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� 3	

�4/+�  �5� 67� ��$�-)8 9:	+� � ) �� ; �<��� �)"�	= ��$�>: .�):	?� �"	 ��� �* �3	$� ������% �* ��

	���= ; @+�%�'=)1 �2005�,�	F�  �" �>�	- �+, *)� ;� �  3	>�* �" 3	$� ������% .	$�	/� .( H*�* ��	
  �	�

���� +�, ������������� ��
	+�� 
	�
	" ��
	+� ��I�� ��
	+� 
��	��� ; 	�+8 �)�) �
� ��*��� ; �
	+�2 �2010 .(

3	
 �* ���� �$�	/� )��� �	�  �" 3	$� ��	
 �" �)�J�K, ��: !�� ��?K% �* )LM� �	���I"� �� ��  
��+(  �	�

���� �K4� ��7% ; 3	$� ���	
 H�)� )/� �	� 6K, �N? �	% O�* ��+N�� ; ��  �	������ �	
�	= ���� P/
 ���+=

)�+�8 ; )'=) �
� H*�"3 �2002 � IR% .( 6K, !�'S% ; ���� ���	$� 	" � �I��= 9:	+� �	������  	% 6= ��	
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 � IR% � � ��+�% 	" !�'S% ; � *�� �	� 
�I�� ; �J��J, �� ��	�� ; ��	�� ��J�� �
�)" �* �� ���'= Y+�" ��)��

�Z��[\	" �� 6��)� 	� �
���� ; ��	")") �+=5 �1992 �'0� !�	( �3	$� ������% ; 
*�" 
��- �
	�5��= �  �* .(

@+
 �Z��[\	" � �K 	
)� �	��+ [)� ; ������% ��" �"	#� �R��� ���;)�� ���)Z�8�% ; �
� 	� ; �+'J �) �


�	���6�20072= 
�N�� ��	$� �	��+ [)� �" 3	$� �������% 9:	+� �* �K��� ��J�� .( �	�5" Y'5Z ; �Z��

�����	
) �
� ��	�*;� `�)S�� ; �<�1 
�	4% &�( ���	�*;� T)" 	��+ [)� � � .�)L� �'�- �� .�
� a	517 �

2004.(  

��	�  �"	 ��� �* ��b� �	���I"� ��������� �	�)5+ * ; �	-[) �+�5� �4/+� )� �* �������% ���	$�8 �2005 .(


*	� �� ; 3	" �������% .	$�	/� ��)" �	�)����	8 � � �� �	" ���5?� ��)"9 )1977�$�	/� �* .��*)= H*	b�
� (  ��

) 3	" �)J *1977a�)% 3�S% ( ��	�*;� ���: d)��� ; 	� ; ��)� .�5��* ������% .	=)1 �� )Le�� �� 	� 
��	���10 

)1999�
�)" �* ( ��	�*;� �� ����� �+, �	�  ���: .	��)S�� �" f)g 3	�� ; h)� 3	�� �7- �* 	��	��� �	�

H�	�� ��	�*;� )�5� H*)= �
���� ; O�= 
	� .���11 )2002���	$� �K�= � � ��	�*;� �* *�� .	$�	/� �* (  �	�

+�5��* �4/+� ��$<; )��i% �* 67� �'�	( �� �������%
[ �= �
� ��	1 �* � � ��  .�)�Le% �� � 	>� ����**	4�(� 	�


��	��� ; ��;��� .�� !�	g �4/+� � � �* I�� ��	�*;� a	
� P/
 Y�	= ; ���'#� .�)��i%12 )2008 	" �(

                                                      
1- Cloetingh and Cornu 
2- Pérez-Peña et al 
3- Keller, E.A., Pinter, N 
4- Dumont et al 
5  - Burbank and Anderson 
6  - England and Molnar 
7  - Salvany et al 
8  - Acar and Dincer 
9  - Bull, W.B., McFadden, L.D., 
10  - Friendn et al 
11- Hun & ANDERSON 
12- Hamdouni et al 
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� 	" 	� �+��* �* ��������� �	�  � � �" �	�i- .	(	b%�� ��	�� �	�

 ! 	� s�	") 3	$�)�g �" ! 	��� 3	$� ���� ��$<; �* ������% t	S��� �$�	/�*��� �4/+� �= ����
� �R����"  ()�8

���� ���	$� !�'S% .*��* ��)# ��	� 9 ): �� *�I1)� I�?"[ �<�1 ���	
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�% ��������� �	�

) ��	b01394�� )<	1 �7( �* �<�1 � � 
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) ��	��'
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���� ����� 
	�5��= ��	�� �7>- ��������� �= �
� �4�$� (

!5Z )�Le% �S% ���	$� �� !0	1 �	� �" �������% �	� ) ����' � .�
� H�� ��� 	8	� .��1388 �
�)" �" (

H	J%)8 �� �������� w8 3�S% ; 	�  3�S% �= ���)Z �R��� ; ����*)8 
���� ����� ��	�5��= H*�% ��	�� �7>- �;�

; w8 �'0	� )L�)" �4/+� �;� �<�1 ��+" �$�	/� �* 
	K � .�
� H�� 
	�� ��xZ�* ��;	R� �K��� �	�  )J * ��

)2013���� ���������� ����� �� H*	b�
� 	" ( H�)� ����� ��
	+� YR+
 ; ��  � � ��" r	>%�� *	R � 	" ; �;*��

&)��+� ; ����� ���� ���	$� �� �������� �	� * �* �� ��	
 `��	" ��	4� � � .*�*��)# �
�)"*��� ����� ��	�� �+��

                                                      
1 - Index of relative active tectonics 
2- Mohanty et al 
3 - DOR et al 
4 -Bhat et al 
5 -Azañón et al 
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�� �* �= ���[ y�� �� �"�
��� H� * f)g 3	 �� r�")� � ���� 
��;* �� �
����J��� H�;* �" *��  .��	"

