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Sample �� �� �� �� �� �� �� �� �� �� �� 

Analysis Rim Core Rim Rim Core Rim Rim Rim-Core Core Rim-Core Rim 
Mineral Pyroxene Pyroxene Pyroxene Pyroxene Pyroxene Pyroxene Pyroxene Pyroxene Pyroxene Pyroxene Pyroxene

SiO2 �p/��  ��/��  ��,o� �o/��  �z/��  po/��  �z/��  ee/��  ee/�e  pe/��  �z/�e  

TiO2 ��/� ��/� �p/� ��/� �e/� ��/� �p/� ��/� ��/� �n/� �e/�
Al2O3 �e/� p�/� pz/� zp/� �z/� n�/� �p/� po/� ��/� ��/� �z/�
FeOt �o,n� o�/��  �z/��  �n/��  �n/��  o�/��  z�/��  po/� ��/p ��/� ��/p
MnO �p/� ��/� �z/� �e/� �n/� ��/� �e/� ��/� o�/� �e/� e�/�
MgO �z/��  �p/��  n�/��  �z/�e  nz/��  ��/��  zo/��  �e/�e  nn/�o  �z/�e  n�/�o  

CaO zp/� �o/� ��/� ��/� ��/� �p/� �n/�e  �e/�e  np/�e  p�/�e  �z/�o  

Na2O ��/� ��/� �o/� ��/� ��/� �e/� ez/� e�/� �e/� eo/� ��/�
K2O ��/� ��/� ��/� ��/� �e/� �o/� ��/� ��/� ��/� ��/� ��/�
Total on/��  �n/��  ��/��  e�/���  �n/��  o�/���  o�/���  �n/��  ��/���  �e/���  �e/���  

Number of ions on the basis of 6 Oxygens        
Si ���/� �ze/� �,�op ��n/� ��z/� ���/� ���/� ���/� �p�/� �zo/� �zo/�
Ti ���/� ��e/� ���/� ���/� ��z/� ��z/� ���/� ��e/� ���/� ���/� ���/�

AlIV ���/� �e�/� �ee/� ���/� �o�/� �e�/� ���/� �ee/� ���/� �ez/� ���/�
Fe2+ z��/� z��/� z�o/� �pp/� �zn/� �p�/� �pn/� �ez/� ��n/� ��p/� �on/�
Fe3+ ��e/� �e�/� �p�/� ��z/� �eo/� ��e/� �np/� �z�/� �zo/� ��e/� �po/�
Mn �e�/� ���/� �e�/� ���/� �e�/� �e�/� ��p/� ���/� ��e/� ��o/� ���/�
Mg �z�/� �p�/� �ze/� �pp/� �zp/� �ze/� zze/� p�p/� n��/� pez/� n��/�
Ca ��p/� �ep/� �ez/� �op/� �oe/� �oz/� �zz/� �oo/� �op/� �o�/� �z�/�
Na ���/� ���/� ��e/� ���/� ���/� ���/� ��z/� ���/� ��z/� ���/� ���/�
K ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�

Cations ���/e ���/o ���/o ���/e ���/e ��n/e ���/o ���/o ���/o ���/o ���/o
Fe# o�p/� ee�/� e�p/� e��/� e��/� e��/� ���/� �o�/� �z�/� �e�/� ��o/�
Mg# ��e/� zp�/� zpe/� zn�/� z��/� zn�/� p��/� p��/� ne�/� pz�/� noz/�

Fe#=Fe2+
/(Fe2++Mg)  Mg#=Mg/(Mg+Fe2+)

_@%lK 9�@]��[�� (�,�@��%� ��
E+
�S (�E"� �8 1
��� 9.\� �7 !�8%&"K.D�� ���8 �� N"�"�.�? % N"�/8 &��0

�� �8 s
�&  1��.D5���
�# �)Z �.A �� �� ���� 9�6'�� 
1�8 .���.6� C��� &7CaO �7 �R�� Fe#]��[!�8%&"K.D��-

9�6'�� T
 #� &7�� =&  �4
�.
� !�8%&"K ��.6� 9�@ 
$1  �./R4� ��"�.�?�4� 1��)F2 e�:(���.6� C���&7$��-

91�7]��[!�8%&"K.�"/8 �6@ ��2@? $&4�' �� �@ ��
�"/I 
�� ��&I 1�&"')F2 e�w.((�E"�AlVI �7 !�8%&"K.�"/8 �� 

�� &""WD ��,	 `�&""WD 1�8]��.[���.6� C���&7AlIV �� 
F7���AlVI]�e[��.6�4
�.
� !�8%&"K 9�@$&4�' �� �9

�4	&' ��&I !"
�K ��,	 1��)F2 e�`.(���.6�]�o[�� (�,� -
��&I 1@� ��S% �,@ % ��S% ���k $�+
�S �� N"�"�.�? 9&"'

