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gf;g‘;ﬁ:‘g’g;ﬁi! ‘:“e’:‘:g\fg‘r’”' Through integrated analytical methods, reservoir layers with similar petrophysical properties and flow
zonation, Fahliyan Formation, ~ behavior were identified and classified. The research utilized wireline log data (gamma ray, neutron,
reservoir heterogeneity. density, and resistivity logs) from an oil field in the Abadan Plain region, employing probabilistic
petrophysical evaluation in Geolog software to assess the Fahliyan Formation's reservoir quality and
determine key parameters including porosity, water saturation, and lithology. Core laboratory data from
porosity analysis and petrographic studies were used for validation. Reservoir pressure data served as a
critical tool for precise zonation control and identification of independent hydraulic units. Results reveal
the Fahliyan Formation's high degree of heterogeneity, with the reservoir divided into 10 zones in Well
A and 12 zones in Well B. The most productive zones were identified as F3, F5, F7, F9, and F10 in Well
A and F5, F7, F9, and F11 in Well B, which contribute significantly to oil production. However,
impermeable and compacted zones (F6, F8, and F10 in Well B) create hydraulic barriers between
adjacent zones, as confirmed by petrophysical log responses. This study demonstrates that the integrated
approach combining petrophysical analysis, core data, and pressure measurements provides an effective
methodology for accurate reservoir zonation and identification of productive intervals in this complex
carbonate formation, offering valuable insights for field development planning and optimal hydrocarbon
recovery from the heterogeneous Fahliyan reservoir.
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Introduction

Hydrocarbon reservoirs serve as vital energy resources
and play a decisive role in the global economy, yet their
optimal exploitation requires a thorough understanding of
geological characteristics and dynamic behavior (Selley and
Sonnenberg, 2014). The Fahliyan Formation, a major
carbonate reservoir in southwestern Iran, exemplifies this
challenge due to its geological complexity, high
heterogeneity, and significant hydrocarbon potential within
the Zagros Basin (Alavi, 2004; Agrawi et al., 2010).
Variations in porosity-permeability distribution, lithology,
and dynamic performance necessitate advanced, integrated
zonation methods to enhance reservoir management (Tiab
and Donaldson, 2015; Ahmed, 2018). Reservoir zonation—a

critical step in evaluation—identifies zones with analogous
petrophysical and hydrodynamic properties, thereby refining
reservoir models and optimizing production strategies (Tiab
and Donaldson, 2015). Recent approaches combine
petrophysical data, pressure-depth plots, and core analysis to
improve zonation accuracy, enabling the delineation of high-
potential intervals and layers with similar flow behavior
(Earlougher, 1977; Lake and Fanchi, 2006).

For instance, Zomorrodi et al. (2021) analyzed the
Fahliyan Formation in the Abadan Plain using formation
image logs and conventional well logs in Geolog software,
identifying sub-10°  bedding dips with a northeast
orientation. Their log-derived zonation divided the formation
into six units (F1-F4, R1-R2), with R1 and R2 exhibiting
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high reservoir potential due to favorable porosity and low
water saturation. Similarly, Shakeri and Parham (2013)
investigated diagenetic controls on reservoir quality in a
southwestern Iranian field, attributing heterogeneity to
dissolution (enhancing porosity), fracturing, cementation,
compaction, and dolomitization. They classified the
formation into eight zones (D1-D8), of which only D4 and
D8 demonstrated excellent reservoir quality.

Further insights come from Fouladvand et al. (2014), who
evaluated petrophysical properties in a southern Iranian well
using neutron, density, sonic, and photoelectric factor logs.
The lithology—predominantly clean limestone with minor
shale—showed 8.9% average effective porosity and 6.30%
water saturation. Sonic log data revealed anisotropy from
borehole wall collapse in shaly intervals, while other sections
displayed intrinsic anisotropy. Meanwhile, Asadi et al.
(2023) linked reservoir quality to depositional environments
in a northwestern Persian Gulf field, identifying nine
microfacies in lagoon, shoal, reef, and shallow marine
settings. Their genetic analysis of pore systems demonstrated
that grain-dominated facies exhibit superior reservoir
properties.

