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 )+�.�C �7�% # �'+�'< �3C �1? *���7 �:.)=2>4�7 n# ��. 
@.(���3�ED108�%p�# #$<�% f� 4�7 E.� �� < )�� ������

�	 B�-� 17��� (. ��# $�F?:�4��,����3� $8-'< &�. 4�7
 �� "��+"$8�% �.$K ������ )+�.�C # ������ 1��.� "t.# #

"��+ &�. =C 4�.l,	�� 4.$< �������	 ��C �<�#� .��*�#$< 4�7
�%p�# )'� �8�������.$% "��+ �� ��V�	 4�7F?:4��,� �'*> 
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)=2>4�7 n^ # �.(
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`'H 1	�V 4�7��*��'	 ^��M �< ��(�: �'+�HD =2>��X 4�7�� <�'+�'< # �(NC��tNH �� �.(ED156.100X- xpl �:�>�� (NC��tNH �� <
��J?	`'H ��*��'	 �< 41?<&C$�( �.( .ED156.xpl. 40 x �:���3�ED169��.� ���< �< ��������.$% NC��tNH 4�7�� < =	�> �?'	( B#1< # 4. (
��J?	)+�.�C # ��'+�'< �41?<xpl 40 X  �:�>�� )+�.�C # (NC��tNH �?'	( �� �'+�'< # (NC��tNH 4�7�� < ED156.ppl  40 X  5 # �:

�*� �< )+�.�C 4�7�� <�?'	( �� �[' X 4�7��~:1 � # (NC��tNH �)+�.�C (. �� < )�� 4. �8'���� 1*?% �� P':�8HED21-5 .� \'+$+ �< �ppl#xpl �<
 ���3?%�)<40x�:�?'	( �� =2>��X &'��	��+ 4�7�� < �8'���� 1*?% �� �����Y 4�7)+�.�C (. 4.xpl 40x .���-����C 4���8X. 4�7 (. �8�$%$< �7
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B5{	 �4$',���V ��/3V ��	. B.$�. �:�?> ���C # �:�?>�� < � [	 z�

��������.$% ��7 �*> E(. # &��� < ��3+ �7�%# 4$'���H
���C (NC��tNH =	�> 4�7)	 4.�.� $8-'< # ����1?G =C�

��J?	�*/V =2> # 41?< 4.()+�.�C �)�7�% # 4�� < &'<
�[' X((�+�. �B.#.$� �*�� �< �'+�'< �1? *���7 �3C �.1�	 #

"1> ='2-+ 1�.)=2>4�7n� �+ �.(���C ��'+�HD # �1C 4�7
���C &C$�( PC ��'�< �.1�	 �< �!$� 4�71?8�7 .4�7��*��'	

H �� �'+�HD # &C$�(�	 "1�� )+�.�C # (NC��tN 1��>)=2>
n�.(���:$%� �8�$ C �^�~:1 � B1> �8'��$: =	�> �7

�8'?'��;�C # 1? *���7 # �'+�'< B1> �7(�+�. (. �X$< B1>
1?8�7 .=	�C &��� < �?'	()�� <)�� (# )+�.�C =	�> #

�:. (NC��tNH .���C 4$'���H �*> "��+ "1?7� ='2-+ 4�7
�> �8'���� (�+�. # (NC��tNH ��[' X 4�7)+�.�C =	)PC(
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�:. .
�������� :��)[+ r��8�mm�� =C F?: ���3� Z#1V4�7 g
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 ��"$8�%#$<�% E# �'�#)��	 ������� )+�.�C ������� �������

���3� �������#)��	 �� �8�������.$% "��+ 4�7"$8�% 
���3� # �'�.$% �+ �'�#)��	 )+�.�C ���������.$% 1*?% 4�7

'� � �� f"$8�% �'�.$% )�'���� (�.$K1��.�)��. =2>k.(
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ED104 D ��/�� �x/x ��/�z ��/� ��/x mb/m ��/z ��/� |�/� ��/x ��/� zx/��� �x/��x �x/��
ED160 D ��/�� z�/x ��/�| �|/z ��/x |�/� ��/� ��/� �x/� ��/x x�/� �x/��� �x/�� �x/��
ED108 D ��/�� �|/x �|/�� �|/� ��/x x�/� �z/� ��/� �z/� ��/x ��/� �x/��x �x/��� zx/��
ED164 D ��/�z |�/x ��/�| ��/� x�/x ��/� �x/� �x/� ��/� ��/x z�/� �x/��� �x/�|| zx/��
ED37 GD �|/z� ��/x ��/�� ��/� xz/x ��/� ��/� ��/� ��/� ��/x �|/� �x/�� �x/��� �x/��

