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Sample pl1 pl2 pl3 pl4 pl5 pl6 pl7 pl8-R pl9-C pl10 
SiO2 �8/o� �8/op qp/qr 8p/qr =r/op =�/op =r/qr ro/qr 8p/op o=/on
TiO2 r�/r r3/r rr/r r�/r rr/r r3/r rr/r r�/r r�/r r�/r
Al2O3 r3/3q oo/3o r8/3= n�/3= po/3= nn/3= q=/3= n8/3= ro/3o 8o/3o
Cr2O3 rr/r rr/r rr/r rr/r rr/r rr/r rr/r rr/r r3/r rr/r
FeO �o/r �r/r �q/r �n/r �p/r �q/r �3/r 33/r �n/r ��/r
MnO rr/r rr/r rr/r rr/r rr/r rr/r rr/r r�/r r=/r rr/r
MgO r3/r rr/r rr/r rr/r r�/r rr/r rr/r r3/r rr/r r3/r
CaO rn/n nq/� �o/q pq/q r=/� n=/q nq/q n=/q �8/� ��/�
Na2O 88/q op/q p�/q qn/q ��/q qr/q �o/q q=/q oq/q =n/q
K2O �8/r n8/r 38/� �r/� r3/� p=/r r�/� rr/� p�/r nq/r
Total �3/pp rn/�rr 38/pp �n/�rr 8�/pp p3/pn �p/pp q3/pp 8=/pp �=/pp

Si q�r/3 q==/3 �3o/3 qp�/3 q�3/3 qn3/3 qpp/3 qnp/3 q��/3 q=8/3
Ti rr3/r rr�/r rrr/r rrr/r rrr/r rr�/r rrr/r rrr/r rrr/r rr3/r
Al 8nq/� 8=�/� 3�3/� 8rq/� 838/� 833/� 3pn/� 8��/� 83n/� 8=p/�
Cr rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rr�/r rrr/r

Fe++ rrq/r rr=/r rrq/r rr�/r rr�/r rrq/r rro/r rrn/r rr�/r rr=/r
Mn rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rr3/r rrr/r
Mg rr3/r rrr/r rrr/r rrr/r rr�/r rrr/r rrr/r rr�/r rrr/r rr�/r
Ca 8p�/r 8�q/r 3pq/r 883/r 88p/r 88�/r 83n/r 83n/r 8==/r 8�8/r
Na oo=/r o�3/r qr�/r o��/r op�/r o��/r ono/r o�q/r o�3/r oq�/r
K r=3/r r=n/r r��/r rq3/r rop/r ro=/r ron/r ro�/r roo/r r=p/r

Total pp8/= pp�/= p��/= p�o/= pp�/= p�3/= p�8/= p�3/= p�n/= pnp/=
Na / (Na+K+Ca) oq�/r o�=/r q3=/r op=/r op�/r qrr/r qr3/r opp/r onp/r o�8/r
K / (Na+K+Ca) r=3/r r=n/r r�8/r rq=/r rop/r roq/r rop/r rop/r ro�/r ror/r
Ca / (Na+K+Ca) 8pq/r 8�n/r 8r=/r 8=3/r 8=8/r 8==/r 88n/r 8=�/r 8o=/r 8��/r

D�-� "�+B+E
Sample pl11 pl12 pl13 pl14 p15 pl16 pl17 pl18 pl19-R pl20-C 

SiO2 33/qr =3/op no/op �=/op on/op =q/op qo/qr oq/op q�/op q8/qr
TiO2 r�/r rr/r r8/r ro/r rr/r r3/r rr/r rr/r r�/r r=/r
Al2O3 n3/3= �3/3= �o/3= qp/3= np/3= p�/3= �3/3= �3/3o q�/3= oq/3=
Cr2O3 r�/r rr/r rr/r rq/r rr/r r�/r rr/r rr/r r�/r r8/r
FeO �o/r ��/r �q/r �o/r �=/r �n/r ��/r ro/r �8/r �q/r
MnO rr/r r�/r rr/r rr/r r�/r rr/r r8/r rr/r rr/r r8/r
MgO rr/r rr/r rr/r r�/r rr/r rr/r rr/r r�/r rr/r rr/r
CaO oq/q r=/� nq/q pq/q r8/� q=/q �o/q 8q/� q=/q on/q
Na2O nn/q qo/q or/q qo/q ��/q o3/q �3/q o8/q n�/q qn/q
K2O pn/r pn/r ro/� p=/r r=/� r8/� r3/� pr/r r8/� rn/�
Total q3/pp pp/pn 3r/pp q=/pn =q/pp n8/pn rq/�rr o3/pp pq/pn nr/pp

