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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-Dizaji and Kiani Harchegani, 2011). b: A part of the geological map 1/100000 of Kohdasht city along with the
expansion of the formations of the studied area (National Geological and Mineral Exploration Organization, 1379).
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Fig. 2. a: A view of Amiran, Talehzang and Kashkan formations in the study area (view to the northwest). b: Medium

dolomitized carbonate unit of gray layer in contact with Amiran Formation. c: very thick carbonate unit - gray to pea-
colored layer and rock formation. The yellow box is the geological hammer. d: medium to thick carbonate unit, gray to

pea colored layer. d: gray dolomitic carbonate unit of thin layer.
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Fig. 3. Lithostratigraphic rock column of Talehzang Formation in North-East section of Kohdasht (Pusht-Jangal

anticline section)
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Fig. 4. a: Development of a micrite coating (red arrow) around a foraminifera shell in a bioclastic wackestone facies. (Sample No. Tz-
13). b: Creation of micrite coating (red arrows) on bioclast fragments in such a way that this coating destroyed their internal structure.
(Sample No. Tz-12). The yellow arrow is the micrite coating around a piece of oyster, which has preserved its original shape after the
dissolution of the oyster. The green arrow is an example of vuggy porosity. c: reduced neomorphism in the form of a micrite coating
around a foraminifera shell. This coating is impregnated with iron oxide (yellow arrow). (Sample No. Tz-16). d: Increased
neomorphism (transformation of fine micrite crystals into larger microspar and spar crystals in the direction of the red arrows)

(sample number Tz-18).
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Fig. 5. a: The formation of isopachous rim cement with very fine calcite crystals (red arrow) around the grains in a bioclastic

greenstone facies. These cements are followed by next generation cements (green arrow). (Sample No. Tz-3). b: Poikilotopic
cement with very large calcite crystals (yellow lines) that includes calcite fragments (red arrows) (sample number Tz-40).
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Fig. 6. a: The formation of equant mosaic cement between coral pieces (red arrows). (Sample No. Tz-11). b: The formation of

equant mosaic cement inside the bryozoan cells (red arrows). (Sample No. Tz-14). c: The formation of equant mosaic cement

inside the fracture (sample number Tz-48). The sample is stained by alizarin red and its red color indicates the atmospheric

diagenesis environment d: the formation of drusy cement inside the cavity (increasing the size of the crystals in the direction
of the yellow arrows). (Sample No. Tz-35).
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Fig. 7. a: Formation of blocky coarse-crystal calcite cement (sample number Tz-50). b: Geopetal fabric in coral cells in a coral
bondstone facies. The lower part of the cells is filled with micrite (yellow arrows) and the upper part of the cells is filled with
mosaic calcite cement (red arrows). The presence of micrite coating (green arrows) has preserved the initial shape of the coral

