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M6	 �3 8�2/L
 D6% �^ 5M 4/*�/� U#*�L �3 U#�)��8#� ?�6% @8( �2$M

 @8(�
�  63 F')2� 2(OH)→H2O+Or)r:?8��-#G�3 (�Y��
�/( ?�2� ]�o[.

�6%F')2� @�/3 6#%��6% �
 2$���/-� �� ?�2� �� ,���3 �� 
�� 2� ��� 6##cL @2/L3T�&2 6�';'� DTA �6) "##:Le�<G 

DTA � @�/3 2$��6% ?8'�� @��� Z�3 �-& �3�<G �-& �3
 "#
� 6C��#3 �&2 6#%��6% F')2� .�<G �/Y�,2�';'� ��
DTA )f
 �� �
?60�% $2 �
���@M(�� @���8�� �3 �)

 ��')2� ���� F
2+	2?�28� �� �&2 .�';'� �� ����) 8��� -
,��DTA �� ,�� F')2� @�/3 6#%��6% 6C��#3 ���/-� �� 6�

 �� ?�2��M�&�� .$2,/& �/Y� �6C
��<G ,2 �';'� ��DTA 
��/-� � �#L�/�M �<-9 $2 ����}&8<	 �/�i �3 ?8( �&�63 ,��

���) ?26-� "#<)�6*#� �� �&� ,����/-�6� �0#�/0'3 ,��m/3 
�&2.

�-#( "#�$ 
"#�$ �
+`L S
�0� U) N'& �
�#-#(�� �#�/0'3 ��/-��

4�89 �� @�3+#� N'& ��/-�=�&2 ?8( ?���M .T�&2 63
��/-� �5�#-) � �<B2 6B�'A �
+`L ,2�2� O#L6L �3 ���k/jk �L

��/�� �==/jo �L�k/jo �Q#<#& 8B��j�/�� �L�=/�o �
�j/�� �Ljo/�� 8B��Al2O3�=�/j�L�j/k�j8B��

Fe2O3�o�/��Lk/=��k/��Lk�/�8B��MgO ��j/��L
k�/���k/��Lk=/�8B��TiO28'0�� .�26	 �2/� �28��

)LOI (�#�/0'3 �� O#L6L �3 +#� @�3+#� N'& � ��o�/j�L
��/o�==/=�Lj�/=�&2 8B��)4�89=.(��0�2 �) @�'E �
��/3�#�/0'3 �
�#<G ,2/0;���N'& O#)6L $2 60-) ��#�3 ,��

�
�#<G �9/L U3�G "0	� �&� $2 6C��#3 �) �&2 @�3+#� �^ ��
 �&2 ���&6%�]=��j�>j�[.

U*(��';'� ,��DTA �TGA ��/-� ,263./01*(2 �0#�/0'3 ,�� : ]�2 (��/-�M-020-445 �(��/-�M-020-51.
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4�89=��/-� 5�#-) � �<B2 6B�'A �
�#-#( �
+`L S
�0�N'& � ./01*(2 �#�/0'3 ,��@M ���� ,����.
N'& P/� �#�/0'3 ���� N'&

��/-� ?��-( M-020-44 M-020-45 M-020-51 M-020-52 M-020-46 M-020-47 M-020-48 
SiO2 (wt %) ��/�� ��/j� �k/�= �k/jk �k/jo �k/jo ==/jo

TiO2 ��k/� k��/� k=j/� �k�/� k=/� k�/� �k/�
Al2O3 jj/�� �=/�o ��/�� k�/�� j�/�� �j/�� jo/��
Fe2O3t ��/j =�/j ��/j �j/k j j j
MnO ��o/� ��/� ��o/� �o=/� ��/� ��/� �o/�
MgO �=/= j/= o�/� k/= �k/� k�/� ��/�
CaO ��/� k/= ��/� �/� jj/� ��/� kk/�
Na2O ��/� �=/= o�/� ��/= ��/� ��/� o�/�
K2O �=/� �k/� o�/� ��/� ��/� ��/� ��/�
P2O5 ��o/� ���/� �=�/� ���/� ��/� �k/� ��/�
LOI ��/� ��/o o�/j j�/� j�/= =�/= ==/=
Total o�/��� ��/��� kk/��� o�/��� �k/��� =�/��� ��/���

Ba(ppm) =� �o j� �=� ��j �k� �k�
Rb �� �� =� =� �� jk �o
Sr ��� �=k =jk ��j �/��� o/�k� =/�=�
Zr ��� ��j ��� ��� �j� ��� �=�
Nb j/k �/� =/� j/� o/j �/k �/o
Co k/�� j/�� �/=� �/k �/=� �/=� =/=�
Y �/�� o/k j/� =/�� �/�j �/�� �/��
Cs �/� j/k k/�� o/� =/� k/= �
Ta ��/� o/� o=/� ��/� �/� �o/� j�/�
Hf j�/� �o/� ��/� �k/� �k/� ��/� ��/�
Th �=/j �j/� j ��/j j=/� �o/k oj/j
U �/� �/� �/� �/� j/� k/� =/�
La �j �= �� �� �o �o �k
Ce �= =� =� �� �j �� ��
Pr o�/� �k/� �=/� j�/� k�/� =o/� ��/�
Nd �/k �/� j/� =/� �j �/�k �/�=
Sm kj/� kk/� ko/� ��/� �/= ��/= �=/=
Eu ��/� ��/� �/� ��/� =�/� ��/� �
Gd ko/� o�/� �=/� k�/� ��/= �k/� �k/�
Tb ��/� �=/� ��/� �=/� j�/� j�/� �=/�
Dy ��/= ��/� k�/� ��/= j�/� �o/� =o/�
Er �o/� ��/� ��/� j�/� kj/� j/� ��/�
Tm �k/� �/� ��/� ��/� =�/� ��/� ��/�
Yb � o/� =/� =/� k/� o/� �/�
Lu =�/� �k/� =�/� ==/� ��/� jo/� ��/�

��/-� �@�3+#� N'& �3 ��
��� �� �#�/0'3 ,���28�� 
Fe2O38��2� ,60�#3 �#L/#3 � 8'<Y��/� �/�i �3 �) ,��

 ���M �� ?8( 8#�)2 ��2/�-���2� ."
60�#3�28�� Fe2O3

��/-� �3 m/36�M-020-52 �&2 .@�'E �)@�#3 60�#  �8(
��/-� �l63 �� "�M ��2�26	�(2 ��/� ��/-� �<-9 $2 �� OY& ?�

�&2 ?8( �L�/B �3 U
�� +�6G N�� ��`
2 )U*(=�.(��
��/-� �./01*(2 ��H'� �#�/0'3 ,���28�� CaO F#3 $2

Na2O�&2 .$�	 @2/'A �3 �#L�/�M ���) �/�i �3 �%�
� "
2
��/-� ��:3 �� �A6	 $�	 @2/'A �3 �#�/��� � �<B2 ��

��2/�-� ��2� .��/-� ,�2qC��� ,263#�/0'3 ,�� N'& � �

�2�/-� $2 ./01*(2 @8:� �� @M @�3+#� ,�� SiO2�3 �Y�� 
Zr/TiO2]j�[�Th �3 �Y�� Co ]jj[8( ?��10&2 )U*(

o.(�#�/0'3 �#��2 N'& �T�&2 "
2 63 ��/� ,���&�63 ,2�2�
��/-� � �0
$8�M O#)6L �L �
$8�M O#)6L ,2�2� �#�/0'3 ,��

�#&2�/
�/�#&2�8'0�� .�
�-%�� ,6&��/-� � �#�/0'3 ,��
 63 ���M ���� N'&�
�  �2�/-�Th �3 �Y�� Co ]jj[�*�M

�
�#<G �&2 )U*(o5.(
"#C��#� ���� �)�l 6B�'A)REE (�#�/0'3 ,263 U),��

./01*(2 ppm��/jk N'& ,263 �@�3+#� ,�� ppm=/�� 
�&2 .��)�l 6B�'A "#C��#� �28� fY& ����)LREE(U)
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)La, Ce, Pr, Nd (�#�/0'3 ,263N'& � ��,�� �3 @�3+#�
 O#L6L=o/�o "L �� D6% �o�/k� �&2 "L �� D6% .��28�

�)�l 6B�'A "#C��#� n&/0� ����)MREE(U))Sm, Eu, 
Gd, Tb, Dy ( O#L6L �3=�/j� "L �� D6%=k/�� "L �� D6%

�� ��)�l 6B�'A �28 "#C'& ����)HREE(U))Er, Tm, 
Yb, Lu (�3O#L6L ��/=���/��&2 "L �� D6% .,���2�/-�

�3 ?8( ��`'�3 5�#-) 6B�'A ��2$�3�0�  ,��@�#� ,�� -
,��A �&/��#G2 )N-MORB(]j�[�)�l 6B�'A ����� ��`'�3

�
�8') �3 ?8( ]jk[?$28% ,263��/-� � n&2�8i ,�� ,��
U*( �� ./01*(2 �0#�/0'3���&2 ?8( ?�2� @��� .�3

