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�
#Zr�#&<$ ���,:� g[8��' ��,:�  $)SiO2�#  6:; yZ
���� &O�� (��()
���A�� � �&
Q! 'Genalysis �' ���# 60# 

���ICP MS&�&2 Q����A .��� �' Q����A ��ICP MS ��1$ 
&�&2 �
��:�2 �
QI$ ����  O�1. .�
# �
�6� D��� ����

�
QI$F�&R �� �
��:�2 8�9 ���:2 8�9g�Z�&2 �?#�# &�#.

��- 9�-O#  O�1.  
���� )&O�� ��C '���� (K10��X1� 8�9�' �; �0� ' ��,� 8��� XRF�0# �&2 Q����A .
unit E6 E5 E3 E5 E5 E5 E5 E3 E5 E3 E5 E5 E6 E6 E5 E5 E5 E6 

Sample 84.9.35 84.9.7 85.2..5 84.9.9 85.6.14 84.9.36 85.6.40 85.6.35 84.9.4 85.2.6 85.6.31 85.6.25 84.9.24 85.2.20 84.9.29 85.6.43 85.6.26 84.9.13
SiO2 ��/�� ��/�\ ��/�\ ��/�\ \�/�f ��/�� f�/�� �]/�� ��/�] ]�/�\ f\/�f �\/�f ��/�f �b/�� ��/�] �\/�\ ]�/�f �b/��
Al2O3 \/b� ��/b� ��/bf ��/bf ]�/b� �b/b� ��/bf ��/b� ]�/b� ��/bf ]�/bf ��/bf ��/b\ �b/bf �\/bf b�/bb �/b\ ��/b\
Fe2O3 \\/b] ��/b] �\/b� �b/bb ��/� ��/� �f/� \�/� ]b/� f�/� ��/� �f/� ��/� \�/� b�/� ��/] �f/b f�/]
MnO �\�/] \�\/] \]f/] �\�/] b�f/] b\�/] b�/] ���/] b]�/] ���/] ]�f/] ]��/] ]��/] �]b/] ]��/] ]��/] b�\/] ]]�/]
MgO \�/� ��/f f�/� \�/f b�/� �f/\ b�/f �b/\ �\/\ f�/� ��/� \�/b b�/� fb/� ��/] ]�/] \\/] B
CaO ��/� ��/� �\/� ��/� �b/� ]�/� ��/f \�/\ ��/� ��/� �b/� ]�/� ��/� ��/� �f/b ]f/� ]�/b f\/]

Na2O �b/\ �f/� �f/� ��/� ��/\ ]�/f ��/\ ��/f ��/� ��/f ��/f �\/f ��/f ��/� ��/� �f/] �b/� f�/�
K2O �/b ��/] ��/] �/] ��/] ��/b �b/] f�/� b\/] b/f ��/] �f/\ �/b b�/b f�/] f�/� f�/b ]�/]
TiO2 �fb/] ���/] bf/b ]�b/b �]�/] ��f/] �]�/] ���/] ���/] �f�/] �fb/] ���/] ���/] f]�/] b�/] b]�/] b\�/] ]��/]
P2O5 �bb/] ]��/] b�f/] b��/] b]�/] bf�/] b��/] b�f/] ��b/] b�b/] �]�/] b�b/] b��/] b��/] b]�/] ]\�/] ]��/] ]�/]

��-11 A�-44O#  44O�1.  
��44�� )&44O�� ��44C '�44��� (K1440�44�X1� 8�449 �44' �44; �440� ' ��,44� 8���XRF ���44�  44O�1.  
��44�� �
)��C ' ppm (K10��X1� 8�9�' �; �0� ' ��,� 8���ICP MS�&2 Q����A &�#.

unit E3 E6 E6 E3 E6 E5 E6 E5 E6 E5 
Sample 85.2.8 84.9.20 84.9.5 85.2..5 84.9.22 85.6.3 85.2.17 85.6.17 85.2.24 85.2.26 
SiO2 b]/�� \b/�� �\/�� �f/�\ ��/�f ��/�f f�/�� ��/�� ��/�� ]]/�]

