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Extended Abstract

Introduction

The Permian-Triassic carbonate successions of
the Persian Gulf, mainly represented by the
Dalan and Kangan formations, host some of the
world’s most prolific hydrocarbon reservoirs.
The reservoir quality of these carbonates results
from a complex interplay between depositional
textures and diagenetic processes that have
modified the original pore system through
geological time. While dolomitization has long
been recognized as a key factor in enhancing
reservoir potential, the specific relationship
between dolomite crystal morphology, porosity
type, and permeability has not been adequately
quantified.

This study aims to identify and evaluate the
main sedimentological and diagenetic controls
governing the development of moldic and vuggy
porosity in the Upper Dalan and Kangan
formations in the central Persian Gulf. By
combining petrographic and petrophysical
analyses, the study provides new insights into
how depositional —microfacies, dolomite
textures, and secondary diagenetic alterations
collectively influence reservoir quality in these
formations.

Data and Methods

This study is based on detailed petrographic and
petrophysical analyses of a 402-meter core from
a representative well in the central Persian Gulf.
A total of 1,570 thin sections were examined
under transmitted light to identify allochems,
textures, and diagenetic features. Microfacies
were classified according to Dunham (1962) and
Fliigel (2010) and assigned to twelve types
(MF1-MF12), later grouped into four reservoir
units (K1-K4). For petrophysical evaluation,
1,400 measurements of porosity and
permeability were obtained using Boyle’s law
and Darcy’s law. Porosity types were
categorized following Choquette and Pray
(1970) into intergranular, moldic, vuggy,
intercrystalline, and fracture-related forms. The
integration of microfacies analysis, diagenetic
interpretation, and petrophysical data allowed
the identification of facies—diagenesis—reservoir
relationships and the reconstruction of the
paragenetic sequence controlling porosity and
permeability evolution within the Upper Dalan
and Kangan formations.

Results and Discussion

1-Depositional Microfacies and Environment
Twelve  microfacies (MF1-MF12) were
identified, representing three facies belts: tidal

flats, lagoonal settings, and shoal environments.
The abundance of ooid, oncoid, and peloid
grainstones and packstones indicates deposition
within a shallow homoclinal ramp system. The
progressive transitions among facies and the
lack of reefal bioconstructions further support a
ramp-type carbonate platform rather than a
rimmed shelf. Among the microfacies, ooid
grainstones (MF10) and  ooid-bioclast
packstones (MF8) are the most significant
reservoir facies, accounting for the highest
porosity (15-17%) and permeability (50-90
mD). Conversely, lagoonal mud-supported
facies (MF2-MF5) show poor reservoir quality
due to early marine cementation and
compaction.

2-Diagenetic Processes and Their Reservoir
Impact

Diagenesis in the studied succession occurred in
marine, meteoric, and burial environments and
includes micritization, cementation, dissolution,
dolomitization, anhydritization, compaction,
and recrystallization.

1. Marine diagenesis introduced early rim and
fibrous calcite cements that partially occluded
intergranular pores in high-energy shoal facies.
2. Meteoric diagenesis promoted selective
dissolution of aragonitic allochems, producing
moldic and vuggy pores that significantly
improved porosity and connectivity, particularly
near sequence boundaries.

3. Burial diagenesis led to the formation of
stylolites, anhydrite cements, and saddle
dolomite, variably reducing permeability.
Dolomitization emerged as the dominant control
on permeability enhancement. Two main
dolomitization mechanisms were recognized:
Fabric-selective replacement of micrite by non-
planar dolomite in mud-supported facies, which
generally reduced permeability due to fine-
grained crystal mosaics.

Replacement of grains and early cements by
planar and sucrosic dolomite in grain-supported
facies, producing interconnected intercrystalline
networks that  substantially  increased
permeability.

Planar and euhedral dolomite crystals exhibit
much higher connectivity and permeability
compared to non-planar, cloudy dolomicrite
textures. Quantitatively, dolomitic samples,
despite having slightly lower average porosity
(=12%) than limestones (<18%), show
significantly higher permeability (=110 mD vs.
14 mD). Anhydrite and calcite cementation are
identified as the main porosity-destructive
processes, particularly within the lower-energy
lagoon facies and the upper part of the K4 unit.
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However, limited fracturing and localized
dissolution along stylolites occasionally restored
some effective porosity.

