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Abstract: This area is located in Derenjal Mountains, 60Km northwest of Tabas in central 

Iranian structural zone. The igneous rocks occur as plutonic with composition of olivine-

gabbro, gabbro, diorite and monzodiorite in Kalshaneh Formation with Middle Cambrian age 

and as the extrusive rocks with composition of olivine basaltic lavas in lower part of Niur 

Formation with Silurian age. Petrographical and geochemical evidences show a genetic 

relationship between the plutonic and volcanic rocks and generation of them from a common 

magma. Unlike the magmatic differentiation process, the role of magmatic contamination was 

weak and olivine mechanical separation was the main process in their magmatic evolution. 

Different diagrams and documents have been shown that these rocks have transitional to 

alkaline nature and produced in a within plate continental setting by 12-17 percent partial 

melting of an enriched garnet-pridotite mantle source during the early Silurian. This tectonic 

setting is agree with an extensional setting (intercontinental rifting) in Central Iran during 

Lower Paleozoic and specially with Silurian magmatism during  Paleo-Tethyan rifting in this 

part of Central Iran. 
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�F�� ". �&�;��  $ *��$#�7 �*
���� ���F�
#��"	

.�& �� #Q"� ��F��4�� *
���� �� 4b��
(b7 �	�� �#�2

�)� I & �#�	��7$#���2 . 8�� ������ ���&�;��  �&��

�������  *
���� .��/0 �� #Q"��K�%Q� �#�	��7$#���2 ���

{�8�  �)� I &).�&2E �.(   

�� 9�/� �FC�"& U") $ �
�#MH S�G��3� ��  "���� 

*
� � �� �� �0�#��h0 ���F��4�� *
����`4 ���� 4� ��-") ?��#0 $ ��

Z�� �� *�
�7I4� 2 _
Z � I 
� ����&|  �� �� ���< ���%) 

 v3) _
ZI4� 2� � �� �� 4� e
� 0`4 ���� ������� �� �� 8�� $ ��

5�	�� )*
���� I]
$ ��( �� �F)����& . ���"�
�7 ���/�� Z_
 

 �F@ *
���� �� �� �I4� 2�� 40 �� 8��  H�� ?��#0 $  )�

*
���� ���/� \�;
#�0 ��-") ���/���  �4�) �� ��!�� ���$#��2

�)� .���;����� �"	$#��� �
 ��
#��"	��
#� )��#���2(  $

 =�f� �� ���, V��)�� ���0 ��#Q"�   "
�#	^
#R0 =�f�  *
����

 _
Z T� �� �� *
���� ������� �&�;�� I]
$ �� ���& �F��4��

 "�  
 /0 I4� 2.  

   ���P@ ��
�#MPH  ���& �� I�#%� �FC�"& U") ����2]
$

     �P!$#C $ �+�PR� ���-"P) *�P� ���F�( V�;0�� 5
 ��!$ 4�

� ��3"�   P"
,#	 ��� $ V�;0�� *
� �)�#� �� ������ �� ��� �)
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       4� I��RFP)� �P� ��-"P) *P
� 1�PM0 $ *
�P�0 �� �
�%2�� ^
#R0

�� �
��%�&�'(  ���&[
4��#7.  

