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Abstract: In Khoy ophiolitic massif (NW of Iran) three types of quartzite and 
also quartz bearing veins can be distinguished: massive quartzite, quartz 
bearing veins in the amphibolites and siliceous veins in the radiolarian cherts. 
Massive quartzites contain quartz porphyroclasts associated with very   
small- deformed quartz neoblasts. These quartzites are deformed in regime I 
and recrystallized as grains bulging. Siliceous veins in the cherts have       
Cu-carbonate impregnations in the field. Very large grains of quartz with 
well-developed triple point junctions can be distinguished in thin section. 
Their pattern of c-axes distributions doesn’t show any special orientation.
The pattern of c-axes distributions in the quartz bearing veins in the 
amphibolites is consistent with prism and rhomb slip system along <a> 
direction. Water in these veins is at the origin of soluble structures and 
precipitation of clay minerals. SEM analysis on the soluble fovea as the result 
of water operation has revealed high amount of water. 
 
Keywords: Deformation regime, Recrystallization, LPO, SPO, Slip System, 
SEM. 
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________________________________________________________
1- Brittle 
2- Strength 
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________________________________________________________
3- Triple Junction 
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4- Creep 
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________________________________________________________
5- Bulging Recrystallization 
6- Dislocation Glide 
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���%F2'4� '� � BR�� @��=�� )�3)�� ���%F2'4� v��4+�D1�!%7 F.( 

���Q3��� ���P� �������1��� )� @����� 1� )��M* )����%7)AB(,�> �� ��%	)CD ( �]a
�> 1� !<"� 1?'�)HI�EF .(�� 
�3�
� 15 '�M��%3 �� ��%	 !�? '� )�3��� ���P� ��� )����%7

�M* �F3� ��
� � 
��� ��
��G!�? ��� '� �3 !7B��C� :��
� !7� .!�? '�Z�M* )����%7 
� ��%5 )� 1��� )�3��� ���P��F3� ��
� � 
��G1��� �2��
5 � ��' !�? ��� '� �3!7� .4� ��> ���

1��� )���12' '� ��?�� 4�'��5 )�3!+��q# @'�S �3 !� �<�=�> �"���7 )�3.

�RI ��." �.�I�
 ����c�S�� 	
���
 ��� 
!�? ��5 '�t 1�gF7 �j5� '� 4�'��5 �R�?�� �������D� )�3� � 
��� /�%P� 1�+�� :��:��

!�?���� �R�?�� �����!�? ���� �1�<� �R�?�� ����)�\!��7� '��3,LPO � ���� 

________________________________________________________
7- Shape Preferred Orientation (SPO) 
8- Lattice Preferred Orientation (LPO) 
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4�'��Q ����7B# :�� ���D� �7'��... �i

SPO!"�� � �3 !�4�'��5 '� }�P� �3,SPO �LPO!������ '� )�; ��D�� �3!7� ]_[.
H�"�7 ���� ���P� � �> )X�� �'�N� h<7 1� 4�'��5 ���� ���D� '��+'��4D  )�3 ,
��o�#

!7� .@�P �M�
��� 
��%3 1� ���&� �� 1�S�W )�3LPO!�4�'��5 )�3 �+�� :�� ���D� )�3(
�� ��
� �P�<t
�	�; �4D  15 �3�'�R� )��7�' '� )� a�'� ��4D  H�"�7��� ��s�# )�3

!7� .'�R� )��7�' '� )'�
F� �4D ai� �4D  �T' )��  '�R� )��7�' '� aii�h���� 1
/�P+ @'��W 1?'� v��4+� �� '�R� )��7�' '� )'�
F� ��4D  H�"�7 � 
�� cir '� 3��� )�

 /�P+ X�� '��"�!7�]cZ]�`��[a[.n���%	!�? 6�� '�R� �R�?�� ����c!�4�'��5 '� �3,
1����� ��+ ���� ,���"� ��� :���	 1��'�� :[x'�Q���7 � ��"��5 ��'� :�� ���D� )H�"�7


�FF5 :%	 ��4D  .({x���D� H�I' ���� ]a[.cx:�� ���D� @�� ][^[.
hM; �2�F5��# )�� � '�R� )�3c1��� 12' '� 4�'��5 )�3 '� ��?�� �"���7 )�3 !� �<�=�> -

@�A � �3 :�� '� �3y
�� 
��� ��
� ���� .1�2' '� ���?�� )��34�'��5 )��3 '� ���?�� �"����7
 1F�
�� Z�� �<�=�> 1� ���4� )�Y��'�� .�4D  1� ��� ��� H�"��7 '� <a>}[|[|{)�4�D  ��FP�

 '�R� )��7�' '� )'�
F�a(H�"�7 K��� !� �P+ �� 
��%3<a>}|||[ {)
��	�; �4D  �FP� '� )�
 '�R� )��7�'a(��� �� 
��� !<"� ][_�[`[.

