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Abstract: Granitoid bodies of  south of Damghan with northeast-  southwest 
trend have intruded into the  Eocene volcanic,volcanoclastic and Cretaceous 
carbonate deposits. Recent studies have revealed that the Al content of 
hornblende in calc-alkaline granitoids varies linearly with pressure of 
crystallization , thereby providing a mean of determining depth of pluton 
emplacement . Based on  results of  electron microprobe analyses, amphibole 
minerals present in these bodies, according to Leake are ploted in the field of 
calcic amphiboles and show Actinolite, Actinolite-Hornblende and Magnesio 
hornblende composition.Calculated pressures of emplacement , using the Al-
content of Hornblende, for these bodies ranging from about 0.51 to 0.98 Kbar 
(about depth of 1.8 to 3.5 Km) .The altimate equilibration temperatures of 
minerals were calculated using different thermometers ranging from 613 to 
772 oC. 
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j)(�*#4�( P	� �� & �-��-; �" �-��-;I)�/* .��	"I���" 6�*)*�cO>)� N�+-�>� �3	� 

�	" I�� c�	" #.���!' �
< n�<!" �� 6)' c�	" & .�3	��&A�	� A"3�	< �
< n�<!" �� 	-�f c
.�3	��	��!' �
< n�<!" �� 	9��)�/* .�(3!� ��� �� �
,� s* ,1	B�:�; P	� ���(�)  & �*

 n�<!" ���+"=�B(�]� 6�!� ���; ����2�  ������	" �H)(3��D ������ 4	)5 6i	:� 6�*
 .(�.

>?@��� A� 
���< �(3!� 6�!��� �(�)  ��� ���+" 3	k)����	" 3��D �� t� #�+-�>� �3	� 6i	:� 6�*

j)(�(�) ��" &N�
O�, u��� QC�O� #��	2���	" ^
�_� =�B�<!" �� ���* 4�_��� �*�  
tp( &QC�O� ��� ������(� ��&!�M-� ���2'A�3���< 6�!� �/��!D ��!9 ���"!� ������� 3� 6�*

I���" ^
�_�)*�c�D!' 3�!8 A�-��; �3	� ���; ).B(�]�N�	�"�< ��?�( 1	�!D & �*3���< 6-
�� �/<&!�� & 3�p(
D �-��-; #�q<	�rq� #1	B�:�; 6�* L�(� !� n�"!"b[#Y#Y&`

�v�/<� .(� ��D!' ��H�� .

���� ���B!�( ��� � C3/ 	+�!D���EF ����" D� ���G��� �+ �H�G� ���	!
�� 3	k)�6!����5#�	"	
� R� I���" ��3	D ���C63�@&��( .(� �w<3��;w)��!D FwHJ

   �� �B��c����� �����5 3� �2'�� x�)3��&��(	� 6&3 �� (�� 6�5�!�']U[.���3� 6�!� ��
 6!����5 {��!  �	" R�c6i	:� #x&33�� �	5& �:
�_� 6�* w�.�� �w�� x&3 #�	w(!� 6�w*

 �� �< .(� ���!], *�	  �� ���:�(� �� ��	" 
�(&N�3 �*���w����; K��w�� FOw( & .], �; 
G�O]" !@�]b[.j)( ��	w" !w���&3� �
w,� 6�w* j)w( �3 �w+-�>� �3	w� 6i	w:� 6�w* 6�w*

����:�"; �� �(	7� ��3&; ��.�O>)� ��!9 |_� 3� ��B-� ��	" �� ��_� #���w( I?�� �� �*-

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

18
 ]

 

                             4 / 14

http://ijcm.ir/article-1-729-fa.html


�8	}& #����!8�2(�8 # gd
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�� Q8�& �	  )I� U�^-�.(�/
< &!2
8 R6���� !( �� �3!�� ����� A��2" ��	".
∑ ( Ca + Na ) B ≥U , Na B < T/W & Ca B ≥ T/U