�%�&�'(�%�&�'(�%�&�'(�%�&�'(        

   ��m"� ������)�#�  �
��%�&�'(*
�+, ���-") �$�#� 

 ��3"� $ S�G��3� 4� :7��FC�"& U")  �� G011 �%�_�  ��

 9�8�� *
#F%� $ ���)#2�*
#F/�� ��  $ =��F�� �;��#0 r�"0

 I�-/
��4, ��Actlab  l$� �� ������ICP-MS 8Q0 ����_
 

"F	#2 ��#B �
��%�&  )1$ !1.(  

   S�#PP��h0 _PP"��� $ 5PP�	�� �PP���� �PP� �PP!�0 �PP�MgO  ��

    �P�3"� *P
�+, ���-"P))= 4.72 - 26.3 MgO(  S�#P��h0 �

 �� �;�� =��%� #H�"K $ ��H� ��� ����MgO )  ��P�����%�

#"	 (�)� I & [)� .   �� P�� ���P� �� ������%� *
� ��MgO �

 #
��PPPP��Al2O3 �SiO2 �P2O5 �TiO2 �Na2O $ �Zr   PPPP�$�

 #
���� $ �/
�8	�FeO  $Cr �F&�� �/���  �$�   P��) .�P&3 .(

 �P��%� *�� ���F�( V�;0�� �K�� #-���� �� �$� *
� �P)�� .  _PF��

!$ �������%� *
� �� �!�0 .��B   �P) *�P� *&$� �
� ! 5
 ��

���%� #
�) �� *
���� 4� �"> ���%�    �
� P! .P��� �P� �� �)��

�)���, �� *
���� �&�;�� $ ������� .    �� *
�P��� ��P
4 �P��$�#	

       �Z�P� �P��$�#	 S��PH �PP� ��P��%� �P) *P
�MgO  ?PP��#0 ��

 ���, �
��%�&)3/25  �003/26 (�)� �F	�
 =�04�� . ��
4 ���$�#	

MgO 5
 ��   ��P
 ���4�� ��  &�� 9, _��/� �)� *�%� ���4��

  �FP&�2 4� �P
 I &      �P� �P
 $ �P)� �PF	#2 SWP/�   o#PG�  P���0

   �
� P! #PX� #� *
���� ������� �&�� 9, �� ��  &�� �
�%2��

     9, �� ���#�FP)� J�P-"� �P� �P
 �
�%2�� 98�� 5
 �� �������

I & 8�#%F�  ��]4[ .  

 V�;0�� $ � �$�/
�C �� �!�0 �����%� �/
�4  �P� ��3"� ���

     =$+ $ �P�
#R0 ��P�;0 #P�m� �����PK �� *
� �� �!�0 $ #-
 �


  #X�P� ��-") *�� V�;0�� *
� ��Q
� �� �)� *�%� $�#� ��/��

 #� #�X�0 $ ��� }��/0 ��#� �f� � "&�� ~
   4� .P���K *P
� 4�

    I��RFP)� #-
 P�
 #P��#� �� ��24�) $ ��24�)�� #H�"K �������%�

 & . �� 9�)�"& U") 4� ������ ` ��K]5   �P08 [   5P
 �� #P2�

       P�$� ����� ��24�P)�� #PL"K $� S�#P��h0 ����P%� ��-") �#)

      �� 8P�� $ ��fP-� 8P�� S�PLF�� � P;� 4� $  &�� �;�� $ �3C

��24�) #H�"K ����%�E  �R"� $ �3C  �$� 8�� �#) 9, ��24�)��

 I 
�  �P� S��PH *
� �� ���&    a;0#P� ��PH�  P"
�#	 9��P0   �P�

����� ��
#R0 ���;0 �� ���8� �#) ���-") .��/0 .  9��P"K ��

   =$+ TP�F�� S�P!�� 1bPC �� �1���    *�P� �P/��Zr  $Nb  

�%� ��Q
� �3C �����%� ��&]9 �10[     .P��� �P� #P�� *
� ��

 #F/�� ��)��@Nb   �P)� =$+ TP�F�� S�!�� �� �;�� . ��

 �;�� 9��� #0 *�
�7 cB�$Zr/Nb  9��P� #F%� 4� ���@   _P!��

 �)� �/�� =$+]11[ .  

        

1$ !1$ !1$ !1$ !1  e
�F� _
8Q0 �
��%�& #H�"K ��H� ���%���� _�3"� ���� �G��3� :7 4� J�Q�� S�M�ML0 �&�� 4� of@ ���� ��#	 .  

Samples SM-13-1 

����*
���$#��2  
SM-7-2 

*
����$#��2  
SM-7-1 

$#��2 
SM-11-2 

$#��2 
SM-3-7 

$#��2 
SM-6-1 

�
��
�$#��2 
SM-5-1 

�
��
�  

SM-10-2 

�
��
�$8��� 
DM-1-2 

���4�� *
���� 
DM-2-1 

*
�������4��  

DM-2-3 

���4�� *
���� 

Major oxides (wt%)  

SiO2 38/42  05/42  96/47  86/48  11/47  93/47  25/46  69/52  95/45  1/40  53/49  

Al2O3 4/8  95/8  87/12  13/15  82/16  36/16  28/16  28/20  08/14  59/10  54/15  

Fe2O3 44/15  8/14  42/10  52/8  84/10  08/12  24/11  95/9  58/14  86/14  87/10  

MnO 189/0  184/0  195/0  153/0  146/0  168/0  246/0  109/0  097/0  181/0  1/0  

MgO 03/26  3/25  48/12  86/9  67/10  84/6  01/7  72/4  68/10  4/25  07/8  

CaO 94/5  77/6  1/12  88/12  51/9  72/10  61/7  51/1  14/8  29/6  86/9  

Na2O 8/0  93/0  46/1  08/2  1/2  87/2  34/4  58/4  43/2  88/0  38/2  

K2O 36/0  39/0  39/1  32/1  72/1  29/1  29/0  61/4  72/1  34/0  24/1  

TiO2 6/0  718/0  011/1  156/1  983/0  641/1  808/2  138/1  116/2  728/0  316/2  

P2O5 06/0  09/0  11/0  13/0  19/0  2/0  32/0  5/0  39/0  08/0  35/0  

Total 100 100 96/99  04/100  99/99  97/99  05/100  01/100  01/100  14/99  19/100  
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��������������������    1$ !1$ !1$ !1$ !    1   e
�F� _
8Q0 �
��%�& #H�"K =��%� ���%���� ��3"�)#� ?�@ ppm.(  

