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

��������	 
� ��
	 ������������� ���� ���
	 ��
�� 

���  !���
"*#���� !
$% �&�	 '(�)�)* ���+	 ',

��������  �!�"  #$�% &'�( ��)� *�$+ &�,-�.� 
���/��01. &�,-�.� �/��01. �!�"  #$�% &'�( �*)23 &45-�.� 

!-�./ :6.�7�(8
' �!��7 6�9 :�$;�<(���+=$>'%)?����6@��� /.�
. 6�9�@�'�7AB�"� ���-0-;C&�	% ����$7. ���7C�D�7�<�.� '
!��7 ��)���	�( �.�D 4�4  ��
��� 4�'�E F+ ' A�G /)H<9 ��7�-� AB�"� �7 '.A	. /.�)	 �+�$+ %�	 4"J �B �� ���-0-;C 6�9

&����7 �4�.&�); �E�! �7 &%.4( %. ���
�G K�)1 ' �-��7 ' 6.�7�
L /�$� K�)1 �!�� �� 6. M"!N)!� ' �9 /)<"E� �;�"7�� 6�9
4��.� .�<(�� ����O�. �$9�� %. ���P Q2O�� 49.)  ' �9�.�)<�)�
�$2D �<! �7 R
.�( �7 �O$?�); (�S01 /'�� F$5-; &�,
�G '6
&��D �7 �� �!. 6. ���P �)G'(%�! =$>'%)?��+ TUE �� 6@��� /.�
. �� �--� 6�9�!. �� .M"! R
.4$+ �� �0$�)7�� 6V)0� 6�9

���P %. � �� :�$;�<(�� Q$WX �.4E� %. 649.)  &�	% ' ��7C�D�7�--� �2S� 6�9��S01 �� � ��-	 �!. 6@��� /.�
. 6.��
���P #
. ����G Y�$���!�9 �
.@9)� �7 �9 �!. ��
��� F7�D #$�.

!1���-�)� ��2:�
. �=$>'%)?��+ �:�$;�<(��6@��� /..

3	-$	 
�S01�� =$>'%)?��+ :�$;�<(�� /)�.�$+ K�3UB.6�Z7 /.�Z
. 

/C :� [�O�( F$��4�@$J�� .M"Z! �\�Z� /.4�	 4
�  6�Z9
 �Z$��W	 4
4-Z; %. � �� =$>'%)?��+ 6V)0� 6�Z9 �O	�Z� /'��

&��D 4Z �7 /.�
. �� 6..�)Z]"� �Z7 �Z(8
' �Z!��7 M"Z! 6�Z9
 �!�" M"! ���-0-;C 6�9 )?��+ #
�Z
% =Z$>'% &�O�Z( �� 6

�6@��� /.�
.M"! #
. 6�9�@�'�7��^"��� �96&�Z	% ��Z��$7. �
' ��7C�D�7 �!��7 �<�.� FZ+ ' AZ�G /)ZJ ��7�-� AB�"� �7 '
4ZZ�'�E )F5ZZ �(4�4ZZ  ��ZZ
��� .��ZZ
��� ' �ZZ!��7 M"ZZ! 6

��.%�7 �!�"  �� �AB�"� #
. �� =$>'%)?��+ 6�9 FZ<5� 4Z�.);
 �� �)G)� K�3UB. #$Z�% �Z _(�! `)aE :Z
b� ' �Z!�" 

 #$Z�% �OE�ZZ! _/�ZZ�% �� 6@ZZ��� /.�ZZ
. �ZZ7 :��ZZP �
�ZZ<(��
4 �7 =$>'%)?��+.

�&
� 4� 
�!��7 #$�% 6�9 �]� ��)� AB�"� �!�"  F��  �Z!��7 6�Z9 

�OZZZ �,� M"ZZZ! ��
.�SZZZ1@$���C �6�ZZZ9 XRF'ICP-MS 
)&�,-Z
��%C ' /��0Z1. &�,-�.�Amdel �$�.�OZ!. (6�Z9@$���C '

N'�+'�5
�� )�Z5
��C �O$Z!�<9U�. &�,-Z�.�(�Z!. .&�.� 6�Z9
 ��)<� �
�$<$  d
�ZO� ' [%.��Z+ QZ2O�� 6�Z9�.�)<� 6'� �Z9

 4�4  ��
��� �,
45
 �7 F1�P .&�.� #Z
. �� �ZO	� ��Z� �Z7 6�9
e7�"� %. R9'8+]������[&4  �O	�( 4�. .

5�	��&�67�&
� ��	 89�6	 
��^"�6���$7. )�Zh!(��/�Z �� N)Z"G '����i 6�O�)Z2$j

 /��0ZZ1. T�<ZZ &�O�ZZ( ��T)ZZB 6�
�ZZ$	.�kG 6�ZZ9´���ºl� 
'´li�°l�' �D�  m�Z3 �
�Z$	.�kG 6�Z9´�i�°��'´���°�� 

*#02; �T)?�� &4"�
)� :nnnopqq)rpsq(��7�<�:nnnnntr)rpsq(��5$�'�O5�. ��+ :F_ayati@geol.ui.ac.ir 

T�!u9��<  �:94&6��/�O��%��S01 %. ��6v�l �; v�� 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             1 / 18

http://ijcm.ir/article-1-493-fa.html


�2$2E �/�$> &��� ��O
C/.�
. �!�"  ���� ' �!�" �)27 �2u� v�v

�.�D ���< �.��.R�7 w�@7M"! #
.�� �j ���-0-;C 6�9
M"! �7 4��.� [�O�( ��^"� 6�9. 6�.'C�VC #!)>�7x$j�; 

�O
%4�C y); �y); ��)<3 ' � �7 y); ��$!.�)
� ��$!.� �
�2$+L�O�7.'4�. .M"! &%.4( ' y); %. #!)$2+ ���-0-;C 6�9 -

� 6'� �� �O$!.� 6�9N)!6�9�O	�( �.�D #!)$�),$�. 4�.
&%.4( �7 ' &4  z'�  �� �O
%4�C 6�97�$��W	 #
�EC �

�$P�� ���-0-;C�O�7.' 4�.�� :OE�) 4]�[.�#!)$2+ /��% �� 
��^"� 4
4  �$��W	 =
 49�  /C �'�u� �P.)� ' �h! 6

64$!. 6�<(�� A
�@; �7 &.�<9 ���-0-;C)&�); 6
�'��D �O
�)
�)�.�( (�!. &�)7 .M"! �,
� R�7 6�9

���-0-;C ��O<� �(��O�( �7 ��^"� N)!� #$76�9 
�!. &4"j.�+ {$>'%)?��+.M"! #
.�97 6K4  �7 �O�.%�

/�!�(�&4  4�..F��� ��.'� �O-$7 {$>'%)?��+ ���-0-;C 6�9
 R
�!�	�O	�
4�. �(. '6��|C&%.4( %. �
 �4 �7 &4��� �D�7 �9�7
N)!�6�9G�
 ' &4  &4$ )+ �O�.)+4
4&6���C �� ���!�(� 

�	�-$+ 6��
%4P �7��&��!. .M"! �� �O�.%�7 6�94�%�! 
�<
4D ��j�� /�-� .� ��^"� ���-0-;C �$��W	 #
�;49�.

