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Abstract: On the basis of mineralogy and geochemistry analysis, the 
listvenites in east of Iran are divided into three main carbonate, silica-
carbonate and silica groups. Magnesite, dolomite, huntite and 
hydromagnesite are the major minerals in carbonate type. Silica listvenites 
contain mainly quartz, chalcedony and opal. Silica - carbonate listvenites 
contain minerals of carbonate and silica listvenites. The common structures 
in listvenites are vein and brecciaed type and the main textures are open 
space filling and colloidal. Mass balance consideration in listvenites and 
their host serpentinized ultramafic show that all the elements are loosed in 
ultramafic, are gained in listvenites. Nehbandan fault activity in east of Iran, 
produces suitable conduits for penetrating the meteoric water into deep 
levels, increase its temperature and solubility and then alteration the 
ultramafic unit of colored mélange during its path. Hydrothermal fluid 
flow-up through shear zones and wash the rocks during the path, and then 
under suitable condition of Eh and pH at the surface or low level open 
spaces of the earth, deposit its load as different types of listvenites.    
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East of Iran.

Vol. 13, No. 2, 1384/2005 Fall & Winter

(Received: 27/06/2005, received in revised form: 09/10/2005)





���� �����	 
��
 ��� ����� � �������� ������ ����	
 ���� ����� �����!�" ��#����$���� 

��%� 
��
 
�!& '��(����� 
��"���) �*����+, $�-�./ �0�
��%� 
!& 1��� ��23

������� 	
�� 
��� ����
� 
������ 
������� ����  
��� 
������ ����� 	
�� 
��� 
!�����" ��#�� �
�� 
������ ����� 	
�� 
��� 
$��� �����% 
������ ����� 	
�� 
��� ��

�&
���'&(�  )*:mzarinkob@birjand.ac.ir 

4���5: 
�,')
( -�#.��/ ���0� �1� �� ���" �����	
�� ��2
� 3� .� 
���4������" 
4�)
�
���)
�
� _.��6 ������"�����
� . 
'�,# 4 
�,(�� 4 08
��4 08
���.�
# �
���" ��9� -�#
���3�����" ��� . 
�,')
( �)
�
� -�# �� �'�
� 48�.�," 	:��)�"4;�*�� 


�� <
&��4��� � 
�,')
( �)
�
� -�#_���" ������" �� �# -�#
��� �)
�
� � 3�����" 
��')#.�(,2�� .�'/��  
�,')
( �#4�.��=����"�* >(�?  %�� � 4���� �@� �(�/ -�A% 
�
:,�" �� -.��.�� 
�,')
( ���� ;���� � �#B
%����'(� 
�� �'
�,')
( -�# ���� 
�� �9��C 3
�" 3" �#� 
�
#�" B
%����'(� �� .� 4�# 
�,')
( �#
��8%�
�� ���.<)� ��D�2C 

����=�����0� .��/ .� ����� ��E0� FC�� 4--���G H,I� -��� >���� ��.�� J�2C� 3�4��� K�� 
�L0�8%�  
���6  
(MN ���G������� �	
��. 
8
�G B
%����'(� �N�� 
��  ��.���G K�� -


��	2O �
)� -����� -,�')� 3��* P0�Q �� .� �  "�N R��  2� 3� ���� -�#
ST� 3� B0�8� �0 �UT� V0���4.�Eh �pH>�����. �,/ 
��2# ��,� 4�(�/ -�#�A% .� 

W.,9 3� 
�,')
( X�,�� �#3'��Y� �E� ��.

4 ����# ���.� :�)
�
�  
�,')
( 4�)
�
�  
�,')
( _.��/ 4������"  
�,')
( 4������"
���0�.

;��8
�@.�2� 4�#��4��')�� � 8
0�*Z[\UI9 �� 4]^]�� ]_`

)3(�b�  %�0.�^/[/`[4�0��� 3d)�  %�0.� �_/_/`[(



���f�.� � ���2'/��  
�6,� 4�2
� 	
�� 4�����03...!gh

���7� 
.�� 	
(�� -��� 3D
���� �� ���.]i[�� j��@ 
�,')
( �
��I'��f�� L
� �ihk�� ;�� .Y��.

V�,� 
j�� 	0� ��l� 	0� .�bU� �I'� �
#�I� �� m�'d� 	
bW��.,� 
��I'��  %�� .��6 � 4
� ���8
� -�����-��#��'��,/ �%��� �G -��� ��,���,��
����.3n�� �'�
�	
�� ������

��.� 
�,')
( -�. .�" �# 
��" ��� ]i��ig[4 
�,')
( �
/� -��(�� .� ��� X,O,� �#
	
�� �� -.�
)� P
bU� o�b� �������0���
�� ���0� 3�2� �� 8
��
�,��� ]ip ��]�[.
'�,� 	0� .� 3q�G3�0�C,2E� B0 4
�� �%���  
�,')
( ��,�C\�)
�
� 4������" _

��� .� 4
�� ��
'��*�� B
%�� � B
%����'(�� -����� ��.� .� 3"  �� �)
�
� �0 ������"
C,2E� � ����� 	0� 	
�\���.��E� ���� 3��� � ��
� )-��')�� 3� L
�% 
.�)/. 

����"3_	�,r(�*(3'��� ��.� .� �0 � 4�* -�.�� -�#�'
(,
%� s�����0� .��/ .� .��6 4
3'%�� ��� .���" � ��� �'
�,')
( 3" �E�G �� 	
�M* 
��� � MQ �0�� ]!� ��]_[4
,
�
]!`4]t[B
��.G 4][u[�4v�� ][�[��,2C "�� W.,9 �# �� 
��2#���
�43E
'� .� 
��  )0���#��G ����. ���" >
"�� �� ���2'/��  
�6,� � 
����� <��,C 4�����

 
�,')
( ��" ��
* 3bT�� �# -�# .	0� .���.�� 
�,')
( �� ��d� -�#.��/ ���0� x6�� .� 
y 
���U�ikz�!{| �� !!| � �(�2� �0�
%��}� ~�C h�| �� gi�.,� �6�� �0�
%��}� ;,Q 
.��6 3�(�T� 3'%�� ��� )<D�i.(

�8� 9����" 
	0� 3�(�T� .� L#��*3�3�N�� �� 
�� K�E�� :

m(�(�(�T� � -.�G��� \3bT�� .� 
�� K�E�� -�#.�" 3�
�
* 4�0����� v�d'�� �3�. -�#
3�b� -�. �'
�,')
(	
�� -�#3bT�� �����)����=�� � s08� 4	0�6 4����
�(.

v( ����� � �0��U9 W��(�T���u3�. �� 3�,2� ,')
( -�# PQ��� .� �'
�m�'d� .
\�(�T���u� ���� xTb� �u��b
9 xTb� .
�(08E�\!k3�,2�  
�,')
( ���#���.,:,�% ��. 3� �,��* X)XRF (.��
�� 
������ 

�'�������� 4����� �{h��. 3� ����
� 
������ .� 3�,2� XRD
�� 3�(�T� ���.


