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OCCURRENCE OF HOROBETSUITE (Bi, Sb),S. AT THE DEPOSIT 
DÚBRAVA 

(Figs. 1-13) 

A b s t r a c t : In the frame of in ineralogical-geochcmical inves t iga t ion of 
a n t i m o n i t e m i n e r a l i z a t i o n o[ t lie Xizke T a l r y Alls, m i n e r a l s ot: the b i smut i te-
a n t i n i o n i l e o r d e r nol descr ibed by us h a v e been found at the depos i t D ú b r a v a . 
.Minerals of the i s o m o r p h o u s o r d e r b i s m u l i l e - a n t i n i o n i l e are present v e r y r a r e l y 
u n d e r n a t u r a l r o n d i l i o n s . f o r llus reason m a n y of them are very little s t u d i e d . 
So far as the m i d d l e m e m b e r of the b i s n i u l i t e - a n t i m o n i t e o r d e r lias been k n o w n 
h o r o b e l s u i l e (K. H a y a s e 1955) and b i s m u t i t e with h i g h e r Sb-eontenl 
(G. S p r i n g e r 1909). 

P e 3 io M e: Bo BpeMH MHHepajiorcwecKoro — reoxHMHqecKora Hccjie«oBaHHH 
aHTHMOHHTOBOH MHHepa JIH331ÍHH H H 3 K H X TaTp, SbIJIO OÔHapyjKSHO Ha MeCTOpOK-
aeHKH HyôpaBa HecKOjibKo, y Hac He>nHcamiKx MHHepajiOB BHCMyTHHOBO — anTH-
MOHHTOBOro nopsnKa. Mnuepajibi H30MOp<J>Horo nopsmKa BHCMyTHH — aHTHMOmiT 
B ecTecTBeHHMx ycjioBnax HaxonHTCH 3ie<nb penKo. I l o STOH npimuHe rro<rrn Bce 
MHHepajiw ÄaHHoro nopanKa H3yneHbi OTCHB HenocTaTO>iHO. flo CHX nop HSBíCTeH 
cpeÄHHH qjie'H BbimeynoMHHaeMoro nopajiKa — ropoôeTcynT (K. ľ a i c e 1955) 
H BHCMyrHH c Sonee BbicoMHM coiepKaHHeM Sb (ľ . C n p H H r e p 1969). 

At t h e d e p o s i t H o r o b e l s u ( K . V a g i .1958) h o r o b e l s u i l e . is f o u n d in t h e s h a p e of 

p r i s m a t i c , v e r t i c a l l y s t r i a t e d c r y s t a l s . S p e c i f i c g r a v i t y al 20° C is 5 , 4 4 9 . T h e colour- is 

s t e e l - g r e y , t h e s t r e a k b l a c k , it is a n i s o t r o p i c w i t h p a l e - y e l l o w , g r e y a n d d a r k - b r o w n 

s h a d e . T h e v a l u e s of c r y s t a l l a t t i c e a r e : a 0 = 1 1 , 2 4 l) 0 = 1 1 , 2 8 c 0 = 3,90. D i a g n o s t i c 

e t c h i n g b y r e a g e n t s in s t a n d a r d c o n c e n t r a t i o n : H N O 3 , H C 1 , H g C l 2 , F e C I : ! — b r o w n i s h -

b l a c k s p o l s . K O I I 9 — 3 0 0 sec. b r o w n s p o t s . K C N 3 5 — 8 5 sec . b r o w n s p o l s . T h e 

c h e m i c a l f o r m u l a o n t h e b a s i s of t h r e e a n a l y s e s w a s d e t e r m i n e d b y K. H a y a s e 

( 1 9 5 5 ) as (Bi, Sb);jS:i. T h e m o l a r r a t i o B i 2 S : l : S b 2 S 3 w a s b e t w e e n 9 : 1 1 to 1 3 : 7 . At last 

h e r e m a r k s t h a t t h e n a m e h o r o b e t s u i t e h e s u g g e s t s for a m i n e r a l of t h e b i s m u t i t e -

a n t i m o n i t e o r d e r f r o m v a r i o u s w o r l d d e p o s i t s , q u o t e s l h a l s u b s t i t u t i o n of b i s m u t h b y 

b a s i s of t h e m e n t i o n e d d e s c r i p t i o n h o r o b e l s u i l e w a s r e c o g n i z e d a s a n e w m i n e r a l b y 

a n i n t e r n a t i o n a l c o m m i s s i o n ( K . V a g i 1958) . 