pieces after their dissolution (Sample No Tz-27). c: Geopetal fabric in a foraminiferal fossil in a bioclastic wackestone facies
(Sample No. Tz-28). d: Glomerous fabric formation in the peloidal wackestone facies (yellow arrows). (Sample No. Tz-8).
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Fig. 8. Types of diagenesis processes resulting from mechanical compression. a: Fractures created in the shell of a foraminifera in the
bioclast facies (sample number Tz-10). b: Creation of fitted fabric in dolomitized bioclastic packstone facies (sample number Tz-19).
c: Crushing of grains as a result of placing softer grains among other grains (sample number Tz-30). d: Irregular fractures created in
the rock bulk, which are filled by iron oxide in the telogenic stage (yellow arrow), in some cases, the space resulting from the fracture
is left as porosity (red arrow) (sample number Tz-47).
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Fig. 9. Types of diagenetic processes resulting from chemical compression. a: Dissolution veins containing iron oxide in the dolomitized
wackestone facies (sample no. Tz-7). b: Stylolite formation in the rock bulk in the dolomitized mudstone facies (sample no. Tz-2). c:
stylolite and partial grain removal in a dolomitized packstone facies (sample no. Tz-15). d: Stylommottle formation in a bioclastic
wackstone facies (yellow arrow) (sample no. Tz-17).
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Fig. 10. Types of porosity created in the studied samples. a: Intergranular porosity (red arrow), intragranular porosity
(green arrow) and vuggy porosity (yellow arrow) (sample number Tz-26). b: Intercrystalline porosity in the
dolosaparaitic facies (yellow arrow) (sample no. Tz-21). c¢: Vuggy porosity (yellow arrow) created in the
delmomicrosparaitic facies. This vug is formed by large dolomite crystals (red arrow) (sample no. Tz-22). d: porosity
resulting from fracture (sample number Tz-31). e: Porosity resulting from stylolite (sample number Tz-44). f: Porosity
resulting from Stylommottle (Sample No. Tz-45). g: channel porosity created in the dolomicrosparite facies (sample
number Tz-33). h: fenestral porosity in dolomicrite facies (sample number Tz-32). i: Moldic porosity created in
dolomitized bioclastic packstone facies (sample no. Tz-39).
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Fig. 11. Types of replacement processes in the studied samples. a: Formation of framboidal grain pyrites in carbonate
mudstone facies (sample number Tz-6). b: Silicification in the carbonate mudstone facies (yellow arrow), the red arrow
shows the euhedral dolomites formed in the rock matrix (sample number Tz-41). ¢ and d: the process of dolomitization

in fossil components in such a way that only their form is preserved (sample number Tz-38). e and f: extensive dolomite
cement that has caused the change of rock fabric, which is called destructive dolomitization (sample number Tz-43).

2 Dolomitization ! Pyritization
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SEM HV: 15.0kV WD: 13.24 mm 1 1 MIRA3 TESCAN
View field: 17.3 pm Det: SE 5 ym
SEM MAG: 12.0 kx  Date{m/diy): 07/29/24
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Fig. 12. a: Dense delomicritic facies lacking fossils (sample no. Tz-5). b: Electron microscope image of delomicrites
(sample no. Tz-5). c: Algal lamines in the dolomicritic facies (sample no. Tz-9).
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Fig. 13. a: Dolomicrosparite facies caused by the recrystallization of dolomicrites (the yellow arrow shows the direction of
recrystallization (Sample No. Tz-23). b: Electron microscope image of dolomicrosparites (Sample No. Tz-23) c: transformation

of dolomicrite into dolomicrite in this facies (red arrows) indicating a burial environment for dolomicrite to dolomicrite
(sample no. Tz-34).
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Fig. 14. a: Iron doloasparaite. The thin section is stained with alizarin red and potassium ferrocyanide (sample number
Tz-42). b: Doloasparaite fill the cavity. The yellow arrow shows the dolomite crystal and the red arrow shows the cavity
occupied by dolomite. (Sample No. Tz-46). c: Electron microscope image of doloosparites that filled the cavity (sample
number Tz-46). d: Electron microscope image of intercrystalline porosity (yellow arrows) in dolosparites (sample

number Tz-46).
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Fig. 15. a: Dolomite crystals under the influence of dissolution (red arrows), the yellow arrow in the picture show the
intercrystalline porosity. (Sample No. Tz-37). b: Euhedral doloasparite containing iron related to burial diagenesis.
(Sample No. Tz-20). Images c, d, e: are digitized maps (Digi maps) of image b. Picture ¢ shows the concentration of Mg
element, picture d shows the concentration of Mn element and picture e shows the concentration of Fe element.
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Fig. 16. a: Dolomites with iron-rich crystals. The thin section is stained with alizarin red and potassium ferrocyanide
(sample number Tz-4). b: Very coarse-crystal dolomite that occupies the space inside the grain. (Sample No. Tz-1). c:
very coarse crystalline dolomites of the horse saddle type (baroque) (sample number Tz-9). d: Burial very coarse

crystalline dolomites. The association of these dolomites with stylolites (red arrow) indicates the origin of deep burial
diagenesis for this type of dolomites (sample number Tz-24).
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Table 1. Distribution of major and minor elements in the types of cut dolomites studied (values by weight percentage)

