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�T2�Q�����[2��Q����Q��[��2�Zr 
�������\�Hf 
�����Q�Q�\�Q�2��2Y
\��[�\���Cs 
�T�����T�T�T���[Nb 
���������2���T�T��Co 
��2��[�������QQ��������\��2V

\/���/���/���/�22/��[/�T[/���/���/�TLa 
[/���TQ/��\/���/�T�/�\[/22�/2��/�2Ce 

�[/\��/��[/���/\2T/\��/���/�Q\/2��/�Pr 
�/���/���/�2��2/�[�/��2/�[Q/���/��Nd 

2Q/�T2/��\/��T/���/��[/�Q\/2�T/2QT/�Sm 
��/���/�T�/�2�/���/���/�[�/T�T/TT�/�Eu 
2T/�\T/�Q�/�2[/�\�/���/�Q2/2��/2Q�/�Gd 
Q�/T[T/TQ�/TQT/TQ2/T\�/T�Q/T��/T\\/TTb 
�T/���/��Q/�2�/�\�/���/��2/��T/2��/�Dy 
�2/T��/T[�/T[Q/T�T/T[�/T[\/T\�/T[�/THo 
Q2/�Q\/�Q�/�2�/�\�/�2�/��2/�[[/���/�Er 
��/T��/T�2/T2Q/T��/T2�/T2[/T2�/T2�/TTm 
2\/2[T/�2Q/�\[/�Q�/��[/�\2/�2�/�2�/�Yb 
��/T��/T��/T2Q/T��/T��/T2\/T2�/T�[/TLu 
��/��T/���/���/��\/�\�/�\[/�\�/\�\/�(La/Yb)n
Q�/TQ�/T\�/T[�/TQ2/T\Q/T\�/T��/TQT/TEu/Eu* 
[/�2��2T�/��2�/�22�2�[/��TQ/�T�/[��/���∑REEs 
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5RH�����;% ��)�*��� ��2�\e14�G
- � c$# �;"% :�8Sr-Nd��14 �;"� :�8 =";<. . .Q��

����� A�!2 1
SP-20 

664855 
3912451 

BP-103 
647706 

3909223 

KP-22 
659308 

3912978 

KP-102 
655297 
3914362 

KP-41 
658261 
3914589 

BP-4 
651029 

3908666 

KP-57 
662285 

3914768 

KP-101 
655297 
3914362 

Qtz Dr./MnzdrQtz Dr./MnzdrDr/Gb Qtz Mnzdr Qtz Dr Dr/Qtz Dr Qtz Dr/Dr Dr/Qtz Dr  

(Wt %) 
22/\��[/\�T\/\�[2/\��2/\�T[/\�\�/\T�Q/��SiO2

[�/TQ2/T[�/T\�/T\2/T[�/TQQ/T\�/TTiO2

2\/���Q/��T�/��\�/��2�/�\[�/��T[/����/��Al2O3

�T/T��/T\�/T�Q/T�T/TQQ/T\\/T\T/TFe2O3

[�/�Q�/��[/�\�/�T�/��\/\2�/�[\/�FeO 
�2/T�2/T��/T��/T�[/T��/T��/T�\/TMnO 
[2/�T�/22Q/2��/2�T/���/2��/2��/�MgO 
[T/���/2��/2��/2��/���/2\�/�T�/�CaO 
��/2[\/2��/2�Q/��T/���/��Q/���/2Na2O
Q[/�Q[/2��/�Q�/2�[/[\[/��Q/22[/2K2O
22/T�[/T2�/T2[/T�Q/T2\/T�Q/T�\/TP2O5

TTTTTTTTSO3

TQ/���/�2�/��\/��\/�Q[/���/�T2/2LOI 
��/����/����/����/��2Q/����/����/����/��Total 
[[/T[[/T�2/T[�/TT[/���/T[�/T��/TA/CNK 