Si qpo/3 qn�/3 qp�/3 q��/3 q��/3 qn3/3 �r3/3 q��/3 qpr/3 �r�/3
Ti rrr/r rrr/r rr�/r rr3/r rrr/r rr�/r rrr/r rrr/r rrr/r rr�/r
Al 8rp/� 8�=/� 8��/� 8��/� 8�n/� 83n/� 3pn/� 83n/� 8��/� 3p8/�
Cr rrr/r rrr/r rrr/r rr3/r rrr/r rrr/r rrr/r rrr/r rrr/r rr�/r

Fe++ rrq/r rr�/r rrq/r rrq/r rro/r rr�/r rrq/r rr3/r rro/r rrq/r
Mn rrr/r rr�/r rrr/r rrr/r rrr/r rrr/r rr�/r rrr/r rrr/r rr�/r
Mg rrr/r rrr/r rrr/r rr�/r rrr/r rrr/r rrr/r rr�/r rrr/r rrr/r
Ca 8�=/r 8=r/r 88r/r 88n/r 88n/r 83�/r 833/r 8o=/r 83�/r 8�o/r
Na op�/r on�/r oqq/r on=/r opr/r o�r/r onr/r oqn/r opo/r o�n/r
K roq/r roq/r rqr/r ro=/r rop/r rop/r ron/r ro�/r rop/r rq�/r

Total p��/= pn�/= pqq/= pnr/= pnp/= pqn/= pqn/= p�o/= pn�/= pq=/=
Na / (Na+K+Ca) q��/r op=/r op3/r opn/r op�/r qrr/r qr=/r on=/r q�r/r qrq/r
K / (Na+K+Ca) ron/r ron/r rq8/r roq/r rqr/r rq3/r rq�/r ro8/r rq�/r rq=/r
Ca / (Na+K+Ca) 83o/r 8=n/r 8=o/r 8=q/r 8=8/r 88n/r 88o/r 8q8/r 83p/r 88r/r
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D�-� "�+B+E
Sample pl21-R pl22-C pl31-C pl32-M pl35-R pl36-R pl37-M pl38-C pl53-R pl54-C 

SiO2 �r/qr n=/op o�/op n=/op �q/qr �n/op o�/op ��/op 8�/o� 88/oo
TiO2 rr/r r=/r rr/r r8/r r3/r r�/r rr/r rr/r r3/r rr/r
Al2O3 or/3= �3/3= pq/3= p8/3= on/3= �8/3= p�/3= 3o/3o =p/3q oq/3�
Cr2O3 r�/r rr/r rr/r rr/r rr/r rr/r rr/r rr/r rr/r rr/r
FeO �n/r �o/r ��/r �r/r r�/r �3/r �=/r ��/r �8/r ��/r
MnO rr/r rr/r r3/r rr/r rr/r rr/r r�/r rr/r rr/r rr/r
MgO rr/r rr/r r3/r r�/r r�/r r�/r r3/r rr/r r8/r rr/r
CaO on/q 8o/� po/q �o/q ��/q 3r/� �3/� oq/� qo/n r�/�r
Na2O nq/q qq/q n=/q �q/q �8/q o8/q �n/q q�/q po/o 8p/o
K2O rn/� p=/r rr/� p=/r ro/� r3/� r�/� n�/r q�/r o�/r
Total 8r/pp ��/pp =�/pp 8q/pp 83/pp =o/pp o=/pp o�/pp 8r/pp r8/pp

Si �rr/3 qn3/3 q�=/3 qno/3 �rr/3 qn=/3 q�o/3 qoq/3 opr/3 o��/3
Ti rrr/r rr�/r rrr/r rr�/r rr�/r rr3/r rrr/r rrr/r rr�/r rrr/r
Al 3p�/� 8rq/� 833/� 8�n/� 8rr/� 8rp/� 8�n/� 88�/� =�r/� =��/�
Cr rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r

Fe++ rr�/r rrq/r rrq/r rr=/r rr8/r rro/r rro/r rr=/r rro/r rrq/r
Mn rrr/r rrr/r rr�/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r
Mg rrr/r rrr/r rr�/r rr�/r rrr/r rrr/r rr�/r rrr/r rr3/r rrr/r
Ca 8��/r 8o8/r 88o/r 83=/r 838/r 8=q/r 8=3/r 8q=/r =�n/r =p�/r
Na opn/r o�p/r opq/r onn/r onq/r oqn/r opr/r on�/r o3r/r =�q/r
K rq3/r ro=/r ro�/r ro=/r rqr/r ron/r ron/r ror/r r8p/r r8r/r

