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<=�- �- �>�� ?�-4��1@ "AB�� �- �%C���� D�� E4F�   ,�F5 -GF0�4�  �F0��- .     �F�0 �F$�45�4%� � �=����F�1IJ 8�FKC�B�

�� <=�- L1�: � M� N��! �=1�C�� � �&O�4��1�� O P=4Q: "O ���- ?F�� "AB�� D�� .      � ��5��F��0 4FM��! �F0�� D�� 4F� "FKC�B�

. "&=�A����> "%�1� 4=-�A� �� �� D�0 �?9& ��5����0 R���O 4M��! D��. �� �O�� �  <F=�- �F=� "O ?�    ���F> "%F�1� �F� �F� D�

"%$�= S=�.�0� .�� ��0 �� 8�KC�B�T�� �=� "O ��- ��� �	: "%�15 �� ��       �F� -1KFM ��F� �- "FO "F%$45 8UF�0 R�1� �9��

T�����> "%�1� D����� �-1C. D�. ?Q=� �� "&=�A� N��> V�� �=� �� � �0��� ��1�:� �- ��$����� .  

  

�4�7� 8�9��
: <=�-"%�1� S=�. �?�- 4��1@ ��%C���� D����1�:� ?Q=� �D�. 

 
1-  �"4*"  

W4! ��� "KC�B� -�1� "AB�� �C��� D��′ 00�° 37  �′50  �°36 �1[ �   D���F\ D�F�′30  �°50  �′00 �°50 

 ?�� ��� �>�� ,�5 �%�� E4� �-)N3� 1.(  

-�1FF� �-4%FF&5    ]FF>�� �>4FF� ���FF� ?�FF&> �- "FFKC�B�100000/1   �� �� �FFIG@ � ��FF� �FF>�� �-4��1FF@  

�� R1&_� �49C� �%\�� ���� -1F� . �F5�=� ��    0 ��-4��1F@ ]F>�� �F O D�F�  1F��\� -1F9   �FO4� �/�F� D�F�� ��=49

�� ��&=��-�� T�� � �-1� ��0�- � �=�1   1F��\� `Fa!� SFb� <�I���G� "� P K%� D��   �/�F� D�F� �� �F=�  �� "F>

�� N�3�:�-��.  

T�� �"KC�B� -�1� 2-��_� �-O �: �0��� <�����J �� "� �=��4�-4%&5 Sb� ��=4=� ]��:   �C��F� ]F��0 �� D�

 ]>��100000/1  D������ �� "O ��� N��� �� �-4��1@JK1  �Jks  ��� cb�� �0�)N3� 2.(  

 P[�F�� �- ��=� "� . ���� ���e�� � ?�-4��1@ D�%��� R1�@ �-     "FAB�� � f1���1F� �1FO» 4F����-4� «

<�. �� �Q=-� D��"=� �� ���� D4%&O�\�-1: �: i��0 D��� �?�� ��� j�%� � `a�� ?9&0 "� "O D��4-G0�   "FO -��-

 D������ ��JK1  �Jks   : �9=4b: �C�1: D�� 4� k�� `� ��� "%�1���0 8�1M "� �C�1: �=� ?�� ��� �-�- ��04  f�F=

�0�>1$- ����J�� ��4> �-4��1@ ��0��� ��0 "� �0��� <� bFl m=-� N��� "O -4�5� �1F /�O �� ��4    �F� "F=� `�bFl D�

"=� ���"=� � � �� D���� �C�n� D������.  

