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

÷

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

�#��)� ��
*���+� 	�, '**��-

�� ./+ '0�1

��� !
  �� "# $ ���%�&'() * ��%�+, -�./� � �0'(1 -"2/� � ��,�34 5+�$ -*!6 
7��./� � �0'(1 -"2/� � ��,�34 5+�$ -*!6 � !
  �� !�8 �� !�8 -

9�'
�#*  ����+� -�./� � ��:+;� ��
$ 0'(1 * �,�34 5+�$ -*!6 <=>=?�2
!�@ �

���23 :,A3�B*!C D�#�
�+(E  $'� ��+� $�) F��4 �6�,@ * � "3G�� HI�3� �� �+J *�#-K'� �"3%�# �
�'L3) * �
�@ .���+� $�)�#�
!
���� �) NO �G��Mg# �Ni *Cr�+) � "C� !.�P
 "B�,���@ -"�$�, �+�*  D�L6�� $  5�O*!+Q'3+(O * 5
'+�  .�� 5+3RL#
A3, D�#�+J *�#-K'� �!
���� P#�O �
�'L3) * �
�@CaO �TiO2�FeOt�S,'%� ���� �O�C !T�31 (MREE)*5+.3, 

(HREE) � "�� P
 U	  �) SiO2"3
 !	 !+V�8 -"3#� ��/� P
 "B���O W'G+X�@ D�# !) ��%+8 * 5#@ D�#"+�O  * 5�O*!+Q'3+(O �
���@ Y+O!8 Z !++[8�,.�+� $�) �� ��#�+J *�#-K'� * �#�
�@ $  !%LO D � � D�#=7��$* "T�� SiO2D\�) � "�� �Nb/U �'G� *

D��]3#�� �X3� Nb *Ta $  ��/� ��') !V  �)�%,'Q P
\@ "3
 !	 U+&�� !V  �
 *3, 5
  Y+O!8 !) D A�� � �# .�6^
* 5+�$ D�#
�'() ���.+) �'B* * �
�+L+4 U8� 'O D�#A3, �� D�#P
 "B-K'� $  D� "_8 "3��� �!8 �%	�
 �
�@�
�'L3) * �# ��#!.��/� !V  �)�G��
-��E �%,'Q �) P
\@ !%/+) D �,  .�G�� * !
����A3, 5
  �� � "�� NO !T�31 D�#�� $�) �+G4 �# D�#�
�+(E �,'��+E  !
 UB 

)OIB (�,  .�G�� � "�� D�#N)Tb/Yb ( $  P+)`>/�*N)Dy/Yb ( $  P+)?>/�A3, 5
  �� !.��+) U+� �#�"4 �4�� D�#�L6�� 
�%4'6 a
 $  ���@ -"�$�,-!O ��,D �,  ����6 ���O D� "
�Q HL1 �� .b*c D$�, W"� �5+3RL#�� ��/� �/�) �O "#�

+� $�) -"�$�, D�L6����#-"�@!) $ =�8db*c "T�� * �/�) D !)��'L� !
�, $  �#7a
 �/�) b*c "T�� -�.%,�C ����6 
�%+�*$!��, .

�5������6 ���::�
�+(Ee�+� $�) e�+J *�#e-K'� �
�@e�
�'L3) e5+�$ �3�Q ��%�+, $��.

 ��!� 
�+��_	 �,�!)��:3� a
 �
�L6�� D�# -^
* �) ��,�!)

.&�.�' F+2/8 A3, D�#�� �B*!C�) "� '8� * �C�34 f�
5+�$ g
��8 !%�) �,�34 ��:3� a
 �+#�� *-�.%,�C�%4'6 -

�%,'Q * D aLO �@ D "
�L� .�+��_	
�L6���5+�$ �3�Q ��-
$����%�+, ]�[*�_:EZ'� �IW�, �#�B'8 ��'� -� 'L# 

�,  -�') .U+� P#*^Q 5
  ���P�) A3, $  �
�##�B*!C D�
 �) h')!� �+��_	
�L6����
�+(E  $'��(�6 �3�Q �� ��� �� 

i

5+�$ �3�Q��%�+, $���,�!) �,  -"4 .
��%�+, $�"3+�$ �3�Q ����'L3C� 5
!8$��) �
�L6�� D�#

P�) �� jE * �� �(�6 �3�Q * ���L4 D�#"3%�# .�3�Q ��
A3, ��� �(�6 F��4 �
�L6�� D�#�1'L]��'+	  D�# �%+ �)

 5+�Q �,�8!O 5,]�[�A3,D�# ��*�� * �B*!C �8 5,'.+�  
* 5,'+�A3,D�# �B*!C D!�!8 'O �8 5,'+� "3%�# 

]���[.A3, �B*!C D�#�
�+(E  $'�P�) A3, $  �
�#D�# 
"3%�# D!�!8 'O �8 5,'+� �B*!C .A3, 5
  $ F+�� �) �# 

∗5X(8 �W'm�� -"3�
'� :>n�=�<>=`7�!)�L� �:>=<99<<?=?=�2+�*!%2�  ��Q �:aahmadi@science.usb.ac.ir 

* ��+) W�,N%/# o��L4 �0*� ���%�)�8 ��p;XT $  ���� �8 ��q 

	7��-8  9�!�

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                             1 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


� ^�!+� �D"Lr  �D��%�� � !
  �,�34 ���O * �,�34�'() �(]� �s�

 5, $'� )�K'+� (�
�+L+4 �+#�� * ���@ D !) -"4 5++_8
�
�+(E� '31 �) ��4"A3, D�#�
�+(E  $'� "�� ��
'4�]d[.

A3, 5
 P�) �� �#5+�$ ���
  ���L4 D�#�34,* ��%�+, �
P�)�(�6 �3�Q $  �
�#G�� ��:3� �� �� S,'8 � "3

�� !./#*^Q u+X
!6 * vLO �'& ]d[� ��2L# * !2� * �]`[�
� ��2L# * �#�4w�]n[� ��2L# * A��Q �]�>[* - 'C!+C *

� ��2L#]��[�,�!)4-""�  .x� U6 �) 5
 � !./#*^Q 
A3, �B*!C D�#�
�+(E  $'� ��+� $�) F��4 �+J *�#-K'� *-
�
�@"3%�# .� ��2L# * A��Q]�>[5
  �� �G+O!8 Z !++[8
A3, � "C� $  �4��  � �#P
 "B���O �5
'+�  D�#

 P�� * �%�� � ��%+8 * 5#@ D�#"+�O  * 5�O*!+Q'3+(O
�%,'Q P
\@ ��+) �+L#  NO ��+�)  � D -�!O"�  .!y� �) ���@

A3, 5
 �G4 �#�� $�) �,'��+E  !
 UB D�# (OIB) *$ -"�@!) 
��8z�b*c "T�� )�%4'6 a
 $  �/�-!O ��,D "3%�# .

� ��2L# * - 'C!+C]��[A3, 5
  U+� �G4  � �#OIB *
�
�+��O �1'L]�P
 "B 5�O*!+Q'3+(O �5
'+�  F��4  � �%	�
 

*�)W�L%r  ��+�) ��{,"(	�%�� �"�  .!y� �) 5
 � !./#*^Q 
�%,'Q P
\@ D  �L�� P��A3, 5
  �G+O!8 Z !++[8 �� �#

4 ��%"�  .A3, 5
  ���@ 5+3RL#  � �#-"�@!) $ B�� b*c �
5+
�Q �%4'6 a
 $  5.L#���G4 ��6"�$�, F��4 �%4'6 

-"4 ��8 b�'� (DMM)**� -"4 �3| �%4'6 (EMII) �
�%�� �"�  .

��3& ��+) �O 4�"�� !y� �) �O ",��'B*�) P#*^QD�# 
-"4 0�]�  "3L4$� �!%�) �C�34 -�.%,�C 5
  _	�+��


�L6������@ !) !V'� D�#"3
 !	 *"3�$�+��,�!) !%/+) D�# 
�,  .*� 5
  $ P#*^Q 5
  ���A3,�.��* D5+�$ �
�+L+4

$  D� "_8 5
  �'L3C�A3, D�#�B*!C D�# �
�+(E �� 
3� ��� �(�6 �3�Q �� jE * ��6�,@ * � "3G�� HI� -"4 �,�!)

�,  .�+#�� �) �5+3RL# -�.%,�C *!V  D�#"3
 !	P
 "B 
�%,'Q P
\@ * 5
�'() !) D  Z !++[8Y+O!8 ���@ -"4 �%C �!Q

�, .

.���	���& 
-"�$�, �(T  �.3, D�#"r *5+�$ �3�Q ���%�+, $��

�1'L]� ��%+�'+	  D�#A3,D�# ��*�� * �B*!Cb',� �D�# 
A3, * �/+(	"3%�# �+(+	 * �+(,  "r �� ��'6!6� D�# .

