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,       

        

  ,   « » .  

          

  .     



11 

 

  d,   –   

.    IHKL,   

   (hkl)  n –   « »,  H = nh, 

K= nk, L = nl,  : 

                                 

(1.2) 

 C –      ,   

  ; –  ;  

    ,      (1.3)  

fj –   ,     

; xj, yj , zj -   ; Phkl –  

,    ,  

     .      

   ; e -2M –  ; A(θ) –  

,    ,     

 .   ,    

,     :   ; 

  ;  ,     

 ,     ,  

  .      

    .      

 ,        

 .       

       . 

          

 [3].  

 [3,4,5]      
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:  
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1.  ; 
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3.  ;  

4.   ; 

 

1.1     

  ,    

 ( )      

  [6].    

      . 

      

  ( Ф ).      

    (э ). 

       , 

  ,     

    10  20%.   

       

 ,   ,    

 .       

          

 .       

    , ,   

.  

           ,                                                 (1.4) 

 Cij  Iij –     j   i, Lj  

    j,  –   

 i-  . 
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,       (1.5) 

         

(1.6). 

 ,       (1.6) 

        

     ,    

    .       

        . 

          

  .      (1.4)   

:  

      (1.7), 

     (1.7) 

       

(1.8), 

 ,      (1.8) 

       

:    ,  

     ,     

  .  ,     

       , 

,     . 

 

1.2    
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     , , 

    ,  ,  

я ы    я  ы[7,8].   

          

  .     

 :   ,  

     .   

      .  

  

1.3      

  ,     

, . .     , 

     -   

( ) ,  ,  ы   [9,10,11]  

     .    

 ,     . 

          

    1:1.     

   .      

 Al2O3 α- . 

       : 

.ijjiij ILMC                                           (1.9) 

  (9)     : 

,1//// maxmax
jjjjj LLKLLIICC        (1.10) 

 Кj –    j.   

 

 (1.9)  ,       

  Lj  j  L  :   



15 

 

   jj LLK /
 .            (1.11) 

    .  

1)    ; 

2)    ,    . 

       

     .  

       

 .       

  ,      

    .  

 

1.4      

       

     .  

    : 

         

 ; 

      ; 

       

 ; 

     ,  

 ; 

     

     

 ,        

.      Ihkl, 

      (hkl) 

  [12-14]: 
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   Ihkl = KThkl jhkl Phkl |Fhkl|
2 e-2Whkl,      (1.12) 

    ,    Ihkl  

 ,   λ,  ,    . .; Thkl - 

  ,      ; Phkl - 

 (    Phkl =1/sinθsin2θ  

― ‖   ,  Phkl = 1/sin22    

      ), e−2Whkl - 

 , jhkl -    

 (hkl),  ,     

,  ,   dhkl 

  ; Fhkl -  [15]. 

      

   .     

     

,       ( ) 

        

   .   

    :  
   χ = ∑ ωi( Iexp,I – Icalc,i ) 

2     (1.13) 

 ωi –  i , Iexp –     

      , Icalc – 

  .     

   -     di.  

 Icalc   :  

 Icalc (di) = C  ∑ jhkl |Fhkl|
2  d4

hkl ϕ(dhkl - di) + Ib (di),   (1.14) 

  –  , dhkl
4 - ,  

 , ϕ - ,    , 

Ib -  .       

  Fhkl [16]. 

     : 
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.      ,   
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       R-

. R-        

 .       

     RB    

 R F       [17]: 

  

         (1.15) 

          (1.16) 

 

 ,       

« » R-     R-    

 .     

R-    GOF (Goodness Of Fit)[17,18].  

      ,   

. 

        (1.17) 

 

 

1.5      -

  ( ) 

      

   .     

       .   

          

  .   2[19,20]  
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2.   

2.1   

      « », 

  ,     2.1 

     . 

 2.1 –       . 
 S Fe Co Ni Cu 

  
  

 
1_H_034_210518 

35,8 54,36 0,17 3,8 5,6 

Cu -  38,8 26,45 0,011 1,84 33,18 
Ni -  38,9 44,04 0,09 14,23 2,65 

 
 

 
44,5 54,3 0,03 0,93 0,13 
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     , 

 Cu , 
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2.2   

     [22].     

      ,   

  .    ,  

   Shimadzu XRD 7000 X-RAY DIFFRACTOMETER 

 3.      . 

        2.2. 

 

 3 - Shimadzu XRD 7000 X-RAY DIFFRACTOMETER. 

 

 2.2 –  . 

 
Scan Range ( ) / 

deg 
Step ( ) / deg 

Scan speed (  
) / deg/ min 

Cu -  5 – 70 0,0300 1,500 

Ni -  5 – 70 0,0300 1,500 

   
  

1_H_034_210518 
5 – 70 0,0300 1,500 

  
 

5 – 70 0,0300 1,500 
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    PDF2    5.  
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2.3.2 TOPAS-Academic -     , 

     ,  
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   .   TA   , 
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[24]. 
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GUI (Graphical User Interface) –    
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 .   Hill & Howard (1987) [25]  

      (Weight Fraction) 

 r    n : 

 

 S –      ; Z –  

    ; M –   (  

 ); V –  . 

 ,     : 
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     ,    

 ;  

    :  

      100 % ;  

    ,    

   ;  

      ,  

     (spike phase):  

        

  , . .  ;  
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«  » STD.  
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 6         .CIF   
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14.5% .      ~ 15 % .   

   – 4,8%    – 3,1% . 

       

  . ,  3    

.  . 7      

,      (  – 

 , . .  ). ,     

  .      

   . 

  3.1       

    (  ).  

 

 3.1 –        (% .) 

Phase 
, % 

,  
 

  IPS Topas 
IPS Topas 

Fukuchilite Fukuchilite (Fe,Cu) S2 0,64 1,087 

Cubanite Isocubanite CuFe2S3 1,28 0,648 

Anorthite_sodian Anorthite_sodian Ca[Al2Si2O8] 4,80 5,303 

Copper Iron sulfide Chalcopyrite syn CuFeS2 4,61 1,505 

Talnakhite Talnakhite Cu18(Fe, Ni)18S32 1,4 1,579 

Cubanite Cubanite CuFe2S3 2,18 2,252 

Chalcopyrite Chalcopyrite CuFeS2 5,03 9,860 

Cronstedtite_2H2 Cronstedtite_2H2  (Fe2+,Fe3+)3(Si,Fe3+)2O5(OH)4 1,61 3,240 

Pentlandite Pentlandite (Fe,Ni)9S8 1,70 5,115 

Greenalite-1M Greenalite (Fe,Fe)2-3Si2O5(OH)4 2,49 4,526 

Pyrrhotite_4C Pyrrhotite_4C FeS 8,94 6,180 

Pyrrhotite_5C Pyrrhotite_5C FeS 18,4 18,81 

Pyrrhotite_5C Pyrrhotite_5C FeS 32,6 20,310 
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Pentlandite Pentlandite (Fe,Ni)9S8 1,38 1,502 

Biotite-1M Biotite 
K(Mg, Fe)3[(OH, 

F)2|AISi3O10] 
1,68 5,121 

Trevorite syn Trevorite NiFe2O4 4,8 5,624 

Nickel Iron Oxide Ni0.4_Fe2.6_O4 O27.51 Fe62.40 Ni10.09 0,21 1,884 

Pentlandite Pentlandite (Fe,Ni)9S8 1,68 0,877 

Quartz syn Quartz_low SiO2 3,04 4,568 

 

          

      ,   , 

, ,  2-     

,     .  ,    ,  

   PDF2  ,      ,   

        , 

     ,     

 2-    5 . ,  

       

,        

     ,   

  3.2. 
 

