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� ��7O�U�( ���S1backscattered electron 

microprobe  �+��� �� �����2���� �,-�) *� 	+

&�'�(�) 	+ �2� !�O��) V�E� ;�7K���) ��  W��1 ��

���+���+� ��J� *B�� �� ;�+ �2�. Amph :

 �&�'�(�)Bio : � ;�1���Pl :	,���C,"� 

� 
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��K�+�<'� &��1 :�!�; ���( &� ��� @�5�
< )���
��(  

) B��3 w5� .(��K�+�<'� �& :�!�; )�� `&�3 ?9 ����

'0@H^�!V� )���< )��9 'V�1� ��
 ���,9 �� ��; )�"9 ��

��%
 ��X� . 8#�- ��
��- �3�"� �O"#� &�A  &��1 �{
 ��

'���K�+�< ?; )&�T ?9 �
��(L!C �9 :�!�; )�� 

 8#�- ^�-�,F � ^#�- 7�%O�A  �@O� &���%
 �� &�

))��&���%
 ]13[ ��K�+�< )��9:�!�; )�� (?VKT  )�"9

'��
�� .&��V� (Na+K)A ?
�%
 &�  �� ��� @�5�
< )��

'�(&� )*�+
 ����  ��02/0  ��45/0 '� ���\���";  &�

?
�%
 #� ?O�,
  ����>� &� ��(Na+K)A < 0.5 1n &��

'� � �
��( B�� �9 f9�d�3 . ��
'� )&�q(�
�� .��%� 

 8-� |j	� '9�a ?9 @�
 B�� #� &� ?; )&�T

��K�+�< :#�� �� ��� @�5�
< )��  ���� ',#&�#� )��

'�(&� ',#&�#��
��( '� 8�;���M 7�
 �� � �"��9

��K�+�<  �� )�,"%#�-�,� )���I�
< �� ��� @�5�
< )��

�#@�"� 7�
 �",!� �"�K
&�� .^�M�"  &��V�(Na+K)A 

 �9��9 ',#&�#� :#�� �� ��� @�5�
< ��K�+�< :# &� ��"�

55/0 -�n�,
 &� 8n ?O #�
n>� &� ?
�%n ����

(Na+K)A ≥0.5 '� &��1 ?T�9�� &���%
 ?9 ?H�� �9 � ���(

�#@�"� ��
  ��a ?9 �& 8#@�"�,-��'� ���,a����.  

��K�+�< &� ?���C &� ^#@�"� � ^�!���- �#��V�  )��

@;�� ?9 8K!
 )�,"%#�-�,� �I�
< �� ��� @�5�
< �<�� 

D�9 '%; �^#�- ����
�,�� �#��V� ?; '5�C &� 8-� ��

�",!� 89�c N�K#�V� @"�"� � ^�-�,F . &��V�Al2O3  &�

��K�+�<  �� :#�� �� ��� @�5�
< )��1/10  ��05/12  �3&�

 '
��) "� )�&�� ?; 8�5�"�,;� ?
�%
 �� ��"�,-� ?9 ��3/1 

 '
�� �3&�Al2O3 �",!�  ('� ���\� &�  �C �� ?; ���9

��K�+�< )��9 ����,� � ��%X�:�!�; )�� ) ≤10 wt%  (

) �9 f9�d�]21[(  D�9 '%;8-� �� . )��9 &��V� #�

?
�%
  �C &� �I�
< ?9 h�9�� )��9 ����,�n )��

��K�+�<:�!�; )�� 8-� ) �9 f9�d�]21[  .(^� �"M

 &��V�TiO2 ?
�%
 '��%� )��9 ��� @�5�
< )���  )&��V�

��K�+�< )��9 ����,�:�!�; )�� ) <2wt% ( ) �9 f9�d�

]21[( '����9 )  ���H1 .(  

    

  

  

  

  

  

  

  

  

  

  
  

  

  

  

  

  

  

  

  

  

  

  

  

