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�'1%*"#B J(�1� (Cr-Spl) 4��8#' %&)Srp ( ��B "��7=�.B P �F_0� �	�6 �6 (��B �+�<��7=+��T �
�=��,B%�)Cal ( ��B1 "%�7.=�� &�7R 

)#6 �	�6 !1#@7 �6 I('�� �(�1 I('%+
"�< "#6�$ &=��B ��7=GQ8 
 QB+)Pl(�1 �%+
&)Ol(8+:�1 �%&�B"#)Opx ( ,B "%8+(%&��B"#)Cpx(�
m(8+:�1%S�#6 d+� &�B"#
4�4'�6 �B %4�� �'1 !.) (S:�1+B)Qtz ( #,B "
��6#$ *�1=)Chl(� �(G�+6 ��7
���B !1#�@7 ��6 ����7=�1�%+
�&

8+:�1%4��8#' " &�B"#%&)��@:�"��: 
�+� �� #XPL�: %!.) �.�1.(�:+B �)+� ��B��7]`[.

")�� �����
��� ���� � �C�� !����
;�� #:
���B &�7=2(' ~l��� �� �+a+� �'�#6 ��+� �J��) 
�"#B%�)\].n�� (8 �%#
�)�].n�� (:�@7 "%�)�]

.n�� (�6�� "�4��8#' %h.(4�7 &6%#40�	�6 m���0� " �7
 #7
1  1 F
���B & �#) �6 �7
1 #.�.

�"#B%�:
/�1.461  1 �
#:
���B &�� �B �'1 �7 �ER  1 �+,_: 
$���@=� 1.a 3.) �#' s�< �� �I(' �6 cL+@N� " �+) �7=
#8
:".%4�"#6�$ "�
�6 �B h�'1 !1#@7 �7�+,6 m�+n=J/)

� �: �1�%J/) �@ �1�
�7+_�1 ��7=�+,6 
�)�� &
� �	��.�+) .
�"#B �	�6%��7=�	�6 ��>(� �7=�"1 %!�+: �1=" 3�0	1 "

�	�6�7=+��T 
�=00B �4'QB�:�B �%�F)#6 �� "%�+,%4�
.��1� .!�+: �	�6 ��1=��"#B %��6 �7�4	#$ �1#C ;B1#4� m�+n -
6 " .�1% 1 f`]!�1� ���4U1 �+U �6 1� I(' ;A< .n�� .�1
��	 "=6 �.�1 %�7�+,6 &=�"#B %��%S'" �6 %4��8#' �,%#8 &

�'1 !.) .! 1.�1=��1� �7=�"#B %D,E1 �W�:[�%,�" #4�
�
1 #4/5+B �'1 3R  )J/)\��1 �(�6 D,E1 "�7�+,6 m�+n=

�%J/) �@6 ��1��$.)�#$ ��TR �6 J/)�)J/)\P �(�
!.
��.�+) .��1� 3�0	1 �	�6 ���7=�"#B %� �� �%�(1= 1

�1%+
&
4��8#' �%!.) !.(B1#8 &�"#B ;A< " .�1%~l��� �� �
'�#6 ��+��#4@B �6 �'1 &/@� 
6 �% 1 #40[].n�� .'#6 

)J/)\� �.(�6 ��%��=�"#B  1 %��7=��>(� ��	�6 
4'QB�:�B���1� ="�< �7=24�/) �6 �1� �#: " !.) �#U �-

�7=� !.7�0� ��1� �>' �� 31"1#	 ��+))J/)\m �.(��
)#6 �	�6���1� �7=�"#B �)�� %f�6 �� �,�$ =�7�"

)#6�� m�N>C �6 " !.) �#U 
6 " #:S�._: J/)
� J�.�+) .
1
�6 !.) �#U m�N>C &'"%�,='%��@��1 9(a  1 %+
&
�

4��8#'%)#6 ���< " .(,�4� ;�6 &�� 3�0� �.(7�)J/)\�
�.(� �	�6%�+,%4��%)#6 �	�6 �6�0� S���1� =1�1� �7=�#U 

�"#B " !.)%1 ��1 �'1 �
!.) �#U m�N>C &'" �6%�,=
'%��@���1� 3�@7 9(a  1 �7=�"#B %U �;�6 !.) �#"Jn