�#"r * 5
  Y(| �� D�%, �F�6 � !E �#�%�� � �) *N#
"�� � �(�6 D�#$!�]9�=��7[.F�6 �� �(T  D�# �3�Q

$�"3+�$F�6 F��4 ��%�+, D�# �L/& ��)!| �� ��E!4 ��
 f�'�O * ��)@ Z!}� ��
�~�"3%�# ]<�=[.P�) ��+� D�#

 �)!| �� * �E!4 �� F�6 *� �� �(�6 �3�Q -"+���-"4"�  
]�9[.5
  *�F�6 �D$ '� �'I �) �G
!�8 ��+� $!� �� �3�Q

5+�$$�� * ��%�+, �_:E jE * Z'� "3%�# .W'IF�6 5
  �#
�*"r7>> �(T�	 * ���)@ Z!}� W�L4 �8 �/+)!, $  �!%�'(+O 

���@�>�87>�,  !%�'(+O ]�<[.
A3, �B*!C D�#�
�+(E  $'�h*!�� * �-$ "6 Z�'T �) -

D�#�(I�) -"
�-"4 "�  ]s�z��zz[.5,�]3, 0�]�  D�#
S,'8 -"4 u+X
!6 * vLO ]d[� ��2L# * !2� * �]`[A��Q *
� ��2L# *]�>[5,  � ���@ �*"r���8?/�W�, �'+(+�P+Q 

�� ��/�"3#� .A3, 5
  �'L3C� N]r 5
!%/+) HI�3� �� �#
5+�$ �3�Q ���L4 * ��%�+, $���_:E �,  Z'� ]�=[.��

� �(�6 �3�QU+� �� � ���@  �� Y(| �� � '8D�%, �F�6 D�#
 ��6�,@ * � "3G�� HI�3� �� -^
* �) ��)!| �� * �E!4 ��-"
� 

�'L� .P#*^Q 5
  ����'L3C� A3, 5
  �(T  D�# �� �#
 �6�,@ * � "3G�� HI�3��,�!)�,  -"4 .�
�%� ��, !)

 5+�$P#*^Q 5
  �J �  �
�+L+4�A3, �B*!C D�#�
�+(E 
� $'D��'� �,�!) ��+� $�) F��4 �+J *�#-K'� �* �
�@

"3%�# �
�'L3).
�+� $�) �#�E!4 P�) ����:3� �� �� �(�6 �3�Q �) D 

-�& 0��'&'& -"
���"�'4 .���:3� 5
  ��A3, 5
  �� �#
D�%, � jE * � "3) F�6 "3%�#)F24�b.( � � "3) F�6

, � �(�6 �3�Q �) h')!� ��"
� F�6-�'L� �	!_� �� U[��% "� 
]�9[.�'L3C� �+� $�)��:3� 5
  �� �# Z�'T �) h*!�� D�#

�"3+,�,  .5
  A��h*!���#-!+8 D!%�O�C �8 -�+, �,  
)F24��(.h*!�� 5
  �# $ Y(| �YL) ��"_� �O'Q *

-U
� * D�#-"4 F+2/8 ���/X/8@* "�  �*"r �� ���@ ��X8�  <>
�8=>!%��, .

�+J *�#-K'� ��#�
�@�
�'L3) * �# �#3� ���* � "3G�� HI
�6�,@ �� D�%, �F�6 �)!| �� * �E!4 �� D�#-"
���'4"�.
�6^
*�
 !;T D�#A3, 5
  HI�3� �� �#��
-"4 �,��

"3%�# �+G4 .A3, 5
  ��+�F�6 * �#�#�'B'� D�h�G8�  
�
 !;T�� � �'B* �2
�U�)F24�Z(.'8 �) �) �B-"
� 

�'L3C� !%/+)A3, 5
  �# �,�� ��D�%, �F�6 * �# 
u+X
!6 * vLO -�6"
�]d[*U+� � ��2L# * !2� *]`[�!y� �) 

��A3, 5
  �O ",�� �'	 �I �#�	�24 D�#F�6 �*�� $  �#

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                             2 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


"(B��-��L4 �����%�)�8 z��� ��'6!6� * -�.%,�C A3, �
�L6�� D�#�#�B*!C D. . .�sz

i��C -"4*� �:, !) �%/6 � * "� )F24�Z(.A3, 5
 �#
!%/+)�
��) �
 * -$ "6 Z�'T �) "3��� ��8 !#�� �) -$ "6 $  �


-'�E A�� �) *-'�E �8 D �� -"
� -!+8 D  "�'4)F24��(.
���@ ����~$ �>$ !%/+) �8 !%� "T "3& �,  !%� .��

��'L� �%,� D�#-K'� $  �C!)�
�@�
�'L3) * �#�#���.+) �
�'()"+X, U8� 'O D�#��8�'T *"3& ��_)  �) A�� PX3) 

!%L+(+� �87!%L+%��, -"
���'4�.5+3RL#-��*@!)D�# 
�B*!C P�) ��  !X8 �'& �3+
�Q�'L3C� $  �C!) ��#*�_:E 

-$ "6 �:, D*� YL) *�� -"
� �#�'4 .A3, 5
  D�#
��  � �B*!C� '8 D*� �+�'+	  ��#A3, D�#�B*!C 

5,'.+�  �P+(	 * 5,'+� �#-"
��'L� .

:2&*��  ( �/��� !
�2/� F+:%�� e-�.
�B ��:3� ��'� �� ��/�  � �,�!)"#�.b(-� '#�� !
'}8F�6 D �E!4 �� D�#* ��)!| �� e
�%	!6!)  F6'6 $ e�� ��'L� �+_E'�-��%, �) �,�!) ��'� D�#�,  -"4 ��/� A�� -�+, D�# .�(b'3B �� �%+� $�) !%�O�C h*!�� a


'&'& -�& b!| .Z(� '#�� !
'}8--K'� -$ "6 a
 D ��  F6'6 $  �%	!6!) �E!4 �� F�6 D�%, � �� �,�� e�%
�@ .�(-K'� -$ "6 a
 �%
�@
A3, !) �%	�
 ��
!B�/+(	 D�# .

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                             3 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


� ^�!+� �D"Lr  �D��%�� � !
  �,�34 ���O * �,�34�'() �(]� �s�

����#��
 
�+� $�)A3, �#"3%�# D!+	�'Q �	�) �) �
�# .�'() �4�� �#
 F��4`�8�<$ !%LO * 5
'+�  "T�� 75+(X� �5
"+��, "T�� 

(O *5�O*!+Q'3+"3%�# .F��4 �� * !	 Y+8!8 �) �3+�$
 5
"+��, �5
'+�  D�#�'() *5+(X��,  * 5#@ D�#"+�O  *

��%+8 ��89A3, 5
  "T�� �� F+2/8  � �#"3#�.�4��
�'() 5+) ��_)  �) 5
'+�  D�#=/>�8�!%L+(+� Y(|  Z�'T �) 

F24F24 �L+� �8 � � � �)F247�� (-"
���'4"�.�4��
�'()F24 D�#�'() Z�'T �) 5�O*!+Q'3+(O D�# ��_)  �� * � �

 5+)7/>�8=/>"3%�# !%L+(+� .�'� �� ���O 5
  -"+G:E 
�;XTD (PPL) �8 A�� �) 54*� UG,�, *"+�Q'
� �)

�� !y�",�.�'() �4�� Z�'T �) 5+(X� * 5
"+��, D�#
F24 D�#�'()F24 �L+� �8 � ��� * � � ��_)  7/>�8=/>!%L+(+�

�� -"
��'4".
�(T  �	�)�+J *�#�#K'� �-@�
��#�
�'L3) *�#���
!B 

)�%+O !8 (* �,  U+� D!+	�'Q �	�) -"
���'4�.d>�8`>
A3, 5
  "T�����O  � �#��{,"(	 D�#�
�+(E F+2/8 

��"3#� .�	�) -"4 -"
� ���
!B)F24D�#7� * Z �� (
]+%��N#��{,"(	 D�#�'() D$ '� �L+� �
�%, ��,  �
�+(E .

�+J *�# ���#K'� *-@�
��#� "�� D � � DSiO2$  !%LO =7
��$* "T���'() �4�� ��#F��4 ��8<"T �� �5
'+�  7�8d

"T �� $  !%LO -�6 * 5�O*!+Q'3+(O 7�
 * W'G+X�@ "T�� 
"3%�# �+8'+) .�� �O �,  ���r �� 5
 K'� -
�@�D � � D�#

 � "��SiO2!%/+) �
�'L3) *�#��'() �4�� F��4 �#=�87>
* �+8'+) �
 * W'G+X�@ "T����87D�#�'() "T�� 

5�O*!+Q'3+(O"3%�#.A3, 5
  �3+�$ �#FT  �� F��4 
�{,"(	�5�O*!+Q'3+(O * �
�+(E * 5#@ D�#"+�O  * �, 

��%+8 7�89"T�� ���@F+2/8  � ��"3#�.-K'� �� �
�@ * �#
�
�'L3)��# �'() ���.+) �� N/& �) U+���'C .