(ppm) 
��\Q�2�2�QT������[����2�Ba 
��22�<���Be 
Q�\�Q�[Q�Q22�Q2Q�Rb 
2Q�2���T�2�����22�22�2QQSr 
�\���\�\���\���QGa 
[/T[/T[/T�/T�/TQ/T\/T�/TTa 
[/Q[/[�/[�/��Q/�Q/Q�/��/QTh 
�/�\/��/�2/��\/��/��/�U

�2�����2Q�����[�T\����T�Zr 
\\�\\���Hf 
22��2T2���2T�[�[Y
����2����Cs 
�2���2�����T���TNb 
�T�T���������TCo 
��\�T\��Q��T[Q��T�����\V

2/�Q[/�[�/�Q2T�/�2[/���Q��La 
Q/�[\T�/�\�/\��/�TQ/�2�/���/�[Ce 

��/\�[/\QT/\Q\/Q��/\2[/\2Q/\�T/\Pr 
[/���/�[[/�Q\/�Q�/���/�[�/���/��Nd 

QT/�[Q/�Q\/�Q\/\��/���/��[/�Q\/�Sm 
2Q/��Q/�2�/�2\/�T�/��T/���/���/�Eu 
QQ/���/\�Q/�Q�/�\�/�[[/�2�/�2�/�Gd 
Q�/T[[/TQQ/T[�/T\[/T[T/TQ2/TQ�/TTb 
2�/��T/�[�/��T/��2/2Q2/���/���/�Dy 
��2/��Q/TT�/�[Q/TT�/�[\/T��/THo 
T[/2�2/2T�/2[[/��Q/�\Q/��Q/�Q�/�Er 
�Q/T�[/T��/T��/T2[/T�T/T�T/T�2/TTm 
Q\/���/2[�/��Q/���/�T\/2\[/�Q[/�Yb 
�Q/T�[/T�[/T�2/T��/T�Q/T��/T��/TLu 
\Q/\T2/\\�/\\�/\2[/\\[/�Q�/\T�/\(La/Yb)n 
Q2/TQ�/TQ�/T\Q/T\2/TQ2/T\\/TQ�/TEu/Eu* 
�/����/���[/���\/��Q2/��Q�/��T\/�22�/��2∑REEs 
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K
 ? ��1*��# 1X�"��- 	 ���-�5$;H�- ��#�;�-�10 )- 
- �#�$% ���? � �#�$%�1R. �RB� Q�\

A�!23���? �-5�� @#1*� :�8)CIPW (��14 :- . �5% �E#�6��;"� :�8>"	�� =";<� ;%�? ��O$� @#-�5A.
KP-102BP-103KP-41KP-57KP-60KP-24KP-104SP-20BP-4KP-33KP-22BP-28BP-24KP-101BP-14BP-25BP-104Sample 

�/��\/�Q�/���/�T2/�Q�/�2�/�\��[/�\\/[�/���/�Q2/�Q�/���/���/�2/�QQ
[/2[/2[/2�/\�2�/\Q/�Q/\�/�\/2\�/\\/�[/��/�2/[�/QC

��2/��2/�[�/�TQ/2�[/�[�/�T�/�\�/��/��Q/�Q�/�[[/�\�T�/2T�/��/2Or 
2/2�Q/2�\/�[�/����Q/�Q���/���/��\/222T[/��2/���/��Q/���/�Q�/��Ab 
�/��Q/���/��[�/���/���/�[�/��Q/�Q�/�T�/���/���T��2/�[�/�Q�/2�Hy 
[/T�/TQ/T���/��/TQ/T�/���/T�/��/��/T�/T�/��Mt 
2/��/��/��/��/��/�2/��/�\/��/��/�\/��/��/�\/�Q/��/�Il 
�/TQ/T\/T\/T�/T�/T[/T[/T�/TQ/T�/T�/��/T\/T�/T\/TQ/TAp 
TTTT2/�TTTTTTTTTTTTPr 
2/�\/��/�\/Q2�/\Q[/Q�/�[\�/[Q/[\/\Q/T�/T�/TCc 

@7�3��14 �"hC1�  ;%�? =";< � :I1P� :�8 �-�1;� �� QAP ]�.[Q:Quartz, A: Alkali feldspar, P: Plagioclase.

