposited under oxic, shallow-water conditions (Bordenave 2014),
with limited occurrences of relatively organic-rich layers noted in
the Izeh Zone (Sherkati and Letouzey 2004). The TOC in the
Kazhdumi Formation ranges from 1 to 11 wt%, with a mean value
of' 5 wt% observed at the depositional centre that is which located in
the Ahwaz Oilfield (Bordenave 2002) (Fig. 19a). The Kazhdumi
Formation source rock has been identified as featuring oil-prone
Type II kerogen (Alizadeh et al. 2012a; Sfidari et al. 2016;
Baniasad ef al. 2017). In addition, the activation energies show a
limited range from 40 to 52 kcal mol~!, with a principal activation
energy of 46 kcal mol (Karimi ez al. 2016) (Fig. 19b).

The regional time-equivalent formations to the Kazhdumi
Formation source rock include the Middle Aptian—Early Albian
organic-rich Bab shales in Abu Dhabi, considered as basinal facies
of the Shu’aiba Formation (van Buchem et al. 2010a, b) (Fig. 18b).
These sediments are confined to an intrashelf basin known as the
Shu’aiba Basin that formed during Aptian times across the region,
and which now represents western UAE and Oman (Murris 1980).

The organic-rich intervals in the Bab shales were deposited under
anoxic conditions due to restricted hydrodynamic circulation
(Azzam and Taher 1995). These shales contain Type II kerogen,
with TOC values ranging from 1 to 5 wt%. Although the depocentre
of the Bab Basin lies outside Iranian borders in the Persian Gulf,
studies on migration pathways suggest that several fields within Iran
may have been charged by this source rock (NIOC Exploration
Directorate and Repsol 2002).
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Fig. 18. (a) Palacogeographical map showing the extent of the Kazhdumi Basin in SW Iran at the maximum flooding surface MFS K80.

(b) Lithostratigraphic reconstructions comparing the architecture of the Kazhdumi
(b) from van Buchem et al. (2010a, b).

During the Cenomanian period, the formation of intrashelf basins
in the eastern Arabian Plate facilitated the deposition of organic-rich
carbonates within the Middle Sarvak Formation (Azzam and Taher
1993; van Buchem et al. 2002; Vahrenkamp et al. 2015a). These
carbonates are laterally equivalent to the Shilaif Formation source
rock in the UAE (Azzam and Taher 1993). The basins originated
during transgressive phases and later developed in the distal areas of

and Bab basins. Source: (a) modified from Piryaei ez al. (2017); and

a prograding platform, which was capped by shallow-water Sarvak/
Mishrif carbonates (NIOC Exploration Directorate and Repsol
2002). The extent of the organic-rich mid-Cenomanian facies,
particularly the Ahmadi Member of the Sarvak Formation, across the
Iranian Zagros and Persian Gulf regions has been debated. Recent
geochemical studies conducted in the Iranian sector of the southern
Persian Gulf have indicated that its TOC values range between 1 and
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6 wt%, predominantly featuring reactive Type II kerogen (Hosseiny
et al. 2016; Alipour et al. 2017a; Alizadeh et al. 2017).

Reservoir rocks and seals

The principal reservoir rocks overlying the Garau Formation source
rock include the Barremian Gadvan (specifically the Khalij
Member), the Aptian Dariyan and the Cenomanian—Santonian
Sarvak and Ilam formations (Fig. 3) (Bordenave and Hegre 2010;
Bordenave 2014). Recently, some proven reservoir potential has
been explored for the Maastrichtian Tarbur Formation in the
Abadan Plain (e.g. in the Azadegan Field). The spatial and temporal
distribution of the Tarbur Formation in the Zagros is strongly related
to Late Cretaceous foreland basin evolution, as well is local salt
movements (e.g. Piryaei et al. 2011; Parham, et al. 2019; Abbasi
et al. 2021). These previously mentioned reservoir formations hold
substantial reserves throughout much of the Dezful Embayment
oilfields (Bordenave 2014). However, a thick sequence of organic-
lean marls separates these carbonates from the Garau Formation
source rock, creating a self-contained source rock—reservoir system
in the Lurestan area that may hold significant potential for
unconventional hydrocarbon resources (Aqrawi et al. 2010;
Aqrawi and Badics 2015; Rasouli et al. 2015; Khani ef al. 2018).

Potential seals for the Cenomanian—Santonian reservoirs (Sarvak
and Ilam formations) are provided by shale-rich intervals of the
Santonian—Maastrichtian Gurpi Formation. The Coniacian Laffan
Shale serves as an effective intra-reservoir seal, specifically
separating the underlying Sarvak Formation from the overlying
Ilam Formation in the Iranian Zagros and Persian Gulf regions
(Alsharhan and Nairn 2003a; Opera et al. 2013; Mashhadi et al.
2015a). In low-relief structures across the Dezful Embayment and
Abadan Plain, thick marly units within the upper Gurpi Formation
and the Lower Paleocene Pabdeh Formation serve as the primary top
seals for both the Sarvak and Ilam formations (Bordenave 2014;
Rabbani ef al. 2014). However, within high-relief anticlines (e.g.
Kabir Kuh, Khaviz and Dill anticlines), intense fracturing can
compromise the sealing capacity of these marls and shales. This
fracturing may lead to hydraulic communication, effectively
merging the Sarvak and Ilam limestones with the overlying
Miocene Asmari Formation into a single, interconnected reservoir
system (Opera et al. 2013; Bordenave 2014).

Beyond the Ilam and Sarvak carbonates, upper Aptian—lower
Albian siliciclastics — specifically the Azadegan/Burgan sandstones
of the Kazhdumi Formation — are also considered as significant
reservoir rocks in the Coastal Fars, the Abadan Plain and northern
Persian Gulf (van Buchem et al. 2010b). These siliciclastics may
manifest as sand-filled incised valleys at top of the Dariyan
Formation or as thin sand veneers at the base of the Kazhdumi
Formation (van Buchem et al. 2010a), often capped by thick
Kazhdumi shales (Fig. 18b).

In addition, the Berriasian—Hauterivian Fahliyan and Aptian
Dariyan carbonates, along with their time-equivalent the Gadvan
and Khalij limestones, are regarded as important reservoir rocks
across numerous oilfields in the Zagros and Persian Gulf regions
(Abdollahie Fard et al. 2006). However, oil within these carbonates
is predominantly found in microporous formations, which may lead
to low primary recovery rates. Consequently, secondary or tertiary
recovery techniques and directional drilling may be necessary to
enhance overall recovery (van Buchem er al. 2010a).
Intraformational tight lithofacies associated with transgressive
systems tracts may serve as effective seals for reservoirs within
the Fahliyan Formation (Motiei 1993). Unpublished studies from
NIOC indicate that the Kazhdumi Formation acts as a regional seal
for Dariyan reservoirs in numerous offshore fields, including the
South Pars Field (Motiei 1993).

Further south, in the southern Persian Gulf, the thin shales of the
Laffan Formation are likely to have exerted some influence over the
Cretaceous petroleum system (Alipour ef al. 2016). Meanwhile, the
thick shales of the Upper Cretaceous Gurpi Formation are expected
to provide a robust cap rock for the stacked Ilam and Sarvak
reservoirs across both the Iranian and Arabian sectors of the Persian
Gulf (Alsharhan and Nairn 2003a; Esrafili-Dizaji and Rahimpour-
Bonab 2019).

Hydrocarbon generation and migration

Modelling studies suggest that hydrocarbon generation from the
Lower Cretaceous Garau Formation source rock occurred during the
Late Cretaceous (c. 100-80 Ma) in deeply buried regions of the
Lurestan area (Khani ef al. 2018) (Fig. 14a). Due to limited
connectivity between organic-rich shales and potential carrier beds,
a significant portion of the hydrocarbons is likely to have remained
trapped within the source rock, leading to the cracking of many
hydrocarbons into pyrobitumen and gas (Khani er al. 2018).
Moreover, considerable amounts of migrated hydrocarbons may
have been lost due to the unfavourable timing of early hydrocarbon
generation relative to the late formation of traps, which resulted in
extensive breaching of potential reservoirs such as the Ilam and
Sarvak formations (Bordenave 2014). Nevertheless, some hydro-
carbon accumulations in the Abadan Plain — such as the Khami
Group reservoirs at the Jufair and Darquain fields — and in the NW
Persian Gulf (e.g. Dorood Field) rely primarily on short-range
lateral migration and the mixing of hydrocarbons sourced from both
the Sargelu and Garau formations (Bordenave 2014; Baniasad et al.
2017) (Fig. 20a, b).

The Aptian—Albian Kazhdumi Formation source rock reached the
oil window during the Middle-Late Miocene in the Dezful
Embayment (Bordenave and Burwood 1995; Opera et al. 2013).
Thermal maturity modelling indicates a significant decline in
maturity over the South Pars Palacohigh, suggesting minimal
hydrocarbon generation from this source rock (Sfidari ez al. 2016)
(Fig. 21a). In contrast, thermal maturity appears highest in the Dezful
Embayment, where generated hydrocarbons may have migrated
vertically and/or laterally based on specific lithofacies architecture
and porosity—permeability distribution patterns to final reservoirs
(Fig. 21b) (Bordenave and Hegre 2005; Baniasad et al. 2021).

Hydrocarbon generation from the Cenomanian Middle Sarvak
Formation source rock in the southern Persian Gulf basin is
modelled to have begun around 40 Ma (Mashhadi et al. 2015b;
Alipour et al. 2017a; Alizadeh et al. 2017). The expulsion of
generated hydrocarbons is anticipated to have benefitted from the
proximity of shelfal Mishrif Formation carbonate reservoirs (Al-
Zaabi et al. 2010; Alizadeh et al. 2017; Hosseiny et al. 2017). A
significant fraction may have become trapped within basinal facies
of the Middle Sarvak Formation source rocks, raising the potential
for unconventional oil accumulations in local depressions across the
southern Persian Gulf (Taher 2010; Alizadeh et al. 2017; Alipour
et al. 2021). Although developing these untapped resources will
require advanced drilling technologies, they are promising targets
for the future exploration activities in the region (Taher 2010;
Alipour et al. 2017a).

The Cenozoic petroleum system

Approximately 45% of total oil reserves discovered in the Iranian
Zagros and Persian Gulf regions are accommodated within the
Cenozoic petroleum system (Bordenave and Hegre 2005; Al-
Husseini 2007; Esrafili-Dizaji and Rahimpour-Bonab 2019). This
system features a world-class example of a siliciclastic and fractured
carbonate reservoir, the Oligo-Miocene Asmari Formation, capped
by an efficient evaporitic seal provided by the Miocene Gachsaran
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Formation (Alsharhan and Nairn 2003q). In addition, the rocks migration into the Asmari reservoirs (Bordenave and Hegre
Paleocene—Eocene Jahrum Formation, the Miocene Guri Member 2010; Bordenave 2014). Such a fracturing might also have enhanced
of the Mishan Formation and pay zones in the Pabdeh Formation the reservoir potential of the Pabdeh Formation shales, as evidenced
could be additional reservoir units, contributing to the hydrocarbon by observations from the Zeloi, Karanj and Parsi oilfields
accumulations in fields such as Khesht Field next to the Kazerun (Soleimani and Zamani 2015).

Fault, the Sarkhun Field in the Bandar Abbas area and the Saman
Field in the North Dezful Embayment (Rastegar Lari 2008; Esrafili-

Dizaji and Rahimpour-Bonab 2019; Gholamalian et al. 2023). The Source rocks

only Cenozoic source rock for this petroleum system in the Iranian The Pabdeh Formation was deposited in a SE-NW-elongated
Zagros and Persian Gulf regions is the late Eocene—early Oligocene foredeep basin extending from the Strait of Hormuz to the Lurestan
interval of the Pabdeh Formation (Piryaei and Davies 2024) (Fig. 3). area. The most effective source rocks of the Pabdeh Formation are
However, this formation is considered to be at an early mature phase located within the Khuzestan and Lengeh troughs (Piryaei and
for petroleum generation across much of the Dezful Embayment Davies 2024), which were deposited during the late Eocene and
(Karimi et al. 2016). In highly fractured anticlines, vertical early Oligocene periods (Bordenave 2002; Bordenave and Hegre
migration of oil from the underlying petroleum systems might 2005; Piryaei and Davies 2024) (Fig. 22). Within the Dezful
have led to an interconnection of the Mesozoic—Cenozoic source Embayment, the TOC content in the Pabdeh Formation varies
@ 4 , (b)
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between 0.2 and 7.2 wt%, with peak values recorded in the Mansuri
Oilfield (Fig. 23). Euxinic conditions in certain areas of the
depression facilitated the deposition of organic-rich strata featuring
Type II amorphous-algal organic matter, influenced by a terrigen-
ous input (Bordenave 2014; Baniasad et al. 2016; Alizadeh et al.
2020). This organic matter is characterized by a relatively high
sulfur content and a narrow activation energy distribution ranging
from 42 to 54 kcal mol™!, with a principal activation energy of
48 kcal mol™! (Bordenave and Burwood 1990; Bordenave and
Hegre 2005; Karimi ez al. 2016) (Fig. 24).

In the eastern Persian Gulf, the thickness of the Pabdeh Formation
varies from 613 to 1939 m (NIOC Exploration Directorate and
Statoil 2003). Samples from this formation exhibit variable TOC
contents (0.17-13.9 wt%) and S2 values (0.13-28.66 mgHC g™!
rock) (NIOC Exploration Directorate and Statoil 2003). The highest
quality source rocks are found in wells located in the southwestern
parts of the eastern Persian Gulf, such as the Ashkan, Qeshm and
Tusan fields (NIOC Exploration Directorate and Statoil 2003).
Interestingly, source-rock potential tends to increase toward the top
of'the Pabdeh Formation; however, the richest interval in the Qeshm
Field occurs near the base of the formation, representing one of the
highest quality source rocks in the entire eastern Persian Gulf (NIOC
Exploration Directorate and Statoil 2003). Hydrogen indices from
well samples indicate that the Pabdeh Formation predominantly
contains gas-prone kerogen, with an average HI value of 198
mgHC g~! TOC (NIOC Exploration Directorate and Statoil 2003).
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Fig. 24. Kinetic properties of the hydrocarbon formations from the Pabdeh
Formation source rock in the Dezful Embayment. Source: from Karimi
et al. (2016).
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Notably, samples exhibiting a higher source-rock potential (i.e. S2
>6 mgHC g~! rock) have an average HI value of 381 mgHC g~!
TOC, suggesting their capacity to generate both oil and gas (NIOC
Exploration Directorate and Statoil 2003). Therefore, the Pabdeh
Formation exhibits significant variability in TOC content and
source-rock quality across the Dezful Embayment and eastern
Persian Gulf. This spatial variability reflects the complex deposi-
tional environment and organic matter input influencing the
hydrocarbon potential in the region.

Reservoir rocks and seals

The Oligo-Miocene Asmari Formation, which consists of c. 480 m-
thick shallow-marine limestones, is the main reservoir for the
Cenozoic petroleum system (McQuillan 1985; Motiei 1993; Sepehr
and Cosgrove 2004) in Iran. The hydrocarbon productivity of the
Asmari Formation reservoir in the Iranian Zagros region is also
enhanced by both fracture density and spacing (McQuillan 1985;
Ahmadhadi et al. 2008). Van Buchem er al. (2010a, b) have
identified four types of reservoirs in the Dezful Embayment,
including siliciclastic, mixed siliciclastic—carbonate, mixed carbon-
ate—evaporitic and carbonate, which extend from the Abadan Plain
to the SW to the Izeh Zone in the NE of the Zagros region. Structural
traps within the Dezful Embayment are primarily large-scale Zagros
orogenic anticlines, where the Asmari Formation reservoir is
effectively sealed by overlying anhydrites from the Gachsaran
Formation (Bahroudi and Koyi 2004). It is worth mentioning that
mixed stratigraphic and structural traps have also been discovered
for the Asmari Formation, particularly where the Ahwaz Sandstone
Member becomes the main reservoir (e.g. at the NW Persian Gulf
and Abadan Plain) (Piryaei and Davies 2024).

