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E$# �� >6%B 5���. !�(� �� :�A 5%�? �A)>6%l���*.(��

��%�= X�? :�/@Y �K�#�* �!<= :*X�? ��� 5���. :�A

 

�?�E��FK�#)�*�(���F#:*) .b(��*��/3?) .o(>"�H3.) .8(:/�3=  �4�1%.
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53g�s���H% �l�+�
�' �ls^ �"n
 ���. :�A >34  �#�$%!A/" ��H�%/@Y ��#�$%. . .xu�

�/K ���3. �* :+.!� X�?  �/3? �%�� +-�*/. �* �����
�#* �5% !' �3�4 E�� �? >6%.��-!- �? �J*  �� ��*/- �
*

 �
!# 8�/R �? �-�6�3�# ��	 �'�� �' �)�� !(��)�
)�� 5���. (&*�9  )�%�� :�A+-�*/.�/3? (��	  �-�$?!. 
)���3. (q/3W� �* �#* L�3�# �* �$m �?��!" :�A)>6%l

b.(>" �K�# �H3.)>6%lo(�. �#* �
�A��FK�# �* +��
�?���' �� � 5W� 8�/R�� �5A�)� h2�$� �* :*�/% ]V.[

�? �5% !' ���K :�A��	 >6% �* !PfF� �A��FK�# �
* �3m*
�3�# q/3W� :5$F�A ���3�# ��3m :�A .�">�6)- �A

  � �
* �* �,�.!- �
  �4�1% �:/�3= 8�/R �? �� 5���.
�#* .X�?  :�*/� 8�"9 �* �� 5���. }/� �
* �� !�? X�?

+-�*/. �* ���9 �� ���� >�6)- �/3? �%��  ��<% :�A�/% .
)>6%l8(

��������
 �IJ�+ 
�� ���! 
�� 
�#�!? :*!? 8�"9 : � �F	�? :�A ��7$� :�A ;���� :�* X�;? �

�] ��- ~��� �7�� �O
�!a .���
!g �	�? )>6%V��*(�	�?  
�F�� !<#*)>6%Vb(�;	�? �
!FH�� �� �5;% �5A�);� :�;A

E$# 8�"9 �F
!� !�'  �F��/
� ��F
!,H�$(
* :�A �;�7$� �*�
�#* �����]V[.

�F%�  :�*/� �	�? �� �5;% �5A�);� :��F	�? !(
� �* :*
8�"9 #* ����� :�A�)>6%Vo�8.(�F%� �	�? �;%�,�* �* :*
�F%� :�;A+-�*/. �;? �
�5- �? �. +-�*/. +
� ����? :�A�/3? :*

 �� >
5,- �/3? �%�� �
!;# B5;% �!;# �* :�*/� �	�?  5�/%
qY �!<= : ��*/
� �� ���3�# :�A �� �;��9 &*�9 B5%�!#  �A

�3K*� :��)�?�!<= !-�5�9 �/g  �? �A5�* ]V.[

��������
 ��������� 
�� ���! 
�� 
�"n
  �#�!? �/Z$� �? 8�"9 �#�$%!A/" :�A &*5J* ����� :�A

�? ̀ *!- �;
 *� �� 5� ��*5;�*  �*� �;"n
  �* �;K!? :!;�" :�;A
 ��;R�K ���;6% �
!;� �:�/;K >��;R >;e� �#�$%!A/"
 E��  �(F�6% }/� ���	�<% ��F�# ��n
  ��*!" ����#�/@/3	

 5% ���9 �"5�@�# .!A �*T��7$�  � >J*5;= ��;#�!? ��/;� :
��*5;�* :*!? ��/H� ��();
���9 �;? �5;% ��;
 :�;A!F�*��' :!;�"

5�5;;% q�;;#�* �;;#�$%!A/" .���;;' ���;;"n
  ��*/;;� �* :* :�;;A
��*5�* 8�"9 :*!? �5% :!�" 8 �;<- O;A �;? �3F�� h2�$� :�A

 ��/H� �� :��
� �A�,% ��*/� !F)�? �� ��  5��*� 5;% �5;
� �A 
]�l.[���H% q 5g ����"n
  8�"9 :!A/" :�A �;���� :�;A

5% ��
��� !(
5HA �?�*5�.

