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Al3+ 7dW/� 77X/� 7UY/� W�x/� �ZZ/� 7CX/� 7xd/� 7C/� 7YZ/� 7ZX/� 7xX/�
Fe2+ CCZ/C CCx/C CCx/C C�W/C CCx/C CCx/C CCx/C CCU/C CCU/C CCd/C CCZ/C
Ca2+ 7ZY/C �ZZ/C WWU/C WCW/C 7�x/C 77C/C 7XX/C 77�/C WC7/C WCx/C 7XX/C
Na+ xxC/C xCU/C WZW/C x7X/C YZd/C YX7/C YWC/C YUU/C YdW/C YW7/C YWC/C
K+ CW�/C CWC/C C7X/C CW�/C CdY/C CdW/C CWd/C CUW/C CWU/C CWC/ C7X/C

Total ZXd/d XXZ/d XC�/d ZXW/d Cd7/U CWd/U CWx/U C�Z/U CUC/U CU�/U CWd/U
Formula (O)W7 (O)W7 (O)W7 (O)W7 (O)W7 (O)W7 (O)W7 (O)W7 (O)W7 (O)W7 (O)W7 

Ab XW/xx dZ/Y7 ZY/U� 7x/xU �W/YU XU/Yd d7/xZ WX/YW UU/xX UW/xX YX/xZ 
An CU/WC XZ/7W WZ/dd dZ/W� dC/7C Cd/7� W7/7Y dx/7� �X/7X xY/7X UW/7Y 
Or �7/W x7/W xd/W 7U/W dY/d �C/d 7x/W �x/U 7Y/W XC/7 xZ/7

�=�
*^D [
�y#� �E��� �
\�T1%"	 �,E1�=M 0� h
�. �� �!<!� �!"�*0I21 �2�,E���!D 0=��!��+) /
�!
=�
Point 6 19 25 29 58-1 58-2 74-2 
Ab Zx/xY XZ/YU Ux/7x x�/Yd �d/xC W7/YW ZY/xZ 
An CZ/X CU/�� CY/C Z�/�7 Ud/7d YX/�U Z�/�7 
Or ZU/7W Cx/�W WY/YW dX/�7 WW/�U ZC/�C �7/�Y 
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�1� $%�J .�6��Fe2+
/Fe3+��8 �� ��,EG�J 0$��G=1� �� A!6

 �/� .�]�Z[�1� $%3 �61�j�.Mg#G�J 0A!6� �,04Y/C�D
ZWX/C/TiO2(J � �,04Yd/C�DC7/7n=� %p�� 0�1� +

)A/%<7.(A!60G�J�,E/� +,�=1�I21 �,E���!D 0=�/
�!��+)
�!
=�?0�"8 H!� .� $�!�/���=1� /� %2"6��!,!
*2-�

�� h0��D �=08��+3 /%�!3)P&3�,EY/X(.

"��D2��8�309�>+� �G�J .� 0A!6�,EI21 �,EF!G� E���!D 0=���!��+)
�!
=�?���+�3 ;+@ A�93 .
A-73 70-A 70-B 70-C A-71 A-24 A-27 A-28 A-33 A-39 Amp-Mineral 

ZC/dY �C/dY UC/dX 7C/dY UC/dx YW/dd 77/dX C7/dx WZ/dX YC/dZ SiO2 
ZX/C� C7/77C/�ZX/�ZY/�YW/�XZ/CXx/CCX/�Xx/CTiO2 
XC/YXC/ZWC/ZZC/YdC/ZCX/Z�X/YCx/Yxd/xUZ/UAl2O3 
�C/�W WC/�7 �C/�7 �C/�W UC/�7 UC/�d d7/�d WZ/�d �U/�7 7C/�d FeO* 
�7/C�Z/C77/C�Y/C�d/CdW/CUU/CUC/CdZ/Cxd/CMnO 
�C/�d �C/�W 7C/�W 7C/�d �C/�U xX/�d U7/�W xW/�d CZ/�Y xY/�d MgO 
YC/�� UC/�7 UC/�� WC/�7 �C/�� Cx/�7 d7/�� WU/�� xC/�C 7C/�7 CaO 
Z7/�dC/�YX/�YU/�xU/�7U/7dd/�CX/7Z�/�7x/�Na2O 
dx/CUY/CU�/CU7/CUW/CUx/Cxx/Cx7/CW7/CdW/CK2O 
CZ/ZZ ZX/ZX W�/ZX Cd/ZZ Y7/ZX C7/ZX W�/ZX U�/ZY YW/ZX UU/ZY Total 