Complementing these studies, Bagheri and Rahimi.
(2014) characterized the Fahliyan Formation in southwestern
Iran using well-log cross-plots, confirming clean limestone
with minor dolomite (12% porosity, 56% water saturation).
The MRGC method classified the sequence into reservoir
and non-reservoir facies, highlighting productive intervals.

This study integrates petrophysical, pressure, and core
data to develop a robust zonation framework for the Fahliyan
Formation in a southwestern Iranian field. By addressing
heterogeneity through multi-disciplinary data synthesis, the
results aim to identify high-productivity zones and provide a
model for optimizing analogous carbonate reservoirs
globally.

Materials and Methods

The present study focuses on the Fahliyan Formation in
two wells (A and B) from an oilfield located in the Abadan
Plain. For Well A, the dataset comprises wireline logging
data along with core analysis results including laboratory-
measured porosity and thin-section microscopy. The wireline
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logs from Well A, drilled through the Fahliyan Formation
between depths of 3,925.27 m to 4,106.08 m (180.81 m
thickness), include raw data from gamma ray (GR-GRKT),
resistivity (LLD, LLS, MSFL), neutron porosity (NPHI), and
caliper (CALIPER) logs. Core analysis involved 121 thin
sections examined through polarizing microscopy and

helium porosity measurements.

Well B's dataset consists of wireline logs and pressure
data (pressure-depth plots). The logging suite from Well B,
penetrating the Fahliyan Formation from 3,935 mt0 4,295 m
(360 m thickness), includes gamma ray (GR-CGR), neutron
porosity (NPHI), bulk density (RHOB), resistivity (LLD,
LLS), and caliper (CALIPER) measurements.

For facies texture classification, we employed Dunham's
(1962) classification system. Petrophysical parameter
determination (porosity, fluid saturation, and shale volume)
was performed through wireline log interpretation using the
Multi-Min module in Geolog software, while reservoir
pressure measurements were obtained through Repeat
Formation Tester (RFT) analysis.

Results
Petrophysical Evaluation

Hydrocarbon resources have accumulated in the pores of
sedimentary rocks over long years and under pressure and
temperature. A complete understanding of the porous rock
environments and the need to accurately evaluate the
petrophysical properties of reservoirs is a fundamental step in
petroleum studies. Given that well logs are one of the most
important, most accessible, most accurate and least expensive
sources for obtaining important subsurface information from
hydrocarbon reservoirs and calculating their in-situ storage
volume, the need to accurately evaluate and interpret well
logs to determine basic reservoir parameters such as:
lithology, effective porosity, oil-water and gas volume, shale
volume, saturation and permeability is of great importance
(Tiab and Donaldson, 2004).

Types of petrophysical evaluation methods include the
deterministic method and the probabilistic method.
Probabilistic petrophysical assessment is a new, accurate and
industrial method for petrophysical assessment of reservoirs.
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In this method, instead of using a log to calculate
petrophysical parameters and performing the steps step by
step, so that each step is dependent on the previous step, all
petrophysical logs are used as simultaneous equations to
estimate reservoir parameters. In the probabilistic method, in
addition to well logs, petrography, geology, reservoir
engineering and even core analysis results are also used.
Combining different data and using complementary methods

such as core studies and well tests can significantly increase
the accuracy of the assessments (Tiab and Donaldson, 2004).

In this study, using well logs (gamma ray, neutron,
resistivity and diameter) in a probabilistic way in Geolog
software has led to the petrophysical interpretation of the
Fahliyan Formation in the studied field. Core data was used
to calibrate the results from the logs.
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Fig. 2. Well logging data and final petrophysical evaluation results of the Fahliyan Formation in Well A
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Petrophysical zoning of the Fahliyan Formation
based on conventional reservoir diagrams in Well A.

