
)����� �	�
��:��/��/����
��� ���� :��/�/��(

÷

�������	
 �� ��� ���� �� ������ ���
��� ������� ���� ���  �!"� #�
$
%!������&��' ��&�� ���(��� 

���� )��*$*$����� ��+�)�� �,���- ���()�� ���.�/
 !���. �

������  �!"�#� �$%�& '()* + �,%-. /0�1�  23"�#� 

01�2!:��41�56��0 ��(� �0 7#(1* �0 82116 ��9:�6 &# �"�–<�=� �� 7�>�%6 + �+�� <�=?� �� 7#@ �1%ABC D16 72,� E��
 0 + �6#  2� /F#+ 7�96�� 7�96# ��%D16 &# �9" �?6#  2?� G%3"C  2� G3��H� 7(H�H� 5�I .D1?6 $?
# G��?� 7(?H�H� 5�?I

D16 �6# �%�(-%K�L + �9%�()%� M
�1H �%�#�H  #�=I �0  2� GN��H� ���� 5�I +�0�	�)?O# $?
# � ��?I����%P%9?6Q0(�#�H+2%R
��6# ��S �6�1������ �IC�C �0 %�#+#�	 T���S ��I&#�)S %���2�# 7#B%� +(N6(� �BC�#(S
��9
U1	 V# �%��S �$K6# �W+2��I5�2� �
@QV
&QS(): �#2�� �0%)�XS(N"C%�6#  2� G.��#� �I5�)S %#�#� �5��> 
!9	��>�C %Y�219�I * �S ?9)��(?>+ �?0 Z1?C +
[C%%96QV GN��%�6# R.)	 �	�0%�� �B62*��I5BC�#(S 5�(��: �(>+ ��>(� �� �BC�#(S �� ?
��9:�?6 Bpining �?�#� $%?0 5�?I

 � �2\� �()-C �BC�#(� + �%�)�
��1%N��0W�(O ��#� &�� <��9�# #50%��#� $�I5�)S �
�%��� %2\C + BC�#(S + �?
� �(?)-C 2
��?1%N�
L�0  2�(BLG) ��] �� %�5��#� �I5�96#� �� + BC�#(S 5!9�N� ^(46 ��?�#� B?
� Z:�?_ �(SGR)� +?%BG?S�� �?I5)N?��H� �
��S��I5�)S %�`(� I+II ���5D16 $
# �)3��H� #� ���� 5�I&#��ab�aa�>�� 59��6 ��#�H � 7�"��I�12.

2 �)��$���!$:GS�� �I5�)S %�c)N��H� �c$%�& –�\16���c���� c7#@ 72,� .

��!4� 
D16 �� �
�I21
L�	 �0 X��] ��"	 + ��� �:�1� 7(H�H� 5�I

 �9�#dH �6 �"V G3��H� +D1?6 e#2?I# &# �3
  �#(=I 2�#-
6�1��� + ��(H�H� 
�& B%$?
# 5#�?0 �?� �6#  �(0 �:�6 $

�� �(f1� D16 $
# �	�0 &# 7#(C ���� + �I 7L �)3"9� 5�I �?I
 �0 �0 ��6���?� �?6� �0 �V(36+�3%� /.���  ��K9?6# �2?
L

��S .�?	�0 $?
# �?6��0 �?0 5��%�?0 $%��Y� �96#� $
# �� �?I
 �#� g�9�??H #� $%??�& '(??)* &# Z??�0 $??
# + 2??19:#��V 2??�# 

)]hbi[.( 
0%�9" ��S ��I��9:�6 �� �I
#�#� 7�"5](46 ��S 219�I 

gB[� 2,9�� ��� �� + �
�#
GS�� ��\219�I .#
�� $GSX?I �I 

��] 21�#(C%)N?��H� �?j# �� X?I +  ��0+� �()-C $�?0��(?>+
L
��� �S 21
?0 k�9�G?S�� 7#(?1* �?I5)N?��H� �)e-twing ( ?
 �

GS�� �I5��N� %N��  2�#(:�2�(� ]h[.
G?S�� H2??��?
L�	 R
l 2??1??% �??6# �"??H�0 G?0�F �]m[.

GS�� �I5)O# �2�� 
�9�� ��9	�%n&�� + X#2���+�G?S�� �?I5
)N��H��)e-twing ( [9� ����o%�52?��#� ���n&�?� <�?] 

0 72� T,"1� + 72� �=6 ��%��] �()0 5219�?I +�9"?%0 
�??��] �??0  2??%=:�??�  2??
�2�(??�.G??S�� )N??��H� 5�??I�

)e-twing(k��(=* W�10�S �� �?�  2?
� �I��P62)	 + �I 2�(?� +
�6�1� ��
�GS�� �9�0#+ ��� �0 �I�6# ]i[.
2� GS���
 �N%��N� �H N��%%[C G�(?)0 kp�?=9]# ��g�?0

