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{�  �'�"!0 ?�7 , #�) #��
#��'� �3' � ��& .\�  ���(�9 CS �K!) E�L) ?�7 ?�7

 ?��:�9(Connecting splay) ]��[�-��&� , H�- *
& *� 
�� #�
� � !; <:(= �� �	+� ��:) .

� :(= ��	+�  �-��&�,� �!-&+ �( !L0 �� �-��&� ,� *
!"
��3(� �� �(O � �0 �'& ?���/�  ?, �(O  �!-&+ +!� C&:(R 

#��' �( !Lc*�G ?�!-&+ #��:@(Simply Fold Belt) �� 
�'& #�) �/	!- !^�]�k.[+& �O��c _��e�� +& �	+�  �-��&� ,�

�  �0 �'& #�) H�P%" *':/��O9 �" *
!e��c ?�7��+�' �L'
 ���&� x�) E�L) �
 �K!) E�L))HP)�.(H�- �
�= � �=

�  �	+� �� \7�c �K!) <:(= �L' � , � �
� �= +& �% -

�@�) �  �	+�  H�- �
�= �-��&� 4�� , H�- ?&!-&, ?�7 ?�7
���-,� �-��&� #8
:  !$
��� >
+:" ?&�:) .M('�(�9 ?�7 ?
�-!  � �%� �	+�  �O�- �(P) ?�7��/@�' C,��	�� �-��&� ?

���&�)HP)�.(

$���� ;�� 
��'��Y �  �=:" �  ��-��&�,� �OP)!-� Q
&!) �'�!  ?&!  

���0 ?�7��/@�'4
� ?��� �  �e�� 4"�&:0 , ���O0 ?�7
���0 *
& +& ��OP)!-��'& #�) #��5/'& �7 .+& ?����  ��

�-� ��,S!  C�P�& �0 �'& #�) �/%�� 4�� ���O0 �4"�&:0 ?�7
��
��� ,,� *
& ?�7��/@�'4
� +& #��5/'& �  �OP)!-� ?��� ?

�� I7&!	 &� ���0��,S .��:L��9 +& �7�(#��&�,� , �O�- ?�7 �7
#�) <��/�&��& .�-� �0 ��3(� � !; <:(= \�  �� ?�7

��:L� +& ����&�� r!/�- 4"�&:0 4�� , �(��+ M(' �"�( !0 ?�7
#�((0 !9 ���O0 +&�$/�P) ?�'& #�) #��5/'& �7 .��:L�-

#��) ?�7�-� +& !�-�� ?�7 ?&�&� �OP)!-� �  C��4L7 ?�7
, ���O0 , 4"�&:0�(�9 +& ���) <��/�& #��&�,� , �O�- ?�7 .

+& #��5/'& �  , ?�:� �:P',!P�� �  �7��/@�'4
� �'�! 
o[� ?�7]���"�n[��'& !  !�-�� ?�7 #��) �'�!  ,

Q':" #�) �`&�& r,�]�k[�'& #�
�!- b�D�&.

�
���� ��������� ��� �� ������� �� $<(��)� 9�)� 
&� ?,� ��/@�'4
� �'�! ����:L� �� �:=:� 4"�&:0 ?�7 ?�7

�-!  +& #�) �/	!-�(�9 , �7#�R�K �O�- ?�7#��&�,� ?& ?�7
, C�D%57 �*  C�;�� �'& #�) b�D�& .

��&� �OP)!-� ?�7��/@�'4
���:L� �� 4"�&:0 ?�7 +& ?&
���)#��&�,� �K!) E�L) ?�7 *  ?)��:L�Q1 HP) ��(

�O6, , �
,��= �):��@ H��)?&��&�!
+ r!/�- �?:K ?�7
(Subgrains)#�!/�- �:Oe" ��)�� �)� �7&:) , #�� ,� ?