Al2O3 \b/b� b�/b� �f/b� �b/bf �b/b� ��/b� ��/b\ b�/b� \�/b� �f/bf
Fe2O3 ��/b] ��/b] f�/� �\/b� b�/� �\/� ��/b] �/� �\/� ��/�
MnO �f�/] f\�/] b�\/] \]b/] �\�/] b��/] ]��/] b�/] ���/] bb\/]
MgO \�/\ �\/f �f/� ��/� �b/� �f/f ��/� \�/f b�/\ �b/\
CaO ��/� ��/\ ��/� ]b/� ]�/� ��/� ��/� b�/� ]�/f ]�/�

Na2O ��/� ��/] ��/� �\/� �/� ��/\ \�/\ f�/\ ��/f �/�
K2O b�/b ��/� �b/] �b/] f�/] ��/] ��/b ]�/b b ��/b
TiO2 b�f/b ���/] ��f/] ]��/b �b/] �\\/] b\�/b �f�/] ���/] ��b/]
P2O5 ���/] bf�/] bb\/] b��/] b]f/] b��/] ���/] b]�/] b��/] ]��/]

Ba �/�]f �/�\�� �/�� �/��� \/b�\ �/\b� b/fb� �/ff� \/��� �/\]�
Ce b�/f] bb/�\ ��/b� ��/b� \�/� ��/�\ �f/\� ��/\] �f/�b �\/�f
Co b/�� \/�� �/\\ f] \/�\ �/�� f/b� \/�\ �/b� �b
Cr �\ �] b\b b]f �b �� b\� f� \f ��
Cs ��/� �f/� \b/b �b/] �/b ]�/b b�/� �f/] \�/] f\/b
Dy �f/� fb/� ]�/f ]�/� �\/\ b�/f \�/� \ b�/� �b/f
Er ]f/f b�/\ �\/� b/\ ��/b f/� \/\ ��/b ]b/\ ��/�
Eu f�/b f/b b b/b ��/] b�/b �\/b ��/] ��/b ]f/b
Hf f�/\ ��/� �f/b �/b \�/b �/� ��/b \�/� �b/� ]�/\
La ��/b� b/b] \�/� f�/� ��/\ ��/b] ��/b� ��/b� \�/� b�/bb
Lu ��/] fb�/] \f\/] f\�/] ���/] \�/] \��/] ���/] \�\/] f/]
Nb �f/b] �f/\ ��/� bb/\ ��/b �f/f ]f/b� \b/\ b/f �b/�
Nd �b/�b �f/bf �\/� ��/� �b/� ��/b\ b�/�� f�/bf ��/b\ \�/bf
Pb b�� �\� B b] �� f � b� � �
Pr ]��/� bf�/\ �b�/b �b�/b f]f/b ���/� ��/f ��\/\ ���/� �f�/\
Rb �f/\f ]�/f�f ]�/� ��/�� ��/b� �f/b� �/�] ��/b� f�/�� b�/��
Sc �� �� f� \� �� �� �\ �] �] ��
Sm b�/� ]�/f ��/� ]�/\ b�/� b�/\ ��/� ]\/\ ��/\ ��/\
Sr �b/��� ]�/\�� ��/\b� ��/��� ��/��b ��/�b] �\/�b� f/b��� �f/\\b ��/\]�
Ta �b/] ��/] b�/] �/] b�/] ��/] �f/] ��/] �\/] f/]
Th ��/\ ��/b ]�/b �b/] ��/] ��/] bf/b �\/� f�/b ��/f
U ��/b �f/] \�/] �f/] �f/] \�/] \�/] b�/� ��/] �\/�
Y ��/\� ��/�� �f/�b b/�� b�/b� ��/�b \�/\� �f/b� ��/�� ��/��

Yb ��/\ ��/� ��/� ��/� ��/b b�/� �f/� ��/b �/� ��/�
Zr b]� b/�\ b/ff f/\f \/f] �\ �/�� �/�f �] �/��
Ni � � �\ �� � b \\ b b b
V �]� �]f �f� ��� bf� b�� b�f b�\ b]� bf�
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�:� .&��. �'�8�:-�;]gl["#Q�� K2O
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<O ��C�0# �6)! "A �,�60� �, .�9&1
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# �-:R �#

��� ; ���2# S�9 � �
�:!�� �o67# ��)�' �,-N$ �' "#,$ .�'
�� �$��N. L
�,$ �!&1�# * �R,� �9&1
# 	 �
# �@! "#,$

K2O�&2 &�# ."#Q�� �; �0# ���C �� �
#Na  6:; �-�7 �
&1
A 	 �
#  ���$ �5$�� �# E �9� �! .

Al2O3�'�� "�)� �)9�; 8&��� V�-�0 U
#Q	# &9�
)D/2l.( (
&/
 �# Q
�:6� &��� �� `�,O �' U9�; �
#
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���� �� &1$ ��2 �' �/
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hz&O�� .U
#&R �	 )�* �' +�,$ +,�1��,�A U9�; j�,:<�

�:!�� �N�� U
#&R "A �H �o;,
Jo* �)�' �,-N$ �' #� �

�� &19�]gh[��67�0 �� +,�1��,�A 8�#&�� &1k  9 �
��;� �*��#� �; 2 Q�� �9 .#�  $&1$ ��2 �' &��� U
#&�*

���X0#� �' �:!�� U
#&R �' "#,$  $ ��� �)�' �,-N$ 8
�#� �N�� �o;,
Jo* .CaO U
#Q	# �' SiO2�)9�; 8&��� 

�#� �)D/2l(��,:� �� &��� �
# ��2 ��' 8�9SiO2�#,:9 ���'
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o� ��,2 .&��� ��2  ��_$CaO #� ��X1� 8��(10 �� 

�����; �.,:I� �N��  ��_$ �' "#,$ U
#&R F�C �� 8�9
�
�:!�� �
��-E `�q0&-	 �' �9�o;,
Jo* �N�� �,a7 �' 

)�,$�# (�#� �N��.
Mg��!��0 �#  O�1. �
 $ U
#Q	# �' �; 8�,H �' �0#
 "#Q��SiO2�� "�)� �,7 �# �67#,1/
 �)9�; &��� &9�

)D/2l( a1. �; �0# �-. �
# �' &��� �
# �Mg "�:9 �# 
���; ��#� �60,�* �,H �' �:!�� U
#&R ��^A � �
,��# 8�9

�� ��;� �*�,2 .FeOt&1��� Q�� MgO "#Q�� U
#Q	# �' 
��#� �)9�; &��� �V�-�0)D/2l.("�,' ��!��0 �"A �-.

  a1.Fe�0# �
�:!�� U
#&R F,H �� .F,H ��  a1. �
#
 8�R ��61(� � ��;� �* ��
,��# ",v:9 �
�����; �� U
#&R

�� "#Q�� "&2 ��
� �' �
# '�1' �� �!SiO2��:!�� �� FeOt�
��  6:; �  6:;�,2 .�' �N�� �-O#  O�1. &��� �-; �,H �'

SiO2#�,:� �� �,-N$ �
 H �# U
#&R &1
A 	  (���'  ;��9 8�9�
�0# �)�' .

82	J��,:� ��<E,� �#�,:� 8��  ' �<��X� ��,� ��X1� 8�9TAS.
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 �2 ���I�Q' 8 �a� ����' E "# 
# �0�12 ���; � �0�12�,-' �-I� ���

 

82	K"#Q�� `# ��_$ �#�,:� K2O�Na2O�Al2O3�CaO �MgO �FeOt �' �N�� SiO2K10 8# ' ��X1� 8�98�40� ' ��,� . 4' �9&��4�#
&O�� ��C&�&2 S�0 $ ���� .

