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Fig. 1. access ways to the study area along with the selected section position
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Fig. 2. Part of geological map 1/100000 of Khorram Abad city along with the expansion of formations of the studied
area. (Esrafili - Dizaji and Kiani Harchgani, 2011)
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Fig. 3. A view of the formations of the studied area on the northern edge of the Khorramabad anticline (view towards
the northwest)
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Fig. 4. The stratific rock column of Shahbazan Formation in the study area along with the location of the samples taken

for analysis, which are shown with red circles.
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Fig. 5. Microscopic images of carbonate rock samples of Shahbazan Formation in Khorramabad anticline, A: Microfacies of
carbonate mudstone with bird's eye porosity (sample number SH-22). B: Microfacies of dolomite mudstone (dolomicrite)
without fossils (sample no. SH-62). C: Bioclastic wackestone microfacies that have been destroyed by bioclastic action by
dolomite (Sample No. SH-45) (yellow arrow). D: Packstone bioclast microfacies (sample no. SH-40). E: microfacies from
wackestone to packstone containing intraclasts (Sample No. SH-61) (the intraclasts are red algae type). F: Wackestone to
packstone microfacies containing red algal laminae (Sample No. SH-30) (red arrow). The images were prepared in XPL light.
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Fig. 6. A: Microscopic image of dolomite mudstone (dolomicrite) microfacies (Sample No. SH-13). B: Electron
microscope image of the same sample, as it can be seen that most dolomicrite crystals are less than 10 microns in size

(yellow arrows).
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Fig. 7. Microscopic and electron images of some dolomite samples from the Shahbazan Formation in the Khorramabad
anticline, A: Dolomicrite transforming into dolomicrite (in the direction of the dark arrow) (Sample No. SH-10). B:
Fractures created in dolomicrosparite filled by iron-bearing coarse crystal dolomites, red arrows (Sample No. SH-09)
cross-section stained with alizarin red and potassium ferrocyanide (arrows Red color). C: Electron microscope image
of a 20 micron dolosparaite crystal (sample number SH-04). D: Electron microscope image of a dolomite crystal less
than 20 microns in size, the dissolution created in the dolomite crystal can be due to the effect of calcium-rich fluid
phases in the burial environment. (Sample No. SH-05).

AAAY chl&o& 9 )},{b S AAY csf)f 9 ‘}M S AAY S)g0 dbﬁ ‘SLQCA*Q,”\) ‘S)od-'\-ﬁ Q}R'J -Y-¥

5 (T8 o obl 22T wllile 1AAA 5L 4 USLS
SRR gR (D (aeglgs sla S g3l 9 Cueglgd 55 die
03,51 1 Jguzr 5o addllae 3550 (3 50 olilad il
oyl 5 oleaS jolic Cenl S5 obLs i o
S8l LQQT Ao, b g cawl suid samlie o0l 'oL'{dl
S0 Wools Jgaz 0 yolic cpl 0,91 51 14 g 0og

ol 00

azill,
G olelbl b sleoni ey slrosls oS 5
Jons o 5 Jet5 o L 51 5200 S 5o Wlgi on
A5 w0l 58 535b5 gy 9 Gl (Fegled S leaegled
Yool (Sen g Olgw Veor) (K g 5D
R GRaegn (V7 (Len 5 Uljgew =510
cgyse VW (e 5 IG5 VAPV 5 y0ii g (peny 9)
(6, VNS (e ige g Jule (VAAY cad VAAY



VAF 1FeF lcnn 9 3wl YA 0Ll 3R 0,90 ¢(60 3135 ol ooy (w98 gLoaudl

4 5100nT Culylomlalo 1o g Wl cantlian 3 )90 iy 3 ol3lied A3l Conaglgo (BAiged 51 oy (S9SN g (o2 9Suwg ySmo gl A S
oo 5 w018 sy iliwg 3 5 30,5 001301 s oo (SH-23,28 oo aigad) (o (l5) (bt 5353 &2 gt po o0 b 2T U,
IS o9 a1 Comnglgs (sl (Hlias S ok 55 539k comt SR (39 S gy Sorn i sl Sy (5o yobs i e
b 5 Zobaw .00 Sudud day s yo oSl 31 (ST W jads (1 )8 (ow o (5185 oo «(SH=25 o )locis digd) (S5 8,5 (4 ny) Gl i )5

