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Gh-1 Gh-2 Gh-3 Gh-4 Gh-5 Gh-6 Gh-7 Gh-8 Gh-9 Gh-10 Gh-11 Gh-12 Gh-13 Gh-14 

As y/ji k/�� �/ly l/�� �j/�y y/�� j/��l j/ji k/�y k/�y �/j� jk/jy �i/�k �i/�� 
Cd �/y �/� l/� k�/� m/i kj/� �/� kj/� i/k l/� ly/j k�/� jm/� yk/�
Co �l j� kl �� j� �i l k� l/�i l �j j� j� �j 
Cr �� ji �kj l ji lj ij ml j/iy �m y ly ml �� 
Cu �lkm� ���yj ��k�j ji��� jmi�m kmi�m jmjmj ky�y� �l�y� jmj�l kj�l� ��j�m �ljim jj�jy 
Ni �� �k �k l �� �m l kk m m jm k� ky l
Pb mj m� k� �m �jk jl jj �l� ��i �lk �y �m j� jjl 
S �lj� ��� miyy �jk i�i �my j�� �yj mi� ��l jmi �lj �lj kjl 

Al2O3 �y/�i mk/�i j�/�� i�/�i �k/�y lk/�� ��/�� k�/�� mm/�� �i/�j �i/�� j�/�k l�/�j ��/�� 
SiO2 �m/�k k�/�� y�/i� y�/�j l�/ij ��/�� ��/i� ��/ik ik/�� j�/�y ��/�m j�/i� ��/iy ym/ii 
CaO y�/�� m/l y�/m ij/l �k/i k/i �/�y �i/�k lk/i �l/�� j�/�y j�/�� �y/�i ��/m
Fe2O3 k/m ��/�� ��/l �/�� ��/y ij/�y yj/m �/m iy/�l �l/�i �i/l ��/l �m/i ��/y
K2O j�/� mm/j �l/j j�/k y�/k ��/j �/k �/j �j/j j�/j lm/j j�/k ��/k ly/j
MgO �j/i ml/y ll/k �j/i ll/k lk/� i�/� y/j mj/� ji/� ��/j �i/k ji/k �i/i
MnO �m/� �y/� j�/� ��/� kj/� ��/� �j/� ��/� ki/� �k/� kl/� jm/� jj/� j�/�
Na2O k/� lm/� m�/k yl/j ��/k jk/� jj/� �j/j �i/� �i/k i�/k �i/j i�/� �j/k
P2O5 kl/� ki/� kj/� kk/� ��/� kj/� j/� j�/� jy/� jy/� k�/� j�/� ��/� kl/�
TiO2 mj/� lm/� y�/� m�/� my/� lj/� ij/� yk/� yl/� ly/� ll/� ym/� m/� ll/�
Cs jj/� ��/j ��/j m�/� yi/� �i/j j�/k i�/j �j/� i�/j ��/k ��/k j�/k ��/j
Rb �/k� l� i/�� i/�m j/�jm kj/mi �j/��j ji/my ��/mk ��/ii �l/�l m�/�i ji/yl �i/yk 
Ba k/k�� i/�jk j/�jm l/�i� �/ljk �j/ki� �m/�j� ��/ikj ��/y�j ��/kj� l�/��m �k/k�y ��/�j� ��/��i 
Th ym/� ��/� �i/k ��/� mk/y lm/� �i/j i�/j i�/k l�/k �y/j m�/j y�/� i�/�
U i/� �y/� �y/� y�/� ��/j k�/� ji/� �k/� ��/� ji/j ��/j k�/j lm/� ji/�

Nb ¾ k/k �/i �/k m/�j �j/i ��/i lm �j/i ��/� lm/� ky/i ��/i mi/�
La �/�k �/�� �i j�/�j �i i/�j �i/�j yi/�j �/�j �k/�� li/�j y�/�k yl/�j �i/�� 
Ce �/jy �/jk i/jm j/ji ��/jl ��/j� �l/ji �j/j� �m/jk ��/jl �y/k� �l/jy my/jl yi/j� 
Pr �l/k �l/k l�/k �j/k i�/� ji/� i�/k i�/j l�/k �i/k �l/k i�/� �k/k jk/k
Sr ��/�lk �/��l y/���l iy� y/��ym j�/i�m j�/�k� j�/m�k il/y�l ki/l�j yk/mli m�/l�m ki/li� �my 
Nd y/�i �/�� m/�i �/�i j�/�y j�/�� j�/�y �i/�� �j/�i kj/�� i�/�� i�/�y �i/�l i�/�m 
Zr jl kj km kj �m j� jm j� jy k� j� j� jm k� 
Hf �/� � y/� � j/k l�/� my/� j�/� ��/j �k/� y�/� m�/� ½ ml/j
Sm yk/k �m/k �k/k m�/k ji/� �j/� i�/k jl/� i�/k li/k i�/k m�/k ji/k iy/k
Eu j/� �m/� �y/� kk/� �i/� i�/� l�/� mi/� jl/� ��/� m�/� l�/� yl/� m�/�
Gd im/k k�/k i�/k �m/k �y/i �i/k �j/� j�/i ki/� li/� ��/� ml/� �k/� ym/�
Ta l/� y/� y/� y/� � l/� y/� m/� �/� l/� y/� l/� m/� y/�
Tb i�/� ii/� ik/� il/� y�/� im/� �i/� li/� ii/� im/� �l/� iy/� ij/� iy/�
Dy �y/k ��/k �l/k jm/k �/� i�/k �/k ll/k i�/k ��/k i�/k ��/k k�/� ��/k
Ho ��/� �j/� �j/� �y/� m/� �i/� yi/� ll/� m�/� �m/� �l/� m�/� ym/� �l/�
Er lk/� yl/� m�/� mk/� yj/j �i/� l�/� im/� y�/� ��/j �k/j �i/� m�/� y�/�
Yb �i/� ��/� y�/� y�/� ��/j l�/� l�/� ym/� ml/� �i/� mk/� ��/j ki/j ��/�
Y i/�� y/�� �y y/�y k/j� j/�l k/�l l/�� j/�y j/�m �m/�i i�/�� j�/�y ki/�y 

Lu ji/� ji/� jy/� j�/� ��/� ki/� kj/� ji/� kl/� j�/� j�/� jj/� jk/� j�/�
Eu/Eu* ��/� �y/� � �y/� m�/� �l/� �y/� �j/� � lk/� yk/� �y/� �j/� y/�

(La/Yb)N ii/� my/k �y/i l�/k ii/k ��/k j�/k �j/k y�/k k�/k yl/k mj/k �y/k j�/k
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 = 1FjeR*  m1* �o.�.�$. O.%&+
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�.�82� �� O%��  �%Q8Q �' � �@%$ +,& 1
1* _�C9�. +
.

�U�*�
/>9 '. �*8U /,� '.�� O1
� �8*)eR*��(�(
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.- �%Q8Q

�$ � 1*�& %Y�)B +
.]�i[.�� /,� :8,),�8�N  +�N �^,�0(
 �.�82��U�*'._�C9�. �&�� 6��� �R
�/� �C�� 1)��.

eR* |f�. (�.�82� �� 34�5 �����( 6�&/,� X)$ '��?U�$ �,E58� VF%� ]�~[@ �(���( \,(%9 �)*�.�82� �� 6�&/,� X)$ �$ VF%� ]��[.

= 1F }��82� %Y�)B +,& �P?�C2� 34�5 �����( '��.
Ag Al As Ca Cd Cu Fe Mg Pb S Zn 

Ag �
Al �}�/�< �
As ���/�< �|�/�< �
Ca ���/�< }��/� ���/� �
Cd �}~/� }�|/�< ��}/� ��~/�< �
Cu }~�/�< ���/� ~�~/� ~��/�< ���/� �
Fe ���/� }�|/� ~��/�< �}�/�< ���/� ���/�< �
Mg ���/�< |�~/� �|�/�< }�|/� }�~/�< ���/� }��/� �
Pb }}�/� �|~/�< ~}~/�< }��/�< }��/� �}�/�< �~�/�< ���/�< �
S ���/�< ���/� ���/�< }��/� ��}/�< ��|/�< ���/� ���/�< ���/�< �

Zn ���/�< ���/� �|�/�< �|~/�< ~�~/� }��/� ~��/� ��}/� �}�/� }}|/� �
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. 
�.1��δ18OO1�N �$� �&�& �C�� /9�.8( �� ��.1��?$.

a8��,5. @N +,P��,� (SMOW) = 1F ��k�$. O1* �o.�. .
/9�.8( ���( 6!,�(. 789 /
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 �
���1* :�>�..
& �( �>�N -.a�$.% 6!,�(. �"89 /
. \,(%9)δ18O(%�

�� �
�2Q�� �
 �&��%Q =80L� �� �����( 6.89$�UO�P? .� 6N
 �$�%&�%(O-.1�. 6!,�(. 789 /
. -. ��&  ���( �� O1* '%,Q

 ����( 6N e,R�9 '��� �& �F89 1
�& 6!,�(. �"89 /
. \,(%9
�82� �C$�L� .� =80L� �� .�& �& �V5. �� '��� 6�� N �$�

���( e,R�9 �/9�.8(��6.89=�,$ �"89 /
. \,(%9'�� 
�&��%Q 34�5 T� �����( �(�$. O1* e,R�9 6N -. .�
�C$�L��%( ./
� �& ��>,?� ����� �>)$ =�,$'�� ���( %,Q�� 

�� /9�.8('%C2� ���( �& ��$. T� '-�$ �C�� �"89 /
. 

6!,�(. =�,$ ���� �� -�$ ������ 1
�%Q +,,E9 .'��� +,P��,�
+P2� /9�.8( ���( �� �Q1*ºC klm �$. ]��[.�&-. O��D?$. 

+,P��,� ���'+P2� =�,$ �Q1*'�� %,Q��  �.1��  6./,�
δ18O%H� ��8� ���( a�$.%&  Ks��E� �,�D9 '.%& �"89 /
.

�C�� �/9�.8( ���( �"89 /
. =�,$ ���� -�$ �� N%& O1* �$. 
)eR*��(.%?�.��" '��[
.1F  /9�.8( +,& 6!,�(. �"89 /
.

H2O)α(�?	%Q%& 6.��R2�  7��* -.]�y[%& �( '.O%?�Q 
�
���ºC �<l�� O��D?$. e&�5�$.:

)�(
�C$�L� -. T"1000 ln α-. ����( =�,$ �"89 /
. \,(%9 �.� 

%
- �t&.� �C$�L����8*:

)}(

a�$. +
. %&����( =�,$ �� 6!,�(. �"89 /
. \,(%9 -�$ ��
 O%?�Q�/j�9i/�+‰)+,P��,�y/�‰(�$. )= 1Fk.(

= 1Fkb
�?� /,���N 789 /
. �.1
�" �(.,6!�����( /9�.8( �&O.%2� \,(%9 �"89 /
. �C$�L� O1* '.%& =�,$ ���( -�$.

Sample no. Mineral δ 18O (‰) Th (ºC) 1000 ln α δ18OH2O 
(‰)

CH-14 quartz �/�� klm i/� �/i
CH-32 quartz �/� klm i/� �/j
CH-64 quartz �� klm i/� i/�
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.-

(1* O�.� d,��9 34�5 ����� .
� �,� . �0M%� ���
./� � �,��E	 �& �%Q8Q �6�P�.1�./
� '��

K�D�8$ O1)��( �� �.-N �� �8F8� +�N �& O.%2� �T�$  �8*
�� �
%," ��?U�$ ��.  c,L� �� �8* .'�8D��]ij[�&�$�%& 

O�.� �%Q8Q 789 /
. '���O�P?$�U @8$� '.%& .� ��&���'�� 

�
�� �THMB )34�5 ��t)� x
�/� (�%( ���)�," .�.-N �&

 61*CO  CO2'��-�Q [
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