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Detection 
limit Tuff  Breccia White 

Bentonite 
Light Green 
Bentonite 

Pink 
Bentonite 

Yellow- 
Brown 

Bentonite 

Grayish 
White 

Bentonite 
Green 

Bentonite 
Sample No - Bs-1 T-1 T-2 T-3 T-4 T-5 T-6 
SiO2 (wt%) m�/m ��/�� o�/�v ��/�� ��/�� ��/�� ��/�� ��/��

Al2O3 m�/m �v/�f �f/v m�/�� of/�� �o/�� ��/�� v�/�f
Fe2O3 m�/m �f/� f�/� �o/� ��/� f�/� mv/� ��/o
CaO m�/m ��/� ��/�� ��/� ��/�� ��/� ��/� �o/�
Na2O m�/m oo/� ��/� ��/� ��/� mo/� ��/� mf/�
MgO m�/m m�/� ��/� ��/� ��/� �f/� o�/� �f/�
K2O m�/m ��/� ��/m mv/� ��/� m�/� �v/� f�/�
TiO2 m�/m f/m ��/m �f/m ��/m ��/m �o/m o�/m
MnO m�/m m�/m ��/m mf/m �v/m m�/m m�/m ��/m
P2O5 m�/m �f/m m�/m m�/m ��/m m�/m ��/m f�/m
Cr2O3 mm�/m mm�/m mmf/m mmo/m m�o/m mmv./m m��/m mm�/m
L.O.I � �/� �/�� �/� �/�� �/� �/� �/f
Sum � ���/�� vof/�� vvo/�� v�o/�� �mv/�� vm�/�� om�/��

U (ppm) �/m �/m �/� o/� f/� mm/� �/� �/�
Th �/m f/� �/� o/f �/f o/f �/� f/v
Ba � ��v ��� ��m �fv �om ��� �o�
Hf �/m �/� f/� �/� �/� f/� �/� �/�
Co �/m �/v �/� mm/� o/� o/f �/�m o/�
Zn � mm/fv mm/�� mm/�v mm/�m mm/�o mm/�� mm/�o
Nb �/m mm/� f/� �/f �/f o/f �/� �/o
Cs �/m �/� �/� �/� �/� �/� �/� mm/�
Rb �/m �/�m �/�v �/�� �/fo �/�� �/�� v/��
V v mm/v� �o mm/�� mm/�� mm/f� mm/��� mm/�v�
Y �/m �/�m �/�� mm/�� �/�� �/�m �/�v o/�f
Pb �/m �/� o/o �/� �/v f/f mm/v v/�v
Zr �/m o/�� o/f� �/�� �/o� �/o� �/�� �/���
Ni �m m/�� �/�� v/�f mm/�� f/�� �/�� �/��
Sr �/m �/f�� �v� v/�o� o/f�v �/ff� v/f�� o/��f�
Ta �/m �/m �/m �/m �/m �/m f/m �/m
Cu �/m �/�� �/� o/�m �/�� �/v �/�� �/�m

La (ppm) �/m o/o �/�� f/�f �/�f �/�� �/�v �/��
Ce �/m �/�� �/�� �/�� �/�� o/�� �/�� �/fv
Pr m�/m vm/� f�/� f�/� �v/� fo/� ��/� v�/�
Nd �/m �/� �/� f/�� o/�� v/�� o/�� f/��
Sm m�/m �o/� �o/� vv/� �v/� �o/� ��/� �m/�
Eu m�/m ��/m ��/m fo/m ��/m f�/m o�/m ��/�
Gd m�/m ��/� �v/� ��/� v�/� m�/� ��/� ��/�
Tb m�/m �o/m f�/m �f/m ��/m ��/m �m/m v�/m
Dy m�/m �f/� ��/� �o/� ��/� ��/� ��/� f�/�
Ho m�/m �o/m �o/m ��/m o�/m �f/m �o/m �m/�
Er m�/m ��/� ��/� ��/� ��/� m�/� �f/� f�/�
Tm m�/m ��/m f�/m �f/m f�/m �o/m ��/m ��/m
Yb m�/m ��/� o�/� �o/� �f/� ��/� �o/� �v/�
Lu m�/m �f/m fo/m ��/m f�/m ��/m ��/m �m/m

