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

�÷

����� ��	
 ���������� ������� �����	������� ������
 ����� � ���� ��� 
��!����"# ��$�� ���� %�� �&�� 

�������	 '���� ()*�+*��* �����, �-.�+/��� 0�, �(12+������ ��	��& �3

 �!"#
" �$
#%& �$
#%& '�()�"� ��*+%, -./0 '12)�"� �3+�4 -./0 '5#6 
��!"#
" �7+8��" ��/+8��" 9�:� '�()�"� �3+�4 -./0 '5#6 

/4�52 :���;<���= >+/
"4 �
"4 ���<�?!�@
�8�AB !�CD" �#E" !�CD#�F G#F �� !"��%D�" �
"4$/	 �D" HI"5 �I#F .�(<D K�E1L"5
'4"16 5 M.& 7��F ���;<� '1N0 �="#& 5 �C
41�B K�E �C
41�B�C�8"5 3D.O" �8 3+�?.8���= !�8$+� �= '� �6� K4�D P, K"1<C�E .

Q<D 3
"R./:� SD.& �E K�E�8��#6 T.�CD� ���D#6� #C)+8 >+/+	 ��/
U�B ���+/+D )$&�".=��+�
#D ('1F �C+/+?5#? 51�".
�D�#8 3+�4 �
�+N+F�<�?�� !�)� ��;<� 3
" �� ���D#6� K�E �� �= 1E��<�? K1+D" �+E�� 7+�� �8 ��+/+D +DR��E5

��& �!�8$+� Q<D 1
1F K.)C�F �61F#C)+8�D" '�"� V� �0#	 5 �/W" #W�<0 .�ND �8 �
.)8B !"$+��<�? 7+�� �8 �C+/+?5#? 
X
"$	"pHR./:�!�D#6� K�E = �'1<<=#CN�D" '1F .�	#, 4"����= �.Y5 ���= 1<��� Z�8 �:;D [\Y �8 �
�E ]0�8 �D� K�E

" K��+�8 $=#N& 5 �+%^& �� #W�<0 4�<�?�D" '1F �C+/+?5#? 5 >+/+	 ��/
U�B K�E .#W�<0 ��C	� �D�#8���� �=�_ )REE(���<�? -
Q<D �8 �%�� '1F ��+/+D K�E K�E���)`)&B�� !�)� ��;<� 3
" �� a��D b�C%�� �= 1E�#C)+8 #W�<0 3
" T.�CD���& �61F

'1F1�" .c_�F K�E3+�4� 1<��� �
�+N+F�"1� TiO25)(Ce + Y + La) – (Ba + Sr !�)���R./:� �= 1<E� �"$�5�� �8��#6 K�E
 �� �N�� ��+�8 X��T#C�6 �<�?�CF"� ��;<� 3
" �� ���D#6� K�E 1�".

/7�8�4��, ���:#W�<0���� �=�_ d>+/+	 d�C+/+?5#? d�/
U�B d��+/+D d���D#6� d#E" >+/
"4 d!�@
�8�AB �I#F.

�	49	 
�;<� �� >+/
"4 KP, X�81+�" ��<�? �� !"��%D�" �
"4$/	 

�D" HI"5 #E" !�CD#�F G#F .�<�? 7+�� �8 !"��%D�" �
"4$/	 
�6e
53+�4 K�E ���= #f� 4" ��D�<F g� �P, K4�D5

'e
5 �+NE" 4" !1%+�.� �D" �"��._#8 K".3
" �� ��<�? h".�" 
���= g� K#+	�.? �
"4 �!1%+�.� ] ��[����2D" �3EB 5 g� 

]k[5�
��#6"#	 P, ]l��[�8 �C�8"5'�.& 3D.(+�" KA.`� K�E
'1F 7+2)& 1�" .���D#6� 9,�<� '�#C�6 �.mL �8 �Y.& �8

 5 !�@
�8�AB �+L�� �� �/
U�B 5 ��+/+D�<�? 'U5#? �!"��%D�" 
3
" �� K#+	�.? g� 5 P, M�)C="�<�? h.n.� XE5e?K�E 

3+�4 !��4�D SD.& '�#C�6 F�.)= ��1*� o�	�)C=" 5 �D�< 
C	#6 �"#I M�)C=" �
.�5" �� 5 '�.8�1�" .'#C�6���= �
"4

 R�D �� >+/
"4 kpq KP, M�)C=" 'U5#? r��I �� 5
�
��#6"#	 �� K#+	�.? g� 5�<�? �
�D�<F !"��%D�" F1.

��;<� 3
" �� �	�)C=" o�+/N0������.N� o�.W �8 K�"�#8
��.W"�6� 4" �:;D �, 5 1
�#6 -�@�" ��;<� ��+/+D K�E
R�D K�E kp  �&  kpk�N+� M�)C=" o�+/N0 7��F �/+s`&

 5 �)�"#& #`L�D�#8K�E 3+�4�8 �2
$+	 T5�K�E �
�? #8 
�2
#C2�" 'e
5 ��5��� (RS)5�
���" X%;I (IP) -�@�" F1.

5 �:;D o�	�)C=" 4" '1�B �D18 o�0P," 5 t
�C� u�D"#8
∗'1<�
.�3`/& �R.v�� :q�k�k��k����2+�5#C2�" ��? �:A.s.Miranvary@gmail.com 

5 ��+8 R�DaC`E w��NF �-5� �!�C�8�& �px:`W 4" �kl� �& kyq 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

34
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
20

 ]
 

                             1 / 14

http://dx.doi.org/10.29252/ijcm.27.2.347
https://ijcm.ir/article-1-1270-fa.html


'�+D �K#6P= �K�.�"#+� �8"#�D �a)z !"#
" �D�<F ���= 5 �D�<F�./8 �/@� klp

�N+� ��:;Dp�<+)+8 1L 9N0 �8 �
�D�<F ���N6  qp #C� 
R�D �� K�E kpp 5 kp��6� K5� ���= K�E'1F K4�D #`L

9+I� o�0P," �& 1
�#6 = �+*n5 4" K#&��� 9N0 �� P, K4�D
�8 1
B �D� .t
�C��D�#8 K�E !��4�D �� '1F -�@�"

3+�4 �O"�" �F�"$6 r��I �� �D�<F �D" '1F]y[.
XE5e? 3
" ��u�D"#8 #W�<0 5 �0#	 ��/W" #W�<0 �=�_

���� �<�? ��;<� 3
" �� ���D#6� K�E��C	� o�+O$Y ��
��� 5
�<�?Q<D �8 !�D#6� K�ED b�C%�� K�E S
"#F �a��

���= 5 ���D#6� R.v�� R�+D �
�+N+F.2
$+	 o1F 5 K4�D
R./:� h.� 3+<{NE ����D#6�!�D#6� K�E �D�#8 '1<<=

'1F1�".