Petrophysical evaluation plays a pivotal role in the zoning
process of oil and gas reservoirs by identifying and separating
reservoir units and determining key reservoir parameters
(effective porosity, fluid saturation, and shale volume).

In this study, using resistivity, neutron, gamma, and sonic
logs, and based on the extent of reservoir properties such as
porosity, water saturation, shale volume, and lithology, the
evaluated depth interval in the studied well was divided into
5 reservoir zones and 5 non-reservoir zones. After reservoir
zonation, the average petrophysical parameters such as shale
volume, effective porosity, and water saturation in each zone
can be calculated. In this study, for evaluating the parameters
affecting the reservoir quality of the Fahliyan Formation,
cutoff values of more than 6.5% for porosity and less than
60% for water saturation were considered.

Reservoir Characteristics of Layer 1 of the Fahliyan
Formation (F1):

This layer spans a depth interval from 3925.27 meters to
3966.90 meters, with a thickness of 41.63 meters in the
studied well (Fig. 2). Lithologically, it is composed of
limestone and relatively significant amounts of shale. The
presence of shale layers has led to reduced porosity and,
consequently, a decline in reservoir quality. Depth intervals
with effective porosity and containing oil columns are
scattered and have limited thickness. Due to the high average
shale volume, low porosity, and high water saturation, this
layer lacks reservoir potential.

Reservoir Characteristics of Layer 2 of the Fahliyan
Formation (F2):

This layer spans a depth interval from 3967.07 meters to
3980.29 meters, with a thickness of 13.22 meters in the
studied well (Fig. 2). Lithologically, it consists of limestone
with negligible amounts of shale. With an average porosity
of 2.9% and water saturation of 65%, this layer has weak
reservoir potential.

Reservoir Characteristics of Layer 3 of the Fahliyan
Formation (F3):
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This layer spans a depth interval from 3980.70 meters to
3995.89 meters, with a thickness of 15.19 meters in the
studied well (Fig. 2). Lithologically, it consists of clean
limestone (shale-free). With an increase in the neutron log, an
average porosity of 11%, water saturation of 26%, and a high
hydrocarbon column, this layer has good reservoir potential.

Reservoir Characteristics of Layer 4 of the Fahliyan
Formation (F4):

This layer spans a depth interval from 3996.22 meters to
4010.92 meters, with a thickness of 14.69 meters in the
studied well (Fig. 2). Lithologically, it consists of limestone
with negligible amounts of shale. With a decrease in the
neutron log, an average porosity of 2.3%, and water
saturation of 75%, this layer has weak reservoir potential.

Reservoir Characteristics of Layer S of the Fahliyan
Formation (F5):

This layer spans a depth interval from 4011.084 meters to
404458 meters, with a thickness of 33.50 meters in the
studied well (Fig. 2). Lithologically, it consists of limestone
with negligible amounts of shale. The calculated effective
porosity is 9.5%, and water saturation is 27%. Due to its good
effective porosity and high oil saturation, this layer has good
reservoir potential.

Reservoir Characteristics of Layer 6 of the Fahliyan
Formation (F6):

This layer spans a depth interval from 4044.75 meters to
4056.24 meters, with a thickness of 11.49 meters in the
studied well (Fig. 2). Lithologically, it consists of limestone
with negligible amounts of shale. With a decrease in the
neutron log, an average effective porosity of 2%, and low oil
saturation, this layer lacks reservoir potential.

Reservoir Characteristics of Layer 7 of the Fahliyan
Formation (F7):

This layer spans a depth interval from 4056.32 meters to
4064.45 meters, with a thickness of 8.12 meters in the studied
well (Fig. 2). Lithologically, it consists of limestone with
negligible amounts of shale. The calculated average effective
porosity is 15%, with 80% of the pore space saturated with
oil, indicating reservoir potential.


http://dx.doi.org/10.22034/KJES.2025.11.1.107851
https://gnf.khu.ac.ir/article-1-2938-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-08-30 ]

[ DOI: 10.22034/KJES.2025.11.1.107851 ]

Arvani et al

Investigation and analysis of reservoir zonation in the ...