∗$K)C �<(q��  21�
(� :a����r��s���0�=� �:a�t����ss���N%�+�9N�# ��V �:moradiarezoo99@yahoo.com 

u��=� �'(6 + ��%0 <�6'+� �7�9�0�C �svYKO &# ���� �C ��s 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                             1 / 10

http://ijcm.ir/article-1-167-en.html


5��3I� 7�
�+#� ��1>+�0 7�%��-� �5�#�� 0 �)\��6�1��()7#�
# �6�1� ���S + ��r

 ��65&#(� 50�
Gw� x�: ��> R�?�>g�� YK?O�5
�1��()06��� 5+� 2I�)G3�h(.Z�0 5+�?]  ��(?: GS�� 
��> L �6�1��()0
%�1� �0 �-�� 5#%��  ��(?�� G?S�� 7�?0B 

�YKO <(. �6# GS�� 5]i[.G?S�� ?6+ �?0%�)�%y(N?6+�N
"-4F�7#B
�QV �� �S �6# �
�6�1� G0�F �9]#� �0 GN?�b�

2�  �#� 7�"� ]z�{.[
GS�� �I�)3��H� 5�)S �� % ��9�?H &�?. �0 �#5#�?05
|%�"C ��C 
)N��H� }��  ��K96# �2�(� ]~.[$
# G?��� �?I

 �???-)l G???O�]��S+&�???6 �)3???��H� �(???)0 b�� �%9???6QV 
�%�??)� � �� �??� �??6# �
�??I�??�5&# �??9=� m���??>�� 5

�9��6  2� G3��H� �#�H 2�#]�bh�[.
�)S GS��% 2� GN��H� �)e-twing (��2�#(C�0#B	# 
Z

GS�� �#2,C �I)#B	#
�?1,� �?0 Z5G?S�� W2?� )/mm �#2?,C 
GS�� �I((#B	# �
�� ZGS��  &#2�# �I)#B	#
�1,� �0 Z5����?o
GS��(�
�(�  �#� 7�"� XI �0 +� �I �]h�[.

��
� �)S GS�� �6�1�%�?�� �?0 �5)N?��H� ��?)S %�
������#� �#(?�=I  2� GN��H� ���#� ]hh�h�[.#?
7#2?0 $

 &#2�# + �#2,C �S �6�1,�59� �� GS�� %�\5 2� <�=*# Z1C 
#�??� +
)N??��H� ��??� �(CC�??*Q.# 2??�#��??�� �??0 �??40#� �� 5

)N��H��9:# �� %2I� �#�F �� .��1_ GN?� �� �?Nb� �#� 7�"?� 
GS�� �2� �I50 n&�� % 2?11S 7� 5 �9�?H 5�?�� �
&# �?9=S 

h~� �>�� 59��6 �GS�� + �#�H �I5=S��o%X �9�?H �?C5

����
p�0 5��� �?>�� 59��?6 �?� 7�"?� #� �#�?H�2?I� .��
���5�Cp�0 &#�z� �>�� 59��6 �2\C �#�H
� �()-C 2
��?1%N�

X�� 7#(1* �0 �C
$)N?��H� ��?S + &�6��?)S �� %��=?� �?0 �
���+� .#�0�10
GS�� W2� �$)/mm G?S�� �#2?,C �?I (�?40#� 5

K1�� &#2�# + ��� �0 5GS�� )����o (�40#� 5�9�� %�?�� �?0 X
��#�.

# ��
,6 ����� $��6#  2� �C��K96# �0 ��
� &#  �?6�1�
G��� 6��0 �� �%�)� 5�I��I5D16 ��?!�5��� +?
�?0 7L ��

 )N��H� 2I#(����S ��(?>(� 5�?I�
�?! ��(?� 5�?I���� ��
6��0�+��� 
k�9 )N��H� 5����<�=� ��41� �� #� �I���� E��

�+L �6� �0 7#@ 72,�
X.

"56���� 7����
 ��
�??�41�5��(??� ??6��0���<�=??� �9??6��� ��??l + �??�&# 7

<�=�  �9�H �� �7#@ 72,� E�� #5<(?. �?0 �
�?%	#�[> 5�?I
"mh'hh°m��C"�~'h{°m�+ �F�� ��* �?I5
�?%	#�[> �
"iz'i{°ii�C"h�'i�°ii�"�� �� + ���=� 5g(H���_ 

�� �0 2�&��%��h:h����� /F#+ ?��?6#  2 ]hi[.�?�41� 5
��(�6��0��1�V �� 5?�& %��9:�?6 $5?68211–?6%7�>� 

]hm[& +
�1�V�5)N��H� �0 �V%�%�?6#  2?� /F#+  2 ]hz[.
�1�V582116 b<�,	 7�>�%6 �C
�1�V $5�9:�6 �5#?
�?0 7#�

 � ��=��A+&(1?6 �C + �+�%�?I&�	 R5�(?H�H� �C�=H�� +?%X�
=����6# �9�#dH �6 �"V #� ]h{[.

