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��

���� 
# [� 89 ��+P0 $P�', �
DN; �
�J� �9�O"�*; ���� <=*:� <�F

��6'���^#-Z ��&0 "-( "��#2 .�0-��"�*; � + & F<�
� 7 ��72 � W� [*'Z <=*:�]�/�� �; ��/�� $ KJ� -P�� 

�&0 .E'& �
0 �0�*8� �7 �Z*; �7 �FNa2O + K2O�7 �M�� 
SiO2]��["$J�% �� # �
�*
�#D�*� ��
�*
� <�F

�� �0$@ �
�*
�*�0$% �
�J� �7 �9 -�$ %�&�$7<�F # �
0$LP 
�>*.&#$. ���0*�8F ��0� )H.(cQ�0.(

B�.�-"�*; [� 89 # �+P0 $P�', �
� 8 ( �
DN; �
�J� <=*:� <�F �F2 4��.&0 <�F�����9 �� $P�', �
0 � 1�� � �7 ��
��� # ��72 � W� [*'Z 
]��[�M12 �M71�M56�M49 �M62 : ��
�*
�*�0$%M102 �M46 �M34 : ��
�*
�M98 : �� �#D�*�M130 :�
�*
�#D�*�.
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b/����/����/�cc/���/����/�b]�/����/��bb/�c�/�]��/��Al2O3

b/���/]�c/c��/���/]]b/���/c��/c��/���/���/cFeOt

�/��b/��]/��b/���/��/���/���/��b/���/��]/�MnO 
c��/��b/���/��c/���/���/�cb/��]/�]�/���/�MgO 
�/]��/]��/c�b/]c/�b]/]c�/c]b/c�]/c�/b�b/cCaO 
��b/��/��c/c��/c��/c�]/cbb/c�c/cc�/c�/cNa2O
�/���/c�]/���/��c/c�]/���/c]b/���/���/���/�K2O
c/��b/��]/��b/���/��/���/���/��b/���/��]/�P2O5

�b/���/�]�/��/��b/���/���/��b�/�b�/�LOI 
]�/����/����/�bc�/���c�/��]]/�bb�/�]]�/�cb]/�]�b/��Total 
c�/���/�cc/���/�b]/��c/���/��c/��c/���/�A/Nk 
��/�b�/�]�/���/�b�/��]/��b/��]/�b�/��b/�A/CNK

c��c�����c�]/����/�cb/��]�/�]��/cb����/cb�Ba 
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�������]���������������ccbc�c�Zr 
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�/���/�b�/��]/���/���/�bb/�]�/���/���/��Nd 
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��/c]�/c]b/�c�/cb�/���/c��/c��/�cb/c�]/�Gd 
��/���/���/���/���/���/��b/���/��c/�c�/�Tb 
��/��/c�/���/c]�/�c]/c�]/c��/�c�/c�b/�Dy 
]�/���/���/���/���/��b/�]c/���/�]�/���/�Ho 
��/���/��b/��b/��b/���/���/���/���/�]�/�Er 
c�/�cc/���/�c/���/�c�/�c�/���/�c�/��]/�Tm 
��/�cc/��b/���/���/���/���/�b�/���/�b]/�Yb 
c�/�cc/���/�c/���/�c�/�cb/��b/�c/�c�/�Lu 

��ccc����/�b���/����b/���/�bc/��Y
bb/���/�cb/���/���/���/���/���/��b/���/�Cs 
�/��/��/��/��/�]/�b/��/��/��/�Ta 
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����/��b/���/���/b��/bc�/�cb�/c�c/�cTh 
b�/����/��b/�c�/��/�]�/���/���/�c�/�U
��/��b/���/���/�b�/���/��c/��c/b]b/�]�/�(La/Yb)N

�c/�]�/��]/���/���/�]�/�b�/�]�/���/�]�/�Eu/Eu* 
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)�8F �A��W& �<$F�}� �<$�}� 40$
0 �&�'( ���9 # �&�'(�*+7 �+N� ���

:3�CQ�0 (E'& <�0k1��� <=*:� <�F�?Z$� !0 "��:J&0 �7 ��72 � W� [*'Z <=*:� �8 �]�][[ �("�*; U 9$; � 1�� � X0*~�0 �� <=*~:� <�F
4��.&0 �F]��[��*8� � W@*� #�&�$7 ��*� <�F.

