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�)* 9:& B�\�* "#E �C�2 "D  .��C	 �� /G�#; W�#hNH
��2 "�* �A�CAE ��jH/	 ]�p[�)* 9:	>.

.�:Hq#& "#	$ ��N\- ���G���C%� ���#% +�*� �; lC;/	 3�� 3/#��/4	5 3��.
Sample NO. KF-01 KF-02 KF-04 KF-07 KF-06 KF-03 KF-05 KF-08 

SiO2 ss/�v ps/�r so/s� rv/�v r/�v r/�s �/�r p/�q 
TiO2 uu/q py/q pr/q uy/q u/q pq/q u�/q p�/q
Al2O3 qo/qr uy/qq vq/qr os/qr �/qq s/qr r/qr �/qq

Fe2O3
T oq/y uq/� ts/s vq/y �/� t/� r/y t/y

MgO uq/t yy/t vs/s ro/t �/t �/y ts/y r/u
MnO q/o qq/o op/o qv/o q/o ou/o qr/o qq/o
CaO vo/t to/t �u/qp �s/u v�/u s/t p/t q/p
Na2O qs/q vq/q uu/o vs/q �/q ss/q tq/q p�/o
K2O rq/p �u/p ys/p vy/u vv/p s�/p us/p t�/u
P2O5 or/q ou/q qo/q oo/q qr/q ou/q qs/q q�/q
LOI qv/t rq/y y/qv q�/u tp/t qq/u su/p r/y
Total s�/qoo �/qoq oq/qoo uq/qoo p/pp qy/qoo r/qoo vq/qoo 

Sc r/qs t/q� p/qs t/qt �/qy �/qt �/qu q/ro 
V q�v qsu qqr qyo qvq qs� q�u qto 
Cr tqo �sy str �vy t�s y�q �tu �pq 
Co v/vt u/rp s/vr u/rt u/rp s/vv �/vy s/vu 
Ni rvy �/qyv r/ro� p/q�o t/quo s/rqo q/quo s/rr� 
Ga y/qs p/qv t/qq t/qv �/qr q/q� p/qs p/qs 
Rb v/voy p/voq t/rtv �/ryp q/vrq q/rpo s/ru� r/vov 
Sr p/ptp u/qory t/uup p/upv u/ps� q/pqs r/qoqv r/ups 
Y qr q/qv q/qv p/qt q/qs u/q� r/qs �/qs 
Zr �qy �pt ��� �sp �vs ��q �tu �s� 
Nb sr s/sv s/vy s/sq s/s� u/so t/sr q/ss 
Cs t�/o tt/o qp/q u/o tu/o ut/o ur/o pr/o
Ba p/qv�r t/qrro y/qq�q q/qrqu r/qr�s q/qrp� r/qqup q/qvsr 
La �q sp �/sy y/�� s/�o u/st p/su t/su 
Ce r/qop r/qos s/qoo r/qop u/qo� p/qoy t/qou u/qor 
Pr r/qr yq/qq r�/qq rr/qr u/qq sr/qr ut/qq sr/qq 
Nd y/s� y/sq �/sq p/sv y/sr r/sv u/sq q/s� 
Sm vs/t ur/y uy/y sp/t rv/t vr/t tu/y pu/y
Eu ps/q tt/q uv/q pr/q us/q pr/q uq/q pv/q
Gd rs/� pv/s py/s yt/� vr/� yt/� qr/� s�/�
Tb �u/o �u/o �t/o yt/o yr/o ys/o �p/o �y/o
Dy ys/r tv/r �p/r su/v vq/v us/r pq/r yp/r
Ho sv/o s�/o ss/o yr/o su/o sv/o �q/o st/o
Er qy/q ry/q qt/q py/q r�/q ou/q q�/q sy/q
Tm qs/o qy/o q�/o rt/o qt/o rq/o qp/o qy/o
Yb ps/o oy/q pr/o tq/q up/o p�/o pu/o oy/q
Lu qs/o qy/o qs/o ru/o qt/o qp/o q�/o qy/o
Ta q/r r p/q r r p/q q/r p/q
Th oy/u yt/t q/y �t/qr rq/p ut/u �s/u us/t
U pr/v oq/s �v/v � r�/s ut/v u�/s rt/s
Hf u/qv r/qs qv s/qv y/qv q/qs y/qv r/qv 

#Mg tr/o tv/o y�/o t/o tv/o t/o yu/o tq/o
K2O/Na2O ou/u vs/t pr/qo rv/y rr/y �y/y t�/� rq/p

