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;�.D� 2�l��,1A.&� �7 �41OPQ �I��( kY'& I%�
( ;$W # I�41�,� ��l.�:�)��,� �,$? .

OPQ��,$%. 
$:8�� �4�Y'& ��41")+� 2�&$%� 1
�, �0.89� �. :�!)'7 �*W.> 6�7 �> "�.7 ;����4)M,# !, 1

")�!�&1*+N ,� 2]  � I�)'4� .,�Y'& ��3N�,.> !, �> �4
OPQ�& !P>.)�8�/? ��z&)/� � ���*+N )�PK��.4 # ")( I)�,

�, �0.89� I> �. :��%� I*( �7 ,� �41Q��  �7 �:&. �.�R
$7 TU�'� ���7$F 6�7 �� �> ")( ")�!)'7 ��,#,$� �7 ;���

��� ")���&$%� # "��7#� �./KN xB.� # "�$> on? )�.(��41
)& �)V:��8��.&�& ��:�Q, � N#)�$/> ��:�$& ��� :�2#)7 

�N  � �� $ N 2,3 ��: Y'& -.�41� ")( 2�73 )�,)I*(��(.
, ��'> ���OPQ ���,$%. 
�41($7 TU�'� �Y'& ��41�7�+� �

� � �7 ",$84 �> )��,� �.B# 3��.�
6�7 �� # "�.7 �4�41
!�$�,� ��E�41�?�# ,1� �,$? �% )�$ .,�Y'& �2�&$%� �4

")(,! # )�,�2] 6M, �4& �./KN �7 �l�8: 'F J��& !,  / `

&, �:�7,# ..5�,1$D�'0 !, ")�] 
&� �7 REE� "#$% #� 3

OPQ !, ;#�d:���,$%. 
� X�+� ��n'� �� ,� �4�)''> .�E
7 �7 "#$%���9'41$�'0 
K�� Eu� "#$% #�7 �7 $5���9'41

d'��$�'0 Eu ]eq[.'W �,)R� �1�, ��  �. 
�41A$F 
� O#$� 
&, ")( [�,3% 3]e<[.

�����	7�
�� ���
��.8��41�4)M,# 15'& �*+N  ")'4� I1�, �0.89�  �. :�
! )'7�[#� �7 ;��XRF39N ��.� ��:� # )�)( ��{"�,��41
39N��1( 8 ���/D, $D�'0 �0$� #�J#)B �� e"��#] 
")()�, .&�$7 ����41,)B ��8%�� 6��
��K84 �� �41��] ��

��
K�� !, 2,.NFeO/(FeO+MgO) �$> "��d:&, ]e=�e|[.
,��#, �� 
K�� � .�#$7�% ��41#$7�% 6�7 ��!�$��)��.8�

�� (�7 Z�Q �� �)uw/�(��M �� 
&,�� �> 2] 2,3��.8� �� -
�41�4#$7�%#$� 1#$7�% 6�7 ����?.� �"$:�% �� 1V� '�
7 ��u/��N��/�)��.8��41w�u(OPQ �� #�%.�,$ 
)��.8� -

�41�����(7 ���/��N��/�� �,$? �% �$.,��� 
K�� �
OPQ��,$%. ��.8� 
����� �/�
&, �� ;#�dN $5��+� �> 

OPQ "�5:&�R��,$%. 
��n'� �� �41&�$7 ��.� �
&, .
,3�,�� 6 , 2,3�T�, �7 �.VD �� 
K�� ��41��?.� �2.:& 

�, �. :�,)B �7 �, x&�':� �8%�� 6
&."�,� )'W $4�41�7-
>�R ���� $D�'0 !, ")�] 
&���4#$7�% �� 12.:& Y'& -

&�'(��, �. :��8%�� #� �.B# $5��+�1:�,!�7 ��'V�"!,)% 1
:�,!�7�4�� �7  'F 
�!,>�R ���� $D�'0 �EK& REEs 


�,!�7�41"��? 2#�� ,1(#"!,)% 1�� !, $LREEs)
�,!�7 -
�41�.8V� �MORB(:�4 )']|["�,� ��41,�64#hQ �

��+�$5�,3�, E��.80 6�Q N ��4] !, �:&. ��: ���,# # -.�-.
� �� 64�> # � # -#$> 2,3 �4#$7�% !, I*1!�$�
8& �7 �

�4#$7�%1��?.� �$& �� 1Y'& :R�'(��, �. :�!)'7 �;��
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����7$? xB�"�,! 2,$�, �&�'( ���> # �&�'(�./7 �/9� ���

,)B �7 ",$84���> 6��41�#,  .�Q # � 'F ��>#$�'� !,  3�\
,)B ���N 6�)�9�
&, �8%�� .� ;��K0 �7���8N $5��4#$7�%
J.�S�,)B �6�./7��!,�k"!,)% 1�N $4 2#)7 )M,#  $

