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

��� �� ��	
� ��� � ���� ����� ����� ���		�� ��������� �� ������� ��  ����
!"#�$ ��	%�&' ($ )�
  �)����� ���&�� �����(

,��� -./ )
0$�&'*�2�$ 3���4 �����56 3��� 

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

3)	78 :��12�3�(4� �5678�9*# +)/ :;#& )27�<= �=�> ?627 �� )2@% 3�<	�6( 3AB .+�69D �9= 3�<	�69( E9<@F �9@<� 3�9%
 ��12� �� �"
�6
� �D �"<�&��6� G<��D +)/ -�*�H�  )/ �=)�# .���*�H� I
�"@�� -&J K��/ �% �D�#69� 3�9%8�<9*�* 8 �92=�� 8

�*# �D�2=�� & L<"<M(&�( ��
�<( .�@% # �N�2F 3+)/  #�<<OD P6�"*� ���*�H� )2
#�	 �B ?�<@� ���� & �F�	 ��MN)�#.�92�#� -
Q� ���= �� �<<OD 3))2���TiO2�MnO �P2O5�Nb �Gd �Y&Eu ( �N�2F ���= �� &)KR�SiO2�K2O�Al2O3�CaO �MgO �

TFeO �Na2O�Sr �Ba �Rb �Zr �Hf �N�2F GM># &REE ()��<,@!S .+�6D G<��D �*�H� 3���9*�H�  )9/ �9� �*# �D�6N �T�
 �� U�"2� #� �N�2F �<<OD)2� .�D�#6� ���*�H�8�<*�* 8 �92=�� 8+�69D &� �� �9
�<( $
#�9	# �9= �9
�6
� & �9<�&��6� 3SiO2&

Al2O3�H)<%�� &K2O�Na2O�TFeO &MgO �� V�!� �6/ .�#)��CaO �� -�!� �<�M� -#�<� W�*#�= 3�<O"� ��"	� )%� .
�N�2FREE ��D )��#� �H)/ .�X2FRb  )/ �� �<O"� ��"	� �9� -�!� ���*�H� YM"�� 3�% )9%� .�9N�2FBa �Sr &Zr  )9/ �9= 

+)/ +)<%��)�# .�X2FHf +�6D �� +�69D �� �Z<��[ �� +)/ ��D ���*�H�  )/ $
#�	# �= �"<�&��6� 3�92> �"
�69
� 3��#� �H)9/ .
$%�� �= L<"<M(&�( ���*�H�SiO2�K2O&TFeO �9� V�!9� +�69D &� �% �� �69/ .+�69D �� �9�# �"<�&��69� 3Al2O3&Na2O

& +)<%��CaO &MgO +�6D �� �Z<��[ �� �+)/ +�&�	# �*# +�#� \� ���[ I
# 4ZF �"
�6
� 3.�9N�2F I<2]@%REE +�69D �� 3
�2> �"<�&��6� �� -�!� �H)/ +�6D �� �Z<��[ �� �)2%� �"
�6
� 3LREE��D �H)/)��#� .�X2FRb  )9/ �� �9<O"� ��9"	� 3�9%

 �� -�!� ���*�H� YM"��)%� .�N�2FBa �Sr &Zr +)/ +)<%��  )/ �= )�# .�X2FHf �92> +�69D &� �% �� ��#� �H)9/ .���9*�H�
+�699D �� �D�992=�� $%�99� �99= �"<�&��699� 3SiO2�K2O�Na2O�MgO &,TFeO Rb �Sr �Ba �Zr &Hf $
#�99	# &Al2O3&CaO 

�� V�!��6/ .�N�2FREE ��D )��#� ��)�# �H)/ . )/ �= ���*�H� �9� YM"�� 3�% +�� W�9*#�= ^29* 3�#_9,��� )9�#6D 3)92=
 -` �<0;6� & �
�@H�� 3�* I<<0D ��
�<@</ �9N�2F 369,�# �9
�(�= a�!92� �� +)��@<;�= ���� b6� �<�cD & )��/ d#�H�
� �� #�REE #� 

)%� �#�; �<e�D �fD .D �<� +�6D +�,"*�� I<<0 g6D&�
# W�*#�= 3�6c� 33�%Rb-Sr �9h<"� �9*# IZ@� �-�*�H� ��6@� �� 49ZF 3
)%� -�!� .�*��= 3#�= G*�2� ��6@� ?��"�# �� #_�3��i&�"( 3�%8�6/ 3��
J �;� )
�= ���*�H� EB�2��� �(6D&�
# .

3:���)	�� ��  :��*�H��j�N�2F  #�<<OD j?�<@� �N�2Fj	�6( 4� 3�<j)2@% .

!$)"$ 
��12� �( 3�M9N�	 �� )2@% 3�<	�6( 4� �567 �&)9[ 3kl

-�*#�� -�"*# ���� �)27�<= -�"*��/ �=�> ?627 3�"�6M<�
 +�"�H �� ��=6273U6B I<= �
�<	#�O7 3�%˝mn´mp°rs�D

˝ts´rk°rsu�F & �;�/ �
�<	#�O7 3�%˝tv´vn°wv�9D 
˝mr´wt°wv#� �#�; ���@/ ��)KZ/t.(�9x� J# ���9��� I9
#

�*# +)/ :;#&  6� y6M= .�/ �� 3��"��*  �@<��D.

∗IcMD �U6z�� +)2�
6� 8�=�@� :skpkvkr8lrtt�Z<�&�"Z�# ��( �:mhkarimpour@yahoo.com 

{��@/ �Q%�J6� U�*|-�"��J ���}fcN J# �nvk �D~|�

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                             1 / 22

http://ijcm.ir/article-1-415-en.html


Q
��LM� ��6(3�&��c/ +�#J -#�
# �*�2/ ���� & �*�2/�6M= �Mh� ~��

 ���� I<�&# ��12� I
# .�9/ �� 3�<	�69( 4� b6� 3J�*
#E<;�  �0��1� ��6� & +)/ ��!"�# �� �*#  6� y6M= & -#�


 �T27 �@% J# �*# �"	�H �#�; -�H)2�
6� �*6D �% .���� 3J�9*
 +�&)f� �� 3�(�567 +�6D �"/� L
 �= )2@% E<@F �@<� 3�%

 �Z%` �*#&)[8�9
�6
� �9D �<�&��6� )[ �� 3�<	�6( �
�<M; 
�,
)Z
 K�#� & +�6= y6"*# KZ/ �= �� �*# +��9� �69c� )9�# .

J# $<= �D ��12� �� ���*�H�pl& ��#� P�"�H :=���"�6M<� 
-&J K��/ �D�#69� 3�%8�<9*�* 8 �92=�� 8�D�#69� ��9
�<( 8
 �2=��8��<M<* ��
�<( 8L<M
i�` & L<"<M(&�( �L<"<M(&�( 8

�*# �1* �� �D�2=�� & ��<M<* .���9� KZ9/ �9= 3J�9* 3�9%
�=�99��H P�99= & +)992�#�( ��"�99=�#��99� +)%�!99� �99� )�699/

 �9*# �"�9=�#� �9	�= -` �9��[ I
�"@�� .J# ��9�� �9��= ��
 J# $<= �D +�&)f�rl�9� +)9
� :=���"� )[#& �� �]H� �69/ .

�]H� �D�#6� & �D�#6� ��D)@F �%8���� �� )2"�% 3)<c�6* 3�9%
 �#�9; I<9�J �1* �� )
)/ -6<*#)<��# �<e�D �fD 3)<c�6*

�"	�H)�# .(6Z��� ��
�<( ���9� I
�9"@�� �9<��6= & �9
�< 3�9%
 )2"�% ��12� 3)<c�6* .�� +��"�9H -�9*6H -&J L9
 �67&

 �9D +�9H �9� �
6��e I%` )<��# )N�� & I<�J �1*tr)9N�� 
�� ���� J# �
�Z[ �)*� �9�12� �� +��"�9H 3)<c�69* 3J�9*
��#� .+)%�!� �D�#6� -&J 38�<*�* 8 �2=�� 8Q�#�D �= �
�<( 

�1* �� �]H� 3��= �� -�!� I<�J ���9� I9
# �� )%� 3J�9*
 �99*# +)99/ 3)
)99/ $
�99*�	 P6�"99*� .�99*��= 3�99%

 4� -�6= ��= �<� �
�<@</65i)�Dr/l)N�� (AB &)J# $<= �D
s/lID �� d�H (�� -�!� #�)%� .�@% �= �76D �= 3�9( �5697-

�*��= & �
#�fN 3�% +�"�9H �%�,!9
��J` 3�% 3�9( �5697 
4� +�<�� L
 )2@%8�*# 3�<	�6( AB ]t.[

���9*�H� )92
#�	 �9B �N�2F y�fD -#�<� b6�6� 3�9%
 �
�@H�� 3�%������ �� �=���H8�#�9; �76D ��6� +J&��# �=���H 

I
# �� 3�)0"�  ���� �Z
�6B �= j�"	�H g�9S �9= -62��D +��=
+)<99*�)99�# .�99e# �� ���99� ���99� �99N�2F y�99fD -�99<� I99
# J#
���*�H� "!<= YM"�� 3�% �9*# �9"	�H �#�9; �f= ��6� �]v8

tk .[ ���*�H� �<e�D �*��= ����� I
# J# �)% 3&� YM"�� 3�%
 +�6D &� �� ?�<@� ���� & �F�	 ��MN# �N�2F  #�<<OD �@<� 3

���� )�6� E<@F 4� 3J�*8�*# +�6= )2@% 3�<	�6( AB .��
����9*�H� b69� I"	�9H �x� �� I@� �D )/ �0* $%&'( I
#

 -�*�H�  )/ �*��= 3&� J# �� ^2* -)/ ̂ 2* 3�% 3��9,�

 ���� &-&J �*�2/ ��69� ��9*# +)9/ V�!9� -�9*�H� 3�%
  )9/  #�9<<OD �9= �9N�2F  #�9<<OD )9�&� & �9"	�H �#�; �76D

�6/ �*��= �<� ���*�H� .