 9�&7 !�8%&"K.�"/8��%�&7 �R���� Y%� �6'�� :? 1*�� 
��� .��7��.6� ���.6� !
�&7 ��,	 $&4�' �� �@�����# % ��7./"8 

�
�6'�� :? ��1�� �8 #� &4,"7��%$1  F"2,D �$�.7 1��

)F2 e�{.(!�8%&"K 9&"'��&I �"3I.� ���.6� �� �@Ca �� 
F7���Ti]��[5�� $�+4��As"\� #� �@ �7 �4�7�% 9�@

�� 1"
�D �� �
�E@.8 1�8)F2 e�|.(

F�-�"�# 
5�� �� N�� T"	�� ���8 T
 <.R")�? =&  s��%1Z 9�@

�� :.�\� &7���.  .? v��� $�&6@ �7 ���8 !
� #� $1  E"���
 C��� &7 (? 9��4A�� <.�&	��<%1S �� (l"�8� ND� �$1�? 

��� .<.R")�? L"8&D5�� �� �.S.� 9�@ &7 ��M�� 9�@
 ���.6� C���]��[<.R")�? $%&' %� �� 9�@Fe-Mg-Mn %

<.R")�?�� ��&I T"�/8 9�@ 1�&"')F2 ��i��.(<.R")�?
�
EXD #� F*�ZZ 9O.� #� !4�&P"@ �" �Fe-Mg-Mn 

)�
.��r (���.<.R")�? &
�� �8 �D�.* �� �� �.S.� 9�@
1�4�@ T"�/8 O.� #� �
�.
�%&7�' % �
�.
� .<.R")�? &4,"7 -

��.6� % 1�/R��.@.
E�+� $&4�' �� �"�%� T"�/8 9�@ 9�@
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9��l� (�&
� �_�� �
�Ra�Ra ���@� ���R0 (�&
� ����  ���8 % ���� �./7 �/X� ���

$&4�' �� �
.��r T"�/891�/R��.@ % �"�.�"48� –�"�.�"48� 
�� ��&I&"' 1�)F2 ��w.(�6@9<.R")�? &468 T"�/8 9�@

 #� �/�ND� Ti �7 �� �4R�� v�RD�� % 1���� 9��4A�� <.�&	 �� 
AlIV�� (�,� 1�@�)F2 ��:.(<.R")�? �Q �
.��r 9�@�7

$1  F"2,D !�8%&"K.D�� ��
E+
�S �"/"	.4�? $&4�' �� 1��
�� ��&I 1�&"')F2 ��`.(<.R")�?�7 �4�7�% 9�@ �_���%&	 
Na2O%TiO2!"
�K �\)* (�"� O�.�� �7 �R�� 9&D9�

)I- Amph(1���� .���.6� C���&7$1��8�1S]��[<.R")�? �-
$&4�' �� ��M�� !
� 9�@9<.R")�? _���%&	 �7 �4�7�% 9�@

)S-Amph(�� ��&I 1�&"')F2 ��{.(T
 �'1�E
&' ��1��

�4A�� !"�# s"\� �7 �6'��'�� �8 9� (? #� �6�,
� �4	&' 
���� �+4�7 ��� .$1"�0 �79]��[#&� �� �8 �
�@�6'��

�I�%�� F"2,D �&+6@ 9�@ (l"�8� �'1�E
&' 9���� 1�. 
1�4�@ �
u�7 .$1"�0 �7]��[<.R")�? 9���� �8 �
�@

AlIV>0.75 %FeTotal/(FeTotal+Mg)>0.3 !""3D 9�&7 �1� �7 
1�4�@ L���� (l"�8� �'1�E
&'.<.R")�? !"7 #� E"���? 9�@

�� =.	 s
�&  9���� �@1�/R��.@.
E�+� ���D $1 1� �7 .
5�� �� �.S.� 9�@1�/R��.@.
E�+� ���.6� !
� C���&7 9�@

$&4�' �� &7�� =&  �4
�.
�%&7�' % �4
�.
� !�8%&"K9
$1  fI�% (l"�8� 9u�7 �'1�E
&' 1��)F2 ��|.(

F�5)9E"���? J
�4�KE
�� #��&<.R")�? 5�� �
�.
� %&7�' % �
�.
� !�8%&"K ��.6� �� �.S.� 9�@&7�� =&  9>.)� 9�@.
Sample o� o� o� �� �� �� �� �� �� �� �� 

Analysis Core Rim Core Rim Rim Rim Core Core Rim Rim Rim 

Mineral Amphibole Amphibole Amphibole Amphibole Amphibole Amphibole Amphibole Amphibole Amphibole Amphibole Amphibole

