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 .(Goldfarb et al., 2001)      
    -           
         :      
Groves et al., 1998; Groves et al., 2000; Gold-)  
         .(farb et al., 2005
          
           
         
 Goldfarb et al., 1991; Phillips)      
   (and Powell, 1993; McCuaig and Kerrich, 1998
 Burrows and)  -      

Hage-)         (Spooner, 1989
Cam-)     CO2    (mann et al., 1994
        (eron, 1989; Colvine, 1989
 Breeding, et al.,)         

.           (2003
        
            
          
           -
     .       
       )  
  .     1   (     
           

 -        .(EftekharNezhad, 1973)    -  -        .1 
.       - 
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        (Aliyari et al., 2009)
   )          
         (1391 
 Aliyari et al.,)        

 .    (2012
         
            
  .          
          
Touret and Di-)      CO2  
     Robb (2005)   .(etvorst, 1983
H2O-    )   -     
             (CO2

     .      
        CO2     
           
  pH        CO2  
 Lowenstern, 2001; Phillips and Evans, 2004;)  

.(Lai and Chi, 2007; Klein and Fuzikawa, 2010
           
          
  .           CO2 
           
            

.     

   
          -  
          
            
 Berberian and King, 1981;)      -
        .(Mohajjel et al., 2003
  150-100    1500     
            
  -       .
           
 Eftekhar Nezhad   .(Alavi, 1994; Berberian, 1995)
 -      (1981) ,  Ghasemi and Talbot (2006)
    (1  :    2    
          
       (2   
           
         -  
 (Azizi and Moinevaziri, 2009)   .   

            
        -   
 20-15    300-200     .
      -     
 Mohajjel et al., 2003; Azizi)     
       .(and Moinevaziri, 2009
  .          
  (Aliyari et al., 2009)     
        (D1)  
 .          
           
          
     (D2)    .
  -          
          
          
 D2  .(Mohajjel, 1997)    
      Afro-Arabian   
 Alavi, 1994)      (  -  )
           (and 2004
 .   D2         
         F2   
            
    .(Aliyari et al., 2009)      
         (D3)
    .       
             
    .        
           
         -    
  -          
  (1383 )       
 Nosratpoor,)  (Niromand et al., 2011)   
 -   -         (2008
 Niromand et al. (2011)   .    
       -    
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         -  
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  36° 08´ 08˝    46° 06´ 08˝ 
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 .(2 )           
    -         
       N50-60E    NE-SW
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 .(Aliyari et al., 2009)       
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     .        
         
          
       .      
 .         
              

.       
           
 -  .        
    :      
     .     
           
             
      (  -    )

.   (  -   )

        
 (  -   )

            
          
           
 (NW-SE)           .
           .   
         
  (10%)    (15%)  (65%)
          (<5%)
          .  
           
           
              
          
  .(    -3  )      
            
          
          .  
       -     
               
           
          ( )  

 4/5 ppm  0/3 ppm   ( )  
.    

       
 (  -   )

           
       .        
   (10%)    (15%)  (60%)
         (>5%) 
         .   
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  (Shepherd et al., 1985)     
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 3      .         
          .    8 

.(    -4 )    

(L+V)      (II)  
           
            
     .      
     .        
            
        %40   %25  
           .  
  18  4         
  -         .   

      -       
.(    -4 )  

  -      (III)   
(L+L+V)

      3        
   %30         
       .      
  -       15  5   
        .    
     .      
 )            

.(    -4

    (L+V)      (  -  (L+V)      (  -       (  -  .4 
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   (TH total)       
  CO2      (TM)   
      (TM CO2)    
 .   (Tm Clath)     (TH CO2) 
            
 )         
           
  (        
  Clathrates   (Bakker, 1999)  Fluids     
   .      (Bakker, 1997)
           
    (Brown, 1989)  Flincore     
          -  
       Collins  (1979)   
 .    (Brown, 1989)     
  H2O           
    (Diamond, 2003)     

 .    Touret and Dietvorst (1983)
         
  .      III  II   
   145         

 .    1 

(L+V)      (
           
         :     
      255  205    
 .(  -5 )      235  
          
  -9  -3        .  
    -7        
 13  5      (  -5 )  
     .(  -5 )      
          
           

.     

