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U#)�'2	Sr B�C_ �C< Ca ' 9QF%C
dQ$ ��+H�C6 �� Rb �C< 

B�CC_K�!� �M�CC� �CC#3%#< ' Y#CC6�+$ ��{CC6(G	 ��+H�CC6 �� 
]0-�0/[.1'U	! 8
! 2< �C$ ��+�M?A 2
��C�� 8#C< 8#
�K2O'

Sr Y#6�+$ B�A9�	 U#K�� T�� 2���#< �C
9%3 �� �!�Sr UCF2?3 '
#�CGF B�CA9�	 �� 2]C)> 8
! ���?+O!�?�C6! .n�CM
2�3 (C�'�

� 
!U	!Ba  ���CF �%GM3 �< U#� Y#C6�+$ B�CA L)C6 �� �!� B�CA
B(#6! �C6! LC)A�?A ��R)� .�8#C)l?A �C^)� ��+�CM?A 

��� �< "%
���!' 2
�SiO2�� !� ���CF T
!(_ �< 1!%3 8CAD B�CA
"%#��+#3 ��%?� �� ���D �?@O �M�� TA�F ' �!� B�CA T
!(C_ 
�+	�
 �!� �M�C� 2C3 .I!2C##J3 ��#�C< �M�C� �� Ba/La )0/�
�Ba/La: (2���#< k�#6 T�� �A��b:7B2#5 L)6 8
! �6�A

 8
!2<�)< '���+6�H �� ���D 
�<(�+7%5 �2F L)6B!�+C6%$ �C
 
8
2
9 k�#6 �#��S	 �G> �< '� 2A �F (7�<B�A �Cc �(7 �!9D 

<2� B�A()
D2	%��<T�!�'2	 ��+#A�� 8�?A�� �� (C)<�
 .(C�'�
 �� "%
��C�!' I!2##J3 ��'U� "%CM�'2< T
!UC	! �C< �!2C?A �CANb 

�< �M�� I!2##J3 SiO2��%?> (�'� 2���#<T
!(_ �
�C?5�� 
�6���D ��]0�[.BX�C< ��+�CM?A �%_' �<��(C
 8#C< �(C7 

2
���� Ba 'SiO21�<U#� L)6 �� "%CM�'2< �C�'U� \#C7 ��CA
 B��59�CC6 �CC< �CC_%3 �CC< 1D I!2CC##J3Ba �CC< K��+H�CC6 �� 

B�A��{CC6(G	 �
�CC#GW#CC6�+$�?��CC#3%#< 'B��CC>2#e�CC6! '

1 - magma mingling 
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(G_�����?7 ���U#
�$���w 6�2<�: 3 ���%�K #b6 '#28
�hD �>%?@� ��%525� . . .�w�

�� �C< �
�#?#C7 k��S3 B�!2W2< �< !2�D 1!%3 "%CM�'2< �C��O �� 
J3 V� ��� (�'� ' E!�� �?#� �
 E!�� I!2##Ba �� "%M�'2< �A

Y@O �< !� I'�^+� B�A �+	�
 k��M3 8#< 2])> 8
! 9! "%M�'2< �CA
 1�<U#� '���!� �%<2� �A .\#323 8
(<�1�C)K ;�C#�� �� �CF

 E�#?F 2*�)>�(
� �� �>%C� �%C7 ��+�C�5 B�A(C�'� 8#C< 

L)6 B�AB(#6! ' ��R)� "%M�'2<L)6 ' �A B�AP
9�< �%C_'
��!� .1'U	! 
! 2<8�2C*�)> �(C7 ��C@)�< 2
���� B%��! ��
��� 

E�#?F"%M�'2< 8�?A �>%� 2���#< 1�<U#� L)6 ' �A �� �5(C7
 8#< 2*�)> 8
! ;�#��"%M�'2< E!�C� ���O �� 1�<U#� L)6 ',
(��_ �+O ' E!�� �?#��6!)b:7�.(

@
'A.�
�#?#7 �
U@3 �
�+�(ICP)��%?� 2
Q� ��R)� �+#�!25 B�A]�0[
#) ���

!��#� SiO2 Ti02 Al2O3 FeOt MnO MgO CaO Na2O K2O P205 LOI Ba Rb Sr Th Zr Ni Sc V Pb Cr