G. S p r i n g e r ( 1 9 6 9 ) . b a s e d on a b o u l 7 0 a n a l y s e s of m i n e r a l s of t h e b i s m u t i t e -

a n t i m o n i t e o r d e r f rom v a r i o u s w o r l d d e p o s i t s q u o t e s t h a i s u b s t i t u t i o n of b i s m u t h b y 

a n t i m o n y c a n o c c u r u p to 4 2 m o l . % SI> 2 S : ! . b o r s u c h n a t u r a l o c c u r r e n c e s of so l id 

s o l u t i o n B Í 9 S 3 — SlwS : ; be uses t h e d e s i g n a t i o n b i s m u l i n i t c . H e c o n s i d e r s h o r o b e t s u i t e 

as a S b - r i c h , t e r m i n a l m e m b e r in n a t u r a l o c c u r r e n c e of sol id s o l u t i o n BÍ9S3 — S b 2 S 3 . 

K. H a y a s e (19.>5) p r o v e d b y e h e m i e a l a n a l y s e s t h e sol id s o l u b l e s o l u t i o n BÍ2S3 — 

S b 2 S 3 u p to 5 5 m o l a r % Sb 2 S,; . A c c o r d i n g l y a l s o G. S p r i n g e r m e n t i o n s t h a t t h e 

l i m i t of n i i s c i b l e o r d e r s lies in llie c o m p o s i t i o n (Bio/^Sbo^-J jS: ; . H e r e m a r k s t h a t mi­

n e r a l s w i t h c h e m i c a l c o m p o s i t i o n b e t w e e n h o r o b e t s u i t e a n d a n t i m o n i t e w e r e n o t f o u n d 

in n a t u r e a l t h o u g h s u c h m i n e r a l s w e r e o b t a i n e d a r t i f i c i a l l y . 

M i n e r a l s ol l b e b i s n i u l i le-anl u n o n i l e o r d e r ( b i s m u t i t e , h o r o b e l s u i l e . a n t i m o n i t e ) 
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belong to ono structural type (rhomb, s.) in lbe mineralogical system. T h e end members 
of the order differ from one another in physical-chemical properties as well as in 
different conditions of origin. Bismutite is more often found at higher- and/or medium-
thermal deposits. Antimonite, on the contrary, is known from low- and medium-thermal 
deposits. The rare occurrence of horobetsuite, deficiency of exper imental data about 
the Bi-Sb-S system, different conditions, of the origin of cud members of the order 
point to very specific conditions of formation of this mineral . It has been proved by 
exper imenta l s tudy of the Bi-Sb system (F. V. Č u c h r o v 1960) that from the solid 
solution Bi-Sb a continuous order of i somorphous mixtures can form, stable also at low 
temperatures . W i t h the assumption of continuous isomorphism in the order bismutite-
anl imonite ( isomorphism in this order to 42 mol. % SboSa was proved b y G. S p r i n-
g e r) and on the basis of performed s tudy (K. 11 a y a s e, G. S p r i n g e r) and of 
own results we suggest a division of the isomorphous order as follows: 

100 Bi 2 S 3 

75 

25 
0 S b 2 S 3 

The division of the i somorphous order into three members with the limits 0 — 2 5 : 

25—75. 75—100 is c o m m o n also at other isomorphous orders. To this division of the 
order with shifted limits (25. 75) in contrast to lbe division suggested b y K. H a y a s e 
(30, 70) suit be l ter the results of our observation as well as the results of G. S p r i n-
g e r. In the diagram of the bismuti te-antimonite order constructed b y G. S p r i n g e r 
(1969) on the basis of carried out analyses, is clearly separated the Field of more 
frequently occurring minerals with the content of up to 25 mol. % SboS;) from the 
field of rare minerals with lbe content of more than 25 mol. % SboSs. T h e three 
studied cases of minerals of tbc bismutite-antimonite order belong to horobetsuite 
according to chemical composition and the suggested division of the isomorphous 
order. 

The samples studied were taken from the exploited deposit Dúbrava. The deposit 
belongs to lbe ant imonite formation of tlie .Nízke Tatry with distinct slockwork char­
acter. It extends '\ km long, in its whole extent a general veiny structure striking 
.\T—S is evident, of which lbe individual segments in various tectonic blocks were 
given various names (deposit sections). The main ore mineral is ant imonite while 
other minerals — hemati te, pyrite, arsenopyri tc . sphalerite, letrahedrite, chalcopyrite, 
chalcoslibile. bournonite . boulangeri le. zinkenite. native An, Sb, molybdenite, scheelite— 
are s u b o r d i n a t e d lo accessorily represented. 