Reservoir Characteristics of Layer 8 of the Fahliyan
Formation (F8):

This layer spans a depth interval from 4064.70 meters to
4073.73 meters, with a thickness of 9.03 meters in the studied
well (Fig. 2). Lithologically, it consists of limestone with
negligible amounts of shale. With low effective porosity and
high water saturation, this layer lacks reservoir potential.

Reservoir Characteristics of Layer 9 of the Fahliyan
Formation (F9):
This layer spans a depth interval from 4073.90 meters to

4083.58 meters, with a thickness of 9.68 meters in the studied

‘m‘ ST {

Fig. 3. Types of sedimentary and diagenetic processes in the Fahliyan Formation of the studied oil field a) Mud-supported texture,

bioclasts and wackestone (Algae (A), Trocholina (T), Zone F4 at a depth of 4009.36 meters. b) Mud-supported texture, bioclasts
peloid wackestone (Algae (A), Trocholina (T)), Zone F4 at a depth of 4009.91 meters. c) Grain-supported texture, bioclast grainstone
(Bioclast (B)), Zone F5 at a depth of 4023.17 meters. d) Grain-supported texture, bioclast grainstone (Echinoderm (E)), Zone F5 at
a depth of 4012.93 meters. e) Physical compaction in Zone F4 at a depth of 4009.06 meters. f) Moldic porosity (M), vuggy porosity
(V) in Zone F5 at a depth of 4024.33 meters
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well (Fig. 2). Lithologically, it consists of limestone with
negligible amounts of shale. The calculated average porosity
is 12%. Due to its good porosity and low water saturation,
this layer has reservoir potential.

Reservoir Characteristics of Layer 10 of the
Fahliyan Formation (F10):

This layer spans a depth interval from 4083.75 meters to
4106.08 meters, with a thickness of 22.33 meters in the
studied well (Fig. 2). Lithologically, it consists of limestone
with negligible amounts of shale. With an average effective
porosity of 7.4%, this layer has reservoir potential.
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Fig. 4. Comparison of average core porosity and effective porosity: a) Histogram of core porosity, b) Histogram of effective porosity

(PHIE) in Well A of the studied field.

Core studies

Core studies and microscopic thin sections, along with
porosity data, provide a foundation for detailed reservoir
analysis and zonation. These data help identify high-potential
production zones, improve reservoir models, and optimize
reservoir development strategies (Tiab and Donaldson,
2015). Polarized microscopy was used to examine thin
sections. Figure 3 shows some sedimentary and diagenetic
evidence of the Fahliyan Formation in the Abadan Plain
region. Based on thin sections, reservoir zones are primarily
associated with grain-supported sedimentary textures and
diagenetic processes such as dissolution. These diagenetic
processes have enhanced the oil potential of these zones
compared to other zones in the Fahliyan Formation. In
contrast, non-reservoir zones generally exhibit mud-
supported sedimentary textures and are associated with
diagenetic processes such as compaction (mechanical and
chemical), which have reduced reservoir quality. The
microscopic thin sections correspond to depths from 4002.39
meters to 4030.44 meters and align with zones F4 and F5 in
Well A. In this study, core-derived porosity data were also
analyzed. Core-derived porosity is one of the most critical
parameters in reservoir zonation. These data are obtained
directly from reservoir rock samples and provide high
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accuracy in evaluating reservoir characteristics. Core-derived
porosity plays a key role in reservoir zonation, helping to
identify high-quality zones, classify the reservoir, and
improve the accuracy of reservoir models (Tiab and
Donaldson, 2015). Core porosity data are used to calibrate
well logs (such as neutron and density logs) to enhance
reservoir interpretation accuracy (McPhee et al., 2015).
Zones with high effective porosity are considered reservoir
zones with high production potential (Ahmed, 2018). Coring
in this formation was conducted in the upper section, from a
depth of 4002.54 meters to 4087.28 meters. Fig. 4 shows
histograms of core porosity and effective log porosity. The
average core porosity and effective porosity are 0.07 and
0.06, respectively.

