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Detailed studies of sedimentology and petrology of oil fields, especially oil fields located in the seas, play a very important role in reducing the risk of danger, increasing harvest, and reducing the amount of environmental pollution. The South Pars gas field in the waters of the Persian Gulf on the joint border line of Iran and Qatar and on the south coast of Iran has been used as a comprehensive model for this type of study. In these studies, the sedimentary environment and sequential stratigraphy of the Scorpion and Sarvak Formations in the South Pars gas field in wells 1 and 3 have been investigated. Microscopic studies and analysis of gamma-ray and acoustic diagrams of these formations have led to the identification of 9 facies in three facies belts related to wetland, dam, and open sea. Dam facies have been identified only in Sarvak formation. This study shows that the facies belts of the abovementioned formations in a ramp platform are also sloping. Sequence stratigraphy of Kazhdomi and Sarvak Formations in the study wells shows that Kazhdomi Formation has one sedimentary sequence (third category cycle) and Sarvak Formation has two sedimentary sequences. The lower boundaries of sequences 1 and 2 and the upper boundary of sequence 3 have type 1 (SB1) discontinuities, and the boundary between sequences 2 and 3 has type 2 (SB2) discontinuities.
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Introduction

Sedimentological studies, especially petrographic studies, sedimentary facies, sequence stratigraphy, and stratigraphy of oil and gas fields, play a very important role in reducing drilling risks and pollution (1).

Environmental pollution can be significantly prevented with detailed geological studies and determination of ideal locations for drilling oil wells (2).

In fact, determining the type of formation and sedimentary characteristics of the formations being drilled plays an important role in determining the type of drilling mud and environmental measures, including the use of oily and non-oily mud during drilling (3).

Sarvak Formation is known as a reservoir rock and Kazhdomi Formation is known as a very important source rock in most of Iran’s oil fields (4, 5). Knowing the facies and sequences of these two formations along with their lateral changes in understanding them better is necessary to calculate the production and accumulation of hydrocarbons (6, 7).

In fact, careful study of these formations will lead to accurate paleogeographic reconstruction of albino-threonine and the factors affecting it. In addition, understanding the depth of sea forward and backward in the samples taken and their sequential stratigraphy can be the main objectives of this study. In fact, in these studies, the data obtained from wells No. 1 and 3 have been used as a model for similar studies.



Geological location of the studied wells

South Pars gas field, the largest gas field in the world, is located in the Persian Gulf waters on the joint border line between Iran and Qatar, 100 km from the port of Asaluyeh, on the south coast of Iran and 105 km northeast of the Qatar Peninsula (Figure 1).
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FIGURE 1. Location of South Pars field adjacent to other oil and gas fields in the Persian Gulf and relative to the collapse of Dezful (9).




Research method

To study Sarvak and Kazhdomi Formations in wells No. 1 and 3 located in the South Pars gas field, paleolag data (gamma and sonic diagrams) as well as fossil and lithological studies on microscopic thin sections (Thinsections) have been used. In these studies, first, all the petrographic and diagenetic properties of the studied samples were identified, then with the help of these data, the diagenetic properties were analyzed, and a sedimentary model was drawn. In the end, the sequential stratigraphic studies of the studied wells have been investigated in detail.

In these studies, 232 microscopic thin sections were used to identify allocums and orthoschemes and to name carbonate rocks using Dunham’s (8) classification. Also, to determine the facies and introduce the sedimentary model, Karuzi method (1989) has been used.

According to this method, the type of components of facies and their frequency were determined. The exact number of sedimentary sequences in wells 1 and 3 was determined by accurately determining the sedimentary environment and constituent facies.



Discussion

Sarvak Formation in the sample section is 821.5 m and consists of fine-grained clay limestones and iron-bearing limestones (Figure 2) (10). This formation is divided into two members in the South Pars gas field from bottom to top based on lithological and reservoir properties: Madoud (dolomitic limestone) and Ahmadi (Chile-Marni).
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FIGURE 2. Lithological column of Sarvak Formation in sample section in Bangestan anticline (James and wynd, 1965 with some changes).


Also, Ilam Formation is composed of dolomitic lime- stone and includes limestones of the Santonine-Campanian age (11).