>�
$ 67=�$ !"��
�#
$ �> ��#�> L�� � �M"� N7� )��&� 6&C
=$ 
���� &��,$ ��  �!�� 8�9&1
# 	 � i#QR#  6�' �7�12 8# ' 8

}#p�)�:!�� (K10 Q�J� 6* �M# � M 2 F�:2 ���)@)$A 8�9
)�����# �,5� �# �/k,; U�' "#,1. �' B 67� (�$ �0# +��

 �7 ' �0� ' �'  �!�� �-O# i#QR# � �0�0# 8�9�,6;�	
��X1�S
�#� q' �0� ' ��,� 8.�,!�60,* ��62,! 88

},0� ��&���� 	 �0,���E# � �60,* ����T ��&���� 	 8�9
�&11; F 61; �-O# i#QR# U�#�� 	 ��2 �� S��$�:!�� 8

"�:; �9�,6;�	 �
# �# �7 ' �
 )$ �' �; �&16�9 �
�:!�� 8�9
��X1� ��� 8�� �0� ' ��,S
�#� *.

}#p� ���:6C# U�� ���<$ �,P1� �'�60,* �# DO�C 8�9 -
D�2 �� �&���� 	 �0,���E# 8K10 8 �! ��,� ���)@)$A 8�9

 ���<� �# ��0� 'Sr/Y �' �N�� Y&2 ���@60# .�#�,:� %�0# '
D/2h�N�� ��
�*  
���� �Sr/Y&19� "�)� يه�; �0# �
# 
���� �# DO�C }#p� 8�60,* }�m U�� ��&���� 	 �0,���E# 8

K10 D��)$ �� �
#Q0 �'��X1� ���)@)$A 8�9 F�:2 8
��  P� �' � �0# �62#&� M# � �E 2 ��  �!�� �-O# �iQR &0�

�,! �}#p� &��,$ �0,���E# �60,*  ���$ � ��,' �62,! 8
�0#  6:; �&���� 	.���� j�,:<� }#p� 8�# DO�C �)�'

�60,*���E# 8�.,:I� �' F��<$ �� ",k �&���� 	 �0,���� 8-
��' ��)	 �' 8�9)���,N�@�A ����! �
 �
J,-�# (�# ��0#

HREE �Y�# �o�,
Jo* 8�#&
�*�� D��� �' �  ��	 `&2 �' 
Sr �0# �1^ `&2 �' �]gy[.��,:� ��K10 �# �� ��X1� 8�9

� 6�! �:0 �' D
�:$ �H,' � �#�,:� &��#� �6�;#�A 8�$ �
�� "�)� �,7 �# �6�;#�A �<�NH 8��&C&19� .��,:� �� �
#

 D/2 ��)h(� 6�! ���� �# E "A �' �
�Q� �
 � ��;#�A 8-
&� �! .K10 �
#�0&19 �N0 �' �0# �/:� �9 ��7 8

&12�' �&2 D�/)$ ��X1� �
# �� U�#�� 	 .8��A��
 �' +��
U�#�� 	 �7 ' �� �; �0#�60,* �9 �0,���E# 8�&2 �&�#�� 	

D�! 8�60#� ���� D
&N$ 8�9 �,2 �!&2��' �,�60� &�#,$
(slab window) . }�m ��-'�E �H�1� ��,(1
# �� �
# '�1'

�60,*�� � �6	�
 U
#Q	# �0,���E# 8&��,$ �'  I1� &�#,$
}#p� �,2  a6�� � �?QR �,H �' �6�;#�A 8�9]gz[.

