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��@Y�@Y��@YOxide 
X�/XXXX@/YXX�@/XXXX�/�@�/XF

XXXXA�/Y�W/YAY/Y��/Y}A/YWY/X}Y/YNa2O

X�/XX�/XX@/XX�/XX@/XX�/XX�/XX�/XXA/XX�/XXA/XK2O

W�/XW/X��/X}A/X�}/X�@/XAA/X@�/Y}/XW�/XX�/YMgO 

X}/XY@/XX�/XY/XY/XYY/XXW/XY�/XY/XY/XY@/XCaO 
@A/X@�/X�Y/X@}/X�@/X@�/X@W/X@�/X@}/X@/X@/XMnO 

W@/Y� �A/Y� �A/Y� AY/Y� A�/Y� ��/Y� �/Y� �A/Y@ ��/Y� }W/Y@ �}/Y@ FeO 
��/@}A/@��/@@W/@X�/�W/@AA/@}�/@}�/@A�/Y�A/@H2O*

AA/�� ��/�� }}/�A }@/�� XW/�� ��/�� X�/�� ��/�� @/�� �Y/�� AW/�� Al2O3

��/�A ��/�� ��/�� X�/�� �}/�A @�/�A �}/�A ��/�A �W/�A �/�A }/�A SiO2

XXX}�/X}@/XWY/XXXXXXTiO2

�W/YX �Y/YX �W/YX ��/YX }�/YX }�/YX �W/YX �}/YX �A/YX ��/YX ��/YX B2O3

��/�W �Y/�} A�/�W W�/�� �W/YXX �W/�� �@/�W ��/�W �W/�� @/YXY AA/�� total 
Number of cations on the basis of 31 Oxygens 

X@/XXXA��/XXX@@}/XXX@A�/@YA@/XF

XXXX���/XAA@/X���/XA�A/XA}@/X@}@/XA�X/XNa 
XX�/XXX�/XXX�/XXXW/XXX�/XXW/XXXW/XXX�/XXY/XXXW/XXY/XK

@XA/X@X�/X@�A/XYW�/XY�Y/XYA�/XY��/X�Y}/XY}�/X@�X/X@}A/XMg 
XY/XX@X/XXY�/XXY/XXY/XXY/XXY/XX@/XXY/XXYX/XX@/XCa 
X�/XX�Y/XX�Y/XX�/XX�X/XX�/XX�Y/XX�/XX�/XX@/XX@/XMn 

�}/Y�YY/Y��/Y�@/Y�X}/Y��/Y�Y�/YW�@/Y�Y/YWA�/Y}�@/XFe 
XX}/�YA/�X@�/�A�/@�X/�Y}�/��@/@YY/�Y�}/�W��/Y���/@OH 

��W/�X�A/}�W@/��}/�}�X/�WX/��/�}��/�W�A/�YXA/}�X�/�Al 
X�A/�XXY/�YXY/�YA�/��W/AXY/�YX�/�X}/�X@/�Y}@/�XAY/�Si 
XXXX�@/XX�/XYX@/XXXXXXTi 

Y�X/�XWW/�XAA/�X�}/�YX}/�YA�/�XW�/�Y�/�YY�/�@Y}/�Y@}/�B
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��@Y�@Y��@YOxide 
XXXXXXXX@/XXXF
@W/YY �@/YX }W/YX �/��@/YY @Y/YY XW/Y@ XA/Y@ @@/Y@ A�/Y@ ��/YY Na2O
X�/XX�/XX�/XX�/XXXX@/XX�/XX}/XXA/XX�/XK2O
XXXXY/X@YXXY/XXY/XXY/XXY/XMgO 
�/X@Y/X�/X�}/X��/X@}/X�/X�@/XA�/XAY/X@}/XCaO
XXY/XXY/XXY/XXXXXXXXMnO 
XXX�/XXX�/XX�/YX�/XX�/XXX@/XYY/XFeO 
A�/@X �A/Y� W/Y� ��/Y� @�/Y� }W/Y� }@/@X ��/@X YY/@X Y�/@Y }@/Y� Al2O3