 (Type )  -      (Type b)    (Type a)         (   .5 
Tm-)  -          (Type b)    (Type a)          (

 .      -      III,        (   (clath
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 -    :B   (L+V)  -    :A  )                .1 
  (Tm)      (Liquid%)      (Size)  (Origin)    (L+L+V)  -

.(Eq.wt.% Nacl)    (Th)  

Phases Origin Size ( m) Shape Liquid(%) Tm (°C) Salinity Th (°C)

L + V Primary 9 Elongate 70 6- 9,18 231
L + V Primary 11 Elongate 80 3,8- 6,07 218
L + V Primary 9 Ovoid 70 7,8- 11,46 203
L + V Primary 17 Ovoid 70 9,1- 12,96 247
L + V Primary 9 Irregular 90 5- 7,81 221
L + V Primary 14 Negative Crystal 65 9,5- 13,4 226
L + V Primary 6 Irregular 65 9,2- 13,07 244
L + V Primary 12 Irregular 65 5,8- 8,92 207
L + V Primary 16 Ovoid 70 5,3- 8,23 255
L + V p-secondary 8 Ovoid 80 9,1- 12,96 244
L + V Primary 12 Rectangular 80 7,4- 10,97 216
L + V Primary 6 Negative Crystal 70 6,6- 9,97 245
L + V Primary 12 Elongate 70 3- 4,85 227
L + V Primary 7 Elongate 70 3,2- 5,2 242
L + V Primary 5 Negative Crystal 70 5,3- 8,23 205
L + V Primary 15 Irregular 60 7,1- 10,60 253
L + V Primary 12 Ovoid 60 8,3- 12,05 228
L + V Primary 11 Ovoid 90 8,9- 12,74 216
L + V p-secondary 11 Irregular 65 6,8- 10,22 230
L + V Primary 8 Elongate 65 9,1- 12,96 239
L + V Primary 7 Spherical 70 8,5- 12,28 221
L + V Primary 4 Ovoid 70 6,4- 9,71 205
L + V Primary 7 Negative Crystal 80 8,2- 11,93 231
L + V Primary 7 Elongate 70 8- 11,7 231
L + V Primary 6 Rectangular 75 3,9- 6,22 215
L + V Primary 9 Irregular 60 6,8- 10,22 232
L + V Primary 7 Ovoid 60 9,7- 13,62 241
L + V Primary 8 Ovoid 75 7,2- 10,73 225
L + V Primary 8 Ovoid 75 7,3- 10,85 208
L + V Primary 7 Spherical 75 5,3- 8,23 207
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Phases Origin Size ( m) Shape Liquid(%) Tm (°C) Salinity Th (°C)

L + V Primary 8 Irregular 80 8,4- 12,17 233
L + V p-secondary 9 Elongate 85 8,1- 11,82 232
L + V Primary 9 Elongate 65 9- 12,85 220
L + V Primary 14 Elongate 75 7- 10,48 244
L + V Primary 7 Rectangular 75 7- 10,48 222
L + V Primary 10 Spherical 70 3,2- 5,20 236
L + V Primary 17 Spherical 90 7,6- 11,22 233
L + V Primary 13 Ovoid 60 8,2- 11,93 209
L + V Primary 8 Ovoid 70 9,6- 13,51 237
L + V Primary 8 Elongate 70 3,4- 5,50 254
L + V Primary 13 Ovoid 80 8,9- 12,74 224
L + V Primary 9 Elongate 60 7,9- 11,58 233
L + V Primary 13 Ovoid 75 6,2- 9,45 212
L + V Primary 4 Negative Crystal 70 6,5- 9,84 253
L + V Primary 8 Ovoid 80 8,5- 12,28 229
L + V Primary 5 Spherical 80 8,6- 12,40 241
L + V Primary 8 Spherical 75 3,1- 5,01 237
L + V Primary 18 Irregular 75 7,8- 11,46 204
L + V Primary 5 Ovoid 75 9,3- 13,18 208
L + V Primary 9 Elongate 60 9- 12,85 250
L + V Primary 8 Ovoid 80 6- 9,18 238
L + V Primary 8 Irregular 70 6,5- 9,84 224
L + V p-secondary 4 Irregular 70 9,5- 13,40 210
L + V Primary 10 Ovoid 70 7,6- 11,22 242
L + V Primary 10 Ovoid 70 7,8- 11,46 237
L + V Primary 7 Elongate 90 7- 10,48 225
L + V Primary 9 Elongate 60 6,1- 9,32 205
L + V Primary 6 Spherical 60 7,5- 11,10 208
L + V Primary 5 Negative Crystal 60 8,9- 12,74 235
L + V Primary 7 Negative Crystal 75 7,3- 10,85 229
L + V Primary 9 Irregular 85 8,5- 12,28 249
L + V Primary 18 Ovoid 85 5,5- 8,51 218

1  
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Phases Origin Size ( m) Shape Liquid(%) Tm (°C) Salinity Th (°C)

