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*,: �9 %�70�&D =&(7 0 ����1 �
�:
"*
��*� - .� J��- ����1 �-�� 5�:� (9&�� �
�:��I��

�� ��$� �7 *=B�: %�70�&D =&(7 0 ���6,: ����1 �7 *:�
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*(A��"��,- �y���B��� ���w 7������7 �,&- 0 �2�=-���+2� �����7 �� �H�+&(&2 5�:. . .�w�

&D =&(7 �� ^D �2� "*- J&+$H %�70�)JQ-o@(.�=�D�
�
 �9��9 �B���� 5���� ���+2� ����1o�2� �B� .5�:� (9 ��39�

 5�:� (9 R� ` �9 0 �2� "*&2� 6&� �B,&B��2 *=v �9 ����1
 *=B�: J+-� !)JQ-o�.(�� %�70�&D =&(7 0 ����1

 R0*&D� ��&D 1 (	 ��
�(7 [2 H 0 "*- �B�+- 5*39 J4���
B=#� 0"*- %&$��A �& *��)JQ-oR(.�9 "*�0��D �(4��
���7�&� ��H ��&D 1 (	 �R0*&D� 5�: S�6H�� 7 ��&� =&B7�

 "*- �B!�=- %�70�&D =&(7 0 ����1 0 *=(I�� : ��&� D�+2�
 �2�)JQ-�:5o� 0 �(.0 R0*&D� ���0��	 �9 �A H �9

 '�� �9 8:0zD %
� �� �=�D�
� %
� �50��� �� �&D 1 (	
R0*&D� �=�D�
� S�2� "*- �	�3� �&D 1 (	 .P: �=�D�
� %
�

"� H R� ` �9�}1� 0 �1� P: 0 5��� "*
� �
�: �7 � -
D ���+2� J4���&$&"��7 e�C �� %*�� .�9 6&� �
0 +2 �

� �&B=#� �� �(+-� ! 5�:� (9 R� `
�2� "*- "*)JQ-
o�.(9 �7 R0*&D�&"��,: �B&=#� 0 �&D 1 (	 �9 �B$ 0 �2�

B��� �� =) �9&���7 %@ �K� �=�D %
� �� "*- J&+$H 5�:
��*� - .���7�&� ��H 5�:S�|� �� *=(I�� : 0 �&� =&B7�

�� �|� �9 0 *=B�: 5*39 "�� �� ���0��	��2�1� �� �7 *2��
"*- J&+$H %�70�&D =&(7�C�9 � A0 5��� � �� 0 *��"*��� -

� �&��	 %
� %�70�&D =&(7 �� �
�: �2� "��7 *&
�H �)JQ--
�:5o\ 0 �(.

/��6���7 �� �D +20�+&� �
0��H 50��� ���+2� @; �0*9 0 ��*9; �H�+&(&2 5�: .{�� (%�70�&D J+-� ! 5�:� (9)Px ( ����1 �9 "��,:
)Grt(@ �(�� ��$� �7 �2� �B	�1�9 �� �� %�70�&D �7 ����1 � (9&+$H %�70�&D �� ^D ����1 �7 *:�� ��2� "*- J(J+-� ! 5�:� (9

 �&B=#� �9 "��,: ����1)Mag (R ����; %&9 5��	 �� (�}1� 0 �1� �&D 1 (	 5�:)Phl(�
�(7 �)Chl ("��7 e�C �� ����1 �7 �&B=#� 0�*��
 �&�(7)Cal (� 6&� � (96
�
� ��2� "*- "* (R0*&D�)Ep (���7 %
�B��0��	 �� �+
 �7 ���+2� �0�9 �=�D 5�:� ��2� (0 �&D 1 (	 �:��,:

� ����+2� �0�9 �=�D �� �&B=#� (�&��I�� �
0 +2 � 5�:)Ms (� ��&B=#� �� (�&� =&B7�)Act(S�&� ��H)Tre (��2�1� �� "*�;�9 �
�(7 0�
\ 0 %�70�&D (�&� =&B7� �9 �&B=#� �:��,:) .���7 5���B!� P
�) eA�� �� �B	�1 �9 �:]bt[�2�(.
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�9���� ����&2 �,2�C ���
� �2�=- ���7 0 �2�=-� (9 �(W� �w�

/��7H���I,: ��� �
50��� ���+2� �����7 .

