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Abstract: The Astaneh granitoid massif is located about 40 km to Arak city, central Iran, is a 
part of Sanandaj-Sirjan structural Zone. These intrusive rocks which are mainly composed of 
grnodioritic rocks, widely affected under hydrothermal alteration. The alteration zones, on the 
basis of field studies and mineralogy as well as the study of the REE behavior, are 
investigated in this paper. Eight alteration zones including phyllic (sericitic) with quartz, 
sericite and pyrite; chloritic with quartz, sericite and chlorite; propylitic with chlorite, epidot, 
calcite and albite; argillic with clay minerals (chlorite and illite); silicic with abundant quartz; 
albitic with albite, chlorite and quartz; hematitisation with hematite, Fe-carbonates (ankerite 
and siderite) and tourmalinisation with tourmaline (dravite) are identified. The results 
demonstrate notable differences in the REE behavior in the different alteration zones. 
Accordingly, comparison with the fresh rocks, in the phyllic (sericitic) alteration, LREE are 
enriched, but HREE, except Yb which enriched, unchanged. Also in chloritic alteration zone, 
LREEs are depleted, but HREEs represent different behaviors. In the argillic and propylitic 
alteration zones, all REE are depleted, but compared with HREE, the LREE represent more 
depletion. In the silicic and hematitisation alteration zones, compared with HREE, the LREE 
are enriched. Finally, in the albitic and tourmalinisation alteration zones all REE are depleted. 
These features indicate that the behavior of REE in the hydrothermal alteration zones of the 
Astaneh granitoid rocks is mainly controlled by PH, availability of complexing ions in the 
fluid as well as the presence of secondary phases as host REE minerals.  
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t,����2 +��j(.$	 +�,�$S +�
�$S +�,$
� 06As97 �� D.� 

R���#S +j(.$	��+�/,� ++,����#�)�
0���(A42 �� ��+� 

R���#S +��j(.$	 +�/,�+�
�$S +�,$
� 06As92 �� *-5�� 

R���#S +��j(.$	 +�/,� +�,�$S +�
�$S +�,$
� A44 �� ��+� 

R���#S +��j(.$	 +�/,� +�
�$S A42 �� .����� 

R���#S +�,S[�� +�
0��� +�
�0-2 +�,$,* 06As94 .����� (��"�� ���: 
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���> �(��; ���� �K�)% ��1	� 0 �(�)* �S�: (REE) �0- ���;���5 ��(�5� 3�C. . .��

;2� >�0- �5.)S��' �!�����1(2 ��_)� ��(�5� 3�C.

?767E * � ������
 )�� B-�� (
����S T�%#UV� ��; ����(�5� +
� R���#�S ��(�)*?�,��
�( ?

�� �1:�)* �
�,' �#*(QSP) ��
�$S �US 30�\ �[#Uc� 0 ��
��C R,� A,�0� 0 �,$
�]o�.[N#�� +
�1U�� �,$,	 ���(�5� 

5� �2 �� ���S ���(� ���c��_� ��#��� ����_)� �� �;�����5 �����(�
 ���S�� �),!��@ X�#K �; �,�
�( ��:�; �� 0 �,��$	 3�C

 �� �.
� E)( T),�- �� �.)S��' X�#K �; fH��� �#* .R���#�S
�; y�Q��` �
#��h A/*���S � 
� -� 0 ��#; w#��M� �0- +
� 3�C 
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��0 ���#!	� ��$,%�U(� ���- ��

�� �#* .���� �#g\ �.)S��' �#H �; ���> +
� .(� �� �n� �; 0
�; �S�# ;2 3�C;���5�����S -� &,$,�( �.* ��-2 �
 0 �3��C

