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�-��*83*; +( ����:"64	 L*"�&J
�� �6
� �#�� ��(�3#��A 6,NK*� �-�"��; 6�6# )G7#=

C.(,�!h >�6R �� �A ��6
����3#�$��� )*; �8��W8 w*- 
,N �34S8�*83*; �
�" � �- �-��(6� �3R��� �t� �; �6"� �A 
S��*����*83*; $�-K*� �;�1� $��� �� �*83*; �
�" �;�-�34S&� 
�6# 6�()[@� �8 [@��&��" �R�� �(�� .( 

�G��!A�K*� �����F�� 8
�(6����6�K
�� F*A�8 �; �B��� ,Q*�A( ��0&"�V U*o� �
)*�+ �&*�(�� $�-�B��� �A $�3r �; ��"( �&�;(� ,N �&V�"

 �
M�; �&"3J +( �6# \&1�)X3�S(���T �3B.� ��1-�A 
6��(���*�(�� �A ���T �� $�-G/�T !" C�` +( )
�`N $�-
)*1*J)X3�I(��;�S�� ��A(�1
 6!&�- ]��[.���A �3�T-

�*83*; �; �(�B- K8�(3A �)W"( ��*&!0� $�-L
K*!� $�- �(�
��M�; �0��*; 6�(38 ,�3;��6�K
�� �6�+�" $�B��� �� ,Q*�A( 
 !"�(�� $�- $6*93&*,(6:� 6#�; ]�� ?�=[.

G7# �� �7��!h kC�� �6
� �(6�� ��3# Log ƒO2��
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64R�����B# �=K*
�J ��=�[ �*83*; �B*#��:"64	 �:�; �&	�*-�K�I��&J ��38. . .k<=

G;��� T���*83*; $�- O
 $(�; ,(6:� ��38��&�� �
��� 
[�� �8 [@� ��6T �(�� �&��" �R�� �=?�� �8 �<?�� �"( ��; 

-� ,�1� �A!6�,Q*�A( ��6�K
�� M�; �� $�B���G*718 
�6!-� ,N�-�"]��[.�;�*B"( � )"�6�( ���; ]�<[���38 -

$`3W� $�-�; �&�;(�,�BA ��38 �; �S�� ���1W18N $�- $�-
�� �34S&� $�8M�; ,Q*�A( ��6�K
�� �� �
(K-3A �*D � 6�3#

6!&�- $�&1*; �*&!0� $(�(� .)
(�;�!;�,Q*�A( ��6�K
�� 
�*�(�� �*83*; �6�+�" $�B��� �� M�;�
�3
�3�(�� � �-$�- 

$(�; �
(K-3A � �1�(���	 U*o� O
 �6!!A 6*
�8 ,(6:� ��38
�"���N G*718 .���A �53BY� �3�T )*!sB- �*83*; $�-

L
K*!� !" �� �*��&*8 � �*&!0� ��(� ,(6:� ��38 $�- �0��*;
 ��6�K
�� �; �"�B��� �� ,Q*�A( $M�; �S��]�@[.��( )
( 
�&	�
 �; ,(�01-�QJ �
�" $�-]�?[[K*� ��(� ��(3�B- �A���; 

��38 6��(�,(6-(+ $6*93&*�(�� $�- ?�� ,(�(�" �*#�T >�.	 
���' P�(���	 �r � $(��A  !" �
+ �; i*&83l� �"3��*'( 
y34;$�-�6# G*718 ,�c	( 6�(.

8�,$ E�D, 
 �F����,  �� 8��G� ��L�� 
�*83*; �A )
( �; �R38 �; �
�*B*#37
K*	 U
(�# � �*-�� �-

����B$�� ,�1� (� 6�(� q;�8 X3BY� �� �*83*; F*A�8 � 6!-�
 �6# �34S&� ,N +( �A �"( �
�B��� �34S8 U
(�# � F*A�8

�� )
(�;�!; ��"( $(�; F"�!� ��*.� O
 ,(3!5 �; ,N +( ,(38
)*�+ U*o� �
�"�!#�*�(�� �&V�"��A ���W&"( �-.

