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+<�G|�( (���;X�$ M�,)(� �� �
( K ��O (���; X�B'4 M�O�
�" D ���;g�� ��
#�%0B��;�Y�@�) ���@; ""��H �;"#,� 3.7� |�) �� .

�
( #�y�4 �94���)#$� �;��3(04 (� 3D #�y�4 �?��#$K-
�O "��� �P�)�(� �d�� _���; X�dU  ( |@,�� M�O

�?  C;0
RC% " T�)�,% [�j).@	 �E0d�Z�D ���;"#�% [.+
�,	�
 XB+ #���4.�(.���)#$� a���@�) M�O)" ��".�@;

E�%((a�,�@�%"#% �)���@; " �
#�% �[".�%( ��
#@;(�,
#@; �
)E0d�Z�D 3.+ �,
#@;��40�? " �O�O(,��
#) "a�)���
#)

Q4�(0; "(T��  (���)#$� �
#4 M�O!.+ !.O�'�.*,�O . (
M��W,U( #b�����; " M.��;( e�? "�  ( ��c*� �)�*+

�)( !.+ X�B'4 �OD " Y� M.�Z�0) .T�� ���; �
#4
�)( ��4�FO M.��;( .��4�FO �? XB+M�O�U�" ��� 0) " M(

 M�0'*� �; ��
o��( �? �O�$��)( !.+ X
.d4 !.O�'���-
�0+.I*) .O(0+ ��4�FO X�B'4 M�
0$ M��&� �U�" " M(

 M�0'*��?���"( [�0/ "M.��;(  �	 1.�4�? �d��  �	 
M.�Z�0)�)( .���;  ( M.�Z�0) M�O "��H �����;���? 3(04

 �
#�%0B��; �
#��Z)( ")XB+>�|�((��
#�%)XB+>�K("
����0?�#; !��+( .�
#�%0B��; \@L(��&,�B+ X9� ��? �O

���;�
0��y M�O��"0; 30h M(��
Qn4 ��)0B��; "!.+�)( 
)XB+>�~(��; (�,+#)M�O���;  ( Y% �
(  ��� 

�P�) �)( .��;g�� M�O ���;��
�" D C;"Q
#; ")XB+>�
[(��0F� �� \@L( ���; " �9c) M�O M.�Z�0) M�O

"0; " ����0? ���)0B��; ��
#�%0B��;���8�FA 8]�*� �� #4
3("(#	.�#4 .!.O�'�Mz(#]( �� ���0F�� " �
#�%0B��; ��yD 
���O�M3D |�) " X�04 Q�������; �0H" z#7� .�(04 M�O

�0Z�0)M.+�? 8FA �� .��0F� �� M.+#FO �)�#? ��0� M�O
���; ����0? " �
#�%0B��; M�O)XB+>�}(�F� ����QFO 

�� ���; "� �
( X�B'4�F�U 8�FA M�O�)( #4 .\��L �	�?
��0F� �� M�O�)�#? ��0��?!.**;#% [�0/M���P M�O�f	 

�� !.
� #,F; �*�'��H ���: " �)(�0+ ." ��;g�� �0H"
�
�" D��0F� \@L( �� �; �O�! �� �$� " �O �� �0H0� M�O

!�#; #% (� I*) .�(���� �BOD [�d�;#4 �0H" z#7� .�(04
�? ��c*�.+)XB+>�J(.

�)�#? �� ICP-AES �����; �� Y� I*���; X; I*) 
���A �"��H��&���� �".: Y� ����A �./�� ��&���� !#�� 

ppm6�6 ���&���� K#) ppm>�22 M"� V)0,� �(.�� "
ppm���! (.�( .+ M#�$.�.Q����D S
�,� �? �H04 �? ��*�FO

 �F4( K^H)AAS ( ���A��&���� �".: C] ppb6�6 �? 
.�D �)�)E".H6.(�?8�U� �)�#? �0b*����; #4 Y� M�O

 Q����D  ( "��H �����; ��SEM Mapping.+ !��Z,)( .�?
u"� �
(  ( !��Z,)(��F�+ �����;  ( �c�� I*���; M�O

 ���; v0� " �	#$ �(#U �)�#? ��0� "��H�?X/�: |�] �)�#? 
{�'�+.)XB+�E".H "�.(�'� ��*�FO |�] [�W

���; C;"Q
#; M�O)N2_ 4(�
�0*4 �)N4_1 ( �
#�%0B��; "
)N6_ 1 (�? "��H I*���; �� XB+ �� ��0F� 3(0*A2�G(�( 

!.+(.�.3�*h �;�� !.O�'� �)�#?  ( X/�: S
�,� _�0+ M�O
 S
�,� �? �%0B)"#B���)�#? SEM Mapping���; �O

