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Abstract: The results of microprobe analysis indicate four different kinds of amphiboles in 
Astaneh pluton and its subvolcanic rocks in the Sanandaj-Sirjan zone. The composition of 
these amphiboles in this area are magnesio hornblende in tonalite and quartz dioritic enclaves, 
actinolite in granodiorite and monzogranite, pargasite in dacititc enclaves and anthophillite in 
one tonalitic sample formed by replacement of orthopyroxene at the rim. All of the 
amphiboles crystallized at high fO2 which imply I-type nature. Application of different 
barometers and thermometers show that pargasite in dacitic enclave formed at higher pressure 
and temperature (767 °C, 6.6 Kbar) than the magnesio hornblende in quartz dioritic enclave 
(734°C, 2.8 Kbar) and magnesio hornblende in tonalites (708°C, 1.4 Kbar).  
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0 �A ��0:� ;N
 �� �&"J ?)& #)", � �Q 	!& 4�Q)"580=�)&"5, (�IQ '( �IG

 #0= �e�3 B0� D�GI'( �G ]�[Sg3 � �*��(M )7#'I� 
�� �A 9:G 03 D)'IT �I= ) 'I(1@��0G0�;5(� #)"I, "�6 � �G

�� �&"J 	5�0(5 Q&'�"5, .
?0II@5-�A� �IIR � �6�II,��8 D�IIG#0II�J CII� [�0II. �IIR ) D&

 ���Q �1:N 6& �	��"Q0(
 /0I@�)"R �e�I3 D�G � 5I!& D�IG
 C(! � HJ&) �IR #&"I:G �f 	!& ��^(� ���%
 p=A �:5� D�G

 �IR �Ig� 6�Q0I�w�8 B0� )7_An = �IR D"I$� ) �I(5�6 � 
����\An =  �I� #'I� 	�I�"Q0(
 [�0. �R 0I3 .'G&0I3

 �"Q0(
 �0R S*3 0e "5�� � 
�R	�9(5�6 � 	�6�,��8 D�G
 �� ��%� ��& ;�� /0I@�)"R � 	I�6�,��8 �Q 'G � 5I!& D�IG

 	!& #'3 �01@ � �Q 	!& D6�
 45�)&]\[.���IQ 6& 	I�6�,��8-
C(! �e�3 D�G �A �0�IT �f 	!& � 5!& ) � �6'�A D�G

 C(! � q� e& �R �-1 �� �&"$%G)W8 i!0= ���%-%=A D�G
 �&6�IIR D�IIG�:,�� ��II5��II� #& 	@�II� � 5II!&0�� ) �0II3 

]���_[.
C(II! � 4�IIQ)"580=�)& S5*%II= i�&"II3 �0II� � D�IIG
 )'IT D�I� � �IQ 	I-, 'I��R � ��0�0�&", ) � 5�&",�b_ 

� ��! �N� 6& " :Q xA �&;5� ) &",wt%b/74�IQ)"580=�)& 
"I�6 �IR �I� �Il��(M ��) 	!& �&'��8 4�;5(�)"
 6�
 ��(=�b_ 

�I! �N�� � �IR xA �&;I5� ) &"I,wt%b/7?0I@5-�A 'I!"R 
�� 4�Q)"580=�)& 4�;$��N 03]�����[.
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?0@5-�A B&0�& 9�������� !A Dn0-� F0= D" �)��R0�"=0Ew ) �G)K'((! �)6���N"5! (��b

=7?9?0@5-�A 6& D"�)��= C(! � �G��� !A 9�^(� r1 �� D�G .r�& :� 	5=� ��& 4�Q)"580=�& �53�T � 	515
0 �A/0@�)"R � 5I!& .� ) x:
� 5!& /0@�)"R � 	�6�,��8 .�)& �[��� !A 	5���0= � 	515
0 �A ) 4�Q)"580= .K:	I5���0= � 'I(1@��0G 0I�;5(� .�:� 'I(1@��0G0�;5(� /0I@�)"R 

� 5���0=.

=7?5s5��= V5� Y)� z�!& "R ��� !A 9�^(� � ?0@5-�A B&0�& D'(R]b[.

