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.,?��%��81 �����@ ����� O�3# �3��]	 5 ��'	 ���� 233]F 5 ���J �831�3F�8&3� �� �:. . .���

��0�'%�(� �
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 \�#(~�#( %.1 �E#�l� !�3�J( oF( .

��+8� MIB-2 MIB-2 MIB-9 MIB-9 MIB-9 MIB-9 
SiO2 ��/�� �f/�� ��/�� ��/�� ��/�� ��/��
TiO2 ��/d ��/d d�/d dd/d dd/d d�/d
Al2O3 ��/�� �d/�� ��/�� �d/�� ��/�� f�/��
FeO �d/d ��/d d�/d d�/d d�/d d�/d
MnO �d/d ��/d d�/d d�/d dd/d dd/d
MgO d�/d d�/d dd/d d�/d dd/d dd/d
CaO ��/d ��/d dd/d dd/d dd/d d�/d
Na2O �f/� ��/� ��/� ��/� f�/� �f/�
K2O �f/�f ��/�f ��/�� d�/�f f�/�� ��/��
S+8=� dd/�� ��/�� �d/�� d�/�� ��/�� ��/��

Si ��/� ��/� ��/� �f/� �f/� �f/�
Ti d�/d d�/d dd/d dd/d dd/d dd/d
Al d�/� d�/� d�/� d�/� d�/� d�/�

Fe2+ d�/d d�/d dd/d dd/d dd/d dd/d
Mn dd/d dd/d dd/d dd/d dd/d dd/d
Mg d�/d d�/d dd/d dd/d dd/d dd/d
Ca d�/d d�/d dd/d dd/d dd/d dd/d
Na �d/d ��/d ��/d �d/d ��/d �d/d
K ��/d �d/d ��/d ��/d ��/d ��/d

S+8=� d�/f d�/f d�/f d�/f d�/f d�/f
Xab �d/d ��/d ��/d �d/d ��/d �a/a
XOr ��/d ��/d ��/d �d/d ��/d �d/d
Xan d�/d d�/d dd/d dd/d dd/d dd/d

��0�,%�(� 4cJ+
�c) ���J U$]� A�: .!+3F�J �(.]F \��#( $@ �:
~�#( %.1 �E#�l� !�3�J( oF( .

��+8� MIB-3 MIB-3 MIB-3 MIB-3 MIB-3 MIB-2 MIB-2 MIB-2 MIB-2 MIB-2
SiO2 ��/f� f�/f� ��/f� ��/f� ff/f� ��/�d �d/f� ��/f� ��/�d ��/f�
TiO2 dd/d dd/d dd/d dd/d d�/d ��/d ��/d ��/d �d/d ��/d
Al2O3 dd/�f �d/�f ��/�f f�/�f d�/�� ��/�� �f/�� ��/�� ��/�� �f/��
FeO dd/d dd/d dd/d dd/d d�/d ��/d ��/d �f/d �f/d �f/d
MnO dd/d dd/d dd/d df/d d�/d ��/d ��/d ��/d ��/d �f/d
MgO d�/d d�/d dd/d dd/d d�/d d�/d d�/d d�/d d�/d d�/d
CaO d�/� ��/� �f/� ��/� ��/� ��/f ��/f ��/f dd/f ��/f
Na2O �d/� ��/� ��/� ��/� ��/� �f/� ��/� ��/� d�/� f�/�
K2O df/d df/d d�/d d�/d d�/d �f/d ��/d ��/d ��/d �f/d
S+8=� �d/�� ��/�� ��/�� ��/�� dd/�� ��/�� �f/�� d�/�� ��/�� ��/��

Si ��/� ��/� ��/� ��/� �d/� �d/� ��/� �d/� ��/� ��/�
Ti dd/d dd/d dd/d dd/d dd/d dd/d dd/d d�/d dd/d d�/d
Al ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �f/� ��/�

Fe3+ dd/d dd/d dd/d dd/d dd/d d�/d d�/d d�/d d�/d d�/d
Fe2+ dd/d dd/d dd/d dd/d dd/d dd/d dd/d dd/d dd/d dd/d
Mn dd/d dd/d dd/d dd/d dd/d d�/d d�/d d�/d d�/d d�/d
Mg dd/d dd/d dd/d dd/d dd/d d�/d d�/d d�/d d�/d d�/d
Ca ��/d �d/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d
Na f�/d f�/d ��/d ��/d f�/d ��/d �f/d �f/d ��/d �f/d
K dd/d dd/d dd/d dd/d dd/d d�/d d�/d d�/d d�/d d�/d

S+8=� ��/� ��/� ��/� ��/� �d/� d�/f df/f d�/f d�/f d�/f
Xan �d/d �d/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d
Xab �d/d �d/d ��/d ��/d f�/d ��/d ��/d ��/d ��/d ��/d
XOr aa/a dd/d dd/d dd/d dd/d d�/d d�/d d�/d d�/d d�/d

��0�>%�(�3F+3@ ���J U$]� A�:�.!+3F�J �(.]F \�#( $@ �:���#( %.1 �E#�l� !�3�J( oF( .
��+8� MIB-3 MIB-3 MIB-3 MIB-3 MIB-3 MIB-3 MIB-2 MIB-2 MIB-2 MIB-2 MIB-2 MIB-2 

SiO2 �f/�� ��/�� ��/�� ��/�� �f/�� �d/�f ��/�� �f/�� ��/�� ��/�� �d/�� �f/��
TiO2 ��/d ��/� d�/� ��/d ��/d ��/� f�/� ��/� ��/� �f/� �d/� �f/�
Al2O3 ��/�� ��/�� ��/�� d�/�d ��/�� d�/�� f�/�� �f/�� ��/�� ff/�� ��/�� ��/��
FeO ��/�� ��/�� ��/�� �f/�� f�/�� �d/�� ��/�� ��/�� ��/�� f�/�� df/�� ��/��
MnO d�/d d�/d d�/d d�/d df/d d�/d ��/d ��/d ��/d ��/d �d/d �f/d
MgO ��/� ��/�d d�/�d ��/� d�/�d ��/� ��/� ��/� ��/� ��/� ��/� ��/�
CaO d�/d ��/d d�/d ��/d d�/d d�/d �f/d ��/d ��/d ��/d �f/d ��/d
Na2O �d/d �f/d ��/d ��/d ��/d �d/d ��/d �f/d ��/d ��/d ��/d ��/d
K2O ��/� �f/� ��/� �d/� ��/� ��/� ��/~ ��/� ��/� f�/� d�/� �d/�
S+8=� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�f ��/�f �f/�f ��/��
Si �f/� ��/� �f/� f�/� ��/� ��/� �f/� ��/� ��/� ��/� ��/� ��/�
Ti df/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d ��/d ��/d d�/d ��/d
Al ��/� ��/� �f/� ��/� ��/� ��/� ��/� ��/� ��/� �d/� ��/� ��/�
Fe3+ ��/d ��/d ��/d ��/d ��/d d�/d ��/d d�/d d�/d dd/d ��/d dd/d
Fe2+ ��/� d�/� ��/� d�/� �d/� ��/� ��/� ��/� ��/� f�/� ��/� f�/�
Mn d�/d dd/d dd/d dd/d dd/d dd/d ��/d ��/d d�/d d�/d d��/d d�/d
Mg ��/� ��/� ��/� ��/� ��/� ��/� �d/d �f/d ��/d ��/d ��/d f�/d
Ca d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d
Na df/d d�/d df/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d
K ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d �f/d ��/d ��/d
S+8=� ��/� ��/� ��/� ��/� ��/� ��/� �f/� ��/� ��/� �d/� �f/� ��/�
Mg/(Mg+Fe2+) ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d
XAl(T) ��/d ��/d ��/d �d/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d
phl ��/d ��/d ��/d ��/d ��/d f�/d ��/d ��/d ��/d ��/d f�/d ��/d

ann f�/d f�/d f�/d f�/d f�/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d
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�=,G A.8Q( ��J�# ��E#�8�p ���+1 S�(4 !($
( �#�01 ���J 5 �#�01�+,@ �,=� ���

 ��0�D%�(� ����6 ���J U$]� A�: .!+3F�J �(.]F \�#( $@ �:�7�#( %.1 �E#�l� !�3�J( oF( .
��+8� MIB-3 MIB-3 MIB-3 MIB-3 MIB-3 MIB-3 MIB-2 MIB-2 MIB-2 MIB-2 MIB-2 MIB-2 
SiO2 �f/�f f�/�f ��/�� dd/�� ��/�f ��/�f �d/�f d�/�f �f/�f ��/�f ��/�f d�/�f
TiO2 df/d dd/d dd/d dd/d d�/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d
Al2O3 f�/�d f�/�d ��/�� ��/�d ��/�d f�/�d d�/�� ��/�� ��/�d ��/�� ��/�� ��/��
Fe2O3 ��/� f�/� d�/d ��/� f�/� ��/� ��/� ��/f ��/� d�/� ��/� �f/�
FeO ��/�d ��/�d d�/�� ��/�d �f/�d �d/�� ��/�� �d/�� d�/�� fd/�� f�/�� ��/��
MnO ��/� dd/� ��/f ��/f f�/f ��/f �f/� ��/�d ��/�d df/� ��/� ��/�d
MgO �d/� ��/� ��/� f�/� ��/� f�/� ��/� �f/� �f/� ��/� �f/� �d/�
CaO fd/� ��/� ��/� ��/� ��/� ��/� d�/� ��/� ��/� �d/� d�/� ��/�
Na2O dd/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d
K2O d�/d dd/d d�/d dd/d dd/d d�/d ��/d ��/d d�/d �f/d �d/d �d/d
S+8=� ��/�� ��/�� ��/�dd �f/�� ��/�� ��/�� �f/�� ��/�� ��/�� �d/�� fd/�� �d/��

Si ��/� ��/� ��/� ��/� ��/� ��/� ��/� �d/� ��/� ��/� ��/� ��/�
Ti dd/d dd/d dd/d dd/d dd/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d
Al ��/� �d/� d�/� ��/� ��/� ��/� ��/� ��/� ��/� �f/� ��/� ��/�

Fe3+ ��/d ��/d dd/d ��/d ��/d �f/d ��/d ��/d �f/d ��/d ��/d ��/d
Fe2+ d�/� d�/� ��/� ��/� �d/� ��/� ��/� �f/� ��/� ��/� ��/� ��/�
Mn ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d
Mg ��/d �d/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d
Ca ��/d ��/d ��/d ��/d ��/d ��/d �d/d ��/d �d/d ��/d d�/d �d/d
Na dd/d dd/d dd/d d�/d d�/d dd/d d�/d d�/d d�/d d�/d d�/d d�/d
K dd/d dd/d dd/d dd/d dd/d dd/d d�/d d�/d d�/d d�/d d�/d d�/d

S+8=� dd/� dd/� dd/� dd/� dd/� dd/� dd/� dd/� dd/� dd/� dd/� dd/�
Alm _�/a ��/d ��/d ��/d ��/d ��/d ��/d �f/d ��/d ��/d ��/d ��/d
Pyp �d/d �d/d d�/d ��/d ��/d ��/d d�/d d�/d d�/d d�/d d�/d d�/d
Spss �f/d ��/d ��/d ��/d ��/d ��/d �d/d �f/d �f/d ��/d �d/d ��/d
Grs d�/d d�/d d�/d d�/d d�/d d�/d d�/d df/d d�/d d�/d d�/d d�/d