�� �# @+
 � )% H*�* �>5� � )>�	=)8 H�;* �" �
� H*)= �:	1� �� ����� �{�b� H*�% �= � 	�  �
 	�� �
� H��

����)Z �u� �)��� *�� YR+
 9 ): �� 	� ���$% (�
���	8 ! �;�) 3	
 
��'�� �	7,; % .�
� H�� ����� �����)Z H*�

�K4� �;� )" ���� �	�  �")g 3	�� ��;� �
	+�– �" �� �#)� f�+- �� 
	K� a)Z�� �Z���� .�����  t	S� �� ; ��*

���� .*��* ���;�)� y�+% �
	+� H*�% �* !5Z ����� ��	�5��= � �"	- �� ���)Z�8�% ��/
 �z�I" ; �,�= �	�  � 	-
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)� P/
 )J�	�" �= H*)= *	R ������' �) �
� Y?" � � �*1388 ����� 
	�5��= ��	�� �7>- ��������� .(

                                                      
1- Mohajjel et al 
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 ��? � )Z* �+78 ) �  �= *��* ��)# H��N�8 �	�

�"  3�: �" ����� .��01500  �	+78 ; )���'�=150  	%250 �" )���'�=  �,	 �* f)g �� a)Z�� �Z����;� .�����

�� �	g[ ���;�� �")g 3	�� �	�
�� �  �* ; *�� - �� ���*� a	>(��+" 3	�� �* f	+�� !5Z 	% �#)� f�+-  �"	 

�	��� ; ���1) �
�1391�" �4/+� � � .( @+
 �� !�K�� H��( ��:  .�
� ���;�;I� �{�b� ; ���Z)Z* �	�

@+
 !�	� 
���� �4/+� �* ����� �{�b� �(��R�  
	K� ������ �"�)# ; �J�
��8 �= �
� U
�; �1 ; ���	� �	�

��  �
��	��� ; 
	�= �*I �) �+�*1392 !��)(2.(  
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 A8�2\
�C 
B&: : 
D;E�)C �M�K� R�7�� 7:;%� ��;+ H��  

�" �K4� �� �Y�;j8 � � �* 
	�� �: �* V'�?� �	��+ �)� ���xZ)L� ��	�� .;	b% �
�)" ��q+� ���� �	�  �
	+�

100000/1 �K4� �) v� ; 
	=)5 �% �;* ; �  
����  ���)Z�8�% �	�50000/1  ��	7" �3	�= 	"	" �
	=)5 �% �
����

!Z �'( ��	=�- �� *�Z ��F% ; *	"[  ; *	"[�
�DEM �K4� .�� H*	b�
� �4/+� ���� �	�  
	��	
 �� �
	+�

���� �K4� ; ��K= �
	+� �K4� 
	��	
 �� ���)Z�8�% �	� ���#� y	b%�� 3�� .� *)Z ��7% ���*)"1  H�+R+
SRTM 

 H����	�Terra2 ��	�� ���b% 
��% 	"3 57*57 &)� 9 ): �� �� �4/+�  ��I��Global Mapper 134 �'��* r�/� ; *

 �'0	�	" 
[ 
�I�� �+S+�20 &)� ��= 	" .� *)Z |�)?�
� �)�� �- ��I�� �[  �� 	F��= 	" H�= ��+= *����� �* a�

�" �/� ��	�*;� �-;)� !S� *���)" �� !0	1 �/4� .�� 6�
)% 
	�5��= ��+= 
��+( H�* �� 	�  	" ��	�5��= �	�

�" �U� � � �<�1) � �-;)� �/4� 
��+( q� �* 	� ; �� ���)Z )28 .� *)Z �?K� 
���� ����� H*�% �* �<�1) �  

���� ���	$� P/
 �"	 ��� ��)" ������%����� �	�)����	8 � 	
	+�  I��	�[ ; �
� ��b� ��I"� �  �4/+� �� ���	


��	� � � �" 	�  )
 !�� )��i% �	,* 9:	+� �* �������% Y4� ���	+� ���
� �" ��)" �
	
� ��I"� �  
��+( n

�� �	�� �" �������%  �
*	� �� ; 3�") *;�1977��	� .(  �* 3	$� ������% I��	�[ ��)" ������%����� �	�

                                                      
1 - Digital Elevation Map (DEM) 
2 - Aster 
3 - Cell size 
4 - Global Mapper 13 
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.�	>( )<	1 �$�	/�  
�	4% �H�* V= �" H�* �	+78 �>5� �
�	4% &�( ���	�*;� �� ��+�
 �� )���5F�� 3�)J��� :�� ���

 
	 *�)Z ; 
	�5��= ��	K�8 �� ��+�
 ��<)( ���)Z�8�% 3;�-) ��	�*;� ���:1.(  

  

 P�7Q1=)���;(�;� H��������1 
�M��� �n���� :  

^]�� e�: 
I �� o:�(�  �����


I �� 
�R+
 y	b%�� 3�)J��� ��	� Hi = (hmean – hmin) / (hmax – hmin) �
�5' ; ; ��8)1971( )1( 
��	�*;� �� ��+�
 ��	� 

Sr = C / V 
 �
*	� �� ; 3�")

1977( 
)2( 

�( ��	�
�	4% & Af =100 (Ar / At) �)+ *�	Z; �	�)1985( )3( 
 y	b%�� �" H�* �	+78 �>5� ��	�

H�* 
Vf= 2*Vfm/((Eld)- (Erd))+ ((Erd)- 

(ESC))  ���'�
)2003( )4( 

�<)( ���)Z�8�% 
�	4% ��	� Tp = Da/Dd  �)�+8 ; )'=)1996( )5( 

	�5��= ��	K�8 �� ��+�
 ��	� Smf=Lmf/Ls  �3�")2007( )6( 

��	�*;� ���: 
	 *�)Z ��	� SL= (∆H/∆L).L  ���)1973( )7( 

  

) �/"�� �*1 (Hi  �� )���5F�� 3�)J���hmin, hmean & hmax,  �* ���J�	�� ; )�=��1 �!#��1 y	b%�� X�%)% �"