��&�� �
�= ?�7�/�7 ��/@�' 1�:6 ���)�Y)(Core and 
Mantle Structure �(/�7 )HP)Vs�&.(*
& �  �=:" � 

 �� �7�$%
��+S ?�7��/@�'4
� E��2� ��:L� *
& ��7��/@�'
 I
v��]��[!/%�  , #�:  u:� +& #�� ,� �:Oe" ��0 , +�' � 

��&�!
+ \@!G?&(Subgrain Rotation 
Recrystallization) �"!�0&�Y ?��� �� V�� �=�� ]30[

�'& #�) HP)!-� .��:L� ��#!/�- +& ?& J
 +& �*  �-��&� ?
�-� #�) HP)!-� 4"�&:0 ?)��:L�Q2 HP) ��(4
� �

�):��@ +& �("��eR �OP)!-� ?�7��/@�'�O6, , �=:� ?&
���" �C&,&!	 , �
�)��&�!
+ r!/�- ��OP)!-� ??�7+!� ��7

��&�����&� ?& ��&� +!� �-��S!  ?�7��/@�' , �7(Grain 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

15
 ]

 

                             5 / 15

http://ijcm.ir/article-1-519-en.html


��L0 ��K��
 ��/L2��C&!
& �'�() ���0 , �'�()�:O  �OD� ��n

Boundary Bulging))HP)V<.(��/@�' ��:L� *
& ��
�/�7 ��� #�
� 4�� ��)�Y� �e�� CS ��&,&!	 ��, �:)��:L� -

#��&�,� C,�� ?& !/L0 *  ?�'.�$/�P) *�(WL7 ?�7
�  4�� �()�  #�) !9 ���O0 �  �0 ?�:O  C,���� #�
� 1���-

��:) .�R:LD��� C�%� �7��/@�' *
& ?�� ��:L� *
& �0 �(7�
��:L� �  �e�� ?!/L0 ?��� �� ?Q1 �'& #�) HP)!-� 

)HP)?�7V��:) ��
��� < , s�& .(*
& �OP)!-� ?���
#+&��& ��'& !  ��:L�-?!� ?�7]V�[+& !/L0V�� �=��

�/��'�� ��,S!  �&!-�:).

��:L� ��M(' +& �0 ?&�(�9 �  J
�4� ?�&,S ?�7 �O�- ?
#�R�K#��&�,� ?& #�) �/	!- C�D%57 ?)��:L�Q3 HP) ��(�

�  !/%�  �4"�&:0 �OP)!-� ?�7��/@�'4
� �):��@ 1�:6
�O6, , �=:���&�!
+ �C&,&!	 ?&�C&,&!	 ?�7���" ?�7

�  ��&� +!� �-��S!  �HP)!-���&� 1�:6 , 4
� ����  �&+:� ?�7
��&��� ?�7�&:
���&� ?&��:) �� #�
� �7 .�6�� ��:L� *
& ��

�$/�P) CS �� , �'& I0 ����  #�� ,� �:Oe" �LDY ?�7
C&,&!	 ?�:O  C,����!" )HP)V� , A.(�eO; �7��/@�' *
& ?

I
v���OP)!-� ]��[+& !/L0 �OP)!-� ?��� ,V�� �=�� 
#��&�,� , ��:L� *
& ?&!  &��� C�%� C�D%57 ?�(7� .

�%�=�
�7��/@�' 4?�� �:=:� ��&��7?#��&�,� +& 4"�&:0 �7?��3(� ?/�  ���?>5"!� �!-&+ �� .s�& (K!) E�L)�-��&� �CS �� �0 *  
):��@�=:� �+ �)� �
��&� !�/�7 ��/@�' , �7�)�Y�� �
� #��OP)!-� ��0 , +�' �eO; !$��%� , �:)�+ \@!G #�� ,� �:Oe" 
�'& ��&� !.��&� -
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�O=��#��L) ���C�/� �" �V�k , ���O0 , 4"�&:0 ?�7�:O  ��/@�'4
� +& #��5/'&. . .��|

?�S 4"�&:0 �e�`�9 �� �0 HP) �*�:�" �G
� !
� #��OP)!-� ��0 , +�' C�:  E�2	 �:)�� &� ��&� +!� 1!=��� �� C�%� 4��7� .<(#!/�-?
-��&���*  C�%� &!) , �7��/@�' #�(7�
OP)!-� Q��'& s�& � �%� .� , A(#!/�-?):��@ CS �� �0 C�D%57 H�- �=:� �+ ,
��&� !�7

