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(R-1) 

RL 
(R-2) 

YL 
(R-3) 

LGL 
(R-4) 

OGL 
(R-5) 

GGL 
(R-6) 

RGL 
(R-7) 

GGL 
(R-8) 

BGL 
(R-9) 

GL 
(R-10) 

SiO2(wt%) h�/�w h�/�� hw/�� ��/�� u�/hv ��/�u �v/hh vv/�h �z/h� no/og 
Al2O3 zu/�h ��/�v �v/�u ��/�u uh/�� z�/�� �z/�w zu/�� vv/�u z�/h� 
Fe2O3 vv/�� wz/h� ww/�h ��/h� h�/�v ��/�� �h/�u ��/�� �v/�u vv/�
MgO u�/v �z/v �h/v �v/� ��/v uz/v uh/v �w/v w�/v ��/v
CaO zu/v h�/v ��/v u�/v h�/v h�/v h�/v uz/�� �v/v �u/v
Na2O vz/v ��/v vz/v �z/v ��/v v�/v ��/v ��/v ��/v ��/v
K2O vu/v ��/v vu/v v�/v v�/v v�/v vz/v vh/v v�/v ��/v
TiO2 ��/h vv/h h�/h h�/h wu/� ��/h ��/� zu/� w�/� vv/h
P2O5 hh/� v�/� �w/v �/v �w/v �w/v �h/v �h/�v ��/v ��/v
MnO �v/v vu/v vz/v v�/v v�/v ��/v vw/v v�/v ��/v v�/v
Cr2O3 v�u/v v�u/v v��/v v�/v v��/v v�h/v v�z/v v��/v v�h/v v��/v
LOI wv/�w vv/�� vv/�� hh/�h �v/�u wv/�� vv/�w uv/�� vv/�� uu/�w 
Sum �w/�� zz/�� wz/�� w�/�� wv/�� w�/�� w�/�� hw/�� ww/�� zv/�� 

Ba(ppm) vv/�v� vv/�uh vv/�u� vv/�u� vv/��� vv/�zh vv/��w vv/��h� vv/��w vv/�hu 
Co vv/w� ��/�� vv/�� vv/�� vv/w� ��/�vu ��/z� ��/z� vv/�vh ��/�h 
Ga ��/�� ��/�� ��/�� zv/�z z�/�h h�/� �v/�u hh/h� ��/�� ��/�v 
Hf �v/z w�/u z�/u ��/w ��/� �v/z wv/�v uv/� �v/�v hv/w
Nb �v/�� �v/�w zv/�� �v/�z zv/uz �v/�z zv/w� wv/u� �v/wv uv/�u 
Rb �v/� �v/� �v/z hv/� �v/� zv/� vv/h vv/� �v/� uv/�v 
Sr vv/���� vv/��� vv/��v vv/��z vv/�w� vv/hhh vv/�w� vv/��uv vv/�w� vv/hh� 
Ta z�/h vv/h hv/h �v/h �v/� �v/h �v/� �v/� uv/� uv/�
Th ��/u ��/� vv/� vv/� ��/u h�/u vv/z �h/� h�/u vv/�
U ��/� �h/h h�/� �h/� wv/� �v/� w�/� vv/� ��/� �v/�
V vv/�v� vv/�ww vv/�vw vv/�vh vv/��� vv/��� vv/�w� vv/�z� vv/�uu vv/�zh 
Zr vv/h�h vv/�z� vv/��h vv/��� vv/hzz vv/h�� vv/��w vv/hz� vv/�v� vv/�ww 
Y vv/�� vv/h� vv/�w vv/hv vv/�u vv/hz vv/�z vv/�v� vv/h� vv/h� 
Ni vv/h� vv/�w vv/wu vv/�w vv/z� vv/�� vv/�v vv/�h vv/�u vv/�w 
La zv/�� u�/�� ��/�v wu/u� z�/�� vv/�h vv/�� ��/�v vv/�� �h/�z 
Ce vv/�vv vv/�vu �v/�hh wv/��h �v/��h vv/��h vv/�� wv/z� zv/wz vv/�v� 
Pr h�/�v vv/�h w�/�� �v/�� �z/�h vv/�� ��/�� ww/� �z/� �z/�� 
Nd vv/�� vv/�u vv/�h� �v/�� vv/�h �v/�� hh/�� h�/hz ��/h� �h/z� 
Sm ��/z �/�� vv/�u �u/� uz/�v �w/�� zu/w vv/w vv/w h�/�� 
Eu ��/� wh/h h/�h vv/h h�/h vv/� w�/� hh/� ��/� �h/�
Gd vv/w v�/�v �z/�v ��/z �z/� h�/�� wu/w �z/u ww/u w�/�� 
Tb vv/� �h/� ��/�� ��/� ��/� zh/� �w/� vv/� vv/� ��/�
Dy w�/� z�/w �w/�� �u/� wz/w ��/� �u/u ��/� �u/u h�/w
Ho ��/� ��/� h�/�� ��/� ��/� w/� �z/� vv/� �w/� vv/�
Er ��/h vv/� ��/�z h�/� uw/h w�/� vv/h wh/� ��/h u�/�
Tm ��/v �u/v ��/h w�/v �v/v uu/v �u/v hw/v ��/v �h/v
Yb z�/� �w/h �z/�� zh/� hv/h z�/h �w/� ��/� vv/h vv/h
Lu ��/v ��/v w�/� uz/v �u/v �w/v hw/v h�/v h�/v ��/v