ED78-4 GD �x/z� �z/x ��/�� �|/� x�/x ��/x �x/� �z/� z�/� xz/x z�/� �x/�| xx/|x� �x/�z
ED96 GD �|/z� ��/x ��/�z z�/� x�/x x�/� |�/x ��/� �|/� ��/x ��/� �x/��� �x/�x| �x/�z
ED102 GD ��/z� ��/x �z/�� z�/� x�/x |�/� ��/� ��/� ��/� �x/x �z/� �x/�| |x/�x| �x/�z
ED107 GD ��/z| �|/x x�/�z x�/� x�/x ��/� �x/� |�/� ��/� �x/x ��/� �x/�x� �x/��� �x/�z
ED109 GD ��/z� ��/x x�/�� z�/� x|/x zx/� zx/� ��/� ��/� ��/x ��/� �x/�� |x/��z �x/��
ED111 GD ��/z| ��/x �|/�z z�/� x�/x ��/� z�/� |�/� ��/� ��/x �x/� |x/�� �x/���| zx/�|
ED153 GD |�/|x ��/x ��/�� �z/� x�/x |�/� x�/� zz/� x|/� �x/x z|/� zx/z| �x/��� |x/��
ED156 GD |�/z� ��/x �|/�� ��/� x|/x ��/� �|/� ��/� �|/� �|/x |�/x |x/�x �x/�� zx/��

ED157.1 GD x|/z� ��/x z�/�� �z/� xz/x |x/� x�/� �|/� ��/� �x/x ��/x �x/z� �x/�� �x/�z
ED158 GD x|/z� ��/x |�/�� |x/� x|/x z�/� |�/� |�/� ��/� ��/x ��/x zx/z� �x/��z� �x/��
ED163 GD ��/zz ��/x ��/�� ��/� ��/x z�/� �|/� ��/� �x/� ��/x ��/� �x/z� �x/��| �x/��
ED169 GD �|/zz �z/x |z/�� xz/� x|/x ��/� |�/� �z/� |�/� ��/x �x/x �x/z� �x/�� zx/�z
ED173 GD ��/z� �x/x |�/�� |z/� x�/x ��/� ��/� |�/� �|/� �|/x �x/� �x/z� �x/�|� �x/��
ED177 GD �z/z� �z/x ��/�� ��/� x�/x ��/� �|/� �|/� �|/� ��/x ��/� |x/z� �x/��� �x/�z
ED181 GD |�/z| ��/x ��/�� �z/� x�/x ��/� ��/� z�/� ��/� ��/x ��/� �x/z� �x/�x� �x/��
ED182 GD ��/zz �z/x ��/�� x�/� x�/x ��/� |x/� �|/� �|/� �x/x ��/� �x/zx �x/�� �x/�z
ED183 GD x�/z| ��/x z�/�� ��/� x�/x ��/� �|/� |�/� |x/� ��/x ��/� �x/|� |x/�� xx/�z
ED191 GD |�/z| ��/x ��/�� ��/� x�/x |x/� ��/� |�/� �z/� ��/x �z/� �x/z� �x/�|x �x/�z
ED192 GD ��/z| ��/x ��/�� ��/� x�/x |�/� ��/� ��/� xx/� �x/x ��/� �x/�� xx/�x� �x/�z
ED193 GD �z/z� ��/x ��/�� ��/� xz/x ��/� ��/� zz/� ��/� �x/x ��/� �x/�� xx/�z� �x/��
ED194 GD z�/z| ��/x z�/�� ��/� x�/x �z/� �x/� �x/� ��/� ��/x x�/� �x/z� �x/�� �x/�z
ED196 GD ��/z| �x/x x�/�| z�/� x�/x ��/� x|/x �z/x z�/� ��/x ��/� zx/��z xx/z� �x/��
ED21-2 R ��/|� �|/x �z/�� z�/� xx/x ��/x x|/x �x/� |�/� x�/x ��/� �x/�� �x/�� �x/��
ED21-3 R ��/|� �x/x ��/�� z�/� xx/x ��/x ��/x �z/� ��/� x�/x |�/� �x/�z �x/�� �x/��
ED21-4 R ||/|� ��/x ��/�� ��/� xx/x ��/x x�/x xx/� ��/� x|/x ��/� |x/�� xx/�x |x/��
ED21-5 R ��/|� ��/x ��/�� �x/� xx/x ��/x x�/x zz/� �z/� x�/x z�/� zx/�� �x/�x xx/��
ED99 R ��/|� ��/x �x/�� ��/� xx/x �x/x x�/x �z/� �|/z x�/x ��/� |x/zz �x/�� �x/��
ED101 R ��/|� ��/x ��/�� z|/� xx/x ��/x xz/x ��/� ��/� x�/x ��/� �x/zx �x/�� �x/��
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1 V��"��3> �����< ���xx&'	( "�,��V # �3'> &'	( �:�$< "��+ ���3%�	 �8X�: 4�7. . .z�

H�'� D=C F?: ��)[+ r��8�qB�3?X� (. ���3� �8����� 4�7)���3� 4�7KP1 �+ G44 ( 4��>#� �<XRF #ICP-MS # B.$��. �� \'+$+ �<
.����C] .gg.[

KP1 KP52 KP85 KP103 KP67 KP41 G44 G6 G22 G8 

Petrography
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SiO2 ��/�| ��/�� �|/�� ��/zx z�/zx ||/�| |�/�| ��/z� �/|x �/z� 

TiO2 �/x ��/x ��/x ��/x ��/x |�/x �/x ��/x ��/x ��/x
Al2O3 ��/�� �z/�� x�/�� z�/�� x�/�� ��/�� zz/�� ��/�� �/�� �/�� 
FeO z�/| ��/| ��/� �z/| ��/z ��/� ��/� x�/� �z/� ||/�
MnO ��/x ��/x ��/x ��/x x�/x �/x ��/x x�/x x�/x x�/x
MgO ��/� �z/� ��/| ��/� x�/� xz/z �|/� ��/� zz/� x�/�
CaO ��/z �|/� |�/� x|/� ��/� z�/� ��/| �/� ��/� ��/�
Na2O ��/� ��/� z�/� �/� ��/� ��/� ��/� z/� ��/� ��/�
K2O ��/� x�/� �/� ��/� z�/� � ��/� x�/� |�/� x�/�
P2O5 z�/| ��/x �|/x ��/x ��/x ��/� �|/x ��/x ��/x �/x
LOI ��/x ��/� �/� x�/� |�/� ��/� �/� ��/� �/x ��/�

TOTAL ��/�xz �|/�� �|/�� |�/�z x�/�| |�/�xz �z/�� ��/�| �/�� �/�� 
Mg# ��/z� ��/�| xz|/z� ��z�/�� x|/z� ��zz/z� ��z/�| �|�/�� �/�� �/�z 

Ba �|z �|� |�z |�x ��� ��� ��x ��� ��� ��x 
Rb |/z| z/�| z/|� �/��� �/�� �/z� �� �/��| ��� �x� 
Sr �/|�| �/�z� �/|zz �/�|� �/z�� �/z|z �/|zx �/��� �z� ��� 

Zr �/��� |/��� |/�� �/��� �/��� �x� �xz �/��� ��z ��z 
Nb z �/� �/� �/�� �/| �/� �/� �� �/| z/�� 
Ga |/�z �/�| �/�z �/�| �/�| �/�z z/�z |/�� �/�� z/�� 

