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Fig. 1. A: Geological position and geographic expansion of different Zagros domains in the south and western Iran; B: 

Structural framework of the southeastern part of the central Zagros consisting of the southern Dezful Embayment and the 
Izeh zone which are separated from each other and the Fars platform by Kazerun and Mountain Front faults. The location of 

Chahar Bisheh and Milatun oil fields is marked in green (based on Berberian, 1995; Sepehr and Cosgrove, 2004; Sherkati and 

Letouzey, 2004). 
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Fig. 2. The overview of Jurassic stratigraphic units in different areas of Zagros from northern Iraq to southern Iran and 

comparing with some areas around the Persian Gulf, including Kuwait and southeastern Iraq (based on James and Wynd, 

1965; Setudehnia, 1978; Alsharhan and Nairn, 2003; Heydari, 2008). The location of the Mand Limestone Member is marked 

with a red rectangle. 
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Fig. 3. Images of the microfacies related to the outer ramp (open marine) of the Mand Limestone Member in Milatun well No. 1; A 

and B: pelagic lime mudstone (shale) with few remains of planktonic bivalves (Pb), sponge spicules (Ss) and calcispheres (Cal) scattered 

in a fine-grained matrix with traces of organic matter (Om); C: fine-grained bioclastic wackestone including a mixture of sponge 

spicules, echinoderm fragments (Ech) and benthic foraminifera (Bf) and D: bioclastic wackestone with sponge spicules, echinoderm 

fragments, calcispheres and possibly part of a floating sponge (Fs?) on the left side of the image (PPL). 
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Fig. 4. Microphotographs of limestones from shoal sub-environment and its associated lagoon in the Middle Jurassic of southern Dezful 

Embayment; A: laminated grainstone consisting of intraclast (Int), peloid (Pel) and some echinoderm remains (Ech) with drusy and 

blocky cements; B: peloid/ooid/intraclast grainstone with few remains of green algae (Ga) and traces of franging cement; C: bioclastic 

wackestone with green algae, echinoderm fragments and the Middle Jurassic foraminifera Valvulammina jurassica (VJ); D: bioclastic 

wackestone-packstone composed of peloids and shells of the Bathonian-Callovian benthic foraminifera, Pfenderina sp. (Pf) (PPL). 
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Table 1. Description and interpretation of the Mand Limestone Member microfacies in southern Dezful Embayment 

Depositional 

Environmen 

Energy 

level 

Grain 

size  

Main Components Microfacies Name Microfacies 

Code 

Distal open-marine 

(Outer ramp) 
Low Mud 

At least 90% mud 
grade (<60 μm) 

carbonate material 

Lime 

mudstone/calcareous 
shale 

MF1 

Proximal open-

marine (Outer ramp) 
Low-

medium 
Mud-

sand 

Sponge spicules, 

benthic foraminifera, 
calcisphers and 

echinoderm debris 

 

Mixed benthic/pelagic 
bioclastic Wackestone 

MF2 

Shoal (mid ramp) High Sand 
Coarse-grained 

intraclasts, echinids 
debris and fine-

grained peloids 

Laminated 
peloid/intraclast 

grainstone 

MF3 

Shoal (mid ramp) High Sand-

gravel 

Intraclast, ooid, 

peloid, green algae 
and some encrusted 

bioclasts 

 

Peloid/ooid/intraclast 

grainstone 
MF4 

Distal lagoon (inner 
ramp) 

Medium Sand 

Dominantly green 

algae, benthic 

foraminifera 

(Valvulammina) and 
echinoid debris 

Bioclastic (green algae, 
benthic foraminifera) 

Wackestone 
MF5 

Proximal lagoon 
(inner ramp) 

Low-

medium 
Sand 

Dominantly benthic 
foraminifera 

(Pfenderina) and 
peloid 

Peloid/bioclastic (benthic 

foraminifera) 
Wackestone-packstone 

MF6 

 

 

  
 M/�5. ����6�) ����� "-)h�<)
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D � �0  .?�&  
Fig. 5. Sedimentary (facies) model and different sub-environments of the Mand carbonate platform (homoclinal ramp) 
in southern Dezful Embayment; the position of the microfacies and the distribution of the components of this 

sedimentary unit are also shown. 
 