Reservoir Zoning Control Using Reservoir Pressure

Reservoir pressure is defined as the fluid pressure within
a rock formation pores (containing oil, gas, and water),
resulting from the combined weight of the overlying fluid
column and rock matrix. This pressure is a fundamental
parameter for evaluating a reservoir production potential and
serves as one of the most critical factors in hydrocarbon
reservoir zonation.

Pressure variations at different depths within the reservoir
may indicate: Boundaries between independent hydrocarbon
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zones, The presence of compartmentalizing geological
structures, or Differences in reservoir fluid properties (Dake,
1978).

Pressure variations can serve as a powerful tool for
distinguishing different reservoir zones. A pressure-
depth plot provides a graphical representation of
reservoir fluid pressure changes versus depth, which is
used to analyze reservoir behavior and identify distinct
zones (Fig. 6).

Key applications of pressure-depth plots in reservoir
zoning include: identifying hydraulically independent zones,
detecting fluid contacts, and recognizing overpressured
regions (Ahmed, 2010).

For comparison and evaluation of pressure variations
across different zones in the Fahliyan reservoir, a reference
depth (Datum Depth) was utilized (Table 1). In this study, the
reference depth (Datum Depth) was set at 3934.03 m,
corresponding to Top F1, and can be calculated using the
following formula:

1:)datum = 1:)measured + pressure gradient X (Ddatum -
Dmeasured) (1)

The pressure gradient in the Fahliyan reservoir is 0.27
psi/ft

Table 1. Review and comparison of pressure zones in the Fahliyan Formation in Well B.

Zonation Pressure (Psi) Pressure @ (Datum Depth) (Psi)
F2,F3,F4 9246.14-9291.98 9219.74

F5 9268.71-9272.03 9182.4

F7 9177.7-9183.33 9073.43

F9 8203.02-8206.12 8081.78
F11,F12 8128.14-8154.95 7969.96

The investigation and comparison of pressure (Datum
Depth) in the Fahliyan Formation zones indicate that as we
move toward the lower zones, the pressure decreases.

53

Consequently, zones F11 and F12 exhibit lower pressure
compared to zones F2, F3, and F4.
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Fig. 6. Pressure-depth plot in Well B
between the F5, F7, F9, and F11 zones, which is also
Discussion confirmed by petrophysical logs (Fig. s 5 and 6).
Zone Control Using Reservoir Pressure and Petrophysical analysis of Well B, combined with

Petrophysical Logs in Well B

Given that the reservoir pressure varies across the zones
of the Fahliyan Formation, we are dealing with a multi-
layered formation where this pressure difference causes the
layers to behave differently. The presence of the F6, F8, and
F10 layers—due to their very low porosity and dense

limestone—results in a lack of hydraulic communication
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pressure data interpretation, yielded the following
results:

Zone F1 exhibits no reservoir potential due to high shale
volume, elevated water saturation, and near-zero porosity
(Fig. 5).

Zones F2-F3-F4 demonstrate weak reservoir potential
because of low effective porosity and high water saturation.
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However, Zone F3 shows relatively better reservoir
conditions compared to F2 and F4, owing to its lower water
saturation and higher effective porosity. The reference depth
pressure is 9,219.74 psi (Fig. s 5 and 6).

Zones F5 and F7 possess favorable reservoir
characteristics, including increased effective porosity,
reduced water saturation, and enhanced neutron log response.
The intervening dense layer F6 creates both a pressure
differential (F5: 9,182.4 psi vs F7: 9,073.43 psi at datum
depth) and hydraulic discontinuity (Fig. s 5 and 6).

