
)����� �	�
��:��/�/����
��� ���� :�/�/��(

÷

�������	���
���
���
��
� ����� ��������	 ���
��� ������ �� 

 �
!�"
�� #�� $�
% 

&�����
 ��'( ���)* �+	� �,��*����- .��- ��

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

/0�12:-. �����/0�1�2 )�� "�/ (��344/',5�� 06�78 9:,; 6�78 ��7�&� �� < )�*�&� 0��=; ��<,> "�/ �5;� 9; "�? ',
(
�@& "#; A:&< .C7@�D0�'�E� )�2F�D0F>�&�/ –�����> '(2',5%�&,E '���&,E ��
��
��D<)�%H%>I�D0�#�I 
5�@&� �> '5�

#75�D.���/&��
�E� J��K �2 0@' '��L�9�&�-. �@& .��/�@�7;��E� �D0�#M� ��&�/ N��; O �F>',
O�$��/ ��',
�-. ��
>�=D'/P�� ��'�<�I ��
�<�/ ��'D < �'�/<�#'�D#0(DI �@& .Q?�/ ��M2& �� -.�& ,>�4�'�@& "#; "#D�%� F>�&�/ �� )<,$ .,2

R�@&@�,2��D0C7@ ��+�0��/ �� ��F>�&�/ S� T�� '��U����; 0�@�7;�
"#; #�&) :3(�'�D��U��0��	 Q> 0)�+2I �)�(�'�D��U��0
��	 Q>0����2 )�(�'�D��U��0��	 <� 071��&)�+2I �)�(�'�D��U��0��	 <� 071�����2 �& )�(�'�D��U��0��	 �@ 0��D '�< �&�)S(

�'�D��U��0��	 #7? 0.���0
�V&�7$#;)���I ��4 �> �445��@ �8�� ���; < �&,E0"��;�D�&��>�4��< #K�� �W��M� NaCl 
�*5',�@& ."�&�� )�%� �D�D�7#N$; �/E',0"��; 0��/ �2 X=! �� ��@'�& YZ[[� ,5� 
��%	 < \]@ ,0�<#^ �� _[[ `� ��2 

�@& "�&� .� )�%� #D&�;���/ �/ #D����@0�� �1�2 ��]7� 
&,; Q
O& a�bP�=5^& < W��,> �2 �5�2&< 
�����@ Q0	��O ',0J��K
�5	,E�@& .

4��1���'	�2�:�E�cF>�&�/ 9�����>'(c�'��U����;0c��/ �@�7; �c-. �����/ c�1�2 c)�*�&� .

�
2�
 
��]7�0���� @�,2�	&,*8 J�d5�� �2 '��
΄�� ˚��–

˝�4΄�� ˚��:,; W�. ��΄�� ˚��–΄�� ˚��e,! 
��=;�%�2 ���:�< �& 0��4444/3"�/ �5;� �� &� �<,> �D0
�<,>–; "�? ',
� ,2 �� (�E'�,< �2'f�& N�E <� ('�� � 

�@& "#; �<#g� 6�78 �� �<,> < W�=; ]_[.W�@ �&3��� 
@�,2��D0�
��0O h#D �2 i 5�� �&,	& a@�> ��8�
�-. 

��'(@�7;����� &� ��]7� @�,2�"�&� �&,: & �� �/ #�&
(
� �����)&�>@�,2 �2��D0]j9k[�,/ "��;& .& R�@& ,2
(

@�,2��DN�E �D0f�& '�� �<,> < � N$;E',0&
#72,=/ (
&F@ �2 Y���
�5;&�#�& .��=5^& �&#V� �2 "��;& (=l��Vm 
,

	��O L�',0& �� 
���/ ���]7� (&��
&� -. �2 �5�2&< 
�&,E'��D0�5��&� ��]7� #�& .��]7�0�� �2 �,n� ���� 'T�7> N
���/&��
� �& 
�� "�E#'(@�7;�:&��d50=D& �& 'K�V ��

�@& �&���V,2 .��/ � =8 �&���@0�D0=�� �& �� �/ 
(
�@�7; ���� )�7/�> #72,=/�
",�2 <�&�,20�5	,E �&,: #�& 

��	 �",�� �-. �2 )&�>'6,@ �(DI �L� �"�<, 9<�0F7+7� ��<
��/��D05M7K ��,/ "��;& .R�@& ,2@�,2��D�
V& �/ '�2 &, 

� �& "��H5@& "#; �o&�& p<]q[<�0�E� �D0F>�&�/ –�����> '(
! ��@& �5	,E J��K'& �� -. ��
�E� (2 �> �D'�& YPPm_[ 

�@& "#; p�&FE]Z[.

∗,2�=� < (H > �W�r�� "#7�
�� :����44�3 )4��($'�<,5$�& ��O ��:hassannezhad@du.ac.ir 

< ��'2 W�@����? s��=; �����? �)�5��� ��tgHK �& �ZZ_ �> Su�



(�^ �0�&,����2,: ��&v� )&,
& �@�7; ���/ < �@�7;�� 2 � f� SS�

 �� #7? ,D�<#g� J��K �2 �5;wE�@�,2 �f7@��� 0�D
p<� �& "��H5@& �2 � =8 �&C7@ 0�D"��> 0<� �@�7; 0�D

 �@& �5	,E J��K ��]7� 0#'o�5'�&,E]x[)�7/�> ��< �
@�,2��D0"�,5�E &0f7@��� �& "��H5@& �2 ��'�D��U��0
��;0� <'� F
��@�7;�O',
M> ��n7� �2 ��''",5�E (0
����
��/ ���@0�@& �5	,+� J��K �1�2 ��]7� �� .�2�8�> 
�2@�,2��D0<� "#; ��f�& 0�E� �D0�����> '	 < ('"�<, �&�

�1�2 ��]7� ]z�{[&,	 �&#V�
�D#702��,E ��5�2&<�2
>�=E��'E��&�D < }���5�2&< �26I�D0�80�� &� <� <,	 

o�> ���� ��]7�'�@& "�&� �&,: #.�,2��/ �2 �8�> �2 "�,5�E0
�<�7	0�'�D��U��0��;0��^ �� "�D0�� �� ! i 5�� '(

]_[9_z[�& ��
� YD<vO ('M@ F�;#�>
Q@�,2�E&,	 ',
"�,5�E <&0<�0�'�D��U��0��;0��/ ��D0�� ��8�� F>�&�/ 

�E��D0�����> F>�&�/ '�E� < (�D0���/ �&�0��/ F>�&�/ �/ �
 K& � .�2�� 6��g� ���I �E J��K �1�2 ��]7� �� ���;'�,.

