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�' -��_ �5��.� 85A/9 aA=*� �� �AF	$% m�2^ ���BFS. 8�H
 "5( "��#:5�. .��2B� .�.� "5A( �A
)U+ 8�AH 8[�X.��� 5A^�� 

�AA�!#BaO #].��[�AA�!# 5AA^�� TiO2�AA9 �AA; 5'F�AAH 
� E2%23	 @'A& �.5A��F + r
��A9 8�AH �
�A 3V ���-AG-+: 8�AH

 5A��.� ��.2A�BH �A&�FE $9. # �&�FE]7.[C: r
)A '� �5A4 �AH
Fetotal)�Mg/(Mg + "$F�% �� 8�7/X�\]/X�
.$9�A'9 �OA��J

��2B�"$F�% �� �H �A� �.$V � E2%23	 85A�$ %]].[�.5A��Cl  
��2B� "$F�% �� �H 8)X]/X�X(�.5A�� # 5^��F"$F�A% �� 8

)>]/>��[/�(�� �; �&. 5^�� �A ��/	 C�29 f�9 $,��-� 5�.2+
 "!.5% �� �2d23	 "5'H� M 6-+ 85A(�9 C�A9) � @'& 8.�
�AF�

�
)U+ �9 8�H ���; !. "5�: MB4 ��x'� 8�H $,��-� �� (�S �9 8.
  h+ 154 ���A; O ;$+ �� P�-� $  �A�# ���A
. �A�x'� 8�AH

 �
)U+ !. M^�S �
�F� ��
$;2'	 �-';.# � (�S 8�&�$9 8�H
 D
.)A	. $,��-A� "5(SiO2, FDH�A; #MgO, TiO2�A&. 

)K#5_�.(�� O ;$+ $  h+ �
. �2A3*+ 8�A�� DH�A; �A9 5�.2+
 5(�9 �F(.� �,F�9]�l.[
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53_�q"��B( �>) 
�E ��>qX ���; �B (@'& �� � E2%23	 8�H ���-G-+: 8�H. . .u��

#5�&(	 !. �(!.�$E)
� �
)U+ �
�F�� E2%23@'& 8�HC2 +�; �5�$� I$J K�B( �&�FE ���-G-+: 8�H T�&. $9 �H77"5( �*&�=� Co �;. 5�..
7���� D2 (63) D2 (64) D2 (65) D2 (66) D2 (67) D2 (68) D2 (69) D3 (70) D3 (71) 
SiO2 34/95 34/47 35/32 35/59 35/55 35/98 35/75 34/85 35/21
TiO2 7/05 7/29 6/82 6/72 6/25 6/39 5/88 7/26 7/07 
Al2O3 14/20 14/20 14/08 14/29 14/26 14/39 14/00 14/95 14/86 
Cr2O3 0/00 0/00 0/00 0/00 0/00 0/02 0/00 0/00 0/00 
FeOt 9/44 9/65 9/49 9/60 9/58 9/63 11/71 9/71 9/86 
FeO 7/93 8/11 7/97 8/06 8/05 8/09 9/84 8/16 8/28 

Fe2O3 1/41 1/44 1/42 1/43 1/43 1/44 1/75 1/45 1/47 
MnO 0/04 0/11 0/06 0/08 0/07 0/09 0/14 0/09 0/16 
MgO 16/93 16/50 16/94 17/00 17/32 17/38 15/76 16/59 16/83 
BaO 2/79 4/44 3/38 2/34 1/80 1/71 1/94 3/33 2/98 
CaO 0/00 0/11 0/00 0/00 0/01 0/01 0/04 0/04 0/06 
Na2O 0/53 0/48 0/53 0/49 0/51 0/55 0/69 0/48 0/53 
K2O 8/51 7/77 8/17 8/56 8/84 8/75 8/50 8/23 8/44 

F 1/15 1/20 1/31 1/31 1/31 1/35 2/06 1/18 1/19 
Cl 0/05 0/07 0/05 0/04 0/04 0/04 0/07 0/07 0/05 

Total 95/64 96/29 96/14 96/02 95/55 96/29 96/54 96/77 97/24 
 

Si 5/29 5/25 5/34 5/35 5/36 5/37 5/44 5/23 5/26 
AlIV 2/53 2/55 2/51 2/53 2/53 2/53 2/50 2/65 2/61 
Fe3 0/05 0/05 0/05 0/05 0/05 0/05 0/07 0/05 0/06 
∑-tet 7/88 7/85 7/90 7/94 7/95 7/96 8/00 7/94 7/93 