#,'�? 3�*�F]( �? �
(#?�*? _��(� ��(0�FO�� M3(04�	#
^% �; 
���; "��H �����; �� �
( #,'�? �( D ��O�� �? )�? �7�d] Y�

!.*;(#% [�0/(M.�Z�0) �)��
#�%0B��; �����0? ���)0B��;
���"0; ��
#�% ��
#��Z)((�4�*?#; �)��;g����
�" D (�

Y� �(.?D [�B�@�))C;"Q
#; (��;( "�M.��;"�.�O 
)��
�0*4��4�FO ���,*&� (�)( �,	#$ [�0/ . (���; M�O

 �@]�?�� �����; �
(�? 3(04�
��? ����@; �E�%( �Q4�(0; �
�
#@;���; "�)� M�O �#; !��+( .u"� �� ��*�FOSEM 

Mapping�� �? #
0W4 �)�#? �? 3(04 �$.*;(#%  ( !.�D �)�
�*��  �� #/�*AMI*) )Element mapping(" �(.�� �? �

�&�0&h �% Q�� ���;  ( J��P �� M��W,U( #/�*A �$.*;(#% 
�#? . ( X/�: #
0W4 �)�#? �?Element mapping �����; 

"��H���3(04�Z$�*��  �� !.*;(#% #/�*A 3���  ( �; M
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�9��/ �M�07�� �M #�(#	 ��.? M.�'FH 3(#
( �)�*+ ���; " �)�*+�0@? �@n� 2�6

 #/�*A " �)( �(��0P#? M��W,U( ��FO(  ( Y� ��*4 �I*)
���; �� C] " !#��!.+ Q;#F,� �O.�( .#�� Q;#F4 ���; �� !

��0F� �� �
#�%0B��;MN6-1 )XB+�(�
(�A�(�� .�
�4 (� -
.*;)E".H�(.

+<�H|�( (���; �
#�%0B��; M�O)Cpy(�
#��Z)( �)Sph ( "��4�FO)He(K �(��)0B��; �? !(#FO �
#�% XB+ �0P �F�� �+�� �0@?~ �(
X
.d4 �? �
#�%0B��;��)0B��;)Cc("0;"���)Cv([ _(���; ��;g�� M�O)Mal (C;"Q
#; ")Chr(�}(���; M.+#FO����0? M�O)Bor("

�
#�%0B��;)Cpy(J �(z�B+ " �O �� XP(� �� ��;g�� X�B'4 �O)�0�XPL.( 

F
/� E��0F� Q����D S
�,� M�O�����;�? "��H Y� u"�ICP-AES#/�*A M(#? Cu, Ag, As, Bi, Mn, Mo, Ni, Pb, Zn �? "u"�AAS 
C] #W*A M(#?.

�����
�
��
 

Cu 
(ppm) 

Ag 
(ppm) 

As 
(ppm) 

Bi 
(ppm) 

Mn 
(ppm) 

Mo 
(ppm) 

Ni 
(ppm) 

Pb 
(ppm) 

Zn 
(ppm) 

Au 
(ppb) 

M-1 �/>��2�  �/6�q  q/��  �/�2  2/���  �/����  6/��  q/�6��  �/�2�  6/��6  

M-3 �/�>���  �q> >/�q  6/2>  6/�6�  6/��  2/66  >/�6�  �/�>�  �/�2�  

M-8 2/�66>6  �/6��  6/6q  �/��  �/6��  �/�2  q/��  �/�6>�  �/�6�q  6/�>6  

M-9 �/�2�66  6�� �/2>  6/��  2/�q6  >/622  6/�q  �/�>226  �/��q�  �/�>�  

M-12 �/2q��6  2/>��  6/���  �/6��  �/��  q/6�  �/�6  6/66�  2/��6�  �/���  

M-13 �/662��  �/���  q/�6q  6/6��  �/�>>  q/�6  �/�2  �/��q2  �/���q  �/��6  

M-17 6/6����  2/6>�  �/��  q/6�  6/��  >/�q  q/��  �/>���  �/2��  >/���  

M-20 �/�6>��  2/��q  q/�2  �/��  6/>2>  6/�6�  �/q6  �/�6�q  6/>�6  �/�>�  

A��
��� q/6q�62  �/6��  �/�>  q/�2  �/6�2  >>/��2  2/>2  �/>�22  2/��6  q/6��  
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.@H6�!��F+ ���Q�
�% ���> !�(� �#?��; �? "��H �����; !�&,)�P �)�#? �
��F�+0GR M�O. . .2��

+<�I3�B� �? !.+ Q����D ���� u"�SEM Mapping ���; M"� #?��0F� M�O|�( M�O (N2K �(N4~ "(N6�����; "��H Y� .X�c,��
mapping 1 XB+ �� )~(Q����D !#,�$Element mapping�� 3�'� (� .O�.

