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���=>��5�A,�  Z* ���H
� H)���; n
�A� ".$� "�.! 5� ? �K 8.9):�; ���< (SN) ��I)/)% 5(SS) .
Sample SN b�b] SN a�b] SN `�b] SN c�b] SN b�bb SN a�bb SN b�cc SN a�cc SN `�cc

SiO2 }~/c} ~}/cs ~~/c~ a~/^] sb/^] c}/^] s`/c\ s}/c~ s]/c\
Al2O3 c^/` c}/c b~/c ^`/` s`/` ^}/` `]/s ]`/^ ]s/s
TiO2 ^`/] \}/] c~/] s`/] \s/] s`/] s`/b as/b cs/b
Cr2O3 ]`/] ]]/] ]b/] ]]/] ]]/] ]]/] ]]/] ]`/] ]c/]
FeO* ^^/b\ ^}/bs ~a/b^ bb/b^ }b/bc }s/bc ^}/b` bc/bc c\/b`
MgO sa/b` ^c/ba }c/b` ab/bc a`/bc c`/bc ]a/bc }s/b` b}/bc
MnO c^/] ``/] cs/] `}/] sb/] sa/] c`/] ^^/] cc/]
K2O `s/] c~/] a\/] ``/] a\/] a~/] ^`/] c~/] s~/]
CaO ~c/} s\/bb aa/bb ]s/bb ^a/bb ]b/bb a\/bb b\/bb ^\/bb
Na2O s^/] ~s/] ~`/] ^}/] \c/] sa/] `}/b `a/b ^^/b

Cl ^a/] ^]/] a~/] `~/] ]~/] ]~/] - ]~/] ]~/]
F ]^/] ba/] a~/] b]/] as/] b}/] - a`/] s]/]

Total ]~/}\ a}/}^ s~/}s ss/}s s}/}\ }^/}s ~`/}s }~/}s ~]/}\
O-F-Cl bc/] b\/] b~/] b`/] b`/] b]/] - ba/] a~/]

O-F ]a/] ]^/] ba/] ]c/] bb/] ]~/] - b]/] as/]
O-Cl ba/] bb/] ]s/] ]}/] ]a/] ]a/] - ]a/] ]a/]

Si `c/\ bc/\ a`/\ c]/\ `}/\ `~/\ ]b/\ b}/\ ]a/\
Al ^s/] ~]/] \b/] ^s/] ^}/] ^\/] }~/] ~]/] }\/]

Fe3 ]}/] ]^/] ]^/] ]a/] ]a/] ]`/] ]]/] ]]/] ]]/]
Ti ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]

Sum_T ]]/~ ]]/~ ]]/~ ]]/~ ]]/~ ]]/~ ]]/~ ]]/~ ]]/~
Al ]`/] ]]/] ]b/] ]c/] ]`/] ]c/] bb/] ]\/] ]\/]
Cr ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]

Fe3 \b/] c`/] ^}/] cc/] `^/] c}/] `]/] `b/] a`/]
Ti ]^/] ]}/] ]^/] ]\/] ]~/] ]s/] b~/] bc/] bs/]

Mg }~/a ~c/a ]\/` ba/` ]}/` bc/` ]~/` ]\/` ba/`
Fe2 b\/b sb/b a`/b a}/b `}/b a]/b a\/b `\/b `\/b
Mn ]a/] ]a/] ]a/] ]a/] ]`/] ]`/] ]a/] ]`/] ]a/]
Ca ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]

Sum_C ]]/^ ]]/^ ]]/^ ]]/^ ]]/^ ]]/^ ]]/^ ]]/^ ]]/^
Mg ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]
Fe2 b~/] ]a/] ]\/] ]}/] ]^/] ]}/] ]\/] ]\/] ]^/]
Mn ]a/] ]a/] ]`/] ]a/] ]`/] ]`/] ]a/] ]`/] ]a/]
Ca ^^/b }]/b \\/b \c/b ~]/b \a/b \~/b \s/b ~a/]
Na ]}/] ]^/] bb/] ]~/] b]/] ]~/] bb/] ba/] ]}/]

Sum_B ~^/b ]]/a ]]/a }c/b ]]/a }c/b ]]/a ]]/a ]]/a
Ca ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]
Na ]}/] a]/] ba/] ]~/] b]/] ]}/] a~/] a^/] `^/]
K ]s/] ]}/] ]^/] ]s/] ]^/] ]^/] b]/] ]}/] ba/]

Sum_A bs/] a}/] b\/] bc/] b^/] bc/] `~/] `c/] c~/]
Sum_cat ]b/b^ a}/b^ b\/b^ ]}/b^ bs/b^ ]~/b^ `~/b^ `c/b^ c~/b^

Cl b`/] b`/] ]\/] ]}/] ]a/] ]a/] ]]/] ]a/] ]a/]
F ]a/] ]s/] b`/] ]c/] ba/] ]}/] ]]/] b]/] a~/]
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���= ;����>�A�
���; n)H�
�5�A,�  Z* ���H���<�:�; )"�.! 5� 8.9?".$� (SN)/% 5)��I.(SS) 
Sample SN c�cc SN b�^a SN a�^a SN `�^a SS b�a` SS a�a` SS `�a` SS b�sb

SiO2 ~}/c~  ^b/^b  ~}/c~  s}/^b  \`/c^  b~/c~  b]/^]  ]}/^c  
Al2O3 bc/^ ]s/` ac/^ ]s/] }b/^ }\/` ]\/` aa/a
TiO2 a`/b sb/] b^/b ^\/] c~/b sa/] \c/] `^/]
Cr2O3 ]b/] ]b/] ]]/] ]]/] ]b/] ]]/] ]]/] ]`/]
FeO* s^/bc  \~/b`  ab/bc  ]~/bc  `s/b~  ]a/aa  `b/b}  ^\/~
MgO \\/b`  ]~/b^  }]/b`  bc/b^  a`/bb  \^/} \]/bb  ^s/b~  
MnO s]/b ]b/b ~~/] ]c/] `a/] c\/] c]/] a}/]
K2O ^a/] as/] c}/] a^/] \\/] ca/] a\/] b~/]
CaO }a/b]  }`/b]  c~/bb  }~/b]  ~`/b]  ^`/b]  bc/bb  b~/ba  
Na2O a}/b ~~/] `a/b ~c/] ~}/b bs/b }^/] ^b/]

Cl bb/] - - - - - - ]}/]
F s~/] - - - - - - ~s/]

