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

�����  ����� ÷

" �"�#$ #%��&'#'� (�)'������ �*�+,"�- �%��#. �/
#%� �0%$ �)�1 (�� 
2��	 	3 ��%�&%��%#
/

�������4 5
#�*��6
��� 7%�*�38�

�9:%�8 ;&<= 6�$�� ;&<= *0>��3�
��*�+��3� ?3#
3 �83#%@ �83#%@ 
�9:%�8 ;&<= 6�$�� ;&<= *0>��3�
��*�+��3� A
�$�BC �/
#DE?3#
3 ��F#@ ?� 

*0%>1 :0%$ �)�1 �%��#. �����. ���%�&%	3/
#%� ���� �"3 GF3� 83#%@ H#@ I�)@ (#,�&<%. .�,%�&%	3 ��3&E ��KL� :
3 ��
ML" N��@ (��	O%	��3#)��%��� �
P�&$8��� ��%L�Q�#%  (�"3.��������. :
3 �%��#. �� ���L�  �,@&' ����,�39�,"&  �3#F

��3�$ � 0�*0@ �,	#'#$�� �,%��� R7S30�.2�"3 #$�"�#$(�� �<T3 #T�L= �)%@�83 �%��#. ���.#T�L= Al �Ti 83 � ��EFe �
Cr �Mg �"3 �LS.�30�� �D"�U�TiO2�Al2O3�FeO/MgO �� ?��� �� ?C V%.#E � �,%L%�&$ W&� 83 ���� (�)'�� �. 0��

�%,%��#. �$ I��XE (�����D�3 �"3.�%,%��#. :
3 ��83 �@�� ���$ Y�B �$�D�� � �,@&' (Z�$ N%>�E �,%L%�&$ Y3[�0L,�� �.
� ?0�C Z�$ �A%,� ���+,�%�C �
P�&$8��� �$ �)'���,@&' (��6�3��#	 ��KL� (Z�$ \%U� �� (3 *0@ N%>�E0�3.*�3� �)%@ (��

 � �%��#. ���.ML"(��+� 0%$ �)�1 �����. �%,%��#. ��
3/	3 (��0��� #+���� �"3 /
#%� �%�&%	3 �� �%��#. *#%-B :
#,'�/$ �.
�%,%��#. �� ;�#. ����. ���KL� �� �&4&� (�� *�&$ �,	�$ ]%DKE �$ �.#+��%$ �� 0
04 (�)'�� ]
�/E5. �"� ��^E_0L,�� 
�"0= ����` �$ W&`&� :
3�� 0%
�E �%��#. N%>�E (��� � �%��#. (���&@.

*P3�(0%<. (��:�%��#._0%$ �)�1_�,%L%�&$ (�)'��_���D�3_�%�&%	3_/
#%�.

��0�� 
�=&)A���(	3%�&%,��� �$%N:,@3��-B
#�0X��*�
� ?&1

��#.%�a�C W&��O�#'���(/L+L� ��-B
#b�&"%0c�
*�&E3(�8 �4&E ��&� 2#DF W&�%:?�"�L@ *�&$3�3� �(

��d,F3 e8�3(�?��4 #"3#" �0L,�� .��$�83	3%�&%���(
3
?3# )	3 �3&�%�&%,�83&�(�'0�3��� 2#'38 (830L$#).

	3%�&%,�,E%?�����-%��� I&f �$���� .%#,�&< ��(�,"3� 
�'0�3�����(���XKF 3
?3# �4 ?�,�$#= #a" �
+%#(*0@ 0�3

 e#,�' ?�)= �E �0��3� ]�[.�0X� ��KL� �"�5�� ��)@I�
F#@�3
?3# )	3%�&%��3�/D"($#S Y&L4 ��3
?3# )	3%�&%�

�%#
/(3 H#@ Y&L4 �$ Y&L4 �
?3# )	3%�&%���(��	
Y��
�F0Lb"3 (0��3� �3#F ]���[.�%�&%	3UbT ����
�� 83(��0g3�

h��� �+L" �$*�+,"�- �"&��%F30L,�� ]�[�. ��

0L$#). (����&-#$ �UbT(�� A
3 �"&��%F3�� ��0�&@ ]�[.
���CN%�� �$ 0L
3#	�'��&- N�' � (#%+
�4 (����$ V<S3

 i�&T */%�C,%�&%	3��� *0
�0�&@ ]j[.�%�&%	3�� �� 0L�3&E
0L@�$ �%��#. #
�-B (��d,F3 N%���,  (3�3�.�%,%��#. (��

 �
P�&$8��� 6�$ �� �,%�&%	3�,-�" :%�8 �,@&' ��3&E 83�(3 
���L�  ����,�3� �,"&  � �,@&' :%$ :%
�  �� /%�#E
6�$ :

ML" 83�,@�D�3 O%	�� (�� R7S ?��� � �"&��%F3 �,"& �(3
 �3#F �,%���0��3� .:
3 ���6���  ���.�"�L@�i3#%%kE

���. V%.#E � #T�L= �)%@ ��KL� �� �,	�$ i3#%%kE � ��
�"3 *0@ �"�#$ 0%$ �)�1 #%" �E��&'#'� N%>�E (�)'�� -

L���%��#. *0� ��KL� (�� \%U�:%�8�,-�" ?CXE%%:
�&@.��&� ��KL��"�#$ 	3 ��%�&%��%#
/�"3 GF3�.

∗:b<E �I&l�� *0L�
&� :�m��j��jm���>%��#,>�3 ��  �:M.jahan.shahi2324@gmail.com 

I�" �"5>
 �n��)@ �I�3 ����$ ����oUbT 83 �p�E�j

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                             1 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


��������46
��� �*�38 ?3#
3 �"�L@ ���. � �"�L@�&<$ �<A� 

:%�8 ��KL� �"�L@ 
�,%�&%	3 �=&)A� /
#%�)*��$CO�f(�$i�&T �� �,"&% ��

. �,@�*&(�� 2#'38 I&f :%$ �
�%	3#k4 (����� �4����
�E ��%F���� �4������%F� q#= /%� �(���m� �4���r
�E ��%F��m� �4������KL� �� ��%F� �$ (3�g��� ��� 

