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% ��/)� :C�7 ��.	 �� u�-"*"� 
�� X&;�' �/&	 ,7�
 .�/ u��6+ �?.b �	�7nk� #/ �:&"'

 �/&\/ �� �+�N  u�)V �7 �3�)*7 � �� #/ :�)*7 �+)?@�
�)*7 � ��� �� :�3�D�  c-  �8 &L�� �)D �7 �&' :/-

,�&"' .J��2
� c��  ��"�# �!�8%&"0 �#T8)
UT0 :�3
 A)6"K�M)�[�?@G ,V�� (�"L)"7)I,V�� (��/ .���8 :�3

���8 #/ !�8%&"0)L�/ % �,8 % �+&	 :�3 ��"�&� ��"�*8
���8 #/ 2L�/)8 % u%,"0/�� <)�m� �
)��� :�3 ,�)  .�>)L �7

�'W
% �7J�� :�3�� &k� �7 C�7 �� $,  1�"7 ����  �8 ,��
,� �7 �"�);B��8 g)� #/ ��O�� :�3&"	%&B�C .

>9�5�0)-�%&-"� :�3&
)�L d\��;� $,"6OP �)� �7 (XPL)9
/� #/ �C % :#�7�
� :�3��0)> :&"	%&B .Y�/(�	�7 ��/� !"7J�� �� :/ :�3
&"0 :�3�)*7 �8 ���&7 ��)�%�;	&' �/&P #T8)
UT0 :�3�)*7 !"7 !�8 ,�/�<(#T8)
UT0 :�3�)*7 � �� �� ���7&= �	�7 �~(�� �
�L%� c8�� 

!�8%&"0 :�3�)*7�u(��O�� &"	%&B�C 9
/��� �
�L%� c8�� �7 A)6"K�M ���8 ��(
/� �)*7 � �� �)�G 1%,7 :&"	%&B�C 9% #T8)
UT0 :�3
9"�*	 ���8 %�(	�7 c"-.L % #T8)
UT0 �+�N  , � ��?.b.
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>� ��� ���� ���� 
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2@L }
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9
/���/ $,  $��%M ��0)> :&"	%&B�C % :#�7�
� :�3 .���&7
!"�#��)?� �
�"?"  :�3�� 1�.� �4�� �?3 �8 ,3� ���M

 �"3���
�"*P,��/� .��)?� �� :&"	%&B�C :�3$&;�'��/#�7 :
�
�"*P�� �/&P ��/#�7 �8/&L %�� % ,�&"'$&;�' :

:�3&"	%&B�C�
�"*P�� n�� ,�) )c- j.(

D�0-/$�/� �*V/ :�3&��+ ,"�8/ :�3)&7S�G ��#% ,V�� (<�"?8 %)&7S�G (ppm 9
/� c8 J�� �
2@L #/ $,�M ��� �7 &"	%&B�C % :#�7 :�3:���O�� 
X%� �7 ���&7 ��)�)ICP-MS :Db  #�7�
� :Lp&"	%&B�C (.

&��+ 1-5-j 1-8-j 1-12J 17N 81-P 41-J-P 101-J-P 
Db Db Db Db Lp Lp Lp 

SiO2 �/�� �Z/�� �Z/�� ��/�� �/�� �Z/�� �Z/��
TiO2 �Z/[ �Z/� pZ/� ��/[ �Z/� �Z/� IZ/�
Al2O3 p�/�Z ��/�Z �I/�Z p/�I p�/�I �p/�� Ip/�I
Fe2O3 �p/� �I/� �I/� �/�[ �p/� �I/� �I/�
MnO ��/[ pp/[ ��/[ ��/[ ��/[ pp/[ ��/[
MgO ��/� ��/Z �I/Z ��/� ��/� ��/� �I/�
CaO Ip/� �Z/� ��/� ��/�[ pp/� �Z/�[ �Z/�
Na2O Z�/� ��/p ��/� ��/� Z�/p [�/p [p/p
K2O Zp/� ��/� ��/� �I/� [p/� ��/� ��/�
P2O5 ��/[ �Z/[ [,�p [,�� [,�� [,�� [,�p
SO3 [I/[ [I/[ [I/[ [I/[ [I/[ [I/[ [Z/[

Cr2O3 [�/[ [�/[ [�/[ [�/[ [�/[ [�/[ [�/[
LOI �/� �/� ��/� ��/[ �/� p/� ��/�
g)?@� ��/�� ��/�[[ Ip/�[[ ��/�� ��/�[[ ��/�� ��/�[[