 
AlVI  0/013   
Ti 0/80 0/83 0/77 0/76 0/71 0/72 0/67 0/82 0/79 
Cr 0/00 0/00 0/00 0/00 0/00 0/00 0/00 0/00 0/00 
Fe2 1/00 1/03 1/01 1/01 1/01 1/01 1/25 1/02 1/03 
Mn 0/01 0/01 0/01 0/01 0/01 0/01 0/02 0/01 0/02 
Mg 3/85 3/77 3/85 3/84 3/92 3/90 3/60 3/74 3/78 
∑-oct 5/66 5/65 5/63 5/62 5/65 5/64 5/55 5/60 5/62 

 
Ba 0/17 0/27 0/20 0/14 0/11 0/10 0/12 0/20 0/18 
Ca 0/00 0/02 0/00 0/00 0/00 0/00 0/01 0/01 0/01 
Na 0/16 0/14 0/16 0/14 0/15 0/16 0/20 0/14 0/15 
K 1/65 1/51 1/58 1/65 1/70 1/67 1/65 1/58 1/61 
∑-int 1/97 1/94 1/94 1/93 1/96 1/93 1/98 1/92 1/95 

 
CF 1/15 1/20 1/30 1/30 1/30 1/33 2/06 1/17 1/17 
CCl 0/03 0/04 0/03 0/02 0/02 0/02 0/04 0/03 0/02 

 
Cations 15/51 15/44 15/47 15/49 15/56 15/53 15/53 15/46 15/50 

Fe/(Fe+Mg) 0/21 0/21 0/21 0/21 0/21 0/21 0/26 0/21 0/21 
Mg/(Mg+ Fe) 0/79 0/79 0/79 0/79 0/79 0/79 0/74 0/79 0/79 

AlVI
/AlIv 0/00 0/00 0/00 0/00 0/00 0/00 0/01 0/00 0/00 
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)F'� �"�.!5BS. �8$ ,���_ C.$
. �&�'( ���; # �&�'(�239 �3U� u�u

 #5�& 7 �
�(
7���� D3 (72) D3 (73) D3 (74) D3(75) D3 (76) D3 (77) D3 (78) DL13 (42) DL13 (43)
SiO2 35/51 35/29 34/61 35/84 35/59 35/60 34/83 36/55 35/05 
TiO2 6/31 6/19 5/89 5/99 6/05 6/02 6/02 5/19 6/07 
Al2O3 14/66 14/81 14/47 14/35 14/42 14/73 14/26 13/98 14/54
Cr2O3 0/01 0/02 0/00 0/00 0/00 0/00 0/00 0/00 0/00 
FeOt 9/74 9/52 13/33 10/47 13/94 10/42 14/49 11/06 14/05 
FeO 8/18 8/00 11/20 8/79 11/71 8/75 12/17 9/29 11/80 

Fe2O3 1/45 1/42 1/99 1/56 2/08 1/56 2/16 1/65 2/10 
MnO 0/09 0/05 0/21 0/14 0/25 0/11 0/23 0/11 0/29 
MgO 17/33 17/43 14/45 17/01 13/87 16/87 13/41 16/84 13/32 
BaO 2/01 1/75 1/68 1/97 2/13 1/76 2/27 2/63 3/10 
CaO 0/05 0/06 0/43 0/18 0/07 0/14 0/66 0/23 0/47 
Na2O 0/52 0/49 0/72 0/64 0/72 0/62 0/77 0/75 0/82 
K2O 8/71 8/82 8/50 8/59 8/49 8/47 8/27 8/19 7/41 

F 1/30 1/31 1/93 1/48 1/94 1/66 1/84 2/61 2/16 
Cl 0/06 0/07 0/04 0/06 0/06 0/00 0/06 0/06 0/05 

Total 96/30 95/79 96/26 96/73 97/53 96/41 97/12 98/21 97/33 
 

Si 5/32 5/30 5/33 5/37 5/42 5/35 5/36 5/48 5/39 
AlIV 2/59 2/62 2/59 2/54 2/50 2/59 2/55 2/45 2/53 
Fe3 0/05 0/05 0/08 0/06 0/08 0/06 0/08 0/06 0/08 
∑-tet 7/96 7/98 8/00 7/97 8/00 8/00 8/00 8/00 8/00 

