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The sand dunes of the study area are located downstream of Routack watershed, 

40 km west of Saravan city (Baluchestan province, Iran) and in the northern 

margin of the agricultural lands of the region. Wind velocity data (direction and 

speed) of Saravan, Khash and Iranshahr stations (2006-2012) were used to study 

the dynamics of the dunes. The geometry of barkhan dunes were analyzed using 

the stereographic approach and their spatial and temporal mobility by Freiberger 

and Dean (1979) method. The results showed that the direction of Barkhan`s 

migration was varied temporally and spatially; from W and NW to E and SE. 

While the prevailing winds in terms of frequency of occurrence were mainly 

blown from NE (wind-rose), but in most cases the sand dunes direction did not 

correspond to the prevailing wind direction. The RDD were 28.9% from the NW, 

17.8% from the SW, NW and no-migration, 10.7% from the SE, and 3.5% from 

the W and S. The results of the stereographic approach showed the instantaneous 

dynamics of barchans were mainly consistent with the Fryberger and Dean (1979) 

methods; so that the rate of sand transport was between 17 to 20 m3/yr.m and the 

wind intensity classified as low energy. The sands are also transported when the 

velocity threshold is greater than 6.78 m/s or at least equal to it. This conclusion 

is important due to windbreak networks design. This means that to stabilize the 

dunes; windbreaks must be installed perpendicular to the wind`s direction (west 

to the northwest) and the wind velocity should not exceed 6.78 m/s, between the 

windbreak rows. 
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 ��6��� 8������� �� 5� I<'� c+	� �HN 5K� n�@� �1.!�%/  

                                                      
1 - Lancaster 
2 - Thornthwaite 
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 D2 3 :���'6� �(�6 �� )��(O7P��)  �K�Q��E R+(E �
� S�T�? ��  

.  ���  :��� IJ��� IH�	��"	� L	!H+ ����'	!� 5��� 5K� 5�� �+	� ����'��-%(����� 50 I�� 8����� G�+� 

� ��� IJ�� � IH� 5����
	� L	 $�� �� ����'1385  $�� ��1391 � 
��
 �� ���H+	����'�+� � � W��	� 
� �O����	 L

�H4 5>?�7�
�
� ��F	��� .!�!� -����� 5����+ � IJ�� � IH� 
��
	� 5� L	 5:T�2 
�yf� q"J W�
 5� ����'

8�
�	��1 >R%� 
� �� �I�� �!/�5K� �%� I
�� �+	�+��� !(� �	� 5� L	 a?�R 
� ����'	� G	M�2 ����'1  �T�N

�f�
�� .�%/�	�����2 !T
� .��� ��  �+��<:F 5"1 � ���Z��� (��� IJ�� ���!�� �� �
�2) �+��� w�H�1 � �%/ a?�P IO4

��<:F 
� ���1 %F	�� - IO4����� 5���� ���(� �I'�� �+	��� L� :6��- IO9 ������ 5���5��H:F �� �+2  ���Z���

1�5��H:F 
� 8%9 .�%/�����2 !T
� k@2 �+1 �+���� �����2 5����
 IJ�� �� �	� ���Z��� �1 I�� L"H� .�%/

� 5:T�2 !>�	����'�+� � �O�
 �� 50 �O����	� � W���>� 
� ���� L	M�2 ����'1  $�%� I�� �!/ ���Z��� |
� 
�

������� �!/�� �	!N �� ��� L� ?� I�� I�
�1 ��� .��� ��	�N !/ s��� 5:T�N ^1 � ��	� 5"(	 
� 8����� ����'

��� 5:T�2	��"� 5��� 5K� 5�� �� 5� I<'� �+	� ����'	?� �I�� �R�� ��1 - IO4����� 5����+��� 
��
 �� �+� 

�	� V��7� W�� ����'����� ?� }�H�N� .I/���� �	�/ ��� L	�O���'+%0 
%�N w!J 57��%� !�  IO4 �� �%HJ

�+���� ���2	%� �� �!(� ?�N 
� �!/�� W���� 5"�5K� L� �� � �+	� ����'	�%HJ Q�J�Z�
� ��� �)� ���@� 
� ��

�	� � �O�����H� ���@� 
� ���%�  .!�
�� 
%�N (8������ �+��� �� G��
 �
� 8�%�� ��P a?�P1 ��
 ���}�� �1 

����
 
� G��
 �"/� ��P1-R�/1 �	!�� �
 ��� L	� ��� IJ�� � IH� 
��
 8
 �� ��vJ .I�� ���0 !	 q:=� ����'

