
)����� �	�
��:��/��/����
��� ���� :��/�/��(

÷

�������	 
���
�� 
��
��� �
���
���
��
��
� ������ ������
��� ��� 
���� 


�
�� 
 �
! ����*
"�#�� ��$�" �

�� ! "#�$%& 
& ���$�&'( ��)*�&� �"#�$ +',- �./*�&� ��0#1 

%���& :234 � 5�6 �� 2���� "78 %��/9& �����4��:;�%& 
& < 1 =�01 �� %�);9 ��.>� �9& �.1 ?@&� ."
& ��57�BC �
�;�C D#/*E 2��� $& ���FG9& �6 %8 ����/9& 2�7"#�$ �( 6H;9��� �7 ���8 6�9& �.1 ."
 G0�����4 �;�C �� ��'! !� 2�7 2�7

�#�'� E �"�4� #C';#,4 �����! D��1 �.�� �C � �.�� *#C ����/9&I,	 ���J9.,	 �K�.#C& ��
 ,4 �='L#F�8 ��#�';#G4& � �#C'!'
.;G�7 �#�'��� ."#�$%��� �;�C �4 �&� %�*� ��J9.,	�� H;9��� "#6 2�7��� ��  9'� 9 �#�& ! �� %��/9&MNO �E PQO �R�� 

=�#9 2�7��L��#� $& �.�8 �9.6 2�7��� �6 �4 �.1 D#/*E �& )#G��9��&'�07��&.� ."#�$ S�9&  6����! H;9��� I�"�4� #C';#,4
 2�7���NTT �E OTO.�8 �9.6 �.�� *#C %��/9& ��'! !� 2& 6 �& )#G��9 �R�� ."#�$#�,4 ='L#F�8 � �
 ,4 H;9����0�;�C �� 

"#6 D#/*E 2�7��� U#E E �6 �.�� �CQTT �E QVT �QTT �E NTT�&� %�*� &� �& )#G��9 �R�� ."#�$ H
�G��;�C H;9��� 2�7
=�#9 H
�G� �6 �.�� �C � �.�� *#C ����/9&2�7  #!�� ��&'�07.��&� ."#�$ � =�#9 2�7��L��#� $& �.�8 �9.6 2�7����;�C H;9���-

$&  G04 �E���W� ��'! !� %��/9& D#/*E 2�7��� �4 �&� %�*� �.�� �C � �.�� *#C %��/9& 2�7MTT �6 �4 �9& �& )#G��9 �R�� 
.;,L��'7 ��'! !� ����(�IX,F��'7��&'�07��&� .

%(�����)� �
�:��:;�%�);9 "78 ��.>� Y2��W;7��2���� Y"#�$ �W;9���Y�;�C %��/9& 2�7Y 9'� 9 .

����� 
��:;�Z';R �� %�);9 ��.>� �@ 1 � 2'[� %�9& ( %�G9& 

���*F*E8 .;6 04 ��I\&'( 2]'F� I 01�4I�& @ "/9� 6 ��&� 
)D/1�(]�[.�� %�);9 %��>� �-'0W�2�G9&� ����� D�! 

�'E $ � �� ��6  9'� 9 2]'F� �2�G9&� �@ 1I�6 ` D#/*E 
2�7�����4 D��1 � �.1�6 `)A', A, B �C��6';R C

���01(234 � �)2����)D(a`�6 �)BK (( ��@ 1)�.W;9
)SD (����b��$ 	 �)FZ(�;78 c9 �)SA (%.>� �'R
)SD (( �9&)D/1�(]�[.2]'F� ��'E $ � �6 �R'E �6

d;9 �6  9'� 9�7a#9&��e �G#�'��� � �/78 2I��9�E 4
�;�C���4 �6 �& 07 ����/9& 2�7 �6 "78 2$�9�'f �� �� G�! 

2�G9&� �@ 1I�6 `�.1 D#/*E .�&)D/1�.(57�BC 2�7
 %'�& #C 2��#�62��W;7��2�72�7�����4 %��>� �-'0W� 

+�W�& %�);9 .1�4 � G*#6 �9� 6 D��1 d;92��)����4 �-
�9�;1;�C����4 �0#1 �����/9& 2�7"9 � ����/9& 2�7-

�!B
� �  9'� 9 2]'F� ��'E �W;9 2�7 "#�$ � %8 �
�#0#1
���4 �6 %8 g�LE�& �9& %��/9& 2$�9]bI��.[%';4�E�*7�BC 

 6&�� ��� "##>E 22��W;7��2�7�;�C 2�7 ���FG9& �6 %��/9& 
���4 �0#1 $&E�/#,#9 2�7�� +�W�& %�);9 �.*�9& .��� -
h�� �6 �W;9 2�7�9� 6 K& ##iE �9� 6 � =�#9 2�7��L��#� 

���4 $& �( 6 �
�#0#1 U#4 E 2�7�B
����4 j�$ �
 ��� 2�7
 �9&  
kJ��/�& c7 �6 ����>E l
& 1]��.["#�$ � �W;9���

"#�$�W;9��*	�
�7 ��  m�;- ?
$'E �#9��n S�9&  6 
���4 ��G(�9 �
�#0#1 Ko��LE �f �
 �7 �
 � ��� �6 �G�6&�

�.1 �n& f ��*	 .�&]��.[�����/9& 2�7�����4 ���6���4 2�7
E�/#,#9 �.>G���6�;�C �� �&.68 � Z8 �.�� �C ���9 !� 2�7

∗"F,E �='p�� �.;�
'� :TVqQrVQVVsP�/#�� G/�& ��C �:majid4225@yahoo.com 

� ��#6 =�9cG*7 ���6 �=�& t��01 ���uvFm $& ���w �E ��� 


*��+	 �,
��

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                             1 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


�6& �� ����#9 �09�@ 9�;1�',6 �,W�%& 
& �9�;1 ���4 � � ��x

#C �%�/�& �.�� *��&� �'R� ��� l
& 1 "##>E .%';4�E�"#�$ -
�W;9����B
�2&�;�C 2& 6 �.*� �y&�& %�);9 ����/9& 2�7 

�9&"
& $& �"
& �� ����57�BCh�� $& "#�$ +'9 � 2�7 -
���4 �W;9���  #�FE H
�G� � ���FG9& �E�/#,#9 2�7.1.
"#�$ "
 G��&.G� 2& 6 �W;9����;�C���/9& 2�7 ��
�C 6 j�$ 

����! ���4I�9& "�4� #C';#,4]����� ["
& �� �457�BC 
.1 ���FG9& �.�� *#C ����/9& �;�C 2��� "##>E 2& 6 %8 $& .

2& 6���4 $& 3#� �.�� �C �;�C z'� ='L#F�8 � �
 ,4 2�7
#�,4�0"#�$ %&';- �6 �4 �� �W;9���57�BC 2��#�6 2�7

�.1 �G	 ! ��/61 ���FG9& �.�&.."#�$ $&���4 H;9��� 2�7
%��� �;�C 2& 6  9'� 9 �#�& ! ��J9.,	.1 ���FG9& %��/9& .

57�BC2�7h�� �6 ��� "##>E 2& 6 ��6�*� "#�$ 2�7 -
���4 �W;9��� �.1 +�W�& %& 
& {f�;�  
�9 �� ����/9& 2�7

 �9&]��I��.[�.�8 �9.6 2�7��� �%�
�C �����4 j�$ $& �7
��#� 2�7��� �6 =�#9 2�7��Lh�&3! �.1 ]�w[.1 ��
���.

���� ��
� � 
�
�- 
.�� 
�9� 6c
 4 2�7 %&��|07 � �'C]�[�� %�*� ��:;� �} .7�

���*F*E8 .;6 04 $& �y3R %�);9 ��.>� I\&'( 2]'F� I
 01�4I�@ 1 .��� �6 �4 ��'6 "/9� 6 ID�! =�01 �� �6 `

 �9& �G	 ! �& @ �����)D/1�.(6 .;6 04 "
& $&  G*#
d;9 ��'E � l9&�.n �E 2.#9& ���*F*E8 2�7 2]'F� 2�7

 �#�& ! �
�#,@ ��J9.,	 $& �L#4 E �6 2.#y'G#�& !)�9� �#�
�9�#�& !';
(� �#��3�'�3E�&'4 ��
�'
�'�& ! ��#�& ! �

�9& �.1 D#/*E �
�'
� .2�G9&� ��  9'� 9 �G#�& ! ��'E
�@ 1 I���} �� �0�� 5�� ��6 `|9& 2$�9 ��:;� �� "78 %��

 �9& �G1&� 2���� "78 �����} �B
� �6 � %�);9)D/1�.(
�0
.@ d;9 "
 E D��1  G*#6 3#� %�);9 ��:;� 2�7
d;9 ���*F*E8 2�7I�6'9� � �6'9�)�& �',!8 �\'E D#L@ $&

D#1 �K ~ ��#�'
� �78 � ��#,#9 2�7 (�6 �G�6&�
 "
 L��4 C)"#�C a#y�$� E� C ('�G9� �} ��'6 ��'! !� h

��:;��.1 3L9 ��#1 z'� $& �c4 �R�� 2& .�&)D/1�.(

/�-0"#�$ �*�� 2'[� %�9& ( %�G9& �9�;1)�G	 ! 6"#�$ �*�� $& �9�;1�������/�%& 
& ]�([%�);9 ��.>� ��:;� %8 �� �4 ��
Z';R�9& ?@&� 2'[� %�9& ( %�G9& �@ 1 .���*F*E8 2�7.n&� ��;E �*�� "
& �� I�.1 ��&� %�*� 2]'F�.�&.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                             2 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


.,R�����01 �����6 ��b��"#�$ �;�C �W;9���%�);9 "78 ��.>� ��:;� �2���� 2��W;7�� ����/9& 2�7 ���

/�-1"#�$ �*�� �*�� S�9&  6 %�);9 ��.>� ��:;� �.1 ���9 �9�;1QOTTTT/q��L
�E ]Q.[��)
�R2�7�����4�6 ` .��� �� �,G�� I
�9& �.1 ��&� %�*� �@ 1.

