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Abstract: The crystal-chemistry of the plagioclase, alkali feldspar, 
biotite, amphibole and whole rock geochemistry of Akapol granitic 
massif are investigated in this paper. The chemical composition of  
biotites and amphiboles ploted in the annite-siderophyllite, 
magnesiohornblende and actinolite fields, respectively. Comparison 
of the chemical composition of biotites and amphiboles with similar 
minerals from the California granitic batholith indicate that the 
monzogranitic unit of Akapol belongs to the strongly contaminated I-
type granites. Accordingly, these rocks are highly contaminated and 
may have derived from upper mantle and/or lower crustal sources. 
They have experienced magma mixing or are affected by 
contamination with upper crustal rocks. These results are consistent 
with the curve like logarithmic diagrams of compatible/incompatible 
elements; the presence of the sieve, poikilitic and rapakivi textures; 
the partial absorption of the plagioclase phenocherists; the presence 
of mafic microgranular enclaves and needle apatite in the samples. 
Based on this study, two types of plagioclase in monzogranitic unit 
can be recognized in the monzogranitic unit: the first generation 
occur in the alkali feldspar phenochrysts and the second generation is 
in the form of covering crystals in rapakivi and sieve textures which 
probably formed during magma mixing.

Keywords: magma mixing, contamination, akapol, granitoid,
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c h o � � e p d f h o � f h f h f h f h f h
SiO2 ff/eo o�/e� fg/e� �p/e� hp/eh gh/e� do/ee h�/ee �h/e� o/e� ��/ee �g/ep fd/e� fo/ef e/e� �e/oe �/e� p�/eo hd/ep hh/e� �d/e� eh/e�

Al2O3 �h/hh h/hf �p/hh ee/hf d�/hf g�/hf f�/hh �g/h� f�/hh dd/hf p/hf ep/h� ��/h� pd/hh d/hh hg/hh e/fp fh/fp d/hf ��/hh h�/fd e�/fp
CaO h�/� g��/o d�d/� g�/o gg/� fd/� dp/o ��/o hf/� �d/� dp/o e�d/h od/e �h/� f/� p�/o fo/� h/� oh/h e/o �f/�- hd/�
Na2O of/d gh/d ed/d h�/g f�/d dh/d ���/f� �f/g ��/g oe/g hd/g �d/f� p�/p go/d o�/g of/g dh/o o�/f ��/f� e�/g h�/f p�g/f
K2O �d/� �h/� ��/� �f/� ��/� ep/� p�d/� p�/� h�/� ��/� ee/� pp/� �f/� �/� op/� �e/� f/fo gf/f� ee/� �e/� pp/fe po/f�
BaO �o/� ��/� �fd/� f�h/� fe/� fh/� �e/� �f/�- �p/� �e/� �p/� ��/� f�/� �g/� �o/� hf/� g�/� de/� fg/� �f/� h/f pp/�
Total �g/gg g�/gg o/f�� f�f dp/gp p/f�� ef/f�o g�/gg f�/f�f ho/f�f eo/f�f pe/f�f �f/gg p�/gp f�f ep/gg f�f fd/gg p/f�h �/f�h �/f�h d/f�f

