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"�	 :�$2pH:*$�," 
���8 ^
��� 0" 1/67 :�6 ��," �*. N9�M �"�]��[.H$�,�<5

 �> &0G 1 �"3��1�> :�6��S,*(	 ���,�2� 0" �$,1��@ N$+!� :"
�$�
�, ��," �*�. /$���� ��6 .X-�8"1 0" 3�$� RS�
Q ����8
H2SO4A'(U� F��->�8 ��> :*$," :�6 �� �*�. N$+!�� :��6
�(M���," �*�7 �'@1 �> :�"3�1�� :.

<5�Dk�" �'f� 
�:��B6 0" $+�'5 ��J-���8 �� �6.,�+#�" �'��.?��6�"'� :0"'� :��8 0" ���B6 $�D�1 �":)+S,"$�G'
�(�n" �� �8
"�	
�6*-:�0$/<=�,�B=$�," �*. �* .,�+#�" �'��.|�5 �'LM $�
��8 N="� �� ��3��"'8 .,�+#�" �'��.F��'2 �'LM $��B6 1 �$�� �
�0$�-":� 0" $�'B$�.,�+#�" �'��.���,`8 �6:��. 1 3��"'8 �
��8 ����'2 $R5 �5 0"$�
�.�" �'�#,�+�.��f<=" Hw`):*-����) �<	� ��+> 
0" :Py =5$�
��Hem =��B6$��Lm =�$�'B$��Gt =�'2$1 �Qtz =3��"'8.
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� �� /67$% �"3��> �(M�� 1� ,1$�(:A'�(U� ��6:1 �"3��1�� 
�> ���," ��<	�2 F�'��9 �"3��1 ."�U��9 *6"'��. ��> ���@'� ��>�
�

�6�"3�1�� �� <,�=:A'(U� 4' >7 �6:� "� 4Q'S$6 ���> 4"'��
��#	$��6:��!m!�7 �1�:8 1� �� ��"� $�<�'(:A�B�. ���.

 ,��> ��'� ��e-��)��<�2 0" ���=:�,��> ��'�� �(��V� ��
�	�2 .J-,�6:��!m!�7 �
8�� �*. ��$���*��7 *�M �� 0
�
*��"�]�[.��8��6:m�'�, $*:/�67 �"�)5$��
�(��> 4���3B6

��,�2���"3�1�� :�"01� F�'�9 �> :410 �� ��6:1 �<��+. 
�*. ��=).�����#	 0" $N�2 ��6(��,�� 41�� �� J-�, ��6:

�$�*. �<!�� 4�>3*�" .+!�$410 N�6:<D1 �"3�1�> ��*�. 0�h7 
" �8 �,"
410 /�3� �6
�0 �e, �> I$/?7 H@��� ��'� ��6:

��8"
!�0
�0�$-�'@ �� <,�= �> :�<	�2 �"�D *�" .���8���6:
m�',$*:/67 �"�)5$�
�(" ��> X-8"1 �n" �� �
 4'� >7 /��> ��6
�'2$� 1 �$�'B$�e,"'> W"*#> �8 �*. 4�,�2� �:"�3>7 ��
 ��> 
��B6$�)6�2�N+. �> �6:+S," $�G'
��B6 1 ��$� �$��+�
(
*��
�*. N*�" .)4' >7 ��+(B�6:'�@ :��	�> �'L�M ��> ��6:

!��@$!��@ ��*��� �@�> /$-�.�M $�":��. ��
<��<(+�," 1�
����mM �'L��M 1w�� N��>�D 4"1"���	 N���(�� 1 ���6$*���* .��������:

<�Q"��5$"�> I:��8 ��6:"�	 0" N9�M 
�6*-:��,�2� ����8 1-
"0�
��e-� �� :�$N+. �� �"3\�B� 
�," �*. ��"� X.

