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Fig. 1. A) Location map of the studied field in the SE Persian Gulf. B) Stratigraphic column of Cretaceous strata in the

study area.
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D) IMF-8: pelagic mudstone, marl, shale.
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Table 1. Summarized facies characteristics of the llam Formation in the studied well, SE Persian Gulf.
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Fig. 4. Diagenetic features of the llam Formation the eastern Persian Gulf. A) blocky calcite cementation. B) syntaxial
calcite cement. C) equant clacite cement. D) isopachous sement. E) stylolitization. F) solution seams. G,H)
dolomitization. I) dissolution. J) fracturing. K) micritization. L) Neomorphism.
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Fig. 5. Core close-up photos of diagenetic alterations of the Ilam Formation in the eastern Persian Gulf. A) solution seams and
fracturing. B) bioturbation. C) stylo-nodular fabric. D) Dissolution vugs. E) blocky calcite cement in a bioclast mold. F)
bioturbation and stylolitization. G) cementation. H) stylo-nodular fabric. I) bioturbation and solution seams.
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Fig. 6. Core close-up photos of diagenetic features of the Ilam Formation in the eastern Persian Gulf. A, B) solution
seams and micro-stylolites. C-F) open fractures. G, H) solution seams and stylolite. ) pyritization.
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Fig. 10. Core close-up photos of macro-pore types of the llam Formation. A) vuggy pore. B) moldic pore. C) fracture pore.
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YA
Aaxdllan 5590 ol )0 plbl wijlu (gl 00l (pmatd (S gyad Sb > sasly Clelbl gaslls Y Jgu
Table 2. summarized characteristics of hydraulic flow units defined in the llam Formation.
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Table 3. Summarized characteristics of Lorenz zones defined in the Illam Formation.
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in the studied well. According to this plot, ten zones were defined.
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Fig. 13. Paleogeographic maps of the Zagros Basin and the Persian Gulf during Coniacian — Santonian (after van

Buchem et al., 2006). The study area is marked by red rectangle.
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Fig. 14. A) Regional depositional model of the llam Formation in the Zagros Basin (van Buchem et al., 2001). B)

Conceptual depositional model of
etal., 2015).

the llam Formation in the SE Persian Gulf (with some modifications from Mehrabi
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Fig. 16. Comprehensive reservoir quality evaluation log of the Ilam Formation in SE Persian Gulf.
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Abstract

The present study evaluates the factors controlling the reservoir quality of this formation in one of the
fields located in the eastern part of the Persian Gulf. For this purpose, the integration of sedimentological
studies with petrophysical analyses has been utilized. Petrographic studies revealed that the llam
Formation in the studied field is composed of eight sedimentary microfacies, which are deposited in
inner, middle, and outer sub-environments of a ramp-like carbonate platform. The diagenetic processes
affecting this formation include micritization, cementation, bioturbation, dissolution, mechanical and
chemical compaction, dolomitization, neomorphism, and pyritization, occurring in marine, meteoric,
and shallow to deep burial realms. The types of pores present in this formation have been classified into
three scales: macro, medium, and micro, and it was found that the micropores observable in electron
microscope images significantly enhance the storage capacity of this formation, especially in its lower
part. Sequence stratigraphy interpretations indicated that the entire sequence of the llam Formation
consists of a third-order sequence (comprising a transgressive systems tract and a regressive systems
tract). Additionally, three fourth-order sequences were also identified. Reservoir quality analyses based
on the determination of hydraulic flow units and Lorenz zonation resulted in the differentiation of 8 flow
units and 10 reservoir, baffle, and barrier zones in the llam Formation. These flow units and reservoir
zones were evaluated within the sequence stratigraphic framework, and it was found that the lower part
of the Ilam Formation (the transgressive systems tract of the third-order sequence) has high storage
capacity and low flow capacity, and can be considered an unconventional reservoir of the tight carbonate
type. The middle part of this formation (around the maximum flooding surface) does not have significant
reservoir quality, while the upper part of this formation (the regressive systems tract) with the dominance
of shoal facies and partial dissolution, has high quality.

