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$&�/!� ��U#( 4(,I!K!�T,
/$&� �{ � C�,B �- �. (� �!�-

��. �)9�'� ���. m*> (� �9 .#��- ���8B i,80- !0���,]8E 
M!�
M,K��. � �!�
)'� �)9�'� �.

j�� �!/$&� 4(�(�	 � "
�I �)8$9� L!K'I ���. "
�I "8
( +
�#( �����. .���. "
( �#��-�� 4�'� +��# 4: �()8�� �. )9�
 �( [!- �-���� )B��)#� .��()8�( ��A� �( �!/$&� +�9�,0-

 X,$/� LK% �)�( .��()�( �8- �8!/$&� +�9�,0- +�/��80!� �8/�
��)#� .�!/$&� LK8% +(�(� �89 LK8% �82!� X,8$/� +�89 �(�

)5�#1(�)!9 (�- �LK%)1(�)!��( (�#( .78!� ���8. "8
( �	�-
 �#( X,$/� .8	�- �8- �/'8!- �80/�� mO�8�� �� �. +�,O �- �

��,I � j.(�/� �� �)
� +( �,%)LK%��(4: S8��3 �8	�- ��89
 �#( 4,!#(7!/!I��� �	�- .)!�8.( ��8!/$&� j8�� +�897��(��M

"9:)�!I�29 (D��  �)�7I�(,. � �!�0. L��% �R��3 �9.
���. �8!.T�� � �8!I�29 L��8% X,8� "8
( �� �
,��V +��#

�#( .�8 � X,� �!R% 7!� �!.T�� �8#��- �� +( +�89 �
(�A8B 
)% �)9�'� �#)F X,� �!/$&� +��.

56	R�'�� +���= ��*$� +��#]e�.[
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)06 ������2% g�4�/���e��e �#��-J� +�9���= ��2!%,"!�� � ���#5,$6 �/N�# 7
�= �-�3)�2%�=(f�e

56	S� � TF# � � X,� �� �
�T,!P!U#( � ��!/$&� +(�.��,I X,� �� �!/$&� �+(C.�!%�E �( �!I�29 �- �!/$&� L
)RI.

���3 U�JV# W
� ����:�#��- �� �8�,2� � �
(�A8B +�89 +�89
�"/8� �� 4�'8	( �8	�- C�,8B �8- �
�!M,K��. � �
�!M �/#

D$# ��(� �,]E w#(�)E +�9 .���#� � �!V�I �AI )E(� "
(
 �#( �/	�  �(�> T�- C)% �- �K!/!0M��M .���8. "8
( �8- +��8#

 �8#( �)9�'8� L8-�> �8�*$� <�% �� i)�( C�,B)LP8%f.(
�8� 4�'8� (� �!/$&� �,]E ��0�!B i��� m*�� �#��- )89� .

j�� �8�(� �8
�!M ��	�- "
�I �)8$.(�M � +( �8$!�� �� �8. )8�( +
�� �)
� D$#)�,% .� �)$.(�M C�,B �- ��  7!� �!/$&� �	�-

��(� �-)�,% �� �)
� D$# "/� �� �)% +)$-.

'F�(�?����#��X �
���R��+7��(��M +� (� �,��V � �8!��( ���  �� �- 4(,I 8
 �8�I �!j
��. ./$&�!��. ��$I ��70	+- �. �#( !�/'
�� (� o�/�8  "

�0E��+��. ���#+��( !I�I �- � �!U8#( S!K!�T,
M ��!�8
� �
M,K��.!�
K'I �!�8#( �)% L.82.��M �( L8R> 8
�80E�� 4�+

��.���#+��( !��. ����9+70	 +K'I !V�I �AI �)% L!L�(,F �
��.(
'�/� �� � �/	�  �(�> !��. �\��9+��.( 
[
�8- (� �/	�

�� �,6�)���: .- w-(�� � 7��(��M �- �6,I �-!���. "8� ��9�4(,8I
 � 1�2/E( �- �. �H 
�0E�� �� ��+��. ���#+( �� 
�8�*$� "

��88. �88F�- � ���88. L882F���88#+/$&� 88! �+KU88#(!�T,
�+
M!�
�+M,K��. !�
�#( �)% �.