Samples 
SM-13-1 

*
����$#��2  

SM-7-2 

*
����$#��2  

SM-7-1 

$#��2 
SM-11-2 

$#��2 
SM-3-7 

$#��2 
SM-6-1 

�
��
�$#��2 
SM-5-1 

�
��
� 
SM-10-2 

�
��
�$8��� 
DM-1-2 

���4�� *
���� 
DM-2-1 

*
�������4��  

DM-2-3 

���4�� *
���� 

Trace elements (ppm) 

Sc 18 20 40 51 33 35 27 1 27 18 28 

Be 0 0 1 1 1 2 2 2 2 0 2 

V 112 113 187 211 163 303 335 61 238 115 255 

Cr 1020 900 430 400 360 60 30 0 260 1090 270 

Co 76 62 39 23 36 27 34 12 39 78 39 

Ni 530 460 140 100 120 50 70 0 200 570 200 

Cu 50 60 120 120 120 50 50 0 10 80 150 

Zn 80 70 160 120 90 90 120 50 100 110 60 

Ga 7 6 10 11 11 14 16 17 14 8 14 

Ge 2/1  1 3/1  6/1  2/1  4/1  4/1  7/0  4/1  2/1  3/1  

Rb 6 6 31 26 41 32 5 55 25 6 21 

Sr 124 157 255 369 134 398 431 213 148 158 236 

Y 6/6  9/5  13 6/13  3/14  2/17  4/18  2/19  8/20  3/7  9/22  

Zr 29 28 66 70 89 106 112 246 144 32 124 

Nb 1/3  2/3  8/7  4/9  9 7/15  22 4/42  4/25  1/5  2/22  

Sb 8/3  5/4  6/2  2/4  2/3  9/4  4/5  4/4  1/4  9/4  3/7  

Cs 6/0  3/0  5/0  3/0  3/0  5/0  1/0  3/0  2/0  3/0  8/0  

Ba 42 60 316 296 225 286 85 1011 516 66 283 

Hf 8/0  8/0  9/1  2 3/2  7/2  2/3  1/5  8/3  1 3/3  

Ta 21/0  26/0  55/0  65/0  68/0  13/1  62/1  03/3  77/1  31/0  53/1  

W 0 8/32  1/4  9/0  6/0  7/0  2/1  6/2  2/1  0 0 

Tl 21/0  0 2/0  15/0  21/0  22/0  05/0  25/0  11/0  0 08/0  

Pb 10 11 264 505 49 30 38 32 20 29 23 

Bi 0 0 3/0  1/0  8/0  3/0  2/0  9/0  0 0 0 

Th 45/0  51/0  46/1  09/1  12/2  21/2  07/2  08/5  01/3  54/0  41/2  

U 07/0  07/0  31/0  22/0  51/0  55/0  49/0  08/1  68/0  09/0  51/0  
  

        

��������������������    1$ !1$ !1$ !1$ !    1   e
�F� _
8Q0 �
��%�& #H�"K =��%� ��C� ���%���� ��3"�)#� ?�@ ppm.(  

Samples 
SM-13-1 

*
����$#��2 

SM-7-2 

*
����$#��2  

SM-7-1 

$#��2 
SM-11-2 

$#��2 
SM-3-7 

$#��2 
SM-6-1 

�
��
�$#��2
SM-5-1 

�
��
� 
SM-10-2 

�
��
�$8��� 
DM-1-2 

*
�������4��  

DM-2-1 


����* ���4�� 
DM-2-3 

���4�� *
���� 

Rare earth elements (ppm) 

