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Abstract: The studied intrusions with parallel northwest – southeast trend,
are located in southwest of Robat Village, Shahr-babk. General exposure of 
the northern trend is massive and consists of urallitized gabbro, hornblende 
gabbro, olivine gabbro, anortosite and plagiogranitic dikes and are highly
altered. The composition of rocks in the southern trend consists of dunite, 
pyroxenite, olivine gabbro and troctolite and is very fresh and has cumulate 
textures. On the base of chemical analysis, using of ICPAES and ICP-MS 
method, these rocks are located in the low potassium tholeiitic filed. Also by 
using of tectonic setting diagrams, the studied intrusions display extensional 
marginal basin characteristic. The rare and trace elemental pattern of these 
rocks have a descending trend from low to high elements and the examples 
of anomalies are the positive crest of Sr and the negative crest of Nb. Also 
the study of REE trend show that the tholeiitic magma may have formed in 
the upper pridotitic mantle. 

Keywords: gabbro, Extensional Marginal basin, Kermsn Province, Shahr 
Babak.
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MgO `/YX Wb/YY `/Y] \/\] Wb/YX [/\b ]b/Y] ]b/YY
CaO �X/Z [/YY b/Y\ [/Y\ �b/Y] ``/W W/Y\ \b/Y[
Na2O X`/] \\/Y Y`/Y \b/] bZ/] YX/] `Z/] ``/]
K2O ]`/] Y[/] Y\/] Yb/] ]`/] ]Y/] ]`/] YY/]
P2O5 ]W/] ]Y/] ]Y/] ]\/] ]\/] ]Y/]< ][/] ][/]
SrO ]W/] Y/] Y/] ]Y/] ]b/] ]Y/]< ]Z/] Y/]
BaO ]Y/]< ]Y/] ]Y/] ]Y/]< ]Y/]< ]Y/]< ]Y/] ]Y/]
Cr2O3 ]b/] ]X/] ]b/] ]`/] ]X/] YY/] ][/] ]�/]
LOI ]X/] `b/] �b/] bZ/] YY/] [`/] [/] YW/]
Total ]X/ZW Y]] Y]] Z/ZW ZY/ZW Y/ZZ X/ZW Y/ZW

 �>��*
Ba `/[Z b/YY] b/Y]Y �/\[ Z/�� �/Y[ W/b\ W/bX
Ce Z/[ b/Z \/Z �/W Y/W �/Y] W/X Y/X
Co [/`� X/X� b/bW [/ZW b/Z� b/Y[\ [/X� W/X\
Cr [`] ��] [W] bY] �W] W`] \W] [[]
Cs Y/] X`/] Y`/] \�/] \\/] ]Z/] [Y/] \Y/]
Dy bb/] bW/] \W/Y X`/\ `X/Y `/\ �/Y ]X/Y
Er [[/] \W/] `X/] ��/Y ZZ/] bY/Y `b/] bX/]
Eu [`/] XZ/] `X/] XY/] bW/] b[/] XX/] �X/]
Ga X/Y� b/YW Y/Y` X X/YY Z/[ W/YW Y`
Gd bX/] W\/] �/Y X\/\ `W/Y `b/\ b\/Y Y/Y
Hf `/] �/] �/] W/] b/] Z/] b/] �/]
Ho YY/] Y/] \b/] b/] [[/] bb/] \Z/] \/]
La \/\ [/X Y/b Z/\ W/[ �/[ [ [
Lu ]b/] ]�/] Y/] YZ/] Y[/] \/] Y/] ]`/]
Nb Z/W Z/Y Y/Y `/] b/] �/] `/] b/]
Nd \/\ [/� b/b W [/X Y] Y/b [/�
Ni YYZ YW\ Y[X \][ YZX [ZY ZX YYX
Pr �Z/] ]`/Y YW/Y �W/Y \b/Y W/Y Y Wb/]
Rb Z/] \/\ \/Y [ b/Y `/] W/Y b/\
Sm X/] `W/] [`/Y X�/\ WX/Y `Z/\ �\/Y Y/Y
Sr `Y\ Z[� Z[[ Y[] b�Y \/bY ZYb ZYZ
Ta X/] Y/] Y/] Y/] Y/]< Y/] Y/] Y/]
Tb Y/] YY/] \\/] ��/] \Z/] �Z/] \�/] YZ/]
Th \b/] Y\/] YX/] [W/] YW/] \/] YX/] \X/]
Tm ]�/] ]�/] Y/] YZ/] Y�/] \\/] YY/] ]`/]
U Y[/] ]b/] ]X/] Y[/] ]`/] ]`/] ]X/] ]W/]
V Y\` �` Y]\ \[X \\` Yb] bZ] YW\
Y [/[ [/[ \/` Y� �/Z X/Y� b/` W/b
Yb [/] \X/] Xb/] \/Y W�/] [\/Y XX/] b/]
Zr Y/\X Yb b/Z \] �/Y[ X/\[ �/Y[ X/Y[
P YZ/[�Z X/�[ X/�[ \/W` \/W` ]Y/] Z/Y[] Z/Y[]
K Z/bW] W/Y]`W W/ZZb Z/�Y� Z/bW] Z/W\ Z/bW] W/ZY\
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Alk MgO

