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Fig. 1. A) The location of the structural zones of the Zagros basin. The studied area is located in the folded Zagros zone (Esrafili
Dizachi & Kiani Harchegani, 2011), b) A part of geological map of 1/100000 Poledokhtar city along with expansion of the
formations of the studied area (organization of geology mineral exploration of the country, 2000).
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Fig. 2. A view of Kashkan, Shahbazan and Asmari formations in the studied area (view to the northwest). Separation of the
boundary of Shahbazan and Asmari formationsin the study area is based on the petrographic information found in the area,
paleontology and geochemistry and petrography studies on the dolomites in the section studied.
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Table 1. Results of analysis of dolomite samples of Shahbazan Formation in the study area.

. Sample. C o Ca M Fe Na Sr Mg/Ca .
Formation | "G | o) () | @ | @) | %) | opm) | ppm) | (%) | Typedolomite
Shahbazan Sh-19 28.9 36.6 21.2 9.5 0.5 250 100 0.45 Dolosparite
Shahbazan Sh-51 47.5 16.5 22.6 10.8 0.7 220 130 0.48 Dolosparite
Shahbazan Sh-60 23.8 41.7 214 9.7 1.1 240 110 0.45 Dolosparite

Shahbazan Sh-4 243 | 415 | 21.6 | 102 0.9 180 180 0.47 Dolomicrosparite
Shahbazan Sh-16 19.5 | 46.8 20 11.8 0.1 170 140 0.59 Dolomicrosparite
Shahbazan Sh-35 31.6 | 343 | 20.1 10.7 1.1 190 170 0.53 Dolomicrosparite
Shahbazan Sh-43 21.2 | 40.1 | 228 | 11.3 1.9 140 210 0.50 Dolomicrosparite
Shahbazan Sh-6 443 | 172 | 227 | 11.7 0.3 111 320 0.52 Dolomicrite
Shahbazan Sh-47 33.2 | 31.1 | 203 | 10.7 0.05 142 310 0.53 Dolomicrite
Shahbazan Sh-53 40.1 | 222 | 209 | 115 0.5 120 250 0.55 Dolomicrite




V. VFe¥ Glsli g 5lee FO o Lo VA 0590 (60 )5 (wlbid oy (.95 (slaaidly

b (210l G st 0l 1S 9 30 WY I3 inoglgd v lg (Al cantllan o yg0 ddidainn 5O (3L Wi jlw (Soglgd (FiSLl Ko sduslg Y Sl
bwgio (Juogl 9o ualg (g bl oo axlllio 8590 (s 1 (Sleo UGS 000yl 2 30 il &5 MY bwgio (Joglgd wolg (@ cadlllan )90 S (2ol 9

Addlan 3 )90 byt (Silo Gk 003 11 51 50 Y s Snegled waly (3 g anlllao 8550 i (Sleo LA 0 S 5S> WY S U
Fig. 3. Dolomite petrography units of Shahbazan Formation in the study area. a: The thin bedded dolomite unit including the
initial, middle and end sections of the study area. b: Medium bedded dolomitic unit of the layer which is mostly including

middle parts of the section of the study area. c: Medium to thick bedded dolomitic unit including middle parts of the section
of the study area. d: Thick bedded dolomitic unit including middle parts of the section of the study area
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Fig. 4. The lithostratigraphy column of Shahbazan Formation in the north — western section of Poldokhtar
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Fig. 5. Access ways to the study area along with the selected section position.
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Fig. 6. A) Creating a micritization around a piece of algae (yellow arrow) algae piece is a type of red algae (Sample number Sh
— 08). b) Decreasing neomorphism a foraminifer's oyster shell (red arrow) and increasing neomorphism (in the direction of the
blue arrow) in a packstone facies (Sample number Sh - 15). C) Syntaxial cement (red arrow) around a piece of echinoderm
single crystal (yellow arrow) in a grainstone facies (Sample number Sh - 48). D) Poikilotopic cement (yellow box) in a
grainstone facies which covers several pieces of red algae (blue arrow) (Sample number Sh — 18).
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Fig. 7. A) Equant cement in a grainstone facies, the thin section is stained with red alizarin solution and potassium ferrocyanide,
and their pink color indicates meteoric diagenesis environment (Sample number Sh — 17). B) Fracture filler blocky calcite
cement, the thin section is stained with red alizarin solution and potassium ferrocyanide, and their purple color indicates the
present of iron and burial diagenesis environment (black arrow) (Sample number Sh - 55). C) Drusy cement filling the space
inside a foraminifera shell (the black arrow shows the direction of coaresing of calcite crystals towards the center (Sample
number Sh — 58). D) Prism isopach cement that covers all around the grain (the desired grain is a foraminifera) (red arrow)
this cement is followed by secondary generation cements (blue arrow) (Sample number Sh — 60). E) Bladed — columnar cement,
related the diagenesis environment of the meteoric and marine mixing zone (red arrow) blocky cement are also seen in this
environment (blue arrow) (Sample number Sh - 39).
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Fig. 8. A) Clotted fabric in a wackestone facies (Sample number Sh — 36). B) jagged border (microstylolite) between grains
caused by chemical compaction (Sample number Sh — 14). C) Fractures in red algae fragments caused by physical compaction