Hydrocarbon generation and migration

Hydrocarbon generation from the Pabdeh Formation source rock is a
relatively recent phenomenon, with expulsion occurring ¢. 3 Myr
ago in the deep synclines of the Dezful Embayment (Bordenave and
Hegre 2005; Karimi et al. 2016). Hydrocarbon migration from
Pabdeh source rock is likely to have occurred through folding-
induced fractures that formed during the Zagros Orogeny,
facilitating short-distance, subvertical movement into the adjacent
Asmari Formation reservoir traps (Bordenave and Hegre 2010). In
the eastern Persian Gulf, hydrocarbon generation from the Pabdeh
Formation is believed to have commenced in the lower Miocene,
particularly in areas where the formation is most deeply buried
(NIOC Exploration Directorate and Repsol 2002; Mashhadi ef al.
2015a, b). However, it was not until the Pliocene that the Pabdeh
Formation reached the oil-generation window in this region (NIOC
Exploration Directorate and Repsol 2002). Hydrocarbons within the
Cenozoic reservoirs are primarily sourced from the Albian
Kazhdumi Formation source rock, with their migration influenced
by the degree of structural deformation (Bordenave 2014). The
significant fracturing of the Pabdeh Formation has enabled vertical
connectivity between the Upper Cretaceous Sarvak Formation
reservoir, which contains hydrocarbons derived from the Kazhdumi
Formation source rock, and the younger Asmari Formation
reservoir, which holds hydrocarbons sourced from the Pabdeh
Formation (Bordenave and Hegre 2005). For example, the isotopic
analysis of oils from the Marun Field, found in both the Asmari and
Sarvak reservoirs, aligns with 8'3C values from the Kazhdumi
Formation source rock rather than those from the Pabdeh Formation
(Telmadarreie et al. 2015). Furthermore, the lack of 18(o)H-
oleanane in the oils from Marun Field indicates a relatively minor
contribution from the Pabdeh Formation source rock (Bordenave
and Hegre 2005).

The oil-source rock correlation in the Iranian
Zagros and Persian Gulf regions

Comprehensive studies of the basal Silurian ‘hot shale’ source rock
in Iran are required to establish oil-source rock correlations within
the Paleozoic—Triassic petroleum system. Due to its significant
depth of burial and inadequate seismic data, both the geographical
distribution and geochemical properties of this critical source rock
remain largely uncharted. Deep wells that extend to the pre-Permian
succession in the Iranian Zagros region, such as those in the South
Pars, Golshan, Darang, Kuh-e-Siah and Zirreh fields, have not fully
penetrated the entire thickness of the source rock, leaving its
characteristics largely speculative (Alipour 2024). Most current
interpretations are based on geological, geochemical and modelling
studies of surface outcrops of Silurian shales at the Kuh-e-Faraghan
location (Szabo and Kheradpir 1978; Ghavidel-syooki et al. 2011;
Saberi and Rabbani 2015; Ahanjan ef al. 2017). Consequently, the
proposed genetic link between the Silurian ‘hot shale’ source rocks
and gas accumulations in Permian—Triassic reservoir rocks relies on
indirect evidence (Aali et al. 2006; Bordenave 2008, 2014;
Bordenave and Hegre 2010; Memariani et al. 2010; Aali and
Rahmani 2011; Fathi Mobarakabad et al. 2011; Mohsenian et al.
2014).

The Jurassic oil-source rock correlations of the southern Persian
Gulf have also been established based on the molecular character-
istics of associated oils (Alizadeh ez al. 2017; Hosseiny et al. 2017).
The oil-source rock correlations in the onshore regions are less
defined and primarily rely on indirect evidence from modelling
studies (Mehmandosti et al. 2015; Zeinalzadeh et al. 2015).
Nonetheless, recent research suggests that some Jurassic hydrocar-
bon accumulations in the Iranian Zagros region — such as those in
the Azadegan, Darquian and Asmari fields — are genetically linked
to the Sargelu Formation source rock (Kobraei et al. 2019).
Analyses indicate that these Jurassic hydrocarbons are predomin-
antly generated by the Sargelu Formation (Kobraei ef al. 2019).

The Cenomanian Middle Sarvak Formation source rock is
inferred to be a primary contributor to hydrocarbons in the Sarvak
and Ilam reservoirs in the southern Persian Gulf (Alizadeh et al.
2017; Hosseiny et al. 2017). In addition, hydrocarbons generated by
the Albian Kazhdumi Formation source rock are likely to be
responsible for charging reservoirs within the Burgan sandstones
(notably in the NW Persian Gulf in Iran), as well as in the Sarvak
and Ilam formations (located in the Dezful Embayment) and the
Asmari Formation carbonates (Bordenave and Burwood 1990;
Bordenave 2014; Baniasad et al. 2016, 2017).

Chemometric analyses were performed on a collection of 21 oil
samples from the Dezful Embayment (Table 1) in the current study,
focusing on their biomarker parameters. These oils, sourced from
Jurassic to Cenozoic reservoirs across various fields, were
categorized into three distinct families (A, B and C) based on
their thermal maturity, facies and age (Fig. 25). While previous
studies have identified five petroleum systems within the Dezful
Embayment (Bordenave and Hegre 2010), the oil samples analysed
in this study appear to represent only three of those systems. Family
A oils are characterized by their unique age-diagnostic biomarker
parameters. The oils in Family A are characterized by a high C,5/Cy9
regular sterane ratio, suggesting a correlation with Upper Jurassic—
Miocene source rocks (Grantham and Wakefield 1988). C,g steranes
are typically associated with phytoplankton and algae, while Cyq
steranes are linked to higher plants and some algae. A high C,5/Cyg
ratio suggests a greater contribution from marine phytoplankton or
algae relative to terrestrial organic matter (Peters et al. 2005). This
family includes oils from fields such as the Haft-Kel, Masjid-e-
Suleyman, Par-e-Siah, Parsi, Bibi-Hakime and Gachsaran (Table 1).
In contrast, Family B oils are classified as high-maturity oils,
exhibiting elevated Ts/Tm, C,o sterane B6/68 + aor and Dia/Dia +
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Table 1. Summary of biomarker ratios used for chemometric classification of oil samples from the Dezful Embayment

Wells  Fields Ts/Tm  Cp/Cy C3s/Css Ol  ChsNDR  CNCR  20S/S+R) BB/BB+ao) Dia/Reg 22S(S+R) CyRIC;oH  %Ch;  %Cag  %Cag  Cog/Crg  Family
AZ-A  Ahwaz 0.64 1.07 1.31 0 0 0 0.51 0.57 0.35 0.54 0.57 321 299 380 079 C
AZ1 0.26 1.75 1.52 0 0 0 0.54 0.58 0.17 0.54 0.49 354 267 379 071 C
AZ-S 0.44 1.30 1.35 0 0 0 0.54 0.59 0.29 0.55 0.48 350 293 357 0.82 C
MN-I  Marun 0.99 1.05 1.39 0 0 0 0.52 0.60 0.45 0.56 0.50 355 294 351 0.84 C
MN-S 0.56 1.22 1.41 0 0 0 0.55 0.59 0.34 0.55 0.53 374 290 336 086 C
KP-A  Kupal 0.47 1.35 147 0 0 0 0.49 057 0.26 0.11 0.52 305 284 411 069 C
KP-S 0.55 1.55 1.55 0 0 0 0.53 0.60 0.28 0.53 0.54 347 274 380 072 C
HK-A  Haftkel 0.73 1.18 1.38 017 033 0.45 0.51 0.57 0.44 0.56 0.43 351 312 337 093 A
MIS-A  Masjid-e-Suleiman  0.81 0.77 1.31 022 040 0.52 0.49 0.54 0.47 057 0.41 355 318 327 097 A
PS-A  Par-e-Siah 140 059 1.13 032 038 0.53 0.54 0.59 0.50 057 0.40 378 329 293 112 A
PA-A  Parsi 072 078 1.34 0.16 033 0 0.50 0.57 0.29 0.56 0.50 325 317 358 0.8 A
RM-A  Ramshir 0.51 1.17 1.31 0 0 0 0.51 0.58 032 0.92 0.51 334 293 373 079 C
RM-S 1.51 0.65 1.13 0 0 0 0.55 0.59 0.50 0.55 0.52 325 316 359 088 C
BK-A  Binak 0.47 1.33 1.69 009 0 0 0.55 0.59 0.44 0.56 043 361 285 354 080 C
BK-S  Binak 119 053 L12 0 0.19 0 0.52 0.62 1.41 0.61 0.37 381 327 293 112 B
BH-A  Bibi-Hakimeh 070 077 1.20 0.15 028 0.45 0.54 0.58 0.54 0.58 0.44 361 319 320  1.00 A
BH-S 076 078 1.17 0.16 031 0.44 0.53 0.57 0.55 0.58 0.41 358 320 322 099 A
GG-F  Garangan 3.35 0.71 0.85 0 0 0 0.56 0.60 1.14 0.58 0.35 309 313 379  0.83 B
GG-S 269 067 0.85 0 0 0 0.53 0.61 1.20 0.61 0.32 3.6 308 376 0.82 B
GS-A  Gachsaran 077 081 L11 0.15 032 0.48 0.55 0.59 0.54 0.58 0.41 361 319 320  1.00 A
GS-S 072 067 1.17 0.13 036 0.52 0.54 0.57 0.56 0.59 0.41 357 330 313 1.05 A

Note: C,9/C5 = C,o hopane/C;, hopane; C55/C5, = C35 homohopane/C;, homohoapne; C,; NDR = C, nor-diacholestane ratio; C,(NCR = C,4 nor-cholestane ratio; 20S/(S + R) = C,y 00020S/(0t0t020S + 20R) regular sterane; BR/(BB + aor) = C,oBB20R/(C,BB20R +

C,90020R); Dia/Reg = C,, Dia/(Dia + Reg) sterane; 22S/(22S + R) = C3,app 22S/(228 + 22R) hopane.
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Reg sterane ratios. These oils are likely to have been sourced from
Jurassic or older formations and include samples from the Binak and
Garangan fields (Table 1). Family C oils display biomarker
parameters indicative of anoxic marine conditions in their source
rock from the Albian Kazhdumi Formation. This category includes
oils from the Ramshir, Binak, Kupal, Marun and Ahwaz fields
(Table 1).

Rabbani ef al. (2014) identified four primary oil groups in the
Persian Gulf region through statistical analyses, correlating them
with distinct source rocks using age-specific biomarkers and
isotope data (Fig. 26). Group I and Group II oils, associated with
Jurassic—Early Cretaceous reservoirs, are believed to have origi-
nated from Jurassic or older source rocks. Conversely, Group III
and Group IV oils, linked to Late Cretaceous—Cenozoic reservoirs,
are thought to be derived from Cretaceous or younger sources. The
Hanifa-Tuwaiq Formation, Garau Formation and the Diyab
Member of the Surmeh Formation are the most likely sources for
the Group I and Group II oils. For Group III and Group IV oils,
potential sources include the Kazhdumi and Sarvak formations,
along with the Khatiyah and Ahmadi members (Fig. 26) (Rabbani
et al. 2014).

Baniasad et al. (2023) investigated the geochemical character-
istics of oils and the active petroleum systems in the Eastern Arabian
Plate through bulk, molecular and stable carbon isotope data from
more than 500 oil samples across 112 oilfields and 11 reservoir
levels. Three primary petroleum systems were recognized in the
area: Paleozoic, Middle Jurassic—Lower Cretaceous, and Middle
Cretaceous—Cenozoic. Clear distinctions in geochemical and

(b) the score plot and (¢) the loading plot.

isotopic data were found between oils derived from Paleozoic
source rocks and those from the overlying petroleum systems. In the
Eastern Arabian Plate, oils from the Middle Jurassic—Lower
Cretaceous and Middle Cretaceous—Cenozoic systems were classi-
fied into 12 families and subfamilies, originating from six
significant source rocks: the Middle Jurassic Sargelu Formation,
the Lower Cretaceous Garau Formation, the Albian Kazhdumi
Formation and the Eocene Pabdeh Formation are the most important
source rocks in the Iranian part of the Eastern Arabian Plate. Most
oils in the region originated from Middle Jurassic—Lower
Cretaceous source rocks, while oils derived from Middle
Cretaceous—Cenozoic source rocks are mostly limited to the
Dezful Embayment in southwestern Iran and the Sirri District in
the southern Persian Gulf (Rabbani 2008).

Further analyses of oil and source-rock samples are required,
particularly focusing on stable carbon isotope ratios, to refine these
oil families and clarify potential oil-source rock relationships.

Correlation studies in the Iranian Zagros region have faced
challenges due to various factors, such as the absence of
representative samples from the basal Silurian Sarchahan ‘hot
shale’ source rock. In addition, some source kitchens extend beyond
Iran’s territorial borders (e.g. the Cenomanian Middle Sarvak
Formation and Oxfordian Middle Surmeh Formation source rocks).
Furthermore, individual hydrocarbon accumulations may be
influenced by secondary alteration processes or mixing from
multiple charges’ sources (Alizadeh et al. 2017).

Combining findings from various studies on oil families in the
Dezful Embayment and Persian Gulf have suggested that Family B
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oils of the study from the Dezful Embayment align with the Group I
and Group II oils of the Rabbani et al. (2014) study in the Persian
Gulf, both generated from Jurassic or older source rocks. Group III
and Group IV oils in the Persian Gulf region may correlate with
either Family A or C of the study from the Dezful Embayment.
However, more detailed biomarker studies are needed to distinguish
between these two families.

Based on this study, the Kazhdumi and Pabdeh formations exhibit
distinct biomarker signatures (Figs 27 and 28). Bitumen from the
Kazhdumi Formation contains a higher proportion of diasteranes
relative to steranes, elevated levels of C, steranes, and notable C,o/
C3p and C5(/Cs, + C33 hopane ratios based on this study. Steranes are
relatively stable, but diasteranes, which are rearranged isomers of
steranes formed typically during early diagenesis and catagenesis,
tend to increase relative to steranes with higher thermal maturity or
biodegradation (e.g. Peters et al. 2005). Therefore, a higher
diasterane/sterane ( Dia/Dia + Reg sterane) ratio is often interpreted
as an indication of increased thermal maturity or biodegradation of
the organic matter. Moreover, a dominance or elevation of C,;
steranes in a sample suggests a greater contribution of marine-
derived organic matter such as algae or zooplankton, reflecting a
marine depositional environment (Killops and Killops 2013). Ratios
such as C,9/C3y hopanes and Csy/(Cs, + Cs3) ratios can indicate

from the score plot.

different bacterial populations or varying redox and depositional
environments (Connan and Dessort 1987; Peters et al. 2005). For
example, elevated C,¢/C5( hopane ratios have been linked to more
reducing conditions or sulfate-reducing bacterial activity (Peters
et al. 2005). Distinctive hopane distributions help in the reconstruc-
tion of palaeoenvironments and in assessing microbial contributions
to the organic matter (Tissot and Welte 1984).

In contrast, the Pabdeh Formation bitumen features a lower
diasterane proportion, higher levels of C,g steranes, and lower C,o/
C;3 and C3(/Cs;, + Cs3 hopane ratios (Mehmandosti et al. 2015).
Significantly, the presence of substantial amounts of 18c(H)-
oleanane in NE Dezful Embayment oils sourced from the Pabdeh
Formation indicates a contribution from terrigenous angiosperm
plants, inferring a Late Cretaceous or younger age (Ekweozor et al.
1979). Angiosperm flora first appeared in the Cretaceous (Peters
and Moldowan 1993) but proliferated rapidly from the Early
Cenozoic onwards. Notably, 18c(H)-oleanane is absent in the
Kazhdumi Formation-sourced oils based on this study (Fig. 28).
The preference for norhopane over hopane and a high content of Cs5
hopane further differentiate northeastern Dezful oils. In addition,
the sterane composition reveals 0.ci20SR ethylcholestane, indicating
that these oils are fully mature. The relative abundance of C,g
compounds in the northeastern Dezful oils suggests a younger
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source compared with those derived from the Kazhdumi Formation
(Grantham and Wakefield 1988). This trend has also been noted in
Iraq (Connan 1988) and the Aquitaine Basin (Connan and
Lacrampe-Couloume 1993), potentially indicating contributions
from evaporitic sources that were prevailing during the deposition of
the Pabdeh Formation.
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Summary

The Paleozoic—Cenozoic stratigraphic successions of the Iranian
Zagros region host various source rocks with vertical communica-
tion, based on the results from stratigraphic and structural analyses.
The source and reservoir rocks of the Paleozoic—Triassic petroleum

c29M

6000

C30H

5500

5000

1500

4000

3500

c310S

m

3000

2500

2000

1500

rmor

1000

500

f T T T T T T T
52.00 53.00 54.00 55.00 56. 00 57.00 58.00 59.00 60. 00 61. 00

T T T
62. 00 63. 00 64. 00

Fig. 28. The specific biomarkers for the
Kazhdumi Formation source rock
recognized in this study including both

T T T T T T T
40.00 45.00 50.00 55. 00 60.00 65. 00 70.00 75.00

T
80.00

55,00 90700 sterane (m/z 217) and hopanes (m/z 191).



