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 �??� ".0�+??� O?? � �??0!Tf(
UT9 -#�� # � ??��] �� �� # �(??�
��,(�8�E�,� �� �0!Tf(
UT9 8o��*E�P� # �0 ���?2 �?) �0-

".� -��$%� X#. 9, # �
$&2 �� �
$� ���� 8�0.�, )QP?� 
�.(&A ��W�.&	 ��
�#.] �Sf �,.�� �) u��(/� �/3] .b�� -

�� Q �+< ,� �E
�(
�O<�,(2 # �
�(
� 8�0.0� .O<�,(?f ���?2
 �#.???]�t����???�(/� �???/3] .???b�� # �???
�(
� 8�???0

 �?� Q��?� ,� �E
�(
�O<�,(2 �(?� ."!,.?�, `?�(E�8�?��= t/�

�& � ��, $E� .) O<�,(f 8�0�(&) X�(?b �?) # �Q�?� �?) $E+
 0(V�, �) �
 # �$;�����,� !, �08���?f � ?) 8��	 �O
� $?9 ,� �?0

"�$f.�, .M�� �� ��?�(/' �?0�(&) �?
, �8$ 	�(?9 �?	�) �?) �
�0
".�!��8�� �! 8M�� .?�, .��?
$2(�	 �0�?% �?�# �?) �
�?0
"!,.�,8$�2,.] �� $?E/ & � ? �?� ".?
� �?��= �� O�?2 .�(?�

 �?� -�+?� O? � ,� �3 &F ��,(] .?�0�)QP?� v.(�%��(?F
  �! ��� �) �/%�� -.�= j�) �h O<�,(2 �� �,� �$?  �< �) -,(<

 O<�,(2 I EP<#, ���]�&A ��W�.&	  ��
�V�?� ��+?	 $?  �< �) 
�,� .) �0�?% # .�E�?0 �C(?� �?�(��F 8,�,� �?0O<�,(2 $E+

 ���2 X�A#, �� -(?
!(&P�, X�(?b �?) �
(P?�(� # � <( ) 8�0
 � ���=
� ".�.�(� .���f ���2 �.2 # .�&V��(0 �� <( ) 8�0 8�0

 M�� "$ < � 8�0 �?� Q��� ,� �E
�(
�O<�,(2 # �E
�(
 # .�(?�
 �#.] �����s���(/� �/3] .b�� �?� Q �+?< ,� �0 .?�0� .

-,#,$	 � <( ) ���f # �?�, "$ < ���f �
$<���?/3] .?b�� 
��(/� �� Q �+< ,� �0.0� .�/ � # �,� Q�� X�(b �) ���f �
,

 �?�, �,� Q��."!,.?�,8�?��= �/��s/��?& � �?�, $?E� .��
!, 8�,.^< �?� ".0�+� -.� �.2 ".
.9 ���= �(?� .�? <( ) �?0

 "(�A !, .
.� �*�� .�{ 8,�,� Sf 8, $9 �< M�� o� # M?�� 8�?0
�z,#.�, .�? <( ) \(?� #� �9(P?�#$P � Hh�?�� �� � ?�_/0

 � ".0�+��� <( ) Q��� �2 .�(� � <( ) # �
�/%�� 8�0 8�?0
�
(��Y .�,)QP�w.(� <( ) �
�/%�� 8�0 ��
$2(�	 X�(b �) -

QP� �T��2 8�0 "(�A ���= M�� # .�E�0 o� 8,�,�# �,� "$? < 8,
 � 0 # ��,"���2�� ,� ����$%� ��(% ".0�+?� �?��= Q?F,� # �0

�/�S �2 .� <( ) Hh��� !, ��^) �� �EV�, �?/2 �
�?/%�� 8�0
 ".� ����$%� n(�E�� .�,)� <( ) �)��$% 8�0 ("���2 �� �2-

�
$&2 �) �0 ".?� Q
.?V< �? E�*� # !(?<�, �) O2$� �� ## .?�,
 "(�A ���= M�� ��, "$ < �) Q
�� ��#� 8, .�? <( ) c#� "#$%-

QP?� -#.) �2 .�E�0 �
(��Y 8�0 "!,.?�, # .?�,8I?{(2 �?��= 
��, .� <( ) �
, # .�&V��(0 � +��C �+�) �
 Q��2 �(h �) �0

 �? <( ) �
 �?� �
�?/%�� 8�?0 (?�A �?��= M?�� # .�(?�"��?
,
)QP�w.(# �?�, "$? < ���?f � ?�#� .�&V��(0 ���f�.?b�� 

