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^ . � �6��!B :��1C� %1�M 4QR 4  � . � �6�� :���1C �3 4� . � �6�� :��1C� QR EI)3 46��.
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Archive of SID
��#	�3 �;,I* ���1#�� �C
�.  �I_�� !
  �(�)* ���R . �(�)*�1$3 �$@� ��K

���L>�  ���1C� �3�5�1A!B -  E,B 6�� .F��;_M t:* �3 ���"1A!B �3 �5�1A!B -  zB ��1C� ��C5 -  4 �/��3< 6�� �3 �R ��!"1$,R 
. �(  %:�<�� ���C(< y�t:* �3 ���" �5�1A!B -  zB ��1C� ��C5��6�� �3 �R 4!"1$,R �(  %:�<�� %!,A 4!#�R�U.

���M4�5� 1� t !,,|A � �1C� �5�1A!B -  zB . E,B �3GH .>�  ��3 �
�121$	 �3 d13!� >,? ���"1A!B �� 1��A -  E,B 6�� .F�d13!� >,?
�3< ��1C� �3 t:* �3 ���" 1A!B �3 �5�1A!B -  zB 6�� �/�4!"1$,R.y���1C� �3 d13!� >,? U 4�3 ���"1A!B �3 �5�1A!B -  zB %!,A 4!#�R�

t:* ��4!"1$,R.

���N>� ���1C� ��!" -  E,B 6��!B EI)3�5� .F���!" -  zB ��1C� ��C5�5� .y���1C� QR EI)3 6��)�(�
 (��!" -  E,B �5� .t�
��!" -  zB ��1C� ��C5 �5�.
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Archive of SID
:$H��%��C* �����3 ��N�� �"V
. �
�121$	 ���R �C,* . �W,#Bu 4�5 - +,&�� 4�5.. .���

���O>� ��3GH >,? �6��!B EI)3 �
�121$	 F�4��� �A �5���!" -  zB �
�121$	 ��C5 �LLQR �A�1S 6�� �3 �R � !&,#��( �H�� 6��
�:�<�� y�QR EI)3 �
�121$	 6��)�(�
(�t���!" -  zB ��1C� ��C5 4��� �A �5� �LL � !&,#��( �H�� 

@���:�PCJ ������� :�]�1C� ��1]� 4�]5 �](�!3 O 1]�  4 � � 
���`��U �
�,C,]* 4�5 !#'],3 ]3 ��]9$T !]#CR . 4��]8 4�]5

 �_( . !S�)8 -  4��8!,T !]S�)8 �t 0]$	 �X* �40$	!,T �40$	 
���� �R�U :]��13 1,#R 1
� � ..!]S�)8 ���]� �R�]U)La, Ce, 

Nd, Pr, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu(�
Y40$	 �( . !S�)8 .)V, Cr, Co, Ni, Cu, Mo, Pb, Zn, 

Sn, W, Ag, Nb (%1]]�M �]]
�121$	 �� +
!#']],3 6]]��!B 4 
 �]]9$T O1]]C@�)ppmK�/���N (.���]]3 �]]
�121$	 6]]��

 �9$T O1C@� +
!#CR)ppm��/��� (:�� � ��'�  �)f.:]H 
�7W* �4�5 �.�L.(�40]$	 �]( . !]S�)8 +,3 �� +
!#'],3 

4 !]]3 �]]9$TPb%1]]�M �]]
�121$	 �� 6]]��!{B 4 )ppm�L�L(�
4 !3Ba 6]��!B EI)3 �
�121$	 ��)ppm���L (4 !]3 .Sr 

6]�� :,I( �
�121$	 ��)ppm��� (:]�< �](:3)7W]* �.(
�+,]])�C5Tl �� �]]C5�]]�1C� �]]( � �  � �]]9$T +
!]]#CR �]]5

)ppmL�/L�LN/Lf.:]]H [�.(�]]9$T o]]
-1A 41]]&�  �]]g!" 
 �( . !S�)8 �
�121$	 �� 40$	 �3 . :,I( 4�5 �13 ���W
 6��
 #']],3 �]]�. �R�]]U �
�]],$M !]]S�)8 �]]9$T +
!Ba .Sr �� 

:,I( �
�121$	)P,A!A �3 ��� .ppm��� (�� �< +
!#CR .
�3 �
�121$	 6��)P,A!A �3��.ppm�(:]�< �(:3)7W]* 

�.(!]S�)8 o]
-1A 41&�  ���]� �R�]U �]
�121$	 %1]�M 4�]5 4 
QR . 6��!B 6��)Y!R �
 6�� (p���R���W
 �13 %t.�]IA ��)A .

