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Type G B B D B D B D B

SiO2 jj/dO dO/dO Pd/OP jd/dd OP/O` ik/dd yP/dy ah/dd Oi/dk
Al2O3 `a/ak `a/Pa `h/P` `a/yk ``/yP ``/ka `P/a` `O/`d `P/jP
Fe2O3 P/`y a/Ph a/ha a/jy a/`` a/yy a/ad a/aa P/yj 
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Na2O P/PO d/hd O/ah a/Ph O/jh a/PO O/ji P/OP d/ad 

K2O h/`` h/h` h/hh h/hj h/hP h/hj h/h` h/ha h/h` 

TiO2 h/kP `/Oy `/d` P/Pd `/Oh P/Pi `/ja `/ji `/Pk 

P2O5 h/hk h/PO `/kP h/aa h/Pi h/ay h/ad h/Pj h/Pk 

MnO `/yh `/di `/`P P/aO `/aj P/`P `/ja P/Pd `/ak 

LOI P/Oy k/yO O/Oi P/ .kh k/ay P/d k/hi P/a j/hd 

SUM ik/a iP/i iP/k` ij/ki iP/yP id/aO ia/`d ij/kd ia/`O
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Rock 
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La `/`a P/iP d/P` a/Pj a/Ph d/`k a/yP a/hd d/hP 

Ce P/yy y/`a y/Pa i/iy y/Oj `P/ai i/Pa y/iP i/ki 

Pr h/Oj `/dP `/kh `/ji `/Oa P/hi `/ki `/kd `/k` 

Nd P/yO j/ha j/ji i/`d j/ah `h/`j y/aO y/ki j/yy 

Sm `/hi P/ad P/aj a/`j P/Py a/Pk P/Oi P/yk P/aP 

Eu h/di h/ya h/y` `/hy h/ji `/`j h/hi `/ha h/ji 

Dy P/`k a/ij a/kd O/dO a/Ok O/Py d/hd O/hh a/ky 

Yb `/dy P/dj P/di a/Od P/dj a/Oh P/kj a/aO P/dh 

Lu h/Pj h/O` h/dy h/kd h/dk h/kd h/O` h/kd h/dj 

Y `d/`i Py/hk Pk/kP aO/dd Pa/a` a`/aa Pd/aP Pi/`P Ph/jj
Cs `/aj h/hd h/h` h/dh h/h` h/iy h/hh h/aa h/hP 

Rb `d/y` h/ja d/hj `/P` `/di `/jO `/yP `/i` `/dj 

Ba ki/hh jh/hh `ha/hh ``P/hh ``d/hh `PO/hh ``P/hh ``i/hh `hP/hh
Th h/hh h/hj h/`P h/ha h/`h h/hi h/`h h/hk h/`O 

U h/h` h/hy h/ah h/hO h/`h h/hk h/`a h/hd h/aa 

Ta h/`j h/Pk h/aO h/Pk h/aj h/Py h/Py h/Pk h/Pk 

Nb h/ay `/Oy `/dy `/Oi `/yk P/Oi `/ih `/id `/ik 

La `/`a P/iP d/P` a/Pj a/Ph d/`k a/yP a/hd d/hP 

Ce P/yy y/`a y/Pa i/iy y/Oj `P/ai i/Pa y/iP i/ki 

Sr `jP/ia ``y/ih yd/i` Pha/kh `ak/yj PdO/OP `PP/Oj `a`/dP dj/di
Nd P/yO j/ha j/ji i/`d j/ah `h/`j y/aO y/ki j/yy 

Hf `/PP a/OP a/ah a/kd a/yO d/ih d/P` a/dk a/d` 

Zr Pk.`i iy.aj ia.`h iP.da ia.jy `PO.`P ``h.Pd jO.jO ih/Oh
Sm `/hi P/ad P/aj a/`j P/Py a/Pk P/Oi P/yk P/Pa 
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���C 2" &#L+ �:#2"�3 �5 -%#2-$� �0�C#2$5 # 1LC 
ML5 9�:

�" <� [���C &,:�(� 0$���52% # �
2!C �NF�) C �
 ��} 9�:
�� /�,.

