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Abstract: The quartz-aluminosilicate veins in the Hamadan region consist of 
quartz with one, two or three polymorphs of aluminum silicate (andalusite, 
kyanite and sillimanite). In some veins other accessory minerals (i.e. garnet, 
chlorite, muscovite, staurolite, biotite and plagioclase) are present. The 
petrogenesis of these veins and their country rocks have been previously 
described; this paper studies oxygen isotope ratios of co-existing quartz and 
Al2SiO5 to determine formation conditions and genesis of these veins. The δ
18O/ 16O values of quartz, andalusite, kyanite and sillimanite range from: 
+(16.8-17.1)‰, +(14.2-14.5)‰, +14.1‰ and +14.6‰, respectively. These 
results indicate a possible metamorphic origin for fluids responsible for the 
formation of these veins and magmatic origin of fluids is unlikely. The 
estimate temperature for the formation of veins is about ~ 480-550 oC, a 
range thet consistent with petrographic observations in the veins and 
previous thermometry results on host rocks of veins. 
 
Keywords: Isotope thermometry, quartz-aluminosilicate veins, oxygen 
stable isotopes, metamorphism. 
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#(��5:+�, -.,��/ 0	� �12
� %	 �����
���("3����� -.,��/ �� ����� 	��� �4! �+5� 	5! �
6�
���(" %	 ����)8SiO9Al ();!,�
< )��	����5� � )5��	�/ �)!��(��5�" =�	5� =�>�5.

+$?	!��� .,�+�, �!� �� A�� 	���	/ B/�5!CB* �5
�	� 0�5�!� 5��? 0	5� �)5�,	� �� �)5!��/
 � ��!� )!� '� � )�(�,	$�� �)�.��� ����.D
�!��+�, �!� D
5� � 	� ��5������ ,� 0	5�

 EBFG 	H�" )�� +$?�� ,��G �,�� �,�� .)F'� +I(	2� �!� ,� �!���	
� ,� �J�'5/� *�.�-!� 0	�
 6� %	 �����
���(" � -.,��/ 0��� �, )'!��,�"�� � =� �. K!��� �$�	A�	+�, �!� ����5�� 	�-

6�$?�55� .�551��,OLM/OLOδ���55P -.,��55/ ,� O/LM +	55.L/LR+‰�)!��(��55�" ,� 9/LS +	55.
8/LS+‰�)��	�/ ,� L/LS+‰)��	����� ,� �M/LS+‰)�� .���� �!� 5� �	�5� 	� �5
��

 +/����"	�0+�, �	T!� U�V'� 0�,�� 	��	�$�	A � �
$'5� ��5���� �	�$5�	A !	5��	� ,�
�,�� �W� +� ��I� 	H�" ���, .+�, =� �. 0	�� ��5� 	5� SOX 	5. oC88X ��5� ��� ��5�;.

 �!� +/ �)��Y�$'� 	�� !%	I(	2� 	� D
��	
�+�, 	5��Z!	5$� �T
5�	��0�, ���5�* 
D
�+�, �	�-�� 0	� 	��
�	���,�� .

#6�� �(��� ���:*�.�-!� T
�	���+�, -.,��/ 0	���5��
���("�%	 �� \�5.�-!� ,��5!	* 0	5�
�J�'/�������� .

U	��-��Y,	�� �6�9��	$'�� � -�!	*]S3#^_ �� �9S8	. 98O

)+(	1� )?	!,�R/`/Oa�!	H� +;'� )?	!,� R/9/OS(
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T
�	�� +I(	2�*�.�-!� +�, 	�0-.,��b... �cd

��( � 
�I(	23\�.�-!� ,��!	* 0	��Z!�, ��  ! e�, �!�.U	� ,� +/ )�� !	� ���I. 0��� ��A� 0	�

�	�$�	AD
� � ,��G ��	^$�� �,�� 	� ���� .f�	/ �
< 	! �� +/ �	�
�6�U	P ,� )?	!
fU�	I.� �
�	� *�.�-!� �, �� ���.\�.�-!� U�	F. 0�	/ ��� 	� 	�	��0=� �."�, 	H�

�� ���;. .,��,�� �!�\�.�-!��	/ �J�'/� 0	�0	� -.,��/�)��	�/ �")!��(����
)��	������+�, ,� ��g�� )�,	� �-.,��/ 0	� �"%	 �����
���( ,�����hC �	��!	��"

��'�	 '!� �	����� *�.�-!��	 !��" ��#$� )(	!� ������� ��� 0������.�� ��	^$�� 	� ij� 
U��g	�e�, ����I. �F$I� 0	��	�$�	A	�� �]�	.k[����� ��'^. *�.�-!� 0	���" Z!	$� 

)�� ��� +h�,� +(	1� �!� ,�.

