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

������ �����÷

�!�"#$�� %&!���' �$��(� � �!�&) *+�,%&! �
�+-+) �$,."/ ��0&� �� ����1�23 $��
45&6$57� 8�!."9 8�:!. �;.59 4"< 

�5�=->� ,�&?"	@�-� �5A�� =+! �*@=�� $=
��6 B
"� �

*+�, C�"/8."
. �=��� �=��� �!��"	 C�(��.� �@5DE C=F��.� ��!�&) 

C=+FG :��0&�� $��5�!�"# H�-) �� � 8."
. I")��45&6 $":�5D+'�!. C=) JK.� ;.59 8�:!"�) �#"< .*
.��0&� $.�.�
%&! ,. �
���M��"# �#5!� $��)."�5D(&'(����1�23 �)��.,�# ��
,=�3 ��+!.� ($�.�3�N3 �)�
"O-&(
. (*!5P. *! �#*+�� �!. .

�	�# $.�.� �:�.,�# =?.��"�5D/ �$"+	�5� $�� �$"+	�5���+)$.�!. �F�.��# � ���#"< �.���' �,Q'5
RQ� S��) =?.� *
. $��
 *
5+�. � =&DO��5� �*�'�"+�=&:�� .�:
,=�3 =?.� ����	�# �&+�, �# $"+	�5� $���(&!M
���+) ����#"< � $"+	�5��"�5D/ �$.

 �
�!�&)=�=) .���' � =&DO��5� �,Q'5
RQ� 83 �DT. $��K ��U!=D	�
�+D =&:�� .S��) � C�5# $"+	�5� �	�# $.�.� �:+!.� =?.�
���' ":-' �.=�� �# � M2�.5' � ,Q'5
RQ� $���
�+DK ��U!=D	 �!. .����1�23 $��=?.�$,."/ �+����
�+DK �F�3 �2�
�+DK �F�3 �#

=��.� V�# B+!�:� .�/=) �&< WO! ���� �'�9 "T�&E (LREE)�� �# �O�� �'�9 "T�&E*+(&! ���� (HREE)�� �&< ��/=)
"T�&E 85
 X�M# �!�� %&! (LILE) �# �O�� V�# 8.=+� Y=) �# "T�&E (HFSE) �-�� =�.5)=&:�� *
. $�
5/ ��=?.� *
. �'

 �
�-/�� =&#"-' ���&�� C=) S+F�2 Z�.��"	=�..C�.� �# �652 �# $�� *+�,%&! ��
�+-+) C=) �&< �:)5/ ,. ����1�23 $��SF)
�:	"/=�. ����.��"	 $.M6. *+# ,. �$����"/� [5#"� #�45!����:).� .� Z�� *
":-�� ��!..

CR.�$=+D' $��:%&!$��(�\���'�!�&)\*+�,�-+)\$,."/\;.59.

��=�� 
��5� ��0&��!�"# H�-) �� ���-) Z�# � 8."
. I")�A0K 

�!. JK.� Y5�)SF)�.(��0&� *
. 	 ���DT� $��$":�5D+'
45&68�!."9 8�:!. �� ;.59 8�:!"�) 4"<W
�M� � $57� 

�!. $,."/ $�:!�� )SF)�4.(*
. �A!���0&� ��=?]^
":�5D+'J#"� �!. �� �*+# ,"� H5_$�� �
�+	."`6‘�˚���2

‘�˚��a"E �$�� �
�+	."`6‘^b ˚]��2‘]] ˚]��."K
��.� .�A0K W
 Y5� �A0KM
�C��K ,. �' �!. $.�O� ���-) $

C=) C=�.� *+�"� �� c+:25d� 8=),�# �_ ��.�=&/ cU! ��_
C��K �# e�
"2 "9.�. �� c+:25d��� 8=) �:�# Sf:� �+!.��. $

�!. C=)]�h].[�A0K ���-) =��� $.�.� Y5�hC�5# �#5&6
 ,. �F
 �b�!. C=) �:	"/ "j� �� 8."
. $��:9�! ��0&� .*
. 

