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VI%��u�7)�7�8#�Altotal �( �6��Fetotal/Fe+Mg ]A�[�� 4��� 7� *86$2�3 V$I�, ���	 �"9�� .f)�7�8#�AlIV �( �6��NaM4 ]�[
*86$2�3 V$I�, ���	 ���3'( /7'(�&�'( ��8� /��.

G$$+, �7�8#��H9�S
'H 6$2�3 P$"', �
�  '( 4�$�"7*8��
]�o[�6�� 4�8( ;�( E9.�� 4��� �H9�S
'H 4��1 �� 4�$�"7

 *86$2�3 �8D6, �&7)VI%��.(
�7�8#� 17 h@'� ]A�[/7'( S$����3'( E��2N&7 ���	 � ���

�&7 E9% .k$��N$, � =8$.$�8�3 /��9$�"7 \�&7 '( �7�8#� G
7
 *86$2�7 ���" �� �8@8��&7 .B7'$$w, 9���AlIV �( �6�� 

"48$,� �� �8@8� /��E�F
�@ A�.+
(Na+K)A (/�8l �
�&7 �"��*86$2�3 478,*86$2�3 17 7� G$
�  ��� /�� ��� /��
 ;�( K$I2,�'" .*86$2�3 ;�( ��� /��PDQ7 ��/�N&7� �YR

 k" P$% �( �*86$2�3 �� G$
�  ��� /��/�N&7� P$% �( �YR
�� �7'` ',9.,9�'$H .*86$2�3��8� /�� �&�'( �7�8#� ��AlIV 

�( �6�� (Na+K)A ��6
'�, �YR 9��� K
(G$�N&7� /��
�� 4��� 7� 9.D6��8� � �
1�H��  �" 9.�'F��$( ���/[&8N�

(/7' �&���3)VI%�A(]A�[.
*86$2�3 ��8� /���&�'( 17 'N#"A/�*8�'	 �� =8$,�N$,

�NR�&��8R /9��7� 9.N�� G$
�  4�N$, g8� 17 �.(\�&7'
G$�$  Z
�N� ]A�[�*86$2�3 [&8N� /�����	 �� �" �
��

�� �8D6N� 17 9�8%�y'TiO2'$�	 9.N�� �PDQ7 17 'N#"
��/��,��/�=8$��N$,(Ti) �NR�& *8�'	 ���� 9��7� �8R /

B7'$$w, �7�8#� ��Ti '(7'( ��Al�[R '
1 ����/�)��/�
�� �7'` =8$��N$,�" �,�8W �� �9�'$H *86$2�3 �� ���	 k" /��

�� h`7� 43 /;�( �
 K$I2, [R {'l ��9�8% .*86$2�3 /��
 ��8��&�'( h`7� K$I2, [R G
7 /;�( ��E�8( g8� 17 �.+


*86$2�3 9.N�� G$
�  ���	 /��)VI%�_.(G$.x#�\�&7'( 
B7'$$w, �7�8#�Ti �( �6�� AlIV� b��" �( ��79� AlIV ��79� 

Ti �� b��" S$�9(�
 .� b��"�79� AlIV b
7S	7 17 �%��Si 

�NR�& ���� �8D('F��$( �	'�$ b
79@ �&�#H�� .�	'�$ 
b
79@ �79�� b��" �<�( �
�#H��Ti �#H�� �� �G
7'(�.(

*86$2�3 �8D6, �<�( /��Ti �� G$
� �8% .G
7 ���7�8#� 
*86$2�3 E�F
�@ �(�X ���	 �� �" �<8.�� /���� ��(8D$"

�E9% 9$�8, �N�71�( /�#H�� K
 �� B��2N� /���� 9�7]A][
7 E9% �����&.���	 GN	'H 'y� �� �(�/7'( ��(8D$"
*86$2�3 V$I�, /��b���  G
7 �N	�
 �( 43 ��
��� �/�� SD�

]A][��*86$2�3 �" �2H 478, ��8� /���&�'( /��� ��
]�� �,]�� E9% V$I�, �7'F$N��& �@�� 9�7)VI%�_.(

G$�1-.&���9.D6��8� �)15"8
U5  
G$�1-.&���9.D6��8� �)\�&7 '( 15"8
U5  Si �ALIV 

�� �8@8���@���J E�F
�@ /��15"8
U5  g8� � 9.D6��8�
0.& �� ����3 E7'#�d$D$& 17 g�6%7 /�� �&7 .n'% E��2N&7

 K
 478.< �( ���" ~�1 G
7 17Z.&��� G$( *��+, �8@� �
*86$2�3$�D"�#�&�'( �� 15"8
U5  �0.& /�� /��F�

�&7 .G
7G$�1Z.&��� g8� 17 '( � ����6,\�&7 b."7� '
1 /��
�&7:

edenite + 4 quartz = termolite + albite  )�(
edenite + albite = richterite + anorthite )](

b."7� 17���� �� E��2N&7 �Y
7'% �� �� S,�78" �" �8%
8M: 0.& b."7� � 9%�( �N%7� �=�� 0.& �� /��4�9( 

��7� �'(��" S,�78" .�$��7 S,�78" 49�� E�7� �$��, �( �@8, �(
��8#� ����Y.� /���b."7� 17=�� E��2N&79%.��� )P�:'(

G
8D" (�Y(7� 17 '
1 9% �6&�C�]A�[:
T(±311K) = 0.677P(Kbar) – 48.98 + YAb/0.0429 –
0.0083144 Ln (Si-4)/ (8- Si) XAbplag )�(
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G
7 ����-.&7� P\�&7 '( ���	h@'� �Y(7� ]A�[�Si �79+,
48$,�"*86$2�3 *8�'	 �� k�$D$& /�� ����7'	 9W��

 �79�� � 9.N�� 15"8
15  �� �8@8� �$6�3YAb'
1 �Y(7� 17
�� �&� �(9
3:

P(±0.6kbar) = -3.01+ 4.76 × Altotal 
XAb> 0.5, YAb= 0, XAb<0.5, YAb= 8.06 + 25.5 
(1- )2 )o(
P(±0.6kbar) = -3.01+ 4.76 × Altotal )s�(

�-.&����8D( �%��9.D6��8� /�� )0.& G
7 �� 15"8
U5  ��
8l �(G$F��$� ���� �,��� *��+, �( /7'( 7� �7'F$N��& �@�� 

�� 4��� ���" �� G
7 49$&�9�� )*�9@A.(

�$,8$( �-.&��� G$�1 
��7� ��$,8$( �� k$���N$, *'N." '( 7� 'X7 G
'N�$( ��� .b
7S�	7

 b���" P@8� ���	 b
7S	7 � k$��N$, �79�� b
7S	7 P@8� ���
�� 43 �8%]Ao)_�.[�N$, �79�� ��( ��D" �8�l �( �$,8$( �� 4

�� b
7S	7 G�3 �79�� b
7S	7 9(�
]__�_A[.�-.�&��� G$��1
�$,8$( V$I�, /��� �$,8$( �� 4�N$, 0.�& �� �8�@8� /��-

7� ��Y.� �N$&7� /����� �,��� �7� 4���� �7'F$N��& �@��
)VI%��.(

VI%���7�8#�Fe/(Fe+Mg) �( �6��AlIV 'H ���3'( /7'( �H9�S
]�o.[

VI%�A�7�8#�(Na+K)A�( �6��AlIV 17]A�[*86$2�3 /7'(��.

VI%�_�7�8#�AlIV �( �6��Ti ]A�[E'N�H �*86$2�3 /7E�
� /��� �( /�� ]A].[
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*�9@A�
S-, Z
�N� 15"8
U5  ���" .
�Y�� E��#% SiO[2] TiO[2] Al[2]O[3] FeO CaO Na[2]O K[2]O MgO MnO Total 

