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Oxide Major elements (Wt %)
SiO2 �/�� �/�� �/�� �/�� �/�� �/�� �/�� V/Yu �/�� �/��
TiO2 Zu/Z Z8/Z ZX/Z ZX/Z ZV/Z ZV/Z ZV/Z ZY/Z ��/x Z8/Z
Al2O3 �/�� �/�� �/�� �/�� �� �/�� �/�� V/XV �/�� �/��
Cr2O3 x�/x< x�/x< x�/x< x�/x< x�/x< x�/x< x�/x< x�/x< x�/x< x�/x<
Fe2O3

* ��/x ��/x ��/x ��/x ��/x ��/x ��/x �/x ��/� x�/�
MgO x�/x x�/x x�/x x�/x x�/x x�/x x�/x x�/x ��/x x�/x
MnO x�/x x�/x x�/x x�/x x�/x< x�/x< x�/x x�/x x�/x x�/x
CaO �/� ��/x ��/x ��/x ��/x ��/x ��/x ��/x ��/x ��/x
K2O ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �
Na2O ��/� ��/� ��/� ��/� �/� �/� �/� �/� �/� �/�
P2O5 x�/x x�/x x�/x �/x x�/x x�/x �/x x�/x x�/x x�/x
LOI �x/x �x/xB �x/� �x/x ��/x ��/x ��/x ��/x ��/x x�/�
total �/�� �/�� �/�� �/�� �/�� �/�� x/�� x/�� �/�� �/��

Trace elements (ppm)
Ag �< �< �< �< � �< � �< �< �
Ba �/�� � �/� �/� �x< �x< �x< ��x ��x �x<
Ce �/� �/�x �/� �/� �/�� �/�� �/� �/�� �/�� �/�
Co �/x< �/x< �/x< �/x �/x< �/x< �/x< �/x � �/x
Cs ��/� ��/� ��/� ��/� �/� � �/� �/� �/� �/��
Cu � � �< � � �� � �� � �
Dy ��/� ��/� ��/� � x�/� �/� ��/� ��/� �/� ��/�
Er �/� ��/� ��/x ��/x ��/� ��/x ��/x ��/� ��/� ��/x
Eu x�/x x�/x x�/x x�/x x�/x< x�/x x�/x< x�/x x�/x x�/x<
Ga �/�� �/�� �/�� �/�� �� �� �� �� �� ��
Gd ��/� ��/� ��/x x�/� ��/� x�/� � ��/� �/� ��/�
Hf �/� �/x �/x � � �< � � � �
Ho �/x �/x ��/x ��/x ��/x ��/x ��/x ��/x ��/x ��/x
La � �/� �/� �/� �/� �/� �/� �/�� �/�� �/�
Lu ��/x ��/x ��/x ��/x ��/x �/x x�/x ��/x ��/x ��/x
Mo �< �< �< �< �< �< �< �< �< �<
Nb �/�x� �/�� �� �/�� �x� �� �� �� �x �x�
Nd �/� �/� �/� �/� �/� �/� �/� � �/� �/�
Ni �< �< �< � �< �< �< � �� �
Pr ��/x ��/� ��/x ��/x ��/� ��/� �/x ��/� ��/� ��/x
Rb ��� ��� ��� �/��� ��� �x� ��� ��x ��x ���
Sm ��/� ��/� ��/x ��/� �/� � �/x �/� �/� �/x
Sn � � � � � �< � �< � ��
Sr �/�x �/�� �/�� �� �x �x �x< �x �x �x<
Ta �� �/�� �/� �/�� �/�� �/� �/� �/� �/� �/��
Tb ��/x ��/x ��/x ��/x ��/x ��/x ��/x ��/x ��/x �/x
Th ��/� �/� ��/� �/� �/�� �/� �/� �� �/�� �/�
Tl �/x< �/x< �/x �/x< �/x �/x �/x �/x< �/x< �/�

Tm ��/x ��/x ��/x ��/x ��/x �/x x�/x ��/x �/x ��/x
U �/�� ��/� ��/� ��/� �/�� ��/� ��/� ��/� ��/� ��/�
V �< �< �< �< �< � � �x �� �
W � � � � � �< � �< �< ��
Y �/�� �/�� �/� �/�x �/�� �/� �/� �/� �� �/�x
Yb �/� ��/� ��/x ��/� �/� �/x �/x �/� �/� �
Zn �� �x � �� � � �� �� �x ��
Zr �� � �� �� �x �x �x �x �x �x
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. 5+�2
/��,&.G,� �� �1 XZ���< =�q�-� #� H@(� # �&���

/#! �
. �
� 	.$N:m#+: �� �1V"+� "��#D +�. ./��,&. �
. �1
G��� :�>#+ I. /��,&.���1 =�(M �2 �< �� O�� WR& 5.

"�(> }.$e.5�� "+
� �; >�03I �(�)G,�V��.(�� �
/��,&. Q(� �
. ��4* U 1.$2. "(< =�*�`>�. $;- 2 �1!.=#+ I. 