La 11/3  67/3  65/8  48/9  1/12  6/13  8/17  6/18  5/23  31/4  19 

Ce 7 08/8  4/18  8/19  5/25  4/28  37 2/39  6/48  32/9  40 

Pr 95/0  07/1  35/2  55/2  1/3  56/3  66/4  5/4  92/5  23/1  1/5  

Nd 1/4  62/4  1/10  11 7/12  4/14  6/19  5/16  24 31/5  1/21  

Sm 17/1  24/1  6/2  79/2  01/3  42/3  54/4  84/2  28/5  35/1  91/4  

Eu 467/0  494/0  893/0  04/1  04/1  29/1  72/1  829/0  94/1  517/0  78/1  

Gd 38/1  39/1  94/2  14/3  28/3  72/3  88/4  64/2  31/5  57/1  28/5  

Tb 23/0  23/0  49/0  52/0  55/0  61/0  76/0  48/0  83/0  25/0  83/0  

Dy 36/1  31/1  71/2  85/2  05/3  49/3  02/4  13/3  42/4  42/1  53/4  

Ho 26/0  24/0  51/0  52/0  56/0  65/0  72/0  73/0  79/0  27/0  84/0  

Er 71/0  65/0  39/1  48/1  57/1  82/1  97/1  48/2  18/2  75/0  36/2  

Tm 1/0  092/0  199/0  206/0  222/0  253/0  269/0  4/0  295/0  103/0  341/0  

Yb 62/0  57/0  2/1  24/1  36/1  55/1  62/1  62/2  8/1  63/0  09/2  

Lu 086/0  08/0  164/0  165/0  193/0  226/0  22/0  379/0  252/0  091/0  289/0  

ΣREE 543/21  736/23  596/52  781/56  235/68  989/76  779/99  298/95  117/125  121/27  45/108  
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.�&.�&.�&.�&3   #H�"K S�#��h0 �������%�  =��%� $ ��H� �� �;��MgO �G��3� ���� _�3"� ���-") ��#�.  

 

   $ ��24�P)�� #PH�"K S�#��h0 �������%� ���%0 ���)� *
�#�

���%� ��24�) ��3"� �-") ���).�&4 (  .�P& ` P"�� 9�/�-

 ��
#R0 ���;0 �)�)� ��� 8�� $ Y#F/� I�-F)�C 4� ���, �#�2

�)���, .��/0 �� .  #P��h0 ����P%� �� �F;�� S�Nb   1�P;B ��Zr  

�� I 
� �3C  �$� 4� o�#M�� $ �2 "��#7 �%� �� ��  �P� ��&

     �� $ �PG�;< �P��@ �� #PH�"K *P
� 9��� Y#MF��� �� �!�0 ��

 ���)#2� 1bC]11 �12[�� �  �P'8! �2 "��#7 *
� .��� 9��0

    8�O�P� S�#P��h0 �P
 $ �
�%2�� �
Z, [� #
���� �� V�;0�� �� ��

-F)�C =$+ _!�� ������� I�.  

���%�   8
�P%0 ��P�����%� �� �G��3� ���� _�3"� �-") ���

 �
�%2�� ���
#)]13 – 16 [    *��P��, �P0 ���P�F�� ����� �����

  "F��)1��&� 5E � �0 T�� .(    *P
� �� �P!�0 .P��B ����� 4� ��


      `#FP�2 �� �P�3"� ���-"P) 4� �P��%� �P) �#�2��#B �������%�

 ���$� ���F��4��).�&5E w (�)� .    ?P��#0 9��P� 5P
�8� .���

      �� *
�P��� 9�$�#P	 �-FP&�;�� �P� ��P��$� ���F��4�� �� ��-") *
�

���%� *
� �� �
�%2�� ^
#R0 J�-"��)� �F���$ ��.  

   8P�� �P�3"� ���-") �FC�) *��4 I�-
�! *��G0 ��m"� ��

   �P@�#< =�P�%� #H�"K _
�7 #� #F/�� �� �R�F�� �������%� 4�

I &I & I��RF)� � �� �)� .  TP�F�� �������%� ��]17 – 20 [

)�����& 6E � �0 T��(  �P��%� ���P%0 �    ��P�F��4�� `#FP�2 �� �P�

�MRH 9$���� ��#B ��  P�#�2 .   �P��%� #FP/�� �#P�2��#B  �� �P�

       ��P�F��4�� $#P%�B �� �P��, 4� �PC#� $ ���P�F�� ��P�F��4�� `#F�2

 =��F�� g�LC �� I �, �)� �� e
�F� ` ""�  �
W0 �
���B *
�

�)� �
���B �%� �0 ����F�� �#) �� ��-").  
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.�&.�&.�&.�&4   ��24�)�� #H�"K S�#��h0 �������%�E ��24�)�� $ ��24�)��E ���%� ��#� ��24�)�3"� ���_ �G��3� ����.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
        

        

.�&.�&.�&.�&5  � I��RF)� �� �G��3� ���� _�3"� *
�+, ���-") �
�%2�� �#) *��G0T��  ` ""� 8
�%F� �������%� 4 (4�]13[ .= (4�]14[ .w (4� ]15[ .� (

4� ]16[.  
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 .�& .�& .�& .�&6   I�-
�! *��G0*��4�FC�)  TP�� ` ""� 8
�%F� �������%� 4� I��RF)� �� �G��3� ���� _�3"� *
�+, ���-") .��/0 (4� ]17[ .= (4� ]18[ .

w (4� ]19[.  � (4� ]20[.  
 

