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Introduction

Reshadat (studied) field is located in the east of the
South Pars gas field, near the common borderline of
Iran and Qatar, in the southeast of the Persian Gulf.
Geologically, the Persian Gulf is a shallow tectonically
depression that was formed in the late Tertiary in the
southern part of the Zagros fold belt [1], but its main
axis and trend was formed during the Plio-Pleistocene
epochs, due to the folding of the Zagros.

The Facies and sedimentary environment of the
Dariyan Formation in the Reshadat field have been
studied. The Dariyan Formation is Lower Cretaceous
(Aptian) in age, equivalent to the Shuaiba Formation,
and is known as the youngest formation of the
upper Khami group, and is considered one of the
most important reservoir rocks in Zagros Basin [2].
Lithologically, this formation is mainly limestone and
was deposited in passive margin environment [3]. In
the Type section, it consist of 286.5m meter of brown
to gray colored thick bedded to massive and cliffy
limestone, which abundantly contains the relatively
large benthic foraminifera “Orbitolina”.

In type section this formation gradually overlies the
Gadvan Formation and disconformably underlies the
Kazhdumi Formation [4]. At the upper boundary, the
oolithic and glauconitic beds seprate this formation
from Kazhdumi Formation [5]. In the studied field,
Dariyan Formation has 75.2 meter thick and it
gradually overlies the hawar Formation and abruptly
underlies the Nahr Umr Formation. In the type section,
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the Dariyan Formation is divided into upper and lower
members, which is seprated by an intrashelf facies
known as “Kazhdumi tongue” [6].

Due to the importance of the Khami group and
especially the Dariyan Formation as one of the strategic
carbonate reservoirs of the Zagros basin, it has always
been studied by sedimentologists, strtigraphers,
paleontologists and petroleum geologists who mainly
work for Iranian oil companies (for example: [2], [5]
and [7]).

In the present study, the microfacies, sedimentary
environment and diagenesis processes of the Dariyan
Formation, were investigated based on the information
obtained from the study of microscopic thinsections
that taken from the cores, in

one of the wells of the Reshadat field in the southeast
of the Persian Gulf.

Geological setting and Stratigraphy

The Persian Gulfbasin is one of the richest hydrocarbon
basin of the world, located in the Middle East. This
basin is surrounded by the large oil and gas fields of
the Zagros basin of Iran, Qatar, Kuwait, Saudi Arabia,
United Arab Emirates and Bahrain, in its southern and
southwestern margins. The studied field was selected
in the southeast of the Persian Gulf, near the borderline
of the Qatar, about 100-150 km south-southwest of the
Lavan Island and 130 km southwest of the Kish Island
(Figure 1).
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Fig.1: The location of the studied field in the southeast of the Persian Gulf, which is marked by symbol of a star (*) [8].

Salt diapir (dome) plays important role in the formation
of structural oil traps in this field [9]. The main reservoir
rock of this field are upper Sarvak, Dariyan (Shuaiba)
and Surmeh (Arab Zone) formations. Shuaiba
Formation with Aptian age is considered one of the
most important oil reservoir in the southeast of the
Persian Gulf, especially in the United Arab Emirates
[10]. The Shuaiba Formation resting on the carbonate
of the Kharaib Formation and being overlined by the
Marl and clastic rocks of the Nahr Umr Formation
(equivalent of Kazhdumi Formation).

Algal mounds and rudist facies are its richest zones
and karst carbonates in the upper part of the formation,
are other important and oil-bearing layers in the
Shuaiba Formation [11]. In Iran, Dariyan Formation
(Orbitolina-rich Carbonate with Aptian age) is
equivalent to Shuaiba Formation. It is spread over a
wide area of the Zagros basin and the Persian Gulf
(except Lurestan) (Figure 2).