!.) .�1)J/)\m �.(5 �	�6 ��%��1� �+a" !��+U &�7=
�"#B%�7��4U�' �6 �=00B ���$� "�7= 1+� =3�0� 

!.(7�=M:%%f(: �e: J/) #�7=� %&4U�'���>(� �� 
�'1)J/)\� �.(

�%:�@7 :�6 ���B &
1��1� �3�@%' m�+n J%/0: =�7 !.(7� =
" !�#B �l�<1 1� I('��1� ���@%' �	�6.
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.,a��!��@) �z�3�4��  ���z '�#6 �)+VG %@��"#B !�24'�U "%��7=?#) �� PQ$ . . .���

94�D��1 (�%�"#B)Cr (!�+: P �=1 (�%�"#B ��1� �	�6 �6 ="#B =�7 � �=1 (m �3�0	1 �	�6 �6 �%�"#B (" !.�) �4%�+�,%� ��	�6 ��6 �%�"#B
 � ��4'QB�:�B (!�+: �	�6 J
._: *"� J�� �
#%8 �6 !1#@7 �)#6 �	�6 �6 �%�"#B =1)PyII(� �(U &%5 ���< �6 �%�"#B 1� &
+�%�1 �1#l1 !��+
�'1 !�#B #8.)�+� �� #
"��: ���@:PPL!.) �%�: �6�: �6 .�1 .(�:+B �)+� ���B�7]`[.

8%#
�:31"1#	 #:
&���} =.%K�+' ��>(� �� �'1 �}�6
m�+n J�)��1� �@%� J�)�1� 6 �:�J/)"�6�	�6 =��04�1 "
��$�=1�����B�6 !1#@7 ~l���=�"#B %�
�� !.��+).
'�#6��7=B�< �8+�'"#�%��J��  1 �7=�:"�K4�  1�
#%8
�'1 .#%8
�=�7 J�� s"1)�
#%8 I(��I(' $ 3"��%#�6

m�+n �	�6 3�0	1 "D,E1 �6m�+n J/) �+U �1#C " .��1�
�
#%8=�7 J�� *"�)�
#%8II (��&
#UR �%��N	 J<1#� 
6��#$��7"3��S@7 �6J%�0: =�7�+,6S:�1+} �6J/)��$�=1
/0:%J!.) .�1)J/)\� �.(

�����	
 
�
�%@%) �
SA: �
�4�Y�%�"#B  1 ��+@� ��>(� =�7 PQ$ =

�"� �6XRF s".a �� �!.�R .�1.�%NC+� �%�"#B=�7 
PQ$ ���1�+@� �.- *"#B [Cr/(Cr+Al)] �� �.- #61#6 

;
S%(� [Mg/(Mg+Fe)]  ]�][!#4�$ �� =�%�"#B=�7 
���_�1 "�(%53�' ��1� �1#C)J/)x��1 �.(�1�+@� j�'1 #6

 ��,��Cr, Fe3+, Al ]����W[�%�"#B ��>(� =�7 PQ$ =
 1 �0%6#'Cr �1.�� " !�+6 ��)#' Fe3+"Al3R &%
�8 �7

 �'1)J/)xP �.(�1�+@� ��Al2O3�6 �_�� TiO2]�[[
�%�"#B ��>(� =�7 g%e� �� PQ$ =SSZ)(Supra-

Subduction Zone .�#%$ �1#C )J/)x� �.(�1�+@� �� 

TiO2�6 �_�� Cr2O3]�Y[�%�"#B �� PQ$ ��>(� =�7
!#4�$ �%�"#B =�� !.
� �4%�+%	1 " *#K
��8 d+� =�7 .�+)

)J/)xm �.(!�1� �%NC+� �6 �a+: �6 �1�+@� �� �7TiO2�� 
J6���Cr# ]�^[�%�"#B ��>(� =�7 =�� �'�#6 ��+�
!#4�$ �� �1#C �4%(%�+6 =#' =.�#%$)J/)x� �.(�1�+@� ��
Al2O3J6��� �� Cr2O3]�X[�%�"#B��>(� =�7 PQ$ =

