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7
8&R9�C� ���� &@C�� ��6,)��� 4
��1 �/
�6 &� ���5  

Fig. 1. a- Map of access roads to the study area along with the selected section location. b: Part of the geological map of 1/25000 

of Khorramabad County along with the spread of the formations of the study area 

  
 SL�2 .a- 
� �/
�6 &� &R9�C� ���� 4
� �/ ��� ���) .(:��� A�� &� ,��) �5 *�
�� � *�
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� :

 .&R9�C� ���� 4
�c .&R9�C� ���� 4
� �� �/���-1 ,)��� � �����5 ,)��� *�� ���/�6 W+/ : 

Fig. 2. a- Distant view of the studied section with its lower and upper boundary (view to the north). b: Abrupt boundary 

between the Shahbazan and Asmari formations in the studied section. c: Weathered horizon between Asmari and Gachsaran 

formations in the studied section. 
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Fig. 3. Asmari Formation strata column in the northern section of Khorramabad 
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Fig. 4. Intertidal zone facies assemblage. a: Dolomitized mudstone with intraclasts. b: Fenestral mudstone. Dark arrows 

indicate flocculent texture in peloids. c: Fossiliferous carbonate mudstone. d: wackestone to packstone containing intraclasts 

and peloids grains. Dark arrows indicate quartz detrital fragments. 
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Fig. 5. Facies assemblage of the lagoon environment. a: Bioclastic wackestone. b: Bioclastic packstone 
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Fig. 6. Facies complex of the barrier environment. a: Bioclastic grainstone. b: Pelloidal grainstone. It seems that some 
of the peloids are derived from over-micritization of the ooids grain, in a way that has somewhat obscured the ooids' 

structure. 
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Fig. 7. a: Micritization in the shell of foraminifera in a way that its structure is preserved after dissolution. b: Excessive 

micritization that has partially obliterated the grain structure. c: Multi-stage micritization. d: Increasing micritization 
in the direction of the yellow arrow. 
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Fig. 8. a: Formation of isopachous cement around the grains (yellow arrows). This cement is followed by the next 

generation of transparent cements (red arrows). b: Coarse crystal poikilotopic cement (red arrows) that surrounds 

several cement grains (yellow arrows). 
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Fig. 9. a: Fine-crystalline mosaic cement between peloids grains b: Medium-crystalline intragranular mosaic cement within 

bioclastic particles. c: Drusy cement within grains. The increase in crystal size is towards the center of the grain or cavity (in 

the direction of the yellow arrow). d: Very coarse-crystalline blocky cement within a fracture 
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Fig. 10. a: Physical compaction and formation of various types of contact between grains and grain-to-grain fabric due 

to close proximity and over-compression of grains b: Fracture in the allochem shell due to physical compaction. c: 
Dissolution veins in the bioclastic wackestone facies. d: Stylolite and removal of part of the grains in the bioclastic 

wackestone to packstone facies 
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Fig. 11. a: Intragranular pore porosity (red arrow) in a gastropod. Yellow arrows indicate intergranular porosity. b: 

Large channel-type pore porosity (red arrow) and cast porosity (yellow arrows). c: Stylolite-induced porosity. d: 

Fracture-induced porosity. 
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+ :  

Fig. 12. a: Pyrite formation in a shell of a mussel that has been replaced after the dissolution of the shell. b: Pyrite 
formation along stylolite. c: Silicification between intraclastic fragments. d: Dolomitization in the mudstone microfacies 
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Fig. 13. Development and distribution of microfacies along the Asmari Formation stratigraphic column in the studied section 
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Fig. 14. Depositional environment of the Asmari Formation in the studied section 

279  

  



���������  
��
���� ����13 ����� 
26 ������ � ����� 
1404    

 

 

  
 SL�15. �9/�% � ��)N��� :,�&R9�C� ���� 4
� �� �����5 ,)��� ��)N/��� ��6 . ad��95 �,� &�'() : .������ b�%��
+ "�#� �� �6b a��� S�L'% :

