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The Dezful Embayment in the folded-thrust belt of the Zagros is
considered one of the most critical oil-rich regions in Iran. The Kazhdumi
Formation, With Late Aptian to Midle Albian age, is a recognized as one
of the primary source rocks for crude oils in this area and holds significant
geochemical importance. Despite this formation's key role in supplying
oil to many fields, comprehensive geochemical information on the source
rock quality, organic matter type, and thermal maturity is very limited due
to the formation's deep depth and the lack of access to source rock
samples. In this study, 30 cutting samples from Kazhdumi Formation in
the Pazanan Field, were subjected to Rock-Eval pyrolysis geochemical
analysis, in order to evaluate the hydrocarbon generation potential of this
Formation in Central part of Dezful Embayment. Results showed that the
total organic carbon (TOC) content of the samples ranges from 1.74% to
4.11%, with an average of 2.86%. Geochemical indices indicate the Type
IT kerogen is the predominant kerogen type in this formation.
Additionally, the formation exhibits high hydrocarbon generation
potential and good quality for oil production, and it is in the moderate
maturity stage (mid-oil window). Overall, the findings demonstrate that
the Kazhdumi Formation in the Pazanan field has significant potential for
oil generation and, given its appropriate maturity, can serve as a primary
source rock for this field.
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Extended Abstract

Introduction

Petroleum exploration success is directly
dependent on the comprehensive and accurate
analysis of petroleum systems. Petroleum
geochemistry plays a fundamental role in
enhancing exploration efficiency by enabling
the assessment of source rock characteristics,
hydrocarbon  migration pathways, and
accumulation processes, thereby significantly
improving the likelihood of exploration
success. Furthermore, the application of
geochemical techniques in development and
production can rapidly and cost-effectively
resolve various operational challenges. A key
component of any petroleum system is the
presence of a prolific source rock with
sufficient hydrocarbon generation potential,
complemented by an effective reservoir, seal,
and trap configuration. Evaluating the
hydrocarbon potential of source rocks is
therefore of particular importance, as it
provides an assessment of their hydrocarbon-
generating capacity and is crucial for
identifying promising exploration targets.
Rock-Eval pyrolysis is one of the most widely
used and standard techniques for geochemical
assessment of source rocks due to its rapidity,
simplicity, and relatively low cost. First
introduced at the French Petroleum Institute
(Institut Francais du Pétrole), the Rock-Eval
technique has become a widely used method
for evaluating the quality, quantity, and
thermal maturity of organic matter in source
rocks.

The Dezful Embayment, covering more than
60,000 km?, hosts approximately 8% of the
world’s oil reserves. In this region, the Asmari
and Bangestan (including Sarvak and Ilam
formations) carbonate reservoirs account for
nearly 75% and 23% of the oil accumulations,
respectively. Geochemical evidence indicates
that the Kazhdumi (Albian) and Pabdeh
(Middle Eocene to Early Oligocene)
formations are the primary source rocks
feeding these reservoirs.

Within the Upper Cretaceous to Lower
Miocene petroleum system, the Kazhdumi
and Pabdeh formations have charged the
Asmari and Bangestan reservoirs, which are
ultimately sealed by the Gachsaran Formation
evaporites. Among these, the Kazhdumi
Formation, with an average thickness of
approximately 300 meters, is regarded as one
of the most significant source rocks in the

Dezful Embayment, supplying a considerable
portion of its oil fields.

Given the critical role of the Kazhdumi
Formation in petroleum charge and its
significance within the regional petroleum
system, this study aims to geochemically
evaluate the formation in the Pazanan oil field.
The assessment focuses on determining its
hydrocarbon generation potential, organic
matter type, and organic-rich intervals to
provide deeper insights into its contribution to
the petroleum system dynamics of the area.