 3.2 -       

  

 

 
, %  

.  IPS Topas 

Fe 54,36 48,6 47,1 
Ni 3,8 3,01 4,26 
Cu 5,6 4,98 5,6 
Si - 3,35 4,8 
S 35,8 30,4 24,43 
O - 7,83 8,99 
Co 0,17 -  
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Al - 0,97 1,87 
Ca - 0,46 1,94 
K - 0,13 0,4 
H - 0,05 0,05 
Na - 0,13 0,57 

 

   8     

,    .  «  – 

»  Rwp  8,49 %,    

 .       

        , 

   . 

 

 

 8 -        

 1_H_034_210518  Topas. 
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      6 .   

    , , , . 

    :  .    

   ~ 99,837% .        

    – 87,1% ,  Ni-  : 

 – 3,2% .      0,163% , 

    – 0,163% .   

  3.3       

    (  ).  

 3.3 –     Cu –   

   (% .) 

Phase , %  

 
  IPS Topas 

IPS Topas 

Chalcopyrite Chalcopyrite Cu Fe S2 85,0 87.176 

Pentlandite Pentlandite ( Fe , Ni )9 S8 3,38 3.252 

Silicon Oxide Silicon Oxide Si O2 2,06 0.163 

Pyrrhotite syn Pyrrhotite Fe0.893 S 2,70 3.508 

Copper Sulfide Copper Sulfide Cu S2 2,54 0.638 

Cubanite Cubanite Cu Fe2 S3 4,25 5.263 

 

 3.4 -       

  

 
, %  

.  IPS Topas 

Fe 26.07 30.3 31.82 

Ni 1.79 1.15 1.18 

Cu 31.65 31.7 31.74 

Si - 0.96 0.08 

S 40.46 34.6 35.10 

O - 1.09 0.09 

Co 0.009 - - 
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  10     
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 «  – »  Rwp   7,454%,  
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 10 –    Cu-   Topas. 
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     Ni –   

, , .      : . 

   ~ 93,22% .      

    51,89% .,  Ni –  : 

 – 35,224% .,  Cu –  :  – 

6,106% ..         – 4,2% 

.. 

 3.5 –        (% .) 

Phase , %  

 
  IPS Topas 

IPS Topas 

Chalcopyrite Chalcopyrite Cu Fe S2 5,11 6,106 

Pentlandite Pentlandite Fe4.2 Ni4.8 S8 28,7 35.224 

Quartz low Silicon Oxide Si O2 3,16 1.627 

Pyrrhotite syn Pyrrhotite Fe0.893 S 43 51,89 

Silicon Oxide Silicon Oxide Si O2 0,65 1.761 

Silicon Oxide Silicon Oxide Si O2 2,26 0.845 

Pyrite Pyrite Fe S2 3,67 2,365 

Magnetite syn - Fe3 O4 0,38 - 

Nickel syn - Ni 0,51 - 

 

        

  .       

,      PDF2       

     ,    

   . 
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 3.6 -       

  

 
, %  

.  IPS Topas 

Fe 44,04 38,4 44,24 
Ni 14,23 23,4 14,89 
Cu 2,65 1,76 2,11 
Si - 2,84 1,78 
S 38,9 30,1 34,58 
O - 3,34 2,03 
Co 0,09 - - 

 

 
        

 .    ,  Ni- .  

  ,      Cu  Ni   

  : , , .     

 ,      

 .    12   

  ,    . 

 «  – »  Rwp  9,347%,  

   . 

 

 12 -    Ni -   Topas. 
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        80,967% ., 

       – 75,487% .,  

 Ni-  : ,     – 

6,459% ..  

   19,033% .       

 – 2,618% .    – 2,175% ..    

    .  ,  3 

      13.  

 

 3.7  –        (% .) 

Phase , % . 

 
  IPS Topas 

IPS Topas 

Quartz syn Quartz_low SiO2 2,47 2.618 

Anorthite_sodian Anorthite_sodian 
Ca.66 Na.34 Al1.66 

Si2.34 O8 
2,72 2.175 

Chalcopyrite Chalcopyrite Cu Fe S2 0,49 0.974 

Magnetite syn Magnetite Fe3 O4 1,4 1.319 

Pyrrhotite_4C syn Pyrrhotite_4C Fe7 S8 12,8 12.443 

Pyrrhotite_5C Pyrrhotite_5C Fe9.007 S10 45,9 40.353 

Biotite-1M Biotite 
K (Fe2.554 Al0.446) 
((Al1.55 Si2.45)O10) 

(OH)2 
1,21 3.169 

Trevorite syn Trevorite Ni Fe2 O4 1,61 1.731 

Gypsum syn Gypsum Ca S O4 2H2O 1,77 3.544 

Cronstedtite_2H2 Cronstedtite_2H2 
Fe3 (Si1.44 Fe0.56) O5 

(OH)4 
1,73 1.165 

Greenalite-1M Greenalite Fe3 Si2 O5 (OH)4 2,59 3.190 

Pyrrhotite_5C Pyrrhotite_5C Fe9.017 S10 24 22.591 

Pentlandite Pentlandite Fe Ni S2 0,64 0.663 

Pentlandite Pentlandite Fe Ni S2 0,53 0.753 

Nickel Oxide Oxide Iron Nickel NiO 0,40 3.312 
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   ,    PDF2  ,   

,   : , ,   

   .     

        3.8. 

 3.8 –      

   

 
, % . 

.  IPS Topas 

Fe 54,3 55 53,53 
Ni 0,93 1 2,26 
Cu - - - 
Si - 2,55 3,14 
S 44,5 33,2 31,29 
O - 6,49 6,11 
Al - 0,57 0,5 
Ca - 0,67 2,09 
K - 0,09 0,25 
H - 0,09 0,12 
Na - 0,07 0,37 

 

  14        

 .  «  – »  Rwp 

 9,514 %,        

  10%.        