) �/"��2 (Sr   ���	�*;� �� ��+�
 ��	�C  ��8 H�)�� �" ��	�*;� *����� �* 
	 )- 	  ��	�*;� 3�: 6� ;  �� 
[ �	�

 ; )�� X51)" �-;)� �/4� 	% f�)
 �* ��	�*;� ����"�V �= � 	- �	7��� 	% ���"� �� )�� X51)" H�* � ��� 3�: �

H����� ��	�*;� �+��� 3�: ) �/"�� �* �H�� �)�Z3 (AF  ����	4��	� !�	(Ar  �'0� *;� �
�� ��
 ��5# �1	5�

 ;At ) �/"�� �* ��K��� �<�1 != �1	5�4( Vf  �H�* y	b%�� �" H�* V= ~)( �>5�Vfw  �H�* )�5" ~)(Eld 

 �H�* �, ��
 y	b%��Erd  �H�* �
�� `): y	b%��Esc ) �/"�� �* �	 �* P/
 �� H�* )�5" U
��� y	b%��5(Tp 

 ��<)( ���)Z�8�% 
�	4% ��	�Da  *;� )�5�) �<�1 ����	�� 3	$� �+")�= 	% �K��� �<�1 ��	�� U� �'0	�

 ; (�'0�Dd ) �/"�� �* �f[ 6�54% U� ; �<�1 ��	�� U� �'0	�6 (Smf  �
	�5��= ��	K�8 �� ��+�
 ��	�

Lmf � 	F��= ��
 �" H�= X���* �%�)��i% 
[ �* �= � 	F��= *����� �* 
	�5��= �7>- 3�: �� d� 	�   ��*

 ; (��+= 	  X�� �5��)Ls �7>- 6�4�5� U� 3�: ) �/"�� �* ; 
	�5��= �7 (SL ��	�  ���: 
	 *�)Z

 ��	�*;�ΔH H����� �/4�;* ��" y	b%�� `v���  �H�� �)�ZΔL H����� �/4�;* ��" �4�� �'0	�  ; H�� �)�ZL  3�:

H����� �/4�;* �I=)� �/4� �� ��	�*;� � IR% 	" wF
 .�
� ��	�*;� ��K,)
 	% H�� �)�Z  ��= �R��� !�'S%;

��	� ) 3;�- �" �-�% 	" �	�2� YR+
 �	�$� �(��	  �?K� �4/+� 	>+- ������% ��$<; ��������% �	�

.� *)Z  
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 P�7Q2^]�� ��KQ =
:;�8+ '
�D� ?�KM ��
�� : �8
:;�8+ H��  

��� 1 2 3 

=
:;�8+ '
�D� ��)C '
%��( �M;�� '
%��( �L '
%��( 

Sr 1 ≥ Sr 4/1 < Sr ≤ 3 3 < Sr 

Af 15]>50[Af- 15 -7]=50[Af- 7]<50[Af- 

Hi 1 – 55/0 55/0 -45/0 45/0 – 0 

Vf V f >5/0 Vf = 1 -5/0  V f> 1 

T T= 1 T= 1 -0  T = 0 

Smf 1 < Smf  1< Smf <5/1 Smf > 5/1  

Bs Bs> 4 3< Bs <4 Bs < 3 

SL SL>500 500≤SL<300 SL<300 

 ) 
��	��� ; ��;��� :x�e�2008( 
��	� � � �
�)" 2 	�� �" 6�	" 	� ���� ��	� 
��+( ) �>5� 3	$� ��	
IAT) 3;�- a	
� )" (3 �>
	S� (

��	� �� H�� *�;[)" &	#�� .� *)Z �4>: (3	$�)�g 	% 3	$�) �
 	% �  av= �
 �* �h�� �	� �� ��+"  )" .*��

av= ��J�	�� a	
� ��	� �� H�� *�;[)" �	�  �" �= ������%����� �	� ���� ��	� 
��+(  �>5� 3	$� ��	


)IAT�� ���)Z )q� �* �( :	+� �*���� ��)# �6= ���	$� 	% 3	$� �'�� lH*� �	7, �* �� 9 .��*  

 
 P�7Q3\
�C ^]�� ?�KM ��
�� : ) ��>: P��( ']�MIAT(  

��� '
%��( c;:  ��7&�IAT 

1 3	$� �'�� 1<IAT<5/1 

2 *	 � ���	$� 5/1<IAT<2 

3 U
��� ���	$� 2<IAT<5/2 

4 6= ���	$� 5/2<IAT 

) 
��	��� ; ��;��� :x�e�2008(  

  


�(�)��_
&�+ H 

) =)���;>h
� P��g�:�Hi:( 6K, �� �4/+� �  �(	b%�� ��/
 n ��% �= �
� �u�	�  ; V�0�% �� ���� �����

�� �"	 ��� )��)�
�) �+=1 �1952�" 3�)J��� � � .( �� ���)Z )q� �* �	� �K��� �<�1 ��)" �'=��:  ; *��

�" ��	� � � .�
� �<�1 �1	5� �� !4�5� �u�	� ��0V )$% � )���5F�� �+S+� ) � ��1	� .  ���5# ; H��

�� ��)# )q��� �� ���	  Y 	
)� )��= �= �<�1 ��  �
��	��� ; �Z�I" H* �� !4� �" �)�+�8 ; )'=) ��*2010 ��*	$� .(

H*	
  �/"��) a	
� )" �*)�Z ��)# H*	b�
�*��� ��	� �>
	S� ��)" �= ��1�� V )$% ( )%\	" �*�( ) *	4� .*��  ��

50�� �4/+� 
��- ���)Z�8�% ; *	 � ��+'" ��58 )J�	 	�� �%  6#� � � ��	" )�8 ; s�	" ���)Z�8�% �, )� ; ��	"

                                                      
1 - Strahler 
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�� Y�	= �
�5' ; ; ��8) �"	 1971��'"	# �� H*	b�
� 	" .( &)� �	�  ��$�	/�*��� �4/+� y	b%�� ���#� 3�� �� ����I��

28 � *)Z |�)?�
� �<�1) �. &)� U�S� �* �� ���IGIS � *)Z ���$% �<�1 )� y	b%�� ��J�	�� ; !#��1 �)�=��1. 

