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Fig. 1. The location of the study section and its access routes 
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Fig. 2. a) The location of the structural zones of the Zagros sedimentary basin (the studied area is located in the folded Zagros 

zone) (Agard et al., 2011). b) A part of the geological map 1/250000 of Khorramabad city along with the location of the study 

area and the distribution of the various formations in it (adapted from Fakhari (1985) with some changes) 
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Fig. 3. A view of the Amiran, Kashkan, Shahbazan and Asmari Formations in the study area (view to the SW) 
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Fig. 4. Dolomite lithological units of Shahbazan Formation in the study area, a) Thin to medium bedded dolomite unit, 
b) Thin bedded dolomite unit, c) Medium to thick bedded dolomite unit, d) Very thick bedded dolomite unit 
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Fig. 5. Stratigraphic rock column of Shahbazan Formation in the study area 

153  



���������  
��
���� ����12 ����� 
23 
������� � ���� 1403    

 

 

3-   -N%�8' A��  

3��1��  3#  '
,X5�  �X��  
#  ���X��
#  /
X6�  �X3�  

�����
�  �
��
1!  ��
 !  /
�6�  
#  �
#$250000/1  

  'U������ \�
��i4 /
��
# �"�
P] \
?�
7� �Z 	 )
@���

  ���?463  .�! 8!��
#  3��+�    '
,� "$
I  z�� ��e � 3#

 �
+4  ��  �3?�
7�  ����  =
#  ��  ���
01!  ���
�  '.�U
"�

3��+�  ��! 8!��
# '
,=
#    �
����� �� �I�
�	
�; z�
�

  O��4  �I�
�	
�;  \
?�
7�  .8��  ��!  3�14  �
��
�

  ��."�y;  h���	
���Olympus-BH2    3#  .1(�  3&

  <�� '���
0J�� ��#�	�D71  ��  �!
#�� ��! �
(��.8 

=
#'
,  z�
� 3#   ���J�"�) =	�1965(   <��P� O��4

.�
G �"��.��$ (ARS) ��
& d�@�4 '�
# �� 8�J�& '
,

  d�@�4  '�
#  L��
�;���
��	
I  <��P�  	  8����	�

8����	��,$ '
,*�� ���  3# �� m+, .8�� ��! '.��$

8����	�  Q����  V��a4  ��e �  	  ���
01!  ���
�  '
,

  O�P� 8�
 !8����	� �"� '.�U
"�  �
,  ���?418    3��+�

������  ��  '���;=	�  3#  ��{  ��
�  '
,  '
,(EDS)    ��

  ��
+! '.&
� �
��"
��$1    ��
G .��
�$ ���� �
��
� �
�����

  	  � �I
�  ��	
����  h���	
���  O��4  '���
#
"�j4

(SEM)  8����	� ��  
,.��$ H+� 3# .��  �
�'��|�   V��a4 	

8����	�
, 
#  3"
; �6�a�4 �� ���'� #   ��
1 ��;  ��I
#

)  v
�  	  ��0��  O��4  ��!1987)  ����
�  	  (1992  (

\��]   35��� /
�6� �� 8����	� '
,���# ������ '�
# .8I
�

 ) V��I O��4 ��!1965 ) �#��$ 	 (2009  (  ��! ��
a���

.8��  �"� \
?�
7� �� �
"
; 3# ���?4   \R
��  }
� �

8����	��
�   V+&���	�
I ��  �v
�  	  ��0��)  � &

1987  ����
�+, 	 ~;�& c1988  �����
� 	 '� c1993  ��#��$ c

20093��+� �� �� m+, .(  .��
�$ �������	� '
,XRD    .��

  .��
�$) 8�� ��! 3�I
�XRD    <�� �
���� O��4STOE 

 .(8�� 3�I
� \��] �
��
� �
����� ��  
  

4-  _`�  

4-1- 50'�%�� �=!
*�
�C-N%�8' ���' -E8�' ��.  