(Sample number Sh — 25). D) Development of dissolution seams (Sample number Sh — 59).
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Fig. 9. A) Intercrystal porosity in dolomites, dolosparite facies (Sample number Sh — 37). B) Shelter porosity in a grainstone
facies (Sample number Sh - 58). C) Intergranular porosity in a grainstone facies (Sample number Sh — 19). D) Moldic porosity
in a wackestone facies (Sample number Sh — 47). E) Birds eye or fenestral porosity in a mudstone facies (Sample number Sh —

22). F) Intragranular porosity (red arrow) in a packstone facies, a part of porosity is filled by dolomite crystal (yellow arrow)
(Sample number Sh —49).
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Fig. 10. A) Channel porosity in the dolomudstone facies (Sample number Sh - 34). B) Porosity resulting from a fracture that

is filled with burial calcite cement of the mesogenesis stage, the thin section is stained with red alizarin solution and potassium
ferrocyanide, and their purple color indicates the present of iron and burial diagenesis environment (Sample number Sh - 15).

C) Porosity resulting from a stylolite (Sample number Sh — 41).
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Fig. 11. A) Geopetal fabric in the foraminifera (Sample number Sh - 30). B) Pyritization processes in the wackestone facies
(Sample number Sh - 35). C) Silicification of a foraminifera fossil in such a way that part of its structure is destroyed (red
arrow) also, Silicification can be seen among allochemical fragments (yellow arrow) (Sample number Sh — 13).
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Fig. 12. A) Formation of very large dolomite crystals inside fractures (Sample number Sh - 09). B) Formation of dolomite
cement in grainstone facies, the thin section is stained with red alizarin solution and potassium ferrocyanide, and their pale
turquoise blue of this cement indicates the present of iron and burial diagenesis environment (Sample number Sh - 32). C)
The process of dissolution and displacement of dolomite in the internal foraminifera chambers (Sample number Sh - 16). D)
The formation of large iron dolomite crystal (turquoise blue color of this dolomite indicates the present of iron and burial
diagenesis environment (Sample number Sh - 38).
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Fig. 13. Results of analysis (EDS) and (EPMA), and digi maps on a first type dolomite (syn - depositional dolomite), (Sample

number Sh - 17). According to the picture, in these dolomites, the concentration of Sr is high, while the concentration of Fe in
this type of dolomite is low.

SEM HV: 20.0 kV WD 1715 mm 1 1 MIRAS TESCAN|
View field: 259 pm Dot: BSE 5pm FeKureKp e
SEM MAG: B.00 kx  Date(m/aly): 092018 LORESTAN University I T

Na ko Mg ka Fe ka Sr ko
0 )los 4igad) (g U (B Caroglgd) 4 gill g o8 Camngled Ky (9, » (Digi Maps) g8, slraiis 9 (EPMA) 4 (EDS) ).JLJ s N s
Aol 50 0L 5 yLens a0 glgd 31 €95 el 3o Fe ol 55 05 a5 cowl (Il 30 ¢l g il oo sy ST 35 p0i noglgod ol 50 (S5t 4 4295 b .(Sh-11
20410 Liaoglgd 3l £95 oyl (09 $¥3L0 p S 095 &S
Fig. 14. Results of analysis (EDS) and (EPMA), and digi maps on a secondary type dolomite (post - depositional dolomite),

(Sample number Sh — 11). According to the picture, in these dolomites, the concentration of Sr is low, while the concentration
of Fe in this type of dolomite is very high, which itself is a proof of the diagenesis of this type of dolomites.
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Table 2. Paragenetic sequence of Shahbazan Formation in the study area (Northwest Poldokhtar), the red part shows

high frequency and the dashed line shows low frequency
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Abstract