L + V Primary 17 Elongate 70 5,5- 8,51 220
L + V Primary 14 Elongate 70 9,3- 13,18 238
L + V Primary 7 Negative Crystal 65 7,8- 11,46 227
L + V Primary 10 Spherical 80 8,3- 12,05 203
L + V Primary 10 Spherical 80 5,6- 8,64 251
L + V Primary 4 Spherical 65 7,9- 11,58 219
L + V Primary 8 Irregular 60 7,5- 11,10 211
L + V p-secondary 17 Ovoid 70 9,7- 13,62 243
L + V Primary 9 Spherical 70 8- 11,70 235
L + V Primary 6 Ovoid 70 3,5- 5,60 206
L + V Primary 6 Ovoid 75 11,9- 15,86 350
L + V Primary 6 Negative Crystal 75 14,1- 17,85 337
L + V Primary 7 Elongate 75 12,9- 16,79 372
L + V Primary 7 Elongate 80 13,1- 16,97 365
L + V Primary 9 Irregular 60 16,2- 19,58 341
L + V Primary 6 Rectangular 60 15- 18,61 380
L + V Primary 7 Rectangular 60 11,2- 15,17 386
L + V Primary 8 Spherical 65 15,6- 19,1 359
L + V Primary 15 Ovoid 65 14,4- 18,11 356
L + V Primary 7 Irregular 70 12,7- 16,61 335
L + V Primary 8 Spherical 70 13,4- 17,24 364
L + V Primary 6 Elongate 90 11,6- 15,57 386
L + V Primary 8 Negative Crystal 80 12,5- 16,42 352
L + V Primary 9 Elongate 70 12,7- 16,61 366
L + V Primary 5 Irregular 70 13,8- 17,59 336
L + V Primary 14 Irregular 70 14,2- 17,94 376
L + V Primary 8 Elongate 70 16- 19,42 350
L + V Primary 16 Elongate 80 12,2- 16,14 382
L + V Primary 10 Negative Crystal 80 15,3- 18,86 364
L + V Primary 5 Negative Crystal 65 13,5- 17,33 348
L + V Primary 8 Spherical 65 13- 16,88 364
L + V Primary 14 Irregular 60 13- 16,88 384

1  
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Phases Origin Size ( m) Shape Liquid(%) Tm (°C) Salinity Th (°C)

L + V Primary 9 Elongate 60 12,9- 16,79 351
L + V Primary 4 Elongate 60 14,7- 18,36 339
L + V Primary 7 Elongate 60 14,1- 17,85 376
L + V Primary 8 Rectangular 75 12- 15,95 355
L + V Primary 6 Negative Crystal 70 12,3- 16,24 380
L + V Primary 6 Ovoid 75 16,2- 19,58 347
L + V Primary 9 Irregular 75 14,6- 18,28 382
L + V Primary 6 Spherical 75 12- 15,95 353
L + V Primary 17 Spherical 70 12,5- 16,42
L + V Primary 11 Ovoid 70 14,7- 18,36
L + V Primary 8 Ovoid 70 11,5- 15,47
L + V Primary 15 Irregular 70 13- 16,88
L + V Primary 6 Ovoid 65 15,1- 18,70
L + V Primary 12 Negative Crystal 65 15,9- 19,34
L + V Primary 10 Irregular 65 15,3- 18,86
L + V Primary 7 Ovoid 90 12,9- 16,79
L + V Primary 10 Ovoid 80 12,8- 16,70
L + V Primary 6 Ovoid 80 13,7- 17,51
L + V Primary 13 Elongate 70 12,2- 16,14
L + V Primary 7 Ovoid 70 15,3- 18,86
L + V Primary 18 Ovoid 60 12,5- 16,42

L + L + V Primary 13 Spherical 90 4,3 10,03
L + L + V Primary 12 Irregular 90 1,7 13,45
L + L + V Primary 9 Spherical 90 1,4 13,9
L + L + V Primary 15 Spherical 80 2,9 12,02
L + L + V Primary 11 Spherical 75 4 10,47
L + L + V Primary 10 Ovoid 80 2,4 12,68
L + L + V Primary 10 Ovoid 80 4,5 9,73
L + L + V Primary 8 Negative Crystal 80 1,9 13,32
L + L + V Primary 14 Ovoid 90 4,2 10,18
L + L + V Primary 15 Ovoid 90 2,7 12,28
L + L + V Primary 15 Irregular 80 4,7 9,43

1  
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 )       385   335  
 -16  -11         .(  -5
    -12        
 19  15      (  -5 )  
    .(  -5  )       
     -      
            

 .   

(L+L+V)  -      (
          
       385   345   
           365 
    .(  -5 )       
    -58/2  -56/4  (TM CO2)  
 25/3  20/4          .