,��`'� �1'� Nb�Ti  �P�'7 ?26-� �3�%8( N'& 6B�'A-
@/
 d�+3 �&��)LILE (@/E K�Rb �Th ��/-� �� ,��

?8( �&�63 )U*(��]�2($2�%�
�,�� ?$28% ,���*�M-
�
�#<G �&2 F�2��6	 �3 �0�32�]j��jo[.�1'� ,��`'� �3

Ba ��6C��#3 8�2/LF
289 ?��G �0&/  F�� �
 � ����}&8<	,2

8(�3 �
�-%�� ,��8'
26	 �� �
Z�3 ]��[.��/-� ��
��� ,��
?$28%�#�/0'3 � ,2 �3 ./01*(2 ,��N-MORB �� @��� 8��

�-%�� �)��?$28% ?8�$�& ,�0(/% �3 �#Y( �0(/% f
 $2 ��
�0�  �&/��#G2 @�#� ,��U*(�0	6%2�8� �) I��1L "
2 �3

 60�#3 p-A $2 ?8( �&�63 ��H'� ,�-%��)�N'& �3 �Y�
?�C0&�l MORB ( $�)/
_�  ��2 ?�/3 �28
�  ����% @M �� �)

 ��&2 �0(28� �/�i?8( U#*�L8�2 .�Y�� ,��`'� �3Eu ��
��/-� 6C��#3 ?8( �&�63 ,��?�C0&�l �0(/% ,��`'� �3 � ,2

 �Y��LILE6C���� �� 4�#& F�����0(/% 5�\ �� �&2
]��[.�`�M $2 U-i $�)/
_�  �) 6W'A �<B2 ?8'')Eu ��&2

 �Y�� ,��`'� �3Eu ���� ���) "
2 ���&6%� 6C��#3 8�2/L
 @�3+#� N'& �6:� ��4�#&��8(�3 .@�'E �)S
�0� N'&

��/-� �� ��$�)/
_�  �8( @�#3 ,��C� �3 ?8( �&�63 ,��
���)?8( U
8YL �&� ,��28�)4�89�(.

U*(o]�2 ,���2�/-� (SiO2Y�� �3 �Zr/TiO2]j�[5 �(Th �3 �Y��Co ]jj[��/-� �#:G/� ��&�63 ��/� ��H'� �0#�/0'3 ,��)?6
2� (�
���� N'&)�36� (���M 63 .

U*(��]�2 (�3 ?8( ��`'�3 5�#-) 6B�'A �L/Y*'A �2�/-�N-MORB ]j�[5 e(�
�8') �3 ?8( ��`'�3 ���� �)�l 6B�'A �2�/-�]jk[,263
?$28%���#�/0'3 � n&2�8i ,./01*(2 ,��.
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4�89��<B2 6B�'A F��) � F
2+	2 �&�63 S
�0�)��$� 8B�� (5�#-) 6B�'A �)"L �� D6% (��/-� ,263./01*(2 �#�/0'3 ,��.
��/-� ?��-( �#�/0'3 "#C��#��� N'& "#C��#����� ,�� F��) � F
2+	2

SiO2 (wt %) �o/�� �=/jo �j/��
TiO2 k�/� �o/� �j/�
Al2O3 ��/�� j=/�� ��/�
Fe2O3t =�/� ko/� =�/=
MnO ��/� �/� ��/�>
MgO ��/= ��/� �k/�>
CaO ��/= jj/� �j/�>
Na2O �=/� �=/� �=/�>
K2O j�/� �=/� ��/�>
P2O5 ��/� ��/� ��/�>
LOI ��/o ��/= ��/k

Ba(ppm) kj/jo �k� ��/ok>
Rb =j/=� j� ��/=j>
Sr kj/==� ��/��� ��/�=j>
Zr j/��� �/��j �=/��>
Nb jk/k k/� ��/�
Co �j/�� k/=� ��/�>
Y j/o =�/�j �o/�>
Cs �/o �/� ��/�
Th �j/j k=/� �o/�>

REE ��/jk ==/�� o=/�k>

�#�/0'3 ��%$�&�� 6B�'A O#)6L ��<) �/^ �3N'& �3��� �� -
@�3+#� ����1�LM ,���&2 ��� @���8�� ��%$�&�� 6B�'A �)

�^ ���&6%� ,��8'
M6	O<72 8'0�� .6;0� 6#7 .,6B�'A
@/E Ba �K�#�/0'3 ��N'& �3 �Y�� �� �@�3+#� ,��

�� @��� �%8#��)��'����}&8<	 ���&6%� �3 �) 8��m�YL�2 
�&2 .�28�� �l 6B�'A�)���� N'&���� ��/-� ��#�/0'3 ,��

?8( ��`'�3 �
�8') �3 �Y�� ]j�[�'7 6C��#3 �%8(�-� 
��/-� $2 ��LREE �&��)U*(��5.(�'7 �%8(LREE�� 

�3 �Y��HREE�� ��/-� ���� �� @8��� �G�3 U#�� �3 8�2/L
 �� ����% ?�C0&�l]�=[�
 �,����6%� L4�#& n&/ �(�� ,��

$2 ?8�2��6	 �&/��#G2 �0&/  �
2�+3M]��[8(�3 .��<) �/^ �3
 6B�'A �)�l��/-� �� ���� N'& �3 ��
��� �� �#�/0'3 ,��

������L ��� @��� �%8(��'��/� n
26( �/9� 6C��#3 �) 8
�&2 6B�'A "
2 .6;L ,263 $�#� .�28��Eu/Eu* ?8(��`'�3

& �� �
�8') �3 �Y�� N'���� ��/-� ��3 �0#�/0'3 ,��
 O#L6L��/��L��/��oo/��L��/��&2 .@�'E �)?8
� ��-

,60�#3 R60�% �0#�/0'3 �'�  �� �28�� "
2 ��/(��2� �)
��L $�#� ��/� n
26( �/9� � ?�2� @��� 2� 6W'A "
2 �%8(

�� 8#
�L 2� D/# ��/
 .6;L ,263')8.
�%�
� ,��"#�$ �
�#-#(E@/�1'� ,��`'� �3 Nb�Ti  

�P�'7 ?26-� �3 �%8(LILE�� )8'���K�Rb �Th (�)
60�#  F�3 ��"#�$ �-#(@�#3 $2 �8(�W���,�� ?$28% -

,���*�M�
�#<G �3 �0�32��#(�i ?��G�&2 4�:	 ,2 .n#;�
"#�$��/-� �0l�& ���M ���� N'& � ./01*(2 �0#�/0'3 ,�� 63

�
�  � ,���2�/-�?�"#�$ ,8'3�0l�& Y�3 �Y��Zr ]��[�
Th/Yb �3 �Y��Ta/Yb ]�j[8( "##:L .@�'E U*( �� �)

�� ?8
� ����/-� ��/( �� �&�63 ��/� ,���0�32� ?60�% 3�
@�-)�#(�i �26G ?��G��2�8.

I26##cLD69 
�� N'& ���&6%� 8'
M6	���.6�;0� 6�B�'A ��l63 ?�/�3 �� �

3 �*#��i .6;0���� 6C
� �l6 8'0��� ���E� ����&6%� ��^ �
�'7�� �%8(8�/( ]j�[.�<B2 6B�'A F��) �
 F
2+	2 ��^

 N'& �#��� �3 ���&6%�?�C0&�l �C0��3 4�#& $�	 O#)6L �
2������) P/� ��� 460') 2� ?8( U#*�L ,��')8.�2$M 6B�'A

 ?8(�^��&2 ����� N'& O#)6L F�� 6C��#3 ���&6%� ]��[.
2@�+	 �&� ���) P/� �"
2 63 ?8( U#*�L)�#0*-�&2 �<-9 $2 (

�3 �0�32� 5M �Y���>�/�l ��3/� ��3 ��) ��&2 N'�& �28��� 
�� 460') 2� ]<0�� 6B�'A ,/�0�(8
�-� .�#�/0'3 U#*�L-
�Y��� 8�'�$�#� �#0*-&2 $2 �'7 ,�� 5M ,Z��3 ,���>N'�&

 ��&2 ���� N'& O#)6L $2 6�'	6B]��[.R�� ��1<0�� ,���
263 �� D6�9 F
2+	2 �
 � F��) �Y&�;� ,������& ]�<0�� ,���

 �V2�2 ���&6%�8(�&2 ?]�k>k=[."�
2 �� �F����  I26�##cL
"#�$ 6� �
�#-#�( /�3 �3 m��0#�/�0'3 8�'
M6	 �� @8�( ���H'�

./01*(2 �
�  63 Y&�;��6B�'A D696##cL ]�k[�&�63 � 8�(
 ��2�26	 6W'ATi ��/-� �� ,���0#�/0'3 �N'& ,�� ����1�LM

�3 �0�32� @M��3 6�W'A [l�( @2/'A �3 �� .6�;L��8�'
M6	
�0#�/0'3@8( 5��0�2 I�Y&�;� ,�'Y� @2/'A �38
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