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(� �~d3 �8+�#5��'� ���� �'�5�9 -�E �+]+� �� D$# &
� �E
-���� �!/��%  �+3 5�$'�( �\ -(��&
+'�5� ��
�HI

&'/��8�# 5�E�L �'/$!� B'�"�  )% )��.&'�( �'��d	 �:� ��
�'�5�I ���i$� �� �/>�# �E�	�3 Z�N��[ �'/#zI���I ��"� 

�� )$E� .�'�5�9 �+� �� �E��'� ��3��(�3 �B*%�+> ����� 
�3 �3 5 D�� -�/�9�>)��+� �9 R3��( .���9 �3 -)'<�+# -�E

��  )
� -�/�9�> �3 B
�1/� ��( 5 &%5� ��( D��)�+% .
���9 �/"'3 ��i$� -)'<�+# -�E(��
�'8 5 �
�'8+*��9 
 )% B'*"�)��)B*%S.(

���� � �� ��
�'�5�9 ��i$� -�E-��$4  (�5��-����&'!��'� W'9��
�
�'1'%(Mg0.47,Fe0.52,Mn0.01)(Cr1.59,Al0.33 

Fe0.08,Ti0.002,)2O4��N��Cr/FeO�3 )�U/e(�Cr# O�3 )&'3
VS �� SS&'!��'� �3 Sl(�Mg#)U/T{.U/Te()'�9� 5

&'Q�8 j+'��/'�)&'!��'�TiO2=0.08% (��  )
�)�+%)f5)]
^.(

�3�$3�'�5�9 �
72� �
�/� F�
��	 -�E)f5)]e(�&
� 
�'�5�9 j+'$'�+�\ -5�K �E �O�3 �/N�� j+'��/'� 5Cr# &'Q�8 

)V/UU.S/TU(�Mg# )�/t� .�/vt (-��/>�# f+��	 -���� 5
&'!��'�(Mg0.4,Fe0.59, Mn0.01)(Cr0.92, Al0.89,

Fe0.18,Ti0.007, V0.006)2O4)$/�E .�N�� &'!��'�Cr/Fe &
� 
�'�5�9 �E^/^&'!��'� 5Cr#�\ �EUe�#� .

��?���9 �+# -�E -)'<)Sf(&�95�'8+��� �)Opx (&�95�'8+$'H9 5)Cpx (D$# �� F�
��	 -�E)&'/��8�#=Srp (��� (�+�XPLF 5(�+�
PPL.

��@�+]5 �'�5�9)Chr (���9 5�
�'8 -)'<�+# -�E)Py ( �
�'8+*��9 5)Cpy (D$# �� F�
��	 ��i$� -�E.
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)H]el ��1% �^����3 ^l{T �1'%+QY �'�5�9 7�Y 5-�E ��$4  (�5�� |J�$�)7
�'�(F�
��	 5�t�

A	$BC�
�/� �
72�-�
�'��9 B$'�#� �E5�9 -�'� �+]+� �� �}�i$� �*'	�}���/�5� �!$}# -�E)}K�5-��}$4  (�5�� )Hrz = Harzburgite5
Px = Pyroxenite(