��� ��)" � 	7��* �<�1) � �  3;�-) ��[ �
* �" �R+
 y	b%�� 3�)J��� 	�4.(  

 P�7Q4
D;E�)C ��KM c��+�� P��g�:� ^]�� �8
:;�8+ '
�D� : R�7�� 7:;%� H��  

����� 


D;E 

AU�7E 

c��+�� 

�rL�7E 

 c��+��  

c��+�� 


:�
� 

 ��7&�

P��g�:� 
'
�D� 

 �����


D;E 

 AU�7E

c��+�� 

 �rL�7E

c��+�� 

 c��+��


:�
� 

 ��7&�

P��g�:� 
'
�D� 

1 1750 3150 2254 36/0 3	$� ���� 15 2050 3450 2741 49/0 
 ����

3	$� 

2 2050 3150 2388 31/0 3	$� ���� 16 1950 3450 2636 46/0 
 ����

3	$� 

3 2050 3450 2668 44/0 3	$� ���� 17 2050 3530 2863 55/0 3	$� 

4 2150 3450 2624 36/0 3	$� ���� 18 2050 3530 2652 41/0 
 ����

3	$� 

5 2050 3450 2839 56/0 3	$� 19 1650 3450 2270 34/0 
 ����

3	$� 

6 2050 3450 2852 57/0 3	$� 20 1650 3450 2222 32/0 
 ����

3	$� 

7 2050 3450 2771 51/0 3	$� 21 1550 2950 2080 38/0 
 ����

3	$� 

8 2250 3350 2835 53/0 3	$� 22 1650 3150 2262 41/0 
 ����

3	$� 

9 2250 3530 2936 54/0 3	$� 23 1650 2750 2213 51/0 3	$� 

10 2350 3450 2859 46/0 3	$� ���� 24 1650 2750 2205 5/0 3	$� 

11 2450 3450 2250 2/0 3	$�)�g 25 1650 2650 2106 46/0 
��� �

3	$� 

12 1750 2750 2295 54/0 3	$� 26 1650 2750 1930 25/0 3	$�)�g 

13 1750 3350 2295 34/0 3	$� ���� 27 1550 2050 2063 51/0 3	$� 

14 1650 2650 2118 47/0 3	$� ���� 28 1750 2550 1970 27/0 3	$�)�g 


;�* n"��% �� H*	b�
� 	" �4/+� &	�% ��)" ��	� � � ���4� ��"	   ) *	4� .�� *�;[)" ; ���$%Hi  ��+����� .	(v:�

���� !���( *��� �* f[ ��
	+� @+
 ; � ���; 6K, 3)�+= �* �
	+� �� 6��)� I )"[ �<�1 �����   ; z	�) �+=

 �
��	���2006(1�
�)" �" �-�% 	" . &	R�� �	�  �H��25  3	$� ���� H*� �* �������% ���	$� 
�I�� )q��� �<�1) �

$� 	%�� ��)# 3	  !��) ��)�Z3.(  

                                                      
1- Hougt & et al, 2006 
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 A8�3
D;E�)C ��KM c��+�� P��g�:� ^]�� �8
:;�8+ '
�D� : R�7�� 7:;%� H��  

s
1) 
�)C;K
M 
:�]��� (�]�1 )Sr :(��	� )J * �� ��8 ��	� ��������% ���	$� �"	 ��� �	�  �
� ��	�*;� 6�;

 �
*	� �� ; 3�")1977��	�*;� �* ��	� � � .( ����* �= � 	� ��8  )%�;* �������% ��	1 �� ��+�	" �*	 � 6�;

 �� ��	� � � .�
� �������%��� ���	$� ; �4/+� 
*�" 
��- �� �=	1 ��	�*;� )�5� 6�4�5� ��	1 ; �
�

:�/"��)2 3;�- �1�� �
* �" (  !��) � [4 ���4� �, )� .(SR  ��	1 �" ��	�*;� 
��
� �� �=	1 ��	" )%*	 �

	��+ [)� ; �
� 3*	$% �4/+� 3	$� ������% )J�	K� ���	" )��= 
[ ���4� �, )� ; *��* U'5% �<�1 �* �K 	
)� �

 �Y���	��� ; ��;��� �� !4� �" �
*	� �� ; 3�") �
�2008 ���4� .(SR  �� )��= k\��$�3  �" � *I� ;1  �
�

 �3�")2007�" 2 	�� .( �
*  ��" l��	� � � �� H��[09/1  	%79/1 �-) �
� )�i�� 3;5 �������% ���	$� )q��� .(

 �"  �	+��
�4 ) �<�1) �1�15 �19 �27
[ ��$<; �= ( ��� ��
� 3	$� ���� 	� �<�1 ) � �  .����* 3	$� ��$<; 	�

 �<�1) � �" r�")� ���	$� 
�I�� � )��=15  �<�1) � �" r�")� 
[ � )�K�" ;7  !��) �
�5.(  

                                                      
1 -Sinuosity 
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 A8�4:�]��� 
�)C;K
M R��L ^	B� �;�: :
  