&)/� e/
f/ ���/
L����L��) �6 � (Y)� �<� ��6&���Z �����d6 �/��L��) (:�/ S�)) A��.; .������ b�%��
+ "�#� �� (Y)� ��
3 ��6c ��]�/ :

&)/� &� &)/� b�
��+ ��]�/ � *�+,% *�Z �� �L���+ d�/
% &)/� *�� g��% K/�)/ ���L��) �6 ��� ��L�� � A�O����� �,� �
8 ��5 ��L�� 
(Y)� �<� ��6

&)/� �,� &�.9 Y)�/� ��O� ��6 �� ��') .,�6�d*�� ���+,% ����� S�L'% :&)/���L��) (�,R� S�)) �/���� ����� � (Y)� �<� ��6&)/� �� �/

d��95��L��) �6 .(Y)� ��5 ��6e&)/� *�� �� �,)
�1/
+ ����� S�L'% :��L��) �6&)/� ���� :�O#)/ �� 7m�% &��)�n A�
�� S�L'% 
(Y)� �<� ��66 �

��L��) .(��5 ��L��) A�9�O���/ S�L'% _����� *�+,% ,��5
+ &�/�/ �� � (Y)� ��
3 ��6f�Q��L� S�L'% :� �� �6o �8
� .�)N��� ���() &OZ


�Q��L�A��� A���9�� � &�+
1 SL� ���+,% "�/
� �� ��6�5 �� ���+,% ��O��Q��L� �/ 
Q�� �8
� � (Y)� �<� ��L��) A�/ �,� S�L'% �66 �

��/ ��  .A�/ &�+
1 SL� �1,�5�9�� ���� �� 2�O�� � *65 ,�  

Fig. 15. Diagenesis model and paragenesis sequences of the Asmari Formation in the studied section. a: Deposition of allochems 

in a marine phreatic environment. b: Formation of a micrite coating around the grains (green arrows) and a uniform (first 

generation) isopachous cement (red arrows) in a marine phreatic environment. c: Formation of physical compaction during 

burial and formation of fitted fabric and types of contact between grains (green arrows), blue arrow indicates bioclast 

fragmentation and yellow arrow indicates pellet grain flocculation. d: Formation of intergranular burial cement (next 

generation) (green arrows) and intragranular cement in allochems (blue arrows). e: Formation of pervasive cement between 

grains (green arrows), formation of secondary pyrite accompanied by dissolution within grains (red arrows) and with the 

continuation of the burial process of sediments, formation of stylolite (blue arrow). f: Formation of fractures in the final stage 

of diagenesis. Some fractures formed under burial conditions and coarse-crystalline buried dolomite formed in them (green 

arrow) and some other fractures formed with iron oxide and silica during uplift. 
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Abstract 
In this study, the microfacies, depositional environment, and burial history of carbonate deposits of the 

Asmari Formation in the Khorramabad anticline have been investigated. This 115-meter-thick with 

lithological thin bedded, medium bedded and thick bedded limestones is located on the northern flank 

of the Khorramabad anticline (Zarrinchogha region). In this section, the lower and upper boundaries of 

the Asmari Formation are paraconformity and erosional unconformity with the Shahbazan and 

Gachsaran formations, respectively. Microscopic studies on 115 thin-section samples and field studies 

ultimately led to the identification of eight microfacies. These microfacies include fossiliferous 

mudstone, intraclastic dolomitized mudstone, and fenestral mudstone, wackestone to packstone 

pelloidal, bioclastic wackestone, packstone bioclastic, grainstone pelloidal, and bioclastic grainstone. 

Evidence such as fenestral mudstone, abundance of non-porous benthic foraminifera with porcelains 

shells in the mudstone texture, abundance of red algae, silt-sized detrital quartz grains, and weak to 

moderate sediment sorting indicate that these microfacies were deposited in three intertidal, lagoon, and 

barrier facies belts of an internal ramp. The dominant diagenetic processes in these microfacies include 

micritization, increasing and decreasing neomorphism, cementation (rim cement isopachous, blocky, 

drusy, and poikilotopic cement), physical and chemical compaction, fabric-dependent and non-fabric-

dependent dissolution of the rock, and the creation of intergranular, intragranular, and pore porosity, 

fracture, stylolitic, and moldic, and replacement in the form of pyritization, silicification, and 

dolomitization. These processes have occurred in four environments: marine, freshwater, burial, and 

upwelling, in which three stages of initial, intermediate, and final diagenesis have been identified. 
 

