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& . . .��

������� 
�
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=[B��,G� ���  >�5 Ja�  & !'1 �1&�#A �G�1

�(�&#B �5)#A �,G.���4 �$� �&'3�& > �)(&�!�#: T"� �A 
Q"'E �� �*0)�!'1 �P&�& �)& . & F� �&'���2� �B 

2��^_�)& #�l3� �B �� +#$ .�A �,A#� U�A F� �&'��
���4 �,�@ ��
�" O ��
 ,/��4 �����,A ����",4 ���4U�� >�5

 �� ���O �&'�� %'1 �	�?& �A " �)& �
#�7,/��4 " X4"=
#4
C �:#A�G��3	� #BU�A =�� F� �&'�� ��5�)& .��&'� �� XY 

��,G� ��A �5��B^��-�� #�l3� �B�� +#$!�,A)Q"'E�(�4
�)& ��
�7 ����A .�,E"�`��  & ]�A �B �B �� +#$�'\�� 

���4 �$� �� L�0)�O #j0.A#� > �),��A���4 �,E"
�)& �
#�7,0)�O .� �
#3(�A�&'� L�0)�O ) & ]�A�'\�� (

���4 �$� =4#� �� �
#�7,0)�O ���4 ��&"&#	 �
#3(�A �A > �)
��&� b��3�� �KA&� .Z�B#B �A >"� " D#) W&#��lB !#3�$

2�_ �B _��� " �B �� +#$ `�^ �B ��_�_ �B �� +#$ �)& 
gY��� �� #j0. "� �
& >&#A �j�(� ���4 ��5 ��&!'
�'(� .

!#�� �&'��`�/��B���B �� +#$ )&��� �E,B JA�C �4 ��.
��&'� �5O ���"'@ ^�B`�A �,A#� �4 !�,A #�l3� '\�� 

�0�7�)& %�),$ .=0*0��&'�� �0�(�A �A 2��` �B �� +#$ 
�����4 �$� �� �&" ���4 ,E" �A �4 ')� ��&� ��iB�& > �)

)Q"'E�.(�
#3(�A�&'�� �$� =4#� �� %&,G�3�O ���4 > �)
)��^�B �� +#$ ("%O �&'�� �
#3G4)�"'@��B �� +#$ (

�)& �$� <#Y "� �� .0� �Ah!�&� �)�#A " J�-aB �, >�5
��� �G�1�F� #\�0. �*3�iG5 >�5�&�,G� �XY �XY �

D#) �L�0)�O�F� " >"� �'1 b)� L�0)�O .�
& ��)&#A 

�� ]
&=	& =�� XY �&'�� �F� ]
&=	& �A ��5�&�,G�'A�
 .#\�0.
iG5 XY " F� �K),3� �*3�)R2 = 0.55(�� %�(� '05�

)J/1���&.(�&��,:#A �N�9? �*3�iG5  & >"� " D#)
 '03�5)R2 = 0.13) (J/1�D.(" XY #\�0. �*3�iG5

 �)& �E,B JA�C L�0)�O)R2 = 0.62) (J/1��.(�
&
���4 �A �
#�7,0)�O L
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,��V " ���"& �&��)& !"&  ��K0� �$� �� �.�
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&=	& '�"� �4)J/1
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�4 =�� XY �&'�� %�G5 #3(�A �
#�7,0)�O ���4 ��3:�) �� 
'1�A.

����� ��������� ��� 
���4 �!"&  F� �����4 �� �-Y�A ���4 �A !&#G5 >=-	 > �)

�R$� �� =B�&,4!'1 J�/(B �5�[�O  & ��& ��)& I0) �4 
���4 %�A=��T,E L
 > �)  & �B�9KC �A ���-�) I0)

 �)�#A >&#A Z)�0� =B�&,4 D��3�& ��)& �-3�� >�5=B�&,4
Q��)�)�#A '0� ��� #�$�� >�5 �C� " �
& #iG5 ��C� >�5

�)& ����A .�)�#A  & F7Q��) �9��K� �+ U >�5 #�$�� >�5
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��� �������9B >&#A #�$�� Q��) 
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LG� c,�" �5'�'1 �)�#A ]
��#) T"� �A >�,1 �&'�� . &
Q��) ! &'�& �4 �[�O ]
��#) ]
�� O ��,A =
� ����A #�$�� >�5

G5 >&#A�,i� �"'�� ���O �.

