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

����������� ��	
����� ������ ���� 	������ 	����� )����� ��� (

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

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

2�%�':��0�� ��1��
�2�13+��4 "56�& 7+�% �� 1"56�& 8�9� !1�) :";� �� �<&) ;
 �3)"  $;�=)"> 1�;4�?�!"& @�;/ �) 1) �;41
3)+% ���(A(BC �
�  $�+��$.� $4)+��>+E/!"E��
��9�� ?����C !)
@�/ ��) )� �4�+
��)��& ��B ��)��& ���)��& �=)"B	"F��;��-

$�G.�	�&�41H��I @�/ �
)�41"�	�+> ��;5��!".�� 1"�	�+> ! ";A0)1�;/) ."G+�	 ;
���;4 &;��) "5( �);�+
��,G�>+����;G!"
)�
�>+�$(9G !�JK> L
�KG+ )&�"5( �!�)"&M 
�(E(B� $� <$�).�/�"& @�/ �
�9#��+�+5.B 1�4 /�"& ��+� 1�4��� 3�(� �;= $4�

 @�/ �
) �NAO <6)� �� �41 ��P $/ ���.�C ��4�� !  $� <�.(B $�9,4 Q+,& 1)
$��)� R.@�/ �
) �� �4 $��)+B $;�
)"	 8+S;N�
 $���& ����(	 $�
)"	 3�
�> �) T> 3)"
) �!�6 ��  �)� U� �((= .��I "O��- �#$�LREE �;& �V�� HREE �;� 3�(;� �;= $;4�

�%�� �� M�950) ���� 1�9#���41�5�+#  �'5/�6 W
 �) �(�& 7!X ��
�> �/)  $� <�.(B �5��!�"� ����# 1).

�4��	'%5. 	��:@�//����Y�+�+5.B�
�9#�Y��(A(BC�,P ����
Y���!�"� ����# Y3+��4 Y3)"
) .

��'6� 
@�/�41��(;A(BC �,>;�+Z) �� "�"B)+;G ;
  "5�;# �� 3)" �;41
O�6�$��)� 3+9�6� )<E�[.()
@�;/ �& �;4 ;� \�;VB�) "5(
�?�
E�<�# �& �41$��)� ?]� �5/)� ][[.��(;A(BC �?;�!"& �/ �

3)+% ��0 ����1��
3+��4 �2�6 ��) �!�
 $;� `�)?;# 3)"-
$�)]�[)
*�� �& �4 3+9�6� ��41 +;G !  +;G a/ ��%)+6  +G -
�41�!�6 7+�% 1	"F� 3)$�& ���$�+�.

��
�2�13+��4 )<&)� ��� ( "5�# ��1�!�;6 1);
! 3)"
 ��0 ����1P"� �)
��56�/ ���1/�";b� �) ! ��)� �)"P 3�5�

��B���56�/ c�91��d�& ;&"I �;�9,4 e+;,& f;P)! $;� $
�/).&"I �"� ���
"4 <�;# 3+��4 �2� ;
 �!" �;/) d;�& !

&�"5( )
) �� �G <�# �
�� <&�P 3)"
&���;/) � $;��G )$;% 1
3+��4)<&)� ��� () �)
��56�/ ���1/�3�5� �/)]g[.

/%�0 7%,8������� 
�%)+6  +G 
��(A(BC  �+B R��0��;� �& hiii ! f;&"�"5�

j�AB�) �kk "5� � ���B'�/ 3+9�6��� �;%+B <;&�P ;��0 ��1
�� �&"I
3+��4 �2� �;/) . �+;B �;
) FP+� �;& ;� 	)"]% �;���


[lm nop ˚gi��9;� q"- �!��m [np˚l[8+;r 1�!�;6 ��
�,O�	1gnG�"5�+,11"56�& 7+�% �)";P <;&)� 3�5;/"�� 
��)� .�?;;�!"& !���(;;A(BC��
";;' �;;&B"B;;� H�,;;O�	 ��1sn

G�"5�+;;,1!ngG�+;;,"5�1;;��0 �� !��11"56�;;&8�9;;� !
�5	"# �)"P �!"
"4 <�# a5��/ 1!� ! �%)+6  +G 1"56�&$�) .