 ,    . 
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 14-        

Topas. 

 

3.5    

      

       

     , ,   

      .  

           

    ,     

,      -    

  .      

 ,    .   

  : , , , , 

   S, Ni, Fe, Cu. 

 «   R-  (Rwp)   

       7  10 % .,   
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 3.9      

  .  

 3.9 -   Rwp     

№     Rwp,% 
1 Cu-  6 7,454 
2 Ni-  7 9,347 
3 3_hvost_contr_flot 15 9,514 
4 1_H_034_210518 19 8,495 

  

        

 .       

       

,   ,      

   ,    .  

     ,    

      ,     

 .    . 

1). ,         

      

  . ,     

     , ,   ICSD. 

2).  ,      

         

          

   .         

   , ,   . 
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  .    II   ,  

   200 .      

   .  

 

4.3.1    
     

   : 

                                                                                             (4.1) 

 n –     , 

 II , n=2. 

en  -      1,2   23-05-95, 

=1,5%. 

mn-   , mn – 0,9. 

 

      

   : 

                                               (4.2) 

  S0 –   , 2; 

 Sn –   , 2; 

 0  -    ( =9); 

 t0 –    (t0 = 0,5); 

 r1 – ,       

  ( r1 = 2); 

  –   (  = 1,3); 

 . . – ,     

 ( . . = 1,4); 
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5.   

      

 ,   ,    

     . 

 

5.1      

5.1.1   

         

 ,   ,   , 

   [31].   

    : 

                                                    (5.1) 

  –   1  –  , ; 

N –  , ; 

τ –   , ; 

    Shimadzu XRD 7000 X-RAY 

DIFFRACTOMETER: 

                                (5.2) 

    (  ): 

                                (5.3) 

      458,1 . 

 5.1.2     
         

,          

    .    

 : 

                                              (5.4) 

  –    , ; 

T  –    , ; 
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 –     . 

= (14500 / 150) ∙ 26 = 2513                          (5.5) 

 =  * К ,                                     (5.6) 

  ,                                                 (5.7) 

  –   , ; 

 –        ; 

 – 0,2  -  . 

     = 2513 * 0,2  = 503      (5.8) 

  :  

 =  +  = 2513 + 503 = 3016 . 

 

 5.1.3    
 ,        

 : 

  ,                                                (5.9)  

  –  , ; 

 –  , %; 

 – (1/T) * 100; 

T –       , 

;  

τ –      , .  

     5.1. 
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 5.1 –   

 

 
-  , . , . a,% τ, . 

 

, . 

 

Shimadzu XRD 7000 

X-RAY 

DIFFRACTOMETER  

1 28000000 30 1,5 0,35 147000 

 1 15000 150 1,5 0,35 78,75 

 147078,75 
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1 
 

  
 

   Shimadzu XRD 7000 X-
RAY DIFFRACTOMETER 

  
    Cu , Co , Fe , Cr  

  
   

1,0  10,0 ;   
2,0  

 
0,4  12,0 ;   

2,2  
 

2,0 x 12,0 ;   
2,7  

  
  3  

  60  
  80  

  
   ,   

    ,   
  

  
  , 

  
 

  ( - ) 

  
275   

(    200  275 )  
   

( * * ) 
400  550  400  

 5  ( )  
   0,0001  ( )  

  

 , 
 , , 

,    
 

  
0,1~50 /  ( s, d),   

0,1~100 /  (2 )  
 /  

  
 NaI,   : 

1 

OneSight ( ) 
  

,  : 1280  
  

http://www.shimadzu.ru/onesight-%D0%B2%D1%8B%D1%81%D0%BE%D0%BA%D0%BE%D1%81%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D0%BD%D0%BE%D0%B9-%D1%88%D0%B8%D1%80%D0%BE%D0%BA%D0%BE%D1%83%D0%B3%D0%BE%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9-%D0%B4%D0%B5%D1%82%D0%B5%D0%BA%D1%82%D0%BE%D1%80-%D0%B4%D0%BB%D1%8F-xrd-61007000


2 

 

 ( * * )  900  700  1600  

  

 1 m Sv /    
,   

 -  
 

 
  



3 

 

  

 

     1_H_034_210518 

       , 

    ,    

        TOPAS 

. 

 3 –   Fukuchilite; Cubic; (Fe, Cu)S2; 

space_group Pa-3;  

Parameter a b c alpha beta gamma 

Value 5.62110 5.62110 5.62110 90 90 90 

 

 4 –    

 Type X Y Z Site mult. 

Cu1 Cu 0 0 0 4 

Fe1 Fe 0 0 0 4 

S1 S 0.3951 0.3951 0.3951 8 

 

 5 –   Isocubanite; space group F-43m; Cubic; 

S35,44 Fe41,17 Cu23,39; 

Parameter a b c alpha beta gamma 

Value 5.26469 5.26469 5.26469 90 90 90 

 

 6 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.25 0.25 0.25 4 

Cu1 Cu 0.25 0.25 0.25 4 

Fe2 Fe 0.75 0.75 0.75 4 

Cu2 Cu 0.75 0.75 0.75 4 

S1 S 0 0 0 4 
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 7 –   Anorthite_sodian; O47,03 Na2,79 

Al16,36 Si24,25 Ca9,57; space group I-1; 

Parameter a b c alpha beta gamma 

Value 8.17297 12.87949 14.20730 93.30577 115.88499 90.44995 

  

 8  –    

 Type X Y Z Site mult. 

Ca1 Ca 0,267 0,9831 0,085 4 

Na1 Na 0,267 0,9831 0,085 4 

Ca2 Ca 0,27456 0,03304 0,4677 4 

Na2 Na 0,27456 0,03304 0,4677 4 

Ca3 Ca 0,2641 -0,0059 0,5772 4 

Na3 Na 0,2641 -0,0059 0,5772 4 

Ca4 Ca 0,2696 0,027 0,5474 4 

Na4 Na 0,2696 0,027 0,5474 4 

Si1 Si 0,00762 0,16079 0,10511 4 

Al1 Al 0,004 0,16475 0,6099 4 

Al2 Al 0,00071 0,81565 0,11783 4 

Si2 Si 0,00071 0,81565 0,11783 4 

Si3 Si 0,00469 0,81718 0,6134 4 

Al3 Al 0,68774 0,11092 0,15841 4 

Si4 Si 0,68774 0,11092 0,15841 4 

Si5 Si 0,6809 0,10676 0,65872 4 

Si6 Si 0,67851 0,88083 0,18039 4 

Al4 Al 0,68331 0,8765 0,67724 4 

Si7 Si 0,68331 0,8765 0,67724 4 

O1 O 0,0071 0,1284 0,991 4 

O2 O 0,9981 0,1279 0,4887 4 

O3 O 0,57981 0,99098 0,13964 4 

O4 O 0,57736 0,99173 0,63817 4 

O5 O 0,819 0,1031 0,0928 4 

O6 O 0,8051 0,1033 0,5949 4 

O7 O 0,8109 0,8539 0,1262 4 

O8 O 0,8192 0,8541 0,6173 4 

O9 O 0,013 0,2841 0,1373 4 

O10 O 0,0149 0,2942 0,6457 4 

O11 O 0,0114 0,6826 0,1087 4 

O12 O 0,0116 0,6905 0,603 4 

O13 O 0,1935 0,1077 0,1895 4 



5 

 

