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Sample SK 62-1 SK 62-2 SK 62-3 SK 62-4 SK 62-5 SK 62-6 SN 10-1 SN 10-2 SN 10-3

SiO2 ��/qr  ��/qr  �v/qr  �s/q�  v�/q�  v�/q�  v|/q�  �v/q�  r�/qs  

TiO2 ss/| s�/| sr/| ��/| �v/| sr/| q|/s r�/| ��/|
Al2O3 s�/��  qs/��  �v/��  v�/��  �s/��  ��/��  vs/��  q�/��  �s/��  

FeO r�/��  |r/��  q�/��  ��/��  |�/��  r�/��  s�/��  ��/��  rr/��  

MnO ��/� �q/� �r/� �q/� �|/� ��/� �q/� ��/� ��/�
MgO sv/��  |�/��  ��/��  ��/��  ��/��  ss/��  ��/��  �v/��  �q/��  

CaO ��/� ��/� ��/� ��/� ��/� ��/� ��/� �v/� �s/�
Na2O ��/� ��/� �|/� ��/� �|/� ��/� �|/� ��/� �s/�
K2O �v/� s�/� q�/� |q/� q�/� �|/� ��/� ss/� ��/v

Cr2O3 ��/� �q/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
F ��/� ��/� ��/� ��/� �s/� q�/� ��/� |�/� ��/�
Cl ��/� ��/� ��/� ��/� s�/� ||/� ||/� �q/� ��/�

H2O ��/| �r/q ��/q ��/q �r/q �v/q r�/q |r/q s�/q

Total  ��/���  �r/��  qq/��  qq/�v  �r/��  ��/��  s|/���  ��/��  rs/�v  

Si s�/s ��/s ��/s s�/s ��/s ��/s s�/s s�/s ss/s

AlIV ��/� ��/� ��/� q�/� ��/� �r/� �r/� �q/� �|/�

AlVI ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Ti s�/� s�/� s�/� sq/� s|/� s�/� ��/� s|/� s

Cr ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe ��/� s�/� sv/� s�/� ��/� s�/� ||/� �s/� r�/�

Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Mg s�/� sv/� |�/� s�/� s�/� ��/� �v/� s|/� sr/�

Ca ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/|

Na �s/� �q/� ��/| ��/| ��/| ��/| ��/| ��/| �s/�

K rv/� vq/� v�/� vs/� v�/� rr/� rv/� vr/� rr/�

OH ��/| ��/| ��/| ��/| rq/q r|/q rv/q s�/q ��/q

F ��/� ��/� ��/� ��/� ��/� �s/� ��/� ��/� ��/�

Cl ��/� ��/� ��/� ��/� �s/� ��/� ��/� �|/� �v/�
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Sample SN 10-4 SN 10-5 SN 11-1 SN 11-2 SN 11-3 SN 11-4 SN 11-5 SN 11-6 

SiO2 ��/qr s�/q� �r/q� q�/q� �s/q� ��/q� |�/q� �|/q� 
TiO2 r�/| ��/| r�/| |�/| vq/| �r/| �v/| q�/|

Al2O3 ��/�� �q/�� �s/�� s�/�� s�/�� �q/�� s�/�� v�/�� 
FeO �|/�v rs/�� �s/�� q�/�� ��/�� q�/�� ��/�� |r/�� 
MnO ��/� �s/� ��/� �|/� ��/� ��/� ��/� ��/�
MgO v�/�� sv/�� �s/�� ��/�� ��/�� |�/�� |�/�� s�/�� 
CaO q�/� �s/� ��/� ��/� ��/� ��/� ��/� ��/�

Na2O �q/� ��/� �|/� ��/� ��/� ��/� ��/� ��/�
K2O �v/v �s/� |r/� sr/� qv/� |�/� qr/� qv/�

Cr2O3 ��/� �q/� ��/� ��/� ��/� ��/� ��/� ��/�
F ||/� q�/� q�/� �s/� ��/� ��/� ��/� ��/�
Cl �s/� |�/� ||/� q�/� ��/� ��/� ��/� ��/�

H2O ��/q ��/q �v/q r�/q v�/q �s/q ��/q ��/q
Total  q|/�� r�/�v rs/�� �r/�v rq/�r v�/�v ��/�v �r/�r 

Si ��/s s�/s sv/s s�/s s�/s s�/s sv/s s�/s
AlIV �r/� �v/� �s/� �s/� �r/� q�/� ��/� q|/�
AlVI ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Ti s|/� |�/� sq/� s�/� s�/� sr/� sr/� s�/�
Cr ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe ��/� sq/� |�/� |v/� |�/� |s/� |�/� s�/�
Mn ��/� ��/� ��/� �q/� ��/� �q/� �q/� �q/�
Mg v�/� �|/� r�/� r|/� s�/� sv/� ��/� �s/�
Ca �s/� �|/� ��/� ��/� ��/� ��/� ��/� ��/�

Na �|/� �q/� �|/� �|/� �q/� �q/� �q/� �q/�
K rq/� rr/� v�/� vr/� v|/� v�/� vq/� v|/�

OH ��/q r|/q r�/q rv/q ��/| ��/| ��/| ��/|
F ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Cl �r/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
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6�� O,'�� "+��.'. ���3 (�7&% �� �89�/� )U!O,' �-

� ��$� O��3 w� @ "�.6 � ����3 �6 " �58 @ +8��+&/I��.8 
��� "+��.' .��3��8��i�)�3  �)�8+9! @ (8= )�/5_ *  ��;

��3��890�� � �7&% (� ��5' �6 �8�=�+&. � � � "�.! (9
@�<?��89!�5<�� )+�= A.� G�9�&N�,8=��/>)���@A.�I


% ]���q���[.
"�.!9�.� �<��.�;���! 
N%@ �6 ".$� �I���3)�;�./

�;%@� B.&_ �� h6��9�� � � �> ".$� .(% �(* �;� ._ "�.! 
7&%�89��$W$!= �
%  (%.:  ]���q���[.7&% ��.� 9�8
%��6���"�;�<9@ ()�.�=�;� �5)'.:c �i� *  ".$� ,8=��

/>)���]���q���[7&% 4)3�! 9 � � @ +&;�8 �%�&'
�.� �<��.�
)� �< �! 
+�  .��3��89,$! )O"+&8�97&% �89

 ��8Q!� .3 *  "�.! (96�c^� �O,'��8*^3.9O,'�! � �
�)�5O,'/> ��y%+/� �� �)���6)�*^3.!�  A.� *  �;$ 

9:�!�$�� 9�*)%�&' (���j&� �3�* �$�� *  )%�&' (��:�������%"@]��[T%.! �3 ]�|��s[
%  "+' {�I;>  �"+���< �)E�!..



+/_ ���"��5' �����6�q�q %��6�')5���3 �6)!.)"�.! �� 
�89� �< ):.;)+9"@�% B�C D�5' �q

+&/I��.8 @6)!.)��3 @ 
��89.��� 9i�)�/3 ���% @ 
��)

,$!)"+' O+�  .Qn!���%�<� @ ��c^� � ~0�6 �8*^3.���n

� D�2� )�,9���� �Q)�%��)
(�= ��
%  "+' �8.=W�)D.I-
6 �3 �8)�+&;�8 +&/I��.8 A.� *  �;$HS.5N� * �� ��.� �IM)N�

 ".�> �QI% 7�� �69@��5;� ��* ��".�> �6 O 9V�.X �6 @
O,'� ���"+��.'�+.�hM��� �� 8�<�=W�)O��3 �.M �6 D.I

�'�L *  �)��/3 �6 �8�+I! 
�"+' O8�< @��6 +&/I��.8
6)!.)+I! 
�� O��.' .=W�)ID.�89.��� 9;3  A.� *  )�.&)
–

�.��!)� 
)� "+8�$� Q�.'�.HS.5N���3 � +�� ��89���)U��
� �<):.;)2 �8+)/���3 *  �;53 ��89�/� )U
% @��!�H�I ��

�!�s� D��'   � hM��� O3 GnL +X �� �+&&3.
� * ���3 �#��89��� )6 �hM��� �� �._.� U)!.)

