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GSH-8 n l}/p �� �ni �} �li� hp lh� �} 
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As \a]/`+ � ++ ++ +++ ++ 

Cu ��p/p }��/p � ++ + +

Pb �ln/p+ }�h/p i�i/p � ++ +++ 
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�� �(1"�! �%1]D�.[

R<1at�" *���"�%&� (7&� *���. ��!61 8(:�'5 *�%1��%1 2%  ��3/� �� �'��" -'!�� *��.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.2

8.
4.

86
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
4.

5.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
06

 ]
 

                            10 / 14

http://dx.doi.org/10.52547/ijcm.28.4.869
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.4.5.1
http://ijcm.ir/article-1-1554-en.html


6=0��2��&1 �i�$�(��# �l�� ��� �!� �
"#$"%&'(�) *"+��%1 2%  ��3/� 4'/5�) . . .�h�

R<1]87&� *��� �"�%&�:�'5 *�%1 �9 �X�� �!61 ��%1 2%  ��3/� -'!�� *��)�'A� L0-� #" �(	-! -9 261 t
-FN *��]DZ[6/(��.(

R<1�$�'� *�%1 �9 �X�� �!61 87&� *��� �"�%&����  �� :�'5 *����9*#�5�!� *��*"��3/���%1 2%  .�� :�'5 R��<N 8<&� *��6���
��� �"�%&�+*�%1]�p.[6����=:�'5 �!61 b%=��A-(&  *�%1 � -N�-5 :�'5 �9B*��6��� ���l=:�'5 �!61 b%=��A*�g� :�'5 �9

 6��� �$��<
 *��� ��� t=(�� *�%1 �9 -7
�i=�c1%0 -�" �� 26��&'M�9 #�	 *�%1 c
";	" 6���n=6��� � :�'5 �!61 �-5}=�!6g1 4
��9
$�'� 6��� � :�'5 *����9h=$�'� ��"-Nc
��-! �k :�'5 *����9 .

�5�-9 ��%5 *��]D^�Da[y<=�&  �  �5" 2�"� $���-
�9 *����� �  �
�������  �� *6'>�%5 8'
�g� *�g� #" -gN\`` 

�(��5 �0���� R'<�N �"-!������  �� �
 � 6�%1���  �  �
�-
6/(�� ���s ��5" 26//  ��'@" �
"-1 -7��'9 ���) �5�/1 .8g
"

 �g�� �� �  *-
�GH �� �  �5" ���@ �� ��6g@ #" -NT�g9 *�g�
\`` �(��5 �0�� �g� R<g1 �"-g! ���g  �%gV@ � 6g�-'! *�g�

 6'g� " �Xg�� �g9 �
"-g1 -7��'9 ���) �� *6'>�%5 �
 *6'� "
y<=�&  ��5" 26// s *6
-=  *��6��"� �X= .*�g�� R'<g�N

 �g��M �� -gQ�/J Rg&@ 26g/�� $�g�� ��%g1 2%g  ��g���  B 
y<=�& �9 *�� �e=s � ��� c��  � �5" *6'>�%5H2S��

 :%g=A� � �%g1 � C-g! �
�&!�� :%=A� 8'9 �!61 b%=�� -�"
�� B  *�%1 �9 � �-5 *%0 *�"6g
���� � ��� c��  dJ�9 6�"%N

y<=�& �N � �� O";=	 �/'���%1 ]D]�D[[.
�g��  :�'g5 *�%1 �9 �k �"6�� ��
��-!"-	 *�������  ��-

��"� �7(�9 #�5 .Bg  *�%g1 �9 :�'5 �9 �k #" �/s x"%�")?+D
C�Fk 4&� ��#� 6Q�� (�g9 :�'g5 �g9 2-g�� � �g
�� O";=	 x%� �

6/(�� 2"-&� -NT�9 *�%1]lp[.O";g=	 #" �g/s � �%g1 :�'5
��"� R'<�N $"%N �
�������  dJ�9 ��/N � �(1"6� "� �k �"#) *-

�5" 261 ��3/� 8
" �� 2-�� � �
�� O";=	 *#�5 .�� 8
"-9�/9-
�g��  :�'5 *T�9 *�%1 R'�� �9 �  �>! $"%N ��g�3/� �� #�g5

��� �5" 26�� R'<�N *���(M" O�%Q �9 �k *#�5.