��0�M%�(� �
$
�$J ���J U$]� A�: .!+3F�J �(.]F \�#( $@ �:�~�#( %.1 �E#�l� !�3�J( oF( .
��+8� MIB-3 MIB-3 MIB-3 MIB-2 MIB-2 MIB-2 MIB-2 MIB-2 MIB-2 MIB-2 MIB-2 
SiO2 ��/�� d�/�� ��/�� �f/�� ��/�� ��/�� ��/�� ��/�� �/�� f�/�� ��/��
TiO2 d�/d dd/d d�/d ��/d ��/d ��/d �f/d d�/d ��/d d�/d d�/d
Al2O3 �/�� ��/�� ��/�� d�/�� �f/�� ��/�� ��/�� d�/�� �d/�d ��/�� ��/��
Fe2O3 ��/� d�/� dd/� �f/� ��/� �d/� ��/� ��/� ��/� ��/� �f/�
FeO ��/� ��/� ��/� ��/�d ��/� d�/�d �d/�d ��/�d ��/� ��/�d �f/�d
MnO ��/d ��/d �d/d ��/d f�/d �f/d ��/d f�/d ��/d ��/d ��/d
MgO df/� d�/� ��/� ��/f f�/f ��/f ��/f ��/f ��/f ��/f ��/f
CaO d�/d d�/d d�/d ��/d ��/d ��/d ��/d �f/d ��/d d�/d dd/d
Na2O �d/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d �f/d
K2O dd/d dd/d dd/d d�/d d�/d d�/d d�/d d�/d �d/d d�/d dd/d
S+8=� ��/�� ��/�� ��/�f ��/�� ��/�� ��/�� ��/�� ��/�� ��/�f ��/�� ��/��

Si ��/� ��/� ��/� ��/� ��/� �d/� �d/� ��/� ��/� ��/� ��/�
Ti d�/d dd/d dd/d d�/d d�/d d�/d d�/d d�/d d�/d dd/d d�/d
Al ��/� ��/� d�/� ��/� ��/� �d/� ��/� �f/� ��/� ��/� ��/�

Fe3+ ��/d ��/d d�/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d ��/d
Fe2+ ��/d ��/d �d/d �d/d ��/d ��/d ��/d ��/d ��/d �f/d ��/d
Mn d�/d d�/d d�/d d�/d df/d d�/d d�/d df/d d�/d d�/d d�/d
Mg ��/� ��/� d�/� �d/d ��/d ��/d ��/d ��/d ��/d ��/d �d/d
Ca dd/d dd/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d dd/d dd/d
Na d�/d d�/d �d/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d
K dd/d dd/d dd/d d�/d d�/d d�/d d�/d d�/d d�/d dd/d dd/d

S+8=� �� d�/�� dd/�� d�/�� dd/�� d�/�� d�/�� d�/�� d�/�� dd/�� dd/��
crd ��/d ��/d ��/d f/d f/d f�/d f/d f�/d ��/d f�/d f/d
fcrd ��/d ��/d ��/d f/d f/d ��/d f/d ��/d f�/d ��/d f/d
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.,?��%��81 �����@ ����� O�3# �3��]	 5 ��'	 ���� 233]F 5 ���J �831�3F�8&3� �� �:. . .���

��0�N%�(�K03X#( ���J U$]� A�: .!+3F�J �(.]F \�#( $@ �:b�#( %.1 �E#�l� !�3�J( oF( .
��+8� MIB-3 MIB-3 MIB-3 MIB-3 MIB-3 MIB-3 MIB-2 
SiO2 ��/d dd/d d�/d d�/d d�/d d�/d ��/d
TiO2 d�/d dd/d dd/d dd/d df/d dd/d ��/d
Al2O3 ��/f� ��/f� f�/f� ��/f� �d/f� ��/f� ��/f�
Fe2O3 f�/d ��/� ��/� ��/d �d/� ��/� ��/�
FeO ��/�f ��/�� ��/�� ��/�� f�/�� ��/�� ��/��
MnO f�/d f�/d ��/d ��/d f�/d ��/d f�/d
MgO ��/� �d/� ��/� ��/� �f/� ��/� f�/�
CaO d�/d d�/d df/d d�/d d�/d d�/d �f/d
Na2O df/d d�/d d�/d d�/d d�/d d�/d ��/d
K2O d�/d d�/d d�/d d�/d df/d d�/d ��/d
S+8=� ��/�� ��/�� �d/�� �f/�� ��/�� ��/�� ��/��
Si dd�/d dd/d dd�/d dd/d dd�/d dd�/d dd�/d
Ti dd/d dd/d dd/d dd/d dd�/d dd/d ddf/d
Al ���/� �f�/� ��f/� ��d/� ���/� ���/� ���/�
Fe3+ d��/d df�/d d��/d d��/d d��/d d��/d d��/d
Fe2+ ���/d ��f/d ���/d ���/d ���/d ���/d �d�/d
Mn d��/d d��/d d�f/d d��/d d��/d d��/d d��/d
Mg ���/d ���/d ���/d ���/d ��d/d ���/d d��/d
Ca dd�/d dd�/d dd�/d dd�/d dd/d dd�/d ddf/d
Na dd�/d dd�/d dd�/d dd�/d dd�/d dd�/d dd�/d
K dd�/d dd�/d dd�/d dd�/d dd�/d dd�/d dd�/d
S+8=� dd/� dd/� dd/� dd/� dd/� dd/� dd/�
K03X#( ��/d �f/d ��/d ��/d ��/d ��/d d��/d
�303#$: ��/d ��/d ��/d �f/d ��/d ��/d ��/d