�@�� 9��� �� ��� ���� ����� ��� 
�� � '�!��� ���
@�����
�� ��� 


��� <���� ��� ���� ����� E&��F �� �G�� &����� 
�� �n'�� �
�$B$�.'+
3$	 N��"') /$�$#� :"�> X61l5 /
" ��

 �,�� �� �8�= ���� �9�-) C
0'�J-, ����8 4�>3$� :�6 :0��,
 �
���� 4��8 ��O-�> �> �/67REE � �6 ��'B� ��,�� :�6 � -,

 ����D �<�,'5 ^�$8�� x,'<� 1�
G��> :"(UCC) ^�$8�� ��> 
�
�*��-8]��[H$<="����5 )N+��.�.(C��
0'� :'�� �" /��
" 0"

REE �� z��-<," /$-u �6 ��> �8�= ���� �9�-) �<!$> �8 �'.
F*. ��> ����� ��1�m<� :�6UCC ���� K'�<�,� �2*�.
�*.*�" .�,��> "� 4�!�� �*�. &��O�" :�6 ��8 *���REE �� ��6
pH�� 1 �*�. �<�. /$
�5 :�6pHx$�U� �� G��> :��6 :��6

 �� �$�a� 4�,�2� *�'.]�p[.�� ��<+� /
" /<	�2 �V� �� �>-
A'�(U� �8 ��8 �)�" 4"'� ��$6�� ��> �"3��1�� :��6pH/$
��5 

:'!<�. ^@'�REE �*. H<�$, 0" �6*�" .*6"'. �> �@'� �>
J-, � N>�D �
���� �'LM �:�� � ��VM` ��,�� �� 3��"'�8 :"-
J-, ��$�a� &*) �> :� 
� N$�� 3$� 4�>3$� :�6REE �� ��6
�,��J-, ��," �*. 4�,�2� :�6 .��,��> ��8 �"� 4�!�� ��6

 ?�@ �$	�� 3��"'8REEA'(U� 0" �6 "� �*�--8 4�,�2� :�6 
��"*�]�;[.�
���� *
*. X6�8 �> �@'� �>REE �,�� �� �6-
J-, �*. 4�,�2� :�6)��> ���UCC (���N���) ��, 4"'�

)�(pHA'(U� /$
�5 ����,�2� A'c�� :�6)�(:G��> �����
 1 �J-, �> ?7)�(��$V� �
�6*- $� �> 4*. �	��B6SO42-�

F-�PO43-�CO32-1 �Cl-��� A'c�� "� �2*�.REE �� ��6
�,��J-, ���8 �"*�B(D ����,�2� :�6*�-
"�	 ��+(B) �% �6 

]�[��Z[.
:' �" C
0'�REE �
�*�-8 ^�$8�� �> �*. ��O-6 �> :�6

]��[J-���8 �� ����� ��9�-) *�-��� {"3� 
0 ��<	� �/67 :�6
 ��<�2 �> �"�B6 �8�= 4�!�� "� ����7 ^(h" :"�> ��
0 F"�$$]� :

�� *6�)N+.��.(J-, *6"'. �> �@'� �> ��� �V� �> :�� �-
:"�> :��) �$h ��<	� /
" �8 *,�REE J-���8 �� �6 ��� �6-

���,�2� �$n�� 4"3$� �� F"�$$]� �> z����" �� *�"'� �"3��1�> :�6
J-�����8 :1������8 �
������ �� b`<��=" 1 ���6 �� ���i�M :���6

J-���8 *.�> �6 .��� ��V� �> *-u �6 C�
0'� :'� �" ��8 *�,�
 *�-��� {"3 
0REE J-����8 �� H�6 ���6 ��,�� �� H�6 1 ��6 

J-��, u :���6�n" 0" �n���<� ��*��. 4���,�2� :���6�����2��� 
(Tetrad effects) ]�\[*.�> 3$� .

"� �� ��� ����� ����� E&��F ��� &����� ��� 
�,��> �� J-�, �� ��8 �
��$��8 :��60�	 �5'+�,1�+$� :�6-

J-���8 :�60�, ��,�� 1 /67 :�6 J-�, �'L�M 4��>3$� :��6
 �*. �
�,�-. �*��"�*�" .��8 ��"� �'�@1 A��B<M" /�
" /
"�>�->

 �60�	 �> �1`) ���8 ��*. �
�,�-. �
�$��8 :3�$� :�� 
� :��6
 4�>3$�REE J-�, /�
" �� �6 ��,��> ��> ��8 *-�.�> ��6 :��6

 �*!�� �
�,�-. �5'+,1�+$� *��" .�'�V-� ��> X61l�5 /�
" ��
 ����B<M" 4�>3$� :��$��8 �
�,�-.REE J-����8 �� ��6 :��6

 ��,�� 1 /67 J-�, ����� � <���B6 ^
"��i �4��>3$� :��6 :"
 /��$S,"]��[>��*�0��, ��9�-) �� 
� �> �8�= ���� �9�-) /$
 J-, /
" *�*�. ��,�U� �6 ./$�> ?'�= 1 ���a� � <���B6

