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Fig. 1. Access ways to the study area along with the selected section position indicated by the star sign.
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Fig. 2. A) The location of the structural zones of the Zagros Basin. The studied area is located in the folded Zagros zone (Esrafili-Dizaji
and Kiani Harchgani, 2011). B) A part of the geological map 1/100000 of Pole Dokhter city along with the expansion of the formations

of the studied area.
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Fig. 3. A) A view of the extended formations in the study area (view to the southwest). B) Boundary between Amiran and

Talehzang formations in the studied area. C) Kashkan Formation in the study area. d and e, respectively, the expansion of
Shahbazan and Asmari formations in the study area.
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Fig. 4. Lithological units of Shahbazan formation in the study area. A) Thin to medium-bedded dolomitic limestone unit with

traces of dissolution holes on its surface. B) Medium to thick-bedded dolomite unit. C) Thick bedded dolomitic unit. D)
Dolomite unit with very thick bedded and rock formation.
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Fig. 5. Litho stratigraphical column of Shahbazan formation in Chenareh anticline section
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Fig. 6. A) The phenomenon of micritization of the crust of an allochem in a bioclastic wackestone facies (The allochem in question is a
gastropod). Pay attention to the impregnation of this coating by iron oxide (Sample No. Sh-14). B) Micrite coating around shell
fragments in a pelloid greenstone facies. The greater thickness of the micrite coating in the concave part of the shell (red arrow)
indicates the greater intensity of micrite. In some cases, the intensity of the micrite has been such that the internal structure of some
cells has been destroyed and the silhouettes of their internal structure have been preserved (yellow arrows). (Example No. Sh-11).
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Fig. 7. A) Decreasing neomorphism in the shell of allochems in a pelloid greenstone facies (yellow arrow), in some cases, the reduction
neomorphism has affected the internal structure of allochems and destroyed them. (red arrow), (Example No. Sh-15). B) Reduction

hism in a to wack facies where the finer micrite crystals have turned into coarse microspar and sparite
crystals due to recrystallization (incremental reduction neomorphism is in the direction of the red arrows). (Example No. Sh-21).
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Fig. 8. A) The formation of marginal cement of the same thickness with very fine crystals around an allochems (red arrows) in a pelloid
greenstone facies. These cements are followed by the next generation cements (yellow arrow) (Sample No. Sh-61). B) Poikilotopic
cement containing several fossil grains (dashed yellow line) (Specimen No. Sh-25). C) Formation of druy cement inside a shell
(increasing the size of the crystals from the periphery towards the center and in the direction of the arrow red ones) (Sample No. Sh-
18). d and e .Syntaxial additional growth cement with optical connection with the echinoderm piece (Sample No. Sh-68), (d) the image

of the cement in polarized light and perpendicular to the fibers reticle and e image of the same cement in blackout state between two
reticle wires. F) Epitaxial cement on the axis without optical continuity (sample no. sh-42).
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Fig. 9. A) Equant mosaic cement formation within a fracture in a dolomitic mudstone facies (Sample No. Sh-20). B) The formation of
equant mosaic cement within the allochems fragment in a bioclastic wackestone facies (Sample No. Sh-35). C) The formation of equant
mosaic cement between grains in a pelloid greenstone facies (Sample No. Sh-57). D) Blocky cement inside the fracture (Sample No. Sh-
39). E) Blocky cement inside the fracture, which is visible in red color after staining with alizarin red and potassium ferrocyanide,
which indicates the meteoric origin of the cement (Sample No. Sh-78). F) Dolomite cement in sizes from 10 to 100 microns. In some
cases, large dolomite crystals have filled the holes (yellow arrows) (sample no. sh-66).
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Fig. 10. A) Types of point (yellow arrows) and longitudinal (red arrows) contact caused by physical compaction in a bioclastic
greenstone facies. The expansion and develop t of ¢ t between the grains has prevented further density of the grains (Sample
No. Sh-55). B) Convex-concave contact in a packstone facies caused by physical compaction (Sample No. Sh-17). C) Creation of fitted
fabric and excessive contact caused by excessive physical density (Sample No. Sh-52). D) Crushing and crushing of algal seeds caused

by physical compaction (Sample No. Sh-16). E) Stylolite formation in wackestone facies caused by chemical condensation (sample
number Sh-24). F) Formation of stylomottle in wackestone facies caused by chemical condensation (Sample No. Sh-31).
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Fig.11. A) Intragranular porosity in a bioclastic wackestone facies (yellow arrows) (Sample No. Sh-41). B) Intergranular porosity (red
arrows) in a greenstone facies. On the right side of the image, a mold cavity can be seen in the perforated shell (yellow arrow) (Sample
No. Sh-70). C) Intergranular (intercrystalline) porosity in a dolomite facies (sample number Sh-71). D) mold porosity in a bivalve shell
(specimen number Sh-77). E) Porosity resulting from stylolite (Sample No. Sh-9). F) Porosity resulting from stylomottle (Sample No.