��7� 8�
��
+��� +� +g�. 	�l���� )�,�+���� �	/ 4� ^. )(�H� � 	� +I(	2� �,�� 0	�)�-.,��/

��	�����)��	�/ � )!��(���" �) (����$'������ +� !	�Ya	.S���+���� mI � �$� ��g 	�
������ .+���+��� +�1� �� ,�� �!� ,� +I(	2� 	� -��. 0	����� 4� ^. 	� .+��� ij� n	;$�� 0	�

��� ���� ,��G o��p 4!,�!,�h��? ���� ,� ����	/ 	. ��� (	�$P� ?	q� 0	�)��/ �
�	� � )!
)!� '� (+��� +� )�� � �� +/�	/ 0	��
�	� ���F'< �W� �,�� 0	������ ��g 	H�" �� .

-�(	�"δ18O�,���	$�� �$?�� �W� ,� 	� SMOW 0�, ,	� �� ���� +���� �� r�� � -.,��/ 0	�
��g �$���$ j�� 	� ��'�	 '!� �	����� ,� %	 �����
���("U�� Finnigan-MAT 251 	� 


� s�I� �� ��	^$�� 	� � 0�	� tFBrF5,-�( �32 W CO2)�� +$?�� %,�_ ]c�u[.v��
�	/-.,��/ 0	� ��
$?��,��G -�(	�" �,�� )��� �� ,� %	 �����
���(" +b ,	�'� Z!	$� 6� +�

)�� ,��,�A�� (�FG =�	G )#_ �� -�(	�" � ���� 4!�-� .���� 	� 	�-�(	�" )G�3�,���	$�� 
�,	�)UWG-2  0�,�� ]/uδ18O =�,���	$�� 	� +'!	1� ,�SMOW +/ )�� ��� �	#$�� �

m�.�. +� -�(	�" )��� �� 0��� X8/X‰�L9/X‰)�� ��� �,�"��.

����9 :��" ;��<� 
12
�3v�

� ��� +� r���� ������ ,��� �� �;� +I(	2� �,�� �)�� �	g��� )= ��(�
�$��� D
� �� 0	�"�,� �!,w D
� � � 5$��* ��5���� 0	�)5�, (��5� =�>�5. )5��

)= ��.(��� D
� 0	� �, ������)	5H$��*	$�(�+5!& �	5�� )5!�	�	$� �� !	5� 	5�)�5
�	�
 )�(�F�^�" � )'�� U�F�^�"(�%	
��/	$� 	��4(	/ %	 ����	��)��	'*	$� =5�	G )!-.,��/ � 	�

���	�����.+�, 0	�"%	 �����
���( ,�� � t2G �, $��* 0	H$'�� m�p� �!	� �	� (� �

/
D
� )����� $P � 	� ��!�� �, 	� ��� .+�, �!� x�� m'P �� 	� "%	 ���5��
���( 5$;!, �5
< 

,� ��g��",� 	H� A��tg��� ��� 6�'1. ^�$;� x���� +� ��� ]y	.`[.�	�� 5
��� +5/ ,�5z3
�	/ +�, �!� �	
� )�� x�
$� 	����� � ,	�? K!	��0=� �. "%�	5^. ��!�5 ! +� )F'� 	H�
b���� �	�� ���.
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0���	b ��	j� �c]

=�9 1v�

� ��� !	�?��{g )�IG�� ��,�� +12
� +/ ���(� ��/ +$�, � ����� �H� ��	g���
� =�	� �, �" �� �;� +I(	2� ���.