%  

HS.5N� �3".�> 7�� �6  9* QI% �! ��.;���� "+�.'�. �(
��3�%��6 ��.� hM��� �� �O,'"�.6 � � @6�V�.X�>�@ 9

@j;��)/���� "+��.' ."* +� 9 ���3 (�6)� �;$�Q�!
@ "�.6 �� � T%.;� "+&3 �� hM��� ��
%  .���N6�
5�> -

�89�hM��� 6)!.)
�/3 �6 �8�+I! 
�"+' O+� . �� "�.! ()* Q
A.� I 
% ]���q���[.* ��3 ��890�� � �� �._.� �(

� �8 7&%��3  �6 � .!)�8+9! @ (8= )��3 "��'  ��; .�N6�

5�>�89"�.! %@ �6)�/9 ��U�89��� )�6 U�"+' "++� .

U� � (� �� � ��8���= �Q��)"�)! @ U);+&;�8 7��.OE� �� 
 � ��.2�6�"�.! �6 U9� �< ):.;)+9<�* .8 ���= ���%�<� @�

6);$� "+8�$� ���.' .
()�* +8 .' �6 �_.! �6"�.! ���)5)'.:c @ �%�&'�89

[.W�9�;%.� Y� �@�� ��  �� B��/2 @ ".$� 9�%.��)>  
"��> �;%.� ��* �6 1);!.p�"+' O)P$! 9QK�� � ��  9  @ +� 

�<?�@%.> 9�8+):.;)� �< 9�8���j&� @9 Q8.3 ����$�  �
��+&8� ]�[T%.! �3]�q���[�! G8 )�� +��.'.

���� � ;<��
���6�����
���� ��=�� �� 5� 1�
���� ���
�> �

�.i&� �6�%�&'��6)!.)
�89�@  ).��� *  ���% � �.5� *  �-
�!��FeO + MnO  �10TiO2�MgO  ]�r["��W;%  "+'


%  . �6 +� .! �� � �.5� ()!.)
�89�@  )*  � ���5<�� �� �
6)!.)
�89�@  )� 9�3`.�;%�"+' �+n� D��N! @ +� �)Q
6)!.)
�89.��� ��+&3  +_ . {�%  �6�� �.5� (�58 9
6)!.)
�89��.� %��6�� �< +L @ @� �8 �� ):.;)+9@ B��/2 

H�;I�� �".$�&C�* FeO@TiO26 @�5/> �� @ "�.6)!.)
�89
�@ )� � �> ���5<�� �� ��<)+�� )O,'�.(������Ti 6)!.)
-
�89@�"�.!9B��/2 @".$� V@�W! O6�> �iL^� 9��$� 
5��+&8�.�6�&6 �i� ]�r[�� +�� Ti 6)!.)
�8�;�6 @ �6��� 

"�.6 @�6XFeo* = [(FeO*+MnO)/FeO*+MnO+MgO)] 
7&% �)��6Q �!))���+&3 .� +�� XFeO* ��6)!.)
�89��.� 

%��6��6!�!)4�@+L r�/�@��/�.6"�)D@+_�(@6)!.)
-
�897&%�892 )��6�.M #5$R)�9�6�8*��9�3 )+9

Fe-Ti Q58�
�+�  �3HS�5;L   �(�@�<?��;�� .! �!�@+L9
� +�� Ti ���=  � Q� �Y+8� .HS.5N� � +�� Ti ��6)!.)
�89

Q58�
��6�8*��9�3 )+9A�I'  * Ti  Q� �Y��$� ��-
+8�]�v[.

