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 R��S ��� 	� ����Th  �  GH(�Ta  ���� ��  � 
��

 GH(� U��FA� EH�Th/Yb  �  �(��*� )�Ta/Yb ����� 

) Y��A8.( 7��� =�$�56�+� �)��  � ��� =���) =�)��

 ���) � W 
�/(� )� � 
��  
)�2 &�5A ����@ =	��� � =�

�/��� cH�� ���) ��S �/A�� )��2 
�� 
�J� �  .���

$)���#�"�)� =�$�#��� ��9� >���� 7��LB =� �8L9 =�

 Y��) ;�2 �  ?HB�� �B  �C8 ;����  ( �	��� � �6��)

1997 (�� "������#� �0 �$� )� �56�+� �)�� =�$


�� c�	�B ;�2 �  ?HB�� =�$�#��� 
���8�  U�� �0 ���

 Y�� F�� ��� 	�A7 �� G6T� >�Q�� ��� �  .��#�  

M$� =�$)���#� 	� ���r �  GH(� 
�� )�W�$ �  �B�H��

�/��� ��6�� 7� � "��) �u����1989(  G�)��0 �

�� )� �"�/1984 ( R���	 ?�8� ���5B =�� Gd��

7����/(4 
�-  �$"�#$ .M��  )� �0 ����Y�� 9  
�$���

�� �9��� ���Cs�Rb�U �Yb �Pb � Th ��S =�)�� ����

 �9��� �Nb �Ba �K � Ti �-B =�)���� ���� .���� 

"�� �)F  Y�A�/�6 �9��� )LILE ( ��p�U �Rb �Cs  �Th 

�  GH(� "��B�0 ����*�T�  "���� :�� �  =�$ )HFSE( 

 
X�� � Nb ��S�� "��� ���� ?�8� �!���� �0 ��$�

�� ����L�BD ;�2 ���#������/�B ���  � ����A)

 ��/(����1975( 	� 
��D G��  �W�/� �  �W�/� ��� .

� �6��)  �	��01997 ()Y�� 8.�)�� �!�$�#$ (  	�#��6D)

 �"�)��#$ �2006( �  G�� �*/5� =)�W�$Nb "��� 


��$�?�8� =
)�2 &�5A ����@ =�$G�� =�  �  �0

 Y�� 	� 
�� Y9�@ �W�/�8  
��*� �  .�)�� x�H+��

 �"�(���)1989( �  ���� �L�� � )�W�$Ba  �����Nb �

���/( �� U��)��A �  ����B M$ .���  =T�  GH(� ���r

LILE/HFSE  =�F4� ��)� �W�/� )� ���2 VZ��� )�

 �  
���)��A �8L9 )� ��4�� "�� �)F  Y�A�/�6 �9���

�� ��4� �  "D =T�  �/��� "�)�.��D  

  

  
 G(�8 .A -  �&���� 	&Th/Yb-Ta/Yb��� 3 %���� �&�� .g���) 
�� ��I� &� ����3 P@�Y� 
����&��� .1�� ������� C&���c) ��

 �A��V) ��@U) 	& ����(F) hU�� C&�6& �(W)� ����" �e�IRN
& (C)  a�&���� �(S) �� ��I� &�.1��� �� �&���� 
��B  �C  � � �E��)

 �	��31997 (%�&��� �&�. b�. �� *U)�� ���1+� �� �DE�F� ���� 
��1���3 .(9�& �@U. ����S) 1���� i2XK )  
  

  

  
 G(�9. ��� /���� �B��K �)�U(�K �&����� 9U � �1���O�� A- ��E�& ����3 �4���1(� � ���)1989(. B- 9��1�� ��������)

1984(  
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!�'���"  