SiO2 ��/op  �n/op  �z/oz  oz/��  �e/on  �o/on  ��/op  �n/op  ��/�e  ��/�o  �z/�o  

TiO2 e�/� �z/� �n/� ��/� ��/� ��/� �n/� zz/� ��/� �n/� �z/�

Al2O3 ��/z nz/� ��/� ��/e n�/� �z/z ��/z pn/p z�/� zz/� zp/�

Cr2O3 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �,�� 

FeO �e/��  oe/��  ��/�z  no/��  �z/�e  �e/��  pz/��  o�/��  op/�e  ��/�e  p�/��  

MnO on/� �p/� �o/� ��/� �o/� �n/� �e/� en/� p�/� z�/� z�/�

MgO �z/�o  ��/�e  �p/�o  �n/�o  ��/��  ��/��  oo/��  p�/��  ��/�p  ��/�p  �o/�n  

CaO z�/��  oo/��  ��/��  ��/��  ��/��  on/��  �e/��  pz/��  ��/� p�/� �o/�

Na2O ez/� ee/� ��/� en/� �z/� o�/� e�/� �e/� �z/� ��/� �o/�

K2O oz/� e�/� oe/� ��/� e�/� en/� eo/� o�/� ��/� ��/� ��/�

Total ez/�n  ��/�n  n�/�z  �n/�z  �p/�p  on/�p  np/�z  ��/�n  ��/�p  �z/�z  ��/�z  

Number of ions on the basis of 23 Oxygens           

Si n�o/z �o�/z po�/z z��/p npe/z nn�/z ���/z nee/z n��/p ��p/p �z�/p

Ti �op/� ��z/� ���/� ���/� �z�/� �p�/� �p�/� �n�/� ���/� ���/� ���/�

AlIV ��p/� ��n/� �e�/� ep�/� �pz/� �e�/� �eo/� �zp/� ���/� �oe/� �o�/�

AlVI ���/� ���/� ���/� ���/� ���/� ���/� ���/� ��n/� �p�/� �p�/� �p�/�

Fe2+ ���/� ��n/� zee/� oo�/� ��n/� p��/� z�p/� ��e/� ���/� ne�/� n��/�

Fe3+ nnn/� np�/� eoz/� ���/� �p�/� ne�/� ���/� n�o/� ���/� ���/� ���/�

Mn ���/� �p�/� �zp/� ��e/� ���/� �eo/� ��n/� �on/� ���/� �n�/� �n�/�

Mg �o�/e ��n/� �ze/e �oo/e en�/e e��/e e�p/e po�/� pp�/e n�z/e �o�/e

Ca p�o/� ppe/� po�/� ��e/� z��/� pze/� p��/� zzz/� �o�/� ��e/� �n�/�

Na en�/� ep�/� eoe/� ��p/� oe�/� o�e/� epp/� o�n/� �e�/� ��o/� �e�/�

K �n�/� �p�/� �n�/� ��e/� �zo/� �p�/� �ze/� �pz/� ���/� ���/� ���/�

Cations ���/��  ��z/��  �ze/��  ��e/��  ���/��  �oz/��  ���/��  �p�/��  ���/�o  �n�/�o  ���/��  

Fe# �ep/� �on/� �p�/� e�n/� �e�/� �p�/� ��p/� �pp/� oe�/� o��/� o��/�

Mg# pz�/� p�o/� n�n/� z��/� nz�/� n��/� noe/� p�e/� pn�/� �n�/� n��/�
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A; Gi�� (<.R")�? 9&"' ��&I �"3I.�5�� 9�@ ���.�6� �� &7��� =&  9>.)� 9�@]�z.[:(���.�6�AlIV ��7 �R��� Ti<.�R")�? �� 9��@
T"�/8 .��.6� ���6D #� &468 �@�/�ND� Ti1���� �.A 9��4A�� <.�&	 �� .w(<.R")�? L"8&D N"�4"� % E��+�� �N
E�"�� �!@? 9�@ !��8%&"K ���
�
�.
� �� $1  E"���? ���.6�]�z[$&4�' �� �� fI�% �"/"	.4�? 91�.  .`(<.R")�? L"8&D �� $1  E"���? T"�/8 9�@���.6�]�z[��$&4�'9

1�/R��.@ �1�/R��.@.
E�+��$1  &
.�D �"�.�"48� % �"�.�"48�1�� .{(���.6��1S$1��8 9s"�\� 9�����&'� �'l
% i�/4�� �
��6'��.�42D 9��@
]�p[(? �� �8 �S-Amph<.R")�? &+��"7 % 1�4�@ _���%&	 �7 �4�7�% 9�@ I-Amph$1�@� (�,�9<.R")�? s"\� 9�@ �\)�* (��"� 9�@9�.
|(!""3D ���.6��'1�E
&' <.R")�? �6"  �/"�% �7 (l"�8� ]��.[

C����� 
���&7 ��5�� 9�@ �"�%� �2
 ��"D."7 O.� %� �.S% 9��+�

)�./RD #� F*�Z�6'�� (�
.��r 9&+
� %)����&'� #� F*�Z
���8T"	�� 9�@ (5�� �� x�,� �
�6'�� 9�@$1 1�� .�7

