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

÷

������� ��� ��	
���
 ����� ����� �� ���� �
 ������ � ����
���� :
�������� �
����  ��!�� � "��� #� �  #�$%� ����� 

��&' $
�()��*

� ��� �!�"�#� $�%&'( �)*+ ��,"-�./ 0�%1!*�2 3456%75859%!
1!* 

*+��$:! ��
-�*: 0���; �2��< "��#&� �� ��=>+�!*"?#@"A>��#2 ���B >� C)� �D: �A/ �@E�./ D
D�)*@F�! C,!�*D� G�)EPMA (
 -�*: ��#���	*+ �!*H .��!��=>� 1� � JK�L ��: G;*&2 �; A=�"��>&; *K�.( ,! "2��< �� �#M#� N� D" D� !� ��AD: 1!#D2
C)� 0

O2""�*; 0.;*2"&; *K�.( P"2��< �� N�"�!*+ �"��=>�.�!� Q'@�� >R2""+ S!*��*@�!>� 1� � �: TU#&O� ) A=�"! 0
R2 0D"" S!*
 ;*2 )"� V.- P"�W:!� 1�:G>&X.� ��-! �!*H*: .�=�!�#&� ,! ���Y@-! �:>�2)� �
R2 �; "";*2 S!* D" JD; V.D- P][H ,! D" *D\ J
P

�#�< ]�[/!"."$#)ASI ( ��!*@-! )"$#[&; *K�.( �:"2��< N�"-*2 !� �"� _�� �A.; ��&+�� ]#� �: 1!#2>�)! D"�D-� �
�D	� .;*2 D" P
&; *K�.("2��< N�"�!*+ Q'@�� ]!#�! �� �"S)�Y2 ��=>./)� �� 1� � �#E ,! �A.=� .2��<"��=>�!*+ D"]#D� �ID.` �,!Si �Cl �S�

Th )LREE ��L �� A.@�= ���#&� �; �=>]#� SU�: G;*&2 �
,!Fe �Mn �Na �F)HREEA��!� .2��<"��D=>�,#D- ��� �#DM#� 
��#&��=>	�� "a�!*+ *2"?#@"�=A>]#� I� )"$#[�)*: G�=>�
��!� G>	�� "�: �� a"��>` G;*&2 ��!#� ,! "�#&O� *�2��< �D: �[�� D"�
�=>�
� V.- �� *�"� 1� � 1�:G�;�L �; A.=��!*	 b�� ,! 
�&+�� cd@E! A.�
F 2 �� "! J
V.- 0A.@�= �= .

�,���!�&��$�:2��<"�e�!*+ "�e]#� Ie]#� Se1,), e�A�� e���: e/"�#;*.

"�$%� 
�� ���=>E!"*� �:"�f2 �	* "��,< S!G
=�� �,! ���Y@-!
;*2"��; P�-�*: �� �=��=>V.--�./�C*@�+ 

�& B"*>
�-! �@	� .;*2 ,! ,�`< ��"�;! P"�=A>'K! �
��;��=>.�)*	 "G
!*: 0>-�*: ��M ) G�g)*@� 
�, ���"0@E�-�

�=�&+��>@�!,�: ��	*+ �!*H ���Y@-! ��#� ]7[�: hi- ) e
Y'2"��!� j�=>'K! *K�.( �&; )"! kN�
��; 0��: S�(dl! ��=
/,�!�!*	 ,! 
�=A.>V.- -�./�JF/ *: _;�L +"*>

�=�&+��>A�< �-A: Q'@�� ]m�8.[b=)n��=>AO: >1� � 

;*2 �; �!�"��; P��=>�'	 "� a"� G�O2 �� A�!#2 ""=�� 0"�
�=�&+��>�!*+ "@� �� ��:!G- �
,�: >A.; ]3�9.[
-�*:��=>H�"/ j"&���; �E*: �; �!� 1� � �=���; ,! �-
�=>(*	 �&; )"� N�"! �� G
-�*: ��#+ 0��=>V.- -�./�
':�H"[-�.� ��A��!� .2��<"�
F�! ,! 
��; 0��� �; �-�=
�,"�.�=>*+ �!*H ���Y@-! ��#� Q'@�� �-! �@	 .