La �/�� �/�| �/�� �/�z �/�� |/�| �/�� �/�| �/�� �/�z 
Ce �/�� �/�� �/�� �/|� �/�z �/z� �/�� �/�� |/�x �� 
Pr ��/� ��/z ��/� �|/� z|/� ��/| ��/� ��/� |�/� ��/�
Nd �/�� �/�� �/�� �/�� �/�� z/�� �/�� �/�| �/�� �/�| 
Sm ��/� z�/� ��/� ��/z �|/� ��/� ��/� x�/� ��/� ��/�
Eu ��/� ��/� ��/� ��/� ��/� ��/� ��/� �/x z�/x �/x
Gd x�/� �|/� �|/� �z/� �z/� ��/� �z/� ��/� |�/� z|/�
Tb ��/x ��/x �z/x ��/x z�/x �z/� ��/x ��/x ��/x �|/x
Dy ��/� �/� ��/� x�/� ��/� z�/� �|/� ��/� �/� ��/�
Ho z�/x ��/x z�/x �z/x |�/x �z/� z�/x ��/x �/x ��/x
Er �/� z�/� ��/� |�/� x�/� |�/� ��/� ��/� ��/� �|/�
Tm �|/x ��/x �|/x ��/x ��/x �/x ��/x ��/x ��/x ��/x
Yb ��/� z�/� z/� |�/� x|/� �z/� ��/� �/� z�/� ��/�
Lu ��/x ��/x �z/x ��/x ��/x ��/x ��/x �/x ��/x �/x
Y �/�� �| |/�| �/�| �/�x �/�� |/�� z/�� �/�� �/�� 

A/CNK z�/x ||/x |�/x �|/x x�/� ||/x z�/x x�/� �/x �|/x
Eu/Eu* ��/x ��/x ��/x z�/x ||/x �/x ��/x �|/x z�/x ��/x

CeN_YbN ��/z x|/� ��/z x�/| ��/� ��/� �|/� ��/z ��/� z�/�
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�8-H 4�7 4��! �:���'K. B�'	 4�7(NMORB) �]jn[� #E"��K �8:�H &',��'	 �< "1> ��[?�< $M�?! ��]�< 4.]jk.[� �	 $,��-� �<D 4�7
I<$	 ��'���������� ��2-	 4�7 1?8�7 ��������.$% )	$K I3V �	N! # �7.D=Diorite, GD=Granodiorite, R=Rhyolite . 

S	+

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.2

9.
1.

63
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

00
.2

9.
1.

5.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                            11 / 18

http://dx.doi.org/10.52547/ijcm.29.1.63
https://dor.isc.ac/dor/20.1001.1.17263689.1400.29.1.5.2
http://ijcm.ir/article-1-1586-fa.html


B5{	 �4$',���V ��/3V ��	. B.$�. �:�?> ���C # �:�?>�� < � [	 |�

H�'� G"�.� ��:�$< ���	 "��+ �: P�	 ���'3'> &'	( 4�7 �X�> ���1?C �< ���� �C�X $M�?! 4�7]jm["1> ��[?7 �< 1�..
ييايميژئوشيهايژگيو تيوريد تيوريگرانود تيولير

SiO2محدوده 52/53-59/52 64/97-70/74 72/81-74/35
ASI=Aluminumsaturation index 0/93–1/01 0/96–1/55 1/19–1/52

A/NK 1/7–2/51 1/34-2/20 1/49–1/91
A/CNK 0/79–0/88 0/92–2/17 1/47–1/89

D.I.قيتفربيضر 42-62 72-84 85-91
FeO/FeOt+MgO 0/62–0/71 0/56-0/8 0/79–0/85

REEs (ppm) 94/7–130 56-157/7 91-130
Eu/Eu* (N) 0/85–0/95 0/8–1/29 0/5–1/04

La/Yb (N) 5/6–8/15 6/03-20/9 16/84–26/03
La/Sm (N) 2/2–3/7 3/46–7/78 6/2–7/6
Eu/Yb (N) 1/6-1/9 1/42-2/25 0/95–2/2

4�7�,�. ��'�< �7�*> ��?C ��REE"��+ ��7���3� 4�7
�8'���� �� 4��2>D ^#�6+ Eu/Eu*���3� $,�� �< B�-� �7

�	 1?7� .�37���3� �� �6?	 4��[?7�� �8'���� 4�7Eu B�-� 
�	 � C �.1�	 # 1?7�HREE #MREE���3� (. $83C ���D -

�:. ������ # ��������.$% 4�7 .Q�:. $< 4(�:��[?�<
 �'�#. �8>�%]jn) [=2>q�(���+ (. B�-� )'� �%1>P#