3- Reservoir Unit Comparison

K4 is the most prolific, displaying the best-
developed vuggy and intercrystalline porosity
owing to intense dolomitization and dissolution.
K2 also shows favorable reservoir quality in
ooid-rich and dolomitized zones. K3 and Kl
contain mostly mud-supported facies where
compaction and cementation have degraded
reservoir  potential, although  isolated
dolomitized intervals provide minor
permeability pathways.

4- Porosity Types

The pore system includes a combination of
intergranular, moldic, vuggy, intercrystalline,
and fracture-related pores. Moldic and vuggy
pores dominate in limestones, whereas
intercrystalline porosity is characteristic of
dolomitic intervals. The coexistence of these
pore types indicates a multiphase diagenetic
history involving dissolution and
recrystallization under variable fluid regimes.

5. The impact of dolomitization on pore
evolution

Petrographic and petrophysical analyses reveal
that increasing dolomite content strongly
influences both the type and effectiveness of
porosity. Vuggy and intercrystalline pores
become dominant with progressive
dolomitization, whereas moldic pores decrease.
Dolomitization  initially = produces  fine
intercrystalline pores, which later coalesce into
larger vugs as crystal growth and selective
dissolution proceed. Planar dolomite crystals
provide the most efficient pore networks,
characterized by well-connected throats and
higher = permeability, = while = nonplanar
dolomites—although more abundant—develop
irregular and less connected pore systems.
Similarly, coarse sucrosic dolomites display
higher porosity and permeability than fine-
grained dolomicrites due to their larger crystal
size and better pore connectivity. These results
indicate that both the degree and texture of
dolomitization govern the evolution of moldic,
vuggy, and intercrystalline porosity.

Dolomitization of planar or coarse-crystalline
fabrics enhances flow capacity and reservoir
performance, whereas fine nonplanar dolomites
and cemented fabrics yield lower-quality
reservoirs. Therefore, the integration of crystal
morphology, size, and microfacies
characteristics provides a robust framework for
predicting porosity architecture and reservoir
heterogeneity in similar Permian—Triassic
carbonate systems.

Conclusions

The Upper Dalan and Kangan formations of the
central Persian Gulf represent a low-angle
carbonate ramp system deposited in tidal-flat,
lagoon, and shoal environments. Petrographic
analysis identified twelve microfacies, among
which the shoal-related ooid grainstones and
packstones exhibit the best reservoir quality due
to their grain-supported textures and early
development of intergranular pores. Diagenetic
processes have exerted the main control on
reservoir  heterogeneity. = Among  them,
dolomitization and dissolution significantly
enhanced porosity and permeability by
generating well-connected intercrystalline and
vuggy pores, whereas cementation, compaction,
and  anhydritization  reduced  reservoir
effectiveness. The planar and sucrosic
dolomites, particularly within the high-energy
facies of units K4 and K2, provide the most
favorable reservoir intervals, whereas non-
planar dolomicrites and heavily cemented
limestones act as flow barriers. Overall, the
reservoir quality in these formations is governed
by the interaction of depositional facies and
diagenetic evolution. The integrated facies—
diagenesis model developed in this study
highlights the predictive value of dolomite
crystal texture and facies type in identifying
potential high-quality zones. These findings not
only clarify the diagenetic controls on the Dalan
and Kangan reservoirs but also offer a reliable
analogue for carbonate reservoirs of similar age
and setting across the Middle East.
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Fig. 2. Microscopic images of microfacies of the Upper Dalan and Kangan Formations in the study area. MF1: Anhydrite. MF2:
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Fig. 3. Frequency diagram of identified microfacies of the Upper Dalan and Kangan Formations in the studied well.
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Table 1. Summary of microfacies characteristics of the studied sequences of the Kangan and Upper Dalan Formations
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Fig. 5. Conceptual sedimentary model for the Dalan and Kangan formations (Mehrabi et al., 2015).
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Fig. 9. The distribution of various diagenetic processes in each microfacies within the reservoir units K1 to K4 of the

studied formations.
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Fig. 10. The paragenetic sequence of diagenetic processes in the Upper Dalan and Kangan formations in the studied

area. The colors are different for better view.
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Table 1. Average porosity-permeability, minimum and maximum porosity-permeability values and coefficient of

determination in each reservoir unit
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Table 2. Average porosity-permeability of identified microfacies of the Upper Dalan and Kangan formations in the

study area
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