 P�7Q4
D;E�)C �� 
:�]��� 
�)C;K
M ^]�� �8
:;�8+ '
�D� : R�7�� 7:;%� H��  

'
�D� 
 ^]��

��� 

 
�4�(

�)�;� 

 P;�


��� J 

 �����


D;E 
'
�D� 

 ^]��

��� 

 
�4�(

�)�;� 

 P;�


��� J 

 �����


D;E 

3	$� ���� 79/1  41/10  18667 15 
 ����

3	$� 
49/1  38/15  22990 1 

3	$� 12/1  62/7  8577 16 3	$� 23/1  94/10  13427 2 

3	$� 25/1  52/7  9430 17 3	$� 18/1  97/10  12973 3 

3	$� 19/1  72/11  13936 18 3	$� 16/1  5/8  9862 4 

3	$� ���� 43/1  19/18  25957 19 3	$� 28/1  66/8  11122 5 

3	$� 18/1  83/16  19800 20 3	$� 19/1  72/7  9183 6 

3	$� 12/1  58/14  16382 21 3	$� 09/1  91/8  9705 7 

3	$� 18/1  23/9  10887 22 3	$� 19/1  07/7  8407 8 

3	$� 52/1  8/6  10324 23 3	$� 19/1  26/10  12166 9 

3	$� 17/1  48/6  7615 24 3	$� 27/1  34/10  13103 10 

3	$� 06/1  16/5  5472 25 3	$� 16/1  22/9  10706 11 

3	$� 19/1  57/8  10205 26 3	$� 27/1  71/8  11061 12 

�3	$� ���  5/1  56/8  12818 27 3	$� 25/1  04/14  17608 13 

3	$� 14/1  27/8  9454 28 3	$� 29/1  9/10  14056 14 
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 A8�5 :�D�
' 
D;E�)C �� 
:�]��� 
�)C;K
M ^]�� �8
:;�8+ R�7�� 7:;%� H��  

) 
D;E �B8�C R��&+ e7YAf:( � IR% ��)" T;� � � �* = �
� � � )" ~)� ��������� !�'S%; �� �

3)�+= H�++= @+
 �	� ���'#� U �)� �� ; (�"�
� .	4>: X�� �+�	�) �
	+�-  `v��� 
�N��) !S� �� ����=�

�+��* f�+- ; 3	�� ��" ��	�Z Y��8 ��� 
�	4% &�( �(	" (	�  �
��	��� ; �+ �"	() *��1394 
�	4��	� !�	( .(

(AF) �� �� �" 
��% ���� Y�), �
�)" ��q+� �4� �* ���	
 !4� �" )�+�8 ; )'=) *��� H*	b�
� �K��� �<�1 a	

 �
��	��� ; �Z�I" H* ��2010!��K% *;� ��>� ��)" l�
� �S<�; �
�+� ; �J�� ����* k	>�	g �K��� ��>� .(  H��

) ) *	4� ���� 	8 
	 )- 	"35<Af<65�<�1 �Z�� 2= )J�	�" (  av=) 	�1 ��	� � � U
��� ���4� �(

)43<Af<35  	 65<Af<57�<�1 (  av=) ��� 	8 k	�>5� �	�2) ) *	4� ; (57<Af<43�<�1 )J�	�" (  ��� 	8 �	�

 av=)3 �� �[ ; ��
�� � ;	-) �
� (20152= *�;[)" .( 9:	+� �* �K��� �<�1 a	�4� �* �������% �Z��

�� &	R�� 
�	4% &�( !�	( �� H*	b�
� 	" z�I" ��+N�� ; �,�=  �)+ *�	Z; �	�) *��1985.(  �/"��)3 3;�- �1  ;

 !��6 �* �'0� ��	�*;� )�5� .(28 �" �<�1) � 
[ �
�� ��
 ; != �1	5� ; �?K� �IR� ��: H����� 	�  �)�Z

H*�* �� H*	b�
� 	" ; �� �<�1 �������% ��$<; �:�")� �/"�� ; *�-�� �	�  3;�-) � *)Z *�;[)" 	�6 3;�- �� .(

)6��)" (  �� �= � [28 � *��� �<�1) � ��$�	/6  av=) ��� 	8 ��$<; �* �<�1) �3 ; ����* ��)# (11  �<�1) �

 av=) ��� 	8 k	�>5� ���$<; �* )J *2�<�1) � ��4" ; (  av= ����* 	�1  �+�5� (�<�1) � �Z�� 2= )J�	�")

 !��)7.(  
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 A8�6R��&+ e7Y 
�M��� �;�: =
+��� ?)��: :  

 P�7Q6 
D;E R��&+ e7Y �;�L�( 
�M��� :
D;E�)C �� �B8�C R�7�� 7:;%� ��;+ H��  

�<�1 H�	�� (At) (Ar) AF  av=AF �<�1 H�	�� (At) (Ar) AF  av=AF 

1 27/79 8/39 21/50 3 15 2/45 33/23 61/51 3 

2 14/68 63/45 97/66 1 16 72/24 19/6 03/25 1 

3 38/75 52/26 18/35 2 17 44/35 52/13 14/38 2 

4 85/29 95/9 33/33 1 18 62/52 32/32 08/57 2 

5 84/33 06/14 55/41 2 19 55/129 25/47 47/36 2 

6 40/33 65/11 88/34 1 20 69/95 77/63 67 1 

7 33/30 54/11 05/38 2 21 7/49 63/32 65/65 1 

8 62/19 48/6 03/33 1 22 32/38 33/21 66/55 3 

9 68/29 51/15 26/52 3 23 14/30 81/18 41/62 2 

10 1/43 11/18 02/42 2 24 92/19 95/6 89/34 1 

11 51/41 06/22 14/53 3 25 06/13 53/6 01/50 3 

12 07/36 79/24 73/68 1 26 7/37 36/8 18/22 1 

13 41/89 46/51 56/57 2 27 08/33 74/20 68/62 2 

14 76/53 22/47 83/87 1 28 79/14 84/8 77/59 2 
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 A8�7 R��&+ e7Y ^]�� '
�D� :
D;E�)C �� �B8�C 
D;E R�7�� 7:;%� ��;+ H��  

) ��� c��+�� 
  ��>  ZL t�Y '�>: ^]��Vf( : ��$� �'0	� �* )����	8 � �5/0 -1  �7>- ��	K�8 �� )���'�=

�� ��)# �
�)"*��� H�* )� ��)" 
	�5��=  ���'�
) *)�Z20036K, 	" ���	� � � 
�I�� .(  ) 	
 )�Le% �� ���8


	K� �!���( �+�*H  �a\;�=�=) �
� .���+'" ��	�� H�;* �  �* ��	�*;� �  )�5" �+�K�;)� 	  �Z��[\	" �

1999��5# �� ��	� � � �>
	S� ��)" �)<	1 Y�;j8 �* .( �" �<�1) � )� �* V'�?� �	�  n:	4� �IR� ��:


[ ��" �*�( ��J�	�� ; ��7% �<)(  !��) � *)Z *�;[)" 	�8  3;�- ;7.(  

  
 A8�8 u��
: : ^]�� 
�M��� H��  �%;�Vf  
D;E�)C ��19  
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 P�7Q7
D;E�)C �� c��+�� 
  ��� H�K�1 �;�L�( 
�M��� : R�7�� 7:;%� H��  

 �����

D;E (Eld) (Erd) ESC Vfm Vf 

 m[L 
Vf 

 �����

D;E (Eld) (Erd) ESC Vfm Vf 

 m[L 
Vf 

1 1950 1950 1850 400 4 3 15 2525 2450 2250 600 5/2 3 
2 2450 2716 2066 1400 9/1 3 16 2495 2650 2350 950 4/4 3 
3 2048 2432 2230 504 6/1 3 17 2975 2900 2525 1100 4/0 1 
4 2583 2666 2350 400 4/1 3 18 2300 2450 2150 1000 1 2 

5 250 2508 2140 550 6/0 2 19 1920 2350 1680 1000 1/2 3 
6 2516 2516 2250 343 7/0 2 20 2225 2100 1658 150 3/0 1 
7 2683 2620 2416 200 3/1 3 21 1950 2075 1700 1125 5/3 3 

8 2716 2683 2316 300 9/0 2 22 2516 2440 1820 233 3/0 1 
9 2966 2783 2500 233 8/0 2 23 2350 2175 1800 475 1/1 3 

10 2650 2750 2550 700 6/0 2 24 2150 2050 1900 100 5/0 1 

11 2480 2400 2300 100 7/0 2 25 2066 1983 1750 600 3/2 3 
12 2025 1975 1800 200 7/1 3 26 1900 1900 1700 2000 10 3 
13 2050 2325 1800 1900 5/4 3 27 2050 2150 1750 400 1/1 3 

14 2100 1937 1800 1000 5/4 3 28 2045 2100 1800 800 9/2 3 

d)��� ��7% !��* �
� � � V'�?� �<)( �	� �" *��* ! 	�% H�* V= �= � �	" ��	�*;� �
*\	" `):  *�� )%

�)����) -  ���)�1998�<�1) � �������% ���	$� ��$<; .(�" ��	� � � )q� �� 
���� ����� �	� ) !�� .��09 (

.�
�  

  
 A8�9
D;E�)C �� c��+�� 
  ��� H�K�1 ^]�� '
�D� : R�7�� 7:;%� H��  
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 �D�Y �(��O;1;+ R��&+ ^]��) 
D;ETp:( �<�1 �K��� ��>� �* ���)Z�8�% 
�	4% &�( *�-;  	" � 	�

�Zj ; @+
 �	� ���� *)�'�( �
	5�  k	> )4% �
	+� �� 
	K� �� 3	$� ��	
  !��) ��*10 � � �*�( ���4� .(

�<�1 ��)" ��	�  � � ���4� ��<�1 �  �* ���)Z�8�% 
�	4% &�( Y �I�� 	" ; �
� )b0 )"�)" 
�	4�� kv�	= �	�

� ��	�Y �I� �� � *I� �  *�( �" ; ���	   ��" � �)"	+" l*��0  ;1  ; !#��1 )J�	�" � � �= �
� )�i�� ���4�

 �)�+�8 ; )'=) �
� Y?" �  ���	4��	� )�=��12002 ��	� �>
	S� ��)" .(Tp  ) *	4� �%	$�	/� �4/+� �*Da  ;

Dd �* !#��1 �20 H����� �<�1) � )� �* ��	�*;� )�5� �� �/4� �)�Z 
[ ��J�	�� wF
 ��� �" 	�  ���4� 
��+(


	�" �= �*�( H�++= &	�% �  3;�-) �� ���)Z )q� �* �
� ��	�*;� )�5�8 ��	� 
�I�� .(Tp ) 3;�- �*8 (


	�" H�++=  �= �
� � � �26 ���	$� t	S� �� �<�1) � ���� �� �	� ) �<�1) � ;* ; 3	$� ���� ��$<; �* ���	
1 

 ;28 3	$� ��$<; �* (�� ��)# .��)�Z  

  

  
 A8�10 ^]�� � �)C�� �;�: :Tp  
D;E�)C ��19  
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  P�7Q8
D;E�)C �� �D�Y �(��O;1;+ R��&+ �;�L�( 
�M��� : R�7�� 7:;%� ��;+ H��  
 �����


D
;E

 

D
a

 D
d

 T
p

 m
[

L
 T

p
  �����


D
;E

 

D
a

 D
d

 T
p

 m
[

L
 T

p
 

1 41/1345 6/3950 3/0 2 15 4/1004 06/2811 3/0 2 

2 73/249 64/2514 1/0 2 16 15/852 07/3342 2/0 2 

3 71/1 95/5 3/0 2 17 82/869 76/3814 2/0 2 

4 42/442 14/3124 1/0 2 18 67/428 96/2450 2/0 2 

5 02/421 66/2261 2/0 2 19 35,747 69/2616 2/0 2 

6 59/1029 4/3151 3/0 2 20 31/1459 57/12902 1/0 2 

7 17/416 71/2863 1/0 2 21 52/628 1/1829 3/0 2 

8 5/3286 6/1900 9/1 2 22 06/680 41/3037 2/0 2 

9 5/538 26/1774 2/0 2 23 65/1181 41/3904 2/0 2 

10 87/549 33/2784 2/0 2 24 18/810 93/2138 3/0 2 

11 07/2534 07/2534 1/0 2 25 14/134 57/1489 09/0 2 

12 06/1411 83/4066 3/0 2 26 42/1164 03/2661 4/0 2 

13 59/741 33/5079 1/0 2 27 25/1371 33/2927 4/0 2 

14 7/1681 83/4044 4/0 2 28 62/828 48/1822 4/0 2 

  