�"I� ���&7 �.G�� % &D_
�1S #� ��"D."7 %� !
� &4�7 

�'l
%9�@��� $1  $��)4�� ���8 !
� �
�"6"  .E"���? J
�4�
�"D."7(? 9��4A�� <.�&	 �7 $�&6@ ���&7 ��.� 9�@ &7 �@

�� C���<%1S �� (l"�8� e$1  $��%? 1�� .��.� 9�@�2"�
 ���.6� �� ���&7 Fe2+/(Fe2++Mg)�7 �R�� AlIV]��[��

�4	&' ��&I �"D."7 �6� C��� &7 % 1��Fe2+/(Fe2++Mg) 
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9��l� (�&
� �_�� �
�Ra�Ra ���@� ���R0 (�&
� ����  ���8 % ���� �./7 �/X� ��o

)<ee/�(�"K.'./	 #�$1  T"2)D �@ 1��)F2 ��i��.(&7
���.6� C���MgO�(FeO*+MnO)-10*TiO2]��[

�� �"D."75%� &@ �� ��M�� !
� �4
�.
� !�8%&"K 9�@
�"D."7 $&4�'�"D."7 % �"�%� 9�@�4	&' ��&I �
.��r 9�@ 1��

)F2 ��:.(��/�� ���.6� &7��7Mg-(Mn+Fe2+)-

(AlVI+Fe3++Ti)]��[�"D."7 �� &4,"7 ��M�� !
� 9�@
�"D."7 $&4�'N
E"�� 9�@�� ��&I ��� $1�@� (�,� % 1�&"'

 �'1�E
&' 1�4�@ (l"�8� 9u�7 m�4R��)F2 ��w.(�7
$1"�09]�e[�"D."7 �@� &�!"�# s"\� %5�� �4A�� -

�� (�7E"� 9�@�� :�D#�71�@� .�"D."7 �"3I.� 5�� 9�@ 9�@
 ���.6� �� &7�� =&  �4
�.
� !�8%&"KFeOt&7�&7 �� Al2O3

]�e[$&4�' ��9�2@? 9�@�6'�� �9��.A&7 �Z�.� �
�"/I 
�&I�� �1�&"')F2 ��`(.

F�5)EE"���? J
�4�� #��&KE
��"D."7 ��.6� �� �.S.� 9�@95�� #� $1  :��4�� �
�.
� !�8%&"K &7�� =&  9>.)� 9�@ 
Sample �� �� �� �� �� �� �� �� �� �� �� �� 

Analysis Core Core Core Core Rim Rim Rim Rim Rim Rim Core Rim 

Mineral Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite 

SiO2 �e/ez  �n/ez  z�/ez  ��/ez  �o/ez  e�/ez  pn/ez  ee/e�  �e/e�  nz/ep  ��/e�  ��/ez  

TiO2 p�/e ��/e �o/o ��/o �p/e ��/o pe/e p�/e �n/� z�/� �n/� �e/�

Al2O3 �z/�e  �z/�e  �z/��  nz/��  �e/�e  ��/�e  �e/��  ��/��  ��/�z  op/�o  �n/��  ��/��  

FeO* �o/��  ��/��  ��/�n  ee/��  zz/��  ��/��  ��/��  o�/��  ��/��  �o/�z  �o/�p  ��/�z  

MnO �e/� �o/� �e/� �n/� ��/� �o/� ��/� ��/� ��/� ��/� ��/� ��/�

MgO ze/��  ��/�e  �n/�e  pn/��  ��/�e  p�/��  e�/�e  �z/�e  n�/�p  ��/�n  ��/��  ��/�n  

CaO �n/� ��/� �e/� ��/� ��/� �o/� �o/� ��/� �z/� o�/� �e/� ne/�

Na2O �e/� ��/� ��/� ��/� ��/� ��/� ��/� �n/� ��/� �p/� �n/� ��/�

K2O n�/n ��/� z�/n �z/� n�/n ��/� n�/n ��/n �p/e p�/z ee/o op/�

BaO �z/� ep/� e�/� o�/� ep/� ee/� �z/� �p/� ��/� ��/� �o/� �e/�

Total op/�o  oe/��  ��/�o  �o/�p  on/��  e�/��  ��/�o  n�/�o  po/�o  on/��  nn/�o  �n/�o  