Sample.No C (0} Ca
(%) | (%) | (%)
TZ(1) Dolosparites 37.80 | 29.10 20.50

TZ(2) 26.00 | 40.20 | 19.80
TZ(3) 23.70 | 39.50 22.20
TZ(4) 35.20 | 30.90 | 19.80
TZ(5) @ Dolomicrosparites = 35.10 = 32.70 19.40
(TZ6) 42.30 | 25.20 ' 19.90
TZ(7) 26.90 38.50 @ 20.20
TZ(8) 41.50 | 21.40 | 22.30
TZ(9) Dolomicrites 33.20 @ 30.80 21.80
TZ(10) 35.10 | 25.20 | 24.00
TZ(11) 45.20 | 19.90 | 20.80
TZ(12) 34.40 | 31.30 | 21.20

Mg Fe Mn Na Sr | Mg/Ca
(%) | (%) | (%) (%) | (%) | (%)
970 | 090 0.30 1.20 040 047

11.30 | 1.10 | 0.40 090 | 020 | 0.57
9.30 2.50 1.00 0.80 090  0.42
11.50 | 0.80 | 0.60 0.30 | 0.80 | 0.58
10.40 | 0.80  0.30 0.30 090  0.47
10.90 | 0.20 | 0.30 0.60 | 050 @ 0.59
11.80 | 090  0.60 0.10 090 045
11.60 | 1.00 | 0.50 0.70 | 0.80 | 0.53
12.00 | 020 @ 0.10 090 090  0.52
12.30 | 090 | 0.10 .20 | 1.10 049
11.90 | 0.10 = 0.10 090 090  0.59
9.80 020 020 0.80 | 1.90 | 0.51

(39 22y w2 p3lio) axdllan 590 (02 (S Ca0glyd glgil )3 (£58 9 (ol yolic @1jei (Silio ¥ Jguxr
Table 2. Average distribution of major and minor elements in the types of cut dolomites studied (values in weight

percentage).
Dolomite type C(%) O(%) Ca(%)

Mg (%) Fe(%) Mn(%) Na(%) Sr(%)

Dolosparite 30.68 34.93 20.58 10.45 1.33 0.58 0.80 0.58
Dolomicrosparite = 36.45 29.45 20.45 11.18 0.73 0.43 0.43 0.78
Dolomicrite 36.98 26.80 21.95 11.50 0.13 0.13 0.95 1.20
Total 34.70 30.39 20.99 11.04 0.80 0.38 0.73 0.85
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Fig. 17. The general trend of changes in the Mg/Ca to Mg ratio in the studied cut dolomite samples. The amount of
magnesium (Mg) in the dolomite samples studied has a positive relationship with the (Mg/Ca) ratio.
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Fig. 18. The trend of changes in Ca to Mg ratio in dolomite samples of the studied section. As the amount of calcium
(Ca) increases, the amount of magnesium (Mg) also increases (R2=0.0433), which can be due to the openness of the

diagenesis system for the carbonates of Talehzng Formation.
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Fig. 19. Plot of Sr and Mg values in different types of dolomites under study. Sr concentration in dolomicrites is higher

than other dolomites.
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Fig. 20. Plot of Fe values against Mg in different types of dolomites of Talehzang Formation (Fe replaces Mg over time)
(Fe in dolomicrites has been due to the oxic conditions, is also in the dolomicrosparites and dolosparites due to the semi-

reduction to reduction conditions).
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Fig. 21. Plot of Mn values against Mg in different types of dolomites of Talehzang Formation (concentration of
manganese element Mn in diagenetic dolomites (dolosaparites and dolomicrosparites) is much higher than primary

dolomites (dolomicrites).
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Fig. 22. Plot of Na versus Mg values for different types of cut dolomites under study
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Fig. 23. Dolomitization model of Talehzang Formation in the study area (no scale). The paragenetic sequence occurred in 4
stages a, b, ¢ and d respectively. a) The formation of microcrystalline dolomite in the tidal flat environment. b) The formation

of dolomite due to the seepage of basin floor sediments. ¢) The formation of dolomite during shallow to medium burial. d: very
coarse ferruginous dolomites (saddle type) filling fractures and veins (related to deep burial diagenesis).
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Table 3. Paragenetic sequence of Talehzang Formation in the studied section (north of Kohdasht), the green part shows
high abundance and the dashed line shows low abundance.
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Abstract

