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Fig. 1. A: Approximate location of the studied field in the eastern part of the Persian Gulf. B: Stratigraphic column of 

the studied formations and their equivalents (Tavakoli and Jamalian, 2019). 
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Fig. 2. Relative frequency diagrams of the identified lithologies in the reservoir units of K1 to K3 and the entire Permian-
Triassic sequence in the studied well. 
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Fig. 3. Relative frequency diagrams of the identified sedimentary textures in the reservoir units of K1 to K3 and the 
entire Permian-Triassic sequence in the studied well. 
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Fig. 5. Results of X-ray diffraction analysis of the claystone facies in the Kangan Formation, indicating the presence of 

high amounts of clay minerals. 
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Fig. 4. Microscopic images of various facies related to the sedimentary environments of the intertidal zone and lagoon. A: Anhydrite 

facies (MF1) with bladed texture, depth 3676.79 m, XPL. B: Claystone facies (MF2), depth 3471.28 m, PPL. C: Mudstone facies with 

evaporites (MF3) with fenestral fabric filled with secondary anhydrite, depth 3630.84 m, XPL. D: Dolomudstone facies (MF4) with 

secondary dolomite growth in a dolomudstone matrix, depth 3457.50 m, PPL. E and F: Stromatolite and thrombolite boundstone facies 

(MF5), E: Stromatolite boundstone with algal filaments, wavy lamination, and fenestral fabric filled with secondary anhydrite, depth 

3563.75 m, XPL. F: Thrombolite boundstone with clotted fabric and patchy calcite cement, depth 3611.20 m, PPL. G: Peloid skeletal 

mudstone to wackestone facies (MF6) with skeletal fragments, peloids, and bioturbation, indicating calm, oxygenated water conditions 

on the sea floor, depth 3633.53 m, PPL. H: Peloid skeletal wackestone to packstone facies (MF7), depth 3646.03 m, PPL. 
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Fig. 6. Microscopic images of various facies related to the sedimentary environments of the shoal and open marine. A: Ooid peloid 

skeletal packstone to grainstone facies (MF8) with skeletal, peloidal, ooidal, and intraclast components, depth 3677.42 m, PPL. B: 

Skeletal peloid oncoid grainstone facies (MF9) featuring oncoids, ooids, peloids, intraclasts, and skeletal fragments that have been 

affected by fracturing, depth 3594.91 m, PPL. C: Skeletal ooid grainstone facies (MF10) with components undergoing dolomitization, 

depth 3461.42 m, PPL. D: Ooid grainstone facies (MF11) with dolomitized components, depth 3468.62 m, PPL. E: Peloid skeletal 

intraclast packstone to grainstone facies (MF12) that are partially micritized, depth 3561.72 m, PPL. F: Skeletal mudstone/wackestone 

facies (MF13) formed due to compaction processes, dissolution veins, and stylolites, depth 3669.08 m, PPL. 
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Fig. 7. Relative frequency diagrams of the identified microfacies in the reservoir units and the entire Permian-Triassic 

sequence in the studied well. 
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Fig. 8. Frequency of facies associations in the Upper Dalan and Kangan formations in the studied well 
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Fig. 9. Sedimentological column, distribution of microfacies, and petrophysical charts of the Upper Dalan and Kangan 

formations in the K1 unit of the studied well. 
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Fig. 10. Sedimentological column, distribution of microfacies, and petrophysical charts of the Upper Dalan and Kangan 
formations in the K2 unit of the studied well. 
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Fig. 11. Sedimentological column, distribution of microfacies, and petrophysical charts of the Upper Dalan and Kangan 

formations in the K3 unit of the studied well. 
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Fig. 12. Plot of porosity-permeability variations for the Upper Dalan and Kangan sequences based on the reservoir 

units. 
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Table 2. Arithmetic and geometric means as well as standard deviation of porosity and permeability values of the 

reservoir units in the Upper Dalan and Kangan sequences in the studied well. 
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Fig. 13. Conceptual sedimentary model and distribution of facies in the Kangan Formation and the Upper Dalan 
Formation in the studied well. 
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Table 3. Arithmetic and geometric means as well as standard deviation of porosity and permeability values in the 

