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Ng353  Sz290  Ng421  Ng362  Ng360  Samples 

 

          Oxides  

57/44 63/43  99/45 22/47  22/48  SiO2 

21/3 66/0  04/1 39/2  68/2  TiO2 

89/12 44/14  92/12 55/12  71/12  Al2O3 

73/17 14/9  53/15 28/15  17/16  FeO* 

26/0 15/0  24/0 26/0  30/0  MnO 

92/6 81/10  51/6 59/7  05/7  MgO 
57/10 66/15  87/10 04/10  76/7  CaO 

98/1 18/1  35/1 46/2  39/2  Na2O 

63/0 19/0  87/0 58/0  68/0  K2O  
32/0 07/0  28/0  26/0  27/0  P2O5 

55/0 12/3  8/0 99/0  13/1  LOI 

62/99 60/99  4/98 63/99  38/99  Totale 

50 49  48 48  47  Sc 

2 1  3 2  2  Be  
559 224  529 480  506  V 

70 500  120 160  60  Cr 
50 46  38 48  43  Co 

50 130  60 80  40  Ni 

60 10<  50  50  40  Cu  
210 80  130  40  120  ZN  
22 12  19  18  19  Ga  

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

5< 5<  5<  5<  5<  As  

8 1  13  5  8  Rb  
256 42  74  87  61  Sr  

3/75 19/17  2/61  4/48  6/56  Y  

258 32  192  127  189  Zr  

8 2/5  9/5  4/5  7/5  Nb  
2<  2<  2<  2<  2<  Mo  

4/2  8/0  5/0<  5/0<  5/0<  Ag 

1/0  1/0<  1/0<  1/0<  1/0<  In 

3 1<  2 1  3  Sn 

2/0<  8/4  2/0<  2/0<  2/0<  Sb 

2/0 1/0<  3/0 1/0  2/0  Cs 

224 12  52 17  26  Ba 
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Ng353  Sz290  Ng421  Ng362  Ng360  Samples  

          Oxides  

   5/9 04/3  16/9 7/10  94/7  La 

2/30 13/7  4/25 4/25  22  Ce 

09/5 05/1  96/3 23/4  53/3  Pr 

6/26 69/5  4/20 21  18  Nd 
41/8 9/1  81/6 91/6  06/6  Sm 
83/2 77/0  28/2 18/2  2  Eu 
4/10 46/2  26/7 54/8  44/6  Gd 

97/1 47/0  8/1 58/1  62/1  Tb 

7/12 3  11 15/9  94/9  Dy 
72/2 62/0  41/2 97/1  18/2  Ho 
3/8 81/1  8/6 47/5  04/6  Er 
21/1 258/0  11/1 861/0  991/0  Tm 
71/7 56/1  73/6  47/5  91/5  Yb 

2/1 221/0  97/0  781/0  871/0  Lu  
2/6 9/0  5  4/3  7/4  Hf  
5/0<  15/0  5/0  39/0  48/0  Ta  
5/0<  5/0<  5/0<  5/0<  5/0<  W  
05/0<  05/0<  05/0<  05/0<  05/0<  Tl  

8 6  5<  5<  5<  Pb  
1/0<  1/0<  1/0<  1/0<  1/0<  Bi  

27/1 19/0  47/0  83/0  41/0  Th  
56/1 04/0  19/0  56/0  32/0  U 



�������� 	�
� 	�� ����� �������� ��� 7 )1389(                                                                           7  

 

 

  

  

  

  

  

  

  

  

 

M0�4- &b8Q '��%�� '�<�� /7�� ��'qL /�,]2[  &�%�� �-��0	. +�����  +����� }	P�1 /�'�� &N��O
 �'%
 /�,.7�-F,  

  

  

  

  

  

  

  

  

  

  

M0�5- &� '��%�� '����1P2O5-TiO2-K2O  ]33[ +	�%������%��	�� +����� ��7E
 '� &bO�
 /�, .7�-F, \��  

  



�������� 	�
� 	�� ����� �������� ��� 7 )1389(                                                                           8  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

  

 

