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Abstract

Permeability prediction in heterogeneous carbonate reservoirs presents a significant challenge due to variations in rock fabric and
diagenetic alterations. This study evaluates the accuracy of rock-fabric-based methods against conventional approaches to
characterize reservoir quality and reduce uncertainty in reservoir modeling. The Sarvak Formation in an Abadan Plain oilfield was
analyzed using core descriptions, thin-section petrography, core porosity-permeability measurements, and wireline logs. Lucia’s
rock-fabric method was employed for permeability prediction and compared with Hydraulic Flow Unit (HFU) and Winland (R35)
pore-throat size classification. Reservoir rock types (RRTs) were identified, and Lucia-predicted permeabilities were systematically
compared with core-measured data. Five distinct RRTs were identified, exhibiting contrasting storage capacities and fluid flow
behaviors. The comparison of predicted and measured permeabilities yielded eight intervals: four zones with good agreement
(R?=0.73) and four with poor agreement (R?=0.26). High correlation was observed in intervals dominated by rock fabric and
interparticle/intercrystalline pore networks. Conversely, heterogeneities such as dolomitization, recrystallization, fracturing, and
isolated secondary porosity degraded prediction accuracy. The findings underscore that integrating sedimentological, petrographic,
and petrophysical data provides a robust framework for characterizing reservoir heterogeneity and evaluating reservoir quality in the

Sarvak Formation.
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Introduction
Carbonate reservoirs exhibit strong heterogeneity resulting
from complex depositional and diagenetic processes, which
complicates the prediction of petrophysical properties,
particularly permeability (Ahr 2008; Tavakoli 2020; Maniscalco
et al. 2022). Diagenetic processes such as dissolution,
cementation, dolomitization, and fracturing modify pore
volume and connectivity, resulting in complex relationships
between porosity and permeability (Choquette and Pray 1970;
Moore 2001; Lucia 2007). Therefore, approaches that
incorporate rock fabric and pore-system characteristics are
required for reliable permeability evaluation (Lucia 2007; Ahr
2008).

The Sarvak Formation is the most important reservoir
unit of the Bangestan Group and a major carbonate reservoir

in the Zagros Basin (Mehrabi 2023). Despite numerous studies
of its geological and petrophysical characteristics,
permeability prediction based on Lucia petrophysical classes
and validation against measured reservoir data have not been
investigated in the studied field. This study therefore
evaluates permeability in the Sarvak Formation using the
Lucia classification and compares predicted permeability
with measured core data. The applicability of Lucia is further
assessed through comparison with the Winland R35 and
Hydraulic Flow Unit (HFU) approaches, with emphasis on
their ability to characterize reservoir heterogeneity and flow
behavior.

Materials & Methods
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The study was conducted using data from Well A in the
Abadan Plain, including 265 m of core, 907 thin sections, 690
porosity—permeability measurements, and well-log data (GR,
PEF, DT, RHOB, NPHI and Resistivity) from a depth
interval of 2707.4-2975.9 m. Core porosity and permeability
were measured using helium gas and air, respectively, with
permeability corrected for the Klinkenberg effect.
Petrographic analyses were performed to characterize rock
texture, pore types, and major diagenetic processes using the
Dunham (1962), Embry and Klovan (1971), and Fligel
(2010) classifications. Core porosity—permeability data were
statistically analyzed, and the Winland R35 method was
applied to characterize pore-throat size and reservoir quality
(Pittman 1992). Hydraulic Flow Units (HFUs) were
identified using the Reservoir Quality Index (RQI),
normalized porosity (¢z), and Flow Zone Indicator (FZI)
(Amaefule et al. 1993). Lucia petrophysical classes were
determined from petrographic observations. The Rock Fabric
Number (RFN) was calculated using the relationship
proposed by Lucia (Equation 5), based on petrophysical data
obtained from well-log interpretation, including effective
porosity (PHIE) and effective water saturation (SWE). The
Lucia global transform (Equation 8) was subsequently
applied to generate a continuous permeability log along the
well, and predicted permeability was compared with
measured core permeability to evaluate the accuracy and
applicability of the method.

Discussion of Results & Conclusions

The results demonstrate that reservoir quality and
permeability in the Sarvak Formation are controlled by the
combined effects of rock fabric, pore-system characteristics,
and diagenetic processes. Petrographic observations showed
that mud-supported textures, particularly wackestones,
dominate the studied interval, while wvuggy/cavity and
fracture pores constitute the most common pore types.
Diagenetic processes, including dissolution, dolomitization,
cementation, micritization, compaction, recrystallization, and
fracturing, have variably modified the primary pore system
and contributed to the pronounced vertical heterogeneity of
the reservoir. Core data further showed wide ranges of
porosity and permeability, with a weak relationship between
porosity and logarithmic permeability (R? = 0.0079),
confirming that porosity alone is insufficient to explain
permeability variations.

