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Fig. 1. a-b) The general map of Iran. The study area is located in the Kopet-Dagh Basin and marked by a yellow star. 
c) Simplified geological map of the Shirvan area, including the location of the Sorkh -Ghaleh section. Base map: sheets 

of 1:100.000 map of Shirvan (Nadim and Haftlang, 2003).  
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Fig. 2. Schematic stratigraphic column of Sorkh -Ghaleh section in the study area 
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Fig. 3. A- Lower boundary of the Tirgan with the Shourijeh formations. B- The upper boundary of the Tirgan formation 
with the Abderaz formation view towards the northwest. P- Separation of the lower and upper parts of the Tirgan 

formation view towards the northwest. T- The upper boundary of the Tirgan with Sarcheshmeh Formations view 
towards the northeast.
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Fig. 4. a) Intraclast (yellow arrow) bioclastic (red arrow orbitolin) rudstone (number 85), b) mudstone (number 42), c) 
bioclastic (echinoderm red arrow, bivalve green arrow, bryozoan yellow arrow) wackestone-packstone (nimber 105). 
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Fig. 4. a) Bioclastic (yellow arrow bryozoan) grainstone (number 140), b) ooid (yellow arrow) grainstone (number 66), 
c) Bioclastic (green alga arrow, red arrow brachiopod) peloid (yellow arrow) grainstone (number 148), e) Ooid (yellow 

arrow) bioclastic (red arrow bryozoan, green allow brachiopod) grainstone (number 60), f) bioclast (green arrow 

bivalve) intraclastic (yellow allow) grainstone (number 30). 
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Fig. 6. a) Bioclast (red arrow gastropod) intraclastic (yellow arrow) rudstone (number 52), b) Orbitolina (yellow arrow) 

bioclastic rudstone (number 71), c) miliolid (yellow arrow) bioclastic packstone/wackestone (number 76), d) bioclastic (yellow 

arrow gastropod, red arrow bryozoan) wackestone (number 54). 
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Fig. 7. a) Intraclastic (yeloow allow-number 10) packstone, b) Sandy (yellow allow) mudstone (number 15), c) 
Stromatolite boundstone (number 6), d) Sandy (yellow allow) dolomudstone (number 4). 
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Fig. 7. Sedimentary model of Tirgan Formation in the studied area ((FWWB: Fair weather wave base, SWB: Storm 
wave base, MF: Microfacies, D: open sea facies, C: barrier facies, B: lagoon facies, A: intertidal facies) 
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Table 1. The information of the identified facies is shown in order from the sea side to the land side. 
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Fig. 9. Schematic representation of identified sedimentary sequences of Tirgan Formation in the studied section 
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Fig. 10. Schematic stratigraphic column of the Sorkh - Ghaleh section in the study area along with the location of the 
collected samples 
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Fig. 11. HI versus Tmax chart to determine the maturity level and type of kerogens from Hunt (1996). 
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Table 2. Results analysis of Tirgan Formation samples in the Sorkh - Ghaleh section in the study area  

S1 mg Hc/g 

Rock 

S2  mg Hc/g 

Rock T max c 

HI mg Hc/g 

Rock 

TOC 

wt% Area Formation D No 

1.31 0.52 520 39.6 1.4 Chamanbid Tirgan 
8 

1 

0.86 0.61 495 35.1 1.8 Chamanbid Tirgan 
25 

2 

1.42 0.61 481 91.2 0.2 Chamanbid Tirgan 
28 

3 

0.92 0.51 475 95.1 0.71 Chamanbid Tirgan 
50 

4 

0.46 0.27 465 25.1 0.96 Chamanbid Tirgan 
75 

5 

0.73 0.36 443 25.7 0.85 Chamanbid Tirgan 
95 

6 

0.79 0.2 475 56.1 1.41 Chamanbid Tirgan 
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7 

0.9 0.39 465 46.2 0.65 Chamanbid Tirgan 
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8 

0.75 0.06 461 59.2 0.47 Chamanbid Tirgan 
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9 

0.71 0.17 456 37.9 0.75 Chamanbid Tirgan 
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10 

�-�JK- ���>) �	�0 9��Q -	
�&� �	 '����) ����� �?# �

)1987� �
�e
�	 (:�	 ��: '
�� D��  �0 �!	�0��0 .B

"��&�) 9��Q -	
�&� -
 '����) ����� ��M1987"��&� ( ��M

�-�JK- �
��F� �	-	
 ">?�@� 
-�� �	CD �� .����0

�-�JK-��� �?# ��M�
��F� �
�	
 �0 '����) �� ��M

�
�� v�e�) �0 ���?
 ��[
��
�0 ���K �0 �!�!-
 �?# � 

'��� "������  �0 �@�F� P!	�� ���M
���J  � �MM ��

 O��) B�	 
�>
�13��I!� .(�
��F� ��M ^C�� ��M

 :�	 ��)-�R� ���A "8�!-
 P�F� ��!��*	 	�!�� �	AB 

P�F� �!��*	 �������  �!�!-
 ��MB P�F� �!�!-
 ��M

"8�!-
 �! �!��*	 X�
RJ� �	BC P�F� �?# 
	�� �	-	
 ��M

�-�A � �!�!-
4��- � �	 X�
RJ� P!	�� -
 S!�� �-	u�

P�F� �'	��J�	4��- B��� �0 ��M -
 � P��
� �-	u�

: �!��*	 P!	��CD P�F�U� �*	�� -
 '	��J�	 ��M v&�

35  

  