Downloaded from https://www.lyellcollection.org by Payam Hassanzade on Nov 21, 2025

24 P. Hassanzadeh and A. Piryaei

system are usually buried under considerable depths across much of
the Iranian Zagros region, which caused this system to be poorly
understood. Accessible portions of the upper Paleozoic interval are
primarily found in the margins of the Iranian Zagros and the Persian
Gulf regions, particularly around palaeohighs. This system has
generated substantial volumes of natural gas, notably in the upper
Permian Dalan and lower Triassic Kangan Formation reservoirs.
Key risk factors include the geographical distribution of the basal
Silurian ‘hot shale’ source rock, the extent and integrity of the
Dashtak evaporite seal, and the elevated nitrogen gas concentrations
in certain Permian—Triassic reservoirs, such as those in the Lurestan
area. The discovery of new oilfields involving the Kangan and
Dalan reservoirs in the Fars and Persian Gulf regions will encourage
further exploration of the Paleozoic in other regions too. Although
the lower Paleozoic petroleum succession remains undiscovered
due to its thick sedimentary overburden (>6 km), it should be
accessible in elevated sedimentary successions as a result of
basement faults and salt diapirs tectonics (Faridi ef al. 2021).

The Jurassic—Cretaceous petroleum system exhibits considerable
potential in the Iranian Zagros region, driven by the presence of
organic-rich Jurassic and Cretaceous shaly source rocks, alongside
favourable conditions for hydrocarbon generation and migration.
The lateral continuity of organic-rich facies and the extent of
evaporite cap rocks are critical elements for this system. They can
also be considered promising for unconventional oil and gas
resources, by applying advanced drilling and extraction technolo-
gies. In addition, stratigraphic traps within the Cretaceous petroleum
system offer further exploration opportunities, which can be
recognized through detailed sequence-stratigraphic modelling.

The Cenozoic petroleum system is active only in specific areas of
the Dezful Embayment, where reservoir units may contain
hydrocarbons also sourced from underlying systems. The thermal
maturity of the Pabdeh Formation source rock, along with the
structural deformation required for fracturing within the Asmari
Formation reservoirs, plays a crucial role in this system. There may
still be remaining potential in the form of early mature oil trapped
within the fractured shales of this system.

Geochemical analyses of two sets of oils and source rocks were
carried out to understand the existing oil families and to clarify their
genetic relationships to the source rocks. These findings will also
help in better understanding the migration pathways within the
study area and will contribute to the establishment of some accurate
petroleum system models in the future.

Concluding remarks

This study provides a comprehensive evaluation of petroleum
systems in the Iranian Zagros and Persian Gulf regions, integrating
geochemical, geological and modelling approaches to clarify
hydrocarbon generation, migration and accumulation.

The key findings include:

(1) Source-rock potential: the Pabdeh, Kazhdumi, Garau,
Sargelu and Sarchahan formations exhibit strong
hydrocarbon-generating  capabilities, supported by
biomarker and isotopic evidence (e.g. 8'°C and the
presence of oleanane). Kinetic studies further constrain
their thermal maturation windows.

» Late Eocene—early Oligocene (lowstand systems tracts
(LSTs) of sequences Pg25 and Pg30) as the richest
interval of the Pabdeh Formation, considered an early
mature phase for petroleum generation, exhibits hydro-
carbon potential, particularly in the Dezful Embayment
and Lengeh troughs. Deposited in a NW—SE-elongated
foredeep basin under euxinic conditions, it contains
organic-rich marine shales and marginal carbonates with

maximum TOC values. The formation features Type 11
amorphous-algal kerogen and a narrow activation energy.

» The Aptian—Albian Kazhdumi Formation is recognized
as one of the most significant source rocks in the study
area. Deposited in a subsiding intrashelf basin influ-
enced by the Balarud and Kazerun basement faults, it
features organic-rich shales with the highest TOC
values that contain mainly oil-prone Type II kerogen.
The formation exhibits a narrow activation energy
range, indicating efficient hydrocarbon generation. Its
biomarker signature, characterized by a high diasterane
and C, sterane content, alongside with C,9/C3oH <1,
distinguishes it from other source rocks.

» The Early Cretaceous Garau Formation is prominent in
the Dezful Embayment, Abadan Plain and NE Persian
Gulf, with the potential for unconventional resources in
the Lurestan area due to its organic richness and
fracturing. Deposited in a deep, anoxic intrashelf basin,
it contains organic-rich shales with good to very good
source-rock potential based on TOC values. The
formation features Type II amorphous kerogen with
HI, TOC and T,,,, values reflecting peak oil generation
maturity in the Lurestan area. Its activation energies
range from 39 to 60 kcal mol™' (principal energy
55 kcal mol™1).

»  The Sargelu Formation, a Middle Jurassic source rock, is
a major hydrocarbon contributor, particularly in
Lurestan, the Abadan Plain and the NW Persian Gulf,
associated with a significant shale gas potential in
Lurestan. Deposited in a NW—SE-trending deep, anoxic
intrashelf basin, it contains organic-rich facies with oil-
prone Type IIS kerogen. The formation exhibits thermal
maturity, increasing from the main oil window in the NW
Persian Gulf to the late oil window towards the Abadan
Plain, reaching wet- to dry-gas windows in the Dezful
Embayment and Lurestan. Its activation energies span
39-60 kcal mol™! (principal energy 54 kcal mol™").

»  The Sarchahan Formation is the primary source rock for
the Paleozoic—Triassic petroleum system, contributing
more than 90% of its hydrocarbons. It is characterized
by high organic richness and Type II/IIl kerogen, as
observed in SE Zagros outcrops. The source-rock
potential indicates late mature to gas-window maturity.
Despite its significant potential, deep burial (>6000 m)
limits subsurface sampling, and uncertainties in its
geographical extent and migration dynamics suggest
untapped potential for unconventional resources like
shale gas, particularly in the southern Persian Gulf.

(2) Oil-source rock correlations: chemometric analysis of 21 oil
samples identified three distinct oil families, with clear
genetic links to specific source rocks. Family A oils are
characterized by a high C,g/C,9 regular sterane ratio,
suggesting a correlation with Upper Jurassic-Miocene
source rocks. Family B oils are classified as high-maturity
oils, which are likely to have been sourced from Jurassic or
older formations. Family C oils display biomarker
parameters indicative of anoxic marine conditions in their
source rocks from the Aptian—Albian Kazhdumi Formation.
Regional implications: the integration of unpublished NIOC
data with published studies confirms the significant reserves
ofthe Paleozoic petroleum system and highlights analogous
petroleum systems across the Arabian Plate.

@3

~

Acknowledgements The authors express their gratitude to the
Exploration Directorate of the National Iranian Oil Company (NIOCEXP),



Downloaded from https://www.lyellcollection.org by Payam Hassanzade on Nov 21, 2025

Petroleum systems in the Zagros region 25

particularly to the technical staff of the Geochemistry and Geology departments
(e.g. S. Sherkati, M. Rashidi, S.A. Moallemi, R. Bagheri-Tirtashi and
E. Tarhandeh) for providing valuable data, engaging discussions and unwavering
support. Special thanks are also extended to R.F. Sachsenhofer, Chair of Energy
Geosciences, Montanuniversitaet Leoben, and Dr Adnan A. M. Agrawi,
Innovation and Energy Advisor at Innergy Consultancy Agqrawi, for their
insightful reviews, constructive suggestions and guidance that significantly
improved this paper.

Author contributions pH: conceptualization (equal), data curation
(equal), formal analysis (equal), investigation (equal), methodology (equal),
resources (equal), software (equal), supervision (equal), validation (equal),
visualization (equal), writing — original draft (equal), writing — review & editing
(equal); AP: conceptualization (equal), data curation (equal), formal analysis
(equal), investigation (equal), methodology (equal), resources (equal), software
(equal), supervision (equal), visualization (equal), writing — original draft
(equal), writing — review & editing (equal).

Flllldillg This research received no specific grant from any funding agency
in the public, commercial, or not-for-profit sectors.

Competing interests The authors declare that they have no known
competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Data avallablllty The data that support the findings of this study are
available from the corresponding author upon reasonable request.

References

Aali, J. and Rahmani, O. 2011. Evidences for secondary cracking of oil in South
Pars field, Persian Gulf, Iran. Journal of Petroleum Science and Engineering,
76, 85-92, https:/doi.org/10.1016/j.petrol.2011.01.016

Aali, J., Rahimpour-Bonab, H. and Kamali, M.R. 2006. Geochemistry and origin
of the world’s largest gas field from Persian Gulf, Iran. Journal of Petroleum
Science and Engineering, 50, 161-175, https:/doi.org/10.1016/j.petrol.2005.
12.004

Abbasi, R., Piryaei, A., Ghorbani, M. and Mobasheri, A. 2021. Maastrichtian
tectono-sedimentary evolution of the western Fars area (Zagros, SW Iran):
insights into a foreland basin deposits. Geopersia, 11, 337-360, https:/doi.
org/10.22059/geope.2021.316509.648591

Abdollahi, R., Motahhari, S.M. and Esfandyari, H. 2021. Integrated technical and
economical methodology for assessment of undeveloped shale gas prospects:
applying in the Lurestan shale gas, Iran. Mathematical Problems in
Engineering, 2021, https:/doi.org/10.1155/2021/7919264

Abdollahi, R., Motahhari, S.M. et al. 2022. A systematic step-wise approach for
shale gas assessment in undeveloped prospects: a case study of Lurestan shale
gas area in Iran. Petroleum Exploration and Development, 49, 596-604,
https:/doi.org/10.1016/S1876-3804(22)60049-1

Abdollahie Fard, I., Braathen, A., Mokhtari, M. and Alavi, S.A. 2006. Interaction
of the Zagros Fold-Thrust Belt and the Arabian-type, deep-seated folds in the
Abadan Plain and the Dezful Embayment, SW Iran. Petroleum Geoscience,
12, 347-362, https:/doi.org/10.1144/1354-079305-706

Abeed, Q., Leythaeuser, D. and Littke, R. 2012. Geochemistry, origin and
correlation of crude oils in Lower Cretaceous sedimentary sequences of the
southern Mesopotamian Basin, southern Iraq. Organic Geochemistry, 46,
113-126, https:/doi.org/10.1016/j.orggeochem.2012.02.007

Abeed, Q., Littke, R., Strozyk, F. and Uffmann, A.K. 2013. The Upper Jurassic—
Cretaceous petroleum system of southern Iraq: A 3-D basin modelling study.
GeoArabia, 18, 179-200, https:/doi.org/10.2113/geoarabial 801179

Abu-Ali, M. and Littke, R. 2005. Paleozoic petroleum systems of Saudi Arabia: A
basin modeling approach. GeoArabia, 10, 131-168, https:/doi.org/10.2113/
geoarabial 003131

Abu-Ali, M., Franz, U., Shen, J., Monnier, F., Mahmoud, M. and Chambers, T.
1991. Hydrocarbon generation and migration in the Paleozoic sequence of
Saudi Arabia. In: Proceedings of the Middle East Oil Show, Bahrain,
November 1619, 1991. Society of Petroleum Engineers, Richardson, TX,
SPE-21376-MS, 345-356, https:/doi.org/10.2118/21376-MS

Abu-Ali, M., Rudkiewicz, J.L., McGillivray, J.G. and Behar, F. 1999. Paleozoic
petroleum system of central Saudi Arabia. GeoArabia, 4, 321-335, https:/doi.
org/10.2113/geoarabia0403321

Abu-Ali, M.A., Rudkiewicz, J.L., McGillivray, J.G. and Behar, F. 2001. Oil/Gas
generation and migration systems, central Saudi Arabia. Saudi Aramco
Journal of Technology, 2001, 10-25.

Ahanjan, A., Rabbani, A.R. and Khajooie, S. 2016. Assessing vertical
compartmentalization within the KHM field, southwest of Iran: an integrated
approach. Journal of Natural Gas Science and Engineering, 35, 1277-1283,
https:/doi.org/10.1016/j.jngse.2016.09.069

Ahanjan, A., Rabbani, A.R. and Kamali, M.R. 2017. An improved understanding
of the origin and mechanism of Permian—Triassic natural gas-condensate

accumulations in the Gavbendi High, Southwest Iran: An integrated approach.
Journal of Natural Gas Science and Engineering, 37, 217-233, https:/doi.
org/10.1016/j.jngse.2016.11.026

Ahmadhadi, F., Daniel, J.M., Azzizadeh, M. and Lacombe, O. 2008. Evidence
for pre-folding vein development in the Oligo-Miocene Asmari Formation in
the Central Zagros Fold Belt, Iran. Tectonics, 27, TC1016, https:/doi.org/10.
1029/2006TC001978

Ala, M., Kinghorn, R. and Rahman, M.T. 1980. Organic geochemistry and source
rock characteristics of the Zagros petroleum province, southwest Iran. Journal
of Petroleum Geology, 3, 61-89, https:/doi.org/10.1111/j.1747-5457.1980.
tb01004.x

Alaei, S.S., Ziaii, M. and Kadkhodaei, A. 2012. Petrophysical Evaluation of
Shale Gas (Dashtak Formation) Using Probabilistic Approach in Salman Oil
Field. MSc thesis, Shahrood University of Technology, Shahrood, Iran.

Alavi, M. 2004. Regional stratigraphy of the Zagros fold-thrust belt of Iran and its
proforeland evolution. American Journal of Science, 304, 1-20, https:/doi.
org/10.2475/ajs.304.1.1

Al-Husseini, M.I. 2007. Iran’s crude oil reserves and production. GeoArabia, 12,
69-94, https:/doi.org/10.2113/geoarabial 20269

Ali, A. and Silwadi, S. 1989. Hydrocarbon potential of Paleozoic pre-Khuff
clastics in Abu Dhabi, UAE. In: Proceedings of the Middle East Oil Show,
Bahrain, March 11-14, 1989. Society of Petroleum Engineers, Richardson,
TX, SPE-18009, 819832, https:/doi.org/10.2118/18009-MS

Alipour, M. 2022. Organic facies and paleo-depositional environments of
the Aptian—Albian Kazhdumi source rock in the Zagros basin of Iran. Marine
and Petroleum Geology, 145, https:/doi.org/10.1016/j.marpetge0.2022.
105887

Alipour, M. 2023. Collision along irregular plate margin controlled the tectono-
stratigraphic evolution of the Iranian Zagros fold and thrust belt. Marine and
Petroleum Geology, 154, https:/doi.org/10.1016/j.marpetge.2023.106311

Alipour, M. 2024. Petroleum systems of the Iranian Zagros fold and thrust belt.
Results in Earth Sciences, 2, https://doi.org/10.1016/j.rines.2024.100027

Alipour, M., Alizadeh, B., Chehrazi, A. and Mirshahani, M. 2016. Sequence
stratigraphic control on active petroleum system in the eastern Block A,
Persian Gulf. In: The Ist International Conference on Science and Basic
Research, Kharazmi Higher Institute of Science and Technology, Iran,
151-153.

Alipour, M., Alizadeh, B. and Chehrazi, A. 2017a. A thermal maturity analysis of
the effective Cretaceous petroleum system in southern Persian Gulf basin.
Iranian Journal of Oil and Gas Science and Technology, 6, 1-17, https:/doi.
org/10.22050/ijogst.2017.53898

Alipour, M., Alizadeh, B., Chehrazi, A. and Mirzaie, S. 20175. Chemometric
classification and geochemistry of oils in the Iranian sector of the southern
Persian Gulf Basin. Organic Geochemistry, 111, 67-81, https:/doi.org/10.
1016/j.orggeochem.2017.05.006

Alipour, M., Alizadeh, B., Chehrazi, A. and Mirzaie, S. 2019. Combining
biodegradation in 2D petroleum system models: application to the Cretaceous
petroleum system of the southern Persian Gulf basin. Journal of Petroleum
Exploration and Production Technology, 9, 24772486, https:/doi.org/10.
1007/s13202-019-0716-8

Alipour, M., Alizadeh, B., Mirzaei, S. and Chehrazi, A. 2021. Basin and
petroleum system analysis in the southeastern Persian Gulf basin: a 2D basin
modeling approach. Journal of Petroleum Exploration and Production
Technology, 11, 4201-4214, https:/doi.org/10.1007/s13202-021-01310-2

Alizadeh, B., Sarafdokht, H., Rajabi, M., Opera, A. and Janbaz, M. 2012a.
Organic geochemistry and petrography of Kazhdumi (Albian—Cenomanian)
and Pabdeh (Paleogene) potential source rocks in southern part of the Dezful
Embayment, Iran. Organic Geochemistry, 49, 3646, https:/doi.org/10.1016/
j.orggeochem.2012.05.004

Alizadeh, B., Telmadarreie, A., Shadizadeh, S.R. and Tezhe, F. 2012b.
Investigating geochemical characterization of Asmari and Bangestan
reservoir oils and the source of H,S in the Marun oilfield. Petroleum Science
and Technology, 30, 967-975, https:/doi.org/10.1080/10916466.2010.493914

Alizadeh, B., Alipour, M., Chehrazi, A. and Mirzaie, S. 2017. Chemometric
classification and geochemistry of oils in the Iranian sector of the southern
Persian Gulf Basin. Organic Geochemistry, 111, 67-81, https://doi.org/10.
1016/j.orggeochem.2017.05.006

Alizadeh, B., Maroufi, K. and Fajrak, M. 2018. Hydrocarbon reserves of
Gachsaran oilfield, SW Iran: Geochemical characteristics and origin. Marine
and Petroleum Geology, 92, 308-318, https:/doi.org/10.1016/j.marpetgeo.
2017.08.040

Alizadeh, B., Opera, A., Kalani, M. and Alipour, M. 2020. Source rock and shale
oil potential of the Pabdeh Formation (Middle-Late Eocene) in the Dezful
Embayment, southwest Iran. Geologica Acta, 18, https:/doi.org/10.1344/
GeologicaActa2020.18.15

Al-Johi, A. and Al-Laboun, A. 2015. Neoproterozoic (Infracambrian)-Paleozoic
total petroleum systems of Arabian Peninsula; an overview. Arabian Journal
of Earth Sciences, 2, 1-21.