,�BT��(6S5 ]�[;�
�J �6*�A( �(6�� $�- Al2O3�MgO �� 
�(�3B� O
 ��*83*; ���A��*c&� �� �(� �9(�( )G7#�^�((�A

 !"�&"� ���� �" �� (� �&*�(�� $�-�� $6!;6!A:)�(
 !" $�-�
�*4' _)�( !" �*83*; �A )*�3�N �J $�- ���N $�-

�!D L*!*�3�N +( 6!&�-uM3B.� ��
 � �
�37"3� �; �(�B- 
���A �0
�7*4*"3*!*�3�N $�-8���
 � �
�
��A ������ G�� 
�
+3�(6�N�6
���6�3#�*�(�� G��# �X3� $��3V�; $�-S
6!&�-�)=(�*�(�� �
(K-3A $�-�7-N ?�
�*4' X3�I�; �A 

uM3B.� � ��3; L
K*!� +( �!D U"3&� �3rL*�4A >3S*W�N �; �(�
L*�4A )�A��*J �
 ��(� ��3; �(�B- P�(���	 �; �&�;(� �

!&�-6.G7# ���^�(��3B� �*.'3� �"��; ��3� $�- ,�1�
�"( �6# ��(�.,�!h �A �6
����3#�B-�*83*; ��38 $�-

 �!�J �� ,(6:�C�� �(�' �*83*; �; z3;�� �A 6��*� $�-
 X3� $�-6*93&*�(��I��7-N?�
�*4' �"( P�(���	 �; �&�;(� �.

�7-N ?�
�*4' )
( G*718 U*o� ,�3; �1�(���	 ���38 
U"38 �&*�(���"��;$�- ,(�01-�QJ �
�" ]<?�[6*
�8 K*�

���3# .���N U*o� �&V�" )*�+��38 $6*93&*�(�� $�-
 ,(6-(+–,(�(�" +( ���W&"( �; (�  !" �B*# � ���A �B*#

�3; ���A )**.8 GA��,�1��A 6��(�,N��38 �-O
 �� 
)*�+ ��0
�R �&V�"�*#�T���' >�.	 718 $( G*�6#6�()G7#

�_^�( $(�;d�*9KR �&1*; qR(�� ]<�@��k[6*!*S; (� .( 

63	 M^�( (�(�3B�Al2O3G;��� �� MgO $(�;��38 �
�B��� $�" )**.8 ,(6:� +( ���W&"( �; �*83*; �
�*B*# F*A�8]�[�,N Z�"(�; �A 
�*83*;�7-N ��&�� �� �"��; ��3� $�-?�� �(�' �
�*4'*�6�� .C(�S�� d(�**c8 �(�3B�Fe2+/(Mg+Fe2+)G;��� �� AlIV X3� �6!-� ,�1� �A

I�"( ,(6:� $6*93&*�(�� ��38 ,�3; .��&���*�(�� $�- X3� $�- I �A�&*�3#3# �qR�� +( �&	���; ]�� [ 6!&�-.
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�B"�' ��9���A �9�j� ���*# ���A � �"�!#�34; �4Y�,(�
( �"�!# k<<

�0
� ��r +(��; ���' �*83*; �B*# F*A�8 L*��8 � $6!;
 X3� )**.8�&*�(��  !"�
�J �; �3V ,�;K*� ��� $$6!;

�*�(�� �
�SW�(�"�-.,(��7B- �  ��*R ]�� [�;Z�"( 
d(�**c8Fe2+/(Fe2++ Mg) �; �S�� AlIV ��*83*; �� 

�A 6���A �9(�( (� $�(�3B�O*7W8�*�(�� X(3�( �6!!A �
�J �; �-
��0&"�V�"���N .�; �R38 �;�(�3B� )
( �B- ���3B� �*83*; $�-
; ��3���&�� �� �"���*�(�� $X3� �
(K-3A $�-I�� �(�' -
6��*�)G7#�C.(

���	��
���� 
���A +( �-��:"64	 !" �6!-� G*718 �4/( $�- ��38 $�-
O
(� � ,(6:� $`3W� ,N $�-6!&�- .F*A�8 �; ,��; �J $(�;
���A )
( �
�*B*# �(6.8 ��-@<���N +( �]�� a�� �;
�
KY8 �#+(��JK
� ��
�&��6�N �"� �; ���" �(�3B� �
�8

Or- Ab- An ]�[ [ 6# L"�)G7#[.(�3R3� $�-+HA3
IHJ
�*�(�� �*83*; �� �-�&1*; )
+6�N X3� +( )<�?=�=An% ( �
�
�3
�3�(�� �� �-F4D( )
+6�N �8 +HA30*�( )<�?��=An% (