���������  
��
���� ����13 ����� 
25 ������� � ���� 
1404    

 

 

 �9��Q)1987�� ]  .("
�(� 
�&� '	��� '	�) ����� ��M

"���* �*	�� -
 '����) B�	 ��� "
�(� '	��J�	 � �	

�-�JK- �?	�) �0 "�UM '# �0��- P�F� � �	.
-	
 ��	�K  

4��- P�F� P!	�� �!����� B(Q�� �-	u� �	 '	�)

-	
�&� HI "0TOC   �'	-��&M � ���� ) 
�� �
�e
�	

1991"��&� �r�	 .( 
-�� v`��� -
 '����) ����� ��M

]����	-� ) 4# ��!�  a@� "�*�� -
 ">?�@�U� ��M&� v

 O��) (�����9�����  (���J  � �M O&F
� 	- �!�M

���"��&� '�� ��J�	 mR� ��	 ��&M � ��	bM�� � �M 

TOC '# O�J��
  bM�� _��0 "��
� -
 � ��� �M

�0���-��M B�	 ��� ���� H�� �!	� O��)14.(  

  

 S0�12.  �/���(Toc  S��N! ��S2 6�
���'�< S��(��I ?�B"(��( �./) )
��I )/ "4*�Q! ���! "NQ�! ��<)1986(. 
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Abstract 
The Lower Cretaceous Tirgan Formation (Barremian-Aptian) is exposed in the west of the Kopet Dagh 
sedimentary basin and in the northwest of Chaman-Bed village. In this study, the Sarkh Qhale section 
of the Tirgan Formation with a thickness of 315 meters was selected and measured in this area. Based 
on field studies, petrological studies, textural and facies characteristics, 16 carbonate rock microfacies 
have been identified. Facies analysis led to the identification of tidal environments, lagoon, shoal and 
open marine environments with low to high energy conditions. Due to the wide lateral distribution of 
microfacies and the absence of distinct depth changes, the sedimentary paleosystem probably represents 
a hemoclinal ramp towards the west. Investigating the facies sequence and the formation and deposition 
conditions of the facies has led to the identification of four sedimentary sequences and three sequence 
boundaries of the SB2 type in the studied sequences. During the Aptian, the basin is transformed into 
an open marine system. The occurrence of such changes reflects tectonic events and global sea level rise 
during the deposition of the Tirgan Formation in the Kopet Dagh basin. Based on the organic 
geochemical characteristics of the Tirgan Formation in the region, the studied samples have type III 
kerogen and are in the mature stage of the oil window to the stage of wet gas production. 
 

Keywords: Microscopic facies, Carbonate ramp, Barremian-Aptian, Kerogen 
 
 

Intraduction 
The Barremian-Aptian Tirgan formation consists 
of thick-layered limestones and bioclasts with 
small interlayers of marly limestone, marl and 
calcareous shale. The lower boundary of the 
Tirgan Formation is with the Shourijeh 
Formation and its upper boundary is with the 
Sarcheshmeh Formation. The most graine in rock 
of Tirgan Formation is Orbitulin, which forms 
most of the nuclei of ooids. Considering that most 
of the studies of the Tirgan Formation are related 
to the eastern parts of the Kopet Dagh 
sedimentary basin, therefore, in this research, this 
formation has been investigated in the west of the 
basin. The Lower Cretaceous sequences of 
northeastern Iran in the Kopet Dagh sedimentary 
basin are the result of the advance of the Briasian-
Barremian sea, which were deposited after the 
first erosional cycle of the Late Jurassic-Early 

Cretaceous. In the end, in order to investigate the 
role of Rock-first parameters in determining the 
type of kerogen, tract system and hydrocarbon 
generation potential in the studied area, 10 
samples were selected and analyzed. The purpose 
of this study is to identify and separate the rock 
facies, interpret the depositional environment and 
evaluate the organic geochemistry of the Tirgan 
Formation in the study section. 
 