0K�A�#S�/$�� �� =&O
�� �H�-) �� ����� �I") �� 8.=&O��
 45&6 �� 8�
�5�,�6 � 4"<�:	"/"#�� �!. C=)]�.[�A0K 

�'"? �_ @���� �A0K W
 8.5&E �# Y5�$�� W
�M� C=�5)
�A0K Z9"G ��G� �+!.��. � =&� $�� $��
, �"(:E�!��� C=)
 �!.]k.[
�# �D' �5_��+��A	 Y5� �
�-/�� $�� ,�<3 W+!.��R ,.

 �59 l�. �# $"+)"2 �� � �:).� �56� M+� �!�2"' �� �C=)
�# ��!. C=+!�$�5_ %&! �'�# �$"+)"2 ����1�23 $�� C�
�

 ��=? ����7 �# �*!5P.^��� ,. �-+� ,. Z+# ":��A0K .�
�� =&��)5�]��m.[�+��A	 �
�-/�� Y5� ���-) ,. �!�2"'$

�*+�� �&A
 Z+# ,. mm +�85+D H�! �Z+� ,�<3 C=) �k
85+D+� H�! ��.�. �:).� �!.]�.[%&!n5� ,. �
�-/�� $��

∗*1D2 �H5d�� C=&�
5�:oppqrspqqhqrt"#�-� �:opuvwstwhqrt�F+��":F�. ��� �:homam@um.ac.ir 

H�!BF
 � �! x��-) �@�� �8�:�#�2���^y>1T ,. �osu �2]��

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

34
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

10
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             1 / 14

http://dx.doi.org/10.61186/ijcm.31.2.347
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.2.10.3
http://ijcm.ir/article-1-1772-en.html


]�� @=�� $=
��6 �@�-� ��5�=->� 8."
. �!�&) ���' � �!�&)�5D# �Dz� 

����1�23)�+�5
� � �+!.� ��
,=�3 ���.,�# (�.=�� *+&{-� �
$N51� $":-'�-+� $�� =&:�� |+-E]b.[Z���� �/,�2 �#-

85�."+� $��+�# $�� C�52 �� $N51� $���A0K Y5�C=) @�z�. 
�!.]��h�k.[*+&{-��!�"#�
�� %&! "# ����1�23 $��

 *
. ���A0K �:	"/ Y�5T �!.]��.[��Z���� *
.��!�"#-

*+�, $��*+�, � �!�&) $."# ����1�23 $��=?.� �
�+-+)
*++A2 �, C�(
�6 � C�(:!�9*+@�z�. $,."/ ��0&� �:9�!
C=)�!. .WG5' =&G"� �F-' Z���� *
. }
�:� �!. =+�.

�&) �� �
�!�+��A	 ":�# H�-) �� ����1�23 $���A0K Y5�
=)�#.

SF)�~�. (�� $,."/ ��0&� �
�+	."`6 C�(
�6H�-)I") 8."
. 4 �($,."/ ��0&� �# �!":!� C.�.

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

34
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

10
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             2 / 14

http://dx.doi.org/10.61186/ijcm.31.2.347
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.2.10.3
http://ijcm.ir/article-1-1772-en.html


=D6]�C��-) �^8�:�#�2 ����^ �!�"#%&! $�����' �$��(�%&! �
�+-+) *+�, � �!�&)$�� . . .]�b 

����!�"# 
�+�2 $�:!.� �� *+�, ���� ���� �$,."/ ��0&� ,. �!�&)

�).�"#��5-� � �
.">T $��=?.� ,. $�.�"#*+�, $�� �!�&)
 ��=? �/�":�/ �# ��0&� ��]^=) @�z�. J#"� ":�5D+' .Z+#

 ,.k�83 8�+� ,. � =) $��3�"/ ��0&� �0! ,. ��5-� �����
� �+�2 �,�� J0�� ��5-��!�"# =
�"/ .*+�, �����!�&) 

��0&� �
��"# C=&z&! "
��f2 .":!.)C�.5��� �# [5#"� ."2(
�# C=) �,.�"� �.M	. @"�Envi @"� �� �.M	.ArcGIS B!�)=
�!�"# ,. c�%&! $�� �$��(�k� ���!"/� *
":-' �# ��5-�

# �/�,.5�$." �!�"#$�� *+�, � �
�+-+)%&!�
., 4��:�.
=�=) .��5-�3 � Z
.�"9 ,. c� ��C��� �$,�!$."# C,.=�. $"+/
=+�'. ��� �# �DT. $��~+_5dD	 �z&!52"� c��!�X

)XRF ( � �E"	 "T�&E ����� �'�9 ��� �# ~+_ �z&!
�
���. C=) �16 $�-!Q� ��"6 (ICP-MS) �'") ��
=
�"/ �
Mz2 =��� �5��&+# 8.�����'=�.cU!���.�5-�$*+�,

�-+) �!�&��#�.M	. @"�GCDkit �!B�.M	. @"� �# �
CorelDRAW �2"�=�=).

*+�, �!�&) 
��5� ��0&��!�"# ���� 4"< ���:^k���� ��O
�2]�m[�

45&6�/"# 4"<$�:������ ;.59]��[��.� $�6 .*!
*!5P. �D<. ��0&� *
. �(&! $��=?.�*+�� �!. ]��.[

�
��"#�!�"# $%&! $��%&! �$��(� S��) ��0&� $��
�M��"#%&! ,. �
�� �#5!� $��)."�5D(&'(����1�23 �

)��.,�# ��
,=�3 ��+!.� ($�.�3�N3 �)�
"O-&(
. (=&:��.
%&!%&! "# �:+!.� � �:
,=�3 $�� �."K �
"O-&(
. $��

=��.� .�!�"# �
�� "# ��
,=�3 ���5F!�"F+� � �
.">T $��
�	�# �# ��.,�# � �+!.�"< � $"+	�5��"�5D/ �$"+	�5� $�� ���#

%&! ,.=&:�� ��0&� *
. ����1�23 $�� .�D<. �:�.,�# =?.�
 M'"� � 4"< ����0&� �":�/��.� )SF)$��^�]~�.(�

85-&9� ���>0! $���"1? $.�.�C$�� �# �F�.��# �2 �"/
C,.=�. $.��=? ^�2]":-+D+��!. �85�."� �� C"1? Y�&#"'

�� C=
��5) .8��� �F�.��# �	�# C=&���.=�� H�+! "+(-�G
�!�-/�� �� .���	 Z��'�_V�# �-/�� B' $�"�."/ � 8=�3

H�+! *:!5+� B� �# �E�# �.=
�� ��
�-/�� 85:! $V�# �� ��
%&! Z
.=+� 8�
�� �� � 8.�5	C"1? $���� �.� �5)]�b.[

SF)^*+�, ����$,."/ ��0&� �!�&).

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

34
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

10
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             3 / 14

http://dx.doi.org/10.61186/ijcm.31.2.347
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.2.10.3
http://ijcm.ir/article-1-1772-en.html


]k� @=�� $=
��6 �@�-� ��5�=->� 8."
. �!�&) ���' � �!�&)�5D# �Dz� 

SF)]%&! �
.">T cFE$�� ��0&� :~�. (4 ���.,�# (� � �
,=�3 (�+!.�.

"(
� �# �O�� .� �":�/ *
":�+# �:
,=�3 =?.�
 ��.� ��0&� �� ����1�23 $��=?.�)SF)$��^�]4(�

�!. $"+	�5� 83 �	�# .45&6 � M'"� �� ":�+# �:+!.� =?.�
 �!. $"+	�5� �	�# $.�.� � ��.� �":�/ �!�"# ��5� ��0&�

)SF)$��^SF) �]�.(�-' 85-&9� �
."�5D(&' =?.�
�A0K ,. ":�+# � ��.� �!�"# ��5� ��0&� M'"� �� � �F�3 $��

��+)�!. C=) S+F�2 ��5/"/� $�� .�:
"O-&(
. =?.�
 C�.� 8��� �59 ,. $�.5� ���? � �!. C��59 �56 �	�# $.�.�

�� C=
� ��0&� �� C=&'."� Y�5T �# ��5) .�' �!. �&:1/
 ���-+� �
 |+-E C�52 �+� �!�"# ��5� ��0&� �
�!�&) |+-E
=��.

