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� V+L Primary Faceted ^/�]  �/^P \/��]  \�^/_ �\�/] �-?!�

� V+L Primary Rounded _/� �/�P �/�^]  l��/� ���/] �-?!�

\ V+L Primary Irreqular �/_ �/^P \/�_  ]�_/_ ��_/] �-?!�

� V+L Primary Elangate �/�l  l/^P \/�^\  l��/_ ���/] �-?!�

^ V+L Primary Irreqular �/\�  �/^P �^^ \�^/_ ���/] �-?!�

l V+L Primary Irreqular �/��  _/\P \/�^^  ]�l/l �^l/] �-?!�

� V+L Primary Faceted _ \/�P �/�^�  _�^/l ��_/] �-?!�

_ V+L Primary Elangate \� _/�P �/�_\  ���/��  �l_/] �-?!�

� V+L Primary Irreqular �/\�  \/\P \��/^ ��^/] �-?!�

�] V+L Primary Irreqular l/��  �/^P ^/�_^  �-?!�

�� V+L Primary Irreqular � �/��P �/���  \^�/�]  ]��/� �-?!�

�� V+L Primary Rounded �/�\  l/�\P �/\l�  ��\/��  _\\/] �-?!�

�\ V+L Primary Rounded �� l/�lP �/�\�  _��/��  ]��/� �-?!�

�� V+L Primary Spherical �/\]  �/�P ��� _\�/�\  ]�_/� �-?!�

�^ V+L Primary Spherical � �/�]P �/�_�  l�\/��  ]��/� �-?!�

�l V+L Primary Irreqular �/��  ��P �/�l�  ���/��  ]�_/� �-?!�

�� V+L Primary Ovel �/� �/��P �/�^  ���/�^  ]�_/� �-?!�

�_ V+L Primary Elangate _/��  ^/�P ��� �]_/�\  ]�^/� �-?!�

�� V+L Primary Irreqular �/��  ^/� �/�]^  �]_/�\  ]�^/� �-?!�

�] V+L Primary Elangate \/_ l/�]P �/��^  ^��/��  ]�\/� �-?!�

�� V+L Primary Elangate l �/��P �/��l  ll�/�^  ]\�/� �-?!�

�� V+L Primary Irreqular �� �/��P \/�]�  ���/�^  ]�_/� �-?!�

�\ V+L Primary Irreqular �/�]  \/�P �/���  �_�/�\  ]�\/� �-?!�

�� V+L Primary Irreqular �/� �]P �/�l]  ��^/�\  ]��/� �-?!�

�^ V+L Primary Irreqular �/� _P �/�]\  �]�/��  ]]�/� �-?!�

�l V+L Primary Elangate � \/�P �/�]\  _^^/�]  �ll/] �-?!�

�� V+L Primary Elangate l/� �/�^�  _^^/�]  �ll/] �-?!�

�_ V+L Primary Irreqular \/�_  l/_P ^/���  �]�/��  ]]�/� �-?!�

�� V+L Primary Elangate � �/�P �/��^  ���/� �\^/] I5�*,? 

\] V+L Primary Spherical �/� �/]P \\�/] ��^/] *,?I5�  

\� V+L Primary Spherical �/\ �/]P l/�\�  ^l�/� �\\/] I5�*,? 

\� V+L Primary Irreqular \/\ �P �ll/] ���/] I5�*,? 

\\ V+L Primary Irreqular ^/� �/]P _/���  �ll/] ���/] I5�*,? 

\� V+L Primary Irreqular �/l �/�P ��l/\ ��_/] I5�*,? 

\^ V+L Primary Elangate �/_ ^/�P �/�]l  �l�/� �\_/] I5�*,? 

\l V+L Primary Spherical �/� �/�P ��� \_�/� �^�/] I5�*,? 

