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��/�db/�bd/���/���/���/�b�/�b�/�Na2O
��/��d/���/���/���/���/���/��h/�FeO 
��/���/�b�/��d/���/���/��d/��b/�SiO2

��/d���/d�h�/d���/d���/d���/d�b�/d�b�/d�CaO 
��/���/��h/���/���/���/���/��d/�MnO 
��/�b�/�b�/�b�/��d/���/���/���/�SO3

��/���/���/���/���/���/��b/��b/�SrO 
�d/���/��d/��d/���/���/���/���/�La2O3

�b/��h/���/���/��b/��d/���/���/�Ce2O3

��/��h/��d/���/��d/���/���/��b/�F* 
��/���/�d�/��b/���/�d�/�b�/�b�/�Cl 
��/����/����/�h�d/����/�hb�/�h��/�hb�/�hP+67�

�
�; #- �( %+�L�G �&'SL��O, F, Cl, OH 
��/���/��d/�d�/�dd/���/���/�b�/�F
��/�b�/���/��h/���/��d/��d/��d/�Cl 
��/���/�b�/���/���/�b�/��h/���/�OH 
bbbbbbbbP+67�
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�9: �2+67� D�( .WOk2 !��c).& !'5 �	#S� D&#- !"#$ D�( ��L�;: " �/4. D�( 

�.�#- !'5 �� �6( �(�&�+6� '4��6( �
& �.& C35.
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B4. 1+���&#).& - ��"#�- D�(#)0�B4.  & ��"�� D�( �.&

X(�G �- �G W��,G �&'�� ��&� ��&+�6( #a42 "� �
& &#
  
�$e
" " ��+
 P�S5 D&�&� ���  D�( ��-�0� �
��6�5'4)�( \

�� W��,G �
N/
�@ �)V&� �- 1+���&#).& �
&#-�4- �+5.

���� �)�@�� 
��� ��
�- �@+L�-W���L �&�+6�#- ��L�;: P&+�& D'4-{�.& D�(+U2 

: �C��G"�'�( " #,G ��+O+,	 �
�����L�; �� �.�#- ��+� D�(
�+O+,	 <,� I�+O+,	 lo= �6. �- D�#3
"� �- " C��G"�'�( 
'��&� �&#=)C35b.(��L�;: �� �+O+,	 ].+)� �&'�� D�(

B4. �D#�	�+; ��"�� D�(��&�D&l�L#L �- �8 ��"#�- "��/��
��/�"��/�l�L#L �- #,G �&'�� �G ���V �� !�+- �� " 'i�� 
bb/����/�"��/��.& �� " 'i�� )J"'@�C35 "d.(

��L�;: �� �+O+,	 �&'�� �- �8 D�(�&'����L�;: �+O+,	 D�(
 �
�9:)wt.% �/�I�/��]��[(��&� ��&+�6( X
&N	& �- �G 

�� ��
  X
&'@ %&N�� �+5]��[.#
���� #,G �- �K�� �+O+,	
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 �
�6$�� D�('4
:#	 ��
�6$�� 

'5�-]��[.��L�;: �� �+O+,	 (" ��L+�- �- ��
N6( D�
��L�;: B4. D�( ��L�;: �� " �&'�� �
#)6G ��"#�- D�( D�(

� �
#)0�- �5#-�&'� ��&� &� )C35d.(��L�;: �� #,G D�(
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#)6G �5#-)C35d(�G�
& �-�$'�N
#$ 

#)0�- %: �g�5#- D�('4
:#	 �.& u+-#�.