�   �p� ;��� �"J�� � "J�)�)2006 ��H� f2008 (

GA� M$ � ���	 	J0��KJ� � �/�����O�� =�$ �  ���r

�p� ;��� (0� )/A � �� ���2002( ���� ��4� =�$)�H

C�� )� 7�A���� 7�(�A =�$"��� ����B 
��$�

 	� .���  ���#��� U�TD � �J/d� G�B��D �!�� �A�Z

���#� )� ��	�� 
�$��� (?����@) �56�+� �)�� =�$

 ���#��� �J/d� �$��� 	� �!�� ��� "���� �   �0 
��

�� �/A�� �p� )�&�H�� c��� )��HB .��� =�#��� 	� ���$

0 7�A��7�(�A =�#��� �B��� �/H(� =�#��� )� � 


��/A� 
�� �  (��O�/�����)�� ���  ���G�B��D ��� U�� �$

)� )�+2 =)���� =�$)��  :)�9 �  ���D 	�  Y�� ����D

����!  ��d �  ��	�� ���A � �/(0� ) �2002����� f �

1987"�)��#$ � ��) f �1983���I�� � ��)�A f �1985 f

����� �1976(. � )���#� 	Rb/Y-Nb/Y ��"��B  =�� 

��S w�k�B
)�� ����� �  �$�#��� ���� ��4�� =�$

�/��� ����6D �� U��)��A "��	 )� .��#� 
��L/�� =�

��S�/��� ���� �  U�TD �� U��)��A "�	 )� ���� =�

 "�F��Rb �� U��FA� �) �$�Y#B) �"�)��#$ � 1998( �  .

 �  �4�BY�� )A10/�� ���r (�� ,�/� �0 ����

&��8� ����6D �� � U��)��A ?�8� )� ��4�� =�$

�/�����S EH� =�7��� ���� =��  .���  
�� �$

 �� � ��T�  �/��� :� ��) ��/��� 3�P &�#/@� ��)� 

� 	� �����B �  :� ��)R)���# Th/Nb-Ba/Th /��R 
��L

��) ���Y�� B102�� )� .(R�� )��*� cRGH(� � �$

"���$�
�� 
�)�D�A G0�� :�� ����)��A "�	 =�$

&��8�)�/��� �� � (3�~� ���� � �$ =�#��� )� =�

Y���BC�� 
��$�  =T�  ����*� .G�� �$Th/Nb �  ��O��

Ba/Th �"��� )� ��T�  �/��� ���� G0)��� 
��$�

C�� >�� ��� Y���B   G��Y#B) "�)��#$ � �1998( 	� .

 =T�  ����*� ��A�ZBa/Th �� ��)� �W�/� )� ����B

&��8� 
�� ��W�� 3�~� "�)� �  ����)��A "�	 =�$

���#� ���D Y�6� �  .���  E�B�B �  ��)�  �)�� =�$

� =�)��R� � T�  ����*R ����Th/Nb � Ba/Th $R ���/(

���/��� U�TD �0 GA�� �W�/� "��B =�#��� )� =�


��	�� 7���.G�� 
��  )�~���s�B ��$ M$ ���r =��/8�

SiO2 ���@ )� 547��� ��� ���#�� E�0�B )� % �$

"���
��$�"D )��� =�#��� �0 G�� "D = T�#/@� �$

�/��� 
�!/��d ;�2 ?�8� 7� )� � ��)�� =�


)�2 ����L�BDA =�R
��0 "�)���R� 	� .�RR �p � ;��)

4�)RR�;�1980( ��S )� ����REE �9��d LREE �

�  ���	 &�#/@� �  U����� )� M0 ��k  3�P ��� �!��

7��� 	� 
��� �����*/�� �  .G�� �$  �C��� � ��/�����)

