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C ,+72+��M , ���N�KN"2�,�2" ���YN"53	 *N),� +N3U� , �+*

5(:�� . � � W(" �#�� qc�� ��K	�2; �	�C +�
:N+�N� � T K
��5)�C .��M���K3=  �X!; ���Y"53	 B+"�:; Z��) A$ N
�#!M2

"2�,�2"+3U� , �+*�"  .����$+; �B+M,� � �*�+2
C �*+72+��
7�;$ , �5M �5(3/��2�+��M ����K4�	 �W(" 6'N7  �+N� Z�-

5(�� .��M��N�K2��[ N
W(N" �# 5N(7��/4�"N
�+�3M �� N
 ��
� �, NN+ ��NN
5
8&(
�NNM  ��+��NNM, *�$5��NN�KNN"� �.�NN	�C

O2;�M+3+:+� ��Y"53	 B+"�:; �� T
� %5��2)
N(.�B+N"�:; 
��M ��Y"53	����
7�;$ Zl� +�"  �:	�-�C ��  � �5M , �.�:�
\

��NNN�$+8XRD��NNNC ��YNNN"53	 �2NNN^, 
� � B
NNN(.�83NNN" 
*
(Celsian)(BaAl2Si2O8) ��  � NN
NN� A�'NN� W(NN" *�5NN��

)Z6)�.(�:�
8E7 \
�K)+J+��
ZM W(" �N+8�N+n�NC A 8K
��C
� A�'�  � B�5�� .N(H mn�NJ:] �-5N) ���NC 
ZN] �� �� B

��:� �
 5^�
6'7 s4�C +����Y"53	 ZK��C 
B �� � �
W(" *
�"  %5) .=27+� 5.7 Z��M |K��M #  ���K 
W(N" *�NC �N�

# � �D
��5.
��M��C ��Y"53	 B+"�:; C S�2=�� �N7 Z6)+Z6N) �NJ � �

�
� %5��2) .%# 5�  K 
��M *�� 5(R #  +3+�N7 �:J��+3+�N:J
�"  .� #27� +7�; ,�6+:�j+3�%5��'� qc�� �� BM %5N) .��

�� 2�KO2; �	�C ��Y"53	 B+"�:; �M+3+:+� A�'� T�5N�� .�NC
�20K���23C �)�� �M KB+N"�:; ��NM ��YN"53	��N��
5N(��� 

;+7�;$ , *�M,�+�:	�-�C ��  � �5M , �5�  . 
��M *��,5N] �N7 
#
��K��NM �C ��N�KN"� �8E7 N
�N"  %5N) �)ZtN)9|N�  .(

"2�,�2"+��)�� ���7
��M *���K"W(5�  A$ %# 5N�  �M �N�
��-��C2cm �+� 8�5"� .��M �42JE����K��Y"53	 B+"�:; ,

NN3U�+*,X!;NN
#!M2 ,�NN3M+�,NN"�"+�NN���$ , �+ZNNj � �� B
"2�,�2"+�%5��'� ZC�D �� 5���NM ,� �M �C ��N�� N+�:'
*

� , �	�5�� �  � .��M���K�2^2� C+�:' C��N��] , %�2NC Z6)
5)�J�K� A�'�  � �5(��)Z6)9G.(X!;
��#!M2 �NC S�2N=

���23CKZ6)%# 5�  �� , � � ��K� 5(R +3+�7 �:J��+3+�� �N:J
 NN
W(NN" *� � �2`NN] �NN�NN�5.CNN+�NN��$ �:' � � KZNNM�� �NN�K

3;�::("+�; , TK3M+, %�2C *��c(�5(CK%5) 5�  . 
��M *�-

��M �C ������
{�+�" �
�+��M , ����K"��5/7 
%5) Z5�  .
�C *+3U� C S�2=�� �N7 Z6N)+�NJ � � � Z6N) N
 N� %5�, �2N)

%# 5�  K� 5(R #  A$ +3+�7 �:J@�+3+C , %�2NC �:J N+ �`N	 �:'K
C+�N"  %��NM �N;  � ����Y"53	 *,�,5N] @ � W(N" 5N=�� 

6'7+� Z�5��)Zt)9|N�  .(#N
�NC *M� S�2N=&�,�� N+���
B+"�:; Zj � X!; , ��Y"53	
� ��#!M2
%5���2) .

