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 �� *"
� ��5� ���K ��51 � �6a)  3�a	 � 5a#7 �a& �a%�56
�5� �

��5?� !',%& �� � �5$. �= .�a�5?� �
�%?%a1 �a
^e9 �
�a'� :�a=
 �-�!& ��5� VW�#� 3  �%�5'#&)p."$�(�� ��,� �� �K "=�

��5?� � "a�� �IJ/ . ��K"#/ L!1 I5#$ ��C#� �%�5'#& :�=
Na2O3  !',%& CaO � 5a#7 �a& �%B�< ���K �5$. �& ��  �-  

3�%� �%�5'#& Y5� 2%%(9 ��6)  3�	 ��5?� �&:� �!& :!',a%& :�=
�� � .3 ��+#K ��C#� ��8�a�$ *"a1 �1 �!& ��5?� XRD �

� "(9�� "a�� �aK "1 I��'�  ^%� �
�%?%1 �
^e9 : !& ��5?� 
Na2O3  !9n�& ���< CaO ���K �5TA �& �$59 �& ��. ��-  :�=

 �a�5?� 2a
  �� �a%��= . Ma/ Z#a- ��%9�5�< Y5a� 2%a%(9 ��a=
 ��0�  �%�5'#& ��%� !
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�+#6K 2�A 
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�(%?- ��-� �:"?U� ��(�� � !
  �-�#1 ���K . �-�#1�56& �6e� ���

���@:59!> R !> h%WX)XRD (�%�5'#& 3  ��5?� �- �& {5&!���+#K ��C#� :�=.

>��)1�6)  !)�#7 �
^e9 �
�'�(wt%)�7!	 .(ppm) �%�5'#& �-�!& ��5� :�=.
*�+
�$ ��K"#/ L!1 I5#$ � �"> �9JK J/I ��'�6/ ��'�6/ ��'�6/ M%;-< M%;-< M%;-< 

��5?� "K SEG GKP GB GLS1 GLS2 GLS3 ASF1 ASF2 ASF3 
SiO2 �8/�j N8/�� �/�8 ��/�� j�/�j ��/�� N�/�� N�/�� ��/�N 

TiO2 ��/N ��/N N�/N ��/N ��/N �j/N �8/N �8/N ��/N
Al2O3 N�/�� ��/�� �8/�� ��/�N ��/�� ��/�� ��/�8 ��/�� ��/�j 

Fe2O3 �N/� �N/� ��/� 88/� ��/� NN/� ��/� ��/8 ��/�
MnO N�8/N N�/N N8/N N�/N N�/N N8/N ��/N N�/N N�/N
MgO j�/� ��/� 8�/N N�/� �8/� ��/� 8�/� ��/� ��/j
CaO ��/� NN/� ��/N ��/N ��/N j�/8 ��/� ��/� N8/�
Na2O ��/� ��/� �N/� �j/� ��/� ��/N �8/� ��/� 8N/�
K2O N�/� ��/� N8/8 �N/N �j/N ��/N ��/N ��/N ��/N
P2O5 Njj/N Nj/N N�/N j�/N N�/N N8/N N8/N N8/N Nj/N

�
��!/ �	  j�/j ��/j �8/� 8�/� ��/� j8/�N ��/� ��/� ��/�
Y5?e� ��/�� ��/�� ��/�� ��/�� �8/�� j�/�� �8/�� �N/�� �8/�� 

V(ppm) ��j 8� �j 8� �� 8N �N j� �jN 

Co j � � � � 8 �� � �� 

Ni 8 �� � �N � j �8 �� 8�� 

Rb �N ��� �jj j� �� �� �� 88 �� 

Sr ��j �j� ��j ��� ��N 8NN 8�� 8�� ��� 

Nb � �� �� �8 �� � 8 �� �
Ba ��� 8�� �jj �� j� �j �8� ��N �
Th �� �N �N �� �� �N �� �� 8
U � � � � j � � 8 �
Zr �j� �N� �8 ��� ��j �8� ��� ��� jj 

Y �� �N �� �N �� �� �� �� �� 

Ce �� �� 8 � � �j �� 8� 8
Cu � � � � � � � �� j�� 

Zn �� �8 �� 8� 8� 88 ��N �8 jj 

Pb �� 8N �� �� �8 �N �� �j �
Cr � � � � � � � � 8�� 
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"6$��*��?1 �����& ��8�����K �-�!& 2%�3 ��-�#1E%0,9 "#
 !	 �� !)�#7 ��'	� . �?%1. . .��8

