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TiO2 Vr/r r�/r Vt/r r~/r rr/r rV/r rW/r rV/r rW/r r�/r ru/r rs/r rr/r
Al2O3 �u/WV Yr/WV V�/WV Vt/WV t~/WV u~/WV uV/WV s�/WV r�/WW VW/WV ru/WV VW/WV ~t/Wr
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Totals ~s/� ~~/� ~~/� ~s/� rr/s ~s/� rr/s ~~/� rV/s rt/s rY/s rt/s r�/s
Almandine u�/r u�/r u�/r �r/r �u/r ��/r �s/r �~/r sr/r sr/r �V/r ��/r �s/r

Pyrope Vr/r VV/r VV/r VV/r VY/r VW/r VY/r VW/r VV/r VV/r r~/r VV/r Vr/r
Spessartine VY/r VY/r Vt/r VW/r Vr/r r~/r rs/r rs/r rs/r rs/r V�/r VV/r rs/r
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r~/rrV/rVV/rNa2O�s/ut�/uss/uNa2O
rV/rrV/rrV/rK2Or�/rr�/rr~/rK2O
uW/~� Y/r~s tW/~� Total W�/~~ rV/Vrr ~~/~~ Total 

9�F �-/���3)e�&-#* �5ts3y��F- 9�F �-/���3)e�&- #* �5s3y��F- 
~�/�r~/sr�/sSi �V/W�W/W�Y/WSi 
r�/rr�/rrr/rTi rr/rrr/rrr/rTi 
uV/Vs tt/Vs t�/Vs Al tu/Vt�/VtY/VAl 
WW/YW�/YYt/YFe rr/rrr/rrr/rFe 
r�/rrt/rrt/rMn rr/rrr/rrr/rMn 
u~/ruu/r�V/rMg rr/rrr/rrr/rMg 
rr/rrr/rrr/rCa t�/rt�/rtu/rCa 
r�/rrr/rru/rNa ��/r�u/rur/rNa 
rr/rrr/rrr/rKrr/rrr/rrr/rK
us/YruV/Yr�V/YrTotal rt/�rW/�rt/�Total 
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5,�R��9 �U���"��6&- D/%* D�5&�'���4��< )�-/�R 
�<F�����<�"��6&- �� ��9�4+��5 �D��4�& ��2%� �
��4�1 X�F#9 X�B #*.

����(�!'�:&�#* �)N%� �*�F#9 �1 X�4���
��b&/	 D�5
@%& �� �)=)��5D��)� &�#*���-/M9 Y� TL)
8T: �2�� 

��)�QC9
��2�� �	#$ �-#> D-)l"/=Y�(�&� �* X�F#9 
QC9  - !/�R
�2�� �#* � TF)
8T: D-e�&-U���9 �-�)4� D/%*

 �5 TF)
8T:]�j [!�"/c� �� ��-� �-#> �
 /�R D)ES1g.(

����������� �
k"� ��,	 " �C%&��� D�5 �� ����  ��%9 -� �C%&�* 3-)9 ��nL 

���L �	�* �L �#* o*-"� " @%& �� �5- ��%F�
���nL ��* D�n5
 �*)p �* @%& �� �)=)���,� 3�,� 3-)6* !"T( �* " /%1�* 
���nnL �nn()4C� �nnL �-� ��)nn� @%nn& D�nn5nn&�#*��nn��B �� 

�
- #*�%* �/%6��� ����M9#�d ��F ���6�- ���3-)%( �* �5 - ��n%F 
�*
-#1 /
/1�* �61-� �)=" l��M9 o]�����[.- ��
x5"yn: �

���  -<C%&��,	 �9�nF ��)�/n1 !��J6n&- .- �n* n
  - �)nN%� �

F#9��B X1���F ���5D/1 !��J6&- l��M9 l�B �� .
S�-  - 
�
k"��5-#* DM9������ �9�nF l��nZ9 k"�  - !��J6&- ��)�n*��

* " ����$�9)��&- �.-#n*D-n
F#9  - �)nN%� �n�n1 X�4���

1�B�* ��9)���5D�"- �� �� �)=)� ���� �F @%& �%�Q�
nS�

/n1 !��J6&- /��-� �-#> ����$ .k"� �n5D!��J6n&- !/n1 -#n*D
���<C%&��,	 �- �� 
x5"yn: � - /n%9��Z(:�(%n&��� �n* �C

 f9  - !��J6&- * ���F�9)���W(C%&����l��nZ9  - !��J6n&- �* 
9�F��)�*���F �J= ����nF ;"  /n%��� �n5��n���$ <*�9)n��

)l"-/6�#9
� ��i%n&��� �("Y(C%&��,n	� - !��J6n&- �n* 
x%F-"�5D���6�- ��c� )/%��� �)�#9 l��nM9 
��n%�S���nF �-

�5D����$ –8T: 
 TF)–*�9)��–Q9�-)F )�����n&(GPBQ 
�)�#9 l��nnM9 "
��nn%�S���nnF ��nn5D�nn���$ –8T: nn
  TF)–

�)�R�&)%�'�O�S<Q9�-)F)�����&(GPAQ.

5,�SU���9  TF)
8T: D/%* D�5&�'���4��< )�-/�R 
�<F�����<�"��6&- �� ��9�4+���5D��4�& ��2%� X�F#9 e�&- #*�
��4�1 ]�j[.
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- �3��L 3-#
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��� �	F�	H ���
 TF 4� .��@E�� �H ���� 
3�*Q��  - ��9)�* ���F U�� D�5Ti@%& �� ��)$#$� D�5

�� �)�c��)1 .��9)�* ��6p�& �� #�%( �
- �%
Q+
�=
��-� ��� �* �4��6�� a�Z9�-]Vs�V�[.- ��
k"� �-#*D

! -/�-$�#D��� ���  - #* ��9)�* i%&�:
�Ti "Mg �� �)=)� 
��,	 �� ���F �
- ��6p�&j�9�)'�F ��*" -����M� 

T={[ln(Ti) – a –c(XMg)3]/b}0.333 )V(
/1 !��J6&- .����M� �
- ��T�6��& �=�� X�B #* ��� �-#$

 �-/��  - !��J6&- �* �F �&-Ti "XMg X
-#_ " ��9)�* ���F 

�*��a�b"c�Z&�c� ���)1 �* �=)9 �* " e�&- �
- #* �
!�-�QC9  - EP�B D�5
��9)�* ���9)�* D�5�)'* ��5D�)=)� 
� ���9�4+��IJ��)5 " �5& !�� D�5�4���+���� X�9#9 �* �

�"/B �� �
���uYY "�s��6��& �=�� ��9)�* " �-#$ D�5
I'J��)5 �� �)=)�D�5#�
D��� �i��tsY�6��& �=�� �-#$

�� 3�,� -� /%5�)l"/=t( - !��J6&- �* �C%&��� i
�6� "
�-/��Ti �* �Z�� Mg/(Mg+Fe)- D-#*
@%& �ES1 �� �5

~�&- !/1 #
)�9 .

I�!1UC%&��� i
�6� �@%& D-#* ��9)�* ���F �9  - !��J6&- �* i��
#� " ��4�& �]�%� ��)$#$� D�5.
����4�'�&<�"��6&- ��<F������4�& ��2%� I'J��)5 �

Xmg Ti T(°C) 

VBiotite t~�/r V~�/r �su 

WBiotite t~�/r V~s/r �s~ 

&�'���4��< )�-/�R 
�<F�����<�"��6&- �� ��9�4+���4�& ��2%� �

VBiotite Y~s/r WsY/r uYu 

WBiotite Y~~/r W~V/r uW~ 

����4�'�&<�6&- �"���<F����i��
#� ��2%� I'J��)5 �

VBiotite t��/r VYV/r t�r 

WBiotite tu~/r VtV/r t~u 

5,�V�6� 
* �C%&��� i�9)�@%& �i��
#� " ��4�& �]�%� ��)$#$� D�5.
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C%&��� O�Z&�c������$ <*�9)�QC9 e�&- #* �
* ��9)���5