�� �$��W	 #$�'� M"! �7 T'. /.�'��� }�-� �O�.%�7 6�9 -
)  �.M"! �'4P #! �7 �$E. 6�9�l� T�! /)$2$� ]�[7�

z'�  �� �
L K�)14�%�!�)$� )#
�)2$! (' �O	�( �.�D �7 �

A	. K�)1 6�9���-0-;CN)!� #$7 �!�� 6�9 �,"! '

�$�)�'� �$��^2! 6�9)#
�\���.�0"
. ('6�G U$� 4�%�!
�O	�( 4�. )F5 �.(���-0-;C�9�7&%.4( %. ���
�G K�)16

M�� &�$; �	�7 �7=$O��	. �&�); �E�! 6.'�-��7 :-J �7
�� 4��)E.�)G' �5�.��7 ' �-��7 �E�! 6�9)+�5; �,��-�

% ���-0-;C�
�
���
 �!. .���-0-;C ����@<9�9N)!� �7 �9
)F5 �(���P �)G' %. ���P6�9 �j �!. �--� %. 6�)<�

R\"G ��52<3 6�9 �
.@9)j#$�% '�OE�! �� #$�'4��j /.�
.
�!. .<9 �� Q$WX ��)(�(� ��|C�M"! 6���-0-;C 6�9

�u$O� T�<OP. �7 �� ��.� �)G' #
�)2$! %�	 ��52<3 6
���P 4"J�9 ��!. #$�'4���/.)G 6�9 &�)7 �|)� @$� �;4�. .

���P�� #$�'4��� 6�9 �5-E z)� %. /.�
. �!. �
.%]�[.��
�;�)1 �� �!. &�)7 ~��E NC %. /.�
. w�@7 R�7 �2P�� #
.

�� �� ' 6@��� /.�
. �#$-$+ #$�'� ' #$�+ #
�)2$!�� 
N)!� ��
b ' ��! �,"! �!�� 6�9)�9��+ 4�%�! (�76�G

�!. &4  �O ._( .#$�'4��� �5-E /4�C �)G' �7 �7 /��@<9
�� /.�
. �.4E� �7 �O�7.' �--� ' �B��\�. %�	 �#
�)2$!

 �7 �3�7 �/.�
. @��� %. �-�7 ' ��  T�<  ' ��  �� ��'4���
5 /4�C �)G'y�/C 4�'� �� 4  �
�9 �7�� T�<  �9 _

�!. �D�  N)"G .M"! x$;�; #
. �7 �; 6%�7 ���-0-;C 6�9
�$P�� �� �� �!)O� N)"G �/�"<! �'�E �F$7 &�D ��7� 6

&4  F$5-; 4��.� �)G' ����. ' &)� =7%. @$� ' /� �� 4�.]�[.

:.7#�-�� 6'� �!��7 ��)� AB�"� �$WD)�&.� 6�
. 6�9 /.)Y�$���iiiiii/�(.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             2 / 18

http://ijcm.ir/article-1-493-fa.html


42Gqs&��<  ��/�O��% �qpst :�$;�<(�� �7 6�'�� =$>'%)?��+%. �-�7�� 6@��� /.�
. v��

:.7(6'� #
�)2$! ���-0-;C �.)� 6@
� /'�7 K�"7�� U$� 4�%�! .

:.7;	. A43�D �� :9 �7 �O�7.' ���-0-;C 6�9 &N)!� �)$� 4�%�! 6�9.

��7C�D�7 ' &�	% :' T�<  AB�"��� D�  T�< �N)Z!� /��01. -
6�9 #$�'� �7[�O�( ���
% �<
4ZD M"Z! #
�Z; "� 6�Z9 �Z�^

 4ZZ"9� �ZZ� F$5-ZZ;.� .�� �ZZ5
 ��ZZ!��7 ��)ZZ� AB�ZZ"� %. l
Z7�� N)"G 6�O�)2$j�&�Z	% &4Z�9� )�
�Z$	.�kG m�Z3 �Z7

��◦l��
�ZZZ$	.�kG T)ZZZB ' ���<ZZZ  ��◦l��D�ZZZ  ('vi
D�  T�<  6�O�)2$j�&4Z�9� N�Z� �� 6�Z,
� ' /��0Z1. 6

�� ���7C �D�7�iD�Z  T�<Z  6�O�)Z2$j �/��0Z1. )m�Z3 �Z7
�
�$	.�kG li◦�� �
�Z$	.�kG T)ZB ' ���<  l�◦l� �D�Z  (
4��.� �.�D.�� �
@;�.)� � ��^"� '� �9 4�%�! T��W� # '� 6�9

 �$�)�'� ' =9C F��  *.��7 4�%�! ' &43�D �� �9��+ &�Z$; 6�Z9
 /C 6'� . �O	�( �.�D �94�.M"! #
. �;�"7�� 6�9 �7 =
 �Z��\��-

6Z &4$Z )+ /��� ' =9C �F$  F��  �7)!�&4.4Z� )T��ZW�
 �0$�)Z7�� �Z; ���ZD)	 #$�'� #! �7 /.�
. ��  �� )O-$  4�%�!

���OS;(.�7�"$J �)\� N)!� ��0$�)7���� �!�" 6�9 F$�Z	 �+ 
�ZO	�( �.�ZD )O-$  4�%�! 6'� x$  :9 K�)1 �7 #$��+.4Z� .

�"$J �)\� �!�"  &4  ��
 ' ���D)	 #$�'� #$7 %. �Z �� #$��+
j�P�6�9; ��b'�$+. �
 N'V �$|�; �S �9���ZD)	 �0$�)7�j ��
�!. ]�[.�(� &�); ' �9 ��J)j 6V)0� 6�9)M"Z! 6%�Z7 6�Z9

 T��$7C �$9 (�Z7 '�7�Z( xZ$��; �Z; �Z$P�� '� �Z9 �� �Z
�)
�
 �� &49�-� M"! �� �j �)  V)Z0� ���ZD)	 #$Z�'� �7)!� 6�9

&��j4�. M"!�� �5$��P�� #$��+ �7)!� 6�9 6'�/C�Z9 6�Z|.
 #
. %. &�); �9 �<� &4
� �)  �7 �527 N)!� 6�9 K�)1 �7 #$��+ 

&4  &4$ )+ x$ �(� %. �j�ZP #
. ' 4�. �)�ZP Zj�P�6�Z9 
�!�9 �Z!. 6@j�� /.�
. %. R�7 #
. �� #$� .6�Z�� 6�Z<(��

 �� ��\
��; 6V)0� K�)1 �7 �G �<9 �;�'�Zu� ��)(�(� Q$WZX 
�� �X.' ��' M"!&.�<9 �7)!� 6�9��!. �
'� F7�D �Z7 �Z� 

K�"7�� /4  6����' �)2\; �Z� &)Z2G �9 4Z"� .�9�Z( K�ZW^D 
&�); �� &4  6���� ��9C �� &49�-� 6V)0� 6�9) �4.�Z,
�

��^"�6��^"� ��!��7 ��)� 6�� �<�.�viT�<Z  6�O�)Z2$� 
D� �/����. �@
)�
�$	.�kG m�3 �7��◦�� T)ZB ' ���<Z  

�
�$	.�kG�l◦l� �D�Z  (�Z!. .��Z�^"� #Z
. M"Z! �6�Z9
 �$2$	%. F5-O� #
�\����+_�$Z"(' ��$ �5$� �O�Z7.' �Z7 

4ZZ��.� �ZZ(�% /'�ZZ$7 =ZZ �; 4�%�ZZ! .M"ZZ! 6�ZZ9&4ZZ  ��ZZ
 
�<
4D M"! #
�; ��^"� #
. 6�9 4�.]l[.M"! 6'� 6�Z9 ��Z

&4  �.�D '@
� 6�! ���.� ��%. �B)2�� M"! �Z$�)�'� 6�Z9

 ' �( ��$��^2! �$�)
� �!. ./C 6'� �9�+
 %. �Z"$J �)\� =
%. �!�"  F5-O� �7)!� 6�! =
 ����$� #$�'� �; #$�
'��.