:8������ 
�D�#8XE5e? 3
" �� �E �E�()
��4B 5 �
"#:W X�8 5� �� 

�D" �C	#6 o�.W .�8 ��;<� 4" 1
�4�8 �
"#:W X�8 ��
"5 >+2`& 5 �8�
4�" �.f<� 5 ��;<� �(<D K�E1L�<�? K�E

1F -�@�" ���D#6� .�
�D�<F 4" g?�<�? ����D#6� K�E
��.N� K�"�#8 ��.W" 4"���B #CN= !�8$+� Q<D �ND �8 

!�D#6� 1F -�@�" '1F .��.N� 3+8 4" �"1*& �'1F �F"�#8 K�E
�q 4" �/�+W 5 |4�� H;�� �<�? Q<D 5 !�D#6� K�E !�8$+� 
�+�& 1F ��.� 5�#8�DK�EQ<D ���= 5 K��(� �"#I K��(�

1<C	#6 .�� c+�)& 78�I#+} �
�+��= K�E4�	 3++*& K"#8�<�? -
��.N� 4" �m*8 ����D#6� K�E g2
" .&#? T"#? T5� �8 �E

XRD) ( !"#
" ��1*� �".� K�5"#	 o��+�:& $=#� �� �D�#8
1�1F R51Y �� ���B t
�C� �=  �D" '1�B .K"#8 3++*& 

��/W"#W�<0 ��O$Y 5 �0#	pT5� �8 ��.N� ~+, K�E �@<D
 .&#? g��D�.v/	X(XRF) 5~+, K�NDP? K�.� #)� �@<D

 �
���" '1F �`Y–OES) ICP('�()
��4B �� $=#� K�E
5 �#= �� !"#
" ��1*� �".� K�5"#	 o��+�:&~+, �@<D

�
���" '1F �`Y K�NDP? K�.� ��#Y (ICP-MS) ���=#F
 !"#�& �� ��4B�41�1F �
$@& R51Y �� t
�C� �= �1
�#6 �O"�" .

��	
 �9;�	 ����� 
R�NF �� !"��%D�" ��;<� �!"#
" [#}���
" 4" �2
 �
"4$/	 K�E

g��!1%+�.� ��C_�<F !"��%D�" �<�? -�� �8 �= �DP, 
�� �6e
5 7+�� �8 5 �.F 3+�4 K�E �D�<F �'�".NE !B �
"4$/	 

D" '�.8 !�D�<F 3+�4 �Y.& ��.��.a+��& u�D"#8 K1<8

�<�? !"#
" K��C_�D K�E]�[4#%�" �<�? �� ��;<� 3
" ��
�� �"#I !�@
�8�AB �#+6)72F ~�" .(

�+��*	 �� !"��%D�" ��;<� �� >+O54.<D �
�N6�� K�E
!��4 �6e
5 �8 �Y.& �8 �~/C�� K�E K�E3+�4�C_�D�

!B �
�N6�� ���= �8 K4�D K�E'e
5�D" '"#NE .� 4" ����4 #f
���= 5� �� !"��%D�" ��;<� �� �
"4����4 H;�� 3D.+� 3+)+?

)!1%+�.� 5 g� (3D.+� 53+�?)P, 5 g� (�D" '�"� V�.
���= K4�D �<�? �8 '"#NE �
��#6"#	 5 K#+	�.? h.� 4" �
�E K�E

 ���D#6�'�#C�6 �� Q<D���)`)&B K�E 7+2)& 3D.O" 
'1F 1�" .'�.& K�E�%F ���)`)&B 3D.+�3+)+? K�E�����= 

K#+	�.? h.� !1%+�.� 5 g� 4" �6�$8 ��8 �C�8"5 5 ����2D" 
'�"� 7+2)& KA.`� '�.& 1�" .'�.& 3D.+� ���)`)&B �%F K�E

���= �8 '"#NE 3+�? K4�D 4" �N�� K�EP, 5 g�±!1%+�.�
1<C�E �
��#6"#	 �
 5 K#+	�.? h.� 4" #C)+8 ]p[.

�N
1I �(<D 1L"5 3
#& 3D.O" K�E1L"5 �>+/
"4 ��;<�
1<C�E 3+�? ]�[.7��F ��;<� �(<D K�E1L"5 3
#CN��

Q<D'4"16 5 K�"5B�AB K�E 3D.O" 3D �8 ���)`)&B K�E
>
"� �3+�? �8 �C+�.
� K�E1L"5 5 3D.O" 3D �8 �C
41�B K�E

 �D" 3D.(+�" 3D)72F [.(!�8$+� 3+�? 3D.O" K�E1L"5
���= �6� K4�D <� �� K"R./:� #�" �� 5 '�.8 ��; �8��#6 K�E

'1F ���D#6� T.�CD� 1�" .Q<D 3
"Q<D 7��F �E K�E
'4"16 5 K�"5B�AB 5 �C
41�B r��} r+=#& �8 ���)`)&B K�E

�="#& '�"� XF.? "� ��;<� '1N0 X�8 �= 1<C�E �C
41�B 1�" .
Q<D �N�I �� 5 1<C�E �C
41�B M.& h.� 4" K�"5B�AB K�E

 ��;<� �I#F1��"� K#C)+8 T#C�6 .'4"16 �8 ���)`)&B K�E
M.& K5� #8 ���
#Y o�.W�C	#6 �"#I �E r+=#& K"�"� 5 1�"

1<C�E �C
41�B .�
��2
"� �� 3D.O" 3D �8 SD"51L r+=#& �8 
�N
1I K�E1L"5 '�#= A.`� #& 1�" .>
"� 3
" ��.N0 1�5� �E

���NF �aE �%
#�& 5 '�.8 �8.<Y 7�6 �8 1�5� 5 �E
2F�(C� �6� �= �D" �
�E ���= K�E "� ��;<� '1F K4�D

�� 7+2)& 1<E�.$+� ��;<� �(<D K�E1L"5 3
#&1
1Y 
Q<D�C+�.
� K�E��D" 3D.(+�" 3D �8 �C+D"�.
� ]�[.

7�6 ���;<� 3
" ���(C�2F 5 �E �= 1��"� �.Y5 �
�E
 K"#8 �%D�<� 7:� 5 '�#= H;I "� 3D.O" ���)`)&B K�E1L"5

/:� 9
�$&R.'��5B �.Y5 �8 �8��#6 K�E 1�" .R�+D �.%0 K�E
�(C�2F K�CD"� �� �8��#6 7�6 5 �E ��@
" #8 !5$	" �E

���= !1F �C)�� rY.� ����D#6� ��;<� 3
" �� K$/	 K�E
�D" '1F.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

34
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
20

 ]
 

                             2 / 14

http://dx.doi.org/10.29252/ijcm.27.2.347
https://ijcm.ir/article-1-1270-fa.html


1/Y���'��NF�!�C�8�& � k�p3+�4 �D�#8 �<�? �
�+N+F�6� !.�"#+? ���D#6� K�E K�E . . .kl�

084<+K�E.(�" 4" '1�B#8 t
�C� XRD��.N� �_#8 >+/
"4 ��;<� K�E.
���,�*�= ������,��.� ������������� ����� /���

�+��8.C�
#= $&�".= ��+/+D Th-1 
�+/
" ��+�
#D $&�".= ��+/+D Th-4 

�+/
" �+�
#D �$&�".= >+/+	 Th-5 
�+/
" +�+�
#D �+<+�.O�= �$&�".= �/
U�B Th-7 

��.� �+�.
�.� +4�&��B +�
.2D.� +�
#/= �+/
" �$&�".= �/
U�B Th-8 
�+�/= +�+�
#D +&��B4��
#/= �$&�".= �C+/+?5#? Th-9 

084<3�
$@& t
�C� K�EXRF ICP-OES, 5ICP-MS��.N� >+/
"4 ��;<� �� �D�#8 ��.� K�E.
Th9

� >#�
Th-8
� 7 #

Th-7
� 7 #

Th-5
� � =

Th-4
�

Th-3
�

Th-1
�

/����� @������ /���
q�/�� �y/y    /�� ��/�� yy/p�  �/p� q�/p� p�/�q SiO2 %

�y/�q qk/�k kk/ � q�/ l ��/�yl/�k�/�q�/ � Al2O3

� / �l/ qp/ ��/q y/ y�/q p/qlk/�FeOt 
�p/�p /ql�/q��/q p/q�l/ql�/qy�/yCaO 
�y/l� / qp/qq�/q �/q �/q �/qqy/yMgO 
k�/kqp/q  /qq�/qq�/qqp/qq�/q��/kNa2O

ql/k�q/�k/lqp/kq�/q��/ql / l/�K2O

y�/qy�/qlq/qk /q �/q q/q  /q��/qTiO2

��/qql/ql�/qq�/q��/q�p/qq�/qk�/qP2O5

 /q y/q��/q l/q�k/qk�/q q/q �/qSO3

 p/pk�/l�l/llp/�yy/��l/llk/ p/�)LOI(���	�� C=�
k/y� �/ kk �/ �q �/ k  l/�� �/p  �/pk �/p� Rb (ppm) 

�/lp� p/ ��  y/ qq� p/ y�y p/� q  /���  /yyq �/�lq Ba 
k/ �q �/��q p/�q� y/  q �/y l �/��q �/�k� �/y�  Sr 

pq/�q/kkk �/��k  / y� q/�yl q/l�k  /�l q / q Pb 
�/ y� l/ �k p/ qp  / �   /�q �/kk l/kp  /�k Zr 
�q/ � lq/�� �q/ k � / l   /�� /p q/ k k/ l Nb 
lq/�lq/�pq/ y /� �/qp�/q�q/  q/�Ta 
p /�lq/�k qq/   lq/ k pq/ l k/ � �q/ �   / p Ga 
q�/  q/ ��/q��/q�p/qqq�/ �p/qq / Ag 
q / qq/ �p/qq�/ ��/q�l/qqq/ q / Cd 
 q/l  q/kqp q�/p�  / �� q/ �� q/  � q /kp  q/ky Cu 
q�/pp q/ypy �/ qk q/� �  /ll �/�p q/��  /y� Zn 
�q/k� k /�� �q/ p y�/ l �q/ � � / k qq/ q  q/k� Co 
l/ � q/ �  / l q/ q  / � �l/�p�/� / � Ni 
�/ lq  / ky �/ll  /p� k/kl p/kl �/k� �/ �p V

�/ky �/kk  /k  y/kk �/ p q/�  �/ � l/kq La 
l/�� q/k� l/kp p/yy  / q �/ � k/�� q/k� Ce 
�/y /y /p�/yk/yy/l�/y�/yPr 
l/�y p/kq �/ � �/ky �/ p q/ y p/ � l/k  Nd 
y/��/��/ll/�p/kk/��/kk/�Sm 
q/ q/� /�y/�p/qy/qq/ q/�Eu 
y/yl/��/�k/y�/ q k/�y/   �/ k Gd 
k/k�/�l/k�/k�/��/ p/ y/lDy 
�/q�/qp/q�/q�/q�/qp/q�/qHo 
p/ p/ �/�p/qy/q�/ql/q�/ Er 
y/q�/qy/q�/q�/qy/qq/  / Tm 
�/ �/�q/�k/ k/ �/q�/ p/ Yb 
l/q�/q�/ql/qp/qy/qp/q�/qLu 
�/yy/ l l/pp/�k/� /pq/ q �/ q Sc 
l/�y �/ �  /   �/pq/y�/p / q �/   Y

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

34
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
20

 ]
 

                             3 / 14

http://dx.doi.org/10.29252/ijcm.27.2.347
https://ijcm.ir/article-1-1270-fa.html


'�+D �K#6P= �K�.�"#+� �8"#�D �a)z !"#
" �D�<F ���= 5 �D�<F�./8 �/@� k�q

D5�+)~�" ('�(
�Y�<�? �)�� #8 >+/
"4 ��;<� 5 !"#
" K��C_�D K�E)[(3+�4 �)�� Q<D K�E1L"5 #8 !5$	" �= >+/
"4 ��;<� �D�<F -
�<�? ��D�<F�6� 5 ���D#6� K�E '1F c�)� !B #8 $+� $&�".= K�E 1�" .

��@���E��9;�	 �E�� ���4F�8 
�D�#8Q<D K�EK��(� '1F -�@�" �K�"5B�AB K�E1L"5 #8
'4"16 >
"� ����)`)&B K�EQ<D 5 SD"51L K�E �C+�.
� K�E

 #
4 �#F �8�D":
K�"5B�AB K�E1L"5(Epa):Q<D 3
" K"�"� 5 '�.8 M.& h.� 4" �E

 3F5� $%D Q��1<C�E .Q<D 3
" �E#C)+8 ���
#Y �	�8 !�)�
�� *;I '4"1�" 5 1<E���(<D K�E 5 '�.8 �F�� bZ.N*� ���B �� 

�C
41�B r+=#& K"�"�1<C�E .4P=.
UP?)�q� �(%3
#CN��
Q<D 3
" ���=�E�D7=�� 5�C�
�1<z�� !�)� 1E� .$&�".=

) q��(%���D1/	 ��
�+/I)4" #CN=% q(���= 5K�E
 ���B �� #CN= �"1�� �8 3
$+<�5#	
�'1���.F .

'4"16 ���)`)&B K�E(Ea):Q<D 3
" r/}" ���)`)&B K�E
 K#+	�.? �	�8 K"�"�)72F�~�"(5�E�6 �(<D$
� K#+	�.? 

