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1-Introduction

The Middle East has the largest oil and gas reserves, the main part of which is located on the Arabian
Arabian Plate (Sharlad et al., 2001; Jooybari and Rezaie, 2017). The thick and massive accumulation of
Cretaceous sediments in the Zagros Basin contains very large and economically important hydrocarbon
reserves (Alsharhan et al., 1993; Ghobeishavi et al., 2010; Lapponi et al., 2011; Rezaie et al., 2016 ; Khodaei
et al., 2021). The determination of rock species and the determination of flow units make it possible to
identify parts that have similar reservoir properties and hydraulic behavior (Belhouchet and Benzagouta,
2019). Identification and determination of flow units in carbonate rocks is very complex due to diagenetic
processes (Nabawy and Kassab, 2014; Riazi, 2018). This study tries to investigate sediment microfacies,
sedimentation conditions and reservoir capacity of Sarvak Formation in one of the oil fields located in the
Zagros structural zone, southwest of Iran with emphasis on flow units. In this study, while comparing and
interpreting flow units along with the introduction of sedimentary facies, the qualitative classification of
Sarvak reservoir according to different reservoir factors is presented. This is important in reservoir
modeling of Sarvak Formation in the study area.

2-Material and methods

The studied oil field is located in the Zagros structural zone, southwest of Iran. The accumulation of
hydrocarbons in the Zagros has been complexly dependent on the stratigraphic and structural evolution of
this important oil belt (Sharland et al., 2001). The Middle East and Zagros Cretaceous sequences have two
important discontinuities of Late Aptian and Middle Thoronine (Alsharhan et al., 1993; Sharland et al.,
2001). In this study, 150 thin microscopic sections of Sarvak Formation were examined to determine micro-
faults and diagenetic processes. The naming of microfacies was done based on Dunham classification
(Dunham, 1962) and the interpretation of sedimentation conditions with the help of faculties and standard
sedimentary models of Flugel (Flugel, 2010) and Wilson (Wilson, 1975). Porosity and permeability data
were used to determine the flow units and petrophysical classification of Lucia. Flow units were determined

by FZI flow zone index method. Reservoir and petrographic data were then compared and analyzed.
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3-Results and discussions

Sarvak Formation is the second largest oil reservoir in Iran. Petrographic studies on microscopic thin
sections of one of the oil fields in southwestern Iran, led to the identification of 10 microfacies. These
microfacies have been deposited in lagoon, bar , middle ramp and outer ramp facies belts, belonging to a
single slope carbonate ramp. The most important diagenetic processes identified in this formation include
cementation, dissolution, fracture, dolomitization, Stylolitization and Micritization. In the meantime,
dissolution, dolomitization, fracture and sometimes Stylolitization formation have had a positive effect on
the reservoir process of this formation. Examination of diagenetic processes shows the existence of three
environments of marine, meteoric and burial diagenesis that the role and effect of meteoric diagenesis
environment related to the discontinuity of the Middle Turonian can be well proved.

4-Conclusion

Examination of the reservoir status of this formation with the help of Lucia petrophysical diagram showed
that most of these microfasieses are plotted in Lucia petrophysical class 1 and 2, which shows a direct and
positive relationship between porosity and permeability in the reservoir. It seems that the processes of
cementation, dissolution and fracture are the most important indicators controlling the plot of these
microfacies on the Lucia petrophysical diagram. According to this diagram, the lagoon facies belt has the
best reservoir quality. Using porosity and permeability data, the flow zone index was calculated and with
the help of logFZI, 3 flow units in Sarvak reservoir were identified. The HFU1 unit with the poorest
reservoir quality is mainly characterized by lagoon facies and outer ramps, and the HFU2 and HFU3
reservoir units have a better reservoir quality and mainly have lagoon facies, bar and middle ramps.
Examination of reservoir quality based on porosity, permeability, reservoir quality index, flow zone index
and reservoir capacity showed that the reservoir quality of Sarvak Formation in the study area is in good to
very good class. Lagoon and carbonate bar have better reservoir indices. The results of the calculated
reservoir indices for facies belts, flow units and Lucia petrophysical diagrams show an acceptable
agreement and it seems that the results of each alone can provide an acceptable assessment of the reservoir
status of Sarvak Formation and where the complexities There is a reservoir due to the combined
performance of sedimentary and diagenetic processes.
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Table 1. Microfacies of Sarvak Formation with the introduction of their facies belt in the study area.

