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;�� �����B I�� �� �� �X.
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� ��= W�X�� 2��X; I�� 8#)Ehyaeii & 

Behbahani, 1993  . (��� �&�.? ��E ���9;� �� 8# �

�9,��9Q|
� �,�K I��! )Walling & Collins, 2000 (

������  !��K�= � ���.  

                                                 
 �� Inductively Coupled Plasma Mass Spectrometry 

 �� Inductively Coupled Plasma Atomic Emission 

Spectrometry 
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 ��������	 
��� ��� ����� ��� ���� �� �  

  

 &������'��(�"	 � )	�� �   

�� �� I�� �� }�= 8# 8%��, ����= W�X�� � :  

* +,

	�, -
.� )
 #� �(%���� �� �� ���/ �	 �#����0 

���� �������1�� !  

���,$ I�� 4!%��, �� 8 !���# ! �.�(K;�� �	# J� �� 8.

����� ����� ��; 8# .
��# ��w., 8# 2�� 8%��, �� �# � � �9:

��V�� (� �� W�� 8%��, �)�,�$ ��!�*, � 8��S���, ��5��# ! 


��#� �� )��� � �� 4����� �� �� !��
��T�
�� ����� � �

��	# !��K�= .� �� �*+� ��g )�,�$ �� A� �8a":, !� 

Kruskal – Wallis H ��	# !��K �= )Collins & 

Walling, 2007(. �� �#��L�:.,�; � J;�, 5� �
� �9	# 

��#! ���; ���= �K\�� !��;�� � J���(K�# ���; � �#�

)Rowan, et al., 2000 /Foster & Lees, 2000 .( �>�

��W�� 8%��, �� ��; �5 �# ��	# !��K(X� �� �":� @#�� 8� D� 

��Q# �# � W�K 8# W�KK��! 8�� ����� ��;�� � �= W�X�� ��� 

 �� J
�.,����� �� ��T ��B 8# 8;� 8# ���6 !��
��T ����� 

�
��� �.=�# ��.�(K�= .��# ! �.�(Kc9, ����!  Y*9,

#��t���, 8%&�� @#�, I�� ��� P� )Hair, et al., 1998 (

��	# !��K�= . �<
 �.�,  !��� ���,$F��# ! '>� � ���� 

c9,�� ����� 8# (� �# �#��# Jnl/n � j/n )Hair, et al., 

1998(�= 89��K �w� �� .��# !��
��T )��� )��� )�:� ! � �

8*�B !�.#(X� �":� @#�� 8�D5 �.�, !��� @#���5 '^97� 

��K� �����, � � P8*�B !�.#
��# ��
� ��= . �&�� 

8*�B !�.# 8.�	# �	,  �����,�
��# ��� )��� 8*�B !�.# 

(X��":� @#�� 8� D�, �=�#��# 8; !�� �����, �� )$ �� P

                                                 
 ��  Discriminant Function Analysis 

��  Squared Mahalanobis Distance 
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8*�B !�.# ��	# !��K�= .��� ��w., 8# ��E �� �#���9� � e

%+��":� Y���� I�� �� D�#�� Y#�*9, )Hair, et al., 

1998 (��	# !��K�
� ��,$ Y�? 8# .;�� � �
�# J
�., J

 �� ��,$����� �� � �����# 8%��, �!�� �� ����� �	
 �

�
������ �� �� ��
� ���	# !��K�= .   

�Q�R �� � �`�� ��!(X� I�� �":� @#�� 8�D5 ���� �� 

<7�  8��K�.O�6!# � ��, ����c9, �=�# )Hair, et al., 

1998(.��# !":� �<7 �� D�  8��K�.O Y�+� ��? ��� � 

 )$ PQ?)��� W��� Y,�?�P���( ��	# !��K �= )Hair, et 

al., 1998( �#��# Y�+� ��? � �� �9QO�; �j/n W��� Y,�? � 

���� �#��# P��� �� �9K�(# �jn# �<7 �� �S����6 !# � �

c9,� �
� ���)Hair, et al., 1998(.��# ! �������� �# 

��=�!� !��=�� �<7 �� �� �  8��K�.O�65! J�;�� ���� �� 

��B �&�.?! �.�(K�9�; 8; ���= �<7 �� ��# �� � �

�=�# 89=�� ��T� �	�$.   

