
(Received: 2/11/2008 , in revised form:19/5/2009) 

Geochemistry and petrography of Meiduk copper deposit‘s host 
volcanic rocks - Kerman 
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Abstract: The study area is located in Central Iranian volcano-plutonic copper belt (Dehaj-
Sarduiyeh belt) about 42 Km northeast of Shahrbabak in Kerman Province. Based on 
petrographic studies, extrusive rocks have the composition from trachyandesite, andesite basaltic 
and andesite to dacite with Eocene age. Mineralogically, the rocks contain plagioclase, 
amphibole, biotite and quartz. Chlorite, calcite, epidote and sericite are secondary phases. The 
texture of these rocks is normal porphyritic. Geochemically, the rocks mostly belonges to the 
calc-alkaline series. The ratio of Zr/Y>3 shows that these rocks are similar to active continental 
margin. Negative anomalies of Ti, Nb, P and positive anomalies Pb ,K in spider diagrams are 
similar to subduction zone and crustal assimilation. These rocks shows enrichment from LILE 
and LREE elements and are relatively depleted from HFSE elements. These properties can be 
correlated with subduction volcanic arcs and active continental margins.  

Keywords: Dehaj-Sarduiyeh belt, geochemistry, calc-alkaline magma, active continental 
margin.      
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, 4�� .	��-.% 
 k8*,�* ��8N.%�ONP 6����v/��#!� �
 -n4�
���*
 7�� � !�8 B'
%H Q�%[ �& �a%�Z� �. 	"* 	n
�& �n& 6*-

, 4�n� ��)n� 6-!
�%nnP 1 �n�*
 7n�� 6�n� .6-!
�%nnP �*%n�*
	�8,�G 8* ^!& 6*�*
 ��g�8N.%n�ONP ��5Y ,[�
 , 4�n� .

��%�$ 8N.%�ONP 6���%#&˝JK/ ��!� �n4�H 1 �*
 JKn/ 6* ,n�* .
J.�� �*%�* : � 1 
�M����. �6�*-KH 6����+G �
 ���"%� 6, &-

�� ',�
 ��
%/ .�
 6,n & �n�: � 1 6�*-nKH Jn.�� �& �V%H �&
 �nn/%��; 9nn�1*8 1 �n�8N.%�ONP�g���+G mnn!.-H ��nV�
 �nn�

 F�8,�G -4)!&��� 
�� )!P 	��1
*-&a 
%/ .6, & ��: � 
%V1
 8N.%�ONP �
 �� +�)� *� +T!�.* �4!"�S%
 ^��. ��� �n. ,�


�& � 
%V1 J!�
 �n�%�� �
 	n!H%!& 1 ,n #M��% 	n"�� .�	!�n#.
 �nn�8N.%�ONP ���nn"-S
 8* �nn�%��R 7H�*%nn.1 	!�nn�-" �	nn�-#.

 ',/ J[�Y +G 8* 6
*,nZH }:n" �
 1 ,�* Fn�G 6��,!�n.* �n�
 �� ',��)�
%/ .	n
�& -(��!& �. ,�,/ �S
�%; 1 ?NX�* 6�n�

 ��
�ZH -!b �n� ',��)� ��8N.%�ONP 8* 6
*,ZH �
 7!� ,�* 
%n/ 
)JK/�.(
–7H�*%. :	�8,n�G �
 ���n. F�* 8* -n4�. �n���n�5Y ,n[�
 

���. �� J!K)H *� ��,�
 .+G k8*,�* -\.*,Y E n" F�* �
 �� �n�
v/.���/��#!� 	"* -4� .���. en� -4)n!& 7H�*%n. 6�n� 1 '8*,n�*

 , 4�� �V%� �/%��; 6*�*
 .	!"*
 �
 ���. F�* 9!n/�Y ��n�
 �� +�)� *� �5!#;
, �)JK/a>.(�!n/�Y �n& 7H�*%n. 
%nV1

 �� *� �5!#; 7H�*%n. Bn!4KH1* 	n��Y-!!�H �n& +*%nH����nK�G 
F!n�8 }:" �& ��S�� +,�G a�& ?%` �
 ���)
 -!!�H �& ���",#