  

M0�6- ) �0	�%-01 X	E
 �7��P����-
 /�,'��%�� �-�	� '�a- ]35[ Hb- ]28[H c- ]34[ Hd- ]26[H e - ]34[ Hf - ]39[&�%�� ( &N��O
 �'%
 /�,

y�N-
 ) ��%��	�� &-�%. &�MORB.7�-F, ( 

  

  



�������� 	�
� 	�� ����� �������� ��� 7 )1389(                                                                           9  

  

  

  

  

  

  

  

  

  

  

  

M0�7- )a (/%���REE  <��&N��O
 �'%
 /�, 9'%
 &���
  +�� &-)�	� y��[1 4'%o� ;�
�� /�,10  �150 ��: ����� &� +8F� ��7�

+�'7�P�
 ?��� �,��: .7,� �5��C �� ��7�LILE &�%�� '�) &	�� &-�%� &� +8F� �,b9'%
  ( )c�
 ( ;�
�1'7	, ������� �	t�1 7�%
 7��%1

'��%�� .7��� Z%��	�� mP �7� ��	��
�� /��C 9'%
 &� +8F� &P �K�L �1%80�C 9'%
 &���
9'%
  ��%�N
 /�,?��, .+�� ���b-�� ]%� /�, '%Q

) M0� '� &Pd(  &�%�� �G� +��7	.SZ290 %� &� +8F� �7� ��	��
�� �1%80�C '��%�� ��7E
+	�%���� '� &	�� &-�) '��8� /�,S. G. (

U, ���-�	�9'%
 ��7E
 �� �' ����%.��: /�,�
 ?��� �7�9'%
 ��7E
) 7,�) �7� ��: /�,EMORB9'%
  () ;�
�� /�,NMORB (

 :��'L Z%��	�� &-�.  ~�Q� Z%��	�� +[�' ��]16[&�%1 ��7E
 H) ��%� ����B /�K-��IAT$��
�P Z%� �� ( 9%�B '� :��'L Z%��	�� ���:]17[.( 



�������� 	�
� 	�� ����� �������� ��� 7 )1389(                                                                           10  

�,'��%�� '�/ 1%80�C�%�� �G� H&� b)	>3. �� �� �3P%

)SZ290( ���&�%�� ��: �,��7��  �5��C ��1LILE  �'

9'%
 &� +8F��,/ �%�  ;�
��&- ��	
 ?��� &� .7�,�

��
 �' �
� ����) &� ?�%1��,7�/ ��:��� +8F� �  

m�� - �:��7�� %��t/ ���� �%���� ��� �� mP	 Z%��

]15[.  

9- �:��7�� %��t/ � ?7� &)�R� �� M5�S	 ���L 4(�

�%. �� �7�&- ��	�%��� %� &� �7��'�)� &-�%��/  '�

O�
&b +�. Z%�]15[.  

|- �:��7�� ��&	 ���� 9q ���W�� �%�&- �:�-

 �7�]44 H49[.  

� - 9q �-�P {���W�� &�%�� '��,/ �:� >3. ���P% �3

]44H 49[.  

 ��
%�L� �%� &� +8F� 9�� +8u
&- ��	sN� '� &�  ��

&�%�� �,)SZ290 ,NG353 (����  ?7� &)�R� ��

Q '� 9��� �%�����  (�� '��)�� �%�����  mP

��	 Z%����-�:L �� &-�%. 4��%�' ���/ 
� 7���]15H 

20[&-�%. ��%
 �%8� &� &B%1 �� .�/ E
 '�	0�1 X	 M

�%1�.	) +�� +�����	�%����%���� (	+�,/  � &bO�


� '� ;� M
�C���
%�L ��G� 
 �t%
 9�� +8u
� .7����

�:��7�� ��'�	�%� &� +8F� �%&- ��	9'%
  &�,/ 

 ;�
���' &�%�� �uP� '� �,
��%���� &� ?�%1�  mP

��	 ��� +8F� Z%��]42[.  