 D������ ��- ��� Jks  � ?�-4��1@ ���� �-JKl Sb� f1���1� �1O �-�� ��=- �0��Q�:. D��-1��  "O

"!1��� N���<=�- �� D�� �=���� �3��-�� ?$�� o�pK� � ���� D4%&O�\ �: �4�: T0� " ����)N3� 3(  DJ1FC�4%� "O �

T�� �=�?�� P�A_: �=� L1l1� ��.  
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 ;5(1 : ���?�-4��1@ "AB�� "� ��4%�- D��  

  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 ;5(2 :  D ">�� �>4� ���� D "�15 �- "AB�� ����� ���� ?�K>1�100000/1 �-4��1@ 
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2- �.�*=� >
  

���4� �1a�� "�<=�- D�� 4� �3=J1C�4%� D�� �F��4� �� r� �"AB�� D��    -��F� �=�4_FM D�F�30    "F� "F01�0

  F��43�� <F�O �� i��0 �BA� "�	: �� r� � ?��-4� �$�45�4%� 8�KC�B� �1a��3     PF�>- "FKC�B� -�1F� �G=��1F� s1

 ����� �0�O � ����� T����%$45 ��4>.  

 L1�: ��! "� "@1: ��"01�0 ���6 . � M� 4M��! � R�b%0� "01�0 t�� "� ��ICP- AES  � �!4$ 4M��! �REE 

 t�� "�ICP-MS  ��/�=���. �-SGS �: -�1� �-�0�O �1�O �- 1%0�1:=G��%$45 ��4> " .�-�-     �4F0 uF�1: NFM�� D�F�

 ��G$�Igpet2007 �0�� t��-4�.  

  

3- ���@� A,�  

 �"%$45 8�1M ��13��43�� 8�KC�B� ��  <F�3Q: N��> 4/=�3= �� �$�45�4%� v�_C "� "AB�� �- �3=�- "!1��� �-

��%&�:     mC� :?C���� ��    R :?=��0.�%C���� D��  

<=�-?&=4O1�$ D��� uA$ � �-1� u�1%� "0�- 24��\ �� <=4�$�1� ?$�� D���- "AB�� �%C���� D��D�� 

O� �� �&O�4��1� �3�%� O �=1� 8�1M "� o�pK� "O �����"%$45 4� �- �� �=1�C�� ��� ��45- D���1 � �0�)N3� 4.( 

"y�: ?$��D� )�,��( �&O�4�� �=� �� D���&� �-"y�: "O D1_0 "� �-1� cb�� ��D��  D4%&O�\ T0� "� ��=��@

�� �&O�4��1:�� o���%�� "O�&O�4��1�� O �� �������� ��@ �� �0�) N3�5 .(  

  

  

  

  

  

  

  

  

  

  

  

  

T�� �=� ��?&=4O1�$ �>�$ �=1� �1p� "� "@1: �� � �-1� �=1�C�� � �,O1=J,� D�� N\�- �=1�C�� �3�%� O

?&=4O1�$ "� ��&O�4�� D��4a0 �� ���T�� �=��-1�0 "�4�: �� �=1�C�� S=��@ " �4� <= ���0� . �=� �4��\

T��?�C�43�� �� ��"0�- � �,O1=J,� D�� ��� N�3�: �&O�4��1�� O D��?�� .  

<=�- �%�C�43�� 24��\ �� <=4�$�1� ?$�� D���- o��1�! "AB�� �%C���� ?=��0. D��?&=4O1�$ "O �-1� D��

. ����- N�3�:�� �&O�4�� � �,O1=J,� �0���4$ k�:4: "� �� ����)N3� 6(.  

%�� � � NO�� � N3� -1\ "��0 �: N3� -1\ ��,O1=J,� D���1 ��%  D���- o�FpK� � �1� <    �_Fl�� �C�F�4n ?F$��

��%&� ."AB�� ��%\�� D���- ���,O1=J,� �� �pK�     <F: �- ��F� �F�� R��F�%� D����10 -1@� "� "@1: �� � �-1� D�

�� 4a0 "� ��,O1=J,� D���1 ����� �0��10 L10 �� T��0�� ���.  

 ;5(3:  F �0�>1$ <�����J <�. �- Dq1Q0 <=�- �� �=��0

?�-4��1@ "AB�� �- �=4=� "��:4O 

 ;5(4:  "0�- �4��\ �� <=4�$4� ?$�� �� ?C���� k�O4: �� <=�-

?&=4O1�$ D��� u�1%��� D���&O�4 
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�&O�4��1�� O��%&=4O o�pK� "O ��� ��=- N3�-1\ "��0 � N3�-1\ 8�1M "� ��D��   N3F� -1\ �C� <
1O

. �- �3�%�$� 8�1M "� �,O1=J,��� ������ ��-1�.  