Eu/Eu* e9/e ge/e gk/e g�/e gj/e go/e go/e gg/e gk/e gg/e
LREE/HREE h�/w w�/w ��/� v/� ��/w le/l en/l �9/e e9/l �e/l

(La/Yb)N vv/�� vv/� ��/�� �v/�� hv/� ��/�� u�/z wv/� ��/� vv/�v 
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:.� %X�* (/A,�"����%� ��,� �$��F ���)�� 	*�p="��
*
5*� ]hv[�<(G�F ��3F �'&>#�0�* 3?�� >�?���%�>��,� �$��F ��5R
@A*� �$* ��(�)��>�#"!$�%& ����%�>��,� �$��F ]��[�? /A,�"�8	* �47
6��'.�A $*��N"L5*# ��>5R��)� &�'�$*.

:.� ;5,6$ C"�%$�%& ��"��M F��6�* ���s�. 8	* �47
6�5*# .HI� ��,M��J�
�?���R"3&"M"��
'�'& �F*��
�5�)� ��*� �'&'�*.
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'-= ������M& �����F�h�h ��?�$�%& ���#"!&"M��E�%. ���� ?�a ����6)�� �47
��5*# 5�6$* 5*��4 w�

:.� <X�* (D��01 80�� �F���W &�F ����J'W*� >�47
6�X-6�� �6)�� �5*# <(����J ��?*"'!�JR ��K%����? �6��?�a>��(��	�F 
�"K% 3 ��K%���? ��# �D('��F 	{�"���HI� �?�6%? �J'�#�$ >�*"�(�L)M&)�
'�F�M$ <�[.(

����� ���� =���� 
,4�T O*�T �
3|4 �
�6� \�$*�F X(XRD) ��"4�MJ ��,P$�
� 
���? �"%"�,Q�? � #�4��R ��"4,  ��
�'"$ ��"MJ,F ��-E* >�J

���? 34�*,? � H"4��
�47 �.�	 >�J 5*# �'%6�J)c�'=��
H(&�.(��0
��4 �"4�MJ � �"4,  8	* �� 5��(
 �*'�� �F 

��#*,JO�6� �6	�
 �� �"MJ,F �F �,P$�
� �*'�� � '�*
��*� ���3	 �6)�� X-6�� >�J'W*�)H(&:�� � � �X�* (.

�$��F>�J SEM �;,	 �
�"��? >�J#�	 �F ��{.�,�W 

� !?�
# ��"6%2�,��6"4*� �
�"T ��(&R 3"� �?�$* �� .D�/�A
F �
�"T ��'��� �A�F D�,E�� �'J�)� �"4,  Ha*� �
�J-

,&�')H(&��X�*� �.(�r%.TiK%���? �� _J �6
�47 >�J
�F _J � �"6%2�,��6"4 ���? �(0& �����? D�,E >'"�?* >�J

 +,"��6"4)#�4��R � H"4�� (��*� �,�W)H(&��<� � D �� �.(
!?�
# ���?K%���? !6� �� 3
� ��/F* �� �$* �'%?*�T �J

)H(&:�X�*.(

7	*8 ,��?��J>�$�%& �
�'& �FO�� O*�T ,4�T X(XRD) ��8	* �47
6�5*#.
��,M� ���M& �,P$�
� �"MJ,F �"4,  �"4�MJ #�4��R H"4�� 34�*,? �"%"�,Q�? �
�'"$ 

R-10(GL) * * * * *
R-9(BGL) * * * * *
R-7(RGB) * * * * *
R-3(YL) * * * * *
R-2(RL) * * * * *
R-1(BL) * * * * * * *

:.� >�J,2�* >XRD ���,� #*K%���?�J>�47
6��5*# X�* (K%���? �6�?�a >FR��<(K%���? �,�A*>.