Petrography of components

To identify and name microfacies and interpret the sedimentary environment, as well as to study diagenetic processes in order to interpret the diagenetic history, it is necessary to know the components in the studied samples (12).

The components in the microfacies of these two formations were classified into three groups including non-skeletal carbonate components, skeletal carbonate components, and non-carbonate and detrital components.



Non-skeletal carbonate components

The most important non-skeletal carbonate components observed include ploids and intraclasts. The size of peloids observed in Sarvak Formation is about 0.3–0.5 mm without internal structure. These ploids make up about 30–35% of the non-skeletal carbonate components in the observed samples (Figure 3A). The presence of ploids indicates shallow tropical and subtropical marine environments, but can also be found on continental slopes and in basins (13).
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FIGURE 3. Microscopic images of the studied samples. (A) Examples of ploids (blue arrow) and intraclasts (red arrow) in Sarvak Formation (underground section No. SP3 of Sarvak Formation South Pars gas field, depth 1172 m, xpl light). (B) A sample of ploids of Kozhdami Formation (underground section No. SP3 of Kozhdami Formation, South Pars gas field, depth 1245 m, xpl light). (C) Sample of millivolts of Sarvak Formation (underground section No. SP1 of Sarvak Formation South Pars gas field, depth 918 m, xpl light). (D) Trocholina altispira foraminifera in samples of Sarvak Formation (underground section No. SP3 of Kozhdami Formation of South Pars gas field, depth 1245 m, xpl light). (E) Benthic foraminifera Trocholina altispira in Kozhdami Formation (underground section No. SP1 Kozhdami Formation South Pars gas field, depth 1006 m, xpl light). (F) Hemicyclamine benthic foraminifera in Kozhdami Formation (underground section No. SP1 of Kozhdami Formation, South Pars gas field, depth 1006 m, xpl light).


In the studied samples of Sarvak and Kazhdomi Formations in the underground sections of the South Pars gas field, intraclasts without very good sorting and in different sizes (0.3–0.7 mm) have been observed (3-B). Intraclasts are fragments of a loose sedimentary bed that are re-transported and deposited within the sedimentary basin (14, 15).



Skeletal carbonate components (foraminifera)

The most important carbonate components identified include Foraminifers, Ostracoda, Bivalvia, Gastropoda, Algae, Cnidaria, and Echinodermata. The most abundant foraminifera in Sarvak and Kazhdomi Formations can be of different types of miliolids (Figure 3C). Other foraminifera in Sarvak and Kazhdomi Formations include Orbitolina gr. concava. Miliolite and Nazaara are indicators of the swamp environment.

Orbitolina is found in the area of lagoons and dams and is in the form of wide cones that are seen in both Sarvak and Kazhdomi Formations. In the Sarvak Formation, pelagic foraminifera including lenticulina and allogesthina were also observed (Figure 3D). Foraminifers are composed of low or high magnesium calcite and rarely aragonite (16). Ostracodes in Sarvak and Kazhdomi Formations constitute about 5% of skeletal carbonate components. These ostriches are generally benthic and no pelagic types of ostracodes have been observed in this formation. Their average size is about 0.2 mm (Figure 3D).

Ostriches are valuable representations of ancient environmental conditions such as salinity, oxygen production, bed bottom, and water depth (17).

In the study areas, bivalve crust fragments with a frequency of about 5% of skeletal carbonate components have been observed. The size of these bivalves has been observed from about 0.5 mm to several millimeters. Two rudist spheres have also been observed in the Sarvak Formation (Figures 3E, 4A). The shell of most bivalves is composed of aragonite, and some have mixed mineralogy (18, 19).
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FIGURE 4. Microscopic images of the studied samples. (A) A sample of Benzicine Nazazata foraminifera (underground section No. SP1 of Sarvak Formation, South Pars gas field, depth 936 m, xpl light). (B) An example of benthic foraminifera in Sarvak Formation. The blue arrow indicates a sample of milliolides (underground section No. SP3 of Sarvak Formation, South Pars gas field, depth 1168 m, xpl light). (C) Framinifer benthic textularia (underground section No. SP1 of Sarvak Formation South Pars gas field, depth 1165 m, xpl light). (D) A sample of pelagic foraminifers in Sarvak Formation (underground section No. SP3 of Sarvak Formation, South Pars gas field, depth of 1172 m, xpl light). (E) Bentic ostracod in Sarvak Formation (underground section No. SP3 of Sarvak Formation South Pars gas field, depth 1165 m, xpl light). (F) Fragments of two layers of Sarvak Formation (underground section No. SP3 of Sarvak Formation South Pars gas field, depth 1165 m, xpl light).


