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Fig. 2. a: The location of the structural zones of the Zagros sedimentary basin (Fakhari, 1985). The studied area is
located in the folded Zagros zone. (Fakhari, 1985). b: A part of the geological map 1/250000 of Khorramabad city
along with the location of the studied area and the expansion of the formations of the studied area (adapted from

Fakhari, 1985 with some changes).
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Fig. 6. a and b: The creation of a micrite envelope around the allochem, which has been preserved after the
dissolution of their initial shape (red arrows). Picture a. A micrite coating has been created around the ooids grains
(red arrows). In some cases, the intensity of micriteization was so great that it covered the whole grain and destroyed
the initial shape of the grain to some extent (yellow arrows). Image b is the desired part of a foraminifera. c:

Increasing neomorphism in a bioclast (the increase in the size of the crystals is in the direction of the yellow arrows).
d: Creating a micrite coating around the grains of ooids, which is a type of reduction neomorphism (yellow arrows).
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4 Epitaxial cement
5 Poikilotopic cement
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3 Syntaxial cement
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8 Blocky calcite cement
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® Drusy cement
7 Equant calcite cement
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Fig. 7. a and b: Isopachous rim cement around the ooids grains and shell fragments (yellow arrows), this cement is the first
generation of marine cements, followed by other cements. Cements of the next generation are formed (red arrows). c: Syntaxial
cement with optical continuity (red arrow) around a piece of echinoderm (yellow arrow). d: Epitaxial cement without optical
continuity (red arrow) around the transverse section of a piece of echinoderm (yellow arrow). This cement is the first generation of
marine cements, followed by other cements of the next generation (blue arrow). e: Poikilotopic cement, which is surrounded by the
allochem fragments with a yellow dashed line (the allochem include bioclast fragments and small intraclasts, which are shown in the
image with red arrows).f: Drusy cement inside a piece of allochem. The increase in the size of the crystals is from the edge towards
the center of the piece (in the direction of the red arrow). g: Intergranular microcrystalline calcite mosaic cement (red arrows) and
intragranular (yellow arrow) microcrystalline calcite mosaic cement. h: Equant calcite cement inside the fracture, which appeared
pink after staining with alizarin red and potassium ferrocyanide (meteoric diagenesis stage) (image prepared with high
magnification). i: Blocky cement within the fracture, which appeared pink after staining with alizarin red and potassium

ferrocyanide (meteoric diagenesis stage). It should be noted that the crystals of this cement are coarser than the equant calcite
cement and the polygon borders (dark colored lines) in these cements.
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5 Chemical Compaction
® Dissolution
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! Grumolus fabric

2 Compaction

3 Physical Compaction
4 Fitted fabric
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Fig.8. a: Grumolus fabric in a bioclast grainstone (yellow arrow). b: Creation fitted fabric due to physical compaction in the
facies of bioclastite packstone (red arrows show the longitudinal contact of grains). c: Fractures created in different
directions due to physical compaction. d: Fractures created in the shell of foraminifera (red arrows). e: Crushing of one fossil
piece between two other pieces (red arrow). f: creation of sutured fabric and formation of stylolite at the grain boundary due
to chemical compaction in bioclast packstone facies (red arrows). g: Formation of dissolution veins in bioclast wackestone

facies. h: Formation of stylolite caused by chemical compaction in dolomudstone facies (yellow arrow). i: Formation of
stylomottled caused by chemical compaction in dolomudstone facies (yellow arrow).
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Fig. 9. a: Ooids grainstone facies with intragranular porosity (red arrows), channel porosity (yellow arrows) and
intergranular porosity (blue arrow). The intra-granular pore porosity has followed the grain fabric, but the channel
porosity has crossed the grain boundary and included other grains (no dependence on the grain fabric). b: Porosity
related to grain fabric in fine and coarse grains. c: intergranular pore porosity. d: bird's eye porosity (fenestral). e:
Porosity resulting from fracture. f: Porosity resulting from stylolite.
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Fig. 10. a: Mudstone to wackestone facies with framboidal pyrite related to early diagenesis. b: Formation of framboidal
pyrite inside the cells of an oyster. c: Creation of silicification process in the foraminifera shell (red arrows) and in the rock
matrix (yellow arrow). The blue arrows show the microcrystalline dolomites that are formed as a replacement in the oyster
shell. d: hematitization process on intraclast fragments related to telogenic diagenesis.
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Fig. 11. a: The formation of dolomite crystal inside the allochem (the allochem in question is an ooid grain). b:

Dolomitic cement formed among the rock constituents. c: Coarse crystal dolomites formed inside fractures. These

crystals have replaced the calcite in the fractures and are attributed to the passage of magnesium-rich phases in the

environment. d: Coarse crystal dolomites in dolosparite facies. e: Medium crystalline dolomites. f: Fine crystal
dolomites. g: Iron-bearing coarse crystal dolomite, which is shown in turquoise blue color after staining with alizarin
red and potassium ferrocyanide. g: Iron-bearing dolomite cement is turquoise blue (the thin section is colored with

alizarin red and potassium ferrocyanide). The turquoise blue color of this cement indicates the presence of iron in its
composition.
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Fig. 12. The paragenetic sequence of Shahbazan Formation in the study section (Serkan anticline), the bold
continuous line shows high abundance and the dashed line shows low abundance.
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Abstract

The Shahbazan Formation is of middle to late Eocene age and extends over a wide area of the
sedimentary basin of Lorestan. The studied area is located 75 km south of Khorram Abad city. In the
studied area, the Shahbazan Formation with a thickness of 73 meters is parallel to the Keshkan clastic
formation and is discontinuously covered by the carbonates of the Asmari Formation. The lithology of
Shahbazan Formation in the study section includes limestone, dolomitic limestone and dolomite.
Petrographic studies on 63 thin sections led to the identification of several diagenesis processes,
including micritization, neomorphism (increasing and decreasing), cementation (including isopachous
rim cement, syntaxial, epitaxial, equate, blocky, druzy and poikilotopic), compaction (physical and
chemical), dissolution (dependent and independent of the fabric), replacement (ironing, silicification
and dolomitization). The most important diagenesis process in Shahbazan Formation is dolomitization,
which has occurred widely. These processes occurred in four paragenetic sequences (marine
environment, fresh water, burial and uplift) and three stages of diagenesis eogenesis, mesogenesis and
telogenesis have been interpreted for them. The reduction process of neomorphism has occurred in the
stage of eogenesis in the region of the marine environment. Isopachous rim cement and epitaxial
cement are formed in the eogenesis stage and in the marine diagenesis region, while blocky, equate
and poikilotopic cements are formed in the mesogenesis and telogenesis stage and in the region of
shallow and deep burial diagenesis. The compaction in eogenesis was created by the overburden
pressure caused by the Shahbazan Formation and then developed by the Asmari and Gachsaran
formations. Part of the dissolution occurred during burial diagenesis and another part occurred during
uplift and impact of meteoric diagenesis.

Keywords: Diagenesis, Paragenesis sequence, Shahbazan Formation, Zagros, Lorestan

Introduction
Today, there is a relatively complete
understanding of the transformation of

the types of diagenetic processes and then
interpret the paragenetic sequences of the
Shahbazan Formation in this part of the

calcareous sediments into carbonate rocks. This
change and transformation of carbonate
sediments can occur in three realms of marine,
meteoric, and burial diagenesis, whose
processes and products, although complex, can
be identified throughout geological history.
Middle to Late Eocene carbonate sediments of
the Shahbazan Formation are exposed in the
Lorestan region and parts of the high Zagros. A
type section of this formation in the southeast of
the Lorestan Basin (northeast of Khuzestan
Province) near the southeast of the Taleh-Zang
railway station, along with a sample section of
the Taleh-Zang Formation, was selected,
measured, and introduced by James and Wind
(1965). The aim of this study is to investigate

Lorestan sedimentary basin. The results of this
study can be of great help to other researchers in
the field of diagenetic and geochemical studies
of carbonate deposits in the Lorestan
sedimentary basin. The study section is located
on the northern edge of the Sarkan anticline, 46
km southwest of Khorramabad city. This section
is accessible via the Khorramabad-Poldokhtar
asphalt road. The geographical location of the
study section is E 48° 00" 42.32" east longitude
and N 33° 13~ 103 " north latitude. The
Shahbazan Formation in the studied section is
73 m thick, its lower boundary is parallel to the
Kashkan Formation and its upper boundary is
covered by carbonates of the Asmari Formation
in a continuous disconformity. The lithology of
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this formation in the studied section is carbonate
rocks, dolomitic carbonate rocks, and thin to
thick-bedded dolomite.