���<$ ��  �,� 8�9�,6;�	 �#  (
� ��
K10 Q�J 8�9
},0� ���X1�&16�9 �&2 �&�#�� 	 8�9 . a1.Th ���<$ �� 
},0� U��S6��0 �� �&���� 	 8�9 �2�� �
�:!�� "�:� 8�9

�0# �#��,7 ' �
#Q0 �' ��:9# �# �U�#�� 	 �# .�'  a1. �
#
�;�0 �
 �R '�* `&2��60,* �
#�Q'A "�
 R �� � ��,' 8

",('A ��#� �&�#�� 	 �0,���E#9&1��� � 56�  O�1. �# �1^ 8�
LILE�:� �,2 .S6��0 �
 �� �� �0# �
# ��P6�# �
# '�1'

  O�1. �N�� �U�#�� 	 �' �6�'#� �
�:!��LIL �' Th�' �-

2- Immobile 
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&-Rg|���:2 �Z"�6�'�$ �gs|[ K10 � �:�2,?JK10 �0�12F�:2 ���)@)$A 8�9 M 2 . . .���

&'�
 U
#Q	# `&2 .S6��0 �
# �� }�m ���^ &1
A 	 # 
� ��9
",('A "&2 �	�T# � �&�#�� 	 u60,* �
#�Q'A  O�1. �# �1^ 8�9

LIL��� �' �,! "�0# �62,! 8]gl�grBZ[[."�,' {k,;
 �'  O�1. �
# �N��Th},0� U��  (���' ��� �&�#�� 	 8�9

"�:� }#p� &��,$�0# �
�:!�� .�-O# D��CThS6��0 �� -
���� �U�#�� 	 8�9 8�9&���#�&�9 � �
>1	 �����A 8�9

�9AB&16�9 Q1(1� ]Zg�ZZ[.�0� '  '�1' � `,���# � � $ 8�9
9V;�� ���]ZsBZh[F��6�# Th�,! "��� �'  �# �� �62,! 8

},0� }�m�� +�I�# �&�#�� 	 8�9� 
p* .U�� ���<$ 8# '
},0� �#�,:� �# �&2 �&�#�� 	 8�9Ba/Th �' �N�� Th 

&2 ���@60#)D�2y.(�� "�)� D�2 �
# �/��1k �#&<$ �&9�z
8��' �N�� &R#� �; ��,:�Ba/Th S� "#Q�� �Th � &16�9

",('A U�� �# ���C �� �&�#�� 	 u60,* �# �&2 �#�A 8�9
K10 �# �60� �
# ���� 8�:!�� D��)$ �0# ��X1� 8�9]Zy[.

���s��
�* �N�� �'  (
� u�,:� Ba/Th U
#Q	# ��&�# "#Q�� �
��Th�� "�)� #� �N�� ����)� �# ���C j��:6C# �� &19�

},0�:!�� D��)$ �� �&�#�� 	 8�9K10 �
# ���� 8��0�9.

��� �>
$ �
�#
$ �
?O�
P67=�$ �
�����+ >�
$ �
&��,$ �� #� �-O# U�� �62,! �,! �&2 �6@!  6)�* ����1k

K10 ��(60�7 8�:!�� �� ���C �� ���#� ��X1� �
�mA 8�9
�60,*},0� � �&���� 	 �0,���E# 8�62#� 8 6:; U�� ��9&�# .

 6�' �7�12 � U
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# U��

]Zz[�' �' �$ � ; �<0 �N�� 8 �!��� ����  O�1. 8�9
)Th/Yb �Ta/Yb (&9� �# E ��7 �R,$ ��,� #� �6�� �� .F�#

 "�#� �# E �' ���AYb  �� � �� �� )� S?�E �,5� ��  9 8# '
�#�,:� ��	#(8�9 �# �}�m 8 �! D/2 �� �)�'�,-N$ � �)�'

� �
�mA �#,�&��0� DE#&C �' #. a1. �� �# ���@60# �' ���A +��
  �� `�,O �� ��!��0�� ����')��	# � S?�E �,5� ��  9 8# '

�#�,:�(�7�2 ��1^ 8# ' �',7 8�9��$ � �!&2 �!&2
�62,!� ; �?#�# #� ��(60�7 8.��,! �'�� �&9�)� �� 8# �,2

)D�2z(K10 ��,:� ��� �0� ' ��,� ���)@)$A 8�9� 6�! 8
�62,! ��'��$ 8�1^ � �&2�� �# E �&2&� �!.