 �+B�41
�&  $� ��B"B�)�)� H1FP+� ;���;41	)"]% ;���
[tm 
[hp˚g[��9� q"- �!num nup ˚li8+;r �1�!�;6m !sg
sip ˚g[��9� q"- �![�mpng˚liP"� 8+r��5	"# �)"P-
$�))�<.s.(� 3+;9�6� !� ! �;%)+6  +G
";' �(;�� �� �;41

∗�A,B �8v��  $��
+� :snisihn )inl[("&�9� �:snisih[ )inl[(�.��!"5.�) ��> �:yahoo.com mollashahi.narjes87@ 

8�/a4��+�w��9� �x?�
�> ��kyNAO �) �z���Bz�� 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

                             1 / 10

http://ijcm.ir/article-1-438-fa.html


H�{6 �1$9N� �7+= �
�� ��4��K� �� ���G ! �/����+,& �,|�3)"
) �/� z�k

9:�;��F	���41��(A(BC �) �� "�"B)+G 
3)"]n[��{�� �1/�"& ��+� �!�1)� �& �(�� 
"�/)  $�  �)� 3�(�  .

9:�<�(�� 1����  "5�# �/���13+��4 �2�
�� .

�;/��� ���� kkk,�kk :�3)$;�& ]}[!kkk,[kkk:[7+;�% 
P"��3)"
) ]s[��)��& $� �	"F� $�) .

��. =�� 
;;4 3+;;�G �;;B �~)"N;;O ��;;G �;;�+#�
;;�+�J !�9���
!�1);;
 �

3�(A(BC & )�� ��/) �5	"'� c�+O �4 ;/�"�@�;/ ��
)"N;O -
/���� �+B �
) �9��+�J !> �;
) �$4 �4 �;/)  �+;& d4!� .

)"&1)
�+b�� ��B �) T> ��1T;E- �;41)+;4 �
��;��� �;&
�k�kkk :��(�� 1����/������ �& ��{�� ;���[:siiii 

���B �$.c�+;O )?;|� 3+;9�6� �;/ �) 1�)�";& ��+9� T�/ 
�;;	"# .�) T;;>�;;��B 1;;/�"& �Q��;;� f;;{�� �fr�;;�� �;;& 

���+E/!"E(V{P�FB !��@�/ T�% ��5	"# "b� �� �& ��4
 ��/"#� �+%! *$-�@�/ �� ��)$FB �k��+9� 1'�/ �)";&1

?|B
�1��9���
`!� �;& ICP  )";& 1";O��- 3)?;�� ��;�FB 
,O)�;-"	 !�`!� !ICP-MS )";& 1";O��- 3)?;�� ��;�FB 

�=�6����7��5�) !T> ���C �) ��/1�G";� �� SGS )��;��= 
���C�$�$� ?.�)$FBl �+B �) ��+9� 1��(A(BC ���;%)+6  +;= g

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

                             2 / 10

http://ijcm.ir/article-1-438-fa.html


$,%[� ��9� �g?�
�> �[g�i @�/@�/ �/��� "5�# 3)+% ���(A(BC 1�4 1. . .z��

 �+B �) ��+9�1�!�;6 7+;�% 1! 3)$;�& [ +;= a;/ �) �;�+9� 
$�$� 7��5�).

>*? ����? �
�/�"&1�4 )"NO �
!��>+E/!"E�@�/ �41��(A(BC ���+� 
/�"&�3�(� �)� �G @�/ ��(;A(BC 1�4�a;/ ! �;%)+6  +;= 
 += @�;/ ! �;�)��& �
+��) ��(;A(BC 1�;4� +;G �;417+;�% 

�!�61��)��& �
+��) ! ��)��& �3)$�& $�).

@�%��7@�0�? /
)
@�/ �'�/ 3+9�6� �/ "4 �� �4�/�"& ��+� �;�)!)"	 �) �

M�&�
)"N;O ";b� �) !  �+;& �)��+;6"& �
� !�>+E;/!"E��;& 

$E
V� "'��$�).�;	�& �;41H;��I ) �� ;
@�;/ ��) �;4 �;	�&

	�+>�"196 �& � "1�
�+,& ?1�	�+>�"1 "A0 )1!���;�)� 3�-
)1E(;;B � $;;� <$;;�))<E;;�g7 ! �;;�)(.�;;4�+,& �;;���1

� �B <E��+6�<E� �9�)� �);�+
��k�;B xka;|0 $;O�� );
�
@�/ �4 E(B )��� <�4��H;,I) �G �$ !  ��;B ��;/"#� $;P�	 �
5�4 �! $��6"& �� ���+9� ) �& �4
$
?'�
#� � $;� 3�;/" $;�) 

