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

 

 

  

 ����� �� ��!" � �#$
%�
�&�� ' � ��()��*+�&) -�. /
� ��$�. ���0�#-  
()3
34 )��!$

) 54 ��63�7 
� �8(�� 
8�7
 � �
9 :���;�� � ��<�� ��6���< �����  
 

��=�
5 >3
5�?3
�51*A'5 �83
# 
�B��$
# �8�C52 � D�� ( �E����C53  
  

1- ���� �	
� �
��
��� ���
����
�� ����
�� ����
�� �
����� ��� ! ��"����  

2- ��
���
$ %�&�������� �	
� ����� ��
�� ����
�� ����
�� �
����� ��� ! ��"���� ���
��  

3- ���� �	
� �
�������
�� ����
�� ����
�� �
����� ��� ! ��"���� ���
��  
  

mmortazavi@birjand.ac.ir  �8��3��   ::�*�5  
    

:G#�3�� 28/6/1401           :/
3K&22/12/1401  

��(�L& :�+�M5 N��  

�8 OP  

��� ()�	 ��
�� *
� %�
�+
� �	� �� ���
�� ,
- .
/� �� 0�1 2
� 3��4� �/���56 	 �7�
�	
�8 .:���;� �� %
< 2
� ��� %��	1

3�    ���=> ��?��@�� A�$
>  	 ��
������ �
��
�  B��� 3�C
� ��+
�3�7
� ��
) 3=D
E� ����3��/� �7�
�	
�8 �<��� .:��3�
� %
<  ����

F> %
<G>���$ H���� 3 /� ����I 	 �� ���
+ ���	�
7 ����� 	 J�K�;� ����
+ 
� �� �@�� ��
+ 
�/$ ���K� 3� 	 ����� %
<@�� %
<

3��/� ��� .���� G�D
�1 L�
�� J��
> ���M/< 	 �"��
"D	 	 ����
��<����/� %	� 
� 
���=> %
<���� B��� ����$�� �
�� ��+
� �<�

3�
�@�����G<�$ 	 ���+
� �� N8 �O
���� ��&� P/C PQ
C ��� 3=D
E� %
<3��/� � Q� 
Q
�! �/���56 ���
� R
�� 
� .��� %
<

@�� �� O
���� ��� G�� � ������ �
��
� 3� 	 3�7
� B��� ���S1 %
< ��+
���+
�%�   .����� T =>���� �	� 0� � 	� ��� �
�;�� ���

��
)��� ()�	 �
U7� 	 O�D %�  3KE�� �"����"> .�V> �� �� �/4� WK� �
�;�� ����
�)� 3���8 W���	
7 �� X) ��KKV� �
$ %
�X� 
� .:��

3������ �
�� 
�+� O
=D
E� .:��
$ �� �
�;�� R��
�)� ,
- :/� 3� W���	
7 P�D�� 3$ �<� 3� ��
)�7 3���� ���
�� 
> ����8 3�
>

���� �	� .�Y �� O�D 	 �
U7� 0� � ��� ���+
� 	 ��� ����� O�D 0� � 
������ Z� ��
)�7 3�
>
$ �� [
/�C� �
�;�� ���  .:��  T�\ >

����  %
<*�7 ���� .�V> 
� �1 3;�
K� 	�� �
�� 3KE�� ��+
��� 3=D
E� ��� L�
�� 3$ �<� %�
� ����>  %
�7�
U� %�
��
�  3KE�� 3��
��

