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     .       

:          
      -3          -2       -1

     -4
       
             
         .      
            
         .    
         
        XRD    
    XRD     .(2 ) 
     .       

 .      
           
   .         
            
      .     
             
        .    
            
         .  
           

.     

         
 -         
          .

:          

   55/22   49/01       
  4/87   2/04   Na2O   (51/39   )
  5/25  1/64  K2O   (3/73  ) 
    .   (2/94   )  
   23/90      20/52   
   .    25/44    
  .   59/11  34/3     
     48/70      
    .       
   3         
           .
  (Na2O+K2O)     SiO2   
     .(Le Bas et al., 1986)   
           
      .(6 )     
   Ti  Nb  Y  Zr  P      
     (Winchester and Floyd, 1977)  

 .          
        Nb/Y   Zr/TiO2 
 )         –  
  SiO2          .(7
  .(Muller and Groves, 1997)     K2O  
           
             
 SiO2   K2O       .(8 )
 .(9 )        (Middlemost, 1975)
           
   .           
 SiO2     CaO  MgO  FeO  TiO2 
  SiO2    Na2O   K2O     

.(10 )  

Raman spectroscopy  XRD          .2 

ResultsAnalysis methodSample no.

Quartz, Calcite, Hematite, ChalcociteXRDMB10

Natrolite, Mesolite, AnalcimeXRDMB24

Natrolite, Mesolite,CalciteXRDMB35

Calcite, Malachite, QuartzXRDMB61

Prehnite, QuartzRaman S.MB63

Zeolite, Quartz, ChalcociteRaman S.LCM44

Calcite, HematiteRaman S.CM57

Quartz, Calcite, Hematite, ChalcociteRaman S.MB10
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.(  ppm          %wt    )       .3 

AB560AB430AB419AB402AB39AB67AB45AB17AB56AB13AB47AB91AB38

50.2551.3451.0349.0154.2253.2551.5451.1351.3350.1349.4150.5350.16SiO2

17.4818.3417.8021.1521.9022.3120.1423.6016.9018.5517.5117.518.85Al2O3

8.389.599.718.856.396.578.308.5210.4212.410.6410.5411.23FeO(t)

3.873.514.292.952.902.743.143.465.866.155.305.707.20MgO

8.498.089.008.716.206.857.376.459.5710.229.478.319.50CaO

4.863.553.064.795.873.774.204.543.554.054.064.283.88Na2O

2.744.404.612.293.275.153.563.772.081.641.823.342.09K2O

0.890.900.920.830.840.680.920.741.291.291.611.221.12TiO2

0.610.590.690.870.630.750.500.480.500.550.420.500.35P2O5

0.130.130.130.122.700.110.130.120.250.180.180.410.13MnO

6.207.107.196.555.284.135.405.545.607.187.316.587.18FeO

2.172.482.512.291.312.542.902.983.823.223.132.843.05Fe2O3

2.142.302.733.432.302.604.502.902.101.601.802.501.50L.O.I.