)<E;;�g�(.���!"E;;���;;41JK> ;;
! �KG+�;;
�;;4�+,& ?1
,G�>+����G!" �) !�+
������1@�/ �415�)��& �/�"& ��+� �

E(B )��� <�$�4�.�) �+�0�+
;& a4 ��"G+�	 c�+;O ;
 ! ��
 & a4��;���� �� R;2+G 1�;4�+,& c�+;O �) �;.
 c�S;�(� 

��)��& �/) �
��,P 1�4]l[. $
$> 1a�4 �
+��)�/+B �;����
 @�/ �
) �� �(�G)! ����0 <�E(B *$- !��  $4�(� �4 �+�

)<E�gc(�;�)��& c�S;�(� �) ";'
� �;.
 �= �
�;�,P 1�;4

�/)]t.[@�/ �
) �� �
+��) 1�4�+,& ���� �+%! �) �G�0 �4
d
)$% 1�;9#�� �;�?% �
�+,&  $���;/ 1@�;/ �;
) �;/�4 �

@�/ �
) �
��9�� H�G"B �
)"&��&�4�
��9�;� H�G"B �& $
�& 
 $�4� <�E(B 1�9#�� ���!)13C$��& R
�?� �4]u.[

7@�0�? 
@�/ �
)�4 +G �� �G 3)$�& �!�6 1�4 ��  $
� 1)�)� $�+�

�	�& 1�4 "�96 �& 1"�	�+>1��5��!"E��  "A0 1"�	�+> ! 1)
��)� 3���1)$�5�4 .�4�+,& ����1@�/ �
) <��� �4

+
JK> ! ��G!"�> �KG�/) .j+� ��G!"�> ?����C �)  ��A5/) �&
 `!� �&XRD$��>+
� �G $� ���FB &��9�� 1�4�+,& c�+O

<E��& �B �)� <E�$�5�4 ���/"#� ���C $P�	 !  �+&.
�& �G �4�KG+
JK>��  $
� ��
"G+�	 c�+O �$�+�

�
�!�)"&M3C �5��!"E�� j)+�) ! �$�)$��)� ���
"% ���0 �4.
,G@�/ �� �+%+� 1�4�KG+
JK> �� ��+� �5�)��& 1�4�/�"& 

�K��G~�4 !  �+&  ��B ���C ��+#���/"#�3C �� �#��)+4 !�4
�9�  $4�(��+� .

�)%��A4 
8!$% �� �
��9�� ?����C �) <O�0 �
�5� [ $;�C $;�))�;�+9�-

1�;41D-KH,2F-KH, M-P-KH1, M-P-KH10 ,M-P-
KH12, N-1F-KH+6  += �& �;�+9� ��%) 1�;4M-06-KH, 

M-08-KH ,M-09-KH  �+;B �& ! 3)$;�& 1�!�;6 7+;�% 1
��+9� 1D-N-KH  += a/ �& $��)� �,FB.(

9:�B��) ( "A0 �	�& 1)��)��& �� 1�+,& ?
�7 �3)$�&�!�6 1�4 (1"�	�+> �	�&��)��& �
+��) �� 1�+,& ?
� ��%)+6  +G 1�4�(�5
?'�
$
)
��)��& �
+��) �� 3$� �%)+6  += 1�4c( $
$>����0 ��|
) 3!$& �
+��) a�4 1�(�G)! 1.

C@�-

D E

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

                             3 / 10

http://ijcm.ir/article-1-438-fa.html


H�{6 �1$9N� �7+= �
�� ��4��K� �� ���G ! �/����+,& �,|�3)"
) �/� z��

F�'�;�
?|B 1�,O) "O��- �
��9�� )$��=) $O�� H�0"& (�-"	 "O��- !)H�0 "&ppm(`!� �& ICP  �=�6���� "O��- !)H�0 "&
ppm (`!� �& MS –ICP.