>��) !����1
*�+
�$ �+#6K 2�A �+#6K 2�A �+#6K 2�A �+#6K 2�A �+#6K 2�A �+#6K 2�A �+#6K 2�A ��+#K ��+#K 

��5?� "K HK-GZ Bh1 Bh2 Bh3 Bh4 Bh5 Bh6 2A Bd8 

SiO2(Wt%) j/�N ��/�N ��/�� ��/�� ��/�N �j/�� ��/�j ��/�� 88/�� 

TiO2 �j/N j�/N ��/N ��/N ��/N ��/N ��/N ��/N ��/N

Al2O3 N�/�� ��/�� ��/�j ��/�j ��/�8 88/�� j�/�� �j ��/�8 

Fe2O3 �j/� 8�/8 ��/� ��/� j�/� ��/j ��/� j8/� 8�/8

MnO N�/N N�/N N�/N N8/N N�/N N�/N Nj/N N8/N N�/N

MgO ��/� ��/N ��/N ��/N ��/N ��/� ��/N �8/N �8/N

CaO ��/� ��/8 ��/� ��/� ��/� ��/� ��/8 ��/� ��/8

Na2O j�/� ��/� j�/� ��/� 8�/� ��/N ��/� ��/� �j/j

K2O �N/N ��/� ��/� ��/� ��/8 ��/N 8�/� 8�/j ��/�

P2O5 Nj/N ��/N N�/N N�/N N�/N N�/N �8/N N�/N �8/N
�
��!/ �	  �8/� ��/� ��/� 8�/� 8j/� ��/�� ��/� ��/� jj/�� 

Y5?e� j�/�� ��/�� ��/�� �8/�� ��/�� ��/�� �N/�� ��/�� ��/�� 

V(ppm) �� �j �� �j 8N �� �� �� �� 

Co � 8 8 � j �� 8 8 �

Ni 8 jj 8� 88 jN �N� �� 8� j� 

Rb �� �8� ��8 ��� �88 8j �N� ��� �N� 

Sr 888 �N� �j� ��� �8� ��� j�� ��� j8� 

Nb 8 � �� j � j � � �

Ba �� ��j ��� j�N 8�� 88� j�� ��� j�8 

Th �� � �� � � � �8 �� �

U � � � 8 � � 8 � �

Zr ��j �jj ��� ��N ��8 ��� ��� ��N ��� 

Y �� �N �N �� �j �� j� �� j� 

Ce 8� 8� �� �N �j �� �8 8� �j 

Cu � �8 �� �N �N j� 8j �� �� 

Zn �� j� �� �� �� �� �j j� �N 

Pb �� �8 �� �� �� �8 8� 8� �� 

Cr � �� � � �� �� � �j� �� 

� "�� SiO2��5?� �� 3 �a%�5'#& :�a=j/�N �a9 j�/�j �� 
�-  !%%]9 )p."$ �.(2%%(9 �5|#� �&� "�� _%6%- �Q��S�� 

)�%��&5'�
!K �
 . �%?
"
!9 �^9� 5K \�5Q& (�%�5'#& �� :�a=
 ��5��-�!& �B�� 3  SiO2/Al2O3")�� .SiO2"1 *��;'-  

]8�) [E01�.(��#[ �K *"
� �� �51� "����� � 3< _%6%a- 
�%�5'#& ��5� :�=�-�!& @-5'� �5W �& ����N")�� �a-  .

���K �5$. !�  ��%�5'#& �� �-�!%m :�=:�= �;#� !&. �%;%K 
�� � �< ���aa?'A  :�aa=�!&��K ]8�.[�Qaa��S�� 2
 !&�aa#& :�aa=

 �%�5'#& "
�& "�51 OlA 20?� "A �9 .� P
 ^a	  � "a� �a�5� -

�/D
. �5B�& �
 . �%�56
�5� �Q��S�� OlA �& ���K 2
  :�= �a=
 : !& �a-  :�.!a� h6'�� :�=�!&��K .�a-� �a& �5a|#� �a&

 ��5� \ �G ���.< 3  !'0[5K �%�56
�5��R.� ��.!0%� �
�a=
 �a9 �7!a- X�a-  !& \ �G P#K !> ���!K k�  "#��� ��#%,a�

:^
!/^K!� � 5�  3  *��;'-  . !	 \5) �'	� ��K �& �-  ]8��
8j .[ �0?= . ~59 � �]8�[R.� �9 :�= ��#%,� :^a
!/^K!� .

\5) !	 � 5�  �a� !�5a� ^9� 5K �Q��S�� OlA ��  � "a#� � .��
E0aa1�\ !aa%%]9 � "aa�� Fe2O3�aa& �B�aa�SiO2]8�[��

�%�5'#& ��5� :�=�-�!& �-  *"1 *� � ��,� .2
!',%&� "�� 
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�(%?- ��-� �:"?U� ��(�� � !
  �-�#1 ���K . �-�#1�56& �6e� ��j

Fe2O3�%�5'#& �& {5&!� �< 2
!a'?K . M%;a-< �a�C#� :�=
 {5&!� ��5?� �S!& �& �+#6K 2�A ��C#� :�= �a-  .�a� . !	