In this research, the processes of diagenesis, elemental geochemistry and dolomitization model of
Talehzang Formation in the northeast of Kohdasht have been studied. This formation extends to the
Paleocene- Middle Eocene age in the sedimentary basin of Lorestan. In this area, a 51-meter-thick
subsurface section has been selected at the 18 kilometers northeast of Kohdasht city. In the studied area,
the lower boundary of Talehzang Formation is sharp with Amiran Formation and the upper boundary is
disconformable with red silisiclastics of Kashkan Formation. The petrographic studies led to the
identification of several diagenesis processes, including micriteization, neomorphism, cementation,
compression, dissolution, and replacement, which the replacement process of dolomitization is more
widespread in this formation. Based on paragenetic sequence, the Talehzang Formation deposits in this

section have been interpreted in four marine, burial, upwelling and fresh water environments, which
have fallen during three stages of initial (eugenesis), middle (mesogenesis) and final (telogenesis)
diagenesis stages. The elemental analysis of the samples by EDS and EPMA methods (with accuracy of
0.01%) on 12 samples of dolomites which showed the low amount of Fe and the high amount of Sr and
Na in dolomicrites and the high concentration of Fe and Mn in dolomicrosparites, and dolosparites as
well as the existence of some evidences such as algal intraclasts, fenestral porosity and the absence of
evaporite minerals indicate the formation of these dolomites from the tidal flat model, seepage and reflux
and then shallow to medium and deep burial. Moreover, elemental geochemical evidence showed that
the studied dolomites have not yet reached to crystalline order (stoichiometry), which can be explained
by considering the age of Talehzang Formation (Paleocene-Middle Eocene) in this part of the
sedimentary of Lorestan basin.

Keywords: Talehzang Formation, Elemental analysis, Dolomite, Tidal flat model, Kohdasht

Introduction processes, major heterogeneities are often seen

Talehzang Formation (Paleocene-Middle
Eocene) is an example of packstone limestone
and bioclast, where large foraminifera are
found in abundance. This formation is clearly
spread in the sedimentary basins of Lorestan
and it is placed on the Amiran Formation and
below the Kashkan Formation, and sometimes
it replaces these two formations laterally and
backwards. In some areas, the presence of an
erosive unconformity at the upper limit of the
Talehzang Formation has been assumed,
although the paleontological evidence does not
confirm it. This formation is replaced by the
Pabdeh Formation towards the south-western
regions of Lorestan. Due to the very high
sensitivity of carbonate rocks to diagenesis

in them. The Talehzang Formation extends
exclusively in the sedimentary basin of
Lorestan. In this basin, most of the researches
carried out on this formation are aimed at
determining its age by taking into account the
fossil contents and the interpretation of its
microfacies and depositional environment, so
in the present research, elemental
geochemistry and dolomitization model of this
formation it is discussed in a section of the
earths surface. Considering the effect of
dolomitization in the facies of this formation
and the relationship between the relative
changes of the sea level and dolomitization in
the Paleocene-Eocene carbonate platforms of
the Lorestan sedimentary basin, it is hoped that
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the results of this research can be adapted as
best as possible to this formation between
different parts of Lorestan sedimentary basin,
and finally, a clearer picture of
paleogeographic reconstruction of Paleocene-
Middle Eocene time in Zagros sedimentary
basin and post-depositional history of this
formation can be presented. According to the
map of structural zones of the Zagros basin, the
studied area is located in the simple folded part
of Zagros and in the sedimentary zone of
Lorestan. In Zagros, during the Late Paleocene
to Eocene, sediments were deposited in a pre-
pit sedimentary basin along the eastern margin
of the Arabian Plate. According to the
geological map 1/100000 of Kohdasht city, the
studied area is located on the northern side of
Pusht-Jangal anticline, where the Amiran,
Talehzang, Kashkan, Asmari, Shahbazan and
Gachsaran formations are exposed. The age of
Talehzang Formation in the studied section is
attributed to Paleocene. The section under
study is located 18 km northeast of Kohdasht
city and on the west side of Darabi village. It is
possible to reach this section from Asfatate
road in Kohdasht city towards the said village.
The section under study has the geographic
coordinates of "E 472 41' 47" and N 33- 42' 18"
latitude.