%:; ����+2� �=�DJ��- �&B=#� �� )�� 8&9hg%
�,W4(�,&� �
�&D �����1 �JQ- �9 �H ��� "� H 0 JQ-�5�

 �7 �2� R0*&D� 0 �&D 1 (	 ��&2�7��� ��
�&D +��7 ��&H0�&D
���: [2 H 5�:"��B�1 �B	�1 ��	 f��Z� �B&H 1 0 �B&� ,&� 
�2� "*- .D�&B=#� 8�9 �2 �9 �B&B=#� ���+2� �=� S

����1 S���7 �9 "��,: ���+2� �&B=#� ����+2� %�70�&D 5�:
 5*&N� 2)�&H0�&D 0 �
�&D +��7 ��
�&D(�1� 0 �S�}1� 5�:

�&B=#�+�&D 1 (	+�
�&D+�
�&D +��7+P&��H �
��7���
��� - .5*-�,: �� 0 %�70�&D 0 ����1 �9 �&B=#� 5�:

+- 5��� ��#B� 0 �&B=#� [2 H ����1 "*-�D 5�:

 ��$� �&D 1 (	 0 R0*&D� �9 �&B=#� V��L �:��,: %&=},:
�����7 �7 *:� "��,: "*�0�$&D �(4�� �!�0� �� �&B=#� �
��

���7 �B$&9 0 "*- U0�- %�70�&D 0 ����1 �9 J
�0� �� �
��
 �2� �B	�1 J+- "*�0��D �(4��)J+-g.(R� ` �9 �&B=#�

:� (9�9 �H J+-� ! 5��=�D �� 0 "*- J&+$H J+-5�:
�2� "*- J
*IH �&H�,: �9 0 "*- �B&H��� �K�2 .�(4��

���7 �!;� 50��� ���+2� �� 5��2� 9��1� �9 5�&!�H 5�:
���7�9 0 ��� ��9�2����7 �7 J4��� 5�:D&8��"��7 e�C*�� 

0"*�����9��D 0 �
��7��� 0 �
�&D +��7 ��&D 1 (	 "��,: �
�&
*=B�: �&B=#� �9.
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*(A��"��,- �y���B��� ���w 7������7 �,&- 0 �2�=-���+2� �����7 �� �H�+&(&2 5�:. . .�ww

���������������
 ��� 
���7 �,&- �2��9P�� �� �+
 ���+2� �H�+&(&2 5�: %
�H

2��9��:%
� �� U ��:�����7 �2]m?.[%
� ��8:0zD �32 
"*-2��9 �7 �2���:5���7 �9 �,&- �H�+&(&2 5�:*=��� 

�2*(	 0 �&D 1 (	 �d I&N�; �����1 �%�70�&D =&(7 �9 0 ��
 ����� �� �7 � - '�W�� �&B=#� �(,A �� 5*&�7� �(`� ���7

� H&� "��� ��� -.
���	��58���� :�0�9 �=�D �� 50��� �� %�70�&D =&(7

 �� =) �9 0 "*- �	�
 ���+2�B���&%�0*9 �H�+&(&2 ���7 
�2� �B	�
 � (IH @;)J+-�:5h� �H {�� .(�9 %�70�&D =&(7
-�� 5�:� (9 R� ` 0 ���+2� %�70�&D =&(7 �=�D�
� �� �

���7 0 ����1 �9 "��,: � (96
� �H [2 B� 5�:� (9 5�:
R0*&D� �=�D�
� �� d I&N�; 0 �&D 1 (	 S���+2� �&D 1 (	

�
"*�2� "*- .T
�B�6WH
� �
-����D6�%�70�&D =&(7 ���7
 d0*A ��b�2� "*- �.��� .9 %�70�&D _�2�� 5�&1���C

� &H�7 �9 �:o"0�1 %�70�&D 5�:Ca-Fe-Mg)Quad(�
%�70�&D 5�:Na-Ca%�70�&D �5�:Na%�70�&D �#
� 0�:

�� P&��H *� -]mb.[%�70�&D��� ,� �� �2��9 �� � 5�: 
J-Q"�B�1 �� %�70�&D 55�:Ca-Fe-Mg�� ���C 0 *��&1

 *=B�: ��H P
*2 ��)J+-j{�� .(%�70�&D 8
�*A 5��9-
"0�1 5�:Ca-Fe-Mg J+- �� j*- "��NB2� @.

/��9���7 �� ��0�B+�� � +20�+&� �
0��H 50��� ���+2� �� "*- J&+$H 5�: :� �H {�� (%�70�&D =&(7 �9 �&B=#� �:��,:)Cpx ( 0
R ��&D 1 (	 (�&%7�
� ��I��)Zr (� �����1 �� (���=�*=95� ��&D 1 (	 � (9 �� (�
�&D 0 �
�(7 ��&D 1 (	)Py(� �(�9 �&D 1 (	 5*-�0�

\ 0 � 0 ��&B=#� � (9 (���7 %
�B��0��	 �7 �
�(7 0 �&D 1 (	 �R0*&D�*=B�: "*�0��D ���+2� �� �&B=#� �9 "��,: �H�+&(&2 5�:.
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�9���� ����&2 �,2�C ���
� �2�=- ���7 0 �2�=-� (9 �(W� �w�

 !	�:0� �
6WH T
�B� 
�0�B+�� k����D6����7 50��� ���+2� �����7 �� �H�+&(&2 5�: .���� ��*3H 6B���D J!�� ��*)��� ��$� �� "*- �
6WH -
*:� .�2� "*- �.��� ���7 �: 5��9 ��*�� %
�B$&9 0 %
�B,7 {
�� �: ��*)�.