  .�
�� ��
) ��
\��� ����  
  

"$� ��%:�8 '� ��
$��
)�7 ���]D
8 �%���+
� :�=)�� �� Q� 
Q
�! %
<��;$� ���
��-  ���
�� ,
- .
/� ���
�� ���5�  
  

1- ���Q6� & 

@��  ����  ��  ��  �����  
�  O
!^Y�  %��	1  �����  %
<

����  �
��
�  �A�$
>��
)  3���8  P�
">  	  ��+
�  ��  %�

�� ��
) �
��+�  �@�
� 	 :�X;�) ��<�1982 �
�>
� b1983  b

  �2��$  	  ��	�1986  	  ��
�
�
8  b  ��D����>
"�	2017  b

  ����
"/< 	 �4�����2017@�� ��� .(  �<
� ����! 3� 
<

  g���&� W�
�
7 h��> :�� �"/� ���
)�7 �/��) 3���8

3��4� h��> 	 ���1 �� :$
C 3�  i� 
� 
��� ����� %
<

  ����  �7�  3���8  ��  T�/!  O��Q  3�  
�  ����  �����8

  ����
"/<  	  @���)20208  3=D
E�  3I
��  .(j	
�  �7�
�

3�
�@��X>
�  %
<���1
7  
<j �  
�  hj)��  �B��j  :�=

����,���  h�V�  ���+
�  O��S  PK�  	  P/C  	  %��k�

 ��  �
"�1  ��  %��	13���  ��I  �D	  ��
�I�
I  %
<j  ,�

3�
��� 
��U> �
I� �7� 	 ���
�7 
�lB> :V> @��  ���

3&���  :��  �"/���  .��$  3����  P"��  
�  ��  %
��  

�>��Q  �3$����  :VQ  	  :)�  0��  ���
�/���56  %
<

@��  ��  �����  �<���  � �m\>  %�
�  ��  %��	1  %
<

�� �	�K� ��KKV�  ��D����>
"�	 	 ��
�
�
8) ��
�2017  .(

��
$  	  ��
�/��  A�$
>  3$  ��
&�1  ��@�� ��
��  %
<

  @�� O
Q
m�+� ��I n �o� P���! h��> %��	1 �����

����� %
<���1
7 �������< �B���P/C �Y �� ��	  �PK�

,�����  
lB��  �"���6
��  %
<���1
7  	  %��k�  ���

  ��$	��� 	 �
/C�)2007  �.���� 	 ���	 b2011  	 
���> b

  �����2015  ����
"/< 	  �4�����  b2017  �%	� 	 F<  b

2020 �8  O
!^Y�  ��  �K�\ >  �(j��56  	  �7�
�	
j  �/�

@��;� ��  �����  %
<j��  %��	1j�$
>  ����>jA�  

21  



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

 

 

 @������ :�=)�� �O
���� B��� 3�C
� ��
��  ��+
�

3q�C,1 h��
� 	 ����� %
<	  ro�� �� 3��
�� %��<

  �0���  	  ��;��"��  �.
s�  %�
�)  ��
�1979  �
�>
�  b

1983  �2��$  	  ��	�  b1988  �����  	  
���>  b2015  b

  ����
"/<  	  �
���
�
�2017  �3=D
E�  ����  ��	�V�  .(

�
�+
�  3�48  ��  ��o��  %j ��  *
j��  ��
j$  :j  ��  3

J�;K>3�48  %��������  %
< -    h��>  ��
��  %�
�+
�

) �>
X�
)11383  ��
��  *
�  ��� 7  3q�C  ����! :V>  (

  O�D 0� � ��
- .
/� 3��
C O�	
&� �� 	 ��� ����
�

@�� ��
�� *
� ��� 7 3q�C �� .���� ��
)�/��) %
<  
>

�� 3�C
� �� .����� ��/�+� 3�
>
$ ��,��� ����
  %��k�

�D��>���]D
8  �
��  ��  �6�]D
8  �����  %
<-    3�  	  ���5�

  
+�	�  
>  	  ���  �
-1  �����[  ���G<�$  �
7  �
" /!  .
X��

���5�  3����  3����  ��
��    ��>
X�
)1)  :��1383  Wo�  .(

3��4�  ��
���  ���  �
&��  O
K�KV>  ��/!���]D
8  %
<-  

���
� 3� ���
�� ,
- .
/� ���5�
<  
�?� %�
�+
� %

����<  P� V>-  ��I  ��X�������+  ����M/<  	  
<

P�;7  O
=D
E�,���  ���
��h�V�  	  ��
��  �����

��� t�E=� 3KE�� 3>
��
$  %
<�C�	    �.
s� %�
�)  :��

%�/Q  �Jo7�1391  ����K�  b1392  �%
)
�  	  ���K=�  b

1399�� .(  ��
&�1���
� 3$,��� %
<  �7�
�	
�8 ���
��

56 	@�� �/����;� �� %
<  �
�;� 3KE�� ��� �� %��	1


>  	  :��  �	�V�3=D
E�  ���$  2
�  ��  3����  ���  ��  %�

���� �
&�� 
?� ����  %�	
q ��� �
� ����� 3=D
E� �:��

  3���  
?�  �7�
�	
�8  ��
����  �
q
C  3=D
E�  t�<  .���

3�
� O
KXY  � �� O
KXY � Q� 
Q
�! �/���56 	 ����

�  �D��>��
)�7  ���]D
8  ����-    �0�1  2
�  ��
��  ���5�

3� ���
�� ,
- .
/� ���� :�=)�� 0�� ��?��  ��+
�

,��� �
�� �� O
���� ��� B���  .:�� ��$k� �D��> %��k�

3�7
�  :��  �4���  h��
�  %�
��
�  3�  T�KV>  ���  %
<

 .�
$ �<��+ F/$ �
�� ��� �� 3KE�� 3��
�� %
�7�
U�  

  