�  �_�� �&!' 3��f &!2
8 ��� 3� �� ]T&`[:
a- ( Na+K ) A ≥ T/W & Ti < T/W

________________________________________________________
1- Winkler 
2- Leake et al 
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������	" �H)(3��D �&!C �O>)� 6�7	����!' 6�* ���f ��!�  gg

b- ( Na+K ) A ≥ T/W & Ti ≥ T/W
c- ( Na+K ) A < T/W & Ca A < T/W
d- ( Na+K ) A < T/W & Ca A ≥ T/W

1	B�:�; �+-�>� �3	� 6�* G�O]" ��� 3��&!' 3�a�� 3�!8 .�-	)��<� P	� �� & �!�' ,
.�-	)��<� �)
B�3	*	�A)�� & )
B�3	* )�/* )I� U�4.(1	B�:�; �?�  R�/
< 6�*

 P	� 6i	:� 6�* ��	"I)�/* ]`[.n�<!" 1	B�:�; ����2� I���" 6�*)*�c��	" 6�*
:�O>)� 6i	N1&5 3� �+-�>� �3	� U.(� �  ��3&; .

M9"-I�	�:�; 63�E���� ��- x&3 L�(� !� �*]T.[)^-�(I�	�:�; 6�*��	" �+-�>� �3	� 6i	:� 6�*
�� 3�!8 ��/
@ �&!' 3��!�' .)4(I�	�:�; n�@!" )
B�3	* #.�-	)��@� P	� �� �* & ���-	)��@�

)�/* )
B�3	*	�A�� .�*!���3��6I��  ��!'��� ��� T/U≥CaB#T/W≥(Na+K) &T/W≥Ti.(� .
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������	" �H)(3��D �&!C �O>)� 6�7	����!' 6�* ���f ��!�  ���

��<6��� N������@K D� ���G��� �+ 	
����� 

Act. Hornblende 
2G-7 2G-6 2G-5 2G-4 2G-3 2G-2 2G-1 3Gl�23Gl-1 Sample 

�d/�d d�/�d �h/�g �g/�� ��/�g ��/�g ��/�g �%/��  ��/�� Sio2

�d/��d/���/��%/�%�/���/�dh/�%g/�h�/�Al2o3

d%�/�h��/�d��/�dg�/�h%g/�h�h/�g�h/�g��/��h/�TiO2

���/����/�����/���%d/����/�����/���%�/����/���/�Cr2O3

hd�/��h�/�dh�/��h%/����/�dd�/�h�d/����/���/�MnO 
h�/�% %�/�� ��/�% �g/�% �%/�% �h/�% h�/�� ��/�h ��/��MgO 
��/�� ��/�� ��/�� ��/�� h�/�� �d/�� g�/�% gg/g�%/�� FeO 
��/�� ��/�� %�/�� ��/�� dd/�� ��/�� ��/�� dd/�� h�/�� CaO 
%�/�g�/��h/��g/��%/��%/��d/�gg/���h/�Na2O
�%/��%/��d/�%d/���/��g/���/�%�/�%�/�K2O
�h/g� %�/g� ��/gh ��/g� g�/gh ��/gh ��/gd dg/gh d�/gd Sum 

T spaces 
�d%/h��/h%%�/h�%d/h%��/h%��/h��/h%d�/h%��/hSi 

h�h/��g�/����/����/��dd/��d�/�h�/����/����/�]P[ Al 

���/d���/d���/d���/d���/d���/d���/d���/d���/dSum T 

M1-M3 spaces 
�hd/���d/���h/����/���g/����/��g�/����/����/�]R[ Al 

���/����/����/����/����/����/����/����/����/�Cr 
h%d/�g�d/�d�g/�h�g/�dh�/�d�d/����/���h/����/�Fe2+

�g�/��d%/��g�/��gg/��d�/��d%/����/���%/����/�Ti 
�g�/%hd�/�g�%/�g��/�ghd/�gdd/���%/%���/%�g�/%Mg 
���/����/����/����/����/����/����/����/����/�Sum M1-M3 

M4 spaces 
�%�/����/��h�/��%�/���d/����/����/��hg/��g%/�Fe2+

���/��d�/���g/��d�/��h�/����/��g�/��h�/��hd/�Mn 
d��/�d�g/�d�d/�h��/�d��/�d�%/�hgg/�d��/�hg�/�Ca 
��g/����/����/����/����/����/����/����/��%h/�Na 
���/����/����/����/����/����/����/����/����/�Sum M4 

