
��

���������	
������������������������������

������ ���	
 ��� ������
����
 � �A ���� ������� �� ������ �������� ��	�
� ! �� �����
����
��"���#��$���	
�%���

*�&�'	()�*�(+�����,-#.����/���%����0��-+�,	1�%�������-�
���������	����	��
�����������������������

��������������������������������� ��
!��������"#�$%������&�'
�����������(���)��*��
+��,�-��.*������"#�$%����������/

����������	
����	����																	����������	
�����	����

�,�23
	������	��	����	 !	"�#!	$�%�	&�'��	()*�	+!	�,-�	.	�/0	12!.	3�4	5��#�*0	3�.�4	6�70	3����89'	��	�./�	��	.	5!�!	3��4��	6�70	��	:!�	5�0;	��0	����
	:!�	5�0;	��0	����	"��0	��	�/90��	<=2	/>+�#?	 #�9�	&�@9A!	�/0	�-#	B���#�	C#��	��4	.	�#!	���'	1D2	!�	 9���	(�	E����	3�F	G)#	1���	����89'	��	�./�
	H.�A�#�I9F	C!�0	�@>�,>	��9���	����	.	='	J���K		�@>�,>	3�9��>!�L	.	3�9����	3�F	����	��M.	"�#!	�/�;	//�	�9>!�L	��I#/8�		&�A�NA;	.	.���L	3�F	G)#	+!
	�O�)P	+!	�L/0	�*�	.	LILEs +!	�%�>	�L/0	�)Q	 9)R7F	"/>�!�	HREEs	(�	�%�>	LREEs	+!	�%�>	�L/0	�)Q	S9���	3�F	G)#	"�#!	�9>!�L	 !	T9N,�	5��+	��
	"��0	��	�/�	(UD)�	S9���	3�F	G)#	��	$9>	�#!	V�8�	W�>	�#�>�92!	5�9�	3�F	�A!+��	XLY.	('		Nb,  Ta	�%Z�	3�F	J��[)F	X�	"/>�!�	!�	(Nb, Ta, Hf) $[�	HFSEs

	X�982	(79>	�9F��	:!�	5�0;	��0	��9>!�L	3�F	G)#	"/>!	�/0	TO��	3!	(�0�L	V�8�	��	E�%��!	��	.	�/0	�)Q	3!	(�0�L	\,)�	S	+!	.	(�0!�	��9]A��	�9F��	S9���	3�F	����
	Eu^	Sr^	Nb^	�O�)P	+!	��9>!�L	3�F	G)#	 !	"/)��F	�)Q	Th	.	Rb	�Y��		LILEs	+!	�%�>	��_	(�	.	��!�	`9ab	 A�NA;��	.	H�9)9��A;��	��	H�9)9��A;���	cd��	=9#���	��

	"/0��	3!	(�#��	3�F	e!��	+!	�*>;	 ���L	\,)�	�@>�,>	/>!��	��	�F	�LY.	 !	('	/>�9U�	Ti .	Ba

":!�	5�0;	��0	cA	W�>	�9>!�L	c5!�!	3��4��	6�70	c�790�fK	c�#�)0	G)#	4����!��,�(5
E-mail: ghalamghash@gsi.org.ir 																																																																																																																																																						��U782	T98M	�������	
����*

6�,'��78
	3�F	��./g�	��	1���	����89'	��	�./�	�����	��	:!�	5�0;	��0	�9>!�L	�8O!	����
	��9�!�hM	3�F	i�P	.	3�.�4	(U92�	��	.	(M��	jk	��		(M��	jk	��9�!�hM	3�F		6�_
	5��#!	��	c3�4	3�.�4	6�70	��	�A�70	(U92�	k�	.	(M��	��	��	(U92�	jk	.	(M��	��
	3�F	3/)�	=9�U�	H�#!	��	(aA�D�	����	����	"�#!	12!.	<�	TN0	?	3��4��	5�[���l;
	3�F	()*�	��	m9���	(�	c<��kk?3�%>	.	(����	
���������������������)3���4�#
	�%�U�	/>.�	��	����	 !	"��0	��	12!.	$�%�	&�'��	.	5�[���l;&+�%A!	c3$'��	5!�!
	S	C#��	.	��!�	�$>.��	 /A!n�9b	��2	(�	�8Q.!�!	���M	�!/��!	��	���)M	&�A�70
	V�[>!	 9,9�	B�aA�D�	"�#!	�/0	=9�U�	���)M	.	�A�70	o-�	.�	(�	p�$�	��9��	���
	�!Y>��-��!?	�0/8�	&$�%�	(2�.	�
�k�����	3�F	(,U>	(9*�	T��0	(UD)�	 !	��	(���L
	. 	<���j 	c��N#!? 	 /A!n�9b 	��2 	(2�. 	�
������ 	(,U> 	. 	<�qq� 	c5!��N7F 	.
	(,U>	��	<���j?	��N#!	"�#!	����	<����?	3!.�!	.	<����?r8D�	 /��P	 9)R7F
	(�	!�	:!�	5�0;	��0	3l�s>	����	T9N,�	5��+	 /A!n�9b	��2	�
������	�#�)0	 9�+
	3�F	G)#	<����? 	r8D�	 /��P 	"�#! 	��!� 	�%�> 	 #�9� 	+! 	o9� 	. 	 9��� 	+! 	t�
	"�#!	���'	���a�	���4��	+!	t�	.	(A) �!$F�'�9Q	W�>	+!	!�	����	 !	S9�8�
	(92	=��	3�F	����	5!�)P	�g�	!�	:!�	5�0;	��0	��4��	3l�s>	3�F	����	<����?	3!.�!
	��	('	�#!	���'	���a�	3!	(2�.		5.��	.	A	W�>	+!	!�	�*>;	.		��!�	�!�2	(aA�D�	����

"/>!	���'	3�9@�M	���'	��	C%���	�,,'	C9g�	S
	�790�fK	.	�#�)0	G)#	c�!�gO	3�F	�LY.	`9O��	(� 	c�b��	���0�>	��

	"��0	X�	(�4!���	:!�	5�0;	��0	����		��9>!�L	.	�.���L	3�F	G)#

6'9�������
�:��;�7<
	���#� 	3�F	G)# 	. 	 �%��'	�� 	�>�L�L� 	3�F	G)# 	(aA�D� 	���� 	(UD)� 	��
	3�F/�!. 	 ��	�7/2 	"<���j 	c5!��N7F 	. 	��N#!? 	/>�!� 	5�7)4� 	S9.+�]A��

