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����w� )

+% �&% u��M :
P = (0.6kbar) = -3.01 + 4.76Alt r2 = 0.99 

% �� 
�����w� )PH I�R -3 ��$	 *, ��3 ��Alt�%"�� 
���O*'*H-9 �� PH ��*U�O I*�&% T�M .

�3 ��$	 �&�O���<� �� "'�M���@ ���M9 :%-3 !"� :
�
���%-.�3 -3%-3 �1
� aY/Y�&% ��3 ��*S ] .��[�*U�9 +% L*�& }

�X3%�:]�Z��4[�X3%� ,:E'&��� �]�Y[�����w� %:%-3 %� :
�M&�6�:% �� �H �&% !�-H �;%�% ��$	 
� ����w� )��3 0%�9

3�F���9 �3 *� -3 ��$	 , ��� 0��3 �%{. -*0%LAl 7 "'�M���@ �

�-3.
P = (0.6 kbar) = -3.01 + 4.76 Alt {(T[Co] -

675)/85} × {Alt 0.53 + 0.005294 × (T[Co] – 675)} 
���<� ��:���%-. 
��
1�%-3 ��$	 :"'�M���@ ���M9 ``/4H*��3 ��

�&% !"( ��,O-3.
T�'�
, 0%��c<@ ,]�h[����w���  ��$	 �� %� -
+ ::��94Z

*w9 :%-3 ��3 ��*S*�3 ��
L<@ "'�M���@ T��w9 :��� )
7K8!�-S �;%�% +KS�
"�%:

T = 25.3P(kbar) + 654.9         
3���S ���M9 T��w9 :��� b,� )
% N�&% -�@`]� �C��:
1��&��%-. "( ��,O-3 .T�M*U�O �� �%"�� �@[AlIV]�3 ��� 

�X3%� BO �%"�� +% -��1� �X3%� )
% "'2 -@ ��%� m*�1�� :
L*� �<.����@]�].[�%"�� -3 ��$	 ��*'*���O�C, �$@�

[AlVI]�� -*��9 ��%{. .-3 ��%"'2 -*��9 s'& �
�*<*( I*S-9
 ��*'*���O �%"���C, �$@��cM( �� ���3:M*U�O ���%"� T

]�^.[0�
�(
�,O��:, )U&% ��*1'/� 0��L<@ ���R �S �&% 
!"'@� 0�$� �
��
���%-. �� T�M*U�O !%-<@ L9�%�S :

-.
."�L��� 0x*�S% :t�3 !"�+�& :�<.�� s'& )
% :�&�@
]�`.[
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"�C��!��<( ��0�1��+ �������� –!��9 �E'& ��$	 :�� 0%"@%+ "*3 �<$2 :"*;�1*�%-. . . .���

I����� 
�� �
��
���%-. �� ��C�� :�@ �*9�*3 �&�-3 +% PQ�R |
�1� 

T,"C4!"( �;%�% �%"�.%
��H )��3�3 T�<w� ��f u��Q
�3 :�@���3 �%� Pc( �<*� �9 Pc(�*0���%� %:�� �1&� W
 �3 

�<*�)(,�� ��$� ��,"R �� , ��(�]��H "Q�� ��@:
#$9 %� s'& �� ��C��*� P�"@� .H-9*3 I*9�*��@:���� 

&�-3�)P#(`(�7 -3
�:!��"'3 :]�a��_[+%�<&3*9�*�
�3�<&&*	,�"*�*$H �*�%"�� �3 �C�9 �3 , !"( !" 