34283133151225163036363236Sc

329377344328468503432383302393348386252Ba

1222233222112Be

31.52728.430.21516.221.82227.731.331.927.833.7Co

5.865.75.51.52.91.62.87.155.23.51.1Cs

3.33.23.33.23.22.32.33.43.23.23.63.82.6Hf

20.519.721.321.110.16.54.46.51621.221.426.44.8Nb

25.724.123.625.338.712173.148.919.124.928.949.939.6Rb

111111<1111111Sn

1029103811201048112015651255989.61031777.5755.5829728.8Sr

1.31.21.21.20.50.30.20.40.91.31.31.70.3Ta

4.64.64.54.96.95.448.154.64.44.62.3Th

1.21.11.31.11.41.70.81.91.31.21.11.30.8U

291300289295153187173200289301304288307V

0.5<0.5<0.5<0.50.50.5<0.50.6<0.5<0.5<0.5<0.5<0.5W

129.8128.6130.4129.3130.896.985.3132.6123.3130.3129.7140.980.8Zr

2424.123.924.219.3112.117.918.220.925.125.123.818.5Y

0.080.070.070.0810.50.1>0.90.70.80.80.70.2Mo

765833715824269428.135.661.333.99276102.630.3Cu

12.711.212.315.47.97.83.312.58.92.92.67.31.1Pb

553471654946345437152495320Zn

9.108.909.409.803.8014.705.305.7010.1010.309.2010.106.10Ni

79.1479.3384.6586.2081.6172.5852.9075.4878.7185.8185.4893.5543.55La

62.9166.3165.4867.3862.9953.5943.9459.5362.8769.0670.3074.6336.39Ce

55.3556.2954.3856.4248.2040.9836.5649.4352.2956.8056.8060.4132.38Pr

44.4543.1344.3643.7237.683331.5041.5044.6746.6747.6750.3329.67Nd

28.1329.3229.3928.1122.5118.1022.2625.7929.5428.8229.5429.7421.95Sm

23.2323.5623.8523.1518.3714.6917.5518.2323.1323.5423.9524.4918.50Eu

20.6320.5819.9920.6714.7511.0015.4116.8719.2320.5420.3120.8516.80Gd

17.5516.4816.9716.9313.297.5911.3911.8114.1417.7217.7217.5112.24Tb

13.4413.7413.813.2510.596.8310.8111.2713.7613.6713.9813.9111.99Dy

11.3612.5111.9811.039.475.999.199.6111.0012.8112.6712.2610.17Ho

11.4611.6911.3911.548.676.299.439.6211.3811.2411.6211.1910.48Er

10.6510.3810.9110.089.264.637.107.728.6411.1111.1111.427.72Tm

9.749.9410.5110.828.955.988.909.4710.2910.6711.2010.388.95Yb

10.9310.479.719.359.325.288.399.329.94010.5610.259.638.70Lu
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        (Le Bas et al.,1986)       SiO2   Na2O+K2O  .6 
.          

  -        (Winchester and Floyed, 1977)       Nb/Y   Zr/TiO2  .7 
 .         

         
       (.L.I)    (D.I.)
           SiO2  
            

.    
         
         
          .  

   .(White and Riggs, 2001)     
 Stevenson et) Th/Co   La/Th    
           (al.,1999
 Rb/Th        .(11 ) 
     (Tchameni et al., 2006)  Rb   
            
        (AFC)   

.(12 ) (Tchameni et al., 2006)
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 UK .                 .(Muller and Groves, 1997)  SiO2    K2O  .8 
.      LKT    CAB       H-KCAB   Sh  

.          .(Middlemost, 1975) SiO2   K2O  .9 

   
          
           
        .   
            
      .       
 .(Righter and Rosas- Elguera, 2001)    
         
          .
        .  
             

.(Best, 2003) 

         
             
 Tsuchiyama,)          
    (Stewart and Pearce, 2004)   (1985
    .   (Nixon and Pearce, 1987)
            
        .    
    (Shelly, 1993)    

.    
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(Harker, 1909) SiO2       .10 

          .Th/Co   La/Th   .11 
.   

  .Rb/Th   Rb   .12 
    FC    

.  AFC
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  Tsuchiyama, 1985)      
        (Pudlo and Franz, 1995
 Singer et al., 1995;  Zellmer et al., 2003; Nelson)   

.(and Montana, 1992
          
   .         
       La/Nb > 1.5   La/Ta >22
     .(Abdel-Fattah and Philip, 2004)  

 La/Ta = 55.03-264.52       
         La/Nb=3.54-12.02
 Th/U         .  
  3/8        .   
        (Rudnick and Gao, 2004)

.    2/87-5
       Nb    
          
       .(Reichow et al., 2005) 
             
 Sr  K  LIL         
            .    Pb 

.(13 )

          
     LREE   LILE      (13 )
     Nb  Ta, Ti     HFSE
 )           
  Ti   Nb     .     (   

.(Wilson, 2007)    
Hier-        

       .    chical
          
 Muller and Groves,)         
           (1997

.         
       14     
          
            (WIP)

.      
        

     .     
          Zr - Ti/100 - Y*3
    .         
         
  .(15 )        
          Y    Zr/Y

      Nb    .(Sun and McDoungh, 1989)             .13 
.  
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 :IOP       :CAP     :WIP)  .Hierchical        .14 
 .(    :AR .       :LOP      :PAP      

     .      (Pearce and Cann, 1973)        Zr - Ti/100 - Y*3   .15 
.    (  )      C 
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   Ba/La  Th/Ta   .(16 )   
   .         
       Ba/La> 3    Th/Ta >2
  .(Arculus and Powell, 1986)       
 2/71 -20/25          
           3/91 -8/73 

.    
  

 
 ±          
          ±  
  .        
             
            
            
      .    
     .       
            
           

.          
        
 .           
           
          

.        

          
 HFSE     LREE  LILE    .  
      Nb, Ti, Ta     
   (    )      
     Ba/La    Th/Ta     .  
            

 .  

   .    .1383  .   -
.586      

    .    .1379 .    -
.608    

  1:100000    .1380 .   -
.      

  –     .1386 .   -
 )         

.206         .(
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