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) c�Cu) w����� �(Li) f.�� �(Ni) ����� �(Co) w	�� �(Cr) w����� �(Ga) ��"�� �(Mn) �V4; �(P) w�'��� �(Ba 	 (

) w��4����
�Sr[�'
� ����� 3� () �*9� [E2 !�"�

 (� !
�V�
� �� 3��	� �� AAS(���� (! .���Q ���� 

0�
,�-./ 0�
 
4 �4�1 <�1
�
 =1�>� 6)*D8 

K>� ;1 �4�D��/ 4

� �
��? ����
�-.  

3/+�� 	
 ����@ D	� \') ����.*  	 ������ 3/�
�� !�Q 
�&���8 ��1997 >'� �
 �
�� 0���
� %���� \�.V9 ��b�� 3� (

 �49 (� !
�V�
� �� O	� 3/+�� �
 .�;�� ���R !
�V�
� 
��� d�C?9H [�'
� �'����9 c���	 O�.
	�� %���� \�.V9 �
 � 

��9 �����@ (� !
�V�
� �� w	
 3/+�� �
 .�;�� ���R !
�V�
� 
���w�� 3� w�� g�A�9 %1 )DFA[�'
� (3��&�  �����9 �� 2 

3��*� ��
� ������a c./'	 �(�
3  O�� 3� �
	�	 ������8 ����� 3���   0�#��^� .���Q >��#9 c��  	 ������ �����9

3/+�� 	
 ����@ D	� >'� (� !
�V�
� �� �
�#���.*  	 ��,-) ��
�*� \�.V9 �
�� 	 ��@ [�
� %���� ��) ����1393 (

) 	1394) �����.*  	 n����	 m(1999) �����.*  	 ���
� m(2014����.*  	 	: m(4) �2016) �����.*  	 >6 m(2016 m(

) �����.*  	 ���2016) �����.*  	 ��,- m(2017a,b) �����.*  	 �9�o� 	 (2011 .(( 

  

;J8 =1�>� �9� �4
�. ���;��� ����(� �/ �4�D��/ �1 �/��� �7)�28  

8 [�A��� (� c[�'
������9 ��   3��&�3/+�� 	
 ����@ ��'@�; (� !
�V�
� ��)(���  ��4� ��* � 	 T&
 >��#9 ���� � 

O�� (� [�
� %���� (� \'!
�V�
� �����9 ��  ��
�Q. O�� (� 0���
� %���� T&
 �
�*� �*� ��b�� 3���9 ��  ���

 3�
�#�) ������1 3�
�#�) c��  	 (2O�� ���5�
 .�Q !
�V�
� (�� �'( 0��Z 3� � :�Q��  

����� = ∑ ��	
 − ∑ ��
��� . ��,
�/	
��																					�
�� ) 3�
�#�1                                                       (  
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 !"##$$$%"&
�


�
�� ]�						 ) 3�
�#�2    (                                                                    

 m3�
�#� >'� �
 3�f(Xj)   �� y�  %��9 m�Q��Bi  [�'
� �b/- i w� 3��*� �
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j  	 mw�

Xj,i  [�'
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 w�j  �w�m  	 m[�
� %��� 
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�����9 !��<�� ��6 ��  �� !
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� 0a
�#� (� �
��#9 f+ ���� �^5 �4'�� 3����� (�
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�

�
�� [�
� q/�A� %���� (� \' �  T&
 ��@'� . (� \' �  ����[�'
�3��&� ��  3�
�#� �a�� �� ���.9���� 	 
�Q >'��

 
��#9 3�[�'
���  	 3�
�#� >'� f+ �� .�Q � ��5 gA�� 3�
�#� �
��#9 �� �����9 !��<�� ��6 O�� 	 �Q�
 � ��5 
�2

�� 0a
�#�.
�	@ �
�� �� [�
� q/�A� %���� (� \' �  T&
 ���9 [��2 fR��+ �� [�
� %���� T&
 ���� 3��&� �� 

 �
��) 0a
�#�1) 	 (2 (���.9 0��/*� (� !
�V�
� �� �b� �
 �� 	 �^5 	 �#
v�Q 	
 >�;�� � �� 3�
�?� �'( :
�Q  