9:� (�% � �.5��!��FeO* �10TiO2�MgO ]�r[�36)!.)
�89�@  )6 @ �)!.)
�8���3`.�;%�E� �� �+n� D��N! )"+' T+�  �* 
6)!.)
�89.��� 9�5;� �� Q��*�% . ��"�9!�.X �7&% ���$� �89�.� �< ��.�;�~/�� @ ".$� �896=����$� 7�� 97&% �89

�@Q�.�Q!� .3��.�;�/2+&;�8 B��.



0�5% )/���IN' w�IM ���n� ���d� ���� ��  �%�&' ���3 @ �%�&'�./6 �/n� �|

� ?�@�
�	�
�� ���
���
6)!.)
D./E� +��_ ���R .�0  �;�����= �&N� )�


%)�@�+)/)�.<./� �
) @ 
��.;�)
%  
�K�6���� (�  ���R 
*���9� �.5� 
E! � .&0N/d���R �)ASPE ( �L �M 

N! 9 �6 �K +'))9�8�P)� 4)K�! (�_@ 
$8����< �% 
6��� ��K�@� ]q���[.�=)
KFe3AlSi3O10(OH)2�

�.<./�)
KMg3AlSi3O10(OH)2�%)�@�+)/)

KFe2Al[Al2Si2O10](OH)2@ ��.;�)


KMg2Al[Al2Si2O10](OH)2�K��0 9��������R N/d�
)ASPE (+&;�8 .N/d ���R (�  ����;� @� �)�
)Fe/(Fe+Mg @Al total6�"+' �;��< ��3+�  4)!�! �6 �K 

�2�'�<�<+�Q��3  )�.�=�� @ �?)���* �� �5<�� ��.6 �&

%  
)!.)6 �./I! .3�!)��&R �%��6 ��.� 9�8�P)� 4,�* 

O,'q�)�)8 @ �;��< � �> 
)!.)6 @�5/> �� 
% +�� �� 
�.<./� @�5/>)

%  �;��#� � �>..��&R�� "+8�$� �P �.'

��.5� �58�896)!.)"�.! �� �._.� 
�89� �< ):.;)+9D�5' 
% B�C "@��&N�"�.! @� 9������ 9 � � ".$� @ B��/2 Al 

+&;�8 G3 (8= @ T%.;� O3.
)!.)6 �P�= �;P� "�.! 9�8

)!.)6 �6 
I�� ".$� � � B��/2 "�.! 9�89���� �H�;I�� �

+&;�8 (8= �;53 @�! � +�� �R�<))� @ (8= V �)QAl O3

 � �9"*�6 9�6),R.3 �����@ 
% 58)�! ())R.K V � ���
"�.! @� �8"� +� ��$� 9+�@� @�� �.2 �6 �;'�I�  9.#�  -

+��)<.&R)� �< �� 
)!.)6 �;�� ��.#�  ():.;)�8+�
%  �
�3`.�;%�<�.�= ��;%.�  9"+$� +�  ]v[.

��3�6)!.)% �� 
)G;��89�5<�� ���.<�<� ��@
�����<�9��! �6 ))��N� @ ��$� ���� V �)"+�*�% 
�8���.R F, 

H2O, O2, SiO2
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� g�M * � +_ �6 ���> 
)!.)6 �5)' 4)K�! �#��7&% 
���� �6 �.2 ��6Q)� �;)� �<9"�� 
)� �< ���IW�  9+&6 �
%�8

6���.< � ��,58 @ 7��)_ �K 9 ]�q[�! 4�L �6 ))V � 
I�� 
Fe/(Mg + Fe) �6 
I�� AlIV� �.5� 
)!.)6 �� 9�: �   � 


)� �< A .�  "+&&K  +_ �K +���3
%���= "�#;%�2 ���� �6 �8 .
 �����.5� -�5! � �.5� (�89%��6 ��.� 
)!.)6 �"�;�< �� 9
� �<)
�89 Q8.3 ��A.� I� � �> �<)�;� �6 �3 +���* OX�L z

%��6��89'.:c )5�&%O3 7]�q���[� .�58 Ĥ ��3 ��� � 
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