�W/�� AW/�} ��/�� �@/�} �A/�A �}/�A �A/�A @@/�� �W/�� Y�/�� }W/�� SiO2

XX�/XXXA/Y@YXXXXXTiO2

Y�/�� }�/�W XY/�W ��/�W ��/YXX ��/�� Y/�� }�/�� A@/�� �W/YXX �Y/�W total 
Number of cations on the basis of 8 Oxygens 

XXXXXXXXX@�/XXXF
��Y/X��@/X�@�/XW�}/X���/X�AW/XX��/YX@W/YX�W/YX��/YXX}/YNa 
XXY/XXXY/XXXY/XXX@/XXXXXY/XXX@/XXX@/XXX@/XXX@/XK
XXXXXXA/XY@�/XX��/XXXXXA/XXXA/XXXXA/XXXXA/XMg 
XY�/XXX}/XXYW/XXYA/XXYA/XXY/XXY/XX�@/XX@�/XX@�/XXY/XCa
XXXX@/XXXX@/XXXX@/XXXXXXXXMn 
XXXXY/XXXXY/XX�}/XXXY/XXX@/XXXXXA/XXX@/XFe
X��/YX�/YX�A/YX@@/Y��W/XX@}/YX}�/YX��/YX�W/YX��/YX�/YAl 
�A/@�}/@�}�/@�}/@W}X/@W��/@�YW/@�@@/@��}/@�XY/@��W/@Si
XXXX}/XXX��/XX��/XX�Y/XXXXXXTi 

A}/�W YA/�� ��/�} X�/�W ��/�W ��/�W ��/�W W�/�A �}/�} }/�} W/�W Ab 
��/Y}�/X�/Y}�/YA�/YX�/Y�A/X�Y/�Y�/@YY/@�W/XAn 
Y/XYY/XYY/X@�/XXXYY/X@/XY�/XY�/X@@/XKf 
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�@Y�A��@Y��@Y��@YOxide 
XX�W/YX�}/XXXX�/YX�/X}�/XXXXXX}/XXF
Y�/X�}/XAY/XW�/XXA@/X�}/XA�/XX}�/X��/XWA/X�/X��/X�@/X�W/X��/XNa2O
}�/��A/YX �/YX Y�/�}�/YX �A/��A/YX XY/YY AA/YX Y@/YX @�/YX �A/YX AA/YX ��/YX @�/YX }W/�}�/�K2O
Y}/X�A/XYW/XYW/XX}/XY�/XY�/XXW/XY@/XYY/XY�/XXY@/XY}/X�/XY@/XY@/XMgO 
X�/XX@/XXXXXXXXY/XXY/XX�/XXA/XXY/XXXY/XXXCaO 
XXX@/XXY/XX@/XXY/XX@/XXXY/XX@/XXY/XX@/XX@/XXXXXMnO 
W�/X}�/X��/X�/XY�/Y��/X�}/X}/X}}/X��/XW}/X�A/X}W/X}�/X��/X}�/X��/XFeO 
A�/�@@/��/�X�/AAY/�Y}/��/�}/�@�/�X�/�}�/�@W/�@�/�@Y/��Y/�Y�/�@�/�H2O*

��/�� Y}/�} �Y/�} @A/�� �Y/�A ��/�� ��/�} YA/�} X�/�W �}/�� ��/�� �@/�} AA/�} ��/�W �YW�/�} Y�/�Y Al2O3

�A/�A YY/�} �/�� ��/�� A�/�A ��/�� YA/�A �@/�A YA/�A @A/�A X}/�� �Y/�A }�/�A W�/�A �Y/�� ��/�A Y/�A SiO2

XXXXXXXXXA}/XXXXY�/X�Y/XXXTiO2

YA/�W �W/YXX ��/YXXXY/�� ��/�W Y}/�� Y�/�� �A/YXX��/�W YY/�� @/YXX A�/�� ��/�� �W/YXX��/YXX Y�/�� AA/�� total 
Number of cations on the basis of 24 Oxygens 

