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Secondary migration of oil,

LY However, these molecular indicators have encountered some limitations. The
Reservoir filling model,

Geochemical characteristics,  alternative solution is using crude oil maturity parameters. The reservoir filling model

:\r/]'é?cr::g’rg molecular implies that the early oils that entered the reservoir had lower thermal maturity than

the later ones. Hence, the higher-maturity oils are in the closest location to the source
kitchen, and the level of maturity has a reverse relationship with the distance from
the source kitchen. The signature of maturity differences is also retained after
reaching the reservoir to equilibrium, and the composition becomes homogenized
during geological time scales. This paper assessed the migration pathways and filling
points in the Asmari reservoir from an oil field northeast of the Dezful Embayment.
Four crude oil samples were collected and geochemical analyses were performed
across the field. The similar geochemical signatures of the studied crude oils indicate
that they were sourced from the same source kitchen and belong to the same oil
family. The analyzed samples were originated from a marl source rock deposited in
an open marine setting with anoxic conditions, and marine organic matter. The
oleanane index higher than 20% in the studied samples implies the significant
contribution of the Pabdeh Formation in charging the studied field. The thermal
maturity of samples shows that all samples were generated from the source rock at
the beginning of the oil window. Reconstruction of migration pathways and filling
points was performed by biomarker (4-/1-MDBT) and non-biomarker (C29
afp/(aco+apP)) thermal maturity parameters. The isopleth maps of both maturity
parameters revealed that the Asmari reservoir was charged from the southeast.
Hence, the Pabdeh source rock has a source kitchen in the northeast of the Dezful

Embayment.
Introduction predict the location of the source kitchen for
Determination of migration pathways and future explorations. There is no doubt that
filling orientation is a crucial attempt to geochemistry science plays an essential role in
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the construction of migration pathways
studies. Because of its inherent advantages,
this science has become a successful tool for
these projects (England et al., 1987; Zhang et
al., 2013). The geochemical studies suggested
several molecular indicators for determining
filling points in the oil fields (Peters et al.,
2005).  Routinely,  pyrrolic  nitrogen
compounds such as carbazole, alkyl carbazole,
and benzo-carbazoles are used to obtain
information about the charging history of an
oil field (Krooss et al., 1991; Li et al., 2014).
Despite the many inherent benefits of these
compounds, they suffer from some drawbacks.
The concentration of pyrrolic nitrogen
compounds is very slight in condensates or
high-maturity oils. So, the separation and
analysis of these compounds bear considerable
errors in condensates or high-maturity oils. In
addition, other factors such as organic matter
input, sedimentary environment,
biodegradation, and thermal maturity have a
significant influence on the distribution of
pyrrolic nitrogen compounds (Zhang et al.,
2013).

Thiophenes are  important  sulfur-
containing heterocyclic aromatic compounds
in crude oils. These compounds include
alkylated benzothiophenes (BTs),
dibenzothiophene (DBT), and C1-C3 alkyl
substitutions of dibenzothiophenes (DBTS).
GC-MS analysis can easily detect these sulfur-
containing compounds in the aromatic fraction
of crude oil (Li et al., 2014). The alkyl
substitution at different positions of the DBT
carbon skeleton caused different isomers to
provide distinct molecular thermodynamic
stability. Thus, these compounds are useful for
measuring thermal maturity (Chakhmakhchev
et al., 1997). The molecular skeleton of DBTs
is similar to that of carbazole, which has sulfur
instead of nitrogen (Li et al., 2014).

The molecular fractionation occurs due to
adsorption during migration in the carrier bed.
This fractionation is called
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geochromatography and is similar to routine
liquid-solid chromatography (Krooss et al.,
1991). The hydrocarbon compounds are
fractionated in the migration pathway by
forming dipole-dipole and hydrogen bonding
with the surface of minerals (Van Duin and
Larter, 2001). In carbazoles, hydrogen
bonding is formed between the N-H functional
group and oxygen atoms present in organic
matter or hydroxyl groups on the surface of the
clay minerals. This interaction between
carbazoles and carrier bed minerals causes
fractionation into different isomers of the
carbazole and provides a valuable tool for
measuring migration distance and pathways
(Wang et al.,, 2004). Zhang et al. (2013)
challenged the use of the pyrrolic nitrogen
compounds as migration indicators due to the
influence of other factors on the fractionation
of these compounds during migration, such as
organic facies, thermal maturity, and
biodegradation.

The unshared pairs of electrons in the
sulfur atom of the thiophene ring cause a
hydrogen bonding with hydrogen atoms in the
organic matter of carrier beds. This interaction
results in fractionation during migration. The
selective adsorption of different isomers is not
similar for DBTs and carbazoles. The isomers
with uncoupled electron-exposed molecules
(e.g., 4-MDBT) tend to form hydrogen bonds
more than uncoupled electron-shielded
molecules (e.g., 1-MDBT). Hence, the 4-/1-
MDBT ratio decreases as the migration
distance increases. On the other hand, the 4-
MDBT has higher thermodynamic stability
than the 1-MDBT, and the 4-/1-MDBT ratio
increases with thermal maturity
(Chakhmakhchev et al., 1997; Wang et al.,
2004).

England et al. (1987) proposed a reservoir-
filling model for the first time. This model
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provides a scientific theory for reconstructing
filling directions and migration pathways,
determination of filling points, and location of
source kitchen based on the thermal maturity
of crude oils, gas/oil ratio, and physical
properties of crude oils. The first crude oil that
arrived in a reservoir had a lower maturity, and
the subsequent crude oil had relatively higher
maturity. Hence, the higher-maturity crude
oils are located the shortest distance from the
source kitchen. The history of thermal
maturity differences is also retained after the
reservoir composition reaches equilibrium and
the fluids are homogenized.

Wang et al. (2004) employed the 4-/1-
MDBT, 2,4-/1,4-DMDBT, and 4,6-1,4-
DMDBT thermal maturity ratios for the first
time to determine migration pathways and
filling points. Subsequently, other thermal
maturity parameters were also utilized for
determining migration pathways. Asemani et
al. (2021) used saturate and aromatic maturity
parameters for the first time in Iran to assess
migration pathways and filling points in the
Shadegan oil fields, central parts of the Dezful
Embayment.

The main aim of this paper is to employ
biomarker and non-biomarker thermal
maturity parameters measured by GC-MS
analysis of saturate and aromatic fractions of
crude oil to determine migration pathways and
filling points in the Asmari reservoir from an
oil field located in the northeast of the Dezful
Embayment.  First, the  geochemical
characteristics of the crude oils are
investigated to reveal the oil families in the
studied reservoir. Then the isopleth maps are
plotted to determine filling points in the
studied field.