FeO*

Calc-Alkaline

Tholeiitic

 3��? 3���"� �� ���5(�� �� �#�-#7 �; +���	� +�	� 80_.K2O z � H��_� 3� ]n[.

3��@2. �� �+�"G�� C����. �
+4�5� + 3���"� O��� ��  ]n[.

'��"� �� �-C +�
 �3��_%	� 3� ?'2#�%�U��
7 �C� >�� u>��  / ! '� �7 H#� '� ���
 �.K�� �C��_� ���� �3��K2O � Na2O �  Al2O3�C�* � �C��_� ����FeO � MgO  '� /F0� 

'��"��
��C� +/��  . '� A���� '��"� �C�+�����_%	� ����G� '�C�* / ! '� '� /�� D
�����G�? �:�	! ��$� �C� >7 3� �/�� '()�C �C�$)� .

+��� ��C� ��l ��'M(� �� ��	"l� �  ' �� ?���7 /��3���"�Log Cr-Log Ti]�[
 ���5(��� 3� '� ��7'��"� _%	� 3� �
U 8��(* 8� �(Q#�. �� 3��>���G)H-�� ( �C� �

�� 'M(��		� �d�. ����.DC�P�U ��=� ��! +�����G� @��(* )�3�� @C 3� $= '� ( 3�
� �3�� +���	����� '2#�%.
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. . .\][

3��A�� �2.+C�"G�� ����. �
+4�5� + 3���"� O��� �� ]�[.

 ��8��:5��B�8��8, � �:������ ���C8��� !�B�� �6�D� ���
'	x A�F.3� ��! '� '=�. �����. �� ���	����. � '2#�%� �3�� +4�5� +�
+�d�(���G +�
?

 � '_%	� �C� ���G�G� �C�+��G� '2#�%� �3�� +�
����G )'CK � +�+�����0"
���7  ( �� '�
�	(0� ��(#�)� +�
����G '� /
�F�? � ��C�$� $����. �C�  �� +4�5� +�
/)�F"
 �(#�)� 

 +��� ?@�������
�G7 ���(��E �� �(�� ����(E�� � �����x���. �	C$�C�=  +4�5� +�

�P� �3��? '_%	� � � +�C� ��'L�� � +� '()�G 3��> ��3�� �3��/�� . ��I! O��� �"
 ��

 � �C��&: 9��
��� ��+���3��e	��(E�	� �3�� 3� ��=�� �C�"� +�
$#��7 �� ?
@������ +��(#�)� ���5(�� $��/�� ��]y[.

+���     /2>�� �>� ��3��  �|�� �(E�|�  |_%	� U         3���|"� �� '|2#�%� �3�|� TiO2  /F0|�
FeO/(FeO+ MgO)+3�C  �� '()�G )H-�y(]q[   '� ?�	�  ��   |� NC�|(�  '       �|C� �� ��|�7 /|��

 '��"� ?3���"�     3� �P� �3�� +�
D�(0G T�L U '��L    �� 3��> ���� +�     '0|C�_� H��> '� ���G
 �"� ��   8��. +�
3��  ��� u=�� 3�]�p[���	���.   u=�� 3�]�p[    J�� �� @������ +��(#�)�
T�LU '��L  ���� +�   /�� ��� �v4  .    '� ��K '(F#�+�3�7��C  'v /��  �G�   �(� 8
���� C  |� N '

