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+!�0<�n�� .'���I (� U��L �
�-� ���A <� 4$15  �6 ��n$� <�=.(wt%) 
��03� A��� SiO2 TiO2 Al2O3 FeO* Cr2O3 MnO MgO CaO Na2O K2O Total 

Ch 801/1 20H'��I ��/�� ��/� WX/u ��/�� VX/� ��/� XV/�� �V/�� uV/� ��/� X�/W� 

Ch 801/2 20H'��I ��/�u ��/� ��/X X�/�� ��/� ��/� ��/�� V�/�� X�/� ��/� W�/W� 

Ch 801/3 20H'��I WV/XX ��/� V�/�� ��/�X ��/� �u/� Vu/�� �W/�� u�/� �u/� �V/WV 

Ch 795/4 20H'��I ��/X� ��/� V�/�u ��/�W �u/� �X/� ��/� V�/�� uV/� �W/� W�/WV 

Ch 795/5 20H'��I �W/Xu ��/� ��/�u u�/�W ��/� �X/� �V/� XW/�� u�/� ��/� �u/W� 

Ch 795/6 20H'��I ��/X� �W/� �X/�� �V/�� ��/� �V/� �X/� ��/�� u�/� ��/� �X/WV 

Ch 795/7 20H'��I �V/Xu uV/� ��/�u uW/�� ��/� ��/� ��/� V�/�� �X/� �X/� �W/W� 

Ch 795/13 �'F0', ��/u� �X/� X�/�V �V/�� �V/� �u/� ��/�� �u/� ��/� ��/� X�/Wu 

Ch 795/14 �'F0', X�/u� ��/� �W/�� �V/�� uX/� ��/� ��/�� �u/� �V/� �X/W �u/Wu 

Ch 795/15 �'F0', X�/uV VV/� �u/�V ��/�� ��/� �u/� �W/�� �u/� ��/� ��/W ��/WX 

Ch 795/16 �'F0', ��/u� V�/� �W/�� �u/�� u�/� ��/� V�/�� �X/� ��/� ��/W ��/Wu 

Ch 795/17 �'F0', X�/u� ��/� XW/�� VV/�� ��/� ��/� W�/�� �V/� ��/� �W/� V�/Wu 

Ch 800/18 �'F0', �W/u� uX/� ��/�� VW/�� �X/� ��/� VW/�� ��/� ��/� WV/W ��/W� 

Ch 800/19 �'F0', W�/u� uW/� �u/�� W�/�� ��/� ��/� �u/�� ��/� ��/� W�/W ��/WX 

Ch 800/20 �'F0', ��/u� Xu/� X�/�� u�/�W �u/� �V/� ��/�� �W/� �W/� u�/W VV/WX 

Ch 800/21 �'F0', W�/u� XW/� X�/�� X�/�� ��/� ��/� VX/�� ��/� �V/� �X/W ��/W� 

Ch 800/22 �'F0', W�/u� u�/� ��/�� X�/�� ��/� ��/� ��/�� �u/� ��/� W�/W V�/W� 

Ch 801/23 K�c#>1	 X�/V� ��/� X�/�� ��/� ��/� ��/� ��/� ��/� ��/�� ��/� X�/��� 

Ch 801/24 K�c#>1	 X�/V� ��/� �X/�� ��/� ��/� ��/� ��/� ��/� ��/�� ��/� VW/��� 

Ch 795/25 K�c#>1	 �X/�W ��/� VV/�� �u/� ��/� ��/� ��/� uW/� �X/� �V/� W�/WW 

Ch 795/26 K�c#>1	 W�/�V ��/� W�/�V ��/� ��/� ��/� ��/� �X/W uX/V �u/� �V/WW 

Ch 800/37 K)>'5� �W/uV ��/� VX/�X X�/�� ��/� ��/� ��/� �W/�u ��/� ��/� �X/W� 

Ch 800/39 �'-$!� �X/� �W/� ��/� �u/W� �V/� �X/� ��/� �V/� ��/� ��/� ��/W� 

Ch 801/40 �'$31
� ��/� �u/�� ��/� �V/XV �V/� �W/� ��/� ��/� ��/� ��/� �W/��� 
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+!�0=���A ���3-P�# 20�*	 &''`F>$=� U'D"F <�= <�
(�,�-� 4$15  �6 <�=.
��03� ���A Si Ti AlIV AlVI Fe3+ Fe2+ Cr Mn Mg Ca Na K Sum_cat Oxygen