�?�K�	�? E$# �� �'/6# !6�� :�A8�"9  �F
!,H�$(
* :�A��7$� :�A����� :) :��* (���
!g �	�? )ppl) (b(�F�� !<#* �	�? )ppl) (o(
:�*/� �	�? )xpl) (8(�F%� �	�?:*)xpl(.
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BzQ� �{/P  �/3�34 |�= B*!
* �#�$% ���.  �#�$%�/3? �3N� xu�

"�7L,�"n
 8�"9 �FK�$%!A/" :�A����� :�A.
��R/\K
:!A/" 

��7$� &�� 

>��R 
:�/K 

O.*!- 
�
!�
��6% 

�(�� 5$UL��#�/@/3	���(U �F�# ��	�<%�(F�6%E�� �"5�@�R E�� 

: �� ���4 b/K ]]/���TT/0Sb/K �	5R �?9 5�<# 

��N��� b/K k#/F� ]V/���Tl/0�/TF�k#/ �	5R E�!H. �?9 5�<# 

>�A  �3�Kb/Kb/K ]]/���T]/0Sk#/F� �	5R ���# E�!H. :!F�.�K

`*��13J�#b/K b/K ]l/���TV/0S��.*  �	5R :!F�.�K 5�<# 

�# �13J+�J �3�Kb/Kb/K ]]/���TT/0S/T��.*  �	5R E�!H. �N����5�<# 

B�F��  �3�Kb/Kb/K ]V/���T]/0S��.*  �	5R E�!H. �N����5�<# 

������� 
8�"9 �
��H�% ��.!- �#�!? :*!? �K�$% +��  ����� :�A

*+(�� !R�$4 !�Pf- ) >6�� _O���F�- �& !. �+$($� �L� ��A9
���,. (8�"9 �
* �� ��()
���9 �? ��/H� �)A ��AXRF �.!% 

5�5% q�#�* �/��$�? B*�����. .��/H� ��% ��
 :�A �5�^5��.* 
�*!	 �*/� �*5�� ��3R* )L.O.I(��s �4!	 !\$4 �!\$4 

5$F	!" �*!J �#�!? ��/� b��H. )q 5g0.(
�*���/H� ���#�* :V8�"9 �? ��/H� �?9 :�AE��)��/H�-

:�A35a, 35b, 35c, 32 (+,;# E�� �? ��/H� G
 �)�;�/H� :
35d(:� � �? ��/H� G
 �)��/H� :36a(�/H� G
 �+;�!J �;? �

)��/H� :36b(E�!A��# 8�"9 �? ��/H� G
  )�;�/H� :40.( 

�*5�� 5��/? �F�?* SiO2��3. �;�/H� :��;? �;A]/sS �;- ]/s� 
5�5% �� *!? 5R��.

��3R* :�A5��.* �
��H�%/@Y ��F	� �#�!? �/Z$� �?
8�"9 �� b��H.  �4!	 !R�$4 +��  ����� �3F�� h2�$� :�A

 ��,-�* �K�$%8�"9 �
* ��? �6�F�Y 8*!���- :�A�*�/H� ��A
 �-/,6$4 :�A�*�/H�  �6�3�# �? �,�� �3R* :�A5��.*

5$F	!" �*!J >�3W-  �#�!? ��/�  O�#!-.

��M$ 
��7�3�$ 
5��.* 8*!���- �#�!? :*!? �3;R* :�;A)q 5;g0(�;? �,�;�

 �<�Q�  � :�A�*�/H� �* �6�3�# �;? �,�;� �6�3�;# 8*!;���- :*
�A5��.* 5;% ���<F;#*)>6;%].(:�A5��;.* �*5;�� 8*!;���-

 ��;#* �\�)� 5� � :*�*� &/�$��/�9  O�#�F' �O
5# �O��3. 

8�;"9 �� �6
�/2 �? �� �A5��;.* �;
* ��;% � E;�� �;? :�;A
 8�"9 ��  �*5�� �
!F)�? �!�- :�A E;��) :� � �+;�!J ��;?9

���# (�� �
!FH. ��5�5% �5
� �/K �*5.
*5;�' XA�;. O�$��/;�9 ��6�3�# 5R�� X
*+	* �? B��+HA

��5$. .�O���;F�- �O
+;�$� �+;$($� ��;A9 :�A5��;.* ��$[HA
 �6�3�;# �*5;�� �;? �,�;� *� �\;�)� ��,-�* O
5#  O��3.