 ' F$  ��$�)�'� �=9C %. �� �.�D M"! �!�� T��W� �� 4��$(
 �� )O-$  4�%�! �� /.�Z
. ��  �Z� �ZO	�( �Z]� �)Z .6�Z! 
���$D� �EC �7)!��!��7 K�)Z1 �7 '�.�)Z<� R
�Z<� ��)OZ! 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             3 / 18

http://ijcm.ir/article-1-493-fa.html


�2$2E �/�$> &��� ��O
C/.�
. �!�"  ���� ' �!�" �)27 �2u� v��

 �!. &4  &�.� )F5Z �.(%. �Z5
�)B �Z7 #Z
. �.�)Z<� ��)OZ! 
� .��7 �� �) �lA	. �O�.%�7 N)!� #$7 6�9 &4Z  ��Z
 FZ7�D 
}$�-;.4�)F5 l.(#
. #!/�-0-;C ��'�)"� =<� �7 �9-

�� �)ZG)� 6�9 M"Z! #
�Z
% #$"��Z	 �&.�Z<9 �;�Z"7�� 6�Z9
 �Z!. &4Z  &�.� }$�-Z; ���$��; ]v[.#$Z�'. #$Z�'� 'AZ	.

 xZ$;�; �7 ���-0-;C ����ZX �Z7�/�'�/��ZO� '' #$�)Z!
 A	. #$����J �7 �� =
 �.)� �59C �%�� ����X �7 �/�%. �O�
 &4  .4G :9 �.�4���OS; #$"��	 /��% �7 �O�7.' 4�. .A	. #
�EC
���-0-;C �7 �����ZX �ZO� 6.�.� #$"��Z	 #Z! �Z!. .�7�Z"7
�!��76�9 K�Z�$�S; ]v[4�%�Z! �� #$Z� �Z!�9 :�Z$;�<(�� �

�@<9 K�)1 �7 *.��7 ' /� 7�X�6.�!. &��� F<3��5
�)B �7 
K�)1 �7l�2P�� 6��Z\
��; ����ZX �Z7 �
�
���
% ���-0-;C 

' �Z!. &4Z  �O ._( 6�G �7 6�._,7)!� #$P /��5
 /�-Z�
&4"9�6�<
4D #! �;��Z!. &�Z	% �7 �\�� /����. /�-0-;C

 �!�9 %�	 �7 '��9 �� 4"J �9 �� &�.� �\�� #$��)  .*�Z<;l

A	. -;C ���-0 K4  �7 �� &��\��� /�!�(�&4  K.%.)Z� �7 4�.
�
L ' &�)7 64"7 ��%. �E�7 /C�U��Z� �)ZB �7 �-��7 �E�! �9

 �!. }$�-; F7�D �X.'.�$|�; #$"H<9 6���( �� �<(�� �Z
L
 �%�Z� �
L F$5-; �3�7 �� &�)7 }�-� �U��� #
�
% �;�"7��

���� 4  &�!. �
L�� �5$��P�� �
'� 6�9.&49�-Z� /C %. 6�|
�<��)  .�-��7 �E�! �)�P �	�7 �)G' '�5�.��7 �Z7 �Z2$�� 

�.4E� 6�._,7)!� �7 /��@<9 �
�
���
% /�-0-;C �Z!..AZ	.-
���,u"+ 6�9�$��W	 ���-Z0-;C 6�9 �Z� �Z<�.��� /�Z�@<9 �Z7 

N)!�6�9 ;�"7�� �#$�+ #$�'� �!.'�0$�)Z7�� 6�<(�� V)0�
 N)!� #
.���9&4"9� /�-� 6��P �6�9 7�ZX �6.�-Z-�_
�� � ��-	 �O!)+6' �!. #$�% /.�
. ��#Z
. ����G Y�$��

���P�9�7�.4ZE� �� #$Z� �Z!�9 �
.@9)Z� %�Z	 FZ7�D /.�Z
.
��
��� �!. .��.'� �.�5; �Z� �O�.%�Z7 6�Z9 &4"94��-Z� 4Z�.); 6

4 �7 �--� 6�9%�	 �.�5;.

:.7<�)O! �.�)<����^"� 6�<�.� ]v[.

:.7=���-0-;C �.)� �+ �� �+ 6�$( �.�D )' T'. A	. *'� (�
L �7#$�'� �7)!� 6�9��^"��� .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             4 / 18

http://ijcm.ir/article-1-493-fa.html


42Gqs&��<  ��/�O��% �qpst :�$;�<(�� �7 6�'�� =$>'%)?��+%. �-�7�� 6@��� /.�
. v��

A�G :����^"� A�G 6)�
�$	.�kG T)B �7��◦l� ' �D�Z  
�
�$	.�kG m�3��◦�� ���<Z  (�<
4ZD F��Z  4ZP.' #
�Z;

�$�)�'� F$Z  ' 6�GC ��% 6�9 �Z!�� 6�Z9 �Z7 MZ�� @\Z! 6.
)O�ZZ$ �� �ZZ� �ZZ!. /�ZZ!�(� �9�ZZ( ' �ZZ2S� �O
% �O�ZZ9 6

�� &4
� A�G �
4D�; 6@���4�)  .M"Z! �Z7 4ZP.' #
. 6�Z9
 �Z!. &4Z  &4$Z )+ ���-0-;C .�Z��\�� Y�Z!. �Z7 �Z"$J 6�Z9

 �!�" ]�[�Z!. �O�Z7.' #$�Z
''��. �7 4P.' #
. ./)Z<"E�
M"! ���-Z0-;C 4ZP.' F��Z  AZ�G ' �'��D�� #
�)2$! 6�9

 �!�� ' &43�D�� ���ZD)	 RZ�7 �� @$J�� ����X �7 ��! M"!
 �� .� �)$� 4�%�! �,
45
 �7 �� &�)74�%�! ./�-0-;C &43�D 6�9-

�� #
�)2$! 6�Z!. �ZO	�( �.�D �!��7 ��)� ��^"� #
.]�[.
�Z!. &4  F
4\; �9��+ 4�%�! �7 d
�4; �7 4P.' #
. .&�EL�Z7 '

�� F
4\; *.��7 4�%�! �7 �)  .�'� �4�%�Z! #
. 6'� �Z$�) ' �Z9
=9C T�Z<G 4�%�Z! T��ZW� �Z� &4Z  ��$2$! �O$�)�'� 6�9

)�
L�7 #$��+ (�!. �O	�( �.�D ��!. .�94�%�Z! #Z
. [�O�Z(
 &�� N)"G�� �Z��\�� ' �Z!. �O-Z$7 �Z��$7. 6��O\�Z� ��.)Z; ' 6
��.� �7)E ./�-0-;C &�)Z; K�)1 �7 A�G 6�9 6.�\OZ! �Z7 6.