��3� �3#F 2��	 ?�,"3 H#@ �� G$#� #,�&<%. 83 ���$ �
���E 83 �. �"3 ?3&4 c%,E �"&��%F3 �,"&  *0��)%F�$ �� 2

�� W�#@ �%.#E��3� ��3�3 ?�)= �E � �&@.�� /
#%� �%�&%	3
 *#,�' ?C (#%+
�4 � *0@ N%>�E O%
�8�/� ����8 �$I�),g3 

��%�$ �"3 :%�  �"�E#. �$ s&$#� .ML" � �,%E�0
#  (��
?3�3#	 �,
P�&$8���ML" :
#E ��KL� :
3 (��0L,�� ML" �-

�,%��� (�� ��� �,%��� � �,%��8#��*��3#F (0X$0��3� .��

��&� ��KL��"�#$�ML" ����$ �-�" �$ ����b�EC (��
 e#,�' (��%�$�3��0)N>@�.(ML" �� �,
�Z&
�3� (��

 GF3� 0%$ �)�1 (8�$3#	 *�&E Y&L4 6�$0L,��.:
3 :"
�
�Z&
�3� O%"3��P �$ s&$#� ��:%�  �"�E#. �E�"3 :%�%  

]r[.#	 ��3&E	�� � O%	��3 O�f *��$C O%�$�>�C 0�8�"
 ?�,�+L$):%,�
#,"�� (�
Z O�C �$ ca" �0�8�" (3

(��)"C–;#�4 �$:":"&l�� –:"&%� ):@�� *&. (*0%@&  
*0@0�3 )N>@(�� ���(]u[.��KL� :
3 :%�8 i0@ �$

�,-�" 6�3��#	 �F�� 8#� �� ��KL� :
3 (#%'�3#F ��"3
N�' �&4� N��= :
#,)�� ��$#=���KL� :
3 �� ?3�3#	 (�

�"3 .N�' :
#,)��N�' ��KL� :
3 (�� �2#'38 (��
 ��$C ?��4 � O�f �:%�L�3�0L,�� )N>@�.(

N>@�:%�8 ����N�' �%XF&� � �"�L@� �� �<T3 (����KL �����.0%$ �)�1 )�,	#'#$ ���� 83������/�O�f *��$C(.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                             2 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


0<4��*��)@ ������$���� � (�)'�� ��&'#'� #%" �"�#$ *�+,"�- � ����%��#. (�� . ..�

N>@v:%�8 �%XF&��"�L@ ��0g3�?�,�+L$ �>�C i7%>�E �$ �D�� �
P�&$8��� � �,%��� (.

N>@p:%�8 �%XF&�(��)"C 0�8�" �$ �D�� �,
P�&$8��� � �,%��� (��0g3� �"�L@9;#�4.

�"�#$(�� �
3#UT 
"�#$�3
:	3 �=&)A�%�&%,�83�w#3#UT \$3���
� ?����

	3 �=&)A� �.0��%�&%,�I�)@ 0��� �$ O�f *��$C SY#9
Y&L4 � 83 H#@%#
/�8 #w� 83 �.�?�AL"�3 I�)@ �E%:"�L@�

��$�	3 �=&)A� 83%�&%,��%#
/�"3�
ON��. �=&)A�
	3%�&%,��*�&D 6�$ N��@ *0)= �&f �$ �	#	��3%O�� � �"3

g��%���)4 �43&-�i�=�bE�3 i�&T �$�� *0
��&@ ."�#$�-
��(
3#UT�� ?����0�� �)�F �.��(�'*�#,(383

*�&E 83 ��KL���(# 
E�0%,�>�E%N$ �. �"3 *0@%#,� ��
6�$��(/.#�(0��3� �&4� ��KL� .ML" #w� 83"�L@��3
:
*�&ELE N��@ ��$���ML" 83��(���%�P�&$8��� �
�0L,�� 

)N>@�.(
�UbT N>@ �����. :
3 � ��3� (3 (3�3� ����`�/��Eu

#,��q#= ����E���83 6%$ I&f � #,��� �"3 #,�]m[.
��KL� :
3 ���$ �,%��#. *�&E�?�$/%� 83 �,%��� R7S

�� 304 �,
P�&$8����&@ .��KL� :
3 ����%���6�$ �� �� -
�
P�&$8��� � (/.#� (�� ��?&�3#%  *�&E �%��#. �"0= (��

0��3� �3#F .�%,%��#. #%+���� ML" �%��� �"��)N>@�.(
�� :%Lx)� ��KL� :
3��%L%�.�#%  83 �
���/��#$O
3� � �� -

�� *0
� /%� (8�$�
� (��&@�O
3� �. 0#y3 �� (8�$�
� (��
*0@ �,%�&,�%� �'�83&�0�3 .

�
P�&$8������
P�&$8��� �:
#,�3�3#	 *0@ �,%,�� #" (��
ML" (��	��KL� �>%	��3#*�&$ )N>@�(�$ ���' ��"0= -

�,%��� O1&. (��0L,�� *3#)� .�
P�&$8��� �� ��f�L� ��
�#><)= q#X� �� �. N�'O
3� � �� �,	#' �3#F (8�$�
� (��

0L@�$��$0@i*0@ �,%,�� #" �$ �0�3(�&f �$ 7��. ���' �.
*0@ N
0DE :%,�� #" 0�3 *0
� ���C �� :�.�#%  83 (��yC \�	 �

���&@ .�A�C 83ML" :
3 �. �� ��#$3#$ �%��X	:%�8 (��-
�� N)= *0LL>@ N>@ �$ �,-�".R�>@ � 8�� (�30XE �0LL

?C �� N>@ �X$#� �>D@ �$�"3 *0�C �&4&$ �� .M��
�
P�&$8��� #%k,� ��%�$ *�83&� zK" �� ��)*&�F �*#%E (3

*&�F*#%E */D" �/�#F ��A���� �$ N
�� (3 ���&,
8 /D" (�"3 
)N>@�.(

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                             3 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


j�������46
��� �*�38 ?3#
3 �"�L@ ���. � �"�L@�&<$ �<A� 

N>@��%��� 83 �
�)����%��� 83 �,"� ��&)� � 0%$ �)�1 ��KL� ��.

N>@��
P�&$8���?C �,"� ��&)� � 0%$ �)�1 ��KL� (��.

/
#%� 0%$ �)�1 �%��#. �����. ����"0= ��0X� *�&E N>@
��3� 0L��� ���' � N>@z%D�E (���"3 �,@� �. �3� �  ��

5� �3#F0��3�.�-�"��(Z
�3(�*�&E3(�>�#'����,�3 �(
3 ��
:������.�� *0
��&@ )N>@j.(W3&�3 �'0L.3#  � G
8&E

�	�$ (�� :
3���. 6�$ �� �����. i�&T �$ *0@ �
38
 �-3&L>
�"3 �� #w� �$ ��LS �. 0"� �� �����. 6�$ :
#E

�"3 ?C /.#� .83�w#�
�%)%@ V%.#E��30��Cr2O3ML"
 :%$ 0%$ �)�1 ?0X����E��� 0T�� #%k,*�&$ :
#EZ�$ �.

