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Sample 4/MT6 5/MT6 6/MT6 9/T5 10/T5 11/T5 8/Ar4 9/Ar4 10/Ar4 7/Ar18 8/Ar18 9/Ar18 10/Ar18 11/Ar18 12/Ar18 13/Ar18 14/Ar18 15/Ar18

SiO2 ��/s� �}/s� �}/s� s�/s~ s�/s~ ss/s~ }�/s~ k}/s~ ~~/s} ~/s} t�/s~ k/s~ ki/t� }s/s~ t}/s~ k�/s~ �~/s~ s}/s~ 

TiO2 ��/� ��/� ww/� xw/� xw/� yx/� ��/� ��/� ��/� ��/� �/� y�/� ��/� x�/� y�/� �w/� ��/� xw/�

Al2O3 �~/sk �x/x� yy/x� �w/xy x�/xy �y/x� �/x� ��/x� x/x� �/x� �y/x� �/x� ��/�� ��/xy wy/xx ��/xy �x/x� xx/xy 

FeO ik/} ~�/t i�/t }�/ik }k/ik }t/ik k/is ��/is ~/ik ��/ii �k/ii �}/ii i�/i� ��/ii }/ii ~k/i� �s/� �t/ii 

MgO �~/� �~/� k/� s�/i s}/i t/i �t/� �i/� �~/� }~/k }t/k t}/k ��/i k/k �~/i ~�/i ~i/i �i/i

MnO �k/� �k/� �k/� ik/� i}/� i~/� tt/� tk/� tt/� i�/� i�/� s}/� ks/� s/� st/� }/� ~k/� t�/�

CaO �}/� ��/� si/i ii/� i/� i/� �i/� �k/� ��/� si/� k~/� ��/� k/� i}/� s~/� �}/� �~/� �}/�

K2O �k/� �}/� �k/� �}/� �}/� ��/� �t/� �}/� �}/� ik/� �}/� �}/� �~/s �}/� k�/� �~/� ��/� �t/�

Na2O ik/k k ��/i ~�/i ~~/i ~�/i s~/i t}/i ��/i ki/k kk/k s�/k �~/i �i/k �/i is/k k~/k ii/k

F k}/� k�/� k/� }s/� i�/� i}/� i~/� i~/� k�/� s�/� t~/� �/� }/� t}/� k�/� �/� }�/� }/�

HO t�/s ts/s t�/s t}/s }}/s ti/s t�/s s�/s tt/s k~/s kk/s i}/s it/s i~/s is/s kt/s i}/s it/s

B2O3 s�/i� st/i� ti/i� st/i� ~�/i� s�/i� ~�/i� �t/i� �s/i� ~�/i� ~}/i� ~~/i� sk/i� ss/i� t�/i� s}/i� ti/i� s�/i� 

Total s�/i�i �i/i�� ��/i�� ~�/i�i ss/i�i �/i�i }s/i�i �~/i�� �i/i�� ��/i�� }k/i�i �/i�i s�/i�k �/i�i �t/i�� }k/i�� k}/i�i ks/i�i

O=F i/� ik/� ��/� kk/� ��/� �~/� ��/� ��/� ik/� i�/� k/� st/� ki/� i�/� ik/� k�/� k}/� ki/�

Si i/~ iii/~ i��/~ �i�/~ ���/~ ��i/} �si/~ �ks/~ �s}/~ �ts/~ �~/~ �k/~ ~�/~ �}i/~ �}�/~ �}t/~ ��s/~ �ki/~

Ti ���/� ���/� i�~/� �s�/� �s�/� �t�/� ��}/� ��}/� �k/� ik/� i�/� i�/� �k�/� �s�/� �}/� ��/� ���/� �s�/�

Al ks~/~ kk�/~ i�~/~ �~/~ ~�k/~ �i}/~ ��t/~ k�s/~ �k~/~ t�}/~ k�/~ s�/~ �s/} ~��/~ ~t~/~ �i~/~ �i�/~ ���/~

Fe ~sk/� ~��/� }~t/� �ti/i �k�/i �k~/i �i}/i �i�/i �~�/i ~t~/i ~}/i ~ti/i ti/i ~t}/i ~�t/i t�}/i s�i/i ~k}/i

Mg �t~/i �i/i �t�/i ss�/� sk�/� ss�/� ���/� ��i/� �i/� ~sk/� ~s/� ~/� t�/� }s�/� t�i/� tii/� ��s/� ti�/�

Mn ��i/� ��i/� ��i�/� ���/� �i�/� �i�/� �}�/� �t�/� �~/� �k/� �k/� �t/� �s/� �s�/� �t�i/� ��/� ���/� �}�/�

Ca it}/� ik~/� kks/� ���/� ���/� ���/� ����/� ��k/� �i/� �}/� �t/� �i/� �s/� �i�/� ~/� ���/� ���/� ���/�

K ���/� ��s/� ��s�/� ���/� ���/� ���/� ���/� ���/� ��i/� �k/� �i/� �i/� �i/� ���/� �}/� �ik/� ���/� ���/�

Na ~kk/� ~}�/� }�s/� }s�/� }k~/� }s}/� tk~/� t}�/� ~/� �ik/� �i/� �~/� }~/� ~s�/� ~ii/� ~�k/� �i}/� ~��/�

F it}/� ik~/� ���/� k~�/� ���/� �~�t/� ���/� ���/� it/� k/� kt/� t/� k~/� kk�/� it/� s~i/� k��/� k}�/�

OH ���/s �st/s �}t/s �i/s �ik/s �t�/s �k�/s �t~/s �ks/s ~st/s }�/s }/s t�/s t�/s t��/s ~it/s t��/s �}�/s

B �i/k ��/k ���/k �}}/k �s�/s �}~/k �s}/s ��~/s ��s/s ��k/s �}/s �~s/s �~/k �}i/k �i�/s ��i/k ��k/k ��i/k

Al(Z) ��/~ ��/~ ��/~ ��/~ ��/~ ��/~ ��/~ ��/~ ��/~ ��/~ ��/~ ��/~ ��/} ��/~ ��/~ ��/~ ��/~ ��/~

Al(Y) ks~/� kk�/� i�~/� �~/� ~�k/� �i}/� ��t/� k�s/� �k~/� t�}/� k�/� s�/� �s/� ~��/� ~t~/� �i~/� �i�/� ���/�
Mg/Mg+

Fe �}t�/� �s}i/� ����/� ��s�/� i}�k/� i~ss/� ��ts/� �i/� ��}~/� k��t/� k�~s/� k~��/� k}��/� kt~t/� ks�~/� ki��/� ��ki/� k�t~/�

Na+K ~si/� ~~k/� }�~/� }t~/� }s}/� }tt/� tss/� t~�/� ~�i/� �sk/� �k/� ��/� s�/i ~t�/� ~~i/� ~�t/� �kt/� ~�t/�
Ca+Na+

K
��~/� ���/� ���/� }}}/� }tt/� }}s/� tss�/� t�/� ~ii/� ��k/� �~/� ��/� t/i ~~~/� k~i/i ��k/� �ss/� ~�i/�

Fe/Fe+M
g

kt}i/� k~t�/� kkkk/� �s�t/� �t��/� �s~~/� ��}~/� ���t/� ��ts/� �kk}/� �ks~/� �skk/� �tki/� �}s}/� �~�s/� ��k�/� ����/� ��}s/�
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�� e� 94 -' �)�"+� vacancy] X = Ca, Na, K, [�
Y = Li, Mg, Fe2+, Mn2+, Al, Cr3+, V3+, Fe3+, (Ti4+),  
Z = Mg, Al, Fe3+, V3+, Cr3+ �T = Si, Al, (B) �B = B, 

[� vacancy] �V = OH, O, (F) �W = OH, F, O. 
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Sample M1-3 M1-5 M1-6 M2-4 M2-7 M2-8 M2-10 M2-11 M3-1 M3-4 M4-2 M4-3 M4-4 M4-5 M4-6 M4-8 M4-9 M4-10 M4-11 M5-5

SiO2 ��/s� }/s� ��/s� }�/ti ki/t� ki/}� }�/t� �t/s� �k/t� ��/s� ~}/s� ~s/s� s�/s~ �}/t� ~�/s} i~/tk ii/t� s�/s� �}/t� �i/s�

TiO2 ��/� wx/� ��/� ��/� ��/� w�/� �y/� �x/� w�/� ��/� �y/� ��/� ��/� ��/� ��/� ��/� ��/� y�/� y�/� xx/�

Al2O3 ��/k} ��/�� ��/�� �x/�� ��/�� x�/�y �x/�� �x/�� w�/�y wy/�� �x/�y ��/�� ��/�� w�/�y yw/�� y�/�� sk/k} y�/�x ��/�� yx/��

FeO �t/i� ~�/i~ �i/i� }�/i~ i�/� ��/� ks/i� i�/i� �s/i~ st/i� �k/ki t�/i� �i/kk }~/i� s~/ki �s/i� ~�/i� kt/i� }�/ki ik/i�

MgO s�/i }/i ti/i ��/i i~/t kk/i i�/i i�/i ~�/i k�/i sk/� ~�/i s~/� ~�/� ��/� t�/� ��/� ~�/� �}/� i�/i

