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Abstract

This study investigates the geochemical characteristics of oils from the Asmari reservoir in the Dezful
Embayment using biomarker parameters. The results indicate that oil from the Nargesi Field contains the
highest proportion of saturated hydrocarbons and the highest quality compared with the other studied oil
samples. Based on biomarker parameters, including Pr/Ph, DBT/phenanthrene, CPI, TAR, oleanane/C;0H,
Gam/(Gam+C3oH), §"*C values of asphaltenes, C27—Ca9 steranes, Cos—Cos triaromatic steroids, Pr/n-C7 and
Ph/n-C;5 ratios, and the Gam/(Gam+CsoH) versus Pr/Ph plot, all samples have a marine origin and contain
predominantly Type II kerogen. Based on the crude oil classification diagram, the samples are classified as
paraffinic and paraffinic—naphthenic oils. Maturity parameters, including Ca9 aow sterane 20S/(20S+20R),
Cyo steraneBp/(aatPP), Ts/(Ts+Tm), CPL, Cs; 22S/(22R+22S), MDR, and TAS (total triaromatic steroids),
indicate high thermal maturity and that the samples fall within the oil window to the peak oil generation
stage. Among them, the Nargesi oil shows the highest maturity. The DBT/Phen versus Pr/Ph diagram
indicates that the source rocks of all studied oil samples have carbonate—marl facies. The C29/C3o hopane
versus C3s/Cs4 hopane diagram indicates carbonate—marl facies for the source rocks of most samples,
whereas some samples have carbonate—shale facies. The Cas steranes versus Cas/Cag steranes plot indicates
a predominantly Early Cretaceous—Tertiary age for the source rocks, consistent with the oleanane/CsoH
ratio and asphaltene carbon isotope data. Furthermore, the DMNR versus 8'°C of asphaltenes plot identifies
the Kazhdumi Formation as the most probable source rock for the studied oil samples.

Keywords: Biomarker, Asmari, Dezful Embayment, Gas chromatography, Gas chromatograph—mass
spectrometry

1- Introduction

The discovery and identification of oil and gas resources are among the most important objectives of
petroleum exploration engineers and petroleum geologists. Although geophysical surveys and drilling
operations are widely used in hydrocarbon exploration, complementary methods, such as organic
geochemistry, are essential for confirming petroleum systems and obtaining detailed information about
their origin, depositional conditions, and evolution. Biomarkers are valuable geochemical indicators used
to determine petroleum origin, identify the type of precursor organic matter, reconstruct depositional
environments, evaluate thermal maturity, and investigate genetic relationships between oils and source
rocks (Kadkhodaei, 2022). In addition, biomarker studies play an important role in petroleum exploration
and the interpretation of complex petroleum systems (Baniasad et al., 2023). Organic geochemical
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investigations of oils and source rocks also contribute to reducing the risks and costs associated with
hydrocarbon exploration.

In the Asmari reservoir of southwest Iran, hydrocarbons in some cases are considered to have originated
from older and deeper source rocks, including the Pabdeh, Gurpi, and Kazhdumi Formations (Arian and
Jafari Dargahi, 2010). Therefore, comprehensive geochemical investigations and biomarker analyses of oils
from this reservoir are of considerable importance. The aim of this study is to investigate the origin of oils,
depositional environment, organic matter type, thermal maturity, and genetic relationships of oils from the
Asmari reservoir in the Dezful Embayment, based on organic geochemical data and biomarker analyses.

2- Materials and methods

In this study, organic geochemical investigations were carried out on 11 oil samples from the Asmari
reservoir in the Dezful Embayment, including the Pazanun, Rag-e-Safid, Gulkhari, Gachsaran, Bibi
Hakimeh, Nargesi, Marun, Shadegan, Agha Jari, Ahwaz, and Mansuri oil Fields. To evaluate the
geochemical characteristics of the samples, asphaltene separation, column chromatography, gas
chromatography (GC), gas chromatography—mass spectrometry (GC-MS), and stable carbon isotope
analysis of asphaltenes were performed.

3- Results and discussion

3-1- Chemical composition and hydrocarbon fractions

The geochemical results indicate that the Nargesi oil sample contains the highest proportion of saturated
hydrocarbons (55.56%) and the lowest content of polar compounds (10.71%), whereas the Shadegan oil
sample exhibits the lowest saturated content (28.24%) and the highest proportion of polar compounds
(32.60%). The lower abundance of heavy fractions, including resins and asphaltenes, together with the
higher proportion of saturated hydrocarbons in the Nargesi oil sample, indicates better oil quality compared
with the other studied samples. In addition to the Nargesi Field, oils from the Ahwaz, Agha Jari, Marun,
Bibi Hakimeh, Gulkhari, and Gachsaran Fields are characterized by relatively high saturated contents and
lower polar fractions. Overall, saturated and aromatic hydrocarbons represent the dominant fractions in the
chemical composition of most studied oil samples.