Cs �pI �p[ ��� �pI ��[ ��� ���
Rb ��� �� �� �p ��[ �[p ��
Ba ��� I[� �Zp �[� Z�p Z�[ I�p
Sr ��Z ��I �II ��� ��� ��Z ��Z
Pb Z/�� Zp/�� �/�� �/�� �/�� �� I�/��
Th Z pZ/� �p/Z [�/Z Z/Z Z/I �/�
U p p/� � I �/� p/� �
Zr ��Z ��� ��p ��� �ZZ ��I ��I
Hf I/� ��/p ��/� [�/I �/� ��/p ��/�
Ta �/� �/� Zp/� p�/� I/� �/� Z/�
Y �� p[ p� pp �� �� �Z
Nb p[ �I �� �I �� �Z �Z
La �Z �� I� I� �� �Z I�
Pr Z/� �/� �/� �/� �� �� ��
Nd p� pZ p� �[ �� �[ �[
Sm [�/� ��/� Z�/� ��/� ��/Z �I/Z ��/Z
Eu I�/� �Z/� ��/� Z�/� �I/� ��/� [�/�
Gd [�/� p/� p�/� ��/� �/Z ��/I �/I
Tb [�/� �Z/[ [�/� [�/� ��/[ ��/[ [�/�
Dy �/� p/� ��/� No p�/� ��/� p/�
Ho [�/� �Z/[ �/[ [p/� ��/[ ��/[ �/[
Er I�/� II/� ��/� ZZ/� ��/� ��/� I�/�
Tm p/[ ��/[ ��/[ p�/[ p/[ p�/[ p�/[
Yb [p/� ��/� [�/� �Z/� �Z/� �/� �/�
Lu p�/[ p�/[ pZ/[ p�/[ p/[ p�/[ p�/[
Ce �p �� �p �[ �[� �I �[[
Cr ��Z ��� �Z� ��� ��� �[p �[�
Ni Z� Z� �� Z� �p �� �I
V ��� ��� ��Z ��I ��� ��I ���
Ga �Z/�Z [p/�� ��/�I [p/�� �I/�� ��/�� �/�p
Zn �Z ��� �[[ �p �� �� �I
Cu pZ p� pZ p� �� �� ��
Be �/� �/� �/� �/� �/� � I/�
Ge ��/[ ��/[ ��/[ ��/[ [p/� �I/[ �I/[
Hg [I/[< [I/[< [I/[< [I/[< [I/[< [I/[< [I/[<
Li �/�I I�/p[ �/�I �� �/p[ �� pp
Sn �/p Zp/� ��/p �/� � p p/p
Tl � �/[ Z/[ � �/� [�/� �
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!�8%&"0 g/)�/ �8�?
,� ��?
,� :�3��?"�*8 % �?"�*8 
�� /,> n3 #/ /� , $��K;�/ ,�8)c- IY�/.(�,+ �/,��

 n
2"��Mg# = 100Mg/(Mg + Fe + 2) �%,G ���8 !
/ 
p[/�[ ��Z/�I,V�� )�3&"	%&B�C % �3#�7�
� :/&7 (, �6��m�

8 g)?@� %1)"L� :�3Na+Ca+ Fe+2 �7 9
�2� ���M ���/ 
!3M $&;�' �� ���M �!
/&7��7�n
2"�� ��� �/&P n"�*8 ,�&"' .

�� �3&"	%&B�C % �3#�7�
� �� ���8 !
/ �
��� :��+/ S"8&L
 $&;�'Fs(7.19 - 14.35) �En(35.64 - 42.60) %Wo(50) 
��/ .�"�);�C% ��*�� �/�)?� 5��/&7 ��"L�;��/ ��%&	 �"*"

]��[!�8%&"0 �,�;�3 ,"�0)
� g)� #/ �3)c- I<.(

D�0- 5$�/� ��%&;-�/%�82
� �
2@L :�3)&7S�G ��#% ,V�� (9
/� �� !�8%&"0 ����8 :/&7#�7 :��3:.
Error! Not a valid 

link.Point Px1 Px2 Px3 Px4 Px5 Px6 Px7 Px8 Px9 Px10 

SiO2 ��/��  [�/��  [�/I[  [�/��  [�/��  ��/��  ��/��  �p/��  ��/��  �� 

TiO2 Z�/� �/� ZI/� p�/� ��/� �/� I�/� I/� ��/� ��/�
Al2O3 �Z/p ��/� ��/� ��/� [p/p ��/� ��/� p ��/� Z�/�
FeO ��/� ��/�[  [I/�[  ZI/�[  [Z/�[  ��/� �I/� Zp/�[  �p/� [Z/�[  