)9Z(%� �(�#� �0< +M�� #)Y(%![<(
L[I �)v(%#
� �(�$>)u(%W>�.(< #)8(%,-> "+� G+�.)G,�XX��..(��

�@$� m�
/��,&. ��4* U 1.$2. "(<5�1���< 5#�C �>#+ I. -
=#+ I. 5�1){Z(%� �(�#� �)V{(%�
W K#!(� )< �)VZ(%#

�
W K#!){(%�+�;�1)G,�XX6.(/��,&.� �(�$> �,
 �.�
/��,&. Q.(�. !. $3
� ��4�� �� "+� G ,-> 5�1�&. 

)G,�XX�(/��,&. �
. �$2. "(< ���0� m�
 �� $;- 2 �1 U 1.
 �� ���4*"�%��(n$2�� "+
� �1$�$� # �; >�03I "�(> � 2 -

!. \ 2 5.�.� �z +�(�YZ%�#+C # � �(�$>8Z%� �)z 

�&../��,&.� �(I�,&. # � �(�$> �� $;- 2 W � �.�"�%��(n$2 
"+� G ,-> ��4�� "� & 5�1$�$� �2 +�.)G,�XX=(5.�.� �z

 � �(�$>){Z(%� �(�#� �)uZ(%#� �(I��&. )XZ(%+�;�1 �
(3�.5��(0� |.$I 5"+� W ���D �2G,�XV�.(�01���.� .

�� 5$R01 ��(%$%� �n�� ���< F
 /.(�* �2 � �(I�,&.
,1D O�&�� R� ���< �
. _ <$> b�&. �
�()2 

�1��y&+)	�&� �(I�,&. �,�
. �2 �:(> �2 ��� �(:(� 5�1
 =�, ) & T i�,1D�"+� G ,-> � �( � �2 ���D _ <$> +�. 

(3CaAl2Si2O8,CaSO4(CaCO3)F
�W� �2 �> �&. $>
� ��
��� (3NaAlSi3O8,NaCl)./��,&. 5#�C �; �(�$> 5�1

 � �(�$>)YZ(%� ;�3� �)VZ(W>�.(z #)XZ(%=�(M �2 W �
� ��C �� "+�<.$I5"�(> �2$7 5�� "+
� �; >�03I (��+

)G,�XX��XXA.(/��,&. ��
. $2 "#[* �� >#$ I 5#�C 5�1
 ��4* U 1.$2. "(z �)@ �� W � �
$ I(,��< # �
$ I)mVv9� (#

�� � >�03I GM�	 +C� �(�#� # �1"+� G ,-> }.$e. 5�1+�. 
)G,�X8m#+: �V((3�. �5"+� W ���D ��(0� |.$I 5�;�2.# 

G,� ��Xu+� "��#D .
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 ��
W K#!(� )<Dol : �� �(�#�Tr : �� �(�$>Scp : �� �(I�,&.Ttn : �� ��; >Mt :� ;�3�.
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6�78?��
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6�78B(3�.5(>$I |.$I X�
$ I # � >#$ I �2 o(2$� �/��,&. �� �(:(��15��4�� 5��(� &�$2�.1:�� >#$ I 2:�
$ I.

:!4��	I.� 6��J� K'��7 � �. L�L5 �	� 
�.�(0���< W�L.��I ��15/��,&. �
. �� �(:(� G,� �� �1X{

"+� U&��&. ./��,&. �
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m(0H� . G ,-�> 5.$�2 \��<.# �
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! =�(M �2 ��4�� �&.]V�[._ <$> �.�(0� Bo(2$� W�L.��I 
G,� �� \�<.# �
. �2 Xv�&. "+� "�.� /�-� ��. .

Ep + SiO2 + H2O + Dol →Tr + Pl + CO2

]V�[�}$q��� 5����2 ���2 ��� �(�$> G ,-��> 5.$��2 \���<.# #� 
�> # + �I(
� �K.�. F�$<��(�� ?e���� �� ��< ��P�D !. ���. �+��

&�$2����< �
. !. 5��gD ��� $J� �2 b+-� "+
� �1 ��2 ��< +�&�
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=�(��M $��
! ���&. ]V�[�#_�� <$> �.�(��0�B\���<.# W�L.����I 
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Dol + SiO2 + H2O → Tr + CO2

$J� ��(� \�<.#.$25��4�� �� � �(I�,&. # � �(�$> G ,-> 
�2 W � $�
! =�(�M ��&. ]V�[� �_� <$> �.�(�0B��
. W�L.���I 

G,� �� W � \�<.#Xv+� "�.� /�-� �.
Tr + Scp + CO2→Dol + SiO2 + H2O

���< G ,-> 5.$2/��,&. �� 5+ `�(& 5�1"��� ��4�� 5�1-
���< 5�1 !�&����
�2+&$2 �� C. ���C �2 .T
.$� �
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/(
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