Ch 801/1 �'�0$'-A� �u/� ��/� X�/� �W/� �u/� ��/� ��/� ��/� �W/u W�/� ��/� ��/� ��/�� �u 
Ch 801/2 �'�0$'-A� �V/� ��/� X�/� �X/� �X/� ��/� �u/� ��/� uX/u W�/� �u/� ��/� ��/�� �u 
Ch 801/3 >$1H��0=0
.'$� Vu/V ��/� u�/� ��/� �V/� �u/� ��/� �u/� uX/� W�/� uW/� �X/� uX/�� �u 
Ch 795/4 >$1H��0= /��*6)*	 uX/V �u/� VV/� ��/� VV/� ��/� ��/� �u/� ��/� ��/� X�/� �V/� u�/�� �u 
Ch 795/5 >$1H��0= /��*6 XX/V �u/� �V/� �u/� VV/� ��/� ��/� ��/� �W/� �X/� u�/� ��/� �V/�� �u 
Ch 795/6 >$1H��0= /��*6 XX/V �u/� �V/� ��/� Vu/� �X/� ��/� ��/� ��/� �V/� u�/� ��/� �W/�� �u 
Ch 795/7 >$1H��0= /��*6 X�/V �X/� �u/� �u/� ��/� Vu/� ��/� ��/� WX/� �X/� uV/� ��/� �X/�� �u 
Ch795/13 �'F0', ��/� ��/� ��/� XV/� ��/� u�/� ��/� ��/� WV/� ��/� �V/� V�/� V�/�� �� 
Ch795/14 �'F0', XV/� ��/� �X/� VX/� ��/� ��/� �X/� ��/� ��/� ��/� ��/� �W/� VW/�� �� 
Ch795/15 �'F0', �X/� �W/� XV/� �X/� ��/� u�/� �u/� ��/� �V/� ��/� ��/� ��/� VV/�� �� 
Ch795/16 �'F0', X�/� �W/� ��/� VV/� ��/� ��/� �X/� ��/� V�/� ��/� ��/� �u/� ��/�� �� 
Ch795/17 �'F0', X�/� ��/� ��/� V�/� ��/� ��/� ��/� ��/� �X/� ��/� ��/� �X/� V�/�� �� 
Ch800/18 �'F0', Xu/� ��/� ��/� V�/� ��/� u�/� ��/� ��/� X�/� ��/� �u/� Wu/� V�/�� �� 
Ch800/19 �'F0', XW/� ��/� ��/� VX/� ��/� �W/� ��/� ��/� XX/� ��/� �u/� WX/� VX/�� �� 
Ch800/20 �'F0', X�/� ��/� �W/� ��/� ��/� XW/� ��/� ��/� X�/� ��/� �u/� �X/� V�/�� �� 
Ch800/21 �'F0', X�/� �W/� ��/� V�/� ��/� u�/� ��/� ��/� X�/� ��/� ��/� W�/� VV/�� �� 
Ch800/22 �'F0', X�/� ��/� ��/� VX/� ��/� uX/� ��/� ��/� Xu/� ��/� ��/� Wu/� V�/�� �� 
Ch801/23 �'H�I WX/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �V/� W�/� ��/� ��/� �
Ch801/24 �'H�I WX/� ��/� �V/� ��/� ��/� ��/� ��/� ��/� ��/� �V/� WX/� ��/� ��/� �
Ch795/25 &
(>�I VX/� ��/� u�/� ��/� ��/� ��/� ��/� ��/� ��/� u�/� V�/� ��/� ��/� �
Ch795/26 &
(>�I ��/� ��/� Xu/� ��/� ��/� ��/� ��/� ��/� ��/� X�/� ��/� ��/� ��/� �
Ch800/37 K)>'5� W�/� ��/� �X/� �W/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �/�� 
Ch800/39 �'-$!� ��/� ��/� ��/� ��/� W�/�� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�X u� 
Ch801/40 �'$31
� ��/� WW/� ��/� ��/� ��/� W�/� ��/� �u/� ��/� ��/� ��/� ��/� ��/� u

9'D�FFe2+)Fe3+ @)� (�  ���-#� �, ]��[�#� �-	*+ K�0�.

+!�0ABC�n�� .'���I �
�-�20H'��I <� �=(wt%)]��[.
��03� ���A SiO2 TiO2 Al2O3 FeO* Cr2O3 MnO MgO CaO Na2O K2O Total 

Ch5a1 20H'��I �u/XX �u/� ��/� ��/� �X/� ��/� ��/�� WX/�� uV/� ��/� VV/W� 

Ch5a2 20H'��I ��/XX ��/� ��/� X�/� ��/� ��/� ��/�� Vu/�� Xu/� ��/� V�/W� 

Ch5a3 20H'��I ��/X� ��/� X�/V ��/W ��/� ��/� ��/�� ��/�� ��/� �u/� VX/W� 

Ch5b1 20H'��I ��/XX �X/u �X/W uW/� ��/� ��/� �u/�� ��/�� uV/� ��/� ��/W� 

Ch5b2 20H'��I ��/XX u�/u ��/� W�/W ��/� ��/� ��/�� ��/�� X�/� ��/� �X/W� 

Ch5c1 20H'��I ��/XX W�/� �u/� X�/� �u/� ��/� �V/�� WV/�� uW/� ��/� u�/W� 

Ch5c2 20H'��I V�/X� ��/� X�/� X�/� �W/� ��/� ��/�� �W/�� X�/� ��/� uV/W� 

+!�0=B?20H'��I <��-P�# 20�*	 R�#�*, �=js) �0'F�A lZ��'�A� ]jj[9'D�FFe2+)Fe3+@)� (�  ���-#� �, ]��[�#� �-	*+ K�0�.
��03� ���A Si Ti AlIV AlVI Fe3+ Fe2+ Mn Mg Ca Na K Sum_cat 

Ch5a1 >$1H��0=0
.'$� ��/� u�/� ��/� VV/� ��/� WV/� ��/� �V/u ��/u ��/� ��/� ��/�V 

Ch5a2 >$1H��0=0
.'$� ��/� u�/� ��/� ��/� ��/� ��/� ��/� W�/� ��/u �u/� ��/� �V/�V 

Ch5a3 >$1H��0=0
.'$� u�/� uX/� Vu/� �W/� ��/� ��/� ��/� ��/� �u/u ��/� ��/� �W/�V 

Ch5b1 >$1H��0=0
.'$� �X/� u�/� �V/� �X/� ��/� W�/� ��/� ��/� ��/u ��/� ��/� �X/�V 

Ch5b2 �'�0$'-A�\>$1H��0= �V/� X�/� �X/� VV/� ��/� u�/� ��/� �W/� V�/u ��/� ��/� ��/�V 

Ch5c1 >$1H��0=0
.'$� �V/� u�/� �X/� ��/� ��/� WW/� ��/� ��/� �V/u ��/� ��/� ��/�V 