Total ~s/}\  b\/}\  s]/}\  s}/}\  ^~/}s  bs/}\  \`/}\  }s/}\  
O-F-Cl `b/] - - - - - - `~/]

O-F a}/] - - � - - - `s/]
O-Cl ]`/] - - - - - - ]a/]

Si b}/\ c~/\ bs/\ cs/\ }^/s `]/\ cc/\ s\/\
Al ~]/] c\/] ~`/] c~/] ]b/b ss/] ^b/] `a/]

Fe3 ]]/] ]`/] ]]/] ]c/] ]a/] ]`/] ]c/] ]]/]
Ti ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]

Sum_T ]]/~ ]]/~ ]]/~ ]]/~ ]]/~ ]]/~ ]]/~ ]]/~
Al ]}/] ]c/] ]\/] ]`/] ]c/] ]c/] ]a/] ]c/]
Cr ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]
Fe3 `^/] c]/] a~/] ca/] a~/] cb/] `]/] ab/]
Ti b`/] ]s/] ba/] ]s/] b\/] ]\/] ]~/] ]`/]

Mg ]a/` as/` ]`/` as/` ^c/a a]/a ^}/a }a/`
Fe2 `^/b b^/b ca/b b^/b }`/b a`/a }\/b \^/]
Mn ]`/] ]s/] ]^/] ]s/] ]a/] ]`/] ]a/] ]b/]
Ca ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]

Sum_C ]]/^ ]]/^ ]]/^ ]]/^ ]]/^ ]]/^ ]]/^ ]]/^
Mg ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]
Fe2 ]}/] ]\/] ]`/] ]\/] ]~/] b]/] ]~/] ]^/]
Mn ]`/] ]s/] ]^/] ]s/] ]a/] ]`/] ]a/] ]b/]
Ca \a/b \]/b ~]/b \]/b \s/b \b/b \\/b ~^/b
Na bc/] ba/] b]/] bb/] ba/] b^/] ba/] ]\/]

Sum_B ]]/a }s/b ]]/a }^/b ]]/a ]]/a ]]/a }}/b
Ca ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]
Na aa/] ba/] a\/] ba/] c`/] b~/] b^/] ]\/]
K ]}/] ]c/] ]}/] ]c/] b^/] ]~/] ]^/] ]`/]

Sum_A `a/] b\/] `s/] bs/] ^~/] a\/] a]/] b]/]
Sum_cat `a/b^  b`/b^  `s/b^  ba/b^  ^~/b^  a\/b^  a]/b^  ]}/b^  

Cl ]a/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]a/]
F `b/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] `~/]
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Sample SN b�b] SN a�b] SN `�b] SN c�b] SN b�bb SN a�bb SN b�cc SN a�cc SN `�cc SN c�cc SS b�a` SS b�sb

SiO2 ^^/^`  ^^/c\  cs/^s  b]/^b  `a/c^  ]^/^\  }}/^`  s]/^c  b}/^s  ]~/s`  `^/^\  b~/^~  

Al2O3 ^b/a~  c\/`a  ^~/as  s}/a}  c]/``  c]/as  `}/a~  \}/a\  \a/as  a\/aa  a`/as  \c/ac  

FeO* `a/] cb/] as/] cb/] ^]/] `~/] ``/] `a/] ``/] bs/] a\/] ss/]
K2O aa/] ]s/] a`/] b\/] ]`/] `a/] a`/] `]/] a^/] ^a/] ``/] as/]
CaO }`/bb  \b/bs  s\/} ^]/b`  `\/b~  `]/} ~b/bb  b~/bb  ]]/b]  b`/c ]`/} a]/~
Na2O ~c/c b~/a ab/s \}/` a}/b ab/s \~/c a~/^ }~/^ b]/} c\/s }}/s
TiO2 ]a/] ]`/] ]`/] ]c/] ]b/] ]`/] ]]/] ]]/] ]]/] ]]/] ]`/] ]`/]
MgO ]]/] ]]/] ]]/] - ]]/] ]]/] ]]/] ]a/] ]]/] ]]/] ]]/] -

MnO ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]b/] ]b/]
Cr2O3 ]`/] ]]/] ]b/] - ]`/] ]]/] ]]/] ]]/] ]]/] ]b/] ]b/] -

Total c^/}}  c^/}}  c~/}~  \a/}~  }}/}~  \a/}}  ^\/}}  ^a/}}  ^]/}}  `]/}}  \\/}}  bb/}}  

Si \s/} \}/~ aa/b]  c`/} c\/~ a}/b]  ~a/} }`/} b~/b]  a^/bb  ``/b]  ^^/b]  

Al ba/s ]\/\ ss/^ c^/s `^/\ sb/^ ]~/s }^/^ \]/^ s~/c ^s/^ a~/^
Ti ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]

Fe2 ]c/] ]s/] ]c/] ]s/] ]\/] ]^/] ]^/] ]c/] ]^/] ]a/] ]c/] b]/]
Ca ``/a `b/` ~\/b s\/a s~/` \}/b `]/a b\/a }c/b \}/] \c/b ^}/b
Na \b/b \~/] b~/a `^/b cs/] b\/a s~/b ~s/b b]/a b^/a as/a cs/a
K ]^/] ]b/] ]^/] ]c/] ]]/] ]\/] ]^/] ]\/] ]s/] ba/] ]\/] ]s/]

Ab ~]/cb  b]/b}  b]/^`  `]/``  bb/`]  \]/^`  \]/cb  `]/c^  a]/^b  s]/\\  c]/^^  ~]/^}  

An }]/^s  ^]/~]  s]/c^  s]/s^  ^]/~~  c]/cc  }]/^s  ]]/^`  `]/c\  ^]/b}  \]/ca  \]/`~  

Or `]/b c]/] `]/b ]]/b a]/] }]/b c]/b \]/b ^]/b ]]/` }]/b ^]/b
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 � (%.@  ��=' 3�K ���"�.! ?�C%  "��< DWE .��.C� "�.C!

