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

               
    )    (

 1*   2  2  2

         
            

:               )
   (  .                  

               .      
                   . 

                  
               

      .                
    LREE  HREE    .        REE  

             pH     /      
     LREE  HREE                

              .    HREE  
    LREE                   

 LREE MREE    HREE  . )Eu/Eu* (           
   )Ce/Ce* (   .    Eu       

                 . )Eu/Eu* (  
                 .       

                        
     .

  :         .

 
        

      ' 

'   '''''
'      .    

         
  ::)(  :simmonds_vartan@yahoo.co.uk

        
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          

            
         . 

           
          

          
           

       .
      

     )   
 (         

        
        
          

        
   .    

           . 
           

           
          

           
         .

  
         

   .     
         

         . 
            

          
        

           
        
       )ICP-MS ( 

  ALS-Chemex      
   .      

       X   
     .

   
  

     ][
        

   ][        
 .       

       
           

  .       
         

          -
     .  

       
          

        
  .       

       
         

        
     .  

        
         

            
        )

.(

        
  

        
         

        
         .    

          .
         

     .
)%(%    

         
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          . . .

     .  )%(
           

             .
  )%(        

     .)%(%   

         .
 )%(%       

       .  )%(
             

     .

1         ) ][.(
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          

  

         
    .     

       .
        

           .
       

          
         

   .      
          

    .    
        

            
          

          .
       

       
           

         
        

 .     
      .     -

          
  .     

            
          

        .

 

         
      

       
        .

            
 .        

          
            .  -

          
          
 .         

       .
         

            
  ) .(    

          
             

            
         ).(

        
     )(    
XRD     .     

         
           -

         . 
         )

.(
        

           
      )  ( 

         .  
           

 .        
           

       )  
        ( .   

         .   
         -

            
         .

      
         
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          . . .

  .      
  .      

            
        .

           
        

      .  
          

        
  .

         
       . 

         
          

   .     -
          -

    .    
       . 

        
       

   .     
         

        
      .   

 pH  ) (   
         

        
][.          

         
         

          .

2        ) ()()( )(.
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          

       
         

         
      .  

         -
         

     .     
          

           .
          

    .     
         

        
 .        
.

         
            .

         
   .       

          -
          

        
          

         .
       
          

    .     
       

)  (       
       .

   
      )REE (   

        . 
 REE        

][.      REE  
  ][  ][ 

           
   pH    /    

   FCO3
2-SO4

2-PO4
3-Cl   

  ][.  REE     
Cl SO4

2-       ][.
LREE HREE       

             
             .

EuCe       REE 
        Eu2+Ce3+ 

      Eu3+Ce4+  
             .

 REE         
 ][.
       
           

         
       

          
   ICP-MS  ).( 

            
 ][      )Eu/Eu* ( 

)Ce/Ce* (          
            

    .
Eu/Eu* = Eun/[((Sm)n × (Gdn))1/2]
Ce/Ce* = Cen/[((La)n × (Prn))1/2]

   )Eu/Eu* (      
         

 ][.      
         
           

      Eu2+ Ca2+Eu 
Ca    ][. 

  Eu       
       ][.
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          . . .

1         ICP-MS ..KPK :  KPS :  KPA :  
KPP :  KPL :    Fresh :      .

Fresh KPL1 KPP1 KPA1 KPS3 KPS2 KPS1 KPK3 KPK2 KPK1 Sample 
//////////%SiO2

//////////%Al2O3

//////////%CaO 
//////////%Fe2O3

//////////%MgO 
//////////%Na2O
/////////%K2O
//////////%Cr2O3

//////////%TiO2

//////////%MnO 
//////////%P2O5

//<////</<///%SrO 
//////////%BaO 
//////////%LOI 

///////%Total
ppm Ba

<<<<<<<<<<ppm Ag
//////////ppm Co

ppm Cr
//////////ppm Cs

ppm Cu
//////////ppm Ga
///////ppm Hf
ppm Mo
////////ppm Nb

ppm Ni
ppm Pb

////ppm Rb
ppm Sn

////ppm Sr
//////////ppm Ta
//////////ppm Th
/<//<////<//ppm Tl

//////////ppm U
ppm V
ppm W
////////ppm Y
ppm Zn
ppm Zr

/////////ppm La
//////ppm Ce

//////////ppm Pr
/////////ppm Nd

//////////ppm Sm
//////////ppm Eu
//////////ppm Gd
//////////ppm Tb
//////////ppm Dy
//////////ppm Ho
//////////ppm Er
//////////ppm Tm
//////////ppmYb
//////////ppm Lu
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          

 2    )Eu/Eu*()Ce/Ce*(n)La/Yb(n)La/Sm ( n)Gd/Yb (       
     ][.