 0%$ �)�1 *�'��. ��0X� *�&E �$ s&$#� ��%=�"3.2�"3#$
e�3/'(�� 	��,.3�$ �)�1 *�'��. 83%�0-B%*#XKF�*�'��.

$ �)�1%0�m-B � :E �3/�%*#��),g3�?C�j:E �3/�
�"3 *0@ ���C#$.

e���"�#$ 
(3#$ �"�#$ ���. � �
�%)%@ V%.#E �� i3#%%kE 0��� �"�L@

ML" ��KL� �%��#. �����. *0�#%'#$�� �,%E�0
#  (��
0%$ �)�1�83N�&E NU���&)� ?0X� �� �&4&� (��(�3�#$ ��

0@ .��&)�(�3�#$ �� �����%��#. 83 i��b,� *�+,�
3 �$ ��
0@ ;�A�3 *0�#%'#$�� ML" *3#)� .W&)A� 83���@3�#$ ��&)�

0@�*�30XE��� �<�%T {8�� GK�� rGK�� ��&)� 83 �<�%T -
h-�@ (�� *0@ Y��,�3 ���. �"�#$ � �	�$ :%%XE R0� �$ -

ML" �"�L@(�� 0@ �%�E �%,%��#. � �,%E�0
#  �� �
���. *�+�
��8C �"�#$ 83#%@ *�+��3� �"�L@0
�#' .83 c 

�"�#$(�� (��+� ML"�Gf��� :
3 W&)A� 83 �30XE j��&)�

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                             4 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


0<4��*��)@ ������$���� � (�)'�� ��&'#'� #%" �"�#$ *�+,"�- � ����%��#. (�� . ..r

V"�L�(3#$ �"�#$ ���. �)%@NL%a"3 � �%,%��#. (�� (��
;�#. �$ � 0@ Y��,�3 ���C V%.#E ���),g3 i3#%%kE � �3�

c>
3 (&E#  #+@83�# /
� )?3�����. �.#@ *�+�
��8C ��
�&��L%$ (0�0@ �
/AE )I�04�.(

� &>"�#>%� (�� �"�#$ 

���. :
#,)��N%>�E (���%E�0
#  *0L����KL� (�� (��&�
�"�#$  �:
&%�3:�.�#% �;�#. NL%a"3 �3�0L,�� :%$ 83 �.

���C����.*0)= 6�$ :�.�#% &E�3 � :
&%�3 (�� :
3 83 (3
ML"�� N%>�E 3� ��0L�� .

�%��� *0��3�#$�� ��m�83 #,). � :
&%�3 0T���0T��
0L,�� �%��#. .:
&%�3 (���&<$ *830�3�/��Eu/��<%� � #,�

 �%��#. (���&<$ *830�3�/��E�/��<%��"3 #,� .���. (��
�&<$ i�&T �$ :
&%�3�$ (��N>@ �)%� ���' � N>@�$ � �3�

*0@ �&<D,� �,@�D�3 �&f0�3 .N%�� �$ :
&%�3 (���&<$ �D�
 �$ #,). � �"3 *0@ �#' �?0@ �,%L%,�� #" � ���"#'�

�&- i�&T�� *0
� N>@�&@ .?0@ �L%,�� #" 0L
C#	 i0@
 NU� �� NT3 ��|� NU� �� � �&<$ �+,�>@ :
&%�3 ���. (��

�>D@ �	�$ i�&T �$ 5. 5. � *�&$ #,�%$ �"3 *0�C�� (3

)N>@r}�3.(?��� �. *�&$ �@#$ �	�$ (3�3� :
&%�3 *0L��
 �"3 ��KL� �� *0LL>@ � ?���.�� �<>@#'�]��[.

�
P�&$8��� 83 ��um9jm�:
&%�3 0T����9�u0T��
 ��%E�,��3�9�0T�� 0%� &
� �). ��%�$ #
���� � NL%a"3

*0@ N%>�E0�3 .ML" :
3 ��:
&%�3 *830�3 ��� 83 ���9�/�
�<%� �E ���' � �"3 #%k,� #,���<%��� #,�0"�.��3�3#	

:�.�#% &E�3�
P�&$8��� �� �� �$ ������ 0T��0"� .I&f
���. :
3 83 ���/��E���<%��"3 #%k,� #,� .�$ ���. :
3 

�� ?��� �&- 83 �<>@#'� � �"3 (�3�C (#%	�&  i�&T 0��
)N>@rY(�,@&' ���	 � ��� �� ?C N>@ #%%kE #+���� �.

�"3 .�� �,-�" :%�8 ���	 83 �@�� �<>@#'� ��yC
�
P�&$8���:�.�#% &E�3 �� �AL>@ �	�$ N%>�E �$ �� *0
� ��

�#- � �'0%�. ~=�$ /%� ���' � *0@ �� �'0@
#% &E�3:�.��� �� �&@)N>@r�.(i�&T �$ :
&%�3 ���'

�� *0
� :�.�#% &E�3 ?��� ��D��%� �&@)N>@ri.(���.
�%E�,��3 W&� 83 :�.�#% &E�3–�
/��#$ ��@�� ���. :
#E�&<$ 

�E�>%<%" ��ML"(�� �,%E�0
#  �"3 .