MnO p/[ ��/[ p�/[ p�/[ ��/[ p�/[ p�/[ ��/[ p�/[ pZ/[
MgO [�/�I  �Z/��  ��/��  [p/�I  �p/��  �Z/�I  Z�/��  Z�/��  ��/��  [p/�I  

CaO I�/��  pZ/�[  �Z/�[  ��/�[  ��/�[  ZZ/��  ��/�[  ��/��  ��/�[  ��/�[  

Na2O IZ/[ I/[ I�/[ I�/[ ��/[ I/[ I�/[ Ip/[ I�/[ ��/[
K2O �/[ �/[ [�/[ [�/[ [p/[ �/[ [�/[ [�/[ �/[ [p/[

Cr2O3 pZ/[ pZ/[ �/[ ��/[ p/[ p�/[ pp/[ ��/[ pp/[ ��/[
g)?@� ZZ/�[[  ��/�[[  ��/�[[  ��/�[[  p/�[[  �p/�[[  ��/�[[  ��/�[[  ��/��  Z�/�[[  

Si ��Z/� ���/� ���/� �[I/� ���/� �[�/� ���/� �p�/� ��Z/� ���/�
Ti [�I/[ [Ip/[ [�Z/[ [p�/[ [I�/[ [p�/[ [�p/[ [��/[ [Ip/[ [I�/[
Al ���/[ ��p/[ ��Z/[ ���/[ �pp/[ ��I/[ ���/[ �p�/[ ���/[ ���/[
Al4 ���/[ ��p/[ ��Z/[ ���/[ �pp/[ ��I/[ ���/[ �p�/[ ���/[ ���/[
Al6 [/[ [/[ [/[ [/[ [/[ [/[ [/[ [/[ [/[ [/[
Fe3 [��/[ [�p/[ [Z�/[ [�p/[ [Ip/[ [��/[ [Z�/[ [��/[ [�Z/[ [p�/[
Fe2 �I�/[ ��[/[ ��Z/[ �II/[ �I�/[ �[�/[ �p�/[ �Ip/[ �Zp/[ ��p/[
Mn [[�/[ [[�/[ [�[/[ [�[/[ [[�/[ [�[/[ [�[/[ [[�/[ [�[/[ [��/[
Mg ��I/[ ��Z/[ ���/[ ��I/[ ���/[ �p�/[ ���/[ ��p/[ ���/[ ����/[
Ca ��I/[ �[�/[ ��I/[ ���/[ ���/[ �I�/[ �[I/[ ���/[ ��Z/[ ��I/[
Na [�[/[ [pZ/[ [��/[ [p�/[ [p�/[ [pZ/[ [p�/[ [p�/[ [p�/[ [p�/[
K [[�/[ [[I/[ [[�/[ [[�/[ [[�/[ [[I/[ [[�/[ [[�/[ [[I/[ [[�/[
Cr [�[/[ [��/[ [��/[ [[�/[ [[�/[ [[�/[ [�[/[ [[�/[ [�[/[ [[�/[
Wo [[/I[  [[/I[  [[/I[  [[/I[  [[/I[  [[/I[  [[/I[  [[/I[  [[/I[  [[/I[  
En ��/�[  ��/p�  �Z/pZ  �[/pZ  ��/p�  Z�/p�  �[/p�  Z�/pZ  ��/p�  �[/p�  

Fs ��/� ��/��  [�/�p  p[/�p  Z[/��  p�/��  Z[/��  p�/�p  �p/��  �Z/��  
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/� �� !�8%&"0 ����8 :/&7&"	%&B�C :��3:��0)> ���O�� .
�O�� $��? LaM1 LM2 LM3 LM4 LM5 

SiO2 ��/I� ��/I� �Z/�� ��/Ip �p/I[
TiO2 I�/[ ��/[ p�/[ I�/[ �Z/[
Al2O3 ��/p ��/� Ip/p Z�/� ��/�
FeO [p/I [Z/Z Z�/Z �p/I �Z/I
MnO ��/[ ��/[ ��/[ �Z/[ �I/[
MgO ZZ/�I [�/�Z [�/�� ��/�� Z�/�Z
CaO �p/�[ ��/�� [p/�� p�/�[ �[/��
Na2O ��/� �p/[ �p/[ p�/� p[/�
K2O �[/[ [�/[ ��/[ [�/[ �p/[

