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 Whitney      )  (  (Opx)   (Chr)       (  .2 
.(and Evans, 2010

 (Opx)    (      (Chr)   (Cpx)  (Opx)   (  .3 
.(Whitney and Evans, 2010      )      (Plg)   (Cpx) 
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          .    
              

 .(4 )   

   15       
     (2   1   )    
          
     .(5 )        
 47/7           
    (      )  48/1  
 Ca0.9,)     (En47.9 Wo46.7 Fs5.4)   

  .    Fe0.1) (Mg0.92, Cr0.02, Al0.06) (Si1.96 ,Al0.04)2O6

  91/3  84/4       
       (En87.6 Wo1.5 Fs11)    
 .  Mg1.7, Fe0.2, Ca0.03)2 (Si1.94, Al0.06)2O6)  
        3  
       MgO  .   
 Mg0.85 Fe0.15)2SiO4)     (6   3 )

 .   
     EMP     
    .(4 )      
           
   A.C.F             

 .(7 ) 
.(         )        .1 

Descrip. 1 2 3 4 5 6 7 8 9
Na2O 0/01 0/02 0/01 0 0/02 0/02 0/01 0/02 0/03
CaO 0/96 0/88 0/79 0/81 0/53 0/89 0/79 0/64 1/07
FeO 6/11 6/23 5/77 6/45 5/16 8/98 7/88 7/43 6/02
MgO 34/12 35/76 34/51 33/98 35/73 31/63 33/55 34/21 33/59
TiO2 0 0/01 0/02 0 0/03 0/02 0/03 0/02 0
MnO 0/15 0/19 0/14 0/11 0/17 0/24 0/19 0/21 0/17
Al2O3 0/62 0/82 0/4 0/21 1/59 1/96 1/86 1/6 0/73
Cr2O3 0/45 0/51 0/27 0/18 0/45 0/39 0/42 0/38 0/47
SiO2 58/15 56/41 59/11 58/41 57/15 56/49 55/97 55/54 58/08
Total 100/06 100/06 101/01 100/02 100/08 100/6 100/70 100/10 100/20
TSi 1/99 1/92 2/02 2/02 1/94 1/96 1/93 1/92 1/54
TAl 0/01 0/03 0 0 0/06 0/07 0/06 0/02

M1Al 0/02 0 0/02 0/01 0/01 0/05 0 0 0
M1Ti 0 0 0 0 0 0 0 0 0
M1Cr 0/01 0/01 0/01 0/01 0/01 0/01 0/01 0/01 0/01
M1Mg 0/96 0/99 0/98 0/99 0/98 0/943 0/98 0/99 0/99
M2Mg 0/78 0/83 0/78 0/76 0/83 0/69 0/74 0/77 0/34
M2Fe2 0/18 0/18 0/16 0/19 0/15 0/26 0/23 0/21 134/
M2Mn 0/004 0/005 0/004 0/003 0/005 0/007 0/006 0/006 0/004
M2Ca 0/035 0/032 0/029 0/03 0/019 0/033 0/029 0/024 0/956
M2Na 0/001 0/001 0/001 0 0/001 0/001 0/001 0/001 0/002

Sum_cat 4 4 4 4 4 4 4 4 4

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

...       

84

.(       )        .2 

Descrip. 1 2 3 4 5 6
Na2O 0/11 0/11 0/12 0/11 0/12 0/13
CaO 23/18 23/02 22/91 23/9 23/01 22/08
FeO 3/26 3/04 3/19 3/14 3/52 3/29
MgO 16/89 16/79 16/92 16/69 17/02 16/95
TiO2 0/09 0/06 0/08 0/08 0/11 0/09
MnO 0/11 0/1 0/12 0/13 0/19 0/09
Al2O3 2/09 2/26 2/32 2/43 2/43 2/38
Cr2O3 0/61 0/57 0/59 0/59 0/59 0/6
SiO2 53/87 54/15 54/12 53/56 53/56 53/82
Total 100/2 100/11 100/39 99/62 100/55 100/14
TSi 1/96 1/972 1/965 1/96 1/942 1/958
TAl 0/04 0/028 0/035 0/04 0/058 0/042