2-  G R0�5) 54    �R+�S5 ���5 � T�� ����� 

  ���� 3KE��  	� PQ
7 �C �� 	 ��
�� �)
� 3�
�
8 �� 
?�

  �� 	 (*
� ��) �	
�
< P;� 	 (,
- ��) ����X4� P;�

�
�;�  :=�	  3�  %�800    	  .�Y  
��� �$200    
��� �$

��� ()�	 u
!  3��
X�� �3�48 ��� �� .:��  �� J�oq %
<

3��4�W� 7  %
<
�  3��� �8  3$  ���  3���k�  %
�  @��

 
1Sistan Suture Zone: SSZ   

  3���8  ��  ���">  PC�
�  3$  3�48  ���  .����  ���D��7�

��
) 
> ����
�)�:�8 �� %�*
K��� �� �"� 3���k� 
�  %
<

  ����
"/< 	 .	
�>) :�� N��>�]�1983 3$ 3KE�� ��� .(

J�;K> 
?� ��  *
� W� 7 �	� ����! :V> %�
�+
� %���

  ��>
X�
)1) ��
��1383  
� ( ) �
�;�� ��� ���� �	�1SSZ (

  ����
"/< 	 .	
�>)1983�
� (  3�
>
$ �
�� �� ���� %��k�

��
)  0� �  	� ��� ���]D
8  
>  ����8  	  ,
- �� O�D %�

3���� ��
) *
� �� �
U7� 0� �    ����
"/< 	 .	
�>) :��

1983����  �	�  ��  �����  W���	
7  3!�/&�  .(  ���

O�D 0� � ���+
� PQ
C �
�;��-  FI�$ 
� %G$
� ��
��

  3�
>
$ �
�� �� �
U7� ��
) 
� 3$ :�� ���]D
8 
> ����8

3�;����� ��
/< .
/� :/� 3� N��>�]� R��
�)�  ���  

  ����!  :V>  FI�$  N��>�]�  ����
�)�  3q�C  .:��

  
��U> �����G7�
� ��� A�
o> �Y ��
�;�� R��
�)�  P"�

��� �
&�� �
�;�� ��� ���� �	�  3�7
�  :��    	  .	
�>)

  ����
"/<19833�  .(  :� 8  ��
/<  3�  O�D  0� �  ��>�
X!