(O)7W (O)7W (O)7W (O)7W (O)7W (O)7W (O)7W (O)7W (O)7W (O)7W Formula 
YX�/xYdW/xZx�/xY7U/xxCC/x7Yx/xZYX/xxW7/xX7Z/x�CC/YSi 
WC�/�xUW/�UYW/�W7Y/�UY7/�UC7/�77U/��ZZ/��Cd/�Zd�/CAl 
7�7/C7�Y/C�WC/C7Cd/C�Z7/C�XW/CCZY/CCZW/C��U/CCZ7/CTi 
XXd/C7XZ/C�XU/CYYU/CYZX/CxYd/�dZY/Cd7Y/�Z7X/CddX/CFe3+ 
ZYx/7YZx/7X7d/7C�x/W�ZU/WCY�/WZ�Y/7�dW/WUZx/W�7d/WMg 
xxY/C�XW/C7xX/�YXx/CxXx/CC7X/C7dX/�WCY/CUCx/C7dZ/�Fe2+ 
C�d/CC7W/CC7Y/CC7�/CC�Y/CCU�/CCxY/CCx�/CCUZ/CCYY/CMn 
YYU/�Z�Y/�YxZ/�XYX/�xXX/�X�W/�YY�/�YU7/�xCW/�XxY/�Ca 
U7Y/CWXZ/CdZU/CdXW/CdUd/Cx�7/CdCd/CUX�/CU7W/CWdZ/CNa 
CXW/C�Cd/CCZW/CCZU/CCZx/C�CC/C�77/C��d/CCUX/CCYX/CK

77/�U W�/�U W7/�U WC/�U 7Z/�U W�/�U W7/�U W�/�U W7/�U W7/�U Total 
X�x/CZWX/CxZC/CYZW/CX7W/CZZ/CYC/CZ��/CXYx/CY�d/CMg/(Mg+Fe2+) 
Wd/C�d/CWd/CWd/CW7/CWU/CWY/CWU/C7X/CWU/CFeOTotal/( FeOTotal + MgO) 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                             7 / 14

http://ijcm.ir/article-1-198-en.html


E!yD+� ��&���+�3 (�
��+� ���%S (�+
� �1�23 ���8 / �1�23�!"� �"^� tt�

8.0 7.5 7.0 6.5 6.0 5.5
0

1

Ferro-

Actinolite

Actinolite

Tremolite Tr Hb

Act

Hbl

Fe-

Act

Hbl

Ferro-Hbl

Magnesio-Hbl

Fe-

Tsch

Hbl

Tsch

Hbl

Ferro-

Tschermakite

Tschermakite

TSi

M
g/

(M
g+

Fe
2)

?1� Hh0��D A!60G�J E%2� 4
� �� ��,���!9�A!60G�J I21 E�,�,E)♦(���!D0=�/)●(�!��+)
�!
=��� ��+S ?0�"8 $�/%j� �� %�+0)]7C.[

?1� Ih0��D ���!9�A!60G�J E%2��,�4
� �����!9�JA!60G��,EI21 �,EF!G�E��Q2� +=98 / %2"6��!,!
*2-� $�/%j� �� o"@� ��$+=�)E
��+S �=08��+3�=	+)%�� ]7C.[

=����' �� 
�0D!0��,mMA!60G�J .� ��8 4
+=��/�+	 �,�2�/+	 0*
� 4
4
I21�,EF!G� E� ;!�j� ��!3 .�3�� \�!p �� ��!9R�
�,�!"�EP&3� / ���0P&3 �9 ���� �!</ �0�/�/ �.� *0� �,�) 
%6D
PA!60G�J$%3 Pp�] �,�� \�!p 4
� �� �8 %�� P&3

��8 �� / $�!���,E�%8%2,�+9, /�0**
� \�!p �� �,�)�!"� 
�20�. ��EI21 �!"� *
� �!y]���� )P&3d(.Mg#  

�0D!0�� �,04Ux/C�DxX/C/TiO2(J � �,04C�/W�DdX/d
n=� %p��0+�� / �1�$+=�)E�0D!0��,E�!9R� �� ��+S �-

)0%�+ .

0 2
0

2

Fe-Mg-Mn

Calcic

Na-Ca

Alkali

BCa+BNa

B
N

a

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                             8 / 14

http://ijcm.ir/article-1-198-en.html


%"< ���$��93 u�(�=��.q��� ��� 40�.�/ �^21��'	�1�23 ���8 $�!D E�,E%01� EF!G�. . .ttq


&�I21 �� �<!D P��S \�&� .� �,EF!G� E
$%3 �� 
%6D
G�J P0� �� A!60D!0�1� �."8 �!b ���P8 ��'	 B,�8

 o61 �, $�!D 4
� �� ��� �	� �� $�+9, ;J ���� ��'	 �� �6��
 �� $�+9, �0D!0� P0&'D / A!60G�J B28�/�%8E� $%3 �1..�

�,�9)�� F!G� +-
� �+bE�
�9)�� :�D� �� %
%< ��%��!D 
��
�.� �#�����B28�/ %
%'D /+0>� �!3�^0=� �8 E(J

�;J (�*0� B
�*	��)%�*
+)+
kM�� ��*=�� / (i0�8� E+='0� 
�1�.���8 �
�+3 4
� �� �,E��+b� �� �0D!0� / �0=2-� 