lithologies identified in the Upper Dalan and Kangan sequences 
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Fig. 14. Plot of porosity-permeability variations for the Upper Dalan and Kangan sequences based on the lithologies 
identified in the studied well 
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Fig. 15. Core photos of important diagenetic features recorded in the studied well. A: Stylolitization. B: Solution seams. 
C: Anhydrite nodules. D: Cementation and fracturing. 
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Fig. 16. Microscopic images of various diagenetic processes. A: stylolite in a mudstone facies, depth 3500.53 m, PPL. B: Bioturbation 

in a dolostone facies highlighted by lighter and darker sections, depth 3610.08 m, PPL. C: Poikilotopic calcite cement enclosing smaller 

components, depth 3613.65 m, PPL. D: Isopachous rim cement, deph3477.09 m, XPL. E: Fracture affecting matrix and allochems, 

filled with blocky calcite cement, depth 3614.38 m, XPL. F: Poikilotopic anhydrite cement enclosing allochems, depth 3646.72 m, XPL. 

G: Presence of small to medium dolomite crystals along stylolite, depth 3639.41 m, PPL. H: Undulatory extinction in saddle dolomites 

filling ooid molds, depth 3537.28 m, PPL. I: Dissolution of bivalve shells in a bioclastic wackestone facies, depth 3586.37 m, XPL. 
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Fig. 17. Plot of porosity-permeability variations for the Upper Dalan and Kangan sequences based on the identified 
primary sedimentary textures. 
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Table 4. Arithmetic and geometric means as well as standard deviation of porosity and permeability values of the 

primary sedimentary textures identified in the Upper Dalan and Kangan sequences. 
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Fig. 18. Plot of porosity-permeability variations for the Upper Dalan and Kangan sequences based on the identified 
facies. 
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Table 5. Arithmetic and geometric means as well as standard deviation of porosity and permeability values of the 
identified facies in the Upper Dalan and Kangan sequences. 
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Fig. 19. Histogram of average porosity and permeability in various facies belts of the upper Dalan and Kangan 
formations in the studied well  
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Abstract 
The Permian-Triassic sedimentary sequences in the Persian Gulf host some of the world's largest gas 
reserves. The distribution of reservoir properties in these reservoirs is significantly controlled by 

sedimentary (primary) factors such as textural, lithological, and facies variations. This study, by 

integrating various petrographic data from core samples and thin sections, along with porosity and 

permeability data obtained from core analyses of a well in one of the eastern fields of the Persian Gulf, 

aims to evaluate the control of these factors on the distribution of porosity and permeability in reservoir 

units K1 to K3 of the Upper Dalan and Kangan formations. Facies analysis led to the identification of 

13 microfacies, which grouped into five facies belts, representing a homoclinal ramp-type carbonate 

platform. The analysis of sedimentary textures, lithological variations, and sedimentary microfacies 

from the perspective of porosity and permeability distribution data indicates a close correlation between 

them. A significant portion of these correlations is due to the preservation of reservoir potential in the 

facies, and many diagenetic processes are directly or indirectly influenced by textural and facies 

characteristics. Dolomitic or dolomite-bearing rocks with shoal facies, which made up about half of the 

studied sequences, exhibit the best reservoir quality. Grain-supported grainstone facies containing ooids, 

peloids, and skeletal fragments from the back-shoal environment show the best porosity, with 

intergranular and moldic pores being the dominant types in these facies. The highest permeability is 

associated with mud-supported dolomudstone facies, where intercrystalline pores are the dominant type. 
 

Keywords: Reservoir quality, Sedimentary environment, Permian-Triassic, Dolomitization, Carbonate 

Ramp 

 
 

Introduction 
Reservoir quality in carbonate rocks is 

controlled by three main factors: facies, 

diagenesis, and fracturing. Since sedimentary 

facies are considered the primary and most 

important factor controlling reservoir potential 

in many carbonate reservoirs worldwide, 

especially in the Middle East, studying the 

influence of facies characteristics on the 

distribution of parameters such as porosity and 

permeability in these reservoirs is of particular 

importance. The Upper Dalan (Upper Permian) 

and Kangan (Lower-Middle Triassic) 

carbonate-evaporite formations, along with 

their stratigraphic equivalents in neighboring 

countries, host the world’s largest gas reserves. 
These sequences in southern Iran and the 