(SH-30 ol igos) g sl g S0 il Lowlglo 035kt comt 5 yidan 350 33 Lo
Fig. 8. Microscopic and electron images of some dolomite samples of the Shahbazan Formation in the section under
study, A and B: iron-bearing dolomite with a turquoise blue color related to burial diagenesis (dark arrow) (Sample
No. SH-23, 28). The section is stained with alizarin red and potassium ferrocyanide. C: Large crystals of dolomite under
the electron microscope, the intercrystalline porosity is well formed in the crystalline surfaces of dolomite crystals

(yellow arrow) (Sample No. SH-25). D: smooth crystalline surfaces at the common boundary between dolosparaite
crystals under an electron microscope (Sample No. SH-30).
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Fig. 9. A: Microscopic image of the baroque-type coarse-grained dolomite filling the cavity (dark arrow) (Sample No.
SH-19). B: Coarse dolomite crystals filling the fracture, which indicates its diagenetic origin (yellow arrows) (Sample
No. SH-21). C and D: Electron microscope images of large dolomite crystals filling fractures (samples No. SH-17 and
no. SH-18, respectively).
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Fig. 10. A: Microscopic image of large iron-bearing dolomite in turquoise blue color filling deep fractures (yellow
arrows) (Sample No. SH-23) thin - section stained with alizarin red and potassium ferrocyanide. B: Coarse dolomite
crystals (red arrow) along with raspberry grain pyrites (yellow arrow), which indicates reducing conditions for the
formation of coarse dolomite crystals (Sample No. SH-09).
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Table 1. Distribution of major and minor elements in the types of sheared dolomites studied, the northern edge of the
Khorramabad anticline (values by weight percentage)(

. C o Ca Mg Fe | Mn | Na Sr
Dolomite type Sample. No (%) (%) (%) %) | (%) | (%) | (%) | (%)
Sh-1 42.0 25.3 21.0 9.5 0.5 0.1 0.5 0.8

Sh-4 22.3 423 22.6 10.0 | 0.2 0.2 0.7 1.2

& Sh-9 29.9 33.0 23.0 9.8 0.7 0.5 1.3 0.9
5 Sh-14 23.2 42.0 21.0 9.9 0.7 0.2 1.2 1.2
g Sh-21 45.0 17.1 22.5 119 | 0.6 0.3 1.1 1.1
< Sh-26 223 | 430 | 220 | 98 | 03 | 06 | 08 | 08
= Max 45.0 43.0 23.0 | 119 | 0.7 0.6 1.3 1.2
Min 22.3 17.1 21.0 9.5 0.2 0.1 0.5 0.8

Average 30.8 33.8 22.0 | 102 | 0.5 0.3 0.9 1.0

Sh-2 37.5 26.5 22.8 9.6 0.5 0.7 0.8 0.8

Sh-5 34.2 314 22.4 9.1 0.2 0.5 0.6 0.7

Sh-7 36.2 28.6 22.3 8.9 1.3 0.2 0.8 0.9

2 Sh-8 26.4 40.1 23.2 7.1 1.3 0.9 0.5 0.1
E Sh-11 21.9 41.1 23.2 10.5 1.1 0.5 0.7 0.3
2 Sh-12 41.2 25.3 22.1 8.6 0.9 0.7 0.6 0.4
g Sh-15 41.8 25.8 21.6 8.9 0.3 0.3 0.4 0.8
‘g Sh-18 39.1 24.1 23.4 9.7 1.3 0.4 0.3 0.9
% Sh-19 31.9 31.1 23.3 103 | 0.8 0.7 0.7 0.7
A Sh-23 27.6 36.1 22.3 11.2 | 0.9 0.1 0.4 0.9
Max 41.8 41.1 234 | 112 | 13 0.9 0.8 0.9

Min 21.9 24.1 21.6 7.1 0.2 0.1 0.3 0.1
Average 33.78 | 31.01 | 22.66 | 9.39 | 0.86 | 0.5 | 0.58 | 0.65