 F.&_ �� �J� 3� � �K�4?;A	�K��5�C�� 5 � ._ �C&,	  �C4?
S�:!�  r< �� � �'�� 3� � 5�4?+E
=�"+' �{�T  �C%  .��

�OK��=�E �4? 
"�.! (��	�K; �C4?�C��2�5�  ?���! .C< ?
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+/_ ���"��=' ��H)
������ ' *  "��:A% )=���< �:�; )%��K �� 8.9�5
B6��4?. . .y��

� �B �W%)��%  "+��'.�  � �4 . 
�J� *  "�.! (/E)��
��.K �
 � �?5
B6��4?!�=B�� )+�; S.� r�?
&O�C,4;��/EC)��
5

.� SI<�! 5 "�.K)' >)=)��
'�T *  �; )C%  H<�� �K �)+?�C!
���.']y.[<�! C) ��C< >��C4?/Cm  � C
M&C% (L��C' �C4

ej�CC
 *j<.)9�;CC)5 �� )*j<.CC#(��7CC%+/	 �/ECC)��
5 H!� .CC< �
:�;)8.9)�.��! �+&/9��.4)A<  5 �)�.& C)�(�C%  .M&C% �C4?

� �B)A� 
X��.=0 "�.! (�)���� �  ?5 +&A�4  � �?�	�K �C4?
�� � ?� 5
�� � H ?"�.K ��< *  5��4?/m  �ej� 
H!� .< �*j<.

 ��7%+/	 5/E)��
5��<��4?0�	 �:�; )K 5 8.9)!.C),$C! �)L
"+'+�  .��<��4?&�)A)� 5 (:%  5 �
�#��<��C4?�+C< CK �-

8�2�  o�.m ��< �� ��4?ej� 
K 5 H!� .C< �*j<.)!.C)� �C
"+
��+�.' ]��y[.�f��
� ��C,=4 5]�[+4 .C' *  "��:AC%  �CK 

()�*  �< +�  � � ��$� �
�)=)'.@e 5 �%�&'
"�.! (�C�  �� �4
 � 3� �5�	)� �C
* �CK 1)A!.t� �%.��)E  �:%.A)"��CE �:C%.A ? 

 �B6
5 5 "+' L)N$! ?HP�� � �
  C%.E ?�4+C)@.A)� �B ?�4�
�� ��$�  �+&4�.


��� � DE�

� F�G�%��
���
��� ���� 

�0.=I� ��?h.:� ?"5�% F�G 8�=' �:�; )r�� 8.9�!
��< (�
	��CC) R�� �.CC_.�M&CC%�CC4?�CC%  �CC�W&� . �CCK?CC%��K�
:�;)8.9�4? 
L< �� �"�.! 5� (��HI! ��.� �W�� C
�?�C
H

�5�A,�  Z* ����A	�B � �E +&�<��"�.! �K �W�� ?5 ".$C� y
/% "�.! *  �W��)��I"�.K+�  �A� 5
��A2�C% 8.��	 �9%�V� n?

�; �CCCCC4�K�CCCCC&K �� +��ACCCCC%  8.CCCCC��	 ]v[:�; )8.CCCCC9
AB2C5

IVT8O22(OH)2�� �K C
�?���C<  )5 �6�v!�C< )�.
�)OE.� ���_5 �����_5 �$4 5�85+_ �� �"+C' �C@ �  -

 +�.��&�,L,' ����$���4�+���%  �K "��+&K?�)R]v[
<�!):�; >)8.9�4?��.C� C%��K��:�; "5�CB �HC_)8.C9 �C4?

�/<)* �� 5 R
A<  "5�B �)�.&)�&� �C! +C&/9��.4)H
+C&/9��.4.
 � � �E�B)+�� .2�K�� �#$456� *  ]���[�:�; �.�T )8.9 �C4?

�/<)M&% �� R�4?� �B )@.A C)+? ����$C�?#A�CK 5� C
(
M&%"�.! �K �4�4?h.:� ?S.� I��+&� �.

HI�/�$��?�*)%�&' (��$�� *  ��9AE  ��W&� ?�*)%�&' (��:�uuuuu "5�C% ]�[UC%.! �C< ]�[VlC! )�C%  "+C' �.KN "�.C! ?
F��/2�5 ".$� Se"�.! ?/%)��I.
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0�=% )/���9O' z�9{ ���f� ���I� ��
� �
  �%�&' ���< 5 �%�&'�./K �/I� y��

HI�3"�� +&K?:�; )8.9�4?"�.! �4?� �B )@.A)+?/% 5 ".$� )<�! ��%  �K ��I)' >)=)��
�;�C4]v[.)=���5 ".$C� "�.C! MC�� "�C)! ?�C4 
=���?�4 ?�A�<�2 ��I)/% "�.!�� 3
�=� �K  �+�� �B ."�
 ��4�#��$���.=��A
�.
�.� �B ?�45DK�� �4�#��$� ��.=��A)� �B ?�4 �+(.

�%�+��� *��� ��������C� ���� �� ��������+����� 
:�; )8.9�4?�h; 
�.CB�B� 5 (�CK C%5)"��C' �/]|[��C% �K 

!�< S.=I�)�.�4?Na + K + Ca �CK �9�� Si rC4 *   +C_ 
��+�.' .�K�&K 
"�� (+&K?���.=� �4?��.� %��K���"�A�B?
:�;)8.9�4?:�; *  5 �A	�B � �E �=B�� �./9! *  Lm�T )8.9�4?

;�	 *  Lm�T
�.B�B� +&�=!)+�+' "� � H)L,'�.(

0%��E� ��J���	K�
 �
��� ���� �� 
5 * 
B6��4?C'.@e )=)��
�;:)8.C9 K �C< �C4 C) �� �CK �A$ C
�?

%��K�*
�.&)��4?�A'.B  ?+' Lm�T "+C�   �CK �?��� C
��
5
B6��4?�����B� ?V�)U�4?�=B��.�.A,! �
�C/A�� )CK�-
5CC
CCV� "6)U�CC4?3� �5�CC	 )subduction(�5�� 5�V:CCm ?

intraplate) ( �%  "+' "��:A%  ]�[.:�;)8.9�4?�CK �A�CK 5 
3� �5�	�(S-Amph)  �Na2O5TiO2�C�)
(�C!?�CK �9�C� 

� S .� )���V:m ?(I-Amph) +�� � .� �.=� ��% �K"��+&K?
�=B��.&,!�
!�.A�.< �]�[:�; )8.9 �C4?"�A�CB �� �C�W&� ?