2004 (��S )� �sn� Y���� �9��� ����LREE� 

3�P M0 :�4)� �/��� 
�!/��d ��k  ���@ )�) =�

5/2 ���� ����� �  �#��� U�TD � (�9)� �/��� .G�� =�

��S 7H� �0�d )��� �9��� ����(LREE)  �(��*� )�

 ��!�� �0�d )��� �9��� � (HREE)  "�F��)(Ce/Yb)N 

7��� =��  �0 ��  ?����@ � 7�A�� =�$28/4 -2/0  )�

 )��	���� �9��� )��*� "��  T�  � (G�� "����LIL 

 �  GH(�HFS �  F�� ��L�� =)�W�$Nb  � Ti�  	�

�����C�� =�$ ��� .G�� U��)��A ?�8� �  �/( �� =�$

o��/�  m�/k� =�$)���#� 	� 
��D G��  :��JZ� � 

���	 ?�8� U���4 �/d���� VH+�� J��0 �0 ��� 

7��� P�L� 	� �0�@ ;�2 �  �/( �� ?�8� 7� )� �$


)�2 &�5A ����@ )� "��L�BD �  �4�B �  �0 G�� =�

���	 ������ �/��� U��)��A �  
���� ��� �*+�� �����

� ��	 �  ��/B�'� ������2� 
��#$ =F0�� "���� G�������

7��� .G�� 
��  G�� ��#� ?����@ � 7�A�� =�$

 �/��� =�L��/�6 �/��� �� =�L���/�� �/��� t���

����   �"�)��#$ � �O�K)2010 �"�)��#$ � �	 f1999(. 

C�� 3��#0 �9��� =�$�!6� =�L���/�� �/��� 	� �$

� G6�	�  �  ��H� ��6�� �/��� �  
�� )�W�$ ���F4 =�$

 ������2�(OIB) ��S �+��� �  �0 ��)�� ����LILE  �

HFSE �����) Nb  �Ta�� wk�� ( ���� � �	)

 �"�)��#$2000(. C�� ��� ��4� �  �/��� 
�� 	� �$

���#���OK wd�� =�L��/�6 "��� �) ;�2 �  Y��#/� �

����S ����� .�$� ����LREE � LILE � �-B���� 

Nb  =�$)���#� )� �B�H����� =�L��/�6 �/��� ����B

 �2)� U��)��A 	� 
�� V/�� :T��� ?��B ����D � 

 � �� ���[B ������2�"�)��#$ � �O�K) �2007( �p� �  ��  .

"�)��#$ � �O�K) �2007( GH(�=T�  =�$La/Ta   �

La/Nb  
�� ��S =�L��/�6 �/��� cH�� 	� G���@

GH(� .��)��=T�  =�$La/Ta  )47/0-35/10 ��� (

7���"D �0 ��)�� ��� 	� G���@ �$ �/��� 	� �$


�� V/�� 
�� ��S =�L��/�6 ���"�)��#$ � �O�K) �

2007(GH(� ."D 3��#0 �9��� =�$ &��� "���� �  �$

GH(�=�$ La/Yb، Th/Ta � La/Nb "���� )� ���$
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GH(� �����2 =�#��� )� �0 ���$R4� ���R )��2 ��)�� ��

� .��)��R	� =�� EM2 7��� )� 
��#$ �  7�A�� =�$

�� Y�� ���2 3��#0 �9��� :�H�0�B �+��� �  ����B

U��)��A ��� 	� .��� 
��� ��Q�B ������2� �2)� ��� �)

7������ 	� T�#/@� 7�A�� =�$ �  �0 =�L��/�6 �/

Y���B N�F4� �+��� �/A�� ���[B U��)��A �2)� 
��$�

3�~� � :T���)
�� V/�� �(�$ Y��) ���11.(  

  
  

G(� 10 .A(  �&����Rb/Y-Nb/Yb - Th/Nb-Ba/Th ����� 
���K 1�����I� �DE�F� ���� 
������" �3��EN �1��� 
��3�� �� 
&

�1�	���N 
 9�& �� � i2XK)G(� ���I�� GU. 
��(1���.  
  