Methods and materials

In order to understand the diagenesis processes
of Talehzang Formation in the studied section,
51 rock samples (32 samples related to
carbonate units and 19 samples related to
dolomitic carbonate units) were taken from the
desired sequence in such a way as to cover the
entire sequence has given. From all the
samples, lithological thin sections were
prepared and studied by Olympus-BH2
polarizing microscope (the sections were
prepared and studied at Bou Ali-Sina
University). 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.
In order to understand the diagenesis
environment of the studied dolomites, 12
samples were analyzed by (EDS) and (EPMA)
methods with 100% accuracy in Lorestan
University, and imaging by electron
microscope (SEM) of dolomites was also
implemented. The samples were selected away
from any fractures, fossils, diagenesis and

weathering processes and then sampling was
done from the fresh part of the rock with a
dental drill, and then the powdered and
homogenized samples were subjected to EDS
analysis. In this research, a combination of
petrographic  studies and  geochemical
methods, such as major and minor elements,
has been used to separate the types of
dolomites of Talehzang Formation.

Results and discussion

Primary  dolomites  (dolomicrites) and
secondary  dolomites  (dolomicrosparites,
dolosparites and very coarse saddle crystal
dolomites filling pores and fractures) were
detected in Talehzang Formation.Due to the
fabric and very small size of dolomite crystals,
the preservation of primary sedimentary
texture, such as intraclasts, algal laminae and
fenestral fabric, the absence of fossils and
evaporite minerals, as well as the absence of
evidence indicating their formation under the
influence of diagenetic processes. It seems that
first type dolomites (dolomicrites) were
formed under surface conditions, low
temperature and in intertidal environment.
Very coarse saddle crystal dolomites are
associated with stylolites with wave extinction,
and therefore their formation is related to deep
burial diagenesis that filled the veins and
fractures. It seems that this kind of dolomites is
the last generation of dolomites that were
formed in the samples of Talehzang Zormation
and filled the porosity resulting from
fractures.Low amounts of strontium and
relatively higher amounts of iron in coarser
crystalline dolomites probably indicate the
increase in the size of dolomite crystals and the
recrystallization of dolomite crystals during
burial. During burial 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 pores is
filled by calcite sparite and dolosparite, the size
of these crystals is several tens of microns,
which is the result of burial diagenesis, and
according to the analysis results elemental
geochemistry and staining with potassium
ferrocyanide solution, iron element is found.
Type I dolomite (dolomicrites) is considered as
dolomite almost simultaneously with the
deposition. The second type of dolomite
(dolomicrosparites) and the third type of
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dolomite (dolosparites) are formed from the
recrystallization of previous dolomites.
Dolosparites can be seen in three forms in the
samples, in the form of substitution in
allocheme grains, recrystallization from finer
crystalline dolomites, and in the form of
cement filling fractures and pores in the rock,
the last type being related with saddle-type
dolomites, which are related to deep burial
diagenesis. The presence of equant calcite
cement inside the fractures can confirm burial
diagenesis. It seems that for primary
dolomitization or simultaneously  with
sedimentation, the only source of magnesium
is sea water. This origin is considered only for
type 1 dolomites, 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 2, 3 and 4
dolomites can be obtained from various
sources, among which are trapped sea waters
or pore waters and diagenesis of minerals. Clay
was considered during the burial. The highest
percentage of dolomite is near the upper and
lower borders of the Talehzang Formation. The
dolomites of the lower boundary of the
Talehzang Formation, which are related to the
gray shales of the Amiran Formation, have
received their required magnesium from the
diagenesis of the shales of the Amiran
Formation during burial diagenesis, and from
the point of view of petrography, these
dolomites are more they are of secondary type.
The dolomites that were formed at the upper
border of the Talehzang Formation and in
connection with the red-colored and detrital
formation of Kashkan are more of the first type
and they received the magnesium they needed
from the atmospheric waters that are in this
border. Due to the drop of the sea level on a
global scale and the discontinuity of not-so-
strong and long-term erosion, some dolomite
has formed at the end of the Talehzang
Formation. Investigating the relationship
between changes in relative sea water level and
dolomitization in carbonate platforms indicates
that at the upper boundary of the sequence
(coastal facies), due to the lowering of the sea
water level on a global scale and the
simultaneous influence of meteoric fluids, a
high volume of dolomitizing fluids and high
nucleation rate, dolomitization rate is high and
the size of dolomite crystals is relatively
smaller. Finally, according to the evidence of