 �H� B�)�5$A� .B9 �*5�� !e.*5=  ��/? b �$F� !<�	 8*!���-
 ���/s� %�#* L�3�# .	 �*/� �*!)LOI ( �;$1� 8*!���- :�*�

 �;� B�);� �/;K �* �6�3�;# 5;R�� X
*+;	* �? �,�� *� 5;$A� .
B�$U �;� XA�. ��*!	 �*/� B*+�� ��6�3�# 5R�� X
*+	* �? �.-
5?�
.

%���� �M��� 
���% ���HF=* ��(F#�K B�*� B�)� :*!? 8�"9 �5���# :�A �� �A

��7$� �4!	 !R�$4 �3F�� !
���� !�Pf-  ����� :�� b�;�H.  
E�� 8�"9 �
* �� �5% ��N
* :�A 8�"9 �� !R�$4 �
* ��F	� ��A-

�	!" �*!J �#�!? ��/� �A . �;4!	 !R�$4 !
���� ��/Z$� �
5?
 �5;% ��N$�? �
�5$. !
���� �? �,�� �.�K ���� 5;�*]�^��V .[

 >6% I�#* !?T��*� ���H- 5$U!A ����;� !R�$4 �? �F�?*  :�A
 8�"9 :*!? �.�K�A�;? �;�  ���;�� �;#� �� �5;% �#�!? :

��*� �* ���<F#* �/g/� :�A)�* �.�;K ���;� !\;$4 �);A :*!?
LREEs �- MREEs(!R�$4 �
* ��F	� �/\K �� B*/F? 5
�%
 8�"9 �� B9 !�Pf;-  �5;% �;#�!? :�;A 8�;"9 E;�� �� �;A �;A

�N�F��!. :!�".
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53g�s���H% �l�+�
�' �ls^ �"n
 ���. :�A >34  �#�$%!A/" ��H�%/@Y ��#�$%. . .xuu

"�7L5�
+N- �
�F� �
��H�% :�8�"9 �* ��/H� $� :�A��7����� :.
�3R* :�A5��.*

(%) 
G-32 

(Blue) 
G-35a 
(Blue) 

G-35b 
(Blue) 

G-35c 
(Blue) 

G-35d 
(Green) 

G-36a 
(Smoky) 

G-36b 
(Red) 

G-40 
(Black) 

SiO2 �y/�y TS/sS l�/s� �v/�v �v/�� xu/�� �u/�y u�/�� 
Al2O3 �v/v v�/v v�/v v�/v vu/v v�/v vy/v v�/v
Fe2O3 V�/^ x�/v u�/v �u/v ��/v x�/v ]�/^ ��/v
CaO  �v/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v
Na2O vu/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v
K2O v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v
MgO v�/v v�/v v�/v v�/v v�/v v�/v v�/v v�/v
TiO2 vv�/v vv�/v vv�/v vv�/v vv�/v vv�/v vv�/v vv�/v
MnO vv�/v vv�/v vv�/v vv�/v vv�/v vv�/v vv�/v v��/v
P2O5 vvx/v vv�/v vvx/v vvu/v vv�/v ^^l/^ vv�/v vv�/v
L.O.I  ��/� ��/� v�/� x�/� ��/v ��/v y�/� �u/v

