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9�."HV7� 8�)!2\7'2���. �� *�6�. * �
�7
� ��2���. �X��I*S)b
�(�7, Mj`9(.
�2���.W�
�7
� W*�6�. (%) 

V7�S�}W��W�
V7�I�}W�}W�}

����	�� 
#�0  ��/�.� �12�3 8��6 �) �i�@ 1i
� 3� 8��fi'<� U�0i 

 v0/ �*�� �6���. �
�#$ �( ���� �2T)� ��i/�.� 8�i) -!i 
!ii���� ���ii< .�ii�50� ���*3 �ii/��6 ��7ii� 8���ii/�.� 8�ii)

 �iX2G�D * ��2A2/ ��D�06�G �S2'2A2,*�, ��'2�
�/ �S2/�',
 !�!  �
�/�0  ���7� 1
� 3�)E� �.(

I�����	���J���K% :�b�� �*3 1
��/�.� �*3 1
�D�
�( �/� ��50� �� -!  -��� �2�&D�7T0#� �I _�6 �Ac �6
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b
�( ���~>8�)�x� ��7, ���
� �/�0  ���( * �/�0 �7A6 �Ae� ��

��76 �7T0#� �6 * �/� �!�� b'�2/�� =
�/�	 �5/�(!�� 
=�6 ���� �q~# ��50� �6�> ?70@ �7 )EO 9.(

�x� �6�06]z[��6 �*3 �Aq� ���G��/�.��R2/�', ��
�/� �
7��F �2D726 ��50� .���6 b) �
7��F �2D726 �*3 1
� -

r�7q-!0G��, �Eq�C b)�2D726 -��6*� �7AXD P2� * �2�*� 8�)
�6 !0AX��7)�� �02&��@ r�7q�� -!)�&��7 )E� :�p�� 

� �?.(�
7��F �2D726 QA>� �6-��T) �2D7. * 1)I !2�G�
�/�.��.� �7@* ��50� 1
� �4
� r�2q7f# 3� 8�)

�� �G �/� 1)I!2�G� �/� �2D7. �6 E
!XD J�C)E� :
r.(

�O��0�]`[^� �����G 1
!0� 8��6^� * 8�2	�7, -
�!X2�7���50� ���� ��&� 8�2	�7, 8��f'<� 8!2H�7/ 8�)

 �6 �� �)��T) 1
�'&26��/�.� �*3�R2/�', !���� .�X��
 �
�2, �6 ^� !2H�7/�D_�6 �*3 1
� �� P2� L���P�� ��* �/� 

-!0)� ��&�2c 8�AG �
���� ��0
� �Z�# �6 ��2� �D_�6 ��
! �6 �D_�6 �2�
�/ ��50� �� �/� 1�T� �)!2H�7/ ]|.[3�

�, EC��� �� -�2#$ �2"<7� 122"D 8��6 ��50� 1
� �
7@
�� -��H'/� �7 ]l.[

�K�,)	� I��:�� b2��D �Aq� �*3 �
3 �/ �6 �*3 1
� �7 
�2�
�/ �*3�
3 3� !0D��Xc �G +'2A2,*�, �*3�
3 �S2

�2�
�/ +�2�
�/ �*3 �
3 * S2A
]�I +r�06�G �*3
�2�
�/ +S2'2A2,*�,��J�T  �?�> �<�  ?70@ �� *

w�'�. 3� ��50�8�*!K�����7#�6 �/�)E� 9(.
r��/!A	�/ �6 �)
���G* �2� �/� 8�)*���G �6 S2	�� 8�)
 �r*!2,�1)I �
�AGb
P20� �
�AG * ���-!  ��/�.� ���!�� .

b
P20� �
�AG��.� r�7q �6 -�. ����� -!)�&� P2� 8��7 .
�*3�2�
�/ +�<�  ?70@ �� * J�T  �� S2A
]�I
��50� �/� ����7#�6 �5/7'� w�'�. 3� �/��6 ��7� 8

)E� 9.(r��/!A	 �*3 1
� �����G * �2�
�/ �6 �'&26 �) -
-!  E
!XD �/� 8�)!�� .-!)�&� �6 ;Z��� �� �2/�/ 8�3��

�� v0/J7AK� ��76 �
�2A< * 8!2/� �2)�� �6 ��7D 8�)
 ��6 �, �6���.]MN.[

�2�
�/ �*3 +r�06�G J�T  ���� *��50� ?�> -!)�&�
���7 .2/�', �*3 ��0( �� ��50� ?�> �� �*3 1
� R���< 

�/� �'	�.)E� 9.(r��/!A	 ���/�.� Eq�C �2�
�/ * �)
�6 b) r�06�G* -!0G��, r�7qP2� r��/!A	 Eq�C �)8

