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"crustified "�
$ V �6�Y �, �6> 7�I ?#' F�� FM1)Py (���4 # �'$X' �� �
$ V6M��4 7�I)Cpy ( �
$��L/' #)Sph (�%� �4 84$� �� #

��%� � 0U =/' 7�I)Sb (�*Y$� ��7���4 [#� ���4 7!�/ �*Y$� 7�I7�, '� FU; "2004$V �	�, <�6W7"�$4 }D; ���> 7��	 2�' .
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2*B�y"��@1 ������,��y� "��1 l8 �K i�� �/�$,�� 76B # �
�@%�� 7�I . . .�b�

G�"�;2W��"�'� �
8Z( 7�I7�I�-=/� EPMA���4 F��1 �~*=�� 7�I�(��
$ V60/�K^(��
�2I'$=(�(��
$ V](����%_(��
$��L/'e(
M��4 �� 0U =/'69(��
$ V6M��4�(# � 0U =/'y(� �6��6,)n:# 8 ���K g��� �'2+(n.d :"2.� �Uj $
����(

y
(n=^)

�
(n=_)

9
(n=9)

e
(n=�)

_
(n=])

]
(n=_)

�
(n=])

^
(n=�)

�
(n=�)

Mineral 
element 

nn/�b  p�/���/nd  d�/nd  n�/�n.d ��/��p/n�  p�/�Cu 

�p/�n.d �b/b�  d�/n��/�p�/��d/d�  �s/�p  d�/nn  Fe 

n.d n.d n.d n.d n.d n.d n.d pn/�n.d Mn 

sd/�n.d pb/�ns/bb�/�n.d pb/���/�pn/dd  As 

n.d �b/�b�/���/dn.d n.d n.d ��/dn.d Ag 

�s/�d  dp/sp  n.d �d/��  pb/��n/�n.d ��/�p�/�Sb 

n.d n.d pb/�n�/���/��  pn/�pd/��p/�n.d Zn 

n�/n�  n.d bb/��p/�db/�d�/��  n.d pd/��n/�Pb 

n.d �n/�p�/���/�n.d n.d ��/�bd/�n.d Hg 

pd/�pb/�pb/�pb/�pn/�p�/�pb/�n.d n.d Cd 

n.d p�/���/�n.d �n/�n.d ��/�b�/�pn/�Bi 

p�/�n.d n.d pb/�n.d n.d p�/�n.d n.d Au 

n.d n.d pn/�n.d n.d ��/�n.d n.d n.d Te 

�n/bs  �n/b�  ��/n�  ��/b�  n�/nd  ��/�n  ��/�n  ��/n�  ��/b�  S

99/yy  e�/yy  ��/���  nn/�pp  �n/��  ��/�pp  pd/�pp  b�/��  nb/�pp  Total  

Chalcopyrite  

Sphalerite

Galena      

Stibnite    

Chalcostibnite

Bournonite

Arsenopyrite

Tetrahedrite

Pyrite     

Quartz   

Calcite   

Malachite   

Iron oxide    

Early mineralization
Stage 1 Stage 2

Post 
mineralization

?

?

Stage
Minerals

 

2*�H�����4 78�H'��V ��'6( 8*	 20375'�61 .
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F|�	 }��X ��,'$�� &'$
' �/�01 ���4 # �/�01�6*, �*Z� �b�

Salinity (NaCl equiv.wt percent)
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Sphalerite
Quartz vein B

A
Parent fluid

	

�

E

D5�

F

!������,����� �+��� ��� 
�/�$, !' 7�I	'$%#$=V�"��1I� �#' $ %�� 7�)P(FM1 �, 7�:I

��'6=/' �4#� �7' �, # 76� , �FM1 "!'2�' �, FM1 �:/6=� 7�p
�(bp) ��( A�/' $, �4 &#$M � 720, 7�I]�����[2:1 [�Z�' 