 9'� 9 �#�& ! $ � ��)"9 �6b�=�9 %'#,#� �]�b�� ([
d;9 �6 E�;6 4 2�7���W� ��'! !� � %��/9& z'� $& �E��

 K�|#,#9 �/78 X,F��'7).#y'���|9& (��&� �� �9& �
d;9 E�;6 } 2�7���:;� &%'! !�  � � � %��|9& �6 U,`
�.1.�&]w.[�;�C  9& 9 �� ����/9& 2�7��:;� %�);9 

$& � .��&� %'0;(�Z ` �E < 1.;G�7 �E��FG� U#4 E 2&�&� .
"
 G0���;�C �1 ����/9& 2�7 "�4� #C �%��/9& ����! D�

�
 ,4 � %��/9& �#�';#G4& �%��/9& �#C'!',	 �%��/9&
.;G�7 %��/9& .���4 234 � 5�6 �� 2���� 2$�9��:;� 

?@&� %�);9 ��.>��9&�;�C �4 D�� �.�� *#C ����/9& 2�7
"�4� #C �%��/9& "�4� #C I� %��/9& ����! � %��/9& ����!

�;�C�.�� �C ����/9& 2�7 D��1  G*#6���4 ��
 ,4 2�7
 %8 �� �#�';#G4& � �#C'!',	 �K�.#C&�.
����'1]��.[

���4d;9 �� �#G;)� 2$�9c
3#;� a78�	�6 � �(�9 �6 �&� -
��'E 2�7�9.- �2& ����( 2��	 �.;;4 C ��.;4& C �D/1

a#G9�4�E�4 � a#G9�6� #	�'C �9& �.1 D#/*E . #���E
2���� !� ��'! !� � 9'� 9 �#�& ! �6 S�0E �� �E���W�

�9& �.7�*� D6�@ .���4 2&�&� 2���� %��/9& �����4 �9�;1
�.#�#CK�/#,#9 $& � ��'6 2& �"�4� #C';#,4 �����! 2�7

�#�';#G4& �K�.#C& �.;,L��'7 ��#�'C�/9& I��
 ,4 ��#�'� E
���4 ��
�'/�� �"4 
$ ���J9.,	 �3E�&'4���4 ��9� 2�7 2�7

#F�'9 ��#9�4��� ��
 #C'/��4 ��#E� #C ��
 #C .;��� 2.
 �#�'0#� ��#E'! ��#E�07 ��#G;)� 2�7.#�4��.#7 � .#�4&

K�;6 4 ��
�.#9 � �#�'��� ��#�,4 2�7 �.1 D#/*E�9& .
���4���4 �0#1 � 2$�9E�/#,#9 2�7��6D#�FE l9'E 

�6& �� � ���#9 �09�@]��[�.1 �9� 6�9& .


��#" 2�� 
�9� 62�7 �C'/9� /#� 2�� MT�$�� � �,�#m �$�� ?:�� 
�;�C $& ����/9& �����4 �.�� �C � �.�� *#C %��/9& 2�7

 �&'� 2��8 	 K��#�vE 34 � � ��$�&'( ��)*�&� �� 2����
.1 +�W�& %& 
& ��.>� .�9� 6 2�7�,#0/E ��*� g���  6  E

 �,n � �� �.1�9� 6�C'/9� /#� �6� G/�& �'/9� /#� ���
�*6�� (SEM) =.� FEI Quanta 650 FEG-ESEM ��

X#,)�& $.#� ��)*�&�.1 +�W�& .��*� g��� �9� 6 �� �.1
SEM���� G/�& h$&� C3
� h�� �6 (EPMA) 34 � �� 

�6 %& 
& ��.>� �&'� 2��8 	 K��#�vE =.� ��)G9� �,#9�
CAMECA SX 100 ��)G9� �6 X#,)�& $.#� ��)*�&� �

=.�JEOL JXA8230 l
& 1 �6 QT� ��� ',#4 QT J�8'��� 
 :@ �6 �'E C �E a
 O%� /#� �
3WE.�.1 .


��#"�
�
�
� � 
.�#34 ���	 
�
�-
��
��� �
� 
�;�C �� ����/9& 2�7�����4%��� K�'m �6 2���� � %��/9&
%� 6.��&� �6'( h G�! %��/9& .�;�C �6 ����/9& 2�7

���4 K& ##iE d�� � �9�;1'�@ � � #E 2 G�4�( �E 3L9 2&
 �#�*E D6�@��'6 �&��'E �(�9 2&�&� U,`.;G�7 2& .���4 -

2�7K�/#,#9�/78 ���4 �6 �& 07 Z8 %�.6 � �&.68 2�7
�;�C �.;7� D#/*E 2.#F�'9 � 2.#�4& �� ����/9& 2�7

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                             3 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


�6& �� ����#9 �09�@ 9�;1�',6 �,W�%& 
& �9�;1 ���4 � � ���

.;G�7 2���� .%��� �;�C �E a
 ����[ �6 %��/9&qT G� 
��%�'� 9 2]'F� ��'E ���4 S�9& 6 � ��&� ��  9 � �9�;1

 �9& �
�9�;1 D6�@ d��)D/1N��&.(�;�C%� 6 %��/9&
�� G�! ��#�6  E�9& ��;�C�� %�*� &� ���*� 2.;6.7� .

 
$ $& �.�� *#C ����/9& �;�C �;�C %��/9& "�4� #C';#,4 2�7
 %��/9& ����! ��.1 D#/*E � 3L9 d���6 U#E E �6 �4 �9&

�'�@&�#�*E D6�@ 2&.�)D/12�7 N� � Z.(�;�C ����/9&
 �.�� *#C �9��  9'� 9 2 #	�'C �G#�& !';#9 ��'E $ � ��

 �.1 D#/*E � �9& �6 2��&'� �� %8 ����[qO�EQT G� 
�� 3#� .9�)D/1N�.(��'0� �� ����! �1�� 2�7�',6 2�7

d�� �6 %��/9& ����! �;�C �G9��'�@ 2�7 2&)&�.�8�
� (�E
�'�@ 3L9 �6 D
�� 2&)�o'9� ! (�� �.
� .�'1)D/12�7 s
� ��&O��&.(�9& �o'9� ! $&  G*#6 �
�&�.�8 ��&�& 	 .�;�C

��'E �6 �L��  E��� �,m�	 �� �.�� �C ����/9& 2]'F� 

��#E� #C �6 �& 07 �#�';#G4& �;�C $& � �.1 D#/*E  9'� 9
���4 � �
 #C 2.#F�'9 2�7��1D�E �G���[ �6 X� NT G� 

a
�3� �,m�	 �� 2 G�4�( �E 3L9 d�� �6 ����/9& �;�C �  E
K�.#C& I�
 ,4I����[ �6 3L9 d�� �6 �#C'!',	QT�EQO

 G� �.1 D#/*E �9&)D/1NK.(�&.�� �6 � �#�';#G4&
�;�C ��  G0#G��9 �� �E �
�7�',6 �6 �#�'� E  G04 ����/9& 2�7

�� �.
� �.�� �C �'1)D/12�7 s� Z�.(� K�.#C& ��
 ,4
 ����/9& �;�C "
& �6 3L9 d�� �',6 �1�� �E 3
� �#C'!',	

 �9& ��&�)D/12�7 O� Z�.($& �,m�	 �6 �#C'!',	 ��&�& 	
�6 ��.1  G*#6  9'� 9 2]'F� ��'E �� �4 2�'f�����4 a`�6 
�9& �.#9� �'( �&.�� "
 G*#6 �6 . �C %��/9& �;�C �� ��.��

�1�� �#�,4 2�7�',6 �$&.�& �.1 �G9�4 �#�,4 �&.�� $& �  E
 �9&���4 �W#G� �� �4E�/#,#9 2�7��K�.#C& D�� �&.68 

�.1 D#/*E �',6 3
� �#C'!',	 � �
 ,4.�&.

/�-5�;�C $& �
& vm  
���E ����/9& 2�7 :��& ( 9'� 9 2]'F� ��'E �� %��/9& %��� �;�C)�6 .
� ��R< 1 �09(� � Z �(�;�C
  9'� 9 2]'F� ��'E �6 S�0E �� %��/9& ����! � %��/9& "�4� #C)=�01 �09 �6 .
� ��R (K �(d;9 �/
�3� �� %��/9& %� 6 �;�Ca78.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                             4 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


.,R�����01 �����6 ��b��"#�$ �;�C �W;9���%�);9 "78 ��.>� ��:;� �2���� 2��W;7�� ����/9& 2�7 ���

/�-6��& (�1�� �
�&�.�8 2�7�',6)�'�@d�� 2& (�o'9� ! �)d��3L9 (�.�� *#C %��/9& ��)%��/9& ����! �;�C(� Z ��(�1�� 2�7�',6
�.�� �C %��/9& �� �#�';#G4& D/1�'(.