3-2- Depositional environment of source rocks

Biomarker and isotopic parameters, including Pr/Ph, CPI, TAR, DBT/Phen, oleanane/CsoH,
Gam/(Gam+CsoH), and stable carbon isotope values, indicate that the studied oils were derived from marine
source rocks deposited under predominantly reducing conditions. According to Khalatbari et al. (2019),
Pr/Ph ratios (0.81-1.06) suggest a marine depositional setting with relatively reducing redox conditions and
limited terrestrial influence. According to Huang et al. (2020) and Kadkhodaei (2022), the CPI values close
to unity (1.01-1.07) reflect mainly marine organic matter input and relatively uniform thermal maturity
among the studied oils.

Low TAR values (<0.4) together with very low oleanane/C3H (0—0.12) indicate dominance of marine
organic matter, suggesting predominantly type II kerogen with minor terrestrial input. According to Radke
et al. (1982), the DBT/Phen values (1.055-2.043) further support deposition in a marine, likely carbonate-
influenced setting. According to Damsté et al. (1995), the Gam/(Gam~+CsoH) values (0.080—0.124) indicate
moderately elevated salinity in some depositional settings, particularly in the Nargesi, Gulkhari, Mansuri,
Agha Jari, and Ahwaz Fields, whereas other fields show lower salinity conditions.

According to Hunt (1996), stable carbon isotope compositions (—28.2%o to —26.5%o) are consistent with
marine planktonic organic matter, further confirming a marine origin for the source organic material.
Overall, integration of all geochemical indicators confirms that the source rocks of the studied oils were
formed in a marine environment with reducing conditions, minor terrestrial input, and variable salinity.

3-3- Hydrocarbon type and quality of oil samples

The hydrocarbon type and quality of the studied oils were assessed using SARA fractions and biomarker
parameters. Based on the classification of Tissot and Welte (1984), oils from the Nargesi, Ahwaz, Marun,
and Agha Jari Fields are paraffinic, whereas those from the Pazanun, Gulkhari, Bibi Hakimeh, Gachsaran,
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Rag-e-Safid, Shadegan, and Mansuri Fields are paraffinic—naphthenic. Biomarker maturity indicators,
including sterane isomerization ratios, Ts/(Ts+Tm), C3» homohopane 22S/(22R+22S), MDR, and TAS,
indicate that all samples are thermally mature and fall within the main oil window to peak oil generation
stage. Among them, the Nargesi oil sample shows relatively higher thermal maturity.

3-4- Depositional environment and organic matter type of source rocks

Biomarker and geochemical parameters, including sterane (C,7—C23—Ca9) and triaromatic steroid (Cas—Car—
Cys) ternary diagrams (Hunt, 1996; Huang et al., 2020), indicate a predominantly marine depositional
environment for the source rocks of the studied oils, with organic matter mainly of type II kerogen. Alkane-
based ratios (Pr/n-Ci7 vs. Ph/n-Cig) further support a marine origin with limited terrestrial input (Connan
and Cassou, 1980; Huang et al., 2020). The (Gam/(Gam+C3oH) vs. Pr/Ph plot suggests deposition under
anoxic to suboxic conditions (Song et al., 2017). Overall, the results confirm marine, reducing depositional
settings and dominance of type Il marine organic matter in all samples.

3-5- Lithology of source rocks

Biomarker cross-plots, including DBT/Phen versus Pr/Ph, indicate that the source rocks of all studied oils
are mainly carbonate—marl lithologies. This interpretation is further supported by hopane-based ratios
(C29/C30 and Css5/Cs4) (Peters et al., 2005), which indicate carbonate—marl source rocks for oils from the
Nargesi, Shadegan, Marun, Agha Jari, Gulkhari, Ahwaz, and Mansuri Fields. In contrast, oils from the Bibi
Hakimeh, Pazanun, Gachsaran, and Rag-e-Safid Fields indicate carbonate—shale source rock
characteristics.

4- Implications for petroleum system evaluation

The studied oils, particularly from the Nargesi, Ahwaz, Agha Jari, Marun, Bibi Hakimeh, Gachsaran, and
Gulkhari fields, generally show good quality, suggesting relatively higher economic value. Geochemical
results indicate a marine source rock with Type II kerogen, highlighting favorable conditions for
hydrocarbon generation. The predominance of thermally mature samples within the oil window to peak oil
generation supports effective petroleum generation in the source system.