 �
U7� 0� � �� �
�;�� R��
�)� �	� h��> %G$
� ��
��

��� ���    ����
"/< 	 
$	
�) :��2013���� �	� .(  ���

)  ���
"/<  	  .	
�>  h��>  �
�;��1983  �C�	  	�  3�  (

��� J�;K> � Q�    ::��13� 3!�/&� (- 	 ,
- 
> 0�>�

2  .�
�;�� R��
�)� �	� 
� 3����\� ���) %� � 3q�C (

%
� 
�:�D��7� %
��:�D��7� 	 
<  P�
"> �3�
>
$ %
<w�^�

����  �	�  %�
�+
�  
�  g
��
4�  	  3�7
�  3����  �
�;��  ���

,���W� 7  %��k���;8  3�
>
$  %
<-  ��  ���5�j  .
X

��%� 	 ����
�
�) ���  ��		20043� 3!�/&� �� .(-0�>� �

:�D��7�  %
<�C�	@��  �w�^���  %
<j  ���
�j 	  ��

@��  ���
�� %
<��<
�� P�
) ����  �� :��  �D
C    3$

  �� 3� ��� 7 O
���� P�
� 3����\� ���) %� � 3q�C

3� 3$ :�� ���5� 
> �����
��
� %	� 
� 3����8
� O��Q

3�  3!�/&�-��  ��
)  0�>�  ����
"/<  	  .	
�>)  �
��

1983�>  .(���]D
8  %��	1  �����  �D�-    *
�  ��  ���5�

 @�� H��> 
?� �� ��
��  2
�;� �� 	 H���� �
�;� ��
��

P�
) :�
oq 	3��> 3��I 2
� .:�� �����+
� %�  ��
��

����  �� 3$ ���� �
� 0�1 2
� �
?�70    .
/� %
��� �$

  	  ���
��  ,
-40    ()�	  n��+  ,
-  .
/�  %
��� �$

���   P"�) :��1  .(���
�� � Q� ��
�-  J4� NXY  ��
>

���� 2
� 3� ��
���� ���  .:�� 
?�  

22  



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

 

 

  �0�1  2
�  ��
�7�
U�  :�=)��̋  67/13   ́  1  ˚33    u
!

  �D
/�  	  ̋  16/7    ́ 40  ˚58    ��	�V� �� 3$ :�� �)
� .�Y

����  3�K���
��  1:100000  ��	�)  3�����  ���	�

1385��  ��
)  (
�  .�
��  ����  3�K�  3�  3��>    ��
��

1:100000  V�  3�����j�  ����  ��	�j�  ��  3=D
E j  
?

 @�� 3�  ��
�����]D
8  O
����  ��  P"���  ��/!  ��Y-

  .:��  ���5�3$  �/��)@��  ��
> 3�
>
$  3�  z��
�  
<

�1 ��
>���� 	 ����.����� T => ���5� 3� 
<  
  

  
 UO�1 .�$� � �3� #$
W7 G R0�5 -�. /
� �� ��
��� ��( 

Fig. 1. Geographical location and ways to access the Arc section 
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Table 1. Abbreviations used in the tables, diagrams or charts of this study 
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Table 2. The point counting results of Arc Section sandstone components 
SUM Opaque

m. 

Mica MRF VRF Siltstone Sandstone Carbonate Chert P K pQ mQ 

un 
mQ 

non 
  �����

 �����  

300 24 4 9 17 13 55 10 16 13 8 22 13 96  F4 

300 14 1 4 10 10 54 7 17 14 6 23 17 123 F6 

300 11 1 - 6 10 48 13 22 17 8 30 13 121 F7 

300 11 3 11 - 12 44 7 18 8 3 20 23 140 F8 

300 17 4 - - 11 56 11 15 15 8 11 8 144 F10 

300 16 1 - - 15 50 11 24 14 8 29 24 108 F16 

300 14 4 - 14 24 50 13 20 14 6 30 14 97 F26 

300 19 3 - 13 24 45 9 13 15 6 21 8 124 F28 

300 12 3 - 1 20 43 11 14 16 7 5 7 161 F42 

300 17 1 - 19 16 44 8 13 15 7 30 14 116 F46 
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Fig. 2. Field images of (A) The upper boundary of the arc section with the lower Eocene marl-limestone unit and (B) 
The lower boundary of the studied red sequence with the Upper Cretaceous flysch unit (northeast view). (C) General 

view of the studied section (viewing towards the northeast). 
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Table 3. The abundance percentage of the constituent grains of the studied sandstone samples 
+Lp=QtL sm+LvmL=L mL vL sL Siltstone Sandstone Carbonate Chert F P K tQ p>3Q mQ 