Geological setting

The petroliferous region of the Zagros

Fold-Thrust Belt (ZFTB) was formed due to
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the oblique collision of the Arabian plate and
the Central Iranian plate in the Late
Cretaceous to Pliocene (Noori et al., 2019).
The oil fields in the ZFTB are concentrated in
a depression named Dezful Embayment. This
region has a 60,000 km? surface area,
comprising more than 8% of the world’s oil
reserves. About 75% of the crude oils in the
Dezful Embayment were accumulated in the
Asmari reservoir and 23% in the Bangestan
reservoir (i.e.,, llam and Sarvak formations)
(Bordenave and Hegre, 2010). The Kazhdumi
and Pabdeh formations are the primary source
rocks in this area and have charged the upper
reservoirs. The Kazhdumi Formation is an
organic-rich and mature source rock in the
central parts of the Dezful Embayment.
Although the Pabdeh Formation is organic-
rich, this source rock is immature in most areas
of the Dezful Embayment. This source rock
has become mature in the northeast of the
Dezful Embayment. The relative contribution
of these two source rocks causes the
occurrence of different oil families in the
Dezful Embayment (Bordenave and Hegre,
2010).
Materials and Methods

Four crude oil samples were collected from
the wellhead across the Asmari reservoir. API
analysis was performed on the crude oil
sample. The SARA analysis was performed on
crude oil samples prior to the subsequent
analyses. Asphaltenes were first removed
from the crude oil by adding n-hexane
according to the ASTM D6560 standard
method (ASTM D6560-17). The other
fractions were separated with column
chromatography. The GC analysis was
performed on saturate fraction by an HP 5890
Series 1l GC chromatograph. A Shimadzu
QP2010SE GC-MS was used to measure the
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saturate biomarker and aromatic
hydrocarbons.
Results and discussion
Bulk characteristics of the samples

The API values and SARA analysis results
are summarized in Table 1. The APA values

vary from 28.15° to 29.44°, and the studied

Table 1. The bulk characteristics of the studied samples.

samples are classified as intermediate oils
based on the API values. The saturate fraction
is the dominant fraction in all oil samples. The
average values of saturates, aromatics, resins,
and asphaltenes is 42.85%, 37.06%, 14.54%,
and 5.55%, respectively.

NO  Samples API (°) Saturate (wt%) Aromatic (wt%) Resin (wt%) Asphaltene (wt%)
1 W-1 29.44 44.07 35.85 14.10 5.98
2 W-2 28.15 39.52 39.52 15.11 5.85
3 W-3 28.59 46.14 35.82 12.75 5.29
4 W-4 29.17 41.67 37.04 16.21 5.08

Geochemical characteristics of the samples

The use of thermal maturity for the
determination of filling orientation and
migration pathways should be investigated
distinctly for each oil family. Because every
oil family has originated from a distinct source
rock or source kitchen. In each oil family, the
molecular fractionations are related to the
migration history and geochromatographic
effect during migration from the source rock
to the reservoir rock. Hence, the geochemical
characteristics of the studied oil should be
investigated to determine the oil families, and
then migration pathways are revealed for each
family.
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Determination of oil family or families in
the studied oil field

Figure 1 illustrates the chromatograms of
M/Z 191 and 217 for two selected samples,
and the biomarker ratios are listed in Table 2.
The source-related biomarker ratios were
plotted in a star diagram (Fig. 2). The
similarity of the pattern implies that the
studied samples are genetically related. The
similar geochemical characteristics of the
studied samples reveal that all samples were
generated from the same source rock or source
kitchen and belong to the same oil family.


http://dx.doi.org/10.22034/KJES.2023.9.1.106671
https://gnf.khu.ac.ir/article-1-2876-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-06-08 ]

[ DOI: 10.22034/K JES.2023.9.1.106671 ]

Asemani and Gholami

The application of crude oil biomarker ...

W-1 M/iZ 191 - & MiZ 217 z
© S 248
g “”g‘?
‘“ VNS l '\ H
Er B ol Llzlel [ € O [

- B 8% BRIl LEE ‘ ’ \ \H
E5ci (v e &l RO T \ .“d
.J..ij.\.L,»le IWUL\A'J'J* W J“'Ju-w‘!l 'F"FM'.‘” JVWM"‘NMVMW'WM

=
W-3 £ 0 £
: y f
H E, /:b’g‘

v = é':' pE _E:—T 573 ’ i 2 | ‘“’“JH) ”\

Ak, u-:l:b.uuuL\J "LLW*J[}MLJLJ\WVJJIJ .‘bw[u‘_lJ ].JL_, |J'L\VM.’L \A-%WMWJ‘ U‘] ‘ A iJUJLJ'”\‘\L,J/.M

Fig. 1. The GC-MS chromatograms of M/Z 191 and 217 for two selected samples from the Asmari reservoir

in the studied field.

Table 2. The GC and GC-MS parameters for the studied samples in the studied field.

Samples Parameters W-1 W-2 W-3 W-4
CPI 0.93 0.92 0.98 0.97
Pr/C17 0.49 0.44 0.45 0.56
Ph/C18 0.69 0.67 0.62 0.68
Pr/Ph 0.72 0.64 0.78 0.78
TAR 0.20 0.18 0.25 0.25
C22t/C21t 0.35 0.39 0.44 0.30
C24t/C23t 0.69 0.62 0.69 0.65
C29H/C30H 0.73 0.87 0.93 0.76
Diasterane/sterane 0.21 0.25 0.26 0.28
Gam/C31HR 0.18 0.17 0.18 0.17
% C27 sterane 58.84 53.35 52.49 55.02
% C28 sterane 16.10 20.57 22.34 19.29
% C29 sterane 25.05 26.08 25.17 25.70
Hopanes/Steranes 6.89 4.67 4.69 4.21
%0l 25.24 22.94 26.62 2251
Ts/(Ts+Tm) 0.43 0.48 0.50 0.52
C27 Dia/(Dia+Reg) 0.24 0.25 0.26 0.27
C29 app/(aco+afp) 0.55 0.50 0.55 0.52
C29 aao 20S/(S+R) 0.48 0.50 0.48 0.48
C31 Homohopanes 31.79 32.89 34.52 34.80
C32 Homohopanes 22.47 23.51 22.96 22.42
C33 Homohopanes 16.47 17.98 17.74 17.33
C34 Homohopanes 11.70 11.31 10.90 12.23
C35 Homohopanes 17.57 14.30 13.88 13.21
C35/C34 Homohopanes 15 1.26 1.27 1.08
Homohopane Index 0.18 0.14 0.14 0.13
4-/1-MDBT 2.60 2.46 2.50 2.44
DBT/Phenanthrene 2.82 2.61 4.04 247
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C22t/C21t