Persian Gulf account for about 18% of the 

world’s gas resources. Most previous studies 

on the Upper Dalan and Kangan formations 

have focused on the central Persian Gulf, 

particularly the South Pars gas field, and have 

examined these formations from various 

geological, reservoir, and petrophysical 

aspects. Despite these studies, no 

comprehensive research has specifically 

investigated the control of facies 

characteristics on reservoir quality in the 

eastern Persian Gulf region. This study aims to 

integrate geological data, core and thin-section 

analysis, and porosity and permeability data to 

evaluate the control of facies characteristics 

and lithological changes on the distribution of 

porosity and permeability in the Upper Dalan 

and Kangan reservoirs in one of the fields in 

the eastern Persian Gulf. The results of this 
study can help achieve a better understanding 

of the reservoir characteristics of these 

sequences and their controlling factors in the 
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eastern Persian Gulf, serving as a foundation 

for future reservoir and petrophysical studies. 

 

Data and Methods 
In this study, data from thin-section 

microscopy, cores, and petrophysical 

information from a single well were utilized. 

The K1 and K2 units of the Kangan Formation 

and the K3 unit of the Upper Dalan Formation 

were examined. The cores of these units, with 

a thickness of 247.25 meters, were subjected to 

geological and reservoir evaluations. To 

determine the reservoir characteristics of the 

studied sequences, three horizontal plugs 

perpendicular to the core axis and one vertical 

plug along the core axis were taken from each 

meter of the core. The porosity of the prepared 

plug samples was measured using Boyle's law, 

and permeability was measured using Darcy's 

law. From each plug sample, a thin section was 

prepared and examined under a polarizing 

microscope. A total of about 963 thin-section 

samples were microscopically studied. 

Additionally, 842 porosity data points and 836 

permeability data points were used for 

reservoir evaluations. In this study, lithological 

characteristics, texture (based on the Dunham 

classification, 1962), sedimentary facies and 

depositional environment (based on the 

standard models of Wilson, 1975, and Flügel, 

2010), and types of porosity (based on the 

Choquette and Pray classification, 1970) were 

determined. Finally, by plotting frequency 

diagrams and interpreting all the results, the 

impact of various factors on the reservoir 

characteristics of the facies was identified. 
 

Results and Discussion 

1- Facies analysis 
The microscopic facies study of the Upper 

Dalan and Kangan sequences in the field under 

investigation led to the identification of 11 

carbonate microfacies and 2 non-carbonate 

facies, grouped into five facies belts, which are 

described and interpreted in detail in the results 

section: 

1. Supratidal facies belt 

2. Intertidal facies belt 

3. Lagoonal facies belt   

4. Carbonate subtidal shoal facies belt, 

consisting of three subzones: shoreward side of 

the subtidal shoal, central part of the subtidal 

shoal, and seaward side of the subtidal shoal.   

5. Open marine facies belt 

Based on the facies interpretations provided, 

the first four facies’ belts—except for the 

seaward side of the subtidal shoal, which 

belongs to the mid-ramp—are developed 

within the inner ramp. The fifth facies belt is 

distributed within the mid-ramp and outer 

ramp. The absence of large reef structures, the 

relative expansion of tidal flats with oolitic 

barrier facies, the low diversity of facies, the 

gradual transition between microfacies, the 

high abundance of shallow-water facies, 

especially the extensive development of 

sabkha, and the lack of evidence for a platform 

slope break all indicate that the depositional 

system of these sequences in the eastern 

Persian Gulf region represents a carbonate 

ramp with a low slope (homoclinal ramp). 

2- Lithological variations 
Based on observations, the Upper Dalan and 

Kangan formations exhibit various lithologies, 

including limestone, dolomite, anhydrite, and a 

minor amount of clastics, which have been 

omitted from the calculations due to their 

negligible quantity. The calculation of the 

average porosity and permeability values of the 

identified lithologies indicates that the most 

porous and permeable lithology in the Upper 

Dalan and Kangan sequences is dolomite. 