 �%�5'#& �� 2=< *"a1 ^Ba- �a& Ea
�� ��3 Za�� ��e
  gB- �=
�- .

�%�5'#& ���� Z#- �
�%?%1 g%K!9 2%%(9 �5|#� �& :�a= 

� �5?� 3  �-�!& ��5�Zr/TiO2�& �B�� Nb/Y)E01�(
]8�["1 *��;'-  .�K ��#[ 2
  �� �� *"
� E01a- ��51 Z#

 �%�5'#& !',%& �%�.  �%- �5
� g%K!9 : � � �-�!& ��5� :�=�
��5?� �S!& �� . �%- ��-  �
3"�< �K !9 . �
3"�< �= .

���A\ !%%]9 SiO2�& �B�� SiO2/Al2O3�%�5'#& : !& ��5� :�=�-�!& ]8�.[

���B\ !%%]9 Fe2O3�& �B�� SiO2�%�5'#& : !& ��5� :�=�-�!& ]8�.[
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"6$��*��?1 �����& ��8�����K �-�!& 2%�3 ��-�#1E%0,9 "#
 !	 �� !)�#7 ��'	� . �?%1. . .���

���C��5?� *�+
�$ � �5?� �� �-�!& ��5� VW�#� �'%�5'#& :�=Nb/Y�& �B�� Zr/TiO2]8�.[

�����:� ���� �� D*�� 
���-!/� �
�%?%1 fS�1 CIA X�a-  !a& � "a�� 45a%#%�5�< 

!)�#7 �& �B���
�%6oh
!(9 *"1 ]8��8�[!a
3 \�5a) �& .
�� �B-�U��51:

CIA = [Al2O3/(Al2O3 + CaO + Na2O + K2O)]*100 
� "�� �#%,%& CIA Z#- : !& F��- :�=�N�a& �K �-  ")�� 

E?A . ���-!/� \"1 P
 ^	 �?= !a)�#7 �
�a%6o ��< � "a�� 

�� �9 "� 59�NN "&�
 P
 ^	  ")�� .��#[ E01 �� �K �*"a
� 
�� ��51�?= �a�5?� �a+#6K 2�aA . ��a+#K VW�a#� :�a= ��

*!'�/  5= %?%1 �/�3 "a�.� . �'	!/ � !o @-5'� �9 "
"1 �
�
 5= �a� ��,a�  � �%'0?a-  �a& 3JK5
�J> E
"B9 ��/�3 "a=� .

2
!',%&� "�� CIA ��5?� �& {5&!� M%;a-< :�=)�8"a)�� (
. *�5&��#[ p."$ �� �K �*"
� �� �51���5?� !',%& �� :�=

��5� ���C#� 2
  �6)  3�	 ��#9 � 5#(& �%�56
�5��-  .

���E��5?� *�+
�$� �5?� �� �-�!& ��5� ��C#� �'%�5'#& :�= ACNK  ]8�.[
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�(%?- ��-� �:"?U� ��(�� � !
  �-�#1 ���K . �-�#1�56& �6e� ���

 F����G� !H��.� 
���!�I; ���� ���������� $�% 
R.� �B-�U� : !& �;6'�� :�= �� 4!a$ P
 ^a	  �a
 . P=�K

F'�%- �b �  �/�3 5= . ���-!/� h6'�� :�=*"1 �-  .: !a&
�� p���FeA g
!� R.� �& � 59 ]8�[R.� ��5K.^
  ]8�[

~!U'��� !Q#7 R.� .]jN�j�[*��1  �!K .2a
  �� P=.Da> �
\ !aa%%]9 �aa-�!& �aa�$ 2%aa�3aa&!� �
�%?%aa15aa& {�"aa#
 !	 

�'%�5'#& 4!$ !%%]9 \�B-�U� R.� 3  �,%&!- ��C#� �� �"1
 !a)�#7]jN["a1 *��;'a-  .!a& R.� 2a
  �a
�> !Qa#7 2%a%(9 

�& fS�1 �#m �5'K�	 �~!U9 9 ��/"1 . *"a1 :3�a-3�& g%K!
 �-  � 5'-  !)�#7 4!$ !%%]9 �a� *� � �%a�59 �a� �  �� �K -

"�51.
�& fS�1 !Q#7 2%%(9~!U9 : �!)�#7 4!$ �B-�U� : !& "a
�&

 �9�Q�,� �K  � :!Q#7�5[ 2
!',%& :� "
�> �W �
�%?%1 
��/�3 5= "#
 !	 �a& !Q#7 �|6m ��5& n�& :�5aW @a-59 �aK 

R.� �a
^e9 :�= p5a?(� :  ��5a& �'�a& . "a1�& 4�ae�  Ea&�o 
 � �  � !a|� ��5� !Q#7 : !& F'�%- �a- \ !a%%]9 . I�a�'�  �
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