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Abstract

This paper presents the results from organic geochemical evaluation of the Paleocene—Eocene Pabdeh Formation in the Khaviz
Anticline and Mansourabad Oilfield by a combination of Rock-Eval pyrolysis method and organic petrographic techniques. A total
of 24 cutting samples, collected from these anticlines, were subjected to Rock-Eval pyrolysis, and 12 samples were subsequently
selected for complementary petrographic inspections. According to the Rock-Eval pyrolysis results, the middle parts of the Pabdeh
Formation contain predominantly type Il organic matter, while the lower and upper parts are mainly characterized by a type 11/111
kerogen. In addition, Rock-Eval pyrolysis results indicated that the thermal maturity of the studied samples corresponds to the early
stages of the oil generation window. Similarly, our organic petrographic observations supported the presence of organic-rich facies
in the middle parts of the Pabdeh Formation. The organic-rich facies is characterized by large concentrations of amorphous organic
matter (AOM), framboidal pyrite, and solid bitumen (SB). In contrast, the organic-poor zones contain abundant fossils and euhedral
pyrite in a calcareous-marly matrix. These results suggest that the middle parts of the Pabdeh Formation were deposited under
predominantly anoxic conditions with enhanced preservation of sedimentary organic matter. In contrast, the organic-poor zones

were formed under oxidizing conditions which led to the poor preservation of organic matter.
Keywords: Pabdeh Formation, Khaviz Anticline, Mansourabad Oilfield, Organic facies, Paleo-depositional environments.

Introduction
The petroleum industry has an important role in the
worldwide supply of energy and the improvement of global
economic/technological growth. The Zagros fold and thrust
belt of Iran is one of the most prolific petroleum provinces in
the world with several supergiant oil and gas accumulations
(Alipour 2024). Most of the oil in the Zagros Basin has
accumulated in the Dezful Embayment (Bordenave and Huc
1995). The Aptian—Albian Kazhdumi Formation is one of the
most important petroleum source rocks that charged the
Bangestan Group (llam/Sarvak) reservoirs in the Dezful
Embayment (Alipour 2022, 2024). The Paleocene-Oligocene
Pabdeh Formation is a young source rock with minor
petroleum contribution due to limited thermal maturity across
most of the Zagros Basin (Alipour 2024).

In recent years the Pabdeh Formation has been evaluated
using bulk Rock-Eval pyrolysis techniques (Alizadeh et al.
2012; Safaei-Farouji et al. 2021), organic petrographic methods

(Amiri and Alipour 2023a, b; Khazami and Alipour 2024), and
advanced biomarker analyses (Alizadeh et al. 2020).
Nevertheless, little information is available about the organic
petrographic characteristics and organic facies properties of
the Pabdeh source rock in the Dezful Embayment. Therefore,
the purpose of this study is to investigate the organic
petrographic characteristics of sedimentary organic matter
contained in the Pabdeh Formation to understand its paleo-
depositional environments. Results from this study can
provide new insights into the lateral-vertical organofacies
variation within the Pabdeh Formation of the Dezful
Embayment and surrounding regions.

Material & Methods

In this study, a total of 24 cutting samples (i.e., 10 samples
from well#11 of the Mansourabad Field and 14 samples from
well#2 of the Khaviz Anticline) were collected from the
Pabdeh Formation. These samples were subjected to Rock-
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Eval pyrolysis analysis using a Vinci Rock-Eval 6
instrument. After preliminary screening, a total of 12 samples
(i.e., 6 samples from Mansourabad and 6 samples from
Khaviz) were selected for detailed organic petrographic
inspections under reflected light.

Rock-Eval pyrolysis: In the present study, in order to
represent the entire thickness of the Pabdeh Formation,
cutting samples were collected every 20 meters. The cutting
samples were cleaned under a binocular to remove non-
indigenous particles like mica fragments from drilling mud
additives and iron filings from the erosion of the drill bit. In
addition, the cutting samples were treated with detergent and
n-hexane to remove non-indigenous hydrocarbons arising
from drilling mud additives. The cleaned samples were then
pulverized in a porcelain mortar. The powdered samples were
placed in the oven for 24 hours at a temperature of about 50
&:C to remove any possible moisture. To perform the analysis,
approximately 50-70 mg of the powdered samples were
placed in the crucible and then subjected to Rock-Eval
pyrolysis following the standard procedure published
elsewhere (Behar et al. 2001). The Rock-Eval 6 device is used
to evaluate the source rocks in terms of the amount, type, and
maturity of their contained organic matter. In addition,
analytical parameters derived from Rock-Eval pyrolysis can
be used to infer the paleo-depositional environments of
source rocks and the prevalence of oxic/anoxic conditions
during their sedimentation (Kotarba et al. 2003). The amount of
organic matter in a source rock includes the total organic
carbon in the sample, which is expressed as a weight
percentage and includes both kerogen and bitumen (Hunt
1996).