��
��&�� ����	 ��
d� 3�(�T� �.,� 3bT����* �� ��\�.,/ �,� @�� <
D�� �. ��')
� 	
� W.,9 3� 3" �#�

�� W,( �,�� �.�� �'����,��)<D�i.(B
��.�j �� �'20�6 ���� -�#�N�� 3bT�� 	0� .�
 �� 
��� 3'/���.bT�� .� 3'%�0 �,2�/. -����� \�� ���.�=C 3�(�T� �.,� :3��� � <
�

 3����"��M�  
(,
%� 4B
��.�j -�����.�)/. �
� -����� 4���6,%@� 3����" L
�% 
-����� 4�j,r(�* ����I��G -�
��� _�j,r� -���,���" � -�����," _�����," .C,2E�\

4 
�
'��*�� 4 
�
)"��
* 4 
��� 4 0j.,��.�# <��� 3bT�� 	0� .� ��M�  
(,
%� -�����

�,� �  
�
��� 4����0� 4����� -����� � -�
�� 	0.HG -�# � B0jM* B#G 3�2� �� ��,�.



	0.��0�f 4���'%G 4��
�� 4v,f.,* !gg

��.���(,0��. -���
�][�[..�)/. -�����@3��� 4��
� -����� W.,9 3� 3" 3����" L
�% 
��.�� �,2�/. �.�� � B#G s�� 4����43
N�� ��,���� � 
�.,/ 	
n  d� -��. �I
�O 

�� ���� ��#� . 
�,')
( 
�% 3��* 	0� .� �/�� ������� ;,�U� B0 ��,�C 3� �# �� _
 �� 3'%�� .��6 3�(�T� �.,� 	
��. 
8
�G .

�����!�" ��#�: ;��)�<� � ����	 ���� ��#���� $���� 
 
�,')
( 4�#���0���G W��(�T� � �0��U9 �#�,� 3� 3�,� �� �� �. 3bT�� -�# 3� .� ��,�


��� 
�,')
( ��9�  
�,')
( 4������" -�# �)
�
� -�#4 
�,')
( ��)
�
� -�# _
"��� .��6 ������ .	0� �� B0 �#��#����� �. �G .� �,�,� ���" X,� 	0�'�����% 3� 3�,� �� ��,�

 �0� 3��0��#��� �
)b� �f�:3�2� ��  
�,')
( ������" -�# 	0� 3bT��.�-��#����0� 
'08
���'
'�,# 4�'
�,(�� 4�4�'08
�� �_'
�,(����� .��6���
�..� 
�,')
( �)
�
� -�#4

>(�? 	:��)�" � ;�*�� 48�.�," 
��� �� .� � ��� 
�,')
( ��)�" � �(�*�� -�#:���� �
)b�-
��,� .C,2E�\�� �. ������" � �)
�
� -��'
�,')
( ��9� -��
��"  
�,')
( .� ��,� -�#

�)
�
�_
�#��� ������"�f�.
 
�,')
( s�. <0�2'� �.� �� 8=� 3� <0�2'� -�')"�/ 4�
I� �� �#
,�6 3� �

}� -�

�� ���" x��� � ��" � 
����� -�#��D�2C �%������,# ��0 �� . 
�,')
( 	0�'�����% -�#
3bT����������" X,� ���.���" ��9� -�#<��� ���G4 08
��  08
���.�
# )�'�
�

 
�,#,D)�( 
�,(�� �  
'�,# ')#��.
�� FC�� ��� 	0�  �� � ���0� .��/ �� 3W.,9 B0
�. �� ����� >T6����=�'08
�� -�'
'�,# � �'08
���.�
# 4�0G.� .W.,9 3�  08
��

3�. -�# .,�� �Id���,2C s�. 3� " �C 3� -�.�,� .� �(� �
I�	#G .,AN
,�6 �2" -�

�0����,� . 
�,(�� �9,�d� �# "� 8=� �� K�" s�. 3� �C��� ��.��.��.�  08
���.�
# 

3� �'�
�  
'�,#3(,�� <D��. � -���=3��* ��.� .� �
I� s�. 3� � ����� -�#
 
�
'��*����.�� .,AN 
���,# -�#.�0�'� XRD�� ���� �*,D���D
� W��(�T� �3" �#�
 
�,')
( 4 0.�
� 3�2��� �������" �0�� <��� 3�����" ��9� -��
��"�� 
�MC ������" -�#

�� �0�0�b� 
��2# 3�  
)�" 4 0�D�G -��
��" �:8� .,T� � 4	
'��*�� 4B(�� 4	)"��
* � 	0,
(� 
4 0�
* 4<�
��� K�"4 0�
*,��.G 0�
*,D(�"  
"R�� 4 
�,2
( ���')# . 
�,')
( -�#

�)
�
�_��.�� .��6  
2#� K�� 3�.� .� ������% �1� �� 3bT�� .� ������" . 
�,')
( 	0� �#
X,�'� -����. -�.�� �� �.� �� � ���
,�6 �#�� � -��
I����" �� �

}� .

���" 3�. 	0� .� ��9� ������" -�#  ��  08
�� �  
�,(�� �#� 4 0�D�G 4 0.�
� �,�� 
�� FC��  
�,2
( ���,�6 �� �.� s�. 
-��.���
�� �,/ 3� .�
�
��'�
��3W.,9 �Id�

.,��)	:��)�" (�.,�G ���� .-��� �%�" -�A% 3" -�.�,� .����" ��. 4 ��� �,�� �#

�� <
D�� 8�.�," �  
�,(��  �.� -�#.,�� �� �
�
� �  
�,(�� <
D�� �#�� � ���

v���� .� ��0�2# ��� .;���'� �C�% -��
��" �� ���.�=C4 
)�"  0�
* 4<�
��� K�" 4
	
'��*�� � B(�� 4 0�
*,D(�".



���f�.� � ���2'/��  
�6,� 4�2
� 	
�� 4�����03...!gp

<D�ibT��  
�6,� \� �.,� �.,/ �,� ��� .� 3�(�T@.� ��')
� .��/���0� .