N-1F-KH M-P-KH12 M-P-KH10 M-P-KH1 M-09-KH M-08-KH M-06-KH D-N-KH 2F-KH 1D-KH Sample 
zz/}� �z/}� }o/}� }}/}� }z/zx z�/zx o�/zx zx/}� s[/h� �x/}� SiO2

x�/�x}/�xz/�xz/�z�/�}�/�}o/�x/�xz/�gs/sTiO2

oo/�z ��/�z ��/�z ��/�z ��/�o ��/�� ox/�z �z/�z ��/�z o�/�z Al2O3

�z/�k ��/�k �k��/�xz/���/��/��}/�� ��/�k�/�k Fe2O3 t

�}/k�}/k�x/k�}/kko/kko/kko/k�}/k�x/k�}/kMnO 

o�/z��/zz�/z�x/z��/}�z/z��/zo/zo}/z��/zMgO 

x/���/�o�/ox�/�ko/�}x/��x/o��/o�/�ko/�CaO 

hs/n�z/}kz/z�}/}�z/zko/zx�/z��/}��/}nNa2O

x�/�z�/�}x/�z/�o�/��z/�zz/�x�/�}/�}o/�K2O

k�/�ko/�k�/���/���/ko�/ko�/kk�/�ko/�k}/�P2O5

o/�x�/��o/�zo/���/���/�z/�k�/�k�/��z/�LOI 

o/�k� ��/�� k�/�kk kz/�kk z�/�kk x/�� xx/�� k�/�kk ��/�� k�/�kk Sum 

xkk x�k xkk x�k }zk x�k x�k ��k xkk x�k Ba 

�/�o z/�� o/�� �/�� o/�� �/�� z/�o ��o/�o �/�k Rb 

���k �x�k ��zk ���k ��kk ���k �xok ���k ��zk ��xk Sr 

�zk ��k ��k ��k ��k ��k ��k �zk �zk ��k Zr 

xk }kxk}k�k�k�kxkxk}kNb 

o} ���oo�x�xzxo�zo}��Ni 

x� �/x� �/�� z/x� �/�o z/�� z/�� �/xk z/�� }/xk Co 

�z� �z� �}� �}� ���k� �o�x� �}� �z� Zn 

o/}x }o�/}} }/}� x/}� �/x� �/x� �/}� �/}} �/}z La 

�kk �ko �k� ��k }/�o }/�� }/�k x/�� �kx �k� Ce 

�/�� x/�x �/�� �/�x z/�� o}/��x/�x/�� �/�� �/�� Pr 

z/zk o/z� o/zk �/z} z/}� �/x� z/x� �/}� o/zk �/zk Nd 

�x/��z/�o}/��/��x/��Sm 

�x/�o/���/�ox/���/���/�o�/�zz/��/��}/�Eu 

�o/ox�/o�z/oz�/o�}/}��/}xo/}�x/�k�/oo�/�Gd 

�x/k��/k�x/k��/k��/k�x/kz�/k��/k��/k��/kTb 

�o/}�z/}o/}k�/z��/���/�oo/�o/}�z/}��/zDy 

�z/k��/k��/k��/kzx/kzx/kz�/k��/k�/k��/kHo 

�z/��}/���/�x/�x}/��x/��x/�ko/��/��z/�Er 

��/k��/k��/k��/k��/k�z/k��/k��/k�o/k��/kTm 

o/�o/��/�o/��/k���/�o/��/�Yb 

��/k�}/k��/k�}/k��/k��/k�/k�/k��/k�x/kLu 

}/�� x/�� o/�� �/�� �/�x z/�x �/�x �/�k o/�� �/�� Y

�/k�/k�/k�/ko/k���/ko/k�/kCs 

}/�z/�z/��/��/kz/kz/k}/��/�z/�Ta 

nz�z}}zz�zHf 

�/[in �/��� �/��k �/��k ko/�x� �z/�}o �z/�}� �/�k� x�/�k� il/[[s Zr/TiO2

hi/[}�/�x�/�o�/�}}/�}�/�}o/�}}/�x�/�ui/[Nb/Y

[[/i�k/k�k/k�k/k�k/k��/k�k/k��/k�k/k[i/iTi/Y

t/sn �}/�o k�/�� }o/�� �/zx �/x� �/x� ��/�� �x/�� ls/su La/Yb 

ul/s�z/��x/��/��}/x��/�oo/��x/��z/�[�/gDy/Yb 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

                             4 / 10

http://ijcm.ir/article-1-438-fa.html


$,%[� ��9� �g?�
�> �[g�i @�/@�/ �/��� "5�# 3)+% ���(A(BC 1�4 1. . .z�x

▲▲
▲▲ ▲
▲●■
■■

■

▲▲ 
▲
▲▲
▲●■
■■

■

��+9� 9� �� �/�"& ��+� 1�4 �)�+Zr/TiO2�;& �V�;� Nb/Y 
]�[ "5�# �� �� �)"P �
��,P ��)��& 1$�"�#)<.�h.(

 $���/ 1�9#�� @�;/ 1 "5�;# �� �;/�"& ��+;� 1�;4 1
�
�;;�,P 1�;;4�9#�� 1";;/][i[<.;;� n.
$;;/ j+;;� �)R][[[

$�5�4)<E�l.(���;= �)�+;9� �;& j+;�+� �
) 1�;4 +�B�;��+� 
�+B�) ! ��B�+�C ���V�C][i[?;�� �+;� �;� $;�
�B )<E;�t.(

�V/�N� �
�5����G 11�4+�B���+�  ��9� 8!$% �� s $�C $�) .