C26t/C25t

C24Tet/C23t

Depositional environment, organic matter
input and lithology

Organic  matter input, depositional
environment, lithology, age, and maturity of
source rock affect the biomarker fingerprints
of source rock and crude oil (Peters et al.,
2005). Hence, the relative concentration of
different  biomarkers provides helpful
information about these factors. Phytol is the
side chain of o- and p-chlorophyll of
phototroph  organisms.  Oxidation  and
reduction of the phytol produce pristane and
phytane, respectively. The Pr/Ph ratio is useful
to obtain information about the oxidation-
reduction condition of the source rock upon
sedimentation. Although the Pr/Ph <1
indicates a reduction environment, the
Pr/Ph >1 represents an oxidation environment.
The Pr/C17 vs. Ph/C18 for studied samples

C35HS/C34HS

Gam/C31HR

C30DiaH/C30H

C29H/C30H

C28BNH/C30H

Fig. 2. The star diagram based on source-related biomarker parameters for studied samples.
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illustrates that they were sourced from kerogen
type Il in a reduction environment (Didyk et
al.,, 1978) (Fig. 3. a). The distribution of
homohopanes also confirms that the source
rocks of the studied samples were deposited in
a reduction environment. The C35
homohopane is higher than the C34
homohopane in the reduction environment
(Peters and Moldowan, 1991) (Fig. 3. b). The
higher concentration of gammacerane is
related to the stratification of the water column
during source rock deposition. The stratified
water column helps to develop reduction
conditions and results in the better
preservation of organic matter (Damsté et al.,
1995). The average gammacerane index
(Gam/C31HR) is 0.17 for the studied samples
and implies stratification of the water column
upon deposition of source rock.
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Fig. 3. a) Plot of Pr/C17 vs. Ph/C18, and b) distribution of different homologs of homohopanes
(adopted from Peters et al., 2005) for the studied samples.

Tricyclic  terpanes are  significant
compounds for determining the lithology of
source rock (Zumberge, 1981) . The shaly
source rocks have high C24t/C23t and low
C22t/C21t. The plot of these ratios shows marl

lithology for the studied samples (Peters and
Moldowan, 1993) (Fig. 4 a). The C29H/C30H
is lower than 1 for the studied samples and
averages 0.83. This value also confirms the
marl lithology for the source rock. The DBT/P
is higher than 1, and the low value of
diasteranes/steranes  implies a  lower
contribution of clay in the source rock of the
studied samples (Hughes et al., 1995).

Organic matter input is another crucial
geochemical characteristic. The studied
samples show the dominant low to
intermediate normal alkane distribution,
which is the signature of marine organic
matter. The TAR<1, CPI<1, and low value of
C19t/C23t also corroborated previous results
that studied samples originating from marine
organic matter. The sterane patterns of
analyzed samples are in the order of
C27>C29>C28. The domination of C27
steranes implies a higher contribution of
marine organic matter in the source rock and
the source rock deposited in an open marine
environment (Peters et al., 2005) (Fig. 4).
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Fig.4. a) Plot of C24t/C23t vs. C22t/C21t (adopted from Peters et al., 2005), and b) ternary diagram of C27,
C28 and C29 steranes (adopted from Huang and Meinschein (1979) for the studied samples.
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Probable and candidate source rock(s) for
the studied oils

The Pabdeh and Kazhdumi formations are
essential source rocks in the Dezful
Embayment. The Pabdeh source rock is
immature in the central parts and became
mature in the northeast of the Dezful
Embayment. The oleanane index
(%OI/(Ol+hopane)) is a helpful parameter to
distinguish  Kazhdumi-sourced oils from
Pabdeh-sourced oils  (Bordenave and
Burwood, 1995). The value of %0l ranges
from 22.51% to 25.24%, averaging 24.33% for
the studied samples. These values imply that
the source rock of the studied samples has a
Cretaceous and younger age. Hence, the
Pabdeh, with an age of middle Eocene-
Oligocene, is the primary source rock for
charging of the studied field, and insignificant
contribution from other source rocks may be
occurred.

Migration pathways and filling points of the
Asmari reservoir in the studied field

The geochemical characteristics disclosed
that all studied samples belong to the same oil
family. Hence, the maturity parameters can be
used for determining migration pathways and
filling points in the studied field.

The important  biomarker — maturity
parameters are C29 aaa 20S/(S+R), C29
afp/(aactapp), Dia/(Dia + Reg) C27 and
Ts/Ts+Tm. The non-biomarker maturity
parameters include CPI and 4-/1-MDBT. The
biomarker parameters (e.g., C29 oaao
20S/(S+R), C29  opp/(ccotapp) and
Ts/(Ts+tTm) and  the  non-biomarker
parameters (e.g., CPl and 4-/1-MDBT)
indicate that all studied samples were
generated from the source rock at the
beginnings of the oil window (Peters et al.,
2005) .
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The C29 opp/(acotaBB) biomarker
maturity parameter was selected for the
determination of migration pathways due to
higher thermal stability. The 4-/1-MDBT (i.e.,
MDR) non-biomarker parameter was also
used for the reconstruction of filling directions
(Chakhmakhchev et al., 1997; Wang et al.,
2004). The isopleth maps based on C29
afp/(aaot+app) and MDR parameters for the
studied field are shown in Fig. 5. The
migration orientation is from higher maturity
to lower maturity. Both parameters show that
the studied field was charged from the
southeast. Hence, the possible source kitchen
of the Pabdeh Formation is located in the
northeast of the Dezful Embayment.

Conclusions

Four oil samples from the Asmari reservoir
in an oil field northeast of the Dezful
Embayment were collected to determine
migration pathways and filling directions. The
geochemical signatures of the studied samples
were similar and indicated that all samples
originated from the same source rock/source
kitchen. The source rock of the analyzed
samples was deposited in an open marine
environment and reduction conditions. The
source rock had a marl lithology and was
dominated by marine organic matter. All
biomarker and non-biomarker parameters
showed that the studied samples were
generated from the source rock at the
beginning of the oil window. The Pabdeh
Formation is the primary candidate source
rock for charging the studied field. The
isopleth maps of the C29 ofp/(aao+app) and
MDR revealed that the Asmari reservoir was
charged from the southeast. The Pabdeh
source rocks probably have a source kitchen in
the northeast of the Dezful Embayment. The
results of this paper showed that the biomarker
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and non-biomarker maturity parameters are
straightforward and efficient for the

reconstruction of migration pathways and
filling points.
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Fig. 5. Isopleth maps of a) MDR non-biomarker maturity parameter and, b) C29 app/(aaotoff) biomarker

maturity parameter for the studied samples.

Acknowledgments

The authors would like to thank the Editor-
in-Chief, Dr. Morteza Delavari, for thorough
and constructive reviews. We would also like
to express our gratitude to the anonymous
reviewers for their thoughtful comments and
constructive  suggestions, which helped
improve this paper's quality. The R&D
department of the National Iranian South Qil
Company (NISOC) is highly appreciated for
its support and cooperation.