�?A 1�1> �%1>Pb, Cs, Rb, Ba, Th, U���..$M�?! 4.$<
��.(�< �< �*�� "1> ��[?�<�8-H 4�7 �:���'K. B�'	 4�7

(MORB)]jn[��+ ��� ���-	 �%1> Nb���3� �� #4�7
��+ ������ # ��$�#���.$% �� �%1>Ti�?A #�X�> �%1>

K#Pb�	 "1�� ��>)=2>q^.(��+ �� 1�1> �%1>
 $M�?!TNT�	 1'��+ �����	 &�. �� )'� ��> .��+ �%1>Nb 

#Ta"��K �8:�H &',��'	 �< �����	 �� =2> �� )'� ��]�< 4.q
�	 "1�� ���>]jk.[�?A �%1>P# ��������.$% �� 

��+ # �������'���� �� 1�1> �%1>�:. ���-	 �7 .� !
�	 B�'< �	.�. �� ^.$''O+ &�.��> .

T�8��������

:�: �.��3� �� ��%TiO2*100-La-
Hf*10]jo[)=2>4�7d��.(�C4.$< T'U	 &''/+ &'	( -
�8X�:F?: �$<��C f':�8H 4�7��'�< ���.� �37���3� �� �7
"$8�% # 4���X$< WH ��.$C"��K Z�/� �.$K 4.�8>.� #

Q�:.$<�: �.��3� ��%Zr*3-Nb*50-Ce/P2O5 ]jo[
)=2>d@(�37 ����3� �� �7"$8�% �.$K 4���X$< WH .�1�� 
)=2>d@.("1> �NM. �.��3� ��IV$	 ]jq[����3� $8-'< �7

��"$8�%���X$< (. WH 4�7 1��.� )d�.(�< �&�. $< B#)�.
 4]�< �*�� ='��HREE /LREE �� �6?	 4��[?7�� #

Nb,Ta #Ti�%p�# 4�7&'	(T'U	 ���'3'> `�.�#$� 4�7
 )'�"1���	��>]jd.[�	.�. �� �K�?+ &�.+"�.� �'���	-
��>.

U�+��� 
"�.� Q�:.$< ��7���%$%� 4�7 �< 1�1V �< P�1K (. ���3%�	

�:. "�.� �� $�( ^��M .F?: \'C$+ �< ���-6-+D 4�7
��(1�D &�C#$'H # ��(1�D �C.$+ ���(1�D �>$: �< 

�27D ���' K &:�;. ($	 �� &'	��D$H # ]�< P':�8H &'-'HE
���'	)n/j±k/nqZ�: B�' '	 (]gj["1> ='2-+ 1�. ."��+ 4�7

 �8����� F�� "$'+ T:.#1u)������� ������� #$<�% (.
 # �� < )�� ���< �< ������ )+�.�C�+ ������#)��	 # �'�#)��	

4$'���H �*> �7�% (�27D �>$: �< # ���' K&'	��D�8	 &�. �� 
"���X� "�$C 5�6� �71�. ."��+ �3'� �< 9'3! �7�% # 9'3!
\'C$+�27D �>$: �< ���������.$% � C # ]�< P':�8H ���' K

&'	��D�8	&: �< &'	��D$H �3C �+ &'�+�� kq/c±mq/nn 
Z�: B�' '	)���'	 &:�;. E&'�+�� ] (gg[#m/g±nmB�' '	 

Z�:]gj["��+"�$C IJK .� �8����� 4�7 1�. .&�$XD �� 
�8'���� "��+ �� u$	`�.1V �8��� )�27D 8H ���' K # ]�< P':�

&'	��D$H(�< �41*?% ^��M�8�������.$% "��+ �� # "�$C 5�6� 
���C B�<)'	 �8�������.$% "��+ ��?C ���:. "(#$'� 4(�: .