�
���?	��
� ���C�	 F�� )������E	�)�����D(
 
W(" *��2J� �� ��K:"� ��:�M�j W�� �C Kj+3�*),� 

�M2(	 �M 5(:��
����K7 A , �	 +X!; %�
�# �� #!M2+�(
U"+7  � W(" �W�� 5+%�� A�'� �7�5�� . 
W(" *1�J7 ��

�23C
 � � , %�2C *K��M ���K7+; %�+*�M,�� �+2
C, *+72+, �
��M���KX!; *),� 
3U� , ��Y"53	 B+"�:; �#!M2+*�"  . 
*

W(" � � �#�� qc�� �� ��K	�2; �	�C +O,�+�M �"  5
�M2(	
����KX!; �)�� 
; ���- , #!M2+�# �� *�M,�+�(-

 K/)+5)�J� �C �K��K"2�,�2" Zj � +�"  �:	�- � �D �.
��M���K3=  �; Z��) W(" X!
#!M2)@@5=�� (,B+"�:;

 ��Y"53	)��5=�� (,3U�+*)?5=�� (; ,+*�M,�)�5=�� (
�"  .��M���K4�	 �W(" # 5(7��/4����$ +B,� +2
*,C+72+�,

7�;$+�,# , �5M
*M� .� +2
n2�2M S�2= �C *�
)
(.��C
�" % �J�
��M ����K	�� +�5M , T(�
� %5��2))Z6)9�

S ,.(�M����K2��[ 
"�" �+�M  ��+��M , *�$5���K"��
�+8� W(" ��
� %5�2)�5.

�
���?	��
� �����F�� G)��
�D�������� (
 
W(" *�N�2J� �� �N� K:N"� ��:�NM�j WN�� �NC K�N
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��5�2) . �j�"
W(" *%�27 ��  K�"  .W("��K
%5N) �� 

S �M,8� �7 S �M2M2�5�  .��NM��N�K*N),� W(N" �� �2N^2�
 Z��) ��Y"53	 B+"�:; X!; �
��NM , #!M2��N�K7N+%�KW(N" 

#  5(7��/4 ;+� �*�NM,� N+2
C �*+72N+5N(3/��2� , �.qNc�� ��
  �#��
W(" * � � ��K	�2; �	�C +:
�+T�� � 5�� � .(dJ�+*

�	�C���
O2; Zl� �M+3+:+:�$ �T�M�; �+2K �� N
W(N" *�N�
 ZC�D%5��'�5�  .�M����K3=  �W(" 3D ��Y"53	+��
5N(7��/4 

#  X!; 
����$ �#!M2+3U� , B+*.NC S�2N= �NC ��Y"53	 B+"�:;�
� �NN7 Z6N)+Z6NN) �NJ��7 � �
m�N/ >@6'NN7  � W(N" 5NN=�� +Z

����M �C a3H  , 5�����K"��`N.C �� , %5N) A�"�-� �# 
�:�� ���$ K��M ��CZ6) S�2= ��M �C Z��M �20 �C � ���N�K

"��5/7 
%5) Z5�  .����$+S�2= �C B%# 5N� �� , �4�.) K�N�
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;3�/|�  �5)�J� K4�.) �C+3U� *+3D , *+��
��Y"53	 (XPL,x40) G ��N"2�,�2" +�# �NC A$ %�N-��2j�C , �+�N((XPL,x40)� ���N	�C 
	�2;+�K�# �C +/) �(+5)�J� �K��KN"2�,�2" ZNj � +(	 , ��M2 N
���N�KX!; N
; , #!M2+*�NM,�(XPL,x40) S ��7�;$ N+��N�K�N)�� 

(XPL,x40) � ������$ +B��KZ6) � �(XPL,x200)� ����M �X!; 
�,# #!M2+W(8E7 8M�� �C � �
%5) �(XPL,x100)���2O# +���K4�.) �
S �U] ��(XPL,x40) � ����M ��3M +��"�-� #  mn�J:]  �M ��X!; 
#!M2 �"  %5�$ �2^, �C ��(XPL,x40) � ��� +2
�NM  �NC m!��M �M *+5

5/7 *�$
�"  %5) Z(XPL,x100).

� �)�� �7 i"2:�+8�N���$ S�2N= �C +Z6N) B�� ��@5N=�� 
6'7  � W("+N� Z�5N��)ZtN)9�(,�2O# N+��N�K4�.N) �

 �C % �J�
��M *�%2N�D W�� �C � K��6N) ZNj � �� 5N)� �N�
%��M5�  .;X!
�C #!M2 Z6) S�2= ��7 � �
m�/�� � W(N" 5=�� 
6'7+� Z�%# 5�  , 5�� K# A$ ��7���+3+�:J , ��"   � � K