1!��45� (� \' �  T&
 x'�` �'
�C� (m�Q�� �VZ 	 \' >�� �'�� �   

10 ≤≤ jA  

2 (� \' �  T&
 x'��` }�*�� (#!
$ %�
&'�����() �Q�� \' �� ����� �'��  

  

  

  

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN  
1 . Stepwise Discriminant Function Analysis 
2 . Optimum Composite Fingerprints 
3 . Minimization of Wilks Lambda 
4 . Zhou 
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3��&�����
 3�R�?�� (� !
�V�
� �� �(�
1 3��&� ����� \' ����
 .�Q w���� f4�� �
�� f4�� �
 �(�
 ��b�� 3� 3� �Q��

3�
�?�T&
 � >'� (� 3��&� �� .�'
�� !
�V�
� 3�R�?��  

  

�(� :5��. �1�5�
/ �/ �4�D��/ �1 �7)�28 ���GOF  

O�� (� fZ�+ k'��� ���'(�� ��b�� 3� (� �����9 �� GOF ) �����.*  	 ������ l
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�&���82012 �'
�� !
�V�
� (

�� 3�
�?� �'( 3^��� (� 3� ���C� 36 �  .
�QGOF  3�100 \'
������ �Q�� �9 !�� 
�� O�� k'��� ����� �R
Q��.�  

()* = 1 −	 �� 	∑ ,��%�∑ �! !"# .�!,%�
�% -�
�� 				         ) 3�
�#�3                                                                                                (

) �����.*  	 ���
� ����� �
�#�� ��CC?�2014) ����.*  	 	: m(0162��� 	 n��: m(2 )2016) ����.*  	 >6 	 (2016 (

O�� (� fZ�+ k'��� ���'(�� ��b�� 3� ���#� (� �����9 �� GOF  .��
�*� !
�V�
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 :5��. � hC1  

;J8 =1�>� ����/(L;��� ���0�
 �/ �4�D��/ �1 �/�
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 �49 3� v���� k'���H '
� �'����9 �
��� ��b�� 3� c���	 O�.
	��[�3e9 %��� ��&6 \�.V9 �
 � 3
�� �� ��  f��Q

Qs, Qal, Qt  	Qc ) [�'
� !
 >�� (� 3� 
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[�'
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	�	 ����� 3� 3��&� �� k'��� d�$ �� .���Q [�A��� �����9 O�� ��  

) O	�21 �[�'
� !
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 ����@ ��'@�; \' (�
 3���� ��[�'
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�*� !
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� 3��&� �� 6 
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 !�Q �Q�
�� �� 

3C�$ ��
�
 3�!�Q ����) �����.*  	 ��,- .���1393!��45� \�.V9 ��b�� 3� ( ����� 3� �:���;����L: q/�A� �� 

3e9 %����3
�� �� 3/+�� 	
 ����@ ��'@�; (� !
�V�
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a .��
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� 3
 ��
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� d�C?9 >'� 3���� ��
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� _Q 	 ��
�*� !
�V�
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��(L1 :5��. :DFA 3�54
 �/ ;>)91 W)�28 3�U�./ �/21 @�F ;1 @�F;J8 =1�>� $)U�8 �/21 ��;��� ����/ 

���L ;BM>� 
4.��5  

w�� [�'
�3��&� ��  ����a c./'	 Sig 

1 Cr 9/178 000/0 
2 Li 1/55 000/0 
3 Ni 8/37 000/0 

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN  
1 . Solver 

2 . Zhang and Liu 
3 . Laceby and Olley 
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4 Co 2/30 000/0 
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 P*�4;.
�. �/21 i^�U� =1�>� �9� (%
4 : �
��� ���10- 7 ;J8;��� ����(� �/ �4�D��/ �1 �/EF
� � G>)��� ���  

  

 ��(L2�9� :5��. :;J8 =1�>� �(>1;��� ��� 254�B� � G>)��� �7)�28 �(� c�
8 �/GOF 

3
�
 ;.
�. �
���  Qs=7>� �9�  Qal =7>� �9� Qt  =7>� �9� Qc =7>� �9� GOF (%) 

1 0 100 0 0 88 
2 0 79 0 21 81 
3 0 50 0 50 80 
4 70 15 0 15 98 
5 0 10 71 19 91 
6 0 100 0 0 92 
7 0 95 0 5 97 
8 93 7 0 0 90 
9 92 8 0 0 97 
10 55 23 0 22 98 
11 77 23 0 0 94 
12 70 16 0 14 95 
13 57 0 0 43 92 
14 0 58 0 42 93 