:�;)8.9�4?C� � �E 3� �5�	 [{�&� �K �A�K 5 �B)+C��)L,C' 
y.( 
A� ()�A� �K �I
O! *  Lm�T n))V� ()U�*)(A2�C%��CK 

K �/m  �m�&0 >)P�! *  "��:A% )!.)��C4?C=4 �� �.C_.� )(
"�.! �4]y[� 5)�A� �K H
� .C�=4 L< M&% �=)'.@e n�+C�� � 

]�[.� i�{ *  
� +�� �#AlIV = 1.5 +C_ 5 *�C� � .&0 �K 
3
V�)�=B��.�.A,! U�
:�; )8.9 �C%  "+' �A	�B �J� �� �4 .CK�

��.B ?* �!Y�K -�E�  �< v/��; �K :)8.9�4�
�A�K 5 +C�  �C%  
�4��$	 �� �<?�5+T �� �u<)CV� �� 5 ��K./)U�C4?C�* )(-

A2�%�%.E �@ H_ �C� L,'�B)@�C� -�CE�  5 +C��)(* �C!v/�
:�; i�O�)8.9�4?,$! )�� "+' L�� �<�4?"��CE 8�CO	  ?��

�4��$	?* �A=< v<)+&A�4 ��K./ ]�u���[. �K C
 5 ��C%  (
C�� �CK �C_.! �K��
�AlIV)85+C_�(�C=4 ?:�; )8.C9 �C4?

��W&�?��.� %��K����� 
* �CA=< �v/�5�C=/E �� 5 �AC' � 
'�T)�?"��E 8�O	  ?� � �E 3� �5�	 �K �A�K 5 �B)�CK �C< +��

�A�
%��K *  Lm�T n�'.@e )=�L< M&% � .�=4�+�� � ]�.[

HI�L*�% +_?:�; )8.9�4?;�	 *  Lm�T 
�4+&?�h;
:�; 5 ()8.9�4?;�	 *  Lm�T 
�4+&?�.B�B� �Z5� �K ��'?]|[.r@j09')�L,' �
+' F��A� " +�.
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+/_ ���"��=' ��H)
������ ' *  "��:A% )=���< �:�; )%��K �� 8.9�5
B6��4?. . .y��

HI�M� �.=�"��+&K?,!.A�=B��.��
:�; )8.9�4?"�.! �4?"5�% F�G 8�=' ]�[.9' r@j0)L,' ��+' F��A� " +�.

������� !"
��#$

:�;)8.9
,�� 5 �	 *  �!
< (����4?!)"�.! �� "� �C4?�h; C
(

h.:�?�%  "5�% F�G 8�=' . 
(+�C
"+.BC
�?C&G ���.CK 
�=B��?�C%  F; +�*�C% *  �./9! 8�T �� .:�; *  XY.C=O�)8.C9

 �K?O!))V� �K r<�T ��$	 ()�C0.=I� �� �=B�� �./9! U�C4?
� �B)@.A)+?� "��:A%  ��.') �C' (A	�CB �CJ� �� �CK �A9� 
U

m�2��<CK 8��O! �._5 �K)��C< (��C4?�CJ� ��.C� �A�CK 5 
�%  .(:�;)8.9 �A�K 
��< (�I&%��$C	 5 �C�� �� �M&C% �� -

�4?�h; 
(,4;��/E)��
* ��%  
��!  �
"�.C! -�=! �� X�9 �C4?
h.:�?,4;��/E)��
<�! *  �J&	�m )>�4?*�K ?U% 5+T �C
�

% )+?� �./9A� �"�A�B �� 5 �.'?"��A�B ?� *  ��$C	 5 ��
 * ��!��<)��� �� 5 ��K./?yuu �! ��vu �_�� ?A��% )� �#
��
� + �%]v��[.

����!"
��#$

:�;)8.9�4?� �B)@.A)�4+ �K�.{ C%5)O� �CK?��5 �CK ��$C	 5

[=0 �C_
H#
&�"�.C! �C4?� �B)@.A C)+?��.C� "��:AC%  � �CE 
�A	�B+�  ]�����[.�K�0)"+?- �A%���4 ]��[�)H��M&%-

�4?� �B)A���$	 �./9! +'
X +� +C�� Al  �8�CA&< C��+C&< .
L,'^� ��$� ��< +4�
RK.2 Z* �K�K)(Al 5 L<AlIV 

:�;)8.9�4?"�.! �4?� �B )@.A)+?/% 5 ".$� )�� � �.C_5 ��I
 9' Xj��< 5)�� .� �K �?�4 U%.! �< �%  ���* 5 - �A%]��[

 �CCK?CC�*)I&%��$CC	 (�.CC� �CC%  �CCA	�B � �CCE "��:ACC%  ��.
Z5��4?I&%��$	� �K?:�;)8.C9�C&A9���CK "* +C� BC)�?
� +�� Al �._.� ��:�;)8.C9 �+C�  .*C
 �� +C�� Al ����C9!�  
�A��)r�K[=0 �_
#)�?"�.!�%�4 .���4 � +�� Al �.C_.� 

�� :�;)8.9 K)�A$ +'�K � +C�� �9C%�V� "+C'?[C=0 KC)�A$ 

+4 .2 �.K .�5��� +C� Al �.C_.� ��:�;)8.C9 �C4 �CK  �C'
U
V�)U5�0.=I� ?* L� .0 �!))�"��< 5��A�)�I�0�K �W2 
�� ��$	 �9%�V� "+' ��.'�.:�;  ��)? � � +
�K 8.95
CB6�-
�4�
O! �! +'�K �
* ��' �K ))OE 5 ��$	 (�-�CI�  .C' �]���

��[.�5 )(5
B6��._5 �0.=I� ��C<��C4?�H!� .C< C%+/	��7 
/E)��
�ej�
�*j<. K)!.)���+&/9��.4 �< )�4+?(4;�!)��CA)r
5!)��A)���M&% �%  .�
�#�C4�A� ���?����C� ���$C	 ��C�� 

�B
B+�H��< )�65<�!)>M&C% LC< �C%  �C< C#=4���
� +�� Al �._.� ��+&/9��.4 3�� +�� � .+&/9��.4 ���C4���?

�H�
R�K*�� ��=I�  "5j0 �K��<��4?
��"+' �K"* +B 5*�C	 
��'?�K8��O! ��+%� �<�K8�9�� ��=I�  5B+'��%��=B�� 

8��O! +&/9��.4 �K��<��4?
��"+' ��l�� ��
+K� �!�����
�
�=B�� Xj��< �./9A� �.' . �K�&K
(<�!)>�+&/9��.4 ��$	)[C=0 
�./9! (��=I�  �=B��  �F�!*�K C��+C4�]b\�bs�\[.��4�C=?
Z5��4?��5;�K ��$	 �KHC_ Z5� =C'  5 �.C%�+� )�]�|[�
U�	 * 5�?�)� H �.�;)&)-.�._.� ��+&/9��.4 5�5+K �C_.! 

