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Abstract

To estimate the volume of oil and gas in the hydrocarbon reservoirs, the rock-typing must be con-
sidered. The volume and type of available space in the reservoir rocks (porosity) and the ease of
hydrocarbons flow (permeability) are important in the classification of rock-types. In the field
study, touching-vug Porosities (intergranular, intercrystalline and brecciate) increase the total
porosity and form high quality rock-types, on the other side, separated-vug porosities (such as
moldic, intraparticle and vuggy) increase the total porosity but do not play a large role in the pro-
duction of hydrocarbon. In this paper, based on the SCAL data (Special Core Analysis) and accord-
ing to amount of irreducible water saturation (Swir) and capillary pressure, the reservoir rocks
are divided into 4 classes including Reservoir Rock-Types 1 to Reservoir Rock-Types 4 (RRTs-1 to
RRTs-4). By study of the prepared thin sections, we investigated the role of porosity in the
rock-typing. Among the rock-types, category 1 is the best type-reservoir and category 4 is non-re-
servoir. Probably, the latest diagenetic process determines the quality rocks, not sedimentary en-
vironments.
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1. Introduction

Depositional and diagenetic processes control the fluid movement and its saturation behavior by forming pores
and changing them in the reservoir rocks [1]. Sedimentary and petroleum geologists widely use porosity classi-
fication of [2]. This classification is tightly based on sedimentary fabric and so can predicts the types of spaces
(porosity) with respect to the depositional provenance or diagenesis evolution. The mentioned classification
system is especially useful for study of porosity evolution and exploration of oil and gas. The classification of [3]
and more recently ones [4] [5] are used among petrophysist and reservoir engineers due to the direct relationship
of this type of classification to pore geometry and fluid properties.

Study of the reservoir rock-types (RRTS) is very important to estimate the recoverable hydrocarbon reserves
[1]. Conventional static method in the determination of reservoir rock-types is evaluation of textural properties
and porosity types of reservoir rocks and their relationships with petrophysical properties (permeability and sa-
turation) [6] [7]. So study of porosity type and permeability in different parts of hydrocarbon reservoirs is very
important for oil and gas production management. So it seems that study of reservoir rock type helps for more
hydrocarbons production in oil and gas fields. Many researcher works on reservoir rock types among the rest:
[6]-[10].

In this paper we imply to the types of porosity and their effect on the formation of reservoir rock-types, and
the results of the rock-typing investigated on reservoir layers of the Upper Member of the Dalan Formation in a
large gas field in the northern Persian Gulf.

2. Materials and Methods

In this study, 554 thin sections (approximately one thin section per 30 cm.) gamma and sonic logs have been
studied. All thin sections were examined by Alizarin Red-s for separation of dolomite from calcite. For petro-
physical study have been used from Special Core Analysis (SCAL data) including irreducible water saturation
(Swir), capillary pressure, and permeability data. Log-plot (version 6) was utilized for drawing the litho-strati-
graphic column.

3. Geology of Persian Gulf

Due to abundant and huge hydrocarbon reservoirs in the Persian Gulf, the geological and tectonic activities have
been considered during the recent decades. The Persian Gulf has formed by development of the mouth of the
West Sea of Oman about 30 million years ago. Approximately, 60 percent of hydrocarbon reservoirs in the Per-
sian Gulf (including the gas fields) have been created as a result of the salt tectonic activity [11]. In addition to
salt tectonic activity, this Gulf is also affected by the number of plates and faults (African plate, Arabian plate,
Asian plate, Zagros suture zone, Red Sea rift and Gulf of Aden rift), affecting existed structures (Figure 1).
Geoloically, the Persian Gulf (and gas fields under discussion) is located in the Alpine-Himalayan Mountains
belt, and is a part of tectono-stratigraphic unit of The Zagros Mountains, located in the south of this unit in the
northern Persian Gulf [12] [13].

Geology of Kish Gas Field

In the drilled wells of the Kish gas field, thickness of the Upper Dalan Members changes from 229 m (Well A)
to 277 m (wells B) and this member has two sub-members including K3 and K4 (Figure 2). The Upper Dalan
Member is conformably underlain by the Nar Member and covered by the Kangan Formation (permo-triassic
boundary) as an unconformity. General lithology of the Upper Dalan Member is dolomite, dolomitic limestone,
limestone, some anhydrites and shale.

4. Porosity in the Upper Dalan Member

Types of porosity and pore throat between them plays important role in hydrocarbons’ storage and production
[14] [15].

Porosity in the carbonate rocks can be divided into two major groups; interparticle porosities and vug porosi-
ties [4] [5] [16].

Vug porosity is also divided into two sub-groups of touching-vug porosities and separate-vug porosities.
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Figure 1. Location of the Persian Gulf related to the Arabian plate and the rate and trend of plates and
main faults controlling salt domes. White square shows the position of Kish gas field.