Sh-19). g and h) examples of channel porosity (sample no. Sh-28). I) Fracture porosity in a mudstone to bioclastic wackestone facies
(Sample No. Sh-50).
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Fig. 12. A) Ironization (formation of pyrite) inside the fossil cells (Sample No. Sh-13). B) Ironization (Pyritization) in the rock matrix
(Sample No. Sh-22). C) Ironization (iron oxide) inside the fractures (Specimen No. Sh-72). D) Silicification of the shell wall (sample
number Sh-40). E) Complete silicification of a piece of allochem in such a way that its structure is completely destroyed (Sample No.

Sh-63). F) Silicification of the rock matrix (Sample No. Sh-33).
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Fig. 13. A) Replacement of dolomite crystals inside allochems (yellow arrows) (Sample No. Sh-29). B) Replacement of zoned
dolomite crystals in the rock matrix (red arrows) (Sample No. Sh-30). C) Coarse crystal dolomites formed as a replacement

inside fractures (Sample No. Sh-43).
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Fig. 14. A) Fine dolomite crystals in a dolomicrite facies containing fenestral porosity (Sample No. Sh-34). B) Algal laminae in the
dolomicrite facies (sample no. sh-36). C) Medium dolomite crystals in a dolomicrosparites facies resulting from the recrystallization
of dolomicrites (Sample No. Sh-3). D) Coarse dolomite crystals in a dolosparaite facies (Sample No. Sh-8). E) Burial coarse crystal
dolomites that are visible in turquoise blue color after staining with alizarin red and potassium ferrocyanide (Sample No. Sh-8). F) A
sample of very large baroque type dolomites (Sample No. Sh-10).

SEM HV: 15.0 kW
View field: 10.4 pm
SEM MAG:

SEM MV 15.0 KV
View Mleid: 173 pm
SEM MAG: 1.20 kx
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Fig. 15. a and b) Dolomicrites under the electron microscope (sample no. sh-34). ¢ and d) Coares crystalline dolomites
under the electron microscope occupying the cavities (Sample No. Sh-8).
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Table 1. The average distribution of major and minor elements in the types of dolomites in the studied section (values
are in weight percent)

Dolomite type C (%) 0O (%) Ca (%) Mg (%) Fe (%) Mn (%) Na (%) Sr (%)
Dolosparite 31.7 34 20.5 9.8 1.8 0.92 0.7 0.4
Dolomicrosparite 28.8 38.4 19.65 10.5 0.8 0.55 0.33 0.78
Dolomicrite 32.9 30.75 22.2 11.9 0.15 0.12 1.01 0.95

ey A Mb‘so a pgai (Digi maps) euu. ‘5095) auaitb Polai .(Sh-8 0 ylosls diged) )b‘}bi Canglgd S 095 sla ol (@ N7 ST
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Fig. 16. A) Automorphous iron dolomite crystals (sample no. sh-8). Images b to I are digitized images of image a. Respectively, image
b, concentration of O element, image c, concentration of C element, image d, concentration of Mg element, image e, concentration of

Na element, image f, concentration of Ca element, image g, concentration of Mn element, image h, concentration of Fe element and
image i, concentration of Sr element shows in dolomite crystals.
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Abstract

The purpose of this research is to investigate the types of diagenesis processes and the textural changes
caused by these processes in the carbonate facies of the Shahbazan Formation in Chenareh anticline
section in the south-west of Lorestan. In this section, the Shahbazan Formation with a thickness of 83
meters consists of carbonate and dolomite rocks, which is placed on the Kashkan formation with a
discontinuity and is covered by the Asmari formation with an erosional discontinuity. Petrographic
studies on 80 sedimentary thin sections led to the identification of several diagenesis processes,
including micritization, dissolution, cementation, crystallization, physical and chemical compression,
and succession. Among the textural changes in the facies of this formation can be the creation of a thin
micrite cover around the allochems, excessive micritization of grains, dense arrangement of grains and
creation of fitted fabric, crushing, fracture and crushing. The dissolution of grains, the dissolution of
grains and ground rock, cementation limited to grains and widely, types of succession, stylolites and the
removal of part of grains and rocks, the formation of stylomottle, reduced neomorphism in the shell of
allochems and increase neomorphism, due to the recrystallization of micrite crystals and fractures. Based
on petrographic evidence, the paragenetic sequences of Shahbazan Formation have been interpreted in
four environments: marine, meteoric water, burial and uplift. Three stage diagenesis have been
determined for studied sediments: early diagenesis (eogenesis), middle diagenesis (mesogenesis) and
late diagenesis (telogenesis).