�' 8��' �N�� �'  
���� F�C 9ThK10 �
# �� �.�' �9
�62,! �' �6�'#� �#,� `# ��_$ &��� �# �� �&2(mantle 

array)� 6�! �� ��' � ���7 ���E �2#,C � �0,E  
#QR 88#
&� �! �# E F�<	 .U
#Q	#Th�� #� �� �' "#,$D��. :gB ���$ 

�60,* �#,� �# �2�� �!�,�A����# 	 8�� ���E,	 88�9
 S��$�:!��)"�/�*c(�ZB",('A  ���$ �# �&2 �#�A 8�9

�60,* �&���� 	 �0,���E# 8)"�/�*s(D/2 ��z�#� �N�� .�'
���E �2#,C 8�9�:!�� �-; �,H �' ��
��� �� F�<	 8#

�1^  $��' `�R�� ��0,E  
#QR 8�9�:!�� D��; =�H �# �!&2
�� "�)� #� ��!��0�� ����  O�1. }�$��' �0# �/:� �; &19�

�&19��1^ ��(60�7 u62,! {
 �# �
#&R � 6)�  ���$ 8�&2
�60,* �!�,�A �&2�' 8#.

82	QK10 ��<E,� ��X1� 8�9,� 8��#�,:� �� �0� ' ��Sr/Y �' �N�� Y]sZ[.
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K10��X1� 8�9�1^ ��0� ' ��,� 8 O�1. �# 8 6)�' �!&2
LIL�� "�)� &16�9 �'�)� j�N
 �$  O�1.  (
� �� ��� �&19� .

K10 ��
��� �� �#�,:� �' M# � �E 2 F�:2 ���)@)$A 8�9
N/1.�$,��#��' �&�A  O�1. �� &�A 8�9Th �U�Nb �La �Ce �

Pr �Nd �Zr�� "�)� 8 a6�� �!&2 �1^ &19� .�9�(�
��#� U
�:� 8�9,(�# �' ��E�D�2 8�� �&2r�� "�)� &9�
K10 ����  O�1. 8,(�# ����X1� 8�9 �� ��0� ' ��,� 8

 
QR ����  O�1. 8,(�# ��' 30#�&C ��<E,ة�� �0,E 
�2�C����E 8��#� �# E F�<	 8#.

D/2 ��|�' �&2 ��I1�' �$,N/1. 8�9�#�,:� 8,(�# 
NMORBK10 �� �&9�)� #� �0� ' ��,� 8�9 �' �; &�1;

 ��(���� � �0,E  
#QR ��(���� ��$,N/1. �#�,:� 8�9,(�#
��2�C���E 8�9�0# �&2 ��
��� F�<	 8# .�'��,! �� 8#

�� �&9�)��:� ��,2 �' "#,$K10 8,(�# �� �@! LXE �,H -
��X1� 8�9 �9�N2 ,(�# �� �
# �# {��#&; �' U9�>* ��,� 8

��#� 8 6)�' .��  P� �' ��� �,-' &0�(Maturity) "�:; 
�60,* ����T � �
�:!�� �&���# 	 8(Overriding plate) �# 
�&11; F 61; �
 6:���� },�5� �9&�,2 .�k !��2 

82	T
������&2 ��I1�' 8�9,(�# 8]ss[�
�&�A ����  O�1. �
�&�A � �6�#��' 8�9��X1� 8�9 � ���
��� �$,N/1. 8�9�#�,:� �' �0� ' ��,� 8
&�A]gl[.

82	U��
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�&�A � �6�#��' 8�9��X1� 8�9. 8�9�#�,:� �' �0� ' ��,� 8 
#QR ��(���� �$,N/1
���E �2#,C ��(���� � �0,E F�<	 8#]gl[.
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