�:1�"�
� �5 -%#2-$� 6p��� ���"<� [���C 9�:
�� &,:�(� �$�.'� # �$�!C ��
2!C �0�C#2$5 �1LC 
ML5 -

 /�,.�� H$-(F )� 1�"�
� \o] 0
2�($" 1LC 
ML5 :�.,.0
)
H-/ �:� !"H-/ �I$� �F �)� �F ��1 % 9�:� !" <� [ �" # �)�

�r$F�� 2$$rF 8
��" 9),..C .��) � 9��$�" ����" �:1LC 
ML5 
&,/ �
NoF <#,$5) # �
2!C,�) .��)� ��$� J��B �	�" # 9)

�%) 8$�$	) .� ��(� �	�" 0
)�0�C#2$5 # 1LC 
ML5 �C ,:�
\: V�R
2�F&,/ � !R�� ���1,�) .�Io] ,[�� �" 1LC 
ML5dh

�
#)1 �" �T F �" ,[��9,] �� �R$C2F 2K� 1) �/ ��X 
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,!T����I/ �&������"�F ���� 4.%&1),3 �I$/ ZM # �%�./4.% # �(��" 9�:8$	�� 9�:. . .���

�$� �
�">�
�#�)2"E�%)�" #� !" �/�� # Q% �� <� [
�� &,
�� / .�/�� 9�:� !"�"���F H-/��$R�; HC�� �" 9) 
,/ &,
�,�.���C �" �(�" <� [ �" 1LC 
ML5 9�:� !" 9�:

&,/ ��%23� �$�!C # �$R�; ��$�
2% H$R7 1) �
 ��},�) .
�)27 0�C#2$5 9�:� !" HX)� �� 1LC 
ML5 9�:� !" ��t"

��	23,�) .��)#)2	 �" 0�C#2$5 ���Cah>PO�,[�� v51)
�)#)2	 1LC 
ML5 D1�� 6p��� �� � T � � !" 0
2F)�%.0
)

�" ���CH-/ <� [�%) &,:�(� H"�7 6p��� ���IF �� �)� .
,$�C)�� )� 0:; 9�:�" �) F ���C �) .+�,C4.% 0
) �� �:
�2" *�� �#,] �C j�� H$-(F )� 4.% �Io] ,[�� ,:� .0
)
 ���C2�($"H-/ �I$� �)��%)1LC 
ML5 0$" 9��	 #9�:
�.$�1 25 )� 2C�%) &� .���C9�: �,C�" \: 6p��� 0
) �� -

�" \: # H���� ���C <� [&,/ &,
� �:� !" �� c�X�) <� [-
,�) .2�($"���C 0
4.% 0
) �
 ��} 9�: # �$�!C ��
2!C �:

���C # 1LC 
ML5 ���%23� H[�] �C &� " 0$���52% 9�:
 ,.��: �I
N$.�#2	)H-/a<���A .(���C ���) � �X2" �� -

���X 9��	 �
 ��} 9�:�� 25 )� 4.% ,..C .0
) J��B �	�"
4.% �� 1LC 
ML5 N
� 9�:� !" � T# |2t� �C &� " 8$�	) �:

�%) 0�C#2$5 v.T 1) ��"N$� 8
 ]�[.A�% # 91�"�
� �	�"

�%) &,:�(� H"�7 N$� 8$�	) .��)1�" �5 -%#2-$� 6p��� �� -
���C �(��" 9�: ��$�!C �0�C#2$5 .$!C �1LC 
ML5 9�:

 �
2!C�� &,:�(� �$�.'� #� / .�" 6p��� 0
) �� 1LC 
ML5
&1),�) �� � !" N
� <� [90$'��$� P/h>`/h�!$� H"�7 2��

�#,] # �$�(F dh&�)� ��=�X) � X �" )� �Io] ,[�� 
�%) .��" # �
#��T ��%� ���] �" 1LC 
ML5 ��1 % 9�:� !"

 # ��N"�"�	�" �!";�� 3�� &,:�(� ,� /)-/Ha�.(0
) ��
���C �	�" ��!-%) 9�:)���X F (�.$�1 ��9�($/ � T# 9)

,��)� .��)1�" �� � T � 0�C#2$5 .$!C�" �(��" 9�: &� " H-/
��%� 9�:1LC 
ML5 0$" 9��	 # �%) �
M#) z � 1) 2�($" #

�%) &�2C 25 )� �
#��T .��t") �" �$�!C`>k�!$� �" # 2��
���F <� [ �I$� # 9)H-/�)��%) ���%23� H[�] �C 

�%) �
 ��} # &� " �:1LC 
ML5)H-/a�.(�$�$.� ���C
 �F 2�C),]O4.% 0
) �� � T � �+2	 ���C ��Io] ,[ �� �:

�" 2�($" # �%)H-/ �I$� <� [�� &,
� �)�� / .�" �T F �"
4.% ,:) / �� 0�C#2$5 � �] # 0
 $�) # 0$!?� � R� # 9��'�
��� ���IF�� ��5 -%#2-$� 6p�� I� �?3 �) F �� � 9�:

,.��: ��$g� F z � 1) �%�2" .