Gastropods are one of the many components of lime- stone (20, 21). Gastropods are not very common in Sarvak and Kazhdomi Formations and have been seen in lagoon sections along with other fossils in the form of longitudinal and transverse sections (Figures 5B, C). The average size of observed gastropods has been about 0.5 mm.
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FIGURE 5. Microscopic images of the studied samples. (A) A piece of two-story road in Sarvak Formation (underground section No. SP1 of Sarvak Formation South Pars gas field, depth 918 m, xpl light). (B) Longitudinal section of a gastropod (underground section No. SP3 No. Sarvak Formation South Pars gas field, depth 1172 m, xpl light). (C) Transverse section of a gastropod (underground section No. SP1 No. Kozhdami Formation of South Pars gas field, depth 1026 m, xpl light). (D) Green algae in samples of Sarvak Formation (underground section No. SP1 of Sarvak Formation South Pars gas field, depth 986 m, xpl light). (E) An example of a coral in Kozhdemi Formation (underground section No. SP3 of Kozhdami Formation, South Pars gas field, depth 1212 m, xpl light). (F) Echinoderm section in Sarvak Formation (underground section No. SP3 of Sarvak Formation South Pars gas field, depth 1165 m, xpl light).


Red algae are not seen in the studied underground areas and green algae are also observed to a small extent. These algae are usually located in the lagoon section (Figure 5D). Algae live mainly in shallow and warm environments (neritic part) of the sea and are less present in deep environments (14, 22).

Cedaria in Sarvak and Kazhdomi Formations in the studied sections form a very small part of the components (Figure 5E). Cedarias include anthozoans (corals) that often live in the sea and are attached to the floor (14).

Examples of this echinoderm have been observed in Sarvak and Kazhdomi Formations (Figure 5F). Fragments of crinoid spines have also been observed in some sections (Figure 6A). Echinoderm fragments are present in lime- stone formed in shallow marine environments plus deep marine environments (23).
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FIGURE 6. Microscopic images of the studied samples. (A) An example of Echinoderm thorn in Sarvak Formation (underground section No. SP1 of Sarvak Formation South Pars gas field, depth 1172 m, xpl light). (B) Gluconite grain as one of the non-detrital components in Sarvak and Kozhdami Formations (underground section No. SP3 of Sarvak Formation South Pars gas field, depth 1168 m, xpl light). (C) Destructive quartz grains as non-destructive components observed in Sarvak Formation (underground section No. SP1 of Sarvak Formation South Pars gas field, depth 1172 m, xpl light).




Non-carbonate components

The most important non-carbonate components in the Sarvak and Kazhdomi Formations are quartz and glauconite. These components appear to be mostly of diagenetic origin (Figures 6B, C).



Diagenesis

The diagenesis of carbonates is associated with various processes that take place in near-sea and metallurgical environments and down to the deep burial environment (24).

The types of diagenetic processes identified in the Sarvak and Kazhdomi Formations in the South Pars gas field identified include the following:



Cementing

In Sarvak and Kazhdomi Formations, the most important and abundant cement is calcite cement.

Cementation is a diagenetic process by which deposited minerals settle in the sediment voids and cause the sediments to become rocky Burley and Worden (25, 26).



Platy calcite cement

This cement is one of the most abundant cements in the samples and has been observed in most of the fractures and cavities in the sections and is composed of large and clear calcite crystals (Figure 7A).
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FIGURE 7. Microscopic images of the studied samples. (A) Cal-cite plate cement—pay attention to the large crystals of this cement (underground section No. SP3 No. Kozhdami Formation of South Pars gas field, depth 1228 m, xpl light). (B) Calcite all-dimensional cement—pay attention to crystals approximately the same size as cement (underground section No. SP3 of Kozhdami Formation of South Pars gas field, depth 1250 m, xpl light). (C) Druze calcite cement—pay attention to the large crystals of this cement in the center of the hole (underground section No. SP3 No. Sarvak Formation South Pars gas field, depth 1172 m, xpl light). (D) Calcite Druze Cement (underground section No. SP3 of Kozhdami Formation of South Pars gas field, depth 1224 m, xpl light). (E) Calcite drossite cement can be seen in a cavity of Sarvak Formation. The direction of the arrow shows an increase in the size of the cement crystals (underground section number SP3 of Sarvak Formation, South Pars gas field, depth of 1165 m, xpl light).