7 4��.&0 X*� # <=*:� "�*; �
� 8 ( U 9$; � 7 ��M;�0 �
��*� Q+J�� 40$1/F#T> n&*; 42 <D+	 <0*JL� �7 �Z*;

 �&0 �J	$% �0$@ �&�$7]�����.[�&�$7 �
0 HP0 �
0 $7 �F
 # <=*:� "�*; U 9$; � 7 �R�M;�0 �&0 �.8� �9 �&0 �0*J&0

-(�7 �J(0� �*Z# 4��.&0 X*� .�/
0! �670� ��M;�0 �
0 �+,
���9 # �
�8%�� <�F-'
0$	 � 7 �&0 �
0! .��^#-Z �� 1�� � 

"�*; [� 89 # �+P0 $P�', A�M 9$; �7 "0$8F <=*:� <�F
4��.&0 �F2 <�F]��[�&0 "-�2 D � .� + & -P�� � 1�� �

"�*; �� 4��.&0 "0$8F <=*:� <�F �F2 <�Fc/�� -P�� 
)^#-Z�(��*8� �� #��72 � W� [*'Z ��6'� <�F��/�� 

�&0 -P�� ."�*; U 9$; � 1�� � �� �FX0*�0 �� <=*:� <
4��.&0 �F]��[��*8� � W@*� #H.( �&�$7 ��*� <�Fc[

�&0 "-( "�0� 4�/� .
�#� !0 �.
 "�*; �&�$7 <�F !0 X�M(0 �
�>$7 <=*:� <�F

�&0 )* ' �*�2 .X�M(0 �Z�� "T
# �7 )* ' �*�2 !0 "!0-% �%-(
 H��, G
 40*', �7 <- S*J �0$% <�8%�� "�1J&�O �  W; ��

���&0 "-( �J	$
k> l.A$' � "- �, �7]��[$J/ 7
E'& ?Z$� �0�*8� �� 4��.&0 �7 �J�70# <=*:� <�F]�][
��*8� �� ��72 � W� [*'Z ��6'� �� �&�$7 ��*� <=*:� <�F

"-( ?@0# � �*�2�J� "$J�% H.( �� �9 4�'� # -�0�"-
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-+Z��"��8( ������7�c�] E'& A�W��6�� �! # �&�'(�8 ("�*; ��7�2 � W� [*'Z <=*:� <�F ���

�� "�*; � 1�� � "$J�% �7 �*( 0 �7 "0$8F <=*:� <�F4��.& <�F
��0� ��0*�8F �F2 .

�&�$7 V�&0 $7 40��.8F # *.�*9 <�F]��[�
$J�7
"�*; � �/; <0$7 �F�0�*8� 4��.&0 �7 "0$8F <=*:� <�F <�F

 <�F�0�*8� 4-M �*� # �J�1'; �5R ��� ��F2MgO �M�� 
�7SiO2�K2O�7 �M�� SiO2�Na2O + K2O�7 �M�� 

SiO2-'J�F .�
0 �*}'� � 8F �7 ��
��� <0$7 �F�0�*8�

"�*; "�*; �7 ��72 � W� [*'Z <=*:� <�F �7 �*7$� <=*:� <�F
 -�-( l&� �F2 <�F�����9)H.(�[.(�0�*8� �� 

NaO + K2O) ( � + & �7 �M��]�b[E'& ���6'� <�F
 # �
�*
�*�0$% # �
!*
�#D�*� ��
�*
� "$J�% �� �&�$7 ��*�

�� �0$@ �
� +@ �M( "$J�% -�$ %.��*8� $J/ 7 ��0�*8� �
0 �� �F
"�*; "$J�% ��4��.&0 �7 "0$8F <=*:� <�F �0$@ �F2 <�F

�J	$% -�0.

