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�AN/�+[�� .(.
# �
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"+1 9�/$%� $D�� �2 

QD �D��z/+)	�.(7���.� .��(6�:E�8  B(F1 � �� #�@ 4:
0k ��z/+)	�F�8 !.  �)F�8 �:�/��A�(�8 �+[��  �:�/N

!(A�. # +[�� :O/�+[�� (�/..

'�).�.+;A w
�?� :"�.� !. �D:�
4>A :1!.�$&4
� ��V�� .:���= E�8 :�D )= �B(F &(0 ���=#$ 2 ���z/+)	 �����% A( (,/(� # �
����(6� 
�2�?�!:#
��(6� Y!.)&�?� �� 9�-� .� �+D� .. �
� 6 1 B(�$	
��= ���2 �DA$A g�/. $2 R�O�m��������#��"+1 �F/�J� 9\ �=. 
�/..�2 `= �D8 # �?	$% H�([ ��2 B��;A a#� �2 �? 	$� �/ # #� �D8 W
.+L H�([FeOt�/. "+1 �F/�J� .

Sample E�8 B(F1 �)= �� ��.�NP23 ����%+0)F��(D
�NP1
Grt Mineral Am Cpx Am rim core 

Analysis #� #� #�� #� #� #m #�m #�N #�� #�� ��# #�� #�O
SiO2 ��/�m �m ��/�N ��/�� ��/�O ��/�� ��/�� ��/�O N�/�� ��/ON ��/O� ��/ON �/ON
TiO2 m�/� N�/� ��/� ��/� ��/� �m/� ��/� ��/� O�/� ��/� ��/� ��/� ��/�
Al2O3 �m/�� ��/�� �/N m�/� NN/� Nm/� ��/�O �O O�/�O ��/�� m�/�� ��/�� ��/��
FeOt O�/�� �N/�� �O/�O ��/N N�/N ��/N O�/�� ��/�� ��/�� �� Nm/�N ��/�� �N/��
MnO ��/� ��/� O/� ��/� ON/� ��/� ��/� ��/� �m/� ��/� ��/� �/� ��/�
MgO ��/�O m�/�O ��/�� N�/�O ��/�O ��/�O ��/�� �N/�� ��/�� ��/� �m/m ��/O N/O
CaO �m/�� �m/�� ��/�� m�/�O ��/�� �/�� m/� ��/� �/� ��/m N�/� mN/m ��/m
Na2O �O/� ��/� ��/� ��/� ��/� �.� O�/� �N/� ��/� �/� �/� �/� ��/�
K2O ��/� �m/� O�/� ��/� �O/� �.� �/� �/� ��/� ��/� �/� ��/� ��/�
Total ��/�N ��/�m �N/�N Nm/�� N�/��� ��/��� NO/�m ��/�N ��/�m N�/��� �m/��� �m/��� ��/���

Si mN�/m m�/m ���/m ��O/� ���/� ���/� �N/m �OO/m ���/m ��O/� ��/� �m�/� �m�/�
Ti �m�/� ��/� ��m/� �/� ���/� ���/� �O�/� �O�/� ���/� ��m/� ���/� ���/� ���/�

AlIV O��/� O��/� ��N/� ��m/� �/� ���/� ���/� �mm/� ���/� ��m/� ���/� �O�/� �O�/�
AlVI ��m/� �O�/� �m�/� ���/� �OO/� ���/� O��/� O�O/� ON�/� �m/� ���/� ��O/� ��N/�
Fe2+ ��m/� N��/� ��m/� ���/� �N�/� ���/� O��/� �/� ��N/� Nm�/� m��/� m��/� N��/�
Fe3+ ���/� Nm�/� ���/� ���/� �mN/� �O/� ���/� ���/� �/� ���/� ���/� �N�/� ���/�
Mn ��m/� �O/� �Om/� ���/� ���/� ���/� �m�/� �m�/� �mN/� ��m/� ���/� ���/� �m�/�
Mg ��N/� �O�/� �O�/O Nm�/� Nm�/� N��/� ���/� m��/� ��m/� ���/� N�N/� ���/� �Om/�
Ca ��/� ���/� ��O/� ��m/� �N�/� �N�/� ��m/� �m/� ���/� ��N/� ��/� �mm/� ��/�
Na ���/� ���/� �N�/� ���/� ��/� �/� m�N/� ���/� ���/� �/� �/� �/� ��O/�
K �NN/� ��O/� �N�/� �/� ���/� �/� ���/� ���/� ��m/� �/� �/� �/� �/�

sum ���/�m ��/�� ���/�� ���/O ��m/O ���/O ���/�� ��/�� ���/�� ���/N ��m/N ��N/N ���/N
Mg# N� N� N� NN �� NN �� ��� �N �� O� �� ��

BCa/
B(Ca+ ��/� ��m/� ���/� N�O/� �N�/� ��/�

Wo �N/�N N�/�� ��/��
En �N/O� O/O� m�/ON
Fs �m/�O ��/�� �/�O

Grs m/�N �/�m �� �/��
Pyp N/�m m/�� �� N/��
Alm N/�� �� �/�m �/�N
Sps �/m �/� �/� �
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+)L��"��61 ��9�?�2�A ��O�� ��� �� �! "�3
�L # �>0/��-	 C0/ �?7�/ :�D�(%$%��. . .Om�

'�) ��!�!.
Sample E�8 �(F �NP3 E�8 �(F �NP6 

Mineral Am Cpx Am Cpx Fsp Prh 

Analysis #� #m #�� #N #� #�O #�m #�� #O� #�� #Om #�m #17 

SiO2 ��/�� NN/�� ��/�O ��/�� ��/�� ��/�� ��/�� �/�� �/�� m�/m� �/m� ��/�� N�/��

TiO2 �/� �m/� �/� O�/� ��/� �N/� �m/� �N/� ��/� �/� �/� �O/� �/�

Al2O3 ��/�� ��/�� �O/�� N�/O �/O O�/�� O�/�� �/� ��/� m�/�� mN/�� N/�� N/�� 

FeOt ��/�� OO/�m Nm/�O �� O�/� ��/�� ��/�N �m/�� ��/�� ��/� ��/� �O/� �m/�

MnO ��/� OO/� ��/� ��/� ��/� �m/� �m/� O�/� ��/� �/� �/� �/� ��/�

MgO ��/�� �N/�� ��/�� ��/�� ON/�� ��/�� ��/�� �N/�� �m/�� ��/� �/� �/� �/�

CaO �/�� ��/� �/�� ��/�� mm/�� ��/�� ��/�� �m/�� �O/�� ��/� ��/� N/�N m�/�N

Na2O ��/� �m/� ��/� �N/� ��/� �/� N�/� ��/� ��/� ��/� N�/� �m/� �/�

K2O ��/� ��/� O�/� �/� �/� ��/� N�/� �/� ��/� ��/� ��/� �/� �O/�

Total ��/�m ��/�N �O/�N ��/��� O/��� m/�� �m/�N ��/��� �O/��� ��/�� �N/�� ��/�� ��/��

Si ��/m �N�/m O��/m ���/� ��O/� ���/m O��/m �N/� ���/� ���/O ���/O ��/m ���/m

Ti ���/� �O�/� ���/� ���/� ��N/� ���/� ��/� ���/� ���/� �/� �/� ��O/� �/�

AlIV N��/� N��/� m��/� ���/� �Nm/� ���/� m��/� ���/� �/�

AlVI �O�/� ���/� ���/� �m�/� �mO/� �m�/� O��/� ��O/� ���/�
���/� �m�/� �m�/O �N�/O

Fe2+ �NO/� ���/� �O�/� ��O/� ���/� O�O/� �/� O��/� �mm/� �/� �/� ��m/� ���/�

Fe3+ ��N/� ���/� ���/� ���/� ���/� m��/� m��/� ��/� ���/� ���/� ��O/� �/� �/�

Mn �O�/� ���/� �O�/� ���/� ��m/� �O�/� �O�/� ���/� ��O/� �/� �/� �/� ���/�

Mg �ON/� �m�/� m�O/� mm�/� m�m/� �N�/� ���/� N�O/� m��/� �/� �/� �/� �/�

Ca m�O/� m�m/� �m�/� ��N/� ��O/� ���/� �O�/� ��O/� �m�/� ��N/� ���/� �O�/O ���/O

Na m�O/� m��/� ���/� ���/� ���/� ���/� ��O/� ��O/� ���/� NN�/� ���/� ���/� ��m/�

K ���/� ���/� ���/� �/� �/� ��m/� �O�/� �/� �/� ��m/� ���/� �/� ���/�

sum ���/�� O��/�� ��O/�� ��m/O ��m/O ���/�� �mm/�� ���/O ���/O �m�/� ��O/� ��N/�O ���/�O