@7�8��14 �"hC1�  ;%�? =";< � :I1P� :�8 �-�1;� �� AFM ]�[.
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5RH�����;% ��)�*��� ��2�\e14�G
- � c$# �;"% :�8Sr-Nd��14 �;"� :�8 =";<. . .Q�Q

@7�<�"hC1���1;�:�8 �-�1;� �� �+$#Th �. �E�� Co]\.[B: Basalt, A: Andesite, D: Dacite, R: Rhyolite  

@7�B��14 �"hC1� ;%�? =";< � :I1P� :�8 / �-5�� &""h4 �-�1;� �� '1"$"�1�]Q.[

@7�C��14 :- . d�";?  7�$< � : |$< 5$o �-�1;� �;"� :�8>"	�� =";< �@#-�5A .��-� f�A  .  
���� NH � :�8][[�5% ��B�$.5�-.
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K
 ? ��1*��# 1X�"��- 	 ���-�5$;H�- ��#�;�-�10 )- 
- �#�$% ���? � �#�$%�1R. �RB� Q�[

�-�1;� ����"&*(�#��Th/Yb �. �E�� Ta/Yb]�T[�
c$#��-��. � ;RC �� �8�8:X8/��RC"��
�1%1% �4 "*�)��� 

 ;8 ���C/ 	 5��� �. �-
�1RE4 5$-5H
,�K�8 �. )��G;8 
)/ 	
5$AFC (� �- C�!"5� )_X%Q��-.(�-�1;� ��V

�. �E�� Ti]��[��1;� ���-��. � ;RC �� �8MORB ���O$� 
*	 ! �- C )�;? �,0�5�-)_X%Qd.(- .:�,4 "^�� x

/ 	
�85$:c$##�$%�� ;%�? ��O$� �� ^�-�� 	 �. @E4 � 
.- :< 	  |$< �E���f�A .< 	  |$< �E�� ��-NH- � 
]����2[���P*#-5%)_X%Qe.(- .
��-� �9�#- &�� �8

� ;RC:��-��. �8:. � 1��.5$*	 ! �- C ���C ^�-�� 	 )�;? .
��_X%Q��-� i�8:�;!�� 5$. ;? q h� �
� E�- )AMA (

 �- NH �]��[��-� ��8:���- 5$. ;? q h� "�� *(�
)UDMA (�-NH- � ]����\[��-� �.�8:���  ;%�? 
��

5�5% .�-�1;�Th/Ta)�;� )-1$< �.
�5$-:- . :
�GH >
;< ^�-�� 	"=(�. �E�� Nb/Ta)�;�
- . �5$:�4�!5% �

d�I �H�� � �*%1!!5%�(J4 �? �-� )�,�""�0  
 :��
d�I �H��,�.��� �*%1! AMA.  ;%�? �"�-  *,

UDMA �#- .0")-��X;8 � 9 ]�Q[�E�� �? 5�� ? ���u-
Nb/Ta."�- ^�T? 4 �. �1. � "i�E� ? 5+$#-:�? �#- 

b�/ 	 
5$�	�?-��
D 6*� �5�- .- .�$.
� �&�*� )-14"�B
/ 	 �? �	 !
�85$:� ^�-�� 	 �	�?-��
��AMA  ;%�? �

�*%-� �?��,�5�-.

