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 ��� ��4#�� ��4B�0 �+K"� ( "fK ! �5 I&% 9�5
�oR
� "8 0� (�-&> .0
�5���1 ! �5��# (9)"#)�*1(B)�*@*+	 !

((F)  "�? W�� d�	
EB? ! P
�%$+$F�.-��0�  -�:1 0� �5 .
0"1�&1
0 �� (
[�? "[0 "1 �+K"� ($F�`%-+	 "1 ��# "�~;A �> �5 
./?$����*? �-��*1  -' O$E2
�D (
� F�`%-+	 (��*'.

8���,������� "��
�& �	
0
�#� F�*G �1 -K0! (�5�
% I�� �1 $0";7% �1 � �9�!-K 

��7��% � �*? �� "7�9�0"# $@*7$-9H&� Q�4' -�!� �1 ��
A"'��1"\ C*&D ��%0  -&>0"8 .	�*8 I&% P��\ �	�1$"9
�%0��> !��59+G0 �0
����*? �E?�0*> -K0! ($#-&>0"8 �1 (�


>-�0 �0-��  0"45 �1 ! I&% (7� �� �T0*&.��~>*?�0 
-&7�5 .��>��59����*? $��*% F�*G �1 (�!�9��> ��59

�
-'�!� "29 �0� )�B�0 �-�0����*? )!� �+K"� �>$&$E3-'  
1�%!$I&% �+�594>$����*? E?�0*> C�$	":� (���*'�> �

5 3R ��$�
�!0 �0ED0 �0 c$A�1 �5E?�0*> EB1 �� -��4� -�0 .�1

0 �*D!
����*? �.&$�~��> (/��D $F�`%-+	 ( -' �5�!�
��1
�9F�`%-+	 � 3�&�45 0� �5� -5�/� 30*?">�

��& A#� 
<�%�"1 ��590"bG �
��*4� ! ��H&� �0 �0�"19�0-:? �m�

0"1 ��*4�9�?$�9-�-' C��7�0 x��� =H�� .F0-5�/� �0 �8
�$8*.%!".��0 ��0"1 ��*4� 9%�"1 ��59A�$�"?��> �%�&'�

:? !$$��> (��59P%�&� 0"19���R $�5E9' �1 �7�10! $4�
��>�x��� =H�� ��5 �G$+���?$�! �-�-' ���R �� �`%
 �2/

1 30�����>$�*��&)30"�? (� d%*?
!�>E�!"7.�0�Q-� 
HORIBA XGT-7200C�7' 6�7�! �1 � -&5�9��>$���!*+

 !n��4' 3��������[ $���R n!� �1 ��$�H�� E09EB? 
�9
�H��09-�-' .�*< �190"1 �> 9:?$$! (
#e��59
'*@6$4$��
����*? $(�59%�"1 ��*� ��H&� �!�9���H�� 
���R$� E
'�0�"8E��8 F�*G 
�	" .��7T�% Q*�"	90
��> (��5

M�%0"1���R$3*)O, OH ( �0� ! �	"# )�B�0 �� �5Q!-D �
-' �@0�0-�.

	������� �
��*�% B�&�� 
�&$/��D Q�47K0 !  -$�$8 ($����*? �
�$4$' ��7T�% 9�5

 �"7�#��0� �*D! 3R �� 90 .�
�8 Q*�"	*? 9F�*G �1 ($����
XY3Z6(T6O18) (BO3)3V3W �2
�D ! �%0 �1 3R 9�5-

�+$%!�� Q�g'0 "
� "G�&, 9-�*']��[:
X = Ca, Na, K or vacant;  
Y = Li, Fe2+, Mg, Mn, Al, Cr3+, Fe3+, V3+, Ti4+;
Z = Mg, Al, Fe3+, V3+, Cr3+;
T = Si, Al,  
B = B, (vacant); 
V = OH, O; 
W = OH, F, O. 

Q��;? �$:A*� �� V�� 9�5 9�5Z�Y�X!OH�� �� -&5� .
���> N0*�0�� 0� ($����*? 9�5 Q�g'0 30E$� M�%0"1 30*?

 �$:A*�X($����*? ]�+G0  !"# �% �1 �($����*? ��
�$+A 9�5 -
($����*? ! �4$�+> 9�5 �$:A*� �> �
�5X�1 �
 ���T ���R 

 �� ��%0  -/� Q�g'0 O��> �*< 9-&1 �">]�����[.�$:A*�
X($����*? �+G0  !"# �% �1 P$?"? �1  -' ��
 9�5�+$%! 9

Na �Ca !K)�1 �#-'"8 -A�	 ! ���T 9�S	 �&:� �1�+$%! 9
3*$?�>�5(�� "8 ��*'.
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�3�$>"?V%�A �9"5�Y� ��;$.'�*8 30"
0 �%�&' ���> ! �%�&'�*+1 �+B� i��

C#�!' �0� �^H�� E$��^�R �^1 �*1"� 9�5 ($��^��*? �$^'�K ! E^>"� 90 �^5 .��3*^$�R )O, OH(( �^%0  -^' )�^B�0.Lux: Luxullianite�Tou: 
Tourmalinite .c: ]�*+1 E>"� r:�*+1 �$'�K .