un 
mQ 

non 
  �����

 �����  

1/47 8/39 0/3 6/5  2/31 3/4 3/18 3/3 3/5 9/6 3/4 6/2 6/43 3/7 3/4 0/32  F4 

4/41 8/33 3/1 3/3 2/29 3/3 0/18 3/2 6/5 6/6 6/4 0/2 2/54 6/7 6/5 0/41 F6 

9/42 9/32 - 0/2 9/30 3/3 0/16 3/4 3/7 2/8 6/5 6/2  6/54 0/10 3/4 3/40 F7 

1/37 5/30 6/3 - 9/26 0/4 6/14 3/2 0/6 6/3 6/2 0/1 8/60 6/6 6/7 6/46 F8 

4/34 8/30 - - 8/30 6/3 6/18 6/3 0/5 6/7 0/5 6/2 2/54 6/3 6/2 0/48 F10 

8/42 2/33 - - 2/33 0/5 6/16 6/3 0/8 2/7 6/4 6/2 6/53 6/9 0/8 0/36 F16 

1/50 1/40 - 6/4 5/35 0/8 6/16 3/4 6/6 8/6 6/4 0/2 9/46 0/10 6/4 3/32 F26 

6/41 6/34 - 3/4 3/30 0/8 0/15 0/3 3/4 0/7 0/5 0/2 9/50 0/7 6/2 3/41 F28 

0/31 4/29 - 3/0 1/29 6/6 3/14 6/3 6/4 6/7 3/5 3/2 5/57 6/1 3/2 6/53 F42 

1/43 1/33 - 3/6 8/26 3/5 6/14 6/2 3/4 3/7 0/5 3/2 2/53 0/10 6/4 6/38 F46 
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Fig. 3. Microscopic images (XPL) of the constituent components of the investigated sandstone samples, (A) monocrystalline 

(Qm) and polycrystalline (Qp) quartz in a carbonate cement background, (B) plutonic monocrystalline quartz (Qm) and 

stretched polycrystalline quartz (Qp), (C) orthoclase potassium feldspar (K) and chert rock fragment, (D) metamorphic (MRF) 

and siltstone rock fragments, (E) Sandstone rock fragment, orthoclase (K) and plagioclase (P). 
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Fig. 4. Microscopic images (XPL and PPL) of the constituent components of the investigated sandstone samples, (A) 

chert fragment and plagioclase, (B) litharenite petrofacies with carbonate rock fragments and Muscovite (Mica), (C) 
opaque heavy mineral (Opaque M.) and (D) iron oxide cement in PPL. 
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Fig. 5. The compositional classification chart of sandstones (Folk, 1980), most of the studied samples are plotted in the 
litharenite field. 
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Fig. 6. Microscopic images of quartz types in the conglomerate petrofacies clasts of Arc Section (XPL), (A) plutonic 
monocrystalline quartz (Qm), (B) recrystallized metamorphic polycrystalline quartz (Qpre) and (C) stretched 

metamorphic polycrystalline quartz (Qpst). 
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Fig. 7. Photomicrographs of rock fragment types of Arc Section conglomerate petrofacies (XPL). (A) Sandstone 
sedimentary rock fragment (Sa), (B) Siltstone sedimentary rock fragment (Si), (C) Chert sedimentary rock fragment 
(Ch), (D) Metamorphic rock fragment (MRF), (E) volcanic rock fragment (VRF), (F) carbonate rock fragment (Ca). 
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Fig. 8. Placing the results of modal analysis of sandstone samples in the recycled orogen field in the QtFL diagrams (A) 

(Dickinson, 1979) and (B) (Dickinson, 1988). 
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Table 4. The results of the major oxides analysis of the Arc Section shale samples (the values of the major oxides are 

stated in terms of weight percentage). 
LOI ���� ��� ���� 	
�� ��� �
� ��� ����� �
� ����� ����   �����

 ����� 

33 /14 56/0 10 /0 06/0 13 /1 09 /0 95 /4 37 /2 09 /4 40 /10 14 /10 77 /51  F1 

00 /14 56/0 12 /0 >1 36/1 007/0 13 /3 64/1 85 /3 77 /12 27 /9 24 /53 F2 

70 /13 58 /0 09 /0 07 /0 28 /1 007/0 18 /4 10 /2 05 /4 79 /10 47 /10 62/52 F3 

45 /15 52 /0 06/0 07 /0 22 /1 007/0 00 /4 74 /1 59 /3 30 /13 31 /9 67/50 F24 

40 /17 50 /0 11 /0 08 /0 90 /0 10 /0 05 /8 38 /2 84 /3 20 /10 01 /10 42 /46 F48 

12 /13 62/0 01 /1 11 /0 89 /0 06/0 99/6 79 /2 94 /4 43 /7 93 /11 11 /50 F57 

44 /14 58 /0 08 /0 10 /0 74 /0 06/0 28 /2 78 /2 25 /4 55 /12 53 /11 60/50 F59 

07 /19 47 /0 16/0 07 /0 01 /1 11 /0 73 /8 91 /1 32 /3 26/11 00 /9 78 /44 F60 

36/15 55 /0 17 /0 12 /0 81 /0 05 /0 63/1 67/2 40 /4 71 /14 20 /11 33 /48 F62 

38 /15 57 /0 06/0 11 /0 58 /0 >1 79 /1 81 /12 95 /3 09 /14 45 /11 20 /49 F63 

37 /14 51 /0 12 /0 08 /0 23 /0 07 /0 17/6 20 /2 46/3 70 /8 07 /10 02 /53 F65 
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Fig. 9. Placement of the modal analysis results of sandstone samples in the recycled orogen field in (A) QtFL diagrams 
(Dickinson et al., 1983) and (B) QmFLt (Dickinson et al., 1983). 
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Fig. 10. Drawing the results of point counting of the studied samples in (A) QpLvLs (Dickinson et al., 1983) and B) 