Al-Mahmoud, M.J., inan, S. and Al-Duaiji, A.A. 2014. Coal occurrence in the
Jurassic Dhruma Formation in Saudi Arabia: inferences on its gas and surface
mining potential. International Journal of Coal Geology, 124, 5-10, https:/
doi.org/10.1016/j.c0al.2014.01.007

Alsharhan, A.S. 1993. Sedimentary facies analysis of the subsurface Triassic and
hydrocarbon potential in the United Arab Emirates. Facies, 28, 97108,
https:/doi.org/10.1007/BF02539731


https://doi.org/10.1016/j.petrol.2011.01.016
https://doi.org/10.1016/j.petrol.2011.01.016
https://doi.org/10.1016/j.petrol.2005.12.004
https://doi.org/10.1016/j.petrol.2005.12.004
https://doi.org/10.1016/j.petrol.2005.12.004
https://doi.org/10.22059/geope.2021.316509.648591
https://doi.org/10.22059/geope.2021.316509.648591
https://doi.org/10.22059/geope.2021.316509.648591
https://doi.org/10.1155/2021/7919264
https://doi.org/10.1155/2021/7919264
https://doi.org/10.1016/S1876-3804(22)60049-1
https://doi.org/10.1016/S1876-3804(22)60049-1
https://doi.org/10.1144/1354-079305-706
https://doi.org/10.1144/1354-079305-706
https://doi.org/10.1016/j.orggeochem.2012.02.007
https://doi.org/10.1016/j.orggeochem.2012.02.007
https://doi.org/10.2113/geoarabia1801179
https://doi.org/10.2113/geoarabia1801179
https://doi.org/10.2113/geoarabia1003131
https://doi.org/10.2113/geoarabia1003131
https://doi.org/10.2113/geoarabia1003131
https://doi.org/10.2118/21376-MS
https://doi.org/10.2118/21376-MS
https://doi.org/10.2113/geoarabia0403321
https://doi.org/10.2113/geoarabia0403321
https://doi.org/10.2113/geoarabia0403321
https://doi.org/10.1016/j.jngse.2016.09.069
https://doi.org/10.1016/j.jngse.2016.09.069
https://doi.org/10.1016/j.jngse.2016.11.026
https://doi.org/10.1016/j.jngse.2016.11.026
https://doi.org/10.1016/j.jngse.2016.11.026
https://doi.org/10.1029/2006TC001978
https://doi.org/10.1029/2006TC001978
https://doi.org/10.1029/2006TC001978
https://doi.org/10.1111/j.1747-5457.1980.tb01004.x
https://doi.org/10.1111/j.1747-5457.1980.tb01004.x
https://doi.org/10.1111/j.1747-5457.1980.tb01004.x
https://doi.org/10.2475/ajs.304.1.1
https://doi.org/10.2475/ajs.304.1.1
https://doi.org/10.2475/ajs.304.1.1
https://doi.org/10.2113/geoarabia120269
https://doi.org/10.2113/geoarabia120269
https://doi.org/10.2118/18009-MS
https://doi.org/10.2118/18009-MS
https://doi.org/10.1016/j.marpetgeo.2022.105887
https://doi.org/10.1016/j.marpetgeo.2022.105887
https://doi.org/10.1016/j.marpetgeo.2022.105887
https://doi.org/10.1016/j.marpetgeo.2023.106311
https://doi.org/10.1016/j.marpetgeo.2023.106311
https://doi.org/10.1016/j.rines.2024.100027
https://doi.org/10.1016/j.rines.2024.100027
https://doi.org/10.22050/ijogst.2017.53898
https://doi.org/10.22050/ijogst.2017.53898
https://doi.org/10.22050/ijogst.2017.53898
https://doi.org/10.1016/j.orggeochem.2017.05.006
https://doi.org/10.1016/j.orggeochem.2017.05.006
https://doi.org/10.1016/j.orggeochem.2017.05.006
https://doi.org/10.1007/s13202-019-0716-8
https://doi.org/10.1007/s13202-019-0716-8
https://doi.org/10.1007/s13202-019-0716-8
https://doi.org/10.1007/s13202-021-01310-2
https://doi.org/10.1007/s13202-021-01310-2
https://doi.org/10.1016/j.orggeochem.2012.05.004
https://doi.org/10.1016/j.orggeochem.2012.05.004
https://doi.org/10.1016/j.orggeochem.2012.05.004
https://doi.org/10.1080/10916466.2010.493914
https://doi.org/10.1080/10916466.2010.493914
https://doi.org/10.1016/j.orggeochem.2017.05.006
https://doi.org/10.1016/j.orggeochem.2017.05.006
https://doi.org/10.1016/j.marpetgeo.2017.08.040
https://doi.org/10.1016/j.marpetgeo.2017.08.040
https://doi.org/10.1016/j.marpetgeo.2017.08.040
https://doi.org/10.1344/GeologicaActa2020.18.15
https://doi.org/10.1344/GeologicaActa2020.18.15
https://doi.org/10.1344/GeologicaActa2020.18.15
https://doi.org/10.1016/j.coal.2014.01.007
https://doi.org/10.1016/j.coal.2014.01.007
https://doi.org/10.1016/j.coal.2014.01.007
https://doi.org/10.1007/BF02539731
https://doi.org/10.1007/BF02539731

Downloaded from https://www.lyellcollection.org by Payam Hassanzade on Nov 21, 2025

26 P. Hassanzadeh and A. Piryaei

Alsharhan, A.S. 2006. Sedimentological character and hydrocarbon parameters of
the middle Permian to Early Triassic Khuff Formation, United Arab Emirates.
GeoArabia, 11, 121-158, https:/doi.org/10.2113/geoarabial 103121

Alsharhan, A.S. 2014. Petroleum systems in the Middle East. Geological Society,
London, Special Publications, 392, 361-408, https:/doi.org/10.1144/SP392.19

Alsharhan, A.S. and Kendall, C.G.St.C. 1986. Precambrian to Jurassic rocks of
Arabian Gulf and adjacent areas: Their facies, depositional setting, and
hydrocarbon habitat. A4PG Bulletin, 70, 977-1002, https:/doi.org/10.1306/
94886650-1704-11D7-8645000102C1865D

Alsharhan, A.S. and Kendall, C.G.St.C. 1994. Depositional setting of the Upper
Jurassic Hith anhydrite of the Arabian Gulf: An analog to Holocene evaporites
of the United Arab Emirates and Lake MacLeod of Western Australia. A4PG
Bulletin, 78, 1075-1096, https:/doi.org/10.1306/A25FE437-171B-11D7-
8645000102C1865D

Alsharhan, A.S. and Kendall, C.G.St.C. 2021. Paleozoic sequence stratigraphy,
depositional systems, and hydrocarbon habitats across the Arabian plate.
AAPG Bulletin, 105, 1149-1198, https:/doi.org/10.1306/03242118174

Alsharhan, A.S. and Nairn, A.E.M. 1997. Sedimentary Basins and Petroleum
Geology of the Middle East. Elsevier, Amsterdam.

Alsharhan, A.S. and Nairn, A.E.M. 2003a. Sedimentary Basins and Petroleum
Geology of the Middle East. Elsevier, Amsterdam, https:/doi.org/10.2110/
pec.00.69

Alsharhan, A.S. and Nairn, A.E.M. 20035. Hydrocarbon habitat of the Middle
East: An overview. In: Sedimentary Basins and Petroleum Geology of the
Middle East. Elsevier, Amsterdam, 467-523, https:/doi.org/10.1016/B978-
044482465-3/50011-5

Alsharhan, A.S. and Whittle, G.L. 1995. Sedimentary—diagenetic interpretation
and reservoir characteristics of the Middle Jurassic (Araej Formation) in the
southern Arabian Gulf. Marine and Petroleum Geology, 12, 615-628, https:/
doi.org/10.1016/0264-8172(95)98088-M

Al-Silwadi, M., Kirkham, A., Simmons, M. and Twombley, B. 1996. New
insights into regional correlation and sedimentology, Arab Formation (Upper
Jurassic), offshore Abu Dhabi. GeoAdrabia, 1, 6-27, https:/doi.org/10.2113/
geoarabia010106

Al-Suwaidi, A.S., Taher, A.K., Alsharhan, A.S. and Salah, M.G. 2000.
Stratigraphy and geochemistry of Upper Jurassic Diyab Formation, Abu
Dhabi, UAE. SEPM Special Publications, 69, 249-271, https:/doi.org/
10.2110/pec.00.69.0249

Al-Zaabi, M., Taher, A., Azzam, I. and Witte, J. 2010. Geological overview of the
Middle Cretaceous Mishrif Formation in Abu Dhabi. Paper SPE-137894-MS
presented at the Abu Dhabi International Petroleum Exhibition and
Conference, November 1-4, 2010, Abu Dhabi, UAE, https:/doi.org/10.
2118/137894-MS

Amel, H., Jafarian, A., Husinec, A., Koeshidayatullah, A. and Swennen, R. 2015.
Microfacies, depositional environment and diagenetic evolution controls on
the reservoir quality of the Permian Upper Dalan Formation, Kish Gas Field,
Zagros Basin. Marine and Petroleum Geology, 67, 57-71, https:/doi.org/10.
1016/j.marpetgeo.2015.04.012

Aqrawi, A.A. 1998. Paleozoic stratigraphy and petroleum systems of the western
and southwestern deserts of Iraq. GeoArabia, 3, 229-248, https://doi.org/10.
2113/geoarabia0302229

Aqrawi, A.A. and Badics, B. 2015. Geochemical characterisation, volumetric
assessment and shale-oil/gas potential of the Middle Jurassic-Lower
Cretaceous source rocks of NE Arabian plate. GeoArabia, 20, 99-140,
https:/doi.org/10.2113/geoarabia200399

Aqrawi, A.A., Goff, J.C., Horbury, A.D. and Sadooni, F.N. 2010. The Petroleum
Geology of Iraq. Scientific Press Ltd, Beaconfield, UK.

Asghari, A. 2014. Sedimentary Environment, Sequence Stratigraphy and
Paleogeography of Paleozoic Pre-Khuff Succession in Southern Iran
(Zagros and Persian Gulf). Doctoral thesis, Université de Bourgogne,
Dijon, France.

Atashbari, V., Tingay, M. and Amrouch, K. 2018. Stratigraphy, tectonics and
hydrocarbon habitat of the Abadan plain basin: a geological review of a
prolific middle Eastern Hydrocarbon Province. Geosciences, 8, 496, https:/
doi.org/10.3390/geosciences8120496

Ayoub, M.R. and En Nadi, LM. 2000. Stratigraphic framework and reservoi
development of the Upper Jurassic in Abu Dhabi onshore area, UAE. SEPM
Special Publications, 69, 229-248, https:/doi.org/10.2110/pec.00.69.0229

Ayres, M., Bilal, M., Jones, R., Slentz, L., Tartir, M. and Wilson, A. 1982.
Hydrocarbon habitat in main producing areas, Saudi Arabia. A4PG Bulletin,
66, 1-9.

Azzam, IN. and Taher, A.K. 1993. Sequence stratigraphy and source rock
potential of Middle Cretaceous (Upper Wasia Group) in West Abu Dhabi. /n:
Proceedings of the Middle East Oil Show, Bahrain, April 3—6, 1993. Society
of Petroleum Engineers, Richardson, TX, SPE-25577, 305-317, https:/doi.
org/10.2118/25577-MS

Azzam, IN. and Taher, A.K. 1995. Sequence stratigraphy and source rock
potential of the Aptian (Bab Member) in east onshore Abu Dhabi: A model
approach to oil exploration. In: Proceedings of the Middle East Oil Show,
Bahrain, March 11-14, 1995. Society of Petroleum Engineers, Richardson,
TX, SPE-29802, https:/doi.org/10.2118/29802-MS

Bahroudi, A. and Koyi, H.A. 2004. Tectono-sedimentary framework of the
Gachsaran Formation in the Zagros foreland basin. Marine and Petroleum
Geology, 21, 1295-1310, https:/doi.org/10.1016/j.marpetgeo.2004.09.001

Baniasad, A., Littke, R., Froidl, F., Grohmann, S. and Soleimany, B. 2021.
Quantitative hydrocarbon generation and charge risk assessment in the NW
Persian Gulf: A 3D basin modeling approach. Marine and Petroleum Geology,
126, https:/doi.org/10.1016/j.marpetgeo.2021.104900

Baniasad, A., Littke, R. and Abeed, Q. 2023. Petroleum systems analysis of the
eastern Arabian Plate: Chemometrics based on a review of the geochemical
characteristics of oils in Jurassic—-Cenozoic reservoirs. Journal of Petroleum
Geology, 46, 3-45, https:/doi.org/10.1111/jpg.12829

Baniasad, A.R., Rabbani, A.R., Sachse, V.F., Littke, R., Moallemi, A. and
Soleimani, B. 2016. 2D basin modeling study of the Binak Trough,
northwestern Persian Gulf, Iran. Marine and Petroleum Geology, 77,
882-897, https:/doi.org/10.1016/j.marpetgeo.2016.07.025

Baniasad, A.R., Rabbani, A.R., Moallemi, A., Soleimany, B. and Rashidi, M.
2017. Petroleum system analysis of the northwestern part of the Persian Gulf,
Iranian sector. Organic Geochemistry, 107, 69-85, https:/doi.org/10.1016/j.
orggeochem.2017.03.005

Bashari, A. 2005. Khuff formation Permian—Triassic carbonate in the Qatar—
South Fars arch hydrocarbon province of the Persian Gulf. First Break, 23,
43-50, https:/doi.org/10.3997/1365-2397.23.1089.26737

Beydoun, Z.R. 1991. The hydrocarbon potential of the Arabian plate. 44PG
Memoirs, 33, 49-65.

Beydoun, Z.R., Clarke, M.H. and Stoneley, R. 1992. Petroleum in the Zagros
Basin: A late Tertiary foreland basin overprinted onto the outer edge of a vast
hydrocarbon-rich Paleozoic—Mesozoic passive-margin shelf. A4PG Memoirs,
55, 309-340, https:/doi.org/10.1306/M55563C12

Boote, D.R., Clark-Lowes, D.D. and Traut, M.W. 1998. Palaeozoic petroleum
systems of North Africa. Geological Society, London, Special Publications,
132, 7-68, https:/doi.org/10.1144/GSL.SP.1998.132.01.02

Bordenave, M.L. 2002. The Middle Cretaceous to Early Miocene petroleum
system in the Zagros domain of Iran, and its prospect evaluation. Paper
presented at the AAPG Annual Meeting, March 10-13, 2002, Houston, Texas,
USA, https://www.searchanddiscovery.com/documents/bordenave/images/
bordenave.pdf

Bordenave, M.L. 2008. The origin of the Permo-Triassic gas accumulations in the
Iranian Zagros foldbelt and contiguous offshore areas: a review of the
Paleozoic petroleum system. Journal of Petroleum Geology, 31, 3-42, https:/
doi.org/10.1111/j.1747-5457.2008.00405.x

Bordenave, M.L. 2014. Petroleum systems and distribution of the oil and gas
fields in the Iranian part of the Tethyan region. A4PG Memoirs, 106, 505-540.