/�-7��& (Z ��.�� *#C %��/9& �� %��/9& ����! � %��/9& "�4� #C �;�C 2 L07 (� � K�.#C& � �
 ,4 (�.�� �C %��/9& �� �#C'!',	.

���4���4 �0#1 � �9�;1�;�C 2�7 �6 ����/9& 2�7
D#�FEl9'E  �� � ���#9 �09�@ �6&]qs[�.1 �9� 6 �� �

�6 5�6 "
&�'f �m�( %�#6�9& �.1 .���4 ��#G;)� 2�7

�#�'� E �3E�&'4 �$�4'
e�C �����!I�
 ,4 �K�.#C& ��#�';#G4&
���4 �#�,4 �%��� �;�C �.;7� D#/*E 2�7 � %��/9&

���4 "
 G0�� ����! � "�4� #C';#,4 ����/9& �;�C 2�7

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                             5 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


�6& �� ����#9 �09�@ 9�;1�',6 �,W�%& 
& �9�;1 ���4 � � �b�

 .;G�7 �.�� *#C)D/172�MZ � ��& (]QV[.�1�� 2�7�',6
 �����!��L��#� 2&�&� "�4� #C';#,4 $& �
�7.;G�7 %�*� �4 

�� .7� �4 � %��307 ����!XCD#/*E "�4� #C';#,4 $& 
�9& �.1)D/1M��&� �.("�4� #C';#,4 D#/*E5#C $& 

� �9& ��*� 3#� �
& vm .7&'1 �� ����! �9�� $ � ��
4 �;�C 2]'F� ��'E �#�*E D6�@ 3L9 d�� �6 "�4� #C';#,

 �9&)D/12�7 s� � Z.(���4 �6 �.�� �C �,n � 2�7
�#�'� E ��#C'!',	 �K�.#C&I��#�'C�/9& �3E�&'4 ��#�';#G4&

 �.1 �G(�;1 "�4� #C';#,4 � ����! c4 �&.�� � .;,L��'7
 �9&)D/12�7 MK�Ej.(='L#F�8 U#4 E %��/9& �� �7

 �� 2����� G�!�#�';#G4& 2I$& �;` .;,L��'7 ��#�'� E
 �& @ c
3#;� $& �;` �
3);#G9�7 � �
$�!��C �c
3#;�.��&� .

����
���
�� 
"#�$ 2& 6$�4'
e�C �W;9��� I�
�#,@ ��J9.,	)��J9.,	�� ($&

��&��:�� �
3WE �� 2�7 �� �
�#,@ ��J9.,	 � $�4'
e�C 2&
%��� �;�C .1 ���FG9& %��/9&).R=�q.(2��� "##>E 2& 6

�W;9&� $& �#�& ! D#/*E ?R& � 2�7]b�Ib�[.1 ���FG9&
 $&  G04 ��*	 � G�! �� �4s�#�& ! D#/*E 2��� ��6',#4 

��.n  9'� 9MNO �E PQO .�8 �9.6 �& )#G��9 �R�� 
)=�.Rq.(

/�-8���4 $& ��� G/�& � 2�'� �C'/9� /#�  
���E�&.68 �E�/#,#9 2�72���� %��/9& Z8 %�.6 �:��& (����! �',6)Grt(�',6 �4 
"�4� #C';#,4)Cpx(�� %�*� � �G	 ! 6 �� &� �9& �.1 D#/*E "�4� #C $& XC ����! �4 .7�)�L:@ 2�'L- �'�(Z �(D/1�'( 2�7�',6

 %��/9& ����! �;�C �� ����!)�L:@ 2�'L- �'�(� �(�;�C 2&�&� "�4� #C';#,4 �',62.;6� � K �(���4 �#�';#G4& 2�7)Act(�#C'!',	 �)Phl(�
�#�'� E)Tre(K�.#C& �)Ep(.;,L��'7 �)Hbl (�.�� �C %��/9& �;�C ��)�L:@ 2�'L- �'� (j �(�6 �& 07 �4 �#C'!',	 �.#*4 D/1�'( 2�7�',6
 �#G;)�)Mag (�.1 D#/*E.�&.���4 2���G(& c
�-?R � $& �G	 !  6 �7 ]��[9&�.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                             6 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


.,R�����01 �����6 ��b��"#�$ �;�C �W;9���%�);9 "78 ��.>� ��:;� �2���� 2��W;7�� ����/9& 2�7 �b�

9��:0%��� �;�C �� �
�#,@ ��J9.,	 � $�4'
e�C %� G/�& �1$&� C3
� �
3WE H
�G� 2���� %��/9& �����4 %��/9&)S�9&  6 2��G(�9 ='� 	r
%B#�4& cE&�L9�v��9& �.1 .(

� � b � w x � � � �� 
SiO2 ��/x�  x�/x�  ��/xw  �x/xb  �b/x�  x�/x�  �b/xx  ��/x�  ��/x�  �b/x�  
TiO2 ��/� ��/� �x/� �x/� �x/� �w/� ��/� �w/� �w/� ��/�
Al2O3 x�/�b  ��/��  ��/�b  b�/��  w�/�b  w�/��  ��/��  w�/��  ��/�b  �x/��  
Fe2O3 ��/� ��/� bw/� b�/� ��/� b�/� ��/� b�/� ��/� ��/�
MnO ��/� �b/� ��/� ��/� �b/� ��/� ��/� ��/� ��/� ��/�
MgO ��/� ��/� ��/� ��/� �x/� ��/� ��/� ��/� �b/� ��/�
CaO bx/� wb/� ��/� �x/� ��/� x�/� ��/� ��/� ��/� ��/�
Na2O b�/��  ��/� ��/��  ��/w ��/� wx/� x�/� x�/� ��/��  �w/w
K2O b�/� �w/��  b�/� wx/� �w/� �w/� b�/� x�/��  bb/� ��/��  
z'0W� ��/��  ��/��  ��/��  ��/��  ��/��  ��/��  ��/��  ��/��  x�/��  ��/��  

Si ��/� �w/� ��/� �b/� �w/� ��/� ��/� ��/� ��/� ��/�
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al b�/� �b/� bx/� ��/� b�/� �w/� bb/� ��/� bx/� ��/�

Fe3+ ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ca ��/� ��/� ��/� ��/� ��/� �b/� ��/� ��/� ��/� ��/�
Na ��/� ��/� x�/� ��/� ��/� ��/� x�/� ��/� �x/� �w/�
K ��/� ww/� ��/� w�/� ��/� w�/� ��/� w�/� ��/� �x/�

XAn ���/� ��w/� ���/� ���/� ���/� �b�/� ���/� �b�/� ���/� �b�/�
XAb �w�/� ���/� ���/� ��w/� �x�/� ��x/� �x�/� bxw/� �x�/� ���/�
XOr ��b/� wx�/� ���/� wb�/� ���/� ww�/� ���/� w��/� ���/� w��/�

��*	(Kbar) ?R � S�9& 6 ���]NT[
1 ��� MVV ��� x�� ��� 

2 ��b ��w ��� x�� ��� 
3 ��� ��� ��b x�� ��� 
4 ��w ��x ��� ��� ��� 

?R � S�9& 6 ���]Nq[
1 x�b xx� xx� xw� xx� 
2 x�� x�� x�w xx� x�w 
3 x�� x�� x�� xx� x�� 

4 x�� x�� x�� x�� x�� 
?R � S�9& 6 ���]NQ[

1 x�� xbw xw� x�� xx� 

2 xw� x�� xx� xw� xx� 
3 xx� xw� x�� xx� x�w 
4 xx� xw� x�w x�� x�� 

�:�� �
3WE �� H
�G�"�4� #C';#,4 � ����! $& 2& 2�7
�.
3! 6=�.R �� 2�7 Q�N�9& �.1 �y&�& ."#�$��� �W;9

  6�
�C����! ���4 j�$ I��LE S�9&  6 "�4� #C';#,4 =Fe-
Mg ��*G�& U
 [ & 
$ ��'6 "�4� #C';#,4 � ����! "#6 )Kd (

��� $& �>6�E "�4� #C';#,4 � ����! "#6�9.�W;9&�2�7 

�F,G�� �y&�& ��� "##>E 2& 6 �9& �.1]NNIsr.[%8 G*#6 �7
d;9 2& 6 � �
e',4& 2�7& 	� 6��4 a#	��.��&� %��/9& �� �-

o�6 c#�,4 �&.�� �6 �R'E �6 �7'1 ���FG9& g�#Gn& �6 .
�6 ��..$&
�4 �W�8 �S�9&  G*#6�W;9&� �&.�� �7Fe2+��'6��'0� �� �-

��'� ����! 2�7�9� 6 �&.�� Fe3+o�6 �9 G*#6 �%8�6 �7 -

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                             7 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


�6& �� ����#9 �09�@ 9�;1�',6 �,W�%& 
& �9�;1 ���4 � � �b�

�B
� �W;9&� �.1 �
&�& ?R& � ��]sqIsQ[���FG9& D6�@
G�#�.;�� %�*� &� 2 G04 2��� �4& ~ �.7� .�W;9&� ���FG9& 
.1 �?R � ��]Nr[d;9 2& 6 ���FG9& o�6 2�7��� �6 �
�7
��7e� C "
& �� �4 �'152�7��� & 
$ .*� ���FG9& %8 $& 