Eu/Eu* py/o ps/o py/o pq/o pq/o pr/o ps/o py/o
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:(G�� )QD&�?.(���2 9:%T Q#D�- 3�� '() "�* 9:(�� ��

$�2C�_� �)* CS �; �2 W��C1; �&�� ��A()N�� �(#	$ ��
�	 9:�� ��{(	 ���@ � :�C& d#2/- 3:(; ���; � ���#%#&

:��*� ���;/8 .�#�12 �; ���@ $�2C�_�  3���C1;�� �#��/)
���2 9:& "�NA��H �)� 3�� :�* .'() "�* �� ���QD&3�� 

�#�12 � ��/12 �; �2 N#� "�2�/# C(#12 3���C1; $* �(#8���
NA��H9:& "� �:�*�	 9:��:�C& .�(#	$ ��6�N�* /;'()N�� -

�	 9:�� N#� �#1#) ���@ � ��#& �$�2C�_�  3�� �C& .��
'() "�* ������2 � �#-� > 3���:2 9:�� N#E�� ��*�*/� �;

�	 :�C& .
") �\()ArMAr  

6C@�> ") "##,- 3*/;M6�/2 +�* � L�*�/U $* �  �6C@�>
��C%� 3���C1; ��� 9$*:�* �; �#-C#;qoo �-roo /�$ 6�/D#	

:�:& *:H �%�E�� �CD)�/D#	 .����U�� i�� �; ���C1; 3��
��C%� �4) � :& 9���$ �-CS*/� +��C1� :#)* �� ��q�

3*/; :S��qo:�:& 9�*� �*/= ��#=� .��C%� �� 9:& 9��	> 3��
�CG2*�5MW :(G�/@ �*/= ���/-C� L;�- /�$ .L��	/@ �4)
1b/	���C%� 3*:& B�\�* �N#� �1#)� �; �� .��C%� 3$�@ 3��

I#~ +� �; 9:& c��U:�:& ��N\- 3$�@ �	/H �() .���G�
I#~�\()40Ar/

39Ar   ��C%� �� $* 9:&*:H �#-C#; 3���C1;
+�*� $* QD& �� �)�/; ��C	 3����)* 9:& 9���> .

"�*/; ") [)CG	 �R�)* 3��40Ar/
39Ar  9��%& ��C%� 3*/;

IR14-019-7 �; /;*/;31.51 ± 0.22 Ma  j;/	 "#A��#	 �;
�*/^�* ��$� ��#,	 3��MSWD = 0.60 9��%& ��C%� 3*/; �

IR14-019-8 �; /;*/; �32.18 ± 0.22 Ma  �;MSWD = 
1.17�)* .�� �)�/; ��C	 3��/#��/4	5 ��� "�* $*

")CA#�* 9:& "�NA��H "#�� �� 7CD&* 6���  �� � ���#	 �*:.
9�*��	 6��� �)�/; ��C	 3��/#��/4	5 �() 3�� �2 :��

N#� ")C#	 $* L#  ���#1= �D�> 3/#��/4	5 ���%@�	 �#��,�
�	 �� ��{(	 ���)* 9�*� .9�*� R�)*/; i�*N@ �() 3��

��{(	 3*/; 9:& .�%& 3���%@�	 �#��,� �6*/�* 7/8
#��,� � ")CA#�* � �)�-/2 �� ���#1= 3/#��/4	5 ���%@�	 �

�	 �� ")C#	 �� ���#1= �D�> 3/#��/4	5 �)* 9�*�]��.[�;
�)�/; "�* �; �HC-�	 ��� ���%@�	 �#��,� �2 �]@ 6*C-

9��� �� ���#1= �D�> � ���#1= 3/#��/4	5 �� I1G�	 3��
�	 �� ��{(	�)* 9�*� .9�*� R�)*/; �):; �() 3�� $* 9:	>

9�C- (	 �� �G#��N�C	 3XC]� 3�� 6*��0)�* ��{]�����) [��
�-��.�) 6C#1#	 (�	 /k� �; ���%@�	 �#��,� �2 :)�

�D�> FC� 3/#��/4	5 ���%@�	 �#��,� �; ��{(	 �� �G#��N�C	
�)* 9:& F�/& ���#1=.
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:1H��9��%& ��6�G�	$ ����� "#	$'() ��%#&+�*� ") "##,- � ��*$ 3/#��/4	5 3�� . . .m�� 

QD&�7�I�* �)�/; ��C	 3��/#��/4	5 � CD)�/D#	 /����- (�(#	$ � 3/#��C  ���; 3��#& 1;N�� � 3*� ��C (�� "�2�/# C(#12 "#8��� QD&
+�*�3/#��/4	5 3�� .W(+�*� �#-C#; �C1; �� �\#1U ���;� �3/#��/4	5 3�� (��*� "#; � 3/#��C  ���; �; �G#�*$�; +�*� "#8��� QD& � 3*