5������ �
& ��
@�,2 �& LO �YD<vO (��D0&,gK �
< �1�2 ��]7� �� 

"#D�%�0�E� �~E� < �D�D0�����> F>�&�/ �#M5� '�/ (D�E�
��/ �2���@0H��@ '#0�'C7@ �& �#7D&,=D F�D0�')�2F

��]7� )"#7/&,O J��K �2 (�E� <�D)���5@&�0�& �E� ;�^'�
F/,� �2 (h#D �2@�,2��D0C7@ ��+�0���'(;'=����/ �-

��+�0� <'�D��U��0��;0���=� �2 �&#:& ��&�,20#;.�& LO
���=� W��5�&A]�� "�E��/ �2 �DE',0"#$%�&� 0�� �� ! '(

>�M��]� h&#D& �2 �8�> �2 �)�*�&� "�+%�&�����=� ���@&#8 �D0
"���I �2 �&#:& L�@ <kZ����� A]�� _qK A]�� ' ��<_[

� ���� A]��K ,2<'N�#�#; .l�> �2 ��P'& �� �/ �@& \
(
@�,2��=$> ��n7� �2 'ND�EI��D�2 "&,=D �@�,2��D0

�'�D��U��0��;0)j_k�'��U��(�@�,2��D0<� N/ C7@ 0
���=��D0� C7@ '�& "��H5@& �2 )�2FXRF )&�����/ �/,; �� 

2'< ����7�@�7;�
��/ ��D0��]7��D0)�@,E� ��H5@& �2 �& "�
XRD W#� D8-Advance Bruker���I �� 
���^ "�+%

�� #��8'(@�7;�–	'F
,E ��f�& )�*�&� "�+%�&� Q�	.
@�,2��D0f7@��� �<�0K ,2<� ���� A.��� '2��5�& N����2

�gHK �& "��H5@&0"#77/ �,@ < �,E 0�'W#� ��$7
THMSG600���I �� 
"�+%"��;�D0E�� ')�*�&� "�+%�&� ,

�K�	,E J� .

���� � 67��
8
���9���� 

 ����� 

�%�� R�@&,20@�7; ('�� �_:_[[[[[ ��]7�0�1��2 ]_{[
)N$;_(��O,2
�0@�,2 ��D0&,gK �
� <'O�$@<,$�A.���� 

�D#�^&< ����0C7�@ 5V�7�;����]7� 0"<,�E ��@ ��1��2 �&
C7@�D0��%H%>I �"��> ��D0m�H� 0=!'� �> X'=! ��= �' < X

�E��D0F>�&�/ 9��� ��> 'N2�: �&�-. (�@�7;�
#75�D :
��2*�����:;:�< �:&
C7@ N��; �D#^&< (�D0�& a@&<#^ 

�#�I � =8
�/&,> < �D��#�I 
�C7@ < �D�D0@&'#0U: �& 'N
@&�'��D)�2N$;#U7E (�
#�#; "# �& �/ }�� ,�>
#�: < (
}-
,>
�D#^&< (0�mI 
�1�2 ��]7� (#75��D .C��� ���=!�&�
(

,5�/�V �& \]@ �� �D#^&<0>��K �> �> FU@ <�'*> �� ", �'' ,
b���U��1 ���/ ����@&��;�� ���I �& 
 '��5�O<,O <' '��5�& )#��; ��
 (

C7@�D�@.& ���1 �	�2
C7@ (	���O �D',0	���O<,�� E <',
��#;�2 .&
�D#^&< (�2@<'� 0"��>�D0m�H� 0=!'� �> X'��=

=!'/,> �2 X'�&,E �'�&,E ����
��
� < �'&� F
Q�D0�@&� '5�
"#; A]:#�&.
��2*���=�;� �:C7@�D0m�H� 0��]7� 2',5%�&,E T�� �& '�
���&,E <
����
 �$%��>'"#��; N#���&�5��@&� �� ���/ 0�D#���<� 0
��5V�@0m�H� ��]7� ���1 "�,/#�& .&
C7�@ (����=� �� ��D0

5@���')�J&,/<F� < ��&�#75�D�"���> \]@ �� <��2 C��� 
,5�/�V0(;<� �
� "#�#��; .	���O ����I ����1 �	�2',0��2 

=V'",0�
���&�F&0��@& .���/���D0 �K& �����I �& #�7>��U! 
�-O
�-/�)�q�>q[%=f^�(����@&# 	 � :'��
)_[��> kq%

=f^�(F>�&�/ �)_q�>�[%�=f^�(#�7 U���D �)_[��> kq%
=f^�(2 �'>�'�)j�>_[%=f^�(�&#�� �2 <O }/'(��/<, .

&,gK #D&�; R�@&,2�
��/ <��@�7;�"���> �0�&,E 'o�5 �'#0
�'=! ���=��' X��=! �� �1���2 Xj���> q/�/',5���� 0���8 
+',0<

f7@��� R�@&,2��D0i 5�� ����� 0���/ W���M> ��<#�^ ��D
Z_� �> xx[�8�� 05��@ ��@& "#; ��<I,2 �&,E ]x[.
�����������	 ���>
�����:&�
��E� (�D#�^&< ��D0m��H� 0<

�D#U7E0@&� '5�� A]: &� �#77/ .&,U5@0&
�<#�^ �& ��E� (

� Q' ��<#^ �> ,5��[5���@ �*> �� ,�5� �'' ,��@& .���/�-

@�7;�&
�E� (�D2�',5% ������> �F>�&��/ N���; '()W���;–
<&��
�(]z[H��@ �'�/& < �D#'�D#0(DI �@& .��/������> '(
& ��
�E� (> J��K �2 �D'��*&0�!�M�;����&� "��E <&0��
"#

����;.



# 8��"��=; ��)�5��� �3��� ���/ �@�,27;�E� �f7@��� ('�� < �@�F>�&�/ 0�D9('�����> . . .SS�

?/�@M:��'	&,*8 �'��
"&� ��D0.�U>�& ��%�� <0��'@�7; (���]7� 0���� @�,2��1�2 ]_{[.

��	���
��
�@�,2���D0&,g�K �
� �'O�$�@<,$�. <�'i��D0�& N��K�^ 

XRD /�^ �����/ �/ �@& )I �& �5V�7�;����]7� 0&� �1��2 
��@�,2 ���� "<,E �@ �� )&�>��&� �&,: .
��	������
�� �:&
��/ �& "<,E (��> NK�^ �D �5�� ��%�'}
�&"��;�D02��,E ���M	 �& "#; X5%� '�=E�� ��
���> ��g> ',

	 N�&�!'F
�$9;'='��
���5@&�0+5�$; ��D��	 < �D0��2 
C7@ NV&� ���D0�&,E '���&,E ��
��
�@&� <'��D0#75�D .

.�&
� ^,� (����/ ���D0O �F>�&��/ ',�
�)b��U��1 
W&�#�D�(�
O�$��/',
>�=D }/ �&#�� �2 ��'V �&#�� �2 ��'� �N�2�: < }�/ 

�
2 < �-. #�J��K V�> ',0������> '/,> ��2 (�'����; �'�–
<&��
"#; �5%�� �#�& .=D'5	��&
��/ (����]7� �� �D0��1��2 

�E� J��K �2D�~E� < ��D0F>�&�/ –�����> '(&,U5�@ ��2 �&�0
_�' ��<#^ �> ,5��[5��@ �D�E �/ �,5������/ "&,�=D ��D0

H��@'#0-. <#75�D<� N2�: �
�#�&)N$;j<�(.