Total pn�/= pnr/= pp3/= p�o/= p�3/= p�8/= ppr/= pp3/= pn=/= pp�/=
Na / (Na+K+Ca) q�3/r on�/r qr8/r qrp/r qro/r on=/r opq/r on=/r o88/r =��/r
K / (Na+K+Ca) rq8/r roo/r ron/r roq/r rq3/r rqr/r ron/r ror/r r8p/r r8r/r
Ca / (Na+K+Ca) 83=/r 8on/r 88p/r 88q/r 888/r 8oq/r 8=q/r 8qq/r =3n/r =p8/r
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� !#1$ !1-� !41�+ ��JK? �-.( 
5^-� �9 �K9-#���� ��$�!( � �0& Ak m�$+ �0& ��*� 7: (W; �+�->�##+-4{� t+!A
Ca� �9 7�*��l%� �0%E�0%(A�$+ �-.( �� .

D�-�I�4� 
OC; Q
� �
� !41�+  �9O�?-;�+ #��+0" �� '�9 !�EA�0�: 
4���4B�$ M-�!	 �N$�{� �+!>E �( j&-& A�%N� !( A��9+ _;+ #7a
Sample px1 px2 px3 px4 px5 px6 px7 px8 px9 px10

SiO2 =n/o3 =�/o3 r=/o� o8/o3 ��/o� pr/or 8n/o3 =q/o3 3o/o3 �o/o3
TiO2 �o/r ��/r �n/r �3/r ��/r ��/r ��/r 33/r �q/r 3=/r
Al2O3 8p/r 8o/r 83/r 83/r 8�/r =p/r 3p/r =r/r =q/r 8�/r
Cr2O3 r�/r rr/r rr/r rr/r rr/r r8/r rr/r rr/r rr/r rr/r
FeO pr/3= pq/3o 8=/3� �o/3q 83/3� o3/3q ro/3o nq/3= =8/3o 3�/3o
MnO o�/r qr/r q�/r qp/r qo/r qq/r on/r o=/r o�/r q8/r
MgO �=/3r o=/�p 8r/�n q8/�p qn/�n =o/�n p�/�p 3=/3r pr/�p ��/�p
CaO 3=/� �=/� �=/� �=/� 3�/� ��/� �p/� 3�/� ��/� 33/�
Na2O r=/r r�/r r8/r rr/r rr/r rq/r r�/r r=/r r�/r r3/r
K2O rr/r rr/r rr/r rr/r rr/r rr/r rr/r rr/r rr/r rr/r
Total p�/pp 38/�rr rr/pp o�/�rr oq/pp =o/pn on/pp p�/pp po/pp rn/�rr

Si pnq/� pnn/� p��/� pno/� p��/� p�q/� ppr/� pn8/� pn�/� pp=/�
Ti rr=/r rro/r rro/r rr8/r rro/r rro/r rr8/r rrq/r rro/r rr�/r
Al r��/r r�q/r r�o/r r�=/r r��/r r38/r r�8/r r�n/r r3�/r r�=/r
Cr rrr/r rrr/r rrr/r rrr/r rrr/r rr�/r rrr/r rrr/r rrr/r rrr/r

Fe3+ rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r
Fe2+ �nn/r n38/r nnq/r n3�/r nnr/r nq�/r �pq/r �nq/r nrq/r �p�/r
Mn r�n/r r�p/r r33/r r33/r r3�/r r33/r r�p/r r��/r r�n/r r3r/r
Mg �8q/� �r8/� ro�/� �rq/� r�8/� rqn/� �8�/� �=�/� �3o/� ���/�
Ca ror/r r=q/r r=�/r r=q/r ror/r r=p/r r=p/r r=p/r r=n/r r=p/r
Na rr8/r rr�/r rr3/r rrr/r rrr/r rr=/r rr�/r rr8/r rr�/r rr�/r
K rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r

Total rr8/= rrr/= r��/= rr=/= r�q/= rrp/= rr�/= rr8/= rr=/= pp8/8
Mg/(Mg+Fe2+) opr/r o�8/r o==/r o�3/r o=p/r oo=/r on�/r op3/r on8/r on3/r

Fe2+
/(Fetot) rrr/� rrr/� rrr/� rrr/� rrr/� rrr/� rrr/� rrr/� rrr/� rrr/�

Al/(Al+Fe3++Cr) ppr/r rrr/� rrr/� rrr/� rrr/� pq8/r rrr/� rrr/� rrr/� rrr/�
En o�o/r oop/r o8�/r oop/r o8q/r o=r/r o�8/r o��/r oqp/r oqn/r
Fs 8pp/r =��/r ==o/r =�n/r =8p/r =8o/r =r8/r 8pn/r =r�/r =r�/r

