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\(qi��M� HD#-g7 �,� �� 0
,G? 8�&�(XPL)� �(H,�7 D
D' �9�� D3P �% �#?,40% �-� �� �#?,#1 ���% D'� � "#6.� ���% HD�$�4 09���� 5*
 5{�1TiO2�4*(PPL) > �(�� 0
,G? 8�&�XPL.
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D6a��H��&' �����1 ����� ��� "#�$ � ���% �&#' (���% �
�  01 �234���	. . ._�

+�Da��
I2? r
�M� 0%�� ���0MO�* o$*�0 I
� c�4* 01 ��X4D6	 ��0 �^8�#�%*.
Sample 

Oxide Tz9-23 Tz9-24 Tz9-35 Tz9-36 Tz9-51 Tz9-52 Tz10-11 Tz10-12 Tz10-13 Tz10-23 

SiO2 ^_/�_ ^�/�_ ^�/�t ��/�s t�/�^ s_/�^ _�/�^ ^^/_� ��/_^ ^�/_^
Al2O3 ��/�_ ��/�_ ��/�_ �s/�� �s/�� �_/�� ��/�� __/�� s�/�s ��/�s
CaO ��/s �s/s ^_/^ ��/t �t/^ ��/t s�/� ��/� s�/� �_/�
Na2O ��/_ ��/_ ��/_ s^/_ tt/_ s�/_ tt/_ �s/^ ��/�� ��/��
K2O �^/� ��/� ��/� ��/� �t/� ��/� �s/� �s/� �^/� �_/�
MgO ��/� �t/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
TiO2 ��/� ��/� ��/� �s/� �_/� ��/� �t/� 0 ��/� ��/�
MnO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
BaO ��/� ��/� ��/� ��/� ��/� ��/� �t/� ��/� �_/� ��/�
SrO ��/� ��/� ��/� ��/� ��/� �s/� ��/� _s/� ��/� ��/�
FeO �^/� _^/� _�/� ��/� _�/� ��/� ��/� ��/� ��/� �s/�

Fe2O3 ��/� ��/� ��/� ��/� ��/� ��/� 0 0 ��/� ��/�
Total ��/ss s�/ss s�/ss ��/��� ��/��� t�/s^ �_/s� ��/ss ^_/��� �s/���

Si ��/�� ��/�� ��/�� _�/�� �s/�� _t/�� ^s/�� ��/�� ^^/�� ��/��
Al �^/� _�/� ��/� �^/� �s/� ��/� ��/� �t/� �^/� ss/�
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe2+ �s/� ��/� ��/� �^/� ��/� �^/� �^/� ��/� ��/� ��/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ba ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ca tt/� ts/� t�/� ��/� �^/� �^/� t_/� _�/� �t/� ��/�
Na ��/� ��/� ��/� ��/� ��/� ��/� �^/� ^�/� t_/� ^�/�
K ��/� ��/� �t/� �t/� �_/� �s/� ��/� ��/� �^/� �_/�

Cations s^/�s ��/�� s�/�s s�/�s ss/�s s�/�s _^/�s ^�/�s ss/�s s�/�s
X s�/�� ^^/�� s�/�� s�/�� s�/�� s�/�� ��/�_ s^/�� s_/�� ss/��
Z �^/� �_/� ��/� ��/� �s/� ��/� ��/� ^�/� ��/� s�/�

Ab ��/�� t�/�� ��/�� ^�/_� ^�/�^ ��/_� ^�/t� ^�/t� _�/s� ^�/st
An t�/�� ��/�� t�/�� ��/�_ t�/�s ��/�� ^�/�� s�/�_ ��/� t�/�
Or ��/� s�/� s�/� ^�/� ��/� ��/� ��/� ��/s ��/� ��/�

+�Da���*�* 
Sample 

Oxide Tz10-34 Tz10-41 Tz10-42 Tz10-51 Tz10-52 Tz11-31 Tz11-32 Tz11-41 Tz11-42 Tz11-52 
SiO2 ��/_^ ��/_� �^/_t st/_� ^s/_� ��/_t ��/_t ^�/_t ts/_t ��/_t