In this study, Shahbazan Formation has been studied from the perspective of diagenetic processes and
paragenetic sequences. This formation extends to the middle to late Eocene age in a large area of
Lorestan sedimentary basin. In this area, a 62-meter-thick surface section has been selected in 10 km.
northwest of Poldokhtar city. Shahbazan Formation in the study area is located on the Kashkan detrital
Formation and is covered by carbonates of Asmari Formation as a continuous discontinuity.
Petrographic studies have been performed on thin sections and SEM studies have been performed on 10
samples of dolomites. Petrographic studies led to the identification of several diagenetic processes such
as micritization, neomorphism, cementation, compaction, dissolution and replacement, which finally
determined the diagenetic model. Based on the petrographic evidence, the paragenetic sequence of the
Shahbazan Formation deposits in this section has been interpreted in four marine environments,
freshwater, burial and uplift, and during three stages of diagenesis, namely primary diagenesis
(Eogenesis), middle diagenesis (Mesogenesis) and late diagenesis (Telogenesis) has been determined.
The most important diagenetic process in the studied section is dolomitization, which is formed both
primary and secondary. Primary dolomites have low amounts of Fe and high amounts of Sr and Na,
while secondary dolomites have high concentrations of Fe and lower amounts of Sr than primary
dolomites, indicating a diagenetic burial environment. Shallow to medium for secondary dolomites.

Keywords: Shahbazan Formation, Diagenesis, Zagros, Lorestan, Poldokhtar

Introduction
In the studied area, the Shahbazan Formation is

the geological map of 1/100000 of Poldokhtar
city, the units of the second and third periods

separated from the Asmari Formation based on
paleontological studies, and 62 meters of this
section, which is mentioned in the geological
map of Poldokhtar 1/100000 as the Asmari-
Shahbazan formations, belongs to the
Shahbazan Formation. The purpose of this
research is to investigate the types of effective
diagenesis processes in the Shahbazan
formation, therefore, in this research, the
different conditions of the diagenesis
environment  during the burial and
dolomitizing fluids of the Eocene time in this
part of the Lorestan sedimentary basin are
discussed. The results of this research can help
other researchers in the field of geochemical
studies of carbonate formations in Lorestan
sedimentary basin. Based on the map of the
structural zones of the Zagros basin, the studied
area is located in the simple folded part of the
Zagros and in the Lorestan zone. According to

are outcrops. The second period units include
Sarvak, Ilam, Gurpi and Amiran formations
and the third period units include Tele Zang,
Keshkan, Asmari, Shahbazan and Gachsaran
formations. The Shahbazan Formation is 62
meters thick in the studied section, and its
lower boundary is covered by the Keshkan
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 is thin to thick
layered dolomites.

Materials and methods

In order to understand the diagenesis processes
of the Shahbazan Formation in the studied
section, 62 thin sections of petrography were
prepared in Lorestan University. Petrographic
studies were carried out by Olympus-BH2
polarizing microscope. Thin sections were
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stained by the method (Dickson, 1965) by
alizarin red solution (ARS) to distinguish
calcite minerals from dolomite and potassium
ferrocyanide solution to distinguish iron-
bearing dolomites. Also, in order to know the
diagenesis environment of the studied
dolomites, 10 samples were analyzed by (EDS)
and (EPMA) methods in the Central
Laboratory No. 1 of Lorestan University, and
imaging by electron microscope (SEM) of
dolomites. was also implemented

Results and discussion

The Shahbazan Formation was deposited in a
marine phreatic environment, consisting of
magnesium-rich aragonite and calcite shells
(red algae, foraminifers, echinoderms, and
mollusks) with intragranular and intergranular
porosity. Some diagenesis processes, such as
micrite formation, co-axial cement formation
and lamellar cement, which are related to
primary diagenesis in marine environments
(Ahmad et al., 2006), have been identified in
the studied section, which confirms they are the
initial stage of diagenesis. The physical
compaction immediately after the deposition
has led to the closer of the grains to each other
and has created a compact fabric (fitted fabric).
In the meteoric diagenesis environment, which
consists of three stages (zones), the dissolution
zone: as a result of dissolution, cavity, channel
and mold porosities are formed and the process
of incremental neomorphism is also seen. The
upper border of Shahbazan Formation with
Asmari Formation is an erosional variation that
indicates a period of water exit. In some areas
of the Lorestan sedimentary basin, there is a
dissolution shear horizon at the border of
Shahbazan and Asmari formations, which
confirms the erosional variation at the top of
the Shahbazan formation (Motiei, 1372).
Therefore, the presence of meteoric diagenesis
in the Shahbazan Formation can be considered
as a period of exit from the water of this
formation during the Upper Eocene due to the
tectonic activity of the Pyrenees (Upper
Eocene - Oligocene). Shahbazan has been
exposed to meteoric diagenesis fluids. Active
meteoric phreatic zone: spar calcite cements
have filled the remaining intergranular spaces.
Static meteoric phreatic zone: increasing
neomorphism has occurred in micrites and
dolomicrites, which has led to the creation of
dolomicrosparite and  dolosparite  and