����� ;�� 
�9*��= ��x� ��6� �#)%# �= -)<*� �6x2� �= & �
#�f9N 3�9%

 <[�� I
# �� +)/ d�h�# �%�,!
��J` )��
J K[#�� K��/ �:Y9�# (
�<�D I<9�J �!9�� 3W�9<�� �9= �9*�2/t:tllll ? �(�9<�D
�!�� W�9<�� �= ���*�H� 3t:tllll g �(J# $<9= �9/#��=
tpl �*��= �6x2� �= ��6@� ^2* 3�%  ����9*�H� & �*�2/ (
�*��=tsl �M�<N yJ�� & yJ�� :1�� . )9/ �9M[�� I
# ��
���*�H� 6D ��6� �:B��� �� �% �9	�H ��� �7 .3&� J#  )9/

 ���� G
��D -#�<� ���� )N�� & �<�&# 3�% :1�� �� �
6��e 3�%
 � ��*# +)/ ��&`�= (�
�hD 3trP&� �9= ��6@� XRF 3#�9= 

I<9�J +&�9H +�,!9
��J` �� �M9N# 3�%)<��# +�,!9�#� �9*�2/
 P&� �9= ?�9<@� ���9� & �9F�	 3�%)<��# & )�!� �*&��	

ICP-MS +�,!
��J` �� #��9Z
��` 3&�#�9M� +�,!� .�9�6@� 3�9%
 J# +)/ ?��"�#v+�6D +�6= E<@F �@<� 3�6c� 3$9�� �9� )9�#

 ���9� K<Z!9D �� �*�*# 49� 3J�9*8)92@% 3�<	�69( A9B 
�"/#�)�# .+�6D I
# $�= �� �% �<e�9D �9fD ��12� YM"�� 3�%
��*�H�� )/ �= & YM"�� 3�% �9"	�H �#�9;  &�9c"� 3�% )9�# .
�
�hD 6@� 3+�69D I9
# +J�9D ��"T�� �� �9= +�69D -�9@% �9<� & �9%

���*�H�3�%  )/ �= YM"�� ��9
��� �69x2� �9= �<O"� 3�% 3
�*# �"	�H  �6N �
�<@</65i .+�,"9*� b69�XRF +�,!9�#� 
U)9� 4�9<M<	 )�!9� �*&��	X Unique II �9*# +�69= .J#

��6@� -#���9��� Y9<B ���9/ �� $
���� & $
#��� J# 4( �%
6��2<= ��; �� �!</ & +)/ W�( 3�% �9
�hD & �9<�D �=&� 3�%
)�)/ .-��J�9* J# �9
�hD I9
# �� +)9/ +��c"9*# 3�%��#)��"*#
I<�J )�)9/ 3�#)9
�� #����� & ��
��` �*�2/ .�<��9�` I<92]@%

 +�,"9*� �9= ?�9<@� ���� & �F�	 �N�2FICP-MS P&� �9= 
�*# +)/ d�h�# �
�<M; ?&� .P&� I
# ��t/l6@� J# d�H �� ��

  #�6=�"� Q<"<� /Q�9% �
�"<* )<*# �� & +)/ ?&�  #�6=#�"D
���6/ .�@% �� ���` 3#�= P&� I
# ���� 3& +)9/ ?&� �9%

 +J#)�# �"*�)= ?�<@� ���� �N�2F +'
& �= ��N�2F �#)�� 3�<H
)�6/ .�(�92<�= -�#� -�!9� 3#�9= G9*�2� 3�%�#�6@� Q<*�D

 9%�#�	# d�9� �� YM"�� �N�2F  #�<<OD 3�GCD.kit &Excel �
�(�
�"� �<�cD.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                             2 / 22

http://ijcm.ir/article-1-415-en.html


)M7��+��@/ �|�-�"��J ���� -&J �� ?�<@� ���� & �
�7 ��MN# �N�2F  #�<<OD �*��=3�%. ..~��

<76=+#� & �
�<	#�c7 �<0;6� �= �*�"*� 3�%+�"�H3�(�5674� 8)2@% 3�<	�6( 3AB .

-	$�����6 
+�"�H�( 3I<�J �x� J# )2@% 3�<	�6( 4� �567 �*�2/
�<[���/6H �� 3# �H�= �;�/ U�@/ 3t:tlllll+�S�* �6/

]ts[*# �"	�H �#�;�.��12� QxF# $�= ��!�� I
# �=�2=
^2* K��/ ��<�6
� ��<*#� ��
J)�` )[ �� ���!c!D` 3�%

^2* ���� ���= �� �� �*# �
�T@2,
# & �6D�@<� 3�% E<@F
3)<*# 8+��� �6c� ���` �� �*#&)[ )�# .�*��= ��# �
#�fN 3�%

 �� �
�%)[#& J# 3��<�= �� �#� -�!� +i&�( I
# �%�,!
��J` &
��+)/ �	�0� ���!c!D` ^2* ��!�� +�6D �)�# 3�6c� 3�%
�@<�)2"�% E<@F .^2* �R�#���!c!D` 3�% 8��12� 3�6c� 

-�*�H�+)/ ���� & )�#�� +)%�!� ���� ���= �� 3J�*�6/ .

�*��= W�*#�= �+)/ d�h�# �%�,!
��J` & �
#�fN 3�%
I<�J 3�%)[#&+�"�H �� +)/ �
�*�2/ �*�2/�( 3�567
�� #� )2@% �= -#6Dm��� Q<��D $�= )KZ/v:(

t8^2* �� +�6D �� ���<� I*65# J# $<( ���!c!D` 3�% 3�%
 ���<� I*65# E<@F �@<� ]tp[���� �= �"�=#& �6c� 3J�*

+���)�# .�� �� �*# �"<*#� �6D & �<	6D K��/ �%)[#& I
#
�)��#� -6@2�� ��12� ?�> & ���� 

v8+�6D �@<� 3�%3)<*# �"!<= E<@F8I*65# �*#&)[ 
���� �= �"�=#& ���<� �= �� �
�6
� �D �<�&��6� )[ �� 3J�*

 )/ YM"�� 3�%-�*�H����� 3#�#� & +)/ 3J�*�"�=�#� &
 &�c"� �
���� �= -�!	#+�6D I
# �)�# Q%�� +��T�#  �6N �= �%

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                             3 / 22

http://ijcm.ir/article-1-415-en.html


Q
��LM� ��6(3�&��c/ +�#J -#�
# �*�2/ ���� & �*�2/�6M= �Mh� ~��

+)�`�� �(6Z�MD)�# .�&)[p���� �= �"�=#& )[#& �� 3J�* K�
+)/ �
�*�2/ ��12�)�# .)2MT��6% J# )2D��TF �%)[#& I
#

 P�= �3�<	�6( �<�&��6��=���H �<�&��6� )2MT��6% �<D6<= �
�
�6
� �<D6<= �3�<	�6( �
�6
� )2MT��6% �<D6<= �3�<	�6(
 �<D6<= I��&�<( �3�<	�6( �
�6
� )2MT��6% �3�<	�6(

( )2MT��6% �3�<	�6( �
�6
�&��6� )2MT��6% �
�6
� I��&�<
�
�@H�� P�= & 3�<	�6(83�6c� .)2MT��6% )[#& -�<� I
# J#

  )/ & b6� �x� J# 3�<	�6( �<�&��6���*�H� 3��= Q�#�D ��
�]H��D�#6� 3�% 83��h2%�� & 3)<c�6* AB & 4� 3��= 3�%

�)��#��6��= 3�"!<= �<@%# J# 
w8+�6D +�6D �� �� I*65# J# 4( E<@F �@<� 3�%3�% �"�=#& 

���� �=+��� �6c� 3J�*)�# .+�6D I
# �D �
�6
� J# �<� �%
+J�D �A��� & +�6= �<O"� �<�&��6�)�# .���� J# 3�e# & 3J�*

��*�H��@� +)
� ���` �� ��6/ .+�6D I
# )2MT��6% K��/ �%
 �<D6<= �3�<	�6( �
�6
�&��6� )2MT��6% �3�<	�6( �
�6
�

6( �
�6
�&��6� )2MT��6% �<�&��6� )2MT��6% �<D6<= & 3�<	�
�*# 3�<	�6(.

m8?6*� 3���D#6� 3�% .

������� 
^2*+�6D & ���!c!D` 3�%���� �= �"�=#& 3�6c� 3�% 3J�*

+�"�H ��+��"�H 3�&)[ �� 3#twv �<e�D �fD :=���"�6M<� 
��*�H��"	�H �#�; �)�# . )/ I
�"!<=��*�H� .�/ �� �

�� +)
� �<[���6/ .��*�H���1=#� & )��#)� �1� )�&� �% 3
+�6D P�"�H & ���` I<= �@<�"�� E<@F �@<� 3�6c� 3�%

�� +)
��6/ . )/ & P�"�H��*�H���12� �� ��( 3�567
+)2%)��!� ��=`�%������ 3�*# 3�<	�6( b6� 3J�* .

�*��= W�*#�= �%�,!
��J` & �
#�fN 3�%nb6� 
��*�H�-&�� �+�"�H �� �#J�( 3)�)/ L<ZcD )2@% �567

J# )2D��TF �� :t(�D�#6� -&J 8�<*�* 8 �2=�� 8��
�<( v(
�D�#6�8 �2=�� 8��
�<( w(��<M<* -&J 8�L<"<M(&�( m(-&J

 �L<"<M(&�(r(L<M
i�` -&J8& ��<M<* n(�D�2=�� -&J 
)KZ/w.(& �"�<;� $
#)7 �6x2� �= �� �*# 3�&`��
 �= dJ�

�"�= �<�cD ��*�H������ �= -` ��TD�# & �% ��@</65i & 3J�*
-&J 3�%-�*�H� Y<0�  �6N �= )J# �"@�  )/wl)N�� (�

�*6"�)I<=  )/wl�Drl)N�� ()
)/ &)J# $<=  )/
rl)N�� (+)/ +�#� -�!� �!�� ��)�#.

<76>�!��I<�J 3+)/ +��* �*�2/+�"�H 367 �( 3)2@% �
]t.[

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                             4 / 22

http://ijcm.ir/article-1-415-en.html


)M7��+��@/ �|�-�"��J ���� -&J �� ?�<@� ���� & �
�7 ��MN# �N�2F  #�<<OD �*��=3�%. ..~��

<76?�!����12� ���*�H� 3�( 3)2@% �567]t.[

�9�12� �� �9<H#�	 & V��9/ ���*�H� �D�#69� -&J )92@% 38
�<*�*8 �2=�� 8�*# �
�<( .J# $<= �/�"�H -&J I
#vl

�� �*# +�#� ��X"�# �6� �= ��12� .�/ �� #� :=�� �"�6M<�
 $�= �� -`  )/ �"T�# �*# �<O"� YM"�� 3�% .I9
# -6@2��

 �9]H� Q�#�9D �MN# $�= �= +#�@% ���*�H� ���9� & �9% 3J�9*
4�8J# �9
�Z[ I<9�J �19* �� ��9
J �09*& �= )2@% 3AB 

$�= $
�*�	 +�6D ���;6	 3�% ���9� & 3�6c� 3�% ��#� 3J�9* .
+69�; �@� �= K
�� I/&� ��J ^�� �= #�fN �� -&J I
# �9= �3#

 <��# �6�[ �MF -)9/ +)<�9�# J# K9N�[ �9
6��e I9%` 3�%)
 �� V�!� �I<�J �1* �� �%)<c�6*�6/ .+�6D ���*�H� I
#-

+�6D J# �!�= & �"<�&��6� 3�% �#�; �<e�D �fD #� �"
�6
� 3�%
�*# +�#�.

������� )����% �� ���� ����� ���		�� 
U6Mf� �<e�D �fD �� ���*�H� )2
#�	 �B �� & �
�@H�� 3�%

= �=���H���� G76� �"!<^2* �� 3J�*�� �%  #�<<OD �)�6/
���� & �
�<@</�� ��h
# 3�<,@!S �*�2/�6/ .�� �M�#6F

���� & �
�<@</  #�<<OD�� U�"2� #� �*�2/J# )2D��TF )22� :
���� �U6Mf� �
�<@</ G<��DpH&EhG<��D & U6Mf� 

^2* �
�<@</ .�� �F�= K�#6F I
# �<<OD��*�H� �� �6/�-
���� �F6@h� �= YM"�� 3�%)��<,= KZ/  &�c"� 3�% .�"[
+�6D L
 �� �*# IZ@� �� ���!c!D` ^2* �
 & 3�6c� 3

�@�;���*�H� YM"�� 3�% I
# �� �6/ +)
�  &�c"� 3�%
$�= �Z
��� �
 3�&� �= �Mz�� J# �,2* )[#& YM"�� 3�%

���� Q"�<* ����& �
��� �A"�# -` J# 3&�<( �= & 3J�* 
���= �
�<@</6Z
�<	 K�#6F �,
����H .L
  )/ I<2]@%

�@�; �� ���*�H� b6� I
# & �*#  &�c"� +�6D YM"�� 3�%
�� �#�; �<e�D �fD #� �
�<@</  #�<<OD -#�<� �<� �Mz��)%� .