Equant calcite mosaic cement

In the studied samples, the presence of such cements with equal crystals in the distances between the grains and also as a fracture filler has been observed (Figure 7B). This cement is common in meteoric and burial diagenetic environments and is the result of a slow growth rate (27).



Drusy cement

This cement with its shaped to semi-shaped crystals in some cases has filled the inside of oysters of different organisms in the Sarvak and Kazhdomi Formations (Figures 7C, D). This cement fills some cavities, intergranular pores, and sometimes mold pores and fractures in the studied sections Bathurst (28).



Compression and compression dissolution

Compression and compression dissolution are the two main diagenetic processes that generally depend on the depth of sediment burial (29, 30). The most common structures due to compression dissolution (chemical compaction) in Sarvak and Kazhdomi Formations are stylolites (Figures 8C, D).
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FIGURE 8. Microscopic images of the studied samples. (A) Cement is also calcite dimension (blue arrow) which contains amorphous dolomite crystals (underground section No. SP3 of Sarvak Formation of South Pars gas field, depth 1172 m, xpl light). (B) Calcite drossite cement (blue arrow) that surrounds a hole (underground section No. SP3 of Sarvak Formation, South Pars gas field, depth 1168 m, xpl light). (C) Stylolite in Sarvak Formation which is filled with organic matter (underground section No. SP3 No. Sarvak Formation South Pars gas field, depth 1172 m, xpl light). (D) Stylolite in Kozhdami Formation which is filled with organic matter (underground section No. SP3 Kozhdami Formation South Pars gas field, depth 1245 m, xpl light). (E) An example of the phenomenon of neomorphism in Sarvak Formation which has caused the transformation of dolomicrite crystals into dolosparite (underground section No. SP3 of Sarvak Formation South Pars gas field, depth 1165 m, xpl light).




Neomorphism or neoplasm

The neomorphism observed in Sarvak Formation is an incremental neomorphism. In this case, dolomicrite (less than 5 microns) is converted into dolomicrospar (5–30 microns) or dolomicrospar into pseudospar (larger than 30 microns) (Figure 8E).

The phenomenon of neomorphism is associated with changes in the mineralogy or fabric of sediment (31, 32).



Dolomitization

Dolomites often form suitable hydrocarbon reservoirs because of this process, which increases porosity Allen and Wiggins (33). Different types of dolomites in the Sarvak and Kazhdomi Formations can be determined according to the shape of the crystal border (flat or non-flat) and the size of the crystals:



Microcrystalline dolomites or dolomicrosparite

This type of dolomite is more abundant than the first type of dolomite in terms of abundance in the Sarvak and Kazhdomi Formations (Figure 9B). Dolomicosparites are histologically the same size and their crystals are semi- shaped to shaped with planar’s borders.
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FIGURE 9. Microscopic images of the studied samples. (A) Microcrystalline dolomite as one of the types of dolomites in Kozhdami Formation which is becoming coarser crystalline dolomites (underground section No. SP3 Kozhdami Formation South Pars gas field, depth 1165 m, Noor xpl). (B) The rhomboid crystals of dolomicrosparite in the background of the rock are known to be selectively formed (underground section No. SP3 No. Sarvak Formation South Pars gas field, depth 1165 m, xpl light). (C) Dolbo microsparite rhombohedral crystals in the microstatic background of Sarvak Formation (underground section No. SP3 of Sarvak Formation South Pars gas field, depth 1168 m, xpl light). (D) In this picture, semi-shaped crystals of dolosparite in Sarvak Formation (underground section No. SP3 of Sarvak Formation, South Pars gas field, depth 1204 m, xpl light). (E) Amorphous crystals of Dolosparite in samples of Sarvak Formation (underground section No. SP3 of Sarvak Formation South Pars gas field, depth 1172 m, xpl light).


