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Al2O3 ��/�� ��/�� P�/�� O�/RO �O/RO ��/RO ��/�� RO/�� 

Cr2O3 RN/�� ��/�� ��/�� N�/�� OR/�� RO/�� OP/�� P�/�� 
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MnO R�/O R�/O RP/O RR/O R�/O R�/O RP/O RP/O
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Fe3+ OP/O ON�/O OR�/O ONP/O OP/O OP/O OP�/O OP�/O
Fe2+ ��/O ���/O ���/O ��N/O ��/O ��/O ���/O ���/O
Mn O�/O O�/O O�O/O O�O/O O�/O O�/O O�O/O O�O/O
Mg NN/O N�/O N�/O N�/O N�/O N�/O N�/O N�/O

Total � � � � � � � �
Mg#[Mg/(Mg+Fe2+)] N��/O N��/O N��/O N�O/O N�/ N�R/O N�R/O N��/O
Cr#[Cr/(Al+Cr+Fe3+)] ��/O ���/O �R�/O ���/O ��/ ���/O ���/O �RO/O

YFe[Fe3+
/(Fe3++Cr+Al)] O�/O O��/O O�R/O O��/O O�/ O��/O O��/O O��/O
Cr/Al R�/O R�O/O P��/O RNR/O RN/ R�/O R��/O P�N/O
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/-A ���!��<' R�6�C�� ���� " ?&�>%2 �<�' �%�#: " �
,��2 �(3�V�U� ��CW�% ���  . . .PN�

"��0.!�2��=;%�#:  2 ?f�G ��I�� 2;�2�,
�.
Samples wt% � � � R P N � � �

SiO2 ��/RO PO�/RO ��R/RO O�P/RO ��R/RO ���/RO �O�/�� ��/RO �OR/RO
TiO2 O��/O O�N/O OOO/O OOO/O O�P/O OOO/O OOO/O OOO/O OO�/O
Al2O3 OOR/O O��/O OOO/O OO�/O OOO/O OO�/O O��/O OOO/O OOO/O
Cr2O3 OON/O O�R/O OO�/O O�P/O OOO/O OO�/O OOP/O �RN/O ��/O
FeO(t) P��/N RR�/N OP�/� O��/N P��/N �O�/N ���/� ��R/N O�P/N
MnO �R�/O O��/O ��R/O O��/O ��P/O ��R/O ��O/O ��N/O ���/O
MgO �N�/P� P��/P� RP/P� ���/P� O�P/P� NR�/P� P�R/P� �RR/P� �R�/P� 
CaO O�P/O O�R/O O�N/O O�N/O OO�/O O�P/O O��/O O�P/O O��/O
Total �O� �O� �O� �O� �O� �O� �OO �O� �O� 

Samples a.p.f.u. 
Si ���/O ���/O ���/O �NN/O ���/O ���/O �R�/O ���/O ��R/O
Ti OOO�/O OOO��/O OOO/O OOO/O OOORP/O OOO/O OOO/O OOO/O OOO��/O
Al OOO��/O OOO��/O OOO/O OOO��/O OOO/O OOO�N/O OO�NP/O OOO/O OOO/O
Cr OOO��/O OOO�N/O OOO�N/O OOO��/O OOO/O OOO�P/O OOO/O OO���/O OO�RR/O

Fe3+ OPP/O ON�/O OR�/O ON�/O OPN/O OPR/O ��R/O OR�/O OR�/O
Fe2+ ���/O ���/O �R�/O ���/O ���/O ��P/O O��/O ��R/O ��O/O
Mn OO��/O OO��/O OO��/O OO�O/O OO��/O OO��/O OO�N/O OO��/O OO�R/O
Mg ���/� ��N/� ���/� �R�/� ���/� ��R/� �P�/� �R�/� �P�/�
Ca OOOR/O OOON/O OOOR/O OOON/O OOO�/O OOON/O OO�O/O OOON/O OOO�/O

Mg#[Mg/(Mg+Fe2+)] ��/O ��/O ��/O ��/O ��/O ��/O ��/O ��/O ��/O
Tot.cat. � � � � � � � � �

"��0:!�2� �=;%�#:  2 ?f�G ��I�� 2;>%2 ��"� �� ?&��.
Samples wt% � � � R P N � �

TiO2 O��/O ON�/O O��/O O��/O OP�/O OR�/O ORN/O ORR/O
Al2O3 �N�/�� ���/�� �RR/�� PR�/�� �OR/�� N��/�� ���/�� ���/�� 
Cr2O3 ��/R� �O/R� ��/R� ��/R� ��/R� ��/R� R�/R� R�/R� 
FeO(t) RO/�� ��/�� �P/�� ��/�� �P/�� �O/�� O�/�� RP/�� 
MnO R��/O P��/O P��/O P�O/O P��/O PN�/O PP�/O PPO/O
MgO ��/�O ���/�� ��/�� �NN/�O ���/�� ���/�� N�R/�O ��R/�O 
Total �R/�O� NN/�O� ��/�O� ��/�O� N�/�O� ��/�O� ��/�O� �O/�O� 

Formula based on 4 O Samples a.p.f.u.
Ti OOO��/O OO�PN/O OOO��/O OOO��/O OO��R/O OO�O�/O OO�O�/O OO�O�/O
Al N��/O ���/O ���/O ���/O ���/O ���/O ���/O ��N/O
Cr ���/� ���/� ��N/� �OP/� �O�/� ��N/� ���/� ���/�

Fe3+ ON�/O ON�/O O��/O O���/O O�R�/O O���/O O�O�/O O���/O
Fe2+ R��/O R��/O RNP/O R�P/O R��/O R��/O R�P/O R��/O
Mn O���/O O���/O O���/O O�RO/O O���/O O�R�/O O�RN/O O�RP/O
Mg PO�/O P�P/O P��/O P��/O P�N/O P�R/O R��/O PO�/O

Mg#[Mg/(Mg+Fe2+)] P�R/O P��/O P��/O P��/O P��/O P��/O R��/O P�R/O
Cr#[Cr/(Al+Cr+Fe3+)] N��/O N��/O N��/O N�N/O N�P/O N�R/O N�O/O N��/O

YFe[Fe3+
/(Fe3++Cr+Al)] O�RN/O O�R�/O O��N/O O�N�/O O���/O OR��/O OROR/O O���/O
Cr/Al �N�/� NR�/� NR�/� N�R/� NNN/� NN�/� N�O/� NR�/�
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�A�G �6no� �;#�4���A ���2�5
�-.;#4&=9 ��-F"2 �&'�,-: �-a�62#
2 �%�&' ���7 " �% PN�

 "��0D!�2��=;%�#:  2 ?f�G ��I�� 2;�2�,
�.
Samples wt% � � � R P

SiO2 N�/R� R��/R� ���/R� �P�/R� R�/R� 
TiO2 O��/O OO�/O OO�/O OOO/O O�/O
Al2O3 O�R/O OOO/O O�P/O OO�/O O��/O
Cr2O3 OOO/O OOO/O O��/O O�/O O��/O
FeO(t) �P/� P�/� �P/� �R/� ��/�
MnO O�N/O ��N/O ��N/O O��/O ONN/O
MgO ���/PO ONP/P� �PN/R� ���/PO N/PO 
CaO O��/O O�/O O��/O O�/O O��/O
Total P/�O� �O� �O� �O� ON/�O� 

Formula based on 4 O Samples a.p.f.u. 
Si ���/O ���/O ���/O ���/O ��N/O
Ti OO�/O OOO�P�/O OOP�/O OOO/O OOP��/O
Al OOO���/O OOO/O OOOR�N/O OOO��P/O OOO�N�/O
Cr OOO/O OOO/O OOON�R/O OOO��P/O OOO��N/O

Fe2+ ���/O ��P/O �O�/O ��N/O ��P/O
Mn OO�/O OO�/O OO�/O OO�/O OO�/O
Mg ���/� ���/� �PR/� ���/� ���/�
Ca OOO/O OOO/O OOO/O OOO/O OOO/O