     3���"� �� ���7 /��y                3��|>�� �3 '2#�%� �3�� '_%	� � �7 �� �_%	� A�F.3� � ���� �05. �3 
 6�&. �C3�. '� �C�� ?8	�����(E�� '=�. '_%	� v8	.  ?6�|V� 3�|l '� u|=�� 3� ]�p[  �|� 

    ���� ?�C�"��d, ?�	� S���3 O��� �*�.�$C� +�
?    H|��-. ?�-C$)�d, �
��� �  �|�� �(E�|�
       � $C�� � ����� �� '_%	������x     ��� +��(#�)� +��C�= � H-�.       �|C� 93�|: '� @���

 ���	�*�/�� ��)H-�q.(
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3��E   ���(��E �2.����(E���� �C����G +���	�  3���"� O��� ]y[ .u��� �|* �. +�
  /|)�F"
 ?
@������ �(#�)�]q[ ?��C�� �_%	� +�
����G �* �. +�
U �3�� �� ���� �3 ��3���	
�.

 (�* /#����U  �������>��T�L /#���� � ����G ?U��L U?����  �  ���> ��C$= /#���� '� � j.�. '� ?
 93�: '� 3�w(E�MORB ?EMB � ?IAB'(��� ��� ���.

" '� z(.�Q� ���3��) ��� ��8
6�"� /"� '� j� �����3�� 3��> �. �0* O�C�. �� ?
'(��� ��=� '_%	� �C� 3� �0* '��.����� . 3� ���3��)+�(��3 '� ?�#�"� ���3��) ��� 

j� +�3�� ?/�� ���� +�	.j=��t�		� �CK�� O�C�. �C�"G�� O�> H-�.  � ��=�� 
]��?��?�m [H-� �T�L +�GU��� �0* '��.�� O�> /�* ���� @��� � ��� /)�� 

/��)H-�q{#�  .(����	
�C$= �� '� ���	= ���3��) ��� '�D $C�� ���>  A�F.3� 3� ?/��
/)�C �
�� �#�"� ���3��) ��� j� ?��3 �����>� 6���G '� . ' �� '� ��� 6�"!� 3��)

 $C�� ���> ��C$=j=����� '(0� T�L U��� O�> /�* ���� @���� H-�. � /)�� 
/)�F"
@������ �(#�)� ���G ��� ��I� /#�)� � /)��  �/���7 ��� ��>�� )H-�q< ."(

 6�� '� '=�. ������(E��S��. ��� 'd�3� ]�p[�� �	x ? '� /)�G 'M(� ���.
K�"(L�����.��� /#�)� �� �C����� ?�&� �3�� +�
0
 @����	(? �	F� �C� �� �3 ��) �G� � 

'��"� +�G3��> ?8
� 3��>���&� 3� '2#�%� �3�� +�
DT�L U �3 ���� '��L �� ���. '�
� '=�. 93�: �C���:T�L '-���	
U O�> /�* �C� 8C,3 ����(E�� '(��� 3��> ���� 

����)'vh�F#�; �3�� A�F.3� ��	� �%� �	. j� '�  (� H:�L 80.�"G�� @C H-�. '� ?�7 �
T�LU�� ��(	� �����>� �C�= ���?(�* @C ?O�> /�* 'T�L �
 3� '� +�&� '� U 6�2) 
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'(��* ��� ��=� '� +�'(�* '� 'F� 3�0� �7 +��G�C� '� �C7 �����>� �3$� +�

/��]�o[.���.��� /#�)� �C����G +�
S��. '� @���]y['()�G 3��> ��3�� �3�� ���?

�+��G�C 8� +��(&� +�3�� +��(#�)� Ti�� ���� �3 �	
�.
 �C����	� +���0C�_�U���.  3���"� �� ?��� ��4 +�
����G �� �P� �3�� +�
TiO2'� /F0�

FeOT/(FeOT+MgO)]�n[ ���5(�� ��)H-��p ( /#�)� +�
����G �� ?H:�L NC�(� '�
����P� '� �	� � ��3�� �����"
 @���]y[C�  ���C�*�	
� ���� D +�
����G 3��� +�"G�� �_) 

��� /#�)� �� @���Ti/��.