��/�.����G *���� �7@* S2	�� 8�))E� :�.(!0
I�	 �.�

��/�.��6���.��� v0/ �! �6 -!00G$7H� �	�G -3�!�� �6 -
�6 !��7D �7  E
!XD �2�
�/ * PD��7G �6 E��G �7Z]MM.[
�*3��/�.��-��  �6 S2'2�
�/ �6 8!2/� �
 ��0# 8�)

�� ��e
� �2['� 8�7 7 �]Mk[�T) �� *8�)�����G 8
�7@* �*3 1
� �G 8��
3 8�)�����G �� * ���!� �7@* 8�2	�7,

 8*� ������/�.� �*3�/�', 2R�/� �'	�. ���< ]Mj.[�6
�� �2�
�/ �*3 w�'�. * �
�2, !q�� ��76 _�6 E2��

�, �� �!2H�7/72/�� * 8�2	�7, �
�#$
7@�3� ��
P2	7\] 8�)
�� -��H'/� �I �7]l.[
�A��
	7 I��:���G L_7T"� ����/�.� 3� Eq�C �D�06�G 8�)

���G �P@ �6 �'�6�* 8�)��/�.���� ��* �/� S'2A2,*�,
�*3���G ���*��	 �
3 �� -!  �	�"� 8�) 8�!< �6 �D�06�G 8�)

�6 !  -��� �2@�D �G �/� �x� �� ���.�!@ ���/�.� ��70c
�7  �'	�. .�
3 ���� �6 �*3 1
��� b2��D �Aq� �*3 �G �7 

�D�06�G �*3�
3 ��D�06�G �*3 �
3 E��  +�*3 �
3 ���2A2/
�D�06�G +�D�06�G �*3�
3 * S2'2A2,*�, +�/� �'2�
�/.

�*3 �
3��/�.�����50� ��  �� �2"<7� *� �� �D�06�G
 �/� -!  ;<�*)E� 9.(���G �*3 1
� �� �6 �2�*� 8�)

���G y7f#6 S2	�� 8�)-!  E
!XD r�06�G �!��)E� :
�.(���G ��*��	 L�'X�� �7�C-!0)� ��&� ��D�06�G 8�) �0> 8

�63� J7AK� ��76�/� r�06�G .
�*3 �
3��/�.���D�06�G +L�'X�� w�'�. �6 ��2A2/

 �/� -!  ;<�* ��50� PG�� �� �5/7'�)E� 9.(* ^2A2/
�6 r�06�G-�. * v0/ 1'� �� -!0G��, r�7q�6��.� r�7q 8�

�� -!)�&��7 .
�
3r�06�G �*3 +S2'2A2,*�,-��'�. 1
�D��/�.� �*3�

�/� ��50� �� ?�> �D ��  3� �G ��50��� -!)�&� �7 
)E� 9.(���G 1
� �� �2�*� 8�)��50� ��
�AG �r*!2,� �6 

�r�06�G ���G * �2�
�/ E
!XD �/� 8�)! -!�� .�6 �
�AG

�AG r�7q *�b
P20� �1)I �
�AG * ��� ^2A2/ * ����6-

�'TG ��P2��6�02�3 �� -!0G��, r�7q8���� �7@* v0/ .
�*3 �
3��/�.��r�06�G +�� �2"<7� *� �� �2�
�/

=�6-!  ;<�* �<�  ?70@ * �6�> 8�) !��)E� 9.(
* �2�
�/ Eq�C r�06�G��/�.��r��/!A	���G -�. * �)-

�/� S2	�� 8�))� E:�.(�6 b) r�06�G * ��.� r�7q
���G Eq�C b)���� �7@* v0/ �2�*� 8�) .r�06�G ��P2�
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!A@ M|�-��T  M����6Mj|N 12�3 �/��6���( ����/�.� ��/�0  �� �T2 7\] * 83�/. . .��

�D�06�G �*3�
3+�D�06�G �*3�
3 3� �'&26 �'2�
�/ +
�/� ��2A2/.

�6r�06�G �AG �7Z 3� ��
�AG * �2�
�/ �7�T) P2� �)
-��'�. �AT@���G 1
�D ��7��� �O��0� * !0��/�.� 8�)

'H. �
�AGr�06�G Q2G�D �� �22[D �/� 1�T� �!  �P2� �)
-�7D �6 ��
�P� �
 8�*� �6 �X�� ! �6 �' �� �7@* ��!"� 8

]M9[.
�,�6�� I��:2/�', �*3 3� �G!�� �Aq�	 �6 �*3 1
�R��

���� ���< ��50� ?�>)E� 9.(�!�� ��2�6 �*3 1
� w�'�.
�6 ^2A2/ * �/� -!)�&� v0/ 1'� �� -!0G��, r�7q��-

�7  .���� ���< PX/ %7D �40/ !C�* 8*� �*3 1
� .!C�* 1
�

12�3 �Ac �6 �40/ ^2A2/ * -!  � �6 ���50� J�"	 �'#�/
 �/� -��G �, �� r�"5< ��2� 8��	)E� :o.(���/�.� 1
�

�6�� -!)�&� P2� �D�06�G �*3 �� �c�	 ���/�.� ��70c�7  .
��2A2/�e2'� �! J7AK� �2��"	 8�)-��'�. p2Z �� -
�2K� 3� 8� �6 �/� 1�T� ��0
� �Z�# �6 ��/� �
�2T2  8�)

��/�.��S2A
]�I�'2�
�/ ��'	�&2,�'
�AG ��!  ��! 
�'2X�I �S2/�',�D�06�G ��!  -��T) �P
��. E2�&D �
 * �! 