Si zn/{ ��/o� o� e�/o� ff/hg o�/o� h�/of gp/o� og/o� �h/o� dp/o� �g/of fo/hd �p/hd h/o� pf/hg e/o� pg/hg ��/of �d/o� f�/o� ep/o�
Al c{/c hh/ff ed/ff �e/ff �e/ff ef/ff ph/ff d�/f� ph/ff �d/ff �d/ff g�/f� po/fh ��/fh f/fh d/ff oh/g �e/g �o/ff dd/ff e�/g o�/g
Ca p�/o pg/h �o/o dh/h �p/o gg/h pp/h fd/h �f/o gh/h pp/h de/f �e/� fe/o go/h ep/h �g/� f�/� hg/f h�/h � h/�
Na fp/e eh/e ��/e de/e ��/e ��/e �h/p gd/e p g�/e dg/e �d/p p�/� eh/e go/e g/e do/h ���/f �d/d ��/p go/� he/f
Ba �o�/� �op/� �f/� �g/� f�/� f�g/� �e/� � �e�/� �ef/� �e�/� ��/� fh/� �d/� �h/� fg/� d�/� pp/� fp/� �f/� ��/f eg/�
Ab d��/�g hd/ep �/eh d�/ep �e/e� dh/e� d�g/ed hgp/pf �go/ed ofo/ep ��/ep g�/p� �g/�o �d/e� f/ed do/ed �/h� gp/e �e/df df/d� hp/e ph/d
Or dpgp/o op/� oe/� h�o/� p��/o ��/� od�o/� �o�f/e ���d/h oe�p/� hg�f/� �fhd/e gf/o he/o ��/o �de/� dg/pd gg/gf ��/� pg/o po/go dd/dg
An hp�/oe o�/hd h�/oo dg/hp p�/o� eo/hg ph/h� hed/hh �e/hg oo/hd fe/hp e�/fd �/�h he/of dh/hd ep/he e�/� ��/f dg/fh �/ff � ���/f
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7���,� ����"����3  � ��� �3 ��� D�4t� ?�Jgp/fAl > � ogh/�Fe/( Fe+Mg) > 7� .� #/
3����   �,� }��� �3 "���    �5 I'N ",� D3 �  "�	 7��N��/��.����,J]hf[4��  ��b   7� ?�2���

��7     ����%�!�8 "�!���3 � ����/ ]� Y	 ?�J�K�� ?��3    �,�2� 
� ���% �� �3   � "2����3    :�2;�%	5 
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  F�
+?  D��,� Z�����9�	 ��� 9!� 6�� �     ���2&� �02��)� ?`�2%� ���� � ����/�4��	 �K�� ?�J�9�	 ?�J
 ?�
� D3 �������8hh"�� ��� D;��R	 �~�#8� 

A1 A2 A3 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15
SiO2 dg/od e/od p/od e/op f/od h/op ��/op oo/op o�/op od g�/op ��/od ep/op �f/op
TiO2 pp/o pe/o hf/o gg/o gp/o gg/o ge/o d/� ff/� fo/o g/o f�/� gf/o fh/�

Al2O3 �h/fh do/ff dh/ff oe/fh oh/fh df/fh eh/fh e�/fh e�/fh ��/fh p�/fh eo/fh gd/fh fe/fh
FeO∗∗∗∗ �f/fe ��/fe o�/fe eh/f� hg/fe h�/fe �p/fe ��/f� fp/fe of/fe gd/f� df/fe g�/fe p�/fe
MnO o/� of/� oh/� oo/� of/� oo/� o�/� op/� od/� od/� op/� oh/� op/� op/�
MgO dh/fo h/f� f� ��/fo e�/fo ��/f� ��/f� o�/fo ed/ff ��/f� gg/fo ff/f� fo/f� pp/fo
Na2O fg/� fg/� fg/� h/� h/� ho/� hh/� ho/� ho/� h/� hh/� hf/� ho/� h�/�
K2O �f/ff �o/ff gh/f� dg/f� pd/f� pd/f� df/f� d/f� pp/f� dd/f� d�/f� gg/f� dp/f� ef/f�

F hh/f ��/f �f/f gd/� �d/f hp/f of/f �o/f gg/� pd/� eg/� fg/f eg/� g�/�
Total ho/gd oh/ �h/ge �h/g� pf/ge �f/gp o�/gp ��/ge oo/g� fd/ge p�/g� ��/gd p�/gp og/ge

Si �e/� �g/� ��/� o�/� og/� of/� o�/� o�/� of/� ��/� o�/� oe/� of/� op/�
Ti ��/� ��/� o�/� �o/� �h/� �o/� �h/� �f/� ��/� oo/� �f/� �o/� �f/� ��/�
Al �p/h gd/f gd/f �p/h ��/h f�/h fh/h ff/h fh/h �g/h fh/h �g/h f�/h ��/h