According to their study, during the Aptian, there were
two intrashelf basins, Kazhdumi and Bab, in Dezful
embayment and eastern Persian Gulf, respectively. It

seems that these basins or embayments were formed
as a result of differential subsidence that controlled
by fault activities [2]. The deposition of hemipelagic
carbonates generally occurred in these intrashelf
basins. Toward the margin of the basins, these deep
facies gradually change into shallow and Orbitolina-
bearing limestones. In the margins of the Bab basin,
rudist structures have been developed and have created
good reservoir layers in the Shuaiba Formation. It
seems that in the late Aptian these carbonates have
were exposed and diagenesis due to the lowering of
the sea level, therefore the reservoir quality of this
formation has increased during leaching processes
(washing by atmospheric waters) and dissolution [13].
[14] believe that many micro-porosity are developed
in the upper part of Shuaiba Formation, while the
geochemical data that observed from cores and also
the mud support facies of this part, don’t show this
karst feature. Unlike the stratigraphy of the Shuaiba
Formation, the diagenesis and reservoir potential of
this formation in the Persian Gulf basin of Iran, have
not been well studied and recorded.
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Fig. 2 Stratigraphy and determining the upper and Iower boundary of Darlan Formation in the Persian Gulf and Arab countries

[12].



Dariyan carbonate Formation has recently been
recognized as an oil producer in many fields in the
southeast of the Persian Gulf. In addition to the Persian
Gulf, the dariyan Formation produces oil in several
onshore fields on Iran (southern Dezfoul). In the
studied field, cores have been taken and studied from
most parts of the Dariyan Formation, to reconstruct
the sedimentary paleo-environment, history of
diagenesis and its reservoir characteristics. In the
recent study, microfacies, sedimentary environments
and diagenesis of Shuaiba (Dariyan) Formation, which
is the main reservoir zone in the studied field, has been
investigated.

Materials and Methods

In this study well selection is based on existence of
geological reports, microscopic thinsections, the
results of routine and special core analysis (Rcal and
Scal) and petrophysical logs. About 150 microscopic
thinsections colored with red alizarine (used to seprate
calcite and dolomite) and blue epoxy or bluedye
(used to identify voids and porosity) and the results
of routine and special core analysis were used to
describe the microfacies and rock fabrics. The naming
of microfacies is based on the classification of [ 15, 16].
Classification of the [17], was also used to identify
the sedimentary environments of the studied facies.
In study of microscopic thinsections, an Olympus
Microscope (BX 51) was used and the images were
taken with on Olympus camera (DP 70). Considering
the diversity of facies, Allochem types, skeletal and
non-skeletal fragments, sedimentary textures and
fossil content were determined and based on that,
a sedimentary model was drawn in Photoshop CS5
software.

Results and Discussion

Petrography

The carbonate succession of the Dariyan Formation in
the studied field consist of the micrite as a matrix and
various grains (skeletal and non-skeletal). The skeletal
grains include bivalve, gastropoda, brachiopoda,
coral, Echinodermata, bryozoa, decapoda, sponge
spicules, ostracoda, red and green algae, foraminifera
(planktonic and benthonic), radiolaria and fish bones.
Non-skeletal grains includes pellets (Palaxius) and
intraclasts. For a more detailed study, we identified 7
carbonate and 1 mixed carbonate-clastic facies, with
the help of the types of allochems and rock matrix
that observed in the microscopic thinsections and the
common mentioned classification [17, 18].
Microfacies

- (MF-1): Pelagic Foraminifera Wackestone/
Mudstone
This  microfacies is characterized by mud-

dominated texture containing planktonic fauna
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such as: Hedbergella luterbacheri, Hedbergella
excelsa, Hedbergella praetrochoidea, Hedbergella
sp., Globigerinelloides sp., and Very few benthic
foraminifera such as: Choffatella  decipiens,
Marssonella trochus, Siphovalvulina sp., also, some
skeletal fragments of invertebrates such as: echinoid
debris and echinoid spines, sponge spiculs, and
fragments of pelagic crinoids (comatulid family)
and ostracods, can be seen in it. According to mud-
dominated texture, argillaceous nature and lamination
structure, this facies is interpreted to have deposited
in the low energy conditions. Dominance of pelagic
fauna, paucity of benthic bioclasts, and facies
association suggest deep basinal settings (Figure 3-a).
- (MF-2): Pelagic Gastropoda Wackestone

An important characteristic of this facies is its mud-
dominated texture (wackestone) with common pelagic
gastropod fauna. The pelagic foraminifers such as
Hedbergella sp. and H. sigali are also present in this
facies. Additional associated bioclasts are echinoid
debris, sponge spicules and some benthic foraminifera
such as: Epistommina. Fish bone and Palaxius
minaensis are also present in the facies. The presence
of mud-dominated texture, the presence of pelagic
gastropods and open marine fauna, as well as the lack
of shallow marine elements, indicate that this facies
was deposited in open marine depositional settings.
(Figure 3-b & 4-a).