 
�,')
(  
2#� K,� 3�.� .� ������% �1� ��  �� �
�
� ���G ��9� ���" 3" �)
�
� -�#
��.�� .��6 .
,�6 3� <0�2'� �.� 4-�
� �
I� ���G s�. �� �

}� 
�
� 3� <0�2'� �� -� �"��.
 
�,')
( � �)
�
� -�# 3�. W.,9��= �#�� � ��336.� W.,9  
�,')
( -�. -� -�#
 �)
�
� _������"4�� 
�0� ��,� .���" ��� -�#���G .� 8�.�," <��� .,�� �Id�)	:��)�"(

� �� ;�*��4���" �(� � -8�% � ������" -�# 3.�� �,�� �C�% W.,9��.���" -8�% -�#
4 0�
* ;���'��� ���.�=C 4 0�
*,��.G 4 0�
*,D(�" 4 0�,D(�" 4 
(�," 
���
* K�" �

<�
��� 	
�M* 
��� � MQ �,q2# -�9��C 	'��� -��� 3"��.�� �����G ]��4�^��`[.��
�� �*,D���D
� W��(�T� � �0��U9 �#�,� ���� -��
��" -��� �D
'�j�.�* ;�� B0 ��,�

�����@ 
�,')
( 3:�.� 3bT�� -�#�f�);��� i.(



	0.��0�f 4���'%G 4��
�� 4v,f.,* !gZ

���=>�D
'�j�.�* ;�� 
�,')
( .� ;���'� -��
��" -�#.��/���0� .



���f�.� � ���2'/��  
�6,� 4�2
� 	
�� 4�����03...!g�

�����!�" �+�� � ���� �#
��'
�,')
(bT�� -\3�(�T� �.,� �'�
���'/�� .��.��=�)<D��(��B0 �� �'2" ~�C

 �'�,�
" ��n �� �'2
'��� ��n ;,Q � �'�����* �� �'2
'���3��* ��.� .�#���� -� �3�
W.�� �336.� W.,9 -�)<D�](�03(,�� -��� 
�0���,�. 
�,')
( -��(,�U� 3" -�.�,� .� 

H,I� <��6 �
? �� B0 3� � 
��"  "�N R�� ��Q 3� ��')D� -.�E� ��.� �� .,=C 	2O ���
�� �.,/�� �=��� ��')� 4��0�2� ��� �336.� W.,9 �� x0�,� -� ,���. d0. ����� 

 
�,')
( �UT� �9,�d� �# "�)
�
� � ������" X�,�� .�_��% 3� ��U�� ������" �D0 � 
�,�
�. -�#.�'/�� �0�� ��  
�,')
( ���" ��� -��� 3�,� >(�� W�D� ����=� �30R �0 �,�,� -�

 3bT�� .�)�M�� 
��0��. � ��D#G s�� �#( �� . 
�,')
( ������" -�#�)
�
� �_
������" �� d0. 3')��� 4M��" �UT� "��
%  �,* ��9�� � ���� 
�,(�9,�d� "3D
����

 �'�
� ����  
�,(�� ��9� ������" ���"�� 
�0���,� ..,AN -����&
* �� ���� -��"
-.�,� W.,9 3� ;�*��  ���)<D�[(� �
�
�  ��� v���� 4�C��� ��. �0 � W����"

 
�,(�� -�#.,�� �W.,9 3�-�. <�)<D��(3��* .� 
�� ��/ W��T6 .�� ���� -�#4�
 
�,')
( X,� .� �(���?  %�� �)
�
� -�#_ �� ;���'� ������" .�)
�
� X�,�� .� �

�)
�
�_������" /��  %�� ��(�/ -�A% 
���"�* � �,���6 4W.,9 3� �
�
� -�
:,�" 

,�6  ���  �� �����% -�.
-��'%�� 
�,')
( .� >(�? � 4�#�(�/ -�A% 
���"�*  %�)3��. W.,9��=�,���6 � �(4

4-.�,� 4�'
(��I�� 4��","<� 4�C��� 4-�.-�
:,�" 3(,�� 4-����� ��')#�. %�� -�#
�� ��"," � �(�/ -�A% 
���"�*���,�� �����G ��� 3'��� 
���" �
0B0�8�3�	
�� ST� 

���� ][][.�,)=
� ��b'C� 3�][[[ %�� "," -�# -�'�,�
" 
�8��* �� 
� P2C �� �,���6 � ��
�� 8
� <
D�� ����,���,� . %�� �'%�
2# ��� 3'��� 4-�
:,�"  %�� �� �,���6 � ��"," -�#

� ST� �D0�8� .� �. ���G��� �
0 ��".

� $��?�� ��@A���A��A5����� ������!�" ��#
 
�,')
( ���8
� s�� 	0�'(���'� �#=C ���0� .��/ .� �� ���.� 
���0�* 
�� ��
'��*�� -�#

���
�.,/
���,# �. 
���0�* �� 
�MC B
%�� -����� 
�.,/ ��� ��� 4
�� ��
'��*�� -�#
B
%����'(�� ���,�� o33'��� 
�.,/ ��� ��� 4�'
(,
%� �(�,� � L
�% 
.�)/. -�# 
 
���0�* % �� <9�N ����/ -����� 	
� ��� 4
�� ��
'��*�� -�# 
(�� �� �* 	0.HG -�#

�T6 -�
�0��\��,��
6� �I�,'
( ]$�[3��* �3'��� ��.� ���� -�# -�. 3" ��R,� -�#
 
���0�* 3'%�� .��6 
8
�
'��*�� -�# ��� ]{h[4 
�,')
( X�,�� ���8
� ���0� J�� .� �#��')#.



	0.��0�f 4���'%G 4��
�� 4v,f.,* !pk

<D� {3�����"  
�,')
()Lv(��� .�  0���G)An (�*�� � 
�
'�)Serp (3�. W.,9 3� -�)��E���..(

�	B0�)
�
�  
�,')
()Lv(�3�� 36.� B0 W.,9-�. 
�
'��*�� )Serp()3�M" v,��
��2
��.(



���f�.� � ���2'/��  
�6,� 4�2
� 	
�� 4�����03...!pi

�	B3W��T6 -�. �.,�G �
�
�  ��� ��E0� � 3�����"  
�,')
( -����&
* .� -��" 
 
�,')
( �)
�
� -�#_3�����")J�..(

�	BC-�. <� � �,���6  %�� .�  
�,')
( -�# �)
�
� _3�����" )�,� v,��.(

 
�,')
( bT�� -�#\3�(�T� �.,� 4��,2C "3��* B0�8� �0 ��.� .� �0 ��9� -���)� -�#
3/���� 0� -�#3��* �0 ���)� 	��.�� .��6 3�)� -��2')
� 	0� ��D�2C �� <9�N ���� -�# .
bT��\�)� �')
� �� 	
� 3�(�T� �.,� �'��. \���0�# ���'��. 8}( �(�2� ��" ���. �� _

.� ��,��.��/ ����=�� ���'��. 8}(�'��. <)� �)<D�i(�(�2� ��" ���. �� _3" ��,��
.�Ld� =0�b� ���. �(�2� �-.��/ _-�'/�� ������0 �� 3'%�� .��6 4.3�. �'
�,')
( -�#

bT�� �� �"�N ���2'/�� -�#���. ��\�(�2� ���. ���0 �;�2� 4��,�� �'/��-�v,�� 
.��/-�-.��/ �-�'/�� -��
*���"��.