	/>+�#	(�	(���!.	�989�	.	�98#!	c�/0	5�L�L�	.	(>!�$�	3�F	G)#	(#��	(UD)�	�@)#
	�$9>��N�	.	�/0��4	�8'	��_	(�	�F	G)#	 !	"�#!	 �%��'��	5��+	(�	E����	�*'
	:!�	5�0;	��0	�9>!�L	e�)M	��	3�./g�	�$>.��	 9���	(�	E����	3�F/�!.	"/)��F
	(�	�890	3�F	(d	5�9�	��	��9�	u�#	G>�	��	��$��!�'	3�F	G)#	(#��	T��0	('	/>�!�
	1D2	:!�	5�0;	��0	�9>!�L	C#��	/�!.	 !	"/)��F	 9���	(d�%�#	3�F	SF;	�!�7F

"<�	TN0?	�#!	���.;	��M.	(�	�F	G)#	 !	��	�>�L�L�	(A�F	.
	3!�!�	c/>�!�	�!�2	(aA�D�	����	�9>!�L	�.�4	��	('	(#���'	�@)#	3�F/�!.
	3�F/�!. 	"/)��F 	�>��� 	SF; 	. 	SF; 	T��0 	. 	/)��F 	�9>!�L 	�� 	X8�L 	+��
	�9>!�L	e�)M	.	��4��	��	19#.	.	�/)'!��	B��O	(�	(UD)�	 !	��	 #�9�	&�@9A!
	3�90	/9s#	G>�	(�	(>!�	$�	3�F	SF;	T��0	��,9�	('	��0	��	�/�		:!�	5�0;	��0
	3!���8@)' 	S	�� 	/�!. 	 ! 	"/)��F 	�#� 	3�F	(d 	5�9� 	�� 	=F 	��!�� 	�4�� 	�� 	.

	"/>�0��	��	!�	:!�	5�0;	��0	����	c��9>!�L	B�aD2	3.��	3!	�/P�2
	3�F	G)#	"�#!		�/�;	//�	S9���	.	S9�8�	3�F	G)#	+!	:!�	5�0;	��0	����
	('	�#!	�.���L	3�F	G)#	+!	3�./g�	3�F	5�7)4�	:!�	5�0;	��0	����	S9���
	C#�� 	���� 	e�)M 	S9��� 	3�F	G)# 	"/>�0	�� 	�/� 	���� 	e�)M 	. 	6�70 	��
	���� 	6�70 	S9��� 	3�F	G)# 	('	�A�� 	�� 	c/>!	�/0 	1D2 	��9>!�L 	3�F	G)#
	��9>!�L 	m9'�� 	���� 	S9�8� 	o-� 	"/)F�	�7> 	5�,> 	��9>!�L 	���� 	�� 	�_�%��!
	�9L	5.��	3�F/�!.	5�9� 	�� 	G>�	='	����O	�� 	��0�L	u�#	G>�	�� 	. 	(�0!�
	���� 	�� 	���� 	 ! 		3�F	�9>!�L 	"/)��F 	5��7> 	 	���� 	S9��� 	3�F	G)# 	. 	 9���
	�/7P 	o-� 	"�#! 	v-,� 	 $9)�.�� 	3�F	�>�' 	�'/>! 	�!/U� 	. 	 ��8� 	V�7�
	����O 	G>� 	�� 	(' 	�#! 	�/�; 	//� 	X�982 	J�F��I#/8� 	+! 	��9>!�L 	3�F	G)#
	(>�L	w9F	����	��9>!�L	3�F	G)#	��	"/))'	��	��7>��4	G)#	 ��	��	G>�	='

	"��!/>	��M.	3.xN>!

Archive of SID

www.SID.ir

www.SID.ir


�j

������ ���!� �������"�#$"�%��&�����A�'�(��)�($*+�!�,�-�.���/�01��2����34�!�2��1��01�

���0������7=
	T9N,�	.���L	+!	��,9�	(UD)�	S9���	3�F	G)#	c<�	6./M?	6!���	($[�	y��>	H�#!	��
	(�0!�	�d�>!�L.�N9�	����	:!�	5�0;	��0	����	e�)M	3�F.���L	"<�	TN0?	�#!	�/0
	�7[�	�z> 	+! 	"/)F�	�� 	T9N,� 	!� 	5; 	�8O! 	3�F	�>�' 	 �'.�9� 	. 	+x'�Kx� 	.
	��4	(�	!�	G)#	�7[�	/O��	j�	��	��	�F	 �'.�9�	.	/O��	k���	j�	�F+x'�Kx�
	��	�	�>!.!��	��	�/'	3�F	�>�'	.	/O��	�	��	k	�>!.!��	��	6�%9s�;	"/>!	��!�	{�|�4!
	+x'�Kx�	3�F��8�	�+!/>!	"<�	6./M?	�#�F	G)#	 !	�P��	3�F	�>�'	+!	/O��	k
	"�#!	���	�89�	���	��	��j	.	���	�89�	��k	��	�	m9���	(�	�F	G)#	 !	��	 �'.�9�	.
	T/%�	6�%9s�;	.	��8'	(�	�F	 �'.�9�	.	�9��#	(�	�F+x'�Kx�	�F	G)#	 !	��

	"<b. a&j	TN0?	/>!		�/0
	(�0!�	�d�>!�L	���� 	c���� 	��	�0��	(>!� 	:!�	5�0;	��0	���� 	6�70	3�F.���L
	"/>!	(��� 	T9N,� 	�8O! 	3�F	�>�' 	5!�)P 	(� 	 �'.�9� 	. 	+x'�Kx� 	3�F	�>�' 	+! 	.
	���	�89�	�	��	��k	m9���	(�	�F	G)#	 !	��	 �'.�9�	.	+x'�Kx�	3�F��8�	�+!/>!
	�9>��9�	.	<�/9,'	.	3!	(h9�	3�F��8�	B��O	(�?	�9���;	"�#!	���	�89�	��k	��	�	.
	�9��#	(�	�F+x'�Kx�	�F	G)#	 !	��	"�#�F	G)#	 !	3!	(b��P	3�F	�>�'	+!

