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    )1388 ( 4)176-167(

     )REE (    
   )    (

        
      

  - :esmaili@khayam.ut.ac.ir 
) :19/5/88 :22/3/89(

 
              .        - 

) (-   .     �  �     .  
�   REEs         LREEs      HREEs  . 
 n)La/Yb(n)La/Sm ( n)Gd/Yb (    )     76/37/16/1(        

       REEs         �         
 .                   .  

REEs  Eu        .  Eu/Eu*               
  .  -                     .

LREEs       HREEs        .REEs pH     SO4
-2  

      REEs     .  Eu     Ce      .
  (La/Yb)n (La/Sm)n (Gd/Yb)n             REEs   
   .

  :        

 
  (REEs)     +3   

      .    
        
       .    

          
     .   

          
 .

      REEs      
            

)Palacios et al. 1986(       REEs 
  )Michard & Albarede 1986 Lewis et al.

1997 (          
 )Alderton et al. 1980 Taylor & Fryer 1980 Hopf 

1993 Arribas et al. 1995 (        
 pH           
CO3

2-, F-Cl-, PO4
3-, SO4

2-,      .
REEs     SO4

2- Cl-
     )Wood 1990 Haas 1995 .( 

       PH     
              

         .LREEs 
HREEs           .

REEs  +3         
   Ce, Eu     REEs 
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168      )1388 ( 4

       Eu 2+
   Ce  4+      

       .
          

    )  : 1366   1377 
 1379  1385(      
       REEs   

      .     
        

REEs   )   ( 
 .          

             
  .

  
             

1385       120   
           
         

        11  
      Chemex- Als  

    ICP-MS      
 )1.(        

      12   
          

XRD   .         
   COREL DRAW 13      

       EXCEL, IGPET, 

NEWPET, MINPET    .

      
            

      ) ) (Lindenberg & 

Jacobshagen 1983(        
100000 :1    .      

       ) (      
           

   .          

           ) 
1366 .( 

           
     ) (    
   ) 1366 ( .   

         
          .  

          
 .        
          

          
   .

         
  -       

         
 )1.(      

        
            .
         

          
           

)2-.(         
      -    . 

            
          .

         )3-
(            

     )2-.(   
             

  .         
           

   .       
    .         

        .  
            

          )2-.(
          . 

              
   )flow (   .   
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     )REE (    169 

1:      ) 1385 .(            .

2) : (               )(    
               )(          

          )(                
      ) .Chl : Ser : Plg : Qtz : Epi : clay minerals :  fld :.(
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170      )1388 ( 4

          
           

    .
            

        .   
           

          . 
   )   (   

 ) (  )  (
    �     

            
 )1385.(

      
        

          
        

 )Jackson & Bates 1987 .(     
   100       

         
  -   )3.(

3-     .  1 .

  
            

           
    .    -
    )3(  
             

          
  .        

        )4-.( 
             

       .   
       �  �

     .  �  
          �

          .
        )

 (         
         .  

          
    .     

          .
    ) (      

   .        
             



www.SID.ir

Arch
ive

 of
 SID

     )REE (    171 

      .     
            

     .      
        .

4) :(            )(         )(
      -     )(     -    -   

 )(                �.  3.

  
          

           
         )Montoya & 

Hemley 1975 .(        
           

          

           
 )3.(        

            
 ) 4-.(        

            
  .            

           . 
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172      )1388 ( 4

            
          .  

             
        .   

            
        SiO2  .

  - 
  -      

          
 )Montoya & Hemley 1975 .(     

          
          

       .    
              

    .
          
          .

  -    )Patch ( 
        )4  .(

           
)3(         

          )
    (   . 

           . 
             

   .          
              

           . 
            

          . 
      )1(  

)4()2(    -
   .

   
  REEs   n)La/Yb (  

 LREEs  HREEs     n)La/Sm ( 
n)Gd/Yb (   .  Eu/Eu*Eun/ ((Sm)n

(Gd)n) 1/2 }({Ce/Ce*}Cen/ ((La)0.666(Nd)0.333){ 
            .

         
 )Sun & Mcdonough 1989 (   )5.(

   �        
           

  1 )5(   .  REEs 
         LREEs  

    HREEs )5.( n)La/Yb ( 
  �  76/3  n)La/Sm ( n

)Gd/Yb (    7/16/1       
     )  6/561/2

7/1(      REE   
 )1.(  Eu Ce      

  Eu/Eu* 17/0     3+
 .

   � 3     
           

   1   .       
             