    ��P�����%� _P
�7 #P� =��%� #H�"K c
4�0 ��-�� �)�#� ��

���%� ���C ���� $ ��24�)�� =��%� #H�"K #
���� ��0�;�"K ���

 �F
� "� #
���� �� �;�� ��3"�]21 �22[  I P& ��PQ"�� �  P�� 

)1��&� 7E  = �T�� .( �P"> #-���� ������%� *
�   ���P%0 �2 P&

���%��� ��
��� �� #H�"K *
� 4� ��   "FP�� �F
� "� #
���� . ��

   5;P) ���PC =��%� #H�"K �9��� *
�(LREE)    �P� #PH�"K $

�"> ���24�)�� S &    =�P�%� #PH�"K �P� �;�� �#F/�� �2 &

 *�-") ���C(HREE) �� 9�/� "�� .    ��P-�� 9��P� �4��P�

      ` P""�  P�
W0 8P�� �P�����%� *P
� �� ��3"� ���-") �� #H�"K

     ���P/�� 4� I P�, �P)� �P� e
�F�     I�-FP)�C #P� �P";� �P�;B

    ��P� $ 4�P) 9��P"K �� ��
#R0 ���;0 ��� $ ��-") *
� Y#F/�

�)��-") *
� .��/0 ��H� .   �P� �#P) 5P
 ��!$ *�"n%�-

  �2 P"��#7 $ �%m�)   �PR"� $ �P;�� ��P�
��Q"��� (  #
��P�� ��

 #H�"KSr �K �Rb$ �Ba     ���P)#2� �P� #F/�� �������%� *
� ��

0 $ ��3"� ���-") �� I��� ��   �-FP�� #PH�"K *
� �Z�� Y#M

���� . �;�� ���Q"���Ti    $ �P
($����F�0 �Z�P� #
���� ��D@ ��

�)� ��24�) ��-") *
� �� ��F"-����F�0 .  �PR"� ���Q"���Nb 

�F)�7 ���� �� �%2�� �
Z, [� #�X�0 #-��/� 8���)� ��.  

    ` ��K �� �I$bG�]23 [  ���F;P��Ce/Y  $Zr/Y   1bPC ��

�
#R0 ���;0 �P� �B�� #��h0 9$ � $ ���X \�F;�� �   �� �P�$ � P"���

�F)�7 �
Z, �Z�� S�!�� 1bC  �P� #P��h0 ��
4 �� �� �� ��-

 ""� . #��#� ?�0#0 �� _�3"� ���-") �� ��#F����7 *
� #
����1 

 �04/2  ��#�Ce/Y  $2/4   �P07   ��#P�Zr/Y   �P)� .  ��PQ�F� ��

     �P�#F����7 *P
� S�#P��h0 �;P�� 9��� *�
�7 �P� ��   .P��� 9��P0

      �P��%� *P
� �� �
�P%2�� �P
Z, [P� \�F;P�� #�XW0 #� �#-
�  �P�

�PP���� . .�PP& �� *�PP"n%�7E =�  #PPH�"K Zr$  Hf  5PP


�� 9�/� 5O�� �R"� ���Q"���  �P� �P� � "��   #-��P/�  P���0

 I�-F)�C �� ����2 ��D@  &��]24[.   

�%� �� =��%� #H�"K c
4�0 $ ^
#R0  "
�#	 �� *
���� ����%� �� =��%� #H�"K c
4�0 $ ^
#R0  "
�#	 �� *
���� ����%� �� =��%� #H�"K c
4�0 $ ^
#R0  "
�#	 �� *
���� ����%� �� =��%� #H�"K c
4�0 $ ^
#R0  "
�#	 �� *
���� ��� �P� �P� �P� �P�  ��P�  ��P�  ��P�  ��P�

��3"� �-")��3"� �-")��3"� �-")��3"� �-")  
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      #PH�"K S�#P�h0 $ �0�P;�"K �������%� �� �� ������ 4� ��


 ��3"� ���-") =��%�)�����&7 $ 4 (  �P� �P!�0 ?�!  � P"�

 _��%� �) =��%� #H�"K #
���� *�� �
� ! $ ��H�	 5
 ��!$

���%� �� �-")���)� #-
� � .       �P��%� �P) *P
� �P� ���P< �P�

"K 8�#%0 �� �� *
#F%� �����    ���-"P) 9�P�� �� =�P�%� #H�

 "F�� ��3"� .     #PH�"K *�
�P7 �Pm�> 8P�� $ �
� ! *
� .���

���� ?��#0 �� [��F�� V�;0�� �� ��-") *
� �� =��%� �)�"&

) �� �� �� �@�	 S$�R0 I]
$ �� 1����*
���� ( .��/0  "
�#	 $

�)���, .���%� *
� �
Z���� ���-") ���)*
����*
���� $ $#��2-

��4��� ( "F�� *��$#�7�"��� $ *
���� �Z�� #
���� ��. 