2��<"1!#.( �: �
��; a�(*	 �o� *p;! �� qE�/ "r-
�=>�s< 
:#-� �0��#+*+� )�F 2 "� J��*@�+ �� ) �#/>
���%�� ��*@�+ �� 	
�#l �: �-! �!A>� �; ��� !� 1< 1!#2

 

∗0Y'2 �t#u�� �A.�
#� :m433v7m)v967(*:�&� �:m496987)v967(�F"�)*@F�! ��� �:ali54894@yahoo.com 

t�-�$)� ) ��":��&/ �)� >$�1�@�:�2�wxoYK ,! �m38 �2 �y� 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                             1 / 15

http://ijcm.ir/article-1-238-fa.html


 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                             2 / 15

http://ijcm.ir/article-1-238-fa.html


�'( A"-*�X�>1!*
! �-�./ ���; ) �-�./�#': �'f� �zz

���>�� 	 ) {�2! 7! �@[�! ) ��*; �A=� � *Y�&2! 
��; 0��2
���>C˚789v �� 	 )GPa9/m�"�� G
H�: �!A���A���]4.[
2��<"�&+�� �#'[2 ,�`< �� ��
1!#.( �: 
�)! ,�	 a"F 2 �"J
��l 1< �#'[2 ��#/�!AM 
�&+�� b�
� ��!�! �
t#l �� ) A:�

JF/+"*>1#�:< �=>-"'"2�F�� ]�[/! AL �: �A-� ]6.[
! t#�*	 A.B*=
2��< t< �A"�Ca10(PO4)6(F, OH, Cl)2

� ��! ��-!�!*/ �: �M#2 �: A�!#2
o� *: _;�L r"���� r
J:�H *
�M#2�E*: ,! �&; *K�.( "1#|&= N�REE �Sr �U)Th !� 

�M �#E ��@E�- ��>A=� .-�*:�R2""&; *K�.( S!*"�� N�
2��<"��=� 1< ,! �; �-! ��!� 1� ���!G:! 1!#.( �: 1!#2>

b=)n� �� A.��#-�=>�,"0-�./��*; ���Y@-! .!
0
R2""�=�����; ���@-�E �E�./ �� S!*]}[�, �� )"�.>��
#M�
��; ��=]5[Y�"��#�B �E�./ �� ) A.@�= A�JF/
+"*>�@/�[�! �=>H!"-#����A�! �@	*+ �!*H ���Y@-! ��#� ]7v.[

! *: �)d(
2��< ,! 0"!*: �>-�*: �!*	 
�=A.>�&+�� �
E~2 "*>
��O	 ��"��=>�� Y 2< �]77[V.- G�g)*@� )�=>Q'@�� 
	��!*@�)!"'H �a"��
2�.:*; )"@��-! �A/ ���Y@-! ]7m�78.([
! �� ��!
� 0": 1�"*@ 
)� *: �M#2 0>-�*: �2��< ��@	� "�� �
�=�&+��>�!*+ "@�/ G;*&@� -�*: ) �A��=>�!)!*	 �! �� 
0

�,"�-! �A/ $�f�! �. .-�*:��=>�; �!� 1� � �A/ $�f�! 
�!)!*	�(*	 *K�.( �/�[�! �[�� )�&; )"2��< �� N�"�o2 �
�~2"O2 J�!#( *""�A..; 0>�!*+ ]#� "�)I
�S(�� ) �-!
@�"/ ,! �f"&�2��< "� ��!*: 1!#2 >O2""���@-�E ) ]#� 0

�!*+"��@ �	*+ a&;]73.[2��<"!*: �>-�*: �J��F2 
�!*+"�� 2 ) �="�=A�)� q>+ JF/ t#l �� _;�L "*>

� �&+��"�-! �A/ �@	*+ ��; �: G])79%76.([ 
;*2"/ P"&"��
2��< "� !� ���f2 ,! ���Y@-! �: 1!#2 "S!G
�)�.	 )>�=>AM
�#l �: ��)< �-� �: A
TU#&O� �F��!� ,! -

�=>�
�A�,!�*� G>�)*@F�! �)EPMA (��!*: 1!#2>O2""0
�;!"�=A>'K! �l C)� ,! )"Qf.-��*M ��-
� b"�G>

�&-d�>���! �YM �
)LA-ICP-MS (!*:>O2""� 0"1!G
&; *K�.("e�*; ���Y@-! N�)t�p� 1!#.( �:]7v�7m�73 .([!
0
b=)n�� 1� � �=��: �� �; A.=�"��>!*: ��!#� ,! >O2""0

�"*K�.( 1!G&;"2��< �� N�"� ��,! 1!#2EPMA�"���Y@-! G

1- oceanic cumulates 

 �*;]79.[! ��
;*2 b=)n� 0"2��< P"��#&� �� ��=>P�@.� 
��#2 ���B ,!>�!*+ "?#@"A>! Q'@�� 
,! ���Y@-! �: 1!*EPMA 

Gf2
��; r:!)� ) ��A/ ���=>(*	 �+��; �: �: "*>SEM 
�-! �A/ ���Y@-! .!
��#2 0��#2 )� J��/ �=>!*+ �"?#@"A>

]#�I)1,), ) �A�� (��#2 )� )>]#� S)/ ) ���:"�#;* (��-
-�*: �; �#/��=>V.- -�./�H�")� Td[H j>1<S�#K �=
 �-! �@	*+])7}%m7.([�@�
� 1� � JK�L ��-�*: �; A=��

;*2"2��< P"-�*: �: �!*&= ��H�"��; r:!)� j�-�./���; �-
�=>(*	 ���O2 �� A�!#2""*	 0!
�=A.>@�g)*@� "F�
�!*+"?#@"A/�: ,�-��; �=A.

