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7��T*! " 7�%�*+ P/\: (� )-#�� �-�(�4U?, �+ �( � 4
$
/��!�)0 �� A�� �,���/: 1 %-��/� ��( 4
$6': �� �, �	�� P

�6K#(?1
"# �O�! ��7��T*! ��  � J4� $ ��(8
-K: �
P
%-#-�( .�( *� %1SO 4
�$4:�( r-�(T $�+1*�,?� ��W"�  �( 8

7��T*! " 7�%-��/� )4}� )-#�� 1 -�(!1 �� P��+ �4U �>?
7!�� �= �
8&
%-# $-�( .�	�� �� �=4: ���,?(
*~( �� %-#��I

��!*5����+ ��( ���;  4
�1� �� $ ��,?� �1*+ )��8 ��,?
!�*� ��4��� ��'� ��( �+ �4#
� $�1 �� �, �� %(*/, 8

�
*T *&
:1- ��,?~�: �\: ���W"�  -T *
%-?7��T*!  " 7�-
�7	*5 �(*A )-#��/: 1 -�(��( 4
$�,?�1(  � �( � �7	� $-�( .

(
1 -,(4# $L�� M-#?7��T*!  " 7��1� �� )-# ��,?
� �1*+ )��8 7 �)�'� ��,%-",�?&7��(1 �)0�,e�0 J4� �� �

�!(g�
(*7��T*!  " 7��,�����+ �� )-#?e�0 J4� �G*7�5 
�
��?��(� ]o[.*� %1SO��+ )(1(*	 G*7�5��,?7��T*!  $

�1� �� ��,?
%-# ��3��: �� �( �,
��+ *&��,?4��~ 
-"7�, �
� �� �+ �(1(*	 )(8��� ��  1� 1 �"?��+ ��,?7��T*!  -#� �$

%�*+-�( �(1(*	 �>O �� 1���� -"�(4:��4`"�T�4=�
1%*��
�(�*�?�-2� �5 �(*A �=4: ��4�  -�*.

���� �"����,���
����������������
��	 
��*5�1*+ 7 ��,?��4� !�*���1( �a�! 1 �	�� � �?�4a 

� �1-V �: (�
��?%�(� �!� �( �-�(�1�+*:  # � / ��
)0�,
���'� 1 %�4� %��]7!( P��A �4",?%�&7!�a ��/5��
(*�?)0-

�!�,.�7� 
���0 � �1*+ 8 ��,?�0 %8?	( �4 7��� �	�� 
@1-=�%-# %�(� )�'� ( �� �6��"� 1 -�(
� @1-= $
� %-�-

��4#�1*+  ��,?�1*+ �� �4=4�  7 ��,?��W"� �J4� �( 
�1*+ "; ���(Cr -"7�,g�4U ��?�+� &�� $Cr2O3��

 *�(*� ���0X/C� 1 -N�� � �&� $Cr# *�(*� XY/��+ �!(
� )�'��-,� �++*:  )0 ��,���'��1*+  ��,?�-2� ��!( .

a*��1
5f��,?# / ��
)4�/, � L�� )(8?TiO2��
��4/��,?�1*+  7 7��)0 �>2: �1*+ �� (� �, ��,?�4>K7� 

�4� �( %-# " � )�'� ��-,� .�K�� �(�4/� �� TiO21Cr# 
)P6#���((�O> ( 9;*
$e!( �+ P"�,?�� �4=4� 

*T
:1- ��,?%*7�5 �� ���W"� ?*T
:1- ��,?�:��(*A %-#
��5 �1 g-�*���/: ���4/� �,?�1*+  7�� ��  )(-�4� " �

� �(*A�5 -�* .*��"��O %-?]���  �>7�� $)(*�?@��� :Zhou  
)(��6/, 1]��[(e!( P"�,�
( �� �+ 
� $ � wA(1 )(-��-�4#

