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Introduction

The Ilam Formation in the Abadan Plain region is
crucial for hydrocarbon exploration and production.
Studies indicate that its reservoir quality depends on
various factors such as sedimentary facies distribution,
diagenetic changes, and sedimentary cycles. This
formation serves as a significant reservoir interval
in the Middle East, particularly in fields like Ahwaz
and Gachsaran. While extensive research has been
conducted on the Ilam Formation in the Zagros
basin, a comprehensive investigation of its reservoir
heterogeneities in the Abadan Plain region is lacking.
Proper modeling and exploitation of the Ilam reservoir
require identifying these heterogeneities across
different scales. The current study aims to integrate
petrographic, petrophysical, and reservoir studies to
analyze lithofacies characteristics, diagenetic changes,
sequence stratigraphy, pore types, reservoir lithologies,
zoning, and reservoir heterogeneities within the Ilam
Formation in the study area.

Materials and Methods

The present study focuses on the Ilam Formation in
three wells from one of the oil fields located in the
Abadan Plain. The available data include core data,
thin sections, SEM images, porosity and permeability
data, and petrophysical logs. Overall, 58 meters of core,
176 thin section microscopy samples, 40 SEM images,
and 174 porosity-permeability data points along with
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neutron (NPHI), sonic (DT), density (RHOB), gamma
(GR), resistivity (LLS, LLD), and water saturation
(SW) logs were available for this study.

For lithofacies naming, Dunham [1] and Embry-Klovan
[2] classifications were used. Facies and depositional
environments were analyzed based on the Flugel standard
model [3]. Transgressive-regressive (T-R) sequence
stratigraphy model [4] was employed for sedimentary
sequence differentiation. For lithology separation and
reservoir zonation, the method of determining hydraulic
flow units (HFU) based on flow zone indicator (FZI) and
modified Lorenz sandstone model (SMLP) was utilized
[5,6] Cluster analysis of petrophysical logs using the
Multiresolution Graph-based Clustering method in the
GeoLog software was employed.

Hydraulic Flow Units (HFU) based on Flow Zone
Indicator (FZI)

In this method, each hydraulic flow unit is defined based
on the flow zone indicator. The flow zone indicator is
defined based on the reservoir quality index (RQI) and
the normalized porosity (¢z). The flow zone indicator
is derived from the following relationship:
FZ1=(RQI)/ ¢z

Where, the RQI is calculated from the square root of
the permeability to porosity ratio and represents an
approximation of the average hydraulic radius in the
reservoir rock, relating porosity, permeability, and
pore pressure.



Stratigraphic Modified Lorenz Plot (SMLP)

This method is one of the best approaches to achieve
the minimum number of hydraulic flow units in a
reservoir. The Lorenz plot is obtained by plotting the
cumulative flow capacity (KH) against the cumulative
storage capacity (PhiH). Inflection points in the SMLP
plot indicate changes in the flow properties of the
porous medium.

Multiresolution Graph-based Clustering (MRGC)
MRGC clustering is a pattern recognition method based
on multiple resolution discriminability, relying on the
principle of the K-nearest neighbor non-parametric
K. It utilizes parameters called kernel representative
index (KRI) and neighbor index (NI) to distinguish
conventional methods.

These methods allow for a comprehensive
understanding of reservoir heterogeneity, lithofacies
distribution, and hydraulic flow units, crucial for
reservoir characterization and development planning.

Results and Discussion

Sedimentology

Sedimentary facies of the Ilam Formation have been
distinguished based on features including textures,
dominant allochems, sedimentary structures, and
lithology. For the interpretation of depositional
environments, these facies have been compared with
standard microfacies. Seven microfacies have been
identified in the Ilam Formation.

Since the main objective of the current study is to
address reservoir quality issues, description and
interpretation of microfacies have been avoided.
Petrographic study of thin section samples prepared
from cores of the Ilam Formation has led to the
identification of some important diagenetic changes in
this formation. These processes include micritization,
bioturbation, recrystallization, cementation (including
thickness cement, spar cement, blocky cement, and
coeval calcite cement growth), compaction (including
mechanical and chemical compaction), dolomitization,
dissolution, and fracturing. Since the main objective of
the current study is to address reservoir quality issues
of the Ilam Formation, description and interpretation
of diagenetic processes have been avoided.

Sequence stratigraphy studies have shown that the
entire sequence of the Ilam Formation is composed
of a third-order depositional sequence (Fig. 1). This
formation has a total thickness of 86 meters in the
studied well, but the entire sequence has not been
cored in this well. Therefore, due to the incomplete
core recovery, comprehensive sequence stratigraphic
lithological subdivision and interpretation of the Ilam
Formation in the studied well were not feasible.