@7� D&"�� :�8�-�1;��*(�#c$# :- .  ;%�? =";< � :I1P� :�8 :��- (�-�1;�Th/Yb �. �E�� Ta/Yb]�T[)�,� -� �
�85��� �8�-� . �
�� ^�-�� 	 ��O$� �-GH- f"? 4 �. �? 5$8�)SZ(K�8 �. �- ;8 �,
-5H �1RE4 �)AFC(�,
-5H �1RE4 � �)FC (�� 5"�145�1% .d(�-�1;�V

�. �E��Ti]��] [AB= Alkali Basalts; BAB = Back-arc Basalts; CB = Calc-alkaline Basalts; CFB = Continental Flood 

Basalts; IAT = Island Arc Toleiites; MORB = Mid-ocean Ridge Basalts; OIB = Ocean Island Basalts[e j(Zr/Y �. �E�� 
Nb/Y]��[�"hC1� :�8 ��-��. ���56� �5$8� )�,�&"�� :�8� �*(�#�#- �R*� .)�X"0 �<1;B� d�I ��y/ �5$8� )�,� �8)F(^�-�� 	 �

)Sub (5$*�8) .Arc = Arc-related basalts; NMORB = Normal ocean ridge basalts; OIB = Ocean island basalts(i j(�-�1;�
Th/Ta)�5$
�;� )-1$< �.�5% �5�-�� 	 ��";< NE$� �GH >
 :- . :- (�. �E��Nb/Ta).��4 �*%1! �5$
�;� )-1$< �d�I �H�� � �5%�,�.(j

]�2([c$# :- .>"	�� : # =";< �;"� :�8�c$# �  ;%�? @#-�5A � E�- )�;? ���,P,4/ :�8)AMA] (��[�"���- )�;? �� *(� 
)UDMA] (����\.[
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5RH�����;% ��)�*��� ��2�\e14�G
- � c$# �;"% :�8Sr-Nd��14 �;"� :�8 =";<. . .Q��

h4 �1z$� �.""���� &
-  
e14�G�8:Rb-Sr �Sm-Nd �
�,4"x��+*#�(��14 �8:�"�;;<"	�� =">��� @#-�5A

 � ;%�? ��O$����oGB4 ��1;� 
5�5% �.��1;�_��% �8 :
>
�G4�-1? ��1;�
�1
�/��G�1�
�1
�)SP-20(�
>G4�-1? ��1;� 

��G�1�"�/��G�1�
�1
�)BP-104(�
>� .�!�G�1�G4�-1? ��1;� 
)BP-25 ( �-�<1;B�5C
� K
>-� �*#� �- ��1;� 
>�8:

��G�1�G4�-1?
�1
*�5H
5)BP-103 (�#- .�*�
GB4 �
�� �
3�5H�8:2���#- �5% �S-�- .��$o ���%- ��5�� �� �X5%�
��14�8:�";< �;"	�� =">�@#-�5A)�$g*#�.:-� �*#� 
>-
�8:�-1� :(c$#�8:��,P,4/ ��� ? NOC -� @#14 ��- �5�-

�- !"S1*"�85:�5% NOC  ;%�? 5�- .- .�$.
&.�>%���/ &# 
.�
. 5"- &# &
�� &�<1;B�5%�. .- �-
- . � $:6|4 "}

����
-  
e14�G�8:87Sr/86Sr �143Nd/144Nd-
&�<1;B� �
� �-"+��"E�� &�&#�Q�"R"- . 3�# )1:c$# �8:

��,P,4/�5C
;� ;%�? ]�[��T�"R"3�# )1)&#U-

Pb�
- . &? :�- ! "S1*"�85:j ;%�? ]2��[([�
$h�&# �- 
�T�"R"3�# )1)3�5H�8:2���_X%[��-(���P*#-
� ?
K.��;4 )5% NOC �. �H14 �.��85A-� :+$# ���O$� 

-� �*#� @#14
>�8:�-1� :0 &# �"���$,:��;*A- �

�-"&#1+0","&- . :���/ ]�[[&# �- �2T�"R"- . 3�# )1:
6|4"���� }
�E��  �8:-
e14�G87Sr/86Sr �143Nd/144Nd 

� ? ���P*#-
K.�"+��"�E�� &�8:-
��- e14�G"�87Sr/86Sr �
143Nd/144Nd)� &# �. �H14 �."+��"&�T�"R"3�# )1 (- .:

��1;��8:SP-20 �BP-104 �BP-254 4 �. "f-�-�:� *�! 
QT\�/T�QT��/T����\�/T����\�/T�#- .��-5� εNdi 