Keywords: Ilam Formation, facies, diagenetic, Flow unit, Reservoir zonation, Persian Gulf

Introduction properties (facies, diagenesis, pore types) in the
All reservoir characteristics (static and reservoirs and  correlate  them  with

dynamic) of carbonate sequences result from
sedimentary factors and post-depositional
changes (diagenesis) and fracturing. Different
sedimentary and diagenetic environments
determine the amount and type of porosity, the
geometry of pore throats, the distribution of
pore sizes, and permeability. Despite their
significant importance in reservoir studies,
petrophysical properties are considered one-
dimensional data lacking three-dimensional
(spatial) information about the reservoir
volume and can only be three-dimensionally
modeled when correlated with geological
characteristics (rock fabric). Therefore, it is
essential first to determine the rock fabric

petrophysical parameters (logs, porosity, and
permeability).

Thick Cretaceous sediment accumulations in
the Arabian platform and the Zagros Basin
contain extremely large and economically
significant hydrocarbon reserves. The Ilam
Formation (Coniacian—Santonian) is one of the
important reservoirs of the Bangestan Group,
primarily composed of carbonate rocks. In
general, limited studies from various
geological, petrophysical, geophysical, and
reservoir perspectives have been conducted on
different hydrocarbon reservoirs in the Persian
Gulf region, particularly the eastern Persian
Gulf. This limitation was due to the scarcity of
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core data from this area, which has been
somewhat alleviated in recent years with new
drilling and coring. The present study aims to
use new data obtained from the Ilam reservoir
and integrate the results of petrographic and
petrophysical studies to evaluate the
distribution of reservoir properties in this
formation in one of the fields located in the
eastern Persian Gulf. The results of this study
will greatly aid in understanding the factors
controlling the reservoir quality of the Ilam
Formation in this area and will serve as a
foundational study for future exploitation and
development goals of this reservoir.

Data and Methods

The present study was conducted on the llam
Formation in a well from one of the oil fields
located in the southeast of the Persian Gulf.
The most important available data include thin
sections, drilling cores, well log data, porosity
and permeability data obtained from routine
core analysis, X-ray diffraction (XRD) analysis
data, and scanning electron microscope (SEM)
images. A total of 340 core porosity—
permeability data points were used for
determining flow units and reservoir zonation.
Additionally, petrographic studies were
conducted to identify sedimentary and
diagenetic features affecting the reservoir on
370 thin sections prepared from 112.58 meters
of drilling cores. SEM studies were performed
on 15 samples, and XRD analysis was
conducted on 12 samples.

For facies nomenclature, the Dunham (1962)
classification was used, for microfacies
classification, the Flugel (2010) classification
and standard model were applied, for sequence
stratigraphy, the Embry (2002) transgressive-
regressive method was employed, and for
differentiating reservoir and non-reservoir
units, four methods were used to determine the
rock types of the llam Formation in the studied
well: petrographic rock typing, hydraulic flow
units determination, and stratigraphic modified
Lorenz plot.

Results and Discussion

Based on petrographic studies, eight
sedimentary microfacies have been identified
in the llam Formation. These microfacies,
according to their textural characteristics, fossil
content, and with the help of standard facies
models, have been categorized into four facies

belts: inner ramp, middle ramp, outer ramp,
and basin.

Inner Ramp (Lagoon, Talus, and Shoal):
This facies belt includes wackestone to
mudstone  containing  peloids,  benthic
foraminifera, bioclasts (algae) (IMF-1),
rudstone/floatstone  containing  bioclasts
(rudists, algae, and corals) (IMF-2), packstone
containing peloids, benthic foraminifera, and
bioclasts (IMF-3), grainstone containing
peloids and benthic foraminifera (IMF-4), and
grainstone to packstone containing bioclasts
(echinoids) (IMF-5). The skeletal grains
include algae, bivalves, rudists, gastropods,
and benthic foraminifera, while the non-
skeletal grains include peloids and intraclasts.
Bioturbation,  micritization, and lesser
cementation are notable sedimentary features
in this facies belt. Due to the presence of a
dominant grain texture, the absence or scarcity
of clay matrix, filling of intergranular spaces
with sparry cement, and the presence of
shallow marine organisms, this facies belt is
attributed to the inner ramp (lagoon, reef talus,
and shoal) based on existing evidence.