�� �!"6D A!60G�J%2��
 � B,�8 �� /��%
�M (�%0� ��E�0D!0� 
�� B
�*	� A!60G�J �� �6��%��
 .4
��+	
�,%2E������RD

%3 %,�!> �0D!0� �� A!60G�J P
%6D o61 ]7C�7�[)P&3d.(
*D��!8 :���8 40� �!"�*
� / P&3 �� \�!p �� +M �� �20�. E�,

�1� �"]+� 4
+>J �� (J �!"6D .� (�'� / �1� $�+8.�<!D �� 
�=� ��
] [.� Pp���^2,EI21 �,EF!G� E��0�� *D��!8 (�*
I21�,E���!D 0=�.� +=98 �CI21 �� ��� �1� %p�� �,E
�!��+)
�!
=���7U%p�� �0*��%1� ]Z.[

���8�,E�#+	 :���8 4
+=�!9R� �,E�� �#+	 ���!D0�/ �,
�!��+)
�!
��,E1�+� �$%3 / 48+
. ��0D�MJ �%8 

)�,%0�8�E=0D �4,J ��0 !(�1����+��� \�!p �� o"@� �8 E-
���8 �� �
�,�,E�!"� �3�� )�0D!0� / A!60G�J �.O8!
NOM (

���� \�!p �� �
 /�,E*
� EA!60G�J ��+b� �� �� / �,
�0D!0�%2=�, $%28�+M I21 4=� �� �
 / �,)P&3d.(�
*^D 
�Q���E.� �>+� ��8��,E�%8 �0D!0� ��+b� A!60G�J / �, �,

�,%0�8� H!� .� �8 ��� (�'�E4,J )��6��@�0=2-� (��=0D /0 !
.� �8 %2=�,*^D
�A!60G�J �0D!0� / �,$%3 Pp�] �,%��.

1�+���,E.� Pp�] I21��-�E$�!D �,E=0���!D ��
�!��+)
�!
=��� (�'� I21 4
� �8 %,� �"]+� �1 �� �,

$%3 �!"6=�%��.�"]+� �� EA!60G�J A/� ,�,.O8!
NOM / �E
�=	+) P&3 �0�/�V	� �� �9)�� �!Rp /  /� �"]+� �� %���,E

+D������'	 B,�8 P8(*�� �� ��+	 ��!� ��'	 B
�*	� �#�� 
�
�9)��3�1� $%.�2j2� ���] 4
� �� �,E��9^�� /�!-�J�

98���< ��,.O8!
NOM / $%3 �<E�0�/� �0*�=	�
 AOj�� �98
�03�] ?
 /E+�� E(J ��+b� �� P�� / �1� $%3 P0&'D �,

�,.O8!
NOM  /�E+�� �03�] (/%� E�"]+� 409, �� *0� 
$%3 �!"6=�%��.A!60G�J .� �>+� �"]+� 4
� �� �0D!0� �� *0� �,

$%3 P
%6D%��� /0D!0�� �,0�!"6=� *3$%%�� .��+>J
4
�"]+�E��9^�� �8V	� �� �9)�� �,E1� +D��� 0�1� $% 

�!"6=� I21 4=� / �,�!"�*
�3�1� $% .� ��
�"]+� 4
�,.O8!
NOMEE%1 �*D��!8 �\�T1%"	�,E1�=M0h���8 /�,E

/+	� 4
*02� ��y	 �
�,�!"�*
� \�!pE�,�!"� 40� E�� �3�� 
$�+8 +M %��)P&3W.(

������ ��	
� ����

&��/� .� �,E�.04����^21��'	�.� $��G=1� ��8 �/. �-
�,ENOM 
�1� %2"6��!, / .O8!]77�7W.[� ��
�/. �/� 4
��8��,ENOM 
G�J / .O8!0�� A!6
�3�� %*9, ��!"�
/ ��
����E5�9D Pj� )$�)��!>+� (/ %23�� ��'� / ��p
*^D
�E�Q�� �E�
S� �,�!"� 40� 5�9D Pj� .� ���
��8 /� 4�

/ �!3  �^��
� �
*^D �&2
�!"� .� �NOM 
.O8!E) \�!p 0�8 �+
G�J �!"� P>�� �� A�>�� \�!p ��0%3�� �=	+) ��+S A!6 ]77�

7W .[�9, �� (!vE��!9� ��8 �/. �,�G�J 0A!6�NOM
.O8!
�+D .!2, / �3�%� �!</ :!	 �/� �� ��).�1
�,%�
� �� 
4

���� �!</ �/��8+D .� �k� 0G�J o0A!6�+�E^21��� / ��'	 �
$��G=1�3%.
G�J0A!61 �,0"0\�&�,E��^�.0+$E���� �#�y� E8+D 0o