Sample No. 1tur-c 1tur-r 2tur-c 2tur-r 3tur-c 3tur-r 4tur-c 4tur-r 5tur-c 5tur-r

Host Lux Lux Lux Lux Lux Lux Tou Tou Tou Tou 
SiO2 ��/�� ��/�w �m/�m �/�� ��/�� ��/�� m/�� wi/�� ��/�w �m/�� 

TiO2 ��/� �/� ��/� �/� ��/� ��/� i�/� ��/� m�/� m/�
Al2O3 ��/�� ��/�m �/�w ��/�� �/�� ��/�� �/�� m�/�� w�/�� �m/�m 

Cr2O3 ��/� ��/� ��/� � � � �m/� � �m/� ��/�
FeO w�/�� ��/� ��/�� �/� iw/�m w�/�� ��/�m ��/�� m/�m ��/i
MgO �m/� �/� ��/m ��/i ��/� i/� �/� i�/� �/� �
CaO �/� �w/� �w/� i�/� �m/� ��/� ��/� ��/� �w/� �m/�
MnO � � ��/� ��/� �w/� �/� � � � �
Na2O �/� im/� mm/� ��/� iw/� m�/� �w/� ��/� ��/� ��/�
K2O ��/� � ��/� �m/� ��/� �i/� � � � �
total w�/i� ��/ii ��/i� ��/i� ��/i� m�/��� mi/i� �m/i� w�/i� ��/iw 

FeO+MgO w�/�� ��/�m �i/�� ��/�� ��/�w ��/�� ��/�w ��/�m �/�w ��/�� 

FeO/FeO+MgO i�i/� �m�/� w��/� m��/� iwm/� i�w/� i��/� w�/� i�i/� ���/�
Structural formula based on 31 anions (O, OH) 

T : Si �i/� ��/� �w/� �wm/� i��/w �i/� �m�/� �w/� �w/� ��/�
Al ���/� �mw/� ���/� ���/� � ���/� � � � �i/�

Z : Al � � �m/� i�/� �/� � � � � �
Mg � � m�m/� �i�/� ��i/� � � � � �

Y : Al �i/� m��/� � � �w/� � ���/� �i/� m�/� m�/�
1.33*Ti ��/� �m/� ��/� �i/� �m/� ��/� ��/� ��/� ��/� ��/�

Ti �m�/� ���/� �m�/� ��w/� ���/� �i�/� ���/� �wi/� ���/� �m�/�
Cr ���/� ��i/� ���/� � � � ���/� � ���/� ���/�
Mg ww/� ��i/� ��m/� i��/� �m/� � i��/� ��/� ww/� ���/�
Mn � � ���/� ��w/� ��/� ��/� � � � �
Fe ���/� �m�/� �m/� ��/� ���/� ���/� �i/� m�/� �m/� ��/�

X : Ca ��i/� ���/� ���/� ���/� ���/� �w�/� ��m/� ���/� ���/� ��m/�
Na+Ca ww�/� �i�/� i�m/� i�m/� ���/� m��/� w�m/� ��/� w��/� w��/�

Na w�w/� �w/� i��/� w��/� ���/� ��m/� ww/� ���/� ��/� ��i/�
K ���/� � ���/� ��i/� ���/� ���/� � � � �

Na+K+Ca wi�/� �i�/� ���/� i��/� �m�/� m��/� w�m/� ��/� w��/� w��/�
X vacancy ��m/� m�i/� ���/� ��i/� ���/� ���/� ���/� �w/� ��i/� �wi/�

Na+K w�i/� �w/� i��/� w��/� ��/� ���/� ww/� ���/� ��/� ��i/�
X= Ca+Na ww�/� �i�/� i�m/� i�m/� ���/� m��/� w�m/� ��/� w��/� w��/�
Na/Na+Ca �w/� �w/� ��/� i�/� ��/� i�/� ��/� ��/� �i�/� ��/�

Fe+Mg ���/� �m�/� w�m/� ���/� ���/� mi�/� �i/� m�/� �m/� ��/�
Fe/(Fe+Mg) � � i�/� i�/� � wi/� � � � �
Mg/(Mg+Fe) ��/� ��/� ��/� ��/� ��/� � m�/� ��/� ��/� ��/�

Na+X vacancy �w�/� �ii/� ��/� im�/� ���/� ���/� �w�/� �w�/� �ii/� �w�/�
X vacancy/

Na+X vacancy
���/� m�i/� ��/� ��/� ���/� �m/� ���/� �w�/� ���/� �i�/�

Y=Fe+Mn+Mg w��/� mim/� ��w/� wwi/� �m�/� �w�/� i��/� ��/� w�/� ���/�
Al total ���/� mw/� ���/� i��/� �w/� �/� ��m/� �i/� m�/� m�/�

Z �m/� ��/� w�/� ��/� ��/� ��/� �i/� �im/� mi/� ��/�
X+Y m�i/� ���/� i��/� ���/� �i�/� �wi/� ���/� �i/� m��/� �i�/�
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-+D�� ��4' �m3�7��� �����($����*? �� �
0� 3�7�B1 C*&D �E#�!� 9-$@*7$�0"#  �*?. . .i��

M�%0"1 ��-&19
>"? � -'��$����*? P$(�59��*� 
%�"1��+�� �0�*4� �� �)O.'m(X-Site vacancy, Ca,  

[Na+K] �]�����[����*? !"4+A ��$(�59+A$��
� �0"A �-
#$-�" .0
>�K �+h�� (�-% �0-�� 3�*1 U�1 �0 
%�78 ! V$�� V

���
�+> �1 ��$�S	 ! V9��T �:A*� �� $�X%0 ���R�.
>"?$' P$4$��
����*? $I&% �� (�59?0">*>*� $�0"# c$7�
�1F�*G��*' -��D Q*+b� Q*4:� $�–!0�� 
��@*	 $7$�

�%0 .�0�2���9����*? $(!� �59�+�� �0�*4� �Ca, Fe(total), 
Mg]�m[��)O.'�(�$� 3�/� E�-5� �>0
��> (�*S, �1 

��7�0�
��*' $��!0�� 
�4? �1 �
1 O$"7/��*' �4% �1$�
0 ! -��0� �+:?
3�/� �+h�� ( -&5�9�
�� (5R �0-�� 3�*1 ��

���
&� �1 ��$E
>"? �� V$' P$4$��
��*4� �59��*� %�"1�
�%0 .� "Y� �1�-%� �>% �*D!$Q��59&\ �0-1R ��1 �*1 �0 

 �27%�T�4#�� �
)�4#��9 �*? -�*� �59�0"# $@*7$-9(!
1��"# �`%�7K0 P;�� ��4�3�*10
3�%*� (�5-'�1 ]��[.

����*?$(�5�
>"? �1 $��*' P$�0"# �� �$�?�428 ! �5$��5
Q*4:�� ��%0 "?
< �� 0"�"f? �*+;? 
��&�$E
% �0 V$V7�
�4#���
� y��T ��*'.

>(%D($����*? P$>"? ��+�� �0�*4� �� �:��H� ��*� 9�5 X site vacancy, [Na+K], Ca]�����[��*4� "7/$1($����*? !"4+A �� �5 9�5
�� �0"A �
�$+A -�"$#Xvacancy=1-(Na+K+Ca) .

>(%E($����*?  �27%�T ($$:? ! 9�0�2��� ��+�� �0�*4� 9!� �%�"1 ��*� 9�5] Ca – Fe (total) – Mg �m[.O��' �0�*4� OT0� �0-,0 :��
�0 �&\ 9�5-$@*7$�0"#Li�$?�428 !8R ! �5�$+ �3R  0"45 ! �7�10! 9�5���0 "$�	 9�5-$@*7$�0"# Li�$?�428 !�$+8R ! �5 �1  0"45 ! �7�10! 9�5

 �3R��I&% �0 �&\ �7$+8�7� 9�5Ca�$���8�7� �I&% ! �5 ��4$�+> F�.$+$% 9�5m��$+8�7� �0 "$�	 9�5Ca�$���8�7� �I&% ! �5 9�5
 �($����*?E?�0*>��F�&1">�7� ��5��c$	��0"7�!0�7� �5.
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�3�$>"?V%�A �9"5�Y� ��;$.'�*8 30"
0 �%�&' ���> ! �%�&'�*+1 �+B� i��

	"< �0�%�"1 �I&% {*aT �� �5�0�*4�  �27%�T 
����*?$(>�K �5�1 �> ���R �0 $��*4� "7/�59��*� ��H&� 
%�"1��1 !"4+A ��  �27%�T�0"# $@*7$�5-9�	$�0 "Li !
?�428$�+8R ! �5$��59�0-:? ! 3R �1 �7�10! 9�1 !"4+A �� 

 �27%�T+8�7� $����8�7� ! �5$��59�	$�+> �0 "$I&% ! V-
�59����*? E?�0*> $� �0"A (�#$-�")O.'�.(

�;�� �0�*4� X-site vacancy/(Na+X-site vacancy) 
"10"1 ��Fe)+Mg/(Mg)O.'�(�$*� E
����*? �> ���R -$(-

�59��*� %�"1���*'  !"#  "�� �� $�)*S, ����

NaFe3Al6(BO3)3(OH)3OH (�� !!0
�)*S, ����


NaMg3Al6(BO3)3(OH)3OH ( ��-&19��-�*']��[.

