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 +�-:C\�&0A��� @� �K:�<�F-$ �F #�- ��5 �- 4�;%<=-
 %]�C"LREE �F�@= MREE $HREE � 4�,� QK�>�-
0CK�]ii[�)d1A����- .( �(�� 4� F [�FLREE/HREE �

#0CK� 4�,�:�(�� 4� F [�F CO2/H2O�@" �#�+<=�5 �� 
F'� ) %<,'$ �@&�� 0
g[�@<J- �#�+<=�5$�%� ����& �'<��=- .

C\�&0A �Eu �'*<�'�E:�=- ��X=0!	 �A�(�- ]io[.�F
- �F �D )
#0CC> d@J �1C:Eu��X=0!	 0C<�K �K�-
2

W)''�D�� �F �=- 21@� �-%:*E) 
�:-
��> 2���()�- �� �K
F $ 0A�F���ECK:�(�� Eu�!J%� �F :�$- '��=%&� ��LC= -

-%A �� �K
=- �'0:�=- ��&��= ]��[C`@K '2F��EC�:
�(��Eu��#0CK� 4�,� 0�- ):#��A�K:K�� �F '=- �'0:

�F��� :0A�F [�F ]��[.�� @� �K:+C= �#� ) :6 N� :
���� �F �(�� 4�;%<=-
�<A & %:�$- '�]it[��EC�F#0A 0�-
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0!D��#��@A ���4�<��� ���� ��+� LC= :A UV �'@�A $'@���> ��K:�
��-�*-:. . .y3�

)d1A�B �.(!> � / �F�- �� 
C\ ��-� @� 2�&0A ���
%]�C":c�'%La �Nd�Rb�U�Pb�Zr�Cs$P�) $�
&0A�%]�C" �� :c�'%Ta,Nb �Pr$Ce� #0K�,� �� A.
C\�&0A �Rb�
1��5�A �- �K:!]- ��-%& '��K:

�� 5%F:T $�� 5%F ��:- %+��,� $ �=-
#� ) �> �=- 2�K:

#0A ���<= T �� :#��; -:� �) �= <� ����� �F 
��

�D
+'%:-%	 �- $ #�%> 
[G 0C
T Q�<= -:#0A %a�<� 0�-]iu[.

$�.EF�<�
���G �'A UV *'@'��
�� @� �K:�F � F%� #�- ��5:	� T'%:^$� �F 4�;%<=- ICP- MS $ICP- ES.)qmz=�$*� �*)�- > �' e �gd =
� �-%&
� 
e�qmzd=*)�- >�$*� �
� 
�.(

AST -12 
(gd) 

AST -11 
(qmzd) 

AST -10 
(qmzd) 

AST -9 
(gd) 

AST -8 
(gd) 

AST -7 
(qmz) 

AST-6 
(qmz) 

AST-5 
(qmz) 

AST-4 
(gd) 

AST -3 
(gd) 

AST -2 
(gd) 

AST-1 
(qmz) Oxide 

3�/3� 33/�33/y3 3�/3y 3�/�� 3�/�� 3�/�� 3�/y� 3�/�3�/�3 3�/�3�/�SiO2

�/y� �/�� �/��/�3 �/y� �/�� �/3� �/�� �/�y �/�� �/3� �/y� TiO2

�y/�� �3/3�y/�� �y/��y/�3 �y/�� ��/�y �3/�� �3/�� �3/�� �y/�� �y/�� Al2O3

�/3� �/�� �/�� �/�� �/�� �/��/�3 �/�� �/�� �/�� �/�y �/3� Fe2O3

�/�y �/�� �/�� �/�� �/�� �/�� �/�� �/�� �/�� �/�� �/�� �/�� MnO 
�/�3 �/y� �/�� �/�� �/�� �/�� �/�� �/�� �/�� �/�� �/�� �/�� MgO 
�/�� �/�� �/�� �/�� �/��/�� �/y� �/3y �/�� �/�� �/�y �/�� CaO 
�/��3/��/�3�/���/��3/���/3��/�y�/���/���/�y�/�Na2O

�/���/���/3��/���/���/�y�/��/3�/���/�3�/���/y�K2O

�/���/���/�3�/���/33�/�y�/���/���/���/���/�y�/yP2O5

�/��/���/���/���/�y�/�3�/�3�/�3�/�3�/���/���/��LOI 
��/3� ���/�� ��/�� �3/�� ��� ��/��3/�� ���/�� ��/�� ���/�� ��/�� ��/�� Total 
���/���3/����/��3y/yy��/y���/3���/y���/y��y/����/3��3/���� Ba 
��/y��/���/�y�/yy�/y��/���/���/�y�/�y�/��y/���/3Rb 
��� ��� ��� �3� ���/����/���y/3��3/����/����/33��/����/�Sr 
�/y� ��/��y/�3/�3/��/�3/3�/3���/�y/�Y

��� ���/���� ���/����/���y/����/y���/���/����/����/3���/�� Zr 
��/3�/y����/��/���/���/���/y�/���/���/���/�Nb 
��/��/��/��/��/3�/��y/��/�����/�� ��/�Th 
��/����/���� ��/��/y��/���/��3�/��y���/���/�Pb 
�� ��/��/��3/��3/���/���/���/���/���/��y/���/�Ga 
��� �� �� �� �y �� �� �y ��� �� �3 �� Zn 
���/����/���/���/����/����/3�/����/���3��/���/����/�Cu 
�� ��/y�/y�3/���/3��/�y/y���3/3��/���/3�/�Ni 
��3 ��� �� 3y �� 3� 3� �� �� �� y� ��� V