 
AlVI  0/031  0/090 0/012 0/035 0/018 0/105 
Ti 0/71 0/70 0/68 0/67 0/69 0/68 0/70 0/58 0/70 
Cr 0/00 0/00 0/00 0/00 0/00 0/00 0/00 0/00 0/00 
Fe2 1/02 1/00 1/44 1/10 1/49 1/10 1/56 1/16 1/51 
Mn 0/01 0/01 0/03 0/02 0/03 0/01 0/03 0/01 0/04 
Mg 3/90 3/94 3/34 3/83 3/17 3/81 3/10 3/80 3/08 
∑-oct 5/65 5/65 5/52 5/62 5/48 5/61 5/43 5/58 5/43 

 
Ba 0/12 0/10 0/10 0/12 0/13 0/10 0/14 0/16 0/19 
Ca 0/01 0/01 0/07 0/03 0/01 0/02 0/11 0/04 0/08 
Na 0/15 0/14 0/21 0/19 0/21 0/18 0/23 0/22 0/25 
K 1/67 1/69 1/67 1/65 1/65 1/63 1/63 1/57 1/46 
∑-int 1/95 1/95 2/06 1/98 2/01 1/93 2/11 1/98 1/97 

 
CF 1/29 1/29 1/95 1/46 1/94 1/64 1/86 2/58 2/18 
CCl 0/03 0/04 0/02 0/03 0/03 0/00 0/03 0/03 0/03 

 
Cations 15/56 15/58 15/58 15/57 15/48 15/54 15/53 15/56 15/40 

Fe/(Fe+Mg) 0/21 0/20 0/30 0/22 0/32 0/22 0/34 0/23 0/33 
Mg/(Mg+ Fe) 0/79 0/80 0/70 0/78 0/68 0/78 0/66 0/77 0/67 

AlVI
/AlIv 0/00 0/00 0/01 0/00 0/04 0/00 0/01 0/01 0/04 
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53_�q"��B( �>) 
�E ��>qX ���; �B (@'& �� � E2%23	 8�H ���-G-+: 8�H. . .u��

#5�& 7 �
�(
7���� DL13 (47) DL13 (48) DL13 (49) DL13 (50) Yk6 Yk6 Mn Yk6 Mn Yk6 Mn Yk6(10) 
SiO2 35/90 35/39 35/34 35/20 36/15 35/98 33/99 35/52 37/92 
TiO2 6/83 5/92 6/76 5/79 6/14 4/64 7/05 6/23 6/09 
Al2O3 14/76 14/22 15/15 14/73 14/83 14/56 14/33 14/71 13/75
Cr2O3 0/00 0/00 0/00 0/00 0/05 0/12 0/00 0/01 0/00 
FeOt 9/73 11/54 9/84 12/01 9/24 8/88 9/10 9/32 11/24 
FeO 8/17 9/69 8/27 10/09 7/76 7/46 7/64 7/83 9/44 

Fe2O3 1/45 1/72 1/47 1/79 1/38 1/33 1/36 1/39 1/68 
MnO 0/09 0/18 0/06 0/23 0/08 0/10 0/07 0/08 0/16 
MgO 17/19 15/87 17/00 15/59 17/88 18/89 16/76 17/67 16/22 
BaO 2/47 2/67 2/42 2/47 1/32 0/99 3/05 1/68 0/11 
CaO 0/05 0/81 0/06 1/24 0/02 0/02 0/35 0/06 0/03 
Na2O 0/50 0/73 0/50 0/70 0/90 0/93 0/94 0/91 1/06 
K2O 8/53 8/03 8/43 7/95 8/57 8/69 7/76 8/51 8/56 

F 1/25 2/79 1/17 2/37 3/06 3/38 2/78 3/05 3/30 
Cl 0/03 0/07 0/05 0/06 0/07 0/08 0/06 0/03 0/02 

Total 97/35 98/23 96/78 98/34 98/31 97/25 96/23 97/78 98/47 

Si 5/32 5/36 5/27 5/31 5/35 5/39 5/21 5/31 5/60 
AlIV 2/58 2/54 2/66 2/62 2/59 2/56 2/59 2/59 2/33 
Fe3 0/05 0/07 0/05 0/07 0/05 0/05 0/05 0/05 0/06 
∑-tet 7/95 7/96 7/99 7/99 7/99 8/00 7/85 7/95 8/00 

AlVI 0/010 0/060 
Ti 0/76 0/67 0/76 0/66 0/68 0/52 0/81 0/70 0/68 
Cr 0/00 0/00 0/00 0/00 0/01 0/01 0/00 0/00 0/00 
Fe2 1/01 1/22 1/03 1/27 0/96 0/93 0/98 0/98 1/16 
Mn 0/01 0/02 0/01 0/03 0/01 0/01 0/01 0/01 0/02 
Mg 3/83 3/61 3/81 3/53 3/98 4/25 3/86 3/97 3/60 
∑-oct 5/61 5/53 5/60 5/49 5/63 5/74 5/66 5/66 5/52 