Number of inos on the basis of 22 Oxygens               

Si eoe/� e��/� e�p/� ee�/� �n�/� e�e/� enn/� ��o/� �ep/� e��/� ��e/� ���/�

Ti o��/� o�e/� ooo/� ooo/� oez/� o��/� o��/� o�e/� �z�/� �zz/� �z�/� ��z/�

AlIV �nz/� ���/� �ee/� �e�/� �z�/� �oz/� �z�/� �z�/� p��/� o��/� z��/� �ez/�

Fe2+ epe/� ee�/� e��/� en�/� o�o/� ez�/� eo�/� ��e/� en�/� ���/� ��p/� �po/�

Mn ��p/� ��p/� ��z/� ���/� ��e/� ��p/� ��e/� �e�/� �e�/� ���/� ���/� ��n/�

Mg ppz/� nz�/� n��/� n�z/� n�p/� p��/� ��n/� ���/� n�z/e n�n/e ���/o ��z/o

Ca ��n/� ���/� ���/� ��p/� ��z/� ���/� �en/� �p�/� �pn/� �po/� ���/� ��p/�

Na �en/� ���/� �e�/� ��z/� ��o/� �e�/� ���/� ���/� ��o/� ��n/� ���/� �eo/�

K z�p/� p��/� z��/� p��/� z��/� p��/� zoz/� ���/� z��/� ���/� pn�/� ��p/�

Ba ���/� ���/� ��p/� ��e/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�

Cations ���/�o  ��,��� ���/�o  �p�/�o  �nz/�o  �pz/�o  ��o/�o  ��o/��  nn�/�o  ���/�o  �ee/�o  �pz/�o  

Fe# oz�/� o��/� o��/� oz�/� oz�/� oz�/� o��/� op�/� en�/� eo�/� e��/� ee�/�

Mg# �o�/� ���/� ���/� �o�/� �o�/� �o�/� ���/� �e�/� z��/� zz�/� z��/� zp�/�
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� !�8%&"K 9�@Al2O3&7�&7 �� FeOt]�e.[

���I�5? 
�6'�� 9��� % L"8&D &7 $%U0 �@��P�1/	 L"8&D�9�@#�' �7 

�
�6'�� E"� ���� �+4�7]�o.[���.6� C��� &7 Or-Ab-An 
]��[5�� �� �.S.� 9�@#U8.
VUK =&  �4
�.
�%&7�' 9�@

$&4�' �� &7��9L"8&D % �"�.4"7 % �
�%��&7u �!
#1�? 
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� !�8%&"K 9�@ �� ��M�� !
� 

$&4�'9�� fI�% #U8.D�� % �
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�4� -

�R��\� $�&6@ �7 &7�� =&  $1  E"���? 9�@99��4A�� <.�&	 
(? C���&7 �@n<%1S �� (l"�8� o��� $1�? .
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#U8.
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�6'����.5�� 9�@#U8.
VUK %&7�' % �4
�.
� !�8%&"K 9�@
 �
�D%� ���.6� �� &7�� =&  �4
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�An �7 �R�� K2O1�%� 

�� (�,� �� �MA 1�@�)F2 z�:.(�� !@? ��
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��S%���k �"3I.� �� #U8.
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�,@ �"3I.� `�.* �7 ��S%Fe2+���Z �7 `1  �7 
���� �+4�7 _
��8�]�z[._@%lK9�@]�p��n[�9%

�� (�,� �3"Ra 9�@#U8.
VUK �� !@? (�E"� �8 1@�
(? �"D�.�? 1*�� _
�E	� �7 �@#U8.
VUK�� _
�E	� �@17�
 .

�'l
% U8.
VUK 9�@�./7 �� $1  ��
5�� #!�8%&"K 9�@
 ��� �
%� F7�I &7�� =&  �4
�.
�%&7�' % �4
�.
�)F2 zw.(

��M�� #U8.
VUK 9�@�./7 &4,"79&7�� =&  ��M��91�7 
1�@� �� (�,� ����.� .��M�� !
� �K.2�%&2"� `�1@�,� ��

 �
 �+�� O.�D �7 91�7�4�2 %��.  �� x�,� .��M��
�M��% �7 ����.� 91�7 �"D�.�? ��1�� �� ����'�� `�&""WD 
�� F*�Z �@#U8.
VUK�.  .-E/4�� ����'�� `�&""WD !
� ��X
�

 ��� �./RD �2"���
� s
�&  �� ����'�� 9�@��1A�]��.[�7
&G�]e�[#� :? (1  ��#? &r� �� �6'�� :? ���7 ��,	 _
�E	�

�\)*9_�8�% �	&,"K ���,	 _
�E	� �a $1�%�%&	 9�@
&'�:.�� % ��.' &""WD �� ���' &"r�D F��.0 #� (? $�&6@ 9�@

�@�./7 !
� F"2,D s"\� �
�"6" .2
E"	 s
�& ��.�.G�� �7
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� �_�� �
�Ra�Ra ���@� ���R0 (�&
� ����  ���8 % ���� �./7 �/X� ��z

F��8 ���&7 #U8.
VUK ��.6� 1�k $1
1K !
� �\* % &D
��M��$1  91�79��.6� % �4
�.
� !�8%&"K 9�@

 :��4�� &7�� =&  �4
�.
�%&7�'1�1  ..�? `�&""WD (�E"� �"D�
F2  �� �@#U8.
VUK !
� �� 9�@z�$1  $��� (�,� { % `-

1�� .�M�� E"���? % ����.� 9.+�� �7 EQ&� #� �@#UQ.
VUK 9�
��.6� �� �" �Z =&  �4
�.
� !�8%&"K % �4
�.
� %&7�' 9�@

�� 1"
�D �� O.�.� !
� E"� &7��1��8.