N>@j�-�" W3&�3�%,%��#. �� ��0%$ �)�1 (�� .N��@ �%��#.�
Z*�&E �(3(���,�3 � �>�#' �(3.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                             5 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


u�������46
��� �*�38 ?3#
3 �"�L@ ���. � �"�L@�&<$ �<A� 

I�04��
�,� �
/AE���.;�#. NL%a"3 (��� �3� 0%$ �)�1 ��KL� �� �%,%��#. c>
3 (&E#  #+@83�# /
� �$)0T�� V�g#$��8�.(
��&)� Ch1 Ch2 Ch3 Ch4 Ch5 Ch6 Ch7 Ch8
MgO �m/r �/m �j/m um/�� ��/�� �u/�� �/�� ��/m
Al2O3 �m/r ��/u ��/r ��/r �r/u rr/u r�/r r�/u
CaO �j/� �r/� �r/� ��/� ��/� �j/� ��/� ur/�
TiO2 ��/� �j/� ��/� ��/� ��/� �m/� ��/� ��/�
V2O5 ��/� ��/� ��/� �j/� ��/� ��/� ��/� ��/�
Cr2O3 �r/j� ��/j� �m/j� jm/�m ��/�j �u/�u ��/�r �j/�r
Fe2O3 ��/�� j�/�� r�/�� uu/�� r�/�� u�/�� ��/�� �/��
NiO �/� ��/� �m/� ��/� ��/� �m/� ��/� �m/�
ZnO �u/� �r/� ��/� ��/� ��/� ��/� ��/� ��/�
SrO �m/� �r/� ��/� ��/� �u/� m�/� ��/� ��/�
SiO2 ��/� ��/� ��/� ��/� r�/� ��/� uu/� ��/�
SO3 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
K2O ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
��&)� Ch9 Ch10 Ch11 Ch12 Ch13 Ch14 Ch15 Ch16
MgO �r/�� �r/�� r�/r �u/r u�/r ��/�� �u/u ur/u
Al2O3 �m/� ��/� �m/� ��/r um/� ��/� m�/j jr/�
CaO ��/� ��/� ��/� ��/� �m/� �m/� �/� �/�
TiO2 ��/� ��/� ��/� ��/� �m/� �/� ��/� �j/�
V2O5 ��/� ��/� �u/� ��/� ��/� ��/� �r/� ��/�
Cr2O3 r�/�� r�/�� j�/�� m�/�r ��/j� uu/�m �/j� ��/j�
Fe2O3 �m/�� �m/�� m�/�j �j/�� ur/�� �j/�� �r/�� u�/��
NiO �u/� �u/� ��/� �u/� �u/� �u/� �/� �j/�
ZnO ��/� ��/� ��/� ��/� ��/� ��/� ��/� �j/�
SrO ��/� ��/� �r/� ��/� ��/� ��/� ��/� ��/�
SiO2 ��/� ��/� um/� uj/� �m/� ��/� ��/� ��/�
��&)� Ch17 Ch18 Ch19 Ch20 Ch21 Ch22 Ch23 Ch24
MgO �u/r r�/m r r ��/�� r�/�� �u/m m�/u
Al2O3 �r/� ��/� r�/� ��/� m�/� ��/j rr/j j�/j
CaO ��/� ��/� �m/� ��/� �u/� �/� �r/� ��/�
TiO2 �u/� �r/� �u/� �m/� �m/� �m/� ��/� �/�
V2O5 ��/� ��/� �/� �r/� ��/� ��/� ��/� ��/�
Cr2O3 �j/j� �m/j� um/j� �j/j� �u/j� �/j� r/j� ��/j�
Fe2O3 �m/�� rm/�� �r/�� j�/�� j�/�u ��/�u ��/�u rj/�u
NiO ��/� ��/� ��/� ��/� �/� ��/� ��/� ��/�
SiO2 ��/� �j/� �u/� �r/� mu/� �m/� �u/� mu/�
ZrO2 ��/� �r/� ��/� ��/� ��/� ��/� ��/� ��/�

N>@r0%$ �)�1 �����. 83 {8�� � &>"�#>%� Gf��� :}�3 (:
&%�3 ?0@ �L%,�� #" *0
0  �+,�>@ NU� ���|� ���(��.��������. �)�1
0%$Y �(� �:�.�#% &E�3 ���. (:�.�#% &E�3 �� �AL>@ �	�$i � �� (:�.�#% &E�3 ���. ?��� :
&%�3 (����D��%�) .Ol : �:
&%�3O-Px :

#% &E�3 � :�.�Ser ::%,�� #".(

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                             6 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


0<4��*��)@ ������$���� � (�)'�� ��&'#'� #%" �"�#$ *�+,"�- � ����%��#. (�� . ..m

���.(�� :�.�#% &L%<. #,�%$ �$i�&T ��D��%�(�� �k%E(3
N>@?��� ���.(�� �.�#% &E�3 N�,�� i�&T �$ #,). � :

0��3� �&4� .:�.�#% &L%<. �$ �
P�&$8��� �� �&4&� (��
�� �	�
 �=#	 ���. i�&T0��#' .#KF (3�3� :
&%�3 (���&<$ 

��Ej�<%� #,���0L, ���. :
3 ?0@ �L%,�� #" V<S3 �. ��
�$ i�&T �$ ��3�/
� � N>@�"3 .:
3 �� �
&��y ���. :
#,)��

 :%,�� #" �=&)A�*�&$ #,�%$ �#y3 �� ���. ���"#'� (��
�"3 *0@ N%>�E :
&%�3 .

2�"3 #$(�� �"�#$ �� &>"�#>%��	�$ :
#,)�� �� ��
�%��#.��� �	�$(�� (���,�3 �*�&E(30L,�� )N>@u.(�	�$ 

0%$ �)�1 �����. �� N�&E 83�N�&E R#f �$�*�&E 83 V��S (3
 N�&E �)" �$ ca" � (���,�3 �$m8�$ *�&E �$ #%%kE (3*�#. 

�%��#. ��%= ��� 6
3/	30$�
 )N>@m.(

:%�8�)%@ 
*�3� 2�"3#$ �
/AE (�����.;�#. NL%a"3 (��� �3� 

�%,%��#.�.3 �30�� �;�#. 0%)Cr2O3(/.#� �� �&4&� s���
���. :
3 �� *0@ �
/AE N�&E 83 �����Em�$ � �,	�
 6
3/	3

�r/jj �� ��8� 0T��0"� .N�&E ���;�#. 0%�.3 �30�� �

�� 6��. 0$�
)�j/j� ��8� 0T�� (?0@ ��E N%�� �$ :
3 �.
�"3 ;�#. 83 *0�8�" (�)'�� .N�&E ���*0
� (�&XT #%" �

�� (�)'�� �$ �
�)'�� ^E O
 ?0@ ��3� N%�� �$ :
3 �. �&@
 �"3 *0��� �F�$)N>@��}�3.(�
/AE 2�"3 #$ :%Lx)� (��

N�&E �� ;�#. (���&<$ �D� #$ *0@ ;�A�3 (����Em?0X�
 83 ;�#. 0%�.3 �30�� �0%$ �)�1��/�u �Err/j� #%k,� 0T��

�"3.
83 :�C � ;&%L%�&�C �5
/%L� (��0%�.3 N�&E��Em�$

#
���� (3�3� V%E#E��/r�E��/�� �rj/��Er�/u���/�r �E
��/�� 0L,�� 0T�� .N�&E �� (����Em�30�� (3#$ �

�� *0
� ��
3/	3 0��� ;&%L%�&�C � 5
/%L� (��0%�.3 � �&@
 N�&E �� 3� 6
3/	3 :
#,�%$j0��3� .�$ 5
/%L� 0%�.3 6
3/	3

 :%$ ��&
 I��DE N%���"3 �%,%��#. � ?�$/%� i�>%<%" .
N�&E �� :�C �30�� (����Em��3� ����. 0��� .�$ :
3#$�L$

N�&E �� ;�#. 0%�.3 �30�� 6
3/	3 � 5
/%L� 0%�.3 �30�� ���
 6
3/	3 ;&%L%�&�C0%�.3 83 �E��b,� ��,	� :�C �30�� ��� �,	�


�� ?��� �&- 0��)N>@��Y.(

N>@u>%� Gf���0%$ �)�1 �%��#. 83 �<�%T � &>"�#.}�3 (� ?��	3 �	�$ Y(�	�$*�&E(3.

N>@ �N�&E 83 �,	�$ i3#%%kEv�E�.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                             7 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


�� �������46
��� �*�38 ?3#
3 �"�L@ ���. � �"�L@�&<$ �<A� 

N>@��}�3 (��0%�.3 #
���� #%%kE(Y � ;�#.(�� ;&%L�&�C � 5
/%L� �:�C(�,"3� N�&E (��v�E�0%$ �)�1 �����. ��.

�30��Cr# )�)E3 �D��Cr# = Cr/(Cr + Al)(*0@ �D"�U�
(3#$ NL%a"3;�#. (���%,%��#. �� �&4&� �3��%E�0
#  � �� -

��&� ��KL� (���"�#$ �
�  #$ *�3� N%<UE (�� #+@83�# /
�
(&E#  ?��� �c>
3���C (Z�$ ;�#. �30�� *0L���")um/��E

mm/�=Cr# .(3
:W&� �������. 83(��#.%�?�&$ 3�3� #w� 83
��#.%�= �$%��5. �"� �j0T���LT ��
G(��./<	 �#$��.

�3� �]��[.NL%a"3ML" :
3 �� �&4&� (�� �� �. �A�C 83 ��
0L,�� ;���� ���"#'� #$3#$�:%%XE �� �)�� #+���� ?3&L= �$

�� *��b,"3 �)'�� V%.#E 0�&@]��[.�3�&)� 2�"3 #$G4#� 
]��[��)� ��&)�NL%a"3 (��;�#. (���3� ��KL� �� �&4&�

 �� 0%$ �)�1*#,�' �%��#. (�����D�3 )�%���9"0=�N>@(
�3#F0��3� )N>@��.(

� ~U$ �"�#$ 
�$ �4&E �$(�� �"�#$ ���.���. :
#,)�� ��"�L@ �%��3 (��

:�.�#%  �:
&%��3 0%$ �)�1 �����. �;�#. NL%a"3 �3�
0L,�� .83���. ���"#'�&��y ���. �:
&%�3 (�� :%,�� #" �


�"3 *0@ N%>�E .�"�� �%,%��#. #%+���� ML" �%��� .
4�� �$ ?0@ �L%,�� #"�(�� �E��b,�*0
� ���� �. �&@ 0�3&E

����� ?3&L= �$�"0= �&4� 83 (3�%,%��#. (�� ��� ��. �$ 
]��[.�-�" � �	�$ �%��3 (��� �� ��&<DE�@�D�3 �E ��L%��

i�>%<%" �$ *3#)� �%��#. Ng3#� �� :�.�#%  � :
&%�3 (��
�� N%>�E �)'�� �&<DE }<,��0�&@ .0L1 �	�$ ?&1 �	�$

 ���L.3�(�3�C 6LE �,%�&<%� �/%� kE 83%%#N>@�5���
�
+,���	�$�-�" � ����(��3%�0 #y3 ��
*0��(:%�8

�,-�" S �%#�,-�" :%�8 �&4&$3 *0�C0�.
&4&� #T�L= i3#%%kE 0��� �"�#$�%��#. �� �ML" � ��

$#� �%��#. ?�$/%�&�%�&%	3 �$ s(3#$ ���� �
&4 �%��#.
 �%)�3*�
�3(��3� .NL%a"3 ������w<STi �Al �$�&f

 ���� (�)'�� 83 5%�,�����C ��3 �$*0%"� �� �(3#$ 0�3&E

�
�"�L@ \%U�:%�8�,-�" �%,%��#. (�)'�� V%.#E � ��
 ������� ��. �$ .#.�%�� �=&)A� :
3 (�� �30��TiO2�).
0��3� 6�3��#	 �$ �,�$3� � :%
�  5%��,%E �$ Y3[� 83 �A%,� �� �

*0�C �"0$0�3 .�� 5%��,%E � ;&%L%�&�C #
���� ?�&$ :%
� 
�%��#. �����. :
3 (�� #+���� 83 �,	#'#$ �
�)'�� *�+,"�-
 �,@&'�
Z�$ �"3]��[.�%,%��#.Z�$ ;�#. (�� 3V<S 83

;&%��,%E ��#- N%�� �$ #�3 :
3 �. 0L,�� *0@ ��E ;&%��,%E
Y�B �f �
Z�$ �D4 ��
8 �4�� �$ ���$�"3 ]�j[.��30� 

Cr2O3�Cr# ��3� ���$ Y�B �4�� �$ �,D�� �+,�D)���$
�%��#. �. (�&f��E �4�� 6
3/	3 �$ �� 83 ��@#" �'0@

0L,�� ;�#. .�%��#. :
3;�#. 83 �LS (�� (�)'�� 83
 �,%,%�&$8 ��
#/4 ?�).
*#3(��$ Y�B #y3 ���Z�$ �4��(

�,@&' *0@ N%>�E0�3 ]�r[.O
 NL%a"3 �� ;�#. �0=N��= 
:%�8Y�B �4�� ���C#$ �� 5�� �
�%)%@� ����$���*�+,"�- 

�"3 �%E�0
#  .Y�B �4�� O
 ���$N��= 6
38 (3#$ �"�"3
�"�)'�� .= O
 ?3&L= �$ ;�#. ��,	� NL%a"3 �� ��'8�" #dL

��0L.����g ��$ ;&%L%�&�C �. ��� O%>bE Y3[� �� i0@-
�&@]�u[.Y�B �f NL%a"3 �� ;�#. �0= 6
3/	3 ~=�$ :
3