   .(TH CO2)         
  -   (TM Clath)    
 -5 )         4/7   1/3
           .(

.(  -5 )      13  9 

    
            
 Touret and (1983)     III  II  
   .    Diamond (2003)   Dietvorst
    (365°C)     
     .         
          -6
          .    2 
           
              

.     

Phases Origin Size ( m) Shape Liquid(%) Tm (°C) Salinity Th (°C)

L + L + V Primary 10 Spherical 80 2,4 12,68
L + L + V Primary 7 Spherical 80 3,5 11,19
L + L + V Primary 11 Ovoid 85 2,3 12,81
L + L + V Primary 8 Irregular 70 2,6 12,42
L + L + V Primary 12 Elongate 70 3,6 11,05
L + L + V Primary 14 Elongate 80 2,4 12,68
L + L + V Primary 13 Irregular 80 1,5 13,81
L + L + V Primary 9 Negative Crystal 80 4,4 9,88
L + L + V Primary 14 Irregular 80 3 11,88
L + L + V Primary 14 Irregular 75 1,3 13,98
L + L + V Primary 9 Ovoid 90 4,5 9,73
L + L + V Primary 9 Negative Crystal 90 3,1 11,74
L + L + V Primary 8 Spherical 80 2,6 12,42
L + L + V Primary 12 Spherical 80 4,5 9,73
L + L + V Primary 13 Ovoid 80 4,3 10,03
L + L + V Primary 8 Ovoid 85 2,4 12,68
L + L + V Primary 10 Negative Crystal 90 2,5 12,55
L + L + V Primary 7 Irregular 80 3,1 11,74
L + L + V Primary 5 Irregular 80 1,5 13,81

1  
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 *P Dgh h P / D 0.1

           
   D          
          2/7  
 Groves et        7  
            al. (2000)

.    
            
          
            
           .   
  Flincor        Bodnar (1983)
             
           
       -6    .  

.    
  (335 -385 °C)      (
         0/77 -0/86 gr/cm3  
    .         
         Flincor  
        0/79 -0/86 gr/cm3  

.    
   (205 -255 °C)     (
          0/84 -0/96 gr/cm3 
 Flincor    .         
 -0/93 gr/cm3          

.     0/89
           
          

            
 Skinner,)           
         .(1997; Wilkinson, 2001
             
    -6     .    
          
 .         205  385
          
            
        .   
             
    .        
            
        -       
 Rodder,)         -  
              (1984
     .          
   (CO2  )        
           
  .      1     
       H2O-NaCl-CO2    
            
        .(Wilkinson, 2001) 
            
           
   .          
          
       .   
            

  -   (   (Diamond, 2003)                 -   (  .6 
  .(Bodnar, 1983)          

1. Effervescence
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     .         
           
            
           

.    

    
          
 2    4      
 2  (    )  -     
      )  -     

.(2 )     (   
          
            
 .        
        
    18O   .      
    D   +11‰  +6‰    
 .(Guilbert and Park, 1997)    -80‰  -30‰
           
 So and)     (Burrows and Spooner, 1989)
     D  18O  .   (Yun, 1997
              
 (Hagemann et al., 1994)       
          
         (Shelton et al., 1988) 

 .(Goldfarb et al., 1997)     
  -       D  18O 
  -35/27‰  +12/8‰  +11/6‰     
    .(2 )      -40/23‰
     ( 18Oquartz)     
          .   V-SMOW (‰) 
            
    ( )        

:    

 18 16 16 18
2 2 2 2H O 1/ 2Si O H O 1/ 2Si O

           
           
        .      
   .(Barnes, 1997)       
           
 .Clayton et al (1972)    (1000ln )  
  ( 18O uidz)       

.    +8‰  +7/2‰    
       D   18O  
  +3/6‰   +5/55‰        -
   .(2 )     -75/35‰  -95/65‰
          
  .Clayton et al  (1972)     (Ln  1000)
   ( 18O uidz)       
   .    -5/31‰  -3/35‰  
    -         
             

 .      