Et Et,v

Esp

Qpl qdQfl

da
Eal

54o38' 54o43'

35o29'

35o27'

0 1 km  

▪Damghan 

N

●●

●

Bagho 
Turood

Damgha

Quaternary old piedmont gravel fans 

Plio-Pleistocene conglomerate 

da : Eocene-Oli. altered dacite and 
dacitic-andesite rocks 

qd : Eocene-Oli.granite, granodiorite, 
quartzdiorite 

Eal : Eocene altered rocks 

Etr : Eocene trachyandesite, trachyandesite- 
basalt,and andesitic dacite rocks 

Esp : Eocene spilitic basalt, 
keratophyre,with few beds of sanstone and 

volcaniclastic rocks 
Et,v Eocene intermediate to basic submarine 

lava and volcaniclastic rocks:andesite, 
andesitic dacite,trachyandesite and minor 

basalt   

da

Etr

Et,v

Esp

Eal

qd

Qfl

Qpl

Fault   
Drinage 

Au mine (P,placer)  

Village  

Au

Legend 



(�^ �0�&,����2,: ��&v� )&,
& �@�7; ���/ < �@�7;�� 2 � f� SS�

?/�Ai�& (�D�� 2 �;��05
�#�I C7@ �� �-/�
�-O �.6(C7@ �� �-/�
�-O < �'>�'2 ��8<�D0/&,> ��I�
�# .�(�DF>�&�/ < #7 U���D0
f' V��'@&� �� �'>�'2 <�D0�
, / �2 �';�^ �& N
#U> < ��]7� J(�'�&,E �� �P��&,E h����
#'�'D �	�2 �D0��]7� .�(�D�� 2 �;��0

,'	��O �	�2 "#7D#��%� ('��5�
,/<,$'� ",'=V �� �-/�
�-O05
��
���&,E<,$'� C7@ �� ��(��/��D0>�&�/ �E� �� ('�����> < F�D0F>�&�/ 9
7'�����>���]7� 0�1�2 .

?/�Bi�& (�D�� 20Z�8< � �'K A.��� �� �
,'O �.6(�& ,5=/ J&�mq[�E� �� -. )<,$'� 0�' '@ ���]7� �� 0��1��2 �(#�;,=D 0
��/�F>�&�/ �2 �
,'O .J(��/ ,
�d>��'�<�/ �2 �';�^ �& �/ �
,'O�$��/ �@& N
#U> W�^ ��.�<�(��/��/ �,	� / �	�2 �2 �'>�=D �2@<'� -
0�@& "#; �.�^& �'>�E .

C��$

DE

FG

C��$

D
E

FG



# 8��"��=; ��)�5��� �3��� ���/ �@�,27;�E� �f7@��� ('�� < �@�F>�&�/ 0�D9('�����> . . .SS�

��	����!����� :
$����%� �& �D0��> '6��,E ,�DC7�@ ,2 -
�D0��]7� 0&,	 ��1�2 
��@,E� #7�*> �2 �/ �@& ''C�� ,��D0
H@'�� #
> ��> C��� }�/ FU@ < ��� �2 N�'<� ",0C7�@ ��D0

m�H�0��%H%>I <���
� "#���; .,2�O
�0"�&� �D0�& N�K�^ 
@��,2��D0C7@��+�0<XRD ���/ ����D0��
�& ��5	,E �% 

Y7/&<�D0���=� �� )�@,E� �D0@�,2��� &� "#�; ��� )&��>
 ���!�=f� ���@0��/ ��'��
"��#��720�,��/) ._(���!�=f�0

��o�/'7'& ��
 ' / ��'O �, /�7',
�����> < �'� �/ �(�,�2 #�&�>
����@,E����I 
 '��5�#��;�2 �5��;&� ����P� ) .j(���!�=f�0

,@ �
�'�P<�I �F>�&��/ �� �
U�I < ��'/��^ ��/ �����@,E� �& �
	' ��'C7��@ Q���D0����]7� 0������ ��@�,2��<)�(���!�=f�

��/'��
O&', / �J<#
���%� �/ J�72,/ < �0��@,E� �,$ =! �
O<,O' '5'�@& ��]7� �� Q]Z[.R��@& ,2 �@�,2���D0���f�& 

� < "#;'��/ �	�2 < �V�@ #D&�; F���@0����U��0=D�'5	��
��/'��
"#; ��575@& ",5�E �&0@�,2 �"#; ��1�2 ��]7� �� 

N$; ��k�@& "#; �o&�& .
��	����!4�H�� :@�,2 ���D0&,g�K �
����/ <���+�0)�%�� 
��#�D� ��/6I��D0��8 0���5�@&�0��E� ��D0����/ < �&�

+5�$;�m�H� �D,/Y7/&< �&#V� �2 ,f7� < "��D0��/& �
%�
^& <'��
<�0���/ �D0�<& '�@& "#; �.@�,2��D0���/ ���+�0

� )�%��D�7��/ �/ #�O',
��< "#; "��&�D N��/ ��. �2 "�E 
������]7�0��/& ��
%�>�=D ���2 ��'D < �'���/<�#'�D#0(��DI 

#U>
�� < "#; N��]7�0^&'��
�2�@<'� 0��/ �@�$'�� < �
V,2��<�/ �2 ���� '%��8 �'�@& "#; (.��/���D0/P�� �'��
�<�I
,O�/ < �
��]7� �� �0��/& 
%�E��&�D NK�^ ���/ �

O�$��/',
�@& ��/%��2 �D �& '��/<�#'�D#0& �� (�DI �
(
��;�� ����]7��E��&���D �& �O�$��/ ',��
����� #��;�2 .����/�

O�$��/',
��]7� �� �0^&'��
2�%�2 ��.�b-���/ "��E <��
,�&@�$��/'< �/�<�'%��8 �'�@& "#; (.

?/�I�&�> �&��=� �5��&��O '$���/ ��D0@ C7���/ �� ��8�� ' '��9�����> '-. (�1�2 ��]7� �&�.

Cuprite

Covellite

Illite



(�^ �0�&,����2,: ��&v� )&,
& �@�7; ���/ < �@�7;�� 2 � f� SSS

?/�JN$; �D0H 5�� ��&�'�D��U��0��;0��/ �� ��1�2 �����/ F>�&�/ .��2
E#; Q��'"��=�; N$�; �� ���U�� q9��@& ��%�� -���/ �.
��'W��M� R�um  _[#; �5	,E ,n� �� .

���� �����+���
 ����� 
����� ����+���
 ������H�K� ��� : "��; �@�,2 ��n7� �2 0��D

 ���/ ,'E�� ����=� �& ��1��2 ���]7� F>�&�/ 0�D 0�I A�=8 0��D
 �&#M> "#;_[#�#; �'�> � �'K ,2<� ���� A]�� .�@�,2 0�D

C7@ ��$�@<,$'� �& "��H5�@& ��2 �"#�; ��'�> A.���� 0���+�
C7��@���	,E ����f�& ���@�7; .���@�,2 �����E (��
& �� 0<� ���D

 ����� �0��; 0�D��U��'� ��]2&� �N$�; �"�&#��& �� =8 �& �
�D 0
�� �&,: �@�,2 ���� 0��	 J�
�5g� < �%
&� (�
& �� �/ �#�,'E

 a��@�> "#��; ��o&�& 0���D��'M� 0��7U� ,��2 ��&��� (��
& YD<v�O 
]{�j[9jj[�	,E J��K .��@�,2 (
& R�@& ,2 ��� ��D )&��>

 "��; �/ �HE �& "�&#��& ,�n� �& ��
��@�7; N�2�: ,�'E�� 0�D�
�<#^ �> )<,$'��4#�,''*> �� )<,$'� .�� 0���; 0�D��U��'�

���=� �!�75� W�$;& 0&�&� "#; �@�,2 0�D)N$;�(�� =8 �&
 �gHK ��,E ��UM$� � '� �0& �*'> �0& < 0& #75��D �M �l#7? .