���  :6�*#�5 
�!�;N�"%  *��+*��� �9 :�'5 4
 #" 6'>�%5�}p �N��i 

�(��5 �0�� B  *�%1 � �"-!)h/�l �N�/�� ��#� 6Q��
NaCl (261 R'<�N6�" .2-(�!�!� 8
" �� *�%1 � ��� *�� ��

�����5 �9����5" �
��-!"-	 *�� .�!�
� #"�����5 8
" *�� ��
87&� *��� ��'�9 �<
�;�$) �!61$��(	" C"� �9 *��� �9 ��-

�5" $�1 .��) ���	 �  �Y�) #" 8'
�� ��'�9 $��(	" C"� �9 �k �
��"6� �'A�N �9 *#�'� � �5"]�n[�� �$) R'<�N �&J $"%N

 L0-� �"�%&� ,�5" -9 �  �-  ���)-9 "�]lp[�)R<1�p(
��6@hpp �5" -(�.

���  �9 �(�9"� 2�%N :�g&(@" 8g
" �g�" �6�� �
�5�/1 *#�5
 �=gQ�	 �� �
 �&J �� �  ��"� �%0� g�3/� #" -gN��� *" ��%g� �

61�9 �5�-9 .���  �"6G�*#�5�!� *�� 2�K �=! $6F� 6/��� *"
).-5+*��(."�%1 �).-5+*��+y�+$"%&'(�) (�� �k�/� �

$��%K �
%0).-5+*��+$"%&'(�) (�%&A� 6/1 �)$"%&'(�)+
.-5 (8
" *T�9 R'���(� -7��'9 ��%1 2%  ��3/� �7
��&� ��

�5" O%� �F3M .-s #" ��3/� .(J" �9 $"��g<&� � �g9"-�� ��g�
]][���  O"-''jN �g9 �R'<g�N �g&J � �g�� ����5-!� ��5�/1

���  �J%&Y� 4
 �%0� *�
%! ��'�9 :�&(@" �� z-(g�� �g
"#
�=! ��3/�2�K+."�%1+�5" $��%K .-ge� #" ��%g1 2%g  ��3/�

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.2

8.
4.

86
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
4.

5.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
06

 ]
 

                            11 / 14

http://dx.doi.org/10.52547/ijcm.28.4.869
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.4.5.1
http://ijcm.ir/article-1-1554-en.html


2�";<=��>1 �*���- B
%�C6�� *6
��0 �� $"-
" �5�/1 ���  � �5�/1�%=9 �=Y� 

���  x%�*#�5 ��).-5+$"%&'(�) (���g5-!� ��g�)�g�'='5+
�N�/9-  (��3/� �9������g=! *�g5" $�g�%K � ."�%g1 �2�gK .

*�g� :�'g5 *�%g1 � �!6g1 8g7&� *��� ��
��� �8'/~&�
���  �� -'!�� C�g� �k�g/� �g9 ��%1 2%  ��3/� $"%&'(�) *#�5
�� $��� 2�-9�!� 8
" �  6�� �9�g�� �
�g�� 2-(�! 4
 �� ��

261 ��Y
" 2%g  �g�3/� �� -'!�� *�� :�'5 #" *�"6FN ��� �6�"
�N *�%1 ��%1 �g� $�g�� "� *-(g�'9 �gX
- 6g/��)R<g1??.(

$"��<&� � �9"-��][[�
�� -9 �%gN�;
" �g5�-9 *��"6g
�� *�g�
�
�&!�� 2�7(5�G+���  *"-9 "� *%0 ."�%g1 $6gF� �� *#�g5

6��-  ���/�'�.�8
"-9�/9�!� �&� �  ��"� �%0� :�&(@" 8
" ��
 ����g5 4gN 4g
 �g9 b%g9-� O%� �F3M .-s #" ��3/� 8
" �� �

�
�&!��+���  �&J �� �&!�� � 61�9 �9��-!*#�5 :-g(/  "� ��
6/  .

R<1�p���	 �"�%&�+O�"-@ �0�� )��%&� *"-9��%1 2%  ��3/� *��(�����g5 �� �g�#�	 �g39"� 26g/�� $�g��NaCl-H2O��6g'� *����g�	 ��
 4'N�(5" %('� � 4'N�(5"]lp.[L = liquid, V = vapor, H = halite .8'K �G �g�#� 6gQ�� �g9�� *�g��%(��  �g�NaCl �9"�%g1 �� :%g=A�

6/(�� .�� ���� "� �'�"-! .�H 8
-(&  �/A/� *-(� �G 4
��9 �G6/  .�#�	 �5 #-� �<�� B'�| �GL+V+H �����g5 *"-9 "�NaCl–

KCl–H2O�9Na/K� �'X�) �='5%9 261 �9�� :%=A� ��K+O�"-@ �0�� �� ���56=	��� ���� *���� $6��.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.2

8.
4.