 

+,( - L*��* ���
�'( )�'�  

��8
 ��/ �,��>�'�./ ��P�������,'�-��� H/ ��P�� H

��P X��'������ -)�� � �	;���� �  �,

)'%.	+�3���. ����  �,�'�7/ &C%�G
�,/ ��P��,/ 

 4�[-
��%���� 4(%E1 &C%�G
 *� &�S�
 r�.�/ 

 '��%����	+�,/  '��8� 9�: ;���W�1	��� D �7� �

 +�� ��  �, 4'��S  '��) &8��E
� �� *�� � MS��


F
	�%���� �� y)�%
  ��&��bC +KB�,/  +C����1	 U

�7� +�� ]2[.  

                                                                 

1-Large Ion Lithophile Elements 

 ?�
� ��G���%���� |� &�S�
� �	 ��W� 9q �� &P� 

NR%
�  H��%� ����,�� ��N1 �� ���[-		�,'%�� �� �/ 

��1  �P�	��-	�%�%P%� '� '%oE
 +�,/ �G��1	-� 

�%����	+� w' &� �,��'	U - �B'� 9��H 105  �1107 


	�	;�� ?%  M8�� & +�� �7
L +��]36[.   

��8
 ��/ �,'�-���/ ��P��  4�8��E
 

�-
'��%
�1/-01 ;7
 � H%��� ;�
�1%�/ F
	�,�/ P-

T-t  '��))- 4'��S  - 
��� (?�
�	��,/ '�F�'� 

�%����	)�N
 +� 7�+�� � ]17[:  

/%��� �7
L(�� H;�� � '��) J,�P  &� 4'%5�;�
�1� 

)2ITD:( � '��F
 +��S �	 �P-T-t &��bC +KB '�-

�,/ �'�� �'%��� ?�
� '�  ���P +P�S +C���/  

WR	U7�� &-�%.�/ 
 �%B%��L�� .7� ���-F
 �
� �

)71	�,7S� �/ ���� � a��C� �1	 +
�WR �� �-�

�%.&- �'���/ �%�N
� )30 P	 H(�-
%� 7N� &�S�
 '� 

'��� +���� ��  UP a��C� &� �K�L$���7��  '� &-�%.

-�	&G ��)��,7�/ �%-01	0� ���) � +�� J]40 H17[  .  

/%��� �b1 '��) '� ?7���� H���) +��t �83IBC :(

���F
 &�%�	�,�/ P-T-t &��bC +KB T3� '��,/ 

-� '�  ���P +P�S +C��	&G '�1���%1 y�,/ q%[�/ 

&-�%��/ ����
 Z%� '� \���� �'���/ � &P &B'� '%Q �


 ���� 7�%�]7H 8 47[  � I�� V�b� �%B +�C &� �

�'%�1�,/ &-�%��/ ]7 H18[ E
 	X�,/ '�-[� ]37[ 

� &
 �%B�L�� '� .7���,7����) � �,��>�'�./  (�� '��)

�%���� '�	+0�1 �,	�� M�.7�%� �%���� T3���	+�,/ 

�,�n� M���/ 7���� � (%�N
 &P &9q M�E-
 47�

�W�� ��7 H7��+	�%����?� �� &P ��(�� '��) /�, /�,

 7�-F, ����, J��'�)9q 7,�%��W�� b
 '� �'	 Z�

�	�� ?��� \������� 7�,������ �5��C �� �	)%-	 M �K1

�7��7�� ]9[�%���� .	+�,/ O�
&b  &N��O
 �'%
�	 �

�%���� 7���
	+�,/ 9q 7,�%� J��'�) yQ��
�W�� 

b
 '�	� Z�	\ �� ?����  7�,�Xb)  �7�P��. ]��-B�

 �&Y�' ��,�� �G��1 9�p
 ��	-�  �7
L �%B%� �K�L '�

                                                                 

1- Isothermal decompression      
1- Isobaric cooling 



�������� 	�
� 	�� ����� �������� ��� 7 )1389(                                                                           11  

.+�� )�Q ��� ?��, M0� �� &P '%Q7 .	 +��7&�%��-

�,/ K1 &N��O
 �'%
��7�� ���� �5��C ��	)%-	?��� M 

���.7�,�   

�%����	+�,/ )�
	WR yQ��
 D��� (�� '��) *	U -

7�� &-�%.�/ ��,7����P '/ ��,%P��  7�-F,]29[ .

