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�-M �-M m-M q-M n-M l-M �-M �-M �-M ��-M ��-M ��-M �m-M �q-M �n-M

SiO2 ��/ln ��/l� q�/�� ��/�� ��/�� �l/�� |J/sr m�/�m l�/�� q�/�m ��/�m n�/�� �q/�q ��/�n ��/�l
TiO2 n�/� m�/� q�/� q�/� qm/� ml/� m�/� ml/� ��/� m�/� �m/� ��/� ��/� �m/� ��/�
Al2O3 �q/�q ��/�m q�/�m l�/�m n�/�m �q/�m l�/�m �m/�m ��/�m ��/�m ��/�m m�/�m n�/�� �q/�� ��/��
Fe2O3 q�/m �m/m ��/m mq/m l�/m n�/� �n/m �q/m lq/� qn/m ��/� �q/� ��/� ��/� n�/�
MnO ��/� �q/� �m/� �q/� �n/� �q/� �m/� �q/� �m/� �m/� �m/� �m/� �m/� ��/�< ��/�
MgO q�/� n�/� qn/� ql/� qm/� q�/� q�/� ml/� ��/� q�/� ��/� m�/� ��/� ��/� ��/�
CaO lm/� ��/� ��/� �q/� ��/� ��/� l�/� ��/� ��/� ml/� ��/� n�/� l�/� �n/� mn/�
Na2O q�/q l�/q �n/m �l/m n�/m mq/m ��/� q�/m mm/m ��/m qn/m n�/m qq/m �n/m ��/l
K2O n�/n ��/q �l/n ��/q �l/q l�/n n�/n �n/n m�/n ��/n ��/n m�/n ��/n q�/q �q/n
P2O5 ��/� �n/� ��/� ��/� ��/� ��/� ��/� ��/� �l/� ��/� �n/� �l/� �n/� ��/� �n/�
L.O.I �/� m/� �/� �/� m/� m/� �/� �/� � �/� m/� n/� �/� �/� l/�
Sum ��/�� ��/�� �n/�� �n/�� �n/�� ��/�� �l/�� �n/�� �n/�� ��/�� ��/�� ��/�� ��/�� ��/�� �n/��
Ba ���� �n� lq� �mm ��n n�l l�� lnm lm� nl� n�� mln qnl n� l�
Rb q/��n l/�n� �/�q� n/�qm �/�l� n/�l� �/�l� l/�l� m/��l q/�n� �/��m �/�l� �/�nm m/��l n/�lm
Sr l/�� �/q� �/q� �/�� �/�q �/�� �/m� m/n� �/q� �/m� �/n� �/ml q/nl �/m� �/ml
Zr l/qnm m/�q� �/m�n �m�l �/m�� q/��� �/��m n/��m �/m�m m/��� �/��m m/��q �/��q m/qn� �/mml
Nb q/�� �/�� �/�n m/�q m/�q �/�q n/�n m/�n q/�n �/�n �/�m �/�q l/�� l/�q �/��
Zn �� ml � q� ln �� ql �� q� �� � �� �mm �� �
La �/qq l/nn l/q� m/q� �/qq l/ql l/q� n/ql l/n� �/q� �/n� q/q� �/nl n/l� q/mm
Ce l/�� �/��� n/��n n/��� �/�� �/��q �/��� �/��� �/��� �/��m �/��� m/��� �/��l �/�m� �/��
Pr q�/�� nl/�� �l/�� ��/�� ln/�� ��/�� ��/�� ��/�� �m/�� nm/�� �l/�� ��/�� nm/�m �m/�n ql/�
Nd �/m� q/qm q/qn �/ql n/m� �/q� l/qm �/q� l/q� �/qm �/qn m/qq ��/q� ��/nq ��/q�
Sm ��/� lm/� l�/� ��/� �n/� �q/� ql/� �l/� ��/� �m/� �n/� �l/� ll/� �l/�� �l/��
Eu m�/� l�/� ��/� ��/� �l/� �n/� ��/� �m/� ��/� ��/� �q/� ��/� n�/� n�/� ��/�
Gd lm/� �n/� ��/� �m/� �l/� ��/� ��/� ��/� �m/� �n/� l�/� ��/� l�/� ��/�m ��/��
Tb ��/� ql/� l�/� nm/� ��/� l�/� q�/� �m/� n�/� qn/� ��/� l�/� l�/� ql/� ��/�
Dy ��/� l�/� ln/� ��/� �m/� qm/� l�/� qq/� q�/� m�/� ��/� m�/� �m/� ��/�n ��/��
Ho qm/� ��/� lm/� �n/� lm/� n�/� ��/� qq/� ��/� n�/� n�/� nq/� ��/� �n/� ��/�
Er ��/q ��/q �q/q �q/n q�/q ll/q ��/n ��/q ��/n l�/q �n/q �l/q ��/l m�/l m�/l
Tm n�/� ��/� �l/� ��/� ��/� ��/� �l/� ��/� ��/� ln/� �m/� �n/� ��/� ��/� ��/�
Yb ��/m ��/n �n/q ��/n m�/q ��/n �l/q �q/q �n/n ��/q ��/q �l/q nn/q ��/q ��/q
Lu �n/� ��/� �q/� �m/� ��/� ��/� �m/� ��/� ��/� ��/� �q/� ��/� �n/� �m/� �q/�
Y l/m� q/q� n/n� q/q� �/qm �/q� n/n� �/n� l/n� q/q� n/nm m/n� q/n� l/��m m/l�
Cs q/� �/� q/� n/� �/� �/n n/� �/� �/m �/� �/m �/l �/� l/� n/�
Ta m/� �/� m/� �/� �/� �/� �/� �/� m/� �/� �/� q/� �/� l/� n/�
Hf l/�� �/� �/� l/� �/�� n/� n/� �/� q/� l/� n/� �/� �/n �/�n n/�
Sc �� n � � � � � � � � � � l �< n
Be m m � m � � � m m m � � � n �
Ga �/�� �/�� l/�� �/�� �/�� �/�� �/�� �/�� l/�� n/�� �/�� �/�� l/�� l/m� m/��
Sn n �� � � � � � � � � � � n �l �
Th �/�� �/�� �/�� n/�� �/�� �/�� q/�� �/�� �/�q n/�� �/�� �/�� n/�q �/m� �/��
U n/m �/n q/n �/l l/n �/l �/q n/l �/n �/n l/� �/� l/q l/� q/�
V m� �n �� �q �� �n �q �q � �q �� �n � �< �<
W �/� �/m �/� �/� �/� m/� �/� �/� l/� �/� �/q �/� �/� q/� n/�
Mo n/� n/� l/� �l/� �m/� ��/�< ��/�< ��/�< ��/�< ��/�< ��/�< ��/�< ��/�< ��/�< ��.�
Cu �/m� l/q n/q �/� m/m q/� n/� �/� l/m n/m �/� n/� l/� �/� q/�
Pb l/� �/� �/m �/� l/� �/n �/m� l/� �/q q/q �/n �/mm �/n �/�q �/��
Ni �/� �/� q/� �/qq �/ml �/mn �/q� �/�� �/�n �/�n �/ll �/q� m/nl �/m� �/���
As �/� �/� �/m �/�n �/� �/� q/m� �/� m/� �/m �/m �/m �/m �/m �/��
Cd �/�< �/�< �/�< �/� q/� n/�< n/�< �/� n/�< �/n �/� �/� n/� �/� n/q
Sb q/� q/� �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/� �/� �/�< �/� q/�
Bi �/�< �/�< �/�< �/�< �/� �/� �/� �/� �/� �/� �/� �/� �/� �/� l/�
Ag �/�< �/�< �/�< �/�< m/� �/�< �/�< �/� �/�< �/� q/� �/� �/� m/� �/�
Au n/�< n/�< m/� �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�<
Hg ��/� ��/�< ��/�< �/m �/m n/�< n/�< �/m n/�< �/� n/� �/� n/�< m/� n/�<
Tl �/�< �/�< �/�< ��/� �n/� �l/� ��/�< ��/� ��/�< ��/� ��/�< ��/�< ��/�< ��/� ��/�
Se �/� n/� �/� �/�< �/�< �/�< �/� �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�<