 6!&�-)>�6R��G7#[.(��S��*�� +HA3
IHJ K
� $�-,�� 
�
���(�;M � )
+6�N �+HA30*�( X3� +( K*� �-��:"64	 L*"�&J

)@<?�<=An% (6!&�- .�*�(�� �*83*; ���-�(6�� �Or 
��6T �-��:"64	 L*"�&J[��8�@�
�3
�3�(�� �� � 6/�� �-

�� �8 �k�"( 6/�� )>�6R�.(
 !" �� �3R3� $�-��:"64	 �
��&�( $��5( ��3� ��A -

6*93&*�(�� $�- ��:"64	 �� �Y!"��� +( ���W&"( $(�; ,(6:� $
6# �S"�o�)>�6R�.(��]!� $(�(� �-+HA3
IHJ �A �Y�N +(-

� �-KA�� �6!&�- $6!;,N $�- �S� �t� �� ����(6R �3r �; �-
6# �&	�� .J��A�*8]�� [ �
+ �];(� U"38 (� ��*'� �Y!"���

 �'� �; (� ��� ,(38 �� �A �(� �9(�(º C=� ±�"6; ,N U"38
���N:

)=(
( ) ( ) ( )Pl

Ab
Pl
An

Kfs
An

Kfs
AnPl

Ab

Kfs
Ab

O

XX0.52X0.098ln X3.27
X
X

0.1ln0.11

3.72(kbar)442C)T(
++−








+−

−−
=

��Y!
( �� Kfs
AbX�Kfs

AnX�*8�3�N � �*S�N $�-��A F*8�8 �; 
� ��:"64	 L*"�&J �� Pl

AnX�Pl
AbX�*S�N � �*8�3�N $�-��A

6!&�- +HA3
IHJ �� .
�"6; $�-��� �];(� +( �6�N )=(�
�3
�3�(�� $(�; $�-

,(6:�ºC kk� ?@@@�*�(�� �*83*; $(�; ��-ºC�<� ?�=< 
�"()>�6R�.(�
�3
�3�(�� $(�; �6�N �"6; $�-��� �-

 �; ��( )
( �A �"( �&*�(�� $�-�B��� �34S8 $��� +( �&BA
 >��.8 �; z3;�� ��
+ >�B&T( ���;�� U
(�# �� �-��:"64	C�" -

3"Z�6*�)6��R ���T (�*�(���"�-.

63	N�(�3B���� �
�8 �" $6!; Ab-An-Or ]�[[8 �6!-� ,�1� �AF*A���:"64	 �
�*B*# �� �3R3� $�-�"( ,(6:� ��38 .
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64R�����B# �=K*
�J ��=�[ �*83*; �B*#��:"64	 �:�; �&	�*-�K�I��&J ��38. . .k<@

#
�I=K*���N �
�&��#+(��JK
� �
KY8��:"64	 $�-,(6:� $6*93&*�(�� ��38 �� �3R3� .
Pl:Plagioclase; C: Core; Bt C& R; Between core and rim; R: Rim; K-F: K-feldspar 
��3B� SZ-10 (Granodiorite) 

�*.'3� Pl C PlO
�K� C Pl Bt C&R PlO
�K� R Pl R Pl C PlO
�K� C Pl Bt C&R PlO
�K� R Pl R Pl �S��*� ��K; K-F

SiO2 �k/k�  k@/@[  =�/k�  k[/@�  <=/k�  <�/@@  =�/k�  [�/@k  �=/k�  �=/k�  �@/@<  @�/k<  

TiO2 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al2O3 [�/�<  k[/�@  �=/�=  @@/�k  ��/�=  �k/�[  @�/�<  ��/��  ��/�<  ��/��  k@/�[  k�/�[  

FeO ��/� �</� ��/� ��/� ��/� �@/� ��/� ��/� ��/� �</� ��/� ��/�
MnO ��/� ��/� �=/� ��/� �</� ��/� ��/� ��/� �=/� ��/� �</� �=/�
CaO �[/k �[/� <�/@ @</[ ��/@ <k/��  ��/k <=/� [�/@ k</< <�/��  �k/�
Na2O �k/[ �=/� k�/[ �[/k �k/� ��/@ <�/[ <</k @</[ �</� �[/@ ��/�
K2O �@/� �@/� =�/� ��/� �</� ��/� �</� ��/� �[/� ==/� ��/� k�/�@  

X3BY� @�/���  ��/��  ��/���  [=/��  �@/��� ��/���  k�/���  ��/���  @[/���  ��/���  k@/��  �k/��  
,3*8�A �(6�� Z�"( �; �-[,Q*�A( L8( .