Bordenave, M.L. and Burwood, R. 1990. Source rock distribution and maturation
in the Zagros orogenic belt: provenance of the Asmari and Bangestan reservoir
oil accumulations. Organic Geochemistry, 16, 369-387, https:/doi.org/10.
1016/0146-6380(90)90055-5

Bordenave, M.L. and Burwood, R. 1995. The Albian Kazhdumi Formation of the
Dezful Embayment, Iran: one of the most efficient petroleum generating
systems. In: Katz, B.J. (ed.) Petroleum Source Rocks. Springer, Berlin,
183-207, https:/doi.org/10.1007/978-3-642-78911-3_11

Bordenave, M.L. and Hegre, J.A. 2005. The influence of tectonics on the
entrapment of oil in the Dezful Embayment, Zagros foldbelt, Iran. Journal of
Petroleum Geology, 28, 339-368, https:/doi.org/10.1111/j.1747-5457.2005.
tb00087.x

Bordenave, M.L. and Hegre, J.A. 2010. Current distribution of oil and gas fields
in the Zagros Fold Belt of Iran and contiguous offshore as the result of the
petroleum systems. Geological Society, London, Special Publications, 330,
291-353, https://doi.org/10.1144/SP330.14

Bromhead, A.D., Van Buchem, F.S.P., Simmons, M.D. and Davies, R.B. 2022.
Sequence stratigraphy, palacogeography and petroleum plays of the
Cenomanian—Turonian succession of the Arabian Plate: an updated synthesis.
Journal of Petroleum Geology, 45, 119-161, https://doi.org/10.1111/jpg.
12810

Bordenave, M.L. and Huc, A.Y. 1995. The Cretaceous source rocks in the Zagros
foothills of Iran. Revue de I'Institut Frangais du Pétrole, 50, 727-753, https:/
doi.org/10.2516/0gst:1995044

Carrigan, W.J., Cole, G.A., Colling, E.L. and Jones, P.J. 1995. Geochemistry of
the upper Jurassic Tuwaiq mountain and Hanifa formation petroleum source
rocks of eastern Saudi Arabia. In: Katz, B.J. (ed.) Petroleum Source Rocks.
Springer, Berlin, 67-87, https:/doi.org/10.1007/978-3-642-78911-3_5

Connan, J. 1988. Quelques secrets des bitumes archéologiques de Mésopotamie
révélés par les analyses de géochimie organique pétroliere. Bulletin des
Centres de Recherches Exploration—Production Elf-Aquitaine, 12, 759-787.

Connan, J. and Dessort, D. 1987. Novel family of hexacyclic hopanoid alkanes
(C3,—Cs5) occurring in sediments and oils from anoxic paleoenvironments.
Organic Geochemistry, 11, 103—113, https:/doi.org/10.1016/0146-6380(87)
90032-5

Connan, J. and Lacrampe-Couloume, G. 1993. The origin of the Lacq Superieur
Heavy Oil Accumulation and the Giant Lacq Inferieur Gas Field (Aquitaine
Basin, SW France). [n: Bordenave, M.L. (ed.) Applied Petroleum
Geochemistry. Editions Technip, Paris, 464—488.

Dessort, D., Caillet, G., Lescanne, M., Insalaco, E. and Montel, F. 2006.
Geochemical characterization and interpretation of Khuff Reservoir Fluids,
North Dome. AAPG Search and Discovery Article #90051, 7th Middle East
Geosciences Conference and Exhibition, 27-29 March, 2006, Manama,
Babhrain, https:/www.searchanddiscovery.com/abstracts/pdf/2006/geo/
abstracts/ndx_dessort.pdf


https://doi.org/10.2113/geoarabia1103121
https://doi.org/10.2113/geoarabia1103121
https://doi.org/10.1144/SP392.19
https://doi.org/10.1144/SP392.19
https://doi.org/10.1306/94886650-1704-11D7-8645000102C1865D
https://doi.org/10.1306/94886650-1704-11D7-8645000102C1865D
https://doi.org/10.1306/94886650-1704-11D7-8645000102C1865D
https://doi.org/10.1306/A25FE437-171B-11D7-8645000102C1865D
https://doi.org/10.1306/A25FE437-171B-11D7-8645000102C1865D
https://doi.org/10.1306/A25FE437-171B-11D7-8645000102C1865D
https://doi.org/10.1306/03242118174
https://doi.org/10.1306/03242118174
https://doi.org/10.2110/pec.00.69
https://doi.org/10.2110/pec.00.69
https://doi.org/10.2110/pec.00.69
https://doi.org/10.1016/B978-044482465-3/50011-5
https://doi.org/10.1016/B978-044482465-3/50011-5
https://doi.org/10.1016/B978-044482465-3/50011-5
https://doi.org/10.1016/0264-8172(95)98088-M
https://doi.org/10.1016/0264-8172(95)98088-M
https://doi.org/10.1016/0264-8172(95)98088-M
https://doi.org/10.2113/geoarabia010106
https://doi.org/10.2113/geoarabia010106
https://doi.org/10.2113/geoarabia010106
https://doi.org/10.2118/137894-MS
https://doi.org/10.2118/137894-MS
https://doi.org/10.2118/137894-MS
https://doi.org/10.1016/j.marpetgeo.2015.04.012
https://doi.org/10.1016/j.marpetgeo.2015.04.012
https://doi.org/10.1016/j.marpetgeo.2015.04.012
https://doi.org/10.2113/geoarabia0302229
https://doi.org/10.2113/geoarabia0302229
https://doi.org/10.2113/geoarabia200399
https://doi.org/10.2113/geoarabia200399
https://doi.org/10.3390/geosciences8120496
https://doi.org/10.3390/geosciences8120496
https://doi.org/10.3390/geosciences8120496
https://doi.org/10.2110/pec.00.69.0229
https://doi.org/10.2110/pec.00.69.0229
https://doi.org/10.2118/25577-MS
https://doi.org/10.2118/25577-MS
https://doi.org/10.2118/25577-MS
https://doi.org/10.2118/29802-MS
https://doi.org/10.2118/29802-MS
https://doi.org/10.1016/j.marpetgeo.2004.09.001
https://doi.org/10.1016/j.marpetgeo.2004.09.001
https://doi.org/10.1016/j.marpetgeo.2021.104900
https://doi.org/10.1016/j.marpetgeo.2021.104900
https://doi.org/10.1111/jpg.12829
https://doi.org/10.1111/jpg.12829
https://doi.org/10.1016/j.marpetgeo.2016.07.025
https://doi.org/10.1016/j.marpetgeo.2016.07.025
https://doi.org/10.1016/j.orggeochem.2017.03.005
https://doi.org/10.1016/j.orggeochem.2017.03.005
https://doi.org/10.1016/j.orggeochem.2017.03.005
https://doi.org/10.3997/1365-2397.23.1089.26737
https://doi.org/10.3997/1365-2397.23.1089.26737
https://doi.org/10.1306/M55563C12
https://doi.org/10.1306/M55563C12
https://doi.org/10.1144/GSL.SP.1998.132.01.02
https://doi.org/10.1144/GSL.SP.1998.132.01.02
https://www.searchanddiscovery.com/documents/bordenave/images/bordenave.pdf
https://www.searchanddiscovery.com/documents/bordenave/images/bordenave.pdf
https://doi.org/10.1111/j.1747-5457.2008.00405.x
https://doi.org/10.1111/j.1747-5457.2008.00405.x
https://doi.org/10.1111/j.1747-5457.2008.00405.x
https://doi.org/10.1016/0146-6380(90)90055-5
https://doi.org/10.1016/0146-6380(90)90055-5
https://doi.org/10.1016/0146-6380(90)90055-5
https://doi.org/10.1007/978-3-642-78911-3_11
https://doi.org/10.1007/978-3-642-78911-3_11
https://doi.org/10.1111/j.1747-5457.2005.tb00087.x
https://doi.org/10.1111/j.1747-5457.2005.tb00087.x
https://doi.org/10.1111/j.1747-5457.2005.tb00087.x
https://doi.org/10.1144/SP330.14
https://doi.org/10.1111/jpg.12810
https://doi.org/10.1111/jpg.12810
https://doi.org/10.2516/ogst:1995044
https://doi.org/10.2516/ogst:1995044
https://doi.org/10.2516/ogst:1995044
https://doi.org/10.1007/978-3-642-78911-3_5
https://doi.org/10.1007/978-3-642-78911-3_5
https://doi.org/10.1016/0146-6380(87)90032-5
https://doi.org/10.1016/0146-6380(87)90032-5
https://doi.org/10.1016/0146-6380(87)90032-5
https://www.searchanddiscovery.com/abstracts/pdf/2006/geo/abstracts/ndx_dessort.pdf
https://www.searchanddiscovery.com/abstracts/pdf/2006/geo/abstracts/ndx_dessort.pdf
https://www.searchanddiscovery.com/abstracts/pdf/2006/geo/abstracts/ndx_dessort.pdf

Downloaded from https://www.lyellcollection.org by Payam Hassanzade on Nov 21, 2025

Petroleum systems in the Zagros region 27

Droste, H.H.J. 1997. Stratigraphy of the Lower Paleozoic Haima Supergroup of
Oman. GeoArabia, 2, 419-472, https:/doi.org/10.2113/geoarabia0204419
Ehrenberg, S.N., Nadeau, P.H. and Aqrawi, A.A.M. 2007. A comparison of
Khuff and Arab reservoir potential throughout the Middle East. 4A4PG

Bulletin, 91, 275-286, https:/doi.org/10.1306/09140606054

Ekweozor, C.M., Okogun, J.I., Ekong, D.E.U. and Maxwell, J.R. 1979.
Preliminary organic geochemical studies of samples from the Niger delta
(Nigeria): II. Analyses of shale for triterpenoid derivatives. Chemical
Geology, 27, 29-37, https:/doi.org/10.1016/0009-2541(79)90101-3

Esrafili-Dizaji, B. and Rahimpour-Bonab, H. 2013. A review of Permo-Triassic
reservoir rocks in the Zagros area, SW Iran: influence of the Qatar-Fars arch.
Journal of Petroleum Geology, 36, 257-279, https:/doi.org/10.1111/jpg.
12555

Esrafili-Dizaji, B. and Rahimpour-Bonab, H. 2019. Carbonate reservoir rocks at
giant oil and gas fields in SW Iran and the adjacent offshore: a review of
stratigraphic occurrence and poro-perm characteristics. Journal of Petroleum
Geology, 42, 343-370, https:/doi.org/10.1111/jpg.12741

Esrafili-Dizaji, B., Kiani Harchegani, K., Rahimpour-Bonab, H. and Kamali,
M.R. 2013. Controls on reservoir quality in the Early Triassic Kangan
formation, Iran. In: Poppelreiter, M.C. (ed.) Permo-Triassic Sequence of the
Arabian Plate, Special Volume. European Association of Geoscientists and
Engineers (EAGE), Houten, The Netherlands, 222-254.

Fagqira, M., Rademakers, M. and Afifi, A. 2009. New insights into the Hercynian
Orogeny, and their implications for the Paleozoic Hydrocarbon System in the
Arabian Plate. GeoArabia, 14, 199-228, https:/doi.org/10.2113/
geoarabial403199

Faqira, M., Bakhiet, A.F., Tang, D.Z., Tan, W. and Ahmed, A. 2013. A review of
the Permo-Triassic gas play in the Arabian Gulf Region. In: Péppelreiter, M.C.
(ed.) Permo-Triassic Sequence of the Arabian Plate, Volume Special Volume
European Association of Geoscientists and Engineers (EAGE), Houten, The
Netherlands, 159-199.

Faridi, P., Rezaee, P., Piryaei, A. and Masoodi, M. 2021. Halokinetic sequences
as indicators of Cenozoic diapric growth: the Handun Salt Diapir (SE Zagros,
Bandar Abbas). Geopersia, 11, 299-317, https://doi.org/10.22059/geope.
2021.313048.648581

Fathi Mobarakabad, A., Bechtel, A., Gratzer, R., Mohsenian, E. and
Sachsenhofer, R.F. 2011. Geochemistry and origin of crude oils and
condensates from the central Persian Gulf, Offshore Iran. Journal of
Petroleum Geology, 34, 261-276, https:/doi.org/10.1111/j.1747-5457.2011.
00505.x

Fox, J.E. and Ahlbrandt, T.S. 2002. Petroleum Geology and Total Petroleum
Systems of the Widyan Basin and Interior Platform of Saudi Arabia and Iraq.
United States Geological Survey Bulletin, 2202-A.

Ghavami, S.R., Rastegar, A. and Tavangar, M. 2015. Evaluation of hydro-
carbonation capacity of Gro-Sargloo Formations in Lorestan region as a gas
shell. Paper presented at the 2nd International Congress of Applied Geology,
May 29-31, 2015, Mashhad, Iran.

Ghavidel-syooki, M., Alvaro, 1.J., Popov, L., Pour, M.G., Ehsani, M.H. and
Suyarkova, A. 2011. Stratigraphic evidence for the Hirnantian (latest
Ordovician) glaciation in the Zagros Mountains, Iran. Palaeogeography,
Palaeoclimatology, Palaeoecology, 307, 1-16, https:/doi.org/10.1016/].
palaeo.2011.04.011

Gholamalian, H., Rameshgar, R., Lotfi Sharif-Abad, F. and Azizi, M. 2023.
Microbiostratigraphy of Miocene Guri Member of the Mishan Formation in
the Bandar Abbas area, SE Zagros, Iran. Carbonates and Evaporites, 38, 17,
https:/doi.org/10.1007/s13146-022-00843-9

Goff, J.C. 2005. Origin and potential of unconventional Jurassic oil reservoirs on
the northern Arabian Plate. Paper SPE-93505-MS presented at the SPE Middle
East Oil and Gas Show and Conference, March 12—15, 2005, Bahrain, https:/
doi.org/10.2118/93505-MS

Goff, J.C., Jones, R.W. and Horbury, A.D. 1995. Cenozoic evolution of the
northern part of the Arabian Plate and its control on hydrocarbon habitat. In:
Al-Husseini, MLI. (ed.) Middle East Petroleum Geosciences, GEO’94 Volume
1. Gulf Petrolink, Bahrain, 402-412.

Grabowski, G.J.,Jr 2005. Sequence stratigraphy and distribution of
Silurian organic-rich ‘hot shales’ of Arabia and North Africa. Abstract
IPTC-10388 presented at the International Petroleum Technology Conference,
November 21-23, 2005, Doha, Qatar, https:/doi.org/10.2523/IPTC-10388-
ABSTRACT

Grantham, P.J. 1986. The occurrence of unusual C,; and C,y sterane
predominances in two types of Oman crude oil. Organic Geochemistry, 9,
1-10, https:/doi.org/10.1016/0146-6380(86)90077-X

Grantham, P.J. and Wakefield, L.L. 1988. Variations in the sterane carbon
number distributions of marine source rock derived crude oils through
geological time. Organic Geochemistry, 12, 61-73, https:/doi.org/10.1016/
0146-6380(88)90115-5

Grosjean, E., Love, G.D., Stalvies, C., Fike, D.A. and Summons, R.E. 2009.
Origin of petroleum in the Neoproterozoic—Cambrian South Oman Salt Basin.
Organic Geochemistry, 40, 87-110, https:/doi.org/10.1016/j.orggeochem.
2008.09.011

Guthrie, J., Maze, W.J., Al-Emadi, I.A. and Zahran, M.E. 2005. Integration of
Middle Eastern source-rock kinetics into a regional thermal-maturity model.
Paper IPTC-13634-MS presented at the International Petroleum Technology
Conference, December 7-9, 2009, Doha, Qatar, https:/doi.org/10.2523/IPTC-
13634-MS

Hakami, A. and Inan, S. 2016. A basin modeling study of the Jafurah Sub-Basin,
Saudi Arabia: implications for unconventional hydrocarbon potential of the
Jurassic Tuwaiq Mountain Formation. International Journal of Coal Geology,
165, 201-222, https:/doi.org/10.1016/j.c0al.2016.08.019

Hakami, A., Ellis, L., Al-Ramadan, K. and Abdelbagi, S. 2016. Mud gas isotope
logging application for sweet spot identification in an unconventional shale
gas play: a case study from Jurassic carbonate source rocks in Jafurah Basin,
Saudi Arabia. Marine and Petroleum Geology, 76, 133—174, https:/doi.org/
10.1016/j.marpetgeo.2016.05.003

Hassanzadeh, P. and Khaleghi, M. 2014. Lower Jurassic source rock contribution
on cretaceous and tertiary reservoirs hydrocarbon filling of oil fields, North
West Persian Gulf, Iran. /n: IPTC 2014: International Petroleum Technology
Conference, 19-22 January 2014, Doha, Qatar. European Association of
Geoscientists and Engineers (EAGE), Houten, The Netherlands, https:/doi.
0rg/10.3997/2214-4609-pdb.395.IPTC-17239-MS