  

�9�;J8 =1�>� �(>1;��� ���EF
� �(� c�
8 �/   c�
8 :5��. �1�5�
/ �GOF 
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 %��� .�QQs %��� ����� 3� >���9 �/Z�3��*� ���� [�
� !����3
�� 3e9 ��  !��*Q ��4 �8 �9 �10 �11 �12  	13 

 %��� .�Q 3�5��QQc 3��*� (� \' ��  �
 �/Z� %��� ����� 3�3e9 ��  3
�� .��� �;�#� ��  

  

 ��(L3�9� :5��. :;J8 =1�>� �(>1;��� ��� 254�B� � EF
� �7)�28 �(� c�
8 �/GOF 

 !��*Q[�
� 3��*�  Qs%��� T&
  Qal %��� T&
 Qt  %��� T&
 Qc %��� T&
 GOF (%) 

1 0 100 0 0  88 
2 0 80 0 20 81 
3 0 52 0 48 80 
4 72 16 0 12 97 
5 0 11 69 19 91 
6 0 100 0 0 92 
7 16 80 0 4 96 
8 83 17 0 0 91 
9 86 14 0 0 97 
10 58 23 0 19 98 
11 73 27 0 0 95 
12 72 17 0 11 94 
13 61 0 0 39 90 
14 0 60 0 40 93 

 �Z�
 �/� ��$ 3�GOF  (� O�� 	
 �  ����80  �998 �� ��<�� �'
�C� 3� �Q��GOF  (� ������ O�� ���� !�Q 3�
�?�

�� ����� c��  O�� f.Q) �Q��6) �����.*  	 �6
��+ �O�{� ����� 3� .(2013 O�� 	
 3/*2 (� �����9 O�� �V  (

T&
 ��b�� 3� ������ 	 c�� O�� k'��� 	 ��
�
 ���R !
�V�
� 
��� ��@ 0���
� %���� �����#� l
�9 q/�A� ��  ��

GOF  ���C� >'����� 	 >'��*� 3� 
�
 ���� �&�@ k'��� .��
�
 ���R ���'(�� 
���GOF  x�9�9 3� ������ O�� ����3/30 

 	2/89 �� �Z�
�� 	 >'��*� >��6 T  	 �Q�� ���C� >'���GOF  �c��  O�� ����7/35  	6/88  3�
�?� �Z�


) �����.*  	 	: .��
�*�2016 ���#� \' (� (GOF T&
 k'��� ���'(�� ��b�� 3� !
�V�
� ������ O�� l
�9 !�Q 3L��� �� 

 ���C� 3� ���Q�
 ��&�� 	 ��
�*�GOF  (� ��*�80 O�� ���� �Z�
�*� O��R f��R �����9 �� .��Q�� 3��*� 3� �'� 

 ���C�GOF  (� ��*� �&�@80 ) �����.*  	 ������ .��
�*� yE+ 3#��^� 3��
� (� �'
�� 3�
�?� �Z�
2012 ��b�� 3� (

 ���#� (� �����9 O�� \' (� fZ�+ k'��� ���'(��GOF  >�"���� 3� .��
�*� !
�V�
�GOF 3`�+�'( �
 q/�A� �� 

 (� �����85 �CC?� .���	@ �
�� �Z�
) ��� 	 n��: 3/*2 (� �
�'( �2016) �����.*  	 ���
� m(2014 	 �	(a�8 m(

) �����.* 2015) �����.*  	 ��� m(2016O�� (� fZ�+ k'��� ���'(�� ��b�� 3� (T&
 �
 �����9 ��  [�
� %���� ����

 ���#� (�GOF .��
�*� !
�V�
�  

  

D
ow

nl
oa

de
d 

fr
om

 g
eo

m
or

ph
ol

og
yj

ou
rn

al
.ir

 a
t 1

4:
15

 +
04

30
 o

n 
T

ue
sd

ay
 M

ay
 2

2n
d 

20
18

http://geomorphologyjournal.ir/article-1-897-fa.html


�9�;J8 <�1
�
 =1�>� �(>1;��� ����7)�28 �(� �4 �/ �4�D��/ �1 �/...  11  

 