In this type of dolomite, the size of the crystals is 62–250 microns and they are composed of crystals of different sizes, dense, semi-shaped to amorphous, and uneven crystalline borders. These types of dolomites have a lower frequency than dolomicospars in Sarvak Formation.

(Figure 9C) and they were not observed in the Scorpion Formation.



Ironing

Iron compounds (hematite and limonite) have been observed more abundantly in some specimens of Sarvak and Scorpion, especially in the intercrystalline pores between dolosparite crystals and dolomicrospars (Figures 10A, B). Iron compounds have also been observed along acetylides and in fossil cells (mostly foraminiferal cells). Ironmaking is generally associated with burial diagenesis.
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FIGURE 10. Microscopic images of the studied samples. (A) Iron oxides (brown in color) and organic matter (dark in color) surround cavities, intercrystalline porosities of dolomites (under-ground section No. SP3, Sarvak Formation, South Pars gas field, depth 1168 m, xpl light). (B) Mold porosity in foraminifera filled with iron oxides (underground section No. SP3 of Sarvak Formation, South Pars gas field, depth 1204 m, xpl light). (C) Intercrystalline porosities in dolomites of Sarvak Formation (underground section No. SP3 of Sarvak Formation South Pars gas field, depth 1168 m, xpl light). (D) Pore porosity in the calcareous field of Kozhdami Formation (underground section No. SP3 Kozhdami Formation of South Pars gas field, depth 1244 m, xpl light). (E) Cavity porosity in Sarvak Formation (underground section No. SP3 of Sarvak Formation South Pars gas field, depth 1165 m, xpl light).




Porosity

The types of porosities in the samples of Sarvak and Kazhdomi Formations in the South Pars gas field include the following:



Porosity between crystals and particles

This type of porosity is the type of primary porosity (34). This porosity is observed among dolomite crystals in Sarvak Formation, which is sometimes filled with iron oxide (Figure 10C).



Cavity porosity

In the study samples, this type of porosity, which is one of the types of secondary porosity (35), is the loss of unstable and soluble parts such as skeletal parts and shell fragments. It has created these porous pores, which are sometimes filled with anhydrite and calcite cements. This porosity is the most common type of porosity in the studied sections (Figures 10D, E, 11A).
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FIGURE 11. Microscopic images of the studied samples. (A) In this picture, examples of cavities in the microcrystalline field in Sarvak Formation can be seen (underground section No. SP3 of Sarvak Formation, South Pars gas field, depth 1165 m, xpl light). (B) Porosity due to fracture (blue arrow) and mold porosity (red arrow) (underground section No. SP3 of Sarvak Formation, South Pars gas field, depth of 1165 m, xpl light). (C) Porosity due to fracture (blue arrow) (underground section No. SP3 No. Kozhdami Formation of South Pars gas field, depth 1208 ms, xpl light).




Moldic porosity

In the studied samples, this porosity, which is selected by the stone fabric and is secondary Bathurst (28) is mostly filled with ferrous materials or cement (Figures 10B, 11B).



Fracture porosity

Fracture porosity in carbonate rocks occurs after sediment burial (34, 36). In the studied samples, this type of porosity is observed in the fracture space along with cementation, which generally has calcite mineralogy (Figures 11B, C).



Diagenetic sequences in Sarvak and Kazhdomi Formations

According to the studies, Sarvak and Kazhdomi Formations have been affected by different diagenetic processes over time. Considering that the observed diagenetic processes for both formations were almost similar.



Sedimentary Facies


Facies of Kazhdomi Formation

Studies on the facies of this formation have led to the identification of two facies belts of wetland (A) and open sea (C).




Facies of Sarvak formation

The facies of this formation have been identified by studying microscopic samples, which has resulted in the identification of three facies belts of wetland (A), dam (B), and open sea (C) as follows:


Collection of microscopic facies of wetland environment (A)—(Lagoon facies belt)

The environment of the lagoon is limited and salinity increases due to its location behind the Reef/Greenstone dams. The diversity of organisms in this environment is low but its frequency is high (37).