Pyroxene (28) 
Min-Max 

Garnet (11) 
Min-Max 

Amphibole (12) 
Min-Max 

Phlogopite (14) 
Min-Max 

Feldspar (21) 
Min-Max 

SiO2 ob/gg Sbm/oc  ��/�wSyw/��  ��/�wS�w/�w  ��/�� S��/�w  w�/�wS��/��  

TiO2 y�/�S��/� w�/�S��/� yw/�S��/� �w/�S��/� ��/�S��/�
Al2O3 �y/��S��/� ��/��Sy�/� �w/�w S�w/� ��/��S��/��  w�/�� S��/��  

Fe2O3 ��/�� S��/� wy/�� S��/��  ��/�S��/� ----- ��/�S��/�
Cr2O3 ��/�S��/� ��/�S��/� ��/�S��/� ��/�S��/� ----- 

FeO w�/�S��/� ��/�S��/� ��/�� Sy�/� �w/��Sy�/� ----- 

MnO �w/�S�y/� ��/�S��/� ��/�S��/� �w/�S��/� ��/�S��/�
MgO ��/��S�w/� y�/�S��/� w�/�� S��/� ��/�yS�w/�w  ��/�S��/�
CaO ��/�� S��/��  ��/�� S��/�y  w�/�yS��/��  ��/�S��/� w�/�� S��/�
Na2O ��/�S��/� ��/�S��/� ��/�S��/� ��/�S��/� ��/�S��/y
K2O ?bbS??/? ��/�S��/� w�/�S��/� ��/�� S��/� ��/�S��/�
Total ��/���S�y/��  ��/���S��/��  �y/���S�w/��  ��/��S��/�w  ��/�� S�wS�w
Si ��/�S��/� ��/�S�y/� ��/�S��/� ��/�S��/� ��/�Sy�/�
Ti �y/�S��/� ��/�S��/� ��/�S��/� ��/�S��/� ��/�S��/�
Al �w/�S��/� ��/�S��/� ��/�S��/� ��/�S��/� ��/�S��/�
Cr ��/�S��/� ��/�S��/� ��/�S��/� ��/�S��/� ----- 

Fe3+ ��/�S��/� ��/�S�y/� ��/�S��/� ----- ��/�S��/�
Fe2+ ��/�S��/� ��/�S��/� ��/�S��/� w�/�S��/� ----- 

Mn ��/�S��/� ��/�S��/� ��/�S��/� ��/�S��/� ��/�S��/�
Mg ��/�S��/� �y/�S��/� ��/yS�y/� �y/�S��/� ��/�S��/�
Ca ��/�S��/� w�/�S��/� �w/�S��/� ��/�S��/� �w/�S��/�
Na ��/�S��/� ��/�S��/� ��/�S��/� ��/��S��/� ��/�S��/�
K ��/�S��/� ��/�S��/� ��/�S��/� ��/�Sw�/� ��/�S��/�
Cation ��/yS��/� yy/�S��/w ��/��S��/��  ��/�� S��/��  ��/�S��/y
Johannsenite �y/�S��/� ----- ----- ----- ----- 

Diopside ww/��S��/y�  ----- ----- ----- ----- 

Hedenbergite ��/��S��/� ----- ----- ----- ----- 

Andradite ----- w�/��S�y/��  ----- ----- ----- 

Grossular ----- ��/��S��/��  ----- ----- ----- 

Pyrope ----- ��/�S��/� ----- ----- ----- 

Almandine ----- ��/�S��/� ----- ----- ----- 

Spessartine ----- ��/�S��/� ----- ----- ----- 

Uvarovite ----- ��/�S��/� ----- ----- ----- 

Annite ----- ----- ----- ��/�S��/� ----- 

Phlogopite ----- ----- ----- ��/�Sw�/� ----- 

An ----- ----- ----- ----- �w/�w S��/�
Ab ----- ----- ----- ----- ��/��S��/��  

Or ----- ----- ----- ----- y�/�y S��/�
Mg/(Fe+Mg) ----- ----- ��/�S��/� ----- ----- 
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*(A��"��,- �y���B��� ���w 7������7 �,&- 0 �2�=-���+2� �����7 �� �H�+&(&2 5�:. . .�w�

/��;{�� (��� ,�J-Q]mb[�� ��$� �7%�70�&D =&(7 �7 *:�"�B�1 �� 50��� ���+2� 5�:%�70�&D 55�:Ca-Fe-Mg�� ���C 0 *��&1
@("�B�1�� �7 "� 9 �
/�I�*: 0 *&�D 
� U � �� 50��� ���+2� �����7 �� %�70�&D =&(7�2� d0�*B� %:; ���+2� 5�:�����7 5.