From nonmelall ic minerals quartz predominates over carbonates (Fe-dolomite, side-
rite, calcite) and barite. 

la two cases the properties of horobetsuite found al the veins Elena and Bielopotocká 
diference is only in lbe presence of C,u (thus also in the lower Sb-content) in sample I. 
in the shape of own grains 0,1—0,4 mm in size, of elongated and isometric shape in 
chalcoslibile. rarely in letrahedrite (fig. I. 2). In reflected light il is yellowish-white. 
Refleclanee is higher than in ant imonite . Double reflection is weak, greyish-white in 
direction of elongation, yellowish-while perpendicular lo elongation. It is anisotropic 
in greyish-white, greyish-brown and brown colour shades. Diagnostic etching by 

mol. % 
0 bismutite 

25 
horobetsuite 

75 
100 ant imonite 
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ľ ig. I. ( !omposi t ion. I — H o r o b e l s u i t e , - — ehalcost ib i te , 
Magnif. 300 X . S a m p l e no. 2. 

- l e l r a h c d r i t e . 4 — p y r i t e . 

2. ( !omposi l ion. Tlie same as fig. I. 
Magnif. 600 X . S a m p l e no. 2. 

Kig. 3. Dis t r ibut ion of B i M a . Magnif. GOO X . 
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Fig. 4. Distribution of SbLa. Magnif. BOO X. Fig. 5. Distribution of CuKa. Magnif. BOO X. 

reagents in s t a n d a r d concentrat ions provided the following results: UN On — is quickly 
getting brown, later black. H CI — brown, later black coating. HgCb — slowly a 
pale-brown, dull surface forms. FeCI ; l. KOI I. K.C.N — not acting. 

Microhardness measured on microhardness-mcter I'M'l'-.'! (arrestment 15 s.. exposure 
10 s. 20 measurements on one sample) with weight 10 gr. is I T m a ! t = 138.6 kg mm-. 
i l m i n = 9 3 / J kg/mm 2 , H m e a n = IK..6 kg/mm 2 . 

T h e determined optical properties agree with the mentioned properties of liorobelsuilc 
from J a p a n (K. II a v a s e 1955). Differences have been found only in the results 
of diagnostic etching (reagents FeCI;). KClN do not act on horobetsuile from Dúbrava). 

Chemical composition was studied on X-ray inicroanalyser JXA-5A by .1. K r i š I í n. 
ľ?y means of quanti tat ive analysis the presence of Hi. Sb. Cu. S has been established. 
The concentrat ion curves and X-ray diffraction patterns of distribution ol individual 
elements (fig. '•>—II) have confirmed an equable distribution ol the present elements. 

Fig. (i. Distribution of SKar. Magnif. BO0X. lig. /. Distribution of FeKa. Magnif. BOO X. 
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I"iii-- 8. Lino ana lys i s of B i M a . Magnif. 600 X . Fig. !). Line ana lys i s of S b L a . Magnif. 600 X . 

Quanti tat ive analyses were carried out with a current of 25 kV. As s tandards were 
used: Sb — Sb^S.j. Bi — BÍ2S3, (Bi), Cu — CuFeSi. S — BÍ2S3, (SD2S3). The average 
analysis was calculated from three point analyses of the individual mineral grains. 
In recalculation of analyses according to the programme SONDA 03 on computer (IDC 
3300 were used corrections to : absorption, dead running of detector, atomic number , 
fluorescence and exit angle. 

With recalculation of analyses (tab. 1) we obtained the formulas (Bij 2lSbo,65) 
i,SBCuni2 i,!)8S;j. Chemical composition of the analysed minerals is very close. The 
difference is only in the presence of Cu ' thus also in the lower Sb-eontent) in sample 1. 
The molar ratio BÍ2S3 : SbaSn in sample 1 is 6,5:3,5, in sample 2 is 6,4:3,6. On the 
basis of calculated molar ratios BÍ0S3 : Sb2S;j and according to the ment ioned division 
of the isomorphous order we m a y consider both the minerals as horohetsuite. 

The third observed sample with horobctsuite present (tab. 2) comes from recently 
mined short veins in the deposil section flubelská at the lower Ignác adit. The vein 

í 

Fig. 10. Line ana lys i s of CuKa . Magnif. 600 X . Fig. I I. Line ana lys i s of SKa. Magnif. 600 X . 
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T a b l o I. Average analyses and their recalculation 

Bi 
Sb 
Cu 

s 
Ľ 

Sample 1 

Weight % 

58,2 
18,2 

1,8 
22.3 

100^5 

Atomic 
amount 

0,2784 
0,1494 
0.0283 
0,6947 

Sample 
coeff. 

