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">0
8+��( ! <��0�. 1."81�C+��G. �)>Y. �>8 �!� �>��$�(T()	�

(B"NX)XRF )3+>� }~�)�	  �/0$� 3+�II (( ">Y�%* 1.">8
 �6."�B ����E�� �G"&  �/-
���E �� ��)Y.OaB
+�+& �4C !��

��(4�  +>& �>bP 1�4>$|N �!� �>8 <�>�4G ">Y�%* 1."8 �C
 �
�>>>��. )ICP-MS(3(>>>)x� �!� ���>>>$1): <!D >>>���
�

��  �/-
���EACME ��>�E .��>��G �O+�+>& .�>0�
��>�E ��.">8 O1
)Y."Y�%*�4G !��� <� 3!+P`!k +&  ��!E +�..

�������� 
�>>�H%� ��>>8�%# <">>2 3�4>>& X� @�>>7 ">>;� �. ��>>&"$ 1.

 �$. �0�%��(T�G . �"0�># �$� @�7 �
.  �/0$�7)���>$"#�
L�)
Q�E (��>$ �� 6E 6(>4%7� �>G �>0��."# L>
.� D(b� �8 +�

 �� v(8"� ��$. "�/4-M L-4&�(& .��(T�>r W�� 6+9� !�
 W�� �)4P �.  ��$ ��8 ! +�b$ �� 6E �
">B +%0�>C �>C.���>G -

���(T�>G �OB�.(G �. +%B��K* ��.!."	 S�B"B �8 "
�7D �
. �$�%&
 ���(�E ! ��B�4C ����()
�(40�(� ���,
� .���G �� }>� 1��$

  �(>>B �>>8 �0�>>8.(��H%� <">>2 3�4>>& ! <">>2 1"�	�(>>N 1�>>C
���!O�(�U�$. �0
�(
�!O�(� .���G �
. �8 1��$ �#� ?�(Y 1.

�$. .�#� ����5 �>8 �)Y. 1]c�0��>$ �>� ">0� �>�! +>$�
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���P"
� �.��W
"G �4�C."8. ��(N 6."
. �$�%& ���G ! �$�%&�()8 �)a� ���

 ��$&9OaB
& ��4���
)Y."Y�%* �!*"	 �F%$ �C1�DE 
� ��4* �4�D(b� ! I1.
Wt% KN2-129 KN-53 KH-64 K2 SH-I KH-67 R-25 KH-65 at105 at108 at109 d11 d7 KN-GO
SiO2 29/70 15/70 73/59 82/62 71/67 08/72 68/69 89/71 15/73 4/72 3/73 8/72 1/72 8/73 
TiO2 35/0 3/0 62/0 65/0 28/0 18/0 33/0 17/0 16/0 15/0 14/0 23/0 25/0 21/0
Al2O3 37/14 56/13 2/15 31/15 23/16 73/14 03/14 91/14 36/14 3/15 13 112 9/12 6/13 
TFeO 81/2 59/2 75/4 73/4 61/2 26/2 26/3 21/2 25/1 1/1 14/2 36/3 47/3 95/1
MnO 05/0 08/0 07/0 08/0 04/0 02/0 09/0 04/0 01/0 03/0 04/0 04/0 04/0 03/0
MgO 65/0 53/0 82/2 79/1 76/0 38/0 77/0 55/0 16/0 18/0 27/0 41/0 4/0 19/0
CaO 58/0 69/2 27/4 59/3 68/0 62/0 49/0 1 99/0 13/1 41/1 4/0 16/0 61/0
Na2O 36/0 89/2 48/2 11/3 18/0 42/2 17/2 14/2 32/2 92/1 69/1 56/1 21/0 1/3
K2O 4/8 53/4 92/3 38/3 89/7 35/5 26/7 78/4 28/5 24/5 56/5 14/7 34/9 99/4
P2O5 15/0 07/0 12/0 17/0 1/0 08/0 09/0 07/0 08/0 09/0 06/0 08/0 08/0 04/0
LOI 53/1 47/2 85/5 17/4 63/2 72/1 36/1 07/2 07/2 32/2 14/2 41/1 81/0 27/1
total 287/99 63/99 4/99 37/99 88/99 64/99 24/99 63/99 72/99 8/99 6/99 3/99 4/99 5/99 
ppm 
Ba 862 336 492 412 738 392 691 419 289 217 332 523 1076 451 
Be <1 2 6 3 5 5 2 <1 2 <1 4 <1 2 4
Co 2/4 6/2 2/11 7/7 1/2 5/1 6/4 5/1 6/1 5/0 6/0 6/1 5/2 1/1
Cs 9/4 2/3 8 5/6 7/14 9/6 9/6 4/7 7 8/9 4 2/7 8/3
Ga 16 16 7/16 7/16 6/15 2/16 5/14 7/15 5/16 4/14 4/15 3/15 6/13 5/13 
Hf 7/3 5/5 9/4 9/7 5/6 3/3 5 2/3 4/3 2/3 5/3 5/4 4/4 4/4
Nb 4/12 2/13 2/12 6/13 12 1/11 7/9 4/10 4/12 7/10 3/10 11 1/12 5/12 
Rb 4/443 6/210 8/173 153 8/370 2/296 3/394 246 7/268 4/240 9/310 9/358 9/474 1/221 
Sn 5 6 7 5 6 7 7 9 10 10 8 5 5 5
Sr 6/314 8/144 7/212 7/150 5/104 6/93 2/80 87 2/76 8/41 1/165 2/83 1/126 3/111 
Ta 2/1 4/1 1 1/1 2/1 2/1 3/1 4/1 5/1 3/1 4/1 4/1 3/1 4/1
Th 24 3/30 23 8/14 2/26 2/23 3/25 2/22 9/20 7/19 6/18 1/25 8/25 5/35 
U 5/4 5/4 6/4 2/3 4/4 1/3 8/4 6/5 8 2/4 1/6 5/6 6/4 7/14 
V 15 13 69 56 12 9 20 10 10 10 10 9 10 <8
W 1 8/0 6/2 2/2 2 6/3 2/1 2/2 1/2 4/2 3/1 2/3 3/2 5/1
Zr 6/149 184 6/175 1/301 237 3/122 1/174 8/115 9/98 95 4/100 1/147 182 5/169 
Y 1/16 8/23 6/22 6/34 19 4/17 4/17 1/18 3/19 9/16 6/18 7/19 6/20 9/18 
La 7/32 2/42 5/39 4/39 4/34 2/28 5/35 2/28 23 9/22 7/19 1/30 7/40 2/42 
Ce 8/66 9/83 5/39 5/85 7/68 3/57 9/70 3/57 4/46 4/49 9/40 1/62 71 1/79 
Pr 19/7 98/7 08/8 93/8 45/6 47/5 75/6 49/5 73/4 69/4 05/4 91/5 37/7 38/7
Nd 2/26 3/25 9/28 1/34 23 4/18 2/21 7/20 9/15 4/16 9/13 1/19 1/27 3/25 
Sm 86/4 09/5 15/5 25/6 02/4 6/3 24/4 94/3 44/3 22/3 14/3 06/4 25/4 1/4
Eu 6/0 52/0 83/0 17/1 5/0 36/0 58/0 4/0 33/0 37/0 36/0 36/0 49/0 36/0
Gd 85/3 94/3 6/4 05/6 68/3 25/3 09/3 22/3 1/3 04/3 77/2 48/3 64/3 23/3
Tb 53/0 75/0 72/0 06/1 57/0 53/0 56/0 58/0 56/0 52/0 58/0 62/0 65/0 56/0
Dy 83/2 57/4 96/3 42/6 39/3 06/3 79/2 24/3 42/3 94/2 33/3 29/3 61/3 19/3
Er 48/1 74/2 19/2 51/3 93/1 71/1 8/1 98/1 1/2 89/1 13/2 97/1 96/1 04/2
Tm 24/0 4/0 37/0 53/0 32/0 28/0 31/0 33/0 32/0 29/0 31/0 32/0 31/0 33/0
Yb 71/1 81/2 14/2 6/3 97/1 79/1 84/1 73/1 91/1 91/1 2/2 3/2 04/2 21/2
Lu 25/0 45/0 35/0 55/0 35/0 32/0 34/0 33/0 32/0 3/0 35/0 36/0 35/0 36/0