Organic petrography: In the present study, organic
petrographic examinations were conducted by a Zeiss

Axioplane 1l microscope under reflected light in oil
immersion with 100x objective magnification. The organic
matter contained in fine-grained shales has different
petrography with respect to the organic matter preserved in
coals (Gongalves et al. 2024). Kerogen in coal seams may
contain 90% detectable maceral and only 10% amorphous
organic matter, but kerogen in shale rocks usually contains
more than 50% amorphous organic matter (Mastalerz et al.
2018).

Discussion of Results & Conclusions

The combined application of Rock-Eval pyrolysis and
organic petrography confirms the existence of an organic-rich
interval sandwiched between organic-poor facies. According
to our organic petrographic observations, the middle parts of
the Pabdeh Formation contain distinct organic facies
characterized by abundant AOM, SB, and framboidal pyrite
in a dark-colored marl matrix. In contrast, the organic-poor
intervals are characterized by calcareous lithology with
abundant fossils and negligible AOM. These observations are
consistent with the enhanced organic preservation during
deposition of the middle parts of the Pabdeh Formation,
which was most likely related to the prevalence of anoxia
within the paleo-depositional environments. However, the
organic-poor sections were deposited under suboxic regimes
with minor preservation of the organic matter. These findings
have practical implications for paleo-environmental
reconstructions during deposition of the Pabdeh Formation.
In addition, they provide new insights into variations of
organic facies in the Pabdeh Formation as a potential source
rock in the Cenozoic succession of the Zagros basin.
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Table 1- Rock-Eval pyrolysis results for the Pabdeh Formation samples in the Khaviz Anticline (well#2) and
Mansourabad Oilfield (well#11). Samples selected for organic petrographic examinations are highlighted in

boldface with a red color.
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S, S, HI Ol

Oilfield ?nﬁfth (Twotoc/o) Tmax (:C) (mg HClg(mg HC/g(mg COylg(mg HC/g 1S o Pl
rock) rock) TOC) TOC) TOE:)
Khaviz 232 0.21 420 0.13 0.15 0.24 71 114 0.46
Khaviz 264 0.43 423 0.02 0.25 0.27 58 63 0.08
Khaviz 290 1.19 428 0.13 3.47 0.43 292 36 0.04
Khaviz 330 0.52 422 0.04 0.45 0.32 87 62 0.08
Khaviz 350 1.01 431 0.02 1.46 0.46 145 46 0.01
Khaviz 448 1.65 424 0.31 7.36 0.49 446 30 0.04
Khaviz 472 2.37 421 0.24 11.73 0.66 495 28 0.02
Khaviz 490 6.46 414 0.78 34.94 0.96 541 15 0.02
Khaviz 500 4.82 417 1.03 27.62 0.81 573 17 0.04
Khaviz 510 3.21 415 0.35 17.97 0.68 560 21 0.02
Khaviz 516 4.49 418 0.74 25.75 0.78 573 17 0.03
Khaviz 534 457 416 0.59 25.54 0.85 559 19 0.02
Khaviz 566 2.58 420 0.26 13.21 0.83 512 32 0.02
Khaviz 589 2.48 422 0.29 13.15 0.53 530 21 0.02
Mansourabad 2916 1.66 435 2.42 5.8 0.47 349 28 0.43
Mansourabad 2962 1.17 439 2.85 4.03 0.61 346 53 0.41
Mansourabad 3010 4.4 425 4.44 22.47 1.07 510 24 0.17
Mansourabad 3030 5.26 426 6.39 26.3 0.77 500 15 0.22
Mansourabad 3050 5.6 424 5.53 29.71 0.89 530 16 0.16
Mansourabad 3070 3.88 426 4.03 19.07 0.87 429 23 0.17
Mansourabad 3100 418 426 4.08 17.84 0.99 426 24 0.19
Mansourabad 3140 1.83 432 1.88 7.78 1.39 426 76 0.33
Mansourabad 3208 1.29 434 2.13 4.66 0.88 362 69 0.43
Mansourabad 3228 1.24 436 2.09 4.64 0.8 374 65 0.43