"��:::1 &K �:::4 2:::1 [6:::*+� }
�:::� z6:::� !' �:::I +��:::�, 
)L + V(����, +}
��)L+V(}
�� !�	 #)L(T�:U
$�( # 20=�:I

� I �	 ��6% 2.� "2I�.� �*�=�� !�% # 2��B !.� ��+	 � �! 7�I
 "��1 F M.( !' �V �=>�/ F M.:( �:B6� ��: �#' $: %�� 7�I

 "��1 !' 7��
! )ZY �
6��j 7�I)S(�
6��j #5��:4)PS ( ��:+,' �:,
 $
!��/' "21 &#$M � .

�1#������*+� 
�/�$, A�/' $, [�Z�' �Z0/���#$M � 7�I �:0�'� �"21 <'$:  x( 7

�-@I 7��� "��1 &21 �I)Thtotal ( � ,C˚��d �( C˚bs� "�6:, #
7��� 5#� �
$>K �+D; �:Uj �:
 "2:1)Tmice(!'C˚�bP�:( bP

�, �U/�t� 7�61 �A�/' �
' $, �4 2�K �/� �:D,'� �, "21 7]�n[
� ,s/�s_b/d�:, [�+X J@� ?��+� 2W�� 2:�K �:/�."�'� 7�:I
�, �/� !' �4�Y �"2�K "��:1 �� 7�6:1 �=:/� #� F;'2Y �6B# �:I

 � , �M
 �4 20=�I��(9� :, 7$-
� # 2W�� ���:( �_2:W�� 
�::/' [�::+X J::@�)FM::1d(.�::D�� 7�::�� �::�'#'$	 �
$=.:: , 7
"�'� �� 8 � J =M(#' "��1 !' FW�Y 7�I � :, $ %�� 7�I�/�yP�:( 

C˚_/^]P�:, $,�:0, �:4 2:�K �:/�]�]["��::1 �: 4$( ?��:+� 7
NaClPH2O�/' )?#2B^.(

IJ+%�� �,�-���� ��+��./ 
�::/�$, �::%� 7#� 5'�6::1 ���::��4 �V6::(#8
' 7�::I 8(�'6::4 7�::IP

l#� !' "��L=/' �, � 0U =/']�_["���K �'2:+( &K �X # 21 7!�/
9i�, !' 8(�'64 ��6@� 2�21 �1'�$, �%� ~*=�� 7�I)FS:1�(

�;� �, �V'H 7�= 4K "�-.�'� �� #)σ�(‰�/�±�6� �'$:; �/�$, �
�, &` �4' �V6(#8
' $
���� �\ 20=	$% ?#2:B �$:1)�(�:, �:/�

2�K .�, �B6( �,�/�$, [�:Z�' �Z0/���#$M � 7�I � -��: � �"2:1 
�����4 F M.( 7���C˚^�� # �:�� �
' �, �B6( �, �4 21 �U/�t� 

"�'� �, 7�I !' "2:�K �/�δ18OQuartz �:D,'� $,�:0, 7]�_[�6=4�:	
 i
'2B)α(�D,'� !'��,2�K �/�.

u

2*�K/�$,��I7#$M � Z0/����"��1 �I7�����4 $ %�� 8*	 2037F��1 5'�61 )~�' (�6=/ �'�6@���:-@I 7��� &2:1 "��:1 �:I 7�:�� � -��: � �:, 
C˚bpp �)5(�6=/ �'�6@��7�61 "��1�I7#� 7'�'� $ %�� "$=�% � , �M
 n�(s�� , 7$-
� # 2W��p�(���[�:+X J:@� ?��+� 2W�� )�(#)<(

7�61 �'�6@�P�-@I 7��� &21"��1&�.� �4 �"20I�7#� �6B# "��1 z6�)A,B ( T��:@=Y' �:4 �/' <#�L=� 7��� # 7�61 �, $,�:0, 2:�#� � : +( �'�6:@� 
�
� @ 16M
8 	"��1 �/6( ]�b[� �l6�=/N ;� 20
K$	 "21 gh=>' # �%21 2�'.
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2*B�y"��@1 ������,��y� "��1 l8 �K i�� �/�$,�� 76B # �
�@%�� 7�I . . .�bs