Keywords: Shahbazan Formation, Diagenesis, Textural changes, Zagros, Lorestan

Introduction processes in carbonate rocks, a section of the
The carbonate sediments of the Shahbazan surface of the Shahbazan Formation in south
Formation are of middle to late Eocene age in Lorestan was selected and its diagenesis
Lorestan and parts of the high Zagros. The most phenomena were investigated on a microscopic
obvious feature of the Shahbazan Formation is scale. Therefore, the purpose of this research is to
the process of dolomitization. The sample section investigate the diagenesis processes and their
of this formation in the southeast of Lorestan relationship with the textural changes of the
basin (northeast of Khuzestan province) at a studied formation, and it is hoped that the results
distance from the southeast of Taleh Zang of this research, along with the sequence
railway stations to the sample section of Taleh stratigraphic, geochemical and facies studies by
Zang Formation was selected, measured and other researchers, can be used in adaptation of
introduced by James and Wynd (1965). reservoir characteristics should be used on a local
Diagenesis phenomena in carbonate rocks often and regional scale. The studied section is located
lead to textural changes. The importance of on the southern edge of Chenareh anticline, 20
studying diagenesis processes in carbonate rocks km southwest of Poldokhtar city. This section can
is more related to their reservoir quality (for be accessed through the asphalted road of
example, cementation and dissolution cause the Poldokhtar-Andimeshk. The geographic location
destruction and development of the reservoir of the studied section is 33° 17' 33" north latitude
quality of carbonate rocks, respectively) and 47° 46’ 117 east longitude. The studied area

Therefore, due to the importance of these is located in Lorestan province and in Zagros
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folded zone During the Eocene, the extension of

the fore-pit basin decreased and was replaced by
a platform. Due to the intense tectonic activity
and the steep slope of the basin at this time, the
carbonate system has repeatedly stopped and has
given its place to siliceous sediments, whose
carbonates are in the Lorestan region (northeast
of the Zagros zone) with the Shahbazan and
Taleh Zang formations and silisiclastic are
known as Kashkan Formation. According to the

geological map of 1/100000 of Poldokhtar city,
there are outcrops of units of the second and third
periods in the studied area. The units of the
second period include the Gurpi and Amiran
formations, and the units of the third period
include the Taleh Zang, Kashkan, Asmari-
Shahbazan and Gachsaran formations. The
Shahbazan Formation is 83 meters thick in the
studied section, and its lower boundary is covered
by the Kashkan Formation and the upper
boundary by the carbonates of the Asmari
Formation as a continuous discontinuity. The
lithology of this formation in the studied section
includes limestone, dolomitic limestone,
calcareous dolomite and thin to thick layered
dolomite.

Material and methods

The deposits of Eocene age were selected based
on the survey of the geological map of Poldokhtar
city with a scale of 1/100000 and 80 samples
were collected during field studies based on
lithology changes. In order to understand the
diagenesis processes of the Shahbazan Formation
in the studied section, lithological thin sections
were prepared from all the samples taken in
Lorestan University. Petrological studies were
carried out by an Olympus-BH2 polarizing
microscope with XPL and PPL light equipped
with a D71 camera. Naming of carbonate rocks
has been done according to (Dunham 1962). In
order to identify the calcite mineral from
dolomite and iron-bearing dolomites and to
determine which environment the calcite cements
belong to, staining with a mixture of alizarin red
and potassium ferrocyanide was done by the
method (Dickson, 1965). The nomenclature 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 provided by (Folk 1965) and
Adabi (2009) was used. Of the studied dolomites,
elemental analysis was done by EDX method
with an accuracy of 100%. Also, imaging of these
dolomites was done by electron microscope

(analysis and imaging were done in the central
laboratory of Lorestan University).

Results and discussion

Among the most important diagenesis
environments, we can mention marine phreatic
environment, salt and fresh water mixed
environment, freshwater phreatic environment
and saturated or vadose environment. In these
environments, changes during diagenesis
processes are physical and chemically it is done.
Among the most important diagenesis processes
in the section studied are micritization,
crystallization (increasing and decreasing),
compression (physical and chemical), dissolution
and porosity, cementation, and types of
replacement. Petrographic studies on the
dolomites of Shahbazan Formation led to the
identification of four types of these dolomites.
Dolomite of the first type or dolomicrites (very
fine crystal dolomites), dolomite of the second
type or dolomicrosparite (medium crystal
dolomites), dolomite of the third type or
dolosparite (coarse crystal dolomites), dolomite
of the fourth type (very coarse crystal dolomite)
filling the space of fractures and veins (baroque
dolomite or horse saddle). The average

