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Fig. 1. Geographical Location, Access Routes, and Geology of the Studied Section
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Fig. 2. Structural zone of the Folded Zagros Basin, showing the location of Qawar Anticline and the studied section.
The Qawar Anticline is marked in green, and the studied section is indicated by a star symbol in the figure.
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Fig. 3. View of the Asmari Formation in the studied section, showing its lithostratigraphic units
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Fig. 5. a) Intragranular dolomitic cement (Sample No. 40). b) Coarse-crystalline dolomitic cement within fractures

(Sample No. 51). ¢ & d) Ferroan dolomitic cement, representing a type of burial diagenetic cement. The thin sections
are stained with Alizarin Red S and potassium ferricyanide (Sample No. 53).
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Fig. 6. a) Development of grain-derived fabric due to physical compaction (Sample No. 19). b) Fracturing and displacement of

allochem rims caused by physical compaction (Sample No. 20). ¢) Formation of stylolites resulting from chemical compaction
(Sample No. 12). d) Dissolution seams induced by chemical compaction (Sample No. 33).
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Fig. 7. Fabric-independent porosity types a: fracture-related porosity (Sample No. 75). b: stylolite-related

porosity(Sample No. 76). c: Channel porosity(Sample No. 93). Fabric-dependent porosity types d: intragranular vuggy
porosity (Sample No. 95). e: moldic porosity (Sample No. 98). f: intercrystalline porosity in coarse-crystalline dolomite

(Sample No. 99).
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Fig. 9. a) Fine-crystalline dolomite with dense texture (Sample No. 16). b, f, g) Scanning electron microscope (SEM) image of
fine-crystalline dolomite (Sample No. 16, 22, 41). ¢) Algal laminations in dolomitic mudstone microfacies (Sample No. 15). d)
Dolomicrosparite (Sample No. 27). e) SEM image of dolomicrosparites (Sample No. 27).
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Table 1. Results of dolomite sample analyses from the Asmari Formation in the studied section
Ca Mg Fe Mn Sr Na
@ | @ | opm) | @pm) | opm) | @pmy | O | €F)
Gav-01 19.20 9.80 450.00 250.00 90.00 210.00 25.80 45.10
Gav-02 | 23.20 10.20 | 315.00 190.00 210.00 390.00 42.00 24.40
Gav-03 18.80 9.40 960.00 795.00 40.00 380.00 27.30 44.20
Dolosparite Gav-04 | 22.80 8.90 740.00 900.00 260.00 115.00 44.10 23.90
Max 23.20 10.20 | 960.00 900.00 260.00 390.00 44.10 45.10
Min 18.80 8.90 315.00 190.00 40.00 115.00 25.80 23.90
Average | 21.00 9.58 616.25 533.75 150.00 273.75 34.80 34.40
Gav-05 | 22.50 9.20 210.00 110.00 200.00 195.00 44.50 23.70
Gav-06 | 2440 | 10.00 | 290.00 390.00 150.00 310.00 21.90 43.50
Gav-07 | 2340 | 10.10 | 215.00 320.00 200.00 95.00 25.60 40.80
Dolomicrosparite | Gav-08 | 21.30 9.60 185.00 185.00 350.00 305.00 45.20 23.70
Max 24.40 10.10 | 290.00 390.00 350.00 310.00 45.20 43.50
Min 21.30 9.20 185.00 110.00 150.00 95.00 21.90 23.70
Average | 22.90 9.73 225.00 251.25 225.00 226.25 34.30 32.93

Samples No.

Max
Min
Average | 21.05 10.75 201.25 150.00 450.00 227.50 33.70 34.38

0.50 - °®

R*=0.5695
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Fig. 10. The overall trend of Mg/Ca versus Mg ratio variations in the dolomite samples from the studied section
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Fig. 11. Variation trend of Mg versus Ca values in dolomites from the studied section.
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Fig. 12. Plot of Sr versus Mg values in different dolomite types from the studied section
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Fig. 13. Sr versus Mg plot in dolomites from the studied section
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Fig. 16. Na vs. Mg variations in different dolomite types from the studied section
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Fig. 17. Paragenetic sequence of the Asmari Formation in the studied section. White areas indicate high abundance,

while dashed patterns represent lower abundance.
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Abstract