��&� , �(/�7 x��;�7?�=
� �
�/'&� �� 4?��&� +!� P%" �7�#�) H��& .&
�7��0 , +�' C�:  E�2	 �7��/@�' *?OP)!0� �\@!G #�� ,� �:Oe" 
+
! , ��&� !-��S���&� +!�� C�%�&����-� ?-�/!#)ه. �7)�&� *�� CS �� �0 C�D%57 , *  
�7��/@�' 4?&!) �  �: !� 
��� Q?`�9 �*

OP)!-����%	 E[F�& �(��� ?$/�P) ,��7?�:O  C,�� ?!/L0 �&��� �  ,?):��@ ��
� #���:) .,(���S 4"�&:0
�(�9 +& �?O�- ��0 C�;�� 
7�P)!-� ��:$WO��(P) 
T9 HP) �
!?L� C�%� &� ��7�.

��:L�M(' +& �0 ?!$
� ?#��&�,� ?�&,S ?�7 C�D%57 ?
�  �",�5/� y[��0 �OP)!-� ?�7��/@�' �0 �'& #�) �/	!-

 ��:L�Q1 �" Q3�� C�%� �7� .��:L� *
&)��:L�Q4 HP) ��(
?�7��/@�' r!/�- , �'& �/��O0 C�L�' �  M(' �'�� J


[0�"�0�'& �/�' .I7 �#�!/�- ?��%	 E[F�& ���:L� *
& ��
��&� �� I7 , �/��O0 C�L�' ���� #�
� �4"�&:0 ?�7�:) .

��&� C,�� �$/�P)��&��� ?& , #�:  #�!/�- ����  4"�&:0 ?�7
�$/�P) +& ?���� #�) !9 �
:��j ���O0 �  �7��& .��&� ?�7

���" , �=:� �):��@ 1��� �  4"�&:0� ?�7 C�%� 4�� �OP)!-
���(7� )HP)Vه.(� ��:L� *
& ?�7��/@�' ��&,� � :@

 !
+ ?�7��� �� &� �/�'[0�"�0����� C�%� �=�� �(7� .
��
��� , �'�! \�  +& 4"�&:0 ?�7��/@�'4
� ??�7

�� C�%� ��3(� �K!) E�L) *
& �� �OP)!-� ?��� �0 �7�
�  \�  +& \�  �  1���V��/��' �=�� ��� �&!-�'� .#,[R

#!/�- �� I
[� �
��� C�
�&!- J
 CS ! #��&�,� ?, *  ?
�� #�
� C�D%57 �:))E,�=�.(#�&� *
& �(G!7 C�%� �7

���-��&� #�$/'�@ �0 �(7� �!-&+ �&47:0 +& \�  *
& �� �7
��)�Y �0�(�9 �K!) <:(= ?A�((' ?��/@�' ?�C�=!�'

�� H�P%" &�y�/e�� ��7�\�  Q
&!) ��, ��'& p�LR ?�7
�L� C�%� 4�� &� �
&47:0 J
 �O@&��7� .

��	
� ��������� ��� � +
���� $<(��)� 9�)� 
M(' ��&,&!	 �  �=:" � ��3(� �� �"�( !0 ?�7 ��'�!  ��:� ?

��:L��-��&�,� ���L" +& ���O0 ?�7�(�9 , �7 �� �)!  ?�7
#�) �'�!  , �)&�!  ��3(���& .���& ���L" �� ���O0 ?�7

��:L�H0�� ?&�&� �7 ��'& !  &T� , #�:  C&,&!	 �OP)!-� ?�7
��
� +& #��5/'& �  , �'�(7CS �/@�() �7]����n[��C&:"

�-��&�,� �� &� �OP)!-� �
��� Q
&!) CS 1&!���" , *��2" �7
�!0 �'�!  ��3(� �� &� .