Geological Setting

The Dezful Embayment, located in the folded
Zagros Basin—one of the richest hydrocarbon
provinces of Iran—hosts some of Iran's most
significant hydrocarbon fields, including the
Pazanan oil field situated approximately 150
km southeast of Ahvaz city. Pazanan oil field
is one of the most significant gas-condensate
structures with an oil column in Iran, trending
NW-SE with dimensions of nearly 60 km in
length and 4-6 km in width, and is sealed by
the  Gachsaran  evaporitic =~ Formation
dominated by marl. Structurally, it is highly
fractured due to ongoing Zagros tectonics
since the Late Cretaceous. The Kazhdumi
Formation, one of the world’s most prolific
source rocks, is widely developed across the
Dezful Embayment and Fars regions. It
represents a low-energy, anoxic marine shale
sequence over 300 meters thick, enriched with
planktonic microfossils and interbedded
argillaceous limestones, typically deposited
within a restricted basin during the Albian. Its
lower boundary is marked by iron oxide-rich
red beds over the Dariyan Formation, while its
upper transition gradually grades into the
Sarvak limestones. Due to its exceptional
source potential and clear geophysical
signature on gamma-ray and density logs, the
Kazhdumi Formation plays a crucial role in
charging major reservoirs such as Asmari and
Bangestan within the Dezful petroleum
system.

Materials and Methods

In this study, 30 rock cutting samples from the
Pazanan oil field, between depths of 3883.4
and 4119 meters, were analyzed using a Rock-
Eval-6 pyrolysis instrument to evaluate the
hydrocarbon generation potential of the
Kazhdami  Formation.  After  sample
preparation, the samples underwent two-stage
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thermal treatments under inert and oxidative
atmospheres to measure free hydrocarbons(S:
peak), hydrocarbons generated from kerogen
thermal cracking(S: peak), CO and CO:
gases(Ss peak), remaining organic carbon (Sa
peak), and mineral carbon(Ss peak).
Additionally, the Tmx temperature was
determined to identify the maximum
hydrocarbon generation temperature
(Lafargue et al., 1998).

Results and Discussion

A comprehensive geochemical evaluation of
the Kazhdumi Formation in the Pazanan oil
field was conducted to assess hydrocarbon
generation potential, kerogen type, thermal
maturity, and the influence of inert organic
carbon and mineral matrix on source rock
quality. Quality control of Rock—Eval
pyrolysis data included cross-plots of Si
versus TOC and migration indices (TOC/S1)
to distinguish between indigenous and
migrated hydrocarbons. All analyzed samples
exhibited migration indices below 1.5 and
plotted within the indigenous hydrocarbon
domain on S: versus TOC diagrams,
confirming the absence of contamination and
the reliability of the geochemical data.

Total organic carbon (TOC) values ranged
from 1.74 to 4.11 wt% with an average of 2.86
wt%, classifying the formation as a fair-to-
good source rock. However, considering the
presence of inert organic carbon (TOCiper) and
thermal maturity, the effective TOC (TOCiiv.)
was calculated using regression analysis. The
average TOCinerx of 0.62 wt% resulted in a
corrected TOCive of 2.24 wt%, providing a
more accurate assessment of source rock
quality and hydrocarbon generation potential.
Hydrogen index (HI) values ranged from 276
to 286 mgHC/g TOC. At the same time, the
genetic potential (S1+S2) varied from 5.95 to
17.04 mgHC/g Rock, indicating good to very
good hydrocarbon generation capacity
(Peters, 1986; Peters and Cassa, 1994). Most
samples were dominated by Type II kerogen,
characteristic of marine algal organic matter,
with only one sample showing mixed Type
/1 features. HI versus TOC and S: versus
TOC cross-plots confirmed the predominance
of oil-prone kerogen, while Ss/S: ratios further
reinforced the oil-generating potential.
Thermal maturity indicators, including Tmax
(437-441°C) and production index (PI),
revealed that the Kazhdumi Formation has

entered the oil window and reached peak
hydrocarbon generation (Espitalié et al., 1985;
Tissot & Welte, 1984). PI values, calculated
as the ratio of free hydrocarbons to total
potential,  corroborated the  maturity
assessment and demonstrated effective
historical expulsion of hydrocarbons to
overlying reservoirs.