B5
DW�) (�" &,/ ��
2!C 0�C#2$5 1) �5 -%#2-$� 2
 =F �w!5 HwC�� �w" 1LC 
ML5 &)2I: �� 8$�$�.w% #2"�w3 .A(1) �5 -w%#2-$� 2
 =wF
�" 1LC 
ML5# 0�C#2$5��)� ��$� # 8$�$	) A�% �	�" &)2I:1�"�
� �� 9).�(�w�)� ��w$� �w	�" # 0�C#2$5 # 1LC 
ML5 �5 -%#2-$� 2
 =F # 9)

 �w�	23 �)27 1�"�
� �� I� �� 0�C#2$5 v.T 1) ��"N$� 8
 �� 1LC 
ML5 9�:� !" �	�" 0
) �� �C 8$�$	) ,w�) .<:�w�
2!C 1) �5 -w%#2-$� 2
 =wF
 1�"�
� �� 1LC 
ML5# 0�C#2$5 �,/ .�(-$� 2
 =F �$�#2-$� ���$� 
�)# �	�" &)2I: �" 1LC 
ML5 1) �5 -%#2 �w" �w� I� 0w
) �� 1LC 
ML5 9�:

�� 3��	�
 S
)�; 9)��(� �C ,�) ���C # �%) ��N"��" ���] 8
 &,.:��,C ��)1�" �� )mmO/h.(
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9,I]) �*,�� 9�,o��)2
) �%�./ ���C # �%�./� !" �!o� ���


��
��� 
��)1�" 4.% ��: v$!$% 1) 2$�	 V��R�� �91�" ���(?(F; 9�:

)SiO21) 2�IC Oa,[�� (Q% �� �),�� �" �SiO2�#,] Oh
\
N$.� 1) �.B # ,[��)1) S$"O,[�� (,.��: ���#��

��)1�" ��t" �" v$!$% �),�� z�R/) 2$B 9�:dh�FdO,[�� 
��,%� ]`h[.�� I� �� 0$" v$!$% �)N$� �%�2" �� � 9�:
dO �F OP�%) .�"��)1�" \
N$.� ,$�C) �),�� &#L+ ��$�" �:
r�� �" �%) 0-I� # �%) 2$PO,%2" \: ,[�� .2=.+ \
N$.�

�" �C �%) 9��31�% �![) ���C �.t
 0
 $�) �� � =X
�$F#,
25�� NC2I�� ��/ 3 9�:� / .H])2� �� � "N� ���C

�$�#)9�I3�� � !RF �� 2:�� � !" �/�� <� [ �" 91�" 9�:-
� / .0-I� ��)1�" 8
 �� \
N$.� ,$�C) ��
1 ��)#)2	 �%)
���(���/ 3 &�'�%�X 1) V�I$���� ��)1�" �C ,/�" �; 9�" 9)

 2" 0
 $�) 9�:� !" �/�� �; �� �C �%) �
�I3�� �
 &,�; � T#
 ��)2��%) *�'.: �" �
 �
�I3�� �N�� 8
 1) �-$��-� 8$-?F 2})

 �%) &,/ NC2I�� �; ��]��[.�� I� 2�C)�" �: 0�/),� H$�� 

�" 8
�N� �I
N$.� �,+ �$�#) 9�I3��)ki�FdP(2
���� #
Q% ��6.24wt% MgO = �Ni = 109ppm#

Cr = 371ppm �� ��(� �" 8
�N� �
�$I$/ 2K� 1) �C ,.:�
 q
2?F c =f� # &� R� �$�#) 9�I3��9� !" S
),T ,.��: 

]`P[.�� \
,% 9E�" V��R�� 2
���� # \$%��5 0$
�5 2
����
�� I��� �%�2" �� � 9�:4.% 0
) S.C)# �o$�� ,�) F �" �:

�; W$?X �,/ ��$!$Y%) # �
�� A;,/�" �: .�"�),�� �!C � p
&��7 qp�.� �� * $���$F ,$�C) �% ��$7) qp�.� �" �R�� 9)

�%) 0$
�5 .�" �R�� N$� �% 7 2
)NT �� * $���$F ,$�C)
Q$f� 9�: 2'
�0$�1 0$
�5 ��X�%�%) ]�����[.\%� �"

C) �)� I� \$�!C ,$��" �R���� I� �* $���$F ,$�C) �� � 9�:
A� � �" �%�2" #� 0
) 0$" �?.� �'��RI: # ,��)� H
�IF

 ��)� � T# ,$�C))H-/dW�).(��)#)2	 P2O5�" &�'�%�X
�� &�)� �R�� �(�" A#� �)N$� �
 �I3��� / .Ti�" ���%; 

c�] �� 9�:1�	 ���
),T��)1�" 1) �� 9�T �:) ��2$3 0

 c�] �� 9�:1�	�
),T0�C#2$5 # �$�.'� ���$F H��/ �:

,.��: ]��[.

B5
EW�) (�� I� H
�IF �\$�!C ,$�C) �" �R�� * $���$F ,$�C) <)2$$rF �)� I��� ��(� A� � �" )� �:,:� .A(* $��w�$F ,$�C) <)2$$rF �)� I�
 �� I� H
�IF �2?�	 ,$�C) �" �R�� ?
� # A� � �" )� �: �� ��(� �,:� .�(�� I� H
�IF �* $.$� �; ,$�C) �" * $���$F ,$�C) <)2$$rF �)� I� )� �w:

�� ��(� �?
� # A� � �",:�.
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,!T����I/ �&������"�F ���� 4.%&1),3 �I$/ ZM # �%�./4.% # �(��" 9�:8$	�� 9�:. . .���

2[�.+Ti #PD2f���� V��R�� �"��23 9�:,.
)2	 �" �R�� # ,�)
&2��39&���X� �
��� 9,.��$� b��] NR% ��$/ ]��[.

�� I� ��)� I� 0
) ��&2��3 �� �:99�: ��)1�" 0$" |�-/ &��7 
# 9)OIB 0$" �R�� �'��RI: # ,.��: A� � �" 8
�N� #

��)� � T# ,$�C) #� 0
))H-/�A.(C��� �� &,/ � !R�� ��:
 �$�#) H])2��
),T ,7�	 �$�$.� # 0�C#2$5 �0
 $�) H�� 

,.��: \$.$� �; .���C 0
) �" �:#2"�3 �� �:��)#)2	 &,
� 
�� ,� / .0
2�($"2=� �)N$� |Al2O3L5 ��M�:1LC 
�%.

�),��Al2O3�$/�] # �% 7 2
)NT �� 9&��7 c�t	 1) 2�($" 9)
MORB �� #OIB �C ���] �� ��%) �=�(��� �),�� 9)�)� 

�� * $���$F ,$�C) �),��MORB #|�-/&��7 �� # ��
1 9)
&��7 c�t	 �$/�] # �% 7 2
)NT0$
�5 9) �%) 2F]��[.2"�." 0
)

�� �)� I� 0
) ,�) F),T&,..C 9Q$f� 9)2" �" X 9�:
�%) ��X�% 0$�1 W!��� .,$
~F N$� �)� I� 0
) 1) H[�] x
���

&,..C9# �%) �!R7 x
��� ��.� H-/ 1) �-)d�(�%),$5�
�� I���)1�" �" �:Q$f� �" { "2� 9�: <�f?[ �#�� 9�:

�% ��$7) �� { "2�,� /$" �R�� �'��RI: #,$�C) 0
��)� � T# \$���$F ,$�C) # * $.$� �;.

