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1-Introduction

Asmari Formation is the most important reservoir of the Ahvaz oilfield. The lithology of this formation is
composed of carbonate and siliciclastic rocks, mainly sandstone with carbonate interbeds, sandy limestone,
dolomite, and marl) (Motiei, 1993; Soleimani et al, 2020: Zahmatkesh et al., 2021). Consideration of the
porosity types is important in several aspects: 1- the variety of lithology and the effects of diagenesis in the
Asmari Formation has created various porosities; 2- Evaluation of porosity type is necessary to understand
reservoir heterogeneity better. 3- The complex distribution of porosity types makes it difficult to predict
the permeability distribution and identify the producing zones. The usual study method of porosity types is
core analysis, which is expensive and time-consuming, so some of the following methods are used for this
task: Using well logs is a low-cost alternative. The velocity deviation log provides useful information about
the porosity type. The objectives of this study include 1- Determining the porosity type in the Asmari
Formation using the velocity deviation log, 2- Comparing the log results with thin section data, and 3-
Presenting the distribution pattern of porosity types in the studied formation. In Comparison with
sandstones, carbonate formations have more complexity and difficulties in terms of reservoir and
petrophysics characteristics. Diagenetic processes can alter carbonates, changing the composition, texture,
and porosity structure in carbonate successions (Rahimpour Banab, 2014). One of the main points in the
quantitative investigation of reservoirs is the identification of producing and non-producing zones. The
identification of producing zones depends on the prediction of permeability distribution, which is highly
dependent on the complex distribution of pore types (Anselmetti and Eberli, 1999; Choquette and Pray,
1970; Kamrava et al., 2020; Ren et al., 2020).

2-Material and methods

The data used in this study includes some petrophysics logs, such as neutron, acoustic, and density logs,
nuclear magnetic resonance (NMR), and thin sections prepared from cuttings and cores from the drilled
wells in the studied oilfield. In order to determine the type of porosity, the thin sections were evaluated,
and photomicrographs (Fig. 1) were taken by optical polarizing microscope in the petrography laboratory
of the National Iranian South Oil Company (NISOC). Data, photomicrographs, and thin-section studies
have been used to validate the porosity types determined by indirect petrophysic methods. The cuttings and
well logs data were prepared from one of the studied wells of the Asmari reservoir in the Ahvaz oilfield.
This study used a velocity deviation log to determine the porosity types. The velocity deviation log reflects
different types of porosity created due to the rock's physical characteristics (Anselmetti and Eberli, 1999;
Kadkhodaie et al., 2021). In this study, the porosity types were determined using the velocity deviation logs
obtained from the petrophysics logs, and then they were validated by direct data from cuttings and cores
thin sections.
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Table 1. The speed deviation value obtained from the speed deviation diagrams.

ZONE VDL VDLNMR_TCMR NDLNMR_PHIE
Al 1800 m/s 190m/s 440m/s
A2 1200 m/s 225m/s 450m/s
A3 1600 m/s 33m/s 550m/s
A4 1550 m/s 60m/s 600m/s
A5 1020m/s 80m/s 200m/s
A6 600 _ 2000 m/s 430m/s 550m/s
A7 1000 _ 1600 m/s -100m/s 350m/s

M2A 900 _ 1600 m/s 400m/s 450m/s
M2B 1100 m/s 350m/s 700m/s
M2C 650 m/s 70m/s 360m/s
M2D 1000 m/s 430m/s 850m/s
Al0 1200 m/s 620m/s 1200m/s
All 1300 m/s 550m/s 1300m/s

3-Results and discussions

In this study, the velocity deviation log was the base of the pore types classification. On the other hand, this
log will be able to continuously identify the type of porosity along the studied well and formation.
According to the velocity deviation log, the pore types were classified into three groups and eight
subgroups.

Group 1 has two subgroups: intra-particle and vuggy pore types.

Subtype 1: Intra-particle porosity is often formed as primary and secondary forms. It forms inside the
grain or fossil shells due to the dissolution of organic materials (Asaad and Omer, 2024). Most of the pores
inside the fossils are formed due to dissolution. In this subgroup, the average speed deviation is 1200 m/s.

