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���8 [6� Plg Plg Plg Plg Plg Plg San San 
SiO2 �d/ee ��/�� ��/eh h�/�� �d/ee ��/�� e�/�� hd/�e
TiO2 ��/� �/� ��/� �/� ��/� �/� ��/� ��/�
Al2O3 ��/�g �d/�� ��/�h �g/�� ��/�g �d/�� ��/�g e�/�g
FeO* dg/� ��/� d�/� ��/� dg/� ��/� ��/� �h/�
MnO �/� ��/� �/� ��/� �/� ��/� ��/� �/�
MgO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
CaO ��/�� d�/� ��/� ��/� ��/�� d�/� ��/� d�/�
Na2O eg/e ��/h �d/� �g/h eg/e ��/h de/d ��/�
K2O d�/� d�/� d�/� e�/� d�/� d�/� ��/�� �d/��

[6'Y� ��� ��/��� �e/��� ��/��� ��� ��/��� �/�� e/���
Si ��/� ��/� eh/� h�/� �g/� eg/� ��/d �g/�
Al e�/� d�/� �d/� ��/� e�/� ��/� �h/� ��/�

Fe2+ ��/� ��/� ��/� ��/� ��/� ��/� �/� ��/�
Ti �/� �/� �/� �/� �/� �/� �/� ��/�

Mn �/� �/� �/� �/� �/� �/� �/� �/�
Mg �/� �/� �/� �/� �/� �/� �/� �/�
Ca e�/� d�/� ��/� d�/� e�/� �d/� ��/� ��/�
Na ��/� �g/� e�/� �e/� ��/� e�/� d�/� ��/�
K ��/� ��/� ��/� �d/� ��/� �d/� �h/� �h/�

�� >6/+�8 ��/e ��/e ��/� ��/� �/e �/e �h/� �e/�
Ab d�/�g ��/�g ��/ed e�/�e �/�� e�/e� ��/d� ��/�h
An g�/�� ��/d� e�/�� ��/d� d�/e� ��/�� �/� ��/�
Or �/� g�/� g�/� ��/d h�/� ��/� ��/�g d�/h�
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SiO2 �d/��  h�/��  h�/��  h�/��  
TiO2 ��/� �e/� h�/� ��/�
Al2O3 �g/�d  ��/��  eg/��  gd/��  
FeO* d�/��  ��/��  ��/�e  e�/��  
Cr2O3 ��/� �/� �/� �/�
MnO ��/� ��/� e�/� ��/�
MgO d�/�d  d�/�d  dg/��  hg/��  
CaO ��/��  ��/��  �h/��  ��/��  
Na2O �d/� d�/� e�/� �g/�
K2O ��/� d�/� ��/� ��/�

[6'Y� g�/�h  �g/�g  ��/�g  ��/�g  
TSi �h/e �/� �h/� dh/�
TAl �d/� �/� hd/� �d/�

[6'Y�_T g g g g
CAl ��/� �e/� d�/� ��/�
CCr �/� �/� �/� �/�
CFe3 �d/� ��/� �/� �/�
CTi �e/� �h/� d�/� �e/�

CMg �d/� �d/� ee/� ��/�
CFe2+ ��/� �e/� g�/� ��/�

[6'Y�_C �/e �/e �/e �/e
BFe2+ ��/� ��/� ��/� ��/�
BMn ��/� ��/� ��/� �e/�
BCa g�/� ��/� ge/� gd/�

[6'Y�_B �/� �/� �/� �/�
ANa h�/� �h/� hd/� ��/�
AK ��/� ��/� ��/� ��/�

[6'Y�_A ��/� ��/� �e/� ge/�
[6'Y�_cat ��/�e  ��/�e  �e/�e  ge/�e  

[6'Y�_oxy �/�d  �/�d  ��/�d  �g/�d  
Mg# h�/� he/� ��/� �e/�
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SY+ 9��'D �� �h d�� d�h

���8 [6� Cpx Cpx Cpx Cpx 
SiO2 ��/e� g�/e� �e/e� �e/e�
TiO2 e�/� e�/� eg/� e�/�
Al2O3 ��/d gh/� h�/� ��/�
FeO* ��/h h�/h ��/g hg/h
Cr2O3 ��/� �d/� �/� �/�
MnO ��/� �g/� ��/� ee/�
NiO �/� �/� ��/� �/�
MgO e�/�� ��/�� ��/�d ��/�d
CaO ��/�� �h/�� ��/�� ��/��
Na2O dg/� dh/� ��/� �d/�
K2O ��/� ��/� �/� �/�

[6'Y� ��/��� ��/��� ��/�� gg/��
TSi g�/� ��/� ��/� �d/�
TAl ��/� �g/� �g/� �h/�

TFe3+ �/� �/� �/� �/�
M1Al �d/� ��/� ��/� �d/�
M1Ti ��/� ��/� ��/� ��/�

M1Fe3+ �g/� �d/� ��/� ��/�
M1Fe2+ �g/� �d/� �e/� ��/�
M1Cr �/� �/� �/� �/�
M1Mg g�/� hg/� h�/� hh/�
M1Ni �/� �/� �/� �/�
M2Mg �/� �/� �/� �/�
M2Fe2+ �h/� �g/� ��/� ��/�
M2Mn ��/� ��/� ��/� ��/�
M2Ca g�/� gg/� g�/� g�/�
M2Na �d/� �d/� �d/� �d/�
M2K �/� �/� �/� �/�

[6'Y�_cat �/� �/� �/� �/�
Ca dd/�g �h/�� �e/�h ��/�h
Mg �h/�d de/�� de/�� ��/��

Fe2+_Mn e�/g �g/�� �/�� eh/��
JD1 ��/� �e/� ��/� �e/�
AE1 ��/� �/� �/� ��/�

CFTS1 ��/� g�/� ��/� �h/�
CTTS1 gd/� gd/� g�/� h�/�
CATS1 �/� g�/� e�/� �/�
WO1 g�/�� �h/�d d�/�d d�/��
EN1 ��/�� �g/�� �g/d� h�/��
FS1 �e/g g�/�� ��/�� eh/��
Q g�/� g�/� g�/� gh/�

Mg# g�/� h�/� hg/� h�/�
J ��/� �e/� ��/� ��/�

WO dh/�� ��/�� hd/�� ��/��
EN ��/�� ��/�� eh/d� ��/��
FS ��/�� ��/�d h�/�d �e/�d

WEF �g/�h ��/�h gh/�� g�/��
JD h�/� eh/� ��/� �g/�
AE �g/� �d/� e�/� ��/�
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9��'D G10 G12 G16 G15 G7 G13 G9 G11-1 G4 G5 
[6� Andesite Andesite Andesite trachy- Andesite Andesite trachy- Andesite Dacite trachy- 

SiO2 g�/e� de/eg ��/eg ��/�� gh/�� ��/�� �d/�� �d/e� �/�d ��/e�
TiO2 ��/� hg/� hh/� ��/� g�/� g�/� hd/� hd/� ��/� h�/�
Al2O3 �/�e he/�e ee/�e �h/�� ge/�d ��/�� dg/�e g�/�� ��/�� eh/�d

Fe2O3* dd/h d/� �/� ��/� g�/e d/� �g/e gh/e �d/� dh/�
MnO ��/� �h/� ��/� ��/� ��/� ��/� �e/� ��/� ��/� �/�
MgO ��/d g�/� hd/� gg/� ��/� ��/� d�/� �d/� �e/� ��/�
CaO �/e �e/� ee/� g�/d � dg/e h�/d eg/� g�/� ge/e
Na2O ��/� �/d e/d ��/d d�/d e/d ��/� ��/d e�/� �d/d
K2O �g/� �e/� �/� eg/d ��/� ��/� hd/d dd/� ��/� eg/�
P2O5 d�/� d�/� d�/� dh/� �h/� d�/� dh/� dg/� ��/� dg/�
LOI �e/� e/e d�/� ��/� eg/e ed/d ��/� h�/� e/� �g/�
Mg# ��/�� �h/dh e�/de �d/�� �g/�d �h/�e d�/�d �g/de g�/d� hd/��
Cr �e �� �e �� dd �d �g de eh e�
Ni �/�d �/dh �/�� �/e� h/�� e/�� �/dd �� �/�e �/�g
Co ��/�� d�/�� ��/�d hg/�e ��/�e hg/�d e�/�d ��/�� �d/�� ��/�d
V ��e ��� ��� ��h �de �d� ��� ��g �� ��g

Cu �dd d� �� ��d �� �� e� de �g ��
Pb �e/� d�/�� g�/� e/h ��/e �g/� dh/h ��/�� �e/e �g/e
Bi ��/� �h/� �e/� ��/� ��/� �g/� �g/� ��/� �/� �d/�
Cd ��/� e�/� ��/� h�/� �d/� ��/� ee/� dd/� �g/� �d/�
In ��/� ��/� �e/� ��/� �e/� ��/� �e/� �e/� ��/� �e/�
Sn ��/� �/� �g/� e�/� �/� ��/� �/� �h/� e�/� ��/�
W e�/d ��/d ��/d �g/d gh/� ��/d �e/d ��/d e�/� ��/d
Mo ��/� ed/� �e/� h�/� �h/� ��/� �d/� �h/� ��/� d�/�
S e� dh �� d� �� h� d�� �d �� ��

As g�/�� e�/� �e/� ��/�� �e/� ��/�� ee/d dd/� h�/� g�/�
Se g�//h ��/e � �/d h�/d �g/� gh/d h�/� ��/d �/�
Sb ��/� ��/� ��/� ��/� ge/� �g/� h�/� �h/� gd/� h�/�
Te ��/� �g/� d�/� �e/� ��/� ��/� �g/� ��/� �e/� �e/�
Ag ��/� ��/� ��/� ��/� �h/� ��/� �d/� ��/� ��/� ��/�
Rb g�/� d�/� dg/�g e�/�d ��/� eg/�� h�/d� �d/�g h�/�g �e/d
Cs �d/� ��/� ��/� ��/� ��/� e/� h�/� d/� �e/� ��/�
Pr hh/d �/d gg/d �g/� ��/� d/d �e/� g�/d �/d h�/�
Nd �/�h e�/�h d�/�h e�/�g �e/�h �e/�e hd/�g ��/�� ee/�� ��/��
Sm e�/d �d/d �d/d gg/d d�/d �g/d ��/d ee/d hh/� ed/�
Eu �/� �e/� �/� d/� ��/� ��/� d�/� ��/� gh/� ge/�
Gd he/� g�/� ��/� �g/� �g/� �/� ��/e �h/� g�/d ��/d
Tb eg/� e�/� e�/� eh/� �e/� ed/� eh/� ee/� ��/� ��/�
Dy �e/d ��/d ��/d dh/d e�/� �h/d g�/d ��/d �d/� ��/�
Ho h�/� h�/� h�/� h�/� ed/� h�/� g�/� h�/� �g/� ��/�
Er ��/� ��/� ��/� dd/� h�/� �h/� eg/� d�/� ��/� �g/�
Tm �e/� d/� ��/� �h/� �/� ��/� d/� ��/� d�/� ��/�
Yb �d/� eh/� ed/� d�/� g�/� d�/� ��/� eh/� ��/� ��/�
Lu de/� �e/� ��/� �d/� �g/� ��/� d/� �g/� ��/� ��/�
Be ��/� d�/� d�/� �g/� e�/� ��/� dg/� ��/� ��/� d/�
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�/��$ �<D6( �1 �*�� 9"D ��Y#�1 &%j#M"#O ]d�[>�-6� �
��(=�-�� %?�#M ��$�$%	 �� &��
=O�-�� ,#- %?�#M >6

>6
 X�S1 (LILE) �� 9"
� �6D .�$�6'� :
$ ���%?�#MTi �
Nb �Ta �Rb �Zr � �2#� &��Y#���Cs �Ba �Sr �K�U�
Pb �� >��� �*�� &��Y#��� "#��).0D�A(�:/#�'� �

%?�#MTi �Nb �Ta ��>��� �2#� &��Y#� "��$�).0D�A.(

.0DhA � r�$I�$�6'� &��,#- &�$�J��� &��:-6;$ ����2�+3 &���"#4 5678 968 )=$ �<	%(%1 �$�6'� QF$%� ]���d�([.

.0DgA � r�$I�$�6'���&U+//:%-&�'(��,#- �
 :-6;$ ����2�+3 &�� &���"#4 5678 968 )=$ �<	%( %1QF%�]d�([.
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�"#8 %?�#M %
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=$ �<	%(%1 QF%� ]d�([.
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,#-9�J<-�] ,#- 9"�=�- &�'(�� :-6;$ ����2�+3 &�� 968

&���"#4 5678 
�1 �*�� 9"D ��Y#�1 &%j#M"#O �$�6'� ���
�"#8 {/8%+ �

{/D ���� ���] %?�#M 5$%//\+(REE) �2#� �%?�#M &6J�$
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%�+ 9�61 ,#- %J��/1 �8
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 C6*/2�3 �8 �-$ :
$ %J��/1�1�67*<� �$"13 ���8 V
 >$6#M
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&��Y#��� 2#��Eu �<4� � ���A$�� =$ ��f-"7	 �8 "��

�7	/Vy�N
$"F �671
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=_86 
,#- �� ��&=�1
V����P {F6� "�$6+&��Y#��� Eu �6D .

78/ 6#/:�8�% 2�3 �/C6* $�$�&&��Y#��� 2#��Eu �
`_ 
=_86 $�$�&&��Y#��� �*��Eu �-$ .��8 �6�P���&
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.&��Y#��� Eu ���6D 
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