Code Microfacies Description Facies Belts RMF
MF1 Foraminifer This microfacies has wackestone to Packstone texture and Lagoon RMF13
Wackestone- high diversity of benthic foraminifera (Miliolids, | (Mancinelli,

Packstone Nezzazata, Alveolinids) as the main components (Figure 2- 2006)
A).
MF2 | Foraminifer rudist | The texture of this microfacies is wackestone to packstone. Lagoon RMF20
Wackestone- Rudist and benthic foraminifera are the main components | (Geel, 2000)
Packstone and green algae, peloid in very small quantities, echinoids,
bivalves and Sponge spicules are also sub-components of
this facies (Figure 2-B).
MF3 | Bioclast grainstone | The texture of this microfacies is grainstone and the main Bar RMF27
components of this microfacies include foraminifera and | (Ghabeishavi
biocellular fragments (such as echinoids) which are located | et al., 2010)
in a field of sparite cement (Figure 2-C).
MF4 Bioclast intraclast | The texture of this microfacies is grain suported and Bar RMF27
grainstone grainstone. It also has major constituents that include | (Geel, 2000)
intraclast and biocellular fragments (such as echinoids) that
have been micritized. Pellets are also seen in very small
amounts in some thin sections (Figure 2-D).
MF5 Foraminifer This microfacies with grainstone texture is mainly Bar RMF27
intraclast composed of intraclasts and benthic foraminifera. Rudist | (Mancinelli,
grainstone and ploid fragments have been observed to a lesser extent 2006)
and form sub-components of this facies (Figure 2-E).
MF6 | Rudist Grainstone | The texture of this microfacies is grainstone. In this facies, Bar RMF28
there is an abundance of coarse-grained Rudist in the | (Palmaetal.,
sparaite background, and the sub-components include 2007)
interaclestes and some small foraminifer(Figure 2-F).

MF7 | Oligosteginid The texture of this microfacies is wackestone to packstone. Mid-Ramp RMF5
Wackestone- The main ingredient is Oligostegin. Subcomponents also | (Arthur et al.,
Packstone include planktonic, ploid, and some bentic (unidentifiable) 1987)

transported foraminifera (Figure 2-G).
MF8 Echinoid The texture of this microfacies is from wackestone to | Outer-Ramp | RMF2
Wackestone- packstone in some thin sections,mud supported. The main | (Read, 1985)
Packstone alluchem of this microfacies is the bioclast components of
the Echinoid type, and the components of green algae,
Oligostegin and intraclast form a small amount of its sub-
components (Figure 2-H).

MF9 Echinoids The texture of this microfacies is wackestone to packstone | Outer-Ramp | RMF5
Oligosteginid with a micritic background. The main components of this | (Arthur et al.,
Wackestone- microfacies include Oligostegin and micro Ecinoids 1987)

Packstone (Figure 2-1), respectively.

MF10 | Sponge spicules | The texture of this microfacies is from wackestone to | Outer-Ramp | RMF5
oligosteginid Packstone and mainly mud supported. Its main components | (Read, 1985)
Wackestone- are the abundance of Oligostegin and Sponge spicules,

Packstone respectively (Figure 2-J).
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Fig. 4. Sedimentary environment model of Sarvak Formation in the study area.
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Table 2. Description of diagenetic processes of Sarvak Formation in the studied field.

process Description
Isopachous This type of cement created in form of a thin and isopachous layer around the grains.
cement Existence this cement between the grain’s boundaries indicates that these layers are

generated on early stage of dgenesis as first generation of cement, which mainly
observed in the grainstone and packstone facies.(Fig 4-A)

Drusy Cement

This cement fills the inter-grain and between-grains spaces and caused of a significant
decline in porosity and permeability in grain supported facies (Fig 4-B).

Micritization

This process is one of the common diagenetic processes in the studied reservoir, which
extends towards calm and protected environments such as lagoon and behind sand dunes
towards lagoons(Fig 4-C).

Poikilotopic
cement

This pervasive and widespread cement has filled inter- crystal and inter-grain’s porosity
and caused of significant decline in porosity and permeability (Fig 4-D).