 G-�3 .NO+( ����� ;�7K�� �+���� �� �2� !�O��) ��  ���/ �2��� *�-(1  &�X�+ �R��8 Y Z �� &�'�(�) N.�9� �� ;��� �2���B �

&�'�(�) [�7� ���+�� \.]� � �2��: �^��� _F,8 � ������� *�+� 	+ �2� !�O��) �� ���J� Y�1�1  ����Z � ����� �!��� �2���

&�'�(�)2�� � �����2���� �,-�) 	+ �2� !�O��) ��. 3 (�E'` &�'�(�) �+Aa��� � 2��  �./�	 0�(� ���1 	+ �2� !�O��) ��

 Y Z�� ;��� �2��� &�X�+ �R��8A )(Na+K)A < 0.5 ( ;' � �Mg/(Mg+Fe
2+

)  ��+�� ��Si  	+]13[G-� ���J� _F,8 � 3 2�� �.  
  

9 )��#� `�X5�d�? 6"- &� :�!�; ��K�+�< @
4��,F  )��

 #&*<� ��� ��(�(�  ?,a���F ��
 . |j	� `�X5�d� #�

���%
  ��� D#�@A� �9 ?; �
�–  8K!
 �&�	AMg/(Mg+Fe) 

 ���
�,�� � ^#�- �^�"���5< �^�-�,F �#��V� � &�

��K�+�<  � D#�@A� :�!�; )���< �9 L-�",� ��

 B; &��V� � ^�!���-Fe+Mg+Mn+Ca  D��;'� �9�#

 ]7[  .^��{
 �9 f9�d� �"M ]8[  E�9 &�	A )���"�K
&��

��K�+�< ��;� � �
&�� '#E�9 ^�"���5< �&��%�  �� '"/ )��

� ^�"���5<��� �# � E�9 &�	A &) '� 8A�# E�9�
�� . #�

��K�+�< )��9 �&���  ?X5�d� �&�� ���� �� ��� @�5�
< )��

NO+  3  
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 &� '9�a ?9 @�
B��)�� 4  �5 8-� ��� |j	� . &�

��K�+�< ������ #�  NI��; ���( �� &� ��� @�5�
< )��

?,A�( &��1 @#�%,� �
� . 8K!
 )�&�� ?; ���( :#

Mg/(Mg+Fe) �  � ^#�- �^�"���5< �^�-�,F �#��V�

 B; &��V� � ^�!���- � �,%; ���
�,��Fe+Mg+Mn+Ca 

D�9�#�F &�	A ���( ���"� ?9 � 8-� )��/ �#�F )���

'� ?,A�( �{
 &� �#@�"� B��� ��� �"�K
&��  @�5�
< )��

'� ?X5�d� �&�� ���� &� ��H�� )���I�
< �� ��� ���9 .

K!
 )�&�� ?; ��#� ���( 8Mg/(Mg+Fe)  �#��V� �

D�9 ���
�,�� � ^#�- �^�"���5< �^�-�,F � ^�!���- � ��

 B; &��V�Fe+Mg+Mn+Ca  ���"� ?9 � 8-� )�,%;

E�9 &�	A ���(/'� ?,A�( �{
 &� E�9 )���  B��� ���

8�;���M :#�� �� ��� @�5�
< )��  )��',#&�#� 8-� .

"- &� ?; 8��� ?H�� ?,�
 #� ?9 �#�9 ?,K5�6  )��

 L�d� #� � ���K
 @�&��; �9 ���X� &� �"�K
&�� :�A��

 &��V� '
�@A LH��Al
T �� ����a ]8[5� �n B; &� '

'���K�+�< ?; 8��� ���9 ����  :#�� �� ��� @�5�
< )��

 ',#&�#�) 8�5�"�,;� ?
�%
 �� ��"�,-� ?9  ( � &�	A &� N�Xd1

��K�+�< ?9 8K!
 )��E�9 )��� ��� @�5�
< )��  �I�
< ��

��� B��	� )�,"%#�-�,� :#�� ?O�,
 &� � �
�  )��

�I�
< ?9 8K!
 ',#&�#� ��)  &� ��H�� )�,"%#�-�,�

)*�+
 ���� '� '�(&�D�9 )��� � f%� &� ',!#�9 )��

�"��9 ��� B��	�.  