(ppm) !R�$4 
�4!	 
Cl  �v �0 �� �x �� �v �v �� 
S �v �� uv ux �v �� uu �v 

Ba  �v �� �x �� �y �� �v �� 
Sr  �v �� �x �v �� �u �v �� 
Cu Vs xx u�� x� �� �x �� �� 
Zn  �� �� �� �u �� �� �� �� 
Pb  � � uv � y 0S � u� 
V �u �� �x �V �� �u �� �u 
W � � � u x � y x
Mo <� <� <� <� <� <� <� <�
Nb  � � u x � u � �
Zr  u� u� �� ux uv u� u� uv 
Y � �� �� �u �� �u �� �� 
Rb  � � V u T � x x
Ni  u� u� �� u� uv uv u� u� 
Cr  �vx �� �� �y �y �� �] �v 
Co  x � � � � � � �
U � � � � � � � u
Th  � � � � � u u ]
La � � � � y � x �v 
Ce �v �� �� �u �y u� �y �x 
Pr  u � � u � x � �
Nd  � x u 0 u l V �
Sm � � � � � � � �
Eu  � � � � � � � �
Gd  x u u � � x u u
Dy  � � � � � � � �
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BzQ� �{/P  �/3�34 |�= B*!
* �#�$% ���.  �#�$%�/3? �3N� xux

�?�N8�"9 �� L�3�# �? �,�� �3R* :�A5��.* 8*!���- ��7$� :�A����� :.
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53g�s���H% �l�+�
�' �ls^ �"n
 ���. :�A >34  �#�$%!A/" ��H�%/@Y ��#�$%. . .xu�

1

10

100

La Ce Pr Nd Sm Eu Gd Dy

G-32(Blue)

G-35a(Blue)

G-35b(Blue)

G-35c(Blue)

G-35d(Green)

G-36a(Smoky)

G-36b(Red)

G-40(Black)

�?�O8�"9 �
��H�% ��.!- �5% ��N$�? !
���� B9 E�� ��=!? ����� :�A�
�5$. �? �A ]�V[.

$U >6;% �* �6��T�*�/;H� ��;#*5�' +;�� REEs �;��= 
�* �);A�. �;3. 5;� � �;? �*!(
�LREEs �;? MREEs)�;?

 �* �-��,4La �- Dy(�� B�)� *�5A� .�*5��La8�"9 �� :�;A
 E�� �? 8�;"9 �;. :�/;2 �;? ��;#* 8 �;<F� }/;$F� :�A :�;A

 8�"9  �*5�� �
!F)�? E�!A��# �*5�� �
!FH. E�� +�!J :�A
La *��� B�)� 5$A� .�*5��La 8�"9 E�� �? :�A +�� !(
� :�A

�� �*!J �*5��  � �
* ��?�!�" .�� ��;F	� ��HACe, Pr, Nd, 

Gd �� �5
� +�� 8�"9 &�H- �. ���= �� ��/% E;�� }*/;�* �? �A-
�* ����;6
 ����;. !
��;�� �3F�� :�ASm, Eu, Dy B�);� *� 

��5$A� .!;R�$4 �. �<" B*/F? 5
�%Sm, Eu, Dy 5;��/- �� 
8�"9 �� E�� �;�7$� :�A �;6���= �� _5;��*5� �);�� �;���� :

.�K ���� !R�$4��;� !(
� �;? �;A� E;�� �� �p�;HF=* 5;$�*/-
8�"95$%�? !PQ� �A.

E�� �3R* >��4 �6$
* Om!�34 8�"9 �� �A� :!;R�$4 �;A
 5$���Ti, V, Cr, Fe, Cu�#�!? �5$F�A �!�m  ��*� B�)� �A
 �� �. E;�� ��;N
* �� +;�� �;4!	  b��H. !R�$4 ��*/� �K!? 
5�!PQ� .��@�*Y �#�!? �� q�e� :*!? ��;#�<�9  �;A �;?9 :�;A

 �/g  ���� �� E��TiO2:�;g �;? �?9 E�� ��N
* �3R* >��4 
�#* �5% �FK�$% �H)
 +,# E��)�;?9 ��;#�<�9 q�e� :*!?

 p�H-*/" E�� ]�].([ �;�@�*Y �� �;. ���= �� �;?9 :�;A E;�� 
B*!
* b/$gTiO2!;R�$4 �;63? ���;�� �?9 E�� ��N
* >��4 

��!. ��N
* *� �?9 E�� ����  �4!	5�* ]�T.[

�,e� :��N$A �?Eu �;�g/- 5;�*/F? 5
�% 8*!;���- !;"
 8�;"9 �5;$$. 5;��/- b�;�!" 5;�/� :�H"�� �� ��!F�" �
���

5%�? .�$m �
* !? � �4 �"5%Eu ���;% >�6)- !(��)� �;��. :
*�)8�"9 5�/� :�A ���% (�?:�;H"�� G;
 �
��� q/\W� B*/$4