0
8�621I5��N� G��� ��\
# %N� ��6 g�0 �� .�(Y� f�0 �=6 �(Y� g)
R�=6 �YKO �� x�: 5?6�1��()0 �(�?6#  2?� e�?Y1� .
�: �I5�4�� _%��#� �^�. �� �(>(� $�I5�)S %� 7�"� #� GS�� 7+20 ��21I� .�6 �.�1�
�7�"� �#�  21I� 5C%�[�I5�.�?1� + 219�I GS�� 

�6 7+20
7�"� � 21I� 5Z�0 �I5�%7�0B N"C #�%G��21I� .+#&
�5a+#& �
�5�-� Z:�_ 5� Z�0 &# ��#� %C �?C 7�0B%�?[5�?� �?6# G?S�� 
<��,�'h~ºi��6# .H� D16 GS ����o %GS�� + 7�0B + �ItGS�� ����o G��� � 7�"� #��2I� ]mbz[.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                             2 / 10

http://ijcm.ir/article-1-167-en.html


2)>�� ��=� ��7�9�0�C ����s $%�& b�� GS�� ��6# �0 �I���� �)3��H� �\16��� . . .���

0
9^�. �#�(=�5 21I� 7�"� 59��� ��S �6# 7L %�\5GS�� W2� � 2� <�=*# Z1C )/mmGS�� �#2,C �?I ( &#2?�# +5G?S�� )����?o(�
��� &# �j�9�5)N��H� ��6# )(�C
 2� ^QO# �5]�~] ([h�[.

�1�V 582116 –6%#� 7�>���7#(C ]�� &# ?%�5�P)H 
7�?!
 ��=?� Z�0 +� �0�0(?1> +��?�C %��?S X]h~[.# �?-. ?
 $

��C%X2105��41� 5��=� Z�0 �� ��&# �
7#2?=I Z?�0 �–
�#�+%�V �6�C�S �� �S �6#  2� /F#+ �?
���+  2?� GN?��H� 

D16 G��� �I5��L 
�)	 $%R)7(C()V Gw� �I5��>+�0 �2�(�# 
Q� +
�(��%� ��I+j�C �S �6# �
�I����%�I&�	 �5 (S #&�?
 

6%�=
�V �6�C�S + $
����-j �(: �� #� �S�6#  �.
]h�[6��0 �0�Y�%�(A@ �
��1%N���V �?�&# ��41� + �?9:#

 )N��H� �� #� �j��] +��#
]�� $%� �j�� ��2�#� .�?j��] 5<+# 
�9??6(V Z�#�+�??	 �??05F#%??6(���9C(??q� %# + M
2??10�=S ��??\

��"K"CL�6#�+@ $6 �0 %�V R%$–&�lL �6�C�S 
 �(0  #�=I $
� �S%&(9�
_ ��9%$H��(?:��(?H�H� +� ���?:� 2?] �� 5

�%K�L �?C B-?6 ��%�(- ?% T?>(� #� �?� 2�(?H�H� ��?6#�
)�
#���F ( ���:� 2] ��5�%B-6 ��)�?
#���F ��(H�H�(�

H�#(H�0��%�()%9� �(C �(K� '�\�#�6 +�I5�#�H %9��0 7��B=I 
)N��H���> �� 
�j��] 7�5'+�  �#� ��2�# .�	�0 ��?\
# 5�?I

  �(??C �� �)3??��H� �??j# ��  2??�5&# ���??] B??%� �??9%�#�H 
 ���:� 2] �� �)3��H�5���% B-6 �?6# ]h�[.�?f� �?0

�� �S 26� G��� �?�41� 5�I���� �� �%�)� G3��H� 5�I5
6��0 ��(���6#  2� ��\
# '+� �j��] �. .

]h�[�6# 2�9,� �S �?0 7��B=I ��(>(� 2I#(� �0 �>(C �0
�(H�H��]�� %�#5��41� �5j�C �YC ��&# %�
��0 7+& R��#�F 

D16 + �6# �9	�H �I5+ 7(?H�H� ��L ?
 �?1�V �� $5?��0 ��
+  2� ��:
[C �%%GN� �
�9	� 2�# .0%�9" D16 �?I57(?H�H� 

,F(� �0 �9�0 ���&#%H�#�F �%�5�1�V �� 5?��0 �?0 + X?S �%Z
 2� GN��H� � ��?jL + 2?�#%�()%9%?6#B%?� 7�"?� #� 7(�2?1I� .

=I9�	� 7#@ 
��0 �1�V R�� �(�Y� ��B0 �(��.��?�9*# �0 
]��[#
�0 �1�V $���6#� `(� &# ��H�6#.

D16 �I5 2?� GN��H� + 7(H�H� 57(?=1:� 
�� �?9	� 
��41�56��0 ��(� �� #� �7L ���� D16 `(� ��6#�0 7#(C �?I

 �0 �96� +� �0 �!96�: ��L 
+ $ �!96�: 0(6� ���C %2?10 X5
�??S�.D1??6 �??I5�??0 7(??H�H�  �!9??6�:��L ??
 $&# 2??1C��-* 
K�L%�(-%��#�H+ �I%��I56%$�&%$�:�6)�#�H%� �%�()%9�


� �
C�=H��(��1%�1H R
M�?I ]�h[D1?6 +�?I5+ 7(?H�H� 
 2� GN��H�5�0 ��41�  �!96�: 0(6� �� G��� ?%��+ �?I

�I���� .
��41� ��5��(� 6��0� �(C 5�(?>+ �H�B0 52%A(9%�#�H 

j�C �YC �� ��#�%�
@� R
)N��H� X��
��1%N�N"C % 2� G
�6# ]h�[.�1�V 5��0 �=I9�	� D16 <��9�# G��* �7#@ �I�


=*  �!96�: �0 ?% �)f�?%D1?6 ��?I57(?H�H� �?0 �p�?0 ��"?	 
�#�H%�K�L + �I%�(-%��I5��41� (�0�=?6 X?S �?=* �?6# 

]��[. �(C 5�#�H %A(9%25�%�()%9�?6��0 ��(� ��41� �2?F�	 
!="_ ��jL%�5�(H�H� &# �C�+�\� �# �S �6# 
� $?%B
?N�&#

 �(C �0 �9�0#+ 2I#(� �I5�(K� 5�& �0 7��B=I %$�?6# �:�6 
]hz[.#
 �(C $5�(?K� 5?6+ �?0%�)5D1?6 �?I57(?H�H� 

]��??%�#5� 7(??�=I ??%K�L ���%�(-??%BC�#(S ��??
 �??I���� + �
�6#  2� �9	�H�0�� .K�L%�(-%�� ��I%����?6 �?I���� + �I

 �(C5�#�H %� �%�()%9�N"C #� %G �#�#2�.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                             3 / 10

http://ijcm.ir/article-1-167-en.html


5��3I� 7�
�+#� ��1>+�0 7�%��-� �5�#�� 0 �)\��6�1��()7#�
# �6�1� ���S + ��t

 ����41�5��(� 6��0��7(?=1:� �I���� �?I5+ �+2?Y� 
 21S#�V #52��#� )G3?�bi(�"?�� �� �?S5$%?�& �?0 �?6�1�

  2"?� |�"?� G�9�?� 2]#+ 7#(1* j�?C �?YC T?)l# + 2?�#%�
�(H�H���)3��H� +�?9	�H �#�F ��41� 2?�# .�?0 �?I���� $?
#

 �
BC�#(�  #�=I ��%� ��I �%�(-%K�L + �I 7#(1* �0 �I ?	�-=I�
 2� �	�,� 7#@ 2?�# ]h�[.�?I���� $?
# �� ��Z?=: �?0  +Q?*

GS�� �?I5)N?��H� �!="?_%�5��?S �� ��?)S % 2I�"?� �
���(� 2� ��\
# �)3��H� + ��(H�H� '+� �j��] �. �� 2�# .

���� :)��
�(f1� �0 �\1?6��� $%�& ��?6# �?0 �?I���� �?�
� �?6�1�
�G??��� )=* '�??!1I �??0 ��??�� �??)]�� �� ??%#�Y??O W��


7(=1:� �I5!16 �2� ���9�# T6�1� 2���(=� +�I5��> �#�
 # &#  2� ��#��0
#�Y?O �f� &# �F� �0 �.�1� $�
?O(C %+ �

0 W�*Q.# ��-o + �-j  2�L �6� 2� 2?�#.?0%�?�(=� $�?I5
|:��  2� ��#��0 �C n&�� /4�� �%��2. ��K9?6# �0 /.���

 � &#%y(N6+�N"-4F�)Olympus ( ��(�6��0�219	�H �#�F .
#
$6��0��IG��� �6��0+
HU��?I59	�?0 ���?S ��?6�1���

O(�:%W�D16 ?6�1��+�
?6��0 ��I��9:�?6B�G?S�� �?I 5
�%�)� +�)3��H� 5��� $%%,C ?6��0 +�)N?��H� 2I#(?� �

��S�BC�#(?S # �� ?
 �?*(=\� $�I�?6 .?.�#?
$?6��0��?I &# 
2V
 2�I5��9:�?6 T?��> 59	�?0 ����?S +�?6�1���#2?,C �5

-. �(� �� MN*%,�+-4F% 2�C%��2�2.

�
;��41� �%,F(�56��0 ��(� � �#(I�?� �
(�?C + 7�9?6�� 7�96# �� + �("� �� 5#Google Earths �?�41� 5?6��0 ��(?� �. �9�?H5
�: �0  2� G3��H� 5�I���� �6#  2� |�"� B��F $%_.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                             4 / 10

http://ijcm.ir/article-1-167-en.html


2)>�� ��=� ��7�9�0�C ����s $%�& b�� GS�� ��6# �0 �I���� �)3��H� �\16��� . . .���

���� ) <=��
#�YO W#2I�"� ��6# �0�
���4156��0 ��(� �?0 �?I���� ��

0 W�(O%p $
�#5� �0 
D16 �! �I57(H�H� ?0 ��41� �+?
 U
�%��K�L + �I%�(-%�+ 2?��#� 7(?=1:� �I ���.�?1� ��?,0

 G:#���41�5��0 �g�9�H &# +�#+#�	�2��#��(:�0 ��+�#
$
0 ���]%p $
�#5�#�H �0 %�M
�1H�%�()%9�=�  2I�"� ��(?� 

#
D16 $�I#�#� k�-��l5?_ ��jL %$H��(?:��?0 �-�?� +  �(?0 
�6
D16 �_ �I%$H��(:��=� �9�0 #� 
?� 7��2�&�?6 . �#(?4:
��S%��
#�#� 5�96#� 7�=I 5)O# &�	 �)N?��H� � �(?0 �?� �?0 