�/��/��/��/��/��/��/��/��/��/��/��/�Ag 
��/��/y�y��/���/���/����/y�3/����/�3/���/y�/���/�Au(ppb) 
�/��/3�/y�/��/��/��/��/��/��/��/��/�Hf 
y/��/�3/����/��/��/��/�y/��/��/3�/yCs 
�/��/��/��/���/��/y�/��/���/��/�Ta 
��/3��/���/y3/��3/��/3�/3�/3��/��/3�/3Co 
�/y�/��/��/y��/��/��/���/��/3�/�U

��/��/���/��3/3��� �/��/��/��/��/��/���W

�� �����������Sn 
��/3�/3�/����/y�/��/��/���/��/�Mo 
��/��y/���/���/���/��3/���/���/���/���/��y/��y/�La 
�y/���/���/y��/��3�3/�3�/��y��/��3/y�y/���/�Ce 

�/�� �/3� �/�� �/�y �/y� �/�� 3/��/�� �/�� 3/�y �/�y �/y� Pr 
��/y�/��/���/y��/��y��/���/���/���/��/���/�Nd 
�/��/y�/y�/��/��/y�/��/��/��/��/3�/3Sm 
�/�� �/y�/�� �/�� �/y�/y3 �/�� �/3� �/�� �/y� �/�� �/y3 Eu 
�/�� �/y� �/�� �/y� �/�� �/�� �/y� �/3� �/�y �/�� �/�3 �/3y Gd 
�/�� �/�� �/��/�� �/�3 �/�� �/�� �/�3 �/�� �/�� �/��/�� Tb 
�/�� �/�� �/�3 �/�� �/�� �/�3 �/�� �/�� �/��/�� �/�� �/�3 Dy 
�/�3 �/�� �/�3 �/�� �/�� �/�� �/�� �/�� �/��/�� �/�� �/�� Ho 
�/�� �/��/�y �/33 �/3y �/3�/�� �/3� �/�� �/�� �/3� �/3� Er 
�/�� �/�� �/�3 �/�� �/�� �/�� ��y �/�� �/�� �/�� �/��/�� Tm 
�/y� �/�y �/�� �/y� �/�� �/�3 �/�3 �/y� �/3� �/�� �/3�/�3 Yb 

�/�y �/�� �/�y �/��/�� �/�� �/�� �/�� �/�3 �/�� �/�� �/�3 Lu 
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=$�%	�%&9> �:�J �'2#�-� �='#�I,{ 4-%
- �=�CA ���> $ �=�CA� !F �!E� y3�

?7
G��- (�-� @�TAS ]w[.; � $'LC= ��K:6 N� :��MC� :=�%F �� � �4G �� .B(�-� @�A/CNK – A/NK-%F :�� @� �K:#� ) 
6 N�:4�;%<=- ]q[.�(�-� @�Th%F-%F �� Co -%F :.)''%= 2:�@&�� �
�� @� �K:4�;%<=- ]s[.$�(�-� @�K2O – Na2O]iv[%�>- �>
�� @��K:=�%F �� � ��-%& Q�F �� '��K:Y � I� �-%;�&'0�%.

?7
H��- (%]�C"@>'>�5 B��REE ]ii[�0C> �F �(�� �>
���EC�F#0A 0�- .B() (1C" �-� @����EC�F�<A & �F #0A :�$- '�]it[�(
.; �'�� @� ��K:�-� @� �� ��MC� Rb%F-%F �� Y+Nb  ]iq.[$�(�-� @�Th �%F-%F �Zr/TiO2-Ce/P2O5]ov[-%F:.)''.; � 2'�� �'2
<5�=��� @� �K:��MC� �)CAP :A- J Z ;�#��; ?�.	 -:$PAP :Z ;��T�� 5%F .(

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

13
 ]

 

                             6 / 16

http://ijcm.ir/article-1-143-en.html


0!D��#��@A ���4�<��� ���� ��+� LC= :A UV �'@�A $'@���> ��K:�
��-�*-:. . .y3�

C\�&0A �Pb#0CK� 4�,� :a�) '�<= T %:#��; -:��d1A
&'%:�@&�� :#� ) 0� � :6 N� :$
[G �
�@&�� �F Q:A�� �

B$6 �-,�F�<A & �:@"'�K�-%) �� �> �:%)[�F ^ �<=�
-0D
�=- #0A Q.%F�CF ]iw[�)�&0A �Nb���,� a�) '%

�@&�� }F�C� %F Q�-�$%	�
�=- �<A & .:-%F 2''.) #�+
�D 
��'2<5�=�#� ):�K �:0'U <'�-%& F'�K�-� @� �- %<,�


� #��N<=-�� A�fZ�=-%F ��-$-%	 %]�C" B�'@f If�%b) 
�� F-%F%%	-:�K0C
 ���=%&� $�&��- K �J-%/ #0A A�FC0.