  

* +,

���� ����� 2.� -� !  

2�, ��!;�� ���c9, �.O �# ��� �� ��S�� I�� ����# ! 

���� ���, ��
� @#�., �	
 ���	# !��K ���6 �, ���K )��#! 

 2�3,Walling et al., 2008 /Collins & Walling, 

2007 /Walden, et al., 1997(� 5� ��*+� ��� A� �� (

2�, ��! � ��= ����	# !��K�= .;�� 2�, �����# ! � 4

���� N��& 8# ����
� �:   

)j(                                             ∑= ijaX
^

  

� ��� 8����, �iX
^

 )�(�,���$ �# !�� � ��i W� )m� . .. �p 

 �j= i.( aij )�(�,, �S����� �� ��i�
�� �� W� � �j W� )n 

�. .. �p � j= J( 5bj�
�� �	
 � �jW� 5 n ���= ���K 

�
���:� � m ���=�� ��
� ��.   

                                                 
��  Tolerance 

��  Variance Inflation Factor 

��#! �� � �� 4����� ��5����, 8 5�� 8����, j ���Q� �, ��= � 

��#�.#�� 8# ���=�� ���5 2�, � �=�� ����7 ��T� 8����, 

c9, �.O�;�� ����� �# ���=!�= ����7 D":, 8����, . �# 

� Y������, �8 � �� �	
 �� �� 4���
�� ���,$ �
�# . 

����, 8?��X, )�O8 ��! ����� ��= ��!� Nt�	X, ���! 

Y� ��� � ���# ��!?�.9, � �, ����� �� �=�# 89=�� �� �� �

��#!�9� )���$ �
�# �	# e��� �� 8.�� � ��
� @#�., �	
 �

�T 8#!*9, Y� � �� �I�� !��	# �8. ��
! ��	# !��K 

�, ��= )Walling & Collins, 2000(5� �� �*+� �� �� A

 I��8.���6�# N��#�, ���X, )��; ���# ����, ! �
�# 

�9� )���$� e�	# �	
 ���
�� ����� 8.�� N��& 8# �� �

��	# ��K!�= :   

)p(        ∑
∑

=

=

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

=
m

i
i

i

n

j
jjiji

w
X

zbax

R
1

2

1
  

R:6�# N��#�, ���X, �  � ����,Xi � )�(�, ������ !��K ��= 

��� ��i��
� 8���� �� W� 5 wi�E ���� J�� ��� �\� ��iW� 5 

zj�E ��^&� J���# N��d ������ !�
�� � �j W� �, �.=�#. 

�E 8�
�+, ��B���� J�� ���� 8# �\�� �� J�E�� ��� � ���

�
� ��=.   

M
�R ��!	# ���# 8.!�
�� ����� �	
 �:�	# I�� 8# � 8.

��
!<7 � �# � 8.��� 8����, )��; p �# ��	# !��K �� 

%�?�� u�= �� �9��K �w� �� �# ���Q� N���,$ �
�# �. 8# �# 

8.���
� � )�R����, 8 !�� �� W��; �� �	
 � ��= Y� 

���
�� ����# !# �w� ���, ��
� 8���� , �
�� $��.� � �

��# �� ��;! 8������ 8 !�� �� � ���� W�X�� ��
� )�(�, !�� 

 �� �	
� �� 4���
�� ����# ! �	
 )���$ �
�# ��S���, 

,�S���� K��!�= . ����� ��! ���, ��	# !��K� �� � 8%��, �

;��� 8%��, �� ��,$ �
�# J� 4�, �.=�#.   

x )�(�,�E � �� �	
 J� �� 4���
�� ���# �# �� � �H& �

��=�# 4.   
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)i(                          10 ≤≤ jb  

x�E ���X, �J ��! �� �	
 � �� 4���
�� ���# � �# �#��# �

��=�# 4:   

)m(                                  ∑
=

=
n

j
jb

1

1  

 8����,p	# I�� 8# {�� u�= �� �9��K �w� �� �# �8. ��
! 