)O#  �#(4:��%���ID16 +�I5=I%�	��
�!&#(�5�6# .
� W#2I�"??� ��??6#�0%V(N??6+�N���& �??	�0 %�??I���� �??1

�%P%96Q0(�#�H+2%R�6#.��#� �I0%�9" �
 2� ��: + ��#�B 2?�# 
+=S �C 2,0 XI &# �,)o21_ + 2,0 XI �–0%�?��0& $#5�?%%[C

�� 211� . &#2�# + GN�5!9�0 ��#� �� �0 %7#BZ1C �?I5 ��#+ 
��#� ��� +.��S �f� &#�6�1���I���� 5��(� 6��0�C�C �0 %T

�#+#�	���S �G��?� �?I :?)S�%(N?6(� �BC�#(?S ��
�U1	 
?9��
V#%��S �$K6# �W+2��I5�2� @QV �
&QS(): �#2�� �0%)�X?S (

219�I.
��#� �I5�)S %#�#� �5�=?6 ?
!9	��>�C %?Y�219�?I .
# �(>+
$�=6 ?
!9	���?)S �� %�?�# �5-.%?,��?0 <#� +
�(??>+Z1??C[C +??%%9??6QV GN??� �%R�??6#.??0 �??0#+� %$
�9�H �I5��&#(?� 5��LD1
&(��9?6� +#& +?
��#� �?6# �?S &#

[C%%�96QV GN�%� GO�] R��(� 2]�[)GN�bmb��#.(
��S ��I���� ����I5�)S %0 ��GN� W�(O 0 �C �#��GN?�

  &#2�# ��5�� �?6(9� �?C ��B0 �9?6#�5H�#(?H�0 ��%�(?)%9�
#�L
Z
�9	� =: �2?�# ?%H2�G?S�� +�?I5`(?� I+II7L �� �?I

 �  2I�"���(?�)GN?�bmb�(?:�0 ��?0�?0 W�(?O�GN?�
)(.??
 2??� G(���9??6#�5H�#(??H�0 ��%�(??)%9�??0 +�W�(??O

�)S%��I5I�� �7(H �  2I�"��2�(�)GN�bmby.(

0
>��# (��> Z
�=� �Y%>�C �!9	�
��#� �I5�)S%��0 �0#+� %$ �9�H �I5��&#(� 5�D1
&(��9?6��L �?6# �?S &#Z1?C +[C%%GN?��
96QV%� GO�] R�2�(��(� �XPL �1�V 5�
2{/m�%)%�9= .�(��#� 5�I�)S%�0�W�(O GN� �#� �C0�GN� �?0  &#2?�#5��B?0 �?C �?6(9� +

G��� 5#�#����96#�5H�#(H�0��%�()%9�#�L
Z
�9	� 2�#��(� XPL�1�V 5�
2�/h�%)%y �9= (�)S%��I5I�?� ��?� 7(?H �?��] �-9?6#� #�
7�"� 2I� �(� �PPL�1�V 5�
2�/h�%)%�9=.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                             5 / 10

http://ijcm.ir/article-1-167-en.html


5��3I� 7�
�+#� ��1>+�0 7�%��-� �5�#�� 0 �)\��6�1��()7#�
# �6�1� ���S + ��a

 ���"� &# �I5�
�(>+ �!Z1C # �� 
D16 $��I ?62*��?I5
BC�#(S5)	 �	�0 �0 %�BFlyser �6# )GN�bzb��#(# �?
�?	�0 $

D16 �� �?I�
?�  2I�"?� �j�?C �?YC �?S �(?�%�(?H�H� ��
�
��1%R)��N�%N�( �(?C �?S 21?��0 �9	�H �#�F �?I5?62* �

#(� GN���#� ���� �
6+ �0  2"� ��: �% �(C �) �?I5>(?� �
�#(� &#�
B�0 + ��#�
H2� 2� #2> XI &# �#� 2�#]�i[.?0 &�?�%$
�??�#� �??I5�??)S + BC�#(??S %)	 G??Y� �� �%�??0 �??I�B W�(??O

�
�I��9:�6B5pining �6# ��#� ��I5�)S %��!_ �0 ��?0�> �-
�>�
�V%
��#� G:#� �0 '(\I �0 $�I5BC�#(?S ���� ��?!_ �?0 �
0�>��>�
@��# ZI�S T-6 p�0 5�+�� �#&L �� �9��-�#�2�(?�.