"<d. c	&j	TN0?	/>��	=A�#	�%�>	(�	�F	 �'.�9�	��!	/>!	�/0	T/%�
	(Streckeisen, 1976)	6!���	3/)�	���	H�#!	��	:!�	5�0;	��0	S9�8�	3�F	G)#
	�F	G)# 	 ! 	���� 	"<� 	TN0?/>�0	�� 	12!. 	�9>!�L 	��982 	��I#/8� 	��./g� 	��
	()9�+	��	3�9����	����	"�#!	(�����������
��)	3.����>	3�F	(>!�	W�>	+!	�d�>!�L
	 9)R7F	"��0	��	�/�	c�/0	�0!���	��d��	B�P�s��!	+!	('	��F	G)#	��	$9>	$�	(>!�
	G})#	��	�}P��	��_	(� 	�N}9�!�L.�N9�	.	3�9��>!�L	T��0	3/0�	=F	3�F	����
	"�#!	���	�89�	k	��	�	/�	��	G)#	�/>+�#	3�F��8�	�+!/>!	"<e&j	TN0?	��!�	��M.
	<6�%9s�; 	. 	�9��9�? 	 $9)�.�� 	3�F	�>�' 	. 	+x'�Kx� 	c$��!�' 	c��982 	��I#/8�

		"/>�.;	��	//�	!�	����	 !	3�F	G)#
	���� 	�� 	���	�89� 	k 	�� 	� 	3�F	�+!/>! 	�� 	��8� 	�0�� 	B��O	(� 	��982 	��I#/8�
	��	"��!�	��M.	G)#	 ��	��	/O��	k�	+!	o9�	�>!.!��	��	<f&j	TN0?	��9���.�N9�
	3�9��>!�L	����	.	/F�	��	5�,>	3/0�	=F	$��!�'	�� 	��982	��I#/8�	�F	(>�7>	�4��
	X��N989# 	3�7L�� 	5/0 	��# 	+! 	�'�� 	(' 	��.;	�� 	��M.	(� 	!� 	�N9�!�L.�N9� 	.
	3�F��8� 	c��!�� 	�4�� 	�� 	��! 	"�#! 	<S9�N��f!? 	���!�� 	()97' 	(DU> 	�� 	e; 	='
	(DU>	+!	��8%�	W.�0	/F�	��	5�,>	('	��0	��	�/�	�!�	TN0	B��O	(�	��982	��I#/8�
	�>�' 	 ! 	"�#! 	S�$> 	��982 	��I#/8� 	mD2 	(� 	3�/2 	(N8� 	���%> 	X��!�� 	()97'
	$��!�'	3�F��8� 	"�#! 		�/0	T/%� 	�#�	3�F	�>�' 	(� 	. 	�/0	5�#�L�	3��!�� 	��
	G)#	 �� 	�� 	���	�89� 	j 	�� 	� 	��a�! 	�� 	cTN0	�� 	�� 	�!�	TN0	(79> 	3�F��8� 	B��O	(�
	J�F��I#/8�	5.��	3�9��>!�L	.	�N9�!�L	B��O	(�	�F	(>�7>	�4��	��	��!�	��~�
	��!��	�~a�	��	.	/)��F	�M��	�0���4	3!�!�	$��!�'	3�F��8�	"�#!	5��7>	��982
	��	E�%��!	��	��!	 !	��+	6�7��!	(�	('	/)F�	��	5�,>	��4	+!	���g�	.�	3��>	��xP
	��	��	��	�>�'	 !	"�#!	����	l�s>	+!	t�	�	.	 9�	��	c�0��	3�F��,�	5���	='��
	3�F��8�	B��O	(�	+x'�Kx�	"�#!	��!�	{�|�4!	��4	(�	!�	G)#	�7[�	/O��
	/O��	"��!�	��~�	G)#	 ��	��	3���	�89�	�	�%�U�	3�F	�+!/>!	��	c�!�	TN0	(79>
	G)#	�7[�	/O��	k	m�U�	(�	.	�#!	��982	��I#/8�	+!	��7'	m�!��	(�	5;	�7[�

"��.;	��	//�	!�
	='	�!/U� 	(� 	(' 	�#! 	6�%9s�; 	. 	�9��9� 	��9>!�L 	3�F	G)#	 $9)�.�� 	�>�'
	"�#!	�/0	��8%��	�@�	3�F	�>�'	 9�	3�~�	��	�!�	TN0		(79>	.	<�7[�	%k	+!	��7'?
	�F	6�%9s�;	3��>	{!�4	�#���	"<g&j	TN0?	/>!	�/0	T/%�	��8'	(�	��,9�	�F	�9��9�
	+!	��+	6�7��!	(�	.	�!�	=/#	W�>	+!	�*>;	��,9�	('	/F�	��	5�,>	��N#.�N9�	�+	��

	��;	(�	T�7��	$%#	�F	�>�'	 !	G>�	"<h&j	TN0?	�#!	�9>�#����;	&�9N%�	W�>
	����	3��4��		o-�	��	6�%9s�;	�7[�	/O��	"�#!	(M��	�&�	�*>;	�0���4	(.!+	.
	E�%��!	��	/>!��	��	��!	 !	('	�#!	����	�@�	3�F	o-�	(9U�	+!	��,9�	<(92	=��	(UD)�?
"/0��	��9>!�L	����	+!	o-�	 !	��	1�#	��7[>!	([9�>	��	.	 ���L	�!�2	(90��	��	��
	�9>��9� 	"/>�!� 	��~�	G)#	 �� 	�� 	�$M 	. 	=' 	�!/U� 	(� 	 '�+ 	. 	�9>��9�
	�!�7F		(� 	�>�'	 ! 	��!�� 	�~a� 	��	"��0	��	�/�	�!�	TN0	(79> 	3�F��8� 	B��O	(�
	�!�	TN0	3�F��8�	B��O	(�	 '�+	"�#!	+x'�Kx�	.	��8'	cB./9�!	3�F	�>�'
"��0	��	�/�	�9>��9�	.	��982	J�F��I#/8�	�!�7F		(�	�	.	��9�	3�F	�>�'	T4!�	��	.

