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

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

��1 .��2*45�� �,6 ��7� / ��8����9� ��6� ��� /4� ��1 ��:� /;���6  <�	=> /4

������  !"#$�%� �&!�"	  �'%�(� �&�)* 
+�$�%� �&!�"	  �'%�(� �,("
( -"* ��$.� /����01 23"� 

4�����  !"#,("�1 �5�$� ��6"1  �'%�(� �&�)* 

0��?@ :��7)�8�	�%93(:;�<
��1 �9�')1 ���="* >�?* �� �"� �� ! ,("
( ��9@�& ,!� �,("
( 8�A3! 823"���(� �("= B(� .
 �D1 8�6"1 8$�ED9��("#F�� G�H DIH �
"18��7)� F��1�?#�� �&(>�?* 8$�!� �6 �3 8"9@�6 ��9%�� �� 8�!�@ JD)H �I�* 8�K

�L>�5�
"1 �& �6 �KDM���� $���& �')& �&�� ! ��D9�9I�& ��(��,N ! ODP� QIP��DK �6 "9�  � $)R ST(D	 �1 ! U(";( �� (� �K
�&(  �"3 S
$V1.�&�"6���3 �
�&�)* �6 "W)� ��7)� �� ��')& 8�K���3�K8��
��6 ���3X�� ��
"�YD)&�N ���IZ* �:; 

����# ��
"�Y ����# ��
�XDM�A&( ���9)'� ���1�?K ���&!��H *$.�*(�"6 JD&� �
��?�*DE[ 8�K8�K���@�!� �6 2�� 8(8��W)K-
"T�)\ �( �
�KAs, Cu, Bi, Co, W, Fe, Ti (���M*N  �D?��V?K !9�'�).� ! �V]� �6 :; �(�)\"T�As, Bi, Cu  �(� ,�%� (�

�&( .^!�3 8$.6 8�K8!���D?� 8�(�"6_�@ �( 8�K 8�H"6 �D1 ,D�("�Y ! 23"?9� 8ODP� 8�K���.1 �6 `
�D1 8���N 8�K"9�(��Y 
"T�)\ �6 !^�("6  �(��?9
��'� 8�K�,N a
�9� �(  ��P9&( !�K�$b�!���9&N8�6"
���� ! 8��W)K�?3�68��W)K8�K ! �M?� 

$�$* ���.1 ���?9b(. "�c9� $)R ���N d�6 �� �I��\ S�I01 !�9�V?K �\D?W� "T�)\ 8As, Cu, Au, Co, Fe, Mn, Ti, (W, 

Sb)�76(� 8�).� �)
N ! �(�8���e �( �
�?� G�?1 �� :; 8��&�
(��7)� ��  $
� �D*.�6�&�"6 �K8!  $* G�W�(�9	�
 8�K �9�6(!
���3 �6 8�K���')&�K("6N JD&� f�@ ! 8( ��HD1 g��H ��D'?K�
( h�0� 8��W)K�� d
�?� �� �K "T�)\ 8�KAs, Au 8�!$b �1 !

Cu6�$�N �&�.F���%�� �� a
�9� �
"1 8���K���!� �#$)3("Y 8�K"i)\ J�
�� ! :; �,N 8�K,Dj?K As, Cu, Bi �%�� !8
I��\ S�I01�)F1(�.?H ���.� !)Ad(��$
D ! �Dkb ��7)� 8X�6 S����9Y8:;  �#$
� �(  �� l
��1 �&.

0��������B �::;mJ�
�� "T�)\ m���K $)3("Y 8�K���!� �#m�68��W)K_�@ �
��?�*DE[ 8�Km<
��1  ��m,("
( .

���C� 

��7)�8�	�%93(<
��1  ���� �,("
( 8�!�@ >�?* �,�9&( 
�� ! 8Dn� ,�&("@op"9�DI�3 G�H �6"1 >�?* 8�9	"# �("= 

�&( )SM*�q�((.���3  �'� �( ��7)� �
( �� �
(�8�9&(� 
2I	 $)6"?3��9@�& ,!� �"� �� ! �D��)�6 �
(�! 823"� ,("
( 8

��(� �("= B(� �A3 . �D1 ODP�8N5�
"1 �& �6 G�H �6"1 �
�O
r)& �� ���Y 5�
"1 �6D&� 8�K���������=D	�F�� �
"1

 DIH8��7)� F��1�?#���&( .�)�%�Y�&�"68�K���� -
�&�)* ��
DH �Y ��b�� �
( �� >�& �6�4op*�(2# !�

���3 �
�&�)* "6 �)V��6 ! �9�')1 8�K8��W)K 8�K�� :;
∗�PI1 �>DZ��  $)�
D� :s�����t)�t��("6�?� �:suvs�v�)�t��(�M��!"9M�( ��Y �:Jamal.Ghavi@stu-mail.um.ac.ir 

w��?* �FM
 ! ���6 >�&����6 ���x0PT �( ���� �1 ���

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             1 / 14

http://ijcm.ir/article-1-334-en.html


F
"3 �8D=�?�b� �8���= �8"K�y� ��DY,("
( �&�)* ���3 ! �&�)*�DI6 �IW� ��s

�?%R ��b�� S#]�[�� "6 ��"# .! 8�!"�6 ,(��M?K]+[
�&�"68�K���� ��b�� �&�)*���1 g��= �� (� ��7)� 8(8
�%��8���� �&�)*�:+p||||�6"1 ^D#���R �6 G�H

 $��&� G�W�("&$�( .��"3( ]4[�?n �&�"68�Kr)& �&�)*
 �D18�6"1 8ODP� ���K ! G�H8���3 �6 ,N ��D#"#� 8��&

 �D1 �� �DHD�8<
��1 ��7)� �9
�D
� 21�(D3  ��*(  �� 8(
"3�&(  � .>�& ���4}~�&�"6 �
("0T 8�K !�6 �1��$��

�� �	�%93( �K�'�)�7<
��1 �� a
�9� ! �9	"# /�DT  ��
,(��M?K ! �(23�@ h&D1 ST�b ]o[�&(  $* �E(�( .�;

>�& 8�K�4�� �1�4�p���� ,����& �%e �&�)* ��D�Y-
�
DH�%�� ! <�1�?9��& �
��?�*DE[ 8���� �&�)*

�:�������=�! 8"%9)� ! �K$�����& (� G�H �6"1 "3 �
��&(���1 �?n �e 8���� �%�� �&�)* $* ��
 8�K2����N !
G�W�(��9	"# �D1 8��i9=( S����9Y 8<
��1 �9
�D
�21�(De  ��

 �(�y" "�@O 82�� :;  $* �6�
��(&(�]��p[.`
�)T ,����& 
�Y ���7)� �
( �� 2�� 8Dn� ,�&("@ ,�9&( ,��.� !�
DH 8�K

 �(� G�W�(�&( ]}.[�&�"68�K�I�?M1 !>�& �( �I�iP1�}
� h&D1�G�W�( �&� �� ,�P��&(!�
( /�\:;( ��9*D� 

��V
"�1 �( �I��3 �&�"68�K SE��� �Di@ ��  $* G�W�( 
���� �&�)* !�	�%93( �� �E(�( (� ��7)� �
($)3.