Mg#[Mg/(Mg+Fe2+)] �P/O �R/O �N/O �P/O �R/O
Tot. cat. ��P/� ���/� ��P/� ���/� ��R/�

"��0E!�2��=;%�#:  2 ?f�G ��I�� 2;>%2 �C��B#% �� ?&�&��.
Samples wt% � � � R P N � �

TiO2 �OP/O ��N/O ��R/O �/O ��/O �O�/O �O�/O ���/O
Al2O3 P�N/�� P�N/�� P�N/�� P�N/�� P�N/�� P�N/�� P�N/�� P�N/�� 
Cr2O3 NO�/�N NPN/�N ��P/�R �P�/�N ���/�P ���/�P NR�/�N �NR/�P 
FeO(t) �PR/�� N�R/�N N��/�N N�N/�� �N�/�� �N�/�N ���/�� ���/�N 
MnO N�N/O N��/O PN�/O N��/O NPP/O P�N/O N��/O P��/O
MgO ��/�� O�R/�� N��/�� ON�/�� ��O/�O N��/�� �PR/�� �N�/�� 
Total O�/�O� ���/�O� O�O�/�� �N�/�O� O�P/�O� ORP/�OO ��P/�O� ���/�OO

Formula based on 4 O Samples a.p.f.u. 
Ti OOR/O OOR/O OOR/O OOR/O OOR/O OOR/O OOR/O OOR/O
Al O��/� O��/� OPR/� ORR/� OR�/� ORP/� O��/� OR�/�
Cr �N�/O �P�/O ��O/O �P�/O �P�/O ��R/O �N�/O �PO/O

Fe3+ O��/O �O�/O ��N/O O��/O O��/O ��O/O O��/O O�N/O
Fe2+ R��/O R��/O R�O/O R��/O PO�/O R�P/O RPP/O R�O/O
Mn O��/O O�P�/O O�RR/O O��O/O O�NN/O O�RN/O O�P�/O O�RP/O
Mg R�P/O P�P/O PN�/O R�R/O R�P/O PNR/O P��/O PN�/O

Total � � � � � � � �
Mg#[Mg/(Mg+Fe2+)] PO�/O P��/O P�P/O POO/O R��/O P�O/O P��/O P�P/O
Cr#[Cr/(Al+Cr+Fe3+)] RP�/O RP�/O R��/O RP�/O RR�/O RR�/O RP�/O RR�/O

YFe[Fe3+/(Fe3++Cr+Al)] ORN/O OPO/O OP�/O ORR/O ORR/O OPP/O ORR/O OR�/O
Cr/Al ��O/O ���/O ���/O ���/O ���/O ���/O ���/O ��P/O

�=9 �)%�U� 	#� �% " "��C�7,C%2 8"� �: �#C�,;�%2 !/' +�a�2 .
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/-A ���!��<' R�6�C�� ���� " ?&�>%2 �<�' �%�#: " �
,��2 �(3�V�U� ��CW�% ���  . . .PN�

���� � F���
���� G���

@&%�=;	��2#C�2 �: j�B ��I&� �� !�  6"#�p�A�� #�1�2#
S-C���C��B#%  2 �&�� 6�1� �,W  2 6/' �/&=� .��:
�;

��7��=;�<$�� �
2 �� 
@&% ��2 ?��' �=�,
B ���" ��7"#
>%2�2 ?&�%.Q�,: ��=
2�2� �;��7 ��=;-f2 �?��' �O

�2 /f���,
���PB,3�2 /f�� �-7 ���7"#�B,&� 2 #C<7 ��7"#
�/f�� �%2 .��7�.#	 �>%2 �?&�� �/f�� �?0' �< �2�
:�3�@�� �: �?0'6�%#$� g#%C&4� �: !/' ���%2 .��7�-
�=;,��w 
C��B#% ?��' ���$� �2;-B ����,<�=;C��B#% ��
G2� kT�<C���25
C&4� �: !2#<= ��4C�0' ?U� �� ���=;
�2�,
013 ���%2 !/' ?.��7��=;!/' 6�%#$� �O/f�� 