Fe 2+ e�/f ep/f ep/f ep/f ee/f ed/f ed/f ep/f ep/f ep/f ee/f e�/f ee/f ed/f
Fe 3+ hg/� hg/� hg/� hp/� hd/� hg/� hg/� hp/� hd/� hg/� he/� hg/� hg/� hg/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �o/� ��/� ��/�
Mg g�/h gg/h gg/h gg/h gd/h ��/o ��/o gd/h gg/h gg/h ge/h ge/h gp/h g�/h
Na �e/� �e/� �e/� �e/� �e/� �e/� �e/� �e/� �e/� �e/� �e/� �e/� �e/� �e/�
K gp/f gg/f gg/f ��/h gd/f ��/h ��/h gg/f gg/f gg/f gd/f gp/f g�/f g�/f
F �o/� ��/� ��/� ��/� �o/� ��/� ��/� �o/� �o/� ��/� �o/� �o/� of/� �o/�

OH d��/f dp�/f dp�/f dpe/f dee/f dd�/f dpg/f dpf/f dpo/f dp�/f d�d/f d��/f gg�/f gf�/f
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f-���/  F�� ?�� �I ���� �/��!5 �3  )I–WC= Weakly Contaminated I-type granite(�
h-  F�2� ?�2� ����/ I  23   r2�� 	 �/��2!5 �MC)I-=Moderately Contaminated I-type 

granite( �
o- F�� ?�� ����/ I ���!5 (�� D3 )I- SC= Strongly Contaminated I-type granite(�
�-F�� ?�� ����/ I�K� ���!5 (�� D3 ���CR)  =(Strongly Contaminated and reduced 

I type granite
  +�� �t��� 7�. �&��� ���%	 ?�7�� �/��!5  "2�� 2��) � Q     �2�J� 7��2N ��B�2� "2R� ?���2�)�� .

   F�� ?�J�,/�	I    ��/ 
� P �	 Q ��N�= �               Z�` "2�� D23 ��2��7��= �%2�� �! �2� � P�,� D ��� �
   � ���,/�	 U> V� ���Y3      �	 �3 7� �7 �XJ �� ���/ .     "2����3 D�4t� 
� 0_�K 6�� �    �7�2	 ?�2J
       7� � 7���,� ��� 7� D&!�'	.� #/I-SC   "����/ ��&�     F�� ?�JI      �	 7��N ���!5 (�� D3  ����/

) 0
�d.(

 �9	L)�� �� I�,����	 ��J�9?���/�4��	 �K�� � �`�%� ���� ?��7 7� 0��)� ��3?] h�[

  �9	M )�� � 3 I����"�J?  ���/�4��	 �K�� � �`�%� ���� ?�7 �3 0��)� ? �2J7���,� ? �3 � �2/5 �  :�2�,
]hf .[�*>� :I-WC ���/ ��� ?   F�� I  /��!5 �3  � �}��� I-MC���/ ��� ? F�� I�7�� ?/��!5 �  �r2�� 	 

I-SC���/ ��� ? F�� I���!5 (�� D3  .
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 �!� �6�V ������,��� fdh

AB@BK ( F
.�N � ���	
���&�f� D��,�   :�;�%	5 
�      �7�	 � ����/�4��	 �K�� ?�J��7�34�7��8��� 9!��   D2 =�/ 7��N �  �2�

):��Ao .(   :�;�%	5 ?7�[�	�� 7�C�	 D3  ��7 
� �J  ?��3]hh[  ���% �� 2�� . �3�2�3   ��7 �2��   ?�2�3
)0
�g(�:�;�%	5 D��8  � ��� �3 ��� D�4t� ?�Jf�/f(Ca+Na )B >:�;�%	5 ���/ 7�  ?�J


 7� � s�#�8 ���/ ���	�4� )� � ���;�7�J��!���"�	 7��N  �2���/. 7��2E	(Χмg / ΧFe) Log 
:�;�%	5"����3 ����	 4�� �J ]�b 7� �J��� #/?�)  
�eg/f–�� �e/� (�	 ���q�8��� .