��NNC�H �NN	�C�ZNNM�� ,�NN�KNN3;�::(NN"+�NN; , T
36+*�NN"  ,
��c(�5(CK�+� A�'� 8�5(�� .`.C���M #  ����
�M�N�c(�-

5(CK, %5)�3M �:��+m!��M 8M�� �� 5�� � T��NM �NC ��N�K
"��5/7 
%5) Z5�  .(dJ�+`.C *�X!; #  
�N��] �NC ��#!M2

��2�2M  K):)�/� �(	�2;,��23- �N	�C , %�2NC+�N
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��M *��" �C 
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��H��� �< �I	�$�	J K�EXRD 
�:� Q�"  �C
���$ \+8XRD��M ����
qc�� �� �M 

�+;26",�6�W(" ��K"��C ��2� �%5) %5��'� �5��2C123.� 
� �M 5�5)���M �2^, �C A 27����
����$ Zl� +�,�7�� �B+, �

3U�+��2J� �� *��K"��C ��2� ���M %��)  .(dJ�+�2^, *
��C ��Y"53	
B� �
(.�83" 
3U� �� *+" *+(+���K�C ��c(� 

"� S�/[ +5.�� �6��(R)Z6)�(� �{]!������$ �2)+�C B
�3D��Kkj�) )�/�(��@/��)�(�9/9,)�/�(>�/@�,�7�� ,+�

�C�3D��Kkj�) )�@/�(��/@�)�(�@/�,)�/�(�?/�3U� ,+*
�C�3D��Kkj�) )?@/�(�@/��)�(�>�/9,)?/�(��@/�ZC�D 

�'7+k5�  .Z6) ��)�(�:�
���$ \+8XRD��2J� \(; K
W(" #  ��.���K"��C ��2� ��O �  )%55�  .�C�(C��2&�  K

XRD �3DK�C+����2J� �� kj�) ��K"��C ��2� � �C K
����$+B>/@ �C ,KC+72+��/�� �" )Z6)�.(

;3�L� �2J�K��XRD��c(� #  ��2J� \(; K �C K"��C ��2� ����$ �� �M �3D�C �+�,�7�� , *
83" ��+72+C �B+����$ kj�) K�� k�'� �20
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��/4K��JM ��",��	 ��] �A�+O 5	 �+�5KA �
  �"�() ���M , �"�()�23C �3E� ��

,2M���N�
��M �	�M �!�� 
\
�:����$+8�
V# ��;8 *�_,�+;K���2^2� W(" �� K��

 5(t)�C K5+O27�Y"53	 �� I,5^)�(%5) �O � 5�  .�CQ�"  
B+��7K5(C ]�9[� �2J� ��Q-J*�_,�+; �������R %,�- 

� �D ��5��+- �� � �2J�Q-J�Q,J�C S�2=Q = Ca + Mg 
+ Fe(ІІ),J = 2Na|
�.7 ��*�_,�+; 1�J7 5�2) �� ��

 ,�J3DQuad*�_,�+; �(.
 B+�3_ K�� �*�$ , B
8+(� � �D � �
�:	�-5�  )Zt)@|� .(, �+O� X �87� 2_ � �2J� �� *+(dJ�

 �+J_$2(+3_*�_,�+;K�� �� ��c(� �+.D2�Quad�
2~7 
��5�2) )Zt)@G.(�C�^27 �C K�+-� �D *�_,�+;����

��c(�KQuad��A 27 # � �2J� Wo-En-FsK �C *++.7 �2� 
A$����A 27%��U:"  �M�.%5) 1�E�  S�/"�g� �C�(C�2J� � 

]�9[*�_,�+; a+_�7 *++.7 K �C� �_ �"  A$ �&��'� ��� �
J71���2J� Z��) �
��:�  2`4 a+_�7 �%5) �"��C K�� 

�+7�:�� (En)�+3+",�	 �(Fo) �+�2:"n, ,(Wo) *+C 

En40.75Fs9.40Wo43.98 �7En43.23Fs13.61Wo47.87�"  �+b:� .
 
*�(� � K7 B_ b�7 �
X,  K� 5
�; A 5+� Z=�	 5] �� S �++

5+�;2
�C , %�2C + �&��
�M �"  *; 2(+3_ *�_,�+ �2^2� K��
W(" �� ��c(� K�� �2� #  K5+�;2
� �
X,  5(:��)Zt)@

�.(a+_�7 *�_,�+;2(+3_���[o:� #  �J+) A�C8+� %# 5- A$ -
�"��.*
  �+=�j a/" ���2) �7 *
  5� 2:C ���_ S,�U7 
�2^2� *+C � 2�  |3:�� K���J-��  � �:� #�C k�'� M5(.
�"��CK�� ]��[�C �&:�C , �7a+_ *�_,�+;2(+3_ a+_�7 �C 