Hawas, M.F. and Takezaki, H. 1995. A model for migration and accumulation of
hydrocarbons in the Thamama and Arab reservoirs in Abu Dhabi, UAE.
AAPG Search and Discovery Article #90956, AAPG International
Convention and Exposition Meeting, September 10-13, 1995, Nice, France,
https:/www.searchanddiscovery.com/abstracts/html/1995/intl/abstracts/
1221b.htm

Honig, M.R. and Cédric, M.J. 2015. Sedimentological and isotopic hetero-
geneities within a Jurassic carbonate ramp (UAE) and implications for
reservoirs in the Middle East. Marine and Petroleum Geology, 68, 240-257,
https:/doi.org/10.1016/j.marpetgeo.2015.08.029

Hosseiny, E., Rabbani, A.R. and Moallemi, A. 2016. Source rock characteriza-
tion of the Cretaceous Sarvak Formation in the eastern part of the Iranian
sector of Persian Gulf. Organic Geochemistry, 99, 53—66, https:/doi.org/10.
1016/j.orggeochem.2016.06.005

Hosseiny, E., Rabbani, A.R. and Moallemi, S.A. 2017. Oil families and migration
paths by biological markers in the eastern Iranian sector of Persian Gulf.
Journal of Petroleum Science and Engineering, 150, 54—68, https:/doi.org/
10.1016/j.petrol.2016.11.031

inan, S., Goodarzi, F. et al. 2016. The Silurian Qusaiba Hot Shales of Saudi
Arabia: an integrated assessment of thermal maturity. International Journal of
Coal Geology, 159, 107-119.

inan, S., Abu-Ali, M. and Hakami, A. 2017. A petroleum system and basin
modeling study of northwest and east-central Saudi Arabia: Effect of burial
history and adjacent rock lithology on the gas potential of the Silurian Qusaiba
shales. AAPG Memoirs, 114, 1-35, https:/doi.org/10.1306/13602023M
1143699

Insalaco, E., Virgone, A. et al. 2006. Upper Dalan Member and Kangan
Formation between the Zagros Mountains and offshore Fars, Iran: depositional
system, biostratigraphy and stratigraphic architecture. GeoArabia, 11, 75-176,
https:/doi.org/10.2113/geoarabial 10275

Jalil, S. and Ahmadreza, R. 2018. Characteristics of the first occurrence of
Jurassic petroleum in the Zagros Basin, Iran. Acta Geologica Sinica (English
Edition), 92, 2280-2296, https://doi.org/10.1111/1755-6724.13728

James, G. and Wynd, J. 1965. Stratigraphic nomenclature of Iranian Oil
Consortium Agreement Area. A4PG Bulletin, 49, 2182-2245, https:/doi.org/
10.1306/A663388A-16C0-11D7-8645000102C1865D

Jones, P.J. and Stump, T.E. 1999. Depositional and tectonic setting of the Lower
Silurian hydrocarbon source rock facies, central Saudi Arabia. A4PG Bulletin,
83, 314-332, https:/doi.org/10.1306/00AA9A7A-1730-11D7-8645000102
C1865D

Kamali, M.R. and Rezaee, M.R. 2003. Burial history reconstruction and thermal
modelling at Kuh-e Mond, SW Iran. Journal of Petroleum Geology, 26,
451-464, https:/doi.org/10.1111/j.1747-5457.2003.tb00038.x

Kamali, M.R. and Rezaece, M.R. 2012. Identification and evaluation of
unconventional hydrocarbon reserves: examples from Zagros and Central
Iran basins. Journal of Petroleum Science and Technology, 2, 27-36, https:/
doi.org/10.22078/jpst.2012.72

Karimi, A.R., Rabbani, A.R. and Kamali, M.R. 2016. A bulk kinetic, burial
history and thermal modeling study of the Albian Kazhdumi and the Eocene—
Oligocene Pabdeh formations in the Ahwaz anticline, Dezful Embayment,
Iran. Journal of Petroleum Science and Engineering, 146, 61-70, https:/doi.
org/10.1016/j.petrol.2016.04.015

Khani, B., Mirshahani, M. and Khajehzadeh, A. 2016. Maturity evaluation of
Seyaho and Sarchahan formations based on zooclast reflectance and its
correlation with VRo. Paper presented at the 34th National and 2nd
International Geosciences Congress, February 22-24, 2016, Tehran, Iran.

Khani, B., Kamali, M., Mirshahani, M., Memariani, M. and Bargrizan, M. 2018.
Maturity modeling and burial history reconstruction for Garau and Sargelu
formations in Lurestan basin, south Iran. Arabian Journal of Geosciences, 11,
39, https:/doi.org/10.1007/s12517-017-3361-x

Killops, S.D. and Killops, V.J. 2013. Introduction to Organic Geochemistry. 2nd
edn. Wiley-Blackwell, Oxford, UK.

Ko, J. 2017. Petroleum geology of Iran. Journal of the Korean Society of Mineral
and Energy Resources Engineers, 54, 549—606, https://doi.org/10.32390/
ksmer.2017.54.5.549

Kobraei, M. and Rabbani, A. 2018. Gas-condensate potential of the middle-
Jurassic petroleum system in Abadan plain, Southwest Iran: results of 2-D
basin modeling. Energy Sources, Part A: Recovery, Utilization, and
Environmental Effects, 40, 1161-1174, https:/doi.org/10.1080/15567036.
2018.1474294


https://doi.org/10.2113/geoarabia0204419
https://doi.org/10.2113/geoarabia0204419
https://doi.org/10.1306/09140606054
https://doi.org/10.1306/09140606054
https://doi.org/10.1016/0009-2541(79)90101-3
https://doi.org/10.1016/0009-2541(79)90101-3
https://doi.org/10.1111/jpg.12555
https://doi.org/10.1111/jpg.12555
https://doi.org/10.1111/jpg.12555
https://doi.org/10.1111/jpg.12741
https://doi.org/10.1111/jpg.12741
https://doi.org/10.2113/geoarabia1403199
https://doi.org/10.2113/geoarabia1403199
https://doi.org/10.2113/geoarabia1403199
https://doi.org/10.22059/geope.2021.313048.648581
https://doi.org/10.22059/geope.2021.313048.648581
https://doi.org/10.1111/j.1747-5457.2011.00505.x
https://doi.org/10.1111/j.1747-5457.2011.00505.x
https://doi.org/10.1111/j.1747-5457.2011.00505.x
https://doi.org/10.1016/j.palaeo.2011.04.011
https://doi.org/10.1016/j.palaeo.2011.04.011
https://doi.org/10.1016/j.palaeo.2011.04.011
https://doi.org/10.1007/s13146-022-00843-9
https://doi.org/10.1007/s13146-022-00843-9
https://doi.org/10.2118/93505-MS
https://doi.org/10.2118/93505-MS
https://doi.org/10.2118/93505-MS
https://doi.org/10.2523/IPTC-10388-ABSTRACT
https://doi.org/10.2523/IPTC-10388-ABSTRACT
https://doi.org/10.2523/IPTC-10388-ABSTRACT
https://doi.org/10.1016/0146-6380(86)90077-X
https://doi.org/10.1016/0146-6380(86)90077-X
https://doi.org/10.1016/0146-6380(88)90115-5
https://doi.org/10.1016/0146-6380(88)90115-5
https://doi.org/10.1016/0146-6380(88)90115-5
https://doi.org/10.1016/j.orggeochem.2008.09.011
https://doi.org/10.1016/j.orggeochem.2008.09.011
https://doi.org/10.1016/j.orggeochem.2008.09.011
https://doi.org/10.2523/IPTC-13634-MS
https://doi.org/10.2523/IPTC-13634-MS
https://doi.org/10.2523/IPTC-13634-MS
https://doi.org/10.1016/j.coal.2016.08.019
https://doi.org/10.1016/j.coal.2016.08.019
https://doi.org/10.1016/j.marpetgeo.2016.05.003
https://doi.org/10.1016/j.marpetgeo.2016.05.003
https://doi.org/10.1016/j.marpetgeo.2016.05.003
https://doi.org/10.3997/2214-4609-pdb.395.IPTC-17239-MS
https://doi.org/10.3997/2214-4609-pdb.395.IPTC-17239-MS
https://doi.org/10.3997/2214-4609-pdb.395.IPTC-17239-MS
https://www.searchanddiscovery.com/abstracts/html/1995/intl/abstracts/1221b.htm
https://www.searchanddiscovery.com/abstracts/html/1995/intl/abstracts/1221b.htm
https://www.searchanddiscovery.com/abstracts/html/1995/intl/abstracts/1221b.htm
https://doi.org/10.1016/j.marpetgeo.2015.08.029
https://doi.org/10.1016/j.marpetgeo.2015.08.029
https://doi.org/10.1016/j.orggeochem.2016.06.005
https://doi.org/10.1016/j.orggeochem.2016.06.005
https://doi.org/10.1016/j.orggeochem.2016.06.005
https://doi.org/10.1016/j.petrol.2016.11.031
https://doi.org/10.1016/j.petrol.2016.11.031
https://doi.org/10.1016/j.petrol.2016.11.031
https://doi.org/10.1306/13602023M1143699
https://doi.org/10.1306/13602023M1143699
https://doi.org/10.1306/13602023M1143699
https://doi.org/10.2113/geoarabia110275
https://doi.org/10.2113/geoarabia110275
https://doi.org/10.1111/1755-6724.13728
https://doi.org/10.1306/A663388A-16C0-11D7-8645000102C1865D
https://doi.org/10.1306/A663388A-16C0-11D7-8645000102C1865D
https://doi.org/10.1306/A663388A-16C0-11D7-8645000102C1865D
https://doi.org/10.1306/00AA9A7A-1730-11D7-8645000102C1865D
https://doi.org/10.1306/00AA9A7A-1730-11D7-8645000102C1865D
https://doi.org/10.1306/00AA9A7A-1730-11D7-8645000102C1865D
https://doi.org/10.1111/j.1747-5457.2003.tb00038.x
https://doi.org/10.1111/j.1747-5457.2003.tb00038.x
https://doi.org/10.22078/jpst.2012.72
https://doi.org/10.22078/jpst.2012.72
https://doi.org/10.22078/jpst.2012.72
https://doi.org/10.1016/j.petrol.2016.04.015
https://doi.org/10.1016/j.petrol.2016.04.015
https://doi.org/10.1016/j.petrol.2016.04.015
https://doi.org/10.1007/s12517-017-3361-x
https://doi.org/10.1007/s12517-017-3361-x
https://doi.org/10.32390/ksmer.2017.54.5.549
https://doi.org/10.32390/ksmer.2017.54.5.549
https://doi.org/10.1080/15567036.2018.1474294
https://doi.org/10.1080/15567036.2018.1474294
https://doi.org/10.1080/15567036.2018.1474294

Downloaded from https://www.lyellcollection.org by Payam Hassanzade on Nov 21, 2025

28 P. Hassanzadeh and A. Piryaei

Kobraei, M., Rabbani, A.R. and Taati, F. 2017. Source rock characteristics of the
Early Cretaceous Garau and Gadvan formations in the western Zagros Basin—
southwest Iran. Journal of Petroleum Exploration and Production
Technology, 7, 1051-1070, https:/doi.org/10.1007/s13202-017-0362-y

Kobraei, M., Sadouni, J. and Rabbani, A.R. 2019. Organic geochemical
characteristics of Jurassic petroleum system in Abadan Plain and north Dezful
zones of the Zagros basin, southwest Iran. Journal of Earth System Science,
128, 50, https:/doi.org/10.1007/s12040-019-1082-0

Lasemi, Y. and Jalilian, A.H. 2010. The Middle Jurassic basinal deposits of the
Surmeh Formation in the Central Zagros Mountains, southwest Iran: facies,
sequence stratigraphy, and controls. Carbonates and Evaporites, 25,283-295,
https:/doi.org/10.1007/s13146-010-0032-3

Le Heron, D.P., Craig, J. and Etienne, J.L. 2009. Ancient glaciations and
hydrocarbon accumulations in North Africa and the Middle East. Earth-
Science Reviews, 93, 47-76, https:/doi.org/10.1016/j.earscirev.2009.02.001

Lindsay, R.F., Cantrell, D.L., Hughes, G.W., Keith, T.H., Mueller, H.W., III and
Russell, S.D. 2006. Ghawar Arab-D reservoir: Widespread porosity in
shoaling-upward carbonate cycles, Saudi Arabia. AAPG Memoirs, 88,
97-137, https:/doi.org/10.1306/1215875M88576

Lindsay, R.F., Khan, S., Dhubeeb, A. and Davis, R. 2014. Unconventional
Jurassic carbonate source rocks, Saudi Arabia. AAPG Search and Discovery
Article #90194, 2014 International Conference & Exhibition, September 14—
17, 2014, Istanbul, Turkey, https:/www.searchanddiscovery.com/abstracts/
htm1/2014/90194ice/abstracts/1947356.html

Lotfiyar, A., Chehrazi, A., Swennen, R. and Ghasemi Siani, M. 2018.
Geochemical, geological, and petrophysical evaluation of Garau Formation
in Lurestan basin (west of Iran) as a shale gas prospect. Arabian Journal of
Geosciences, 11, 653, https:/doi.org/10.1007/s12517-018-3954-z

Liining, S., Craig, J., Loydell, D., Storch, P. and Fitches, B. 2000. Lower Silurian
‘hot shales” in North Africa and Arabia: regional distribution and depositional
model. Earth-Science Reviews, 49, 121-200, https:/doi.org/10.1016/S0012-
8252(99)00060-4

Mahmoud, M., Vaslet, D. and Husseini, M. 1992. The Lower Silurian Qalibah
Formation of Saudi Arabia: an important hydrocarbon source rock. A4PG
Bulletin, 76, 1491-1506, https:/doi.org/10.1306/BDFF8A24-1718-11D7-
8645000102C1865D

Maleki, A., Saberi, M.H., Moallemi, S.A. and Jazayeri, M.H. 2021. Evaluation of
hydrocarbon generation potential of source rock using two-dimensional
modeling of sedimentary basin: a case study in North Dezful Embayment,
Southwest Iran. Journal of Petroleum Exploration and Production
Technology, 11, 2861-2876, https:/doi.org/10.1007/s13202-021-01202-5

Mashhadi, Z.S. and Rabbani, A.R. 2015. Organic geochemistry of crude oils and
Cretaceous source rocks in the Iranian sector of the Persian Gulf: an oil-oil and
oil-source rock correlation study. International Journal of Coal Geology, 146,
118144, https:/doi.org/10.1016/j.c0al.2015.05.003

Mashhadi, Z.S., Rabbani, A.R. and Kamali, M.R. 2015a. Geochemical
characteristics and hydrocarbon generation modeling of the Kazhdumi
(Early Cretaceous), Gurpi (Late Cretaceous) and Pabdeh (Paleogene)
formations, Iranian sector of the Persian Gulf. Marine and Petroleum
Geology, 66, 978-997, https:/doi.org/10.1016/j.marpetgeo.2015.08.008

Mashhadi, Z.S., Rabbani, A.R., Kamali, M.R., Mirshahani, M. and Khajehzadeh,
A. 2015b. Burial and thermal maturity modeling of the Middle Cretaceous—
Early Miocene petroleum system, Iranian sector of the Persian Gulf. Petroleum
Science, 12, 367-390, https:/doi.org/10.1007/s12182-015-0040-y

McQuillan, H. 1985. Fracture-controlled production from the Oligo-Miocene
Asmari Formation in Gachsaran and Bibi Hakimeh Fields, Southwest Iran. /n:
Roehl, P.O. and Choquette, P.W. (eds) Carbonate Petroleum Reservoirs.
Springer, New York, 512-523, https:/doi.org/10.1007/978-1-4612-5040-1_33

Mehmandosti, E.A., Adabi, M.H., Bowden, S.A. and Alizadeh, B. 2015.
Geochemical investigation, oil-oil and oil-source rock correlation in the
Dezful Embayment, Marun Oilfield, Zagros, Iran. Marine and Petroleum
Geology, 68, 648—663, https:/doi.org/10.1016/j.marpetgeo.2015.01.018

Mehrabi, H., Zamanzadeh, S.M., Sefidari, E., Amrai, J., Naderi, M. and
Goudarzi, B. 2021. Reconstruction of depositional environment of Sarchahan
formation (Silurian) in the Persian Gulf. Geopersia, 11, 431-449, https:/doi.
org/10.22059/geope.2021.308453.648574

Memariani, M., Kermanshahi, H. and Khezerlo, R. 2010. Petroleum system
prediction based on geochemical characteristics of hydrocarbons in the South
Pars Field. /n: Mollai, H. (ed.) Proceedings of the First International Applied
Geological Congress, April 26-28, 2010, Mashhad, Iran. Department
of Geology, Islamic Azad University, Mashhad, Iran, 2049-2054.