Ee/Eu* � ��/m f�/m f�/m ��/m �m/m vm/m o�/m
Ce/Ce* � ��/m mm/� m�/� mm/� ��/m mm/� ��/m
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%��(� .*�>J-�J�!"= ,;<+�� ��MK ET� 
0"? �.M?!
/ �

=-3!-�)�=303-�(/(0	 Z�(�(/(0	 �=�$�09 �= ���� 0<>? 
O*)�J;��'7'3L �R�= /�J;+-�'(;( �� 
O*) ,�J

�
� $%�%�!+ .�MK
�= �J.M?!E&+ ^�!8� �3 �(�-E&+ �> �(�
(�(� / $�!=;��W*� %*=;%*<�J .6L��K _M90= Z"X( �J-��J
�J���+ /;+-�'(;��)01� .( �$%��� 6!G� %�()E&+��s�( 
� / @.(�J53�(!?;( �� �!"= �+�� 
O*) ,(�(� Z"X( �J;
+!��9�A!� �%*<�J .0"?
� �-( �� 5
O*) ,'��A �J-,

7�L-F!��J;�!<) �= /-3!-��)( $%+ �J)E&+�s�(.(��
(
O*) ,= ��J-3!-��= �J�J�!"= ^�!8;$!�B (;3-E&+ / $0-

� �(�
� $%�%�!+)E&+��.(>J*�-/�G3 �,
� 0-�!&)/0&
�/0<&�(�� 6�'� ��!Y. �? %*J�-��J)E&+��($(0>J �=

K-0
�)E&+�U / �(( ��
O*) ,�= �J��? 6(!*#��J;#0	 �
%��(� �!�|.

���L-�J5;!30K I(0K (
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��?��J;)��'��A -�)( $%+ ,(PPL)� �(�MK �53�(!?
E&+ .M?!�= �(�0?!*	 ^�!8
= / ��-3!-E&+ ��(�(PPL)� �(� 53�(!?-E&+ �> �(�

$�09 /��'7'3L O*)�/�| ;�MK / 53�(!? 
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�.M?!Qtz = �53�(!?Chl =0"?
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�*
%=�# �;01M? ��|�<	�;0B�= 6(0
( �)�*+ ���? / �)�*+�!"= �"Q� ���

;0� >�J�(�!>� ;( !30K I(0K 
�&(XRD)��!>� �) �� ;�!<*= -)�0= ��!� ��.

4�?�  )��$�� @����<�� �.)6A�� ������������ 
�(�!>� �
5A / @�->? 08�*# ;�J �? Z-?03 ,--23 ;(0=

�� $�0= ��? �= ,
�:L O*) %�!� ;�>1��%�!+���;(0= %*�(!3
 ,--234<)�9 / $� �-�/( ;�>1�� Z-?03O*)�J;�!<*= -<�

$%+ 1 �(0B $��7<)( ��!�-%�0]�[.08�*# .( �=��<�( $��7<)(
�= 6!q �?0H3Nb�Zr�Y/Ti E-�B ,
( ���(�!>� ;�W9 �J

���? �= ���)01� F!� �� ;0G*# _M3( .( �+�� (� �)� ;�J
 ��E&+1-0;�9:
0�� EB(%| �= �<-�!<*= ��)�%.�=)03 -N


�<	��J;�!<*= �= �<�=(/ -�I0= / �J�J;	!3 �/� �(�!>� �� 
\<�-$0;Zr/Ti-Nb/Y ]�m[)E&+�(� 6�'��%J� �? 
�!<*=-��� ��S<�( �g �!W��>J �J(�(� �	�;?03 -�/( Z-�(;��

.%�L %|
%*<�J �.