�+�$�	 ������!�" ��D�E ��#��� 
 
�,')
( �'%�0 �#  
���0�* �� �# 
'��*�� -�#o�=�.� .� -,U� 3� 3" �0����� �� � 
�� ����

3C,2E� 3� o,��� 
�� ��
'��*�� B
%����'(�� -����� 3C,2E� ��')# �'
(,
%� -�# �� B0 
3��* .� ���G -�
�.��6 � ��Q  
�,')
( 3"  �� �G 	
=� ��0� ��Q �� ���� -�# �#3�

����0� -�# 3'��� ��,�C �l� .��%�-�#��0������ �� 3" �9,�d� � -��M�  
(,
%� 3C,2E� "

�� ��E0� 3'��Y� �l� �D
%����'(�� Ld� -�. ��� .�� �9�/ V0���  U� 
�� 3')� �9��C

Eh �pH��� 44�l,� .��% �CO23�. � 
�� 8"�2'� ���� -����� ��.� .� �'
�,')
( -�#

��" ��E0� �. ��� .3" �T0��� .�pHR�� )���NZ��ik(.��% ��l,� CO2 �R�� 8
� 

W����")������"  
�,')
((3" �T0��� .� �pH �� 	
0�*)�� �'2"g(�
�
� 



	0.��0�f 4���'%G 4��
�� 4v,f.,* !p{

)�)
�
�  
�,')
((�� 3'��� ,��]��4[��[_[.-�#.�,� �� ������ 3" �T0��� .�
� �. ������" � �)
�
� .��  ��� m�'d� <N��� ����
� �
')# �#�� �'
�,')
( 
��� B0

pHI'�  �� W��.
bT�� -�
�.��6 \.� 3�(�T� �.,� \bT�� <)� �')
� ��D�2C � ��')
� -.�'/�� 

>(�? .�" � ��� �� ����=���'��. ��. 8}( �����4>�,� �UT� -���G H,I� -��� �=���� ����� 
��� �'
�,')
( 3�2� �� ������� ���/. � ��M�  
(,
%� 3C,2E� ��.� 3�
�� �� .�(�T�\

��80� �� �
0�� �. 
�0� 	0� ����
� .��/ 3� o,��� -�#  08
�� .� ��
)"� � 	��" -�# �,
��" .-�# vG X,� �� vG �*,��80� W��(�T� �� <9�N �0�'� ���� ����.�� �CO2�=(�? "�����

 �� 3'��� -�I)2�� ][`[.bT�� .� ���)� >(�? >
� ��,� �:�6 \3�(�T� �.,� ]]u[4
�. >���� V0���6 L0�8%� � ���G ��� K�� � J�2C� 3� �UT� -���G H,I� -��� 
���  
(MN 

�#��% �. ������� ���� � ���G�f �� 
� . 
(��%  
(,
%� -�
�0�� �� ��� 3� o,��� 	0.HG -�#
���0� J�� ��M� )-�
��� -��'
(��% �-�����," (��� .� 8
� K���.��% �UT� -���G ��� 

-��� �. �2�� Lb��f �� 
� .�
)� -����� �� .,=C 	2O K�� -���G)3"�� ���G �'�
� 
	08
����% -�����
�� <
&�����(���G -,�')� �,3��* P0�Q �� ���� -�#4R��  2� 3� 

 "�N
��f������ ��.� 3� <N <��6 �9��C �� ��? ������ ;,�U� B0 W.,9 3� 	
��-
�'/��
��" H,I� �0 �UT� V0��� .� �0�8��E� �. �,/ 
��2# ��,� 4ST� 3� B3'��Y����.

.��% �� <9�N �D
(�.�
# -��
�')D� � �D
�,'D� -��'
(��% �� <9�N ������,��G 	2O 4
3D�0����,��G�� .�� 3
(�� <U� �� �. �f
��2# ��,� ��� 3'��� -��� �=���� -���U� ��
�,��G3'��� ��E0� FC�� 3�
�� 	0�� � 
�,� �. -�#=��� �'
�,')
(��,���.3" -�.�,� .�

 �D
(�.�
# -��
�')D��l� .�
�� �� H,I� <��6 �
? �,T� 4����-���,��G.,"Y� 	0� �0�
�� 3'��� ���G �=��� -����� .� �0 � �#�� 36.�  (�N � ��,� ��� �,/ 3� -���
� )<D�](.

�����!�" ���	�F  $��?�� ��@A�� � �# 
�� <9�N �0�'��308E 
�,')
( �0�
2
� -�# �# 
�,')
( �� �=
"�� 	
���
� W.,9 3� -�#

 �)
�
� � �)
�
� 4������"�;��� .� ������" { �� 
��G .>(�? ���8
� s�� 3" �E�G ��
 
�,')
(  
���0�* 4�# 
�� ��
'��*�� -�#�')#�4308E� �� <9�N �0�'� ���G �0�
2
� -�# 

){k3�,2� (
� 
��2# 3�  0j.,��.�# >
"�� 	
��� ;��� .� ��,��
6� 3'�,* -�#!
�.�G 

�� ���. 
���0�* �0�
2
� 308E��� <9�N �0�'� 	
���
� 
�� ��
'��*�� -�#bT�� \�.,� 
3�(�T� 0j.,��.�# >
"�� 	
���
� �� W.,9 3� <9�N �0�'� � 
�� 3)0�b� ��,��
6� m" -�#

� L0�2� ���
#�" �0 ����8%� .��,2� �� 
�� 
�� )<D�^.(���
#�" �9.� 3=��U� -���
�,�.��# .�" �� ����8%� �0 ]!`[<2C �0� W.,9 3� � �� 
��I'�� ��:



���f�.� � ���2'/��  
�6,� 4�2
� 	
�� 4�����03...!p!