$��(� %&! 
��.,�# :�&+�, �# $"+	�5� ":�+# =?.� *
. �	�#�(&!M
� �!. .

�	�# �*+&{-� �$"+	�5��"�5D/ $����+)$.� ���#"< �
Z�# �9"# �� �F�.��#�� C=
� ���5) .���!"/� ��&2
%&! *
. �� C=) �
�!�&)�:
"D' �� �!. 8=) .�5D# �)��-

=?.� *
. �� �����2�k=T���n5� ,. ,Q'5
RQ� S��)
 C,.=�. �2 �+�5:+#]/�":-+D+�)kh��=T�� (Z�# ��A# �� ��

�A#"� SF))SF)�~�.(��0&� $.�.� ��2 *
5+�. � $=&#
C,.=�. $�/�":-+D+�)]�2k=T�� (Z�# �9"# �� �' ��

C=) �:
M(�=
.�� =�.=&: .�,Q'5
RQ� ���+) ,. %&! �&+�,
 *�'�"+�)�
R�. n5� ,. (�!. C=) S+F�2 =&DO��5� �.
�
,=�3 :�&+�, �# $"+	�5� �D<. %&! *
. �	�# $�(&!M
� �
��+)�!. $. .%&! *
. ����	�# � $"+	�5��"�5D/ $��

Z�# ,. �9"# �� ���#"<�� C=
� ���5).%&! *
. ����=? 
^� �2^kT�����' S��) � =��.� �5D# �)�� =,Q'5
RQ� $��

SF) Y�5f# C,.=�. �# �.��2k/]":-+D+� )�k�2�m=T�� (�# �
S'����
�=&G C,.=�. �# =&DO��5� ��2�":-+D+� )��2k
=T��(C,.=�. �# *�'�"+�5&+D' ��2�/�":-+D+�)^�2]=T�� (

��O����' S'�� �# �
R�. n5� ,.)SF)�4(=&:�� .�&+�,
��.� $��,Q'5
RQ� ,. %&!���' ���+) �M
� �
"D' ��=' $��

)*�'�"+� �
Mz2 ,.��(�# ��.=�� C=) S+F�2 Y�&#"' ":-'
 �!.)SF)��.(=?.� *
. ���*
,=�3 n5� ,. ��,Q'5
RQ�

��0&� C�/ � =&:�� �9"# �� ���#"< �	�# � $=&#�5D# �)��-

� ,Q'5
RQ� $���� C=����� ,. �� "� �' �5) ��F)3 $��

�	�#=&:�� ��,Q'5
RQ� �� ����A2�� $�� .�� ����A2�� *
. -
��5DO2 @�(&� �-/�� �+'"2 "++`2 � �-/�� �(:�+�3 =��+� =�.52

8�
"6 Z
.=+��#�6 � �:	"-� $�� ���+)3 �� ���5D# �
�6
�� 8=�3 V�# *+&{-� � 43 ���# ���	 "++`2 ��
�-/�� � �-/

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

34
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

10
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             4 / 14

http://dx.doi.org/10.61186/ijcm.31.2.347
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.2.10.3
http://ijcm.ir/article-1-1772-en.html


=D6]�C��-) �^8�:�#�2 ����^ �!�"#%&! $�����' �$��(�%&! �
�+-+) *+�, � �!�&)$�� . . .]k� 

-� �' =)�# 83 "# ��.� ���	 Z��'�$�-/�� �# ���5D# ����A2��
 �� �� .� �5DO2 H�? �� =��.�]^�.[���'43 $�� �.�85G 

C��&' $.�.� �=&DO��5� =&:�� �:95! $��)�=' 8=) (,. ��O� 
C=) S
=O2 *�3=+�'. �#=�. �":�+# �6 �# ��=&DO��5� ���K

�!. C=��� .�=' �)�� 8=) ���	 Z��' ,.H2O�_ �5AT
 �_ ��� Z
.M	. � �-/���(:�+�3 �!. �
�-/��]^�.[

�# ��=&DO��5��O� 8��� C�/ �:95!C=&��
��'. Z&'.� $Z
��� � �.=#3 �+>� �� ���' *
. H��A2 �5O� �# �' =&:�� V�# 

��.� �(:�#]^^[.��A# ��Z�# �
"D' � Y�&#"' ���
C=) ��=&DO��5� *
M(
�6=�..