M1Al 0/05 0/069 0/065 0/065 0/045 0/06
M1Ti 0/002 0/002 0/002 0/002 0/003 0/002
M1Cr 0/018 0/016 0/016 0/017 0/017 0/017
M1Mg 0/916 0/911 0/916 0/91 0/92 0/919
M2Mg 0 0 0 0 0 0
M2Fe2 0/085 0/091 0/096 0/09 0/092 0/099
M2Mn 0/003 0/003 0/004 0/004 0/006 0/003
M2Ca 0/904 0/898 0/891 0/898 0/894 0/889
M2Na 0/008 0/008 0/008 0/008 0/008 0/009

Sum_cat 4 4 4 4 4 4
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.                  .5 

Descrip. 1 2 2 4 5
Na2O 0/02 0/1 0/08 0/13 0/06
CaO 0/04 0/12 0/1 0/15 0/09
FeO 14/61 12/91 13/41 13/88 14/3
MgO 44/83 45/32 45/1 44/9 45/3
TiO2 0/01 0/01 0/01 0/01 0/01
MnO 0/23 0/24 0/22 0/27 0/3
SiO2 40/3 40/3 41/1 40/7 39/9
Total 100/04 99/02 100/02 100/04 99/96

Si 1/008 1/011 1/01 1/013 1/01
Fe2 0/306 0/271 0/28 0/278 0/31
Mg 1/672 1/695 1/68 1/68 1/675
Mn 0/005 0/005 0/005 0/005 0/005
Ca 0/001 0/003 0/001 0/003 0/002
Na 0/001 0/005 0/004 0/005 0/003

Sum_cat 2/993 2/99 2/98 2/984 3/005

.(         )        .3 
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.              .6 

.(       )          .4 

Sample 1 2 3 4 5 6 7 8
MgO 9/72 9/68 9/18 9/04 7/77 9/50 9/96 10/02
Al2O3 7/49 7/48 7/76 8/85 5/45 7/61 10/64 10/87
FeO 21/83 21/77 22/56 22/75 21/54 21/82 18/93 19/01

Cr2O3 60/25 60/99 60/17 58/99 58/54 60/21 59/80 59/10
MnO 0/43 0/41 0/43 0/44 0/41 0/43 0/25 0/20
TiO2 0/10 0/08 0/05 0/13 0/06 0/09 0/08 0/06
Al 0/30 0/29 0/31 0/35 0/23 0/3 0/41 0/42
Ti 0/01 0/01 0/01 0/01 0/02 0/02 0/02 0/01
Fe2 0/50 0/51 0/53 0/54 0/57 0/51 0/50 0/50
Fe3 0/11 0/10 0/10 0/10 0/09 0/10 0/02 0/03
Cr 1/59 1/61 1/59 1/55 1/68 1/6 1/56 1/55
Mn 0/01 0/01 0/01 0/01 0/01 0/01 0/01 0/01
Mg 0/49 0/48 0/46 0/45 0/42 0/48 0/49 0/49

sum Cat. 3 3 3 3 3 3 3 3
Mg# 5/49 5/48 5/46 5/45 4/42 5/48 5/49 5/49
Cr# 84 85 84 82 88 84 79 78

No. of atoms, O = 4      
Cr# = 100 Cr/(Cr+Al)      
Mg# = 100 Mg/(Mg+Fe+2)
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.Al2O3-Cr2O3-FeO          .7 

    )          .8 
.(Cookenboo et al., 1997

         .9 
.( Page et al,. 2008    )     

 Mg0.47, Fe0.52, Mn0.01)(Cr1.55,)     
  2/95   2/45   Cr/Fe   Al0.35, Fe0.08,Ti0.002)2O4

 .    Cr# 4/81  
 Al2O3         
   Fe (%60  )  Cr2O3 (%7 ) 
      .     
           (8 ) 

 .(9 )

    
:          

 PGE  Cu  Ni   :   (1
              
Eck-)               
 :             .(strand, 2005
             (1
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    .          
             