O14 O 0,2015 0,1052 0,6921 4 

O15 O 0,1951 0,8677 0,2178 4 

O16 O 0,1861 0,8636 0,713 4 

 

 9 –   Cu_Fe_S2; Tetragonal; S34,94 Fe30,43 

Cu34,63; space group I-42d; 

Parameter a b c alpha beta gamma 

Value 5.24345 5.24345 10.19113 90 100.27994 90 

 

 10 –    
 Type X Y Z Site mult. 

Cu1 Cu 0 0 0 4 
Fe1 Fe 0 0 0.5 4 
S1 S 0.248 0.25 0.125 8 

 

 11 –   Talnakhite; Cubic; space group I-43m; 

S33,32 Fe28,87 Cu37,81;  

Parameter a b c alpha beta gamma 

Value 10.56791 10.56791 10.56791 90 90 90 

 

 12 –    

 Type X Y Z Site mult. 

Fe1 Fe 0 0 0 2 
Cu1 Cu 0.2571 0 0 12 
Fe2 Fe 0.2571 0 0 12 
Cu2 Cu 0.5 0.25 0 12 
Fe3 Fe 0.5 0.25 0 12 
Cu3 Cu 0.2528 0.2528 0.2528 8 
Cu4 Cu 0.5 0 0 6 
S1 S 0.1245 0.1245 0.1245 8 
S2 S 0.1209 0.3737 0.3737 24 

 

 13 –   cubanite polymorph; Hexagonal; space 

group Pcmn; ( Cu Fe2 ) S3; 

Parameter a b c alpha beta gamma 

Value 6.58569 11.09050 6.10052 90 90 120 
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 14 –    

 Type X Y Z Site mult. 

Cu1 Cu 0.5836 0.25 0.1227 4 
Fe1 Fe 0.41479 0.41293 0.63664 8 
S1 S 0.5857 0.25 0.7577 4 
S2 S 0.4116 0.41545 0.26703 8 

 

 15 –   Chalcopyrite; Tetragonal; space group 

I-42d; S34,94 Fe30,43 Cu34,63; 

Parameter a b c alpha beta gamma 

Value 5.29466 5.29466 10.41555 90 90 120 

 

 

 16 –    

 Type X Y Z Site mult. 

Cu1 Cu 0 0 0 4 
Fe1 Fe 0 0 0.5 4 
S1 S 0.257 0.25 0.125 8 

 

 17 –   Cronstedtite_2H2; Hexagonal; space 

group P63; H0,78 O37,28 Si10,47 Fe51,47; 

Parameter a b c alpha beta gamma 

Value 5.48172 14.16268 5.48172 90 90 120 

 

 

 18 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.3332 0.0016 0.4 6 
Fe2 Fe 0.3332 0.0016 0.4 6 
Si1 Si 0 0 0.2027 2 
Fe3 Fe 0 0 0.2027 2 
Si2 Si 2/3 1/3 0.1997 2 
Fe4 Fe 2/3 1/3 0.1997 2 
O1 O 0.3274 0.1019 0.1652 6 
O2 O 0 0 0.3258 2 
O3 O 2/3 1/3 0.3265 2 
O4 O 1/3 2/3 0.3274 2 
O5 O 0.333 0.334 0.4725 6 
H1 H 0.36 0.37 0.536 6 
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 19 –   Pentlandite; Cubic; space group Fm-

3m; S33,19 Fe30,37 Ni36,43; 

Parameter a b c alpha beta gamma 

Value 10.06211 10.06211 10.06211 90 90 90 

 

 

 20 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.5 0.5 0.5 4 
Ni1 Ni 0.5 0.5 0.5 4 
Fe2 Fe 0.1261 0.1261 0.1261 32 
Ni2 Ni 0.1261 0.1261 0.1261 32 
S1 S 0.25 0.25 0.25 8 
S2 S 0.2629 0 0 24 

 

 21 –   Greenalite; space group C12/m1; 

O39,16 Si15,28 Fe45,56; 

Parameter a b c alpha beta gamma 

Value 5.33879 9.04784 14.22898 90 90 89.69499 

 

 

 22 –    

 Type X Y Z Site mult. 

Fe1 Fe 0 0 0 2 
Fe2 Fe 0 0.3333 0 4 
Fe3 Fe 0 0 0.5 2 
Fe4 Fe 0 0.3333 0.5 4 
Si1 Si 0.3328 0.3333 0.1949 8 
O1 O 0.3349 0.3333 0.077 8 
O2 O 0.3349 0 0.077 4 
O3 O 0.094 0.236 0.236 8 
O4 O 0.31 0.5 0.236 4 
O5 O 0.1656 0.1667 0.4303 8 
O6 O 0.1656 0.5 0.4303 4 

 

 23 –   Pyrrhotite_4; space group C12/c1; 

S39,62 Fe60,38; 

Parameter a b c alpha beta gamma 

Value 11.91085 6.88037 12.96265 90 118.43699 90 
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 24 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.126 0.0981 0.9908 8 
Fe2 Fe 0.256 0.1266 0.2462 8 
Fe3 Fe 0.3594 0.1401 0.5 8 
Fe4 Fe 0 0.3931 0.25 4 
S1 S 0.8957 0.1228 0.8755 8 
S2 S 0.3531 0.1251 0.1234 8 
S3 S 0.8601 0.1254 0.1378 8 
S4 S 0.6024 0.1241 0.6206 8 

 

 25 –   Pyrrhotite_5C; space group P1211; 

S38,93 Fe61,07; 

Parameter a b c alpha beta gamma 

Value 6.87895 28.41651 6.85328 90 119.87961 90 

 

 

 26 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.4713 0.21548 0.7487 2 
Fe2 Fe 0.0019 -0.0884 0.7298 2 
Fe3 Fe 0.5093 0.11557 0.7488 2 
Fe4 Fe 0.0184 -0.08468 0.2721 2 
Fe5 Fe -0.0109 0.01168 0.7573 2 
Fe6 Fe 0.5255 0.31572 0.7502 2 
Fe7 Fe -0.0324 0.01501 0.2167 2 
Fe8 Fe 0.9875 0.31558 0.7637 2 
Fe9 Fe 0.0026 -0.1806 0.767 2 