��( (��.���#+��( !�
�`��. �F�- 1�( ��	���#+/$&� !�+M!�
�+M,K��. !�
�8- �

� � X,�(+#)F ����,8I �(+^89: D$8# �� �)8$.(�M �� �89
��,I�9+_,H� +�#( �)% )LP%�� 5 ���( �.(

�`��. �F�- ��� ��	���#+KU#( !�T,
�+M!�8
D$8# �� �
^9: ��,I � �9�9+_,H� +� � C�,B �- ��*$� (+�� �8. �)% 

(
�� �- �0E�� "8!(78	( L
[� 
 )8�7��8.( !y�1,80A� �� 4
�9�,0-+KU#( !�T,
���. ��9+/$&� !M � �!�
�/	�  �- �� (� �
�#()LP%�5 � ��( .(
5(��.���8#+,��V 8
( �� �8. �8
��.( �8V( �� �80E�� "8
'��

 ��(,9�/$&� �!I�29 �- �!)RI �
�#( �)% L.

TF#�

YZ
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�2!E� �+�9�W� ��()20F 4(�
( �#�$% ���. � �#�$%�,0- �0\� f��

56	[���R�� +��( +7��(��M .� � X,�5 �+( .��,I X,� �+(�.4�'	( X,� ]e�.[

	
�����
�W� �� �- �%(��- "/	��9+"!�� � c�#�$% ��8#����8. ��-

��#+���,2� ���N +�9&$#����N��� 5,#� ��8�,2� � +( +�89
���N&$#���. �( ���#+/$&� !(��8N �8AI ��
�8��� � [
[

)$/	�  �(�> .��,2��9+��#� � �5,8#� ��8��N��� o�� �8- +(
AAS '
���: ��&7\I � �)�'� �#���	 ��&'�(� �2!% ��
�+
��,2� � +�9&o�� �- �!/$XRF �,��8$!- 4(���8��= �=�% �� 

�	�  ��\�(.
��A(Fe):5,#� ���9+���N��� +()LP%�1�)6 ��(�8� �-

"
�/'8!- �8�*$� <�8% [8�- �� �"89: ��8$F �= �H  4(,I 
�- �� 4�'� (� +��\$9)9� .-!�/'
� "!"9: 4(7)f(%(��/�-

 �9(�-: �- 1�2% �� m>(� +( D$# �. �#( ��*$� <�% T�8- +�9
 .�I �8- w8#(� )8E X,8� �( �8�,2� "8
( �� �#� 8! )8$0R��,9 S

M!� "�.��
�,
	�,M �!�+�#( .(
&$8# )8E(� "���8#� � �
0M��M!/!�8#( ���8. L2AI (� ^.�8�,2� �� ���8N +�89 �&$8#

 ��#� � �( LB�E��- "9: �()�� "
�/'!- ���*$� d%��)8#�
)1�)6�(�= �#( �/�-(� �
�,
� )$0R��,9 �&$# )E(� �- �=
(
&$# )E(� "���#� � o,�/#� �0M��M !/!�#( �)% ^.

��;�<<�(Mn):5,88#� ��,88� ���889+�88��N��� +()LP88% ��
1�)6�(� +78=�� [8�- �� �78$&$� ��$F �= �H  4(,I ��
5,$6 �8- "
�/'!- ��*$� �-�3 89� �8� 4�'8� (� +��8\$9).

-!�/'
� "!$� 4(7&7$)ppme�d� (�9(�-: �- �/�-(� m8>(� +(
 D$# �. �#( ��*$� 7=�� �� �( �8�,2� "8
( �� �#� T�- +�9

 .�I �8- w#(�)E X,� 8! � )8$0R��,9 S
�,8
�8#( �.(8
)8E(� "
&$#���#� � �0M��M !/!^`�8#( ���. L2AI (� C�$-�. .��
��,2� ���N +�9 ��8#� � �( L8B�E �&$#�8�*$� "
�/'8!- ��

 $� �()��&�- 7$ppm�edf �� )#�)1�)6�()8E(� �8- �8=
 ( �8= �8#( �/�8-(� �8
�,
� 7I�(,= )$0R��,9 �&$# 8
 )8E(� "

&$#��!��#� � o,�/#� 7�0M��M !/!�#( �)% ^.

TF# �

Y
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)06 ������2% g�4�/���e��e �#��-J� +�9���= ��2!%,"!�� � ���#5,$6 �/N�# 7
�= �-�3)�2%�=(f��

56	 \��,2� �!;>,� 5,#� +�9���N��� +�9�9(�-: �( +(��*$� ���#� � �'�� +�� �- �9]e�.[

8�$�C���,2� �2I( 5�6 7!���: �
�/���N��� 5,#� +�9+(.
Sb(ppm) Mo(ppm) Ag(ppm) Fe(%) Mn(ppm) Pb(ppm) Zn(ppm) Cu(ppm) Sample No 

d<d<�/efe��e g�eg� d�S-1 

d<e<e<d/�e��� �f�df�S-2 

d<e<e<e/�e�fg eg��ggS-3 
d<e<e<�/�e��� ��e�f d�S-4 

d<e<e<g/ee�d� ffeff g�S-5 

d<e<e<�/�e��� ��e�� dfS-6 

8�$�D��,2� �� �2I( 5�6 7!���: �
�/� ���N +�9�&$#.