F
/�Gu"� �? "��H �����; M�O ���; �
��F�+ \�;#4.SEM Mapping 
�c�� O Na Mg Al Si S K Mn Fe Ca Ti Cu Zn Pb Ag ���; 

N2_ 1 - - - - - �/�> - - �/�� - - �/�� - - - (CuFeS2)�
#�%0;�; 
N2_ 2 �/�� - - - �6/� ��/> - - �/62 �/� - �/�� - 6/� - !.+ .��;( �
#�%0B��;
N2_ 3 �/� - - - - 6/6� - - �>/� - - 2/�� - - - !.+ .��;( �
#�%0B��;
N2_ 4 �/�2 - - - - >�/� - - - - - q/26 - - - C;"Q
#; 
N2_ 5 >/>� >/� �/� - �/�� - 2/�� - 6/� - �/� - - - - !� (0O  C;04�( 
N2_ 6 6/�q �/� 6/� - 6� - �>/> � q/�� - - >6/6 �/6 - - �)� ���; 
N4_ 1 2/6> - - - - ��/� - - - - - q�/�> - - - Y� .��;()�
�0*4(
N4_ 2 �/>6 �>/� 62/2 �q/q 6�/�� - - 2q/� ��/62 - - 2�/� >>/6 - - �)� ���; 
N4_ 3 ��/>q - - ��/�� ��/6� - ��/�� - - - - - - - - !� (0O  C;04�( 
N4_ 4 ��/>q - - - >�/�� - - - - - - - - - - Q4�(0; 
N4_ 5 - - - - ��/� >6/6� - - - - - 6�/�q - - - (Cu2S) ��)0B��; 
N6_ 1 - - - - - 6q - - >/�6 - - �/�� - - �>/� �
#�%0B��; 
N6_ 2 �2/� - - - - �/�� - - �� - - �/�� - - - !.+ .��;( �
#�%0B��;
N6_ 3 ��/�� - - �/� ��/> ��/� - - 2/�� 6�/� - �� - - - ����0? 
N6_ 4 �/>� ��/� �� q6/� �/�� - - �/� �/�> - - ��/� 2�/6 - - �)� ���; 
N6_ 5 �2/�� >�/� ��/2 >�/q �/�� - - >�/� 6� >�/� - - �2/� - - �)� ���; 
N6_ 6 �6/�� - - - - ��/� - - - - - �/2� - - - Y� .��;()�
�0*4(
N6_ 7 ��/�� - - - >q - - - - - - - - - - Q4�(0; 
N6_ 8 >�/�� >�/� - �� q/�� - 6/�� - - - - - - - - !� (0O  C;04�( 
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( �)�*+ ���; " �)�*+�0@? �@n� 2�>

+<�J|�( (���; |�] [�W�'�M�O C;"Q
#; )N2_ 4(K �(�
�0*4)N4_1 (~ "(�
#�%0B��;)N6_ 1 ("��H I*���; ��.

+<� K#
0W4Element mapping I*) �*�� "��H Y� �����; )XB+ �� X�c,�� V)04 !.+ {�'� !#,�$��~.(
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3D �H��P e�? " �
#�%0����Q4�(0�  ( �O X��'4 !.+ �)(
)+XBq�|�((.\��c� �? �H04 �? �g�?  ( X/�: S
�,� 8�Z@4 

!��+ �)�#?I*) .O(0+ �? Q4�(0; #�$�� M�O " M��&�
 �
��F�+0GR��
 V
(#+ M �) �? M(#? M.*F+ �( .�@; !.+ 

��
��F�+0B
Q�	 !�&,)�P " ��O�� !��+M�O  �)�����; 
��c*�M�)( �)�#? ��0� .!��+M�O #�$�� b�  ( Q4�(0; #

#O�� XB+M<�)( #? "�O#,�(��% M��"� >]��["" �#Z+ 
3(��BFO�]�>[�"� �?��0$!��+ M�O #�$�� �;"� XB+"

!��+M�O #�$�� �?Tb*��� XB+!.+ T���4 .�( .#? ��*�FO
 �0H0� M�O �	 ./�� " v0� <�)(]�>[�#,'�?  (!��+M�O 

 �	 "� #�$��M �$  ( �*L)V+L) (XB+q�K("*L� (
=
��)L+V()XB+q�~(�� X�B'4.�0+ .#? !"CA!��+-
M�O"� �	M��
�!.+ !��+ [�.� �?M�O #�$�� M �	 a4 )L(

)XB+q�[(Q�� �
�)�*+ X?�U.*,�O .#? !��+ M�0+ �(.��
����7� <�)(M3(��BFO " �#Z+ ]�>[��?6/2�4�6E��7� 

aF� �� " ./��)XB+��|�(("���M3.+ �&FO )TH(
�O 3D �6/�q �4 �/�2��H�� M�,��) �)( �(#$)E".H>.(�?