  
G(� 11 . �&����Th/Ta  G��A� ��La/Yb  .Dm - �7) �U0 ��1�Pm - ��R �U0�1� PSCL - ���. ��	 �V����E��j��N 	& ]" 
& 

LC - ���. ����"�����+) 
&  UC- ���. ����"����.�� 
&  HIUM- ����3 hU��
& U/Pb  �[��EM2  �EM1 - ����3 h�����R 
& �

�1�  ��� @��)1989 (G(� ���I� i2XK)�� GU. 
��(1���.  

  

�O��� � k+�
��3  

 ��A�����/� ��$�!����	D �����89 :�56�+� ;��� � 

���	 � ����#���OK7��� �/d�� 
��2 3��4 �*+�� =�$

/�� )�R�	 o��/� "�/���0 "�R �� Y9�@R�� 
�R:G 

���R7$R4 �*+�� =�R2 3��RRB =�)�� 
��R
�$R =�

C�� FB)��0 �G�)��� �G�)����� �� ��� �� �����

G�)����F��� � G�)����F��� �� "� F�� C�� .���� 

"D � G�)�������� �$  =�$)���#� )� .G�� G�����

7��� ��� ����#���OK �G�)����� �� ��� �� 
�/(� )� �$

�� )��2 G����� � G�)��� ��� 
��	�� =�#��� .�����

7����)�� �$ G��� =6�B��/�O  .G��
��� �9��� =�$

 )���#� )� 3��#0Ta/Yb-Th/Yb �  F��#/� =�$)���#� F��

?�8� 
���0 ��� P�L� 
���0 ��5�� ������/�B =�$

7���A ����@ ����L�BD ;�2 ?�8� 7� )� �$R &�5


)�2�  .G�� =� ���� C�� ��� ����#�� =�$F�6��D  	� �$

 �p�LREE  �  GH(�HREE ��S �  �0 ��)�� ����

"D Y���B G5�HZ ?�8� )� �$)��	�� U��)��A =�$ =

 .�)���� =���� ��r =�$)���#� )�R��� �R7 =�)�� �$

�  GH�� =)�W�$Cs �Rb �Th،Pb�Ta � U � �  =)�W�$

 �L��Ba�K،Nb  )� 
�� ��W�� =��#� =�$���) .��/($

 =�$)���#�Rb/Y-Nb/Y � Th/Nb-Ba/Th  T�   	� �0�@

GH(� "��  Rb/Y  �Th/Nb  �����A "��  �sn� �W�/� )�

�/��� U�TD7��� ��� �6�� =�#��� )� =��� �$.���   
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Q�10 1. 
��1� �& !�E��N �@B& � �K���B��K %�&�
�� ������3 ������� �  

    

A1-2 A4-1 P2-2 P1-2 P2-1 A3-2 P 2-3 P 1-1 sample 

Diorite Diorite Diorite Diorite 
Gabbro 

diorite 
Gabbro Gabbro Gabbro Rock name 

!��� !��� !��� ����M ����M !��� ����M !��� 

����� G+� 

 �� 
�&���

%�&� 

N 

35.06555 

N   

35.6488  
N    

35.6488 

N 

35.06409  
N    

35.6488 

N 

35.06459  
N    

35.6488  
N 

35.06409  
X  :

��
/k�

�
���A��54

  