I&-&$M�<
 �����E�N 
�Q 	!& ���G�0 Q�
 �1:N 6& �W5�Q& � 5!�,0
 ���Q �20:<�-
�III� �&"IIIJ "5��III= 	IIIZ= &� C(III! D�IIIG'IIIG .6& �III*� 

Y)� C(I! � �W5�IQ& � 5I!�,0
 �R��6�& D�G �Dn0I-� D�IG
 ?0@5-�A P5Q"= �!�"R D&�& ���5:5I3 "I�� 6& �IQ 	!& ���G

�b/_AlIV>)7/_Fetot/Fetot + Mg>'( �G ]�7[.��I5� 6&
?0IIII@5-�A ) 	IIII�6�,��8 ��IIII�^(� F'IIII3 �IIII�;<= D�IIIIG

�;5(�'( �G &�& &� i�&"3 4�& 	5���0= D�G'(1@��0G0 .

�&0:� �AlIV �IR 	@�I� /Fetot +Mg Fetot ) 	I�6�,��8 
�I� �&"J �W5�Q& DX�R � 5!�,0
 �R F" �, � '(1@��0G0�;5(�-

'�"5,)S*3](�� ��%� �f � ��� !A D'5E0 5�&", #0= '(G
 �J�) 6"� �R q�@=�& 	I!& #'I3 S5g%I= &"I$:G D�G]�7��][.

C(I! 4I�& � 	I5 ($� �0�T 45(l:G D"I! "IR 	I�X �IG
�� � 5 ($�I	5�&", 4�& �0R �& �G]�b[.

I&9&������� ��������������� 
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?0@5-�A B&0�& 9�������� !A Dn0-� F0= D" �)��R0�"=0Ew ) �G)K'((! �)6���N"5! (�b�

�I� D&"IR ���Q 4�" �R ?0@5-�A�C(I! � �<(!��%I
 D�IG
 �*GA 4��nA�@�"�= &"�6 �	!& ���51J ��#0= 9:G � Dn0-� D�G

 �I*GA�D'5II!& ���II51J [�II@5Q"= 6& "II�� �"II. �iII!&)'T )
�� �01@ � �V�6�R03 .#" �I, F" �I, � ���Q 4�& 45(l:G
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#&6 �*� ��<1e D':T& ��151e ��@!�:�d ��\

��%II
 6& D&�6& �II� ��II= Kbar�7 )]__ �II= ��b_ �IIN� 
� ��!	!& �&'��8 &",]���[.

Y)� �:2 455+= D�G)��%
 (z�I!& "IR Dn0I-� F0I= V�
 �&;5�Al 	I!& ?0I@5-�A � .D�IG" �)��R0EwAl ?0I@5-�A �

;=�&0Q �20:<� D&"R���o!'1
 ���51J �6�Q0I�w�8 �	I5=05R �
	5�� 5=��I*(�& �R �N0= �R �Q �& "R��Q 	5(:1�& �� 	5 ($� 

	5�&", � X�R 920:<� ) 	5 ($� &�I� 	!& ?0:+� ��� !A D�G
�� �&'�� 6& #�- !& �R �&0=Al ?0@5-�A �01@= ��%
 �?0@5-�A � 

Q �@!�Z� &�".
���IQ "IR #)�2 �:<�& 6"� �R V�;� D�G�� � '(1@��0G-

�R #'3 �� D�Gx&�� �� ?�+= �R D��3 6�
 )?�I@� �IR �'!�
 ���Q �R '(1@��0G ?�+= �:,�� p�&"! ) �:<�& #'I3 �I� D�G

�III� ���III�� ����IIIQ �III:,�� 	III���� � �III= 'IIIR�� �0III1@ � 
03 .��%
 �'(1@��0G P5Q"= 4�&"R�(R)2�01@= �: (�:,�� �:<�&

 �I� x�=6�R &� 'IG]�\���[.?0I@5-�A �0I1@= ��%I
 �I<(�& �
 /0@�)"R � 	�6�,��8 /0I@�)"R � 'I(1@��0G0�;5(� �� 5!& D�G-

C(I! � ) � ��0�;=�&0Q D�G #'I3 �@I!�Z� � 5��I�0= D�IG
	!& .