! �6 ]M:.[��50� ���6 �!  ��2A2/ P2� �/��6 ��7� 8-
-!00G�, r�7q-!0G��, * ��.� 8�02�3 �� ��P2� �6 �v0/ 8
=�6 �� �'TG�� -!)�&� ��50� pA'�� 8�)�7  .

=3�B�&�� U�2�� �6 �/��6 ��7� ��50� ���/�.� 8!06 ��50� 8�:�}}}}.
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b
�( ���~>8�)�x� ��7, ���
� �/�0  ���( * �/�0 �7A6 �Ae� ��

DE� ! L

M N O

P Q R

=3�C�*3 ��50� ���/�.� pA'�� 8�)�3�� ;5�� �� �/��6 ��7� 8.p�� (C �
7��F �2D726 �i2�*� �i2D726 �!ie� �7iAXD Eq�)�7i�PPL .(?(
�6 �
7��F �2D726 !0AX��7) �� �02&��@ r�7q)�7�PPL .(�(�6 �
7��F �2D726 v0/ 1'� �� -!0G��, r�7q)�7�PPL .(r(��.� 1)I!2�iG� 8�)

��/�.� �*3 �� �2D7. �6 E
!XD J�C ���R2/�', )�7�PPL.( �(��/�.���2�
�/ +�� r�06�G �i2�*P�7� !i0AX��7) v0i/)�7i�XPL.(�(
��/�.��D�06�G��
�7
� !0AX��7) v0/ �� )�7�XPL.( �(�*3 �� �2�
�/ * r�06�G �6 r��/!A	 �7A6 E
!XD ��/�.��r�06�G +�� �2�i
�/

 8�2	�7, �202/*P�7� !0AX��7) v0/)�7�XPL.( o(��/�.���2A2/ ��%7D �)�7�XPL.( �(��/�.��2,*�, �202/*P�7� v0/ �� S2'2A )�7�
XPL(.

(Bi=Biotite, Hb=Hornblende, Hem=Hematite, Carb=Carbonate, Si=Sillica) 

I��J�K�6�%�	% :�*3 �
3 *� �6 ��50� �� �*3 1
�
 R2'2A2,*�, * R2'2A2,*�, +�� b2��D R2A
]�I�7  .w�'�.

=�6 �� R2'2A2,*�, �*3�
3 �'&26 ��50� 8PG�� 8�)�/� .
�*3 1
�r�06�G �*3 3� !"6 +S2'2A2,*�,-��'�. �*3 1
�D
��/�.����50� �� �/�)E� 9.(���G �*3 1
� �� 8�)

 S2	��)!0AX��7) * �2D726 (��P2� �6 * r*!2,� * �
�AG �6
-!  E
!XD r�06�G �6 �'TG !��)E� :�.(�6 b) �
�AG r�7q

b
P20� �
�AG�6 b) * ����
�AG r�7q1)I ���� �7@* ��� .�6-
�� �A( �7Z �*3,*�,2A2'2�6 R� �6 ���# �T/2���( ��P 8�)
�A( * �/�2-�*P	� ����7 ]l[.

R2'2A2,*�, �*3 +=�6 �� �'&26 R2A
]�I * ���T  8�)
��50� �<�  �/� -!  ;<�* �/��6 ��7� 8)E� j.(

r��/!A	���G �6 �)���G * r*!2,� �6 -�. * �/� 8�) 8�)

-!  E
!XD r�06�G * r*!2,� ��
�AG �6 v0/ S2	��!�� .
�
�7
�*P�7� ��
�7
�*P�7� 8�)!C�* �6 �I �Aq� w�'�.

�/� �'�6�* �2�*P�7� !0AX��7) * 8�2	�7, .�x� 3� �*3 1
�
�, 8�T0)�� ��.��'�.^� �
�#$ 8��6 �67# �
7@ 8�2	�7,

 �D �I w�'�. �)�. * �/�9�� �'�7A2( !/�]l[.