Wo r3o/r r38/r r3=/r r38/r r3o/r r3o/r r3o/r r3o/r r3=/r r3o/r
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0.2U����>& �]���( �]��� D%$���9 �>#& �A��)�'#�� ��)
�2  �>#&-bJ ��ED%$ �4B�$A�E. . .]T�

D�-� "�+B+I
Sample px11 px12 px13 px14 px15 px16 px17 px18 px19 px20

SiO2 q�/o3 oq/o� 3n/=p 33/o� �=/o� nn/or 3�/o8 o�/o8 n=/o8 8o/o3
TiO2 �n/r �q/r 8p/r 3n/r 33/r 33/r 3�/r �q/r �8/r ��/r
Al2O3 =8/r 8q/r qo/� r8/� �p/� oq/r o�/3 q�/3 oo/3 =8/r
Cr2O3 rr/r rr/r rr/r rr/r rr/r r�/r rr/r rr/r rr/r rr/r
FeO 8�/3o on/3n or/3� nn/3� rr/3n rp/3� q8/3= rr/3o o8/3= r3/3o
MnO oo/r qr/r =p/r on/r qr/r o8/r or/r o=/r =p/r qr/r
MgO ��/3r 3n/�� o3/�� o�/�� �r/�n �r/�n ��/�� r�/�� nn/�q 88/3r
CaO rr/� �o/� �=/� oo/� �p/� rr/� 8�/� 88/� =3/� �o/�
Na2O r�/r rr/r �o/r ro/r ro/r rq/r =r/r ��/r 3�/r rn/r
K2O rr/r rr/r rq/r rr/r rr/r rr/r ��/r ��/r �=/r rr/r
Total 3o/�rr qn/pp ��/pn �o/�rr =�/�rr =q/pn ro/�rr =8/�rr �n/�rr �8/�rr

Si pnq/� pp�/� p3o/� pqo/� poo/� p�n/� rr3/3 rr=/3 r�q/3 p�n/�
Ti rro/r rro/r r��/r rrn/r rrq/r rrq/r rrq/r rro/r rr=/r rro/r
Al r�p/r r�q/r r�q/r r=q/r ro8/r r3q/r ���/r ��o/r ��3/r r�p/r
Cr rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r

Fe3+ rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r
Fe2+ nr�/r p38/r npn/r npo/r npo/r nn�/r ��=/r �n8/r �qn/r �p�/r
Mn r��/r r3r/r r�q/r r�p/r r�p/r r��/r r�q/r r��/r r�o/r r�p/r
Mg �8�/� ppo/r r3r/� rro/� r83/� r=p/� pon/r p=p/r p=3/r �=o/�
Ca r=r/r r=n/r r�8/r rq=/r r=p/r r=3/r ro8/r ro8/r ro�/r r=�/r
Na rr�/r rrr/r r��/r rr=/r rr=/r rro/r r3p/r r�3/r r�o/r rrq/r
K rrr/r rrr/r rr8/r rrr/r rrr/r rrr/r rro/r rro/r rrq/r rrr/r

Total rrr/= ppq/8 r88/= rro/= r�=/= rro/= po=/8 p=8/8 p8o/8 r�r/=
Mg/(Mg+Fe2+) onq/r o�p/r o83/r o3p/r o8o/r o==/r oo8/r o=n/r oo�/r op3/r

Fe2+
/(Fetot) rrr/� rrr/� rrr/� rrr/� rrr/� rrr/� rrr/� rrr/� rrr/� rrr/�

Al/(Al+Fe3++Cr) rrr/� rrr/� rrr/� rrr/� rrr/� pnn/r rrr/� rrr/� rrr/� rrr/�
En o�=/r orq/r o�3/r o�3/r o33/r o83/r o8�/r o83/r o88/r o�n/r
Fs =rq/r =�r/r =o�/r =oq/r =o8/r ==�/r =8=/r =8n/r =8o/r 8pp/r

Wo r3�/r r3=/r r8�/r r83/r r3o/r r3�/r r8r/r r8r/r r83/r r38/r

=:	J[�+ ("�+!^#!A?#'�9 !�EA��l%� A�� j&-& �!4�"AQuadk m(?#'�9 !�EA�� j&-& ��l%� �!4�"A;�4��+ #� �+!^ ��-
"#0�!]U�[� m(���: �+�->�#9 O#F�R � �( EDS? �( �-(!� #�E '�9 !A$�!( ��-� �.
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�5�� ����#( �A0>{��D��� �k-9 '
�� 7+!
+ �$�%& ���9  �$�%&�-.( �.C� ]T�

�9+#�E0�
!#c� SiO2 Al2O3�0%%9 '##5; f�� +A��
!
���� +!
� 0��+� �E�>"�� Y-�  �&!$Si Al�1N& 7 ��A

��4B�$A�2�� �( '�9 !#? A.^#��
7�-( )4�( ���+� .+��
 P�$+!( �-2 !
���� Al2O3�� !(+!( SiO2 '�9 !#? �E

�� �$ 7+-;�4&�A
�>"�� ��#.^ �>#��
.^ �#��
.^ �N&  #��

�+ +� !)
01
 �->� j#1F;]U\.[!#"�+!^ �#5^-�A'�9 !#? -
�EA$�!( ��-� ��+�->� �� SiO2L(��� �� Al2O3� 7�*��-

�>"�� G#9!; �9 0E�AD%$ �0���$ �EA�� j&-& ��l%� 
A!$  !>.^�#�>^.#��
� �+!^ ��!#")L1&�(E�� �( �9 #�

1E:�.^#��
��->� �%N� !( �EA&-bJ #>�L9 D%$ �+-�>E�
��+� .?-;�+ �-�e#�E�>"�� �� '�9 !A�� �( 7�>9 #��5	 L#�
X�(A$#.#+ �� }
�$�E�>"�� '.f%9+ �EAk:��� D%$

 �4&-"
����&�EAk:� �+��0�+-;G2-�%d�"0&�
?-;�+#'�9 !�-& ]U�.[

K����B�
9!; �+ ���F4$+ �(#& G#>#��
?#'�9 !� �E���� 7+-;A�-.N; 
�N$�{� +� ���:!9+!& �B�%& �( �9 ��
	 `#O
1�!( _9�e 
� j>9 �-.N;�90%.+!(A$�!( ���� A1*; #? L#'�9 ! �E

R ��EAC%$��� �F.4�� �?#�0& ���%* �$++ �� �9
'
0& ���F4$+ R �  � �+ fE a?�$+ �.�0& �b+�+ R � ��

`$-; ]U�[��� +!( ��� P�$+!(�N$�{�A�B�&  � XPT  

YPT�( j>9��+� �EA�l�� O#���: +A�%N� !(  A� `(+ � 
!
� ,�C�+��-&.

XPT = ���/V SiO2 + ]\T/V TiO2 - �V�/V Al2O3 +
���/V FeO(tot)  - V�U/V MnO + �V�/V MgO + 
��]/V CaO - ���/V Na2O

YPT = - ���/V SiO2 + ���/V TiO2 - �]T/V Al2O3 +
�U�/V FeO(tot)  + U��/V MnO - �]�/V MgO - ]�T/V CaO 

- ]��/V Na2O
!;!(A+
C%$��� R � '�+
�9 �$+ ']('�9 !#?  � �-�e
+!(AC%$��� ��+O�+ ��#��U(+!(A'�9 !#? Y+-�+ �EA

_#�.9–_
O#%� �'E: _
O#%�  �+� �'E: �+��$+ ���F4$+ L(�^.
R � '
+ P�$+ !(���� A'�9 !#? L#1*; �EA��-� $�!(��

]V�V �; ]]VV4��$ �2�� ��+!"5;##'&0)L1&T(.
�.9 �+0�� �+ ���F4$+#?-;�+ �� _#'�9 !
1��
�+ !)

R ��EAC%$��� �? j; #%�9 !��$+]�V.[+ ��
�R � '
���A?-;�+ �-.N;#�%N� !( '�9 !A�l(+� A�
� �$0( !�:
0:

TCa in Opx(K) = 6425 + 26.4P/(-lnCaOpx + 1.843)
+ ��
� ��l(+� '��-.9 G�e !( 
9 G�e !( ��*	  '#��(-.
�$+ .�4� P�$+ !(
� ��0�: �$0( Q��A?-;�+ �-.N; #�� '�9 !
��+0"�EA�0�: 
4���*	 �� �j&-& ��l%� ]�;]V9#�( ���(-.
t�-6�#)��#( '#']V�V �;]]�V �2��A4��$ #�+!)

 �N$�{�&0)M 02�(�4� �(
R � �+ L6�e Q]U�[�+-�>E �
��+�.