Materials and methods

Eocene deposits were selected based on a
geological map of Khorramabad city with a
scale of 1.250,000, and 63 samples were taken
during field studies based on lithological
changes. Sampling intervals ranged from 1
meter to more than 1.5 meters. The desired
section was selected in such a way that it had the
greatest thickness, the least coverage, and a
clearly defined upper and lower boundary. In
order to understand the diagenetic processes of
the Shahbazan Formation in the studied section,
after sampling, microscopic thin sections were
prepared from all samples and studied using an
Olympus-BH2  polarizing  microscope  at
Lorestan University. To detect diagenetic
processes in thin sections, objective lenses of
(4x) and (10x) were used. To detect optical
continuity in syntaxial overgrowth cements, the
polarized light system (XPL) and extinction
were used. Also, to detect porosity, the ordinary
light system (PPL) and polarized light (XPL)
were used. Thin sections were stained by the
method of (Dickson, 1965) with alizarin red
solution (ARS) to distinguish calcite minerals
from dolomite and potassium ferrocyanide
solution to distinguish iron-bearing dolomites.
The naming of dolomites was based on a
combination of the textural classification of
Sibley and Gregg (1987) and Mazallo (1992).
For the size of dolomite crystals, the scale
presented by (Folk, 1975) and (Adabi, 2009)
was used.

Discussion

In the studied section (Sarkan anticline), several
diagenetic processes such as micritization,
neomorphism (increasing and decreasing),
cementation (syntaxial, fibrous rim cement,
equant, blocky, drusy, and poikilotopic cement),
compaction  (mechanical and chemical),
dissolution (fabric-related and non-fabric-
related), replacement  (pyritization  and
silicification), = and  dolomitization  were
identified as primary and secondary. Diagenesis
in carbonate rocks is the result of various
processes that take place in marine, atmospheric
and burial environments. Among them, we can
mention biological activities and the degree of
sediment decomposition by living organisms,
the role of organic acids, initial sediment
composition, particle size, sediment purity,
interparticle flow, geomorphological location,
sedimentation rate and tectonics. In carbonate

sequences, a sedimentary assemblage may be
repeatedly affected by one or more diagenetic
phenomena. Therefore, determining the history
of the sequence of diagenetic events will play an
important role in understanding the intensity of
their impact at different times and in different
diagenetic ~ environments. = The  primary
mineralogical composition provides information
about the conditions of the depositional
environment such as salinity, depth, temperature
and diagenetic processes. Based on petrographic
evidence, three diagenetic sequences (eogenesis,
mesogenesis and telogenesis) related to four
diagenetic environments (marine environment,
freshwater environment, burial environment and
uplift) were recognized for the carbonates of the
Shahbazan Formation in the study area.
Eogenesis: In the freshwater phreatic
environment, the pores between the grains are
always filled with water and may cause the
dissolution of semi-stable minerals such as
aragonite and per magnesium calcite, which are
abundantly seen in allochems such as bivalve
fragments and some foraminifera in the studied
sections in the packstone microfacies. In the
meteoric diagenesis environment, this includes
three stages (zones). The dissolution zone, due
to dissolution, forms pore, channel and mold
porosity and the process of incremental
neomorphism is also seen. The active meteoric
phreatic zone has filled the remaining
intergranular spaces with calcite-spar cements.
Static meteoric phreatic zone: Incremental
neomorphism has occurred in micrites and
dolomite, which has led to the formation of
dolomicrospar and dolosparite in dolomite and
intercrystalline  porosity. In  this stage
(freshwater diagenesis), incremental
neomorphism is observed in the form of the
transformation of very fine micrite crystals into
microspar and sparite. Some second-generation
cements such as equant mosaic calcite, blocky,
and syntaxial growth cements can form in this
stage.