>GG *4
�I J�� /4�	 $���DE J��L4
�I J�� =�DE�?+� �� �D��#�� �)�E 
)0�b� 3� 3�,� �� 
��G  ��� �9.�  �MC\s�� � 
��� s�� �0�
2
� >
"�� 	
���
� 

�� v�d'�� 
�� ������ ����8%� �0 ���
#�" �9.� �� 4�,�) �MC 3� 3�,� ���� (�'0.��(
. ��C �G 3� o,��� �I�� �0  =��  �MC � 3'%�� �.��6 �G -,�� 
��� <9�N ���C� ��� �

.����
#�" .��,2� -�. ���� L0�2� ����8%� �0) .<D�ik.(-�#.��,2����
#�" �����8%� 
-�����?>(� 
�,')
( ���8
� 4�#�
�� ��
'��*�� B
%����'(� -����� 4�� ���� 3" ��#�

 � 	#G 4�08
�� 4K,
)
�
� �1� �� ����� 	0� …
�� 
�
#�" ��� .� ����� ���" W��(�T�
308E�  
�,')
( �0�
2
� -�# �� ���� �# 
�� 
�
#�" �9��C 3" ��#������8
� -����� 

,')
( .� 4
�� ������ 
� ���0�. <��6 �#')#��.�9��C ������ -��(,�U�--����� �� 

�� ������ ���8
� 
��� L#�f �. �� .308E� 	0� �� �#4W�D� �0�<��6��  �� 3� ��0G.

�)
�
� � ������"  
�,')
( X�,�� .� �
)�" � �08
�� ��8
�–� ������" �
)
�
� .��b�
 <��6 �)
�
� X�,�� .�31NM� 3" �� �. ��� 	0� ��,�3� o,����%���� ��
'��*�� ��0

 
���0�*  )��� �# .�%� 
���0�* ��� ��
'��*�� ��0 �0�* �� �#@.�� �* .� �. ��� ��:)m(�(
�d� -�.�� � �'D=� �,/ 3
(�� s�� 3�  =)� 3"  �
'��*�� ��E0�d3E
'� .� �  �� �'�
� <

�% K�� -���G L/�n -��� �. �=���� V0����� �#���f .)v(�08
�� �� -.��b� ����� �����4
'/�� .� 3" 3
(�� s�� �
)�" � �
)
�
�.� 
�
'��*�� 3'%��� -�� �# V0��� 3E
'� .� � ���

 
�
'��*�� .� L/�n ;�N .� ������ -��(,�U� ��� ��? -��� �=���� �9��C �� �. �#
)�" � �08
���� �#��% �
)
�
� -���N �� � �
��"�. 
'�
'��*�� �� -.�
)� ��� -�#

 
���0�* 3�  =)� 
�.,/  =)� �,/ �(�� -�# MgO/SiO2	
0�* -��.����]$t[.�9��C
	
���� �� 
�� 
�
#�"  
�,')
( .� 
�� ��
'��*�� -�# �* <��6 �# -�
�')#��.��,� R��

.��b�L.O.I.  
�,')
( .� �#4����� -��
��" ��0�  �� -��C -���@ 
�,')
( �#�'�
� -��N 
CO2�0 H2O')#��) 08
�� <��4 08
�� �.�
# 4 
'�,# 4� ;�*�� 4 
�,(�� ….(

.��b� Na2O�K2O 
�,')
( .� ���� 	0� �  �� �" ��
/ �#\�')� s�� 3"  �� �G 

�� �'
�,')
() 
���0�* 
�� ��
'��*�� -�# ( �� 
�,� ��� �
��'* � �0�� �� .Al2O3.� 

 
�,')
( ���" ��0�  �� �" ��
/ �#  
���0�* ��.� .� �
�
�,(G -��N -�# ��
'��*�� -�#
 
��)	)"��
*,�
�" � <�
��� K�" (�
�
�,(G �%�Q �� � ��')# K��b� ������� <��b� .� ��

pHh��Z-���C M��" "��U'��
? ;,�U� �
? �;�N .� ������ ;�
� ��% �.�� � 
�,� 
�2� L/�n�,�.

�N .� ������ ��%;	
���� .� L/�n �% ;,r)� � 
�� ��
'��*�� -�#��0��'
�,')
( 
�'=)� -��� -�.�� ��� ".��6 � 
�,� R�� �����
2" �9��C <�� 
�b� 4MQ ��')� �� �. �� 
3��* .� � 3')� 3
(�� �.�Y�� �E� �'
�,')
( -�# .
����� ������ -�. 
�� K�E�� -�
�



	0.��0�f 4���'%G 4��
�� 4v,f.,* !p$

-���,��G  
�,')
( �� 
�� Y/� 8�.�," ���" .� �
�.� 4����
� v,�� 3bT�� -�#�,��G -��� 
��� �'
�,')
( ��0G�% �
� .� ������ �]u �� oC�_u  �� 
�� 
��� �
d�� ]{Z[.

�	�E�� 
 
�,')
( ���" ������ �. ���0� .��/ -�# 
����� -�#308E� �-�#�� �0�
2
� 3� .� ��,�


����,')
( ��9�  
�)
�
� 4������" -�# �������" 4�
)b� ������" ��f�.3� �� B0 �#

����� �,/ �'
�,')
( ��9� ���" 3� 3�,� �� ����,� ����� ��9� -�#@�0� 3� �,/ �0��#��� 

��,� �
)b�. 
'�,# 4 
�,(�� 4 08
��  08
���.�
# ����" ��9� -�#� 
)�" 4*���	
'� 4
B(�� 4 0�
* 4
*,D(�" 0� 4 
�,2
( 4K�"�<�
��� � 
"R�� �C�% -��
��" 
���3�����" ���.

���=N 
�,')
( �0�
2
� >
"�� 	
���
� 3�(�T� �.,� 3bT�� .� �# ]{h4{g4$�[.

�9.�	
���
� 
�,')
( -�#
 �)
�
� _3�����" 

�9.� 	
���
�
 
�,')
( �)
�
� -�# 

�9.� 	
���
� 
 
�,')
( 3�����" -�# 

�0�
2
� >
"�� 

�/$$  Zgk�/pSiO2

k!/k!/.kh/.TiO2

$/.h/.{h/.Al2O3

��/�k$/gZh/{Fe2O3*
�_/��  Z!/.g!/{!  CaO 
$/i$  �/.`/��  MgO 
k{/.u^/uu^/uK2O
k!/.k$/.�t/.Na2O
$/{{  _t/�t/[]  L.O.I. 

*����
�<" �� 	#G .