-(MF-3): Bioclastic Wackestone/Mudstone

Main components of this facies are small and large
bioclast grains. Bioclasts are mostly floated in
micritic matrix. These are including echinoderms,
pelagic gastropods, sponge spicules, brachiopoda and
radiolarian. The associated pelagic foraminifers are
Hedbergella sigali. The Orbitolina sp., Lenticulina
sp., Siphovalvulina sp., Cyclamminids, Epistomina
sp., and Choffatella decipiens are its main benthic
foraminifers. The bioclastic mud-dominated facies,
containing pelagic foraminifers and sponge spicules,
are common in the deep marine and outer ramp settings
(Figure 3-c & 4-b).

- (MF-4): Bioclastic,
Mudstone

The facies is a mixture of various bioclasts and
Orbitolina in a micritic matrix. Bioclasts include
echinoid debris, ostracoda, Bivalve and gastropoda
debris. Various species of orbitolina are present
too. Benthic foraminifers such as Vercorsella sp.,
Nezzazata sp., Praecrysalidina and Miliolids are
associated components. Fragments of green algae
(Salpingoporella dinarica, Lithocodium aggregatum)
are also occur in the facies. According to the faunal
content, sedimentological features (mud-dominated
texture) and facies association, the facies is interpreted
to have deposited in the mid-ramp settings, with
moderate energy (Figure 3-d and 4-c).

Orbitolina Wackestone/



Petroleum Research, 2023(April -May), Vol. 33, No. 128

L2

Fig. 3 Studied Microfacies of Darian Formation, Rashad field; a: Pelagic Foraminifera Wackestone/Mudstone, depths: 1543.18

m; b: Pelagic Gastropoda Wackestone, depths: 1549.96 m; c: Bioclastic Wackestone/Mudstone, depths: 1555.68 m; d: Bioclas-
tic, Orbitolina Wackestone/Mudstone, depths: 1574.37 m; e: Foraminifera, Lithocodium Floatstone, depths: 1572.05 m; f:
Lithocodium Boundston, depths: 1573.24 m; g: Intraclast, Foraminifera Wackestone/Packstone, depths: 1569.64m; h: Sandy,

mixed bioclastic Packstone/ Wackestone, depths: 1575.24 m. (h: XPL; a- g: PPL).

- (MF-3): Bioclastic Wackestone/Mudstone

Main components of this facies are small and large
bioclast grains. Bioclasts are mostly floated in
micritic matrix. These are including echinoderms,
pelagic gastropods, sponge spicules, brachiopoda and
radiolarian. The associated pelagic foraminifers are
Hedbergella sigali. The Orbitolina sp., Lenticulina
sp., Siphovalvulina sp., Cyclamminids, Epistomina
sp., and Choffatella decipiens are its main benthic
foraminifers. The bioclastic mud-dominated facies,
containing pelagic foraminifers and sponge spicules,
are common in the deep marine and outer ramp settings
(Figure 3-c and 4-b).

- (MF-4): Orbitolina Wackestone/
Mudstone

The facies is a mixture of various bioclasts and Orbitolina
in a micritic matrix. Bioclasts include echinoid debris,
ostracoda, Bivalve and gastropoda debris. Various
species of orbitolinaare present too. Benthic foraminifers
such as Vercorsella sp., Nezzazata sp., Praecrysalidina
and Miliolids are associated components. Fragments
of green algae (Salpingoporella dinarica, Lithocodium
aggregatum) are also occur in the facies. According
to the faunal content, sedimentological features (mud-
dominated texture) and facies association, the facies is
interpreted to have deposited in the mid-ramp settings,
with moderate energy (Figure 3-d and 4-c).

