GEOLOGICKY ZBORNIK GEOLOGICY CARPATHICA XXV 1 — BRATISLAVA, JUNT 10975 I;"II

EDUARD BALBOVSKY — JOZELE KRISTIN®

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

DUBRAVA
Has, 113
Abstract: Tooahe Trme ol mineralogieal-geochemiceal  investisation  of

antimonite minevalization of the Nizke Tatey Mis. minerals of the bismutite-
antimonite order not deseribed by os have heen Tound at the deposit Diibreava,
Minerals of the isomorphous order hismutite-antimonite ave present very rarely
under natweal conditions, For this reason many of them are very litde studied.
So Tar as the middle member of the bismutite-antimonite order has been known
horobetsuite (K0 Ty ase 19350 and  bismutite with higher  Sh-content
Go Springer 19649,

P e310Me: BO BpeMA MUHEPAJOTHYECKOTOD — TEOXHMMHYECKOr) HMCCASAOBEHUA
aHTHMOHUTOBON Muuepaausauuu Husxkux Tartp, Gmno obuapy:mkeno na MECTOPOK-
aenitit yBpara HECKOMBKO, y HAC HEDMIUCAHHBIX MIHEDANOB BHCMYTHHOBO — aiTi-
MOHHTOBOTO MOpAIEA. Ml‘l}iEpaJTbl IISOMOP@HOTU NOpAILIKa BHCMYTHH — aHTHMOHHT
B eCTeCTBEeHHBIX YCHOBUAX HAXOOHATCA JUeHb pe.‘lKD. Ilo STOI"[ MpHYHHE MTOYMTH BCe
MITHEDAJBI DaHHOTO MopALKa HM3YHEHBl OYEHB HENOCTATOUHO. I.[O CHX l'l(JP H3B2CTEH
CPemHitil ujieH BbIUCYyNMoMUHaeMOro mopanxki — ropobercyur (K. Tasce 1035)
i BicMyTuH ¢ Gonee sricokum conepxanuer Sh (I Cnpuunrep 1969).

AL the deposit Horobetsu (K. Yagi 1958 horobelsuite is Tound in the shape of
prismatic. verlically strinted ervstals. Specifie gravity al 20° C is 5.449. The colour is
stecl-grey. the streak black. it is anisotropic with pale-vellow. grey and dark-brown
shade. The values of erystal lattice are: a, = 11.24 b, = 11.28 ¢, = 3.90. Diagnostic
elching by reagents in standard concenteation: HNO5. 1HCL HaCly, FeCly — hrownish-
black spots. KO 9=300 see. brown spots. KON 335—85 see. brown spots. The
chemical Tormula on the basis of three analyses was determined by K. Hayase

(1955) as (Bi. ShlySy The molar eatio BiaS )

1 S5haSy was between 9:011 1o 13:7. A1 last
he remarks that the name horobetsuite he sugeests Tor o mineral of the bismulite-
antimonite order Trom various world deposits. quotes that substitution of bismuth by
basis of the mentioned deseription horobetsuite was recognized as o new mineral by
an international commission (K Y a i [O58),

GoSpringer (1969, hased on about 70 analvses of minerals of the bismulite-
antimonite order from various world deposits quotes that substitution of bismuth by
antimony can ocenr up Lo A2 mol. "y SheS
solution B

IFor such natural ocenrrences of solid

— Shasy hie uses the designation bismutinite. e considers horobetsuite
as o Sherich. terminal member in natural oceurrence of solid solution BixSy — ShaSy,.
K. Hayase (19350 proved by ehemical analvses the solid soluble solution BisS

SbaSy up to 55 molar "y Shass Necordingly also Go Springer mentions that the

limit ol miscible orders lies in the composition (Big 35bg a3)255. He remarks that mi-
nerals with chemieal t'l:]!ljllr.‘i“ill” hetween horobetsuite and antimonite were not Tound

in nature although such minerals were obtained artilicinlly.

Minevals ol the Bismutite-nntimonite order Chismutite. horobelsuite. anlimonile)
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belong to one stractural type (rhomb, s.) in the mineralogical system, The end members
of the order differ from one another in physical-chemical properties as well as in
dilferent conditions of origin. Bismutite is more often found at higher- and/or medinm-
thermal deposits. Antimonite. on the contrary, is known from low- and medium-thermal
deposits. The rare occurrence of horobetsuite. deficiency ol experimental data about
the Bi-Sh-S system. different conditions. of the origin of end members of the order
point to very specific conditions of formation of this mineral. Tt has been proved by
experimental study of the Bi-Sh system (F. V. Cuehrov 1960) that from the solid
solution Bi-Sh a continuous order ol isomorphous mixtures can form. stable also al low
temperatures. With the assumption of continuous isomorphism in the order bismutite-
antimonite (isomorphism in this order to 42 mol. % SbaSy was proved by G. Sprin-
ger) and on the basis of performed study (K. Hayase, Go Springer) and of
own resulls we suggest a division of the isomorphous order as follows:

I!lll]. "u
100 13195, 0 hismutite
7k 25
horobelsuite
25 75
0 ShaSy 100 antimonile

The division of the isomorphous order into three members with the limits 0—=235.
25—T75. T5—100 is common also al other isomorphous orders. To this division of 1he
order with shilted limits (25, 75) in conteast 1o the division suggested by K. Hayvase
(300 700 suit better the results of our observation as well as the results of G, Sprin-
ger. In the diagram of the bismutlite-antimonite order constructed by G. Springer
(19697 on the basis of carvied out analyses. is clearly separated  the field ol more
frequently oceurring minerals with the content of up to 25 mol. % ShaS; from the
ficld of rare minerals with the content of more than 25 mol. % ShaSy. The three
studied ecases of minerals of the bismulite-antimonite order belong 1o horobetsuite
according to chemical composition and the suggested division ol the isomorphous
order.

The samples studied were taken from the exploited deposit. Ditheava, The deposit
helongs 1o the antimonite Tormation of the Nizke Tatey with distinel stockwork char-

FA

acter. 1t extends 4 km long, in its whole extent o general veiny stracture striking

N—S is evident. of which the individual segments in various lectonic blocks were

wiven various names (deposit secetions), The main ore mineral is antimonite while
other minerals — hematite. pyeite. arsenopyrite. sphalerite. 1etrahedrite. chalcopyrite.
chaleostibite. bournonite. houlangerite. zinkenile. native Au. Sho molyvhdenite. scheelite—
are subordinately 1o accessorily represented.

From nonmelallic minerals quartz predominates over carbonates (Fe-dolomite. side-
rite. caleite) and harite.

In two cases the |H'H|1I’I’[il’>‘- ol horobetsuite Tound ar the veins Elena and |’)it'|tl|mlncli.“|
diference is only in the presence of Co (thus also in the lower Sh-content) in sample 1.
in the shape of own grains 01 —04 mm i size. of elongated and isometrie shape in
chaleostibite. rarely o teteahedeite (Mg 10200 Inoeellected light it is vellowish-white.
Belleetanee is higher than in antimonite. Double refleetion is weak. greyish-white in
direction of clongation. vellowish-white perpendicular 1o elongation. It is anisolropic
in grevish-white. grevish-hrown and  hrown colour shades. Diagnostie  etehing by
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Fig. 1. Composition, | Horabetsuite, 2 — chaleostibite, 3 teteahedrite. 4 — pyrite.

Magnil, 200 X. Sample no. 2,

1. Fig. 30 Disteibution of Bide, Magnil. 600 X.

| iu. I..!. ':'Flllllll_\iliil[l_ -I.]“' =i s ili”..
Magnil. 600 X. Sample no. 2



I!If BABLONSRY — KIESTIN

i, 4. Disteibution of Shle. Magnil. 600 3. Fig, 50 Disteibution ol Cokeo Magnill 600 X,

reagents in standard concenteations provided the Tollowing results: TINO, — is quickly
gelling brown. later black, THCI — brown. later black coating. HgCly — slowly «

pale-brown. dull surface forms, FeCly, KO KCN — nol acting.
Microhardness measured on microhardness-meter PMT-3 Gerestiment 15 s, exposure

10 5. 20 measurements on one samplel with weight 10O g as T, mm

Hin = 934 kg/mm? ey = A6 kg mm®,
The determined optical properties agree with the mentioned properties ol horohetsuite
from Japan (I ITayvase 19350 Dilferences have been found only in the resulis
of dingnostic etehing (reagents FeCly, KCN do not act on horobetsuite from Diibraval.
Chemieal composition was studied on Neray microanalvser JNA

SA by o Kridtin,
By means ol quantitative analysis the presence of Bio She Coo S has been established.
The concenteation curves and Nerav diffeaction patterns of distribution of individual
clements (Mg, 3—11 have confirmed an equable disteibution of the present elements,

Fig. G Disteibution of SKhe. Magnif, 600 X, Fie 7.0 Disteibution of Felka, Magnif. 600 X,
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Mg, 8. Line analvsis of BiMe. Magnil. G600 X, Fig. 9. Line analvsis of Shle. Magnil, 600 X .

Quantitative analvses were carvied oul with a current of 25 kV. As standards were
used: Sh — .\‘.\}ng-;. Bi — P)l_’h] (Bi). Cu— (‘.1I1"I'S_J. S— Hi'_!t“\;;. [..Q!I)-_h. ). The average
analysis was caleulated from three point analvses of the individual mineral grains.
In recaleulation of analyses according to the programme SONDA 03 on computer CDC
3300 were used corrections to: absorption, dead running of detector. atomic number,
[Muorescence and exit angle.

With recaleulation of analyses (tab. 1) we obtained the Tormulas  (Big 21 Sby gs)
1 560U s 10893, Chemical composition of the analvsed minerals is very close. The
difference is only in the presenee of Co (thus also in the lower Sh-content) in sample 1.
The molar ratio BigSy : SbeSq in sample | is 6.5:3,5, in sample 2 is 6,4:3.6. On the
hasis of ealeulated molar ratios BiaSy @ SheSy and according to the mentioned division
ol the 1somorphous order we may consider both the minerals as horobetsuite.