9:�G@�/ ��FP+� �)�+9� �� �/�"& ��+� ���(A(BC 1�4 Zr/TiO2�& �V�� Nb/Y]�[
▲��+9� � �%)+6  += �)  $� ��)�"& 1�4●��+9�  +G a/ �)  $� ��)�"& 1■��+9�  �+B �)  $� ��)�"& 1�43)$�& 1�!�6 7+�% 1

9:�H@�/ �
�9#�� 1"/ ���FB  "5�# �5�)��& 1�4�
�� 2����#)��& ! �
!�) �)�+9� ��/) "& 3+��4 1)[�t[]([i[<E� �&�(� a�K-h�/) .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

                             5 / 10

http://ijcm.ir/article-1-438-fa.html


H�{6 �1$9N� �7+= �
�� ��4��K� �� ���G ! �/����+,& �,|�3)"
) �/� z�}

▲▲▲
■● ▲■▲

■▲ 

Ab' Or

An

Sodic

Potassic▲▲ 
▲▲▲ 

▲●■
■■ 

9:�I@�/ �)�+9� �� �/�"& ��+� ���(A(BC 1�4Na2OZK2O][[[ "5�# ���� �)"P W
$/ ���.�C 1"/ 1$;�"�# .<E;� �&�(;� a;�K-h
�/).

9:�J@�/ 1�9#�� ���= ��/) "& �/�"& ��+� �
��,P 1�4 1�4 +�B���+� �+B�) ! ��B�+�C ���V�C][i[ "5�# ���� �)"P W
$/ ���.�C 1�"�# .
<E� �&�(� a�K-h�/) .

F�'�<�V/�N� 1���= 1�4 +�B���+� `!� �&CIPW.
N-1F-KHM-P-KH12 M-P-KH10M-P-KH1M-09-KHM-08-KHM-06-KHD-N-KH2F-KH 1D-KHSample 

s[/u�u/uhn/uul/uhi/[i tn/�[l/�s[/ust/ul�/uOr 
l�/gh hl/gh hg/gt sl/gg ll/hs �i/hs �g/hh gn[t/gl hi/gn Ab 
li/[h gg/[l ns/[l [t�n/[t tg/[u n[/[h nh/[t gt/[t ss/[l An 
in/lnt/gut/sls/h�l/iZZnh/stl/sth/gNe 
lt/[n [l/[h st/[s t[/[g [i/[g lt/ll�/[s i[/[s �u/[s nt/[g Di 
ng/tun/t[t/utn/tt�/hlu/sgt/hli/[i [n/u[[/uOl 

nli nnt nnu nnu hgl hgh hg[ nn[ nnu nnh Mt 
hu/hhh/hhl/hhl/hut/sug/st�/sgt/hhl/hh[/hIl 
hl/shu/sgl/snt/s�i/[lh/[lh/[gl/shu/sh[/sAp 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

                             6 / 10

http://ijcm.ir/article-1-438-fa.html


$,%[� ��9� �g?�
�> �[g�i @�/@�/ �/��� "5�# 3)+% ���(A(BC 1�4 1. . .z�z

▲
▲
▲▲

▲
▲
●
■■
■
■

��� K
4���L��	���? ���� �
!  �+;& �;,5�� c�NA;O <6)� �� ���(A(BC ����F	  �'5/�6

 �/)  $(� Q�� �&+6 �& �+�4 .3�(;A(BC "5(;�& <;6)� 1�;4
  �'5/�6 �& c�NAO)��)(*+;,> �)� \�;�� ! �5;�+# 1�;4)7(

�A
�  ��P 1�4 1))�(�+P �(> d(=)c(3$;� �;
M �
M
"A/+5�� )delamination(��;/)  $;�  �)� �V�;� ][s[.��
��N� �� 1�4��56�/��#$;� Q��;� �;& �9#�� $��+B �((= 

�/) �5�&)! "A/+5�� .d4�;= $;O�� �;|�5��� ! d(= 3)?��
  �)$# ��4�� ���FB �� ��(	1�;& ��)� d��  $� $��+B �+;r1

d(= �� �=  �)$;# !  �+;& a;= �(�& 7!X $O�� �a= 1�41
,P ��4��  $� $��+B���
��;|�5� �� ! d(;= d
)?	) �& ! ��)

 �9;/ �;& �;9#�� ��4�� ��(�& 7!X $O�� d
)?	) ��+;NB !
��,P �9���
�� d�> 3$� �!�][g[.