"#
#O 0��2 0�� "#D�%� �D��U��'� �& ��M2 �� F'� �E#; ���; .
�%
&� ,n� �&]��[���]7� F>�&��/ ����/ 0���; 0�D��U��'� 0

�
���� ��'�<& T&��& �2 ��1�2 }'���> N�2�: 6m�/ 0#��& .0��7U� ,�2
�@�,2 ��]7� F>�&�/ ���/ �� 0��; 0�D��U��'� �"#; ��f�& 0�D

�1�2 �&�5g� ,n� �]��
J���	 0}'��> N2�: T�� �7O �2 #�& :T��
30��E 0��	 Q> 0�D��U��'� )V(T�� �j0���	 <� 0��D��U��'� 

)�+2I �& �71)L+V ( �<#�^ ����2 ���	 T�� (
& ��k[��> q[
�� N��; &� ��U��'� �=f^ #K�� T��� ����;�<� 0��D��U��'� 

��E �& �71 0��	)V+L(T�� �k0�D��U��'� "<-! �/ �0��	 �@
 #75��D Q=� �&��� ��	 0&�&� ���2 < A
�� 0�D��	 ,2)L+V+S (

 T�� <q���D��U��'� �& "<,�E (�
& �� ��/ 0���	 #7? 0�D��U��'� 
���'��D �� =8 �& �&���� 0��D��	 ����2 < )�+2I 0�D��	 ,2 "<-!

 ���/ < �
� '@ ����^ �
,'O�$��/ bP�=5^& < �'>�=D �#/ 0�D
#��&�.

�K�L��� �����+���
 ��
��
� 
�@�,2�gHK �& "��H5@& �2 �f7@���F
� 0�D �,@ < �,E 0
"#77/ W#� ��$7'� 0THMSG600 ��$@<,$'� 0<� �/ 

R�'�=�&BX20�	,E J��K ��2 "#; �d� .��n7� �2



# 8��"��=; ��)�5��� �3��� ���/ �@�,27;�E� �f7@��� ('�� < �@�F>�&�/ 0�D9('�����> . . .SSu

a
&,; 0&,2 "�+5@� ���� �0�&�,2 "�&� �5@�� �& )�7'=.&
 0�&�� �& "��H5@& �2 �Y
��,@ < Y
��,E �#'@& Q'oF72 #7��=D

 < ,]�� 6�I ��,	<, / �}'@�5O J��<,/ 0� �}
#@ J&,5'�
�f7@��� L�@ < #; }'n7> �� U: 0�D��U��'� �%
��,@ 0�D

���=� 0<� �%
��,E <�	,E ��f�& ��]7� F>�&�/ �2��5�& 0�D.

���+�����M��N �
����!�9�<:&
T�� ("��;�D0E�� ',

b���=!71��&)�+2I � ��E Q?�/ 6�U^ "&,=D �2
� "#�#��; .
@�,2��D0��,E 
%�)�%� �&���� �/ 0E#; (+=D �&
T�� (
� �&'�& �D��U��_[[ �> kq[5��@ �8�� �*> �� �&,E'',�@& .

(+=DE#;�&
� �& T�� ('�D��U��0��;0J��K �2 )�+2I
�@& .��5@ �&��=���D��� 0(+=D #;"0�5�2&< & �2 
"<,E (

�&�'N$; �� �D��U��Z�@& "#; "�&� )�%� i�& .&
�&��=� (
/�^�"�&� �/ �@& )I �& �D0��� �� NK�^ 0�[[�>�q[ 

�8��05��@ �&�&� �&,E0� : �@& .���I �& LO
Y�D0
��,@
%��D��� �U� <0,VI 6<m 
�M]: (
&,2 �0&
"<,E (
� �&'��; ��D��U��0���I �2"#; �o&�& W��,	 &,20��;"�D0
E��'��D #:�	 ,'��; �2 ��0�& ,5=/ j/j���< #K�� �W��M� 

NaCl#; �U@�g� �]jk[.��)I�W��,	Tm��� W��M� 0
����
6<m 
��@&.

Salinity (Wt.%) = 0.00 + 1.78Tm - 0.0442Tm
2 +

0.000557Tm
3

)�%� J�U@�g�&���/�7�&� 0��; 0�'�D��U��0��;0&
(
�"<,E �&q/[�>_k��< #K�� �W��M� NaCl*> �� ''�@& ,.

��5@ �&��=����; 0&
� ('N$; �� �D��U��Z"�&� )�%� 6
�@& "#; .&
�&��=� (� )�%��#D�& �/ 
"�&� (��; �� �D0j

�>k��< #K�� �W��M� NaCl&�&� 0� : #�& .&,2�72
(��)&�>
5�'�	,E �f �/2',5%
"�&� F/,=> (� �� �D��0�[[ �> �q[ 

�8��05��@ ���; �� < �&,E0a@�5� ��@&.

���+�������N�� �
����� �� :&
("��;�D0E�� ',2',5% �& 

$%> ��E 6�U^'"#; N�&#�� �/ #�&0��
� A'�%> N2�: F'�
�@& .��;0&
T�� ("��;�D#7��=D "��;�D071��&)�+2I 

�7U� ,20,VI 
��� (06<m 
@�g� �#; �U .��5@ �&��=��&
(
"��;�DN$; �� Z�@& "#; "��<I �.&
� )�%� �&��=� (�#D� 

�/��� 0(+=D E#;�&
� �& "<,E ('��E ���^ �2 �/ �D��U��
� (+=D��<#^ �& �#��;_[[ �> q[[�8�� 05��@ ��� �&,E

*>'',�@& .�&��=�
&�&� "#; ��0� : ���x[�8�� 0
5��@��&,E�@& .��;0&
("<,E �& "��;�D0E�� '� ,'�2 F

J��K��5@ �&��=����< #K�� �W��M� NaCl �� N$;ZJ

#; "�&� )�%� .��7? �&��=� �� �$�
� "#���;"�&� &�&� �D0<�
� :��; �� 0q<{��< #K�� �W��M� NaCl #75�D �/ 

��)&�>7?'(��U75@&�/ �,/ <� ",5�E0M=8 '5��'��U��
��;0#��&� ��8< . / ��. �2�"�&� F/,=> ��� �� �D0�q[ �> 

kq[5��@ �8�� �2 < �&,E',5%
��; (0��q��< #K�� �
W��M�NaCl�
� "#���;.


