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Gn 

Sp 



=46��J��'( ��;�@�B�- ����� ���"���#$%�$# �
�&'&( )*+&&,- � �#�.( /�������" . . .��m 

Pyrite
Chachopyrite
Galena
Sphalerite
Tennantite-Tetrahedrite
Malachite, Azurite
Chacocite
Smithsonite, Cerussite
Quartz
Sericite, Illite
Alunite-Jarosite
Montmorillonite
Gypsum
Kaoline
Portlandite
Geothite
Calcite

G
an

gu
e

O
re

Stage 
I

Stage 
II

 Stages

Mineralogy
Stage 

III
Stage 

IV
Stage 

V
Super
gene

7�=6v���" �B+M- 7$�+	 ���+@8�* +K(F*�+ T
� �B �" �@��#$%�$# /��J=( �
TM- =�*.
��$'� =" ��&��" �B+M- 7$�+	 ���" L��

AQ-P207-F0 Cu10.2Zn1.8As4S13 �*� /�� �&@��.-
K2-10a Cu10Zn1.6As2.5S13 �&@��.-H�*� /�� �
�=�*+@-
K2-11b Cu10.4Zn1.6As3.5S13 �*� /�� �&@��.-
K2-10d Cu10.2Zn1.8As4Sb1.3S13 �&@��.-H�*� /�� �
�=�*+@-
K2-11b Cu10.4Zn1.6As4S13 �*� /�� �&@��.-

AQ-P01-F06-SS Cu10.1Zn1.9As4S13 �*� /�� �&@��.-
AQ-P01-SS Cu10.2Zn1.8As4S13 �*� /�� �&@��.-

AQ-P01-F09-SS Cu10.2Zn1.8As4S13 �*� /�� �&@��.-
AQ-P01-F07-SS Cu10.1Zn1.7Fe0.2As4S13 �*� /�� �&@��.-

AQ-P01-F09-SSb Cu10.2Zn1.8As4S13 �*� /�� �&@��.-
AQ-P04-F01-SS2 Cu10Zn1.2Fe0.8As4S13 �*� /�� �&@��.-
AQ-P04-F01-SS1 Cu10.4ZnFe0.6As4S13 �*� /�� �&@��.-

AQ-P04-F05 Cu10Zn1.2Fe0.8As4S13 �*� /�� �&@��.-
AQ-P07-F0 Cu10Zn1.8Fe0.2As4S13 �*� /�� �&@��.-

AQ-P07-F04-SS-1 Cu10.1Zn1.8Fe0.2As4S13 �*� /�� �&@��.-
AQ-P07-F04-SS-2 Cu10Zn1.9Fe0.1As4S13 �*� /�� �&@��.-
AQ-P09-F05-SS-1 Cu9.7Zn1.4FeAs4S13 �*� /�� �&@��.-

AQ-P09-F05-Sb-SS2 Cu9.7Zn1.5Fe0.8Sb3.7As0.3S13 �&@��.-H�*� /�� �
�=�*+@-
AQ-P09-F06-SS Cu10.1As3.35Zn1.5Fe0.4S13 @��.-�*� /�� �&

AQ-P09-F08 Cu11.7Fe0.3Te1.8Sb1.1As0.6S13 �
=4	=41))Te<(Sb+As)) 
AQ-P07-F03-SS CuZn1.8Fe0.2As4S13 �*� /�� �&@��.-

AQ-P07-F01-PbSS Cu10Zn1.1Ag0.1ASb4S13 �*� /�� �&@��.-
AQ-P12-F01 Cu10.2Zn1.8Sb2.3As1.7S13 �
�=�*+@-H�*� /�� �&@��.-

K2-10e Cu10Zn1.7Ag0.3Sb3.4As0.6S13 �
�=�*+@-HJ+�� F* �.: �*� /�� �&@��.-
AQ-P07-F01-PbSSb Cu10Zn11Ag0.1Sb4S13 J+�� F* �.: �*� /�� �
�=�*+@-

[8(s���" �@	�&'� ��*$- �345 /2 �����" �� �
*F�#]��.[
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[�1 �1��$Q } /�� ���" F* �1� ;=( �(+B VY# �
*F
4d* � ��K@�&�2 k.# �B ;2 � +'" /��
�1� /Z�B +'" � ?&

R$1 [&8�- �^
*T	* ;2 �M&@� �" J=( ;*�*+	 �#� /��
���" �.�  ����` �B ��#* J�$B ;2 ��&I ^��" � �*� /�$\ �"

F* ^&B �B �(+B ~\�.� �� ��=3� J��� ����`sT&� +@�
�� =#� ./��=.
2+	 U+@�1 VY# ?&.�'� ��=.
2+	 ?
* 

;�+B �*F ���" [&8�- � �����" ?
* �� �&'#* /�� �&��F�
�&"Z�� ��
F�+#�q4@�� �*$�* � �&@<$1 ��&#$8��" ��
��F2

���" J=( �#� /�� �#*.