����0�1 +KB ��( X	� M��%���� &�%� �	+ '� �,

E
	X�,/ 7C��� ��B��%� ��  ����]6H 14 16[ ?�  -

 I�� J��'�) /�,?�%B  ]13 [ .+�� U,��)  

&R%S 7����) ��(%Q �'� *� �� \	� ��%��	�� /�,

�  �7� ���� ��%� ����B M	0�1 �C�� J��'�) +�C &

 �7C�� �	)71 H�K�L '� \�� ������
 U	WR 4�b8Q ?�

9q &� �G�
 &-�%� �1 ��%� ����B  �7� ?L ��W�

+	�%���� 4'%o� (�� '��) /�,) ��7���� ��)+	-�'( 

�
 M	0�1&R%S '� �
� 7�%� *�'�� /�, ��%��	��

&R%S)+�. /�, /�P�
 ?���� �'�� ���� T��Q� (Z%�

/'�	F� X�%1 &P 7� ?��� �Q�� ?����,2. �� ]4H 5 

H23H 25 H41 H43H 46 48[  +KB ���� ��%� ����B

+	�%���� ��G����%8� M	0�1 &� '��� (�� '��) /�, �� .7��

?��, �)�Q 7� ?�	� ��	�%=> �E8
 '� &P '%Q

&o���+	�%���� ���	�	�%=> /�, }	P�1 &� &bO�
 /�,

) ��%��	�� &-�%. ���	�	�MORB� ( ����
 �� �-�	

 *��P /�,L.7�'�� +,�8� ���� ��%� ����B ?�0� 
 ;7
?� /��� �7� �S��Q �0�>%�%='  �1'��S /���-

%�P ;�N)  ���7� J��'�) /�,�� ]10 H13 H30 H31 H32[ 

 �� /'�	F� '� &P +�� &-0� ��� ����	�?� /�,

�. 4'��S X���� HJ��'�)�U0S �	 &0�� +F	� �
�)

?� �%B<�� M	0�1  I�� J��'�) /�, /�,

 �7�7. *� �	� J��'�) �	S '� (�� 4'��S ��%����

.+�� r��'  

?������<�� M	0�1  (�� �1'��S /�, ��%���� /�,

&R%S �%B �� �-�	� J��'�) yQ��
 '� (�� &B'� /�,

 �'%��� �� ~n�  *�'��  ?�%B ��%��	�� �'�� �

 &-�%. *� 47
 ��'� J��'�) �� �
� ��� .+�� '�����

 '� .�'�� 4���d
 �1'��S �j� �� ����  \	� ��%��	��

&R%S �%B &O��' ��� &G	-� '�  *�'�� ��%��	�� /�,

 /'�	F� X�%1 '��8� &bO�
 '� ?�%B  I�� ��

+�� �7� ?��� �Q�� ?����,2. ]4H 5H 23H 25 H41 H

43 H46 48[.  

��2� Hy	bE1 ��� �� M5�S <�� MP ���	�	�%=> /�,

 4'��S  '��) �	F
  /�-
'��%
�1 4�8��E


����  ��%���� ��8� �7� ��G�� />%�%��P%=> /�,]2   

3[ �
 ?���<�� ��� +	�%1�. &P 7,�+����� H�, /�,

&�%1 }	P�1 �� ��%��	����%� �-��  J��'�) �Q '� &P

��	�� &R%S � �'%���  ;��� T�Q &� ?�%B  I�� ��%

 ��%���� H(��8�� $%��  /�P�
 ?���� �'�� ����) �'��

9q M�E-
 ��o-W
 ����� &��1�P ?�
� '�  �7�-

�7� ��W�?�	�  J��'�) �Q '� ~n� .7�� ����

 M��� ?7� ��� ?7� ��%��	�� &�' �� �1�NO� /7N�

�7� ��'L �	
� zO� &� &jS3
� .7�  

+	�%���� �� �3C +�� �Pq &� ��(;��� /�, 9�:

 ���� ;��� ��%��	�� &R%S J��'�) 7�%
 &P '��8�

 ��	�� +�� (�	8�L) ����� &��1�P '� /�P�
 ?���� �'��

 ��%��	�� &R%S '� J��'�) U-F	� *� �%B &� �	�

�7� �'��� /�P�
 ?���� �'�� ���� a�� �� ��  �G��

<���' /�,�'�F  +�>%�P� H��L +F	� /�,

 �� M5�S ��%���� �� H7�B�	� 9%�B +	�%8	[
L

 �' J��'�)125  �7
L +�7� M8� ;�� ?%	�	
 +��

]12[<�� &�%� ��� '%sS .  a�� '� ��%���� /�,

 &R%S J��'�) ����	� �	� /�P�
 ?���� �'�� ���� ;���

.+�� ����� &��1�P '� ?L T��Q� ��%��	��  

  

����M  ���&      

1- ���P /�,��>�'�.+	�%���� ����� ;��� *	)�
 /�,

H+�'�� �%B) '��8� 9�:   M	1' H�FP�	.%�	�P

 ��� /�-
'��%
�1 4�8��E
  (�FP�	.%1'� �%8�

<�� X���� +E1 ��%���� 7����) ��G�� ����	� �,

.+�� (�� '��)  



�������� 	�
� 	�� ����� �������� ��� 7 )1389(                                                                           12  

2- +	�%���� �0	�%-01 �����BC�� (�� '��) /�, ����B �7

?�  ���� ��%�?�%B  I�� J��'�) /�, �
.7���  ��

�,'��%�� &� &B%1/ 1%80�C� �,'��%�� / ��-
� �7��P�

E
	�%-01 X	0�  H+������%����	+�,/ )�
	 ;��� *

'��8� 9�: D����,/ �%=>	�	���  �' ��%� ����B

 &���
  ��%8� �'���� &-�%.	�%�� (9'%
) �-F,7�.  �p�

�2���,/ �	�	��� <�� MP�d
 H� ��� M	0�1 �� �

+	�%����E
 '� �,	�%-01 X	0� ��B �7C����%� ��     


�7���)�Q �� .� 0�1	��B M��%� �� � +KB ����� ��G

�%����	H�K�L �7C�� '� (�� '��) +  �%B ���-F
� *

�� &R%S	�%��� �	 ��G��  \ ��(%Q �'� J��'�)

� .+���%sS �� �
� �'�� '�&0�/ �� &R%S ��	�%��� 

-1	 ~ �7��P &Q�S� &P &��1�P ?�
� '�� �'�� ����� ?��

�P�
/  ��%� F� X�%1	'�/ bbE
 ��	 � �	� ?��� �Q��


 ��s1 '� �7��.7���  

3- �� '�� ���� +P�S� ���P�
 ?��/ ;��� +�� &�H 

?�%B  �7E
 ��%��	�� &R%S  ?� '� ?L �7��P &Q�S�

'��8�H M�E-
   �7� J��'�) ?� ��%����

+	�%����(�� '��) *	)�
 /�, � &��1�P '���� M5�S �

�7��7�. 

  

�C(��':( - �  

J,2. ��� �W��  ���>�. �� M5�S '�0�,/ $�-�
 

�	
��	N
 �-P�) ������ ?�����/%R' �-P� H/���H  �-P�

MGE
 ���L�o� �FE
 / H�1�' %0�'7) �-P�) ���	��-�� H(

F)�.  (��'���� �P%���	B �-P�  ��%.%F1%P %0	�
� '%

(���B MFP�  �1 Z�
%1 �-P�) �����L k '� &���' 9%k'�

��-P�/ �� '�  }��G� ��'�� ������ �	� �>�. /�-��'

