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�4�v% �#].� ��0*|� ���
�H
0 �5��D#A 50#
0 �%�&' ���D " �%�&'�*+1 �+6� z{�

 F�3")�;�� �
H6A k
�G� ��A*�1 F0 �� �*:*� F�4��*$#$���[�� " �A�"�6� F�4 F05*�A�D �0-�� "F0 0 �1 !-' �]%�7� F�4LL5t��D0 .
Mineral Biotite 

Rock Regional metamorphic rocks Contact metamorphic rocks 
Sample No. Z.43-11 Z.43-12 Z.43-13 Z.43-14 Z.57-25 Z.57-26 B0-B1 B0-B2 B0-B3 B0-B4 B4-B41 B4-B43 

SiO2 {u/uz ��/u� ��/u� ��/u� uz/u� zz/u� u� ��/u� �u/u� ��/u� ��/u� ��/u�
TiO2 �u/u �u/u z�/� {/� ��/� uz/� �{/� ��/� ��/� �{/� �/� ��/�
Al2O3 ��/�� z�/�� ��/�� ��/�� u�/�� �z/�� ��/�z ��/�� u�/�{ uu/�z u�/�� ��/��
FeO ��/�� ��/�� ��/�� {�/�� ��/�� ��/�� ��/�� ��/�� ��/�� �� ��/�� ��
MnO ��/� ��/� ��/� � ��/� � � � � � � �
MgO �z/� {�/� �z/z �/� ��/z �{/� ��/�� ��/�� {�/�� {�/� �u/�� ��/�u
CaO �{/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Na2O � � u�/� zz/� � � ��/� ��/� �u/� �u/� ��/� ��/�
K2O u/�� {�/� ��/�� ��/� �/�� �z/�� u�/� ��/� ��/� u�/� ��/� ��/{
Total ��/�{ ��/�{ ��/�{ �z/�{ z�/��� ��/�{ u�/�� ��/�� ��/�� �z/�� �{/�� u�/�u

Oxygens ��
Si {�/� z�/� ��/� ��/� ��/� �{/� z{/� z�/� z�/� {/� {�/� z�/�
Ti �{/� �/� ��/� ��/� �u/� �u/� ��/� � ��/� ��/� ��/� �
Al �z/� zu/� z�/� z�/� {u/� {u/� ��/� ��/� �z/� ��/� ��/� u{/�

Fe3+ � � � � � � � �z/� ��/� � �{/� �{/�
Fe2+ �/u� u�/� u�/� uz/� u�/� u�/� u/� ��/� ��/� u�/� ��/� ��/�
Mn � � � � � � � � � � � �
Mg z�/� z�/� {�/� zz/� {�/� z�/� ��/� u/� ��/� ��/� �u/� �z/�
Ca ��/� ��/� ��/� ��/� ��/� ��/� ��/� � � � � �
Na � � ��/� ��/� � � �u/� ��/� �{/ �z/� ��/� ��/�
K �{/� �u/� ��/� ��/� �z/� �{/� ��/� ��/� �u/� ��/� ��/� {{/�

Sum �z/z ��/z z{/z z�/z z�/z zz/z {�/z ��/z ��/z {�/z {z/z {z/z
Fe/Fe+Mg ��/� ��/� ��/� ��/� ��/� ��/� �u/� �{/� ��/� �u/� ��/� �/�
Mg/Mg+Fe u�/� u�/� u{/� u�/� u�/� u�/� �z/� ��/� ��/� �z/� �{/� �/�
Fe2

/FeTotal � � � � � � � ��/� ��/� � {�/� {�/�
Na/Na+K � � ��/� ��/� � � ��/� ��/� �z/� ��/� �/� �/�
Actuvities 

Phl ��/� ��/� ��/� ��/� �u/� ��/� ��/� �z/� ��/� ��/� �{/� �/�
Ann �z/� �z/� �z/� �z/� �z/� �{/� �z/� ��/� ��/� �{/� ��/� �u/�
East ��/� ��/� �u/� ��/� ��/� �u/� �/� ��/� ��/� ��/� ��/� ��/�

F�3"GH����R k
�G� F�4�
"*.�� F�4�*+1 �
��3�' )5*�A�D �0-�� F0 0 �1 !-' �]%�7� F�4LL5t��D0 ("�
#+D)5*�A�D �0-�� �]%�7� F�4
 F0 0 �1 !-'LO5t��D0 .(

Mineral Muscovite Chlorite 
Point No M1 M2 M3 M4 M21 M31 Ch1 Ch2 Ch3 Ch4 

Regional Metamorphic rocks Contact Metamorphic rocks Regional Metamorphic rocks 
SiO2 u�/�z �u/�{ ��/�z ��/�{ u�/�� ��/�� �{/�� z{/�� ��/�� �u/��
TiO2 ��/� �{/� ��/� {�/� ��/� zz/� e � � �
Al2O3 �/u� ��/u� ��/�� z�/u� �z {�/�z {�/�� �u/�� ��/�� ��/��
FeO �u/u ��/� ��/� ��/u ��/� ��/� ��/�� ��/�� {�/�� ��/��
MgO ��/� ��/� ��/� {�/� ��/� ��/� z�/�� ��/�� ��/�� {u/��
CaO �/� �u/� ��/� ��/� ��/� �/� ��/� ��/� ��/� ��/�
Na2O ��/� �u/� z�/� uz/� ��/� {�/� � � � �
K2O �u/� ��/� �z/� {�/� {�/� ��/� � � � �
Total uz/�u z/�u u�/�u z�/�� ��/�� ��/�� ��/{{ �{/{� �u/{z �{/{z

Oxygens �� ��
Si �{/u �z/u �{/u �u/u uz/u u�/u ��/� {�/� �{/� ��/�
Ti ��/� ��/� ��/� ��/� �u/� ��/� �{/� ��/� zu/� {/�
Al ��/� uz/� �u/� ��/� �{/� ��/� ��/� � � �

Fe2+ ��/� �u/� �{/� �{/� u�/� u�/� ��/� �u/� �z/� ��/�
Fe3+ � � � � � � �u/� �{/� u{/� uu/�
Mg ��/� ��/� �{/� ��/� ��/� ��/� ��/� �u/� ��/� ��/�
Ca ���/� ���/� ���/� ��z/� ���/� ��z/� ��/� ��/� ��/� ��/�
Na �z/� ��/� ��/� ��/� �{/� ��/� � � � �
K {u/� {u/� {u/� {�/� {�/� {u/� � � � �

Sum ��/� �z/� ��/� �z/� �{/� ��/� �� z�/� ��/� �{/�
Actuvities 

clin �u/� �u/� ��/� ��/� ��/� ��/� � � � �
daph ��/� �{/� ��/� �z/� ��/� �{/� � � � �
ames u�/� �/� �z/� u/� ��/� {u/� � � � �
mu � � � � � � �u/� �{/� �u/� �u/�
cel � � � � � � ��/� �/� ��/� ��/�
fcel � � � � � � ��/� ��/� �u/� �u/�
pa u�/�z �u/�{ ��/�z ��/�{ u�/�� ��/�� �{/�� z{/�� ��/�� �u/��
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-+:��!��3' ���5�G�� �u�� E&%F��2�#1 �� �*+1 �3�' �#1��D "�%��.���&
�*�#A F�4. . .z{�

F�3"H�;�� �
#6A k
�G���v%-+	 F0��+%0 F�4�.� F�45*�A�D �0-�� " �0� F0 0 �1 !-' �]%�7� F�4h5t��D0 .
Mineral K-fsp, Plagioclase 

Rock Slate Spotted 
Sample No Z.11 Z.11 Z.11 Z.11 Z.11 Z.11 Z.11 
Point No 9 10 11 12 14 16 17

K-fsp Plagioclase 
SiO2 {{/�� z�/�� ��/�z {{/�� ��/�z �u/�z ��/��
TiO2 �u/� � ��/� ��/� ��/� ��/� ��/�
Al2O3 ��/�� ��/�{ ��/�� u�/�� u�/�� ��/�� �/��
Fe2O3 {z/� ��/� �{/� zz/� �u/� ��/� �u/�
MnO � � ��/� � ��/� � �
MgO ��/� � ��/� uu/� � ��/� ��/�
CaO �u/� �u/� �/� {�/� ��/� ��/� u/�
Na2O u�/u �{/� �z/�� ��/�� �u/{ ��/�� ��/�
K2O ��/z �{/�� z�/� �{/� ��/� �{/� ��/�
Total u�/�{ �/��� ��/��� ��/��� ��/��� �/��� �{/���

Oxygens {
Si ��/� ��/u ��/� {{/� �/� �u/� {z/�
Ti ���/� � ���/� ��u/� ���/� ��u/� �
Al ���/� ��/� �{/� ���/� �uz/� ���/� �u�/�

Fe3+ ���/� ���/� ���/� ���/� ���/� ��z/� ���/�
Mn � � ���/� � ���/� � �
Mg �uu/� � ��u/� ���/� � ���/� ���/�
Ca �u�/� ���/� ���/� �{�/� ���/� ���/� ���/�
Na ���/� ���/� �u�/� {��/� z��/� �u�/� zz{/�
K �u�/� ���/� ���/� ��/� ���/� �u{/� ���/�

Sum {�{/� ��/� ���/� ��/� {{�/� ���/� ��{/�
Na/(Na+Ca+K) u�/� ���/� ��/� ��/� {��/� ��u/� {u�/�
Ca/(Na+Ca+K) ��z/� ���/� �{�/� �{�/� ��u/� ���/� ���/�
K/(Na+Ca+K) ���/� z�u/� ���/� ���/� ���/� �uz/� ��/�

Activities 
An {/� {�/� �z/� ���/� ��/� �{z/� ��/�
Ab � � ��/� �/� {�/� ��/� {�/�

F�3"I5*�A�D �0-�� " �
#
�#D F�4�*+1 �
��3�' H����R k
�G� F0 0 �1 !-' �]%�7� F�4Lh5t��D0 .
Mineral Cordierite 

Rock Slate Spotted Hornfels 
SiO2 {{/�� �u/�� ��/�� ��/�� ��/�z �z/�� z{/�� {�/�� �{/�� ��/�� {�/�u �z/�z zu/��
TiO2 ��/� �/� ��/� � � � ��/� u�/� ��/� �z/� � ��/� �{/�
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Fe2O3 ��/� ��/� ��/� u�/� � z�/� � uu/� � � � ��/� �
FeO �{/� �z/z �u/{ �{/� �/� {u/{ �z/� u{/{ �� �u/�� z�/�� uu/�� z�/��
MnO �u/� ��/� �z/� ��/� �z/� �z/� �u/� ��/� ��/� ��/� ��/� ��/� ��/�
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Ti � ��/� � � � � � �u/� ��/� ��/� � � ��/�
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Fe3+ ��/� ��/� ��/� �/� � ��/� � �{/� � � � ��/� �
Fe2+ ��/� �u/� z{/� {u/� {�/� zz/� {�/� zu/� ���/� �z/� �u/� �{/� ��/�
Mn � � ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg ��/� z/� z�/� ��/� {�/� z�/� z�/� z{/� z�/� zz/� zu/� {�/� {�/�
Ca ��/� � � � ��/� � � � ��/� � ��/� � ��/�
Na �u/� �u/� ��/� ��/� � � ��/� �{/� ��/� � � ��/� �
K {u/� ��/� �{/� �u/� � u�/� � � � ��/� � ��/� �

Sum ��/�� ��/�� �� �� ��/�� �� z�/�� ��/�� {�/�� zz/�� z�/�� �� ��/��
Fe/(Fe+Mg) ��/� z�/� �/� ��/� ��/� ��/� ��/� ��/� �{/� ��/� ��/� ��/� ��/�
Mg/(Mg+Fe) �/� �u/� �/� ��/� ��/� �{/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Actuvities 
Crd �z/� u/� �{/� uu/� ��/� ��/� �u/� ��/� �/� ��/� ��/� ��/� �u/�
fcrd �{/� ��/� �z/� ��/� ��/� ��/� u�/� ��/� u�/� uu/� uu/� u�/� u�/�

mncrd � � � � � � � � � � � � �
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