�����+���������N �� �:& ��
("��;�D0E�� '�D�� 2 �,0
��D'@ < �'� 
�D��	 )&�7! �2 �0� �&��� 
� "#�#��; .�� 2
��D'2 �� �'� ,5%���= �D�2UM$� W�$;& �@ �� 2 <'� 
�2 �

�;�E �2 < �M$� J��K�D0<� N2�: "#; �,E 
�#�& .&,20
M>''��; (0"��;�D0E�� ',0��; �/ 02'�& Y�/jZ �#��&� 

���0��D �� 2 W-g�& '� �&,: "��H5@& ���� ��E'�,.& ��
T�� (
�&"��;�D0E�� '�7�&� �,0��� �
(+=D 2 )#;',5%2'(_[[ 
�>k[[�8�� 05��@ �*> �� �&,E''�@& ,.�2 �&#M>'��

�<#g�0� ���I �& '��� F0k[[ �> q[[�8�� 05��@ �&� �&,E
� )�%��#7D�)N$;Z�(<� :0 K& ��� ��� ",5�E0jq[ 

�>�[[�8�� 05��@ ��&,E�5	,E �&,:�@& .2',5%��; 0
�<#^���[��< #K�� �W��M� NaCl &�%�� )��#7D�

)N$;Z�.(����M� ��0�
,Φ���0��D W-g�& '��@&]jk.[
Salinity(Wt.%)= 26.242+ 0.4928φ + 1.42 φ2 –
0.223 φ3 + 0.04129 φ4 + 6.295*10-3 φ5 –
1.967* 10-3 φ6 + 1.1112* 10-4φ7


�����+���������N2
0 ���* ���� �� � O��'KO:V,2 ���
� �&'�D��U��0��;02'�& Y
#��&� ���^ #��8 < �&��� ��	 Q
& �/
� �& �5@� ('��	 #7? "<,E �� &� �D��U��0"�&� �&,: &
}.

&,20M>''��; (0&
�& ���E ("��;�D0E�� '���� W��,	 �& �,
&,2 "��H5@&0"��;�D0��	 �@0��; �2 0#; "��H5@& P�2 .

�D���0(+=D �� )#;"��;�D0E��'��	#7? ,0<�^ 0��D '�
@ <'� 
�7�&� �� ��0_q[ �> �q[�8�� 05��@ ��� �&,E

*>''2 �/ #�,',5%
�&<&,	 (�2���� 0j[[ �> jq[�8�� 
5��@��&,E�@& �5�2&<)N$;Z9�.(��7? N$; �� �$Z9�

�
� "#���;�8�� �0��; 0��k[��< #K�� �W��M�NaCl 
�� � : 0&�&�#;�2 .


�����+��������N2
0����* ���� ���	 � O��2	:&
(
�'�D��U��0��;0�'",5�E F0��� �
2'(j[[ �> �q[�8�� -

05��@ ��&,E�
� "#�#��;)N$;Z`.(2 <',5%
��; (0��
�[��< #K�� �W��M� NaCl �
� "#�#��; )N$;Z�.(



(�^ �0�&,����2,: ��&v� )&,
& �@�7; ���/ < �@�7;�� 2 � f� SS�


�����+���������N2
0 ���* ���� �� �O��'K��	 � O��2	 
&
("��;�D0E�� '&�&� ,0��� �7�&� �
_q[ �> k[[�8�� 0

5��@��&,E#75�D)N$;Zm(� <'F�8�� 0��; 0k[#K�� 

��<�W��M� NaCl)&<&,	 �,>
� ('��; )&F0"#; �U� �@& 
)N$;Z�.(

?/�P�&<&,	 �&��=����� 0(+=D E#;���; <0���E �D05��  � i'�D��U��0��;0��/ �� ��E� F>�&�/ �D0�����> F>�&�/ '< i�& ��1�2 ��]7� (
6:���0E#; (+=D ���; <0�'�D��U��0"��;0��	<� 071��&)�+2I�J < �:���0(+=D E#;���; <0�'�D��U��0��;0��	<� 071��&

� < � ���E :���0(+=D E#;���; <0�'�D��U��0��;0��	 �@ 0� < � �:���0(+=D E#;���; <0�'�D��U��0��;0<�^ 0@'� 
� < ` �� :
���0E#; (+=D ���; <0�'�D��U��0��;0<�^ 0��/ ��#/� < m �:���0E#; (+=D ���; <0�'��U���D0��;0��	 #7? 0.

پبالف

جثت

خحچ

رذد



# 8��"��=; ��)�5��� �3��� ���/ �@�,27;�E� �f7@��� ('�� < �@�F>�&�/ 0�D9('�����> . . .SS�

�
��
��� Q����� KOR��
��H��KO
&,20M>''",5�E (0��� 0���/ &��
��@,E� <�-. �����/ 0
1�2f7@��� ,2 "<-! ����'�D��U��0��;0� �& �
��@�7;�

�� 2�D0O',
�)N$;u(�'#; "��H5@& F.@�,2 �2 �8�> �2�-
�D0��f�& #;"]jq[�� M��D��� �� �/ #;0,5=/ 
<��� �0

��4�8�� 05��@ ��� 2 ��&,E�D0���@ �O',
&F	& �2 < �
Y
�> �����4�8�� 05��@ ��� 2 ��&,E�D0UM$� �; �2 '�D��0

�%D �#�& ��]@ < )&<&,	�8<�� N$;�E'#�, .@�,2��� 2 -
�D0O',
A=8 ��<I0��@,E� X.�7� �& "#; ���]7� 0�1�2 �

)�%��&�UM$� T&��& �/ ��8<#7? ��]@ �2 �)&<&,	 
)pyritohedron(���=� �� &� �D
�@& �.; ��]@ T&��&'�&���

� }/&,> �2
T&��& �2 "&,=D ��I < ��> ��]@ 
�7&0�'� F
"#
��#��; .&,2
� ,n� �2 �R�@& (�& �/ #@�
�� 2 (�� �D

",5�E0��� �
2'(��4 �> ��4�8�� 05��@ �N$; �&,E 
�5	,E#�& .",5�E �2 �8�> �20��� �
)�@,E� )�<#^ ����4 

5��@ �8����&,E (M>''�7�&� (0��� �
���/ &�02 -. '(�44 

�>��4�8�� 05��@ ��]7� �&,E�� ,n� �2 �#@�.

?/�����1��� ���	 ���� 
"�&��D0�
f7@��� F��'�D��U��0��;0��/ ��E� �F>�&�/ �D0

F>�&�/9�����> '��]7� (0W<#8 �� ��1�2 �D0_<j�o&�& 
"#;#�& .D�+� �2�"�&� �2 � < �D'F�+�& 0��> 
�� ���I A

�D�&��=�0�&<&,	 �)N$;Z(� ��& )&�>
"�&� ("<,E �@ �� &� �D
M=8'5��&��&,: .&
&,; (
� a�;�� #�&�>��&N$;E',0"��; -

0��/ �bP�=5^& �/ #;�2 ��@ �& �<&#� )#; �&�I (=l 
Q
"�+5@�V�=E�� �
� �&�!�� =8 �& :E#;�,@ �Y;�8�<
�-5V&"��;�D]jZ[��N$;E',0)I�5;&� ���V�#�& ."�&�-

D�0@,> 'N$; �� "#; }z� )�%� ��D�7D<,E �/ #��&
"�&� �� �D",5�E0aV=TsNaCl  Th"#; F/,=5�& �#�&
(
�+�&0��> 
"#7D� )�%� �A0�/ �@& )I "��;0����� 
Q

)�+2I �& T�U;& NaCl <���@& "��2 Y;�8 W�^��$�I (=l 
&
&,; (
� a�&�>�#7W&� )��2 (+=D�� ,2 )"��; +���2 +Q=� (

"��;0�<& ';�2 �5;&� �1�2 ��]7� �� �#]_[[.