=:	L'�9 !#? �#5^-� � !( �EA�+�->�SiO2L(��� ��Al2O3+!(A!$ '##5; A
�>"�� �]U\.[
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0.2U����>& �]���( �]��� D%$���9 �>#& �A��)�'#�� ��)
�2  �>#&-bJ ��ED%$ �4B�$A�E. . .]TT

=:	M��� '##5;A'�9 !#?�-.N; �EAj&-& ��l%� R � �+ ���F4$+ �( ]U�.[

D�-�F�E���AE��*	 �� �0& �N$�{� �A]�� ]V+!( ��(-.#9 A-;�+ �� �-2-� '�9 !#?��+0"�EA�0�: 
4�j&-& ��l%� 
Sample P=]Kb P=�Kb P=]VKb

px1 �rqr �rn3 ��rp
px2 �r8n �rop �rnq
px3 �r=8 �rqo �rp3
px4 �r8n �rop �rnq
px5 �rqr �rn3 ��rp
px6 �roo �r�q ��r=
px7 �roo �r�q ��r=
px8 �roo �r�q ��r=
px9 �r=p �r�� �rpn

px10 �roo �r�q ��r=
px11 �rr� �r33 �r=n
px12 �r=p �r�� �rpn
px13 ���8 ��p� �33�
px14 ��83 ��oo ��n=
px15 �roo �r�q ��r=
px16 �r�= �r8o �rq�
px17 �r�q �rpp ��3q
px18 �r�q �rpp ��3q
px19 �rp� ��3r ��=n
px20 �r=8 �rqo �rp3

	�����
�4�
���: Q#O�
�#>#&-bJ .6+ !6�%/ �>9  #��->� k��EA��-�� 

$�!(���M 02 =�0& ��� : 0�+ .��->� ��EA��-�� �$�!(���
W; �+�->� �## Y-�>C� t+!.^�#��
��E )Na2O + K2O(!�(+!( ��

$#.#`�$-; �9 }]8�[�	!5���0��: L���& ��$+ �0�& 
��
9+!;�$+� #�  �
�-#�$+ �)L1&n[�+(.�?!( �
�A�$�!( �-
�EA(!C; ��9 0& ,-.5� Mg# F� �B�&#0A+!( A�B�%�&

��+0"�EA�
�*�4$-? �+ �4	!" �
�4�&-" ���$+ .k+��� ��EA
�4$-?A�
!
4�+��( '����2�� �+ !�c� �!6 Ak H *��(���( 

$ #�.Mg# �?#
')=r<(�� ��*������e �� ��-�&���9 
k+��A�E �(Mg# X�()=r>(�$-( `�	#�� �. +O�2+ �9��*A

�� L�6�e �4&-"��-�& ]83�88[.��#7+O Mg# �0��:
��+ ��E
p=/on�=3/=q W4� #( �9 �$+ !#+O�2+ f��� !)��A�� �4�&-" 
1*;#7: L�$�E .+
D%$ '�>; �+�->� P�$+!( �E
OAK2O��

 $ !(+!(#.#}]8=[���!4�"A1E: ��.^#��
�$�4? #`�$-4� _
�-&-& �;#4�� �+!^ �"#( �0�! ��-ZA��9 �0��: 
�E�� ��E �# �

$�4?#� �`$-4� _
�-#��$�4? ��E#�$+�  X��( _#� ��E
�"a�
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�5�� ����#( �A0>{��D��� �k-9 '
�� 7+!
+ �$�%& ���9  �$�%&�-.( �.C� ]T\

�-&-&#4��� 7�*� �0�%E�)L1�& nk.(E�� �# �-�&-& �#4�
��->��EA$+� #4�+!	 �+0B� �( iX�>4e+ 
���$!"� 0%�7: �� ��E

 �$+ �4�(+  .D%�$ ��EA��*�F*;: ��1E:�.^�#��
)�0��:
��
$+�#� ��
�-#�(�+tX-�{�_�� {� #`��EA���#'4B��$�
�!��EA0%4�E +!)>E t�{F6 ]8o.[!��%/ 0�%� �+�->� ��A

�4&-" �( �N�� �0& ��C%�(A� + #�]8q[%d�"0�&�!�6�%/ 
�#	-4#��O( L
7-(LILE) �N���( HFSE � �0E�*���-�&

)L1&p[�+.(+ ��
!�6�%/ �+�->� 'Zr �Cs�Rb�Th�U K
(#��C%�A!�6�%/  �N�� Ba�Nb�P Ti (#���C%�A�F%��

� 7�*��0%E� .-)�+ �+�->�A9�B !6�%/ �>9#�0�& ��C%�( k�
 �0%9 �( �N��
�]8�[7�*�� �0�%E�A�%d �"0�&�LREE �

��������;�"0�������& �HREE  (#���������C%�A�������F%��
Eu )no/r�3p/rEu/Eu* =(( �9 �$+# 0�%.N��-E f��� !)��
JK?
:!	 �� �K9-
+ L��1; 0%
D%$ '�E�$]8n[)L1&pk.(