  
 P*�5;.
�. �/21 i^�U� =1�>� �9� (%
4 :��� ��� �
14- 11 ;J8;��� ����(� �/ �4�D��/ �1 �/EF
� � G>)��� ���  

  

  
 P*�6 254�B� :GOF �9� :5��. �1�5�
/ �/21�(� c�
8 �(� ;7��C� ���.EF
� � G>)��� �7)�28 ��� 

  

;A)�.�2)F  

 T&
 >��#9 ���� �d�C?9 >'� �
%��* +�* �� ,*�(
 ��"�� D	� (� �*� 0��Z 3�!��*  [�
� ���"� O�� ��  ��

T&
 .�;�� ���R !
�V�
� 
��� c��  	 ������ �����9 ���� !�Q 3L��� �� 14  �
�'( �+ �9 O�� 	
 �  l
�9 [�
� 3��*�

>���9 �/Z� %��� �O�� 	
 �  k'��� d�$ �� 3� ���$ 3� ���Q 3�
�?� T  3� 3���� ���� [�
� !����7 3e9 3��*� 

3
�� ���Qs ���� >��|*  	 �Q�� ���� [�
� ���6 3
�� 3e9 3��*� %��� (� ��Qal �� >���9 %��� 	 
�QQt  ���� �&�9

 %��� 	 �'
�� �'�
��Q x��- %��� ����� 3� [�
� 3��*� \'Qc  (� \' ��  �
14  x��- %��� ����� 3� [�
� 3��*�

 %���� .��� �'�
��QQal  	Qs �Q
 !��45�) 3��
�'� ��@ 0���
� f��Q �9�*�  !��45�) � 
	�.�5 ��4� 	 (3��
�'� �"'�

3�&8 	 (�L	�3
�� �� fe'� f{�) T� ���A` �� �������� (�  0���
� >'� �"�
��8 w�� 	 �
�� �4
 f���� 3� ��Q��

>���9 ����� 3� 	 !�Q �Q�
�� � 
�� l
�9 ��+�� 3�3e9 ���� [�
� �/Z� !����3
�� �� �� [�4+ 3� ��'@���� 3� .�� �

D
ow

nl
oa

de
d 

fr
om

 g
eo

m
or

ph
ol

og
yj

ou
rn

al
.ir

 a
t 1

4:
15

 +
04

30
 o

n 
T

ue
sd

ay
 M

ay
 2

2n
d 

20
18

http://geomorphologyjournal.ir/article-1-897-fa.html


12  ����� ����	
�
�

�
�	 ����� ���� ��� 
���� 3 �������1396  

 
) ����.*  	 ��,- �O�{�a,b2017�Q
 0���
� �(>���9 �/Z� %���� ����� 3� � 
	�.�5 ��4� 	 3��
�'� �"'� �� � !���

3e9 ���� [�
��� ���� 
�� �&2 �
 ��'E8���<9 .��
�*� �;�#� �E.Q� �� 3e9 ���� x��- %���� fo; �  �
 3� 
�Q  ��

3
�� �'
�C� .��� ���<9 ��GOF � ���� (� 	 3��Q T  3� O�� 	
 �  k'��80  �998  �'
�C� ��	 ��
�� ��<�� �Z�
GOF 

���� }�`�� >'� 3� ��@ �
�� ����� �*� c��  O�� 3� ��4� ������ O�� ���� !�Q 3�
�?��'@��� !�� 
  �a��

�� c��  O�� 3� ��4� ������ O��) ����.*  	 �6
��+ .�Q��2013 �����9 O�� �V  >�� (� �( �
 !
�V�
� 
���

O�� ����� 3� c��  	 ������ O�� 	
 ���@ 0���
� ���'h��� ��&�@ d�C?9 �
 >��|*  	 ��
�*� �;�#� ���� �� GOF 

O�� �'�
 3� ��4� ������ O�� ���� !�Q 3�
�?���"�� D	� (� !
�V�
� ��/� ��$ 3� .��@ �
�� �9a�� � � !��*  ���"

 ���� ������ �����9 O�� ��3e9) �
�� 0���
� %���� �*� T&
 >��#93
�� �� l�?� �'�
 �
 (� 
���'� 	 ��  ������� ��

3e9 ��3
�� �� �� 3�Z�9 O�#; �� .
�*� ���{9 �&�@ %���� ����� �9 
�Q 

  

