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Fig. 1. A: Different zones in the northeast of the Arabian plate (Alavi, 2008), B: tectonostratigraphy subsets of the Zagros
orogenic belt (structures based on previous studies such as Sherkati and Letouzey, 2004). The black rectangle shows the study
area in Lorestan region. C: Geographical location selected sections of the Asmari and Shahbazan formations in the study area:
in the central and northern part of Lorestan: surface sections of the Baba Habib (C), Sultan (D), and Posht-e-Jangal anticlines

(E), and in the Dezful Embayment: subsurface sections of the Qaleh -Nar (A) and Balaroud (B) Oilfield’s (taken from the
internal reports of the National Iranian Oil Company, unpublished).
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Fig. 2. Panoramic view of the Asmari and Shahbazan Formations in outcrop sections: (A) Sultan, (B) Baba

Habib, (D) and (C) Posht-e Jangal.
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Fig. 3. Schematic image of the Cenozoic stratigraphy in the Dezful Embayment and the tectonic effects of uplift caused

by the middle Alpine orogenic phase and regressions in the Oligocene Sea of Lorestan and transgressions Lower
Miocene Sea of Lorestan in the Zagros Basin. (With changes taken from James and Wynd, 1965)
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Table 1. Biozones and their ages in this study (Distribution of biozones in the studied sections based on Laursen biozonation)
and their comparison with the European biozones basin QR: Qaleh Nar, BH: Bala Rood, SO: Sultan, BA: Baba Habib, PJ:

Posht Jangal.
Stage No. Assemblage zone Ma Foraminiferal Assemblage Location SBZ Cahuzac
and Poignant
(1997)
Burdigalian 5 Borelis melo curdica 18.2t0 20.2 Dendritina rangi Meandropsina spp. + Spirolina OR, BH, SBZ 25
- Borelis melo melo spp. + polymorphinids + Discorbis sp. + Small SU, BA,
peneroplids + Peneroplis evolutus + miliolids+ PJ
Echinoid debris
Aquitanian 4 Elphidium sp. 14- 2021023 Elphidium sp. 14+ Peneroplis farsensis + Favreina OR SBZ 24
Peneroplis farsensis asmarica
Miogypsina spp.
Chattian 3 Archaias 23t0 282 Archaias hensoni, Archaias asmaricus + OR SBZ 23
asmaricus/hensoni- Miogypsinoides complanatus +Spiroclypeus
Miogypsinoides blanckenhorni
Rupelian - 2 Lepidocyclina - 28.2-32.3 Eulepidina dilatata +Heterostegina spp. + Rotalia OR SBZ 22
Chattian Operculina - viennoti + Haplophragmium slingeri +
Ditrupa Planorbulina spp. +
Rupelian 1 Nummulites vascus 28.2-33.4 Algae Operculina complanata + Heterostegina spp. OR, BH SBZ 21
Nummulites fichteli + Rotalia viennoti + Eulepidina dilatata +
Eulepidina elephantina + Archaias
operculiniformis + Subterranophyllum thomasi
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Table 2. Diagenetic succession of the Asmari - Shabazan Formations in the study area from marine environments to

shallow and deep burial environments.