Ch5c2 �'�0$'-A�\>$1H��0= ��/� u�/� ��/� ��/� ��/� ��/� �u/� ��/� ��/u �u/� ��/� ��/�V 
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�,�*F �K�', ��*
� �#�$% ���A ) �#�$%�01, �1S� ��

 +!�0CBC20H'��I �A�P ���� *��$O �=]��[.
��03� 

REE 
Ch5a1 Ch5a2 Ch5a3 Ch5b1 Ch5b2 Ch5c1 Ch5c2 

La �V/�� u�/�u �W/�� u�/�� ��/�� ��/�� �u/�W 

Ce XX/�V V�/Vu W�/�� �u/�� ��/�� V�/�W ��/�X 

Pr VV/W �W/�� ��/�u ��/W �u/� X�/�� ��/W
Nd X�/X� V�/�� ��/VV ��/�� �V/Xu �X/�u W�/X� 

Sm �V/�� ��/�� uX/�� ��/�V WV/�u ��/�� �V/�X 

Eu W�/X X�/V ��/� ��/� ��/X ��/� ��/X
Gd W�/�X ��/�W ��/�� ��/�� ��/�X ��/�V uW/�X 

Tb Xu/� ��/u X�/u �u/� X�/� ��/� Xu/�
Dy ��/�X ��/�� u�/�� ��/�� �X/�X ��/�� �X/�X 

Ho ��/u X�/u �X/u ��/u �u/u ��/u �u/u
Er ��/� VX/� ��/W �V/� VW/V ��/� ��/�
Tm ��/� ��/� ��/� �V/� ��/� ��/� ��/�
Yb u�/� ��/V ��/� ��/� VX/X �X/� u�/�
Lu ��/� �W/� WW/� �W/� �W/� �u/� ��/�

�D��� ��� 
�0+*+� <�=>L�)�<'L�� �<�9'��D�)�-� (� UD"-� 4$15  �6 

�, �A �#� �'�0H'��I ) )*,�+�-� �(�,�
��-� �, )  >$A�*5 K�0�
*-�+ <�I 20e �A GA �)>L �=l�=>� o*O �, ) *-�01'A 

�� *-�01'A 9
 �, K�>� �, �A *-���0+*+� �,  �*3= >#� <�=
��  >=�"� B�%)��0%>.�I h�HF��4$# �, �= �� �0��*'5 <�=

E�,�, �
�=�#� �1�+ K�0� .�
(�,�-��'��`	 *�� �� �= <�=
&'�( >
>%�3# ��+>%�*P @0�-#� ���n$� �� �-P�#-

 >% f1-�� K�8�� �, ��0+*+� ) <*'+>�� .>=�0% *,�$,
9'��D�)�-� �)�� ) d�, �� �=(�,�
��-� ) )*,�+�-� �
�*?� �=

 �0�� �*A�� *�� �, &
�*,�$, >�� �01HF (� b5 �A >#�
9'��D�)�-� >% U'D"F �= >��)UD%].(

	�#�E�(�F 
��03� ���, 20H'��I <�=�01, �%�� ��-#� <�= K�0�

��  >=�"�  *'F .H# 4�� �, ) <�0"$�>�0% .) 20H'��I
�'�0H'��I �1�� ��+>�(�# (� (MA0
NM5�, �=�� ��3% �>�)�

$31
����A (� U'F)� ) �' U'D"F (� �'F0', ) &�#� ) G�� <�=
 >$=� >$-�= �:.8 <�=)UD%C)A[.(&
� G�� �	�,
4$# 9'-#M,)>'c� ) 9'-#M,01'A �:05 �9'-#M,0��*+ ��=
 �#�)UD%B[.(20H'��I ��(0# ) <�0"$� K�0� )� �, �=

>���� �08) .20H'��I �0��*'5 ���'%�L <�0"$� <�= <� (�
20H'��I ��0+ �'= �)>, ) �F)��-� b����*	*', �, ��(0# <�=

'%�L�<��  >=�"� �"$A�) >�0% .�)�� �� �A �F�0� ��
20H'��I .'� <�0"$� <�=2�P��20H'��I �&�#� (� �
�= <�=

 >���� �08) &�A)*'50$'1A <�
��, ) �>A ���(0#)UD%D[.(
0H'��I &', ���P UD% �)>, �=(MA0
NM52��*a <�0"$� <�=

 <���� ) �-	*+2�P��20H'��I (� ���)�*	 <�= ��(0# <�=
>$-�= .

!������ ! ����
��� 
�, �01, �#0-� �F �%�� <�=)*,�+�-� ) �=(�,�
��-� ).� K�0�

 &=I <�=>'�A� ) (MA0
NM5 �>$1H��0= (� *-"', K�*A0�M� �F
�-	�
 U'D"F>�� .���A (�
0��� ) �O*	 <�=�I ��� �= �, ��0F

�*A  ��%� K)>'5� ) �
*1A �&�A0A0� ��'F0', .�P*, ��
��03��, �'�)� &
��I 4$# �-	�, >=�0% �=�	�, K�0� <�=

���� ��'� �	�, *-"', ) <(�,�
� �#�  >% ��L <�)UD%B)
A[.(�, &�A)*'50$'1A <�
��,4$# &
� �� K�>��� �	�
 �= -

�I �0��*'5 �� �A �0%=��  >=�"� K)>'5� ) 20H'��I �>�0% .
E�, �P*, �� �=(MA0
NM58�� �, ��0+*+� *�� �� �=�<�1'P 

���A �O03S� �, &'
�5 ��'$=*5 ��'H�I ��'�1A �K)>'5� <�=
 >% U
>HF .F��0A ) �
*1A>��.