86
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
4.

5.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
06

 ]
 

                            12 / 14

http://dx.doi.org/10.52547/ijcm.28.4.869
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.4.5.1
http://ijcm.ir/article-1-1554-en.html


6=0��2��&1 �i�$�(��# �l�� ��� �!� �
"#$"%&'(�) *"+��%1 2%  ��3/� 4'/5�) . . .���

R<1��:�'5 *�%1 � $61 87&� *��� ��
����=! �."�%1 �k�/� �� -'!�� *�� $��%K �2�K)2�"��#" �]�([��%1 2%  ��3/� �9.

��"��6M 
8
"��  �g9 b�gXN�" �� 6�g�� �g5��-	 2�7��"� ���� �
�&@ �9

2��&1 ������ �-k �2��&g1 �9i�il� ��%g��h/�/�l�h 
1 C�Y�"�5" 26 .O�g'=&J �� �  ���s �Y@ ,6/�� *�M) #"

B
�";75��5 ���&'&Q 6��%&� *��
 "� �� �
"-AQ .

L0"-� 
[1] Aghanabati S.A., "Geology of Iran",
Geological Survey of Iran, Tehran (2004) 586p. 
[2] Karimpour M.H., Malekzadeh Shafaroudi A., 
Stern C.R., Farmer L., "Petrogenesis of 
Granitoids, U-Pb zircon geochronology, Sr-Nd 
isotopic characteristic, and important occurrence 
of Tertiary mineralization within the Lut Block, 
eastern Iran (in Persian)", Journal of Economic 
Geology 4 (2012) 1-27. 
[3] Javidi Moghaddam M., Karimpour M. H., 
Malekzadeh Shafaroudi A., Heidariane Shahri M. 
R., "Satellite data processing, alteration, 
mineralization and geochemistry of Mehrkhash 
area prospect, North West of Birjand (in Persian)",
Journal of Earth Science Researches 4 (2013) 56-
69.
[4] Javidi Moghaddam M., Karimpour M. H., 
Malekzadeh Shafaroudi A., Heidariane Shahri M. 
R., "Geology, alteration, mineralization and 
geochemistry of Shekaste Sabz area prospect, 
North West of Birjand (in Persian)", Journal of 
Crystallography and Mineralogy 22 (2014) 507-
520.
[5] Javidi Moghaddam M., Karimpour M.H., 
Ebrahimi Nasrabadi K., Haidarian Shahri M.R., 
Malekzadeh Shafaroudi A., "Mineralogy, 
Geochemistry, Fluid Inclusion and Oxygen Isotope 
Investigations of Epithermal Cu ± Ag Veins of the 
Khur Area, Lut Block, Eastern Iran", Acta 
Geologica Sinica 92 (2018) 1139-1156.  
[6] Malekzadeh Shafaroudi A., Karimpour M.H., 
"Geology, Mineralization and  fluid inclusion 
studies in Howz-e-Raise lead–zinc-copper 
deposite, Eastern Iran (in Persian)", Journal of 
Advanced Applied Geology  91 (2013) 1-14.  
[7] Malekzadeh Shafaroudi A., Karimpour M.H., 
"Mineralogic, fluid inclusion, and sulfur isotope 
evidence for the genesis of Sechangi lead–zinc (–
copper) deposit, Eastern Iran", Journal of African 
Earth Sciences 107 (2015) 1-14. 