D�-�6�4�
���: Q#&-bJ O#>#��
.6+ !6�%/ �)G�e !(wt.% (>9  #k�)G�e!(ppm (D%$�EA��*F*;: �j&-& 
Sample No. RB3 GB37 RB17a RB21 RB24 RB31
Rock type Andesite Andesite Andesite Andesite Andesite Andesite 

X "o�'oq°op "o�'oq°op "=8'oq°op "�p'o�°op "38'o�°op "8o'oo°op
location

Y "='8q°83 "='8q°83 "88'8n°83 "o='8�°83 "��'8q°83 "8o'8o°83
SiO2 88/oo r�/q� �r/q8 r3/q� =8/op pn/qr
TiO2 8r/� �q/r �3/r �p/r n=/r n8/r
Al2O3 ��/�n ��/�q �o/�q 8o/�q qp/�q �3/��
Fe2O3T 33/� nn/= or/= ro/o op/o rr/o
MnO �r/r rn/r rn/r rn/r �r/r rn/r
MgO 88/3 =p/8 88/3 o=/8 r8/= or/3
CaO 3�/� no/o 3p/= =3/o 3r/q 3p/o
Na2O p=/8 8=/8 p3/8 on/8 o�/8 n3/8
K2O �r/� �3/3 pn/3 8r/3 n3/� 8�/3
P2O5 3n/r �o/r �p/r 33/r 38/r 3n/r
LOI 3r/3 8r/� or/� =r/� 8r/� qr/�
Sum nr/pp n�/pp n�/pp �p/pp �p/pp �p/pp
Cs �r/� rr/q or/� pr/= or/8 3r/o
Ga �r/�� �r/�o 3r/�o 3r/�= �r/�= nr/�o
Hf qr/= pr/8 nr/o �r/o nr/= or/o
Nb =r/�= �r/p 3r/�o pr/�� 3r/�r nr/�=
Rb 3r/�8� �r/�p =r/pn rr/n= �r/q8 8r/no
Sr rr/=33 pr/8=o pr/8rn �r/8=� nr/833 rr/=or
Ta pr/r �r/r �r/� pr/r nr/r rr/�
Th nr/n or/�r or/�3 or/p 3r/n =r/�r
U qr/� rr/3 qr/3 rr/3 8r/� �r/�
V rr/�8r rr/p8 rr/q� rr/n3 rr/p� rr/n=
Zr rr/3�3 �r/�qo 8r/3qo �r/3�p 3r/3�� =r/3=p
Y 3r/3n nr/�n nr/38 or/3� 3r/38 3r/3=
La qr/3q qr/3= 8r/8� pr/3q or/3= 8r/8=
Ce nr/o� �r/== nr/on rr/o� qr/== 3r/qr
Pr r=/q nq/= 33/q 8n/o rp/o �8/q
Nd qr/38 �r/�n �r/3� rr/3r 3r/�n qr/38
Sm �p/= 3�/8 8p/= n3/8 nn/8 on/=
Eu 8n/� p8/r pn/r pp/r �r/� �q/�
Gd �n/o q=/8 3o/= n�/8 ro/= =r/=
Tb no/r oq/r �3/r q�/r q�/r ��/r
Dy nr/= 8o/8 rn/= qq/8 r�/= p8/8
Ho p�/r qo/r n3/r �3/r �n/r n�/r
Er qr/3 p=/� 8=/3 3�/3 3o/3 3�/3
Tm 8p/r 3p/r 8o/r 88/r 88/r 8o/r
Yb qq/3 �n/� or/3 �3/3 �n/3 8o/3
Lu =�/r 3q/r 8n/r 88/r 8�/r 8�/r

(La/Yb)N ��/� p�/p pp/n �/p rr/n rr/�r
Eu/Eu* no/r n8/r qp/r �p/r no/r �p/r
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0.2U����>& �]���( �]��� D%$���9 �>#& �A��)�'#�� ��)
�2  �>#&-bJ ��ED%$ �4B�$A�E. . .]T�

D�-� "�+B+6
Sample No. GB30 DB26 GB12 RB32 RB7 DB44 GB42 
Rock type Andesite Andesite Trachydacit Trachydacit Trachydacite Rhyolite Rhyolite 