!�4�'��5 )�' �� ���&� @�P �M� �3 ][y[���� )��
��Q '� 15 ��� ��
�)γ(X��)�� ��X���](
)�� �LPO �F��%5 �� 1� ie � 
�� �4&� �
9�)� 1F�
�� '��R� /�W �' v���Q ��W f�7��
 �FP�Y�� :��
� �> 1� E��4� �� �F3� .)�3'�R� �2�F5��# )�� � ���C�4�D  �� � ��N��� 

�	�; )�)+��� 1�()�� T'('�R� )��7�' '�<a> � )'�
F� �4D  1� �' )�� T')���7�' '� 
'�R�<a> �'3� �� ��
��]][.
���7 ���4D  :��� ���D� /�� �� �� � ���i~ '�2���7 !�7�

):��[|(,)�� )��?(��w� }	�k� �4D  i� 4� ���> ���7� ��� Taylor-Bishop-Hill ][^[(
]`[.
����
�# 
��7 ��� E� �'�� '� /�� ���id ��q# ����� !7� ,1���� ����� E�� )�'�� ��3

 ��4D  !�? � 1R=S'�2��7 :5 ���� 1R=S !�? �� �F�"3,.E�� ��� ���F� ��'��; ��� ���F�
�F��� :�� ���D� ��4D  H�"�7]c[.

)�3'�R� �2�F5��# )�� �c12' '� 4�'��5 @�A '� ��?�� �"���7 )�3 ��3 )�* )�3-
�F3� ��
� � 1����� �S�* Hw� 1��2GL���� 
��Q)�)��3'�R� c4�'���5 !�7� .
����# )��3

________________________________________________________
9- Basal <a> Slip 
10- Prism <a> Slip 
11- Rhomb <a> Slip 
12- Prism [c] Slip 
13- Girdle 
14- Single-Sliped Deformation Model 
15- Multiple Slip 
16- Progressive Simple Shear 
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}uF� Z)�
�3'�s�=� Z���N �r

�� '� ��2'� !�4�'��5 ��� �'�3,E����7� !+����� � E����7� ��&� '��<�i� ���5 '��t 1�� �� �
G���# ��'> ��� ��7 �F�"3 .1��� )�3��� ��?� �� ��� ��� nB��5 )� H�N�"� ,��#���2
317 )�-

1��2 ,1��� !�'� 
�����!�? ��<� � 4�'��5 )�3 )�3 '�R� )�� � '� ��* ���+��c��� ��� ��-
���.

���T)�3'�R� �2�F5��# )�� �c12' '� 4�'��5 �3 !� �<�=�> '� ��?�� )4�'��5 )�3)�A !%7 (�
�3 @�A '� ��?�� �"���7 )�3 12' :*�� '�)!7�' !%7 .(hM; ���P� !7�' !%7 '� 
����� )�3

 
�� )��2]y��	 ,1F�
�� � ��A |[/^��'�%� :S��+ '� 
�� [��^�S'� .'����P� �A !%7
hM;
����� )�3 
�� )��2[|a��	 ,1F�
�� � ��Ay^/[[ ��'�%� :S��+ '� 
�� [��[[�S'� .

���BU'�R� !�? �� 4�'��5 1��� E� ��P�� '� 
����
�# v��4+� G�F3� ��
� ����%� :��C!��� ,
��4D  (R=S 15 �����)h���� 1� )'�
F� �� )� 
�	�; (����� 1� !7� ��� (R=S @)�� @����D� ��]c.([ 

� ��S�� �<�� ������

________________________________________________________
17- Static Recovery 
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4�'��Q ����7B# :�� ���D� �7'��... �e

��5 '�t 1�!%7���� 1��� ����@'�<	 �3!7� 1��� )�3�� v��'> �� �P� H3 ��. )�3 .����
 �F�� )�3'�R� '�wF�)L(
���5 �)W(1��� �3 f7��
����� Y��7����� !<"� � 
�� )��2

 ���>)L/W ( ��R�� 
��� ��
� ���.1���� ��Fo%3 �� 1��� �F�� '�R� 15 )��2���� �� �
�M* )����%7�����7)1����ϕ(
����� 4���� )��2��� .��' R/ϕ4� ��> )��� v��Q 

f7�� '�� �� �� Ramsay ]{|[ZDunnet]{[[�Lisle ]{{[!7� 
�� }�S�� .!%7���� 
1��� ����12' '� �3 �<�=�> '� ��?�� )4�'��5 )�3!�:�� '� )�* )�3[[
�� 
��� ��
� 