 ��G�� �1 9: 4� ?C�- �&O�4��1�� O N\�- �,O1=J,� � �,O1=J,� N\�- �&O�4��1�� O �3�%� O �=1� �1p�

-��- <�%3:1O ��_�� D�� �- �0�O�-.  

T�� �=� �4��\?�C�43�� �� ��"0�- � �,O1=J,� D����?�� ��� N�3�: �&O�4�� D.  

  

  

  

  

  

  

  

  

  

  

  

  

4- C=� 
 �D�(�E�  

 ���@ �-)1 ( � �!4$ �� M� 4M��! "=G�: z=�%0REE <=�-?�� ��� �-�- ��0 "AB�� D�� . L1��� ��-1�0 �-

 �� r� �� 4��4� �- �C�3C.(Irvin & Baragar 1971) "01�0 4%����4� �- ����� �>�� �C�3C. R��� �C�3C. D4� F0� �

)N3� 7.(  

 ��-1�0 �-P2O5 4��4� �- Zr (Winchester & Floyd 1977) "01�0  C�F3C. D4F��4� �- ���    ��4F> �%�I�1F: �

 �0-�-)N3� 8 .(��45�=- 4=�� �-D4� ���K: D���=��5�� D�� "01�0 �� D-��K:�C�3C. D4� �- ��    �- 4F/=- D-��FK: �

 ��4> �%�I�1: � �C�3C. R�� D4�"%$45 � �%���C�3C. � �C�3C. R�� D4� �4� �- 4  ��%F&� .    mF=4K: PF9[ "F��%0 �-

 1& =�(Wilson 1989) ?C���� �G@�� R1&_� �C1_: �= �C�A%0� D���01�.  

 ��3�� �-)9  �10 ( 8�4��y: �0��Al2O3  �CaO/Al2O3    PF=4Q: c\�F� "� ?9&0MgO  �F�0   ��F� �-�-

?�� . ���A� S��O �� ��3�� �=� �-MgO � �P=4Q: S=�G$�  ���A�Al2O3  ?9&0 � -�=�CaO/Al2O3 �� `O -1F� .

       ��F�O �- PF=4Q: `F	� |�GF@� �� �F3= �1F�! "� �� �1����1C. �� 4�A$ � `�& O �� ��n �&O�4��1�� O P=4Q: L1l1� �=�

�� ��0 �=1�C�� ��-.(Cox et al 1979)  N3� �-)11 (<=�- R���O 4M��! D1/C�    ��F� ��F��	� "FAB�� D�F�   �F�

 "%�15�%�C�4�� (Sun & McDonough 1995)   ?F�� ��F� �-�- ��0.     4FM��! �� �5�F� �F�nLIL   �C�F�10. �

 ?9}�K  �Sr  �Q�� �C��10. �Nb-Ta  �Zr ?�� cb�� 1/C� �=� �- ��1\ "� .   �FQ�� �C�F�10. "O ��
4�Nb-Ta 

 S0���4$ P[��� ~�\� �-1(Pearce 1982) ��� ��=�� �=� ?C���� �-_: D��?Q=� �C1D�� ���> ��-?C���� � D� D��

���> �0��y[���> ]%�1� �� "O D���� �-1C. D� �0��� ������ G�0  -1F�(Wilson 1989)  . �C�F�10.   �FQ�� D�F�Zr  �

 ?9}� �C��10.K "%�1� �5-1C. "0��0 G�0�� ����5�� D� ����(Roy et al 2002).  

  

 ;5(5 :  D� "y�: ?$�� �� �=��0)�,�� (�&O�4��1�� O �- .

����� �� �&O�4��1:��� ��=��@ D�� "y�: o���%��. 