D� �� �> 

�Y �
( d�6 !� "6 S?9%� dK!�&�"6 ! �
("0T 
�K�'%
���N�&( .�&�"68�K ! �
�&�)* S��* ,N �
("0T 

d
($Hr)& 8�K$b(! �&�)*� �D1 "6 $�3�1 �6 �&�)* ����-
 �D6 �
�ON 8�K !JD&� �( 8�(�"6 ��D?� Sb("�8�K���@�!� -

8( ����3��')& 8�K �*(�"6 !<�1�?9��& 8�K�(_�@ 
�&(  $* G�W�( .�&�"68�KN� $�"�#"6 �� �K�'%
��8 ���N -

8��& ����3 �
�&�)* ! d
($H��')& 8�K �D6 � �3 S@(� �
D%3�
2W1 ! �&( �9	"# /�DT ���D?� �
��?�* 8�K 8�K

���@�!� JD&�8("6 _�@ ! 8("i)\ :;!uv"i)\ "'
� ��
 �'%
���N Amdel  �D%3�&(  $* G�W�( ���("9&(.Dy)� �6�

�7@ !  �'%
���N >"9)38 �($�( 8"�#�K����D?� 88�("M1 m)+
��D?�8���3 ���')&+��D?� 8! �
��?�*DE[ JD&� +��D?� 
_�@ (��D?� �(�K8 $* ��
�J��9�( �! �
2W1�&�"6 $* $�(.�6

�(  ��P9&(����"6���
(� 8�K ! 8(( G"��(2	�ii�1 ! 8���N 8�K�
�K�'%
���N a
�9� 6��&�N $��9	�
 !��
("0T 8�K ^�(�"Y

*�%�� g��= �� !  $���#($H 8�K)5���� �6�:p||| (���� -
�%�� ! �&�)*8�6"y� ��D� "T�)\ 8��W)K !  �(� d
�?�

 $* "��P1($�.

E?
 Fq�(( (� ! �
��	("cH ��.=D� �6 �&"9&� 8�K# "9�8��D� �&�"6 $* ��%� �D*�K �6 �3 �&(�J(�)�Y8��D� �&�"6>�?* �� -
8�!�@�A3 ! 823"� ,("
( 8��9@�& ,!� �"� �� ! ,("
( (�B��(��("=)5�&( "6]�([.

��G
H

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             2 / 14

http://ijcm.ir/article-1-334-en.html


$IH ��� ��?* �����6�v�� ���K �
�&�)*8�K $)3("Y ���!� 8`
�D1 !�
��?�*DE[ �� "T�)\ . . .���

���� I�(1�� � ���	
�+��� �����CJ	� 
�
(�*D# �� ��7)� 8>�?* 8�!�@�� ! ,("
( ,!� ST�	 $b

����&
( �9@�,("�)�Y ! 823"�8�A3 ��(� �("= B(� ��(�( !8
���3 $)6"?3 �="* D3 �9*� �
(��D��)�6 8�K �&( )SM*�

J(.�9*"&8�K���� �&�)*$)6"?3 �
( �8D�6 �!�@ �� !
FK ! ,("
( �"� �( ���@ �� ! $�!�8�9&(�d3!$)K �(2KD3 �

����?�K2�� g��.1 S6�= �&(]�.[
��3�
"1 !"�'?%R1 "M�Y �
"8��7)� �6D&� 8��D� 
�&�"6�I�* $���& –�&( �KDM���� �')& �&�� )SM*�(

S�* S��* �38�K  "�1 ! ,D9�I�& �( �6!�)1 �6  ("?K r��
��(� 2
� r)& �&�� �&(.$���& �
( �
"
� d�6 !� �( )��

 $��(�"68�
X >�L� 8�K ! 8"9�3�@ r)& �&�� �6  ("?K �(�
S�*�K8DV3 �(�
X�6 d�6 !)S�* �( ��)1 ( $* S��%1 

�3 �&( ��b�� ��D#"#� "���1 �01 �9	"# �("= 2�� �P�.n 8(
�&( .!�)1")���� (��b�� ��8N-$)6�� )��7)� >�?*8��D� 

�&�"6 (���=D	 5�
"1 (� $���& �
( �& )��&� �1 �
�D�
�
"
� (���.1"3 �]��[�  �(D')& �
�&�)* �6 �HD1 �6 !���!

q3 ,(�(��9&DY �6 8�N 8�MK�JD&� h�0�  ��= "�L 8�(�# -
d�6 8("6 8(��26  $* �9	"# "y� �� $���& �
( �&(]��.[
$)R ODP�!  �D18�($.1 8$�ED9��("# <
(� )�& �6 gIL( 

�V���
X�6 5�
"1 (r)& q�; �6 !21�(D3 ��
�D
� �&�)*
S�* �� ���("#!"M�� ! �
�D
� & �&�� ! �Kr)$���& 8�K

gHD� �KDM����! �1�!�W� ��D#"#� ,$* ��IP��DK JD&�-

�K ��*�b ��8r)&  $* 8ODP� 8�K�&(. $* ��
 ��D#"#� 
 ���@� $b ��8��V�N –/�!$�Y( –QIP��DK ,D?)@� !  �D6 

,N��82e"� d�6 �Y  "9�#�
DH � �� l
��1 S6�=d
($H 
�&(  $K�%� !)SM*�.(JD&�8�K"1(De "��( SM%9� �D7&

5("1 ��3�@�?
$= 8�K�JD&� 8�K�)�	( �!"�� �K("6N !�K
�3 $)9�K�?
$= 8�K$b(!�)�(� ! "18! /�\�P1�( 
�#��9	(!"	8$)I6 ��6 �K�K $���*DY (�$�(.JD&� 8�K "9�6

�K("6N 2
�(! S��* �K �(  $* �"# �1 �(� �
!(� �
�Kr)&8�K 
�.6( �3  �D6 �&�X�6�6 ! �D)9� ����6 ,N /�.7= �/�DT
 $%� ��& ! SiP)�$�(.

�� �> ���K�%+��
�&�"6 8�K	�%93(� "9�# �� �&�"6 ��D� 8�Y �
�Y "6 -
�
DH8�K���@�!� 8(�JD&� �?�*DE[ 8�K�K("6N 8(�
2W1 !

��D?� �� "T�)\ �?3����"6 �_�@ 8�H"6 8�K�&(  $* 82
� .
JD&� �( 8�(�"6 ��D?�8�K���@�!� 8(��6�
�&�)* �Dy)�

���3��')& 8�K !�
��?�*DE[JD&� �K�a
�9� >�V�� �6 ! ��LN
�6 � $�N �&� �*(�"6+o� _�@ ��D?� 8$)6 �MV* g��= ��

Fy)��&(  $* G�W�( ! �b("; 2�� )SM*4.(�V� ! �
�&�)* 
���K_�@ �� "T�)\ ���!� �#$)3("Y 8�K �K,N >"9)3 !�K�(
";�&�"6 �
 8�KD9���
��?�*DE[�8�%'K(� U�%93(�K8

! �I�?M1 �� �%
� �6�
�� !  "9�# ���.1 �D1 8��$.� 8
$�P���$*�6]�4��+.[

E?
L�%�� ���� 8 "9�# �&�)* 8�	�%93(<
��1 ��.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             3 / 14

http://ijcm.ir/article-1-334-en.html


F
"3 �8D=�?�b� �8���= �8"K�y� ��DY,("
( �&�)* ���3 ! �&�)*�DI6 �IW� ���

E?
;��.=D� ��D?� �"; !���3 8�(�"6JD&� �?�*DE[ ���')& 8�K� 8�K���@�!�� ,�%� (� _�@ ! 8($K�.