               
         (2  .
           
        .       PGE  

.         
  PGE  Cu  Ni   :   (2
           

.(Eckstrand, 2005)
       :   (3
               

 .(Eckstrand, 2005)          
    Co   Ni    :   (4
              
              

 .(Eckstrand, 2005)
     PGE      

:             
          .1
        Cr    Os  Ru  Ir
           

 .(Naldrett and Cabri, 1996)     
               .2
   .           
           
              
 .(Auge, 1988)        PGE  
            .3
  .            
 Stump )           

.(and Tarkian, 1976
          5  
 PGE (Cameron et al.,       
  (McDonough and Sun, 1995)      (2005

.         

  Pd  Pt  
       6     
         
           
           
       .      
   ) 113 ppb      

.     PGE      S  PGE  Cu  Ni  Au   :5 

Locality Os 
(ppb)

Ir 
(ppb)

Ru 
(ppb)

Rh 
(ppb)

Pt 
(ppb)

Pd 
(ppb)

Au 
(ppb)

Ni % Cu % S %

Primitive Mantle 3/4 3/2 5 0/9 7/1 3/9 1 0/196 0/03 0/03
Sul de-Poor Mineralization
UG2 98 123 629 363 2558 1850 174 0/146 0/173 0/45
Merensky 63 74 430 240 3640 1530 310 0/17 0/09 0/42
Great Dyke 63 110 360 38 128 1560 21 0/141 - 0/02
Stillwater 1370 890 170 0/34 0/46 1/6
Lac des Iles 1/4 0/95 3/9 2/4 542 4740 470 0/16 0/16 0/6
Sul de-Rich Mineralization Normalized to 100% sul de
Sudbury 5 8 9 19 590 511 79 3/6 2/8
Talnakh 280 200 200 520 2350 9980 260 4/74 3/57 31/3
Lennon Shoot 357 197 365 212 1673 1899 7215 49/6 12/4 36/6
Suhanko 20 50 44 357 1506 11030 100 2 0/72 25/8
Pechenga 64 45 112 55 359 386 12 8/9 1/94 37/4
Placer Weighted mean of cumulative production 1936 to 1972 (%)
Goodnews Bay 2/2 11/3 0/2 1/3 2/82 0/4 2/4
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  12   19/6  54/7      
 ppb  )        (26/7 ppb
       .(10 )  (5
 (25/2  ppb)         
     (4/7 ppb)     
     .(10  )      (1/3  ppb)
     (1/6 ppb)     
  Pt     .  (1/3 ppb)  
       22 ppb      Pd
 )         
      .(10 ) (6/5  7/7  ppb 

     .          
           
          
 ppb      54  ppb     
         .     12
    (19/6 ppb)    (26/7 ppb) 
 (3/1  ppb)    (<1/3  ppb)     

.         
           
   .          

.(6 )   5 ppb        

PGE concentrations by ICP-MS Pd (ppb) Pt (ppb) Pt+Pd (ppb)

 Chromite 1/6 25/2 26/8
Pyroxene <1/3 4/7 
Ultrama c rock <1/3 1/3 

 Chromite 1/9 37/8 39/7
Pyroxene 2/3 20 22/3
Ultrama c rock <1/3 2/4 

 Pyroxene 6/5 7/7 14/2
Ultrama c rock 22/5 21/2 43/7

 Chromite 12 54/7 66/7
Pyroxene 26/7 19/6 46/3
Ultrama c rock <1/3 3/1 

.(WR)         (Px)   (Chr)        ICP-MS   .6 

 (KT)   (DC)   (TH)   (CB)                 .10 
(Chr: Chromite, Px: Pyroxenite, WR: Whole rock) .   
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   5 ppm          
    Pd    Pt   6      
       ppb     

.    
            