<7��# �  ��	# !��K ��(�� W�� �� MATLAB�= Y� .   

  

������ �� �	
�� ��� ���� )Zj(   

!��#? @�� �.g J� )�= �	� ��U�# �w� �� ��
� )�= � 

����� ��� ���*, )�Q,� )���$ ����� � �*9, 8�# �� �

����8 !������ � ��
� 8 !���# F�7 � �I�� !���^&� �  ��

��# ��� 8#.� �� �*+� ��# A� �� 8; `�� ������ ��  8#� 4

_�� �+� �������$�� ��.g �.� )�= �	� �� ���6 )�= 

�, ����K�� 8# � �� �*� Y� ��8a":,� �<
 �, �� �\� )�(

����� �� ;�� C�Q��� �� ������ J����� ��! ���(K�# )�.�(K 

 �# ��=��	# !��K(X� �� �":� @#�� 8�D( ���# ��� 8# �= 

)Collins et al., 1998 /Walling, 2005 /Owens, 

et al., 2000 .(  

� �<
� �\��S���,���� 8 !���� �� ��
� � F�7 !;�� � J

�= ���$�# N��d ������.��# !
 N��d ���; `�� �# �%! )��# 

���8 ����# � !+H& `�� �# C� 8 !�Q��R � ���� )��# 8 5�� 

� �<
���� 8# �\���� �� J ��! 
dpρ

6
 � 

d

hd

pρ
)/24( +

 

���� �= �)��Q
�5 pnnn.( 8a":, ��! d , pp � h 8# 

����*� ��a", )�� �# �#��# J�*�) sl/p9��
 �# W�K � �9, 

J�Q,(5 C� ��d �,�"E � N��d �<6 �, �.=�#.   

  

���� ������ ���� ��� � ������� �� )wi(   

����� ���� �6� 8; ������ !��K �
t�# �	�$ �#�_�� �� �

#��9:! ���$�# �� 2�, ��!;�� ���c9, �.O � 89=�� ��

�.=�#.��# ! 8# )��� )�� ����� �� 8��R �# �6� ������ !��K 

�	�$5 �� ��E 4���� J�� � �\)wi( ��	# !��K �= )Collins 

& Walling, 2007 /Walling, 2005(.��# ! 8�
�+, 

)$5 ��g$ ����# ! �8���� 45 �� � �� 4����� �� �� 8���, e.R 

�,�$��S:�  ������ !��K � ��= )�(�, !�� ��,$ �
�#*� �# � �

, �# )�=�S������= ������9
� ��7 �.�E P|
 ���� J� 

�� �\)wi( �� � �� 4����� ��� PQ? 8�
�+, �# � W�� 8:

������� P��� !�� )��� ��= ������9
� ����� �� �,$ �
�#.   

  

��������� �! �"# $�! %&��'�� ���*�   

�, �������!���<7 !�� � )Walling, 2008 /Collins 

& Walling, 2001( 5���;�� 2�, )Walling & 

Woodward,1995 /Rowan, et al., 2000, ( �

I�� !��g �*9, �� � ����� !����+& �� )Collins et 

al., 1998 /Rowan, et al., 2000 (�, )�����# ! 

����#���9� � e2�, ��!c9, �.O �;�� ����� ��	# !��K��; . 

� ���*+� ���9� A� 8# eI�� !�� ���� ��= ���#���= . 

�,�����!�<7 !�� � �� �, )�����# !�� �� ���5;�� � J

����� ����# ! �� ����� �� 48 !������ Y; � ��
� 8 �� �# 

��	# !��K �� )�(�, !�� ���$�# ����� ��! � Z
�� ��= ��

 2�, �)�(�, �!� ������ !��K���� �� �	�$ ��= 8 !�� ��
� 

��; 8�
�+,.�E ����; J��� �� 2�, � �# (��	# !��K I�� ��   

Nash &  Sutcliffe, 1970 �= 8�
�+,.   