�	�
� !�7>
	5�#�L��>	(>�7>	��	:!�	5�0;	��0	��9>!�L	����	��9790�fK	Bd�g�	�#���	��z)�	(�
	($[�	3!��?	ICP-MS	.	<�8O!	�O�)P	3!��?	XRF		($[�	3!��	�L�+!�F	5./�	.
	5��+�#	��@,��+;	��	XRF	3�F	($[�	"/>/0	e�-�>!	<�'�4	���>	.	e�97'	�O�)P
	�� 	�F	(>�7> 	5�7F 	ICP-MS 	3�F	($[� 	. 	��,' 	�>/a� 	B���,�'! 	. 	�#�)0	 9�+
	3!��	�A�#�!	3�F	(>�7>	 9�	+!	"�#!	�/0	V�[>!	!��>�'	ALS-CHEMEX	��@,��+;
		5�7)4�	+! 	(>�7>	S?	(UD)�	S9���	3�F	G)#	(� 	E����	(>�7> 	�	��9790	($[�

"<�	6./M?	�#!	<����	���)M	5�7)4�	+!	(>�7>	.�	.	�A�70
	. 	S9�8� 	3�F	(>�7> 	�>.�� 	 �l; 	3�F	G)# 	3/)�	��� 	3�F�!��7> 	��
	��982 	��I#/8� 	3�F	��./g� 	�� 	m9��� 	(� 	<a&k 	TN0? 	:!�	5�0;	��0 	���� 	S9���
	3/)�	��� 	H�#! 	�� 	 9)R7F 	"/>�9L	�� 	�!�2 	����.���L&.���L 	. 	�9>!�L	
	�9>!�L	3�F	��./g�	��	m9���	(�	S9���	.	S9�8�	3�F	(>�7>	Middlemost (1985)

	"<�#!	�/,>	��!�	5�,>	�[)!	��?/>�9L	��	�!�2	.���L	.
	�A�NA��	�%�>	�@>�9�	('	(aA�D�	����	3l�s>	3�F	����	=9)9��A;	+!	W�%0!	v4�0
	(Maniar & Piccoli, 1989) A/CNK�!��7>	��	CaO+Na2O+K2O	W�7[�	��	AL2O3

	�@>�,>	.	����	�	+!	��7'	(UD)�	S9���	3�F	G)#	(�	E����	3�F	(>�7>	3!��	c�#!
	(' 	/>�!� 	��� 	�� 	���k 	 9� 	3���U� 	��9>!�L 	3�F	(>�7> 	. 	�#�*>; 	5��� 	 9��A;���
	 A�NA;��	X7'	.	`9ab	 9��A;��	c 9��A;���	3�F	��./g�	��	�*>;	3�9L�!�2	�P��
	3��4��	o-�	+!	('	��F	(>�7>	���7�	('	 !	(M��	T��2	(�N>	"<b&k	TN0?	��0	��
	�z> 	+! 	. 	/)F�	�� 	5�,> 	 A�NA;�� 	�LY. 	<(92 	=�� 	(UD)�? 	�/0 	(�0!��� 	����

	"/)��F	����	3�F	G)#	(9U�	(�	�%�>	3��,9�	��9�	3�F	�>�'	3!�!�	�#�)0	�>�'
	<�	TN0?	Harker (1909)3�F�!��7>	��	e�97'	.	�8O!	�O�)P	B!�99h�	�#���
 SiO2^	Na2O,�O�)P	+!	�d��	���U�	3!�!�	(aA�D�	����	3�F	�9>!�L	('	/F�	��	5�,>
 CaO,�O�)P	+!	�d��	���U�	3!�!�	(UD)�	�.���L	3�F		G)#	.	K2O, Rb, Y,  Zr

	3�F	G)#	(aA�D� 	���� 	(UD)� 	�� 	('	 ! 	(� 	(M�� 	�� 	"/)��F 	Fe2O3, MgO, Sr, Ba

	3�F	G)# 	+! 	S9�8� 	3�F	G)# 	r�s� 	������ 	 !���)� 	c/>�!/> 	��M. 	C#!./�
 Na2O,	3�F/9�'!	3��P�9Q	3�F/>.�	��!	�!�	�z>	�9a_�2	��	5!��	�7>	(UD)�	S9���
	+!	S9�8�	3�F	G)#	r�s�	SiO2 	��!��	��	Y 	.	Rb 	e�97'	�O�)P	.	TiO2, Al2O3

	/9\�	!�	��!	 !	C#!./�	3�F	G)#	��~�	��%>	"/>!�	�7>	T7�g�	!�	(UD)�	S9���
"/)'	��

	�4��	�����	�z>	+!	(��L	:!�	5�0;	��0	����	e�)M	.	6�70	S9���	3�F	G)#
	e�97'	�O�)P	1+��	3�@A!	<a&�	TN0?	T'	��	��!	c/>�!�	����x�4!	e�97'	�O�)P
	�'�4	e�97'	�O�)P	1+��	3�@A!	��	"/>�!�	�*��,�	o9�	.	='	�'�4	e�97'	.
	(�	�%�>LREEs		+!	�%�>	�L/0	�)Q	�F	G)#	 !	<��/)'	(�	�%�>	�/0	��[)*�?
	+!	�%�>	�L/0	�)Q	(aA�D�	����	S9���	3�F	G)#	 9)R7F	"�#!	5��7>	HREEs
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        Hf,$[�)	HFSEs	+!	�%�>	�L/0	�*�	.	(LILEs)	5�	p�$�	�#.�	G)#	�O�)P
	+!	�%�>	�L/0	�*�	�F	G)#	 !	�@�	B��%P	(�	"<e&�TN0?	/)F�	��	5�,> (Ta, Nb

	Rb, Ba, K, Th, La, Ce, Ta, Hf	�O�)P	��	�L/0	�)Q	.	Zr, Ti, Tb, Y, Yb	�O�)P
	�,,'	3�F	(b��	3�F	G)#	+!	�/0	��!$L	/>.�	��	(��,�	��9��	('	/)F�	��	5�,>	!�
 Ba, Rb,/)>��	��g��	B/0	(�	�O�)P	�z8Q	(��L	"(Al-Saleh et al., 2001)	�#!
	�}z8Q	('	�}#!	 !	��	��}U�P!	��!	c�}#!	�9}9h�	T��2	3�>��	3�F/)!��	C#��	Sr	.		K
	S9���	3�F	G)#	3�@A!	"(Al-Saleh et al., 2001)	�}#!	(9}A.!	��#�#!	�}O�)P	��}#
	('	3��_	(�	c�#!	B.�s��	�>�7'	�!$M	�>�,s,�;	3�F	G)#	3�@A!	��	(aA�D�	����
	 ! 	�� 	�#! 	�>�7' 	3�F	�+!/L 	XLY. 	(' 	Ta 	. 	Nb 	//0 	�s)� 	3�F	J��[)F	X�
	XLY.	(' Ta		.	Nb	�%Z�	3�F	J��[)F	X�	�@�	��_	+!	"��0	�7>	�/�	�F	G)#
	�/�	(aA�D� 	����	S9��� 	3�F	G)#	��	c�#! 	V�8� 	W�> 	�#�>�92! 	5�9� 	3�F	�A!+��

"<e&�	TN0?	��0	��
	.	<�	6./M?	�#d��	:!�	5�0;	��0	����	��9>!�L	3�F	G)#	��	REEs	3!��g�
	HREEs	(�	�%�>	LREEs	�L/0	�)Q	��/)'	(�	�%�>	�/0	��[)*�	3�F�!��7>	��
	��9>!�L 	3�F	G)# 	(spider diagram) 	3�|)P 	/)� 	3�F�!��7> 	�� 	"�#! 	5��7>
	(Pearce et al., 1984)	�#�>�92!	5�9�	(�,�	�b��	�9>!�L	3�)%�	��	�/0	��[)*�	(UD)�
	 9)R7F	"<b&�	TN0?	��0	��	�/�		Yb��	Rb	+!	v-,� "x��'	�,F�'	/>.�	S
	5�,>	!�	3//0	�s)�	J��[)F	X�	Ba	�!��7>	 !	��	(aA�D�	����	3�F	�9>!�L	3!��
	�/0	�)Q	Ta	.	Nb	�O�)P	(�	�%�>	�*M��	T��2	��_	(�	Th	.	Rb	�O�)P	.	/F�	��
	"/)F�	��	5�,>	�L/0	�)Q	5�0��4	�.�[�	�O�)P	(�	�%�>	Sm	.	Ce	 9)R7F	"/)��F
	�/0	��	(Crustal dominant)	3!	(�#��	C8��	5!�)P	(�	���-�>!	3�F	�L/0	�)Q	 9)�
	(�0�L	(�	�%�>	�/0	��[)*�	���%N)P	3�F�!��7>	��	"(Pearce et al., 1984)	�#!
	Ti 	. 	Ba, Sr 	�O�)P	.	c�%Z� 	J��[)F	X� 	 	Rb(aA�D�	����	3�F	�9>!�L	3!�� 	c(9A.!
	(aA�D�	����	3�F	�9>!�L	c !	��	5.$�!	"<c&�TN0?	/)F�	��	5�,>	�s)�	J��[)F	X�
 Eu, Sr,	�O�)P	+!	��!	/)��F	�)Q	Th	.	Rb	�Y��	LILEs	+!	�gb!. "x��'	��_	(�
	3�F	e!��	+!	�F	�9>!�L	 !	 ���L	\,)�	�@>�,>	�F	�LY.	 !	('	/>�9U�	Ti	.	Nb, Ba

"(Zhao and Zhou, 2007)	�#!	3!	(�#��
	.	�,,'	C9g�	S	��	(aA�D�	����	3�F.���L	('	/;	����	 9)�	d��	mA�D�	+!
	3�F	e!��	+!	(aA�D�	����	3�F	�9>!�L	.	�/0	T9N,�	3!	(�0�L	V�8�	S	��	E�%��!	��

"/>!	(���L	B\,>	3!	(�#��

		?@$�7A
B#����:��;���0"�+���CD��E87A

	�%�>	�L/0	�)Q	"<a&�	TN0?	/>�!�	��9]A��	�9F��	:!�	5�0;	��0	�.���L	3�F	G)#
	(LILE)	5�	p�$�	�#.�	G)#	�O�)P	+!	�%�>	�L/0	�)Q	.	HREE	(�	�%�>	LREE

	"/>!	�/�;//�	�/0	�)Q	3!	(�0�L	\,)�	+!	����	S9���	3�F	G)#	('	/F�	��	5�,>
	�9>�	�/0	(�4�)0	3�F	����	��	:!�	5�0;	��0	e�)M	S9���	3�F	����	REE	3�@A!	(��U�
	S	('	c(Zhao and Zhou, 2007)	 9�	!�F	3Y>��	(UD)�	�!�/)8%>��F	3�F.���L	TZ�
"<d&�	TN0?	/F�	��	5�,>	���4	r��D�	c�#!	�,,'	=K�	��	�/0	T9N,�	3.���L
	��F�!��7>	+!	3!	(P�7[�	��	.	(�0!�	H.�A�#�I9F	�LY.	��9>!�L	3�F	G)#
	�/0	��!�_	A 	W�> 	3�F	�9>!�L	��#�)0	3!�� 	cWhalen et al. (1987)C#��	('

"<qTN0?	/>�0	��	��7>�M	A	W�>	3�F	�9>!�L	��./g�	��	c�#!
	��9�� 	���� 	S9��� 	o-�	�� 	(��U� 	��	:!�	5�0;	��0	���� 	��9>!�L	o-�	=[�
	��	c5;	�� 	5.$�! 	"/#�	�7> 	�z> 	(� 	�UD)�	S9��� 	o-�	+! 	5;	r�s� 	.	�#!	��,9�
	/>.� 	SiO2 	��!�� 	�� 	TiO2 	. 	Al2O3 	. 	Na2O 	TZ� 	��F/9�'! 	�'��F 	3�F�!��7>

	S9�8�	.	S9���	3�F	G)#	 !���)�	c/F�	�7>	5�,>	!�	v-,�	�,F�'	�	�,!$�!
	3!��g�	c��9>!�L	m9'��	"/>!	�/0	T9N,�	�!$[�	3�F�7L��	+!	:!�	5�0;	��0	����
	(� 	�%�> 	LREEs 	�L/0	�)Q 	cREEs 	�O�)P 	3d�� 	3!��g� 	cd�� 	=9#��� 	. 	t989#
 Eu,  �O�)P 	+! 	�%�> 	�U� 	. 	Sm 	. 	LILEs, Ce 	�O�)P 	�%�> 	�L/0	�)Q 	cHREEs