���*�H� )2
#�	 �B �MN# �N�2F  #�<<OD -�<� I
# J#
�*# �<,@!S .
��12� ��+�6D &� �*��= ��6� 3� 3E<@F �@<� 3�6c

 J# �� 3�<	�6( �
�6
� )2MT��6% & 3�<	�6( �<�&��6� )2MT��6%
�@�; �� & +�6= �#��6��= ��12� �� �=6� P�"�H 3�%

 )/ �= ��12� YM"�� �<e�D �fD  &�c"� 3�%���*�H�3�% 
�
�<@</65i  #�<<OD �*��= 3#�= �)��6= �"	�H �#�; -6H��6H

)�)/ ?��"�# .�7 +�6D &� I
#+�6D a���� �= �"�=#& 3�% 3J�*
4�8-&)= & +J�D ��"T�� ��6@� & )2"�% )2@% 3�<	�6( 3AB 

��
��� �6x2� �= ����*�H� I
# J# ��2D ��
�<@</65i  #�<<OD 3
)��6= W�"*� �� +�6D &� .

U&)7 3�%)t(&)v(�
�hD �
�"���6@� �MN# �N�2F 33
��6@� & +J�D+)/ -�*�H� 3�%+�6D 3�<�&��6� )2MT��6% 3�%

 b6� L<ZcD �= #� 3�<	�6( �
�6
� )2MT��6% & 3�<	�6(
�� �5#�# -`  )/ & ���*�H�)%�.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                             5 / 22

http://ijcm.ir/article-1-415-en.html


Q
��LM� ��6(3�&��c/ +�#J -#�
# �*�2/ ���� & �*�2/�6M= �Mh� ~��

 @�)�=+�6D �MN# �N�2F �
�hD �
�"�3��6@� & +J�D 3�<	�6( �<�&��6� )2MT��6% 3�%-�*�H� +)/ 3�= -` ��*�H���D�#69� 3�%8�<9*�* 8
 �2=��8<"<M(&�( ��
�<(  )/ �= �D�2=�� & LYM"�� 3�%.

!������ 2	A	�'��' ����&�BC	��� B������ BC��	' 
DE>GE<IE>JE≈GE<KE>IE>JE<3��� �)6�������

MA-136 MA-169 MA-176 MA-162 MA-160 MA-141 MA-172 MA-123 MA-126 
nkppns nstvpn nsvtnr nstwlv nslkpk nkppvt nsvttp nslwls nslttv @&L 
wrpnmtn wrpsssr wrprrvs wrpmrms wrprwst wrpnlmv wrprmlm wrprpvp wrprkmv M�� 

Wt% 
kk/rk mt/rm ll/rr sm/rn mn/rs kr/nt pt/nw tt/rp ��/�� SiO2

��/�~�/�|�/��|/���/���/���/���/���/�TiO2

��/�� �~/�� |�/�| ��/�� ��/�| �|/�� ��/�~ ��/�� ��/�� Al2O3

��/|~�/��|/~��/~��/~��/���/���/���/�TFeO 
�|/���/���/��~/���/���/���/��|/���/�MnO 
��/���/�|~/|��/|��/���/���/�|~/|��/�MgO 
��/�� ��/�~~/�� ��/���/~|�/~��/���/���/�CaO 
��/���/���/��|/�|~/���/�|�/���/���/�Na2O
��/���/�|~/���/�|�/���/��|/�~|/|��/�K2O
�~/��~/���/���/��|/���/��|/��~/���/�P2O5

@�)�>�
�hD �
�"�3+�6D �MN# �N�2F 3��6@� & +J�D 3�<	�6( �
�6
� )2MT��6% 3�%-�*�H� +)/ 3�= -` ��*�H���D�#6� 3�%8�<9*�* 8
 �2=��8 )/ �= L<"<M(&�( & �
�<( YM"�� 3�%.

2	A	�'��' ����&�BC	��� B������ BC��	' 
IE ≈JEBIEGE<JE≈NI<3��� �)6�������

MA-147 MA-196 MA-195 MA-186 MA-134 MA-95 

nkprtn nkkltk nkvsrk nkspwn nkpppw nkspps @&L 
wrprpsp wrprnsr wrpmlwp wrpmtnp wrpntww wrpktsl M�� 

Wt% 
mk/rk mr/rw vn/rs pn/rn ww/nv ��/�� SiO2

��/���/���/��|/���/���/�TiO2

�~/�� ��/�| ��/�� ��/�� ~�/�| |�/�| Al2O3

��/���/��~/~�|/��~/���/~TFeO 
��/���/��|/���/���/���/�MnO 
��/���/~��/�|�/���/���/�MgO 
|�/��|/���/���/�~�/�~�/�CaO 
��/�~�/���/||�/���/��|/�Na2O
��/���/��|/���/�~�/�|~/�K2O
��/���/���/�|�/��|/�||/�P2O5

3�&����	%�&' C	����&$ )��O��&  
KZ/3�%)m(�D)n(#� �MN# �N�2F $%�� �
 $
#�	# -#�<�

��*�H� b6� L<ZcD �= +J�D ��6@� �= �T���-�!� -`  )/ &
��)%� .KZ/ I<2]@% 3�%)k(�D)p(��*�H� �<<OD�3�%

^2* �
�<@</65i 3�#_,��� �� #� YM"�� �x� J# ���` Q<��D ��%
 V��/�� -�!� �
�@H�� 3�* & )��/)%� .�
�"� �<�cD

J# ��D��TF:
�����������&� BC	��� B������ BC��	' :-#�<�SiO2�% �� 

��6@� �*3-�*�H� �6�[ �MF �= �� �*# �"	�
 $
#�	# 

*& �= 4<M<* -)/ �	��# & �
6��e �D�#6�<�M3���� U6Mf� �#�
�*# ^2* �= .��6@� ��3��*6"�  )/ �= �
6��e �D�#6� -#�<�

���� �,
� �= �T�� 3�"!<= Q�* �= & �"/#� -&J I
# 3�%
��6@� J# �D��= 4<M<* -#�<� �MF I<@%3�*��=  )/ �= .

�#)��Al2O3 )/ $
#�	# �= �<� ��*�H���� �"	�
 $
#�	# 
+)2%)��!�3�= �X2F I
# -)/ �	��# *&<�M3^2* �= U6Mf� 

���� K<Z!D &��� �
�%���� & �<*�* )2�*# �*� 3�% .
�� ��x"�# -#�<� -&J I
# �� �� �&�K�<*�* �6�[ �MF �= 

�& �)=�
 $
#�	#��= �X2F I
# �� 3)N�� L
 $%�� 4ZF�= 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                             6 / 22

http://ijcm.ir/article-1-415-en.html


)M7��+��@/ �|�-�"��J ���� -&J �� ?�<@� ���� & �
�7 ��MN# �N�2F  #�<<OD �*��=3�%. ..~��

 )/ $
#�	#��*�H���� +)
� �6/ .�� -�!� �Mz�� I
# )%�
 Q�  )/ �� ����*�H���K�= ��& +)/ +�&�	# Q"�<* �= 
� )/ $
#�	#K�= +��/ 3�+)!� �	��# Q"�<* �= �=���H 

�ZM=K3#�= dJ� 3�h<"� �� �<*�* K<Z!D 3-�*�H� -)/ 
����Q<*�"( 3�%� �#�
 ��*)M	 )2��� �, �#J` & Q<*�"( 3�%

�*# +)/ I<��D ��X2F I
# -)/ .J# 3�#)�� -` �= +&AFK
�*# +)/ ���� Q"�<* J# �<� .-#�<�Na2O�= Q�  )/ J# 

6"�  )/ �*��*�H���� -�!� 3)N�� L
 $%�� �� )%�
+)2%)��!�3���� & �%JA�6
iA( G
��D Q
)* 3�% �<�&# �#�

�
-)/ �#J` & ^2* �,Na )[ �� ��
J  )/ �� ��# ��*# r/l
�*# +)/ �	��# ^2* �= �X2F I
# )N�� .W6�f� $%��

TFeO &MgO  )/ $
#�	# �= ��*�H���MF �= -�*�H� 
<= �S�% -)/�*# �N�2F I
# -)/ �#J` & �<�&# )2MT��6% �"! .

�#)��CaO�� -�!� $%�� Q
�<2� & I%` )2��@% �<� �� )%�
���� G
��D �e# �� �X2F I
# -)/ �#J` K<�� �=Q<�M� 3�% �#�

 �� �X2F I
# J# �!�= ���h�` J# ��# ��*�%JA�6
iA( KR�
 3��=  )/��*�H���<�M� 3��
J �#)�� K<Z!D �� ���/

�*# +)/ �"*��  )/ �= $%�� I
# -#�<� �+��� .-` �= I
#
 J# 3�#)�� �� �*# �20�Ca3I"��* ��N +)/ �#J` 

�*# +)/ �#J` -` �<�= & +)/ �<�M� .���� �<O"� �#)��
��6@� �� �<�M��� U�"2� #� �X2F I
# -#�<� �-&J I
# 3�%-

)2� .3�%)<��#TiO2�MnO &P2O5�� 3�<S�� �<<OD 
 )/�� -�!� YM"�� 3�% )2%�)KZ/3�%mg �D Y�# .(

-6S 3�N�2F �<<ODSiO2�K2O&Na2O�� �F�= �D �6/
��6@� 3�%-�*�H�U)<� �
�<@</65i 3�#_,��� �#�6@� �� -
�*6�]vl[��6@� �=  &�c"� ����3)2/�= �"/#� +J�D .�x� J#

��6@� �
�<@</65i3�� ��T
��D +J�D +�"�H3
�6
� L
��� �� �
�<�&��6� J���� $���)2=��6@� �Z<��[ �� �3J# �"@� �= wl

)N����*�H��& �<�&��6� �<f� �� Q<*�"( $
#�	# �MF �= 
��6@� J# $<= 3�%rl�Dkl)N�� -�*�H� K<�� �= +)/ 

�<f� �� Q<*�"( & Q
)* $%�� & 4<M<* $
#�	# 3�%
�"	�H �#�; �
�6
� & �
�6
�6�#�H )�#)/KZk.(�x� J#V��/ 

)��/]vt[$
#�	# K<�� �= �<�Al W6�f� $%�� &Ca �= 
��6@� �� �6X���6@� ��*6"� & Q�  )/ �= �
�% �� �%

�"	�H �#�; W62<�6�`�( �<f� )�#)KZ/s.(��6@� I<2]@%3
Z%` b6� J# 3�<	�6( �<�&��6� )2MT��6% +J�D�8M;<��
Q<*�"( 

 )/ �= ��6@� ��& ��*��= Q� ��*�H��Q<*�"( �#)�� �� 
��6@� & �<�6/6/ �<f� �� �"	�
 $
#�	# �= �D��=  )/ �= 3�%

Z%` �<f� �� Q"�<* �	��# Q<*�"( -)/ �#J` K<���8M;<��

��6@0��� $���)2=)KZ/p.(

�������2	A	�'��' := -&J I
# �� <�� $%�� �"!
 3�%)<��#SiO2�Al2O3�K2O�Na2O&TFeO�	# �= $
#