"��+ �8'���� 4�7 &:�;. (. $8�.�V &'�H)mdZ�: B�' '	 (
1?8�7"1'>�H �< �V�+ �< #&�$XD B1>"� V4�7 ���3%�	 

B��	 T:�+ ��J?	 :�	 # �7F?: �&:�'	 4�7]n[&: �
&:�;. 1*?% &�. 4$',��V �*��&'�H �� &:�,'�. B���H �+ 

�	 �8�$% $�� ��> .f�.� &: �< "$'+ �� <)�� �8����� 4�7
b/c±mdZ�: B�' '	 ]gj[&�$XD"� V4�7 ��J?	 ���3%�	 

1?8�7 .�?86%B.$,-7#pH (. �7#$% �C �:. ]gg[Q�:. $<
"�.�4�7&:�� ��[?:���� "��+ &�$8�.�V # &�$XD .� �7

 &: �< ��J?	qm/c±qd/mb Z�: B�' '	 )���'	 &:�;. E
&'��+��< (�	1?�.��$< ��# ���H ���.$UM 17.�> # `7#pH &�. 

�3�1K "��+ &�. �:. ��J?	 45�6� "��+ &�$+ .�< &: �N8X.
 "1	D �:�)qm/c±qd/mbZ�: B�' '	 (# ��.$UM 17.�> �<

��'�< �7�*>f�.� &: �< BD &: �< �8����� 4�7dq/c±md
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1 V��"��3> �����< ���xx&'	( "�,��V # �3'> &'	( �:�$< "��+ ���3%�	 �8X�: 4�7. . .|�

الف
ب

پ

Z�: B�' '	]gj[��<Z�38u.��'�< ���3� ='�� �< (. 4�.�$<
T:�+ �8����� f�.�B.��237 # `�*u#� ]gg[�< BD T<� #

"��+ 1>�< �8����� 4�7 .
&'	( "�,��V &''/+ �U< �� �C B�?G ����3%�	 �8X�:

4�7�.��3� 1> �86%TiO2*100-La-Hf*10 �Zr*3-Nb*50-
Ce/P2O5#Rb/Y+NbB�-� 4���X$< WH T'U	 "1?7�

 �� �6?	 4��[?7�� ��$0 (. ��# ��:.Ta ,Ti #Nb]jd[�
�?A �%1>LILE �LREE �< HREE $M�?! #BA, Th, 

Rb, U #Pb PC �*�� #Nb/U)# �'�#. �8>�% �< �*��
���1?C (�:�3%�	 ='2-+ $< `�.�#$� $'Y�+ (. B�-� .&�. $	. 

B�-� "�% B��3� "����$%� ^��M �< `�.�#$� $Y{	 `�� "1?7�
�8>�% Z�': T:�+ 4. �:���'K. "1�#�#$� �K�# (. "1> �.(D 4�7
 �:.]jqEmc.[

���3� (. �X$< IV$	 �.��3� �� �8�������.$% # �8'���� 4�7
]jq["��K Z�/� ��.$C "$8�% �� ��.$K ���X$< �< B�	)37 �� # 4.

�	 �$'%1.P-G ^��M �� �,-'37 �>�~37 # �7�JX (. �>�H
�?U?	 &'	( 4�7&'	( T'U	 &''/+ 4.$< ���'3'> �� ��8X�:

4�7�3%�	 ��V# ���8�. 1��< s��S"1��3'K�< "1�� #@#5 4�7
F?: _�)< ��YD # �'��'�. ��'+�3,'	 �"1> B�%$%� 4�7

�-� &�. �C P'>�< �8>.� B�3C &�. �� .� ���X$< Q�'�	���� �7
B�3C �� �2 < &�$'> "�G �#$+ B�3C �� T�� �� BD �<�-	 4�7

 �@�?V�3� "1�� B�3C &�. e$> # @$A��> .B�3C ��
�#$+ ���3%�	E�'7 &:�;. (�AD �+ f':.�#t (. �&�$'> "�G

�:. "1-� ��.)% ���3%�	 �'��/� .�8:�H `�.�#$� B�	( ��
�. # �':.�#. $�( �< B.�V W'8+ Q���'K. B�3C &�. �4)C$	 B.$

 4�#1u � M�� ��kcc �'7 # ��< "1> IK.# BD (. 4$8	� 'C 
�:. "1-� ��.)% B�3C &�. �� B�	( BD (. ���3%�	 �'��/�.