Diagenetic Events

Diagenetic Stages

Effect on porosity

Eogenesis

Mesogenesis Telogenesis

Process Features Marine and early

diagenetic
Micritization

Biogenic Bioturbation Boring

ShallowBurial | Deep Burial = Meteoric 8 uplift | negative Posotive

Fabric selective
Dissolution
Fabric destructive

Isopachous fibrous rim
Isopachous bladed rim

Turbid Syntaxial
overgrowth

Clear Syntaxial
overgrowth

Cementation

Equant calcite
Drusy calcite (Calc spar)
Blocky calcite
Poikilotopic calcite

Neomorphism Recrystallization

Mechanical Compaction
Fitted fabric

Solutlon seams
Stylolitization

Compaction

Dolomicrite O
Dolomicrosparite
Dolosparite
Dolomite cement

Dolomitization

IlﬁmlJII

|
|

Anhydrite layers
Poikilotopic anhydrite
Vein-filling

Anhydritizatio
n

Fracture-filling

ﬂll.I ol i’lll ¥

Replacement

Pyritization
Hematization ———
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Fig. 4. A: Microscopic images of burrows,structures in soft sediments filled in micrite deposits by miliolide-bearing sediments
and lagoonal facies. B: Image of boring structure perforation of benthic foraminifer’s shell. C: Thalassinoides traces fossil are
the most important feature of the upper succession Shahbazan Formation in Babahabib and Sultan anticlines. D:
micratification of small foraminifera and skeletal fragments that could be produced by different types of microbes. E:
Dissolution and compaction along the expansion stylolites, indicate the role of stylolites as fluid channels. Insoluble materials
such as clay minerals (Shahbazan Formation) and bituminous materials (Asmari Formation) accumulated along these veins.
I: isopachous blade cement indicating the first generation of cementation.
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Fig. 5. Karstic surfaces of study area and as well as dissolution breccias in different shapes, all of them indicate regressions and exposed
surface: A, B, C: Karst dissolution in the area is the result of direct contact of atmospheric waters with the limestone and transverse
microkarn form, such that dissolution grooves are seen as linear karns in the limestone. D: Tubular fabric of a microcodium in a
shallow karst zone. E: Foraminiferal dissolutions are a common Process in the study area. In subsurface sections, due to the presence
of hydrocarbons, many of these mold dissolutions are preserved during burial diagenesis and act as mold porosity. F: In surface
sections, more than 95% of these mold dissolutions have been filled with Druze cements by burial diagenesis processes.
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Fig. 6. A: Very small and same size crystals, mostly amorphous and semi-amorphous crystals of dolomite, B: Coarse-crystalline

dolomites or dolostones with planar-euhedral rhombohedrons, C: Bridging shales such as paleogrosite and illite, which reduce
porosity. D: Pore-filling shales, which in addition to reducing porosity, reduce permeability, note the foliation in the image.
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Table 2. Paragenetic succession of carbonate cement types in the studied area

Diagenetic Events

Diagenetic Stages

Effect on porosity

Process

Biogenic

Features

Micritization
Bioturbation Boring

Eogenesis M

Tel

Marine and early

diagenetic Shallow Burial

Deep Burial

Meteoric & uplift

negative | Posotive

Dissolution

Fabric selective
Fabric destructive

Cementation

Isopachous fibrous rim
Isopachous bladed rim

Turbid Syntaxial
overgrowth

Clear Syntaxial
overgrowth

Equant calcite

Drusy calcite (Calc spar)

Blocky calcite
Poikilotopic calcite

Neomor phism

Recrystallization

Compaction

Dolomitization

Mechanical Compaction

Fitted fabric

Solution seams
stylolitization

Dolomicrite
Dolomicrosparite
Dolosparite
Dol omite cement

Anhydritizatio
n

Anhydrite layers

Poikilotopic anhydrite

Vein-filling
Fracture-filling

Replacement

Pyritization
Hematization
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Table 3. Types paragenetic succession of anhydrite textures in the studied erea
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Table 4. Summarizes the types of anhydrite textures and their effects on reservoir quality in the studied reservoir. As
is clear, pervasive anhydrite cement having the greatest effect on reservoir quality and has been mainly effective on the

dominant grain microfacies.
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pervasive Anhydrite Cement
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Fig. 7. A: anhydrite cement along stylolite veins, indicating the role of stylolite as a fluid conduit. B: Felted fabrics of layered
anhydrite with parallel to semi-parallel orientation, C: Cement filling the intergranular porosity. The open space between the
ooids indicates a lack of significant deep burial and a decrease in reservoir quality. D-H: Dominant anhydrite cements that are
well observed in core samples.
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Fig. 8. A: Retentive-Fabric dolomitization with 100 % Mimically Replacement B: Destructive dolomitization Fabric C:
Fabric-selective dolomitization. D: dolomitization Pervasive with extensive dolomitization destroying the fabric and
initial texture of the rock.
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Table 5. Paragenetic sequence of the studied dolomites
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Abstract

This study aimed to investigate diagenetic processes and effects tectonic variations during time and its
role in reservoir quality in the Asmari-Shahbazan formations. In this research examined two subsurface
sections in the Dezful Embayment and three outcrops in the Lorestan area to examine the of tectonic
activity and on reservoir quality. Base on biostratigraphy study, in Lorestan, the Asmari carbonate
Formation belongs to the Early Miocene, but in the northeast of the Dezful Embayment, it belongs to
the Oligocene to Early Miocene. The Shahbazan Formation is primarily composed of carbonate strata
and ranges from the Middle to Late Eocene. According to research, from the Dezful Embayment to
Lorestan, the base of the Asmari Formation becomes younger. With dolomitization being the most
common activity in the Shahbazan Formation, this study also discovered that diagenetic processes
significantly affect reservoir quality over time. Diagenetic processes have overprinted on reservoir
quality by either enhancing or reducing their properties. Cementation, micritization, compaction, and
dissolution are the primary processes. Eogenesis, mesogenesis, and telogenesis are the three settings in
which these activities occur. Cementation and compaction are the main elements that reduce reservoir
quality, whereas dissolution and dolomitization are the most significant activities that improve it.
Because of tectonic uplift (collision Arabian plate) and marine retreat (Tethys closed), the Shahbazan
Formation has undergone two stages of development, from eogenesis to telogenesis: 1. The first stage,
which was characterized by regression, elevation, and dissolution, involved retrogressive deposition
during the Pyrenean orogenic period. 2. Progradation and deposition of the Asmari layer, burial
diagenesis, and collision and uplift comprised the second stage.