L.O.I = loss On Ignition  ., Fe2O3 = Total iron 
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/-[ ������=3 �����;�m�� K21��,% �=�3,aS  �
(� Y,� �5��(!" 9A,'�� mn

9��!���(!" 8 �� �� d�	�� d
(� ,'�� 6!3 9�M.

9��<�(�,=��,� 9]wv[�)��L� 9(!; 9K21 �5��(!" 9�MQ = quartz, A = Alkali feldspar, and P = Plagioclase 

�2;P���% !; 9/2;IUGS k1,% ]w?[�� !"  � !M �#[
���(!" 9�M ��T1/-	�
��-D �/3 �	!)� /�( +�� �; ��x5:( �; �@ -

�� �
�1�23 !
� 9�M /�,3 :_�((��%!4 ���(!"�M��L1(  �;9
K����%�,Q��(� d},@ 9�M )|�>!5� �-�� (�	�; �9�(�,=� 

 ���'% U;�D !&
� �.,=E� �( �R@,
SR4 �,c7 +/.(/�.
�% U03 8 /; ��%!4 9�M�,-;>J%�% #%�(,@  |v%(� K21 

�� U�0'% /M� .��2�=Md�,4 �,�D 9�M ��%,�; �3 � 9(
 �; �(!=M���@  �@!
� �.!	 9�MG��%�4�� �/M�'� /�,3

)U03w_�((.�	�; �
( !; � R.�0�	(!" 9/3!=M �( UQ�7 
K21 �
( �� P�1�54 ��T1/-	  #%�(,@1( �/M�'� U;�D �M�.

A(��$�G–���(!"��T1/-	 �M��
��-D 9�;N��B �,*�;N�@!% 

t�$
!�%�� ��'� ��$�G Y,� �R@,
SR4 �( ���: /�,3 .
��T1/-	�
��-D K21 �
( �� �M��� /7 w|�>J%(� K21

�� U�0'% /M� .9�M�,-; ��$�G03 9�,'2�U/�( � /7 �%  
v? %�� U�0'% (� K21 /2M�.
v(���(!",2�1�M�; ��;  9!5�@�: �; U
�� �%�,Q K��

��(/�(9��(� 9�MJ�r?�	�;  !5� �-��  9!�	,�(!"
 �5�0��!�����'% U;�D/�(U03 �=�� !5'�; �@ /��(� .

,5h� ��&����(9��T1/-	�
��-D �R@,
SR4  #%�(,@  �;
�� N�%!% � /7w>�|? vv/Q�� �1( .tj,=)� 

�M�R@,
SR499�,'2� 8 /; ��L2�9/2; !~� �(  ��,;
 U��3 �$�@!%�; �(!=M ��$�G�R@,&��( �@/�( !
���� /�.

Basic dyke

Lable for field 
1.Monzogranite 
2.Syenogranite 
3.Alkali granite 
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/
,� �9!�&���[ �A,02MG 8(!
( �1�23 ���@  �1�23�,-; �-E� ml

�M��T1/-	�
��-D 9�;U03 9�M�,-; ]�,Q �(���%!4 ��� /7
wJ %�M�,-; PE7 �(�� U�0'% (� �; 9�M�,-;  /2M� U03

���@ #%�(,@�� �*�7( (� !&
� 9�M /22@ .�	�; 9�M9�(�,=� #
� 
 9�(�,=���T1/-	  #%�(,@ 8��#=M  C
!1 /3� !&��
�=� �@ 

�54 �( �1��(/"9�hL1 6�=.( �� �/3 �!1 6,	 ]wr�wv[ 
�5�0��!�� �	�;9����!"� <,xh� �@  �	� 8 !; �,-$% �
 

�2
#&
�[  �-03!"� �* P��5��K21 �
( �� ���( (!	 �; �M
�� �/
� /�,3)U03qA(]w|�ww[.��%,�;�,�D 9�M�; 9( -

d�,4 ]�,Q �/
� C*��� �
( �� U03 8 /; 9�M�/3(/��@�(
Y,���%,�; P
#�2� �( !��	  �MG �( �2B �M�;N�@!% 

/25�M ��-�	 �/�1 �; �M�" �@�
,��z 9�M�0��  �M/��@( ��;
�
,01,�  ��%,�; ��; k1( /7 N�@!%�
#&
�[�/3 /�(.