Source rock interpretation suggests mainly carbonate lithology with marl and shale contributions, with
the Kazhdumi Formation identified as the most likely source rock. The results also indicate a common oil
family, implying a shared source and facilitating more reliable petroleum system modeling, reduced
exploration uncertainty, and improved targeting of future exploration areas with similar geological
characteristics.

5- Conclusions

Among the studied oils, the Nargesi oil sample shows the highest proportion of saturated hydrocarbons and
the lowest polar fraction, whereas the Shadegan oil sample exhibits the opposite trend. Accordingly, the
Nargesi oil has the highest quality, consistent with its higher thermal maturity. Integrated biomarker and
geochemical parameters (Pr/Ph, DBT/Phen, CPI, TAR, oleanane/C3H, Gam/(Gam+CsoH), dC of
asphaltene, sterane and triaromatic steroid distributions, Pr/n-C;7 vs. Ph/n-C;s, and Gam/(Gam+CjoH) vs.
Pr/Ph indicate that all source rocks were deposited in a marine environment with predominantly type II
kerogen. The studied oils are paraffinic to paraffinic-naphthenic. Thermal maturity indicators (sterane
isomerization, Ts/(Ts+Tm), CPI, Cs, homohopane, MDR, and TAS) confirm that all samples are within the
main oil window to peak oil generation stage, with the Nargesi oil showing the highest maturity. Source-
rock facies interpretation mainly suggests carbonate lithology with marl and shale contributions, and
sterane-based age indicators, together with oleanane/C3oH values and stable carbon isotope data, suggest
mainly Early Cretaceous to Tertiary source rocks. Finally, multi-parameter correlation supports the
Kazhdumi Formation as the most probable source rock. In summary, the results of this study provide an
integrated understanding of the geochemical characteristics, thermal maturity, and origin of the Asmari
reservoir oils in the Dezful Embayment. These findings contribute to improving petroleum system
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modeling, reducing exploration uncertainties, and supporting the identification of future exploration targets
with similar geological and geochemical characteristics.
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Table 1. Percentage composition of the studied oil samples from the Dezful Embayment determined by column
chromatography.

Field Reservoir  Saturated (%)  Aromatic (%) Resin (%) Asphaltene (%) Polar (%)
Pazanun Asmari 32.12 28.20 34.13 5.56 39.69
Rag-e-Safid Asmari 33.08 37.94 19.85 9.13 28.98
Gulkhari Asmari 39.49 34.99 15.57 9.94 25.51
Gachsaran Asmari 36.89 38.62 19.19 5.30 24.49
Bibi Hakimeh Asmari 39.84 36.27 18.68 5.71 24.39
Nargesi Asmari 55.56 33.73 9.12 1.59 10.71
Marun Asmari 44 .48 38.52 13.30 3.70 17.00
Shadegan Asmari 28.24 39.17 28.60 4.00 32.60
Agha Jari Asmari 44.52 39.92 12.22 3.33 15.55
Ahwaz Asmari 46.47 37.06 13.27 3.20 16.47
Mansuri Asmari 32.12 40.65 20.01 7.22 27.23

addllas 550 (85 saiges sl ()5 wisnl s TAR CPT Gl 5 lin n sloadsn ngil olie -V Jyoxr
Table 2. Values of pristane and phytane isoprenoids, CPI, TAR, and carbon isotope for the studied oil samples.

Field Reservoir  8Cyppg (%) CPI  TAR  Pr/n-C;;  Ph/n-Cig Pr/Ph
Pazanun Asmari -27.2 1.03  0.36 0.655 0.741 0.96
Rag-e-Safid Asmari -27.4 1.01  0.38 0.647 0.748 0.93
Gulkhari Asmari -28.2 1.04 0.31 0.603 0.640 1.06
Gachsaran Asmari -27.1 1.04 0.35 0.649 0.749 0.96
Bibi Hakimeh Asmari -26.9 1.03  0.39 0.659 0.712 1.01
Nargesi Asmari -26.5 1.07  0.35 0.413 0.495 0.94
Marun Asmari -27.6 1.02 032 0.468 0.645 0.81
Shadegan Asmari -27.6 1.03  0.27 0.480 0.669 0.83
Agha Jari Asmari -273 1.02  0.33 0.478 0.626 0.85
Ahwaz Asmari -28.0 1.03  0.35 0.556 0.726 0.86
Mansuri Asmari -27.7 1.03 0.35 0.556 0.726 0.86