!#4�$ ��=�� �1#C *"#B  1 ��)#' .�#%$)J/)x� �.(
�%:".
#8 �� �+a+� P�%@} #n�(- ��1"1#	 3�6S%� =�7

 s".a �� PQ$ �%�"#}W�'1 !.�R .%�&%2��Cr "Ni �� 
��+@� ���@:�� 3�0� 1� �
L�6 ��1"1#	 �7 �$.) �(E h.7�

��+@�  1 �7 Cr "Ni�� 3�0� #�(- "� &
1 ��1"1#	 �B .7�
�>61� ;7�6=�6 �.��1� ;%�4�� I(' �5#7 �B =�+l =�7

1#	/%	����4)1� =#40%6 *"#B �%(%4��8#' " �
G�+6 ��7 
�� S%� J/%� �1.�� �.()�63R�'1 #40%6 �7 .31S%� �� �Q4U1

 &
+%�1 ��1"1#	 �� #%%M:  1 �)�� �'1 &/@� #n�(- &
1 ��1"1#	
.)�6 &�B"#%8 ".]�\[�'1 .�4N� �B2+Ni3�/� =�7

 �6 1� ��6�0�Mg2+"Fe2+�� s�M)1 .(B .�1.��NiI('  1 -
�� f7�B "#6�$ &
+%�1 �6 �%(%4��8#' " �
G�+6 ��7 =�7 .6�


 �B���6 .�1+:I(' �� &
+%�1 �_�� f7�B J%�� �
"#6�$ =�7
.n�� f7�B �
 "Mg2+.)�6 .��+@� �� PQ$ �%�"#B =�7

�
G�+6 ��7 �� J/%� #�(- SB#@:�%(%4��8#'  1 #40%6 �7-
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�"�U=6 �%� ��#2��6�%� ��1i�#%.(�"#��B+,' �'�()�+,6 �,A�B "31#
1 �'�() ��� ���

�7�'.Rb! 1.�1 I(' " "#6�$ &
+%�1 �� !.) =#%$ =�7
�'1 &%
�8 �%(%4��8#' " �
G�+6 ��7.!.%�- �6 =]�x[K�

Rb "Sr�6 h.(4�7 j+��%C1 �B ��+$#$� #%T�: �e: m.)
�6 �,B �+lSr�/_) �� =�@� ��1" &�B"#%8 �� ��1 ��+) .�1+:

�/_) ��=�#%$ =�a  QB+
GQ8 =�+,6 ]�`[�6 D%:#: &
.6 
�6 �
�4� �6 �a+:�� !.�R �'� 31S%� �B ;%(%6SrI(' �� -

=�71#	/%	��1�&
+%�1 I(' �� "�S%5�� " #%%M4� "#6�$
�'1 .�1.��ZrI(' " "#6�$ &
+%�1 I(' �� �
G�+6 ��7 =�7

�'1 &%
�8 " #%%M4� �%(%4��8#' ".�6!.%�-=]�`[�Zr�6 -

" �1 R m�+n(XO44-) " !�+6 Fe2+�6 F
�S� 3+%:�B ��(: 
�'1 3R .���B  1 �B.�1 �1.��Zr���B �� ��1" �:�/%,%' =�7
 " !.)#40%6�6 �
 !.��� �C�6 P1�� �� 3R &%6 P1�� m�+n

!�b �
1�� �4)�_�1�+) .#n�(- �1.��Y"Nb "#6�$ &
+%�1 �� 
I(' "�'1 &%
�8 �%(%4��8#' " �
G�+6 ��7 =�7.��+� �� 

�-#	 #�(-V�� �
G�+6 ��7 �6 #�(- &
1 �B �K$ 31+: �7
�>61��� 3�0� &
1 ���1� ;%�4�� =#�(- &
1 �B .7� �� 

�
G�+6 ��7�� �4)�_�1 �7�+).

