
MINERALOGICAL MAGAZINE, JUNE I 9 7 8 ,  VOL. 4 2, P. 278  

Tu ekite, a new antimony analogue of hauchecornite 

J. JUST 

Australian Selection (Pty.) Ltd., Perth, Western Australia 

AND 

C. E. FEATHER 

Anglo American Corporation of South Africa Ltd., Johannesburg, 
Republic of South Africa 

TU(~EKITE, Ni9Sb2Ss, was found as microscopic 
grains in a mineralized Archaean chlorite schist at 
Kanowna (35 ~ 35' S'., I2I ~ 36' E.), Western Aus- 
tralia, and in the gold-bearing conglomerates of  the 
Witwatersrand System (26 ~ S., 27 ~ E.), South 
Africa. 

The nickel mineralization at Kanowna is located 
in metamorphosed basic and ultrabasic rocks of 
the Morelands Formation, which is part of the 
Kalgoorlie-Yilgarn succession of the West Aus- 
tralian Archaean shield. The tuSekite-bearing 
mineralization occurs as an approximately 2 crn 
thick zone of disseminated sulphides in a chlorite 
schist near its contact with a serpentinized ultra- 
mafic intrusive rock. Tu~ekite is here associated 
with millerite, pyrite, chalcopyrite, gersdorffite, 
pentlandite, magnetite, and supergene polydymite. 
Tu~ekite occurs as rims and irregular grains partly 
replacing millerite, and was apparently formed 
during the later stages of  the ore-forming process 
by reaction of  Sb-bearing solutions with millerite. 

In the Witwatersrand the mineral was found in a 
heavy mineral concentrate prepared from ore from 
the Vaal Reef, Vaal Reefs mine, Klerksdorp (Far 
West Witwatersrand), and in a mixed concentrate 
from the Carbon Leader Reef and the Ventersdorp 
Contact Reef, Western Deep Levels Ltd., Carlton- 
ville (West Wits Line). Although rare free grains of 

tuSekite are found, the mineral is more commonly 
intergrown with gold, and in the Vaal Reef the 
mineral is also found intergrown with gersdorffite. 

Empirical formula of  the Kanowna mineral is 
(Ni, Fe, C0)9.o 5(Sb, Bi, Te)l.oo(Sb, As)l.o4S8; that of 
the Witwatersrand mineral is (Ni, Fe)9.oo(Sb, 
Bi)l.oo(Sb, AS)l.o6Ss. The structural formula is 
assumed to be Ni~iNi~SbviSbVatS~S~t; Z = i. The 
mineral is opaque, has a metallic lustre, and is pale 
yellow. Under the microscope in reflected light it is 
pale brownish-yellow; bireflectance not discern- 
ible; anisotropy very strong with deep brown and 
greyish-blue polarization colours; reflectivity high. 
Indentation hardness 718 kg/mm 2 (20 g load); 
417 kg/mm 2 (Io g load). 

Strongest Debye-Scherrer powder-pattern lines 
of  the Witwatersrand mineral are 2"76 (I0) 2I I; 2"38 
(8) I 12; 2"28 (8b) 22 I, 31 o; I'850 (8) 222;  4"33 (7) I o I; 
I'793 (7) 400, 3o2. By analogy with hauchecornite, 
the pattern can be indexed on a tetragonal unit cell 
with a = 7"I74 A and c = 5"4o2/~; p (calc.) = 6"I5 
g/cm 3. Type material is preserved in the British 
Museum, London, and the National Museum, 
Prague (Czechoslovakia). 

The full paper appears in the Miniprint section, pp. 
M21-22. 
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INTRODUCTION 

The new mineral was found independently by C.E.F. in the Witwatersrand 
gold-bearlng eongl~erates and by J.J. in a mineralised Arehaean chlorite 
schist in Western Australia. As the proposals were sent to the I.M.A. 
C~ission on New Minerals and Mineral Names almost simultaneouslz, the 
authors agreed to joint authorship. Both tile mineral and ~me tucakJte 
(toochek~t)' were approved by  the Co~isslon. 

The mineral is ~med in homour of Dr Karel Tu~ek, C.Se.. Curator of 
Mime~als at the National Museum in Prague, Czechoslovakia. 