8("6�MV* �b("; 8��D?� JD&� �( 8�(�"6�K("6N 8�K8(�
���� "9�#8�nDb 82
"6N !�K("6N �I3 �"; �IT( 8�K

�%�� �( ��7)� �	("#DYD1 8�K�:p||||�1D=�
 ! ��6N �&D� �
QM\ !�
(DK 8�K�:+|||| F&"1 !  ���Y !S�� 23("� ��

[D�DYD1�)��6 ��K("6N �M��D?� �*(�"6 ���� �
"1 $* ���.1 �K

/��I?\ 5���� ! �H�D6 �9*(� "y� �� �6 !��($.1 4+��D?� 
�( �K�#N 8("6���3 8�K ! ��')& ����D?� 8�
��?�*DE[ 

6D&� �)QY�(�&�"68�K���3 ��')& (J��9�(�*(�"6 !
$* $�)SM*4.(�%�� �9*(� ���9@( �� �68�MV* 8��D?� 

"��� �� 8�(�"6N�K("6 "6 �D?\ ! �K8�9&(�! ,N 8("6 �*(�"6 
��D?��7�� ,D�("�Y �( U".� 8(8"y� ��D� )��.* �1�|"9� (�

�VV
"�1 �?\ �6 ���R 8�($.1 "Pb �6 !�|�1+p"9?�9��& ���3 
�	"# /�DT �*(�"6 .��')& ���3 ��D?� "K �V
"�1 ,�!p

ST�b <%@ JD&� G"#DI�3 <�( �( +|d�) �($�( �6 /(�O
 �( "9?3�o|��,!"M (��D?� !8[�
��?�*DEp|| JD&� G"# 

$��� �=�6 <%@ <�( "
� �� �|d�) �($�( �6 /(�O �( "9?3 8
�}}��,!"M(���3 �� �*(�"6 �( QY �3 �&(  �D6 8

�9�6 g&�)� �M9&:Y S�9)�  �'%
���N �6 ! 8$)6$*.

�����	
�$� �-	� ����
�
�&�)* ! d
($H �8��&  ���N ���3 �3"* �� ��')& 8�K

,("
( 8�)��D�N )�"3  �'%
���N (9	"# /�DT�&( �.����
��D?��KS#�
D* $* _!X �6 QA& �
D*����3 ��Ic1 8�K

G"	D�!"6 �Ib"� �� ! �	"# /�DT ��')&���3 8"�# 8�K
 �6 ��')&���'R �( d�6 �u/�M� "9� �9��& "6 G"# �( g.

���3�$�$* ($H <V& 8�K ���;�)c� ,($�� !� �(  ��P9&( �6
���3 �h&D9� ! 8D= �6 ��')& 8�Kv���3 d�6 ��T�@ �6 

��
� ���;�)c� )AA(q�.n �)AV (��;�)c��� !�)NM (
 2�� <�MP1$*$�.! �&�)*�DI6 /�i�%� �6 �HD1 �6�6

���3 �?%R!� �DM&!"M��&�)* d�6 "K �� �DHD� 8�K �
�
 �?Wb $T�� !)���3 S3 �6 d�6 "K �V����')& 8�K (

,N$* ���.1 �K .���3 ���! "
���� QA& ! ��')& 8�K�?3 
�,�"3�9	�
 �P�e 8�K��1 "6 G"# �($�� �W�9� �� ! G�W�( 
���3JD&� �� "y� ��D� ��')& 8�K8�K�K("6N ��7)� 8(

$* �V&�0� "y� ��D��&(  ]�u.[
�6 a
�9�$�N �&� �(  �&�"6��D?� ���3 8�K ��')& 8�K
�� ,�%����3 �3 $K� ���1�YN ���1��N �>DV�P�N 8�K

 ��
�DI	 ���&"& ��
�!"& ���9��*!"6 ��
��6 ��
"�YD)&�N
 ���&!��H �$)IV��DK ���1�?K ���1D# �����# ����# ���)K�#
 ���YD#DI	 ���3X�� ���9)'� ����D?�� ���3D3D�

��
"�Y ���	�D�!"�Y ���IZ* �S�1!� ���3!"�Y � �
"�Y $��3( 
�� ,�3"
� ! ���!��9&( ��P&( ����!� ��?&( ��
�XDM�A&(

JD&�8�K�nDb 82
"6N  "9�#8��D� �&�"6$��(� �Dkb .
���3 8�6 ��D?� �& �� :; h&D9� "7= �6 �(�N /�DT�����t 

SM* �6 ! ,!"M�� ! 8"V�	 8�K8�(� �@�* ! F3 �#$*�"# �6 
6��?�� /�DT�(� �
!(�2���
�&�)* $* ($�.a
�9� �(  ��P9&( �6
�6 �( QY ! 8�("M1 ��D?� �8���N 8�K"9�(��Y ,��!N �&�

G�X ����3 8("6 8"�#  �($�( 8�7@ ! ��IZ* �:; 8�K
��&!��H�7@�($�� ��!  �D6 >DV= S6�= $b �� 8 �($�( 8"�# -

8�K ���3= �
"�Y ���9)'� ���1�?K 8�K S6�= "�L ! �HD1 S6�
�*DY F%R $* ^�(2# �&( ]u.[�%�� ! 23"?1 ,�M� 8�K

���3 �#$)3("Y ! $)?*��( ��')& 8�KhV1"��6�8��& ���3 
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$IH ��� ��?* �����6�v�� ���K �
�&�)*8�K $)3("Y ���!� 8`
�D1 !�
��?�*DE[ �� "T�)\ . . .���

* �:; �I?H �(Z�yIL �)�(� �� �
"�Y ��
"�YD)&�N ! ��I-
/!�P9� 8�K SM* �� u �(� ,�%� $*.

H��  ���
����$����  �����
�Y8���
DH�*DE[ �6 �
�)\ �6  �� l
��1 ��7)� �� �
��?

��D?� a
�9����3 8�K! ��')& 8�K  �!$0� ���K8d�6 $��( 
,D�("�Y ! �D1r)& ! 8ODP� 8�K,�62�� 8�K,N�K�6 !

�*(�"6�����@�!� JD&� ��D?��&(  $* G�W�( 8( )SM*v(.
�
2W1��D?� �
��?�* 8�K���@�!� JD&� 8�K8(��0� �6 !

�,�D? +��D?� 88�("�1 �8("6 :;^!� �68�ON �W)&���\ 
)Fire Assay(8("6 !uv"i)\ �� >:0�( "'
�HF/Multi 

Acid  ICP-MS) !(ICP-OES �'%
���N �� Amdel 
$* G�W�( ���("9&(.

JD&� �?�*DE[ a
�9�8�K���@�!� 8()QY�(�)
2'
�H 
 �(�8���N ���� 8�K ^�(�"Y ! ��D�)& 8�K (�( �3�b �DH!

 S����9Yg&�)�:; "i)\ !�Dkb "T�)\ , Zn Cu, Bi Co, 
W, Sn, As, Sb, Co, Fe �K("6N ��  �
! �6 �6 ��9)� 8�K

 �D18ODP� 8�K�&( .5�&( �
( "6 �V]� �'9�V?K :;)�6

"
���� �( "9%�6t/�(8�(� �).� !"T�)\ �6 Ti, Fe, Co, Bi, 
 Cu, As, W �� ,�%�$K� .�6 :; �'9�V?K �
"9%�6

"T�)\<�)&�N6 �9�')1 ! /D?��6 ��,(D)\�	��?K:; �1(O �
�HD1 �D@���&(.��D?� �� Q��K("6N JD&� 8�K 8(

 "T�)\ �6 (� 8"V9.� �'9�V?KSr, W, Au, Fe, Ti, Co, Bi 
,�%�&(  �(� �./D?��6 �6 Q� �'9�V?K �
"1X�6)���/�(

!:; �6 "i)\ �
( �'9�V?K �yb:� S6�= �&(.
�
"9%�6��D?� �� <�)&�N �'9�V?K JD&� 8�K

�K("6N8(�:; �6 �&( )s��/�(�"T�)\ �6 <�)&�N �'9�V?K 
Sr, Ti, Fe, Co, Bi, Cu �� �� 8$.6 8�K�� �("=$�"�#.
�'9�V?K �($�� "]e($bPb �6,(D?�9�N "i)\ �
"9%�6 !