133  

  



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

 

 

4-3- ���  ��(�/� ���4(  

��
����>9�:�� 8��*, i�
��Y����� �
��/ 	 �.�:�G�M6 8
��/
K������>G	
.�� w������ H��I �� '���-� �./0 123 8
��/

 �� ��*���>b 123 ��� 4$ '���� �
����� F�G�� ���
�G�	
G
 4$ !����� 7
�� )�������	6 �	� ��� �3������ B�
.����

) 8�'�(2008��
$ �G
a� B�
.���
����� �� �0 (  .!����
B�
.���
�����49
5 
3 �
�:*/ �3����� 8
/ 8
/5  
�50 

�� H0 ��
�I eA���� �
������ 4_
���� ���#�� K�.����� 
/
�
�'����!�_
aG F����hC� v
�'*, 	 '������ 8
/ �� ��9
����

4JA�� 7
�J�F
��) '�����>/ 8�� 2000������
$ s� 2006 .(
&������� 8
��/'��(�	 �7
��� ^#�2� ;<
���� ��4����5 8�

 K.�) '����>/ i	
"�� B�
.���
����� ��� F�*����2 �� .(
��
��>9� �
\�� �4a_
A� ���� 4�(
� 123 w	
� 8'��� 8
/

4������ 8	� '�-� �./0 
��
���� �#�
��� '��
��� )�6
#� 8
/
��
��>9� 4����� K�.���� 	 
��� H0 �@��>� eA��� !G� 8
/

3 �� B� 
_
3 ��
� .!���� �����	6
3 �� 
��� 8	
����� ��
�����
 
�
� 	 �����L 8
/����*� K.��� ��
��
� 
��Y� 
3 ��'�	� ���

^�d$ 8��_�)�'������1 �'������:�*� 432 '�-� 123 4�
� �� (
 K.���) !���� =2���� v
#�
$6.(  ��
�����3 �
�� ������	6
3

4��.� 	 B����l� 7��
���b� N
����>�!#� �'���� 4��.�G �

7
�
� 4�������-���� )������	64$ !�� ��
�� H��I �� � 

4���q�( �
\�� 43 
\�� 4#*I �� �'a�� �"#���� �	�� 8
/
 '���� 7
��� ^#�2� ;<
�� �� �
����/ 	 �#�
���� �7�
�

�
���#�#I 	 �*����
��_)� 2010���
.*/ 	 4#_�'@, s� 2015 s
���
.*/ 	 K� !���
��3� 20214���q�( ��� �� .( �K����� 
/

)��/0����>#$ w���� 	 )�6
#� 8
/!��'�3����.����� 
/	 K 
�'�
� 8
I
3��
��>9� .'�� �#�
��� '��
��� 8
���� )�6
#� 8
/

 �@��>� eA��� X�
��� N:�9 
3 �
�*/ 	 �A��
��� ���5 ��
��
��>9� 4�����) 
��� H0�'� K�.���� (�'�	
����� 8
/'�� .

 ��
������3 eA���� %
a� '��
���� ��� ��
_
3 �
� ����
3
�3
 
3 4$ !���� �����	6
3 8
��� 8	
�����MFS J30  	 '�_�
�

���
.*/ )2001K���>G	
.�� ����m( .���� ����2*/ ( 8
/
�����
��3 =9
�����- 4��#*I �� ��	�_
��$Pfenderina sp.  	