A; Ji�� (5�� �� �.S.� 9�@#U8.
VUK L"8&D C��� &7 �&7�� =&  �4
�.
� !�8%&"K % �4
�.
�%&7�' 9�@ ���.�6� Or-Ab-An]��.[:(
�MA 1�%� ��.6� ���.6� �� &7�� =&  9�@An% �7 �R��K2O�8 ��� !
�&+��,� ���8 �/*� #�	 #U8.
VUK ���6'����.w(`�&""WD ���.6� ��

 �� _
�E	� �"D�.�? _
�E	� �7 #U8.
VUK �� !@? �F8 !@? �7 �R�� �"D�.�? (�E"�17�
 .`(���&7��M��91�7��.6� ��%# 9�@#UQ.
VUK ����.� -
��M�� �4
�.
�%&7�' 9�@9&7�� =&  .{(���&7����M 91�7��.6� ��%# 9�@#UQ.
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1/S�e$��6  ������7 �e�o ��� �9��+� 5�����,	 �X��!
�>? �0.6X� ��
�6'�� 9&� !""3D %. . .��p

F�5)GE"���? J
�4�� #��&KE
���.6� �� �.S.� 9�@��P�1/	 95�� �
�.
�%&7�' % �
�.
� !�8%&"K &7�� =&  9>.)� 9�@.
Sample �� �� �� �� �� �� o� o� o� o� o� 

Analysis core core core core core rim core core core Core-rim Core-rim 

Mineral Plagioclase Plagioclase Plagioclase Plagioclase Plagioclase Orthoclase Plagioclase Plagioclase Plagioclase Plagioclase Plagioclase

SiO2 �e/�p  p�/�o  op/�z  e�/�o  �p/��  pn/zo  ��/��  ep/��  p�/�o  ��/�e  n�/on  

TiO2 ��/� ��/� ��/� ��/� �e/� ��/� ��/� ��/� ��/� ��/� ��/�

Al2O3 zp/�z  ��/�n  p�/�z  o�/�n  �p,e� ��/�n  n�/en  ��/e�  n�/�n  �p/e�  �e/ee  

FeO* �p/� �o/� ep/� e�/� ��/� e�/� e�/� oz/� en/� ez/� o�/�

MnO ��/� ��/� ��/� ��/� ��/� ��/� ��/� �o/� ��/� ��/� ��/�

MgO ��/� ��/� ��/� ��/� ��/� ��/� ��/� �e/� ��/� ��/� ��/�

CaO �p/� �e/��  ��/��  zp/��  ��/��  �o/� ��/��  zp/��  n�/� o�/��  ��/�o  

Na2O �z/z oe/� �z/z �e/� n�/� ��/� �p/o �p/e np/� no/o �z/�

K2O e�/� ��/� ��/� ��/� �e/� �e/��  ��/� �p/� �p/� �n/� �e/e

Total ��/���  ��/���  �p/��  �e/���  �p/��  n�/��  �n/��  ��/���  �n/��  �o/���  �p/��  

Number of inos on the basis of 8 Oxygens               

Si �p�/� opz/� �oz/� o��/� ��o/� ���/e eze/� eeo/� oz�/� e��/� �ee/�

Al o��/� o�p/� o�e/� ��o/� o�o/� �n�/� zop/� zpo/� �ez/� z��/� pn�/�

Fe2+ ���/� ��o/� ��o/� ���/� ��n/� ���/� ��e/� ��n/� ��o/� ��o/� ��z/�

Ca ooz/� �e�/� opn/� �zz/� o�p/� ���/� z�p/� z�p/� opo/� ��e/� p��/�

Na �o�/� opz/� �e�/� o��/� ���/� ���/� e�e/� e��/� ��o/� o�o/� �z�/�

K �,��p ���/� ���/� ���/� ��e/� n��/� ���/� ���/� ��z/� ���/� ���/�

Cations ���/� ��p/� ���/� ���/� ��z/� ���/� ��e/o ��p/� ��z/� ��n/� ���/�

Ab ���/�o  o��/oz  p��/��  n��/oe  ���/��  ���/��  ���/ez  n��/e�  ���/��  ���/oe  ���/�z  

An ���/oo  ���/��  ���/op  ���/��  n��/on  ���/� z��/z�  ���/ze  ���/op  e��/�z  ���/p�  

Or p��/� ���/� ���/� ���/� e��/� n��/n�  ���/� ���/� z��/� ���/� ���/�

������� ���� 
Y%� #� �2
�
�K &7 �X����� 9�@9(."D�8 <��RD 9�@Fe %

Mg ���8 !"7 ��
E6@ !�8%&"K.�"/8 % <.R")�? 9�@��� 
]e�[�8 %� !
� <��3D 9��� (? �
&a #� �8�� F*�Z ���.  .