�'() �4��5
'+�  D�# 5+) ��_)  �) 7/>�8=/>!%L+(+� 
!%/+)F24 D�#�'() Z�'T �) F24 �L+� �8 � � -"
� D� � 

�� �O "�'4Y(|  �G�"
  
�%
U.3)F247b("�� � .�4��
�'() 5�O*!+Q'3+(O D�#+)!%/F24 �L+� D�#�'() Z�'T �) � �

F24 -�6 *� ��)��_)  �/>�89/>"3%�# !%L+(+�)F247�(.
�'� �� ���@ A��PPL� UG, 54* * �, "+�Q'
� !y� �) 

��"3,� .A3, 5
  ���#�* W'G+X�@ D�#�'() �) �+8'+) �

�'() �4�� Z�'T ��_)  �) �
�#�/>�8��� -"
� !%L+(+� "�'4 .

���O 5
 �G4 Z�'T �) �#��
��O "3%�# �
�# �) Y(|  
��%+8 * 5#@ D�#"+�O 4 5
U.
�B "-"� )F24D�#7* Z

�.(A3, 5
  �� �#��'() ���.+) �#D�#�'() F��4 -"4 -"
� D
$wO'
KwQ * �
�+(E Z�{,"(	 �U8� 'O)F247i("3%�# .5
 

���O�#Z�'T �) �G
!�8 ) �) * -"4�!6 ��_��8<!%L+(+� 
"3%�# .��$ �C!) �G��'() ���.+)U8� 'O D�#��G� �/3O * 

)��*!O (N/& �) U+� 5�O*!+Q'3+(O U
� D�#�'() F��4 
����'C .

:2&0��  $  �Q'2,*!2+� !
'}8 (�'() �4�� �D!+	�'Q �	�) e�+� $�)* �
�+(E ��{,"(	 D�#�'() -"�� �!)�� �3+�$ �5
'+�  b �5
'+�  (�+J *�#
� �5
'+�  �� �%
U.3
"
  �G� * 5
'+�  �'() �4�� D � � (� * Z �D!+	�'QU
� * ���
!B �	�) �5�O*!+Q'3+(O �'() �4�� D � � �+J *�# (Y+8!8 �)

-K'��'() �4�� �D!+	�'Q * D!+	�'QU
� ��%+O !8 �	�) ��
�'L3) * �
�@�'() �4��U
� * �#*!+Q'3+(O F��4 �#��
� �G4 * 5�O �W'G+X�@ D�#
i * 5�O*!+Q'3+(O * �
�+(E ��{,"(	 F��4 �3+�$ (-K'� �� $wO'
KwQ �'() ���.+)�
�@ .���O D��}%C  NJw1 �# �%	!6 !) $  jB!�]�?[�,  .

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                             4 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


"(B��-��L4 �����%�)�8 z��� ��'6!6� * -�.%,�C A3, �
�L6�� D�#�#�B*!C D. . .�s�

;��-8 <�=
� >�# 
�,�!) $  uQ�Q'2,*!2+� D�#�� "_8 ��* b��%�  ��'L� uQ

$ ��'Q�"4 �0�]�  D !)x*� �) �
�+L+4 �
U]8D�#�+I -
D'8!Q u��,�'m(	 �]3,x(XRF)*�+I ��!B �]3,

�
���  -"4 �XB D�L,wQ (ICP-MS)�) -�./
��$@ Met-
Solve Analytical W�,�   ����O ��4"�" .)�'y3� ��)�
$�  

* �E��%,��-� � ��# � "_8��� "��%,  ��'L� [TD-1] ]�d[
U+�]8 ��34�� �'I �) �
U"�"4 .� "�� ��+_� � !;� 2δ!)  D

!
���� S,'%���%	!6 !y� �� �E� � '31 �) �� "��%,  ��'L� 
"4]�`[.�E� -"�@ �,� �)��,  5
  !) $ !%�) ��/�"T�� 

��(T  !T�31 D !)�/sD !) "T�� ��U) �,*� A3, !T�31 
�'
 (LILE) �sD !) "T�� \�) � "+� Z"4 �) !T�31 (HFSE) 

*qD !) "T�� ���� �O�C !T�31 (REE)Z U(	 *S, * �,  .
�%,�� $  !%�) U+� �/���(T  !T�31 D !) "T�� zzD !) "T�� 
LILE �z�D !) "T�� HFSE ��D !) "T�� REE *z�

Z U(	 D !) "T�� S, * �, .

	��& .��� 
��3& W*"B �� �O z�� -"
��'4� "�� �� !	 � '� (LOI) 

A3, 5
  �#>d/>�89>/�S,'%� *�@=</>��$* "T��
�,  .� "�� �) �B'8 �)LOI *�,�!)D�# 0�]�  �Q'2,*!2+� 
-"4���'L� 5
  * N��, w��O �#�*")"3%�# ���,!6� ��'6!# .

��'L� a
 ��38)Q12 ( D � � � "��LOI �) !) !)`>/9"T��
 ��$*�,  .��'L� 5
  ���-"4 �%+,!, A3, �3+�$  �,*

�LO U+� �+�(O -"
���'4�.

?���@!
���� �(T  !T�31)��$* "T��(���+_� CIPW � "�� NO !T�31 !
���� * �)�'+(+� �� �L�E (����'L� ��'� D�#�,�!).NJw1 
���O D��}%C �#�%	!6!) $ jB!�]�?[�,  .

Ch3 Ch9 S30 V2 Q12 Q23 QA12 S10 QB1 V22 QC14 
A�
���B A�
���B A�C����� A�#�5�� A�#�5�� A�#�5�� A�#�5�� A�#�5�� A�#�5�� A�#�5�� A�#���B

SiO2 d�/<= nn/<= �z/q� q�/�� �z/�z ��/�z q�/�� ��/�� ��/�q z�/�� ��/��
TiO2 z�/� �/� �s/� qz/� ��/z �/z z�/� ��/z s�/z �z/� sz/z
Al2O3 ��/zq ��/zq �/zq ��/zq ��/zq ��/z� q�/z� �s/zq �z/z� zz/z� �/z�
FeO ��/z ��/z ��/z �q/z ��/� ��/z ��/z z�/z ��/z zq/z ��/�

Fe2O3 �s/z� �z/z� s�/s ��/s ��/� z�/� ��/s �q/� �q/� qq/� �s/�
MnO zs/� z�/� z�/� z�/� ��/� zz/� z�/� z�/� z�/� z/� z/�
MgO q�/� �q/� �/q �/� ��/� ��/q ��/q ��/� �/q q�/q ��/�
CaO s�/s ��/� �/� �z/� ��/� � sz/� �q/� z�/� ��/� ��/s
Na2O q�/� �z/� s/� ��/� ��/� �z/� s/� q�/� ��/� �/� �s/�
K2O q�/z q�/z q/z �q/z z�/� ��/z q�/z ��/z s�/z ��/z s�/z
P2O5 ��/� ��/� zq/z z/z ��/� ��/z �s/z ��/z �z/� z �s/�

(LOI)#�
D ���� �s/� ��/� ��/z q�/� �/� �/z �/� ��/� q�/� �s/� q�/�
E��=� �q/�� z�/z�� �s/�� ��/�� �z/�� ��/�� sq/z�� s�/�� �s/�� q�/z�� ��/��
Mg# �� �� �� �� �q �� �� �� �� �� �q
Nph ��/zq ��/z� �/z� �s/s zs/s �s/� �s/� �/� �z/� q/� ��/�
Cpx s�/�� z�/z� ��/�s �q/�� z�/�� ��/�� z�/�� ��/�� �z/�� ��/zs z�/��
Ol ��/z� s�/z� ��/� z�/� �q/� s/� ��/� ��/s ��/� q�/s �q/q
La q/z� q/�� �/�� z/�� �/�� �/�� z/q� �/�� s/�� �/�� z/��
Ce �/�z �s �/z�� q/zz� �/zz� �/z�� �/z�z z�� �/zz� �/z�q �/zz�
Pr ��/� ��/� �s/zq ��/z� z�/z� ��/z� z�/z� ��/z� ��/z� q�/zq ��/z�
Nd ��/q� ��/q� s�/�� �q/�s qz/�z �� ��/q� ��/�q �z/q� ��/�s �q/��
Sm ��/� ��/� �/� �q/� z�/� ��/� �z/� �q/� zq/� s�/� �q/�
Eu ��/� ��/� s�/� ��/� zz/� ��/� �q/� q�/� z/� ��/� ��/�
Gd ��/� �q/� ��/� �z/� ��/� qq/s �z/s z�/� ��/s �z/s �s/�
Tb zz/z ��/z z�/z ��/z �z/� �q/� �z/z �z/z �z/� z �s/�
Dy q�/� �s/� �s/� z/� ��/q ��/q ��/q ��/q ��/� sz/q ��/�
Ho ��/� ��/� s�/� �/� ��/� ��/� s�/� ��/� ��/� s�/� �z/�
Er �z/� ��/� �q/� �q/� �/z s�/z ��/z �z/z s�/z ��/z ��/z
Tm ��/� �q/� ��/� �s/� z�/� ��/� ��/� ��/� �z/� ��/� zs/�
Yb ��/z �/z ��/z q�/z ��/z ��/z �/z �q/z ��/z qz/z z�/z
Lu �/� ��/� �q/� �z/� zs/� �/� �/� z�/� �/� �z/� zs/�
Y qs/�� ��/�� ��/z� �s/z� ��/z� ��/z� ��/z� ��/z� �z/z� ��/z� q�/z�

Rb q� �� �� �� �s �� �q �s �� �z ��
Sr s�� s�� z��� zq�� zq�q z��� zz�� ���� z�q� z��� z���
Cs � q�/z ��/z �z/� zs/z ��/� s�/� q�/z ��/� ��/z ��/�
Ba ��� ��� ��� q�� sq� s�� q�� �s� ��� ��� s��
Zr ��q ��� ��� �s� z�� �q� �q� ��� �q� �s� ���
Hf ��/� z/� z�/� z/� qq/� ��/� �s/� �s/� ��/� qq/� ��/�
Nb �s �s �� �� �� �� �� �� q� �� �z
Ta �/z ��/� q�/� �z/� q�/� �q/� q�/� �q/� ��/� �z/� ��/�
Th ��/z zs/� �s/q ��/� ��/zz �z/s �q/q ��/s ��/� ��/s �s/�
U �/� ��/� ��/� q�/� zq/� s�/� ��/� ��/� �s/� ��/z ��/z
Ni z�� zqz qs �s �� �� �� qz �� �� ��
Cr z�� z�� z�q z�� �� �s z�q z�� �� z�� ��
V �zs �q� z�� zs� z�� zq� zs� zs� zqz zsz zqs

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                             5 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


� ^�!+� �D"Lr  �D��%�� � !
  �,�34 ���O * �,�34�'() �(]� �sq

A3, ��'� D�#�,�!) �) �SiO25+) d�/<= �8 79/== 
-�� �� ���$* "T��D"3)A3, !T�31 �'
 ��U) �,*� 

(IUGS) ]�n[)24F9�� (��-!%�6$�) �+� /�
!X8 �O !8 �
jE * �
$"�@ �O !8 * �� $�) D$"�@ �O !8 ��� $�)"3%�# .

��, !)�,�!)D�#-�� �) �B'8 * -"4 0�]�  �Q'2,*!2+� -
D� �.��� * D"3) � ��2L# * U��+(
* ]7>[���'L� D�#jE * �� 

-!%�6�+� $�) /$  P+) 5%4 � F+�� �) �
!X8 �>"T�� 
5
'+� �4 -"+��� �+� $�) -""�  .D"3) -�� �� �5+3RL#IUGS 

�)A3, �� �%	!6 � !E D�#-!%�6 D$"�@ �O !8 ��� $�) �O !8 
�
$"�@ �O !8 * �� $�)� !)D� "�� "7�Na2O"$ P+)K2O

���,  Y+8!8 �)�+J *�#K'� �-@* �
�'L3) * �
� Z�'T ��
 � "��"7�Na2O"$ !%LOK2OY+8!8 �) ���,  �O !8
�� $�) �,  -"4 -� � �+8\ * �+�'4'4 �� � N+,�%Q ]�n[.!)

��,  5
 ���'L� ��'� D�#�,�!)� "�� �) �B'8 �) 
"7�Na2O")9>/9�89d/<($ !%/+) K2O)9</��8�7/7(

�+J *�#K'� �-@-"4 -"+��� �
�'L3) * �
�"� .
��3& F24 �� �O 9-"
� ��'4���L#��'L� �� �#-!%�6 

E D!, �
�+("�� � � !E .5+(X� �'�r- !L# �) �� 5
'+�  ��+_� 
CIPW���@ D !) -"4 �G,�;� )W*"B�("#�4 U+� D!.
� !)

A3, 5
  �.%�) * �
�+(E �
�L6�� D!, �) �#�,  .5+3RL# �
A3, 5
  ���#� "�� Na2O/K2O$  !%/+) a
)=�/7�8

�n/<(���@ h�G8�  D'6$�))�D!, �
�L6��
",�L�,  ]7�[.
�+� $�) �) �# 5
!%LO ��')  � �� "�� SiO2)S,'%� � "��

`=/<=��$* "T�� (*� "�� 5
!%/+) MgO)S,'%� � "��
=9/`��$* "T�� (a+	�� �1'L]� ��+� ��  � Y+O!8 5
!8

�� ��/� �,�!) ��'� �.3,"3#�.���@ �%G�  �) ��
��� �� !
�,
��'L��#� "�� CaO �Al2O3*SrD!%LO "�� �)W*"B�(.

�L� !y� �) 5
 !)�3)�+J *�# �O ",��#K'� �-@�
��#*
�
�'L3) �#$ -"�@!)5
�'() P
 "B "3
 !	 � "C� ]77[$  

Y+O!8 �) a
�U� �
�L6���+� $�)"34�) �#."3& !# ��3& �O 
F24 ��q�� -"
���'4��'L� �� K'� ��+J *�# D�#-@* �
�

 �) �
�'L3) � "�� P
 U	SiO2� "�� �� �/#�O "�*� TiO2�
FeOt�MgO �CaO�Na2O�Ni *Cr �� �/
 U	  "�*� *

� "��K2O�Al2O3*Sr �� � �'B* .�� �#"�*� 5
  "3� '8
A3, 5
  5+) h�G8�  !) D"#�4 "3
 !	 � "C� �]+%� �� ��#

 "34�) 5
�'() P
 "B]79[.
� �'L� ��REE��]3�) 3O �) -"4 �
�" C1 ]7<[

)F24=�� (�'.� ��'L� D !) -"4 -"
� D�# �)�/� �G
!�8 �#
�,  .��'L� �L# D !)�3| ��# aG, ���� !T�31 �� �6"4

(LREE) S,'%� ���� �O�C !T�31 �) �G�� (MREE) *
5+.3,(HREE)�� -"
� �'4 .���+� $�) �) �G�� �#
�+J *�#�#K'� �-@�
��#�
�'L3) *�#�|�3�6"4LREE 

�) �G��MREE *HREE�,  !%LO .� "���G�� S,'%�-
D�# N)La/Yb ( *N)La/Sm(�+� $�) �� Y+8!8 �) �#9</d*

<`/�*����'L� D�#�+J *�#-K'� �Y+8!8 �) �
�'L3) * �
�@
7`/7> �8 `9/9< *�d/9�8`</<�,  .D��]3#�� �X3� Eu �� 

�+� $�)�#`</>����+J *�##�``/>���K'�-@�
��#n9/>�8
`9/>�
�'L3) �� *�#``/>�,  .

�8'G231 � �'L� ����]3�) �+�*  �%4'6 �) -"4 ]7<[

)F24=b(�U+� D�#'.� -"
� -"4 �L# D !)A3, �#�G
!�8
�)�/��,  .�� -"
� �O ��3&��'L� �L# �� ��'4 �#LILE *

LREE�3| $ !8HFSE *HREE"3%�# .�"3&!# 5
  ��
�3| U+� �#'.� �6"4�+� $�) �� -"4 -"
� D�# !
�, $  !%LO �#

��'L��,�# .�+� $�) �� !}31 �� �X3� D��]3#�� ��38 �#Th 
�� -"
��+J *�# �� ��  ��'4-K'� ��#�
�@�
�'L3) * �# �#

 !T�31 �� �%G�� D��]3#��Ba �Th �Sr *P�X3� D��]3#�� *
!}31 �� �X+_~ Ti�� � �'B* .

FGB 
��'L� ��
�+L+4 5+�$ �
�%� ��, !)-!%�6 �,�!) ��'� D�# D 

A3, $ �� ��/�  � �
�+(E S, *"r �8 a+	�� D�#"3#� .�)
�6^
* �) �B'8A3, D�# 5+3RL# * �
�+L+4 5+�$ * D��.�

 � ��2L# * A��Q �
�%�]�>[� ��2L# * - 'C!+C *]��[D !) �
A3,$ ��)�/� D�#�� !y� �) �Y+O!8 !y� W�L%r  �) �O ",�

�%,'Q P
\@ �
 �5
�'() P
 "B D�#"3
 !	 ��+�) *� !# �
 * D 
A3, 5
  �� -"4 -"
� �G+O!8 Z !++[8 !)�,  -�') !V'� �# .

��'L� !) �#"3
 !	 5
  !V  ���,  5
  !)-"4 �,�!) �#"� .

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                             6 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


"(B��-��L4 �����%�)�8 z��� ��'6!6� * -�.%,�C A3, �
�L6�� D�#�#�B*!C D. . .�s�

:2&1��  (� �'L�SiO2�) �G�� Na2O+K2O]�n[b *(� �'L�SiO2�) �G�� Na2O+K2O]79[.��'L� �L# ���@ !) ���C'8 !
 *� �) �#
-"4 -� � ��/�"� .

:2&HZ !++[8 D�#� �'L�Y+O!8 ��'L� ��'� D�#�,�!).P
�L� �+� $�)�#-�+, -!
 � �) * ���'L� !
�,�#j)!� �) -"4 -� � ��/� ���C '8"� .