        
           
         
       (  )  - 
 Guilbert and)         
          .(Park, 1997
        
            
  H2O, N2, CH4    > mol%CO25   
 Groves et al.,)   fO2   -    pH
        .(1998; Pirajno, 2009
             
            
           

            .              .2 
.    ( 18O uidz)        (Clyton et al., 1972)    (1000Ln ) 

Sample weight (mg) Th (ºC) 2H CO Amp O% 18Oquartz
18O uidz

G-32-3 0/531 369 -35/270 1394 2/276 12/8 8/010
G-6-3 0/475 385 -40/230 7137 11/480 11/6 7/210

G-24-2 0/484 250 -75/310 2012 3/147 5/55 -3/350
G-9-2 0/467 249 -95/653 8004 12/589 3/6 -5/310
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 Groves et al., 1998; Foster, 1991; Ridley and)   

.(Diamond, 2000
           
 Wilkinson  (2001)         
  .(  -7 )        
   7        
           
    .        
  )           
 (     15  2)     (  20
 Roedder,)    400  200    
   N2±CH4±CO2   H2O     (1984
            -
 Groves et)       1/5   0/8   
      (al., 1998; Goldfarb et al., 2005
             - 
 (   )  10  5    
 Groves et al., 1998 and 2000; Goldfarb et)    
         .(al., 2005
      .    
   -        
       385   335     
   0/96  0/79         
    .    7    
         -   
          
      -     

.      
          
    CO2        
  CO2  .(Touret and Dietvorst, 1983) 

   H2O          
  .(Shepherd et al., 1985)     
 .     CO2       
         
            
      CO2      .
             

.(Guilbert and Park, 1997)  
         CO2 
 (    )         
 Xavier and)         
        (Foster, 1999
     .(Chi et al., 2009)    
        CO2     
          
 Phillips and Powell, 1993; Kerrick and Caldera,)  

.(1998
           

13C (Ali-           
   .     TmCO2   (yari et al., 2009
      CO2      
         (   )
  .   CO2          
           
           
   -       

.    CO2      

   CO2 
     CO2     
         CO2    
       .        

             .(Wilkinson, 2001)       -   (  .7 
.(       )  -    (    )  -      D   18O  (    
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  (1  :        CO2  
Walther and Or-)     CO2   

 CO2 (Ridley      (2  (ville, 1983
       (3 (and Diamond, 2000
  (4  (Phillips and Evans, 2004)  CO2    
          
          CO2    

 .(Romberger, 1993; Seward, 1991)
   Klein and Fuzikawa  (2010)    
          CO2 
          CO2  
             
            
   .        
 -           
       pH  PCO2   
           
         CO2  .

.(Lowenstern, 2001)    
     Phillips and Evans  (2004)  
            CO2

       pH     
          
  (Lai and Chi, 2007)   .    
     CO2       

.   Au   Cu
            
        CO2    
             
     CO2      
           
   .        CO2    
   pH         CO2  
     pH     .   

.           

   
        
         
            
           
          .
        
       -   
 Goldfarb)           CO2

.(et al., 1991; Hagemann et al., 1994; Colvine, 1989
           
          ( D  18

O)
  .    -       -
    -         
       .     (  -7)
           
          
           
   D  18

O       (  -7)
           
      .     
           
            
Breed-)        
     .(ing and Ague, 2002; Ferry, 1995
         CO2  H2O 
        (Powell et al., 1991)  
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.(Powell et al., 1991)      
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           .   
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  (        )   -
           

.  
  -       D  18

O 
             
            
    350 -200      S 
     .(Kesler, 2005)     
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         .      
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          .(Chen et al., 2005)
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         -3
 -    -        
          
     -    .     
       (    385 -335)
 (  7)          
            
  .         
            
 -          

.  
8Au (HS)-2 + 6H+ + 4H2O  8Au +15H2S + SO4

-2 
         -   
      (    255 -205)
            

.    (  1/8)
             -4
   -    -     
  .           
            
             
         .   
            
  (    )     
         
          
          
    .           
          
              
             

 .(8 )   

         
 .           
         
            

.        

     .1391 .    .    -
 (REE)           
     .     

.64-45  

      .1383  . .   -
  )         
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.     

- Alavi, M., 1994. Tectonics of the Zagros orogenic belt 
of Iran: new data and interpretations. Tectonophysics, 
229, 211–238.

- Alavi, M., 2004. Regional stratigraphy of the Zagros 
folded-thrust belt of Iran and its proforeland evolution. 
American Journal of Science, 304, 1–20.

- Aliyari, F., Ebrahim, R., Mohammad, M. and Greg, 
B.A., 2009. Geology and geochemistry of D–O–C isotope 
systematics of the Qolqoleh gold deposit, Northwestern 
Iran: Implications for ore genesis. Ore Geology Reviews, 
36, 306–314.

- Aliyari, F., Ebrahim, R., Goldfarb, R. and Sharif, J. 
A., 2012. Geochemistry of hydrothermal alteration at the 
Qolqoleh gold deposit in the northern part of the San-
andaj-Sirjan metamorphic belt, northwestern Iran. Journal 
of Geochemical Exploration, S0375-6742(12)00024-6.