@K %F'Z�=- 2-%F:�� �'b� 2''.) '2<5�=�LC= 2
- �K:
��MC���-� @� �- Rb %F-%F �� Y+Nb ]iq[�� �> 0A #��N<=- 

�� @� ���@) g�(
%�) 4GZ ; �F �K��,N,)G :�K�)Z ;�K:
A�J'#��; ?�.	 �(�<�F-$0�-)d1A���.(C`@K'2� cC� �F 
-0D
QZ ; �K:�@&�� �
A�J '�:#��; ?�.	 -:Z ; $�K:

�@&���
T���-� @� �- �� 5%F - Ce/P2O5Zr/TiO2�]is[
0A #��N<=- .- ��
�� @� �-� @� 2�K:��MC� :=�%F �� � ���

#%<�&:�� 5%F 7T :)PAP(� �-%; �&'0�%)d1Ar��.( 


������ ���
��I�.%���


�<	��K:*E) �- d]�J 
��X=0!	 ��K:#�- ��5	� T'%:
?$0D �� 4�;%<=-)o(- #0A �U-�-0�.�-� @� Z�=- %FAb-An-

Or #%<�& �� �K��X=0!	 I'=�<T P'>%):�9> )�- )F'�- Q
sv 0]�� Or (#%<�& �� �K�9> 
V9T P'>%) $:$ 2
�0�G 

�9> +'�- � �-%;�&'0�% )d1At���- .(>%)'� P'+��'2
V9T
=�<T $ �9> '�� ��X=0!	 I#�- ��5	� T '%:)%) �F '�F P

�� ]Ab 67.43 An 29.53 Or 3.02 $Ab 1.142 An 3.97 Or 94.99 

0C<�K.EC=�����-� @� Z�=- %F �K��X=0!	 Ab-An-Or �
]ov�oi[�� 4�,��> 0K� �� ���G � !()���:�$0J wtv 8

utv�D�� :�<��= �=- #�-� �� �-%&)d1At�B.( 2'C{
LC= d'1,) �$- :��� %+��,� �=- 21@� �C'
�T :�K��� :�K

�� �>-%{ 0A�(� �=�%F �� �#��F$� ?��.) d]�J 0�- ):
���J �� �K��X=0!	��@E�- �(A 0A�F ]oo.[

$�.EC��X=0!	 P'>%)�K:�- #0A �
*E) #�- ��5:	� T '%:��<5�= ? �%	 #-%@K �F 4�;%<=- :%FZ�=- ��>- '4l.
Sample F23-1 F23-2 F23-3 F23-4 F23-5 F23-6 Ast-21 Ast-21 Ast-21 Ast-21 Ast-21 
Mineral Plg. Plg. Plg. Plg. Plg. Plg. Plg. Plg. Kf. Kf. Kf. 

SiO2 33/�� 3�/y� 3�/3� 3�/�3 3�/�� 3�/� ��/�� ��/�� 3�/�y 3�/�� 3�/y� 
TiO2 � �/�� � �/�� � � �/�� � � � �

Al2O3 ��/�� ��/�� ��/�� ��/3� ��/�3 ��/�� ��/�� ��/�� ��/3y �y/�� ��/3
Cr2O3 � � � � � � � � � � �

FeO � �/�� �/�y �/�� �/�3 �/�� �/�� �/� �/�� �/�3 �/�� 
MnO � � � � �.�� � � � � � �
MgO �/�� � � � � � �/�� �/�� �/�� �/�� �/�� 
CaO �/� �/y3 �/�� �/�� �/�� �/�� y/� y/�� �/�� �/�� �/�3 

Na2O �/�3 �/y �/�y �/�y �/�3 �/3� y/�� 3/�� �/�� �/3� �/�� 
K2O �/�� �/� �/�� �/� �/�� �/�� �/�� �/�� ��/y� �3/�� �3/�� 
Total ��/�� ��/y3 ���/y� ���/33 ���/3� ���/� ���/y� ��/�� ��/�� ��/�� ���/�� 

8(O) 
Si �/��� �/��� �/y�� �/y�3 �/y�� �/y3� �/3�� �/3�� �/��� �/�3� �/�3� 
Ti � �/��� � �/��� � � �/��� � � � �
Al �/��� �/��� �/�� �/��� �/��� �/��� �/��� �/��� �/��3 �/��� �/��� 
Cr � � � � � � � � � � �

Fe++ � �/��� �/��3 �/��� �/��3 �/��y �/��� �/��� �/��y �/��� �/��y 
Mn � � � � � � � � � � �
Mg �/��� � � � � � �/��� �/��y �/��� �/��� �/��� 
Ca �/��� �/�yy �/�3� �/��� �/�� �/��� �/�yy �/�3� �/��y �/��� �/��� 
Na �/��� �/y�� �/y�� �/yy �/y�� �/y�� �/3�3 �/3�� �/��� �/��� �/�y3 
K �/��y �/��� �/��3 �/��� �/�� �/��3 �/��y �/�� �/�y3 �/3�3 �/3y� 

Total �/��y �/�� �/��� �/��� �/��� �/��� �/��� �/��� 3/��� 3/��� 3/��� 
Na / (Na+K+Ca) �/��y �/y�y �/3�� �/y�� �/3�� �/y�� �/3�� �/3�� �/�yy �/��� �/��� 
K / (Na+K+Ca) �/��y �/��� �/��� �/��y �/��� �/��� �/��3 �/�� �/�� �/��� �/�y� 
Ca / (Na+K+Ca) �/��3 �/�� �/��� �/��� �/�3y �/��y �/��� �/�3� �/��� �/��� �/��� 