�� ��*4� c "7�#9@*	 $7$1 �> �7	"# �0"A �$0 "2��
�%0 (

��7�0 *S, �>�
����*? $(X-site vacancy)@*	$7$�
KFe2+AlAl6(BO3)3(OH)3OH (0ED094�� �Q*+b� �� 

-&7�5 -��D]��[.
]�w[(5R �-, �;�� }Fe# = FeO/(FeO + MgO) {

��! -G�� "10"1 ���MgO����*? $(�59��> �1 �7�10! ���%9
=+A ! =+A–�0"# (7�2&? $��59"	R C*&D 
��–��� $;$! �

�$�*
%�"1 0� -&+� �"> g? �> -��*4� ����0 !$$4Y&� F0"���
�0-��Fe#�7/�� �59�0"# 3!�� $7������% !�59�#� 09�>

"?�!� �+G�	 ��90�0"# =;&� �$7��D
E2
 -' (�*D! �-�0
��0� .�*< �190 �> 
"7�0��8 ()(5R �-, (�+G�	 �1 �0 (7	"#

�g? =;&�
�%  -&&>$� "7.k*> �Q���*' .�$30E Fe#0"1 9
����*?$(�5�
�E� ! 3!�� �� �> 
���R !  �*? �1 c�
�� �> 
�����%�59�#� 09�E� �+G�	 �� !
d%0!-K �? c)!���9
�

1$�0 "7/�>$"7�*+ (
� �	��-�*' ?"? �1$Pi/���!i/��?
�/��%0 3�%*� �� .0
����*? {*aT �� "7�0��8 ($(�59�1

�0 "74> �"?�!� �+G�	�/�����"#� "1 �> �*1 -50*T 9�1 �*1 
�*�R �0 ��'"% F�1*%�$&$30*&, �1 )*
D��T �/&� c���U� 

��0�.0 �1 �D*? �1
�0-�� �.&Fe#0"1 91$��*4� "7/�59��*� 
1 �:��H�$(�/��?i/�!"4+A �� !B0
� �0"A �0�*4� (�#$-�"

)O.'w(�#� �+G�	 ��59����*? E?�0*> $�0 ��:��H� ��*� (
�g? =;&�
�%  -&&>$V> �%� ���R Q��>$! "7�*+
4> ��

1$� "7/�-'�1 .����*? �0 ��*4� !�$(!"4+A �� �5A -' =A0! -�0
;� �%0 (.4� �>$�E� �+G�	 (
c
�0*B45 �9-'�1  �*? �1 .

0 �7;�0
4> �+, �1 N*z*� (��#� �0-:? �59����*? $EB? (
�
�1  -'
7��7K0 �1 $�*' ��b� ��.

�� 9"a&, �&$/��D �*;� �
 ! �*D! �%�"1 �*Y&� �1
($����*? �0�*4� �0 �:��H� ��*� 9�5X + Y"10"1 �� Z ��f7%0 

-' .�&$/��D Q�47K0 �1 "B&� �> ($����*? �� ��*$?�> 9�5
�� 3R �;$>"? "$$g? ��*' O.' ��i��  -5�/� �*' .(
0 ��

�$��*' P$>"? �0�*4� ��� �E>"� �1 c
�E� �
!0�� Z=6!
(X + Y) = 4 �� �0"A-�"$# ."Y� �1]�i [($����*? 9�5

($����*? ! "?"$�	 V$&$�*�R �0 �1��"#�0"# 9�5 �7$?�428 ! �7$
�&\ V$&$�*�R �0-&7�5 "? .�> 3�&�45�0O.'�Q!-D !�

 -
����*'($����*? �0 9"7/$1 �0-:? ���*� ��H&� 9�5
V$&$�*�R �0 ��'"% �:��H���*4� ! -�0 V$&$�*�R �0 9"74> 9�5

�� ��?-&'�1 .��*4� V$&$�*�R 30E$� 3�*1 U�1 ��H&� (
0 9�5
 "2��$1 �%0 (.4��� ���K (
0 �� �> -'�1 "
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