Valvulammina jurassica 4����*� �� �./0 123 8
��/
K.����) '�-� 8
/C-D4H������ �	�'� 8
��� ( ��� 8��j�

 123 �#L� B�
.� .!���� ��
�� )������	6 �
�
� 
� 123
)/0 	 �#����� ;G� K�
���� '�-� �./0 �� ��
_
3 :�*� 8
/

                                                
1 Upward-increasing GRP 
2 Upward-decreasing GRP 

�'� K�.���� �
�� ���  ��
�I eA� i�
��Y� ���
3 .!��
 
/
��� H0 4�������� N:�9 �� �$
( 4�����j� 8
/
��� H0
 8�
3) !����� ��
�� )�������	6 
9�	� 
� �����
3 D�����	� ��

&����#���>�$ 	 
��.��#� 4����*�� 2002��
��ACJ_� 	 ;( s� 
2005H������ 8
���mG ��
3	� 1��:G� ����
3
���3 .(8��j�  	

!#� ;*,4������� 43 '�-� �
G��
���>9� 4������ �'���� 8
/
�'���� 
\�� (�#����� ;G�) �'�	
������  4,�*\� .!�����

�����>��
������>.� 	 '��� 8
/ �#���� ;G� 8	� H
_
� 8
/
!#� �� H0 �@��>� eA��� !G� 4\���B�
.��� K�*.� 	 �
G 

��
��>9� 4����� 
3 '�-� �3����� 4I�� 
3 .!�� �'�	
��>� 8
/
�� �3������ B�
.���� ��� ��
�� ��	'C� 43 eA���� ����

 
3 �� �0 8	
������ 
d$�'(MFS J40  ���
.*/ 	 '�_�
����
)2001�
��5 �� .!���>��� F�
��a� ( 
��Y� �4a_
A� ���� 8
/

)/0 ��
��
� 	 '�'���� 1��:G� 
3 K����� 43 :�*� 8
/�'J� �
 ��
*/ ]5 !*���� 43 ������L ��C�� %�
C�� 	 
�
� ��
�
 4I�� K3
b 1/
$ 	 7O� 8���C� 1��:G� �� ��
� 4$ !����

&���� 8
�j���"��*�'� 	 ������) !���
/� 1385 �
�*/ .(
 �� ������L 	 
���
��� 8
��/����*� i�
��Y� '���	� �'�����

4��5 !�
��� H0 eA��� �'�0 
_
3 %
a� ���>�
.��� 8�
��
�
��>9� 4����� 
3 4$� ���� �3��� B�
.��� �'�	
����� 8
/

�� !��J3
��A� 
E� ��
�*$ !���ab�� �!��_
��( ��� �� .'���$
43 ��C�� 	� ��3 4#��L
G ;*, 	 8	
����� ��
�����3 ����,

�� 4�G
� 
E� �� 4��q�(��� 	 &�
�) ������ 1993 
����� s
���
��.*/ 	� 2019B�
��.���� .( �'�
��
3�� �3������ 8
/

�� ���>�
.��� 8
/�
� 
3 '�-� �./0 123 ���������) �	� w
F�
a�3�'� �'I T/ �� ( .'��  

  

5- �d��( �
�%  

&�� '(�	 �'�-� �./0 1234��5 �� �h9
� 8�
��
 �
�
� %
a� �0 ��
_
3 �
� 4$ !�� ��
�� �3��I ;<
��
 '(�	 ��� ��
�� !�*/� 
3 �	
#, .!�� ��
�� )����	6

&��4��5�
5 i
a_
A� �� �8� �*$ 8
�
� ��
� :�� 8�
��
��� 
���� ��9 � 4�9
�� T/ :�*� �./0 '(�	 �
� 
3 	 '�$

���
5 �� .�����'�� )� ��
*� 8
/ 4��3�
�5 ��"� 8
/
 �./0 123 ��� F�G�� ���
�G�	
G H��I �� ���
#�� 	

125  
�140 4��� W�
� X<
J� ���
3 .���� !�
2q 
�� 
��
9 �� �'��:Y� 	 8�
"( 8
/�
5 ��� 8
/ ��� �
�� 
/