�
�+J+) K�J-�� %5�#�"KA$��5+_o7 �� � .��  *
  �+J�  
*�_,�+;2(+3_����*++.7 K�" �
�J-�� W(" A�C8+�  �

k�'� ��5(_.�C Q�"  � �2J� Ti �C �/�� Ca + Na  
]��[�_ 8
�J:� a+_�7 %5((_��K3D+��
# �� #�CK�� �"2D 

��"  ��2J���K(���2� ��c "��C�h
 �-3D+��
5�� � 
)Zt)@S.(

 ���(*�_�+;2(+3_ �,�;,�t+� 8+���$ \
�:� 5(t)�C K��.
Sample � � 9 � @ > ? � � �� 

SiO2 @�/@� �>/@� >�/@� ��/@� @�/@� ��/@� 9>/@� �>/@� ��/@� ��/@� 
TiO ��/� ��/� �>/� ��/� ?>/� ��/� ?9/� ��/� ��/� ??/�

Al2O3 �>/� ��/� ��/� ��/� ��/� >�/� ��/� 9�/� ?�/� ��/�
Cr2O3 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe2O3 �@/� @9/@ ��/� 9�/> ��/� >�/9 ?>/@ 9?/� >�/@ �?/�
FeO �9/� �9/� ��/� ��/� @?/9 ��/9 9�/� ��/9 ��/� �9/�
MnO ��/� 9�/� 9?/� 9�/� ��/� 9>/� 9�/� 9�/� ��/� 9?/�
MgO �>/�� �?/�� ��/�� @�/�� ��/�� ��/�� ��/�� ��/�� ?�/�� ��/�� 
CaO @�/�� 99/�9 @�/�� @�/�� ��/�� ��/�� @�/�� ��/�� 9�/�� ��/�� 
Na2O �9/� ��/� ��/� ��/� �@/� ��/� ��/� ?�/� �>/� �9/�
Total �@/��� ?�/��� 9?/��� 9�/��� �9/��� ��/�� ��/��� ��/��� >>/��� �?/�� 

Si ��/� ��/� ��/� �?/� ��/� ��/� ��/� ��/� �>/� ��/�
Ti ��/� ��/� ��/� ��/� ��/� �9/� ��/� ��/� �9/� ��/�

Al (IV) ��/� ��/� ��/� ��/� ��/� �9/� ��/� ��/� �9/� ��/�
Al (VI) �?/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Cr ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe3 ��/� �@/� �9/� ��/� ��/� ��/� �>/� ��/� �@/� ��/�
Fe2 ��/� �?/� �9/� ��/� ��/� ��/� �?/� ��/� ��/� ��/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg ��/� ?�/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ca ��/� ��/� ��/� ��/� ��/� �?/� ��/� �?/� �?/� ��/�
Na �>/� �?/� �>/� �>/� �>/� �>/� �>/� �>/� �>/� �?/�

Total � � ��/9 � ��/� � ��/� ��/9 ��/9 �
Wo �>/�> �?/�? ��/�9 ?9/�@ @�/�> ��/�> ?�/�@ >�/�@ >�/�@ �9/�? 
En 9�/�� ?@/�� ��/�� ��/�� �9/�� �9/�9 ��/�� ��/�� ��/��� �>/�9 
Fs >9/�� 9�/�� >9/�9 �>/�9 >>/�� >�/�� ��/�� �>/�� @�/�� ��/�
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;O�P|�  (h
�J� a+_�7 *�_,�+;K�� ��c(� �� � �2J�Q-J]�9[G(h
�J� a+_�7 �
�+J+N) *�N_,�+;2(+3_ �� �Nl3l� � �2NJ� 87� 2N_ �
�N+J_$ , �N+O� X]�9[�(h
�NJ� aN+_�7 �
�+J+N) *�N_,�+;2(+3_ �� �Nl3l� � �2NJ� Wo-En-Fs ]��[S(%��U:N"  #  aN+_�7 �
�+J+N) 

*�_,�+;2(+3_ K �C ++.7K�" *�
�J-��]��[��� �2J�Ca+Na Ti-��2J� �� �� ,�J3D 3D+��
� �D �:	�-5� .