Fe10 Fe -0.4744 0.01473 0.7793 2 
Fe11 Fe 0.4762 -0.08504 0.7254 2 
Fe12 Fe 0.5073 0.01924 0.2395 2 
Fe13 Fe 0.0019 0.11622 0.2397 2 
Fe14 Fe 0.5015 0.20993 0.2357 2 
Fe15 Fe 0.0133 0.21822 0.277 2 
Fe16 Fe 0.026 0.21483 0.7422 2 
Fe17 Fe 0.4998 -0.18629 0.7462 2 
Fe18 Fe -0.0115 0.11473 0.7447 2 
Fe19 Fe 0.529 0.1197 0.272 2 
Fe20 Fe -0.5093 -0.08262 0.2597 2 
S1 S 0.3305 -0.0301 0.416 2 
S2 S 0.3305 -0.0347 0.9154 2 
S3 S -0.1612 0.1651 0.4158 2 
S4 S 0.1649 -0.1376 0.5813 2 
S5 S -0.1694 -0.0402 0.9151 2 
S6 S -0.1693 -0.0344 0.4143 2 
S7 S 0.6696 0.2612 0.5851 2 
S8 S 0.3326 0.1613 0.9145 2 
S9 S 0.1613 0.065 0.0768 2 
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S10 S 0.1664 0.063 0.5802 2 
S11 S 0.3355 0.1656 0.4171 2 
S12 S 0.6676 0.265 0.0847 2 
S13 S 0.1717 0.264 0.0857 2 
S14 S -0.3386 -0.1342 0.081 2 
S15 S 0.1703 0.27065 0.5876 2 
S16 S 0.8364 0.1686 0.9153 2 
S17 S 0.165 -0.1324 0.0829 2 
S18 S -0.3403 -0.1347 0.5805 2 
S19 S 0.6683 0.0689 0.0816 2 
S20 S 0.6663 0.0643 0.5838 2 

 

 27 –   Pyrrhotite_5C; space group P1211; 

S38,90 Fe61,10; 

Parameter a b c alpha beta gamma 

Value 6.90023 28.67262 6.89182 90 120.05905 90 

 

 

 28 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.46648 0.21539 0.7509 2 
Fe2 Fe 0.0001 -0.09022 0.7288 2 
Fe3 Fe 0.5014 0.11532 0.7334 2 
Fe4 Fe 0.0191 -0.08458 0.2765 2 
Fe5 Fe -0.0113 0.01172 0.7661 2 
Fe6 Fe 0.5269 0.31543 0.7506 2 
Fe7 Fe -0.03518 0.01518 0.2126 2 
Fe8 Fe 0.9841 0.31513 0.7582 2 
Fe9 Fe 0.0038 -0.17982 0.7731 2 

Fe10 Fe -0.4702 0.01493 0.7818 2 
Fe11 Fe 0.4744 -0.08539 0.7246 2 
Fe12 Fe 0.5083 0.01958 0.2333 2 
Fe13 Fe 0.011 0.11568 0.2556 2 
Fe14 Fe 0.4937 0.21045 0.2252 2 
Fe15 Fe 0.01268 0.21833 0.2772 2 
Fe16 Fe 0.03225 0.21504 0.7466 2 
Fe17 Fe 0.497 -0.18685 0.7388 2 
Fe18 Fe -0.0118 0.11425 0.7441 2 
Fe19 Fe 0.4964 0.1149 0.2644 2 
Fe20 Fe -0.5049 -0.08322 0.2569 2 
S1 S 0.331 -0.02954 0.4159 2 
S2 S 0.3322 -0.03473 0.9162 2 
S3 S -0.1623 0.16557 0.4176 2 
S4 S 0.1645 -0.13736 0.5816 2 
S5 S -0.1712 -0.04062 0.9167 2 
S6 S -0.1697 -0.03387 0.4155 2 
S7 S 0.669 0.2605 0.5852 2 
S8 S 0.332 0.16087 0.9126 2 
S9 S 0.1629 0.06521 0.0804 2 

S10 S 0.1641 0.06239 0.5809 2 
S11 S 0.3337 0.16702 0.4153 2 
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S12 S 0.6688 0.26564 0.0844 2 
S13 S 0.1688 0.26496 0.0849 2 
S14 S -0.3378 -0.13449 0.0812 2 
S15 S 0.1709 0.27156 0.5879 2 
S16 S 0.8355 0.16862 0.9169 2 
S17 S 0.1646 -0.1316 0.0833 2 
S18 S -0.3416 -0.13465 0.579 2 
S19 S 0.6674 0.07015 0.0801 2 
S20 S 0.6658 0.06412 0.5815 2 

 

 29 –   Pentlandite; Cubic; space group Fm-

3m; S35,89 Fe31,26 Ni32,85; 

Parameter a b c alpha beta gamma 

Value 10.03723 10.03723 10.03723 90 90 90 

 

 

 30 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.25 0.25 0.25 8 
Fe2 Fe 0.25 0 0 24 
Ni1 Ni 0.25 0.25 0.25 8 
Ni2 Ni 0.25 0 0 24 
S1 S 0.125 0.125 0.125 32 

 

 31 –   Biotite; space group C12/m1; H0,40 

O38,52 Al10,81 Si13,81 K7,85 Fe28,61; 

Parameter a b c alpha beta gamma 

Value 5.43210 9.26201 10.20606 90 99.12487 90 

 

 

 32 –    

 Type X Y Z Site mult. 

Si1 Si 0.5754 0.16681 0.22577 8 
Al1 Al 0.5754 0.16681 0.22577 8 
Fe1 Fe 0 0.5 0.5 2 
Al2 Al 0 0.5 0.5 2 
Fe2 Fe 0 0.83199 0.5 4 
Al3 Al 0 0.83199 0.5 4 
K1 K 0 0 0 2 
O1 O 0.82658 0.22975 0.16961 8 
O2 O 0.51517 0 0.17068 4 
O3 O 0.63165 0.1679 0.39203 8 
O4 O 0.12709 0 0.39672 4 
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H1 H 0.117 0 0.305 4 
 

 33 –   Trevorite; Cubic; space group Fd-3mS; 

O27,30 Fe47,65 Ni25,04; 

Parameter a b c alpha beta gamma 

Value 8.39780 8.39780 8.39780 90 90 90 

 

 

 34 –    

 Type X Y Z Site mult. 