3 Type-2 sequence boundary (SB2) 

134  

  



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

 

 

���>��
� K�
� v
�'*, :�*� �./0 '(�	 ��� 4$ 8
/
 4�
�3
$ ]�� 4�
�� �� 4$ !�� ���_O�O� F�� )� �� KL
(

�����
3-�'� �
\�� ��	�_
$ &�� ��� .!��K2#2� �� 
/ �
���>��
� .'������9
3 ��
_
3 ��:2� !�"�$ 	 ���	�
� 
3 
/

4�
_ �
�����>.� 
� ���>$	 �� ��
/��
#$��
3 8
/� 
�� �/�
*/ (H
_
�)K�� �� �JG� 
3 w�*\� �� 4$ '���8
/ 

�'� �'I T/ �� �
3 8
��� .'��  

4��5 
E� �� 8�
��)/0 ��>�
.� ���
�� !*>b 8
/
��
>9� 4��� 4$ '��>/ �3��� B�
.� 8
_
3 ��
� 8
/
)/0 	 K�� %
a� (���	6
3) �#�
� '��
� )�6
#� 8
/

 �0 8	
��� 
d$�'( eA� 	 �'�	
��� ��
�(MFS J30) 
K�� .!��)/0 	 �
3 8
��� 8
/ '�-� ��
_
3 !*>b 8
/

123 T/3 ��� ��� �3��� B�
.� )� 8
/��	�_
$ �� 4 
 
3 �0 8	
��� ��
���3 eA� 4$ '��>/MFS J40  4JA��

 .���� !J3
A�  
  

  
 M/�6. X����� ���  � ����� h�<) 
���4(�(��) *��&��+ ����� �H&�� $& ����U ��(�/� ���4(- 23� �� "�#$� �%���#&�
# ���! �� 9��D

�) M)�� &� -�.) �/01��&� �� �!�� �� .����)�% ��0�&���( 
�#&
%�
�D ��0-M��#�
/�) � ���e*01 
�TH�[) ���) ��0 (q� ��)�% ���
D) R��� ��0

����6� �� �� ?�& ����� r(�/� M�/) -�.) 23� J�
��-� J�
� (�7%
� -($��) 9���+�� ^��8 ��5�� ��0 *01 � �7�� ̂ #& .?�&�H�� R��� ��0 �5

��&� M�/F� S�� ��� ����� r(�/� *5 q0 �I[�) 95��H�� �� ��
F�D 
s�&-: t[� �� �1 ��5�� �W�( t[� 95
��H�� ?�TU�) �� -(&(MFS J40) 

) �(�[<IH& � ^: $& ��
8 S
L��7D �� *��&��+ ��5�� �1 �W�( t[� l&
��O� ��<�) .��&� ?I��[)2005�-� P�W�U& ( .?�&  
Fig. 6. Lithostratigraphy, sedimentary environment and sequence stratigraphy of a part of the Middle-Late Jurassic sedimentary 

sequence in the southern Dezful Embayment, which includes the Mand Limestone Member. According to petrographic data, gamma-

sonic wireline logs and studied microfossils, clean limestones (low gamma ray) at the beginning of Mand Member are the 

complementary part of a sedimentary sequence that started with Bajocian deep marine facies (Sargelu Formation). The shaly horizon 

and the upper clean limestones also form a 3rd
 

order sedimentary sequence which the position of its maximum flooding surface 

coinsides with the Callovian MFS J40 in the region. The Arabian platform regional sea-level changes in the Jurassic adapted from 