The Winland R35 analysis identified seven pore-size
classes, with PSC 3 and PSC 4 being dominant and together
accounting for 54.5% of the samples. The higher-quality
classes (PSC 5-7) were associated with larger pore throats
and higher permeability, RQI, FZI, and R35 values, whereas
PSC 1-2 were mainly characterized by microporosity and
restricted fluid flow. Similarly, nine HFUs were identified,
with HFU 3 being the most abundant (34.4%). The
distribution of PSCs and HFUs indicates substantial
heterogeneity in pore-throat characteristics and flow
behavior. Lucia classification identified Class 3 as the
dominant class (65.5%), followed by Sub-Class 3 (19.4%),
whereas Class 1 and Sub-Class 1 were limited. Comparison
among the three approaches showed a generally consistent
distinction between higher- and lower-quality reservoir
intervals, while highlighting their complementary roles:
Lucia classification characterizes rock fabric, Winland R35
reflects pore-throat size, and HFUs describe hydraulic flow
behavior. The results also showed that high effective porosity
or RFN does not necessarily correspond to higher
permeability, as demonstrated by RT5, which had higher
effective porosity and RFN but lower permeability than RT3
and RT4. This confirms the importance of pore connectivity
and pore-throat characteristics in controlling fluid flow.

Permeability prediction using the Lucia global transform
showed variable performance along the well. In zones 1, 3, 5,
and 7, the predicted and core permeability values showed a
correlation coefficient of 0.73, mainly where pore systems
remained relatively fabric-controlled and diagenetic alteration
was limited. In contrast, zones 2, 4, 6, and 8 showed a lower
correlation coefficient of 0.26, associated with stronger facies
and diagenetic heterogeneity, secondary vuggy and fracture
porosity, and extensive cementation, dolomitization, and
recrystallization. These results indicate that the applicability
of the Lucia global transform is strongly dependent on the
degree to which the pore system retains a predictable
relationship with rock fabric. Overall, Lucia provides a useful
approach for initial permeability estimation in carbonate
intervals with predominantly fabric-controlled pore systems;
however, in highly heterogeneous intervals, integrating rock-
fabric classification with pore-throat characteristics,
hydraulic flow units, petrographic observations, and core data
can provide a more reliable assessment of reservoir quality
and permeability.
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(Jennings & Lucia 2003) K

Fig 2- (a) Relationship between interparticle porosity and permeability in different grain-size groups of
carbonate rocks without vuggy porosity (Lucia 1983); (b) Lucia classification plot showing the relationship
between interparticle porosity and permeability, used to determine petrophysical classes and rock-fabric

numbers (Jennings & Lucia 2003).
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Fig 3- Photomicrographs of thin sections for the eight identified microfacies in the Sarvak
Formation of the studied well

d https://doi.org/10.22108/jssr.2026.150045.1335


https://doi.org/10.22108/jssr.2026.150045.1335

VE P Jslosled VP gl osle o 5 Jer Lo PR - NP P I I PO

sl anilae alf BL) AS}]..A .\JJL.n D) ‘5LA0JL..">) ‘51.&;}1} j‘ 6‘4-.0)’\5 -\ J}.,\:-
Table 1- Summary of the characteristics of sedimentary facies of the Sarvak Formation in the studied well.
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Fig 4- Frequency distribution of (a) textural groups and (b) identified microfacies in the studied well.
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Fig 6- Photomicrographs of thin sections related to (A) dissolution; (B) silicification; (C) blocky
cement; (D) dolomitization; (E) fracturing; and (F) stylolite; (G, H) Stylolite-related
dolomitization
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Table 2- Statistical summary of porosity and permeability data obtained from core analysis in the studied well.
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Fig 7- Depth distribution of (a) porosity and (b) permeability data
obtained from core analysis in the studied well located in the

Sarvak Formation
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Fig 8- Cross-plot showing the relationship between core porosity and permeability
in the studied well of the Sarvak Formation
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Table 4- Summary of information related to Hydraulic Flow Units (HFUs) in the studied well.
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Fig 13- Relative frequency distribution of Hydraulic Flow Units (HFUSs) in the studied well
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Table 5- Lucia petrophysical classes and their characteristics.
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Fig 14- Lucia petrophysical plot for the porosity—permeability data of the studied well
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Fig 16- Frequency distribution of (a) Lucia classes determined based on petrographic studies (Lucia Subclass 1
and Lucia Subclass 3 are represented by values of 0 and 4, respectively) and (b) rock types identified based on

RFN ranges in the studied well
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Table 6- Summary of the characteristics of rock types (RTs) identified based on RFN.
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Table 7- Summary of the characteristics of the identified zones in the studied well
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