E�.�:�4� 
���R �%SY�"#B  1 ��+@� %��7=�"� �6 PQ$ XRF)����
�B1 #%� ".n�� D�<#6 �7.�.(
Sample# 

Oxide 
SK-5 SK-8 SK-11 SK-12 

SiO2 XY/x ^Y/Wx [W/�� Y]/�W 
Al2O3 [[/X `Y/] ^Y/�W \]/�W 
Fe2O3 ||/�� ^Y/` X�/�Y x]/�^ 
CaO �]/] �]/] `�/W Y]/�
MgO [W/�x `[/[X \]/�^ \]/�\ 
SO3 �]/]< W�/] <�]/] <�]/]
TiO2 W]/] �]/]< ^]/] Y]/]
MnO W]/] �]/]< W]/] W]/]
Cr2O3 �]/Y\ [[/` YW/Y� []/[x 
NiO W]/] Y]/] []/] W]/]
V2O5 �]/] �]/]< W]/] �]/]
L.O.I \�/W xW/�[ []/] x]/]
Total �/�� �/�� �|| �|| 

94�F�%�"#} �%NC+� =�7 �� PQ$:��1 (�1�+@� �.- *"#B [Cr/(Cr+Al) ] �� �.- #61#6 ;
S%(� [Mg/(Mg+Fe)   ]�][!#4��$ �� ��} =
�%�"#B=�7 ���_�1 "�(%5�� �1#C 3�' P �.�#%$ (�,�� �1�+@��Cr-Fe3+-Al ]����W [!#4�$ �� �}=�� ~C1" L�6 *"#B �+)� �. (�1�+@�Al2O3

�6 �_��TiO2]�[[�%NC+� �� �} 0�1�"#	 #61���>(� �� �1#C m �.�#%$ (�1�+@� TiO2�6 �_��Cr2O3]�Y[!#4�$ �� �} =�"#B �%���7=
d+� 	1 %�+%4��� ~C1" � �.�+) (�1�+@�TiO2#61#6 �� Cr# ]�^[�@$�� �%NC+� �� �} =�+6 %(%4���� �1#C � �.��#%$ (+�@� �1�Al2O3��6 �_��� 

Cr2O3]�X[!#4�$ �� �} =�� ~C1" *"#B  1 ��)#' .�+).
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.,a��!��@) �z�3�4��  ���z '�#6 �)+VG %@��"#B !�24'�U "%��7=?#) �� PQ$ . . .���

E�.�;�4� 
���R  1 Jn�< �%S\��+@�=2(' ��)1�#6 !.)#8  1 
:".%��7=��>(� =6#' �� PQ$ %�"� �6 �0ICP-OES)����
#n�(- #
3+%,%� �� �@�C D�<#6.(

Sample# 

Element 
GB-2 
HZ 

GB-3 
SRP 

GB-4 
SRP 

GB-5 
HZ 

GB-8 
SRP 

GB-11 
OL-GABBRO 

GB-12 
SRP 

Cs \[/�^ ��/�� ��/� ��/� |�/�� �|/� zz/�| 

Rb ^X/W ]x/� \`/� ^^/] Yx/] ]�/X W�/]

Ba |z/�� ��/�� ��/�| �z/�� �|/�� �z� ��/�� 

Th Wx/\\ `[/XW ^Y/YY W\/Y` \X/^[ x^/W^ X`/Y` 

U Y^/�Y \W/�� `/\ Y`/x Yx/` ^\/W `\/x

K ��/��� ��/��z ��/�|� ��/��� �|/�z� �z/��� ��/�|� 

Ta \Y/Y ��/� �z/� ��/� �z/� z|/� ��/�

Nb `^/� [`/] [[/] [X/] �^/] `/[ [^/]

La <[/] [Y/] <[/] [Y/] <[/] ^W/] ^Y/]

Ce �^/X <X/] x�/] <X/] <X/] xY/�� <X/]

Sr \ Xx/W \Y/Y �X/� <� W^/�\ <�

Nd <X/] <X/] <X/] <X/] <X/] \\/] <X/]

P WY/x ^�/W� \/] ]X/^ [^/�[ �]` YY/^

Hf z�/�� |�/�� |�/�� |�/�� ��/�� ��/� ��/�� 

Zr ]^/\ [/x `/[ �`/x X`/[ `\/� W/Y

Sm ��/� ��/� ��/| z�/� ��/� �|/� ��/�

Ti Y�[ ][/\x ]X/\� \�/\� ��/W\ x^W [�/\x 

Tb X�/� ��/� �z/| |�/� �z/� ��/| |�/�

Y Y�/W ^W/] <Y/] <Y/] <Y/] Yx/] <Y/]