���7�!�
3=  �=�(4 �
�+J+) 8+���$ \
�:��4�	 ,�W(" ��2J� K��

 �� ��c(�)I,5^�(%5) �O � 5�  .A 8+�SiO2)@�.��@@(
W(" �� , %�2C i"2:� ��c(� K��Al2O3)��.���>.9@ (# 

�{�� , �	�# 5.C SiO2 �M �� � � �D 
C ��2� *+�0�j �C �:'
��M �2`]���K�2�$ +(+123U� 5(��� � �+X!; �*
#!M27�  �#!M2

C ,+72+W(" �� ���K�"  ��c(� .����
�K2O)��.@� �
�.>� (��2J� 8	  �C ��
� 5�� hSiO2 8	  
� h�
"�:; , 5C��

 A�2C
W(" *� A�'�  � ���5�� .CaO)>.�@��(C+�:' �� 
�,  Z] ��+� 5^
h�J-�� �
�:j�" �� , ���M ����
5(��� 

3M+;2(+X!; , *�M,�
7�2�$ 5=�� �C #!M2+� n�C ���2) .
�M +��5K�,  Z] �� �� *�$ +�K�J-�� �23/7 �
�{� �� �C 

�; ��'	 *:	�-+
�- *
-5�8��M  +�:j�" �� A}���M ���K
(�,�	+8
{� *+� �+2
��M , *���K�^ �5M K��-+5�� .
(dJ�+*�+A 8MgO)�.�? �@�(.�c" , �CK��M�2`] �-

��K(�,�	 +8
� 5(��� *+2
C �*+72+3M , �+;2(+I�:(M *�M,�
��'��M 5�,� , �2)� 
�M  *+M�] mn�J:]  5���~� #  
C+5) , �:'
 �75
 5:C  Z] �� �� �~(4 *�
 5^
h�J-�� �


�" .W("��K��2� "��C���� �2J� TAS ]�@[��
%�,5g���KO2	 +"5+(+O2	 ��+",8�2�5+(+�,8�2� , �+�� �D

��-+5��)Z6)>|� .( �CK.7++��� *+�J-�� ��
 
W(" *-
� �2J� #  ��]�>[��J7 �5) %��U:"  ���2J� ����%�:�-K

3D+��
� � �D �-+5�� )Z6)>G.(� ��0 # 
�& �C K.7++*

�e
�Y-$ a
:+��7 #  T+5(C BK]�?[ �5) %��U:"  
� �2J� *
W("��K�+6)�+:�W(" #   � ��K�Y-$ 
:+�  5^ T��5(M

��J7���2J� ��K"��C ��2� �%�:�- �� K�+�6)�
:+� �D T
��-+5��)Z6)>�(."��� � �2J� ��+�5(M �C %5) �
�]��[�

2&� KREE )Z6)?( � �KC+��E(�KU(� �Eu   �M �"
*
C+��E(�KU(� �Eu:� �� +�EKX!; A5)  5^ 
, X!M2
�

�Y"53	�"�:; +B# � �%# 5-K�3	 +C �R T�",+�3 5^
h
�23CK'�C G,F �34 �C �R ,�)�Y"53	 A$ �� �M����U7 �� 

D�C���5���(�"  .C+��E(�K�/l� Eu �+8:� B�+�EK
��Y"53	 �)�/�  �" ]��[.�2/�C+E(���K��KU(� ��/l� ,
%5(�� A�'� B�K 
#!; �23/7 �M �"  *
J�� h�� #!M2���

Z6)-+�Ki�	 �"  *6J� , �� 5� �J-�� V2�:"� �23/7
�^ #  Z/D �n�C ��'	
&+�K�7n�C �2c" �� �5)�C %5) ]��[.

�=�(4REE��2J� �� ��K��2� "��C�)+U(� a��� , �:) � 
A$ LREE �C �/�� ��MREE , ��HREE(H ���-5) �

~�'��� A�'� �5(�� .�+&��+��2&�  *KREE ��E(�C %5) 
�5(M �C
�]��[W("��K�C�'� 5�,� ��c(� ���2&�  �CK

REE3U� +" *+(+���K�27��$ �8M�� KM�7 �� +A�'�  � �
��5(�� .��2J���K��c(� K"��C ��2� �3U� ,+*"+(+���K

�27��$�8M�� KM�7 +�� �HREE��7 ��
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��/4K��JM ��",��	 ��] �A�+O 5	 �+�5KA �
  �"�() ���M , �"�()�23C �3E� ��

 ���-���$+3=  �=�(4 8�4�	 ,�"��C ��2� ��c(� �.
Sample 17-EB 1-AB 4-AB 3-E 8-E 22-E 23-E 24-E 26-E 27-E 2-EB 5AB

%)Wt(2SiO �/@@ 9/@� ?/@> �/@> �/@@ �/@@ @/@9 �/@� >/@> �/@? �/@@ ��/@? 
2TiO @�/� >�/� @?/� >?/� ��/� ��/� @>/� @�/� ��/� ��/� >�/� 9@/�
3O2Al ��/�� @�/�� �@/�� ?�/�? ��/�� �@/�� �/�� �@/�� ��/�� �@/�� 9@/�> ��/�� 
3O2Fe ��/� @�/� ��/� ��/9 >�/� �@/� ��/� ��/� ?@/� ��/� 9�/� @�/�

FeO ??/� ��/� �@/� �>/� ��/� >�/� ��/� ��/� ��/� �?/� >>/� >�/�
MnO ��/� ��/� �?/� ��/�I ��/� ��/� ��/� ��/� �?/� �?/� ��/� �>/�
MgO �?/� ��/� >�/� ?�/� >?/� ��/� �9/� ��/� >�/� ?>/� ?�/� @�/�
CaO ?�/� ?�/� ��/� ��/9 @?/9 9�/� �@/> ��/� ��/� ��/� ��/9 ��/�

O2Na >�/9 99/� 9�/9 �@/9 @@/� >9/� �@/� >9/� �>/9 ��/9 99/9 ��/9
O2K ��/> ��/> >?/� @�/> >>/? ?�/? >�/� >9/� ��/�� ��/�� @?/? @�/�� 

5O2P ��/� @�/� 9�/� ��/� ��/� 9�/� >9/� �>/� ��/� 9?/� @�/� 9�/�
3O2Cr <��/� <��/� <��/� <��/� <��/� <��/� <��/� <��/� <��/� <��/� <��/� <��/�

SrO ��/� �>/� �>/� ��/� �@/� �9/� ��/� �@/� ��/� �>/� ��/� �9/�
BaO ��/� ��/� �9/� ��/� ��/� �?/� ��/� ��/� ��/� ��/� �>/� �?/�
Total ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��� �/�� ��� 9�/�� ��/�� 

)ppm(Rb ��� ��9 9�> �>@ �@@ �>9 @/��� �9� ��9 9�@ �?� ��� 
Sr ?@@ @�@ @�� ��? �@> 9�> ��?@ ��� 9?> @�� 9�� ��@ 
Y @/�� >/�@ �/�? �/�� >/�� �/�> 9/�� �/�9 ?/�? �/�� �/�� �@ 
Zr �?> ��> ��> ��� ��9 �9� ��� ��� ��� �9? �@� �? 
Nb �/�� �/�9 �/�� �/�� >/� �/�� �/� �/�� ?/� �/� ?/�9 �/?
Ba �@�� ���� ���? �@?@ ��9@ @�� ��@� ��� ��� ��?� ���@ >�� 
Hf �/� �/@ ?/� ¾ �/� �/> �/9 �/� �/� 9/9 �/> @�/�
Pb �? �9 �� �� �? ?� ?� >@ �@ �? �� �9 
Th �@/�> >�/�� ��/? ��/�> ��/�� ��/�9 9�/? 9@/�� ��/> �?/@ �/�� ��/@
Ga �/�� ?/�> �/�� ?/�� ?/�? 9/�� @/�� �/�? �/�� �/@� �/�� �? 
Zn ?� �� �� ?? 99 ��� >9 >� �� �� �� 9� 
Cu ��� �� ��� �� @� �? �� ��9 9� ��� �� ?� 
Ni <@ <@ <@ 6 <@ <@ �? <@ <@ <@ <@ @
V ��� ?� >? ��� >� ?> ��� >� @9 @� �> 9� 
Cr <�� <�� <�� <�� <�� <�� <�� <�� <�� <�� <�� �� 
Co @/� �/� �/9 �/� �/9 �/� �/�� �/� @/9 �/� �/? 9
U ��/� ��/� @9/� ��/� @9/� @>/� ��/� ��/� ��/� ��/� 9@/@ ��/�
La �/@� �/�> 9/9� �/@9 �/@> @/>� �/9> �/�9 ?/9� ?/9� ?/?9 ��/�@ 
Ce �/�@ >/�� �/@� �/�� �/�� ?/�9 �/>@ 9/�� �/>� 9/>� �/�9@ ��/�@ 
Pr ?@/�� @@/�� �9/? �@/�� ��/�� �9/� �@/? @�/� 9?/? �?/? �@/�@ ��/@
Nd �/9> �/9> ?/�� >/9? �/9> ?/9� �/�� @/99 @/�> 9/�> >/@� @�/�� 
Sm >�/> ?�/> @�/� ??/> @9/> @�/> ��/@ �>/> ?9/� ��/� 9�/� >�/9
Eu >9/� ��/� �?/� >?/� >�/� �?/� @�/� 9�/� �.�> ��/� �@/� �9/�
Gd 9�/> 9�/> 9�/� @�/> ��/> �@/> ��/@ ��/> >�/� @�/� ��/� >9/9
Tb �>/� ��/� >�/� ��/� �9/� �@/� ?�/� �@/� >?/� >�/� ��/� ��/�
Dy ��/� ��/� 9�/9 9�/� ��/� ��/@ ?�/9 @@/� ��/9 �>/9 ��/@ ��/�
Ho ��/� ��/� >>/� ��/� ?�/� �>/� ?�/� �@/� ?�/� ?�/� �>/� @�/�
Er 9�/� ��/9 �>/� ��/� 9@/� �@/9 9�/� �>/� �@/� ��/� 9�/9 >�/�
Tm 9@/� �@/� ��/� 9@/� 9�/� @�/� 9�/� �9/� 9�/� 9�/� ��/� �?/�
Tl <�@/� <�@/� <�@/� <�@/� <�@/� <�@/� <�@/� <�@/� <�@/� <�@/� <�@/� <�@/�
Ta �/� �/� ?/� �/� ?/� �/� >/� �/� >/� >/� �/� >�/�
Sn � � � � � � � � � � � ��/�
Ag <� <� <� <� <� <� <� <� <� <� <� <�
W � 9 9 � 9 � 9 9 9 � ? ��/�
Cs ��/� �9/@ �>/> >@/� �@/� �?/> >�/� ��/> �@/� ��/> ��/� 9�/�� 
Mo � � � 9 � � � � <� <� � ��/�
Yb ��/� ��/� �>/� �?/� ��/� 9�/9 �>/� @�/� ��/� �?/� ��/9 @�/�
Lu 9�/� �>/� ��/� 9>/� 9�/� @@/� 9�/� ��/� ��/� 9�/� @�/� ��/�

n)Sm/La( ?�/9 ?�/9 �>/9 �>/@ >>/9 ��/9 >?/9 >>/9 ��/� ?�/� 9�/� 99/�
n)Yb/La( ?>/� ��/�� �?/� >�/�� �>/�� �>/�� ��/�� �@/�� �@/�� @>/�@ ��/�@ ��/�� 
n)Yb/Tb( 9@/� �>/� 9�/� ��/� @>/� 9�/� @�/� �>/� ?�/� >�/� ?@/� >�/�

*Eu/Eu >�/� ?�/� ??/� >�/� �>/� >�/� >�/� ?�/� ?>/� ??/� ?@/� ?�/�
TotalREE ��� �/��� ?@/��� @/��> ?�/�>� @?/��� �/��? �/��� �/��> �/��� >�/��� ��/9�� 

.Larsen I �/�� ��/�� �9/�@ ��/?� �>/� �@/�� ?�/�9 @�/�9 �?/�@ 9�/�� ��/�> @�/�? 
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53^�9%��J) ������C �9�� �-}
,���M K���"�() W(" ,�"�() W("K�� � �5+O27�Y"53	 . . .�@

;3�Q|� �%��C5(KW(" ��K��c(� K"��C ��2� �� �2J� �� ]�@[G�.7++�" *K�J-�� �
W(" ��K� �2J� #  %��U:"  �C ��c(� ]�>[
��%��5(CK3U� +" *+(+��:]�?[.

;3�RK2&� ��E(�C��2J� %5) ��K��c(� K"��C ��2� ��
�5(_ �C ]��[.

.7 �2{(� �C++*%�&:"�j��2J� ��K�C ��2� "��%� � ��K
)+J+��
�:)2- �C K�,  +# �]��[��E(�C%5) 5�  )Zt)�.(

C � �2J� *
  Q�"  �C+��E(�K��  � B�� �/l� K�� K �C A 27
�=�(4K�Pb ,RbC ,+��E(�K�=�(4 K �C  � B�� �U(� K��

Ti ,Nb��M %5��'� .W(" �� �-5) �(H *
  ��c(� K��
���	 �C L�/7�  �� 5� 27 5(
 �����-�KC , 5)�C �:)2- +��E(�K

�=�(4 �U(�Ti ,Nb��  � 8^ A 27fC+��E(�K�U(� TNT 
��,$ G��] �C]��[.�+3�7 Z+��KTi B�+7�J-�� �� �:�C ,

�Ch� �,�	 ��-
-5�8�Kn�C 2O�� ��c(�K�"  �'� �,�	 .
�- �:D,
-5�8��7 �"  1#n K�7��
# K��� 5)�C n�C A}+�M  

�	 K,�] K��#Ti �� %# 5-��c(� #  %5) �:'� Q�:; K��K
�+3�7 h� �,�	 �2)]��[.�+3�7 *
 �C�(CTi , �:	�&� S�2= 

C �~(4 *
 +��E(�K�� A�'� �U(� 5�� .�{� �C]�9[I2/+U�$
K� 5�&� K �C �/"�(� ��+�C ���MNb ,Ta�:)2- �� K

�
n�C�" �� ,C 5� 27+��E(�K�U(� Nb ,Ta ��  � 
5(M I�:(M h� �,�	 A,# �C L2C�� B�+7�J-�� .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