Keywords: Depositional environment, Diagenesis, Asmari Formation, Folded Zagros, Lorestan 

 
 

Introduction 
The Asmari Formation, with its dominant 

carbonate lithology, is rich in benthic 

foraminifera of Oligocene-Miocene age. 

Therefore, using this valuable fossil content 

and other skeletal components in this 

formation, the type of its depositional 

environment can be determined according to 

the models presented by Flugel (2010) and 

Wilson (1986). Considering that the studied 

section is located at the extreme of the folded 

Zagros (the boundary between the folded 

Zagros and the rolled Zagros or the crushed 

Zagros), therefore, the interpretation of the 

sedimentary environment and burial history of 

this section can be useful in order to match 

other sections studied in the folded Zagros 

(northwest, south and southwest of Lorestan). 

By matching these sections, a more appropriate 

analysis of the sedimentary basin and 

sequential stratigraphy of the carbonate 

sequences of the Asmari Formation in the 

Oligocene-Miocene time interval can be 

obtained. The study area is located 18 km north 

of Khorramabad city and in the Zarrin Chagha 

region. The geographical coordinates of this 

area are 25′36″N 33′ and 21′16″E 48′. The 

desired section can be reached through the 

asphalt road from Khorramabad city to 

Alashatar. The study area is considered a part 

of the folded Zagros and according to the 

geological map of the area, which is part of the 

1/25000 map of Khorramabad city, the second 

and third age units are exposed. The second age 

units spread in the study area are the Amiran 

and Tarbour formations. The third age units 
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include the Kashkan clastic formation, the 

Asmari formations, the Shahbazan formation, 

and the Gachsaran formation. The areas 

located west of the Dorud-Boroujerd axis to the 

east and north of Khorramabad city are called 

the High Zagros or the Folded Zagros, which 

are separated from the eastern areas of the 

province (Sanandaj-Sirjan) by the main thrust 

zone, especially the associated faults (Dorud 

fault), but its transition to the folded Zagros is 

almost gradual. In the High Zagros, the rock 

units have a general northwest-southeast trend, 

but generally, in terms of the performance of 

structural stresses, their deformation is 

complex, which is not in line with the general 

trend of the Zagros. The 115-meter-thick 

Asmari Formation is abruptly overlain by the 

Shahbazan Formation on the northern edge of 

the Khorramabad anticline, and its upper 

boundary with the Gachsaran Formation is also 

discontinuous. The Asmari Formation in the 

studied section consists of 6 lithological units, 

the lithology of which is thin-bedded, medium-

bedded, and thick-bedded limestone. 
 

Material and methods 
After numerous surveys, field visits, and a 

study of the geological map of Khorramabad 

County with a scale of 1.25,000, a surface 

section was selected on the northern edge of the 

Khorramabad anticline (folded Zagros zone) 

and 115 samples were taken from this section 
during field studies and based on lithological 

changes. The desired section was selected in 

such a way that it had the greatest thickness, 

the greatest lithological changes, easy access, 

and the least coverage. Thin sedimentary 

sections were prepared from all the samples 

taken (thin sections were prepared at Lorestan 

University and were studied in the next stage 

by an Olympus BH2 optical microscope with 

XPL and PPL light in the Geological 

Laboratory of Lorestan University). The 

naming of carbonate rocks was studied and 

interpreted according to the method of 
(Dunham 1962) and the microfacies were 

studied and interpreted based on the model of 

(Flugel 2010). The sedimentation model and 

diagenesis model of the formation were drawn 

using Corel Draw software. 
 