Sample Dc.1 Dc.2 Dc.3 Dc.4 Dc.5 Dc.6 Dc.7 Dc.8 

MgO ���/� s��/� ��/� rt/� �vv/� t��/� �s/� r�/�r 

Al2O3 t��/� t��/� ��s/� ��t/� t��/� s��/� st/�r ��/�r 

FeO ���/�� ��t/�� ���/�� ��v/�� ��t/�� �t�/�� �v/�� r�/�� 

Cr2O3 �t�/sr ���/sr ��v/sr ���/�� �ts/�� ��/sr �/�� �/�� 

MnO tv�/r t��/r tvt/r ttv/r t��/r tv�/r ��/r �/r

TiO2 �/r r��/r rt�/r �vv/r r��/r r��/r r�/r rs/r

Al v/r ��/r v�/r v�/r �v/r v/r t�/r t�/r

Ti rr�/r rr�/r rr�/r rrv/r rr�/r rr�/r rr�/r rr�/r

Fe2 �/r ��/r �v/r �t/r ��/r ��/r �/r �/r

Fe3 ��/r �/r �/r �/r r�/r �/r r�/r rv/r

Cr ��/� s�/� ��/� ��/� s�/� s/� �s/� ��/�

Mn r�/r r�/r r�/r r�/r r�/r r�/r r�/r r�/r

Mg t�/r t�/r ts/r t�/r t�/r t�/r t�/r t�/r

sum Cat. rr/v rr/v rr/v rr/v rr/v rr/v rr/v rr/v

Mg# �/t� �/t� �/ts �/t� t/t� �/t� �/t� �/t� 

Cr# �� �� �t �� �� �t �� �� 

A	$BD�
�/� �
72�-�
�'��9 B$'�#� �E�'�5�9 -�+]+� �� �*'	����/�5� �!$# -�E)K�5 ��i$�-F�}
��	 )Hrz = Harzburgite 5Lherz 

= Lherzolite(.
sample F.1 F.2 F.3 F.4 F.5 F.6 F.7 F.8 
MgO    r�v/� vr�/� �r�/� rs�/� �r�/� t�r/� rtr/� ��r/�
TiO2 ���/r ���/r ��t/r ��s/r ���/r tt�/r vvr/r t�r/r

FeO    rvr/�� t��/v� ���/�� r�r/vr �r�/�� �rr/v� �sr/vr tsr/v� 
Cr2O3 sv�/v� ��r/vr �tr/v� v��/v� �s�/v� ��r/v� v�r/v� ��r/v� 
Al2O3 ��s/�r trt/�t s��/�� ��r/�v ��s/�� ��r/�� r�r/�� �tr/�v 

Al ��v/r ���/r ���/r ��r/r ��t/r ���/r �t�/r ���/r
Ti rrt/r rr�/r rrt/r rrv/r rr�/r r��/r rr�/r r�r/r
Cr ��s/r ��t/r ���/r ���/r ���/r ���/r ���/r �r�/r
Mn r��/r r�t/r r��/r r�r/r r��/r rr�/r rr�/r r�r/r
Mg tv�/r tt�/r tst/r tvr/r tvs/r v�s/r vt�/r vt�/r
Fe2 ��s/r ���/r �r�/r �vs/r �v�/r s�s/r svs/r sv�/r
Fe3 ���/r ��v/r �tt/r �sv/r ���/r �v�/r �r�/r ���/r

sum cat. rrr/v rrr/v rrr/v rrr/v rrr/v rrr/v rrr/v rrr/v
Mg # ��r/t� ���/t� �v�/t� �r�/tt �tt/tt ���/vs �r�/vt t��/v� 
Cr # ��t/�� �rr/t� �vs/�v �tt/�r ���/�v rs�/ts ���/�v ���/�r 

No. of atoms, O = 4 
Cr# = 100 Cr/(Cr+Al) 

Mg# = 100 Mg/(Mg+Fe2) 
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��w��'� �)�\(�3 ���
� �#�$% ���9 5 �#�$%�+H3 �H2� �t�

 B*%{���+1� �� �� F�
��	 5 ��$4  (�5�� �'�5�9 �'dA+� 
�oHo�Al2O3-Cr2O3-FeO�� ��"� )E� .-�E)'�9� ��)��

Al2O3FeO, 5TiO2�'�5�9 �� F�
��	 -�E)��7'� &
� 
3 �E)'�9� ��3 �#� �3��3 W'���V/ee �e/lg 5e�/g(�3 �N��
�'�5�9 ��$4  (�5�� -�E)�)�� )'�9� &
� �E3 ���3��3 W'���
 �3 �#�e/S�l/e^ 5gS/g(�#� �/"'3 .�'�5�9 �� �)d� -�E

��i$� �� aA�5 ��
��%-��7'� F�
��	 TiO2&
�/"'3 �3 
��7'�)TiO2 = %0.4 (��)#� .��)�� B3��� ��MgO, 

Cr2O35Cr#�'�5�9�� ��$4  (�5�� -�E)W'��� �3V/U{ �
l/{5Sl(�'�5�9 (� �/"'3 	 -�E F�
��)W'��� �3�/lU �U/S
5e/U^ (�#�.