References

Asemani, M., Rabbani, A.R., Sarafdokht, H., 2021.
Origin, geochemical characteristics and filling
pathways in the Shadegan oil field, Dezful
Embayment, SW Iran. Journal of African Earth
Sciences 174, 104047.

ASTM D6560, 2017. Standard Test Method for
Determination of  Asphaltenes (Heptane

177

Insolubles) in Crude Petroleum and Petroleum
Products. Annual Book of Standards.
Bordenave, M.L., Burwood, R., 1995. The Albian
Kazhdumi  Formation of the Dezful
Embayment, Iran: one of the most efficient
petroleum generating systems, in: Petroleum
Source Rocks. In: Katz B.J. (ed) Petroleum
Source Rocks. Casebooks in Earth Sciences.
Springer, Berlin, Heidelberg, pp. 183-207.
Bordenave, M.L., 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; Edited
by Leturmy, P. and Robin, C. 330(1), 291-353.
Chakhmakhchev, A., Suzuki, M., Takayama, K.,
1997. Distribution of alkylated
dibenzothiophenes in petroleum as a tool for
maturity assessments. Organic Geochemistry
26(7-8), 483-489.
Damsté, J.S.S., Kenig, F., Koopmans, M.P.,
Kdster, J., Schouten, S., Hayes, J.M., de Leeuw,
JW., 1995. Evidence for gammacerane as an


http://dx.doi.org/10.22034/KJES.2023.9.1.106671
https://gnf.khu.ac.ir/article-1-2876-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-06-08 ]

[ DOI: 10.22034/K JES.2023.9.1.106671 ]

Asemani and Gholami

The application of crude oil biomarker ...

indicator of water column stratification.
Geochimica et Cosmochimica Acta 59(9),
1895-1900.

Didyk, B.M., Simoneit, B.R.T., Brassell, S.C. t,
Eglinton, G., 1978. Organic geochemical
indicators of palaeoenvironmental conditions
of sedimentation. Nature 272(5650), 216-222.

England, W.A., Mackenzie, A.S., Mann, D.M.,
Quigley, T.M., 1987. The movement and
entrapment of petroleum fluids in the
subsurface. Journal of the Geological
Society 144(2), 327-347.

Hughes, W.B., Holba, A.G., Dzou, L.I.P., 1995.
The ratios of dibenzothiophene to phenanthrene
and pristane to phytane as indicators of
depositional environment and lithology of
petroleum source rocks. Geochimica et
Cosmochimica Acta 59(17), 3581-3598.

Huang, W.-Y., Meinschein, W.G., 1979. Sterols as
ecological  indicators.  Geochimica et
cosmochimica acta 43(5), 739-745.

Krooss, B.M., Brothers, L., Engel, M.H., 1991.
Geochromatography in petroleum migration: a
review. Geological Society, London, Special
Publications 59(1), 149-163.

Li, M., Wang, T.-G., Shi, S., Liu, K., Ellis, G.S,,
2014. Benzo [b] naphthothiophenes and alkyl
dibenzothiophenes: Molecular tracers for oil
migration distances. Marine and Petroleum
Geology 57, 403-417.

Noori, H., Mehrabi, H., Rahimpour-Bonab, H.,
Faghih, A., 2019. Tectono-sedimentary

CRediT authorship contribution statement

controls on Lower Cretaceous carbonate
platforms of the central Zagros, Iran: An
example of rift-basin carbonate systems.
Marine and Petroleum Geology 110, 91-111.

Peters, K.E., Moldowan, J.M., 1991. Effects of
source, thermal maturity, and biodegradation
on the distribution and isomerization of
homohopanes  in  petroleum.  Organic
geochemistry 17(1), 47-61.

Peters, K.E., Moldowan, JM., 1993. The
biomarker guide: interpreting molecular fossils
in petroleum and ancient sediments.

Peters, K.E., Walters, C.C., Moldowan, J.M., 2005.
The biomarker guide: Volume 2, Biomarkers
and isotopes in petroleum systems and earth
history. Cambridge University Press.

Van Duin, A.C.T., Larter, S.R., 2001. Molecular
dynamics investigation into the adsorption of
organic compounds on kaolinite surfaces.
Organic Geochemistry 32(1), 143-150.

Wang, T., He, F., Li, M., Hou, Y., Guo, S., 2004.
Alkyldibenzothiophenes: molecular tracers for
filling pathway in oil reservoirs. Chinese
Science Bulletin 49, 2399-2404.

Zhang, L., Li, M., Wang, Y., Yin, Q.-Z., Zhang,
W., 2013. A novel molecular index for
secondary oil migration distance. Scientific
Reports 3(1), 2487.

Zumberge, J.E., 1981. Tricyclic diterpane
distributions in the correlation of Paleozoic
crude oils from the Williston Basin. Advances
in organic geochemistry 738—745.

g 0
Q Conceptualization, Methodology, Investigation,
bl Writing - Original Draft, Writing - Review & Editing,
Supervision, Project administration
Morteza Asemani
Software, Investigation, Resources,
Writing - Original Draft, Writing - Review & Editing
Zahra Gholami
I J

178


http://dx.doi.org/10.22034/KJES.2023.9.1.106671
https://gnf.khu.ac.ir/article-1-2876-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-06-08 ]

[ DOI: 10.22034/K JES.2023.9.1.106671 ]

YAM AN Sy asIILls YAYA -FFAX gl LLs YefF B asao APV il gl o) ojled 4wl

gy Ao
AT (7] o pwd
03318 o) P ol dlxo
Joumnal homepage https://gnf.khu.ac.ir

bli 9 @y leo S o (yuari (gl ol Cld (6,5 3logsl ju 9 (65 )logslb s i 0 0,8
J9930 (Solidlg 5w Jlowd oyl 31 (SO 58 (sl 350 Sy
"l 125 ) GlowsT (o550

OInleols «soylem oBiils ¢y pole 0aSlisls ¢ cwlids fyun 05,5 ¢ Lobiwl .