  )/��*�H��� \� ��MF �= �� )%�-�*�H� -)/ 
�*# )2MT��6% & Q<*�"(  ��*)M	 �JA�6
iA( .-#�<� �= ��#

CaO &MgO  )/ $
#�	# �= ��*�H���� +�&�	# �� �6/
�= �X2F &� I
# �"!<= �S�% -)/ �	��# +)2%)��!�*&<�M3

?���H���� K<Z!D �� �� �*# ^2* �= �%
�M� KR� �
�% ��
�� ���/ �<�M� &  &)<(#)22� .3�%)<��#TiO2�MnO &

P2O5 )/ �� 3�<S�� �<<OD �� -�!� YM"�� 3�%)2%� .
��*�H������T� K��/ ��� �6B �= L<"<M(&�( Ca2+�= K+&

Na+4<M<* �= +#�@% �*# ^2* �� �
#�J)KZ/3�%r�D Y�# 
g.( )/ $
#�	# �= Q<*�"( & Q
)* �4<M<* $%��H���*��

�� �F�= L<"<M(&�( J# ^2* �
�<@</ 3�#_,��� �D �6/
 )2� �<<OD �
&�=�H �
�6
� �@* �= �
�6
�)KZ/k.(

)��/ �#�6@� �� ��6@� �<0;6� I<2]@%]vt[�<f� ��
W62<�6�`�"� �6M<D & 6M
���( �#�6@� �� &]vv[3�* ��

Z%`�8M;<��

=�7 ��= Q<*�"( ���� �7 �6/)KZ/3�%s&p.(
�������!������ :�#)�� SiO2�9� -�!9� $%�� I9
# �9� )9%�

  )/ $
#�	# �= $%����*�H���9*# +)9/ �"@� .-#)9= I9
#
 ��9N �^29* J# +)9/ �#J` 4<M<9* J# �!9�= �� �*# �20�

 ���� ���= ���* D�Z<M<* 3�%��9� �9*# +)/ �<*�* KR� 
�9*# +)9/ +)9
� -&J I9
# �� �9F�	  �6N �= .-)9/ �	�9�#

Al2O3�� �<� ^2* �= ?���H �= )9/�= �9MF I<9@% �9= )�#6D .
�#)��K2O&Na2O )/ $
#�	# �= ��*�H���"*��  )/ �= 

 ��*)M	 G
��D �MF �= �� +)/ �9N�2F I9
# -)9/ �#J` & �9%
�*# .�9= K
)TD I
# �#)�� $
#�	# & �<�M� �= )2MT��6% K
)TD

  )/ $
#�	#��*�H���#)9�� �9� �9*# +)9/ �9F�= MgO&
TFeO & $%�� CaO �6/ +�&�	# .3�%)<��#TiO2�MnO &
P2O5 )9/ �� 3�<S�� �<<OD �9� -�!9� Y9M"�� 3�9% )92%�

)KZ/3�%n? & Y�# .(��6@� I
# �
�<@</65i 3�#_,��� �� ��9%
��6@�3J# �"@�  )/ �= vl)N�� ��9*�H��D�92=�� �J�9� �� 

�#)
)/ ��6@� & �
�6
�&��6� & �<�&��6�-�*�H� /I<
�( �� +)
 �
�6
� �<f� $�=)-69
 $%�9� K9<�� �9=Na &K($9��

���)2=)KZ/k.(Q<9*�"( & 4<M<* �d6<2<�6�` �Q<�M� �<<OD
 ��6@� I
# �� Z%` & -�!�� �T/ $�= �� #� ���` �<0;6� ��%�8

M;<��
�� �#�; �<e�D �fD �#)
)/ ��= Q<*�"( )%�)KZ/3�9%s
&p.(

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                             7 / 22

http://ijcm.ir/article-1-415-en.html


Q
��LM� ��6(3�&��c/ +�#J -#�
# �*�2/ ���� & �*�2/�6M= �Mh� ~�|

<76PQR� S ��  )/ �� �MN# 3�%)<��#  #�<<OD YM"�� 3�%��*�H���D�#6� 8�<*�* 8 �2=�� 8�<�&��6� )2MT��6% +�6D �� �
�<( 
3�<	�6( .�6f�Y�*# Q��* ��6@� �= �T�� �N�2F  #�<<OD -#�<� ��0� .

<76IS �� QR� B )/ �� �MN# 3�%)<��#  #�<<OD YM"�� 3�%��*�H��L<"<M(&�( +�6D �� 33�<	�6( �<�&��6� )2MT��6% .�6f�Y��0� 
�*# Q��* ��6@� �= �T�� �N�2F  #�<<OD -#�<�.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                             8 / 22

http://ijcm.ir/article-1-415-en.html


)M7��+��@/ �|�-�"��J ���� -&J �� ?�<@� ���� & �
�7 ��MN# �N�2F  #�<<OD �*��=3�%. ..~��

<76D� � QR� B )/ �� �MN# 3�%)<��#  #�<<OD YM"�� 3�%��*�H��D�2=�� �+�6D �� 33�<	�6( �<�&��6� )2MT��6% .�6f�Y��0� 
��6@� �= �T�� �N�2F  #�<<OD -#�<��*# Q��* .

<76K�
#�/ �� 3�<	�6( �<�&��6� )2MT��6% +�6D �
�<@</65i 3�#_,�����*�H���D�#6� 3�%8�<*�* 8 �2=��8�D�2=�� & L<"<M(&�( ��
�<( 
 )/ �=YM"�� 3�% .U)<� J# �#�6@� �*6�]��[.

<76T+�6D �<0;6�3�
#�/ �� 3�<	�6( �<�&��6� )2MT��6% ��*�H���% �D�#6� 38�<*�* 8 �2=��8D�2=�� & L<"<M(&�( ��
�<( � )9/ �= -
)��/ �#�6@� �� YM"�� 3�%]��[.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                             9 / 22

http://ijcm.ir/article-1-415-en.html


Q
��LM� ��6(3�&��c/ +�#J -#�
# �*�2/ ���� & �*�2/�6M= �Mh� ~�~

<76U+�6D �
�@H�� 3�* I<<0D3�
#�/ �� 3�<	�6( �<�&��6� )2MT��6% ��*�H���D�#6� 3�%8�<*�* 8 �2=��8�D�2=�� & L<"<M(&�( ��
�<( 
 )/ �= & 6M
���( �#�6@� �� YM"�� 3�% �6M<D]��[.

3�&����	%�&' C��&�� )��O��&  
KZ/3�%)tl(&)tt(#� �MN# �N�2F $%�� �
 $
#�	# -#�<�

��6@� �= �T��3��*�H� b6� L<ZcD �= +J�D �-`  )/ &
�� -�!�)%� .KZ/ I<2]@% 3�%)tv(�D)tm(�<<OD
��*�H��^2* �
�<@</65i 3�#_,��� 3&� #� YM"�� 3�% ��%
Q<��D�� -�!� �
�@H�� 3�* & )��/ V��/ �x� J# ���` )%� .

J  �6N �= �
�"� �<�cD
�*# �.
�����������&� BC	��� B������ BC��	' :-#�<�SiO2

�=���H �= Q�  )/ �= ��6@� ���%3�
6��e 3�%�D�#6� & +�&�	# 
J# 3�#)�� �D��=  )/ �= ��6@� �� ��& ��*# +)/ K<Z!D

 4<M<*)L
 J# �"@�)N�� (�MF �= �� +)/ �"*�� Q"�<* J#
 J# �<� �#)�� -` �� �*# -` �� �
6��e �D�#6� �"@� �6�[

���� �,
� G
��DD�Z<M<* 3�%�+)�` �67& �= )�# .�#)��
Al2O3 )/ $
#�	# �= �<� ��*�H���� �*# �"	�
 $
#�	# 

+)2%)��!�3& ^2* �= U6Mf� �= �X2F I
# -)/ �	��# 
���� K<Z!D�%���� & �<*�* )2��� �
�*# �*� 3�% .-#�<�

K��#� $%�� .�� -�!� �Mz�� I
# Q�  )/ �� �� )%�
��*�H��K� )/ $
#�	# �= ��& +)/ +�&�	# Q"�<* �= K

�=*&<�M3�ZM= �+)!� �	��# Q"�<* �= ?���H K#�= dJ� 3
�h<"� �� �<*�* K<Z!D3-�*�H����� -)/ Q<*�"( 3�% -

� �#�
�� �, ��*)M	 )2� ��X2F I
# -)/ �#J` & Q<*�"( 3�%
�*# +)/ I<��D .J# 3�#)�� -` �= +&AFK���� Q"�<* J# �<� 

�*# +)/ .-#�<�Na2O�� -�!� $%�� +)2%)��!� �� )%�3
���� �,
� & �%JA�6
iA( G
��DQ
)* 3�%�<�&# �#�3& ^2* 

-)/ �#J`Na�*# .W6�f� $%��TFeO &MgO �= 
	#  )/ $
#���*�H���MF �= -�*�H� �"!<= �S�% -)/ 

�*# �N�2F I
# -)/ �#J` & �<�&# )2MT��6% .�#)��CaO �<� 
�� -�!� $%�� �Q�  )/ �� Q
�<2� & I%` )2��@% �= �� )%�
���� G
��D �e# �� �X2F I
# -)/ �#J` K<��Q<�M� 3�% �#�

�*�%JA�6
iA( KR� .<�M� K<Z!D 3#�= dJ� Q<�M� J# �<� �
���� I<@%�*# +)/ I<��D �% .-)/ �	��# ��=  )/ ��
�= Q<�M�*&<�M3�<�M� �#)�� $
#�	# �F�= ^2* �= -6,=` 
�*# +)/ .3�%)<��#TiO2�MnO &P2O5�� 3�<S�� �<<OD 
 )/�� -�!� YM"�� 3�% )2%�)KZ/3�%tl? & Y�# .(

-6S 3�N�2F �<<ODSiO2�K2O&Na2O�� �F�= /�D �6
��6@� 3�%-�*�H�U)<� �
�<@</65i 3�#_,��� �#�6@� �� -
�*6�]vl[��6@� �=  &�c"� ����3)2/�= �"/#� +J�D .�x� J#

��6@� �
�<@</65i3�� ��T
��D +J�D +�"�H �= L
��� �<�&��6� 
�
�6
� J���� $���)2=��6@� �Z<��[ �� �3J# �"@� �= tr

)N����*�H��#�	# �MF �= �D�#6� �<f� J�� �� 4<M<* $

��6@� & �
�6
�6�#�H & �<�&��6� �&)[ �� wl)N�� -�*�H� 

�#�; �
�6
� �<f� �� Q<*�"( & Q
)* $%�� K<�� �= +)/
�"	�H �*# )KZ/tv.(�x� J#V��/ )��/ ]vt[K<�� �= �<�

 $
#�	#Al W6�f� $%�� &Na &K��6@� �@* �= �%
�� W62<�6�`�( �<f�&�)�)KZ/tw.(��6@� I<2]@%3+J�D 

Z%` Q<*�"( b6� J# 3�<	�6( �<�&��6� )2MT��6%�8M;<��
�D ��= 
��6@� ��& ��*# �<�6/6/ Q<*�"( �<f� �� -�*�H� 3�%

Z%`�8M;<��
��= �� $�� �)2=)KZ/tm.(
�������2	A	�'��' :3�%)<��# �� �!%�� -&J I
# �� 

SiO2&K2O�� Qx2��� �6B �= ��*�H�  )/ �= �T�+)
� 
���*# Q<*�"(  ��*)M	 -)/ -�*�H� �MF �= �� �6/ .