B 6A ����( 6��"6������ �� 	��
�� (
,)�0=�(0=;�>�
R\3 %�/�--0^(08�*# "8(��#0	��
Y5A�/�?�9���� � �����)01��I0=�J;	!3 ��=
�!<*=-��J�.(I/� (
6!?/5 ]��[. E|(0� �0+ �= /
$��7<)( 0

+%:

)03-\<� /� �(�!>� N-$0:( �(�!>�
.( 6!?/5 )03-08�*# N
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��4� �(�!>� V
><����4� 
><�� �<9�) ��!+ .��(
,

I/� (0=;�>�
R\3--^(0 �<	�
�J;�.-,+->-��
�J�(�!>�;
/� $�!H�)03 -%�%+ N�?��6L�!H� �	(��?03-ZO*) 

�/(-�/�!H� NY�B�?03-ZO*) 6�)01� $%+ (� 6�'� ��%J� .
( ��
,)�0=�I0= Z-g03�J;	!3 ��!H� �� X/Z-g03 

�!<*= ,-4��-�-��J�!H� ��Y�!S*� %�%+)E&+�(.
23--�*# ,X 08-)03 ~0H<� 0-( �9 N
6!?/5 :��(
,
)�0=��08�*# .(;%*��� Al /Ti�? \3--]K0
0;?%�( ���
(0	
�J%*;��)01��� 6�'� �!9 .(�%*J�]��[��=6(!*# 

0G*# �9�+ =�$��7<)( ~0H3%+.( �9
.( 6!?/5 �%�� �=
(
,08�*# )03-N+%.08�*#;�?/�;�9(
6!?/5 
��5�
V

�= 6L �<	01 �(0B�%�( �=6(!*# 08�*# =�~0H3 �� 0S� �<	01 

��%�!+ .08�*#;�?D�= /�K-
,�9(
6!?/5 �(0B �<	01�%�( 
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%"A��$��>+ ����K-
5���f ���?,-�. / �)�*+6�*->3 �-�!<*= $0-9: �>-+. . .��o

�	 ;� �(���������C � D�9� 6A �E�� �$*��B ����( �
���������*� �� 6A���� 

'�  ����(�(�" ��
( �(�!>� �= �A!3 �=
$%+ N)� 6!?/5)Ec+�(;�J%-�?( �

"8(�#0	 /�$%*J� E-&'3 ;�-�!<*= � (� �J�0S� .( 6(!3
��<	�;��3 �<)� �) �= -N0?�.�<)�;E��+ F/( 

0-S� �
�J%-�g(SiO2� �? $�!= ��!<*= -�(.�
I!�<)� 
(5	(
R
( $%'�  0A RJ�? ��).�<)�;�?(  /� -�J%�

ET�MgO �CaO �MnO �P2O5�Fe2O3/K2O0= �� (� 
��� �? �0-1��!<*= -<�6%+ I!�<)�(5	( 
$%+  0A R-
%�( .�?( E��+  !) �<)�-�J%�
%*��� Na2O� �? $�!= �
(0	
�!<*= %*-�(.�
I!�<)�?%�(  0A RJ�?�$%+ %�( .�=

��? �= �A!3�)�*+� 0A R
(5	( �Mg��&'3 -( E
9: ,-$0
���= %�(!3�W)(/;%+�= $�(� U� �-<&>)( E-&'3 .(5	(
R

����(!<H� ;Ca ���= %�(!3�"? �!�| -�= ���!� $(0>J -
�!�
�!"-�)�=��? .�	 6(!*#-��
"8( �(9: ��-$0�<�=(/%+�= .
�*X �1%+Mn �-F�><|( �= 5.
���=�W)(/;( �!�| 
,

�� 0G*#�-2B!� ;�J�
D ,-=��!� �� ;(�-�!"
�!� / �J �

�= 6L �*
54
�A ;�ACa2+ ;�J $%+ E|�)( �<	01 ^�!8

]��[.*X�1%+ �P2O5��!>� �� �J;�!<*= -<�� (� ��= 6(!3

��? �!�|��J;3�7�	 ����� �� 
q�� 0-�<'�� �� 5;�!<*= -<�
�<�=(/���(� .Na+
6!$%**? F�\+( ;=-D ,
�(;���!� �-