4.1. Interparticle Porosities

In the sedimentary environment, interparticle porosity generally occurs in the carbonate sediments without mud.
Interparticle porosity is divided into intercrystalline and Intergranular porosity. This porosity group is very use-
ful for permeability of reservoir [4] [16].

4.1.1. Intercrystalline Porosity

This type of porosity is formed in the existing space among the dolomite crystals (Figure 3(a)) and their geo-
logical origin is from sabkha to open marine. This porosity is one of the best spaces for gas reserves in the gas
field.

4.1.2. Intergranular Porosity
This type of porosity usually is developed in the spaces among ooid allochems and skeletal grains in the K3 and
K4 sequences (Figure 3(b)).

4.2.Vug Porosity

4.2.1. Touching-Vug Porosities
These groups include fracture, shear, vuggy and fenestral porosities. The group is usually non-fabric selective.
Porosities of the group are usually are connected together to form a network and could be helpful for permeabil-
ity of gas reservoirs [4] [16]. In the Member, brecciated porosity is more important.

1) Brecciated porosity

Brecciating of carbonate rocks may occur in the following conditions: collapse of evaporate and carbonate
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Figure 2. Litho-stratigraphic column of the upper dalan member in two Wells-A & B. In the column, numbers 1 to 4 show correla-
tions of reservoir layers between Well-A & B.

rocks in respect to the dissolution and other similar phenomena. This type of porosity is not very abundant in the
Upper Dalan Member but it makes the reservoir rock with high quality (Figure 3(c)).

4.2.2. Separate-Vug Porosities
Generally, these kinds of porosities include moldic, intraparticle and shelter types. In this group, porosity is
usually seen as separate vugs or slightly connected pores (indirectly. These types of porosities are fabric selective
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Figure 3. Types of porosity. (a) Intercrystalline porosity. This porosity occurs in spaces among dolomite
crystals in a dolostone. (b) Intergranular porosity formed in spaces among ooids. (c) Brecciated porosity in a
skeletal-ooid grainstone. (d) moldic porosity occurs by dissolution of ooids.

and usually increase the reservoir porosity not the reservoir permeability [4] [16]. In the studied rocks, the mol-
dic porosity is more important than the other types.

1) Moldic porosity

Moldic porosity is the most abundant porosity in the Upper Dalan Member. It usually seen in ooids and ske-
letal facies (oomolds and biomolds) (Figure 3(d)). The porosity usually occurs as a selective dissolution process
by dissolving of fossils and allochems. The porosity may occur during the early diagentic stage but it is general-
ly the result of the secondary diagenesis in meteoric environment with water under-saturation of carbonate ions
accompanied with the high water flow [17].

5. Reservoir Rock-Types (RRTs)

As mentioned earlier, investigation the type of porosity and permeability are very important in different parts of
hydrocarbon reservoirs for the management of oil and gas production. Conventional static method in the deter-
mination of a reservoir rock types are as follows: Study of the textural properties and porosity types of reservoir
rocks and their relationships with petrophysical properties (permeability and water saturation) of the reservoir
rocks [7]. It is important that the characteristics of carbonate rocks (texture and porosity) are continuously
changed by changing the diagenetic processes. So it also affects on petrophysical properties of the reservoir rock.
The static classification of reservoir rock types is depended on the permeability and irreducible water saturation
(Swir). Based on these two factors, accompanied with the porosity, 4 reservoir rock types (RRTs-1 to RRTs-4)
were identified for the Upper Dalan Members (Table 1).

5.1. Rock Type 1 (RRTs-1)

1) Dolomite (dolostone, crystalline carbonate): This rock type is composed of euhedral dolomite crystals with
sucrosic texture, having very good developed intercrystalline porosity (Figure 4(a)). Because of very low Swir
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Figure 4. types of RRTs-1 & 2: (a) A dolostone consists of good preserved intercrystalline po-
rosity (black color) that creates sucrosic texture. (b) Bioclastic-ooid grainstone with brecciated
porosity (black color). (c) Dolo-grainstone with intergranular porosity and channel porosity (ar-
row). Quasi-ooids (molds) is occupied by dolomite. (d) Dolo-grainstone showing intergranular,
intragranular, and moldic porosities.

and very high permeability, this rock type is the best type among the other rock types (Table 1, row 1 and Plot
1(a)).

2) Bioclastic-ooid grainstone: This rock type is composed of skeletal debris and quasi-ooid, having brecciated
porosity (Figure 4(b)). After cementing, the rock was brecciated and good permeability created for fluid flow.
Because of very low Swir and very high permeability, this rock type is the best type among the other rock types
(Table 1, row 1 and Plot 1(a)).

