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�2���� ]! #��� �4��%�]!  / �6�"�;
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'� ���

������* ���
'0�4 �0� �"�6���3 ��*4!����4(��1 ' �.3�6�
)2�����B / #�3/0 (!� /�;
6�)#
-��/'2 /�#�3/0 (��

���D �' $-1*�!2 ��H!��� ;
"�'�02;��+� �3 )" $��9+ ' 
/ �
�9:����D 0�� Y0" �� (D �' LJ�O ;
)�0:

:���6 :&� z� ' 0���3 K')*�� �!"�!� (��1 ' ��;
6�)=�	 
����B / $�-� ����B�*4� / �0%���6* �(��1 ' �� ��!: L1"
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1 ' #�3/0�2 ����B (/� /� �-F/ �6
;�!� (��1 ' / (��

��'� .�"�'�02;
� ;����D �' LJ�O �
�+��4�*�-.� �' �H�� 
/ �6
;�!� (��1 ' (/� �� #�3/0�2l����B (/� �� �H�� 
5/)F �� A�:0: �� (��1 ' #�3/0�2 4�*�/i$�'� (�&� 

$)")�' .$�'� z� ' 0� A�30: ��
�+� #
' �' LJ�O 4�*
#�3/0�2' (/� �� �* S��G )��2-
� M-� �' �6
;�!� (��1 

 � ')L1"�((��� ' �� ��
��� �� /$�%
�F �� (��F 4�*
#��/0�2�� �'0= #*D ����� ' 4�* )�0�B)L1"�.(#�!g6*

#�3/0�2 A�30: ����B (/� �� �*–M-� �' #�3/0�2 5-.I� 
)��F �
�2-�)CQ0N�)*
�$�-� A�30: �� ��
��� �� �3 

' �� #�3/0�2(��1 $)" �+G�!" 4�* $�%
�F �� ����F 4
2�#�3/0�*4���1 '��� �'0= #*D )�0�B)L1"�(�� �3

����B A�30:� �0� / �*���3 4�*��'� ��'-�6* �+G�!" .

B� C4�+�
���D ��� ;
"�'�02;�����B �*4(��1 ' ����B (/� �� �0%���6* .
Sample Sk 1- Sk 2- Sk 3- Sk 4- Sk 5- Sk 6- Sk 7- Sk 8- Sk 9-

Oxide composition (wt. %) 
SiO� ll/�� ��/�b �l/�b �b/�� li/�� l�/�� i�/�b �h/�b ��/�b
TiO� ��/� ��/� ��/� ��/� �i.� ��/� ��/� ��/� ��/�
Al�O� l�/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

FeO(T) ��/�l ��/�h �h/�h ��/�h ��/�h b�/�l ��/�� �h/�� lh/�l
MnO ��/�h ih/� ib/� �b/� �l/� b�/� ib/� i�/� i�/�
MgO �i/� �i/� ��/� ��/� �b/� ��/� ��/� �b/� �i/�
CaO �i/�� �b/�� h�/�� �h/�� �i/�� �l/�� ��/�� h�/�� l�/��
Total �h/�l l�/�h h�/�h �l/�b bb/�h ��/�l il/�� ib/�l ��/�l

Number of ions on the basis of 12 oxygene atoms 
Si �l/� ��/� �i/� ��/� ��/� ��/� ��/� ��/� ��/�
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al �l/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe�+ ��/� lh/� l�/� ��/� �l/� ��/� �h/� �h/� �l/�
Fe�+ ��/� ��/� �h/� ��/� ��/�C ��/� ��/� ��/� �i/�
Mn �i/� ��/� ��/� �i/� �i/� �i/� ��/� ��/� ��/�
Mg ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ca �i/� �b/� �i/� �l/� �l/� ��/� ��/� ��/� �i/�

Al+Fe+Mn �h/� ��/� ��/� �h/� ��/� ��/� ��/� ��/� ��/�
Garnet components (mole fraction, %) 

%And ��/�i hl/�� �i/�� i�/�b lh/�h ib/�h l�/�h i�/�l i�/�l
%gro ��/� �b/i �h/� ��/� ��/� i�/� b�/� ��/� ��/�

%Spes h�/� b�/� b�/� ��/� ��/� ��/� ��/� b�/� ii/�
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40�-� �4)*'�('0
' � �!" ���3 / � �!"�-.� �.E� ��b

 B� C5�+� 
���D ��� ;
"�'�02;�����B �*4����B (/� �� �0%���6* –2�#�3/0.
Sample M 1-12 M 2-12 M 3-12 M 4-12 M 5-12 M 6-12 M 7-12 M 8-12 M 9-12

Oxide composition (wt. %) 

SiO� ib/�� h�/�� �b/�� ��/�� �l/�� ��/�� ��/�b �/�b �h/�b 

TiO� ��/� ��/� ��/� ��/� �i/� ��/� ��/� ��/� ��/�

Al�O� ��/� ��/� ��/� �h/� ��/� �h/� ��/� ��/� �b/�
FeO(T) ii/�� �i/�l ��/�� ��/�� �l/�l l�/�h il/�� ��/�� ��/�� 

MnO h�/� hl/� bh/� ih/� ��/� h�/� l�/� bi/� h�/�
MgO ��/� ��/� ��/� ��/� ��/� ��/� ��/� �i/� ��/�
CaO ��/�� ��/�� l�/�� lb/�� ��/�� ��/�� b�/�� ��/�� b�/�� 

Total �l/�l h�/�h �b/�h ��/�b h�/�b h�/�� �b/�� �b/�� ��/�� 

Number of ions on the basis of 12 oxygene atoms  

Si �h/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe�+ ��/� �l/� ��/� ��/� �l/� �b/� ��/� ��/� ��/�

Fe�+ ��/� ��/� ��/� ��/� ��/� ��/� �i/� �i/� �i/�
Mn ��/� �b/� ��/� ��/� �i/� ��/� �b/� �b/� ��/�
Mg ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ca l�/� l�/� l�/� ��/� ��/� ��/� ��/� ��/� l�/�

Total �h/h l l ��/h ��/h ��/l ��/l ��/l l
Al+Fe+Mn ��/� ��/� �l/� �i/� ��/� ��/� �h/� �h/� �b/�
Garnet components (mole fraction, %)  

%And lb/�b h�/�b �b/�h ��/�h i�/�h �i/�b ��/�h ��/�h ��/�h 

%gro h�/� �i/� b�/� l�/� �i/� li/� �i/� �i/� ��/�
%Spes i�/� h�/� ��/� b�/� �h/� b�/� h�/� h�/� �l/�

3��D�^U' A��0: <
�-: �'�-6� 4��� �
����B (��1 ' ����B (/� /� �� $-1*�!2 4�*)s�' (2 ����B /�(��1 ' #�3/0)7(/{:�� (D ��
���
30:�(��� ' �� ����B A���F $)" �+G�!" 4�*�]b[� (�&� �'�-6� �����B A�30: �3 )*��*4����B A�30: �� $-1*�!2 (��1 ' �}*4���1} ' �

�'-�6* #*D���'� .
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 708 �$-1*�!2 (��1 ' �
'� ��h

B� C;�+� 
����D�;�
"�'�02;���3�.3�2-!�����B (/� �� #�3/0C2�(��1 ' #�3/0.
Sample M 1-12 M 2-12 M 3-12 M 4-12 M 5-12 M 6-12 M 7-12 M 8-12

Oxide composition (wt. %) 
SiO� lb/�� ��/�� ��/�� ��/�� ��/�� ��/il ��/�� ��/��

Al�O� ��/� �h/� ��/� ��/� �i/� ��/� ��/� ��/�
FeO ��/�� ih/�� �l/�� il/�� ��/�� �b/� ��/�� b�/��

Fe�O� ii/� ��/� ��/� ��/� �b/� b�/l ��/� �i/�
MnO l�/� ��/� ��/� l�/� ��/� ��/� ��/� ��/�
MgO ��/l �i/�� ��/�� b�/� ��/� �b/�� ��/h ��/l
CaO lb/�� ��/�� l�/�� ��/�i b�/�� �b/�� �i/�� �h/��
Na�O ��/� b�/� b�/� ��/� b�/� ii/� ��/� ��/�
Total ��/�� �h/��� ��/��� �b/��� �h/��� l�/�b �b/�� �h/���

