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) ://  ://(

          

  

         

:                   .
                      .

                        
                        -

                   :  :   
                  .  :

                    .
  :         .        

      .        
     .

 :           .

 
        

          
         ][
          ][

          .
         

           
         
       ][.  -

           
       ].[ 

            

              
      ][.

         
          
       . 

       ][
       ] [    
          

.        
           

        . 
         

    ] [.

   :)(   :barati@basu.ac.ir 

      
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       

             
           .

            .
          

           
    %     ][.

         
          .

            
     .  
    .

       
        

      ] [.
         

             
      %   .   

       
      .

 
            

            
       

        Km   
Km    ][    

          
   .      

 ][.       
            
  ][.      
             

   ][.       -
           

  .      -
          -

][.       -
       

   ,       
   ][.

         
       .    

              .
             

    .      
         ][.   

        
         

       ][  
          

      .    
         .   

        .
         

    ][     
            

       .  )
(        

   .

 
      :(  

 ) (( 
)EPMA XRF ,ICP-MS ( (.

   
    

        
       .

      :´   
´         
   .    

   ).(
           .

           
          .

       :
. _ 
.  _ 
.   
.   
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          . . .

.  
        -

      ,
 ,   , , 
      

 :   , ,
          
        

)(] [.

1 (             .

Galali

Galali Mine

Alluvial deposits(Recent deposits)

Plutonic rocks Intrusive rocks
Skarn

Metamorphic rocks and Phyllites seris

Cretaceous limestone
River

48
00

35 00

Fault

Limstone schist -series

Road

0 2km

(    .
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       

  
 

         
           

         .
 :         

           
   .        

         
   .

 :         
           

            
           

   ).(
    :     

               
       .   Mg2+

        .
 :         

            
              
          

  ).(

2   (EPY)             .

3   )AR (    )WR.( 
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          . . .


          

        .
        

     .    -
   )(     

           
 .         :
 ( :      
         .

( :        

 )     (   
      .  

           
       .       

  ) ..(       
            

  .
( :        

        
       ).(

4            (WR) ).  = H   = BH    
= L    .(

5            (WR) .  .
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       

6  (Go)       (WR)  .

  
        

    .      
         

           
         

 (Mucke 2003) ][  .  
           

            
    .     

             
   )(] [.  

         . -
      Inson 1989
][  .

         
     .     

    %      
      .  

              
      .     

 . %       -
).(

           
         

   .       
  ). (

  
          

            
    EPMA XRF ,ICP-MS 

 .

  X-ray Fluorescence Spectrometer (XRF)  

           
  :Si- Al- Ti- Fe- Mg- Ca- Na- K- Mn- P 
          XRF 

   Shimadzu  XRF - 1700 Sequential  
   mA 3040V   .

          
)86G1, 77G1, G11 (      )114G1, 15G1, 

52G1 (        )G1 54(
      G1 23    

   .       .
          

 SiO2        
/%         
     /% .    
           .
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          . . .

7  :(  
     (Them)

     (TMt) . (Ga) .
(       (Mt) 

(Py)    (Ga)     
        .(

     (Go)    
       .

1     XRF  wt% )  ( .
       

sample G G G G G G G G
SiO / / / / / / / /

AlO / / / / / / / /
TiO / / / / / / / -
FeO /  /  / /  /  /  / /
MgO / / / / / / / /
CaO / / / / / / / /
NaO / - - / - - / -
KO - - - - / / / -

MnO / / / / / / / /
PO / / / / / / - /
LOI / / / / / / / /
total / /  / / /  /  / /  


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       

   Al       
           

          
  .    

        /% . 
            

         
    .       -

         .
           

   %     %
     .MgO   

    /%   
        /%  

         
    .     /

%  .    CaO    .
 Na2O       K2O 

           
             

        .MnO
      /% . -

         
       .

         
           

            
            

    .

      (ICP-MS)  
Inductivity coupled plasma mass spectrometry 

         ICP-MS

       )Argon 
Plasma ( Perkin-Elmer SCIEX ELAN 

6100    .   
 K        /

amu  .

          .
           

   (Ti)     
        ppm  -

.           
         

  .     77G1  
    (V)    

    ppm      
        ppm  

      ppm. 
(Cr)          

   ppm  .  
         .

     (Mn)  -
        ppm 

 .          
          