E0 

47.74739 

E0 

47.76165 

E0 

47.77246 

E0 

47.77286 

E0 

47.77246 

E0 

47.77291  
E0 

47.77246  
E0  

47.77286 
Y  

61.8  51.3  50.7  51.7  50.4  50/0 50.4  50.0  SiO2 

1.0  1.2  1.4  1.1 1.2  1/1 1.1  1.1  TiO2 

16.6  17.1  16.8  17.7  17.5  17.2  17.2  17.2  Al2O3 

6.9  10.6  10.4  10.6  9.6  9.7  9.9  9.4  Fe2O3 

1.8  5.4  5.9  6.0  5.9  6.3  6.3  6.4  MgO 

0.1  0.2  0.2  0.2  0.2  0.2  0.2  0.2  MnO  

5.6  9.1  10.1  9.6  10.4  10.6  9.6  10.5  CaO  

4.1  0.6  2.1  1.4  2.2  1.9  1.9  1.9  Na2O 

0.6  0.4  0.4  0.2  0.4  0.4  0.4  0.5  K2O 

0.3  0.2  0.3  0.1  0.2  0.2  0.2  0.2  P2O3  

98.8 96.1 98.3 98.6 98 97.6 97.2 97.4 Total 

0.75  1.48  1.45  1.25  1.71  2.30  2.37  2.18  L. O.I* 

129.2 129.2 103.4 77.2 107.5 73.1 97.1 65.9 Ba 

26.7 26.7 17.4 14.3 14.7 23.4 20.8 19.1 Co 

197.3 197.3 282.2 229.3 204.0 207.7 272.9 234.2 Cr 

6.0 6.0 10.0 5.1 6.2 4.9 9.5 1.0 Cs 

1.4 1.4 0.6 1.4 0.9 0.8 1.3 1.4 Eu 

11.6 11.6 11.5 9.6 13.1 2.8 12.0 9.2 Hf 

6.5 6.5 5.5 7.8 3.2 8.3 7.7 2.1 La 

9.3 9.3 1.4 12.3 12.2 12.0 2.9 8.2 Nd 

79.8 79.8 54.8 79.2 49.0 92.5 63.5 67.3 Ni 

45.5 45.5 33.4 35.7 19.2 0.2 30.3 34.8 Pb 

86.7 86.7 81.3 72.5 87.9 90.8 80.9 77.7 Rb 

2.7 2.7 3.1 4.9 2.6 3.8 2.0 3.1 Sm 

273.3 273.3 339.1 274.4 414.7 273.1 358.5 245.9 Sr 

5.3 5.3 4.4 4.2 6.8 4.9 5.6 5.0 Ta 

34.9 34.9 38.3 38.7 30.9 38.8 37.6 27.2 Th 

6964.0 6964.0 8930.8 8439.7 8135.4 7815.9 7081.2 6541.1 Ti 

2.0 2.0 2.5 2.1 2.8 3.8 2.9 2.2 U 

169.5 169.5 203.5 190.0 197.0 204.5 197.9 160.7 V 

23.3 23.3 17.5 17.7 14.7 27.5 14.9 13.2 Y 

3.1 3.1 2.7 38.2 2.3 3.9 2.2 1.9 Yb 

72.3 72.3 53.0 41.3 55.4 42.8 67.7 46.6 Zn 

119.9 119.9 113.1 86.8 116.8 163.3 64.5 138.7 Zr 

9  
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 ��&�&Q�10 1. %�&� �K�� �B��K � �@B& 
��1� �& ������� ��!O)
�� 
��������� � ��E&	�� �DE�F� ����  

  

  

  

  

  

  

  

  

V2-1 V3-1  M1-1  V1-1  A1-1  A5-1  A2-1  sample 

Quartzmonzo 

diorite  
Quartzmonzo 

diorite  
Monzo 

diorite  
Monzo 

diorite  
Diorite Diorite Diorite 

Rock 

name 

F0�� F0�� F0�� ����@ ����@ ����@ ����@ 

 ���#� Y8�

 )� =)��� 

7��� 

N        35.01677 N        35.01760 N  35.02439 N  35.01758  
N 

35.06555 

N 

35.06342 

N 

35.06488  
X  :

��
/k�

�
���A��54

 