Hydraulic Flow Units
In this study, based on the Hydraulic Flow Units (HFU)
method, calculations were first conducted. Normalized
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porosity parameters (¢z), Reservoir Quality Index
(RQI), and Flow Zone Indicator (FZI) were calculated.
Then, a probability distribution plot for the logarithmic
values of FZI was plotted, and based on the identified
break points on the plot, five hydraulic flow units were
identified in the studied well, as shown in Fig. 2. To
ensure the proper separation of hydraulic flow units,
two cross-plots were used, including a porosity versus
permeability plot and another plot of reservoir quality
index versus normalized porosity, to differentiate
the flow units (Fig. 2). The values obtained from the
correlation coefficient of each hydraulic flow unit in
these plots indicate a high correlation.
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Fig. 1 Stratigraphic column depicting the distribution of mi-
crofacies, diagenetic processes, and sedimentary sequences
of the Ilam Formation in the studied well.
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Fig. 2 The normal probability plot is used to determine the
number of hydraulic flow units.

Reservoir Zonation

Using the modified Lorenz grain size analysis method
and the formulas mentioned in the data and methods
section, after calculating the parameters related to
storage capacity (PhiH) and flow capacity (KH), a
cross-plot of KH parameters versus PhiH, known as
the Lorenz plot, has been drawn. Based on the number
of break points in the Lorenz plot, four zones have been
identified and distinguished in the studied formation
(Fig. 3). According to the Lorenz method, two baffled
zones, one reservoir zone, and one baffled/dammed
zone have been identified in the studied formation.

12
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Fig. 3 Cross-plot of Flow Capacity (KH) versus Storage
Capacity (PhiH) and Reservoir Zonation in the Ilam
Formation based on Break Points in the Plot.
Electrofacies

In this study, electrical facies of the Ilam Formation
were determined using data from wells X03, X13,
and X23. In each well, density (RHOB), neutron
(NPHI), sonic (DT), gamma (CGR), effective water
saturation (SWE), and effective porosity (PHIE) logs
were available. Using these logs, electrical facies of
the Ilam Formation were distinguished in each of the
three wells using the multi-resolution graphical cluster
analysis (MRGC) method in GeoLog software. Based
on this analysis, five electrical facies were identified in
well X03, while four electrical facies were determined
in wells X13 and X23 within the Ilam Formation.
Cross-plots of the log types used are shown in Fig. 4.

wow AHOB.

Fig. 4 Cross-plots of the used logs against each other in the
three studied wells.

Fig. 5 illustrates the distribution of identified electrical
facies for each of the three wells studied. Based on
this column and the statistical parameters, it is evident
in well X13 that electrical facies numbers two, three,
and four exhibit higher average effective porosity log
values, indicating higher water-filled spaces within
the formation and lower hydrocarbon content in these
electrical facies. In comparison to the three preceding
electrical facies, electrical facies number one demonstrates
higher average effective porosity log values, suggesting
the presence of more interconnected void spaces within
these electrical facies. Additionally, in comparison to the
three preceding electrical facies, electrical facies number
one possesses greater reservoir potential and better
reservoir quality, although the average effective water
saturation log still indicates a relatively high value.

Interpretation

Sedimentary Model

The results of the facies analysis of the [lam Formation
in the studied well of the field have been integrated
with previous studies to propose a sedimentary model
for this formation in the studied well. In this model, the
sedimentary facies of the Ilam Formation are divided
into three sub-environments including inner ramp,
middle ramp, and outer ramp (Fig. 6). The inner ramp
facies comprise dominant mud facies in the lagoon
system (IMF-7) and grain-supported facies of high-
energy shoal complexes (IMF-6). The middle ramp
facies are mainly composed of mud-dominated to
grain-supported facies with a combination of benthic
and planktonic fossils recorded (IMF-3 and IMF-5).
The outer ramp facies are composed of mud-dominated
facies with planktonic skeletal assemblages. They
include IMF-1 and IMF-2 (Fig. 6). In summary, it can
be concluded that the Upper Cretaceous carbonates
in the southern and southwestern regions of Iran
were deposited on carbonate ramps. For the Sarvak
Formation, they are deposited in a homoclinal
configuration, while for the Ilam Formation, they are
deposited in a distally-steepened manner [7,8].
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Fig. 5 Columns showing the distribution of electrical facies and values of petrophysical logs for the [lam Formation in the

studied wells.
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Fig. 6 The proposed sedimentary model for the Ilam Formation in the well under study. Microscopic images representing the

identified microfacies (IMF-1 to IMF-7) are also provided.