H ( ��� ���	 
��
	
]ho[              7�/
�2��� Z�2�,) �2_��� �, �7�2�! ?�J7���,� 
� ���% �� �3 )   �2���	Rb  �Th   � Zr ( 7�

    7�/
�� �_��� 03�E	)����	V  �Ni (...               � ��2Y3 7�2�;� ���2Y3 Z�` ?�J�2����= �2� ��8 u>�
      �J� ^�Y�� ����9� 
� �7 ���,/�	 U> V� .          7� �J�2����= ��� ^�Y�� ?��3 4�� ��7�3 ��� 7�

 7���,� 
� D&!�'	 �7�	 QE'�	Log Ni - Log Th    "2�� ��2� ���% 2�� )  092�f� .(  D2
����
�	 DCK>	��D��,� (����q� ���7 ��7�� ?7�/
�� ���,/�	 U> V� ���7 �3 D&!�'	 �7�	 ?�J.

F�
+A0��)� ?`�%� ���� � ����/�4��	 �K�� ?��!�;�%	5 Z�����9�	 ��� 9!� 6�� �
A1 A2 A3 A4 A5 A6 A7 A8 A9 A10

SiO2 f�/�d �� gg/�d ff/�� �d fd/�f �h/�h f�/�� fg/�� �f/�g
TiO2 fo/f ff/f fh/f �g/f �d/f �e/f d�/� fd/� ff/� fo/f
Al2O3 dd/� �h/o h�/� dg/o dp/h dh/o �d/o �o/h �f/f ho/�
FeO �/fo dg/fh �f/fo gg/fh d�/fo pd/fh �f/fh of/ff og/f� �p/fo
MnO ��/� ��/� �h/� �o/� �p/� �f/� �p/� eh/� p�/� �h/�
MgO p/fo hf/f� �p/f� gd/fo f�/fo fp/f� �p/f� dh/f� po/fe �g/f�
CaO �f/ff fd/ff fo/ff fe/ff fd/ff hh/ff p/ff f/ff oe/fh f�/ff
Na2O dh/f ef/f e�/f eo/f ef/f �o/f �d/f o�/� o/� e�/f
K2O df/� pf/� p�/� po/� eg/� ph/� e�/� fh/� ff/� pe/�

F df/f dp/f dh/f g�/f dh/f d�/f pg/f �f/f e�/�- �p/�
Total f/gd h�/gd h/gp gf/gp gp/g� d�/gd hh/gg fg/ge pp/gh g�/ge

Si f�/p �g/p oo/p ��/p ��/p ��/p �p/p g�/p dp/p go/o
Ti fo/� fo/� fo/� fh/� fo/� fh/� �g/� �h/� �f/� �f/�
Al �h/f �o/� p�/� ed/� �h/� ee/� �h/� �o/� h�/� fh/�

Fe2+ �f/f e�/f ��/f �g/f dd/f ��/f �d/f ��/f hh/f ef/�
Fe3+ f�/� �h/� �gh/� �h/� �� ��p/� �� �� �h/� �f/�
Mn ��/� �e/� ��/� ��/� �e/� �e/� �p/� �d/� �g/� ��/�
Mg �o/o fd/o f�/o �g/o ��/o �g/o hp/o h�/o �e/o pd/f
Ca p�/f d�/f pd/f pd/f de/f pe/f dh/f p�/f dg/f g�/�
Na �h/� �p/� �d/� �p/� �g/� �o/� �h/� f�/f �d/� ��/�
K f�/� f�/� f�/� f�/� f�/� fo/� fh/� �h/� �h/� �f/�
F g�/� go/� gf/� g�/� gf/� gh/� dg/� ��/� �g/h- h�/�

OH �gp/f fop/f f�p/f fdh/f ffh/f fhh/f �dp/f �fg/f f�h/f g�d/�
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 �9	ODE;b  ��3?%	5 �:�;�J?���/�4��	 �K�� � ���7 7� 0��)� ��3?] hh.[

�9	@P  7��! 7���,� �, �          ��23 7�/
�2��� �2_��� 03�E	 7� 7�/
�� �_��� ?    �2J D2��,� ?     �D2&!�'	 �7�2	 
LogNi-LogTh    	 ��J��	 D) 7�'��,J �   q� ���7 ��� ��  �J D��,� (��?       2�R�	 D3��2	 D2&!�'	 �7�	 �

7�,�  �o 	 �   �/ D) ���3 ��? � �     �,/�	 U> V� D) "�� �	� ���   �B�2	 SE� ?   9�2� 7� �  ̀ �2%� ���2� 0?
     ��) 7���,�  �"�� D ��� 0��)���?] ho [�R�	� �7�,� f�Y3 Z�` ���J� ���� ��R�	 ��  �7�,2� h

   �Y3 7��;� ���J� �����  �R�	 � �   �7�,� o    �,/�	 U> V� ���J� ���� �� 	 �����3 . ��23?  2G�� � (�R
3�      ��� D&A��	 � 	 D3 � �)  �*>� �����/ �7��  �" ���/�4��	 �  �" ��4��	  2�"- ��4��	4�7��)  2��"

��4��	 �7�� �"�J�>9�� ?	 �=�	 7T����/��9�O.(
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 �!� �6�V ������,��� fd�

JB����C � Q2C
JB@B������  ���
�� � !"#$� 

DE'�	?��3  ������)  0
�o(  ?��)���7 "=�3 �)  09�Hh(    �!�3�W "=�3 �)  0
�e( "����5 �  ?�2J
   0
� ��
��)  0
��(  O� ��) �*�� "=�3 �) 09�Fh (    ?��)�2��7 �2 �5 "2=�3 �)  0
2�Dh( �

���KQ � �;!5      �J7�<���= ���b� 7� )  0
�E�(�        s2�
�3 7T�2���/��
�	 ?�J�>
�5 � ) 0
2�D
�(    �/~�� ��� ,�	 
�  � D��,� ?�J     D2&!�'	 �7�	 ?�J ���23 �2�� .     ��2E �� D23]h�[ D2E'�	 ?�2�3

    �<� � ������DE'�	 �!�,&	 ?��3   �	 
>)��+>� 7��3 7�    7� �2,/�	 I2�)�� ���q� �B� 7� �����
    ��7 ]� Y	 0K��	       t� � 7� ���� (7�;� D3 ���� 0_�K 7��3Q        7�2�3 �23 ?�2&3 
>8��+>� ��7 

      ����,�� ���q� :�K 7� ?�,/�	 7� 
>)��+>��DE'�	?��3   ������  �	 0
����/     �2�� 7� ���
 �
   SY3 D3 7��3 �r����      O�#2�) I2�)�� ?�7�� D) ���J   ?�2� � #2J         D2t� � 7� � ��2� 02E �	 �

 O�#�) 
>)��+>�  7��3 ?�7 ��   �	 ��7 ��;N 8�� .            U> 2V� "2�� D23 �,/�	 D) �t�5 
� �=�b 
�
  ����,�� ���q� :�K 7� ���,/�	� 7��3 � N� �[! "�� ��� ��� S2Y3 D3   O��2� ?�2J   �2,/�	 �2�

�	  O��� 
>)��+>� ��7�	 ��7 7��3 ?�7 ��3��� .   ���2�� D2V�� ��� 7�23  �2	 7��29�   � ��2�
    
>)��+>� 7��3 Dt� �7� DE'�	 �3��3?  ������ �	 0
����/ .    �2	 ��= ���	
 ��t����    D2) �2�7

  �	 �
�	���� � ����,�� :��&� D3 �,/�	D��/ D3 7��;� ���7 ����J ��� 7� ���7 �2	 S�� ?� ��7
      �� O��� �,/�	 I�)�� D)�	���           �2	 S2��� �7 ��;N 7��3 �� O��� 
>)��+>� �     7� � �2J�

  #J Dt� �Q    
>)��
>� 7��3  DE'�	 �33  ?��  �������3 D���K ?� DE'�	 �3?��3   0�
�2� �!�,&	
�	��� .

  �	 ?��8���7 "=�3            �2� � ���2,/�	 U> 2V� �2B� 7� ����� ?��2���/�    ��2� 0�
�2�  .   
� �2
�
     D��,� 7� ?��8���7 "=�3 ��	 (��Y�	      "#2��)��= �/�2���/ D&!�'	 �7�	 ?�J    �!�29!5 ?�2J

   ����� 7�<���="�� .   �	 � ����/�4��	 �K�� 7� D&!�'	 �7�      �2,� ?��)�2��7 "2=�3    �2B� 7� �2����
?�����/�     7�<2���= �!�29!5 �����/ ���
 ����3 ��� 0�
��    D2���8 �~2�� D23   �2J�����/� �23 �2J

 ��� �b�;�7���7     ?�2,/�	 �23 O�
�3 ?�,/�	 U> V� �B� 7� �	� S��4=� 
� ���� :>R�� Dt� �7� � 
 "�� ��� 0_�K D�!�� ?����]fg � h�[ .