?;�V&'	( T'U	 &''/+ 4�7�.��3� $M�?! Q�:. $< �8X�: .��. :��% �: �.��3�TiO2*100-La-Hf*10)�$% �< �37&+ $< (F?: "p�# -
P':�8H (. �?A 4�7]jo[���3� �37 �BD Q�:.$< �C "��K Z�/� ��.$C # 4���X$< WH "$8�% �� �7 @ 1��.� 4�V 4. :�: �.��3� ��%Zr*3-
Nb*50-Ce/P2O5)&+ $< �$%(F?: "p�# �P':�8H (. �?A 4�7]jo[���3� �37 �BD Q�:.$< �C 1��.� 4�V 4���X$< WH "$8�% �� �7.�:

IV$	 "1> �NM. �.��3�]jq[���3� $8-'< BD Q�:.$< �C ���X$< (. WH "$8�% �� �7)�<D ��'< (1��.� �.$K.
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B5{	 �4$',���V ��/3V ��	. B.$�. �:�?> ���C # �:�?>�� < � [	 |z

&'�H �:�+$C �� ���X$< B�	( �� # `�.�#$� B���H (. WH E
���-� )'� �&'-'H &:�v��H (. 4. �'��/����3%�	 @�:� �8u #

4�.l%"1���3� ��>�B.$�. (. `�< &�. .$�( (. ���X 4)C$	
 B�3C &�. �� &:�v��H $:.$: �� �>��-� ��YD # "��< @D

 �:. "1> ��.)%]gm[.. (. 17.�> Q�:. $< #� &�&'	(-
# �:�?>&'	( T'U	 ����'3'>&'	(�8X�: ��.$C Z�/� 

"��K 4.)1�D �<�-	 (�3� 1'��+ ���X$< �< B�	)37 ## 1��>
1';�8'�.$% &�. B�.� �*�� �?�)% &�$8�<< �7�WH 4�71?�D$� 

�8�< (. ���X$< # B1>$XD�:. B.�V W'8+ Q���'K. .&>#� 
�:. �C`-C 4�7�>��=�% (. ��[�. # �--C.$+ 4�7

���u �--C 4�7E=�% �-�.1V =�% # @�?V �� �#$+ 4�7
�!�<� EB�3C Z�3> �� �( "�C]d�gm[��0&:�,'�. # &:�;. 

�8>�% (. �3%�	 ='2-+ �� �3�	 `��%��8>.� "����$�:. .
"�.� Q�:. $< �	 ��7 $Y. �� �'�#. 4�3%�	 �C �6% B.�+ @#5

 �-�<"�,8:�X�8>�% �8'�#($� �'H�%� � =?'~:. 4. ]gg[
�:. "1> ='2-+ .Q�:. $< # $	. &�. ��?C ��4�71��(�< 

��.$UM)��*�#$<��������.$% B#�� f'��	 4�7 4�7($	 �< �7
��.1���.��7�� < �>�� ��� �8�������.$% (NC��tNH 4��*�#$<-

f'��	 4�7]��[(��:�$<4�7 ��H�2:#$2'	 &'	( ���'3'>
"�.� #&'-'H 4�7]�E�x["1�1H ��,8�'	D `�� ���3%�	 

�:. �8>.� �8�������.$% 4�7�3%�	 ='2-+ �� �3�	 .(.
��$0�4�71?�D$� �-�.1V �� *+ # P�7 (AFC) `�� )'� 

�� �3�	 ��'�<=2>4$'%�8>.� �3%�	 1�. 4�3%�	 �2���0 �< 
��8'���� �� �C`7#pH4�7 &'-'H ��:. "1-� �8X.�$H BD �< 

$Y. ��`�.1V �8:�H P�7 # `�]D # �8�������.$% 4�7�3%�	 
�:. "1> ='2-+.4]�< �*�� Ce/Yb�'���� �� �7)o/o�+

k/gq ($,��-�`�.1VF?: &�. "1?�.( 4�3%�	 �� 1�1> -
�:�7.�J�	 4�,�. HREE #Eu/Yb �� &'��H "1> ��[?�< 

