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!/' �

U3 " !�,= �K2,&0��7/�2 D2#��= �)�� 2� 
/0
�,K  2 #4

� G�1��/&8� .����
#:�&. #Si �Fe "Mg ��>K�% �� �,k,� 
��7��2�,
3#3 �= ���= #=2#= ZtRb/j�tSS/j��tb/j–

�RS/j"RRQ/�–Rd6/��,�#	 /F2" �� W32 ��%2 .�2/��
�72��8/9CaO)wt% jbt/j�jjQ/j(�MnO)wt% 
�St/j–�jd/j(�Cr2O3)wt% > jb�/j("TiO2)wt% 

>j�T/j(7#3 �� �,k,����7 Z��2�,
�B ��
�%2 �.

��	���������F �4
�2 �8N �2/���,
��89,��P 
���� �� 
���2 �8N �2/�� �= �,
�

�89�"2��!�,= h�= )apfu 6tb/j–6Sj/j(&� �2/�� "�5
W
�2�,
��89,��P 
���� �� 
���2 �= �,
��89�"2 ���%2 #>?7 
)apfu TRR/�–TdR/�(.��� G25
G,J?8 #:�&. #4Si �=�1� 

�2 �=�,
��89�"2 ���%2 .2 �2/��
7#3 �� #L&. ���2 Z�,
��89
,��P
�= #=2#= �tRS/j–tT�/jW32 �,�#	 /F2" �� ��%2 .�2/��

��>�2 ,O.�
#>%�,	 
7#3 �� ���2 Z�,
��89,��P 
 2 �Q/RS �3 
T/RTU3 �� ��#�%2 .�72 �2/����8/9CaO)�3wt% j6b/j(�

MnO)wt% 6Q/j–�d/j(�Cr2O3)�3wt% jQ/j("TiO2

)�3wt% jd/j(7#3 �� �,k,���2 Z�,
��89,��P 
G,J?8 �
�2�,
��89"2���B " !�,= ��
��%2 .�>�
 2 ;:�F �#(� �

5@3
�9���� 29�2�,
��89,��P 
p"/k �� �6!/' ��2�2 /�2.

�)�92�>�
5@3  2 ;:�F �
�9���� 29��7 ��89�2�,
�	 ���8N  2 #)�2�,
��89�"2 ��.(
Tb Td TS TQ �Tt �Rj �R� �R6 �Rb 

SiO2 d6/dj tj/bR Sb/dj Tb/dj TQ/dj bR/dj 6R/dj dR/dj St/dj 
TiO2 j�/j jj/j jj/j j�/j j�/j jj/j jj/j j�/j j�/j

Al2O3 j�/j jt/j jj/j jj/j jj/j j�/j j�/j jj/j jj/j
Cr2O3 j�/j j�/j jj/j jj/j jj/j jj/j j�/j jj/j j6/j

FeO TS/t ST/t dT/t dj/t bS/t �b/t bS/t 6S/t 6T/t
MnO �6/j �b/j �b/j �d/j �6/j ��/j �6/j �6/j �j/j
MgO bj/S� Sb/S� d6/S� d�/S� 6S/S� �j/S� td/Sj tb/Sj 6d/S� 
CaO j6/j jd/j j6/j j6/j j�/j j�/j j�/j j6/j j�/j

Na2O j6/j jj/j j�/j j�/j j�/j jj/j j�/j j6/j j�/j
K2O j�/j j�/j j�/j jj/j j�/j j�/j j6/j j�/j j�/j
Total QS/�j� 6R/�jj St/�j� Tj/�j� S6/�j� TS/�jj Td/�jj Rd/�jj 6S/�j� 

Formula based on 4 O 
Si tTQ/j tSS/j tTR/j tR�/j tRb/j tR�/j tRj/j tRb/j tR�/j
Ti jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j
Al jjj/j jjb/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j
Cr jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j

Fe2+ �tT/j �tQ/j �t�/j �Rt/j �RR/j �RS/j �tj/j �RR/j �RT/j
Mn jj6/j jjb/j jjb/j jjb/j jj6/j jj6/j jj6/j jjb/j jj6/j
Mg RdT/� RRQ/� RSj/� RdQ/� Rd6/� RSj/� RdT/� Rdb/� RdT/�
Ca jj�/j jj�/j jj�/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j
Na jj�/j jjj/j jj�/j jjj/j jjj/j jjj/j jj�/j jj�/j jj�/j
K jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j