    $ *
�P��� *�P� =�P�%� #H�"K �
� ! ?
�#p ��� ��< ��

 I��� [� �0�����) =�f� �� *��$#�7�"���(D<1) ) 1$ P!2( �

       ���24�P)�� �P����� *P
� �P� �;P�� \���%K #H�"K *
� $]25[ $ �

    P���� �� I P��%�B�� =�f� �� 9 ��%�B�� �� .
�%0]7 �21[ .  *P
�

   �
� P! ?
#Pp ����� �/�%� �� *
���� �� I]
$ �� ���24�)��

 4� #F%�1      �P� [P/O �P� #FP/�� �P)� #H�"K *
� ��#� ���PC .

    #PH�"K =fP! �� ���P� *
� [� ����� �
����0 .��� �� �*
�#��"�

�"> 4$#� ?;) �Z�� #
���� �� I]
$ �� 9, ��D@ �=��%� �2 &

 ���C =��%� #H�"K J�%0 9���
 =�f� ��]7[    �2 P& �P�0 $

�� �
Z���� 4�	 �� ���,��&.  

      ��P����� ��FC�"P& U"P)  ���P& ��P)�#� �#-
� o#< 4�

   �� �
Z�P� �
� P! ?
�#p 4� �� ��0�7, $ 1�;�R�, #�m� �K#	

   �P��%� �� � P������C#� =�P�%� #H�"K =f!    �$�P@ �P� �
�P�

 "���%� 8�� � "F�� *
���� �Z�� #
���� . 8�� .��K *
� *�
�7 ��

 ����PP%� *�PP� �
� PP! ��PPQ
� $ =�PP�%� #PPH�"K �PP��$�#	 9��PP�

  �#X�P� ��� _�3"� #-
� *
�+, ���-") �� *
���� #7 ���-")

�)� �F&�� .  

        

1$ !1$ !1$ !1$ !2   =��%� #H�"K �
� ! ?
�#p_��)$ �� �F��4�� �����f� ��  "�;���� $ 4b��
(b7 �*��$#�7�"��� �*
���� �������) ��]25[.(  

Trace element Olivine Clinopyroxene Plagioclase Hornblende 

Rb 0098/0  031/0  071/0  29/0  

Sr 014/0  06/0  83/1  46/0  

Ba 0099/0  026/0  23/0  42/0  

K 0068/0  038/0  17/0  96/0  

Y 01/0  9/0  03/0  1 

Ti 02/0  4/0  04/0  5/1  

Zr 012/0  1/0  048/0  5/0  

Hf 013/0  263/0  051/0  5/0  

Nb 01/0  005/0  01/0  8/0  

Th - 03/0  01/0  5/0  

U 002/0  04/0  01/0  1/0  

La 0067/0  056/0  19/0  E 

Ce 006/0  092/0  111/0  2/0  

Nd 0059/0  23/0  09/0  33/0  

Sm 007/0  445/0  072/0  52/0  

Eu 0074/0  474/0  443/0  4/0  

Gd 01/0  556/0  071/0  63/0  

Dy 013/0  582/0  063/0  64/0  

Er 0256/0  583/0  057/0  55/0  

Yb 0491/0  542/0  056/0  49/0  

Lu 0454/0  506/0  053/0  43/0  
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.�&.�&.�&.�&7   ���%� �0�;�"K �������%��F
� "� #
���� �� �;�� �� �G��3� ���� _�3"� ��� ]21 [)T�� ($ ]22[ )= (I & ��Q"�� ��.  

        

�
�4 U")�
�4 U")�
�4 U")�
�4 U")        