S31 t./-, ��/t �/�. ,4-/- �u/t �-/4 ,�/t 4./u 4//� �-0/t ,//� ,0. 4,u �/ �, ,4t 00 �0 �-- 4t �,u
S106 /-/-, -/t u/�0 �///u t/� �0/4 ,4/u --/, -u/4 �u4/t �-/t 0,/ �-� 4.u �u �4. ,t �� �t- �� /�
S110 �/-� -0/t ./�0 ut�/0 t/�� ,/, .//u 4�/, /,/4 �0//t /,/t 0,4 �-- ,�u �u �4t ,/ 4� �4- �� ��
S117 4,/0� /4/t �/�0 --�/- t/�, �//0 /4/0 -,/4 4,/4 �,�/t u�/� 04/ �uu 4/� �� �0� �tt 4/ �// 44 4�/
S133 ,./-t �//t //�u ,./0 t/� u./0 �4/u .-/, u�/4 4t4/t �,/� 00- 44� 4t� 4� �-� �u0 4� �4/ �� 4�0
S154 .u/.4 �0/t �/�� �4/- t/�/ ��/4 0u/t -�/, u4/� 4t./t -u/� u0. �0/ �t- �4 �,u 0. �0 �-, ,� �t�
S163 �u/0. .4/t �� �0-/- t/�, 4/4 .�/u /-/4 //4 4-u/t -//t /0/ �4, 4�. u �/u 4t 44 �,t 0 u0
S68 u4/-0 ,//t �/�0 00u/, t/t/ 4 ,//4 uu/4 .�/, 4t,/t 4,/, ut� �4, 4�0 �0 ��� / � �/ �, 4,
S80 4u/-. ,//t u/�0 ��0/, t/t- 4/� ,4/4 ,-/4 u/, �-u/t --/� u,, ��. ,�/ �t .� �, � 0, �. 0/

S164 -�/-u -./t ./�- t0//0 t/�� /0/� uu/4 -u/, ,/4 �-�/t -,/� u�- ��u �-t 4t 4/� ,0 �u ��/ 4u /�
S187 /./-� 0�/t �/�/ 00�/t t4/t ,u/t u-/, --,/t u�/- �,-/t ///t /t 4� 00. 4- 4�u u � 40 �, ,,
S156 u�/-- t./t ./�/ ,t0/� t,/t u,/t �./t /�/� uu/4 /,0/t �4/t ,.4 4t- �tu 0 /� , u � �- ��
S150 tu/-t ,/� 4/�/ u�u// �4/t 4-/4 t�/, u0/, u//4 �44/t 4�/� ,,� �.. 4�- -/ ��4 ,� 40 /. 4t 0�
S44 ///-u 0u/t -/�- ,t�/u t//t ,-/� tu/, .u/, 4�/, �-/t .�/t .,0 ��t 4�0 44 ,u� �0 �� -� �4 -4
S54 4�/-- 0./t ,/�0 �/0/u t�/t uu/4 �4/, .t,/t ///, �,�/t .//� ut- ut 0-� 4t ��u 40 �0 �tt 4, -�

S134 ////u t4/t �/�0 ��4/t t//t ��/t 0/t 4/u �-/, ,0/t u�/t -t �u/ ,t , .t 4 4 t 40 ,t
S157 44/-0 0u/t -/�- ,.�/u t�/t 0./� ,//, 0./, tu/, �-4/t /u/t 0.u �,. 4/u �� 4�, �/ �� /� �- 0.
S188 /�//t ,u/t 0/�u .-./4 t0/t /-/t ,-/� 0,/u t4/, t/./t t./� �t/t �,4 ,�u ,t 4ut - �t ,t �0 0�
S189 u4//0 �/t �, �04/� t4/t ,�/t ��/� -//u .�/� t4-/t t4/� �-4t �t, 4.4 uu �.4 0 4 �t 4� /,
S40 �///, �,/t 0/�u .../t t4/t 4./t /�/t .-/u u�/, 4�0/t /u/t �-u 4u- -, - �u0 u 4 - uu �,
S90 ,0//, tu/t ./�u �t�/t t4/t �-/t �-/t 4./� �4/� �uu/t -�/t �4u ut/ -t 4 �40 , u 4 u/ ,t
S91 �4//u t//t -/�u ,�0/t t �-/t -4/t �/0 ��/, ,��/t -0/t 0� 444 4� , �tt t 4 4 4, �

S112 u4//- t4/t //�, /-0/t t//t �0/t /0/t t./u /0/, �t-/t 0/t 4� �., �. u ��/ t t t ,/ �,
S125 -�//� 4/t -/�u ��0/4 t-/t u-/t -./� ,./0 ./4 t�-/t ,./t -�� 444 �-� 4. �-u 0 - 4t 44 ,/
S149 ,-//- �//t 4/�, 0,/� t,/t u0/t t0/4 u./� �u/, t��/t t,/� ,t� -0 ,44 u- �4� �4 0 �� ,u ,t
S152 ,4/// t0/t ./�u -,/t t4/t �0/t ,,/t ,4/, ,//� t//t /u/� �t �� uu u �t4 4 4 u 4� 4,
S174 u4//4 t./t u/�u �u-/t t4/t 40/t �0/� 0,/- �u/, 4/u/t 0u/t ,,0 �0, �4. , ��� �/ 4 � 4, u-
S175 ,0/// t//t u/�4 ../t t4/t �-/t u//� u0�/u u//4 t�-/t ,//t ,.. �,� �00 �/ 4�u 0 , / 4t u�
S61 ��//, t0/t �/�u u,4/t t �//t /,/t - --/, u00/t 4./t �, 4-� -- 4 �4� , 4 u 4u ,�
S73 u,//� 4./t �/�0 0u�/� t�/t u4/4 -�/t u.-/t tu/- t.4/t 0�/� /. �4 �0 4t �4u / . ,u , 4t
S93 --//0 t//t �/�, -0//t t�/t 44/t /,/t t�/- �0/4 t.u/t u0/t 0-. �-- 44/ ,, �t� , � / �u 40

S116 .//- t-/t u/�, �t�/t t�/t u-/t 04/t �.4/t �/- t��/t u./t ,- � �40 4u �� 4 , , 4 �-
S56 /4/-, -/t ./�0 �,4/u t//t t�/0 t�/4 4u4/t ,//u �u,/t --/4 /t . 4u/ �- �0t 4u �/ �tt , �,

S183 0,/-, -/t 0/�0 .44/u t./t .0/4 ///, u./, �/4 �,./t ,�/� 0u� �0, ,t� �/ 4�t ,0 �/ ��0 �4 �4-
S186 /,/-4 u-/t 0/�/ �,./u t-/t .4/t ,�/, t�/u ��/, �t//t .4/� �u�t �,u ,�t �/ 4./ / �� ,� �t u/
S38 �,/-/ ,/t ./�u t�u/, t-/t .//t �0/� -�/u �,/, �4./t �//4 -,. 44. ��4 ,t ��t �� � ut 0 u4

S126 -4/-u 0//t 0/�0 4t4/u t./t u/4 /0/, ��/4 t,/, �,/t 4u/4 u0- �,� 4�, 4, �4/ 40 �0 �t0 � --
S127 �-/-, �-/� ./�. ,u4/t t .4/t -./� ut//t �t 0�u/t t./� u. �� �- 4� �u� u , u� � 44
S161 4./-0 �//t //�. ,u4/t t�/t t�/� �4/t �,u/t -/�t 4/�/t �4/t �, �t ,- � �u� 0 4 � � -
S191 /�/-u �4/t ./4� tuu/� t0/t ,u/t -/� ,,/u -//4 4/./t ,�/4 -�. �t- 44, u ��� 0 , �u �� u4
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����
 �X�6%
� ��!m�(O! �2	 1!2
! �6�)7 ���F ' �6�)7�%G< �G@� �ww

@
'A !����.
!��#� ���#) Co Cu Mo Zn Sn Hf W La Ce Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Nb 