�� ���$�&@ .�����. :
3 �� 5
/%L� � ;�#. �30�� ?�&$ Z�$
?���Y�B �4�� �$ �
�)'�� 83 �%��#. �&<DE *0L�� ���$

Z�$�"]��[.)�#
8 �,@&' :%Lx�L�  �0LL" (��,-�" 9
Y�B (3#$ V"�L� \
3#@ ?�4#%" N%>�E � Z�$ �4�� �$ ���$
 ��&� ��KL� �� �,%,%�&$ (�)'���"�#$ 3��"3 �,-�" 5�3#	

]�m[.�%��#. (�������. N%>�E���D�3 Y�B �A%,� ���$
�%,%��#. � �"3 �
Z�$ �,@&' (�� �$ ;�#.?3�3#	 �A%,� ��

 �4��Y�B ��
8�� ��A
3 �
Z�$ �D4 ���$ ��� 0�&@
�%,%��#. (�)'�� 83 ;&%L%�&�C 83 �LS (�� *0�C#$ �4�� 83

�� N>@ �
Z�$ �,@&' ���$ Y�B :%
�  0�#%']��[.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                             8 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


0<4��*��)@ ������$���� � (�)'�� ��&'#'� #%" �"�#$ *�+,"�- � ����%��#. (�� . ..��

N>@ ����&)� �%XF&� �� 0%$ �)�1 �%��#. (�� ���D�3 *#,�']�p[.

V%.#E:%�8�
�%)%@ ���� Y3[� 
)%@ V%.#E 83 h-�@ O
 ?3&L= �$ :
&%��3 � �%��#. �
�%

ML"�
38 :%%XE (3#$ 2��g*#,�' ���� Y3[� V%.#E
�� *��b,"3�&@.5� #$ 2�"3#$Y3[� 6L./�ML" N
Z�

b<,���3#$(*�+,"�- �%,%��#.��(���D�3  %���L� *0@
�"3 .3 ��
:"������ ,� ��%�A &E��3 R#d�%�:�.�# ��3%&
:

�,	#' N>@� �LS Y3[��;�#. 83 a"3%NL��(LS�3� ;�#. 83
�+,�%�C #y3 �� 0���8�$ Y3[� �$*(I�+1 �"3 *�#. �,��� #E

]��[.�%,%��#. (�����D�3 �$Y3[� 6L>)�#$ �<%"� �$ML"
 (3�3��� 0%�&E �,%��� 6@& 0�&@ ]��[.�)�1 ��KL� ��

0%$��%,%��#. (�����D�3 �� �,%��� 6@&  �$ *3#)� �. 0L,

#'�L%$ :
30L,�� #�3.:%Lx)� �%,��#. :
3 ���� 3� ?3&E
Y�B �4�� �$ Y3[� 6L.3� �A%,� �
 �%��� O
 �$ Z�$ ���$

�,@&' �
P&$8��� ���3� *0@ ��E (3]��[.
�"�#$(�� ?��� �$#AE ��0L�� � �.�30� Al2O3�

�D��FeO/MgO 5%�,�� �K$3��%��#. �� ���� Y3[� �$ ��
�3��.��30� Al2O3�� ���� Y3[��30�� Al2O3�%��#. �� 3�

�� I#,L. 0L. �K$3� :
3 ��$�&<DE � ����)� #%%kE0L. .(3#$
�%��#.*�&E (��(3���30� Al2O3�� ���� Y3[�*#,�' :%$

�� �E����8� 0T�� ���� Y3[� �$ �30�� :
3 �. 0�C �"0$
 �,%L%�&$ ��3&�)���3� )N>@(�� ���E��.(

N>@����&)� �%XF&�NL%a"3 (�� ���' �" �3�&)� �� 0%$ �)�1 ��KL�Al– Fe- Cr+3 ]�� ���[.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                             9 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


�� �������46
��� �*�38 ?3#
3 �"�L@ ���. � �"�L@�&<$ �<A� 

N>@�����. �
�%)%@ V%.#E �%XF&� �3�&)� �� NL%a"3 (��Cr# �$ �D��Mg# ]�j[.

N>@���%XF&�NL%a"3 �
�%)%@ V%.#E;�#. (���%,%��#. �� �3��(��0%$ �)�1 ��KL ]��[.

$�
� # (���3�&)�3+Cr-Al-Fe ]�� ���[)N>@��(�
#Cr �$ �D�� #Mg ]�j[)N>@ ��(�#Cr NL%a"3 �D��
�$ TiO2]��[)N>@��(��,%L%�&$ ���� Y3[������. �)�1

D@ 0%$%83 (��%�$ ��� �&4&� (�������.�%�&%	3 #+
� (��
�"3 .#Cr ?�����. N%>�E *0L�� �,%L%�&$ (�)'�� 83 ���

]��[/%� �#+��%$ �"3 ���3��#	 0L1 �-�" :%�8 \%U�
]�r[.�
�%)%@ V%.#E (3�3� �,%L%�&$ (�)'��*�
�3(�"3 
)%��SiO2>�j/�Mg#> .( �)'�� :
3 �f:%�8 �
��E -

�,@3� ?3�&	 �"�L@ �$ �83 �-#$ (3#$ ���� Y3[� O
 ?3&L=
�%�&%	3� O%
�8&l��  (�� ��� O%��8�/ *0@ �,	#' #w� �"3 .

%�&$ (�)'�� �7KT3,%L*830' (3#$ �� Z�$ 5
/%L� �$ (��

�%�&%	3 �� :%
�  ;&%��,%E*0@ �,	#' #w� �� �� �"3 ]�u �
�m[.�D�� �D"�U� (3#$FeO/MgO 83 ���� Y3[� ���K$3� 

�$#AE #
8 0@ *��b,"3 ]��[:
ln (FeO/MgO)  NL%a"3  = 0.47 – 1.07 + 0.64

+ ln (FeO/MgO)Y3[� 

#$2�"3 i�D"�U� 
= Al/(Al+Cr+Fe3+) � =

Fe3+
/(Al+Cr+Fe3+)

�%,%��#. (3#$ �D�� :
3*�&E (��� (3��KL :%$0%$ �)�1
m�/��Erm/�0@ ���C#$)N>@��(�,%L%�&$ ���� Y3[� �$ �.