Paragenetic Sequence

The diagenetic history of the Ilam Formation includes
marine diagenesis (micritization, bioturbation, and
thickness-equivalent cementation), a partial meteoric
diagenesis stage (dissolution and cementation), and
extensiveburial diagenesisranging fromshallowtodeep
(mechanical and chemical compaction, dolomitization,
calcite cementation, and recrystallization).

Compared to the Sarvak Formation, the Ilam Formation
has undergone different and simpler diagenetic
alterations. This difference is primarily due to the
absence of ancient exposure surfaces and associated
diagenetic features (such as extensive meteoric
dissolution, fracturing, and meteoric cementation) in
the Ilam Formation [8]. The paragenetic sequence of
diagenetic alterations in the Ilam Formation can be
summarized in two stages (Fig. 7).
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and Recrystallization

Chemical compaction
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Fig. 7 the paragenetic sequence of identified diagenetic pro-

cesses in the Ilam Formation in the studied well.
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Core-Log Calibration

The integration of results obtained from drilling cores
and thin-section microscopy with analyses of electric
log data in well X03 has been employed to establish a
relationship between core and log data and to provide
a more accurate assessment of reservoir quality in
the Ilam Formation. To this end, a comprehensive
reservoir column for the Ilam Formation has been
presented for this well. In this column, results of
sedimentological studies are displayed alongside
hydraulic flow units, borehole size classes, and electric
log facies. As evident in this column, electric log
facies number one is more in line with hydraulic flow
units one and two. Moreover, this electric log facies
is associated with borehole size classes one and two.
Electric log facies number one predominantly extends
at the base of the [lam Formation and in the outer shelf
and ramp belt, correlating with the initial portion of the
transgressive system tract of the third sequence of the
Ilam Formation. Based on calculations and statistical
data, the high average porosity and low average
permeability indicate the dominance of microporosity
in this part of the [lam Formation, which have a limited
correlation with each other.

Reservoir Quality within the Sequence Stratigraphic
Framework

Based on Figure 8, the correlation of three wells
studied has been conducted based on well logging
data and according to electric log facies within the
framework of sedimentary sequences of the Ilam
Formation. According to the conducted studies and
considering the distribution of lithological facies of

electric log facies in the [lam Formation, this formation
has been divided into three main zones: the lower part
of the Ilam Formation constitutes a reservoir zone and
corresponds to the transgressive systems tract of the
third sequence of the Ilam Formation. This reservoir
zone is observable in most fields of the Dezful
Embayment. The middle part of the Ilam Formation
has been identified with the expansion of a non-
reservoir zone, and in the upper part, reservoir quality
increases again, showing a distinct reservoir zone with
high potential for hydrocarbon production (Fig. 8).
Based on the sedimentological-reservoir column of
the Ilam Formation, it can be inferred that the base
of the Ilam Formation generally consists of middle
ramp, outer ramp, and open marine facies containing
abundant microporosity that is only observable
at the electron microscope scale. The dominance
of these micropores leads to high porosity values
and low permeability in the lower part of the Ilam
Formation. Such reservoirs are generally considered
unconventional tight carbonate reservoirs, requiring
enhanced recovery methods for optimal extraction. In
this lower part of the Ilam Formation (depths of 663
to 690 meters), the predominant pore system consists
of microporosity within micrite particles, intra-
skeletal chambers, and microscopic mold cavities,
which have expanded within the dominant mud-
dominated microfacies (microbialites to packstones-
wackestones). Moreover, dissolution at a microscopic
scale is the predominant diagenetic process. Based on
all the mentioned factors, it can be concluded that the
lower part of the [lam Formation has good reservoir
potential.
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Fig. 8 Correlation of Electric Log Facies and Reservoir Zones of the [lam Formation within the Sedimentary Framework in
Three Studied Wells from a Field Located in the Dezful Embayment.



In the middle part of the Ilam Formation (depths of 636
to 663 meters), core recovery was not performed, and
sedimentological data for this depth interval are not
available. In the depth interval of 627 to 636 meters,
core data are available, and based on the available
information, it can be concluded that this section of the
Ilam Formation is composed of middle ramp and shoal
facies, and the dominant microfacies in this section are
packstones to grainstones containing ooid and oncolite-
bearing wackestones (IMF-7). The dominant type of
porosity in this section includes vuggy, fracture, and
microporosity. The predominant diagenetic process is
dissolution and bioturbation, and this depth interval
corresponds to the transgressive system tract in the
third sequence of the Ilam Formation. Based on all the
mentioned factors and considering the determination
of flow units, it can be concluded that the middle part
of the Ilam Formation has poor reservoir quality.