	��*
 �4�&*1 .
�'-!H 6�� ���.:���. F�*
1,Y �����v���n. ��5Y ,[�
 -

�� J!K)H *� ��, �
 .�� -4)n!& �
 ��, #M��%� �n�% �%�nY �n�
,��*
.en� 1 68%n� Q�%n[ �n& e� ��-$ 3:�� �
 ��, #M��%�

 JK/ ��!�,��*
 
%V1 �*
 .���n. F�* -4)!& �,n. �!n/�Y �
 �n�
',/ ��%(& �,�* +G +%�*-!P �. 6* �4
-S *-
 F�G 6��,!�.* *� ��

 	nn"* ',nn/ J!K)nnH 7H�*%nn. 1 Q1,nn!P* �	nn�-#. 7nn.-� �
 1
)JKnn/b>.(���nn.�nn#. �	nn�-#. 6�nn� 1 Fnn�G 6��,!�nn.* �	!

 ���. ���"-S
 8* ��%��R 	!H%!& ',n/ Jn[�Y , #M��%� 6�� ,n�* .

1,Y 	!H%!& ���.�����n�%�� -4)n!& �n�5Y ,n[�
 *� �n�

 �� J!K)H,�
 .JKn/ Q�%[ �& ���. F�* �n�!� 1 �*
 JKn/ �*

 ��)n
 ^��n. +G 	n#$ �n. +,n/ �,n. 1 ?NX�* k,�,P 1 '
%&

 )!& �
 �	"* 
%Z[ F�� ��S�� +G -4 �n� ',�
 �� 
%n/ .k8*,n�*
 -\.*,nY 	n!H%!& 6�n��%#&���/��nn#!� 	n"* -n4� .���n. 6�nn�

���. ���"-S
 8* 	�-#. 1 Q1,!P* ',n/ J[�Y 	!H%!& 6�� ,n�*
)JK/v.(���. 
1,nY '-n!H ���n. +*%n $ �& 7!� �,. 6��v��

��%�� ��5Y ,[�
 �� J!K)H *� ��, �
 .Q�%n[ �& ���. F�*
�& 	"* JK/.�K����. 8* -(�
 6
*,nZH �
 ',/ ',��)� 6��

 ��%�� 8* -\.*,Y �. �����%�� ��5Y ,[�
 �n� J!K)H *� ��-
	"* F�.1-!P ���. �,�
)JK/ag.(

	!�>E " 8* �P%K"1-K!� -�1�cH ��: � ���)I)HG 6�� .(a8N.%�ONP (Pl)�+,/ �4!��-" ?�Y �
 b(��: �%�ONP �
 ���"%� 6, & 1 8N.
, #M��%� �& ��*-��(Hb).
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,#Vxy'���/ �r7!��P �xrpp E " 1 ��!/%=OE " �4;� /6��. . .>vv

	!�G(a�5!#; �!/�Y �& 7H�*%. 	��-.% 
 (EQ) E " �
 ��*
 7�� � !�8 B� �
��4!"*
 6��(b 	��-.% 
 8N.%�ONP 6��(Pl) 1
, #M��%�(Hb), #M��%� ���. +,/ �,. 7!� 1 6-!
�%P 	
�& J!K)H 1 ��*
 7�� 9 !�8 B� �
 .

	!�Ha1(b	!H%!& J�,MH(Bi)Q1,!P* �	�-#. �& (Ep)���.1 ���. �& '*-�� �,. 6����*
 7�� 9 !�8 B� �
 8N.%�ONP 6��.

	!�I(a���. �& +G J�,MH 1 F�.1-!P +,/ �4!��-" ��,. 6��(b�S� 6-!
�%P 	!"*
 E " �
 ��%��R 7H�*%. 1 	!�#. 6��.

