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Abstract

The Asmari Formation, the Oligo—Miocene in age, has been deposited in the Dezful Embayment and other parts of the Zagros
Basin. In the Ahvaz oil field, this formation is mostly composed of limestones, dolomites, marls, and sandstones. In this study, the
data of microfacies, sedimentary environment, and diagenesis of zone 7 from the Asmari Reservoir in the Ahvaz oil field were
investigated. Depositional and post-depositional environments have a wide-ranging effect on rock composition and its components,
leading to different reservoir properties for each sequence and affecting the rock types. Near-surface burial diagenetic conditions in
meteoric and shallow burial diagenetic environments, due to the ease of entry and exit of diagenetic fluids, the initial composition of
the sediment undergoes significant changes in a short period, and dissolution of unstable components or extensive cementation
occurs. In this study, mixed sandstone and carbonate succession were studied in six wells from the Ahvaz oilfield. This study's
results show the evidence from sedimentary environment and diagenesis, but the effect of diagenetic processes was relatively more
important. Therefore, the studied succession can be considered a diagenetic reservaoir. It is hoped that the results of this study can be

useful in the development program of the studied field.
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Introduction

Tectonic factors, sea level changes, and climate have always
been recognized as some of the most important parameters
influencing sedimentation and the characteristics of
sedimentary rocks (Cousino et al. 2015; Mazhar et al. 2021;
Catuneanu 2022; Bachari et al. 2024). The importance of
sedimentary texture and mineralogy in connection with
diagenesis has long been recognized in carbonate deposits
(e.g. Folk 1959; Moore 1989; Tucker and Bathurst 2009; Abdullah et
al. 2023). The primary composition of carbonate rocks reflects
the depositional environment conditions as well as the
evolution and ecology of organisms with calcareous shells
(Pomar 2020). In this study, porosity data and their relationship

with depositional and diagenetic environments were
examined in the Ahvaz oilfield. The main objective of this
study is to determine the effects of depositional and
diagenetic processes on the reservoir characteristics, porosity,
and permeability of the evaluated succession.

Material & Methods

The A7 zone, which is studied here is mainly composed of
limestones with some interbeds of sandstones and dolomites.
A total of 300 thin sections were prepared for study from
cores and drill cuttings obtained from six drilled wells. The
thicknesses of the investigated succession have a range
between 15 and 70 meters in the studied wells with a mean of

*Corresponding author

Heidari A. Shokri N. and Farji M. (2024). Evaluation of porosity, permeability, and reservoir quality of the Asmari Formation using sedimentary facies and
diagenesis data in the Ahvaz oil field. Journal of Stratigraphy and Sedimentology Researches, 40(3):69-86. https://doi.org/10.22108/jssr.2024.142119.1291

2423-8007 / © 2024 University of Isfahan

This is an open access article under the CC BY-NC-ND 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

d https://doi.org/10.22108/jssr.2024.142119.1291


https://doi.org/10.22108/jssr.2024.142119.1291
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.22108/jssr.2024.142119.1291
https://jssr.ui.ac.ir/?lang=en
https://www.orcid.org/0000-0002-4839-3902
https://www.orcid.org/0000-0003-2376-0726
https://www.orcid.org/0009-0002-1602-590X

70

Journal of Stratigraphy and Sedimentology Researches, Vol. 40, Issue 3, No. 96, Autumn 2024

50 m. The thin sections prepared from these wells were
subjected to detailed microfacies and diagenetic studies. This
study identified the various types of porosity in the Asmari
Formation carbonate rocks and classified them according to
the Choquette and Pray (1970) classification. The role of
each pore type in the reservoir quality of the succession was
evaluated. In this study, Lucia's petrophysical classification
was used for reservoir analysis (Lucia 2007). Additionally, the
reservoir quality of the Asmari Formation was described
using Ahr's classification (Ahr 2008).

Discussion of Results & Conclusions
Porosity can generally be divided into two groups: primary
and secondary. Choquette and Pray (1970) classified
porosities in carbonate rocks into three categories based on
their relationship or lack thereof to the rock fabric. Porosity
types such as fossil molds, dissolution vugs, moldic porosity
formed by fossil dissolution, intergranular porosity in clastic
parts, intercrystalline porosity in recrystallized dolomites, and
fractures have been identified in the studied succession.
Porosity and permeability are two controlling parameters
of reservoir quality. In this section, petrophysical logs were
utilized for reservoir analysis, and based on Ahr's
classification (2008), the reservoir quality of the Asmari
Formation was described. Lucia (2007) examined various
rock types to analyze the reservoir behavior of sedimentary
facies. He defined three petrophysical classes in his diagram,
each with a distinct pore size distribution. In this study, his
results were used to interpret the porosity of the Asmari
Formation. The Asmari reservoir in the studied field was
subjected to microfacies and diagenetic studies. Microfacies
studies of this formation led to the identification of 14
microfacies in five facies associations. Cementation has often
caused data to shift to the left on the plot, leading to
microfacies being excluded from the reservoir zone. The reef
microfacies is located in Class 2 of Lucia's plot, indicating
good reservoir quality, initially due to the porosity of the
coral framework. Subsequent diagenetic processes, including
fracture development, connected many pores and enhanced
permeability in these reef microfacies. Additionally, the early
marine cementation in reef microfacies prevented compaction
during burial, thus preserving porosity. Some lagoon and
open marine microfacies fall within Class 1, with a smaller
proportion in sub-Class 1, or Class 2. The relatively poor
reservoir properties of lagoon and open marine microfacies
may be attributed to the presence of lime mud in the low-
energy microfacies. Other lagoon and open marine
microfacies are also classified within Class 2 of Lucia's plot,
which can be attributed to interconnected porosity systems
such as channel, fracture, and intercrystalline porosity, along
with dolomitization and reduced cementation. Studies and
modeling of the Asmari Formation in the investigated wells
have revealed a strong freshwater influx during deposition.
Such an influx of freshwater, which led to the formation of
sandstone facies and abundant detrital quartz grains within