���7���� 
-�'�. �� ���iG ��i/��6 ��7� 8* �i2�*� r�7iq *� �i6 83�i/

 �i/� �i'	�. r�7iq 8PiA	 �i2> * 8PiA	 E� *� �6 * �
7��F .
���G �i�50� �� 8PA	 83�/ E�i  �i6 �'&i26 �i/��6 ��7i� 8

v0/ ��G� 1'� �� �2�*� * ��&	� * �i/� -��� �� �i�50� 8�i)
 �6 * �
�2, E��  �'&26 '04� �i'TG ��Pi2� �i
�2,7���G * �i2

�/� .�6 P2� �2��76 1'i� �� * �i�50� ?7i0@ �� �i�0D �r�!i�
 �6 �'��3�6 v0/ !  -!)�&� ��&	� r�7q .���iG �i4
� 3� 8�i)
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!A@ M|�-��T  M����6Mj|N 12�3 �/��6���( ����/�.� ��/�0  �� �T2 7\] * 83�/. . .��

���G ��50� 8PA	 �i2�7T2� * �i2D7. ��2D�T) 8�) �� �iG !i��
 ���G =
��G� �e2'� -!  E2�&D �2�*� 8PA	 8�)!��.���G 83�/

 ��50� �� 8PA	�2> �7i� 8�i.� E2�&iD E��i  �i/��6 �8�i)
 �/� ��50� ?70@ �� �'2�AG * ��2A2/ .�6 R
�P� 120�T)

 �/��6 ��7� ��50�)?�> �T/ �� (���G ��FI r�iX2G�D 83�i/
 8�)!ii
�3�6 �� Pii2� �ii2G_�� * �ii
�*3I E��ii  ^ii� r�ii06�G

 !  -!)�&� �
��Kq .�i2'04� ���iG �G �/� 8�*I��
 �6 s3_ 
�02�3 �� -!  -!)�&�8v0/ �i6 a7i6�� �'&i26 ���50� 8�)

 v0/ �7#)sP2D�T.�� �6 �'�6�* (�/�.
J7��	 �6 �
�2,FeS2���iG 126 �� w�'�. 1
�'&26 8�i)

 �AC�� �� 8PA	 ���G J*� 8�/��6 �6 �@7D �6 * ���� 83�/ 8�i)
	��.7���02��� �� -!  E2�&D 8!2H�7/ ���G 12�*� L_�T'C� 1

�/� �AC�� .v0i/ �'&i26 1'� �� ��&	� r�7q �6 ���G 1
�-

���� �7@* ��50� 8�) .3� �
�2, 8�)�7A6 ��"6�M�'��/ �� �i'�
 �� �,7�i/*��2� ��i"6� �iD �i�50� ?7i0@ �� ���3�6 ��7T� S


 v0/ �'&26 �i� �22[D ��50� 8�) !i0G .�i6 ���iG 1i
� r�7iq
E� E� �T2� * ��� * ��H0� E� �6 ���� 6 -��T)����iG �
�i)

 �6 * �2'04� �7�T) �� �i2��76 -�. * �
�2,7���G �'TG ��P2�
�ii� -!ii
� �ii�50��7ii  .�*3 �� �� �ii��*��	 1
�'&ii26 �ii
�2,

��/�.��R2/�', ���� ��50� �6�> ?70@ �� )E� lp��(*
���G �*3 �� �.� 83�/���G ���50� ?70@ �� 8��.� �Aq� 8�)
�� ��T  �6 �*�]Ml[.8�)�����G �� 120�T) Au, Cu-Au, 

Cu-Mo, Cu*Ag�i
�2, Qi��> 8!2H�7i/ ���iG �8�2	�7, 
-!0)� ?�D3�6 �G �/� �)���i��G 1i
� �iG �i/� ��2�C 1
� 8

�6 8���� !0'�) �
_�6 �7H�7/ 8��e0)]Mz.[
J7ii��	 �ii6 �ii
�2,7���GCuFeS2�ii��G �� ^ii� �Aiiq� 8

2, �i6 �X�i� 8�i'TG w�'�i. �iG �i/� ��50� * ���� �i
�
 �/� -!  E2�&D �I 3� ^, �TG L_�T'C� .��"6� �� �
�2,7���G

 ��7T� S
 �� ��0D �,7�/*�G�� ��7� ��50� ?70@ �� ���3�6 8
!  -!)�&� �/��6 .�*!iC �i�7T� 1i
� �� �
�2,7���G ��"6�M

�'��/ �/� �'� .�i6 �A�2iq �3�� ;Z��� �� �
�2,7���G E�i 
 �'&ii26 v0ii/ 1'ii� �� -!ii0G��, �ii
�2, * �ii2'04� �ii6 -��iiT)

 �� -!)�&� �7 )E� l?.(�X�� ���G 8�) �i
�2, 83�i/W
b'�2/ �� �
�2,7���G �*3 * v0i/ V7� �6 8�2	�7, 8�) 8�i)

��/�.���� �Z�C� �� �I �G !0'�i) �'�i6�* !00G]M`.[1i
�
 ��/�.� �*3 �� �� ���*��	 1
�'&26 ���G�R2i/�', ?7i0@ �� 