-.���� ��/����
,�0��1� 2�345� �6*
�����7�1��!$�
"-0�8� ���� 

V.-�=>�!*+ "@�!*: �; >!
-�*: 0��A/ N��@�! ���B ,! A�!
��#2>! �A/ �@E�./ 
�A/ N��@�! 1!*��!� �; A�!�=>

g#�)*@�
F�O��M �@[�� �M) ���< ��#� �� ��!� �# .��#2 )�>
)1,), ) �A�� (�!*+ qE�/"?#@"�=A>]#� I� ��#2 )� )
*�
)/ ) ���:"�#;* (!�!�>)
+n��=>�!*+ "?#@"�=A>]#� SA.@�= 

! �� �;
�KdE b�: 0!>�, S��� � ,! "0-�./�V.- )-
-�./���#2 �=>
�A/ ���)< �A/ ��A�!:

������$%� 
�� �A�� ��#29;"*@�#'>`:*` t�&/ �� ) �A�� *�/ N*�
�A..- 1),%-"�-! �@	*+ �!*H 1�M*)JF/7.(!
,! ��#2 0
	�� b�: )�"�'	 ) a"�, J�!#( ) G�g �: a"-�./ 0�S)�Y@� 

F 2"�-! �A/ J.;*2"V.- P�=>	�� "� a
�#
�%)*:�+ 
�)AL �� ) ��#:Ma54 �� )
o� a"�, r"0@E�-�

 �!�)*	�A�! �A/ JK�L .*:�.:��!��=>/#?g "&"��
A/ $#'O� 
�@/#+ ,! ���< �;>.`�U�: �A/ >b�!�)*	 t�L �� �H�) 

�A/ j@ � A�!]mm.[V.-�=>�'	 "�)AL �� aMa3v 
F 2"�A/ J/#?g *X� ,! ) A�!"&"��
�!*+ �)*+ )� �: "?#@"�=A>
	��"a*2)MMG (�!*+)G�#� )"���2 �="� _�A�#/ .�#OK

��!,�:�=>&("! j��*+ ��@/#+ ,>!*: $,U >�@-#� N)s 
Y�<"�#["@�F 2 PM#� ) ���)< _=!*	 !� "�&+�� J>�)! "�A/ �
�-! ._=*: �1< ,! h�: b.;"�=�&+�� 0>�'	 "	�� ) a"a
V.-�=>AL!) Q'@�� MMG�-! ���)< �#M#: !� .N)s

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                             3 / 15

http://ijcm.ir/article-1-238-fa.html


A'M ������&/ ��1�@�:�2 �w�w 1< �*:��; ) �"�!*+ ]!#�! �� �"2��< �&"/ P";*2 *""R2. . .�zy

V.-�=>	�� "E*: _�= �!*&= �: �A�� a�V.- ,! =�>
AH
&�� �@-#� *2 "G�!*+)G�#�"�A� !� �=
�-! ���)< A]7}.[

������ �  
��#2>H*/ t�&/ �� 1,), �) S#� �#': 7mv;"*@�#'>*�/ 
:"�-! �A/ �H!) A.M*)JF/7.(!
� ��#2 0"b�: )� ,! G

�&@�
�'	 G"	�� ) a"F 2 a"�-! �A/ J.V.-�=>	�� "a
�
�#
��=>�� Y 2< �#H �: �@�:!) �.- *X� ,! ) A.@�= V-

-�./��!*+ ,! J�@�� "?#@"A.@�= �=A]75.[�'	 b�:"a
�!*+ J��/"?#@"�=A>F=< �%'H"��
-�@� "U�: _>�#�<�@� "�2 0

&;��#�<*� "�-! 0.!
�!*+ 0"?#@"*l ,! �=A
N)s j �:�
V.-�=>	�� "�@/#+ a!>�A/ JK�L A�! .!*oK r:!)��
�

���� V.- A=!#/>;*2 )"/ P"&"��
� 1� � �A=� N)s �; 
 �:�#+�>�@/#+ !>�&+�� cd@E! �!*&= �: �
�#'[2 )
!AM
 �F 2 �: *f.� "! J
V.- 0�-! �A/ �=]75.[