� ��3&�)���3 ]��[.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                            10 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


0<4��*��)@ ������$���� � (�)'�� ��&'#'� #%" �"�#$ *�+,"�- � ����%��#. (�� . ..��

*�+
�4�L�  ���3��#	#$3 
�%L%�&$ �. �A�C 836%  �`&g �$ �� .\%U� �� ���) (��

:%�8�,-�" ��0U� ?�0�0L,�� ���C �&�g �V<S3 ��
�=&)A�?��� �L
#
� (��6%  \%U� O
 *0L�� �"3 ���). 

]�m[.83�$�
�4 �%��#.*�&E (��?��	3 � (3 (���3�&)� #$
Fe2+

/Fe3+�D���$Al2O3)N>@�j(�TiO2�D��
�$Al2O3)N>@�r(�%�&%	3 �. 0@ h��� ��KL� (��

 \%U� O
 �$ 0%$ �)�1���3��#	#$3 �$ ���� (�)'�� O
 �
��3� ��3&�)� �,%L%�&$ �D%.#E N%� ]��[.3�.�
6��#.%�

@ 8�	 ��%)�I&<U� \"&E �&<$��(�$��#' '�83&� ��c 83
?C *�&$ �L%).$ �I�),g3 �6
304 ���%�$ ��#.%�Y3[� 83

.#E i�&T �$ �&<D,�%V�.3%0(� zK" ��%
:#E(83
�,"&  9�,@&'*�3� |� �"3 .3
:�.3�
6
�#f 83
]�3&�
�,"& 3(�.3%0*0@(����#'� �f �,@&'
�#y3 �� 6L.3�

"%I��$��#' � Z�$ ����'0�/
#' �.3%?�LS Y3[� �$ Z�$�83
3 ;�#.
��A 3 �� #� �. �"3 *0@
:��3&��$3#	
��0L(�L�  

���3��#	#$3 ��E%N��0�&@ .��#.%���(*�&E3(���,�3 �(
��KL� �� 5� �$���3��#	#$3 ��). ��0L,�� ]��[.

N>@ ����&)� �%XF&� �� 0%$ �)�1 ��KL� �%��#. (�� �3�&)� (FeO/MgO)melt �$ �D�� (Al2O3)melt ]��[.

N>@�j��&)� �%XF&� �3�&)� �� 0%$ �)�1 ��KL� (��Al2O3�$ �D��Fe2+
/Fe3+]��[.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                            11 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


�� �������46
��� �*�38 ?3#
3 �"�L@ ���. � �"�L@�&<$ �<A� 

N>@�r��&)� �%XF&�(�� 0%$ �)�1 ��KL� �%��#. �3�&)� ��TiO2�$ �D��Al2O3]��[.

�@3�#$ 

*�3� � �%��#. ���. �)%@ (��ML"(��+� �%,%��#. (��
��/$ �. 0%$ �)�1 �����. �%�&%	3 �� �%��#. *#%-B :
#E

 �����. :
3 (3#$ �,%L%�&$ ���� (�)'�� O
 #+���� ��"3 /
#%�
0L,�� .�%,��#. :
3 � Z�$ ;�#. � :%
�  5%��,%E �$ Y3[� 83 ��

*0@ N%>�E 6�3��#	 �$ �,�$3�0�3 .;�#. (Z�$ ��%= �$ �4&E �$
 ?�&$ Z�$ �#Cr . ���%��#�� 3� �����. :
3 ��� ?3&E38

ML���.���3� �%�� O
 �4�� �%��#. (�� .� ;�#. �30��
 0%$ �)�1 �����. �� Z�$ 5
/%L� #+���� 83 �%��#. �&<DE

Z�$ ���$ Y�B �4�� �$ �
�)'���".*�3� #+���� �)%@ (��
�%,%��#. �� ;�#. ����. � ��
3/	3 (��0��� N�&E (����$

�&E �)" Nm0L,��?��� �,	�$ ]%DKE �$ �. ]
�/E *0L��
 �� 0
04 (�)'��5. �"� ��^E�"3 �
�)'�� .:
3#�3 �$

N�&E �� �%��#. #
�-B ����`�� 0%
�E �y30g3 (���&@ .

��3��0F 

83 ?�'0���+�g�
�)� �����  ����X� ���� (�� i7%dUE
*�&$ �3��&-#$ 83#%@ *�+��3� �<%)>E�0�3 �.@�"3 �,�
�

�&- ��3��0F � 2�a" 0��3� 83#$3 ?��C 83 3� .

G43#� 
[1] Dilek Y., Furnes H., “Structure and 
geochemistry of Tethyan ophiolites and their 
petrogenesis in subduction rollback systems”.
Lithos, 113 (1-2) (2009) 1-20. 
[2] Ahrabian Fard P., Nabatian G., Mokhtari M.A., 
Honarmand M., Kouhestani H., “Mineral 

chemistry and chromite mineralization in the 
Qaranaz-Alamkandi area, west Zanjan”. Journal 
Of Economic Geology, 12 (4) (2021) 585-610. 
[3] Torabi G., “Chromitite potential in mantle 
peridotites of the Jandaq ophiolite (central Iran)”.
Comptes Rendus Geoscience, 341 (12) (2009) 
1982-92. 
[4] Nicholson K.N., Black P.M., Picard C., 
“Geochemistry and tectonic significance of the 
Tangihua ophiolite complex, New Zealand”.
Tectonophysics, 321 (1) (2000) 1-5. 
[5] Kearey P., Vine F.J., “Global tectonics”.
Blackwell Science, Surveys in Geophysics, 19 (1) 
(1996) 333 pp. 
[6] Condie, K.C., “Plate Tectonics and Crustal 
Evolution”. 4th ed, Geological Magazine, (1997) 
282 pp.
[7] Babaie H.A., Babaei A., Ghazi A.M., Arvin M., 
“Geochemical, 40Ar/39Ar age, and isotopic data 
for crustal rocks of the Neyriz ophiolite, Iran”.
Canadian Journal of Earth Sciences, 43 (1) (2006) 
57-70. 
[8] Rajabzadeh, M.A., “Geological and 
lithological location of chromite deposits in the 
northwest of Neyriz ophiolite in Abadeh Tashk 
region”. M.Sc. Thesis, Shiraz University (1991). 
[9] Rajabzadeh M.A., Moosavinasab Z., 
Rakhshandehroo G., “Effects of rock classes and 
porosity on the relation between uniaxial 
compressive strength and some rock properties for 
carbonate rocks”. Rock mechanics and rock 
engineering, 45 (1) (2012) 113-22. 