.
,01,� �
( !; � R�9�,-; ��; �
,��z 9�M#�� /��(� �,c7 .
�
��;
���@ ��; <,$�O�G �( ��M�-Q( 9�/3 �/M�'� �; �@ /�(

�/3 8�1!"� �/3 /�( .8/3 �5�2��,a�@  �5��
!1	�T1/- �M�
�; #���/M�'� U;�D �23 � �1( .G��%�4�M�; !5'�; ]�,QU03
/��(�)U03q�] (qn�ql[.��2=-
( 9�M/��@(���52&�  
���@ �( UQ�7 9�M���1!"���
!-@ U��3 �] /�4( ��
,01,�

�/�1 ��O1( 8R�,2T-�51( ��
 �; �MG 9�M/��@(U03��
/��(� �,c7 K21]q��wu[.

|(���(!" #�,� �M��;K21 ]�,Q�&=M 9�M���,% 9(��3��
�% ��(�8��� �� ��(� ��3�7 i�; ��,% 9(98,=2:� �-Q( 
/��(� .K21 �
( �	�; �; �M��(��(� /); PM �% �/
� ��(� /); PM��
�� �@ /�,39 �7 	��
!�,29�M t�5$���3��  U03�(�

��T1/-	 �1�54��R@,
SR4 ��#%�(,@  <,$�O�G��%,�;/�( .
U@�� �; �M�R@,
SR4 5�521 �-4��d��L2��/3 9/2;  ��

�c); ��(,� �; �	�; ���;!B �� �/
�/�,3 .�/2-$��,M �;  � 
]�,Q �,-;#
�  ��(/�( �; ���
!@,2	 �;  ] �O5� 9�M]�,Q 
U03�(� �� ��,=��M�,c7 /��(� .�( �
�
��;��@ !�4�M9

��/3 8�1!"��;]�,Q 9�M�,-; �; ��);( ] �O5��/M�'� U;�D-
/�()q](.���(!" #�,��� (� �M �; 8(,% �51�  ���� �!@ 9/2; :
r(���(!" #�,�9�M !�	�,4 9/�a  �� ��-@ !0�� 9�M�,-; �;

�2��� d
9���(� �3�� v(�,����(!" #!�	�,4 9�M9/�a  
��-@ !0�� �3�� 9�M�,-; �; ](!@ #�d$'� U@�� �; d
 �� 

��(� #
� �2���.

9��=Y,� ���(!" �( �4,01 !0�� !
 �x%A_�( ,'�� (��5�%!4 �,-; �3�� �	�;XPLA(��5�0��!�� �	�;XPL� �(���%�4GXPL] �(
 !�4  /2-$��,M 9�
��; ���@XPL 
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/-[ ������=3 �����;�m�� K21��,% �=�3,aS  �
(� Y,� �5��(!" 9A,'�� m�

	
���
�)��� >�+� �	�?&� 
#����G �( UQ�7 �
�5�ICP-MS  ICP-AES�8�'��/M�

)< /[�(K21 �
( �� �@ �8(#�� �MSiO2�; U;�D �,*
�~7R� �( 8G �(/��  ��,; j�; 9(ll%�%��%��1( !���% ��

 8(#�� � R. �;Al2O38G ��a�4 t�5$�� �M)rv�rw(%�( !��	  
CaO �-@ ]��Q,x: �@ /25�M �a��-D !Q�2. �( �2B  

���(!" �
��=�3,aS Y,� 9�MA�� 8�'� (� /M� .�
( !; � R.
 � !" !Q�2. 8�,; j�;HREE �LREE!Q�2. �57  HFSE 

�1�.�( �
( /
,� #�� P��,@!
� /2���.](!��% �( UQ�7 �
�5� 
Z�-�1 N�7 !; �
��-D !Q�2.)U03J_�((�� 8�'� /M� 

��,=� �@ �� �(!D �
��-D  !=-D �� �1�!; ��,� 9�M �� �/�!�"
 P�2��,�G �:�3 �(�,=�]wu[�:�3 ���)� 8G �� �@ASI=1 

K21 �
( ��1( �1 �!� �� t�$
!�% �M �� �(!D �a�% �;  �/�!�"
�( ���O51( �:�3ASI = 1.1 �( W�$5D( ]w{[���,=� �� �M

�!5�"�� �(!D ���,�G 9/�!�")03UnA(.CD(  ��K21 �
( -
���(!" ��M�M�5� 9G!4 �% W,2��,�GW,2��,� /25�M �@
���(!" #�,� �( !��	 �MCaO �( �2B  FeOt�; �$��MgO�

9j�; �$�� �;FeO/ (FeO + MgO)��!; �� (� /�!�" .��
�(�,=�Na2O + K2O– CaO �; �$�� SiO2��,=� �� �M

�� �(!D �
��-D  !=-D/�!�"]J?.[���(�,=�Na2O+ K2O- 

CaO  FeOt/(FeOt + MgO) �; �$�� SiO2��,=� ��M

/� � 9(�(��
��-D _ d��-@G�M�(�����(!" �;�'� Y,� 9�M
A�� Z�,;�( W (  WR; �1 PM ��%�4(� �� �/3 �1�!;