)ب( )X�*(
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�*�2%? ���J*�	��� {?>�'F�.
%�5*�
* �$�%& ���? � �$�%&�,-F �-|� zv

 

:.� ?��r4
��"(�,($�� ���6(�* �)F�� �#*��K%���? �47
6�5*#X�* (D�/�A �,F�� �F4, "��#
!?� ��
�,P$�)'W*� BGL(�<(
��? �4"6%2�,��6"��T"�
��?F�D�,E D�/�A �&�� ��
3A�F ��'��� �$* )'W*� LGL(��(3?�M4 !JR ����? �4"6%2�,��6"�D �(3?�M4 
4"��6"+,����? �4"%2�,��66"�� �(�
��,P$� 4, "���D���|� _J)'W*� BGL(��(D�/�A #�4��R F�D�,E �'%?*�T ���#"�%)'W*� BGL(��(

D�/�A 4, "��4�MJ"���D���|� _J)'W*� LGL (��(A�F ��'����J>T"�
�Ha*� 4, "�)'W*� BGL.( 

e
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'-= ������M& �����F�h�h ��?�$�%& ���#"!&"M��E�%. ���� ?�a ����6)�� �47
��5*# 5�6$* 5*��4 z�

���� �.���1 ��$ �@�8����� :�.�� A�5
 	 �&�  ��$ 
�,P$�
�+,"%"�,�R �-E* #�	F �"MJ,F � ��,F �6)�� !
* �*��-

�$* �'& �J�� �.�	 D�,E .�� c,M/� �,�F�6)��>�J 
�� � �"MJ,F �F �
*�3FR � O��)	 �1 �"�0"  ��6"�?,F

 H
'04 �,P$�
� �F ��, � � !"
�T D�=�� �� �"MJ,F �
���
�� �,&]h�[.K%$ � 'J*,& �,=� +'. �F �=,4 �F >�J

�, � �"� � �6)�� !
* �� �3*�	 ��(-M. 
>�J'%!"�#�6a�$ 
���%� ��)H� �6)�� '
'& 5'& �&�F � �J (�,�W �
�"MJ,F��� �d� �F +,"%"�,�R ���? �"�0"  '$� !
* �"��* �*�

 >�J��"� �"^�4 >'/F HW*�� �1 �? �$* ��,F �6)��!"�#-
�6a�$ H
'04 U0$ ���A,	 D��01 ��)	 � �6)�� >�� �F 

"  � �"MJ,F �F �"�0 �� �'& �,P$�
� �F �"MJ,F �
���
�$* .���? �"4,  � �"4�MJ!JR �-E* >�J�6)�� !
* �*�'�* .

V"I� ���"4,  �I�$ �)
��?* >�J7�M6W* ًG
��?* #* 
�
�"T]h�[)H(&��X�*� �(3"� �"4�MJ �_"�6�� �,�F #*

��?*G<R �
 � �
�"T $* �'& H"()4 �"4,  �
*�#�.

�d-[ �,�W �� #�4��R #�	 L
 �
�"-A �E�%. #* !"
�T >�J
� �� �*'
�T �
�"��?���I�$ >�J�$* ]h�[V
*�& �� �

�� H"()4 >'���#�F �
�a� �� �
�"-A � �
�"W* �,&]hh[.
�$* �'& HE�W �J��P$'-	 ���$� � #* �"%"�,Q�? .D�.{1*

("��%
�,��4��,P$�
� ]no�n:[��"4�MJ]hu[��"4,  ]hw[�
�"%"�,Q�?]hz[�"�0"  �]h�[H"()4 V"I� �"�]4 >*�F 