��#� &�� <��9�# 7#(1* �0 �� #5�6# e+�,� ]�[)GN?�bzb�.(
�
�I��9:�6 B5?6��0 ��(?� 5�?I���� �� BC�#(?S �� �(>(� �
0%[C �!��%%��9:�?6 W#�59?6QV %��?S �N-?� �� R�f� �?I ?% �

N"C + g�9�H%� G
��#�B �I)N�Gbzby(?�(��: ��>(?� �+
2\C
� �()-C 2
��1%N� 2?�L�0 GN?� �?0 Bulging (BLG)  +

�?�#�B
� Z:�_Subgrain Rotation (SGR) �?6# .�(?>+
 ^�. ��6#�0 BC�#(� �� �I��9:�6B
� $
# �#�(?=�5 2?� �?A#�# 

5#�0���-�#�I5�()0 21_ 5]�m b�{[<��9�# ���] �� BLG 
�0SGR ?�� �� k�?-
��C �?� �?6# X?� 5� &# �?Cm�� �?>�� 5

�9��6 �� GO�] �#�H �(�)G3�b{.(

0
 ?��# (Z
�=�B1� BC�#(S5�0�	�0 )	%�BFlyser �j�C �YC �S%�(H�H� ���
��1%N�)��N�%N�(��6# �9	�H GN��(� XPL �0�1�V5�?
2
{/m�%)%�9=.�(�%�I��9:�6+�N5pining �� &�� 0%$��#� �I5BC�#(S +)S�%��(� XPL �C�?1�V5�?
2�/h�%)%�?9= .y(g�9�?H +N"?C%G
�
��#�B &#�.
�W�>��� &�� ��#� �I����S��BC�#(SX� 5��� �� k�-
��C �� &# �Cm���>�� 5�9��6 �� GO�] �#�H ��(� �(�XPL  �0�?1�V5�?
2
�/h�%)%�9= .W(��#� �I52\C 
�()-C 2
2�# �9�#2� g�9�H �2��L �9	� 0(: Z�(V + �9�I ��9:�6 �S��(� �2I� 7�"� #� XPL �0�1�V5�
2�/h
�%)%�9= .�(2\C
� �()-C 2
��1%N�BLG��] �� %�5��#� �I5�96#� �� + BC�#(S 5!9�N� ^(46 ��(� �XPL �0�1�V5�
2{/m�%)%�9=.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                             6 / 10

http://ijcm.ir/article-1-167-en.html


2)>�� ��=� ��7�9�0�C ����s $%�& b�� GS�� ��6# �0 �I���� �)3��H� �\16��� . . .���

0
@^�. �#�(=�5)O# `(� ���_ �2\C 
� �()-C 2
��1%N������-�#)V��S
��9�% �9�H �� BC�#(S $5��� �
 2�  �#� 7�"� ]�m b�{[.

��#� g�9�H �?I52\C ?
�(?)-C 2
� �2?��L �?9	� ?% �?S ��
 0(: �0 #� Z�(V + �9�I ��9:�6�2I� 7�"� ]�{[)GN�bzb

W.(� ����5�V%
2\C $
� �(?)-C 2
��?1%N� 2?�L�0 BLG �� 
�%��] 5��#� �I5�96#� �� + BC�#(S 59�?N� ^(46 !�#
��?\

���(�]�[)GN�bzb�.(
]�[ 2I�"?� �?05)N?��H� �W�?10�S �� �?I5�� �(?>(� 
 �K6  2?�#�+� 5�?Inappes �9?6#� �� 5�?�41� 5Helvetic 

M%A(6 GS�� `#(�# ��� ��+L�0 �(f1� �0 #� �I52�&�6 ?��7#(?C
 �96� ���_ �0 ��2105��S ]~[�)GN�b~b��#(:

bGS�� �I5`(� I#�#� 50��
�N�?I5�9�?� % �(?0 X+9���?o �
&# �??9=Sh�%�??�� �� + 2??��#� �??9�+�N5h~�b����??>�� 5

9��6�# �#�H
� ��\�2�(�.
bGS�� �I5`(� II �* 
��C�0 +����?o zbh�%?9�+�N��� +

���5hz� bi�� 9��6 �>�� �# �#�H
� ��\�# �2�(?� ?
 $`(?� 
GS�� �I�0�I�#2:� 5��� �
	�(��9� %X�#+�9�02�# ]~��[.

bG??S�� �??I5`(??� III�??* 
=: ��??%??=S � 2���0 ??
R2??�# �??S 
=:%H2�GS�� � �I���� 2�#(C���,	 &# %?�B[� ��+�5�4?6 

f , r2��0 ]�[.#
GS�� `(� $��� �� �I5p�?0 5��� �?>�� 5

9��6�# �#�H
� ��\�2�(� +7�"�  21I�5��?3)=* )N?��H� �
]%$��(H�H��6# .
-GS�� �I5`(� IV k#�I�� �o%X�C�0 +�?: �?I�
W�(?O �?0 

�9�� #5�?I&�� �0 5�?�#2�� �#��?
?�  2�2�(?� 9� �� �?S %�?\
 GN� �W�>����I#
��\ 2�2�# + 211S |�"� 5��� 5p�0 5

�z� �>�� 59��6 �+ �#�H2\C
�()-C 2�
��1%N�219�?I ]~b
�[.

GS�� �I5`(� I+II ��� ��5XSkp�?=9]# ��?C X?S �?=* �� �?C
N"C%� G��?�� G?]#�� &# �j�9� + 2�(��
��(?H�H� 219�?I +
GS�� �I5`(�III  +IV��� ��50 �=* �� kp�=9]# �p�0 %Z+ �C

 )N��H� G]#�� ���]%+ ��(H�H� $
2\C �
� �()-C 2
��1%N�
�� GN�2��%H ]~b�[.