LREE �> �6P)Z�/�(�,�� ��J-, �� 4�!� 4�>3$� :�6 *6�
 ���8 �8 C�
0'� :�1*�M ��� ���m�	 :�6LREE /�
" �� "� ��6
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J-, *���"� �'�= A��<-8 �� ��6]��[.� <���B6 /$�-�B6
 $> �>'= 1 ��a� �f-) /Y1REE �6)ZZ/�(�,�� ��J-, �6

 C�
0'� �� H
���'-
0 ����8 �n'�� X�� 0" �
�+M �8 ��"� �'@1
REE J-, �� �6 J-���8 �$ �1�� :�6 ��"� /67 :�6 .�� /�
"

 J-�����8 �� ���8 ���," ����M 1 ����a� � <����B6 /��67 :��6
 /$> x,'<�Mn �> REE �6)[�/�(�� 4�!� :��60�	 ��8 *6�

 �
�$��8Mn�"� ��$�a� 1 C�
0'� �� �B�� X�� REE ��m
" ��6
 *��"�]��[./$�> ?'= 1 ��a� � <��B6 �/
" �> 413	"Y��> 
REE ���6)\\/�(J-�����8 ������ 4�!��� /��67 :���6 ���8 *��6�

 J-���8 �� H
��'-
0 C
0'� �� �B�� ���<-8 H�, 3$� /67 :�6
REE�," �<."� �6 .

<5�H������:<�Q"��5 $+���8 ��6:N9�M "�	 0"
�6*-:��,�2� ����8 1"0�
� ��e-� �� $�"3 .�81� Hw`) ����i���	" �� ��> z�����" �� �$4"3
�"1"�	���8 �� �6�*.�>.
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<5�I' �" :0'� 
CREE�6:"�> �*. ��O-6 �> :���D �<,'5 x,'<� 1 J-, �,�� ":G�> �
(UCC)�*-8 �> ���� 
�]��[.
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*>�) �:�2`8 ���"��% ��"0 4"�
" �,�-. ���8 1 �,�-.�'(> �(O� �p�

<5�-J' �" :0'� 
CREE�6:"�> �*. ��O-6 �> :J-���8 �6:�*-8 �> ���� /67 
�]��[.

�KF�! ���*������Eu �Ce 
" ��
!61l5 ��8 /�"�> :�0"*�" 2$�:���� 
> ����O-6:�6:
Eu 1CeJ-���8 �� �6:J-, 1 /67 �6: �1�� $�> ���7 �
���$0 x>"1� 0" ^
*. ���m<," �]��[:

Eu/Eu*= (EuN)/√SmN×GdN
Ce/Ce*= 2CeN/(LaN+PrN)

G�> x>"1� ��N8�� �> �<�>"1 �9�-) 4*. ��O-�> $�*-8 ^
�
]��[� 4�!� "� �*6� .�5�>
�:4"3$� �*. &�O�" F��,�U� 
>���O-6:Eu �,�� �� J-, 0" �6��/�����/��� 1

J-���8�6:0" /67 ��/�����/�]�$$� ��*-8 .�0�>:
]�$$> F"����O-6:Ce�,�� �� J-, 0" �6��/����t/��� 1

J-���8�6:0" /67 s�/����t/��," . <��B6�1 ��a� 
> ?'=$> /���O-6:�6:Eu 1Ce)��/�(J-���8 ���6:

�+M /67
"3	" F"0"'� �> �8 ��"� 47 0" �
�2 X
2*�3�
�8"$U� �� 4l$+!� x$J-���8 N���� ��6
�pHA'(U� �6:

�*--8 4�,�2��$"3	" 3
X
�," �<	� .��+(B) �> �@'� �>
"�	
�6*-:��,�2� �1�:�,�� J-,�6:�$� 4�>3�-u 4"'�$/

> �"*=� �8 ��8 AG*<,"���O-6:m-� �Eu" �� 
J-, /�6
 <�>"1 �> �1`)���2�"0 �> (provenance) �> z����" �� ����7 

+!�$�	��B6 NEu �> Cl-4' >7 �� �'@'��6:,"$*:A�#	
 �,"]ss[.� F���) �>
�@�� � :G�> :�	��B6 0�,:�>