�K �C4�A� ���?�
�C#?�.C� �C�� �9C%�V� C���.C' .KC)�A$ 
I&%��$	��4?
��"+' ���4��$C	?Y�CK ��K��C< +C�� � 5��

��$	 @��)(����
�K��%� "+�; 4�B�=<�A)5CAT�C:&��(* 
�)� H �W2?8.��	 I&%��$	��%  .

� �.=� *  "��:A%  �K��A� ��� ��% �K �< Al L<�CK �9�� 
Fe*/(Mg+Fe*) T �{ ��C%  "+' ]��[�C� ��K�C
*�  � .C!

 :�; �P ��P)�4 8.9?"�.! 5� ?/C% 5 ".$� )"�A�CB �� ��I?
��$	?�/u�!�v/�<)��K./)��! [=0
C9���C! v/y<)�A�.C/ (

+&'�K "+' �./9A� .	.C� �B �C	�K �._5)�?	�.� 5)@5� C)+?��
� D{���)�.,%5�,�M&% �4? 
� "�.! 5� ()* �A=< ��$	 H�

<) �K  � ��K./? 
M&% (� ���&$)� �4�+&< ]�[.
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0�=% )/���9O' z�9{ ���f� ���I� ��
� �
  �%�&' ���< 5 �%�&'�./K �/I� y�y

HI� N� .�=4��W2 Altotal 5AlIV ��:�;)8.9�4?+T 5 �H!� .<
�.
A�"�.!�4??+)@.A)� �B ".$� 5/%)��I .9' r@j0)L,' ��F�C�A� 
+'" +�.

HI�O� �.=�Altotal �K �9�� XFe*:�; )8.9"�5+V� �< �4?,$! ��$	 )"�.! L�4?� �B )@.A)+?/% 5 ".$� )� ��$�  � ��I�+4� ]��[.

 ��
(%��K� �K ?:�; �./9! ��$	 ��5;�K )8.9�4? K��A��
C�* -.%�� Z5� ���� * )(A2�&C'����C%  �CK  .CAV�?Al 

�._.� +&/9��.4 �� �%  "+' "��:A% ]�����[5�A�
nLm�T 
*  �./9! ��$	 �9%�V� :�;)8.9�4?5�"�.C! ".$C� 5/C%)��I�

�4 8.��	 �K " �=4?85+_ �� �.K�� �+C�  "+' �@ �  .�C,��&�
 � �JTj����.' �)#��)(�4��$	 ?�"+C' �9%�V �CA�K �� 
(

���T K)(�/u�!�v/�<)��K./)��! [=0
9���!v/y<)�A�./ (
�%  .�KC/< �.{��C)�! � H C)) i �CV�  �CK �C_.! �CK o � �C4?

 �K "+�; �%� �K �� +��A% ?�C4 C
 *  RC
Z5� (X�A9�C� ��C4
���)�%  H.�=4 ��?Z5� �4?�.	 ����&� ��Y�CK C
�5;��?
+'+��._.� ��$	 V� �� �)� +�� �K U�	 UAl L<"� � �9�� 

�% 5 "+'
J� �4�A� ��� �)����?V�)5 U..... "�.C9� �_.! ��.�

�%  .C� "+' �9%�V� [=0 5 ��$	 �:&� �
������+CK +C� .!)L
�K [=0),$! r< ��)"�.! L+'�K �4.

='  5 �.%�+� )�)���v (]�|[� +�� �< +�� � ��$� Al 
��$	 �K ��&! �� L<��� �K �,/K?V�)U5�B
B+C�H��C< )�6

�)��9!�  �� H�% �.��	 5��K  � * o�.m
+�� � �@ �  �:
P (±0.6kbar) = -3.01 + 4.76 Altotal - {(T [ºC] - 
675)/85}*{0.53Altotal + 0.005294*(T [ºC] - 675)}   
r2 = 0.99

 
 � � �WK � (?�A=< 
Z5� �K �9�� �W2 (�4?�
�C# �C%  .
�A�
I&%��$	 o�9%�V� n�K� 
85+_ �� Z5� (y"� � ��$� 

"+' +�.��&� �N C�)3 *  �C! C
 �CA:B (�C� UC�	 +C' *  � .C!
�)'�T ?�4H)���;?�./K *  
��P "��:A%  �WK � (.

Altotal

A
l to

ta
l
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+/_ ���"��=' ��H)
������ ' *  "��:A% )=���< �:�; )%��K �� 8.9�5
B6��4?. . .y�v

���=P"�.! 8.9):�; �/A�� ?�4�./K L),$! ��$	 �9%�V�()�* Z5� ���� *  "��:A%  �K ?+)@.A)� �B ?�4$	�I&%��)��� *  L�A�� (?�&9� �K
+&/9��.4 �� �._.� L< -.)&)�.�; � +��.

Sample b a ` c
".$�

SN b�b] - }/] }/] - a/] - c/b
SN a�b] b/] - b/] ~/] - a/]
SN `�b] - `/] - c/] ^/] - s/]
SN c�b] ~/] }/] - b/] `/b
SN b�bb - ~/] - ~/] ]/] a/b
SN a�bb ~/] - ~/] - b/] `/b
SN b�cc s/b a/b a/a c/b
SN a�cc ^/] a/] a/b a/]
SN `�cc c/b ]/b ]/a a/b
SN c�cc s/] `/] a/b `/]
SN b�^a - `/b - a/b - ^/] - ~/b
SN a�^a s/] c/] `/b `/]
SN `�^a `/b `/b - ^/] - ~/b

Average[kbar] - b/] - `/] s/] - ^/]
��I)/)%
SS b�a` c/b ]/b ]/a a/b
SS a�a` - c/] - ^/] c/] - ~/]
SS `�a` a/b - a/b - c/] - \/b
SS b�sb - b/a }/b - a/b - \/a

Average[kbar] - s/] - s/] a/] - ]/b
1. P (±�Kbar) = - ��/� + u�/v Al (total), [��];2. P (± v/u kbar) = - y�/� + ��/y Al (total), [�v]; 
3. P (± �/u kbar) = - u�/� + ��/y Al (total), [bs];4. P (± u/� kbar) = ��/y + �y/v Al (total), [�y]. 