Ba 0/14 0/16 0/14 0/15 0/08 0/06 0/18 0/10 0/01 
Ca 0/01 0/13 0/01 0/20 0/00 0/00 0/06 0/01 0/00 
Na 0/14 0/21 0/14 0/21 0/26 0/27 0/28 0/26 0/30 
K 1/62 1/55 1/61 1/53 1/62 1/66 1/52 1/63 1/62 
∑-int 1/92 2/06 1/90 2/09 1/96 2/00 2/04 2/00 1/93 

CF 1/22 2/78 1/15 2/35 2/98 3/34 2/81 3/00 3/21 
CCl 0/02 0/04 0/03 0/03 0/04 0/04 0/03 0/02 0/01 

Cations 15/48 15/55 15/49 15/56 15/58 15/74 15/56 15/61 15/45 
Fe/(Fe+Mg) 0/21 0/25 0/21 0/26 0/19 0/18 0/20 0/20 0/24 

Mg/(Mg+ Fe) 0/79 0/75 0/79 0/74 0/81 0/82 0/80 0/80 0/76 
AlVI

/AlIv 0/00 0/00 0/00 0/00 0/00 0/00 0/00 0/00 0/03 
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)F'� �"�.!5BS. �8$ ,���_ C.$
. �&�'( ���; # �&�'(�239 �3U� u��

 #5�& 7 �
�(
7���� Yk6(11b) Yk6(12) Yk6(13) Yk6(2) Yk6(9) 
SiO2 35/70 34/40 38/35 35/52 32/75 
TiO2 7/02 8/62 6/93 6/23 8/70 
Al2O3 15/02 14/83 13/45 14/71 14/30
Cr2O3 0/02 0/00 0/00 0/01 0/00 
FeOt 9/57 9/65 9/21 9/32 9/23 
FeO 8/04 8/11 7/74 7/83 7/75 

Fe2O3 1/43 1/44 1/38 1/39 1/38 
MnO 0/05 0/10 0/04 0/08 0/13 
MgO 17/17 15/37 17/88 17/67 15/53 
BaO 2/66 4/88 0/21 1/68 5/00 
CaO 0/05 0/02 0/05 0/06 0/01 
Na2O 0/87 0/87 1/03 0/91 0/85 
K2O 8/21 7/08 8/77 8/51 6/99 

F 2/67 2/20 2/84 3/05 2/51 
Cl 0/05 0/07 0/04 0/03 0/07 

Total 99/06 98/09 98/81 97/78 96/08 

Si 5/28 5/19 5/57 5/31 5/09 
AlIV 2/62 2/64 2/30 2/59 2/62 
Fe3 0/05 0/05 0/05 0/05 0/05 
∑-tet 7/95 7/88 7/92 7/95 7/76 

AlVI 

Ti 0/78 0/98 0/76 0/70 1/02 
Cr 0/00 0/00 0/00 0/00 0/00 
Fe2 0/99 1/02 0/94 0/98 1/01 
Mn 0/01 0/01 0/01 0/01 0/02 
Mg 3/81 3/48 3/90 3/97 3/63 
∑-oct 5/59 5/50 5/60 5/66 5/66 

Ba 0/16 0/29 0/01 0/10 0/31 
Ca 0/01 0/00 0/01 0/01 0/00 
Na 0/25 0/26 0/29 0/26 0/26 
K 1/55 1/37 1/63 1/63 1/39 
∑-int 1/96 1/92 1/94 2/00 1/96 

CF 2/60 2/18 2/72 3/00 2/57 
CCl 0/03 0/04 0/02 0/02 0/04 

Cations 15/51 15/30 15/46 15/61 15/38 
Fe/(Fe+Mg) 0/21 0/23 0/19 0/20 0/22 

Mg/(Mg+ Fe) 0/79 0/77 0/81 0/80 0/78 
AlVI

/AlIv 0/00 0/00 0/00 0/00 0/00 
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53_�q"��B( �>) 
�E ��>qX ���; �B (@'& �� � E2%23	 8�H ���-G-+: 8�H. . .u��

>2FF�-`AA�.(�AA&�$9 8�AAH�6 � OAA ;$+ "�� �.�2AAB� �� "5AA( T�AA&. $AA9 �AAH�6 � 85AA'9]�[�I(�AA�2B� �.�2AAB� �� "5AA( �AA&�$9 8�AAH 
Ti)-(Fe2+ + Mn)+Mg-(AlVI + Fe3+"$F�% �� �� �.$V � E2%23	 85�$ %.