  

 G-�4 . �+����Al
T  ��+�� ��Al

IV ]8 [&�'�(�) +�� 	 0�(� ���1 	+ �2� !�O��) �� G-� ���J� _F,8 ��./�3 2�� �. &�'�(�) ��

*�+� 	+ �2� !�O��) ��)�������2� �� (&�'�(�) �� ;' � ;�O�����+ ����� �� d��]��+ �� e������O) +�+� ���,-�) 	+ �2� !�O��) ��

f�� � �1 _�����O) 	+ ��4 �g��� �� �� 2�� ��h� �� i��U�]8[ �� ��� � ��J� �2��� ��J�f�) G�-J1 �1;�+ �� . 2��� ��+ ���J�

 j�7O�U� �� �Uk]8[  ��+� ��l� .   

  

  

  

  

  

  

  

  

  

  

  

  

 G-�5 .&�'�(�) +�� ��� � ��J� �� �� �+� �S�8 j+���X1 ���+����  G-� ���J� _F,8 ��./�	 0�(� ���1 	+ �2� !�O��) ��3 

2�� �. ;' �f�� �� �1Mg/(Mg+Fe) �g� �1m�� ����E� � n�Al+Ti+Na+K �2��� ��J�f�� ����E� � ��1m�� ��J� � ���  �1Si 

 n��g� �1m�� ����E� �Fe+Mg+Mn+Ca �2��� ��J�����" ��J� � ��� 2�� � &�'�(�) G�-J1 �1.  
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&�'�(�) W�+�� �����  +�� �2� !�O��) ��

 +�� �o� �+ �����/�� ���71 � ����������1�FC

�) � ������� *�+� �����2���� �,-  

 8K!
 ?9 ?H�� �9Mg/(Mg+Fe)  '��%� )E�9

��K�+�<  ��� @�5�
< )��) 5/0  ��8/0 ����A �C�� &� ^��  (

'� �{
 ?9  ?
�%
 '��%� ?; �-&  � ���9 ^#@�"� �� '"/ ��

B��	� =�>� &� ����!;� =#��� :#  ?,��� ��H� ���

 �{
 �9 f9�d� ��#� �8-�]20 � 16[ ��K�+�< �� �9 '#

��K�+�< � ����!;� 'd#��� &� ^#@�"� )E�9 �#��V�  )��

'� &��K,� '#��C� =#��� &� ^#@�"� ^;�
�� . �9 ��I�

#� ]18 � 3[ �� ���+,-� �9 Fe# ١ ��K�+�< '
�;� 

���; )�"9 ^�!V� �& �G�!;� ?,�-�(�A  L���� #�9 ��
�

 ����>� ?;0  ��6/0 ��	
 E�9 �G�!;� ?,�-�(�A ��"�� �

6/0  ��8/0  �� D�9 � =-�,�1 ��	
 :# ��"��

 8-� �#�F �G�!;� ?,�-�(�A]19 .[ ?9 ?H�� �9 #��9�"9

 8K!
 ?�"#�Fe/(Fe+Mg) ��K�+�<  �� ��� @�5�
< )��

18/0  ��35/0 ?
�%
 )��9  � :#�� )��35/0  ��48/0 

?
�%
 )��9 '� ���\� �I�
< )�� �";  ?,�-�(�A ?O�,
 &�

 &� �G�!;���K�+�< #� B��	� =�>� 8-� ���9 E�9 ��.  

]4 ['� ?�3�� "� ?; �";n�+�< ��n��K �n '#�)�&�� ?; 

Fe# ≤ 0.65 �
�� ���+,-� )�,��&�9�04 )��9 . v�T ��

 )E�9 )���#�H ?9 �O"� E�9 �G�!;� ?,�-�(�A :# ���#�

Fe
3+ '� ?�K� &�  ^�"���5< �	
�H N���%� ?; ���

'� O�,
 &� � ����('� ?  �& �"�K
&�� ^�"���5< &��V� �
���

�&�� ?�
 �#�F .^��"M ]3 [���; ?�3��  ��"� ?; �
�

��K�+�<  8K!
 :# �9 '#��Fe
3+

/(Fe
2+

+Fe
3+

) ≥ 0.25 

�
�� ���+,-� )�,��&�9 )��@�5�
< )��9 .  