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                             7 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


� ^�!+� �D"Lr  �D��%�� � !
  �,�34 ���O * �,�34�'() �(]� �s�

:2&I��  (Z !++[8 � �'L� REE��'L� D !) -"4 N,� ��'� D�#�,�!) ���]3�) �
�"3O �) -"4C1 ]7<[.b(� �'L� �8'G231 ��]3�) �) -"4
 �+�*  �%4'6]7<[.��'L� S,'%� � "�� D�#'.� �,  -"4 N,� �#� �'L� �� �,�!) ��'� D�#) .Ben:��
�'L3)Haw : ��+J *�#Mu :-K'� * �
�@

Bas :�+� $�) .( 

;���� .�#��B 
�+� $�) ���#�$ !%LO �'�r�=$ !%LO * 5
'+�  "T�� �

Z�'T �) 5�O*!+Q'3+(O "T���'() �4�� *Mg# $  !%LO 
?>�� ��/� #�3�O "A3, 5
 �#��'O a
�U� �G+O!8 �
 * D 

�%
!2+Q �� $�) a
 �)"3%�+� ]7=[.��A3, 5
  �B'8 �) �#
�) Mg# �MgO �Ni*Cr �+�*  D�L6�� a
 $  !%LO ]7?[�

F24?�� �'�r *�'() �4��5
'+�  D�#�� !y� �) ���@ �� -
�O ",� �)W�L%r ��+�) P
 "B���O * 5
'+�  D�#

 -� � �� ���@ -"�$�, �+�*  D�L6�� �� 5�O*!+Q'3+(O�,  .
�5+3RL# � "��Sr �Ba �Na2O*Al2O3�) �G�� ���@ !%LO 

��'L� !
�,�#)W*"B�(*D��]3#���X3� �+_~ Eu)S,'%� 

`</>(��"3� '8 !.��+) P
 "B���L%r  ���O Z�{,"(	 D�# 
�
�+(E "+J'8�{,"(	 �
 *]7d[�� D�L6�� �+�*  5
  -"�$�, 
A3,"34�) �# .

��'L� �� D�#�+J *�#K'� �-@�
�'L3) * �
��P
 U	  �) 
� "�� SiO2� "�� �� �/#�O �G
!�8 "�*� MgO *Ni -"
�

���'4)F24<(.� "�� � �'L� ��Mg# �) �G�� Ni)F24
?�� (U+�A3, 5
  �� � "�� P#�O �) �%)�V �G
!�8 "�*� �#

Mg#�� -"
� �'4 .5
  �) �B'8 �)�� !y� �) �# 5
  �� �O ",�
A3,�#�� "�� P#�O �) MgO � "�� �� �� "3& !++[8 Ni �� 

�,  -� "� .5
 !)�3) �)W�L%r  ��+�) P
 "B 5
'+�  ���O 
�,  -"4 0�]�  DU+&�� � "�� �� �
 * �%	!.� Z�'T.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                             8 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


"(B��-��L4 �����%�)�8 z��� ��'6!6� * -�.%,�C A3, �
�L6�� D�#�#�B*!C D. . .�ss

:2&J��  (� �'L�Mg# �) �G�� Ni .b(� �'L�SiO2�) �G�� CaO/Al2O3]7`[.�+� $�) ��'L� !
�, * -�+, -!
 � �) �#j)!� �) �# ���C'8 
-"4 -� � ��/�"� .

� �'L�� "�� SiO2�� �) �GCaO/Al2O3)F24?b(
���O P
 "B P��  � $wO'
KwQ * 5�O*!+Q'3+(O D�#54*� 

��"3O]7`�7n[.��3& �O �� -"
��'4 � "�� P
 U	  �) �
SiO2�+J *�# �� �#K'� �-@�
��#�
�'L3) *�#��G�� 

CaO/Al2O3P#�O ��")�
 .P
 "B !.��/� �/#�O "�*� 5
 
 5�O*!+Q'3+(O ���O�,.5+3RL#A3, 5
  �� ��#-"
� 

"�*�D�# �/#�O D !) � "��CaO*Cr*� "�� �� �/
 U	  
Al2O3)F24<(�����O P
 "B !.��+) "3� '8

 $  �3| �3�O*!+Q'3+(OCa$  !+�	 *Al "34�) ]9>[.��
D�#� �'L�Y�) �G�� La/Y)F24db(*Rb �) �G�� 

Sm)F24d�(�"�*� P
 "B���O �W'G+X�@ D�#
 $wO'
KwQ * �5
'+�  �5�O*!+Q'3+(O �,  -"4 ��/� 

]9��97[.��3& �O -"
���'4��'L� "�*� �� D�#�+J *�# �
K'�-@"�*� �) �
�'L3) * �
�P
 "B W'G+X�@ ���O �� '�L# 

"�� � ."�*� 5+3RL# -"
�-"4 F24 �� d�"�*� �) �P
 "B 
�%� $�) j
�� a
 $  W'G+X�@L#�� '��� � .F24 �� D�#d

��� `b * ��  D�#"�*� U+�-"
�A3, 5
  �� -"4 �#
5
!%/+) �� '�L# "�*� �)  �P
 "B���O * W'G+X�@ D�#

 5�O*!+Q'3+(O�� ��/�"3#� .�� !y� �) 5
 !)�3) �O ",�
P
 "B �� D!V'� P�� 5�O*!+Q'3+(O * W'G+X�@ ���O 

�G+O!8 Z !++[8-"
�
 �� -"4 A3, 5�#�X
 -�'L� "�  .
P#�O-"
� � "�� �� -"4 MREE *HREE)F24=(

K'�-@�
��#�
�'L3) *�) ��
��� �� �#�+J *�#�#�B'8 �) �U+� 
�W'G+X�@ ���O �� !T�31 5
  D\�) j
$'8 Y
!~ �) �)W�L%r  

!V  �� ��+�)P
 "B�,  -�') ���O 5
  ]99[.A3, 5
  �� -
�#����O �'�r Z�'T �) W'G+X�@ * 5�O*!+Q'3+(O D�# �4��

�'()U+� !) D!.
� "#�4 P
 "B���O 5
  �#�,.���+J *�#�#�
K'�-@�
��#�
�'L3) *�#�� "�� �� �/#�O "�*� TiO2*

FeOt� "�� P
 U	  �) SiO2�� -"
� �'4)F24<.(��
F24dU+� Z�L+�%�� �:) � 5+) � "�� TiO2*� "��FeOt

�� � �'B* .�6^
* 5
 �� �# "3� '8 �)W�L%r  $  �4�� ��+�) 
P
 "B"34�) ��%+8 * 5#@ D�#"+�O  .A3, 5
  �� �#�

�+_~ �X3� D��]3#��Ti)F24=b(*�'�r��89"T�� 
��%+8 * 5#@ D�#"+�O "# '4 W�L%r  !) D!.
� P
 "B 

��%+8 * 5#@ D�#"+�O "3%�# ]7` �9<[.
���+J *�#�#K'� �-@�
��#�
�'L3) *�#��/
 U	  "�*� 
-"
� -"4 )F24<(� "�� ��Sr * �Al2O3� "�� ��') �)�V *

D��]3#���X3� �+_~ Eu)�)S,'%� � "��``/>�+J *�# �� �
`?/>��K'�-@�
� *``/>���
�'L3) ("# '4 �(LB $ 

P
 "B 5%	�+�"3%�# $wO'
KwQ ���O ."�*� D�#-"
� �� -"4 
� �'L�D�# Sr �) �G�� Ba*Sr �) �G�� Rb/Sr)F24D�#

`(U+� �'~'� 5
  !) D"+
�8"3%�# .A3, 5
  ���#�P
 U	 
 D�#� "��K2O�Al2O3�Ba *Rb � "�� P
 U	  �)SiO2

)W*"B�(U+���"3� '8 !.��+)P
 "B 5%	�+� Z�{,"(	 ���O
�
�+(E "34�)]7d�9=[.)�3�5
 !) "�*� �G
!�8 �/#�O-"
� 

� "�� �� -"4Na2O)F24<(�,  52L� ��38 F+�� �)
P
 "B'G+X�@ W
",�L"4�) .

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                             9 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


� ^�!+� �D"Lr  �D��%�� � !
  �,�34 ���O * �,�34�'() �(]� �s�

:2&K��  (� �'L�V�) �G�� Cr ]9<[.b(� �'L�Y�) �G�� La/Y ]97[.�(� �'L�Rb �) �G�� Sm ]9�[�O Amp(I)  *Amp(b) �) 
�@ P
 "B "�*� !./
�L� Y+8!8"3%�# S, *"r Y+O!8 �) j
�� a
 $  * �%� $�) j
�� a
 $  W'G+X.Z(� �'L�TiO2�) �G�� FeOt .��#� �'L� �� 

�+� $�)��'L� !
�, * -�+, -!
 � �) �#���C'8 j)!� �) �#-"4 -� � ��/� ��2+Q * "�  � "�� P
 U	  "�*�SiO2��'L� ��  � �� ��/� �#"#�.

:2&L��  ( �'L� �Sr �) �G��Bab *(� �'L� Sr �) �G�� Rb/Sr ]9<[.�+� $�)�#-�+, -!
 � �) ��'L� !
�, *-� � ��/� ���C'8 j)!� �) �#
-"4 � "�� P
 U	  "�*� ��2+Q * "� SiO2��'L� ��  � �� ��/� �#"#�.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                            10 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


"(B��-��L4 �����%�)�8 z��� ��'6!6� * -�.%,�C A3, �
�L6�� D�#�#�B*!C D. . .�s�

��3& ��+) �O 4�"A3, �� ��'� D�#�,�!) �6"4 �3| 
��LILE *LREE �) �G�� HFSE *HREE�� � �'B* .