A spaces 
%��/����/��g�/��g�/�%�%/�%��/�%%�/���g/����/�Na 
���/��d%/��g�/��h�/��dh/��g�/��d�/���g/����/�K
��h/�%��/�%dd/����/����/����/����/�%�d/�%�h/�Sum A 
��h/�� %�%/��%dd/�����/�� �%�/�����/�� �%�/��%�d/��%�h/��Sum cat. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

18
 ]

 

                             8 / 14

http://ijcm.ir/article-1-729-fa.html


�8	}& #����!8�2(�8 # ���

1	B�:�;I��8 �*���:�(���!" ���< �*3���� �j)( 3� �H)(3��D �-��-;	�-�< ��3i; 6�*
��	" ��2" 3� ��B�!O" �!�� #)�/* {(�& J #R���� =�B�<!" �� !k)D!, �-��-;	�-�< 6i	:� 6�*

�� I���" 6�(� ���&]� 3� & �	 c�+�(& ��P-T ��U�"Kbar b[3� &��� 6�*eWW 
�" UUTW3���� ��!�����( �53� �]T&`[.��� �� 63��/�–K)(3��D ��A�� L�(� !� �*

#)�/* )
B�3	* �	�)��	-; �)�A���5 G2� �� F�O�/� ��B"3� 3� )
B�3	* F�)��	-; ��A�� �!��
�	"	
�.(�* ]a[��� �� &&3�
�(&6��	"	
� �)�A���5 G2� ���+" 6�!��*.(.1	�!D 6�*

.(� �  �7�3� ��OO]� {(	" L�(� ��� !� 6����..�2 �%]Y[-��+� N�� ���:�(� �� �3 !�� 
Al )
B�3	* �� �J I<6�!� �7�3� 3��D ���+"��!@ .(� :

P ( ± `/W Kbar ) =  - WU/[ + a`/e Al tot

� �*�������; �����3� �����-�* {(	" �< ���!], ��!H" �����3� �� �-	B8 I��8 3	C 6�*
� & �3&;!� 6!B2* ��	'!'���3�� .O��>� .(� ��; .(� .��	" 6!����5 G2� & 3��D 6�*

O>)� 6i	:�N�+-�>� �3	� ���� ���:�(� �� & !�?� 1	�!D Al��	2� �� �J I<)
B�3	* 6�*
.(� �  �3&;!� & �B(�]�.

�5 3��D�	" 6!���c��� 6)' �����!' TX/W�"XY/W3��	
�< )G2�b�"T/[6!��	
�< (&
�	"c��� =�!���" ^�C 	-�f ���3	�� &A�	� A"3�	< TU/W�"aT/W3��	
�< )G2�Y/U�"[!��	
�< (

�� ���� �3*� .1	B�:�;�	" 6�*c���:�(� =�B(�]� 3� ��	� .�-	)��<� P	� �� �	f 	9�� 
���.�� �*��� ����)f1	�!D ��� ���� !� 3��D �3&;!� �	 ���B/� .O��>� ���!], *�	  &

�3�� !���� �� ��	?.

J�6�G�K 	
������DS=�!;ST 
3��D !� �&q� ,��� I��	�I< j)( n�<!" # �v�/<� ���(�'	D #���A�� !� ./�A2* 6�*��D &

Al�; 3�O� & �� �� !�}�" )
B�3	* �� ���+" �3 ))< ]`[.)
* & 6�	
��]X[�3 �H)(���
1��B" L�(� !��[A]Na [4]Al [A] −1

[4]Si −13� �q<	�rq� �� ./�A2* 6�*)
B�3	* 6�!�
j)(���)��� �3 t�
�( �� P�B � 6�* ��!@��:

________________________________________________________
3-Schmidt 
4-Whole rock  
5-Blundy and Holland  

`�.�q�.�+8	� 3� �3 �-�? 6�5 A�� ���� *�.
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������	" �H)(3��D �&!C �O>)� 6�7	����!' 6�* ���f ��!�  ��%