K"�"� 5 '�.8�./8 �F�� �+&.+8 5 R.%+`�B �4P=.
UP? K�E
1<C�E .4P=.
UP?)lq�kq(%4P=.(+�" 1L �� �%+=#& #f� 4"�
3
41�B�D" o�.W �8 5�F���./8 �<+�4 �� �./8$
� �
 5

�� '1
� Q<D 4" r/}" 5 �.F�%����= �8 �+�
#D ��D� K�E
�D" '1F �
$@& o�<8#= 5.���= 3
#CN�� �� 3
$+<�5#	 K�E

Q<D 3
" #CN= �"1�� �8 5 �+&.+8 5 R.%+`�B h.� 4" �E

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

34
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
20

 ]
 

                             4 / 14

http://dx.doi.org/10.29252/ijcm.27.2.347
https://ijcm.ir/article-1-1270-fa.html


1/Y���'��NF�!�C�8�& � k�p3+�4 �D�#8 �<�? �
�+N+F�6� !.�"#+? ���D#6� K�E K�E . . .k� 

�D" 3�=5#+? .R.%+`�B)�q� q(%1</%��.E h.� 4"�D" .
�+&.+8 )4" #CN=% q(o�.W �8 bZ.N*��./8 �F�� K�E

�� '1
� Q<D 3C� �� '1<="#?�.F .�8 bZ.N*� $+� $&�".=
�{6� o�.W 5 K"�E�6 Q<D �<+�4 �� ��"�$
� ��"� �.Y5 .

>
"�1L K�E SD"5 (DK):Q<D 3
" K"�"� �E�$�5#8 �� �E
'.�I �& K#C�=�_ Q�� 1<C�E K" .>
"� K#+	�.? �	�8 K"�"� �E

 1<C�E���= r+=#& 5�C
41�B K�E1L"5 �8�)� ���B �D�<F
1��"� ����2
 '�(CD�_ bZ�NCL" 5 �D" .

Q<D �C+�.
� K�E(Rh):Q<D 3
" K�E�./8 �F�� K"�"� �E
 $&�".= ��
��._ �N+� 5 ��
��._)kq���(%a+D�C? �

���D1/	)�q� �(%4P=.
UP? �) q��(%R.%+`�B �) q��(%

c+�)& �E�6 5 1<C�E ���D#6� o1F 7+�� �8 �+�5" Q<D
�D" �".F� ��+�8 .���� 5 �+&.+8 �8 $+� 3`D" 5 �1= K�E

���= o�.W1��"� �.mL �0#	 K�E .�6� �.Y5��{6� K�E
Q<D 3
" �� $&�".= K�E�./8 �F�� 5 �D" R.N*� ��+�8 �E

�@+/_ �6��._ ���L Z.N*� $&�".= )72F�[(1��"�.

������� 
3
" �� ���D#6����D#6� 7��F ��;<� �"$�5#8 5 �"$�5�� K�E

�D" .�D�#8 u�D"#8���D#6� '1F -�@�" K�E 4" �"$�5�� K�E
 >+/+	 ���+/+D �<�? 7��F �6� �%� �ND �8 $=#�)$&�".= �

�+�
#D(�D" �C+/+?5#? 5 �/
U�B �.

D5�3Q<D �?.2D5#2+� #
5�s& �<�? 5 ��;<� K�E���D#6� K�E) :~�" (�	�8Q<D�� K#+	�.? ����)`)&B K�E)[(�6��._ K"�"� $&�".=
 ��+�.
� �� �@+/_)�(��51�/= �� -#	./= �	�8) .o(���= 5 �+�
#D �.Y5 �$&�".= o"�A 3+8 K�m	 �� �D� K�E)�(���= �8 �+&.+8 7
1%& -

5 �1= K�E)�(�+�
#D �8 4P=.
UP? 7
1%&) .Pl :  �4P=.
UP?Qz : �$&�".=Bt :  ��+&.+8Op :���= ��1= K�ESer :  5 �+�
#DClay : ���= K�E
�D� .���= K��sC_" aOP0 HY#� 4" �C	#6 #8 �D�<F] q[.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

34
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
20

 ]
 

                             5 / 14

http://dx.doi.org/10.29252/ijcm.27.2.347
https://ijcm.ir/article-1-1270-fa.html


'�+D �K#6P= �K�.�"#+� �8"#�D �a)z !"#
" �D�<F ���= 5 �D�<F�./8 �/@� k��

� ���� ���� :�<�? 3
#CN�� 4" �� �.Y.� ���D#6� K�E
 ��+/+D �<�? ��;<��D" �6� ��<= #C)+8 �= ���= K�E K4�D

�? �� �D10 o�.W �8 �E�6 5 �D" '�"� V� '1F�<K�E
�� '1
� �/
U�B �<�? �/NY 4" #(
� ���D#6� �.F .3
" Q��

'.�I �& K#C�=�_ 4" �<�? 7_"� !5�� �E�6 5 '�.8 #+�C� K"
Q<D�D" '�"� V� $+� �C
41�B K�E .4" '1�B#8 t
�C� u�D"#8

 K�E.(�"XRD���= 3
#CN�� $&�".= 7��F �<�? 3
" K�E
)4" X+8pq1W�� (�+��8.C�
#= 5)N=4" #C q1W�� (

�+�
#D �N= #
���� SD.& �= 1<C�E)4" #CN= q1W�� (
�� �E"#NE 1�.F .�{6� o�.s8 $&�".= �Q<D �<+�4 �� K"

'#`L '1<<=#? K�E$&�".= �./%&4�8 �
 5 �<+)��Y 4" ����_ K�E
�D" '1F 7+2)& �+�5" .�
 5 $
� o"�A o�.s8 ��51�/=

�{6� o�.s8 -#	./= �	�8 �8 K")72F��(#CN= �"1�� �8 5
�� '1
� �0�*F �	�8 �8 �.F .���= 5 �+�
#D $+� �D� K�E

 $&�".= o"�A 3+8 K�m	 5 Q<D �<+�4 �� $
� 5 '1<="#? o�.s8
)72F�o(���= #8 �<+)��Y o�.s8 �
 51<��� �+�5" K�E

'1F 7+2)& �+&.+8 5 ���D1/	 �4P=.
UP? 1�".
����= ���� )GH���,IC� ��� (:��;<� 3
" �� >+/+	 �<�?

 �<�? ��<= 5 o�5�@� �� �= K�.;8 ��"� K�51:� T#C�6
�� '1
� ��+/+D Q<D �� 5 �.F �8 5 '�"� V� �C
41�B K�E

�� 7
1%& >+/
U�B �<�? �8 t
�1& �.F .���= 3
#CN�� K�E
 $&�".= 7��F >+/+	 �<�?)�51L���&yq1W�� (�+�
#D �

)�51L ��&�q1W�� (5�8#CN= �"1��)4" #CN= q1W�� (
���= �D� K�E)�+/
" #C)+8 (���= 5�D" �1= K�E .3
" ��

���= �E�6 5 �+�
#D �8 �E4P=.
UP? ��<�? !�D#6� �D� K�E
'1F 1�" .���= �8 $+� �+&.+8 5 R.%+`�B 1<��� 3
$+<�5#	 K�E

'1F 7
1%& �+�
#D 5 3EB K�E1+`�.D 1�")72F��.(
����7�# ��� :'�#C�6 5 3
#CN�� 3
#&�<�? �� ���D#6� 

>+/
"4 ��;<��<�? �/
U�B ���D#6� �D"E�6 �= ��<�? K�E
$&�".= 5 ��+/+D ���D#6��!B �� �D10 o�.W �8 �C+�
#D 

�� '1
� 1�.F .3
"�<�? �� K�CD"�7�6 �(C�2F 5 �E K�E
Q<D 5 �C
41�B K�E!.�"#+?�6� '�"� V� ��+/+D K�E �D"5

�6� M"#," �� !B ����n '� �& �E�� $+� #C� �E 1D� .�.Y5
 3
" �� 3EB K�E1+�=5�1+E 5 �E1+�="�<�? ��@
" ]0�8 

�D" '1F �@���� 5 ��4 �$�#I K��(�� .3
" ���<�?�b�%
#�& �NE 
�E���D1/	�
�+/I K���= �8 4P=.
UP? 5�D� K�E)4" X+8pq

1W�� (5�8 ��".� �_#8 �� �+�
#D )72F��(7
1%&
'1F 1�" .t
�C� XRD 5�D�#8K�E Q<DK��(��� !�)� 1E�

 SD.C� �/
U�B h.� 4" ���D#6� �=�D"���= 3
#CN�� 5K�E

 3
" �� �D��<�? 5 �+<+�.O�=#CN= �"1�� �8 5 �+/
" 7��F 
�+�.
�.NC�.�1<C�E �$&�".= 4" K#CN= #
���� SD.& �= 

�E"#NE �+�/= 5 �
#/= ��+�
#D��1�.F.���= �D� K�E
 3
" ���<�?�8���= 3+)��Y �)�8 �
 5 7��= �., �+�5" K�E

���D1/	 5 4P=.
UP? 1<����
�+/I�{6� o�.s8 �
 5 '1F 5 K"
�� '1
� ���_ K�m	 '1<<=#? 1�.F .

�����$����8�� :�Y��_ 3
#&�<�? ��;<� 3
" �� ���D#6� 
�<�?$%D K#E�� �8 �= �D" �C+/+?5#? '1
� ��;<� �� Q�� 
�� �C+/+?5#? ���D#6� o1F 5 �.F!.�"#+?>
"� K�E

�D" #C)+8 �C
41�B .3
"���<�?�4P=.
UP? �E���= �8 K�E
 �D�)4" #CN= �1W�� (o51+?" �)4" #CN= q1W�� (5
�+�/=)4" #CN= q1W�� ('1F !�D#6� 1�" .�� �/W" ���=

 3
"�<�?�D#6� 4" �= �D" �
#/= ���= �� 1<��� >+	�� K�E
 1</%��.E 5 �+&.+8 ) ��&�q1W�� (�D" '1F 7+2)& .
�
�+��= �0.N@��<�? ���D#6� K�E�"$�5�����= SD.& -

���D#6� �8 �.8#� K�E�"$�5#8 78�I T#C�6 �8 ��;<� 3
" �� 
�fLP� ��F.? K"'1'1F 1�" .���= 3
" 3
#CN�� 4"�� �E �8 !".&

�1+E 5 �E1+�=" 3EB K�E1+�=5)5 �+&.6��+�.N+� ��+&�NE
�+D5��Y(g� K�E1+`�.D �)�+D.2��= 5 �+�5.= (���= 5-

�#= '��F" �D� K�E.

�������	
 ����������������� ��� 
����D#6� 1<
"#	 �, �� �E1+�=" 5 #W�<0 ��C	� �D�#8 ��Y

�<} 7��0 �61F (E.F.) �;8"� u�D"#8 1F �%D�:� #
4 
]  [:

E.F. = [( ��.N� #s<0 !�D#6� K�E / �C
41�B ��.N� �
�="#& �C
41�B  #s<0) -1  ] × 100

-�@�" o�%D�:� t
�C� R51Y �� '1Fk�D" '1�B .

JK� 
�*�= 8 ��.� �.��* 

3+�4 �D�#8�� !�)� #W�<0 3
" �
�+N+F 3
#C)+8 �= 1E�
�<} �"1�� �8 �.8#� �/W" #W�<0 3+8 �� �61FSiO2�D" .

�� #s<0 3
"�<�? �NE �<} ���D#6� K�E �� !�)� �61F 1E�
)72Fk~�"(�<} !"$+� �= #(
� 4" ��+/+D �<�? �� �61F

�<�? #&Z�8 ���D#6� K�E)q�/���lq/y� (�<�? �� 5
#CN= �NE 4" �C+/+?5#?)��/�(�D" .!"$+� �HI"5 ��

�<} XE�= �C+/+?5#? �<�? �ND �8 ��+/+D �<�? 4" �61F

 
1 - Enrichment factor 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

34
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
20

 ]
 

                             6 / 14

http://dx.doi.org/10.29252/ijcm.27.2.347
https://ijcm.ir/article-1-1270-fa.html


1/Y���'��NF�!�C�8�& � k�p3+�4 �D�#8 �<�? �
�+N+F�6� !.�"#+? ���D#6� K�E K�E . . .k�k

�� 18�
 .��R�+D K1+D" S
"#F ���+/+D �<�? '1�4�D K�E
�D" '1F 1
1F �
.)8B T.�CD� �+�5" Q<D .K.)C�F

 X
"$	" ]0�8 1
1FSiO2��& 53
" �� #W�<0 #
�D �61F
�D" '1F �<�? .Al2O3��& 3
#C)+8 ��+/+D �<�? �� �61F 

�<} �C+/+?5#? 5 �/
U�B �<�? �� 5�� !�)� �61F 1E�)72F
k~�".(��& 1
1F �61FAl2O3'#C�6 �� ��+/+D �<�? ��

l�/y ��&�l/�  �1
1F K1+D" �+E�� �;D"5 �8 ( pH < 2 )
�D" �<�? 3
" �� �8��#6 R�+D] �� k[.�<} �61FAl2O3

�/
U�B �<�? ��)yk/�q (�C+/+?5#? 5) �/y(|#:& 7+�� �8

 �� #s<0 3
" a=pHK1+D" #CN= K�E(pH>3) 7+2)& 5
���=K�E5 �+<+�.O�= ��+/
" 1<��� o�2+/+D.<+�.�B 
��.� �D" �+�.
�.�] k[.TiO25FeOt $=#� M#, �8 �%� 4" 

��& ���D#6� �� !�)� �61F ��& 3
" �= 1<E� �<�? �� �61F
�<�? �� 5 '�.8 #&1
1F ��+/+D #CN= �C+/+?5#? 5 �/
U�B K�E

 �D")72Fk~�".(��& 1
1F �61FFeOt )��/����&
�y/���(5TiO2)yy/py��&kk/�� �(�8 ��+/+D �<�? ��

���= ���D#6� 7+�� 5 1</%��.E 5 �+&.+8 1<��� 3
$+<�5#	 K�E
 �D" S+:� 4" ���B �5#_ 5 !�C+& 5 3EB !1F �"4B] k[.