����6#!����
9'��D�)�-��, �A >���� ���(�, �A�*F ) ���(�, J'A*F *-"', �= -

K�0��P�# �, )  �0, K�*A0�M� �cF ������, ) ���
*8 <�=-
�� U'D"F �� ��n$� J'% GA ) ~��F�� GA <�=>$=� .<�=��"	

��89'��D�)�-� <)� �?g�) �+��0+*, ��� �*A 2�3O� �= �>��
��0+ �,���(�, �A�*F�-� �P*, �� �A <� <�=�01, �%�� �=

�-	�
 ��8 ) �-�D% K�c#>1	>�� . *�L<�= �'�1A �,  >% *5 
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>18j^ ��3% �j����, js^_ ���A �3'%�
(�,�-� <�=*, <>=�% �9':)(0;��5 <�=. . .�W

E$F *, �03O <�-#�� �� .'� >%  >'"A �=>�� .&
� *,  )MO
���A ~0$F <���� >$-�= �-	�, ) �#�$%)UD%Z.(

B	#������ 
��03� �P*, �� *�L �>��01, .
� ��'�, �A �= �,  >% *5 <�=

���A �!-	�
 ��8 ) .F��0A ) �'�1A��  >=�"� �=�0% .�	�,
4$# &
� G�� ) �-'A�*F �9'-#M,)*'	�05 (� >$F��HO ��=

 �D����,)UD%DZ.($'�(�<�I �01, .
� ���A (� �=�a�) <�= <�
 U'D"F �>A ) 20H'��I �K)>'5� �K�c#>1	 ��'�)�M# ) �'F0',

�#�  >% . *�L <)� �'�)�M# ) �'F0', <�=�01, <�=
�-	*+ ��*a 2��`-� ) �-'�1A*!��', {d�3-L� �A >�� U'D"F 

�'F0',&'�( �, ���.3= <�=�#� �-P�# .fA ��0+*+� >=�0%
�, �#0��'a����(�, �>% �-'1'c#� K�0���03� �P*, �� �= �=

�,���A �>% �-
*1A K�0� �>% �-
�0#0# ) &
.'$�)*	 <�=
�� G"6 �, �=(MA0
NM5��0P .K�c#>1	 (� �P*, �0��*'5 ��=

'%�L�<�A ���� �08) �+��0P �>% �*# (� �%�� {d�3-L�
�#� ��0+*+� �
0��� <�=*'��F �
 ) �=(MA0
NM5 z
*# .E�, -

fA ��0+*+� *�� �� K�c#>1	 <�=�01, �%�� (� �
�=

  >% U
>HF �'�1A ) �
*1A ��'$=*5 ��'H�I �, �#0��'a�
 �#�)UD%EZ.(

B	#���� ������� 
�P�# *,  )MO+� *�� �� ��'�)� 4$# ���
*8 <�= ��0+*

�'L����8 <�=��"	 2�3O� ) <���03� �� ���� �-#� <�=
*,�+��0+��
*A0$	 �+>%�*P /(�� zn�� �� ) �g�) {M��A -

���A �1A �!-	�
 ��8 ) �= �=)UD%CZ(�� ��  >=�"� ��0F
�*A .�	�, (����(�, �A�*F�-� �1�� <�=�� �= ���0F

 �*, T�� �� ���
*8 ) 9'-#M,)*'	�05)UD%BZ.(
UD% K�0� �, (MA0
NM5 <�=�01, �%�� �3'� �F ���

UD%$'�( �� ����<���A (� <�01, ��'� �F .
� ��'F0', <�=
�-	*+ ��*a �
*1A ) �>A �20H'��I �K�c#>1	>�� .�'F0', <�=

 4$# &-� �� �01, .
�)UD%FZ(�!-�D% &', )<�=
 �=(MA0
NM5)UD%CZ(�-	�
 .A*3F>�� .�8*,8�� ��!-�<

9'��D�)�-� �� �'F0', ���A ���)�*	 ) b����*	*', (� E', �=
�'�0H'��I�#�=)*,�+�-� ) �=(�,�
��-� ��= .E�, (� �P*, �� -

4$# &
� <�=���A �=�, �'F0', <�=�=0H�� K�0� ��P <�=
)UD%AZ(�3# �*A <*'+>�� .

;6�G(�,�-� (� �50D#)*D'� *
)�qF�
'L�� <�=�<4$15  �6 :A:���� &', �	�, �, (�,�
��-� �'�)� <�)��03�Ch795 (B:)*,�+�-� .
C: >$=� U'D"F (� 20H'��I ) (MA0
NM5�'�0H'��I �1�� <�=�� ��3% �, �=>�)� .D:20H'��I �	�, �, �'�0H'��I �� ��(0# ) <�0"$� <�=

 9'-#M,01'A �:05)��03�Ch801.( 
Chl: chlorite Alb: albite Ep: epidote Hbl: hornblende Act: actinolite 

Opq: opaque Lux: leucoxene Sph: sphene Bt: biotite Fld: feldspar 
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�,�*F �K�', ��*
� �#�$% ���A ) �#�$%�01, �1S� u�

 

;6�H9'��D�)�-� �50D#)*D'� *
)�qF 4$15  �6 <�=A:�, �'F0', <���� ���(�, �A�*F�-� 0H�� K�0� .B:�, ���(�, �A�*F�-����
*8 �	�, .C:��*a
�'F0', <*'+���(�, �A�*F�-� <�=(MA0
NM5 �!-�D% &', �= .D:9'��D�)�-� �� �D����, �	�,.E:�'F0', &-	*+ ��*a �, *�L <)� �= �,  >% *5 <�=