����$ "�5D U5 
� " I'J��)5 ��)4� "� �� ���9�4+��
.�C�-/1�&- !]��V~<Wu[." ��)�9�F \
#& ��,6�- }#	 �*

��1�B �4�>  - ��%��  " ���F ��1�B ��* l��M9 �* 3/�&� D-
��� D-#* ��9)�* " ����$/1 !��J6&- �C%& .- ��
��)4� �

8T: � TF)9�- �Q9�-)F
$ � TF)* " �����9)���F 3-)%( �* ���5D
'P-�!/1 �6	#$ #N� �� /�- .-#*D- �* ��� �Z&�c� 
�k"� �

#�F-/B ��,	s/YF�/1 �)N%� ��* )' .#*e�&-��� ����Z9 i%&
����$ <I'J��)5 D��� ��+���� ���9)�* #� ��2%� D�5
�* i��

  - !��J6&-C%&-"��"/B �� ^'6�� D�5��j�6��& �=�� -
-#$� D��� ��+���� " ��9�4+��I'J��)5 " �5 �* ��4�& D�5

 �"/B �� X�9#9��g "�g��6��& �=�� �-#$)l"/=�(
/1 �Z&�c�.

�,	���&����F I���F 4� .��@E�� �H ��������)(GPBQ 
���F �()4C�)S�� ��9)�* � TF)
8T: �����$ D�5
" �

] �� Q9�-)F�&" ^�M��)$#$� O�=��  - �:  - ��9 ����$ �%�
&�'���4��: ��
@%& �� ��5D�)$#$� �S,9 �� E�/�)1 .��
-
��F �()4C�  - !��J6&- �* ��,	 �k"� ��i%&��,	 D�5

GPBQ� �Z&�c� ��)1]�g��h.[D-#* k"� �
- �* ��,	
��9�4+�� !#6�$ �� ��4�& ��2%� D�5g�/��9gg/���*)'�F 

�&- !/�R �&� �*)l"/= �.(

���������,	���&����F I���F 4� .��@E�� �H (GASP)  
 x%F-"
�C%&��,	 e�&-#* �F #GASP �)] �* �&- 
!�#6�$@%& D-#* D- �* ���)�-#$ " ���)Z�J�R !���p� D�5

�&- �6	�]WV�W~<YW[.
Sill + Qtz + Grt = An )�(

��,	 ���  �
- D-#* �i%&�C%&-" A)����-� �)=" O"�J6� . -
��9�4+�� �� ��,	 ��"R#* D-#* ������& �
-����$ D�5 �-�

/1 !��J6&- .��9�4+�� D-#* k"� �
- �* ��,	 ��2%� D�5
 ��4�&�/j/1 �Z&�c� ��*)'�F )l"/=h.(

I�!1W!�-� �:#* �C%&��� D�5
����$ ��)�9�F l��Z9 �<I'J��)5 ��9)�* �9�4+�� " �5C%&-"  - !��J6&- �* ��2%� D�5 ����,	 �� ^'6�� D�5 
Kbar  s/Y)�6��& �=�� X�B #*�-#$.(

C%&-"�D�5 
^'6�� 

&�'���4��<
 )�-/�R
�<F�����<
�"��6&-�� ��9�4+��

��4�& ��2%� 

����4�'�& <
�"��6&-��<F�����

��2%� I'J��)5
��4�& 

C%&-"�D�5 
^'6�� 

����4�'�& <
�"��6&-��<F�����

��2%� I'J��)5 
i��
#� 

Ln Kd ( Gt - Bi) u/V u/V s/V s/V Ln Kd ( Gt - Bi) �/� g/�
Thompson, 76 uW� uW� �u� �u� Thompson, 76 �jh ��� 