Y)� �0(Q�= P5Q"= D)� 6& ��%
 �)A"R D&"R D'+ � D�G
 �& 'I(1@��0G #'II3 �IE& 'I�&]�7��\����II= ��[.4II�& 9I:G �

Y)� �G)	5:3& ) �0!�'�A Y)� ;N]�7[(D)� 6& iI�
 ��%

 D�G" �&��8 �R �N0= �)'R ) '(1@��0G � 0N0� s5(5�0�A �&;5�

 �� �@!�Z� �� �0M D"$�03 .�<(!��%
 " %5R �I� D�IG
 ��%
 S5� �R ) '��& "R��Q X�R D�G��%
 � #'3C(! 45��8-

��^(� Dn0-� F0= D�G)	5���0= �IG (#'I�A 	I! �IR "��I��
 " :Q �G�,)�-(� � T )(�<(!��%I
 ?0�"
 D�^e �&;5� 6&

 �&'� D��,6�! ��^(� ��%
 �R �Q 	!& .]��[�IQ 	I!& '� +� 

C(! � 6& " :Q ��%
 �R � ��0�0�&", ) � 5���0= D�G���R015Q 
D)� �� "5��= Al tot ��%I
 6& S� �I� �IQ 	!& ��6 D�'J �R 

�� S:2 � ?0I@5-�A S5*%I= ��%I
 9@I!�Z� D&"IR &�I� �'I(Q
C(! �IQ �<(!��%
 4�"='�'N 6& ��� !A 9�^(� � 5�&", D�G

 6& " :Q D�G��%
 � ) " :Q D"5, #6&'�& D�^e�;I5� ��R015Q 
	5:I3& �<(!��%
 Y)� �(+� �	!& "R��Q SR�J)���� (�IR

& "�6 [�0. 	!& #'3 #�- !]�\[:
_�/7�Altot �\/]=)Kbar\/_±(P

/0I@�)"R � �6�I,��8 ?0@5-�A Y)� 4�& � ��%I
 � 5I!& D�IG
Kbar\/_±b�/\/0IIII@�)"R 'IIII(1@��0G0�;5(� ?0IIII@5-�A �

� ��0I�;=�&0QKbar \/_±�b/�'I(1@��0G0�;5(� ?0I@5-�A )
��%
 	5���0=Kbar \/_±7�/��� ��%� &� '(G.

6& S*3 �&0:� �R �N0= �R "$� �"dbz�I!& "IR �IQ r�& 
"����Altot�R 	@�� Fe/Fe + Mg 	I!& #'I3 s5!"= ]�\[

�� ��%
 F" �, �&0=��b/\/0@�)"R � 	�6�,��8 D&"R &� ��R015Q 
�� 5II!&7�b/�/0II@�)"R � 'II(1@��0G0�;5(� D&"IIR &� ��IIR015Q 

) � ��0�;=�&0Qb/���/_&"IR &� ��R015Q � 'I(1@��0G0�;5(� D
"Q �)A"R 	5���0= .� D'I5E)"5
�08 ) D"5
0I�&", 	
�R 0N)

 C(! �80g!)"g5� Hd��� 6& "I :f ��%I
 ;I5� � 5���0= D�G�
C(! 4�& D&"R &� ��R015f�� '5��= �G'(f.

�IR ;5� #'3 �� �$(! 'T&) �! �@�"�= D�� 9@!�Z� D&"R
 S*II3 �&0II:� 6& #�- II!&b"IIR �IIQ x ���%II
 "��II�� z�II!&

)��R015Q (�R 	@��Altot 	I!& #'I3 s!� ]�\��_[�I� �&0I=
 45IR ���� #" �,°C�__ ��b_ /0I@�)"R � 	I�6�,��8 D&"IR 

�� 5III!&°C�\_ ��7_ ) � ��0III�;=�&0Q /0III@�)"R D&"IIIR 
°C�b_��__"Q �)A"R 	5���0= D&"R &� .