�+!.�:�!. $"+	�5� =?.� *
. �DT. �	�# .�+!.� �# W
�M�
�kh^��)�� =T��.� �5D#��5D# S��) �'�-+� $���SF)�.�

C,.=�. �� M2�.5' $���/��2�/�":-+D+�)��2k=T�� (���3 �#

C,.=�. �� ,Q'5
RQ� ��z+D9 �/��59 $��^/��2^":-+D+�)�
�2m=T��(���U!=D	�
�+DK C,.=�. �2 $�":-+D+�)^�2]

=T�� (�C,.=�. �2 =&DO��5�]/�":-+D+�)��2^=T�� (�
C,.=�. �� *�'�"+� $��]/��2k/�":-+D+�)^�2]=T�� (

�!.)SF)�Y.(��.� %&! �&+�, � �!5:� �2 M
�
C=��.�"#�����' � M2�.5' �,Q'5
RQ� M
� $���5D# $�!� $��

�!. .E�#�6,�# S�.5)����	 Z��'�(:�+�3 Z
V3 �(�
$=)�)��5D! =)� � J
"! =)� (��z
. �E�#�O� �� �z+D9

�� M2�.5' �5)]^].[���/ �z+D9 �/��59,. �)�� Z&'.�
�!. �5DO2 =&
3"	 �_ �5D# � 4.��]^�.[Y=) �# ��=&DO��5�

�E5-z� �# � C=) 8�!"/����' ,. $. �
5��� $��85G 
"D' ��
���' � Y�=+�. $���=' C=) S
=O2 =�.)SF)�Y(�

���' �# C�/ ��,Q'5
RQ� *
M(
�6 �!� $��C=
�"/=�..

SF)�J_��:� C=+O0K �5� �� ��5F!�"F+� $��"
5f2(xpl) ~�. ,.(� �4 ���.,�# (%&!Y � �
,=�3 $�� (��+!.�)Pl : �,Q'5
RQ�Qz : �M2�.5'
Chl : ��
"D'Hbl : �=&DO��5�Px : �*�'�"+�Cb : Y�&#"']^k.([ 

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

34
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

10
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             5 / 14

http://dx.doi.org/10.61186/ijcm.31.2.347
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.2.10.3
http://ijcm.ir/article-1-1772-en.html


]k^ @=�� $=
��6 �@�-� ��5�=->� 8."
. �!�&) ���' � �!�&)�5D# �Dz� 

*+�,�-+) 
%&! $�.�(�������1�23 $�� 

C�.� � �E"	 "T�&E ��DT. $��=+�'. �
Mz2 $������ �'�9 
%&! $."# $���#H�=6 �� $,."/ ��0&� �� ���!"/� *
":-'

�C=) C���3=�. .�.=�� SiO2%&! �� ��0&� ����1�23 $��
 ,. $,."/m^/�� 2�^�/�� �!. ��,� =T��)H�=6�.($."#

%&! *
. $�.�(����.�5-� �� J6"� ]^�[=) C�"# ��' �# .

��5-� $�6 �
,=�3 � �+!.� Z�# �� ����=�"+/ )SF)k.(
�
��"# �.�5-� $AFM )SF)�~�.(��5-� ��� ��C":�/ �F�3
�
�+DK $�6=��.� .�.=��K2O%&! ����1�23 $��k�/��2
]^/]�!. ��,� =T ��)H�=6�.(�
�� "# �.�5-�K2O�O��
�# SiO2]^m[�+!.� ":�+# ��� ��C":�/ �
�+DK �F�3 