084<L�<} �.C=�	 t
�C� !54 �� #W�<0 �61F>+/
"4 ��;<� ���D#6� K�E.
Th-9 

propylitic 
Th-8 

argilic 
Th-7 

argilic 
Th-5 

phylic 
Th-4 
silicic 

Th-3 
silicic 

Th-1 
silicic 

Sample 
number 

��/�k�/� ��/l�yy/��k�/yplq/y�q�/��SiO2
 �/yyk/�q� /�� �/�y��l/� ���/���l�/y �Al2O3
k�/� � y/�q���/����l/�y��y/�����/�k���/���FeOt 
kl/ q�p�/p���q/�k���/�y�kq/����q/� ���/�k�CaO 
�q/����p/� �y�/�p�� /�p�py/�y�q /�p���/���MgO 
yq/����/���� /�y�l�/���l�/�����/���l�/���Na2O
yy/�y� /  � y/��kk/�p� /���� /y����/l �K2O
yy/ q�yy/ q�yy/ly�yy/�p�kk/���yy/py�kk/p��TiO2
p�/�����/pp�qq/�q� /p����/lpqq/�q�� /p��P2O5
yy/ y�kk/kkq/k��yy/ yyy/kl yy/ yyyy/ y�SO3

p�/l� /lk���/l ��q/yp�p�/y����/l �yy/p �LOI 
l�/� �l�/���l/�pq�/�kk�/��yy/l�� /��Rb 
 y/kl��y/  �kl/kyyp/  �q /l�q�/��p�/ q�Ba 
yy/� ���/�y�l�/ly��k/pk�� /p���/�y�� / ��Sr 
q�/��y�/k��y��/� ��kk/ �y�ky/��k���/l ��l�/llqPb 
p�/ k �q/ k�pk/lpqy/ kl q/l��p/�l�ly/l��Zr 
 p/  yq/� ��/���y/l��/ky�y�/k��k�/p�Nb 
�p/ l�p/ l�p/ l��p/�l�p/�l���/yq���/�p�Ta 
pk/l��� /���y/k��qq/�y���/ p�� / ��ky/k�Ga 
�y/k� /p�y/k��l/����/��q�/q���/��Ag  
q��/q���/����/q� /p��k/y���/q�Cd 
p�/ k p/��k��/ k� k/lk���/�k��l/� q��/�Cu 
kp/���y/p��kl/l�qk/� l �/ky� y/ k� / ��Zn 
�y/p�p�/��� �/ly�kl/�p�pl/���ky/y���q/� �Co 
pp/ ��yy/q�y�/y���/kk�py/ ��p�/ky��y/kl�Ni 
��/� y/y��/yl�q�/k���l/�k�p�/����l/���V
kp/� � /  kq/���/ q l/k����/kq�l�/lk�La 
k�/klq�k/ ��p/�  q/�l� q/�l�p�/l��Ce 
qy/py / �yl/kq��/  y / pq/���qy/pPr 
��/ ��� / ��y/ll�� / �pq/k��ql/l���l/ky�Nd 
yy/���/k�l/��pp/ kq/�p�yq/�y�l /�y�Sm 
qq/�q�qqq/�q/kqqq/yq�qq/�q�qq/�q�Eu 
qq/�q��k/lk�yy/l ���/���l�/�q�y�/ll� �/ ��Gd 
�y/�p�� /�kqp/�y�� / ��kq/l �k�/y��py/yq�Dy 

qq�p/ l��/�p�q��/�p��p/ lHo 
q/�qqq/�qqq/ ��kk/kk�qq/�q�kk/�p�yy/yy�Er 
l�/l��ky/ky�l�/l���l/�l� p/ p�l�/l��q�/��Tm 
��/���/��  /  ��/�����/���qq/�q�kk/kk�Yb 
��/���ll/ll�ll/ll���/���  /  �kk/kk�  /  �Lu 
�k/kp��l/kk�k/���q/��q�/kk�yp/�����/p�Sc 
� / k�p�/��p�/q� q/�l�l�/ly��p/�y�p�/��Y

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

34
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
20

 ]
 

                             7 / 14

http://dx.doi.org/10.29252/ijcm.27.2.347
https://ijcm.ir/article-1-1270-fa.html


'�+D �K#6P= �K�.�"#+� �8"#�D �a)z !"#
" �D�<F ���= 5 �D�<F�./8 �/@� k�l

D5�LK�E�"�.N� H
4.& #W�<0 �� �<�?K�E V#N+� �� ���D#6�A-B 4"�ND Q<D'�".
� K�E ��8 ��<�? �N�D ����D#6� K��E :� 5 [ �~��" :
��0#	 5 �/W" K�E1+�=" o:� �!.
 �F�� �D5� Q<D #W�<0 (� 5 Z�8 !"1+� o�1I �8 #W�<0 :K�.%0 �O$Y #W�<0.

��& #CN= �61FTiO2�/
U�B �<�? 5� ��)yy/ q �(5
�C+/+?5#?)yy/ q �(4�&��B ���= �.mL 7+�� �8)'1F ��2FB

 K�E.(�" SD.&XRD (�D" .��& �61FCaO Na2O, 5
MgO�<�? �NE �� ���D#6� K�E�� '1
� �.F)72Fk[(

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

34
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
20

 ]
 

                             8 / 14

http://dx.doi.org/10.29252/ijcm.27.2.347
https://ijcm.ir/article-1-1270-fa.html


1/Y���'��NF�!�C�8�& � k�p3+�4 �D�#8 �<�? �
�+N+F�6� !.�"#+? ���D#6� K�E K�E . . .k��

��& !"$+� �= �<�? #
�D 4" #CN= �C+/+?5#? �<�? �� �61F -
�D�E)CaO : kl/ q ��Na2O:yq/��5MgO : �q/���(

5 a
1D a= b�C%�� K.)C�F ��+�/= ���= �.mL !B 7+�� �=
���= 7+2)&a
1D K�E �+�.
�.� ��.� 5 �+%�B 1<��� �"�] k[

�= �� a
$+<� �+%^& 5�D" �C+/+?5#? �<�? �� �
#/= ��.
��& �61FCaO 5Na2O�<�? �� 7+�� �8 ���D#6� K�E

���= �
$@& 4" a
1D 5 a+�/= �5#_ 5 4P=.
UP? 1<��� �
�E
R./:� SD.& ���D#6� aC�+D�D" K1+D" �8��#6 K�E .

��& ��+/+D �<�? �� 'e
5 �8 a
$+<� 1
1F �61F)q /�p ��&
py/�y �(+�� �8 $+����= r
#�& 71<��� 3
$+<�5#	 K�E

�D" ���D#6� aC�+D �� �+&.+8 5 R.%+`�B.
o"#++�&K2O�� �<�?�D" 4��8 ��+�8 ���D#6� K�E��8K�., 

�= ��+/D �<�? ����& 1
1F �61F)� /����&��/l  �(5
���<�? >+/+	 K�E)kk/�p(>+/
U�B �)� /  �� y/�� (5

�C+/+?5#?)yy/�y (!�)���1E�)72Fk[.(�)�8 bZ�NCL"
 4"K2O'1�B#8 !1F �C
#/� �
 5 4.&�" !1F �C+�
#D 4" 

�+&.+8 ���= 3
" �� '��85� �E �E �+%^& '1F�D".��& �61F
 �� a+D�C? 1
1F�<�?�E���D1/	 ���D#6� 7+�� �8 ��+/+D K

a+D�C?R./:� SD.& �+&.+8 5K�E �81FoK1+D"�D" 
] k[.P2O55� 1�'e
5 K"�N� !�)� "� 1E���N�I �_#8 �� �E

��& �61F)���<�? ��+/+D K�E� /p���&�q��/
U�B 5
��/pp �(�N�I �_#8 �� 5�<} �E �61F)�<�?��+/+D :
��/lp 5�<�? �/
U�B �q(�� !�)� 1E�)72Fk�.(
��& �61FP2O5���= r
#�& 7+�� �8 �&�`�	 K�E)7^�

�+&�?B (�<} 5���= �.Y5 7+�� �8 !B �61F �
.��� K�E
�N�I 3
" �� �&�`�	�D�E .�<} �61FSO3�NE ���<�?-

�8 ���D#6� K�E'e
5 �<�? ��+/+D K�E)yy/kl �yy/ yy (5
�/
U�B)k�� �kk/kk (�� '1
� ���=�.mL 7+�� �8 �= �.F -

o�`�.D 5 �E1+`�.D 7^� �"��#6.6 K�E �E)1<����6 Q<D (
�D".