013 2� @&%�� ?�/&=� .�"2 �	�:�Q�,: ��= �
�T,�2#$ ��
�%2 .�2�,
2 �� �,A,� �
@&% �4C�0' �=��� " ��2� 62"2#	 
W#:�',��W " !/' ?0'#$� ��2,� �A,� ��1� �,W  2 � 6�-

/&=� .&�<=�2 �
��7 ��p�,f �: �����)�� �� 
#4��7��=

,:
B,3�2 ![�� ��7"#�!/=�1� ?:�Y 5�%2 .B,3�2��: ��7"#
�=�,-:;��?0' �<2�2� " !/' �#W ��2�;3��x�=;2/A 
1�

-7�B,&���7"#�7 �%2W#: �� �-0'#$� ��2,� �� 6�1� �-
/&=�)?0'�E �X�2 �.(�"��2�2� �;��7 �=�;-f2 �?��' 
�O��7 /f�� ��2�,
���B,3�2 /f�� �" ��7"#�/f�� 
-7�B,&��%2 ��7"# .��7��=;,��w 
� ?��' ����25
C&4� ����

�2 ���,
�C72 " �=��,&�C�9 ����,4
B �� ����7"#�%2 �= .
��7��=;!/' 6�%#$� �O013 2� @&% /f���� ?�/&=�"

�"2 �	�:����2��%2 ��2� .��7�#	.�>%2 �?&�: �/f�� ��?0'
!,�Y @�� �:2;�g#%'�G  2 "�4C�0' ?U� " ���: �=

C&4��5a3 �
�%2 !/' �)?0'��" p �� .(C��B#%�&��3 �
�"/G�O/f�� C��B#% �&�!/' � k�)��F �7 �%2 ���25
!2#<= �

C&4� �:�� �
� !/��,' .>%2��: ?&!,�Y @��2;��g#% ���<
?0': �3 �2��?0'5a3 "
>%2 �: !/' ��,��w ?&
kT�<CG2 �
C&4����7 ��&3 ���Y�: ��"2 @&%  2 !/��� ��%2 �)?0'��.(

;�:)X�2 :( �,�)IY�!/Q�,: ��=  2 
��7 ����=;�2�,
B ���>%2 �!/' ?0'#$� ��7"#��"2 @�� �: ?&��g#% �!,�Y 2;C&4� �: �7 �5a3 �
�
�%2 !/').E:(�,�)IY�!/=  2Q�,: ��
��7 ����2�,
�$� " ��=;C��B#% �&�!/' ) .�:(�,�)IY�!/�"�  2��2 ���,
C��B#% ��&���7 �: !/' ��=;

����25
C&4� " ��>%2 ���?&�:@�� �"2��g#% �!,�Y2;C&4� �: �7 �5a3 �
�%2 !/' �.)p:(�,�)IY�!/�"�  2�B,3�2 ���3 �: ��7"#��x�=;
2/A
1�-7�B,&���7"#��" /'�:�2�,
p�,f �: �7 �����: 6�B,3�2 ?W2� ����%2 �C	#$ �2#Y ��7"#) .�:(�,�)IY �!/�"� 2���7����=;

�2�,
-7 ���B,&�-B " ��7"#���,<�=;C��B#% �C�9 T�<CG2 ���,$
�) .�:(�,�)IY�!/C��B#%�&���7 ���>%2 �2 !,�Y ?&;�g#%: ��5a3 " ?0'
�
C&4� �: !/'��2 ���,
� j)1� �	�: �: ��/&'�: .��qCW2 Mtv.;��7 � 2 K�)CY2 �=]��[��/'�:.
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�A�G �6no� �;#�4���A ���2�5
�-.;#4&=9 ��-F"2 �&'�,-: �-a�62#
2 �%�&' ���7 " �% PNR

��	�'�@�

����
>%2�?&�"2���,<� �� ��=;�"� ��Q�,: ��= �
�"C��B#%�&�� 2
H,�>%2 +"#7�?&�%2)D"/A�=;��3P(.��4����/. �

+"#7Cr#[(100*Cr/(Cr + Al))] �/. "&��5
M
Mg#[(100*Mg/(Mg + Fe))]>%2 �� ��� �,A,� ?&

Q�,: ��=
3#3 �: ��#:2#: L��/O"N�/O�"� �� ���N�/O"
P�/O>%2 �� "�C��B#% �� �,A,� ?&�&��RP/O"PP/O�%2 .