Fe1 Fe 0 0 0 8 
Ni1 Ni 0.625 0.625 0.625 16 
Fe2 Fe 0.625 0.625 0.625 16 
O1 O 0.38 0.38 0.38 32 

 

 35 –   Ni0.4_Fe2.6_O4; Cubic; space group 

Fd-3mZ;  

Parameter a b c alpha beta gamma 

Value 8.51077 8.51077 8.51077 90 90 90 

 

 

 36 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.125 0.125 0.125 8 
Fe2 Fe 0.5 0.5 0.5 16 
Ni1 Ni 0.5 0.5 0.5 16 
O1 O 0.255 0.255 0.255 32 

 

 37 –   Pentlandite; Cubic; space group Fm-

3m; S33,23 Fe32,55 Ni34,22; 

Parameter a b c alpha beta gamma 

Value 9.90132 9.90132 9.90132 90 90 90 
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 38 –    

 Type X Y Z Site mult. 

Ni1 Ni 0.5 0.5 0.5 4 
Fe1 Fe 0.5 0.5 0.5 4 
Ni2 Ni 0.125 0.125 0.125 32 
Fe2 Fe 0.125 0.125 0.125 32 
S1 S 0.25 0.25 0.25 8 
S2 S 0.25 0 0 24 

 

 39 –   Quartz_low; Hexagonal; space group 

P3221; O53,26 Si46,74; 

Parameter a b c alpha beta gamma 

Value 4.91524 4.91524 5.41470 90 120 90 

 

 

 40 –    

 Type X Y Z Site mult. 

Si1 Si 0.4701 0 2/3 3 
O1 O 0.4136 0.2676 0.7858 6 
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 Cu –   

       , 

    ,    

        TOPAS 

. 

 

 3 –    (Chalcopyrite) Cu Fe S2; 

Tetragonal; Space group I-42d; 

Parameter a b c alpha beta gamma 

Value 5.2893 5.2893 1.4278 90 90 90 

 

 

 4 –    
 Type X Y Z Site mult. 

Cu1 Cu 0 0 0 4 

Fe1 Fe 0 0 0.5 4 

S1 S 0.248 0.25 0.125 8 

 

 5 –    (Pentlandite) ( Fe , Ni )9 S8; 

Cubic; Space group Fm-3m; 

Parameter a b c alpha beta gamma 

Value 10.044 10.044 10.044 90 90 90 

 

 6 –    
 Type X Y Z Site mult. 

Fe1 Fe 0.5 0.5 0.5 4 

Ni1 Ni 0.5 0.5 0.5 4 

Fe2 Fe 0.1261 0.1261 0.1261 32 

Ni2 Ni 0.1261 0.1261 0.1261 32 

S1 S 0.25 0.25 0.25 8 

S2 S 0.2629 0 0 24 
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 7 –    (Cubanite) Cu Fe2 S3; (Space 

group): Pcmn; 

 

Parameter a b c alpha beta gamma 

Value 6.48675 11.14379 6.11175 90 90 90 

 

 8 –    
 Type X Y Z Site mult. 

S1 S 0.5652 0.25 0.7595 4 

S2 S 0.4027 0.4137 0.2667 8 

Fe1 Fe 0.4131 0.4131 0.6372 8 

Cu1 Cu 0.5797 0.25 0.1207 4 

 

 9 –    (Quartz_low) Si O2; Hexagonal; 

(Space group): P3121; 

 

Parameter a b c alpha beta gamma 

Value 4.97195 4.97195 4.97195 90 90 120 

 

 10 –    
 Type X Y Z Site mult. 

Si1 Si 0.4532 0 1/3 3 

O1 O 0.393 0.2881 0.234 6 

  

 11 –    (Pyrrhotite) Fe0.893 S; 

Hexagonal; (Space group): P63/mmc; 

Parameter a b c alpha beta gamma 

Value 3.49169 3.49169 5.66345 90 90 120 

 

 12 –    
 Type X Y Z Site mult. 

Fe1 Fe 0 0 0 2 

S1 S 1/3 2/3 0.25 2 
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 13 –     (Copper Sulfide) Cu S2; 

Cubic; (Space group): Pa-3; 

Parameter a b c alpha beta gamma 

Value 5.80281 5.80281 5.80281 90 90 90 

 

 14 –    
 Type X Y Z Site mult. 

Cu1 Cu 0 0 0 4 

S1 S 0.39878 0.39878 0.39878 8 
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 Ni –   

       , 

    ,    

        TOPAS 

. 

 

 3 –    (Pyrrhotite) Fe0.893 S; 

Hexagonal; (Space group): P63/mmc 

Parameter a b c alpha beta gamma 

Value 3.44485 3.44485 5.73450 90 90 120 

 

 4 –    

 Type X Y Z Site mult. 

Fe1 Fe 0 0 0 2 

S1 S 1/3 2/3 0.25 2 

 

 5 –    (Pyrite) Fe S2; Cubic; (Space 

group): Pa-3; 

Parameter a b c alpha beta gamma 

Value 5.6944 5.6944 5.6944 90 90 90 

 

 6 –    

 Type X Y Z Site mult. 

Fe1 Fe 0 0 0 4 

S1 S 0,384 0,384 0,384 8 
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       , 

    ,    

        TOPAS 

. 

 

 3 –   corundum; Quartz_low; space_group 

P3221; Hexagonal; 

Parameter a b c alpha beta gamma 

Value 4.91660 4.91660 5.40803 90 90 120 

 

 4 –    

 Type X Y Z Site mult. 

Si1 Si 0.4701 0 2/3 3 
O1 O 0.4136 0.2676 0.7858 6 

 

 5 –   Anorthite_sodian; O47.03 Na2.79 Al16.36 

Si24.25 Ca9.57; space group I-1;  

Parameter a b c alpha beta gamma 

Value 8.16953 12.93864 14.23764 93.04602 116.16760 90.55119 

 

 6 –    

 Type X Y Z Site mult. 