�
����&Ba 5Ti 
�9 ���A; ��FL�A& �� �%5A � E �A34 ?A
 `A 36+ ��A6 � 8�AH

 �%5A � E MA
f� �9 �H�6 � ��FL�& �� �'
),
�_ M �A��FE ��
 K�BFS. # r ��F + # �H: � 	$� �  /+ C�29 M6-� ��'
),
�_

 �F	$% �.$VTi, Fe #Mg �A�_# ��A�W m�yF�� � /V2� �� 
]7[�A&. M6-� .�,F�A*BH $,��-A� "5A( rA&� 8�AH�.�2B�

 $
��AA�� �AA*��OBa�AA9 Al2O3�TiO2�AAG'� �,F�AA*BH #
�9SiO2, MgO, K2O, FeO  �A&. )M{A(>.(Ba �A� 5A�.2+ 

C2 +�; �
),
�_ �
f C� � 8�H � /V2� �� 8. m�yAF�� �9 8�H
�7 �2-9 .9�_��
�_K�9 Ba C.$A*_ �A9 ".$BH �6 � ��FL�& �� 

�x9.� �9 �; �&. ��2
 ��98
)�(+ � = 2XIIKXIIBa 

]�["5AA � E �'
),
�AA_ �AA9 �AA
 #C2 +�AA; �#! M��AA( 88�AAH 

� /V2� �-H 8�H �
f � 9 # ��_# 5A'��BH # ��$ % m�2^ 8.
�x9.�8]�[��7[

)7(XIIIBa + IVAl = XIIK + IVSi 
��2B� $F- 9 C�A � �A /V2� 8.�.� ��A*
$�+ "5( �&�$9 8�H

�
f |L 8�F&.� �� # "�29 8$y'4 8.�:��
),
�_ Ba 8�AU9 
K + NA + Ca�� 5�2()(M6l`�.(�'
),
�A_ $,��-� �;

 �x9.� �= _$+ 87�x9.� �9 �*�� 8��&. .�A9 ��2A_# �
. �9
 �x9.� �6'
. 87C.$A*_ 8.$9 .� r ' �2�: # r
��9 �#! �' -��_ 

�� ���'- E ��9 C!.2+ 154 5A'��BH 8$,
� C2 +�; f�BFS. �5';
Fe3+�FA(.� �2�AS ��_# ���W m�yF�� � /V2� �� �F�
�9 
5(�9 �� ��9 C!.2+ 154 # ��_# ���W � /V2� �� ���L 8��	 �+ 
�6*( 5A'n C.$*_ .� ���; 8.�'
),
�A_ �A
.Ba OA3J. 8.$A9 

�AA�2B� r
��AA9 �F E2AA%23	 8�AAH �AA�2B� )AA_ �
�AAB%�� �.� 8�AAH
 �&. �$9��; M9�V �F d#$e�f]�\[.

@/�
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)F'� �"�.!5BS. �8$ ,���_ C.$
. �&�'( ���; # �&�'(�239 �3U� u��

1.0
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2.2
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Ba

K
+N

a+
C

a

int-site = 2

int-site = 2-Ba

a
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13

14

42 43 44 45 46 47 48 49

2K + 4Si + 4(Fe+ Mg)

B
a

+
3T

i+
4i

vA
l

Ba + Al = K + Si 

Ti + 2Al = Mg + 2Si

b

>2�1m.$  h+ �.�2B�BaO 8�H5 �;. �9 �*�� TiO2, SiO2, MgO, K2O, FeO, Al2O3�� A9 �A*�� �,F�*BHBaO #TiO2, Al2O3#
8�H5 �;. �9 �G'� �,F�*BH SiO2, MgO, K2O, FeO�� "5H�-��2(.

>2�G`�.(�-�F��9 r
��9 C2 +�; 8�_�
f � 9 8�H��2B� �� 8. �"5( �&�$9 8�HI(�.�2AB� 2K + 4Si +4 (Fe + Mg) �A9 �*�A� Ba + 

3Ti + 4 ivAl �'
),
�_ �#! 5�#� C�.� C�-� 8.$9 Ba + Al = K + Si� E2%23	 �� "5( �&�$9 8�H]][.

@/�!
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53_�q"��B( �>) 
�E ��>qX ���; �B (@'& �� � E2%23	 8�H ���-G-+: 8�H. . .u��

�AA E2%23	 DH�AAn 8.�.� ��AA�2B4 �.� r ��AAF + # r
��AA9 8�AAH
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