��%#$� ?U� ���>%2 �?&25	2 �=9 " +"#7 �/. �=
Z
�C	�
�%2 .25	2
>%2 +"#7 " �=9 Z��,�9 �: �)�� ?&�&�&� " +,�5
M
/��1�!/&=;��%#$����#$2�" �
T�: ;#B
3"/��%2 �]�R.[
>%2���,<� �� ?&�=;�"� �Q�,: ��= " �
2�2� �;Fe3+, TiO2

�:�1� " M7
/0
/�#4�"�>%2 �C��B#% �� �,A,� ?&�&��
>%2 �: �)���?&�=;�"� ��,<� "� ��2/�� �Fe3+"TiO2

T�:�
��2� )D"/A ����P .( 

������
#C%�,	
�= ��Q�,: ��
!#C�$ �� �;%PP/�� �P�/�O.%��

�"��#C%�,	 ��
!#C�$ �� �;%��/�� ���/��%� �2#Y�$��#.

����� ������ ��
	2��,���.,<a� �=@&%�=�
@&%  2 ?01C� �=;

2#C�2	��� �: �j;2� �
� j
 �:�;1��: ��2 �: ��E,%� ��=;
<.�Y2 y�%,���!�,: 6/' �C�: 6��  �� �7
Y2 j� 2 �K,��
#*
?�$ y�=;� �I% �: !/�2�"� �17 ��!/' !/ #= " /�2


@&%  2 j�=;2
"�G �.,<a� �;3�.v*2 � 2?G2#�
013 X-C���Y2 ?��03 �3 ?�25=,7 " K,���
/&C�= .?U�

013�?	2��,��k�)��F �=�C1B �=;��Y2 6��%,����},G ��=;
'#C�$�" K,Y �1B 1�2�"#	#:2��%2 ��I&� ]�P[.#:

' K�%2�<�>%2 �#B �?&
3"/���=;�C',$ ;2
 2 y*�&� �
2/A ?:�Y M=�
��%2 �,* �: ;>%2 +"#7 �/. �7 ��,A,� ?&

#B ��
3"/���=;1�2�"#	#:2�>%2 +"#7 �/.  2 #3T�: �?&
#B �� �,A,�
3"/���=;:9��%2 D�� .!#C�$;+"#7 �/. 

>%2�#B �� ?&
3"/���=;1�2�"#	#:2� 2�� 2 #3T�: �3 �O
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3"/��

1�2�"#	#:2�#B ?:��� �� 
3"/���=;:9��%2 #3T�: D��
#B
3"/��1�2�"#	#:2�+"#7 �/.���3P�#B �: 
3"/���=;
:9�',><= D�����2� ]�O���.[Q�,: ��= ��
� ��4����/. �

>%2 +"#7�#:2#: ?&���"� �� ���#:2#: �N�C��B#% �� "�&���
#:2#:RP�%2 .=�S� �: �A,3 �:�: M�+"#7 �/. ��,� �� !/' 6�
��� "
��;��,<� �: 69 �=;� #r� �: ��I&� �Q�,: ��= /%�
�

#B �: �C�:2"
3"/���=;:9��"� " D���#B �: �C�:2" �
3"/��-
�=;1�2�"#	#:2�C��B#% "�&�!#C�$ �� �;��',><= �
#B
3"/��1�2�"#	#:2�#B "
3"/���=;:9�� �2#Y D���$��#.
#B
3"/���=;T�: ;Z�2�"#	 6"  
��C�:2"�:k�)��F �K,Y 

 2 /&3��).>%2�Q�,: ��= ?&
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