�
,=�3 � V�# B+!�:� �� ��C":�/ �
�+DK �F�3 �."K=��.� 
)SF)�4.(

H�=6��DT. $��=+�'. �
�+-+) �
Mz2 }
�:�)��,� =T�� �
�� "# (�E"	 "T�&E �)�
�� "#ppm (%&!$,."/ ��0&� ����1�23 $��.
Sample D 15/4 D 4/4 D 17/4 P5 P 4/3

X 60° 1' 60°1' 13/15 "E 60° 1 ' 40/31 "E 60° 2' 94/41 60°
Y 34°32' 42/39 "N 34°32' 11/36 "N 34°32' 26/41 "N 34°31' 99/8 "N 34°30' 55/5 N

Rock type Andesite Dacite Andesite Dacite Dacite 
SiO2 61 64 61 65 66
TiO7 22/1 08/1 24/1 62/0 59/0
Al2O3 16 16 16 15 15
Fe2O3 41/5 79/4 6 19/4 59/3
MnO 13/0 1/0 19/0 09/0 09/0
MgO 01/2 04/2 99/1 5/1 77/1
CaO 89/5 87/4 98/5 89/3 33/3
Na2O 84/3 3/3 75/3 72/3 48/3
K2O 58/1 98/1 63/1 11/3 32/3
P2O5 26/0 22/0 26/0 16/0 16/0
LOI 230/2 670/1 700/1 800/1 080/2
Total 690/99 830/99 680/99 910/99 860/99

Sc 7/10 3/11 5/10 9/7 6/7
V 0/80 0/84 0/89 0/49 0/54
Cr 0/42 0/58 0/46 0/38 0/31
Co 4/0 8/0 4/0 3/0 5/0
Ni 0/20 0/12 0/16 0/13 0/14
Cu 1/13 0/14 0/13 3/9 9/9
Zn 9/115 3/80 1/123 1/76 2/91
Ga _ _ _ _ _
Rb 155 166 174 154 146
Sr 347 352 382 328 313
Y 8/19 0/20 2/20 6/18 7/18
Zr 0/215 0/226 0/238 0/142 0/134
Nb  7/13 8/7 2/14 8/8 2/11
Cs 220/2 250/2 070/2 320/4 380/4
Ba 373 477 437 308 359
Hf 610/4 560/4 530/4 640/3 640/3
Ta 290/2 450/2 080/2 660/1 250/1
Pb 120/7 880/8 600/14 510/13 280/9
Th 400/10 600/10 200/10 300/14 600/14
U 950/1 310/2 160/2 510/3 330/3
La 100/29 700/29 500/27 00/28 700/27
Ce 800/64 200/65 700/62 100/60 600/60
Pr 850/6 860/6 890/6 420/6 350/6
Nd 600/25 800/25 100/26 500/23 000/23
Sm 590/5 540/5 570/5 720/4 890/4
Eu 580/1 640/1 670/1 120/1 170/1
Gd 170/5 010/5 910/4 500/4 500/4
Tb 850/0 790/0 810/0 770/0 740/0
Dy 690/3 650/3 480/3 210/3 370/3
Ho 630/0 660/0 680/0 610/0 610/0
Er 230/2 180/2 180/2 030/2 940/1
Tm 330/0 360/0 330/0 310/0 320/0
Yb 750/1 800/1 710/1 570/1 670/1
Lu 290/0 270/0 280/0 250/0 260/0

Eu/Eu* 90/0 95/0 98/0 74/0 76/0
(La/Yb)N 21/11 12/11 84/10 02/12 18/11
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"T�&E���� �'�9 )REE(�# �O�� "�:-' "�(
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���!"/� � �/,.5� �#���"/ $�� ��� =�5�) .$5�(�. ��� *�
. ,.
83 ��.�."	�� �� %&�! *
�N3 C�(:!�9 =�.52 =��� 8���� .� ���

]^b.[C=)��z&�# 4�+-' $��"f&E �.�5-� ��# �O��� ��+'"2
 SF) �� �+��. �:)5/mC=�) C�.� 8���� ~�. ��!. .��J�K.� �

,. Z+�� �:�)5/ ��+'"2 8��-� �+��. �:)5/ �+'"2 Z
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"T�&E ,. �/=) 85�
 X�M�# �!�� %&! LILE) \Cs, Rb, 