In general, dolomitic or dolomite-bearing 

rocks with shoal facies, which constitute about 

half of the studied sequences, exhibit the best 

reservoir quality. To assess the impact of 

dolomitization on the reservoir quality of the 

studied units, a porosity-permeability plot of 

dolomitic and limestone samples has been 

created. Dolomitization has resulted in a closer 

relationship between porosity and permeability 

(homogenization of the pore system), 

suggesting that at least part of the porosity and 

permeability status in the studied sequences 

has been influenced by this process. Most 

dolomites with primary grain-supported 

textures have good reservoir quality and form 

reservoir layers. In these facies, dolomitization 

of allochems has preserved intergranular 

porosity. On the other hand, grain-supported 

dolomitic facies in which anhydrite cement 

acts as a pore-filling and enclosing agent have 

lower reservoir quality. 

In mud-supported facies, dolomitization has 

established connections between existing 

matrix pores and increased permeability. 

Additionally, the presence of fractures in these 

samples has significantly enhanced reservoir 

quality. Overall, the porosity and permeability 
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of the dolomitic rock groups are higher than 

those of the limestone samples. However, this 

does not mean that diagenetic processes have 

not occurred in the limestone samples. In many 

limestone sections of the Dalan and Kangan 

sequences, various diagenetic features, such as 

moldic, vuggy pores, and types of calcite 

cements, are clearly visible, and even 

subsequent dolomitization has not entirely 

erased them. Thus, the impact of diagenetic 

processes on reservoir quality is evident 

through the porosity and permeability data of 

the studied samples from the Upper Dalan and 

Kangan sequences. 

3- Depositional texture 
The porosity-permeability variation plot for the 

studied samples, based on identified primary 

sedimentary textures, reveals that grainstone 

facies exhibit variable porosity and 

permeability values. Grainstone samples with 

low porosity and permeability are primarily 

influenced by diagenetic processes, such as 

calcite cementation, which completely filled 

the pores, and the enclosing anhydrite cement, 

which significantly reduced reservoir quality. 

Grainstone samples with high porosity and 

permeability can be attributed to the presence 

of moldic and intergranular porosity, as well as 

dissolution-induced voids created by 

dolomitization. Additionally, samples that are 

fully dolomitized and exhibit medium to large 

dolomite crystals show high reservoir quality 

due to the formation of intercrystalline 

porosity. Packstone samples with high porosity 

and permeability are influenced by fracturing 

processes and the preservation of primary 

intergranular porosity. Moldic and 

intergranular porosity types are dominant in 

these samples. On the other hand, packstone 

samples enclosed by anhydrite cement, which 

have undergone extensive diagenetic calcite 

and anhydrite cementation, exhibit lower 

porosity and permeability due to pore closure. 

In general, the permeability of packstone 

samples does not differ significantly from that 

of grainstones, but porosity in packstones is 

much lower than in grainstones. This is due to 

the presence of packstone samples with low 

porosity but high permeability, or grainstone 

samples with high porosity but low 

permeability. Dissolution in grainstones, 

leading to the formation of moldic porosity, 

can increase porosity. However, since there is 

limited connectivity between these pores, the 

permeability in these samples is similar to that 

in packstones. In mud-supported wackestone 

and mudstone facies, pore size distribution is 

controlled by micrite size and the amount of 

interparticle porosity in the matrix. 

Wackestone samples with high porosity can be 

attributed to the presence of intercrystalline 

porosity. Samples with high permeability are 

often affected by fractures. In contrast, samples 

with reduced porosity and permeability display 

an increase in anhydrite nodules and stylolites. 

Initial permeability in wackestones is lower 

than in packstones, likely due to the reduced 

potential for fluid circulation in wackestones. 

4- Controls of depositional facies on 

reservoir properties 
The average values of porosity and 

permeability for the identified facies in the 

Upper Dalan and Kangan formations in the 

studied field in the eastern part of the Persian 

Gulf reveal interesting trends. The grain-

supported grainstone facies (MF9), which is 

rich in oncoids, peloids, and skeletal 

components, represents the back-shoal 

environment. This facies shows the highest 

porosity due to the prevalence of intergranular 

and moldic porosity, making it the best 

reservoir-quality facies in terms of porosity. 