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                            12 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


0<4��*��)@ ������$���� � (�)'�� ��&'#'� #%" �"�#$ *�+,"�- � ����%��#. (�� . ..��

[10] Sarkarinejad K., “Structures and 
microstructures related to steady-state mantle flow 
in the Neyriz ophiolite, Iran”. Journal of Asian 
Earth Sciences, 25 (6) (2005) 859-81. 
[11] Mohammadi N., Ahmadipour H., Daliran F., 
“Textural and geochemical significance of 
chromitites in the Baft ophiolite melange: a 
petrogenetic approach”. Iranian Journal of 
Crystallography and Mineralogy, 20 (3) (2012) 
469-478. 
[12] Mohammadi M., Ahmadipour H., Moradian 
A., “The use of mineral chemistry in the study of 
origin and evolution of dunitic rocks from Ab-Bid 
ultramafic complex (East Haji Abad, Hormozgan 
Province)”. Iranian Journal of Crystallography and 
Mineralogy, 24 (4) (2017) 621-634. 
[13] Uysal I., Tarkian M., Sadiklar M.B., Zaccarini 
F., Meisel T., Garuti G., Heidrich S., “Petrology of 
Al-and Cr-rich ophiolitic chromitites from the 
Muğla, SW Turkey: implications from composition 
of chromite, solid inclusions of platinum-group 
mineral, silicate, and base-metal mineral, and Os-
isotope geochemistry”. Contributions to 
Mineralogy and Petrology, 158 (5) (2009) 659-
674.
[14] Babaie H.A., Ghazi A.M., Babaei A., La Tour 
T.E., Hassanipak A.A., “Geochemistry of arc 
volcanic rocks of the Zagros Crush Zone, Neyriz, 
Iran”. Journal of Asian Earth Sciences, 19 (1-2) 
(2001) 61-76. 
[15] Mohammadzadeh Z., Ebrahimi Nasrabadi 
KH., Mazaheri S.A., Ghaemi F., “Petrography, 
geochemistry and genesis of Kuhi chromite ore 
deposite (Rabat Sefid ophiolite melang)”. Iranian 
Journal of Crystallography and Mineralogy, 21 (4) 
(2014) 765-77. 
[16] Veisinia A., Ebrahimi M., Mokhtari M., 
Ahmadian J., Azimzadeh A., “Application of Cr-
spinel mineral chemistry in petrogenetic evolution 
and tectonic setting of NE Kamyaran ophiolitic 
complex”. Iranian Journal of Crystallography and 
Mineralogy, 26 (3) (2018) 581-596. 
[17] Mazhari S.A., “Distribution of platinum-
group elements (PGE) in chromitites of Sabzevar, 
NE of Iran”. Iranian Journal of Crystallography 
and Mineralogy, 27 (1) (2019) 109-122. 
[18] Jaques A.L., Green D.H., “Anhydrous melting 
of peridotite at 0–15 kb pressure and the genesis of 

tholeiitic basalts”. Contributions to mineralogy and 
petrology, 73 (3) (1980) 287-310. 
[19] Bazamad M., Mirnezhad H., “Geochemistry 
and genesis of chromites from Darvazeh-Chenar 
(Neyriz) and Faryab areas”. Iranian Journal of 
Crystallography and Mineralogy, 23 (1) (2015) 
135-146. 
[20] Cheng J., Zhou T., Liu C., Shapiro J.P., 
Brauer M.J., Kiefer M.C., Barr P.J., Mountz J.D., 
“Protection from Fas-mediated apoptosis by a 
soluble form of the Fas molecule”. Science, 263 
(5154) (1994) 1759-62. 
[21] Arai S., Yurimoto H., “Podiform chromitites 
of the Tari-Misaka ultramafic complex, 
southwestern Japan, as mantle-melt interaction 
products”. Economic Geology, 89 (6) (1994 1279-
88.
[22] Khavari L., Biyabangard H., Mirnezhad H., 
Niromand Sh.A., Soloki H.R., “Gheochemistry and 
genesis of Golab chromites in ophiolite rocks East 
of Sarbisheh, South Khorasan Province”. Iranian 
Journal of Crystallography and Mineralogy, 23 (4) 
2016) 709-722. 
[23] Zaeimnia F., Kananian A., Mirmohammadi 
M.S., Emamipour A., “Comparison of PGE 
concentration in the chromitites of Khoy Ophiolite: 
Its implication for the presence of two types of 
chromitites with two different origins”. Iranian 
Journal of Crystallography and Mineralogy, 26 (2) 
(2018) 273-286. 
[24] Barnes S.J., Roeder P.L., “The range of spinel 
compositions in terrestrial mafic and ultramafic 
rocks”. Journal of petrology, 42 (12) (2001) 2279-
302.
[25] Ghosh B., Pal T., Bhattacharya A., Das D., 
“Petrogenetic implications of ophiolitic chromite 
from Rutland Island, Andaman—a boninitic 
parentage in supra-subduction setting”.
Mineralogy and Petrology, 96 (1) (2009) 59-70. 
[26] Ahmed A.H., “Highly depleted harzburgite–
dunite–chromitite complexes from the 
Neoproterozoic ophiolite, south Eastern Desert, 
Egypt: a possible recycled upper mantle 
lithosphere”. Precambrian Research� 1 (233) 
(2013) 173-92. 
[27] Payghambari S., Ahmadipour H., 
“Application of chromite composition as a 

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

                            13 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html


�j �������46
��� �*�38 ?3#
3 �"�L@ ���. � �"�L@�&<$ �<A� 

petrological indicator for determination of the 
Dehsheikh ultramafic complex origin (south of 
Kerman Province, Iran)”. 20 (3) (2012) 415-428. 
[28] Cameron W.E., “Petrology and origin of 
primitive lavas from the Troodos ophiolite, 
Cyprus”. Contributions to Mineralogy and 
Petrology, 89 (2-3) (1985) 239-55. 

[29] Coish R.A., Church W.R., “Igneous 
geochemistry of mafic rocks in the Betts Cove 
ophiolite, Newfoundland”. Contributions to 
Mineralogy and Petrology, 70 (1) (1979) 29-39. 
[30] Augé T., “Chromite deposits in the northern 
Oman ophiolite: mineralogical constraints”.
Mineralium Deposita, 22 (1) (1987) 1-0. 

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

1.
1.

3 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

14
02

.3
1.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

09
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://dx.doi.org/10.52547/ijcm.31.1.3
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.1.1.2
https://ijcm.ir/article-1-1696-fa.html
http://www.tcpdf.org