Milner, P.A. 1998. Source rock distribution and thermal maturity in the southern
Arabian Peninsula. Geodrabia, 3, 339-356, https:/doi.org/10.2113/
geoarabia0303339

Mirshahani, M., Kassaei, M. and Zeynalzadeh, A. 2017. Source rock evaluation
of the Cenomanian middle Sarvak (Ahmadi) formation in the Iranian sector of
the Persian Gulf. Journal of Petroleum Science and Technology, 7, 100-116,
https:/doi.org/10.22078/jpst.2017.805

Mirzakhanian, M. and Hashemi, H. 2022. EEI attributes for fluid discrimination
using fuzzy labeled multiclass support vector machine. Journal of Seismic
Exploration, 31, 375-390, https://doi.org/10.1190/ge02021-0330.1

Mohsenian, E., Fathi Mobarakabad, A., Sachsenhofer, R.F. and Asadi-Eskandar,
A. 2014. 3D basin modelling in the Central Persian Gulf, offshore Iran.
Journal of Petroleum Geology, 37, 5570, https:/doi.org/10.1111/jpg.12569

Motiei, H. 1993. Stratigraphy of Zagros. In: Hushmandzadeh, A. (ed.) Treatise of
Geology of Iran, Volume 1. Geological Survey of Iran, Tehran, 281-189.

Murris, R.J. 1980. Hydrocarbon habitat of the Middle East. Canadian Society of
Petroleum Geologists Memoirs, 6, 765-800.

NIOC 2014. Kinetic Parameters Calculation and Basin Modeling for Source
Rocks in Iran. Tender No. 90123. Technical Report 2333. National Iranian Oil
Company (NIOC), Tehran.

NIOC 2016. 3D Basin Modeling, Pearl Project, Blocks A, B/C, D and E. NIOC
Unpublished Company Report. National Iranian Oil Company (NIOC),
Tehran.

NIOC 2017. Comprehensive Study of Sedimentary Basin(Petrography,
Geochemistry, Palynology) and Sequence Stratigraphy of Faraghan,
Zakeen, Siyahoo and Sarchahan Formations in South Pars Field and
Correlation with Adjacent Fields. NIOC Internal Report. National Iranian Oil
Company (NIOC), Tehran.

NIOC 2021. Investigation of Charge and Source Rock Parameters in Different
Plays, Persian Gulf. Technical Report 3009. National Iranian Oil Company
(NIOC), Tehran.

NIOC 2025. Oil-0il Correlation in Abadan Plain, Sorena Project. Technical
Report 2333. National Iranian Oil Company (NIOC), Tehran.

NIOC Exploration Directorate and Repsol-YPF 2002. Exploration Potential of
the Southern Persian Gulf. NIOC Internal Report. National Iranian Oil
Company (NIOC), Tehran.

NIOC Exploration Directorate and RIPI 2005. Geochemical Study of the North
Dezful and Lurestan Areas. NIOC Internal Report. National Iranian Oil
Company (NIOC) and Research Institute of Petroleum Industry (RIPI), Tehran.

NIOC Exploration Directorate and RIPI 2018. Shale Gas Potential
Reconnaissance in Middle Jurassic to Lower Cretaceous Sequence,
Lurestan Area. NIOC Internal Report. National Iranian Oil Company
(NIOC) and Research Institute of Petroleum Industry (RIPI), Tehran.

NIOC Exploration Directorate and Statoil 2003. Joint Exploration Study Hormuz.
NIOC Internal Report. National Iranian Oil Company (NIOC), Tehran.

Opera, A., Alizadeh, B., Sarafdokht, H., Janbaz, M., Fouladvand, R. and
Heidarifard, M.H. 2013. Burial history reconstruction and thermal maturity
modeling for the Middle Cretaceous—Early Miocene Petroleum System,
southern Dezful Embayment, SW Iran. International Journal of Coal
Geology, 120, 1-14, https:/doi.org/10.1016/j.coal.2013.08.008

Orang, K., Motamedi, H., Azadikhah, A. and Royatvand, M. 2018. Structural
framework and tectono-stratigraphic evolution of the eastern Persian Gulf,
offshore Iran. Marine and Petroleum Geology, 91, 89—107, https:/doi.org/10.
1016/j.marpetgeo.2017.12.014

Parham, S., Piryaei, A.R., Ghorbani, M. and Moussavi-Harami, R. 2019.
Paleogeographic evolution of the Maastrichtian deposits in the eastern Fars
area (Zagros, Iran) using high-resolution sequence stratigraphic analysis.
Carbonates and Evaporites, 34, 315-334, https:/doi.org/10.1007/s13146-
017-0387-9

Pepper, A.S. and Corvi, P.J. 1995. Simple kinetic models of petroleum formation.
Part I: oil and gas generation from kerogen. Marine and Petroleum Geology,
12, 291-319, https:/doi.org/10.1016/0264-8172(95)98381-E

Peters, K.E. and Moldowan, J.M. 1993. The Biomarker Guide: Interpreting
Molecular Fossils in Petroleum and Ancient Sediments. Prentice-Hall,
Englewood Cliffs, NJ.

Peters, K.E. and Cassa, M.R. 1994. Applied source rock geochemistry. 44PG
Memoir, 60, https://doi.org/10.1306/M60585C5

Peters, K.E., Walters, C.C. and Moldowan, J.M. 2005. The Biomarker Guide.
Vol. 1. Cambridge University Press.

Pietraszek-Mattner, S.R., Grabowski, G.J., Maze, W., Ottinger, G.A., Hardy,
M.J. and Chaker, R. 2008. Thermal maturity model of the Arabian Plate. Paper
SPE-118201-MS presented at the Abu Dhabi International Petroleum
Exhibition and Conference, November 3—6, 2008, Abu Dhabi, UAE, https:/
doi.org/10.2118/118201-MS

Pirbalouti, B.A. and Moayeripour, M. 2017. Geochemical study of oil shales
Sargelo Formation in Kuh-e Kaino Section (Northern Masjed-Soleiman), Iran.
Open Journal of Geology, 7, 83-92, https:/doi.org/10.4236/0j2.2017.71006

Piryaei, A. and Davies, R.B. 2024. Petroleum geology of the Cenozoic succession
in the Zagros of SW Iran: a sequence stratigraphic approach. Journal of
Petroleum Geology, 47, 235-290, https:/doi.org/10.1111/jpg.12864

Piryaei, A., Reijmer, J.J.G., Borgomano, J. and van Buchem, F.S.P. 2010. A
transition from a passive to a tectonically active margin and foreland basin
development in the Late Cretaceous of the Fars Area and Offshore (Zagros).
In: Second EAGE Workshop on Arabian Plate Geology, 24—27 January 2010,
Abu Dhabi, UAE. European Association of Geoscientists and Engineers
(EAGE), Houten, The Netherlands, https:/doi.org/10.3997/2214-4609.
20145621

Piryaei, A., Reijmer, J.J.G., Borgomano, J. and Van Buchem, F.S.P. 2011. Late
Cretaceous tectonic and sedimentary evolution of the Bandar Abbas area, Fars
region, southern Iran. Journal of Petroleum Geology, 34, 157-180, https://doi.
org/10.1111/.1747-5457.2011.00499.x

Piryaei, A., Fiezi, Soradeghi-Soofiani, H., Hemat, S. and Motamedi, B. 2015.
Palaeogeography of the Lower Cenozoic Deposits of the Zagros. NIOC
Internal Report 2362. National Iranian Oil Company (NIOC), Tehran.

Piryaei, A., Hemat and Zamanejad, A. 2017. Palaeogeography of the Cretaceous
Deposits of the Zagros. NIOC Internal Report 2433. National Iranian Oil
Company (NIOC), Tehran.


https://doi.org/10.1007/s13202-017-0362-y
https://doi.org/10.1007/s13202-017-0362-y
https://doi.org/10.1007/s12040-019-1082-0
https://doi.org/10.1007/s12040-019-1082-0
https://doi.org/10.1007/s13146-010-0032-3
https://doi.org/10.1007/s13146-010-0032-3
https://doi.org/10.1016/j.earscirev.2009.02.001
https://doi.org/10.1016/j.earscirev.2009.02.001
https://doi.org/10.1306/1215875M88576
https://doi.org/10.1306/1215875M88576
https://www.searchanddiscovery.com/abstracts/html/2014/90194ice/abstracts/1947356.html
https://www.searchanddiscovery.com/abstracts/html/2014/90194ice/abstracts/1947356.html
https://www.searchanddiscovery.com/abstracts/html/2014/90194ice/abstracts/1947356.html
https://doi.org/10.1007/s12517-018-3954-z
https://doi.org/10.1007/s12517-018-3954-z
https://doi.org/10.1016/S0012-8252(99)00060-4
https://doi.org/10.1016/S0012-8252(99)00060-4
https://doi.org/10.1016/S0012-8252(99)00060-4
https://doi.org/10.1306/BDFF8A24-1718-11D7-8645000102C1865D
https://doi.org/10.1306/BDFF8A24-1718-11D7-8645000102C1865D
https://doi.org/10.1306/BDFF8A24-1718-11D7-8645000102C1865D
https://doi.org/10.1007/s13202-021-01202-5
https://doi.org/10.1007/s13202-021-01202-5
https://doi.org/10.1016/j.coal.2015.05.003
https://doi.org/10.1016/j.coal.2015.05.003
https://doi.org/10.1016/j.marpetgeo.2015.08.008
https://doi.org/10.1016/j.marpetgeo.2015.08.008
https://doi.org/10.1007/s12182-015-0040-y
https://doi.org/10.1007/s12182-015-0040-y
https://doi.org/10.1007/978-1-4612-5040-1_33
https://doi.org/10.1007/978-1-4612-5040-1_33
https://doi.org/10.1016/j.marpetgeo.2015.01.018
https://doi.org/10.1016/j.marpetgeo.2015.01.018
https://doi.org/10.22059/geope.2021.308453.648574
https://doi.org/10.22059/geope.2021.308453.648574
https://doi.org/10.22059/geope.2021.308453.648574
https://doi.org/10.2113/geoarabia0303339
https://doi.org/10.2113/geoarabia0303339
https://doi.org/10.2113/geoarabia0303339
https://doi.org/10.22078/jpst.2017.805
https://doi.org/10.22078/jpst.2017.805
https://doi.org/10.1190/geo2021-0330.1
https://doi.org/10.1111/jpg.12569
https://doi.org/10.1111/jpg.12569
https://doi.org/10.1016/j.coal.2013.08.008
https://doi.org/10.1016/j.coal.2013.08.008
https://doi.org/10.1016/j.marpetgeo.2017.12.014
https://doi.org/10.1016/j.marpetgeo.2017.12.014
https://doi.org/10.1016/j.marpetgeo.2017.12.014
https://doi.org/10.1007/s13146-017-0387-9
https://doi.org/10.1007/s13146-017-0387-9
https://doi.org/10.1007/s13146-017-0387-9
https://doi.org/10.1016/0264-8172(95)98381-E
https://doi.org/10.1016/0264-8172(95)98381-E
https://doi.org/10.1306/M60585C5
https://doi.org/10.2118/118201-MS
https://doi.org/10.2118/118201-MS
https://doi.org/10.2118/118201-MS
https://doi.org/10.4236/ojg.2017.71006
https://doi.org/10.4236/ojg.2017.71006
https://doi.org/10.1111/jpg.12864
https://doi.org/10.1111/jpg.12864
https://doi.org/10.3997/2214-4609.20145621
https://doi.org/10.3997/2214-4609.20145621
https://doi.org/10.3997/2214-4609.20145621
https://doi.org/10.1111/j.1747-5457.2011.00499.x
https://doi.org/10.1111/j.1747-5457.2011.00499.x

Downloaded from https://www.lyellcollection.org by Payam Hassanzade on Nov 21, 2025

Petroleum systems in the Zagros region 29

Pitman, J.K., Steinshouer, D. and Lewan, M.D. 2004. Petroleum generation and
migration in the Mesopotamian Basin and Zagros Fold Belt of Iraq: results
from a basin-modeling study. GeoArabia, 9, 41-72, https:/doi.org/10.2113/
geoarabia090441

Pollastro, R.M. 2003. Total Petroleum Systems of the Paleozoic and Jurassic,
Greater Ghawar Uplift and Adjoining Provinces of Central Saudi Arabia and
Northern Arabian—Persian Gulf. United States Geological Survey Bulletin,
2202-H.

Rabbani, A.R. 2008. Geochemistry of crude oil samples from the Iranian sector of
the Persian Gulf. Journal of Petroleum Geology, 31, 303-316, https:/doi.org/
10.1111/.1747-5457.2008.00422.x

Rabbani, A.R. and Bagheri Tirtashi, R. 2010. Hydrocarbon source rock
evaluation of the super giant Ahwaz oil field, SW Iran. Australian Journal
of Basic and Applied Sciences, 4, 673—686.

Rabbani, A.R., Kotarba, M.J., Baniasad, A.R., Hosseiny, E. and Wieclaw, D.
2014. Geochemical characteristics and genetic types of the crude oils from the
Iranian sector of the Persian Gulf. Organic Geochemistry, 70, 29-43, https:/
doi.org/10.1016/j.orggeochem.2014.02.010

Rabbani, A.R., Sadouni, J. and Asemani, M. 2022. Chemometric investigation of
oil families and geochemical characterization of crude oils in the Northern
Dezful Embayment Zone, SW Iran. Journal of Petroleum Science and
Engineering, 214, https:/doi.org/10.1016/j.petrol.2022.110496

Rasouli, A., Shekarifard, A., Farahani, F.J., K6k, M.V., Daryabandeh, M. and
Rashidi, M. 2015. Occurrence of organic matter-rich deposits (Middle Jurassic
to Lower Cretaceous) from Qalikuh locality, Zagros Basin, South—West of
Iran: a possible oil shale resource. International Journal of Coal Geology, 143,
34-42, https:/doi.org/10.1016/j.c0al.2015.03.010

Rastegar Lari, A. 2008. Study of reservoir potential limiting factors of the Mishan
Formation in the west of Fars. Geotechnical Geology, 4, 30-36, https:/sanad.
iau.ir/journal/geot/Article/676166?jid=676166

Rudkiewicz, J.L., Sherkati, S. and Letouzey, J. 2007. Evolution of maturity in
Northern Fars and in the Izeh Zone (Iranian Zagros) and link with hydrocarbon
prospectivity. In: Lacombe, O., Lavé, J., Roure, F. and Vergés, J. (eds) Thrust
Belts and Foreland Basins. Springer, Berlin, 229-246, https:/doi.org/10.
1007/978-3-540-69426-7_12

Saadati, H., Kadkhodaie, A., Rashidi, M., Bahrami, H., Sarafdokht, H.,
Martyushev, D.A. and Jahangard, A.A. 2025. Genetic classification and
geochemical evaluation of Upper Cretaceous carbonate reservoir oils in
Dezful Embayment and Abadan Plain, SW Iran. Journal of Petroleum
Exploration and Production Technology, 15, 23, https:/doi.org/10.1007/
$13202-025-01936-6

Sabbaghiyan, H. and Aria-Nasab, M. 2019. Early Carboniferous (Mississippian)
miospore assemblage from Persian Gulf, southwest Iran. Geopersia, 9,
195-202, https:/doi.org/10.22059/geope.2018.264626.648412

Saberi, M.H. and Jalilian, M. 2018. Zakeen and Faraghoun Formation as New
Source Rocks of Paleozoic Era in Persian Gulf and Coastal Fars South Iran. In:
Saint Petersburg 2018, April 9-12, 2018, Saint Petersburg, Russia. European
Association of Geoscientists and Engineers (EAGE), Houten, The
Netherlands, https:/doi.org/10.3997/2214-4609.201800177

Saberi, M.H. and Rabbani, A.R. 2015. Origin of natural gases in the Permo-
Triassic reservoirs of the Coastal Fars and Iranian sector of the Persian Gulf.
Journal of Natural Gas Science and Engineering, 26, 558-569, https:/doi.
org/10.1016/j.jngse.2015.06.045

Saberi, M.H., Rabbani, A.R. and Ghavidel-syooki, M. 2016. Hydrocarbon
potential and palynological study of the Latest Ordovician—Earliest Silurian
source rock (Sarchahan Formation) in the Zagros Mountains, southern Iran.
Marine and Petroleum Geology, 71, 12-25, https:/doi.org/10.1016/].
marpetgeo.2015.12.010