Bioclastic,



=] il

- (MF-5): Foraminifera, Lithocodium Floatstone
The large clasts of Lithocodium aggregatum and
stromatoporoids are most characteristic components
of this facies, which are associated with various
foraminifers (Miliolids, Orbitolina sp., Nezzazata sp.,
Praechrysalidina infracretacea and Pseudocyclammina
greigi). Additional bioclasts are green algal debris
(Salpingoporella dinarica). The lithology is limestone
and texture ranges between floatstone to wackestone.
The floatstone texture (large, insitu Lithocodium
fragments with symbiont) suggest existence of small
patch reefs or algal

mounds on the Dariyan carbonate platform. The
association of Lithocodium and large foraminifers
indicate deposition in the shallow, photic inner ramp
(open lagoon to open marine) environments (Figure
3-e and 4-d).

- (MF-6): Lithocodium Boundstone

This facies consists of Lithocodium aggregatum
boundstones associated with stromatoporoid bounds.
It has minor amounts of foraminifers (such as Miliolid
and Novalesia). The Salpingoporella dinarica and
Favreina sp., also occur in the facies. The Lithocodium
boundstones are relatively common in the Shuaiba
Formation. This facies association characterizes
lagoonal environments with oligotrophic conditions
and deposited in the shallow and low energy settings
such as lagoons (Figure 3-f and 4-¢,f).

- (MF-7): Intraclast, Foraminifera Wackestone/
Packstone

The intraclast and foraminifers are main components of
this facies that form wackestone or packstone texture.
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Fig. 4 Core pictures of microfacies of the Darian Formation, Rashad field; a: Pelagic Gastropoda Wackestone, depth: 1553.95
m.; b: Bioclastic Wackestone/Mudstone, depth: 1530.40 m.; c: Bioclastic, Orbitolina Wackestone/Mudstone, depth: 1571.90 m.;
d: Foraminifera, Lithocodium Floatstone, depth: 1577.55 m.; e and f: Lithocodium Boundstone, respectively depths: 1574.90
and 1576.25 m; g: Intraclast, Foraminifera Wackestone/Packstone, depth:1577.60 m; h: Sandy, mixed bioclastic Packstone/
Wackestone, depths: 1578.90 m.
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It seems that most of intraclast grains are derived
from algal mounds that were extensively micritized.
Foraminifers include orbitolinid, miliolid, Nezzazata
sp., Mayncina bulgarica, and other bioclasts such as
Salpingoporella dinarica and echinoid debris occur
in the facies. The lithology is limestone with minor
bioturbation. Based on fauna assemblage and facies
association, this facies is considered to be deposited
in the shallow lagoonal settings, near the algal mounds
(Figure 3-g and 4-g).

- (MF-8): Sandy, mixed bioclastic Packstone/
Wackestone

This facies is a packstone to wackestone, containing
echinoderms, algal debris, foraminifers and quartz
sand grains. Various foraminifers (Orbitolina sp.,
Lenticulina sp., Choffatella decipiens, Epistommina
and Nodosariid), green algae Salpingoporella dinarica
and other bioclasts are recorded within these facies.
Quartzitic sands occur (with less than 15-20%
frequency) as extraclasts. The lithology of this facies
is commonly limestone.

According to the depositional texture and diverse
fauna, this facies is developed in the moderate energy
and open marine depositional settings. Open marine
(echinoderm debris) fauna with extraclast grains (quartz
sands) indicate that grains of this facies are derived
from various sources such as landward, lagoon and
open marine settings. Detrital minerals (e.g. quartz) are
transported from landward settings. The facies deposited
in the submarine channels (or re-sedimented deposits)
of shallow to deep depositional settings (lagoon to mid-
ramp environments) (Figure 3-h and 4-h).
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A depositional model is proposed for this formation in
the studied field (Figure 5). In the shallower settings
(inner ramp) of this environment, algal mounds were
colonized, whereas the orbitolinid and bioclastic
facies were developed in the middle to outer ramp.
Toward the basin, shale facies with dominant pelagic
fauna (including gastropods, sponge spicules, pelagic
crinoid and foraminifera included Hedbergella and
Globigerinelloides) were deposited in the deep basinal

condition.