��K�+�< �&�� &�  ?,�-�(�A f�V>� #� &� ��� @�5�
< )��

 '��%� &� ����9 E�9 �G�!;�?
�%
  ��Fe# ≤ 0.65 

'�  8K!
 'A�T �� ����9Fe
3+

/(Fe
2+

+Fe
3+

)  '��%� &�

?
�%
  �� D�9 :�A�� :#�� ��� @�5�
< )��25/0  8-�

) 39/0 -96/0  (��K�+�< &� ?M�(� �  �� ��� @�5�
< )��

 8K!
 �I�
<Fe
3+

/(Fe
2+

+Fe
3+

)  ��07/0  ��26/0 

'�  8�
�,�� '
�; &�JC ���9)CaTiSiO5 ( #� &�

6"- ��	
 �� 8-� �G�!;� )E�9 N�,K!
 ?,�-�(�A ��"��

 ]11 .[��K�+�< ?%� o�-� #� �9  )�&�� ��� @�5�
< )��

�",!� )�,��&�9�����04 ?K-�>� )��9 'K-�"� =#���.  

                                                
1   Fe/(Fe+Mg)    

^� �"M?
�%
 ���9 8�;���M ?9 ?H�� �9  ��� @�5�
< )��

 ',#&�#� :#�� ��) �9 f9�d�]10[ M '"�	
�Hn 8�;���

) Si + R
2+

 = Al
IV

 + Al
VI (  �9 � 8-� o�!C &�	A ?9

 &��V� &�	A D#�@A�Al  ?�K� &���K�+�< '� D#�@A��9�# (

 )�,��&�9�����04 ?K-�>� )��9 L-�"� =#��� ���9 �&�� �

'� �{
 ?9   m#�,
 ?9 ���,9 ?; �-&'5�K1 B9�1 8A�# 8-�.   

��K�+�< �� �#�K
 &�	A ��X� )��9 ,-� ��� ��,5< )�� ���+

��%
 .��K�+�< :��+� )��9  �� ��� ��,5< )��

��K�+�<  ?�5�� )��]13[ ��K�+�< ?; ���; ���"�  )��

 )�&�� ?�5��Si ≤ 7.5 �",!� .��K�+�< �9 &�  @�5�
< )��

 )�,"%#�-�,� �I�
< � ?
�%
 �� ',#&�#� :#�� �� ���

 �� D�9 '%�!���- )�&�� ?
�%
 :# ��"�5/7  � �",!�

 �%� ?9��#��( vqC B�5� �
� .^��{
 �9 f9�d� �"M 

]8[  �#��V� )��9Al
T
 < 0.79  ?K-�>� '+"� &�	A &��V�

'� 8!�
 ��K1 B9�1 ?; ��� . )��9 B�5� �%� ?9

?
�%
  ��>5 @�
 �C #� �� �,%; �#��V� ��� @�5�
< )��

��	
 �
� . &�	A e�A m"-&�	A &��M �� ���+,-� �9 N�,#��


�&��K  )��9+�<��K�  )��:#�� � ���I�
<  ',#&�#� )��

�#��( ?K-�>� '�(&� )*�+
 ���� &� ��H��  m#�,
 ?;

 ���H &� ?�3�C2 8-� ��� ?0�&� .  

��%�)&�T &�	A ��� |j	� ?;  �� ��� ?K-�>� )��

��K�+�< :#�� &� ��H�� )�� D�9 '��a ',#&�#� )���� 

���,!( ��� &�	A �� �+�< )��9 ��� ?K-�>� )����K  )��

�I�
< �� ��� @�5�
<  ?; 8-� )�,"%#�-�,� )�� NE�%,C�

��K�+�< &��K� B�5� ?9 :#�� )��  w�,j� e�%�� &� ��

8-� .:#�� ?; '
��� ]1�� &� ���; *�+
 ���� &� ��  ?9 �
�

'
�; � ��� ��- 8��- �< )�� )��9 'A�; 83�A ��

����
 ���F �& f%� #� &� ��O� ���X� ?9 ���-& ��
 .  

h�� D�F '��%� ?; 8-� �;* ?9 ��E ��� ���"� )��

 B9�1 f�V>� #� &� e�A )���,��&�9 �� ���+,-� )��9

 ��K1 B9�1 � 'Vd"� ���< 8-� ?9 m#�,
 ��� 8!�
 ��%��

�",!� .  