Keywords: Diagenesis, Tectonics, Reservoir quality, Asmari, Shahbazan, Arabian Plate, Tethys

Introduction
The Zagros depositional basin has a strong
economic and hydrocarbon potential due to the

(Amiri-Bakhtiar and Nouraee-Nejad, 2013).
To understand this, we compared the
stratigraphic ~ framework, burial history,

variety of rock types and obvious lateral
variations over short distances, along with
different ages of petroleum systems. Tectonic
processes, such as sea level variation and
climate changes, have been important factors
affecting the style and qualities of sedimentary
rocks (Cousino et al., 2015; Mazhar et al.,
2021; Catuneanu, 2022; Bachari et al., 2024;
Heidari et al., 2024). The carbonate strata is
important because it is shaped by the uplift
from the Middle Alpine orogenic phase in the
Lurestan region and the Balarod flexure fault,
about one kilometer in the Qaleh-e Nar field

porosity features, and diagenetic history of
surface outcrops with the subsurface sequence.
We used nearby outcrops to determine the
reservoir. For this study, three surface sections
in the Lorestan basin and two wells in the
Dezful Embayment basin for study.

Regional Geology

According to the Sherkati classification
(Sherkati, 2003), we studied two main sections
in the Lurestan basin: the Sultan and
Babahabib in central Lurestan, which are 5 km
apart, and the Poshte-Jangal outcrops section in
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northern Lurestan. Also, two subsurface
(wells) sections in the Qale-e-Nar and
Balaroud oilfields, located 3 km apart. In these
fields significant lateral variations identified.

Methodology

In this study available well cores from two
selected wells in the Qaleh-e-Nar and Balaroud
fields and three surface sections from the
Sultan, Posht-e-Jangal, and Bala Habib
anticlines have been studied. In this article for
identifications calcite from dolomite, the
Alizarin Red method of Dixon (1966) and type
of dolomites, was used from dolomite
classification of the Sibley and Gregg method
(1987). Also, for supplementary studies,
including crystal structures in dolomites and of
clay minerals, were used electron microscope
(SEM), and for identification, microcodium
surfaces, karst surfaces, and diagenetic
processes have been used new references.

Discussion

In this study, we identified two biozones in the
Shahbazan Formation. The index fossils
indicate that the Shahbazan Formation belongs
to the Middle Eocene (Lutetian) to the Late
Eocene (Priabonian). The Asmari Formation
has different ages depending on the location. In
the Dezful Embayment, it dates to the Oligo-
Miocene. In Central Lurestan, it is from the
Aquitaine-Burdigalian age, and in Northern
Lurestan, the section in the Poshte Jangal dates
to the Burdigalian age. In this area, the Asmari
Formation gets younger as move from the
southwest to the northeast. The Middle Alpine
Orogenic phase occurred during the Eocene-
Oligocene, about 37-40 million years ago. This
phase resulted to uplift and emerged in many
parts of the world (Amiri-Bakhtiar and
Nouraee-Nejad, 1402). This event happened on
the carbonate platform margin of the Pabdeh
Basin, particularly in northeastern Lurestan,
during the Oligocene. In the Zagros region, this
geological phase caused the sea level to rise
and fall on the platform. The rising sea level
exposed the Shahbazan Formation and caused
freshwater  variation in it (Maghfouri
Moghadam et al., 1404). The diagenesis
process are divided into three stages:
eogenetic, mesogenetic, and telogenetic. In the
eogenetic stage, the main processes include
dolomitization, micritization, bioturbation,
deposition of equant cement, non-fabric-
selected dissolution, and physical compaction.