S31 �- �t t �40 u - / ,u /- 44 u � 0 � , � 4 t � t � �4
S106 �u �, t 0� � 0 t ,0 /� 4u u � 0 � - � , t , t 4� �t
S110 �/ 4t � 0/ � � t ,� -0 4, , � 0 � - � , t , t 4. ��
S117 40 4� t �/ 4 / � ,4 -0 �. , � 0 � - � , t , t 4/ �t
S133 4u uu t -. , / 4 0, �t0 �� , 4 0 � - � , t , t ,u �,
S154 �� �- � �44 , - � ,/ /u 4� , � 0 � u � 4 � � � �t �,
S163 �- / t .0 4 0 t �/ ,u 4, u � - � , � , � 4 � �- �,
S68 . 40- � 0/ � - �/ ,/ -/ ,� - � 0 � , � � t � t �u �0
S80 � 0 � ,4 0 u u 4� 0u 4- � � 0 � 0 � u � 4 � 4t .

S164 �u �. � -0 � 0 t uu �0 4u - � 0 � u t 4 � � � �4 �,
S187 � 0 � 4/ �� / � ,� -. 4- - � 0 � / � 4 t , t ,� �0
S156 � ,/ � . � u t t ,� �� u t u � u � 4 t � t �t t
S150 4� , t ��0 � / t �4� 44� 4/ - 4 0 t / � 0 t , t ,� .
S44 �t � � -u � / , u. .. 4. / 4 0 � u � , t 4 t 4t �u
S54 �t �0 t u� � 0 � ,� �0 ,0 � � 0 � / � , t , t ,4 �4

S134 � / � 4, / u - t ,- 4, u 4 0 � , � / t � t - ��
S157 �t - � u� � u 4 uu �0 4. / 4 0 � - � 4 t , t 40 ��
S188 0 , � uu � , t �t� ��� 40 0 4 0 � 0 � , t , t 4u �
S189 , , 4 u- � u � /� �-� 4� - 4 u � , � , t 4 t - 0
S40 4 4 t 4, 4 u � �� ,u 40 - � u � u t 4 t � t �4 ��
S90 � u � � / , . t ,0 40 / 4 0 � , � 0 t � t 0 0
S91 t t t / 4 u 4 t 4u0 4- . � u � , � - � � � - 0

S112 � � t 4t � - � t ,. 4� / 4 0 � u t 4 � � � � ,
S125 , , � 4. 4 4 4 /, �,� 40 - 4 u � - � , � , � 4� .
S149 u �t � ,� 4 , � -t ��t 40 - � u � , � , � � � �0 u
S152 4 4t � , u 0 �t t ,/ 4. � � u � , � u � , � - ,
S174 � � 4 �/ � u t t ,4 4� - � 0 � u t u t � t �t /
S175 4 � 4 �/ � , � �� ,4 4- / � 0 � , t 4 t � t �u 0
S61 , 4 � . t 0 u t ,. 4u u � u � u t 4 t � t �� u
S73 4 4 t . 4 , � u/ .� 40 - � u � u � 4 � 4 t �� �
S93 � 4 � � t 0 4 40 u, 4� . � 0 � , t , t � t . u

S116 � u t 4 � , t ut /- ,4 �t � u � u � 4 � � � �� /
S56 �t � � u0 4 / 4 ,/ �t 4- 0 � 0 � 0 � , t , t 4� ��

S183 �0 �, 4 0� � . � ,, -0 4u u � u � - � , � 4 � 4- �t
S186 / / � u, � - t /� �4. 4- - � - � u � , t 4 t 4t ��
S38 - 0 � ,0 � 0 , 0u .� 4/ / 4 u � - � 4 t , t 4- �u

S126 �4 0 t 04 4 / � -/ �4- 4� � � 0 � 0 � 4 t , t ,t ��
S127 � u t , � � �. �. ,. 4- / � 0 � , � 4 � � t - /
S161 4 , t 4, t - t t ,t 4. / t u � u � , t � t - ,
S191 4 4 t �/ u - , �� ,4 4- / � 0 � , � 4 t � t - u