�G�� D\�) � "�� D�#Ba/Zr �Th/U*Ce/Yb �6"4 �3| 
A3, 5
  ���� ��/� �)'C �)  � �#"3#� .Z*�X8 �5+3RL#

��
�L��G�� 5
  � "�� �+� $�) �� �# �#)�)�) S,'%� � "��
 Y+8!8`=/>�?`/7*n9/99 (��'L� !
�, �) �#)Y+8!8 �)dn/�

�8n?/9��=/=�8?n/d*n?/?d �8 ?>/n9 (�+� $�) D!+6� !E *-
�� �#-!%�6��'L� !
�, �) �G�� �8*�X%� D�#F24 �� �# D�#

?�d*`"#�4 D�# Y+O!8 Z*�X8 !) D!.
� 5+�$ ���@ �
�+L+4
 �)N#"3%�# .�G�� 5
  � "�� !++[8 -!%�6 ��  �� �#�+J *�#-

-K'� ��#�
�@�
�'L3) * �# Z*�X8 * �#
 5� "���#�+� $�) �) �#
"3
 !	 � "C� �) ��38P
 "B+� �+~'8 F)�E 5
�'() ��]9=[.
� ��2L# * - 'C!+C]��[�6"4 �3| � "�� �� Z*�X8 5
  D�#

-"
�A3, �� -"4 �B*!C D�#�
�+(E  $'�  � $ -"�@!) � "C�
�%,'Q P
\@ "3
 !	A3, 5
  �� �yrw� F)�E D �%�� � �#"�  .

 �) ���%1�� !./#*^Q �+Q * �!+Q �'& ]9?[* 'R
� *
� ��2L#]9d[�3| 5
  U+� �6"4�� �#"3� '8 P
\@ �]+%� �� 

�%,'Q �
 * D �4��-"�$�, D�L6�� �"4A3, �%4'6 a
 $  
�3|"34�) -"4 .�C!) � "�� $  -��X%,  �) ��� �  �� 5
 !)�3)

�G��,'8 -"4 �r !I D�#� �'L� * !T�31 D�# S� !./#*^Q �
�%,'Q P
\@ "3
 !	 � "C� !+V�8 �G+O!8 Z !++[8 !) D  

A3, ��'� D�#!y��,  -"4 �,�!) .

 ���8 ;�M(��
��3& � �'L� �� �O PM)La/Nb (�) �G�� PM)Th/Ta) (F24

n�� (-"
����'4 �*�%+� $�) ��'L� ��a
��'L� %+J *�#�*
*�K'� ��'L� -@�%
�)a+	��� 5
!8��'L ��'� D�#�,�!)(��

-!%�6 -"4 �3| �%4'6 a
 jE *"3%�# .�,  ���r �� 5
 
�O��'L� �#!.
� D��'L� F��4 �D�#P
 "B�%	�
 !8-K'� �%
�@

�%
�'L3) *�!8\�) � "�� �) �B'8 �)PM)Th/Ta()F24n�� (
P
\@ �LO � "�� !+V�8 Z�G+O!8 �)�%,'Q�� ��/�  � �
\�) -

"3#� ]9`[.� �'L� ��SiO2�) �G�� La/Nb)F24nb(
"�*� U+�-"
� -"4 D !)��'L� D�#P
 "B�%	�
 "�*� �) !8

 * P
\@P
 "B 5
�'() )"�*�AFC (�� '�L# D!%/+)  �
�� ��/�"#� .��'L� U+� � �'L� 5
  �� �� �%+� $�) D�#-!%�6 

a
 � !E -"4 �3| �%4'6"�� � .�"# '4 5
  !) �3) D\�) � "��

Nb �G�� *Nb/U)F24n�(*�'G� �X3� D��]3#�� Nb *
TaA3, 5
  �� ��# �)W�L%r ��+�) ��'L� �� ��'� a+	�� D�#

 �,�!)�%,'Q P
\@ ��+�) � "C� Z�'T �� �
 * -� "� �� D 
�,  -�') U+&��]9?�9`[.��'L� �� ��  S, *"r D�#)�


P
 "B�%	�
 !8(�"# '4 5+�$ �
�+L+4��+) F24 * -"4 n
�%,'Q P
\@ D� "�� � "C� !.��+) �"3%�# D  .�5+3RL#

��'L� 5
  D!+6� !E �� �#-!%�6"�*� D\�) �� $�) D�# 
�%/Q �,'��+E  ��+� D�#–�� $�) �,'��+E  !
 UB D�# 

)OIB-MORB(F24 �� �>�!+Q !y� �) �B'8 �) ���  
]9n[�!.��+) D�#"3
 !	 !V P
 "B�%,'Q P
\@ * 5
�'() D 

���@ !)�,.��'L� 5
  ���#��'�r�'() ���.+) �U8� 'O D�#
 Z�{,"(	 * $wO'
KwQ�
�+(E��) D!.
� "#�4 "� '8 !� "C� 

�%,'Q P
\@"4�) D  .

 
��
 ������� �D�� ;���� 
��6 ��� 

Z*�X8 S,'%� � "�� Mg# �Ni *Cr�+� $�) �� �#��+J *�# #�
K'� *-@�
� D�L6�� a
 Y+O!8 $  �%	�
 P
 "B !%LO D�#
 �+�* -"�@!) �%4'6 $  )Mg# �) !) !)??�8d=�� "��Ni 5+) 
<>> �8 =>> *Cr)P+$ �>>> �'+(+� �� �L�E ]7?[(

D'6$�) �+�* �A3, 5
  -"�$�, D�#�L6�� ��'G�#�,.�%G� 
�,  �3%X6P#*^Q �� �'3O�8 �O 0�]�  D�# !) -"4A3, D�#

�B*!C $'� �
�+(E D� !
  �!4 ]�>���[A3, �) �
�#
 -"/� x� U6 �+�*  D�L6�� a
 �) a
�U� �
�+L+4 Y+O!8

�,  .��3& �5+3RL# �O !%/+Q ��+)4!y� �) �"��L�O ",�
�%,'Q P
\@ "3
 !	��'L� Y+O!8 !) �� "3& !V  D  a+	�� D�#

 ��'��,�!)�,  �%4 � .* �,�!)�6^
 "3
 !	 �
�+L+4 D�#
�+J *�# P
 "B 0"1 !.��+) U+� 5
�'() P
 "B�#K'� *-@�
� -

�+� $�) $  �#�#�,.5
 !)�3) �) W�L%r Z*�X8 ��+�) D�#
A3, 5
  ��+� �G+O!8 * �#�3|�6"4 �� -"4 -"
� D�# ���@

�6^
*�
�# $  -�.%,�C ���@ -"�$�, D�#�L6�� "3%�# .F24-
D�#n���  * ��>*� "��Nb/Ta ����'L�D�#a+	�� 
��'��,�!))�+� $�) �� �#=`/7� *�@ S,'%� ���+J *�# * �#
-K'��
�@�) !) !) �%	�
 P
 "B !%LO D�# `>/�?"T�� (�4��

 �"4���@ b �� $  D�#-"�@!) $  a
�%4'6-"4 �3| )7/>±
=/�d(]<>�<�[�� ��/�  � "3#�.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                            11 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


� ^�!+� �D"Lr  �D��%�� � !
  �,�34 ���O * �,�34�'() �(]� ���

:2&N��  (� �'L�PM)La/Nb ( �) �G��PM)Th/Ta(]9=[.b(� �'L�SiO2�) �G�� La/Nb ]9?[.�(� �'L�Nb �) �G�� Nb/U ]<>[.
�+� $�)��'L� !
�, * -�+, -!
 � �) �#���C'8 j)!� �) �#-"4 -� � ��/� "�  .��'L� -!%�6 5+& �:�� -!
 ��%	�
 P
 "B D�# !8)-K'��
�@ * �#

�
�'L3)#�(�� ��/�  �"#�.

:2&*O��  (� �'L�Nb/Yb �) �G�� Th/Yb * -�+, -!
 � �) �# �+� $�) ��'L� !
�,�#-"4 -� � ��/� ���C'8 j)!� �) "� .-!%�6 5+& �:�� -!
 � 
��'L��%	�
 P
 "B D�# �,�!) ��'� !8 �%	�
 P
\@ * !8)-K'��
�@�
�'L3) * �#�#(�� ��/�  �"#�.-!%�6��'L� S,'8 �,�!) ��'� D�#

� ��2L# * - 'C!+C ]��[* D!%�O�C �)� ��2L# * A��Q S,'8 -"4 �,�!) D�# ��'L� ]�>[� �")!~ ��w1 �) P
�L-"4 -� � "�  .��b��38=
��'� ��'L��,�!) �� ��  � �'L� �� �O -!%�6 "�*� MORB �OIB �-"4 jE * N,��,  -"4 .