Facies A1 (Madstone/Vexton bioclast with ostracod)

This facies contains various biocells. Orbiotulin and other benthic foraminifera form the most important skeletal components in this subfacial. This facies is equivalent to the standard facies 18 for Flugel carbonate platforms (Figures 12A, B).
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FIGURE 12. Microscopic images of the studied samples. (A) Facade A1: Madstone/Westxton with extruded. It has an astra code and two cups. (B) Facade A1: Madstone/Waxton Bioclast. It has ostracods and bivalve crumbs. (C) Subfacial A2: Bioclast Wexton, bivalve, green algae gastropod.




Facies A2 (Bioclast and Weston)

These vesicular facies contain skeletal components such as gastropods in the form of longitudinal and transverse cuts and bivalve fragments in large quantities. Other components include green algae. Diagenetic processes in this facies include advanced porosity due to fracture and cementation of skeletal components (Figure 12C).



Facies A3 (Paxton Bioclast)

The most important skeletal components of this facies include echinoderm, orbitulin, and trocholine. The amount of orbitulin and trocholine reaches a maximum of 50% and echinoderm up to 20% (Figures 13A, B). This facade is equivalent to the standard Facelog No. 20 for Rug platforms (RMF20).
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FIGURE 13. Microscopic images of the studied samples. (A) Facade A3: Paxton bioclast contains trocholine, bilayer, and echinoid. (B): Facade A3: BioClast Paxton contains ecoinoids, bivalves, and benthic fragments. (C) Facade A4: Paxton myloid ploidy contains benthic foraminifera such as myeloid and nearly matched ploid grains.




Facies A4 (Paxton Myeloid Ploid)

Most of this facies contains benthic foraminifera such as myeloid and almost matched ploid granules. Bifurcated fragments have also been seen in this facies. This facade is equivalent to Flogel Standard Facility No. 16 for ramp type carbonate platforms. Cementation phenomena have been observed in these facies and porosity has not been observed much in these facies (Figure 13C).



Interpretation of sedimentary environment of wetland facies belt

Group A1 and A2 facies are deposited in the low-energy part of the wetland, which mainly covers the land-facing part. Evidence of this is the presence of limestone in large quantities in its facies. In addition, the presence of skeletal components of organisms that live in the low-energy part of the lagoon, such as gastroparesis, miliolids, and green algae, is another reason for the deposition of A2 and A1 facies in the low-energy part of this environment.

The presence of ploidy in the A3 facies of this group is also important for non-skeletal granules. These non-skeletal grains are more abundant in quiet parts of the lagoon. Ploids are either created by organisms or created by the crushing of intercal near the dam and have entered the lagoon.



Barrier facies belt (B)

The facies belt of the dam is located between the two belts of the facies of the wetland behind the dam and the open sea and includes the following facies:



B1 loss (Ploidal intracellular greenstone)

Most of its components include ploid in the range of 50–60% and intracellular in the range of 10–15%. Ploids and intraclasts are semi-matched. This facies is equivalent to the standard microfacies No. 27 of Flugel. The phenomenon of dolomitization in this facies is sometimes observed (Figure 14B).
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FIGURE 14. Microscopic images of the studied samples. (A) Facial B1: Greenstone ploidal intracellular containing ploid and semi- matched intracellular. (B) Facade B2: This facies includes echinoid fragments, orbitolin foraminifera, and non-skeletal components such as intraclasts and biceps components.




B2 facies (greenstone bioclast)

The components of this facies include echinoid fragments, orminitic foraminifera, non-skeletal components such as intraclasts, and biceps fragments (Figure 12C). The absence of a mud matrix indicates the energetic conditions in the deposition of this microfacies. The presence of echinoderm can indicate the part close to the open sea of the dam. This facade is equivalent to the standard 26 Flugel facies for carbonate ramp (RMF 26) platforms.



Interpretation of the sedimentary environment of the dam facies belt

Facies B1 and B2 are related to the energetic environment of the dam due to the grain size, the presence of cement, and the absence of carbonate mud.

The semicircular of the intracellular grains in the B1 facies also indicates a high-energy environment. These grains can be formed by the erosion of canal walls in a barrier medium (38). Micritic cover around skeletal grains indicates sedimentation in the area of light penetration and depth less than 100–200 m Enos (39) and Selwood (40).



Open marine facies belt

The offshore facies belt extends at the end of the carbonate platform toward the sea of dam facies/submarine hills (41). Offshore facies include the following facies.

