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�a�� E��4% �WF �W� �W� �F� �� F�F �� ��F �F F�S ��� 

SiO2 ��/� ��/� �U/� W�/W� WW/WU U�/W� ��/W� S�/�� W�/�U �S/�� ��/�U 

TiO2 ��/� �F/� ��/� ��/� ��/� �W/� ��/� �S/� ��/F S�/� WU/F
Al2O3 UU/�F SW/�F WW/�� �W/� �F/� �F/� �W/� �W/� U�/� WU/F ��/�
Cr2O3 US/F� S�/F� ��/F� ��/� ��/� ��/� ��/� ��/� FU/� ��/� ��/�
FeO* �S/�� ��/�S ��/�� �W/�� ��/F� �U/W� F�/�S ��/U ��/S ��/S F�/U
MnO ��/� �U/� FW/� FF/� WU/� ��/� FW/� �S/� �U/� ��/� F�/�
MgO S�/�S SS/�S S�/�� ��/�� WF/W� �S/W� UW/�F ��/�W U�/�W U�/�W ��/�W 

CaO ��/� ��/� ��/� FF/� �W/� W�/� F�/� ��/�� W�/FF F�/FF S�/F� 

Na2O ��/� ��/� ��/� �F/� ��/� ��/� �W/� �F/� ��/� �W/� �W/�
K2O ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �W/� ��/�
NiO F�/� FF/� FF/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

~.4j� W�/��� ��/��� ��/�� U�/�� �W/�� ��/��� ��/�� ��/�� ��/�� U�/�� S�/�� 

Oxygen# ��/WF ��/WF ��/WF ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Si ��/� ��/� ��/� ��/� ��/� ��/� ��/� UW/� U�/� ��/� S�/�
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� �F/� ��/� ��/� �S/�
Al W�/� W�/� WU/� ��/� ��/� ��/� ��/� - - - -

AlIV - - - - - - - �S/� F�/� ��/� F�/�
AlVI - - - - - - - �W/� ��/� ��/� ��/�
Cr �U/� �S/� �U/� ��/� �/�� ��/� ��/� ��/� ��/� ��/� ��/�

Fe3+ ��/� �F/� �F/� - - - - ��/� ��/� ��/� ��/�
Fe2+ FU/� FU/� W�/� W�/� �S/� ��/� WS/� F�/� �F/� ��/� ��/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg SW/� SW/� ��/� S�/� �F/� F�/� �F/� SS/� SS/� SS/� S�/�
Ca ��/� ��/� ��/� ��/� ��/� ��/� ��/� S�/� U�/� U�/� US/�
Na ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
K ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ni ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

~.4j� ��/W ��/W ��/W ��/W ��/W ��/W ��/W ��/� ��/� ��/� ��/�
WO - - - - - - - �F/�W WF/�S SW/�� ��/�� 
EN - - - - - - - ��/�F ��/�� �F/�� ��/W� 
FS - - - - - - - ��/�W ��/�F U�/�F ��/�W 

Fe# FU/� FU/� W�/� ��/� F�/� W�/� �U/� F�/� ��/� F�/� �S/�
Mg# SF/� SW/� ��/� U�/� S�/� ��/� UF/� S�/� US/� U�/� UW/�
Cr# F�/� F�/� F�/� - - - - - - - -

Fe3+# ��/� ��/� ��/� - - - - - - - -
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SiO2 W�/�W �F/�� ��/�F SW/�F �U/� FF/� �F/�� W�/�W W�/��
TiO2 �W/� ��/� �U/� ��/� �U/F� ��/�� ��/� �F/� ��/�
Al2O3 �F/F� �U/FS W�/F� ��/W� F�/F ��/� �W/� �W/� ��/W�
Cr2O3 ��/� ��/� ��/� ��/�
FeO* ��/� F�/� ��/� ��/� ��/�� ��/�� F�/�� S�/�� ��/�
MnO ��/� ��/� �F/� ��/� U�/� �S/� ��/� �S/� ��/�
MgO �W/� �W/� S�/� �F/� WW/� WS/� ��/FF W�/FF ��/�
CaO ��/�� �F/�� F�/�F �F/�F ��/� �F/� F�/� FW/� W�/F
Na2O F�/� W�/� ��/� F�/� ��/� ��/� ��/� �F/� F�/�F
K2O F�/� ��/� FS/� F�/� ��/� ��/� ��/� �F/� ��/�
NiO ��/� �W/�

~.4j� ��/��� �W/�� W�/��� W�/��� FF/�S ��/�S F�/U� ��/�� �W/��
Oxygen# ��/U ��/U ��/U ��/U ��/� ��/� ��/S ��/S ��/�F

Si �W/F ��/F WU/F W�/F ��/� ��/� ��/F �U/F ��/F
Ti ��/� ��/� ��/� ��/� ��/� �U/� ��/� ��/� ��/�
Al �S/� ��/� �S/� ��/� ��/� F�/� ��/� ��/� WF/F
Cr ��/� ��/�

Fe3+ �W/� �F/� ��/�
Fe2+ ��/� ��/� ��/� �F/� ��/� W�/� ��/� �F/� ��/�
Mn ��/� ��/� ��/� ��/� ��/� �F/� ��/� ��/� ��/�
Mg ��/� ��/� ��/� ��/� �F/� F�/� S�/� �S/� ��/�
Ca ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Na �W/� ��/� WS/� WS/� ��/� ��/� ��/� ��/� ��/�
K ��/� �W/� �F/� �F/� ��/� �/�� ��/� ��/� ��/�

~.4j� ��/� ��/� �F/� ��/� ��/W ��/W ��/� ��/� ��/S
Ab ��/�W ��/�� ��/WS ��/WS
An ��/�� ��/�� ��/�� W�/��
Or ��/� F�/W ��/� ��/�
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�a�� E��4% F�� F�F F�� F�� F�W F�� FS� F�� F�S F�S F�U F�� 
SiO2 ��/W� W�/W� ��/W� �U/W� ��/W� SU/W� �F/W� ��/� ��/� ��/� F�/� ��/W
TiO2 ��/� �W/� ��/� ��/� ��/� ��/� ��/� WU/� W�/� ��/� FF/� ��/�

Al2O3 ��/�U US/�S ��/�� ��/�F �W/�F U�/�� ��/�F �F/�� �W/�U S�/�U U�/�S U�/�� 
FeO* W�/� ��/� F�/� F�/� W�/� ��/� FS/� �U/� ��/� ��/� ��/� �W/�
MnO ��/� �F/� ��/� ��/� ��/� ��/� ��/� ��/� �F/� ��/� ��/� ��/�
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SiO2 ��/�� �U/�� ��/�� ��/�
TiO2 W�/� ��/� �U/� SW/��
Al2O3 �S/�S U�/�S ��/F� ��/�
Cr2O3 ��/� ��/� ��/�
FeO* S�/� ��/� ��/� U�/WW
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Mg ��/� W�/� ��/� F�/�
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Na U�/F U�/F F�/� ��/�
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~.4j� ��/�� �F/�� S�/W ��/�
Ab ��/WF
An S�/��
Or W�/�
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Mar=Na/(Na+Ca) ��/� ��/�
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