�" �Z �� ����8 L"8&D #� Y%� !
� ��9$1  $��)4�� �./7 
[����&
#�� �./7 (.��&"K �2"���
�.�&D <��3D 9��&I&7 �7 -

� �� 9&4,"7 (��"6a� (�.D .9��� Y%� !
� #� $��)4�� �7
 �%1Z �� �
�.
� !�8%&"K ��.6� �� ���8 %� !
� ����3Dp�� 

�Dn���S�� 9&' �4��� ��� $1  ��%?&7 ��)F2 p�i��.(
<.R")�? |%# #� $��)4�� -%E��(�.�0 �7 #U8.
VUKJ����� !
� 

9�@ ���&7 �� ��8 ���5��9��+� �7 #U8.
VUK % <.R")�? 
1� �7 &+
12
 ���8 �� ��
E6@ `�.*]e�.[!
� #� $��)4�� �7

�.
�%&7�' ��.6� �� #U8.
VUK % <.R")�? <��3D 9��� Y%� �

 �%1Z����S�� 9��� $1  ��%?&7 ��&' �4��� .�8 �
�X�? #�

�
�.
� %&7�' !
� mu�64Z� �+4�"�? &r� �� �@$#�1' F*�Z 9�@
5�� :%> #��4�.K 9�@ 9#� F*�Z T"	�� 9�6'�� % !
&
#

:%>�4 .' �,�79��X
� ���I.	  mu�64Z� ��� !
� ���� $1
$��7%� 9��&I&7 �7 v.7&� 9���9���8 !"7 <��3D FZ�&� �� �@

 �
�6'�� #� ]K �
 % �
�6'�� &A?��� .���.6� C��� &7Ti 
�7 �R�� Mg/Mg+Fe]ee[�"D."7 F"2,D 9��� 9�@

5�� �%1Z �� L"D&D �7 &7�� =&  �4
�.
� !�8%&"K 9�@
 #� &Du�7 °Cp���"D."7 9�&7 #� &468 �%1Z % �"�%� 9�@ 

°C����"D."7 9�&7 *�Z 9�@ ��� $1  ��%?&7 ����&'� #� F
)F2 p�:.(
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9��l� (�&
� �_�� �
�Ra�Ra ���@� ���R0 (�&
� ����  ���8 % ���� �./7 �/X� ��n

AM Ni��(�
�.
� !�8%&"K ��.6� �� ��
E6@ <.R")�? % !�8%&"K.�"/8 <��3D 9���]e�.[:(�"D."7 �./RD 9��� !""3D ���.6� 9�@
5�� !
�>? 9�@]ee.[

��%�&7 9�&75�� �./RD (��# �� N8�Z ��,	 #� ���M�� !
� 9�@
 J
�4��M�� E"���?<.R")�? 9��"�%� 9�@ ��.6� �� �.S.� 9

$1  $��)4�� ��M�� !
� �4
�.
� !�8%&"K % �4
�.
�%&7�'
��� .�0.6X� �.yZ �7 �S.D �79ED��.8 �
�"��8 ���P�1/	 
�
�"/I �#U8.
VUK��"D."7 ��"��4"D�5�� �� �"4�+� 9�@

�� &7�� =&  �4
�.
� %&7�' % �4
�.
� !�8%&"K(�.D ��,	 
Y%� �7 �� <.R")�? �./RD �R��\� (.'��.' 9�@&8�.C���&7

����3�9!"�# ��X����,	 ]��[��#� (�.DAlTotal �� �.S.� 
$��)4�� (? �./RD ��,	 �7 �7�"4�� 9�&7 1�/R��.@&8�.

P (±0.6 Kbar) = -3.01 + 4.76 AlTotal, AlTotal = AlIV+
AlVI 

2,D ��,	 ����3� !
� C��� &7 L"D&D �7 <.R")�? F"��/�
��7./"8)�
�.
�%&7�' (%��/���7./"8 )�
�.
� ($1  �R��\�
��� .�� $1  �R��\� ��,	 C���&7 �6'�� 9&"+
�S �60 (�.D

 �� �.3* #� FRI�&8 ��%�&7 .(��# �� N8�Z ��,	 �2�
� d&	 �7
<.R")�? �./RD�(#% #� � �� �T"D�4��.4"� �R��S �6@ ��,	 

5��9�@�M7�� #� $��)4�� �7 �$�.7 ���I.	 9P = ρ.h.g��-

�60 (�.D)h(�R��\� ���&8 .E"� �4A�� !"�# 9�@��,	 �4R��
(? &r� % �"6@� �8 !
� d&	 �7 �1�4�@ ���'&"r�D C�"I �� �@

�� ���� E"k�� T"D�4��.4"���,	 �7 (? #� (�.DN,k� .K &8�.
�%1Z �� 9&"+
�S �60�/n&4�./"8)&7�
�.
�%&7�' 9� (%

po/p&4�./"8 )9�&7!�8%&"K�
�.
� (��1 �7.