^(

G�"�L"�'� �I7#$M � Z0/����"��1 �I7$ %�� /�$,�"21)n:��6@� �'2+( ��ITmice :���7
��� 5#����
 Thtotal :���7�-@I &21"��1 �L:
# }
�� !�	V:���, !�	(

Sample Host 
mineral Type Thtotal 

(°C) n Tmice 
(°C) n NaCl 

wt.% eq.  

87-SH-1 
Quartz 
Quartz 

L+V 
L+V

186-123 
193-157 

5
4

-4/7تا-7/2
-4/6تا-1/2

4
3

 0/11تا3/4
7/9تا5/3

87-SH-2 
Quartz 
Quartz 
Quartz 

L
L
L+V

223-176 
234-171 
248-219 

3
4
6

-2/8تا-5/4
---- ------- 

-5/9تا-3/2

3
-- 
5

 0/12تا1/7
--- ------- 

 4/13تا2/5

87-SH-3 
Quartz 
Sphalerite 
Sphalerite 

L+V 
L+V 
L

250-239 
275-175 
182-110 

6
7
4

-3/9تا-5/5
-4/6تا-3/2

---- ------- 

5
6
-- 

 2/13تا5/8
7/9تا8/3

--- ------- 

87-SH-4 
Quartz 
Quartz 
Quartz 

L+V 
L
L+V

277-222 
257-180 
247-156 

6
4
8

-2/12تا-3/8
---- ------- 

-1/9تا-6/3

4
-- 
5

 1/16 تا 0/12
---- ------- 

 0/13تا8/5

87-SH-5 
Sphalerite 
Sphalerite 
Sphalerite 

L+V 
L+V 
L

195-147 
234-126 
250-133 

5
4
6

-3/7تا-1/2
-7/9تا-3/4

---- ------- 

5
4
-- 

 8/10تا5/3
 1/13تا8/6

---- ------- 

87-SH-6 
Quartz 
Quartz 
Quartz 

L+V 
L+V 
L+V

245-196 
211-115 
230-179 

6
5
4

-7/13تا-6/7
-8/4تا-4/2
-2/13تا-7/9

5
5
4

 5/17 تا 2/11
4/7تا0/4
 1/17 تا 7/13

G�"�H�U/�t�7"�'� &` �4' �V6(#8
' 7�I"��17)δ18Ofluid ( "�'� A�/' $, 8(�'6:4 &` �:4' �V6:(#8
' 7�:I)δ18Oquartz ( � -��: � #
7��� �-@I &21"��1�I7$ %�� .

Sample 
No. 

δ18Oquartz 
(‰) 

δ18Ofluid 
(‰) 

(T=200°C) 

δ18Ofluid 
(‰) 

ST-QZ-15 
ST-QZ-27 
ST-QZ-55 
ST-QZ-53 
ST-QZ-76 
ST-QZ-98 
ST-QZ-88 

5/13  
8/14  
3/14 
6/14  
5/12  
9/12  
4/13  

2/3
0/4
3/4
5/4
9/2
0/3
1/3

5/4
3/3
3/4
7/2
5/2
3/2
2/3

T = 200 + 273 + 25 T = 498 °C �(
103Lnα = 3.38 (106/T2) - 3.40 α = 1.0102   

�, �, 7��� �� i
'2B �6=4�	 &��#K �/�C°^�� �U/�t� #7
&` �::4' �6::(#8
' � -��:: �)δ18OQuartz(7 �::D,'� $,�::0, �^

�� ���4 7 "��1 �6(#8
' �'2�� &'6( �
 !�/δ18Ofluid ��, '�
$�( 
�$4 �U/�t�]�e[.