 

���=Q�9%�V�?��$	 ,$!)L�4�./K ?�/A�� :�;)8.9 "�.!�4?� �B)@.A)+?�K"��:A%  * Z5� �*)(I&%��$	 ��.%�+�  5=' )�)b}}^ (
]b~[�K �&9� ?� +�� �.�;)&)-.L<�._.� ��+&/9��.4 �KF��AT  ��� ?�./9!.

Sample T=^]]°C T=s]]°C T=\]]°C T=~]]°C 

".$� 
SN b�b] - a/b]  - b/~ - a/\ - s/\
SN a�b] - a/c - \/a - ^/a - ^/`
SN `�b] - c/s - \/c - a/c - ]/^
SN c�b] - ~/} - \/\ - }/s - `/\
SN b�bb - ^/} - c/\ - s/s - b/\
SN a�bb - s/} - s/\ - ~/s - a/\
SN b�cc `/c }/c a/c `/a
SN a�cc - b/a - ~/] - ~/] - ]/a
SN `�cc `/b ~/` `/` ^/b
SN c�cc - s/b - c/] - c/] - \/b
SN b�^a - c/ba  - ]/b]  - }/~ - b/}
SN a�^a - a/b ]/] - b/] - c/b
SN `�^a - ^/ba  - b/b]  - }/] - b/}

Average[kbar] - ^/^ - }/` - ^/` - c/c
��I)/)% 
SS b�a` `/` ]/c c/` s/b
SS a�a` - ]/\ - a/^ - \/c - c/^
SS `�a` - ]/ba  - \/} - s/~ - ~/~
SS b�sb - }/bs  - b/bc  - ^/ba  - a/ba  

Average[kbar] - a/~ - `/s - s/^ - a/s
P (± �/u kbar) = - u�/� + ��/y AlTotal - {(T [ºC] - ��v)/|v}*{ v�/u AlTotal + uuv��y/u *(T [ºC] - ��v)} 
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0�=% )/���9O' z�9{ ���f� ���I� ��
� �
  �%�&' ���< 5 �%�&'�./K �/I� y��

����!"
���

����!"
���
�".����� 

%��K��4?�.4 )�A�)��|�(]�y[C� ��$C� � �CK �C< +C4�?
�4�=B��?<�! �K � +K; )���.! >)A��.� �B 5
�.
A���� ?"* +CB 

K)(�uu �! �uu�_�� ?A��C% )�A� � �# C) �C%  �� 5C
�C�� (
��!
��$	 *  L�A�� X�9�%  . �K
��._5 ( �.%�+� ]��[��$C� 

! � +�� �< � �)��A) H	  �K +&/9��.4 r
 HC	  ��� 3
C� 3�
+CK� .
&�=4)HC/4 (]�u[�! *  "��:AC%  �CK C)) �.�; � +C�� o �)&C)-.

�K �9�� !)��A)�.��	 +T 5 �� r�:�; )8.9�4���� ?,$! ) L
(
��<�*�   � �4
K���C< �C%  "� . �� C
 (3456C� *  "��:AC%  �CK 
�!))o �Ti �K �9�� AlIV ��� �?�5+T �uu �! �vu �C_�� ?

A��%) �K � �#?4+&/9��.4 �./9! �?� �B )@.A)�4+�
<�! �C< C)>
�=B���
"��< �:T  � �.2 K �+� ��%  "+�; �%�)L,'�.(

����!"
���
�".�����  :RS ��R�� 
���.� -�����T�� �]3/[

r���!
�' 5 (
��K��< +?�!
O! Z5� ()C) �C�� (?"�.C! �C4?
h.CC:�?� �B )@.ACC)+?CC�* Z5� �)I&CC%��� (�+CC&/9��.4 –

ej�
�% �K *j<. �WK � ?�%  o5�:A� . 
Z5� (
,�Z5� *  -
�4? �K 85 +A� ?I&%��� �M&% �4?,4;��/E)��
F.�V� 

��+�.' .+�./K?+�Y.4 5]��[C'5� � �CK  � ?I&C%��� ��CK 
��  3&< 5 ��% )�–�.��! ):�; �5* *  "��:AC%  �CK �)8.C9–

ej�
H=4 *j<. C
 +C���< �C@ �  �� . �� C
 ej� Z5� (
�C4*j<.
�9�
 � � +?��W&� +&K?+&'�K . �K�&K
ej� *  ��&! (
�C4*j<.�


��W&� +E�	 �< +' "��:A% +&K?:�; �K 5 "+' )�C4 8.C9�
�C< 
��� ��.��I&%��$	 ��A	�B � �E H=4 Xj��< +� 
+&'�K �� . 
(

 �K ��&! Z5�?M&% �4?% )+?5�T �< U% 5+T 5?H!� .C< 

+m�� 5An ej� 
�; *j<. �A=< �4 *  ��/ur!  � +O! 5 "�.K Si 
��A2�% 8.��	 ��?�;* �A=< �4|/�C� ��C< �CK ��C%  ��5� .

�A�
���; n)ej� H
�4*j<.? � � ? 
m.lC2 ()85+C_ �� o��
"+' �@ �  +�.<�! C) C' >)=� C
ej� (
"�A�CB �� �C4*j<.?

� )*j<.#��5� �KY C
C� � �CE ��BC)��)L,C'|.( C
C�* ()(
 �K n&%���?�4��� ?K)(vuu �C! ��uu �C_�� ?A��C% )� �#

 �%  "��:A%  LK�E .�9%�V� �< �I�; * ? �� ��� 
�* Z5� ()(
I&%����OK�! �� ��$C	 �! �%  -*Y ��%  ��$	 *  C)�9C%�V� H

�.' .=4 �K):�; �.J&� ()ej� 5 8.C9
�C4*j<.?H=4 C
 � ��
 �* o�9%�V� 5 "��< F��A� )I&%��� (��* 5)&%��$C	 (I�

 �K?�;�4 �� � -�I�  
�A� �< r
85+_ �� �; nv"+' �@ �  +�  .
�=4 �� ��$	?I&%��� UK 5� ��* *  "��:A%  �K )I&%��$	 (�

='  5 �.%�+� )�]�|[+C' �9%�V� . C
(n&C%��� ��C% �K 
�WK � *
�� .A%  �% :