364 Il g5 ol (S Esk a Oy D)5

sldanlllas gladsai gl Trnax Jlie 53 053 dea ozl

I & uﬂ a3be (gl Ges sliantllas Slad sai a5 s e

53 @F IS8 e I g5 ST isle S5 slia L

d https://doi.org/10.22108/jssr.2025.144148.1306


https://doi.org/10.22108/jssr.2025.144148.1306
https://doi.org/10.22108/jssr.2025.144148.1306

VEF sl osled QAL oled (05 5 Jor o ¢l gy 5 ) sl jtas, q

L;“ol_hd..s}w \Jz’) E(Hunt 1996) 5}";’@ o3l3 LM.W; ol las J}-‘JA l; &;Uﬁa ;;’)lf le.‘ ue.a\.:lg: .Ju)Lw S MJJA olis Lo
@‘ol;ﬂ;uﬁb‘-rmax du&‘}chJJYLHI ﬁJU.AL Lﬁﬂj} g_;"LS\J'l (b;’J&J) J)‘.) ‘) L)"Jsj)"\”«'é &‘) :\.;jj‘
(F JKe 5 ) laa s 55 059 0m sl an T slac sl s s
900 1000
OKaviz
& Mansourabad 900
750
800
700
600 G
S 600
l—1
S as0 35 500
= é) & =
2o o0
= 300 o 2 300
E
= 200
150 1)
0 0
0 50 100 150 200 250 350 370 390 410 430 450 470 490 510 530 550
a) 01 (mg CO,/g TOC) b) Tmax (°C)

'C‘,_L: s olis ‘Tmax L}J.L:bﬂ BENSETBEY u.aa-u )|.>}.~..'p 9 (a) ‘;ﬂ sale Cy s OLES ‘;)j,:.,Sl u.ai\..i JfLS.a 33 059, u.a&\..’& ﬂ.)}d -F JS.&
LTy gmaie 5 355 W mddl 5 ol Xjle sladised sl » (Hunt 1996) (b) s, ~

Fig 6- HI versus OI diagram indicating the type of organic matter (a), and HI versus T, diagram indicating the
level of thermal maturity (b) (Hunt 1996) for samples from the Pabdeh Formation in Khaviz and Mansourabad
anticlines
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Fig 7- Vertical profiles of Rock-Eval parameters obtained for Pabdeh samples in the Khaviz Anticline and

Mansourabad Oilfield indicating the presence of organic-rich intervals in the middle parts of the Pabdeh
Formation.
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Fig 8- Example photomicrographs showing the general characteristics of organic-
rich intervals within the Pabdeh Formation in the studied oil fields.
Photomicrographs A, B, C (3010m); D, E, F (3050m); and G, H, I (3100m) are from
Mansourabad Field. Photomicrographs J, K (472m); L, M, N, O (510m); and P, Q, R
(566m) are from Khaviz Anticline. Abbreviations: AOM = amorphous organic
matter, FP = framboidal pyrite, SB = solid bitumen, P = pyrite and FO = fossil.
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Fig 9- Example photomicrographs from the organic-poor intervals of the Pabdeh Formation in the
studied anticlines. Photomicrographs A, B (2962m); C, D (3140m); and E, F, G (3208m) are from
the Mansourabad Field. Photomicrographs H, I, J (290m); K, L (350m); and M, N, O, P, Q, R
(448m) are from the Khaviz Anticline. Abbreviations: AOM = amorphous organic matter, P =
pyrite, EP = euhedral pyrite, FO = fossil, PW = pyritic wall, SB = solid bitumen, OX = oxidized
zone.

@ https://doi.org/10.22108/jssr.2025.144148.1306


https://doi.org/10.22108/jssr.2025.144148.1306
https://doi.org/10.22108/jssr.2025.144148.1306

a0 ssmle Ao 5l s e

Ol g s bl 5 555 Gl U 5o ol B3l T et 55 5 JT 3155

References

Alavi M. 2007. Structures of the Zagros fold-thrust belt
in Iran. American Journal of Science, 307(9): 1064-
1095. https://doi.org/10.2475/09.2007.02.