"��+ �: $7)bk/c�+ �'���� �� jk/j(. �X$< �� 
��������.$% �7(����% �C �:. ��3! �� @.l	 ='2-+ $,��-�
��'� �.1��H .$C��7 4�7�.��3� $'�6+ Q�:. $<]gq[�0 �

��3%�	 ��/M ���C �f'� C (NC��tNH �&��'�. 4�7
�C#$'H�?' CT:.#1u 4�3%�	 (. &E# �'+�HD # f'��	 

"1>.1V �8�������.$% T:.#1u 4�7�3%�	 (. 1? *���71�. .
�6?	 1�1> 4��[?7��P���3� �� 4��[?7�� # �8'���� 4�7

��������.$% �� T:�8	 �6?	 �:. �'+�HD `�.1V ='�� �< �7 .
=u.$	 �+ P':�8H ^�~:1 �='2-+ �����H �8>.� ���u �3%�	 

�:.F?: 17.�> #�	 1'��+ .� $	. &�. )'� 4��,�1��3� .�� *+
-�.1V�	 # �:. "�.� �� 1? *���7 �=	.�! (. �2� 1�.�+

 �6?	 4��[?7��Ti #Y1>�< .=u.$	 �� f'� C(NC��tNH
 �6?	 4��[?7�� \*: BD `�.1V # �:. "1> ='2-+ �'�#.

Eu�'���� �� �6?	 4��[?7�� ��7 Sr�'���� �� �7(. �X$< #
���3� 4�7`�.1V��������.$% $+ �8��� 1�1> `7�C ��7Ca 

�'���� �� �:. "1> ���D B1> &'	��D$H # �7 .���:$%� �8*�.
�	 �'/� =u.$	 �� �8u��+ \*: 1�.�+ �%1>Sr��> 

]��[.`�.)�. �.1�	K2O`�.)�. �< SiO2�� 4��! 41�#� 
`�.1V ��'?C$�( ��8�� # �:. �3%�	 *���< �^.$''O+ SiO2

���,�( 4�,�. �� ��'��C$�( `�.)�. $,��-� �C ��.� =2> 4.
T:.#1u 4�7�3%�	�:. $+ .��#$<�% 4�7�3%�	 �� E�8����� �

�.1�	�(��< =�8�	 ���C �C ��'� 41u �< ��'��C$�( $�?! �
�2 <���C �2*> �� `'H 4�7 �	 ��.# �.(1��> .���u �� &�.

�C �:.1u 4�3%�	 �� �8�������.$% T:.#�^��M �< &C$�( 
1�#� �� # "1> ='2-+ =�8�	 ���C`�.1V "1>.1V �3%�	 (. 

##� &�. (.�:. �8��� `7�C ��'�< �8'���� 4�3%�	 �� .
17.�>&'	(��+ B�G ���'3'> (. �%1>Sr �Ti �Nb ]�< �
B��<LREE/HREE �*�� B��< ]�< �LILE�?A #�%1>
Ce #Sm �< �*�� $M�?!��?C �+�*2?! 4�7�.��3� �� ��X 

�'���� �?A ��7�%1>Rb  #Th �< �*��Nb #Ta `7�C �
�.1�	 (. $M�?! Rb �+ Yb �+�*2?! 4�7�.��3� �� �37���3� -

�?A ��'���� 4�7 �%1>Rb Pb, �Ba �Th �U�K#Sr #
�< ��# �-�.)�. ��8�� �< �*�� P���< P��SiO24�7�.��3� �� 

� �$C��7�	 B�- 17� �C"��K �8:�H �C��-	 # ���X� 4.]mm[
�< # �8'���� 4�3%�	 ='2-+ ���.1�	 ='2-+ �� $83C 

&'	��D$H �8�������.$% 4�3%�	`�.1V�8��� �3�	 `�� $+
�:. �8>.�.

�%p�# Q�:. $< ���.$UM 4�7F?:4��,� #&'	( -
����'3'> "��+ �� �8'���� # �8�������.$% 4�7"$8�% 

$%�'�. 4�7 P':�8H (. �?A ���' K �27D 1';�8'�.$% (KCG) 
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