&P +�� '��8� &bO�
 *	
����%=> . ;�� '�Kk ��	 J

  �7� ]���
 +)��	.  ��G�� ;�S '� �	� ?%�P�.7��� 

�%��7�&�	  '%Pp
 ���)� ��KF1 &P	 ��G�� +KB ��( 43

���L	. &=�'� ��  ��%�� U,��) �' �	��C 4���K���  �1'���. &�

� ?7�� �bE1	y ���'7�  �0�1 ;��P 7�-���� +�,�  �'

.�'��   

  

  

N��� 

]1[ ) | H/7	G
1378�	
� w'���  &�b� ( &�' �����

100000/1 �	
� ?�
��� H'��8�)��-P�  ����� 4�

'%�P ��7N
. 

]2[ � H/���L�o� )1388 (<�� />%��-. '�%� ��%���� /�,

/�-P� &���' H'��8� ;��� �-	�%	)�  +	��1 �������

U�N
H250�. 
[3] Alavi - Tehrani N. (1977) Geology and 

petrography in the ophiolite range NW of 
Sabzevar (Khorasan/Iran with special regards to 
metamorphism and genetic relations in an 
ophiolite suite. Geological Survey of Iran, Rep. 
No. 43. 

[4] Baroze J., Macaudiere J., Montigny R., 
Noghreyan M., Ohnenstetter M. &  Rocci  G. A. 
(1983) Ophiolites and related formations in the 
central part of the Sabzevar (Iran) and possible 
geotectonic reconstructions. Geodynamic Project 
(Geotraverse) in Iran: GSI, Rep. No. 51. 

[5] Berberian M. & King G. C. P. (1981) Toward a 
paleogeograpy and tectonic evolution of Iran. 
Can. J. Earth Science 18, 210- 265. 

[6] Berger J., Caby R., Liedeois J. P., Jean-Claude C., 
Merceir. & Daniel Demaiffe D. (2008) 
Dehydration, melting and related garnet growth in 
the deep root of the Amalaoulaou Neoproterozoic 
magmatic arc (Gourma, NE Mali). Geogical 
Magazine 146 (2), 173-186. 

[7] Bohlen S. R. (1987) Pressure-temperature-time 
path and a tectonic model for the evolution of 
granulites. Journal of Geology 95, 617-632.  

[8] Bohlen S. R. (1991) On the formation of 
granulites. Journal of Metamorphic Geology 9, 
223-229. 

[9] Carswell D. A. (1990) Eclogites and eclogite 
facies: definitions and classification. In: Eclogite 
Facies Rocks. (ed. D. A. Carswell), P. 219-221. 
Blackie, London. 

[10] Conder J. A. (2005)A case for hot slab 

surface temperatures in numerical viscous flow 
models of subduction zones with an improved 
fault zone parameterization. Physics of the Earth 
and Planetary Interiors 149, 155-164. 

[11] Davoudzadeh M. (1972) Geology and 

petrography of the area north of Nain, central 
Iran, Geological Survey of Iran. Rep. 

[12] Fotoohi Rad G. R., Droop G. T. R. and Burges 
R. (2009) Early Cretaceous exhumation of high-

pressure metamorphic rocks of the Sistan Suture 
Zone, eastern Iran. Geological Journal 44, 104–
116.  



�������� 	�
� 	�� ����� �������� ��� 7 )1389(                                                                           13  

[13] García-Casco A., Lázaro C., Torres-Roldán R. 
L., Núñez Cambra K., Rojas Agramonte Y., 
Kröner A., Neubauer F., Millán G., Blanco 
Quintero I. (2008) Partial melting and 
counterclockwise P–T path of subducted oceanic 
crust (Sierra del Convento mélange, Cuba). 
Journal of Petrology 49 (1), 129–161. 

[14] Garrido C. J., Bodinier J. L., Burg J. P., 
Zeilinger G., Hussain S. S., Dawood H., 
Chaudhry M. N. & Gervilla A. F. (2006) 
Petrogenesis of mafic garnet granulites in the 
lower crust of the Kohistan palaeoarc complex 
(Northern Pakistan): Implications for 
intracrustaldifferentiation of island arcs and 
generation of continental crust. Journal of 
Petrology 47, 1873–1914. 