  

���� �  

)��� ��B I�� 2�� 8%��, �= 89HK 8; �#��L�:., � J;�, 

�;5�
��# � )��� ����� ��  �� ��!��
��T � ��
� @#�., 

�.�(K;�� ��
�., J� �� ����� ���
� . 2��T )j (�9�� e

�� )�,�$!��,$ !
��# � �, )��� �� �� �&�.? !��
��T ����� 

�
��� )�:� ��, ���. 2��T 8# 8T�� �# ���= ��5 '^97� 

��S���, ��! �a.? 8
 �	.� )Cs ���5 OC � W( �� 

���
�� ��! )�,�$ �w� �� [%9", Kruskal – Wallis �� 

 �� �9�; �<
l �&�� �.�, ����.9� .� �# J%<, ��� �S��� �
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 �&�.? 8; �
������ ��= ��! )��� !��
��T�
�� ����� � �

�, �.=�#.� N���? 8# ��S5, �S��� �� �w%g �� �&�.? �� 4

� ��= ���
� �� �� �Q� �� ���
�� �� )��K� ��( �� N��H9, 

���
�� ��!� ��
� �S. �a.? ��	O Cs , Cs , Cd , Be � 

N� ���� 8# (��� �<
 �� J! q/z5 i/l5 j/o � p/o �&�� 

�.�, ����.9� .   

�Q� �� `�� ��!(X� �":� @#�� 8�D5 ����<7 �� � 

 8��K�.O�6!# �c9, ���
� ���.<7 �� ��T� �  8��K�.O

�6! �?�#  ���#!���=� ����H� �� ���� �� �� �� �� 4

c9,����5K�%T ��!U�# ���� �� � ��  ����c9,, �� � 2�

�R������!�9� � e8*�B !�.#(X� �":� @#�� 8� D�, ��= 

)Naes & Mevic, 2001 /Hair, et al., 1998.( �� 

 2��T)j (�,�����!��� W��� Y,�? � Y�+� ��? ���# P��! 

����� ��!�
� ��= 8V��� [%9", .# 8T�� �# 8 ��2��T �5 �	.� 

���� �a.? �=!��� W��� Y,�? � �� �9�; P��jn.9� �. 

 �&�.?Th , La , Ta , Nb  �Ce��� 8# � Y,�? �9=�� �# J

��� W���� �# �#��# P��mp/onj5 nl/lnm5 qm/mss5 ll/pmq5 

lj/pio � lj/pni# ��9:�<7 �� ��  8��K�.O �# ����Q� �S

� �&�.? �# ������� �S.� �� � ��
��#��# ! �������� 8%v, �# 

<7 ���  8��K�.O�6!# � ������ ��5 ;��J� ���� �&�.? �� 

��#!(X� �":� @#�� 8���B D! �.�(K���� 8; ���= ! 

�9�;�<7 �� �� � ���9:�#��� W��� Y,�? �# � �#��# P��� �

 �� �9QO�;jn�.=�# .  

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

Kruskal – Wallis            ������� �	
 �� ���� ��������         

�����   �����H ���� �	� ����  ��!� ��"  #�����$ %�&� ���"   �'�$ ��($ )�*+(wi) 