- Azizi, H. and Moinevaziri, H., 2009. Review of the 
tectonic setting of Cretaceous to Quaternary volcanism in 
northwestern Iran. Journal of Geodynamics, 47, 167–179.

- Bakker, R.J., 1999. Optimal interpretation of micro-
thermometrical data from uid  inclusions: thermody-
namic modeling and computer programming, Habilitation 
thesis. Ruprecht-Karls-University, Heidelberg, 50.

- Bakker, R.J., 1997. Clathrates: computer programs to 
calculate uid inclusion V–X properties using clathrate 
melting temperatures. Computer Geosci, 23, 1–18.

- Barnes, H .L., 1997. Geochemistry of hydrothermal 
ore deposits, 3rd edn, John Wiley and Sons, New York, 
972.

- Berberian, M. and King G. C. P., 1981. Towards a 
paleogeography and tectonic evolution of Iran. Canadian 
Journal of Earth Sciences, 18, 210–26.

- Berberian, M., 1995. Master blind thrust faults hid-
den under the Zagros folds: active basement tectonics and 
surface morphotectonics. Tectonophysics, 241, 193–224.

- Bodnar, R.J., 1983. A method of calculating uid in-
clusion volumes based on vapor bubble diameters and P-
V-T-X properties on inclusion uid. Economic Geology, 
78, 535-542.

- Breeding, C M., Ague, J J., Bröcker, M. and Bolton, 



    

57

E., 2003. Blueschist preservation in a retrograded, high-
pressure, low-temperature metamorphic terrane, Tinos, 
Greece: Implications for uid ow paths in subduction 
zones. Geochemistry Geophysics Geosystems, 4, 1-20.

- Brown, P.E., 1989. FLINCOR: A microcomputer pro-
gram for the reduction and investigation of uid-inclusion 
data. American Mineralogist, 74, 1390–1393.

- Burrows, D.R. and Spooner, E.T.C .,1989. Pb isotope 
geochemistry of the Silidor and Launay gold deposits; 
implications for the source of Archean Au in the Abitibi 
Subprovince. Economic Geology,  88, 1722-1730.

- Cameron, E.M., 1989. Scouring of gold from the lower 
crust. Geology, 17, 26-29.

- Cameron, E.M., Cogulu, E.H. and Stirling, J., 1993. 
Mobilization of gold in the deep crust: evidence from 
ma c intrusions in the Bamble belt, Norway. Elsevier Sci-
ence Publisher Amsterdam, Luhos, 30, 151-166.

- Chen, Y.J., Pirajno, F. and Sui, Y.H., 2004. Isotope ge-
ochemistry of the Tieluping silver deposit, Henan, China: 
a case study of orogenic silver deposits and related tec-
tonic setting. Mineralium Deposita, 39, 560–575.

- Chi, G., Liu, Y. and Dubé, B., 2009. Relationship be-
tween CO2-dominated uids, hydrothermal alterations 
and gold mineralization in the Red Lake greenstone belt, 
Canada. Applied Geochemistry, 24, 504–516.

- Clayton, R.N. and Mayeda, T.K., 1963. The use of 
bromine penta uoride in the extraction of oxygen from 
oxides and silicates for isotopic analysis. Geochim. Cos-
mochim. Acta, 27, 43-52.

- Clayton, R.N., O,Neil, L.R. and Mayeda, T.K., 1972. 
Oxygen isotope exchange between quartz and water. Jour-
nal of Geophysical Research, 77, 3057-3067.

- Collins, P.L.F., 1979. Gas hydrates in CO-bearing uid 
inclusions and the use of freezing data for estimation of 
salinity. Economic Geology, 74, 1435-1444.

- Colvine, A.C., 1989. An empirical model for the for-
mation of Archean gold deposits: Products of nal cra-
tonization of the Superior Province, Canada, in Keys, 
R.R., Ramsay, W.R.H., and Groves, D.I., eds., The Geol-
ogy of Gold Deposits: The Perspective in 1988. Economic 
Geology Monograph, 6, 37-53.

- Diamond, L.W., 2003. Systematics of H2O inclusions. 
In: Samson I, Anderson A, Marshall D (eds) Fluid Inclu-
sions: Analysis and Interpretation. Mineralogical Associa-
tion of Canada Short Course Series, 32, 55-79.

- EftekharNezhad, J., 1973. The Mahabad Quadrangle 
map (scale 1:250,000). Geological Survey and Mineral 
Exploration of Iran.

- Eftekhar-Nezhad, J., 1981. Tectonic division of Iran 
with respect to sedimentary basins. Journal of Iranian Pe-
troleum Society, 82, 19–28.