 &�); �E�! 6.�.� ' ��
% ' ��)O! �6. 4"O�Z9 �-��7 �9�( .�Z7
 M"! �2� �)B ��^"� 6�9 �7 ' &�)7 6%�7 �<$� �; 6%�7 A�G 6
�!��7 Y�!. �� �O �,� M"! 6�9 �O!� �! �� .� ���C /.); 6

#
)$�. ��.%�7 ��.�; 6%4Z�C ' �Z�.%�7 6%4Z�C �Z�.�; ��.� �Z�.%�7
&�� ��� 64"7]�[.��^"� �,
� ��^"� ��!��7 ��)� 6����. 6

)'�E F+4�(�Z!. #$
�Z� /�O!��  �D�  T�<  ��)m�Z3 �Z7
 �
�$	.�kG��◦�� �
�Z$	.�kG T)ZB ' ���<  ��◦l� �D�Z  .(

��.%�7 ��^"� �� �)G)� 6�9 4�'�E F+ 6)#$�S�.4\3 &)�(�Z�
 �!��7 ��)� M"! 6�9 �Z!. �ZO	�( �.�ZD �OE�"Z ]�[6.�.�

 ����X�ii���i M"Z! �Z!�� �Z7 N'�";�� ' �!. �O� 6�Z9
@;�.)� �O	�( �.�D 64�. .N'�"; #
.��!. &4  �.�5; �\;�� .#
.

 M"! �!�� �7 &.�<9 �,"! 4P.' N)�ZS� �Z9��+ 4�%�! �@G �9
�� &4Z  eD.' �.@\$! ' �)$� 4�%�! '� #$7 �� 4�)  4Z�. .&)Z���

 ���\�� #$�S�.4\3 M"Z! %. �2��� ��O\�� 6%. =Z$>'%)?��+ 6�Z9
 �� &49�-� #$��+ �; #$�
'��. �) ]�[.�,"Z! 4P.' #
. #!

 �)$� 4�%�! #$7 /C #O	�( �.�D �7 �G); �7)#
�)2$! (��#$
�Z+
 �.@\$! 4�%�! ')���$� #$�'� (���!. #
�
% #$�'� �L�7.

��?% @6& 
M"! 6�9 �O-$7 �!��7 ��)�' ��.%�7 z)�%. ��.%�7C�O
%4Z� �Z7 
�	�76�9 �T�;�!�O"
. �6�$	�)+ ' =$O$�'�5$� �5�.��7�9O4".
��)<� ��
��)"	 6'�P �9 #
)$�. �%U�)
bU+ 6�9 6��|C �7 &.�<9

%.#�ZZ�'�$+)"$2� .ZZ�4.&�ZZ$<E�� �ZZ9�)27 #ZZ
.%. F5-ZZO� 6. 
' %U�)
bU+ ���� 6�
���� ' �Z
�2� �K�Z"7�� z)�%. 6)��| 6�9 

�O	�(�.�D #9C 4$��.4�..���� 6�9�4� �$;�<9 ��$O",� 4"��� 
'�$"<2
. '����6�9 �$�2� �Z$�)>% �@;�.)Z� �'�Z7 �Z
�2�

 ���� /.)"3 &4""��+ K�)1 �7 ' 6)��| 6�96%��'�,O�Z5 -
�� &49�-� �9) 4�.���� :Z�� &4Z"9� F$5-Z; 6�Z�.%�7 �Z9�
%U�)ZZ
bU+�ZZ7F5ZZ  6�ZZ9�)27 �.� �ZZ; F5ZZ  �ZZ<$� �ZZ!. �.�

)�$�'�5$� ' ��
��)"	 .( ' :Z� {$�2j 6�9%U�)
bU+ R$Z7
O
�)!)!�4 &4Z�. .�$Z �P 6.�.� �Z9%U�)
bU+ %. 6�.4ZW;6

' �O	� F$2S; &4  ��(4�. .�� %U�)Z
bU+ /4Z  *�Z( 6�Z9���
�;L�7 %.6����._( �E ��Z
��)"	 #Z
. /4Z  FP �3�7 ' �Z9 

�� ���C /4 ��(�)  .���Z�(�� R9�Z� �$|�; �S; �
 ���P #
.
 �Z� �� �
�<(�� �UOE. �|. �� �
 ' ��-	 4Z9� .�Z23 �Z7 *4Z3 

��-Z	 R9�Z� ��
�<(�� �UOE. �.4E� �7 �"\� 649.)  �)G'
 �� .� �<(�� ~'�E *�,"9 �$ �P #
. ��u
. F��3 /.); ��Z( 6�9

�� &4  �	�( �]� .�)�P K��!42	 
4! 6�9=' �F$5-; &%�; 
���� �)�P @$��.47C 6�9 %. ���ZP K'4Z$+. ' �Z
�2� /)H<9 

�O$2$�!. �.4E� �!. /4 .��
��)"	 6�9 F5Z  �.� �Z<$� �Z;
 F5 �$ �P /'47 #
)$�.6�-"�.' ���(8
' %. �Z�.%�7 6�9-
6�9�
�$2D ' �!. ���O$�,�4
. /.); /4  .���C&49�-� ���
����� :-J �7 eB��� �� 4��)E .��
��)"	 �7 #��'�$+ 6�9

 �&�;)� 6�9�)-"� K�)1 F5 �; �.� �<$� @\Z! MZ�� �Z7 F5Z  
��% �Z7 FZ
�� # '� �Z7 '�'4ZS� �.4ZW; �Z� &49�-Z� )Z �4.
��
��)"	 %. 6�.4W; #��'�$+)"$2� 6�9 �O$�.�'. &4  �Z� 4Z�.

 C �)�P @\! T)\$0� &.�<9 �7z)� #
. T)aS� K'4$+. ' �
�2� 
���!�(��!. ./�-0-;C 6�9 �� �1)aZE �!��7 ��)� AB�Z"�

 4�'�E F+ ' �<�.� ����$7. N)!� �7 N'�";���9'�.)� %. �
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&��7��Z� �Z7 ���Z� 6�Z<(�� z)Z� }$�-Z; ' �ZG'�E 6�<(��

�� �)  ]�i[.@$���C d
�O�N'�+�5
�� #��'�$+ %. �9'�( �9��
��)<� �� �Z!��7 ��)� 6�9 T'4ZG�&4Z�C 4Z�. .F5Z v]��[

/�-� &4"9� #�Z�'�$+ 6.�7 �
b'. x$��; 6�Z!�9.���.�)Z<� 
SiO2/Al2O3]��[�O-$7 ��)<� ��)Z� 6�9 �Z!��7 �� /.4Z$�

 #��5�C N�! �.�D ��4��$( )F5 �.(��F5Z �'�]�����[
��)<� �� �]� ��)� 6�9&�O�( �O$?�); 6�O	�( �.�D 4�..�.�)Z<� 
�i ��.%�7�9�
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A�-B#=$��5�' �� #��'�$+)"$2� �)27 � �� 4"J � %.��+@
� @$���C d
�O� �!��7 ��)� AB�"� 6�9)A:����$7.P:4�'�E F+(
 PX درصد وزني

Tot K2ONa2OCaO MgO MnO FeO Fe2O3Al2O3TiO2SiO2sample 
98/68 00/28 21/57 15/76 0/12 2/9 3/96 3/56 1/19 49/33 Px-A1 