Mg# N� N� mN N� NO mm m� mm N� 

BCa/
B(Ca+Na) �OO/� �O�/� �m�/� ���/� ���/�

Wo ��/�N m/�N �N/�� N�/�N 

En ��/O� N/Om ��/O� N�/OO 

Fs NO/�N N/�� ��/�� �O/�� 

Ab �/�� �/�� 

Or N/� �/�

An �/m N/�
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:��28$T���)5 "�.! 9.$
. �/�01 ���= # �/�01�()2 �)>� Om�

'�) ��!�!.
Sample NWP1E�8  B(F1 �� ����%1 ��NP8 

Grt Mineral Am Cpx Fsp Bt Ms Fsp core rim 
Analysis #�� #�� #�� #�m #O� #N #�N #� #�� #�� #�� #� #��

SiO2 ��/�� m�/�� �m/�� ��/�� ��/m� mO/Om ��/�� �/�� ��/�� �m/mN �N/mN N�/ON m�/ON 
TiO2 Nm/� ��/� ��/� ��/� �/� N�/� ��/� NO/� ��/� ��/� �/� ��/� �O/�
Al2O3 O�/�� ��/� ��/� �m/� m/�� ��/�� ��/�� m�/O� �/Om �N/�� �N/�� ��/�� ��/�� 

FeOt �m/�O ��/�� �O/N ��/m �/� m�/�� ��/�O ON/� ��/� m�/� �N/� ��/�m O�/�� 
MnO ��/� �/� ��/� �/� ��/� ��/� ��/� �O/� �/� ��/� ��/� NO/�� �N/N
MgO �N/�� �O/�� O�/�� �m/�� ��/� NO/� ��/� mm/� mm/� ��/� ��/� �m/� ��/�
CaO �O/�� OO/�� �O/�� O�/�� ��/� O�/� ��/� ��/� ��/� ��/� Om/� O�/O �N/O
Na2O N/� ��/� mO/� m/� mO/� �/� ��/� �m/� O�/� �m/N �m/N �/� �/�
K2O mO/� �O/� �/� �/� ��/� ��/m m�/m �N/N ��/m ��/� �N/� ��/� �O/�
Total �/�N �/�m N�/��� ��/��� ��/�� ��/�� ��/�m m�/�� �N/�m �N/��� N�/��� mN/��� �O/���

Si m��/m m��/m ���/� �OO/� ��/� N��/� m�N/� ���/m �NN/m ���/� ���/� ��/O ���/�
Ti ���/� �m/� ���/� ���/� �/� ���/� ��/� �N/� ���/� ���/� �/� ���/� ��N/�

AlIV O��/� O��/� �/� �/� ���/� O��/� N��/� N��/� �/� �/�
AlVI ��O/� �m�/� ���/� �mO/�

��/�
���/� O�m/� m��/O m��/O

��/� �Om/�
��N/� ���/�

Fe2+ m�m/� ��O/� ���/� ��O/� �/� O��/� ���/� ���/� �O�/� �/� �/� ��/� �N/�
Fe3+ ���/� ���/� ���/� ��N/� ��O/� �/� �/� �/� �/� ���/� ��m/� �/� �/�
Mn ��O/� ���/� ��m/� ��m/� �/� ���/� ���/� ��O/� �/� ���/� ���/� NO�/� ��/�
Mg N��/� �m�/O N�m/� NN�/� �/� �N�/� �m�/� ��N/� ��O/� �/� �/� ��N/� O��/�
Ca ���/� �OO/� ���/� �m�/� �m�/� �O�/� ���/� ���/� ��m/� ��O/� ���/� ���/� �m�/�
Na ���/� �O�/� ���/� ���/� ��m/� ���/� ��/� ���/� ���/� N�m/� ���/� �/� �/�
K ���/� ��/� �/� �/� ���/� ���/� m��/� ��N/� ��/� �O/� �m�/� �/� �/�

Sum ���/�� ���/�� ���/O ���/O ��/O ��/N N��/N Om�/�O ��/�O ��/� ���/� ��N/N ��m/N
Mg# m� N� �� �� �� �� � �O 