α = 1000 + δq / 1000 + δw
δq (mean) = 13.6 ‰ 

�:� $:f� �:, � :03 �<�U:/�t� �:
' �:, �:B6( �, �'2:�� �:4 2:/�
�U/�t� 5K � -�� � !' "21 76B 7�I)F �$V $LW !' $=@\ (# $=.: ,

 5K $
���� !' �
�@%�� 7�I)� ,_�(‰��($�( # �:/' $=@4 T�:U
 �� 
�� �'$; #� �
' &� � �$ %]�_.[�:� $f� �, � 03 �
'$,�0, �:4 2:/�

δw≈1
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F|�	 }��X ��,'$�� &'$
' �/�01 ���4 # �/�01�6*, �*Z� �b�

 5K l8 �K <�6:W 5'�61 �����4 F M.( �X �
�@%�� # 76B 7�I
 �:0Q �U:/ �:-=� �K �:
' �:4 �:	$% "��:1 &2:1 �:��4 7!' !�:/

$
������O�/' "21 ."�'� �, �B6( �, ?#2B 7�I)�(�:, #"2: �O 7
]�_��e[�::1�� �h=::>' 7��::1 &` �::4' �6::(#8
' $
��::�� !' 
)δ18Ofluid ( 8(�'64 #)δ18OQz("�6( �6L� !' �4�Y ��:, N:@O ):4 7�I

 � /'� �( �
!2�K �0B !' J �*	 �( �/'#2Y � 4$(P# � :/'�6
�
"��1 ?��+( &K ?�U�� �,�/' "�6, ��D0� �� �
�@%�� 7.

��J������ ���+�+��*��+! ������� �&�� 
� !' 7�� �, ���, ��2+� $
�> �7$ 	�6V ��
��$% '�# $
�>� �6m>

 7�I20
'$	 ��
'8I64 z6� 7hX $
�>� # 2 L�6/6 /��
N ;� ��I!�	 i
'2B �l8 �K 20��� �
� @ 16M
8 	 $j' �� &21

5K 7�I 2
2V �76Bة# i16B ]i
'�$/[��4#!�/ �
$=@�� ��
�I
�( �U/ �
��� �� �4 20=�I >� 7��m=;' 84$@( # �0 .� ��2+� $
�

�� 2�61]�9[.�/�$, $,�0, 7�I]��["��1 �� �, �
��$%'�# 7�I
�, &'6@ =�K ���0> � I�� <�6WH2Sb2S4�, 7�I2��- � "'$@I

�, !' $=@4 7��� �� 72 L�6/C˚��� � 
�V 7�61 #)^�(��
�[�+X J@� ?��+� 2W�� (�� ?��=�' ��4 # !�/ �
$=@�� 2,�


���4 � / �
' �� 7!�/)=i04'# �i16B 20
K$	 ��I "��1 7�I 7
"��1 l8 �K # &�,8 � E0/ �, 72 L�6/�/�I .�M0
' �, �B6( �,

i
��!K �X"��1 � I �U
$�( �5'�61 �����4 �Z0/���#$M � 7�I 7'
� I 8 � # 2.� F
2U( ���, !�	 �, �	�, F U; !' �
'$tW 2I'61 ��6%

"$LY ���1 �7' � 7�I8(�'64 �� "$ Q # 7'�� �2.� "2I�.� ��D0 &'6(
2
2V �4 �$4 g�U0=/' � 03"7"�'2� �� ��D0� �� i16B ]�y[#