5.2. Rock Type 2 (RRTs-2)

1) Dolo-grainstone: This rock type is formed from quasi-ooid and neomorphic dolomite, having intercrystal-
line and channel porosities (Figure 4(c)). The dolomite crystals are mostly sub-hedral and anhedral and have
filled the inside of ooids and molds. This rock type is suitable for hydrocarbor reservoir. Interparticle porosity is
one of the best types for fluid transmission in petroleum and gas reservoir. Because of low Swir and high per-
meability, this rock type is suitable among the other rock types (Table 1, row 2 and Plot 1(b)).

2) Dolo-grainstone: This rock type is composed of skeletal debris, alga, quasi-ooid and interparticle, intrapar-
ticle, and moldic porosities (Figure 4(d)). Moldic porosity acts as a trap for hydrocarbor fluid but based on po-
rethrout connection between the porosities (intraparticle and moldic porosities) with interparticle porosity can
neutralize this effect (trap the fluids). This rock type is suitable among the other rock types for gas reservoir and
fluid transmission (Table 1, row 2 and Plot 1(b)).

5.3. Rock Type 3 (RRTs-3)

1) Dolo-grainstone: This rock type composed of quasi-ooid and posses vuggy and interparticle porosities.
Quasi-ooids is occupied by dolomite cements (Figure 5(a)). Most of spaces among quasi-ooids were filled by
anhydrite so the rock has low permeability and high Swir (Table 1, row 3 and Plot 2(a)). This rock type cannot
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Table 1. The average values of irreducible water saturation (Swir), permeability (K) and porosity (P & PHI) in the formation
of reservoir rocks.

Rock Swir P P P P PHI

Type (%) (85%) (60%) (35%) (16%) K (MD) (%) Dominant fabric and pore types

Grainstone with brecciate porosity and
1 8.8 12 3.8 15.3 221.7 261.7 13 dolomite with well-preserved
intercrystalline porosity.

Dolo-grainstone with intercrystalline
and channel porosity and Cd1 type
and grainstone with interparticle and
moldic porosities

2 15.4 2.9 8.2 26.1 205.7 60.6 13.6

Dolo-grainstone with vuggy and
3 17.4 2.4 6 25.7 260.8 11.9 8.2 interparticle porosities and anhedral
dolomite type and over-dolomitization

Grainstone with 0o & bio-moldic porosities,
more of it occupied with dolomite, calcite
4 35.6 4.4 85.3 346 >800 3.2 9.8 and anhydrite. Grainstone with various
porosity that all of it occupied by
pore-filling anhydrite and calcite.
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Plot 1. Cross plots show release the amount of water saturated inside the porosities into RRTs vs. the amount of capillary
pressure under laboratory conditions. (a) & (b). As can be seen in these plots, with increasing about 100 psi pressure, releases
up to 90% of the water saturated trapped in porosity of the RRTs-1 & 2, it is mean, less than 10% capillary water remains in
porosity and porethrotes. The plots indicate the high permeability and low Swir in RRTs-1 & 2.

be a good reservoir.

2) Dolomite (dolostone, crystalline carbonate): This rock type consists of dolomite with a little intercrystalline
porosity (Figure 5(b)). Most of dolomite crystals are platy and sub-hedral. Over-dolomitization process occurs
in this rock, having high Swir and low permeability (Table 1, row 3 and Plot 2(a)). This rock type cannot be

suitable reservoir.
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Plot 2. Cross plots show release the amount of water saturated inside the porosities into RRTs vs. the amount of capillary
pressure under laboratory conditions. (a). with increasing about 100 psi, releases up to 40% of the water saturated trapped in
porosity of the RRTs-3, so must increase capillary pressure up to 900 psi to achieve larger amounts of water saturated. The
gentle slope of the plot also shows the problem. Therefore, the permeability of the reservoir rock is not suitable for extraction
of hydrocarbons. (b). As can be seen in this plot, with increasing the capillary pressure about 100 psi just 30% of the water
saturated release from porosity of RRTs-4. With increasing the pressure about 900 psi achieves about 40% of the water satu-
rated. The RRTs-4 having low permeability and high Swir, so this RRTs-4 has not condition of a reservoir rock.

Figure 5. Types of RRTs-3: (a) Dolo-grainstone having vuggy and Intergranular porosities. Some of the porosities are occu-
pied with anhydrite. (b) Dolostone with some intercrystalline porosity (arrow). The rock was over-dolomitized and the most
of the porosities has been lost.

