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1- Mid-Ocean Ridge 
2- Supra-subduction zone 
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5- Mid-Ocean Ridge Basalt 
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�Ao
4 �5	�/ J�MU&> �
6 �M�M�^?J��
@ �3�4� �/ J�M
$%? �4��/���I4.37"&3�I 4 @pI"
Sp7 J�M@�	 �&;
 �%��6� 

�3�4� Q32=  @6 |7Q/��  G"�5>� �M W
 �/ �0A�� W3	�� J

6- Impregnated dunite 

�5	.A Q2?%�6 .�3�4��3�4.I 9�/R3� J�M���^�6 J�M �� J6
�	�/ R3� 9�0C �3�"3	6 9�=� $��/4� J�4��/ @6 QD�Y J�M

�� %&M�]��[.�
"�  $%
%7 �
6 �235�S vY�^� �� $%&&I J
�3�4.I Q32=  e&I64 .~6 ./ �M�0A��8�5?"A U&> �>6 J6.
$�"  �E./ J�M �5
S�"/@��M �3 4%
.7 �/ R3� �53�4.I

 �"H4 �
S�"/@��M 4 ���[ �3/ JR3  $�A��"E./ 4 $%? ���/R3�
 ��6%�)Q2?�.
4�u  �4�.(�3�4.I �� J�M$�" 6J$@6%�6 J

W  ��6� %Y �� a�V6 �3�4.I J�M�� �.52�"I 4 .5� ��3� 
Q2? 4 �>6 9[ @6�/ 4 �6%�2? �03� 9"�0M ���5�� J�M 

�� 9�=� �A%?�.A ��~[ �/ Q2?%&M�)Q2?�.
"u  z.(��
�3�4.I ��&
6�5	.A �6.O :I6.5� N�"D �/ ip��I �M �/ 4 %�6

 @6 e3/ 9�6� ��u5E6��J�X	 ��"E �/ U&> �0hY %D�� 
� �23�3> J�M@�	 �"XY J6./ �I%�6 J�"�/ �3/)�35��7.> (

�� J�H./ %��6�A .�3�4.I ��/ R3� 9�=	6 J�M��
� N�"D �-
JS"�"	�"� Q2? �/ 4 �6%�2? �03� J�Mt�> J�M 4 !6�%M

9[ �?"A !6�%M �� $%
� �6� $@6%�6 �I %�"? @6 .50I �
�M�
��3� @6 e3/ �  .5����3� %��6� .5� .�� �3�4.I :hY

�3�4.Ie3/ �
 .50I �/ �>6 �20� 9�=	6 J�M @6 . ��%D�� 
�� �I %>./�3/ J�X	 ���I 3> J�M � �23�)�/ 4 �
"3�6 a�V6

$%? �535>�/ ��I4.37" �6 .50I �6%�� ($%? $%&I6.7 %�6 .
�3�4.I �/ �>6 �20� �h
�%  ���Y W
 �� 9�=	6 J�M

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

02
 ]

 

                             4 / 10

http://ijcm.ir/article-1-445-en.html


%�H)($��0? �*9�5�/�  �),(' �23��&
�"dS $�<5>�E 4 �03?"dS ��
6.`D �/64� . . .�z�

�3�4.I J�M$�" 6J%&/�
 .33�  .�3�4.I �/ �b4�"� J�M
��6� �	�/ 4 J"X3/ �
 J4.I �53�4.I J�M .50I J�6"� J�M

�� $%
� %�"? .

�>?
�%�3�
�	�	� 
�3�4.I �
�303? a3I.  !4%H �� �M��>6 $%
�.A �d6�6 .