Zones Fo6, F8, and F10, composed of compacted
limestone with zero porosity and high water saturation, are
non-reservoir intervals. These impermeable layers disrupt
hydraulic communication and pressure continuity throughout
the formation (Fig. s 5 and 6).

Zones F9 and F11 show good reservoir quality with
improved effective porosity, decreased water saturation, and
positive neutron log response. The dense F10 layer creates
hydraulic isolation between them, evidenced by their
different datum pressures (F9: 8,081.78 psi vs F11: 7,969.96
psi) (Fig. s 5 and 6).

Zone F12 initially displays good reservoir conditions
with low water saturation. Below 4,193.5 m (identified as the
WOC), reservoir potential diminishes despite maintained
porosity due to increasing water saturation and decreasing
resistivity. The zone becomes 100% water-saturated below
this depth. Pressure continuity between F11 and F12 (both at
7,969.96 psi at datum depth) confirms the absence of any
dense barrier between these zones (Fig. s 5 and 6).

Conclusions

In this study, reservoir zonation of the Fahliyan
Formation was investigated and analyzed using
petrophysical pressure data and core samples. The results
of this research demonstrated that the integration of
petrophysical data and core samples can effectively aid
in identifying and differentiating various reservoir zones.
Based on petrophysical data from Well A, zones F1, F2,
F4, F6, and F8 lack reservoir potential or exhibit weak
reservoir potential due to high water saturation and low
effective porosity. In contrast, zones F3, F5, F7, F9, and
F10 show reservoir potential due to low water saturation
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and high effective porosity. Thin-section studies revealed
that reservoir zones exhibit a grain-supported texture
accompanied by diagenetic processes such as dissolution,
while non-reservoir zones display a mud-supported
sedimentary texture with diagenetic processes like
compaction, which  reduces reservoir  quality.
Microscopic sections from a depth interval of 4002.39
meters to 4030.44 meters correlate with zones F4 and F5
in Well A. Core porosity histograms and effective
porosity logs indicate that the average core porosity and
effective porosity are 0.07 and 0.06, respectively.

The analysis of pressure data indicates that changes in
fluid pressure within the reservoir can serve as a key indicator
for identifying the boundaries of reservoir zones. The
presence of the dense and compacted limestone layers F6, F8,
and F10, with zero porosity, results in a lack of hydraulic
communication between zones F5, F7, F9, and F11, which is
also confirmed by petrophysical logs.

Based on petrophysical and pressure data from Well B,
zone F1 lacks reservoir potential due to its high shale volume,
elevated water saturation, and near-zero porosity. Zones F2,
F3, and F4 exhibit weak reservoir potential because of their
low effective porosity and high water saturation. However,
zone F3 has relatively better reservoir conditions compared
to F2 and F4 due to its lower water saturation and higher
effective porosity. At the reference depth (datum depth), the
pressure measures is 9219.74 psi. Zones F5, F7, F9, and F11
possess favorable reservoir characteristics, including higher
effective porosity, lower water saturation, and an increase in
neutron log response. The dense and compacted layers F6,
F8, and F10, with zero porosity, disrupt hydraulic
communication between these zones.

Consequently, the pressures at the reference depth are as
follows: Zone F5: 9182.4 psi, Zone F7:9073.43 psi, Zone F9:
8081.78 psi, Zones F11 and F12: 7969.96 psi, Zone F12
initially shows good reservoir conditions due to its low water
saturation. However, beyond a depth of 4193.5 meters, it
loses reservoir potential due to increasing water saturation
and declining resistivity, despite having adequate porosity.
This depth marks the water-oil contact (WOC), below which
the zone is 100% water-saturated.
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Table 1. Review and comparison of pressure zones in the Fahliyan Formation in Well B.

Zonation Pressure (Psi) Pressure @ Datum Depth (Psi)
F2,F3,F4 9246.14-9291.98 9219.74

F5 9268.71-9272.03 9182.4

F7 9177.7-9183.33 9073.43

F9 8203.02-8206.12 8081.78
F11,F12 8128.14-8154.95 7969.96
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