��(/� �/3] .0� �� Q �+< ,� �0 .Q�?� �?/ � ���f �
, # �,�
 ��, Q�� 8!(� �z$' H��� �� ."!,.�,8�0�(&) v�s/��& � -

��, � ^z �*�� .�{ 8,�,� # $E� .".?
.9 8,�,� �0�(&) �
,8
�.2 < # .�E�0 Of$� # � ��] �� -.� �
$&f �) ���= !, 8�,.^

 ".� Q
.V< X#. 9, #��(/� !, ��^) �� # .�, �) Q��2 �(h �) �0 
�# �&8� E�*� # � <( ) ".� � +��C -= !, �V��A `�	 # .�,
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-�
�,$� ���� �= ��
�z$ &' -,$
, ����� ���2 # ������(&) �&3� uuv

".��� 8�C $) ��,)QP�r.(���f !, 8$?*
� "#$?% �.?2 8�?0
���2 "$ < 8�0 !, $?E/f �?f .?�,t�?�(/� �?/3] .?b�� ,� �?0

 �� Q �+< ) # .�0� �) X�(b �) $E+ ��(/� ���/< �� Q���?0
 "!,.�, # �E�,��(�]8!, ���= �/���/��< $E� �& �  ?� $? �-

.�2 .���f ���?2 ���?�$%� !, Q?b�] �?
(��Y 8�0 # �&?b, 8�?0
 �� ".
� M�� �E� �� �2 �'$	 !, .�<��V' �.�(� :# � �?
$�

 S ��E9 ��W�.&	 0!T2(
UT9 .
.� �
O3< !, Qb�] ���2 �� 8�?0
 S ?��E9 �?
O3< !, Qb�] ��� # �?
$&2 ��?� �! 8�0��W?�.&	

� <( ) � <( ) �
O3< !, Qb�] � �
$� # �
(��Y 8�0 � �#, 8�0

 .�&V��(0 #.���2 !, �� �'$	 8�0 c�?� ,� �2$?
! # � <�9= -,(<
 �??/0 # .??��,��(F$) �??@OC �� �??) .??b�� !, �??2 �$??)8�??��= 

.�&P��(F .) � <�9= $E+0-� � X�(b �) ��? <( ) �� ��) # �?0
 .?��,� �(�] �0.�&V��(0 �� �/2 .�?� �!8M�?� ��(?� 8�?0

��$)�) S ��E9 �!T2(
UT9 �� �
$� �O<�,(2 !, $E+ # ��W�.&	
 �?�, ".?� Q P+< � <( ) $E/2 �,.�� .M�?� S?�� �?	�) �?0

 � # 8$ 	�(9
��,�O8��, -��/0�� .�	�) �?	�) $ R� $*
� 8�0
Ta�, �� �C(?� �?�(��F # �?0!Tf(
UT9 -#�� # � ��] �� ��

�� ".0�+� O � �0O<�,(f.�(� .

=��E#��< 
$8$2(�	 !, 
���08UT9 
!T2((Pl)�E�),#"�(< �) 8D(;� 8� 	�(9 7#. $8Q2�� 7�08&9�E�� E����� # I.?�)8�?�(� ��
-= ��� �0
".��# �(�O �Y��< �a<  ��$%� $���#.] �< 8$�
� E�$&2 #
E�".� .�,��(� XPL..

=��F$2(�	 
���08�,(] �) O<�,(2 ��Ta�, �&F # 3���(� XPL.

=��G) \,(�,  <( ��08,$% "�(< �� �(C(� 
@(E .8� 	�(9 7#. $8)�(� ��,� �/� QP�XPL QP� #�(� i{ �/�PPL(.
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.&C s��"��/� t�O 
�9�t�� M�� ���$)�%Z
# �8��*�"�(< �
�/%��(�(EP< ` a� # �
� / �(@U 8�08. . .uuw

=��H��
$2(�	 .�&V��(0 (Hb)"�(< �� �(C(� �2 # �
$&2 �) �2 8$ 	�(9 7#. � 8D(;� 8����, ".� Q
.V< I9�, 8�0.