 B�� �9 f9�d�6  w5�'�  &��V� �� ���+,-� �9 ����NaB 

 '
�; #� &��K� &�	A ��K�+�< ��%,a�- &� ��H�� �&

�� �%j� ]6 .[ =-�� z�& #�]6 [��K�+�< )��9  )��

^� �?,A& &�; ?9 '
�(�(��"M ]14[ ?,��� ���"�  ?; �
�

��K�+�< )��9 z�& #� �� ���+,-� �9  ?9 @�
 #&*< )��

?,A�# 8-� '5�K1 B9�1 m#�,
 �
� . o�-� #� �9

��K�+�< :#�� �� ��� @�5�
< )�� �I�
< � ��  ���� )��
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�+
 �� �,%; &�	A ����>� :# '�(&� )*5  �& &�9���;

'� ��	
 �"�� .��K�+�< f�1� &�T ?9  �� ��� @�5�
< )��

 &�	A ����>� :# :#��4  ��5/4 ��K�+�< � &�9���;  )��

 &�	A ����>� :# �I�
< �� ��� @�5�
<2  ��5/2  �& &�9���;

'� ��	
 �"�� .  
  

 ��� ���71 ��.'1  &�'�(�) �O��) ��! �2�  

 8{�/ � ��� D#�@A� �9 ��K�+�< &� ��H�� ���
�,�� &��V�

'� D#�@A� ^,!�- &� ���
�,��^� ��9�# &��V� �"MAl
IV 

'� ���F D#�@A� ��� D#�@A� �9 @�
  �";]8[ .B�� �9 f9�d� 

6 . ?
�%
 &�  �I�
< � :#��9 :#�� �� ���@�5�
< )��

d� �&�� )*�+
 ���� &� ��H�� )�,"%#�-�,� &��V� ?X5�

AlIV  ?9 �I�
< 8%- �� �& '	#�@A� �
�& :# ���
�,�� �

'� ��	
 :#�� ��""; |j	� ?; �"��  &��K�

��K�+�< :#�� ��
��- )�� �� &� D�9 ���)��  ?9 8K!


��K�+�<�I�
< )�� '� ���9 .^� o�-� �9 �"M

����>�  `����\� &���%
 &� ��� ��X� '#��� )��Ti  &�

 �9��9Al
IV� ��K�+�<  |j	� :#�� �� ��� @�5�
< )��

 ��""; ����>����#' 750  ��775 ',
�- ?H&�  ���(

��K�+�< �� ?
�%
 :# � �",!�  �I�
< &� ��H�� )��

 )��� )�,"%#�-�,�700 ',
�- ?H&�  ��	
 �& ���(

'� ��� ) B��6.( . z�& #� ?; 8��� ?H�� �#�9 ?,K5�

��K�+�< )��9 6"- &� ��H�� )��  'A�X� '
�(�(� )��

8-� ��	
 .  

^���K�+�< �,����� �� �"M– ��X� )��9 �I;�#4IF

��K�+�< &��K� )����I�
< �� ��� @�5�
< )�� )��

�#��( ���+,-� )�,"%#�-�,� . 8�5�KV� �� z�& #�
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 &�2l1  .&�'�(�) 3��"��-��� !�O��) q���� *�+� �� ��l�� ��  ������� ��)dike (�,-�) �  �����2���� ��)enc (�./�	 ���1  

Sample dike dike dike dike dike dike dike dike dike dike dike 

SiO2 43.7646 45.0168 45.4937 55.1948 43.901 44.6784 44.2195 42.761 42.2527 42.1872 44.0945 

TiO2 1.259 0.9656 1.1027 0.0813 1.1322 1.4639 1.4658 1.2807 1.3931 1.497 1.1179 

Al2O3 10.9749 10.1729 10.5562 1.2362 10.8987 10.5417 10.562 12.0503 11.6057 12.5056 10.9643 