Subtype 2: Vuggy or hole porosity is also created in different shapes and sizes as dissolution in a part
of grain, cement, and matrix, which forms a secondary type. This porosity may be formed due to complete
or partial crystallization of grains or crystals in secondary phases. This type has a certain sharp boundary
between the pore and the surrounding cement or matrix (L@n@y, 2006). The average speed deviation of
this subgroup is 750 m/.

Group 2: This category has five subgroups, which include micro-porosity, inter-particle, inter-
crystalline, inter-granular, and shale micro-porosity, respectively.

Subgroup 1: Micro-porosity This pore type could be fine intergranular and/or inter-crystalline forms.
The speed deviation in this subgroup is, on average, 40 m/s (L@n@y, 2006).

Subtype 2: Inter-particle porosity, the spaces between grains and particles (Choquette and Pray, 1970).
This pore type forms mainly in primary phases. However, they are sometimes created due to matrix or
cement dissolution. The speed deviation log in this subgroup is 250 m/s on average.

Subtype 3: Inter-crystalline pore type forms between the crystals in primary or secondary phases.
Although the secondary types are common (Choquette and Pray, 1970). The speed deviation log in this
subgroup is 400 m/s on average.

Subgroup 4: Intergranular porosity can be seen in siliciclastic parts of the Asmari Formation, formed in
sandstone intergranular. The log speed deviation in this subgroup is 200 m/s on average (Choquette and
Pray, 1970).
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Subtype 5: shale micro-porosity in shale successions, the value of log speed deviation in this subgroup
is -100 on average. (Choquette and Pray, 1970).

Group 3: This group has only one subgroup (fracture).

Subtype 1: The rock fractures strongly affect the elastic behavior of the horizons and create a severe
(negative) deviation in the velocity deviation log. The speed deviation log in this subgroup is -800 m/s on
average (L@n@y, 2006).

Figl. Photomicrographs of thin sections in zones Al to A1l of the studied well. (a) It is micritic limestone. It has a
cavity and inter-crystalline porosity; (b) Sandstone with fine crystal cement and inter-granular porosity. It has traces
of bitumen; (c) marl limestone with inter-granular and inter-crystalline porosity; (d) sandy and marl limestone with
inter-crystalline and vuggy pores; () muddy limestone includes inter-crystalline pore types and traces of bitumen; (f)
marl limestone with inter-crystalline pore type; (g) marl limestone with traces of bitumen; (h) Siltstone with quartz
particles in medium and fine sand sizes. It has inter-crystalline (micro-porosity) and inter-granular pore types. Zones
Al to Al1, due to the presence of inter-crystalline and inter-granular porosity, have good reservoir quality.

4-Conclusion

According to the outputs of the velocity-deviation logs and comparing with thin sections data, it is possible
to point out that the VDLNMR_PHIE log is a very accurate method for estimating the pore types in mixed
carbonate-siliciclastic reservoirs. The diverse lithology of the Asmari Formation in the studied oilfield has
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made various pore types. This issue is confirmed by VDL logs obtained from the NMR diagram
(VDLNMR_PHIE) and thin-section photomicrographs. By examining the velocity deviation diagram
obtained from the well logs, NMR, and thin sections, we found that the predominant pore types are inter-
crystalline, inter-granular, and inter-particle. Using the velocity deviation log of the VDLNMR_PHIE log,
the pore type can be determined with high accuracy. The Comparison of pore type obtained from the
velocity deviation log from the NMR, especially the VDLNMR_PHIE log, shows good consistency with
thin sections data. The velocity deviation log data results obtained from the NMR log and thin section data
showed that the A1, A2, and A4 zones included intercrystalline pore types. The results of this study show
that the pore types in mixed carbonate-siliciclastic successions of the Asmari Formation can be subdivided
into eight subgroups based on the velocity deviation log. There are six types of intra-particle or intra-fossil
porosity, vuggy or cavity, micro-porosity, inter-particle, and inter-crystalline porosity related to the
carbonate parts, and two types of inter-granular and shale micro-porosity related to the siliciclastic parts.
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Fig. 2. Zones Al to Al1 of the studied well, in which the depth and thickness of each zone is known.
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Table 1- Drilling depth and type of lithology of each of the studied zones

Lithology

Dolomite Lime — Dolomitic Lime

Calcareous dolomite — dolomitic lime — shale sand — calcareous sand —
sandy lime — shale carbonate

Calcareous dolomite - dolomitic lime - shale sand - shale carbonate -
carbonate shale - sandy lime - shale-lime sand - calcareous sand shale
Sandstone - shale - calcareous dolomite - dolomitic lime - shale