An% ��/�3 ��/�3 ��/y� ��/�� ��/3y ��/�� ��/�y ��/�3 �/�3� �/��� �/�y� 
Ab% 3�/�� 3�/�� 3y/3� y�/�y y�/�� y�/3� y�/�� 3�/�� y/3�� �/��� �/y3� 
Or% �/��� �/��� �/3�� �/��� �/��y �/��� �/y�� �/��� ��/�� ��/�� �y/�3 
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=$�%	�%&9> �:�J �'2#�-� �='#�I,{ 4-%
- �=�CA ���> $ �=�CA� !F �!E� y33

?7
J��- (�-� @� �� �K��X=0!	 P'>%)Ab-Or-AnB $(EC=��,	�:�K��X=0!	 #�- ��5:	� T '%:��!�� �-� @� �� 4�;%<=- Ab-An-Or.

K0��$�L 
? ('N�G P'>%)��MC� :�K:=�%F �� � �?$0D �� )j(�U-�-

A�=- #0 .? ('N�G K���� �F ��MC� :�
%1≥B)Na+Ca ($
1.5>CaB �*D ? ('N�G�K:R'�!> #$%& #� F]oj[%F $

�-� @� Z�=-Si�F �(�� Mg/(Mg + Fe2+)%
���� �F
0.5>A)Na+K ( $AlVI<Fe3

+#%<�& ��:
�
*+C'<�K 
*C+�NaCa2(Mg4Fe3+)Si6Al2O22(OH)2�) 

��-'�NaCa2Mg5(Si7Al)O22(OH)2� �-%;�&'%0�

)d1AuB $ ��- �.(
���8EC=��,	 �0C!(�� K �$� 8V9T 
-%F �9> :�� @� �K:

��MC�:4�;%<=- �F� �F-$� 
�(=�b� %0�0A:
A) Edenite + 4 Quartz = Tremolite + Albite 
B) Edenite + Albite = Richeterite + Anorthite 

�MF-�:A-%F :�� @� �K:�MF-� $ �-� *)�- > :B-%F :�� @� -
�K:� ��> �F *)�- > 0;�	 �0�$� ]or.[EC=��� Z�=- %F��$� 

0C!(�� K8V9T 
-%F �9> :��,	 �K:i�)iv>'��F !���� :
- � !()
�$� 2wjv �) qrw�D�� :<��= '.) �-%+''2A0.

?7
 M#��? ('N�G :0CF=�%F �� � :�K���- e(�-� @�#��0CF:!>�N�G' (B $ ?(�-� @�Si �F �(�� Mg/(Mg+Fe2+)? ('N�G :-%F :�K
 �FVIAl<Fe3+? ('N�G 4G �� �>#%<�& �� �K:I
*'C� �
*+C'<�K ��- �) �-�'�� I'=%) �0� A]oj.[
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0!D��#��@A ���4�<��� ���� ��+� LC= :A UV �'@�A $'@���> ��K:�
��-�*-:. . .y3y

$�.EG? ('N�G P'>%) :�K#�- ��5:	� T '%:��<5�= ? �%	 �F 4�;%<=- :Z�=- %F oj�>- '4l.
Sample FA13 FA13 FA13 FA13 FA13 FA13 FA13 FA13 FA13 

Mineral Amp. Amp. Amp. Amp. Amp. Amp. Amp. Amp. Amp. 

SiO2 �3/�� ��/�� ��/�� ��/�� ��/3� ��/�y ��/y� ��/�3 ��/�
TiO2 �/�� �/�y �/�� �/�� �/�3 �/� �/�y �/�� �/3� 

Al2O3 �/�� ��/�� ��/�� ��/�� ��/�y ��/�y ��/�y ��/�3 ��/�� 
FeO ��/yy ��/y� ��/3� ��/�� ��/y� ��/�� ��/�3 ��/�� ��/�
MnO �/�� �/�� �/�� �/�� �/�� �/�3 �/�� �/�� �/�� 
MgO ��/�� ��/�� ��/�� ��/�3 ��/�� ��/�� ��/�� ��/�� ��/�
CaO ��/�� ��/�� ��/�� ��/� ��/�3 ��/�� ��/�3 ��/�� ��/�� 

Na2O �/�3 �/3� �/3� �/y� �/3� �/�� �/3� �/�� �/�
K2O �/�� �/�� �/�� �/�� �/�� �/�3 �/�� �/�� �/�� 
Total ��/y� ��/�� ��/3� ��/�� ��/y ��/�� ��/�� ��/�� ��/�3 

23(O) 

Si 3/y�� 3/��� 3/��� 3/��� 3/�y� 3/��y 3/��� 3/��� 3/�y� 
Ti �/��� �/�33 �/�y3 �/��� �/��� �/��� �/��� �/��� �/��� 
Al �/��� �/�3� �/��� �/��� �/�� �/��3 �/�� �/��� �/y33 
Fe �/33� �/��� �/��� �/��� �/��� �/��� �/�y �/��� �/3�� 
Mn �/��� �/��� �/��� �/��� �/��� �/��� �/��� �/��� �/��� 
Mg �/��� �/��� �/�3y �/��� �/�� �/�3� �/��� �/��� �/�� 
Ca �/��� �/y3� �/y�� �/y�� �/yy� �/y3� �/y�� �/y�� �/y3� 
Na �/��� �/y�� �/y�� �/y3� �/y�� �/y� �/y�� �/y�y �/y
K �/�y� �/��3 �/��� �/��� �/��� �/��y �/��� �/��� �/�y� 