8����	� V" ��
&  34
 #
& 8��  3&  �
&  	  �
�  S�G� 

H���4 �$ �� O�P�  H�
&  ��Z  3#  �� ,  �#���  '
,

  �	$�)  8��  ����  3��
 !1996  ����
�+,  	  8�+!�  c

2005  ����
�+, 	 ���	 c20078����	� .(  O"�
! 8P4 
,

�"
�� ���
���  ��#  2  ���
� 3E��8����	�) ��
�'
,  )$  

 
1 Algal fragment 

  
4  (�
�300  3E��  ���
�8����	�)  ��
�  '
,

�� H���4 (<
�
4	���,  ��#��$) ���!2002 8����	�  .(  

������4 �� 
���# H2�
� �.�U
"� � ?" 3�]
Iy# Y;  �� 

)���'��|� 
4 ��I�4 �� p
+�� 	  �� )$�"
,  
#  w�&
4

�"
�+�! s��@�)  W��@� )$'
, '�E  	 ��"
"�� )$  

�
"�� )$ H���4 (��! �
�J# )$ 	 �"
"��
�t   ��#��$) ��!

2002  ����
�+,  	  v
�  c2015  .( =
�J�  3#  3E�4  
#

360Z  3#  ���
01!  ���
�  ��  ��!  ������	�  ��"�;  '� #

8����	�  Q��������  	  �$  '
,  �"�  '
j �  �+�!

8����	��� 3����
; 
,  .��!  ������ S"
Z �� ��& ��Z 3#

�#8����	� d�@�4 '�
# 8����	� '
,��  V���U
"� '
,

 �� ��
a��� 3"��
N �� 3��	�  ����"
I 	 ��4
�$) ��!1992  .(

8����	� '	� 
# �I�
�	
�; \
?�
7�  ���
01! ���
� '
,

8����	� �"� �� Q�� �
1n �"
�
 ! 3# 
( �.�"�
� 
,  

1-  8"�
�����	�  
"  <	�  Q��  8����	�8����	�)  
,  '
,

(���# ."� ����  

2-  8����	�) 8"��
K��	
�����	� 
" �	� Q�� 8����	�  '
,

 (���# O����  

3-  8����	�)  8"��
K����	�  
"  ���  Q��  8����	�  '
,

(���# 8!��  

4- 8����	�) ��
1n Q�� 8����	�  (���# 8!�� �
�J# '
,

���J�! '
�I ��  & 
;3�� 	 
,
,  

5�!
/0'�%�� �� ;�! F�$ 50'�%���.  50'�%��)  �I0S ��.

(��I�a��  :8����	� �"� ������ ����
��  �	�2 
,15    �	
���

  H�!)  8��6  .(8����	�  �"�&
�  *��  3#  
,X  
4  '
�J

��1G�
�4 '��� H�JI �G
I 	 L&�
�� ����# *��  �� .� !
#

8����	� �"�LJ��
���  \�
N� 
,  (��
�#	
���) ��0�E '
,

�
� "� .8�� ��! �a2 �#�� 3#8J�&8����	� �"� �� 
,  
,

������  ����  ��"�  W��@�  '
,  �
+��
�  �G
I  	  ���!

��  �����8����	� ��  Q��  �"�  ��  .� !
#3���  
,  ."�  '
,

�� ��"� .�� �� &�
; \��] 3# '��	$ .4���& V"
#
I .��!

�
�4  �L&�
��8����	� ��  Q��  �"�  H�JI  �G
I  	  *��  	  
,

 �#���  ��I
#  �,��!  ��E	    <�
�J I  V"
#
I  
�e�  3��	�

���
; L�n V"
#
I)3 ��R 	 ('�  \��] 3#)  ��0�E '
,

��0�E \
?7G1  �
+��
� 	 ����
��� '
,2  �$ ��  
e� 3# 
,

����! H���4 ��"
; '
�� 	 �P7� O"�
! 8P4 ���  ���

  �����! 	 v
�)1990<$ c  ���
&
; 	 �
�$2000  ��#��$ c

2009  ����
�+, 	 <y�# c20223 ��R .(  �� 
�+& w�t� 
,

2 Relict filament 

154  



���������  
��
���� ����12 ����� 
23 
������� � ���� 1403    

 

 