����. z�!�. 6��:H�PG ���. 8* F.-�8 1 	! , 4�� z�!�. 6��
 �n� ',��)� 7!{�� �#!; �*,�� �& �. ,�%n/ .�n& 	n!H�PG ���n.

 	n!H%!& 1 �n�8N.%�ONP +1�
 �
 ��8%n" 1 �*,#Kn/ Q�%[ �n�
�� ',��)�
%/.

����. ��%��R 6��:���. �Q1,n!P* �	!�#. �	�-#. J!MA 8* ����
 * �
 �n�%��R 7H�*%n.1 Fn�G 6��,!�n.* �	!�"-" 8* '1-nS Fn�

E " �n� ',��)n� �� ���n. ���n"-S
 Jn[�Y �n. 
%n/ ���n�
 	nn!H%!& 1 ��,nn #M��%� ��nn�8N.%�ONP +%nn��� , 4�nn� �nn� 

)JK/bg.(

�	
�& 1 � !�8:E " 8* '1-S F�* � !�8	!�1-K!� 8* �� 6��
���. 1 8N.%�ONP �7�� �. 	"* ',/ J!K)H '-!H 6��

,��*
 ��. ����-V 	��Y ��8N.%�ONP .E " F�* �#. 	
�& ��
	"* 6-!
�%P .	
�& -(�
 8*-!b 6�� F�* �
 
%V%� ��
�ZH

E "�� 7!� ��	
�& +*%H �
 
%V%� ���&-b 1 ��NX�* 6��
ON.%�ONP	!H%!& 1 , #M��%� +,/ 6�,. ��� ��NX�* 	
�& 1 ��


-& i�� *� 7H�*%. �
 
%V%� �5!#; �/*%Y 1.
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*-� �����-!#$ ����!�G�+�� %#"�M$ +*-�* �"� / ���. 1 �"� /�%#& �#5� >vg

��
�&�. 

�& �V%H �& E " k
-4�S ��4M�� ���"-S
 ��: � ���)I)HG 6��
 ���. ^�*,!P 1�
 	!�n#. 1 	n�-#. �Q1,!P* , ��� ��%��R 6��

+G �ST�1 �"�-& 6*-& �H ,/ �Z" ^�& F�* �
 ��� 9n!�1* 6�n�
E " �n"�-& ��n�: � ���)nI)HG 6�� 61� ���!�!n/%=O 6�n�
��%�� n$ �
 1 �
%n/ 7.-�4� ',/ +�"-S
 -4�. 1 e��" 6�� F!

 '
*
 -!�IH �
 ?�Y �nST�1 61� -4)n!& ���!�!n/%=O 6�� 6�n�
 �!X� �
 �. 
%/ �!KH 6-[� $ ��4M�n� +�n"-S
 �&�n�-S 6��

e.?�Z
-!b 1 0-XH �n� �A�n& ,n ���.���!�!n/ 9n�75H <��n4�
��%�� E " |#4�� 6�� 2n� ���n��. +�n&7!� ���)nI)HG 6��

 ?1,V �
 01,!��',/ �=*�* ,�*.
,[�
 SiO2F�*E " F!& ��vt�Hg�	n"* -!�4� ,[�
 

Q*-n!!�H �*
%n�� �
 1Na2O+ K2O�n& 	M�n� SiO2]v[�

�.*-H k-4�S �� �*-A 	!"*
 1 	�8,�G �	�8,�G ,�-!S)JK/�.(

,[�
Al2O3��%�� 
1,Y �
 1 a�& ���g	n"* ,n[�
 .�*,n��
Al2O3	�*8�& �
 a�& +�)� �� ���. �%#MH ', �
 Bn!
�� 6�n� 8*

 +G ',�8�" �!�1* z*�� 	n"a�& ��4M�n� 6����)n
 �
 ��]t[�n.
 �A�& +%(&G �
 e! !�%�G 7.-�H mV%� �%n#MH dn$�& 1 ',/ ',���

 �� -4�. 6����)
 �
 8N.%�ONP
%/ .�*
%n�� D�n"* -&AFM 
]��[��%�� 9!#. �nK�G k-4�nS �
 �n"�-& 
�%� 6������n!#A 