[15] Gray E. B. (2007) Metamorphic chemical 
geodynamics of subduction zones. Earth and 

Planetary Science Letters 260, 373–393. 
[16] Greene A. R., Debari S. M., Kelemen P. B., 

Blusztaj J. and Clift P. D. (2006) A detailed 
geochemical study of island arc crust: the 
Talkeetna Arc section, south-central Alaska. 
Journal of Petrology 47, 1051–1093. 

[17] Harley S. L. (1989) The origin of granulites: A 
metamorphic perspective. Geological Magazine 
126, 215-247. 

[18] Hill R. I., Campbell I. R., Davis G. F., & 
Griffiths R. W. (1992) Mantle plumes and 
continental tectonics. Science 256, 186-193. 

[19] Irvine T. N. & Baragar W. R. A. (1971) A guide 
to the chemical classification of the common 
volcanic rocks. Canadian Journal of Earth 

Sciences 8, 523–548. 
[20] John T., Scherer E. E., Haase K., Schenk V. 

(2004) Trace element fractionation during fluid-
induced eclogitization in a subducting slab: trace 
element and Lu–Hf–Sm–Nd isotope systematics. 
Earth and Planetary Science Letters 227, 441–
456. 

[21] Kuno H. (1968) Diffrentiation of basaltic 
magma, In Hess, H. H.et polervaart, A., edit, 
basalts, Inter Science pull 2, 623 - 688. 

[22] Le Bas M. J., Le Maitre R.W., Streckeisen A., 
Zanetting B. (1986) A chemical classification of 
volcanic rocks based on the total alkali-silica 
diagram. Journal of Petrology 27, 745-750. 

[23] Lensch G., Sadredini E., Vaziritabar F., (1975) 
Geology, geochemistry and petrogenesis  of the 
ophiolitic rang north of Sabzevar 
(Khorasan/Iran). Results and problems. Report 
Tehran Symposium Geodynamic. South West 
Asia.  

[24] Lensch G., Mihm A. & Alavi Tehrani N. (1979) 
Major element geochemistry of the ophiolites 

north of Sabzevar (Iran). J. P. Geol. Planet. Mh . 
7, 415-447. No. 39. 

[25] Lensch G., Davoudzadeh M. (1981) Ophiolites 
in Iran. N. J. Geol, palaont .Mh , 5, 306 –320. 

[26] Meschede M. (1986) A method of 
discriminating between different types of mide 
ocean ridge basalts and continental tholeiites 
with the Nb-Zr-Y diagram. Chemical Geology 
56, 207-218. 

[27] Miyashiro A. (1974) Metamorphism and related 
magmatism in plat tectonices, A. M. J., Sci. 272, 
629- 656. 

[28] Mullen E. D. (1983), MnO-TiO2-P2O5: a minor 
element discriminant for basaltic rocks of 
oceanic environments and its implications for 
petrogenesis. Earth and Planetary Science 
Letters 62, 53-62. 

[29] O’Brien P. J.  and RÖtzler J., (2003) High-
pressure granulites: Formation, Recovery of 
Peak Conditions and Implication for Tectonics. 
Journal of Metamorphic Geology 21, 3-20. 

[30] Peacock S. M. (1996) Thermal and petrologic 
structure of subduction zones, in: subduction top 
to bottom, Geophysics Monoger. Geology 21, 
21-34. 

[31] Peacock S. M. and Wang K. (1999) Seismic 
consequences of warm versus cool subduction 
zone metamorphism: examples from northeast 
and southwest Japan, Sience 286, 937-939.  

[32] Peacock S. M. (2003) Thermal structure and 
metamorphic evolution of subducting slabs. In: 
Eiler, J. (ed.). Inside the Subduction Factory. 
Geophysical Monograph, American 
Geophysical Union 138, 7-22. 