=1�>�  

•  �>4+ ���*+�1387.���&9 ����&9 !�"���
 0������� �w	
 t�6 ������� �:���;���L: �  

• ��	
 �����

��=�;  m����(
 �n���	  m
��2��
 ���*+� m��*+ ���,- m����� �>4?����� ��
��@1397�*� � -

3e9 [�
� %���� T&
 ��#^R w�� �(�
3
�� �� ��"�� D	� (� !
�V�
� �� ������ ���"�3#��^�) ����� 

3e9 :�
���3
�� �� _ 	78 �(����� ���
� [��2 ���'���(�2 ���*Q �>��( _��
 ��  !�33 )9 ��&� �(1397 �

 0�?VZ15-1.  

• ��,-� ��*+ m��;���� 0�
�
m ��*+�� 
��2m ��*+� �>4+m �����
 ��b�� ���� �/�m 3+����� �*+�� 1393� 

!��45� T&
 >��#9!�&� �� �
�� 0���
� ����9 �
 �:���;����L: ��  �
���) 0���
� ���'
� D	� (� ����

3e9 :�
���3
�� ��  ��(�E.Q� ������� �'�'���  !��*Q4 ���4�( 	 ��'�8 �1393 0�?VZ �42-31.  

• ��,-� ��*+m w�C� �� �$� w�&�� m���R �V�� ���&�m q�� �	�&��
��@� O�
�� 1394 ������� T&
 >��#9 -

3e9 [�
� ����9 �
 �`��� �� 3
�� �� ��"�� D	� (� !
�V�
� �� ��� ��� :3#��^� 
��� 3C^��) ���"�" ��

(����� ���
� ���

�� �_ 	78 !��*Q ��^�?� _'�
�; �� 5 )2 0�?VZ �(54-46.  

• =�; m�`��*?� ��
�
�&� m��*+ ���,- �>4?����� ��
��@1396 0���
� %���� T&
 ��#^R w�� �
�*� �*��

��"�� \��.9 (� !
�V�
� �� �
�����"�-GLUE��;�$ 	 �
�� _'�
�; �/� _'�*  >����&6 �� ��  	 
�

 �
�' ����-17-16  ��V
�1396 .  
• Brosinsky, A. Foerster, S. Segl, K. Lopez-Tarazan, J. A. Pique, G. and Bronstert, A., 2014. Spectral 

fingerprinting: characterizing suspended sediment sources by the use of VNIR-SWIR spectral 
information. Journal of Soils and Sediments. doi:10.1007/s11368-014-092-z. 

• Chen, F. Fang, N. and Shi, Z., 2016. Using biomarkers as fingerprint properties to identify 
sediment sources in a small catchment. Science of the Total Environment, 557-558, pp. 123–133.  

• Collins, A. L. and Walling, D. E., 2007. Sources of fine sediment recovered from the channel bed 
of lowland groundwater-fed catchments in the UK. Geomorphology, 88, pp. 120-138.  

• Collins, A.L. Walling, D.E. and Leeks, G.J.L., 1997. Fingerprinting the origin of fluvial suspended 
sediment in larger river basins: combining assessment of spatial provenance and source type. 
Geografiska  Annaler, 79, pp. 239–254. 

• Collins, A. L. Walling, D. E. and Leeks, G. J. L., 1998. Use of composite fingerprints to determine 
the provenance of the contemporary suspended sediment load transported by rivers. Earth Surface 
Processes and Landforms, 23, pp. 31-52.  

• Collins, A. L. Walling, D. E. Stroud, R. W. Robson, M. and Peet, L. M., 2010. Assessing damaged 
road verges as a suspended sediment source in the Hampshire Avon catchment, southern United 
Kingdom. Hydrological Processes, 24, pp. 1106-1122.  

• Collins, A.L. Zhang, Y. Walling, D.E. Grenfell, S.E. Smith, P. Grischeff, J. … Brogden, D., (2012). 
Quantifying fine-grained sediment sources in the River Axe Catchment, southwest England: 

D
ow

nl
oa

de
d 

fr
om

 g
eo

m
or

ph
ol

og
yj

ou
rn

al
.ir

 a
t 1

4:
15

 +
04

30
 o

n 
T

ue
sd

ay
 M

ay
 2

2n
d 

20
18

http://geomorphologyjournal.ir/article-1-897-fa.html


�9�;J8 <�1
�
 =1�>� �(>1;��� ����7)�28 �(� �4 �/ �4�D��/ �1 �/...  13  

 
Application of a Monte-Carlo numerical modelling framework incorporating local and genetic 
algorithm optimisation. Hydrological Processes, 26 (13), pp. 1962–1983.  