Holdway & Lee, 77 ur~ ur� ��� ��� Goldman & Albee, 77-1 j�� ��� 

Lavrenteva & Perchuck,81 uWt uWY �sV �sV Goldman & Albee, 77-2 jh� jg� 

Hodges & Spear,82 uYr uWs ��� ��� Holdway & Lee, 77 ��� ��� 

Pigage & Greenwood u�r u�t u�W u�W Ferry & Spear,78 ��� ��h 

Perchuk & Lavrenteva,83-1 uWs uW� �s� ��s Hodges & Spear,82 ��� ��� 

Perchuk & Lavrenteva,83-2 uWr uVs ��� ��� Perchuk & Lavrenteva,83-
3 �jh ��� 

Perchuk & Lavrenteva,83-3 urY urW �uV �uV Ganguly & Saxena,84-1 ��� �jj 

Ganguly & Saxena,84-1 uWY uWV ��Y ��t Ganguly & Saxena,84-2 ��� ��� 

Perchuk et al.,85 urV urr �~r �~r Perchuk et al.,85 ��� ��� 

Indares & Martignole,85-2 �tW �Y~ ��s ��s Indares & Martignole,85-1 j�j ��� 

williams & Garmbling,90 us~ usu u�V u�W Indares & Martignole,85-2 ��� ��j 

Bathacharya et al.,92-1 �u~ �us �YW �YW Dasgupta et al,91 jgj j�� 

3	=��	� uV~ uV� �sr �sr Bathacharya et al.,92-1 ��� ��� 

Bathacharya et al.,92-2 jg� j�g 

��+���� ��g ��� 
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I�!1X! -/�- ��,	��9�4+�� !/1 D#�$ ��4�& ��2%� D�5)��* X�B #* (�����& o&)9GPBQ D��� �� ��r �-#$ �6��& �=�� ]Ws[.

C%&-"��5
&�'���4��< )�-/�R 
�<F�����<

�"��6&-�� ��9�4+�%� ���4�& ��2 
Hoisch, 1990-Mg Y~Wt Y~ts 

Hoisch, 1990-Fe Y�ss YsVV 
��+���� Ys�u Yssr 

I�!1R! -/�- ��,	 ��9�4+�� !/1 D#�$ ���4�& ��2%� D�5)��* X�B #* (�����& o&)9 GASP D��� ����r�6��& �=�� e�&- #* ��-#$
C%&-"��5D^'6�� .

C%&-"�^'6�� D�5 
&�'���4��<R )�-/�
�<F�����<

�"��6&-�� ��9�4+���2%� �
��4�& 

Newton & Haselton, 81-Sill �gg� 

Newton & Haselton, 81-And ���� 

Newton & Haselton, 81-Ky j�j� 

Hodges & Spear, 82-Sill ���� 

Hodges & Spear, 82-And ��gg 

Hodges & Spear, 82-Ky �g�j 

Ganguly & Saxena, 84-Sill ��j� 

Ganguly & Saxena, 84-And ���� 

Ganguly & Saxena, 84-Ky �gj� 

Hodges & Crowley, 85-Sill j��� 

Hodges & Crowley, 85-Sill (DV) j��� 

Hodges & Crowley, 85-And j��� 

Hodges & Crowley, 85-And (DV) jj�� 

Hodges & Crowley, 85-Ky j��� 

Hodges & Crowley, 85-Ky (DV) j�g� 

Koziol, 89-Sill jg�g 

Koziol, 89-Sill j��g 

Koziol, 89-Ky jggh 

Koziol & Newton 88-Ky j�jh 

Koziol & Newton 88-Sill jhj� 

3	=��	� j�g� 

YZH 

�5 @%&D�)$#$� �9�"�C� �1 A-)�- E��1 �F ����5D�S�-
I'J��)5 " �-��)J� !�)9 7-#]- �� /%6�5 �5D�)�- /��-� �-#> /.

-
@%& �6� �� �5���9 �C���#$ #�
!�)9 �)J� �5D �* D"
&-�/D@%& #* �5D/>
4�!/�R �)=" �* #9/�- .��)� ��2%� ��
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5�$�F����I'J��)5 �6� �� �� �5
� !/��)1 .
S� -
"
$y��5D- U�� 
@%& �3R @%9�+%9 a�Z9�- �5�$� �* �5�5D

Q9�-)F<F�����-� �D3R �F �&- \2> -� �5!�#F/�-.
1 #* !"T(���I'J��)5 " �5�5�p#* �� ���2%� �� a��� 
@%& 3-/45�5D��9�4+�6�/��-� 3)4%p� .'P- UCB�
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