Haq and Al Qahtani (2005). 
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Abstract 
The Mand Limestone Member (MLM) is an informal name of an index lithostratigraphic unit in the 

central and eastern regions of Zagros fold-thrust belt, where the boundary of Middle-Late Jurassic 

coincides with the top of this unit. To determine depositional environments and depositional sequences 

analysis of the MLM in the southern Dezful Embayment, we integrated the geological and geophysical 

data obtained from two drilled wells in Chahar Bisheh and Milatun oil fields. The MLM in the studied 

wells is about 125 to 142 m thick and consists of two clean carbonate units (low gamma-ray pick) 

separated by a shaly horizon. We conducted petrographic investigations on 80 thin sections from 

cuttings and cored intervals. Our studies indicate an abundance of peloid/intraclast and ooid grainstones 

as the dominant microfacies accompanied by lime mudstones and skeletal wackestones with common 

pieces of foraminifera, green algae, and sponge spicules. Our findings are also compatible with the 

deposition of the Mand Member in different sub-environments on a homoclinal ramp including the 

oolithic shoal, lagoon, and open marine. The combination of stratigraphic data together with the wireline 

logs (gamma-ray and sonic) is consistent with a sequence stratigraphic framework, in which the lower 

part of the MLM comprises the HST of a 3
rd 

order depositional sequence. We placed the TST and 

maximum flooding surface (MFS) in the Sargelu deep marine facies (Bajocian). Accordingly, the MFS 

represents the Callovian MFS J40 of southern Iran.  
 

Keywords: Sequence stratigraphy, Mand Member, Dezful Embayment, SW Iran 

 
 

Introduction  
One of the important challenges related to the 

investigation of the pre-Cretaceous 

lithostratigraphic units in the Zagros region, 

especially in its central areas, is the lack of 

required data, due to limited accessible outcrop 

sections and sufficient drilled wells. In the study 

area, lithostratigraphic units older than the 

Cretaceous, crop out only in the core of a few 

anticlines in the high altitudes of the High Zagros 

(Izeh zone) such as Mongasht, Kino, Maimand, 

and Zardkuh. In addition, drilled wells suggest 

that most of the oil and gas wells are located in 

the folded Zagros zone and Abadan Plain. The 

main pay zones comprise the Asmari Formation 

(Oligo-Miocene), the Ilam-Sarvak Formations 

(Cenomanian-Santonian) as well as the 

Berriasian-Hauterivian Fahliyan Formation. 

Therefore, a lack of geological data exists for the 

older Cretaceous succession. As a result, the 

various geological aspects of the pre-Cretaceous 

deposits in the central Zagros have been less 

investigated or the results of limited carried out 

investigations were not published. In recent 

years, drilling exploration wells in the Fars region 

and Dezful Embayment into the deeper horizons 

including the Jurassic successions lighted our 

understanding regarding the Khami Group 

(Jurassic-Cretaceous).  

The Mand Limestone Member (Setudehnia 1978) 

is a key and index lithostratigraphic unit in the 

Jurassic succession. The informal type section of 

Mand Member was measured and introduced at 

Kuh-e Mand well No. 2, which is located 65 

kilometers to the southeastern Bushehr at a depth 

between 2521 to 2624 meters. The top of the 

Middle Jurassic in southern Iran has been taken 

as the top of a clean limestone unit characterized 

by low radioactivity in the drilled wells. 

In current research, we focus on the depositional 

environments and sequence stratigraphic analysis 

of the Mand Member investigated based on the 

geological and geophysical data obtained from 

the drilling of two wells from the Chahar Bisheh 

and Milatun oil fields in the southern Dezful 

Embayment. Different depositional 

environments and their temporal and spatial 

distributions play vital roles in the distribution of 
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source, reservoir, and cap rocks of hydrocan 

systems. Therefore, our findings in the current 

research shed light on a better understanding of 

the geological conditions of the area to plan for 

the optimal exploitation of hydrocarbon 

resources.  