 K 6�� �   
� 0_�4�7��8��� 9!��      ?��K 
>)��+>� D��,� ��  D2E'�	 ?�2�3    �!�23�W "2=�3 � �7 
 �	 ����        
>)��+>� 7��3 �� �J 7� D8 ��J�)3  �DE'�	?��3�!�3�W (���KQ     #J D3 ";#� 7��3 Q

  O��� I�)�� �5 �7�� ?�� .   09� 7�x             "2=�3 �23 D��,� s� 7� 
��7� � "��7��5 �"�;!5 (����q� 
 � �!�3�W   D'E� 
c)   D'E�
�W5 (    D'E� ",� D3w)  �2��KQ  7�2�3  (   �2� �2�7�3 .����    ��J��2	 D29

�	 D'E� 
� ���l D'E� ��  wS��4=� "�;!5 �_7� �� �!  SJ�2) "��7��5�_7�  �2	�� �23  s2� � 
DE'�	?��3�!�,&	     �2	 S��,� D3 �7      �2	 D28 �7�[2/     �2�J� ���2� �2����.      � ����,�2� :��2&� 
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�,�� �J���� ���)�*+ �,��08�/��!5 7� @�� �. . .fd�

    �b �,/�	 �
�	���������7    ���3 ���,/�	 U> V�]cz   � {w[ .    ��� ��E �� D3������J�~�   �2b 
 ���,/�	 U> V��                � 
>)�2�+>� �O2�
�3 � ?��2�� ?�2,/�	 ��23 ���	� (��%� �B� 7�  u�Y 2�

  }�����	�/    � ��� D���8�J  SY3 �  � ?�J��7   �	 Z�` �5 ����  S2Y3 ��       D23 ��2� Z�` ?�2J
     7��;� ?��3 �=�) ��	
 � ���� "���    (7�_ D3       �<� � ��	5 7� D����Y3    7� ��� ��7�V ?��

    O�#�) �,/�	 �3 S�)�� �B� �	 �������   SY3 I���� ��� D3 �  ��� ��7�V ?�JD���8�J   �2�7 �23 
 O�#�) 
>)��+>����  O��� 
>)��+>�    ��  �	 �7������     � �!�3�W "=�3 �DE'�	 ?�2�3  0�
�2�

�	 ���]x � {x[ .
    ���� ���,J D3 ��
�� "����5 D��� F �5 ?��     D2��,� 7� ������= D3         ��J��2	 D2&!�'	 �7�2	 ?�2J

�	  �	 D8 ���               D2 =�/ �2C� 7� ���2,/�	 U> 2V� �J��� 
� ���� �
� ����� D3 ����� ��2� .  D23
     ��EER	 
� ?7��#3 ��E ��)  :��	 ����� D3 :]f  �e  �fd � hp[ (   
� "2����5 092� ��
�� ?�J7��3

       �	 �&G�	 � ���� ��� ��� � 7��;�           a� ;#2� O�#2�= ?�2J�,/�	 �3 D Y�	5 ��� O�=�	 ?�J�,/
b 7� �����:��	 ���� U> V� ���� .