1,21 
0.IS5 
0,12 
3.00 

Sample 2 

Weight % 

58,1 
19,1 

0,0 
22,1 
99,3 

Atomic 
amount 

0,2779 
0,1568 

0.6884 

Sample 
coeff. 

1,21 
0,68 

3,00 

Sample I — Dúbrava—Predpekelná, Elena vein, main haulage rock crosscut 
Sample 2 — Dúbrava—Dechtárka, vein Bielopotocká Underlying, Bielopotocká II. adit 

infilling is formed b y coarse-grained- to rodlike chalcostibite, fine-grained barite, rare 
tctrahedrite and pyrite. Microscopically have been found horobetsuite and chalco-
pyrite in isolated cases. Horobetsuite is found in the shape of irregular to elongated 
individuals (fig. 12), g ranular aggregates less t h a n 0,1 m m in size in chalcostibite in 
close proximity to strongly replaced tctrahedrite. W h e n compared with chalcostibite 
it has a higher reflectance. Double reflection is clear, well observable on aggregates. 
In the direction of elongation it is white with cream shade, perpendicular to elongation 
pale-grey. It is highly anisotropic, with yellowish-brown, creamlike, greyish-brown to 
black colouring. Etching test: HNO3 — causes slow browning, later black colour. HC1 — 
slow reaction, weak browning, K O H — grey, at the margin of grains black coating. 
HgClj, FeCln, KCN — not. acting. The small dimensions did not permit lo employ 
further identification methods. 

W i t h recalculation of the analysis we have obtained the formula (Sbi,38Bin,48)l,86Cu0,08 
1 94S3. As visible from the chemical analysis and recalculation, the ratio BÍ2S:) : Sb2S,3 — 
2,6:7,4 is contrary than in the foregoing two samples. This ratio in favour of SbiS;) 
is still higher (fig. 13) than proved b y K. II a v a s e (1955). Similarly as in the foregoing 
(wo cases also this mineral we m a y consider as horobetsuite on the basis of recalculation 
of the analysis and of the mentioned division of isoniorphous order. 

W h e n compar ing the results of diagnostic etching of the studied horobetsuite with 
bismutite and ant imonite (tab. 3) we see a conspicuous accordance of etching properties 

T a b l e 2. Average analysis with recalculation 

Bi 
Sb 
Co 
S 
Ľ 

Weight 0/0 

27,42 
45.30 

1,38 
25,90 

100,00 

Atomic amount 

0,1312 
0,3720 
0.0217 
0.8078 

Sample coeff. 

0.48 
1,38 
0,08 
3.00 

Sample 3 — Dúbrava—Ľubelská, lower Ignác adil. heading S-7 
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big. 12. Composition. I — Horobelsuite, 2 — 
uhalcostibite, 3 — tetrahedrite, !i — pyrite. 
5 — barite. Magnif. fíOO X. Sample no. 3. 

between bismutite and horobelsuite 1,2, and antimonite and horobelsuite 3. Regarding 
to the microscopic dimensions and the influence of surrounding environment (chalco-
stibite). the results of diagnostic etching (mainly in horobelsuite 3) are not quile con­
vincing. The measured microhardness of horobetsuite (tab. 3) corresponds well to a 
member in the order bismutite-antimonite. 
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T a b l e 3. Comparison of diagnostic etching and microhardness in bismulite-anlimonite order 

BISMUTITE 

UNO, + 
HCl + 
HgCl, + 
FeCl3 
KOH -
KCN -
H 118-172+ 

HOROBETSUITE 
Sample 1,2 | Sample 3 

+ 
+ 
+ 

93-139+! 

+ 

+ 

ANTIMONITE 

+ 
+ 

+ 
+ 

51—125 kg/mm2++ 

H I. I. Lebedev (1963), + + — author, Dúbrava deposit 

The described horobetsui te was forming in the m a i n sulphidic stage (J. H a l t 1966), 
in the stage of formation of copper sulphides (tetrahedrite. chalcostibite, bournonite) . 
With in the observed association precipitation of horobetsui te took place only after 
tetrahedri te and chalcostibite formed. T h e succession tetrahedrite-chalcostibite-horobet-
suite is also pointed out b y the chemical composit ion of chalcostibite of the third 
studied sample. W h e n compar ing chemical composit ion of horobetsuite (tab. 2) with 
chalcostibite ( S b - 4 5 , 8 9 B i - 2 , 1 4 C u - 2 6 , 3 1 S-25,51) we sec that the contents of Sb 
and S do not change in these minerals and the contents of Cu and Bi are contrary. 

Translated by J. PEVNÝ. 
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