���( -"�(4:%�(-5�,?�4�  " 7�-"#�� %-# �4>K7� .�(�4/�
Cr2O3�� �K�� Al2O3)P6#�<(� 1 P6# 8�,?C��(1

C<� 45 8
�?(
�!( ����� $�1*+ �+ 7 ��,?��4� ��W"� 
!�*����T J4� �( 
H*])e�0�(1 %�4� %�(-5 �( RL�/7V((?��
+*: K��4�  " 7�%-# �4>K7� -�(.��/: ����,�(�4/� ?
�%-#�� 

%*7�5?+*: K�e!( P"�,?�� �4=4� �1*+ 7 ��,��( RS��+ 
%*7�5?��4����, 
�,��/7� 
8�!( ."� $1
5f��,?

# / ��
� �!( $6/�  �+ -#�� )0 *&��
(*	 3
; ��a -" *
<1b �('���Z"! �,?� �� �)��8
7��6': ��  �1*+ P 7 �-

�,?(
W"� $a� �� -#�� P.(
(*	 $
�"+(1 RL�/7V( �-"
Z"! �%�(-5�!( )0 ��~0 Q�	 �*^�V @�V �� �+ � (���� )(4:
M�4N��+ �>7�� J(4�( �4=1 ��,?e!(  Z"! �� P"�,

�*+ %-,�'�.
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?-/V( �?-/\�)(* �� ��4T )(*
( �!�"# ���+ 1 �!�"#�4>� �>I� yxy

G�%� 4�7�
8I: �
��
%-�1�+8?�1*76�( ��1*+  ��,?�� �4=4� �1*+ 7 ��,?�0 %8?	( �4 7��	�� )8I:
��,?��4/� �� �7��(1 �,?BT06-

41 Q!4: Shafaii Moqadam )(��6/, 1]x[�: �!( %-# �.(
samples CH19 CH20 CH21 BT06-41 BT06-41 BT06-41 BT06-41 BT06-41 BT06-41 BT06-41 BT06-41 BT06-41

SiO2 ��/� �y/� ��/� ��/� ��/� �Y/� ��/� �Y/� ��/� ��/� ��/� ��/�
TiO2 �y/� �X/� ��/� ��/� ��/� �X/� �y/� ��/� ��/� �C/� ��/� �y/�

Al2O3 CX/X �y/� Y�/X ��/x XY/x Xx/x �X/x �C/X Y�/X ��/X ��/X �Y/x
Cr2O3 yX/CY �x/C� x�/C� ��/CY X�/CY �Y/C� Y�/C� C�/C� ��/CY ��/C� yx/C� y�/C� 

FeO (T) �C/�y ��/�y Cx/�y �x/�Y ��/�y XC/�y �x/�y �y/�� ��/�y �X/�� Y�/�� YX/�� 
MnO �x/� ��/� Y�/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
MgO �Y/�� ��/�� �Y/�� ��/�Y C�/�Y CC/�Y xy/�Y y�/�Y xY/�Y xx/�Y C�/�Y ��/�Y 
CaO �Y/� ��/� ��/� ��/� ��/� ��/� �y/� ��/� ��/� ��/� ��/� ��/�
NiO ��/� �X/� �X/� ��/� �X/� �x/� ��/� �y/� ��/� ��/� ��/� �X/�

Totals *X�/��� *Y�/��� Y�/��� �x/��� �y/��� yy/��� �C/��� YY/��� yx/��� XY/��� �X/��� �X/��� 
Oxygen p.f.u y y y y y y y y y y y y

Si ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al Y�/� Yy/� Y�/� Y�/� Y�/� Y�/� Y�/� Y�/� Y�/� Y�/� Y�/� Y�/�
Cr �x/� ��/� �x/� C�/� C�/� C�/� C�/� C�/� C�/� C�/� C�/� C�/�

Fe3+ ��/� ��/� ��/� �y/� ��/� �x/� �x/� �C/� ��/� ��/� �X/� �X/�
Fe2+ ��/� ��/� ��/� Yy/� Yy/� Yy/� YY/� Y�/� Yy/� Yy/� Yy/� Yy/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg x�/� x�/� x�/� CC/� CC/� Cx/� Cx/� C�/� Cx/� Cx/� CC/� CC/�
Ca ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ni ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

tot.cat. Y Y Y Y Y Y Y Y Y Y Y Y
Mg# Cy/� C�/� C�/� CY/� CY/� C�/� C�/� C�/� CY/� C�/� C�/� C�/�
Cr# XY/� X�/� Xy/� Xy/� Xy/� Xy/� Xy/� Xy/� Xy/� Xy/� Xy/� Xy/�

Cr# = [Cr/Cr+Al]                       Mg# = [Mg/Mg+Fe]                    FeO(t)= FeO + Fe2O3 
*� L�� )(8?�+( J4/I�  ��4/� �� �,-�,?CH19 1CH20�� �� RL�/7V(  �Wa P?���0 
�!( �.

3/�H��(:i:  M(*TiO2�� �K�� Cr#e!( ��  P"�,?�0 ( %8	 �4 7���/: �+ �	�� ��1*+  ��,?%*7�5 �� ��W"� ?�4�  " �� �(*A �,�-
5 -�*.%*7�5?�4�  " ���(��� 1 �,�,?�7#� �,?� )�A( !4���)MORB (�(Dick & Bullon]��[1Arai ]�Y[%*7�5 1?*T
:1- ��,?

-#
�: R(-��: 1 %-#��( %-#Jan & Windley ]��[�!( %-# �7	*5.<:6]:  �1*+ 3 7 ��,?��T 
:(*7!( 1 H*] �(-�� �( %��]7!( �� H*] 
Cr2O31Al2O3]�C.[(
� )�'� �(�4/� $��1*+ �+ -,� ��,?�0 %8?	( �4 7�; ��	��  L*
�(?��T J4� �( 1
-"7�, H*].
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->= ���%��/# Y�T8 
��Y�� � 7 �1*+ �
� / #4h� 1 �7	�� � /,(%8 �0 �� �4=4� ?�,�7 �4 	( ?. . .yx�

3/�I��(:�(�4/� Mg# �� �K�� Cr#)�'� �+ &7��(1 %-",��*+�1 ��,?�0 %8?	( �4 7�e�0 J4� �� �	�� ��!( .%*7�5�,?�7��(1 �� 
*T
:1- ��,?J4�e�0 �d6>e/+ ��,?L
�(?*T 1
:1- ��,?�0 �( @��Dick & Bullen ]��[�!( .<:�(�4/�Mg# �� �K�� Cr#]��[�+

� )�'���1*+ -,� ��,?�1*+ -"��� ��W"�  ��,?	( �4 %�(-5 �( )�/O �(?+*: ��  �4� � " 7�%-# �4>K7� -�(.)��SO�,?�7	*5��6� -"��� %-#
 P6#�-"7�, .(

JK���@�� 
:����� �%"#�  �
�������� �������
��	 
a*� �( %��]7!( ����,*7�(��T ?T ���"'?�)(*&',1fT Q!4: 

�1-V �:?��+*: �� )(4: �/5�� �?%-���! ���� ?"!Z�,
T��*� .��+��,?�1*+  �( 1 � 4
�a�# �$�,?Z"! (��


�� !��V ���-"7�, +*: �( %��]7!( �� �+ # � / ��
)0��,
��,�� �� )(4: # � / ��
�/5�� ?T ���� ��*�]����..[��
(
!�*� $�)0 �( ��4>� �+ �=�,?�( 4
�� $� �( P��+ �4U $

�7	��1*+ 1 -�( ��	 ��": ���T
�(-?+*: �+ �!(  # � / ��

i: �)0  �(-"� *�2! (�� ��!( %�*6� �-#%�( %��]7!( �� �: 

+*: # � / ��
�1*+  # �� /��/5�� ?%-���! ?Z"! �,?
�1*+ 7 7��1-V �: ���W"� ?��!��� ?�4# .