:3�DQ�0 ("�*; � W@*� �F- S*J �0$% G .:; �0�*8� �� �&�$7 ��*� ��6'� <=*:� <�F ]��[[ �("�*; � W@*� � W� [*'Z ��6'� <=*:� <�F
"�*; n&*J� "$J�% # ��72 <�F4��.&0 �7 "0$8F <=*:� �F2 <�F]�][.
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)�8F �A��W& �<$F�}� �<$�}� 40$
0 �&�'( ���9 # �&�'(�*+7 �+N� ���

 �0�*8� ��MgO �7 �M�� SiO2"�*; ��6'� <=*:� <�F
 ��*��&�$7�0-�� <0�0� MgO"�*; �7 �7�/� "0$8F <=*:� <�F

 �F2 <�F�����9 �7-'J�F .� 1�� �MgO  <�F- S*J �0$% 
�#-3 �F2 ����.&0c�
0 �9 �&0 -P�� �0-��"�*; �� <�F

 [*'Z <=*:� �#-3 ��72 � W�c]/��&0 -P�� .� 1�� �
K2O�� �F2 ����.&0 <�F- S*J �0$%�/�-P�� "-( ��0D% 

�
0 # �&0�0-�� ��72 � W� [*'Z <=*:� "�*; �� �/�-P�� 
�&0 ."�*; 4��.&0 �7 "0$8F <=*:� <�F �F2 <�F <0�0� �0�

SiO2#K2O# $J89 MgO"�*; �7 �M�� <$J/ 7 <�F
"0$8F <=*:� $
�&4��.&0 �F-'J�F ]�����.[�.��'� �� 

H.(��� "-
� �*(��*8� �"�*; �7 �&�$7 ��*� <�F <�F 

-��0� ��0*�8F �F2 4��.&0 �7 �J�70#.

��

 E�F
 � ��GH��I�HI�� 
<�F- S*J �0$% G .:; �0�*8� ��X*� A!0 X*� S#I]c�[�9

$7�
�> ��&0 )* ��% # )* ' �*�2 $P�', # �+P0 <�F- �90 
��*� <�F- S*J �0$%�&�$7 �� "$J�% X*� S�
 I�� �0$@ -�$ % 

#� F�� � �! <�F- S*J �0$% �7 ���2 �
� 8 (X*� AA#�:J� 
�&0)H.(�.(E'& X*� <- S*J �0$% <�FI4�*7 � 
�> �7 
�0-�� Zr �Y�Ga �Nb #REEF- S*J �0$% !0 �X*� <�AD 8; 

�� "�0� -�*( .�N�2 !0 �F ��*8� �8F�9<0�0� �0-�� A/CNK  
G
 !0 $J89-'J�F �� �"$J�% <�F- S*J �0$% X*�I�0$@ 

�� $ %�-]c��c�.[

:3�J�0�*8�MgO #K2O�7 �M�� SiO2"�*; � W@*� �"�*; # �&�$7 ��*� ��6'� <=*:� <�F 2 4��.&0 "0$8F <=*:� <�F �~F]��[l~S5, �
H.( -'����.
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-+Z��"��8( ������7�c�] E'& A�W��6�� �! # �&�'(�8 ("�*; ��7�2 � W� [*'Z <=*:� <�F ��]

$P�', �0-�� �
�> $7Nb  �Rb #Y�0�*8� �� ?Z$� ]cc[�
� W@*�� �!�JO�&"�*; H ./; <�F-'7$89 �<=*:� <�F

 ���/:/;2��6'� g�0�#$	 )VAG ( �&0).(H].(� '�8F
 �0�*8� ��Th/Hf �7 �M�� Ta/Hf]c�[���*8� n L� �� �F

��0$9�� ?@0# ^�W	 "��@ -�*()H.(b.($P�',REE �7 �M�� 
# �%�!0*F d$W� �� <$J89 �0-�� �7 $P�', $
�&

���&$%� <�F�7��$%�� �0$@ ���2 ��0#0$	 <*1�0 �
0$7�'7 �-�$ %
�� -�0*;"�1J&�O "-'F� 4�/�E'& �
�=2 �F-(�7]c��c�.[