���%���>$N ��  ( x 8 ���)':�4 .� 2,3Mg.(Mg + Fe) 
�4�8%�� ��1:�,!�7 �"�5:&�R �7 MORB �7 J��VN �� �> 

�#, .��KB �,1"$:�% �� )':�4 1pq/q�Npr/q� �,$? �% �$
]e} �rq[$�N �> �$& �#$( �n�� �7 ��K1,)B �+���n'� 1

&�$7 ��.���,.�84 ���,� .� 2,3TiO2� !, 3e}/q�� )D�� 
�#, .��N �4#$7�% �r</eq,3�, �4#$7�%#$� �� )D�� �� 6��)7�

,)B $5��+� �>�)( 6�N ) ��: ��� IM,$� �� -.��# �./KN 
*+N ��> I��41,�'8/ N # 
 :'5�.��: 
&, #$7�%#$� �� 
.��

,)B )�#��+�Q �:&.1� ")( ")4�+�  $D�'0 2,3Na2O#
K2O� # 2,3SiO2�7 
K�� Mg/(Mg + Fe)� Q 3 �7 �:&.

��?.� �.n& 
8&��, 2.:&  �. :�,3�,�� 6��)'7�)I*(s.(

��!(-�:� �"�,� {�4139N ��1( 8 ���Y'& �41*+N  ")'4� I1�, �0.89�  �. :�!)'7 �39N [#� �7 ;���4�5:&� ��XRF .#$7�%#$�1
")( 2�&$%�)���(#$7�%#$� �1\��& )w�u(#$7�% )'/K��.4 �)���(#$7�% �1��?.� 6�7 �(#� �)���(#$7�% #1! 6�7 �(#� �$��)�(#$7�% �1

�.8V����?.� 6�7 �)��(�.8V� #$7�% #�! 6�7 �$��)�����(�.�#$7�% ��
)�w(�#, � .��#$7�%)�u(�.:>#$N � 
)��(,� ��� E�!�7�1)���
��(OPQ ���,$%. 
)�����.(

Sampl
ewt% � � w u � � � � � �� �� �� �w �u �� �� �� �� �� �� 

SiO2 �/w� �/w� �/w� u/w� w/uw u� �/uu �/u� �/�� �/�� �/w� �/w� �/u� �/u� u/u� �/uw u� �/�� �/�u �/��

TiO2 �/� �w/� ��/� �/�� ��/w ��/� �/� �w/� u�/� w�/w �u/� ��/� w�/� ��/� ��/� ��/� ��/u ��/� ��/� ��/�

Al2O3 �/�� �/�� u/� u/� w/�� �/�� �/�� u/�� �/�� �/�� �/�� �/�� �/�� �/�� �/�� �w �/�� � �/�� �� 

FeO ��/�� ��/�� �u/�� �/�� ��/�� �/�� �/�� ��/�� ��/� uw/� ��/�� w�/�� ��/�� ��/� �w/�� ��/�� �u/�� �/� ��/� ��/�

MnO ��/� �w/� ��/� w/� ��/� ��/� �u/� �w/� ��/� �w/� ��/� ��/� ��/� ��/� ��/� ��/� �w/� ��/� �/� ��/�

Mgo �u/� �w/� ��/� ��/� ��/� ��/� �w/� wu/� ��/� ��/w u�/� �w/� ��/� �� �u/� ��/� ��/� �u/� w ��/�

CaO �u/� w�/�� ��/�� w/�� ��/�� �/�� w�/� ��/�� ��/� �u/� u/�� ��/� �/�� w/�� ��/�� �/�� ��/�� �u/� u�/� ��/u

Na2O �/� ��/� ��/� ��/� ��/� w�/� ��/w ��/� ��/u �w/� w/� ��/� �w/w ��/� u�/w ��/� �/� � ��/� u�/�

K2O ��/� ��/� ��/� ��/� ��/� �w/� �w/� �w/� ��/� u�/� �w/� ��/� w�/� ��/� ��/� �/� ��/� ��/� �w/� �/�

P2O5 �u/� �u/� �w/� ��/� �w/� �u/� ��/� �u/� ��/� ��/� ��/� �u/� ��/� ��/� ��/� �u/� �w/� ��/� ��/� ��/�

Total �w/�� ��/�� ��/�� �/�� ��/�� �/�� �/�� �u/�� �/�� �/�� �w/�� ��/�� ��/�� �/�� ��/�� ��/�� �/�� �/�� �/�� �/��

Sc �� �w �� �� �� u� �� �� �� �� �� �� w� �u u� �� �� � �� �

V ���u �u�� ���� ���� ���u �u� �u� ���� ��� w�� ���� ���� ��u uw ��u �u� ��wu �� �w� �w�

Cr � u� � � �� w �� �w �� � u �� �w� ��� ��� � �u � ��� �

Co �u �� �� �w �� �w �� �� w� �� �� �w �� ��� u� �� �� w�� �� u� 

Ni �� �u �� �� w� �� w� �u � �� �� w� �� �u� �� �u �� u �u �

Cu �� �� �u �� �� u� u� uw � �� �w �� w� �� �w u� ��u � �� �� 

Zn ��u ��� ��� ��� ��� �� ��� �u w� w� ��� �� �� �� �u �� ��� w �w �

Ga �� �� �� �� �� �� �� �� �u �� �� �� �� �� �� �� �� �� �� �� 

Rb � u � � � w � � � � w � w � u � u � �� �

Sr ��� ��u �� ��� ��� ��� �u� ��� ��� �w� ��w ��� ��� ��� w�w ��� ��� u� w�� ��w

Zr �� �� �w �� �w �� ��u �� u� �wu �w �w ��w �� �� �� u� �w ��� ����

Nb � � � � � � �� � � �� � � � w � � � u � �� 

Ba w u u u �w � u� u u� �� � u u� �u �� u �� � ��w ��w

Pb � w � u � � � w � u � � � w� � u � � � �

Y �� �� �� �� �� �w �w �� �� �� � �� �� �w � �� �u 
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)/B��"��8( �u�2�:��! �w�� Y'& �&�$7J�& # �8 (.ZO ��&�'(�0.89� �Q.N#3�, �9'&1. . .���

<4
B"�,��41( 8 ���39N !, ID�M ��1( 8 �����.8� �415'& ��0.89� 1�, �. :�!)'7 �;�� .� �>, 2,3 �7 �4) $�D�'0 # )�D�� ;�.D
�7 ;�.Dppm �7)�)( �:�$% ��>.

��� �	��C�� �� K-Ar 
9'& J�&�&�:Q [#� �7  \�#� 2.%�]1���.8� 1!, XR�( 

�4)M,#1�0.89� ~/:�� 1,� �. :�!)'7 �3>$� �� ;��
,�Q.N#3�N.% "�5+�,�  !, "��d:&, �7 �2�8�] �5'�{'& -$B E

!�%1J)� VG 1200 C)( -�9�, �., ���[#� !, 64#hQ �
"���]!�&1���] # , 3�Q.N#3�]re[7 !, # N. ,$7 ��,)��:&, 
1
�B��)'71��,)��:&, [#� �7 "�5:&� HD-B1 )( "��d:&, 

]rr[.�,)���,� 2.%�]��O. �7 E[#�]rs["!,)�, % $1# �)( 
� 2] �& [#� �7 3�41��,)��:&, ]r<[
�$% ;�.D .&�:Q \

� �/V( {'&�.� �7 3,1J)� Eppendorf Elex 63-61"!,)�, -
% $1)(., ���,$( ���'& ;�K&�S��,�,� 1$_�x

8U, 2�'��
&, )D�� ."�,��419'& J�& �J#)B �� �
")( "��#])�,.

"�,�Q �4 + J�& �9'&�&�:Q [#� �7  \�#� 2.%�]1
��.8��41�0.89� 1�, �. :�!)'7 �;��]|�}[,�,�1�P:R,

!���1�:� �7�84 �7 ")�] 
&� �7 { , �� [#� ��64#hQ �


&, .�&�41<±es< �N�±�u�� / J�& 2.,$7 1�4#$7�% 1
!�$�# �u±����Nu±�w� � / 7 J�& 2.,$1�4#$7�% 1��?.��

#�1��> ��414)'/K��.OPQ #�&�$7 �� !P>.��41Q + �]|[
7�
&�]j+N $5��+� �i )�)� I�0.89� 1#$7�% ��"�#� �� 1

�&�N$i!�$�
&, �.�& �:K�,�41#� ")�] 
&)7 1,��E�41
��!�7�184 ��  &�$7 ���41�±���N�±��� / J�& 2.

")( [�,3%)�, .,��d�.�  V& ��"�$> , �N )�,�! �P:R, ����
'&�,$� �7 ,� ��4)'1( 8 �����$% #��#� �> 1�7,#� 

&�:Q \�%�].OPQ �� 2���N �4!P>. � $�B.N )��,g% )''> �.
"�,� ���41�&.N ")( �Z,�, ]}[� 3d�] �& KJ.�41�4#$7�% 
$U !,�TJ�& 9'&�&�:Q  \�2.%�]�w� �N ���Y'& �& #-

�41���.�:�OPQ #��,$%. :���� �N ����%� �& #�41
�,$% :����N��� / )�)( �K&�S� J�& 2..'y84  ��&

x/F,�]d J.K�47 ��w� �N �uu� / J�& 2.VN  )�)( �.
, ���"�,� ��4�7 �& #� ;#�d:� ����� #uw�� / J�& 2.