�� �*-A ,�-!S)JK/�(,n�1� �. ��n� 6�n��*
%�� �n& �4�n&*1 6
�ST�1 �& �`%&-� �H%MK $ E " -(�
 6�� E " F�* �"� / ��

�� ,!�]H *� +G 7!�, . .Q*-n!!�H 9 �*
 K2OE n" Fn�* �
 �n�
 '
-4�S ��4M��)>�/��Hv�n�81 ,n[�
 (�n. 6�%n` �n& �	n"*

��%�� �K�G 6-" �
 �"�-& 
�%� 6���e!n"�4P 8* � b ���!#A 
�� �*-A ,�-!S)JK/t.(��%�� �S, .*-P 1 �% H �*,n�� -L� 8* ��

K2O0-nXH 8* �n/�� ,�*%H �� F!nY e!n"�4P -cn $ 6-��nP
E " ���"-S
 , �*-
,/�& ��: � 6�� .

	!�JE " 	!ZA%�e!��H �
 ��: � ���)I)HG 6�� 6, &]g.[�.	!�% 
�.	!.*-H�.	!�%��>.	!"*
v.	�8,�Gg.	�8,�G�*8�& 	�.	�*8�&�.
	!�*1��t.'O%� 	��G��.	��%� &��.�.*-H 	�8,�G��.	�*8�&�4�-IH��.	! !#I��>.	�-IH	!�% 
.

	!�K�*
%��AFME " ����S�� 6-" F!!ZH 6*-& ��: � 6�� ]��.[
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,#Vxy'���/ �r7!��P �xrpp E " 1 ��!/%=OE " �4;� /6��. . .>v�

	!�L�*
%�� SiO2�& 	M�� K2OE " ����S�� 6-" F!!ZH 6*-&��: � ���)I)HG 6�� .

JK/ �
���& 	M�� �#[* -[� $ ��Z& Q*-!!�H SiO2

E " 6*-& ^���� 01,!� 2� �����. +�&7!� ���)I)HG 6��
	"* ',/ '
*
 .-�
���,TiO2FeO 1MgO^�*7
* �& 

SiO2�� +�)� ��17� ,�1��� �. , �
 �)�& �%#MH 9��)� ,�*%H
.,/�& ��S�� �%#MH �` F�.1-!P% !#. ���]�.[�*,��CaO 

��%��^�*7
* �& �� SiO2�� ^��. ^!& 1 e.�� �. ,&�� ,�*%H
JK/ �& F!Y B�," �& B!�#. 8* ��8N.%�ONP m!.-H 6-!S

,/�& �4�&*1 ��S�� �)�& �%#MH.
	�8,�G �$-
 -[� $ '��A �/*%Y �. ���� �4�n&*1 ?�Z
 6*-

�1 6*�*
 ,�*�ST +G �. , 4�� �[�; 6�� 	�8,�G 8* *� �� 6�n�
 �� *75� �"%A -�*7V
8�" .E " F�* �
 	M�� ��Ba/La>15 

1La/Th<7 	"* ]�.[E n" �n$-
 -n[� $ ���)nI)HG 6�n�
 	M�� 8* 7!� 01,!� �����. �� 61-!P a�& 6��, . �n. 6�n�%S 

+G �&�)H E " �& �� '��A �/*%Y 6�� 	"* ?�Z
 6*) .?1,nV�.(
F!�8 �!X� F!!ZH �%L � �& E " �4;�" 
�%� ���)I)HG 6��

 en. z�n!�. -n[� $ �n. ,n/ '
�I4n"* ���n��*
%�� 8* ��"�-&
 +%n{ �n.-XHY, Nb, Zr,V, Ta, Hf,… ',�8�n" +G 6�n�

, 4�� .�� ��4M�� -[� $ F�* ����,n �*-
 i�n( � 1 '
%n& 0-X4�
 '
*,n� +�)n� 	!"��nY ��%S-S
 1 ���"-S
 ��S
8*%� +%{ 1

��� '��/ 8�
 
�*1,�%/ .'���n/ �*
%�� �
 �K�� {��',��)n� 
�� ��%�� �!#. 
%/'-4�S �
 ��: � 6���K�G 6���1 ����n!#A 

E " 7!� '���n/ �*
%n�� �
 �n�: � ���)nI)HG 6����]�[�

	�8,�G k-4�S�� �*-A ��*7�%. 6��,�-!S.