!]S�)8 �]9$T ��1]3 !]#CR �� ���< ���]� �R�]U �]
�121$	 �� 
%1�M QR 4  6��)Y!R 6�� (�( )7W*�L>� .(!]S�)8 +,3 - 

���]]� �R�]]U �Ce 6]]��!B EI)]]3 �]]
�121$	 ��)ppmK/�K (.
%1�M 6��!B 4 )ppm�/�� (�]( � �  � �9$T +
!#',3 .Y��

%1�M �
�121$	 �]9$T +
!#'],3 6��!B 4 )- ppmK��O1]�
QR �A 6��ppm�%1]�M O1� �� 6]��!B 4  (�� �  �)f.:]H�.

7W*�L.(!S�)8 �9$T o
-1A 41&�  ���� �R�U �
�121$	 �� -
�3 . :,I( 4�5 p���R 6�����W
 0],� !S�)8 �9$T �#J ��13 

��1� .� �� 0HNd .Th �3 �A.�IA :)#* :� Q5)7W]*�LF.(
1,#R 1
� � !S�)8 �9$T +,)�C5U.Th EI)]3 �
�121$	 �� 

6]]��!B)ppm�/�(%1]]�M �]]�1C� �� .6]]��!B 4 )ppm�/�(
��1C� !
�( -  !#',3 �(  %�13 �5)7W*�Lf.:H �t �.(
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Archive of SID
��#	�3 �;,I* ���1#�� �C
�.  �I_�� !
  �(�)* ���R . �(�)*�1$3 �$@� ���

Q��FRP�J !3 �
�121$	 �� �1H1� !S�)8 �9$Tppm.
%�>� <0()��0 �)%�7	&S��%�>�7	&S+� ��%�>T(�

�L �/��/����/�V

�� �� �� �� �� Cr 

�/��/L�/L�/L�/LCo 

�/�L  �� �� �L �� Ni 

�/�K  ��L�L�Cu 

�/NL  �L �� �L �� Zn 

��/��/L�/L�/L�/LGa 

�/L�/L�/L�/L�/LGe 

�/��/��/���/�As 

�/��/��/��/��/�Rb 

K/��  ��� �� �K� N� Sr 

�/N���KY

�/��  �/��/��L�LZr 

N/L�/L��NNb 

�K/L�/��/��/��/�Mo 

�N/�____Na

�/���/L��/L��/L��/LAg 

L��/L��/L��/L��/L��/LIn 

��/L�/L�/L�/L�/LSn 

��/��/���/L�/L��/LSb 

���L ��� �N�L �Ba 

�/LL�/LL�/LN/KL�/LLa 

K/�K  �/L�/L�/��  �/LCe 

�/LL��/LL��/L��/�L��/LPr 

�N/L�/L�/LK/�N/LNd 

�/LL�/LL�/L�/L�/LSm 

L�/LL��/LL��/L��/LLK/LEu 

�/L�/L�/L�/L�/LGd 

L�/LL�/LL�/LL�/LL�/LTb 

N/LL�/LL�/LK/LN/LDy 

L�/LL�/LL�/L�/LL�/LHo 

�/LL�/LL�/L�/L�/LEr 

L�/LL�/LL�/LL�/LL�/LTm 

L�/LL�/LL�/LN/LL�/LYb 

L�/LL�/LL�/LL�/LL�/LLu 

�/L��/L��/L�/L�/LHf 

L�/L�/L�/L�/L�/LTa 

L�/L��/L�/L�/LW

LN/LL�/LL�/LL�/LL�/LTl 

N�� �� �/��L�L �N� Pb 

L�/LN�/LN�/LN�/LN�/LBi 

�/��/LN/L�K/LTh 

N/�L�/LL�/L�/L�/LU
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Archive of SID
:$H��%��C* �����3 ��N�� �"V
. �
�121$	 ���R �C,* . �W,#Bu 4�5 - +,&�� 4�5.. .���

���U�_( . !S�)8 �9$T �
�121$	 �� 40$	 �3 . +,&�� 4�5 �(�!3 ��1� 6�� :>� ���1C� %1�M �6��!B EI)3 4�5 QR 4  6��)Y!]R �
 6]�� (.
%1�M6��!B 4  .F���1C� �3 . 6�� :,I( 4�5 6��.