Ca1 Ca 0,267 0,9831 0,085 4 

Na1 Na 0,267 0,9831 0,085 4 

Ca2 Ca 0,27456 0,03304 0,4677 4 

Na2 Na 0,27456 0,03304 0,4677 4 

Ca3 Ca 0,2641 -0,0059 0,5772 4 

Na3 Na 0,2641 -0,0059 0,5772 4 

Ca4 Ca 0,2696 0,027 0,5474 4 

Na4 Na 0,2696 0,027 0,5474 4 

Si1 Si 0,00762 0,16079 0,10511 4 
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Al1 Al 0,004 0,16475 0,6099 4 

Al2 Al 0,00071 0,81565 0,11783 4 

Si2 Si 0,00071 0,81565 0,11783 4 

Si3 Si 0,00469 0,81718 0,6134 4 

Al3 Al 0,68774 0,11092 0,15841 4 

Si4 Si 0,68774 0,11092 0,15841 4 

Si5 Si 0,6809 0,10676 0,65872 4 

Si6 Si 0,67851 0,88083 0,18039 4 

Al4 Al 0,68331 0,8765 0,67724 4 

Si7 Si 0,68331 0,8765 0,67724 4 

O1 O 0,0071 0,1284 0,991 4 

O2 O 0,9981 0,1279 0,4887 4 

O3 O 0,57981 0,99098 0,13964 4 

O4 O 0,57736 0,99173 0,63817 4 

O5 O 0,819 0,1031 0,0928 4 

O6 O 0,8051 0,1033 0,5949 4 

O7 O 0,8109 0,8539 0,1262 4 

O8 O 0,8192 0,8541 0,6173 4 

O9 O 0,013 0,2841 0,1373 4 

O10 O 0,0149 0,2942 0,6457 4 

O11 O 0,0114 0,6826 0,1087 4 

O12 O 0,0116 0,6905 0,603 4 

O13 O 0,1935 0,1077 0,1895 4 

O14 O 0,2015 0,1052 0,6921 4 

O15 O 0,1951 0,8677 0,2178 4 

O16 O 0,1861 0,8636 0,713 4 

 

 7 –   Chalcopyrite S34.94 Fe30.43 Cu34.63; 

space group P-42m; Tetragonal 

Parameter a b c alpha beta gamma 

Value 5.29708 5.29708 5.18643 90 120 90 

 

 8 –    
 Type X Y Z Site mult. 

Cu1 Cu 0 0 0 1 
Cu2 Cu 0.5 0.5 0 1 
Fe1 Fe 0.5 0 0.5 2 
S1 S 0.25 0.25 0.19 4 
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 9 –   Pyrrhotite_4C S39.62 Fe60.38; space 

group C12/c1; 

Parameter a b c alpha beta gamma 

Value 11.91773 6.89721 12.89460 90 118.01832 90 

 

 10 –    
 Type X Y Z Site mult. 

Fe1 Fe 0.126 0.0981 0.9908 8 
Fe2 Fe 0.256 0.1266 0.2462 8 
Fe3 Fe 0.3594 0.1401 0.5 8 
Fe4 Fe 0 0.3931 0.25 4 
S1 S 0.8957 0.1228 0.8755 8 
S2 S 0.3531 0.1251 0.1234 8 
S3 S 0.8601 0.1254 0.1378 8 
S4 S 0.6024 0.1241 0.6206 8 

 

 11 –   magnetite Fe2.946 O4; space_group Fd-

3mZ; Cubic; 

Parameter a b c alpha beta gamma 

Value 8.40217 8.40217 8.40217 90 90 90 

 

 12 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.125 0.125 0.125 8 

Fe2 Fe 0.5 0.5 0.5 16 

Fe3 Fe 0.5 0.5 0.5 16 

O1 O 0.2564 0.2564 0.2564 32 

 

 13 –   Pyrrhotite_5C; S38.90 Fe61.10; 

space_group P1211;  

Parameter a b c alpha beta gamma 

Value 6.90475 28.70029 6.89405 90 120.17597 90 

 

 

 14 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.4713 0.21548 0.7487 2 
Fe2 Fe 0.0019 -0.0884 0.7298 2 
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Fe3 Fe 0.5093 0.11557 0.7488 2 
Fe4 Fe 0.0184 -0.08468 0.2721 2 
Fe5 Fe -0.0109 0.01168 0.7573 2 
Fe6 Fe 0.5255 0.31572 0.7502 2 
Fe7 Fe -0.0324 0.01501 0.2167 2 
Fe8 Fe 0.9875 0.31558 0.7637 2 
Fe9 Fe 0.0026 -0.1806 0.767 2 

Fe10 Fe -0.4744 0.01473 0.7793 2 
Fe11 Fe 0.4762 -0.08504 0.7254 2 
Fe12 Fe 0.5073 0.01924 0.2395 2 
Fe13 Fe 0.0019 0.11622 0.2397 2 
Fe14 Fe 0.5015 0.20993 0.2357 2 
Fe15 Fe 0.0133 0.21822 0.277 2 
Fe16 Fe 0.026 0.21483 0.7422 2 
Fe17 Fe 0.4998 -0.18629 0.7462 2 
Fe18 Fe -0.0115 0.11473 0.7447 2 
Fe19 Fe 0.529 0.1197 0.272 2 
Fe20 Fe -0.5093 -0.08262 0.2597 2 
S1 S 0.3305 -0.0301 0.416 2 
S2 S 0.3305 -0.0347 0.9154 2 
S3 S -0.1612 0.1651 0.4158 2 
S4 S 0.1649 -0.1376 0.5813 2 
S5 S -0.1694 -0.0402 0.9151 2 
S6 S -0.1693 -0.0344 0.4143 2 
S7 S 0.6696 0.2612 0.5851 2 
S8 S 0.3326 0.1613 0.9145 2 
S9 S 0.1613 0.065 0.0768 2 

S10 S 0.1664 0.063 0.5802 2 
S11 S 0.3355 0.1656 0.4171 2 
S12 S 0.6676 0.265 0.0847 2 
S13 S 0.1717 0.264 0.0857 2 
S14 S -0.3386 -0.1342 0.081 2 
S15 S 0.1703 0.27065 0.5876 2 
S16 S 0.8364 0.1686 0.9153 2 
S17 S 0.165 -0.1324 0.0829 2 
S18 S -0.3403 -0.1347 0.5805 2 
S19 S 0.6683 0.0689 0.0816 2 
S20 S 0.6663 0.0643 0.5838 2 

 

 15 –   Biotite; Si O2; space group C12/m1; 

H0.40 O38.52 Al10.81 Si13.81 K7.85 Fe28.61; 

Parameter a b c alpha beta gamma 

Value 5.38737 9.24034 10.22301 90 99.90920 90 

 

 16 –    

 Type X Y Z Site mult. 

Si1 Si 0.5754 0.16681 0.22577 8 
Al1 Al 0.5754 0.16681 0.22577 8 
Fe1 Fe 0 0.5 0.5 2 
Al2 Al 0 0.5 0.5 2 
Fe2 Fe 0 0.83199 0.5 4 
Al3 Al 0 0.83199 0.5 4 
K1 K 0 0 0 2 
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O1 O 0.82658 0.22975 0.16961 8 
O2 O 0.51517 0 0.17068 4 
O3 O 0.63165 0.1679 0.39203 8 
O4 O 0.12709 0 0.39672 4 
H1 H 0.117 0 0.305 4 

 

 17 –   TrevoriteO27.30 Fe47.65 Ni25.04 space 

group Fd-3mS; Cubic; 

Parameter a b c alpha beta gamma 

Value 8.40162 8.40162 8.40162 90 90 90 

 

 18 –    

 Type X Y Z Site mult. 