���5�(S�G 25�M/]J?�Jr [)U03l(.�( ���O51(�(�,=� 9�M��� 
���(!" Y(,�( 9/2; M��� 8�'� �@ /2M� K21 �,'�� 6!3 9�M

���(!" �#[ 9�M!4 �% W,2��,�G�5�GW,2��,� �; U
�=5�
/25�M ���0�G!4 .K21 �
(�M�$�� 9(�(� �A/CNK<�

rNK/A>�9j�; !
���� Na2O + K2O��
�4 !
����  
Al2O3�MgO  CaO 25�M/�@6,	 �; Z�-�1 �( Y�$3(

v?�|?%�(,@%���,� #%,�5�M/2.���(!" d�0O% �(�,=� �� �M
W�1( !;Ce + Nb + Zr + Y  �; �$�� 10,000×Ga/Al�

��,=��!5�" �� �/3 �1�!; 9�M Y,� 9A�� �(!D /�!�")U03
s_�(] (Jv.[��2�=M �(�,=� �� Ga �; �$�� 

10000*Ga/Al�K21 �!5�" �� �/3 �1�!; 9�M 9���(!" -
9�MY,� A/��(� �(!D)U03sA](vv�Jr[�(�,=� �@ �$�� 

CaO/Al2O3�; �$�� Al2O3CaO +�� /�
�% (� �/3 ��
 -
/2@)U03s�(.

�;�O2� 9��E2M Eu  9j�; �$��Ga/Al ��,=� �� 9�M
 i
(/[ �
  ��&51�: �� �R@,
SR4 �,c7 !&��'� �1�!; ��,�

�1( �/2M� U�0'% 9�="�� �,-$% <,* �� �R@,
SR4 ]m�[.
9(,5h� ��2�=MREEs��,=� �$�� �/3 ��E2�; �(�,=� �� �M

�; ��
�/2@ �; �O2� 9��E2MEu�� 8�'� /M�)U03u_�(.(

9��@_�( (�(�,=� ](!��% Na2O + K2O�; �$�� SiO2"�2h2��
��-D �=�� ��
��-D �( W��$5D( ]q�[.���,=� �� ��M �!5��" ����(!" �
���-D 
�5�[!;��/�,3 .A(���(�,=��:�3 P�2��,�G �( �"/3 Y�$3((ASI)���,=� �� �M�!5�"9ASI = 1. 0–1. 1 N
!�V 9(!�; 9j��; !
���� �; 

�� �(!D �5a�T"G� /�!�" ASI = 1 W�$5D( �(]q�[ ASI = 1. 1 W�$5D( �(]��.[!; �(�,=� �1( ��,� �$�� W�1(.
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/
,� �9!�&���[ �A,02MG 8(!
( �1�23 ���@  �1�23�,-; �-E� m�

9��A_�((���(!" ]R4 3 �)��L� 9�M��$* +(!"�
� �� �/ 9/2;]ws[FeOt/(FeOt + MgO) U;��� �� SiO2, wt. %  A(Na2O + K2O −

CaOU;��� �� SiO2��,=�  !=-D �� �M���(!" Y,� 9�MAG�� �(!D ���0� /�!�" .��(� �( W�$5D( /M�3 9�M]��[.

9��B_�( (���(!" �'
(/[ �(�,=� �� 9�MCe + Nb + Zr + Y �; �$�� 10,000 × Ga/Al ��,=� �Y,�  !=-D �� �/3 �1�!; 9�MA�(!D
�� /�!�"]n�[A �(�(�,=� Ga�; �$�� 10,000 × Ga/Al �� 8�'���,=� N�@!% /M� ���(!"  !=-D �� �1�!; ��,� 9�M Y,� 9�MA

�1(]n�[�(�(�,=� �� CaO/Al2O3�; �$�� CaO + Al2O3��,=�Y,�  !=-D �� �MA�� �(!D !�" /�]��][q�[.

9��C_�( :��( (!	 ](!���% �(�,=�)�%,$02. (REE �
�/2@ �; �$�� �/3 ��E2�; ]Jw[A(A��=@  �-Q( !Q�2. ��( (!	 ](!���% �(�,=�
���(!" �53," �; �$�� �/3 ��E2�; �1�!; ��,� 9�M ��� ( 9]Jw.[

50                  60                               70         80       SiO2

DE��

ب  ا��
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/-[ ������=3 �����;�m�� K21��,% �=�3,aS  �
(� Y,� �5��(!" 9A,'�� m�

�53," �; �$�� �/3 ��E2�; �(�,=� �� ��2�=M� ( 9���
���(!" ��% 9(�(� �1�!; ��,� 9�M �( �"/3Ba�Sr �Ti  

Nb�( �"/3 �2B Rb  Th /25�M )U03uA] (J|�Jw.[
�(�,=� 9 � ��/3 �a(�( !Q�2. �( ���O51( �;Y_Nb_3*Ga �

���(!" i
(/[ 9(!; Y,� 9�MA��&51�: ���'%  Y,� �
( 
���(!" ��M��,=� 9�M �/3 �1�!; ���!5�" 9A2�� �(!D -
/�!�")U03{_�(](|{�vJ[.�(�,=� �� �
( !; 8 #	( Al2O3

�; �$�� SiO2]JJ[��,=� �!5�" �� �M CD(  �a(#M,@ ��; 9
�/3 /�()U03{A.(���� k�h� �1�!;K21 �5:�1 9�M

�(�,=� �( ���O51( �; ,'�� 6!3 �5��(!" ]J>[�� 8�'� ��@/M�
K21 �
( ���(!" �; �M ��3�7 9�M���D 9/��(� `-)% 9()U03

{]  �.(

	�6�7 � F+7 
��(� ��-@K21 9�M�� 8�'� �a��=�3,aS  9��&� �@ /M�

K21 ��M�� 9(�(� ,'�� 6!3 �5��(!" 9�MA-Typ/25�M .
��%,�; �,c7 ��� � 8��� 9�M �1�.�( �
( !; 9/�
�% 9(]ws.[

��!5�" �,c7 �; �[,% �;K21 �
( �� ��%!4 9�� �M,%8(
�/2M� U�0'% 9�="�� �@ �O" K21 �
( 9�0': 9�="�� �M

��,; �1( .9j�; !
���� �
( !; 8 #	(HFSEs 8�,; d': �
�� /�
�% (� �/2M� U�0'% 9�="�� ��&51�: /2@ ]vv�ws�Jr .[

 �O2� 9��E2��;Eu�� (� A��=@ !Q�2. 9,&�( �� �; 8(,%
T1/-	 �,c7 �
  �,-$% �* ��T1/-	 i
(/[ i���; �� 8(,2.