���� ��50� �6�>)E� l�.(-��iT) �
�2,7���G �*3 1
� ��
 �i6 �i2'04� * �
�2, �6 v0i/ 1'i� �� -!i0G��, r�7iq 8�i)

 �i
�7
�*P�7� !i0AX��7) �i2D726 * �i
�7
� �i2D726 !0AX��7)
 �� -!)�&� 8�2	�7,�7  .�6 �06 120�T)]Ml[�� ���iG 1i
� �

�.� * ���� �7i@* Pi2� �i�50� ?7i0@ �'2�AG * ��2A2/ 8�)
�.� �2F�D �KD�/� �2D7. �6 E
!XD J�C �� �3 �*�6 ���/.

J7��	 �6 �2��76Cu5FeS2���iG 12i6 �� ���*��	 1
�'TG -
�AC�� �� 8PA	 8�) ���G J*� 8?7i0@ �� �i�0D * ���� 83�i/

��50� ��7T� S
 �� �/��6 ��7� 8�i
�2, �6 -��T) * ���3�6 8
!i  -!)�&� �
�2,7���G *.-3�!i�� ��G�!iC 1i
� �� �i2��76 8

��7T�M�'��/ v0i/ 1'i� �� ��&i	� r�7iq �i6 �G �/� �'�
�/� -!  E2�&D .

J7��	 �6 �2D�T)Fe2O3���iG 12i6 �� w�'�. 1
�'&26 -
���iG �
7��F 8 �AC�� �� 8PA	 8�) ���iG 12i�*� * ���� 83�i/
 �i/� �iAC�� 1i
� �� -!  E2�&D .�i6 bi) ���iG 1i
� r�7iq

 -3�� -!00G�, �6 b) * v0/ 8�) 0G��, r�7q �'&i26 1'� �� -!
v0/ �� -!)�&� ��50� 8�) �7 )E�i l� * r.(�i2D�T)

 v0/ �AG v�� �22[D QX/ �2�7T2� -�. * �2D7. �6 -��T) 8�)
�ii6 �ii�50�Sii2'2A2,*�, �*3 �� -+ii
* +r�ii06�G * Sii2A
]�I +

�i/� -!  ��/7. �*3 ��e
� �e2'� �� * ��/�.� S2'2A2,*�, .
�6 �*3 1
� * �K5/ �& 7, r�7q �� P��< �D �e���� v�� �6 

��50��/� -!)�&� E6�< �/��6 ��7� 8.
J7i��	 -�6 �2D7.FeO(OH) 8���� ���iG 12i�*� L_7iT"� 

���iG �.�3�7) �Z �G �/� S
�	 1)I 1i)I 8!2H�7i/ 8�i)
 �� E2�&D�7  .8�i'TG ���*��	 3� �2D�T) �6 �X�� ���G 1
�

 T2� * �2D�T) �6 -��T) �'&26 * �/� ����7#�6 E�i  �6 * �2�7
v0/ 1'� �� -!0G��,�� -!)�&� ��50� 8�)�7 .
J7��	 �6 �2�7T2�Fe2O3.H2O�� �iG �/� ���G 1
�#I 

�AC�� �� E2�&D =
��G� 8�7i  .�*3 �� �'&i26 ���iG 1i
�
���G v0i/ 1'i� �� -!i0G��, E�i  �i6 * ��50� ?70@ 83�/

 �� -!)�&� b�� * �7  �� �3 �*�6 ���/�.� J7fK� 1
�D �.� -
�i� ��T  �6 �) �
�i�� ���i/�.� J7fiK� �I 3� �'T�i< ��*�

 -!Tc =�6 * �
�2,7���G * �
�2, �~�7A2�i, �i6 -��T) �I 8
�/� -!  E2�&D .-!
!, �F� �6 �i6 �2�7T2� �7&'�  * ETC 8
%��  * 3�� �*�� �7A6 Eq�	 !C * �) -�� 8PiA	 �i2> v��. 8�)

 vi�� �i6 �� �I v��. �4'&>I �6 * �'	�
 �� 8� -7i�< ��3 8�i)
 �/� -��*I]Ml.[Pi2� ��i/7. �*3 �� �'TG ��P2� �6 �2�7T2�

���� �7@* �2D7. * �2D�T) �6 -��T).
��*��	 PD��7G ��50� �� 8PA	 �2> ���G 1
�D �/��6 ��7� 8

�/� .���G �.� E� �6 PD��7G 83�/ ?7i0@ �A�i. �*3 �� 8�
 �<�  J�T  !�*� �6 * ��50�W�� �6�> ?70@ �/� -��� .J7Z

�.� �6 ��G�!C �)jNN �I ����n * �'� �6 ��G�!C �):/M�i'� 
��!/� .v0/ 1'� �� -!0G��, r�7q �6 PD��7G * �i�50� 8�i)

 �6 r�!� �6 ��.� r�7q �i� -!)�&i� Pi2� r�06�G �6 -��T) 8�-
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b
�( ���~>8�)�x� ��7, ���
� �/�0  ���( * �/�0 �7A6 �Ae� ��

DE� !