=�9 3���� +�1� 	2� �,�� +12
� ��� ��	� �	
� +5I(.���)5���? � )��5�� ��0	H$'5��	 ��
)�,	��)!��(���" �)�(�,	$�� � )��	����� +���� +/ ,�� +I(	2� �,�� 0	�V1) �V2 �(V3  	H�
5� �!�

 ��!�� �,���) .V1 :�,3)!��(���" 0�,�� �)��	�/��)��	�����V2 : 5�,3)!��(��5�" 0�,�� ��)5��	�/V3 :
�,3)!��(���" 0�,�� �)��	�����(.k����5� '5�^�,�� 0	H$'5�� � i�^�,�� c����5. 0w�5^� 0	5�

$������!���	�� $!,�!� .
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T
�	�� +I(	2�*�.�-!� +�, 	�0-.,��b... �c|

�7���	
 ����9 ��
+�, %	 �����
���(" 0	� 12
� ,� ,��3+I(	2� �,�� 0�,�� �� �4! � �6�
���5(" %	 ���� +� 	! 

)8SiO9Al ( $;!,�
<�
$'� .+�, �!� � �, 	� 4! 0�,�� x���� +� ���. 8SiO9Al $;!,�
< 
+�, �
�	� -.,��/ 0	��-.,��/ �)!��(���"�)5��	�/�-.,��5/ ���)��	����5� 	5� ��x�5� 8SiO9Al 

$;!,�
< +�, �
�	� -.,��/ 0	��)!��(���"�-.,��/ �)��	�/�)!��(���" �-.,��5/ � )��	����� �
)��	�/�+� � )��	����� x��8SiO9Al $;!,�
< +�, 
I! -.,��/ 0	����(���")!�)��	�/�

��/ 6�'1. )��	�����]d[.
+�, ,� -.,��/ 0	��l%	 �����
���(" +I(	2� �,�� ��	/� )?	! �!� 0	� ����:

-.,��/:�, +� +�, 4! �� �	/ �!� ,��1� 3,� � ��!� ��)�� ��{$� -/�� +� +��	P �� +�, .
")!��(���:�. ��, %,�_ +� 6� � �-T� 0	�,��� %,�_ +� 6� }	� r5� ��5!� )��	����� ��5�
)= �k. (

)��	�����:�+�. ��, %,�_}	� r"� )!��(��5�" 0	�,��� 	� tz	1$� %,�_ +� �	� � )!��(���
� ��!� )��	�/ ���)= �c. (

)��	�/:� )?	! )!��(���" 0	�,��� =A�� ,� 6� � �-T� 0	�,��� %,�_ +� 6� ���)= �u.(
+�, ������ 	� +/ !	� �� 	H*�.�-!� 0�� �� �5
.,	F� �5
$?�� ,��5G +5I(	2� �,�5� T
� 	�� :

+�, -.,��5/ 0	��)!��(��5�"�-.,��5/ �)5��	�/�)!��(��5�" �-.,��5/ � )��	����5� �)!��(��5�"�
)��	�/�)��	�����.

�	/ �!	�	�n	��/ 	! ��? 0�.+�, ,� �� �5
.,	F� 	�:5�/ ,��51� ���	5/ )5�,	� 0	5��
)�(�,	$����)!� '�)�.��� �)!��/ ��B/�!CB* � )�?��� .

=�9 >�. ��,}r)�A��. (")!��(���(And)  )��	����� �(Sil)+�, ��  ! ,� -.,��/ 0	��
"%	 �����
���( .,�� ,� �!�~. ��-!,B*(PPL) . 
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0���	b ��	j� �u�

=�9?)!��(���" 0	H��	/(And)  �)��	����� (Sil))��	�/ �(Ky)  )�(�,	$�� �(St) ��  ! ,� 
+�, -.,��/ 0	��"%	 �����
���(.,�� ,� �!�~. ��-!,B*(PPL).

=�@@9 A)55��	�/ 0	55�,���(Ky) =55A�� ,� ")!��(��55�(And)  +55�, �� 55 ! ,� -.,��55/ 0	55��
"%	 �����
���(.,�� ,� �!�~. ��-!,B*(PPL).