 >$$A �80F �'�1A)�03��<Ch800.(F:$'�( �9'-#M,)*'	�05 �	�, �,  >% �-'1'c#� ���(�,�<� ) �-
*1A �'F0', <��� �� .
�  >% �-
*1A <�=
�$'�( .���A T�� f��� (� �=]js[�#�  >% �-	*+:

Abbreviation of mineral Name of mineral 
Bt Biotite 
Fld Feldspar 
Ms Muscovite 

Amp Amphibole 
Chl Chlorite 
Cal Calcite 
Alb Albite 

Abbreviation of mineral Name of mineral 
Act Actinolite 
Hbl Hornblende 
Ep Epidote 
Prh Prehnite 
Sph Sphene 
Pl Plagioclase 

Lux Leucoxene 
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>18j^ ��3% �j����, js^_ ���A �3'%�
(�,�-� <�=*, <>=�% �9':)(0;��5 <�=. . .u�

���� ������
+�E�(�F 

���A (� 20H'��I>$=� U'D"F G�� <�= <4$# &
� �=
�� 70�?��0% .�, �I J'A*F ~0$F �� ���A &
� �'3=�

�� �03� ��0+*+� f1-�� �
�*%�
>,.~0� (� ���A &
� J'A*F
20H'��I �#� 9'�1A <�=)UD%v(.

20H'��I ��=(�,�
��-� �� ) >$1H��0= �'A��*6)*	 J'A*F �=
>���� >$1H��0= �'A��*6 .20H'��I J'A*F �A �F�0��� <�=

&�A)*'5  >�)*�5 ��0+*+� (� U��L <�0"$� �� �080� <�=
�'�0H'��I20H'��I ) �#� �'�0$'-A� ��==�� �080� ��(0# <�

�'�0$'-A� �0��*'5 ) �)�� ) �=��c#>1	 ~0� (� �=
 �#� >$1H��0=0
.'$�)UD%^.(20H'��IG�� (� �D
 �= &
*F

>$$A .A*3-� <REE4$# �� >$$
��I ) ��0+*+� <�= 

]j].[z
(0F �0$A�F REE20H'��I �� 9'�1A <�=
�#�  >"� �#�*, ��0+*+� .20H'��I 9'�1A <�= ��
( ��>�� �,

REE�� .
�3-� >�0% .QP�% (� <��>`F  )MO �, ��"� �=
�� �A >$=�REE *��$O )7�'3A �� &-	*+��*a �, ���a 

��D�20H'��I �� K)��-� <�=>$-�= �= .���� *��$O UA ��>��
20H'��I �� �A�P�,  >% .'���I <�= �, �-�,�) Q�"� �0e

8���<>$-�= ��0+*+� .$O ��>��20H'��I �� �A�P ���� *�� -
�� E=�A ���� E=�A �, *-"', �= >,�
]j[.[<)� <*'��F ��"	

 ���)�*	REE�I z
(0F )20H'��I �� �= ���>� �=]jZ.[
20H'��I *��$O (� <*-"', *
���� >$1H��0=0
.'$� J'A*F �, <�=

20H'��I �, �H�� �� �A�P ���� �'�0$'-A� J'A*F �, <�=–
 ��� <�8 �0P ��-P�# �� >$1H��0=>�� .20H'��I ���� *��$O (� �=

 >% �$t �#0-� ) 9H# >��)UD%_.(

;6�I20H'��I�
(�,�-� <�= >���� 9'�1A J'A*F ��=]jv[.

;6�J20H'��I J'A*F ~0$F �
(�,�-� <�=]j^[.
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�,�*F �K�', ��*
� �#�$% ���A ) �#�$%�01, �1S� u�

;6�K20H'��I �� �A�P ���� *��$O ���03�� �A �=-%0+ �, �H��<(�  >% ��S$�, *
���� ��#�  >% ��S$�, �'�)� ]j_[�#� .�, h0,*� *
����
20H'��I .'���I (� �-	*+*, �=]jj[�#�.

4�L��,3 
20H'��I &', �'H�I J'A*F �, ���A &
��'�0H'��I <�= ��*a �=

���� .�'H�I �)�� �=2�P��<�=��(0# (� ���)�*	 <�=
>$1H��0=0
.'$���  >=�"� >�0% .J'A*F �&
(>�I 

UD% �3'� �F ��>D% G��# <�=(MA0
NM5 >$-�= �=(�,�
��-� ���
)UD%jw.(UA�� �, ) GA ���)�*	 �, &
>'��# <�=�01, �%��

 .'�*#���(�, �A�*F �� <��� �	�
 �=>�0% .�=(MA0
NM5 �P*,
>�)*�5 ��0+*+� .'� ) �
�� fA ��0+*+� �
�*% U3?F �, �� � 

��03� �P*,�3� ��"� �q�"� UA�� �=>$=� .>
>5 (� <���I -
<8�� �, ��0+*+� �<���A U'D"F �, �� &'
�5 ��'�, *'�� �
�=

 �)�� .F��0A ) �'$=*5 ��'H�I ��
*1A ��'�1A �K)>'5�
�� �=��c#>1	>
� ��0F .