Si k�/= @�/= kk/= <@/= k�/= ==/= k�/= <�/= k</= ��/= ��/= �[/=
Al ��/� [�/� kk/� [�/� k�/� ��/� ��/� ��/� k[/� k�/� �</� =k/�
Fe3+ ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ca <�/� @�/� =</� @@/� =�/� k�/� =�/� k�/� =�/� ��/� �</� ��/�
Na �@/� [</� ��/� ��/� �</� k�/� �k/� �@/� �[/� �@/� k�/� ��/�
K ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �=/�
Ab @�/k�  k�/k�  ��/�=  ��/@[  k�/�@  ��/@�  ��/��  k�/@<  k�/��  ��/�k  =�/<@  [�/[
An ��/��  @�/=�  ��/@�  @�/<�  ��/�=  ��/<[  k�/�[  ��/<<  [�/�k  @�/��  ��/@<  =�/�
Or <�/� ��/� [�/� =�/� =�/� ��/� =�/� ��/� k�/� [�/� k�/� @�/��  

T(oC) @kk @�< @k� @�� @@� @�� @k< @�[ @k= @@@ @[� 

#
�I=.��(�( 
��3B� SZ-10 )�
�3
�3�(��( SZ-44( )�
�3
�3�(��  

�*.'3� K-F  K-F  Oh3A K-F  Pl C Pl O
�K� C Pl Bt C& R Pl O
�K� R Pl R Pl ��S��*� K-F C 

SiO2 @�/k<  �=/k@  @</k@  =@/@�  k�/@�  ��/@@  kk/@[  ��/k=  [=/k�  ��/k<  

TiO2 ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Al2O3 <�/�[  ��/�[  =�/�[  ��/�k  [</�@  @�/��  ��/�@  �[/�=  ��/�<  <@/�[  

FeO  ��/� �=/� ��/� �</� �@/� �@/� ��/� ��/� �k/� �=/�

MnO  ��/� ��/� �=/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

CaO  ��/� ��/� �@/� �[/� <�/[ [[/� �k/[ ��/< @�/@ �@/�

Na2O k@/� ��/� @�/� ��/k ��/k �k/k <@/� ��/� @@/[ <�/�

K2O �</�k  @�/�@  k�/�k  ��/� =</� �</� =�/� �@/� �@/� @@/�<  

X3BY� �=/��  =�/���  �</���  �=/���  ==/��  ��/��  <�/���  =[/���  =[/���  k�/�[  

6��,3*8�A �( Z�"( �; �-[,Q*�A( L8( 

Si  ��/= �[/= ��/< <=/= <�/= =k/= <�/= ��/= k@/= ��/=

Al  =</� =@/� =�/� [[/� [=/� �@/� [�/� k�/� k�/� =@/�
Fe3+ ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ca  ��/� ��/� ��/� @[/� @</� k</� @�/� =�/� =@/� ��/�

Na  �[/� �=/� �k/� ��/� [�/� �=/� [k/� �@/� �[/� ��/�
K �k/� ��/� =�/� ��/� �=/� ��/� ��/� ��/� ��/� �@/�
Ab  [�/@ k�/� <�/< k�/@k  ��/@�  ��/@�  ��/k�  =�/��  @�/��  [�/��  

An  ��/� ��/� ��/� ��/<�  ��/=�  ��/<k  ��/=�  [�/��  ��/�k  =�/�

Or  =�/�<  <�/��  ��/�@  @�/� ��/� =�/� ��/� ��/� <�/� ��/[�  

T(oC)        k@� k@< kk� k@� k== k<� 
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�B"�' ��9���A �9�j� ���*# ���A � �"�!#�34; �4Y�,(�
( �"�!# k<k

 #
�I=��(�( 
��3B� SZ-44(�
�3
�3�(��)
�*.'3� Pl C Pl O
�K� R Pl ��S��*� Pl C  Pl C  Pl C  Pl C  K-F C  K-F C  K-F C 

SiO2 �=/@�  @�/@k  �@/k�  [�/@�  ��/@�  <@/@@  k�/@[  [k/k=  =k/k<  ��/k<  

TiO2 ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al2O3 �k/�@  ��/��  @�/�=  =@/�k  �[/��  ��/��  �[/�@  k�/�[  k@/�[  k=/�[  

FeO  ��/� �</� �</� �</� �@/� �@/� �[/� ��/� �</� ��/�
MnO  ��/� ��/� �=/� ��/� ��/� ��/� ��/� �=/� ��/� ��/�
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