T (±[UUK)= `aa/W P +XY/eY � Y / WebX/W� Y[Ue /W� LnK  

K= Plag
AbXSiSi )/( −− 84

1	�!D ��� 3�SiF"� ��+" 6�*Si1	B�:�; �-	�!D J�& 3� #P& 3��	
�< n/J!� T��	
< n/J!�
.(� .Y���� )*�c��	�2*�� h53� 1	�!D L�(� !� #�q<	�rq� N�<3�� �&� )DQF(d.(� .6�!� 
T/WXab > 3�O� W=Y&6�!� T/WXab < 3�O� bXab)�U(T/bT+W`/Y�Y=.(� .

��3��2* & 1�)��&��7�3� �3 !�� 1	�!D��!@�� ]UW[:

T= [/bT  P + X/`Te  

�	" 3� �q<	�rq� �� ./�A2* 6�*)
B�3	* 1��+" 6���c6)' #& 6�	
� 1	�!D L�(� !�
)
* ]X[#���`ea �" `bT 53�N����( 1�)��& 1	�!D L�(� !� & ��!' ]UW[��� `YW �" `aW 

����( �53��� .(� ��!' �; .�	" 6�!�c)
* & 6�	
� 1	�!D L�(� !� 	-�f ]X[1�)��& &
]UW[����� n�"!"aab �" `U[ &`ae �"```N53� ����(.(� �  �3&;!� ��!' ..
� ��

1	B�:�; ��)�� .�-	)��<� P	� �� 	9�� ��	" 6�*#)�/*� �B(�]� ���; 6��� ��.(� .

J�6�G�K 	
������ U=���T 
�� ���:�(� ��3��	2��-A- �� ]UU[���< &� ��� F�A�)� & �*; Q��	" n�!� L�(� !� �< 

1��+" 6��� #.(� �  F�(!" �/<&!��	)�
< & 1	B�:�; ./�A2*aTW�53� ����( 6�!� ��!'
���<� 	-�f ��	" 3� �/<&!��	)�
< & 1	B�:�; ./�A2* 6�*��� .(��; )I� b.(

>� 	
����� ��V��<� 

��	" 6!����5 3��D ��)�� �� �5	" �� O>)� 6i	:� 6�*N�+-�>� �3	� �@3��	
�< R� �&J 3� 
3� #.(� �  �3&;!�3��	2� 63�p(
D �( Or-Ab-An ��3��2* & 1&!< ]Ub[R� 6�)B� !�

 �� !�2< 6��� #3��D 3��	
�<aTW����( �53� (� �*3�p(
D 1��+" 6�!� ��!'�� .�;)I� [(.

________________________________________________________
7- Non – ideality 
8- Darken’s Quadratic Formation 
9- Vyhnal et al.  
10- Lindsley  
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�8	}& #����!8�2(�8 # ���

M9"2� 1��+" 6��� ���+"���@ ��A2* 6�*�n�!� �� ���:�(� �� I�	�:�; & �/@&!��	)�
@ ./
 F�A�)� & �*; Q��	" ]Q5�!� �� L�B�8�UU.[���@ ��� 1��+" 6������� �* 6��� c)*�aTW N53� 

���(��� ��!' ��.

M9"83��	2� F�/�(An-Ab-Or 1��w+" 6�w�� ��w�+" 6�!� ���w@ ��w� 3� �	w5	� 3�pw(
D 6�w*
��	" �+-�>� �3	� �O>)� 6i	:� 6�* .�w( �� ��!�����w( N53� n/J !� �*��2*]Ub[�w� 3��wD 3� 

)�/* 3��	
�@ .6��2* A5 ��XWW����( N53� .w(� 3�w�	
�@ F�w� 3��D �!� �@ ��!' .�w�	2� �3	w� �w*
-�>�+�� ��� !�2@ 6�aTW����( N53� �� ���� �3 ��!')*�.