These processes occurred in both marine and
meteoric realm. he formation of dolomicrites
and certain marine cements begin in a marine
environment. The first type of dolomite forms
as the initial stage of diagenesis, especially in
the Shahbazan Formation. This process began
during the late Chattian and early Aquitaine
periods during evaporite conditions, which
supplied magnesium ions, expanded in the
study area. This type of dolomite is studied in
the evaporite section of Kalhor and the basal
anhydrite in the Kaboud oil field, as well as in
the Burdigalian, due to the closure of the
Asmari Sea and the spread of dolomicrite
conditions. After the Shahbazan Formation
was deposited, uplift, regression, and meteoric
diagenesis took place. This led to the
Shahbazan Formation moving directly from
the eogenetic stage to the early telogenesis
stage. This stage represents a link between the
early and final stages of diagenesis. After the
initial telogenesis stage and the transgression,
the Shahbazan deposits passed through the
marine diagenesis stage. It then moved into a
transitional environment before entering the
burial diagenesis environment and the
mesogenesis  stage. After the Asmari
deposition and the carbonate strata of the two
formations were  deposited, physical
compaction began. This process makes close
packing of the available grains during the early
stages of burial. Two important types of
cement that form during shallow burial are
equant mosaic and blocky cements. In fossil-
filled chambers and dissolution cavities,
various cements developed, including drusy
cement, which formed during the burial phase.
The presence of different diagenetic fluids,
influenced by marine waters during burial, led
to changes in the mineral structure of most
samples from the Asmari Formation. When the
Zagros Mountains collided and the sequence
built up, a phase of the late diagenesis occurred
in the study strata before the carbonate
sequences of the Asmari and Shahbazan
formations crop outed. In the Zagros
sedimentary basin, as these sequences uplifted,
they experienced some changes, such as the
formation of fractures. Several of these
fractures later filled with various cements.
When fractures in carbonate rock extend to the
surface, they greatly affect the amount of
useful porosity. However, the cements that fill
these fractures can destruct the reservoir
quality. Two types of these cements are equant
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mosaic and blocky cements. They were
deposited after the fractures expanded, during
folding, or after uplift. In the last stage of
diagenesis, erosion and tectonic uplift expose
these rock successions to surface weathering.
This is the final stage of the diagenetic
processes affect limestones. Other changes that
occur in this stage include the formation of
intercrystalline porosity, hematitization, and
the deformation of stylolites and cements by
calcite veins that signals the uplift stage.

Result

Studies of rock strata show that the two
formations undergo several changes after they
form. These variations include micritization,
dolomitization,  cementation,  dissolution,
stylolitization, and both physical and chemical
compaction. Anhydrite cement often appears
after dolomitization. Micritization —mostly
occurs in lagoon areas, which suggests low-
energy environments. In the Asmari and
Shahbazan formations, researchers found
various types of anhydrite textures. These
include  widespread and fracture-filling
anhydrite, layered and poikilotopic forms, as
well as nodular, scattered, and lath-shaped
anhydrite crystals. Anhydrite cement also fills
fractures, and thin vein-like forms are present.
The overall quality of the Asmari carbonate
reservoir depends on three important factors:
the original texture of the sediment, the
availability of diagenetic fluids, and the
processes that follow, such as dissolution and
fracturing of the expanding anhydrite cement.
When these carbonate layers were formed, they
were in an unstable tectonic state and often
experienced significant changes in seawater
and weathering. The sediments underwent
diagenetic processes during three stages:
eogensis, mesogenesis, and telogenesis, in
three environments: marine, meteoric, and
burial. These diagenetic processes influenced

five main stages of the carbonate deposits: In
the first stage, a thin layer of micrite formed,
and  grains changed into micrite.
Dolomitization also occurred in a marine
setting. As sediments were buried deeper, they
compacted and dissolve, which led to the
formation of early stylolites. In the second
stage, the deposits of the Asmari Formation
were affected by groundwater and surface
water. This process resulted in the formation of
mosaic cements including similar sizes, along
with further dissolution and neomorphism. The
third stage is linked to tectonic activities that
changed the sea level. As sea level fluctuation,
the Shahbazan Formation cropped out. This
exposure allowed meteoric water to seep in,
which dissolved minerals and formation of
secondary porosity. During this stage,
transgression, leading to the deposition of the
Asmari Formation. Burial dolomitization and
intercrystalline porosity are the main processes
that affect the strata after it has been buried. In
this fourth stage, fluids from the surrounding
area likely interacted with the sediments at
great depths. These brines moved upward and
formed type III dolomites in the cavities and
fractures of the rocks. Other changes in this
stage included the deposition of evaporative
cement and both physical and chemical
compaction. Cements that show characteristics
properties  shattered micritic  envelopes,
fractured allochems and concave and convex
contacts belong to this burial diagenetic
environment. The fifth stage involves tectonic
activities that uplift carbonate deposits. This
uplift creates solution seams and fractures,
which fill with calcite spar, anhydrite, and
sometimes dolomite crystals. As the Asmari
limestones uplift, they become exposed to
meteoric waters. This exposure leads to
dissolution and development of the secondary
porosity.