Olnl ciils «so55lem oBiils ¢y pole 0aSiiils ¢ cwlids fyan 09,5 s )| cwlis IS

cuuS> Ao oledMb|

Slge &il3 sl Cuxdgn 8 )90 50 (saied) )l SleMbl Glase So y3 (Sadp bli g & j2lee sl e 5lusk o azxs U
bug Jyere sl g9090 cnl 000 oo )13 LS 50 axlllas 8 g0 dilaie y3 ST SlaaST Slaal g (4355 4>b) JI AR TR ARSI PR
Ol Joly aies axlse plausgaze b (JsSge (slo Silas cnl Lelogd oo plonil (355 558 Sy SlaS AAALCAR ST
@ ($39y9 Stk (gl &5 WS (oo Gy e (Sabp Joe Sl el Sl Sl Esb sla el ) eolan Soals s o5lg
Comd Soabge (5 SG05 0 Vb E5b b slacd (plply oiiwe (gom Glocdl 4 Cond (6565 E5l gl ie Joe cdi 45l o2 le
o ls T olge 6l 58T 5l Alols by ugSan aluly Sy ol i 5l ol gelans g 00l 418 T Slse ails 1 4, e San
cstlontsl Glo S

P S oM Bise g e eSS ey SO 4 Sl Gy G O S 2 50 sl Dglis laailas

g sl Sl

S 5o ol e (S BE 5 Oyzles sboys allio cnl 13 9955005 0t 5l (sl 0y slople;
atd Olee it slaciand I s Cui aiged Yoz (285 13 (o) 2 3)90 Js85e (SoLBls B 5,0 Jled (nole
Al il SO 5l ks 45 Cad gaog0 ol Sk andllas 0590 sladiges [0 olierdsss sla Sy calis b
Sl Licte Kiws K 5l adllan 350 (slodiges aiind (i olgils G 4 3late 9 wilaxs 5 Lace SLuSS JT olge

Slade ailoas o wienl b8 (63959 JT olge slls g oad cpeits &5 bl Lulys jo 5l bye e jo oS

Oldwe 59,5 5L 50 ol Wil odes &S Line oais Lis asdllas 850 sladiges Ho Yl s Ll el
S3basle Ablge 15 ey sl 5o Lade S 5l o 0l Silo loaiged ()1 s ol alllas 350
&S )lesk 22 5(C29 @ B Bl(a aata B B)) Slal syl bug (Saby b s &yzle s
Ol 50 (S loml (350 a5 ol (Lt Esl oyl ol Shygial sleasds ol plasl )l > ¢k (4-/1-MDBT)
Gy Jlods 5o I olge @il 58T SO (shls sl Love S 1) el 00 5,0 3,8 Gy Coons 5l dnlllae 590

ilos Jod5o (Solidly b

3 Bn,S gy gz (5l axis 3blie olulid doddo
9 S il WIS (o0 S5 (g A9 Sy S5 cpobes )0 5 Seu0ed 5L e s
B e sl @ ol Dzl o & 45 ol loardngly slavl b inte ) S

DOI http://doi.org/10.22034/KJES.2023.9.1.106671

m.asemani@khu.ac.ir slewl o 1oz Jgtums odium it
VP BOPR amio ) ojled A alr (e)lsm e psle alme Jpbie (Tolls 6,0 Jled aske 51 S 58 bl e Sy

@ @@ http://doi.org/10.22034/KJES.2023.9.1.106671



https://gnf.khu.ac.ir/article-1-2876-fa.html
https://gnf.khu.ac.ir/article-1-2876-fa.html
http://dx.doi.org/10.22034/KJES.2023.9.1.106671
https://gnf.khu.ac.ir/article-1-2876-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-06-08 ]

[ DOI: 10.22034/K JES.2023.9.1.106671 ]

e 65 el e 9 6,5 gl LS 5o p)l8

e 5 (Slews]

bS5 el ol 5l (Lietal., 2014, 1999, 1998
5 OlslA sk gl g5 5 gl dale
(Chen et al., 2017) cewl oo oolaswl  couiioss
—C& g S lilS (3 jo LS 5 ol 5l eolasl
L oleSy ol cdale (09 05 o a0 S 6o
(Li etal., 2008) coul 5, 5oL slocosgama
69955 S olse (azen (6,500 Jalse nly opdle
o ite S pgey baee e S @
SlaS 5 @8 5o 6ok 55U Gl Esb g e

Liet) o)l ooy adg> SO 50 g Sl
al., 1999; Silliman et al., 2002; Li et al., 2008;
,» NSO ol clkle (Zhang et al., 2013

5 Gl e 0 ol g5llT slas ol b
28l oo BT (59 s S g SLS 5 jlade (s
(Lietal., 2008)
cws 5 Jljsiden slopd e 5l S
i y3il o 45 At Lo ybess 00lgils LS 5 cpls
— Jae g_s-i.tjuﬁj slasl> wiz slap Sg 00
O9sre 69 (Odedsre kST els 5 o5
logydseisys jl C1-C3 LSIT clizie 5 (DBT)

L ol s Siles,l 5z 5o LS 5 ol ol oo

by o)) 4 g W)l e Lide Siw eyt
Lietal.) arib o ololis LEGC-MS olfiws
& e yeonl 50 5 Odssrm o (2014

s cis 5 VAAs ams s (MDBTS) (yéss5s

2 Pyrrolic nitrogen compounds

YA

" T olge il s T e olulid oy y5e (S,
Skl )3 Jeizme (yle (o G 9 (0355 421)
England) s,ls 5ol jlaws Caenl Jla5 5 150 oloe
3 ,skaie (et al., 1987; Zhang et al., 2013
S ] o s das 4l b g ST olge ails 5]
&}L@m&)ooyysﬂﬁyﬁwlm
9 Sl O y Sl LgéLa.d‘ AJB.: v ﬁ)}!
03,5 &y2les axb cnl 5l oy slagn S,
Lietal., 2020; ) axsloi s 5,5 |, Gl 5l
B eie 5l > ,0 (Dai Yiding et al., 2015
50 4dss aboogly 5 JT ol ails5aT gl 4,
oily 09 Suoy 4 axgi b (Jg el ouls solazl
Source ) ol Y Joleo a4 JT Slge ails 5l
Db oo odlaiwl dlas ,o o3l ol 51 «(Kitchen
o5 9 ol 5l G sla gy ple 5 (6)55e ;)
s 4.94[.: u):>L(>rc S)90 40 ‘57;.515 Sl ..\...:‘3;
FSse Slacls, (p jshiie s sl eal b
P (Saby s 5S> G Sl
o0 Ol oLl 3)90 candisl ple bawgi (e
(Horstad et al., 1995; Peters et al., 2005) s ,.5
Sy LS 5 5l oses johay alidS slaans (o
5 Lds,l5 LS daJglyl5 (azman T30,
sl s slocbs; Olse 4 ladsil S5
ca_:)D-LQ,o Lgl.b).a.w.n 0)9.43 )b g_.\LC}Uo‘ L)o)j—‘ Cawdy
oy ealarwl s_:).>l.e,a J»a‘gs 9 u)?u L;M)" L
Krooss et al., 1991; Larter et al., 1996; ) <!