 ���;R,� E)( +,)�UC 0��; ��,�0� R���#�S 6���;0� �#$Q� �h� �� 
.*�; �.�2 �#@0 .� ��H -�
���5� X�#�K ��; R���#�S �  3��C

�$,� �� �.
� �0- +
� �� 3�1� -� [�U1\� �S �#* �#� ;2 3��C
 30�\ �;���5SiO2��.�* �1!� .��� .�1,��
�( ��/,4�C�@ ��

 .* �R��,* �#S w#)@ .)��� ���_)� �� �.*
��(� .)A/�*
a7(T�%#UV� �; �0�% ��
�.�* ����.�
� R�,� +G�(� 0 A�,�0� 

�� .�#* .E)( �; �0�% +
�F2 3�C�&$G��#�C �� �0��V� 3��C
 �
�� 0 ��#� Al	�; �1,��
�( R�,� �1
�#�
�#���50�/,� 3��C

 �(� .
.* �.*.���(�5� N#� +
� ��;��1�� �,5��	 A/* 0� �; 
���� �.��
� ���,5��	 0.�#��* .�;����1�� ���,5��	 �����(�5� ���

����S 0 �.�* A
.�Q� �,��
�( ��; �C-�S#
Y�' ��,	�� 3��C
)b#Q,G�2 0 �,�#,; �$U@-� (�.* +
R 
�@ �
�$S �; �� ���0 .��

 ���S TUC �,5��	 ���(�5� ��C��.�* �1,��
�( .��� .��:�; ��
#� N#�� Z,�!�� ��S �(� 3.\ �; �.* �1,�
�( X.* ���

�(� +/U��� ��j(.$	 )A/*b7.(R,����2 -� �.�2 �(� �; ]
�1�
XRD T�#U� AA8 �#g�\ -� �S�\ �1,�
�( ��(�5� �0- -� 
���S �(� 3�C)�,$
�+�
�$S (��(� ��#U� +
� ��)b0.�@p.(

�1,�
�( .
.* �.*����S �#@0 ��
�,' �#�@0 0 �;���5 3�C
 ��!� ��_)� �� �1,��
�( �;����5 �� 1�(�: 6.�)C� �� �.�*

�(� ��_)� .
�,> 0 �[.,U��0 ���1%� �;]or[��Q
��� ����(�5� N#�� +
� 

E)( TUC �� ���S -� �)` 3�C "#,),�#�2 3�C �,h�� �M� �S ���
�# ;2�C3�� A,/!� �.��,5 ���< 3.,(� �#* .3.,�(� s
��*

 
Y�2 �0- �; ��
��� �� �# ;2 ����S N#� 0 �(� �1US �1,$ 3��C
 �; �0- +
� �� �.* .,�#� �
�,U,�* ���0��� �R,�0�.�,C X.*

���S ���� � 1��; b#�$M� 3���� 0 ���,�0� 3�C .��$S �#�H ��;
�1,�
�( 3��� �� �C��j(.$	 �.*788 �1��( �@�� �� ����5

�� .C�]or[t,�$> -�>#
Y�' ~)>�0 +
� �� �,h��� ��M� ���
 ( �; w2 0 �$> �� A
.Q� �,�
� AB�* R,� �
#��h R���#> 0 �#*

�� ��; ��
 0 E)( +1� �� �.)S��' �#H �; �(� +BU� �> ��,5
 ��5� X�#K ��$,� 3��C .�;�
 �#g�\ E)�( T�),�- �� 3��1� .

0 R,�0�.,C AU% �V,1� �� �0- +
� �� +,)�UC �.* +
R 
�@ 
�� �
0#/�� �; �,Q�2PH �#
 �
- ~)>�0 �;�_� �3.,(� 3�C

K++
R 
�@Na+�� �#*]o�[.
3NaAlSi3O8 + K+ + 2H+ Al3Si3O10(OH)2 +
6SiO2 + 3Na+

3KAlSi3O8 + 2H+ KAl3Si3O10 (OH)2 + 6SiO2
+ 2K+

SiO2��-2 �(� +/U� ~)S�0 +
� -� �.*
R���#S X�#K �; �
.��U; �<�; �# ;2 X�#K �; �
 0 �#* �1!�� +
�#$; .�0- +
� �� 

���S ��# �,CNa�; �,�#5���' �,n� .
.@ ��� �U� �#@0 .
2
�� ��!� �S TUC .C�Na+�.* 9��: s,M� -� .��.

t1�,( �,��c	 ���#U�Na-K-Si 3��� �� xq8 �@�� 
��!	 0 ���5 �1��(o��;#$,S )A/*q(�� ��!� �S .C�

 �1
.,(� s
��* ~
�R	� �; �
#/�� �; �,Q�2 �.* ��(�5�
(� ���UC�.T_��A�,(�1' �0- �,c<#� ���#U� +
� �� 

)�,Q�2 +��j(.$	 ($<,��
�� ��!� �� �_�� +
� �� �S .C�
�(� ��.
�' ���F t,(�1' ��j(.$	 .�_�� +
� ��1
.,(� ~
�R	� �;

�( T_�� �U( �; ���5)�_��B(�; �,Q�2 �B,4�@ �)c

�� ��(�5� �
#/�� (� ��.
�' t,(�1' ��j(.$	 ��0 �#*��

�� A
�U1� �#* .��#; ��.
�' �; �@#� �; t,(�1' ��j(.$	�.
�; 
�#
 ��.��K+�,��c	 ~
�R	� k%�; �S .;�
 ~
�R	� K�� �.* 

�Q�� �V,1� K+:H+�,��c	 �5� 0 ����� � � �;�h �� K+

A
.Q� �
#B�� �; �B�2 -� ~,; �,Q�2 .;�
 ~
�R	� ��)�UC
 �; �#* �� ��(�5� t,(�1' ��j(.$	��2
..T_�� -�B�� C

�#
 �.* 9��:Na+�; 3��.
�' 3�,h�� t,(�1' ��j(.$	
 ~C�S �; 0 �*�� .C�#��K+~
�R	� �; �
 0H+TO#\ -� 

3��.
�' �
#/�� 3��.
�' TO#\ �U( �; t,(�1' ��j(.$	
 ��S .C�#: �,,d�)�_��D.( 

?797��-�*� ������
 
* �1,�
�( -� &'�.�T�_)� �� ���(�5� N#� +
���,5��	 

(��; ��#��3�1(0� w#)@ �� �> �(� �1
�$S ���(�5� 
AS�'�; 0 �1�(�( w#)@ 0 �R��,* �#S ���#\ ,�; ���UC �1!

�� �.
� P,$,	 N#� ���(�5� �#* .+,!��@ �
�$S �0- +
� ��
���S �,	�� 3�C)b#Q,G�2 �1US 0 �,�#,; (�(� �.*

)3��$/*c70d7(.�;��1�� �,5��	 X�#K �; ���(�5� +
�
R���#S 0 ���> AU%��
�$S �R���#S �1US ��.�� �; ��,�
�( �

t�� �,�$S 0 ��
�$S ���S R�Y���' +
�� �� �0- +
� �(�)*
(��; ��#� T�_)���(� .�@ ���
�1
�$S �S ���_)� �� �.*

.* �R��,* �#S w#)@ .)���
T%#UV� �; �0�% ��(� .
��
�.*��� �.
� R,� +G(� �#*)A/*e7.(�.�2 �(� �; ]
�1�

 R,���2 -�XRD)b0.@p(�� ��!� �
�$S �S .C��;,-� �1!
�$S#),$S N#� )t
R,)� 0 +C2 �
�$S ��� (�(� .N#� +
�

 J$1�� s
��* �� ���(�5�PH -� b#$M� ��#; �)` 0Fe 
Mg, �
 0 �Al�� �#* A,/!� .��#�]o� .[
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���> �(��; ���� �K�)% ��1	� 0 �(�)* �S�: (REE) �0- ���;���5 ��(�5� 3�C. . .��

;2�F(a) �R��,* �#S -� �
��MK �
#l��2 �� �S �(� �.C�!� A;�< �1,�
�( ���(�5� �0-)�; .
� w#)@ �U( 3�1:�; (W(b) �#$; 
�,$,	 �0- �� �.* �1,�
�( �.
.* -�S#
Y�')�1,�
�(((PPL) W(c) �1�� �*�� �#$; 3��,�#,; A/* �0- ����(�5� �; �.
.* �S �1
�$S 

�
�$S �(� �.* �
RV�.3�C�#$; A��* �),�- R
����� 0 A/* �; R���#S ���� �.* �1,�
�( ��j(.$	 3�C�(� .�
�U)5�R; �; �#$; +
� -� �!�;
 A/* �� �1!,;d�(� �.* ���� ��!� (PPL)W(e) �0- �� �#@#� +G(� ���S��(�5��1
�$S .���� �; R���#S 3�C �.,!S 3�C�#$; 0 A/*