8,�,� N&4, �9(P�#$P � Hh��� �� O � �0 �
�(
�(�,$%
 �� ��Ta�, 8�0 �	�) "�% # "�() 8, ��,� # 8$ 	�(9 �	�)


UT9 � ��] -�+� O � �0O<�,(f �� �C(� ��(��F # �0!Tf(
��.�0� .���2-= 8�0 O<�,(2 ,� �0)ss�<t�.b�� (X�(b �)

 !T2(
UT9 ���
� �(F �/ � # QP� �))u��<��.b�� (�)
!T2(* �, N 2$<�Q2�� �����(� # 8��' 8.�) ����� ��
!.�= 

E+��/0.�{�# QP� �(F �/ � # QP� �(F X�(b �) #
&A ��W�.&	 ��
)�#.]���<�w.b�� (!(<�, \(� !, $E+ )
�� Q P+<.0� .�) X�(b �) !(<�, 8�0�(&)�/ � # Q��Q��

�� ".
� ���= !, 8�,.^< ��� �� �(�=��V4 ���] # "�() �,�
�(� .���2"$ < 8�085(V ;�= !, .�<��V' O � �0 M�� �
, 

)�#.]w.b�� (� <( ))�#.]��.b�� (�� <�9= � �_/0 #
�'$	 8�0 ���2 -,(�' �) �2$
! # �;�, .

������� 
�.C" �C��/ ������� 

�%Z
# 6�) �
, �� �?��/% �
� / ?�(@U 8�?0 ?9 8�?0�(?C�

"��/??�q��GG �LL#L|"�(??< �??) �E�??),# 88.?? @(E �,$% 

?��$) ��(?� 8$ 	�(?9 7#. ��.?�E	$% �,$?A .�� �?2 �?3�= !,
 !, 8�� �)��$)��08:� $
�FD "Z
# �) �0�����2 �
� / �(@U 

� /0, O@�] ����$%� 8�0$E& 	 # -��$%� 8$ 	�(9 �� ,�?� �.�,
 ,$?) �?< �?�, ".� �^� 6�) �
,8���?�$%� -,O? � � ? ^< 

��(/� "�(?< �?) �E�),# 8�088$ 	�(?9 8.? @(E �,$% 7#.? � 
??��$) $??) "#T??'��??08�E	$??% $??R� �� # �9(�??�#$� �LOI 

��(/��08�0�,�(/� !, �]��m[)Q��m(�(?� "��;E?�, .�?
, ��
 �F�� !, "��;E�, �) �0�,�(/� # ���?�$%� �8.?� ��?��E9 8�0

 �F�?� O �ACNK)Q�?� m(�?) �V�?� �SiO2�?� -,(?<

����$%� ���?�$%� !, ,� ���E9 # 8.� 8�0 �?�(/� �?
 �?0 8�?0
�
�$?f �? �;< S0 !, -��$%��� $* .�?0�,�(/� �?
, �� �?P���{

 �� ".0�+� ) ��(� ��(/� $E+ "�(?< �?) �E�?),# 8�087#.? � 
"$E�% �� 8$ 	�(9�08-��$%� �
 -��$%��� �08�
O?C �?) $*

".� HA,# ���E9 ����$%�.�,.
"�,� >
�?E� �) �C(< �) .?b�� �
� / ?�(@U 8�?0 SiO2��

M�� ����� 8�08��$) ��(� �� ) �t�?<vr$? �E� .?b�� 
��, �,�(/� �� #R1�) �V��R2]�k[��(/� "$E�?% �� �?08

�� �,$A � �#O�(�O<�,(f # � ���(< ��
�(
�(�,$% �� �,$% .�$ %
)QP��k.(

]��["$�) �) .�#� c(�;� !, 8$ %Fenner 6
,.C 5(h �� 
8�?0$E�,��9 # 8�(&)FeOt/(FeOt + MgO) #SiO2�,�(?/� 

�P0= # �E d�(< 8$� I P;< 8,$) ,� 8.
.C�
� &A ����+ 9 �
"�$2 8$� -= �� �2 .�, 8�?���� �?) N? <$< �?) ,� ".?� ��
 8�0

Ferroan #Magnesian "�$2 ����+ 9 .�, .QP?� �� �?P���{
����� ".
� ��, ��(/� $E+ ) ��(� �?) �E�),# 8. @(E �,$% 8�0