H(& �*�,M� �� 5*# �
�47u'& ��*� �"Y,4 .�.,M|�
 �� *� �
�47 !
* H"()4 V"I� �
�"��?��6� >pH>'"$* 

�
�"-A �4)�/��4�(�Eh�� 5�)� >'"�?* �M"� �4 �
�"W* -
'%J�)H(&u.(


�
� ���� 
-? �,�F ��E�%. !6	� �$� #* H��& 5'& �6
�47 '%
*�	

 �0�� � '& �%[ � �"��* K%$ #* ���R >�J'"�?* � c,-I�
c,-I� _? �E�%. ���R >�J'"�?* ��$.�-E* �E�%. �
����

 H��&SiO2�Fe2O3�Al2O3>*�F�v5*# #* �F��6�* ��,M� 
�$* �'& _"$�4 ��"p6� �$ �*�,M� >�� �F)H(&�.(!
*

��=�� �*�,M X-6�� >�J'W*� �� *� 5'& �6
�47 X-6�� >�J
�6)��>'���#�F >�� 5�)� 'J�]nj[.� �#*,J D'& G
*3	*

 � !JR �0�� � '& �%[ � ~"-"$ �*'�� �� '
'& GJ�? �F

�$* �*�MJ +,"%"�,�R .�F�%FK%���? �*�,M� >�JGL �BGL �
RGL �OGL �DGL�-W�� �� >K%$ 5'& �6"%"�,Q�? 

'%6�J ���� .K%���?>�J GGL �LGL �RL �BL �YL ��
�-W��>V$,6� �4 X"/Y 5'& �6
�47 )�?5*3"� �2��)�

 G
*'=Al2O3#* Fe2O3�$* ('��*� �*�A �.!
* \�$* �F
�*�,M���6
�47 '
'& D�=�� 5*# �6)�� � HMI4 *����(�$* .

'"�?* �$ H��? G
*'= !
*�F�%F Al�Fe �Si �2� D�,E �6	
�$* .� �F *� 5'& �6
�47 �-��(4 �"$ c�W !
* �F ���)�5
��'J� .�
�47 H"()4 �M$ �F 5'& �6
�47 �"�� >�J
!JR �*��$* .#* �(��%C H(&z]�w[�$*'"T ���,M� >�J

F 5*# �6
�47�6)" �� ��6� >�
���� �� � �6"�?,F \� 
�� �6M?��6� >A !JR #* �%[ �
�47 � �
�47�� �*�'��"  .

�Q3= �E�%. �*�,M� >�*'/4 #* ���]6$* �F���U"?�4 5*,4
#�	+,"%"�,�R !$ �F >'���#�F �
�a� �"��* �*� *� D��]6� >�J

 !""/4�?�]og[.>�J�*�,M� \�$* �FGa/Pb �Pb/Y �-.
 *� �6"�0"  �"��* U"?�4 ��6"MJ,F � >�,P$�
� U"?�4 _[�

�� 5�)� �6)�� !
* >*�F '%J�)H(&�.(

:.� B�*�,M� Eh-pH 5�)� �'%J�>�"5*' �T
�*' >��?���J Va
C"!��TK�� �F4�4"UF"�2�� ���'I��J>!tM���� ��{��? 

��)�'�* .>�6$*� �,�a ��#
��,Q�?"%"��4, "��4�MJ"�
��6� >�T
�*' >*
!��?��J*�5�)� ��J�%'.��6� >RF�I�"V

��4
0�()4"H�6)�� 5*# *�5�)� ��'J�.
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�*�2%? ���J*�	��� {?>�'F�.
%�5*�
* �$�%& ���? � �$�%&�,-F �-|� z�

)FGب()ا(

)پ(

:.� C�*�,M� hp6�"��>Al2O3-Fe2O3-SiO2]hz[�? D'& 
*�	
'%�47
6�5'& ���J'W*� >X-6�� �6)�� >5*# *�5�)� 
��'J�.

:.� D�*�,M� hp6�"��>SiO2-Fe2O3-(Al2O3 + TiO2)]�w[

7 H��(4 '��� �? *� 5'& �6
�4�� 5�)�'J�.

:.� EX�* �<(�F4�4"U�J�*�,M� >��p6�"��>�E�%. M?"<�Pb-Y �Ga-Pb ���47
��J�
��F %�$"!�+��	 ��J >X�-6�� ���?���J >
�,�R"%"_�*� ]h�[.���J�*�,M� >X�* �<
�6	��J>�47
6�5*# �F��{. ���6$ 5�)�� ��*� '�'�& ��(_�Q{. E�r�6a* ����?���J >X�-6�� 
�,�R"%"_���*� 5*����J>X-6�� �#"!$�%&����*
!H(& G� "�0"��B�MJ,F"��D��
��,P$� PZ��#,t��T"
�LMz��#�3�"
L�CZ�

�#,%$"
L.