 �#* �F	�
 �)
*5g .���% !"* ���. :G;
 �);
*5g q/\W� *�
 �* �5%�? �H"��Eu�� �$m �/%]�S.[

���
 �� ��� ���� ���! 
�� 
�* X�? �� 8�"9l^�;� �5
� �1�,2 �� �3F�� E�� �/;% .�*

!�Pf- �3R* >�*/4 8�;"9 E�� �� �*j" �;� �;A ��FK�;# �;? B*/;-
 �n;
  �?  ��" 5��g ��
�� :�A :z/<� �/g  ����9 �'/6# !6��

 E;�� :+3	 !R�$4 �/�= �O���;F�- �L;� �& !;. ��;A9 >;e� *�
�!a ���%* >6��  ���,. �+$($� ]�.[

8�"9 E;�� �;? �;3F�� h2�;$� �� +;�� �;���� :�A :�;A
 �� �5
� �- �<F�5�/% ]��[�� �3Hg B9 �* �./-E;�� �;? B*-

�/;�J �+;�!J ����;# ��F<� �?9 ��% � �?9 :�A �:!F�;.�K �:*
�!. ���%* �N����  +,# .

���
 ��� �� �.1! �!$�� ���! 
�� 
��/H� �� �A9 5��.* k#/F� �*5�� E�� �?9 :�AVV/^�5;R�� 

8�"9 �� :� �  +�!J �+,# E�� �? :�A ]/^5R�� 8�;"9 ��  -
���# :�A ]s/^5R�� �. �#* E;�� �� �A9 O�� !�Pf- !(��)� 

8�"9�#�A .8�"9 �� +$($� �*5�� E�� ���# :�A^0�/^5R�� 
8�"9 !
�# ��  �A^^�/^�;#* 5R�� .8�;"9 �� >;6�� �*5;��
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BzQ� �{/P  �/3�34 |�= B*!
* �#�$% ���.  �#�$%�/3? �3N� xu�

E�!A��# )ppml0 (8�"9 �* !-p�? �H. !;(
� :�A)ppml^ (
�#* ]V.[8�"9 �� �\�)� !���- O���F�- �*5�� �;3F�� :�;A

 �� ��  ���*5� 8�"9 �* ���,. �*5 �H;# �;? �;% � E�� �? :�A
8�"9 �� XA�. E�� �!�- :�A5?�
 .8�;"9 E;�� �� L;� !�Pf-

�;;#* O;;�� .8�;;"9 �� L;;� �*5;;�� ��(��;;�� E;;�� �;;?9 :�;;A
ppm�^^8�;;"9 �� �:� �  +,;;# �+;;�!J :�;;Appm0] ��  

E�!A��# 8�"9ppm�� �;� *j� ��#* >;��4 �;. �;<" B*/;-
 ?9 E�� ��N
*�� �3R* 8�"9 �� �+;�� �;��m E;�� �. ����� :�A

 �#* L� !\$4 ���A .8�;"9 �� & !;. �*5�� E�!A��;# :�;A
ppm0^ ��/H� !
�# ��  �Appm�T �;#* .!
��;�� B�/;? p�;?

 �� E�!A��# 8�"9 �� &/
�/-  &/��*� * ���);� 5�*/- !�Pf;- �* :*
 8�"9 �
* :!
j' 5%�? /�F.*/
�*� �*/� X?�- !P* �� �A]�.[�;# !


��/H� �� �\�)� 8*!���- :*�*� b��H. !R�$45$F��� �A.