Facies C1 (Madstone Bioclast): In this facies, components such as echinoderm fragments and bilayer fragments are observed. Echinoid fragments usually make up the largest number of fragments. This facade is equivalent to the standard facelift number 9 of Flugel. This facade is related to the initial parts of the middle ramp (Figure 15A).
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FIGURE 15. Images of microscopic facies C1 (A) and C2 offshore (B,C).


Facies C2 (vextone bioclast): This facies includes fragments of the echinoderm, sponge needle, and a limited number of pelagic foraminifera. This facade is equivalent to Standard Flogel Facility No. 5 for ramp-type carbonate platforms. These facies can be related to the end parts of the middle ramp facies (Figures 15B, C).



Detrital facies in Kajdomi and Sarvak Formations Shale damage

This facies is mostly observed at the base of Kazhdomi Formation. Ahmadi Shale exists as an interlayer between the limestones of this section (Figure 14A).



Sandstone facies

These facies have been observed sparsely in some depths of Sarvak and Kajdomi Formations (Figures 14B, C). Arnite quartz facies can be seen in the base parts of Kazhdomi Formation.



Interpretation of the offshore sedimentation environment C

The presence of echinoderms and spongy needles in these facies and the absence of wetland organisms such as gastropods, even in small numbers, indicate their transport to the deep parts of the open sea environment. Group C is similar to today’s deep sediments of the Florida platform Enos (39) and Selwood (40) and the Bahamas platform Shin (42).



Sedimentary model

Based on the data obtained from the mentioned studies, calcareous facies of Kazhdomi Formation have been deposited in the above areas in the wetland and open sea environment. The facies of Sarvak Formation of well No. 3 have also been deposited in the wetland and open sea facies belt, but this formation in well No. 1 includes the wetland facies belt, dam, and open sea.

A lack of growth of dam reefs, a lack of turbidite facies, gradual changes of facies in the stratigraphic column, a lack of continuity of reef processes, and absence of aggregate grains are in accordance with a ramp-type carbonate platform (Figure 17).



Sequential stratigraphy

Sequence stratigraphy is based on the knowledge of sedimentology and stratigraphy (43, 44). In the following section, the sequential stratigraphy of the two wells studied is introduced as a model for this type of study:

According to the obtained evidence, the discontinuity of the top of the Darian Formation to the Apsin age in this region separates this formation from Kozhdi Formation of the Albin age. Sequence (I) in Kozhdi Formation is 43 m thick at the age of Albin. The time and presence of gluconite and iron oxide minerals have been determined (45, 46).

In fact, it can be said that this section was deposited as a result of the significant advance of the sea on the level of discontinuity of the Apsin end. As the sea progresses on the discontinuous surface, the TST section of this sequence is formed and includes a group of open sea facies. This part, which is 22 m thick, has a sponge needle and small amount of planktonic foraminifera. The highest MFS advanced level is located at 22 m at the base of this formation and is located between the shale layers and the open sea facies.

The HST section is 21 m thick and consists of wetland facies. Orbitolina has been seen in abundance in this section. Trocholine fossils have also been found in small amounts. The upper boundary of the sequence is due to the change of time and change of lithology of SB2 type and is located at the top of Kazhdomi Formation (Figure 16).
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FIGURE 16. Destructive facies in Scorpion and Sarvak structures. (A) Chilean facies at the base of Kazhdomi Formation, and (B,C). Sandstone facies in Sarvak (B) and Kazhdomi (C) Formations.


Sequential stratigraphy of Sarvak Formation in well No. 1 of South Pars gas field: Sequence II in this formation has a thickness of 53 m and is of Cenomanian age. The lower boundary of this sequence is of SB2 type according to the reasons mentioned above and is located at the top of Kazhdomi Formation. The TST facade handle is 38 m thick. The maximum flood level (MFS) is located at a depth of 38 m in the Madoud section.

The HST facies series includes calcareous sediments of the wetland and dam environment with a thickness of 15 m and its most important benthic foraminifera are orbitulin and trocholine. This group of facies is also located in the mud section of Sarvak Formation. The upper boundary of this sequence is SB1 due to the presence of laterite in thin sections and is located at 1 m at the base of Ahmadi Shale. Sequence 2, which is located in Ahmadi section, is 33 m thick.