intercrystalline porosity in dolomicrites. In this

stage (freshwater diagenesis), incremental
neomorphism is observed in the form of
transformation of very fine micrite crystals into
microsparaite and sparite. The maximum
sodium for dolomites in equilibrium with sea
water is estimated to be about 100 to 1000 ppm
(Weiser, 1983 and Rao, 1996). The average
sodium in the studied samples is 176.3 ppm,
which indicates the impact of meteoric
diagenesis processes in the samples. Some
second-generation cement such as equant
mosaic, blocky, and syntaxial cement can be
formed at this stage (Hally and Harris, 1979;
Longman, 1980). In the burial diagenesis
environment, the physical density has reached
its maximum in such a way that cracks,
fractures and deformation of allochems have
occurred. Chemical condensation and

formation of dissolution joints and stylolites
have occurred. The formation of blocky
cements, poikilotopic and iron-bearing
dolomitic cements in the space between grains
and fractures is attributed to the burial
diagenesis environment. With the increase in
the depth in the burial area, the amount of
oxygen has decreased and the Shahbazan
Formation is closer to the reclamation
conditions. = Upon  reaching  reducing
conditions, elements sensitive to these
conditions, such as iron, become mobile and
tend to enter the calcite and dolomite network.
At this stage, the coarse crystalline iron-
bearing dolomite represents the diagenesis
environment of deep burial and regeneration. In

the final stage of diagenesis (telegenic stage),
orogeny phases acted and caused Shahbazan
Formation to come out of depth and this
happened with fractures in the formation. The
joints and fractures formed in this stage, which
have been identified in the studied sections,
have been filled by blocky cements and later,
the calcite crystals in the fractures and veins
after painting. They remain pale pink in color,
which can indicate the oxidizing conditions in
the rise stage. Based on petrographic evidence,
the diagenesis sequence has been determined
during four diagenesis environments (marine,
burial, uplift and meteoric) in the carbonate
rocks of Shahbazan Formation. Among the

most important diagenesis processes in the
studied section, we can mention micritization,
which is a diagenesis product itself,
crystallization, compression,  dissolution,
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cementation, and replacement. The most
abundant and widespread type of succession in
limestones is dolomitization (Pettijohn, 1975).
Substitution of dolomite crystals instead of
calcite can be done by destroying the fabric to
preserve it. In the primary mineralogy
dolomitization process, the size of the crystals
and the nature of the dolomite-forming fluids
are important (Tucker and Wright, 1991). In
the samples investigated in this study,
dolomitization can be seen in the form of
substitution in porous cells, in the form of
cement between the components of the rock,
and in the form of fracture filling. The high

concentration of strontium (between 250 and
320 ppm) in dolomicrites can be due to
diagenesis processes on the aragonite shells of
some bivalves, benthic foraminifera and some
green algae in the sample to be considered
under study. According to the petrographic and
geochemical evidence, the dolomites of
Shahbazan Formation can be considered from
the shallow to medium burial model.

Conclusion

Petrographic studies on the studied samples led
to the identification of several diagenesis
processes such as micritization, crystallization
(increasing and decreasing), cementation
(calcite cement of the isopachous rim cement,

syntaxial, epitaxial, blocky cement, drusy
cement and poikilotopic calcite cement),
compression  (physical and chemical),
dissolution (fabric-dependent and non-fabric-
dependent) and replacement (dolomitization,
pyritization and silicification. One of the most
important diagenesis processes in the section
under study is dolomitization, which occurred
simultaneously ~ with  sedimentation and
diagenesis. Primary dolomites have low
amounts of Fe and high amounts of Sr and Na,
while secondary dolomites have a high
concentration of Fe and lower amounts of Sr
than primary dolomites, which indicates a
diagenesis burial environment. It is shallow to
medium for secondary dolomites. Finally,
based on petrographic evidence, the
paragenetic sequence of Shahbazan Formation
deposits in this section has been interpreted in
four environments: marine, burial, upwelling
and fresh water. The most important source of

supply of Mg in primary seawater dolomites
and in secondary dolomites is the
transformation of clay minerals into each other
and trapped seawater. Also, the presence of the
Kashkan debris formation (alternation of shale,
sandstone and conglomerate) under the
Shahbazan Formation can be another Mg
supply source for the dolomites of the
Shahbazan Formation.