��:L� ���(�9 +& �0 �
�7#�R�K ?� ?&#��&� ,� *  ?�'�
 #��S)��:L�C1 HP) ��(��&� �/)� ,� ?&�&� ���O0 ?�7

 I��i , I��/�� H0��(Type II) ��&,&!	 *
!/%�  ?&�&� �
�(/�7 .��:L� *
& ��H0�� �7#:- ?�7 #��L@ , ?&(Type III) 

>3�(� ,(Type IV)�� #�
� 4�� ��:))HP)�< , s�&(
)E,�=�.(' *
& ��'& ! ��&� �OP)!-� ?��� ��7��/@� ?�7

��:L� *
& �� ���O0 +& \�  �" �7����/��' �=�� ��,S!  �&!-
�) .��&� ��:L� +& ���O0 ?�7C2�(�9 +& H�- �)!  ?

#�R�K#��&�,� ?& C�D%57 ?)HP)�(H0�� ?&�&� u:� ?�7II ,
u:�ICS �� ��, Z�(/�7 u:� H0�� �7 III�L� #�
� �:))HP)
�A()E,�=�.(��:L� *
& �e�� ?!/L0 �OP)!-� ?��� �7

�-!  �  �,�Y �� , *  ?����/��' ? �=�� C�%� &� �&!-
�� �(7�]��,�n.[

>��?/��:L� 1���%� � , �7
�7��/@�'4?�7�:O  �� #�) #�7�%� ?�!  +& 4"�&:0 �(�9 , �7�7?��3(� �� #��&� ?'�!  ��:� ���� ,�
 �0 �
& +& #��5/'&
� *
�'& #�) ��,S!  �7��/@�'4.

T (°C) Microstructures description Description Location Sample ID

350>

Core and mantle structure, sweeping and 
patchy extinction, large subgrains, new 

grains, extensive recrystalization, 
subgrain growth. 

Quartz vein in schist Ben thrust sheet 
Near Zayandehrud dam site Q1 

~300 

Abundant patchy and sweeping 
extinction, deformation bands, 

Subgrains, core and mantle structure, 
serrated and diffuse grain boundaries 

Calcite+ quartz vein in 
low grade pelitic rocks 

Ben thrust zone 
Bard-Shah village Q2 

250>

Extensive pressure solution particularly 
in calcite cement, widespread 

intracrystalline cracks, weak undulose 
Cataclasitic sandstone Hafshejan thrust sheet 

Taghanak city Q4 
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��L0 ��K��
 ��/L2��C&!
& �'�() ���0 , �'�()�:O  �OD� ���

extinction, deformation lamellae (rare).

300>

Patchy undulose extinction, abundant 
subgrains, fine new grains along grain 

boundaries, Intracrystalline cracks, 
negligible volumetric recrystallization. 

Quartz vein in very low 
grade pelitic rock 

Hafshejan sheet 
West of the Marghmalek 

village 
Q3 

 No evidence of crystal plastic or brittle)؟(
deformation was observed. Sandstone (quartz arenite)Naghan thrust Zone 

Near Galoogerd village 
Q5 

 

�%�@H0�� �7?��P� �P���:L� �� �7?�O0 �\�  +& ��7?��3(� �� >5"!� �!-&+ sO/�� ?/�  ���?��� \7�0 �0 ?OP)!-� �\�  +& -
�7?O@&� �=��@ �  �� C�%� &� �!-&+ �&47:0 ��(7� .s�& (H0���7?#:- &?u:� III u&:�& ,II ,I�-� �� ?�O0 �/�#��&�,� +& ?�4� �*  
P�

�/',�?Y���?.<(H0�� �7?u:� >3�(� IV�4� �*  #��&�,� �� 
P��/',� ?#�) �!  .A(H0�� r!/�-�7?u:� II!/L0 �&��� �  ,?u:� I

��
�-� J?�O0 �#��&�,� �� �?�4� �C�D%57 
P��/',� ?53�� ��� S .�(H0�� r!/�-�7?u:� I�  ,u:� �,�F� �:]II' �� ��O0 C�L�/�
#�((0!9?$/�P) ��7?#��&�,� �� M(' ?C�'��	 .ه(H0���7?OP)!-� �u:� I�O0 ���:��j �
�((0 !9 �#?��	 ?��@ �#��&�,� �� ?�E��& 

�4�
P�, , C�;�� (H0���7?u:� I,IIO�- �(�9 �� �C:@!' )
P��@�) +& �7?-��&� ��	+�  (�4� �
P��/',� ?C:@!' .