Sh-3 43.2 24.6 22.1 8.2 0.6 0.8 0.2 0.2

Sh-6 27.4 37.5 23.1 8.4 0.8 0.5 0.9 0.6

Sh-10 23.7 42.3 20.6 9.5 1.5 0.4 1.4 0.3

Sh-13 45.1 22.5 20.8 8.4 0.8 1.2 0.6 0.5

) Sh-16 33.7 30.1 23.4 10.5 | 0.9 0.8 0.2 0.1
E Sh-17 36.7 30.6 21.5 7.5 1.1 0.9 0.1 0.7
2 Sh-20 41.1 26.5 19.8 9.9 1.4 0.5 0.2 0.5
% Sh-22 25.1 40.1 22.7 9.4 0.5 1.2 0.1 0.2
" Sh-24 38.2 24.8 23.9 9.5 1.3 0.4 0.8 0.7
Sh-25 38.4 26.2 23.1 8.2 1.7 0.5 0.4 0.7

Max 45.1 42.3 23.9 | 105 | 1.7 1.2 1.4 0.7

Min 23.7 22.5 19.8 7.5 0.5 0.4 0.1 0.1
Average 35.26 | 30.52 | 22.1 | 895 | 1.06 | 0.72 | 0.49 | 0.45
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Fig. 11. Histogram distribution of Ca and Mg elements in the studied samples
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Fig. 12. Histogram distribution of Ca and Mg elements in the studied dolomites by different types of dolomites,
dolomicrites, dolomicrosparites, and dolosparite) (values are average)
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Fig. 13. The general trend of changes in the ratio of Mg/Ca to Mg in the dolomite samples of the study section

14.0 -
12.0 -
10.0 -
8.0 |

Mg (%)

6.0 -
4.0 -
2.0 -

> ZV‘_{r >e

@ Dolomicrite
A Dolomicrosparite

Dolosparite

0.0 T
0.0 10.0

Ca (%)

30.0

axdllao 3590 b 9 B0 glgs 1o Ca wly ;o Mg wolio Ol ki wigy NF i
Fig. 14. The trend of changes in Mg values against Ca in the studied section dolomites
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Fig. 15. Changes in Sr values in the studied section dolomites. As can be seen from the figure, the amount of Sr has

increased from dolosparites to dolomicrites.
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Fig. 16. The presence of a positive linear correlation between the ratio of Mg/Ca and Sr (an increase in the ratio of Mg/Ca
means an increase in the amount of Sr in dolomites, which can be due to the non-stoichiometry of dolomite crystals.
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Fig. 17. Histogram distribution of Fe and Mn elements in the studied dolomites (values are in average weight percentage)
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Fig. 18. Plot of Fe values against Mg in Shahbazan formation dolomites (Fe gradually replaces Mg)
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Fig. 19. Plot of Fe values against Mg by different types of dolomites in the studied area. The presence of Fe in
dolomicrites was due to oxide conditions, while in dolomicrosparites and dolosparites it was due to semi-reduction to
reduction conditions.
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Fig. 20. Plot of Fe and Mn values against Mg by different types of dolomites in the studied area. The amounts of Fe and
Mn increase with the increase of Mg in dolomites, which is due to the preferential substitution of Fe and Mn ions instead

of Mg in the dolomite crystal network. Due to the greater impact of diagenesis on secondary dolomites
(delomicrosparites and dolosarites), Fe and Mn values in these samples are higher than dolomicrites.
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Fig. 21. Distribution trend of Mn element against Fe for all types of dolomites in the studied area. As can be seen, there is a
positive relationship between the amounts of Mn and Fe, that is, with the increase in the alteration process by diagenesis fluids,

the amounts of Mn and Fe increase.
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Fig. 22. Plot of Na vs. Mg values for different types of studied cut dolomites. Na concentration increases with increasing Mg
values. Relatively high amounts of Na in the studied dolomites are proof of their non-stoichiometry.
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Abstract