�P)� �'9�V?KD���("9&( �6 J"& "i)\ (�$��(� G.Zn 2�� 
�'9�V?K 8�K8"�'?%R J"& ! ���Ve �6 ��(� .�� �9�')1

��D?��K("6N JD&� 8�K! �V]� �'9�V?K 8( �6 8�(� �).�
 "T�)\Ti, Cu, Bi, Au, Fe  �(� ,�%� !�'9�V?K �
"9%�6 

�6 �9�')1 �KN )���/�(�&( .�'9�V?KW�6 Au  �� �� 8
8$.6 $b �� !�p/|�&( .

E?
M�%��8���3 �#$)3("Y ��')& 8�K:; ��! ��IZ*�
"�YD)&�N ��yIL �)�(� �� �
"�Y/!�P9� 8�K.
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F
"3 �8D=�?�b� �8���= �8"K�y� ��DY,("
( �&�)* ���3 ! �&�)*�DI6 �IW� ���

�������
 ��� 
�6���K �
�&�)* ! �6�
��( �Dy)� 8�K�#$)3("Y "T�)\ ���!� !

�6 �
�&�)*8��W)K�6 �9�6(! 8�K���3 8��& ]�t[��($.1 
�u�f�@ ��D?� H"6 �)SM*v(��V* �� Fy)� 8�K��t "9� 

���t"9� �� !��7)��!$b �.&! �6 8(o`6"� "9�DI�e !
�)��6 J��9�( �( QY  �($�( �
"1)s�d�(�	( �(Bf�@ ]��[

$* �*(�"6�$���D?� ���("9&( �6 >�&�( �( d�Y �K) �'%
���N
Amdel(��Ib"�8 ���N 8��& ) �($�( �1 J��&N ���d�((�
,("
( �� ��(�# "& �%Y $�( .8("6 _�@ �
��?�*DE[ 2����N��

^!� �6 :; "i)\ �3 �	"# /�DT qI9�� "i)\ �W)&���\ 
N8�O"T�)\ �As, Cr, Mn, Mo, Ni, Pb, Sr, Zn, Ba, Be, 

Ti, Fe ^!� �6 IC3E "T�)\ !Hg, Ag, B, Bi, Co, Cu, 

Sb, Sn, W ^!� �6IC3M 2����N $*$��^!� �
( �K ��
�\D?W�8ICP-MS !ICP-OES$��(� �("= .���%1 $b�

�� "T�)\ 2����N �D� ! �K�'9&� ��&��b >!$H� $*  ��!N -
$�(.

�7@ >"9)3 ! �K2����N �=� /�V&�0�8�K�'9&� �V�� 
! 2����D?� 5�&( "6 8�("�1 8�K )���D?� S3 $T�� �K(�( !
�76(�8∑ ×+−= 1002 2121 )/(/.. XXXXnEAR$* �6�
��(�$

]��[.>D�"	 �
( ��)RAE(��K�'9&� �V�� 8�7@n�($.1 
��D?� ! �KX1!X2��D?� "
���� 8�("�1 ! �IT( 8�K ,�%� (� 

��$)K�.5�&( �
( "6 "T�)\ �6 �7@ �
"9?ePb, Ti, Hg, 

Zn, Sr, Ba �9�6(! ! $�( 8!��� �
 "9?e 8�7@ �6��%!
�7@ �
"9%�6)��W� 8�7@ $b��(%�9�6(!"T�)\ �6 Cr, 

Ag "
���� !"T�)\ 8�7@ Au, Sn, Mo FK �6�%� 2�� $)9�K
)S�*t.(

����� D�+K�����N �O��7� ���-+,O�� P� �!�	" 
QY�
2W1 �( 8��D?� �
��?�* �K8("6 !�6 �
�&�)*8��W)K -

,N ��V9\( �&�"6 ! 8�KK��"T�)\ �( �9&� ,N8823"?1 �3 
���%1 $b �( 8"9?3 �
 "9%�6�9*(� �K�'9&� $�() �(� 8�K

��D�)& (�6JDI7� 8�$\ "
���� 6 !$b qi� ^!� �
���%1 ]�}[��
2'
�H $�$*.8!�b "T�)\  �(� 8�K

 $T�� ���D�)&,N�K $* �
2'
�H "
���� !>!$H ��+,�%� 
$*  �(� �&( . �(� "�c9� l1 8�(�"Y  "��c9� $)R !�6 �

8���N 8�K"9�(��Y ���.1H�.��88�(�"6 ��D?� ) �(� G�@ 8�K
�?9
��'� !(�(���'���� �I?H ������ ^("Y)Q��
�(!(U("0�( �-

g
"n ! ���.� /("��c1 �&(  $* G�W�()>!$H v.(�� "9�# -
�Y 8�
DHl
��1  ���/("��c1 g
"n )U("0�( F���1 ST�b

��'���� �6 ���.�(��9�')1 � D�H �:; �J"& "T�)\ <�)&�N �
?��6"T�)\ �( d�6  "�� ! Q� �/D!  �D6 "'
� ,��� �
( �(�

�
D�!( �( G�@ 8�K  �(� �6 �HD1 �6 Q� ! <�)&�N �:; "T�)\
�D@"6 8"9%�6$��(�.

.��2F! ^!� ��&��b $b2����N�K)ICP(8("6qI9�� "T�)\ 
Q�R%� �6*D�  �S	" 

�FA3 Au

p/|IC3E As

+IC3E Cr, Mn, Ni 

�/�IC3E Mo, Sr 

�/�IC3E Pb ,Zn, Ba, Be 

�� IC3E Ti

��� IC3E Fe

�t/�IC3M Hg, B 

��/�IC3M Ag

�/�IC3M Bi, Sb, W 

�/�IC3M Co, Cu, Sn 

�&( . ppm  g�b "6 "T�)\ "'
� ! ppb  g�b "6 Au  �8("6  
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$IH ��� ��?* �����6�v�� ���K �
�&�)*8�K $)3("Y ���!� 8`
�D1 !�
��?�*DE[ �� "T�)\ . . .��v

E?
T��D?� 2����N �V�� 8�7@ �($�� ��7@ �(�D?�� _�@ 8�K�� ,�%� "T�)\ �( 8�($.1 8("6 ($K�.