9*�:OH#� "��#2 ��=>-�*: ��#� ��=AL!) �� >�,"-�./ 0�!
1!* .7=��#2>��A�� m=��#2>����: 8=��#2>/"��#;*3=��#2>1,), 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                             4 / 15

http://ijcm.ir/article-1-238-fa.html


�'( A"-*�X�>1!*
! �-�./ ���; ) �-�./�#': �'f� �z�

�����"��� 
��#2>���: 
F���#2 ,! �=>s#Y� >�A..- 1), t�&/ ��&/*� %
-"�-! 1�M*)JF/7.(!
�(#&f� ��#2 0!>V.- ,! JF @� -
�=>	�� Q'@�� "�'	 ) a"s#Y� a>V.- �� �; �-! �=>

�#+*+����H#	 �-�2*; �-) �: ) ��*; s#Y� "�'>V.- �=>
�!"#�%�"�-! �A/ �A��/#� 0-# .�!*+"?#@"�=A>!
�#2 0�

A.B J��/
: S)�Y@� ,�	 0"2#"�!*+ �"� )� ��"�!*+ �F"��
�!*+"����+ ��!*+ ) �!�"Y�< �"t#[ �*E< �@-� GM �: �-! �!�
�=,�	>�
!�!� *�>�!*+ S��� � "?#@"�=A>]#� SA.@�= 

]mv.[*l ,! ���<
V.- N)s j�=>�@-#� !>�� ) Q'@�� 
!*/
o� r"W��&@� 
F 2 G"�A/ JA�!]mv.[*+�!"��=>

����+*@�!#M �!�
!� S�#K �: �; A.@�= ,�	 0
: �� a"2#"�
�!*+"���*; s#Y� �=A�! .

����������� 
�#2�:"�!*+ �"@�/"�#': �� �#;*
���H �*E N*` �� ) �G>
!
G;*� 1!*>)CIM (�M>�-! �@	*+ )JF/7.(r:!)�

!*oK�
��!� )�=>f.- t�- �Rb-Sr-!�)g 0- "� a"���
�!*: !>�M
�"*>!
� ��#2 0"� ���. �A.;]m8.[;*2"P

�!*+"?#@"�!*+#;#� ,! �=A"�#�!*+ �2 �
�#
R2 �""� *��: ) A.;
)
+n��=>��; �-�./�/#?g )"&"��
�!*+ q@�� "��=>]#� 
S�!#�&= ���!� ]m7.[�!*+"/ �"*l ,! �#;*
N)s j �:�

V.-�=>:#-� �A/ 1#+*+� �>.`�gd� ,! 
,d;#
)*+�@�
�#�=(R2 ) �-! �A/ JK�L"";*2 S!*"V.- P,! �=

!AM �#'[2
 ��=�#': 1A/ !AM J��/ �>�,!A+ ,! �A���,�: >
�)!"�-! �A/ JK�L ��]m7.[

���� ;�� � "��	� <�41��

) �A/ ���/! �F��.B
+n��=>/#?g "&"��
V.- �=>��#2 �=>

�A/ * @.� d[H �o: ��#� A�!])7}%mm.([!*:>! �� 
0
�!*+ ,! ��#&� �.� b=)n�"?#@"�=A>��#2 �=>
N��@�! �A/ ��

-�*: ,! h� �2 A�A/�;*2 "/ P"&"��
��; )�-�./�V.- 
O2 ) J;""'K! *K�.( 0�&; )"2��< �� �#M#� N�"! �
0

�!*+"�: c�[2�! ��="/#?g 0"&�2��< "�!*+ ]!#�! �: �"��=
-�*:�A/.*= ,!
��#2 ,! a�=>���: )B8(/ �"�#;*)S10 ( )
1,),)Z12 (
�) A/ N��@�! ��#&� a���#2 ,! >)� �A�� 

��#&�N2 )N38-�*: �2*2 �: �2 A�A/ "�=AL!) �*O� P>
MMG�!*+)G�#� )"A./�: �.
;*2"/ P"&"��
��#&� J; V.- �=>
C)� �: �A/ ��

ICP-MS��,< �� )
��� ACMEO2 !����; ""A/ 0.�l��� 
K �,��"'���2"! ,! �A/ �
��#&� 0� �="�, $#'( �)*+ �� G"0

Academia Sinica�2 �
���@-� �: 1!#�=>SEM� )
G
�A�,!�*�>�)*@F�! �JEOL JXA-8900R2*2 �: "!*: P>

O2""��; 0��=>(*	 �/#?g )"&�2��< "Gf2 �
A�A/ �.!*/
r
!*M!�
!*: >-�*: ��=>�
/,!�*� G�*M
��: 1�
F�>kV79 )
nAm9��: *WH )
�F>µmy%�2��< �#': �,!A�! P�L*: �"��
�#: .!*: C��&/ 1��,>'K! *�.( *= �s7v!*: )>*K�.( 
&;"N�smv�#: .;*2"[���; ,! ��=>(#.�� �[l )"O�

)Durngo, Mexico )Mud Tank, Australia ( 1!#.( �:
Gf2 �� ��!A��@-!
�>2��< "@����Y@-! ��#� �= ) e�	*+ �!*H 

o�2"��!� �C)� �: �=ZAF]m3[A/ $�f�! .