�0�*8�REE"�*; "-( ��N'�7 �
�-'9 �7 �M�� �9 �F
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 ���� �9�O $P�', �M�� �%-(
 GM&)LREE ( � 1'& ���� �9�O $P�', �7 �M��)HREE (

�� 4�/� -F� .�'Y -�#� �
0 �� �%-(LREE �7 �M�� 

HREE'� �� "-( H ./; <�8%�� ���/� g�0�#$	 ��6
 �&0]c��cb���.[$P�', <*1�0REE �M�� 4�*7 � 
�> #

(La/Yb)N)]b/��;�c/b(��*8� �8F �� �8%�� H ./; D � �F
 �
0 �0-�� 4�*7 l9 �
 # ����% <�0-
�> "$J�% !0 $J89 C8, ��

�� 4�/� 0� "�1J&�O � 3�� �� ���9-F� .$�', � '�8FEu  
��*8� )�8; �� �� �F ��N'F �&0 "�0� 4�/� �:'� <

)Eu/Eu*=0.71-1.04 .(�� $�', �
0 l9 �0-�� �+, �7 -�0*;
 �
0 �/
0-Z �*+M; �
 # "�1J&�O � 3�� �� !59*
h5> �*�3

-(�7 ���9 .��D7 ��*
 X�W( �7 �&#� E'& $P�',)LILE(�
���3 �� �-'9$LJ� # ��%!�&�� <$P�', A-( �7 n&0# $P�', �9

 m�7 40- �)HFSE ( n
0$( �� ��*LJ� $P�', !0 �O$7 #
-'9$LJ��� ��M
$�; # ��%!�& <$P�', ����&$%� # ��*%$%� .

:3�L"�*; � W@*� �� �~&�$7 ��*~� �~�6'� <=*:� <�F ?~Z$� �0�*~8�]cc[����/~:/;2 V*~@ <�F-~ S*J �0$%)VAG(4#�� -~ S*J �0$% �
�L:P <0)WPG(�&*�� @0 4� � �J/> <�F- S*J �0$% �)ORG("��@ ��*O$7 �7 4��D8F <�F- S*J �0$% ��F)Syn-COLG(.
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)�8F �A��W& �<$F�}� �<$�}� 40$
0 �&�'( ���9 # �&�'(�*+7 �+N� ��b

:3�N"�*; �� �
�-'9 �7 "-( ��N'�7 ���� �9�O $P�', �;*M.', �0�*8� ��6'� <=*:� <�F]c][.

�*
 X�W( �7 �&#� E'& �7 $P�', �}+Y 40*', �7 ��D7 �
���3 �� ��&0 <��( !�	 !0 �W7�; �7 n&0# $P�', �}+Y �9

[#= <�F-'
0$	 # "�1J&�O �8 ( !0 �W7�; m�7 40- � A-(�
�&0 �*+M;]c�.[$P�', �O$7 # �,$	 $P�', �;*M.', �0�*8�

"�*; <0$7 � �#0 �J(*% �7 �M�� "-( ��N'�7 ���� �9�O <�F
 H.( �� <=*:���0� 4�/� �&0 "-( "� .�'Y $P�', !0 �%-(

LILE)K�Rb �Ba �Cs ( � M( <��J	� �9 <��%!�&�� $P�', #
H�� -��0� ���2 �7Th $P�', �7 �M�� �HFSE)Ti�Nb �Ta  �

Zr �Y(��*8� �8F �� �� "-
� � �#0 �J(*% �7 �M�� �F # �*(
A#�:; �&0 E'& �+9 U 9$; $  K; �7 �*7$� �-�0 <�F .
�'Y �� �%-( $P�',LILE �7 �M�� HFSE "-'F� 4�/� 

�&0 g�0�#$	 CR�'� �7 �J�70# <�8%��]cc�cb���.[
�
0 ^�8J30 $P�', �9HFSE �
 H ;#� -'��� �
�F!�	 �� 

�@�# �*Z# �7 U+6� �
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