         23 ��V �����/�3 7� ?����� 
� D8 7T����/��9�	 ?�J�>9�� D '2���Q  ��2�� @2�7   "2=�3 ��2�
4�7D����    
�	 �  
� ^Y�	     ̂ �Y�� 03�N ��V ��34�	 @�� �  ��]f�[  U> 2V� �J��� ���� 
� 4�� 

���,/�	   �	 Z�#K D3   ���5)  :��	 ����� D3 :]f   � hd   �� of[ .( D��,� 7�      ��23 
�	 7� � �� ?�J
  ����/�3 7� @�� � �>9��.Q���8   ��2� �2	 ��J��	 ?��� ��%� @�7 D3 ���)�� )  092�Ah(

        �	 4�� � ,���	 �� ���K �� �5 "	�YG D)  ��7)  09�D�( D8 �  ��J� ���� .     D2) "�� ��R	 
     ��� ?��3 �	� �> V�              "2�� ���23 ��2�
 �=�2) �
��2�� D3 O�=�	 ?�,/�	 ���� ����   ����3�2�3 

�	 3 �����  D  �!�� 7��&	 �����Q        ��� D =�/ �C� 7� �,/�	 �� ��3 U> V�  .3  D    ?�2	� �> V� ��>�
    D���K ��,/�	 �� ��3 ��A�	       "=�3 � ��� ��� a�&��� ?�J4�7  O2�=�	 ���,/�	 ?�J�>9�� D��� �7

 D�A���	�8� .
  
� ���� ��b #��E	 Q "����3 I�8�� :�;�%	5 � �J  ?�2�*� ����/ "�!���3 �3 D&!�'	 �7�	 ?�J

  ����%�!�8]hf[  �	 ����    D��,� ��� D8 ��J�   7� �J.� #/I-SC    "2����/ �2�&�    F�2� ?�2JI  D23  
   �	 7��N ���!5 (������/ .�	 �/��!5 ���    �23 �2,/�	 S2�T5 �� � ���,/�	 U> V� 0�!� D3 �����

��	 D ��� �     ���3 ��� 0_�K ?�]hf[    E'�	 �7�	 7� D8 Q      �J��� D3 DA�� �3 D&!�'	 �7�	   �2��� 
0, R	 ���,/�	 U> V� ��"��.

JB? (��������
   �J��� ��� ,�	?�����/� E'�	 7�Q       ?��)���7 � �5 "=�3 D&!�'	 �7�	 )   092�F� (  � D2���8-

?�J   � �;!5   ��	����   
>8��+>� ?�J7��3)  09�E� ("�� .  �5 "=�3�     7� "�� �
,	 ?��8���7 
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  �B�?�����/�      ��� 0�
�� ���,/�	 U> V� �� �  .      ��2� � ����/�4��2	 �2K�� 7�.   21��)� ?`�2%�  �0
 � �5 "=�3  t� � 7� ?��)���7Q    � 0_�K ���,/�	 U> V� �           "2=�3 D28 �'���2� 7� ��2�
 �"�� ��

  t� � 7� ?��)���7Q        �5 "=�3 �"�� 0�9�� :�K 7� ���,/�	 U> V�     �J��Y� 0�9�� ?��)���7 � 
  ��]o   � fg[ .   �%�	 ���7 ����,JNa2O-SiO2 D2��,� ?��3       7� T�2, K� D2&!�'	 �7�2	 ?�2J

   �3 U�;�7�?�����/�      ���� �[K �3 ���,J O��� �"��    ��� ���
 �D��,�    ����E	 
� �JK2O   � Rb �
Nb     
� � ��W Na2O  �CaO  �MgO  �P2O5  �TiO2  �V   � Sr  ��� ���   �2��)  :��2A� .(  �2�7�3

 ���8 �,��       ��	 ��� ���	 4�� "=�3 ��� 7� �J�  "�  D8          �2 �5 "2=�3 D��,� O� 7� :��	 ����� D3
  ?��)���7)  0
�C� (       
>)��+>� 7� D'E� �� I���� D3)  D'E�f  D2'E� � 4)�	 7� h �2��K 7� Q

    7� a�E�N� 
>)��+>�7��8 ����� 7�<���= �!�9!5  (  <2���= �!�29!5 7��3 7� D'E� �� � 7�)  D2'E�o
���KQ       7� a�E�N� 7�<���= �!�9!5 ���7� 7��8    'E� � 
>)��+>� 7��3 Q�  ���K 7� Q    �!�29!5 �����3 