EF&�3��& 	
�
�'1'% W'9�� -�E�+H3 �'�5�9 ��>�% (� �H/�� M�+�� 

�#� �E�1L��]U[��'�5�9 W'9�� (�  ��</#� �3 &
��3�$3 �E
�� �3 ��+� �!/#�>&'�( P';� 5B'*"� -�1L�� �/>�#

�'�5�9 �*
�+i3 ���3 �8  )$E� �'dA+� �3 �/�3�5 -�E -�E
�/"8 -���� �#+��'A� ��'� -Cr# 5 )$/�E �$'Q�8 

�'�5�9 �3 -�ECr# O�3 )(� R'3Vg(�'�5�9 �3 �5);� -�E
�'dA+� �� 6+A �3 �/�3�5 �/'�+'	� -�ESSZ )$/�E ]^l[.

���+1� 6�#� �3Cr# �3 �N�� Mg# ]^T[)B*%^g(

B$'�#� j5�9 -�E �
�'1'% W'9�� �/"'3 ��$4  (�5�� ���
 �19 5 �'�5�9 �c� (� 5 )���� �'�5�9+
7'$�M+� �� �/'�5�9 

�'�5�9 ���%+�1E �'K�� �
O -�E ���N�� 5 -� �� ���A -� )��'L .
�'�5�9 -�E �'�+'	� �3 ��i$� &
� 7'� ���] |J�$� �
�# -�E

 )% ��
��� )�� .��$4*��  )E�"� ��'�5�9 �+%  (�5�� -�E
�'�5�9 W'9�� �3 ��$4 �E65�5�� -���+�1E �N�� 5 )���� 

�'�5�9 �3 �z[ ���10 -�E ?E |'10 5 ,4+9 -�E)Hess (
�'�5)
�8 5|'10 -�E]^U[�
���� Cr#)���� -��O�3 .��

�'�5�9 B3��� �
���� -���� F�
��	 -�ECr# 5  �+3 -�/$'Q�8 
(� &
� �c��'�5�9 �'N% ���N�� -�E �'�+'	� �
O�3 �/#+8 -�

�10)$/�E �.���+1� &
� 7'� �'�5�9 6�#� �3 �� �ECr# 5
Mg# O�3 &E\ 5 O�3 j5�9 �O�3 j+'$'�+�\ �/#� �# �3 ]^�[

 ��9 �'����#� �'�5�9 �9 �� ��$4  (�5�� -�E �/�L-
�'�5�9 �� ���A O�3 j5�9 -�5)K �� 5 O�3 &E\ -�E )��'L���5 
�'�5�9 �� F�
��	 -�E �/�L-'�5�9 �O�3 j+'$'�+�\ -�E

�� aA�5 )�+% .�'�5�9 �3 �'N% F�
��	 -�E�	�N1E -�E
 �+4 -�!
� ,'	����/�� ,'	���	�N1E F+$] ���/�9�8 -�E

 5 �'9�� F�[Loubusa ���%+�1E �'K�� �� 5 �#� �N� �� 
M+��
O 5 ���\ )���� ���A -�]^V[.