 ;5(6 :  D��� �%C���� ?=��0. k�O4:  �� <=�- �� �=��0

%&=4�O1�$ D�	�&O�4�� � �,O1=J,� 
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H
4)1  :� 4M��! �=����� "=G�: z=�%0� �!4$ � � M REE t�� "� ?�-4��1@ "AB�� D�� <=�- ICP  
  

JB-16 JB-15 JB-14 JB-13 JB-12 JB-11 Sample  

48 49.5 51.3 49.8 51.1 48.6 SiO2 

18.4 16.8 17.9 10.4 13.8 17.7 Al2O3 

10.6 10.2 4.8 6.6 10 8.93 Fe2O3 

10.2 8.59 15.7 17.1 11.9 11.3 CaO  

1.71 1.5 0.26 0.61 2.24 2.18 K2O  

3.42 4.37 4.06 11.4 6.43 4.23 MgO 

0.16 0.20 0.06 0.09 0.14 0.09 MnO 

3 3.4 3.1 1.6 2.6 2.6 Na2O 

1.39 1.43 1.35 0.86 1.17 1.54 TiO2 

0.30 0.24 0.28 0.16 0.24 0.28 P2O5 

1.21 0.67 1.5 1.49 0.61 1.19 LOI 

310 340 120 80 440 630 Ba 

37.8 38.3 36 25 47.5 43.5 Ce 

29.2 30 20.3 44.1 40 30.2 Co 

3.72 3.44 4.14 3.1 4.3 3.81 Dy 

2.05 1.8 2.34 1.71 2.27 1.84 Er 

1.51 1.39 1.49 1.07 1.63 1.63 Eu 

4.37 4.21 5.01 3.5 5.09 4.46 Gd 

2 3 3 2 3 3 Hf 

0.75 0.69 0.89 0.62 0.86 0.74 Ho 

18.7 19.4 19.5 11 23.1 22.3 La 

0.21 0.18 0.27 0.19 0.24 0.19 Lu 

8 10 10 6 9 14 Nb 

20.2 19.9 22.2 16 24.3 22 Nd 

17 19 26 155 39 176 Ni 

4.93 4.94 5.35 3.79 6.23 5.55 Pr 

57.6 51.6 10.7 27.8 80.7 85.2 Rb 

4.5 4.4 5 3.8 5.4 4.8 Sm 

800 560 800 430 560 910 Sr 

0.5 0.7 0.5 0.5 0.6 0.8 Ta 

0.65 0.61 0.74 0.54 0.72 0.65 Tb 

2.8 3.5 3.6 2.6 4.4 3 Th 

0.29 0.26 0.34 0.23 0.36 0.27 Tm 

0.82 0.97 1 0.74 1.32 0.86 U 

246 245 372 252 310 251 V 

19.7 19 23.2 16.7 23.6 18.8 Y 

1.8 1.7 2.1 1.5 2.1 1.6 Yb 

90 100 110 80 120 110 Zr 
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 N3� �-)12 ("%�1� ��/0��� 4=-�A� �� "&=�A� �- "AB�� R���O 4M��! ��/0��� D1/C� ���>D�     �F� ��F� ��F��	�

 L10 R�1� 4=-�A�N ?�� ��� �-�- ��0 .��� �� "a�,� "O �1[<=�- �-1�   D4F#�! D���F0�� D���- �%C���� D��

���> ]%�1� "����. �� � �-1� D�"%$�= S=�. ���0�.   ��45�F=- �-Y/Nb   4F��4� �-Zr/Nb  "F01�0      �F0�� �� ��1F\ "F� �F�

"%�1� S=�.�� ?�K9: D� ���O)N3� 13.(    SF=�. S=�GF$� �F�  "%F�1�D�   ?9F&0 �- 4F� �Y/Nb  �Zr/Nb   S��FO

��  ���=(Wilson 1989) .  