The TST facies category is 11 m thick and includes the open sea facies. The maximum advanced level (MFS) in this sequence is located at 11 m at the base of Ahmadi Sarvak section and between the layers of limestone. The HST facies category is 22 m thick and includes the wetland facies. The upper boundary of the sequence is SB1 and is located at the apex of the Ahmadi Shale and the level of the threonine discontinuity (Figure 16).



Sequential stratigraphy of Kazhdomi Formation in well No. 3 of the South Pars gas field

Kazhdomi Formation 41 in well No. 3 of South Pars is 41 m thick. Sequence 3 in Kazhdomi Formation, well No. 3, similar to this formation in well 1, is of Albin age. The SB1-type sequential boundary is located on the Darian Formation (discontinuous surface between Apsin and Albin).

Sequence I is 41 m thick. The TST facies group, which consists of offshore facies, is 16 m thick. The highest advanced level (MFS) is located between the Chilean layers and at a depth of 16 m at the base of the Scorpion. The HST facies category is 25 m thick and includes wetland facies. The upper boundary of the sequence is of type SB2 and is located between the layers of Chile Scorpion and Dolomite Modoud (Figure 17).
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FIGURE 17. Facies model of the studied formations, which is in accordance with the facies of a carbonate ramp, including inner and middle ramps.




Sequential stratigraphy of Sarvak Formation in well No. 3 of South Pars gas field

Sequence 1, which is the age of Cenomanian, is 23 m thick. The TST facies handle is 4 m thick and includes open sea facies. The maximum advanced level (MFS) is located 4 m from the base of the head (Modoud section). The HST facies category is also located in the module section.

This category of facies is 19 m thick and includes the facies of the lagoon. Tricholine and orbitulin are abundant in these facies. The upper bound of the sequence II, as mentioned in well No. 1, is due to the presence of SB1- type laterite and is located at the base of Ahmadi Shale. Sequence 24 is 24 m thick and is located in Ahmadi Shale.

The TST facies category in this sequence is 6 m thick and includes open sea facies. Rotalia facies has also been “seen” in this category. The level of maximum progress in this sequence is located at a depth of 6 m at the base of the Ahmadi Shale. The HST facies handle has a thickness of 20 m, which has a wetland facade. The upper bound of sequence III is of the SB1 type due to the discontinuity between cenomanine and threonine (Figure 17).
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FIGURE 18. Sequential stratigraphic column of Kazhdomi Formation in well No. 1 of South Pars gas field (top left figure) and sequential stratigraphic column of Sarvak Formation (Madoud and Ahmadi) in well No. 1 of South Pars gas field (top right figure) And finally the guide form of stratigraphic sections (bottom figure).
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FIGURE 19. Sequence stratigraphic column of Kozhdami Formation in well No. 3 of South Pars gas field (right figure) and sequence stratigraphic column of Sarvak Formation (Madoud and Ahmadi) in well No. 3 of South Pars gas field.





Conclusion

The most important results of these studies, which have been used as a model for similar studies, include the following:

–Studies of Kajdomi and Sarvak Formations have led to the identification of wetland facies belts behind the dam, dam, and returned sea, which are divided into facies and subfacies in more detail based on their texture and components.

–Sedimentary model for Kazhdomi and Sarvak Formations located in the South Pars gas field has been determined based on the sequence of identified facies of ramp-type platform with one-way slope.

–Based on sequential stratigraphic studies of Scorpion and Sarvak structures, three third-cycle sedimentary sequences have been identified for the deposits of these two formations, including sequence I of the former Albino age, which is located in the lower and middle part of Scorpion Formation. Sequence II is of Late Albian-Early Cenomanian age, which is located from the apex of the Kazhdomi Formation to the apex of the Modoud section of the Sarvak Formation.

–The upper boundary of the Sarvak sequence is characterized by erosion discontinuities and longtime gaps. According to paleontological studies, the age of Sarvak Formation in the well (Nos. 1 and 3) is probably up to the end of Cenomanian and immediately on it; Ilam Formation is of Santonian age.

The presence of such a large discontinuity confirms the protrusion of the platform due to tectonic movements of salt (salt domes) or self-fault or activation of foundation faults.
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