 "$E�% �� 7#. � :� �����2 � �,$% 8�P0= �
 �
O �� 8�0�
�� �,$A �
� &A.�$ % .$V��� N
$?z !, "��;E?�, �) � �_/0 -�%�

�?? &A ".??� �T??b,�I??0= )�F�??�Malli ( !, ��??<��V' �??2
Na2O+K2O-CaO �F�� �,�(/� �Malli �) �V�� SiO2,� 

"�$2 S�� .�,)QP���B.(�?�(/� ���?��2 8.? @(E �,$% 8�?0
 \(?/3� �E?�,� �?) 7#. � :�Na2O + K2O� ?) �/L�?< 

q�/m.b�� -,O � # ��!# CaO  ) �q1/��<��/G.b�� ��!# 
"$E�?% �� �,�(/� -= �� 8�?0 �
�? &A I �?&2 #�
�? &A �,$?A 

�E	$%.�, .-,O � 6
,O	, �) �,�(/� �
, ��SiO2�F�?� Malli 
�E	�
 6
,O	, �@OC �(h �) O ���, .
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-�
�,$� ���� �= ��
�z$ &' -,$
, ����� ���2 # ������(&) �&3� uur

Potassic Altered

Fresh or other 
Alteration 

=��I��(/� ����$%� �  ^< 8�0 �E�),#8. @(E �,$% "�(< �)!, "��;E�, �) 8$ 	�(9 7#. � 8�0�,�(/�]m��[.

=�� 1J�,�(/� M�� 8�,�*��� 8�08.d
(E �,$% 7#. � :� �����2 -�)O �]�k[.

1- Ultramafic rock 
2- Melteigite 
3- Theralite 
4- Alkali gabbro 
5- Gabbro 
6- Gabbro norite 
7- Ijolite 
8- Essexite 
9- Syenogabbro 
10- Monzogabbro 
11- Gabbrodiorite 
12- Syenodiorite 
13- Monzonite 
14- Monzodiorite 
15- Diorite 
16- Nepheline syenite 
17- Syenite 
18- Quartzsyenite 
19- Quartzmonzonite 
20- Alkaligranite 
21- Granite 
22- Granodiorite 
23- Tonalite  
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.&C s��"��/� t�O 
�9�t�� M�� ���$)�%Z
# �8��*�"�(< �
�/%��(�(EP< ` a� # �
� / �(@U 8�08. . .uu�

=��11��,�X,$  �< �,�(/� FeOt/(FeOt + MgO)�V�� �)SiO2]��[B��,�(/� (K2O + Na2O - CaO)�V�� �?)SiO2,$?) 8� ? ^< 
Malli ]��[.

�,�(/� ]�1[%Z
# ��08-�+� ,� c( � �(�= !, \�V�, �F�� 
�� .0� QP� �� �2�1��, ".� "��#= .�,�(/� �
, �� �P���{
�
�� ". ��(/� ��(�8�0��$) ��(� �"$E�% �� 8�?< � �(�=�E� 

�� �,$A � �(�=$9.�$ % .���2 �(�] �) �C(< �) �&?b, "$ < 8�0
 M�� �� � <( ) # .�&V��(0 ���2 �(�] c.' # ����� 8�0 8�0

 !, ��4Al�M�?� �
, �� !�9(< # c#.�#$2 ��
$
�$2 .���� # �?0
 c(?V�#$) �(?V/2 �
 �(V� �) �C(< �) O � �?08�E?�(9 ��?��= �� 8,

 (�=$9 � 0�� �/� ,� ���= p(� � �� S�?0 8�0.?�
=$	 �?) -,(?<
6�) �E?�(9 �
j�?) # ���? � 8�?08"��?A ��?�,� �E�?),# 8, .