) G+� ���100 0����%:� 5��� `�/��� 50 (�+� �O?��� 2006  �2007 [��� 8����� k�%���+�  5� 5�'��� %�

� Q
����� ���
�
 �H4 ��%� �!/ c+��2 �� ��F	� Q
%T 
� �� !�F 
��R ���Z��� �
%� ��� IH� 5� n%��� Q�Jv=� .��

�H(+�
 5� 54%� �� I'�� ��� IJ�� �� ��O4 8�����1 ��(/�%+1 �O�v0 5�� !(� 5@<= a��(�� ��F	 qK� � !

�+����
�-� ��2	� � �F�<	) L1979�� ( - k���
 .������O(�� ?�? � %��%�3 )1978 (   .!(�2�F 
��R 5<��6� �
%�  

                                                      
1 - Wind-Rose 
2 - Sand-Rose 
3 - Lattau & Lattau 
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+��E� ��) �
 �6(�6) �+��  

!(� 5���� 5�%H���� 5��� ��+� >� IO4��G?� GH0 5� Q�
t �7R L�+� G?��7R �� G�� W�
 5� � �
�!������+� 

,75μ 800μ ,600μ ,400, 250μ ,200μ ,106μ �1mm  w�f�� 5��� �� �T�N Q�Jv=� GH0 5� �s��/ �Q�
t �!(�


��
 ��+� ��@� 8%dH+	� �7R��� �5�������F!/
%4 �Q�
t ���!�� L1 F!/ ^0 �1 ���� ��� W�
 5� �O�
�H1 

>���c+ .!/ L>� W�
 �� 5� G�� Q�
t m%r�� 8�� L�(9����F L	��� �� �!� ���2 5����
 IJ�� 5<��6�	 �

!?%(�� W�
 5�1 F 
��R ���Z��� �
%��) !?%(�� 5?��>� .��1941��� 8
 �� 50 (� ���2 5����
 IJ�� 5<��6�	 �

0�� �� I�� �!/ ���Z�����+ �
�H/ Q}��>� a� 2 �3 ���� �	{!/ ���� 5>�%� 5@7(� L  

)2 (  	
 = 5.75�(	 ∗) ���( �
��)  

)3 (  	 ∗= ��(���)�.�
�  

)4 (  	 ∗= 5.75��(���)�.�
� × ���( ����

�� �� )  

� 
�	{Q}��>� L  

∗U  5����
 IJ��I0�N  5� Q�
t)m/s ،(γ  5��� Q�
t m%r�� 8��)(gr/cm3 ،ρ 5� �%+ m%r�� 8�� 

gr/cm3 (103×1.02)  �g �� �@u  ��/� L)cm/s2 (�d  5��� Q�
t �7R)cm( .I��  

 A �M 5�	L�
�0 8�� I��u a2 ��'� 50 I�� U��>�1 ��� �
 8
 
�!@� !?%(�� .�
�� ��� Q�
t q(4 5��  _��/

 ����� Q�
t I0�N1/0 ��� 50 �
�
 I�!��  �� ��/
� �7R 5� Q�
t1/0 ��:1 � ���� $��>� �1/0 � 5�2�F �S� 
�1

�O4 I0�N _��/ �� .�%/1 - ��� 
�!@� 8
 I2��	�M L	 ����� a08/0 ��F 8�%(J	) I�� �!8�F
%�3�2005  .(Z 

Z�
�F ���!�� _����  }%H>� ��� IJ��10 ���� 5� �(cm) ،Z0 J�Z�
�1 �- ��� IJ�� 50�	 �ZT 5� _�Z�
� 8
 �� �� L

�1 5� �!�
(cm) ،Md �� 5� �Q�
t ���!�� 5��(cm) ،Uz � _�Z�
� 
� ��� IJ��	����'�+� ���-%(� _�Z�
�) G10 

 5� (���)m/s.( \�4�� Q�� 5=%��� Q}��>� �
%� 
����) !?%(�� k�%�1941�%F� (�4 ) 8�
�"H+ �1993� (� �

���	.I�� �!/ �  

s��/ ���
�0
��
 ��+� � 
�!@������F!/
%4 �Q�
t L1 >� U��6��)�� � (Q�
t 
��F!/ ^0) 8
�@� w!J 8��1 (

� �� $�g� 8�%(>� .I�� _%(�� � Q��Z�� Q�
t������ Q�
t L1 I2�'� �� Q�
t �7R 57��
 5� 54%� �� 8�%��HN 8�/

 ��� k�%����Z��� = � �%H�1 5��� ��(� 8
- �
 �O�
 IO4 � �+�$�!4) �%H� �!1
%4 .( 1F!/	>� U��6�� �� Q�
t 
�

>���%� 
�1 ���� � 8��� 8���	� ��6� Q�
t 5"(	���  � 5�/��	� �	��2 5"(	�
 _%� �� Q�
t �HN !(1��� ��  �	 �


�	59�(dH+ � ���0�� L�<1 � ��	��2 L	�H� 5� �
 !/�� �+!(	� �1 .�
�yF  

  

  

                                                      
1 - Bagnold 
2 - Von Karman 
3 - Morgan 
4 - Goodie 
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 N�'.1: ��E �+(7 �U6F D�H 9:�,� �E ���V �CB W��7��  

(mm)   ���V �CB  (km)   ����E�. ��X�:  

 �� ��/
�1   �� ��H01  

1 -5/0  5 -1  

5/0 -25/0  20 -5  

25/0 -125/0  50 -20  

125/0 -064/0  200 -50  

 �� ��"9%0064/0  �� �� ���200  

  

 5?��>�4 8
 �� 50 � 5����
 IJ�� 5<��6� 
�� m%r�� 8�� � Q�
t ���!�� 5� I<'� �I�� �!�
 �H>� ���Z��� $�

� Q�
t�:1  }%H>� Q�
t m%r�� 8�� !?%(�� 5?��>� 
� .I�� .�'N65/2 gr/cm3 � 5�2�F �S� 
�1?� .�%/1  
�

�	>� 5��F�!4 W�
 �� 5� �+ 5��� m%r�� 8�� 5>?�7� L����F L	>� $�� W�
 .!�� 8�� Q
%r� �m%r�� 8�� L

 5?��>� �� 50 I�� w%�%� G�� m%r��5 � 5��  8��32/2 gr/cm3   :!�
 I�!�  

)5 (  !" = �#($%�$�)
($&�$�)�($'�$%)  

pρ ) Q�
t m%r�� 8��gr/cm3 �(wρ  (s?��)  
 m%r�� 8��1 )gr/cm3�( W0  G�� ��7� 8��

���%("�-)1 �(W1  )  
 �� ��7� 8��gr �(W2  G�� I?�N 
�  %�
 � ��7� 8��)gr �(W3  �� ���H+ ��7� 8��

)  
 �  %�
gr .(5��� m%r�� 8�� L��>� w�� W�
  %�
 Q�
t cfN � G��  %�
 8�� ���F ���!�� �� �+

 ���� 5?��>� � �
� 5=%P 5:��%�
v

m
s =ρ�  8���� 5�2,5 gr/cm3  1(>	  W�
 �� L	� L������ I	�O� 
� .!/ L��>�

41/2 gr/cm3  ) L	� � �F�<	��2 .I2�F 
��R ���Z��� �
%� 5����
 IJ�� L��>� ����1979 ���� ���4 5����
 IJ�� (

5��� Q�4�O� L��>� �
 �+12/6 m/s   5�2�F �S� 
�7(� �+ Q�
t ���!�� 5� 1��'� IJ�� L	� 5"��
%T 
� �!�� 5@

) �
��8�
�"H+ � ��%F �1993h:� � 1Hf>?� $�g� 8�%(>� .(2 )19935��� ���� �
 I0�N 5����
 IJ�� (�+�  ����

 I	%06,5 m/s  $��� 5����
 IJ�� V�@6� L	� 
� .!(�2�F �S� 
�80/6m/s    L��>� ���� 8
 �� 50 �!/ L��>�

5��� 8���� �HN ��'���-�+�  ���� .!	��F ���Z��� 8��
5��� 1<'� ��'���- 8���� 5<��6��+�  5?��>� �� 8��


) %��? � %��?1978) L	� � �F�<	��2 k�%� 50 (1979 5?��>� Q
%r� (6 .!	��F ���Z��� �I�� �!/ �vT�  

)6 (  ( = )
*()
 − )∗,)-  

(6) q 5��� 1<'� ��'���-�+�  �
���� !N�� a'N �� 8��
 �Vz  _�Z�
� 
� ��� IJ��10  5� L��� ����m/s  �V*t 

5��� I0�N 5����
 IJ��) �+	 5� ($��� 5����
 IJ�� �m/s  �� T ��� 50 1��>2� !T
� 1T�� IJ�� ��  G	�+ ��

�	��@� .I�� �!	�� Q�O4 ��q .v0 5�:0 ���� Q�O4 �� w�!0 �+ 
� IJ�� ��+16  �H4 c+�� � 5<��6� 5��F

 1H���� V	�= �� 50 !(	
�� 
���� .�
�� 1r��� $%= 50 I�� �
���� Q
%r� IO4 �+ �� �T�N w�R
� .!	��F

                                                      
1 - Pycnometer 
2 - Al-Ajmi & Khalaf 
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1� 5<��6� (5��H:F)5K� Q�4�O� IO4 I	�O� 
� ����F5��� ��+1� 8��� �
 �� �	��@� �H4 �T�N .!+�q  5�:0 ��

5��� �HN 1�� �Q�O4�� 1= 
� �
 �+1� 8��� $.!+�  

�A�(:�(�) K�Q��E�
  

8��
�� �!>� 5� Q�r��� c���� ���� $%H>� 12��F%�
�0 
� 50 12��F%	���� W�
 �� �!>� �� �7� G	 ��
 �+

 �I�����Z��� 8��
�� .!	��Fs��/ �+5K� �%�?� L	��k�6� 
� �� � �!(	���2 ��+��� IO4 50 I�� 1������ ��+

5��� Q�4�O� ��'� �+1� 8��� �
c	v� a�/ �� 50  8��
�� ��� 5� �
 5(��� 
� .!(+� 5� I�- 5(��� 5� I<'� ���

5��� �I�� 
��
%��� ��� ��
 �� 5:R 5� 8!��
 �� q- � ��%H� I0�N 8
 5:R U�7� � a�/ c0 �7� ��!��� 
� �+

1� Q�4�O� �"/ L	!� � �!/ �	���� 8
 !(� 5(���� 5� �
 5(��� 5�<?� .!((0 ��� 8�	�4 ��
 �� �� 1>��� 8%dH+ ��

5��� � ���0 �HJ�+1	 1� 5(��� L	� 5� 501� Q
%T h?��� 5(��� �� ��� �O�
 �Hf� � �
�y��%�
 8���� �!(�
-

5��� � 5��%�- _%R%� 167� W�� 5(��� L	� 
� .���F1�  5K� I�- �	 ��	� U�= � 5K� 5:R � }�� U�7� �
 �+ .!��


� a���� L	!�5K5��� 5��� 5� 5��� $�@��� �� 1���
�� ��+1� w�f�� ��	� 5(��� 5� 5(��� G	 �� 50 �+ Q�4�O� ��%/

5K� �	�� ���� �����- c'���"� L	� � ���05��� ��+1� `!T ��� �� 
� �
 _�Z�
� L	����� � ��%� 5�'4�� .!(0

1� �7R �
 a�/ �- �7� �a�/ c0 �7� .��?� k� 50 1:6� !	�H�1� �
�� �"/) !/��4 .(  

����� 8��	 c0 �7� .��?� k� 5/�a  V2� ��15  ��20 �
 � I�� 54
�� 
 ��>� 8
	�K"9%0 ��+1  IO4 �� �%HJ

"�� a?�P ����� �1/ .�%/�v� a	/�� ��� IO4 
� 8��
�� c1 (O- ��<'� $v+ Q
%r� � I�� ��� ��":HJ ��1 

�I��  

  