����'��,G� �
=[B �
�3����  >�5!�#: �
��G�1 !"&  ��K0� �*0))T"� �A ���A " �
��#$ �[0)���. T"� �A XYICP-OES(.
�5 ��,G� Pb Sb Zn Ag As Cu Fe Mn Au 

ppm ppm ppm ppm ppm ppm ppm ppm ppb 

ZaCh-1 2�2� � _��� �/� 2��� ���2 `���` ��� �� 

ZaCh-2 �2�� 2� _��2 �^/� �`�� �`�� ^���^ �2�_ �` 

ZaCh-3 _��� � _�__ `/� ^��2 �^^� ^�`�� ^^^ �_ 

ZaCh-4 ���� 2� ��_�_ � 2��� ^�_2 ���_� ��`� �^ 

ZaCh-5 2�_ �2 2^�� ^/� ���^ �2��� ��_2� ���` 2� 

ZaCh-6 �^`2 � 2�_� _/2 ��^� ^_^2 ��_^� 2��` �

ZaCh-7 2^�_ ��^ 2�22 �� >�% 2��^_ �`�_� ��_� ^� 

ZaCh-8 ��2_ � `�^ ^/� 2��� �2� �_^_� _�_ �

ZaCh-9 2��� � ���_ `�/� 2��� 2��_ ���^` �`�� �� 

ZaCh-10 �^�� � ���� �/� 2�`_ ���2 �2^�^ ��� 2� 
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& �)�01 ���4 " �)�01�,-A �-[� �2

5*F���  �*3�iG5 >�5�&�,G��
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& ��5 &
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D"; >��� ��3��� �$'1)Tfm (Q��) �
& ���5!#3�$�� =�� 
�/^^ �"�/^� ��3��) �E�� �&#$�)& .D"; >��� ��3���
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CaCl2Q��) �
& ���5'��&� �,E" .D"; �
��� >���)Tm(
��A2/^�"�/�� ��3��) �E�� ��*���� �A �&#$_/���E�� 

�3��)�)& �&#$ .b3��) ��)&#ANaCl H2O-]�����[�
��A >�,1 �&'���/`"`/�^ ��*���� �A '\���`/�� '\�� 

�)& .�&'�����*mQ��) >�5 #�$�� �
�7#A b3��) 
NaCl H2O-]�����[��A ���`/�"`�/��3��) #A +#$ -

��*���� �A Z9/� #3��`/��3��) #A +#$ �)& Z9/� #3� 
)Q"'E2J/1 ��(.

����-Q��) �[0)���=
� �
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�*m��
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wt.% equiv. 
Tm(°C) Th (°C) �&'9B ��,G� !��G1 

��`/��B���/��_/`�B�^/`2/^��B`/^���� �B ��� �Za50 

������ �B ��� `Za37 

��`/��B`��/���/�_ �B `�/�^ ����B�/������ �B �`2 �^Za51 

����2� �B ��` �`Za7 

`�^/��B`��/���/�_ �B ��/�^ `/����B�/����2� �B �`� �_Za24 
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"�.(

5*IQ��) �$'1 �*G5 >��� �A �i�� >�,1 �&'�� �&�,G� !"&  ��K0� #�$�� >�5)d�a� gE#�  & �3	#$#A !'1 �
#9B >�5]��([

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

18
 ]

 

                            12 / 16

http://dx.doi.org/10.29252/ijcm.27.1.3
https://ijcm.ir/article-1-1221-fa.html


'-E2�!��G1 �����A ����` ���4���  ��)�01Q��) �)�#A " �G�1���4 �&':� �� #�$�� >�5�
& . . .�^

5*J>�,1 �&�,G���*G5 >��� Q��) �$'1 !"&  ��K0� #�$�� >�5 .��}�� �&�,G� �� Q��) J��/B �/G� >�5'�"�g}E#�  & �}3	#$#A >�,}1 
]�^.[

�)& !'1 T�&=$ ��0RG5]����`[�	�iG5 �|�A >�5 -
��� �� �| �
�5�����| �� >'�N�,)��P�7 >�5  & #B��� �E�� 

�3��)�� J�~(B �&#$ �� �~���@ �� �'03�5 Z��S �'�,1
��� �� �| >#
�:;#�B  & #BU�A >�5��i
 ����3��) �E�� �&#$

�� J~1�	�iG5 �'�#�$'��&� �i-S >'
#-| >�5 .J�/(B >���
���4 �&':��	�iG5 Z��C �� #\�0. JG@ !'05'��(� !"&  �
&  -

�h-S " ��� ]5�4 " �)& >'
#-4 >�5HCl�� �b5 �A '0�&,B
���4 J�/(B b�� J��. "��B " > �)'01�A �5'�N�,) ��(� .