��0� O%�(��3F�8&3� �� *.�5$J ���J U$]� A�:�$?5$@ A�:.
��+8� MIB-3 MIB-3 MIB-3 MIB-3 MIB-3 
SiO2 ��/� d�/d ��/d dd/d d�/d
Al2O3 ��/�� �d/�� d�/�� ��/�� ��/��
TiO2 dd/d d�/d d�/d d�/d d�/d
Cr2O3 dd/d dd/d dd/d dd/d dd/d
FeO ��/d ��/d ��/d ��/d ��/d
MnO dd/d dd/d dd/d d�/d dd/d
MgO d�/d dd/d dd/d dd/d dd/d
CaO d�/d d�/d d�/d d�/d d�/d
Na2O d�/d dd/d d�/d dd/d dd/d
K2O d�/d d�/d d�/d d�/d dd/d
S+8=� ��/�f fd/�� ��/�� ��/�dd ��/��
Si gay/a ddf/d d��/d dd/d dd�/d
Ti dd/d dd�/d dd�/d dd�/d dd�/d
Al ff/�� �f/�� ��/�� ��/�� ��/��
Fe2+ d��/d d��/d d��/d d��/d dd�/d
Mn dd/d dd/d dd/d dd�/d dd/d
Mg dd�/d dd/d dd/d dd/d dd/d
Ca dd�/d dd�/d dd�/d dd�/d dd�/d
Na dd�/d dd/d dd�/d dd/d dd/d
K ddf/d dd�/d dd�/d dd�/d dd/d
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�3831 A�: �
Z=F �� ����6 A�:
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\�#(~5 !+3F�J �7�#( %.1 �E#�l� !�3�J( oF( .D3J$F
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�3831$@F �# �(�+8� �
�Fe, Mg, Mn + Ca ]7_[

�#( %.1 %�(� !�'�)K/1`L(nO+8]� �+p �@�����6 �:

4( �0q Fe .0"�: 2
.��8�R S+� 4( �
 .�(.��XFe�� ����6
�3F�8&3� 23@ �$?5$@ A�:7�/a�Fb7/a�#( .D3J$F ��

 ����6Ti !R �(.�� �
 5 ��(.� �+?5 oJ ��3�@�#( .
�"�"	�� :k
�"�� �
�3831 ��+8 O5.? �� �
$
�$J A�:`

�#( %.1 %��5R.!+3F�J �(.]F \�#( $@ �
$
�$J A�:�~oF( 
�#( %.1 �E#�l� !�3�J( .�
$
�$J �:�3F�8&3� �� A�:

 ��$?5$@ ��w0�.0"�: o
Z30� 4( �0q .�(.��XFe�
$
�$J �:
23@ gy/a�F`7/a5o
Z30� ��+� $�J �(.�� XMg �� 

�
$
�$J 23@ �:b~/a�Fyb/a�#( $3r"� .
<8�K�� :k
�"��
Z=F��+8� �
�3831 A�: �$?5$@ K03X#( A�:

 O5.? ��y�#( %.1 %��5R .!+3F�J �(.]F $@ K03X#( A�:
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