    .   (Co)   
(Ni)         86G1 
          

           . (Cu) 
  ppm     

          
    ppm     ppm

      .    
ppm           .
(Au)   (Pt)         

       ppm  .
           

  . Y, La, Ce, Pr, Nd    
 .        

  ppm     .
          

         Ti, Cu, V 
        .  

       .
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          . . .

2           .  ppm  .
       

sample G G G G G G G G
Ti / / / / / / / /
V / / / /  / / /
Cr / / / / / / / /
Mn / / / / / / / /
Co / / / / / / / /
Ni / / ND / ND /  /
Cu / / / / / / / /
Au / ND ND ND ND / / /
Pt ND / / / / ND ND ND 
Y / ND ND ND ND / ND /
La / ND / / / / ND /
Ce ND / / / / ND ND ND 
Pr / ND ND ND ND ND ND /
Nd ND ND ND / ND ND ND ND 

=ND                            

     Electron Probe 
Micro Analysis(EPMA)

         
     EPMA   . 
         .

   EPMA   SHIMATZU
      .  
  KV35       

 .        
         . 

  POP   .   
         

        .
  Ultera thin window oxford Si(Li) 

(ATW) .
    EPMA 

        
G11           

        17G1
         . 

         
          

     .

 1
    G11

        .
          
         EPMA  

            .
            

  MnO,MgO,Al2O3   
              

          .
    TiO2,ZnO   

           -
 .         

V2O5,CaO,SiO2,NiO    .
         

 Mn, Mg  Al       
          

       Zn  Ti    
   .     Ni, V, 

Ca, Si    .     
Mg Al        .   

            .Mg+2  
    FeO,Fe2O3  Fe+2  

    Al+3  Fe+3     .
              

       ] [.
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       

3                ) .   (
G- G- G-03 G-04 G-01 G- G- 

MgO / / / / / / /
AlO / / / / / / /
SiO / / / / ND ND ND 

CaO / / / / / / /
TiO / / / / / / /
VO / / / / ND ND ND 
CrO / / / / / / /
MnO / / / / / / /
FeO / /  /  /  /  /  /  

NiO / / / / / / /
ZnO / / / / ND ND ND 

total        

8 (   EPMA        G11         (
              )  .(

  2
     17G1   

        )( .
         

     .  
           
       

       .
MnO         
    MgO    

            .
Mg+2  Fe+2      

            
         . 

CaO,NiO,  Cr2O3    
     .

      EPMA  
            

   .        
MgO CaO,  MnO      

           
   Fe2O3  

 %  .   
  TiO2, Cr2O3, NiO Al2O3    

          
 .

        Fe-
Mg, Fe-Ca, Fe-Mn     Microsoft 
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          . . .

Excel 2003  ).(   
           

           

             
            

   .

9       17G1 .    )      .(

10         EPMA ) :   (Fe-Mg )(Fe-Ca )(Fe-Mn .
      .

  


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       

   
            

           
            Iron 

oxide copper gold deposits(IOCG)    
         

  ] [    IOCG 
         

    .       
          

    ][.
          

            
        

   IOCG  ].[
      IOCG     

    0�) (
  ][    

      IOCG     
           

    .       
Teresa de Colmo     
     .][.    

   34S      
          

  ] [.
       -

          

 34S       
Ernest Henry,Osborne,Olympic 

Dam,Candelaria � Punta del Cobre, Raul � 
Condestable, Monte-de-Iagle     -

 .   34S     
            -

Olympic Dam         

34S     .  
     ][.

11 S      
    IOCG    ][.

 
         

   .      
          

          
   .        

   ][  
    .     

         
          

    .     
     .  

            
             

 .

  34S    
        

             -
          

IOCG      .

 
        

(Insung Lee)        Seoul 
National University) (    

         
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          . . .

 .     (Jung hun Seo)
        

          .
         

         
          

.

 
][  ."  "    
)( .
][."     

"      
  ).(

][."    
   "   

  )( .
][." " -

 )( .
][.."      

  ")( .
][ .,"         

 "      )(
 .

][." ) ("
 )( .

][."    -
   ") ( .

][. ."      -
      " 

   ).(
] ["      

 / /".    
  ) .(

] [ ."      
   ) ("   

   )( .

] [ ."      
      " 

  .  ) ( .
] [ ."    

   ")(.
] [ "       

         "  
 ) ( .

] [ ."        
        " 

     )( 
.

] [ . .    ."
 ,          

"      ).(
] [ ."      