6��0 ����I5�%V(N6+�N��?�(=� �?I5&#  2?� �?�#��0 
��41� 9� �� %Z1?C �\ �?I5 2?� <�?=*# �Z?=: �?0  +Q?* +

"S%H2�)GN�b~b�(GS�� 2I�� ��I5 2� GN��H� `(� I+
II9�I%X.5�1-� �0 �� 5210]�[.GS�� �I5)N��H� �`(� II 

�#+#�	�0%�9"57�"� �S �2��#�  21I� N"C %�I�()0 G5�)S %�
#�� ��  2� ()F+�
� + �=* ���5XS�6#.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                             7 / 10

http://ijcm.ir/article-1-167-en.html


5��3I� 7�
�+#� ��1>+�0 7�%��-� �5�#�� 0 �)\��6�1��()7#�
# �6�1� ���S + ���

0
A��# (^�.�#�(=�5GS�� `#(�# &# �I5�)S %��� ��j�C &# %��� �]t��[.
�(GS�� �I5GN��H�  2� `(� I �II +"S%H2�����S��)S%��0�(� XPL �1�V5�
2t/��%)%�9=.

7
���� 
��41�56��0 ��(� �&#�f� �& %9:�6 $���#(] +  �(0 <�,	 

�"??V #� �C+�??K9� �)3??��H� + ��(??H�H��??6# �9??�#dH �??6 
]���h�[.6��0 ��(� 5�I���� �����(?H�H� '+� �?j��] �. 
)�
#���F ��(H�H� ( ���:� 2] �� �� �)3��H� +5�(H�H� �
�%G��� � �(0 B-6 �� �?6#  2?� G%3"?C �)3?��H� 5�?I .

��9:�6 2I#(�5�1�V �(>+ �I���� 5��0 �+���5N"?C %G&#
��ab�aa�>�� 59��6 ��#�?H #� #�?0 5)N?��H���?I����5

��41�56��0 ��(� �� 7�"��2I�.
��9:�6 2I#(�5S�] �S ��?1�V �(>+ &# 5?��0 �# �� ?
$

��41��6#&# 21C��-* :
!9=6%�5�Y%>�C )N����#� �I5�)S %[C �j# �� �%%GN?� �
96QV%R.

b#
)	 �	�0 ��\%�� �B62*��I5BC�#(S 5�(H�H� &# �j�9� �S �
�
��1%R�6#.

b>+�(��: �(�>(� ��=� �S 
)N��H� �!���0%$�()0)�S�]
���
�N-� |#5��
�()0 R(�6#.
b� �(??>+??
 ��9:�??6 Bpining�=� �??S ??
 �(??)-C �!�� ��??0+�5
�
��1%N��6# .
b�()-C ��0+�5�
��1%N��0W�(?O �?�#� &�?� <�?�9�# #5?0%$

��#� �I5�)S �
�%��� %BC�#(S + �.
��9:�??6 2I#(??�5�??S??���5N"??C %G&#��ab�aa�??>�� 5

9��6��#�H #�#�0 5)N��H� ��I����� 7�"��2I�&# 21C��-* :
bGS�� �I5)N��H� ���S ��)S %�`(� I+II.
b)N��H����S �f� BC�#(S ?%N"?C + g�9�?H �%� G
�?�#�B ��?I

�(��:�>(� �GS�� ��I5)N��H� �2\C +
� �()-C 2
��?1%N�
GN� �0Bulging (BLG))���] �%�5��#� �I5�� + BC�#(?S 
�9?6#�5!9�?N� ^(4?6 �(+Subgrain Rotation (SGR) 

)��#� g�9�H �I52\C 
�()-C 2
� �2��L �9	�%��9:�?6 �?S ��
0(: Z�(V + �9�I�2I� 7�"� #� .(

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                             8 / 10

