
) ://  ://(

                  

 :     )CH (       )D.(  

                    

       .          

                 )Trace elements(

    CH      .      

                   

         .         

    .

         

      .  

          

       )Sistan 

suture zone (     

  )(    : 

 ][)(    ´

:º´:º   ´:º

´:º     .    

          

    CH) ( 

        

    D)(     

        

  .     

         .

         

    ).(

        

       

    .   

         

        .

      -

           

   : :  :ahmadi.solomon@gmail.com 

         



         

      .

     ].[

].[        

      

        ].[

          

           

 ) (    ) (  

].[

         

       

     ).(

       

         

       ][

    .  

       

     

         ].[



            

      .

) (

) (

      . (      (         

         (    CH      (

        .

         

     

           

 ][         

       

  ICP  

     .



         

        

       

            

      

        

 )model JEOL Superprobe 737 ( 

        

       

       .   

     WDS   

       .

      

      .

         

   )     

  ]CH[    

   ]D[(    

     ICP   

ALS Chemex      

   .

         )    .(   )*(  -

    .

            
D14 D13 D12 D11 CH1 CH2 CH3 

///////SiO2

///////Al2O3

///////MgO 

///////FeO 
////Cr2O3

///////TiO2

////MnO 

///////Na2O

///////CaO 

///////K2O

///////Total 

///////B2O3*

///////Li2O* 
 )OH,O(

///////Si 
B* 

///////Al 

///////Mg 

///////Fe(tot) 
////Cr 

///////Ti 
////Mn 

///////Y total 

///////Li* 

///////Na 
///////Ca 

///////K

///////X total 
///////X vac 

///////Fe/(Fe+Mg) 

///////Na/(Na+Ca) 



            

 ICP        .   (*)     

     ppm   .

     

  

     

  
      

CH17 CH15 CH13 CH12D16 D14 D11 D10 G4 G3 G2 G1 

///////////La 

//////// /// Ce 

///////// /// Pr 

/ // ///// / / Nd 

////////////Sm 

////////////Eu 

////////////Gd 

////////////Tb 

////////////Dy 

////////////Ho 

////////////Er 

////////////Tm 

////////////Yb 

////////////Lu 

 / / / / ///     Ba 

/ / ////    Rb 

/// / ///// / / / Th 

////////////K* 

//////////Nb 

////////////Ta 

/ / / / / / / /     Sr 

////////////P* 

     Zr 

//////////Hf 

////////////Ti* 

/ / / / //// / / / Y

/ / / / / /// / / / /REE

///////// / / / (La/Yb)N 

////////////(La/Sm)N 

     

      CH 

      

  D ).(   

        .

        

           

) .(

         

        .

][XY3Z6(T6O18)(BO3)3V3W

X = Ca, Na, K, [vacant] 



         

Y = Li, Mg, Fe2+, Mn2+, Al, Cr3+, V3+, Fe3+, (Ti4+)
Z = Mg, Al, Fe3+, V3+, Cr3+

T = Si, Al, B 

B = B, Vacant 
V = OH, O, (F)  
W = OH, F, O                   

      . (      (    (

      (       (     (

      )     XPL   .(

   . (       (      .



            

       Y) (Li = 3-  

].[  

   )(   

       X 

       

 ).(     

    :

Schorl: Na Fe3
+2Al6 Si6O18 (BO3)3 (OH)3 (OH)  

Dravite: Na Mg3 Al6 Si6O18 (BO3)3 (OH)3 (OH) 
       

]3=)Fe + Mg([   )(   

Al   Y .    

   )(    

      

       

(AlO)-1](Mg,Fe)Na[   

(AlO)-1](Mg,Fe)OH[ 

 Ca(Fe,Mg)AlNa -1    

).(

 (   Xvac � Ca � Na + K][        X(   

MgAl2- LiAl2 - FeAl2][       XY.   .

 ( Mg/(Fe + Mg)    Xvac/(Na + Xvac)][    XY.( 

Na/(Na + Ca) )Fe/(Fe + Mg][    XY.



         

 Mg  Fe   ].[       Fe + Mg) = 3(   .

   .

Al  )Fe/(Fe + Mg ][             . 

      .   .

R1 + R2  R3         ].[

R1 = Ca + Na R2 = Fe + Mg + Mn R3 = totalAl + 1.33Ti .    .



            

  ICP     

        . 

   )(   

            

    LREE  HREE 

    .   REE     

   .     

   )CH(  REE   REE 

/       

)D(  REE    REE 

/  .       

 .  La Dy Lu 

   ][    -

 D //    

       CH   

/ // .

  )(   

          

     )Trace element ( 

  CH      )Trace 

element (   D . 

 Th    Nb Sr  

 .     Ti  .

  D  Ti  

CH  Ti.

       

  .   

          

 .     ][  

          

      

       

        

  .      

  ICP    

     .   

    )trace element (  

Ti      

        

       

  .      

 )trace element (   Ti 

      

         

  .      

        

     ].[    

            

   )(

           

     CH   

   REE     

      D  

 .Fe/(Fe + Mg )     

   /)(     

  // .   

Na/(Na + Ca)      

/)(    /

/ .      

         

         

       

  .

       

        

      

    .    

    

        

         

          

  .      

         

   )( -

         

    .



         

      ICP   

G1 G2 G3 G4 
SiO2 / / / /
Al2O3 / / / /

FeO / / / /

Cao / / / /

MgO / / / /
Na2O / / / /
K2O / / / /
Fe / / / /
Mg / / / /
Na / / / /
Ca / / / /

Fe/(Fe+Mg) / / / /
Na/(Na+Ca) / / / /
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