T (±311 kbar) = 0.677P (kbar) - 48.98 + YAb/-
0.0429 - 0.0083144Ln (Si - 4/8 - Si) Xab

Plg 
 ��
�WK � (T��� ?���CO! �.C/< >�CT �CK 
�(P�CK ��$C	 

< >�CCT)���CCK./Si!�CC< � +CCO! )�.�CC4?%)/CC)�)8.CC��	 �� r
��A2�%?:�; )�8.9XAb

Plag �)9�; +m�� � H)ej� �� �C
*j<.
�%  .� +��YAb* UK 5� *  
� �%� �K ��;
+:

XAb> 0.5, YAb = 0
XAb< 0.5, YAb = 8.06 + 25.5(1 - XAb)2

 *  "��:A%  �K
��� Z5� (?:�; 8��CO! )ej� 5 8.C9 C
 �� *j<.
��.=��4?�.� �B
�.
A�"�.!?�K �K �K ".$����/�uuv �_�� -

?.C/< 
()vy/����CC_�� ?A��C% )� �# ( �CCK 5?�C�.=� �CC4?
� �B)A�=4)8��O� "�.! (��/��v �C_�� ?.C/< 
()vy/�v� 

�_�� ?A��% )� �# (� ��5;�K��.'.

HI�U�9%�V�?�9
��!��� ?,$! ):�; L)8.9�4?"�.! �4?� �B )@.A)+?/% 5 ".$� )Z5� ��% �K ��I H/4 )����(]20[.
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+/_ ���"��=' ��H)
������ ' *  "��:A% )=���< �:�; )%��K �� 8.9�5
B6��4?. . .y��

HI� V"��+&K? +_"+&&<?ej�
�4*j<. ��"�.!�4?� �B)@.A)+?".$� 5/%)��I.

���=N�9%�V� ��$	 ,$!)L�4�./K?�/A�� :�;)8.9 "�.!�4?� �B)@.A)+?�K"��:A%  * Z5� �*)(���I&%��5* +&/9��.4�*j<.
ej� .
Sample 1 2

".$� T[±���°K] T [°C]  T[ °C] 
SN ���u u|/�u�v  ��/�y�  vy/�y�  
SN ���u ��/�uv�  y�/�|u  v�/���  
SN ���u �v/�v�  uu/�|�  �|/���  
SN y��u |�/�uuu  �y/���  ��/�y�  
SN ���� yu/�|�  �v/��u  v�/�vu  
SN ���� u�/��u  |�/�y�  |�/�y�  
SN ��yy |�/���v  ��/|y�  u|/�uv  
SN ��yy �v/�u|�  �u/|u�  |u/���  
SN ��yy �y/�u�v  ��/�y�  �u/�uu  
SN y�yy ��/���  v�/�yu  �|/�|�  

Average[kbar] ��/�uuv  vy/���  |�/���  
��I)/)% 

SS ���� �|/�u�v  v�/�y�  ��/�u�  
SS ���� �u/|�v  vv/v��  �|/��u  

Average[kbar] ��/��v  vy/�v�  uv/���  

1.T (±��� kbar) = ���/u P (kbar) - �|/y| +YAb/- uy��/u - uu|��yy/u Ln (Si- |/y -Si) Xab
Plg, [ab]. 

2. T [°C] = �/�vy  + �/�v P, [ba]. 

����5" �+���I��]/3[

5
5 8��& � ��,=4]��[�)�WK � H?*
�4��$C	 ��  � �?�u��
<)5 ��K./�B
B+C�H�HM-QFM  �CK?O!)C) �C�� (?8��CO! 

H=4 +&/9��.4
ej� �K ��
"��< �@ �  *j<.+� .
T [°C] = 654.9 + 25.3P 

Y�K 8.��	 ��% �K �)#��)(��� ?"�.! ?/C% 5 ".$C� )�CK ��I
!�!)>|�/��� 5uy/��� �_�� ?A��% )�#+�; �C%� �CK �  +C� 

)85+_v(�CA� �CK �C<
I&C%��� n�+C�./K ?�CK +C�Y.4 5)��
�H�
R +�."�.! �� ��$	 ��.K r< �K �_.! �K�4?��W&� ��K�CJ�

��:�; �< +%�)%�B��� S.� 8.9)ej� �K " �=4 �
�/< *j<.)R
�<.&	 o�.m �K
* [=0 *  ��
� ��
�! �5+CK 5 �CA	�B �$ C)) �

')=)��
�H� �K 
,�C�* �WC%)C%� ()M&C% 5 "+ �C4?�)�C=

=0)�./9A�  � ��W&� ["��< �5 +� �M&% +4 .' A2�&'�+&��� 
	�.CC� �CC	�K)�?M&CC% �CC	�K �.CC_5 5 �CC4�CC4?�),��)CCA�5

	.� �B)�?<�T �* "�.! r< X�A9�� [=0 �C4?/C% 5 ".$C� )��I
)��!y<)�A�./ (�% .

0%���������*
W�� �E� +��I#% J���� H������
B�
B+�H��C<  )�C4�.A<�	 �C/=_ *  �6�
�C0.=I� �C< �C%  

��<��4?��! �V!  � M&% )� � �E ��+C4� .
C,�Z5� *  �C4?
*� 
K��� +�� �B
B+�H��<  )M&% �� �6�4?h.:� ?C%��K ��

<�!CC):�; >)8.CC9�CC4�
CC' �CCJ� *  �CC< �CC%  )=)��
 � � ?
AlIV > 0.75 �9�CC� � +CC�� 5(Fe*+Mg) > 0.3/Fe* 

+&A�4 ]�|[.� * )n
�A� ���
'* ��� H�:�; )8.9�4?��C�W&� 
&�)H
�4+&/9��.4.? 
M&C% (�C4  � � ? C
 �C' (
+&A�C4 U.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

02
 ]

 

                            11 / 14

http://ijcm.ir/article-1-283-en.html


0�=% )/���9O' z�9{ ���f� ���I� ��
� �
  �%�&' ���< 5 �%�&'�./K �/I� y�|

�9��(Fe*+Mg)/Fe* &� ��)H
 HC	  �K �4+&/9��.4.
+C�5� 3
 +_
* �3��/u�!v�/u H	  
� 3�
r)&)�.�; � +�� 5 +K� ��C�
�_5�* y��/u�!u��/��� �))�! +C&P .��&� LNC' �� �CN�

+' "� � ��$��8.9):�; U
 �' �� �%��K ��.� ?�4�B
B+C�H�
"+' L)N$! Y�K X�A9�� �6)�P +�  .M&% ���4�
:�; �C< )8.C9

�/<)<�! �+�� � R)K M&C% >C)C&G �A$�C% *  )/)(C4; 5 1
�%  .�!))<�! �):�; >)8.9 C'�� ��C4��! *  C)) �� ��B
B+C�H�

�< )��O	 5 �6)% �)/)�=B�� 1�
�%  .�T ��)�C� �C4 �C�
�B
B+�H��<  )�+'�K �A=< �6Fe2+��K � +�� �K +� .!)�A$?