�����=��
;*2"�#� P>��; )��=>&;"��#&� N��=>-�*: ��#� ���

t)AM��-! �A/ �KdE .'H ��i-A'	 �G2�!#;"��
gd� )
�,d;#
��;��=>'K! ���#&� $�&2 ��#: �=A�! .:"2#"��; ��	�� "�� a

��#&� �&=Y�< ) �="#[�#�!*+ �� t
�#
��=>]#� I)Z12 )
N2 (A��#: 1!)!*	 .)#F�� ) ����+
� �
��; *���=>�#M#� 

�!*+ ��"��=>]#� S)B8 )S10 (F 2 !�"�!� J�A�! .
-�*:�SEM)� *: >K �,�� �l��� "'����#&� �=>��#� 

-�*:�S)�Y2 �=�
�!)!*	 �� A.B ���; ��=>&;"�!*+ N�"�-
�=>]#� I)S�!� 1� � !� .�!*+ ��"?#@"�=A>1,), ) �A�� 

@.��"�;! ��"AFe-Ti'K! ���L�� �-! "�!*+ �� �F"��=>
/ ) ���:"! �#;*
.&'"1!)!*	 ��-! *2 .!
;�L �d@E! 0�,!

!*/ S)�Y2
��;! r
o� b"F 2 1��, �� r"�-�&+�� J.
2��<", ) �
��; 0;*�(*	 �!�
A��#: �= ��#&� J; �� �.2��<"�

)*; ) �)A� ���L �: �>��; �� t�E�! S�#K �: )��=>�
*�
):"2#"Y�< ��"2 �t#["��@"�(�
� �A�) �#/
� S�#K �: �"�'-
!>�, �� "�A.;!*� �.�-! .��#&� ��>�#�!*+ 
�#
@���#2 �=>

1,), ) �A��)N2 )Z12 (! *: �)d(
���L 0�=>kt)!A@� 
2��<"�=�#': ��>�,#- ��� _= JF/ �,"�.>'K! �_= ) V.- 

$#[�)*: ���=>	�� "� a
��!�G)MME (�
� �A��#/)JF/m.(

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                             5 / 15

http://ijcm.ir/article-1-238-fa.html


A'M ������&/ ��1�@�:�2 �w�w 1< �*:��; ) �"�!*+ ]!#�! �� �"2��< �&"/ P";*2 *""R2. . .�z�

>0� <

? 2

2"��@"��#&� �� ��=>�!)!*	 �: 1,), ) �A�� ��
� �A��� �#/
��L",��#� �F
�!*+ �� ��.2 �"?#@"�=A>�#�<*� "/ ) ���: 0"�#;*

��!� �#�L .Y�#-"�=A)� �#�E �:"*
�(�!*+ ��"��=>]#� 
S)!*	 ��L �� A��#: 1!"�= ��#&� �� �F>]#� I�A=� � S�A� �: 

A�A/ .�U<"E*: �� ����#&� �=>�A=� � J:�H 1� E� �[/ 

�2#�, ) �-!
�O: �� _��!*+ "��=>�#�<*� "*=�� 0���#/.
;*2"�!)!*	 ) P���; ��=>(*	 �&; )" �� N���� �A&( 
,#2
&; *K�.( �"��; ) �&+�� �� N���=>Q'@�� )�'&M ,!
2��<"�(1< �: ��!�! �� �; A��!� �A�( �: A/ A=!#E ���/!.

@�$A:�!)!*	 �;*2 ) t!A� "��; P��=>(*	 �&; )"��#&� N��=>-�*: ��#� �.Q=�G2�!#;Kf ='H ��i-A'	"��
�Pg =gd�
�,d;#Am =
Y�<"�t#[Bio =:"2#"��Mu =)#F��
��Gt =����+ .Z12 =�#�!*+
�#
, ��1,)N2 =�#�!*+
�#
��A�� �N38 =�!*+)G�#�"��A�� �B8 =�!*+"�

����: �!� ����+S10 =�!*+"/ �!� ����+ �"�#;*.
��;��=>(*	 �&; )"N�GtMuBioAmPgKfQ��#&�

2��<"�+,
0;* +2"��@"�+@.��"�+!
@.��#.&'"�+�U<"�%%}m}867873Z12 

2��<"�+,
0;* +2"��@"�+@.�� "�+!
@.��#.&'"�%%7vm789747}N2 

2��<"�+,
0;* +2"��@"�)���� + (@.��"�+!
@.��#.&'"�+�2#�,
_+*��Y-!
�%%5%8989m7N38

2��<"�+,
0;* +,��#�
�+!
.&'"�+!
@.��#.&'"�+�"*
�m���� 6%m839mmB8 

2��<"�+,
0;* +,��#�
�+!
.&'"�+!
�#.&'@.�"�+�"*
�+�2#�,
_947v%mv3v75S10

9*�B@	�: Q'@�� r:!)� �2��< "�!*+ �� �= �"��=>-�*: ��#� �) .Q�! (�&�>';�JF/ ,! �=>2��< Q'@�� "�, �� �; �"�.>�!*+ "@��A.;!*� 
�A/A�!) .N(2��<"��@>�"�'!>�oYK )!>JF/ ) .�(2��< "��=>�,#- �) .S(2��<"��=>�"�'!>#l
2��< ��.; �� �A/ J"��=>�oYK !>.
�"1�F�=�#': �=>2��< "� 1� � !� ��A.=� .)��2 $�&2
�#� �� *PPLA.@�= .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                             6 / 15

http://ijcm.ir/article-1-238-fa.html


�'( A"-*�X�>1!*
! �-�./ ���; ) �-�./�#': �'f� �z�

������ 
;*2"'K! *K�.( P�&; )"��#&� N��=>-�*: ��#� �t)AM �� 
m�-! �A/ ���)< .?GM �A/ ���/! d[H �F��.B"�R2 S""S!*
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��#2 �=>
�� �A/ ��
b=)n��=>�" "-�*: 0�A�A/ ])7}%mm.([�!*+"?#@"�=A>
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;*2"�#�<*� P"��2 J:�H 0"_A�! .! �:
-�*: �t�L 0��=>H�"j
/#?g"&"��
! )
�#2)G�� 1� � ���)*+ )� *= �; A=

K#�E"�!*+ S�"?#@"�=A>]#� I*l ,! ) A��!� !� 
�:�.� N)s j
	��"�A/ JK�L S)�Y@� aA�! .!*	 �@[�!
�=A.>U<
b

�@-#�!>�!*+)G�#� �� "��&+�� cd@E! ) �=�
��MMG�~2 "*
!AM ) ��#: �!�+
 ��#': 
� 0"JF/ �� G+"*>�&+�� �
)� *= 
�@/!� b�� �)*+-!�)]9�7}�mm[.(�!*+"?#@"�=A>1,), 
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+n��=>V.- �=>-�@� "F=< _�%'H"��
U�: �:;*2"P
�#�<�@�"&; �2 0��#�<*� "]#� �)*+ �� _= ,�: ) �@/!� 0I��� -
A.:>��N)s ,! ) �A�#/ �:��#+ >�@/#+ !>U�: >jl�.� 

�A/ JK�L b�!�)*	A�!]75.[�!*+"��=>����+ ��#2 �!�=�>
/ ) ���:"*\ �: �#;*
�#�< ]�[/! P"."$#)ASI () ) U�:
+n�-

�=>��; �-�./�/#?g )"&"��
�!*+ "?#@"�=A>]#� SN)s ,! �
V.-�=>�@-#� !>�A/ JK�L A�!])mv�m7.([ 

@�$AB;*2 "�;! P"�=A>'K! �)wt% (&; *K�.( )"N�)ppm (V.-�=>-�*: ��#� �.
sample ID Z12 S10 B8 N2 N38 

SiO2 5m/44 66/45 }4/6v m8/49 v6/63
TiO2 6m/v 85/v 73/v 94/v v4/v
Al2O3 76/73 68/73 77/79 94/73 36/73
FeOt 93/3 }3/8 7m/8 }5/3 33/7
MgO 48/7 v7/7 53/v v}/m 7m/v
MnO v6/v v6/v 7m/v 7m/v v3/v
CaO 35/m 76/m 3}/v 98/3 v6/7
Na2O 56/8 9}/m 7m/8 5}/m 96/8
K2O 5m/8 98/3 9m/9 9}/m 73/3
P2O5 mv/v 74/v 74/v 7}/v v6/v
L.OI. 7m/7 v7/7 4v/v 95/v 95/v
Sum 63/55 m4/7vv 76/7vv mv/55 43/55
Rb vv/796 4v/794 6v/746 4v/}3 96/7v7
Cs mv/v 48/4 38/3 47/m mm/7
Sr 9v/m48 8v/7m} 3v/m8m 79/m65 v3/7v6
Ba 5v/444 3v/33m 9v/9v7 89/335 v9/44}
Y 3v/mm 6v/m6 }v/m4 36/mm 4v/74