Limestone - Calcareous dolomite - Dolomitic lime - Marly carbonate -
Carbonate shale - Shale sand - Calcareous sandy shale - Calcareous
sandstone - Carbonate shale

Sandstone — Shaly sandstone — Calcareous shaly sandstone — Sandy
limestone — Dolomitic lime — Calcareous dolomite

Limestone - dolomitic limestone - calcareous dolomite - calcareous

Sandstone — calcareous sandstone

Sandstone — shaly Sandstone — Calcareous Chilean Sandstone

Shaly sandstone — calcareous sandy shale — calcareous shale sandstone
Shaly sand — calcareous sand shale — calcareous shale sand

Calcareous sand - shale - calcareous shale - lime shale - calcareous shale

Zones Depth
Al 24608. 5 - 2437. 5m
A2 2437.5 - 2467m
A3 2467 - 2505m
Ad 2505 - 2539. 5m
carbonate - sandy shale
A5 2539.5-2573m
A6 2573 - 2628m
A7 2628 - 2665. 5m
sandstone - shale.
M2A 2665. 5 - 2687m
M2B 2687 - 2700m
M2C 2700 - 2724m
M2D 2724 - 2767m
Al0 2767 - 2821m
All 2821 - 2861. 3m

Calcareous shale — shaly limestone
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Table 2. The speed deviation values obtained from the speed deviation log.

ZONE VDL VDLNMR_TCMR NDLNMR_PHIE
Al 1800 m/s 190m/s 440m/s
A2 1200 m/s 225m/s 450m/s
A3 1600 m/s 33m/s 550m/s
A4 1550 m/s 60m/s 600m/s
A5 1020m/s 80m/s 200m/s
A6 600 _ 2000 m/s 430m/s 550m/s
A7 1000 _ 1600 m/s -100m/s 350m/s
M2A 900 _ 1600 m/s 400m/s 450m/s
M2B 1100 m/s 350m/s 700m/s
M2C 650 m/s 70m/s 360m/s
M2D 1000 m/s 430m/s 850m/s
Al0 1200 m/s 620m/s 1200m/s
All 1300 m/s 550m/s 1300m/s
aalllas 350 ol Jod35 glgil aulio -V Jour
Table 3. Comparison of porosity types of studied well
ZONE VDL VDLNMR_TCNR VDLNMR_PHIE Pore Type
Al Intrafossil Intergranular Intercrystalline Vuggy and
Intercrystaline
A2 Intrafossil Intergranular Intercrystalline Intergranular and
Intercrystalline
A3 Intrafossil Fine Grain Intergranular Moldic
Ad Intrafossil Fine Grain Intergranular Intercrystalline
A5 Intrafossil Intercrystalline Intercrystalline Intercrystalline
A6 Moldic Intercrystalline Intercrystalline Intercrystaline and
Vuggy
A7 Moldic Fine Grain intercrystalyne and Intercrystalline Intergranular and
Fine Grain Intergranular Intercrystalline
M2A Intrafossil Intercrystalline Intercrystalline
M2B Intercrystalline Intergranular Moldic
M2C Intercrystalline Fine Grain Intergranular Intercrystalline
M2D Moldic Intercrystalline Moldic
A10 Intrafossil Moldic Intercrystalline Intergranular and
InterCrystaline
All Intrafossil Moldic Intercrystalline Intercrystaline and

Vuggy and
Intergranular
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Fig. 3- Photomicrographs of thin sections in zone Al to A1l of the studied well. (a) It is micritic limestone. It has cavity
and inter-crystalline porosity; (b) Sandstone with fine crystal cement and inter-granular porosity. It has traces of bitumen;
(c) marl limestone with inter-granular and inter-crystalline porosity; (d) sandy and marl limestone with inter-crystalline
and vuggy pores; () muddy limestone includes inter-crystalline pore types and traces of bitumen; (f) marl limestone with
inter-crystalline pore type; (g) marl limestone with traces of bitumen; (h) Siltstone with quartz particles in medium and
fine sand sizes. It has inter-crystalline (micro-porosity) and inter-granular pore types. Zone Al to Al1, due to the presence

of inter-crystalline and inter-granular porosity have good quality in terms of reservoir quality. The length of the linear
scale in the images is 0.5 mm.
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