Tr An-A25-1 52.72 0.0367 27.937 0.61 13.94 3.52 0.0867 0.13 0.013 98.993 

Tr An-A25-2 53.18 0.05 27.787 0.69 13.24 3.84 0.0867 0.163 0.027 99.083 

Tr An-A25-3 54.12 0.04 28.3 0.5 14.2 3.5 0.07 0.12 0.02 100.89 

1-Da-A29 49.76 0.0175 30.185 0.56 16.61 2.16 0.0325 0.088 0.013 99.44 

2-Da-A29 49.76 0.0175 30.185 0.56 16.61 2.16 0.0325 0.088 0.013 99.44 

3-Da-A29 50.02 0.0176 31.2 0.58 17.1 1.45 0.33 0.086 0.011 100.8 

RD-1 54.45 0.02 28.41 0.61 10.85 5.1 0.42 0.03 0 99.91 

RD-2 56.08 0.04 26.84 0.66 9.44 5.93 0.4 0.05 0 99.44 

RD-3 59.24 0.01 24.96 0.31 6.89 7.15 0.45 0.02 0 99.06 

An-A77-1 51.96 0.0067 30.873 0.12 13.78 1.8933 0.0467 0.133 0.013 98.833 

An-A77-2 55.43 0 29.17 0.16 11.7 3.945 0.03 0.06 0.01 100.5 

An-A77-3 50.13 0.0067 32.903 0.11 14.53 1.7567 0 0.02 0.003 99.467 

An-A77-4 51.69 0.0325 30.74 0.2 14.58 2.1825 0.155 0.065 0.018 99.673 

*�9@A*86$2�3 ���" �
S-, Z
�N�.
Sample SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O K2O TOTAL 

D-1 45.25 1.06 9.5 0.03 16.03 0.26 11.35 11.2 1.86 0.41 96.95

D-2 44.08 1.2 10.56 0.04 15.23 0.23 10.23 12.65 1.65 1.55 97.42

D-3 45.31 1.18 10.98 0.03 15.55 0.3 10.66 10.59 1.86 1.45 97.91

D-4 45.31 1.18 11.09 0.02 14.59 0.31 11.97 10.73 1.88 0.65 97.73

*�9@A�$,8$( ���" �
S-, Z
�N�.
#���8 D-BI1 D-BI2 RD-BI3 D-BI4 RD-BI5 RD-BI6 

SiO2 34.79 33.53 34.9 35.13 34.94 36.59 

TiO2 1.83 1.89 1.45 1.64 1.37 3.79 

Al2O3 19.92 19.35 23 19.81 20.35 15 

Cr2O3 0.06 0.07 0.06 0.06 0.09 8.55 

FeO 21.09 21.46 18.62 20.84 20.67 14.97 

MnO 0.3 0.26 0.32 0.24 0.29 3.51 

MgO 8.66 8.5 7.55 8.28 8.52 11.71 

CaO 0 0 0 0 0 0

Na2O 0.25 0.27 0.3 0.3 0.29 0.04 

K2O 8.08 7.43 7.04 8.07 7.79 0.12 

h@'� 95.07 93.09 93.29 94.45 94.46 94.58 

Si 2.66 2.63 2.65 2.7 2.68 2.79 

Ti 0.11 0.11 0.08 0.09 0.08 0.2 

Al 1.34 1.37 1.35 1.3 1.32 1.25 

Cr 0 0 0 0 0 0

Fe 1.35 1.41 1.18 1.34 1.32 1.2 

Mn 0.01 0.01 0.01 0.01 0.01 0.01 

Mg 0.99 1.01 0.86 0.95 0.97 1.33 

Ca 0 0 0 0 0 0

Na 0.04 0.04 0.04 0.04 0.04 0.02 

K 0.79 0.74 0.68 0.79 0.76 0.84 

g8#-� 7.29 7.32 6.85 7.22 7.72 7.18 
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*�9@A���8#� ���	 � ��h@'� ��� �( E9% �6&�C��� ]A�[.
SAMPLE D1 D2 D3 D4 

PKb 5.30 6.21 6.45 6.53 

TC 540 657 650 575 

VI%���$,8$( P$"', \�&7 '( �-.&��� G$�1]Ao.[

�%7�'( 
0.& 456& ����2�,3 �<8#-� �&�'( �
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�3 ��N�71�( ��� 4���� 7� �$&7� � �
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 /���� E9.�� 4��� *86$2�3 � 15"8
U5 ��� ��,]�� ��@��
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���$�)��7� ��78�#� G
'
1 .�$,8$( 0.�& �� �8@8� /�� /���
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