�;  ��&51�: �� �/��� �D�; ��	9��E2MP Ti �; (� 
�MG 9�M/��@( ����(� �5�;(  ��%�4G  8�5�% .�"/3 �2B

 !Q�2. ��LILE HFSE�; �; �(!=M �O2� 9��E2MNb�Ti   
Ta�"X
  �( ���(!" 9�M �@ �1( i�(� !	 �; �5�;(  9�M

�53," ��&51�: �; �
 �tj,=)� $�� 9(�� ��(� ��; R$D �@ �,3
���3 9����!"� ����)	A,1� �( UQ�7 9�M�D�  9�M 9

!Q�2. �( �/3 �/�(� !	LILE HFSE �/3 �2B /�(]rs[��
  
���53," d
 �( �5	!" �'
� 9�M�="�� �53!1 /�(,% K21 9
�!@���D !
� 9( �/3 ��E
( ��� ( i�(� !	 �* �@/23�; �
(/�( .

�
( !; � R.�2B �� �"/3Rb �Th ��%  �� �"/3 Sr�Eu 
�Ba�Nb Ti ���'����(!" �5	!" �'
� 9��(/" �( �M 9�M

�51,4�1( 9(]Js[.���� k�h� �1�!; K21 �5:�1 9�M
 �( ���O51( �; �@ �1�!; ��,� �5��(!"]J>[U03 �� �@u A

�� 8�'� ��/3 �a(�( �K21 �
( �@ /M����(!" �( �M ,� 9�M Y
A��3�7 �a(#M,@ ��; ���D 9� !" !
� �; �9(A2�5�;(  /�( .�(

�"X
  ���(!" P�� 9�M Y,� 9�MAU03 �8G 9!�" �� �M
k�h��1( �''@ 9�M .k�h� Y,� �
( �; �
 �''@ 9�M
����)	�	�@ �
��BG 9�M i'@ �; �
  ��a(� 9�M�( Z4 ��,:!; 

/��(� �&5�;( ]v>�|w.[�; �k�h�  � !M��!5�" �,* �; 9(
P
S� �*��$�( 9�M]w{[k�h� �
  �; 9��'	(!% P
S� �@ �
�M

�� !���% �''@(!% �� ��'� �/2@ /�,3 ]Ju.[!&
� �!* �(
���(!"Y,� 9�MA2�$�� 9(�(� �( 9!��5� 9!x2. 9�M
�$���51,4 ��&���� 9!x2. 9�M���D 9��(��; �% 9( 8�=@ 9�M

/25�M 9!
(#[ .!" �
( ���51,4 �( ��="�� � ���D 9�
 9(
�51,4�/3 �/�(� !
� 9�:!} d
 `
!* �( �@ 9( ��,:!; 9

���D��/3 !�&
�[ ���=@ !
(#[ P��%�="�� �
 ���D UQ�7 �/�(
�� /�,3]||�|v .[���(!" Y,� 9�MA��,:!; �( Z4�(

��L2� �� �a(#M,@ ��!5�" 9�MU�"  i'@ �; �(!=M 9( 
�(�"(!% �"��,:�� �/
� /�,3]Ju.[�"X
  �(���(!" 9�M 

9�M��,:!; �( Z4 �$�� 8�,; j�; �Rb/Hf  Rb/Ta �1( 
]v{[��,=� �� �@�$�� �
( 8�,; j�; ��1�!; ��,� 9�M �M
)u?>(Rb/Hf)rr>(Rb/Ta�� �/M�'� �;,: �; �,3 .�;

8�,; j�; �; �[,%Rb�51,4 �@ �	!
�4 /
�; ���D 9�� �
(
��E
(���(!" /�,� 9�="�� �53(� �
(#�; i�� ,'�� 6!3 9�M
�1( .���(!" �%��$. �; Y,� �
��-D 9�MA�; ���,:!; �( Z4 

�� ��E
( 9��,:!; 9�M�(/
 � <�$�� 8G 9!�&
�[ �*  /�,3 
���� �M�1( N��B �''@ �:�1 .K21 �
( �; ��
��� �� �M 
���(!"9!5'�; P�1 9(�(� (#M,@�� �
��-D 9�M��1 �( �/� 9�M
�51,4 /25�M �,: ��&51�: �� 9(]Js.[/M(,3 �; �[,% �;

�.,=E� �,c7  �
(!hQ d�	��(!5�(  d�	�� 9�M]�[��
��7�� �(,[�� ��1�!; ��,� 9���(!" �
( 8(,%i'@ �; (� �M-

9�M��,:!; �( Z4���D �(� �$�� 9( .N�@!% �
( !; � R.
���@ ��(� ��1�23 �3,aS 9�M �a��=�4,% #
( ]|J[�� 8�'�-

K21 ��&51�: �� �51,4 �@ /2M� !�z�% �1�!; ��,� 9�M
�1( �53(� �a(#�; .A,1� �( ��!5�" PE7 �,c7 ��2�=M -

�," �!D   �,� �,'�� ��O-[ �� W�
!%,�!4 9�M]w�J�>�u�r? [
8��� �
( �� �''@ 9�M��	 !�z�% !&��
�=���/3�; .C�_Q,�(

