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�Ss/i–�ic/i(�Cr2O3)wt% > ib�/i("TiO2)wt% 
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�2 �8N �2/���,
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W
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���� �� 
���2 �= �,
��89�"2 ���%2 #>?7 
)apfu TRR/�–TcR/�(.��� G25
G,J?8 #:�&. #4Si �=�1� 
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#>%�,	 
7#3 �� ���2 Z�,
��89,��P 
 2 �Q/RS �3 
T/RTU3 �� ��#�%2 .�72 �2/����8/9CaO)�3wt% i6b/i(�

MnO)wt% 6Q/i–�c/i(�Cr2O3)�3wt% iQ/i("TiO2

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

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

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

SiO2 c6/ci si/bR Sb/ci Tb/ci TQ/ci bR/ci 6R/ci cR/ci Ss/ci 
TiO2 i�/i ii/i ii/i i�/i i�/i ii/i ii/i i�/i i�/i

Al2O3 i�/i is/i ii/i ii/i ii/i i�/i i�/i ii/i ii/i
Cr2O3 i�/i i�/i ii/i ii/i ii/i ii/i i�/i ii/i i6/i

FeO TS/s ST/s cT/s ci/s bS/s �b/s bS/s 6S/s 6T/s
MnO �6/i �b/i �b/i �c/i �6/i ��/i �6/i �6/i �i/i
MgO bi/S� Sb/S� c6/S� c�/S� 6S/S� �i/S� sc/Si sb/Si 6c/S� 
CaO i6/i ic/i i6/i i6/i i�/i i�/i i�/i i6/i i�/i

Na2O i6/i ii/i i�/i i�/i i�/i ii/i i�/i i6/i i�/i
K2O i�/i i�/i i�/i ii/i i�/i i�/i i6/i i�/i i�/i
Total QS/�i� 6R/�ii Ss/�i� Ti/�i� S6/�i� TS/�ii Tc/�ii Rc/�ii 6S/�i� 

Formula based on 4 O 
Si sTQ/i sSS/i sTR/i sR�/i sRb/i sR�/i sRi/i sRb/i sR�/i
Ti iii/i iii/i iii/i iii/i iii/i iii/i iii/i iii/i iii/i
Al iii/i iib/i iii/i iii/i iii/i iii/i iii/i iii/i iii/i
Cr iii/i iii/i iii/i iii/i iii/i iii/i iii/i iii/i iii/i

Fe2+ �sT/i �sQ/i �s�/i �Rs/i �RR/i �RS/i �si/i �RR/i �RT/i
Mn ii6/i iib/i iib/i iib/i ii6/i ii6/i ii6/i iib/i ii6/i
Mg RcT/� RRQ/� RSi/� RcQ/� Rc6/� RSi/� RcT/� Rcb/� RcT/�
Ca ii�/i ii�/i ii�/i iii/i iii/i iii/i iii/i iii/i iii/i
Na ii�/i iii/i ii�/i iii/i iii/i iii/i ii�/i ii�/i ii�/i
K iii/i iii/i iii/i iii/i iii/i iii/i iii/i iii/i iii/i

Total i6c/b icc/b i6b/b i�s/b i�T/b i�s/b i6�/b i�R/b i�s/b
Mg/(Mg+Fe) sic/i siQ/i siQ/i siT/i siT/i sis/i siT/i siR/i siR/i

Fo% bT/si ST/si Qc/si Ti/si T6/si Rs/si QT/si TQ/si Ts/si 
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5@3  2 ;:�F �
�9���� 29�2�,
��89&M��8N  2 )�2�,
��89,��P 
�(
S6 SQ ST SR Qi Q6 QS �TS �TQ �TT

SiO2 �s/ci iS/ci sT/bs s�/bs iS/ci bs/ci SS/bs RS/bs ib/ci i�/ci
TiO2 i6/i ic/i i6/i ii/i ib/i i6/i i�/i i�/i i�/i ii/i

Al2O3 i�/i is/i c6/i i6/i �6/i ic/i ic/i ib/i �c/i ii/i
Cr2O3 ib/i i6/i iS/i i6/i ii/i ii/i ii/i ib/i iQ/i i6/i

FeO bT/�6 cs/�6 bc/�6 6S/�b c�/�6 S6/�6 6�/�c 6�/�6 6R/�6 Ri/�6
MnO �c/i 6b/i 6i/i 6S/i 66/i 6i/i 6Q/i 6i/i 6�/i 6c/i
MgO Rc/cR i6/cs i�/cR 6R/cR s�/cR QR/cR SQ/cT Rs/cR Ss/cR ST/cR
CaO i6/i i6/i i�/i i�/i i�/i ii/i i�/i ii/i i�/i ii/i