Nb mv/78 9v/7m 6v/5 6}/7v 83/79
Ta 6v/v 34/7 44/v 54/v m}/7
Zr 9v/846 vv/735 vv/m3m 3v/764 5v/}m
Th vv/mm mv/8m }v/76 }5/77 85/7v
La 5v/m4 75/37 }}/4 38/87 37/m9
Ce v3/95 73/4v 43/73 56/96 94/39
Pr v8/6 59/4 78/7 3v/4 94/3
Nd v7/m9 98/m9 9m/8 9m/77 }3/73
Sm 47/3 }m/9 85/7 93/m v6/8
Eu 57/v 73/7 76/v 73/7 49/v
Gd 7}/3 m5/4 93/7 3v/3 64/m
Tb 66/v 5v/v 89/v 45/v 38/v
Dy 56/8 m}/9 5m/8 m}/3 64/m
Ho 63/v v7/7 7}/v 57/v 9}/v
Er m6/m 57/m 86/m 3m/m 9}/7
Tm 89/v 79/v 69/v 85/v m8/v
Yb 85/m 35/m m}/7 48/m 97/7
Lu 8}/v 87/v 76/v 85/v m8/v
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A'M ������&/ ��1�@�:�2 �w�w 1< �*:��; ) �"�!*+ ]!#�! �� �"2��< �&"/ P";*2 *""R2. . .�z�

:",! b7vv2��< �#': "��#� �A/ N��@�! ��#&� �.� �� �
Gf2
�EPMAA.@	*+ �!*H .��!��=>m6���< "�*O� 1!#.( �: G
;*2"/ P"&"��
2��< "�t)AM �� �= 8�A/ ���)< A�!.!
�@� 0
�

R2"";*2 �� �M#2 J:�H S!*"2��< P"�!*+ �"��=>!� Q'@�� 
� 1� ��A=�.

@�$AC��!� �=>���< P�@.� "� G
/,!�*� G�)�,) AK�� S�#K �:�(2��<"�!*+ �� �"��=>-�*: ��#� �.N2a )Za2*2 �: "2��< *��� � P"��=>
�,#-��#�!*+ 
�#
��=>�-! 1,), ) �A�� .b.d. = ��"
� 2 AL ,! *2 0"���@-� q.

Sample ID Z12-1 Z12-2 Z12-3 Z12-4 Z12-5 Za-1 Za-2 N2-1 N2-2 N2-3 N2-5 N2a-1 N2a-2 
SiO2 mm/v 7}/v 79/v 76/v 78/v m9/v 87/v m9/v 73/v v5/v 76/v 69/v }8/v
FeO v4/v v}/v v9/v v7/v v4/v 79/v 74/v v8/v v5/v vm/v v7/v 38/v 37/v
MnO 79/v 88/v 7m/v v6/v m8/v 73/v 7m/v v}/v 7}/v m3/v v5/v }7/v 4m/v
CaO v9/93 37/93 m}/93 97/93 76/93 }9/9m 69/98 v7/99 49/93 56/93 v}/99 38/97 m7/97
Na2O v3/v v}/v v9/v 77/v v5/v v}/v v6/v vm/v 77/v v}/v 78/v 7}/v 79/v
P2O5 68/37 5}/3v 66/37 45/37 }9/37 89/37 }5/3v 99/3v m8/37 }9/37 43/37 46/3m 58/3m

F m4/m 86/m 39/m 7m/m 97/m 54/m }6/m m8/m 99/m 58/7 v3/m 93/m 3}/m
Cl 7m/7 79/7 }9/v 67/v 83/v }9/v 47/v v5/7 39/v 89/v m6/v 93/v 8m/v

SO3 v9/v v4/v v9/v v3/v v6/v v7/v b.d. 7m/v 73/v 78/v v5/v v7/v v7/v
SrO 7m/v m7/v 79/v 73/v 75/v 46/v 95/v 8m/v m5/v m7/v 37/v 6m/v }6/v

ThO2 v9/v v3/v v9/v v3/v v8/v b.d. b.d. v4/v vm/v v6/v v4/v b.d. b.d. 
UO2 v7/v v8/v v7/v n.d v3/v v8/v v7/v vm/v vm/v b.d. v7/v v7/v vm/v