• Collins, A.L. Zhang, Y.S. Duethmann, D. Walling, D.E. and Black, K.S., 2013. Using a novel 
tracing-tracking framework to source fine-grained sediment loss to watercourses at sub-catchment 
scale. Hydrological Processes, 27 (6), pp. 959–974.  

• Devereux, O. H. Prestegaard, K. L. Needelman, B. A. and Gellis, A. C., 2010. Suspended-sediment 
sources in an urban watershed, Northeast Branch Anacostia River, Maryland. Hydrological 
Processes, 24, pp. 1391–1403.  

• Field, J.P. Belnap, J. Breshears, D.D. Neff, J.C. Okin, G.S. Whicker, J.J. Painter, T.H. Ravi, S.  
Reheis,  M.C. and Reynolds,  R.L., 2010.  The ecology of dust.  Ecol.  Soc.  Am.  8, pp. 423-430.  

• Garzanti, E. Ando, S. Vezzoli, G. Lustrino, M. Boni, M. and Vermeesch, P., 2012. Petrology of the 
Namib sand sea: Long-distance transport and compositional variability in the wind-displaced 
Orange Delta. Earth Sci. Rev. 112, pp.173-189. 

• Gellis, A. C. Hupp, C. R. Pavich, M. J. Landwehr, J. M. Banks, W. S. L. Hubbard, B. E. Langland, 
M. J. Ritchie, J. C. and Reuter J. M., 2009. Sources, transport, and storage of sediment in the 
Chesapeake Bay Watershed. U.S. Geological Survey Scientific Investigations Report, 2008, pp. 
5186: 95. 

• Gholami, H., Middleton, N., Nazari Samani, A. A., Wasson, R. 2017a. Determining contribution 
of sand dune potential sources using radionuclides, trace and major elements in central Iran. Arab 
J Geosci, 10:163.  

• Gholami, H., Telfer, M. W., Blake, W. H., and Fathabadi, A., 2017b. Aeolian sediment 

fingerprinting using a Bayesian mixing model. Earth Surf. Process. Landforms, 42, pp. 2365–
2376.  

• Haddadchi, A. Olley, J. and Laceby, P., 2014. Accuracy of mixing models in predicting sediment 
source contributions. Science of the Total Environment, 497-498, pp. 139-152.  

• Haddadchi, A. Ryder, D. Evrard, O. and Olley, J., 2013. Sediment fingerprinting in fluvial systems: 
review of tracers, sediment sources and mixing models. International Journal of Sediment 
Research, 28, pp. 560-578.  

• Hughes, A. O. Olley, J. M. Croke, J. C. and Mc Kergow, L. A., 2009. Sediment source changes 
over the last 250 years in a dry-tropical catchment, central Queensland, Australia. Geomorphology, 
104, pp. 262-275.  

• Huisman, N. L. H. Karthikeyan, K. G. Lamba, J. Thompson, A. M. and Peaslee, G., 2013. 
Quantification of seasonal sediment and phosphorus transport dynamics in an agricultural 
watershed using radiometric fingerprinting techniques. J Soils Sediments, 13, pp. 1724-1734. 

• Laceby, J.P. and Olley, J., 2015. An examination of geochemical modelling approaches to tracing 
sediment sources incorporating distribution mixing and elemental correlations. Hydrological 
Processes, 29, pp. 1669–1685. 

• Lal, R., 2001. Soil degradation by erosion. La. Degrad. Dev. 12, pp. 519–539.  
• Liu, B. Niu, Q. Qu, J. and Zu, R., 2016. Quantifying the provenance of aeolian sediments using 

multiple composite fingerprints. Aeolian Research, 22, pp. 117-122.  
• Motha, J.A. Wallbrink, P.J. Hairsine, P.B. and Grayson, R.B., 2003. Determining the sources of 

suspended sediment in a forested catchment in southeastern Australia. Water Resources, 39 (3), 
1056.  