Cr2O3 pZ/[ ��/[ ��/[ ��/[ Zp/[
g)?@� ��/�� ��/�� Z�/�[[ �[/�� �p/��
Wo [[/I[ [[/I[ [[/I[ [[/I[ [[/I[
En ��/�� ��/�� I[/�[ �I/�� ��/��
Fs ��/� �[/� I[/� I�/� ��/�
Si ��/� ��/� �Z/� �[/� �p/�
Ti [�/[ [�/[ [�/[ [�/[ [�/[
Al ��/[ pp/[ ��/[ p[/[ pZ/[

Al4 ��/[ �Z/[ ��/[ �[/[ ��/[
Al6 �I/[ ��/[ �p/[ �/[ ��/[
Fe3 [[/[ [p/[ [�/[ ��/[ [�/[
Fe2 ��/[ �p/[ �p/[ [I/[ [/[
Mn [�/[ [[/[ [[/[ [[/[ [[/[
Mg �I/� [�/� �I/� �[/� ��/[
Ca ��/[ II/[ ��/[ I[/[ Z�/[
Na [Z/[ [Z/[ [Z/[ [Z/[ [Z/[
K [[/[ [[/[ [[/[ [[/[ [[/[
Cr [�/[ [�/[ [�/[ [�/[ [�/[

g)?@� [[/� [[/� [[/� [[/� [[/�

D�0- G$�/� ��%&;-�/%�82
� �
2@L :�3)���#% ,�V�� ��
�0&7 (9�
/� �� #T8)��
UT0 �����8 :/&�7 ���0)> ����O�� &�"	%&B�C % 9��
#�7 :���3 
:Db #�7�
� ���.� :LP&"	%&B�C ���.� 

Piont Pl1 Pl2 Pl3 Pl4 Pl5 Pl6 Pl7 Pl8 Pl9 
Db Db Db Db Db LP LP LP LP 

SiO2 ��[/�� �I[/I� ��[/I� �I/IZ Z�/I� ��/I� Zp/Ip �p/I� �Z/I�
TiO2 [p[/[ [�[/[ [�Z/[ [��/[ [�[/[ [�[/[ [�[/[ [�[/[ [�/[
Al2O3 [p/pp IZ/p[ pp/�� ��/�I ��/�� ��/�� p�/�� [p/�� �[/��
FeO Z�/[ pp/[ Ip/[ I�/[ [I/[ ��/[ [�/[ ��/[ ��/[
MgO [[/[ [[/[ [[/[ [[/[ [[/[ [[/[ [[/[ [[/[ [[/[
CaO [�/�� Zp/�p Zp/�� ��/� ZI/�� �[/�p �I/�� [p/�� ��/�p
Na2O Zp/� ��/� ��/I �I/Z pZ/I Zp/I I�/Z ��/I [p/Z
K2O [Z/[ �I/[ [�[/[ [pZ/[ �[/[ ��/[ ��/[ p[/[ ��/[
g)?@� �[/�[[ ��/�[[ �Z/�� ��/�� Z�/�[[ �p/�[[ I�/�[[ ZI/�[[ ��/�[[

Si ��/� ��/� ��/� Z�/� ��/� �Z/� �[/� ��/� ��/�
Ti [[�/[ [[�/[ [[�/[ [[�/[ [[�/[ [[�/[ [[�/[ [[/[ [[�/[
Al �,��� �,��Z �,��� [,��� �,��� �,��Z �,��I �,��� �,���

Al4 [,��[ [,��� [,�[� [,pI� [,�I� [,�pp [,[�p [,��� [,�Ip
Al6 �,�p� �,��� �,��I [,I�� �,[I� �,[�p �,[I� �,[I[ �,[ZZ
Fe3 [[/[ [[/[ [[/[ [��/[ [[/[ [[/[ [[/[ [[/[ [[/[
Fe2 [��/[ [�[/[ [�Z/[ [[/[ [[�/[ [[�/[ [[p/[ [[�/[ [[�/[
Mg [[/[ [[/[ [[/[ [[/[ [[/[ [[/[ [[/[ [[/[ [[/[
Ca ZZ/[ Ip/[ �Z/[ p�/[ IZ/[ I[/[ ��/[ I�/[ I[/[
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