-#�<�Al2O3*& �= <�M3�*# +)/ +�&�	# Q"�<* �= U6Mf� 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                            10 / 22

http://ijcm.ir/article-1-415-en.html


)M7��+��@/ �|�-�"��J ���� -&J �� ?�<@� ���� & �
�7 ��MN# �N�2F  #�<<OD �*��=3�%. ..~��

�&���6@� ��6� �� 3 )/ �= wl�Drl��*�H� )N�� ��<<OD 
�*# y)�# & W6�f��� ��<�= .��*�H� �A� �= �<� Q
)*�-
& Q�  )/ �� L<"<M(&�( 3�%�& �+)/ +�&�	# ^2* �= ��
J�

��6@� ��3�� -�!� $%�� �*6"�  )/ �= )%� .�#)��
TFeO &MgO+)2%)��!� �� ��#� $%��  )/ �= ��6@� �� 3

�� �Z<��[ �� ��*# �N�2F I
# -)/ �#J` & )2MT��6% G
��D
 )/���� & +)/ �	��# Q"�<* �= �X2F &� I
# ��= 3�% 3�%

� �= #� �
�M� )2���+�#� K<Z!D ��
J �#)�)�# .�#)��CaO �<� 
��*�H� �A��=��*6"�  )/ �= ��6@� �� ��	 L<"<M(&�( 

���� Q"�<* J#  )/ �= �,
� ���[ &� �� & +)/ +�&�	# �@�
�*# +)/ .�� -�!� I
# ���* 3#�= dJ� Q<�M� �� )%�

= �<�M� &  &)<(# ��
�M�<���� G
��D J# �"! & I%` 3�%

Q
�<2��#��*# +)/ I<��D .3�%)<��#TiO2�MnO &P2O5

��*�H��=<+)/ ���� Q"�<* J# ��)�#  �6N �= �"! �� )�#
���� & �<D�(` G
��D �e# �� 3�%Ti &Mn �*�#� )KZ/3�%

ttg �D Y�# .(��= & I<
�(  )/ �� �
�<@</ 3�#_,��� ��
�& �+)!� ��h
# ^2* d�� �� ��#)2S �<<OD��*6"�  )/ �� 

$%�� �MF �= �� �*# +��� �<<OD �
&�=�H �
�6
� �@* �=
 �*# Q<*�"( & Q
)* �4<M<* )
)/)KZ/tv.(I<2]@%

 )��/ �#�6@� �� ��6@� �<0;6�]vt[�7 W62<�6�`�"� �<f� ��
 +)/ �7 �=)d6<2<�6�` $
#�	# K<�� �= (& 6M
���( �#�6@� �� &

�6M<D]vv[Q<*�"( �<f� �= ��<�6/6/ J�� J#Z%`�8M;<��

��=)Q<*�"( $%�� K<�� �= (�*# +��� �<<OD)KZ/3�%tw&
tm.(

<76NE� � QR� B )/ �� �MN# 3�%)<��#  #�<<OD YM"�� 3�%��*�H���D�#6� 8�<*�* 8 �2=�� 8+�6D �� �
�<( 3�
�6
� )2MT��6% 
3�<	�6( .�6f�Y��6@� �= �T�� �N�2F  #�<<OD -#�<� ��0� 3�*# Q��* .

<76NNS �� QR� B )/ �� �MN# 3�%)<��#  #�<<OD L<"<M(&�( YM"�� 3�%-�*�H�+�6D �� 33�<	�6( �
�6
� )2MT��6% .�6f�Y��0� 
�*# Q��* ��6@� �= �T�� �N�2F  #�<<OD -#�<�.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                            11 / 22

http://ijcm.ir/article-1-415-en.html


Q
��LM� ��6(3�&��c/ +�#J -#�
# �*�2/ ���� & �*�2/�6M= �Mh� ~��

<76NG+�6D �
�<@</65i 3�#_,���3�
#�/ �� 3�<	�6( �
�6
� )2MT��6% ��*�H���D�#6� 3�%8�<9*�* 8 �92=��8�9= L9<"<M(&�( & �9
�<( 
 )/YM"�� 3�% .U)<� J# �#�6@� �*6�]��[.

<76NJ+�6D �<0;6�3�
#�/ �� 3�<	�6( �
�6
� )2MT��6% ��*�H���D�#6� 3�%8�<*�* 8 �2=��8 )/ �= L<"<M(&�( & �
�<( YM"�� 3�%
 )��/ �#�6@� ��]��[.

<76NP+�6D �
�@H�� 3�* I<<0D3�
#�/ �� 3�<	�6( �
�6
� )2MT��6% ��*�H���D�#69� 3�%8�<9*�* 8 �92=��8�9= L9<"<M(&�( & �9
�<( 
 )/ �6M<D & 6M
���( �#�6@� �� YM"�� 3�%]��[.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                            12 / 22

http://ijcm.ir/article-1-415-en.html


)M7��+��@/ �|�-�"��J ���� -&J �� ?�<@� ���� & �
�7 ��MN# �N�2F  #�<<OD �*��=3�%. ..~��

������� )����% �� ��	
� ��� � ���% ����� ���		�� 
<� ?�<@� ���� & �F�	 �N�2F ��MN# �N�2F )2��@% �B �

�M<*& �= �*# IZ@� ����*�H� )2
#�	 Q"�<* �= -6,=` 3
���� ���= -)/ -�*�H� �e# �= �
 & �	��# ^2* �<�&# 3�% �#J`

)�6/ ���� & +)/ .�� -�@H �AT; ���� ���� �N�2F �� )����
�= ���*�H� I<[�*��= ��& �)2"�% y�fD -�!� �<�# 3�%

y�f"� �#)
)/ �<� �N�2F I
# �� �#�#)�]v�vw8vr.[& $M	
 I��%]vn[�N�2F GM># �� )���� P�#�HREE-6,=` �� 3�%

�	�T@% G��> �� �
�<M; U��"�# I
�6M	 &  �c�6* � �2=�� 3�%
��)2=�
 .�N�2F y�fD I<2]@%REE�M<*& �= �� -#�<� 3

-6
 -�6= W�"*� )2��� �"	�T@% 3�%CO3
2- �PO4

3-�F-�
SO4

2-&Cl-&pHI<
�( �� U�"2� ��= ?` �= ^2* �T�� &-
�6/]vk8vp.[627#�<(]wl[�N�2F �� ��� ���2!<(HREE 

�	�T@%���6B  )� �= & +�#� K<Z!D 3�D�#)
�( 3�% 3�D
 �N�2F �= �T��LREE �� -6,=`�� �#)
�( )2��� .I
#�=�2=

Q"�<* �
���  �6Xf� �� �� )��#� K
�@D)2/�= �=���H 3�% .
�#)0Dtl+�6D &� J# ��6@� J# �*��= ��6� 3�6c� 3
���*�H� )/ & YM"�� 3�% & �F�	 �N�2F 3#�=  &�c"� 3�%

 P&� �= ?�<@� ����ICP-MS)�)/ �
�hD .U&)7 3�%)w(
&)m(b6� L<ZcD �= #� �N�2F I
# �
�hD �
�"����*�H� &

�� �5#�# -`  )/)%�.

3�&���	%�&' C	����&$ )��O��&  �
����������&� �BC	��� B������ BC��	' :�N�2F �� �H)<%��

LREE &HREE��6@� �� 3�%-�*�H���6@� �= �T�� +)/ -
�� +)
� Q��* 3�N�2F ��6� �� �� �6/HREE �D�6�!� 

�*#)KZ/tr.(�X2FGd  �6N �= �<S�� ��<�= �<<OD 

�� -�!� �!
#�	#)%� .�� �7 �= ���*�H�  )/  #�<<OD
 �N�2FLa �Ce �Pr �Nd �Ho �Tm &Yb �= �![�	 �<e�D 

�N�2F �#)��REE�*# �"/#_,� .�N�2FLa �Pr &Nd �= 
�Z<��[ �� +)/ +�&�	# ���` �#)�� �= ���*�H�  )/ $
#�	#

��D P6�"*� �,
� �N�2F+)/ �H)/)�# .�X2FEu �T�� &
Eu/Eu* G
��D �e# �� �� +)/ +)<%�� ���*�H� �e# �� �<� 
A�6
iA( �*�%J)KZ/tr.(�T�� I<2]@%LREE �= 
HREE KR� (La/Yb)N&(Ce/Yb)N )/ I"	� ��= �= 

�� -�!� $
#�	# ���*�H� )%�)U&)7w.(�N�2F -)/ ��h2�=
 J# ���= & �F�	REE�"*6( �= �T�� +��; 3�� -�!� 3# )%�

 ��Rb ���*�H� Q�  )/ �� �M<*& �=3-6,=` Q"�<* �= 
[ �� �+)/ �	��# ��6@� �= �T�� 3�<<OD ��=  )/ �� �Z<��
�@� -�!� +J�D)%� .��=  )/ �� �� �*# �MF -#)= I
#Rb 

 ��*)M	 �"!<= �S�% G
��D J# �<*�* I<��D Q<*�"( 3�%
�*# +)/ .& ��#� ��#6�@% �<� Q<*�"(  #�<<OD �= b6�6� I
#

 �	��# �#)�� ��=  )/ �� �"[K�*# +)/ �#J` Q"�<* J# 
)Z/Ktn.(

�N�2FBa&Sr )/ $
#�	# �= ��*�H����D �H)/
�� -�!� 3)
)/�*�%JA�6
iA( G
��D �MF �= �� )%� .
�N�2F  #�<<ODNb&Y�B��*�H���*# �<S�� .�N�2FZr

&Hf�e# �� ��*�H������ G
��D &��D -6��
J KR� �5�%
�& �+)/� )/ ��*�H���H)<%�� I
# -#�<� �� �D&�cD 

�*# �"/#_,�)KZ/tn.(3&� & ?�* �4� �N�2F  #�<<OD
����  )/ �= �"�=#& �<����� �6�[ & 3J�* �� 3)<c�6* 3�%

�*# +�6= ��6@�.

<76=V�N�2F  #�<<ODREE �
�)2� �= +)/ ��h2�= ]wt[��6@� �� 3�%-�*�H� �D�#69� 8�<9*�* 8 �92=�� 8+�69D �� �9
�<( 3)92MT��6% 
( �<�&��6�3�<	�6.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                            13 / 22

http://ijcm.ir/article-1-415-en.html


Q
��LM� ��6(3�&��c/ +�#J -#�
# �*�2/ ���� & �*�2/�6M= �Mh� ~|�

 @�)�?�
�hD �
�"�3+�6D ?�<@� ���� & �F�	 �N�2F 3��6@� & +J�D 3�<	�6( �<�&��6� )2MT��6% 3�%-�*�H� +)/ 3�= -` ��9*�H��3�9%
�D�#6�8�<*�* 8 �2=�� 8 )/ �= �D�2=�� & L<"<M(&�( ��
�<( YM"�� 3�%.