OCCURRENCE 

T u ~ e k i t e  h a s  so far been found a t  three localities; one i n  A u s t r a l i a  a t  
K a n o ~ a  =ear  g a l g o o r l l e ,  North-East  C o o l g a r d i e  G o l d f i e l d ,  C e n t r a l  D i v i s i o n ,  
Western  A u s t r a l i a  (30~ 121~ and  two in  South  A f r i c a  - t h e  West 
Wits Line of the Witwatersrand (26~ 27~ and t he  Ear West 
Witwatersrand ( 26~  26~ 

The ,ickel mineralisation at Kano~ is located in metamorphosed basic and 
ultrabaslc rocks of the }~relands Fo~atlon (willies, 1970), which is part 
of the Kalgoorlle-Yilgarn succession of the West Au~tral[an Arehaean shield 
(Frider, 1965). The tu~ekite-bearlng mlneralisation occurs a~ an 
a p p r o x i m a t e l y  2cm t h i c k  zone of  d l s s ~ i n a t e d  s u l p h i d e s  in a c h l o r i t e  s c h i s t  
n e a r  i t s  c o n t a c t  w i t h  a s e r p e n t l n l z e d  u l c r a m a f i c  i n t r u s i v e  rock  (R.G.  
Ashton, pars. c ~ . ,  1975) .  

Tu~ekite is here associated with millerite, pyrite, ehaleopyrite, 
gersdorffite, pentlar~ite, magnetite and supergene polydymlte, Tu~ekite 
occurs as rims and irregular grains partly replacing millerite (fig. i), 
and was apparently foxed durlng the later stages of the orefo~ing process 
by reactlon of Sb-bearimgsolutions with millerite. 

I n  the Witwatersrand, the mineral was found in a heavy mineral concentrate 
prepared fr~ore fr~ the Veal Reef~ Veal Reefs mine, Klerksdorp (Far West 
Yitwatersrand), and in a mixed concentrate fr~ the Carbon Leader Reef and 
t he  Ventersdorp Contact Reef~ Western Deep Levels L t d . ,  Carltonville (West 
Wits Li~e). Although rare free grains of tu~ekite are found, the mineral 
is move c~only intergro~ with gold (fig. 2.); and i, the Vail Reef the 
mineral i s  also found intergro~ with gersdorffite. Other  ~nti~ny-bearlng 
minerals ohssrved i. the r~fs are dyseraslte, miehenerlte, geverslte, 
tetrahedrite, atlbnlte, sudburyite and stibiopaliadinite (Feather and 
Koen, 1975). 

�9 The d i a c r i t i c a l  mark over  c in  the  Czech l a n g u a g e  d e n o t e s  a change  in  
p r o n u n c i a t i o n  from ( t s )  to  (ch) sound and canno t  be o m i t t e d ;  ~ is  
c o n s i d e r e d  a l e t t e r  s e p a r a t e  from e,  

FIG.  I .  T u ~ e k i t e  r im a round  m i l i e r i t e .  K a n o ~ .  
S~ple A 523438, polished s e c t i o n ,  r e f l e c t e d  l i g h t ,  
nieols X. 

FIG,  2. T u ~ e k i t e  r im around native g o l d .  W i t w a t e r s r a n d .  
S~ple M./76/691, p o l i a h e d  mount ,  r e f l e c t e d  l i g h t ,  
n l co l s  p a r a l l e l ,  
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PHYSICAL PROPERTIES 

The o p t i c a l  and o t h e r  p h y s i c a l  p r o p e r t i e s  of t u ~ e k i t e  E c ~  bo th  l o c a l i t i e s  
a r e  g i v e n  in  T a b l e  I .  

A ge i che r t  microphot~eter and silicon carbide s t a n d a r d  were used for t h e  
reflectance dete~inatlon of the Witwatersrand tu@ekite; a non-eo~ercial 
mteropbotometer and standards comprising silicon and a high refleetlvtty 
glass were used for the Kano~a mineral. 

The mierohardness values of both the Kano~a and Witwatersrand tu~ekites 
were determined using Vickers identation hardness testers and stainless 
steel standards. 

The mineral is brittle; no cleavage was observed in polished sections. 

Fracture appears to be c o n c h o l d a l .  

Table I: Physical properties of Kanowna and Witwatersrand tu~ekite. 

Kano~a Witwatersrand 

Colour pale brass yellow pale brass yellow 

L u s t r e  metallic m e t a l l i c  

Colour in reflected light pale hra~iah yellow white wlth pale 
(against mtllertte) yellow-bro~ tint 

girefleetanee very weak or absent very weak 

An i so t r opy  very strong distinct 

P o l a r i s a t i o n  e o l o u r s  deep b r o ~  to deep bro~ to  
greyish blue greyish blue 

Reflectance (%) ( i n  a i r )  
' 470 ~ 43 

546 ~ 48 
590 ~ 50 
650 ~ 52 

R e f l e c t a n c e  (%) (in o i l )  
546 ~ 32.3 

Mic roha rdnes s  ( k g / m  2 ) 
r a n g e  691-746 302-613 
average 7]8 ) 20 g load 417 } 10 g load 

C a l c u l a [ e d  density ( g / 3 )  6 . 1 8 "  6.]5 

The c a l c u l a t e d  d e n s i t y  f o r  the  K a n o ~ a  t u ~ e k i ~ e  i s  not  v e r y  r e l i a b l e ,  
because  o f  u n r e l i a b l e  u n i t - c e l l  d a t a ,  

CHEMICAL COPOPOSITION 

The ch~ical compositions of the Kanowrm and Witwatersrand tu~ekltes were 
investigated usingMAC 400S and JEOL JXA-SA electron probe mieroanalysers, 
r e s p e c t i v e l y .  