��U0U =/' ����8@I F M.( ��4 # !�/ �
$=@�� ��@=Y'
���/6L�6/ �� 0U =/'6M��4 �O6@Z� # �I # �
$��L/' ����% 7

"��1 l8 �K ���D0� �� �
$ V6M��4 $W�0O 7#�Y �
�@%�� 7�I
�, �
�V 78*	"��1 �, ��, 7��� # 7�61 &'6@ =�K 7�I # 7�61 �, �'�

 20
K$	 �'2>� �Z =� �� # � 
�V 7���]i
'�$/ [7��	 ��
�=/6 V��E0/ 7F�% !$� # �'$X' 7�I �-=�M1 # �I �/' �I .�,

7#� �5$/ $
���� �U�� &�6,��, # �� � 
�V $
���� �6B# �, �B6(
�%� �� "$�� #�� �/�$, ��6� 7�I �, 5K �U�� ��@=Y' �L% &'6(

 �
 E0/W/R �V6(#8
' � 4$( # � 
�V "$ >� F M.( &��! �� 
"��1���4 75K �, # "�6, JU/ !�/ �@%�� �, �=� �K 76B 7�I

 �/' "�6, J
�8�)FM1_] (^�.[

St
ag

eⅠ
A

Faulting-
fracturing

St
ag

eⅠ
B

Emplacement 
of Intrusive rock

+
+
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+

+
+
+
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+
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+
+
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St
ag

eⅡ
A
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Meteoric water

Brine
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Magmatic/Crustal
water

Pb-Zn-Cu-F

Base-metal
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association

St
ag

eⅡ
B

Mixing?Brine
pulse

Magmatic/Crustal
water

Sb-Ag (Pb-Zn)

Precious 
metal bands

Extension

St
ag

eⅢ

Meteoric water

Barren
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+

+

+ +

+

StageІ Pre-mineralization
StageⅡ Mineralization
StageⅢ Post-mineralization

Intrusive body

Stibnite-quartz vein

Barren-quartz vein

Base-metal sulfides

Active fault 

Cl¯ ,Hs¯

Cl¯Hs¯,

2*�M�$X "�'#'77!�/!�, !' -�6-3���4 FY'$� # F M.( ������4 7!�/8*	 20375'�61 #$M � ��V6(#8
' 2I'61 A�/' $,Z0/����"��1 �:I7
���4 78�H'��V ��'6( # $ %�� �a'�' ?2� !' "��L=/' �, ���D0� �� �I �/6( "21]b�[.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

07
 ]

 

                             8 / 10

http://ijcm.ir/article-1-472-en.html


2*B�y"��@1 ������,��y� "��1 l8 �K i�� �/�$,�� 76B # �
�@%�� 7�I . . .�b�

N����	 
���4 �, 5'�61 78*	 203 �����4 �� 7!�/ #� ?$:=04 $:
! �:*4 �6X

 �:��4 �4 "�6, �*�% )=� / �:%� �:
'! i*�:% )=�: / �:
' �� 7'
 =	$% FM1 �/' �.�:, &'6:@ =�K 76:/ !' �6:> 7��:, �$:t( F: ��

�,��$% �6+W 7�I �, "2004 �= :/'� &�:,8 � E0/ &#�� !' ��, �@/
"�'6::
� E0::/ 8:: � # �= ::/'�6
� #$::j' �� # "2::1 �=�::1 �* ::1 7

�>$3 �, )� (�@%�� !' �V �,��$% 7�I 7�I��:	 ��'# 5#�0=� <�6W
 E0/ �=/6 V�� # �4 �/' "21 &6�'$ V 7�I �	�M:1 �	�, �6B ��4$:V

�::%� 20=�::I &K !��::, 2I'6::1 !' 7�'6::� # 7' .<'2I�.::� 7�::0U� $::,
 i
��!K # �
'$tW 7�:ISEM #EPMA ���:4 ��:�D0� �� 7!�:/

 ���:4 F��:1 ��:*Y$� #� �X ��
$��L:/' ����:% �:
�V <'8:*	 7!�:/
 �
$ V6M��4)?#' �*Y$� (���4 #�� 0U =:/'6M��4 �� 0U =:/' 7!�:/
 $=( �� �6��6,�
�2I'P�
$ V60:/�K # � =��0()[#� �:*Y$� (<�6:W
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