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Fig. 1. Geographical location and ways of access to the section under study. 
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Fig. 2. Expansion of formations in the studied area based on geological map 1/100000 of Poldokhtar city. 
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Fig. 3. A view of the Asmari Formation and other outcropping formations in the study area (view to the northeast). 
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Fig. 4. Stratigraphic units of the Asmari Formation in the section of Rit anticline 
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Table 1. Classification of rock-layered units of Asmari Formation in the Rit anticline section by Grabau (1913) method 
(south-western Lorestan). 
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Fig. 5. A: Micritization phenomenon of a gastropod shell in a bioclastic wackestone facies. (Sample no, As-Ri-12). B: 

Multi-stage micritization in a bioclastic wackestone/packstone facies.  (The yellow arrow shows stage 1 and the white 

arrow shows stage 2). The intensity of micritization in stage 1 is higher than stage 2. (Sample no, As-Ri-14) 
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Fig. 6. A: The formation of decreasing neomorphism in the shell of allochem in a bioclastic wackestone facies. (Sample 

no, As-Ri-18). B: The creation of increased neomorphism in a bioclastic wackestone facies (the increasing neomorphism 

process is in the direction of the yellow arrows), the red arrow shows the decreasing neomorphism in the porous shell. 

(Sample no, As-Ri-9) 
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Fig. 7. A: The formation of equal rim cement around an allochem (yellow arrows). The red arrow shows intragranular mosaic 

cement and the white arrow shows stylolite (Sample no, As-Ri, 44).  B: The poikilotopic cement that includes the allochem 

grain (dashed yellow line), the red arrow shows the intergranular equal mosaic cement (Sample no, As-Ri, 23). C: The 

formation of drusy cement inside a shell (the increase in the size of the crystals is from the edge towards the center and in the 

direction of the yellow arrows) (Sample no, As-Ri, 51) D: The equal mosaic cement formed inside the fracture (Sample no, As-

Ri, 40). 
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Fig. 8. A: Formation of blocky calcite cement formed in rock cavities (Sample no, As-Ri, 11).  B: The formation of blocky 

calcite cement inside a piece of allochem (Sample no, As-Ri, 55). C: The formation of blocky calcite cement inside a fracture 

that has taken drusy fabric (Sample no, As-Ri, 17). D: blocky calcite cement formed inside the fracture (Sample no, As-Ri, 62). 
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Fig. 9. A: Formation of coarse crystal dolomitic cement inside the cavity.  The yellow arrow shows the vugy porosity (Sample 

no, As-Ri, 7). B: The formation of microcrystalline dolomite cement in the rock matrix (Sample no, As-Ri, 30) C: The formation 

of coarse crystal dolomite cement within a fracture in a dolomitic mudstone facies (Sample no, As-Ri, 48). D: Coarse crystal 

dolomite cement in a dolosparite facies (Sample no, As-Ri, 10). 
 

  
 NH�10. # +� ["
��> ��:"+ :X*+#�# +� �� # +�#* � � �2
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Q ��H&C) �0As-Ri-13.(  

Fig. 10. A: Creation of fitted fabric in allochem grains. The red arrow shows grain crushing, the yellow arrow shows point 

contact, and the blue arrow shows longitudinal contact (Sample no, As-Ri, 19).  B: In situ fracture of algal fragment (Sample 

no, As-Ri, 20). C: Fractures created in the red algae (Sample no, As-Ri, 13). D: Convex-concave contact (yellow arrow) and 

convex contact between allochem (red arrow) (Sample no, As-Ri, 13). 
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Fig. 11. A: Dissolution veins formed with a weak topographic domain (Sample no, As-Ri, 47). B: Dissolution veins 

formed in a bioclastic wackestone facies (Sample no, As-Ri, 47). C: Stylolite formed in a bioclastic wackestone to 
packstone facies (Sample no, As-Ri, 49). D: Stylomottle formed in a bioclastic mudstone to wackestone facies (Sample 

no, As-Ri, 49).  
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Fig. 12. A: Intragranular pore porosity (Sample no, As-Ri, 59). B: Intragranular cavity porosity formed in a shell piece (Sample 

no, As-Ri, 60). C: Moldic porosity formed in a cross section of echinoderm (Sample no, As-Ri, 76). D: Intercrystalline pores 

created in a dolosparite facies (Sample no, As-Ri, 33). 