1 Source rock kitchen


http://dx.doi.org/10.22034/KJES.2023.9.1.106671
https://gnf.khu.ac.ir/article-1-2876-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-06-08 ]

[ DOI: 10.22034/K JES.2023.9.1.106671 ]

e 65 el e 9 6,5 gl LS 5o p)l8

e 5 (Slews]

—0 J5S oebd 90—k 90 sy 5 (S3g,00
SRS Joizmn paadlSn 35 i — 0l 35 09

Wibse Syzlee by i JoSge & 585 sl
Van Duin and Larter, 2001; Yang et al.,)
Guyb 5l i Ngm S o gl 50 (2005

Lol b NH Ll 08 o 5Ty
ade L) G5eeST azmen Vb (sS4 2SI
Slge mhaw (59, 2 STy loog S SL
ail sl ams o JuSis wiy)lo 999 owy (Soas
Slapegnl B8 g ond (JiSge dx 4 e
3zt 50 9 2Bl oo T & 2len (o 50 Jo3b)S
Jolgd g ys i lp Ol gL
Larter et al., 1996;) o,5 ocolaiwl cis & >l
g SSl5 (Li et al., 1995; Wang et al., 2004
3has WS ol (Zhang et al., 2013) K
sl 2bsy Ol @ bl cons 5 cdale
oS el ols Lz Sldlas 5,5 solitul g3 od
oS ulSasl s wlgi aod 22,25 sl ,Slas ol
ilple 5 Wil Sorlee (> 0 JoNge B8
ail Ol ciles Sl Gds wilg oo
b Cow OlS 5 pl a5 badale
L slaxb o (obye JTolge asle) JT slao,lus,
Lie S g s @l S b o (s35lsnd

) xS0 S P Sl gy B eiaes
Li, 2000; Bennett et al., 2002; Huang et al.,

VAN

eyl jea> (Hughes, 1984) o olulis
Jiie 55 9 (DMDBTS) (855550 69 o 69
s o pl> e o (TMDBTS) 840450 60
Chakhmakhchev et al., ) o, ol 4 144:
Seolinoge i glub yo g5 Jdo 4 (1997
)l slocessn 5 o LT (slo il
=L Wl jpas Beisih (69 (S Sl
bog bodsdsrn o b hie  Js¥s sl
S50 Sl sk LS (lgie 4y aliSee (i
Chakhmakhchev etal., ) ol 43,5 1 3 oolal
o2l 2 edle .(1997; Radke, 1988; Kruge, 2000
Lice K 98 & iy o bacydado s (3 gl
sl (Hughes, 1984) wil co o9y Laro o
o3l alie (DBT) lagissgin 59 JsSlgo
Selorm S 0 dil> gl 4 LS g il
S 0wl gl (lagigr SelSemg 2a)
Lietal,) cwl (ls,s8lgu SdSngin) 855
(2014
& pl o Oyl (b o o5 JsSse 3uis
Seleg, S5 anlp by mie Wl 352
S5 5lsS wlie anlp ol 4 055 o0 J S
SlS 55 OS> Cae o a5 090 o0 Eely mylo —ol>
Krooss ) ais' o olool iolaz g00,5 poss calize
45 Ok Aiine yekiizee 5| g,k (et al., 1991
S 5ileg)S 955 918 (b ailSlo (2 iotee i
P00 S 5 SleS ol Slesgas ol


http://dx.doi.org/10.22034/KJES.2023.9.1.106671
https://gnf.khu.ac.ir/article-1-2876-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-06-08 ]

[ DOI: 10.22034/K JES.2023.9.1.106671 ]

e 65 el e 9 6,5 gl LS 5o p)l8

e 5 (Slews]

Aoll- s alS 4y e g il oo Gl (oo
S5 8L 5l (Wang etal., 2004) 55 . MDBT
B calize slojagnl (Seolinngey g)laly
shlo 4-MDBT 3 s alice o854 3060
—o ok S s I-MDBT 5 o iy
All- coss S gsb il LI sl
Chakhmakhchev et al., ) &b oo il38 MDBT
(1997; Wang et al., 2004
«!» (England et al., 1987) J,Kan 5 2SI
Gl gpe oy e (Sadp Joe )b oyl
oz ik @lp ele e So g WS
Sy bl sd 2l Lo ae 5 (S0D
Sl €k bl |y I olse il il coaba
i S b Oloogas 5 35 10 o a5 i
Lace S ()l ol il3Bl L in S ol 1,
WS o B 0e T a0y s g A
(S 5aS Esl ss ¢y 4 00 oy eyl slacs
Sy blas S6o5 0 Yb £6lh L slacs g 00y
ol s 8 i S als sl 5 o5
3 opPe &S 0gd 2,8 ST as wols lid yaddse
ouds dlgaiin Jow il fyals p Jb 50 Ceos S
o ) O sl 5o Eob 5l (IS s, SO
AL Esl by Jasar slecd o (gshy S oo
sialys 15 i Ko alols o 5esioss 5o

FoS b by 5 amad glacas &dly yo .zuls

3 Uncoupled electrons-shielded molecules

YAY

S sl odd aeie cpl p eple (2003
JHES Hezen Dy2lee Slapiann Sloogas
Wl oo o5 Sl e g S gLl voda ol o
S 556 Josse lacols, cnl 5l eslatal o
.(Yang et al., 2005; Zhang et al., 2013)
Sedyb Y o tandls Sl sla g oSl i
Slgi oo (Si9,0 Gladign 91 0525 ;55w o]
L (g5 adl> )0 o990 jeilgum G (ASTy Sl 50
Goze Y 0 Jolse 5 09250 ()55 )00 (slags]
-t (Wang etal., 2004) sg slow| &>l b
ool Gl g3l 5 acdedgin (o0 Sglds o 3
0 pdy S g3l 50 d9ae g, il &S
3 d9rge Heilsw @il &5 (Jops el Sl
PRYT-JGW IV U ST S VR P R PUEPSSEIPN
Siaed Nem S obml Sel Wil e oS S
598l oaias G wilgs co oy sla SIS A5 Wigd
sl wlgs oo JT olga b S 0813 (5T o3
395 (039,98 w3) 09 SN 0 25 SG (505 o0l 2
o pos 3l sl il e il (L etal., 2014)
s OlSG o951y 5 ayBesig s (g8 iz
ol asdls chr glsse b aleyesnl
SlI> 4-MDBT (5omen ™ iiisy (5 slogs 2
S (S50 Nom JoSi5 ln st bl
sps sl ol als car b sSse a
5 ol aiies T-MDBT yzen Tl s

sl IMDBT gl Jaie a5l ©p2lee (b

L Unshared pairs of electrons
2 Uncoupled electrons-exposed molecules


http://dx.doi.org/10.22034/KJES.2023.9.1.106671
https://gnf.khu.ac.ir/article-1-2876-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-06-08 ]