!7� .��� !�?i\�A ��� E� �'�� ��� '� 
�3�
� :��; ��2!7� .'���%� ��Fo%3A'� 
:��N�R:�� '� 4�� [[!7� 
�� 
��� ��
� .
�� ���F
�# '���%� pB* �� '���%� ���

 f7�� Means]{c[)1N�W @B# �� '���%� �FP�:�� )� (�� ��
� 15 �3�1��� ��' ���3,1�
1��� )�3��� H5 )I��� h<7 � )�4��1��� ��� K��� K�R� !7� 
�� )��2��? '��&� )�3

)n�<��N� � ��"��5 ���� !�? h<7 1� K��� K�R�1��� ��"%3 '��&� )�3!7� 15 !%7���� 
)�3'�R� )�;C�'�� ��� ��� �� ! X� 4�'��5 (]c[.

� ���5;-2�� ���+
 ��R�S�
V��	
���
 ��
________________________________________________________

18- Shear 

���BB4� ��>R/ϕ�� !%7���� ����
1���12' '� ��?�� 4�'��5 )�3)�3 

!� �<�=�> �"���7�3.'� 1���FA :�� 
��X���� 
����A ��� !�? �����2 
!7� .'��F�s�# :�� !<"�A:��N� '� 

R!7� 
�� H7' .���� ��"�� h<7 1�
 ����N�A�R1��� ��
�� 4�'��5 )�3 ,

H3 O�N����� �����# '� ���> ���P� � 1
!7� 
�� ��%Q '���%� .
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}uF� Z)�
�3'�s�=� Z���N �~

���5 ����%���sI 4� ��>!�4�'��5 '� ��?�� )�312' � �31� )4�'��5 )�31%�� @'�SV%5 �� �
������ � Y��7����� �� 
��=�7�)SEM ( 6��ZEISS Leo��% > ,/��DSM940A '� 

��
���G!7� 1�+��q# @'�S ��
�� ���� 
��
��� ���4# ���	 .�� ��� '� '� �� �� �P7 �'
�� '��; 4� ��> �'�� 15 ��W�"� �� ��� 
��=�7� X�� ���%F2'4� �� 4� ��>���� EA�5 ���2 .

12' '�!� �<�=�> '� ��?�� )4�'��5 )�3�3,���> 4� ��> 15 �'�� ��?� @���#� )����N� 
��
��F3�G@���#� X�� H�4�F� �� ���3!7.
�=W 4� ��> ��Fo%3BR�� )�31��� '� ��?�� � -

4�'��5 )�3):��D-F_(,� -> �� ��X�� ����N�4�� �'��� �*�� '� 13�<�����3 �S�F	 �� 
���5 h�5�� '� ��?���� ��
� �' �7' )�3�3� .���5 :��
� ����
� ��� ��� �7' )�3


�=W ��� �M7 '� �� ��"��5�����5�3!7.1���12' ��� '� ��?�� !��F�� )�34�� �3 �'�� 
��������� )�'�� 1�F�� :� � 1� � 1�+�2 '��; 4� ��> 4�'��5 �� ���34�'1��� !7� ,���> 4� ��> 

��
��F3�GJ���7 �� ��X�� ����N� )���F��� > � ��5 )����N� 
��%3 1� (!7�)/��?[.(
1��� )�' 
�� ��&�� 4� ��>12' '� ��?�� !�F3�# )�3@�A )4�'��5 )�3��
� �3�F3�G����N� 

J� �� ��X��!7� .!�F3�# 4�� �'��� �*�� '���������� )�'�� �3 !�7�� �5 �� ���3�F�"3 
)�'�� 4� ��> '� 15��)'�&F3 �3> � J� ��X�� ����N� 
��%3 1� '�= �7 �F�"3 .