?/�S<�d> ��
�8< #7? N$; 6 < i�& ,�O �� 2 ',
� A]�� �� �'O�$@<,$�2�V �2 ��
� "#�<�d> ���;
�� ,�J2�D � < �'�
O',
�D�� 2 �� &� W&�#D�50UM$� �O',
��]@ �2 �)�34 (<)344 (; �2 &�'�D��0)�%� )&<&,	 ���� �#7D�'W��M� R���' ��@& ,5� .



(�^ �0�&,����2,: ��&v� )&,
& �@�7; ���/ < �@�7;�� 2 � f� Su4

L�2%T"�&��D0�
Ff7@�����'�D��U��0��	 <� 0��
��/ �� ���2 < A���]7� F>�&�/ 0�1�2 .
Salinity Tmice ThSa.N.(VL) salinity Tmice ThSa. N.(LV) 

�/��/S9S/��43S/S3/�9��43
�/�S/�9S/�����/��/39�4��
�/�S/�9344�u/��/�9�u��
�/��/39��u�S/��/39�33�
3/34u/S9�/�����/��/�9����

u/��/�93/�43S�/�3/�9���S
�/�u/�9��uuu/339�Suu
�/S�9�34�u/�S/39����
�/�3/�9��4��/��/39��u�
�/��/�93/���34�/�S/�9��434
�/4�/49��u333/�3/�9���33
3/��/39���3��/��/39�4�3�
u/�S/�9��u3�u/�S/u9�S�3�
�/��/�9�4�3��/�S/�93��3�
�/��/S9���3�3/��/393��3�
u/u�9�u�3S�/��/393u�3S
u/��/�9��33uu/33/�9u/3333u
�/S�/�9��43��/�39�/���3�
4/Su/�9�uu3�3/33�/�9�4u3�
�/��/S9��3�4�/3��/u9�44�4
u/339��4�3u/3��/�933��3
4/��9��S��u/3�/�93����
3/3��/�9�����3/�39�4u��

�/��/�9������/�3/�9�����
3/��/�9�/��u���/�u/�9�/3����
3/�3/�93u��SS/S3/�9��4�S
u/34�/u9�/����u3/��/�9��4�u

�/u�9�3S��S/��/39��S��
4/��/�9�����u/S�/�9��4��
�/��/�9��3�44/��/�9����4
�/�S/�9�4��3�/��/39����3
S/��/39�3����/�3/�9��3��
�/��/�9��4��S/S3/�9�4S��
S/��/�9������/S�/�93����
�/��/�9S/������/��/�9�34��
4/��93/����SS/S3/�9��S�S
�/��/S9S/��u�u�/�u/�9����u
4/�3/�93/��u��u/��/�93S���
�/��9��4���/��/39�����
u/339����43/��/393���4
3/�3/�9��4�3S/��/�9�/�3��3
�/��/�9�u���4/��9�/�u���

�/��9�3���
u/339�����
�/��/39��4��



# 8��"��=; ��)�5��� �3��� ���/ �@�,27;�E� �f7@��� ('�� < �@�F>�&�/ 0�D9('�����> . . .Su3

L�2%M"�&��D0�
f7@���F��'�D��U��0��	 #7? < �@ 0��/ �� ���]7� F>�&�/ 0�1�2 .
Sa.N. Th Tmhalite Salinity Sa.N. Th Tmhalite Tmsylvite Salinity 

3 z/j{�  S/���  4/�3  3 �/���  3/���  �/3S�  �/�S  

� Z/�qj  3�� S/�3  � �/3�u  S/�SS  S/33�  3/��  

� Z/j{k  �/�3�  u/��  � �/���  �/�33  �/�43  3/��  

� _zk 3/���  u/�u  � 3/��4  �/�uu  �/3SS  4/��  

� _/qk[  �44 �/�3  � �/3u�  �/�S�  S/3��  �/��  

S _/qZ[  3Su S/�4  S S/�u�  S/���  �/���  3/��  

u _/�Z[  �/3�4  �/�3  u S/3��  �/�3u  �/3�4  S/��  

� jxk �/��4  u/�S  � 3�4 �/��S  3/�3�  �/�u  

� jk[ ��4 �/�u  � �/�3�  S/��4  �/3�S  �/��  

34 x/j{k  �/�3�  �/��  34 ��� �S3 ��S �/��  

33 jx[ ��4 �/��  33 3/�3�  �/��4  �/3��  u/��  

3� j/jkq  3/�3�  �/��  3� �/�S3  �/��4  u/�Su  �/�u  

3� {/j�_  �/3�3  u/��  3� 3/���  3/��4  �/3�u  u/��  

3� _qz �4� �/��  3� 3/�3�  �/���  3/�3�  �/��  

3� q/�[_  S/�3�  �/��  3� �/���  S/�u�  u/��3  �/�S  

3S _/_Zk  3/3uu  �/�4  3S �/�3�  u/3��  �/3u4  4/�3  

3u �/_j{  3/3�4  �/�3  3u �/�uS  �/�3�  �/3u�  3/��  

3� {/_j[  �/3S4  3/�4  3� �/���  u/���  �/3��  �/�4  

3� j/_zq  �/3u�  �/�4  3� �/�3S  �/�4�  �/�4�  �/��  

�4 {/__q  �/3S�  �/�4  �4 �4� �3� �/��4  u/��  

�3 _/j[j  3�� S/�3  �3 ��� 3/��4  �/3�4  �/��  

�� j�z �u� �/��  �� �/���  �/�33  3/3u�  3/��  

�� j{� �4� �/��  �� 3/3uS  �/�3�  3/33S  u/��  

�� j�_ ��� S/�4  �� �/���  ��� �/3�3  3/�u  

�� _k[ ��� �/�4  �� �/��S  S/���  �/3�3  3/��  

�S �jk �34 �/��  �S ��u �4� �/3S�  �/��  

�u kzj �/3�3  �/�3  �u 3/��4  ��4 �/�3u  �/��  

�� kj[ �/�3�  S/��  �� �44 ��� �/��4  3/��  

�� k[[ ��� �/�u  �� �/��S  �/���  3�S 3/�4  

�4 �{q 3/3�4  �/��  �4 �/���  �/���  3/���  �/��  

�3 q/jxq  �/�33  3/��  �3 3/��3  �/��3  3�� 3/�3  

�� {/kq[  �/���  S/�4  �� u/�Su  ��� ��� �/��  

�� z/__q  �/33S  �/��  �� �u� u/���  �/���  S/�u  

�� k/_[{  3�4 S/��  �� ��4 ��u �S� 3/�S  

�� j{_ �/�43  �/��  �� �/3��  �/�u�  �/3S�  �/��  

�S jjq 3/3u3  3/�S  �S �/�u�  �/���  S/�43  4/��  

�u q/�_Z  �/3��  �/��  �u ��3 ��� ��u �/�3  

�� �/�zk  3/�S3  �/��  �� �/��4  �/���  �/3S4  �/�u  

�� k/�xq  u/���  4/��  �� 3/�4�  �/�S�  3�u 3/��  

�4 {/�x{  u/��S  �/��  �4 �/��S  �/�u4  3/���  3/�S  

�3 q/_jq  �/3u�  u/�4  �3 u/���  ��� �/�3�  �/��  

�� k/�jk  �/�3�  u/��  �� S/�Su  3/��u  3�� �/��  

�� k/__q  �/���  �/��  �� �/��u  �3� �/33�  S/��  

�� {/j{�  3/�S4  S/�S  �� �/���  ��4 �/3��  �/��  



(�^ �0�&,����2,: ��&v� )&,
& �@�7; ���/ < �@�7;�� 2 � f� Su�

?/�U��� �&��=� 0��� N2��� �� Q=� W-g�& 0(+=D E#;�.