X "3q'oq°op "3q'oq°op "=p'o�°op "=p'o�°op "=p'o�°op "8p'oq°op "=r'oq°op
location

Y "�'8�°83 "�'8�°83 "�r'8n°83 "�r'8n°83 "�r'8n°83 "='8�°83 "='8�°83
SiO2 p3/op 33/q� no/qn n=/qn r8/qq 3o/�q 8�/�q
TiO2 rr/� �o/r =3/r =�/r =p/r �p/r �o/r
Al2O3 ��/�n qn/�q 3=/�= �3/�= 3o/�o qq/�� pq/��
Fe2O3T no/= �r/= or/3 =q/3 r�/8 �=/r qq/�
MnO r�/r rn/r ro/r ro/r rq/r r�/r r3/r
MgO rn/3 =3/8 qn/r q=/r �3/r 8r/r rp/r
CaO �r/q nq/o p3/� �q/� 3�/3 rr/� �o/r
Na2O =8/8 qq/8 np/3 �q/3 �n/8 pp/3 op/8
K2O r=/3 nr/� rr/o 3q/o =o/= 3=/= 38/=
P2O5 33/r �o/r �r/r �r/r �3/r �3/r r3/r
LOI pr/� or/� 3r/8 or/8 �r/8 =r/3 �r/�
Sum n8/pp n�/pp nn/pp np/pp no/pp p3/pp p3/pp
Cs =r/q nr/o �r/�= qr/�= �r/�= =r/�o �r/�3
Ga nr/�q qr/�o nr/�= �r/�8 qr/�o qr/�8 �r/�8
Hf 3r/= rr/= pr/= nr/= 3r/q pr/8 qr/=
Nb rr/�� rr/p �r/�= pr/�o �r/�= �r/�� pr/��
Rb 8r/np �r/�o qr/�op =r/�on �r/�oq or/�qp �r/�op
Sr nr/=�8 =r/8o� 3r/��n =r/�qq 8r/�nr pr/qo �r/o�
Ta pr/r nr/r =r/� =r/� 8r/� 8r/� 3r/�
Th =r/�� rr/�r rr/3q =r/3� rr/3r 8r/3� qr/3o
U �r/3 pr/� =r/q pr/o pr/8 =r/o pr/=
V rr/q8 rr/p8 rr/3� rr/38 rr/8� rr/n rr/n
Zr �r/��o �r/�qn �r/�pn =r/�p� 3r/3o= 8r/�8n �r/��=
Y nr/3r rr/�p pr/3r �r/3r �r/3o nr/3o 8r/38
La qr/3q �r/3= �r/8o 8r/8o qr/=r nr/8= nr/8�
Ce 8r/=n rr/== 8r/on �r/qr rr/�r or/op �r/q=
Pr o=/o pn/= np/o r�/q 88/� op/q o=/q
Nd nr/3r �r/�� =r/�n �r/�p 3r/3= 8r/3� �r/3�
Sm rn/= =�/8 8r/8 8o/8 o�/= n�/8 nr/8
Eu �p/� p3/r �r/r q3/r �p/r 8�/r 8p/r
Gd r3/= o�/8 8p/8 �p/8 38/= no/8 q�/8
Tb q8/r o=/r oo/r o8/r ��/r q�/r q8/r
Dy n�/8 �p/8 8�/8 3o/8 �=/= nq/8 �r/8
Ho �o/r qo/r qn/r qp/r n3/r nr/r �8/r
Er pq/� no/� 33/3 �q/3 =3/3 o8/3 8n/3
Tm 83/r 3n/r 8q/r 83/r =r/r 8n/r 8q/r
Yb rq/3 n8/� 8n/3 3q/3 �3/3 oq/3 83/3
Lu 83/r 3p/r 8n/r 8n/r =3/r =�/r 8o/r

(La/Yb)N 3q/p =o/p o�/�r 3�/�� �/�r �q/p qn/��
Eu/Eu* pr/r n�/r q=/r on/r oo/r 3p/r 83/r
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��+0"�EAj&-& ��l%� ]8�[�)L1& �(�*� _bK/\.(

P.' 
.��Q����������������� 
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F%��Nb  Ta ���-& ]=��o8[.(#��C%�A�F%� �Nb  Ti 
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+!	 �� �4$-? �9��*�
0%�EA�>"�� �
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�EA�N�� Th  U�+�-�>� �� ��EA;-�N1%/ ����*�� A�	��y+ 

k-$� 70&�EAJK? 
 j
�4$-? �^+#$-�����( �0& 7�$!"� 
��)4$�B k H "0�&���$+ ]oo[.��;�"0�&�Ba ���0��+-;

(#!)��g
!F; ��<$0.	�E]oq[ ��)4$�B f�+� !�	 ]o�[0�&�( .
�-2 (#��C%�A�F%� �Eu  �+
�"a���EA��+0�" ��EA�1E:�

.^#��
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