98 00/27 21/14 16/26 0/1 3/01 3/14 3/3 1/05 49/74 Px-A2 
98/43 00/25 21/35 16/13 0/13 3/62 2/6 3/06 0/96 50/31 Px-A3 
96/7 00/25 21/4 16/48 0/12 2/88 3/48 2/74 0/86 50/41 Px-A4 
99/27 00/29 20/57 15/5 0/13 4/78 3/64 4/63 1/53 49/33 Px-A5 
98/28 00/2 20/98 16/42 0/13 5/7 0/07 2/08 0/7 49/22 Px-A6 
98/58 00/21 20/46 16/93 0/14 5/82 01/83 0/66 52/53 Px-A7 

FeO* 
100/54 0/02 0/02 0/32 18/75 16/03 1/26 0/75 53/27 Px-p1 
98/84 0/01 0/01 0/26 18/81 15/98 2/78 0/95 51/21 Px-p2 
99/22 0/03 0/03 0/24 18/12 17/33 1/5 0/51 52/96 Px-p3 
100/02 0/02 0/02 0/37 20/77 13/81 3/38 1/01 51/17 Px-p4 
99/29 0/01 0/01 0/38 20/37 13/65 3/78 1/03 50/45 Px-p5 
99/85 0/01 0/37 20/73 14/45 0/16 

9/82 
7/86 
7/73 
9/16 
9/2 

8/29 
3/48 1/92 50/26 Px-p6 

 PX اكسيژن6ه تعداد كاتيون ها برپاي

Tot NaCaMgMnFe2+Fe3+Al 
Vi 

Al 
IV Ti SiSample 

40/021 0/863 0/877 0/004 0/091 0/111 00/157 0/033 1/83 Px-A1 
40/02 0/858 0/908 0/003 0/094 0/088 0/009 0/137 0/030 1/863 Px-A2 
40/018 0/854 0/898 0/004 0/113 0/073 0/013 0/122 0/027 1/87 Px-A3 
40/018 0/856 0/914 0/004 0/09 0/097 00/12 0/024 1/87 Px-A4 
40/021 0/819 0/859 0/004 0/148 0/074 0/032 0/171 0/043 1/829 Px-A5 
40/015 0/839 0/913 0/004 0/176 0/002 0/032 0/059 0/02 1/94 Px-A6 

3/99 0/015 0/814 0/937 0/004 0/181 00/030 0/050 0/019 1/95 Px-A7 
Al 

40/02 0/74 0/88 0/01 0/3 00/02 1/97 Px-p1 
40/02 0/75 0/89 0/01 0/25 00/03 1/91 Px-p2 

4/01 0/02 0/72 0/96 0/01 0/24 00/01 1/96 Px-p3 
4/02 0/03 0/83 0/77 0/01 0/28 0/01 0/03 1/91 Px-p4 
4/01 0/03 0/82 0/76 0/01 0/28 0/01 0/03 1/89 Px-p5 
50/03 0/83 0/8 0/01 0/24 0/02 

0/06 
0/12 
0/07 
0/15 
0/17 
0/15 

0/05 1/87 Px-p6 
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:.7C��2�� �.�)<� CaSi2O6-MgSi2O6-Fe2Si2O6]��[.

:.7D#��'�$+)"$2� x$��; �
)a;�� �!��7 ��)� 6�9 �.�)<�SiO2/Al2O3]��[
S: subalkaline, A: alkaline, P: peralkaline

:.7E#��'�$+)"$2� x$��; �
)a; �.�)<��� �!��7 ��)� 6�9Al/Si ]��[
Alkalin feldspathoide (Alc.fe), Th: Tholeiite, Alc: Alkalin')���$7.♦4�'�E F+ �▲(

:.7F#��'�$+)"$2� x$��; �
)a;�� �!��7 ��)� 6�9 �.�)<�Al/Ti ]��[
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�$$k; �<� �� �4�.); �ZH
�� �Z+ 6.�Z7 6.
 ' �
�$<$  x$��; �7 /��7 WZX'�$�OZ )(�7 :��ZP �Z5
@$	 

4 �7.�Z1�"3 �
�$<$Z  �
@u; %. &4�C �!47 d
�O�)T'4ZG�(
&4"9� /�-�66L�7 41�� TiO2'P2O5�9 ��)<� �� �Z! �Zj 

�O-$7 �
�<(�� 6�! �7 ��.)Z�<9 �
�Z$2D ��.� .eZ
%); �O-Z$7 
M"! ���-0-;C 6�9 �Z!��7 ��)Z����Z�.%�7 ' �Z�.%�7 '�Z<2D

 �O
%4�C]�l[4��.� �.�D )F5 ��(� %. 6�.4W; '�Z�)< �Z7 �Z9
 R
.@	. F$��SiO2�<Z! �Z7 ���!�(� 6�94"
.�	 �$|�; �S; 

&��� .4$+ R
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�Z� R
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A�-B(
�O� ��)<� %. 6�.4W; �
�$<$  @$���C d�!��7 ��)� 6�9)XRF(.
Sample SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 Tot 
Abyan1 50/16 1/99 12/93 12/65 0/14 7/5 10/46 1/135 1/59 0/197 98/752 
Abyan2 53/02 2/538 17/37 11/19 0/079 4/6 3/22 2/48 2/64 0/347 97/484 
Abyan3 51/2 2/763 15/82 12/23 0/121 4/27 4/4 3/71 0/94 0/342 95/796 
Abyan4 50/39 2/458 16/27 12/05 0/202 5/38 5/47 2/74 0/9 0/362 96/222 
Abyan5 59/49 2/805 16/81 11/62 0/04 1/43 1/89 3/08 2/32 0/45 99/935 
Abyan6 55/27 3/063 14/89 11/89 0/123 1/79 5/72 2/85 1/41 1/25 98/256 
Abyan7 52/37 2/681 17/11 13/68 0/08 4/03 4/08 3/53 1/86 0/351 99/772 
Abyan8 52/9 2/753 17/01 12/72 0/021 3/21 1/33 3/4 1/2 0/626 95/17 
Dalmeh1 40/03 2/7 14/59 13/96 0/152 7/86 4/82 2/56 2/81 0/314 89/796 
Dalmeh 2 42/56 2/82 16/37 14/31 0/14 4/56 5/99 1/98 1/77 90/5 

Zefreh 53/77 2/223 15/01 13/76 0/223 6/43 2/82 2/81 0/89 0/272 98/208 
Zefreh 56/23 2/85 16/48 11/58 0/15 3/6 2/64 3/85 2/62 100 