Ni1 Ni 0 0 0 8 
Fe1 Fe 0.625 0.625 0.625 16 
O1 O 0.375 0.375 0.375 32 

 

 19 –   Gypsum; H2.34 O55.76 S18.62 Ca23.28; 

space group C12/c1; 

Parameter a b c alpha beta gamma 

Value 6.25539 15.23154 6.43572 90 126.50445 90 

 

 20 –    
 Type X Y Z Site mult. 

Ca1 Ca 0.5 0.079556 0.75 4 
S1 S 0 0.07724 0.75 4 
O1 O 0.03721 0.13198 0.58718 8 
O2 O 0.24239 0.02211 0.90917 8 
O3 O 0.62022 0.18197 0.07844 8 
H1 H 0.749 0.1619 0.251 8 
H2 H 0.584 0.2351 0.073 8 

 

 

 21 –   Cronstedtite_2H2; Hexagonal; H0.78 

O37.28 Si10.47 Fe51.47; space_group P63;  

Parameter a b c alpha beta gamma 

Value 5.48029 5.48029 14.15166 90 120 90 
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 22 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.3332 0.0016 0.4 6 
Fe2 Fe 0.3332 0.0016 0.4 6 
Si1 Si 0 0 0.2027 2 
Fe3 Fe 0 0 0.2027 2 
Si2 Si 2/3 1/3 0.1997 2 
Fe4 Fe 2/3 1/3 0.1997 2 
O1 O 0.3274 0.1019 0.1652 6 
O2 O 0 0 0.3258 2 
O3 O 2/3 1/3 0.3265 2 
O4 O 1/3 2/3 0.3274 2 
O5 O 0.333 0.334 0.4725 6 
H1 H 0.36 0.37 0.536 6 

 

 23 –   Greenalite; O39.16 Si15.28 Fe45.56; 

space group C12/m1;  

Parameter a b c alpha beta gamma 

Value 5.33658 9.34631 14.23318 90 89.84268 90 

 

 24 –    

 Type X Y Z Site mult. 

Fe1 Fe 0 0 0 2 
Fe2 Fe 0 0.3333 0 4 
Fe3 Fe 0 0 0.5 2 
Fe4 Fe 0 0.3333 0.5 4 
Si1 Si 0.3328 0.3333 0.1949 8 
O1 O 0.3349 0.3333 0.077 8 
O2 O 0.3349 0 0.077 4 
O3 O 0.094 0.236 0.236 8 
O4 O 0.31 0.5 0.236 4 
O5 O 0.1656 0.1667 0.4303 8 
O6 O 0.1656 0.5 0.4303 4 

 

 25 –   Pyrrhotite_5C; S38.93 Fe61.07; 

space_group P1211;  

Parameter a b c alpha beta gamma 

Value 6.87547 28.51860 6.84706 90 120.55212 90 
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 26 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.4713 0.21548 0.7487 2 
Fe2 Fe 0.0019 -0.0884 0.7298 2 
Fe3 Fe 0.5093 0.11557 0.7488 2 
Fe4 Fe 0.0184 -0.08468 0.2721 2 
Fe5 Fe -0.0109 0.01168 0.7573 2 
Fe6 Fe 0.5255 0.31572 0.7502 2 
Fe7 Fe -0.0324 0.01501 0.2167 2 
Fe8 Fe 0.9875 0.31558 0.7637 2 
Fe9 Fe 0.0026 -0.1806 0.767 2 

Fe10 Fe -0.4744 0.01473 0.7793 2 
Fe11 Fe 0.4762 -0.08504 0.7254 2 
Fe12 Fe 0.5073 0.01924 0.2395 2 
Fe13 Fe 0.0019 0.11622 0.2397 2 
Fe14 Fe 0.5015 0.20993 0.2357 2 
Fe15 Fe 0.0133 0.21822 0.277 2 
Fe16 Fe 0.026 0.21483 0.7422 2 
Fe17 Fe 0.4998 -0.18629 0.7462 2 
Fe18 Fe -0.0115 0.11473 0.7447 2 
Fe19 Fe 0.529 0.1197 0.272 2 
Fe20 Fe -0.5093 -0.08262 0.2597 2 
S1 S 0.3305 -0.0301 0.416 2 
S2 S 0.3305 -0.0347 0.9154 2 
S3 S -0.1612 0.1651 0.4158 2 
S4 S 0.1649 -0.1376 0.5813 2 
S5 S -0.1694 -0.0402 0.9151 2 
S6 S -0.1693 -0.0344 0.4143 2 
S7 S 0.6696 0.2612 0.5851 2 
S8 S 0.3326 0.1613 0.9145 2 
S9 S 0.1613 0.065 0.0768 2 

S10 S 0.1664 0.063 0.5802 2 
S11 S 0.3355 0.1656 0.4171 2 
S12 S 0.6676 0.265 0.0847 2 
S13 S 0.1717 0.264 0.0857 2 
S14 S -0.3386 -0.1342 0.081 2 
S15 S 0.1703 0.27065 0.5876 2 
S16 S 0.8364 0.1686 0.9153 2 
S17 S 0.165 -0.1324 0.0829 2 
S18 S -0.3403 -0.1347 0.5805 2 
S19 S 0.6683 0.0689 0.0816 2 
S20 S 0.6663 0.0643 0.5838 2 

 

 27 –   Pentlandite; Cubic; S35.89 Fe31.26 

Ni32.85; space group Fm-3m;  

Parameter a b c alpha beta gamma 

Value 10.03303 10.03303 10.03303 90 90 90 
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 28 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.25 0.25 0.25 8 
Fe2 Fe 0.25 0 0 24 
Ni1 Ni 0.25 0.25 0.25 8 
Ni2 Ni 0.25 0 0 24 
S1 S 0.125 0.125 0.125 32 

 

 29 –   Pentlandite; Cubic; S35.89 Fe31.26 

Ni32.85; space group Fm-3m;  

Parameter a b c alpha beta gamma 

Value 9.90879 9.90879 9.90879 90 90 90 

 

 30 –    

 Type X Y Z Site mult. 

Fe1 Fe 0.25 0.25 0.25 8 
Fe2 Fe 0.25 0 0 24 
Ni1 Ni 0.25 0.25 0.25 8 
Ni2 Ni 0.25 0 0 24 
S1 S 0.125 0.125 0.125 32 

 

 

 31 –   Ni_O; Hexagonal; space group R-3mH;  

Parameter a b c alpha beta gamma 

Value 2.93590 2.93590 7.25432 90 120 90 

 

 32 –    

 Type X Y Z Site mult. 

Ni1 Ni 0 0 0 3 
O1 O 0 0 0.5 3 

 

 

 