                                                
1 Effective porosity 
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Fig. 13. A: Large-scale pore porosity (channel) in a bioclastic wackestone facies (Sample no, As-Ri, 24).  B: 

Intragranular cavity porosity formed in a dolosparaite facies (yellow arrow), red arrows show the dissolution of 
dolomite crystals (Sample no, As-Ri, 34). C: Porosity caused by the complications of compressive dissolution (stylolite 

and stylomottle) (Sample no, As-Ri, 39). D: Porosity created due to fracture in a bioclast wackestone facies (Sample no, 
As-Ri, 45). 
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Fig. 14. A: Framboidal pyrite formation in mudstone facies. Pay attention to the small and spherical shape of these 

seeds (Sample no, As-Ri, 73). B: Formation of iron oxide inside the fracture (Sample no, As-Ri, 80). 
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Fig. 15. A: Silica replacement process in the rock field in a packstone bioclast facies (Sample no, As-Ri, 64). B: The 

process of replacing silica in an allochem in such a way that its internal structure has been destroyed to some extent 

(Sample no, As-Ri, 16). 
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Fig. 16. A: Dolomicrite with intraclasts (Sample no, As-Ri, 22). B: Dolomicrite containing algal laminae (Sample no, As-

Ri, 29). C: Dolomicrite under electron microscope (Sample no, As-Ri, 22). 
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Fig. 17. A: Dolomicrosparite under polarized light (Sample no, As-Ri, 31). B: Dolomicrosparite under electron 
microscope (Sample no, As-Ri, 31). 
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Fig. 18. A: Dolosparaite under polarized light (Sample no, As-Ri, 37). B: Dolosparite under electron microscope (Sample 
no, As-Ri, 37) 
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Fig. 19. A: EDX analysis spectrum of Asmari Formation dolomites sample. B: Digi maps of distribution of elements on 
the surface of dolomite crystals (Sample no, As-Ri, 37). 
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Fig. 20. Positive correlation between the amount of magnesium (Mg) and the ratio (Mg/Ca) of the studied dolomites. 
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Fig. 21. Changes in the ratio of Ca to Mg in the studied cut dolomite samples (R2=0.5121). 
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Table 2. Distribution of major and minor elements in the types of cut dolomites studied by EDX method (values by 
weight percentage) 

Mg/Ca 

(%) 

Sr 

(%) 

Na 

(%) 

Mn 

(%) 

Fe 

(%) 

Mg  

(%) 

Ca 

(%) 

O 

(%) 
C (%) Sample.No 

43/0  30/0  80/0  60/0  70/0  70/8  20/20  30/35  80/37  

Dolosparites 

As-Ri(1) 

51/0  10/0  80/0  50/0  90/0  50/9  65/18  60/32  90/36  As-Ri(2) 

48/0  65/0  70/0  90/0  95/0  30/10  30/21  60/24  45/40  As-Ri(3) 

56/0  75/0  30/0  65/0  90/0  90/10  50/19  85/26  95/39  As-Ri(4) 

47/0  75/0  40/0  40/0  70/0  75/11  30/20  50/21  10/44  

Dolomicrosparites 

As-Ri(5) 

59/0  60/0  55/0  30/0  45/0  00/11  20/20  85/30  90/35  As-Ri(6) 

45/0  80/0  10/0  55/0  85/0  95/10  65/21  90/24  00/40  As-Ri(7) 