	 F��G�H� *8 �������� ����� (REE) 
���? � �#*,J � �E�%. ��I4 U0$ ���� K%$ >�JG
*'= 

LREE #* HREE �Ce �
 �Eu�� �,&]oe�oo[.pH�6�*��T 
�'%%? c�6%? _��>��I4 REE�J�$.��>'"$* V
*�& �

REE #* ���$R �F �J����*�	>�J�� �6�& � �*#R ��#*,J '�,&
 ����� �"0S4 �
�"-A �4 �S%a V
*�& '�,&]o:�o�[.G
*'= 

REE��J"��F 3�-"$�>>�J'"�?* Ti-Nb ]ol[�
�'"J L
�	 >�J'"�?�]el�oj[��	�0MJ>�J4�%F�? �

]ee�j[�� ��"2F D�,E '�*,4.
�
���� D*�""p4REE∑�LREE∑�HREE∑s�. �� 

�� �-? �,�F � ��,F _d%��� D�,E �F ��#*,J ��M"�G�F>�J 
�F �0�� �%"
�T � ���"�G�F�2
� >�J G
*3	* ��#*,J ��M"� 

�� 5�)� '%J�)H(&eg(.�7,M/� &c,-I� >'"$* V
*� >�J
�'%%? ��#*,J>'"$* c{I�* �^* �� 5*�*�	 c�M6W* �F �? ����	 

#* ��I4 U0$ ��$* �'& ��|
* 5R �� L"%F�?G�F >�J

���F�� @
#,4 � �
7�F>REEG�F �� �J �%"
�T � ���"� >�J
 �$* �'& ��#*,J ��M"�]l[.>��?�#�$ U"$�4 D�0=,� �? 

REEG�F �� �J��
 >�J ��,� ��M"� �'& �$��F _J*�	 *� 
�? G
*3	* ��$* ��pHc,-I� >����	 �'%%? ��#*,J >�J

 L
 5*,%. �F �4�%F�? �6�F K%$ ��(-M. H"�� �F >'"$*
�"2��"� c�/	 �$* .�� �d� �F �? '%C �J �"d� �-�*,. '$�

���? >�*'
�T 5*3"� �� D��]4 H��W �"��* >�JREE ��%4 �J
�? �$* ���%� H��.���0
��4 >�J,2�* 5R �F 5*,4 "_d%���

 @
#,4 >*�FREE ��,� ��M"� �� �J�$��F��? �"=,4 *� .
5�)� �'& +�|�* >�J �$��F ���=�� G
*3	* �F �? '%J�>

�
���� �5'& �6
�47REE∑�LREE∑�HREE∑
O,�6$� �� GJ�? '�,&)H(&ee.(7,M/�ًD'& G
*3	* �F 
�� �#*,JREE #* 3"� �J����*�	>�J�� ���a ��#*,J � '�,&
 !
* ����?�#�$ ��I4 LREE #* �6M? �JHREE �$* �J

]oo[.
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'-= ������M& �����F�h�h ��?�$�%& ���#"!&"M��E�%. ���� ?�a ����6)�� �47
��5*# 5�6$* 5*��4 zh