�!�
�!"-�/ �J
�A �
54
�= $%�!+ ,�A;Ca �)( ]�f[.
!'<�+;2�-sNa2O� �� ��!<*= -�(.�
� (� �( �= 6(!3
,

A!3 E&+-+ �? �0? �-�'�J;��'7'3L ��MK /
�? �J.M?!
E��|�J;( N�� 
I0= �� 0G*# ,�J;	!3 �� �%*<�J �
��)01���(
(5A( ,;O*) �= .�)'�= �!��.()-���9 N<�

 �)( $%+]��[.*X�1%+�K2O���!<*= -�(.�
� (� �6(!3
�=��? �!�|�(
"-9: �� �-�(� ���� $0 .*X�1%+�Fe2O3

��E&+1-0;(
9: ,-� (� $0��T3 �= 6(!3-�Fe��? �� �-
�J;)��7"3 -��<9�) `;/
�= ��?( �!�|-/ �J%
J-�?/�%-�J%;�!<*= �� ,JL -��(� ���� �J]��[.E? ��

*q-�= ,� 0S��*X �? %)��1%+�90= �"8( 08�*# .( �/
#0	�( �� 
9: ,-$0�="�(!# �`-7"3 6!q �;��<9�)�
�5���

F���3�J;��!
 /��?/.�) ;�J �� �&
5-	 5?0>3 �
 @]A
.�	;�J F!"H��� $%��>-B�= �)( �<	01 ^�!8 .�3 6(5-��

1%+�Na �= �<�=(/�A�� ;��)01� �"	��/��� / �J���)%
�K-
( ,
��? ,�F!"H� 0=(0= �� �J�J;�!<*= F!u�� -<�6%+

�)(.

;0�F2B!� -	!3 I0= ����!>� /�J;�!<*= -<�>3-\<� /� �(�!>� �� 6�*-$0;Nb/Y-Zr/TiO2]�m[.
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%=�# �;01M? ��|�<	�;0B�= 6(0
( �)�*+ ���? / �)�*+�!"= �"Q� ��v

;0�G( �(�!>�
6!?/5).( i��<B(]��[()03-(0= $%+ N;"8( 08�*# �#0	 ��Y5A ��/?�9 ��!H� 6L �� �? ����X?03 -	!3 I0= Z��!�H� /
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HI� ����(�
( �(�!>� �= �A!3 �=
)03 6!?/5-(� s"<�� ���| ���q �$%+ N

��(0= 6(!3;0'3 
.!3 �
Y5A 08�*# P��!<*= �� -�= �J-6�
�0?)E&+�.(08�*# �= b!=0� F/( ���|;%*��� Zn /Cu 
�)(� �? �*=�!<-<��3 �= 6%+ �1%+�$%+ $(0>J %�( .���|

(0=  /�;08�*# ;%*��� Ba �Sr �Rb �Th �U�Ta �Pb �V/
CsE? �� �? �)( �(
� 08�*# ,��!<*= -�(.�
I0= �J;
	!3�*X �= �1%+�$%+ $(0>J %�( .(0=  !) ���|;08�*# ;

6!�>JCo /Ni %*<�J� �? ���)01� ��== ^�!8�~0H3
 E>#0?�$%�( .08�*# �=  ���q ���|;6!q Zr �Y�Hf /Nb 
�<�=(/�. 0S� .( �? �)(-,�-H� �� �
�->-+4=L ;�J!�= 6

= }�<��� 08�*# 6(!*#��/ $%+ �<9�+ ~0H3���&'3 -/ E
I0<�19:-$0;�!<*= ->3 �-*X �= 6�*�1%+���� �$(0>J 

$%+%�( .
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*X / P�1%+�08�*# ;S�-0Zr �Y�Hf /Nb 