QmPK diagrams (Dickinson and Suzek, 1979). Most of the samples are located in orogenic regions with recycling and 

collision zone with igneous origin. 
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Fig. 11. (A) The data obtained from the geochemical analysis of the major elements of the studied samples are placed in the 

intermediate igneous and mafic igneous field of the discriminant function diagram of Roser and Korsch (1988). (B) The 

geochemical results of the Arc Section shale samples are plotted in the McLennan et al. (1980) diagram in the range of 

intermediate granodiorite rocks and C) in the Crook (1974) diagram in the rocks with intermediate quartz content field. 
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Fig. 12. The geochemical data of the studied shale samples in (A) the two-variable diagram of Roser and Korsch (1986), which 

are placed in the area of island arc and active continental margin to determine the tectonic setting. (B) Plotting the above data 

in Bhatia's diagram (1983), which are in the range of continental and oceanic island arcs, and (C) Drawing the studied samples 
in Croonenberg's triangular diagram (1994), which is also in the continental and oceanic island arc fields. 
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Fig. 13. Plotting of the major oxides data of the Arc Section shale samples in (A) Verma and Armstrong-Altrin (2013) 
diagram by using the new discrimination functions (equations in part B of the picture) that most of the data are placed 

in the collisional tectonics setting (Col). 
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Fig. 14. The geodynamic model presented for the tectonomagmatic evolution of the Sistan Suture Zone by Pang et al. 
(2013), a) Early Cretaceous to Middle Cretaceous: the opening of the Sistan Ocean and its subsequent destruction as a 
result of westward subduction under the Lot block. b) Late Cretaceous to Late Paleocene: Collision of Lut and Afghan 

blocks with each other and creation of mountain ranges in eastern Iran and thickening of the underlying lithosphere. 
c) Middle Eocene to Late Oligocene: divergent movement of the thickened lithospheric root along with the subsidence 

of the mountain ranges of eastern Iran. 
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Abstract 

The Arc Section in the northwest of Birjand is located in the eastern Iran structural zone. The 
petrography and geochemistry of siliciclastic deposits of this section have been studied in order to 
determine the lithology and tectonic setting of the source area. Petrographic evidence of sandstone 
samples, including types of monocrystalline and polycrystalline quartz with non undulose and undulose 
extinction, the abundance of sedimentary rock fragments and to a lesser extent metamorphic and 
volcanic lithics, as well as drawing results of the modal analysis of these samples on the tectonic 
provenance diagrams show that the studied sandstones are the result of recycled orogeny and post 
collision. Also, based on the geochemical analysis of the major elements of the shale samples, these 
sediments originate from igneous rocks and belong to the collision tectonic setting. The sistan suture 
zone is placed between two continental blocks of Lut and Afghan. According to most researchers, 
subduction of the oceanic crust has played a very important role in the tectonic evolution of this region. 
The recent studies show that due to the westward subduction of the Sistan Ocean in the Early to Middle 
Cretaceous, the upper mantle was pushed under the Lut block and the collision between the Lut and 
Afghan blocks along the Sistan collision zone probably occurred in the Upper Cretaceous. Combining 
above data and comparing it with the tectonic evolution of the region shows that the results of this study 
can be used to reconstruct the paleogeography of this area.  
 

Keywords: Mineralogy, Major oxides, Collision setting, Upper Paleocene- Lower Eocene, Northwest 
of Birjand 
 