Na2O ib/i ii/i ii/i i6/i i�/i ii/i ib/i ii/i ii/i ii/i
K2O i6/i i�/i i�/i ii/i ii/i i�/i i�/i ii/i i�/i i�/i
Total QR/�i� sT/�i� i6/�i� TQ/�i� TT/�i� SR/�i� Ti/�i� 6�/�i� b6/�i� Qc/�i�

Formula based on 4 O 
Si sR�/i sTQ/i sR6/i sTR/i sTR/i sRS/i sTS/i sTR/i sR�/i sRi/i
Ti iii/i ii�/i iii/i iii/i ii�/i iii/i iii/i iii/i iii/i iii/i
Al iii/i iii/i i�6/i ii�/i iic/i ii�/i ii�/i ii�/i iic/i iii/i
Cr ii�/i iii/i ii�/i iii/i iii/i iii/i iii/i ii�/i ii�/i iii/i

Fe2+ 6Sb/i 6SS/i 6Sb/i 6T6/i 6Sb/i 6SS/i 6sb/i 6Si/i 6S�/i 6Q6/i
Mn iib/i iiS/i iic/i iiS/i iiS/i iic/i iiQ/i iic/i iic/i iiS/i
Mg TTR/� TR�/� TSR/� TQc/� TRi/� TQs/� TcR/� TRR/� TTc/� TTb/�
Ca ii�/i ii�/i iii/i iii/i iii/i iii/i iii/i iii/i iii/i iii/i
Na ii�/i iii/i iii/i ii�/i iii/i iii/i ii�/i iii/i iii/i iii/i
K ii�/i iii/i iii/i iii/i iii/i iii/i iii/i iii/i iii/i iii/i

Total i�s/b i66/b i��/b i66/b i6i/b i�S/b i6S/b i66/b i�T/b i6i/b
Mg/(Mg+Fe) RTQ/i RTS/i RTc/i RQT/i RTS/i RTc/i RSQ/i RTT/i RTQ/i RT�/i

Fo% SQ/RT cs/RT ci/RT QQ/RQ Sc/RT bs/RT Qc/RS T�/RT Ss/RT �6/RT
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�)>�N��,4
�(

�T6 �Tb �Tc �Rc �RS �RQ
SiO2 6S/bs i6/ci Q�/ci cS/c6 cs/c� iS/c6
TiO2 ii/i i�/i ii/i i6/i ii/i ii/i

Al2O3 sT/c Q6/c sc/b cc/� i�/6 cc/6
FeO ic/c i�/c 6b/c QR/b TR/b sb/b
MnO iS/i iQ/i ic/i ib/i i�/i i�/i
MgO Q6/bQ Rc/bQ RT/bQ cb/bs QT/bR sQ/bR
CaO ��/i iT/i ci/i i6/i i6/i i�/i

Na2O �b/i �S/i �i/i ic/i ic/i iS/i
K2O ��/i �i/i iT/i i�/i i6/i i6/i

Cr2O3 Ri/i TT/i R�/i i6/i ii/i ii/i
Total iT/RQ Qc/RQ iT/RT ��/RT ic/RQ cQ/RT

Formula on the basis of 7Oxygens 
Si RTS/� RsQ/� s�T/� sRs/� sTi/� sQc/�
Ti iii/i iii/i iii/i ii�/i iii/i iii/i
Al 6Ri/i 6SR/i 6�s/i iTs/i ��b/i �bc/i

Fe2+ �Q�/i �Ss/i �QT/i �cc/i �Si/i �Sb/i
Mn ii6/i ii6/i ii6/i ii�/i ii�/i iii/i
Mg QiR/6 Qi6/6 SsS/6 TSc/6 TbT/6 T�b/6
Ca iiS/i iic/i i6i/i ii�/i ii�/i ii�/i
Na i�6/i i�c/i iis/i iib/i iib/i iic/i
K iiQ/i iiQ/i iic/i iii/i ii�/i ii�/i
Cr ibi/i i6s/i ibi/i ii�/i iii/i iii/i

Total sTs/c sTi/c sQc/c sTb/c sTQ/c sT�/c

Mg# sc6/i scb/i sbs/i sSi/i scR/i scQ/i
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