    )5.( n)La/Yb (  
  1/5  n)La/Sm ( n)Gd/Yb (   

 4/24/1          

  )  6/561/27/1(   
 REEs .  Eu/Eu* 12/0  

     )14/0Eu/Eu*=(  
    Eu       .

           
REEs  Eu       .  Eu/Eu*

    08/0        
 )14/0(   )5.(
2     3   
          1
)5-(   .LREEs      
 HREEs      . n)La/Yb (  

      9/5  n)La/Sm ( n)Gd/Yb (
   8/24/1       

  }n)La/Yb(n)La/Sm ( n)Gd/Yb (  6/5
61/27/1{           

          )1.( 
 Eu  REEs       
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     )REE (    173 

Eu/Eu* 05/0) 1.(  Ce/Ce*
   )27/0(     

            

     -   Ce    
Ce/Ce* 14/1  .

)1(   )    (      .
�     

Elements Ka22 Ka6  Ka509 Ka515  Ka34 Ka42 Ka70 Ka544  Ka67 Ka525 Ka535 

La 29.60 19.20  25.70 32.40  12.00 20.00 22.90 18.90  22.90 23.50 25.60 

Ce 61.20 55.20  50.50 67.50  26.60 43.00 48.60 41.70  15.40 18.30 9.40 

Pr 8.16 8.31  6.06 8.80  3.95 5.78 6.38 5.86  6.43 6.46 7.35 

Nd 31.50 33.90  21.60 33.30  17.80 22.70 24.90 23.70  25.10 25.30 29.80 

Sm 7.38 7.19  4.30 6.75  4.34 5.15 5.54 5.33  5.39 5.25 6.57 

Eu 1.76 0.90  0.89 0.87  1.28 1.25 1.10 1.41  1.29 1.36 1.98 

Gd 7.52 6.13  3.99 6.44  4.15 4.95 5.12 5.31  5.27 5.15 6.44 

Tb 1.12 0.89  0.58 1.02  0.66 0.76 0.83 0.85  0.82 0.81 0.96 

Dy 6.23 4.87  3.34 5.96  3.94 4.32 4.79 5.02  4.81 4.87 5.54 

Ho 1.24 0.98  0.72 1.26  0.79 0.92 1.00 1.03  1.00 1.00 1.15 

Er 3.77 2.97  2.23 3.99  2.36 2.77 2.96 3.06  2.97 3.01 3.34 

Tm 0.54 0.45  0.36 0.59  0.33 0.40 0.46 0.45  0.46 0.44 0.46 

Yb 3.53 2.82  2.28 3.88  2.17 2.59 2.85 2.90  2.88 2.81 3.04 

Lu 0.53 0.45  0.38 0.62  0.34 0.38 0.43 0.46  0.45 0.43 0.47 

Ce/Ce* 0.98 1.15  1.01 1.00  0.94 1.00 1.00 0.99  0.32 0.37 0.17 

Eu/Eu* 0.10 0.06  0.12 0.06  0.17 0.13 0.10 0.13  0.12 0.13 0.14 

La/Yb 5.70 4.63  5.60 5.67  3.76 5.25 5.46 4.43  5.40 5.68 5.72 

La/Sm 2.50 1.67  2.50 2.60  1.73 2.43 2.58 2.21  2.65 2.80 2.43 

Gd/Yb 1.72 1.76  1.42 1.34  1.55 1.55 1.45 1.48  1.48 1.48 1.71 

5:     )Sun & Mcdounogh 1989 (     ) ( �)(
 �)( �)( �) .      .(
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
       -

         
       .

           
          )  SO4

-2,

H2
+, HCl, HF, CO2(        

 )Pitzer & Pabalan 1986 .(       
              
              

   .         
    SO2   H2S

 )Sakai & Mastsubaya 1977:
4SO2 + 4H2O = 3H2SO4 + H2S

3SO2+2H2O = 2H2SO4+S 
           

           300 
    )Brimhall & Ghiorso 1983 (   

         
       .     

              
           

            
           .   

              
       300     

          
    .

           
             

        )Evans 1992 .(   
        

)Titley & Bean 1981 (         
     :

2NaCaAl3Si5O16()+2SiO2+Na++H2O
Ca2Al3SiO12(OH) ()+3NaAlSi3O8()+H+

3 Ca Al2 Si2 O8(  ) + Ca2+ + 2 H2O
2Ca 2Al3 Si3 O12 (OH) ()+ 2 H+

aq 

(Ca,Na)2(Mg,Fe,Al)5Si6(Si,Al)2O22(OH) 2()+4H2S
+4Si(OH)4 + 2Fe2++7O2

Al(Mg,Fe)5AlSi3O10(OH)8( )+KAl2AlSi3O10(OH)2()
+2NaAlSi3O8()+2Ca2++2FeS2+8H2O()

   �        
   CO3

2-      . 
        REEs CO3

2-
        . )Wood 1990 (

       pH    
    pH     REE    .

        
         pH   

  .         
           