C 6��� 
5�� 1@�. 5�� �� $1�? ��� �7 9��+�-.R�%&7 % �@ 9�@

��M�� ��4A�� &"G� &7�� 9�4�%� =&  �T"4"/"8 �
.K �	�7 �9�
��R; � �.Z�2
��7 ��,�8�% % �4	� F"/\D ��.�? �#U8.
VUK 9�@

�"D�K?�#.� 9�@-.R�%&7 �.S% % ����� E
� 9�@ T"	�� 9�
 F"2,D s"\� �� ��1
�K�� s
�&  % <��3D -10 #� �8�Z �+6@

5�� !
�5�� !
� �8 ��� ���% % ��� �@ $��� �./RD #� �@
�@1�
?&	 &r� �� mu�64Z� % $1��"� �.S% �7 �"�%� 9�6'�� T

�

% Ny@ ��
�6'�� vU4A� % _
u? &"G��
�1S1 ��X
� $1�� .
�M�� E"���? #� F*�Z J
�4� ���&79�����8 �� �.S.� 9�@ %�

 #� ��.6�5���� (�,� &7�� =&  9�@!�8%&"K �8 1@� 9�@
1�4�@ N
1� #� &"�	 O�.�� #� fa��� !
� �� �.S.� .L"8&D

!�8%&"K.�"/8$&4�' �� &4,"7 �@9!�8%&"K.D�� % 1"�K.
� �@
��$&4�'9!4�&P"@�� ��&I 1�&"' .�RM�� ���8 !
� L"8&D

!�8%&"K &7 �
�6'�� 9&� �� �.S.� 9�@�2@?��
�"/I $�.7
!"�# s"\� T
 �� %�" �Z �7 �4�7�% �4A��$��I 9� <�3	 9�

$1  F"2,D1�� .<.R")�?�� �.S.� 9�@ 5����M�� 9�@9
<.R")�? $%&' %� �� ���&7 ��.�9�@ Fe-Mg-Mn%

<.R")�?�&I T"�/8 9�@�� �1�&"' .<.R")�? #� F*�Z 9�@
 !�8%&"K.D�� �" �Z �
EXD�4�&P"@ O.� #� ��Fe-Mg-Mn 

)�
.��r (����<.R")�? �8 �D�.* �� 9�@ &+
� �� �.S.�
5�� T"�/8 O.� #� �4
�.
�%&7�' % �4
�.
� !�8%&"K 9�@
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1/S�e$��6  ������7 �e�o ��� �9��+� 5�����,	 �X��!
�>? �0.6X� ��
�6'�� 9&� !""3D %. . .���

1�4�@ .<.R")�? #� �y375�� !
� �� �.S.� T"�/8 9�@ �@
 1�/R��.@.
E�+�)��"�% (1�/R��.@ % �"�.�"48� &+
� �,�7 %

�"�.�"48�)�
.��r (1�4�@ .���&7 �X�� ��,	 9�@��.6� �@ &7
 �
�KAl <.R")�? �� �.S.� ]eo[L"D&D �7 <.R")�? �./RD ���

9�@��,	 ��/���7./"8 )�4
�.
� %&7�' ��.6� 9�&7 (%��/�
��7./"8)�4
�.
� !�8%&"K ��.6� 9�&7(�4	&' `�.* ��� .

�%1Z �� 9&"+
�S �60�/n&4�./"8 )�
�.
�%&7�' 9�&7 (%
po/p&4�./"8 )9�&7!�8%&"K�
�.
� (���.L"8&D 

5�� �� �.S.� 9�@#U8.
VUK �� &7�� =&  �4
�.
� %&7�' 9�@
$&4�'9#U8.
VUK L"8&D % �"�.4"7 �D !
#1�? 5�� 9�@ 9�@

 �� ��M�� !
� �4
�.
� !�8%&"K$&4�'9�D #U8.+"��
�� ��&I �
�%��&7u1�&"' .�� #U8.
VUK % <.R")�? <��3D 9���

��.6�9Y%� C���&7 �4
�.
�%&7�' ]e�[�%1Z����S�� 9
�4������ $1  ��%?&7 ��&' .�"D."7 O.� #� &4,"7 ��M�� 

#� ��; �"D."7Mg ��� .91�7 $�� �
�K &7]�e[9�6'�� 
$1�#��9�"D."7 ��M�� 9�@ �� $&4�' �2@?��
�"/I �� ��&I -

1�&"' .<.R")�? L"8&D �
�K &7�"D."7 ��@!�8%&"K.�"/8 % �@ �@
mu�64Z� (�E"� �'1�E
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� �4
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