�
 JK/ 6���*
%�� ��E n" �
 7n!� �n"�-& 
�%n� 6�n�
S+��. k-4� �� z��Y �& ^�*�1-
 8* �/�� ����S�� 6��, �G .

'��A ?�Z
 9!/�Y ����S�� +��. 7���H 6*-& ����S�� +��. 8* 6*
 '���/ �*
%�� 8* ��"%A -�*7V�>]��[	n"* ',n/ '
�I4"* .�n&
 �� -L� �& �*
%�� F�* �& �V%H k,�8�n" ���n�S�� +��. �. ,"�

E " ^�*�1-
 8* �/�� ���: � 6�� -�8 �& �"%��!A* 94"%P B�
 '��A �4"%P B�	"* '
%& 6* .	�8,n�G z�n!�. -n[� $ 9�����-

	�8,�G �& ��: � 6�� '��A �!/�Y 6�� _`� � �"%A -�*7V 1 6*
 ,Y*1 �(4�&*1 7!� -(�
 *� �n"�-& 
�%n� 9�: � ���)I)HG 6��

 6-" �& �K�G 6���'��A 9!/�Y ���!#A �� ,!�]H 6* , .)?1,V
�.(

� 8* z�!�. -[� $ 	M�Zr/Y e�O� �!�)H 6*-& 7!� 
�� �4;�" F!�8
-. '
�I4"* +*%H]��[.-S* �. Q�%[ F�* �& 

E " �
	M�� ���)I)HG 6��Zr/Y>3 �� ,/�& 	IS +*%H
+��. �& �.'��A ���)I)HG 6���4�&*1 6*+G �
 -S* 1 ,�* ��

Zr/Y<3 +��. �& ,/�& ��*
 _#ZH �"%��!A* ���)I)HG 6��,.
E "	M�� 6*�*
 �"�-& 
�%� 9�: � ���)I)HG 6��Zr/Y>3 

D%A '1-S �
 1 , 4�� '��A ���)I)HG 6���� �*-A 6*,�-!S .
�� *� �"�-& 
�%� 9�: � ����S��%�%4KH �!X� F�*-&� & +*%H

�!X� U7V'��A ?�Z
 9!/�Y 6��
�1G ���/ �& 6*.
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*-� �����-!#$ ����!�G�+�� %#"�M$ +*-�* �"� / ���. 1 �"� /�%#& �#5� >v�

	!�7M $ Q*-!!�H ,�1� �& 	M�� �#[* -[�SiO2-.��� �*
%�� �
.

	!�77E " �4;�" F!�8 �!X� F!!ZH �*
%�� D�"* -& ��: � B�8�& 6��]��[.

!�	7<F!�8 �!X� F!!ZHE " �4;�"�*
%�� D�"* -& ��: � 6��]�[.
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,#Vxy'���/ �r7!��P �xrpp E " 1 ��!/%=OE " �4;� /6��. . .>vt

	!�7>F!�8 �!X� F!!ZH 6���*
%��E " �4;�"��: � ���)I)HG 6��]��.[

	!�7GF!�8 �!X� F!!ZH �*
%��E " �4;�" ��: � 6��]��.[

%��D<!�. -[� $ ���!�!/ m!.-H F!(��!� ������	�8,�G z�6����A �/*%Y 1 �"%A -�*7V 6���& ?�Z
 	�8,�G �Z��:� 
�%� ��: � 6��.
�$-
 -[� $ A B C

Rb �v.v �� t/�� 
Ba ��t ��� v/��� 
Sr g>� ��v v�� 
Ce gg.� �/g� 
Y ��.� �/�� 
Co ��.g �� t/�� 
V ��v ��� 
Ni ��.g �v g/�� 
Th �.�� �.� t/�
U �.g> �.> g�/�

(A	�8,�G �,�G 6��(B	�8,�G 6���K�G ����!#A ��"%A -�*7V (C	�8,�G 01,!� 2� �����. �& �%&-� 6��.
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*-� �����-!#$ ����!�G�+�� %#"�M$ +*-�* �"� / ���. 1 �"� /�%#& �#5� >g�

JK/ �
�vE " ���!�!/ m!.-H ���n��. ���)I)HG 6��
 	�*8�& �& 	M�� 01,!� 2� �4)nP 6�n� �n"%��!A* +�n!� 6�n�

 ',/ � b(E-MORB) 	n"* ',n/ ��n5 �& .Fn�* �
 �nK�� {
 ',��)nnn� JKnnn/�nnn� z�nnn!�. -nnn[� $ �nnn�*1*-
 �
%nnn/

Lu,Yb,Y,Dy,Th,Eu,Sm1Zr ��%�� �
 �nM�-�H �� ��n& �&�)n� 
�
 -nn[� $ Fnn�* Fnn�* �nn�*1*-
E-MORB -nn[� $ 7nn!� 1 	nn"* 

F!��P ��%� J!���4P 6*�*
 z�!�.(LILE) 6-4)!& �S, .*-P 
6a�n& ��%n� J!���4P �& -[� $ �& 	M��(HFSE) 	n"* .Fn�*

 0-XH 	#$ �& �S, .*-P -n[� $ 
�n�8 ��4M�n�LILE ?%n` �
 
	"* ���"-S
]�g[.E " �
 z�!�. -[� $ Q*-!!�H ,�1� 6��

 en� -n& 	n�a
 -n�* Fn�* �n. 	n"* 68*%n� ^!& 1 e. |#4��
 +G +
%& '�(4"�; 
�*
 �� .-n[� $ �nI � 6��n5 �&��Nb,P 1Ti 

-n[� $ Q*-n!!�H ,n�1� �
 6�,&-� 6%(�* ^�*,!P �& -5 � �.
 ��%�� z�!�. ,/ �� �� �	"* '+�)n� ,�*%H JKn/ k,n �
 6-n!S

E " ^�*�1-n
 _`�n � �
 *-n�8 �,n/�& ^�*�1-n
 9�: � �
 ��
'��/ 8* �n. ',n�1�1-
 -In"%4!� 8* ',/ 
*8G 6��Nb 8* 1 -n!�
 

LILE�nn b �4nn/%S '%nnS �
 �,nn�*�nn� ^�*7nn
* 6* ,nn&��]��.[
	M\� 6��5 �&��Pb �4n/%S k%nS 6
�n��-S
 �& 9#!n"1 �n& 6*

'��/6�� �n& �n�S�� ^n�aG �� 1 1�1-
 �"%��!A* �4"%P 8* �/�� 
'��A �4"%P 
�*
 '��/* 6*]��[.��%�� 8* ��Z& �
 F! ��� �
 ��

Sr �� ',�
 ,�,n/ ���n"-S
 8* -R]4� �S,/ ��H F�* �. 
%/
	"��8N.%�ONP .

�n�%�� �.�n; �
�n� -[� $ ��*1*-
 	��,n . �n& 	M�n� ��n�
 	"* ',/ ��5 �&)JK/�g.({�nLYN� JKn/ Fn�* �
 �nK�� 

�� �.�n; �
�n� -n[� $ 8* �S,n/ � b 	;*% K� 6��%(�* 
%/
 BM")8*La �H Sm(F!( n" �.�n; �
�� -[� $ �& ������ �
 

(HREE) ��%�� �
 �� e){ �& ��
�%; .-n[� $ 8* �S,/ � b
LREE -nn[� $ �nn& 	M�nn� HREE enn. �*,nn�� 1Nb, Zr1

(HFSE) TiE " F�* �(4�&*1 �*� �� 6-n" �n& �nK�G 6�n��
�� +�)� ���!#A , �
]�>[.-c $ Eu E n" �
 ��n�: � 6�n�

 �� +�)� *� �I!Z� �I � 6��5 �&�� E n" 6%n(�* �& �. ,�
-
'��A 9!/�Y ���)I)HG 6�� 
�*
 ��*%��� 6* .�V%H �& F! ���

 ��%�� �& �4�&*1 ,�1� +
%& 68*%� �& �n� �n� '�(4n"�; �n& +*%nH
+G +
%&
-& �P ��.