��1;� ��-�-� �8:� *�! T[/��4��/��#- .�E�� �8:
-
��- e14�G"�87Sr/86Sr �143Nd/144Nd)&# �. �H14 �.
�"+��"&2T�"R"3�# )1 (- .:��1;� BP-1034 4 �. "f

QT�\/T����\2/T�#- )3�5H:�8 2���_X%[d.(
��-5� εNdi- �� 
��1;� &��/T�#- .�8�-�1;� 9�#- .:

- �E��
��- e14�G"�143Nd/144Nd f�A . 87Sr/86Sr ]��[
- .:��1;� �;8 �8)_X%�8:[d � ��-(��8�;!�� :�<1;B� 
�";< �;"	�� =">�5C @#-�5A
5H � K
+;8 � ;%�? 5��-

C- �*#10"#1����*	 ! i�,� �� ? ^�-�� 	 �6P7 U0 �? �5�-
+*,F/ ��o� )/ �-��*#10 -:�5% 5�- .- .
�;!�� 9�#- &:

-� �*#� _��<
>�8:�-1� :?5�- �+*,F/��*#10 -:." *,:
�. �E���<1;B�5C
� )�,� K�58�.

A�!28��-�e14�G
- �. �1. � �014�G
- :�8 :�8Rb-Src$# >"	�� : # =";< �;"� :�8 � ;%�? @#-�5A 
87Sr/

86Sr initial 87Sr/
86Sr measured87Rb/

86Sr uncertainty87Rb/
86Sr Sr (ppm) Rb (ppm) Age (Ma)Sample 

T/QT�Q�� QT\2[[/TTTTTTQ/T[2�/T�/�[  [/�\  �T BP-25 

QT����/TQT�[��/TTTTTTQ/T�\[/T2Q� �/Q�  �T SP-20 

QT\���/TQT\�[�/TTTTT��/T\T\/T�/��  Q/��  �T BP-104 

QT�\\Q/TQT�[�T/TTTTT�T/T��2/T2�� �/\�  2T BP-103 

87Sr/86Sr= 0.710264±15 (conf. lim 95%, N=13) 
The initial ratio of 87Sr/86Sr calculated using 87Rb/86Sr and (87Sr/86Sr)m and an ages 50 and 30 Ma. 

 
A�!2<��-� e14�G
- �. �1. � �014�G
- :�8 :�8Sm-Ndc$# >"	�� : # =";< �;"� :�8 � ;%�? @#-�5A 

TDM 
 

εNdi 145Nd/
144Nd  

143Nd/
144Nd 

initial 
143Nd/

144Nd 
measured 

 

147Sm/
144Nd 

Nd (ppm)Sm (ppm)Age 
(Ma) Sample 

\�/T��/�2�[�/T���\�\/T���\[[/T��Q/T�/��  QT/��TBP-25 

\T/TT[/�2�[�T�/T���\��/T���\\Q/T��\/T[/��  QT/��TSP-20 

Q�/T�2/�2�[�T[/T���\2Q/T���\[�/T�2�/TQ/��  �T/2�TBP-104 

\Q/T��/T2�[�T�/T���\2T/T���\��/T��2/T�/�[  [Q/�2TBP-103 

143Nd/144Nd= 0.5121015±74 (conf. lim 95%, N=12) 
The initial ratio of 143Nd/144Nd calculated using 147Sm/144Nd and (143Nd/144Nd)m and an age of  50 and 30 Ma 
εNdi, initial εNd value 
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K
 ? ��1*��# 1X�"��- 	 ���-�5$;H�- ��#�;�-�10 )- 
- �#�$% ���? � �#�$%�1R. �RB� Q�T

@7�Ec$# �"hC1�>"	�� : # =";< �;"� :�8 ��-�1;� ��  ;%�? @#-�5A i)143Nd/144Nd ( �. �E��i)87Sr/86Sr (]��[:��- (:- .
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