Sb(ppm) Mo(ppm) Ag(ppm) Fe(%) Mn(ppm) Pb(ppm) Zn(ppm) Cu(ppm) Sample 
No 

d<e<e<�/��d� ��gde�f C - 1

d<e<e/�g/��g�� ��g�e� g�C - 4
d<e<g/��/ee��d ����d �eC - 7
d<e<d/��/��edf e����C - 10 
d<e<�/�d/�ed�d efe�� eg� C - 14 
d<e<�d�ff� �fee� �C - 20 
d<e<�� e/ee�f� e�fggC - 28 
d<e<�d/�ef�d ef�ggdC - 32 
d<e<�/e�e�e ����C - 37 

n.d. n.d. n.d. �/�g�e n.d. n.d. n.d. C - 19 
n.d. n.d. n.d. f/�e�g� n.d. n.d. n.d. C - 31 

n.d. : not detected
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�2!E� �+�9�W� ��()20F 4(�
( �#�$% ���. � �#�$%�,0- �0\� f�g

 ]�(Cu):5,#� ��,� ���9+���N��� +()LP8% �1�)86 �
�(�!8%�E [8�- �� �a8� ��$F �= �H  4(,I ��+�>�8% 

�- "
�/'!- ��*$� )9� �� 4�'� (� +��\$9 .-8!�/'
� "8!4(7
 a8� )ppmf� (�889(�-: �8- �/�88-(� 1�288% �� m8>(� +(>�88%�

D$8# �. �#( ��*$� X,8� �( �8�,2� "8
( �� �8#� T�8- +�89
 .�I �- w#(�)E!� S
�,
��(� �(+�#( .(
&$8# )E(� "��8!7

��88#� � o,�/88#��0M��M !/88! ^`#!088!���88#( �)88% .��
��,2� ���N +�9 ��8#� � �( L8B�E �&$#�"
�/'8!- ��8�*$� 

��- a� �()�eg� �M �M�� �()8#�)1�)86�()8E(� �8- �8=
 �88�(� �88
�,
� "�88=��!M )88$0R��,9 �&$8#(+� �88#( �/�88-(� 

��#� � o,�/#��0M��M !/!�#( �)% ^.
��� � ���(Pb&Zn):5,#� ��,� ���9+���N��� +()LP%

�1�)6 ��(��S8!I�I �8- �+�� � 5�# ��$F �= �H  4(,I
 �!%�E [�- ��+,$6 51�2% � �-�3 "
�/'8!- ��*$� �>�%

�88- )88$9� �88� 4�'88� (� +��88\$9 .-88!�/'
� "88!5�88# 4(7 
)ppmff (+�� �)ppmeff (�89(�-: �8- �/�-(� �� m8>(� +(

5,$6 D$# �. �#( ��*$� 5�3 �8�,2� "8
( �� �#� T�- +�9
 .�I �- w#(�)E X,� �(!� )$0R��,9 S
�,8
�8#( �.(8
)8E(� "

&$#��! � o,�/8#� 7��8#��0M��M !/8!^`�)8% �I�8$-�= 
�#( .��,2� �� ���8N +�9 ��8#� � �( L8B�E �&$8#���8�*$� 

�8- S8!I�I �8- +�� � 5�# �()�� "
�/'!-���ppmg�e� 
��)#� )1�)6�()8$0R��,9 �&$8# )8E(� �8- S8!I�I �8- �8=

 ��(� �
�,
�(+�8�(� �8
�,
� )8$0R��,9 "�=��!M �(+�/�8-(� 

o,�/#� �= �#( #� ����0M��M !/!�#( �)% ^.
��A$�G�#:-!�/'
�8�,2� �� 4: �()�� "�89+��8�: !�8- �)8% 7

ff/�� �/2. � )B�� 
�8- 4: �()�� "gf/de )8B�� 8��)8#�
)1�)6g.(

?�H
H:�!� �� ,  4(7 8! �8�,2� �� 7�8M �89!
�,8- "�8#( ��8. 
-88!�/'
4: �()88�� "ef/��88/2. � )88B�� 
4: "�d/�)88B�� 

�#( .�. �. �\�: �(���9+H�,# !)+)M!�
M,K��. � �!�8
�(��
�M ��#( j. ��*$�!
( �()�� 4�,- "
� ��$F "!;- 7!�8W� �8- )