Eu/Eu* Ce/Ce* (La/Yb)n (La/Sm)n (Gd/Yb)n

Argillic Zone 8/0 14/1 19/6 17/3 72/1

Potassic Zone 9/0 05/1 83/16  58/5 4/2

Propylitic Zone 77/0 93/1 32/14  66/9 56/2

Phyllic Zone 87/0 11/1 59/16  64/5 35/2

Leached Zone 94/0 92/0 57/4 95/5 62/0

Nearly Fresh sample 79/0 52/1 65/8 92/4 77/1

   ) (   
)Eu/Eu* (     

         . 
             Eu

          
      Eu3+     

    ][.    
  ][:

EuAl2Si2O8 + 8H2O = Eu2+ + 2Al(OH)-
4 + 2H4SiO4

Eu2+ + H+ + 1/4O2 = Eu3+ + 1/2H2O
    ][   

           
            

   LREE    HREE   
       Eu    Sm GD

     .  
         )Eu/Eu* (

      .   ][

Eu         
         .  

         
      )Eu/Eu* (    .

              
          

  .      
           

      REE  
        REE 

         
][.       .

  )Eu/Eu* (     
              

       Eu  
Ca        

    Eu2+     
       .     

          
    Eu       

      ][.
 )Ce/Ce* (      
 )    (  )

(           
     ][.   

    Eu      
          

   .
           

              
Ce    Ce3+      

 .          
  REE    ][
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          . . .

           
             

     Ce    
            
)      (Ce   

          .  
     .    

          
           

            
 .

          
     n)La/Sm(n)Gd/Yb ( 

n)La/Yb (    ][  )
(  ).( n)La/Sm (

           
             

MREE    LREE .   
       )(  

       LREE  
            

   LREE MREE. 
n)Gd/Yb (        -

           
       ).(  

 HREE     MREE      
          

         . 
n)La/Yb (        

          
           )

.(     HREE    
LREE        
            
 .      LREE 

      .

           -
           

    )(][.  
         

 LREE  HREE    -
HREE      .    

    Eu)//Eu/Eu* =( 
             

  CO2/H2O .    
    .

          
          -

    REE)LREE (  
 )(       

           
          /  

 ][.       
)(        

    LREE   HREE  
   HREE         
   . ][   

REE       pH

   .][      
 HREE  pH  /   .

    HREE    
 pH   / .    
LREE   HREE    

         
         

REE  ][       
REE HREE     

  ][   .
       )(

          
HREE        

LREE    .    -
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          

 REE         
    CO2 ][   
        

         . 
            

        ] [
LREE         

 .
       

     LREE 

MREE     MREE
HREE          . 

   LREE MREE    
HREE        )

.(        
       pH 

           
        

          
        .

3   )Eu/Eu*()Ce/Ce*(n)La/Yb(n)La/Sm ( n)Gd/Yb (    
    ][.
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          . . .

4            ][   ) ()()(
)( )(     .        .

 

        
        

         
          

       
   .       

           -
        

           
      .

  )Eu/Eu* (      
        

)Ce/Ce* (      ) 
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          

   (  .    
            
          

        .
    )Eu/Eu* (      

          
           

         .
             

         -
         

     .     
        Eu 

         
          

   Eu .
   )Ce/Ce* (     

          
           

          
           

     .     
          

              
 .

         
 MREE   LREE    

 LREE       
    LREE  . 

 HREE     MREE     
         

         
 .  HREE    LREE 
         

   .

     REE    
   REE     
       pH   

 /        
 HREE          

         
   .    

HREE     LREE   
      REE  

          
          .

          
       pH   

        
          

 .   HREE 
      

  .
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