&� ��'L@ D6�@�0� �9� �6.7� .�W;9&� �.1 ���FG9& ��
?R �]sr[d;9 2& 6 2�7 	����! �6 a#	��& �&.�� �6 �
�7

"�4� #C';#,4 � o�6 +'
3#;�
.9 $&  #�	 2�7 +'#;#�'�8 � c
��&� � 6��4 ."#;�07�W;9&� �.1 ���FG9& ?R � ��]ss[

"�4� #C';#,4 2& 6 2�7 c4 ��#�6 �&.�� �6Al �� ���FG9& -
�'1 ."
& $& ���FG9&�W;9&� ��'� ��:;� 2& 6 �7�9� 6 

�� %�*� &� 2 G04 2�7��� .7�)QTT �E NVT �R�� 
�& )#G��9(;#,4 �� +';#�'�8 �&.�� & 
$ �"�4� #C' ��'� 2�7

�9� 6 �E sq/Q3#� .m�� ��.9� �� c7 +'
3#;� �&.�� �
�9o�6 ����! .�W;9&� �.1 �y&�& ?R& � ��]sO�sP[2& 6

d;9�� ���FG9& �#�'L#F�8 � �#�'�& ! 2�7 �&.�� �4 �'1
XGrs 6& 6 %8 �6Q/T���n �� �.1�6 ��'0� �� �&.�� "
& �4 2�7
 ��'��9� 6 $& 5#6 Q/T�9& )��L
 �EO/T�EP/T.("
& "
& 6�;6

�W;9&���&� 3#� �� �y&�& &� ��'L@ D6�@ #` 2�7.7� .�6 �R'E �6
 $& .
�6 �%��/9& �� c#�,4 2o�6 �&.���W;9&� ���FG9& �
�7

��:;� 2�7��� 3#� c#�,4 2o�6  
���� �� �4 �'1 &� 2 E �6
�� �9�.;7�. 6&�S�9& "
�W;9&���FG9& �.1 �?R& � �� 

]NNIsq�NV�NM [d;9 2& 6 �4 ����! �&.�� �6 �G
e',4& 2�7
 o�6 c#�,4 �6) G*#6 �o'9� ! (�.1 ���FG9&��9& ��&� 2�7

='L@ D6�@�� �y&�& &� 2 E.7� .�W;9&� �.1 ���FG9& ?R& � �� 
]Ns�NV[��'0� 2& 6 ��'� 2�7�9� 6 �'R� D#�� �6 �o�0Gn& �

;#�'�8  
����"�4� #C';#,4 ��  Eo�6 +'# &� 2 G04 2�7��� ��7
�� %�*�.7�.$& 57�BC "
& �� "
& 6�;6 �W;9&�2�7?R& � 

]NNINP[.1 ���FG9&)=�.Rs(��'L@ D6�@ H
�G� �4.��&� .�6
�6 �R'E =�.Rs2& 6 �.�8 �9.6 2�7��� ��;�C �.�� *#C 
����! I2�7��*	 �� %��/9& "�4� #Cq�Es6',#4 �4 ��

�;�C D#/*E D��- �E���W� ��'! !� 2& 6 ��:;� 2�7��*	 -
��.n �.;G�7 ����/9& 2�7NTT �E OTO �& )#G��9 �R�� 

.�8 �9.6.

9��:1���4 %� G/�& h$&� C3
� �
3WE H
�G� "�4� #C )S�9&  6 2��G(�9 ='� 	Qs%B#�4& cE& (2���� %��/9& �����4 ��.
� � b � w x � � � �� 

SiO2 bx/w�  ��/w�  ��/w�  ��/wb  ��/w�  ��/wb  ��/wb  ��/w�  ��/w�  ��/wb  

TiO2 b�/� �w/� �x/� �x/� ��/� ��/� b�/� ��/� ��/� �x/�
Al2O3 ��/� xw/� ��/� ��/� ��/� ��/� b�/� w�/� b�/� �b/�
Cr2O3 ��/� �b/� ��/� �w/� ��/� ��/� ��/� ��/� �b/� ��/�
Fe2O3 wb/� �b/� x�/� ��/� w�/� bb/� ��/� w�/� xw/� ��/�
FeO b�/� w�/w ��/� ��/b ��/� �w/b ��/� b�/� ��/� x�/�
MnO ��/� �w/� ww/� �w/� ��/� ��/� ��/� w�/� ��/� ��/�
MgO �b/�x  ��/�b  ��/��  ��/�w  �x/��  bx/�w  ��/�x  ��/��  �x/�b  ��/�x  

CaO ��/��  ��/��  �b/��  ��/��  ��/��  ��/�w  �x/�w  ��/��  �b/��  x�/��  

Na2O ��/� ��/� w�/� ��/� ��/� ��/� ��/� x�/� ��/� ��/�
z'0W� �b/���  w�/��  w�/��  ��/���  wb/��  �x/���  b�/���  �b/��  ��/���  ��/��  

Si ��/� �x/� ��/� �x/� �w/� �x/� ��/� �b/� ��/� �x/�
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al ��/� ��/� ��/� �b/� �b/� �b/� �w/� �x/� ��/� �b/�
Cr ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe3+ �w/� ��/� ��/� �b/� ��/� �b/� �b/� ��/� ��/� ��/�
Fe2+ �x/� ��/� ��/� ��/� ��/� ��/� ��/� �x/� ��/� �w/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg ��/� ��/� ��/� �x/� ��/� ��/� ��/� �b/� �x/� ��/�
Ca ��/� ��/� ��/� ��/� ��/� ��/� ��/� �w/� ��/� ��/�
Na ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

�#;���7�e bw/� ��/� x�/� �x/� ��/� ��/� ��/� �w/� ��/� xw/�
.#�C'
� ��/�b  �w/��  w�/xw  �x/�w  w�/��  w�/��  ��/��  ��/��  ��/��  w�/��  
�#! L�.7 xb/x �x/��  ��/b�  ��/��  ��/�x  ��/�w  ��/� ��/x �w/�b  �b/�

XFe �bx/� ���/� ��x/� ��w/� ���/� ���/� ���/� ���/� ���/� ���/�
XMg �x�/� b��/� bx�/� �bb/� ��w/� ��b/� �w�/� b��/� b��/� �w�/�
XCa w��/� w��/� �w�/� ��b/� ���/� ���/� w��/� ���/� ���/� w��/�

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                             8 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


.,R�����01 �����6 ��b��"#�$ �;�C �W;9���%�);9 "78 ��.>� ��:;� �2���� 2��W;7�� ����/9& 2�7 �bb

9��:5���4 Z� C� /
�� ��� G/�& h$&� C3
� �
3WE H
�G� ����! )S�9&  6 2��G(�9 ='� 	qQ%B#�4& cE& (���� %��/9& �����4 ��2.
� � b � w x � � � �� 

SiO2 ��/bx  �x/b�  ��/b�  ��/b�  x�/b�  �w/b�  xx/bx  ��/b�  �w/bx  ��/bx  

TiO2 ��/� w�/� ��/� ��/� ��/� b�/� �w/� �w/� �x/� xb/�
Al2O3 ��/� �x/��  b�/� ��/� �b/��  ��/��  ��/� ��/�b  w�/� �b/�
Cr2O3 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe2O3 ��/��  w�/�w  bb/��  ��/��  �x/�x  �x/��  ��/��  x�/��  b�/��  ��/��  

FeO ��/� ��/� ��/� ��/� �b/� ��/� ��/� ��/� ��/� ��/�
MnO ��/� ��/� ��/� �b/� ��/� �w/� ��/� �w/� b�/� w�/�
MgO ��/� ��/� �x/� ��/� ��/� ��/� ��/� �w/� ��/� ��/�
CaO xx/b� �x/bw �b/bw ��/b� ��/bw w�/bw �x/b� ��/b� �x/b� ��/b�
Na2O ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
z'0W� �b/���  ��/��  ��/���  ��/���  b�/���  ��/��  �b/��  ��/��  ww/���  �w/��  

Si ��/� �x/� ��/� ��/� ��/� ��/� ��/� ��/� �w/� �w/�
Ti ��/� �b/� ��/� ��/� ��/� ��/� ��/� ��/� �w/� �b/�
Al �w/� ��/� ��/� ��/� ��/� ��/� ��/� �x/� ��/� �w/�

Fe3+ �b/� �b/� ��/� ��/� ��/� ��/� ��/� b�/� �x/� �w/�
Fe2+ ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Cr ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �b/�
Mg ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �b/� ��/�
Ca ��/� ��/b ��/b ��/b ��/� �b/b ��/b ��/b ��/� ��/�
Na ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

;.������ b�/w�  �b/��  xb/ww  ��/w�  ��/��  ��/�b  �x/x�  x�/bw  �/x�  x/w�  

�<=��#> �x/��  ��/w�  ��/��  �w/b�  ��/w�  ��/wx  �b/b�  w�/xb  ��/b�  �/��  

?�#�	 ��/� w�/� ��/� b�/� ��/� ��/� ��/� ��/� w/� x/�
�.��
 ,� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� b/�

�
�@���A  �x/� �x/� ��/� b�/� b�/� ��/� ��/� w�/� �/� w/�
;�A������ ��/� �w/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

XFe ��x/� �ww/� ���/� b��/� �xx/� �bx/� b�w/� ���/� b�b/� b�b/�
XMg ��b/� ���/� ���/� ���/� ���/� ��x/� ��b/� ���/� ���/� ���/�
XCa ���/� ���/� ���/� x�x/� �b�/� �w�/� x��/� ���/� x��/� x��/�

9��:6"#�$ $& �& )#G��9 �R�� U�n  6 �.�8 �9.6 2�7������4 j�$ �W;9�������! 2�7I��E a
 2�7��*	 �� "�4� #C';#,4s �6 ���6',#4 
�W;9&� S�9& ?R& � �� �.1 �y&�& 2�7]NNINP.[

��*	(Kbar) � � b � w x � � � �� 

Kd  x�/x�b  �b/bbw  b�/��w  ��/x��  ��/���  �b/����  �x/���  w�/��w  xx/�bx  x�/���  

1 b�w ��� ��w b�� b�� ��� b�� �x� w�� w�� 

2 b�� ��� ��x b�� b�� ��� b�� �x� w�� w�� 

3 b�� ��w ��� b�b b�� ��b b�� �x� w�b w�b 
]NN[

4 b�� ��x ��� b�� b�� ��w b�w �xw w�w w�� 

1 bx� ��� ��w b�w b�� ��w b�w ��x w�� w�� 

2 bx� ��� ��x b�� b�� ��x b�� ��� w�� w�� 

3 bxb ��b ��� b�� b�� ��� b�� ��� w�b w�b 
]Ns[

4 bxw ��� ��� b�� b�� ��� b�� �b� w�� w�� 

1 bb� ��w b�� b�� bb� �bw b�� ��� ��� ��� 

2 bb� ��x b�� b�� bb� �bx b�� ��� w�� ��� 

3 bb� ��� b�b b�� b�� �b� b�b ��b w�� ��b 
]NO[

4 bb� ��� b�� b�b b�� �b� b�� ��� w�� ��� 

1 b�� ��� bx� b�� bbw ��w b�� b�w �x� ��� 

2 b�� ��� bx� b�� bb� ��� b�� b�x �x� ��� 

3 b�b ��� bx� b�� bb� ��� b�b b�� �xb ��� 
]NM[

4 b�w ��x bxx b�w b�� ��� b�w b�� �x� ��w 

1 b�� bx� bx� b�� b�� ��� bx� ��� ��� �b� 

2 b�� bx� bx� b�� b�� ��� bxw ��� ��� �b� 

3 b�� bx� bx� b�� b�� ��� bx� ��b ��� �b� 
]NP[

4 b�b b�� bx� b�b b�� ��� bx� ��w ��b �bw 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                             9 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


�6& �� ����#9 �09�@ 9�;1�',6 �,W�%& 
& �9�;1 ���4 � � �b�

���4%��/9& �9�;1 � �.#�#C �7D��1���4 �-'0W� 2�7
K�/#,#9 �F,G�� �
��� l
& 1 �� �4 .;G�7 Z8 %�.6 � �&.68

�� D#/*E�� � .�'1 ����8 D#/*E 2�7.;
8 	 �6 �R'E �6 %&'E
�;�C D#/*E %��$ �� ��*	 � ��� l
& 1 &� ����/9& 2�7 ���8 6

� 4 .���4 �-'0W�C �� �.1 D#/*E 2�7�;� ����/9& 2�7
����! D��1 2���� �����4 �"�4� #C';#,4 ��#�';#G4& �

�
 ,4 �K�.#C& �.;,L��'7 ��#C'!',	 ��#�'C�/9& ��#�'� E �
='L#F�8 ��#�,4 ��#�'��� �.;G�7 �
�.#9]qQ[�� �4

 �.1 ���9 2$�	 �&�'0�ACMS-CH �
 ACM]sM[%�*�
 �9& �.1 ��&�)D/1P��&.(�&�'0� "
& ������4 �-'0W� -

U:@ �6 a
�3� �.1 D#/*E 2�7C�& @ .��&� � �
 ,4 �
U:@ a
�3� �#C'!',	M.;G�7 )�.*� ��&� %�*� .(=��>E-

���4 2$�	 2�7%��/9& �� �'R'� 2�7 � ��� l
& 1 �� �7
 l9'E %'!��'! 2�7��*	 "�'6]sV[�9& �.1 �y&�&)D/1P

Z.(���G-& �6����& ]OT[��� "
 G*#6 ���'! !� �� 2�7
%��/9& D#/*E � �E���W�6 � 2�7'6 g�%8 G04 $&MOT 

�9& �& )#G��9 �R�� ."#;�07%& )*7�BC �( 6 ]OQ�Oq [
"#6 2�7���sTT �E MTT D#/*E 2& 6 &� �& )#G��9 �R�� 

%��/9&�� ���;*#C �7.;;4 .�	 f $&�9� 6 �2�7 .#
�E �6 WE 
8 ����! 2& 6 D#/*E 2��� �4 �� 4�
�&�.�I� �o'9� !

 �� "�4� #C� G�! "#6 2�7��� QQO �VOT �& )#G��9 �R�� 

�9&]ON[. 
����XCO2�� ��*	 � ��� l
& 1  6 .�&'E
���4 2�&.
�C�6 �.1�6  �'� �72�'f���4 2�&.
�C 2��� �4 �6 �7
.�� 5
&3	&&�XCO2�� 57�4 .6�
 .�� �#�'G9o�  !&

�*� ��'1 D#/*E %��/9&% 
���� �
 � o�6 �
��� l
& 1 �.;7�
 c4XCO2�9& .2���� %��/9& �� �/;
& �6 �R'E �6�

�.*� D#/*E �#�'G9o��9& �� ��'R'� c#�,4 �4 �F! %&'E
�9& �.1 ���FG9& �o'9� ! D#/*E 2& 6 ."G	 !  �� �� �6

���4 ��&�& 	 ��#�'G9o� �'L��o'9� ! 2�7 I�6 � �
�&�.�8
W� �6 �R'E���4 �-'0 2���� %��/9& �� �.1 D#/*E 2�7

)D/1PZ(�� �"#6 �
��� �� 2���� %��/9& �4 �F! %&'E
sTT �E MTT �E ��*	 � �& )#G��9 �R�� O/QD#/*E ��6',#4 

�9& �.1 .
���4 ��.�� �C �;�C �� 2�7 2��� 57�4 �6 �&.68 K�/#,#9

%��/9&�� D#/*E �7.�'1 .='L#F�8 � �
 ,4� 2�7 �0#�,4 z'
"#�$H;9����;�C 2& 6 �L9�;� 2�7 2�7�����4 �.�� �C 2�7

.;G�7 %��/9& .='L#F�8 3#� 2���� %��/9& �.�� �C �;�C 2�7
 ��'6 �0#�,4 z'� $&]qQ[S��n ��*	 � ��� K& ##iE �6 �.�&

"#�$ %&';- �6 ��� ��/6 H;9��� .���]OO�Os .[ �9.6 2���
"#�$ S�9&  6 �.�8;9��� �� �.1 �y&�& �0#�,4 ='L#F�8 H

?R �]OM[�QTT �E NTT�9& �& )#G��9 �R�� .

/�-B��& (���4 �-'0W� 5
�0��;�C 2�7 �&�'0� �� ���8 "#6 l6&�� � 2���� ����/9& 2�7ACM]sM[%8 �� �4CO2�H2OQtz K�'m �6 
Z � �9& �.1 �G	 !  �� �� �	�[& $�	 (��� �&�'0�I9 �� ��*	cG�#=��>E $& �-';E %8 �� �4 ����/9& 2�7 � ��� l
& 1 �� �&.
�C 2$�	 2�7
 �9& �.1 ��&� %�*� �,G�� 2�7��*	]sP.[���4 �-'0W� � D/1 �6 �R'E �6�� ��#�'G9o� �'L� � �.1 D#/*E 2�7�;�C �4 �F! %&'E 2�7

 "#6 �
��� �� ����/9&sTT �E MTT �E ��*	 � �& )#G��9 �R�� O/Q�.1 D#/*E ��6',#4 .�&) .Czo ( ��
3#y�$';#,4)Qtz ( �3E�&'4)Grs ( ��o'9� !
)Adr ( ��
�&�.�8)Wo ( ��#�'G9o�)Cal ( ��#�,4)Dol ( ��#�'���)Di ( �.#�C'
�)Gh ( ��#;,7e)Ak ( ��#��� 48)Fo ( ��
 G9�'	)Mtc (

 ��#,#9 �G�'�)Mel ( ��#,#,�)���4 2���G(& c
�-�G	 !  6 �7 ?R � $& ]��([.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                            10 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


.,R�����01 �����6 ��b��"#�$ �;�C �W;9���%�);9 "78 ��.>� ��:;� �2���� 2��W;7�� ����/9& 2�7 �bw

K�'m �6 �
 ,4 �,4 ='� 	(Mg, Fe2+, Fe3+, Mn, Al)6

((Si, Al)4 O10)(OH)8�9& .S�9& �W;9��� "#�$ h�� 
g�LE�& �'R� �
 ,4 �� c#;#�'�8 "#6 c#�G����)
�R ��R���~ 

(Al IV)��� K& ##iE �6 �9."
& 6�;6��� c#;#�'�8 $& �;` U:@ 
�� �
 ,4 .��R =',v� .�&'E a
 %&';- �6��� ���FG9& H;9

 �'1]Or�OP .[ �� �
�#0#1 K& ##iE 2& 6 2 )
� �&�'0�
 �
 ,4]OV[� K& ##iE S�9&  6�&.� c
3#;� � "78 

)Fe/Fe+Mg ( �.1 �y&�&�9��� K& ##iE ?6�E �4 .�W;9&� 
�� %8 �6 WE� G�! �
��� qOT �E NTT �& )#G��9 �R�� 

 LG>��9&o�6 2�7��� �� .;~ 7 �"#
�C �  E 2�7��� �3#�  E
 &� ��'L@ D6�@�� �9� �6.7� ."#�$ a
  )
� H;9��� 3#�

 �y&�& �
 ,4 2& 6 �.1]MT[S�9& �4 %8K�v#v�E�W;9&� 
�.1 �y&�&?R � ��]Or[�
 ,4 �4 �9& S�9& "
&  6 ���

l#v��� D#/*E +'#;#�'�8 $& �;` 2�7�'1 .�
3WE H
�G�
�:��R �� �
 ,4 2& =�.O2�7��� %8 S�9&  6 � �.1 �y&�& 

�9 $& �.�8 �9.6�W;9&�?R& � ]OrIMT[�� �� G�!��� 
�
QTT �E QVT�9& �& )#G��9 �R�� .