EuN/Eu* 426/0 357/0 524/0 585/0 4/0 324/0 493/0 345/0 311/0 36/0 38/0 294/0 38/0 3/0
LaN/YbN 749/12 01/10 31/12 296/7 64/11 5/10 86/12 87/10 028/8 99/7 97/5 725/8 3/13 7/12 
LaN/SmN 139/4 1/5 718/4 878/3 264/5 819/4 15/5 403/4 113/4 38/4 86/3 561/4 89/5 33/6
CeN/YbN 935/9 594/7 695/4 04/6 869/8 142/8 8/9 424/8 179/6 58/6 73/4 867/6 85/8 1/9
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+)P�� ��4& ��6�0��� ����� ���GF%$ ! �4�&(TQ �1��$ �(B �$�%&F%$ ! 1D(b� 1�C1�C. . .���

��$&:OaB
�1&�4���
)Y."Y�%* �4G !�F%$ <��C1��-b-BE �.
Sample (%) KN-149 KN-207 KN-210 kn351 At2 

SiO2 79/69 65/70 33/61 76/57 33/76 
TiO2 8/0 37/0 72/0 17/1 07/0
Al2O3 05/14 8/10 26/15 98/12 98/10 
FeO(T) 01/5 01/3 53/4 18/8 11/1
MnO 09/0 08/0 1/0 15/0 02/0
MgO 65/2 79/1 64/2 13/5 03/0
CaO 21/5 74/4 57/3 09/7 93/0
Na2O 14/3 34/2 75/4 47/2 47/0
K2O 16/2 6/2 39/2 71/1 18/5
P2O5 19/0 1/0 2/0 34/0 04/0
LOI 56/3 57/2 88/2 81/2 38/3
total 72/98 15/99 44/98 79/99 54/98 

A/CNK 8276/0 7067/0 903/0 69/0 361/1
ppm 
Ba 400 590 973 327 159 
Be 1< 2 4 2 1<
Co 6/14 3/6 8/8 9/26 2/0<
Cs 4/3 5/5 8/5 8/5 1/0<
Ga 5/17 8/9 8/18 9/16 5/0<
Hf 4/6 3/3 6/5 7/3 1/0<
Nb 8/13 8/8 6/17 6/14 2/0
Rb 5/81 2/111 5/64 5/56 1/0<
Sn 4 3 4 2 1<
Sr 6/298 3/271 4/542 1/502 38 
Ta 9/0 6/0 1/1 9/0 1/0<
Th 1/11 1/10 1/17 1/7 2/0<
U 5/2 3/2 7/3 4/1 1/0<
V 91 57 62 140 8<
W 1/1 1 4/1 5/0< 5/2
Zr 9/286 7/116 8/214 188 3/0
Y 9/43 3/15 8/33 7/23 5/259 
La 9/32 28 5/46 3/28 1/4
Ce 7/74 3/54 7/101 8/60 8/10 
Pr 94/7 47/5 26/10 66/6 47/1
Nd 3/28 7/21 2/38 5/23 3/8
Sm 31/6 74/3 65/7 06/5 84/3
Eu 32/1 78/0 46/1 38/1 98/0
Gd 09/6 49/3 99/6 88/4 86/8
Tb 11/1 52/0 12/1 81/0 12/2
Dy 84/5 08/3 64/5 58/4 152 
Er 72/3 53/1 46/3 59/2 79/10 
Tm 55/0 23/0 51/0 42/0 51/1
Yb 25/3 22/1 93/2 55/2 67/7
Lu 56/0 26/0 5/0 4/0 08/1

Eu/Eu* 65/0 66/0 61/0 85/0 23/0
LaN/YbN 75/6 3/15 58/10 4/7 49/3
LaN/SmN 21/3 61/4 74/3 44/3 46/3
Sum REE 91/173 93/124 2/228 9/142 46/49 
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���P"
� �.��W
"G �4�C."8. ��(N 6."
. �$�%& ���G ! �$�%&�()8 �)a� ���

�	
������
� ����
�� ���� ����������� �
4%' �%��H�

F%$�C1���>44*>�.�.� I1�>G. �>$ +�)�>8 }��][/Z� �>B 
i^/][ +%0�C +Y�� )3!+P`.('�� �.�(4� ���.�#1� �(B 1�C

���>>44*>>� I]�[ "0�>># �� 1�."# >>��(�."# ��
�(>>
 �)OB�.(>>G
�
�(>>>>>
�(� !
�(>>>>>
>>>>>��.": ��#�+>>>>>�")m,>>>>>&Z.(