In the upper part of the Ilam Formation (depths of
620 to 630 meters), we again observe an increase
in reservoir quality. Based on the available data, the
upper part of the Ilam Formation consists of middle
ramp, shoal, and, in limited areas, lagoon facies. The
dominant microfacies in this section are wackestones
containing benthic and planktonic foraminifera and
bioclasts (IMF-4). The dominant types of porosity
include wvuggy, fracture, and microporosity. The
predominant diagenetic processes include mild
dissolution and recrystallization. This upper part is
aligned with the regressive system tract of the third
sequence of the Ilam Formation. In this section, we
observe an improvement in reservoir quality and
an increase in porosity and permeability in the Ilam
Formation (Fig. 8).

Conclusion

The present study evaluated the controlling factors
of reservoir characteristics of the Ilam Formation in
several wells in the Dezful Embayment region. To
achieve this goal, a set of data obtained from drilling
cores, thin section microscopy, scanning electron
microscope images, porosity-permeability data, and
petrophysical logs were utilized. The most important
findings of this study are summarized below:
Stratigraphic studies revealed that the Ilam Formation
in the studied field consists of seven depositional
microfacies, which have been deposited in a carbonate
platform ranging from shallow (lagoon, shoal) to deep
(inner ramp, outer ramp) sub-environments.

Sequence stratigraphic analysis of the Ilam Formation
led to the identification of a third-order depositional
sequence and three fourth-order depositional
sequences. The nature of sequence boundaries,
maximum flooding surfaces, and transgressive-
regressive systems were discussed in detail.
Petrographic studies demonstrated that micritization,
bioturbation, cementation (both thickness and

Petroleum Research, 2021(February-March), Vol. 30, No. 115

composition), dissolution, calcite cementation (both
post and block), dolomitization, recrystallization,
and fracturing were the main diagenetic processes
affecting the Ilam Formation. The diagenetic sequence
of this formation includes transitions from marine
diagenetic realms to shallow burial and deep burial
diagenetic realms. Among these processes, dissolution
at a microscopic scale, dolomitization, and fracturing
had the most significant impact on improving reservoir
properties.

The reservoir pore system of the Ilam Formation
was evaluated using core, thin section, and scanning
electron microscope data at three large, medium, and
small scales. This investigation revealed that in the
lower half of the Ilam Formation (corresponding to
the early transgressive system tract of the third-order
sequence), microporosity between micritic grains,
intra-skeletal pores within planktonic foraminifera and
coccolithophores, matrix porosity located in the central
parts of ooids and intercrystalline pores between
dolomite crystals and calcite cements constituted the
most prevalent types of pores. These pores were all of
the microporous type and formed a porous but low-
permeability interval.

Petrophysical parameter distributions in different parts
of the Ilam Formation were examined based on the
above methods and within the sequence stratigraphic
framework of this formation. Accordingly, it was
determined that the lower part of the Ilam Formation
(corresponding to the initial part of the early
transgressive system tract of the third-order sequence)
constitutes a high-capacity, low-flow zone. From this
perspective, this zone can be considered as a tight
carbonate reservoir type. The middle part of the [lam
Formation (corresponding to the final part of the
early transgressive system tract and the beginning of
the late transgressive system tract) is not particularly
favorable for reservoir quality due to the dominance of
clay-rich facies. The upper part of the Ilam Formation
(corresponding to the final part of the late transgressive
system tract of the third-order sequence) has relatively
good reservoir quality due to the expansion of grain-
dominated facies belonging to the shoal belt and
limited meteoric dissolution.

This study showed that changes in the reservoir
quality of the Ilam Formation in the studied fields of
the Dezful Embayment are mainly controlled by facies
characteristics, and microscopic dissolution is the
most important diagenetic process enhancing reservoir
quality. The trends in petrophysical parameters of
this formation are well correlated with lithofacies
characteristics and can be tracked and modeled within
the sequence stratigraphic framework.

Nomenclatures
MRGC: Multiresolution Graph-based Clustering
HFU: Hydraulic Flow Unit
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FZI: Flow Zone Indicator

®z: Normalized Porosity
RQI: Reservoir Quality Index
SMLP: Stratigraphic Modified Lorenz Plot
KH: Flow Capacity

PhiH: Storage Capacity

GR: Gamma-Ray

DT: Sonic Log

RHOB: Density Log

CGR: Computed Gamma-Ray
SWE: Effective Porosity
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