 3��F��� +��(#�)� +��C�= � H-�. ��&� � $C�� � ����� �� '_%	� �-��(-. H��-.@���
]�p[. 9�3�w(E�BAB O�> /�* 'T�L ?EMB'��L 'T�L ?���� +�.

��3%G3���"�  TiO2-FeOT/FeOT+MgO �C����G +���	�]�n[.
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Sr K Rb Ba Th Ta Nb Ce P Zr Hf Sm Ti Y Yb

Rock/MORB Pearce, 1983

�	! +�
$#��7 �� ���5(�� �� �C� �� ��I!'� /F0� �:�	! �C� ������) +��#� ?<�"� �:SE 
 <3�� 3�M	����� ���)H-��� .(�� �#�$� �� @C +�3�� �:�	! �C� ������) +��#� ���3 �:�	!

/�� ��	� '� @F� . ��=�' >+�
	�  �5Zr � Nb � ' > +�
 /FV�Sr � Ba 3���"� �C� 3� 
'=�. 3�E 3���� . ��=�' > +�
 /FV�Sr� �3 � 3� @0 � �I��C,I* +����� 3�fL '� ���.

'��"� �w	! ��C� ?��� /F0� �P� �3�� +�
Sr�� �(L�3 '�  �w	! ����= ����.Ca +�
3� � 3� 
��� �I��C,I* .�� 93�: �"
 '� ���. ��=�' >+�
 �w	! /FV� Ba��� '=�. $� �3  .

���: ���� �>��* �
+����H ��8I�
'C$M. NC�(�}�3 '� ���E 3��� �:�	! �C�"� +�
 ICP-MS )H-��� ( /C3�	� '� /F0�

3�M	�����  ���]��[.
���	�/C3�	� '� /F0� ���E 3��� �:�	! +��(&� 3���"� �C�?�	; �� ���� �G�� � �	
�

	!�	; @F� ���E �:�"� �G���( ��	� ���E �:�	! '� /F0� +��3�� . /F0� �"T 3�
��E 3��� �:�	! J�"M�� @F� ∑LREE) (��E 3��� �:�	! J�"M� '����	� )∑HREE (

'��"� �V�� 3� �C�* $� �
/���� 3��> 8� j� �� �#�$� ���3 @C 3� � ���G . 9��5. �)�l ��
E 3��� �:�	! +��(&� 3� ��C� ���7 3� �%0� ���3 @C h�FC�_. � /0� ��C� ���	x ��	� ���

����� .�w	!Eu +�3�� �:�	! �C� �G�	���* +��#� 3� ��+3�M	
/�� /FV� .
 3� j#�; 3� F.+������7�0���* ?�I��C�I* +����� ' �� '� �(Q#�. ? 93�: �C�#� � 

�� ��G]�y � �q[ . 3� �I��C�I* 3� F.��7��3� F. �� 3� + ���L �n��p ?�:3� �� j=��-
+3�M	
 �5	� Eu��  ?����#� ?3� F. �(�� 9�=3� 3� ��+��C3�M	
 �3$� 3�0� �5	� Eu

�� ��MC����.

3��%%.�F-	! 3���"��C����G '!�"M� <�"� �:�	! � <3�� '� /F0� '� 3�M	�����  ���]�r[.
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100

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Rock/Chondrites REEs-Sun and McD 89

3��%&#� '��"� 3� ���E 3��� �:�	! �G�	���* +���
+'2#�%� �3�� .

 +��L /�� �-"� �I��C,I* �� �	; +�
K������+3�M	
 /FV�  Eu�	��� . �C�#� ��C� 3� F.
 ���37 '� ?�C�5. �� ���$"
j=���� ���E 3��� �:�	! +��(&� �C�$)�  ?����#� +��C� �k. 