�.+>>>>>>>>>>��`Al2O3/CaO+Na2O+K2O> )\�/c-\`/`(!
Al2O3/Na2O+K2O)^Z/c–i^/c(]�[>� 6�-���>G +>C� 

�4C1.
 �(B � "0�# �� �C1�(�E"N �%�(��� �.": �#��8 �+�"-
!� OP >� �.">: 6�-7� �K&  "0�# �� �G ��(4��#>�! �" >
 L

8 �"� �� �G ��(4���(�E ! 6�->7� �K& ��%>�(���>0	"# �.">: 
�$.),&m\.(�>�6.OK2O�. [i/[�>B [^/�_0� +>Y�� >�"
�$. .�.�(4� X�$. "8K2O�>8 �K�>� SiO2]�[�>�(4� �>C1

$�"8 ��(��,CE R(� �. �U):���
$�0N �8 ��(>&(& ! V�>8 W�0�
+%0�C)m,&].(�K��Na2O/K2O. �� 
 �(B ��. ">04G �>C

`�$. .

78	I �(B 1�.�/��� �.�(4� 1�C���44*�I][.[

78	J6.O�� ���9B �.�(4� Al]^.[78	 KW�$�0N 6.O�� ���9B �.�(4� ]Z.[
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+)P�� ��4& ��6�0��� ����� ���GF%$ ! �4�&(TQ �1��$ �(B �$�%&F%$ ! 1D(b� 1�C1�C. . .���

��(4��C1���E �O.">8  +&1>$�"8 �F%>$ �>C1��->b-BE �
)3!+Pk(�K�>� �.  ��b0>$. �>8Zr/TiO2!Nb/Y �.�>/��� 1

�.�(4� X�$. "8 �G +�+&]�[�0�# �� "1�
�(>�>$.� ���! �
� ��.��8�): �4���
� �.": �+�"�#)m,&i.(�>G �a�E �.K2O!
SiO2��$"#� �8 �K���X��{ �8�->� �.�(4� �. �+�.��� �>G 

6ETh �4� 6.(>%* �8 
 +>%1K2O!Co  �>P 6.(>%* �>8 
O/
�
SiO2� ��$.��"G  ��b0$. 6.(B]�[.. ��
�>�(4� ��.�(4� ��>C

 "0�>># ��1E�(��%>>��(>>&(& ! V�>>8 '(�0�>>� �.">>: �#�! +>>�"
%�4C�� }%P �. �
�(�$.� ����+>�E ! �
�U+%0�>C �>�.��8 

)m,&�.(

H�D �%��H������� 
�N "8
�1"Y�%* �.+�� Nb !Y�.�(4� �� )m,>&`c�>�. (]�[�
9:(���� ���07�$� �(B �C1D(b� 1��H%� 1>$�"8 ��(>� ��
x���C+>%8"4G �1��->b-BE �>�H%��1J�.�!">	 )VAG ( !

��(7"8 �8 6��O4C)SYN-COLG (�$. .�>8 .+>P �(>;%�
J
.
x� !� ���� ��07�$ ���N "8 !
�1"Y�%* �.+�� Rb �Ta !

Yb �8�"0- ��(4� x� �� �C��� ���07�$���(>7"8 �8 6��O4C 
� �.":�#�+�")m,&`c<.(�.!."	�"Y�%* �G�7 ���>� ��>a%�8 

�K��  +& �8�+%G
�]�[)m,&``.��.($"B�W&+.">Y�%*
���� (REE) �G�7 !���� LK$ (LREE) �8 �K�� "Y�%*���� 

��/%$ �G�7(HREE) 95 �#+& �%2 �b��>� 6�-� +>%C� .
 +��* �81]��[��  +>& W$� 1�.(� ! �8�-� q�K
"�B 1�C+�!� �

�B(>>K,%* 1�>>C�.�(4�)>>8 �. �>>7"8 �0	">># ">>;� �� 6!+>>8�-
��a%C1. �&�� �G �C �0$(N J
VE ��$. 1. (���">9� +>�.(B

 F%$ �
. 1."8 +{.!  �/0$�7 +&�8 �C .">;� �8]��[L>
 ">#. 
F%$ �*(4a� ��
"bB �()KB 1�C+%
."	 m4xB "w.�� �
�DE 1�C