Al  sn/j  pns/n  njl/n  mq/so  ijp/n  

Be  nq/i  nzq/n  npj/n  il/mo  nqm/n  

Bi  nn/n  qsp/n  nps/n  qo/io  nsz/n  

Cd  zm/i  nli/n  nzq/n  sp/jp  pml/n  

Ce  om/j  jzm/n  nnl/n  lj/pni  sqo/n  

Co  iz/j  pmp/n  njq/n  nn/lm  jjq/n  

Cr  pj/j  pzj/n  npq/n  qz/im  jin/n  

Cs  nm/i  noj/n  nnj/n  mp/onj  lzl/n  

Cu  pq/n  lqn/n  nps/n  lo/io  jqs/n  

Fe  ls/n  mlm/n  njn/n  os/qz  isj/n  

Ga  ln/p  jjm/n  nnl/n  si/jqn  pns/n  

Ge  sp/j  pni/n  ppm/n  ms/m  nzo/n  

Hf  om/j  jzl/n  nnz/n  om/jln  nqi/n  

In  lz/n  mlp/n  jjn/n  jn/q  pjn/n  
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 +��� ����������� ���� ���	
 ����  )*�� ���� (�	' � �#$ %� &�!"� ������� �����	� ����� ������� �� ��  

Kruskal – Wallis            ������� �	
 �� ���� ��������         

�����   �����H ���� �	� ����  ��!� ��"  #�����$ %�&� ���"   �'�$ ��($ )�*+(wi) 

La  jm/j  poz/n  nnm/n  ll/pmq  lli/n  

Mn  jo/n  szi/n  nim/n  zj/pq  psn/n  

Nb  ls/n  mlp/n  nnp/n  nl/lnm  ppj/n  

Ni  ml/n  lnl/n  npq/n  nj/im  inl/n  

Pb  iq/n  lil/n  nin/n  jp/ii  jzl/n  

Se  li/n  msl/n  pzl/n  sm/i  nmn/n  

Sn  qi/n  iim/n  njl/n  op/sz  nql/n  

Ta  sl/n  mjq/n  nnp/n  qm/mss  ijs/n  

Te  li/n  msq/n  pom/n  lp/i  j  

Th  mn/p  jpp/n  nnm/n  lj/pio  jsp/n  

Ti  nn/n  qqj/n  nns/n  jj/jsz  inl/n  

Tl  oo/n  imo/n  njq/n  nm/lp  jpq/n  

V  nj/n  qnz/n  njo/n  sp/lm  plp/n  

W  zm/m  nin/n  njm/n  qo/so  jzp/n  

Y  jp/n  zim/n  njm/n  jo/zp  iim/n  

Zn  mi/j  pip/n  nnq/n  jp/jji  pzs/n  

Zr si/j  pnp/n  njn/n  io/qz  jlj/n  

Cs ���  mi/pz  nnn/n  nlp/n  iz/jq  nzq/n  

Th ���  nj/n  qpl/n  plo/n  oz/i  jzn/n  

N  np/i  nop/n  nmo/n  qm/pn  nio/n  

OC  js/jo  nnn/n  nio/n  pq/ps  nqs/n  

P iz/j  pmp/n  jqi/n  jz/l  nmn/n  

  

;����� �&�.? )$ �� 8; Co , W , Zn , Bi � Ta )8# 

S9��� �9=�� �%?�� � �# ���S��� ��T�, �&�.? ��( 

�9�;�<7 �� ��# � ��9:� �&�� �8*�B !�.# �� �
�� 

��#!�
�� ����� � 8# ��� ��S�� J�;�� ����� )�:� .;�� � J

�	���;�� �� W�K 8# W�K I�� 8# � J� ��= ���.�(K�= . 

 2��T)p (�� �&�.? )�= 8��E� [%9", Y���,� @#��� �� ��

":��_�� � W�K 8# W�K I�� 8# D� )��� �# �	�$ �!��
��T 

%+��":� Y���# D!�
�� ����� � )�:� �� ��, ���. 

)��� ��B 2��T�� 8; � 8w�^, ��= ���, ��= 8��E� �# 

 �a.? �� )�=)�(�,#��t���, 8%&�� @#�, ��(�� P� � �
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��X� �&��� 8*�B !�.#���� �
�� 8 ���(�� � �� � 89��

 �<
.�,�  !���9� �� � �
� ��= �9	#� )��� 8X!��
��T 

%+��, � Y� )�(!��
��T# ���K �� ���(�� � �� �
� 89��. 