Pb W\/[] ^[/YW ]W/[� �^/W] [x/W[ �W] ``/[] 

V ��/�� ��/�� �z/�� ��/�� �|/�� ��� ��/�

Cr ��|� ��� �zz� z�z ��� �z�� z�� 

Ni ��|� ���� ���| ���� ���� ��� ��|� 

GH� 
+_/(- �1�+@� j�'1 #6:��4)+$ �6 �_�� !.) ��A(�6 =�"1 %�

]W][+2�1 =M:%%��+@� m1# �7=2(' ��)1�#6 ��>(�  1 !.) =
'�#6 ��+���4)+$ �6 �_�� =�"1 %�)J/)`(" !�+6 �6�0�

� �� ��+a+� m"�K:%1 SB#@: 31S
�'1 #n�(- &.1
� &�.�1+:
3�0� !.(7� =4�G ��_:�1 %/���+@� 40� !�24'�U " ;7�6 �7 �#

3R .)�6 �7 .#n�(-Th, Pb, Nd, Ta, Sm, Hf, Tb Ce, 

U,Ce,1�1� =6���A(7=#n�(- " �_�� Ba, Nb, La, Sr, Ti, 

Y Zr, P  , Rb, K,1�1�=6���A(7=K(� ��7�1�+@� �� =
�4)+$ �6 �_�� !.) ��A(�6=�"1 %.(4�7 �.:�@$��%;��7=
L�6 �1#	 �f�1�"#	 �6 �4�61"=�B1 %�� 3i�>(��=0�1�"#	 ��

�: �-�6�$.) �Ti� �@$��  1 ��+) .)+VG #r�  1%@%��
�
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�"�U=6 �%� ��#2��6�%� ��1i�#%.(�"#��B+,' �'�()�+,6 �,A�B "31#
1 �'�() ��� ���

��A(�6=K(� �Nb "Ti/0: %0�1�"#	 kl�(� �� �@$�� J�1�
�:%
� .�.(B ]W�[.�f�1�"#	 �6 �4�61" kl�(� ��Th 

�#e4�!+$ �� " �'1 #: =�4)+$ 1=L�6 �� �B =��>(�=
0�1�"#	�(E ���1� �1#C �$.)��0� � 3�.7�]WW[.!"Q- #6

(E�$.)���+@� � #n�(-  1 �7%	+4%d�N) �6 J
�+�o�S6 
(LIL= Rb, K, Th)�: "�$.)�
m�.C�6 #n�(-  1 �U1+(/


�+�L�6 (HFS= Ti, Sr, Nb)6%:�@$�� #2��%3�@B ;� �7=
f:R ��0	�)�< %�=�'1 !��C ]WW[.1 #6 3"S	1
6 �&���A(7=
K(��Nb"  1 
$i��7=I(' ��/)R �7=!��C 1=1#6�(6 h�'1 
&

6���A(7=�7=K(� ��7�@$�� =�4)+$ 1=1  1 
� #�(- &�.�1+:
)���LR  1 
1 f
�4'+8 �1+� �6 �7�@$�� &1=" �+Nn sQU �� 
�a
S2
(�"
)�� ��(E  1 �$.)��6'"%�,=!��)�7��

��>(�=.)�6 f�1�"#	 ]W][.(5%&�6� #r��.'� �B
6���A(7=�_�� Pb���� #$� �6 �=!+$ =�4)+$ 1=�6'"%�,

!��) �7=)�� ��4'+8  1 =C1%'+���" "�"#	 
LR �
�6 �@$�� f
�4'+8=!��C 1=��1� !��)1 ]W[[.�a
,n1 !�2��"#B %�� ��
I(' �7=1#		��%/� 1 �} �'1 1.a
f�@$�� =	�� %" F
	��1#4�1%3S�� �� F�7=@$�� o�S6 ��
�6� �+a"�R
..]WY[

�7�����B !�24'�U=�"#B %��R d+� ��1��4�61"�@$�� �6 =
C1%'+���w�+: %4��
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