�%Z
# �
,$)��) 8�0
-�+� ".� ��".�0�8p(� �(�=�E� � 0�� 
M�� ��$) ��(� 8�0��?� ,� ���= p(� �(�=$9 � 0�� # ��, -

� ]�� �� B= -,O � �) -,(<8B#D ]�q[�,� �V�� .�)�<��?V' 
Q P+?< 8�?/%�� "�*E?��F Q?a� �� B= 8��?
! �,.?�� �(C#

".�0�8"�(< 88�,.
�9 60�2 �8$ 	�(9 7#. � 8. @(E �,$% 
��,� 5�???V�� �???) ,� -= B#D �???3 E� �� # !T2(???
UT9 .B#D

 O?? � # c(?? � �(�= 8��??
! $
��??�� �#�# �??'�) �??0!T2(
UT9
 "!,.% -#�� �) S )#�(
 # S ��,$E�,8�
��� �?2 .� .0,(F ��

�9
M�?� �� p(� �(�=$9 8�/%�� . �(< �) $3�� .�
=$	 �
, �-�
 ��$) ��(� ����� 8�0���3��)�� O � #8".?� c( )#�(
 �V�� 

��, .
�! ` a� �  ^< �(R�� �) �EF���7#.? � 8D(?;� "�(< 

$?b��' # �&?b, 8�0. �2, p��,$) �2 �
�0�,�(/� !, 8$ 	�(9
".� S �$< �'$	 �.�,��, ".� "��;E�, .�,�(?/� �� Rb �V�?�

 �)Y + NbM�� �"�(?< -,(?�' �?) 8.? @(E �,$% 8�08.?�(� 
7#. � :� �����2)8$ 	�(9 7#. � (�?�#� �)��? ^A(� �� 

-�/2 �� ��(F$) !, :9 �E	$% �,$A ���+;+<= 8�0 �?
, �?2 .�,
-�+�".�0�8-= 8$ % QP��9 !, :9 �0 ?
 ��?�, 6�,�#$?	 -�

 �
,$)��)��-= -,(< "�(< \(� !, ,� �0 6�,�#$	 !, :9 8D(;� 8�0
 "�(< �� ��$2 �,./&A 5�^	 !(�0 6�,�#$	 �P ���! �� 8D(;� 8�0

 .���) �E	$% QP� ��,) .QP��q��,.("�(< 8. @(E �,$% 8�0
 �� �,$A "$E�% �
, �� �2 � �,$% �%Z
# �.�$ % �?) �E�),# 8�0

� ��]�08"��A -�+� ,� 5�^	 8, �� # �? <( ) 8,�� �?2 .?�0�
� �,$% !, # "�() .�&V��(0 \(� 8�0I�� .���)]�G.[

8�0�,�(/� !,R1 �V�� �?)R2]�L[,$?) O? � 8�?���� �

�! � ^A(� �EF�����(/� �2 .� "��;E�, 7#. � ��.^� 8�0

 "�,� S �$< �) ��(/� ��E�),# 8�0 "�(?< �*�?� 8�?087#.? � 
) 8$ 	�(9  ^A(� �� $E+ �9 !, :?9 �E ?
 �� �?�^
 6�,�#$?	 -�

 �%.�= j�) �) �2 �
,O0(2 �
��� Q],$� # ��(F$) !, :9 �&]$�
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#

��E /C.�#$<q�P0= ��&A ��
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�
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I
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.&C s��"��/� t�O 
�9�t�� M�� ���$)�%Z
# �8��*�"�(< �
�/%��(�(EP< ` a� # �
� / �(@U 8�08. . .u��
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100

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Rock/Chondrites REEs-Sun and McD 89
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� (��.�� �?C(< Q?)�A X�P� !,
 ��3��)�� -�(V� ��,�(/� �
,8�;�� Eu ��(/� �� 7#.? � 8�?0

 ��, 8$ 	�(9 .c�?/< �� �2�?F ���?� $?b��' �%.?�2,$9 8(*�,
��(/� 8(?*�, I?
 �7#. � 8$ 	�(9 :� �����2 �) �E�),# 8�0

 �%.?�2,$9 �?&2 N ?� �(�?�) # �?�, S2 N � �) ".�2,$9
 �) � *�� �2�F ���� $b��' ��, ��b ��V
$�< # S2 ��  .�?�4-

$??b��' !, �%.??�LREE �??) �V�??� HREE �??
, �*E�??),# 
M�� 8$� �) ,� �0P0= 8�0��&A ��
�� -�+� .0� .�?) �C(< �)

 ��(/� �) �E�),# .�#� -�() 8!,(� �� ����� 8. @(E �,$% 8�0-
�) -,(<S0�$) �9 ���= -�() "�*E��F.