MnO i}/� it/� it/� i�/� ii/� i�/� i�/� i�/� it/� i~/� s�/� i}/� ~�/� ~s/� k�/� }�/� k�/� i�/� i�/� i�/�

CaO k�/� k}/� kt/� kt/� ��/} ��/k i�/� s~/� k�/� ts/� st/� si/� �t/i i�/� it/� s�/� i}/� ks/� i�/� ki/�

K2O �}/� ~�/� }�/� is/� i/�< ~�/� t}/� k�/� i/�< ii/� k~/� it/� i/�< ss/� i/�< ii/� k�/� �s/i i/�< }/�

Na2O it/i ~�/i ~k/i ��/i i�/i ��/� is/i k�/i sk/i ti/i ks/i s�/i ��/i i�/i i�/i ik/i k~/i t�/i ��/i k�/i

B2O3 ti/i� st/i� ~�/i� s�/i� ~�/i� st/i� �t/i� s�/i� ~~/i� �t/i� �s/i� ss/i� s�/i� ti/i� s}/i� �s/i� ~�/i� ~}/i� sk/i� t�/i�

P2O5 ik/� i/�< i/�< i/�< ~�/s }/i i/�< i/�< i/�< k�/� k�/� i�/� �~/� i/�< i/�< k�/� i/�< it/� i/�< i/�<

Total �k/�� }~/�� }�/�� ��/�� ti/�� it/�� i�/�� }i/�� �i/�� k/�� kk/�� �s/�� s}/�� ��/�� ��/�� �k/�� it/�� ~s/�� ki/i�k ~i/��

Si ���/� ��k/� �s/� s}�/� ��/� �k�/ii i��/� ��/� kt/� �s/� �/� �t/� ~t/� t/� tt/� }�/� ��/� it/� ti/� i}/�

Ti is�/� i/� i/� i/� is/� i�/� ���/� ��/� ik/� ��/� �s/� i}/� �k/� ��/� ��/� �s/� ��/� �}/� �}/� �t/�

Al t��/} ��t/} }t�/} ss�/} �i�/t �ii/k }~}/} ~}/} ski/} }k/} ti/} ~i/} ~i/} si/} ��/} ��/t s�/} ii/} �}/~ t�/}

Fe s~�/k k}t/k k�t/k }}/k ��}/i �kk/i st~/k �t/k s�/k s}/k ��/k s}/k ��/s }�/k �~/k �k/k }s/k ~/k s t�/k

Mg s~�/� s��/� s~�/� k�s/� ii�/i s��/� k�t/� k��/� tt�/� st/� ��/� tk/� i/� i�}/� k/� ik/� k/� i}/� k}/� si/�

Mn �kk/� �k/� �k/� �k�/� �i~k/� �k~�/� �k}/� �k�/� ���/� �k/� �t/� �k/� ��/� �}/� �s/� ��/� �}/� �k/� �k/� �k/�

Ca �}}/� �ts/� �t}/� �t}/� it/i s�i/� �sk/� �~�/� �}}/� ��~/� �~/� �}/� k/� �sk/� �k/� �~/� k�/� �t/� �s/� �s/�

K i�}/� is/� ik�/� �k�/� G itt/� ���/� �~t/� G �k/� �}/� �s/� G ��/� G �k/� �~/� t/� G ii/�

Na s�i/� ~}s/� }~k/� ~si/� s��/� kk�/� s�t/� ti�/� t}/� t�/� ts/� t�/� s�/� ti/� tk/� s�/� ts/� }/� s�/� t}/�

P i�s/� G G G }}s/� ki~/� G G G �t/� �k/� �i/� ii/� G G �k/� G �k/� G G

Mg/Mg+Fe ist/� i}�/� is�/� ii�/� }�}/� ksk/� iii/� ~��/� i~k/� ik~/� �k~/� i}i/� �si/� �~s/� �~s/� tk/� ��s/� �}t/� ��~/� iii/�

Na+ K }�~/� ��s/� ~�i/� ~~/� s��/� s�i/� t�k/� t�k/� t}/� }i/� t�/� }/� s�/� t�/� tk/� ti/� t�/� �/� s�/� }~/�

Ca+Na+K ~ti/� �k~/� �s~/� ��}/� }i�/i �tk/� }kt/� }}/� }�}/� }�~/� }t/� }}/� }�/� }ik/� tt/� t�/� ��/� �t/� ti/� }�/�

Fe/Fe+Mg �~}/� �t�/� �~i/� ���/� t�t/� �~�/� ���/� ��t/� �s�/� ��s/� ��s/� �t�/� �~�/� �s~/� �s~/� �}�/� �k~/� �t}/� �ks/� ��/�
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