���/V�3 ���� �R�U !S�)8 �9$T% !C5Y�U.Th .>�  ���1C� �� %1�M 4�5 4 QR . 6��!B 6��)6�� Y!R �
(F ����1C� �� . 6�� :,I( 4�5
�3�6�� y�6�� EI)3 ��1C� �� .t��9$T O1C@� U.Th��1C� �� >$#�� 4�5�&�� .
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Archive of SID
��#	�3 �;,I* ���1#�� �C
�.  �I_�� !
  �(�)* ���R . �(�)*�1$3 �$@� ��L

���!>) 
h
�#�%:�<!3 EI)3 !	 �@)( >,? -  ��R � � ��'� �2!� �C5 

�3 . �&�� O 1�  ��� �
�121$	 6��,J�� EI)3 !	 )�LL �A �LL 
!#�1��� (FGH�:�� � . �](  !],|#� �]��< �� FG]H t:]* ��  

%1]�M �]
�121$	 �� t:* +
!#',3 �� 6]��!B 4 �NL !#�1��]� 
�]]� %:]]
� �1]]* .�� 6]]��!B EI)]]3 �]]
�121$	�KL . !#�1��]]� 

%1�M �� 6��!B 4 �NN 4 � � !#�1��� � 1� +]�B FGH :)#�]5 .
��!"�5� ��1C� 4��� �A �5�LL !],,|A P]H1� � !&,#��]( �H��

 -  6]��!B EI)]3 �
�121$	 �3GH >,? . 6���KL �]3��� 
. !#�1��� 4 !3 QR EI)3 - PH1� 6�� >],? 7]��R +#	� +,3

 FGH E5�R. �3GH*:.�A� 1� 1A!B �4�],�.  �]�1C� �]3 �]��" 
�3 t:* �3 6���/����C(< �3< 6�� ��@
  PH1� 4!"1$,R .

� 1� �� +�B �3GH K�L �]��" . :]
�!" !#�1��� 4t:]* �]3 ��
PH1� 0,� !#�1��� �1]�� �� 1]� �� :]
:H �3G]H �L� ���L �

��� �K�� .KK� !#�1��� *:.�
0@A ��1C� �
�,C,* �]5 ��']�
� � �
�121$	 �� �R 4��,�3 !S�)8�3. 40$	 �( . !S�)8 %V
.

 ���� �R�U %:* +,'��H :�  .��]$R �1_3 �]�1C� �]
�121$	 4�]5
%1�M 4 !]S�)8 !]9� -  6]��!B EI)]3 . 6��!B ���]� �R�]U .

�( . !S�)8 �,�3 -  40$	 ��1C� �)T �5 :)#�5 !A.�)#I" �]( 
 �
�121$	 �R F!]T �� ��3<!�M �
�121$	 �����R 6�� EI)3 4�5

 !S�)8 �9$T +
!#',3 0,� � !
  ���� �R�U �
�121$	 +,3 ��  � 
R +
  +,&�� %� � ��'� ����� :� ]��.[%1]�M �]
�121$	 Q]R 4 -

6��)Y!R �
 6�� (!S�)8 �9$T !9� -  ���]� �R�U .Y�X�]� 
��1C� �3 �3 . :,I( 4�5 �)T 6�� �(  !A����]J �� !]9� -  �]R

 �( . !S�)8 �9$T 40$	 z]B � !]M 6]�� :,I]( �]
�121$	 -  
�� � .�
�121$	 �3 . :,I( 4�5 �)8 �9$T !9� -  6�� !S �R�]U

���]]� .Y:)#�]]5 ���]]W
 ��]]� �_]]( . !]]S�)8 !]]9� -  40]]$	 
t.�IA �3 :�� � 4!,&C'g 4�54�1? 6�� :,I( �
�121$	 �R 

�]3 �
�121$	 . �( � �  � �_( . !S�)8 -  4!Aq�3 �9$T 6]��
��1C� !
�( +,3 �� �� � 4!#CR �`��U�� �5.


!9� �1)R�A��5,\!	 .�4�56�� �$8 %��3�� 4�:;#� -
�
�121$	 �� 4:)3 �(  %:* ^!_� �5 ��  ��`��U�� �1aJ 4�5 

�1
 �$CH -  �
�,C,* �( . !S�)8 %V
. �3 40$	 4�5 . 40$	 
!S�)8���� �R�U �� 6�� ��@
  �$S  7� 18 -  �W
 � 1);3 

���R -  4��,�3 �(  %:* �	!;� �5]����) [f.:H �.(��
+
 �E5.VB6�� �
�121$	 4 !3 %:* %:5�'� 4�5� �57�#� -  

!S�)8 �9$T���� �R�U�(  ���< �� 40$	 �( . !S�)8 .[�3
0H wY��@
  6�� �3 �< �9$T �R �� � �&)5�C5 %:*���

!
�( �C� %:
� �?�XA�  +,)g �� 1� �1* .�#X�  �
�121$	 �� 
�9$T 0,� 6�� EI)3Y. �(  �H1A 73�M 
�3:" -  �&�� %.!