Introduction 

Clastic sedimentary rocks provide valuable 
information about the composition, tectonic 
setting and evolution of the continental crust. 
As evidence of the old upper crust, these rocks 
may have been remobilized by erosion and 
covered by other sedimentary deposits or ice or 
buried deep in the crust. Although the 
petrographical study of sandstones reveals 
processes related to the origin, tectonic setting, 
depositional environment and transportation of 
clastic particles, but because the grains of the 
sandstone framework change under the 
influence of compression and burial, it may be 
difficult to draw conclusions. If the accuracy of 
geochemical data enables researchers to detail 
understand the evidence in clastic rocks. Since 
the chemical composition and mineralogy of 
clastic sedimentary rocks are affected by 
various factors such as source rock properties, 

weathering, sorting processes during 
transportation, sedimentation and diagenetic 
processes a combination of petrographic and 
geochemical information of siliciclastic 
sedimentary rocks can determine the nature of 
the source area, the tectonic setting of the 
sedimentary basins and the paleoclimate 
conditions. The studied area is a part of the 
eastern Iran structural, which in the division of 
sedimentary-structural zones of Iran by 
Aghanbati (2004) is called as the eastern Iran 
flysch and is located in the vicinity of the 
northwest margin of Lut block. In the eastern 
Iran flysch zone, there are no rocks older than 
the Cretaceous outcrops. In Birjand area, the 
sedimentation of Paleogene sedimentary 
sequences started from Paleocene-Eocene, 
following the action of the Laramide orogenic 
phase, and continued until the end of the 
Middle Eocene. Most of the researchs of the 
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Paleocene-Eocene deposits in the northwest of 
Birjand is focused on structural studies such as 
geometrical-kinetic analysis of folds, as well as 
paleontology, sedimentology and sedimentary 
environment studies of carbonate units. Since 
the investigations of sedimentology, 
petrography and geochemistry of siliciclastic 
rocks in this area are very limited and any study 
has been done in this field in the Arc section, it 
seems necessary to study the mentioned cases. 
The Arc stratigraphic section is located 70 km 
northwest of Birjand and 40 km northwest of 
Khosuf. The Birjand-Tabas main road is the 
most important way to reach the studied 
section. The geographic location of the Arc 
section is 33 ˚ 1 ' 13.67 " north latitude and 58 
˚ 40 ' 7.16 " east longitude, which is placed 
within the 1:100000 Moussavieh geological 
map. 
 
Materials & Methods 

65 fresh rock samples have been collected from 
the siliciclastic sedimentary sequence of the 
Arc section for the study of stratigraphy and 
sedimentology. 10 sandstone thin sections of 
studied sequence have been prepared and 
studied by polarizing microscope. 
Mineralogical composition of sandstone 
samples was determined by modal analysis. 
Point counting was done using the Gazzi-
Dickinson method. About 300 points were 
counted for each section. 
Sandstone samples were classified based on 
compositional classification of Folk (1980). 11 
shale samples from the studied sequence have 
been selected for geochemical analysis. The 
amount of the main element oxides of the 
above samples was measured by the ICP-OES 
device at Zar Azma Company in Tehran. 
 
Discussion of Results & conclusions 

Modal analysis of the detrital grains of 
sandstones framework is widely used for 
provenance studies. Therefore, the 
mineralogical composition of clastic 
sedimentary rocks is usually used as a sensitive 
indicator of origin, climate and tectonics. 
Several researchers. have investigated the 
relationship between tectonic setting and 
petrography of sandstones. The findings of the 
mentioned investigations show that 
petrographic studies of framework grains of 
sandstones (detrital modes) can be used to 
determine the provenance tectonic setting and 
associated sedimentary processes. In terms of 