( ��
9: ,-$0� 6�'��%J�(0+ �? 
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( �3 �)( $�(� $.�A(
�= 08�*# ,%���.�= E&+;�� %*�(!<= 
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%*=� .�=� 0S��*X %)��1%+�Rb��
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'��A �"# �= -*��= 0G*# ,
( �A;K��<9�) �� 
��?��J;)��S�-( 0
"-(� U� ��)( $� .*X�1%+�Sr /Ba 

�-�= 5303-�= Z��-'��A E-*�Sr�A �= ;Ca�&�+ �� ;��? �
�"?-�/�/ / �Ba) �= -N<��=)/-�";@��01 �J^�!8 

�)( �<	01 .(0+ 6�!= N?�|
H� �-W���?( 
R� �� �
&'3-�!<*= E-��#�= �J+�? �)( $%U4+�= F!"H��� U6+

%�3 F!"H�
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�Fe /Mn) �� / @]A -�T3 N<�-�!+ �
]��[.}D�><|(U� �� ��!<*= %*
L0	 -�(.�
>3 �� -6�*

%+�= $�0g ��<	� ,-*�*
( .Pb / �J���)%"	 ��<9�) �� Zn �� 
���g �c�+�/0	 ;�JO*) ,
5*4�J;�/( -�<+(� �!�| �%�( .

*q-� 0S� �= ,�0�3 �= �? %)�
��? Z��J;����)%"	 Pb �� 
��? E9(���J;)���='�= �!��B�= �0G*# ��( �)( $%��� 

Zn� �� ��!<*= %*
L0	 -<����g 6%+ �= 6�=5-� ;�J �!�
'�=�) .( -$%+ ���9 N<��)( .0G*#Cs 08�*# �">A .( 
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�!���? ��<9�) �� }D!>2� �? �)( ��A �J
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,
)�<K-� N��!+]��[."=�B-=��<�( @]A ��Cs ��<9�) �� 
��!��!�
�!"-�!H� F!� �= b��3�( �� �C(
��? ,���= /
3�?-6!�J;( �)!3 F(�%J�<?( 
"-6!)�]�o[)�0= ��!� ��(0B 
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%"A��$��>+ ����K-
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$%(;*X �� �1%+�(
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(0	 �0&"># �)!3 }D�><|(
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HREE= �(%9� �= $(0>J �J���Q*J;�J;7*� �%+
%Eu �� 

���!<*= -�(.�
��(� )E&+os�(.((
��| �� ,��)( �?
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PREE�J;?03 �= $%+ ��Q*�= -	!3 I0= Z��

*X / ~0H3�1%+�� �� (� NS*��� ��!<*= -�(.�
� ��&+L �-
�>�
%)E&+o@.(( .(
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)(-%;/HREE �� �JpH�J;"B-��
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]��[.�3 �= �A!3 �=�1%+�=-0<'LREE �= ���� �J
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�>� ���9
%*]��[.�= �A!3 �=%+ �<71 ���L�= �� 0S��%)�
&'3 �� �?-9: E-$0;�!<*= ->3 �-� �6�*-)0<)� 6(5��=

�-�J%*4;0"? 
%;3�7�!) ��= /�/
�!"	 $r
%;
&�.(
�J�!<?�	;~0H3 �� N�� REE) .( �J-��)01� N<��%+�= .

J���� ��6�K�.)�.)Eu �Ce 
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�]��[� 6�'� (� �%J� .

� 6�'� $%+  �Q�( ^��)�H������ �? %J�
= 0���Q*J;Eu 
	!3 I0= ����/%| �� ��/m( �? �!= 
�!<*= �� �(%�� ,-�.( �J
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0
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���/( E|(0� -�!<*= �-<�I0= 6%+�J;	!3 �/ $%+ ���9 
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�)( $%+ ��Q .=���Q*J;

��T�Ce���!<*= -<�= 6%+ ��W)(/;%�3 
ECe3+�= 
Ce4+(0+ �� F!"H��� 
��?( �
'�H�-��)( .0S� �� �=

 ,<	01�%+ �<71 ���L��b��*<)( ,-*q 6(!30?\3 �g �--^(0
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( �)�*+ ���? / �)�*+�!"= �"Q� fmm