2[�.+ �C ,.��: �
�:�)� I� �!IT 1) �F R-.+ 9�:�)� I�
�� �)27 &��?�%) �� � )� A�$IC,.:� .VE It� �:�)� I� 0
) ��

&�)� 1) 9)2" �
�,.C �
 # ��/ 3 9�: ��o.�"2C�&��?�%) �
��J$C2F 1) |)2f�) 9)2" �(o.% 67)# �� �C � / 4.% �$�#) 

�%) &�'�%�X .��o.�" 9)2" 6T2� J$C2F �% �!C � p �"
&�)� ��2CA�$IC 2[�.+ 9�:�9)2" �F R-.+ 9�:�)� I� \%� 

1) ,.F��R+ �C ��)� � T# :��/ 3 �.$I�F J$C2F9��$�#) 
A��/4.%9�: # ��
�,.C MORB . 2")2" �� �C �
�:�)� I�

MORB&,/ ��o.�" ,�)]`y�`j[�" 9)2" ���)1�
1,�; ��: # �:
4.%��% 5 9�: 9))4.% �C �
�:MORB�� ,�) F&�'�%�X 

,/�" ���; (,.��: J%�.� ��$�" .2[�.+ ��:�)� I� 0
) *�IF ��
&,/ JF2� 9��31�% S
)N	) b�%) 2" �%)� �" �� 1) ,�)]��[.

�F R-.+ �)� I�)��/ 3 �" �R�� &,/��o.�"9�$�#) (0$'��$�
4.%)1�" 9�:�" �%�2" �� � ��� 2[�.+ �� �?.� 9��o.:Ba, 

K, Nb�" #2[�.+ �� �R�� 9��o.: U, Ta, Hf 0$'��$� �

4.%�" �%�2" �� � 91�"�
� 9�: 2[�.+ �� �?.� 9��o.:
Ba, Nd, Sm�" #2[�.+ �� �R�� 9��o.:Ta, Sr, Ti #�$N

�� I� ��9�� � 9#2"�3 �%�2" �"9��o.: 2[�.+ �� �?.� 
Th, Nb, Zr #9��o.�$"2[�.+ �� �R�� Sr, Hf  �� &,
�

 � /)H-/O.(��#2[�.+ 8� C ��R�� �R�� 9�: 9��o.�$"
HFS)Ti, Zr, Ta, Hf (&,.:� ��(�9�R�� �3,/ �.B 
2[�.+HFS 2[�.+ �" �R�� LIL �� &�'�%�X��/ 3 9)

{ "2� 9�:�I3��)&�'�%�X 9�:�I3�� &,/ ��F 9) ��/ 3 
A� � (�%) .�"* $���$F 9��o.:�"�!$%#9���C ���$F 9�: �)�

�� c2�.C �$�.'� ���$F # �$.I!
) �0?%) ,.���� / .S
)N	) �"
���C �$�L] ���(	���$F 9�:�� S:�C �)� �p 0
)2"�." �,"�


���C 0
) �@�I+) �� �(�" A#� ,.
)2	�� �: <� [ �" ,.�) F
 # ,.��I" �7�" �T2" 1�	�"� 9��o.:�" )� * $���$F �?. � T#

 ,��#;]Ph>PP.[�" 2'
� |2p 1)�� * $���$F �?.� 9��o.: -
1) �/�� ,�) FS
),T 9�:,$�C) 0
� !" Ti-Fe  ,/�"]Pa>

Pk.[
�3�1) : 9�:,.
;2	 2$}~F �fF 2�IC A�$IC �C�X 2[�.+

�� �)27 ���%23� #H$�� 0$I: �" �,�2$39)2" &�'�%�X 0$$tF 
4.%2"��C �:,��)� �R%�.� �.0$$tF 9)2" �:�)� I� 0
) 1)

4.% &�'�%�X��u.� 9�:�%) &,/ &��?�%) �%�2" �� � 9.
�ZNT 2[�.+ 0
2F,$?� 2[�.+ 0
)�; �%�2" # ,�) �2"��C �:

4.% �� �I����)� �� 323� # �" %� �0
��; �%�./]���
��[.���
��F <�$ZNT �%�2" �� A�$IC �C�X 2[�.+ �K!B

4.%�%) ,.�� % ��$�" 0
��; 9�:]�����[.�� \�� � �C�	
 2[�.+REE�" �C �%) 2[�.+ 0
) �R�� �R�� <� [

LREE/HREE �� ��$"� / .�C�X 2[�.+ 9�: '�) �%�2"
�� ��(� �&,/ ��o.�" �
�,.C �" �R�� �C A�$IC �C ,:�

,�#� 9)�)� <)2$$rF �� I+ J$/ 2'��(� �C �%) 9� t[
4.% �3,/ �.B �C�X 2[�.+ 1) #2"�3 # 1�"�
� ���)1�" 9�:

��F # 0$'.% A�$IC 8R% A�$IC �C�X 2[�.+ 1) �3,/
��(5 ��)1�" �" �"�(� 9,�#� # �%) �% ��$7) ��$� 9�: 

)N-MORB ( ��)�)H-/k.(
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9,I]) �*,�� 9�,o��)2
) �%�./ ���C # �%�./� !" �!o� ���

B5
F��/ 3 �" �R�� &,/ ��o.�" ��),�� \C2[�.+ �F R-.+ �)� I� 9W�) 9)2" �$�#) (0$'��$�A ��: ��)1�" (� ��:1�"�
� (< # # #2"�3 (�#2"�w3
��)1�"�:1�"�
� # �: .
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,!T����I/ �&������"�F ���� 4.%&1),3 �I$/ ZM # �%�./4.% # �(��" 9�:8$	�� 9�:. . .���

B5
G�)� I� REEW�) 9)2" �
�,.C �" �R�� &,/��o.�" &,/ \%� (��)1�" 0$'��$�A ��: (� ��:1�"�
� 0$'��$� (< # #2"�3 0$'��$� (�#2"�3
��)1�"�:1�"�
� # �:.
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9,I]) �*,�� 9�,o��)2
) �%�./ ���C # �%�./� !" �!o� ���

� �  
4%" %H��4 ?I(� �(+�1����� �� 
��%�  ��� ���Rift -
E-MORB -N-MORB �OIB 

�R��Zr/Y�� I� ��t" �� �
#2"�3 # 91�"�
� ����)1�" 9�:
 �$R/E-MORB)�ZNT 2[�.+ 1) �C b ��$7) 2��" ��)1�"

&,/ �.B ��31�%�� (�� I� 2
�% �� #�$R/ �:N-MORB 
)&,/ 2$�	 �ZNT 2[�.+ 1) �C b ��$7) 2��" ��)1�" (�%).

�R��Nb/U 0$" 92
���� )jh>O(�� 2" �� )� 0
) �C �2$3
 �� �R��N-MORB �" 2")2" Oh�� #E-MORB �" 2")2" dk

�%) .�R��9�:, La/Nb,Sr/Y, Th/Yb, Ce/Yb, Nb/Y, 
Ta/Yb, Ba/Zr, Th/La,Ce/Y, Ba/La, Nb/Zr, Th/Zr, 

Th/Ce, Ce/Sr,  La/Yb Sm/Yb, �$R/ N-MORB 
,.��:�R�� #�:9Rb/Nb, Zr/Y, La/Sm �" 8
�N� E-

MORB �R�� #9�:Sr/Y, Ta/Yb, Zr/Y, Dy/Yb  �$R/ 
�"N-MORB  #E-MORB �%) .�R��Nb/Th�� I� �� �:

�" �R�� 92FE�" 2
���� 9)�)�N-MORB #E-MORB &� "
 �R�� #Zr/Y�Nb/U�Ce/Yb �Sr/Y �La/Yb ��|�-/ 

)&��7 �	�C9)(92FE�" 2
���� 9)�)��� I� �" �R�� �� � 9�:
H-/ ��%) �%�2")j.(&�)� 2
���� 9�: OIB1)]ah[#Rift 

1)]a`[�%) &,/ b�R�7) .

?
� %� 
`(4.% �:)2I: # �
)2f[ ,:) / ��$F#,
25 <� [ �" �:

4.% # ��)1�" �1�"�
� �#2"�3��)1�" H-/ # ��
�E 
�)� 9�: �: 
�" <� [&1),3�(��" 9�� ��(� 4.% �C ,:�8$	�� 9�: 

��u.� 9<2=��+ Io� �" ���")# ��";��)1�" # ��$� $	) 9�:-
<2=� ��u.� 9�:��)1�" z � 1) ��";��/� 9�: ��$� 9�:

 �% ��$7))MORB (,.��:.
P(�� I� �I
N$.� �,+ 0$" �:dP�FkiQ% �� 2
���� #

6.24wt% MgO = �Ni = 109ppm #Cr = 371ppm 
2�($" 0
)2"�." ��%)�� I� c) &,
) �I
N$.� �,+ �),�� 1) �:

 0$" �C �$�#) 9�:�I3�� 9)2"kj�Fja�%)]aP[,��)� �![�	 �
c =f� 0
)2"�."S
),T �
�I3�� @�F) �� 0
 $�) 0
� !" 