���=O� >
"�� 	
���
� 
���0�* �0�
2
 bT�� .� 
�� ��
'��*�� -�#\W�=��U� � 3�(�T� �.,� 
�

}���G �]{h[�0�
2
� >
"�� 	
���
� �� 3)0�b� .�  0j.,��.�# ��,��
6� m" -�# ][t[.
0.��(�9.� �' ���
#�" 

����8%� �0 
���
#�" �9.� 
����8%� �0 

�9.�	
���
�  
���0�* -�# 
��
'��*�� 

�9.� 	
���
� 0j.,��.�# #�
�,��
6� m" .� 

>
"��
�0�
2
� 

kk$/.���/.�Z/!Z  i�/!�  SiO2

�$/i�ih/��kip/.{/.TiO2

Z$/i�g/pk�khg/.�i/iAl2O3

g$/i!Z/$!/hk$/hFe2O3

g/i�$!�i�/ii/{FeO 

h/!�!Zpp�g/.�Z/CaO 
i$/.�!p/i�gi/!g  i{/!p  MgO 
�$/i�Z{�k{!/.iZ/.K2O

{g/i�kh./�k!g/.i�/.Na2O

$�/!!ikh iZ/i{  !Z/.CO2

p{/i!Z/h!  {�/ig  iiL.O.I. 



���f�.� � ���2'/��  
�6,� 4�2
� 	
�� 4�����03...!ph

��# ��I����2 ���� �DE�?+� �� �D��#�� ��E���
 �� �!��7� �E ��"�8� E��� �78�� �E 4�	 ������2��
 �������� �P����" ��# �� ���
��# Q���I 
�A����

-4

-2

0

2

4

6

Si
O

2

Ti
O

2

A
l2

O
3

Fe
2O

3

Fe
O

C
aO

M
gO K
2O

N
a2

O

L.
O

.I

�D
��

#��
���

DE
�?

+��
)�

E1
���

�A
"

B�	RbT�� .� 
�� ��
'��*�� -��'
���0�* -��� ����8%� �0 ���
#�" .��,2� \3�(�T� �.,� .

3" -�.�,� .���9� ���" 
�,')
( �. 3�����" -�# 4 
'�,# �0  08
�� <
&������#�
 �. ���G�� �b�� ����� -���
)��'* ��,�C 3� �f��. 
�,')
( �� �. ������" -�# 3� ��,�

�0�-��#���'08
�� �'
'�,# 4�44�'08
���.�
# '
�,(��� �'08
�� ��'
�,(����
)b��f�.
 
�,')
( )
�
� -�#��� �. ��,�.�-��#��� �0� ����)�" � �(�*����� .��6 . 
�,')
( -�#
 �)
�
��'�
�-��N 48�.�," ���" �� 
��2# ;�*�� � 	:��)�"-�# 0�
*,D(�" �C�% 4 0�
*4
 
���
* 4*���	
'� 4B(�� 4 0�,D(�" 4 
��2# 4 
�,2
( 4 
(�," 4MQ�K�" _<�
��� 
')#��. 
�,')
( �)
�
� -�#����" ������" �� �# -�#
��� �. �)
�
� � 3�����" 
��.���.��.
� -.��0�* 3� 3�,� ���.� �
pH	
0�* )�� �'2"h(L0�8%� � 
���6 �G  
(MN
 .�pH	
� h���]�u[4��-��'
�,')
( 
����� ������ -��(,�U� 3"  %�� 3E
'� ��,�

 �)
�
� )d� -�.�� pH3" �T0��� .� � 
�,� R�� pH3'%�0 L#�" �M�� �. �,/ �)
�
�
 ��� -�#�A% .�� 	
���'/�3'��Y� �E� �� V0��� 3�����" -��'
�,')
(  ��� -��� ��� 4���

.� �08
�� � �
)�" -�������" ��0�  �� 
�,� �DCpH.� � ;,�U� R�� pH;,�U��
? 	
0�* -
���]�u[.�)
�
� -��'
�,')
( .� _��82# ������" � �)
�
� -�#��% ������"��')
� �

��9�  �C3� �G -.��0�* V0��� .� �#��% 	0� W��I'�pH�.�� ��')� . 
�,')
( s�. x��� �#
���" s�. M��" � 
�,� �����,# -�#��0G�% � 
����� -�# " �� �
}'� . 
�,')
( s�. -�#


,�6 � 8=� 3� <0�2'� -�')"�/ �� �
I� �� ������"�
,�6 �� �.� �� �)
�
� X,� s�. � -�-
�� �

}� 
�
� 3� <0�2'� ��" .s�. �G .� K�" .,AN �� ���� ��'
�,')
( .�  
�,(�� 8=� 

 �� .�� �. �)
�
� -��'
�,')
( ST� 
�
� s�. .� -8�% -��
��" �,
���
)"� �� ���� ��,�
 )��� �UT� V0���.



	0.��0�f 4���'%G 4��
�� 4v,f.,* !pg

 
�,')
( 3�. W.,9 3� �# ��n ;,Q � �'��9 ��n �� �'2
'��� �N .� ~�C �� �0�#
� �0 ���� -����� .� �'�,�
" 3936.� W., 
�� 3'��� H,I� <��6 �
? �,T� �0� .� �0�# ��� .

 
�,')
( ���8
� s�� C,2E� 
8
�
'��*�� B
%����'(�� -����� ;�� 3�.� .� �#\� �'
(,
%� 
B
%�� -����� K�� 3�.� .� �'
(,
%� �(�,� 3� o,�����')# .B
%����'(�� -����� 	
� ���

��,�. -����� � 
8
�
'��*�� B
%�� �.�)/. �
� @�* -�.�� 3" �j,r� -���,���" � L
�% 
 �� 
�,�  
�,')
( ��� 3'��� -��� �=���� -����D� 4 �� �'
(,
%� s��3f�G ����
� 

3
�" 3"  �� 
�,')
( 
����� ��,� �#B
%����'(� ��3'%�� 32�n�� 
�� ��
'��*�� -�#���.
-�#.��,2� -����� ����8%� � ���
#�" ��
'��*�� 
��  
�,')
( ���8
� �#�� 3)0�b� .� 

8
� �,��
6� m" -��'
���0�* �
0�� �. X,O,� 	0����f�.3�)� ��� �')
��� ��,� ;��% 
3bT�� .��/ .� ���'��. 8}(�'��.)���0�# <)� (bT�� �'/�� .� �\3�(�T� �.,� )<)�

����=�� (� 3bT�� 	0� 3" 
�� FC�� 3<2C �
1C ���� 3��* B0 W.,9 �f��')D� � 
� -�#
�,� ��E0� �G .� ������% �.8� � Bn,".��')D� 	0� -��� �=���� ����� �# -���G H,I� 