�,9CC' ��?�CC_ +CC&/9��.4 
H#
�.CC' (.�9�CC� ��.CCK Y�CCK
Fe3+/Fe2+$CC��_ �CC0�K)&�KCC) �A$MgCCK �CC%5)�/AlCC� �-

�.']�[. 
(�0�  �9%�V� �K ?=<�� +�� �B
B+�H�)��%+��(

�< )�WK � �K �6?*
* ��5H]��[�! )
� +��.' . �CK?�C�.=� -
�4?"�.! �4?/% 5 ".$� )� +C�� ���I�C)#��)(Log ƒO2�� 

,$CC! ��CC�*)!�! �CCK �M&CC% LCC) �CCK �CCK �K >(bars) |�/�v�5
�y/�|�K��%  "+�; �%�)85+_�.(LK�E
�5;��?�C< �%  

A&#� ���H=4 �.�T):�; �CK " �C=4 H!� .< 5 (:%  ��)�� 8.C9
�5H�.�H!� .<
�.
��.� �B ��4
�.
�� �B 5 �4)��4?��W&� �C)H

9�)��.K Y�K (�B
B+�H��<  )�C=B�� �� �6?"+�*�C% ? C
(
M&% �%�4]��[.�B
B+C�H�Y�CK ?�C<  )��$C� �6 "+C&4�?

,$!) L
"�.! (�4?� �B )@.A)+?�C4*�� �K ��9!�  �� ?�CE�5 -
�4?�C% �#=4 ]�|���[.C&�=4)A&#� �.�CT (C) �� �C
(

&CC%M�CC% �CCK �CC�Y� �CC4?A&#� CC) �CC
 �I-Type ��.CCK CC
 (
� �B)@.A)�� � �4+]��[.

HI�X� �.=� �B
B+�H��<  )�� �K �6
�?<�! ):�; >)8.9 �4]�|[.9�� ��.K Y�K � �.=� ��B
B+�H��<  ):�; �.C/9! ���* �� �6)8.C9 ��$C�  �
��+4�.

���=O"+' �9%�V� �
����?Log ƒO2��.=� ?�4"�.! ��I)/)% 5 ".$� ?�4]��.[
Sample LogƒO2

".$� 
SN ���u - v�/�v  
SN ���u - ��/�y  
SN ���u - ��/��  
SN y��u - �v/�v  
SN ���� - vu/��  
SN ���� - ��/�|  
SN ��yy - y�/��  
SN ��yy - y�/��  
SN ��yy - ��/�v  
SN y�yy - ��/�|  

Average[kbar] - |�/�v  
��I)/)% 

SS ���� - ��/�v  
SS ���� - ��/��  

Average[kbar] - �y/�|  
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+/_ ���"��=' ��H)
������ ' *  "��:A% )=���< �:�; )%��K �� 8.9�5
B6��4?. . .y��

Log ƒO2 = -30930/T + 14.98 + 0.142 (P-1)/T 
�A�
=< n�< 5)C:�O! *  LCm�T )C) �B (
B+C�H��C<  )�CK �6

 ��< *  "��:A% �:�; )�K Y�K �� �< 8.9 �CK �+C' �CVK L��< �.{
�A�
O! *  Lm�T n))�B (
B+�H��<  )�K �6
��?��< �K)!.)�

=4 �� �._.�)��.=� (�4]y[� .�=4 Xj��<�� � ��$� .

Y����� 
%��K�')=���< �:�; )"�.! �� 8.9�4?��W&� ?8�=' F�CG

� ��$� "5�%��< +4�:
���)/P?%��K ��.� ?�4 8.9):�; �{�;�	 
�4+&?�h; C
(

,$!)"+C' L�� 5:�; "5�CB )8.C9 �C4?�C/< )R5*C
"5�CB �
&�)H
+&/9��.4. B �� � �E+��) "�.! �2�' �<�4?h.:� ?S.C� 
I+&A�4 d

��8.9):�; (
  K �4)�� �A$"�A�B?:�; )8.9�4?�K �A�K 5 
3� �5�	 [{�&�(S-Amph) � � �E �B)�A� �K �< +��
LCm�T n

O! * ))V� ()U�*)(A2�%�<�! *  "��:AC%  �CK C)C' >)=)��

K)!.)�'.@e 5 �4)=��� �< L< M&% %��K��4?/9E �%��K �

� �+�  "+')H� .�=4�� �+�.
���*)(�I&%��$C	 ��.�; � +C�� ��C% �K )&C)�� �.C_.� -.

:�;)8.9�4?%��K ��.��=< �)K 5 �&)$)�&?��$	 "+' �K�
*�  
8��O� �/u�!v/�<)��K./ 5��! [=0
9���C! v/y<) � �A�.C/

� ��$��+4�.
y�A&#� ���H=4 �.�T ):�; �K " �=4 H!� .< 5 (:%  ��)C98.

�5H�.�H!� .< ��
�.
��.� �B ��4
�.
�� �B 5 �4)��4?�C�W&� �
"+CC&4� ��$CC�?��.CCK Y�CCK�B
B+CC�H��CC<  )�CC=B�� �� �6?

"+�*�%? 
M&% (�%�4 . 
�9%�V� �K >/W� (?=<�� +C�� 
�B
B+�H�)��%+��(�< )�! �6)
� +� �K �< �.'?��.=� �C4?

"�.!�4?/% 5 ".$� )���I�)#��)(Log ƒO2,$C! ���* ��)L
!�! �K �M&%)�CK �CK �K >(bars) |�/�v�5��/�|�CK��C%�

 �%  "+�; .�B
B+�H�Y�K ?�<  )��$� �6"+&4�?,$! ) LC
(
"�.CC!�CC4?� �B )@.ACC)+?�CC4*�� �CCK ��CC9!�  �� ?�CCE�5 �CC4?

�% �#=4.
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