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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

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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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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+'" +�.

HI�O� �.=�Altotal �K �9�� XFe*:�; )8.9"�5+V� �< �4?,$! ��$	 )"�.! L�4?� �B )@.A)+?/% 5 ".$� )� ��$�  � ��I�+4� ]��[.
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(%��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
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���=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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�WK � (T��� ?���CO! �.C/< >�CT �CK 
�(P�CK ��$C	 
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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]. 
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5
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T [°C] = 654.9 + 25.3P 
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	.� �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 ��
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 � � ?
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.
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SS ���� - ��/��  

Average[kbar] - �y/�|  



+/_ ���"��=' ��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.

Z=��� 
[1] Stone D., "Temperatue and pressure Variations 
in suites of Archean felsic plutonic rocks, Berens 
River area, North west superior province Ontario, 
Canada", Canadian Mineralogist, 38 (2000) 455-
470.

]�[� Z��=/E .- ?�.&	 �.�"�C%�&' ()C�* �$���uuuuu :�
��+CO� o�	�$CA<  5 �C%�&' ()C�* ���*�C% �"5�% Z.B����

�.$<"�)����.(
[3] Rezaei-Kahkhaei M., Esmaeily D., Cor fu F., 
"Petrogenetic modeling of rock variety in the 
Khalkhab-Neshveh pluton, NW of Saveh, Iran", 
Island Arc (2011) 1440-1783. 

]y[� ��I&�  .�"%��K�')=���< ��4?/m  ��4 "�.! ?h.:� ?
 �"5�% F�G 8�='
H<�� � �?"��+C'�  �C%�&'��< �C��� ��
��

 � ��! "�#$� � �-./0 "+,$� �)���u .( 
[5] Leake B.E., Woolley A.R.,  Arps C.E.S., Birch 
W.D., Gilbert  M.C., Grice  J.D., Hawthorne F.C., 
Kato A., Kisch H,J.,  Krivovichev V.G., Linthout  
K., Laird J.A., Maresch W.V., Nicket  E.H., Rock   
N.M.S., Schumacher J.C., Smith D.C., Stephenson  
N.C.N. Ungareti L., Whittaker E.J.W., Youzhi G., 
"Nomenclature of amphiboles:   report of the 
subcommittee on amphidoles of the International 
Mineralogical Association, Commission on new 
minerals and mineral names", European Journal of 
Mineralogy 9 (1997) 623-651.  

]�[�5 � 
��,4� ��?S.�"')=���< � �' 5 �4
��$	 U��C�� ?
"�.! �./9!�4?� �B )@.A C)+?C'�T )�?�C��2�5� ? *
"+C& ��5�

�&��?'�K �'�#� �K ��<��' 8�=' �5
� �.�CT �K "6 C) o5+
�=B���
"�C%�&'�./K �/I� ���C< 5�C%�&' � C
"��=C' �� ��

)��|� (y�v�v�u.
[7] Stein E., Dietl C., "Hornblende 
thermobarometry of granitoids from the Central 
Odenwald (Germany) and their implications for 
the geotectonic development of Odenwald:" 
Minerallogy and petrology 72 (2001) 185-207. 
[8] Sial A.N., Ferreira V.P., Fallick A.E., Jeronimo 
M., Cruz M., "Amphibole- rich clots in calc-alkalic 
granitoids in the Borborema province northeastern 
Brazil", Journal of South American Earth Science, 
11, (1998) 457-471. 
[9] Coltorti M., Bondaiman C., Faccini B., 
Grégoire M., O’Reilly S.Y., Powell W., 
"Amphiboles from suprasubduction and intraplate 
lithospheric mantle", Lithos, 99 (2007) 68-84. 
[10] Miyashiro A., "Volcanic rock series in island 
arcs and active continental margins", American 
Journal of Sciences, 247 (1974) 321-355. 
[11] Ghent E.D.J., Nicholls P.S., Simony J.H., 
Sevigny M.Z., "Hornblende barometry of the 
Nelson batholith, southeastern   British   
Columbia: Tectonic implications", Canadian 
Journal of Earth Sciences, 28 (1991) 1982-1991. 



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

[12] Vynhal C.R., Mcsween H.Y.Jr., "Hornblende 
Chemistry in southern Appalachian granitoids 
Implications for aluminus hornblende 
thermobarometry and magmatic epidote stability",
American Mineralogist 76 (1991) 176-188. 
[13] Hammarstrom J.M., Zen E-an, "Aluminum in 
hornblende: An empirical igneous geobarometer", 
American Mineralogist 71(1986) 1297–1313. 
[14] Hollister L.S., Grissom G.e., Peters E.K.,  
Stowell H.H., Sisson V.R., "Confirmation of the 
empirical Correlation of Al in  hornblende With 
Pressure of solidification of Calc – alkaline 
Phutons", American Mineralogist 72 (1987) 231-
239.
[15] Johnson M.C., Rutherford M.J., 
"Experimental Calibration of the aluminium in – 
hornbhende geobarometer with application to 
Long Valley Caldera (California) Volcanic rocks", 
Geology 17 (1989) 837-841. 
[16] Schmidth M.W., "Amphibole composition in 
tonalite as a function of pressure: an experimental 
calibration of the Al-in hornblende barometer", 
Contributions to Mineralogy and Petrology, 110 
(1992) 304-310.  

[17] Pal N., Pal D.C., Mishra B., Meyer F.M., "The 
evolution of the Palim granite in the Bastar tin 
province, Central India", Mineralogy and 
Petrology, 72 (2001) 281-304. 
[18] Anderson J.L., Smith D.R., "The effects of 
temperature and Fo2 on the Al- in hornblende 
barometer", American Mineralogist 80 (1995) 
549-559. 
[19] Anderson J.L., "Proterozoic anorogenic 
granite plutonism of North American", Geological 
Society of America Memoir 161 (1983) 133-152. 
 [20] Helz R., "Phase reactions of basalts in their 
melting range at PH2O = 5kb, Part 11, Melt 
composition", Journal of Petrology, 17 (1993) 139-
193.
[21] Blundy J.D., Holland T.J.B., "Calcic 

amphibole equilibria a new amphibole- 
plagioclase thermomether", Contributions to 
Mineralogy and petrology, 104 (1990) 208-224. 
[22] Wones D.R., "Significance of the assemblage 
titanite + mognetitet + quartz in granitic rocks", 
American Mineralogist, 74 (1989) 744-749. 
[23] Ishihara S., "The magnetite series and 
ilmenite- series granitic rocks", Mining Geology 
27 (1977) 293-305. 

 