 .        400  

    )Van middelaar & Keith 1990 .( 
            

  )Titley & Bean 1981:( 
3KAlSi3O8(  ) ( ) +2H+

KAl2AlSi3 O10 (OH)2( ) + 2K+ + 6SiO2()

3NaAlSi3O8() + 2 H+ + K+ K Al2Al Si3O10 (OH)2

+ 6 SiO2 + 3 Na+

)5-(  2     1
         . 

REEs          pH 
 REEs  )Michard 1989Lewis et al. 1997 (.

   pH       Cl-F-

        . REE    
          REEs  

            
  pH   REEs      .

          
REE       

)Laufer et al. 1984 ( )Aja 1998 (    
   )Koeppenkastrop & De Carlo 1992 ( 

            
   REEs   )Fulignati et al. 1998 .(

         REEs 
   REEs    .
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     )REE (    175 

           pH 
          

  .        
           

  .       SiO2
         

            .
     ) (

          
 )Montoya & Hemley 1975:( 

2NaAlSi3O8()+H2O+2H+

Al2Si2O5(OH)4()+2Na++4SiO2

   )Hemley & Hunt 1992 ( 
            

           
)HCl  HF SO2

-2 (    
          
  .          

    SO2
-2 HCl HF     

             
    H2S    

)Giggenbach 1977.( 

  Eu        Eu+2 

              
           

)Sverjensky 1984.( 
EuAl2Si2O8 + 16H2O = Eu+2+2Al(OH)-

4+2H4SiO4
Eu+2

(aq) + H+
(aq) + 1/4O2(g) = Eu+3 + 1/2H2O(l) 

   )(Alderton et al. 1980 Eu    
           

    Eu    . 
  Eu+2         

     Ca-2, Sr-2 )1.26 = =1.25, Ca-2 = 1.12, , 

Sr-2Eu-2(       ) (  
        Eu+2   .

     Eh    .
)Marsh 1991 (       

        Ce/Ce* 
      .  Ce  CeO2

    Ce    REEs    
    . Ce/Ce*    
  (Ka22-Ka6)     

  Ce+3           Ce+4 
        .

  
         -

      .    
            

          
           . 

 REEs     LREEs   HREEs 
  .      - 

         
        .REEs   

    Eu  REEs     
           .

         
  .REEs        Eu 

          
)2(+       

:
 .1366 .1:100000           .
  ..1385 .         )   (       

       162.
 .1366 .                 .
  .1379 .      )  (     

    .



www.SID.ir

Arch
ive

 of
 SID

176      )1388 ( 4

   . ..1377 .            27-282-13.
Aja, S.U., 1998. The sorption of the rare earth element, Nd, onto kaolinite at 25°C. Clays Clay Minerals. 46: 103-109. 
Alderton, D.H.M., Pearce, J.A., Potts, P.J., 1980. Rare earth element mobility during granite alteration: evidence from southwest 

England. Earth Planet Sci, Lett. 49: 149-165. 
Arribas, A. Jr., Cunningham, C.G., Rytuba, J.J., Rye, R.O., Kelly, W.C., Podwisocki, M.H., McKee, E.H., Tosdal, R.M., 1995. 

Geology, geochronology, fluid inclusions, and isotope geochemistry of the Rodalquilar gold alunite deposit, Spain. Econ. Geol 
90:795�822. 

Brimhall, G.H. & Ghiorso, M.S., 1983. Origin and ore- forming concequence of  the advance argillic alteration process in 
hypogene environments by magmatic gas contamination of meteoric fluids. economic geology .78: 73-90. 

Cox, K.G. & Bell, J. D. & Pandhurst, R.G., 1979. The interpretation of igneous rocks: London, George Allen 8 unwin, 450p. 
Evans, A.M., 1992. Ore geology and industrial minerals:  Bleck well �sci, Pub., 390p. 
Fulignati, P. & Gioncada, A. & Sbrana, A., 1998. Rare earth element behaviour in the alteration facies of the active magmatic-

hydrothermal system of Volcano (Aeolian Islands, Italy). Jurnal of Volcanology and geothermal research. 88: 325-342. 
Giggenbach, W.F. 1977. The origin and evolution of fluids in magmatic- hydrothermal ore deposits, 3rd end. John Wiley, New 

York, pp 737- 796. 
 Gioncada, A., Sbrana, A., Teklematiam, M., 1995. Hydrothermal alteration and fluid inclusion in the Vulcano geothermal wells 

(Italy). Proceeding of the World Geothermal Congress, International Geothermal Association, 18- 21 May 1995, Florence, 2, 
1099- 1104. 