La2O3 v4/v v9/v v9/v v4/v v9/v v5/v 7v/v v3/v v9/v v9/v v3/v 77/v 78/v
Ce2O3 76/v mm/v 79/v m}/v m7/v 34/v 85/v m9/v m5/v m4/v 87/v }6/v 57/v
Pr2O3 v3/v vm/v v8/v v8/v v3/v v}/v v5/v v8/v vm/v vm/v v3/v 77/v v6/v
Nd2O3 v4/v v}/v v4/v v9/v v}/v m7/v 74/v v3/v v5/v v}/v v5/v m}/v m8/v
Sm2O3 vm/v v8/v v7/v v7/v vm/v vm/v v3/v v7/v v7/v v7/v b.d. vm/v v7/v
Gd2O3 vm/v vm/v vm/v v7/v vm/v v7/v vm/v v7/v vm/v vm/v vm/v v7/v n.d. 
Dy2O3 v7/v b.d. v7/v v7/v v7/v b.d. vm/v v7/v v7/v b.d. b.d. vm/v v7/v
Er2O3 b.d. v7/v b.d. b.d. v7/7 b.d. b.d. v7/v v7/v b.d. v7/v v7/v b.d. 
Yb2O3 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 
Total m3/7vv 89/7vv 87/7vv v4/7vv 79/7vv m7/7vv mv/7vv 7}/7vv 86/7vv 8}/7vv 97/7vv mv/7v7 m7/7v7

@�$A "���� C
Sample ID N38-1 N38-2 N38-3 N38-4 B8-1 B8-2 B8-3 B8-4 B8-5 B8-6 S10-1 S10-2 S10-3 S10-4 

SiO2 m7/v 7m/v 89/v 75/v vm/v v8/v v8/v vm/v v7/v vm/v v6/v v3/v v8/v v4/v
FeO 77/v v5/v 78/v 77/v m7/v 7}/v m3/v 75/v m6/v mm/v mv/v 74/v m9/v 8m/v
MnO 8}/v m5/v 83/v 37/v 86/v 3m/v 89/v 3}/v 87/v 96/v 43/v 38/v 96/v 3}/v
CaO v}/93 mm/93 84/93 7}/93 m8/93 9}/98 85/93 56/98 73/93 77/93 }}/98 88/93 v5/93 64/98
Na2O 7v/v 78/v 7m/v 79/v m7/v m5/v 7}/v 8m/v 37/v m9/v m}/v 97/v 83/v 4m/v
P2O5 47/37 69/37 m8/37 8}/37 mv/37 65/37 68/3v m5/37 }}/3v 54/3v vm/37 83/3v 39/37 68/3v

F 69/m 9}/m 88/m 33/m 7m/8 }3/m v6/8 69/m v8/8 m7/8 8m/8 m7/8 }7/m 35/8
Cl 37/v 85/v 63/v 3}/v 7m/v 8m/v m9/v 93/v 38/v 7}/v 8m/v 35/v 89/v m}/v

SO3 v9/v v8/v v6/v v8/v b.d. b.d. v7/v b.d. v7/v b.d. b.d. b.d. b.d. b.d. 
SrO v9/v v3/v v9/v v3/v vm/v v7/v v7/v vm/v v7/v v7/v 77/v 78/v 78/v 74/v

ThO2 vm/v v8/v v7/v vm/v b.d b.d b.d v7/v b.d. v7/v v7/v b.d. b.d. b.d. 
UO2 b.d. vm/v v7/v v8/v v8/v vm/v v7/v vm/v vm/v v8/v v7/v b.d. v8/v vm/v

La2O3 v8/v v3/v v8/v v3/v v8/v vm/v v8/v vm/v vm/v v7/v v7/v vm/v vm/v v7/v
Ce2O3 74/v m7/v 7m/v 73/v v7/v v8/v v7/v vm/v vm/v vm/v v3/v vm/v v7/v v3/v
Pr2O3 v8/v v7/v vm/v v7/v v7/v v7/v b.d. v7/v v7/v b.d. v7/v v7/v b.d. v7/v
Nd2O3 v3/v v9/v v3/v v3/v v7/v v7/v vm/v v7/v v7/v v7/v vm/v vm/v v7/v vm/v
Sm2O3 vm/v v7/v v7/v vm/v b.d. vm/v v7/v v7/v v7/v v7/v v7/v vm/v vm/v v7/v
Gd2O3 vm/v vm/v v7/v v8/v v7/v vm/v v8/v vm/v v7/v vm/v v8/v vm/v vm/v vm/v
Dy2O3 v7/v v7/v b.d. v7/v v8/v vm/v v3/v v8/v vm/v v3/v v9/v v8/v v9/v vm/v
Er2O3 v7/v vm/v v7/v v7/v v8/v v3/v v3/v vm/v vm/v v8/v vm/v v3/v v3/v v8/v
Yb2O3 b.d. b.d. b.d. b.d. v7/v vm/v v7/v vm/v v8/v v7/v v8/v v7/v v7/v v8/v
Total v5/7vv v4/7vv 5}/55 54/55 4}/55 46/55 34/55 66/55 46/55 44/55 v}/7vv }8/55 m8/7vv 77/7vv
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