������
 ���!�� 
)�!
 ���! 
�� 
���' ���. �* :* �E;�� B�/? b/m!��� >��� �? !FHa `��* �? :�A

 �� �. 5$F�A �$�@�' :!A/" `��* :*�*� E;�� �;? B*/- :+;��9
 �*� X
*+;;	* *� �;;��9 :��\;;FJ* `��* ��4/$\;;� .E;;�� :+;;��9

4/$\� ���. �E$#  �A �* �;6
 �;? ��;�/H4 !FHa `��* �? :�A
 /3W� �* ���<F#* �B�*� ��!" ` � �#qB5���?�-  �
��H�% :�A

/�F.*/
�*� /-!']�[�� 8�/R�!�" .
�;
�/- �;? �;�!" !P* �� �A!A/" E�� !���- �� �3R* >��4

���? � �<�/� :E�� :�A B9 �	�? �� ��# ��*� �(F�;? �;A .:*!;?
,�? 8�"9 E�� ��<�. �/ ����� :�A�]�;3F�� h2�$� �* ��/H� 

`*!- �* L'�E�� 5�5% �
��!" :+��9 .�;? �;�-�"9 �;�� * E��
 ��;;% � �;;?9 ����;;# �E;;�� �;;? �+;;�!J ��N���;;� ��;;?9 8�/;;R

�#* �3�4  :!�% ��!�- :!F�.�K]��.[
��/H� B�*� ��!" :*!? ��/;. �* �;A �;? +;�N� �;6
!F6�* :

F�N
� >'/./�!- 5% ���<F#* �
��!" ��� .�� ��;a �
*]�;3=!� 
�;�/H� �3=!� !A ��  �	!" 8�/R :�;A��� �� �;�-!- �;? �;A

l^^ �V^^ �]^^ �]]^  T^^�;;;g�� �F��;;;# :�*!;;;J �*!;;;"
5$F	!"]V.[!;A �* L;'  �;%*� �;�*�* � � �$;' �A���!" �
*

 ��!" �3=!� ��/H� �* �
 !A �* �A� LM4 �A 5;% :�*�!? .�
�;F�
>R�=5�!
� �*!J �? ` � �
* �* :

:��� ��l^�-ºCl^^ ���;' E;�� 8�;"9 �* :* �;?9 :�;A
)q * � !"(�% � �8�"9 E�� �. ���= �� �5% !- ��N���;� :�A

 ���#  +�!J)& � � !;" (�!;�- �;� !;- �/;% .:�;�� ��l^^ �;- 
V^^ �F��# : �g�� �% � q * � !" �*!" �H;# �;?  ��5;% !-
E�� �/�J :�A % � :* �� >
�HF� �8�"9 ��  �5�/% � !;" :�;A

 �!�- & � �� !- 5�/;% .�;F6� �� E;�� 8*!;���- �;6$
* �;��g :
8�"9 �;J  ��;A ��,
!�-  ��/? ���9 �3K*� :�A�*/� !? h,7$� �A

 �H� �7J *� �� 5�3. :�A�*/� �E�� 8*!���- �;6$
* !;(� �5$$.
����+
� ��/H� ��FK�# �� B��$' :�A�* *� 5� � �
* �A �;7J >;,J 

���� `!F�" !��� q�= �
* �� �. 5$%�? ��!a `/�F;#� �;A
 E;�� !;' : �5
5' �;� �"5;% �/;% ]V.[>;R�	 5;=V^^ �;- 

ºC]^^ E�� �;�/H� �� �3"  :���' :�A �N���;�  +;�!J :�;A
 �� !A�� E�!%/K ����? �. 5�/% B9 ��� * E�� �* !- *j� ��#�A

 E�� :*!? 8�;"9 �
��!" :+��9 E;�� �;? :�;A �N���;�  +;�!J
��7$� �� ����� ::�;�� B*/;-ºC]^^ �!;. ���$);�' *� ]��.[
��/H� �;% � �H;# �;? &*�9 &*�9 �!�- :��(�� �? :�A B5;% !;-

 �� X�'5� � .��� ��? :�A]^^ �;- ]]^ �;g�� �F��;# :�*!;"
8�"9 �;? :5;$?�*/� �;��= �;<= �? E�� �?9 ��� * :�A 8�/;R
�/�J �� �� E�!%/K ����. :*
9�� *j� _5$ :�;�� B*/-ºC]]^ 

E�� :*!? *�8�"9 :+��9 �;�7$� �� �;% � �;?9 E;�� �;? :�A
 �!a ���$)�' ����� ]��.[8�"9 ��� �
* �� +;�� �!�- E�� �? :�A

 ̀  � �H. �� !-5�/% .��T^^ �g�� �F��# :�/;�J E�� �*!"-
8�"9 :* �� >
�HF� �"!�- �H# �? ���? � �A E;�� �;. 5�/%-
#�$� :�A �;H� !Z� �? �, 5;$
9 .:�;�� �� �;6$
* �;? �;g/- �;? 