�� ��FP+� ���FB 1)"&��56�/���(A(BC ��41 �!$N� 1
�2�
��1 ��A5/) Q"N5��� 7��9= "O��- 1�4�)�+9� �) 3+��4 

$� .��+9�/�"& ��+� 1�4�1�4�)�+9� 1!� Zr/4-2Nb-Y 
][h[)<.�u(�)�+9� !Tl/Y-Nb/Y ][n[)<.��(��

 "5�#1,P���
��)��& �� �)"P c�NAO 3!�� 1�4$�"�#.
�
�$;�= �;& �V�;� �;= 7�;�9= ";O��- 1�;4+'�) �/�"&

 $�)  $� ��|��&][l[3�(� � $�4� 1���;� ";O��- �#$;� ��I 
WV/ �=�6)LREE(��;� ";O��- �;& �V�� ��'�;/ �=�;6 �

)HREE(�/) )<.�[i( $��= ���FB !1�� �;���# �+%! 
�/)  �'5/�6][t.[�V�� �)�+9� Dy/Yb �;& �V��La/Yb 

][u[�� 3�(� $4�)<.�[[(@�;/ �;G ��+;� �5�)��;& 1�;4

/�"&�)�)� 1��
�;> c�;%�� �G  �+& �5��!�"� ����#  �'5/�6 
�/)  �"G <9NB )� �(�& 7!X .�;�I 3)?;�� �#$;�LREE 

�& �V��HREE �;� "��]B �(�& 7!X c�%�� �& �5�& $;�= .
�;�N�� H�;� ���
�;> �(�& 7!X c�%�� �� !  �+;& ��;
� �;4

 ��I WV/ �=�6 ���� "O��- ";O��- �;& �V�� 1"5(�& �#$�
 �� 3�(� ��'�/ �=�6 ���� �;%�� d
)?;	) �;& ! $;�4�17!X 

��N�� �
) H�� �(�& c!�AB �) ! �5	�
 d4�= �4��I �#$;�
 �5;/�= ��'�;/ ���;� "O��- �& �V�� WV/ �=�6 ���� "O��-

���+� ][�[.�5;�+# ��
�;> �(;�& 7!X c�;%�� 1���;P+	 
)�) "59= [i$O�� (,P ��)��& 1�4�9#�� <�.(B �& "|�� ;���
!

��I �|�5� �� ";O��- �& �V�� WV/ �=�6 ���� "O��- �#$�
 �� ��'�/ �=�6 ���� �+�]siZss[.�;�I $;� �#LREE !

& �+V����|�41Eu @�/ �� �;#�
! �";F� �5�)��;& 1�4 1�;4
��(A(BC��NAO 3!�� �;/) 1)]sgZsh[�;�+9� �� �;G �;41

/�"& ��+�����/) :��O ?.
�(�� �)+;�) �-";/ �)  $� �5(� 1"A/+5�� ����� 1�4

 �� 3�(� ��"& ! �;/) Q��;� 3)";
) :"� �� "A/+5�� �G $4�
����F	 ��(A(BC 1�4�<�;# 8+r ��  �)� U� ?;]� �5;/)� 1�;4

�/)][[. �)� j+9|� �& �%+B �& � �4���F	 3)+B���(;A(BC ��
��{�� ��  �)� U� 3)+%1d(;= �;& �5�;&)! )� 3+��;4 1�;4

 ! 3�;]	) Q+;,& �9;/ �;& c+� Q+,& �
)"'94 �9� �= �,N�
 1��(	 a
J� 8�9-)Z3)";
) :";� �5;/+> ";& �;�"& ]sn[U�

���)� � �)� .