? �"�2�/# C(#12 � "�C#��* (+�*� ��#& � 3/#��C  ���; �; �G�$:�> 3�� 3*)C� ? � W �I�* /����- �� �3* �^]S 9:#0{= �PPL � �7 /����- � �
�j~��G	 9:#0{= �C� �� � �XPL9:& �0� �:�* .( 

QD& ��*�C%� ") "##,- 3��40Ar/
39Ar  +�*� $* 9:&*:H �#-C#; 3���C1; $* ��C%� �� �; lC;/	 /0#12 ��{(	 3/#��/4	5 3�� 

I�*7

�W

�?
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m�� <�#� �9�*$�=> �9�*$�:; 6*/�* �)�(& ���2 � �)�(&�C1; �1\	 

"#	$�%#& 
R�)*/; /S�(T FC%\	 �*�C%����#1= �; �0�� �#1#)�

+�*� �� 3/#��/4	5 3��9/G�@ �/]-MC(� �- �#�C(� M��/]-
:��*� �*/=)QD&�I�*.("#(Y%�R�)*/; �*�C%�K2O�0��

�; SiO2���C%� "�* �� ��9/G�@ 3��/#��/4	5�D�> ���#1= �
�#h�/4	5 j=*� ��:(G�� )QD& �7.(	�*:�SiO2"�*

'() ���g�-g�:S���TiO2$*�/��-�:S����*:�	 
MgO "#;��-�:S���K2O$*��-��� :S�� �*:�	 
Na2O"#;�/��-g/��)* :S��).�:H�.(�0��

K2O/Na2O+�*� "�* �� "#; ��g�-��).�:H�($* � 9�C;
"�*�k/*'() $3��/�#)�G *�%�	 7C�^	 :�C& ]��.[

�@��� ����6CE �*:�	 SiO2�TiO2�Al2O3�"#(Y%�
�0��K2O/Na2O�+�*� ��C	 3/#��/4	5 3���)�/; Q;�= *�

3��/#��/4	5 �; �����	���#1= �D�> �	:��%� ).�:H �.(

�*�C%� R�)*/; 3��MgO �; �0��SiO2)QD&��(�
Al2O3�; �0��TiO2)QD&�W(��C%� �9/G�@ �� ��

*/= ���#1= �D�> 3��/#��/4	5 3*/; 9:& I�/,-:��*� �.�*:�	
���	/@ ��*(LOI) �*/� �*C	 �� "#;m�-g/�� $* ��)* :S��

��C%� N#� /k� "�* '() �; �����	 Q;�= �)�/; ��C	 3�� 3��
:(G�� 3/#��/4	5]�.[3��:#�2* �*:�	 �2 �)* �(G]@

��C%� �1S* 9�*� $* L#  �� �; 3$*�/ ��� 9:& 9:��)� :S��
�)*.'() "�* �(8 �� �@:& +0) ���� �2�U /S�(T $*

(LREE) �; �0�� "#A() ���� �2�U /S�(T (HREE) 6���
�	 �*:�	 � :(��(La/Yb)N +�*� "�* �� $* �����-�m��

/##|-�)* .�*:�	Eu/Eu*"#;n�/��-nm/��)*)QD&g
.�:H � I�*�.(���� �2�U /S�(T [)CG	 �; �����	 ��

H ���#1= �D�> 3��/#��/4	5 6��]�[.�%& "#(Y%� �7/8
6*/�*]��[+�*� �$* /0#12 ��{(	 3/#��/4	5 3��HREE ��
��- �	 6��� �@:& :(��)QD&gI�*.(

QD&�I�* M���#1= �*:�	 �*�C%� �; �0�� ��SiO2]rv.[��C%� �2 [U 35�; �� ��]rs[:��*� �*/= ���#1= 9/G�@ �� �.7(�*�C%�K2O�; �0��
SiO2]r�.[jH/	 $* �G�/@/; ��/#��/4	5 F*C�* 9/G�@]q[�)* .W � �(�*�C%�TiO2�; �0��Al2O3�MgO �; �0��SiO2.9/G�@ F*C�*

���#1= �D�> 3��/#��/4	5(CAL) ���#1= �(AL) +#��	*/� �)UML(�#�/0%#2 � �#h�/4	5 "�C#��* �FC� 3��I�II jH/	 $* �G�/@/;]ry[
�)* .,=C	.�%& ���#1= � ���#1= �D�> 3��/#��/4	5 �# 6*/�* 7/8]qq[�*�C%� �%� �� �)* 9:& 9���> ��.
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:1H��9��%& ��6�G�	$ ����� "#	$'() ��%#&+�*� ") "##,- � ��*$ 3/#��/4	5 3�� . . .m�g 

QD&g�*�C%� ��\(�; 7�#%2 /S�(T � ���� �2�U /S�(T 3�� I�* �; �0�� 9:& (���:(2]�z[7 �(�#��* �G&C@]��[+�*� ��C	 3/#��/4	5 3��
�)�/;.