���� � n�$ �� ��?# 
�� 3�!�� 8�
@A 
��  �	�2 3# 
,

���
�  � n��  
���#  ��E	  .� ��  8�
@A  ��  �+e�

����
 ��R8����	� �� �#	
��� '
,�� 
,�$ ����4  �� 
,

����
 ��R ��  ��".�I '
,� "$
I O��4 ��! 3��1� '
,

 �"
+� ."
+�� ��#��$)2009 ����
�+, 	 <y�# c2022  �� .(

8"�
�����	�  �,� �
��  3& �����  ��E	 '�,��!  ~�,  
,

�$ 3&��! H���4 �����U
"� '
,� "$
I 
�N�4 8P4 
,  ����

  ��"
; '
�� 	 �P7� O"�
! 8P4 <	� Q�� 8����	� �|�

 �� �) 
"�� )$ ��1985<��P� 
" 	 (��# '
,��{  �� � t '�

Mg  H���4    ��#��$)  8��  ��!1390    	2009  8I
#  .(

 8I
# <�
?� <	� Q�� 8����	�Planar–S ) ����
�1992  	 (

) v
� 	 ��0��1987  V�;�4�"�"� 8I
# 	 (Idiotopic–S 

)  ��0��  	  v
�1984  ��#��$)  8��  (1390  Q��  �"�  .(

8����	�L, [R
+�2� 
,)��� 
# �
��  H2�
� �� 
" '��|�

�P� �� .�U
"� 3��	� '��	�.E 'R
# O3  '��	�.E ��# 
"4  

  �����!	  v
�)  8��  ��!  H���41990  3#  3E�4  
#  .(

8����	� ��  Q�� �"� ."� ���� ������  	  V"
#
I  
#  O6I  
,

.� �J, ��,
�� H#
G ��	
���� Q�� h���	
���  
  

  
M/�  6;!
���=  MTIT�  ��  5�!
/0'�%��  ���R ������'�%��  ����S�  (P%!  .
  5�I�!
���!  (�  �$�����'�%��  ����S�  ��  �!
�.  �/#I2  ��.

c#I2)�' a'
  c#I2 
d$ ���' ��.(�����
   5�!
/0'�%�� �$�
�/%! e�/��
/0' 
��9� (^  � c0C (�  ��.XRD ���. .5�!
/0'�%�� -� f��
'

*�' gT3' -� -$��$�� ����5�!
/0'�%�� �� ���S -� a��!�� � 50'�%�� ��.�' ���� �.�$�� .  

Fig. 6. a) Dolomudstone facies containing dolomicrite with fenestral porosity, b) Algal intraclasts with dolomudstone 

facies (Algae are red algae), c) Scanning electron microscope (SEM) image of dolomicrite, d ) XRD peaks related to 

dolomicrite. As it is known, dolomite and quartz minerals are well seen in dolomicrites. 
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Fig. 7. a) Dolomicrite transforming into dolomicrosparite (red arrows), b) Coarse crystal dolomites (dolosparaite), c 
and d) ferruginous dolomites that are visible in turquoise blue after staining with potassium ferrocyanide indicating the 

presence of iron in their composition. 
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Fig. 8. a) Coarse crystal dolomites formed inside the fracture (red arrows), b) The Formation of coarse crystal dolomite 
(dark arrow) in connection with stylolite (red arrow) indicating that dolomites are buried, c) Digitized map of coarse 

crystal dolomites. The concentration of iron in these dolomites indicates their burial origin. 
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Fig. 9. Digi maps that represent the distribution of elements in dolomite crystals (the presence of Fe in the large dolomite 
crystals indicates their burial origin). In this image, the dissolution of the dolomite crystal is attributed to the passage 

of calcium-rich digenesis fluids. 
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Fig. 10. EDS analysis of the sample of iron-rich dolomite crystals (as can be seen in the analyzed spectrum, the peaks 

related to magnesium and iron elements are well shown in burial dolomites). 
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Table 1. Distribution of major and minor elements in all types of dolomites in the study area (values by weight percentage) 

 5�!��h�!�%�� �.  