[33] Pearce T. H., Gorman B. E., Birkett T. C., 
(1975) The P2O5-TiO2-K2O diagram: a method 
of discriminating between oceanic and non-
oceanic basalts. Earth and Planetary Science 

Letters 24, 419-426. 
[34] Pearce J. A. and Cann J. R. (1973) Tectonic 

setting of basic volcanic rocks determined using 
trace element analyses. Earth and Planetary 

Science Letters 19, 290-300. 
[35] Pearce J. A. & Gale G. H. (1977) Identification 

of ore deposition environment from trace 
element geochemistry of associated igneous 
host rocks, Geol. Soc., Spec. Publ., 7, 14-24. 

[36] Rossetti F., Nasrabady M., Vignaroli G., Theye 
T., Gerdes A., Razavi S. M. H. & Moin Vaziri 
H. (2010) Early Cretaceous migmatitic mafic 
granulites from the Sabzevar range (NE Iran): 
implications for the closure of the Mesozoic 
peri-Tethyan oceans in central Iran. Terra Nova 
22, 26-34.  

[37] Sandiford M. and  Powell R. (1986) Deep crustal 
metamorphism during continental extension: 



�������� 	�
� 	�� ����� �������� ��� 7 )1389(                                                                           14  

ancient and modern examples. Earth and 
Planetary Science Letters 79, 151-158. 

[38] Shervais J. W., Dennis A. J., Mc Gee J. J. and 
Secor, D. (2003) Deep in the Heart of Dixie: 
Pre-Alleghanian Eclogite and HP Granulite 
Metamorphism in the Carolina Terrane, South 
Carolina, USA. Journal of Metamorphic 

Geology 21, 65-80. 
[39] Smith, I. E. M., Stewart, R.B., Price Richard, C. 

and Worthington Timothy J. (2009) Are arc-type 
rocks the products of magma crystallisation? 
Observations from a simple oceanic arc volcano: 
Raoul Island, Kermadec Arc, SW Pacific. 
Journal of Volcanology and Geothermal 
Research xxx, xxx–xxx. 

[40] Sonder L. J.,  England,  P. C., Wernicke B. P. 
and Christiansen,  R. L. (1987) A physical model 
for Cenozoic extension of western North 
America In: Continental Extensional Tectonics, 
Special Publication 28, (Eds Coward, M. P. 
Dewey, J. F. & Hancock P. L.). 187-201. 
Geological Society, London 

[41] Stampfli, G. M. (1978) Etude geologique 
generale de I’ Elbourz oriental au sud de 
Gondbad-e-Qabus, Iran NE, These Geneve, 329 
P. 

[42] Staudigel, H. (2003) Hydrothermal alteration 
processes in the oceanic crust. Treat. Geochem. 
3, 511–535. 

[43] StÖcklin J. (1974) Possible ancient continental 
margins in Iran. In: Burke C. A., Darke C. L. 
(Eds.), The geology of continent margins, 
Springer, New York, 873-887. 

[44] Sun S. S., McDonough W. F. (1989) Chemical 
and isotopic systematics of oceanic basalts: 
implications for mantle composition and 
processes. In: Saunders, A.D., Norry, M.J. 
(Eds.), Magmatism in Ocean Basins. Geol. Soc. 

Spec. Publ., 42, 312– 345. 
[45] Sun W., Bennett V. C ., Eggins S. M., Arculus R. 

J. and  Perfit, M. R. (2003) Rhenium systematics 
in submarine MORB and back-arc basin glasses: 
laser ablation ICP-MS results. Chemical 
Geology 196, 259-281. 

[46] Takin, M. (1972) Iranian geology and 
continental drift in the Middle East. Nature 235, 
147-150. 

[47] Wells, P. R. A. (1980) Thermal models for the 
magmatic accretion and subsequent 
metamorphism of continental crust. Earth and 
Planetary Science Letters 46, 253-265. 

[48] Wensink, H. and Varecamp, J. C. (1980) 
Paleomagnetism of basalts from Alborz (Iran), 
part of Asia in the Cretaceous. Tectonophysics 

68, 113-129.  
[49] Wilson, M. (1989) Igneous Petrogenesis: A 

Global Tectonic Approach. Harper Collins 
Academic. 466p. 

 
 

 

 

 

 

 