- Evans, A., 1993. Ore geology and industrial minerals 
an introduction, Blackwell Scienti c Publications/Third 
Edition, 390.

- Ferry, J.M., 1995. Overview of the petrologic record of 
uid ow during regional metamorphism in northern New 

England. American Journal of Science, 294, 905-988.
- Foster, R.P., 1991. Gold Metallogeny and Exploration. 

Blackie and Son, Glasgow, 432.
- Fyon, J.A., Troop, D.G., Marmont, S. and Macdonald, 

A.J., 1989. Introduction of gold into Archean crust, Su-
perior Province, Ontario - Coupling between mantle-ini-
tiated magmatism and lower crustal thermal maturation. 
Economic Geology, 9, 479-490.

- Ghasemi, A. and Talbot, C.J., 2006. A new tectonic 
scenario for the Sanandaj–Sirjan Zone (Iran). Journal of 
Asian Earth Sciences, 26, 683–693.

- Goldfarb, R.J., Snee, L.W., Miller, L.D. and Newberry, 
R., 1991. Rapid dewatering of the crust deduced from ages 
of mesothermal gold deposits. Nature, 354, 296-298.

- Goldfarb, R.J., Miller, L.D., Leach,D.L. and Snee, 
L.W., 1997. Gold deposits in metamorphic rocks of Alas-
ka. Economic Geology, 9, 151-190.

- Goldfarb, R.J., Groves, D.I. and Gardoll, S., 2001. 
Orogenic gold and geologic time: a global synthesis. Ore 
Geology Reviews, 18, 1– 75.

- Goldfarb, R.J., Baker, T., Dube, B., Groves, D.I., Hart, 
C.J.R. and Gosselin, P., 2005. Distribution, character and 
genesis of gold deposits in metamorphic terranes. Eco-
nomic Geology 100th Anniversary Volume, 407-450.

- Groves, D I., Goldfarb, R.J., Gebre, M.M., Hagemann, 
S.G. and Robert, F., 1998. Orogenic gold deposits: a pro-
posed classi cation in the context of their crustal distri-
bution and relationship to other gold deposit types. Ore 
Geology Reviews, 13, 7-27. 

- Groves D.I., Goldfarb R.J., Knox-Robinson C.M., 
Ojala J., Gardoll S., Yun G. and Holyland P., 2000. Late-
kinematic timing of orogenic gold deposits and signi -
cance for computer-based exploration techniques with 
emphasis on the Yilgarn block, Western Australia. Ore 



...       

58

Geology Reviews, 17, 1–38.
- Guilbert, J.M. and Park, C.F., 1997. The Geology of 

Ore Deposits, New York, Fereeman, 966.
- Hagemann, S.G., Gebre-Mariam, G. and Groves, D.L., 

1994. Surface-water in ux in shallow-level Archean lode 
gold deposits in Western Australia. Geology, 22, 1067-
1070.

- Kerrick, D.M. and Caldera, K., 1998. Metamorphic 
CO2 degassing from orogenic belts. Chemical Geology, 
145, 213–232.

- Kesler, S E., 2005. Ore-forming uids. Elements, 1, 
13-18.

- Klein, E.L. and Fuzikawa, K., 2010. Origin of the 
CO2-only uid inclusions in then Palaeoproterozoic Ca-
rará vein-quartz gold deposit, Ipitinga Auriferous District, 
SE-Guiana Shield, Brazil: Implications for orogenic gold 
mineralization. Ore Geology Reviews, 37, 31–40.

- Klemd, R. and Hirdes, W., 1997. Origin of an unusual 
uid composition in Early Proterozoic Palaeoplacer and 

lode-gold deposits in Birimian greenstone terranes of West 
Africa. South African Journal of Geology, 100, 405–414.

- Lai, J. and Chi, G., 2007. CO2-rich uid inclusions 
with chalcopyrite daughter mineral from the Fenghuang-
shan Cu–Fe–Au deposit, China: implications for metal 
transport in vapour. Mineralium Deposita, 42, 293–299.

- Lowenstern, J.B., 2001. Carbon dioxide in magmas 
and implications for hydrothermal systems. Mineralium 
Deposita, 36, 490–502.

- McCoy, D., Newberry, R J., Layer, P., DiMarchi, J.J., 
Bakke, A., Masterman, J.S. and Minehane, D.L., 1997. 
Plutonic-related gold deposits of Interior Alaska. Eco-
nomic Geology, 9, 191-241.

- McCuaig, T.C. and Kerrich, R., 1998. P-T-t-deforma-
tion- uid characteristics of lode gold deposits: evidence 
from alteration systematics. Ore Geology Reviews, 12, 
381-453.