 ��j(.$	�
�,$<.* �1,�
�( �� t!^ �; ��#U� +
� �� ���#:(Lp)W(f) ��(�5� 0 �
�$S �; �,�#,; �.* X0.,'� �0- �����(�5� �1,$,'0�'
(PPL) .Ser = W�,�
�(Pl =-�S#
Y�' WBt = W�,�#,;Chl = W�
�$SQtz = WR���#SSph = W+G(�Ms = W�
#/��Kf = W��j(.$	 t,(�1'Ep =
X0.,'�.
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��0 ���#!	� ��$,%�U(� ���- ��

;2� G���#U�,��c	 t1�,( �Na-K-Al-Si 3��� ���v� ��!	 0 ���5 �1��( �@�� ���;#$,S ]oz[.

?7>7�� * C��C ������
 
(��; ��#� 6�0.M� ����1:�; ���#\ �� ���(�5� N#� +
� 
�� �.
� AS�' 3�1(0��#* .(��; L�(� �;��C3�'#/(0�/,� 

)A/*f7(]
�1� 0R,���2 XRD ��#U� -� AK�\ KAH7 
)0.@ bp((��; ��#� T�_)� �� ���(�5� N#� +
� R�Y���'�

�
�$S -� .)���Q%�X0.,'� )�
R,40-?�
R,40-#),$S(�X�);�S 
)�,�$S(��,Q�2 ���j(.$	 $<,��
���#� �:�; �� �S �
�,' 0

�C��UC �� �%#UV� +
� R,� +C2 3�C.,�S� 0 �,�
�(
�� .))S .�
�$S +,)�UC�� X�#K �; X�);�S 0 X0.,'� ��5-

�� A,B!� �� �0- +
� �3� .)C� .�5e
0 -� �.* �1,$,'0�' 3�C
E)( �; 3�C +,4�' 3���)���5��0�
(�(�]or[~
�R	� �; �S 
H2O�CO2�0S)�$M� �#H �; (�����5� �0.;3�@#� A;�< 

H��� AK�\ �#*]oz[.�# ;2�C3�)` �;���5 �
 �
�U5�� 
t
R,)� -��+C2�t,�$S �
 0 �t
.(E)( �� X�);�/,; �3�C

�� ���(�5� N#� +
� ��V
� �Q( �+
�F2 �#*]o�[.-� �$��#%
���S �,S�� A,Q< ���� E)( �(�)*��
�,U,* �,S�� 0 ���� 

�# ;2����S N#� �� b�1)S �� �1,$,'0�' �0- 3�C .))S .-�
~)S�0 �$U@�� �� �0- +
� �� �S �
�C �� .C� ���#� �; ��#�
��S ���*� �
-]oz[:

-�S#
Y�' +R���#S+H2ONa++X0.,'� +�,Q�2 +H+

-�S#
Y�' +NaCl �,�$S +X0.,'� +�,Q�2 
���S -� ���� ���(�5�t
R,)�0�	 3�C+�S0�,' �,n� ����C�

b#Q,G�2 X�.� �; 0 -�S#
Y�' &j( 0 �.* N0�* �,�#,; 0 �C
 ��j(.$	 t,(�1'�� ��(�5� .�#* .�#G�#( �Q�� �$S �#H �;

 w2 E)( �Q�� ��
- b�U1\� �; 0 +,
�' �0- +
� �� R$	 �;
 �([�;]p8[.~)S�0 "�V�� ��* A,/!� 3��; +/U� 3�C

���S�1,$,'0�' �0- �� �
#��h 3�C�3��1Q�� ~C�S K+/Na+0
H+/Na+�� �# ;23�C�;���5 ��(.