QP� ���|b��' �
� / �(@U ��E	� �E�?),# �&b, # �'$	 $
8�0���??��2 �??) �7#.?? � :??� ���??��2 �??)Chimboraza #

Zaldivar �& � �(+2 �� ]��[��, ".� ��
��� ."�,� 8�?0
 ".�= ��� �) �
� / �(@U �E?�(% �?) �V�?� 8��?3��) �? �#, 

".� .�,]��[.�E�?),# �&b, # �'$	 $b��' ��E	� �,�(/� �
, ��

/C !, �7#. � :� �����2 �)��4 �& $?b��' �%.?�Rb, Ba, 
Th, K  #Ce$b��' �) �V�� P, Zr, Eu, Y #Lu ��3��)�� 8

�;��Ti #Nb ��?3��)�� -�(?V� O? � #8�� �?;�� Eu T��?2 
�?�, �& ?� �(+?2 �� �a) ��(� 8�0�����2 �) �)�+� .�)�+?<

 M�?� �� $?b��' �?
, 8(*�, :?� ���?��2 8.? @(E �,$% 8�?0
 -�+� J(	 gh��� �) 7#. � �� 8$ 	�(?9 :?� �����2 �2 .0�

 8�0���??��2 .??���� Chimboraza, Zaldivar, Scandida 
,�,� ��& �8�%Z
# ".� Q P+< 8$ 	�(9 :� 8�0�����2 8�0

��,$2 ���08"��A 5�^	 ��, 8, .
# �) �C(< �)
%Z��08�E	$?% $?R� �� �) O � # �
� / �(@U 

"�(??< ���??P� # ���??�! �?? ^A(�88.?? @(E �,$% :??� ���??��2 
�� $R� �) 7#. � ?�! ` ?a� I?
 �� "�(?< �?
, �2 .�� �-

EF����?�,$2 �?) �E�?),# # ��(F$) !, :9 �?08"��?A 5�?^	 8,
��, ".� Q P+< .

=��1D8�0�,�(/� Zr-SiO2#Zn-SiO2�� -�+� ��(/� �2 .�0������ 8�08��(� ���$) �� "$E�%8� �,$% 8�0 \(� I�E	$% �,$A.�,.

=��1N"�(< �2�F ���� $b��' �<(VP�' �,�(/� 87#. � 8D(;� p��, $) ".� ��3�0 8$ 	�(9 "�,�8�0 ]��.[

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

29
 ]

 

                            11 / 14

http://ijcm.ir/article-1-360-fa.html


-�
�,$� ���� �= ��
�z$ &' -,$
, ����� ���2 # ������(&) �&3� u�s

=��1F��
��� 8�&b, # �'$	 $b��' ��E	� �E�),#"�(< �) �?��2 8D(?;� 8�0 8$ 	�(?9 :?� 8�0���?��2 �� �?
,! Zaldivar #Chimborazo 
 � �&]��[7#. � 8. @(E �,$% "�(< �� $b��' �
, ��E	� �) 8$ 	�(9�"�,� p��, $) ".� ��3�0 8�0]�m[.

���� �2���O" ������L�(P� ��)P��* +�P�,�� �!������"� 
%�!�� 
??��$)��??%Z
# ??�! # �
� / ??�(@U 8�??0 �EF�??��"�(??< 8

�� "�(??< �??
, �??2 �,� -�+??� 8$ 	�(??9 7#.?? � 8.?? @(E �,$%
^A(� �9 !, :9 �E 
�&]$� �� ��^
 6�,�#$	 -�8# ��(F$) ��9 

��?�, "�(?) ",$?/0 �%.?�= j�?) �?) �2 �
,O0(2 �
��� Q],$�
 �?�, ".?� Q P+< ."�(?< �?
, �<��?V' �?) # Q P+?< ���?�!

 �E�(9 6�,�#$	 �2 ��, ".� �
O*
�C8: E<(?d� �?�(�� A, 
�9 �� ��() ".� !�4= ���<$2 -��! !, �2
-U(d��9 -��!�4= -U(?d� 

S?
U� # ". ?�� -�?
�9 �?) -,$
, # �)$' X�a;b � ) ��(F$) �)
�! �EF�?��-,$?
, $?�,$� $?) �
,O0(?2 `
,$?� # ����+?	 