 �a.?Cs ��� ��9"� � Nb�7$ �c9, ���� �!���� ! 

�.9�. �a.? Cs ���# ��9:� �&�� �8*�B !�.# 8.�	# 

)m/om( �a.? � ���� ��a97� ��7 8# �� OC� �# ��	
 8Q.� 

�(�� ����� � �&8*�B !�.# 8.�	#�� ����� �� 8# 8T�� �# � ��

#��t���, 8%&�� )��;� P) 2��Tp(�(�� JT�, � '^97� �

��K� �� )�
�� �������(�
� ��= .9� �� �;�� 8X��
�., J� 

 8# ���6 8; �&�.? ��!��
��T�
�� ����� � Y,�= �.=�# �i 

 2��T �� ��T�, �a.?)p (�.9�. W��� Y,�? ��E �� 

�������# P�!;�� �&�.? � J���= ��5# � �� �9�; ��jn�
� . 

*#��� 8# �&�.? 8� ���,$ �9=�� YF��# !# ���� � �� �l 

��
��T )��� �9=��� � �&��!��; ��= '>� � ���.

   
 ����,��� -�. �/�� � �� +
 	0�12 ���� 345! � ���� 	
 �6�� 	�������47� �!"� 8��	
 &���	� ����� ��  

%��  
�+� ,�- �.

�� */�"��� 

 01*� �23�.

4�*5�6 

1&�7�����#  

 �	�

����  ����F  

��8� �3��� �9:; ���1 

�&�� <���� ��  

 ���" %�&�

��$�#��  

�  Cs ���  ��/�  ���/�  �/��  ��/�  

�  OC  ��/�  ���/�  �/��  ��/�  

�  Nb ��/�  ���/�  �/	�  ��/�  

 

 �&��8*�B !�.# 8.�	#���� 8 ����K �� � !���� 8B�#�,  

%+� 8%��,� �# �#��# Yi/qi��� 8%��, �� � �&�� �#�� �# �#��# 

z/os �&�� �, �.=�#.   

��E���� J�� � �&�.? �\���(K�# 2��T �� )j (���� 

�, ��=. )��� ��B 8; �9:�R�= 89HK 5�E ���� J�� � �\

)wi( !��#��+� )���  �6� ������ !��K�� ! �� � �� 4

����� ��  @#�., �	
 ���$�# �� 8�
�+, ��
��, ��= � 

)�(�, !��# �9K�(# �# �6� �S����9:!�
� . )�(�, !�� 

��E� 2��T �� J� �� ��= ��nio/n) N( �� j )Te(c9, � �

�.9�.   

��S���, )�(�, !����E � J��^&� N��d ������ )zj(��# ! 

 ���K���
�� ��!+<
 �= � ���! ���K � ���
�� ��! 

6�.75����#$ 8 !���7��� � 8 !���� 8# � �# �#��# Joq/n � 

on/n �, �.=�#.� � �)�(�, !��� �# (�.g �S��� N��d )�= 

	� � �� �=�� N��d �w� �� ��
��� N��d �w� �� )�= � ��(

�
�.   

 2��T)i(5�
�� ����� �	
 ���� �� �� �� )�:� ��
� �

�, ���. 8# �.# 2��T W�
 )�9
 ���= ��5 ���
�� ��! 

���#$8 !�56�.7 � ��7��� �8 !� �# m/sl# �&�� ��9:� � �

���
�� ��!+<
 �= � ���! �# s/im�9�; �&�� � �	
 �

��� �� �������� 8E�� ��
� �.��# !
��# ���� ��� �� 

�
�� �������*, )�Q,� )���$ ����� � ���	�$ 85 2��T �� 

� ��= ��) 2��Ti( Y; �	
 )W�
 )�9
( �&�� �# ��9K 

 �=�R �+�)W�� )�9
(*� ��
� ��= �. 8��R �# )�9
 

� ��= �����
�� ��!���#$ 8 !�56�.7 ���7��� � 8 !� �# 

�E �9=��� Joi/j�*, �� � �# 8���
�� ��!+<
 � � 

=���!�E �# � Jlm/n# �*� J���, 8# ��9:!��� �� � �

����� 8E�� ��
�. Y; �� �, )��� ���� 8; �HK sl �&�� 

����=�� 8E�� ��
� �� �� �
���� ��!���#$ 8 !�56�.7 � � 

��7���8 !��
� .  
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 ����9�:�� � %6� �;<� =���	� ����� �>�� �� ������ �  