texture, the studied sandstones are generally 
medium to coarse-grained (0.34 to 0.89 mm) 
and are moderately to well sorted. The grain 
shape is often subangular to subrounded, and 
the grain contacts varies from point to suture 
contacts. The above sandstones are made of 
framework grains, minor minerals, cement and 
pore space. The constituent grains of the rock 
framework include quartz, feldspar, and rock 
fragments, while minor minerals include 
muscovite and opaque heavy minerals. The 
rock cement is mostly carbonate (calcite) and 
iron oxide. Based on the percentage of clay 
matrix, roundness and sorting of grains, the 
above sandstones are submature. The studied 
samples, based on mineralogical composition 
(total quartz, feldspar and rock fragments) 
(Folk, 1980) are litharenite. The abundance and 
specificities of the sandstone framework 
detrital grains in the Arc section indicate the 
presence of old igneous, metamorphic and 
sedimentary rocks in the source area. 
Considering the litharenite composition and 
the abundance of sedimentary fragments of the 
studied samples, it seems that the erosion of 
older sedimentary deposits also played a role in 
the formation of sandstones in this region. In 
other words, a variety of source rocks, 
including old igneous, metamorphic and 
sedimentary rocks, have been involved in 
creating the components of the studied 
sandstones. According to the geological map of 
the region, the Cretaceous volcanic and 
intermediate igneous (basalt, tuff and andesite) 
and flysch units (shale, sandstone, 
conglomerate and limestone) are existing in the 
northeast and east of the study section that can 
be considered as sedimentary and igneous 
source rocks of this sequence. The alternation 
of Cretaceous volcanic and sedimentary units 
indicates the possibility of metamorphism in 
the sedimentary units of this region, which can 
provide metamorphic quartz and rock 
fragments of this collection. The point 
counting results of the above sandstones in the 
QmFLt, QmPK, QpLvLs and QtFL diagrams 
show that most of the samples are placed in the 
limits of collision suture zone, recycled 
orogenic with igneous tectonic provenance. 
The studied sandstones have a quartz lithic 
composition. They have low amounts of 
feldspar and high ratio of Qm/Qp and Ls/Lv, 
which correspond with the plot of the above 
samples in the collision suture zone, recycled 
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orogenic with igneous tectonic provenance 
fields.  
The study of the siliciclastic sedimentary rocks 
provenance is often done in order to understand 
the geological composition and evolution of 
the source area and to determine the 
sedimentary basin tectonic setting. In 
geochemical investigations of provenance, 
fine-grained sedimentary rocks such as shales 
are more important because they contain 
mineralogical components of the mother rock 
and reflect the characteristics of the 
composition of the source area crust better than 
other clastic sedimentary rocks (Haque and 
Roy, 2020). The composition of the main 
element oxides of the Arc shale samples has 
been used to determine the sedimentary 
provenance by using the various provenance 
discriminating diagrams. Based on mentioned 
diagrams, studied samples probably have 
igneous source rocks. The siliciclastic rocks 
with different tectonic settings have their own 
geochemical characteristics. The tectonic 
setting diagrams have acceptable results for 
clastic rocks that are not affected by post 
depositional weathering and metamorphism. 
There are bivariate diagrams of major and 
minor element geochemistry that have been 
used by various researchers to determine the 
tectonic setting of sandstones and shales. 
Various plots of our data in the above diagrams 
indicate that the tectonic setting of studied 
shale source area probably is collision setting. 
The Sistan suture zone in eastern Iran is an 
ambiguous branch of the Neotethys with a 
north-south trend that has undergone a 
complex tectonic history. The sistan suture 
zone is placed between two continental block 
of Lut and Afghan. According to most 
researchers, subduction of the oceanic crust has 
played a very important role in the tectonic 
evolution of this region. Studies by Pang et al. 
(2013) also shows that due to the westward 
subduction of the Sistan Ocean in the Early to 

Middle Cretaceous, the upper mantle was 
pushed under the Lut block and the collision 
between the Lut and Afghan blocks along the 
Sistan collision zone probably occurred in the 
Upper Cretaceous. Among the evidences of 
this collision, we can mention the placement of 
adakite intrusive masses (86 million years old) 
and A-type granites (55 million years old) in 
the collision zone of Sistan. According to what 
has been mentioned, before the deposition of 
siliciclastic sediments of the Upper Paleocene-
Lower Eocene age, the area was tectonically 
active and probably there were collisional zone 
in this area. Therefore, the results of tectonic 
setting investigations using petrography 
(recycled orogenic regions) and geochemistry 
of studied sandstone and shale samples are 
approximately consistent with the tectonic 
setting of the eastern zone of Iran at this time. 
 

Conclusions 
The petrographic studies of the samples studied 
in Arc section (northwest of Birjand) show that 
these sandstones are litharnite in terms of 
composition. Petrographic observations and 
plotting clastic mode results on QtFL, QmFLt 
and QmPK diagrams show that the Upper 
Paleocene-Lower Eocene sandstones of this 
section are the result of collision zones and 
recycled orogenic zones. The geochemical 
study of shale samples and the drawing of 
tectonic setting discriminant diagrams based 
on the major oxides indicate the collision 
setting (especially continental-continental 
collision) for these data. The combination of 
petrographic, geochemical and geological data 
indicate that the studied samples have possible 
main igneous and sedimenatry source rocks 
with minor metamorphic sources. Examining 
the tectonic evolution of the Sistan suture zone 
at this time shows that the results of this study 
are close to the real tectonic setting of the 
region. 
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