3CA�* ��-C0D(T 3���*�C%� ���(8 $* �@:& '()/S�(T
6C� V�N; �)�� LILE)`K, Rb, Ba, U (��- �$* �@:& 

5�; 6*:#	 W:& �; /S�(T )HFSE`Nb, Ta(�	 9:�� �C&
)QD&g7.(��/#��/4	5 "�* 3CA�* $*�k/�@��� 3�� "#	$

+�*� �; �����	 Q;�= ���#%#& 3/#��/4	5 3���D�> ���#1= 
.�%& 6*/�* 7/8 ]��[	5 �3��/#��/4�D�> ���#1= ]�[�)* 

)QD&g.(

�^; 
�G)C  �@�C�> ���)/@� � 3* 

�G)C  �@�C�> ���2 �;�	/@ ���)/@� � 3* ��/#��/4	5 3���~
.�*:G	 �(�NA��H �)*]�.[�G)C  �@�C�> /�* "�*/;�(; � 3*

���)/@�L#  9�*� /#�]- $* 3�� "#	$��; ���#%#&:�)�/;
�C&.R�)*/;���G� '()3��A���� �D#	 3���C1; �E /@*

��C	 3��/#��/4	5�)�/; 3���C1; ��� :(G�� a��)
; '() �(#	$ � "�2�/# C(#12����2 "�NA��H ��C��� 3��

9:& :�*.�*:�	 �*/� /S�(T 35�; (LOI) ��C%� �� ��C	 3��
�)�/; �%� ���2 35�; �]�C	 Q#�� �; :�*C- �*:;> 3��)�D#	 (��

���> :&�; .'() "�* �� �# C@C1� �C�b�	 [�� �� �- :�*C-
��:b��*/� /S�(T :S�� (OH, F, Cl)  9*/%� �; *� '() ��

:&�; �G&*� .�; �� "�* $*.�%Gb* /��) ��#�; �*/� /S�(T�\#G� 
��#& ���)/@� � ��C��� �#�12 Q#D�- �(#	$ 3'()

:(G�� .�;�� :��� �; �HC- �; K2O�Rb  *N�* �; �*/� /S�(T L�
).�:H �(���)/@� �*��*�*/� /; ��*:(E /� LILE�� /��) �

�@��� 3�� "#	$ ��C	 3��/#��/4	5 ���#%#&�)�/; �G&*:�
�)*.�@��� 3�� "#	$ ��C	 3��/#��/4	5 ���#%#&�)�/; 

)�(8 $* �@:& LILE  ���LREE  ����- �$* �@:& Nb �
Ta  �G)C  Q	*CT ���U� /A���� 3*�)���> Q#D�- �� ."�*�;
.�b��*:�	 ��1S* 3��:#�2* #Mg  W:& �; ��@$�) /S�(T �

/A����9�AG)�U �G&C@ ���> 3*�)."�*/;�(;�35�; N2/%-
/S�(T���� �2�U 7�X "#��  �H�� � ��@$�)�� 7�#%2 /S�(T �

6��� ���; �	:�� �@��� �2 3�� "#	$���#%#& 
��C	 3��/#��/4	5�)�/; �%� �G)C  L�5> $* �&�� :�*C- 3*

:&�; .��� "�* $* �	 /k� �; :)� �2�@��� 3�� "#	$ ���#%#&
9:�� $* �&�� ��{(	 3��/#��/4	5 �� 9:&9�AG)�U �G&C@ 3*

�)���>.