��G���9 W'9�� �'dA+��'�5�9 �#�$% �E-��i$� -���+1� -5� F�
��	 5 ��$4  (�5��A.C.F.
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)H]el ��1% �^����3 ^l{T �1'%+QY �'�5�9 7�Y 5-�E ��$4  (�5�� |J�$�)7
�'�(F�
��	 5�tv

�� CH�'�5�9 W'9�� ���+1� �� ��$4  (�5�� 5 F�
��	 -�ECr# �3 �N�� Mg# ��
��� 5-�'�5�9 �'�5)
�8 �3 |J�$� &
� -�E |}'10 -�}E
)�(�'�+'	� �65�5�� -�E)�(�z[ �?E |'10 5 ,4+9 -�E)v(�'�5�9 5 ���N�� -�E���10 �'�+'	� �
O�3 �/#+8 -�)t.(

&'�( P';� &''d� -��3�'�5�9 �/>�# ���+1� (� �ETiO2�� 
B3���Al2O3)B*%^^()%  ��</#�]^S[.B$'�#� -�E

 �� �/'�5)
�8 �� ���+1� &
� )$��+�)�+% �'���  5�L 5� �3 :^(
�\
�E���7'� �9TiO25Al2O3/�L �� �9 )���� &'Q�8  �-

�3 �/�3�5 R���5�	 )SSZ1(5 )���� ���Ae(�\
�E���7'� �9 
TiO25Al2O3P';� �3�"� 5 )���� �
O�3 �/"8 -�E-��'� 

�#+��'A�)MORB2()$/�E .���'�5�9 ���+1� &
� -�E
 �/�L �� ��$4  (�5�� �'�5)
�8 --�ESSZ)�3 �/�3�5 �5( 

R���5�	 (�� F�
��	 -�E �'�5�9 5 �/�L 5� �E �'�5)
�8 -
-�EMORB 5SSZ)�/"'3 �%+�1E �3- �/�L �� -

SSZ (�/	�L ���A )�� .�'�5�9 �3 �c� &
� (� ��$4  (�5�� -�E
�'�+'	� �'�5�9 ���0 ��/#��9 -�E)]^{[(�'�5�9 5-�E

 7
�'� 5 �'"E�]S[)���� �E�N% (.
�'�5�9 '�9� 5 O�3 j5�9 -���� ��$4  (�5�� -�E j+'��/'� )

�\ )�+� -�1L�� &
��3�$3 )$/�E �$'Q�8 ���+1� 6�#� �3 �ECr# 
�3 �N�� TiO2)B*%^e(]eg[�#� �/%�� �/'$'�+3 W'9�� .

�'�5�9 B3��� �� )'�9� 5 &'Q�8 j5�9 ��7'� �3 F�
��	 -�E
Z�/N�� j+'��/'��� �O�3 �3 �3�"� �N'9�� �3 �
�1L�� (� )$��+�

 
1- Suprasubduction 
2- Mid Ocean Ridge 

 -�1L�� W'9��"
���/"8 (� �/	�L �#+��'A� ��'� -�E
)MORB (3�)$%�3  )�\ �+]5.

&'
�8 ��+3 ��)�� TiO2�*
 (� �Lw
5 �E-�'�5�9 -�E 
���N�� 5�]5 7
�1� �\�3 �E M�+�� �$'4 ��# �#� .&
� ��7'�

�'�5�9 �� )'�9� ZO+1d� ���N�� -�E �/19 (�v/r)=�� �#�
]e^[.�
���� TiO2�� �'�5�9 -�E (� �/19 ��$4  (�5���/r

�'�5�9 �� 5 )=�� �'�5�9 723 F�
��	 -�E �)d� -�E
��
��%�(� �/$'Q�8 v/r)=�� �#� )$E)��"� �9 -M+� ���\ 

�'�5�9 ��+3 �#� ��i$� 5� &
� -�E .
-��3��5��3 ��7'� �'�5)
�8 �"�3 F5b �� �E(� ��+� �)0 

 ��</#� j5�9�9�)0 ��
( �-�E j5�9 �N1E�!/ �/No� �3 F5b 
�"�3 �)���� 3�-�+J �9�'�5�I �'�5)
�8 -�E -�E �/%+L-

-� �3 R
�7	� �]�� �L)% ��� ��%�# (� �� j5�I )�+%]ee[.
�'�5�9 j5�9 �)0 ��+3 ��O�3 �3 �]+� �3 &
��3�$3  (�5�� -�E

�� F�
��	 �3 �N�� ��$4 -��3 �"�3 F5b ��7'� �<L ��+�
�'�5)
�8 ��i$� -�E-�#�  �+3 �/"'3 ��$4  (�5�� .��

 �!
�] &'�( �/>�#SSZ W#�$� P
��% -��3 F5b �"�3 
�]�� -O�3 �'�5)
�8 �/%+L-�5B'*"� �� �/'$'�+3 -�1L��

�E��	 ��$4  (�5�� ��i$� �� �/>�# �#� .
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��w��'� �)�\(�3 ���
� �#�$% ���9 5 �#�$%�+H3 �H2� �tt

 ��7'�Al �]�� �3 7'� �'�5)
�8 D$# B$'�#� W'9�� �� 
�3 5 �#� 6��K �"�3 F5b�c$� �+J �"�3 F5b R
�7	� �3 

�� RE�9 )3�
]el[.�'�5�9 �� ��$0 &
� ��7'� F�
��	 -�E

{e/g.VS/g7
�'� �� 5Te/g.el/g�#� &
��3�$3 �/<L �*��$4 
�]�� )%-�'�5)
�8 �"�3 F5b (� �/"'3 ��$4  (�5�� -�E

�#� F�
��	.

��))���+1� )(� �/	�L�3]^S[(TiO2�3 �N�� Al2O3-��3 �'�5�9 ��}
��� 5 F�
��	 5 ��$4  (�5�� -�E-�\�}'�5�9 �}3 �}E )}$3�19 -�}E
 �H>�� 6�L�( �/'�+'	� &'Q�� �,3�3 ��% ��	�3 ��'"E� ��i$� B��% ���
� ��]��}> 6�L�( �/'�+'	� )$3�19 )�}�i$�-7}
�'� (&'}$y1E 5Izu-

Bonin Mariana (IBM)�South Sandwich forearc harzburgite)3(� �}/	�L� ]S[���}0 ��/}#��9 5) ��� (� �}E]^{[((��}c�W}'9�� 
�/'�5�9�	�N1E P';� �� �*'�+�+H8 5 ���"<"�\ -�E &'�( -�E��
�] B��% `5�</� �/>�#  ��A �/��(�3 -�E -�)CFB(���(�3 ��/"}8 -�E -�}E

 �#+��'A� ��'�)MORB(���(�3 ��#+��'A� �
�7] -�E)OIB(�'�5)
�8 �-�E ��i$� �3 �/�3�5-R���5�	 )SSZ (�'�5)
�8 5�/"8 -�E ��'� -�E
 �#+��'A�)MORB Peridotite.( 

��CD�'�5�9  �/�L �� ��$4  (�5�� -�E-9��`�N' �/'$'�+3 �'�5�9 5 �/�L �� F�
��	 -�EMORB �� ���A)��'L.
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)H]el ��1% �^����3 ^l{T �1'%+QY �'�5�9 7�Y 5-�E ��$4  (�5�� |J�$�)7
�'�(F�
��	 5�t�

�����& 
��H/�� -�E���+1� (�  ��</#� �3M+��'�5�9 � -�E ��$4  (�5�

�'�5�9 5 O�3 j5�9 5 &E\ M+� (� 5 ���N�� �3 F�
��	 -�E
�'�5�9 ���N�� -�E )���� �E�N% ��10 �'�+'	� �
O�3 �/#+8 -�

)�)%  ��� p'�"� O�3 j+'$'�+�\ M+� (� 5.�'�5�9-�E 
�/'�+'	� ��$� ��)$��+� (�  (�)L�'�5� -�E M�N%� �� &
+'��-
�'�5�9 F\ (� �$[ 5��)
)8 )�+% 5&
� P
��% �� ��$� P';�

 -�E��i$� �3 �/�3�5-R���5�	 ����)E� &
� �� ��
( 
�� ���	 ��+�  �!
�] +L B>�� �3  )�5�5�	 �N� (� )$��+�-

F5b �:� �� ���	 ��+� �+~K �� 5 )�+% ���5 �
O�3 �/%+L
�"�3�3-O�3 -����2
� j+
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