) R��>�;L 
��Q �:�B
1 ^]��Smf:( ���� 3	$� �1��� �	� �  )"�)" ) *	4� ��	� � � �*  )Z� ��
� ���	


�" y;)� �K 	
)� �	��+ �)� ; �"	  Y�	= �Z��[\	" d)�  ���4� ��+= 6q+�	� ��	K�8 �  !��K%Smf  Y �I��

��  �� )��= ) *	4� .�"	 4/1 ��	K�8 ���� 3	$� �	� �� 
	K� �� ���	
  �)�+�8 ; )'=) ��*1996 �� )�K�" ) *	4� ; (3 

��	K�8 �" 
[ �* �= �
� r�")� 3	$�)�g �	�  �� Y�" !5Z ��	K�8 	�1  ; 3�") �
� H�� Y 	
)� �	,* )���'�=

� �
*	� �1977 �
�)"*��� �4/+� �* .(28 ) �/"�� �� H*	b�
� 	" 
	�5��= �7>- ��	K�86  �� 3;�-1 �
�)"*��� (

 !��) ��)Z ��)#11  3;�- ;9 �<�1) � �#)� 3	�� �+��* �* .(1  ;7�11 �12  �<�1) � �")g f�+- �+��* �* ;

28  ;14 �15 �16 �17 �18 �24 �25 �27�26 	$� ����* X�%)% �" U
��� ���	$� ; *	 � ���) �+�5� !��12.(  
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 A8�11 ^]�� � �)C�� �;�: :Smf  
D;E�)C ��19  

 P�7Q9
D;E�)C �� R��>�;L 
�)C;K
M ^]�� f)��: : R�7�� 7:;%� ��;+ H��  


D;E ����� Lmf Ls Smf  m[LSmf 
D;E ����� Lmf Ls Smf m[L Smf 

1 1708 1183 4/1 1 15 1692 52/626 7/2 2 

2 5235 1072 8/4 3 16 2833 28/593 7/4 2 

3 7943 1232 4/6 3 17 1718 53/723 3/2 2 

4 4616 1000 6/4 3 18 3371 1282 6/2 2 

5 11241 3369 3/3 3 19 6351 1325 7/4 3 

6 1953 76/403 8/4 3 20 5389 1382 8/3 3 

7 1335 35/517 5/2 2 21 5775 1104 2/5 3 

8 2333 85/771 02/3 3 22 4736 1361 4/3 3 

9 1238 24/282 3/4 3 23 3017 19/836 6/3 3 

10 3266 94/478 8/6 3 24 3353 1772 8/1 2 

11 1650 625 6/2 2 25 2462 1413 7/1 2 

12 2705 987 7/2 2 26 2382 1253 9/1 2 

13 6794 2491 7/2 2 27 2784 14/998 7/2 2 

14 2336 1256 8/1 2 28 1930 1460 3/1 1 
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 A8�12
D;E�)C �� R��>�;L 
�)C;K
M ^]�� '
�D� : R�7�� 7:;%� ��;+ H��  

) 
:�]��� �%;� j
� ^]��SL(1) 
	 )- ���: X�� ��	� :SL) �� U
�% (1973(2 Y4� �� �
�)" �  �* �

@+
 ��;	4� ��	�*;� 
	 )- �* 	� H�= �* �� .\	 � �#)� f�+- �* T\	8[ �	� V )$% H�S�� 
� H�� ��	� .�

SL ��	�*;� 
	 )- �* �	> �- ; 	� �� 	8 ) *	4� �
� ���� ; H*�" �K �I�� ) *	4� ����* �3	$� ������% 	" �	� )%    
[


	 )- �" r�")�  .��	" Ii�*����� !5Z �+�	� �<���( 	" ����� �	�ΔH/ΔL �� �= �
� ���5# X�� 
	��   	" 
��%

��	�*;� �
[ �� H*	b�
� � 	" �,�= �	���	�*;� ; X��)8 d)�� z�I" �	�  *)= �5 	4� �� 6 v� ; X�� 6= d)��� 	" )%

 �
��	��� ; ����)2010(3 !0��� �" �'0� ���)"[ )�5� 3�: �* ���	� � � �>
	S� ��)" .1000  �� �)��

 )� �-;)� 	% ��K,)
28 
[ ��J�	�� ; *�;[)" ��	� � � ��<�1) �  �" 	� *;� != ���: 
	 *�)Z 
��+( �* ��	�

�<�1) � �* ��	� � � ) *	4� .�� ���)Z )q�  �� �$�	/� *��� �	�88/141  	%13/1045  ) *	4� .�
� 
	
�� �*

) 
��	��� ; ��;��� U
�% ��	� � �2008 3;�-) (2 �" (3 �4>: ��
*  ��+"  �������% av= .�
� H��

�<�1) � �� &��=)� ) 3;�- �* 	�10�?K� ( 
	�� .�
� H��  ���Z) 3;�- �� �=10��)" ( �<�1) � � [  H�	�� �	�

                                                      
1-Stream-gradient index 
2- Hack, 1973 
3  - Font & et al, 2010 
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1 �2 �3 �5 �14 �24 �25 �26  ;28  3	$� ���� 	% 3	$� �������% U �)� �* ��4" ; 3	$�)�g ��	� � � )q� ��

���)Z��)# ) ��� !��13.(  

  

  
 A8�13 ^]�� '
�D� :SL 
D;E�)C �� R�7�� 7:;%� ��;+ H��  

��:)f v�  �  

 �*  �
�)" ��)" � 	7� ��	� �� �������% ���	$� 
�I��IAT �<�1) � ��	� � � a	
� )" .�� H*	b�
�  ;* �* 	�

 !��) � *)Z 6�54% U
��� ; *	 � ���	$� ��
*14  3;�- ;11 �� .(28  �$�	/� *��� �<�112  �* �<�1

�+��*  H�	�� 	% �  H�	�� ��) �#)� 3	�� �	�12 ; (16 �+��* �* �<�1) � �
� �#)� f�+- �	� a	
� )" .