OPQ !,��4!Pi.1�� �.B.� �4#$7�%1l��,1#,�Q#$N#3�#
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����7$? xB�"�,! 2,$�, �&�'( ���> # �&�'(�./7 �/9� ���

�%��4185QN� : �#$7�% ��# �i ,�4#$7�% )M1l��,1on? ,� 
��� )'> 37�
&, ")�] 
&� .Y'&�41���.�:�� �& 3�41

��� ���� ����� / � 2�+� ,� J�& 2.�)'4�.
9'& J�& ����41,�64#hQ �#� �> 1��> ��41

OPQ�d�] # !P>. Y'& J.K�
�$% ;�.D �4,$7 1%�4#$7�1
�.8V��!�$���±r/}p� / ,$7 # 2.1�4#$7�%#$��/�±�/�� 

� / �7 J�& 2.)�)�] 
&� .,��:� ��"�,� �7 {�41�7")�] 
&�
 �&.N]r=[#� 1�4#$7�% 1� ��n'�  $��,.�84 �P��> 3�# ��,� 

*+N $5��+� �:&.Q 2��! \4 I1?, &.���, �� ���n'� #� �
"�#� ��1l�7 �&�N$> ��
&, .,� �&�E�41��!�7�1!,

�±�/�� �N �/�±�/��� / 2.Y'& �& �J�& �41�.:>#$N  :�
��±�/�� #�#, .�#$7�% ��/�±u/�u� / 2.��.8� �& # J�& -
�41OPQ��,$%. � 
 3�/w±w/�� �N u/w±�/�w� / �7 J�& 2. -

)�)�] 
&� .�:��J�& {9'&�#�1Y'& �41�.:>#$N  :�#
,��E�41��7�!�1"�,� �7 �41d�.�  �:(g% �]|�r=[x&�':� 

*+N $5��+� # "�.7 , I�,� ��E�8%�� !, �41�, )M,#  �. :���
,)B ~/:�� IM,$���8%�� 6��
&, .��.8��41OPQ ��,$%. 


)��#��(,�,�1"�,� �7 �> 
&, "�.7 ;#�d:� �& #� �41
,$SD��( # 8 ���,�64#hQ �>�R ���� $D�'0 #�]|[

�,.�84��:(,� ,�,� #1)'N#�d:� "�5:&�R .

����� � D/� 
�4�����> �.fM1N [!�, �7  ��: , -.�_$� � � �.B# �7 ,� ��-
�8%�� �> ��#]1�, ����  �. :��0.89� 1!)'7 �A.'B �� ;��

N $�'0 !, @.'�> ��: 'F -.�
&, "�.7 .�, �. 
�41'F�!,
Ti�! $b� !,  ( � 8 ���Y'& #:R�'(�! 
4�K( ���1�7

�_.M�41/D, �?, &.���#��_.M ��41&.? 
+Q ��:(,� 
� IM,$� �� �> ����Q �N ����%)(!�7 ��_.M �41&.? 
+Q �

,�� ��9���M �� )�.(��� �,.�, �>  �4�8%�� �./KN !, 2] $���>
!�F] IM,$� $5��+��%)(!�7 ��� �.B# �7 )':�4 �]�)']e=�

ep�rm�rp[.4�� ^�.N 
 :�&�:Q \>  # !, \�%h��41�.80 �
Y'&�41$&1�8%�� ���0.89� 1Y'& :R�'(���n'� 

&�$7 ��.���:� ",$84 �7 �> 
&, �J�& {9'&�_$� �7  �1
�_.M [$:�%1?, &.�����?.� �&�N$> 2��! �� ��,.�84 �

��,� ./0�\F� �N  !, `Q ;,$�./KN �Y'& �#, 
��7  �1��] ��
�7 �� ��1!,Y'& �41�, �0.89�  �. :��P��i # ")( �dM 

�+N 2�j�, �4!�� X1�:(�K�,,1�:(�K�, ��Q #,1#:� ��  �9
VN  ����K�� 1�./KN ��,� �.B#.,����7
2�+� �4��)'4� �i 
�#, .�# �OPQ��#, !Pi. !�� ��4��)':�4� �./K:� �i �.(�)�

`z&Q �i#$�Q �� # ��2���i  ��1d�] # J.K�i,  )1�4] �
N ��: -.*+N I��.(�)., )4,.(���
(,�$7 �.fM�4�./7 1

H�37OPQ �Ij(�.R !Pi.� �N  �8Ij(�.R �Q �i#$��41
� �&.:� ��> �.fM `z& # I*( �.R �8��41d�]  # J.K

�>, )1�4�f� �� 17 �./7 �1
&, .
��7
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