.��2L �(� ��D�)& 8�K)Censored("
���� !��D?� ��  $* �
2'
�H ! "��)9����@�!� JD&� 8�K ! 8(f�@.
� ���> �$��$ U�7� �+�� �� Au* Hg Ag B

��D?� �($.1��D�)& 8�K �u ��� �� +o� 
_�@ 

 �(� $T����D�)& 8�K ��/t �s/�� t�/�� ��� 
��D?� �($.1��D�)& 8�K v v� �� v� ���@�!� JD&�8(
 �(� $T����D�)& 8�K vs/� �t/�v vs/su ��� 

 �'9&� ���%1 $b � �t/� ��/� t/�
 $* �
2'
�H"
���� t/� ��t/� ��t/� �t/�

�&(. ppm  g�b "6 "T�)\ "'
� ! ppb  g�b "6 Au  �"
����  

.��2V8���N 8�K"9�(��Y6��9�( "T�)\�+o�  "9�# �� _�@ ��D?�8<
��1  ��) �(�G�@ 8�K.(
"i)\* ��'���� ����� ���.� U("0�( �)�?3 �)�%�6 ^("Y** �'�DR ***g
"n /("��c1 %
Au �� v �� t/� ��� s�s t �v� 
As st v� �vt �� ���� �s�us �/u �ts 
Cu s� tv ��t t/�v ��� �vv�� t/t �vv 
Mo � � �/� �/� �/s u�/� �t/t t� 
Bi � �/� � �/� �/�t � t �u� 
Sb � � �/� t/� u/u v�/� �t/� vu 
Pb v� �u su v/� �v�� ���v s/�u ��� 
Sn v ~/+ �~/| u/� v/� u�/� ��/� �v 
Zn ��u �� s� �/v� v���� ���� � �� 
Co �� �� �v � �u ��� ��/� ut 
Cr �t t/�t �� �� �s� ��� �/� vu 
W t u � u/� �vu �u �u ��u 
Ag �/� �/� �/� � �/� � t/u ��� 
Mn ���� ��ut u�� v�� ���� ��t��� � v� 
Ti u�t� uuut �vt� ��v� �tv�� �s����� v �� 
Fe tvvsv t���� ��s�� ���� �sv�� ���vs�u�� t/� �u 
Ba us� us� �� �v� ���� �s�v �/� �� 
Sr ��� �t� ��t �� �u�� �/����v �/u s� 

�&(. ppm g�b "6 "T�)\ "'
� ! ppb g�b "6 Au  �"
����  
** Variance 
*** Coeffictiont of Variation 
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F
"3 �8D=�?�b� �8���= �8"K�y� ��DY,("
( �&�)* ���3 ! �&�)*�DI6 �IW� ��u

d
�?�8�(�D?�  �(� �?9
��'� ! G�@ 8�K ��D?�8�K 
f�@ �
��?�*DE[ 8�)V� "6 �� q
".1 d�Y �( 8�K  $*

)��D9& 8�K�(�D?�(��'�DR G$\ �
 �DH! �`
�D1 `6�1 �D� !
,N �V
"�1 ,(2�� ���.1��$
�?�.�&�"6 �( �e �j�N

�(�D?� 8�K��D9& ! G�@ `�(DH ��D?� �?9
��'�8�K 
6 f�@ �
��?�*DE[�$�N �&� �3 �&( �
( �( �3�b �$� $T��

��9V�� �(� �( �
X�6 )\ 8�K�"T D�H  "�� ! �D6 ���D�)& �&( 
! �(� `�(DH `
�D1 `6�1 T�)\ G�@ 8�K "Cu, Mo, Pb, Sn, 

Co, Ti, Hg, Au, Sr, Zn, W, Ba, As !Bi �'?K �e
�S
$V1 �( QY ��9*(� �V]� �'�DR �6�?9
��'� �.��H��1

`6�1 �6 8�!$b��W)�6 $* l
�2� �($)SM*�.(��)j?K
"T�)\ `�(DHNi, Be!Fe  �����b �6 G�@ ���b��W)�6 

l
�2�$�"1!� �
( �( ��� "
���� ��y9�( 6��W)�,N �( q�.n �K
&(�.

�V&�0�8�'9�V?K g
"n "T�)\,N ��V9\( �&�"6 !�K�6

�&( "
�A����( qI9�� -"; .�)��6 ^!� J��9�(8�1�V&�0� 
$*�6 �9*($� `
�D1 `6�1 �D� �6 8��
� �'9�6(! �e�����6 

��?K(��(� .dK!�Y �
( ���)�(�8�9	��?K 8�)V� "6 "T�)\ 
�V&�0�8V?K g
"n �'9�Spearman )�'9�6(! �e

`
�D1 `6�1 �D� �6 /�V&�0��&( F3 (�9	"# /�DT�&( .��
� ��V9\( $b �V&�0���W)�6 �(� ,�"e �9	"'� /�DT �K�&( !

�)V����D?� �($.1 8 �D6 dW)& ��D� !��V9\( $b2�� �6 �!$0� 
 $* q
".1 ! �6�� 8�($��)p/|±( �DV� �&(]�}[.a
�9�

6�N �&��'9�V?K �(  $� �� :; ��HD1 S6�= ! �V]� 8�K
��D?�T�)\ �6 f�@ 8�K"As, Cu, Bi, Fe  !Co��(� ,�%� .

)\ �
( �'9�V?K �'�D'R�JD&� �?�*DE[ 2����N �� "T 8�K
�K("6NqI9�� ��?9\( �D7& �� 8(��&(  $* �6�
��( 2�� �e

,��� �V]� �'9�V?K �
"9%�6�!� "T�)\ Au-Cu  �Cu-

As �Pb-Zn �W-Cu�&( )>!$Ho.(

E?
W��D9& �(�D?�  �(��?9
��'� ! G�@ 8�K �6��9�("T�)\ Au, As ��D?� �� _�@ 8�K <
��1 ��.
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$IH ��� ��?* �����6�v�� ���K �
�&�)*8�K $)3("Y ���!� 8`
�D1 !�
��?�*DE[ �� "T�)\ . . .��t

.��2X�'9�V?K /$* )��"�A&( (&�"6 �� qI9�� "T�)\ ��6��K8JD&� �?�*DE[ �K8���@�!� 8()St.s(��D?� !_�@ 8�K )Soil((�,�%�
���'9�V?K �$K� $* �I�@ 8�K
�� �$ �6("= �DH! �( �*�� $�(D1���3 8�K$*�6 8��&.

�'9�V?K ,(2��"T�)\ 
h&D9�)t/���/�(8D=)�/��t�/�(8D= �I�@)�/����/�(

h�0� "i
)\

Mn, Sr, Ti, Hg, Ag,  Sb, W Fe, Bi, Co As, Cu Soil 
Sr, Sb, Zn, Sn Ti, Fe, W As, Bi, Cu, Co St.s Au 

Sr,Ba, Hg, Mo, Sb, Zn, Sn Mn, Ti, Fe, Co, W Au, Bi, Cu Soil 
Sb, Zn, Sn, W Sr, Ti, Fe, Co Au, Bi, Cu St.s As 

Mn, Ba, Ti, Hg, Mo, Sr, Sb, Zn, Sn WAu, Fe, As, Bi, Co Soil 
Mo, Sb, Zn, Sn Sr, W Au, Ti, Fe, As, Bi, Co St.s Cu 

Mn, Be, Ti, Ag, Mo, Ni,  Pb, Zn, Sn Au, Fe, Co, Sb, W Cu, As Soil 
Mo, Zn, Sn Sr, W Au, , Ti, Fe, As, Co, Cu St.s Bi 

Cr, Ba, Be, Ti, Fe, Hg, As, Bi, Co, Cu, 
Ni, Pb, Zn, Sn, W Sb -Soil 

Co, Ti, Fe, Bi, Cu, Ni, Pb, Zn, Sb, W --St.s 
Mo 

Cr, Ba, Ag,  Bi,  Co, Mo, Sn, W Be, Ni, Sb ZnSoil 
Co, Mo, Sn Zn, Ni SbSt.s Pb 

Cr, Mn, Ba, Be, Ti, Fe, Hg,  As, Bi, Co, 
Cu, Mo,  Sn, W Ni, Sb PbSoil 

Au, Co, Ti, Fe,As, Bi, Cu, Mo, Sn, W Ni, Pb Co, Sb St.s 
Zn 

Au, Mn, Ba, Be, Ti, Hg, Mo, Co, Pb, Sb, 
Zn Fe, As, Bi, Cu, Sn -Soil 

Sr, As, Mo, Zn, Sn Au, Ti, Fe, Bi, Co, Cu  St.s 
W

Cr, Ba, Be,  Fe, Hg,  As, Bi, Co, Cu, Mo, 
Ni, Pb,  Zn Sb, W -Soil 

Au, Ti, Fe, As, Bi, Co, Cu, Ni, Pb, Zn, 
Sb, W --St.s 

Sn 

Au, Cr, Mn, Ba, Be,   Ti, Fe, Hg, Ag, 
As, Cu, Ni, W Bi, Co, Mo,  Pb, Zn, Sn -Soil 