FeO 11.4939 10.8442 10.4615 9.7748 11.3355 11.0515 11.0972 11.549 11.285 11.17 10.9221 

Cr2O3 0.0036 0.0925 0 0.0018 0.0416 0.029 0.0018 0 0 0 0 

MnO 0.2146 0.2273 0.1439 0.1834 0.2085 0.2551 0.2673 0.2331 0.2131 0.2147 0.1979 

MgO 15.6666 15.8066 16.1254 17.77 14.436 16.135 15.6077 14.8685 15.1273 14.7159 15.4964 

CaO 11.0577 11.7057 11.2083 13.3926 11.9977 11.2374 11.1358 11.1074 11.3255 11.4143 10.9331 

Na2O 1.7873 1.555 1.6074 0.1527 1.4856 1.8063 1.8662 1.8373 1.8071 1.7943 1.834 

K2O 0.5534 0.5867 0.5631 0.0428 0.8232 0.515 0.6015 0.7048 0.6521 0.7002 0.5204 

Total 96.7758 96.9731 97.2566 97.8304 96.26 97.7133 96.8249 96.3923 95.6453 96.1774 96.0572 

  

Number of ions on the basis of 23O                                             

  

T Si 6.267 6.458 6.452 7.839 6.427 6.332 6.349 6.181 6.162 6.128 6.351 

T Al 1.733 1.542 1.548 0.161 1.573 1.668 1.651 1.819 1.838 1.872 1.649 

T Fe3+ 0 0 0 0 0 0 0 0 0 0 0 

T Ti 0 0 0 0 0 0 0 0 0 0 0 

SUM_T 8 8 8 8 8 8 8 8 8 8 8 

C Al 0.117 0.176 0.215 0.046 0.306 0.091 0.135 0.232 0.156 0.267 0.211 

C Cr 0 0.01 0 0 0.005 0.003 0 0 0 0 0 

C Fe3+ 1.354 1.009 1.148 0 0.673 1.259 1.142 1.223 1.205 1.091 1.212 

C Ti 0.136 0.104 0.118 0.009 0.125 0.156 0.158 0.139 0.153 0.164 0.121 

C Mg 3.344 3.38 3.409 3.762 3.151 3.409 3.341 3.204 3.289 3.186 3.328 

C Fe2+ 0.022 0.292 0.093 1.161 0.715 0.051 0.19 0.173 0.172 0.266 0.103 

C Mn 0.026 0.028 0.017 0.022 0.026 0.031 0.033 0.029 0.026 0.026 0.024 

C Ca 0 0 0 0 0 0 0 0 0 0 0 

SUM_C 5 5 5 5 5 5 5 5 5 5 5 

B Mg 0 0 0 0 0 0 0 0 0 0 0 
B Fe2+ 0 0 0 0 0 0 0 0 0 0 0 

B Mn 0 0 0 0 0 0 0 0 0 0 0 

B Ca 1.696 1.799 1.703 2 1.882 1.706 1.713 1.72 1.77 1.776 1.687 

B Na 0.304 0.201 0.297 0 0.118 0.294 0.287 0.28 0.23 0.224 0.313 

SUM_B 2 2 2 2 2 2 2 2 2 2 2 

A Ca 0 0 0 0.038 0 0 0 0 0 0 0 

A Na 0.193 0.232 0.145 0.042 0.304 0.203 0.233 0.235 0.281 0.282 0.2 

A K 0.101 0.107 0.102 0.008 0.154 0.093 0.11 0.13 0.121 0.13 0.096 

SUM_A 0.294 0.339 0.247 0.088 0.457 0.296 0.343 0.365 0.402 0.411 0.295 

SUM_CAT 15.294 15.339 15.247 15.088 15.457 15.296 15.343 15.365 15.402 15.411 15.295 

Mg# 0.7084 0.7220 0.7331 0.7641 0.6942 0.7223 0.7149 0.6965 0.7048 0.7012 0.7167 
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 &�2l ��+�+1   