F3" 
%��/9& 2��� "##>E �6 =�#9 2�7��L��#� �9� 6 S�9&  6 �7 

��#�6 =�#9 2�7��L��#� %�'63
� � U9�;� ���4 �'L� D#��
�9& D/*� .2���� %��/9& �1�� 2�7�',6 �'R� D#�� �6

�!� � 3E�&'4 "#;�07 � ����! �L9�;� l
& 1 ��#,#9 2�7
 ?R � �� %8 H
�G� �4 ��&� =�#9 2�7��L��#� �9� 6 2& 6]qN[

�9& �.1 ����8 .�;�C ��'m& �9� 6 �57�BC "
& $& \.7 2�7
 D#/*E 2��� l
& 1 "##>E �'�;� �6 2���� %��/9& ����/9&

�;�C��/9& 2�7"#�$ S�9&  6 ��H;9������4 2�7 2�7
��&� �6 {6�:E � �E�/#,#9�9& =�#9 2�7��L��#� 2�7 .

��&'n f�;�C $& 2& ����/9& 2�7�����4 2�7��� � 2���� 
D/1 �� %8 $& �.�8 �9.6r�9& �.1 ��&� %�*� .����/9&

 ?R � S�9& 6 %.1]qN[ 7 �� �4 �9& �,n � .;~ D��1
D#/*E 2��� �,n �"#�$ S�9&  6 ���4 �W;9��� � �7

�9& �.1 �L9�v� =�#9 2�7��L��#� .]'F� D��1 ���� �,n �
 �6 �,#1 � �E�;6 4 %�63#� d;9 ��  9'� 9 �G#�& ! ��'E

 2���NQT �E OQT �L
 �E ��*	 � �& )#G��9 �R�� q�EQ
d;9 �� �E���W� ��'! !� ���7 ��W
& � ��6',#4 \& f& 2�7

 !  �& �} �9& � �
�#0#1�3
& ��'! !� UL9 %8 $& �1�� �
��
 D#|*E UL9 +�W�& 9 � %�63#� d;9 �� 2���� !� ���9 !�

 �9& �.1 ��,F��'7 .#y'���|9& � �G#�,} 2�7 � �]qN.[

9��:7h$&� C3
� �
3WE H
�G����4 ��� G/�& 2���� %��/9&�����4 �� �
 ,4 )S�9&  6 2��G(�9 ='� 	O/qQ%B#�4& cE& �9& �.1 �L9�v� .(
Chl1 Chl2 Chl3 

SiO2 ��/��  rs/QM  ��/��  

Al2O3 w�/��  ��/��  w�/��  

Cr2O3 ��/� ��/� ��/�
FeOT ��/��  �x/��  �w/��  

MnO �b/b �b/� �b/b
MgO ��/��  ��/�w  b�/��  

CaO ��/� �w/� ��/�
Na2O ��/� ��/� ��/�
K2O ��/� �x/� �w/�
G= �� ��/��  ��/��  qN/rP  

Si w�w/� w��/� w��/�
Al(IV) ���/� ���/� �w�/�
Al(VI) ���/� ���/� ���/�

Fe2+ ���/� ��w/� ���/�
Cr ���/� ���/� ���/�
Mn �w�/� bb�/� �w�/�
Mg ���/� ���/� ���/�
Ca ���/� ��w/� ���/�
Na ���/� ���/� ���/�
K ���/� ���/� ��x/�

Fe/(Fe+Mg) ��N/� ���/� ��Q/�
Cathelineau (1988) ��� ��� ��w 

Jowett (1991) ��� �x� ��� 

Kranidiotis and MacLean (1987) ��� ��� ��� 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                            11 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


�6& �� ����#9 �09�@ 9�;1�',6 �,W�%& 
& �9�;1 ���4 � � �bx

/�-H�;�C $& S�#�� %�.6 ��&'n f���4 �6 �& 07  9'� 9 �#�& ! %'�& #C ����/9& 2�7  6 �.�8 �9.6 2�7��� � �;�C  7 �� U��` �9�;1
4 �
�#0#1 U#4 E S�9&��� =�#9 2�7��L��#� � �7 .��� �4%��� $& ��� 57�4�9& ��*� �.�� �C �;�C �09 �6 �.�� *#C �;�C �%��/9&.

%��� D#/*E 2���"#�$ S�9&  6 %��/9& �W;9���
$�4'
e�CI��J9.,	�
�#,@ ��.n MNO �E PQO �& )#G��9 �R�� 

6.1 ���8 �7��L��#� $& �.�8 �9.6 2�7��� $&  G*#6 �4 =�#9 2
�9&)NQT �E OQT�& )#G��9 �R�� .(�� \�G(& "
& �� .�&'E

.1�6 �G1&� D#�� .�/;
& �/
  !&��&� =�#9 2�7��L��#� 2�7
 2�73E�&'4 �6 g'6 ��6�� ! �
'��� �1�� �G#�& ! ��'E $& 

"#�$ �.;1�6��� %�*� &� �G#�& ! ��'E 2��� ��J9.,	�� H;9
��.7� . )
� \ f $&G-& �6 �h��/07 � =��C ���]Mq[�&.��

 ��J9.,	 �� c#�,4 ='��
�#,@ �9.6 2�7��� "G	� o�6 �-�6 
"#�$ $& �.�8���H;9�� ��J9.,	�� 2�7�'1 .%��/9& ��

2������;�C �� c#�,4 ='� ��&�& 	 D#�� �6 � ����/9& 2�7
���4  G*#6 D#/*Ec#�,4 U:@ �6 a
�3� �7 �&�)D/1PZ(�

"#;�07 � 
���� �'R�XCa  9'� 9 �#�& ! 2�7��J9.,	 �� 
)TT/T�ETs/T=�.Rq(6 2�7��� ��.1 ���8  2�7��� $&  G*#6 

�9& =�#9 2�7��L��#� $& �.�8 �9.6 .
%� 6 �;�C D#/*E +�� �,n � �4 �9& 2���� �� %��/9&

��& D��1 (2��� �6 �.�� *#C �,n �NqT �E sVT �R�� 
2�'1 � �& )#G��9QO�Ewt.% NaClNr���4 D#/*E �2�7

K�/#,#9 �9& "�4� #C';#,4 � ����! �,0R $& Z8 %�.6
]qN�qQ .["#�$ H;9�������!I"�4� #C';#,4 �.1 ���FG9&

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                            12 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


.,R�����01 �����6 ��b��"#�$ �;�C �W;9���%�);9 "78 ��.>� ��:;� �2���� 2��W;7�� ����/9& 2�7 �b�

2�7��� �.�� *#C �,n � 2& 6NTT �E OTO &� �& )#G��9 �R�� 
%�*��&� 2�7��L��#� $& �.�8 �9.6 2�7��� =��>� ��L
 �E �4 

�9& =�#9 .=��>� 2���� %��/9& �� �.1 D#/*E 2�7$�	
.;,L��'7 ����(� �6 �E���W� ��'! !� I�6 �4 .;G�7 X,F��'7

 "#6 2�7���sTT �E MTT $&  G04 2�7��*	 � �& )#G��9 �R�� 
N��6',#4 ��&'�07 ��&� )D/1PZ.(

�4�W�8 $&�;�C �� �#�'G9o� %��� ����/9& 2�7 � %��/9&
.*� D#/*E �.�� *#C��9& �� �%��/9& 2�7��� �4 �F! %&'E

 $&  G04OOT �9& �& )#G��9 �R�� ]OT.[����$ �#�'G9o�
�� D#/*E o�6 l#v� 2��� �4 �'1)$&  Eo�6PTT �R�� 
�& )#G��9 (.1�6 �
 �XCO2.1�6 c4 l#v� . 
����XCO2

���4  G*#6 �4& ~ ���#� c4 2���� %��/9& �� D#/*E 2�7
l#v� �� �.1#�,4 U:@ �� �0�&�'0� ACM � .��&� �& @ 

5
&3	& XCO2�9& ��:;� �� Z8 $&  #�	 $�	  #��E D#�� �6
���4 %8  �& �� �4%�.6 �.�� *#C ����/9& 2�7 D#/*E Z8

�.1 .�&]OT.[Z �,n � (�L
 �E 2��� �6 �.�� �CqVT �E NqT 
l9'G� 2�'1 � �& )#G��9 �R��P/qQ�Ewt.% NaCl O/qV 