!������ 2	A	�'��' ����&�BC	��� B������ BC��	' 
DE>GE<IE>JE≈IE>JE<3��� �&	���AR4 �)6 

MA-136 MA-169 MA-176 MA-162 MA-172 MA-123 MA-126 
ppm 

��� ��� ��� ��� ��~ ��� ��~ V
�� �������|��Cr 
�| �~���~�~����Co 
�� �����|������Ni 
��� ~���|������~Cu 
~�� �������~|�� �~Zn 
�|�~/����Cs 
��� |�� ��� �~� |�� ��� ���� Ba 
�~ ��~������|��Rb 
��� ~�� ��| ��� ��� �|~ ��� Sr 
�� �����������~Y
�� ~�~��~|�|���Zr 
|�|~|||Nb 
�/��/��/��/��/��/��/�Hf 
�/�� �/~�|~/��/�|��/�Pb 
�/|�/�~�/~~/~�/��/�Th 
�/���/��/��/��/��/�U

REE 
��/�� ��/�� |�/�� �|/�� ��/�� �|/�� �/�� La 
��/|� �~/�| ��/|� ��/|� ��/�| ��/�~ |�Ce 
��/|��/|��/��|/�~�/|��/���/�Pr 
~|/�� ��/�� ��/�� ~~/�� ��/�� ��/�� �/�� Nd 
�~/|��/|��/|��/���/���/���/|Sm 
��/���/���/�~�/���/���/���/�Eu 
��/||�/|��/|��/��~/���/���/�Gd 
�~/��~/���/�~~/�|�/�|�/���/�Tb 
��/���/���/���/�~�/�~~/��~/�Dy 
��/�~|/�~�/��|/�|�/���/��~/�Ho 
�~/���/���/���/�|�/�|�/�~~/�Er 
��/���/���/���/���/���/���/�Tm 
��/���/��|/����/���/���/�Yb 
��/���/��~/���/���/���/���/�Lu 
�~/��� ��/�� ��/��� |�/��� ��/�� mp/sk ��/��� ΣREE 
��/��|/���/���/���/���/���/�Eu/Eu* 
��/�� ~�/�~�/���/�~�/��~/���/�(La/Yb)N

��/���/||�/~��/~��/~��/~��/�(Ce/Yb)N

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                            14 / 22

http://ijcm.ir/article-1-415-en.html


)M7��+��@/ �|�-�"��J ���� -&J �� ?�<@� ���� & �
�7 ��MN# �N�2F  #�<<OD �*��=3�%. ..~|�

@�)�W�
�hD �
�"�3+�6D ?�<@� ���� & �F�	 �N�2F 3��6@� & +J�D 3�<	�6( �
�6
� )2MT��6% +)9/ -�9*�H� 3�%3��9*�H� �9= -` �3�9%
�D�#6�8�<*�* 8 �2=�� 8 )/ �= L<"<M(&�( & �
�<( YM"�� 3�%.

2	A	�'��' ����&�BC	��� B������ BC��	' 
IE ≈JEBIEJE≈NI<3��� �&	���AR4 �)6 

MA-147 MA-196 MA-186 MA-134 MA-95 
ppm 

��� �~| ��� tpp ��� V
�� �����~��Cr 
�~ ���|�~��Co 
�� ���~����Ni 
|| �|���~� �~Cu 
�~� ��� ���~| ��� Zn 
����~/�Cs 
��� ||� ��| ��� ���| Ba 
~� |������ �~Rb 
��� ��| �|� ��� ��� Sr 
�� �����~��Y
�� |�������Zr 
��|�|Nb 
�/�|/��/���/�Hf 
�/�� ~/��/�� ~/�� �/�~ Pb 
�/�~/��/|�/�� �/�Th 
|/��/��/���/�U

REE 
~�/�� ��/�| ��/�� ��/�| �/�~ La 
|�/|� ~�/�� ����/|� ~/�~ Ce 
��/|��/|�/|��/���/~Pr 
��/�� ��/�� ~�/�� ��/�� �/�� Nd 
��/|~�/|��/|~�/|��/�Sm 
||/���/���/���/���/�Eu 
~�/|�~/���/|~�/|��/|Gd 
~�/�~�/���/���/���/�Tb 
��/���/|��/���/���/�Dy 
~�/���/�~�/�~�/���/�Ho 
��/���/���/���/���/�Er 
��/���/���/���/���/�Tm 
��/��~/���/�~~/���/�Yb 
��/���/���/���/���/�Lu 
��/��� ��/�� ��/��� vs/tts �/��~ ΣREE 
��/���/���/���/���/�Eu/Eu* 
��/�|�/|��/���/��~/�(La/Yb)N

��/���/���/�~�/���/�(Ce/Yb)N

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                            15 / 22

http://ijcm.ir/article-1-415-en.html


Q
��LM� ��6(3�&��c/ +�#J -#�
# �*�2/ ���� & �*�2/�6M= �Mh� ~|�

<76=X= & �F�	 �N�2F  #�<<OD �"*6( �= +)/ ��h2�= ?�<@� ���� �N�2F ���3+��9; 3#]wv[�9�6@� �� ��9*�H� 3�9%��D�#69� 8�<9*�* 8
 �2=��8+�6D �� �
�<( 33�<	�6( �<�&��6� )2MT��6% .

�������2	A	�'��' :�92> �9N�2F �� ��)9�# �H)9/LREE &
HREE ��6@� �� 3�%-�*�H� �9�6@� �9= �T�9� +)/ 3Q��9* 
�� +)
��6/)KZ/tk.(�2> I
# Q9�  )9/ ���6@� �� �H)/
��99*�H���99N�2F �� �6X99� �99= L99<"<M(&�( Sm �Eu &Gd 

�*# �D�6�!� .��6@� ��3J# $<=  )/ �= rl��*�H� )N�� �
�N�2F �#)��REE ��6@� �= �=#�= ��T
��D 3���= �� & +)/ Q��* 

��D �"[ �<� ��#6� �� +)%�!� �H)/ �9N�2F )92��� �6/Tm �
Yb &Lu)KZ99/tk.(�T�99� I<992]@%LREE �99= HREE 
KR�(La/Yb)N&(Ce/Yb)N��9*�H�  )9/ I"9	� ��9= �9= �

�� -�!� $
#�	# )%�)U&)7w.(& �9F�	 �9N�2F -)/ ��h2�=
 J# ���=REE �"*6( �= �T�� 3+��; �� -�!� 3# �� )%�Rb 

��*�H� Q�  )/ ����� �9Z<��[ �� �+)9/ ���9� Q"�9<* J# 
��=  )/ 3�#)�� *& �=<�M3�9*# +)9/ �	�9�# U6Mf� .I9
#

 �*# Q<*�"(  #�<<OD 4ZF b6�6�)KZ9/ts.(�9N�2FBa&
Sr  )/ $
#�	# �= ��*�H����D �� -�!� 3)
)/ �H)/ )%�

 �*�%JA�6
iA( G
��D �MF �= �� .�X2FCs�9�6@� �� �9<� -
�9�D -�*�H� 3�% -#�9<�  )9/ $
#�9	# �9= �9� ��#� �H)9/

 � �H)<%�� �*# +)/ �"@ .�X2FNb*& �= Q�  )/ �� <�M3
�H)9<%�� �9@� ��=  )/ �� ��& +)/ +�&�	# ^2* �= ?���H

 �� -�!�)%� .�X92F I<92]@%Y�92> I9
# �9� ��#� �H)9/
�2> Q�  )/ �� �H)/��*�H���*# +�6= �"!<= .�9N�2FZr
&Hf�1=#� 3�� -�!� �,
)Z
 �= 4ZF �9Z
�6B �9= �)2%�Zr


#�	# �=  )/ $��*�H���� �� +)/ �"*��  )/ �= �� )9�#6D
 �Z<��[ �� �)/�= -6��
J G
��D �e#Hf�9� ��#� �H)9/ �2> 

Q�  )/ ����*�H���*# �"!<= .�9*# IZ@�HfG9��> �� 
���� �,
� )/�= �"	�H �#�; �%)KZ/ts.(

<76=Y�N�2F  #�<<ODREE �
�)2� �= +)/ ��h2�= ]wt[��6@� ��3�%��*�H� �3�<	�6( �<�&��6� )2MT��6% +�6D �� L<"<M(&�( .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                            16 / 22

http://ijcm.ir/article-1-415-en.html


)M7��+��@/ �|�-�"��J ���� -&J �� ?�<@� ���� & �
�7 ��MN# �N�2F  #�<<OD �*��=3�%. ..~|�

<76=Z+��9; �"9*6( �= +)/ ��h2�= ?�<@� ���� �N�2F ���= & �F�	 �N�2F  #�<<OD 3#]wv[�9�6@� �� ��9*�H� 3�9%�+�69D �� L9<"<M(&�( 
3�<	�6( �<�&��6� )2MT��6%.

��[[�������[[���� �:�99�D �99N�2F �� ��)99�# �H)99/LREE&
HREE ��6@� �� 3�%-�*�H� �9�6@� �9= �T�9� +)/ 3Q��9* 
�X2F �h=Gd �� +)
� �6/)KZ9/tp.(�9�D �9N�2F �H)9/

LREE ��*�H� Q�  )/ �= ��6@� �� �D�92=�� ���9*# �"!9<= 
��*�H�  )/ $
#�	# �= �Z<��[ ����9N�2F �H)<%�� HREE 

�9*# �D�6�!9� ��<�= .�9N�2F �9<<OD �9Z
�6B �9=HREE �� 
�  )/ ��*�H� Q���6@� �= 3�9*# �<S�9� ��<�= Q��* )KZ9/

tp .( �T�9� I<2]@%LREE �9= HREE K9R� (La/Yb)N&
(Ce/Yb)N��*�H�  )/ I"	� ��= �= ��9� -�!� $
#�	# )9%�

)U&)7w.(��h2�= J# �9��= & �F�	 �N�2F -)/ REE �T�9� 
�"*6( �=3+��; �� -�!� 3# �� )%�Rb &K��9*�H� I@9� �

P6�"*� +)/ ��)�# �H)<%��  ��*)M	 G
��D �= �� )�# 3�%
 ���= Q<*�"( ���H)KZ9/vl.(�9N�2FBa&Sr)92��@% �9<� 

��*�H���%3�
 )9/ $
#�9	# �9= �9, ��9*�H���9�D �H)9/
 �� -�!� 3)
)/ �9*�%JA�6
iA( G9
��D �9MF �= �� )2%� .

�= dJ�
�&`��3�9�D �9� �9*# �H)9/Ba3��9=  )9/ �� 
��*�H��@��*# �" .�X2FNb�B �<� ��9*�H��+)9/ �9�D 

Q�  )/ �� �� ��9*�H���9*# �"!9<= -` -#�9<� .I<92]@%
 �X2FYQ�  )/ �� ��*�H���2> �� ��& ��#� ��)�# �H)/

 J# $<=  )/nl��D )N�� �� -�!� �H)/)%� .�N�2FZr&
Hf  )/ $
#�	# �= ��*�H��+)9/ �"*��  )/ �= )9�#)KZ9/
vl.(

<76=\�N�2F  #�<<ODREE �
�)2� �= +)/ ��h2�= ]wt[��6@� ����*�H� 3�%�D�2=�� �+�6D �� 33�<	�6( �<�&��6� )2MT��6% .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                            17 / 22

http://ijcm.ir/article-1-415-en.html


Q
��LM� ��6(3�&��c/ +�#J -#�
# �*�2/ ���� & �*�2/�6M= �Mh� ~||

<76>]�"*6( �= +)/ ��h2�= ?�<@� ���� �N�2F ���= & �F�	 �N�2F  #�<<OD3+��; 3#]wv[�9�6@� �� ��9*�H� 3�9%�D�92=�� �+�69D �� 3
&��6� )2MT��6%3�<	�6( �<�.