��*. =�&���>   �3���*5?�>-&@ <!�  �3�� )?A *1 �B �C� ����:?� <� 


��� � ����  ��/��  ��/��  ��/�  

������ ������� !��"�� � � �� ��/��  ��/��  ��/�  

  

�<7!�� �2�, c9, �.O � ���, ����	# !��K��# ! ���$�# 

�
�� ����� �	
���# �! �� ����� �� 48 !�� �� ��
� o/j �� 

jq��# � �&�� ! 8������ 8 �� lj/j �� jlc9, �&�� � �
� �

, ��S����<7 �!�� ���# ! 8������ 8 �� 8# r��(� jp 

�,$ �
� 8# �&��. ��S���,�E ����; J��� 2�, � ���� (

qq/n
� �.�<7 !�� ��E � �; ����; J��t�# ! 2�, 

#� �S���6����; � ���
�� ����� �	
 ���$�# �� )$ J
�., � �

��� ����
� ��
� �. ���:,� !����+& ��� ��9� (� �
�# e

 � ��,$�6��� �� 2�, J
�., ��Q%�? � �� ��, �.;. 2�Q=� 

�
���6�.7 ��5���#$ 8 !���7��� � 8 !� 8E�� �� ��T�, 

#��� A�? � ���# 2��� ��� ��_$ � �	�$ ���� I(����� ���, � �

�
������ � ��� ��
� ���
� �	�$ ��.   

  

�� � ��	
�� 
��   

�������  �a.? 8
)Cs ���5 OC � W( �� !��
��T 

���
�� ��!)�,�$ �w� �� [%9",  Kruskal – Wallis �� 

 �� �9�; �<
nl/n�� ���, �����K ���6 �. �# ��	# !��K  ��

(X� I���":� @#�� 8�D5 i�� �(
 ��� �jiz) Cs ���(5 

�$ �#�;�) OC(� � �#�� �)Nb(;�� )��.? 8# � J
�., J

�.�(K���= .�� �� �(
 ��� �jiz) Cs ���(�$ �#�; � � 

)OC(# � �� �om���� �&�� 8 !�� ����� �� ��= �=���# 

�
��� �
�� �� �8*�B !�.#��; � ���# 8; �� )��� �S��� ��

$ �� �	�!��
��T�
�� ����� ��
� �. ������ !��K �S�� 

����� �� )�.��,��� �&�.? �9;����5�$ �#�; 5�� � � )]��9

�H�(� ��.9� � 8X��9� �# ��= ���� )�**+, e��S! �.��,  

Collins et al., 1997 /Collins & Walling, 2007 /

Zhang & Walling, 2005 (�����"�� (����� . �&�.? 

����9;� ��� ��=(� ) �.��,Cs ���(�$ �#�; 55�� � )]��9)N( 

 �H� �)P(+<
 F�7 �� � )�
���+<
 ��= � ���!( 

#�� F�7 �� �9:�+<
 �� )���
�� ��!���#$ 8 !�56�.7 � � 

��7���8 !�(9� �� � � 8X�, ���� ��
� @#�., �.��= ��� �� �� 

 ��!��
��T�..; .&�� �>� � 8�, ��= �� �
��# ��! $� ��.

K�%T ��w., 8#��!(� �� �� 8.���5 �&�.? �� ���# ��= ��! 

�����
�� ����� �	
 �� ���	# !��K��= .   