5.4. Rock Type 4 (RRTs-4)

1) Bioclastic-ooid grainstone: in this rock type, moldic porosity is dominant in comparison with other porosi-
ties; however some of the molds are occupied by dolomite, anhydrite and calcite. Spaces between ooids are
filled by types of calcite cements and dolomite but there is some interparticle porosity (Figure 6(a)). The rock
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Figure 6. Types of RRTs-4: (a) A grainstone consists of poorly sorted ooids and bivalve accompanied with
moldic porosity and some Intergranular porosity. The rock has been under mechanical compaction and ooids
are deformed. (b) A grainstone having Intergranular, intragranular, and moldic porosities. All of the porosities
are occupied with Poikilotopic anhydrite (light colors). (c) A grainstone consists of poorly sorted ooids and
skeletal debris. The most of porosities are occupied with calcite cements. (d) A grainstone having moldic and
Intergranular porosities. The most of the porosities was filled with dolomite crystals.

has the highest Swir and lowest permeability (Table 1, row 4 and Plot 2(b)). This rock type is non-reservoir.

2) Ooid-grainstone: A grainstone with interparticle, intraparticle and moldic porosities that all of the spaces in
the rock are occupied by anhydrite (Figure 6(b)). Ooids are compacted, poorly sorted and some of them are
formless. The rock shows the highest Swir and lowest permeability (Table 1, row 4 and Plot 2(b)). This rock
type is non-reservoir.

3) Bioclastic-ooid grainstone: in this grainstone, most of interparticle and intraparticle porosities were filled
by calcite cement (Figure 6(c)). The rock consists of poorly sorted skeletal debris and ooids and has the highest
Swir and lowest permeability (Table 1, row 4 and Plot 2(b)). This rock type is non-reservoir.

4) Ooid-grainstone: This rock is a grainstone, composed of poorly sorted ooids, moldic and interparticle po-
rosities (Figure 6(d)). Most of ooid molds are occupied by dolomite cements and some of them with anhydrite.
Most of interparticle porosity was filled by fine grain dolomites. The rock has the highest Swir and lowest per-
meability (Table 1, row 4 and Plot 2(b)). This rock type is non-reservoir.

6. Conclusions

After determination reservoir rock types of the Upper Dalan Member (Well#A), it is necessary to study position
of the rock types in the litho-stratigraphic column (Figure 2) as follow:

6.1.RRTs 1 & 2

These rock types are the best and have the highest quality reservoir rocks in the Upper Dalan Member (yellow
and green colors). The suitable rocks for reservoir are mostly located in the zone K4 (Figure 2). Other rock
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types (RRTs 3 & 4) also present in the K4 zone as interlayer. So there is not any integration in the gas reservoir
and the reservoir is divided into several sections by RRTs. Each section can acts as a separation barrier. Ltho-
logically, these rock types are mostly composed of crystalline carbonate (dolomite) and grainstone, so dolomiti-
zation and brecciaing (probably as a result of salt tectonism in the gas field) could play a very important role in
the development of reservoir conditions. It should be noted that dolo-grainstone rocks with intergranular and
channel porosities, and dolo-grainstone with intergranular, intragranular, and moldic porosities have also good
quality to reservoir (rock type 2, green). The rocks with reservoir quality (yellow and green) are not limited to
the K4 and are seen in the K3. As mentioned before, alternations of non-reservoir and reservoir rocks acts as
impermeable barriers, lading to stratification of the reservoir. In this part, dolomitization process also had an
outstanding impact. In total, the Upper Dalan Member has about 50 meters high quality rock for reservoir.

6.2.RRTs 3 & 4

These rock types have not conditions for the reservoir rock. By referring to the litho-stratigraphic column
(Figure 2) it reveals that these rock types occupy a large part of the K3 zone and small part of the K4 zone (blue
and black colors).

In this study, available data sources for the Well#B are gamma and sonic logs and also lithological informa-
tion as a litho-stratigraphic column (Figure 2). However, the productivity tests results are also exist. If we as-
sign a number to the each tested zone in Well#B (green colored area) and correlate this zone with Well#A, fol-
lowing results are yielded:

6.3.Zone 1

After productivity test, it was found that the zone has a gas, gas condensates and a little water (Figure 2). By
correlating of this zone with Well#A it reveals that rock types 1 & 2 (best reservoir rock) can also be in the
Well#B and probably the dominant porosity in this zone is identical in the both wells. It can be said there are gas
and gas condensates in this zone of the formation in the Well#A.

6.4.Zone 2

This zone also contains gas, gas condensate and a little water. By correlating of the zone into Wells# A is also
available. However, appropriate thickness of reservoir rock types in the Well#A (yellow and green) is decreased,
but it can contain hydrocarbon (Figure 2). It means that in this area, diagenesis process damaged the reservoir
rocks of Wells#A, so the quality and quantity of reservoir in the zone have been decreased.

6.5.Zone 3 & 4

Similar to zone 1, these zones are traceable in the both wells (Figure 2). As can be observed in zone 3, the
thickness in Wells# A is much more than the Well #B. This is the role of diagenesis in a gas field.

Lithological diversity in the reservoir rock types (RRTs) implies that the latest diagenetic process probably
determines the quality of a well or field, not its sedimentary environments.
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