3�&���	%�&' C��&�� )��O��&  �
����&� �������BC	��� B������ BC��	' :�R�# �� �H)<%��

 �N�2FLREE &HREE��6@� �� 3�%-�*�H� �= �T�� +)/ 
��6@��� +)
� Q��* 3�N�2F ��6� �� �� �6/LREE 

�*# �D�6�!�)KZ/vt.(�N�2F ��6� �� �H)<%�� I
#La �
Ce �Pr &Sm �� ��*# +)/ +�&�	# ���*�H�  )/ $
#�	# �= 

��#)2S �<e�D ���*�H�  )/ I"	� ��= �,
� �N�2F �� �Z<��[
�*# �"/#)� ���` �<<OD �� .�N�2FGd &Eu ��<�= �<<OD 

��6@� �= �T�� 3�<S���� -�!� ���*�H� )2
`�	 �B Q��* 3-
)2%�)KZ/vt.(�T�� �"[Eu/Eu*  )/ $
#�	# �= 
�H��*# +)/ +�&�	# �@� ���* .�T�� I<2]@%LREE �= 

HREE KR� (La/Yb)N&(Ce/Yb)N )/ I"	� ��= �= 
�*# +)/ P6�"*� �"!<= ���*�H�)U&)7m.(��h2�= -)/ 

J# ���= & �F�	 �N�2FREE�"*6( �= �T�� +��; 3-�!� 3#
�� �� )%�Rb ���*�H� Q�  )/ �� �M<*& �=3-6,=` �= 

	��# Q"�<* ��#)2S �<<OD ��=  )/ �� �Z<��[ �� �+)/ �

��6@� �= �T���@� -�!� +J�D 3)%� .�� �*# �MF -#)= I
#
 ��=  )/ ��Rb ��*)M	 �"!<= �S�% G
��D J# �<*�* 3�%

�*# +)/ I<��D Q<*�"( .�<� Q<*�"(  #�<<OD �= b6�6� I
#
 �	��# �#)�� ��=  )/ �� �"[ & ��#� ��#6�@%K"�<* J# Q

�*# +)/ �#J`)KZ/vv.(�N�2FBa&Sr )/ $
#�	# �= 
���*�H���D �� -�!� 3)
)/ �H)/ G
��D �MF �= �� )%�

�*�%JA�6
iA( .�H)<%�� �� �*# 3�&`��
 �= dJ�Ba��
3��=  )/���*�H��*# �"@� .�N�2F  #�<<ODNb&Y��

�B���*�H��*# +�6= �<S�� .�X2FZr�e# �� �*�H���
��D P6�"*���D I
# �� +)/ �H)/ 3��=  )/ �� �H)/

�*# �"@� -)/ -�*�H� .�� -6��
J G
��D I
# K��F )�#6D
)/�= �H)<%�� .�X2F �� ��<��[ �� I
#Hf )/ $
#�	# �= 

���*�H��M<*& �= �*# +)/ �	��# Q"�<* �= -6,=` 3)KZ/
vv .(�= �"�=#& �<� 3&� & ?�* �4� �N�2F  #�<<OD  )/ 
�������� �6�[ & 3J�*�*# +�6= ��6@� �� 3)<c�6* 3�%.

<76>=�N�2F  #�<<ODREE �
�)2� �= +)/ ��h2�= ]wt[��6@� �� ��9*�H� 3�%��D�#69� 8�<9*�* 8 �92=�� 8+�69D �� �9
�<( 3)92MT��6% 
3�<	�6( �
�6
�.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                            18 / 22

http://ijcm.ir/article-1-415-en.html


)M7��+��@/ �|�-�"��J ���� -&J �� ?�<@� ���� & �
�7 ��MN# �N�2F  #�<<OD �*��=3�%. ..~|�

<76>>h2�= ?�<@� ���� �N�2F ���= & �F�	 �N�2F  #�<<OD�"*6( �= +)/ ��3+��9; 3#]wv[�9�6@� �� ��9*�H� 3�9%��D�#69� 8�<9*�* 8
 �2=��83�<	�6( �
�6
� )2MT��6% +�6D �� �
�<( .

2	A	�'��' �������:��D �N�2F �� �H)/LREE �X92F �<� &
Tb ��6@� �� 3�%-�*�H� �9�6@� �= �T�� +)/ +)9
� Q��9* 3
��  )9/ �= ��6@� �� -` -#�<� �� �6/ �"!9<= ���9*�H� Q9� 

�@* J# & +�6=La �9N�2F �9= MREE �� �H)9<%��  &�9cD �
�� �9Z
6f� �= �+)/ �"@� �
�)D �= ���*�H� 3��= & Q�  )/

 �N�2FSm &Tb -#�9<� �� 3�9<<OD ���*�H�  )/ $
#�	# �= 
��D �@� +)
� �H)/ �6/)KZ/vw.(�9N�2FEu &Gd �9<� &
�N�2FHREE �2> �T�� ��)�# �H)/ ��6@� �= -�!� Q��* 3
�� �2> I
# �� )2%� L9<"<M(&�( ���*�H� Q�  )/ �� �H)/

�99*# �"!99<= .)992��� �99N�2F �99��= ��Dy �Ho &Lu �99<<OD �
3��=  )/ �� ��#)2S-�*�H� �9�6@� �9= �T�� -)/ +J�9D 3

�@� +)
� �6/)KZ/vw.(�T�� I<2]@%LREE �= HREE 
KR�(La/Yb)N&(Ce/Yb)N��9= �9= ���9*�H�  )9/ I"9	�

 �� -�!� $
#�	# )%�)U&)7m.(& �9F�	 �9N�2F -)/ ��h2�=
 J# ���=REE �"*6( �= �T�� +��; 3�� -�!� 3# �� )%�Rb 

�� �9Z<��[ �� �+)9/ ���9� Q"�9<* J# ���*�H� Q�  )/ ��
 3�#)�� ��=  )/ �M<*& �=3�*# +)/ �	��# U6Mf� .Q<9*�"(
 ��D P6�"*� �<� �� +)/ �H)/ ��9=  )9/ �� �<� -` -#�<�

 �*# �"@� .���� G
��D �MF �= I
# Q<9*�"( 3�9% �9M@7 J# �#�
 �9*# Q<*�"(  ��*)M	)KZ9/vm.(�9N�2FBa &Sr +)9<%�� 

+)/ �*�%JA�6
iA( G
��D �MF �= �� )�# .J# �9��` �H)9<%��
 -)9/ +�"�` Q�  )/ �� Q
��= �Z
�6B �= �+�6T� �#��6��= Qx�

 / +)<%�� �"!<=  )9/ $
#�9	# �9= d6<��#�"*# & +) ���9*�H� 

�9@� -�!� ��#)2S �<<OD )9%� .�X92FCs �9�6@� �� �9<� 3�9%
 �2> -�*�H� �9"@� �9H�&�	# -#�9<� $
#�	# �= �� ��#� �H)/

 �*# +)/ .�X2FNb �9�D �<� �9� -�!9� �H)9/ �� �9� )9%�
 Q�  )/���*�H� �*# �D�6�!� .�X92F I<92]@%Y�92> -

2> I
# �� ��#� �H)/�Q�  )/ �� �H)/ ���9*�H� �"!9<= 
�*# +�6= .�N�2FZr &Hf �9� -�!9� �,
)Z
 �= 4ZF �1=#� -

�Z
�6B �= �)2%�Zr )/ $
#�	# �= ���*�H� �"*��  )/ �= 
�� I
# �� +)/ �9Z<��[ �� �)9/�= -69��
J G
��D �e# �� )�#6D

Hf Q�  )/ �� �� ��#� �H)/ �2> ���9*�H� �9*# �"!9<= .
�*# IZ@�Hf �� ���� �,
� G��> )/�= �"	�H �#�; �% .�9= dJ�

  )9/ $
#�9	# �� �*# 3�&`��
 ���9*�H� �� ��#)92S �9<<OD 
�H)<%��Zr �*# �"/#_,� )KZ/vm.(

C6���� 
����4� 3J�* 8+�"�H 3�<	�6( 3AB �( 3�= )2@% �567

+�6D J# �"/� L
 �Z%` �*#&)[ E<@F �@<� 3�%8�
�<M; 
�&��6� )[ �� 3�<	�6( �<e�D �fD �� �*# �
�6
� �D �<

+��"�H ���*�H��"	�H �#�; 3#)�# .-&J 3�%-�*�H� K��/ 
�D�#6�8�<*�* 8 �2=�� 8�D�#6� ��
�<( 8 �2=�� 8��
�<( 

��<M<* 8L<M
i�` & L<"<M(&�( �L<"<M(&�( 8& ��<M<* 
-&J -�<� I
# J# �� �*# �1* �� �D�2=���D�#6� 3�% 8

�<*�*8 �2=�� 8�
�<( P�"�H J# �D�2=�� & L<"<M(&�( �
)��#��6��= 3�"!<= .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                            19 / 22

http://ijcm.ir/article-1-415-en.html


Q
��LM� ��6(3�&��c/ +�#J -#�
# �*�2/ ���� & �*�2/�6M= �Mh� ~|~

��
���+�6D &� �@</65i 3�= Q��* ��"T�� 3�6c� 3
��6@� �= �
�6
� & �<�&��6� G<��D 3�%-�*�H� +)/ 

)���*�H��D�#6� 3�% 8�<*�* 8 �2=�� 8& L<"<M(&�( ��
�<( 
 �2=�� (�� -�!� ���`�@% �� )%��F�	 ��MN# �N�2F 3&

��  #�<<OD P6�"*� ���*�H� )2
#�	 �B ?�<@� ���� )�6/
�2�#� �� Q� ���= �� �<<OD 3))2���TiO2�MnO �P2O5�

Nb �Gd �Y&Eu ( �N�2F ���= �� &)KR�SiO2�K2O�
Al2O3�CaO �MgO �TFeO �Na2O�Sr �Ba �Rb �Zr �Hf 

�N�2F GM># &REE (�*# �76D K=�; . )/-�*�H� -)/ 
F ^2* �R�# �� #� �N�2F  #�<<OD �#)�� ����*�H� b6� �= +&A

�� U�"2� ��#6�)2� .�� +)/ �*��= �,2* )[#& b6� I<2]@%
��#� �<e�D �N�2F  #�<<OD -#�<� .��
��� �Z
6f� �=  #�<<OD 3

+�6D �
�<@</65i+�6D �= �"<�&��6� 3���*�H� �� �"
�6
� 3-
F �� ��N6X� #� �D�	A"�# �=�!� 3�% ���� & �F�	 �N�2

�� -�!� ?�<@��2> )2��� )%� �N�2F y)�# �H)/REE �� 
+�6D �= L<"<M(&�( ���*�H� �e# �3�<	�6( �<�&��6� )2MT��6% 3

��6@� �� ���*�H� I<@% �� �Z<��[ �� �
�6
� )2MT��6% 3
�N�2F 3�<	�6(LREE+)/ +)<%�� �X2F �H)<%�� �
 & )�#

Hf�D�#6� ���*�H� �� 8�*�<*8 �2=�� 8+�6D �� �
�<( 
�"
�6
� +�6D �� -` 4ZF ���[ & �"<�&��6�.

<76>?�N�2F  #�<<ODREE �
�)2� �= +)/ ��h2�= ]wt[��6@� ��3�<	�6( �
�6
� )2MT��6% +�6D �� L<"<M(&�( ���*�H� 3�%.

