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SiO2 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
TiO2 �[/� �[/� ��/� ��/� ��/� �[/� �\/� �[/� �\/� ��/�
Al2O3 �^/�]  �^/�]  [[/�]  ��/�]  [\/�]  �[/�]  �]/�]  \�/�]  []/�]  \]/�]  

Cr2O3 h�/\�  ��/\�  h�/\�  [�/\�  ��/\�  �h/\�  �]/\�  �h/\�  ]^/\�  ��/\�  

FeO* �[/�\  ��/�\  �]/�\  �]/�\  ��/�\  ��/�\  [[/�\  ��/�\  [�/�\  [h/�\  

MnO ��/� �[/� �]/� �]/� �[/� �\/� ��/� ��/� �^/� �^/�
NiO ��/� ��/� ��/� �[/� �]/� ��/� ��/� ��/� �[/� ��/�
MgO ]�/�[  ��/�[  ��/�[  �^/�\  �h/�\  �]/�\  ��/�\  �^/�\  h�/�[  h\/�[  

total ��/���  �^/���  ��/���  \�/���  �[/���  ^]/���  �[/���  \�/���  h^/hh  \�/���  

�$-��8 e�)� �= �?[2 ��-�8� +Fe3����1� e�)��= ]��[ /+ �O)�s��)� .
Al ^�/� ^�/� ^�/� ^�/� ^�/� ^�/� ^�/� ^�/� ^�/� ^�/�
Cr �]/� �]/� �^/� �]/� �]/� �]/� �]/� �^/� �^/� �]/�

Fe3+ �h/� �h/� �h/� �h/� ��/� �h/� ��/� ��/� �h/� ��/�
Fe2+ ��/� ��/� ��/� ��/� ��/� �h/� ��/� �h/� ��/� ��/�
Mg ^�/� ^�/� ^�/� ^h/� ^h/� ^h/� ^h/� ^h/� ^h/� ^�/�

Mg#1 ��/^�  ��/^�  ��/^�  ��/^h  ^�/^h  ��/]�  ��/^h  ��/]�  ��/^h  ]�/^�  

Cr#2 h�/^^  ��/^]  ^�/^^  ��/^]  ��/^^  ��/^]  ��/^^  ^�/^^  \�/^^  ^�/^^  

Fe3+#3 ^^/[ \�/[ \h/[ [h/[ ��/[ ]�/[ [�/[ [^/[ \[/[ �h/[
1= Mg# =[100 Mg/(Mg+Fe2+), 2= Cr# =[100 Cr/(Cr+Al)], 3= Fe3+# =[100 Fe3+/(Fe3++Al+Cr)] 
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SiO2
��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

TiO2
�h/� �]/� �]/� �h/� ��/� ��/� �]/� ��/� ��/� �]/�

Al2O3
[�/��  �[/��  ��/��  �^/��  ��/��  �^/��  ��/��  �]/��  h�/��  ��/��  

Cr2O3
^�/\[  \[/\[  \\/\[  \[/\[  ��/\[  ^�/\[  ��/\[  ]�/\[  ]\/\[  \[/\�  

FeO* ��/��  �h/��  ��/��  ��/��  ��/��  [�/��  �h/��  �[/��  ��/��  ��/��  

MnO ��/� ��/� �h/� �h/� ��/� ��/� �[/� �h/� ��/� �h/�

NiO �[/� �\/� ��/� �h/� ��/� ��/� ��/� �[/� ��/� ��/�

MgO \]/��  \�/��  ^\/��  ��/��  ^[/��  ^]/��  ^]/��  ^^/��  \\/��  ]�/��  

total �]/���  ��/���  �]/���  ��/���  ]]/hh  �h/���  ��/hh  ��/hh  ��/���  �]/hh  

�$-��8 e�)� �= �?[2 ��-�8� Fe3+����1� e�)��= ]��[�)�  /+ �O)�s� 

Al \�/� [h/� [h/� [h/� [h/� [�/� [h/� [�/� [�/� [h/�

Cr �^/� �^/� �^/� �^/� �^/� �^/� �^/� �]/� �]/� �\/�

Fe3+ ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe2+ �^/� �\/� �\/� �\/� �\/� �\/� �\/� �\/� �^/� �[/�

Mg ^[/� ^[/� ^[/� ^\/� ^[/� ^[/� ^[/� ^[/� ^[/� ^\/�

Mg#1 h�/^�  ��/^[  ��/^[  h�/^[  \�/^[  \�/^[  ^�/^[  ^�/^[  ��/^[  ��/^\  

Cr#2 ��/]�  [�/]�  ��/]�  [�/]�  [�/]�  ]�/]�  [�/]�  ��/][  h�/]�  ��/]�  

Fe3+#3 h^/\ [\/^ ��/^ [�/^ [�/^ ^�/^ \�/^ ��/^ �^/^ ��/^
���2�o2/Z �=�"� ���/+�=.



/%Zz{ ��W+ �x�S-
�(zx{| L*)�-�2�8 >�-3 U0+ 2 ���8 �W-+ ��)�*+?>�. . .�]�

%��E6S-���Q �
�@��
�2�@0�� �.���(S��-�2�8 �� �-�2�8 ���8AB"C ��"	� >�?.
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SiO2
��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

TiO2
�\/� �[/� �[/� ��/� ��/� �[/� ��/� �\/�

Al2O3
h^/��  ��/�[  h]/��  ]�/��  ��/�[  h\/��  ��/�[  ��/�[  

Cr2O3
�\/�[  �\/�[  �\/�[  ]�/�[  [\/�[  [\/�[  �[/�[  ]�/�[  

FeO �\/��  ��/��  h�/��  ��/��  ��/��  �^/��  [h/��  [�/��  

MnO �\/� �]/� �\/� �^/� �\/� �\/� �[/� �]/�

NiO ��/� ��/� ��/� ��/� �h/� ��/� ��/� ��/�

MgO ��/��  ]^/�^  [\/��  �^/��  �]/��  h�/�]  h]/�]  ��/��  

total ��/���  �]/hh  ^�/���  ��/���  \�/���  �h/���  ��/���  �\/���  

�$-��8 e�)� �= �?[2 ��-�8� Fe3+����1� e�)��= ]�� [�)�  /+ �O)�s� 

Al ��/� �\/� ��/� ��/� ��/� ��/� ��/� ��/�

Cr ]^/� ]h/� ]]/� ]]/� ]^/� ]]/� ]]/� ]]/�

Fe3+ ��/� �[/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe2+ ��/� �]/� ��/� ��/� ��/� ��/� ��/� ��/�
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