Number of ions on the basis of 6 oxygene atoms  
Si ��/� ��/� ��/� ��/� ��/� ��/� �l/� ��/�

Al4 ��/�C ��/�C ��/�C ��/�C ��/� ��/�C �l/�C ��/�C
Al6 ��/� ��/� ��/� ��/� �i/� ��/� �l/� ��/�
Fe�+ ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe�+ ib/� �b/� �b/� i�/� �b/� ��/� �l/� ii/�
Mn ��/� ��/� ��/� ��/� �i/� �i/� ��/� �i/�
Mg il/� �l/� �l/� ��/� �i/� bi/� ii/� ��/�
Ca ��/� ��/� ��/� ��/� �h/� �i/� ��/� �l/�
Na ��/� �i/� ��/� ��/� ��/� �i/� ��/� ��/�

Total 99/3 99/3 4 4 4 4 4 4
Fe�+ + Mg + Mn �h/� �l/� �l/� �h/� �i/� l�/� l�/� �l/�

Clinopyroxene components (mole fraction, %) 
%Hd i�/ih �l/�b ��/�h ��/i� ��/�l h�/�i bl/ii �l/ii
%Di hb/i� ib/�� �l/�� ��/�b ��/�l �h/l� ��/�� l�/��
%Jo l�/� �b/� ��/� b�/� l�/� �l/i l�/� l�/�

B� C<�+�
����D�;�
"�'�02;���3�.3�2-!�!� (��1 ' �� #�3/0�;
6�.
Sample M17-1 M17-2 M 17- -3 M17-4 M 5-17 M 6-17 M17-7 M17-8 M17-9

Oxide composition (wt. %) 
SiO� ��/�� ��/�� i�/�b i�/�b lb/�� i�/�b ��/�b l�/�� ��/��

Al�O� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �b/� ��/�
FeO �h/� ��/� ��/� ��/� ��/� �i.� ��/� bi/� �i/�

Fe�O� ��/� ��/� �i/� ��/� b�/� �i/� ��/� ��/� ��/�
MnO ��/� ��/� ��/� �h/� ��/� ��/� ��/� ��.� �h/�
MgO h�/�h i�/�h �b/�l ��/�l �b/�h ��/�l h�/�h bh/�h ��/�l
CaO ��/�� �l/�� ��/�b ��/�b ��/�� ��/�� ��/�b ��/�� h�/��
Total ��/��� bb/��� i�/��� ��/��� h�/��� ih/��� ��/��� ��/��� i�/���
Number of ions on the basis of 6 oxygene atoms  

Si ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al4 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al6 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe�+ ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe�+ �i/� ��/� ��/� �i/� ��/� ��/� �b/� ��/� �i/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg ��/� �i.� �b/� �b/� �b/� �h/� �i/� �i/� �h/�
Ca ��/� ��/� ��/� ��/� ��/� �l/� ��/� ��/� ��/�

Fe�+ + Mg + Mn ��/� �l/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Clinopyroxene components (mole fraction, %) 
%Hd l�/� �l/� i�/� ��/� �l/� �i/� h�/� ��/i bb/�
%Di �i/�� h�/�� ��/�b ��/�� ��/�b �l/�� �b/�� i�/�i li/��
%Jo bi/� ��/� �h/� ��/� bh/� bl/� ��/� bh/� ��/�
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40�-� �4)*'�('0
' � �!" ���3 / � �!"�-.� �.E� ��l

3�� F-m:
0�^U' 4��� �
2�#�3/0�*��(/� (��1 ' !��;
6�/����B 2�#�3/0 (��1 ' /���
��(D��30:�A2�#�3/0 ���*�����3 4
�+G�!" $)" ���1 ' �]b[.