Mesogenesis: Burial diagenesis: In this stage,
sediments are affected by the pressure and
temperature caused by burial at different depths
and these conditions continue until the threshold
of metamorphism. The effective factors in this
stage are the amount of clay and, the chemistry
of the pore, and the sedimentation of calcite
cement between the fine pores. In this stage,
some processes occur, including physical and
chemical compaction and blocky cements,
drusy, dolomitization, and pyritization, which
have been detected in the studied samples. Also,
in this stage, chemical dissolution (stylolite and
stylommottel) is formed, which leads to the
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destruction of some allochems along the
boundaries between the compacted grains.
Physical  compaction  immediately  after
deposition has led to the grains coming closer
together and has created a compacted fabric. In
the burial diagenetic environment, physical
compaction has reached its maximum in such a
way that cracking, fracturing and deformation of
allochems have occurred. Chemical compaction
and the creation of dissolution joints and
stylolites have occurred. The formation of
blocky, poikilotopic and iron-bearing dolomitic
cements in the space between grains and
fractures is attributed to the burial diagenetic
environment. With increasing depth in the burial
area, the amount of oxygen has decreased and
the Shahbazan Formation has become closer to
reduced conditions. Upon reaching reduced
conditions, elements sensitive to these
conditions, such as iron, have become mobile
and tend to enter the calcite and dolomite
network. At this stage, coarse-crystalline iron-
bearing dolomites represent a deep burial and
reduction diagenetic environment.

Telogenesis: The formation of fractures and
seams in the sediment and the formation of iron
oxide are most likely due to the iron ions
penetrating into the sediment through the
fractures by atmospheric waters during the uplift
of the sediments and forming hydrated iron
oxide under oxidative conditions and gradually
transforming into hematite. The final stage of
diagenesis (telegenic stage) of the orogenic
phases acted and caused the Shahbazan
Formation to emerge from depth, and this
occurred with fractures in the formation. The
joints and fractures formed in this stage, which
were identified in the studied sections, were
filled with block and hematite cements, and the
calcite crystals in the fractures and veins
remained pale pink after staining, which could
indicate the oxidative conditions during the
uplift stage. The upper boundary of the
Shahbazan Formation with the Asmari
Formation is an erosional unconformity that
indicates a period of water withdrawal. In some
areas of the Lorestan sedimentary basin, there is
a dissolution shear horizon at the boundary of
the Shahbazan and Asmari formations, which
confirms an erosional unconformity at the top of
the Shahbazan Formation. Therefore, the

presence of meteoric diagenesis in the
Shahbazan Formation can be attributed to a
period of water withdrawal of this formation
during the Upper Eocene due to the tectonic
activity of the Pyrenean (Upper Eocene-
Oligocene). This tectonic activity caused a drop
in sea level and subsequently exposed the
Shahbazan Formation to meteoric diagenetic
fluids. Based on petrographic evidence, the
diagenetic sequence has been determined within
four diagenetic environments (marine, burial,
uplift, and meteoric) in carbonate rocks of the
Shahbazan Formation.

Conclusion

Petrographic  studies on the Shahbazan
Formation in the study area (Sarkan anticline),
in southern Lorestan, led to the identification of
several  diagenetic  processes, including
micritization, neomorphism (increasing and
decreasing), cementation (marginal isopachous
cement, syntaxial cement, equant cement,
blocky cement, Drusy cement), compaction
(mechanical and chemical), dissolution (fabric-
related and non-fabric-related), replacement
(pyritization, silicification and dolomitization).
Considering the lithology of the Shahbazan
Formation in the study area, the dolomitization
process is dominant in this formation. Micrite
cover (micritization), reduced neomorphism and
isopachous rim cement were formed in the
euogenetic stage and in the realm of marine
diagenesis, while blocky, drusy cements were
formed in the mesogenic and telegenic stages
and in the realm of shallow and deep burial
diagenesis and during uplift. Compaction in
mesogenic was created by overburden pressure
resulting from the deposition of the Shahbazan
Formation and then developed with the
deposition of the Asmari and Gachsaran
Formations. Part of the dissolution occurred
during burial diagenesis and the other part
during uplift and the impact of meteoric
diagenesis. Therefore, based on petrographic
evidence, the paragenetic sequence of
Shahbazan Formation deposits in this section
has been interpreted in four environments:
marine, freshwater, burial and uplift, and three
diagenetic stages (eugenic, mesogenic and
telegenic) have been determined for the studied
deposits.