 ����� 7�<���= (  �7�	��7�3 4�7 ��8 ��� 9!� � N   D8 "=�/ 7��   :��A7� �5 6�� � f  0
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MKBA1 MKBA2 MKAK17 MKT13 MKGO15 MKT12 MKKH14 MK4 MKD16 MK5 MK3
SiO2 (Wt%) �/�o �� f/�� p/�� o/�g g/�g e� g/e� ed g/ed f/eg

TiO2 pg/f e�/f �g/f �f/f f�/f �h/f fh/f ho/f ��/� �/� �f/�
Al2O3 e�/fe h/fe p�/fe o�/fe h/fe f/fe fe f� f/f� h�/f� d/fo
Fe2O3 eg/p h/p �o/p �o/p ee/� gp/� o�/� gg/� �/h ep/h o�/h
MnO f/� �g/� f/� �g/� �p/� �p/� �d/� �e/� �o/� ��/� �o/�
MgO hh/o e�/o op/o p�/o e�/h �p/h ee/h he/h go/� �h/f de/�
CaO o/� gf/� fp/� hh/� �e/� fo/� dp/o ��/h fe/h h�/h d�/f
Na2O e/� �f/� �f/� h/� �d/� �g/� o/� �p/� e�/� ��/� h�/�
K2O �f/h dh/h �/o g/h �p/o �g/� o/o do/o gd/o fo/� pg/o
P2O5 dp/� dh/� df/� d�/� ee/� eg/� eg/� o�/� hd/� ho/� he/�
Total ho/gp o�/ge do/gp �d/gp o/gd eo/gg oe/gd po/f�� �d/gd ��/gg eg/ge

Ni (ppm) od op �e �� od oo d� ho hh f� ff
Cr h� o� �� d� �� �� �� o� h� h� f�
Co g/p� f/�h o� h/op h/og e/�� �/ef g/dg h/�o ffe �/d�
V f�� f�e ffe fh� gd gh g� ffe �o �d og
Zn gg dp gf gp pp eo eg df hp �o oh
Sn h h h h h h h o h f h
Rb �p p/eh f/ed h/eg e/g� f/e� ed fpf f�p foe f�p
Ba ff�� dp� fp�� foh� ffg� foo� gdd ehe goh ffp� epg
Sr f�e� ffd� fd�� f��� fh�� foo� fhf� ��o p�g phg �ee
Ga h� hf ho h� h� ho h� he hh ho hf
Nb dg �p g� do ed gp e� gp �� o� of
Hf e � g e d e d fh � � �
Zr hpg hh� �oh h�d oo� hho o�d �po �/f�d fdg �/fdh
Y �/f� f/fo f�/� f� �/ff fg d/ff p/fp e/e f/p e
Th f� fe f� f� ho d� hf oo hd hd hp
U e/h e/� �/h f/o �/o h/d p/� e/� �/� d/h h/�
Cs e/� h/f e/f p/� h/f �/� g/� h/o f g/f g/�
Ta o/� �/o h/e g/� e/� ff e/� d/p p/o h/o d/h
La ff� o/pe �/fho f�� �/gh f�� p/gh fhh d/�o �/�f �e
ce fpd �/fho �/fgh fe� f�� fd� f�� h�d h/pd f/df e/p�
Nd p/ef �o g/e� �/�� f/�p g/e� p/�p h/ep p/hh h� fg
Sm o/d e �/d h/p �/e g/d h/e g/d g/h f/o �/h
Eu o/h d/f o/h f/h g/f e/h d/f h d/� g/� p/�
Gd e/e f/� p f/e h/� o/p � o/p �/h p/h h/h
Dy f/o e/h f/o p/h h/o o/g �/h o/o h/f h/f f
Er �/f h/f �/f h/f f p/f f/f e/f �/� e/� �/�
Yb f d/� f/f f d/� �/f g/� �/f �/� �/� �/�
Tb p/� e/� p/� e/� �/� d/� �/� d/� h/� o/� h/�
Ho �/� �/� �/� �/� �/� e/� �/� e/� h/� h/� h/�
Tm c/k c/k c/k c/k c/k h/� c/k h/� c/k c/k c/k
Lu c/k c/k c/k c/k c/k h/� c/k h/� c/k c/k c/k
Pr �/fd e/fh �/h� �/fe d/f� d/fg p/f� hf �/p �/p h/e
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