This study utilized textural and elemental geochemical analyses to investigate diagenetic processes,
paragenetic sequences, and the dolomitization model of the Asmari Formation deposits. The studied
section, with a thickness of 106 meters, consists of carbonate-dolomitic units, from which 106 thin
sections were prepared for petrographic analysis. Twelve dolomite samples were analyzed for elemental
composition using EDX to determine the dolomitization model of the formation. Petrographic studies
identified several diagenetic processes including micritization, neomorphism, cementation, compaction,
dissolution, and replacement, ultimately establishing the diagenetic model and paragenetic sequences.
Based on petrological evidence, the paragenetic sequence of the Asmari Formation deposits in the
Qawar Anticline section was interpreted in four environments: marine, burial, uplift, and freshwater.
These processes occurred during three diagenetic stages: early (eogenesis), middle (mesogenesis), and
late (telogenesis). The most significant diagenetic process in the studied section was dolomitization,
which has converted a major portion of the Asmari Formation's carbonate sequences into dolomite. Two
groups of dolomites were identified based on textural and elemental geochemical studies: primary
dolomites (with low Fe and Mn concentrations and high Mg and Sr concentrations) and secondary
dolomites (with high Fe and Mn concentrations and low Mg and Sr concentrations). The primary
dolomites are of sedimentary origin and related to the tidal zone, while the secondary dolomites are of
diagenetic origin and associated with shallow-to-intermediate burial diagenetic environments.

Keywords: Asamari Formation, Diagenetic, Zagros, Lorestan, Qawar Anticline

Introduction
The Asmari Formation was first studied in the
Tang-e Ghol Torsh section of Kuh-e Asmari.

such as sequence stratigraphy and facies
analysis can be used to correlate reservoir
characteristics of a formation at local and

The age of this formation has been determined
as Oligocene (Rupelian) to Early Miocene
(Burdigalian) based on extensive studies. In the
type section, the Asmari Formation is 314
meters thick and consists of resistant, cream to
brown colored, massive limestones with minor
shale interbeds, characterized by abundant
jointing.  Various researchers including
Ehrenberg et al. using various petrographic and
geochemical methods, there is now a relatively
complete understanding of the transformation
of carbonate sediments into carbonate rocks,
which can occur in three diagenetic realms
(marine, meteoric, and burial) identifiable
throughout geological history. The study of
diagenetic processes along with other studies

regional scales. The studied section is located
south of Kuhdasht city in the area of Grab
township within the Qawar Anticline at
geographic coordinates 47°12'51" E and
33°24'50" N. The study area is located in the
Simply Folded Zagros zone of the Lorestan
region based on the structural zonation map of
the Zagros Basin. The Asmari Formation in the
studied section is 106 meters thick, with its
lower boundary conformably overlying the
Shahbazan Formation and its upper boundary
covered by the evaporites of the Gachsaran
Formation in a paraconformable manner. The
lithology of this formation in the studied
section consists of carbonate rocks and thin to
thickly bedded dolomites.
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Methodology

To understand the diagenetic processes and
dolomitization model of the Asmari Formation
in the Qawar Anticline section, 90 petrographic
thin sections were prepared at Ferdowsi
University of Mashhad. Petrographic studies
were conducted using an Olympus BH2
polarizing microscope. Thin sections were
stained with Alizarin Red S (ARS) solution to
distinguish calcite from dolomite minerals and
with potassium ferricyanide to identify ferroan
dolomites. For diagenetic environment
characterization, 12 dolomite samples were
analyzed by Energy Dispersive X-ray
Spectroscopy (EDS) at the Central Laboratory
No. 1 of Lorestan University, supplemented by
Scanning  Electron Microscopy (SEM)
imaging. Carbonate rocks were classified
following Dunham’s (1962) classification
system. Geochemical diagrams were plotted
using Excel and SigmaPlot software. Dolomite
textures were classified based on Mazzullo’s
(1992) and Sibley & Gregg’s (1987) schemes.

Discussion

Diagenetic Model of the Asmari Formation

in the Studied Section

Determining the sequence of diagenetic events

plays an important role in understanding their

intensity at different times and in various
diagenetic environments. Diagenetic processes
typically occur in marine, meteoric, and burial
environments, each imposing specific changes
on carbonate rocks. Some diagenetic processes
such as micritization are related to early
diagenesis in marine environments, which
have been identified in the studied section,
confirming the early diagenetic stage. Physical
compaction immediately after deposition has
caused grains to pack closer together, creating

a fitted fabric.In the meteoric diagenetic

environment, three zones are observed:

1. Dissolution zone: Dissolution has formed
vuggy, channel, and moldic porosity, with
incremental neomorphism also observed.

2. Active meteoric phreatic zone: Sparry
calcite cements have filled the remaining
intergranular spaces.

3. Stagnant  meteoric  phreatic  zone:
Incremental neomorphism has occurred in
micrites and dolomicrites, leading to the
formation of dolomicrospar and dolospar in
dolomicrites, as well as intercrystalline
porosity.