�7�&� �2 �8�> �205��� '��� (06<m 
� �'�D��U��0��;0�&
°C j�9�>°C �x9� ��5� )&�>'�����@ �/ �	,E �f0��;0
��/���@ ]_[[��]7� �� 0bP�=5^& �1�2 T�� �& H2O + NaCl 

+ KCl ± MgCl2 ± FeCl2�@& "��2 .&,20,5�2 ��� N$;-
E',0�D0"��;0��/ �R�@&,2 ��1�2 ��]7� ��@]jZ�_[[��� 

(+=DE#;�"��;�D0��; N2��� �� 0@,> ���I '};#)N$;
{(.�+�& �2 �8�> �2 0��> 
� A'& �� �D��U��
� �N$; (�)&�>
��
�/ �	�N$;E',0"��; 0��/ ���]7� �� ��@0�g> �1�2 
��>'�D#�<� ,0E#;�,@ ��2 �-5V& �"��;�D0g]@ �,>�,@ 

��; �2 <0o�O '� < ('�@& �5	,E J��K Y;�8 F.�2 �5U�&
�+�& �2 �8�>0��> 
A"��;�D0��	 #7?0� ���/ �HE )&�>

 Y;�8"��;0�� �2 ���� '71 N�bP�=5^& ��&,	 �&�� �& )��2 

& �2 "&,=D
�@& "��2 6�U^ ��f ]_q[.�+�&0��> 
� A'�D��U��0
��	 <�0/�^ �E#;�,@ < �<#g� Y;�8 �& �"��;Y�2 �� -

�D0P�2 �
�����@ 0��/ ���@�@& .&
&,	 (
��	 �<,V �!�2 #7
�� �-�& F/,=> < ���2�� ��	 
5� �� < A'&F	& �2,f7� �f
Y

��;0�'�D��U��0��;0& �� "��5	& �&� �2 
�@& "#; � ^,� (
]jZ[.&,20�7;I �
�2g�'���/ a��]7� �� &�0�&��=� �& �1�2 

a@�> "#; �o&�& ]jx[#; "��H5@& .�$��7?��> 
"�&� A�� �D
 N$;_[� )�%� �YD<vO R�@&,2 < #D��D0"#; ��f�& 

]jz9�k[� ��bP�=5^& �/ �HE )&�>g�'��/ a���@0&
(
o�O Y�2 ,2 XU]7� ��]7�'7�
Q��� �����@ �
�
��,E&�< <

P�2 Y�2 �2 ��U>�& ���

	��O �����@ Q',0#;�2 .

?/�V��� �&��=�0(+=D E#;���; N2��� �� 0&,20<� ,2 "#; ��f�& JP�g> )�&� )�%�0@'W���/ ���@.



# 8��"��=; ��)�5��� �3��� ���/ �@�,27;�E� �f7@��� ('�� < �@�F>�&�/ 0�D9('�����> . . .Su�

?/�TW�&��=���; 09��� 0(+=D �D�����/ �V�; )#;0i 5�� ]jZ[.

O����� 
@�,2��D0C7@��+�0� <
f7@���F��'�D��U��0��;0��

��/�F>&�/ ��E� �D0F>&�/ 9�����> '/�^ �1�2 ��]7� (��&
*>''J&,"�,5�E�5g� �� 
��	 J�0��� �0(+=D E#;�� <'F

��;0�'�D��U��0��;07� �� �@& "#; �1�2 ��] .&
&,; (
a
��/�^ #�&�>����V� �& "�+5@�V�D0E N$; �� i 5��',0

��,E6��]7� 0#;�2 ,n� ���� .,2�O
��+�& 0E#7/&,O �"�&� �D
N$; ��_[7? �'� ,n� �2 (�� �/ #@�'�D��U��0"��;0
��	 #7?0�D��	 N��^ 0��; �2 �Q=� �&��� 0��� <0b�5U�� P�2 

�&
Q"��;0"�+5@�V �2 �=E�� �
� �/ �#7;�2 "#; NK�^ �-
&,; �2 #�&�>
���/ a&��
	��O T�� ',0�&��=D�#;�2 �5;&� .

�'�D��U��0��;0��; �2 0�
< ��M. Q=� W��M� #K�� "� ,
���0E#; (+=D ��<#^ �> °C�q[ ,2 ��P� 
�����@ Q

\]@��� �
)O&�W��,> (� < ��&�'�D��U��0��;0�2��;0
P�20_[%��� <0o�O �5U�� 'bP�=5^& �(���� #�&�>'N,2

JP�V�
Q"��;0�l�^ &0�����@ �� �0��/ ��1�2 ��]7� ��@
#;�2 .D�+� �2��+�& �2 0��> 
"�&� A�D0�'�D��U��0��;0��
N$;{� ��7? )&�>'�;&�,2 (�,/�����@ �/0��/ ��� ��@

��]7�0���� @�,2��g> ���>'&,	 ,
�D#70E#;�,@ ��
�-5V& < Y;�8N$;�5	,E�@& .&,	
"#; �!�2 Y;�8 #7

 �> �@&H2S"&� ���2 ��	 )<�� �2
#2�<.�Y7/&< "��; �2 
� C7@
&����H��@ < "�&��
"��;,. �& �
Y7/&< X�D0�
,

��/��D0O',
�> �1�2 ��]7� �� -. < �%�'#77/ (:
FeO + 2H2S FeS2 + H2O + H2
Au(HS)2

- + H+ + 0.5H2 Au + 2H2S

X%��
 
]_[<�� 
T "�&� Y.�"��'@�7; (�&
)&,"�J&��%5�& ��<,�& ,%� 
�&'U/,'�,)_�x[(�{[_�gHK .

]j[T "�&� #7=;�D .�� ! �0o��� '7��.��^ ��T ���O .�"W��g>
#O
"#�D0��'@�7; (�^�� '�<,. �)U���/,O �&,
#��! ��> (

,l�^"(�)_�qx.(
]�[;� ') )&,�=! �&v� #.�"�@�,2��@�7; C7�@ JP��g> �<

�=E���
��/ �2 )I ��U>�& <���@ 0�1�2 ��]7� �� -. )6��78
 )��*�&� �<�V 6�78("�O ��
)��@�7;��/ ������"�+%��&� �#�;�& 

2,>'�} M� �)_�x_(�jq��gHK .
]k[��2,: ��.�"���<,5O0C7@ �D0=E�� ��
)��*�&� 6��78 "�

,5/� ���@�0��; "�+%�&� �'5%��2 #���� ��� ! "#$%��&� �'�(
)_�zk.(

[5] Jeffery P.G., Hutchison D., "Chemicl Methods 
of Rock analysis", Pergamon Series in Analytical 
Chemistry Volume 4 (1981) p 379.  