 �	
���
�� ��!���#$ 8 !�56�.7 ���7��� � 8 !� � 

���
�� ��!+<
 �= � ���!��� �� � 8# 8E�� ��
� �

���� �# �#��# Jm/sl � s/im�
� �&�� .� �9� ��# 8X� �S��

����� ���� ���
�� ��!���#$ 8 !�56�.7 ���7��� � 8 !� �� 

�����
� ��
� �.��#�.# ���� �# ���� }�B �! F�7 �G�H� 

 �# AB�., 8#���
�� ��!6�.7 J��g 5����#$ 8 !� � 

��7���8 !� �, )���# � �� �sl, �� �&�� ��
�� )�(� �

�
�; �� 8E��. ���:,� !����+& ��� ��9� (� ��,$ �
�# e

�� ���� �,� �.;. 8%&�� !���; 5� �;��� ���5���� � A�? � �

�� ��{�.7 �����#$ � 8 ����7��� � 8 !�� ��_$ � ��T�, � I(

������ ���, ��
�� ����� � ��� ��
� ���
� �	�$ ��.�<7 ! 

���V�R ��E � �����; J��t�# ! � I�� ����:,  !�� 

��+&��*��, �# 2�� ����; � ���t�# ! I�� �#��L�:.,  ��

�
�� ����� �	
 ���$�#���� �� ���.9� ��
� �.� �9� �� 8X

 )�:��, ��� 8; ���
�� ��! ���#$8 !�56�.7 � � 

��7���8 !� �, ����� �*� 8E�� ZV��= 8# 89# �.���! �� 

�
������ � ���.=�# 89=�� 8E�� ��
� �. �� �w� ��	G� 

, ���,��
�� )�(���� � �� ��
� �� 8E�� 4��# ��:; � 

Q���9� �# 8��� N^R e!�
�� �:� � 2�, ���� )�.��, 
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2�, ��! WEPP � EUROSEM( 8; ���
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+<
�= � ���! ���$�# �� �, �..; �, �����6�� �� ��� �� �

�=�#.�9� �� e�*+� ���9� �# A� e��**+,� �.��,Wallbrink, 

et al., 1998 /Walling, et al., 2008(� � (����"�� 
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!��
��T�
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 J
�., � f�g$ ��6 8E�� �� �

���; 8; �= ���� )�:� � �
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�  �#���
�� ����� �	
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�.=5 
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Abstract 
By determining relative importance and contributions of erosion types to sediment yield, erosion 

susceptible areas in a watershed will be identified, and sediment control and soil conservation projects can 
be focused on that areas. Because of many problems associated with traditional procedures for identifying 
sediment sources, fingerprinting techniques, based on physical, chemical and organic properties of 
sediment and source materials, are increasingly being used as valuable and effective approach to assemble 
such information. In this method, a suitable composite (set) of diagnostic properties and a multivariate 
mixing model are employed to estimate the relative contribution of sediment sources to sediments 
transported to basin outlet. In this study, using suitable composites of geochemical elements, 
radionuclides, organic Carbon, Nitrogen and Phosphorous, capable of discriminating two groups of 
erosions (namely, sheet and rill erosions, and gully, channel and river bank erosions) of the study basin, 
and a multivariate mixing model were used to determine contributions of that erosion types to sediment 
yield. The suitable composite fingerprints (elements) were obtained using discriminant analysis. The study 
basin is Ghara aghaj basin, located in Makoo township, West Azarbaijan province. The suitable composite 
fingerprints having capability to distinguish the above mentioned erosion types include, 137Cs, OC and Nb. 
Mean contributions from the two main erosion types, namely sheet and rill erosions, and gully, channel 
and river bank erosions were estimated as 34.6% and 65.4% respectively. Low mean absolute errors (less 
than 12%) showed high degree of correspondence between measured and predicted properties. High 
model efficiencies (greater than 0.99) confirmed the goodness of fit of the mixing models. Also it is 
argued that fingerprinting estimates for sediment sources are consistent with field observations.  
 
Keywords: Discriminant function analysis, Erosion types, sediment fingerprinting method, Sediment 

sources, Tracers 
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