the carbonate sediments of the Asmari Formation in the
Ahvaz field, could have caused two significant events.
Firstly, this strong freshwater flow could have enhanced the
diagenetic process of dissolution in certain microfacies, as
evidenced by the extensive vugs and channels observed in
many carbonate microfacies. Secondly, dolomitization,
resulting from the mixing of freshwater and seawater
according to the Badiozamani model (1973), is observed in
many microfacies. The significant role of dolomitization in
enhancing the reservoir quality of some lagoon and marine
microfacies is evident. The lack of detrimental diagenetic
processes, especially late cementation and compaction, on
reef microfacies, coupled with the energy of the depositional
environment (removal of clay-filled pore spaces), are the
primary reasons for the excellent reservoir quality of the
studied samples from the Asmari Formation in the Ahvaz oil
field. In a few studied samples of the Asmari Formation that
fall outside the main 3 classes, calcite and sometimes
anhydrite cement have reduced the connectivity between the
pore throats of these microfacies. Tidal flat microfacies are
often found in classes 1 and 2, indicating good porosity and
permeability. What is certain in these microfacies is the
presence of intercrystalline porosity in dolomite, the
development of sedimentary structures such as birdseye and
fenestral pores in these microfacies, and an increase in their
permeability and reservoir quality. Furthermore, the
widespread  dolomitization causes changes in the
geomechanical behavior of the upper intertidal microfacies
and increases the potential for fracture development.
Therefore, this fracture development enhances reservoir
properties.

Among the studied microfacies, Mf6-8, and Mf10 exhibit
the highest reservoir quality. These microfacies display an
average porosity ranging from 25 to 30 percent and a
permeability of 100 to 200 millidarcies. The extensive pore
spaces within reef structures, coupled with lower
cementation, contribute to these favorable properties in
microfacies Mf6 and Mf7. Additionally, dolomitization has
enhanced the reservoir quality of certain microfacies, such as
Mf8. In contrast, microfacies Mf3 and Mfl1l exhibit the
lowest porosity and permeability due to severe cementation
and compaction. Additionally, the pore size distribution
varies among different microfacies, which also influences
their permeability. Overall, the results indicate that reef and
back-reef microfacies have a high potential for hydrocarbon
production. There is a similar trend of decreasing and
increasing porosity and permeability in microfacies, which
supports the direct relationship between these two parameters
in the Lucia plot and also indicates the presence of
interconnected pores in these microfacies. Among the sub-
environments, the best reservoir quality based on porosity
and permeability and according to Ahr’s classification (2008)
belongs to the reef, tidal flat, open marine, and lagoon sub-
environments, respectively.
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Fig 3- Plot of porosity and permeability values obtained from the analysis of Asmari
Formation cores in the studied field on Lucia chart (Lucia 2007)
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Table 2- Microfacies, their components and identified sedimentary environments of Asmari Formation in the
studied wells of Ahvaz oil field
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Fig 4- Porosity and dolomitization in the lagoon microfacies A: extensive dolomitization in the
sandy mudstone microfacies, note the presence of connected porosities, B: channel porosity with
intercrystalline porosity in the sandy dolomudstone microfacies; C: dolomitization in the Miliolid
packston microfacies and developing connected intercrystalline porosities; D: channel porosity and
dolomitization and the creation of extensive intercrystalline porosity in Miliolid packston

microfacies
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Fig 5- Porosity and dolomitization in open marine microfacies; A: Extensive channel porosity
development in the bioclast Nummulite packstone microfacies; B: Intercrystalline and connected
porosity in the coral framestone microfacies where secondary cementation has not expanded; C:
Extensive vuggy porosity development in coral framestone microfacies; D: Channel porosity and
dolomitization along with intercrystalline porosity in bioclast nummulite packstone microfacies
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Table 3- Quantitative and qualitative classification of reservoir quality of microfacies and facies belts of Asmari

Formation
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