\� V+L Primary Irreqular \/� ^/\P l/��\  l��/^ �^�/] I5�*,? 
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�&�!���� ��!���# �.�*� ��?���B��*��8 f*� �&*�
* �#�$% ���? � �#�$%�,-8 �-4� ��]

(�-;�#��8��
%�*��BI��*����  �,M,� ��&��0#* ��#
&��H#�g� f,��	 ��'D�#3����  �8���7'#* �*|�L5* �?*!&O
I?�� %�E!� I?�� %�E!�

elements � � \ � ^ l � � \ � ^
SiO2 ��/\_  ��/\�  �_/\�  _^/\�  �\/\�  ]�/\_  ��/\�  �]/\�  �]/\�  ��/\�  ^�/\_  

TiO2 \\/] ��/] _/] l_/] �/] �/� �\/] ��/] _\/] �_/] \\/]
Al2O3 ��/�^  l_/��  �/� \�/��  �_/_ ^�/��  \l/��  ��/��  �_/�^  ��/��  �/�\  

FeO ll/� �/_ �_ �\/��  ^l/��  \l/��  ��/_ ^l/_ �/�]  ^�/_ ]_/��  

MnO \^/] \�/] ��/] �_/] �l/] ��/] ��/] �/] �l/] ��/] ��/]
MgO ]�/] ]�/] ]^/] ]l/] ]�/] ]l/] ]�/] ]�/] ]^/] ]�/] ]^/]
CaO �/\\  �\/\�  �^/\\  ]_/\\  ]�/\\  l�/\�  l�/\�  ��/\\  ]�/\�  ^�/\\  �_/\\  

Total ��/�_  �^/�]�  _�/��  ]�/��  ]_/��  l�/�_  ]�/�]�  �^/��  \�/�]]  ]�/��  ��/�_  

Si ]\/\ ]�/\ \ \ \ ]\/\ \ ]\/\ ]�/\ ]�/\ ]�/\
Ti ]�/] ]�/] ]^/] ]�/] ]^/] ]_/] ]�/] ]�/] ]^/] ]�/] ]�/]
Al ��/� ^_/� _^/] ]l/� _^/] ]_/� ^l/� ^l/� �\/� ^_/� ��/�
Fe3 �\/] \\/] ]^/� _^/] ]�/� l_/� ��/] \^/] ��/] \�/] ll/]
Fe2 �/ ��/] ��/] ��/] �/] ��/] �l/] �/] ��/] �\/] �\/]
Mn ]�/] ]�/] ]�/] ]�/] ]�/] ]�/] ]\/] ]\/] ]\/] ]\/] ]\/]
Mg ]]��/] ]]��/] ]]��/] ]]\^/] ]]�_/] ]]��/] ]]\�/] ]]l�/] ]]\�/] ]]��/] ]]��/]
Ca _�/� _\/� _�/� �/� _�/� _�/� _\/� _�/� _�/� ��/� �/�

Total _ _ _ _ _ _ _ _ _ _ _
Garnet component (mol%)  

Almandine l^/l ��/l _�/� �l/� _^/l ��/� ��/^ ^�/l �_/� l_/� ��/�
Pyrope ]�/] ]�/] ]_/] ��/] �l/] ��/] ��/] �\/] ��/] ]�/] ]^/]

Grossular ^�/��  �_/�l  \l/��  _/^�  l�/��  ��/^^  �^/��  �^/�^  \]/�]  ��/�^  ��/l�  

Spessartine ��/] ��/] �\/] l\/] \�/] ll/] __/] _�/] � �^/] �/]
Andradite �^/�] �/�l �_/�^  ��/��  ]�/^�  ��/\�  \^/��  ]_/��  �/��  ��/�^  \�/\\  

(�-; ����;!�:I3�
%�*��BI�B!"�?�� �,M,� ��&��0#* ��#
&���H#�g�3f,��	 ��'D�#3B!"�?�� �8���7'#* �*�*L5�?*!&O.
I?�� %�E!� I?�� %�E!�

elements � � \ � ^ l � � \ � ^ l
SiO2 l]/^\ �]/^\ ��/^\ ��/^� ]�/^� ��/^\ ^^/^\ �l/^� ��/^\ \�/^� ]�/^� �l/^\ 
TiO2 ]�/] ��/] ]�/] �^/] ]�/] ] ]\/] ]�/] ]�/] �l/] ]\/] ]\/]
Al2O3 ^�/� ��/� \^/� ^�/� ��/� �_/� ��/� ��/� ��/� �/� \_/� \�/�
FeO ]_/l ^�/l ��/l �^/\ ^�/� ]\/� �\/] �\/^ �/�] �^/l ]�/� __/�] 
MnO ]�/] ]�/] ]�/] ]�/] ]\/] ]�/] �/] ]�/] �/] ]�/] ]�/] �/]
MgO l�/�� ��/�� ^�/�� ^�/�� ��/�] ]\/�� �� �^/�� l�/�] ^_/�� �l/�� _\/�
CaO �/�� �l/�� \�/�^ �\/�^ ��/�� ��/�� \l/�� ��/�^ �]/�� �l/�^ �/�^ ��/�^ 
Na2O ]_/] ��/] ]�/] ]�/] ]�/] ]�/] ]�/] ]�/] ]^/] ]�/] ]^/] ]^/]
K2O ] ]�/] ] ] ]�/] ] ] ] ] ]�/] ] ]
Total �l/�� ��/�_ l�/�_ ��/�� \/�]] l^/�� ll/�� ]l/�]] �^/�]] ^^/�]] ]�/�]� \�/�]� 

Si ��/� �l/� ��/� �^/� �_/� �_/� �_/� ��/� ��/� �_/� �_/� �_/�
Ti ] ] ] ]�/] ] ] ] ] ]�/] ] ] ]
Al ]�/] ]_/] ]l/] ��/] ]l/] ]l/] ]_/] ]l/] ]�/] ]l/] ]l/] ]_/]
Fe ��/] �/] �/] ��/] ]/�_ �_/] �^/] \�/] ��/] ��/] \\/] ��/]
Mg l�/] l\/] l�/] l^/] l�/] l�/] l�/] ^�/] l�/] l�/] ^�/] l�/]
Ca �_/] �_/] � � �_/] �l/] ��/] �l/] ��/] ��/] ��/] ��/]
Na ]]l/] ]]_/] ]]\/] ]]�/] ]]�/] ]]^/] ]]�/] ]]�/] ]]\/] ] ]]�/] ]

Total � � � � � � � � � � � �
Pyroxene component (mol%)  

Wo ^� ^� ^� ^l ^\ ^� ^^ ^� ^� ^� ^\ ^\ 
En \^ \^ \^ \� \\ \\ \l \� \� \\ �� \� 
Fs �] �� �� � �^ �^ � �_ �� �^ �_ �\ 
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/-M�����G% �\�I!
�B �\�^ &��0#* �� �4$#��� � ���? �G!% �#��8. . .���

5�� =v�* (�*�,G� �#�5�
)5����#*!"+&/��G�;(�)�U,#��  (�)�*�/�;
�(]�[.X(�*�,G� ��T$�/$83��.*3��'�*3�,-8 ����  .w(�*�,G� 
�����T$�/���$83����c�$. �,���M,� ���,���-8 �������  .S(?�5���!V������� ����:3��,���� ���#��8����*�,���G� )-Andradite-Grossular 

Pyrope+Almandine+Spessartine (*�83���
���8���� �:3&��0#*]�[.

25!!��.* /c�� S*�3��� �
I?�� �* ��,G� �: �� �,M,� ����  
%�E �8!��/$:� &�)�3�,� ��? @:�? �*I	* ��U,#��  
@

�,� ��?��*�/�; 
*I	* ��
�,� ��? @�/��G�; 
25 � "!!S*�
�:��? L?3�,� �B!5����#* � w��!"�#*)=0%�PX.(

*
25 "!!��.* S*�3��� �
8 ����  !��T$� �(��/$8325 �!!�� �
�?* �*/��!/�:3�c�$. )MgO, FeO, CaO, MnO ( I?�� �*

%�E �8!�:�,-8 �� �3����  �#*)=0%�Pw.(*
����  "�:
��T$� �8 ���./$83%!G!��
*�*� �3��T$� /$83	!I
0�

��)���!I��:* �� �? 
�,-8 ���E "�:3� ����  
�
�!*�*� w,0#��03/$8�*,� 3�:3<�� �8 �:35 � "%�� !���5

��)���#* )=0%\Px(* �
25 "!!�*,� � <�� �/$83��
���5
�BSE)���5
�* =c�E ��
�/��*��BI (�!�/:�)� =8�F I
�#*)=0%\P[.(*
��T$� "/$83	!I
0�� �,D ��� /�*,5

��T$� �o*/$83%!G!��
�25!!�8 I?�� �* �c�$. �*/�� S*�
%�E!/%�8 �,-8 �.�. �8!�/3]�] [��T$� N,� ��/$83��

�/% �'D�$% ���� /�* .��T$�/$83/%� 3E �? !� �,-H5 "
* �,-8 /%�
� ��4���T$� �,%/$83')� �)=c�E���%�:3

,��o
D��5 � �!�3(�?YB� �,M� �8 ����  �,-H5 �* �;
�.�8 /
� L�8
('����T$� /$83� ��,-H5 +�($: ��,% .�'�
���; i!I
���� �:3&�)� ��T$� �/$:�3('�8*��8!����  �8 ���; �')-

�:3+�� N,� �#* .]�� [�M �? �#* /�'J�
&��:3'	�G: �
X; �o* ���:3,M3��,5 S���4� �� 36,7� 3�* �?��)� �
"

X;X���  �� �:� �:�* �.�8 /�*,5
25 ��4!!� �� S*�
 O��:3
	!I
0�% �!G!�3���% �:38���  ��,% .�. �8 !�/3]��[�
#!�5�� L'��
�U,#��  P�*�/�; 
25 �8 ��!!?�5 S*�!V���% -
�:38���  �Z��E �#* .25!!*�% �� �,M,� S*�
	 K!I
0��
%!G!�3,8 �
25 �O!!��#,� S*��&;�:�VM,�25!!���� S*�*3

�?* � @%,M ���E ���
X���  @�:�'� �� �!* �4
���� ��4 -
*3�*�/�; 
�–� �U,#��  ��,%]�\[.�8 �M,5 �8���
��3

?�5!����  V�:3��# ��T$� 
����  �8 &��:3���0#* �)=0%
�PS(��*,�G:�����  �:�H% ��:3*
����  �8 ��T$� "

&��0#*�:3Y� � ":; �*��&��0#* N*,�* �8 &; �:�H% +/. �-
:�3e-F � �/:�)� �*���,% .

��	�%�!"��� 
��*��:3#��8 �8 �'�8*���
%�*��BI���? �B!�� "�?��

)f�/M\(�/% �s*�*/�* .B!"�?�� �� �:���/$83���'�  *3�8
����  :�PB!"�?���:3Ca-Mg-Fe)Quad(��P
B!"�?���:3Ca-Na �\PB!"�?���:3Na ��P�
�(
B!"�?�� �:)Other (���/$83��/�,%]��.[��,G� ��,� �� 
B!"�?���:3��*�,G� �� �0�; �* YB �q� ��,� Q-J ��@�8 

Quad /$'	�  �*�F )=0%^Pv�*(*�8 �3*/M
@B!"�?�� -
�:3���  Ca-Mg-Fe�-�� �*�,G� �* �] Wo-En-Fs�^[

/% ���7'#* .��$R�0�*�,G� �� Wo-En-Fs� �qE�� ���,%
?�5!% V!G!��
-?!B,$!"�?���:3#��8��* �/% N,�
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�&�!���� ��!���# �.�*� ��?���B��*��8 f*� �&*�
* �#�$% ���? � �#�$%�,-8 �-4� ���

�
�B,!/PW�H�/:
$Q � ���-? �* !L�#*)=0%^PX.(
?�5!B V!"�?��=? �� �:�����/EEn 31-36 Fs 9-20 Wo 51-

55� �*�F � !��.�*� �:3���; !I�
%�*��BI���? �B!"�?��
� &�)���? /:�%�E �8 I?�� �* !��,� /c�� �*/�� �
��#��	!�I	**
�,'#U� �@!5�'��* � @:�? �!� ��
8�$/

)=0%^Pw(* �
, �,D "
�325!!�?* �*/�� �� �!�c�$. /
�/���#3&;�:)MgO, FeO, CaO (%�E �8 I?�� �*!�

B!�#* "�?��)=0%^PS(.���
��3?�5 !B V!"�?���:3
��# ��T$�
B �8 &�!"�?���:3���0#* �&�)� �/$:�3

�*,�G:�:�H% �B �!"�?���:3*
B �8 ��T$� "!"�?���:3
&��0#*�:3":; �*��#* )=0%^Px.(

�����,����)�'�� ��
��*/�*���%�:3#��8 ��,� ��-? 3�:�,-8 !S��7'� I5�*,? � �
��,8� ��*^�5 &��a!� \��!25 &��a!!���/$?)"
�' �I8