ºC T^^ 8�"9 ���!" �* �%�� ���,�* !P* �� ���� >W� �* �A :�A
 �� �F���" �'/6# !6�� ��!" *j� 5�/% �;�/H� !F);�? �A� �;A

�H� !Z� �? �#�$�5#�]V.[

C�$��+ � P4+ 
��!F�;;" ����;;? O�;;���6�  �;;? :5�;;#* :��;;��/
� 8�/;;R

� ��;;
!,H�$(
* ��;;m9  ���;;
�' �;;#/@* �� �;;�.*!-  ��;;#*�/

 ��7$� �� �#/(��* ���. i4�? ����� :8�;"9 �;g/- >?�J :��#

 E$;# �
* �� �;#* �5;% �;A .�;%!# :*�*� O�;�-�H"�� �;
*
�MA9��#* �F��/%/% �- �
��3J .8�;"9 h2�;$� �
!;FH�� �*�

 ̀ *� �>�A  ���N��� �: �� :�A�F# � �������13J �13J +�J ��#-
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53g�s���H% �l�+�
�' �ls^ �"n
 ���. :�A >34  �#�$%!A/" ��H�%/@Y ��#�$%. . .xuy

�# �#* B�F��   .8�;"9 �� �K�# }/$- �/�);� �;���� :�;A
 �!<= B5% !' �� 8 �<F� k
*!% !(���?  �#* E$# :�A �* �;A

qY �#* ���3�# :�A .�	�? �F%�  :�*/� :�A �
!;FH�� �* :*
�	�?8�"9 �� �5% �5A�)� :�A�#* ����� :�A .

X
���9 !A/" :�A �� B�)� �#�$% 8�"9 �. 5$A� :�;A
��7$� >��R !Z� �* �;#* ���;4  b/;K ����;? 5= �� :�/K .

E�� �/g  �:!F�;.�K ����H#9 �?9 ��3�� �?9 >e� }/$F� :�A
 8�"9 �� ���#  +,# :� � ��N���� �+�!J �%�� ��7$� �
* :�A

 E;�� �5$$. ��N
* !R�$4 �� �@+g :�A!���- �* )�+;$($� ��;A9
 >6�� ����,. �&!. �L� (qY �;�.!- �� ��;�3�# :�;A �;#* .

�;7?*� �L�3�;# �;? �,�;� �3;R* :�A5��;.* ��F	� �#�!? :
�$1� ��/H� �*!	 �*/�  O�$��/�9 5��.* �*5�� ��? *� :�*� �;? �A

 �� B�)� L�3�# �*5��5A� .B�);� b��H. !R�$4 ��F	� �#�!?
 4!	 !R�$4 �. �*��� �p�HF=* +�� ��� E;�� ��;N
* >��4 5$�*/-

8�"9�A:5$%�? ����� .$[HA �;,e� :��N$��? ��Eu �;<$�  
Ce �� ���% �. 5%�? �
* !(���? 5�*/-���. :>;H= �� !PQ� ��#

HF=* L�3�# >�6)-  �#�H"�� �
��� �
*5g q/\W� �p�.
E�� :*!;? �;�� �
!;F�? �;. �*� B�);� �
�;�!" :+��9

E�� 8�"9 :+��9 �;?  �N���� �+�!J :�A �E;��]^^ : �;g�� 
�F��# �"9 :*!?  �*!"8�?9 E�� �? :�A]]^ �g�� �F��;# :-

�#* �*!".

��$��7Q 
I5;$��  ����;K >��	 I5$�� �5
Q� ��W� !F.� B�
�J9 �*

 �;� :�*+(;#��# �H34 :��-�/)� :*!? ��*�!
5J b/
* �/;% .�*
B�;
�J9 ��
��H�% :�A+����9 &�N�* :*!? �/��$�? B*�����. �.!%

 �;�/H� `*!;- :*!;? :�/� b/,W�  ��!W� >#!� 8�;"9 :�;A
�� !6)-O�$a .