�.��*C�8� @�� ��� C��� ( LILE) 
#W�<0Rb, Ba, Pb, Sr #W�<0 3
#CN�� �D5� Q<D �F�� 

1<C�E !.
 .Ba 5Rb �� �<�? �/
U�B K�E)Ba:�y/  ��&
kl/ky 5Rb : �l/�p�&l�/��(>+/+	 5Ba :  yp/  � 5Rb 

:q�/�k (�<} �� 5 �61F�<�? ��+/+D K�E)Ba : p�/ q��&
q�/��5Rb : k�/���&� /��(�C+/+?5#? 5)Ba: y/kl�5
Rb : l�/� �(��& �� !�)� �61F 1<E�)72Fko.(

��& �E���D1/	 r
#�& 7+�� �8 #W�<0 3
" �61F��8'e
5
a+D�C? K�E���D1/	 !1F �C�2F ���D#6� �, ���� Q<D �"�

 �D"] l[.�<} �� $=#N& 5 �+%^& 7+�� �8 $+� ���B �61F
���=��.� 5 �+�
#D ��+/
" 1<��� �D� K�E �D" �+�.
�.�

] y� �[.Sr �NE ���<�?��& ���D#6� K�E !�)� �61F
�� 1E�)���<�? �� ��+/+D '#C�6 ��/�y��&� /p��� �
�<�? >+/+	 �k/pk ��� ��<�? �� �/
U�B '#C�6 ��/�y��&
l�/ly��� 5�<�? �C+/+?5#? yy/� �(r
#�& 7+�� �8 �=
?�D" ���D#6� 1<
"#	 �, �E4P=.
UP ] �[.Pb �NE �� 

�<�?8 ���D#6� K�E ��<} ��C+/+?5#? $Y �CF"� 1
1F �61F
 �D")���<�? �� ��+/+D '#C�6 ��/l ���l�/llq �� �
�<�? >+/+	 kk/ �y� �� 5�<�? �� �/
U�B '#C�6 y�/k��y �
��/� �� (�� �=�<�? #++�& !518 b�%
#�& �C+/+?5#? �D"

)q�/��.(�<} ���= 7+�� �8 [#D KZ�8 �61F �� 3��6 K4�D
�D" ��;<� 3
".

M�� ��4�	 '�4& �� �.��* ( HFSE )  
#W�<0Ga, Ta, Nb, Zr Z�8 !"1+� o�1I �8 #W�<0 3
#CN�� 
1<C�E .Zr,Nb 5Ta �� �<�? ��& ��+/+D �61F)Nb : 

y�/k���&k�/p��Zr : �p/�l ��& q/l�5Ta : �p/�l ��&
��/�p �(�� 5�<�? >+/+	 K�E)Nb : �y/l�Zr : qy/ kl 5
Ta : �p/�l(�C+/+?5#? �)Nb :  p/   �Zr : p�/ k  5Ta 
:�p/ l (�/
U�B K1L �& 5)Nb : yq/� �&��/���Zr : 
�q/ k��&pk/lp 5Ta : �p/ l�&�p/ l�(�<} ��61F

�� !�)� 1<E�)72Fk�.(& ]0�8 Z�8 K��� |#:Zr K��� 5
�� !B �+%^& ]0�8 3+
�? �.F] p[.K1+D" S
"#F 3+<{NE

 S
"#F 5 |#:& ]0�8�
�+/I�� !B �+%^& ]0�8 �.F] ���q[
�� 3+
�? �C
1+D"�<�?��& 5 .)C�F ]0�8 ��+/+D �61F

Zr #
�D �� ��� XE�= 5 �C
1+D" X
"$	" 5�<�? ]0�8 �E
�D" '1F !B �+%^& .�<} �61FNb 5Ta�� $+� �8 1�".&

���= SD.& a+��C��& 5 -.+8.+� �+%^& 7+�� 3
" �� �D� K�E
�<�? �E)�C+/+?5#? 5 >+/+	 ��/
U�B (1F�8]� [.Ga �� �<�? 

�<} �/
U�B �61F)� /�� (#
�D �� 5�<�?��& �E !�)� �61F
�� 1E�)���<�? �� ��+/+D '#C�6 ��/ p ��&ky/k��� �
�<�? >+/+	 �y�5���<�? �C+/+?5#? pk/l� �(.Ga �� pH

�D" |#:C� K1+D" ��+�8 ]����k[.�� #f� �8 �.Y5 1D�
���= �� �D� K�E�<�? #s<0 3
" �+%^& 5 $=#N& ]0�8 �/
U�B 
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'�+D �K#6P= �K�.�"#+� �8"#�D �a)z !"#
" �D�<F ���= 5 �D�<F�./8 �/@� k�y

���N* �OG< �.��* 
K�.%0 �O$Y #W�<0 3+8 ������<�? ��;<� ���D#6� K�E

 >+/
"4Cd 5Ag #++�& !518 b�%
#�&E1<C�)��& 5 �61F
�<} �61F�N= �_#8 �� "� �<�? !�)� ���D#6� K�E
�� 1<E� .(Cu �NE �� �<�?�<} ���D#6� K�E !�)� �61F
�� 1E�)���<�? �� ��+/+D '#C�6 ��/�k� ���/��� ��<�? 

>+/+	  k/lk� �� ��<�? �� �/
U�B '#C�6  p/��k���/ k� 
�� 5�<�? �C+/+?5#? p�/ k(.Zn $+� ���<�? �/
U�B K�E

)�y/p���kl/l�(>+/+	 �)qk/� l (�C+/+?5#? 5)kp/�� (5
�E�6 ��+/+D ) y/ k �&  �/ky �(�� !�)� X
"$	" 1E�

)72Fk�.(�<} �� !�)� K5� 5 g� �61F 4" �= 1E�
Q<D 4" ���_ �*%<�'1F 3+��& �C
41�B K�E1�"�� �= 1�".&

 �8 R./:�'�(CD�_ �
 5 �
�N6�� Q<D 4" ��F5#	 M"#," K�E
1F�8 .�<} �� K5� 5 g� KZ�8 �61F�<�?�� �/
U�B �8 1�".&

���= X�� 7+�� 1F�8 !B $=#N& 5 �+%^& �� �D� K�E]�l[.
���= �.Y5 �+D.2��= 5 �+�5.= ��
#+?.2��= !.z �
�E

!�)� �D" ��;<� 3
" �� g� KZ�8 #
���� '1<E� .Co 5Ni 
�NE ���<�?D#6� K�E��& ��� �� !�)� �61F !"$+� �= 1<E�

��& �� �61F�<�? #C)+8 �NE 4" ��+/+D )Co : �q/� ��&
pl/�� �5Ni : p�/ky��&py/ ��(�� 5�<�? 4" �C+/+?5#? 