petrography and elemental geochemistry, the
dolomites of Talehzang Formation can be
considered from the model of sedimentation,
seepage, and then shallow to medium and deep
burial. The Talehzang Formation was
deposited in a marine phreatic environment,
consisting of magnesium-rich aragonite and
calcite shells (red algae, foraminifers,
echinoderms and molluscs) with intragranular
and intergranular porosity. Some diagenesis
processes, such as micrite formation, the
formation of isopachous rim cement, are
related to early diagenesis in marine
environments, which were identified in the
section under study, which confirm the early
stage of diagenesis. As a result of dissolution,
cavity, channel and mold porosity is formed
and the process of incremental neomorphism
can also be seen. The upper border of
Talehzang Formation with Kashkan Formation
is an erosional unconformity that indicates a
period of water exit. The results of
petrographic studies and elemental analysis of
dolomites in this section show that low
amounts of Fe and high amounts of Sr and Na
in dolomicrites and high concentration of Fe
and Mn in dolomicrosparites and doloasparites
along with the presence Some evidences such
as intraclasts, fenestral porosity and the
absence of evaporite minerals indicate the
formation of these dolomites from the
Jezromedi model, percolation and then shallow
to medium and deep burial. Based on
petrographic evidence, the diagenesis sequence
has been determined during four diagenesis
environments (marine, burial, uplift and
meteoric) in the carbonate rocks of Talehzang
Formation.

Conclusion

Petrographic studies on samples of Talehzang
Formation in the northern section of Kohdasht
led to the identification of several diagenesis
processes. These processes include
micritization,  crystallization, compaction,
cementation, dissolution and creation of
porosity and replacement process. Based on
this, the paragenetic sequence of the Talehzang
Formation deposits in this section has been
interpreted in four marine, burial, upwelling
and fresh water environments, which occurred
during three stages of initial (eugenesis),
middle (mesogenesis) and final (telogenesis)
diagenesis.The most important successional
process in  Talehzang Formation is
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dolomitization, which has affected most of the
sequences of this formation. Dolomitization is
formed both primary and secondary.The
elemental analysis of the samples by EDS and
EPMA methods (with 100% accuracy) showed
that primary dolomites have low amounts of Fe
and high amounts of Sr and Na, while
secondary dolomites have a high concentration
of Fe and Sr are lower than primary dolomites,
which indicates a shallow to medium
diagenesis burial environment for secondary
dolomites.The most important source of Mg
supply in primary seawater dolomites and in
secondary dolomites is the conversion of clay
minerals into each other due to the presence of
shale facies of Amiran Formation in the region
and confined sea waters. The results of

petrographic studies and elemental analysis of
dolomites in this section show that low
amounts of Fe and high amounts of Sr and Na
in dolomicrites and high concentration of Fe
and Mn in dolomicrosparites and doloasparites
along with the presence Some evidences such
as intraclasts, fenestral porosity and the
absence of evaporite minerals indicate the
formation of these dolomites from the
Jezromedi model, percolation and then shallow
to medium and deep burial. Also, elemental
geochemical evidence showed that the studied
dolomites have not yet reached crystalline
order (stoichiometry), which can be explained
by considering the age of Talehzang Formation
(Paleocene-Eocene) in this part of the Lorestan
sedimentary basin.