A n a l y t i c a l  c v n d l t l o n s  fo r  the  MAC 4000 (JEOL JXA-5A) were :  A c c e l e r a t i n g  
voltage 19.3kV (25kV); approx, specimen current gILA (50hA); counting time 
20 see. (20set.); diagnostic lines Ni-Ke, Co-Ko, Fe-K~, As-K=, Sb- 
L~, Te-L~, gi-Le, S-Ks (NI-Ka, Fe-Ke, S-K~, As-K~, Sb Le, Bi-Me); stan- 
dards Ni - metal, HiS 2 (metal); Co - metal. CoSbS; Fe - pyrite (analysed 

chalcopyrite); S - pyrite, NIS2, CoSbS (analysed chalcopyrite); As - ImAs, 

GaAs (Pd5As2) ; Sb - metal, CoSbS (PtBil.4Sbo.6) ; Te - metal; Bi - metal 

(PtBiI.GSbo.6). Data correction: MAGIC-IV Progr~e of Colby, ]968 

(TIM-j progr~e of Duneumb and Jones, 1969). 

Results of the analyses are given in Table If. 

The analytleal results, when calculated as 8 sulphur atoms, lead to 

~pirical formulae (Ni8.2]Feo.66Co0.18) ($b0.BgBI0.09Teo.02) (Sbo.92As0.12)$8 ' 

and (Hig.3jFeo.b9) (Sb0.95Bi0.05) (SbD.ggAs0.18)S8 for the Kano~a and the 

Witwatersrand minerals, respectively. The idealised Copula i s  NipSbSbSB, 

whleh eorresport/s to the antimony analogue of haueheeornite, NigBiSbS S 

( J u s t .  tn p rep . ) .  

Table II: Chemical composition of Kanowna and Witwatersrand tu~ekite. 

Kano~a Witwatersran d 

A~lysis* Atoms per Atoms per 
El~ent Range used in unit cell Range Average unit cell 

calculations S=8 S=8 

Ni 44.37-47.56 47.34 8.2] 45.3 -48.9 47.80 8.31 
Co 1 . 0 ] -  h. ]7  ) .06  0 . ] 8  n.f. 
Fe 3.6]- 4+]8 3.6] 0.b6 2.6 - 4.8 3.75 0.69 
As 0.66- [.82 0.86 0.12 0.86- 1.8 3.34 0.]8 
Sb 20.55-22.23 21.62 1.81 20.0 -22.9 21.87 ].83 
Te 0 . 0 4 -  0 .30  0 .30  0 .02  n . f .  
BI 0,00- 1.84 1.84 0.09 0.I - 3.0 ).02 0.05 
S 26.03-27.34 25.19 8.00 24.6 -25.8 25.]3 8.00 

Sum 96.27-102.62 ] 01 .8 ]  98.96-102.6 100.91 

" The a n a l y s e s  were  no t  a v e r a g e d  as  no t  a l l  e l emen t s  were analysed 
for in all cases. The analysis selected would be c lose  to average 
val~es. 

n.f. not found. 

X-RAy DIFFRACTION DATA 

The ~a|l size of the tu~ekite grains and the intima~e intergrowth with 
other minerals limited the X-ray studies to the Debye-Scherrer powder 
method. Only very little material could be extracted fr~ the Kanowna 
samples and so the pattern obtained is very faint, and the discrepancies 
between measured and calculated d values can therefore be attributed to 
measuring errors. The pattern obtal,ed on the Witwatersrand material is 
~ch she=per, the agreement between measured and calculated d values is 
g~d, and the unlt-cell parameters are therefore more accurate. In both 
cases the unlt-cell parameters and d values were calculated using a least- 
squares Computer progr~e and Peacock's (1950) indexing of the 
hau~hecornite pattern. The results are given in Table lIE 

The space group could not be determined, but similarity with the 
hauchecornlte pattern suggests Pd/~. The presence of possible super- 
structures~ as reported by Gait and Harris (1972) for the ~rsenlan and 
tellurian haucbeeornltes, could not be datelined. 



M22 
The mineral is assumed to  have a structure similar to that dete~ined by 
K o r a n  and Nuffield for hauchec0rnite fr~ Westphalia (see Kocman and 
Nuffleld, }924, for details). Tu~eki~e differs fr~haoehecornlte in that 
gb i s  domlnan~ in both of  the two Group V el~ent sites. The [dealised 

structural formula is therefore NiviNi8vsbvlsbViils4VSdV- 

ACKNO~LSDGE~I~rs 

The authors would like to thank Dr A. Kato ~nd Dr. E.H, Nickel for helpful 
critical ecqmments and Mr. O.G. Garvie (AARL) for determination o f 
reflectance and micrnhardness of the Witwatersra~ ~ate~ial. 