Mg/Ca 

(%) 

Sr 

(%) 

Na 

(%) 

Mn 

(%) 

Fe 

(%) 

Mg 

(%) 

Ca 

(%) 

O 

(%) 

C 

(%) 
Sample. No 

0.45 0.4 0.8 0.6 1.6 9.6 21.2 25.8 39.9 SH-An-A1 

0.51 0.2 0.6 0.9 3.5 10.3 20.1 44.1 20.1 SH-An-A2 

0.44 0.9 1.2 0.8 1.8 10.2 23 39 22.9 SH-An-A3 

0.46 1.2 1.3 0.5 1.8 9.7 21.1 36.2 27.9 SH-An-A4 

0.28 0.2 0.8 1.1 0.3 6.5 23.5 25.3 41.8 SH-An-A5 

0.37 0.6 0.9 0.3 1.2 9.8 26.2 40.3 20.6 SH-An-A6 

0.42 0.58 0.93 0.70 1.70 9.35 22.52 35.12 28.86 Average 

0.51 1.2 1.3 1.1 3.5 10.3 26.2 44.1 41.8 Max 

0.28 0.2 0.6 0.3 0.3 6.5 20.1 25.3 20.1 Min 

  5�!��h�!�
/0'�%�� �.  

Mg/Ca 
(%) 

Sr 
(%) 

Na 
(%) 

Mn 
(%) 

Fe 
(%) 

Mg 
(%) 

Ca 
(%) 

O 
(%) 

C 
(%) 

Sample. No 

0.47 1.2 0.4 0.6 1 11.2 22.3 30.1 32.8 SH-An-A7 

0.59 0.9 0.6 0.3 0.5 9.7 30.2 26.7 30.6 SH-An-A8 

0.45 0.3 0.1 0.2 1.3 9.8 25.6 33.2 29.4 SH-An-A9 

0.53 0.5 1.1 0.7 0.9 10.7 19.8 33.8 32.2 SH-An-A10 

0.50 1.9 0.4 0.8 2.1 11 21.4 38.1 24 SH-An-A11 

0.52 2.1 0.7 0.5 1.1 9.5 22.1 36.5 27.1 SH-An-A12 

0.51 1.15 0.55 0.52 1.15 10.32 23.57 33.07 29.35 Average 

0.59 2.1 1.1 0.8 2.1 11.2 30.2 38.1 32.8 Max 

0.45 0.3 0.1 0.2 0.5 9.5 19.8 26.7 24 Min 

  5�!
/0'�%�� �.  

Mg/Ca 

(%) 

Sr 

(%) 

Na 

(%) 

Mn 

(%) 

Fe 

(%) 

Mg 

(%) 

Ca 

(%) 

O 

(%) 

C 

(%) 
Sample. No 

0.52 2.3 0.2 0.1 0.2 11.5 23.1 19.1 43.4 SH-An-A13 

0.49 1.9 1.3 0.2 1.2 12.3 20.3 35 27.5 SH-An-A14 

0.59 0.9 0.9 0.6 0.3 12.8 21.2 18.4 44.6 SH-An-A15 

0.51 2.8 1 0.5 0.8 9.7 20.8 30.8 33.2 SH-An-A16 

0.52 1.9 0.3 0.3 0.6 11.5 22.8 36.9 25.4 SH-An-A17 

0.53 3.5 1.3 0.2 0.1 10.3 20.9 30.2 33.2 SH-An-A18 

0.53 2.2 0.8 0.3 0.5 11.4 21.5 28.4 34.6 Average 

0.59 3.5 1.3 0.6 1.2 12.8 23.1 36.9 44.6 Max 

0.49 0.9 0.2 0.1 0.1 9.7 20.3 18.4 25.4 Min 
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Fig. 11. Amount of calcium and magnesium elements in the studied samples (values are in term weight percentage average) 

  

 
 M/�12  5#�$ W!
00X� �I� �$�� .Mg/Ca   -�Mg -$��$ �� -N%�8' ���' -E8�' ��0'�%�� ��.  

Fig. 12. The changes overall trend of Mg/Ca to Mg ratio in the dolomite samples of study area 

  

  
 M/�13 
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� ��  Mg 50'�%�� PI�T' F!�$! ��  -N%�8' ���' -E8�' ��.  