3090��
��8 ��=>�1 /�1�23�#!2=� �%2=�,]7d.[H!2D
8+D03 o090��
��=>�1 /E(J� �#�� �,�$+=�) �� �8 �!3 -
E1/0R�I21 .� �+3 �� �,
&'D ��'	 / ��� �"=�� �0P

%�!3 .G�J0A!6��9D �� �,�I21 �,E�FJ 
�"	 40�?
	�� ��1�/%]0$+=�) �� / ?E1/0R���� .� )C˚��UC �

dCC (��'	 /)Kbar 7W��(%���� �!y]]77.[��%��Ti, Ca, 

Na /Al8+D �� �!<!� 0G�J o0��'	 / ��� ���'	 |��D A!6
'����8� 0�1� (i .	+b .���0D�8 (�*0(!�,�
%2��� Al, Ti 
/ P8AlRS!� �� 0�</ ���v ��� ��� �� 05��] */ �1�
�*	�
�*	� o61 ��� B
��%�� BTi�*	� /
� B0(�*Al �� 
RS!�0�</ ���v �����!3 ]7d.[�0(�*AlVI )RS!�0�

�</ �',�(�*	� ��
. ��'	 B
� ���� �� / �!30(�*Al �9)�� 
-=������%� .�!�J ��%��020RS!� /� ��  !0:!	 �)/ ���v

�</ �',�(*^D .� $��G=1� ��
�Q�� ��E�61�j� P��S
�1�]7U.[

�+�E�61�j� E8+D .� $��G=1� �� ��� / ��'	 0G�J o0�A!6

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                             9 / 14

http://ijcm.ir/article-1-198-en.html


E!yD+� ��&���+�3 (�
��+� ���%S (�+
� �1�23 ���8 / �1�23�!"� �"^� tt�

��!9��� �,
���� %E. \�~�'� 
%23�� +:
���!9� ���� �,E�#!9^� �E*9, 
��8 .� ����,E�*D��!8 

1�=M \�T1%"	0NOM �h
� �%2"6��!, �.O8!0D!0��� ��0=0/ �
�
29"03�� �2%]7x[�� �<!D �� �8 �1�+� ��,EI21 ��-�E
�
4&'D0���)/� P��!9� �� �,E���� �!</ ��Q2� )P&3W.(
�G�J .� 0A!6�,E���� E8+D 0=8� o0�!20=���
3!M h'v %�

�+8]7Y[8+D �� �<!D �� �8 �03 o090��
G�J 0A!6 ���!9� / �,
(J8+D �,0=8� o0�!20=���!9� �� �,E*^D 
� $%,�'� $%3 �'%.
�G�J 0A!6�� �,
%S�	 %��Q2�%2�E��1+)� (/%� /�%23�� 
]7U�7Y[1�+� �� �<!D �� ���,EI21 ��-�E��Q2�%2�E��

G�J0A!6�,EI21 �,EF!G� E9� $%,�'� ��!3.
�'�� ��'	 ��8� 0�Q��� / $�!� ��� (iE

FeTotal/FeTotal+Mg<0.6G�J �� 0A!6%28 :%p �, ]7U[�8
I21 ���,E� +=98 ��Q2� .WU/C�1� )A/%<7(�� /

��=>�1 A!�+	EG�J 0�� A!6
D�8 ��%RD %0(!�,E(JSi≤7.5/
Ca≥1.5%3�� ]7d[�=� �� �<!D �� �8
*^D [
G�J �0A!6� �,
4

�+3
�+� �E��!9� �,E1�+� ����� �!</ $%3 )A/%<7.(

���	
���� ���� ��	
���� �����;� -���  ' ���G�
�J�

�=�
��.J [
B�,$��� (�'� %��8+D �8 0G�J o0+� $/O# A!6
'�� ��'	 ���� �� ���'	��8� 08+D �(i0/ I21 P8 o&'D0P

���)/���8 �-=�� �,����� ]7d�7U�7Y.[:!	 P��!# �� �<!D��
 ��%�� �!~> �� /AlG�J �� P80A!�+	 (!28�D �A!6�,E

.
��E�+� E�61�j� Eo1�2� �8 �1� $%3 �K��� ��'	 +D
4
(J�Q��� �,E.
�1� +:
]7X[P[±0.6]= -3.01 + 4.76(Altotal)

� �� 
A!�+	 4P8 o�] +� ��'	 �0/ ���!"Al� �0(�*
�!�J0208+D �� P8  !0G�J o0�1� A!6 .+D��� :!	 A!�+	
4