2��)#� )1�)6g.(
�^GV $�G�#:4(78!� "
�/'8!-P2O5g/�"
�8/2. � )8B�� 

4: �()����/��#( )B�� .�8�,2� �8- �()8�� "
�/'8!- �8. +(
 T�8- �829 �( 4: "89: )!�8.( )8B�� �8. �#( �/�-(� �8#( �I

)1�)6g(��,2� "
( �� )!�.( "
( �()�� "
(�-�$-�#( "!
�M �9.
5,8#� �
�!2!%,J� �
7\I �
�/� S!I�I "
)- �8��N��� +�89 +(

�88- �( �=�88E �� +�� � 5�88# �a88� �788$&$� �88B�$F +��88\$9 
���9 �#( �
,��V +�9 .��,2� �� ����8N +�89 �&$8# ��,8I �89+

�88B�$F +(�88- ��88�*$� +_,88H��788$&$� 5�88# �a88� �+�� 
�- +��8\$9 ��(� 4�'8� ���'8� �8. )8�( �8��9 �,]8E �( +( +�89

 ��,I �� �!��( �2!%,J��9+�#( ��*$� .�8�,2� �� �89 �� �8=
��,I �- "
( �- �/�-(� +�9+��\$9 �/
�,
� � w#(�)E X,� �( �9

 ��,I "
( ^!/!0M��M ���#� � �. )$/�9 �(�> �!V�I �AI (� +�9
�#( ��(�.

�$�8N7!���: �
�/�XRF��,2� �� ���N +�9�!/$&� �&$#.
Kz`36 Kz`27 Kz`24 Kz`23 Kz`22 Kz`15 SAMPLE NO 
��/e� g�/�� ef/e� dd/�ee/��d/�e SiO2(%) 

n.d.�f/�e/��f/�ee/���/�TiO2(%) 

e�/ee�/ee�/ee�/���/e�g/eAl2O3(%) 

�/f� ef/ff ��/�� ��/�� ff/�� gf/de Fe2O3(t)(%) 

eg/��d/�eg/�ef/�ed/��e/�MnO(%) 

f�/���/���/��d/e�d/�gd/�MgO(%) 

e�/f��/d��/��g/d��/g�/e� CaO(%) 

��/���/���/���/�n.d.�d/�K2O(%) 

n.d.��/��f/�n.d.g/�n.d.P2O5(%) 

ed/�ef/���/�ee/���/��e/�S (%) 

n.d.�d/��d/��f/���/��g/�Cl(%) 

fd/�e�/���/g��/ggg/���/�L.O.I(1050 °c 1hrs) (%) 

e�� �g/�� �/e�� �f/�� ��/e�� f�/�� ToTal (%) 
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)06 ������2% g�4�/���e��e �#��-J� +�9���= ��2!%,"!�� � ���#5,$6 �/N�# 7
�= �-�3)�2%�=(f�d

P	#?�� 
�9)E(�+��,I (� ��*$� �9+2F!� �G!2F �2!��'H'I: � G��8- 

.�I!K'I w#(�)E S!��(� L)% �. )�(
�)8% 4�8#� � :) )8�( .
88#�!�/;
��88#� � "���88�*$� �+88#��- ��,88� ���88#� � ��
0M��M!/!�#( ^.��#� ����� ��!0!# !��8#� � "����/�8  

�#( ��*$� �� .�� �W� �(!"/N�8#���8E �8�*$� +X,8� �8# 
 )8�(� L�  � 7Y��/#(� L�  �jJ�> L�  �026 �( L� ��8#( 

0B( )��� �.�L�  1�2% �9-�3�`5,$6 >�8%��8#( .)8���
(
L�  "�. )��� �- �9����#+� � (+�#( GR*$� .L�8  �89+

��8. �� 7Y��/#(����8#+�V,8� [8�� +( ��8K02F � �/8%(� 8
"
L�  ( �- �\$� �9
�9�]	 ��\+(�- S#�$� +� 1,0A� 4)�: T�- 

�#( �)% �9�]	 4��. �M .���= �8 � LP% �- ��*$� �� +��#-
��,I ��#)F �+((+�� �)9�'� 4�'	( �,%�).��.���#+� � -

(+�#)F��- �/�-(� 0�  4�� ��#( .���8= S803( �� +��8#
 - �= �#( �!/$&� ��*$�!LP% �- �/' �89+�8 � ��8#)F �+(

��,I(+4�'	( C�,B �- �/2. �)$/�9 ���= �8- �8= �&
� +�9
 �� +�/2= �()��X,� � � (+#)F ���8� �)9�'8� ��*$� �� -

)�,88% ���88!=T�� ��88
�!M ��88
�!M,P��= ��
�T,!PU88#( L��88% 
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