Sample dike dike dike dike enc enc enc enc enc enc enc 

Location         core rim core core middle core rim 

SiO2 54.3366 42.2403 44.4837 43.8337 47.3305 49.1819 52.123 52.8468 51.0769 49.4713 51.893 

TiO2 0.0436 0.9879 0.5833 1.2144 1.156 0.8327 0.209 0.1932 0.4236 0.7912 0.4646 

Al2O3 1.3295 11.8581 10.9837 11.4291 6.7236 5.7213 3.6055 2.9342 4.5017 5.6811 3.9959 

FeO 7.7188 12.9482 10.9022 11.2067 17.493 17.0072 14.1163 14.044 14.3586 14.1726 13.9416 

Cr2O3 0 0.0234 0.0109 0.038 0.3137 0.258 0.1376 0.1538 0.2977 0.5265 0.19 

MnO 0.1139 0.2171 0.1825 0.2209 0.7224 0.7308 0.6528 0.5887 0.5575 0.7674 0.75 

MgO 18.6493 12.9661 15.8992 15.0206 10.4803 10.9798 13.9419 14.3139 13.5858 13.0478 14.1529 

CaO 13.6371 12.0671 11.4893 11.8052 11.8218 12.1435 12.1257 12.2617 12.3559 12.2325 11.9629 

Na2O 0.1334 1.4827 1.6585 1.7114 0.7289 0.5575 0.3923 0.2654 0.4203 0.6504 0.4097 

K2O 0.035 1.0351 0.5568 0.7796 0.6229 0.4488 0.2188 0.1565 0.3194 0.4806 0.2787 

Total 95.9934 95.8259 96.7501 97.2596 97.3931 97.8615 97.5229 97.7582 97.8974 97.8214 98.0393 

  

Number of ions on the basis of 23O                                                

  