BCa/
B(Ca+Na) ���/� �OO/�
Wo ��/�� �/�� 
En NN/O� m/O� 

Fs �/�� ��/�� 
Grs m/� N/�
Pyp �/m �� 

Alm m/�� m� 
Sps �/�� �m 
Ms �/N� �/N� 

Cel �/�� �/�� 
Pg O/� m/N
Ab �/�� �� �/NN 

An �/N O/�� O/�� 
Or O/� m/O �/�

0@����$
$���� 

�?� �2 �L(A �2
w/�$2��D)&�?� ��(6� ����% � ?��2 �F�� 
��(6�:�?
!�2�?�0k�A���z/. # 9+��6�8 !.  �	 # � !. $

& # �K(/#$% �/. {#$ .�7�1�D:=$A  F�.
����% ��D
)���� # 4030� $AK�2 4=$6A
0� $?6= $ 4
4=$� �� 9+��6�8 # Q

1�@ �2 �F�� �(� 2 4 9�d ���8 +1� $%��(%$%� �& W"+�#�
�/. .
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 �
�D!�	 �.+;A 9�(2 �#+J� �2 �L(A �2:��(6� �� �(L(� �D:

����%1 ����% # ��+0)F��(D
!�. ��
2��.$1 
M��� ��-	 #
�(%$%��!. "��E?/. �2'$� 9�,�. Y��=(�$A �.4	.�&
� $ ��.��.

����% ��(6� ��1 ��� ����>0/��-	 �!�. #
2��b��L !. $A
.$1
�(%$%� M��*(6>� :��(� /�$2�a#� !. "��E?/. �2 

%+0n B��;A ���)'$�Y��=(�$A �.4	. (��� #�w0/��-	 �D:
�.��.$5:� �/. "+1 $� .. ��
'$� !. "��E?/. �2 W�2 ��.4	. 
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:��28$T���)5 "�.! 9.$
. �/�01 ���= # �/�01�()2 �)>� Om�

Fsp: model 1 [�N]. 
Mu: Nonideal mu-cel-fcel-pa [��]. 
Grt: 2-site mixing + Regular solution gammas, 
Ferric from:  Cation Sum = 8 for 12 oxygens. 
Bt: Al-M1 ordered, site-mixing model + 
macroscopic RS gammas: (ann, phl, east, obi). 

W0=.#�D:(%$%� ��"+1 �F/�J� �2'$� �2 �= Y��=(�$A �.4	.
� ���8 Y6= 3�� �(%$%� ��-	 # ��� ��;A  �.$5 �2 �"+1 �

!
+�$:
1) 3East + 6Q = Pyp + 2Ms + Phl               
2) Phl + 3An = Pyp + Grs + Ms 

3) Ann + 3An = Grs + Alm + Ms                 
4) Pyp + Ann = Alm + Phl 

�������$���� �%�&��$
.
>0/��� a#� ���0F� $2 :A�= B��FA  �(�0� # �D8  4
2 Q �

��=��D:46D 
2 # ����% �� A( W0=.# �2 �L(A �2 # �
Mg3Al2Si3O12 + KFe3AlSi3O10(OH)2 =
Fe3Al2Si3O12 + KMg3KAlSi3O10(OH)2

� H�([�% �$.�?�
>0/��� w�����% �2 A( �2�
��= /.$F 9(�D:r)?�� ]�� �O�[2 �=  9���� $%:��� �A 

N���L�� :?��/  �.$3�/. B#+L �� �"+1 �f.�. +�..

'�)5��� w
�?� ���(6� �>0/��-	 )&�?�  ?�.
Temperature (°C) Pressure (Kb) 

Thermocalc �mN±��N N/�±O/�
B92HW B92GS Dasg91 WG90 IM85a IM85b H91 

m���m�m ��� ���� m��-m�� ��� ���� ������� ��� ���� PMg �N/���m/�
GS84 PL83 HS82 FS78 HL77 T76 PFe ��/��m�/NGrt-Bt

������� m���mO� mN�-m�� mOm-m�� m���m�O N�� �m�N H90 
R1 P ��/�����/�
R2 P ��/����/�
R3 P ��/����/�
R4 P ��/����/�
R5 P ��/����/�

Conventional 
Thermobarometers 

GPBMQ

R6 P ��/����/�
B92: [��]; Dasg91: [��]; WG90: [��], IM85a,b: [��], GS84: [��], PL83: [��]; HS82: [��]; FS78: [��]; HL77: [��]; T76: [��]. 
H91: [��], H90: [��]. 
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