Depth profiling of geochemical parameters
identified three main depth intervals. The
shallow interval (upper part of the formation)
exhibited minimum TOC (~1.74%), moderate
S2 values (5.51-6.73 mgHC/g Rock), and
Type I/III kerogen characteristics, indicating
lower but adequate hydrocarbon potential.
The middle interval (middle part of the
formation) displayed maximum TOC
(~4.11%), high S: values (~16.61 mgHC/g
Rock), and dominant Type II kerogen,
representing the most prospective zone with
excellent oil-generating capacity. The deepest
interval (lower part of the formation)
maintained high TOC (2.55-3.48%), S:
(9.61-12.47 mgHC/g Rock), and stable Type
IT kerogen features, reflecting uniform
maturity and continued hydrocarbon potential.
Matrix effects and inert organic carbon were
evaluated using TOC versus S: cross-plots.
Regression intercepts indicated the presence
of inert carbon (TOCinen=0.62%) but
negligible adsorption of hydrocarbons by the
mineral matrix. Correcting for inert carbon
increased the effective HI from 386 to 493
mgHC/g TOC, providing a more accurate
assessment of the formation’s hydrocarbon
potential.

Overall, the Kazhdumi Formation in the
Pazanan oil field is predominantly composed
of Type Il marine kerogen, exhibits fair to
excellent hydrocarbon generation potential,
and has achieved sufficient thermal maturity
to enter the oil window. The middle
stratigraphic interval represents the most
prospective source zone, while corrected TOC
and HI values highlight the significance of
accounting for inert organic carbon in
geochemical evaluations. These findings
confirm the formation’s critical role in
charging overlying reservoirs and its strategic
importance for petroleum exploration within
the Dezful Embayment.

Conclusions
In this study, 30 drill cuttings from the
Kazhdumi Formation in the Pazanan oil field,
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located in the Dezful Embayment, were
analyzed using Rock-Eval pyrolysis. The
results indicate that the formation has a good
to excellent hydrocarbon generation potential,
with TOC values ranging from 1.74% to
4.11% and S: values between 5.5 and 16.6 mg
HC/g rock, reflecting adequate organic
richness and  favorable  preservation
conditions. Kerogen analysis revealed a
predominance of Type II, with only one
sample showing mixed Type II/III
characteristics, indicating high oil-generative
capacity. Thermal maturity indicators,
including PI and Tmax, confirm that most
samples have entered the oil window,
demonstrating that the Kazhdumi Formation
has actively generated hydrocarbons during its
geological history. Depth profiling of
geochemical parameters (S2, TOC, HI, and
Tmax) identified three main intervals, with the
middle section exhibiting the highest
hydrocarbon quality and abundance, marking
it as the richest part of the formation. The
results of this study are consistent with

previous investigations on the Kazhdumi
Formation in the Dezful Embayment and
indicate that, similar to other oil fields in the
region, the Kazhdumi Formation in the
Pazanan oil field is characterized by adequate
organic matter richness, predominantly Type
IT kerogen, thermal maturity within the oil
window, and favorable oil-generation
potential. Furthermore, by providing field-
specific geochemical data obtained from
Rock—Eval pyrolysis analyses of the
Kazhdumi Formation in the Pazanan oil field,
this study complements the existing
knowledge of this field and provides a more
detailed assessment of the source rock quality
and hydrocarbon generation potential.
Overall, the Kazhdumi Formation serves as a
major petroleum source rock in the Pazanan
field, supplying hydrocarbons to the overlying
reservoirs.
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Fig. 1. The map of the main structural subdivisions of the Zagros includes the High Zagros, the Folded Zagros (including the
Dezful Embayment, Lurestan, Izeh, and Fars), and the Abadan Plain. The Dezful Embayment and the various oil fields within
this area are also shown. The Pazanan field is highlighted in blue (modified from Farahzadi et al., 2019).
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Fig. 2. Generalized lithostratigraphic column of the Zagros Fold-Thrust Belt (ZFTB), showing the major elements of
the petroleum systems within the Mesozoic and Cenozoic successions (Alipour, 2024).
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Table 1. The Rock-Eval p

