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Introduction

The diagenetic processes have various impacts on
porosity, permeability, and lithology, resulting in zones
with different reservoir properties and consequently
exhibiting different petrophysical behaviors [1].
Petrophysical properties such as effective porosity,
total porosity, permeability, pore throat size and
distribution are influenced by the type and intensity of
diagenetic processes. Therefore, carbonate reservoirs
that are strongly affected by diagenetic processes can
be subdivided into smaller compartments, showcasing
diverse petrophysical and geological characteristics
even at very small scales [2]. Hence, addressing
the determination and recognition of comparable
diagenetic units from a petrophysical and geological
perspective can be useful in solving some key
challenges encountered in exploration and production
from carbonate reservoirs [3]. This study aims to gain
a better understanding of the spatial and temporal
extent of diagenetic processes that significantly
affect reservoir quality, such as, dolomitization,
anhydrite cements and dissolution. By modeling these
processes on a field scale, it is possible to investigate
the mechanisms behind horizontal and vertical trends
observed in diagenetic processes impacting reservoir
quality based on geological principles. The potential
causes for these trends can be explained. Furthermore,
by analyzing the results obtained from this study,
a comprehensive perspective can be developed
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regarding how to determine the distribution patterns of
horizontal and vertical diagenetic processes affecting
reservoir quality at a field scale.

Materials and Methods

The Dalan and Kangan formations, along with their
equivalent formations in the Persian Gulf Basin,
are the largest gas reservoirs in the world, dating
back to the Permian-Triassic period [4]. In this
study, well log’s data from twelve wells, along with
petrographic data from the cores of a key well, were
used to construct electrofacies and three-dimensional
models representing diagenetic processes affecting
reservoir quality on a field scale in the central Persian
Gulf Basin. These data include information obtained
from the petrographic analysis of 1575 thin sections
from 402.63 m core samples (from the key well) and
an average of 462.23 m well log data points from
twelve wells. The various stages of this research are
as follows:

1) Geological studies and interpretations (petrographic
analysis of thin sections obtained from cores)

2) Petrophysical studies and interpretations on
available logs

3) Construction of electrofacies as indicators of
diagenetic processes affecting reservoir quality using
Multi-Resolution Graph-based Clustering to identify
and determine the extent of these processes at different
depths for the twelve wells under investigation
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4) Three-dimensional modeling of diagenetic processes
influencing reservoir quality at a field scale
5) Interpretation of geological models

Results and Discussion

The electrofacies, which serve as indicators of diagenetic
processes affecting reservoir quality, were constructed
using Multi-Resolution Graph-based Clustering in the
GeoLog software. The neutron-density separation log,
density log, and pressure sonic-to-shear sonic wave ratio
were used to construct the electrofacies representing
lithology (dolomitization and anhydrite cementation),
while the velocity deviation log and secondary porosity
were utilized to construct the electrofacies indicating
dissolution processes (various types of porosity).

To construct a three-dimensional model of diagenetic
processes influencing reservoir quality at the field scale,
the geostatistical estimation method of kriging was
implemented on discontinuous data of electrofacies
related to lithology and dissolution (Fig. 1 and 2).
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Fig. 1 The final three-dimensional model of lithology was
constructed using the PETREL software for the Upper Dalan
Member and Kangan Formation in the Central Persian Gulf
region.
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Fig. 2 The final three-dimensional model of porosity types
was constructed using the PETREL software for the Upper
Dalan Member and Kangan Formation in the Central Persian
Gulf region.

Member and Kangan Formation in the Central
Persian Gulf region

The most significant geological interpretations regard-
ing the occurrence and trends of diagenetic processes
affecting reservoir quality in both horizontal and verti-
cal sections are as follows:

In horizontal sections, the trend of dolomitization, an-
hydrite cementation, and dissolution occurs geograph-
ically from south to north. The highest occurrences of
dolomitization, anhydrite cementation, and dissolution
are found in the southern and central parts of the hori-
zontal sections (Fig. 3).

In the vertical sections, the highest occurrences of
dolomitization are found in the Upper K1, Upper K2,
and Lower K3 intervals. The greatest occurrences of
anhydrite cementation are observed in the Upper K1,
Middle K2, and Lower K3 intervals up to the top of
the boundary with K4. The most prevalent dissolution
events coincide with the Upper K1, Upper K2, and
Lower K3 intervals (Fig. 4).

The results obtained from this study have demon-
strated that electrofacies and the constructed three-
dimensional models are capable of accurately predict-
ing the occurrence and trends of diagenetic processes
influencing reservoir quality in subsurface areas with
an acceptable ratio.
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Fig. 3 Horizontal section number 10 of the constructed models.
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Fig. 4 Vertical section number 5 of the Lithology model.

Conclusions

- The successful utilization of neutron-density
separation, sonic-to-shear sonic wave ratio, and
density logs for constructing electrofacies as indicators
of lithology, as well as wvelocity deviation and
secondary porosity logs for constructing electrofacies
as dissolution indicators based on a Multi Resolution
Graph Clustering.

- The use of composite logs created by integrating
primary logs (such as neutron-density separation,
velocity deviation, and secondary porosity) can be
a suitable solution in cases where only conventional
and basic well logs are available. This approach can
help address the challenges associated with modeling
diagenetic processes that significantly impact reservoir
quality.

-The application of geostatistical kriging estimation
method, while adhering to the principles of
geostatistics, proved beneficial for creating a three-
dimensional geological and dissolution model based
on the constructed electrofacies data from twelve
wells. This approach was found to be advantageous
for the study area at the field scale.

- From the three-dimensional lithology and dissolution
models, the lateral variations in the trends of diagenetic
processes that significantly affect reservoir quality
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were identified. This information can serve as a useful
guide for selecting new well locations in subsequent
stages.
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