53/0  90/0  65/0  45/0  90/0  50/11  00/22  10/43  35/20  As-Ri(8) 

52/0  50/1  10/1  10/0  10/0  80/11  00/22  55/29  75/33  

Dolomicrites 

As-Ri(9) 

49/0  10/1  65/0  30/0  65/0  65/12  90/23  35/20  20/40  As-Ri(10) 

59/0  75/0  75/0  20/0  10/0  20/12  00/24  95/41  00/20  As-Ri(11) 

51/0  90/0  50/1  10/0  10/0  95/10  00/22  00/31  35/33  As-Ri(12) 
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 NH�22.  
"��F2 V��Sr  
�+
� ��Mg =&2�*�� X7�%2 G+� + ��.#L*�M2 ���2 A
� ��0  

Fig. 22. Plot of Sr versus Mg values in different types of dolomites under study. 

  

  
 NH�23 
"��F2 V�� .Fe  
�+
� ��Mg =&2�*�� X7�%2 G+� + ��) �����- . /�� ��0Fe  ("�)"�4 ��
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Fig. 23. Plot of Fe values against Mg in different types of dolomites of Asmari Formation (Fe gradually replaces Mg). 
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Fig. 24. Plot of Mn values against Mg in different types of dolomites of the Asmari Formation. 
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Fig. 25. Plot of Na vs. Mg values for different types of cut dolomites under study 
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Fig. 26. Dolomitization model of Asmari Formation in the study area (no scale). Paragenetic sequence and dolomitization 

occurred in four stages a, b, c 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 c) The formation of dolomite during shallow to 

medium burial diagenesis. d) Formation of dolomite in the space resulting from fractures during deep burial diagenesis 
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Abstract 
In order to interpret the diagenesis sequences and the post-depositional history of the carbonate rocks of 
the Asmari Formation, a 131-meter-thick stratigraphic section located in the Rit anticline (south-western 
Lorestan) has been studied and sampled. The lithology of this formation is a period of carbonate and 
dolomite carbonate rocks. The results of the study of sedimentary thin sections showed that several 

diagenesis processes occurred in the Asmari Formation. These processes include micrite coating, 

cementation, dissolution, porosity, physical and chemical compression and all kinds of successions that 
have been formed in four environments: marine, fresh water, burial and upwelling. Three stages of initial 
(eugenesis), intermediate (mesogenesis) and final (telogenesis) diagenesis have been determined for the 
studied deposits. Petrological and elemental geochemical studies on dolomitic carbonate units led to the 

identification of two groups of dolomites in this formation (primary and secondary dolomites). The 

concentration of secondary elements (Fe and Mn) in primary dolomites is the lowest, while the 
concentration of these elements in secondary dolomites is the highest. Also, the concentration of other 
secondary elements such as (Sr and Na) is the highest in primary dolomites, while the concentration of 
these elements in secondary dolomites is the lowest, which indicates a shallow to medium burial 

diagenesis environment for it has secondary complications. The dolomites of this formation have not yet 

reached the crystalline order (stoichiometry), which can be due to the young age of these deposits 
(Oligocene-Miocene) in the region.  
 

Keywords: Asmari Formation, History of diagenesis, Geochemistry, Zagros, Lorestan 

 
 

Introduction 
The Oligocene-Miocene Asmari Formation is 
the youngest and most important oil reservoir 
rock in the Zagros Basin, and for this reason, 
extensive studies have been conducted on the 
stratigraphic properties of this formation.  This 
formation is considered to be the shallowest 
oil-producing horizon in southwestern Iran, 
and 75% of the in situ oil discovered in 
southwestern Iran is accumulated in Asmari 

reservoirs. This formation has two parts, 

Ahwaz sandstone part, which is found in the 
southern areas of Dezful embayment, and 
Kalhor evaporite part, which is in the northwest 
of Dezful embayment and southwest of 
Lorestan. In fact, the sediments of the Asmari 
Formation can be considered the last vast 
advance of the sea in Zagros. The aim of this 
study is to investigate the history of diagenesis 
of reservoir carbonate formations of the Zagros 