	����� 
9'��D�)�-� �� *-"', ���A &
��� �	�
 �=L�) �� ) �0% <�=>

<(�,9
�� ) *F (� �-'�0H'��I ) �
)*,�+�-� �<(�,�
��-� <�=
�� �-#�A �I ���)�*	�0% .�'F0', 0�a �!�� >$6 �, �= �, ) <�

�!-�D% <�-#�� �� �01, ��'� �F .
� K�0�K�c#>1	 <�= ) �=
$'�( ���<>���� �0�L 4$# .�'F0', J'A*F �� �080� <�=

9
��, �, <(�,�
��-� <�=�'F0'9'��D�)�-� �� �080� <�= �=
�#� K)��-� .�'F0', &
� �� *,�$, �= <>$,]lw[�-#� �, �<�=

�'F0',G
.'$� <�=&=I ) ��� >���� |1`F ���)UD%jj.(*��$O
9'��D�)�-� �'F0', ��-P�# �� G'��-'F ) &=I�H�� �= �,

>���� <*-"', G�# �=(�,�
��-� .80� G
.'$� �A �F�0� ���0��
�'F0', ��-P�#��)�*	 �=(�,�
��-� <�=�#� *F .�'F0', J'A*F ��=

*-�+ �� <�� ��*a �'F0', ���
�5 0�O �*'+)UD%jl.(

;6�<M'L�� <�=��c#>1	 J'A*F &''`F�<4$15  �6 ]lj.[
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>18j^ ��3% �j����, js^_ ���A �3'%�
(�,�-� <�=*, <>=�% �9':)(0;��5 <�=. . .uu

;6�<<�'F0',*-�+ �� �= <G
.'$� �� ��*a ��� >�*'+]lw.[

;6�<=&''`F�'F0', J'A*F 4$15  �6 <�=]lj[.

NO� 
������� P
��� 

���A >=�0% R�#� *, ��  >�)*"'5 ��0+*+� K�*''pF �#�$%
���P� <���P� (�  >�)*�5 ��0+*+� bc# ) ��'�0H'��I  <

�� �� .H# ��'%  ���P� �, �'�0H'��I�*A  >=�"� ��0F .��
���(�,��A �O03S� �08)  >% �-'1'c#� <�=��(MA0
NM5 <�=

 *!��"� �'�1A ) K)>'5� � >% �-
*1A �'F0', ) 20H'��I
���P� �
�*% <�#� .H# ��'% 
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�,�*F �K�', ��*
� �#�$% ���A ) �#�$%�01, �1S� uX

�'�0H'��I ��&�A)*'50$'1A ��= �, �'�)� &
��I <�=
 >% U
>HF 20H'��I>�� .&�A)*'50$'1A J��a ���� �= ��0F

�, >$1H��0=0
.'$��, )  >'"A K�0�$'-A� ) d�, b����*	� �'�0
�*A  >=�"� f'`g b����*	*', �, .2�P�� <�=�, ) ���� .
�-
�'�0$'-A� �)�� .'� &�#� UD%>���� �08) �=] .ll[E$A�)

*
( )E$A�)j(�
�*% �� >'�50
� (� 20H'��I U'D"F <�*, ��
�� ���$"'5  >�)*�5 ��0+*+�>$$A:

5CaMgSi2O6 + H2O → Ca2Mg5Si8O22(OH)2 +
3CaO + 2SiO2 �) E$A�:
Diopside  +   Water → Amphibole  + CaO +  Silica 

 �08)2�P���'�0$'-A� �)�� &�#� <�=�� �� �= U��L ��0F
��-'F <�=(�	 ) >'�50
� E$A�) ����� ���)E$A�)l(�*
(

��03�0� *'�� ��-'F K�H'A*F (� �$t �#�*, ��0� <�= �&�A0A
20H'��I ��-P�# �)�� ) >$-�= U'F)� ) &�#� ��'$31
� <�=

 (� *-3A ��0+*+�0.05pfu �#� �-	*+ <�8 T0'��-'F )UD%
js] (ls.[

E$A�)l]l]:[
5CaMgSi2O6 + 3TiO2 + SiO2 + H2O → 3CaTiSiO5

+ Ca2Mg5Si8O22(OH)2

Diopside + Rutile + Silica + Water → Sphene + 
Tremolite 

UD% �� �D��$6�X��  >
�  �� R�#� *, ��0%<>$, ]l[[

20H'��I�, *-"', �=>$1
�3-� Jna .*�� *,�$,]lZ[��.'�
�� �
�'1a <�=>$1H��0= �
�*% ) ��,.'� 4$# J'A*F �, >��0F

P-T�� B� �01HF �A >%�, �-�,�) �>=� .��>�� �$'"', �S'-� ��
�0
 ���3-L�0= �� �
�'1a <�=8�� 9
 �� �>$1H���<��0+*+� 

8�� E
�.	� �, ��P�<�� ��
( ��0+*+� �0% .*''pF &
*-"',
20H'��I �H'A*F4$# �� 9'�1A <�= ��'� ��0+*+� <�=

 �8��)*''pF *,  )MOFe – Mg (�� B� ����HF 20e �� >=�
>$$A �>8 �A </��*6 2��HF ) �
(�+��5 2��HF �#�=.

20H'��I, 9'�1A <�=8�� ��<&'
�5 )���P� <.H# ��'% (
�'�0$'-A� �:.8 ��>�� �, <�=Na, Al�, K�0� :

(Ca2Mg5Si8O22(OH)2)>$-�= .
8�� E
�.	��<<)�L �A >$1H��0= �, �� �'�0$'-A� ���0+*+� 

Al )Na�� U
>HF ��#� ��80F U,�a >$A .>$1H��0= 9

���P� QP�% <�� �'�0H'��I �, >��0F*	 K�0� *
( 20�

 >$A U3O]lv:[
Na0.3Ca1.8Na0.2(Fe, Mg)3.4Al1.6Si6.3Al1.7O22(OH)2

E$A�) >% ���$"'5 <�>`-� <�= K�H'A*F �� E
�.	� �A >��
8�� E
�.	� �, 20H'��I �� �'A��*6 ) �'����<�� ��0+*+� 

�� �'g0F *
( �*% �,>$=�:
Tremolite + albite = edenite + quartz              
Tremolite + chlorite + zoisite + quartz = 
tschermakite + H2O