Micritization (Figure 6-c,d), recrystallization (Geopetal
structure) (Figure 6-a,b), dissolution (Figure 7-a),
mechanical and chemical compaction (Figure 7-h),
pyritization (Figure 7-c), bioturbation (Figure 7-d),
phosphatization (Figure 7-e), cementation (Figure
7-f), dolomitization (Figure 7-g), and anhydritization
(Figure 7-h) are the most important diagenesis
processes in the Dariyan Formation.
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Fig. 5 Sedimentary model of homoclinal ramp based on laboratory studies and according to the type of microfacies in Darian

Formation (Shuaiba) in the studied well.
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Fig. 6 Diagenesis processes in Darian Formation (Shuaiba) in the studied well, a& b: Geopetal $tractures in gastroopda
chambers due to recrystallization process, respectively depths: 1531.42 and 1552.30 m; c& d: Micritization around the Benthic

foraminifera walls, depth: 1520.08 m. (b: XPL; a, ¢ and d: PPL).
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Fig. 7 Diagenesis processes in Darian Formation (Shuaiba) in the studied well, a: Dissolution in Bivalve wall, depth: 1519.13
m; b: Dissolution seams due to chemical compaction, depth: 1543.18 m; c: Pyritization in orbitolinid chambers, depth: 1502.31
m; d: Bioturbation, depth: 1578.94 m; e: Phosphatization, depth: 1553.97 m; f: Cementation (Druzy cement), depth: 1554.23
m; g: Dolomitization, depth: 1516.87 m; h: Anhydritization, depth: 1504.24 m. (a, f, h: XPL; b-e and g: PPL).

Diagenesis Sequence

Figure 8 shows a diagram of diagenesis processes and
their effect on porosity and reservoir quality in the
studied well. The diagenesis sequence indicates the time
of impact of diagenesis processes. In Darian Formation,
diagenesis processes have taken place in three times
of eugenesis, mesogenesis and telogenesis. Eogenesis
is the first stage that occurred in both marine and
meteoric environments. Marine diagenesis begins with
bioturbation and micritization processes. In meteoric
diagenesis, the sediments are affected by atmospheric
waters and the processes of dissolution, dolomitization,
compaction, fracture and types of cement such as blocky;,

equant, isopachous and drusy, occur in this stage. After
the eogenesis stage, sediments have been affected by
the stage of mesogenesis and burial, and in this stage,
temperature, pressure and depth have influenced the
sediments. In burial diagenesis, some diagenesis
processes such as vein filling cement and fractures,
pyritization and phosphatization have occurred. The last
stage is telogenesis, in which uplift has occurred and as a
result of tectonic processes, fractures have been created.
Types of porosity in this formation in the studied field,
were moldic (Figures 9-a, b), fracture (Figures 9-c, d),
vuggy (Figures 9-e, f), intracrystaline (Figure 9-g) and
intercrystaline (Figure 9-h) porosity.

reservoir quality.
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Fig. 8 The sequence of diagenesis processes of Darian Formation, Reshadat Well; The relative sequence of occurrence of dia-
genesis processes and their effect on the improvement and reduction of porosity, or the ineffectiveness of these processes are
indicated by green, brown and blue colors, respectively.

Intra Crst.

Fig. 9 Porosity types in Darian Formation (Shuaiba) in the studied well, a and b: Moldic porosity in benthic foraminifera,
respectively depths: 1529.29 and 1577.55 m; ¢ and d: Fracture porosity, respectively depths: 1517.24 and 1531.42 m; eandf:
\Vuggy porosity in Lithocodium algae structure, respectively depths: 1570.63 and 1571.25 m; g: Intracrystaline Porosity, depths:
1523.38 m; h: Inter-crystaline Porosity in dolomite texture, depths: 1522.49 m. (all pictures in XPLcondition).