Sum ��/��� ��/3�� ��/y�� ��/3�� ��/y�� ��/3�� ��/3�� ��/3�� ��/3�� 
Fe3+ �/��� �/��� �/��� �/��y �/��� �/��� �/��� �/3�� �/y�� 
Fe2+ �/�y� �./��� �/�y� �/��� �/��� �/��� �/��� �/��3 �/��� 

T:       Si 3/y�� 3/��� 3/��� 3/��� 3/�y� 3/��y 3/��� 3/��� 3/�y� 
Al(IV) �/��� �/y3� �/y�� �/�3� �/��� �/��� �/��3 �/y�� �/y�� 
Fe3+ � � � � � � � � �

Ti � � � � � � � � �
T-Sum � � � � � � � � �

C: Al(VI) �/��y �/��� �/��� �/�y �/�3� �/��� �/��� �/�3 �/��� 
Ti �/��� �/�33 �/�y3 �/��� �/��� �/��� �/��� �/��� �/��� 

Fe3+ �/��� �/��� �/��� �/��y �/��� �/��� �/��� �/3�� �/y�� 
Cr � � � � � � � � �
Mg �/��� �/��� �/�3y �/��� �/�� �/�3� �/��� �/��� �/�� 

Fe2+ �/�y� �/��� �/�y� �/��� �/��� �/��� �/��� �/��3 �/��� 
Mn �/��� �/��� �/��� �/��� �/��� �/��� �/��� �/��� �/��� 
Ca � � � � � � � � �

C-Sum � � � � � � � � �
B:      Ca �/��� �/y3� �/y�� �/y�� �/yy� �/y3� �/y�� �/y�� �/y3� 

Na �/��� �/��� �/��3 �/�3� �/�� �/��� �/��� �/��3 �/��3 
B-Sum � � � � � � � � �

A:      Ca � � � � � � � � �
Na �/��� �/��� �/��y �/��� �/�� �/��� �/�� �/��� �/�3� 
K �/�y� �/��3 �/��� �/��� �/��� �/��y �/��� �/��� �/�y� 

A-Sum �/��� �/3�� �/y�� �/3�� �/y�� �/3�� �/3�� �/3�� �/3�� 
(Na+K)A �/��� �/3�� �/y�� �/3�� �/y�� �/3�� �/3�� �/3�� �/3�� 

M/(M+Fe2+) �/3�3 �/yy �/y�� �/y3� �/y3� �/y3� �/y3� �/y�� �/y3� 
100Na/(Na+Ca) ��/��� ��/��� ��/��� ��/3�� ��/��� ��/�� ��/��� ��/��� ��/��� 
100Al/(Al+Si) ��/��� ��/��� ��/��3 ��/�yy ��/��y ��/�3� ��/3�� ��/��� ��/��� 

Al(VI)Fe3+TiCr �/y3� �/�3� �/��� �/��� �/��3 �/�� �/��� �/��� �/��� 
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=$�%	�%&9> �:�J �'2#�-� �='#�I,{ 4-%
- �=�CA ���> $ �=�CA� !F �!E� y3�


���9��� ��
���!N
-
�&� $ #0C>-%T �� ] �F ���> 28�`&� -:�#� ) d5-� �� :

	� T'%:� #0K�,� � A�.T'%
=$ �F �'�!:T 1��> '%
�
,��D'#0A 2A- J �- $�) & �F '�=- #0A 4�=%&� �.�<�
�
5%F����G ���� �- '?$0D �� #0A *��=- #0A �U-�- .�'+��'2
����
#�-0�- %&'%:!]- %]�C" #0A�S�FeT �� '%
)%) �F �'P

�/��$ 0]�� �/�y�=- 0]�� .%�C"Cu-�-� :�'+��'2
ppm3���)d;-0Jppm���T �� '%
��K:�
�'@'d5-� �C

F �) %�>-0J $ #� )'�- Qppm������`&� ���K:='!'��(�
%�C"Au%<�F �� 
-�-� ���J 2:�'+��'2ppm��� %�C" $

As� �F '+��'2ppm�y��=- .�-$-%	 %�>-0J�%]�C" Hg�
Bi $TeT �� '%
��K:)%) �F ��MC� 'Pppm�y�� ����� 
$���� 0C<�K )?$0D�.(�-$-%	 �F �D ) �F�[�F :�� 9/ 
T'%
A UV ��()�- $ �'@'��
F'%]�C" $ 9/ 2Hg �Bi �As $

TeT �� '%
��K:�56 
%�
%+��'�]ot8oq[@K-'�� 9/ �
T'%
��K:� [�F -� ��MC� ��%F .��F $ 2��&
��> �!@D �- ��-

�K:T �F #-%@K '%
��MC� �� �:=�%F �� � �0C<�K )d1Ay�
��- .( 

��7=����!N
-
��> 2�4-$-%	 %)
���> 2:-�-� $ #� F ��MC� �� 7� :