 �#�. �C � �:�	! �C� +��#� 3���+3�M	
 Eu�"��3��G . 3� �0���*�	 � 3� F.+������7
 8� 3��) 3� �(Q#�.j=�� ��(Q#�. 8� �C�5. 3� ���E 3��� �:�	! +��(&� �C�$)�  �
��E

��]�p[?�#� 3� �0���*�	 � 3� F. +������7 3��� �:�	! ��C� �C�5. ?��C� 3��) 3� �(Q#�.
�	� ���E 3��� �:�	! �� @F� ���E ��3�� �* 3� �3 @F� ���E 3��� �:�	! +��(&� � 

�� �C�$)� ��	� ���E 3��� �:�	! '� /F0�(#�L �	x '� ?���C� H-� 3���"� 3� ����C� 
"�����.

 ���	� NC�(�e	��(E�	�T�L +��(Q#�. ���M. U�� O�> /�*  <�4 �� �	���.�n �. mp
(��G /.��C�* +�:3�U�	��� ��� H:�L �CK�� ]�� � ��[ . �CK�� h�(F0� <�4 �:3� 3�

 '�+��� /�� ��� ��(Q#�. �#�. ) �� ���n�:3� ( ?/��F�� 3� ���E 3��� �:�	! ����7 ?
=3� '� /F0�U/0� O�0L <�4  . '� ��C� +��!�	. �C����	���C� @F� ���E 3��� �:�	! 3� 

 3� ���7 3��_� J�	. '� hK�"2� ��(Q#�. 3����(��E�(0� �3�� � .
���(��ET�L +��(Q#�. �(.��C�* U�����>� +��(Q#�. �� '���� O�> /�*  �C� �� ?���

 +��(&� /F0� O�> /�* +��(Q#�. 3� '� 9��5.K, Rb, Ba, U, Sr87/Sr86�(��  /F0� �
 +��(&�Ti, Zr, Nb, Hf/�� �����>� +��(Q#�. �� �("� . ���E 3��� �:�	! ������) +��#�

��!���3����� H 3� +�(��*U ��� ����3 ��) �����>� ���(��E ���	! '� '2#�%� �3�� +���	� 
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���3� ?��C���� \]W

/�� .(��G /.��C�* S_)U?�CK��(��* '� � U��� ����3 ��) �����>� ?��  +��(&� ����.
���0� �3 ��(Q#�. �C� ���E 3��� �:�	! .(��* ��C�U��. ��	x ��� ����3 ��) �����>�  �3 �G��

�� ���� ��	� '� @F� ���E 3��� �:�	! 3��"� '� �
� 3��� �:�	! �G�	���* +��#� ����.
 �3�7 ��=� '� ��(Q#�. �C� +��� �3]�m[ .���. ��MC� 3� ���3��) ��� �_� �C����	� �3�� +�


�~� '� �w&	� ?'2#�%�
�+T�L 3� ��� /#�L ��MC� ?�-C$) U O�> /�* ) j� H#� '�
) ��� �	.���3�� (_%	� 3� 3��) �
�� 'M(� 3� �U/�� ���� �P� �3�� .

J�����
 �� H:�L NC�(� O��� �� +���3��e	��(E�	����. ? J�	. +�3�� '2#�%� �3�� +4�5� +�


/C��.3��7 ?����G �C�#� ?����G �	 F�3�
 ?�$(#�3�� +�
����G ��	�? �(���G�C,I* +��-C�� � 
��	� 3� ����G� 3�0����. +� � ����G �C�#� ?/	0���* ?/��� ��	� J�	. � +�

 /#�(���.��'CK +���	� 3� ����G� +��	(0
.� NC�(� ''C$M. �� ���7 /�� �C�"� +�

'��"� +�3 ��� ��M�� ?'_%	� �C����G +�
+��G�C� S&� � �(Q#�. �C�"��d, ���-

�(E��'��L 'T�L  ���7 +��� �3 ���� +��� �����	� .���.�
+ �3�� �P� �� �&� �3�� 
 ������+3�M	
 �5	� Nb� � $ �C�* +��(&� Ti�G3��> � +T�L 3� U'��L  ?���� +�

��� /#�)� +�
����G �� '����@������ .��#�+G�	���* � �� �#�$� ���3 @C ?���E 3��� �:�	! 
�� ���� ��	� '� @F� �:�	!3��� �V�� 3� � �
� � U > �w	! /FV� Eu�� 8�x '��3�E .
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