�� ��/�'�),� / .�" *1E 9�#;��
�� C 9�: S�" �C �%) 9)
�$� $	)�$F#,
25 # 9�) � 9�:#2"�3 H��/ �:�� C 9�:)�� 9
��u.�9&,(� &,:�(� ��"; <2=� ,�) � I.X� �%) 0-I� #

,./�" ��	�$� .
a(�� I� �� \
,% 9E�" V��R�� 2
���� # \$%��5 0$
�5 2
���� -

�� �%�2" �� � 9�:&,..C ,$
~F ,�) F 0
) S.C)# 9
4.%�; W$?X �,/ ��$!$Y%) # �
�� A; �" �:,/�" �:.

d(�R�� 9)2" 0$
�5 9�:LILEs/HFSEs #
LREEs/HREEs &,.:� ��(��:�R/ 9�
�$I$/ ZM 9�:

��)1�"��/� 9�: ��)1�" # ��u.� 9�:��$� 9�:�%) �% ��$7).
O(9�:�)� I� �R�� J$/REE)H-/k(��(�&,.:� E�" 9

�C�X 2[�.+ �" 0$'.% A�$IC �C�X 2[�.+ �R�� �� "
�%) 8R% A�$IC .,�#� �" &,/ ��
 9�:,�#� �0
)2"�."

3�� c��2� A� � 9�:�I )N-MORB ( �%) 8
�N�.

B5
J�� I� �� �),�� \C 2[�.+ �R�� �)� I��" ��
��� �� �%�2" �� � 9�:N-MORB �E-MORB �OIB  #Rift.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                            10 / 12

http://ijcm.ir/article-1-175-en.html


,!T����I/ �&������"�F ���� 4.%&1),3 �I$/ ZM # �%�./4.% # �(��" 9�:8$	�� 9�:. . .���

K:�%� 
[1] Hassanipak A. A., Ghazi A. M., Wampler J. 
M., “REE characteristics and K/Ar ages of the 
Band Ziarart ophiolite complex, southeastern 
Iran”, Canadian Journal of Earth Sciences 33 
(1996) 1534-1542. 
[2] Lippard S. J., Shelton A. W., Gass I. G.,”The 
ophiolite of Northern Oman”, Geological Society 
of London Memoire 11 (1986) 178.  
[3] Stocklin J., “Possible ancient continental 
margins in Iran. In: Burke C. A., Drake C. L. 
(Eds.) The Geology of Continental Margins”,
Springer New York (1974) 873-887. 

]d[b �F�R� �7; .z.�"�)2
) �%�./ 0$�1"���1�% <)��(��) �
� (C ��,t� <�	�(�C) # �%�./ 0$�1)����(� ����.

[5] Dilek Y., Newcomb S., “Ophiolite concept and 
the evolution of geological thought”. Geological 
Society of America, Special Paper (2003) 373-504. 
[6] Coleman R. G., “Ophiolites: Ancient Oceanic 
Lithosphere?”, Spinger-Verlag, New York 
(1977)229. 
[7] Penrose Conference (participants), “Penrose 
Field Conference on Ophiolites”, Geotimes 1 
(1972) 24-25. 

]y[* �")2�/ .�"�) s 3 ���� �%�./ 0$�1 �(�� �2/��";"�
b�$��`:POhhhh0$�1 ���1�% ��� (C �%�./K11 �

)`aja.(
]�[0$t�z 9,I]) �� 92
1#.�"4.% 9M �#2�5 # �	)23#2�5 -

��; 9�:0
"��)2�F \!t� �$"2F &�'(�)� <)��(��) �)����(� �
���.

[10] Albared F., “An Introduction to Geochemical 
Modelling“. Camb. Univ. Press, Cambridge (UK), 
(1995). 
[11] Frey F. A, Green D. H, Roy S. D., “Integrated 
models of basalt petrogenesis: a study of quartz 
tholeiites to olivine melilites from southeastern 
Australia utilising geochemical and experimental 
petrological data“. Journal of Petrology, 19 (1978) 
463-513. 
[12] Green  D. H., “Compositions of basaltic 
magmas as indicators of conditions of origin: 
applications to oceanic volcanism“. Philosophical 
Transactions of the Royal Society, London, Series 
A 268 (1971) 707-725. 
[13] Winter J., “An Introduction to Igneous  and 
Metamorphic Petrology“. Pearson Prentice Hall, 
702p, (2010). 
[14] Lotte M. L, Asger K. P., “Petrology of the 
Paleocene Picrites and Flood Basalts on Disko 