• Muhs, D. R., 2017. Evaluation of simple geochemical indicators of Aeolian sand provenance: Late 
Quaternary dune fields of North America revisited. Quaternary Science Reviews, 171, pp. 260-
296.  

• Muhs, D.R. Reynolds, R. Been, J. and Skipp, G., 2003. Eolian sand transport pathways in the 
southwestern United States: importance of the Colorado River and local sources. Quat. Int. 104, 
pp. 3-18. 

• Nosrati, K. Govers, G. Ahmadi, H. Sharifi, F. Amoozegar, M. A. Merckx, R. and Vanmaercke, M., 
2011. An exploratory study on the use of enzyme activities as sediment tracers: biochemical 
fingerprints? International Journal of Sediment Research, 28, pp. 136-151.  

• Palazón, L. Latorre, B. Gaspar, L. Blake, W.H. Smith, H.G. and Navas, A., 2015. Combining 
catchment modelling and sediment fingerprinting to assess sediment dynamics in a Spanish 
Pyrenean river system. Science of the Total Environment, in press. 
doi:10.1016/j.scitotenv.2016.06.189. 

D
ow

nl
oa

de
d 

fr
om

 g
eo

m
or

ph
ol

og
yj

ou
rn

al
.ir

 a
t 1

4:
15

 +
04

30
 o

n 
T

ue
sd

ay
 M

ay
 2

2n
d 

20
18

http://geomorphologyjournal.ir/article-1-897-fa.html


14  ����� ����	
�
�

�
�	 ����� ���� ��� 
���� 3 �������1396  

 
• Rashki, A. Arjmand, M. and Kaskaoutis, D.G., 2017. Assessment of dust activity and dust-plume 

pathways over Jazmurian Basin, southeast Iran. Aeolian Research, 24, pp. 145-160.  
• Russell, M. A. Walling, D. E. and Hodgkinson, R. A., 2001. Suspended sediment sources in two 

small lowland agricultural catchments in the UK. Journal of Hydrology, 252, pp. 1–24.  
• Scheidt, S. Lancaster, N. and Ramsey, M., 2011. Eolian dynamics and sediment mixing in the Gran 

Desierto, Mexico, determined from thermal infrared spectroscopy and remote-sensing data. Geol. 
Soc. Am. Bull. 123, pp. 1628 -1644. 

• Slattery, M. Walden, J. and Burt, T. P., 2000. Fingerprinting suspended sediment sources using 
mineral magnetic measurements- A quantitative approach. Tracers in geomorphology, John Wiley 
and Sons: pp. 309–322. 

• Stone, M. Collins, A.L. Silins, U. Emelko, M.B. and Zhang, Y.S., 2014. The use of composite 
fingerprints to quantify sediment sources in a wildfire impacted landscape, Alberta, Canada. 
Science of the Total Environment, 473-474, pp. 642–650. 

• Voli, M.T. Wegmann, K.W. Bohnenstiehl, D.R. Leithold, E. Osburn, C.L. and Polyakov, V., 2013. 
Fingerprinting the sources of suspended sediment delivery to a large municipal drinking water 
reservoir: Falls Lake, Neuse River, North Carolina, USA. Journal of Soils and Sediments, 13 (10), 
pp. 1692–1707.  

• Walling, D.E., 2005. Tracing suspended sediment sources in catchments and river systems. Science 
of the Total Environment, 344 (1-3), pp. 159–184.  

• Walling, D. E. Owens, P. N. and Leeks, G. J. L., 1999. Fingerprinting suspended sediment sources 
in the catchment of the River Ouse, Yorkshire, UK. Hydrological Processes, 13, pp. 955-975.  

• Zhang, X. C. and Liu, B. L., 2016. Using multiple composite fingerprints to quantify fine sediment 
source contributions: A new direction. Geoderma, 268, pp. 108-118.  

• Zhou, H. Chang, W. and Zhang, L., 2016. Sediment sources in a small agricultural catchment: A 
composite fingerprinting approach based on the selection of potential sources. Geomorphology, 
266, pp. 11-19.  

D
ow

nl
oa

de
d 

fr
om

 g
eo

m
or

ph
ol

og
yj

ou
rn

al
.ir

 a
t 1

4:
15

 +
04

30
 o

n 
T

ue
sd

ay
 M

ay
 2

2n
d 

20
18

http://geomorphologyjournal.ir/article-1-897-fa.html