Q"'E ���"�$6
 ���4 �%�A=�� I0) >�5 ��)�01 ���})#$� �
���4 c,� " J�/(B >��� >�5���}��4 �:#A �A !"&  ��K0� > �)

 %��N}\& �}
,R��4 '}0��� %&#}
& �}-3�� ��}��  & �A�(�]��[�
%�[�  �E,-$]2�[�
�}C ��}AO bB�@ �]2�[�"�#}	 D&�,}1 "

]22[�)& !'1 ��
��� .���}4 %�A=�� I0) �}�K0� �� > �})
&  ���4 �A�(� >'@ �B !" �$� F� > �) ��AO bB�@ ��K0� �� >&

 �
�}}C)�A,}}0E %�}})&#: %�3}})& (!�,}}A " & W"�}}N3� �}}��A 

�)�5�����4�&#
  #3(�A �$� #
�:; " >&�
��#$&#	 F}� �� �&�
 �� !'
� ���(N(BO %�A=�� I0)'�,1 .���}4 ��}
��� �})�01

 �}� %�(}� ���"& �}��4 �&'}:� �� �}�30*� �}4 '}5� !"&  �}
&
)�E,-$ " �
,R��4 <X:#A (���}��4 �}A �i�}� " ��&'}� �,}E"

 ���4  & D&�,1 !��}) �})�01 �})& �&��,}:#A >#}B .��}0RG5
 ���$ " �
#��N)& �,E"�}A >"� " D#}) �}E,B J}A�C >��}[05��

 �� �4 �)& !'(� !'
� 
��}4& �[�3� �� '�&,B]�}��O �aK}) 
'1�A .�}A >��}[05�� " �
#�7,0})�O ���}4 �,�@ L�0})�O >U

 �}� =
�G3� �
�C ��AO bB�@ ��K0�  & &� %O =�� !"&  ��K0� '}04 .
���)#$� �$� >�5�����4 W"�NB �A >& �U,}G9� �
=E >�5 �A�(}� 

�)& .���4 J�/(B >��� ��
��� ��& #}*
� �}A !"&  F}� > �})
 ��3i�� >�5�����4 �A�(� #*���A %O J�/(}B #BU�}A >�}�� �})& 

)Q"'E�.(�& #�& �
& �}���9	 �}A !"&  ��K0� #3/
�=� ��iB >�}5 
�� %�(� &� �G. �� �
�G$���� " '5� ���}4 L}
 &� %O %&,}B-

�
�G$�� > �)��A��#$���&� .

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

18
 ]

 

                            13 / 16

http://dx.doi.org/10.29252/ijcm.27.1.3
https://ijcm.ir/article-1-1221-fa.html


> "#A>#�1 %�
�'�@ �>�"��N1 !�&=/-� ���� %&#
& �)�01 ���4 " �)�01�,-A �-[� ��

����7�$� >�5�����4 �:#A �A !"&  F� �����4 ��
���F� >&]�A �� �&�%&#
& �-3�� >�5.

��C��� K�� 
 �L�!�9?�� BM

).�&(O�(
 �L���+� BM 

).�Q��(���, R$�"  �)�!�S(
���L� � 
��� 

�+� .����>�,��1L����
)T���8(

����  � 
)�!���" #��$(

.��)�� U�����(N(BO " >�&"O�;O 
�B ��)&�,
� ���)&�

��BU 
T,E " �
 '�OI0) 

" J�1 " ��)&�  #� ��
I0) �)�� 

T,EI0) 

�������� 
����$ ���30*�
�
#�7,/��4 

�$ ���30*� ���
 �����,A ��
#�7,/��4

���6
� 
�
#�7,/��4 ��
#�7 

��
#�7,/��4 ����$ 
��
#�7 ��
#��N)&

 ���0i�3)& ��
�'�5&#3B
���6
� ��
#�7,0)�O 

��
#�7 ��
#�7,/��4
�
#�7,0)�O 

������� 
����-�) �L�3�-7"#7

�-
M�O 
��3�)#) ����-�)

�3
#-4 ��-
M�O 
�B�0A#4 ����-�) �3�)#) ����-�) 