3 5 7 9 11
10

12

14

16

18

Al2O3

MgO
3 5 7 9 11

0

1

2

CaO/Al2O3

MgO

40 50 60 70
0

5

10

Alkalies

SiO2

Subalkaline

Alkaline

 ;5(7  : �� r� �� 4��4� �- �C�3C. L1��� ��-1�0

(Irvin & Baragar 1971)  

 ;5(9  : 8�4��y: �0��Al2O3  "� ?9&0MgO   ;5(10  : 8�4��y: �0��CaO/Al2O3  "� ?9&0MgO  

.1

1

10

100

Cs Rb Ba Th U Nb K La Ce Pb Pr Sr P Nd Zr Sm Eu Ti Dy Y Yb Lu

Rock/NMORB

Average Continental Crust

 ;5(12 :  �- "AB�� R���O 4M��! ��/0��� D1/C�

D� ���> "%�1� ��/0��� 4=-�A� �� "&=�A� 

1

10

100

1000

Cs Rb Ba Th U Nb Ta K La Ce Pb Pr Sr P Nd Zr Sm Eu Ti Dy Y Yb Lu

Rock/Pyrolite Mantle McDon.+Sun 1995

 ;5(11 : /C� ��� ����	� "AB�� D�	3=�- R���O 4M��! D1

 �%�C�4�� "%�15 ��(Sun & McDonough 1995)  

0 200 400
0.0

0.5

1.0

P2O5

Zr

Alkali basalt

Tholeiitic basalt

 ;5(8  : ��-1�0P2O5 4��4� �- Zr 

(Winchester & Floyd 1977)  
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.1

1

10

100

Cs Rb Ba Th U Nb K La Ce Pb Pr Sr P Nd Zr Sm Eu Ti Dy Y Yb Lu

Rock/NMORB

Transitional Basalt,Afar Rift,Ethiopia

  

  

  

  

  

  

  

  

  
  

  

  

  

  

  

  

  

  

  

  

  

  
  

  

 4M��! D1/C�REE <=�- N3� �- �%C���� D��)14 (?�� ��� �-�- ��0 . 4M��! �5�� ��nLREE   �F:100 

 4M��! �5�� ��n 4��4� �- ?=���O 4��4�HREE  �:10    ?F�� cbF�� ��1F\ "� �%=���O ���A� 4��4�.    �5�F� �F�n

 4M��!LREE/HREE  P=4Q: � `p� ��=.4$ ] ��� "� o�1�K�(AFc) %�1� -�1� �� R��� D4�5�- �" �-�- ��l1: D�

�� -1�(Thompson 1991). ?a n D��10  4M��! ��=���O 4��4�HREE       �- ?F0��5 "FO ?F&0. ]0�F�0 o��F�%��

-���0 �1p� |���� "���0 )Jung 2003(.  ?9&0K2O/Na2O <=�- �=� -��� �- ��5/0     D�F���5�� ]0�F�0 "FO �-1�

 u9:4��� �=�G�1O4�n P[��� �� �����(Wilson & Downes2005).  ��=�� ?9&0Nb/U  ) -��� �-10 (  ]0�F�0

"%�1� �5-1C.?C���� �=� D�    ?FC���� �- "FO �4F
 �-1F� ��   �F�10��>� D�F�(MORB + OIB)    -��F� �- ?9F&0 �F=�  

10 47±  ?��(Hofmann et al 1986).  

  N3F� �-)15 ( �FF} }� ��-1FF�0 �-(Meschede 1986)   2-��FF_� �- �� �FFB\ �F0�� �� "FF01�0AII-C FF�K= �

?�I�1: �� ��0 �� "_QM N\�- D����-� .   "%F�1� �5-1FC. �F���� L1l1� �=� -1F� D�      �5-1FC. S=�GF$� �F� "FO �4F
 �

"%�1� "01�0 D� f�� �� ��Nb  �Zr  kB> "� � "%$45 " M�$Y �� N=��%�-1�.  