��� ���A� 
?"� .�^� D&#- D�'S)� D�(  & ��&� �+@" ��L�;: D��� �K

 8'��G " ��+3�; ?"� �,6@]��[B4. D&#- ��L�3�,�. D�(
 %+�L&" ?"�]��[B4. D&#- &�+��( ?"� " �
��,= p+	 D�(

 %&��36( "]�b[��L�4-#G D&#- ?"� �
& �G �( D&#- #)0�- �(
�� ��G �- ��L�;: P�K5& D��� ���SL '�"� .�- ��
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��L�;: D'4-��L�;: !�/
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 C3
����G " #��+).&]��[�+O+,	 J��KL {�.& #- �G !�+- I
��
N6( ��L+�- " ��L�;: ��- C��G"�'�(�.& .%+)/4
�+�

]�d[�)	#$ #w� �� �- &� M4.��� ���  �
& �4
N/
�@ #m& 
%+�L�G�0(��@" ��L+�- �� �#G �ki& N�+� ].+L #m& �
& �

+)/4
�+� "%]�h['5 �.�#- '5 !'(�0� "Y'5 �- �G-#
�+O+,	 <
 +L l
#�I��L�;: " ��L+�- �� C��G"�'�( #�mnL 

��&� .X4G&" D&#- %+)/4
�+� 
biotite(F) + apatite(OH) = biotite(OH) + apatite(F)

)�(
���  �o-&��.& !�#G ���40�; &� #
  �74.��� :

T (°K) = 1100/ log K, log K= log [XF/ XOH]apatite + 
log [XOH/ XF]biotite – 1.107 (Xannite) – 1.444
(Xsiderophyllite) )�(

�- ��,�	"�'�. " ���: ��+� #�G 8�- �o-&� �� #
  �#	
!'5 �K.�^� '�&:

[MgVI/ Σoct], [FeVI-5AlVI)/ Σoct], and [6AlVI/ Σoct] 
)�(

�4)c$ {��V �
N7L �=� �- M4.��� ���  �
& �G �.& 
�.& .��L�;: !'5 �K.�^� D��� �
&  & !��c).& �- �8 D�(

S�!�&� D#�$��G �- �- " ������L+�- D�( �- ��
N6( D�(
 ��L�;:]��[!#)�$ �� ���� �L �db�)��. �@�� �G !�+- �&#$ 

v+L"N
& ].+L !'5 �K.�^� D�(��� �- �#$+$ D�(~"  
���G D'�c�+. D�(��&� ��&+�6( ]��[.#/
� D+.  &��-�@+L

�- C35 �&�+6���D��� ��L�;: ��- �(��'6( D�(��� �L 
�����)��. �@�� �6. �- D�#3
"� �- " �&#$ D��'6(��� 

�)��. �@�� �� �&#= �&#$ �#�$)C35�(B4. �- �� �G D�(
 �)��&#$��&� ��&+�6()C35�.(


&67)� * *)  ��D0E�� -*� 
�3��`#. " "` D���40�; ?"�]�[?"� #/
�  & ���  D�(

��L�;: ���G ~"  {�.& #- �74.���I�- �G �.& ��L+�- 
�.& !'5 �O&�& #
  Y�+i:

KdAp/Bt
D,F = (XF/ XOH)Ap/ (XF/ XOH)Bt , KdAp/Bt

D,Cl =
(XCl /XOH)Ap/ (XCl/ XOH)Bt 

W���L ?"� �
& ����L�;: ��- #,G " �+O+,	 D'4- " �(
��L+�- �� ��L+�- �(: �&'��  & �S-�L %&+42 �- ��
N6( D�(

�.& !'5 �)	#$ #w� .L+�- �����
#)0�- ��(:  & �4_ D�(
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�� �)5�K�&�+5 .W���L " D�+,- �6�5 #�mnL C��� �- #�& �
&
�+O+,	 D'4-Il�G#L �- �G �.& '��@  �	 "� ��- C��G"�'�( 

��&� �/)�- !'�.� J��SL �- J��.]�[.��+6� �2+67� D�(
 �
�9:W( Y�+i �- �8  & Y"�c)� �K�5 D&�&� " W( �- �).&�
��'6(�)	#$ �&#= �( �K
#�L !#)�$ �� " '�&���Id�� �@�� 
�)��. �� <=&" �&#$ '�+5)C35�.(
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#$ �K.�^� �-
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logƒO2 = -0.0022(±0.0003) Mn(ppm) - 9.75(±0.46) 
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!��= �).+; ���>� �)5+$ <K4� �� �4�
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