�D ) dF�; ^%<�&��Fd1A�
�'@'�&� $ �C 8�`&� -:
�=- .�'+��'!]- %]�C" 2�S�Fe$ �CuT 1��> �� '%
�F �
)%)'P�/�� �3/�y $�/�3�=- 0]�� .F'"%	 %]�C" 2�Ag 

)ppm���(�Sb)ppm��� ( $As)ppm��� (-�-�:
F'%<,
�� 20C<�K �-0.F'%<,
9/ �-0�� 2:#�-0�- &'%:#0A 

T 1��> ��'%
�ppm����=- .- �F �D ) �F
�<� 2
? �%	 ��
-%F #0A �(=�b�:-
��> 2��� ] �F Fe1.1 Cu0.9 S2�=-

)d1Ay�B.( 

?7
O$��)
�$%<1�- %�)Backscattered Electron image(���> �-�K:��MC�:=�%F �� � �.��- (���>T'%
A- J �@= �- �> ���>- '0
�=- #0A.B(T 1��>'%
�� @� �� ��K:��> ���=:��MC� #0A :=�%F �� � �.�(�0K-%<)
�8<��C) '?�5�- #-%@K �F ��K�
2��& �- .�(

<=-'C('9/ #-%@K �F �:�&� �F � F%� �-�G �K:*)�- > 8<=- 'C('�.
Py = Pyrite, Ba = Barite, Cpy = Chalcopyrite, Gn = Galena, Ttr = Tetrahedrite, Stb = Stibnite, Au = Native Gold. 
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0!D��#��@A ���4�<��� ���� ��+� LC= :A UV �'@�A $'@���> ��K:�
��-�*-:. . .y3�

$�.EP�<� 
���G �'*�
A�-�%T*�N� = '05%F �� �K��� @� �- �K:F��<�- ���MC� �- :=�%F �� � �;�<� ?$- �@�; 
��$ 0]�� P�J %F ��$
�(�� P�J %F �$� �@�;�K:@)- ��=- )Py = Pyrite, Cpy = Chalcopyrite, Gn = Galena, Ttr = Tetrahedrite.( 

Ast-14 Ast-14 Ast-14 Ast-14Ast-14 Ast-1 Ast-1 Ast-1 Ast-1 Ast-1 Ast-14Ast-14 Ast-23 Ast-23 Sample 

Ttr Ttr Ttr Ttr Ttr Cpy Cpy Cpy Cpy Cpy GnGnPyPyMineral 
0/19 00005/06 2/25 000/02 0/18 0/03 00/02 Si 

22 24/925/524/824/6303522262016/07 14/33 52/752/76 S
0/06 0/27 0/32 0/21 0/26 3017/9202127/12/49 1/72 47/31 47/31 Fe 

000000000000/02 00Co 
000000000000/02 0/02 0Ni 
26/237/838/537/337/231/633/953/253/552/50/04 00/01 0/09 Cu 
05/65/57 5/21 5/19 00/01 0000/03 00/01 0Zn 
12/84/67/533/80/03 0/03 000000/09 0/01 As 
0/3000000/03 0000000Mo 
0/22 0/80/81/31 1/49 00/02 000/01 0000Ag 
0/06 0/07 0/01 0/05 0/08 000000/11 000Cd 

7/223/619/926/925/300/02 00/01 00/07 0/02 0/02 0Sb 
0/08 0/11 000000000000/12 W

1/10/34 0/32 0/25 0/43 0/08 0/03 0/03 00000/05 0Au 
00000/17 0/02 000/01 00/06 0/05 0/04 0Hg 
31 00000/16 0/09 0/03 00/05 79/17 81/86 00Pb 
000000/16 0/09 0/03 00/05 0/21 0/12 0/03 0/01 Bi 

0/08 0/100/02 0/17 00000/02 0/14 0/13 0/10/06 Te 
0/63 00000000/05 0/2000/16 0/03 Ca 

00/02 0/01 0/01 0000000000Mn 
100/897/898/39998/397/189/32 95/24 100/55 99/94 98/76 98/51 100/49 100/41 Total 

Atomic proportions 

Ttr Ttr Ttr Ttr Ttr Cpy Cpy Cpy Cpy Cpy GnGnPyPyMineral 

000000/180/080000000Si 
0/680/770/790/770/760/931/090/860/810/620/50/441/641/64S

000000/660/390/440/460/60/040/030/840/84Fe 
00000000000000Co 
00000000000000Ni 

0/410/590/60/580/580/490/530/830/840/820000Cu 
00/080/080/070/07000000000Zn 
0/10/060/090/030/05000000000As 

00000000000000Mo 
0000/010/01000000000Ag 
00000000000000Cd 

0/050/190/160/220/2000000000Sb 
00000000000000W
00000000000000Au 
00000000000000Hg 
0/10000000000/380/3900Pb 

00000000000000Bi 
00000000000000Te 
00000000000000Ca 
00000000000000Mn 
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=$�%	�%&9> �:�J �'2#�-� �='#�I,{ 4-%
- �=�CA ���> $ �=�CA� !F �!E� yy�

�.����D!N����D ��N
%=:0��D ? !b� �0K-%<)
�8<��C)'�

(Cu,Ag)10(Hg,Zn,Fe)2Sb4S13 – (Cu,Ag)10(Hg,Zn, 
Fe)2As4S13� �F �(��
��> %+��K:����= N� = #$%& 