	�#!	:!�	5�0;	��0	����	��9>!�L	3�F	G)#	3!	(�#��	\,)�	�@>�,> Ti���Sr, Nb, Ba

	"(Zhao and Zhou, 2007)

	���s�#! 	�� 	:!� 	5�0;	��0 	�.���L 	3�F	G)# 	X�4�#	 9�+ 	C9g� 	�#���
			. 	 	Pearce & Norry (1979)  . 	  Cabanis & Leocolle (1989)  3�F�!��7> 	+!
	 !	('	/F�	��	5�,>	c�#!	�/0	(f!�!	�	TN0	��	('	Schandl and Gorton (2002)	
	"/)��F	<3!	���2		3�F	�A!+��	6��a�?	3!	(2�.	5.��	S+��	3�F	G)#	W�>	+!	�F	G)#
			C#�� 	�/0 	(f!�! 	3�F�!��7> 	+! 	���s�#! 	�� 	 	(aA�D� 	���� 	3�F	�9>!�L 	 9)R7F
	5�,>		q	.	�	TN0	��	('	cPearce et al. (1984)	.		Schandl and Gorton (2002)

"/)F�	��	5�,>	��4	+!	3!	(2�.	5.��	�9F��	�#!	�/0	��!�
�2����"�� !���0"�+�E<7A

	��	E�%��!	��	�/0	�)Q	(�0�L	+!	.	����	3!	(2�.	5.��	(aA�D�	����	�.���L	3�F	G)#
	3!	(2�.	5.��	(aA�D�	����	3�F	�9>!�L	 9)R7F	"/>!	(���L	B\,>	3!	(�0�L	V�8�	S
	3�F	�9>!�L 	=*� 	3�F	�LY. 	+! 	"/)F�	�� 	5�,> 	3!	(�#�� 	\,)� 	. 	���� 	A 	W�> 	+! 	.
	� 	�,,'	3�F	C9g�	W�>	 ! 	"�#!	�,,'	3�F	C9g�	��	�*>;	3�9L	TN0	A 	W�>
	+! 	t� 	3�F	o,' 	(� 	E���� 	� 	. 	�#! 	�!+	���' 	 +�Q; 	3�F	�9A�a� 	(� 	E����
 Whalen et al., 1987, 1996; Eby, 1992; Nedelec et al., 1995;)�#! 	���4��
	�!�M	��	3�4	3�F	�9A�9�!	��~�	.	�!�gO	/F!�0	(�	(M��	��	 .(Pitcher, 1997

	3�F	�9A�a�	(�	E����	3�F	o,'	(�	�	!�	�F	�9>!�L	 !	5!��	��	c(aA�D�	����	(9��>
	T9N,�	.	3!	���2	���4��	+!	t�	3�F	o,'	�	.	3�4	H�>�92!	�!+	���'	 +�Q;
	 #	 99a� 	. 	����.$! 	J�F	X#��� 	"�!� 	�%�> 	<3�4	�9A�9�!? 	(_���� 	3�F	�9A�9�!

"/)'	S7'	�F	C9g�	 !	+!	�N	e�-�>!	(�	/>!��	��	�F	�9>!�L	3�����!�

�����6.�#��7F
	5.+	3��4��	6�70	3�*�>!	��	1���	����89'	��	�%�U�	�a#.	��	:!�	5�0;	��0	����
	3�.�4 	6�70 	3����89' 	�� 	�� 	. 	<5!�! 	3��4�� 	6�70? 	3$'�� 	5!�! 	3���4�#
	�/0	T9N,�	��9>!�L	.	�.���L	3�F	G)#	+!	����	 !	"�#!	12!.	3�4	5��#�*0
	�9F�� 	(aA�D� 	���� 	3�F.���L 	(' 	/F�	�� 	5�,> 	��9790�fK 	3�F	�#��� 	"�#!
	V�8� 	�� 	E�%��! 	�� 	. 	�/0 	�)Q 	(�0�L 	3�F	G)# 	�,-� 	e.l 	+! 	. 	(�0!� 	��9]A��
	�� 	�/0 	T9N,� 	3�F.���L 	�� 	(��U� 	T��2 	�F.���L 	 ! 	"/>!	�/�; 	//� 	3!	(�0�L
	A	W�>	3�F/9��9>!�L	(87M	+!	(aA�D�	����	3�F	�9>!�L	"/)��F	�,,'	3�F	C9g�
	"/>�!�	3!	(�#��	\,)�	.	(�0!�	`9ab	H�9)9��A;��	�� 	H�9)9��A;��� 	�LY.	.	����
	�!+	���'	 +�Q;	3�F	�9A�a�	(�	E����	3�F	o,'	(�	�	5!��	��	!�	�F	�9>!�L	 !
	(_����	3�F	�9A�9�!	T9N,�	.	3!	���2	���4��	+!	t�	3�F	o,'	�	.	3�4	H�>�92!

"�!�	�%�>	<3�4	�9A�9�!?

G�H0��I��
	X897N� 	Bx9|g� 	�>.�a� 	. 	X,F.Y� 	�>.�a� 	XA�� 	J�F	��7� 	�� 	oF.Y� 	 !
	�>.�a�	5;	�/>+�!	J��N7F	+!	(89#.	 /�	!�A	c�#!	�/9#�	V�[>!	(�	$�%�	��@,>!�
	3�U��!	��	('	(8[�	5!�.!�	�/>+�#	B!��*),9�	.	B!�z>	+!	 9)R7F	.	��0	X�	X>!��/2

"��0	��	3�!$@#�I#	(>�797O	c���	�!�L�9�\�	(A�U�	�9s9'

5!��N7F	.	J!.�!	5!�*�
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"�/0	���#	�#�)0	 9�+	(,U>	.	5!�!	3��4��	6�70	��	(aA�D�	����	(UD)�	�9a2��		&�TN0

������ ���!� �������"�#$"�%��&�����A�'�(��)�($*+�!�,�-�.���/�01��2����34�!�2��1��01�

Alkali-feldspar Granites Gabbros
DG3G YG03 YG02 YG05 TA2 SHG2 SHA1 FSH1G FSH10G DG5G MSB4 MSB3

Major Oxides (%wt)
SiO2 75.89 77.51 76.72 72.75 76.64 77.30 75.74 75.76 75.59 47.06 47.01 48.69