�\� �� �6��"��,?>KA ��/5�� �-# )(4"O ?%-���! ?
�1*+ 7 ��,?�/5�� ���W"� �
�KU � �4� �2 " 7��( 1 �!( 
	*U�L�� �(-�� ?Cr#�1*+ ��  �)�'� ��,%-",�?)0 �4>K: 

�(
�/5�� 3?�4�  " 7��!( ]�p[�1*+ ��4� �� �+ 7 ��,?
!�*� ��4� ��W"��( �
� �-N �>s�� $�-"+ .�O RL4/2� *� %-

(
�4� �+ �!( $ " �-# �7#45 �( �,
�: R(-�� 1 %-#
�(-5*?
�4: � -�%��# �� �+ -�4#�!( %-# ����*5� �, .(
%��# $�,?
";��(Cr 1Ba� �( 1 %�4�  %-# �(�0 1�1*	 *]!47 -�(]�l[�( g

� c*U
�,�/5�� *&�
�,�����+ ���� �+ ?�1*+  7 7�e�0�
�� �-"#��
( -"�(47� �: -"#�� J�K#( <0 �( -
(� �,�����+ J4� $

-�����]�j.[!�*� *��"���,?Irvine]�k[� 1 8Zhou  1

)(��6/,]��["� � %�(-5 $�,?�7#45 (?� ��;0 �� ��-"�(4:
�( 4
�1*+ de! 1 $ 1 -���! �4>K7� (� �
�� �"+(1 *~( �� �
*T
:1- ��,?%�(-5 �� �S7a( 1 �7#45 �,?>\:  P
�7	� �*:

+*: 7/! �� )�'K�(-, 
�1*+ �+ �4# � ��": )(4"O �� �
��+��( �0 �4=1 �� ���0 
-.

(*�?�K!�\� ?�(-�� Al2O3�/5�� �� �4=4� ?%-���! ?
�1*+ 7 �� ��,�@4�*	 �( )(4:Maurel & Maurel]�m[

�*+ %��]7!( .( ��
� �( @4�*	 $ )(8Al2O3�1*+ �� �4=4� �
�!( %-# %��]7!()�W�(�?�(( 1
� $ � )(8��a�# -�(4:

"s/W��(*� ?+*: ��1(*�  %�(-5 �?�1(  � g-#�� �
�(1(*	 (*�
Al2O3�1*+ &7�� ���+*: ��  2��: �4a �+ �7#(� %�(-5 ��

�=�� ���� ���'	 �(?<1b '���+*: 1 ��	 �?# 1 / ��

6': %�&7!�a P%-",�?� %�(-5 �-#��]��.[

�W�(��:
Al2O3 wt% chromite = 0.035 (Al2O3 )2.42 wt % liquid 

(��(*A ��� )� )(8Al2O3�1*+ �� �4=4�  ��,?�0 %8?
	( �4 7��W�(� �� �	�� ?��(-�� �Al2O3%�(-5?�1(  �

�1*+ %-���! 7 ��,?!�*� ��4� ��W"� �� $k/o�:��/�� 
� �!� ���0
-)� )(8Al2O3�1*+ ��  �� �, $p./��:

.l/o�!( (( �+
��(-�� $�}�'�%�(-5 �,?�4�  " 7�!(�
)@1-=.(� g
(*Mg�( �� L��  4
$)~Fo95(�Cr �� L�� 

�1*+ �)Cr#~80 (� 1 )(8Al2O3� $��/o�:�k/�� 
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?-/V( �?-/\�)(* �� ��4T )(*
( �!�"# ���+ 1 �!�"#�4>� �>I� yxC

 �-N��7#*!�%�(-5 �,?�4�  " 7�\� ��  Q�,?'�(�1*	*�( �
)$'+(-��!(*T4!(-"7�, ]�o.[@1-= ��.+*: � �1*+ � �-

�,?	( �� �4=4�  �4 �Tehuitzingo ].�[� (*� 8?��� 
��
�!( %-# %�(� )�'�.