YY/Z>Fe/(Fe + Mg) 3 \LC *9�*�+% , !"( B��6� �@
7�.��	*�� %"C �@�"��( .�*9�*3-1$*3 ��X'� :�@ �� 
!-1�.3 :*9�*��@:)@O �� �%-? �%�"�-*. .�� �*9�*3

&*m1� ���� u%-*g9 �3 :����-.� , ���.-.� ��
�<.�� :�@ 
!"�+�& �*��w	 , ��$	0�2 �
�@F,�H2O�O2,SiO2eK��S 

"'&��R]4Z.[��
 �
�*<*(�c
L*	 :�@��1S�	 �3 !%-<@ !"( 

��1F�& -G'� ���2 �� �'*$��C 0�c�%�2 :�@-G'� P��( :��
��C, (T)��C, �$@ �(M)�
t 0�*� �(I)P*�S,�"*@ ,

(A)�*9�*3 :-
{7 -**g9 �&% �1F�& )c<� %� �@ .)*'�<@
s'& �� �*9�*3 I*S-9 �"��� :�<.�� >3�9 :"*;�1*�%-. :�@

-.
."�L�]4��44[:��� �!+%".]4Y[�*�%-. !�/1&�F ,-
�&�@]4h�4].[P#( ��)a(s'&�@:%L@�H k�1�� �


�?*��
(A)���O-7 �*)(P) ,#@O���?*��
(C) m@ +% %"C 
!"( "�%]4h.[b,� N�&% -3]4h[3 �*�*9�!-1�. �� �@ :
#@O���?*��
(C)-? %�1	-. �"�% .�E�O +% �� �*9�*3 I*S-9 �S

s'& ���M1� 0O +% �S �&% �
�<.�� I*S-9 >3�9 )
�oO :�@
�� I*S-9 %{� ���(�*9�*3 �
�*<*(�� �@�3 "�%�9 W
 0%�' 

)*�+ 5*6� �
�&�'( :%-3 I&�'� ��*w� P*c$9 �1F�&
�,� ��S �3 �@"*;�1*�%-. ]4h�4^[.

E���6���S b+%�-7 L
� |
�1��
�7 -3 �*9�*3 :�@ :4h%-. �� 0x*�S% ���
��
3 �<$2 �*".
Bio grd grd grd grd grd grd grd 
SiO2 _^YZ/Y` 44_Z/Ya 4Y_Z/Y^ 4]_Z/Y` �`_Z/Ya Y4hZ/Ya Y4�Z/Y^ 

TiO2 `4hZ/4 `hZZ/4 4Z�Z/4 `4aZ/� ]Z�Z/4 ]Y_Z/4 4ZZZ/4

Al2O3 ^a_Z/�h `hZZ/�h Z4hZ/�h ^�ZZ/�] hh�Z/�] a4_Z/�h 4aaZ/�h 

FeO ^_^Z/�^ ]Y^Z/�^ Y4]Z/�] 4]aZ/�a ^Z]Z/�^ aZ�Z/�` a]hZ/�] 