����8��:��H!� ��4$-1*�!2 #
-��/' (��1 ' (/� �� ��!: 
!��;
6�
� �	���-" .�+�
���D �' LJ�O ��� ;
"�'��;�l

�*�-.� �"�� �' �H��4#
-��/'30: �3 �'� (�&� �A#
-��/' �� 
!� (��1 ' (/��;
6�0+ �-	 M-� �' 
� ' �)5/)F�.(

3��0 G��������������3��6��������������� �
������ :���6 ��� 

�'�)�D
��*4�� / �0%���6* SG�" L1"#
' �� ���3 #
0: 
(/� � ' $)" 02 ���-!�+3' �� ���D #�� 4�^	 �3 � ')L1"

�� .(� #
' �� #�3/0�2-!�.3 �3 #
' �� �F-: ���6� $)
� (/ -
#
'0��!� ��-" ����B (/� #
' �� 4�6B�� @-9� 0n' �� 4��"
��.�  / #*D[��'��`�!3'/ 4�* 4����0B� $)�/0&�2 ��

 ]!  �:�!�03 (��;�� 0
� �!3'/ K�-J ��� ' $)" L�1&: .
�
0.3 / K/)�2' ����.3 �;:�'-3 ���+!%� �� ����B �"�2/0	

$)!*� (�&�� �U�' #
' 4.
3CaCO3 + Fe2O3 +3SiO2 � Ca3Fe2

+3(SiO4)3 3CO2
�
�'�)�D ���.3 

B� C?�+� 
���D ��� ;
"�'�02;���3 �#
-��/'!� (��1 ' �� �;
6�.
Sample Mh17-1 Mh17-2 Mh17-3 Mh17-4 Mh17-5 Mh17-6 Mh17-7 Mh 8-17 Mh17-9

Oxide composition (wt. %) 
SiO2 �/�l ��/�l �i/�l �i/�l ��/�l �i/�l ii/�l bb/�l h�/�l 
TiO2 ��/� ��/� ��/� ��/.� ��/� ��/� ��/� �i/� ��/�
FeO ��/b ��/b ��/b �b/b �l/b i�/b ��/b lh/� ��/�
MnO ��/� il/� ��/� b�/� �i/� i�/� ��/� ih/� il/�
MgO �h/�� h�/�� hb/�� bl/�� ��/�� b�/�� ��/�� bi/�i ��/�i 
CaO ��/� ��/� �b/� ��/� �h/� ��/� ��/� ��/� ��/�
Total ��/�l l�/�l �i/�l ll/�l lb/�l h�/�l ��/�� hh/�� b�/�� 
Number of ions on the basis of 4 oxygene atoms 

Si ��/� ��/� �i/� �i/� �i/� �i/� �i/� �i/� �i/�
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe2+ ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe3+ ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg �b/� �h/� �h/� �h/� �h/� �h/� �h/� �l/� �h/�
Ca ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Total ��/� ��/� �b/� �b/� �b/� �b/� �b/� �b/� ��/�
Olivine components (mole fraction, %) 

%Fo h�/�� l�/�� h�/�� hb/�� l�/�� h/�� �l/�i ��/�i �h/�i 
%Fa �h/b ��/b ��/b �i/b �h/b �/b ��/� b�/� l�/�
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).F ���$��6" ��;�
�2���� ]! #��� �4��%�]!  / �6�"�;
 708 �$-1*�!2 (��1 ' �
'� ���

3�� 4H�'0= #+	0B +3'��-!����K�-J L�+�� /��*'06* ���;:�'-3 ���^	 4��#�'�)�D
��*)s�' :��L1�-6U 7:��L1�'-�4.(

����B 5�N�)� ���� )*'-" �� (�!g�D �4�� � (�&� � �!"�-
L�" �)*� ���� 40�B:���.�  4�*��� ���-!�+�' �')�D 

' ���.� / ;:�'-� �� �+	��6* � ' �+	0B V�E�)L1"��.(��
�'�-6�T-X (CO2)v-	 �U-6E� 4�')
�2 4��� �!�&��

°C��� � ' )L�"��(.� (�&� �2-� /0��� )*'-"�)*�
� ���-!�+�' �3��*'06* �� L�+�� / �'�D K�-J /� �� )�'-:

1&: )��2-
� �"�2/0	 �' �
 / ;:�'-� ����-" L.K')*�&�
]! ��%�4� (�&� �)*� �(��1 ' ����B (/� �� �3
+3'��-!�*'06* �� / L�+�� K�-J �� ��$)*�&� ;:�'-3 �� 

� ' $)")L1"�('0��!� �
1&: #�+3' L��-!���*4'� �'�D 
�� �0� ��F-: 0
� �!�'/ �� ('-:]h[:

2CaMg (CO3)2 + Fe3O4 + 8SiO2 + H2O →
Ca2(Mg, Fe)5Si8O22 (OH)2 + 4CO2 + 1/2O2

� ���-!�+�'/�-���
���6+O' X
'0" #��f: 4'0�P-T-X�� �����  ('-:4Ca-Fe-

Si-C-O-H)L�"��(2 �-F/ V)U ��	0B 0T��� '��#�3/0
' ��
1&: / (/� #��'�)�D L
�6B�� @-9� �� �4#*D /
 �.���[�'���" 4`��!3'/ �*42 ����0B� �]!  �� $)�/0&

:�!�03���(�&� �(��;$)!*�41&: �(��1 ' L$0+�B ��4
����
0Ci��Ci�� /fO2��#��C�� C�bC��� ' .

:���6 ���9�������� �=*�� 
��3��*4.J' �1&: �' $)!*� L
2 L��" (/� #�/ #�3/0

� ' ����B .' ��
2 ���� (/� #�#�3/0 ����0B� �.O0� �� �*
2�� ' �+	0B L1" L�+�� K�-J �� $)�/0& .���V�B (D 5�N��

$��"�*4#*D �����B ��-G V-E* �� �' �� '� �+
�'�)�D 4�*
$�0� L�6I: ����� ' X�I� )�')�!N� 0�4+	�� )*'-" �

#�3/0�2C����B ) (7 L1"C�.(�'/'0	 �� �F-: �����3 ��*4
2�+!%� / #�3/0�� ]!  �� ��+� ('-:�����B �3 �	0B �E

�'�)�D
� �!3'/ 0n' �� �
� ' $)�D �-F/ �� 0:
CaFeSi2O6 +O2 � 1/3 CaFe+3

2Si3O12 + SiO2 +
�
Q0N�)* �
�'�)�D 
1/8Fe3O4 

 ���� V�6:�����  �� V�B #
' 4�*4Ca-Fe-Si-C-O-H �'0=
�� )�0�B)L1"��.(*6�� $)
� �1��!g (')�� �
�'�)�D �-"

$�0+�B 4�')
�2'4�'��� �: C°h��0B /
B)�;�(W���' 
��C�:�bC�� (�&� '� )*� .���-+ x/ �� �
�'�)�D +��+!%�
 ��C°h�� T >�
Q0N�)* /+�� ���-+ x/C°���T >�� 

�� #�&��F ;:�'-� �-^O �-" .�+	��6* #�!, �� �E�D �'
����B '�� �� ' $)&� $)
� $-1*�!2 (��� ' �� �a������
'� 

��C°��� T <� ' $�'� �� .�.O0� �� du 4���0B� �4
0� 0n' �� �$)�/0�2���0B �!16*��*4��� �� 4�2�
�� #

�U-6E��*4�.3 �6�C �.�:�1����� �
� 0
��4�*��	 4
 �.�:�1�);:�'-3 (�.3 /�6�C!��;
6� �.�:�1��')�D 
)2'��-�0: �K/)��C+3' ��-!��(�3' $'06* ����*))+!%��/ �

:�6*��(1&: K�!�03 /�� ' $)" L.2'�')+� �K/)5/0:
#
��3�' �� (� 0B� 
� ' �.O0� #.';	' x�6+O'
.I� ��
0B
B)�;��3' �6�� ��� (W�1&: �� �2' L��!3'/ 0��!� K/)
�
' 0
� ' $�03 �9]l��[.