�UT� ��� K�� 4�'
���0�* -���d� ��.� 3� �6 L0�8%� 
��� B0 ��E0� � 4���G  
(MN 
/�n\��� ��
'��*�� 4����� 	0� .� K�� vG 4��� �'
�,')
(  0��� .� �� �� 
� .
�� 4�0���� 	
�� ��0��-����3��* .� ��DT9� �� ���� 	0.HG -��'
(��% � ���� -�#

 -�
��� _K�� -��� �=���� V0��� 4-�����,"�f-H,I� -���G ��43/�n �� -�K�� -���G 4�
bT�� .� �. ��� �'
�,')
(\3�(�T� �.,� �.�#��% �f �� 
� .C,2E� ��0� ��')�\ 
(,
%� 

��0� J�� ��M� �����% -��
�')D� ���� � �\�
�,�)
� '�. �=���� V0��� 4����=�� <)� �
��.� �� � v�
2" �9��C -,�')� -���V�,��(,�U� ��#��% ������ -�f�� � 
� 3� ��,�

��.� �� -���
)��'* �,��44
�b� 4MQ �,q2# -�9��C 
,
� ��,2
'�G 4�.���
�� ��'
�,')
( .�
�,�.

S=��� 
[1] Rose G., "Mineralogisch – geognostische Reise nach dem Ural", dem Altal und 
dem Kaspischen Meere, V. 2: Reise nach dem nordlichen Ural und dem Altai. 
Berkun C. W. Eichhoff (Verlag der Sanderschen Buchhandlung), (1837) xxxplus 
641 p. and plates I – Vll. 
[2] Lodochnikov V. N., "Serpentine and serpentinites of Ylchrisk and other related 
question", Trudi CNLGR (1936) No. 38.  
[3] fremov N., "Origin of listwaenites of the caucaus and urals", G. S. A Bulletin 
63, 12 Part 2 (1952) 1246-1247 
[4] Efremov N., "Yougorite, a listwaenite rock rich in fluorite", G. S. A. Bulletin 65, 
12 part 2 (1954) 1339. 
[5] Bok I. I., "listvenites, their special features, varieties and conditions of 
formation", Isvestiya Akademi Nauk Kazakhskoi SSR. Ser. Geol. 22 (1956) 3-22. 
[6] Kashkai M. A., Allakhverdiev Sh. I., "Listvenites, their origin and 
classification", Institute Geology in Akad, Nauk Azerbaidzhanskoi SSR, Baku, 
(1965) 142.  



���f�.� � ���2'/��  
�6,� 4�2
� 	
�� 4�����03...!pp

[7] Shcherban I.P., Borovikova G. A., "Theromodynamic data on the genesis of 
listwanites and listwanitized rock", Doklady Akademii Nauk SSR. 191, 6 (1970) 
1389 - 1392 
[8] Khorvat V. A.,"Age relationships of dike forming processes and listwanitization 
in the Kokpatas ore field", Uzbekskiy Geologicheskiy Zhurnal 5 (1970) 24 - 27 
[9] Goncharenko A. I., "Listwaenites in ultrabasic rocks of the northern part of 
kuznetsk Alatau and possibilities of their ultization", in: Nemetallicheskiye 
poleznyye iskopayemyye giperbazitov, Moscow (1973)  159 - 173. 
[10] Barnes I., "Formation of listwanites from serpentinites in California Doklady",
Mezhdunarodny Geokhimicheskiy kongress 2 (1973) 404 - 412. 
[11] Kashkai M. A., Parkhomenko E. I., Salekhi T. M., "Electrical properties of 
listwaenite at high temperatures and pressures", Transcation (Doklady) of the U. S. 
S. R., Academy of sciences: earth science sections 218, 1- 6 (1975)  143 - 145 
[12] Sazanov V.N., "Liswaenitization and ore mineralization", Russian academy of 
science, the Ural Scientitic centeral, A. N. Sawaritikys institute of geology and 
geochemistry (1975). 
[13] Abovian S. B., "Genetic of listvenites of the Armenian Republic and their 
metallogenic significance", (Zapiski Armianskoe otdelenie Vsesoiliznogo). 
Mineralogichcskogo  obshchestva. No. 9  (1978) 98 - 109. 
[14] Kuleshcvich L. V., "Listvenites in the greenstone of Eastern Karelia",
Geologiyia Rudnykh Mestorozhdnii, Geology of Deposits (1984) 112 – 116.  
[15] Spiridonov E.M., "Listvenites and Zodites", International Geology Review 33 
(4) (1991) 397 - 407. 
[16] Antonovic A., Vaskovic N., "Listwanitization occurrences in  central parts of 
Balkan peninsula", Bosnia, Serbia, Macedonia, Greece Radovi – Geoinstitut. 27 
(1992) 303 - 331. 
[17] Buisson G., leblance M., "Gold in carbonatized – ultramafic rocks from 
ophiolites complexes", Eco. Geol. 80 (1985)  2028 - 2029 
[18] Ash C. H., Arksey R. L., "Listwanite – Lode gold association in British 
Columbia", Ministry of Energy, Mines and petroleom Res. (1990) 359 - 364. 
[19] Tuysuz N., Erler A., "Geochemistry and evolution of listwaenites in the 
Kagizman region", Chemie der Erde. 53, 4 (1993) 315-329. 
[20] Hall C., Zhao R., "Listvenite and related rocks: perspectives on terminology and 
mineralogy with refrence to an occurrence at cregganbaun", Co. Republic of 
Ireland, mineral Deposite 30 (1995) 303- 313 
[21] Urcurm A., "Geology, geochemistry and mineralization of the silica – carbonate 
alteration (listwenite) from Cretaceous ophiolitic melange at Curej – Diverigi in 
Sivas province and at Guvene. Karakuz – Hekimhan in Malatya province; central 
East", Turkey. Ph. D. thesis, University of Nevada United states  (1996) 169. 
[22] Koc S., Kdiojlou Y. K., " Mineralogy, geochemistry and precious metals 
content of Koracakaga Yunusemre- Eskisehir Listwaenites", Ofioliti 21, No. 2 (1996)  
125 - 130.     
[23] Abedi. A., "Ore Minerals in serpentinites of the ophiolite of South – East 
Birjand (IRAN)", Geology of ore deposits 41, No. 5 (1999) 455 - 461.    
[24] Urcurm A., "Listwaenites in Turkey: perspectives on formation and precious 
metal concentration with refrence to occurrences in east central Anatolia", Ofioliti 
25, No.1 (2000) 15 – 29. 