Average Porosity and Permeability and Reservoir
Quality of the Studied Facies

The average porosity and permeability of different
microfacies of Darian Formation can be seen in Table
1. According

to this table, the microfacies 5, Lithocodium Bondstone,
has a porosity of over 25% and a permeability of
over 10 mD and has a higher reservoir quality than
other microfacies. Other mud-supported facies of the
Dariyan Formation, despite having high porosity, due
to the lack of connection of pores, which are mainly of
moldic and fracture type, have lower permeability and
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reservoir quality.

Conclusions

In this study, microscopic thin-sections prepared from
the cores of the Dariyan (Shuaiba) Formation in one
of the gas field in southeastern of the Persian Gulf,
were investigated. The Dariyan Formation in this
well has 75.2 meter thick, and is mainly composed of
limestone, marly limestone and low shaly interlayers.
The lower and upper boundary of this formation is
Hawar Formation (equivalent with Gadvan Formation)
and Nahr Umr Formation (equivalent with Kazhdumi
Formation), respectively.

Table 1 Average porosity and permeability (Arithmetic method) obtained from rutin core analysis (Rcal) in each microfacies
of the Dariyan Formation of the studied well. Study of the average porosity and permeability and matching these data with
the microfacies and diagenesis processes that occurred on each of these facies, it indicates that the Lithocodium boundstone
and floatstone facies contain the highest percentage of porosity and permeability and has a more suitable reservoir quality than

other microfacies.

Porosity and Permeability mean (Arithmetic meth-
Microfacies Code | Microfacies Name od)
Porosity (%) | Permeability (mD)
MF-1 (Pelagic Foraminifera Wackestone/Mudstone) 26.8 1.06
MF-2 (Pelagic Gastropoda Wackestone) 23.07 1.54
MF-3 (Bioclastic Wackestone/Mudstone) 27.8 2.3
MF-4 (Bioclastic, Orbitolina Wackestone/Mudstone) 23.1 2.6
MF-5 (Foraminifera, Lithocodium Floatstone) 29.2 3.0
MF-6 (Lithocodium Boundstone) 24.3 10.25
MF-7 (Intraclast, Foraminifera Wackestone/Packstone) | 28.3 3.56
MF-8 (Sandy, mixed bioclastic Packstone/Wackestone) | 10 0.15

Microfacies studies of this formation led to the
identification of seven carbonate facies and one mixed
carbonate-clastic facies, as follows:

1- Pelagic Foraminifera Wackestone/Mudstone

2- Pelagic Gastropoda Wackestone

3- Bioclast, Wackestone/Mudstone

4- Bioclast, Orbitolina Wackestone/Mudstone

5- Foraminifera Lithocodium Floatstone

6- Lithocodium Boundstone

7- Intraclast, Foraminifera Wackestone/Packstone

8- Sandy, mixed bioclastic Packstone/Wackestone
These microfacies represent the deposition of this
formation in a carbonate ramp environment, from
inner ramp to the deep basin. Using these microfacies,
the sedimentary environment was studied and
considering the gradual change of these facies as well
as the presence of Lithocodium algae with the ability
to create patch reefs and the lacks of large reefs,
the sedimentary environment of this formation was
determined the "homoclinal carbonate ramp."
Investigating the diagenesis processes of this
formation showed that dissolution, mechanical and
chemical compaction (creation of dissolution seams
and low latitude stylolites), cementation, bioturbation,
pyritization, dolomitization, phosphatization,

anhydritization and a few cases of micritization, are
the most important diagenesis processes, that strongly
control the reservoir quality of the Dariyan Formation.
In the study of types of porosity, mainly, moldic,
fracture and vuggy porosity were observed. The
increase of the porosity due to the creation of vuggy
porosity in the Lithocodium floatstone/boundstone
facies, has caused these facies to be considered the
most important reservoir part of the Dariyan Formation
in the studied field, and cementation in some mud-
support facies (wackeston-packstone), is also one of
the factors that reduce the reservoir quality of this
formation in the mentioned facies.
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1. Fracture Porosity
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