?7?7�� *-5�� ������
 

�(��; ��#� T�_)� �� ���(�5� N#� +��,5��	 X�#K �; s�	 

���S �2 �� �S �;��1�����S +,!��@ �(� 3�C 3�C
"#,),�#�2 �.* �����#U� �� 0 �.�� w#)@ �; �#;�� 3�C ��* 
�R��,*)�;6�� �U( �$; (b�U* 0�1:�;3�.C�!� �1�(�( 

���#* .���S �),!��@"#,),�#�2 3�C ; ���,�1! ��
t,(�1' 3�C��j(.$	 ���)-�S#��� (�� �1US ��.�� �; 0

�� �.
� �C-�S#
Y�' �#*)A/*a�(.�,),�#4�S �0 R���#S 
��0��	 -� �
�,' ���S +
�� .)1�C �(� ��(�5� �0- 3�C

]po[.R,���2 -� AK�\ ]
�1�XRD T�#U� 06As92 ��!� 
�� ���S �S .C�; �0- +
� �� �#@#� �(� 3�C,�1! N#� -� 

�(� �,$
�)b0.@ p.(��#U� +
� �� �1,�$S ��5� �

�� t!^ �; �'#/(0�/,� ��#:)A/*b�(.���(�5� N#� +
�

�5� �
�:F �� �� ���< �1,�
�( �0- 0 �5� +,; 3�5,���� 0
.
.* R,�0�.,C f<�0 X�/,$,("#,),�#�2 3�C ���)s,M�

3.,(� (~)>�0 �H���S A,/!� �@#� �
- 3�CC�(� 3�
�� .�#* ]o�[:

���/�2 ��j(.$	 +H+
aq �,�
�( +SiO2 + K+

aq 
�,�
�( +H+

aq + H2O�,),�#4�S +K+
aq 
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���> �(��; ���� �K�)% ��1	� 0 �(�)* �S�: (REE) �0- ���;���5 ��(�5� 3�C. . .�v

�
�,U,* �n� -���1Q�� �1
.,(� s
��* �� �1,$
Y�2 ���(�5� 
�� A,/!� s,M� �� w2 -� 3��
- tV\ �#g\ 0 [�; �#*

]pp[.�� I�1�5 ��� )C ���(�5� +
� s
��* �S .;�

s,M���e
0 �; PH ��M� 3��; Al��,� �(�)� ��.)^ .

�C���; �#cK3��#� �.* ��( -� AK�\ �� �S 3F#G� 3�C
f
�( �.* ��( b#H��.)
�R	 �#H �; ���2 �1
.,(� ~
�R	� 3�

 �C���; +
� ��#:�; 0 ��(� �1	�
)30�\HCl, Hf 0SO2(�;

2w�1�* k%�; ��( 3#@ 3�C E)( �.* 0 ���H� 3�C
�� �1,$
Y�2 ���(�5� �0- A,/!��#* .�0- +
� A,/!� 3��;

E)( �� �#@0 0 3.,�S� s
��* ��1,1) � 3�( +
�F2 3�C
SO2HCl, 0HF�# ;2 �� �C3�#cK �(� t�� �.))S���0

t1�,( ��E)( 0 �
�,\� s
��* �; �
�C 3�( +
�F2 3�C
,)U$
� �#@0 �H2S���� 3�(� 3�1!,; �,UC� ]px[.

;2�H(a) ��j(.$	$<,��
��(�5����S �; �.* �0- �� �(� 3�C��(�5� �1,$
Y�2 (PPL)W(b) �1,�$S ��5� ��#U� �� 3�C��(�5� �� �.* 
�1,$
Y�2 �0-(PPL)؛(c) ��j(.$	 �*�� �#$; �� �#@#� 3R���#S ��5���(�5� ��,$,( �0- �� (PPL)؛(d) �0- �� �,�#,; �.* �1
#/��

��(�5��1,Q�2 (PPL)؛(e) ��5� � 1�B* �� +C2 .,�S� 3�C �0- �� R���#S A/* �; �#$; 3�C��(�5� �1,��UC (PPL)؛(f) -�S#
Y�' �#$;
�1,�
�( �.
.* �0- �� �.*��(�5� �1,��UC (PPL).Clay minerals =���S W�(� 3�CCal = W�,�$SFe-Ox =+C2 .,�S�.
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���1�5 6�1�5��� X��,,d� -� 3��PH X�#K w2 ���; ��!	 0 �

�� ��,5��;� ��0 &,$,( -� b#$M� ��#; N�Q*���$K� ��* 
�(� ��,$,( ���(�5� �	�!,' 0 A,/!� .E)( �� 3�C

��,$,( +
�F2 �j(.$	 -� �.*tS 0 �.* N0�* �C� &,$,( tS
���S ���U� +,!��@ �(� +/U��#* E)( 6.�-�( 3�C .
�� X�#K ��� 0� -� �.* ��,$,( ��,5 :o(�.* ��0R	�SiO2

(0 �; E)( �;,�# ;2 T$�C30 �;���5 �
 �
�U5�� p(+1	� [�;
� A,�� �C �; &,$,( ��.��
� ]o�.[

?7J7�� D.� ������
 
�(�5� N#� +
������5� �; �0�c� ��3�R	� AK�\ ��
.( 
~
�
�H -� t
.(�# ;2 3�C;���5��(�C�U5�� �
 ]or[.��

�1,Q�2 ���#� �:�; �1
#/�� �; �.* �,�#,; �.* ���UC �C
 �(�)A/*d�(.(��; ��#� T�_)� ������ ���(�5� N#� +
� 

�1�(�( 3�1(0� �1:�;)�$; 6�� w#)@ (�� �.
� 0 �#*
2 R�Y���'-� �(� X��Q% �:�,Q�2�R���#S 0 �
�$S .AK�\ ]
�1� 
(��; -���C3R,���2 0 �'#/(0�/,� XRD ��#U� 06As97 
�� ��!� t,����2 �S .)C�����S 0 ��,�$S �(� 3�C)�
�$S +

�,$
� (.���� �#@0 �0- +
� �� R,�)b0.@p.(-� �:�; ���1%� �;
�1,Q�2 ��� !C0e' 5e
0 -� �.*��C3�
�:F �5� 3�H 3�

�(�]o�[.

?7K7��� �� ��+� 
t1�,( �� ���(�5� N#� +
����S 3�C �
�-Sn-W �(� ]
�� 

]oz[���S �; ��Q��� �� 0�(� �.* �>F R,� �H �
�-]or[.��
(��; ��#� 6�1�5�3�1(0� w#)@ �� ���(�5� N#� +
� R,� 

UC �2 �� �S �#* �� �.
� AS�' � 
� �� ��5� X�#K �; �,��
���S �(� ���S F#G� �C)A/*e�.(�1,�
�( R,� �0- +
� �� 

�� t!^ �; �C��j(.$	 �.* ��#:)A/*f�.(+
�1U�� -�
�C#Q���C3���S (��; ��#� T�_)� �� �0- +
� �(�)*����-

�,��UC �; ��#��X�);�S �+C2 3�C)�
�.,( 0 �
�/�2(�
20 +C2 -� �)` �
�$S��S ���*� +C2 -� �)` b#Q,G� .+,)�UC

���� 3�CXRD T�#U� R,���2 -� AK�\ A44�� ��!� �S .C�

���S R,� �0- +
� �� �(� 3�C)�
�$S +�,$
� (.���� �#g\
)b0.@p.(X�#K �; �2 A,/!� ~)S�0 +
�1U��:

4Ca2Fe5Si8O22(OH) + 16HF + 6O2 = 8fluorite + 
10hematite + 32quartz + 10 H2O ferroactinolite                                            

���S A,/!� �2 �; ���UC �(� +/U� 0 �(��(� 3�C�
�.* �1,�#�0���.* ��,$,( � R,� �.* �),����#� �1\ 0
�.

.�#*]or[.

?7L7��� �� .����� 
E)(�1,��U ' A\��� �� �#$Q� -� AK�\ 3�C ?��1,�#���#)' 
[#Uc��5� A/* �; �
��; 3�C��(.% �5� 0 �^#S 3�C 3�C

+,����#� t,�O �1Q�� ����> �� ��
- �5.)S��' �; ����C3���#� 0
�5� R���#S 3�C ?; t,�O �1Q�� +,����#� ,b�U* �� �1!�1:�;3