  
 D2 4 :6� Y��� �� K�Q��E I  �? ZC+ S��&� �Q ��'A���(��E �E �� �@���) R  

8��
�� !(� a�/ �	 5(��� 8
 �0�� IH'R 50 �� �%HJ �R�� 
� �	 � a�/ c0 �7� .��?� k� �� �%HJ }%H>� �+

 k�%� 5��� �HN ��!������  L�� 8
 a�/ 8���� .!/�� 1�30  ��40 8��
�� 
� � ��%� 54
��Z��� ��+ 5� 1�N ��

45 �� 54
�1� �1� a'0 5(��� L	� 50 ���	� a�/ I:>� �!�
5��� !(0�+�  � ���0 W�	
 8��
�� 5:R 
� �R��

1� I0�N 8��� 
��� 5� � 1��

 5� 8��
�� a���� L	!�8��
�� I0�N k�%�� !(0 �O�
 _�Z�
� � ���!�� 5� 5�'� �+

 5� �g0�!N 5�}��15 1� ���) !�
�8�
�"H+ �  ��%F 1993 .(  
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D2  5: K�Q��E (��E 9U. \1Q) R�  �
 �@��� �E S��&� �Q ��(Q�E D�� �����  

1� 8��
�� �+ ����56ZT 8�%� !(��� ��ABCD  a�/ IO4 � a�/ 5	��� �s��� ��!��� ��
�� 50 I2�F �S�
�

I�%	���� ������ 
� 8��0 ����- ���R 1F��� 5� 56ZT L	� Q�r��� .!/�� 1r���1 ��� ���� L�(dH+ .I�� 5(

1� ��� 8��
�� a�/ c0k� G	 8�%�I�H/� 5"</ ��
 �� ���
 Q�r��� � !/ �	�R .��?�2  �"/) ��� 8���5 .(

8��
�� 
� a�/ �- �7� �	 5(��� �� .��?� k� �
%��� �6� 5	��� 
�!@� �5(	�R ��+90  I�!� ���� 50 I�� 54
�

5��� �HN IO4 8�
�
$�@��� ��!��� � �+�
�� �+ ���� 8�/ 
� �R�� 56ZT) 56ZT �%HJ �
%��� �6� �	%r� 8�

5��� �HN IO4 8�
�
 I�!� ���� 8
�@���� ��+ 8��
�� 
� .!	��F ����- I�H/� 5"</ ��
 �� (a�/�- 5(��� �+

 �"/ .!	��F 5<��6� ��� a�/ c0 5(��� �7� Q�r��� �a�/ �- �7� 5(��� Q�r��� 8��0 s��� �� ��vJ6 

	 Q�r��� �� �� 5�%H�1� 8��� �
 8
�@���� 8��
�� G.!+�  

 8��
�� �� �� �
����
��
 w��(+� �!+��� ��H0 8
�@�� ��O���
�� ��!>� 8%9 5@7(� ��+1>� !/1 ��F	��� !� 

��2�	
���� 5�%H� ��!>� �� �� 
�9�� 5� �+�����+ \%���
�����!>� !� � (8
�@���� 8��
��) 1M�J 5K��
���� 
��
�� 

M�J 5K� �+ .�%/1 �@�	� 
��R a?�P ��� �� �%HJ IO4 
� �<1 �%4� %�J �� 8
 ��� IO4 Uv� IH'R 
� � ���F

5���� %�J 5� 50 �
��\%���
�� ��� � �"/ ������
�� !(��H+ 50 I�� w%�%� !1 5K� 5� �r�� 50�+� M�J1  !(/��

�	� �!1 .!�%/  

  
 D2 6: K��0A��6 K�Q��E I� ��OA��  

                                                      
1 - Stereo-net 
2 - Schmitt  
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�6� 8��
���+  $�!4 
� �O�
 1	��2��34 Q�r��� �� ���H+ 5>?�7� �
%� ��+!�\%���
�� �2  L	� .I�� �!/ 5\�
�

 :I�� �!/ c�'@� ��� �� 5� Q�r���  

 �O���
�� c	v� a�/ 5� n%��� Q�r��� .  �(��� IO4 Uv� 
� 5(���) �O���
�� !(� a�/ 5� n%��� Q�r��� .h?�

(>� {(��� IO4 
� 5(���) a�0�� $�g� 8�%[N135W/15NW] 1� 8��� �
 �	� Q�r���:!(0 

1� 8��� �
 ��� 5� �
 �	 a�/ c0 5(��� ��!��� 
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