Method and material 
After the preliminary studies, the desired 
stratigraphic section was selected and sampled in 
the direction perpendicular to the layers and 
based on changes such as color, grain size, 
structure and layering. The field naming of the 
samples was done using Grabo's classification 
(1904) and a total of 150 samples were collected. 
From the collected samples, 100 samples were 
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selected for preparing thin sections. These studies 
include the identification of skeletal and non-
skeletal components and determining the 
frequency percentage of each of them using 
comparative charts (Flugle, 2004) and the names 
of the rocks are based on the method of Dunham 
(1962) and Embry and Klovan (1971). In order to 
investigate and interpret the sedimentation 
conditions from the sedimentary models (Read, 
1985, Tucker & Wright 1990, Einsele, 2000) 
which have been presented for the environments 
of the present era and past periods, the 
sedimentary model of the Tirgan formation has 
been interpreted and presented. The microscope 
used is Technisin Cold CL and MK3 8200 model 
with a maximum voltage of 30 kV. All 
thinsections were studied under vacuum 
conditions of 0.01 Torr, voltage of 12 kV and 
current intensity of 190 to 210 milliamperes, and 
they were photographed with 400 sensitivity 
film. In the geochemical studies, 10 rock samples 
of possible origin from the Tirgan formation were 
evaluated. For this purpose, 50 to 70 mg of the 
treated sample was homogenized and pyrolyzed 
by the Rock-Eval 2 machine in the GEUS 
laboratory in Denmark. In this method, as a result 
of pyrolysis of the powdered samples in a 
specified thermal program, the kerogen in the 
sample produces hydrocarbons, and then the 
desired parameters are determined as a result of 
the oxidation process. In this method, the amount 
of free hydrocarbon (S1), the power of 
hydrocarbon generation (S2), the amount of 
carbon dioxide (CO2) in the kerogen that is 
produced from the sample due to thermal 
cracking (S3), the total amount of organic carbon 
in the sample , the maximum temperature at 
which all kerogen is converted into hydrocarbon, 
the maximum temperature and also using the 
above parameters (Hydrogen Index, HI), Oxygen 
Index (OI) and Hydrocarbon Potential Index (PI) 
, the analyzed samples have been calculated. 
 
Discussion and result 

The Lower Cretaceous Tirgan Formation 
(Barremian-Aptian) is exposed in the west of the 
Kopet Dagh sedimentary basin and in the 
northwest of Chaman-Bed village. In this study, 
the Sorkh Qhale section of the Tirgan Formation 
with a thickness of 315 meters was selected and 
measured in this area. Based on field studies, 
petrological studies, textural and facies 
characteristics, 16 carbonate rock microfacies 
have been identified. Facies analysis led to the 
identification of tidal environments, lagoon, 
shoal and open marine environments with low to 
high energy conditions. Due to the wide lateral 

distribution of microfacies and the absence of 
distinct depth changes, the sedimentary 
paleosystem probably represents a hemoclinal 
ramp towards the west. Investigating the facies 
sequence and the formation and deposition 
conditions of the facies has led to the 
identification of four sedimentary sequences and 
three sequence boundaries of the SB2 type in the 
studied sequences. During the Aptian, the basin 
is transformed into an open marine system. The 
occurrence of such changes reflects tectonic 
events and global sea level rise during the 
deposition of the Tirgan Formation in the Kopet 
Dagh basin. Based on the organic geochemical 
characteristics of the Tirgan Formation in the 
region, the studied samples have type III kerogen 
and are in the mature stage of the oil window to 
the stage of wet gas production. 
 

Conclusion 
Laboratory and petrographic studies have shown 
that the lithology of the Tirgan formation in the 
Sorkh Qhale area is completely carbonate with 
shale interlayers. In the lower part of the section, 
there are thicknesses of dolomite and dolomitic 
lime. The studies conducted on the microscopic 
facies of Tirgan Formation showed that the 
sediments of this formation consist of 16 
sedimentary facies that are scattered in four 
facies groups. The sedimentary environment of 
the Tirgan Formation sediments in the studied 
areas can be interpreted as a hemoclinal 
carbonate ramp with a barrier ridge. The relative 
sea level changes in Tirgan Formation sediments 
have been identified as four tertiary sedimentary 
sequences in these sequences. Each of these 
sequences consists of TST and HST facies, each 
of which includes shallow upward 
parasequences. In these studies, three sequence 
boundaries have been identified, and all these 
boundaries are of the second type in the section 
under study. Investigations and interpretation of 
the results of Rock First pyrolysis on the Tirgan 
formation samples in the studied areas show that 
these samples have kerogen type III and are in the 
oil stage until the window gas production stage. 
are The hydrogen index of the studied samples 
being between 25 and 100, so it seems that the 
potential of the Tirgan formation in the studied 
area is mostly focused on the production of 
gaseous hydrocarbons. The study of most of the 
analyzed samples in the studied area at the stage 
of low water level has undergone advances and 
regressions, and this causes the samples to appear 
and reduce their TOC, and as a result, reduces the 
hydrocarbon potential. Stone formation has 
originated. 
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