Fig. 13. Plot of Mg/Ca against Mg in the different types of dolomites in the study area 
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Fig. 14. Changes trend in the Mg against Ca in the dolomites of the study area 
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Figure 15. Histogram of the frequently average of minor elements (Sr, Fe, Mn, Na) in the dolomites of the study area 
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Fig. 16. Plot of Sr and Mg values in the different types of dolomites in the study area (Sr concentration in dolomicrites 
is higher than other dolomites). 
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Fig. 17. Increasing trend of Sr against Mg in the studied samples 
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Fig. 18. Plot of Fe against Mg in the different types of dolomites of Shahbazan Formation (Fe gradually replaces Mg) (the 

presence of Fe in dolomicrites is due to conditions of oxidation, while in dolomicrosparites and dolosparites is due to the 

conditions of semi-reduction to reduction). 
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Fig. 19. Plot of Mn values against Mg in different types of dolomites of Shahbazan Formation (concentration of manganese 

element Mn in diagenetic dolomites (dolosparites and dolomicrosparites) is much higher than primary dolomites 
(dolomicrites).  
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Fig. 20. Plot of Na against Mg for different types of dolomites in the study area (Na concentration increases with 

increasing Mg). 
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Fig. 21. Dolomitization process and model of Shahbazan Formation in the study area (no scale). The paragenetic 
sequence occurred in three steps of a, b and c respectively. a) The formation of microcrystalline dolomite in the tidal 

flat environment, b) The formation of dolomite due to the seepage of the basin floor, c) The formation of dolomite during 
shallow to medium burial. 
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Abstract 

Shahbazan Formation is one of the Eocene carbonate units of Lorestan region. In present study, 

dolomitization models this formation were investigated by petrographic and geochemical (EDS) 

methods. The section under study is 71 m in the thickness and located at 65 km southwest of 

Khorramabad including carbonate and dolomitic carbonate rocks, and dolomite. The dolomites based 

on the texture are categorized into dolomicrite, dolomicrosparite, dolosparite, and filling of fractures, 

which except dolomicrite, the others are secondary. Dolomites of first type represent the formation in 

the tidal zone environment. In most cases, these dolomites are seen at the end of upwardly shallowing 

sequences, which indicate a drop in sea level. The secondary dolomites were formed in a shallow to 

medium burial digenesis environment as a result of seepage of evaporated basin floor sediments into the 

carbonate platform of the Shahbazan Formation. Low amounts of Fe and high amounts of Sr and Na in 

dolomicrites, high concentration of Fe and Mn in dolomicrosparites and doloasparites along with 
evidences such as algal laminae, intraclasts, fenestral porosity and absence of evaporate minerals 

indicate the formation of this dolomite from the model of tidal, seepage and the following shallow to 

medium burial. Low values of Sr and high concentration of Fe and Mn in coarse crystal dolomites can 

indicate the increase in the size of dolomite crystals and their recrystallization during burial. The absence 

of saddle dolomites probably indicates the non-interference of hydrothermal solutions and fluids during 

the process of dolomitization of Shahbazan Formation carbonates. 
 

Keywords: Diagenesis, Carbonate platforms, Dolomitization, Shahbazan Formation, Lorestan 

Introduction 

According to the geological map of 1/250000 

of Khorramabad city, in the study area there are 

outcrops of the second and third periods. The 

units of the second period include the Sarvak, 

Illam, Gurpi, and Amiran Formations, and the 

units of the third period include the Teleh 

Zang, Kashkan, Asmari-Shahbazan, and 

Gachsaran formations. The Shahbazan 

Formation is 71 meters thicknesses in the study 

section, and its lower boundary is covered by 

the Keshkan Formation and the upper 
boundary by the carbonates of the Asmari 

Formation as a continuous discontinuity. The 

lithology of this formation in the study section 

is carbonate rocks, dolomitic carbonate rocks 

and thin to thick bedded dolomite. The purpose 

of this research is to investigate the 
geochemistry of Shahbazan Formation and 

next, study the types of dolomites and its 

dolomitization model for the southwest of 

Lorestan sedimentary basin. The results of this 

research can help other researchers in the field 

of geochemistry studies on the types of 

dolomites in carbonate deposits of Shahbazan 

Formation in other parts of Lorestan 

sedimentary basin. The section under study is 

located on the southern edge of the Amiran 

anticline, 65 km southwest of Khorramabad 

city. This section can be accessed through the 

Khorramabad-Pole Dokhter asphalt road. The 

geographic location of the section under study 
is E 48° 47 ́ 38  ̋east longitude and N 33° 12  ́

14 ̋ north latitude. 