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: 105887.
https://doi.org/10.1016/j.marpetgeo.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: 106311.
https://doi.org/10.1016/j.marpetge0.2023.106311

Alipour M. 2024. Petroleum systems of the Iranian
Zagros Fold and Thrust Belt. Results in Earth
Sciences, 2: 100027.
https://doi.org/10.1016/j.rines.2024.100027.

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: 1-
22 https://doi.org/10.1344/GeologicaActa2020.18.15.

Alizadeh B. Sarafdokht H. Rajabi M. Opera A. and
Janbaz M. 2012. 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: 36-46.
https://doi.org/10.1016/j.orggeochem.2012.05.004.

Amiri S. and Alipour M. 2023a. Organic facies and
organic petrographic characteristics of the Pabdeh
Formation in the Kilur-Karim Qilfield, SW Iran.
Journal of Stratigraphy and Sedimentology
Researches, 39(3): 1-14.
https://doi.org/10.22108/jssr.2023.139363.1270

Amiri S. and Alipour M. 2023b. Organic geochemical
evaluation of the Pabdeh Formation in the Siah-
Makan Oilfield using Rock-Eval pyrolysis and
organic petrographic methods. Advanced Applied
Geology, 13(3): 782-793.
https://doi.org/10.22055/aag.2023.43214.2349.

Behar F. Beaumont V. and Penteado H. D. B. 2001.
Rock-Eval 6 technology: performances and
developments. Oil & Gas Science and Technology,
56(2): 111-134. https://doi.org/10.2516/0gst:2001013.

Berberian M. and King G. 1981. Towards a
paleogeography and tectonic evolution of Iran.
Canadian Journal of Earth Sciences, 18(2):210-265.
https://doi.org/10.1139/e81-019.

Bordenave M. and Burwood R. 1990. Source rock
distribution and maturation in the Zagros orogenic
belt: provenance of the Asmari and Bangestan

YE (6l odeal s 4y Ul ST sy el ol
5 s e A3 SH(Y a5l olr) 55 e lil Ll Sl 4 sl
o=l 03 55 ge I slse bl geate Oliie (V) 6 5Le o)
Dls gl Q::‘?"“'A/'U"f“d‘ ozl N 511 g5 3 edsle
deas e Ol sldanllles sladpos (6l Trnax Jilie 5 HI
22 = S sodas gl Lale joedl W5l 4 s
QA 5oy 8l sl B eddanllls & laglde
e slaad i s S olsn Conle e 5 i
LAd ey I 2S5 m s sl eslizad L edl a3l
5o e Sl (S0 5 smle SU s Rl 58
e 45 IS e agU 1y T el 5l i s SO
bl ool am $ 5,5 I asls 51 s glae )l
Gl sl W3l Sle sl s (JT 1S5 n Slaalie
S yal Iisle Slsls L as Klgnlexe JT glao L
o5 ole S5l S 5 Il e B o s s e gt
A oske 51 i claion  blis 3 Ly e asie K,
alie 5 Ol 5 gla o (ST i S glls baes
ol Slalis ol Ul sel T ok (g5l
Sler Gl et o > Sl ol e S Lk
Ll S U dad e s Jlail 4 o oty 5
03l sy s sy e 3 (L)) O35S O
O305S Sla sy Cos Jlisle 51 i sla ioe Ll
2l ol s g Jlsle Scias Saakhi-
GMS Sy o= 53 4 25 Jae Ll 2 5Ll )
slaa sl sl o dle 65l (glos s Ceal el L3l
ol Sl Sl ) gl i caddlas ol Sl Lol
S S Ol ol W3l 53 ST 55kt (53500
Sl ST i S Sy 3 el L

.MJL;G

d https://doi.org/10.22108/jssr.2025.144148.1306


https://doi.org/10.22108/jssr.2025.144148.1306
https://doi.org/10.22108/jssr.2025.144148.1306
https://doi.org/10.2475/09.2007.02
https://doi.org/10.1016/j.marpetgeo.2022.105887
https://doi.org/10.1016/j.marpetgeo.2023.106311
https://doi.org/10.1016/j.rines.2024.100027
https://doi.org/10.1344/GeologicaActa2020.18.15
https://doi.org/10.1016/j.orggeochem.2012.05.004
https://doi.org/10.22108/jssr.2023.139363.1270
https://doi.org/10.22055/aag.2023.43214.2349
https://doi.org/10.2516/ogst:2001013
https://doi.org/10.1139/e81-019

VEF sl osled QAL oled (05 5 Jor o ¢l gy 5 ) sl jtas, e

during thermal maturation: Implications for
kerogen transformation, in: Camp W. K. Milliken
K. L. Taylor K. Fishman N. Hackley P. C. and
Macquaker H. S. (Eds.), Mudstone Diagenesis.
Research Perspectives for Shale Hydrocarbon
Reservoirs, Seals, and Source Rocks, AAPG
Memoir, 120: 165-188.
https://doi.org/10.1306/13672216M1213380.