On the other hand, the mud-supported 

dolomudstone facies (MF4), which has 

undergone extensive dolomitization, exhibits 

the highest permeability. This is attributed to 

the enhanced connectivity between pore 

throats, with intercrystalline porosity being the 

dominant type. The porosity-permeability 

variation graph for the Upper Dalan and 

Kangan formations, based on the identified 

facies, indicates a significant spread in porosity 

and permeability values, especially in facies 

with inherently high reservoir quality, such as 

grainstones. This wide distribution reflects the 

varying effects of diagenetic processes (both 

primary, secondary, and burial diagenesis) that 

either improve or degrade the reservoir quality 

within a single facies. 

Grainstones, characterized by a grain-

supported fabric, show that grain size directly 

controls the size of pore spaces. However, 

cementation by anhydrite and calcite cements 

in the grainstone facies significantly reduces 

reservoir quality in the studied sequences. 

Following the dissolution of allochems, calcite 

cements filled the pores, further degrading the 

reservoir potential of these facies. 

This study highlights the importance of both 

depositional and diagenetic controls in 
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evaluating reservoir quality, especially in 

complex carbonate systems like the Upper 

Dalan and Kangan formations, where 

dolomitization and cementation processes play 

a crucial role in shaping porosity and 

permeability distribution. 
 

Conclusions 
In this research, we aimed to evaluate the 

influence of textural, lithological, and facies 

characteristics on the distribution of porosity 

and permeability in the reservoir units K1 to 

K3 of the Upper Dalan and Kangan formations, 

using a combination of petrographic studies 

and porosity-permeability data from core 

analyses of a well in one of the fields located 

in the eastern part of the Persian Gulf. The key 

findings of this study are as follows: 

- Microfacies Analysis: The study of 

microscopic facies in the Upper Dalan and 

Kangan formations led to the identification of 

11 carbonate microfacies and 2 non-carbonate 

facies, categorized into five facies belts: Upper 

intertidal facies belt, Intertidal facies belt, 

Lagoonal facies belt, Carbonate submarine 

ridge facies belt, which has three subunits: 

shoreward, central, and seaward parts of the 

ridge, Open marine facies belt. 

- Sedimentary System Characteristics: The 

absence of large reef structures and the relative 

expansion of intertidal zones with oolitic 

barrier facies, low facies diversity, gradual 

transition of microfacies, a high abundance of 

shallow facies (especially extensive sabkha), 

and lack of evidence for a break point in the 

platform slope indicate that the sedimentary 

system of the studied sequences in the eastern 

Persian Gulf represents a low-slope carbonate 

ramp (homoclinal ramp). 

- Reservoir Quality: The average porosity and 

permeability values of the identified lithologies 

indicate that the most porous and permeable 

lithology in the Upper Dalan and Kangan 

sequences is the dolomitic samples. Generally, 

dolomitic or dolomite-bearing rocks with shoal 

facies, constituting about half of the studied 

sequences, exhibit the best reservoir 

characteristics. 

- Porosity-Permeability Trends: The porosity-

permeability variation graph for the studied 

samples, based on primary sedimentary 

textures, shows that grainstone facies have 

variable porosity and permeability values. 

Samples with low porosity and permeability 

can be attributed to diagenetic processes, such 

as calcite cementation that fully occludes pores 

and anhydrite cementation. In contrast, 

grainstone samples with high porosity and 

permeability are likely due to the presence of 

moldic and intergranular porosity and void 

spaces resulting from dolomite dissolution. 

- Mud-supported Facies Analysis: In the mud-

supported marlstone and wackestone facies, 

the distribution of pore sizes is controlled by 

the size of micrite and the amount of 

interparticle porosity in the mud. Wackestone 

samples with high porosity can be attributed to 

intercrystalline porosity, while high 

permeability samples are influenced by 

fracturing processes. 

- Best Reservoir Quality: The grain-supported 

grainstone facies (MF9), containing oncoids, 

peloids, and skeletal components, exhibit the 

best porosity characteristics, with intergranular 

and moldic porosity being the predominant 

types. The highest permeability is associated 

with the mud-supported dolomudstone facies 

(MF4), where intercrystalline porosity is the 

dominant type. 

These findings emphasize the intricate 

relationships between depositional 

environments, diagenetic processes, and the 

resulting reservoir characteristics within the 

carbonate formations of the eastern Persian 

Gulf. 
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