  ) ("   .
  ) ( .

] [        .
  .    ) .. (

] [ ." ",  
   )( .

][   ."   
 )  (  )  (  

   "   .
 ) .(

] [      " -
      / 
/")( .

[22] Mucke  Aron, "Chamasite, siderite and the 
environmental   conditions of their formation in 
chamosite-type phanerozoic ooidal ironstones",
Ore Geology Reviews 28.235-249. (2006). 
[23] Mucke A., "Mgnetite, ilmenite and ulvite in 
rocks and ore deposits: petrography,  microprobe, 
analyses and genetic implications", mineralogy 
and petrology,77:215-235.(2003). 
[24] Mucke A., Younessi, "Magnetite-apatite 
deposits(Kiruna-Type)along the sanandaj- sirjan 
zone and in the Bafg area,Iran,associated with 
ultramafic and calcalkalin rocks and 

www.sid.ir


Arch
ive

 of
 SID

www.SID.ir

       

carbonatites", Mineralogy and Petrology :219-
244(1994). 
[25] Inson P.R., "Introduction to practical ore 
microscopy", longma Earth science series 
newyork. (1989) . 
[26] Goulart A.T, M.F. de Jesus Filho, J.D fabris, 
J.M.D Coey, "Multiple Iron Rich Spinel Phases 
and Hematite in a Magnetitc Soil Developing on 
Tuffite", Phys Chem Minerals25, 63-69(1997). 
[27] Sillitoe Richard H. Iron oxide-copper-gold 
deposits: an Andean view Mineralium Deposita 
International Journal for Geology, Mineralogy and 
Geochemistry of Mineral Deposits(2003). 
[28] Sillitoe RH Major regional factors favouring 
large size, high hypogene grade, elevated gold 
content and supergene oxidation and enrichment of 
porphyry copper deposits. In: Porter TM (ed) 
Porphyry and hydrothermal copper and gold 
deposits. A global perspective. Australian Mineral 
Foundation, Adelaide, pp 21�34(1998). 
[29] Tosdal RM, Richards JP Magmatic and 
structural controls on the development of porphyry 
Cu ± Mo ± Au deposits. In: Tosdal RM, Richards 
JP (eds) Structural controls of ore deposits. Rev 
Econ Geol 14:157�181(2001). 
[30] Oyarzún J Algunos temas principales de la 
metalogénesis cretácica en el norte y centro de 
Chile. Actas 5th Congr Geol Chileno 3:G37�G52 
(1988). 
[31] Fox KA Fe oxide (Cu-Au) mineralization and 
alteration at the Productora prospect, Chile. MSc 

Thesis, Colorado School of Mines, Colorado, 141 
pp. (2000). 
[32] Hopper D, Correa A., "The Panulcillo and 
Teresa de Colmo copper deposits: two contrasting 
examples of Fe-ox-Cu-Au mineralisation from the 
Coastal Cordillera of Chile. In: Porter TM (ed) 
Hydrothermal iron oxide copper-gold and related 
deposits: A global perspective", Australian Mineral 
Foundation, Adelaide, pp 177�189(2000). 
[33] Marschik R, "Fontboté L The Punta del Cobre 
Formation, Punta del Cobre-Candelaria area",
northern Chile. J S Am Earth Sci 14:401�
433(2001a). 
[34] Correa A  Geología del yacimiento de Fe-Cu 
Teresa de Colmo, Región de Antofagasta, Chile. 
Actas 9th Congr Geol Chileno 2:102�106. (2000) 
[35] Ripley EM, Ohmoto H Mineralogic, sulfur 
isotope, and fluid inclusion studies of the 
stratabound copper deposits at the Raul mine, Peru. 
Econ Geol 72:1017�1041(1977). 
[36] De Haller A, Zúñiga A. J, Corfu F, Fontboté L 
The iron oxide-Cu-Au deposit of Raúl-
Condestable, Mala, Lima, Peru. Resúmen 11th 
Congr Geol Peruano. (2002) 
[37] Simard. M , Beaudoin. G,   Bernard.J and 
Hupé. A, Metallogeny of the Mont-de-l�Aigle 
IOCG deposit, Gaspé Peninsula, Québec, Canada. 
Mineralium Deposita. Vol 41, Num 6.607-636 p. 
(2006). 

 
[38] http://zeppchem.wikispaces.com/file/view/
Types+of+Chemical+Reactions.pdf.

 

www.sid.ir