L M

N O

�7  .��*��i	 �2�iAG �PD��7iG 3� ^, �� 8PiA	�2> ���iG 1
�iD
 �� E2�&D �� ��50�!)� .�i6 ���G 1
� �i.� r�7iq �*3 �� 8�

���G ��50� ?70@ 83�/)E�i l�(�i6 *�� -!i0G��, r�7iq
 v0/ 1'� �i6 * ��50� 8�) �i6 �i'TG ��Pi2� �i�.� r�7iq 8�

 �� -!)�&��7  .* -!i2�2, 8��fi'<� 8�2	�7i, 8�)�����G ��
 �.� ���P6 ���G 8�) �4'�i�  * -!  83�/ �
_�i6 bG��iD �i)

!���� .�/ �6�
 �T/ ���G 8�)��'# �� -!  83�/ �2iK� !��7D-
�7iD7A, 8_�6 * %��Z� �� �AK� � ��&	 8�) �
��i  �i
 * �i)

 �i2C�� � ��&	 !i0G ^�"0i� �� 8�]M|Wkk.[��7iD��&iD 2E
���G ��7� ��50� �� �)�/��6 E�i  �� )z(-!i  -��� ��&i�
�/�.

=3�H�T�
-7K� * V�7�� 3� �8���G 3�/ ��50� �� 88��7� �/��6 :p��(���G �
�7
�*P�7� !0AX��7) �2D726 v0/ �� �
�2, 83�/?(3� �
�T�
 * �2'04� 83�/ ���G7���G �
3!�I !0AX��7) v0/ �� �
�2,)�/��"�� �7�(�(���G �i
�7
�*P�7� !i0AX��7) �2D726 v0/ �� �
�2,7���G 83�/

 �*3 �� 8�2	�7,��/�.��/�',R2r(��G� ���G =
 �
3!�I !0AX��7) v0/ �� �2D�T) E2�&D * 8!2H�7/ 8�) 8�2	�7,�(!2�G� 83�/ ���G
 1)I)�2D�T) (�6-!i00G �, r�7q 3�� 8%�Oi  *�i) .�(���iG �*3 �� �'2�iAG �i.� 3� �
�iT� �i�50� ?7i0@ 83�i/W?7i0@ �Ti/ �i6 !i
�

)Cp=Chalcopyrite, Mag= Magnetite(

=S�T��7D�R2'�]���, ���( ��50� �� �
7��F * �2�*� 8�) �/��6 ��7� 8)�� �6 �/��(.
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!A@ M|�-��T  M����6Mj|N 12�3 �/��6���( ����/�.� ��/�0  �� �T2 7\] * 83�/. . .��

���	
��0���� ����)�
�� ATc2r���Kq
��6�7x0����( b)��	 PeD
� 2T2�
�*

���) �� y�# �q�0c �.!0G��, 3� �'/�� �)�.I �	�
�� 8�)
 ��2�*� * �
7��F �
�2T2 7\]��7T�����68��7T� w*� *� �6 -

����68?7/� 8�)���#�*� ��7T� * 8��40/ 8����6 s�e�� ! .
��7T�� ���6 8�)�	 3� ^, -! 
����# 8�)!0
=����� 
* =
-���I w*� �6 83�/p2Z�e0/ �TD� ?Y@ -�4&��� ��

 !�&� �/*��	���I2!�!  P.�
���I 12^� �q�0c 8��6 P�?�/�
8*��-��� P040� *�	�. r�7q .

!����0�	
U ��0��:�����50 ��/��6 ��7� 8�x� �� �6
-�7D �7T0#� 1'	�.�&�� �8$7H� 8�)8����/�.����G 83�/

��X  *�)��6I 8!06 *�fD 8�
E.7. �)��2U�M:MNNN(a��� 
?7/� � ���6 8��6 Q/�0����#�*� 8�)!�!  ?��'�� 8� .1
�

�)��6I 3� a����� �( ��50� �
�c L�'X�� 8�) %�"� ����7D
 8�)!C�*_�6 �40/ E( �� �.!0(��, �
�c� �6 �! �6 �/�

!  ?��'�� ���50� .�)��6I ?7/� ��7T� R
 � ���6 �� 8�
EK��2 �C 3� �*� �
�)�7T0#� 3� wP
� ��O�� �( ��)��6I 8-

!  � ���6 �! �6 �' �!� �7@* �/�_�6 8�) .� ���6 dTc
��7T� 3� �)kN�DjN�'��/ �/� -�76 �'� .��7T� 8�);T@ 8�*I

?7/� * !�!  J�6�> -! P
� 8�)3� �D`N=�):/kJ��"� �	 
mmMzz/N(P2���I 8��6AAS!�!  �!@ .^, ��7T� �) �3*

 �*!C �!  J�6�> 3�k��7T� ��!"D * s�.7A2G �)MN!��76 �!c 
-��T  EK� �� �G �6 * 8��Y.GPS!�!  �2"<7� 122"D .