T Si 7.824 6.289 6.366 6.318 7.054 7.269 7.548 7.621 7.405 7.216 7.455 

T Al 0.176 1.711 1.634 1.682 0.946 0.731 0.452 0.379 0.595 0.784 0.545 

T Fe3+ 0 0 0 0 0 0 0 0 0 0 0 

T Ti 0 0 0 0 0 0 0 0 0 0 0 

SUM_T 8 8 8 8 8 8 8 8 8 8 8 

C Al 0.049 0.369 0.217 0.258 0.234 0.265 0.162 0.119 0.174 0.192 0.131 

C Cr 0 0.003 0.001 0.004 0.037 0.03 0.016 0.018 0.034 0.061 0.022 

C Fe3+ 0 0.643 1.205 0.888 0.312 0.161 0.316 0.309 0.278 0.261 0.444 

C Ti 0.005 0.111 0.063 0.132 0.13 0.093 0.023 0.021 0.046 0.087 0.05 

C Mg 4.003 2.878 3.392 3.228 2.328 2.419 3.01 3.077 2.936 2.837 3.031 

C Fe2+ 0.929 0.969 0.1 0.463 1.868 1.941 1.394 1.384 1.463 1.467 1.231 

C Mn 0.014 0.027 0.022 0.027 0.091 0.091 0.08 0.072 0.068 0.095 0.091 

C Ca 0 0 0 0 0 0 0 0 0 0 0 

SUM_C 5 5 5 5 5 5 5 5 5 5 5 

B Mg 0 0 0 0 0 0 0 0 0 0 0 

B Fe2+ 0 0 0 0 0 0 0 0 0 0 0 

B Mn 0 0 0 0 0 0 0 0 0 0 0 

B Ca 2 1.925 1.762 1.823 1.888 1.923 1.881 1.894 1.919 1.912 1.841 

B Na 0 0.075 0.238 0.177 0.112 0.077 0.11 0.074 0.081 0.088 0.114 

SUM_B 2 2 2 2 2 2 1.991 1.969 2 2 1.955 

A Ca 0.104 0 0 0 0 0 0 0 0 0 0 

A Na 0.037 0.353 0.222 0.302 0.098 0.083 0 0 0.038 0.096 0 

A K 0.006 0.197 0.102 0.143 0.118 0.085 0.04 0.029 0.059 0.089 0.051 

SUM_A 0.147 0.55 0.324 0.445 0.217 0.167 0.04 0.029 0.097 0.185 0.051 

SUM_CAT 15.147 15.55 15.324 15.445 15.217 15.167 15.032 14.997 15.097 15.185 15.007 

Mg# 0.81163 0.6409 0.722 0.7049 0.5164 0.5350 0.6377 0.6450 0.6277 0.6214 0.64407 
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 &�2l2   .��J� &�'�(�) 	+ ���(��+ �� �����2���� �,-�) � ������� *�+� +�� ����.�� Y Z �� �2�) ;�� �� ��  

  
 &�2l3  .	,���C," 3��"��-��� !�O��) q���� �,-�) �� ��l�� �� �����2���� ��  

enc enc enc enc enc enc Sample 

46.60 45.86 49.01 50.53 50.73 47.12 SiO2 

0.02 0.00 0.00 0.02 0.02 0.00 TiO2 

33.57 34.47 32.26 30.74 30.90 33.21 Al2O3 

0.02 0.01 0.02 0.00 0.00 0.00 Cr2O3 

0.08 0.04 0.16 0.10 0.13 0.04 FeO 

0.03 0.00 0.01 0.03 0.02 0.00 MnO 

0.00 0.00 0.00 0.00 0.00 0.00 MgO 

17.88 18.78 16.09 14.29 14.36 17.48 CaO 

1.69 1.14 2.67 3.56 3.46 1.82 Na2O 

0.02 0.03 0.07 0.07 0.07 0.03 K2O 

99.9013 100.3382 100.2914 99.3399 99.6982 99.7089 Total 

Number of ions on the basis of 8O 

8.59 8.44 8.96 9.27 9.27 8.69 Si  

7.29 7.47 6.94 6.65 6.65 7.21 Al  

0.00 0.00 0.00 0.00 0.00 0.00 Ti  

0.01 0.01 0.02 0.02 0.02 0.01 Fe2+ 

0.01 0.00 0.00 0.01 0.00 0.00 Mn  

0.00 0.00 0.00 0.00 0.00 0.00 Mg  

3.53 3.70 3.15 2.81 2.81 3.45 Ca 

0.61 0.41 0.95 1.27 1.23 0.65 Na  

0.00 0.01 0.02 0.02 0.02 0.01 K 

20.05 20.03 20.04 20.04 20.01 20.02 CATIONS 

14.60 9.90 23.00 31.00 30.20 15.80 Ab 

85.30 89.90 76.60 68.60 69.40 84.00 An 

0.10 0.20 0.40 0.40 0.40 0.20 Or 
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Abstract 
Zargoli intrusive pluton is located in the North West of Zahedan city and along Zahedan-Saravan 

granitoidic band. Main lithology of the pluton is I-type granodiorite rocks and nature of their magma is 

a calc-alkaline granitic magma which formed in orogenic subduction environment and partially 

contaminated with sedimentary rocks of the upper crust. Notable feature of this granodiorites, is 

abundance presence of metasedimentry enclaves in them. There is not amphibole mineral in 

granodiorite rocks of Zargoli intrusive pluton but it is observed as major mafic mineral in 

metasedimentry enclaves and diorite dikes which presence in the pluton. Respectively, amphiboles 

analyzed from diorite dikes and metasedimentry enclaves of Zargoli pluton are tschermakite and 

magnesio-hornblende which sometimes have been alterated into actinolite. Amphiboles of diorite 

dikes formed at higher pressure and temperature than amphiboles of metasedimentry enclaves. 

Amphiboles analyzed from metasedimentry enclaves have been crystallized at 770
o
C temperature and 

about 2Kbar pressure while amphiboles analyzed from diorite dikes formed in the temperature range 

750 to 775oC and relatively wide pressure of 4 to 7Kbar. Calculated pressure for amphiboles analyzed 

from metasedimentry enclave is indicator their formation pressure during metamorphism, then 

metamorphic process of metasedimentry rocks may be occurred at about 2Kbar pressure and 7 

kilometer depth that is same with emplacement of Zargoli intrusive pluton. 
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