& �"> 9�8�� }��/0 ��m"� ��  ���-"P) I�-F)�C 9��� �2 

      ��24�P)�� #PH�"K ���F;P�� 4� ��P�3"� *P
�+,Zr/Nb  $Y/Zr 

 a)�0 I & �'���]21[  �"> �����-F)�C 5��R0 ��#�  I P& 4�

 & ��0I �)� I & I��RF)� .  ���P�� Y#M0 .��� �� #H�"K *
�

    ���#�P�R0 ��#P� ����P)#2� �Z�� S�!�� �� �F@ ��C *�
�7

U")���%� �
�4 9�)#2� ���) �P��%� #�m�    ���P� _P�3"� ��P�

�G��3� (  � �R� �����]26 �27.[  �P��%� ���%0 ���)� *
� #�-

 �P� ��#B I & �"> _F&�2 `#F�2 �� �G��3� ���� _�3"� ���-

  �#�2)�����&8E = �T�� .(  �� P�� �2 "��#7 ������%� *
� ��

�� I 
���& .�%� ��
#R0 ���;0 ���Q�, 4�S�#��h0  ���0  ����"�

  #P�m� ��24�)�� #H�"K ���F;�� ��Zr/Nb $Zr/Y  ��PQ
�    P"�

]8[  �� �� �� S�#��h0 9�8�� �	#< 4� $Nb ���%�   �P�3"� ��P�

�� ��)� [� 8�� �P� S�#��h0 *
� �� �R2 9��0   4� �P&��  P���0

 *-%� I�-F)�C 5
 �� �/�� =$+ _!�� �� S$�R0]10 [  �P
 $

� I�-F)�C .M� �"-%��� 4� �&��  &�]28.[     

 ����%� ��Zr/Nb  �� �;��La/Nb ]29[ ).�&9( �

���%��"> _F&�2 `#F�2 �� \�;��> ��3"� ���I &(EM)   ��#B

�� �#�2 . _
�7 #� I �, �)� �� e
�F� ` ""�  �
W0 ����%� *
�

�������%�Nb/Zr �Y/Zr )1��&�8E = �T�� (9�/� $ �)� -

�"> ` "��/0 ��%2�� I�-F)�C .M� �2 & *
� ` "�� .��

�)��-") . ?��#0 #2� ��  ��$�� *
� #� \���%K 9�)�"& U")

I��B 9$�� ���F��4�� �)����B� #
�8! ���F��4�� ?��#0 �� ��

(OIB)  _F&�2 4� I & ��
 ���F��4�� � &�� �F&�� ���;&

�F	#2 �/
� �#R)�"F)�  ��]30[ . ` ��K �� *�"n%�]31[  #2�

���%���� ����� �-") ��� #
�Zr/Nb  $La/Nb  #
���� ���/�

OIB  _/
� ����� ���, ` "�� .��/0 ��%2�� � "&��

�)� I��� �#R)�"F)� .���%� 4� J� �n�� ����%� *
� �� ��$ ��

 `#F�2 ��OIB �%� ��#B�� #�� *
� �� � �#�2 9�/�  ���0

 &�� #R)�"F)� 4� ���, ��%2�� �#�2 �/
� J K ` "�� .  

 ����%� ��Nb/Th  �� �;�� Ti/Yb).�&10(���%� � ���

�)����B� #
�8! ���F��4�� *�� `#F�2 �� ��3"�(OIB) _F&�2 �

T��T��T��T�� 
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I��B #R)�F�� ��(CLM)  *
#
4 _F)�7 $(LC) �� ��#B �#�2 .

 ?��#0 � & �FR2 �b;B ����"OOIB  _F&�2 ` "�� =�04�� ��

�%� ��)� �#R)�"F)� I�#� .%K I�-F)�C .M� 9��"K ��  ���0

�� & . ���;��#0 �� ��3"� ���-") ?��#0 9��� 5
�8� ��$

 �F)�7 *
#
4 ���/��).�&10 ( �� V�;0�� �� �)� *�%� 8��

 �F)�7 *�� ���-O S$�R0 �� � &�� ��-") *
� �� �%2�� �2���,

I 
� 9��� ����� 4#� �� �F&�2 $ ���;0 ��%2�� TB�0 ��#� 1,

�� [��#	 �
�%2�� �
Z, $ ��
#R0 "� .�0 ����4 �0 �%2�� TB

  )#� � @ �� �
�%2�� ^
#R0 #X� �� 9, ���-O �� ���� �����

��$, �) � �� 9 �, Z�� ��#� J4Z ��$�"& �$#��  ���F� �� .

�� [��#	 �� �
�%2�� �
Z, 4$#� 9���� �TB�0 *
� *
� �� � 
�%�

 ^
#R0 $ ���;0 1bC �� I & ��4, ���;0 9��� ���#2 �� .���

� ������� ��!�� #H�"K `���$� Y#M0 ��#� �� J4Z ���#2  ���0

  "� [��#	 #R)�F�� 4� ��� *
� �� cB�$ 9��8�� ���-") ��

]33[ .�& �� ����"O ��$ �10 �� I 
����%� ���& �� ��

I#F�2I��B #R)�F�� _F&�2 �� 5
�8� �� ��(CLM)  ��#B 8��

�F	#2 �;�� k�M� 4� I]
$ �� $  ��Nb/Th l4�#7  ���C �����

�� 9�/� #-
 �
 �� "�� .�� #�� *
��/
� ` "�� 9�/�  ���0 -

 #R)�F�� _F&�2 4� ��-") *
� ` "�� .��/0 ��%2�� �#�2

I��B ��(CLM)  &�� . 9��� �/�� =$+ _!�� *��G0 ��#�

 #H�"K ���F;�� ��)� #� I & �@�#< �������%� 4� I�-F)�C

 =��%�Dy/Yb  �� �;��La/Yb ]34[ $La/Sm   �� �;��

Sm/Yb ]21 [�)� I & I��RF)� )�����&11 E= �T��.(  

.�& ��11 E ���%� T�� �$� �G��3� ���� _�3"� ���

 =$+ �"M"�14  �016  ����2 I�-F)�C 5
 � H�� -

�F	#2 ��#B �F�0$ 
#7 �� ..�& ��11E �F�� =$+ 1 � �� = -

�"> I�-F)�C 5
 ��#� �� I�-F)�C 5
 8�� $ I &MORB 

��0 I &(N-MORB) �� 9�/� �����%� � �� �� ��3"� ���

 ����G0 �/�� =$+ S�!�� $#%�B12  �017  5
 � H��

�"> I�-F)�C�� ��#B I & �#�2 .�� �*
�#��"� =$+ S�!�� 9��0

 �/��12  �017 �"> I�-F)�C 5
 � H�� ����2 ` &

 �� ��3"� ���-") ` "�� .��/0 ��%2�� ��#� �� �F�0$ 
#7

2 #m��	#.  