Middle Ramp: This facies belt includes
wackestone to mudstone containing bioclasts
(echinoids) (IMF-6). It contains skeletal grains
such as small benthic foraminifera (e.g., the
Rotalia sp.) and some planktonic foraminifera,
bioclasts (including fragments of echinoderms,
bivalves, and red algae), and oligosteginids.
Peloids and rare intraclasts are present as non-
skeletal particles. This mud-dominated facies
has a predominantly limestone lithology, with
bioturbation being the only notable
sedimentary  feature.  Considering  the
abundance of skeletal components indicative
of open marine environments, dominant grain
and mud textures, and association with open
marine facies, this facies belt is attributed to the
middle parts of the carbonate platform (middle
ramp).

Basin/Outer Ramp: This facies belt includes
pelagic shale/marl/mudstone (IMF-8) and
microbial bioclast mudstone to wackestone
(IMF-7). The facies contain skeletal allochems,
mainly fine-grained echinoid remains, sponge
spicules, and planktonic foraminifera, along
with non-skeletal allochems like fine peloids
and dark minerals. Laminations and
bioturbation are the only notable structures in
this facies belt. The presence of open marine
organisms such as planktonic foraminifera,
along with mud-dominated textures (mudstone
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and wackestone), indicates that these facies are
related to the outer parts of the platform (basin
and outer ramp).
Various diagenetic processes have affected the
intervals studied in the Ilam Formation in the
studied field, which include: micritization,
bioturbation, neomorphism, cementation,
compaction, dolomitization, dissolution, and
fracturing. Some of these diagenetic processes
impact the primary reservoir potential in both
positive and negative aspects. The most
significant diagenetic processes affecting the
reservoir quality of the Ilam Formation are:

- Diagenetic processes that enhance reservoir
quality: dissolution, dolomitization, and
fracturing

- Diagenetic processes that diminish reservoir
guality: cementation and compaction

The llam Formation, dating to the Santonian-

Campanian age, in various regions of the

Zagros and the Middle East, consists of a third-

order depositional sequence that includes two

systems tracts: Transgressive Systems Tract

(TST) and Regressive Systems Tract (RST). In

the studied well, this third-order depositional

sequence has also been differentiated.

Additionally, in this study, three fourth-order

depositional sequences have been identified in

the llam Formation. Below, we describe the
systems tracts of the third-order sequence in
the llam Formation:

Transgressive  Systems Tract (TST):

According to paleogeographic maps and

interpretations, a significant and extensive sea-

level rise and transgression occurred in the
early Santonian across the northeastern margin
of the Arabian Plate. This event led to the

reestablishment of carbonate platforms after a

prolonged subaerial exposure following the

Mishrif Formation. This transgressive phase is

characterized by the development of pelagic

carbonate facies in the early Santonian in the
lower part of the Ilam Formation (and its
stratigraphic equivalents) in the Zagros region
of Iran and neighboring countries, which
include mud-dominated microfacies with
microporous characteristics (basin, outer ramp
to middle ramp facies). Microfacies IMF-6,

IMF-7, and IMF-8 fall within this section.

These can be considered as the Transgressive

Systems Tract (TST) of the Santonian

depositional sequence.