XX�@�/XX@W�/XXX��@/XX@AY/X�Y�/XXXXXX@/XXF
X�@/XW}�/XY@�/XX}W/XXY@W/XY��/XY��/XXYW�/XY}A/X@Y�/X@�@/XYYY/XYA�/XY@/XYA�/XNa 
���/Y}�/Y}W�/YA��/YW�Y/Y���/YW��/YW�A/Y}��/Y}�A/Y}�@/Y}}/Y}WA/Y}�A/Y}�Y/Y�A�/Y��/YK
X�@/XXW}/XX�@/XX�Y/XXXW/XX@�/XX@�/XXXW/XXY�/XXY�/XX@�/XXXY�/XX�Y/XX}Y/XXY�/XXYA/XMg 
XX�/XXX@/XXXXXXXXXXW/XXXXW/XXXA/XXX�/XXXXW/XXXXX}/XXXCa 
XXXXY/XXXX}/XXY�/XXXXW/XXXY/XXXXXW/XXXY/XXXX}/XXXY/XXXY�/XXXXXMn 
X��/XX}�/XYXA/XX�A/XY@Y/XX}@/XX}@/XX}@/XXW/XX}@/XX�A/XX}@/XXW/XX}�/XX��/XXW/XX}Y/XFe 
X}�/�}Y�/���W/@�A�/�X��/�}YW/�W��/�Y}W/�W�/��@A/�Y�Y/�WX�/�WYY/�}X�/��@�/@�W/�WW@/@OH 
}W@/A}WA/A�@�/A��}/A}@Y/AY�@/��X}/AW@}/AXX�/�W}Y/A}�@/AWA}/AW��/A�W�/A�XW/���Y/A�Y}/�Al 
YA@/�@@@/�@�/�Y}@/�YA@/��@}/AXA@/�YXY/�X��/�YX�/�YYA/�Y@Y/�X��/�X�}/�WWY/AY@A/��}Y/ASi 
XXXXXXXXXXA�/XXXXXX}/XX��/XXXTi 
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W = 0.846K + 0.0685Na = 0.9145       
X,Y = 0.036Fe + 0.16Mg + 0Mn + 0.005Ti + 
0.0005Ca + 2.097[Al]6 = 2.29 

Z = 0.997[Al]4 + 3.003Si = 4(K, Na)0.9145(Fe, Mg, 
Mn, Ti, Ca, [Al]6)2.29 ([Al]4, Si)4 O10 (OH)2
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&*K���#!�V �� �*=*� :�5:�+F0� (2b) 
W = 0.877K + 0.101Na = 0.978       
X,Y = 0.039Fe + 0.006Mg + 0.0005Mn + 0.007Ti 
+ 0.001Ca + 1.973[Al]6 = 2.29 

Z = 0.946[Al]4 + 3.054Si = 4(K, Na)0.978(Fe, Mg, 
Mn, Ti, Ca, [Al]6)2.026 ([Al]4, Si)4 O10 (OH)2
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&*K����D � �� �*=*� :�5::�0*� (3D) 
W = 0.885K + 0.043Na = 0.928 
X,Y = 0.042Fe + 0.009Mg + 0.0016Mn + 0Ti + 
0.00005Ca + 1.978[Al]6 = 2.03
Z = 0.963[Al]4 + 3.037Si = 4(K, Na)0.928(Fe, Mg, 
Mn, Ti, Ca, [Al]6)2.03 ([Al]4, Si)4 O10 (OH)2
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&*K����D � �� �*=*� :�5:�7�5 (4C) 
W = 0.864K + 0.172Na = 1.036 

X,Y = 0.046Fe + 0.025Mg + 0.0001Mn + 0Ti + 
0.001Ca + 2.032[Al]6 = 2.1
Z = 0.898[Al]4 + 3.102Si = 4(K, Na)1.036(Fe, Mg, 
Mn, Ti, Ca, [Al]6)2.1 ([Al]4, Si)4 O10 (OH)2
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