�-�) #3G4 ���
�-
M�O " �3�-7"#7

5�*<$ �����`� �B �2� 
�&#*�3��) �E�� 

�_� �B �2� 
��&#*�3��) �E� 

�
�_� �B �_� 

�&#*�3��) �E�� 
��� �B �`� 

�&#*�3��) �E�� 

���� V������'�N�,) b4 �
��#$&#	 Q'39� �B �
��#$&#	 �
��#$&#	 �A��#$��$� >&�$��A��#$ >& 

W��� ]��[]2�[]2�[]22[����� ��G5 

�}}$6
">�}}5�}}��4 �&'}}:�  & #}}*
� �}}/
 !"&  F}}� �}}
& 

J����37 ���(N(BO '0A#G4 ��'9� >�5�<&,: >;,N� �#G1�4 �

�� %�(� &� �/)�#A " �	�(34& �Y�0� �%��9� ��04 �� �4 '5�

 �}0�7 �
& �� �4 !#�S " !#�� ��5O �XY �F� �'93� >�5�&':�

 #1 Q�G1 �� �
& =-	 �	�(}34& �}�G5& #A ���&� �,E" %&#
& �C

 �� %O'
&=	& . & #
�}:; c,}� �}
& #3(}�A �}m#5 �:�0}1�}h#

�*�,*m " J�/(B !�*3)�: �}��4 Q,-a� " #\�0. ��}iB�& " �&�

 !�,B �A %O ���  >�5��3:�) " >;,N� >�5 �}3i�� +�}$ ��)�01

 �4 �)& %&#
& 8#1 �� ���O #3�A <�(34& ��E ������ '}�&,B

 ��K0� >��j3C& ��"� �.�A !'0
O,1�.

������S 
�A ��iB�& �� '�(� �)"�#	 !�*(�&� ���� �
�G@ �A ����� �
&

 !��G1 �(5"67 �#Y_��`2/���,� �/_/���^!'1 +�[�& -

�)& .!=i) ��9� �4#1  & %�&� �&#C ���3:& �� J��� �A %&��4

T�&=$�5\ W��-G. >&#E& �� �4 >=
=. %�3)"� =�� "�
&#a

b
#/(3� �'��,G� LG4 .

W���� 
[1] Karimpour M.H., Saadat S., Malekzadeh 
Shafaroudi A., “Exploration of Cu-Au Iron Oxide 
and Magnetite Ore Deposits in the Volcanic-
Plutonic Khaf-Kashmar-Bardsank Belt”, 21th 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

18
 ]

 

                            14 / 16

http://dx.doi.org/10.29252/ijcm.27.1.3
https://ijcm.ir/article-1-1221-fa.html


'-E2�!��G1 �����A ����` ���4���  ��)�01Q��) �)�#A " �G�1���4 �&':� �� #�$�� >�5�
& . . .��

National Geosciences conference, Tehran (2003) 
(In Persian). 
[2] Yousefi L., Karimpour M.H., Haidarian Shahri 
M.R., “Geology, mineralogy, fluid inclusion 
thermometry and ground magnetic of Shahrak 
Magnetite-Specularite Cu-Au prospecting area, 
Torbat-e-Heydariyeh, Iran” ,Iranian Journal of 
Crystallography and Mineralogy 16 (2008) 505-
516.
[3] Karimpour M.H., Saadat S., Malekzadeh 
Shafaroudi A., “Geochemistry, petrology and 
mineralization of Tanurjeh Au-Cu porphyry”,
Journal of Science (University of Tehran) 33 
(2005) 173-185(In Persian). 
 [4] Golmohammadi A., Karimpour M.H., 
Malekzadeh Shafaroudi  A., Mazaheri  S.A., “ 
Alteration-mineralization, and radiometric ages of 
the source pluton at the Sangan iron skarn deposit, 
northeastern Iran”, Ore Geology Reviews 65 
(2015) 545–563.  
 [5] Mazloumi A.R., Karimpour M.H., Rassa I., 
Rahimi B., Vosoughi Abedini M., “Kuh-E-Zar 
Gold Deposit in Torbat-e-Heydaryeh «New Model 
of Gold Mineralization»”, Iranian Journal of 
Crystallography and Mineralogy 16 (2008) 363-
376 (In Persian). 
[6] Karimpour M.H., Malekzadeh Shafaroudi A., 
“Comparison of the geochemistry of source rocks 
at Tannurjeh Au-bearing magnetite and Sangan 
Au-free magnetite deposits, Khorasan Razavi, 
Iran”, Iranian Journal of Crystallography and 
Mineralogy 14 (2006) 3-26 (In Persian). 
[7] Almasi A., Karimpour M.H., Ebrahimi 
Nasrabadi Kh., Rahimi B., KlÖtzli U., Francisco 
Santos J.,“Geology, mineralization, U-Pb dating 
and Sr-Nd isotope geochemistry of intrusive bodies 
in northeast of Kashmar”, Journal of Economic 
Geology 7 (2015) 69-90 (In Persian). 
[8] Roshanravan j., “End of exploration Report of 
Zaveh Copper Deposit”, Moein Sabzehkaran Co., 
Organization of Industries and Mines of Khorasan 
Razavi Province (2014). 
[9] Kazem Alilo S., “Geophysical Operations 
Report of Zaveh Copper Deposit”, Moein 