*�-IB����5 �� �*�� ����%���sI 4� ��> ������:��
� )�3�F3�G!�4�'��5 )�* )�3.

gF7 !� �<�=�> !� �<�=�> 
���)� 
���)� 
���)�
���5 4�'��5 !��F�� 4�'��5 4�'��5 4�'��5 

gF7 @�A @�A @�A @�A @�A 
���5 !�F3�# !�F3�# !�F3�# 4�'��5 !�F3�# 
O 74/59 51/4 60/87 73/28 41/27
Si 10/85 19/88 14/97 20/03 13/75
Al 5/19 10/18 8/03 0/42 7/39
Na 4/73 2/56
S 8/6
Cl 1/29 2/02
K 0/39
Ca 9/01 15/1 14/11 9/32
Fe 3/96
Cu 3/44 2/02 10/73
Mg 0/25

Total 99/64 100 100 99/75 99/99
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4�'��Q ����7B# :�� ���D� �7'��... ��

O 77/54 64/2 46/93 47/25 52
Si 21/68 4/09 53/07 52/75 48
Al 0/97
S
Cl 1/78 2/9
K 0/35 0/31
Ca 0/97
Fe 27/15
Cu 
Cr 0/02

Total 101/35 100/61 100 100 100

�W���	
���
 �� (X ��
�� 4�'��5 '��*�7 ��"7 U	�� -> ��5 '�t 1���� .��? �4* @'�; ��Fo%31���?

!�4�'��51� �3��7�2�+ �� �M* '�t(�'�� 1M��' -> ]{]�{a[.12' '� '� ��?�� �"���7 )�3

!� �<�=�>�� �' -> '�kW 1P �M� �'�� )�3��� 8�9
� ���� .1� -> ��� ��� @'�S1��� '� )�

'�kW gF7 1F�s�� ��+ � :�* ��'� :�� U	�� � 1���� �M7 '� � BR�� )�3'��*�7 )��2

1������5 :��
� ��Fo%3 � �3 !7� 
�� �� ��"��5�����5 �7' )�3)�:�D-F_.(

������ � Y.� 

[x!�4�'��5 :�� ���D� f���� 
��� )�3'�"*' �W '� )�G!"�� �� 15 
��� 4<7 '�Q���7

 '��<�G'�����> '� :�*� ,'��<� �� �FP�
'�����'�� )'�2��7 �'�� �� 
��%3 .!7B��C� )�3

:��
� '��"� 
��4�'���# � 
��� 1���G��� !7� �� � ��� )�B5���5 
��� �)���7�2��7' (

!�4�'��5 6�� ��� '��� H
A 1� �3�'�*.

{x12' @�A '� ��?�� �"���7 )�3'�"*' �W '� 4�� �3G1�+�� :�� ���D� 4<7 !"�� � ���

!7� �� �� ��� �� 
��� ��+�2 � �������7�2� 3��%3 @���#� � !�F3�# :��
� ��F.���#G

�3����2nB��5 �34�'��5 ��� '� �'�R� �2�F5��# )�� � � 
��� ���
c��� �34�'��5 

��� �' !�S�u*�� ��FQ�.!�F3�#12' ��� '� ��?�� )�3nX�%�W� �3 �� ���7�2� !�7�� �5

1� J� �� ��X�� ����N� )�'�� h<7 ���� � 
��> ��?�)3�2 ����������� !�7�� �5 �� ���3 (

�F�"3 .
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}uF� Z)�
�3'�s�=� Z���N �d

cx12' �=�> '� ��?�� �"���7 )�3!� �< ���34�'��5 )�'�� �3�F�"3 -> ���%�	 :� � 1� 15 

���5 � 
�� � BR�� )�3'��*�7 )�'��
�� :��
� 4�� �3'��*�7 ��� '� �7' )�3��� .@���#�

12' ��� '� ��?�� ��X�� H�4�F� )�'�� �3!7�nX�%�W� ��� ��� 15 �F�<�'�3 �� @'��&� :� � 1� 

!� �<�=�>���# � �3G�� �
� ��!7� .)�3'�R� �2�F5��# )�� �c1��� �4D  �� 4�'��5 )�3

 '�R� )��7�' '� )'�
F� � '�s�<��'<a>��7 ��� E� :S�W 15 1���� ����9%3 G


����
�#!7� .1� O���� �2�F5��# )�� � ���)��� X�� )��4�� �v��Q��%5 (���D� �� � 
���

 !� �<�=�> 
'�"*' �W '� :��!N��M��'�� .

]xP �M� (���5 ����7B# :�� ���D� �F3� :��
� )�3G!������# @����� 1� 1NMF� ��� )�3

�� 1P �M� ���1�+�� �����1�7�# f���� � :�� ���D� �'�� '� �P��? )�3)�x1���2 � )�

�R�G!� ��+� )�����? 1s�'� �3FQ�.

���	,��Z� 
� �7�F� '��� 1�&� ���R� ��'��� �� 1��7� �������5 � ����� �7�F�1���%F3�' �t�* )�3

���� � ��'��� )'�4�7��7 �������� .��F�� H��* � 6'�� )�;> Z1�7�% � ��F�� )�;> ��

1� ���%5���t�*)'��%3 �� ����'�; � ��
� �3��
����> @B��"� 1s�'� � �3��� .
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