���" ���#$%�$# �#�.( �345 /2 �����" /���#
]�� �345 /2 k.���" �@��#$%�$# ���" ?
+- �&@��.- �#J�$B 


�=�*+@- /T&N�� �*=�� ��T&� �#* J=( [&8�- .?
* X&8%-
 �*$(� �$8#�+8&� +
F �� ���" ���#* .���#�+B/�� ?&�&  

]��[�����#$%�$# ��.- �
�=�*+@- ��$B J=( �	+3� �$6$��
��*UF*�+ T
� ��+@8�*��*� ;��� �" /+# ?
* +@�&B /*�*�

�@&@��.- V&"+- �B �=.@�� �@
�=�*+@- )�=�]����� .[
�&@��.- k�� �B ]" TY# ��F �B [
�� k��k�� ]" )[8(�(�

��&�B TY# k�� �B �
�=�*+@- ]"�� J=
� k�� +@�&B �� =�$(
 O\����#�+B ��=G ��*�*+	 /*�*� �&@��.- �J=(��-s%J�$B 

�JF*=�* F* ;2���-��� �#* +&,@� +@��+8&� .���G�� ?
*
 F* +@'" �
�=�*+@- ��*�*+	 �" �#*s/�%#*�.

?
* �� �" �M�2 F*�^���  ���" �@	�&'� ^
*=&  [>� ���
�&@��.- /+# H�	�B � �
�=�*+@- /���$6$� ���2 �� /*+B

7=� �- � ���K@#�Q /F�# �&'�* /+# ?
* �����@(*� 
�	�B ��*�* �� ��#* ���" ?
* /�� � ���K�$KN �B ���2 �@	�&'�

���" +K
� /���� J�*� �&`$-�$(.

�	�B ����" /��&@��.- /+# /�� H�
�=�*+@- 
�	�B �.&���6 :�.&���6 �	�B /*�*� V4:* �&@��.-J�$B ���

�Y� ���" ?&���6 ?��1 �
+& $8��" ��
+&  ��
+��%#* /��(J=
�#*)[8(/���q�*H�.([8( �J=( �+1 � ]�� �$�#/�� 

�5�B � �M&4Q J=��� ]�� F* �
�&��" �	�B ?
+- �Q�( /��
6�.&��� J=( J=
� =.@��)[8(/�� �R � �.(

���'&# �	�B :O\��� F* /��&�B ���#�+B �&@��.- �J=(
�B �#* �@	+1+B �� *� �@
+&  �(+B /���+Q �;�'&# )�$d
)[8(/�� �) � �(�6$- [B�5 ��#* �&@��.- /���$4B �"

 �1=(�+Q � �K@�8(=��*=� �" ?
*��=�*$- +K��&B [&8�-
�
$��p =(�B ���2.

��1� �	�B /*:�&@��.- �B�B )�=� ��1� )�$d � /*��Y��&� ��
?��1 � �
+��%#*J=
� ��$(�)[8(s�.(

�	�B/��@(�K� :�
�'.1�TB �� �� �
 � Z�B ��&�B /���B �#�+B 
�	�B ����+@8�* �$8#�+8&� /��@(�K��@&8�+&� �
 ?&B =.���

 ?��1 � �&@��.- /���$4BJ=
� ��$(��&�B /���$4B �8
�$�B �
JF*=�* �� ?��1 XN$" /���/��-���B �;�+8&� )�$d

l+�5 [8( �
 ��/�� L+" �*+5 �&@��.- �� =.���=��*� )[8(
h.(�	�B � �	�B �$� ?
* �.&���6 /��*�	�B �*$�* F* V4: /��

�� 0$�>� ��."*� =�$(]����h.[

���" ^
*=&  [>� � �@	�&'�# /���&@��.- /+ H�
�=�*+@- 
��$� �� �-�8� ���" ^
*=&  [>� �&@��.- /��H�
�=�*+@-

 �6$- [B�5=.@�� ���2 [&8�- ���'@G* 7=� �<*�* �� �"
 �&'�*�� ;�&B ��*�* �� � =��*�=�$(.

q�* H���" ?
* �B �� �&(�G )�$d �Y� �� /* �
+��%#* ���" /��
)[8(/�� �0 �q�* (J=
� ��=�$(.