9:�M��+9� /�"& ��+� 1�4��)�+9� 1!� Zr/4-2Nb-Y][h[ "5�# ��1,P ��)��& ���
�;� �)"P c�NAO 3!�� $;�"�# .<E;� �&�(;� a;�K-h
�/).Al :��)��& ,P 1�4���
�c�NAO 3!�� All :��)��&,P 1�4���
�c�NAO 3!�� ����+B !B:��)��& 1�;4E-MORB�C:�;�)��& B 1�;4 �;���+

��)��& ! c�NAO 3!�� ��/+P "
)?% 1�4D:��)��&��)��& ! �/+P"
)?% 1�4 1�4N-MORB.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

                             7 / 10

http://ijcm.ir/article-1-438-fa.html


H�{6 �1$9N� �7+= �
�� ��4��K� �� ���G ! �/����+,& �,|�3)"
) �/� z��

Alk 
Tran 

Thol 

VAB 
WPB 

MORB 

-1 1 10
Nb/Y 

Ti/Y 

■▲ 

9:�N��)��& /�"& ��+� 1�4��)�+9� 1!�"& Tl/Y-Nb/Y][n[ "5�# ��1��)��& ,P 1�4���
�� �)"P c�NAO 3!�� $�"�# .<E;� �&�(� a�K-
h�/) .

9:�;O)�+9� ��)��& ��'���� �B+V.�- � "5�# 1�41�2�
�� 1�/)  $� 1��/ 1��- �
�$�= �& �= 3+��4 ][l[<E� �&�(� a�K-h�/) .

9:�;;�V�� �)�+9�Dy/Yb �& �V�� La/Yb][u[��+9� 1)"& /�"& ��+� 1�4��� 3�(� )� ���!�"� ����#  �'5/�6 $4� .<E� �&�(� a�K-
h�/) .

Eu Yb Pm 

●▲▲ ▲■

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

                             8 / 10

http://ijcm.ir/article-1-438-fa.html


$,%[� ��9� �g?�
�> �[g�i @�/@�/ �/��� "5�# 3)+% ���(A(BC 1�4 1. . .z�o

��?7�� 

�/�"& )"NO 1�4�
@�/ �/������ 3�(� �
��9��+�J !$4�
 @�/ �= ��(;A(BC 1�;4� "5�;# 1�;2�
�� 1j+;� �) 3+��;4 

�)�+
��)��& ! ��)��& ��41,P ��4�� 1)�)� ;���

$;/ R�;/) .
��I �=�6 ���� ! 7��9= "O��- c)"��]B 1+'�) �#$�LREE 

)WV/ �=�6 ���� "O��- (�& �V��HREE)"O��- �=�6 ���� 
��'�/ (�� 3�(� )� & �G $4���5;�+#  �'5;/�6 "'��1�;���# 

�%�� �& �5��!�"��41)"& �(�& 7!X ��
�> 1)
@�/ ��/�4 .
��I �#$�LREE& �+V� !���|�41Eu @�/ �� �5�)��& 1�4

 "5�#1�2�
�� 1�#�
! �"F� 3+��4 ��(;A(BC 1�;4�3!�� 
�NAO d(= "�) �� �= �/) 1) � 1�4 �;
)"'94 �9� �= �,N

 1��(;	 a
J� 8�9-) ! 3�]	) Q+,& �9/ �& c+� Q+,&Z�;�"& 
�5/+> "&1E(B � �)� U� 3)"
) :"� ��/)  $� <.

P���� 
[1] Walker R.T., Gans P., Allen M.B, Jackson J., 
Khatib M., Marsh N., Zarrinkoub M. H., "Late 
Cenozoic volcanism and rates of active faulting in 
eastern Iran", Journal of Geophysic (2009) 23P.   
[2] Huber H., "Geological map of South-East 
Iran", 1:1000,000 series (1977)Sheet No.6. 

]g[B�V��PC�j.�"����/����)
3)"";�� 3����/ c)��(5�) ���-
/�����$F� c�	�(5G) !���+(G )�x�x(gul �NAO.

[4] Alavi-Naini M., Lotfi M., ˝Geological map of  
Bandan˝, 1:100,000 series, 1980,sheet 8152. 