�!��8 &��-? ���b �� �/% �/:�)� !�.(���%�:3 �� �!��* �!
 � �' �I8���%�:3�
,��o �! �� 3,��o � X6�? 
�8!�')tR,b -

/�* .8!���% �')�:3 �� !��,G� �� �,M,� ��:8!=0% �8 �') :
8!,�38 ���  ��)? �=0%!� � �/!�-*3J-� /$R� ��
� �/�-

/�,%)=0%lPv�*.(*�83��� /$83���%�:3 �� !�8 ��B
�3
�H���:3��	 3/��M ،��
��  � e���/$83�/% /�* V-Q* �? 

&*�():�OB A�� �* ]�l [B!��3��/$$? .��,G� ���:3#��8�
�/%�l��% N,� =8�F �! �� �#�$%�
/$'�: �* /$5��H. �? :
v�* (��	 ��3e
�� P��  L+V)Liquid  rich(:*
"���%�:3
6,7�3�*�*�	 ��U�8 �
/��*� 8 �? !���; �')��* !$'�: ��� �8 � /

��* S�,c!,��o � �
��!I�
� �/�/�,% ._]%L4E �*6,7�3�:
�� *�
0)5 e!��*� =��8 ���8 ��	 ����: S�,c*3#!<�� ��/�* 
� �?��,�E �(��)� /�*,5 CO2/%�8 )=0%lPX.(X(��
��	3��  Pe
�� V+L)=0%lPw.(w(�� ���	 95
e
L)Liquid) (=0%lPS.(x(95��  ���	V)���8()=0%
lPx.([(��	 /$R3��  P��
e–/��M )V+L+S) (=0%lP
[.(j(��	 /$R3��  –��
e–/��M )V+L+S1+S2(&*�*�	�
*
"6,7� �* ��� 30)5 *� �:!� =�/$:� *�*� �3@�8 �� 

��? =��% /��M�HJ0����: !��? � ���
�U�G'E* �('$(� !�
�#*)=0%lPj.(8!)�'
�*�*�	 "����%�:3 �� !&; �* �
(����!��:33��	 �� N,� &,(8; +��  X�HE)LV ( �b ��,8

 f��J� �G4E ��  X�HE�^��*\]�� =!a)5 *� /c�� /:� .

5�� >v�* (#��8�?�5!VB!"�?���:���*�,G�Q- J ]|~[.X(�G�
@?�5 �!VB!"��?�� ��:3��,�� �#��8����*�,�G� Wo-En-Fs ]�[.
w(�*�,G� ��T$�/$83��.*3��'�*3�,-8 B!"�?�� .S(�*�,G� ��T$�/$83�c�$. �,M,� ���,�-8 B!"��?�� .x(?�5 �!VB!"��?�� ��:3��,�� 

#��8����*�,G�)Di-Hd-Jo (*�83���
���8B!"�?���:3���0#*�]�[.
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/-M�����G% �\�I!
�B �\�^ &��0#* �� �4$#��� � ���? �G!% �#��8. . .��\

5�� ?v�* (8!�')=0% �:3���% �:3 ��!��,M,� ����,G��:3�����? ��#
&�.X(,�5
�3�*(����!��:3N,� &,(8;P��  )L+V ( �$Q��*
&,(8;��*!�.w(,�5
�3�*(����!��:3N,� ��  P��
e)V+L ($Q��*��  .S(,�5
�3�*(����!��:3N,� &,(8;)L.(x(,�5
�3�*(����!��:3

N,� ��  )V.([(,�5
�3�*(����!��:3N,� ��  P��
eP/��M)V+L+S .(j(,�5
�3�*(����!��:3N,� �� P&,(8;P/��MP/��M)V+L+S1+S2.(
)����G5�=0%`�: V = Vapor)���8(�L = Liquid)��
e(�S = Solid)/��M.(( 

&��'	* +*� �8 dG.���%�:3 �� !��# �����? �
*�8 &�3&;
�* �'#����%�:�-E�� �� �? 3&��0#* *��
����B +*� �8 �/

���'	*8 /�*!"�]] �5�]]�I� �� � �'� 
0��� �T# !��,8 "/�* 
*�8 �3���%�:�
�-E�� �� �? 3&��0#* *��
B!+*� �8 �/���)
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