Al2O3 �t/�s _�/�� ��/�� �s/�^ ��/�� ��/�� ��/�s ��/�s �_/�s _^/�s
CaO ��/� s^/� ��/� �_/� ts/� t_/� t�/� ��/� ��/� t_/�
Na2O ��/�� ��/s _�/�� t�/s t^/s _t/�� �^/�� �s/�� ��/�� ��/��
K2O ��/� �s/� s�/� �^/� t_/� ��/� ��/� ��/� ��/� �t/�
MgO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
TiO2 ��/� ��/� ��/� 0 ��/� ��/� ��/� ��/� ��/� ��/�
MnO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
BaO ��/� ��/� ��/� ��/� ��/� �s/� �t/� �t/� ��/� ��/�
SrO ��/� 0 ��/� �t/� �_/� �^/� ��/� ��/� ��/� ��/�
FeO ��/� �t/� �^/� �^/� ��/� �_/� ��/� ��/� �_/� ��/�

Fe2O3 ��/� 0 ��/� 0 ��/� ��/� ��/� ��/� ��/� ��/�
Total _�/ss ^�/s^ s�/ss ��/s� ��/s^ ��/��� �s/ss ��/ss t_/s^ �t/ss

Si ss/�� _t/�� ^�/�� tt/�� tt/�� t�/�� ^t/�� s_/�� ��/�� ^t/��
Al ��/� ��/� ��/� ��/� �^/� �s/� ��/� ss/� st/� �s/�
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe2+ ��/� ��/� �t/� ��/� ��/� �^/� ��/� ��/� ��/� ��/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ba ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ca ��/� �t/� ��/� _�/� ��/� ��/� ��/� ��/� �^/� ��/�
Na s�/� �t/� _�/� �_/� �s/� _�/� ��/� ^_/� ^�/� ^�/�
K ��/� ��/� ��/� �^/� �t/� �s/� ��/� ��/� ��/� ��/�

Cations s_/�s ^s/�s ss/�s ss/�s ^�/�s ��/�� ��/�� ss/�s s�/�s ��/��
X ss/�� ��/�_ ��/�_ tt/�� �_/�_ s�/�� ^^/�� s�/�� st/�� s_/��
Z st/� ^^/� st/� ��/� tt/� �_/� ��/� ��/� s�/� ��/�

Ab t�/s^ ��/^� t�/s� s�/^� ��/s� ��/s� ��/s_ ^�/s_ ��/st ��/s�
An ��/� ��/s ��/� ��/�� ��/� t�/� ��/� ��/� ��/� _�/�
Or ��/� ��/^ ��/� ^�/� _�/� ��/� t�/� t�/� _�/� ��/�
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_� FG3� ���*DE �=�1 >�? 8*0
* �4�3' ���% � �4�3'�,61 �62� 

eO'�\�X4D6	 �4�3' ���� b#�0? �*�,&� �� �01�: �I�,� �01�: �
�#67 5��Or-Ab-An .

+,-#.�/ :r
�M��
I2? +,-#.�/ �-4�]� 5��ME�4 +,�0	 � ��
c�4* 01 HD' ��8,#?�%(13eCNK) ����� 8�#�%* l?*

 +�Da��4* HD�/ .+,-#.�/ �� ��H0M�: +,-#.�/ 5��
#�6��&�*07D��*���3#�#1 �1 �#?,40% [,� $*TiO2^/_

DZ�� D3M��)e�'5�� �k � F�* .(��,&� � �1 5���*D� K2O
5{�1�/�D3M�� �&#4�M  �#?,40% [,� $* I#� ��$� DZ��

]��.[�1 I%0� $* ���% "
*�-� $* � 0?��'04 l
D4 $* ����,61
�� 0#�	 J,#��M#? �,')��*D� l
D4 D#�%* $*�/��?t�/��

J,#��M#? D#�%* $*s�/_(_^/��� 0##~? ��$� DZ�� D3% .( "
*
 �3#���a �*DE� 5�
,: \*0##~? D���Ti ==NaAAl �% �4*

U34 �� 5��0
$ 1 L#6#4 $* [�-'*HD
� ��#� ���,']�_.[

+�Da�c�4* 01 5��ME�4 \�-4�]� � +,-#.�/ ���0MO�* o$*�0 I
� �
I2? r
�M���8�#�%*.
Sample
Oxide Tz9-11 Tz9-12 Tz9-21 Tz9-

22 Tz9-25 Tz9-26 Tz9-31 Tz9-32 Tz9-41 Tz9-42 Tz9-43 Tz9-44 Tz10-
21

SiO2 s_/�^ ��/�s ^�/�^ �/�s ��/�s ts/�^ ��/�� t�/�s ��/�s t^/�^ �s/�s ��/�s s�/�s
TiO2 ^�/_ ��/_ �^/_ _�/_ ^�/� st/� _s/� ��/� �t/_ s�/_ _t/� �_/_ �s/�
Al2O3 t�/�� __/�� ^�/�� t_/�� �^/�� ��/�� ��/�� ��/�� t�/�� s�/�� �_/�� t�/�� ��/��
FeO ��/�� t�/�� ��/�� t_/�� _�/�� �t/�� ��/�� ��/�� ��/�� ��/�� ts/�� �s/�� ^�/��
MnO ��/� ��/� �_/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
MgO ��/�� �s/�� _t/�� ��/�� ��/�� t�/�� s�/�� ��/�� �_/�� ��/�� ��/�� __/�� ��/��
CaO ��/�� ��/�� ��/�� �_/�� ^_/�� ��/�� ts/�� ��/�� �t/�� ��/�� �_/�� �t/�� t�/��
Na2O ��/� ��/� ��/� ��/� �_/� �^/� t�/� _�/� ��/� �_/� �^/� ��/� �^/�
K2O ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �^/� �_/� ��/� ��/� �t/�

Cr2O3 �s/� �s/� ��/� ��/� �s/� �^/� �t/� �^/� �s/� �t/� ��/� ��/� ��/�
Total ��/s^ ��/s^ ��/s^ �t/s^ �_/st �s/st ��/s^ �^/s^ ��/s^ ��/s^ ��/s^ �t/s^ ^_/st
TSi ^�/� ^^/� ^�/� ^�/� ^^/� ^�/� ��/_ st/� ^^/� ts/� s�/� ^_/� s�/�
TAl �s/� ��/� �^/� �s/� ��/� ��/� ��/� ��/� ��/� ��/� �^/� ��/� �_/�

Sum_T ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^
CAl ��/� �^/� ��/� ��/� �t/� ��/� ��/� ��/� ��/� ��/� ��/� �^/� �t/�
CCr ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
CTi tt/� _^/� t�/� t�/� __/� _^/� ��/� �^/� _^/� t^/� _�/� t�/� _�/�
CMg _^/� ��/� _�/� _t/� �^/� _�/� ��/� �s/� _^/� _^/� ��/� _�/� t�/�
CFe2 ��/� �_/� �s/� ��/� �_/� ��/� _s/� �t/� ��/� �^/� �^/� �s/� ��/�
CMn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Sum_C ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
BCa s_/� s�/� s_/� s_/� s�/� s�/� s�/� s�/� s^/� ��/� s_/� st/� ^t/�
BNa ��/� ��/� ��/� ��/� �s/� �_/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Sum_B ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
ANa _�/� __/� __/� _�/� _�/� _�/� _^/� t�/� __/� _s/� _^/� __/� �s/�
AK ��/� ��/� ��/� ��/� ��/� �_/� �t/� �t/� �_/� �_/� �_/� ��/� �^/�

Sum_A ^^/� s�/� s�/� ^^/� ^^/� ^s/� s�/� s^/� s�/� s�/� s�/� s�/� ^t/�
Sum_cat ^^/�� s�/�� s�/�� ^^/�� ^^/�� ^s/�� s�/�� s^/�� s�/�� s�/�� s�/�� s�/�� ^t/��
Sum_oxy ��/�� �s/�� ��/�� �s/�� ��/�� ��/�� ��/�� ��/�� ��/�� �^/�� ��/�� ��/�� ��/��
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D6a��H��&' �����1 ����� ��� "#�$ � ���% �&#' (���% �
�  01 �234���	. . ._�

+�Da���*�* 
Sample

Oxide Tz10-22 Tz10-31 Tz10-32 Tz10-53 Tz10-54 Tz11-61 Tz11-62 Tz11-71 Tz11-72 Tz11-73 Tz11-81 Tz11-82

SiO2 _t/�s _�/�s t�/�s ��/�� ��/�� ��/�� ��/�� s�/�s �^/�s ts/�� _�/�� _t/��
TiO2 ��/� ��/_ s�/� s^/� _^/� �s/_ ��/_ ^�/� �t/� �t/� ��/� t�/�
Al2O3 ��/�� �_/�� �^/�� ��/�� ��/�� ^t/�� ��/�� ��/�� �^/�� �s/�� �_/�� _s/��
FeO �^/�� �^/�� _�/s ��/�� _�/�� �s/�� �^/�� ^�/�� �_/�� �s/�� ��/�� �_/��
MnO ��/� ��/� ��/� ��/� ��/� �t/� ��/� ��/� ��/� �t/� ��/� �t/�
MgO s�/�� �s/�� �s/�� s�/�� t^/�� ^�/�� t�/�� �^/�� ��/�� ^s/�� s�/�� ��/��
CaO ^s/�� �s/�� �t/�� ��/�� ��/�� t^/�� ts/�� ^�/�� ts/�� t�/�� _�/�� ^�/��
Na2O ��/� ��/� ��/� ��/� ��/� _t/� t�/� �^/� �^/� _�/� t_/� ��/�
K2O �s/� �t/� ��/� ��/� �^/� ��/� ��/� ��/� �^/� �t/� �/� �s/�

Cr2O3 ��/� �^/� ��/� �t/� �s/� ��/� ��/� �_/� �^/� �t/� ��/� �/�
Total s�/st ��/s^ __/s_ ��/st ��/st 46/97 83/96 �^/s^ ��/st �_/s^ 75/97 99/97
TSi s�/� s�/� s_/� ��/_ ��/_ �^/_ �_/_ s�/� ^s/� �t/_ ��/_ ��/_
TAl �^/� ��/� ��/� ss/� s_/� s�/� s�/� �_/� ��/� s�/� ^_/� ^t/�

Sum_T ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^ ��/^
CAl ��/� ��/� ��/� ��/� �_/� �_/� ��/� �_/� �_/� ��/� ��/� �^/�
CCr ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
CTi _�/� _^/� _t/� �_/� ��/� t�/� _s/� __/� _�/� �s/� _�/� _�/�
CMg _�/� t^/� tt/� _t/� _�/� _�/� _�/� t�/� _^/� _�/� ��/� �_/�
CFe2 ��/� ��/� ��/� ��/� �_/� �t/� ��/� ��/� ��/� ��/� _s/� �^/�
CMn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Sum_C ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
BCa s�/� s�/� ^�/� ^�/� ^�/� s�/� s�/� ^s/� ^s/� ^t/� s�/� ^s/�
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Si ^�/� ^�/� t�/� t�/� �s/� _s/�
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�#&#' b#�0? � 5��ME�4 [,3? ba,� ��
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P (±3) = -3.92 + 5.03 Al (total) 
P (±1.0) = -4.76 + 5.64 Al (total) 
P (±0.5) = -3.46 + 4.23 Al (total) 
P (±0.6) = -3.01 + 4.76 Al (total) 
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