Ca3(Fe,Al)2Si3O12 + 5/4O2 + HCO3
- = CaCO3 +

����B ���}}}}}.3
Ca2FeAl2Si3O12(OH) + 1/2Fe2O3

��:�6* K/)�2' 
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40�-� �4)*'�('0
' � �!" ���3 / � �!"�-.� �.E� i��

 ��%+�1" LI���`�!� �� / �*����0B �3 ��*4!8��'
H2O/CO22' �)��'� �-^O �� K/)�+� �� )�'-:��2�� �E
�')4

� �!3'/ 0n' �� ����B
1&: 0��-" L:

3Ca3(Fe,Al)2Si3O12 + H2O + 5CO2 =
����B 

2Ca2FeAl2Si3O12(OH) + 5CaCO3 + 3SiO2

K/)�2' ���.3 

3I� 44�'�-6� X�'/� 4��	 T-XCO2�����  �� ]Ca-Fe-Si-C-O-H ��[.
)�}�yU ��m}+G' 4��}3��}* :Gr = Garnet; An = Anortite; Hd = Hedenbergite; Qz = Quartz; Act = Actinolite; Cc = calcite;  

Wo = Wollastonite.( 

3I�454��	 X�'/� �'�-6�T-log fO2�����  �� Ca-Fe-Si-C-O-H ]��.[
)���3 4��m+G' ��yU�*:(Ad = andradite; Cal = calcite; Hem = hematite; Hd = hedenbergite; Mt = magnetite; Qtz = quartz; 

Wo = wollastonite; Ep = epidote; C = graphite..( 
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).F ���$��6" ��;�
�2���� ]! #��� �4��%�]!  / �6�"�;
 708 �$-1*�!2 (��1 ' �
'� i��

� ������ ��������
30: �� $-1*�!2 ?-+ ' @-9���-�'0B A
�-
�C'-3 � ;:�
�-
�� �

1*D )��� �–�/�-��+�2 eU�� 5�6F �')
(��1 ' �
!��;
6�� ' $)" ��H!� �� . �0���*4]! 4��%� (/� 

!� (��1 '�;
6���H!� �� 4� (�&� $-1*�!2 �LO'0� �3 )*�
!� (��1 ' L��1:�;
6��F K'�'-� �� 
%�04$�-: 4@-9� 4

�'0B�a-+�)4� ' $�'� �� ��H!� �� .'0	
!�*)4(��1 ' '��

(/� #
' ���.O0� /� L��" 42��3 � ' $)�/0�2 / $)�/0&

�U-6E� �� V')3 0*�*4;�Q'��2 4�	�� /�*4�.O0� 0* SG�" 
� S�&���-" .+�Q'��2 X�'/��1���3 �:0: �� �*�(��� A

1&:��' )!:��NU L:
�C2 �.O0��� ' �.O0� /� L��" �-G �3 $)�/0&:

s�' :�-B0B��:�/�E� �:'
` �.O0� #��'0= / �6B�� �-fJ 
]!  $�B��-G0� �� (D #+	0B�*41*D �� //�-��+�)���  

` �3 � ' $�'� �� 5�6F�(D]! �*4:�!�03�$���/� �-.N: 

� ' �+	�.
7:�.O0�41&: �����0B� (��1 ' L4:' ��
�.O0� #
 �.�K�1�*4!��;
� L1" 7D (/)� [�B�)�0 .��'�' ��4�-.N: 

�*�6B�� �' LJ�O ��&	 / �6B��4��" 4%+�1" �$)" �'�D �-
�*�
]!  �� �*41*D �C�/�-��+�' 5�6F )���  
$)" ��E

�F ���F �3�
 / �� 0J�!U 5��+�' /��.4$��" �*4�����3 �� 
�2 (�1�' '�
� 0����  .�!3'/ ryG 0��*4�.O0� 4�-B0B� �

:�/�E��0B �3 
B)�;��!3'/ �� �*��B �� �)��'� ��� �*
�!3'/�*4'
�T.8 �.O0� #
(-6*' ;a�O �*�� ' �.$��"-

�*�
'0	 �� �3 
�-B0B� )!�����0B� /4]!  �' �*4:�!�03�
� �-NU��x-J' )!!3'�'� 4XCO2�2 �
#)�/�()!+�*]��[.