=7?BAlIV �R 	@�� Fetot/Fetot+Mg�� ��%� S5*%= �W5�Q& DX�R � 5!�,0
 � '(1@��0G0�;5(� ) 	�6�,��8 �Q 'G ��'�03]�7[.sE�2
 S*3 �R�%�7'( �G .
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?0@5-�A B&0�& 9�������� !A Dn0-� F0= D" �)��R0�"=0Ew ) �G)K'((! �)6���N"5! (���

=7?Ir�& :Altot�R 	@�� Fe/Fe + Mg�� ��%� 45IR ��%I
 F" �, � 	�6�,��8 �Q 'G��\� ��0I�;=�&0Q /0I@�)"R � 'I(1@��0G0�;5(� ��
45R D��%
 � 5���0=7���� HJ&) ��R015Q V� �R V�;� ��%
 F" �, � 	5���0= � '(1@��0G0�;5(� )03 .x:�IR 	@�I� ��IR015Q z�I!& "R ��%


Altot 45R � 5!& /0@�)"R � 	�6�,��8 �01@= "$��%� �__��b_ � 5���0= /0@�)"R '(1@��0G0�;5(� ��\_��7_ 	I5���0= '(1@��0G0�;5(� )�b_��__ 
&", � ��! �N�	!& .S*3 �R�%� sE�27'( �G .

I&5&%O<���OP )3#���� &"#.����� 
'I(1@��0G K)6 Y)� �IR �<(!�� �0� ����I-=& 6�Q0I�w�8 

Y)� 6& �*� ��) ��&'� 0N) �&"$%G)W8 45R "�� ?)&' � D�G
C(! �<(!�� D&"R�*GA D�G��� x0�Z� ���51J 03 .
'�X0G ) D'��R]�7[&) z�!& "R 	I5�A p(Q��	I5�0�"= 

6�Q0I�w�8 �<(I!�� D&"R &� "�6 9^R&����(%I58 'I(1@��0G 
#"Q'�& .C(! � >(!�� 4�& �^!&)'T ) V5�1
 4��nA D�G

 �IIIIR 6�Q0IIII�w�8 �;=�&0IIIIQ D)�IIIIT �IIIIQ��/_<An )
?0@5-�A �R ���G�/�<Si 45R D�G�� D&"R ) �& "R��Q �b__ 

�=��__� ��! �N��J &",	!& #�- !& SR.
T [±311° K] = 0.677 P [Kbar] – 48.98 + YAb/
0.0429 – 0.0083144 Ln (Si -4)/ (8-Si) XAb

plag 
�^R&� 4�& �T�4�0I1Q P�IT "IR ���I+= D�� P"IR ��%I
 

���IIR015Q P�IITSi�05=�IIQ &'II+= ?0II�"
 � ~515II! D�IIG
 �?0@5-�A D�� e�! XAb

plagw�8 � 	5@�A '.� �&;5� 6�Q0I�
	!& .�&'��YAb�� 	! �R "�6 iR&)� 6& '�A.

XAb> 0.5, YAb = 0
XAb< 0.5, YAb= 8.06 + 25.5 (1- XAb) 2

D�I� � 5I!& /0I@�)"R � 	I�6�,��8 D&"IR �<(!�� 4�& � 
°C �\_ � ��0�;=�&0Q /0@�)"R � '(1@��0G0�;5(� �°C �7� )

	5���0= � ��� !A F0= D�G°C �_\A"R �� �)03 .

D'��R ) '�X0G]�][K)6 4I�& z�I!& "IR &� D"I$� >(!�� 
#"IIIQ �IIIE&�& ���IIIQ C(III! � �IIIQ 'III�& ) 4III��nA D�IIIG 

�& "R��Q ;=�&0Q �)'R ) �&;=�&0Q �0,", ."IR >(I!�� 4I�&
	!& #'3 �T&"d "�6 �^R&� ���8:

T [±313] = {78.44 +Yab-an – 33.6XNa
M4 – (66.8 – 

2.92P [kbar]) XAl
M2 +78.5XAl

T1 + 9.4XNa
A} /

0.0721-RLn [(27XNa
M4XSi

T1XAn
plg) / (64XCa

M4XAl
T1 

XAb
plg)] 