� (�'� �� ��'	 ��%���%,�]7X�7Z.[��/�+	���� 0=0/ �
�
29"0'� �'�� ��'	 (�!� ��� +-����8� 0/ �1� (i

G�J0A!6�,�
�+3 �� �8 
'�� ��'	 ���8� 0�!"6=� ��� (i
$%3�=� %��
4l9Q� [+DE�+� �� E�.0��� 4�^21��'	�(�'� 

��,�2%]7d�7U.[
A!�+	 5�1� +�����+� $%3 �61�j� ��'	 E&'D 0P

G�J0A!6�,EI21 �,E���!D 0=���!��+)
�!
=��04CxZ/7�D
dXU/U80�1� ���!"]7X[�+� $%3 �61�j� V9# �EG�J 0A!6 

�,E� :!	 04W/X�D7W80�1� +=�!" ]WC�W7) [A/%<W.(
1/ ��=6�� $+=�)0&'D ��'	 |0G�J P0�� / A!6M0/+E(J .� 

�D V9#0
%E&'D+� 0��8 �#!9^� P�1�23�I21 �,EF!G� E
9# �"=�� P]�+� �� :!	0jQ1 / V�� �=1!M �� �8 �1

1�+���,EI21 ��-�E��).�1 E���� .�0+='
V9# / ��'	 4
�,%2"6��!, �� $%3 �61�j�EI21 �� �!<!� *61 �,E

���!D0=�$�!D �,EF!G� E�=���/  %�� �!"6D .� (�'� �8 �1�
�
I21 4���� �, )A/%<W.(

�+�E�61�j� E���E&'D 0P��!9� A!�+	 �� �<!D �� �,
� $%3 $��G=1��+E�Q��� .� ���'	 E.
$��G=1� +%3]7Z[�

]7Z[T = 25.3P + 654.9 
�Q��� ��E��� 8 o�] +� ��'	0�<�� o�] +� ��� / ���!"

=��10� �1%� ��+-�J
%.5�1� +��
4��� A!�+	E�61�j� 
�+� $%3E&'D 0G�J P0A!6�,EI21 �,E�!D ��0=��

�!��+)
�!
=���Q2� E1�+� ��!� �$+=�) �� EYCY �D YZW 
=��1 �<��0� ��+S ��+-�)0�+)A/%<W.($%3 �61�j�  �S��
� (�'��,�2+D��� �8 %
&'D �� {!�+� �,��� 40P

�,%2"6��!,EI21 *61 �,E���!D 0=��,��� /E�M0
4{!�+� +D
�,%2"6��!, ��EI21 *61 �,E�!��+) 
�!
=�.� (�'� �8 �1� 

I21  %�� �!"6D�,E���!D 0=��,�!D �� EF!G� E1�+� �$%3 
�1�)A/%<W.(

$��� +-
� �+b .�I21 �
�0903!KN E�, EF!G� E�,
!-0�� �A�93 41!0� 4
� �8 �1� $��� (�'� ?��� +�3 ;+@
I21�&,J B
�+) E���� �,�%2=�, �
�0"S .\�~�'� +-
�

$�!D 4
� �
�0903!KN �,��!9� ;�098 +p�2# E!-�� �"9< .� �,
�� (�'� .� �8 %,�LILE(TH, Ba, Rb, Pb, Sr, K)/ �2@ 

.�Yb, Y, Hf, Zr HFSE(Ta, Nb, Ti)$%3 ��D %�� ]Z[.
���G2� E��^2, Zr �Ti /Nb E�9)�� �-=���/ +-��'� 

$%2,� P0&'DI21 4
� E�1� B���/+	 (/. �� �, .402�9,
��!9�$�!D E�,,.� EF!G� E�LREE�2@ .� / �)%3HREE 

$%3 +0�	 \%'� �G2� E��^2�0� (/%� / %��Eu%2=�, ]Z.[
I21 4
��03�] �� �0j� ?
 �� �,$��S A�R	 EP0&'D E�

$%3 +
. �� m0=D!l� �1!��0S� +G1!=0� B���/+	 .� Pp�] / %��
�1� �=	�
 ����� (N!l� �D �8 %2=�, E*8+� (�+
� ]WW[�� /

?
�03�] $��S A�R	 E�=	+) P&3 E�%�� ]U�x.[

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                            10 / 14

http://ijcm.ir/article-1-198-en.html


%"< ���$��93 u�(�=��.q��� ��� 40�.�/ �^21��'	�1�23 ���8 $�!D E�,E%01� EF!G�. . .tt�

"��DB��� / ��'	E�+� $%3 �61�j� EG�J 0A!6�,EI21 �� �!<!� �,E���!D 0=���!��+)
�!
=�]7Y[
��� )˚C(
�M+�
�]7U[

��'	 )Kbar(
�M+�
�]7x[

I21 H!� 
*^D {���
�
$%3 

��!9� $��93 

7/YCY CxZ/7�!��+)
�!
�G�J0*61 A!6 WZ�A

X/Y7x XdU/7�!��+)
�!
�G�J0*61 A!6 WW�A

d/Yd� d7�/W�!��+)
�!
�G�J*8+�0*61 A!6 7Y�A

W/YWX 7ZY/W�!��+)
�!
�3�]0G�J �0*61 A!6 7X�A

X/YYd YWZ/d�!��+)
�!
�G�J0*61 A!6 7d�A

X/Y�U dCY/7�!��+)
�!
�G�J0*61 A!6 �X�A

Y/YWd �Ud/W�!��+)
�!
�G�J01 A!6*6�x�A

Y/Y�Y dXW/7�!��+)
�!
�G�J*8+�0*61 A!6 �U�A

�/Y�x d7C/7�!��+)
�!
�3�]0G�J �0*61 A!6 �d�A

W/YX7 CY7/U���!D0�G�J0*61 A!6 Y��A

d/YWY 7xW/W���!D0�G�J0*61 A!6 Y7�A

x/YUC YX7/W���!D0�G�J0*61 A!6 YW�A

Z/YZ7 dUX/U���!D0�G�J*8+�0*61 A!6 A�YC

W/YXW CY/U���!D0�3�]0G�J �0*61 A!6 B�YC

Y/YUW ZC/W���!D0�G�J0*61 A!6 C�YC

X/YWW �7/W���!D0�G�J*8+�0*61 A!6 dx�M

W/Y7X ZC/7���!D0�3�]0G�J �0*61 A!6 dZ�M

�/YC� X7C/����!D0�G�J0*61 A!6 UC�M

�J �!"6D E�+� $%3 �61�j� E�,��'	 / ��� �� �<!D ��A!60G-

I21 �� �!<!� E�, \�~�'� / $%3 �1�+� EF!G� E�,

I21 4
� �
�0903!KN�� �,I21 ���� E�9)�� �8 �G) (�!D-

.� B0� V9# �� EF!G� E�,7C�!"6D �"]+� 40�/� E+=�/�08 

�1� �=3�k) +1 �'M �� .V	� �� �9)�� F!G� �� / +D��� E�,

 �!"6D E%R� P]�+� +=98 :�9#�)
NOM AOj�� P
%6D / .O8!

�0D!0� �� A!60G�J (.� +=98 :�9#� ���C\�!p E+=�!"08 

�1� �=	+) .

=��� ' 

�=�
/� B,/iM .� Pp�] [EI21 �,EF!G� E1�0%E��0!-�

�0�9)�� %2�+98 :+3 ;!2< 41!�
�/�� 0��A�93 �� (��*�

� �� ?���+�3 ;+@�. �+3 �� (�!D
�+8 �pO> +:

�$�!D �,EF!G� EH!� .� ���!D 0=���!��+)
�!
=�o��@ �	�� �� 

	�!M!��+)0+E%2=�, .NOM P��3 �,�!"� �3��
G�J �.O8!0A!6

� /0D!0�1� �.NOM
���� �,.O8!E��=>�1 ��Q2�%2�E��^2�� �

(/��/��1!� /�$+=�) �� / %2=�, E8+D 06���0.O8!- �

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                            11 / 14

http://ijcm.ir/article-1-198-en.html


E!yD+� ��&���+�3 (�
��+� ���%S (�+
� �1�23 ���8 / �1�23�!"� �"^� ttu

.%�J
� ��+S 4�)0%�+.

�&'D 0��=>�1 H�!�� P��Q2�%2�E��1!� / 5!&R� �3�] �0�

�Oj���
+�� �ENOM �� 
%6D / �,.O8!
G�J P0� �� A!60D!0�� �

��GD �� (�!D00�9)�� (.��� �� ;J ���� ��'	 \�+�
+�� �� 

B�� �� �9)�� �!Rp�,E��S!	 ���� �6�� .

�G�J 0A!6*2-� H!� .� �,
!�%2"6��!,)���0=�(+=98 /

8��+30=�%2=�, .

�5�1� +� 8+D 0G�J o0I21 �� �!<!� A!6�,EF!G� E1�+� �

$%3 �61�j� ��'	 �$%3�+�EG�J �!"6D 0A!6$+=�) �� �,E7

�DU/U80&'D V9# / ���!"0(J P�,W/X�D7780+=�!"�1�.

�8+D / :!	 ��'	 5�1�+� 0G�J o0��� �A!6E&'D 0G�J P0A!6

I21 ���,E1�+� ��!� ��Q2� ��04YCY �D YZW<�� �

=��10�1� ��+-.