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                            12 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


"(B��-��L4 �����%�)�8 z��� ��'6!6� * -�.%,�C A3, �
�L6�� D�#�#�B*!C D. . .��z

�#�G4�#'.�  DREE �8'G231 *��'L� �,�!) ��'� D�#
)F24=(D�#'.�  �)OIB ��'G� �X3� D��]3#�� Nb *Ta��

* ���@F24D�#n� ���  *�>�4�� "# '4 $  D�#�L6�� �"4
��'L� -"�$�, �,�!) ��'� a+	�� D�#)��'L� P
 "B !%LO D�#

�%	�
 (�%4'6 b*c $  �) a
�U� Y+O!8 �) D OIB �3_
 �
'6-!O ��, �%4�,  �D  .��'L� D!+6� !E !%LO a+	�� D�#

 "�*� -!%�6 �� �%	�
 P
 "BOIB-MORB F24�>�� ��  
� �'L�Nb/Yb �) �G�� TiO2/Yb)F24�>b(U+� ��/�

�� �O "#� 5
  -"�$�, D�#�L6����'L� �# �)W�L%r ��+�) 
$  -"�@!) c "3
 !	b*�/�)H+L1 )����6 D� "
�Q HL1 ( $

�%4'6D Y+O!8 �) OIB"3%�# .��'L� �� ��,�!) ��'� D�# 
�G�� D�#N)Tb/Yb ( $  P+)`>/�)9?/7�8<>/9(*

N)Dy/Yb ( $  P+)?>/�)`�/��87�/7(�3| *$ �6"4
LREE �) �G�� HREED !) D!.
� "# '4 �� ����6 �'�r 

�%4'6 Y+O!8 "3%�# -"4 b*c]<7[.5
 !)�3)��� !y� �) -
,��O "N#�+� $�) * �# N#�+J *�#�#K'� *-@�
� �# F��28 $ 

�+�*  D�#�L6���%	!6 F24 D  �O "�  $ b*c �/�)�%4'6 D 
 Y+O!8 �)OIB-"4 �4�� ����6 ���O �'�r �� *"�  .�� 

Z*�X85+�$ D�#�+� $�) ��+� �
�+L+4��'L� !
�, �) �# * �#
5+3RL# �)��'L� �2L# * A��Q D�#� � ]�>[* - 'C!+C *
� ��2L#]��[)F24�>�� (�� ��+�) W�L%r  �) �) "� '8

b*c �B�� �� Z*�X8 F+�� D�#�L6�� -�.%,�C �%4'6 �/�)
A3, 5
  -"�$�, "4�) �#]<9[.

b*c �B�� �,�!) �'y3� �) Y+O!8 * ���L%r  �/�)
b*c D'.�  $  �%4'6 W �'�!+| �/�)]<<[Z�G+O!8 !) �

�L%r  "4 -��X%,  ��%4'6 $  ��)F24��.(��3& �O -"
� 
��'4��'L� �� ��'� a+	�� D�#�,�!) �� -!%�6 �) a
�U� 

����6 �+�*$!� a
 b*c "�*� � !E � �"�� � .F24 5+3RL#��
�� ��/��+� $�) -"�$�, D�#�L6�� �O "#� �# �)W�L%r ��+�) 

�� �]+%� �� "3� '8=�8db*c "T�� * �/�)�+J *�# * �#
-K'��
�@ $  �#7�/�) b*c "T�� �4��"34�) -"4 .5
 

 ��'~'� 5%	!6 F24 �3_
�+J *�#-K'� * �#�
�@ b*c $  �#
�+� $�) �) �G�� !%LO �/�)�� ��#Z*�X8 "� '8 5
  D�#

A3, !%/+) �6"4 �3| �(LB $  �#�+J *�#-K'� * �#�
�@ $  �#
LILE *LREE $�) �) �G�� �+� �#"#� �+~'8 �)'C �)  � .

:2&**�%+� $�) ��'L� *� -"�$�, D�#�L6�� �/�) b*c �B�� �,�!))-�+, !
 *�(-K'� ��'L� *� * �+J *�# ��'L� a
 ��%
�@)'8 D�# j)!�
���C .( � "�� Z !++[8 �,�!) D !)La/Yb �) �G�� Yb �I =/��7�9�=�?*`+O!8 �� �/�) b*c "T�� * � � ����6 �+�*  �%4'6 Z�G

 �� � a� * ��, �
�%� $  � � F3+{, ]7<[���G�@ W �'�!+| �/�) b*c D'.�  $  ]<<[�,  -"4 -��X%,  .

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                            13 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


� ^�!+� �D"Lr  �D��%�� � !
  �,�34 ���O * �,�34�'() �(]� ���

A&��
B 
A3, �B*!C D�#�
�+(E  $'� �6�,@ * � "3G�� ��:3� �� 
F��4 ��+� $�) �+J *�#K'� �-@"3%�# �
�'L3) * �
� .�
�%� 
5+�$ * �
�+L+43,AD��.��� ��/� �O "3#��+J *�# ��#
-K'��
�@�
�'L3) * �# �# $  -"�@!)P
 "B �
�L6�� $  5
�'() 

+� �+� $�) Y+O!8 �)"3%� .�O �,  ���r �� 5
  �)W�L%r  
��+�) �� �+J *�#-K'� ��#�
�@�
�'L3) * �#�#�P
 "B���O -

�%+8 * 5#@ D�#"+�O  * 5�O*!+Q'3+(O �W'G+X�@ D�# !) �
Y+O!8 Z !++[8-"
��,  -�') !V'� ���@ �� -"4 .�,�!)

�%,'Q P
\@ "3
 !	A3, 5
  �� U+� D �� ��/� �# �O "#�
 Z�G+O!8 ��'� a+	���,�!)4���+� $�) F��#�+J *�# * �#

-K'��
�@ � "�� �) D�#SiO2$  !%LO =7��$* "T�� 
x'�%,��%,'Q P
\@ D -"/�"�  .+O!8 �� YP
 "B D�#

�%	�
-K'� $  D� "_8 F��4 �!8�
�@�
�'L3) * �# ��# �)W�L%r  
��+�) D"r �8�%,'Q P
\@ �%4 �6 !, �/Q  � D "�  .

�
�%� ��, !)�,�!) D�# 5+�$ 5
  �� �
�+L+4P#*^Q 
�� !y� �)A3, �O ",� �B*!C D�#�
�+(E  $'� HI�3� �� 

�%4'6 a
 $  �6�,@ * � "3G���,-!O ��+G4 D  �)
-�.%,�C�� $�) �,'��+E  !
 UB D�#)OIB (�%	!6 F24"�  .5
 

 �) �'~'�-�.%,�C x� U6-"4 * - 'C!+C S,'8 � ��2L#
]��[�� '�L#�� "� .5+3RL#�Z*�X8 �(T  F+�� -"
� D�#

 � "�� �� -"4 �6"4 �3|LREE *LILE �) �G�� HREE 
*HFSE A3, �� �B*!C D�#
�+(E� $'�D�,�!) ��'� 

b*c "T�� �� Z*�X8 5
  -"�$�, D�#�L6�� �O �,  �/�)
A3, �@ $  �# �4��-"4"�  .���r �� 5
 �,  * - 'C!+C �O 

� ��2L#]��[�%,'Q P
\@ �]+%� ��  � �@ "
"4 D 
A3, 5
  -"�$�, D�#�L6��-�'L� ��+) �#"� .

	
��#�� 
5
")�(+,*D�E@ �
 !;T �# !L# $  N��C * !R)@ �  ���  

�� * !, �+L,�� �� ��"E�'4 .�(]� 0!%;� � �* � $ 
 �,�34 ���O * �,�34�'() � !
  5
  �+;}8 * �,�!) D !) U+�

�� D� U6 ��{, ��%4'��'4 .

P��
� 
[1] Tirrul L., Bell I. R., Griffis R. J., Camp V. E., 
"Sistan suture zone of eastern Iran", Geological 
Society of America Bulletin 94 (1983) 134-150. 
[2] Pang K. N., Chung S. L., Zarrinkoub M. H., 
Khatib M. M., Mohammadi S. S., Chiu H. Y., Chu 