]n["&"&
3�*.�˝/�"& ! d4!�>�;��  �"� �) �6�;/ �;
3)"˝�
�� 3����/��;/���� ��9;� `�)?;# ��+(;G z�)�x��(�

��Z�k.
[6] Shelley D., ˝Igneous and Metamorphic rocks 
under the microscope˝, Chapman and 
Hall,University press, Cabridge, Great Britain, 
(1993) 445. 
[7] Righter K., Rosas-Lguera J., ˝Alkalin Lavas in 
the Volcanic Front of the Western Mexican 
Volcanic Belt:Geology and Petrology of the Ayutla 
and Tapala Volcanic Fields˝, Journal of Petrology 
(2001) 2333-2361. 
[8] Nelson S.A., ˝magmatic differentiation˝,
Petrology, Tulane University, 212(2010) 15P.    
[9] Winchester J.A., Floyd A., ˝Geochemical 
discrimination of different magma series and 

immobile element˝, Journal of  Chemical Geology, 
Vol.20(1977) 325-343. 
[10] Irvine T., Barager W., ˝A guide to the 
chemical classification of the common rocks˝,
Canadian Journal of Earth Science 8(1971) 523-
548.
[11] Middlemost E.A.K., ˝The basalt clan˝ , Earth 
Science Reviews 11(1975) 337-364. 
[12] Chen Y., et al., ˝Geochemistry of Cenozoic 
basalts and mantle xenoliths in Northeast China˝,
Lithos96 (2007) 108-126. 
[13 ] Wilson M., ˝Igneous petrogenesis: A global 
tectonic approach˝, Springer (2007) 466P. 
[14] Meschede M., ˝A method of discriminating 
between different types of mid-ocean ridge basalts 
and continental tholeiites with the Nb-Zr-Y 
diagram˝, Journal of Chemical Geology, 56 (1986) 
207-218. 
[15] Pearce J.A., Cann J.R., ˝Tectonic setting of 
basic volcanic rocks determined, Using trace 
element analysis˝, Journal of  Earth planet, 
19(1973)290-300. 
[16] Sun S., McDonough W.F., ˝Chemical and 
isotopic systematic of oceanic basalts: implications 
for mantle composition and processes˝, In, 
Magmatism in the Ocean Basins (eds. A.D. 
Saunders and M.J. Norry)˝ Journal of  Geology, 
(1989)313-345. 
[17] Schandle E.S., Gorton M,P., ˝Application of 
high field strength elements to discriminate 
tectonic setting in VMS environments˝, Journal of 
Economic Geology (2002) 629-642.                 
[18] Kuepouo G., Tchouankoue J.P., Nagao T, 
Sato H., ˝Transitional tholeiitic basalts in the 
Tertiary Bana volcano-plutonic complex 
Cameroon Line˝, Journal of African Earth Sciences 
45 (2006) 318–332. 
[19] Hirchman M.M., kodifo,T., daker M.B., 
˝Calculation of  Peridotite partial melting from 
thermodynamic models of minerals and melts˝,
Journal of  Petrology.39 (1998) 1091-1115. 
[20] El-Hasan T., Al-Malabeh A., ˝Geochemistry, 
Mineralogy and Petrogenesis of El-Lajjoun 
Pleistocene Alkali Basalt of Central Jordan˝,
Journal of Earth and Environmental Sciences               
( 2008) 53-62 . 
[21] Gourgaud A., Vincenet P.M., ˝Petrology of 
two continental alkaline  intraplate Series at Emi 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

                             9 / 10

http://ijcm.ir/article-1-438-fa.html


H�{6 �1$9N� �7+= �
�� ��4��K� �� ���G ! �/����+,& �,|�3)"
) �/� z��

Koussi Volcano˝, Tibesti,chad. Journal of Volcano 
Geology 129, ( 2003). 261-290. 
[22] Shaw J., Baker J., Menzies M., Thirlwall B., 
Ibrahim K., ˝Petrogensis of the largest    intraplate 
volcanic field on the Arabian plate (Jordan): a 
mixed lithosphere-asthenosphere source activated 
by lithosphere extension˝, Journal of Petrology 
44(2003)1657-1679. 
[23] Parlak O., Kop A., Onlogenc U., 
˝Geochronology and Geochemistry of Basaltic 
Rocks in the Karasu Graben Around Kirikhan 

(Hatay),Turkey˝, Journal of Earth Sciences (1998) 
53-61. 
[24] Yang Z., Luo Z., Zhang H., Zhang Y., Huang 
F., Sun Ch., Dal J., ˝ Petrogenesis  and  Geological  
Implications  of  the Tianheyong Cenozoic Basalts, 
Inner Mongolia China˝, Earth Science Frontiers16 
(2009) 90–106. 
[25] Tirrul R., Bell L.R., Griffis R.J., Camp V.E.,  
˝The Sistan suture zone of eastern Iran˝,
G.S.A.Bulletin,vol.84,(1983)134-140.

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://ijcm.ir/article-1-438-fa.html
http://www.tcpdf.org