 

Materials and Methods 

The Eocene deposits were selected based on 

the geological map of Khorramabad city with a 
scale of 1/250000. The 63 samples were 

collected during field visits based on lithology 
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changes. In order to understand the diagenesis 

processes of the Shahbazan Formation in the 

study section, microscopic thin sections were 

prepared from the samples. Petrographic 

studies were carried out by an Olympus-BH2 

polarizing microscope equipped with a D71 

camera. Thin sections were stained by the 

method by alizarin red solution (ARS) to 

distinguish calcite minerals from dolomite, and 

also potassium ferrocyanide solution to 
distinguish iron-bearing dolomites. Moreover, 

to separate the types of dolomites of Shahbazan 

Formation and determining the diagenesis 

environment of these dolomites, 18 powder 

samples in nano sizes were analyzed by EDS 

methods and in the following, a number images 

by Electron microscopy (SEM) were taken. 

The classification of dolomites was based on a 

combination of textural classification proposed 

by Sibley and Gregg (1987) and Mazollo 

(1992). To determine size of dolomite crystals, 

the scale provided by Folk (1965) and Adabi 

(2009) was used. Finally, XRD analyses were 

performed from dolomite samples. 

 

Results and Discussion 

Petrographic studies on the dolomites of 

Shahbazan Formation led to the identification 

of four types of these dolomites. These 

dolomites include dolomicrites (very fine 

crystal dolomites), dolomicrosparite (medium 

crystal dolomites), dolosparite (coarse crystal 

dolomites), and dolomite with very coarse 

crystal as filling the space of fractures and 

veins. Based on elemental geochemistry 

studies; Ca/Mg ratio for dolosparites, 

dolomicrosparites and dolomicrites in the 

samples study is equal to 2.47, 2.30 and 1.91 

respectively. The non-stoichiometric 

composition of dolomites indicates that these 

dolomites were formed at the same time as 

sedimentation or in the initial diagenetic stage, 

and the high ratio of Ca/Mg in the studied 

coarse crystal dolomites can be attributed to 

fluids with Ca-rich phases in the diagenesis 

environment. The secondary elements 

measured in the studied samples include Sr, Fe, 
Mn and Na elements. The average 

concentration of Sr in dolosparites, 

dolomicrosparites and dolomicrites is 0.58, 

1.15 and 2.20% respectively, Fe is 1.70%, 1.15 

and 0.50% respectively, Mn is 70% 

respectively. 0.0, 0.52 and 0.30% and Na are 

0.93, 0.55 and 0.80% respectively.  

The average concentration of Na element in 

most of the different types of dolomites studied 

is close to each other (doloasparites have an 

average of 0.93%, dolomicrosparites 0.55% 

and dolomicrites 0.8%). These values are more 

than the average dolomites that form in normal 

marine environment and typically have 110 to 

160 ppm Na. The relatively high concentration 
of Na in the different types of dolomites 

studied shows that these types of dolomites are 

probably affected by the sedimentation of the 

basin floor. Finally, according to the 

petrographic and geochemical evidences, the 

dolomites of the Shahbazan Formation can be 

considered from the tidal flat model, seepage 

and then shallow to medium burial. 

Considering that the largest expansion of the 

Asmari-Shahbazan formations in the 

sedimentary zone of Lorestan is in its western 

and southern parts, therefore, according to the 

studies and the structural trend of the Zagros 

mountains of Lorestan, in terms of structure 

and hydrodynamics of the fluids involved in 

Dolomitization of Shahbazan Formation, it can 

be said that the dolomitization process was 

north-west-south-east and followed the trend 

of Zagros mountains of Lorestan.  

  

Conclusion 

Based on field evidences, two main groups of 

dolomites including primary and secondary 

were identified in the Shahbazan Formation 

(section of the Amiran anticline). Primary 

dolomites (dolomicrites) were formed due to 

the presence of algal laminae, intraclasts 

fragments, fenestral porosity, and the absence 

of evaporite minerals in a tidal zone 

environment. Besides, secondary dolomites 

(medium crystal and coarse crystal dolomites) 
were formed in a shallow to medium burial 

diagenesis environment as a result of the 

seepage of evaporated basin floor sediments 

into the carbonate platform of the Shahbazan 

Formation. The amounts of Fe, Sr, and Na in 

dolomicrites, and the high concentration of Fe 

and Mn in dolomicrosparites and dolosparites, 

indicating the formation of these dolomites is 

from the tidal flat model, seepage and then 

shallow to medium burial.  
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