��, ".� ��$;/P] .� # j�) N���� �) �C(< �) � 
�?9 $
��?�� O
ppm��Y<,.??C �
��EV�??� 6�2�??F ���??� $??b��' 8j�??) 

1kLa/Yb≥��3��)�� -�(V� #8�� ����(�= �?;Eu �?�(/� �� -
"�(< �) �E�),# 8�08�?� 8$ 	�(9 7#. � 8. @(E �,$% -,(?<

 � �� a� !, "�(< �
, ���� 8�/%�� �2 �;% ?
 �?�, �?E	$% �+
 �?) 5(?V ;�= �?�# �?�, �E?�,.� �(�] !T2(
UT9 �3�= �� �2

 B#D !, Qb�] .��/�9 �� �&b, ���2 -,(�' �&?b, 6�� �+�)
 ��, "�$2 �;
, ,� .9 8�,.
�9�� �?h ���= -.� B#D # �0!T2(
UT

 B#D .�
=$	 6
,O	, �'�) ��+�)Sr #Eu �
, ���� 8�/%�� �� 
M�� ��3��)�� -�(V� �3 E� �� # "�(< -= 8�08#� �?
, �?;�� 

M�� �
, �) �E�),# �<(VP�' 8�0�,�(/� �� $��'��, ".� �0 .
"�(< Q P+< "�*E��F $R� !,8:� �����2 -�)O � 8. @(E �,$% 

 � �%Z
# �7#. � 
�9 $
���� .���� "�(< �
, �
� / �(@U 8�0 $<
 S
O �� �.')Gm�q�=#Mg(Qb�] 8�0�/%�� �) ��
��� �� �

�E�(9 B#D !, ".�8#�#$	 ��(�� A, )�1�L�Mg# = ( �,$A #
��(/� �E	$% M�� �
, 8�0 ?�! �? ^A(� �� �0 �EF�?����?9 
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 ��� � ��( ��"�� ��/+?{$� Q?�� �
j�) -(?{(� # �,!]�m[�
�� , �) -,(<
�� �3 E� � "�(?< �?2 .87#.? � 8.? @(E �,$% 

�/� 8$ 	�(9�E��,(< �E�(9 B#D !, ��, 8".?�#�#$	 ��(�� A, 
.��) ".� Qb�] .) �
,$)��) B#D �?) J(?	 8�0���?��2 .?���� �

6�) �E�(9 �
$
! 8�08"��A .?��) �E�?),# ".?� S �?z 8, .
8j�) �V��La/Yb M�� �
, �� �� O � ,� �0 �?��F� �?) -,(<

 �?���% ��
! ��EV�� $
���� �) �E �(V ;�= "�*E��F I
)$�2,.?]
�<1L�qk.b�� (�2 ���,� �E�),# ���= Q P+< �� �?%Z
# �?)-

M�� 8�00��3�, �?E 2,�= 8� ?  6?�) B#D !, ". �
$?
! 8�?0
�E�(98"��A ,�,� 8,8I?
 �� # "�*E��F �� ����% # 5(V ;�= 
` a��! �EF����,(�/0 ����+	 # 8��(F$) ���,� ]11[.

Q�"��� 
!, ".?�= �?�� �?) X�?'Th, p��, $) ?��$)��?08��
,$a?b 

M�??����??2 ��EF��??� "�(??< 8#� �
� / ??�(@U # �EF��??�8
%�� �8$ 	�(9 7#. � 8. @(E �,$, �) -,(<
�� �3 E� � �2 .:
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.&C s��"��/� t�O 
�9�t�� M�� ���$)�%Z
# �8��*�"�(< �
�/%��(�(EP< ` a� # �
� / �(@U 8�08. . .u�t

"�(?< �?) �E�?),# �����2 �
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�?� �?) �
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� # �
�(
�O<�,(2 ��
�(
�(�,$% ���? � �?�( � 

"�(< �
, �2 ���,���V��87!,� �?	�V/0 �) �E�),# ���+;+<= 
�$2 H�A ,� ��(@, �� �)��, ".

s��%Z
# $R� !,M�� 8�0"�(< ��9(P�#$P � �����8�?/ � 
7#.?? � :??� ���??��2 -�??)O � g?? /')8$ 	�(??9 7#.?? � (!,