;6�AC20H'��I >$-�= ��0+*+� ~0� (� �
(�,�-� <�=]�u.[
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>18j^ ��3% �j����, js^_ ���A �3'%�
(�,�-� <�=*, <>=�% �9':)(0;��5 <�=. . .u�

;6�<@20H'��I J'A*F�
(�,�-� <�=20H'��I 9'	�� ) 20H'��I 9'�1A Jna )� &', �� ��*a �*'+]l[.[

3=�<E$A�) &
� 0F �, *S$� �=20H'��I >'� (� �$t <�=Na )
Al�� >�0% .�,E$A�) &
� |'a� �0e ) ��"	 ���� �, {�H��t �=

�-�,�) 4$# �3SL J'A*F >��]lv.[UD% ��j[&', h�HF�� �
8�� ) �
�'1a K�*''pF�<�#�  >% ��', ��0+*+� .E
�.	� �,

8���<��.'� ��0+*+� �
�'1a *��$O20H'��I�� E
�.	� �= -
>,�
]l^.[�'�0$'-A�  >�)*�5 ��0+*+� *�� �� �A �=

�'�0H'��I �� �=>$1H��0= >% ��S
� �= �>��Na �Ca )Ti 
 ��� <�8 �0P ��-P�# �� <*-3A>�� .��>��Ti �� �>$1H��0= 

(� �$t (�	 9
 �0�LTi �, �'��-'F �
 �'$31
� �U'F)� *'�� �
8�� E
�.	��<�� E
�.	� ���0+*+� >,�
]l_�sw.[
�+�
) (��� >$1H��0= G�� <�= �$
.!
�8 �, ��0FSi �, Al 

8�� E
�.	� �,  �*3= �A �*A  ��%��<�#� ��0+*+� .�&
�*,�$,
8�� &''`F �� �3�� �0-A�	 �$
.!
�8 &
��<4$# ��0+*+� 

�#� ��,.'�)UD%jZ.('�)� �0�L�<9
 �� �'�0$'-A� 
��0-A�	 <��>`F �, �-�,�) �
(�,�-��#��� ) ��"	 *,  )MO .

��"	 <d�, *
����CO2�
*1A <��>
�5 �, +�, �H�� K�$,*A
 �'�0$'-A� +�� 93A �
.:)(>$A .&'$�3=Fe/Mg �4$# 

��"	 ) ��� 9
 �� �'�0$'-A� ��0H� �
 �08) J80� {d�3-L�
�� ��P�0% .&'
�5 <�=��� �� �'�0$'-A� K�H'A*F �� *F

 (� �$t �3SLFe� �� )�$t �3SL K�H'A*F �� *Fd�, <�=��
 (�Mg�� U'D"F �0%]lv.[�� ��>
�5 20H'��I ��'�0$'-A�

���P� <�, ) �#� .H# ��'% ���P� �3# <�, �'�0H'��I 
�� J'A*F *''pF �'��� ) �'A��*6 >=�]sj�sl.[

]l_[�A ��� ��"�AlVI �� 9'�1A 20H'��I ���, >��0F -
>$$A �>8 ��0$O <?��'�'?� (� GA ��"	 �, <�= ��"	 �, <�=

�, �#0-�>
I ��A .UD% ��jZ��03� <�=Ch 801/3 )Ch 

795/7�P <d�, �� 5kb]l_[�� ��*a J'A*F �A >�*'+
�I U'D"F *!��', �A >���� >$1H��0=)*	 ) >$1H��0=0
.'$� �� �=

 (� E', <�=��"	5kb�#� .��03� �'�0$'-A� J'A*F �, <�=
��� (� *-3A *
���� <�0.24 pfu �AlVI (� �D
 �� ) �>$-�= 

���03� &
� &
� U'D"F *!��', �A >���>� <*'+ *
0qF �'1,�a �=
�#� GA <�=��"	 �� ���A.

]ss[����� R�#� *, <�=AlIV )AlVI ��-P�# �� �080� 
20H'��I�I ��= ���P� �� �� �= �� ��0+*+� <�=  �*A <>$,
 �#�)UD%jv.(�'�0$'-A� ���P� �
�*% �= <����-�� 

�� ��"� �� .H# ��'% �, �'�0H'��I9
�� ) >$=� <�=
 �
�*% >$1H��0= /��*6)*	 ) >$1H��0=)*	 <���� <(�,�
��-�

���P� <�� ��"� �� �'�0H'��I >$=� .>$1H��0=0
.'$� J'A*F
�#� �-	*+ ��*a �'�0H'��I ��>'� �� .'�.

E$A�)U��% �A �
�=K�D'1'# <�=Fe �, >$-�= 
-'#�+0	�<�-�,�) �'?� ��'�A�  >$=� U'D"F �*
( >�� <�=

Fe3+-'#�+0	 �� d�, <��� �F �<O2U'D"F ) >���>
�5 d�, 
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�,�*F �K�', ��*
� �#�$% ���A ) �#�$%�01, �1S� uV

 >$=� <�=Fe2+-'#�+0	 ) d�, <��� �� �<O2��>
�5 &'
�5 
�#�.

<)�L K)>'5�Fe3+20H'��I ) �
*1A )<)�L �=Fe2+.'� 
�>�� *-3A �Fe3+>$-�= .���P� &
�*,�$, <��'% 2��-�� 

-'#�+0	 �, �'�0H'��I �, .H#�<O2�#� R��L .'� ]lj.[
��03� �� �D��$6�� 4$15  �6 ���(�,�-� <�= ) �'-$!� ��0F

-'#�+0	 &-	� d�, (� �A�L �A �	�
 K)>'5��<�� ��'�A� 

�'�0H'��I �� ��#� ��0+*+� �
�*%$31
� .'� �= ���� �08) �'
 �� �A �I ��-P�#11.65 pfu �Fe2+�#� �-	*+ <�8 .
]uX[��>�� R�#� *,Al>$1H��0= ��-P�# �� �080� UA�
�
�-� �S$#��"	 )UD%j^(�:��� �� *A �>�� >$1H��0= �A 

G
.'$� <��� �, ���Zll �, <�=>$1H��0=)*	 ) /��*6)*	 )
<���Z_] \Z[_�-��# �8�� �"	 �� ��*+ �^��"� �� ��,01'A 

��>$=�.