.���� �#U):� �1�(�( 3�1(0� .�5� +
� �C?�� �Q< �S 
+,�- ~�; .* ���*� �2 �; ��#U% �(�)* ?3�C�#$; 3����

 ��#; +,����#� �*��)A/*bp(���S 0&� 3�C �$U@ -� ���
�� t!^ �; ���2 �� �
�0-2 0 �,S[�� ��#: .��5 +,����#� 3�C

E)( �� �#@#�; 3�C,�1,���5 �1!)�,��,�#�S#� (w#)@
�1:�;3A/* � 
� -� �AS�' 3�1(0� �C3+,����#� +
� �� �C

 �(� ��_)�)A/*ap.(�#$;�%#UV� +,����#� 3�C ��R;��; 3�C
��
�� �� 3�)�O�% f_�� �� (�� �1U,$,� .)^ �_< �; �S .�-�(

� 1�/* AM� �� �C�#$; +
� �C�5�� �.
� R,� �C.�#* .
��5 +,����#� 3�C�0 �,,d� T,�0� .C�#* �$U@ -� ��C��.:3

�����5�3� s
��* �� ,�� ��
- �$,: b�U1\� �; �S .�.��@ �U
 �h����* �.* ��-2�C3�; -� �)` (B) �,���5 �#$Q� -� AK�\ 

�.�2 �#@0 �; .��]p7 [.�),����#� ���(�5��0 �)
R 
�@ �; 
-� �)` 3�C�U5�� �#$Q�B�1�;�0 .��]or.[-� AK�\ ]
�1� 

(��;����S �@#� A;�< �#g\ -� �S�\ �'#/(0�/,� fH��� 
�(� �0- +
� �� +,����#�)A/*cp.(� �; �); �(� �; ]
�1

 3�CR,���2 -� �.�2XRD��
0��� )t
R,)� -� �)` +,����#�(�
�1��0��	
�(� �c��_� ��#� T�_)� �� +,����#� N#� +)b0.@p.(

I7�+ ��!5 
(��; �#n)� �;���#U� �U,*#4Y (��; ��#� 3�C�� 0,��1	� R

���� �K�)% �>�:(REE) "�V�� 3�CR,���2 ]
�1� -� ���G1(� �; �
*30� �.oqA> E)( T�#U� )b0.@o(3�C# �� �REE 

E)( �; �#;����(�5� 3�C 0 �.!� ��#U� S �
�C��,h�� �M� 
�1	�5 ���< �;���5 ���(�5� �
�.)S �; �Q�� �.��]pq[

3��% �.* 3-�( .��)AB*�.(�Q�� +,)�UC 3�C(La/Yb)n

(La/Sm)n,0(Gd/Yb)n��; �,��� �; 3(��; ��.@ �
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���> �(��; ���� �K�)% ��1	� 0 �(�)* �S�: (REE) �0- ���;���5 ��(�5� 3�C. . .��

LREE�C 0HREE 3��1Q�� 0 �CEu/Eu*0Ce/Ce*  R,� �
��;3(��; ���1	� 3�0- �� �l)% 0� +
� ���(�5� J$1�� 3�C

 �Q(�M�)b0.@o(�C���#U� 03�#1( �AB* �� ���2 �t,(�� 
�(� �.* .

;,��V)�3Eu�-�.�� �n$` T�
��� �
�H -� 3�,5 6.*Eu 
~,' A;�< �n$` �; �),;(Eu*)�0�� �; �S �;�
 ��.%� +,; 

6.* ��V)�;Sm 0Gd�; �� �(� �; �.
2 ��,; �US �#H
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- 3�C.* ���G:
Eu/Eu* = Eun / [((Smn) * (Gdn)) 1/2]
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�0- ���U� �� �Q�� +
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��� �� ��(�5�
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J,cOREE �; ��
��� �� +, )( 3�CREE �(� �Q( 3�C
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�Q��Ce/Ce*  �8�/o�(� )+, ��,�Ce/Ce* 0Eu/Eu* �� 
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��0 ���#!	� ��$,%�U(� ���- ��
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�.* ��� �Q( �+
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� 0 .C�

 X�#K �; �l)% +
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;2� M���#U���V)�; ��#U� 3��; �
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���> �(��; ���� �K�)% ��1	� 0 �(�)* �S�: (REE) �0- ���;���5 ��(�5� 3�C. . .��
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� �� �C
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