�??�, ".??� Q P+??< �??
�(
�(�,$% # �??
�(
� ��??
�(
�O<�,(2 .
���28�0 Q P+< ".�0�8�!T2(?
UT9 !, .�<��V' �'(/3� �
, -

O<�,(2 # S ��E9 ��W�.&	 .���?2 O? � .?�&V��(0 # �? <( ) 8�?0
"$ <8�� Q��� ,� "�(< �
, .�(� .�?) ",$?/0 �-.?� �E �
$�

�_%� � <( ) ��� & � 8�0 \(?� !, ���E9 ����$%� ��
(��Y 8�0
 �?2 -.?� �E �&2 # -.� �E
$&2 �-.� 8!(<�, ���?�$%� !, 

���2 ��E9 ��W�.&	 �!T2(
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 ���2 �.�, ".� �� Q P+< ,� �'(/3� �
, �
(��Y ����� .?�0� .

�?� �9(P�#$P � Hh��� �� � �_/0 ,� �? <( ) \(?� #� -,(?<
 � <( ) Q��� � <( ) # �
�/%�� 8�0 �$?2 ".0�+?� �
(��Y 8�0 .

&b, �	�)�M�� �
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,�??%Z
# $??R� !, �??0 �?? 0�� ��
� / ??�(@U 8�??0

 &A I �&2 # I �&2 ��
�?� -�+� ,� .?�0� .�?�4 , -.?� ?
 �
M�� $b��' !, �0 LILE $?b��' !, �?��= -.?� $? �	 #HFSE 

"�(< -�() �E�),#8� ?��] �?) ,� 7#. � :� 8. @(E �,$% 8
"��A�� -�+� 5�^	 8,.0�.
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 �� ��^
 6�,�#$	 c�/<, !, :9 �E ^A(� �� 7#. � :� �����2

�&]$�8j�?) �?) �?2 �
,O0(?2 �
�?�� Q],$� # ��(F$) !, :9 
��, ".� Q P+< ��, "�() ",$/0 �%.�=.

L�"�(< Q P+< "�*E��F $R� !,8���?��2 -�)O � 8. @(E �,$% 
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 -,O? � .?���� "�(?< �?
, �
� / �(@U 8�0
Sr>400 ppm �Sr/Y>40 ppm��(/� �E	$% �,$A ��?
, 8�0

M�� �! � ^A(� �� �0 �EF�����?
��� # ��(?F$) !, :?9 8
"�(< �) "�(< �
, "(2 \(� 8D(;� 8�0 8�0���?��2 -�?)O � # >�?9

 �?� -�+?� -�?�$2 -�E?�, �� 8$ 	�(9 :� "�(?< �?2 .?0�8
 �,$% �/� 8$ 	�(9 7#. � . @(E�E��,(< �E?�(9 B#D !, ��, 8

"�(?< .?���� �) �
,$)��) # .��) ".� Qb�] ".�#�#$	 ��(�� A,-
6�) B#D �) �E�),# J(	 8. @(E �,$% 8�0 �E�(9 �
$
! 8�0-

8"��A ��, ".� S �z 8,.

��"��!R 
:?� H/E3� �V��C �/0 8�0 �
�/] �) 60#Z9 �
, �2 �3�= !,

�/+{$� �H?/E3� �?
, X�?� �a< �(?�, "Z?
# �?) � ?�_/0 #
�?� c!j ,�� ���, ".� c�3�, 7#. � :� ��.^� H/E3� S?�,�

 �^??�(< # g?? �a< �(??�, c$??Ea� �
$
.??� !,8:??� H??/E3� 
�(?�, c$?Ea� : ?@� ��/?��A p.?��� 8�A= B��C �/+{$�
 # �?3�9 6<= p.��� 8�A= B��C H/E3� �
, �^�(< # g �a<

 E3� c$Ea� �
$
.� O � p.?��� 8�?A= B��C 7#. � :� H/
 :?� H?/E3� �?���� � ?�! 6?�) c$Ea� : @� # -� ;
$�
 �?/0 8��?P/0 $h�?F �) ������ p.��� 8�A= B��C 7#. �

 S ?�2 8�,O*��W� "U#$9 �
, c�3�, �� -�� �V��C.?�_/0  !, �
�0$R� �) �2 c$Ea� -,�#,�8��4 $) �(F .�/�!�, 8?/&' �,?
�

� $P+< .��#O	, ������S�2.
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