B������9B�� &��� ����	
 '� ��
+ 
!� +� +g�. 	�D
� �	
�D
� l�	�-�� 0	� +�, tg��� ,� 	�]d	.LX["������5� 	5T
!� ,� 

+�, �	�-�� D
� K1? !	� �,���� +/ ,��5G �5W� �,�5� )�� ��g�� 	H�" *�.�-!� 0	� 65!���.
)'��	 �� 0�,�� 0	� �)��	����� �)!��(���" )5�,	� � )�(�,	$�� �lD
5� l�	5�-�� ,+5� 	5� !
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T
�	�� +I(	2�*�.�-!� +�, 	�0-.,��b... �u�

+b �
$'� +� �� 0�,�� "%	 �����
���( );!,�
< 
I! )")!��(����)��	����5� � )��	�/ (
�
$'� .D
5� ,� ��5g�� )!��(���" 0	�,��� U�z +5�, ,� � �	5�-�� 0	5� �� ��5� +5� 	5���
$�	� � 6� �$���, .=�	/ 	! �G	� ,�z +� �	� )!��(���" 0	�,��� 	� �!-�!	5g )��	����5�
������ .D
� �!� )?	�)�� 4�$�B����j(���?,�* 	�.

l�	55�-�� D
55�+55�, 0�,�� 0	55�)!��(��55�"�)55��	�/�)'55��	 �� �)�(�,	$55�� 0,�� 0	55�
)!��(���" �)�,	��
$'� .-.,��/ �� ��B� ,�	/ � 	 ���	/ �!�$�����? +/ ��? 0	� �5!� 0	5�

D
� �
$'� 	���	/ n	��/ 0	� )�?��� ��W� 0�. D
� �!� ,� -�� �B/�!CB* �+�, � 	� 0	5�
� )?	! 	H�" ,� ��g�� ���� .
+�, �	�-�� D
� 0�,�� 0	�)!��(���" ��)��	����� )'5��	 �� 0�,�� 0	5� �)!��(��5�"

)��	����� �)�,	� �
$'� .-.,��/ �� ��B� ,� )�.��� )!��(���" �)��	����� �	/ 0��!� 0	�
 �B/�!CB* ��W� ��	/ � )!� '� D
� �!� ,� ,�/ 0	� +�, � 	� ,��51� +5� 	H�" ,� ��g�� 0	�

� )?	! 6/ ����.
D
� +�, ��
/��* =#� �� ,�� 0	� )'��	 �� =�	� m�p� 	�))!��(���" �G	? ,� )��	�/
)��	�����(�
$'� )���� � )���? �.D
� �!� ,� +�, 	� ,�� ��5g� ,��-.,��/ 0	� 5� �5!� 	5�� �

+�,0�,�� 	� 8SiO9Al );!,�
< 0	��
$'�� .
U��g ,� ��	/ 65� 0	� )5?	!)-�C�,	5* (D
5� 512
� 0	5�3��� ,� +5I(	2� �,�5� 0	5� 

)5�� ��� 6���. ��$;� ������ .+5�, ��� ,� m5�p� +5I(	2� �,�5� 0	5� �)!��(��5�" 0	5�
�
$'� ��
/��* )��	����� � )�(�,	$��.

C�(D1+I(	2� �,�� +12
� ,� ��$;� ������ 0	H��� ,� 	H��	/ 0	�-�C�,	* .

	H��	/ /
	H��� 

��� 
)!��/ 

��� 
)�.��� 

���
)�,	� 

��� 
)!��(���" 

���
)�(�,	$�� 

��� 
�)��	���� 

-.,��/ ========================================================================= 

)!��/ ====================== 
)�.��� ============ =================================================== 

)!�� '� ========          ======================================================= 

)�,	� ==========     ========================================= 
)!��(���" ======        ===================== 

)�(�,	$�� =====        ========= 
)��	�/ =========================== 

)��	����� ===               ========= 
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0���	b ��	j� �u�

�	
 ������� �)�9E6 ��
)F'�*�.�-!� 0	� OLM/OLO ���I. 0����	�$�	A�0	�� �	/ =� �. 	��D
� � 	5�"n0	5�

FzI� �,�� ���,	/]�� ���[.D
� 0	�"�!,w��� 5_	A �!�	51� 4! �� ���, � ������ 
)F'� *�.�-!� 0	� OLM/OLO ,�� �,��.\�5.�-!� �5!�^. �,�� ��5� �J�'5/� 0	5� �	5/ 0	5�

 ��G� e�, �" �� =_	P T
�	�� Z!	$� � ������ e�, �!	5� +5� )F'� 0�. T
5�	�� 0	5�
 +� r���� � ,	�� �!" ]�k 	. �y[.+5� T
5�	�� \�5.�-!� �5!�^. +��5�� �J�'5/� 0	5� -5��

� +� ����. . 0��� ��, ���
��e�, �!	5� Z!	5$� ��! +5� T
5�	�� 0	5� ��, ,	5/ .��'5!	1� 3
������ �!�	1� ���	�� 0	�,����� �!�	1� 	� ��� 0���Y�$'� %����{. δD
� �!� ,� 	���	/ � 	�

"n	������. �$�	A �	���� 3��/ ���I. �, +I(	2� �,�� .2��,3%����{. +F�	#� 0��� �!� ��	� 
*�.�-!� )δ(��, � ,	/ +�]�d[:

���� ×))*�.�-!� )F'� +����) /(*�.�-!� )F'� �,���	$�� �+���� *�.�-!� )F'� =((‰ δ

	!:

���� ×))��)�,���	$�� *�.�-!� )F'� /�.�-!� )F'� +���� * = ((‰ δ

(�	I� �J�'/� 0	H*�.�-!� 0�����A� 3��� ����A �!� %,�_ +� :

���� *)�–)�,���	$��OLM/OLO ) /( +����OLM/OLO) =( (OLM/OLO (‰ δ

�	/ ��� *�.�-!� 4� ^. ��< � ,	�? �� =1$'� �	�(t�	. )�	���)F'5� ���I. 	� �!���	
� -
*�.�-!� 0	�OLM/OLO ���5. �	5/ v�� =� �5. 0	5�� ��, *�5.�-!� U�	5I. U	5P ,� 0	5�
 ��/ +F�	#�]�] ��|[.+�, �� �45! � -.,��5/ �� = �5$� +/ !	� %	 ���5��
���(" +5� 	5!

 );!,�
<�
$'����+��g +���� ��!� 0	�����;. 0��� U0	�� +5�, =� �. �����5� ,� 	5�-
+� ������ � �!,w" 0	� � ,	���
!" .���;.�0	� ���5��!� �	5? 45! �� = �5$� �$'��

)%	 �����
���(" �
�	�	�(4! ��	�$�	A t�5�� *�5.�-!� ,	�5$�� 	� )-.,��5/ �5
�	�(e�, +5� 
�	b +���� +� T
�	�� �����!� ��? 0	�RAM � �����A ��5� ]��[.r�5� +5� +5g�. 	5�

��	��Y� t2G �� � -.,��/ 	� %	 �����
���(" 0	�,��� ��� i � +5�, ,�+5I(	2� �,�5� 0	5�
 �	/ �!� �
$'� -�� *�.�-!� U�	I. ,� �	!� U	�$P� +� � ���� $?	� U�	I. ,� 6� 	� 	� ��( ��-

	H�" �� ��	^$�� 	� ���.T
�	�� ��5/ . F5� ,� �J�'5/� )5�F�. 0	5�� +5 
!� +5� +5g�. 	5�3
%	 �����
���(" &	� 	�)��!���	
� ���P ������ ��	/ �!� 	F. 	� ��5A K�5#� 	� �J�'/� U�

 ��A ,	
/ ,� �J�'/� +(�	F� 0��� 0��!� �	/ -.,��/ ��< � ��,��� *�5.�-!� U�	5F. ��( �,���
F!�1.E	 F� ,� �J�'/� )�F�. �� �I� 3%	 �����
���(" � ��� �� 	���,�
I! �(�	F3*�5.�-!� 

%	 �����
���(" � -.,��/ ��� ,� +5/ )�� �	�� 	� 0	5�� &	5� �5�� 5� �, =� �5. ��5P .
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T
�	�� +I(	2�*�.�-!� +�, 	�0-.,��b... �uk

U�F1� �!�.=�	�0	� %	 �����
���(" 0��� *�.�-!� �!�^. 	�=�	�	�,� \,	5� +/ �
$'� !
 tg��]�[?�I� )�� ���b .���� +� +g�. 	� !� 0	� U��g ,� �J�'/� *�.�-�'!	1� �3�5!� 
���� 	� 	� Y�$'� D
� *�.�-!� �!�	1� n" � 	� = 5� ,� 5I�Fz 0	5� 0	5� y�d��-5�� 	5�

 tg�� ,� 0�	H
��* e�, �� ��	^$��]�[� ��5�;. 0��� 5�	0%	 ���5��
���(" =� �5. 0	5�
);!,�
<��	�$�	A+�, =� �. 0	�� �-.,��/ 0	��%	 �����
���("��� ��P �, 6!�.

tg�� ,� ��� +h�,� e�, ,�]�[�(�	I� +� +g�. 	� 3�!� 0	�� �	/ =� �. +5�, 0	5� 0	5�
��?� ��� ���;. ���:

/T LXM*ln α(x,y) = ALXXX 

+2��, �!� ,�6!,��:

))F'�OLM/OLO ,��	/ y(/))F'�OLM/OLO ,� �	/ x= (α

δx - δy =∆(x-y) ≈ 1000 ln α (x-y) 
,��1�Α�	/ v�� +� �$'� \�.�-!� +/ �,�� !	� 0	�")�� �W� �,�� 	H� .-.,��5/ v�� 0����

��
���("%	 ��� ,��1� Α���P �u/�� +$?�� �W� ,� ��� .Τm'P�� 	�� �	�1� ,� �!�5�/
)�� .%	 �����
���(" ��� ������ =�	G *�.�-!� �!�^. 	� )5�� ���5� ���	�5� 0��� ��!���	5
�

 ,��1�A+� �!� 0��� );!,�5
< )v�� 0��5� -.,��5/ 0	5��-.,��5/ �)��	����5� �� )5��	�/
-.,��/�)!��(���" ()�� ��� +$?�� �W� ,� �	' !.

���� �!	� %	I(	2� \�.�-!� 0�, �	�	
� t5g�� e�, +/ ��� �	�� -�� �J�'/� 0	� ]�[�
=���� ���;. 0��� �e�, �!� ,� \,	� 0�	H
��* 	�� (�5FG =5�	G e�, )5�� ]�� 	5. �k[.
�J!� �	/ �� A�� *�.�-!� 0	� �/�. �� ��	^$�� 	� ,	�? ���;. 0��� 	� �J�'5/� *�.�-!� m
� -�� ���� ,��G ��	^$�� �,�� ����.]�c[.

���� +� +g�. 	� U��g 0	��(�	I� �$?�� �W�,� 	� �3��? ]�[+5�, =� �5. 0	5�� �0	5�
 0�,��")!��(��� �)��	�/ ����5P )��	����� 8XX 	5. oC8aX�+5�, 0�,�� 0	5� )!��(��5�"�
)��	�/ ���P oCc]� +�, �0�,�� 0	�")!��(��� �)��	����� ���5P oCuu� ��� ��5�;.

� ��� .BFG +/ )�� �/�. +� r�& ")�.��� �$����.�hC 	��D
� )�,	� +5�, �	5�-�� 0	� 	5��
!	��,����P 89X 	. oC8RX �,���/ �	H
��* ��� ]|[.
��� +'!	1�3�!�	51� %����{. OLOδ

+�, ,� 	�)La	.LR‰	� +'!	1� ,�SMOW ( 0	H� 5� �!�	1� 	�y�d5� �	�5� +5/ �5��
����"	�0���	� Y+�, 	��	�$�	A &	�$P� � +$��� ������"=5_	P �� �
5/�� ��-5�" 0	5�)�
���/��� (D
� ������ ��PD
� � �, 0	����� ����� 0	� ���.
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0���	b ��	j� �uc

C�(D 3)F'� �J�'/� 0	H*�.�-!� 0	�),�-� ,� )�'G m'P �� 	� +'!	1� ,�SMOW�!� .(
)V1:�, 3-.,��/ �)!��(���" �)��	�/��)��	�����V2:�, 3-.,��/ �)!��(���" ��)��	�/V3:�, 3-.,��/ �

)!��(���"�)��	����� �And:�)!��(���" St:�)�(�,	$�� Ky : �)��	�/Gr : �)�,	�Sil : �)��	����� Qz :-.,��/(.

,	��Y+���� δ18OQz δ18OAnd Ky δ18Oδ18O Sil δ18O Gr δ18O St 

V1 ]u/�y k�/�c �/�c �k�/�k �
V1 y�/�y c]/�c �k/�c �k�/�k �
V1 ��/�d c]/�c �|/�c ���
V1 ]]/�y kd/�c ��/�c ���
V1 |d/�y ��d/�c ���

:�F7��� GH/1J ?1/1? 1?/1? �>1/1> �
V2 ��/�d k�/�c �u/�c ��ud/�k 
V2 �y/�d �d/�c �]/�c ��c]/�k 

:�F7��� HK/1L 1G/1? 13/1? ��A>/1> 
V3 ]c/�y u|/�c �yc/�c ��
V3 ]�/�y cc/�c �c|/�c ��

:�F7��� K>/1J A3/1? �AL/1? ��
-��� � ∆∆18O (Qz -And)∆18O (Qz -Ky)  ∆18O (Qz -Sil)∆18O (Qz -Gr)∆18O (Qz -St)-

V1 c|/�dy/��u|/k��
V2 ]|/�|y/���uu/k�
V3 k�/���y/����

=�9J'!	1� 3+�, � I�Fz 0	H�" �	H�
� ,� �J�'/� 0	H*�.�-!� �!�	1� %	 �����
���(" 0	� ,��
12
�3�,���	$�� 	� +'!	1� ,� ����� SMOW  .�� ��� �	F$G� ]�c[�� =1� +� ]��k[.
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T
�	�� +I(	2�*�.�-!� +�, 	�0-.,��b... �uu

=�9 L!� �!�	1� ,����� ��$;� 0	H�
� ,� �J�'/� *�.�- .+�, *�.�-!� �!�	1� ,����� �!� ,� 0	�
+I(	2� �,��)La	.LR‰=OLOδ�,���	$�� 	� +'!	1� ,� SMOW (	F!�1. "+� ����� �!�	1� +�	��

)�� $��* 0	H$'�� .�� �	F$G�]�u[.

+>�	
< = � ,�d� ��!� ����
��� 3�!�	1� %����{. OLOδ, ,� +�	�)La	.LR‰(	�
�!�	1� %����{. +
��� OLOδ)'�� ,� $��* 0	�)5�, (�,�� 0�	5!� )51�	2�.+5/ 	5T�" ��

 \�.�-!� �����? +���� 0	� D
� +� ����� �!�	1� 	� +I(	2� �,�� 0	� � 	�����"	�0��5���� 
+�, ��!���	
� �,�� )1�	2� &	�$P� +I(	2� �,�� 0	� "�? 	� �	�-�� �5�� ,� ��5���� 0	��5
!"

 �A�< � w�^�����"	�0D
� ,� ������ ��� �	T!� 	� ��� .\�5.�-!� m�/�. +� +g�. 	� 0	5�
 +�, �!� =� �. U	�$P� ��J�'/� �� 	�����"	�0)����� ,��F. =_	P !	��	� 	5! � �5��(� 0	�

 �!	�����"	�0�	��� 	��	�$�	A �,��� ��g� �!,w" .

;9��-& 

I(	2� +� +g�. 	�3\�.�-!� �!�	1� �J�'/� 0	�)La	.LR‰=OLOδ	5� +'!	1� ,�SMOW (
 '!	1� �3U��g 	� �!�	1� �!� 	�0D
� *�.�-!� �!�	1� +� ����� n" � 	� 	� 0	��	�$�	A 	5�0
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0���	b ��	j� �uy

 � ���$;� +�, +/ )^� ���. -.,��/ 0	��12
� %	 �����
���(" 3�45! 0�,�� +/ +I(	2� �,�� 
�� 6�
���(" %	 ���� +� 	! 8SiO9Al );!,�
< w�5^� � �A�< ��� ,� ��
$'� ��5��" 	5� 	5� 

�	�$�	A n��� �� � ��� =_	P ������ 	! 	�����"	�	5� �	�$5�	A 5� =5_	P �5!,w"��� �5�� .
+�, �!� =� �. K!��� 	�)+�%,��P +g,� �W� �� �J!� (0�	!� )�	F� D
� 	� ��A �	�-�� 0	�

�,���
< �� �	/ �	� �+�, �	
� � �	�� �, .	?B$A� ��A �	�-�� 	� 	� �5�� .+5� +5g�. 	5�
U���? 0��5� U���5$� 0	� T
5�	��+5�, x�5� �5!� *�5.�-!� �$?�5��W� ,� 	5� � 	5� ����5� 
D
��	
�+�, �!� =� �. 0	�� �	�)oCuu��c]� (,� �$�5�� +5/ )5�� ��5� ��� ���;.

 g,� ������ ����G3�$� K�)
�!	5* )5�(�F�^�" �,	'5A, 	5. �	5G�? -F5� )'�� �,	'A,�
�	�� (� ,��G ���� .F!�1. 0	��E		�� �!� +� 4!�-� )oCud��u�� (	�Z
�	��)�.��� �)5�,	�

D
� �� A�� 0���+�, �	�-�� 0	�EBFG 	�)�� ��� ���I. .
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