��+) �� �<!D �� 
&,J B��"S0��
� /
$��� +-�,E

3!KN090��
�$�!D �,EF!G� E1�0%E1�+� �.� Pp�] $%3 

S� B���/+	0=D!l� 5!��0. �� m
� +
*8+� (�+E(N!l� �� 

%2=�, .

�����)�
!�
� (�)%2�
�!l�� .� ����� 401�23�!"� �"^�  +=j� 4�/

��8�1�23 ��
�+($%�.�� \�+g� �K��� +b�> ��  +=j� (��/�� /

�+�E��D�� E9"# �Q1 �����%S / +&'D A�98 ����� �%���� �� .

KD� � 
[1] Alavi M., “Regional stratigraphy of the Zagros 
fold-thrust belt of Iran and its proforeland 
evolution” American Journal of Science 304, 
(2004) 1-20. 
[2] Dimitrijevic M. D., Dimitrijevic M. N., 
Djordjevic M., Djokovic I., "Geological Survey of 
Iran", 1:100,000 Series, Sheet 72 50, Anar (1971).  
[3] Berberian M., King G. C., “Towards a 
paleogeography and tectonics evolution of Iran” 
Canadian Journal of Earth Sciences 18, (1981) 
210-265.  

[4] Hassanzadeh J., “Metallogenic and 
tectonomagmatic events in the SE sector of the 
Cenozoic active continental margin of Iran 
(Shahre-Babak area, Kerman Province). 
Unpublished Ph. D thesis” University of 
California, Los Angeles, (1993) 204pp.  
[5] Omrani J., Agard P., Whitechurch H., Benoit 
M., Prouteau G., Jolivet L.,“Arc-magmatism and 
subduction history beneath the Zagros Mountains, 
Iran: A new report of adakites and geodynamic 
consequences”. Lithos 106(2008) 380-398.  
[6] Ghadami G. R., Moradian A., Mortazavi M., 
“Post-Collisional Plio-Pleistocene Adakitic 
volcanism in Centeral Iranian Volcanic 
Belt:Geochemical and geodynamic implications”.
Journal of Sciences Islamic Republic of  Iran. Vol. 
19, No.3, (2008) 223-236 p.  
[7] Mohajjel M., Fergusson C. L., Sahandi M. R., 
“Cretaceous-Tertiary convergence and continental 
collision, Sanandaj-Sirjan Zone ,western Iran”, 
Journal of Asian Earth Sciences 21, (2003) 397-
412.
[8] Ghadami G.R., “Petrography, geochemistry 
and petrogenesis of intrusive and subvolcanic 
masses (adakitic) in Northwest Share-Babak, 
Kerman” Unpublished Ph.D. Thesis, Shahid 
Bahonar University of Kerman”, Islamic Republic 
of Iran, (2009) 334p.  

]Z[�%S��.��+� �
H (�.�!yD+� E .�"3!KN09�*�N/+=M /

!D$��,EF!G�E1�0%E��0!-��0;+@ A�93 41! �?���+�3

��+8("��.  !"# ���2"~	 0�. (��.�1 �401�23 4��!'8 ).
+

��v.(
[10] Kretz R., “Symbols for rock-forming 
minerals”, American Mineralogist, 68(1983) 277-
279.
[11] Pearce T.H., Kolinsnick A.M., “Observation 
of plagioclase zoning using interference imagimg”, 
Earth Science. Rev.,( 1990) 2: 9- 26.  
[12] Bottinga Y., Kudo A., Weil D.,“Some 
observation of oscillatory zoning and 
crystallization of magmatic plagioclase”, 
American Mineralogist, 51:(1966) 292 _ 806.  

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                            12 / 14

http://ijcm.ir/article-1-198-en.html


%"< ���$��93 u�(�=��.q��� ��� 40�.�/ �^21��'	�1�23 ���8 $�!D E�,E%01� EF!G�. . .ttt