Fe2O3 44hZ/h 4hZZ/h `Z�Z/Y 44aZ/Y ZZ�Z/h ZY_Z/h `ZZZ/Y

MnO ]�aZ/Z hZYZ/Z h]YZ/Z 4h^Z/Z Y_aZ/Z Y^_Z/Z h^4Z/Z

MgO h]aZ/�Z 4_hZ/�Z Za]Z/�Z Z``Z/�� `a^Z/�Z ^`YZ/�Z �``Z/�Z 

CaO ZZZZ/Z Z�hZ/Z Z�`Z/Z 4Z_Z/Z ZahZ/Z ZY^Z/Z ZYhZ/Z

Na2O Z]`Z/Z Z^]Z/Z Z^^Z/Z Zh_Z/Z Za`Z/Z ZaYZ/Z Z_ZZ/Z

K2O 4^^Z/�Z _`YZ/_ �h^Z/�Z 4a_Z/a 4`4Z/�Z 44]Z/�Z Za]Z/�Z 

P2O5 ZZZZ/Z ZZ]Z/Z ZZZZ/Z ZZZZ/Z ZZZZ/Z Z4]Z/Z ZY]Z/Z

Total ]_]Z/_` 4h]Z/_` 4]`Z/_4 _]YZ/_] Y]hZ/_a _hYZ/_a 4h^Z/_Y 

Si �aY�/�^ 44]Z/^ 4Y4^/^ �4a`/^ �]��/^ �`YY/^ �_4^/^

Ti YYY`/Z YY]^/Z 4ah`/Z 4�Ya/Z YZY�/Z YZ`^/Z 4a4�/Z

Al a�_`/4 a4__/4 ah4^/4 Z4^4/Z _Y4Z/4 a�]4/4 a`��/4

Fe2+ 4`h�/4 4]�a/4 4Zh4/4 ]��^/4 4Y`Y/4 Y_aZ/4 4^Z]/4

Fe3+ ]�``/Z ]�_]/Z h`_Z/Z Y__^/Z `a]�/Z ha^_/Z h`h`/Z

Mn Z`�]/Z Z]]^/Z Z^^Z/Z ZYhY/Z Z]hY/Z Z]ZY/Z Z^^`/Z

Mg ]Y_4/4 h_aa/4 ]a]`/4 `�^4/4 ]_Z^/4 ]^_4/4 ]a^`/4

Ca ZZZZ/Z ZZ4h/Z ZZY�/Z ZY^a/Z Z�h]/Z ZZ^4/Z ZZ^4/Z

Na Z�aZ/Z Z4Z]/Z Z44Z/Z Z�]^/Z Z4`4/Z Z4]_/Z Z4_a/Z

K �YYZ/4 Z`�^/4 44^Z/4 `Y_Y/� ���4/4 �Z��/4 �_Y]/4

p ZZZZ/Z ZZZ`/Z ZZZZ/Z ZZZZ/Z ZZZZ/Z ZZYh/Z ZZ]�/Z

SumCat. a_ZZ/�^ a��]/�^ _h]_/�^ a44�/�^ _Z^h/�^ _YY^/�^ _^_Z/�^ 

AlIV a�^_/� ``]Z/� `^`h/� a`�Y/� aha_/� a4^`/� aZ`h/�

AlVI ZZ4a/� Z]h_Z/� Z`]4/� �]h_/� ZaY4/� _aa]/Z Z^Y`/�
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(�H�� �:-��3 �:"<R% ��-/��3�*3 �u�F�%*�<'( ���H , �&�'(���3 ��E� 0%-
% �&� ���

����� E��� �6
Bio grd grd grd grd grd grd grd 

SiO2 ^_]Z/Y` Z�`Z/Ya Z^]Z/Ya a_hZ/Y` a_4Z/Y` h__Z/Ya Ya`Z/Y` 

TiO2 `a_Z/� ^ZhZ/Y aZZZ/� ^`�Z/� 4h4Z/4 ^YaZ/� Y`_Z/4

Al2O3 Z^4Z/�] �Y`Z/�h Y�]Z/�] Z]]Z/�] Zh�Z/�] __YZ/�] ^_aZ/�h 

FeO _hhZ/�^ Z`4Z/�] _`ZZ/�^ h]_Z/�` ]�aZ/�] Z��Z/�^ Z4�Z/�^ 

Fe2O3 4a_Z/Y �ZhZ/] YZZZ/Y �`�Z/Y `h4Z/Y �YaZ/Y a`_Z/Y

MnO h^YZ/Z ]]�Z/Z ha4Z/Z ]h`Z/Z ]�^Z/Z Y_hZ/Z hY`Z/Z

MgO ]a]Z/�Z hZZZZ/�Z `_4Z/�Z 4Y^Z/�Z ha�Z/�Z a]^Z/�Z ]^4Z/�Z 

CaO Z`^Z/Z Z]`Z/Z Z4`Z/Z Z_^Z/Z Z�aZ/Z ZaaZ/Z ZZ�Z/Z

Na2O Z��Z/Z Zh�Z/Z Zh]Z/Z Z^YZ/Z Z^4Z/Z Z`YZ/Z Z^ZZ/Z

K2O `4ZZ/_ 4^`Z/�Z _4�Z/_ Y�hZ/�Z ^hYZ/_ Z]aZ/�Z 4Y_Z/�Z 

P2O5 Z4]Z/Z ZZZZ/Z ZZZZ/Z ZZZZ/Z ZZZZ/Z Zh]Z/Z Zh]Z/Z

Total ^]_Z/_] 4]ZZ/_` `�`Z/_^ ]Z^Z/_^ �]]Z/_] `_YZ/_^ `ZaZ/_] 