 

Materials and methods  
Geological and wireline well log data were 

implemented from the Chahar Bisheh and 

Milatun drilled wells in the southern Dezful 

Embayment. The mentioned oil fields are located 

in the north and northwest of Khesht city in the 

Fars province. The drilled wells are about 20 

kilometers away from each other. Petrographic 

investigations were carried out on 80 thin 

sections of the cores and cuttings of the Milatun 

oil field. Meanwhile, textural characteristics, 

constituents, and the relative abundance of 

allochems were investigated. Carbonate rocks 

were nomenclatured based on Dunham's 

classification (Dunham 1962). Gamma-ray and 

sonic electrical logs were used for distinguishing 

different rock units (carbonate and shale). The 

combination of the petrographic and 

petrophysical data led to the recognition of 

several microfacies types. Microfacies analysis 

was performed to reconstruct depositional 

environments by comparing them with present-

day analogs (e. g. Wilson 1975; Flugel 2010). 

Moreover, according to the relationship between 

continuous microfacies with adjacent sub-

environments (Walter's Law) the type of 

carbonate platform was determined.  

The vertical stacking pattern of microfacies 

resulted in the proposal of the depositional 

model. The vertical grading of the sub-

environments through time reflects the relative 

sea-level changes. Progressive retrogradation and 

progradation of parasequences through 

geological time created depositional sequences. 

Based on the position of stratigraphic surfaces 

and parasequences stacking patterns each 

sequence is divided into different systems tracts. 

To know the state of the global sea level in the 

Middle Jurassic, the data of Glonka and Kiessling 

(2002) and Haq and Al-Qahtani (2005) were 

considered. Based on the biological zonation 

including Wynd (1965), Golestaneh (1974), and 

Setudehnia (1978), the age of the studied 

sequence was determined. The results were 

compared with equivalent levels in the region.  

 

Discussion and Results 
Petrographic investigations of thin sections and 

the gamma-sonic well logs indicate that 

limestone is the dominant lithology in the Mand 

Member, which grades into shale and 

argillaceous limestone in the middle part of the 

succession. They, in turn, grade into pure 

limestone succession with low-gamma ray 

readings. Intraclsats, ooids, and peloids are the 

dominant carbonate grains, and in some intervals, 

skeletal grains such as benthic forams, green 

algae, and echinoderms are replaced. Rare 

planktonic foraminifers, sponge spicules, and 

calcispheres occur in limestone comprising 

skeletal components. We identified six 

microfacies types based on skeletal and non-

skeletal grains and fabrics. 

 

Conclusions 
The Mand Limestone Member is a 

lithostratigraphic marker unit in the Zagros fold-

thrust belt of Iran, whose upper boundary is 

compatible with the end of the Middle Jurassic. 

In addition to the lithostratigraphic point of view, 

it shows a clean carbonate unit with low gamma-

ray readings that can be followed in the drilled 

wells. The total thickness of the carbonate unit in 

the Chahar-Bisheh-1 and Milatun-1 wells is 125 

and 140 meters, respectively. The units are 

composed of limestone with subordinate shale 

interbeds. Our petrographic studies reveal that 

the Bathonian-Callovian clean carbonates are 

composed mainly of ooid grainstone related to 

ooid shoals on a carbonate ramp. Due to a lack of 

lime muds and sorting of ooid grains, they are 

considered excellent reservoir pay zones with 

good pro-perm characteristics. The ooid facies 

are associated with carbonate interbeds 

comprising bioclastic wackestone and bioclastic 

packstone microfacies. Based on the skeletal 

components and their stratigraphic position, we 

attribute their deposition to the lagoonal 

environment. Based on microfacies analysis and 

the occurrence of rare planktonic foraminifers, 

sponge spicules, and echinoderms in the shale 

and argillaceous limestone, they are considered 

open marine facies, which are in line with 

transgressive episodes. 

We identified a third-order depositional sequence 

based on microfacies analysis and wireline well 

logs. The transgressive systems tract (TST) is 

indicated by pelagic facies. We placed MFS on 

the argillaceous limestone interval with high 

gamma-ray values that include planktonic 

foraminifers. TST comprises the Middle Jurassic 

Bajocian Sargelu Formation compatible with 

MFS J30 on the Arabian platform. The shaly 

interval in the upper Mand Member is Callovian 

in age and corresponds to MFS J40. 
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