concentration of Ca element in the cut dolomites
studied for dolomicrites (average, 22.2% by
weight), dolomicrosparites (average, 19.65% by
weight) and for dolosparites (average, 20.5% by
weight) and the average concentration of Mg
element in the studied cut dolomites for
dolomicrites (average, 11.9% by weight),
Dolomicrosparites (average, 10.5% by weight)
and for doloasparites (average, 9.8% by weight)
are changing. In general, there are two types of
dolomites in the Shahbazan Formation, namely
primary  dolomites  with  sedimentation
(dolomicrites) and  secondary  dolomites
(dolomicrosparites, dolosparites and very coarse
crystal dolomites filling holes and fractures) was
diagnosed. According to the fabric and very small
size of dolomite crystals, the preservation of
primary sedimentary textures, the absence of
fossils and evaporite minerals, as well as the lack
of evidence indicating that their formation was
influenced by late diagenetic processes, it seems
that dolomites The first type (dolomicrites) were
formed wunder surface conditions, low
temperature and in the intertidal environment.
Low amounts of strontium (average 0.4% by
weight) and relatively higher amounts of iron
(average 1.8% by weight) in coarser crystalline
dolomites probably indicate the increase in size
of dolomite crystals and recrystallization of
dolomite crystals during burial. During burial
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diagenesis, recrystallization is observed in
dolomite crystals, also dissolution in the crust of
allochems and their replacement by calcite and
dolomite has occurred. In some samples, the
space resulting from fractures and holes is filled
by calcite sparite and dolosparite, the size of
these crystals is about tens of microns, which is
the result of burial diagenesis, and according to
the results of geochemical analysis, and coloring
with potassium ferrocyanide solution, iron
element is found. It seems that this kind of
dolomites is the last generation of dolomites that
were formed in the samples of Shahbazan
Formation and filled the porosity resulting from
fractures. It seems that for initial dolomitization
or simultaneously with sedimentation, the only
source of magnesium is sea water. This origin is
considered only for type one dolomites
(dolomicrites) which were formed near the
surface and under low temperature conditions in
a tidal zone and probably as a result of pumping
sea water into this zone. However, the
magnesium required for type two and three
dolomites (dolomicrosparite and dolosparite) can
be obtained from various sources, among which
are confined sea waters or intra-pore waters and
mineral diagenesis. Clays were considered due to
the presence of clastic shales of the Kashkan
Formation under the Shahbazan Formation
during the burial. Finally, according to the
petrographic and elemental geochemical
evidence, the dolomites of the Shahbazan
Formation can be considered from the tidal
model, seepage and then shallow to medium
burial. According to the petrographic evidence,
the diagenesis sequence of the carbonate deposits
of the Shahbazan Formation in the studied area
during three stages of diagenesis (eugenesis,
mesogenesis and telogenesis) and in four
diagenesis environments (marine, fresh water,
burial and uplift) has been interpreted. The
presence of an erosional variation in the upper
border of the Shahbazan Formation and in
contact with the lower boundary of the Asmari
Formation indicates a period of outflow of the
Shahbazan Formation during the upper Eocene.
In some areas of the sedimentary basin of
Lorestan, there is a dissolution shear horizon at

the border of Shahbazan and Asmari formations,
which confirms the erosional variation at the top
of Shahbazan formation. Therefore, the presence

of meteoric diagenesis in the Shahbazan
Formation can be considered a period of water
withdrawal of this formation during the upper
Eocene due to the tectonic activity of the upper
Eocene — Oligocene.

Conclusion

Lithological studies in order to investigate the
history of diagenesis of carbonate rocks of
Shahbazan Formation showed that several
diagenesis processes including micritization,
dissolution  and  porosity,  cementation,
crystallization, physical and  chemical
compression and succession occurred in this
formation. Textural changes in the facies of this
formation, thin micrite cover around the
allochems, excessive micritization of grains, and
dense arrangement of grains and creation of fitted
fabric, crushing, breaking and crushing of grains.
Dissolution of grain and matrix, cementation
limited to grain and extensively, the types of
succession are stylolite and partial removal of
grains and stones, formation of stylomottle,
decreasing crystallization in the shell of
allochems, and increasing crystallization due to
recrystallization of micrite crystals and fractures.
Therefore, based on petrographic evidence and
diagenesis evidence, it can be said that the
deposits of Shahbazan Formation in this section
were formed in four environments: marine, fresh
water, burial and uplift, which are three stages of
diagenesis: early diagenesis (eugenesis), middle
diagenesis (mesogenesis) and have passed the
final diagenesis (telogenesis). According to the
evidence of petrography and elemental
geochemistry, the dolomites of the Shahbazan
Formation can be considered from the shallow to
medium burial model. Combining the results of
previous studies conducted on the Shahbazan
Formation by other researchers with the results of
this study shows that the conditions of the
sedimentary basin of the Shahbazan Formation
during the Eocene in the Lorestan area (south to
southwest) were somewhat uniform.