K(�# �O�� "T�&E V�# 8.=+� Y=) �# HFSE) \Y, Zr, Nb, 

Ti (�� 8��� .� =&��)SF)m~�..(�/=�) �&<,.LILE ��� 
�# �O�� HFSE�� 8����:�#.� $�-/�� C=&�� ��&�� ��# $���

 �!. Z�.��"	]^bh]][���# �# *+&{-� �S�O-/ � �5���F� 
]]�[�/=) �&< �LILE�� �# �O�� HFSE ��� =���+� =
��)

 l�"9HFSE�� =)�# *+�+� ���# 4�N �� �� �:)5/ ,. .��#
���# 8.��F-� � 5
 ]]k[�*
.�&<8��� �/=)C=&�� Z
.=+� $

%&!C��K H�A	 ,"� �� *
�N3 $��. $.�!.
�� SF�)m~��. $��"�f&ENb, P, Ti, Ba ���2 �/=�)

 $��"�f&E�U, Pb, K, Th, Cs �B�' �.=��� ��#Zr ��&< �
�� 8��� �/=) =�&�� .8.���F-� � ,��.��.]]�[����# *�
. "�#
��2 �' =&:�� ,. �/=�)Ti ����+��A	 
��-/�����# �:��#.�

 � Z�.��"	�/=�M
"/ �!. 8�+�'. .$��z&��� ��1&�Ti ���-
52 8����� =���. $��=+���'. Z���� C=��&��Fe-Ti C�5��#]^b[�

�/=) ��2 *+&{-�Ti ���' *
�5D# Z
.=6 =��+� =
�) $���
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 � �.�Ti �.�)85G �+&-D
. (=�)�# .�5�6� ��#

��2 �.=�� �*
.C�"/ �� �/=)8�-' �� C=�3 =
=� �(&! $��-
�!. Y��1:� �
�-/�� $��]]m.[��2�� "1�	 �/=) ��5-� ���

 �!. �:�#.� �-/�� ,. �+2��3 Z
.=6 �#]]�[.��# ��' �z�3 ,.-
�1&� $��z&�Nb ��/�
� ,. %&�! ��F�)3 $��� C���K $��� $.

�!.���2 �:�)5/ $���-/�� �/=) ���# ��G "�f&E *�
. ,. $.
�:!5� �.5� �# ���-/�� *
. Z
V3 =��+� $.�_��
 � 8=��3 V��#

�&< �
 � �&
M(
�6C��) �# �/=) C�5�# Z�.��"�	 ���0&� �� ��
 �!.]]b.[85�&+� ]^b[��2 M+� �/=)Nb ���� .�"(Z�
V3

%&! �#�:!5� $��C��K $$��=�&
."	 �� �:�!5� �'���� � $.
�� �
�-/��=�.� .$���z&��� "�f&E ��1&�Ba %&�! �� $���

�� ����1�23 n�O�). ��6�� ,. S�:��� =��.52 $��-/�� �/=�)
83 C=�,�!c+D+! ,. �� ��.=�� SF)=)�# 83 $"+/]��.[

"T�&E �/=) �&<Th �U��� �25�OF&E $���.�5-� ��-
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 � $.
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 n�A�) � V��# ��F
":F�. ��#
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.� ,��!
C�
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��5-� $."# �:
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.C��K H�A	 ��."' C":�/ �� ����1�23 $�� $.
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�+DK �F�3 C":�/ �� $,."/ $��
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":-' �# �-/�� Z
.=+� �� ���#�5DO2 � ���#�� *
=!� .��

Y�5T �� ��/,�!�� ��+�# "f&E �� $"+/��' �# �# �@�� �D?"�
�� ��.�5-� ��	. � $�5-E �5>� �� "� $."# �"�' C��#�� 8.52
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 �# �C=)]k�.["#

���� $�-/�� e�!. *
. %&! �# $,."/ ��0&� ����1�23 $��
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 =&:��]k�.[e�!."# �� �C=) B!� $���.�5-� *+&G 8.52
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