Liu B. Teng J. Mastalerz M. and Schieber J. 2020.
Assessing the thermal maturity of black shales
using vitrinite reflectance: Insights from Devonian
black shales in the eastern United States.
International Journal of Coal Geology, 220,:
103426. https://doi.org/10.1016/j.coal.2020.103426.

Mastalerz M. Drobniak A. and Stankiewicz A. 2018.
Origin, properties, and implications of solid
bitumen in source-rock reservoirs: A review.
International Journal of Coal Geology, 195: 14-36.
https://doi.org/10.1016/j.coal.2018.05.013.

Mohseni H. and Al-Aasm I. 2004. Tempestite deposits
on a storm-influenced carbonate ramp: an example
from the Pabdeh Formation (Paleogene), Zagros
Basin, SW Iran. Journal of Petroleum Geology,
27(2): 163-178. https://doi.org/10.1111/j.1747-
5457.2004.tb00051 .x.

Motiei H. 1993. Stratigraphy of Zagros, in:
Hushmandzadeh A. (Ed.), Treatise of Geology of
Iran, Volume 1: Tehran, Geological Survey of Iran,
p. 536.

Mouthereau F. Lacombe O. and Vergés J. 2012.
Building the Zagros collisional orogen: timing,
strain  distribution and the dynamics of
Arabia/Eurasia plate convergence. Tectonophysics,
532: 27-60. https://doi.org/10.1016/j.tect0.2012.01.022.

Peters K. E. and Cassa M. R. 1994. Applied source
rock geochemistry, in: Magoon L. and Dow W. G.
(Eds.), Petroleum system-From source to trap,
American Association of Petroleum Geologists
Memoir 96, p. 93-120.

Safaei-Farouji M. Kamali M. R. and Hakimi M. H.
2021. Hydrocarbon source rocks in Kazhdumi and
Pabdeh formations - A quick outlook in Gachsaran
oilfield, SW Iran. Petroleum Exploration and
Production Technology, 12:1489-1507.
https://doi.org/10.1007/s13202-021-01413-w.

Sanei H. 2020. Genesis of solid bitumen. Scientific
Reports, 10(1): 1-10. https://doi.org/10.1038/s41598-
020-72692-2.

Sepehr M. and Cosgrove J. 2004. Structural framework
of the Zagros fold-thrust belt, Iran. Marine and
Petroleum Geology, 21(7): 829-843.
https://doi.org/10.1016/j.marpetgeo.2003.07.006

Setudehnia A. 1978. The Mesozoic sequence in south-

reservoir oil accumulations. Organic Geochemistry,
16(1): 369-387. https://doi.org/10.1016/0146-
6380(90)90055-5.

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.

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

Gongalves P. Kus J. Hackley P. C. Borrego A. Hamor-
Vid6é M. Kalkreuth W. Mendonga Filho J. Petersen
H. Pickel W. and Reinhardt M. 2024. The petrology
of dispersed organic matter in sedimentary rocks:
Review and update. International Journal of Coal
Geology, 294: 104604.
https://doi.org/10.1016/j.coal.2024.104604.

Hackley P. C. Valentine B. J. and Hatcherian J. J.
2018. On the petrographic distinction of bituminite
from solid bitumen in immature to early mature
source rocks. International Journal of Coal
Geology, 196: 232-245.
https://doi.org/10.1016/j.coal.2018.06.004.

Hosseiny E. Beirami A. and Amini A. 2024.
Geochemical assessment of the Pabdeh Formation
from the perspective of conventional and
unconventional hydrocarbon resources, southwest
of Iran. Journal of Stratigraphy and Sedimentology
Researches, 40(2): 45-58.
https://doi.org/10.22108/jssr.2024.140843.1279

Hunt J. M. 1996. Petroleum Geochemistry and
Geology, WH Freeman and Company, 743p.

James G. and Wynd J. 1965. Stratigraphic
nomenclature of Iranian oil consortium agreement
area. American  Association of Petroleum
Geologists Bulletin, 49(12): 2182-2245.
https://doi.org/10.1306/A663388A-16C0-11D7-
8645000102C1865D.