         
            
           
         .  
            

 .   

 
          
           
          
            
            .  
           

 .    
         
 Mg0.47,Fe0.52,Mn0.01)(Cr1.59,Al0.33)   
 )  #Cr (2/7)  Cr/Fe   Fe0.08,Ti0.002,)2O4
    (42/5-49/5) #Mg (81   88  78
    .   (TiO2  %0,08  = )  
         Pt+Pd
           66/7 ppb  
           <4 ppb
 4 ppb  7     Pd  Pt  )  

.(  

       .1383 .   -
.586 .    

     (1979)     -
.1:250000 

     (1985)      -
.1:250000 

- Auge, T., 1988. Platinum-group minerals in the Tie-
baghi and Vourinos Ophiolitic Complexes: genetic impli-
cations. Canadian Mineralogist, 26, 177-192.

- Babaie, H.A., Ghazi, A.M., Babaei, A., La Tour, T.E. 
and Hassanipak, A.A., 2001. Geochemistry of arc volcan-
ic rocks of the Zagros crush zone, Neyriz, Iran. Journal of 

Asian Earth Sciences, 19, 61–76.
- Barnes, S.J., and Franceis, D., 1995. The distribution 

of platinum-group elements, nickel, copper and gold in the 
Muskox layered intrusion, Northwest Territories, Canada. 
Economic Geology, 90, 135-154.

- Cameron, E.M. and Hattori, K.H., 2005. Platinum-
group element in Geochemical Exploration, in explora-
tion for platinum-group elements deposits (J.E. Mungall). 
Short Course delivered on behalf of the Mineralogical As-
sociation of Canada in Oulu, Finland, 35, 287-307.

- Cookenboo, H.O., Bustin, R.M. and Wilks, K.R., 1997. 
Detrital chromian spinel compositions used to reconstruct 
the tectonic setting of provenance: implications for orog-
eny in the Canadian cordillera. Journal of Sedimentary 
Research, 67, 116-123. 

- Eckstrand, O.R., 2005. Ni–Cu–Cr–PGE mineraliza-
tion type: distribution and classi cation in exploration for 
platinum-group elements deposits (J.E. Mungall). Short 
Course delivered on behalf of the Mineralogical Associa-
tion of Canada in Oulu, 35, 487-494.

- McDonough, W.F., and Sun, S.S., 1995. Composition 
of the Earth. Chemical Geology, 120, 223-253.

- Naldrett, A.J., and Cabri L.J., 1996. Ultrama c and 
related ma c rocks: Their classi cation and genesis with 
special reference to the concentration of nickel sul des 
and platinum-group element. Economic Geology, 71, 
1131-1158.

- Page, P., Bedard, J.H., Schroetter, J.M. and Tremblay, 
A., 2008. Mantle petrology and mineralogy of the Thet-
ford, Mines Ophiolite Complex. Lithos, 100, 255–292.

- Proenza, J.A., Zaccarini, F., Escayola, M., Cabana, 
C., Schalamuk, A., and Garuti, G., 2008. Composition 
and textures of chromite and platinum group minerals in 
western ophiolitic belt from Pamean Ranges of Cordoba, 
Argentina. Ore Geology Reviews, 33, 32 – 48.

- Sarkarinejad, K., 2003. Structural and microstructural 
analysis of paleotransform fault zone in neyriz ophiolite, 
Iran. Geological Society of London Special Publication, 
218, 129-145. 

- Stump , E.F. and Tarkian, M., 1976. Platinum gen-
esis: new mineralogical evidence. Economic Geology, 71, 
1451-1460.

- Whitney, D.L. and Evans, B.W., 2010. Abbreviations 
for names of rock-forming minerals. American Mineralo-
gist, 95, 185-187.

www.sid.ir