rolysis results for the Kazhdumi Formation samples in the Pazanan field

Sample | S1 S2 Tmax S3 TOC HI (0)
S-1 0.44 | 5.51 439 0.44 1.74 317 25
S-2 0.38 | 6.73 440 0.54 2.35 286 23
S-3 036 | 12.32 | 441 0.63 3.38 365 19
S-4 0.43 | 16.61 438 0.93 4.11 404 23
S-5 0.4 | 13.18 440 0.88 2.97 444 30
S-6 0.35 | 12.61 439 0.81 2.78 454 29
S-7 0.39 | 12.51 437 0.89 2.95 425 30
S-8 0.41 | 9.19 438 1.12 2.11 436 53
S-9 0.32 | 12.78 439 0.92 2.9 441 32
S-10 0.26 | 11.21 438 0.72 2.56 438 28
S-11 0.3 | 10.48 438 0.82 2.47 424 33
S-12 0.4 | 12.04 439 0.86 2.72 442 32
S-13 | 0.36 | 8.96 437 0.95 1.88 476 50
S- 14 0.32 | 10.74 438 0.85 2.55 421 33
S-15 0.31 | 10.15 440 0.84 2.41 422 35
S- 16 0.27 | 10.62 442 0.81 3 354 27
S-17 0.33 | 11.72 442 0.83 3.39 345 25
S- 18 0.23 | 10.47 441 0.75 2.8 374 27
S-19 0.33 | 11.86 441 0.78 2.96 400 26
S-20 0.27 | 12.47 441 0.73 3.48 358 21
S-21 0.28 | 11.49 442 0.73 3.21 357 23
S-22 0.35 | 11.78 443 0.74 3.21 367 23
S-23 0.27 | 10.25 442 0.7 2.83 362 25
S-24 0.21 | 10.63 443 0.72 3.04 349 24
S-25 0.33 | 10.81 442 0.76 2.96 366 26
S- 26 0.36 | 11.08 443 0.71 3.14 353 23
S- 27 0.26 | 9.61 440 0.7 2.55 376 27
S- 28 0.3 | 11.07 441 0.72 3.08 360 23
S-29 | 0.35] 10.86 | 443 0.74 3.03 359 24
S- 30 0.33 | 11.62 443 0.74 3.36 346 22
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Fig. 4. Diagrams used to determine the hydrocarbon generation potential of the Kazhdumi Formation samples in the Pazanan
field: (a) the genetic potential (S: + S:) versus TOC plot (adapted from Waples, 1985); and (b) the S: versus TOC plot (adapted

from Hunt, 1996).
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Fig. 5. Plots used to determine the kerogen type and the type of hydrocarbons generated for the Kazhdumi Formation samples
in the Pazanan field: (a) the S: versus TOC plot (adapted from Hunt, 1996); (b) the HI versus TOC plot (adapted from Hunt,
1996); and (c) the HI versus S2/S3 ratio plot (adapted from Peters and Cassa, 1994).
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Fig. 6. Plots used to determine the kerogen type for the Kazhdumi Formation samples in the Pazanan field: (a) the HI
versus Tmax plot (adapted from Hunt, 1996); and (b) the HI versus OI plot (adapted from Hunt, 1996).
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Fig. 7. The production index (PI) versus Tmax plot used to determine the thermal maturity of the Kazhdumi Formation

samples in the Pazanan field (adapted from Hunt, 1996).
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Fig. 8. The TOC versus S: plot used to determine the inert carbon content or matrix effect for the Kazhdumi Formation
samples in the Pazanan field (Dahl et al., 2004).
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field: (a) the S: plot to identify variations in residual hydrocarbon potential, (b) the TOC plot to identify variations in
hydrocarbon generation capacity, (c) the HI plot to identify variations in the type of hydrocarbons generated, and (d) the
Tmax plot to identify variations in thermal maturity (adapted from Dembicki, 2022).
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