Khazami M. and Alipour M. 2024. Combining Rock-
Eval pyrolysis and organic petrographic techniques
to study the organic facies of the Pabdeh Formation
in the Rag-e-Sefid Oilfield, SW Iran. Advanced
Applied Geology, 14(1): 91-105.
https://doi.org/10.22055/aag.2023.43221.2350.

Liu B. Mastalerz M. and Schieber J. 2022. SEM
petrography of dispersed organic matter in black
shales: A review. Earth-Science Reviews, 224:
103874. https://doi.org/10.1016/j.earscirev.2021.103874

Liu B. Schieber J. and Mastalerz M. 2019.
Petrographic and micro-FTIR study of organic
matter in the Upper Devonian New Albany Shale

d https://doi.org/10.22108/jssr.2025.144148.1306


https://doi.org/10.22108/jssr.2025.144148.1306
https://doi.org/10.22108/jssr.2025.144148.1306
https://doi.org/10.1016/0146-6380(90)90055-5
https://doi.org/10.1016/0146-6380(90)90055-5
https://doi.org/10.1144/SP330.14
https://doi.org/10.2516/ogst:1995044
https://doi.org/10.1016/j.coal.2024.104604
https://doi.org/10.1016/j.coal.2018.06.004
https://doi.org/10.22108/jssr.2024.140843.1279
https://books.google.com/books/about/Petroleum_Geochemistry_and_Geology.html?id=0jNkQgAACAAJ
https://doi.org/10.1306/A663388A-16C0-11D7-8645000102C1865D
https://doi.org/10.1306/A663388A-16C0-11D7-8645000102C1865D
https://doi.org/10.22055/aag.2023.43221.2350
https://doi.org/10.1016/j.earscirev.2021.103874
https://doi.org/10.1306/13672216M1213380
https://doi.org/10.1016/j.coal.2020.103426
https://doi.org/10.1016/j.coal.2018.05.013
https://doi.org/10.1111/j.1747-5457.2004.tb00051.x
https://doi.org/10.1111/j.1747-5457.2004.tb00051.x
https://doi.org/10.1016/j.tecto.2012.01.022
https://doi.org/10.1007/s13202-021-01413-w
https://doi.org/10.1038/s41598-020-72692-2
https://doi.org/10.1038/s41598-020-72692-2
https://doi.org/10.1016/j.marpetgeo.2003.07.006

v

Dsde dme 5 ol 4 e

Ol g s bl 5 555 Gl U 5o ol B3l T et 55 5 JT 3155

west Iran and adjacent areas. Journal of Petroleum
Geology, 1(1): 3-42. https://doi.org/10.1111/j.1747-
5457.1978.th00599.x.

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(5): 535-554.
https://doi.org/10.1016/j.marpetgeo.2004.01.007.

Stach E. Mackowsky M. T. Teichmuller M. Taylor G.
Chandra D. and Teichmuller R. 1982. Stach's
textbook of coal petrology, Berlin, Gebruder,
Borntraeger, 535 p.

Suarez-Ruiz I. Flores D. Mendonga Filho J. G. and
Hackley P. C. 2012. Review and update of the
applications of organic petrology: Part 1, geological
applications. International Journal of Coal Geology,
99: 54-112. https://doi.org/10.1016/j.coal.2012.02.004.

Takin M. 1972. Iranian geology and continental drift in
the Middle East. Nature, 235: 147-150.
https://doi.org/10.1038/235147a0.

Taylor G. H. Teichmuller M. Davis A. Diessel C.
Littke R. and Robert P. 1998. Organic Petrology,
Berlin, Gebruder Borntraeger, 704 p.

Tissot B. P. and Welte D. H. 1984. Petroleum
Formation and Occurrence, Berlin, Springer-
Verlag, 720 p.

https://doi.org/10.22108/jssr.2025.144148.1306


https://doi.org/10.22108/jssr.2025.144148.1306
https://doi.org/10.22108/jssr.2025.144148.1306
https://doi.org/10.1111/j.1747-5457.1978.tb00599.x
https://doi.org/10.1111/j.1747-5457.1978.tb00599.x
https://doi.org/10.1016/j.marpetgeo.2004.01.007
https://doi.org/10.1016/j.coal.2012.02.004
https://doi.org/10.1038/235147a0