Si 4Y^a/^ �aa^/^ 44^Y/^ 4h`_/^ 4^�h/^ 4]YZ/^ �_]_/^

Ti 444^/Z hh�Y/Z 44�]/Z 4Z`4/Z 4`a`/Z 4ZZ�/Z 4_^^/Z

Al _Y`�/4 `�4Y/4 _]4`/4 _4]]/4 _4_Y/4 Z^�]/Y a`Za/4

Fe2+ Yhh]/4 Z]�a/4 Y4�h/4 hZ`Y/4 �hh]/4 �`ha/4 44Zh/4

Fe3+ hZ_]/Z ^4]4/Z hZ^4/Z Y_Yh/Z h^]Y/Z YaY]/Z haY`/Z

Mn Z^h_/Z Z`^Z/Z Z^^a/Z Z`^h/Z Z`44/Z Z]h4/Z Z^�Y/Z

Mg ^�Za/4 ]4Ya/4 ^Y�]/4 ]�a_/4 ]a�_/4 ^4a]/4 ^Z_h/4

Ca Z�Y]/Z ZZ__/Z ZZh`/Z Z�`Z/Z ZZY4/Z Z�]Y/Z ZZZ4/Z

Na ZZY]/Z Z�4_/Z Z�hY/Z Z4Z�/Z Z�__/Z Z4YZ/Z Z�_Y/Z

K Z]�^/4 �Y4Z/4 Z`Z�/4 �^_Y/4 ZY4`/4 ZahZ/4 �^h^/4

p ZZY]/Z ZZZZ/Z ZZZZ/Z ZZZZ/Z ZZZZ/Z ZZ^4/Z ZZ^Y/Z

Sumcat. a_aY/�^ ``Y_/�^ _�]4/�^ _aZ4/�^ `aa_/�^ aah�/�^ _4a]/�^ 

AlIV `^Y4/� a��h/� ``Y`/� `]4�/� `Ya^/� `h`Z/� aZh�/�

AlVI �`Y_/� _ZZa/Z �`a`/� �`Yh/� �_Z`/� Y�h]/� Z^^`/�

<7(J�*9�*3 I*S-9 :�@ �%��<� �� �&�-3 ����AltP3��� �� Fe/(Fe + Mg )]�a��_.[
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"�C��!��<( ��0�1��+ �������� –!��9 �E'& ��$	 :�� 0%"@%+ "*3 �<$2 :"*;�1*�%-. . . .���

9KL&�K'� 
8K7
+% �c
 +KS��1�C-3���S )
-9 �
��
���%-. :�@�&% .

�3 ���S )
%�3 �9 �%"�c( �<*� u��Q �9 L
� ��w3% �� Pc(
PS�� �3 5&�1�W*11'& ��7 s'& )
% �� "��%� ���R �@ .%
)

��H��3� ��f*/��*� )�,"R �Y`��H "Q�� ��@:%� s'& 
#$9*� P�"@�.�
��
���%-. :�@+KS�
8K7 +% :�%"w9� �3 
L

!"�+%�-7 L*���O "(.�1�
� |
b+%�-7L0O�� �@T,"CY!��,O 
!"( "�% �*9���O �%"��0O�@+%]^/�_ �9 ]�/Y4g9*-*��"'H ,
/��*�*)0O`a/4Y�&% "Q�� .:�@+KS�
8K7 )
%-3�'3 ��X'�

"�+KS�/*�% V�� +% .!"*�  �3:]4`[�M�� �*9���O �XF "�,�
�3K2OK7 �S �&% )
% -/��*3 8m
"& +KS�
 ,m*��S �%�

 �&�<.�� ��Q% +�	 �%� m*&�17 ���&"�	 �3 �M��)Pc(_.(
u%-**g9 �%��<� Fet "Q�� �3 An�� 0�$� �n@�S �3 �S "@�

K7 �� �*9���O "Q��8%L*� +KS�
�� n@�S L*� )@O 0"3�
 
]4a�4_[)Pc(�Z.(-1$*3 :-*/
�C �3 ��*�R ��Si �� 

K7 ��1F�&8!�/
�C ��*9���O "Q�� n@�S �3 !%-<@ +KS�

"��� "@%�F �?�3 )@O :%-3 :-1<S.