�=�3,aS /M(,3 �0���2
�,aS ��)D,� �5	!" !~� �� �; �,[,� 
��V!	 ��53�" �� 8(!
(�� /�a�% (� �/3 �a(�( 9�X
  �; /2@

��(� �@ �
(�1 ���)%  �4,% #
( 9�M ]|J[��(� �; #�� 9�M
�;/��(� 9��
� ��(,�=M �'M X4 ��@ �
( �� �/�G �1�.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

01
 ]

 

                             9 / 12

http://ijcm.ir/article-1-328-en.html


/
,� �9!�&���[ �A,02MG 8(!
( �1�23 ���@  �1�23�,-; �-E� q�

9�� G_�( (�(�,=� �� �a�% �1 Y–Nb–3×Ga���,=�  !=-D �� �MA2�� �(!D /�!�" ]|{�vJ[A �(�(�,=� ��Al2O3�; �$�� SiO2]JJ[��,=� -
�!5�" �� �M�� �(!D �a(#M,@ �( ��; 9� �/�!�" ]  (���� k�h� ���)% �(�,=� ����,=� �5:�1 �!5�" �� �M���D ��3�7 9�� �(!D 9( /�!�"]J>[.

H����7 
��,%� 6!3 �5��(!" 9� /7 ��  8(!
( �;!B <�=3 �� ,'�u

A,2[ 9!5�,-�@�1( �/3 CD(  /�!� 8�51!�3 �D!3 .�
(
K21 �( ��,% �
��-D ���(!",2�1  ���(!" #�,� ����(!" 9�M
�/3 U�0'% �1( .�1�!; �� 8�'� �a��=�3,aS 9�M �@ /M�

���(!" Y,� ��M�� 9(�(� �1�!; ��,� 9�MA�;  /25�M 
�,; !��	 U��� �( 8Nb�!5�" �� ���=% �9A2�� �(!D /�!�" .

K21 �
( �-=[ �( �M���(!"9�M W,2��,�G!4 �% W,2��,�G�5� 
�51,4 ��&51�: 9(�(� /25�M 9( .���(!" �� ,'�� 6!3 9�M

���� k�h� �'
(/[ 9�M�(�,=� ��)D,� ��5:�1 ��; 9�M
���D ��3�7 ��,:!;�� 8�'� (� 9( /2M� .

	���6#I 
 X4 �
( �� �)�  �'M X4 �� �)� ���� �
�=7 �; iM

 �
/; �@ �1( �/�1� +�E�( �; #
!$% ��&'�(� �-�=0% ]R�xh%
�/���( 9��0=M �( �-�1 �� ��(��/D �� �)� 8G 9�,3 .

�/���1 ](���2'�4  ](!~�  �
!
!h% ���M �( ��2�=M 9
�� !0'%  !
/�% �-E� �
( +!5h� 8(� (� �,3.

J(��� 
]r[!�4 ��'�-. 9/=h���"`��h%  �1�!; 9S,� !54 

�	(!" !54  ��,% �
�FG <�=3 9�51 � Z
!M CD(  �� �,@ 9�M

,'��"�8�
�4 ���� �1�23��@ /3�( .��&'�(� �#
!$% �/0'�(� 
��)�$*�+,-. � !" ��1�23 ���� )r|uw.(

]�[+ 9/�5E�.Y 9!"R@�.Y 9!��. �.�+ 8F,� �" �a,[ �4 
���@ ]�)��L� 9��&21 �=�3,aS  �1�23 K21 ��1�23

 �; ,'�� 9��M,@ �� +,D �!D  ��E-"�`���( `*�2� 9F,O� �
�FG
  R* ����$@ �+ !@�Z� �U0�� ��MG ](#-	 !; �X
  �3!&�

�!��"#
!$% ��&'�(� ��%����h% �!* �)�m��(.
]m[9�,x2� ����OQ( +.�"��,% #�S !54 ��7 9/�
,5��(!"

y�;�"�,-; �-E� ���=3�8(!
( �1�23 ���@  �1�23��m�
)�m�� (��m��n�.
]q[+ 9( �(.b ^��=-D �.�"#�S !54  �E21 <�1 9!5�,
�(�

U-Pb�@!
� �����(!" Z
!M )<�=3 A!B !5�$3"(��-E� 
���@  �1�23�,-; ���=3 �8(!
( �1�23q�)�m��(��lmm �

lql .
]n[+ 9!��.+ /
,� �.G!"/�O1 �.G!"/�O1 �.�"] /�4( ^�(#"

 ,'�� 9/�a,5��(!" ��,% �� �a�="��)8(!
( A!B <�=3(U�-h%
�
�5�  �M ��(�"����@  �1�23�,-; �=E�( i
�=M ��=M�#��3 
�8(!
( �1�23 )r|us(�

]l[+ 9( �(.( 9!�&���[ �.+ 9/�5E� �.b ^��=-D �.�"K21
 Y,� ���(!"  d�	�� 9�M K21 �=�3,aS  �1�23A��3 

�3G8(!
( !5:�; <�=3 �9,: 9� �: <�=3 �� �(� 8"��-E�
����� +,-. ���=3ss�)r|u{(��u|�{?.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

01
 ]

 

                            10 / 12

http://ijcm.ir/article-1-328-en.html


/-[ ������=3 �����;�m�� K21��,% �=�3,aS  �
(� Y,� �5��(!" 9A,'�� q�

]�[9!�*(�.�Y �M�T1.�+ 8F,�.�"9�M/�a,5��(!" ��7 
8(�j�1 #�1 �.,=E� 9�M U�'5� �(  � ��% Y,25� /�a,5��(!" 