Regressive Systems Tract (RST): Towards

the upper part of the llam Formation, the outer

ramp facies gradually transition into middle

ramp facies and high-energy facies of shoal,
lagoon, and reef talus complexes, indicating a
shallowing upward trend. Coarse-grained,
grain-dominated facies with  significant
porosity are located in the upper part of the
Ilam Formation. Microfacies IMF-1 to IMF-5
dominate this section and can be considered as
the Regressive Systems Tract (RST) of the
Santonian depositional sequence.
The pore system of the llam Formation exhibits
considerable diversity and variation in size
distribution. Based on size, three categories of
pores have been identified in the Illam
Formation:
- Micropores with an average size of 0.06
millimeters
- Mesopores with an average size of 0.06 to 4
millimeters
- Macropores with an average size of 4 to 256
millimeters
This classification follows the schemes
proposed by Choquette and Pray (1970) and
Mazzullo (1992).
The cumulative probability plot for the Flow
Zone Indicator (FZI) values showed that the
Ilam Formation in the studied well consists of
eight hydraulic flow units (HFU). From
hydraulic flow unit one (HFU-1) to hydraulic
flow unit eight (HFU-8), the reservoir quality
increases. The cumulative flow capacity (KH)
versus cumulative storage capacity (PhiH) plot
for the llam Formation in the studied well was
drawn. After plotting this graph in a
stratigraphic order, sections of the plot with
different slopes indicate varying storage and
flow capacities. By determining the
breakpoints or inflection points, reservoir
units, baffles, barriers, and speed zones can be
distinguished at different thicknesses using the
Lorenz method. Based on the number of
breakpoints present in the Lorenz plot, 10
different zones have been identified and
differentiated in the Ilam Formation. Among
them, five reservoir zones with high storage
and flow capacities have been identified.
Additionally, two barrier zones, two baffle
zones, and one speed zone have also been
recognized in this formation.
The dominance of mudstone and wackestone
facies belonging to the outer ramp
environments with significant content (up to
15%) of micropores and the extension of
fractures in these facies have led to the creation
of relatively high-quality reservoir horizons in
parts of the lower half of the llam Formation.
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The significant increase in permeability due to
fracturing (and to some extent dolomitization)
has resulted in the expansion of speed zones at
the base of the Ilam Formation (zones 7 to 9).
These zones correspond to the prograding
system of the third-order sequence of the llam
Formation. The uppermost and lowermost
parts of the llam Formation are characterized
by the expansion of two barrier zones (zones 1
and 10). Dense and cemented lagoonal facies
with dominant mud content have resulted in
low porosity and permeability in these
sections.

Conclusion

The integration of sedimentological study
results and the evaluation of reservoir
characteristics of the llam Formation in one of
the wells located in the eastern part of the
Persian Gulf was conducted with the aim of
investigating the factors controlling the
reservoir quality of this formation. The most
important results obtained are as follows:

- Analysis of sedimentary microfacies and
reconstruction of the sedimentary model of the
Ilam Formation, using petrographic studies on
drilling cores and thin microscopic sections,
showed that this formation consists of 8
sedimentary microfacies. The interpretation of
these microfacies based on standard facies
models indicates their deposition in the inner,
middle, and outer parts of a carbonate platform
of the ramp type.

- The diagenetic processes affecting this
formation include micritization, cementation,
bioturbation, dissolution, mechanical and
chemical compaction, dolomitization,
neomorphism, and pyritization, occurring in
marine, meteoric, and shallow to deep burial
realms. Among these, the importance of burial

diagenetic processes in controlling the
reservoir characteristics and pore systems of
the llam Formation has been significantly more
notable than other processes. Dolomitization
and microscopic dissolution, along with
microfractures, have improved the reservoir
quality of certain horizons of the Ilam
Formation.

- Sequence stratigraphy interpretations
indicated that the Ilam Formation consists of a
third-order regressive-transgressive
sedimentary sequence, where its transgressive
systems tract is dominated by open marine
pelagic facies (mudstone, wackestone, and
packstone containing oligostegina and
planktonic foraminifera), and the regressive
systems tract is dominated by inner and middle
ramp facies, including lagoon facies, reef talus,
and shoals.

- The pore system of the Ilam Formation
comprises primary (sedimentary) pores,
secondary (diagenetic) pores, and fractures,
categorized into three scales: large (drilling
cores), medium (thin sections), and small
(scanning electron microscope images). It was
found that the microporosity present in the
open marine microfacies in the transgressive
systems tract played a significant role in
increasing the storage capacity in the lower
part of this formation. On the other hand,
medium to large scale pores predominantly
exist in the upper part of the llam Formation
and in microfacies related to shoals and reef
talus facies.

- A total of 8 hydraulic flow units and 10
reservoir, baffle, and barrier zones were
identified in the llam Formation, and their
relationships with facies characteristics and
diagenetic features were examined within the
framework of sequence stratigraphy.