L��# M�&�
������� ���!��� �!"!0 � ��B� ��� 

��	 ������� ����� �� ��� 


6�@(4! �( �,?!�!( ��1*+ ��4� ��  7 �\� ��, 6': Q P
�!���0 ./, �� �� $ ]��� �P 2! ��>7�� $�%�*+ *� �+ -�(

��W"� �� �4=4� -,(4# _�!(?!�*� ��4� ���4a 1
�� �
%�(� �( %��]7!(�,?# / ��
�� � $7a�!�7	�� ��7a�! 1�

�1*+ 7 ��,4&�( ��7�� ���� �� �,?�� $7a�!�\� 1 Q-
�,?N�a �(*� (� ?�1*+  7 ��/� �h(�( �,
-")-"���Zhou  1

)(��6/,]��.([( ��
2! �I"�����4=4� M�OSU( �� �: �4#
\� �� Q $7a�!��1*+  7 ��,?!�*� ��4� �	�� ��(*A 
5 �*.

%�(��,?# / ��
8I: �( PN�V 
�1*+ � ��,?)�'� �	�� 
���1*+ RL�/7V( �+ -,� 7 ��,?(
�� ��W"� $
\� 3 Q

%-# P 6': �'�(�1*	*�(-�( .*7�(��T 1� �( %��]7!( ��Cr# 1
Mg# P6# �� m��(�� ��'� P 6': P\� �+ �4#

� :1-
*T��W"� ?�,���W"� 3
 ���/: 1 �!( �'�(�1*	*�(
� 7 �1*+%-# �4>K7� �7 " �4� %�(-5 3
 �( ��W"� ?�,-�( .

9, �(�4/� �� $ "� P6#x<)0 �� �+ �K�� �( %��]7!( ��
Al2O31TiO2� �1*+ �� �4=4� ��,Q \� ?�,�'�(�1*	*�( 

1<�4� )MORB (%-# 3 6]: 9, �(-�( ]��[P 6': Q \� �
� 7 �1*+�,*� �KW"� ��!�*� ��4� ��W"� ?Q \� 
� :1-
*T )1� ?�,�'�(�1*	*�( �!( .�(�4/� ��m�8 � 

� �1*+ � +*:� ?�,!�*� ��4�%*7�5 ��?�^4V r*7'� -
?4>= 1 _4A �'T ?_4A �� �(*A�* 5.

1 -,(4# ���/: ?�,�(�4/� L��)P6#C1x()�'�%-",�?
� 7 �1*+ P 6': �( ��W"� ?�, �+ �!( �7 " �4� ?�/5�� 3


 �� )1��'�(�1*	*�(%-# P 6': -�(.��� *`��\� �+ -!� Q

'�(�*�(�_4A �'T �)back-arc basin ( ��W"� �� �-#��
4>=?� �_4A 
+*: ��*5( (* H1*+ �e!( P"�,?�� ��W"� 

�(�4/�x�%*7�5 �� ?�^4V r*7'� ?4>= 1 _4A �'T ?
� �(*A _4A�5 ��( ��*�O *� �"�  %-Dick 1Bullen]��[�

� )(8Cr#H1*+ �� �4=4� e!( P"�,?*T �� �7��(1 
:1- �-
�,?4>= ?� �_4A  ��( *:C�/�7V 1 %�4� �L�� �: ?X�/�
����V �� �-!��( �+
� $ H1*+ �� )(8e!( P"�,?�� �4=4� 
*T
:1- ��,?!�*� ��4� �9+ ��( *:C/��!( ].�[	*U �( g�
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