	0.��0�f 4���'%G 4��
�� 4v,f.,* !pZ

]��[	0.� K v,".�.4".� ��� �'
�,')
( 
�0�* � �8�G -����"�� �� �
"�� �� ����� ��,� ��.��. . ."4
����"��#�� �
�� 
������ 4��.� �����.�" 3��� ��0�*)i!p{ (3UI9 !k!.

]�^[� ��M?.4"�� .� ����� -���
)��'* ��.�� B�/ 3bT _	0�6"4��.� �����.�" 3��� ��0�* 4
����� ����  
��� 
������)i!p$ (3UI9 {hi.

]�_[	0.� K v,".�.X ���'%G 4.�0�" 4K .,*.�.4" 
�,')
( ����� ���" <�� 3bT�� -�# ����
� ���G"4
���"� �����.,�� .��
2� 	
�.��n WR�b� 39M/���0� �����)i!p$(.

]�`[-���CG.K �:�
O 4.4" 
�,')
( -�. �� �%��'"� W��(�T�  
�
'��*�� �� <9�N -�# 3bT�� .� �#
����
�"4WR�b� 3C,2E�4.,�" J�� ����� -��0��2��,�  /��� L0�2#4����� � x0��9 
������ 
����
�)i!pZ(.

]�t[� ��
��.	0.� 4K v,".�.4"<
)��'* ��.�� 
�,')
( .� ����� -�# -�#���0� J��"43C,2E�
 WR�b�4.,�" J�� ����� -��0��2��,�  /��� L0�2#����� � x0��9 
������ 4����
� )�]_`(.

]]u[K >
T/.K.	0.� 4K v,".�.4" 
�,')
(  ��� -��� 
�� ��E0� -�A% ����# ��.�� � �#
"�G ���.� ���0� J�� .� ����� ��,� ���'"� .�"4WR�b� 3C,2E�� L0�2# ����� -��0��2��,�  /��

4.,�" J�� ����
� 8"�� ���0� ����� � x0��9 
������)�]_`.(
]]�[�,
I)�% �.K  ���.,� 4.
�b� 4. ��
:.�.4"���" � �����j 
�,')
( �2
�,: J�� ;�2� -�#

�.���"���" � �����.,�� ����I�" 	
2#���0 WR�b� 3C,2E� 4���0� ����� 4�80 
������)�]`�(.
[32] Grensen R. L. et al., "Alkali enrichment haloes and nickel depletion haloes 
around gold – bearing silica – carbonate veins in serpentine", Washigton state, the 
association explorathin geochemistry (1982) 107 - 110. 
[33] Fryer B. J. et al., "Archean precious metal hydrothermal system, dome mine, 
Abitibi greenstone belt. I; pattern of altration and metal distribution", Can. J. Earth. 
Sci. 16 (1978) 421 - 439 
[34] Buisson G., leblance M., "Gold – bearing listwaenits carbonatized ultramafic 
rock from ophiolite complexes", Pub. Institution mining metallurgy, London, 
England (1985). 
[35] Aydal D., "Gold – bearing listwanites in the Arac massif", Kastamonu, Turkey 
2, No. 1 (1990) 43 - 51  
[36] Leblance M., "Platinum – group elements and gold in ophiolites complexes",
distribution and fractionation from mantle to oceanic floor, ophiolite genesis and 
evolution of oceanic lithospher (1991) 231 - 290. 
[37] Safono YU. G., "Hydrothermal gold deposits distribution, geological geneticty 
and producitivity of ore – forming systems", Geology of ore deposit, 39, No.1 (1997) 
20 - 32. 
[38] Henderson F. B., "Hydrothermal alteration and ore deposition in serpentins – 
type mercury deposit", Eco. Geol. 64 (1969) 489 - 496. 
[39] Verdenburgh I. M., "Tertiary gold bearing mercury deposits of the coast ranges 
of California", California geology (1982) 23 - 27. 
[40] Pipino C., "Gold in Ligurian ophiolites (Italy)", ophiolites Proceedings. 
International Ophiolite Symposium Cyprus (1879) 765 - 773. 
[41] Moritz R. P., et al., "Source of lead in the gold bearing – quartz fuchsite vein at 
the Kome mine Timmins area, Ontario, Canada", Mineral Deposita 25 (1990) 270 - 
260. 



���f�.� � ���2'/��  
�6,� 4�2
� 	
�� 4�����03...!p�

[42] Tirrul R., Bell l. R., Griffis J. R., Camp V. E., " The sistan suture zone of 
Eastern Iran", G. S. A. Bulletin. 94 (1983) 134 - 150. 
 [43] Penczak R. S., Mason R., " Metamorphosed Archean epitermal Au - As - Sb - 
Zn - Hg vein mineralization at the Cambell mine northwestern Ontario" , Eco. 
Geology 92 (1997) 696 - 719. 
[44] Sibson R. H., "Brecciation processes in fault zone: Inferences from earthquake 
rupturing", pure and Applied Geophysics 124 (1986) 159 - 174. 

][�[	0.� K v,".�.4"3C,2E� �2
�,:j � -j,(��'* ����
� v,��  
(,
%� -�#"44-�'"� 3(��. 
����� ����  
��� 
������)i!p� (3UI9 !!g.

][^[	0.� K v,".�.X ���'%G 4.4"3�. .� MQ ������ -��(,�U� � �'
�,')
( -�#�o�=�.� � ��,���� 
���� � ���0� .� �8�G -����"�� �� ���G"
.�2� 4-�=/ � -���'6� 4��% 4�2�C 3�����% 4h$�h{

)i!p! (3UI9�u��t.
][_[	0.� K v,".�.X ���'%G 4.�0�" 4K .,*.�.4"�
"�� �� ����� ��,� ��.�� 
�0�* � �8�G -����"�� �� 

<�� 3bT�� .� ��� �'
�,')
( ����
� ���G".��/ ����� 	
�� K,0�,�2� 	
��� WR�b� 39M/ 4
���0�)i!p! (3UI9[[�[_.

][`[�0�"K .,* .�.K ����G 4.�.B�� 4G -��.�I� 
���.4"���" ��.�� � �CY% � ��9� �9��C 4�����
 �*,��80� >
"��C-O  08
�� B��� � ,/ 
�n 4���G <A%�  08
�� ����� .�"4L0�2# 	
2#� 
���" � �����.,�����0� �� ��')n,�� � ��')
� 
������ 4���)�]`�.(

[49] Hyndman D. W., "petrology of igneous and metamorphic rocks", second Edt. 
Mc. Graw – Hill Book company (1986) 786 
[50] Mason B., Moore C. B., "Principles of geochemistry", John Willey & sons, 
(1982) 345. 

 