 �� 9�/� ��#Q0 S�G��3� �%�� �F��4�� ����%2�� ��  "��

 =$+ 4� �
���B15  �030  � H��]35 �36[  ����%2�� $

=$+ 4� �
���B  4� #F%�10  � H��]37[  _F&�2 ���F�0$ 
#7

�� .H�@ ���B�	 ��&.  9��� �/�� =$+ _!�� _�
���

���%� I�-F)�C �G��3� ���� _�3"� ���)12  �017 �� H� ( ��

 �
���B ���F��4�� ��#� I & *��G0 #
����)10< ( �
���B �%�� $

)15> ( ��� $ ��3"� ��%2�� ����F�� ����� I ""�  �
W0

�)� #�� *
� �� I�-F)�C 9��� �/�� =$+ �!�� S�#��h0.  

    ` ��K ��]7 [I��B ���F��4���	�� _��$� .@�#� �� �� �
�4

��$  ���� �
���B ����� #F/��  �/� �#� �� �
������ ��

�F)�7 �
 a)�$ @ ���F��4�� r���� �)� *�%� ��)� ��
4 ��

 ��& I 
� 8�� ����F�� . a)�0 I & J�Q�� S�G��3�]34[  ��

 ����� �� ����%2�� ��!$ 4� ���@ 8�� 9$#��� �	�� �� F��

�)� ��3"� *
� �� �
���B �0 ����F�� ��6��0 . *
� ` ��K ��

�D@ �9�#-/�$]7 4� ���@ ����F�� ����� �� ����%2�� �

 �/� *
#F/��)Y4���2 & (I��B #R)�F�� �� ��F)�� �� ��

�)� 5�'$4�") �< 9$#��� �	��.  

 4� ��
 �
���B #F/�� ?��#0 �� *
�+, ���-") ��D@

5�'$4�6��7 *&$� ����2]
$ *
����) g�L�� $ I]
$ �� �*
#
4

9�%"C� �� ��)� �8�#� 9�#
����, ���  9� �� 9�3�) �� ��

]38[ 9�&�� �) �]39 �40[ �$#0 �]41[ J�! �]42 �43[  $

�� 9��#� $ �8
 ^<�"� 
� 9��0.  

 ` ��K ��]44[5�'$4�6��7 1bC �� �8�#� 9�#
� � *
#
4

 �� *
����) �
�%2�� ���F���G	 $ ��� ���$ "2 `��B#�� 4� �/��

I��� 9��4 *
� �< �� ��!�� �//� 4�	 �� V�;0�� �)� .  ���&

�� 9�/� T�F�� I�-F�0 *��$� �0 *��
$��� 9��4 �� ��  "��

 _F)�7 �2 �/� ��2 �,Z�� l��F)� ���$ "2 1�%& �� 
�7

I��B �)� I & �	�� .��/0 $ ��]45[ *��4 4� ������ -

�	�� .@�#� *
� �9�)�"& .��/0 �� V�;0�� �� �� �
�4

�� 9�#
� 1�%& �� :�F0�6��7 "��� .�K �� ` �]45[ 1�%F@� �� �

 I & .��/0  G� �� *�/�7 *��$� 9��4 4� �)����B� _F)�7 ��
4

 ��� �4�) .��& 9�#
� *
����) $ *��
$��� ���-") $ �)�

 \�K�%Q� �� ���, ���4�� [� $ ���� $ ��B �Y#�/� �������0

I�#� ��Q
� �� I �$#/�7 {�8�I���C� � �� �� 9��8%� ���

F0�6��7 �	�� .��/0 "F�� :� .���$, �$ ` ��K �� ���

I��B #F/�� �Z�� �-F)��7�� $ ����  �4�) �
Z�� ��� ��

 �&�� �-F)��7�� #-���� ��
4 1�%F@� �� 9�#
� *
����) ���-")

�)���$ "2 `��B#�� 4� 9���0 _MRH �	��& $ �
� ! 4� . ��

 ` ��K]46[ ����0  ���B�	 *
#;���#7–  .��& �� *��
$$���
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�F/�� 5
 �������0  �$#/�7–  �0 �p�@ 5
 �� �$#�7

 �F�/� 9$��I��B $� $ ���/R/0, ���-") �$�@ 8�� �)� ��
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