,��D'C�#�%<�& �-05� $-:� 4�,� �0CK�]os.[
�0K-%<)
��Kd5-� ���&� �K:*)�- > 8�$0�!> �d5-� �� 

#� ):	� T '%:�
-�-� $ 0�0A #0:�'��F 4��K:�
#0C>-%T $ *
9/ �-:(/'.�0C<�K .�'+��'!]- %]�C" 2�S�Cu�Sb$

As �� �0K-%<)
�)%) �F '%F-%F P�/�� ��/�� ��/�3 $�/3
0C<�K)?$0D�.(�M�� *'���G ��-:1
 P'>%) ��K��	 �- :

<��= N� =��� ] �F S�/�y%�Cu 3/��%�As �/��%$ �
Sb �/�%#�-0�-%'&:$ �=- �'<��C) PM; �F R
�*� �> 0A 
����
%%]�C"Zn �Fe $ �Bi P')%) �F 4G �� �/����/�$ �
��/�0�0A 2''.) .- ��
��> 2�Fe $Zn %<@> �-0�� �F $
Ag �Pb �Hg��- )��D 0C
*+
2Cu A �0]jv[.-%F�CF 
�F 2

- �F �D )
�<� 2
#0A �(=�b� ? �%	 �-%F :-
��> 2��F
�� ](Cu9.36 Pb0.26 Zn1.04 ) (As1.04 Sb2.6)S13�> ���=- .

9/:(/'.���> �- ��K:#-%@K �F�0K-%<)
��=- .�'+��'2
9/:& #�-0�- '%:-%F #0A :�0K-%<) 
�ppm����)d;-0J

ppm����F �) %�>-0J $'�- Qppm����� (�=- .
F'%<,
- �� #%�� �-0�� 2
��> 2��F��/�� 0]�� '� *�0=� .

- d5-� ��
��> 2�?�5�- �K�
��> �- ��K:B%= �-� )g[�@<J-
2��& (� #0K�,��� A 0)d1Ay� �.(

1=�' 
��> �- 2��&��K:�-$-%	 �F ��F'U�T ��'�=- ��MC� �� 2.��
=�%F }/����#0A �-
��> 2�F'%<,
IK 2
<	��T �F -� '%
��

T 1��>'%
��F ��
$ ��0K-%<)
�� 4�,� �0K�)d1Ay� �.(
�'+��'!]- %]�C" 2�S$Pb G �=� �F)%) �F 2��& �� #0�'P
�/�� $ 0]�� ��/���=- 0]�� .�-$-%	 %�>-0J�%]�C" Zn $

Cu)%) �F 2��& �� 'Pppm��� $��� �=- )?$0D�.(
%]�C"As $Zn,��D �� ] �F 'C��D �F :Pb�1(A �� :

�D 2��&:��&'0�% .�(��Sb/Bi %F-%F 2��& �� ��/��> #� F 
#0CK� 4�,�:1,) '�� 4G d���:U�T '�=- 2]ji.[

�����L�(Q � N	LQ�R�
�'+��'!]- %]�C" 2�S$Sb<=- ��'C(')%) �F �'%F-%F P�F 0� 

jw/ov $��/3�0C<�K .�T'
���� 4� F 2
%Sb �F g[�@<J- 

��'�>- d'4 @C5� �� 4G 40A 0�K:bM= ��=- .�'+��'2
%]�C"As �Au $Hg<=- �� 'C('�F %F-%F P')%) �F ��/���/�

$��/��=- 0]�� .9/:(/'.��&� �� �K:*)�- > 8
<=-'C('�>- #-%@K �F �'0�K:<=- 'C('%NJ $ �#�K:�&� �K:
='!'��$�'*N� = d5-� �� '0�K)T � �5 �F'%
�(
�	�
��� A .9/ �,��:(/'.�<=- �� 'C('��1� �� ] �F �'1�

�!J%� �� �> #� F:��> ���=:�-
R#��A:/ $ ��%&-�$ �
2<�1A71!X@>F�N� ='0:<=- #-%@K �F 'C('�,�� �

�=- #�%> .�!J%� ��:0.F :/ $�&��- K �<=- 'C('$ �
0()
�>- �F 4G d'0�K:<=- 'C('�)<C�-$'C'<=- $ �'� 1('�(
9/:(/'.�T � @� '�=- #�%> -0)d1Ay��.(�'+��'2Au 

9/ ��:)�� ' y/�� $ 0]�� Ag %F-%F �F�/��=- 0]�� 
)?$0D�.(

N
�#�� 
!]-�%)
0J-$ 2LC==�CA��4�;%<=- ��MC� �� 
RO <=- 
	� T'%:)�-'2= + (�F �> �=-4$��B =� �K:!	'�=�)%> Q
[�F�
8=$ �F � 5 �F � �F $ #�%> 6 N� 2= S��T '�!:-�
R�K:
�'�$%1
� 
<�)��F2= U- (�=- #0A }M; .O <=-	� T '%:

%<=->%) %c� �- 4�;'(��-%& 0J �� '� �-%& ��
� 
*)�- > ��-
�$*� �'�$*� �*)�- > $ �
� 
�=- �.V9T
�*)�- > ��9> 
=�<T'��> �- ��X=0!	 I��K:!]- �=$ �F �> #� F '�!:��> �-
�K:"%	 �!> 0C��� 'T C'F �2�>$%') 'N�G ��')�TG �? ('��
)$�'� �d
$ 2>%�0>K-%@K ���0� A .%!>
�T- �'��$0
F') 'd1A %&� �
%= ��<	�
�'��> $ ���K:=��4- C" �F 

��>��K: ��a 
- �� �
#� ) 2:0��-� � _J .	� T #� )'%:�-
�-%& Y �'��K:Y � I�� �G %T'Z C 1KG �A%= �F�!;'��
�F

=�<T'� A A $ [�F I'<��� %c� �- �> #� F '<5�= 2�Z ; �F -
�K:��,N,)G ���F� 5%F ��<�F-$0�-.