O Saturated
O Aromatic
OResin

O Asphaltene

OlRl w815 (S 095 o Jdie (Folidly)d o aalllas 3,90 (255 (sladiges carnd S slizl ao)s g (alend S 5 T S
Fig 3. Chemical composition and percentage of components of the studied oil samples from the Dezful Embayment,
southwestern Zagros Fold—Thrust Belt, Iran.
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Table 3. Sterane, hopane, and aromatic biomarker parameters obtained from gas chromatography—mass spectrometry

analysis.
Field Reservoir Ca9 a0 20S/(S+R) Cpp/(ao+pp) C27(%) Ca(%) C29(%) Cas/Cao
Pazanun Asmari 0.454 0.559 38942 25986 35.070 0.881
Rag-e-Safid Asmari 0.454 0.563 37.029  25.017 37.953 0.820
Gulkhari Asmari 0.470 0.529 36.510 23.059  40.430 0.712
Gachsaran Asmari 0.462 0.545 36.218 26.4 37.381 0.877
Bibi Hakimeh Asmari 0.465 0.562 36.477 26.188 37.334 0.845
Nargesi Asmari 0.483 0.556 35.805 22.252  41.941 0.674
Marun Asmari 0.470 0.555 36.769  23.153  40.076 0.778
Shadegan Asmari 0.457 0.565 35792 24254  39.952 0.782
Agha Jari Asmari 0.440 0.568 35775 25502  38.721 0.846
Ahwaz Asmari 0.467 0.554 34302 24459 41.237 0.760
Mansuri Asmari 0.447 0.556 34.027 25.269  40.703 0.802
Field Reservoir  Oleanane/C3H  C358/C34S  C20H/C3oH 228 /(Z(Zji; 1225) Gam/(%%)lm+C3o Ts/(Ts+Tm)
Pazanun Asmari 0.11 0.906 0.746 0.60 0.085 0.446
Rag-e-Safid Asmari 0.02 0.906 0.753 0.60 0.080 0.404
Gulkhari Asmari 0 0.9009 1.029 0.59 0.109 0.359
Gachsaran Asmari 0.12 0.873 0.729 0.59 0.087 0.449
Bibi Asmari 0.09 0.769 0.725 0.59 0.091 0.449
Nargesi Asmari 0.04 0.871 0.922 0.61 0.124 0.528
Marun Asmari 0.01 0.857 0.967 0.59 0.095 0.427
Shadegan Asmari 0.02 0.865 0.917 0.60 0.095 0.438
Agha Jari Asmari 0.08 0.917 1.027 0.58 0.106 0.429
Ahwaz Asmari 0.01 0.835 1.086 0.60 0.106 0.384
Mansuri Asmari 0.01 0.850 1.072 0.59 0.100 0.347
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Field Reservoir Czss C27S TAS Cas TAS DNR DBT  Phen MDR DBT/Phen
(%) (%) (%) (C28S/C27R)
Pazanun Asmari 5.42 59.92 34.64 1.43 1.92 8862 64202 245 1.380
Rag-e-Safid Asmari 5.58 58.50 3591 1.56 1.93 1189 83935  2.11 1.417
Gulkhari Asmari 8.57 49.61 41.81 2.31 1.93 5484 421959 2.11 1.299
Gachsaran Asmari 6.20 59.30 34.49 1.50 2.29 6199 406908 2.60 1.513
Bibi Asmari 6.04 58.46 35.48 1.58 227 3735 354042 2.54 1.055
Nargesi Asmari 7.62 51.69 40.67 2.19 2.40 5125 250813 3.81 2.043
Marun Asmari 5.18 57.04 37.80 1.71 2.27 7111 437393  2.60 1.625
Shadegan Asmari 3.86 55.55 40.58 1.82 2.34 1054 636593 2.40 1.655
Agha Jari Asmari 4.32 58.06 37.60 1.59 2.31 3265 175737  3.00 1.858
Ahwaz Asmari 4.63 56.59 38.77 1.73 239 4835 318199 2.62 1.519
Mansuri Asmari 5.12 59.12 35.74 1.56 2.16 2945 185640 2.27 1.586
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Fig 4. Saturated, aromatic, and polar ternary diagram for the studied oil samples (Tissot and Welte, 1984; Hakimi et al.,

2022).
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Fig 5. (a) Cy aaa sterane 20S/(20S+20R) versus Cyo steranepp/(ao+pp) plot (Hunt, 1996; Alizadeh et al., 2013), and (b)
Cy aoo sterane 20S/(20S+20R) versus Ts/(Ts+Tm) plot (Hunt, 1996; El-Sabagh et al., 2017), indicating high thermal
maturity of the studied oil samples.
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