0n�(#�% �(�0F�  ( !��Z,)(2]��[�&FO M��� <�)( #? �;
!��+ �� 1�7] aF� �� " ./�� " �$.+ !.+ �G(�( #�$�� M�O

 ��)(�	�dFOv0�  ( "��H �����; [(Q@	 XF: �� #y0� 
�� " �)( M.�Z�0)$ �n�,� 3(04 �; �	#SO4

-2 �
 HS-

T��30��D �
#4M�O !.**; XF:M!�0? [(Q@	 .�()XB+��
K.(!.O�'�M���; �� �
#��Z)( " �
#�%0B��; ��
#�% M�O
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( "��H �����;�A�(�� .�
�4 (� .*;.M��� <�)( #? ��*�FO
�$.+ �&FO �30�*�B@
" �(�0F�  ( !��Z,)( �? " M�0+ �]�2[

�
0B4 �����; �)��#$(�" M�O�����; v0�  ()XB+��~.(

4- Roedder 
5- Shepherd et al. 
6- Pirajno 
7- Wilkinson 
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���M!��+ �$.+ �&FO M��� " M�0+ [(#���4 M�O
!.*O� 3�'� Q�� "��H �����; �� Q4�(0; #�$��M�C,P( 

K��#$M�O!��+ �?  �)�����; a
�Q� M0H M�O�?���  �c) 
�)(]�) [XB+��[.(

L����� 
I*)(0+ "��H �����; z(#]( �
�ND M�O V�9� �� X�B'4 .O

�� 3�'� (� e�(�"#	 ��% �'';.*O� .T;�: ��c*� �
( ��
 �d)�*� 3�B� �''; V�9� 3�0?M(#? M�O�����; X�B'4 

�$��)( !��"D TO(#	 (� M( .!.O�'�M!.**; #% �	�? M
z�B+�O"�$� �O�)( �A�( �
( .O(0+  ( .X����,% �? �H04 �? 

I*) t.�(  ( ��c*� �
�ND M�O���; #/�*A #b� #b� �? � �)
�����; �� �F�� T�) T��4�F$�� .)� " �,+(.� ��c*� �
( 

�? ��*4 �040� a
 [�0/�
��#$ [(Q@	 3��"D�� �;#: �? �� 
�)( !�#; e�� M�Z
( . ( X/�: .O(0+�n*)��#$ Q
�!��+ -

"��H �����; #�$�� M�O_�&FO M��� " ��
�% M�0+ .*��� 
�#,�$ ��,d�� �$.+!.*O� 3�'� !M�
��#$(�" !�&,)�P 

�)( �����; .�� .�
�4 #�P( .O(0+�F� �; .*; a
 3(04
���; M(#? (� `9� �
�F$�� !�&,)�P�	#$ #b� �� ��c*� �
(  .

!.O�'�M���;M.�Z�0) M�O�M.��;( Y�"�OD ��*; ��
�0H" " #&
.B
�$� ���; M"�: ���@�) M�O ��? Y� �
( 

�$�
�O�; �? ����OD �
( ������; #&��'� .�(04 " Y� �
( 
 �	 a
 �� �OD��$� �? �d�� �OD X�B'4 �d�� 1.�4 ��" -

���; M"�: ���@�) M�O.+�? Y� �
( .�n�D  ( ��*�FO �;
!��+M�O�? Y� M"�: V�9� �� M��W,U( �(.�� �d�� �? �
�O

�� X�B'4 I*) �? KD Mg�?.�0+�����)#$� �; �Z$ 3(04 �
a�,��
#) �a���@�) M�O ��0F� �,
#@; "M�O�)�#? ��0� 

�I*) �? KD Mg�? �d�� z#7�pH!��+ ��*P �4 �
��@U M
���;��,d�� ��O�� "  �)�)( 3D �
��:( ." ��;g�� �0H"

�
�" D��0F� \@L( �� �;  �� ��O�$� " �O I*) �� �0H0� M�O
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