 N3� �-)16 ("&=�A�?C���� ����� D�<=�- �� ��1�:� ?Q=� �C1_: D�� "AB�� �%C���� D��  4=-�FA� �� ��� ����	�

 L10 R�1�(N) ?�� ��� �-�- ��0.  ?F�� cb�� ��1b� ��1/C� �0�� �/����� . ?FC����     L1F0 �� ��1F�:� ?FQ=� D�F�
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 ;5(15:  �- "AB�� D�� <=�- ?�K>1��} }� ��-1�0 

Zr/4-Nb*2-Y (Meschede 1986) 
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 ;5(13:  ��45�=-Y/Nb  4��4� �-Zr/Nb <=�- D�4�  D��

"AB�� �%C���� ."%�1� S=�. ��-4� �� D�)Wilson 1989( 
 ;5(14:  4M��! D1/C�REE <=�-"AB�� �%C���� D�� 

 ;5(16 : "&=�A�?C���� ����� D� �C1_: D�� ��1�:� ?Q=�

<=�- ��"AB�� �%C���� D�� 
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        �-1FFC. ���FF> ]%FF�1� �FF� �:�FF@�- "FF� "FFO "FF%$45 8UFF�0 ��FF� �FF	: D4QFF�1�%�� �FF9�� <FF= �� � �-1FF� �C�FFA%0�  

��� �0�(Wilson 1989).   

$45 ���0� 8�KC�B� P9[ 4�?C���� D�� 4� "% ?�-4��1@ D��) ���3�� � 4a0 P�1387 (?C���� �=� L10 �� G�0 ��

�C1_: �= �C�A%0�  -��� E��!� �� N���� 2��&\� �� ��� �	: "%�15 <= �� ��5�� "O �-1�60   � "F%$45 8U�0 D4%�1 �O

T�� �����> "%�1� D����� �-1C. D��0� .  ?��9F� "F� "@1: ��   0�FO ���4F$ D�F�    �=����F�1IJ 8��FM1#\ � �F���� �

<=�- "KC�B� -�1� D�� ?C���� ��?�-4��1@ D���� 4a0 "� ����� <=�- �=� �1�! "� �� ��F��O "=�y: 4��K� )Feeder 

dyke( ?C�����-1�0 N�! ?�-4��1@ "AB�� D�����> ��- ?Q=� u�_� <= �- � �0���� N�3�: D��0�.  

  

5- ���9 �M���  

<=�-���� D���0�>1$ <�����J �3�. D������ ��- "� ?�-4��1@ "AB�� �- �%C- O"��:4 G: �=4=��  � ��F� P=

. �� o���%��O ��4�� �0�>1$ "��:����� .<=�- �=�  ?FC���� �GF@ ��  F� D�F�4      8�FKC�B� � �-1F� �C�FA%0� �F= �C1F_: D

%�4�0�O P=4Q: �� ?=�3� �=�����1IJ � �$�45�1�C�� � �&O�4��1�� O D��  T�F� �F=� �=��5�� 8�1_: �- �= -��- �F� .

 4M��! �0�� D�� 4� "KC�B�?9&0 ���e�� � ��5����0 . R�F��O 4M��! D��   �F� �F�0 �F�      �F� �F	%C���� �F=� "FO �F�-

T�� ���> ]%�1� D����� �-1C. D��0� . 4M��! �0��REE ?C���� �=� �-    4FM��! �� �5�F� �F�n � ��LREE   4F��4� �-

HREE  �� ?=�3� ��=.4$ 4��U:AFC T�� �=� �--��- �� . 4=-�A�HREE ����5 �=� �-�0 �- �� ?0��5 ��A$ ��  "F��

�� ��0 |������- .�� ��0 �=�����1IJ 8�KC�B�?C���� �=� "O ��-   ?FC���� �F� "F&=�A� N��> ��    ?FQ=� �C1F_: D�F�

?C���� � ��1�:� "=�y: D���� �1�! "� � �-1� ?�-4��1@ �C1_: D��?C���� ����O  ?F�-4��1@ D���-    NF�! "F��:4O

�-1�0�0�.  
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