[8] Mehrabi B., Tale Fazel E., Nokhbatolfoghahaie 
A., "The role of magmatic and meteoric water 
mixing in mineralization of Shurab polymetal ore 
deposit South of Ferdows: isotope geochemistry 
and microthermometry evidences (in Persian)",
Iranian journal of mineralogy and crystalography 
19 (2011) 121-130. 
[9] Mehrabi B., Tale Fazel E., Yardley B., "Ore 
geology, fluid inclusions and O-S stable isotope  
characteristics of Shurab Sb-polymetallic vein 
deposit, eastern Iran", Chemie der Erde 79 (2019) 
307-322.  
[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", Geochimica 
et Cosmochimica 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] Naderi Mighat N., Akrami M.A., "Geological 
map of Ayask", Scale 1:100,000, Geological 
Survey of Iran (1385).  
[13] Whitney D.L., Evans B.W., "Abbreviations 
for names of rock-forming minerals", American 
Mineralogist 95 (2010) 185-187. 
[14] Ineson P.R.,. "Introduction to Practical Ore 
Microscopy", Longman publishers, England (1989) 
181p.
[15] Laznicka P., "Breccias and coarse 
fragmentites. Petrology, environments, 
associations, ores", Elsevier, Developments in 
Economic Geology 25 (1988) 832p. 
[16] Rollinson H., "Using geochemical data: 
evaluation, presentation, interpretation", Longman 
Scientific & Technical, Essex, UK (1993) 352p. 
[17] Roedder E., "Fluid inclusions", Reviews in 
Mineralogy 12 (1984) 644p. 
[18] Goldstein R.H., "Petrographic Analysis of 
Fluid Inclusions", In: I. Samson, A. Anderson, D. 
Marshall (Editors), Fluid inclusions: Analysis and 
interpretation, Mineralogical Association of 
Canada, Short Course Handbook 32 (2003) 9-53. 
[19] Davis D.W., Lowenstein T.K., Spencer R.J., 
"Melting behavior of fluid inclusions in 
laboratory-grown halite crystals in systems NaCl–
H2O, NaCl–KCl–H2O, NaCl–MgCl2–H2O and

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.2

8.
4.

86
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
4.

5.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
06

 ]
 

                            13 / 14

http://dx.doi.org/10.52547/ijcm.28.4.869
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.4.5.1
http://ijcm.ir/article-1-1554-en.html


2�";<=��>1 �*���- B
%�C6�� *6
��0 �� $"-
" �5�/1 ���  � �5�/1�%=9 �=Y� 

NaCl–CaCl2–H2O", Geochimica et Cosmochimica 
Acta 54 (1990) 591-601. 
[20] Shepherd T., Rankin A.H., Alderton D.H.M., 
"A prac- tical guide to fluid inclusion studies",
Blackie, Glasgow (1985) 239. 
[21] Prokofiev V.Y., Garofalo P.S., Bortnikov 
N.S., Kovalenker V.A., Zorina L.D., Grichuk D.V., 
Selektor S.L., "Fluid inclusion constraints on the 
genesis of gold in the Darasun district (eastern 
Transbaikalia), Russia", Economic Geology 105 
(2010) 395-416. 
[22] Gokce A., "Ore deposits", Cumhuriyet 
University Publication, Sivas (2000) 336p. 
[23] Simmons S.F., Christenson B.W., "Origins of 
calcite in a boiling geothermal system", American 
Journal of Science 294 (1994) 361-400. 
[24] Beane R.E., "The Magmatic–Meteoric 
Transition", Geothermal Resources Council, 
Special Report 13 (1983) 245-253.  
[25] Wilkinson J.J., "Fluid inclusions in 
hydrothermal ore deposits", Elsevier, Lithos 55 
(2001) 229-272. 

[26] Seward T.M., "Thio complexes of gold and the 
transport of gold in hydrothermal solutions",
Geochimica et cosmochimica Acta 37 (1973) 379-
399.
[27] Seward T.M., "The hydrothermal 
geochemistry of gold", In: Foster, R. P. (Editors), 
gold metallogeny and exploration. Blakie and Sons 
Ltd., (1991) 37-62.  
[28] Henley R.W., "Primary controls on 
epithermal mineralization in the Taupo volcanic 
zone: International volcanological congress",
proceeding of symposium 5: volcanism, 
hydrothermal systems and related mineralization 
(1986) 99 pp.  
[29] Seward T.M., Barnes H.L., "Metal transport 
by hydrothermal ore fluids", Geochemistry of 
hydrothermal ore deposits 3 (1997) 435-486. 
[30] Fournier R.O., "Hydrothermal processes 
related to movement of fluid from plastic into 
brittle rock in the magmatic-epithermal 
environment", Economic Geology 94 (1999) 1193-
1212.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.2

8.
4.

86
9 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
4.

5.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://dx.doi.org/10.52547/ijcm.28.4.869
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.4.5.1
http://ijcm.ir/article-1-1554-en.html
http://www.tcpdf.org