 ��	�IAT �50�<�1) � �� �<�1) � % �+��* �	�  ; ��	�� �	�5/62�<�1 ) � �� %  ����* �"�+- �+��* �	�

 av=) *	 � ���	$�2!5Z a	�$�� .�+�5� (  �K4� �* 	�100000/1 ����  !��) 
���� �
	+�2 6=�)% �� �=	1 (

!5Z )�K�" �+��* �* 	� 1 2 	�� 	" �= �
� �#)� f�+- �	���	� �� !0	  ����?�� )q�*��� ������%����� �	�
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 P�7Q10 ^]�� f)��: :SL 
D;E�)C �� R�7�� 7:;%� ��;+ H��  

 �����


D;E H∆ ∆L L SL 
m[L 
SL 

 �����


D;E H∆ ∆L L SL 
m[L 
SL 

1 22/91 37/1790 09/10909 267/257 3 15 49/125 67/1716 45/9822 74/505 1 

2 84/73 75/1758 5/6205 44/201 3 16 74/280 04/1555 5/4642 26/448 2 

3 55/114 35/1661 57/4503 75/220 3 17 58/258 44/1633 4743 56/580 1 

4 58/232 74/1875 4/4875 85/361 2 18 5/276 1704 8678 8/420 1 

5 16/160 55/1547 33/5675 65/296 3 19 73/110 54/1870 42/12921 92/376 2 

6 82/241 66/1751 7/4264 5/347 2 20 05/138 25/1849 8/9884 97/450 2 

7 18/190 43/1811 4/4971 25/425 2 21 93/105 1/1678 5/7297 93/672 1 

8 96/196 65/1470 6/4640 96/421 2 22 11/149 58/1639 58/5740 07/337 2 

9 18/190 46/1566 57/6722 13/1045 1 23 71/124 03/1594 66/5693 93/395 2 

10 88/170 57/1609 71/6793 52/578 1 24 92/198 78/1729 87/3701 08/286 3 

11 46/171 99/1664 83/5725 87/313 2 25 79/171 2/1544 66/2578 63/235 3 

12 97/144 34/1771 5000 81/277 2 26 48/71 61/1584 75/1584 38/141 3 

13 17/147 02/1782 77/8866 85/422 2 27 98/174 53/1581 2/4683 71/338 2 

14 68/67 75/1635 5/7753 58/235 3 28 88/94 84/1790 64/4584 92/161 3 

 P�7Q11 C� A4�E f)��: :IAT 
D;E�)C �� 
�%�I���;� H��  
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3 14/2 3 3 1 2 3 2 3 1 

3 28/2 3 3 3 2 1 1 3 2 

3 43/2 3 3 3 2 2 1 3 3 

3 14/2 2 3 3 2 1 1 3 4 

2 2 3 2 3 2 2 1 1 5 

2 71/1 2 2 3 2 1 1 1 6 

2 2 2 3 2 2 2 1 2 7 

2 86/1 2 2 3 2 1 1 2 8 

2 2 1 2 3 2 3 1 2 9 

2 86/1 1 2 3 2 2 1 2 10 

3 14/2 2 2 2 2 3 1 3 11 

3 14/2 2 3 2 2 1 1 2 12 

3 14/2 2 3 2 2 2 1 3 13 

2 2 3 3 2 2 1 1 2 14 

2 2 1 3 2 2 3 1 2 15 
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2 86/1 2 3 2 2 1 1 2 16 

2 57/1 1 1 2 2 2 1 2 17 

2 86/1 1 2 2 2 2 1 3 18 

3 43/2 2 3 3 2 2 2 3 19 

2 86/1 2 1 3 2 1 1 3 20 

2 86/1 1 3 3 2 1 1 3 21 

2 2 2 1 3 2 3 1 3 22 

3 28/2 2 3 3 2 2 2 2 23 

2 71/1 3 1 2 2 1 1 2 24 

3 28/2 3 3 2 2 3 1 2 25 

2 2 3 3 2 2 1 1 3 26 

3 28/2 2 3 2 2 2 2 1 27 

3 14/2 3 3 1 2 2 1 3 28 
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Abstract  
Neo-tectonic has a very important role in the morphological evolution of each drainage basin. The tectonic 
history can be retrieved by morphotectonics quantitative indicators in each region. Hamedan batholith masses 
valleys with NW-SE direction in the South, South East, and West of Hamadan, have been influenced heavily by 
the geomorphological, tectonic and other eroding factors. The core of tectonic geomorphology is the study of the 
frequency of tectonic processes that tend to topography and surface processes. By studying Morphotectonics 
indexes can be assessed valleys an unstable. Evaluation of Morphotectonics indicators in the northeastern and 
southwestern slopes of the mountain front sinuosity Hamedan according to different heights of mountain front is 
purpose of this study Evaluation of tectonic activity in Alvand mass range, have been estimated by using 
Morphotectonics indicators in 28 sub-basin, topographic maps with scale 1:50000, satellite images, field visits 
and software. The results of slope length of the river (SL), asymmetric factor (Af), integral hypsometric curve 
(Hi), valley floor width-to-height ratio (Vf), Mountain-front sinuosity (Smf), transverse topographic (Tp) and 
sinusoidal of river (Sr) indicators were assessed by using IAT index. According to this index, 50% of Northeast 
Slope sub-basins and 37.5% of southwest slope sub-basins have gained class 3 activities which imply a more 
active tectonics of the southwest toward the northeast slope. Due to the erosion and geological factors, south-
west slopes tectonic activity is more evident than north-east slopes. The northeast slopes Mountain-front 
sinuosity is 200 meters higher than south-west slopes, according to the higher density of faults on the southern 
slopes of Alvand can say that the lower altitude mountain-front has provided favorable conditions for reflection 
Morphotectonics area. 
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