Au, Cr, As, Co, Cu, Ni, Mo, Sn  Zn, Pb St.s 

Sb 
 

Ba, Hg, Mo, Ni, Pb, Zn, Sn, W Au, Mn, Ti, Fe, As, Bi, 
Sb, Cu Soil 

Sr, Mo, Ni, Sb, Sn As, W Au, Co, Ti, Fe, Bi, Cu, Zn St.s 
Co 

Sr, Ba, Mo, Sb, Zn, Sn Au, Mn, Ti, As, Bi, Co, WCu Soil 
Mo, Zn, Sn Au, Sr, As, W Ti, Bi, Co, Cu St.s Fe 

�+
��������
��� ����K�(� � ��(� �(�2 
�( ��
  (�"
���� �&�"6 8�K ��W)K�� ,N �
D�?K ,���( !�K

�6 "'
$�
� ��P9&(�(�9*"&�
��?�*DE[ 8�K��&( .��D� �� 
�&( ��
$6 ��'9�V?K g
("n� �(� ���?1 �e �&�"6 ��D� �K

 �("=��$�"�#�&( ��?� !��.=(! "'���6 g
("n �
( �
$)*�V� "T�)\ �'9�V?K G$\ �
 �'9�V?K .�V&�0� �� ��( 

�� ��)1 "T�)\ �
D�?K ! �K("?K �
��?�*DE[ 8�K �i�%�
�| %,N �.��H 8X�6�� �&�"6 �K �6 �HD1 �6 ���.� �
( ! �D*

 "9�#8`
�D1 ����(��D@"6 8"9%�6 ��V9\( �( $�(D1*�6$]�}[.
 �(� �
("6�)6���?1 8("6 �K "T�)\g1"��!�|%,N 8X�6 �K

 
1 - Geochemical Signature 
2 - Sort 

) [!"Y �
( ��+p��D?� (�&(  $* ��%� .�( G($e "K QA&
�)V� "i)\ ,(D)\ �6 ��V�
 "T�)\� �(� ! �9	"#�("= ,N 8�K

�� g1"�$�D* ."T�)\ �K("?K �j��)R"'
� ���( �?����D?� -
�K)�!$b�+��D?� (�
( �6�)V� "i)\��D* ��0� ���,N ,(D1 -

�"e �	".� ���\"Y "
���� �� �9�V?K ,(D)\ �6 (� �K.�6 �HD1 �6
 g��7�X�6f�@ h�0� �� "T�)\ �&�"6 !�6 "
� �\D?W� �

�
"9�6 ,(D)\�9*"&6��� �	".�  $�N �&� �D*:
1-Au, As(12, M), Bi(12, M), Co(15, M), Cu(15,M) 

M�9	"# �("= ��?� �� `=(! �$\ ! "i)\ ,N "]e($b �($�� 
��D?� �($.1 29�("Y 8�K��%�� ,�%� (� "i)\ ,N 8X�6$K�.��

8$)6  ��X�6��\D?W� >!( "i)\ �"y� �� �)V� "i)\ ,(D)\ �6 
�&(  $* �9	"#. �(� F�&"1 `?H 5�&( "6 �\D?W� �
( 8�K
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F
"3 �8D=�?�b� �8���= �8"K�y� ��DY,("
( �&�)* ���3 ! �&�)*�DI6 �IW� ���

 "
����Z-Score �6 �e "
���� �
( `?H �( ! �&���N ,(D)\
���.� $* 8�(�'��� �.?H �!�9	�
�K�� �&$6 �
$
N6 �e �-

��  �(� d
�?� �%�� /�DT�D* .�6 G�X8�!N��
�e �&( 
Z-score �(� 8��&��($��9&( �\D� >D�"	 5�&( "6 �e �&�K

�� �V&�0� "
��D*]��[.
Z-Score = (X-Mean) / SD 

>D�"	 �
( ��X���D?� "K ���\ Mean'���� ! ��SDU("0�( 

�&( �.��H ,N ���.� .�V&�0� �68/�DT �6 a
�9� >D�"	 �
( 
�.��H ! "PT ��'���� �6 8($b(! ���.� U("0�(6��&�

,N ���?1 �e $�N$K(D@ �6 ,�"e `?H S6�= !  �D6 ,�! FK �K
$�"'
$�
 .6 "
���� 8�)V� "6��%��  $�N �&�8�K `
�D1

_�@ �� "T�)\ "9�# 8�K8�Y�
DH $* F�&"1 $�(
)SM*�.(

E?
Y���KJ�
�� ! �9�6(! "T�)\ "'
� ! :; "i)\ ���!� �#$)3("Y 8�K�_�@��  "9�# 8�H"6 8�K<
��1 �
DH �Y 8 ��.
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$IH ��� ��?* �����6�v�� ���K �
�&�)*8�K $)3("Y ���!� 8`
�D1 !�
��?�*DE[ �� "T�)\ . . .���

�B��" E�B7��+K������ ��� ���
 
�Ib"� �'9�V?K �6�
��( !  "��c9� $)R ���N �&�"6�K8��

a
�9� �( �e "i)\�u� 6 f�@ ��D?�� $�N �&� g��= �� �$�(
�I��\ S�I01 /�V&�0�v�9	"# /�DT �&( ]��[.���� 

�D6 "i)\ )��D�)& "
���� (! U�b 8�(�"Y  �(� ,�
"H �(
��D?� �� �( ���@ 8�Kq
u�6 ! �e��R ��6 $b 5�&("6 2�� 

>D�"	 ��)9&(Outlier = 1.5 ~ 3 (75th – 25th)�6 ,(D)\
��D?�	 8�K�
"t�
2'
�H g&�)9� "
���� �6 ! �
�&�)* 
 $*$�( ."
���� "T�)\ Fe �Ni !Be"T�)\ ! G�@ /�Di6 

 $��?�=�6 �(2	( G"� h�0� ��(! �?9
��'� /�Di6 SPSS ! $�$*
 �($.1t/�V&�0� �( �Ib"� �
( ,�
"H �� S��\ "
� �"* �6

(  $* ST�b$�:
>!( S��\ :"T�)\As, Cu, Au, Bi, Mn, Ti, Co, Fe, (W, 

Sb)  
G!� S��\ :"T�)\Sb, (Zn)  Pb, Sb, Be, Mo, Cr, Sr, Ni, 
GD& S��\ :"T�)\(Sn) Hg, W, 

G���R S��\ :"T�)\Ba, Zn, (Pb)  
FW)Y S��\ :i)\"Ag, (Ti, Mo)  

�� "���1 �
"9%�6>!( S��\ )F1(<�)&�N "T�)\ �6�Q�
,�9�1 �6 "���1 �
"9?e !$);D6"�.�
(S��\6�,(D)\ �D9e�	 

���e :; 8��& �&(  $* JD�0� !"i)\ !�W,Sb�6 g�1"1
  �!2	( �D9e�	 �
( ^��( �6 !"'
$�
 �6 �\D?W� �
( �K("?K

���e �DH!�� �
D�1 ��7)� �� (� :; 8��&$)e .G���R S��\ 
�6 "T�)\)Pb (Zn, Ba, ��$)�(D1 U".� 8�K"9�(��Y

���3 8�K"9�(��Y �
 ! �M
[D�D9��8��& 8!� ! J"&)�#� 8�K
���#�(�($*�6 �
��6 r��# �6 .