� ) 0�$�
}LREE�� @� �� �K:�<�F-$ �F #�- ��5 
4�;%<=-��F�@= MREE $HREE,K�> 0�$� �� 4�,� �-

0CK� .C\�&0A �%]�C" �� :c�'%La �Nd�Rb �U�Pb �
Zr �Cs �P�) $�&0A �%]�C" �� Ta �Nb  �Pr $Ce 

� #0K�,��� A .- 6 N� %a- ��
B =� d5-� �F #� ) 2�K:
!	'0J-$ �Q�K:��=%&� �����%&�:1,) #�%<�& g�<(�� 'd

�=- �<	� .
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0!D��#��@A ���4�<��� ���� ��+� LC= :A UV �'@�A $'@���> ��K:�
��-�*-:. . .yy�

$�.ES�<� 
���G �'*�
A�-�%T*�<=- 'C('9/ $ �:(/'.��&� �� �K:*)�- > 8<=- 'C('��MC� �:=�%F �� � �;�<� ?$- �@�; 
P�J %F �
��$ 0]����(�� P�J %F �$� �@�; $�K:@)- ��=- )Stb=Stibnite.( 

Sample Ast-33 Ast-33 Ast-33 Ast-33 Ast-33 Ast-33 Ast-33 GA GA GA 
Mineral Stb. Stb. Stb. Stb. Stb. Stb. Stb. Gold Gold Gold 

Si 0/8 0 0 0 0 0/05 0 0/13 0/09 0/08 

S 24/3 21/64 16/28 22/98 20/04 18/32 19/09 0/03 0/04 0/03

Fe 0/02 0 0 0/01 0 0/04 0 0/06 0/03 0

Co 0/02 0 0 0 0 0/01 0 0/03 0 0/01

Ni 0 0 0/01 0/01 0/01 0/01 0/01 0 0/01 0

Cu 0/11 0 0/03 0/05 0/12 0/71 0/95 0/08 0 0/01

Zn 0 0/05 0/02 0/02 0/01 0/03 0 0 0 0

As 2/64 2/57 4/2 3/32 3/29 2/5 4/32 0 0 0

Mo 0 0 0 0/02 0/09 0 0 0 0 0

Ag 0 0 0/02 0 0 0 0/04 2/54 0/15 3/9

Cd 0 0 0 0 0 0/01 0/05 0 0 0

Sb 61/22 65/09 70/05 67/16 68/08 63/05 62/02 0/3 0 0

W 0 0 0/03 0 0 0 0 0 0 0

Au 9/98 10/43 9/86 6/07 8/09 12 10/09 94/1 96/5 93/6

Hg 0/05 0/03 0/06 0/17 0/01 4/09 3/2 0 0 0

Pb 0 0 0 0/03 0 0 0 0 0 0

Bi 0 0 0 0 0 0 0 0/03 0/04 0/01

Te 0/01 0 0 0/05 0 0/2 0 0/02 0 0

Ca 0 0 0 0 0 0 0 0 0 0

Mn 0/02 0/02 0 0 0 0 0 0 0 0

Total 0 0 0 0 0 12 0 97/3 96/8 97/6

Atomic proportions 
Mineral Stb. Stb. Stb. Stb. Stb. Stb. Stb. Gold Golds Gold 

Si 0/02 0 0 0 0 0 0 0/01 0 0

S 0/758 0/675 0/508 0/717 0/625 0/571 0/595 0 0 0

Fe 0 0 0 0 0 0 0 0 0 0

Co 0 0 0 0 0 0 0 0 0 0

Ni 0 0 0 0 0 0 0 0 0 0

Cu 0 0 0 0 0 0/01 0/01 0 0 0

Zn 0 0 0 0 0 0 0 0 0 0

As 0/03 0/03 0/05 0/04 0/04 0/03 0/05 0 0 0

Mo 0 0 0 0 0 0 0 0 0 0

Ag 0 0 0 0 0 0 0 0/02 0 0/03

Cd 0 0 0 0 0 0 0 0 0 0

Sb 0/503 0/535 0/575 0/552 0/559 0/518 0/509 0 0 0

W 0 0 0 0 0 0 0 0 0 0

Au 0/05 0/05 0/05 0/03 0/04 0/06 0/05 0/47 0/48 0/47

Hg 0 0 0 0 0 0/02 0/01 0 0 0

Pb 0 0 0 0 0 0 0 0 0 0

Bi 0 0 0 0 0 0 0 0 0 0

Te 0 0 0 0 0 0 0 0 0 0

Ca 0 0 0 0 0 0 0 0 0 0

Mn 0 0 0 0 0 0 0 0 0 0
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