�& �ST�1 �& �V%H F4
-nS -nL� �
 �& 7!� 1 ���!�!/%=O 6��
 E n" ���nK� 1 ����8 	!ZA%� 2n� ���n��. ���)nI)HG 6�n�

 �� -L� �& �01,!� E " F�* �. ,"� 8* �n/�� e�!H��S�� �& ��
 67n.-� +*-n�* �nA�1 -�8 �& 2!4H%o� �"%��!A* 94"%P ^�*�1-


 ����S�� +��. �!X� B� �
 1 '
%& �4�&*1(magmatic arc) 
',/ J!K)H,�*.

	!�7HE " �H%MK $ �*
%���& 	M�� ',/ ��5 �& �01,!� ���)I)HG 6�� E-MORB.(Sun & Mc Donoough 1989) 
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,#Vxy'���/ �r7!��P �xrpp E " 1 ��!/%=OE " �4;� /6��. . .>g�

	!�7IE " �.�; �
�� -[� $ k,/ ��5 �& 6%(�* 	��, . �& 	M�� ��: � 6��(Nakamura 1977).

 �0	
!1) *��N�� ����/O� ���/-(  P�(+� *�+
"@�(� ���1�1)� 

E nn" k,nn �
 J!K)nnH 6�nn�S�� _`�nn � �
 ���)nnI)HG 6�nn�
 �4/%S '%S 8* ���%�$ ^�*�1-
 '��/ �6* +%(&G 1 �� _4)� �� ',n/

 �n� �)n�� 1�1-n
 �n"%��!A* �4"%P 8* ,n�-!S]��.[6�n���S��
 �4n/%S '%nnS 8* �4n"�;-& 6*�*
 �a%nn�Z� 6*K2O1 a�nn&MgO 

, 4�� F!��P]�v.[6a�n& 	M�n�Ba/Th �nH -!R]nH �n& '��n/* 
	�)� 
�*
 ��S�� 7�O �
 ��]�v[.E " �
 
�%� ���)I)HG 6��

 +*7n!� �n"�-& K2O'
-4�nS |n!` �
 �n�1 
�*
 +�n"%� 6*
 	M�� Ba/Th �n�%�� �
 	n"a�& �n� .Ba 1 ��S8�n"�� 6-cn $ 

'��A 94"%P �
 +G �*,�� �. 	"* 0-X4�*	�)� �H 1 6
��8 ��
 	nn"*]��.[�4nn"%P 61� �4�nn)� �nnH ^nn/%P �nn. ���nn( �

 �� ',�*�1-
 �"%��!A* -[� $ 
%/Ba 1Sr '��/ 9#!"1 �& 6�n�
 	�)� �H 8* ',/ _4)� k%nS �n& �n"%��!A* 94"%P 1 �*,&G 6��

�4/%S �& 6����S�� ,!�%H 1 ',/ J�4 � 6*Ba 1Sr �n� a�n& -
, .]�g.[n& 	M�� �& �V%H �& E n" �
 -n[� $ Fn�* 6a� 6�n�

 �� -L� �& �01,!� 9�: � ���)I)HG '8*,S �. ,"� 9�: � 6��
 z1l 8* �"�-& 
�%� �4/%S k%S �)�& �n& D�n�H -nR* �
 �. 6*

'��/ -n[� $ 8* �',n�1�1-
 �n"%��!A* 94n"%P 8* ',/ _4)� 6��
, /�& �4
-S �)�� �	"* ',/ � b z�!�..