��3��*4.J' �1&: �' �� $)" L
0+ �-	 �.O0� #
/ �
�
�2-�))!+�* .� �� �F-: ��N�� �'�-6�XCO2-T� �
�2-�/ )

0+ �-	
��� �� �4���' �ih��F�� 4+��  �1&: �'0B�L
���-")L1"��.(+�Q'��2 X�'/� �� �F-: ���1���3 ��*

�� �.O0� ��8D �� �� �	0B 0T��� ('-:����0B� 42��$)�/0&
� ' �+	0B L�" 0
� �!�'/ �� �
0+ �-	:

2CaMg(CO3)2 + SiO2 = MgSiO4 + 2CaCO3+ 2CO2

�
0+ �-	 ���-�/� 
�.O0� ���n�: )f�$��" 0�*40F
(�
/�O �+	�4SiO2/MgO 

]!  0��*41*D �2 �� 0E!� �')
� �
�2-�(��1 ' �� )�*4
����0B�4� ' $)" ]h.[��6+O' �!3'/ �!,�&!3'/ #���
� K�-J
� ' 0:

CaCO3 + Mg2+
(aq)+ 2SiO2(aq) ↔ CaMgSi2O6 + CO2

�
�2-�)�.3 ��
�C�.O0� 4$)�/0�2 :'
� /� �� �.O0� #
��: �.O0� 0�� [�-

�-":
s�' C�.O0� 42 $)�/0�2 �&�#:' ��
 �.O0� #�.�K�1�*4
!��;
6�1&: 7D (/)� ��.O0� �� $)" L4�/�/ 0n' �� LN= 

7��0B�*4�2 ��� �� �
'0	 / #
�	�1�D )!#�03 /B�04(� 0B� 
�U-6E� �� / $)"'4��3 �' ��*4�3' �)4+!%� )!��� ���

:�6*� ���.�K�1�*4!��;
6�+��20  L�� �')�D �:�!�03 / #�
�.3 L���)N: �
� L��-" .' ��
�.O0� #SiO2/H2Ox�� 
$��" ���*4�� �'� 0��!� �#�+��20  �� '� �
0+ �-	 )�'-:
� �!3'/
� L
)N: �0)!:

MgSiO4 + Mg(OH)2(aq) + SiO2 + H2O = Mg3Si2O5
(OH)4

#�+��20  �
0+ �-	 
7C�.O0� 4�2 $)�/0�2 �#:��3 �U-6E���*41&: �$)" L

2 �.O0� ���&�n�: �I: #�7��0B 0�*4�U-6E� �� ��� [3 '4
��3 �'��*4�
�.3 �R��: )!��� ��'� ;���3 / ���*4 ��
)N:
� L�' �')G� �3 �-"
$0+�B �� �.O0� #4��� �
�
0
����F�� 4+��  �� �� �'0B �)*� .��3 V�6: �3 �E�D �'��*4

!� (��1 ' �� $)" $)*�&��;
6� �� $-1*�!2 �[+� 
CMS-HC)L1"��('0��!� �)��'� �'0=
� #���� ('-:4

0Cb�� C���3 /� ���n ��&	 ���-.��/b/�C�/�=XCO2'� 
'0�4 �0� ��-� (��1 ' ��03 ��/'0� .

3�JJJJ�4;4��}}}}	 X}}}}�'/� �'�-}}}}6�T-XCO2�����}}}}  �� 
Al-K-Ca-Mg-Si-H-C-O]��.[

)���}3 4��m+G' ��yU �}*:Wo = wollastonie; Cc = Calcite; 
Qz = Quartz; Di = Diopside; Fo = Forsterite; Tr = 
Tremolie; Dol = Dolomite; Ctl = Chrysotile; Kf = 
Feldspar; Phl = Phlogopite; Chl = Clinochlore; Tlc = 

Talc; Ms = Muscovite(.
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40�-� �4)*'�('0
' � �!" ���3 / � �!"�-.� �.E� i��

:����$ 
30: �� $-1*�!2 ?-+ ' @-9���-�'0B A
�-
�C� ;:�'-3 
�-
�� �

1*D )��� �(��1 ' �� 0E!� 5�6F '��
� ' $)" ��H!� �� 
I� �� �3�H�7��0B �� Z6U [3 �*4'��3
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