In this research, the dolomitization process of Shahbazan Formation (Middle-Late Eocene) was
investigated using petrographic and geochemical studies. The studied area is located in the north of
Lorestan and 25 km north of Khorram Abad city. In this section, the Shahbazan Formation with
limestone and dolomite lithology is 85 meters thicknesses, its lower border is on the slope of the Kashkan
clastic formation and its upper part is discontinuously formed by the carbonates of the Asmari Formation
was covered continuously. Based on petrographic studies on 80 sedimentary thin sections and
geochemical studies on 26 samples by EDS method, two groups of dolomites were identified. Primary
dolomites (dolomicrites) with a mosaic and often amorphous texture in sizes less than 10 microns and
secondary dolomites (delomicrosparites and dolosparites) with a semi-shaped to shaped texture They
were observed in sizes larger than 10 microns and even larger than 250 microns.In the studied dolomites,
an increasing trend of Fe and Mn elements and a decreasing trend of Sr element can be observed from
dolomicrites towards dolomicrosparites and doloasparites. The existence of some evidences such as
bird's eye porosity, algal laminae and intraclasts and the absence of evaporite minerals in the studied
samples showed that, the primary dolomites were formed in a tidal model, and then the secondary
dolomites were expanded in a shallow to medium burial diagenesis model due to seepage of the basin
floor in the carbonate platform of the Shahbazan Formation. The relatively high concentration of Na in
the studied dolomites (0.1 to 1.4% by weight) indicates the influence of basin floor sediments on them.
The ratio of Ca/Mg in all the studied dolomites is higher than the standard limit (1.6) and indicates that
they are non-stoichiometric. This issue can be justified considering the age of Shahbazan Formation in
this part of Lorestan sedimentary basin.

Keywords: Petrography, Dolomite, Geochemistry, Shahbazan Formation, Khorramabad, Lorestan

Introduction

In the studied area, the Shahbazan Formation is
separated from the Asmari Formation based on
paleontological studies, and 85 meters of this
section, which is mentioned in the geological
map of Khorram Abad 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
the geological map of 1/100000 of Khorram
Abad city, the units of the Mesozoic and
Cenozoic periods are outcrops. The Mesozoic
period units include Sarvak, Ilam, Gurpi and
Amiran formations and the Cenozoic period
units include, Kashkan, Asmari, Shahbazan
and Gachsaran formations. The Shahbazan
Formation is 85 meters thicknesses in the
studied section, and its lower boundary is
covered by the Kashkan clastic 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
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dolomites. The section under study is located
25 kilometers north-east of Khorram Abad city
and in the southeast side of Zarin Chogha
village, which is possible to reach this cut from
the asphalted road of Khorram Abad city
towards the said village. The section under
study has the geographic coordinates of "E 48
12' 12.25" E longitude and N 33¢ 38' 17.9"
latitude.

Materials and methods

In order to understand the diagenesis processes
of the Shahbazan Formation in the studied
section, 85 thin sections of petrography were
prepared in Lorestan University. Petrographic
studies were carried out by Olympus-BH2
polarizing microscope. Thin sections were
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, 26 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. 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.
The average sodium in the studied samples is
0.6 weigh percentage, 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. 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
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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,
cementation, and replacement. The most
abundant and widespread type of succession in
limestones is dolomitization. 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. 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 0.1 and
1.2 %) 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
According to petrographic and geochemical
studies on the main elements such as Mg and

Ca and secondary elements such as Sr, Fe, Na,
Mn, two main groups of dolomites have been
identified in Shahbazan Formation,
Khorramabad anticline, which includes There
are primary dolomites (simultaneous with
sedimentation) and secondary dolomites (after
sedimentation). Primary dolomites
(dolomicrites) with a mosaic and often
amorphous texture in sizes less than 10
microns and secondary dolomites
(delomicrosparites and doloasparites) with a
semi-shaped to shaped texture They were
observed in sizes larger than 10 microns and
even in sizes of several millimeters. In the
studied dolomites, an increasing trend of Fe
and Mn elements and a decreasing trend of Sr
element were observed from primary
dolomites towards secondary dolomites. The
high concentration of Fe and Mn elements in
secondary dolomites compared to primary
dolomites is due to being in a reduced
condition and in a burial diagenesis
environment for this type of dolomites. The
presence of some evidences such as bird's eye
porosity and intraclasts and the absence of
evaporite minerals in the studied samples
showed that the formation of primary
dolomites was in a tidal model and then due to
seepage of brines on the basin floor. In the
carbonate platform of the Shahbazan
Formation, secondary  dolomites have
expanded in a shallow to medium burial
diagenesis model. The ratio of Ca/Mg for
different phases analyzed for dolosparites,
dolomicrosparites and dolomicrites in the
studied samples is equal to 2.5, 2.4 and 2.2,
respectively, which indicates non-
stoichiometry (absence of stoichiometry) is the
existence of these problems. This trend can be
justified considering the age of Shahbazan
Formation in the studied section.