�� �(,� ��,"!"� b/221�8�[!�1"��8��OQ( �'M X4 �-E�
)�m�� (�������.
]�[� �2��(.Y �(,��( � �.+ /
,� �.�"K21  �1�23 K21

 �B(� 8(,
� �
�FG 9�M ��,% �a(��/�!� <�=3 �," �!D 
)�D !3 8�E
�;�FG"(��8(!
( �1�23 ���@  �1�23�,-; �-E�

 ���=3��)�m��(���lq��q�.
]�[�(X����5	(b.�"!~� �( 8(!
( _-5�� 9�M i�; d�0O%

=5:�1 CV �;,1� �V,7 �; y�$%�( �� ���"�)�mn�(.
]��[/
,�+.+ +/�� �a�V� �.�"U�" �0���2
�,aS ��=M(

8(!
( 9( �51,4 <,h% �� ,'�� �;,2[ U�"  #
!$%"��QR:
����� �--=�( ��; Z�(!O2@ ]j��� 9�M��@ �(�  �)�$* 9�
R;

#
!$% ��&'�(�����G �; �-;��� )�m�q(.
]rr[Y 8�
/1(.�+ ��&51(� .+ UEh� �.A ,-�-. b�7 �.�"�'��

 �1�23 ����r?????/r/�!� "� �1�23 ���� 8����1
 �8(!
( ��/)� ��'5@()r|s| .( 

[12] Shabanian N., Khalili M., Davoudian A., 
Mohajjel M., “Petrography and geochemistry of 
mylonitic granite from Ghaleh-Dezh, NW Azna, 
Sanandaj-Sirjan zone, Iran”, 185/3 (2009) 233-
244.
[13] Loiselle M. C., Wones D. R., “Characteristics 
and origin of anorogenic granites”, Abstracts of 
papers to be presented at the Annual Meetings of 
the Geological Society of America and Associated 
Societies, San Diego, alifornia, November 5–8,  11 
(1979) p. 468. 
[14] Pitcher W. S., “The Origin and Nature of 
Granite”, (1993), Chapman & Hall, London. 
[15] Wilson M., “Igneous Petrogenesis: A Global 
Tectonic Approach”, Chapman & Hall, London. 
(1989), 446 pp.    
[16] Green T. H., “Significance of Nb/Ta as an 
indicator of geochemical processes in the crust-
mantle system”, Chemistry Geology 120 (1995) 
347–359.
[17] Pearce J. A., Harris N. B. W., Tindle A. G., 
“Trace element discrimination diagrams for the 
tectonic interpretation of granitic rocks”, Journal 
of Petrology 25 (1984) 956–983.  
[18] Brown G. C., Thorpe R. S., Webb P. C., “The 
geochemical characteristics of granitoids in 
contrasting arcs and comments on magma 
sources”, Journal of Geology Society. London 141 
(1984) 413-426.  
[19] Konopelko D., Biske G., Seltmann R., Eklund 
O., “Hercynian postcollisional A-type granites of 

the Kokshaal Range, Southern Tien Shan, 
Kyrgyzstan”, Lithos 97 (2007) 140–160. 
[20] Landenberger B., Collins W. J., “Derivation 
of A-type granites from a dehydrated charnockitic 
lower crust”, Journal of Petrology 37 (1996) 145–
170.
[21] Patiño Douce A. E., “Generation of 
metaluminous A-type granites by low-pressure 
melting of calc-alkaline granitoids”. Geology 25 
(1997) 743–746. 
[22] Whalen J. B., Currie K. L., Chappell B. W., 
“Atype granites: geochemical characteristics 
anorthitediopside”, Geochemica et Cosmochemica 
Acta 51 (1987) 2117-2128. 
 [23] Hergt J., Woodhead J., Schofield A., “A-type 
magmatism in the Western Lachlan Fold Belt? 
Astudy of granites and rhyolites from the 
Grampians region, Western Victoria”, Lithos, 
Special Issue on A-type Granites and Related 
Rocks Through Time97 (2007) 122–139.  
[24] Henderson P., “Inorganic Geochemistry”, 
Pergamon. Oxford (1982) 312 p.  
[25] Eby G. N., “Chemical subdivision of the A-
type granitoids: petrogenetic and tectonic 
implications”, Geology 20 (1992) 641–644.  
[26] Mahood G., Hildreth w. “Large partition 
coefficients for trace elements in high-silica 
rhyolites”, Geodinamica Acta 47 (1983) 11-30. 
[27] Creaser R. A., Price R. C., Wormold R. J., 
“Atype granite revised: assessment of residual 
source model”, Geology 19 (1991) 163–166. 
[28] Bailey D. K., “Continental rifting and mantle 
degassing. In: E. -R. Neumann and LB”, Petrology 
and Geochemistry of Continental Rifts, Reidel, 
Dordrecht (1978) 1-13.  
[29] Taylor R P., Strong D F., Fryer B J., “Volatile 
control of contrasting trace element distributions 
in peralkaline granitic and volcanic rocks”, 
Contribution Mineralarolgy Petrology 77 (1981) 
267-271. 
[30] Dahlquist J., Pablo H., Alasino, M., Eby G. 
N., Galindo C., Casquet C., “Fault controlled 
Carboniferous A-type magmatism in the proto-
Andean foreland (Sierras Pampeanas, 
Argentina)”, Geochemical constraints and 
petrogenesis, lithos 115 (2010) 65-81. 
[31] Harris N. B. W., Marzouki F. M. H., Ali S., 
“The Jabel SaYld Complex Arabian Shield: 
geochemical con-straints on the ongin of 
peralkaline and related granites”, Journal of 
Geology Society. London 143 (1986) 287-295.  
[32] Clemens J. D., Holloway J. R., White A. R., 
“Orogin of A-type granites: experimental 
constraints”, American Mineral 71 (1986) 317-
324.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

01
 ]

 

                            11 / 12

http://ijcm.ir/article-1-328-en.html


/
,� �9!�&���[ �A,02MG 8(!
( �1�23 ���@  �1�23�,-; �-E� q�

[33] Abdel Rahman A M., "Petrogenesis of 
anorogenic peralkaline granitic complexes from 
eastern Egypt", Mineralogical Magazine 70 (2006) 
27–50.