Bagherabad 52.32 2.28 16.09 13.01 0.21 3.49 3.92 3.75 1.6 0.47 97.14 
Jahagh1 49/68 2/836 18/123 14/183 0/172 5/156 3/26 4/731 0/169 0/433 98/743 
Jahagh2 46/427 3/486 18/369 13/383 0/207 5/471 2/868 5/27 0/22 0/667 96/368 
Jahagh3 48/282 3/436 19/276 12/424 0/13 4/808 5/093 4/798 0/601 0/369 99/217 
p/Kh1 43/95 1/4 14/43 10/75 0/08 2/36 9/33 5/61 2/04 0/29 90/24 
p/Kh2 45/69 1/27 13/39 12/41 0/1 6/88 8 3/91 1/21 0/16 93/02 
p/Kh3 41/15 1/09 14/38 12/49 0/09 4/67 6/88 4/65 1/97 0/25 87/62 
p/Kh4 47/83 1/72 14/21 11/5 0/1 8/4 6/8 4/96 0/65 0 96/17 
p/Kh5 46 1/9 14/03 10/03 0/12 3/98 9/26 3/6 2/2 0/24 91/36 
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A�-B 3	���(��)<� %. 6�.4W; �
�$<$  @$���C d
�O� �!��7 ��)� 6�9)ICP-MS(.
Sample Ba Sr Ga Nb Hf Zr Y U Cr Ni V Co Cu Pb zn Rb 
Abyan1 212 415 10 44 8 187 26 8 610 153 284 55 132 79 292 37 
Abyan2 306 105 25 197 19 1 44 41 291 37 2 8 203 41 
Abyan3 181 178 25 194 16 1 23 29 332 32 2 6 214 20 
Abyan4 131 148 37 252 21 2 19 28 230 36 1 4 275 17 
Abyan5 298 98 34 236 17 5 3 1 292 12 1 8 75 39 
Abyan6 254 145 35 272 23 1 1 2 265 19 1 8 110 27 
Abyan7 226 113 28 194 16 3 28 29 328 33 2 11 132 29 
Abyan8 159 280 43 303 19 5 1 35 278 50 1 2 36 21 

Dalmeh1 650 345 23 15 5 222 12 142 144 285 30 50 8 112 42 
Dalme2 995 8 4/84 200 1 99 278 44 145 64 

Zefreh 481 250 5/47 131 1/08 48 85 163 40 0/03 146 75 
Zefreh 361 153 28 214 16 2 68 37 283 40 3 8 230 13 

Bagherabad 402 273 6.95 230 26 4 151 65 175 44 3 166 65 
Jahagh1 44/5 270 27/1 0/5 76 34/6 0/78 56 31 178 47/7 7/8 1/1 200 2/1 
Jahagh2 52/4 230 34/9 0/6 102 48/1 0/89 23 9 173 36/8 9/7 1/1 173 2 
Jahagh3 116 549 24/3 0/6 101 25/4 0/71 60 49 225 54 10/6 4/6 142 8/6 

p/Kh1 246/2 193/1 15/9 16/2 4 146/5 16/8 0/6 101 166 22/8 22/6 14/9 53 21/5 
p/Kh2 170/5 374/6 16 13/9 2 76/4 17/1 0/4 144/6 181 41/8 5/9 5/8 58 27/8 
p/Kh3 184/5 226/1 15/1 11/3 2/6 100/8 19/5 0/3 102/3 163 33/8 12/5 5 50 28/1 
p/Kh4 150 221 14 10/38 200 0/5 195 46 105 25 

)&�	% � �<�.� ����$7.���7C�D�7 :(]��[)4�'�E F+)P/Kh :(]�[)A�G)Jehagh :(]�[

Sample La Ce Nd Pr Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
Abyan1 51/6 108 62/8 15/4 16/8 3/9 14/4 1/93 9/69 1/32 3/37 0/37 2 0/26 
Abyan2 45 
Abyan3 
Abyan4 34 
Abyan5 74 
Abyan6 54/2 116 72/7 17/1 19/6 3/63 17/1 2/28 11/8 1/69 4/53 0/5 2/66 0/31 
Abyan7 76 
Abyan8 15/7 36/9 27/9 5/92 10/6 1/75 8/19 0/98 4/43 0/57 1/49 0/16 0/8 0/1 

Dalmeh1 
Dalmeh 2 25 50 35 8 15 2/12 8 1/12 5/13 0/85 1/5 0/2 

Zefreh 29 55 38 9/5 12 2/2 7/5 1/2 4/85 1/05 2/09 0/22 
Zefreh 55 

Bagherabad 
Jahagh1 25 48/8 6/3 1/18 1/4 0/65 1/58 0/23 1/05 0/23 0/45 0/07 0/26 0/04 
Jahagh2 39 80/5 8/54 1/63 1/92 0/84 2/33 0/33 1/45 0/31 0/58 0/09 0/34 0/05 
Jahagh3 26 40/3 4/66 0/91 0/95 0/35 1/09 0/16 0/72 0/16 0/32 0 0/21 0/03 

p/Kh1 21/4 44/6 20/3 5/35 4/24 1/24 3/55 0/63 3/27 0/58 1/67 0/25 1/41 0/21 
p/Kh2 12/5 25/4 12/3 3/11 3 0/98 3/21 0/57 3/1 0/59 1/64 0/26 1/39 0/19 
p/Kh3 14/2 31 15/6 3/94 3/5 1/09 3/71 0/67 3/66 0/65 1/9 0/26 1/59 0/25 
p/Kh4 11/3 20/32     3/06 0/99 3/81 0/47 3/52 0/5   0/32 1/24 0/18 

:.7##M"! 6�._,��� �.�)<� M"! 6�! R
.4G ' ���-0-;C 6�9 6�9 #��5�C %. #��5�C N�!]�l[.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             9 / 18

http://ijcm.ir/article-1-493-fa.html


�2$2E �/�$> &��� ��O
C/.�
. �!�"  ���� ' �!�" �)27 �2u� v��

:.7#(WD)� $��)<� ��96!��7 ��)� ��.�)<� �� Zr/TiO2-Nb/Y ]�v[)���$7.♦�<�.� ��&�	% ■A�G �▲����. �)4�'�E F+(×(.

:.7 #;��.%�7 &4""� .4G �.�)<� Y�!. �7 �9TiO2-Zr/P2O5*104]�v[.

:.7#<�.�)<� P2O5/TiO2��)<� 6�$(�.�D �$WD)� '/C�� �]� ��)� 6�9 ]�v[.

:.7 #= �.�)<� P2O5/Ni��)<� �$WD)� '/C�� �!��7 ��)� 6�9]��[.

:.7#C�.�)<� Na2O+K2O/SiO2��)<� �$WD)� '/C�� �!��7 ��)� 6�9]��[.
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42Gqs&��<  ��/�O��% �qpst :�$;�<(�� �7 6�'�� =$>'%)?��+%. �-�7�� 6@��� /.�
. v�l

:.7#D�.�)<� AFM)M = MgO �F = FeO �A = Na2O + K2O(]��[.

���)< &�)7 �E.)"5
 R$7 ' :� x$��; 6.�.� �!��7 ��)� 6�9
 ��.%�7 �O-$7 '4�. .�)2\; �$]� �2�.)3 �5"
. �7 �G); �7�0;
��'

#$Z7 �-Z
.% ' �5$O�b ��\;�. ��u
.�� �!. #5<� �-�7 N'V
M"! �Z9 �$|�; ' R�� }$�-; 6.�7 ._� �4" �7 �|)� �9 %. =Z


 �Z7.�7 �� ��(%�Z!�� ' ��(%�Z! �Z1�"3 6�Z9�.�)<� %. FZ�.)3 #
.
 4  &��0O!. �,
45
 .&4$�3 �7 �Z(. /�!�"  M"! %. 6��$�7 6

6.�.� ��(%�Z!�� �aZ"3 '� K.�$$k; �.�)<� ��,"! 6�! =
 ��
 �� @Z$� ' ��_Z,7 K�aZO�� �.4\� %. ' 4 �7 �\�� ' �^E 4�'�

 ��(%�! �1�"3 �.�)<��C ��(%�!�� �0"� ' �^E 4�'� @$� 6�! /
�Z� K�)Z1 #
. �� ��)  &4
� �Z7 �O�Z7.' �2Z1. 4Z"
.�	 /.)Z;