and Nuussuaq,West Greenland“, Journal of 
petrology 50 (2009) 1667-1711. 
[15] Hickey R. L, Frey R. A., “Geochemical 
characteristics of boninite series volcanics: 
implications for their source chromitites“.
Geochemica et Cosmochemica Acta, 46: (1982)  
2099-2115 
[16] Cann J. R., “Spilites from the Carsberg 
ridge“, Indian ocean. J Petrol, 10: (1969)  1. 
[17] Pearce, J. A., “Trace element characteristics 
of lavas from destructive plate boundaries. In: 
Thorpe RS (ed) Andesites“: Orogenic andesites and 
related rocks. Wiley, Chichester, (1982) 525-548. 
[18] Sun S. S, McDonough W.F., “A chemical and 
isotopic systematics of oceanic basalts: 
Implication for mantle composition and 
processes“. In: Saunders, A.D., Norry M.J. (eds), 
Magmatism in oceanic basins. Geol Soc, London 
Special Pub, 42 : (1989) 313–345. 
[19] Rollinson H. R., “Using geochemical data“:
Evaluation, Presentation, interpretation. Longman, 
Singapore, 353 p, (1993). 
[20] Bjarte H, Rolf B. P., “Magma Ascent and 
Crustal Accretion at Ultraslow-Spreading Ridges: 
Constraints from Plagioclase Ultraphyric Basalts 
from the Arctic Mid-Ocean Ridge“, Journal of 
petrology  49 (2008) 267-294. 
[21] Claude H., “Partial Crystallization of Mid-
Ocean Ridge Basalts in the Crust and Mantle“,
Journal of petrology 45 (2004) 2389–2405.  
[22] Glenn A. G., “The Influnce of Melt Structure 
on Trace Element Partitioning Near the Peridotite 
Solidus“, Contributions to Mineralogy and 
Petrology 147 (2004) 511-527. 
[23] Benothman D, White W. M, Patchett J., “The 
geochemistry of marine sediments, island arc 
magma genesis, and crust-mantle recycling“.
Earth and Planetary Science Letters 94 (1989) 1–
21.
[24] Plank T, Langmuir C., “ The chemical 
composition of subducting sediment and its 
consequences for the crust and mantle“.Chemical 
Geology 145 (1998)  325–394. 
[25] Elliott T.,  “Tracers of the slab. Inside the 
subduction factory“. Geophysical Monograph 138 
(2003) 23–45. 
[26] Wanless V. D, Perfitm M. R, Ridley W. I, 
Klein E., “Dacite Petrogenesis on Mid-Ocean 
Ridges: Evidence for Oceanic Crustal Melting and 
Assimilation“.Journal of petrology 51 (2010) 
2377-2410. 
[27] Luigi  B, Gianluca  B, Claudio  N, Franca S., 
“Continental Flood Basalts and Mantle Plumes: a 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

                            11 / 12

http://ijcm.ir/article-1-175-en.html


9,I]) �*,�� 9�,o��)2
) �%�./ ���C # �%�./� !" �!o� ��n

Case Study of the Northern Ethiopian 
Plateau“,Journal of petrology 50 (2009) 1377-
1403.
[28] Krauskopf K. P, Bird D. K., “Introduction to 
geochemistry“: Mc Graw Hill, Third Edition, 
(1976),  788 p. 
[29] Dufek J, Bergantz G.W., “Lower Crustal 
Magma Genesis and Preservation: a Stochastic 
Framework for the Evaluation of Basalt–Crust 
Interaction“, Journal of petrology 46 (2005) 2167–
2195.

[30] Sun S. S, McDonough W. F., “A chemical 
and isotopic systematics of oceanic basalts“,
Implication for mantle composition and processes. 
In: Saunders A D, Norry M J (eds), Magmatism in 
oceanic basins. Geol Soc, London Special Pub 42 
(1989) 313–345. 
[31] Rudnick R. L., Fountain D. M., “Nature and 
composition of the continental crust - a lower 
crustal perspective“. Reviews in Geophysics 33 
(1995)  267-309. 
[32] Wilson M., “Igneouse Petrogenesise“: A
Global Tectonic Approach. Unwin Hyman, (1989) 
466p .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

11
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://ijcm.ir/article-1-175-en.html
http://www.tcpdf.org