The work was done and published with ~he permission of ~he manag~en~s and 
boards of Australian Selection (Proprietary) Limited and the Anglo America, 
Corpor~tlon of South Africa L t d .  

Rs 

Colby (J.), I d M ;  Quantitative microprobe a~lysis of :hin ins~la~ingfilm~- 
Advances in X-ra 7 Analysis, ~, 287-305. 

Duncumb (p.)  and J o n e s  (E.M.), 1969; E l e c t ( o R  probe ~icro~.aL~sis= 
e ~ s y - c o - u s e  computer  programme ~or  c o r r e c t i n g  quantitative d a t a ,  
Tube Investment Research Laborat~ies? Report No. 260, 33 pp. 

Feather (C.E.) and Koen (G.M.), 1975; Mineralogy of the Witwatersrand 
Reefs. Minerals So. En~., ~, NO. 3, ]89-224. [M.A- 7 6 - 8 [ I ] .  

Gait ( R . I . )  avd Harris (D.C.), 1972; Haucheeornite - Antiraonian, arsenian 
amd tellurian varieties. Card. Min., ~, 819 -825  [M.A. 74-1429]. 

Kocman (V.) and Nuffield (8.W.), 1924; The crystal structure of antimonlan 
haunheeornlre fr~ Westphalia. Canad I Hit.. ~ ,  268-224 
[~.~. 76-n7 ] .  

Peacock (M.A.), 1350; Hauchecornite, ~er. Miu., ~, 440-446 
[..A. ,,-298]. 

Prlder (R.T.), 1965; Geology and mineralization 6f the Western Australian 
Shield. Eighth C~nwealch M[si~ and Metallur~y Congress, 
Australla and N~ Zealand, ~, 58," 

~ i l l s  ( I , ) ,  ]970; E x p l a ~ t o r y  Notes  on t h e  Kurna tps  1 :250  000 O ~ t o g i m a l  
Sheet, W.A. Geological Survey of West Australia Record No. 1970/I. 

Table Ill: x-Ray Powder Data for ru~ekltr 

Witwatersrand I Kano~ 2 

I / I o  dob s d e a l c  h k l  1 / l  ~ dob s 

2 4.33 4.335 i01 
5 3 . 5 8  3.$82 2OO 
6 3.21 3.208 210 w 3 .19  
2 2.99 2.988 20t 2.96 

10 2 . 7 6  2 . 2 5 8  2LI s 2 .73  
2 2 .82  2+528 102 ~ 2 .51  
8 2,38 2,384 112 m 2.35 

8b = 2.28 { 2.296 221 m 2 .26  
2 .269  5[0 
2.182 301 

2 2.i9 { 2.158 202 
1 2 . 0 8  2 .066  212 
8 1 .850  1.849 222 m 1.841 
2 1.7~5 { 1 .793  ~OD ~h 1 .787  

1 .790  3O2 
L 1 .744  1 .746  i03 
I 1.75~ i.~3~ 312 ~ 1.223 
3 1.697 1.891 3~0 1.889 
I 1.657 1.656 411 

1.609 203 
1.606 [ 1 .604  420 

2 1,566 1,570 213 
1 1.495 1,494 602 

1.464 { 1.468 225 
1.463 412 
1.387 501 

26 1.385 1387 433 
1 ,578  422 

2 1.343 { 1.35i 006 
1,335 325 

2 1.293 1 .293  522 
1,271 603 
1,267 802 

2b 1.269 1,267 482 
1.264 204 

1 1.125 1.230 880 
i 1 . 200  851 

Z 1.198 1.198 423 
1,196 600 

1.182 1.152 611 
1.133 1-194  d20 

I 1.116 l . l t ?  5Z4 
1.094 1.092 541 

1.079 404 
9 1.074 { 1.071 523 
2 1.080 1.049 631 
i 1 .018  1.016 593 
2 0 .997  
I 0 . 9 6 0  
8 0.983 
l 0.966 
I 0 .923  
2 0.910 

d c a l c  

3 . 2 4 8  
2 .992  
2 .766  
2 .480  
2 .347  

2 .297  

1 .848  

1 .784  

1 . 2 3 2  
1.62} 

"6 denotes broad l ine 

l .  Co-ga radiatimn, Pe f i l t e r ;  a 7,174(6) ~, e 8.402(7) ~, V = 278.0 ~3 

2. Cu-g~ radiat ion,  Ni f i l t e r ;  �9 7.26(5) ~, r 5.26(6) ~, V - 278.3 ~3 