9�AG)�U �G&C@ � 3*'()��*$ 
��C	 3��/#��/4	5�)�/; 3*�*��*:�	 MgOd18* g/m�-

�/����$� :S�� ≠Mg  5�;)m�/��-z�/�(�*:�	 �Ni 5�; 
)�z�M��m � � B*(:(G�� ."�* �	 6��� :�� �2 3�%@�	

���> �#��*iC�G)� �%2 :(�*/�L�*:H ���C@/@� 9:& �
�@��� 3�� "#	$ ���> ���#%#&l�0-�* �� �;9�AG)�U �G&C@ 3*

�)���> .�(8 $* �@:& LILE�� �CH� �3��\(��� cU�&
3*/; /S�(T Nb-Ta ��*�C%� ��-C0D(T 3����\(�; �0�� 9:&

���:(2 �;)QD&g(7*Z	 $* ���> Q#D�- /A��#; �; lC;/	 3��
7*Z	 �� L�*��/� 3��9:	>/; �G&C@ 9C@ 7�X $* ; �2 �)* 3*�

9:& �(8 ���*��/� Q	*CT :�* .�*:�	 35�; TiO2�K2O
�#��	 /A��#;���#1= #)�G �%���> �; lC;/	 3�%@�	 9�C; �

� ��@$�)�� /S�(T 35�; ��*�*/� "#(Y%�LREE�� /A����
�(8 �G&C@ +� 3/#@�� �� 9:&9�AG)�U ���>�).:(�*/�

����/@�3�G&C@ 3���%@�	 Q#D�- � 3*���#1= �	�&�� :�*C-
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m�m <�#� �9�*$�=> �9�*$�:; 6*/�* �)�(& ���2 � �)�(&�C1; �1\	 

.�#) $*��7*Z	 �� ��� 9:& ��\�* �*:;> 3���(�  L�*��/� 3��
:&�; ]�n[.�CH� "�* �;�b � W/H��	7*Z	 �] �� ���; 3��
.�#)9����/@� 3�� �G&C@ $* �&�� 9:((29/2 ��)3*�;

��5 W�CS $/	 �� �$�� ���� �G&C@9/2 '()3*9��=/�$ 3*
)SCLM (T 6*C(T �;CQ	*3����/@� �G&C@ �G�/@ /k� �� 3*

�	 :�C& ]��[..�#) "#(E���� �@� Q#D�- d0) 3��
"�2�/# C(#12 � �# C@C1�@�9����/ �G&C@ ��9/2 '()3*

9��=/�$ �	 3* :�C&��@� "�* �D��C~ �; � ��@$�)�� /S�(T ��
.�#)3�� 7*Z	 �	 "#	�- *� ���; 3�� �:((2 "�*���b�� 
�)*�@� 6�;N#	 �#-�:�/  [)C- ��@$�) /S�(T �2 "#	�- ��

�	 :�C& ]��[.�)�/;3�� �	 6��� �;/\- �# C@C1� �2 :��
���� �-��M���*:��  "�2�/#  �; .��,- �� .�D)� �A#@�)* 

"�C#�* � .C0#]	> � ����@ �; ���� L�*N�* �; �TC%\	 "�* �
�	 Q�:0- C&�]��.[�*:�	 35�; TiO2)�/��-nm/�:S��

��$�(�Nb )�/�m �-�/�g� � B*(�La   )g/�m �-m/gg� � B*(
35�; �0�� �La/Yb (32-56) "#��  �0�� �Nb/La (0.74 

-0.91)  �G&C@ 3/#@�� /A���� 39/2 ��)3*��9�AG)�U 
���>�)./	* "�*�;�*�C%� La/Yb �; �0�� Nb/La  :#��-
�	 �C&���C%� �2 */E ��C	 3���)�/; $*9�AG)�U �G&C@ 

9/2 '()3*9��=/�$ �G&C@ 3/#@�� �; 9*/%� � 3*��)9/23*
QD&�G�/@ :�* )QD&mI�*.(	�*:� "#�� Sm/Y)sr/oMyq/o(

�0�� �35�; 3�� Sm/Yb ��\(�; �#��* �G&C@ �; �0�� 9:&
)$* L#;zg/�(6��� �=�; ����@ �C�b 9:(�� �� 9:��	

9�AG)�U �G&C@ '() "�* 3* �)�� ]��.[�*:�	 [)CG	�0�� 
HFSE/LREE ).��	 3*/;Nb/La= 0.74-0.91(/A����

�G&C@ �]�C	 ���U�9/2 ��)*3�; 9*/%�9�AG)�U �G&C@
9/2 '()3*�)*)QD&mI�*.(/S�(T 3CA�* ���� �2�U

��\(�; ���:(2 �; �0�� 9:&)QD&gI�*(���@�/� /A���� 
��C	 3��/#��/4	5 3�%@�	�)�/; �G&C@ +� $*����/@� 9��

9/G�@ ����@ 3�*:��  (GdN/YbN=2.64-4.76) �9�C; ��
�2 ���b3��\(��� �](	 Nb-Ta �*�C%� �� �-C0D(T 3��

+� /A��#;9�AG)�U </,	 �� .�#)3�� /;9:	> :(�*/� $*
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