;6�AQ�
�'1a K�*''pF &', h�HF��8�� ) �=�<��0+*+� ]��.[

;6�<H&', h�HF�� AlVI )Si �P (�  ���-#� �, �#0-� ��"	 �, �'?� (� ��"	 GA �'?� .
�3F �� >$1H��0= <�*, 5kb]l_[.

ست سبزيش

تيبوليآمف
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>18j^ ��3% �j����, js^_ ���A �3'%�
(�,�-� <�=*, <>=�% �9':)(0;��5 <�=. . .u�

;6�<I��>'�20H'��I J'A*F <�== ���P� �� �>$$A�>8 �P ��0+*+� <�= <*-�+  <(� &'
�5 ��"	 (� d�, ��"	 ]l_[�#�  >% �-	*+ ]ss[.

;6�<JR�#� *, �=>$1H��0= <*-�)��,Al ��%��-P�# �� �080� UA ]s].[

>$1H��0= �$#���–�#0F �A .'� (MA0
NM5 ]s[[�:���
�A  �0, ����`F �$#��� 9
 �#�  >%4$# ��0� �� <�=

 U,�a *
���� ���a0	 .H# ��'% (� *Fd�, K�8�� ��0+*+�
�� ��"� �:��� �� ��0Ha .F��0A �08) <�$H�*, �$#��� &
� �>=�

�� ���$"'5 �� *
( E$A�) )� �4$# ��>$A .�� �A �S�I (�
�
(�,�-��3� �	�
 ��(I .F��0A �=�� ��0% �$#��� (� ��0F

� T)� E$A�) R�#�*,�*A  ���-#.
1) edenite + 4 quartz = tremolite + albite  
2) edenite + albite = richterite + anorthite 

>$1H��0= �$#��� �, �80F �,–20H'��I ��"	 �(MA0
NM5 *, �=
���`� R�#��<*
( ]sZ[��  �( &'3�F�0% .&
� <�$H�

 �.'� �$#��"	Al20H'��I ��-P�# �� �080� UA�#�= .*
����
��� (� U��L\2)>8 �� �S$#��"	 ] >% �:��� >��.

P( +/- 0.6 kbar) = -3.01 + 4.76 Al(total) 
��,.'� (� �'F0', ���A G�� <�=Ti9'��D�)�-� �� 70�?� �=

���0% .G'�-�� h�HF�� �'F0', ��-P�# �� *q$O &
� <*'!
�8
���� ��� �, .R�#� &
� *,]sv['F0', �$#��� <�$H� *, �Ti )

Mg# ��"	 �� �� ���A &
� ��-P�# �� �080� ]�:��� ��,01'A 
�#�  �*A .�'F0',9'��D�)�-� �� �080� <�= <��� �=°CZZ[ 

–Z]^�'F0', )<��� (�,�
��-� �� �080� <�=[_Z \[^[ 
�-��# �8���� ��"� �� ��*+ >$=�)UD%j_.(�S$#���

�'F0',$1H��0= �S$#��� ��= >\�S$#��"	 ) (MA0
NM5 
20H'��I���P� �
�*% *!��', �= <�,�-� <�*, �'�0H'��I (�
-
�#�= .��'�0$'-A� �0�L ) �=(MA0
NM5 �'F�0�I >��� E=�A

8���<�'�0H'��I ��0+*+� ���P� �3# �, �� �= <��'% 
�� 2��-�� .H# >=�]s^) [UD%lw.(
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�,�*F �K�', ��*
� �#�$% ���A ) �#�$%�01, �1S� u�

 +!�0@��� (� U��L �
�-�\#��"	 ���A �S$ 20H'��I <�=–(MA0
NM5 .
2���� Ch801/1 Ch801/2 Ch801/3 Ch795/4 Ch795/5 Ch795/6 Ch795/7 

P1 (kb) �V/� ��/� X�/� XW/� WV/� ��/� �X/�

T (°C) �/��V �/�W� V/V�� �/V�� �/V�� V/VW� �/VV� 

P2 (kb) ��/� ��/� ��/� ��/� ��/� ��/� ��/�

T (°C) X/V�� �/Vu� �/V�� �/VV� �/V�W �/VWX �/VV� 

X(Mg) = Mg/Mg + Fe 
T = {[ln(Ti) – a - c(XMg)3]/b}0.333 

J
*g ��>�� 
a u�WX/�\
b Z]^l/]e -_
c ���u/�\

;6�<K�'F0', �S$#��� 4$15  �6 <�=]sv.[

;6�=M*-�+ < ���P� �
(�,�-� ��0+*+� <�=]u�[.

Sample Ti X(Mg) T(°C) 
Ch795/13 ��/� �V/� ��W 

Ch795/14 ��/� ��/� ��� 

Ch795/15 �W/� ��/� �WV 

Ch795/16 �W/� ��/� �WV 

Ch795/17 ��/� ��/� ��� 

Ch800/18 ��/� ��/� VX� 

Ch800/19 ��/� ��/� V�W 

Ch800/20 ��/� XW/� V�� 

Ch800/21 �W/� ��/� VV� 

Ch800/22 ��/� ��/� V�� 
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