E���A���S b+%�-7 L
� |
�1��
�7 -3 ���&"�	 :�@ :Y4���%-. �� 0x*�S% 
��
3 �<$2 �*".
Fld.Plg grd grd grd grd grd 

SiO2 ^�^/^h hY_Z/^` a`hZ/^h `4h/^Y 4Z4Z/^h 

TiO2 ZZZZ/Z ZZZZ/Z ZYaZ/Z Z4�Z/Z ZZZZ/Z

Al2O3 a`_Z/4� �__Z/4Y _^_Z/4Y Y�]Z/44 ZY^Z/44 

Fe2O3 ZZZZ/Z ZZZZ/Z Z�4/Z Z]`/Z Z`h/Z

MnO ZhZZ/Z ZZZZ/Z Z4]Z/Z ZZZZ/Z Zh]Z/Z

MgO ZZZZ/Z ZZZZ/Z Z�4Z/Z ZZZZ/Z ZZ_Z/Z

CaO Z`hZ/h 4^4Z/h Y��Z/] 4_^Z/h _^`Z/Y

Na2O Z]�Z/_ ^aZZ/a ]Y`Z/^ `Y`Z/a ^_^Z/a

K2O Y�]Z/Z �Y4Z/Z �_]Z/Z �a]Z/ Y^`Z/Z

p2O5 Z4`Z/Z Z�^Z/Z ZZZZ/Z ZZZZ/Z ZZ]Z/Z

Total ZZ4Z/�ZZ `4aZ/�ZY _`YZ/�ZZ YY]Z/__ hZ�Z/__ 

Si hZ]a/�� h4Z_/�� 4]_Z/�� Y�`�/�� Ya``/�� 

Ti ZZZZ/Z ZZZZ/Z ZZ]Z/Z ZZ4a/Z ZZZZ/Z

Al ]]�`/h ^YZh/h _Z4`/h ^`Za/h ^Z^^/h

Fe3+ ZZZZ/Z ZZZZ/Z ZZ�^/Z ZZ`^/Z ZZ__/Z

Mn ZZ^Z/Z ZZZZ/Z ZZY`/Z ZZZZ/Z ZZ^a/Z

Mg ZZZZ/Z ZZZZ/Z ZZY�/Z ZZZZ/Z ZZ4h/Z

Ca ``Z]/Z ``Yh/Z _a`^/Z a�`]/Z `]Y_/Z

Na Z_`^/Y a]ZZ/4 �__^/4 ZZah/Y __Z]/4

K Z`Z_/Z Z4a]/Z ZhY4/Z Zh�_/Z ZaYZ/Z

p ZZhZ/Z ZZ4Y/Z ZZZZ/Z ZZZZ/Z ZZZa/Z

Sum Cat. _Z4^/�_ `ZY4/�_ hZ]Y/�_ a^^Z/�_ ahZa/�_ 

Xor aZZ`/� `aZ_/Z YY^h/� ZaY^/� �^_^/4

Xab ^Ya�/`a Zh4Y/`a Z_�h/^a `aZ_/`` �Y4a/`a 

Xan ]^�4/�_ �`^a/4� ]`44/YZ �Y]]/4� ^_`^/�_ 
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(�H�� �:-��3 �:"<R% ��-/��3�*3 �u�F�%*�<'( ���H , �&�'(���3 ��E� 0%-
% �&� ���

���E��� � ��A
Fld.Plg grd grd grd grd grd grd 

SiO2 44_Z/^] _]_Z/^Z Z`�Z/^] `��Z/^� _^]Z/^] ah`Z/^Y 
TiO2 ZYhZ/Z ZZhZ/Z ZZZZ/Z ZYZZ/Z Z�^Z/Z ZZZZ/Z
Al2O3 _Y]Z/44 ^YaZ/4h ]YYZ/44 444Z/4Y 4Z]Z/4h __ZZ/4Y 
Fe2O3 Za`/Z Z_^/Z ZYZZ/Z Z^]Z/Z ZZZZ/Z ZZZZ/Z
MnO ZZZZ/Z ZZZZ/Z ZZZZ/Z ZZZZ/Z ZYZZ/Z ZZZZ/Z
MgO ZZZZ/Z ZZZZ/Z ZZZZ/Z ZZZZ/Z ZZZZ/Z ZZZZ/Z
CaO ^^aZ/h ^Y`Z/^ 4_ZZ/h ``ZZ/] _aZZ/] ]h^Z/]

Na2O ]_`Z/a ]�`Z/` a^`Z/a Z^YZ/a ^`]Z/` Z4ZZ/a
K2O 4^�Z/Z �h]Z/Z 4haZ/Z �]_Z/Z �``Z/Z Y_hZ/Z
p2O5 Z]4Z/Z ZY`Z/Z ZZZZ/Z ZZZZ/Z Z4�Z/Z ZZZZ/Z
Total a^YZ/�Z� ZYYZ/�ZZ ZY_Z/�Z� Z4ZZ/__ �a`Z/�ZY `_`Z/�Z� 

Si YZY_/�� aY4Y/�Z Y]^�/�� Z]�Z/�� 4hZ_/�� Z__h/�� 
Ti ZZhh/Z ZZZ]/Z ZZZZ/Z ZZhZ/Z ZZ4�/Z ZZZZ/Z
Al ^ahY/h �^ZZ/] ^Y`h/h _Z�Y/h a^�Y/h _�]Y/h

Fe3+ Z��Y/Z Z�4a/Z ZZY_/Z ZZaa/Z ZZZZ/Z ZZZZ/Z
Mn ZZZZ/Z Z/ZZZ ZZZZ/Z ZZZZ/Z ZZhY/Z ZZZZ/Z
Mg ZZZZ/Z ZZZ/Z ZZZZ/Z ZZZZ/Z ZZZZ/Z ZZZZ/Z
Ca a^^`/Z 4^Y`/� aZ44/Z �Z`�/� _YZa/Z ZYYZ/�
Na aaa]/4 ]a_a/4 ZZZ4/Y `__]/4 ]Y]`/4 `ZY4/4
K Z]``/Z ZY4_/Z Z]]4/Z ZY^Y/Z ZYa]/Z Za`h/Z
p ZZ`^/Z ZZ]^/Z ZZZZ/Z ZZZZ/Z ZZYZ/Z ZZZZ/Z

Sum 
Cat. a�^_/�_ a_4Z/�_ a]4Y/�_ _Z`_/�_ ^�Y]/�_ aYa4/�_ 

Xor ]�Y4/� ah]a/Z hY�4/� _4�4/Z Z_`a/� 4a]4/4
Xab `]]Z/`] ^Ya`/^^ ``h�/`` ZZZ4/`� Yh]`/`4 ^_`Y/`Z 
Xan `Y�`/44 ]�]]/Y4 `_h`/4Z Z`a^/4a ]]^]/4^ Z�`]/4` 

<7(MB , k�% :�@"*�S% m*&-9 Al2O3,MgO , FeOt �*9�*3 :�@�%��<� �� �&�-3 ���� :�@]4h[.

)HIا( )ب(
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"�C��!��<( ��0�1��+ �������� –!��9 �E'& ��$	 :�� 0%"@%+ "*3 �<$2 :"*;�1*�%-. . . .���

I(��"� 
&�-3 �3�(*<���H �,� �@:��H ��@:��X'� :"*3 �<$2 

�1�
+ |
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