Sabzehkaran Co., Organization of Industries and 
Mines of Khorasan Razavi Province (2014). 
[10] Lecumberri-Sanchez P., Steel-MacInnis M., 
Bodnar R.J., “A numerical model to estimate 
trapping conditions of fluid inclusions that 
homogenize by halite disappearance”, Geochim 
Cosmochim Acta 92 (2012) 14-22. 
[11] Steele-MacInnis M., Lecumberri-Sanchez P., 
Bodnar R.J., “HOKIEFLINCS-H2O-NACL: A 
Microsoft Excel spreadsheet for interpreting 
microthermometric data from fluid inclusions 
based on the PVTX properties of H2O–NaCl”, 
Computer in Geosciences 49 (2012) 334–337. 
[12] Kholghi Khasraghi M.H., “Geological Map of 
the Torbat-e-Heydarieh”, Scale 1:100000, 
Geological Survey of Iran (1996). 
[13] Whitney D.L., Evans B.W., “Abbreviations 
for names of rock-forming minerals”, American 
Mineralogist 95 (2010) 185–187. 
[14] Roedder. E., “Fluid inclusions”, Reviews in 

Mineralogy 12 (1984) 644. 
[15] Sheppherd T.J., Rankin A.H., Alderton 
D.H.M., “A Practical Guide to Fluid Inclusion 
Studies”, Blackie and Son (1985) 239. 
[16] Beane R.E., “The Magmatic–Meteoric 
Transition. Geothermal Resources Council”,
Special Report 13 (1983) 245–253. 
[17] Seward T.M., “Thio complexes of gold and 
the transport of gold in hydrothermal solutions, 
Geochim”, cosmochim, Acta 37 (1973)  379-399. 
[18] Seward T.M., “The hydrothermal 
geochemistry of gold, in: Foster, R.P. (ed.), gold 
metallogeny and exploration”, Blakie and Sons 
Ltd. (1991)  432 . 
[19] Mehvary R., Shamsipour R., Noghreyan M., 
Makizadeh M.A., “Mineralogy and fluid inclusion 
studies in kalchoye Copper- gold deposit, East of 
Esfahan”, Journal of Economic Geology 1 (2009) 
47-55 (In Persian). 
[20] Mehrabi B., Tale Fazel E., Ghasemi-siani M., 
Eghbali M.A., “Genesis of Golujeh Cu-Ag Vein 
Mineralization (N. Zanjan): Mineralogy, 
Geochemistry and Fluid Inclusion Evidences”,

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

18
 ]

 

                            15 / 16

http://dx.doi.org/10.29252/ijcm.27.1.3
https://ijcm.ir/article-1-1221-fa.html


> "#A>#�1 %�
�'�@ �>�"��N1 !�&=/-� ���� %&#
& �)�01 ���4 " �)�01�,-A �-[� �`

Journal of Science.University of Tehran 35 (2010) 
185-199 (In Persian). 
[21] Ramezani Abbakhsh T., Malekzadeh 
Shafaroudi A., Karimpour M.H., “Geology, 
mineralization, geochemistry, and petrology of 
monzodioritc dikes in Hatamabad copper 
occurrence, northeast of Qaen”, Journal of 
Crystallography and Mineralogy 26 (2018) 409-
422 (In Persian). 

[22] Mehrabi B., Tale Fazel E., Nokhbatolfoghahai 
A., “Disseminated, veinlet and vein Pb-Zn, Cu and 
Sb polymetallic mineralization in the GaleChah-
Shurab mining district, Iranian East Magmatic 
Assemblage (IEMA)”, Journal of Economic 
Geology 3 (2011) 61-77 (In Persian). 

 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
1.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
5-

18
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            16 / 16

http://dx.doi.org/10.29252/ijcm.27.1.3
https://ijcm.ir/article-1-1221-fa.html
http://www.tcpdf.org