]|w[+ 9,$� .�.�"8(!
( �1�23 ���� !; 9( �}�$
�"�](��'5�(
��,'@ �1�23 ���� 8����1�mnn �����hOQ .

[35] Ahankoub M., Jahangiri A., Asahara Y., 
Moayed M, “Geochemistry and new isotope dating 
for two gabbroic and granitic bodies in the Misho 
area, NW-Iran”, 54th conference Geochemistry, 
Hokaido, japan. (2011).  
[36] Collins W. J., Beams S. D., White A. J. R., 
Chappell B. W., “Nature and Origin of A-type 
granites with Particular Reference to Southeastern 
Australia”. Contribution to Mineralogy and 
Petrology 80 (1982) 189–200.  
[37] Le Maitre R. W., “A Classification of Igneous 
Rocks and Glossary of Terms”, Blackwell, (1989) 
Oxford 
[38] Katzir A., Eyal M., Litvinovsky B. A., Jahn 
B., Zanvilevich A. N., Valley W., Beeri Y., Pelly 
I., Shimshilashvili E., “Petrogenesis of A-type 
granites and origin of vertical zoning in the 
katharina pluton, Gebel Mussa (Mt. Moses) area, 
Sinai, Egypt”, Lithos 87 (2006) 328–349. 
[39] Eby G. N., “The A-type granitoids: a review 
of their occurrence and chemical characteristics 
and speculations on their petrogenesis”, Lithos 26 
(1990) 115–134. 
[40] Streckeisen A., “Classification and 
nomenclature of plutonic rocks”, Geologische 
Rundschau 63 (1974) 773–786. 
[41] Su Y P., Tang H F., Liu C Q., Hou, G S., 
Liang L L.,“The determination and a preliminary 
study of Sujiquan aluminous A-type granites in 
East Junggar, Xinjiang”, Acta Petrology and 
Mineralogy 25 (2006) 175–184. 
[42] Barker D S., “Igneous Rocks”, Printice-Hall, 
New Jersey (1983) p 417.    
[43] Clarke D. B., “Granitoid Rocks”, Chapman 
and Hall Publisher, London (1992) p 283.     
[44] Cox K G., Bell J D., Pankhurst R J., “The 
Interpretation of Igneous Rocks”, George Allen 
and Unwin, London (1979) p. 450.  
[45] Rapela C.W., Baldo E.G., Pankhurst R. J., 
Fanning C. M., “The Devonian Achala batholith in 
the Sierras Pampeanas: F-rich aluminous A-type 
granites”, VI South American Symposium on 
Isotope Geology, Proceedings in CD-ROM (2008) 
53.
[46] Liu J Y., Yuan K. R., Wu G Q., Xin J G., Liu 
S., “A Study on Alkali-Rich Granitoids and 
Related Mineralization in Eastern Junggar, 
Xinjiang, China”, Central South University of 

Technology Press, Changsha (1996) (in Chinese 
with English abstract).    
[47] Bonin B., “A-type granites and related rocks: 
Evolution of a concept, problems and prospects”, 
Lithos 97 (2007) 1–29. 
[48] Shand S. J., “The Eruptive Rocks”, 2nd edn. 
New York, John Wiley (1943) 444. 
[49] Chappell B. W., White A J. R., “I- and S- type 
granites in the Lachlan Fold Belt”,Transactions of 
the Royal Society of Edinburgh, Earth Sciences 83 
(1992) 1–26. 
[50] Frost C D., Frost B R., Bell J M., Chamberlain 
K R., “The relationship between A-type granites 
and residual magmas from anorthosite: evidence 
from the northern Sherman batholith, Laramie 
Mountains, Wyoming, USA”, Precambrian Res. 
119 (2002) 45–71. 
[51] King P. L., Chappell B. W., Allen C. M., 
White A. J. R., “Are A-type granites the high-
temperature felsic granites? Evidence from 
fractionated granites of the Wangrah suite”, 
Australian Journal of Earth Sciences 48 (2001) 
501–514.
[52] Frost B. R., Barnes C. G., Collins W J., 
Arculus R J., Ellis D J., Frost, C. DA, 
“geochemical classification for granitic rocks”, 
Journal of Petrology 42 (2001) 2033–2048.    
[53] Patiño Douce A. E, "What do experiments tell 
us about the relative contributions of crust and 
mantle to the origin of granitic magmas? 
Understanding Granites: Integrating New and 
Classical Techniques”. In: Castro, A., Fernández 
C., Vigneresse J. L. (Eds.), Geological Society of 
London, Special Publications, 168 (1998) 55–75.  
[54] Sun S. S., McDonough W. F., “Chemical and 
isotopic systematic of oceanic basalts: implication 
for mantle composition and processes”, in: 
Sunders, A.D., Norry, M.J. (Eds.), Magmatic in 
Oceanic Basins, Geology Society of London 42 
(1989) 313–345. 
[55] Maniar P. D., Piccoli P. M., “Tectonic 
discrimination of granitoids”, Geological Society 
of America Bulletin 101(1989) 635-643. 
[56] Schandle E. S., Groton M. P., “Application of 
high field strength elements to discriminate 
tectonic settings in VMS environments”, Economic 
Geology 97 (2002) 629-642. 
[57] Zhao h. H., Zhou M. F., “Geochemistry of 
Neoproterozoic mafic intrusion in the panzhihua 
district (Sichuan Province, SW China); 
implications for subduction related metamorphism 
in the upper mantle”, Precamberian Res 152 
(2007) 27-47. 
[58] Sylvester A. G., “Post- collisional alkaline 
granites”, Journal of Geology 97 (1989) 261-280. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

01
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://ijcm.ir/article-1-328-en.html
http://www.tcpdf.org