Syntaxial
Cement

This cement is formed around a single grain, usually a echinoderm, with the
mineralogical composition of permisite calcite. In the studied samples, this cement has
been seen around the echinoderm parts which has optical connection with the
echinoderm parts and shows the formation in the atmospheric meteoric environment
(Figure 4-D).

Dolomitic
cement

These dolomites are formed in the form of crystals, transparent and mainly as substitutes
along the stylolitization. The presence of dolomite crystals in the margins of dissolved
veins and stylolitization indicates that they are formed from fluids due to compression
dissolution in the last burial stages and in fact compression dissolution has increased
magnesium concentration and mobility of these fluids in these points (Fig 4-1).

Stylolitization

Stylolitization process can be have negative or positive effects on reservoir quality.
Stylolite acted as a blocking force against fluid flow and results declining of reservoir
quality. In other hand, stylolite can enhance the reservoir quality on the some condition
with passing of the flow and consequently in fact increasing permeability by connection
of pore type (Fig 4-i-f-g)

Dissolution

Dissolution is one of the most important diagenetic processes in Sarvak Formation,
which has caused various porosities, especially in the supporting grain facies (Figure
4-A, H).

Dolomitization

The observed dolomite crystals change from Euhedral to anhedral. In the advanced
stage of dolomitization, these crystals develop an empty space between the rhombic
dolomitic crystals and create a sucrose texture. Figure 4-H).

Fracture

This phenomenon has been observed in the facies of the supporting mud and the
supporting grain. Sometimes these fractures in the burial environment are filled with
burial cements and sometimes in the last stage of burial diagenesis, they are created
and are seen as open fractures (Figure 4-1).
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Table 3. Paragenetic sequence of Sarvak Formation in the studied field.

TIME Eogenetic Mesogemetic Telogenetic
Events Environmrnt Marine Meteoric Burial Meteoric
Isopachous cement
Drusy Cement
Micritization —
Poikilotopic cement
Syntaxial Cement

Dolomitic cement

Stylolitization

Dissolution — e = == = —— ==
Dolomitization

Fracture - ==
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Table 4. Reservoir parameters of hydraulic units of Sarvak Formation

Reservoir Average Average Cut off LogFZI HFU
Quality (1) Porosity Permeability (ml)
poor 12.68 0.84 -0.2>LogFZI 1
Fair 11.9 16.7 -0.2<LogFZI1<0.6 2
Good 5.7 18.27 0.6:LogFZI 3

Log FZI

Sample.No.
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Fig. 7. Determination of flow units of Sarvak Formation using logFZI diagram against samples
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Table 4. Standard reservoir Capacity Classification (Nabawy and Al-Azizi, 2015; Nabawy et al., 2018)

Rank RPI FzI RQI Permeability Porosity
0 Impervious 0<FZI<1 0<RQI<0.25 0.01<K<1 0<e=<5
1 Poor I<FZI<2.5 0.25<RQI<0.5 1<K<10 5<e<10
2 Fair 2.5<FZI<5 0.5<RQI<1 10<K<100 10<e<15
3 Good 5<FZI<10 1<RQI<L2 100<K<1000 15<0<20
4 Very good 10<FZI<15 2<RQI<S 1000<K<10000 20<e<25
5 Excellent 15<FZ1 5<RQI 10000<K 25<p
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Table 5. Classification of reservoir capacity of flow units identified in Sarvak reservoir.

HFU RQI FZI PER PO RPI
0.06 0.43 0.84 12.8 0.24
0.24 1.77 16.70 11.9 1.01
0.54 23.62 18.27 5.7 12.08

Slo)lud; (slaan oS SISE 4 Sy Wile (3P Gl —F Jeux
Table 6. Reservoir capacity of Sarvak Formation by facies belts.

Facies belt RPI RQI FZI PER POR
Lagoon 6.8 0.33 6.9 21.7 11
Bar 4.95 0.27 7.9 13.7 8.55
M.ramp 3.65 0.3 3.09 7.7 9.7
O.ramp 5.4 0.26 10 6.5 6.6
O.Ramp

- 3500
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Fig.13. Distribution of petrophysical logs, hydrocarbon columns, flow units and facies belt of Sarvak Formation sequence
in the study area.
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