Results and discussion 

Microfacies of the studied section 
Based on field observations and microscopic 

thin sections, eight microfacies have been 

identified in the studied section. These 

microfacies include fossiliferous mudstone, 

intraclastic dolomitized mudstone, fenestral 

mudstone, wackestone to packstone peloids, 

bioclastic wackestone to packstone bioclastic, 

grainstone pelloidal and bioclastic grainstone. 

They are deposited in three facies belts: tidal, 

lagoon and shoal of an inner ramp. 

Tidal Flat Facies Zone Complex 
In the studied section, the following facies 

complexes were identified, which are related to 

the tidal flat: 

Intraclastic dolomitized lime mudstone  

Fenestral mudstone 

Fossiliferous limestone  

Wackestone to packstone pelloidal 

Lagoon Facies Zone Complex 
The microfacies related to this facies zone that 

have been identified in the studied area include 

the following: 

Bioclastic wackestone 

Bioclastic packstone 

Shoal Facies Zone Complex 
The microfacies complex of this facies zone in 

the studied section is introduced with two 

microfacies: 

Bioclastic grainstone microfacies 

Pelloidal grainstone microfacies 

Depositional environment 
The presence of evidence such as the 

abundance of non-porous benthic foraminifera 

with porcelains shells in a texture ranging from 

wackestone to packstone, red algae, silt-sized 

detrital quartz grains, weak to moderate sorting 

of sediments and supporting mud texture, the 

depositional environment of the Asmari 

Formation deposits in the stratigraphic section 

north of Khorramabad (Zarrin Chogha area) is 

considered a homoclinal carbonate ramp. 

Considering the energy of the environment and 

the abundance of skeletal and non-skeletal 

components, the sedimentary environments 

recognized on this carbonate ramp are 

intertidal zone, lagoon, and shoal environments 

that have deposited sediment in the restricted 

section (inner ramp). 
Diagenetic processes of the studied section 
Among the most important diagenetic 

processes in the studied section are 

micritization (as a thin coating micrite around 

grains and as a crust), neomorphism (as an 

increase and decrease around grains), 

compaction (physically and chemically), 

dissolution (dependent and independent of 

rock fabric), porosity (as intergranular, 
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intragranular, intrafracture, stylolitic, cast and 

cavity), cementation (as a isopachous, 

intragranular mosaic, intergranular mosaic, 

mosaic and blocky within fractures, drusy, 

pervasive and dolomitic) and replacement 

(including pyritization and silicification). 

Based on petrography evidence, the diagenetic 

sequence of the Asmari Formation occurred 

during three stages (eogenesis, mesogenesis, 

and telogenesis) and in four diagenetic 

environments (marine, burial, freshwater, and 

uplift. 

 

Conclusions 
Petrographically studies on thin section 

samples led to the identification of eight 

microfacies. These microfacies include 

fossiliferous mudstone, intraclastic 

dolomitized mudstone, and fenestral 

mudstone, wackestone to packstone pelloidal, 

bioclastic wackestone to packstone bioclastic, 

grainstone pelloidal, and bioclastic grainstone. 

Evidence such as fenestral mudstone, 

abundance of non-porous benthic foraminifera 

with porcelains shells in the mudstone texture, 

abundance of red algae, silt-sized detrital 

quartz grains, and weak to moderate sorting of 

sediments indicate that these microfacies were 

deposited in three intertidal, lagoon, and shoal 

facies belts of an inner ramp. The dominant 

diagenetic processes in the microfacies of these 

environments include micritization, increasing 

and decreasing neomorphism, cementation 

(Isopachous, fibrous, mosaic calcite cement, 

blocky, drusy and poikilotopic), physical and 

chemical compaction, fabric-dependent and 

non-fabric-dependent dissolution of the rock 

and the creation of intergranular, intragranular, 

pore, fracture, stylolitic and cast porosity, and 

replacement in the form of pyritization, 

silicification and dolomitization. These 

processes have occurred in four environments: 

marine, freshwater, burial and uplift, in which 

three stages of diagenesis have been identified: 

initial, intermediate and final. Pyrites that have 

formed as replacements are attributed to the 

(delayed) diagenesis type due to their 

simultaneous formation and dissolution of 

crusts and their formation along stylolites.
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