TiO2 0.23 0.21 0.2 0.48 0.25 0.22 0.2 0.25 0.2 0.17 0.28 0.25

Al2O3 10.24 9.99 10.32 11.41 12.38 11.07 10.92 10.96 11.39 14.5 12.14 11.85

Fe2O3* 3.07 2.56 2.53 4.64 0.7 2.4 2.88 2.49 2.56 10.31 15.55 15.28

MnO <1 <1 <1 <1 <1 <1 <1 <1 <1 0.18 0.18 0.19

MgO 0.12 0.27 0.53 0.15 <0.1 0.16 0.1 <0.1 0.1 5.99 6.11 6.04

CaO 0.72 0.45 0.48 0.4 0.15 0.12 0.37 0.58 0.22 13.04 9.62 8.06

Na2O 3.44 3.22 3.25 3.99 3.41 3.55 3.02 3.76 2.44 2.21 2.53 2.78

K2O 4.62 4.53 4.7 5 5.18 3.99 5.11 4.86 6.26 1.66 1.11 1.37

P2O5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 1.88 2.45 2.33

L.O.I. 0.87 0.73 0.62 0.57 0.59 0.5 0.93 0.71 0.67 2.19 2.43 2.75

trace elements (ppm)

Rb 134.5 123.5 127.5 120 162.5 127.5 138 154.5 193.5 136.5 65.2 83.2

Sr 21.5 9.4 12.5 11 13.6 6.6 13.6 12.8 13.3 393 239 248

Ba 152 43.2 28.4 78.7 114 50.1 231 176.5 166.5 279 140.5 181

Zr 1320 618 309 430 840 1000 685 606 694 95 177 155

Y 161 60.3 82.4 53.2 99.6 121.5 87.1 49.8 79 14.9 34 35.2

Nb 119 63 65.5 59.5 76.6 81.2 69.6 40.9 60.8 6.1 22.9 25.7

V <5 <5 <5 <5 <5 <5 <5 <5 <5 381 305 283

Cr 10 10 10 <10 <10 10 10 10 10 70 90 80

Co 49.1 62.4 44.7 47.5 76.3 32 43.3 52.6 58.5 41.2 47.3 41.5

Ni <5 <5 <5 <5 <5 <5 <5 <5 <5 15 28 26

Cu <5 <5 <5 <5 <5 12 <5 <5 <5 31 <5 69

Zn 210 32 71 106 35 120 179 172 67 115 159 148

Ga 29.5 30.4 32.9 35.7 33.2 30.5 30.2 29.5 26.8 18.5 21.7 21.2

Cs 1.59 0.68 0.62 1.03 0.9 0.49 0.62 0.91 0.85 1.64 2.37 1.93

La 108.5 110.5 121.5 55.4 105.5 214 91.8 51.2 93.2 7.2 26.4 22.3

Ce 215 215 225 129 211 333 185.5 103.5 185 16.3 55.2 46.8

Pr 25.5 24.8 24.8 14.95 25.7 56.1 22.2 12.5 21.5 2.31 6.74 5.91

Nd 100.5 93.3 90.8 60.3 101 214 86.8 49.5 82.6 10.7 27.5 24.4

Sm 23 18.05 15.5 12.9 21.7 46.3 18.65 10.45 16.85 2.86 6.53 6.08

Eu 2.43 1.31 1.14 1.26 1.92 3.13 1.84 1.2 1.55 1.21 2.04 1.75

Gd 26.10 17.35 15.4 13 21.9 43 18.65 10.85 18.2 3.31 6.72 6.57

Tb 4.8 2.52 2.38 2.01 3.47 6.27 2.99 1.68 2.85 0.54 1.13 1.1

Dy 30.3 13.55 14.15 11.1 19.2 30.8 16.95 9.54 16.5 3.23 6.57 6.85

Ho 6.25 2.62 2.95 2.16 3.8 5.32 3.42 1.88 3.26 0.61 1.33 1.36

Er 18.75 7.47 9.17 6.51 11.3 14.55 10.05 5.58 9.5 1.67 3.78 3.98

Tm 2.67 0.99 1.33 0.91 1.61 1.95 1.38 0.79 1.37 0.21 0.51 0.54

Yb 17.25 6.38 8.49 6.58 10.6 13.25 9.24 5.62 8.95 1.37 3.42 3.51

Lu 2.35 0.89 1.18 0.98 1.5 1.88 1.32 0.91 1.32 0.2 0.48 0.48

Hf 35.2 15.7 7.6 10.8 21.6 26.1 17.5 14.8 17.9 2.8 4.9 4.5

Ta 7.8 4.1 3.7 3.1 5 5.6 4.3 2.4 4.2 0.4 1.5 1.8

Th 33.1 15.6 17.45 9.91 20.5 30.5 16.8 19.45 16.75 0.91 3.95 5.2

U 7.38 3.07 2.69 2.11 4.17 5.79 3.87 3.49 3.93 0.2 0.96 1.25

Pb 19 5 9 7 5 18 16 30 11 11 6 5

":!�	5�0;	��0	3l�s>	����	e�97'	.	�8O!	�O�)P	��9790	($[�	y��>	&�	6./M

������� ����� �����

����	���� DG5G MSB3 MSB4 DG3G YG02 YG03 YG05 TA2 SHG2 SHA1 FSH1G FSH10G

Quartz - - - 30 37 32 33 36 35 29 30 27

Plagioclase 52 35 45 6 7 5 3 3 4 2 - -

K-feldspar - - - 57 52 57 55 58 56 65 64 66

Amphibole - 5 - 4 - 1 5 - - - 5 2

Biotite - - - 1 - - - - - - - 1

Clinopyroxene 35 30 31 - - - - - - -

Orthopyroxene - - - - - - - - - - - -

Opaque 5 8 5 2 3 4 4 3 5 4 1 4

Titanite 8 1 3 - - 1 - - - - - -

Apatite - - - - - - - - - - - -

Zircone - - - - - - - - - - - -

Epidote - 1 1 - - - - - - - - -

Chlorite 2 20 15 - 1 - - - - - - -

"(aA�D�	����	 �l;	3�F	G)#	6!���	($[�	y��>	&�	6./M
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5!��N7F	.	J!.�!	5!�*�

	 9���	�NF;	3�F	G)#	5/0	1D2	(b	"�9>!�L	�A�NA;	C#��	�F.���L	5/0	1D2	(a	&�	TN0
":!�	5�0;	��0	�9>!�L		�A�NA;	C#��

	"Streckeisen (1974) 	H�#! 	�� 	(aA�D� 	���� 	 �l;	3�F	G)#	6!��� 	3/)�	��� 	&�	TN0
"�#!	S9���	3�F	G)#	(�	E����	����	�a���	=fxP	.	S9�8�	3�F	G)#	(�	E����	�Z8Z�	=fxP

	��0 	e�)M 	(>!�$� 	3�F.���L 	�� 	//0 	5/0 	���8' (b  .(XPL):!� 	5�0; 	��0 	e�)M 	(>!�$� 	3�F.���L 	�� 	�d�>!�L.�N9� 	���� 	(a 	":!� 	5�0;	��0 	���� 	+! 	���N#.�N9� 	�.�|� 	&j 	TN0
:!�	5�0;	��0	3�F	�9>!�L	�A�NA;		��	3�9��>!�L	����	(e .(XPL) :!�	5�0;	��0	6�70	3�F.���L	��	+x'�Kx�	.	 �'.�9��)98'	.	�9>��9�	��~�	.	�d�>!�L	����	(d	.	 c .(PPL):!�	5�0;
	6�%9s�;	(h .(PPL):!�	5�0;	��0	3�F	�9>!�L	�A�NA;		��	��8'	(�	�9��9�	5/0	T/%�	 (g .(XPL) :!�	5�0;	��0	3�F	�9>!�L	��	��M��		3�F��I#/8�		�A�NA;		��	��9���.�N9�	���� (f  .(XPL)

"(XPL)	:!�	5�0;	��0	3�F	�9>!�L		�A�NA;		��	�9>�#����;	&�9N�	(�	W�>	+!
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��

"<�TN0	(9%0	=fxP?	.(Maniar & Piccoli,1989)	 9��A;	+!	W�%0!	v4�0	�!��7>	(b !�"#��
��$��'������
=����>?!�$�D$J	�>�9��'	3/)�	(U%_	(a	"��9790	3/)�	(U%_	3�F�!��7>	&kTN0

	SiO2	��!��	��	`8�-�	e�97'	�O�)P	.	�F/9�'!	B!�99h�	3�F�!��7>	+!	���s�#!	��	:!�	5�0;	��0	3l�s>	����	3�F	G)#	3/>.�,�4	�#���		&�	TN0
"<�	TN0	(9%0	=fxP?	"(Harker, 1909)
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5!��N7F	.	J!.�!	5!�*�

	REE	�>!.!��	B!�99h�	( a	"(aA�D�	����	3�F	G)#	3!��	���%N)P	.	REE	�!��7>	&�	TN0
	e�97'	.	�8O!	�O�)P	�>!.!��	B!�99h�	"U�!"V�[��������\?	��/)'	(�	�%�>	�/0	��[)*�
	. 	�8O! 	�O�)P 	�>!.!�� 	B!�99h� 	"�� !"]������ ��� �
=� ���\?�^$_(� 	�%�> 	�/0 	��[)*�
	3�@A!	(��U�	"`�!"����j�v�#�����'�����?�	(9A.!	(�0�L	(�	�%�>	�/0	��[)*�	e�97'
	�>!.!��	B!�99h�	<e	c�,,'	C9g�	��	�/0	T9N,�	3�F.���L	��	:!�	5�0;	��0	3�F	.���L		REE

"(Sun & McDonough, 1979)	(9A.!	(�0�L	(�	�%�>	�/0	��[)*�	e�97'	.	�8O!	�O�)P

	":!� 	5�0;	��0 	�9>!�L 	. 	.���L 	3!�� 	X�4�#	 9�+ 	C9g� 	 99a� 	3�F�!��7> 	&� 	TN0
	+! 	"���!]������j�{���[�"����?� 	+! 	"U��!|�}����j�V�������"����?� 	+! 	(a
	(9%0	=fxP?	"Schandl and Gorton (2002)	+!	(e	.	d  Cabanis & Leocolle (1989)

"<�TN0

	�F	(>�7>	3�9L�!�2	.	�����	�	Ga/Al		��!��	��	e�97'	�O�)P	+!	�~a�	3�F�!��7>	&q	TN0
"�#!	�	TN0	/)>�7F	=fxP	"(Whalen et al., 1987	+!	) A	�9�	3�F	�9>!�L	��./g�	��

	��!��	��	Rb (a .Pearce et al. (1984) 	+!	X�4�#	 9�+	C9g�	 99a�	3�F�!��7>	&��	TN0
"Yb	��!��	��	Ta (c .	cY	��!��	��	{U�"U�!~�{U�
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������ ���!� �������"�#$"�%��&�����A�'�(��)�($*+�!�,�-�.���/�01��2����34�!�2��1��01�

���0�$�#5
				/0�!	�#�)0��'	(��>	5���	c�*>;	���.�[�	�>�L�L�	3�F	G)#	��	�Y.	�0�@>	��	�8Q.!�!	e�Q	3/9��9>!�L	3�F	����	�NK�A.���	.	��!�L.���	3�F	�#���	&����	c"V	c3!.�!

"$�%�	��@,>!�	cV�8P	�/N,>!�	c3K�A.���	o!�L	c�#�)0	 9�+
"��,'	�>/a�	B���,�'!	.	�#�)0	 9�+	5��+�#	c�
�k����	H�9U�	��	�0/8�	&$�%�	��L��*�	�#�)0	 9�+	(,U>	&�qq�	c"V	c�����*�	c"V	c�0�2	c"�	c�!Y>��-��!

"��,'	�#�)0	 9�+	5��+�#	c /A!n�9b	��2	��L��*�	�#�)0	 9�+	(,U>	&���j	c"e	c�898P	���	.	"!	c��N#!
o!�L 	c/0�! 	�#�)0��' 	(��>	5��� 	" /A!	n�9b 	��2 	��0 	e�)M 	c5!�! 	e�Q 	6�70 	c:!�	5�0;	��0 	/9��9>!�L 	��!�L.��� 	. 	3K�A.��� 	�#��� 	&���� 	c"� 	"H 	cr8D�	 /��P

"$�%�	��@,>!�	c3K�A.���	
"(gsO	��q	c��,'	�#�)0	 9�+	5��+�#	c5!�!	�#�)0	 9�+	��	3!	(��%�	&��kk	c"�	"V	c3�%>
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