@
#,4 >,2�*REE �F >'���#�F 8	* X-6�� >�J'W*� �� �J
 �
�'%? U"?�4 �F �0�� �'& ��|%J]:g[)H(&e9(�5�)� 

���� �J �? 'J��6$� >LREE � �JHREE �F �0�� �J
�'& �%[ �
�'%? '�* �? D��]4 !
* �FLREE �F �0�� �J

HREE�'& �%[ �6)"F �J'�* .K%���? �� @
#,4 >,2�*�� �J -
���� K%$ #* '�*,4 �'"$� ��* �F'&�F .�$��F>�J �'& +�|�* 

5�)���'J� @
#,4 >,2�* �? REE � ��#*,J �*,� �� �J
K%���?�a�& >'���#�F >�J!"�# >�J >*�F �M�� �
�"M"&

K%$ !""/4�'����]k�l[.�7,M/�K%$ �1 >#�F >�J
� �#*,J >�J'%
*�	G
*'= �X"/Y LREE #* �JHREE *� �J

 HMI4���?'�*K%$ ��� L"�-	 >�J�>�J,2�* �)
*'= 
�4'
'&LREE #* �JHREE�� 5�)� *� �J'%J� .!
* �F
X"E,4�J�%[ @
#,4 >,2�* ���60�� � '& X"/Y LREE #* �J
HREE�'%%? ���%)"T �J>L
>#�F ��26$�a�6)�� >*�F >

5*# �
�47�$*.

:.� %Ip4""D*� LREE�HREE �REE ��s�. 8	* '���#�F�>5*#.

:.�%%REE∑�LREE∑�HREE∑�0�� �FSiO2/(SiO2+Al2O3+Fe2O3).�(��%C �
���� �$*'"T �*�,M� !
* �� REE∑�LREE∑�
HREE∑
*3	* �F �� GJ�? 5'& �6
�47 D'& G'%F�
.

:.� %,,2�* >�E�%. ���� ?�a ��F��|%J �'& �F?�4"U�'%?
�]�z[.
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�*�2%? ���J*�	��� {?>�'F�.
%�5*�
* �$�%& ���? � �$�%&�,-F �-|� z�

)K( )MN (

)O( )P(

LREE � �JHREE �6
�47 'W*� �� �JDGL �F �0�� 
HF�A � '& �%[ �J'W*� �"�F>�"2M)C�� 5�)� *� '%J� .

'
'& G
*3	* �F �7�M6W* �-t�� !
*pH�# �� V"I� 5�
O�6�  K%���? !
* �6�F*��$* 3?�M4 G
*3	* U0$ �? 

REE'& �J�$* �.G
*3	*pHc,-I� �
�47 c,t�� >�J �
*#
����$*� �F '�*,4>��]$ ��$ 5'�R 7�F ><R�%"�#�
# >�J
 ��
��$*� �F �6�F D��0. �F>>�"2��"�c,-I� ��#*,J >�J

 �'%%?�F�-"$�>K%$ �4�%F�? �6�F >�J'&�F ��*� �� .
D��]6� ��I4REE U0$ � �#*,J '%
*�	 �1 �JG
*'= 

�� ��#*,J ��M"� �� �E�%. !
*�,& .�0$�I�>�0�� �
���� -
>�J(La/Sm)N�(Gd/Yb)N5*# X-6�� >�J'W*� >*�F �

�� 5�)� *� �M? D*�""p4U"4�4 �F �? '%J��F '��F*�F :/g�4o
�o/e�4j/:)H(&en�< � X�*(� ��0�� D*�""p4 �("��W �

(La/Yb)N�LREE(La-Sm)/HREE(Gd-Lu) �F � �dW{� HF�A 
�#�F >*�*� U"4�4 >�J�/e�4j/e9 ��/e�49/j)H(&en�� �

D('%6�J .D�0$�I� !
* #* HE�W �
�6��'%J� 5�)� >
�
*'= LREE #* �JHREE �6)"F � '& �%[ � �JLREE �J

 �F �0��HREE �J�$* .�*'�� LREE(La-Sm)/HREE(Gd-Lu) 

'W*� ��DGL ��'W �/e�
7 �"�F #* �6M? ��J�$5�)� �? 
�'%J�>�
*'= 3"C�� LREE #* �JHREE K%���? !
* �� �J
�$* .7,M/�˝pH��I4 Z.�F !"
�T >�JREE � �JpH>�J

 Z.�F 7�F<,$�5��? REEc,-I� #* �J2FR >�J,�� 5'�,&
]on[.G
*3	* �F �	�1 #*pHc,-I� � �#*,J c,t�� >�J

 D�0^�	�0MJ >�J H��WHREE #* �6)"F �JLREE�J�$
]:e[.�� �d� �F'$��?G
*3	* pHc,-I� c,t�� >�J