http://ijcm.ir/article-1-167-en.html


2)>�� ��=� ��7�9�0�C ����s $%�& b�� GS�� ��6# �0 �I���� �)3��H� �\16��� . . .���

B(��� 
[1] Twiss R. J., Moores E. M., "Structural 
geology", Freeman, New York (1992). 
[2] Passchier C. W., Trouw R. A. J., 
"Microtectonics", 2nd edition, Springer, Verlag, 
Berlin (2005) 
[3] Blenkinsop T., "Deformation Microstructures 
and Mechanisms in Minerals and Rocks", Kluwer 
Academic Publishers, New York (2002).   
[4] Lacombe O., Laurent P., "Determination of 
principal stress magnitudes using calcite twins and 
rock mechanics data", Tectonophysics 202 (1990) 
83-93.
[5] Jamison W. R., Spang J. H., "Use of calcite 
twin lamellae to infer differential stress",  
Geological Society of America Bulletin 87 (1976) 
868–872.
[6] Chen K., Kunz M., Tamura M., Wenk H. R., 
"Deformation twinning and residual stress in 
calcite studied with synchrotron polychromatic X-
ray microdiffraction", PhysChem Minerals 38 
(2011) 491–500.
[7] Rybacki E., Evans B., Janssen A., Wirth R.,  
Dresen G., "Influence of stress, temperature, and 
strain on calcite twins constrained by deformation 
experiments", Journal tectonophysics 21(4) (2013) 
17.
[8] Ferrill D. A., "Calcite twin widths and 
intensities as metamorphic indicators in natural 
low-temperature deformation of limestone", 
Journal of Structural Geology 13 (1991)  667–675.
[9] Burkhard M., "Calcite twins, their geometry, 
appearance and significance as stress-strain 
markers and indicators of tectonic regime: a 
review", Journal of Structural Geology 15 (1993)  
351-368.
[10] Ferrill D. A., Morris A. P., Evans M. A., 
Burkhard M., Jr G., Onasch C. M., "Calcite twin 
morphology: a low-temperature deformation 
geothermometer", Journal of Structural Geology 
26 (2004) 1521–1529. 
[11] Lacombe O., "Calcite twins, a tool for 
tectonic studies in Thrust Belts and Stable 
Orogenic Forelands", Oil and Gas Science and 
Technology 65 (6) (2010) 809-838.
[12] Turner F. J., "Nature and dynamic 
interpretation of deformation lamellae in calcite of 
three marbles", American Journal Science 251 
(1953) 276-298. 

[13] Sahandi M,. Hosseinidoust S. G., Radfar G., 
Mohajjel M., "Geological map of  shazand area 
(Sanandaj- Sirjan, Iran)", Scale 1:100000, No. 
5852, Geological Survey of Iran, Tehran (2006). 
[14] Stocklin J., "Structural history and tectonic of 
Iran, a review", American Association of 
Petroleum Geologists Bulletin (AAPG), 52 (7) 
(1968) 1229-1258. 
[15] Mohajjel M., Fergusson C. L., Sahandi M. R., 
"Cretaceous–Tertiary convergence and continental 
collision, Sanandaj–Sirjan Zone, western Iran", 
Journal of Asian Earth Sciences 21 (2003) 397–
412.

]h{[+�� 
`  �#& Z.�"�&%6�1� $�#
7#�)_%6�1� �1��
�(9NC%�(H�H� �R�C�=H�� +%X�("�# W#��"9�# �%-S�%7#��C ��

)hi�� (x.hbm�z.
]h~[8 �#U����9	# .�"��C%�(9NC X%# R
��o(] ��6# �0 7#
�I50(6� �"�# �K� $=\�# �)\� 
 ��=� �7#���)hiz� (x.

��bh�.
[18] Mohajjel M., "Structure and tectonic 
evolution of Palaeozoic–Mesozoic rocks, Sanandaj 
– Sirjan Zone, western Iran", PhD Thesis, 
University of Wollongong, Australia (1997). 

]h�[7 �1>+�0 7�%��-� .�` 5��3I� 7�
�+#� .' �)%): ��.�
' ��#2:.�"+ $%] �� �3%��1
� �
#�� �(>+ �9	�0 2I#(�

M
�1H �()-C &# MV �,)F �%C�=H��(��1
� 5�I ��&# �@�"��)\� 
���� + �6�1��()0  ��=� �7#�
# �6�1��)��t� (xs�� b

sr�.
[20] Mohajjel M., Fergosen C. L., "Dextral 
transpression in Late Cretaceous continental 
collision, Sanandaj - Sirjan zone, Western Iran", 
Journal of Structural Geology 22(8) (2000)  1125- 
1139.
[21] Shabanian N., Khalili M., Davoudian A. R., 
"Petrography and geochemistry of mylonitic 
granite of Ghaleh - Dezh, NW Azna, Sanandaj - 
Sirjan zone, Iran", Neues Jahrbuch Fur 
Mineralogie - Abhandlungen 185(3) (2009) 233-
248.

]��[��-�%7�7.�"@(�+�9V5Y� +%�(9NC �%N� �(C �I5
�#�H%A(9%25��&# ��41� )82116 �1�Vb6%# �7�>�
7#�("��V
7�
�����9S�5��#��&  +�H '()*  2N"%$6�1����7��KO# 

)��tt(.
]�i[0#�6 �e.�"D16 �I5�(H�H� �"�+ W#��"9�# ��6(�

7#��C  �!"�#� y�_)hi~i(.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                             9 / 10

http://ijcm.ir/article-1-167-en.html


5��3I� 7�
�+#� ��1>+�0 7�%��-� �5�#�� 0 �)\��6�1��()7#�
# �6�1� ���S + ��s

[24] Kurse R., Stünitz H., Kunze K., "Dynamic 
recrystallization processes in plagioclase 
porphyroclasts", Journal of Structural Geology 23 
(2001) 1781-1802. 
[25] Stipp M., Stünitz H., Heilbronner R., Schmid 
S. M., "The eastern Tonale fault zone: a ‘natural 
laboratory’ for crystal plastic deformation of 

quartz over a temperature range from 250 to 
700°C", Journal of Structural Geology 24(3) 
(2002) 1861-1884. 
[26] Passchier C. W., Trouw R. A. J., "Atlas of 
Mylonites - and related microstructures", 2nd
edition, Springer, Verlag. Berlin (2010). 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://ijcm.ir/article-1-167-en.html
http://www.tcpdf.org