sedimentary basin (Asmari Formation) and it is 
hoped that these studies, along with sequence 
stratigraphy and facies studies, will be able to 
adapt reservoir characteristics on a local scale. 
And a part of this formation can be used in 
nearby areas. The study section is located 65 
km south west of Khorram Abad city and 10 

km north of Korki village. This section has the 

geographical coordinates of "E 48◦ 15' 20" east 
longitude and N 33◦ 04' 25' north latitude. 
According to the geological map of 1/100000 
of Poldokhtar city, the units of the second and 
third periods are outcrops. From the units of the 
second era, the formations of the Bangestan 
group (Sarvak, Surgah, Ilam), Amiran and 
Gurpi can be seen. The units of the third period 
include Taleh Zang formations, Kashkan red 
clastic formations, Asmari and Shahbazan 

formations, and Gachsaran Formation. In the 

section under study (Rit anticline), the Asmari 
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carbonate formation with a depth of 131 meters 
is placed on the Shahbazan dolomite formation 
as a continuous discontinuity (paraconformity) 
and its upper border with the Gachsaran 
evaporite formation is sharp and abrupt. In the 
studied section, the Asmari formation consists 
of 8 strata units. The lithology of these units 
includes thin-layered, medium-layered, thick-

layered limestones and dolomitized limestones. 

 

Material and methods 
In this research, based on the geological map 
of Poldokhtar city with a scale of 1/100,000, 
the target section has been selected and 
surveyed and sampled. The section under study 
was chosen in such a way that it has an easy 
access, the greatest thickness; the most 
lithological changes and the least wear.  Based 
on lithological changes, 82 samples were taken 
from the thickness of 131 meters of this 

formation. In order to understand the 

diagenesis processes and the history of 
diagenesis of this formation, all the samples 
taken from the lithological thin section in 
Ferdowsi university of Mashhad were 
prepared. Petrological studies were carried out 
by Olympus-BH2 polarizing microscope with 
XPL and PPL light. Carbonate rocks are named 

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 the textural 
classification of Sibley and Gregg (1987) and 
Mazallo (1992). For the size of dolomite 
crystals, the criterion provided by (Folk 1965) 

and Adabi (2009) was used. In addition to 

lithological studies, elemental geochemical 
studies have also been used to separate the 
types of sheared dolomites under study. In this 
study, 12 samples of all kinds of dolomites 
were analyzed by EDX method, and finally, the 
cut dolomites studied were also photographed 
under an electron microscope. (Analyses and 
imaging of dolomites have been done in 

Lorestan University). 

 

Results and discussion 
Lithological studies in order to investigate the 
history of diagenesis of carbonate rocks of 

Asmari Formation showed that several 
diagenesis processes including micritization, 
dissolution and porosity, cementation, 
crystallization, physical and chemical 
compression and succession occurred in this 
formation. These processes have been formed 
in four environments: marine, fresh water, 
burial, and upwelling, which have gone 
through three stages of diagenesis, initial 
diagenesis (eugenesis), intermediate 
diagenesis (mesogenesis) and final diagenesis 

(telogenesis). In the Asmari Formation, 

primary dolomites (dolomicrites) and 
secondary dolomites (dolomicrosparites, 
dolosparites and very coarse crystal dolomites 