��7T���2( �� �( �
�)�0A
�� 8�) �� �!��76 -!  8��!�4� 
�A2/* �6 * -!  R&# L~��( -�4&
��3I R�� ��3�� R�� R
 8

!�!  .��(`N?7/� 1
� =� �D =
���� !0
I�	 3� ^, 8�)
 ��(kNN�
PeD 8��6 �=� �q�0c �
�2T2  8Cu, Zn, Pb, 

Ag, Mn -!�&��� �
PeD �T2  -�4&
��3I �6 �
�, s7Ac 8

�!�&� �/*��	 -�4&���p2Z w*� �6 P2���I 8��6 ?Y@ �e0/
�TD�(AAS)!�!  -��'/�	 .J*!@ �� �
PeD �
�'�)z(w��P.
!�!  .E� �� )`p��(�&����7T� �2"<7� 8?7/� 8�)

���#�*��� -!
� -!  � ���6 8�!�7  .
�&�� �6 �@7D �6 �6 8���� a��� * �q�0c ;
37D 8�) 8��e0)

 �q�0c ��Cu, Zn, Pb,Mn,Ag �i� �fi0c �i( �iH. ��7iD
 �i�50� �<�i  ?7i0@ * ���T  =�6 �� ^� �i6 88��ie0)

 �� ��&�!)� .�6�<�  ?70@ =�6 �� 8*� �f0c 3� 8��e0)
 �� -!)�&� ��50��7  .�i6 �� 8*� * ^i� �iq�0c �iAG �7iZ

EK� �)��6I �( �
�) �7T0#� 3� �) �i
�7
�*P�7� !i0AX��7) 8�)
 !0AX��7) * �202/*P�7� �8�2	�7, �i� �7Xc 8�2	�7, �
�7
� -

�6 �!00( �i� ��&i� �i4
� a�i�� �6 �X�� �� 8�D_�6 8��e0)-
!0)� .8��ie0) �6 ��e
� �� �4
� ��26 �6 �� 8*� * ^i� 8�i)
?7/� ���#�*� 8�) -�7D ���50� 8� �' �� =�� 8$7H� 8�) !i�� .

�i6 �i�50� ?7i0@ * ?�> �� ?�/ �f0c �� 8�D_�i6 8��ie0)
 �� ��&� �� �G !)� �6 ?�>��/�.���D�06�G +* S2'2A2,*�,

 �6 ?70@ ����/�.���'�6�* S'2A2,*�,!��.
�02�3 �
���� �6 �@7D �6 v0/ �� -��� 8�� ��i/�*!C 8�)

 �6 ��e
� 8��ie0) �i� Pi2� �i�50� �� �fi0c 1i
� 8�i) ��7iD
��ii/�.��Sii2'2A2,*�, +�2�ii
�/ �Sii2A
]�I +* Sii2A
]�I
�D�06�G +� �� S'2A2,*�,����� �Fg .

�� P040� �f0c ��7� �� �� �fi0c 1
� ��!�� �G �H. ��7D 
�i02�3 !iC �6 �@7D �6 ��50� ��iT� ?7�iK� 8��ie0) �7i  .

E�i  ���7iT� �i6 �@7D �6 120�T))`?(�iX�� �4'�iXT)
 ��7T� �� 8*� * ^� �f0c *� 126 �
_�6 �i��#�*� ?7/� 8�)-

�� -!
� ��50� 8��7  .�� �q�0c �4'�XT)D�#�0  �� !��7
 �iD ���3 �� bG�C �
��  �i6 �2�iHD �� Pi2� * �iq�0c �02&i�

8��e0)! �6 !2H� �7@7� 8�).

9�."V��7T� �
PeD �
�'� �)��6I ?7/� 8�) 8�)Q�C �6 �
���� ppm(.
Sample No.  Cu (ppm) Zn  (ppm) Pb  (ppm) Mn  (ppm) Ag (ppm) 

S1 �/�� �/�� �/�} �/��� �/�
S2 �/�� �/�� �/�� �/��� �/�
S3 �/�� �/�� �/�� �/��� �/�
S4 �/�� �/�� �/�� �/��� �/�
S5 �� �/�� �/�� �/��� �/�
S6 �/�� �� �/�� ��� �/�
S7 �/�� �/�� �/�� �/��� �
S8 �/�� �/�� �/�� �/��� �/�
S9 �/�� �/�� �/�� �/��� �/�

S10 �/�� �/�} �/�� �/��� �/�
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b
�( ���~>8�)�x� ��7, ���
� �/�0  ���( * �/�0 �7A6 �Ae� �}

DE�

!