                            11 / 16

http://ijcm.ir/article-1-183-fa.html


��/4K��JM ��",��	 ��] �A�+O 5	 �+�5KA �
  �"�() ���M , �"�()�23C �3E� �>

��2&� K�~(4 5(R K��E(�C �0�(� #
���c(� K2&�  �C 
"��C ��2��%5) ��
���  �5� 
# 5(7��/4 �0�(� *:G�b��J)
R A27 �M+*]��[(Zijinshan alkaline intrusive 

complex)M�7 �+�)%�27��KF2U� K27��$ ��2j�C �C i/7�� ��
8M��K(]�@[5(� <�) G2(^ �]�>[(Prakasam alkaline 

province)��J) ,��7
5(C�JM �J�D *damara�� ]�?[
Namibia .]��[
%��D Q2D I5� T K(continental arc)  � 

 �CKR <�) +*)3D %�27+��
Zijinshan (;+�"  %��M ���('
2p��; �gU= �M�"�; +U+# �C T
"$ %��D <�) �+	 �%��M h� �,�

D�) h�C ,�NCC(North China Craton))�] �C  � +�
%��D I�.	 K5/7 
�"  %��M Z.�J�K7�J-�� +O,#,8� B�+�� T


g� T+''M i�V�:�- Q2D �'; 
�:	�5�  .��2&� K5(R 
�~(4K��E(�C�:)2- �C %5) K�,  +3U� �+" *+(+���K 
���

3D+��
Prakasam �� ElchuruC+��E(�K��K�/l� Nb ,
U(��Ti,Ba ,Sr� A�'� �5(�� .(H�-5)�Nb ,Ta ,

C+��E(�KU(� �Ba ,Sr �	 sgC 
��5(K�C �:�C , h� �,�	 
��  �Z6)-+�
A�'� �� ��5(M)]���9�[(�� ,+A$ Z ��
*

W(" �M �" ��K3D+��
(R �� +g� *+i���
��:(� ��C
C *:) �+��E(�K��KU(� �Nb ,Ta���2) ]9�[.��2&� K

�~(4 5(RKW(" #  ��Kg�+i��K�#+:j�" *��C �:�C , 
�	�6) 
�c�� �� ��" 5(��� +(+���K]9�[Reunion �

M �7+���K(M+�]99[�� #�C ,��K3D+��
,
�2:6
�]9�[#  
Nb ,Ta(H �5(:�� %5) ]9@[; �M �+���('
g� T+i

�C �:�C ,�
�U
 � � � �c�� � �C K7�J-�� +3D B�+��
��
Elchuru��5(M ]�>[.�~(4 5(R K2&� K��E(�C �C %5) 

�:)2-K�,  +3U� �+" *+(+���K��c(� Namibia � � K�7�
-5)�!�
�� BPb, Rb ,Th�C �/�� Ba  ,U�"  .

(dJ�+A$ *�7 ���-5) �/�� ���P,Ti(H ��  ��-5) �
/�����Nb ,Zr� A�'� �5(�� �M 
g� T+i�C �:�C ,

�
�U)g�+i�C �:�C ,h� �,�	 #  �,� h'M ( �CK 
*
; ��c(�+�"  %5) ���(']�@[."+(+���KNamibia�+�� 8


g� T+i�C �:�C ,�
� �U�5()�C .��� ��
�� KS�2= �M 
2&�  ��"  �:	�-K-5(M �; �W(" ��-#�"�� �=�(4 ��K

��c(���KI�J) R G�H+�7 , *M+��2� ��c(� �C �C�'� �
"��C��� �C�(C , 5)�C
C mn�J:]  *+�" �C�'� f�'(� �&��

 ��c(�
(.�� �:)2- +�U"2:K�����-� %5) ", �C+�3K%��) -
��Kh� �,�	 #  Z=�] �+�"  �U"2: .(dJ�+�C �^27 �C *

 
��2&�  �6(K�~(4 5(R K"��C ��2� ��c(� ���2&�  �C K
�~(4 5(RK��c(� ,� Elchuru ,Namibia ��� � S,�U7

 �C�(C
*g�+�# i+*:j�"���c(� K"��C ��2� �I�J:]  �C 
#
J� ���5� 27
g� T+i�C �:�C ,�
�U
�c�� �K5)�C � � .

�� �{� �C <2	 s]�/� *:	�- �{� �� �C �2JE� �� �M 5"�
�:)2-KK�U"2:+� �����-� %5) ", �C+�3K%��) ��KZ=�] 
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