In this stage (freshwater diagenesis),
incremental neomorphism is observed as the
transformation of very fine micrite crystals into
microspar and sparite. Some second-
generation cements such as equant mosaic
cements may form during this stage. In the
burial diagenetic environment, physical
compaction has reached its maximum,
resulting in cracking, fracturing, and
deformation  of  allochems.  Chemical
compaction and the formation of dissolution
seams and stylolites have occurred. The
formation of blocky cements and ferroan
dolomite cements in intergranular spaces and
fractures is attributed to the burial diagenetic
environment. With increasing depth in the
burial zone, oxygen levels decrease and the
Asmari Formation approaches reducing
conditions. Under these reducing conditions,
redox-sensitive elements such as iron become
mobile and tend to incorporate into calcite and
dolomite lattices. In this stage, coarse-
crystalline ferroan dolomites indicate a deep
burial, reducing diagenetic environment. In the
final diagenetic stage (telogenetic stage),
orogenic phases have acted, causing the
Asmari Formation to be uplifted from depth,
accompanied by fracturing in the formation.
The joints and fractures formed in this stage,
which have been identified in the studied thin
sections, are filled with blocky and equant
cements and iron oxides. Based on
petrographic evidence, the diagenetic sequence
has been determined across four diagenetic
environments (marine, burial, uplift, and
meteoric) in the carbonate rocks of the Asmari
Formation.

Dolomitization Model of the Asmari
Formation in the Studied Section

Two main types of dolomite were identified in
the Asmari Formation: primary dolomites
(dolomicrites) and secondary dolomites
(dolomicrosparites, dolosparites, and very
coarse-crystalline dolomites filling voids and
fractures). The primary dolomites
(dolomicrites) are characterized by their very
fine crystal size, preservation of primary
sedimentary textures (such as intraclasts, algal
laminations, and fenestral fabric), absence of
fossils and evaporite minerals, and lack of
evidence for late diagenetic processes. These
features suggest that the type 1 dolomites
(dolomicrites) formed  under  surface
conditions, at low temperatures, in an intertidal
environment. The type 2 and type 3 dolomites
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formed through  recrystallization or
replacement of very fine crystalline dolomites.
Dolomicrosparites and dolosparites are
commonly associated with stylolites. The low
strontium content and relatively higher iron
content in coarser dolomite crystals likely
indicate crystal size increase and dolomite
recrystallization during burial. During burial
diagenesis, recrystallization of dolomite
crystals is observed, along with dissolution of
allochems and their replacement by calcite and
dolomite. In some samples, fracture spaces and
voids are filled by sparry calcite and
dolosparites, with crystal sizes of several tens
of microns, resulting from burial diagenesis.
Geochemical  analysis and  potassium
ferricyanide staining revealed the presence of
iron in these dolomites. These dolomites
appear to represent the last generation of
dolomites formed in the Asmari Formation
samples, filling fracture-related porosity. Type
1 dolomites (dolomicrites) are considered to be
nearly syn-sedimentary dolomites. Type 2
dolomites (dolomicrosparites) and type 3
dolomites (dolosparites) formed through
recrystallization of earlier dolomites. For
primary or syn-sedimentary dolomitization,
seawater appears to have been the only
magnesium source. The magnesium required
for type 2 and type 3 dolomites could have
been supplied from various sources, including
trapped seawater, pore waters, and clay mineral
diagenesis during burial. Finally, based on
petrographic and geochemical evidence, the
dolomites of the Asmari Formation can be
interpreted through a model involving tidal flat
dolomitization, seepage reflux, and subsequent
shallow to moderate burial.

Conclusion

Petrographic studies of the studied section
identified multiple diagenetic processes
including micritization, neomorphism (both
incremental and degradational), cementation
(equant calcite, blocky calcite and dolomitic
cements), compaction (physical and chemical),
dissolution (fabric-selective and non-fabric-
selective), and replacement (dolomitization,
pyritization and silicification). Among these,
dolomitization was the most important
diagenetic process, occurring both syn-
sedimentarily and post-depositionally. Primary
dolomites show low Fe and high Sr and Na
contents, while secondary dolomites have high
Fe and lower Sr compared to primary
dolomites, indicating a shallow to intermediate
burial diagenetic environment for the
secondary dolomites. Based on petrographic
evidence, the paragenetic sequence of Asmari
Formation deposits in this section was
interpreted in four environments: marine,
burial, uplift and freshwater.  The
dolomitization model for the formation in this
section is a tidal-flat/seepage-reflux model
followed by shallow to moderate burial. The
primary dolomites appear to have formed in
intertidal settings with seawater as the
magnesium source, while the secondary
dolomites resulted from recrystallization
during burial with iron enrichment indicating
reducing conditions. Fracture-filling
dolosparites  enhanced porosity  during
telogenetic stages. These findings provide
important insights into the diagenetic evolution
and reservoir quality of the Asmari Formation
carbonates.