6�� %1�M 4�5 ��.�,3 :
:B  � 4 ���  ��7C8��,� +,)g .
E
��-< -  %:�< �(� �3 h
�#���!" 4�5 �5�1A!B . �5�

�
�121$	 73�M �3GH >,? !,,|A . 6�� !,,|A �8�3 �R �5
�9J�� ���< �� 4 *�`��U�� E�� Y:8 :,
�A �� 0,� :4�5

�
�121$	 6�� f!#)R �� 4!`)8�5�(.��-< �� E
��!" ��5�
�
�121$	EI)3 4�5 QR . 6��!B �3 6�� ���< �3 4!`)8 �W�<

�1* QR �
 �	�\ :�� � 6�� !,,|A .�.0	  E
��-< �� �+
  !3 
�A� 1�1A!B �4���" ����J �� �R�( . !`)8 �,5 �
 40$	 

�:'� QR �
 �	�\  Q#�,( �3 ���� �R�U ��H1A 73�M 6�� !,,|A
:�< �1H. �3 .
 !3�)3�C� +�`��U�� �1aJ � 1A �� 4!`)8 4�5

�
�121$	�
�121$	 �� 6�� O1)A 7,��  � �5 ��� � �5 .�g!" 
 !3�
�B �1)R�A �R ���< ��,3:*�C� � 1A 4 !3 �C,�#�� E�� 

�1
�
�121$	 �� �1H1� �`��U�� 4�5 ��@
  �� �5� 1� 4�5
 �3GH�	!" !9� ��@
  �� Q,�#��!,T �1? �3 ���< ��  ���

6�� +
  !3 . :�� G"!,rZA �5��( %.!" �3 Q,��A !
- 4�5
%:* :� ]�:[>� �!S�)8 A�3 �#,	!� /%V
.Na+�R �3

�� �#J �+,'��H :)� 1ACa2+�WX* :�1* 4�1$3 4.+
  �1aJ
�� !#��(<  � 6�� 0R !� 7,W'A �1
 :)RF ��!S�)8 �R�U

���� �3�,	!� �.Y3+�R�$A � 1)8 �3 7C8 �.!#W�  %�!R .
0R !� ��@
 F�� t:*  � �:)'�3y�1,#R 1
� � !S�)8 U.

Th ��H t�:M!B 4�51A!B �1,#R 1
� � �*�B . 7C8 �3 �R 
�� Q5 !	  � �
�121$	 ��#U�( �� !,,|A ��@
  :��.<.t�!`)8 

Ce �RE)R . �? !� ��@
  PH1� �
�5 %1�M . ��- 6�� 0R
 4 O3

-�� �1$3 �� 1*�.

Q��FW�
�121$	 �� F�,CR . �8!	 !S�)8 �1aJ -  ��9#�  ��1� 6���
�121$	 �� �1RG� !S�)8 +
  +,&��,� �9$T . �5�(�!3 ��1� +,&�� 4�5.
>T(� 7�� !�C�� %� �XF> <0() ��0  �)%� 7	&S ��%�>� 7	&S+� ��%� 

V�3< �0X( [12] �L �/��/����/�
Cr 0X( �0�!M [12] �� ��������
Co �3< �0�!M [12] �/��/L�/L�/L�/L
Cu %-.!,	 �0X( ��3< 6�� O 1�  4 [12] �/�K ��L�L�
Ni 0X( 6�� [12] �/�L �����L��
Y%1�M �@���� �4  [17] �/N���K

Sm 0X( �3 7
�C#� ��- �0X( [17] �/LL�/LL�/LL�/LL�/L
Eu ��- [1] L�/LL��/LL��/L��/LLK/L
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Archive of SID
:$H��%��C* �����3 ��N�� �"V
. �
�121$	 ���R �C,* . �W,#Bu 4�5 - +,&�� 4�5.. .���

0R !� �
!9� F�]2 �  �2�,$M 4�5:,��5 6�� �,\1A 4 !3 �R 
+,]&�� �]3 �]_3 � �� �5 �
!9� +
!A� :	!?!B -  !&
� �W
 %:*

 ���R ��13 �(�5]���N.[��( !3 �
!9� +
  ��]3 6]�� �$,](. 
40R !� 0R!� Y�� �3 F�3 �� �1H. :
< .o]M . ���0]R!� F/]
 

��A �1
 4�H �]R �(  �< �3 :,�� �.!#W�  /
 �3 % !C5 �I)�
 -  �1,A�]R �
 �1,�< �< �� . �(  7W� !	 O1� -  4�1$3 j�� +
 

+,3 �1
 �3 . %:* e��U �1U 4�H �]� 7
:XA +,'� 1]*�]�.[
0R !� � :;A �R �(  %:* �3�rF�1
 � :;A �3 +,]3 4�5 +,']�

 �]](  !]]3 !3 ��1]],�< %:]]*]�N.[4�1]]$3 j]]�� O1]]� +]]
  ��
�
�121$	 �5�:* %:� � -  -  +
�1]21$	 �I)� �1
 %�]&
�H �1]U 

�3 �� �1H. :
< .+
 !�  ����- �� ��:5� E3�A �R 4s!� !B 4�5
 �]R �_
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