[13] Hasse C. S., Chadam J., Feinn D., Otoleva P.,  
“Oscillatory zoning in plagioclase feldspar”, 
Science, 299: (1980) 272 _ 274.  
[14] Nelson S.T., Montana A., “Sieve- texture 
plagioclase in volcanic rocks production by rapid 
decompression”, American Mineralogist,( 1992) 
77: 1242 – 1279.
[15] Bateman R., “The interplay between 
crystallization, replenishment and hybridization in 
large felsic magma chambers”, Earth Science, 
Rev., 39:(1995) 91 _ 106.  
[16] Nixson G.T., Pearce T.H., “Laser- 
interferometry study of oscillatory zoning in 
plagioclase: the record of magma mixing and 
phenocrysts recycling in calc-alkaline magma 
chamber (Iztaccihuatl volcano, Mexico)”, 
American Mineralogists,( 1987) 72: 1142 _ 1162.  
[17] Loomis T.P., “Numerical simulation of 
crystallization processes of plagioclase in complex 
melt: The origin of major and oscillatory zoning in 
plagioclase”, Contribution Mineralogy and 
Petrology, 81:(1982) 219- 229.  
[18] Loomis T.P.,Welber P.W., “Crystallization 
processes in the compositional zoning of 
plagioclase”, Contribution Mineralogy and 
Petrology, 81:(1982) 230 _ 239.  
[19] Droop G.T.R., “A general equation for 
estimating Fe3+ concentrations in ferromagnesian 
silicates and stoichiometric criteria”,
Mineralogical Magazine, 51(1987) 431-435.  
[20] Leak B. E., Wolley A. R., Bird W. D., Gilbert 
M. C., Grice J. D., “Nomencalture of amphiboles: 
Report of the subcommittee on amphiboles of 
International mineralogical Association”, 
commission on new minerals and mineral names. 
American Mineralogist 82,(1997) 1019-1037.  
[20] Shelly D., ”Igneous and metamorphic rocks 
under the microscope”, Chapman and Hall, 
London,( 1993) 445p.  
[21] Ferrow E., “Ein fortran-program Zur 
Berechnug der chemischen Analkses von Gesteinen 
aus der modalalysn”, N.Jb.Min.Mh.(1968) p.27-
33.

[22] Blundy J.D., Holland T.J.B., “Calcic 
amphibole equilibria and a new amphibole-
plagioclase geothermometer”, Contribution 
Mineralogy and Petrology, 104(1990) 208-224.  
[23] Holland T.J.B., Blundy J.D., “Non-ideal 
interactions in calcic amphiboles and their bearing 
on amphibole-plagioclase thermometry”,
Contribution Mineralogy and Petrology, 116(1994) 
433-447.  
[24] Esawi E.K., “Amph-Class: An excel 
spreadsheet for the classification and 
nomenclature of amphibole based on the 1997 
recommendation of the international mineralogical 
Association”, Computers Geosciences, 30(2004) 
753-760.  
[25] Hammarstrom Jane. M., E-An Zen., 
“Aluminum in hornblende: An empirical igneous 
geobarometer”, American Mineralogist, 71(1986) 
1297-1313.  
[26] Stein E.M., Dietl C., “Hornblende 
thermometery of granitoids from the central 
Odenwald Germany and their implications for the 
geotectonic development of the Odenwald”, 
Mineralogy and Petrology 72(2001) 185-207. 
[27] Helmy H.M., Ahmed A.F., El Mahallawi 
N.M., Ali S.M., “Pressure, temperature and 
oxygen fugacity conditions of calc-alkaline 
granitoids, Eastern Desert of Egypt, and tectonic 
implication”, Journal of African Science 38(2004) 
255-268.  
[28] Vynhal C.R., McSween H.Y., “Hornblende 
chemistry in southern Applachian granitoids 
Implication for aluminum hornblende 
thermobarometry and magmatic epidote stability”, 
American Mineralogist 76(1991) 176-188.  
[29] Schmidt M.W., “Amphibole composition in 
tonalite as a function of pressure: an experimental 
calibration of the Al-in hornblende barometer”, 
Contribution Mineralogy and Petrology, 110(1992) 
304-310.  

]WC[
�1! $��. .�.$*61 ��E .�"�.0��� 4�^21��'	�

1��0$!8��� �)� :+3 A�930%2<+ ( !6�/+� /�,EG�J 0�!60=�

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                            13 / 14

http://ijcm.ir/article-1-198-en.html


E!yD+� ��&���+�3 (�
��+� ���%S (�+
� �1�23 ���8 / �1�23�!"� �"^� tt�

(J"�1�23�!"� �"^����8 /�1�23 ��
$��93 (�+�)�WZ� (

�dW�U7.

]W�[���J+~�E .�%	 �
D./�!&��R�0./ 4
+E�.�!c�E .

�.� P^j� .�"��8�1�23 ���� /�^21��'	�30���,E

���J (�Q"1 �#!9^�)1 :+3 A�930��/*"(�1�23�!"� �"^��/

��8�1�23 ��
$��93 (�+�)�WZ� (��7W ��dW.

]W7[��02��.�]!=	 �� ��� .�"8+D03 o090��
G�J 0A!6 �,

I21 ���,E�!)+)� �	� �#!9^� 0�!0=�� :+3 0�D / %2<+0
%

10"��&D +���� / ��'	 E�
I21 4�,"�1�23�!"� �"^��/

��8�1�23 ��
$��93 (�+�)�WXd (�W��X.
[33] Agard P., Omrani J., Jolivet L., Whitechurch 
H., Vrielynck B., Spakman W., Monie P., Meyer 
B., Wortel R., “Zagros orogeny: a subduction-
dominated process”, Geological Magazine 1-34 
(2011). 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://ijcm.ir/article-1-198-en.html
http://www.tcpdf.org