�D" #CN= �NE)Co : �y/p�5Ni : pp/ � �.(72+� 5 ���%=
���= �� !�8$+� Q<D �� �1��"� �.mL >+	�� K�E5� 3
" 4" 

��& Fr
#�& 5 K1+D" K.)C�F 7+�� �8 72+� 5 ���%= �61
���=�D" ���D#6� �, >+	�� K�E .V�� �<�? ��+/+D K�E

)�l/�k ��&�l/�� �(>+/+	 �)q�/k��(5�E�6 �/
U�B
)��/yl��& y/y(�� 5 XE�=�<�? �C+/+?5#? )��/�(X
"$	"

�� !�)� -#Y 1E� .��& R./:� �#2/N0 7+�� �8 !B �61F�EK
�� !�D#6��<�?�<} 5 ��+/+D 5 �+%^& 7+�� �8 !B �61F

���= SD.& !B $=#N&�D" �C	#6 o�.W 4�&��B !.{NE �
�E.

�.��*���� �,�P (REE) 
#W�<0 |#:& !"$+����� �=�_ �`/C�� K�E#C�"��? u�D"#8 

7^�pH�X
��=" 7+���C?–XE�= (Eh)� ��"1�g2/�N= -
�%�� 5 u#CD� �� K�E8 [B Q<D �(W/R)�� #++�& 1<=�

�8 S
"#F �� �= K�.,pH�%�� 5 3+
�? W/R�� 5 Z�8 
g2/�N= K�E1��(+� �.mL 7^� 4�DF-�CO3

-�SO4
-2 �PO4

-3 
5Cl-���� �=#L �8 1<
B]����y[.3
" #8 �.s& �CF\6 ��

 #W�<0 �= �.8���� �=�_ 1<C�+� |#:C� ���D#6� S+:��� 
]��[.��"XE5e?K�E_"�� #W�<0 3
" �= �"� !�)� #+�<�? -

"� o5�`C� K��C	� ���D#6� K�E1�� 5#�" �� R�+D�EK
� X
"$	" ����D#6����� �
.)8B �C
1+D" X
"$	" 51�.F .

#W�<0 K�"1
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�D��� 5 ��)	 .���= �.mL -10 �
 �.mL #W�<0 K"�"� K�E

���� �=�_ SD.& pH��61�$
#6�f/} 5 !e+�=" K�ESO4
-2 �

PO4
-3 5F-�� R#C<= �.F ]�p[.#W�<0 �D�#8���� �=�_ �� 

��;<�>+/
"4!�)� XE�= '1<E��NE #W�<0 REE �� �<�? 
�D" ��+/+D)72Fl~�".(��& 3
#C)+8 HI"5 �� �61F

 #W�<0���� �=�_ 3
" �� �<�?�� '1
� 3
" �= �.F#�" �/0 �8 
pH�? 3+
R�+D�EKZ�8 �%�� �W/R!.
 KZ�8 �+��*	 �

���= �.mL -10 5 o�`�.D #W�<0 '1<<= �+%^& K�EREE 
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" �="�#g2/�N= 7+2)& 7+�� �8 -
#W�<0 �"1
�? K�EHREEg2/�N= K�E1<(+� �8 �5#_ 5 4�D

 3
" 4" ���B�<�?�D" .�� �<�?�/
U�B ��%�� S+:� �C
1+D" 
�8�<�?�D" #CN= ��+/+D .#W�<0 ��
������� �=�_ �� �<�? 

Q<D �� ���B #
���� �8 �/
U�B ���D#6� 3
#CN= �8 �
�E
�!�) �<} '1<E� �O$Y �61F#C)+8#W�<0 ���� �=�_ �� �<�? 

Q<D �8 �%�� �/
U�B �D" a��D b�C%�� K�E)72Fl�.(3
"
#�"��K1+D" b�C%�� S
"#F 7+�� �8 1�".&)!"1<z!�.%� 3+
�? 

pH�8 �%�� R�+D �<�?��+/+D (SD.& #W�<0 3
" �+%^& 5
���= �� �+<+�.O�= 1<��� �D� K�E�<�?B1F�8 �/
U� .��
���
#W�<0 ���� �=�_ �� �<�?Q<D �8 �%�� �C+/+?5#? K�E

���)`)&B!�)� ��& '1<E� �61F#C)+8 #W�<0 HREE �%�� 
�<} 5 !�8$+� Q<D �8 #W�<0 |1�" �61FLREE �D" )72F

lo.(��& �61FHREE ��g2/�N= K�"1
�? �/0 �8 1�".&-
K1
#/= K�E]��[�<} 5�O$Y �61FLREE [\Y #,��8 

���= SD.& �:;D���= �o51+?" ��
#/= 7^� �
�E �D� K�E
 1F�8 3EB K�E1+�=" 5]kq[.72F�o"#++�& #W�<0 �=�_
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�>+/+	 �<�?)�(��/
U�B �<�?)o(�C+/+?5#? �<�?.
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4.& #W�<0 �� ���� �=�_ �<�?K�E ���D#6� 4" �ND Q<DK�E '�".
� �8 �<�? �ND���D#6� K�E.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

34
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
20

 ]
 

                            11 / 14

http://dx.doi.org/10.29252/ijcm.27.2.347
https://ijcm.ir/article-1-1270-fa.html


'�+D �K#6P= �K�.�"#+� �8"#�D �a)z !"#
" �D�<F ���= 5 �D�<F�./8 �/@� k�p

SP�� ������� ������(CIA) 
���D#6� �
�+N+F c_�F!�)� �= �� ���D#6� o1F '1<E�

�<�?�D" !�D#6� K�E .SD.&�;8"��� �%D�:� #
4 �.F
]k [:

CIA = [ Al2O3 / Al2O3+ CaO + Na2O + K2O ] ×
100 ]k [

�"1��CIA K"#8 �<�? �� ��+/+D '#C�6 y�/�y�qk/�� 
)�8(��+� �., 3+�q/py(�K"#8�<�? >+/+	 �51L ly/pq �K"#8

�<�? �� �/
U�B '#C�6   /����q/�p)�83+(��+� �.,
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���Ba + SrR./:� �8 �.8#� Z�8 K�E
 #
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" ��
�� !�)� R./:� �= 1E� 7+2)& �� '1N0 �., �8 �"$�5�� K�E

�<�?�CF"� ���_� ���D#6� K�E 1�")72F�(
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