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Introduction

Accurate characterization of carbonate reservoirs for
production and better management of hydrocarbon
resources in these rocks is the cornerstone for
studying these reservoirs. Pore systems and related
heterogeneities are pivotal in fluid flow, porosity-
permeability values, water saturation, relative
permeability, and capillary pressure in carbonate
reservoirs. Generally, the pore types and their
distribution influence storage volume and flow
capacity, which control the reservoir quality [1].
Integrating log and core data to achieve information
about hydraulic characteristics, including permeability,
porosity, and capillary pressure, is requisite for accurate
reservoir characterization. The hydraulic flow unit,
or simply flow unit, is a well-established concept for
reservoir characterization and permeability prediction
studies. The most important and advanced techniques
for rock typing rely on core analysis data, including
Windland R35 [2], the reservoir quality index (RQI)
method [3], and the flow zone indicator (FZI) method.
The Nargesi oil field is located southeast of the
Dezful Embayment. The reservoir layers in this field
include the Asmari-Jahrum formations. Unfortunately,
reservoir characterization in the Nargesi field has not
been performed previously.

This paper aims to identify sedimentary facies and

Accepted: May/13/2024

diagenetic processes influences on the Asmari-
Jahrum reservoir from the Nargesi field to reconstruct
sedimentation history and subsequent phenomena in
this field. To achieve these goals, a comprehensive study
of reservoir characteristics, the occurred microfacies
and related sub-environments, diagenetic processes,
sedimentary sequences in the Asmari-Jahrum
reservoir, and their effects on porosity-permeability
relation by the study of cores, petrophysical logs, and
petrographically studies will be performed.

Materials and Methods

This paper studied the geological and petrophysical
data of 412 m of the Asmari-Jahrum reservoir from
well No. 6 in the Nargesi field, including thin sections,
cores, and petrophysical logs. The interpretation was
performed based on 267 data points of porosity and
permeability from RCAL, the petrographically results
of 209 thin sections from 188.5 m core, and 5 routine
logs including SGR, CGR, DT, NPHI, and RHOB.
Firstly, the microfacies, depositional environment
model, major diagenetic processes, and history of
diagenesis were studied. Subsequently, the rock
typing of the Asmari-Jahrum reservoir was performed
using the FZI, Winland, and Lucia methods. Finally,
reservoir zones were determined according to variation
of RQI, effective porosity log, permeability, rock type
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characteristics, microfacies studies, and diagenetic
processes. Also, the control of main sequence
stratigraphy parameters (SB and MFS) on reservoir
zone quality and their boundaries was investigated.

Result and Discussion

Analysis of Microfacies and Depositional Environment
The study of facies is one of the main tools in
classifying and interpreting carbonate rocks. In
this study, Dunham [4] and Embry and Klovan [5]
classifications were used for naming the microfacies,
and standard microfacies by Flugel [6] were used to
describe microfacies and determine the sedimentary
environment. The petrographic studies suggest 14
carbonate microfacies, which have occurred in 4
facies groups: intertidal, lagoon, inner ramp-shoal, and
middle ramp. In most identified carbonate microfacies,
the silt size of quartz grains was observed. According
to identified microfacies, the lack of barrier reefs and
reefs, the presence of microfacies of the intertidal zone,
and the absence of turbidite facies indicate the Asmari-
Jahrum formations were deposited in a homoclinal
ramp platform, including the inner, middle and outer
ramp with four sub-environments of the intertidal
zone, lagoon (Asmari Formation), shoal and middle
ramp (Jahrum Formation). The deepest facies (MF-13)
are related to the middle ramp and are only observed in
the Jahrum Formation. The facies related to the deeper
parts of the basin and the outer ramp are not observed.

The Main Diagenesis Processes and Paragenesis
Sequence

Different diagenesis processes have diverse impacts on
petrophysical characteristics (e.g., total and effective
porosity, and permeability). The most important
diagenesis processes affecting reservoir quality in the
studied field include dissolution, dolomitization, and
fracturing processes, which increase reservoir quality
parameters, and cementation and anhydritization
processes, which decrease reservoir quality parameters.

Determination of Rock Types

Carbonate reservoirs are inherently heterogeneous.
Reservoir characteristics in carbonate sequences
change vertically and laterally due to deposition in
different sedimentary environments and the evolution
of the sedimentary basin during time [7]. Moreover,
a heterogeneous reservoir can be classified into units
with less heterogeneities using methods, namely rock
typing [8]. In the literature, several methods have been
suggested for rock typing. In this paper, the flow zone
index (FZI), the Winland and the Lucia methods were
used. In the FZI method, a cumulative abundance
diagram was used and the Asmari-Jahrum formations
were classified into 6 hydraulic units. In addition,
according to Winland’s method, 7 rock types were
identified, and according to Lucia’s classification,

5 rock types were determined in the Asmari-Jahrum
formations.

Reservoir Zones in the Framework of Sequence
Stratigraphy

The sedimentological studies, diagenesis, and
conventional logs were used to identify sedimentary
sequences in the Asmari-Jahrum formations. In the
intervals without core samples, only the data of logs was
used. Six 3-rd order of T-R sequences were recognized
in the studied formations. The correlation between the
identified zones and carbonate microfacies indicates
the zones are compatible within the framework of
sequence stratigraphy. In the studied sequences, the
best reservoir characteristics are observed in zone 7 in
the SQ-2 sequence from the Jahrum Formation. This
zone is equivalent to Lucia class 3 and 4, rock types 1
and 6 in the FZI method, and Winland units of 1, 2, and
3. All these rock types include mudstone, wackestone,
and packstone microfacies dominating the lagoon and
middle ramp environments. Moreover, dissolution
in the form of vuggy porosity, microfracture, and
intercrystalline porosity from dolomitization is the
most important parameter for improving the quality of
this reservoir zone. In the Asmari Formation, zones 2
and 1 in the SQ-6 sequence from the upper part of the
formation show the best reservoir quality. These zones
are equivalent to Lucia class 1, 2, and 5, rock types 3
to 6 in FZI, and units 3 to 7 in the Winland method.
In the Asmari Formation, dolomitization, dissolution,
and fracturing are the most important diagenesis
processes that affect the improvement of the quality
of the reservoir zones in the upper part of the Asmari
Formation. In the middle part of the Asmari Formation
in Zone 4, most of the rock types with moderate to
very good reservoir quality are distributed from all
three methods. The average value of porosity and
permeability of the core in the Jahrum Formation is
7.9% and 0.8 mD and in Asmari Formation is 3.8%
and 4.7 mD, respectively.

Conclusions

The Asmari-Jahrum formations in the NI-6 well from
the Nargesi field are composed of 14 microfacies
that were deposited in a sedimentary environment
of homoclinal carbonate ramp type. The Asmari
Formation is mainly composed of intertidal and
lagoonal facies, and the Jahrum Formation is mainly
composed of shoal and middle ramp facies. The most
important diagenesis processes in these formations
include dissolution, dolomitization, and fracturing,
which are increasing factors in reservoir quality,
and cementation and anhydritization processes have
acted as decreasing reservoir quality parameters.
Six sedimentary sequences of the third order were
identified in the sequence stratigraphic studies using
the T-R method. The rock types were determined by



Winland, Lucia, and FZI methods. Combining these
three methods showed that they have an acceptable
correlation with each other, which led to the
identification of 8 reservoirs, speed, and baffle zones
throughout the studied intervals.
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