8�"/
+,
 �0�8.! �K�>� ! <�>�4G ">Y�%* "
���� �+%&�8 1�>C
6E �8 +
�8 �C?�(Y +>%G ">��_B �0>$(�N ! �>8�w .>8���>a%C1

>>�-�g��.Eu)� �>>8>>�/����Z[/c>>N �>>N�'.(�>>�(4� ���>>C1
$�"8�>� 6�->�  +>& ���>G �>G +>C��Q|N >
F%>$ �� �|G(

 �/0$�7 �8 ��>G 6.(%*�:�8 ��>$. �0>&.� �(�>{  +>��4 ..">81
9B���-B ! ��x� ���� ���07�$��4#�� 1 +���$ 1 �(>B -
�C1�.!."	 ���H%� �4G "Y�%* ���(4� <��C1$�"8 ��(� �!�1

��>0xB �0$(N �8 �K��  +& ��a%�8 �.�(4��]��[>$�"8 �+>& 
)m,>&``.<.(8 �(>P!���>a%�1>b%� �Nb, P !Ti 6�->�-

 +%C�1B�4#�� �W��0�8.! 8�6�4G 6�-b-BE �� J�.�!"	 �C1
&�{� ��: 3�9	 �.1�$. ]`Z�`^�`[�``[(.C�G >�#+�">Y�%* 

Sr, Ti, Ba�8 8(7��
�  +��(& .

8	 7L�.�/��� 1F%$ �C1��-b-BE �]\.[78	M9B �.�(4� ��"$ �1�.�/��� !1F%$ �C1JBE ��-	�]].[
H-K and SHO =$�0N��(&(& ! V�8 W�0�eCA = LCEU):���
eIAT =��(B�.OP �
$(: "�eB=��.��8eBA/B =�+�E
�>�.��8 �/�+>�E
�e

D/R* = $.���U�
�(��UBV��UG."B ��.
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���P"
� �.��W
"G �4�C."8. ��(N 6."
. �$�%& ���G ! �$�%&�()8 �)a� ���

78	9N��. U�� ��9:(� ��07�$� �(B �.�(>4� �� 1D(>b� 1�>C]i.[WPG = �."# >���>C1�xb>Y 6!�� .1�syn-COLG =�."#�T(0 >��C+1
 ��:  �#��(7"8 �8 6��O4C ��CORG = �."#�T(0��C+1� �0-N �6�:.�$(����VAG  =�."#�T(0��C+1��-b-BE X(: �.

	7899��. ."Y�%* �.�(4��G�7 �
�+%G �8 �K��  +& ��a%�8 ���� ]`c[.<.��0xB �0$(N �8 �K��  +&��a%�8 <��4G "Y�%* �.�(4��]``.[

�C�.�(4� "8  !|*14G "Y�%* �."8 �<�1�->B ��!��>8 �1
F%$�C1�DE 
��G �8  ."4C ����$1	�(N �"1�C�.�(4� �. 1�
"

 ��b0$.&+:EuN/Eu* �8 �K��SiO2�[La/Sm]N�8 �K�� 
[Dy/Yb]N�Sr/Y �>>8 �K�>>�(%)SiO2�La/Yb �>>8 �K�>>� 

SiO2�Sr/Y �>>8 �K�>>� Y!(La/Yb)N�>>8 �K�>>�N)Yb . (
��0	�Sr, Y, La  !Yb m,>& �.�(>4� �� �>C1)`k.< ! �>�. (
$�"8� +& +�. .(g>B ��.(>�
>$ �>8 �K�>�  +>& "�)�+>�!� }
-C�G�>� 6�->� �+>%C� .�K�>�LREE/MREE [La/Sm] 

��a%�8�8 �K��  +& MREE/HREE ([Dy/Yb]N)  ��>a%�8 
6.(%* �8  +&.+P
J+%)K��(C )±B���0��(.+P �8 �K��
J

��� ����#
�$.  +& ��)m,&`k.�.(8���(4� "0- >%2 �>C�
#+&�H$(0� ��.LREE)Z/[UZ/\�>$(0� �8 ]Z/^(6�->�

>>��+>>%C� .>>%2 �>>�.�#+>>&�9>>5 ��MREEK�>>� �>>8 �
)�/c-^/`(HREE ([Dy/Yb]N =6�-� >��+>C� �>���# �>G 
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