�
�47 D*�""p4 �6�F D��0. �F � �
*#pH��,6?�	 !
�6M�� 
�'%%? c�6%?>G
*'= LREE #* �JHREEK%���? �� �J -

��,� >�J�$��F �$* .�!
* �F 5�3	*�%[ �6)"F � '&
LREE �F �0�� �JHREE *� �J��5*,4 �0�� �
# H�*,. �F

�*�) :e(�6M? ��,
 H"���6TLREE �F �0�� �JHREE ��J
)9(>�*'
�T�	�0MJ>�J4�%F�? �HREE �� �JpH�
�"-A 
)�'& ��|
*�F�-"$�>K%$ 4�%F�? �6�F >�J�(]eg�:9[�)n(

�I�$ <q= >*�F �
�"-A V
*�&LREE �J�F�-"$�>���? �J
�60$�%��$* ]:n[�)o(GJ�? ��$*,F �M4* �'. GJ�? �F

5,"4�? >�*'
�T �6"	�� �$ >�JREEc,-I� ��F <q= '%
*�	 
���? ��$�� G
*3	* �J 'F�
]:o[.

:.�%Q)X�* (p4""D*� (Gd/Yb)N�)<((La/Sm)N�)�(LREE(La-Sm)/HREE(Gd-Lu) �)D((La/Yb)N.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

02
 ]

 

                            10 / 14

http://ijcm.ir/article-1-254-fa.html


'-= ������M& �����F�h�h ��?�$�%& ���#"!&"M��E�%. ���� ?�a ����6)�� �47
��5*# 5�6$* 5*��4 z�

���� ���� ���� ����� ��+R�
 ��$)REE(
3?�M4>�J >7�F REE �� �J*�	����>�J�#*,J ��,�W H"�� �F 
���? !?�
# � �"4�TR �!]$* '%��� �"��* >�J�$* �("��W�� �

�34�*,? �,�W #* �?�W �E�%. !
* V$,6� �4 !"
�T D*3?�M4
 ���� K%$ �� �"4,"F � ��P$'-	�$* ]::�:k[.%[� '& �

LREE �J���6)���J>X-6�� �47
6���'�*,4 ��$*,F>
()4"H��?��J>4�]�	 �d�"�4�TR"�
�#��,�
�'&�F �?

�"5�F3�J>_�� *�F >*
!�E�%. <,�I� ��'�,& .%[�
 '& �HREE �J�"3��'�*,4 ��$*,F>�,�W ��?��J>
2%$"!*#�=�� d�"�4��"�H#�4��R �4"��6"�'&�F �?�F5*,%. 

�'%F���J>(Scavengers) -E* �*
!�E�%. HM. ��'%%? 
]9l�:��:l[.>*�F /4""!��?��J>�"5�F3 REE �J��8	* 

�47
6�5*#�*�Y
U26�0MJ ��04�*>P$*"!�� 
(Spearman,s rank correlation) ]:j[!"F REE �F Fe�Si 

 �Al�P�Mn �Ti  �Zr �Ba�Y�0$�I� &�''�*)c�'= n.(
REE �J*�*� >26�0MJ ��0S� 7�F �FZr)<k/g(�Ti 

)<k/g('%6�J �?5�)� ��'J� ��?��J>#
�!?� 4��"H�
#�4��R �"5���F3 -E* ��c�6%? �'%%?�J>_��  '%?*�T �

HREE � �JLREE �J���J'W*� >X-6�� *
!�6)�� '%6�J .
�$* >��R��
 �F +#7 �?#
!?� V�	 #,4
@Ce �HREE�J *�

�� c�6%? �,a �6&*� �$* .26�0MJ ��0S� Pr�Nd �Sm �
Eu �Gd �Tb �F Ba)<:/g(�P2O5)<o/g(
�Y)<o:/g(��'�*,4 ��7� �F�,�W ��M6W* ���?��J>

4�]�	��,�R"%"+,�*� d�"��($�, "�(Gorceixite)  
[BaAl3(LREE,PO4)2(OH)5.H2O] ]kg[�#
�4,%
_

(YPO4)�� 8	* ��#*,J '&�F .�F�=,4 �FG�� 
�?*"'/J"�?��'"�J' >3%2%� ��3?�M4 REE �J]9o[�

26�0MJ ��0S� V$,6� Mn �F Nd �Sm �Gd �Eu)<o/g(�
G�� K��M?�4J"�?��'"�J' >3%2%� ���"��F3 �*
!���  #*

LREE �J*��� 5�)�'J� .�F�=,4 �F26�0MJ ��0S� ���
/Y"XREE �J�FAl �Si c�M6W* �F��5*,4 �]  �?��?�-
�J >$��F�5*,%. H��W�J>/Y"X*�F >REE �J��*
!