C. H., Lee H. Y., Lo C. H., "Eocene–Oligocene 
post-collisional magmatism in the Lut–Sistan 
region, eastern Iran: Magma genesis and tectonic 
implications", Lithos 180-181 (2013) 234-251. 
[3] Alavi Naini M., Lotfi M., " Geological Map of 
Nehbandan, scale 1:100000", Geological Survey 
of Iran (1989). 
[4] Alavi Naini M., Lotfi M., " Geological Map of 
Khunik, scale 1:100000", Geological Survey of 
Iran (1990). 
[5] Alavi Naini M., Lotfi M., " Geological Map of 
Seyasteragi, scale 1:100000", Geological Survey 
of Iran (1991). 
[6] Biabangard H., Najafzade M., "Mineralogy, 
geochemistry and origin of Chaharfarsakh 
intrusive and extrusive rocks, Lut block", Iranian 
Journal of Crystallography and Mineralogy 24 
(2016) 515-530 (in Persian, with English abstract). 
[7] Camp V. E., Griffis R. J., "Character, genesis 
and tectonic setting of igneous rocks in the Sistan 
Suture Zone, of eastern Iran", Lithos 15 (1982) 
221-239. 
[8] Walker R. T., Gans P., Allen M. B., Jackson J., 
Khatib M., Marsh N., Zarrinkoub M., "Late 
Cenozoic volcanism and rates of active faulting in 
eastern Iran", Geophysical Journal International 
177 (2009) 783–805. 
[9] Mollashahi N., Zarrinkoub M. H., Mohammadi 
S. S., Khatib M. M., " Petrology of young 
volcanics in Hamun Lake Area (East of Iran)", 
Iranian Journal of Crystallography and Mineralogy 
19 (2011) 519-528 (in Persian, with English 
abstract). 
[10] Pang K. N., Chung S. L., Zarrinkoub M. H., 
Mohammadi S. S., Yang H. M., Chu C. H., Lee H. 
Y., Lo C. H., "Age, geochemical characteristics 
and petrogenesis of late Cenozoic intraplate alkali 
basalts in the Lut–Sistan region, eastern Iran",
Chemical Geology 306-307 (2012) 35-40. 
[11] Kheirkhah M., Neill M.I., Allen M.B., "
Petrogenesis of OIB-like basaltic volcanic rocks in 
a continental collision zone: Late Cenozoic 
magmatism of Eastern Iran", Journal of Asian 
Earth Sciences 106 (2015) 19–33. 
[12] Mojadadi moghadam H., Ahmadi A., 
"Petrology and geochemistry of pillow lavas and 
mafic rocks in the middle part of the fault zone 
Nosratabad-Kahurak, East of Iran", Iranian 
Journal of Crystallography and Mineralogy 23 
(2015) 309-320 (in Persian, with English abstract). 
[13] Khatib M., "Geometry of strike-slip Fault 
termination", PhD thesis, Shahid Beheshti 
University (1377) (in Persian). 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                            14 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


"(B��-��L4 �����%�)�8 z��� ��'6!6� * -�.%,�C A3, �
�L6�� D�#�#�B*!C D. . .���

[14] Walker R. T., Jackson J., "Active tectonics 
and late Cenozoic strain distribution in central and 
eastern Iran", Tectonics 23 (2004). 
[15] Nazari H., Salamati R., "Geological Map of 
Sarbisheh, scale 1:100000", Geological Survey of 
Iran (1999). 
[16] Whitney D. L., Evans B. W., "Abbreviations 
for names of rock-forming minerals", American 
Mineralogist 95 (2010) 185–187.
[17] Dunn T., Stringer P.,"Petrology and 
petrogenesis of the Ministers Island dike, 
southwest New Brunswick, Canada", Contributions 
to Mineralogy and Petrology 105 (1990) 55-65. 
[18] Jeffrey P.G., " Chemical Methods of Rock 
Analysis". 2nd edition, Pergamon Press, Oxford, 
England (1975). 
[19] Le Maitre R.W., "Igneous Rocks, a 
Classification and Glossary of Terms", Cambridge 
University Press, New York (2002) 236 p. 
[2�] Williams H., Turner F. J., Gilbert C. M., 
"Petrography; An Introduction to the Study of 
Rocks in Thin Sections", W. H. Freeman and 
Company, New York, (1982) 606p. 
[21] Farmer G. L., "Continental Basaltic Rocks", 
University of Colorado, Boulder, Co, USA (2007). 
[22] Esmaeily D., Valizadeh M.V., Noorolahi Z., 
Kananian A., " Mineral chemistry and whole rock 
geochemistry evidences of the differentiation in the 
Karaj Dam basement igneous rocks", Iranian 
Journal of Crystallography and Mineralogy 1 
(2006) 153-176 (in Persian, with English abstract). 
[23] Macdonald G. A., "Composition and origin of 
Hawaiian lavas", Geologyical Society of 
American Memoir 116 (1968) 477-522. 
[24] Sun S. S., McDonough W. F., “A chemical 
and isotopic systematics of oceanic basalts 
Implication for mantle composition and 
processes",In: Saunders A. D., Norry M. J., (eds), 
Magmatism inoceanic basins, Geologyical Society, 
of London Special Publication 42(1989) 313–345. 
[25] Le Bas M. J., "IUGS reclassification of the 
high-Mg and picritic volcanic rocks",Journal of 
Petrology 41 (2000) 1467–1470. 
[26] White W. M., " Geochemistry", First edition, 
Wiley- Blackwell, Chichester (2013). 
[27] Yang J. H., Wu F.Y., Wilde S.A., Chen F., 
Liu X.M., Xie L.W., "Petrogenesis of an Alkali 
Syenite-Granite-Rhyolite Suite in theYanshan Fold 
and Thrust Belt, Eastern North China Craton: 
Geochronological, Geochemical and Nd-Sr-Hf 
Isotopic Evidence for Lithospheric 
Thinning",Journal of Petrology 49 (2008) 315-351. 

[28] Wilson M., "Igneous Petrogenesis; A Global 
Tectonic Approach", Chapman and Hall (1989). 
[29] Haghnazar Sh., Malakotian S., " The role of 
fractional crystallization and crustal 
contamination in the magmatic evolution of 
Paleogene volcanic rocks of Damash area in 
Guilan Province", Iranian Journal of 
Crystallography and Mineralogy 20 (2013) 651-
662 (in Persian, with English abstract). 
[30] Cox K. G., "A model for flood basalt 
volcanism", Journal of Petrology  21 (1980) 629-
650.
[31] Aldanmaz E., Pearce J.A., Thirlwall M.F., 
Mitchell J.G., " Petrogenetic evolution of late 
Cenozoic, post-collision volcanism in western 
Anatolia, Turkey", Journal of Volcanology and 
Geothermal Research 102 (2000) 67–95. 
[32] Harangi S., Downes H., Thirlwall M., 
Gmeling K., " Geochemistry, Petrogenesis and 
Geodynamic Relationships of Miocene Calc-
alkalineVolcanic Rocks in theWestern Carpathian 
Arc, Eastern Central Europe", Journal of 
Petrology 48 (2007) 2261-2287. 
[33] Bachmann O., Dungan M., Bussy F., "Insights 
into shallow magmatic processes in large silicic 
magma bodies: the trace element record in the 
Fish Canyon magma body, Colorado", 
Contributions to Mineralogy and Petrology 149 
(2005) 338–349 
[34] Yang J.H., Sun J.F., Zhang M., Wu F.Y., 
Wilde S.A., " Petrogenesis of silica-saturated and 
silica-undersaturatedsyenites in the northern North 
China Craton related to post-collisional and 
intraplate extension", Chemical Geology 328 
(2012) 149–167. 
[35] Macdonald R., Belkin H. E., Fitton J. G., 
Rogers N.W., Nejbert K., Tindle A. G., Marshall 
A. S., " The Roles of Fractional Crystallization, 
Magma Mixing, Crystal Mush Remobilization and 
Volatile Melt Interactions in the Genesis of a 
Young Basalt Peralkaline Rhyolite Suite, the 
Greater Olkaria Volcanic Complex, Kenya Rift 
Valley", Journal of Petrology 40 (2008) 1515-
1547.
[36] Pearce J.A., Peate D.W., " Tectonic 
implications of the composition of volcanic arc 
magmas", Annual Reviews of Earth and Planetary 
Sciences 23 (1995) 251–285. 
[37] Reichew M. K., Saunders A. D., White R. V., 
Ukhamedov, A. I., " Geochemistry and 
Petrogenesis of Basalts from the West Sibrian 
Basin: an extention of the Permo-Triassic Sibrian 
Traps, Russia", Lithos 79 (2004) 425-452. 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

                            15 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html


� ^�!+� �D"Lr  �D��%�� � !
  �,�34 ���O * �,�34�'() �(]� ��q

[38] Neal C.R., Mahoney J.J., Chazey W.J., 
"Mantle sources and the highly variable role of 
continental lithosphere in basalt petrogenesis of 
the Kergulen Plateau and Broken Ridge LIP: 
results from ODP Leg 183", Journal of Petrology 
43 (2002) 1177–1205. 
[39] Pearce J.A., "Geochemical fingerprinting of 
oceanic basalts with applications to ophiolite 
classification and the search for Archean oceanic 
crust", Lithos 100 (2008) 14-48.  
[40] Hofmann A., Jochum K., Seufert M., White 
M., "Nb and Pb in oceanic basalts: New 
constraints on mantle evolution", Earth and 
Planetary Science Letters 79 (1986) 33–45. 
[41] Green T.H., "Significance of Nb/Ta as an 
indicator of geochemical processes in the crust - 

mantle system", Chemical Geology 120 (1995) 
347-359. 
[42] Wang K., Plank T., Walker J.D., Smith E.I., "
A mantle melting profile across the Basin and 
Range. SW USA", Journal of Geophysical 
Research-Solid Earth 107 (2002). 
[43] Xu Y. G., Ma J. L., Frey F. A., Feigenson M. 
D., Liu J. F., "Role of lithosphere– asthenosphere 
interaction in the genesis of Quaternary alkali and 
tholeiitic basalts from Datong, western North 
China Craton", Chemical Geology Including 
Isotope Geoscience 224 (2005) 247– 271. 
[44] Albarede F., " Introduction to Geochemical 
Modeling", Cambridge University Press, New 
York (1996). 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
2.

26
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
2.

1.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
07

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            16 / 16

http://dx.doi.org/10.29252/ijcm.28.2.269
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.2.1.3
https://ijcm.ir/article-1-1465-fa.html
http://www.tcpdf.org