0H���" ?
* �B �� J�+Q �;�'&# )�$d���" �(+B /���B �� J�
�
�� +B �� *� J=( �+Q �
+&  /���$4B =�+&1 .[&�� �BL�8>@#* 

�� *� ;=( �(+B �*=�� ?
+@�&B ���" ?
* ��
+&  /���$4B
^.- ?&�F /�� =�� �� ;��� �$Q F* �@Q�#)[8(/�� ���

).(^�B �� T&� �&@��.- ���" +B /�� J=( �+Q �
 � �(
 ��*�*+	 ?
+@�&B k.���"��*� *� )[8(/�� �q�*H� R�

q�* .(J�$- k.���" �� �&@��.- ���" ^�B � /* �
���B/���$4B
]��# ?��1 � �
+��%#*�+Q �B � +- �
 +@'" �1=(J=
� �'� �$(

 ��&�B ��*�*+	 �
 ��'" ��*�)[8(�0.(^�B ?
* �� T&� ��
$d �� �&@��.- �$6� )�+@�&B ���" �# �
 �� /+Y'� ��

 �B ���2 �1�+�	 [>� �� � ?��1 � �
+&  ��
+��%#*]�J=
� 
�� �$()[8(/�� �0H� ��� q�*nq�*.(
�H�&@��.- ���" ?
+@�&B^�B �� /�� J=��*�+B�� � �
+& 

 �
+& $8��"V4:* � J=( ?
TK
�6 � �
+& $8��" ?&���6
* J=
�+1 �
+&  }�# �#)[8(/�� �� � R �) �� .( [B�5

 �6$- �#*�$Q �
+&  /���$4B �" ;2 J=�� �+Q � [8(
�&@��.- �.&���6=��*=�.

)H)�$d �� �B �&@��.- [��" �.&���6 �
 X
 ��
+&  /�6
�B �@&@��.- ��1� =.N ���" ;��� /��/��." J=( ��*�=�* 

)[8(nq�*.(
�H�
+��%#* /���$4B+@�&B /*�*� �	�B�K@�&�2�� 
)�
+��%#* �� �
+& $8��" b+
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�B �&@��.- �" )�$d��Y��&� �� J=
� �
+��%#* �� �	�B ��$(
�K@�&�2�� ;$�*+&  �
+��%#* /���$4B��Y��&� ?&B F* �&@��.-

�B �
 � �@	� ]�N �$\ �#* �@	�
 ^��" ���2 ]MG /+&1
)[8(/���� q�*n.(

[8( h�	�B/��@(�K� ?��1 H@��.-&����B�-F�B +
$C-�&�8#�+8 ��+@8�* ��"l+�5 ���[8( /���+"�?��1 =.��� )%#&=(�B@��.-&�
�@	+1+B��J=( =�* )*
?$C-
+[8( ���H�J���2 J=( �#*.(Ccp : ��
+& $8��"py : ��
+& Gn : �?��1Tnt : � �@&&��.-Qz :T-�*$".

[8�(�q�*H8�-&[@��.-&���[>� /+Y'��1�+�	 �����" �?��1 �+��%#*
�) .�B^��" 
�= ��
;=(= l+�5 ��/ $8�*&+
���+��%#*
�
�6$- �$((b0H8�-&[�=�����8 @��.-&���+��%#*
��?��1 ��/^�B ��/]��# ��(+B �J=��� k.����" J�$�- */.)���C- J=�&Y�5 �$�� �� +


 �O\��@�xplJ=( �&�- �=�*.(

[8( nq�* 8�-&[@��.-&���[>�  &+
���/(+B ��J=(�+Q ��F+� +��%#*
��?��1 .�B)+6��� 7$4>� J=�F�# @��.-&�F*[>� ^."*� �
8�-&[��1� ��/@��.-&���+��%#*
��6$- �$( .0��Y��&� @��.-&�+��%#* ��
�.�BF*B&?�	�B ?@	�
 �K@�&�2���=( ^��"
=l+�5 ��/

 $8��"&+
�;$�*+& ���$4B/@��.-&��$( �6$-.