�6)�� �F��M& ��'��� .��?��J>�?*"'>�J"�?��'"'>
!JR �F5*,%. �"5�F3 REE �J	�/� ��'&'�* ]j[���* 

26�0MJ �]%� �REE �F �JFe G�� *
!��?��J*���c�6%? 
 '%?*�T �REE �J ��K%���?�J>�47
6�5*# ]6%� ���-

�#�$.

7	*8 <*�Y
U26�0MJ ��04�*>�"5�a�F ��E�%. ��F REE ��J 
�� �"��M F��6�*�.

Si Al Fe P Mn Ti Zr Y Ba 
La nl/g nj/g nl/g� eg/g� ng/g ke/g �o/g �n/g gn/g�
Ce 99/g nk/g :o/g� ne/g n�/g lo/g ��/g lg/g 9l/g
Pr e�/g nn/g oj/g :n/g nj/g �j/g kj/g ::/g oj/g
Nd 9e/g n:/g :k/g� o9/g :k/g lg/g kl/g ::/g kg/g
Sm 9o/g og/g ke/g� ko/g :9/g l:/g kg/g oj/g �:/g
Eu e9/g 9l/g :g/g� kg/g ok/g l:/g k:/g oj/g kj/g
Gd e:/g 9j/g :e/g� :n/g oo/g le/g k9/g :n/g �g/g
Tb e�/g n9/g oj/g� o:/g n:/g le/g �g/g kg/g :k/g
Dy 9g/g nn/g :g/g� 9g/g ng/g lk/g lg/g ll/g n9/g
Ho 99/g nn/g :g/g� go/g� e:/g kl/g k�/g jj/g eg/g
Er 9l/g nj/g :g/g� ge/g� eg/g kj/g k9/g jl/g gk/g
Tm el/g ng/g ::/g� gn/g� e9/g �/g kl/g jk/g ee/g
Yb no/g o:/g ::/g� e9/g 9j/g �:/g �o/g jk/g 99/g
Lu oj/g k9/g �g/g� 9j/g 99/g �l/g �9/g jn/g no/g

�� ��+ 
8	* �47
6�5*# F�D�,E C"�%5�$ ���'.�A>'�#�$ &"-��

�$�� 2%$ �L)M& ()4"H�'& �$* .�
��,P$� 4�MJ"��
4, "��MJ,F"���#�4��R �,Q�?"%"��$"�'
��4��"�H

4"6%2�,��6"��T"�
��#
!?� �34�*,? ��?��J>�$�%& �
�'& 
*
!8	* '%6�J .�.,M|� ��?"��
�5�$,�>�J I�"V��?*
)�
�)J�? ����6� ���6�  >>pH*� 1�()4"H*
!�6)�� 

5�)� ��'J� .�F�0$�I� �0�� ����
�Al2O3�SiO2�
Fe2O3�%[ �
�47 � �
�47 ��6"�?,F \� �,� #* �6)�� !
* 
!JR #* �? �,F O,�6$� �')� 5'& �6
�47 '
'& D�=��
�$* .�F\�$* �0�� �E�%. M?"<�Pb/Y �Ga/Pb -."_[� 
?�4"UMJ,F"6"L��
�,P$� >-/	��*
!8	* *�*� >?�4"U
��*"� "�0"6��,F �?���^* *�	
�J'% >!"�# �6a�$��5R
p4""D*� ��?�$�%& �����*� �$* .V
*�& �""p4

� �
�"M"&,(
3"	 �"d� V"IEh �pHF���
�"T �,�W ��$*�
 �*,���RK%$ �5*�*�	 4�%F�? �6�F >�J�!"�# }*,a �-
M"&"�
�REE � '%?*�T _�� H-. #* �JREE >�J'W*� �� �J

�6)�� X-6��>�$* >'���#�F .\�$* �F�$��F>�J!"�# -
M"&"�-E* 5�F3"� ��
�REE���? ��#*,J 8	* !
* �� �J >�J

 +,"��6"4)��#�4��R � H"4 (��,F !?�
# �'�*.���?4�]�	 >�J�
)� �"�($�, �4,�#
_(���?��J>$����?*"'/
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