[ DOI: 10.22034/K JES.2023.9.1.106671 ]

e 65 el e 9 6,5 gl LS 5o p)l8

e 5 (Slews]

g Sl g 0,8 eolaiul Jgdye  Solilg s
Gyo 4>l o (Baniasad et al., 2023) .l San
S kS5 i 1§ 08t g0 4o
s sleoslgils Fasly, awlie 5 axl ol
S yolo Jlo b lme b osd ol anieis
Sl yans i & Loolgils ) L e Lo
Al O >l

oyl 5l ool allie opl Lol s
SrSoll Gl gk 6,5 benlig 5 5,5 el
Silogyl g gLl sl GC-MS 5JUT Lawsgs ons
bl 5 Ozl o G sl pB ok
Jleds b 51 (S )bl (e yo (S
ssbite ol sl adbise Jodje (Solidly s 52
aalllas 9,50 o (olodss) sla Sy
—hges & bayye (5 slaolgls b ogdise om)
o 93,5 Geend aalllas 3550 (350 c la
slp ok gl eluly chspl sloasss
a8l 5 e (S bl s
oo (ol (o

S5 e lnlamio b g6 4o hle 595 5
5 ] e dilaie S el sgzg el
Cot a5 Cawl 0050 )5 pwgads U s 4l 57 Lo
CSLl o ST 0ailyg) —00,55 ez whpeS (lsre
Berberian and King, 1981; Noori et ) 54 s
31 STy eailyg, —00,65 > 0,65 .(al., 2019
S o el o S5 il (sla i
Segisuy; ol pled 5 plaar el @l slo

YAY

g2 sl slacds gl Live Kinw jl oo oy
aS wisle lis pioren Ngd ce 3)lg (y3Fe 0 AT
ol 4y g Ci oS 5 (S bglie il o 2>
o ewlidimey pley 35 50 Sl oS S o,
aalgs (Bb ()35 e slaciens ;o ok Dolis
Ol se o gl gy b I 09, 008 e 5l g Wl
Sy 1) (P (Sabp 0925l adsl peal S
.0)91
> ST JoSse slocans )b odsl ol
24-114-  AJ1-MDBT bt loossiss
s Sily lasg 4,6-14-DMDBT , DMDBT
Ce> e slp (Wang et al., 2004) Koo
S8 eoliial 0550 & p2les e g (330 (S
Bl sloyioly b jl an sladl s 28
O Sy 65kl gl TS/(Ts+HTM) goxen
w88 I iz Sldllae 0 &y lee Sl e
Sy Hlo0je e SlaS 5 alie (uls 5wl
5 oolial eluly Sldllas yitey el Cowsy
ey od el lapdsss g5 oo ST olaS
Caoglie el wuS5 ol ol Ll
035 plp o ok Cwglie 9 Vb (Selusge s
Chen et al., 2018, 2017;) <l o0s0 5 s
slew! (Fang etal., 2016; Lietal., 2014, 2008
sl el bl (Asemani et al., 2021) ), Ko 4
Odsl sl ple i Soilag)l g gLl slos s &by
bl 5 &zlee b ae Gusd sl Ol 0 0k

S35y Cuomd )0 &Bly (Boll ylawe jo (Sodp


http://dx.doi.org/10.22034/KJES.2023.9.1.106671
https://gnf.khu.ac.ir/article-1-2876-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-06-08 ]

[ DOI: 10.22034/K JES.2023.9.1.106671 ]

e 65 el e 9 6,5 gl LS 5o p)l8

e 5 (Slews]

Oloie 4 oly 9 0055 slaas;le (Hegre, 2010
2dlygo o dibaie ol o ol Lite Sa 59
o555 Wjle iles,S 5,LE 1) oud o Lal oy3lke a5
s Jolge 5l it Loe S 0 ol o b
5 Sl Jg3o (Folilyd 535 e slaceend o
S S uogSll = Gloo gl (s b oily a5l
i o oS wiboe JTolge 5l e biews Lo
5 ey 5 sk Sy (Folidls b 3blse
Bordenave and) sg5, ¢ gy Cowl 00w B
5o ol Wil a5 aius wikee (Burwood, 1990
oy 4 Jss (Soldl 38 Jlob bl
Oypar bl plo jo (Jy Conl oupn; 5ok
oS i 0055 Lice S ol by ol o &L
(S obBlg 2 5o alidee (&5 aoles 55L0 )3 (6 i
23 7S &S i sl Lace S g 3))s Jgo
o e Lane Siw g0 ol jpas oyl 4l oyl
Gl i slooslgls sbul cel aihia oyl
RN ERURE SO EUNE CI g KOS I 0
Bordenave and) <ol ouls Jgdje  Solidlg,s

Hegre, 2010; Rabbani et al., 2022; Bordenave
i 59095 b o)l luS w53k (and Huc, 1995

 olewl G35 JelS jeb a0 cojuil 5 el

o3 S Hye onl 5l ek ze > 5l e g okl
(Bordenave and Hegre, 2005) <ol

YA

e Jled 5l b gidu ol el onys 57 S0uSs
095 Ol 55 el S A G0 e
09 9 (s8> SoLsly8 5 odul Jalit) (liw;ss
4 a8 Wil oo (oo 5 (I3 )8 Jol) )6
5 99 @dipe Sl S by oSS
Ol Ol 51O US) wloads o 550080 51 09,58
o> 5 9850 (Sobily B ()95 edlizee slagys;
S8l )5 39290 (£)S 9,000 133 0k L
sl Sl (Brd oy —oyt Jled 2y, LS5
o9y (Hatzfeld et al, 2010) oib oo ol
Wil a5 Celaid) 5,8 4l S Jobye (Solidly 8
Sy S1 50,105 (ygeis; dibaia opl 50 (55 lens]
TA sga> aS Cewl puye yieghS Feieer dg0m
Bordenave ) 5,85 o » 0 1) ol & gl
o b g lew! w3l (and Burwood, 1995
O Crme Ol & el (g — (eS|
Sl adl oo zylae 9830 (Solidly B o &
O b opdlls (s —oslesie e b STgpe
Gble yid o 1) woly e SO gl
O pb 4 aS wies oo LS5 Jg85o (Solidly s
INO sga (V US8) ogd o0 aimlid oliuss
Solomsl 350 50 Jgyo (Solidly ) jo i plsd
IYY dgaz 50 Ll (35 5 Cunl a8l gezs

Bordenave and) o,.5 o » 0 1, S plbd


http://dx.doi.org/10.22034/KJES.2023.9.1.106671
https://gnf.khu.ac.ir/article-1-2876-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-06-08 ]

[ DOI: 10.22034/K JES.2023.9.1.106671 ]

w6 el g 6,5 legl LS 5 oyl e g slow]

Central Iran 227N
————————— S
__________________________ Wi LZagmsFau\t"-____.____-—”’ \\\\ —__—-’/ 4/‘____,\\\\
_________ 7
pu— - /
p— - High Zagros Fault W e S /
grt /7\ T e HIGH ZAGROS e = /
F~w — o . VS Sl ]
—— —" )
e"\\ z’(\\\_,_‘ £y \\_,—-——\__/
X
S LURESTAN  <%5tudied Field
"’\\ L4
1\ £ TRy e