Q����F 
E nn" nn$%�5� ���)nnI)HG 6�nn����)nnI)HG 9��
 6�*1G�lG

 �.*-H -& J�4)� 01,!� 2� �����. k,�-!S-& 	�8,�G �	�8,�G
 68,�G 1+G F" �. , 4�� 	!"*
 �H 	�*8�& �& 1 �	"* F"%=* ��

 ,n��*
 _n#ZH 08*� ���)nI)HG 2K#�n�. .'
*
 D�n"* -n& 6�n�

 E " �z�!�. 1 �#[* -[� $ ���!�!/%=O a�n& ���)nI)HG 6�n�
 �K�G 6-" U7V�#A�� z%�X� ���!,�%/ .-n[� $ �*
%n�� �


 �n& 	M�n� ',n/ ��5 �& z�!�.E-MORB -n[� $ �Nb,P1T
��1 , 4�� �I � 6��5 �&�� 6*�*
Pb 1K	nM\� 6��5 �&�� 

�� +�)�, �
 .�ST�1 8* ,�*%/ F�* E n" 6�� ���n�S�� 6�n�
 	"* ^�*�1-
 _`� �.��%�� �.�; �
�� -[� $ +
-. ��5 �& �n�

 �, . �& 	M�� +�)� 	� � b k, �
 8* �� ��%�� 	;*% K� �S,/
LREE �& ������ �
 HREE 	"* .E " F�* �S,/ � b 8* ��
 -[� $LREE '8*,S ����4Y* F4
-S �)�� 8* �.�Y z1l 8* �n�

k%S �)�& �4/%S '��n/ �n& D��H -R* �
 
%; �. 	"* 6* 6�n�
 �n b @%
 z�!�. -[� $ 8* �',�1�1-
 �"%��!A* 94"%P 8* _4)� 

,�
%& ',/ .�"�-& �& �V%H �& 1 ���n�8 	n!ZA%� 7n!� 1 a�& 6��
 E " ���K� �n� �01,n!� 2� �����. +�&7!� ���)I)HG 6��-

E " �. ,!"� �5!4� F�* �& +*%H e�n!H��S�� �n& ',n/
�� 6��
 +*-n�* 9XI[ -�8 �& 2!4H%o� �"%��!A* 94"%P ^�*�1-
 8* �/��


�*
 ��*%��� 67.-� .

������R 
�G 8* 	���Y �& �)�1TP ��. F�* �. �5 3n�45� 9nM��V ��� 6��

 	n"* ',/ i�5�* 01,!� 2� ��,Z� 3�45� 1 ��){-" 2�
 �n� i8a *�� �Zn"%H 1 _n!�XH �%n�* i-n4X� 	�-�,n� 8* e!n�*


 2!n=� ���n"�A D,n �� 6�nAG z� V ��){-" 2� 3�45�
 D,n �� 6�AG z� V �3�45� F�* �Z"%H 1 _!�XH �%�* i-4X�

 1 �5 P ^HG z�n V 01,n!� 2n� 3�45� i-4X� 	�-�,� 7!� 
�n"� / F!n�8 ^n�& i-4X� 2!=� 1 �+�!I�-/ D, �� 6�AG
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*-� �����-!#$ ����!�G�+�� %#"�M$ +*-�* �"� / ���. 1 �"� /�%#& �#5� >g�

 -`�n; �n& ����n�� D,n �� 6�AG z� V 01,!� 2� 3�45�
e! . 6�*7("��" 'O1-P F�* i�5�* �
 +�/ �M��V ��� 6��K�� .

�SD�� 
]�[6,�Y* � �( "-
 �%P.�"	!��Z
 i7!�� �
 �"�-& 6��

���)I)HG eY*7� '%.)B&�&-�/("�+���P �,/�* �"� /��. ����
�+��-. - ��& ,!�/ '�()�*
)����(�gg �XI[ .

]�[i ����* .�'“+*-�* �
 e�!H��S��”�F!�8 +��8�" 1 �"� /
�%). ��,Z� Q�
�)4.*�+*-�H)���t.(

]�[�� 6-�81 F!Z� “������H �
 |:$ �:�� , {
+*-�* ����S��%�%4KH”��� #c
 F!�8 i%#$ �)���� (>t�v�.
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