=3�Wp��(-��T  * �2"<7� ��7T� 8�)��6I ?7/� 8�) ��50� �� -!  � ���6 8�?(b2�'�� �56�� Cu- Zn ��7T� ���)��6I ?7/� 8�)8�.

������&�� ��0:��7T� 1
��6 �)�, �7x0� �
�2T2 7\] �
7@
-��# w*� �6��50� 3� * �40/���( 8�) ��/�.� * 83�/

��6 � �!�!  .V7Te� ��Mz��50� %�"� �G �40/ ��7T� 8
!�!  � ���6 !��76 �/��6 ��7� .w*� 1
� ����7T� 8��6-

�5�� �) 3� 8����6���� 
R-�
�� �6 V�"  MN�DM:�� �'� 
�5���3 �5/ �� �x� ��7� 82EK� �( �D�7q �� * ?��'�� 1

L~��( �5��3�62�*��.�3 v0/O&D ��50� 8�)2E! �6 -! �
r�7q �6 �OD8�)chip sampling(�*!C �3* �6 ��D �) :N

s�.� �5/ ���TD 3�
1-�
����7T� 8����6!�! ��7T� �( ��7�
�x���7T� ��40/ 8)rock sampling(2��� �� -!�7  .��7T� -

-��T  EK� �� -!  � ���6 8�) �6 * 8��Y.GPS 122"D �
EC��� �Z 3� ^, * !�!  �2"<7�-���I * =
���# �83�/

 ��G �D =
����kNN �q�0c 8��6 =� Cu, Pb, Zn, Ag, Mn 
�6 w*�AAS �/*��	 -�4&��� 8 �
PeD �T2  -�4&
��3I �� 

!�!  �
PeD !�&� .J*!@ �� �
PeD �
�'�)`(!�!  w��P. .
E� �� )|p��(�&����7T� �2"<7� 8-��# 8�) �40/ 

!  -��� ��&� -!  � ���6 .6* ^� �f0c *� �
���� 1
�D_�
��50� �� 8*�=�6 �6 �'&26 �/��6 ��7� 8�8PG�� 8�)

�'�6�* ��50� �670@ * �<� ���/�.� �G !���D�06�G 8�)+
�D�06�G ���2A2/ +S2'2A2,*�, * S2'2A2,�, +QX/ S2A
]�I

�6 1
� ��e
�8��e0)-�76 �)!�� .���7T� �6 �@7D �6 120�T)
 E� )|?(6��7T� �� 8*� * ^� �q�0c 12 �40/ 8�)

�� -!)�&� �'X�� �'�XT) ���50��7  .��7� ��50� ��
��7T� �6 ?�/ ��P2� 1
�'&26 �/��6 �40/ 8Ch-2 ��P2� �6 

ppm9/|j�/� �'�6�* .�� ���I 1
� �( �/� 1
� �H. ��7D
�.� EK� 3� ��7T� � ���6 -!  �'2�7T2� r!  �6 ��2A2/ 8

�/� -!  .����7T� -!  � ���6 8�)�6 ��50� �4
� 8-
�/� 12
�, ?�/ 8��e0) .�02�3 �
���� �6 �@7D �6 �f0c 8

v0/ �� P040��6 �f0c 1
� �8!2/� * �/�*!C 8�) 8��e0)
�T� ��&� ��50� �� �� �q�#!)� .E� ��)MN(;
37D

��7T� �� 8*� * ^� �q�0c �
�2T2 7\]-��# 8�) 8*� �40/
��/�.� �&��-!  -��� ��&� �!��.
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!A@ M|�-��T  M����6Mj|N 12�3 �/��6���( ����/�.� ��/�0  �� �T2 7\] * 83�/. . .��

DE�

!

9�."W��7T� �
PeD �
�'� ��50� �40/ 8�))Q�C�6 �
����ppm(.
Sample No. Cu (ppm) Zn  (ppm) Pb  (ppm) Mn  (ppm) Ag (ppm) 

Ch-1 �/�� �/�� �/�} �/��� �/�
Ch-2 �/�� �/�� �/�� �/�}�� �/�
Ch-3 �/� �/� �� �/��} �/�
Ch-4 �� �/�� �/�� �/��� �/�
Ch-5 �/�� �/�� �/�} ��� �/�
Ch-6 �� �/�� �/�� �/�}}� �/�
Ch-7 �/�� �/�� �/�� �/��� �/�
Ch-8 �/�� �/�� �/�� �/��}� �/�
Ch-9 �/�� �/�� �� �/���� �/�

Ch-10 �/�}� �/�� �� �/���� �/�
Ch-11 �/�� �/�� �/�} �/���� �/�

Ch-12 �/�� �/�� �/�� �/���� �/�
Ch-13 �/�� �/��� �/�� �/�}�� �/�
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