>��?A�&,&!	 �H0�� sO/�� u&:�& �7?��P� �P��O0 ���� ��,S!  , �6�� x�Y !  �?OP)!-� ���:L� �7?�-!  9 , �7�(��7?O�- ���
��3(�?'�!  ��:� �& +& #��5/'& �  
H0�� *�7.
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�O=��#��L) ���C�/� �" �V�k , ���O0 , 4"�&:0 ?�7�:O  ��/@�'4
� +& #��5/'&. . .��k

Structural position Type I Type II Type III Type IV T (◦C) 

Ben thrust sheet - n� }� �� ~}�� 
Ben fault zone �� n� �� � ~}�� 

Hafshejan thrust sheet �� �� �� - ~}�� 
Hafshejan fault zone �� �� - - ~}�� 

Farsan FZ �� �� - - ~}�� 
Ardal thrust sheet ��� - - - <��� 
Bazoft thrust sheet �� |� - - ~}�� 

��:L� ���(�9 +& �0 �
�7#�) �!@ ?�'� �  C�'��	 ?
#��S)��:L�C3 HP) ��(��&� �H0�� ����O0 ?�7 u:� ?�7I,

u:�II�� C�%� &� #�(7� C�%� �0 �(7�� ?�OP)!-� ?��
 +& !/L0�����:L� *
& ?&!  �=�� �'�7)HP)��.(��&� ?�7

�� ���O0 #��&�,� E��& ?)��:L�C4 HP) ��(?&�&� ��(" 4��
H0�� u:� ?�7I�(/�7 )HP)ه�(�OP)!-� �
��� Q
&!) ,

CS#��&�,� �  J
�4� �7 +& !/L0 , C�'��	 ?�|��=�� ?
�/��' �'& �&!-]��,�n) [E,�=�.(

��&� �-��&� �)!  ? �(�9 +& #�) �'�!  ���O0 ?�7
 C:@!')��:L�C5 HP) ��(�@�) +& �P
 , ��-��&� ?�7

H0�� ?&�&� !/%�  ��	+�  u:� +& ?�7II u&:� ��, ��(/�7 I4�� 
CS ���� #�
� �7 ��:))HP)�,.(?��� ��'& *
& ! 

�(�9 *
& �� �OP)!-�\�  �L0 ��O�- ?�(�9 +& �O�- ?�7
 �,�Y �� , E��& , C�'��	����=�� �/��' ��,S!  ?�� �&!--

�:)]��,�n.[

���� �� ������� �� $<(��)� 9�)������ ��� 
�&�2"|#��) �'�!  ?&!  ��:L� #��&�,� +& !�-�� ?�7 , �7

�(�9#�R�K �)!  ?�7CS ?& ���) �'�!  , ���" �7)��:L� ?�7
F1 �" F7) �HP�.(�C��� *
& +&�\�  +& �"�( !0 ��:L� ?�7

�=��@E�@�& �K�	 ���3(� !" ���:  �'�!  H �K E��' ?�7
)��:L� ?�7F4 �" F7 HP) ��.(�-� +& ��:L� �' *�  ?�7

E�@�& ?&�&� ��:L� ,� ��(" 4�� 4"�&:0 �'�!  ?&!  x'�(� ?�7
*��+ ���:  �D('��!-)?�7 ��:L�F1 ,F3 HP) ��.(*
&
��:L��-� +& �7#��&�,� ?4"�&:0 ?�7�(��D%57 , *  ?.�'�! 

 ���  �� S sO/�� ?�7+�	 , �'�(7 �@�() ?&!  �9:P',!P��
E�@�& C,�� ���= ,��:L� ?,� �D('��� �'�!  4�� , �7 �7

�=�� *��2" ?&! CS ��:$L7 ?��� , ?�:) ?�7)?��,S!  �0

E�@�& H�P%" ?��� HK&�Y +&�7�'& ]�k([�/	!- 1�:6
�'&.

��:L� �� ��'& !  E�@�& �O6& #,!- �' �'�!  ��:� ?�7
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