Total j6d/b jdd/b j6b/b j�t/b j�T/b j�t/b j6�/b j�R/b j�t/b
Mg/(Mg+Fe) tjd/j tjQ/j tjQ/j tjT/j tjT/j tjt/j tjT/j tjR/j tjR/j

Fo% bT/tj ST/tj Qd/tj Tj/tj T6/tj Rt/tj QT/tj TQ/tj Tt/tj 
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�2�5�#4&8N �94���k ��#9G2#
2 �%�&' ���7 " �%�&'�,-= �-@� x��

 �)�98�>�
5@3  2 ;:�F �
�9���� 29�2�,
��89&M��8N  2 )�2�,
��89,��P 
�(
S6 SQ ST SR Qj Q6 QS �TS �TQ �TT

SiO2 �t/dj jS/dj tT/bt t�/bt jS/dj bt/dj SS/bt RS/bt jb/dj j�/dj
TiO2 j6/j jd/j j6/j jj/j jb/j j6/j j�/j j�/j j�/j jj/j

Al2O3 j�/j jt/j d6/j j6/j �6/j jd/j jd/j jb/j �d/j jj/j
Cr2O3 jb/j j6/j jS/j j6/j jj/j jj/j jj/j jb/j jQ/j j6/j

FeO bT/�6 dt/�6 bd/�6 6S/�b d�/�6 S6/�6 6�/�d 6�/�6 6R/�6 Rj/�6
MnO �d/j 6b/j 6j/j 6S/j 66/j 6j/j 6Q/j 6j/j 6�/j 6d/j
MgO Rd/dR j6/dt j�/dR 6R/dR t�/dR QR/dR SQ/dT Rt/dR St/dR ST/dR
CaO j6/j j6/j j�/j j�/j j�/j jj/j j�/j jj/j j�/j jj/j

Na2O jb/j jj/j jj/j j6/j j�/j jj/j jb/j jj/j jj/j jj/j
K2O j6/j j�/j j�/j jj/j jj/j j�/j j�/j jj/j j�/j j�/j
Total QR/�j� tT/�j� j6/�j� TQ/�j� TT/�j� SR/�j� Tj/�j� 6�/�j� b6/�j� Qd/�j�

Formula based on 4 O 
Si tR�/j tTQ/j tR6/j tTR/j tTR/j tRS/j tTS/j tTR/j tR�/j tRj/j
Ti jjj/j jj�/j jjj/j jjj/j jj�/j jjj/j jjj/j jjj/j jjj/j jjj/j
Al jjj/j jjj/j j�6/j jj�/j jjd/j jj�/j jj�/j jj�/j jjd/j jjj/j
Cr jj�/j jjj/j jj�/j jjj/j jjj/j jjj/j jjj/j jj�/j jj�/j jjj/j

Fe2+ 6Sb/j 6SS/j 6Sb/j 6T6/j 6Sb/j 6SS/j 6tb/j 6Sj/j 6S�/j 6Q6/j
Mn jjb/j jjS/j jjd/j jjS/j jjS/j jjd/j jjQ/j jjd/j jjd/j jjS/j
Mg TTR/� TR�/� TSR/� TQd/� TRj/� TQt/� TdR/� TRR/� TTd/� TTb/�
Ca jj�/j jj�/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j
Na jj�/j jjj/j jjj/j jj�/j jjj/j jjj/j jj�/j jjj/j jjj/j jjj/j
K jj�/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j jjj/j

Total j�t/b j66/b j��/b j66/b j6j/b j�S/b j6S/b j66/b j�T/b j6j/b
Mg/(Mg+Fe) RTQ/j RTS/j RTd/j RQT/j RTS/j RTd/j RSQ/j RTT/j RTQ/j RT�/j

Fo% SQ/RT dt/RT dj/RT QQ/RQ Sd/RT bt/RT Qd/RS T�/RT St/RT �6/RT
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�72�" GfS3�7 ��%2 !/' �)%�H� G, .2#=9%�#= ��89
'�?���7 ��89>��B#% !"#$ �>��B#% �����89013 ��� !/' ;

'�F���7 ���2�,
�)����25
�(>��B#% "���89� ,% �
)>�N��,4
�(��7 �7��2�,
!�#7 ��e 2� �/�2 �=���,0%"#0

�"#>0�2�5@3 
�%2 !/' �.�>�
5@3  2 ;:�F �
2 �
!"#$ "� �
0l3 �=�p"/k �� Ab!/' !�2� G�1� /�2 .7#3�2 Z
!"#$ "� �
D"�l3�89 
��9� G�1� �,K  2 �/&8� .��� ��
�= ��
>��B#%���89013 �'�F �� !/' ;��9�2�,
�>��B#% ��8��-