Haas, J.R., Shock, E.L., Sassani, D.C., 1995. Rare earth elements in hydrothermal systems: estimates of standard partial molal 
thermodynamic properties of aqueous complexesof the rare earth elements at high pressures and temperatures. Geochim. 
Cosmochim. Acta. 59: 4329�4350. 

Hemley, J.J., Hunt, J.P., 1992. Hydrothermal ore- forming processing in the light of studies in rock- buffered systems II, some 
general geological applications. Econ Geol. 87: 23-43. 

Hopf, S., 1993. Behaviour of rare earth elements in geothermal systems of New Zealand. J. Geochem. Explor. 47: 333�357. 
Keller, J., 1980. The island of Vulcano. Rend. Soc. It. Miner. Petr 36: 369�414. 

Jackson, J.  A., and Bates, R.  L., 1987. Glossary of Geology, American Geological Institute, Alexandria, Virginia, pp788. 
Koeppenkastrop, D., De Carlo, E.H., 1992. Sorption of rare-earth elements from seawater onto synthetic mneral particles: an 

experimental approach. Chem. Geol. 95: 251-263. 
Laufer, F., Yariv, S., Steinberg, M., 1984. The adsorption of quadrivalent cerium by kaolinite. Clay Minerals. 19:137�149. 
Lewis, A.J., Palmer, M.R., Sturchio, N.C., Kemp, A.J., 1997. The  rare earth element geochemistry of acid�sulpHate and acid 

sulpHate�chloride geothermal systems from Yellowstone National Park, Wyoming, USA. Geochim. Cosmochim. Acta 61, 695- 
706. 

Lindenberg, H.G,. Jacobshagen, V., 1983.  Post � Paleozoic geology of taknar zone and adjacent areas .GSI  , rep. 51: 145- 163 . 
Marsh, J.S., 1991. REE fractionation and Ce anomalies in weathered Karoo dolerite. Chem. Geol. 90:189-194. 
Michard, A., 1989. Rare earth element systematics in hydrothermal fluid. Geochim. Cosmochim. Acta .53: 745�750. 
Michard, A., Albarede, F., 1986. The REE content of some hydrothermal fluids. Chem. Geol. 55: 51�60. 
Montoya, J. W., and Hemley, J. J., 1975. Activity relations and stabilities in alkali feldspar and mica alteration reactions: Econ 

Geol. 70: 577-594. 
Palacios, C.M., Hein, U.F., Dulski, P., 1986. Behaviour of rare earth elements during hydrothermal alteration at the Buena 

Esperanza copper-silver deposit, northern Chile, Earth planet. Sci, Lett. 80: 208-216. 
Pitzer, K.S.,Pabalan, R.T., 1986- Thermodynamics of NaCl in steam: Geochimica et Cosmochimica Acta 50,1445- 1454. 
Sakai, H., Mastsubaya, O., 1977. Stable isotopic of Japanese geothermal system: Geothermic. 5: 97-124. 
Sun, S.S., Mcdonough, W.F., 1989. Chemical and isotopic systematic of oceanic basalts: implication for mantel composition and 

processes. Geological society of London, spec.pub. 42: 313- 345. 
Sverjensky, D. M., 1984. Europium redox equilibrium in aqueous solutions. Earth Planet. Sci. Lett., 67: 70-78. 
Taylor, R.P., Fryer, B.J., 1980. Multi-stage hydrothermal alteration in porpHyry copper systems in northern Turkey: the temporal 

interplay of potassic, propylitic and phyllic fluids. Can. J. Earth Sci. 17: 901�926. 
Titley, S.R. and Bean, R.F., 1981- Porphyry copper deposits. Economic geology. 75: 214-269. 
Van middelaar,.W.T,. Keith, J.D., 1990. Mica chemistry as an indicator of oxygen and halogen fugacities in the Can Tung and 

other W- related garnitoids  in the North American cordillera.  Ore bearing granite system , pp 205- 220. 
Wood, S.A., 1990. The aqueous geochemistry of the rare earth elements and yttrium: 2. Theoretical prediction of speciation in 

hydrothermal solutions to 3508C at saturation water vapour pressure. Chem. Geol . 88: 99�125. 