W"���+ 
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������	" �H)(3��D �&!C �O>)� 6�7	����!' 6�* ���f ��!�  ���

=�+-�>�j)(�(�) ���� )*�c�	2H� N���< #�q<	�rq� #3�p(
D �-��-; #A"3�	< �(�) 

& �*;�/<� #��-��3	" #�<!�� #.�����" #.�"��; #�/<&!�� #1	B�:�; #.�"	�� ����")& .��)��

.�)2
�� (��	" 6�!�)� 6i	:� 6�*O>N�&!C ���!�  ��f.(�.

�AH" 6�)B� !�N���< I���" 6�*)*�cj)( ��� �*������(� #��&!�M-� N��2'A�3���< 6�*

��	" ��� 3� �	5	� 1	B�:�;#.�-	)��<� P	� �� �* .�-	)��<��& )
B�3	* )
B�3	*	�A)��"+��  �� .

��	" ����� 3� ������ 4	)5 6�7	����!' 6�* "�)�!< 6�*j)( & �(�"!< �����:�"; 6�*

6�5 �(	7� '��D!�� .j)( �(�� ���� .B/� �(	��-� �� 1�2�J� �� � ��� 6i	:� 6�* �	 

��� !� &Nj)( .��_� ���; I���" G2� #!���&3� 6�* 3� �&Jb�"T/[!��	
�< )3��D �&J

T/W�"U3�� 	
�< (.(� .j)(��	" �	��!�� 6�* J 3� 6i	:� 6�*3�/?3c.�B-; �=&���

�  �	'!'� t
:�3	*���< A�r�3�� �� �5	" �� �< ��j)( ��� 3� �	5	� �(�)  3��D #�*

 �� !�2<b�&J 6��� & 3��	
�< TY[ �" Y[[53� N6�!� I���" {��!  ��	)� �� ��!�����( 

.(� �  �����3� ���; .�� I,�J K���� �� �-	B8 I��8 ��)*�2* K���� ��� ��� ��� �H)(3��D 

���< ����2�  n�<!" �� ���:�(���	' �� #�3�� �* ��	" 6!����5 3��D �< 6� �� ���:�(� �� �*

��A�� Al� �J �� �	�!� N�*)
B�3	* 3��&JTU/W�"XY/W3��	
�< .(���� !� &N

6��H)(���1	B�:�; �1	B�:�; #)
B�3	* #�q<	�rq� �6��� �q<	�rq� & �/<&!�� ��� 1��+" 

���< �* 3� �&J`U[ �" aab53� N.(� �  �3&;!� ��!�����( .

��	" 6!����5 3��D ��A�� L�(� !� 6i	:� 6�*Al� �J N�	" 6�!� # )
B�3	* c�����!' 

��� 6)'TX/W�"XY/W3��	
�< )6!����5 G2�b�"T/[!��	
�< (�	" 6�!� &c

��� 	-�f ���3	��&A�	�A"3�	<TU/W"�aT/W3��	
�< )G2� �&JY/U�"[!��	
�< (� �3�.(�

��*� .1	B�:�; ��)�� �� �5	" ���	" 6�*c=�B(�]� 3� �E- )�/* .�-	)��<� P	� �� 	9�� 

1	�!D L�(� !� 3��D ���+" �� �	�!� 6�*Al��� ���:�(� )
B�3	* �� .�� �5	" �� �-&

& �7��2�  n�<!" ���<#�(�)  .�+8	�&��	" �� .B/� �; .D�� #	-�f & 6)' 6�* ��	" ���

 ��2�� ��� ��/��� A��Y/U�"T/[ �� �  ��A���5 6!��	
�< .

� ��7�� 6�*����" 1��+" ����� �� �5	" �� ��; .(�����< �&� ��� 6!�? 1��+" �� & �*

���< �H��  ���� ��B"3� L&�-	( 4�( �  �!( ��J 3� �*��.6�*���N)���� ��.(�

 ���; 3	
B" ���� 6��� 6�!� A�� ��;"+�.(� �  �� .

	����*�X�� �
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8 !�<� 6�8; ���� 3	�< �(�) �7�2)*�3 !C�? �� �:� & ���3� 6�*

=��O� �� �E' 3���?� 3� ��)m2* &#�� ����38 & !��" ���2�2, �	 .
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