RL$�! 
]�[B�. � �)� ��#5$�� �B*!
*"�� �;FH�J :�A!A/" ��)F.*

B*!
*"�B��1�  �
�$R 8�*�  �l�] �W<R )�lSs.(
]0[� �
�* .�"�#�$% !A*/g 8��3. �8*!A*/g B��g"8*��)F�* �

�B*!�- �:5#* ��* ��
lT0 �W<R )�lSV.(

]l[|�= �b /3�34"�#�$%!A/""* ���/;� &�;�' ��();�*� 8*��)F� 
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]][& :/,� .�.�"�U�,
� ��;�� !? :* B*!;
* �;#�$%"8*��);F�* �

���� B����# F.*  �#�$% � �/);. ��5;1� 8�	�)�^s �W<;R
)�l]].(
]T[} I �-�,��J9 .�"��;�� �)�� B�;N
�?�z9 �;#�$%"B����;# �

�����/). ��51� 8�	�)F.*  �#�$% ��lS].
[7] Hajalilou B., Vusuq B., "Comparison of 
metallogenic characteristics between Alborz 
(Tarom-Hashtjin, NW Iran) and Azerbaijan-Lesser 
Caucasus, 6th EUREGEO", Munich, Bavaria, 
Germany, 9-12 June, p. 195-196 (2009). 
[8] Hurlbut C.S., Kammerling R.S., "Gemology, 
John Wiley & Sons", New York, 336pp (1991). 
[9] Bauer J., "A field guide in color to minerals, 
rocks and precious stones", Artia, Prague, 208pp 
(1977). 
[10] Götze J., Tichomirova M., Fuchs H., Pilot J., 
Sharp Z.D., "Geochemistry of Agates", Chemical 
geology, 175, p. 523-541 (2000). 

]��[|�= b /3�34.b {/P  �.�"���� ��(F#�K :�;�-�"9 �#�$%
����� )B�;N
�?�z9("�\;\�- X
�;HA ��;� � ���;�� �;#�$%

 &��' ��()�*� ��/). �/��S��T+;
!,- ��);�,
��* )�l�S (�
�ls��V0.

[12] Hajalilou B., Vusuq B., "Gemological 
Potentials of East Azerbaijan Province, NW of 
Iran", 63rd Geological Kurultai of Turkey, MTA, 
Ankara, Turkey, 5-9 Aprill (2010). 

]�l[|�;;= 34b /;;3�.b {/;;P  �.�"�� �FK�;;#  �F	�;;? }/;;$-
 B�;N
�?�z9 {!;% b/$g :��-�"9"�\;\�- X
�;HA ��;� � �

���� &��' ��()�*� �#�$% ��/). �/��S��T+;
!,- ��);�,
��* 
)�l�S (��lV��l�.

[14] Boynton W.V., "Geochemistry of the rare 
earth elements; meteorite studies.", In: Henderson 
P.(ed.), Geochemistry. Elsevier, p.63-114 (1984). 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

                            11 / 12

http://ijcm.ir/article-1-431-fa.html


BzQ� �{/P  �/3�34 |�= B*!
* �#�$% ���.  �#�$%�/3? �3N� xu�

[15] Harlow G. E., Quinn E.P., Rossman G. R., 
Rohtert W. R., "Blue omphacite from Guatemala",
Gems & Gemology, 40, p.68-70(2004).   
[16] Oberhansli R., Bousquet R., Moinzade H., 
Moazzen M., Arvin M., "The field of stability of 
blue jadeite, a new occurrence of jadeitite at 
Sorkhan", Iran, as a case study, The Canadian 
Mineralogists, 45, p.1501-1509(2007). 
[17] Morgan J. W., Wandless G. A., "Rare earth 
element distribution in some hydrothermal 
minerals:", evidence for crystallographic control: 

Geochimica et Cosmochimica Acta, 44, p973-
980(1980). 

]��[|�= b /3�34.b {/P  �.�"�� E;�� }/;$- >;34 !? �3�3W-
 ����� ��7$� :��-�"9"��;�� �\\�- X
�HA ��� � ��;#�$%

 &��' ��()�*� ��/). �/��S��T+;
!,- ��);�,
��* )�l�S (�
s���^0.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://ijcm.ir/article-1-431-fa.html
http://www.tcpdf.org