;0�Ls�( (3!�&*# �(�!>��08�*# �?�9�!<*= �(!�( �� $%+ ��Q*�= ����-��%*? �= ���� �J
�C1 ]��[@ /(3!�&*# �(�!>��08�*# �?�9
�!<*= �(!�( �� $%+ ��Q*�= ����-�	!3 I0= �= �= ���� �J�.
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036L�J���= 6(!3

���?�)� ;�J����? 3�7�	 ;�J��
!��� �%-�?( / �J
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 $��+(0?�]�f.[5-���L ;�JXRD ,
( �� $%+  �Q�( )�0=�
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�-��? ;�J.�	0?$�;D�= ��(/(0	 �? %�(f%$�!= -

%�(.*�>J -)�0= ,��J;SEM(0= ^���&�( �!�>? �"# �= ;

?%�( �(%23���!>� .( �J��= NJ 6L 0G<�� ^�!8�^�!8 
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� �
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 �? %*+�= �=
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0G*# ,
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%"A��$��>+ ����K-
5���f ���?,-�. / �)�*+6�*->3 �-�!<*= $0-9: �>-+. . .fm�

�:�*+���� 
(0� 0
4<��>J Z�K-6!)0]��[=-90= ,�=��<�( 08�*# .( ���!>� �� �J;�!<*= -<�)�0= ��!� �>3 �� -6�*.
Si Al Ti Mn Na Fe P Th Y Zr La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Si mm/�
Al v�/m mm/�
Ti ��/m o�/m mm/�

Mn v�/m� o�/m� ��/m� mm/�
Na ��/m vv/m f�/m �o/m� mm/�
Fe �m/m ��/m ��/m ��/m� f�/m mm/�
P mm/m fv/m vf/m m�/m� ��/m vo/m mm/�

Th ��/m o�/m �o/m fv/m� fm/m �v/m vf/m mm/�
Y �o/m� ��/m ��/m �m/m mm/m ��/m ��/m ��/m mm/�
Zr ��/m v�/m vo/m ��/m� o�/m v�/m om/m vv/m ��/m mm/�
La f�/m v�/m ��/m fv/m� fv/m ��/m vo/m ��/m fv/m v�/m mm/�
Ce f�/m v�/m ��/m ��/m� f�/m ��/m vo/m ��/m o�/m ��/m ��/m mm/�
Pr ��/m v�/m �f/m ��/m� �m/m ��/m vo/m ��/m o�/m ��/m ��/m ��/m mm/�
Nd �m/m of/m ��/m ��/m� fm/m ��/m �f/m ��/m v�/m v�/m �v/m �o/m �o/m mm/�
Sm fm/m ov/m ��/m fo/m� ff/m �f/m v�/m ��/m of/m �m/m ��/m ��/m ��/m �v/m mm/�
Eu ��/m o�/m �o/m ��/m� f�/m �o/m ��/m ��/m oo/m vv/m �o/m ��/m �o/m �v/m �o/m mm/�
Gd ��/m ov/m v�/m fm/m� v�/m �m/m ��/m ��/m v�/m vo/m �o/m �v/m ��/m ��/m �v/m ��/m mm/�
Tb o�/m �o/m v�/m �m/m� �m/m vf/m �f/m v�/m v�/m v�/m ��/m ��/m ��/m ��/m ��/m ��/m �v/m mm/�
Dy �o/m ��/m o�/m �f/m� �f/m ov/m ��/m o�/m ��/m o�/m vv/m v�/m v�/m ��/m ��/m vv/m ��/m �v/m mm/�
Ho mm/m fv/m �f/m mm/m ��/m v�/m ��/m o�/m ��/m �v/m vf/m vf/m v�/m ��/m vv/m �m/m ��/m ��/m ��/m mm/�
Er ��/m� ��/m �f/m mf/m� mm/m �o/m �f/m ��/m ��/m �v/m o�/m o�/m o�/m v�/m ov/m o�/m v�/m ��/m ��/m �o/m mm/�
Tm ��/m� ��/m �f/m mf/m mm/m �o/m �f/m ��/m ��/m �v/m o�/m ��/m ��/m v�/m ��/m �m/m �o/m o�/m v�/m vo/m ��/m mm/�
Yb ��/m� mf/m �f/m �v/m �m/m� �v/m o�/m ��/m v�/m �o/m �o/m fm/m fm/m �f/m f�/m f�/m �o/m �v/m oo/m o�/m vo/m ��/m mm/�
Lu ��/m� �v/m� mm/m �m/m f�/m �m/m �v/m mo/m v�/m mm/m �o/m ��/m ��/m ��/m ��/m �f/m �o/m ��/m ��/m �f/m ov/m ��/m ��/m mm/�

�� A�� 
N��03
�<� ,
)�0= .( E8�| [��J;��? �)�*+��. /-,-
+->-��
9:-�!<*= $0->3 �-%�0
. �(0B .( 6�* :
��)�0= ��J;��? �)�*+�� 6�'� ���!� �? %*J��!�
�!"-��
J-%�D!
"? ��-<K!*-�!-�"? �53�(!? ��-3�!�L ��-��L ��-/ �

.M?!3�/(��?��J;"8( �= /-�%-<?( ��-�!*-� ��-"?/0&-/ ,
��? 6(!*# �= .M?!3�!�L��J;#0	 �&'3 -$%*J� E;9:-$0;

�!<*=->3 �-%*<�J 6�* .
��(
9: ,-6!>*9� /� .( $0NJ .( (%A&'3 -��<	� / $%+ E

"8( 08�*#�#0	 ��Y5A ��/�?�9� �����E&+1-0;,
( 
9:-!q �"�(!# .( �2=�3 $0 �(!� ���)01� ^%+ �� _M<9( 6

��)01� �$�4<)�9���K ��J���)%"	 -��J���+ / �J;+-�'(;�
6�!= N?�|pH)( -%;�A�� /;\3--�6L ^(0��?/.�) �@]A 

�;��<9�) `-7"36/���(.;� �-)0<)� 6(5�� �= -�J%*4;
3�7�!)�0"? �
%;�!"	 /
%;^D���3 �
�!�	 5?0>3 �-5
&��
(0+
J / @L �(!�
� �� ^/�73 / @!�0� -�K 6(5
�(%;��? ��J

��)01� 0=(0= ���"? / $�!= -\3 �--0G*# ^(0;���!<*= -<�
�� 6%+
) V-�)( $%+  �Q�( .�= N<�.

��)�0= ��J;�.-,+->-��
� 6�'� ��!<*= �? %*J�-��J
(�(�;?03 -�/( Z-.%�L �
<�%*<�J.
f�(0� 
4<��>J Z�=-08�*# ,� 6�'���%Ji� �? ��J
��L-^�7�	 ���J;!��� 
S� �-.��!� 0
. / 6�	/%=(� ��
�3!*
�N

�J.�	;��? -��
Ti ��(�Zr / �(�Fe� �(�-��><|( 6���=5�
REE( �� �J
9: ,-%*<�J $0.

��)�0= ��J;� 6�'� $%+  �Q�( ��A�� �? %J�;��)01� �
/ �= �J���)%"	
�/( E|(0� �� $r-�;��)01� �\3 /--� 0� �-6(5

��?( ^%+
RH�-&'3 �-303 �= E-N�� Z03
F0<*? E�(!# ,
$%**?;\3--= ^(0���Q*J;�J;Eu /Ce���!<*= -�(.�

%*<�J.

� A6*,�
�>| .( 6�1%���4�
��J;��� �'J/rK ��/�2� �GH3 /-^M

>&3-"�0�3 $�4'�(� 
$�!= �(��!90= 5�+ (]� �%�(
�)( �<�
���
�(��%B / i��) ��%��(� .(0=( (� �!9 .*�>J 6�1%���4�-,

K / ^(0S� .(-�"Q�  0<H� 6(�/(� $%�.�) / $%�.�( ^(���*'
�(54)��);���>�
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