Pesian Gulf

o r3 PO

Esrafili-Dizaji and ;| ;.5 L) Cosl 0ol asein jo,8 0 )b cuadle b aslllas 5,90 oline .y S5 adg> (o bl asis ) JS&
.(Rahimpour-Bonab, 2019

Fig.1. Structural map of the Zagros basin. The studied field is shown with a red asterisk (modified after Esrafili-
Dizaji and Rahimpour-Bonab, 2019)

5 oolisl b il lazl 1l 520UT oloeil 61, gy 3 Slgo
ASTM) 50 5 Iz pls i 5l IP-143 o sl boaiges
w5 o8 o Gl & by, ol o .(DB560, 2017 J S ] e B e wg F
bglie g o il 38 Jloy i oo T ol e el g E e s s
e g b Lol plime Jlog AL ¥ g aegs Jgbyo (Solidls b (Byh Jlads ;o edly cnolie
)‘JEJSMB)M‘)SMULLA&UMAJJAab ~diges & ‘Mr:l;u‘ob)w)‘dffbwmd)f
So b lSe S s el 18 B VY Se 6] L e

20 OB e 0 =S e Pl Cdi pguario (33 (55 03l
il A5 L B, Slyie e b5
Slo (0ya8me 10 dilie b L FY o,lass cyaily)
o 25 (55, 0nd oz (AL Gllanl o A e o 5 AP] s 5 65550
s 5 00 s gl 3%a Loy Lawgs Loz | 56T
b gl sl els 5l sl b Lalls optllan]

olKiws Lawgi al cii slddiged ogase ()9
&yl Ll s Anton Paar DMA 4100

Ao


http://dx.doi.org/10.22034/KJES.2023.9.1.106671
https://gnf.khu.ac.ir/article-1-2876-en.html

w6 el g 6,5 legl LS 5 oyl ke g Glewl

[ Downloaded from gnf.khu.ac.ir on 2025-06-08 ]

[ DOI: 10.22034/KJES.2023.9.1.106671 ]

Sy g 4 ity Jloyi (03,5 @l gLl 5 ouds bz pdlawl 5 w5 oses Pl o5 oy
O O Soidmd b g, 9 Sbeg,l i ol O il ax 0 Vv v glos o aB 8o Ve oo 4
Ol S o oy sl by ool gl 5 an 08 e Sels b cd )8
Jole Iolws, S oo cla M= 5 (V+/¥+) s BT siles,S 5l oalinal b olle oopillan]

05 glFl (@010) o5 9y 2 Ol ekt cnl sl ah SIS

O § S ools J13 s 5w lawgd ouls

Rolefor | Thick.

(m)

Group

Stratigraphy

[Erathem|

Q System|
cene Series|

0000000000000
o

0305080508 Bakhtyari Fm.

5000

Aghajari Fm.

[ Plio
Fars

Mishan Fm.

Neogene

OSSN

Gachsaran Fm.
Asmari Fm.
Ahwaz m.
Kalhur m.
Pabdeh Fm.
Gurpi Fm.
Ilam Fm.

Miocene

CENOZOIC

Sarvak Fm.

Upper
Bangestan

|

Kazhdumi Fm.
~~~~~ Dariyan Fm.
Gadvan Fm.
Fahliyan Fm.

Cretaceouse

Lower

Garau Fm.
Gotnia Fm.

Najmah-Sargelu-Aalan
Mus-Adaiyah Fm.
Neyriz Fm.

Dashtak Fm.

MESOZOIC

Time gap and
Unconformity

a9
sg Congelomerate

Sandstone

@ Limestone
=

Kangan-Dalan Fms.

Dolomite
Faraghan Fm.

RERTE Anhydrate
Zard Kuh Fm. AR & Salt

llebeyk Fm. Shale
Mila Fm. |: Cap rock

Zaigun-Lalun Fm.
Barut Fm.

[Ordovicialspl] Permian | Triassic] Jurassic

PALEOZOIC

Reservior

Cambrian

Hormuz Series

3 Source rock
or equivalent

(Derikvand et al., 2018) 185 qiw ;0 33l o (idi 8 x0 o o s Jod30  Soludly b S 5, Kais aiw -V JSo
Fig. 2. The lithostratigraphic chart of the Dezful Embayment with the role of each formation in the petroleum
system (Derikvand et al., 2018).
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Table 1. The bulk characteristics of the studied samples.
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NO  Samples API (°) Saturate (wt%) Aromatic (wt%) Resin (wt%) Asphaltene (wt%)
1 W-1 29.44 44.07 35.85 14.10 5.98
2 W-2 28.15 39.52 39.52 15.11 5.85
3 W-3 28.59 46.14 35.82 12.75 5.29
4 W-4 29.17 41.67 37.04 16.21 5.08
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Fig. 3. The GC-MS chromatograms of M/Z 191 and 217 for two selected samples from the Asmari reservoir in
the studied field.
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Table 2. The GC and GC-MS parameters for studied samples in the studied field.

Samples Parameters W-1 W-2 W-3 W-4
CPI 0.93 0.92 0.98 0.97
Pr/C17 0.49 0.44 0.45 0.56
Ph/C18 0.69 0.67 0.62 0.68
Pr/Ph 0.72 0.64 0.78 0.78
TAR 0.20 0.18 0.25 0.25
C22t/C21t 0.35 0.39 0.44 0.30
C24t/C23t 0.69 0.62 0.69 0.65
C29H/C30H 0.73 0.87 0.93 0.76
Diasterane/sterane 0.21 0.25 0.26 0.28
Gam/C31HR 0.18 0.17 0.18 0.17
% C27 sterane 58.84 53.35 52.49 55.02
% C28 sterane 16.10 20.57 22.34 19.29
% C29 sterane 25.05 26.08 25.17 25.70
Hopanes/Steranes 6.89 4.67 4.69 421
%0l 25.24 22.94 26.62 2251
Ts/(Ts+Tm) 0.43 0.48 0.50 0.52
C27 Dia/(Dia+Reg) 0.24 0.25 0.26 0.27
C29 ofp/(acat+afp) 0.55 0.50 0.55 0.52
C29 aao 20S/(S+R) 0.48 0.50 0.48 0.48
A4
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C31 Homohopanes 31.79 32.89 34.52 34.80
C32 Homohopanes 22.47 2351 22.96 22.42
C33 Homohopanes 16.47 17.98 17.74 17.33
C34 Homohopanes 11.70 11.31 10.90 12.23
C35 Homohopanes 1757 14.30 13.88 13.21
C35/C34 Homohopanes 15 1.26 1.27 1.08
Homohopane Index 0.18 0.14 0.14 0.13
4-/1-MDBT 2.60 2.46 2.50 244
DBT/Phenanthrene 2.82 2.61 4.04 2.47
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Fig. 4. Star diagram based on source-related biomarker parameters for the studied samples.
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