	!&"�6 �&0� S��3 X�R �<(�:G � #'3 #�- !& D�G" �&��8:
XSi

T1 = (Si - 4) / 4 
XAl

T1 = (8 - Si) / 4 
XAl

M2 = (Al + Si - 8) / 2 
XK

A = K
Xvac

A = 3 – Ca – Na – K – Cm  
XNa

A = Ca + Na + Cm - 2 
XNa

M4 = (2 – Ca – Cm) / 2 
XCa

M4 = Ca / 2 
Cm = Si + Al + Ti + Fe3+ + Fe2+ + Mg + Mn - 13 
R = 0.0083144 (kJ / k mol) 

��^R&� 4�& �T) 4�0I1Q P�IT "IR ���+= D�� P"IR ��%I
 
	I!& ��IR015Q z�I!& .Mg, Fe, Al, Si, Mn &'I+= �"I+� 

�05=�Q ?0�"
 � �G ?0@5-�A D�� e�! '( �G �G .�&'��YAb-An 
�R X�R ?0�"
 � �R "�6 [�0. 	! ��'�A.

XAb> 0.5, YAb-An = 3KJ XAb< 0.5, YAb-An =
12(2XAb -1) + 3 KJ  
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#&6 �*� ��<1e D':T& ��151e ��@!�:�d ���

 z�I!& "R � 5!& /0@�)"R � 	�6�,��8 ���Q �01@= ���+= D��
 D'II��R ) 'II�X0G Y)�°C �\�0II@�)"R � 'II(1@��0G0�;5(� �/

� ��0II�;=�&0Q°C �7]	II5���0= � 'II(1@��0G 0II�;5(� )D�IIG 
��� !A°C �_� �� �)A"R 'I�X0G ) D'I��R Y)� �IR �Q 03

	!& V�;� ��5�R .
D�G��%I
 � &� "I�6 9I^R&� ;I5� �&��I*:G ) ?��(�)�_��

� 5II!�,0
 ) ��IIR015QHM-QFM ?�II+= D�II� 45II5+= D&"IIR 
�Q0�w�8 �R 	��;:G D�G'(1@��0G#"Q �E&�& 6'�&]�b[:

P7/�b +�/\b] T=  
/0I@�)"R � 	I�6�,��8 D�� X�R ?0�"
 z�!& "R � 5I!& D�IG 

°C ��_ /0II@�)"R � 'II(1@��0G0�;5(� )� ��0II�;=�&0Q D�IIG
 ��� II!A°C ��]C(II! � 'II(1@��0G0�;5(� )� 5��II�0= D�IIG 

°C \�_ #& �R �Q 	!& I�;� ) ��,6�! '�X0G ) D'��R D�G V
	!& .	5!& � ��%
 �0R X�R �R �N0= �R "I�� �IR ��^(� D�G
�� [�0I. �IR V5�I1Q 6�Q0I�w�8 �R #&":G 	�6�,��8 �Q '!�

 �IR ���5:53 "55U= �)'R ) � 
", �%�� ��6 �:2 6& 	��"Q0(

 C(I! ) #'5I!� 45�6 �^! �*�;� ���%I
 pI=A �I:5� D�IG

 � e�! �01@ � &� ��^(� C(I! 'G&03 ��) �'�& 'I(��� � e�(I3
C(II! D"5
�0II8 	II
�R	II
�R 0IIN) ) �IIG ) �II 5*�"5� D�IIG

  @�� �:2 6& �Q�T D"5
0�&",����� !A F0= sQ )��b" �0I15Q (
	!& .

Q&D?
��� � R0� 
?0@5-�A Y6&"8 ;�� >�� � C(! ) Dn0-� F0= D�G �:5� D�G

 �	�6�,��8 ?0@5-�A B0� ���M 0N) ��� !A ��^(� ���%-%=A
15
0 �A�� ��%� &� 	5�0(5 Q& ) '(1@��0G0�;5(� �	5'G .P���

?0@5-�A V5� D'(R #� z�!& "R �G]�[?0@5-�A #)",� D�G
�� �&"J V5�1Q'�"5, .�A 9:G 6��R �,W�)� S5*%= �G 

i5Z� �R ��,6�! ) �W5�Q& DX�R � 5!�,0
 6"� �R q�@=�& � D�G
�J�) 	5�&", ) &"$:G D�G B0� D�GI	!& .�R 	�6�,��8 0N) 
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