@
'A3�
�+� �
U@3�
�#?#7 ICP��%?� ' N6!'(O B�AP
9�<]�0['�
U@3 XRF B���%M�'2< P
9�< 2
Q� ��R)� ],4[.
*+	 SiO2 Ti02 Al2O3 FeOt MnO MgO CaO Na2O K2O P205 Ba Rb Sr Th Zr Ni Sc V Pb Cr Co 
m76 0. u//t u/4u 04/t t�/t �0/t -/- ,-/t u4// ��/t ��� / /4, 4u 4t. t u �� 0/� �� �
m77 0. ��/t ,/�� �,/- t./t .0/� 4/0 ,�/, 40/, �./t .tt �4. ut� �. �4/ �u �u .t 4/� -, �u
m87 0- �u/t �/4t u4/- t�/t ��/4 �/� .�// -,/4 ��/t 4,,t ,4t ,44 4t �0� u. �- �.� 0/,- /u �/

m101 0/ u//t ./�0 t,// 4�/t t�/u ./u ,�/- u./4 ,u/t �0.t �/. utt ,. ��� ut �0 �4� �/�u /0 �0
m117 0� /4/t �/�0 u�// �,/t �//0 //0 -,/4 4,/4 �u/t 04/ �uu 4/� �� �0� �tt 4/ �// �/4� ## 40
m150 -t ,/� 4/�/ 4u/� �4/t 4-/4 �/, u0/, u//4 �4/t ,,� �.. 4�- -/ ��4 ,� 40 /. ./�. 0� 4�
m193 0u 4-/� ,/�� ,�/. 4/t .//4 4// t�/� �./, u/t 0/u4 44 u4� �/u �4� �, ,4 4�u 0/4. � �t
m155 u� t4/4 //�- 4/�� ��/t -./0 0/. u�/� �-/4 ,./t 4tu -t ,uu �/, ��u ,4 4� 4,t t /u ,-
m159 u. tu/� �/�. �//. �//t �/0 �/. t-/� 0//4 4/t 4,, ,t ,.. //, �,� 4t ,� 4,. �/, -/ ,t
m192 u/ ,,/4 u/4� //�, 4-/t 04/0 4/- --/t t-/� t-/t ��- 4/ 4/� ./4 �0/ /u u0 u,- ./, ## ,,

Cu Mo Zn Sn Hf W La Ce Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Nb 
m76 -/t t //�, u/. / t ., �/0 �/,u �/. u/� u/- 0/t �t , u/� 4/t 0 4/t u/ �0
m77 �- � �//t �/� / //� -� �4� -/,0 �/�t 0/� - �/t 4/u � ,/, ,/t 4 0/t �. �0
m87 0/u t ///t �/� - �/t -t �4- �/4. u// -/� ./0 �/t u/, �/t ,/4 0/t -/� 0/t �0 �0

m101 �, �/t -/00 ./t 0 t /� �u� 4/,t .// //� 4/- //t -// 0/� �/0 ,/t 4/, ,/t ,u 4t
m117 4� ,/t �/�- ./� / �/t ,4 -/-u ,/�. �/4 �/� �/u //t 0/0 �/t 4/, ,/t -/4 ,/t 4/ �t
m150 �/, t ��0 u/� / t �4� 44� �/4/ u/- ./� ,/0 ,/t ./- ,/� 0/u 4/t �/, 4/t ,� .
m193 �/ -/t �t4 �/� � ./t ,u �t. u/4� �/� u/� �/0 //t �/u u/t -/4 u/t ,/� u/t �� �t
m155 u4 ,/t u/�, �/� � t �� ,/,. //,� u/� ./t 0/- ./t -/- � �/, u/t �/4 u/t 4/ �0
m159 4/ ,/t 0/�4 4/t / t 40 //04 �/,0 u/�t ./t �/- -/t //0 ./t �/, ,/t 0/4 ,/t 4/ �
m192 0� ./t �4� 0/t . �/� �4 ./u4 4/,t -// u/t //0 �/t u -/t ./4 ,/t 0/� u/t / �-
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@
'A !����B
C�D�
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EN33a 0/�/ �,/ �/ t/// 00/, ,./- - � 4 �u 4t 4u 40 �t -4/4t 4� u - ,
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En-1 u/44 0/0� 4. u,/- u-/4 ��/�t u �0/t , 0� ut / �. /, 0�/�0 4- , - ,
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Felsic Rocks Chondrite normalized pattern (Sun et al., 1980) Mafic  Rocks Chondrite normalized pattern (Sun et al., 1980) 
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