The third obscrved sample with horobetsuite present (tab. 2) comes from recently
mined short veins in the deposit section Lubelska at the lower lgnace adit. The vein

Fig, WL Line analysis of Culke, Magnif, 600 30 Fige L Line analyvsis of SKe. Magnil, 600 X,
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Table | Average analyvses and their recaleulation

‘ Y Swmple 2|
| oo or | Aomic Sample Taiahy 0 | Atomic | Sample

‘ Weight % | amount I coelf. Weight % | amount coefl, |

e ! oy I N S — " S |

‘ Bi l 58,2 0,2784 1,21 58,1 0,2779 ! 1,21

' Sh ‘ 18,2 0,1494 0.65 19,1 0,1568 | 0,68

| Cu 1.8 0.0283 0,12 0,0 — -

LS 223 06047 | 200 29 0.6884 300

| =z 100,5 - 93| | |

| I S | | |

Sample | — Duabrava—Predpekelni, Elena vein, main haulage rock erosseut

Sample 2 — Diabrava—Dechtarka, vein Biclopotocki Underlving, Biclopotock:i 11, adit

infilling is formed by coarse-grained- to rodlike chalcostibite. fine-grained barite. rare
tetrahedrite and pyrite. Microscopically have been found horobetsuite and chalco-
pyrite in isolaled cases. Horobetsuile is found in the shape of irregular to elongated
individuals (fig. 12). granular aggregates less than 0.1 mm in size in chalcostibite in
close proximity to strongly replaced tetrahedrite. When 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 vellowish-brown. creamlike. grevish-brown to
black colouring. Eiching test: HNOy — causes slow browning. later black colour. HCI —

slow reaction. weak browning, KOH — grey. al the margin of grains black coating.
HgCly, FeCly. KCN — not acting. The small dimensions did not permit to employ

further identification methods.

With recalculation of the analysis we have oblained the formula (Sby »35Bip 4s)1 g6Cup oz
19493, As visible from the chemical analysis and recalenlation. the ratio BiaSy : SbeSy —
2,6:7.4 is contrary than in the foregoing two samples. This ratio in favour of SheSy
is still higher (fig. 13) than proved by I Ha v ase (1955). Similarly as in the foregoing
two cases also this mineral we may consider as horobetsuite on the basis of recaleulation
of the analysis and of the mentioned division of isomorphous order.

When comparing the results of diagnostic etehing of the studied horobetsuite with
hismutite and antimonite (tab. 3) we see a conspicuous accordance ol elching properties

Table 20 Average analysis with vecaleulation

Weight 0/, [ Alomic amount | Sample coeff.
| |
| Bi 97.42 0.1312 ‘ 0,48 )
| Sb 45.30 0.3720 . 1,38
Cu | 1,38 00217 0,08
s | 25,90 0.8078 3,00 |
' |

| r 100,00

Sample 3 — Dibrava—Lubelskia. lower Tende adit, heading S-7
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Fig. 12, Composition, | — Horobetsuite, 2 —
chalcostibite. 3 — tetrahedrite, 4 — pyrite.

vo— harite. Magnif. 600 X. Sample no. 3.

between bismutite and horobetsuite 1.2, and antimonite and horobetsuite 3. Regarding
to the microscopic dimensions and the influence of surrounding environment (chalco-
stibite), the results of diagnostic etching (mainly in horobetsuite 3) are not quite con-
vineing. The measured microhardness of horobetsuite (tab. 3) corresponds well to a
member in the order bismutite-antimonite.

atom.% Sb
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Fig. 13 Diagram of bismutite-antimonite order.
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Table 3. Comparison of dingnostic ctehing and microhardness in bismutite-antimonite order

| HOROBETSUITE N
BISMUTITI, — R — ANTIMONITE
| Sample 1,2 | Sample 3
— -] T 1 - a0 —|
HNO, + " + ' + .
HgCly + + = -
FeCly — — — —
IKOH e | — + +
KON - — | - +
H 118—172¢ 03—150 | 51—125 kg'mm***

+— I. . Lebedev (1963), 4+ 4+— author. Dibrava deposit

The deseribed horobetsuite was forming in the main sulphidic stage (J. Hak 1966),
in the stage of formation of copper sulphides (tetrahedrite. chaleostibite. bournonite).
Within the observed associalion precipitation of horobetsuite took place only after
tetrahedrite and chalcostibite formed. The succession tetrahedrite-chaleostibite-horobet-
suite is also pointed out by the chemical composition of chaleostibite of the third
studied sample. When comparing chemical composition of horobetsuite (tab. 2) with
chaleostibite (Sh—45,89 Bi—2.14 Cu—26.31 5—25.51) we see that the contents of Sb
and S do not change in these minerals and the contents of Ca and Bi are contrary,

Translated by J. PEVNY.
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