 M"! F$5-; ���.� �-
.4G �)2\; .� &4 ��
 6�! 6�9]���

��[.' ��(%�!�� �1�"3 K.�$$k; 6�9�.�)<� ���<; Y�!. #
. �7 
��)<� ��(%�! �Z�^"� �,"Z! 6�9)F5Z ��(&4Z"9� /�-Z� 6

F5 /C 6�$( E %. �9 RZ�� @Z$� ' ��O-Z� R$Z7 ' :� &�,O!�
 /C F$5-; �� �-
.4G �)2\; �!�!.�!�9 .�Z� #Z
. /)"�.?�2

�� ��^���.%�7 #
. �� �)  �
�Z<(��)�)O5; AB�Z"� *.4� �7 �9
4ZZ��.� AZZ2W; .�.�)ZZ<���]��[��ZZ�)< �ZZ9 ��)ZZ� 6�ZZ!��7 .���

&�O�(6��.%�7 �S0Z1 /'�� 6�9 6. �Z� /�-Z� 4Z9� ./.@Z$�
 6L�7Zr�Y6L�Z7 �\�� 'Zr/Y)#$Z7��Z;�i(]�l[�,��Z$7 

�S01 /'�� �$S� =
M"! #
. 6.�7 6.�!. ���-0-;C 6�9 .
��)<� &�O�( �� �O-$7 �!��7 ��)� 6�9 ��.%�7 6�; ����O�. 6�9

�� �.�D �
�$2D 4��$()F5 �i.(
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:.7#E��(%�!�� �1�"3 K.�$$k; 6�9�.�)<� �%�!�� ' ��(%�!�� ��( _��)<� ��(%�!�!��7 ��)� 6�9.
)���$7.♦�<�.� ��&�	% ■A�G �▲����. �)4�'�E F+(×(
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�2$2E �/�$> &��� ��O
C/.�
. �!�"  ���� ' �!�" �)27 �2u� v�v

:.7#F&4""� .4G �.�)<� ��.%�7 6Y�!.�7 �9] Zr/Y-Ti/Y�l[.

:.7(G&4""�.4G �.�)<� Y�!.�7 �9 ��.%�7 6] Ti/Y-Nb/Y��[.

@$���C d
�O� �2� �!��7 �� /�-� "� %. ��)<� �O-$7 /�)7 �%. �9
�ZZ!. /�ZZO$; .�ZZ7 #$ZZ<9xZZ$;�;�ZZ�.%�7 %. �ZZ"� 6�ZZ9 /�ZZO$; 

)TiO2>2% ( 6�Z! �7 .� �
�Z$2D �Z0
� �\�Z� 6. &��ZD 6�Z9
�� 9�"4.%.�G); F7�D ��.)� �,
��6�94$�Z�. �\�Z� �Z�.'.�	 

�� #9C ��)<��!�9 .����)<� #
. �7 �u$O� �� �9 �U^Z1. /.);
 B. :9 .� ��.%�7'�	 ��� �U.�Z�.%�7'�	 �)�ZP �Z7 �O�Z7.' 6�Z9

 6�!�)S;����)<� /�)7 �"� %. �9TiO2��.�)<� %. &��0O!. 6�9
 ��-E 6�9%�	 R
.4$+ ��4WO� ���-Z0-;C �.)Z� �Z7 &.�<9 �>.%

 �(��O	.'�	 F$�-; ' {$>'%)?��+ �� 6%�7 /.�Z
. �� �4ZWO� 6�9 
]���v���[�0
� F$5-; %. /�-� &��D 6�9 �+ �� 6.�"/.�
. 6

�!. /��% #
. ��.��6�9 ��.%�7 �
�<(��)�)O5; F>��� �!��7
&�O�(6��)� �!��7 &��0OZ!. �;)Z\5"3 6�9�.�)<�%. 4Z  .��
F5 6�9 ���;��.�;)Z\5"3�.�)<� 6)Z,� �Z�.'.�	 �.�)Z<� '

N�$<� �1�"3)�OZ )( ��
�4"� �7 �\�� &4 ��u"�7 ��Z$�'. 6
N�)� (]��[. &4  &�.� /�-��!.�Z5��"J �Z� �Z]PU� �)Z 

 6),�.REE ��.%�7�� �9 ��)� 6�9�!��7 R$7 ' :� �Z7 �$\Z  
6),�.REE �O�7.' ��.%�7 �7 6�9 �O�7.' �
�$2D y�5  �7 6�Z9
&��D 6.�!. .��)(�(� F$�� �7 �O\�. ���!�(� ' �9 �&�.4E� 6�9

 �<� /�-� 6��
% /.4"J �OE.)"5
 �FZ��� �Z�' 4Z"9� �
��Z��

REE u"�7 ��
�4Z"� x�ZP �Z7 &4  �� MORB '�OZ )(6
�(4  �"� %. ���P �$�'.LREE �Z7 �\�� HREE O�Z94".

M"! �� �1�"3 6),�. �\
��; /�)7 6%.)� ��)Z� AB�Z"� 6�Z9
 &4""� 4$
�; �9�.�)<� #
. �� �!��7 %. &4Z�C �Z!� �Z7 d
�O� 6

R�7 #Z
. ��O-Z� R$Z7 ' :Z� &�,OZ!�E �Z7 �"\� �2\D 6�9
M"! R�� ' �9 �)2\;�0;
��F$5-Z; �21. ��� ' %�! /.)"3 �7 

M"! #
.�!�9 .R9��HREE �� ��.%�7 #
. �Z7 �Z9 &�,OZ!�E 
�!. ��(%�! �O$�'%�� ����( .*%L �
.�Z  %. �Z5
 �Z� �Zu�C %.

 �!. x!�"� A<3 ����( F$5-; 6.�7�M"Z! �� ._� �Z� �
�Z9
 /C =\! N�$<� �1�"3 /.@$� N�Z$<� �Z1�"3 �Z7 ��
��� �� �9

!�"� #$," �� /�-� �(4  �49� �� �]� �7 �Z� 4!� 6�Z<(��
 M"! #
. �$�'. ��<3. %. �9�-
� �!. �O	�( .�ZG�� �	�B %. 6

�O )( #
. #$
�+ �-�7 N'V F$5-Z; �3�7 �O$�'%�� ����( 6
��(%�Z!�� �Z1�"3 %. �Z"� �
�$2D 6�<(��]�i[/4Z��� �D�Z7 '

HREE �(4Z  �Z"� ' ����(�� LREE �Z7 �\�Z� HREE 
]��[�� �)  .� �u�C %.�9 �%. &4Z  AO-Z� �
�Z<(�� T)aS� 

=
&�,O!�E�O )( �O!)+ �(�)�C /'47 �&4  ��; 6.6.�4Z
�7 
),�.
�%.4Z9� /�-� �)E%. �^�� ��(%�!�� �1�"3 ]��[�Z"� �

�� �(4  ��(%�!�� �1�"3 '�1�"3 LILE �� ��)<� ��)Z� 6�Z9
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42Gqs&��<  ��/�O��% �qpst :�$;�<(�� �7 6�'�� =$>'%)?��+%. �-�7�� 6@��� /.�
. v��

6�'4P �; �!��7�u$O�6�(�)�C N._Z� Z7 ��OZ!)+6&��ZD 6.
�!. .&4Z$�3 �7 6]��[�\�Z� �6�Z9Ce/Y 'Zr/Y T)ZB �� 

�� �D�7 �$$k; /'47 ' �7�| �O\�� �-
.4G �)2\; �� �Z�' �4"���
 �O!)+ R
LC 6L�7 K�G�� T)B �Z� �Z$$k; ��Z
% �.4�� �7 6.-

4""� .�O�.��+ #
. �
���� M"! �� �9 �Z!��7 ��)Z� AB�Z"� 6�9
 �7.�7�/��;l6.�7 Ce/Y '�/��'4P �; ��6.�7 Zr/Y �!. .
�� ._� �OZ!)+ R
LC �� �0( /.); R$Z7 ' :Z� 6.)/.4Z"J �Z�
��
% (�!. &�)7 �|)� .�7 �O � =
 �)G' �Z<]�)6��Zu"9 �Z7

 �Z0"� ' �Z\�� (�Z1�"3 �
��Z�� ��Sr, K, Rb 'Ba #Z
. �� 
M"Z! �� &�.� �� ���Z!�(� �Z7 �O-Z$7 ��9�.�)<� #Z
�VC 6�Z9

 ��)� AB�"� �� &�.� �\�� �1�"3 #
. 6L�7 ��S; ' �!��7 -
�)  ./.@$�REE ��)<� �� �Z�)<� �Z7 �\�Z� �Z��$7. 6�9 6�Z9

 �Z� /�-Z� 6�O-$7 ��O\�� �(4  �"� �4�'�E F+ ' A�G 4Z9� .
�Z�)<� �� #
)Z$�. ' #��'�$+ �O-$7 ��.'.�	 4
�  �Z�^"� 6�Z9

 �Z�; x\ZZ! AZ�G �Z1�"3 �(4ZZ REE �Z!. &4ZZ  ]�[.�ZZ7 
�� 6��u"9 �Z1�"3�� �Z\Zr �Ti 'Y%. 6��Z
% �.4ZW;�� �Z� 

��)<� �� &49�-� �9 �� ��)  �Z1�"3 #Z
. 6��(%�Z!�� �Z7 4Z�.);
 &4�%�Z! 6�<(�� �7 ���C �'�' ' &�,O!�E M"!�� M"Z! 66�Z9

 :Z� �-�7 N'V T)B �� ���-0-;C �)Z7�� 4Z �7 .6��Zu"9��
 �0"� ��O\��Nb �.)Z� �Z7 �Z<(�� RZ
LC :Z� �$|�Z; �,��-� @$� 

+��
. �O!) .����)<� 6��Zu"9 �Z7 &�Z	% ' �Z<�.� ��Z��$7. 6�9 
��O\���0"� �� Eu �� &49�-� �)  .6��u"9 �76�9 Eu x2�. 

�7 K��!42	 �� T�O"� �9�) .�76��u"9 �0"� Eu �Z� 4Z�.);
 ���!�(� %. � �� /4  �O$\�C '4 �7 �9%U�)
bU+ .�
% �Eu �7 

/4  #$-��GCa ; �9%U�)
bU+ �� ��.� 6��
% F
�< .�Z	�B %.
 ��)<��� �a"3 #
. �0"� 6��u"�$7 �)G' �Z� �9 ���-Z� 4Z�.); 6
4Z �7 :Z� 6�9��-	�� %U�)
bU+ R
.4G]��[.�Z�)<� �� 6�Z9

��^"� �A�G 6Eu ��
��u"9 �7 4D�	 �\
��; .�Z7 �)�P *43
 6��ZZu"9Eu�ZZ� .� �ZZ7 #�ZZ�'�$+ /�ZZ�@<9 �)ZZ2\; �ZZ7 /.)ZZ;

 �	�B %. ' %U�)
bU+ /�)7 �;L�7 �7 !�()	$�O�\�Z� /8$�Z�. 
�.� .

:.7 (#=$��5�' N�$<� �1�"3 �;)\5"3 �.�)<� �
�4"� x�P�7 ��^"� 6�9 ]��[

:.7((�� N�$<� �1�"3 ��.'.�	=$��5�' 6�9 �W��^� ��)�N�)� x�P�7 &4  ��u"�7]��[
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�2$2E �/�$> &��� ��O
C/.�
. �!�"  ���� ' �!�" �)27 �2u� v��

:.7(;��.'.�	 =$��5�' N�$<��1�"3 ^"� 6�9�O )( x�P�7 &4  ��u"�7 �� �$�'. 6]��[.

�%1�
�� 
�OZ )( N'V %. �O�.%�Z7 6�Z<(�� �� �!. &4  �O	�
_+ &%'��. 

�� �)G' �74
C .�O )( �� �)  m�	 �H��"J =-ZE #$�% 6
�!.)NC %. z�\Z . �Z��P ��(&4Z
4+ ���-Z	 ' �Z�� �� N'V 6

M"! 6L�7 �� �� �
'� 6�9 �9 ' 49� �-	 R9�� ��)( �)U�Z�
 �,O�5  F$�� �7 (�$P���� �Z�"; �Z� ��OZ!)+ �
% �
 ' �O!)+ 6

�� �-�7 N'V �3�7 �Z7 �Z<(�� ���P 6.�7 �
.�u� �527 �) 
 �� :9.�	 L�7 �<!�)  .�\
��; A<3�� ��O )( x$��; L�<OP.

�ii Y)��$D. �
% �� 6�O�)2$� %. �� �!. �$;'4
�+ ����( ��9
 ��.%�7 ���� ���C �-�7 N'V xZ$��; �Z7 �
�Z<(�� ��.�. �� '

�)ZG' �Z7 �O$;'4Z
�+ 6�<(�� �
����� ' #
)$�. %. �"� ��.%�7
 4
C �� .��-Z	 �Z7 �OZ )( �-�7 N'V %. � �� 6�<(�� x$��;

 ��.� �,O�7]�l[.��)<� 6.�.� �Z� �
�Z9Zr 'Y4"O�Z9 L�Z7 
&4"9� /�-� 4"O�9 �
�$2D 6�<(�� 6./)JZr �Z!. ��(%�!�� 
�� #
.�7�"7 �Z� N._� %�	 ��.' �OW
�! �-�7 N'V *�,"9 �)Z  .

e
%); �$!��PREE M"Z!�� �Z���( �)�ZP �Z7 �\�Z� �9 
6�94Z�'� ��Zu
.�� �Z<�� RZ�� �L�Z<OP. �&4��� �D�7 &�,O!�E

 �-
.4GREE �� 6%�7 4"�]�v[.�
�9�.�)<� Y�!. #$<9 �7 
�Z>.�. &�,OZ!�E M"Z! �!��7 6.�7 ���� �1�"3 �\�� Y�!. �7

 4�. &4  .�\��Sm/YbN._��� �)�ZP�� �OZ )( �-�7 6�9
 R
.@	. �; e
�! ��.4� �)�P ����( �� �O��P �7 �\�� ����(

�� �\�Z� �Z� �)ZB /�<9 �47�
Ce/Sm �)ZB �Z7 R
.4ZG �� 
�� R
.@	. �\�� 47�
]��[.�.�)<� ��' �)�ZP �Z!��7 6.�Z7 

�Z!. &4  �>.�. �O )( &�,O!�E �� ����( �)�P *43 .#Z
. ��
<� �\�� %. �� �.�) 6�aZ"3 6�Z9Ce/Sm 'Sm/Yb &��0OZ!. 
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