$.5�A ��I �"r �/ �
�303? N6.33� %��6� �I%�6 J.�6%��
TiO2$.5�A �� �3�4.I J@6 4 �>6 �53�"3	6 J�M*/'%D�� 

�0� @4�h  ��@4 %&I)wt.%)-/'8'-/') (Q2?,8*.($4pC
B4.I �/ ��
��� �� �
6 ./8Q&3Z>6 MJ�H./ J� 94�� $%���

�3 4%
.7�5?"A J�M J6)wt.% '-/'8')/'TiO2=(]�[�� �
$�"  �53�4.I J�MTiO2N6.33�  $.5�A J6�6� 4 $�"/ . b�/ 

�>6 � 4��5� .J�H./ $�<5>�E �A��> �/ �"5I�	 �
6 6� $%���
�� ���$%&M� 9�=� �h35� �� 4 �%&I �
�0A�� $�<5>�E J
�3�4.I�>6 �M .33�  N6.Al2O34Cr2O3�3/ a3 .  �/ 

(/*_ �  1)/,' 4'+/,( �  ,*/+,%&5�M ��@4 %D�� .b�/
 �6%�� 9�"/Al2O3�5=�� �
6 $.5�A �� 6� �M�3�4.I JJ�M

���^�6 \"� J6Al8�� �6.O b�/ %M� .}�>6 �30M ./Cr#)Cr# = 
Cr×100/(Cr + Al) ( �/ .mI6%Y 4 �5?6%� �
b�/ 96R3�

1_/_)��%>�)1_/_) 81(/+( .( �6%��FeO 4MgO 
a3 .  �/ ���[ ��@4 %D�� 4 %��6� �I%�6 N6.33� _(/), �  

',/)_ 4+)/), �  1c/)+ 4 %&5�M Mg#)Mg# = Mg × 
100/(Mg + Fe2+)(�3/_/c) �  '-/cc�>6 .�6�"0� ��Cr# 

J4�Mg#�3�4.I R3� $.5�A �� �M�3�4.I J���^�6 J�M J6
�5	.A �6.O)Q2?,8)(�I �^3I.  N6.33�  �^�� �/ 4

�3�4.I���^�6 J�M �� 9�=� J6 %&M�)N6.33� Cr# �4%Y @6 
*' �  1'(���3� a3I.  %��6� J6 .�^�� �3&�0MCr/Fe . b�/ 

@6*�>6 )c-/*8+)/*Cr/Fe =  .(]E�? �/ �H"  �/ 6�� �
�M
�3�4.I �./��I �� �I��"� �M Q3�%/ �>6 .P�Cr2O37�3
�
 JS�"��5� n
�&D J6./]J.AR�	 [�^�� .r��/ 4 $�"^� a>�&�

Cr/Fe �30M �/ 4 ���3� �
�303? n
�&D �� $���5>6 ��"� b�/ 
%��./��I Q/�O @"�� n
�&D J6./ Q3��.

A�"B,$�6� R3���[ J�MG@6�.7 R
��3�4.I .a.p.f.u }�>6 ./,4 9"3 �I +9"3�[ .�^>�`�Fe2O3G4� �/ ]��[.
Sam. 40-40-1 40-40-2 
Loc. N″,,/'c′)1°,)E″_-/,1′+'°c' N″-,/'c′)1°,)E″_1/,c′+'°c'
Min. 1sp1 1sp2 1sp3 1sp4 1sp5 1sp6 1sp7 1sp8 1sp9 1sp10 2sp4 2sp5 2sp6 2sp7 2sp8 2sp9 
SiO2 ��/� �z/� �z/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
TiO2 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �z/� ��/� ��/� ��/� ��/� �z/�
Al2O3 ��/�� z�/�� �z/�� ��/�� z�/�� ��/�� z�/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� �z/�� �z/�� �z/��
Cr2O3 �z/z� ��/z� ��/z� z�/z� ��/z� ��/z� �z/z� ��/z� ��/z� ��/z� z�/z� ��/z� z�/z� ��/z� �z/z� ��/z�
Fe2O3 ��/� �z/� ��/� ��/� ��/� z�/� ��/� ��/� ��/� ��/� ��/� ��/� �z/� ��/� ��/� ��/�
FeO ��/�z ��/�� ��/�z ��/�� ��/�z ��/�� ��/�z �z/�z ��/�� z�/�z ��/�z ��/�z ��/�� ��/�z ��/�z ��/�z
MnO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �z/� ��/� ��/� ��/� ��/�
MgO z�/�z z�/�z ��/�z ��/�z ��/�z �z/�z ��/�z �z/�z z�/�z ��/�z ��/�z ��/�� �z/�� ��/�z ��/�� ��/�z
CaO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
NiO ��/� ��/� ��/� ��/� ��/� �z/� ��/� ��/� ��/� ��/� ��/� �z/� ��/� ��/� ��/� ��/�
Total ��/��� ��/�� ��/�� ��/��� ��/�� z�/�� ��/��� ��/��� ��/�� ��/��� ��/��� ��/�� ��/�� ��/��� ��/�� ��/���

Si ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�
Ti ���/� ���/� ���/� ��z/� ���/� ���/� ���/� ��z/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�
Al ��z/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� �z�/� ���/� ��z/�
Cr ���/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�

Fe3+ �z�/� �z�/� �z�/� ���/� ���/� ���/� ���/� �z�/� �z�/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�
Fe2+ ���/� ���/� ���/� ��z/� ���/� �zz/� ���/� ���/� �zz/� ���/� ��z/� ���/� ���/� ���/� ���/� ���/�
Mn ��z/� ���/� ���/� ���/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ��z/� ���/� ���/�
Mg �z�/� �z�/� ���/� ���/� �z�/� ���/� ���/� �z�/� ���/� �z�/� ���/� ��z/� ���/� ���/� ��z/� �z�/�
Ca ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�
Ni ���/� ���/� ��z/� ��z/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ��z/� ���/� ���/� ��z/�

Total ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ��z/� ���/� ���/� ���/� ��z/� ���/� ���/� ���/�
Cr# ��/�� ��/�� ��/z� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� z�/�� ��/�� ��/�� ��/�� ��/�� ��/��
Mg# ��/�z ��/�z ��/�� z�/�� ��/�z �z/�� ��/�� ��/�z �z/�� ��/�z z�/�� ��/�� ��/�� ��/�� ��/�� z�/�z
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���I�> ��&3�6 �J�4b� 96.
6 �>�&? ���I 4 �>�&?�"�/ ��h� �z�

,( 0(

�
��� A�"B,
Sam. 4-41 

Loc. N″��/��′��°��E″��/��′z�°��
Min. 2sp10 3sp2 3sp3 3sp5 3sp6 3sp7 3sp8 3sp9 3sp10 3sp11 3sp12 3sp13 3sp15 3sp16 3sp17 3sp18
SiO2 ��/� ��/� ��/� ��/� ��/� �z/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
TiO2 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al2O3 ��/�� �z/�� ��/�� z�/�� z�/�� ��/�� z�/�� �z/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/��
Cr2O3 ��/z� ��/z� ��/z� ��/z� ��/z� ��/z� ��/z� ��/z� ��/z� �z/�� ��/z� ��/z� ��/z� ��/z� ��/z� ��/z�
Fe2O3 �z/� ��/� ��/� ��/� ��/� ��/� z�/� ��/� ��/� ��/� ��/� ��/� ��/� �z/� ��/� z�/�
FeO ��/�� ��/�z ��/�z ��/�z ��/�z ��/�z ��/�� ��/�z ��/�z ��/�z �z/�z ��/�z ��/�� ��/�� ��/�z ��/�z
MnO ��/� ��/� �z/� �z/� ��/� �z/� ��/� ��/� �z/� �z/� ��/� ��/� ��/� ��/� ��/� ��/�
MgO ��/�z z�/�� ��/�� ��/�z z�/�z ��/�z ��/�z ��/�z ��/�� ��/�z ��/�� ��/�� zz/�z z�/�z ��/�� ��/��
CaO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
NiO ��/� �z/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �z/� ��/� ��/� ��/� ��/� ��/� ��/�
Total ��/��� ��/�� ��/�� ��/��� ��/��� ��/��� ��/�� ��/�� ��/��� ��/�� z�/�� ��/�� ��/�� ��/�� ��/�� ��/��

Si ���/� ���/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/�
Ti ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ��z/�
Al ���/� ���/� ���/� ���/� ���/� ���/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�
Cr ���/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ��z/� ���/� ���/� ���/�

Fe3+ ���/� ���/� �z�/� ���/� ���/� �z�/� ���/� �z�/� ���/� ���/� �z�/� ��z/� ���/� ���/� ���/� ���/�
Fe2+ �z�/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� �z�/� ���/� ���/� �z�/� �z�/� ��z/� ���/�
Mn ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/�
Mg ���/� ���/� ���/� ���/� �z�/� ���/� �z�/� ���/� ���/� ���/� ���/� ���/� �z�/� ���/� ���/� ���/�
Ca ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�
Ni ��z/� ��z/� ���/� ��z/� ��z/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�

Total ���/� ���/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/� ��z/� ���/� ���/� ���/� ���/� ���/� ���/�
Cr# ��/�� ��/�� ��/�� ��/�� �z/�� ��/�� ��/�� ��/�� ��/�� ��/z� ��/�� ��/z� ��/�� �z/�� ��/�� ��/��
Mg# ��/�� ��/�� ��/�� �z/�� �z/�z �z/�� �z/�z ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/��

<�� C�8�8�6�"0� Cr# J4� Mg#�353�4.I �� �M.�8�"0� �6TiO2J4� Cr2O3�353�4.I �� �M.�M�6�"0� ]��[$%? }�^5O6 %�6.
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%�H)($��0? �*9�5�/�  �),(' �23��&
�"dS $�<5>�E 4 �03?"dS ��
6.`D �/64� . . .�z�

D	
��$ E�����F�� %�3 G	����+�H.�I "3��� � %� 
�I �>6 �
6 ./ �"u �3�4.I @6 �M�M�0A��J�=
� �=�/ 

%&?�/ $%? �"�^5� ��5?"A @6 �5	.A ]ipm���[.a3I. �0A��J
!.5&I J�M�"5I�	 �
.50�� @6 �2
 ���� �3�4.I �03? $%&&I

�>6 .4 ��� ���=	 9"�0M �2
R3	 �
6.? $4p;/�53>�A"	 
%&?�/ �5?6� .3~�  �3�4.I �03? J4� �>6 �20� 9o3�I6 

])(8**[.��3�4.I �
�303? a3I.  }�>6 ./ �96%&/ 9%;� ��
 �3M���0A��J�>6 �5	.A �6.O �>�./ ��"� ���� .�
6 ��

%? $���5>6 .
@ �/64� @6 �&3�@ .]��[:

(1) (Al2O3)2.42
melt (wt. %) = Al2O3spinel (wt. %) / 

0.035

(2) Ln (FeO/MgO)melt = ln (FeO/MgO)spinel - 0.47 + 
1.07 ×YAl

spinel -0.64×YFe3+ spinel 
YAl

spinel  = Al/ (Al + Cr + Fe3+ )
YFe3+ spinel  = Fe3+ / (Fe3+ + Al + Cr) 

�T/6� @6 $���5>6 �/J))(�6%�� J4� @6Al2O3�� 9[ �6%�� �
�0A��J/ ���� ��� �>� �T/6� �� 4 %
[J)*(�^�� R3�

FeO/MgO �0A�� QD�Y �3�4.I �� �^�� �
6 J4� @6 
�� �"? .96R3� }�>6 �
6 ./ Al2O34�^��FeO/MgO 

�0A��J�4%Y a3 .  �/ �3�4.I ����� )_� )c4 ��@4 %D�� 
)/)� */)�>6 .Jb�/ i�5^�� 96R3�Al2O3�^�� 4

FeO/MgO W
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10- Magma mixing 
11 - Magma mingling 
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