�$�6*- �
4'u Cl-> �"*=� ^@'� �8 ���O-6:�>$m-� ���

Eu 38�B� 1 X>1� 1(Scavenging)>��<�" �Eu,1 �> $�(:
�8"$6 1 �6*$�81�*$�6*:> ��," �*. /67 ���O-6:��a� 
EuJ-���8 �� �6:�," ���8 H6"�	 "� /67 .>,����6:&�O�" 

� 4�!� �*.�G'B#� �8 *6� ">���O-6:�6:��a� Ce �� 
U�$x�6�
�2 �> 
2*�3�G�> :�8" $4l)U�$x�6:��8" 
!�(
> 1���O-6:�6:m-� �Ce"�. �� 
U� x$e�M"$��
� }� �-

*6�]s�[.�> �@'� �>
�<	��6:��8 �,�-.�)���� �'LM
�
G�>:��B6 $J-���8 �� ��6(8�� �$"�. /
U� x$+!� x$N

��8"
J-���8 X�6:� �V� �> ��," /67 �> �8 *,��-
��O-6:��a� CeJ-���8 �� <� �� �6$�O:*�� 
NCe3+�> 
Ce4+�," ��"� }� .�� ��-�$�e-� N�> �"*=� 4"'<> �8 �-
��O-6:m-� �CeJ-���8 �� �6:@'� "� /67 $G�> ���8 �
� 4�'>$���. �� �'w'(	 4"3�6:J-���8 �," 0�, .WG'B#�F-

?���2 �� �'@'��6:�>Ce4++!� �$�	��B6 N�6:�5
�"*
�'w'(	
�, *
� "� &'�*6�]s�.[� ��<�> F���) �> $4"3
,�<,���>F-?���2 �� �6
+�G� 0" 
]� H�� N$$�� F"� 

>���O-6:CeJ-���8 �� �6:,��> ��'� ��," .�V� �� �>
]� /<	�2$$�� F"���
> ����O-6:Ce�,�� �� J-,�6�
�8

"�	 K'�<,�
�6*-:��,�2� ��*. 5 �*�"$� ���-!��8 �'.
]� �> �>�!� ��810�,$$> F"����O-6:CeJ-���8 �� �6:

" �/67
]� /$$�,�� �� "� F"�J-,�6:� �*. 4�,�2� $3
���8 A�<-8*�".
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���7
<�� ��. 1$����<
<�*-<�6 ."
J-, /?���2 �> �6�6:
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��

5$	1�$($��> ��
�1*�(8 ����(8 1 �$"�	 ��+(B) 1 �
�6*-:
��,�2��41�> +!� �> �"0$��8 K�<�2 1 N��6:�'2 $��
,1��@$Q ��
� �RS$�'B$��B6 1 ��$�," ��'> �"�B6 �.

��,��> ��6:� 4�!� �*�7 NB) �> ��8 *6�"�	
-�6*:
>���2�, 1$H<��6:(�2 �J-, �� �'@'� �6:�$X�� 4�>3
�*�0�"":'!<�. �� :F"3(	 1J-���8 �!���6:�� /67
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,$J-, 0" H<��6: �1�� $��� �����8 �$�," �*. /.
p�,��> ��6:�0$/.$B$��
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8 *��"� 47 0" �0'� �
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�a�$8�= ���� �9�-) ��J-���8 �� �6:J-, 1 /67 �6:
�$�*. 4�,�2� 4�>3:#>�� ���7 �(�"') 0" �V�$]� �$$F"�pH�
�$,�<,� 4"3�� �> $�6*- :0�, �	��B6 )CO32-�F¯�Cl¯ �

PO3
4-1SO4

2-("�	 �
�6*-:�a� �X>1� $�60�	 �� �:��8 $��

b�'�'c�)0
��'-
��8 �H��6:��m�	 ��8" 1$�6*:3- -� (�
G�> ����:�6�n" 1 J-, �> ?7 :��'> ���2���u *�" .

;����<5 $��8" N
� 1 X$,�<,� 4"3��>F-?���2 �� �6:1�
(��)��*�0�" X�� �8 *-<�6 ":]� �� $$F"� 

>���O-6:�6:CeJ-���8 �� �6:�,�� 1 /67 J-,�6:
�$" ���7 4�>3
���8 �m*�".
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