E0     47.65406 E0      47.83870 
E0 

47.83484 

E0 

47.85551 

E0 

47.74739 

E0 

47.76154 

E0 

47.74875 
Y 

58.7  57.4  54.6  57.9  60.0  52.1  55.8  SiO2 

1.5  2.0  1.9  1.5  1.1  1.0  0.9  TiO2 

15.0  14.8  16.1  16.2  16.9  16.3  15.2  Al2O3 

10.0  11.1  11.3  9.6  7.9  10.8  8.3  Fe2O3 

2.4  2.2  2.6  2.4  1.8  6.1  6.5  MgO 

0.2  0.2  0.2  0.2  0.1  0.2  0.1  MnO 

5.6  5.4  6.0  5.9  6.0  7.3  8.7  CaO 

3.5  3.6  3.9  3.8  4.1  3.0  2.8  Na2O 

1.2  1.5  0.9  1.2  0.7  0.5  0.2  K2O 

0.4  0.5  0.7  0.4  0.4  0.2  0.2  P2O3 

98.5 98.7 98.2 99.1 99 97.5 98.7 Total 

1.08  1.02  0.54  0.50  0.58  2.27  1.05  L. O.I* 

227.6 235.1 196.9 259.4 176.9 68.9 34.9 Ba 

14.7 15.4 8.1 10.0 6.1 24.7 3.5 Co 

84.6 28.9 70.9 51.1 71.2 240.9 172.7 Cr 

10.7 5.2 4.0 4.5 5.7 5.3 6.7 Cs 

1.2 1.7 1.5 1.3 1.4 1.4 1.6 Eu 

10.3 9.9 10.6 10.2 8.9 9.8 16.7 Hf 

17.8 20.4 32.9 30.8 25.6 14.7 11.2 La 

18.8 22.2 19.1 19.1 22.5 16.1 16.1 Nd 

12.0 12.1 15.8 15.8 9.2 67.8 92.6 Ni 

32.0 32.9 22.9 22.9 21.7 39.8 19.5 Pb 

84.1 84.4 82.1 82.1 85.9 86.9 74.1 Rb 

4.9 5.6 5.3 5.3 4.5 4.0 4.6 Sm 

229.5 225.0 224.4 224.4 360.1 273.9 296.2 Sr 

4.5 6.4 4.2 4.2 4.5 5.9 4.0 Ta 

1465.8 1449.8 1235.2 38.2 28.9 39.2 30.5 Th 

4.0 4.5 4.1 1.9 1.9 7284.9 6212.9 Ti 

163.8 169.1 147.3 116.9 116.9 4.7 1.1 U 

28.6 34.0 41.9 28.2 36.5 185.8 178.9 V 

4.3 39.2 5.8 38.3 4.6 24.3 37.4 Y 

94.0 122.0 81.0 84.6 25.8 3.6 5.2 Yb 

100.0 95.0 102.0 96.1 105.3 33.9 24.1 Zn 

227.6 235.1 196.9 259.4 176.9 112.5 253.3 Zr  
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Abstract 
The study area is located in the south of Qorveh (Kurdistan Province), strcuctually in the Sanandaj-

Sirjan zone. Based on field observations, the study dykes are type of sin-plotonic dykes and based on 

petrographical studies mafic and dioritic dykes are included gabbro, gabbro-diorite, diorite, 

monzodiorite and quartz-monzodiorite rocks. Their main minerals are clinopyroxene, orthopyroxene, 

hornblende, plagioclase, K-feldspar and quartz. Apatite, esphene, zircon and opaque minerals are their 

accessory minerals. The discrimination diagrams reveal all of the dykes belong to volcanic arc related 

to an active continental margin setting. It is implied by enrichment of LILE (such as Cs, Rb, U&Pb), 

depletion of HFSE (Nb, Ba) and high LILE/HFSE in the spider diagrams. The enrichment of LILE 

and Pb show the crustal contamination. Concentration La/Nb and La/Ta rations as well as the 

enrichment of LREE and LILE reveal that dykes were derived from enriched lithospheric mantle. I 

addition, enrichment of LREE elements relative to HREE represent that there are garnet phase or 

amphibole in source.    
 

Keywords: Dyke, Gabbro, Diorite, Tholeiite, continental arc, Sanandaj, Qorveh 
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