- Mohajjel, M., 1997. Structure and tectonic evolution 
of Palaeozoic-Mesozoic rocks, Sanandaj–Sirjan Zone, 
Western Iran. Ph.D. thesis, University of Wollongong, 
Wollongong, Australia. 

- Mohajjel, M., 2000. Geological map of the Qolqoleh 
and Kervian gold deposits in scale 1/5000. Geological 
Survey of Iran.

- Mohajjel, M., Fergusson, C.L. and Sahandi, M.R., 
2003. Cretaceous–Tertiary convergence and continental 

collision, Sanandaj–Sirjan Zone, western Iran. Journal of 
Asian Earth Sciences, 21, 397–412.

- Niroomand, S., Goldfarb, R.J., Moore, F., Mohajjel, 
M. and Marsh, E.E., 2011. The Kharapeh orogenic gold 
deposit: geological, structural, and geochemical controls 
on epizonal ore formation in West Azerbaijan Province, 
North-Western Iran. Mineralium Deposita, 46, 409–428.

- Nosratpoor, H., 2008. A study of gold mineralization 
in Ghabaghlojeh shear zone (southwest Saqqez, Kurd-
estan province). MS thesis, Tehran University, Iran.

- Phillips, G.N. and Powell, R., 1993. Link between 
gold provinces. Economic Geology, 88, 1084-1098.

- Phillips, G.N. and Evans, K.A., 2004. Role of CO2 in 
the formation of gold deposits. Nature, 429, 860–863.

- Pirajno, F., 2009. Hydrothermal mineral deposits, prin-
ciple and fundamental concept for the explorationgeolo-
gist, Springer, 706.

- Powell, R., Will, T.M. and Phillips, G.N., 1991. Meta-
morphism in Archean greenstone belts: calculated uid 
compositions and implications for gold mineralization. 
Journal of Metamorphic Geology, 9, 141-150.

- Ridley, J.R. and Diamond, L.W., 2000. Fluid chem-
istry of orogenic lode gold deposits and implications for 
genetic models. In: Hagemann SG, Brown PE (eds) Gold 
in 2000. Review Economic Geology, 13, 146–162

- Robb, L.J., 2005. Introduction to Ore-Forming Pro-
cesses. Blackwell, Oxford, 373.

- Roedder, E., 1984. Fluid inclusions. Reviews in Min-
eralogy, 12, 3-10.

- Romberger, S.B., 1990. Transport and deposition of 
gold in hydrothermal systems. In: Robert, F., Shearan, P. 
A., Green, S. B. (Eds.), Greenstone Gold and Crustal Evo-
lution: NUNA Conference Volume. Geological Associa-
tion of Canada, 61–66.

- Seward, T.M., 1991. The geochemistry of gold. In: 
Foster, R.P. (Ed.), Gold Metallogeny and Exploration. 
Blackie & Son, Glasgow, 37–62.

- Shelton, K.L., So, C.S. and Chang, J.S., 1988. Gol-
drich mesothermal vein deposits of the Republic of Korea: 
geochemical studies of the Jungwon gold area. Economic 
Geology, 83, 1221–1237.

- Shepherd, T.J., Rankin, A.H. and Alderton, D.H.M., 
1985. A Practical Guide to Fluid Inclusion Studies, Black-
ie, Glasgow, 239.

- Skinner, B.J., 1997. Hydrothermal mineral deposits: 



    

59

what we do and don’t know. In: Barnes, H.L._Ed.., Geo-
chemistry of Hydrothermal Ore Deposits. 3rd edn. Wiley, 
New York, 1–29.

- So, C.S. and Yun, S.T., 1997. Jurassic mesothermal 
gold mineralization of the Samhwanghak mine, Young-
dong area, Republic of Korea: constraints on hydrother-
mal uid chemistry. Economic Geology, 197, 60– 80.

- Touret, J. and Dietvorst, P., 1983. Fluid inclusions in 
high-grade anatectic metamorphites. Journal of the Geo-
logical Society of London, 140, 635-649.

- Walther, J.V. and Orville, P.M., 1983. The extraction-

quench technique for determination of the thermodynamic 
properties of solute complexes: application to quartz 
solubility in uid mixtures. American Mineralogist, 68, 
731–741.

- Wilkinson, J.J., 2001. Fluid inclusions in hydrothermal 
ore deposits. Lithos, 55, 229-272.

- Xavier, R.P. and Foster, R.P., 1999. Fluid evolution 
and chemical controls in the Fazenda Mariab Preta (FMP) 
gold deposit, Rio Itapecuru Greenstone Belt, Bahia, Bra-
zil. Chemical Geology, 154, 133–154.