����} �-'0W� �.1 ��*� Z8 %�.6 c#�,} K�|#,#9 2�7
 �9&]qN.["#�$�W;9���#�,4 ='L#F�8 � �
 ,4 2�7�0��
�;�C 2�7��� U#E E �6 �.�� �C QTT �E QVT � �R�� QTT �E 
NTT�� %�*� &� �& )#G��9 �R�� 2�7��� =��>� �4 .7�

�9& =�#9 2�7��L��#� $& �.�8 �9.6 .�9.6 2�7��� 57�4
 �� c7 �.�� �C �09 �6 �.�� *#C %��/9& �;�C $& �.�8

"#�$ c7 � =�#9 2�7��L��#�H;9������4 2�7E�/#,#9 2�7�
�9& �'�*� .���4 U#4 E "#;�07 3#� �.1 D#/*E 2�7

�� %�*� &� ��� 57�4�6 �.7� �f c
3#;� �&.�� �4 2�'f
 ��&'E23�e&��C 57�4 "78 � 5
&3	& ��.6�
]qQ.[7�',6 2�

 2&�&� "�4� #C �1����:;� �	�6�4 .;G�7 2& ��:;� �� 
�4 .��&� �'R�2& 6 34 � �� �.1 ���1& ��'0� �� �� =��� 
U#4 E 2&�&�Di82Hd16�Di84Hd15�� ��L� 2&�&� 

U#4 EDi96Hd3�Di96Hd3.;G�7]qQ.[

;-��#" 
d;9 � 9'� 9 2]'F� ��'E ]'F� �6c
3#;� �/78 2�7 �&�

 h'�G9� D
.LE �G#�'���  � � �6 � �.1 �E���W� ��'! !�
�.1.�& .%��/9& 2���� %��/9& �� �
&$ D��1  9'� 9 �#�& !

 %&';- �6��)G9�(���4 ����/9& �;�C �2$�9D��1 �;�C 
$ �� 
� �G#G;)� "78 d;���4 �%��/9& %� 6 � %��/9& %���

�!� ���4 2 #(�E 3E�&'4 2�7 �9& �&� .K�/#,#9.6 2�7 Z8 %�
 �.�� *#C Dn& � �� �4 .;G�7 ����! � "�4� #C';#,4 D��1

��&� �� %��/9& D#/*E.�& .� /,0-  �& �� 2.>6 Dn& � ��
=�#9�7K�/#,#9 ���#C'!',	 �K�.#C& D#L@ $& �&.68 2�7

���4 � �#�'C�/9& �='L#F�8 ��
 ,4 �,n � ��  )
� 2�7
�9& �.1 D#/*E �.�� �C .�,-�����4 D#/*E �� %��/9& 2�7

�)
��07��'E 2]'F� 2�7��.1 �G(�;1 �E���W� ��'! !� 
�9& .57�BC "
& ����;�C D#/*E 2��� �;�C �� ����/9& 2�7

 �G#�& ! ��'E �;
3)
�R 2��� "#;�07 � �.�� �C � �.�� *#C
"#�$ S�9&  6  9'� 9I���4 �W;9���E�/#,#9 2�7��9.6 

�4 .�8H
�G�"#�$ �;�C �W;9��� $& ���FG9& �6 ����/9& 2�7
���4 �0#1 =�#9 2�7��L��#� $& �.�8 �9.6 2�7��� �6 �7

��&'�07�� h�� "
& $& � ��&� ��'L@ D6�@ 2& 6 %&'E���8 6 
%��/9&  )
� D#/*E 2��� 2�7��:;� � %�);9 ��.>� {f�;� 
� 4 ���FG9& %& 
& �� �6�*�.

I:�#� 
[1] Geological Survey of Iran, "Geological map of 
Iran at the scale 1/1000000", (2002). 
[2] Geological Survey of Iran, "Report of Taybad 
geological map at the scale 1/250000", (1990) 
150p.
[3] Karimpour M.H., Malekzadeh Shafaroudi A., 
Mazaheri S. A., "Alteration-mineralization, and 
radiometric ages of the source pluton at the 
Sangan iron skarn deposit, northeastern Iran", Ore 
Geology Reviews 65 (2015) 545–563. 
[4] Golmohammadi A., Karimpour M.H., 
Malekzadeh Shafaroudi A., Mazaheri S.A., 
"Alteration-mineralization, and radiometric ages 
of the source pluton at the Sangan iron skarn 
deposit, northeastern Iran", Ore Geology Reviews 
65(2) (2015) 545–563. 
[5] Karimpour M.H., Malekzadeh Shafaroudi A., 
"Geochemistry and mineralogy of skarn zones and 
petrology of source rock Sangan iron mine, 
Khorasan Razavi, Iran", Scientific Quarterly 
Journal, Geosciences 65 (2007) 108–125. 
[6] Malekzadeh Shafaroudi A., Mazhari N., 
Ghaderi M., "Geology, mineralogy, and chemistry 
of skarn zones and orebody in Ma’danjoo iron 
skarn prospect area, east of Sangan mine, Khaf, 
NE Iran", Iranian Journal of Crystallography and 
Mineralogy 24 (1) (2016) 83-98. 
[7] Karimpour M.H., "Geochemisry and minerlogy 
of the Khorasan Sangan iron ore deposits", Iranian 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                            13 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


�6& �� ����#9 �09�@ 9�;1�',6 �,W�%& 
& �9�;1 ���4 � � �b�

Journal of Crystallography and Mineralogy 2 (2) 
(1994) 145-156. 
[8] Kaheni Sh., Malekzadeh Shafaroudi A., 
Karimpour M.H., "The geochemistry and 
mineralogy of North C ore body and Baghak 
anomaly and determination of two Pyrrhotite 
generations which are different in composition in 
Sangan mine, eastern Iran", Iranian Journal of 
Crystallography and Mineralogy 16 (2) (2008) 
313-326. 
[9] Mazaheri S.A., "Classification of amphiboles 
from Iron ore deposits, Sangan area, Khaf", 
Iranian Journal of Crystallography and Mineralogy 
10 (1) (2002) 67-80. 
[10] Mazaheri N., Malekzadeh Shafaroudi A., 
Ghaderi M., "Geology, mineralogy and 
geochemistry of Ferezneh ferromanganese 
anomaly, east of Sangan mines complex, NE Iran", 
Iranian Journal of Economic Geology 7 (1) (2015) 
23-37. 
[11] Malekzadeh Shafaroudi A., Karimpour M. H., 
Golmohammadi A., "Zircon U-Pb geochronology 
and petrology of intrusive rocks in the C-north and 
Baghak districts, Sangan iron mine, NE Iran", 
Journal of Asian Earth Sciences 64 (2013) 256–
271.
[12] Mazaheri S. A., "Petrological studies of 
skarns from Marulan South, New South Wales 
Australia and Sangan, Khorasan, Iran", Ph. D. 
thesis, University of Wollongong, New South 
Wales Australia (1995). 
[13] Mazhari N., Malekzadeh Shafaroudi A., 
Ghaderi M., Star Lackey J., Lang Farmer G., 
Karimpour M.H., "Geochronological and 
Geochemical Characteristics of Fractionated I-
type Granites Associated with the Skarn 
Mineralization in the Sangan Mining Region, NE 
Iran", Ore Geology Reviews 84 (2017) 116-133. 
[14] Ghasemi Siani M., Mehrabi B., "Mineralogy 
and mineral chemistry of silicate mineral of 
Dardvay Fe skarn ore deposit (Sangan mining 
area, NE Iran)", Iranian Journal of 
Crystallography and Mineralogy 26 (4) (2019) 
871-884. 
[15] Tale Fazel E., Mehrabi B., Khakzad A., 
Kianpour R., "Stages and Mineralization 
Conditions of Dardvey Iron Skarn Based on 
Mineralogy and Fluid Inclusion Evidences, 
Sangan Area (Khorasan Razavi)", Scientific 
Quarterly Journal, Geosciences 81 (2011) 349–
360.
[16] Boomeri M., "Petrography and geochemistry 
of the Sangan iron skarn deposit and related 

igneous rocks, northeastern Iran", Ph. D thesis, 
Akita Univ, Japan, (1998a) 226 p. 
[17] Boomeri M., "Geochemical characteristics of 
halogen–bearing hastingsite, scapolite and 
phologopite from the Sangan iron skarn deposits, 
northeastern Iran", Journal of Mineralogy and 
Petrology 92 (1998b) 481-501. 
[18] Ferry J., "Characterization of metamorphism 
through mineral equilibria", Reviews in 
Mineralogy, Mineralogical Society of America, 10 
(1986) 397 p. 
[19] Ai Y., "A revision of the garnet-clinopyroxene 
Fe2+-Mg exchange geothermometer", Contribution 
Mineralogy and Petrology 115 (1994) 467–473. 
[20] Berman R.G., Aranovich L.Y., Pattison 
D.R.M., "Reassessment of the garnet-
clinopyroxene Fe-Mg exchange thermometer: II. 
Thermodynamic analysis", Contribution 
Mineralogy and Petrology 119 (1995) 30–42. 
[21] Sheikhi F., Alaminia Z., Tabbakh shabani 
A.A., "Seranjic skarn geothermometery (SW 
Ghorveh, Kordestan Province)", Iranian Journal of 
Crystallography and Mineralogy 20 (2) (2012) 
343-354. 
[22] Ghorbani H., Moazzen M., Saki A., 
"Investigations on mineral chemistry and P-T 
estimation for formation of diopside, garnet and 
coexisting minerals in the calc- silicate hornfelses 
from the Alvand metamorphic aureole, Hamadan, 
West of Iran", Scientific Quarterly Journal, 
Geosciences 26 (2016) 139–146. 
[23] Guangrong L., "Iron ore deposits in the 
Eastern Tianshan orogenic belt (China): the 
magnetite-skarn-magmatism association", Ph. D. 
thesis, University of Orleans, USA (2012). 
[24] Zamanian H., Sameti M., Pazoki A., Barani 
N., Ahmadnejad F., "Thermobarometry in the 
Sarvian Fe-skarn deposit (Central Iran) based on 
garnet–pyroxene chemistry and fluid inclusion 
studies", Arabian Journal of Geoscience 10 (2017) 
54-71. 
[25] Torabi G., Norbehesht I., Shirdashtzadeh N., 
Pirnia T., "Geothermometry ofskarns in the Nain 
ophiolitic melang. (Isfahan Province)", Iranian 
Journal of Crystallography and Mineralogy 15 (2) 
(2007) 357-382. 
[26] Ferry J. M., "Role of fluid flow in the contact 
metamorphism of siliceous dolomitic imestones", 
American Mineralogist 79 (1994) 719-736. 
[27] Bowman J.R., "Basic Aspects and 
Applications of Phase Equilibria in the Analysis of 
Metasomatic Ca-Mg-Al-Fe-Si Skarns: In 
Mineralized Intrusion-Related Skarn Systems (D.R. 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                            14 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