�����	
������� ����� ���	��� �!�	" 
F�� �(U$K �
"18�K �
( dK!�Y���K �
�&�)* 8�K

 �Dy)� �6 "T�)\ 23"?1 ! `
�D1 8D'�( ! "T�)\ �#$)3("Y
$��( ���� �	".�! d�6 �1��V\ �6 �
6��&( 8��W)K]��.[

^!�PI9�� 8�K d
($H 8("6 �6�8��W)K"
���� ���.1! 
�@�*��  �"6 ��3 �6 �#$)3("Y 8�K�D* �Y �
( ���dK! �(

 G("#D
�(! ^�("6)��'�"��c1 ( �(� �(  ��P9&( ! �?9
��'� 8�K

 
3- Factor Analysis 
4- Outlier 
5- Extreme 

,N a
�9�r)�W
"e ^!� �6 �K��&(  $*  ��P9&(]�}[.
�Ib"� ��8^�("6 �$)R6 S��\ ��c9� ,(D)\�8�K"

�V&�0�8c1��'� "���9	"# �("=  ��P9&( ��D� $�()>!$Hp(.
��9&(��e,N ���� ��'�"��c1 /�DT �6 (��9�H"�L "y� ��

 �9	"# !�6 >$� �6 �6�71 G$\ /�DT ����)8�9&(� ��op!
~|F�&"1 �H�� $�$*.Q�(�DI1��8�
(!� �6�p�+|!v�

�H�����/�V&�0� �("=  ��P9&( ��D� �9	"# �&(.Y�)�8G�#s�
G�# �(�K8��� ��t� ���� ���� ���t !�s� "9� ��

��'�"��c1�K$*  ��P9&( .�($.1 G�#�K��"
���� ��D� ��  ��P9&(
 �Ib"� �
(�p�+p!4|�&(  �D6 G�# .�.7= "�( 8(���6 �-

8"y� /�DT"PT ! $* �9	"# "y� ���.7= "�( �V&�0� 8(
( �6 >$� �)0)� ^�("6 �( QY �V�� >D�"	 �(  ��P9&C1/C 

�V&�0��3 $* �,N �� �C0q�& �($�� �C1�.7= "�( 8(!C1

+ C0�($�� Se q�& )C(�&( .�
( �e�V�� $
D� `=(! �� 
/("��c1 �( $T�� $)R �e �&( �
(�I�&! �6 ��'� "��c1 8

$*  �(� d*DY�&(  .���%� �$\ �
( ,�D6 X�68^�("6 G$\ 
 �D6 �)��6�&(.��.*"���1 ����D?� �K2�� �IT�	81 �)��6 �"��

 �&( �!�W� ��D?� !��3��D?� �IT�	 �
( 8(�! �� "���1 $=�	 �K 
!�
�((�8�?e ����6"�("'
$�
 "6 �D6 $)K(D@.�V&�0� �6 

�����"
����)X(���.� U("0�( �)S(�6 � ��6 �� 8��W)K8�K 

Med + S ��(Med + 2S ),(D)\ �66 ���9&N $b�8��W)K (
"
���� !Med + 2S ��( Med + 3S )�68�K 8��W)K

�M?� (�� !��( "1X�6 "
� Med  + 3S �6 ,(D)\ �68��W)K8�K 
���?9b( $* ���.1 $�()>!$H�("6 !5�&( �
(8��&($H 

�	"# /�DT ����D�N.�%�� �68��W)K)\ 8�K�>�?\( �6 "T
�)�?�1 "
������  �(� �( ST�b�'� 8�K ��6�� �?9
�8�K 

�6 � $* q
".1� $�N �&� g��= �
( �� �%�� �V1"� FK 8�K
"T�)\ �#$)3("Y! :; �I?H �( J�
�� ! hV1"�As, Cu, Bi, 

Sb, Pb _�@ �� 8�K "9�#8<
��1  $* F&�  ���&( 
)SM*}.(

6- Krigging 
7- Telorance 
8- Lag width  
9- Number of Lag 
10- Nugget Effect 
11- Range 
12- Cross Validation 
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F
"3 �8D=�?�b� �8���= �8"K�y� ��DY,("
( �&�)* ���3 ! �&�)*�DI6 �IW� ��s

��2.T�i�%� �IT( 8�K��'�"��c1 "T�)\ 8�K�6��9�(.
"i)\ ��H� Q�(�DI1� D;���# >v ���# �($.1u)"9�( �.7= "�(8(p q�& �($�� Se q�& �($�� �.7= "�( �V�� 8( ��D?� "���1 ��.* K��)"9�(

Au � v� ��t v� �v/� �v/� ��/� t/� 4|| 

As � �� �t� v� �v/� ��/� �/� vv/� v�t 

Cu ut v� �t� v� ���t/� ��s/� �t�t/� uu/� v�� 

Sb � �� ��� �t ���/� ���/� ��s/� vv/� u�� 

Pb � �� ��� �t ��t/� ���/� �v�/� u�/� ��t 

Bi � � � � � � � � pp| 

Ag � �� ��� �u ��~/� ���/� �t�/� uu/� v�t 

Mo �� �t �s� �t ��t�/� ��sv/� ��u�/� �u/� vt� 

Ad* ~| v� � � � � � � vt� 
�Direction, +Telorance, ٣Lag width, oNumber of Lag, pNugget Effect, �Range 

��.?H ���.� 

.��2W`
�D1 8�K"9�(��Y �(����N �?9
��'� "
���� ! G�@ 8�K ����9&N $b !�68��W)K��D?� �� qI9�� "T�)\ 8("6 �M?� 8�K��7)� _�@ �K-
8�V&�0�  �� <
��1 �&(  $* 

WAgSbBiPbCuAs*Au `
�D1 8�K"9�(��Y)G�@(
+o/p|�/|}}/�|�/�}/4+  �~/��  +�/�po+/�+��'���� 
�/o|p/|}/��/|�/+4  op/p4op/4~4(X)����� 

�4o �o/|o/o}/�p  �4�| ~�+ ���| ++| �)�%�6 
`
�D1 8�K"9�(��Y 

)�?9
��'�(
�o/|4�/��++/|�o/|�4~/��/��o/���/|��'���� 
+�/|o+/|�o/|44/|++/|+~/|o/|p�/|U("0�(���.� 
4/44p/4|��o ~/++~�~�/�p~+/�p�/+4  �o/~p/("��c1 g
"n 

��/|4/��+4/|++/|�4}/�}4/��/�o�/|����� 
�+/|��/|�4}/|��/|p~/�|+/++|�/��6 ���9&N8��W)K  

|4/�o�/|�p�/|oo/|��/�4�/+o/+�o/��6�M?� 8��W)K  

. ppm  g�b "6 "T�)\ "'
� ! ppb  g�b "6 Au  �"
����  

I
���> 
�&�"6 ! ^!�3���3 8�K �
DH �Y U$K �� ��')& 8�K

<
��1���3 �
�&�)* �\�6 � �� ���1D# ��
"�YDM��3 �:; 8�K
 ���1�?K ��
"�YD)&�N �$��3( �
"�Y ��
"�Y ����# ���1�?K
 ���IZ* ���YD#DI	 ���3X�� ����D?�� ���&!��H