Sadooni, F.N. 1997. Stratigraphy and petroleum prospects of Upper Jurassic
carbonates in Iraq. Petroleum Geoscience, 3, 233-243, https:/doi.org/10.
1144/petgeo.3.3.233

Sadooni, F.N. and Alsharhan, A.S. 2004. Stratigraphy, lithofacies distribution,
and petroleum potential of the Triassic strata of the northern Arabian plate.
AAPG Bulletin, 88, 515-538, https:/doi.org/10.1306/12030303067

Schenk, C.J., Pitman, J.K. et al. 2015. Assessment of Unconventional Oil and
Gas Resources in the Jurassic Sargelu Formation of Iraq. United States
Geological Survey Fact Sheet 2015-3006, https:/doi.org/10.3133/fs20153006

Schenk, C.J., Mercier, T.J. et al. 2020. Assessment of Continuous oil and Gas
Resources in Lower Silurian Shales of the Arabian Peninsula, 2019. United
States Geological Survey Fact Sheet 2019-3070, https:/pubs.usgs.gov/fs/
2019/3070/£s20193070.pdf

Sepehr, M. and Cosgrove, J. 2004. Structural framework of the Zagros Fold—
Thrust Belt, Iran. Marine and Petroleum Geology, 21, 829-843, https:/doi.
org/10.1016/j.marpetgeo.2003.07.006

Sfidari, E., Zamanzadeh, S.M., Dashti, A., Opera, A. and Tavakkol, M.H. 2016.
Comprehensive source rock evaluation of the Kazhdumi Formation in the
Iranian Zagros Foldbelt and adjacent offshore. Marine and Petroleum
Geology, 71, 26-40, https:/doi.org/10.1016/j.marpetge0.2015.12.011

Sfidari, E., Sharifi, M., Yazdi-Moghadam, M. and Hakimi-Zanouz, A. 2024.
Geochemical pyrolysis, petrographical analysis and burial history reconstruc-
tions of the Kazhdumi Formation in the Hendijan and Soroosh oil fields,
northwestern Persian Gulf. Journal of African Earth Sciences, 210, https:/doi.
org/10.1016/j.jafrearsci.2023.105158

Sfidari, E., Sharifi, M., Maroufi, K., Zamanzadeh, S.M., Amraie, J., Mehrabi, H.
and Spina, A. 2025. Source rock characterizations of the Devonian to Permian

strata in the Persian Gulf Basin, SW Iran. Journal of Afiican Earth Sciences,
231, https:/doi.org/10.1016/j.jafrearsci.2025.105755

Shekarifard, A., Karlsen, D.A., Daryabandeh, M. and Rashidi, M. 2025.
Petroleum geochemical characterization of the Middle Jurassic Sargelu oil
shale, Zagros Mountains, Southwest Iran: implications for petroleum system
analysis. Geopersia, 15, 97-117, https:/doi.org/10.22059/GEOPE.2024.
380080.648765

Sherkati, S. and Letouzey, J. 2004. Variation of structural style and basin
evolution in the central Zagros (Izeh zone and Dezful Embayment), Iran.
Marine and Petroleum Geology, 21, 535-554, https:/doi.org/10.1016/j.
marpetgeo.2004.01.007

Simmons, M.D., Bidgood, M.D., Davies, R.B., Droste, H., Levell, B., Razin, P.
and van Buchem, F.S. 2025. Intra-Turonian stratigraphic reorganization on the
Arabian Plate. Geological Society, London, Special Publications, 545,
431-491, https://doi.org/10.1144/SP545-2023-207

Soleimani, B. and Zamani, F. 2015. Preliminary petroleum source rock evaluation
of the Asmari—Pabdeh reservoirs, Karanj and Parsi oil fields, Zagros, Iran.
Journal of Petroleum Science and Engineering, 134, 97-104, https:/doi.org/
10.1016/j.petrol.2015.07.016

Stewart, S.A., Reid, C.T., Hooker, N.P. and Kharouf, O.W. 2016. Mesozoic
siliciclastic reservoirs and petroleum system in the Rub’ Al-Khali basin,
Saudi Arabia. AAPG Bulletin, 100, 819-841, https:/doi.org/10.1306/
02021615112

Stoneley, R. 1990. The Middle East basin: a summary overview. Geological
Society, London, Special Publications, 50, 293-298, https:/doi.org/10.1144/
GSL.SP.1990.050.01.15

Szabo, F. and Kheradpir, A. 1978. Permian and Triassic stratigraphy, Zagros
Basin, South-West Iran. Journal of Petroleum Geology, 1, 57-82, https:/doi.
org/10.1111/j.1747-5457.1978.tb00611.x

Taher, A., Shateri, A., Qader, A.A., Al Mehsin, K., Witte, J. and Al-Zaabi, M.R.
2012. Hydrocarbon habitat of the Early Permian Unayzah Formation in Abu
Dhabi. Paper SPE-162357-MS presented at the Abu Dhabi International
Petroleum Conference and Exhibition, November 11-14, 2012, Abu Dhabi,
UAE, https:/doi.org/10.2118/162357-MS

Taher, A.A. 1997. Delineation of organic richness and thermal history of
the Lower Cretaceous Thamama Group, East Abu Dhabi: a modeling approach
for oil exploration. Geodrabia, 2, 65-88, https:/doi.org/10.2113/
geoarabia020165

Taher, A.K. 2010. Unconventional oil exploration potential in early mature
source rock kitchens. Paper SPE-137897-MS presented at the Abu Dhabi
International Petroleum Exhibition and Conference, November 1-4, 2010,
Abu Dhabi, UAE, https:/doi.org/10.2118/137897-MS

Tegelaar, E.W. and Noble, R.A. 1994. Kinetics of hydrocarbon generation as a
function of the molecular structure of kerogen as revealed by pyrolysis—gas
chromatography. Organic Geochemistry, 22, 543-574, https:/doi.org/10.
1016/0146-6380(94)90125-2

Telmadarreie, A., Shadizadeh, S.R. and Alizadeh, B. 2015. Correlation of oils and
source rocks in Marun oil field in the South West of Iran: using biomarkers.
Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, 37,
200-208, https://doi.org/10.1080/15567036.2011.584119

Tissot, B.P. and Welte, D.H. 1984. Petroleum Formation and Occurrence.
Springer, Berlin.

Vahrenkamp, V., Franco, B.J. et al. 2015a. Development and infill of the Late
Albian to Turonian ‘Shilaif” intrashelf basin at the eastern margin of the giant
Mesozoic Arabian carbonate platform: Basin architecture and time stratig-
raphy. Paper IPTC-18488-MS presented at the International Petroleum
Technology Conference, December 6-9, 2015, Doha, Qatar, https:/doi.org/
10.2523/IPTC-18488-MS

Vahrenkamp, V., Van Laer, P., Franco, B.J., Celentano, M.A., Grelaud, C. and
Razin, P. 2015b. Late Jurassic to cretaceous source rock prone intra-shelf
basins of the Eastern Arabian Plate — Interplay between tectonism, global
anoxic events and carbonate platform dynamics. Paper IPTC-18470-MS
presented at the International Petroleum Technology Conference, December
6-9, 2015, Doha, Qatar, https:/doi.org/10.2523/IPTC-18470-MS

van Buchem, F.S.P., Pittet, B. e al. 2002. High-resolution sequence stratigraphic
architecture of Barremian/Aptian carbonate systems in northern Oman and the
United Arab Emirates (Kharaib and Shu’aiba formations). GeoArabia, 7,
461-500, https:/doi.org/10.2113/geoarabia0703461

van Buchem, F.S.P., Al-Husseini, M.I., Maurer, F., Droste, H.J. and Yose, L.A.
2010a. Sequence-stratigraphic synthesis of the Barremian—Aptian of the
eastern Arabian Plate and implications for the petroleum habitat. GeoArabia
Special Publication, 4, 9-48.

van Buchem, F.S.P., Baghbani, D. et al. 2010b. Barremian—Lower Albian
sequence stratigraphy of southwest Iran (Gadvan, Dariyan and Kazhdumi
formations) and its comparison with Oman, Qatar and the united Arab
emirates. GeoArabia Special Publication, 4, 503—-548.

Van Laer, P., Leyrer, K. and Vahrenkamp, V. 2014. Mesozoic extensional events in
Eastern Arabia. Paper presented at GEO2014: the 1 1th Middle East Geosciences
Conference and Exhibition, March 10-12, 2014. Manama, Bahrain.

Vennin, E., Kolodka, C., Asghari, A., Thomazo, C., Buoncristiani, J., Goodarzi,
H. and Desaubliaux, G. 2015. Discussion on Paleozoic discontinuities in the
Kuh-e Surmeh area (Zagros, Iran). Marine and Petroleum Geology, 66,
1073-1092, https:/doi.org/10.1016/j.marpetgeo.2015.05.019

Vergés, J., Casini, G. et al. 2024. Structural style and timing OF NW-SE trending
Zagros folds IN SW Iran: interaction with north-south trending Arabian folds


https://doi.org/10.2113/geoarabia090441
https://doi.org/10.2113/geoarabia090441
https://doi.org/10.2113/geoarabia090441
https://doi.org/10.1111/j.1747-5457.2008.00422.x
https://doi.org/10.1111/j.1747-5457.2008.00422.x
https://doi.org/10.1111/j.1747-5457.2008.00422.x
https://doi.org/10.1016/j.orggeochem.2014.02.010
https://doi.org/10.1016/j.orggeochem.2014.02.010
https://doi.org/10.1016/j.orggeochem.2014.02.010
https://doi.org/10.1016/j.petrol.2022.110496
https://doi.org/10.1016/j.petrol.2022.110496
https://doi.org/10.1016/j.coal.2015.03.010
https://doi.org/10.1016/j.coal.2015.03.010
https://sanad.iau.ir/journal/geot/Article/676166?jid=676166
https://sanad.iau.ir/journal/geot/Article/676166?jid=676166
https://sanad.iau.ir/journal/geot/Article/676166?jid=676166
https://doi.org/10.1007/978-3-540-69426-7_12
https://doi.org/10.1007/978-3-540-69426-7_12
https://doi.org/10.1007/978-3-540-69426-7_12
https://doi.org/10.1007/s13202-025-01936-6
https://doi.org/10.1007/s13202-025-01936-6
https://doi.org/10.1007/s13202-025-01936-6
https://doi.org/10.22059/geope.2018.264626.648412
https://doi.org/10.22059/geope.2018.264626.648412
https://doi.org/10.3997/2214-4609.201800177
https://doi.org/10.3997/2214-4609.201800177
https://doi.org/10.1016/j.jngse.2015.06.045
https://doi.org/10.1016/j.jngse.2015.06.045
https://doi.org/10.1016/j.jngse.2015.06.045
https://doi.org/10.1016/j.marpetgeo.2015.12.010
https://doi.org/10.1016/j.marpetgeo.2015.12.010
https://doi.org/10.1016/j.marpetgeo.2015.12.010
https://doi.org/10.1144/petgeo.3.3.233
https://doi.org/10.1144/petgeo.3.3.233
https://doi.org/10.1144/petgeo.3.3.233
https://doi.org/10.1306/12030303067
https://doi.org/10.1306/12030303067
https://doi.org/10.3133/fs20153006
https://doi.org/10.3133/fs20153006
https://pubs.usgs.gov/fs/2019/3070/fs20193070.pdf
https://pubs.usgs.gov/fs/2019/3070/fs20193070.pdf
https://pubs.usgs.gov/fs/2019/3070/fs20193070.pdf
https://doi.org/10.1016/j.marpetgeo.2003.07.006
https://doi.org/10.1016/j.marpetgeo.2003.07.006
https://doi.org/10.1016/j.marpetgeo.2003.07.006
https://doi.org/10.1016/j.marpetgeo.2015.12.011
https://doi.org/10.1016/j.marpetgeo.2015.12.011
https://doi.org/10.1016/j.jafrearsci.2023.105158
https://doi.org/10.1016/j.jafrearsci.2023.105158
https://doi.org/10.1016/j.jafrearsci.2023.105158
https://doi.org/10.1016/j.jafrearsci.2025.105755
https://doi.org/10.1016/j.jafrearsci.2025.105755
https://doi.org/10.22059/GEOPE.2024.380080.648765
https://doi.org/10.22059/GEOPE.2024.380080.648765
https://doi.org/10.22059/GEOPE.2024.380080.648765
https://doi.org/10.1016/j.marpetgeo.2004.01.007
https://doi.org/10.1016/j.marpetgeo.2004.01.007
https://doi.org/10.1016/j.marpetgeo.2004.01.007
https://doi.org/10.1144/SP545-2023-207
https://doi.org/10.1016/j.petrol.2015.07.016
https://doi.org/10.1016/j.petrol.2015.07.016
https://doi.org/10.1016/j.petrol.2015.07.016
https://doi.org/10.1306/02021615112
https://doi.org/10.1306/02021615112
https://doi.org/10.1306/02021615112
https://doi.org/10.1144/GSL.SP.1990.050.01.15
https://doi.org/10.1144/GSL.SP.1990.050.01.15
https://doi.org/10.1144/GSL.SP.1990.050.01.15
https://doi.org/10.1111/j.1747-5457.1978.tb00611.x
https://doi.org/10.1111/j.1747-5457.1978.tb00611.x
https://doi.org/10.1111/j.1747-5457.1978.tb00611.x
https://doi.org/10.2118/162357-MS
https://doi.org/10.2118/162357-MS
https://doi.org/10.2113/geoarabia020165
https://doi.org/10.2113/geoarabia020165
https://doi.org/10.2113/geoarabia020165
https://doi.org/10.2118/137897-MS
https://doi.org/10.2118/137897-MS
https://doi.org/10.1016/0146-6380(94)90125-2
https://doi.org/10.1016/0146-6380(94)90125-2
https://doi.org/10.1016/0146-6380(94)90125-2
https://doi.org/10.1080/15567036.2011.584119
https://doi.org/10.2523/IPTC-18488-MS
https://doi.org/10.2523/IPTC-18488-MS
https://doi.org/10.2523/IPTC-18488-MS
https://doi.org/10.2523/IPTC-18470-MS
https://doi.org/10.2523/IPTC-18470-MS
https://doi.org/10.2113/geoarabia0703461
https://doi.org/10.2113/geoarabia0703461
https://doi.org/10.1016/j.marpetgeo.2015.05.019
https://doi.org/10.1016/j.marpetgeo.2015.05.019

Downloaded from https://www.lyellcollection.org by Payam Hassanzade on Nov 21, 2025

30 P. Hassanzadeh and A. Piryaei

and implications for petroleum geology. Journal of Petroleum Geology, 47,

(SW Iran). Marine and Petroleum Geology, 63, 46—67, https:/doi.org/10.
3-73, https:/doi.org/10.1111/jpg.12850 1016/j.marpetgeo.2015.02.018
Vincent, B., van Buchem, F.S., Bulot, L.G., Immenhauser, A., Caron, M., Wender, L.E., Bryant, J.W., Dickens, M.F., Neville, A.S. and Al-Mogbel, A.M.
Baghbani, D. and Huc, A.Y. 2010. Carbon-isotope stratigraphy, biostratig- 1998. Paleozoic Pre-Khuff hydrocarbon geology of the Ghawar area, eastern
raphy and organic matter distribution in the Aptian—Lower Albian successions

Saudi Arabia. GeoArabia, 3,273-302, https:/doi.org/10.2113/geoarabia0302273

of southwest Iran (Dariyan and Kazhdumi formations). GeoArabia Special Zeinalzadeh, A., Moussavi-Harami, R., Mahboubi, A. and Sajjadian, V.A. 2015.

Publications, 4, 139-197. Basin and petroleum system modeling of the Cretaceous and Jurassic source

Vincent, B., van Buchem, F.S., Bulot, L.G., Jalali, M., Swennen, R., Hosseini, A. rocks of the gas and oil reservoirs in Darquain Field, southwest Iran. Journal of
and Baghbani, D. 2015. Depositional sequences, diagenesis and structural

Natural Gas Science and Engineering, 26,419-426, https:/doi.org/10.1016/].
control of the Albian to Turonian carbonate platform systems in coastal Fars jngse.2015.05.041


https://doi.org/10.1111/jpg.12850
https://doi.org/10.1111/jpg.12850
https://doi.org/10.1016/j.marpetgeo.2015.02.018
https://doi.org/10.1016/j.marpetgeo.2015.02.018
https://doi.org/10.1016/j.marpetgeo.2015.02.018
https://doi.org/10.2113/geoarabia0302273
https://doi.org/10.2113/geoarabia0302273
https://doi.org/10.1016/j.jngse.2015.05.041
https://doi.org/10.1016/j.jngse.2015.05.041
https://doi.org/10.1016/j.jngse.2015.05.041