�8�
��7 �7 ��2�,
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Si)apfu tRt/��tQd/�("Mg)apfu TSd/6�T�b/6(!�,=

� �= �)�� "�#:�&. G25Al)apfu �bd/j�jTt/j("Fe 
)apfu�Sb/j��dd/j(7#3 �� �,k,��GN Z�B �8�
��%2 .
��#:�&. G25Si �Mg �Al "Fe7#3 �� �,k,� �>��B#% Z��-
�89013 �'�F �� !/' ;��2 ��,
�3#3 �= �8�#=2#= Z/��=

t�T/��RTS/��QjR/6�StS/6�6Rj/j�6�t/j"�QT/j�
�St/j�,�#	 /F2" �� W32 �.&J?8�� ��G25Cr2O3�� �,k,� 
7#3�>��B#% Z���89013 �'�F �� !/' ;��2 ��,
��8)wt% 

RjR/j�TT/j(��� ��
>��B#% �= �����8�
�2 �7 �,
���e 2� �8
!�#7 /�2)3�wt% j�t/j(�=�h�= ���%.#:�&. G�,= h�=Cr "

Al7#3 �� �>��B#% Z���89'�F �� �,k,� ��2 ��,
�� �8�-
P_3 /�2,3���7 #�B,3�2 �013 �� ��7"#�2 ;
>��B#% ���2� �8

 /8� G�1�]�S[.&� �/.�5
W)Mg#= Mg/(Mg+Fe) (2#=9
>��B#%���8�
�2 �7 �,
!�#7 ��e 2� �/�2)apfu tSj/j�
tdj/j(��� ��
>��B#% �= �����89013 �'�F �� !/' ;��

�2�,
��8)apfu td6/j�tbt/j(#3h�=�%2.

GH����� )�
2 ��
U3 Y�= ���7#3 D2#�)���7 ��2�,
��89�"2 �,��P " �
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013 s"���2 ;�,
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/-k��!��?' ���5�
�B ���� %�#=�U3��7#3 #��2 Z�,
��89�=e�!/��? 2<&% �89. . .x��

�)�9I�>�
5@3  2 ;:�F �
�9���� 29��7 ��89>��B#% �013 ����7 �= V�)3�2 �� !/' ;��2�,
�
>��B#%���89013 �'�F �� !/' ;��2 ��,
�)����25
�( >��B#%���89013 �"� #= !/' ;9�2�,
�)>�N��,4
�(

�T6 �Tb �Td �Rd �RS �RQ
SiO2 6S/bt j6/dj Q�/dj dS/d6 dt/d� jS/d6
TiO2 jj/j j�/j jj/j j6/j jj/j jj/j

Al2O3 tT/d Q6/d td/b dd/� j�/6 dd/6
FeO jd/d j�/d 6b/d QR/b TR/b tb/b
MnO jS/j jQ/j jd/j jb/j j�/j j�/j
MgO Q6/bQ Rd/bQ RT/bQ db/bt QT/bR tQ/bR
CaO ��/j jT/j dj/j j6/j j6/j j�/j

Na2O �b/j �S/j �j/j jd/j jd/j jS/j
K2O ��/j �j/j jT/j j�/j j6/j j6/j

Cr2O3 Rj/j TT/j R�/j j6/j jj/j jj/j
Total jT/RQ Qd/RQ jT/RT ��/RT jd/RQ dQ/RT

Formula on the basis of 7Oxygens 
Si RTS/� RtQ/� t�T/� tRt/� tTj/� tQd/�
Ti jjj/j jjj/j jjj/j jj�/j jjj/j jjj/j
Al 6Rj/j 6SR/j 6�t/j jTt/j ��b/j �bd/j

Fe2+ �Q�/j �St/j �QT/j �dd/j �Sj/j �Sb/j
Mn jj6/j jj6/j jj6/j jj�/j jj�/j jjj/j
Mg QjR/6 Qj6/6 StS/6 TSd/6 TbT/6 T�b/6
Ca jjS/j jjd/j j6j/j jj�/j jj�/j jj�/j
Na j�6/j j�d/j jjt/j jjb/j jjb/j jjd/j
K jjQ/j jjQ/j jjd/j jjj/j jj�/j jj�/j
Cr jbj/j j6t/j jbj/j jj�/j jjj/j jjj/j

Total tTt/d tTj/d tQd/d tTb/d tTQ/d tT�/d

Mg# td6/j tdb/j tbt/j tSj/j tdR/j tdQ/j
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