]Z[�&,� 0R.�"���/ �M��]�&��
�2 ���]7� �� -. 6��78 ��1�
 )�7=@ )�5@& �)�*�&� �,;"�O �
)�@�7;��/ �������� #;�& '(

@�7;�&,E 
��d5:& Y0�)_�{[(�__{�gHK .
]x[����2,: ��.:�����< ��#��2�! 
7��.=���@�: ���.&.�"������9

f7@��%	�"��> �D0�&,E 'o�5'#0�<,. ��]7� 9�; "�? ',
()
)���*�&� 6���78 "(���@�7;�� 2 ��� f� �����/ <���@�7;�&��
 �)&,

)_�zk ("��=;_�{q� �> _[Z.
]z[ V' �`.$� ��� "�&� .T.�"�����> �&#V�'-. )#M� �� (
–�� "�/ L� )�1�2 ()�7=�@ )�5@& 6�78"�����<,5O �� f� 0�
)_�{_ ("��=;{�qx� �> x[.
]{[�'R ���:�.��; �'��<.� )&����f� �.�"�����<,5O ���M��]�0�

;�o�'='��
	 F�� <'2 "�<, �1�–)�*�&� "�"�+%��&� ��� ! �� f� 
�)&,�>)_�zx ("��=;j�_�� � �> _kj.

[10] Shepherd T.J., Rankin A.H., Alderton 
D.H.M., "A practical guide to fluid inclusion 
studies", Blackie (1985) 239pp. 



(�^ �0�&,����2,: ��&v� )&,
& �@�7; ���/ < �@�7;�� 2 � f� Su�

[11] Wang Y. M., Sasaki M., "Fluid inclusion 
studies of the Chinkuashih high-sulfidation gold–
copper deposits in Taiwan" , Chemical Geology 
(1999) 154- 155-167 
[12] Goldstein R. H., "Fluid inclusions in 
sedimentary and diagenetic systems", Lithos 55 
(2001) 159–193. 
[13] Touret J.L.R., "Fluids in metamorphic rocks", 
Lithos 55 (2001)  1–25. 
[14] Munz I. A., "Petroleum inclusions in 
sedimentary basins:systematics, analytical 
methods and applications", Lithos 55(2001) 195–
212.
[15] Hossain I., Tsunogae H.M., 
"Geothermobarometry and fluid inclusions of 
dioritic rocks in Bangladesh: Implications for 
emplacement depth and exhumation rate", Journal 
of Asian Earth Sciences 34 (2009)  731–739. 
[16] Canet, C., S. I. Franco, R. M. Prol-Ledesma , 
E. González-Partida, R. E. Villanueva-
Estrada(2011) A model of boiling for fluid 
inclusion studies: Application to the Bolaños Ag–
Au–Pb–Zn epithermal deposit, Western Mexico. 
Journal of Geochemical Exploration 

]3u[,����/
� ������O }.�.` <&� �.�"f7����@����&,����; < <
a
	'F
;�$'='��
����/ W� g� ��7U� ,�2 �&�0, / �
�@ < �'JP�

E��'�� ��M : L�� )#M� �� ,0"�2 �� f� �@�7;�� ����/ <�-
@�7;�&
"��=; �)&,3)3��� (�39�S.

]3�[�'&�,�
&�
7��.#=^& �0T.� �'� �&v��,.�"�@�,2���D0
��/�@�7;�"��; <�D0E�� �'F� 	 #�7? ������/ �� ,0��D��� 

& �J�� �� 2 �,; �
 F�/,� )&,0"�@�7;�� 2 �� f� �����/ <�-
@�7;�&
"��=; �)&,�)3��3 (��4u9�3�.

]3�[:&,��;& ��.T.���-8 ��i���& .�"���� �%����'��@�7; (�
�� ���2 )���= M� p�E�����?��' R�344444:3����� )������@ �'(

@�7;��#M� J�	�%5/& <����%/ )3��� ("��=;S�S4.
[20] Bodnar R.J., "Introduction to fluid inclusions. 
In I. Samson, A. Anderson, & D. Marshall, eds. 
Fluid Inclusions: Analysis and Interpretation",
Mineral. Assoc. Canada, Short Course 32 (2003)  
1-8. 
[21] Roedder E., "Fluid inclusion: Reviews in 
Mineralogy.", Mineralogical Society of America, 
12 (1984) 644 pp. 
[22] Van den Kerkhoff A. M., Hein U. F., "Fluid 
inclusions  petrography", Lithos 55 (2001) 27–47 
[23] Roedder E., "Fluid inclusion evidence on the 
genesis of ores in sedimentary and volcanic rocks",
In K. H, Wolf(ed)". Handbook of Stratabound and 
Stratiform ore Deposits, Elsevier, Amsterdam., 
Vol. 2 (1976) P. 67-110. 

[24] Bodnar R.J., Vityk M. O., "Interpretation of 
microthermometric data for H2O- NaCl fluid 
inclusions. in fluid inclusion in minerals, metods 
and applications", B. De vivo and M.L.Frezzotti, 
eds., pub. By Virginia Tech, Blacksburg (1994) 
117-130. 
[25] Murowchick J.B., Barnes H.L., "Effects of 
temperature and degree of supersaturation on 
pyrite morphology", American Mineralogist 
72(1987) 1241-1250. 
[26] Baker T., Lang J.R., "Fluid inclusion 
characteristics of intrusion-related gold 
Mineralization, Tombstone tungsten magmatic 
belt, Yukon Territory, Canada", Mineralium 
Deposita 36 (2001), 563–582. 
[27] Wilkinson J.J., "Fluid inclusion in 
hydrothermal ore deposits", Lithos 55(2001) 229-
272.
[28] Hedenquist J. W., Lowenstern J.B., "The role 
of magmas in the formation of hydrothermal ore 
deposits", Nature 370(1994) 519- 527. 

]j{[�&�I0�.� �'#=g� ,0�.�.��V�&FD ��&.�"�@�,2���D0
C7@ �@�7;�� <'��D��U��0���; 0	���O L�� ������/ �� ',0

C��7�/"���@�7;�� 2 ��� f� �����/ <���@�7;�&��
 "��=��; �)&,3
)3��� (�3��93u�.

[30] Alizadeh Sevari B., Hezarkhani A., "Fluid 
evolution of the magmatic hydrothermal porphyry 
copper deposit: Based on fluid inclusion and stable 
isotope studies at Darrehzar, Iran", ISRN geology 
2014 (2014) 10 pages. 
[31] Harris A.C., Golding S.D., White N.C., " Bajo 
de La Alumbrera copper –gold deposit: stable 
isotope evidence for a porphyry – related 
hydrothermal system dominated by magmatic 
aqueous fluids", Economic Geology 100 (2005) 
863-886. 
[32] Gonzalez-Partida E., Levresse G., "Fluid 
inclusion evolution at the La Verde porphyry 
copper deposit", Geochemical Exploration 78-79 
(2002) 623- 626. 
[33] Morales Ruano S., Both R.A., Golding S.D., 
"A fluid inclusion and stable isotope study of the 
Moonta copper – gold deposits, South Australia: 
evidence for fluid immiscibility in a magmatic 
hydrothermal system", Chemical Geology 
192(2002) 211-226. 
[34] Bodnar R.J., "Fluid-inclusion evidence for a 
magmatic source for metals in porphyry copper 
deposits, in J.F.H. Thompson ed. Magmas, fluids 
and ore deposits", Mineralogical Association of 
Canada, Short Course Series 23(1995) 139-152.  