� _�2� %
� �9 U � �� %�70�&D �50��� ���+2� �����7 �
�2� �
/�I�*: 0 *&�D 
� .��� H �Z %�70�&D =&(7

���I,:�
�2� "��� ��$� �� �H��&&XH .%�70�&D =&(7 5�:
 5���� �B$&9 ���+2� %�70�&D =&(7 �=�D�
� �� "*- �	�

 �=�D�
� �� "*- �	�
 %�70�&D =&(7 0 "� 9 �
/�I�*: V&7�H

=},: 0 ����1 5�B$&9 �
���� 5���� "*�0��D �=�D �9 "��,: %&
�2� *&�D 
� .%�70�&D =&(7 ��(7 � Z �9 ���+2� 5�:

 V&7�H 5���� 50���Di96Hd3�H Di46Hd52*=B�: .%&=},:
 5���� �7 *���� � A0 ���=� �� %�70�&D �-�� 5�:� (9

���=���9 �7 5� Z �9 �*=B�: 5*=95"��-� �� ,� 0� �� d��� 
"*- V&7�H 5���� 67�� �� Di82Hd160Di84Hd15�I� �� 0

V&7�H 5����Di96Hd30Di96Hd3*=B�: .�&=���:0/ ��*��
�2� P7 ��&�9 6=#=� P7 ��*�� �9 �A H �9 .V&7�H

�� ��$� %�70�&D =&(7 �� 50��� ���+2� �����7 �7 *:�
�� ���C %:; 5�:�����7 "�B�1��&1.

<���=:%
� ���8:0zD1�
6WH ���+2� �0�� �=�D �� ����
�2� "*$� .T
�B�6WH
� �
-����D6��0�9 �=�D �� ����1 ���7 

d0*A �� ���+2�b�2� "*- �.��� )J+-hR.(�,&- T
�B�
�� ��$� ����1����1 �7 *:��:'0�7 �P
6&=� �6=#=� �� �&�	 

*=B�: ' &=&� �; 0 %:; �P&�(7 �P&�&(&2 �� �=L 0 J+&� 0.
�H ��� H �Z �� %�70�&D J�� 6&� ����1 �
�&,&- V&7

���I,:�
�� �&&XH %�70�&D �9 �I�� R��&&XH %
� 0 *=7
�2� �B,7 .�
���*�; U � �� 50��� ���+2� �����7 �� ����1 S

�2� d ,3� ����+2� %:; 5�:�����7 �� �7 "� 9 �O 20�1
)J+-c.(V&7�H 5���� ����1Ad60Gr39�H Ad35Gr63�2� .

,7 %�70�&D J�� 6&� ����1�����1 ��*�� 0 ���� 6=#=� 
�2� 6&v�� 50��� ���+2� �� %&H����2� .%
� 5�
 1 ��� %
�

 �7 "� 9 P7�4 50��� ���+2� �� ��*&�7� [&K� Y
 �7 �2�
 �
 �B&B=#� 5�2 5�,1�� �9 ��IH�� ��I�2� .2��9��:5

<=2���
"*- '�W�� ]bh[��1 �7 "��� ��$� 6&� �2 ��2 �&�
 �
 �B&B=#� 5�2 5�:*&. B&���1 U � ��I�2� .

<�58=8�>:���7 �� �+
 6&� �&D 1 (	 �� ��0��	 �H�+&(&2 5�:
 %&�=},: 0 "*�0���D ��(4�� �� 0 �2� 50��� ���+2� �����7

 �}1� 0 �1� �2� "*- J&+$H �
��� �(4�� 5�:)J+-��:5h
\ �H �.(T
�B�6WH
� �
-����D6�(	 ���7 d0*�A �� �&D 1 b

�2� "*- �.��� .��&D 1 (	 ��7 ��� ��$� �,&- T
�B� _��2��9
 J+-t{��]mm[V�&7�H �9 �����7 �
�+&� ���7 �� =) �9jm

�Htt�2� "*- �B!�=- �&D 1 (	 *`�� .��&D 1 (	 5��:� (9
 ���=� Y
 6&� �� ��$� "�&H 0 %-0� 5*=9 �7 *=:� 6WH ��9 �
 �

�
-����D6��,�C �7 *- G�$� "�&H 5�: �&D 1 (	 ���7 �H
 ' �&=&� �; 0 %�:; ��B,7 ��*��� 0 P
6�&=� �B$�&9 ��*�� 5���� 
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