<76>W= +)/ ��h2�= ?�<@� ���� �N�2F ���= & �F�	 �N�2F  #�<<OD +��; �"*6( �3#]wv[��6@� �� +�69D �� L9<"<M(&�( ���9*�H� 3�9% 3
3�<	�6( �
�6
� )2MT��6%.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                            20 / 22

http://ijcm.ir/article-1-415-en.html


)M7��+��@/ �|�-�"��J ���� -&J �� ?�<@� ���� & �
�7 ��MN# �N�2F  #�<<OD �*��=3�%. ..~|�

�� -�!� �*��= I
#��6@� ?��"�# �� �� )%�33#�= G*�2� 
�
�hD3�*��= �6x2� �= �
�<@</ ^2* 3�%*�2/�I<<0D �

�J �<0;6�<"��* I�& +�,"*�� �� +)��@<;�= ���� b6� I<<0D �
= �<�*����%3�#)
�(�� �(6D&�
# Rb-Sr &Sm-Nd �6x2� �= 

+�6D +�,"*�� I<<0D�
�@H�� 3�%������ �� �%8�� �=���H 
���� -6,=`�<�&# �<%�� �#�3^2* �� ��*# +�#� �<<OD #� �% -

�6/ 3��
J ��<�= �;� ��
�= .��6@� �*��= #�
J 3�%-�*�H� 
��*�H� �= �"[�J# �"@� vl�� )N�� �#6D 3�%�<�cD )

)22� ��h
# #� �D&�c"� .+�� W�*#�= ^2* 3�#_,��� �x� J#-
��6@� I"�= $�� �<f� ��
�<@</ 3)2=-�*�H���6@� �= 3

�*#  &�c"� Q��* .+�6D �
�@H�� 3�* I<<0D+�� & �% 3)2=
�� �#�; �<e�D �fD  )/ �= )��/ V��/ �x� J# ���`��<H .

�N�2F -)/ ��h2�= 36,�#REE�2F &�
�(�= �F�	 �N3 )/ 
��*�H���� & +�#� -�!�  &�cD K<Z!D E@F �<�cD )�#6D
+�6D3)2� �e�"� #� -` ��h
# ���&J�* &.���h�` J# I<2]@%

 )2��� 3�N�2FRb &Sr �e# ��  )/ �= -�*�H� -)/ 
 ��*)M	�� �<<OD �%*��= �)22���%3��6@� 3&� �(6D&�
# 3
-�*�H����h<"� )�#6D34ZF �"[ �
 &  &�c"� �A���
#� �<0;#& +�6D +�,"*�� �x� J#)%� -�!� 3�6c� 3�% .

�����)^ 
��B J# ���"�� ����� I
#"�0��1� �!%&'(3�N�2F  #�<<OD 

-&J �� ?�<@� & �F�7 ��MN# 3�%-�*�H� 3J�* ���� �� 
)2@% ��12� 3�<	�6( 4� "��B Kf� J# -` ��T"F# �� �*#

!%&'(��,!�#� +��@/ )�!� �*&��	 +prp/\�6� gs/tv/
twss�*# +)/ I<��D .
_���$ 

]=[LM� ̀ 3�&��c/ +�#J.�"I<�J ���9� ��9*�2/ �-6<9*#�"�` �3J�9*
 +�#� �<�cD ��@</65i  �90��1� �3�"�69��D&�Z<� ��Z
�<	695i 3�9%

 ���9� a�!92� I<<0D & �(6D&�
# & ��9=`�%�� �	�!9"�# EB�92� 3J�9*
 �� -�"*# �L<(6� �=6927 -�9*#"3�9"�� ���9*� �)Ph.D(I<9�J-

�)�!� �*&��	 +�,!�#� 3��X";# �*�2/)���� (~���fcN .
[2] Parsapoor A., Khalili M., Mackizadeh M.A., 
“The behavior of trace and rare earth elements 
(REE) during hydrothermal alteration in the 
Rangan area (central Iran)”, Journal of Asian 
Earth Sciences, 34 (2009) 123-134. 
[3] Shikazono M., Ogawa Y., Utada M., Ishiyama 
D., Mizuta T., Ishikawa N., Kubota Y., 
“Geochemical behavior of rare earth elements in 
hydrothermally altered rocks of the Kuroko mining 

area, Japan”, Journal of Geochemical Exploration 
98 (2008) 65-79.  
[4] Penczak R.S., “Geochemistry of alteration 
around some high-grade zones and geochemical 
characteristics of altered rocks at the Red Lake 
mine”, (1999) 86p. 
[5] Rouwet D., Bellomo S., Brusca L., Inguaggiato 
S., Jutzeler M., Mora R., Mazot A., Bernard, R., 
Cassidy M., Taran Y., “ Major and trace elements 
geochemistry of El Chichon volcano- hydrothermal 
system (Chiapas, Mexico) in 2006- 2007: 
implications for future geochemical monitoring”,
Geofisica Internacional 48 (2009) 55-72. 
[6] Lottermoser B.G., “Rare earth element and 
heavy metal behaviour associated with the 
epithermal gold deposit on Lihir Island, Papua 
New Guinea”, Journal of Volcanology and 
Geothermal Research 40 (1990) 269–289. 
[7] Hopf S., “Behaviour of rare earth elements in 
geothermal systems of New Zealand”, Journal of 
Geochemical Exploration 47 (1993) 333–357. 
[8] Arribas A.J., Cunningham C.G., Rytuba J.J., 
Rye R.O., Kelly W.C., Podwisocki M.H., McKee 
E.H., Tosdal R.M., “Geology, geochronology, fluid 
inclusions, and isotope geochemistry of the 
Rodalquilar gold alunite deposit, Spain”,
Economic Geology 90 (1995) 795–822. 
[9] Fulignati P., Sbrana A., “Presence of native 
gold and tellurium in the active high-sulfidation 
hydrothermal system of the La Fossa volcano, 
Vulcano, Italy”, Journal of Volcanology and 
Geothermal Research 86 (1998) 187–198. 
[10] Terakado Y., Fujitani T., “Behaviour of the 
rare earth elements and other trace elements 
during interactions between acidic hydrothermal 
solutions and silicic volcanic rocks”, southwestern 
Japan. Geochimica et Cosmochimica Acta 62 
(1998) 1903–1917. 
[11] Chang-bock I., Sang-Mo K., Ho-Wan Ch., 
Tetsuichi T., “The geochemical behaviour of 
altered igneous rocks in the Tertiary Gampo Basin, 
Kyongsang Province, South Korea”, Geochemical 
Journal 36 (2002) 391–407. 
[12] Taylor R.P., Fryer B.J., “Multi-stage 
hydrothermal alteration in porphyry copper 
systems in northern Turkey: the temporal interplay 
of potassic, propylitic and phyllic fluids”, Canadian 
Journal of Earth Science 17 (1980) 901–926. 
[13] Taylor R.P., Fryer B.J., “Rare earth element 
geochemistry as an aid to interpreting 
hydrothermal ore deposits”, In: Evans, A.M. (Ed.), 
Metallization Associated with Acid Magmatism. 
John Wiley, New York (1982) pp. 57–365. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                            21 / 22

http://ijcm.ir/article-1-415-en.html


Q
��LM� ��6(3�&��c/ +�#J -#�
# �*�2/ ���� & �*�2/�6M= �Mh� ~|�

[14] Taylor R.P., Fryer B.J., “Rare earth element 
lithogeochemistry of granitoid mineral deposits”,
Bulletin of Canadian Institute Mine Metallurgy 76 
(1983) 74–84. 
[15] Maclean W.H., “Mass change calculations in 
altered rock series”, Mineralium Deposita 25 
(1990) 44-49. 
[16] Maclean W.H., Kranidiotis P., “Immobile 
elements as monitors of mass transfer in 
hydrothermal alteration, Pheleps Dodge massive 
sulfide deposite, Matagami, Quebec”, Economic 
Geology 82 (1987) 951-962. 
[17] Olade M.A., Fletcher W.K., “Trace element 
geochemistry of the Highland vally and Guichon 
creek batholith in relation to porphyry copper 
mineralization”, Economic Geology 71 (1976) 
733-748.  

]��[� E<e&.d �M<�* �.�"I<�J �!�� �*�2/�:������ 
+�S�* �6/)�H�=���|("I<�J -��J�* �& �*�2/  �	�!"�#

 �6!� ��)0�)���|.(
]tp[�M�# +�#J.Q
�� �d �6(.�.�"I* P&� �= -6��
J �h2*

d6<�#�&#84� �	�!"�# ��12� �� ?�* 83�<	�6( AB 
��=`�%�� :�
��� ���<� I*65# L<�i6��"� +�&� �= 3)%�/

-#�
# .�/ �� 3�<	�6("I<�J �Mh� �-#�
# 3��X";# �*�2/)��
g�S U�[.(

[20] Middlemost E.A.K., "Magmas and magmatic 
rocks", Longman Pub. Company, (1985) 221- 226. 
[21] Shand S.J, "Eruptive rocks. Their genesis, 
composition, classification and their relation to 
ore-deposits", 1969 (facs. of 3rd ed. 1947). Hafner, 
New York. 488 pp (1947). 
[22] Peccerillo A., Taylor S. R., "Geochemistry of 
Eocene calc-alkaline volcanic rocks from the 
Kastamonu area, Northern Turkey", Contributions 
to Mineralogy and Petrology 58 (1976), 63–81.  
[23] Alderton D.H.M., Pearce J.A., Potts P.J., 
“Rare earth element mobility during granite 

alteration: evidence from southeast England”,
Earth Planetary Science Letter 49 (1980) 149–165. 
[24] Michard A., Albarede F., “The REE content of 
some hydrothermal fluids”, Chemical Geology 55 
(1986) 51–60. 
[25] Palacios C.M., Hein U.F., Dulski P., 
“Behaviour of rare earth elements during 
hydrothermal alteration at the Buena Esperanza 
copper–silver deposit, northern Chile”, Earth 
Planetary Science Letter 80 (1986) 208–216. 
[26] Felsche J., Herrmann A.G., “Yitrium and 
lanthanides”, In: Wedepohl, K. (Ed.), Handbook of 
Geochemistry, vol. 11/5. Springer-Verlag, New 
York (1978) pp. 57–71. 
[27] Michard A., “Rare earth element systematics 
in hydrothermal fluid”. Geochimica et 
Cosmochimica Acta 53 (1989) 745–750. 
[28] Wood S.A., “The aqueous geochemistry of the 
rare earth elements and yttrium: theorical 
prediction in hydrothermal solutions to 350 _C at 
saturation of water vapour pressure”, Chemical 
Geology 88 (1990) 99–125. 
[29] Haas J.R., Shock E.L., Sassani D.C., “Rare 
earth elements in hydrothermal systems: estimates 
of standard partial modal thermodynamic 
properties of aqueous complexes of the rare earth 
elements at high pressures and temperatures”,
Geochimica et Cosmochimica Acta 59 (1995) 
4329–4350. 
[30] Pirajno F., “Hydrothermal Mineral Deposits”,
John Wiley and Sons, Sydney (1992) 709 p. 
[31] Sun S-s., McDonough W.F., "Chemical and 
isotopic systematic of oceanic basalts: implication 
for mantle compositions and processes", In: A.D. 
Saunders and M.J. Norry (eds). Magmatic in the 
ocean basins. Geological Society. London. Special 
Publication 42 (1989), 313- 345.  
[32] Taylor S.R. McLennan S.M. “The Continental 
Crust; Its composition and evolution; an 
examination of the geochemical record preserved 
in sedimentary rocks”, Blackwell, Oxford. (1985) 
312 p.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            22 / 22

http://ijcm.ir/article-1-415-en.html
http://www.tcpdf.org