Gn 

بالف

Gn 
Gn 

Tnt Gn

Gn 

Gn 

Tnt 

Tnt بالف

Tnt 
Tnt 

بالف

Gn 

Gn 
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���#$%�$# �
�&'&( V&"+- B �� �
�  +W
�@� UF*�+ T
���+@8�*�
S�#*+B ��$'� �
TM- W
�@� /��J=
T1+B J�K@#� �B +K(F*�+ T
�

�+@8�*�����" �B+M- 7$�+	 �?&&3- �� �;2 J=&8N 7�=6 ���
�<*�* �#* J=( .UF*�+  W
�@��Q+B 7�=6 �� ���2 F*/�� ��-

s���" ?
* �'&( �#�+B ��#* J=( J���2M
�@� ���*�� �� 
�#* �@(*� �� ;�&B ��*�* �� �"�$(.

q�* H���#$%�$# �$6$� /��+@�&B F*�&@��.- /+# H
�
�=�*+@-=.@�� .J='I ^�B V&"+- B ���2 F* �.: V�5 �

�@&@��.- � X
�T� X&.#�2J�$B �Y�� �As �BSb ��$'� �� ��
_#$@� �$�B���B��#* )7�=6/�� ���.(�B)�=�

V&"+-/�� T&� ;*$'&@�2 F* �.: � �@
�=�*+@- � _#*�*=GJ=
� 
�� �$( .=�� T&� ��$'� X
 ��*/�Te �@Q�# �� �" ��*� �$6��

=41 ���" ( ��*� �
=4&	�#* J= ]�.[
0H�&@��.- /+#H[B�5 +
���� /*�*� J=( �<�#�.( �
�=�*+@-

 F* /�� �6$-�%�-n%�#*)7�=6/�� ��-s.(W
�@� ;���
�����" �" =.�� �&@��.- /+# /��H�� �
�=�*+@- �� =.�*$-

 �- �$Q V&"+-%��=.(�B �@(*� /��]�n��m[?
* �� �" 

���G��&@��.-–�
�=�*+@- /�� /���� J=&��� �*� � =�$(
 ���2 /+# �Y
+�- 7$�+	(Cu, Ag, Fe, Zn)12Sb4S13H

(Cu, Ag, Fe, Zn)12As4S13 �#* .;$&-�" =d�� /��
 �@&	+���Cu, Ag  Fe, Zn )��%@� q4@�� /�������" ��

J�$B J�1 ���-���� �=.(�B �@(*=� �$6� �#* ?8'� ;$&-�"
 }�V4:* ��*� �$6�]�m[.

�H���#$%�$# �
�&'&( V&"+-^�B �� J=( �#�+B /�� /��
 �.3
 ���2 �
�  )*T4	 �*=�� � J�$B )��%@� k.���" q4@��

���" �
�&'&( V&"+- �B �@�B*� J+�� � ?�2 �/�� �}� /��
���" �N �8.
* �B �@�B � �#���2 ��."7$4>� �B /* �B��+1 /��

�+1$1HX&.#�2 ]�� �*�)?
TK
�6 (�=(�B J=( ���2 V&"+-
�� +&&,- =." .���" 7��� /*+B J+�� ?��1 ��." �@��#$%�$# /��

���#$%�$# �*$�* � =��*� /��&�B �.: ��
+��%#* ?&���6 /��
 /�� F*)�&@��.- /�� /�� �*� (���" �*$�* ��" �@��#$%�$# /��

J=( }� F* �.: �
+& $8��" ?
TK
�6 �*$�* T&� � =�*
[&8�- +&  ;�'&# J=.�� /*�*� ��
+&  ?&���6 � �(+B �


 =.@�� /+@�&B ?�2 +
����)7�=6�.(

7�=6 �W
�@� �&@��.- UF*�+ T
� U�� �B �
TM- .:�F*��/�}�
Element Weight % Error Atomic % Error 

S m�/�m ± ��/� ��/�h ± ��/�
Cu �m/�� ± n�/� �s/�� ± h�/�
Zn ��/n ± �m/� ��/h ± h�/�
As �n/�� ± ��/� ��/�� ± ��/�

��� - ��� -

7�=6�W
�@� �
TM-�=�*+@-
�}� � /�� F* �.:.
Element Weight % Error Atomic % Error 

S sn/�� ± �s/� n�/�� ±0.27 
Mn ��/� ± ��/� �h/� ±0.11 
Fe ��/� ± ��/� �n/� ±0.14 
Cu ��/�n ± ��/� ��/�� ±0.69 
Zn �h/h ± ��/� �n/s ±0.65 
As ��/� ± ��/� ��/� ±0.05 
Sb �m/�� ± ��/� ��/�� ±0.1 
- ��� - ��� -

7�=6 sW
�@� /TM-�=�*+@-
�H@��.-&�.:�F*��/�}�.
Element Weight % Error Atomic % Error 

S ��/��  ± �h/� �h/�h  ± ��/�
Cu �n/�m  ± �m/� ��/��  ± h�/�
Zn ��/� ± �n/� ��/h ± hs/�
As �n/n ± ��/� m�/s ± ��/�
Sb hh/��  ± �m/� n�/� ± �n/�
- ��� - ��� -
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