filling pores and fractures) were detected. Due 

to the fabric and very small size of primary 
dolomite crystals, preservation of primary 
sedimentary tissues, such as intraclasts, algal 
laminae and fenestral fabric, lack of fossils and 
evaporite minerals, and also the lack of 
evidence indicating their formation under the 
influence of diagenetic processes are delayed. 
It seems that the first type dolomites 
(dolomicrites) under surface conditions, low 
temperature and in the intertidal environment 
formed. The second and third type dolomites 
are formed by recrystallization or replacement 
of very fine crystal dolomites. For primary 
dolomitization or simultaneous with 
deposition, the only source of Mg 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 diagenesis type dolomites can be 
obtained from various sources, among which 
are confined sea waters or intra-pore waters 
and diagenesis of clay minerals during burial. 
The fabric and very small size of dolomite 
crystals, the preservation of primary 
sedimentary textures, 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 late diagenetic 
processes, seem to be It turns out that the first 
type dolomites (dolomicrites) were formed 
under surface conditions, low temperature and 
in the intertidal environment. Second and third 
type dolomites are formed by recrystallization 
or replacement of very fine crystal dolomites. 
Dolomicrosparites and doloasparites are 
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mainly observed along with stylolites. 
Dolomites grown during stylolites have been 
reported by many researchers. However, in 
many cases, the formation of dolomites has 
nothing to do with the process of pressure 
dissolution, and stylolitic plates are considered 
as conduits for conducting dolomite-forming 
fluids.  In addition, the dolomites that are 
formed due to the pressure dissolution process 
are exclusively rhomboidal and iron-rich. 
Considering that the dolosparites and 
dolomicrosparites under study do not have any 
of these characteristics and traces of the 
primary texture (dolomicrites) can be observed 
in them, they cannot be considered related to 
the pressure dissolution process, but more they 
are obtained by substitution and 

recrystallization. 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 shell 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 dolosparites, the 
size of these crystals is several tens of microns, 
which are the result of burial diagenesis. 
Dolomite type one (dolomicrites) as dolomite 
it is considered to be approximately 
contemporaneous with deposition. Dolomite of 
the second type (dolomicrosparites) and 
dolomite of the third type (dolosparites) are 
formed from the recrystallization of previous 

dolomites. Dolosparites can be seen in three 

forms in the samples, in the form of 
replacement in allochems grains, 
recrystallization from finer crystalline 
dolomites, and in the form of cement with the 
same dimension calcite filling fractures and 
holes in the rock. The presence of calcite 
cement inside the fractures can confirm burial 

diagenesis. It seems that the only source of Mg 

for early dolomitization or co-deposition was 
seawater. This origin is considered only for 
type 1 dolomites that were formed near the 
surface and under low temperature conditions 
in a tidal zone and probably due to the pumping 

of sea water into this zone. However, the 

magnesium required for type 2 and type 3 
dolomites can be obtained from various 
sources, among which we can consider trapped 
seawater or pore water and diagenesis of clay 
minerals during burial. Finally, according to 
the evidence of petrography and elemental 
geochemistry, the dolomites of the Asmari 
Formation can be considered from the tidal flat 
model, seepage and then shallow to medium 

and deep burial. 

 

Conclusion 
Lithological studies in order to investigate the 
history of diagenesis of carbonate rocks of 
Asmari Formation showed that several 
diagenesis processes such as micritization, 
dissolution and porosity, cementation, 
crystallization, physical and chemical 
compression and succession have occurred in 

this formation. These processes have been 

formed in four environments: marine, fresh 
water, burial, and upwelling, which have gone 
through three stages of diagenesis, initial 
diagenesis (eugenesis), intermediate 
diagenesis (mesogenesis) and final diagenesis 
(telogenesis). Two groups of dolomites were 
identified based on lithology and elemental 
geochemistry studies (primary and secondary 
dolomites). Primary dolomites have low 
amounts of Fe and Mn and high amounts of Sr 
and Na, while secondary dolomites have a high 
concentration of Fe and Mn and lower amounts 

of Sr than primary dolomites. This indicates a 

shallow to medium diagenesis burial 
environment for secondary dolomites. 
According to the evidence of lithology and 
elemental geochemistry, the dolomites of the 
Asmari Formation can be considered from the 
model of sedimentation, seepage and then 

shallow to medium and deep burial. 
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