��?&( ��
�XDM�A&(��!�$* �
��6 ! ����# �� .��V=�.9�
�&�"6"T�)\ �#$)3("Y �
��?�*DE[ 8�K !�
��� ���6�
��(-

���� 8�K��D?� �?�* �_�@ 8�H"6 8�K �
�&�)* �6 "W)�

���K���!� 8�K �#$)3("Y"T�)\ �( �
��?�*DE[ �$)?*��( 
���3 �6 �9�6(! ! J�
��:; 8��& *$.��D?� �� :; ���\ 8�K

��7)� f�@8"y� ��D� �( �)�%�6 �6 �)�?3 8��1++| �I��
 ,�&D� �� �1 �� G"#�&( .g�1"1 �6 ,N ����� ! ��'����

o+/�+ !4$�$* ��!N"6 �1 �� G"# �I�� !2����N 8�7@ ,N��
��DV= S6�= $b �&()SM*p(."T�)\ �6 "i)\ �
( Sb, Ag, 

Cu  !Bi�� ,�%� �'9�V?K $K�.�
"9�6��'� "��c1 6 :;�-
/�DT�9�H"�L "���1 ��.* �6 !4|| �(� �(  ��P9&( �6 "9� -
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$IH ��� ��?* �����6�v�� ���K �
�&�)*8�K $)3("Y ���!� 8`
�D1 !�
��?�*DE[ �� "T�)\ . . .���

$* �V&�0� �?9
��'� 8�K$�.�6:; "i)\ F�� 8�K 8��W)K
 d�6 �& ��8"9@�6 ! 82e"� �>�?*8�!�@  "9�# ��D� 8

"y� $* 2e"?9� ($�)SM*}.(�� :; "i)\ �($��4��D?� 
�K("6N JD&��@�*"& �e 8(,N 8�K6 �K�6 �d�6 8��W)K

 8"9@�6)"6 ���6o/+4��9�K (�� ��9)� 8���\ g�1"1 �6 �D*
 "6("6 ppb�pp �+�~ !o� �(� ,�%� (� ���K ! $�( ���!� 8

�( "��9� "i)\ �
( �#$)3("Y�}�&(  �D6 _�@ ��D?� )���\
 �( ���N �� :;ppb+���++.(�6 �
(  �#$
� �( 8��W)K

���� �� "9%�6 �&�)*�9
�D
� $b(! �&( �9	"# �("= .�
(
�6 �6  "9�#8��W)K ! /D?��6 �Q� �<�)&�N "T�)\ 8�K

�%���.?H ���.� 8�K )Ad (�I��\ S�I01 !)F1(�*DA?K �
��(� .�6 �
(�6 8��W)K >�?9b( ! �&(  $%� �9�6 >�?* �?&

�6 "
���� �9	�
���� ��y9�( �( �!� ,N ���?* d�6 �� ��W)K .
�%�� ���6 8��W)K88�K<�)&�Nd�6 ��  "9�# �& 8�K

 ���9&N $b �6 <
�2� "
���� �6 8"9@�6 JD)H �1 8"9@�6 >�?*
�6 $K�%� S6�= 8��W)K�6 �$�(�6 8��W)Kd>�?* 8"9@�6

)�/+p��9�K (��7)� �( "��9� 8�p8�K�2�!"6 ��&( ��D?� 
"9%�6 ��7)� �
( �')&(!�&( �9
�D
� $b .���R �($.1 ��D?�

 JD&� �K("6N�6 �
( �&�!"	 �(  $* �*(�"6 8( 2�� 8��W)K
 �(� ,�%� (� <�)&�N �( ��HD1 S6�= "
���� $�()�(++} �1 

p4�|�1 �� G"# .(�
(�6 ��7)� �68��W)K:; "T�)\ �Q� �
�/D?��6Ad !F1��(� �*DA?K .��W)K�� �M?� 8

>�?* d�6 �� �Q�"i)\�&(  "9�# �
( 8"9@�6.�6 �HD1 �6
�6 �6 ��7)� �
( �*DA?K8��W)K ��?K( �<�)&�N ! :; 8�K

�&( �yb:� S6�=  "9�# �
( .$b ,�D6 ��
�Y �6 �HD1 �6
��D?� �� ,(D?�9�N 8���\�6 ��K "i)\ �
( �( �)M?� 8��W)K

�6 ��)1 ! �$%� �
�&�)*  "9�# �
( ����W)K 8& ��6 �� J" 8
>Med + 2S� <
 �( "��9� ����\ �6 ��D?ppm�4�| �&(.
�6 ��D?� �
(-D	 ��D?� l
 ,(D)\ J"& "
���� ��  ��.�(
�� JD�0���D?� 8$.6 q
�� �� ! �D* ���\ �6 8�Kppm

��� �&(  $* `=(! J"& .��D?� �� J"&�K("6N JD&� 8�K 8(
���&(  �($� �!"6 ��HD1 S6�= ���\ 2)�(�/�4 �1 +/4~ �� G"# 

�1 .( 
?��6 ��D?� �� /D ���! ���*($� ��HD�1 S�6�= ���\ �f�@ 8�K

 ��D?� �K("?K ";��6 �($�� �
"9%�6 8!�b 8�KBi ���D?� ��6 -
��& �Q�� ! <�)�&�N ��9��')1 � D�H �:; 8X�6 ���\ �6 8�K

 �6 �6 ��7)� d�6 �� ���?9b( 8��W)K >�?* 8�K 8"9@��6)��

�!$bs/uv �( "��9� ! `6"� "9�DI�e ����D?� (* �8�!��@ >�?
)�( "��9���6 ��D?� ��W)K (8"9@�6 JD)H !)��6 ��
( 8�)�Y-

"6 ���6 8��W)Kv�( "��9� ! ��9�K v��D?� (�&(  $* ��%� .
���D?� �� /D?��6 "
���� �
"9%�6 ��K("6N JD�&� 8��K ��6 8(

 �($���/su !�/t�&( �1 �� G"# .���6 �V��H ^�("6 `=(! ��
��D?� K("6N JD&� �f�@ 8�K���(� �DH!  "9�# �
( �� 8( .�
(

�6 �Q�� �<�)�&�N �:�; "�T�)\ ��6 8���W)KAd !F1 2��� 
��(� �*DA?K .�68��W)K "i)\ 8�K �9�')1 �6 ���& /�D�T

  "9�# d�6 �� >�?* ! ���?* 8�K 8"9@��6 ��%�� ���7)� 
*�&(  $ .�68��W)KF�� >�?* d�6 �� �9�')1 8"9@�6 ��6 
�68��W)K )&�N � :; 8�K �%�� ! <�8���.� �*DA?K �.?H 

��(�.
�68��W)K "�T�)\ �( S�%9� 8�KAs, Cu, Au, Bi, Mn, 

Ti, Co, Fe, (W, Sb)  `�=(! �� �>!( �I���\ S��I01 U".� !
�%�� ! :; �<�)&�N "T�)\ �6 (� �*DA?K �
"9%�6Ad ,�%�� 

��$K� .�6>�?* 8��W)K�V
"�1 �b��� �6 8"9@�6�/u���9�K 
F�� 6 �
"1��( "���9� ��e  �D�6 >!( �D9e��	 8��W)K�����D?� 
�&( .�6 �
( "T�)\ �6 8��W)KAs, Au �6 �
2H /�Di6 !Cu 

��(� �*DA?K .�
"9#�26 �6��W)K88�K ���.� �.?H S�%9� �
"T�)\ �(Au, As, Bi, Co, Cu   "9��# �
( 8"9@�6 >�?* �� 

�:�; 8�!$�b ��1! /D?���6 �<�)&�N "T�)\ �*DA?K !  �D6 
�%��� ! Q� (� ���7)� ��
( ���?K( �,N ��6 �I���\ S��I01 8

�� d
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