.,R�����01 �����6 ��b��"#�$ �;�C �W;9���%�);9 "78 ��.>� ��:;� �2���� 2��W;7�� ����/9& 2�7 �b�

Lentz, ed.)", Mineral Association of Canada, Short 
Course 26 (1998a) 1-49. 
[28] Zanganeh Ghasemabadi, M., Boomeri M., 
Biabangard H., "Investigation of skarn formation 
using petrographic, mineral chemistry and fluid 
inclusion data, south west of Khaf, (southeast of 
Razavi Khorasan Province) ", Iranian Journal of 
Crystallography and Mineralogy 25 (1) (2017) 35-
48.
[29] Whitney D.L., Evans B.V., "Abbreviations for 
names of rock-forming minerals", American 
Mineralogist 95 (2010) 185–187.
[30] Elkins L.T., Grove T.L., "Ternary feldspar 
experiments and thermodynamic models", 
American Mineralogist 75 (1990) 544–559. 
[31] Green N.L., Usdansky S.I., "Ternary feldspar 
mixing relations and thermobarometry", American 
Mineralogist, 71 (1986) 1100–1108. 
[32] Lindsley D.H., Nekvasil H., "A ternary 
feldspar model for all reasons (abs) ", Eos, 
Transactions, American Geophysical Union 70 
(1989) 506–507. 
[33] Ellis D. J., Green D. H., "An experimental 
study of the effect of Ca upon garnet-clinopyroxene 
Fe-Mg exchange equilibria", Contribution 
Mineralogy and Petrology 71 (1979) 13–22. 
[34] Powell R., "Regression diagnostics and robust 
regression in geothermometer/geobarometer 
calibration: the garnet clinopyroxene 
geothermometer revisited", Journal of 
Metamorphic Geology 3 (1985) 231–243.  
[35] Ganguly J., "Garnet and clinopyroxene solid 
solutions, and geothermometry based on Fe Mg 
distribution coefficient", Geochimica et 
Cosmochimica Acta 43 (1979) 1021–1029.  
[36] Ganguly J., Cheng W., Tirone M., 
"Thermodynamics of aluminosilicate garnet solid 
solution: new experimental data, an optimized 
model, and thermometric applications", 
Contribution Mineralogy and Petrology 126 (1996) 
137–151.
[37] Nakamura D., "A new formulation of garnet–
clinopyroxene geothermometer based on 
accumulation and statistical analysis of a large 
experimental data set", Journal of Metamorphic 
Geology 27 (2009) 495-508. 
[38] Råheim A., Green D.H., "Experimental 
determination of the  temperature and pressure 
dependence of the Fe-Mg partition coefficient for 
coexisting garnet and clinopyroxene", Contribution 
Mineralogy and Petrology 48 (1974) 179–203.  

[39] Krogh E.J., "The garnet-clinopyroxene Fe-Mg 
geothermometer-a reinterpretation of existing 
experimental data", Contribution Mineralogy and 
Petrology 99 (1988) 44–48. 
[40] Ai Y., "A revision of the garnet-clinopyroxene 
Fe2+-Mg exchange geothermometer", Contribution 
Mineralogy and Petrology 115 (1994) 467–473.  
[41] Krogh-Ravna E., "The garnet-clinopyroxene 
Fe2+Mg geothermometer: an updated calibration",
Journal of Metamorphic Geology 18 (2000) 211–
219.
[42] Saxena S.K., "Garnet-clinopyroxene 
geothermometer", American Mineralogist 53 
(1979) 1674–1695.  
[43] Pattison D.R.M., Newton R.C., "Reversed 
experimental calibration of the garnet-
clinopyroxene Fe-Mg exchange thermometer", 
Contribution Mineralogy and Petrology 101 (1989) 
87–103.
[44] Berman R.G.L., Aranovich Ya., Pattison 
D.R.M., "Reassessment of the garnet-
clinopyroxene Fe−Mg exchange thermometer: II. 
Thermodynamic analysis", Contribution 
Mineralogy and Petrology 119 (1995) 30–42. 
[45] Nakamura D., Svojtka M., Naemura K., 
Hirajima T., "Very high-pressure (>4 GPa) 
eclogite associated with the Moldanubian Zone 
garnet peridotite (Nové Dvory, Czech Republic)",
Journal of Metamorphic Geology 22 (2004) 593–
603.
[46] Sengupta P., Dasgupta S., Bhattacharya P.K., 
Hariya Y., "Mixing behavior in quaternary garnet 
solid solution and an extended Ellis and Green 
garnet-clinopyroxene geothermometer",
Contribution Mineralogy and Petrology103 (1989) 
223–227.
[47] Nakamura D., Hirajima T., "Exprimental 
evaluation of garnet-clinopyroxene 
geothermometery as applied to eclogites", 
Contributions to Mineralogy and Petrology 150 
(2005) 581–588. 
[48] Ferry J. M., "Role of fluid flow in the contact 
metamorphism of siliceous dolomitic imestones", 
American Mineralogist (1994) 79, 719–736. 
[49] Bowman J.R., "Basic Aspects and 
Applications of Phase Equilibria in the Analysis of 
Metasomatic Ca-Mg-Al-Fe-Si Skarns: In 
Mineralized Intrusion-Related Skarn Systems (D.R. 
Lentz, ed.)", Mineral Association of Canada, Short 
Course 26 (1998a) 1–49.  
[50] Ernst W.G., "Petrologic phase equilibria", 
W.H. Freeman, San Francisco (1976) 333p. 
 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                            15 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html


�6& �� ����#9 �09�@ 9�;1�',6 �,W�%& 
& �9�;1 ���4 � � ���

[51] Barnes H.L., "Solubilities of ore minerals, in 
geochemistry of hydrothermal ore deposits", 2th 
edition (H. L. Barnes, ed.), John Wiley & sons, 
New York (1979) 404–460.  
[52] Einaudi M.T., Meinert L.D., Newberry R.J., 
"Skarn deposits", Economic geology 75th 
Anniversary (1981) 317–391. 
[53] Smirnov V.I., "Skarn deposites, in geology of 
mineral deposites", MIR publication, Moscow 
(1976) 156-188. 
[54] Schulz B., Triboulet C., Audren C., 
"Microstructures and mineral chemistry in 
amphibolites from the western Tauern Window 
(Eastern Alps) and P-T-deformation paths of the 
Alpine greenschist-amphibolite facies 
metamorphism", Mineralogical Magazine 59 
(1995) 641–659. 
[55] Zenk M., Schulz B., "Zoned Ca-amphiboles 
and related P–T evolution in metabasites from the 
classical Barrovian metamorphic zones in 
Scotland", Mineralogical Magazine 68 (2004) 
769–786.

[56] Gerya T.V., Perchuk L.L., Triboulet C., 
Audren C., Sez’ko A.I., "Petrology of the 
Tumanshet Zonal Metamorphic Complex, E astern 
Sayan", Petrology 5/6 (1997) 503 –533. 
[57] Chathelina M., Nieva D., "A chlorite solid 
solution geothermometry, the los Azufrez 
geothermal system (Mexico) ", Contribution to 
Mineralogy and Petrology 91 (1985) 235–244. 
[58] Chathelina M., "Cation state occupancy in 
chlorites and illites as a function of temperature", 
Clay minerals, 23 (1988) 471–485. 
[59] Jowett E.C., "Fitting iron and magnesium into 
the hydrothermal chlorite geothermometer",
GAC/MAC/SEG Joint Annual Meeting (Toronto). 
Program with Abstracts 16 (1991) 62p. 
[60] Kranidiotis P., MacLean WH., "Systematics of 
chlorite alteration and the Phelps Dodge massive 
sulfide deposit, Matagami, Quebec", Economic 
Geology 82 (1987) 1898–1992. 
[61] Powell M., Powell R., "Plagioclase-alkali-
feldspar geothermometry revisited", Mineralogical 
Magazine 41 (1977) 253–256. 
 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

12
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

9.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            16 / 16

http://dx.doi.org/10.29252/ijcm.28.1.125
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.9.9
http://ijcm.ir/article-1-1423-fa.html
http://www.tcpdf.org

