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Abstract: The paper presents resulis of the detailed chemical-mineralogical in-
vestigation of chalcostibite from the Dve Vody and Dibrava deposits in the Nizké
Tatry Mts. Both deposits belong to the antimony paragenesis in which stibnite and
quartz prevail over other minerals. Chalcostibite occurs as an accessory mineral only.
In the Dve Vody deposit this mineral has been determined only microscopically in
close association with zinckenite. In the Dabrava deposit chalcostibite can be found
in a far greater amount and is as a rule accompanied by tetrahedrite. In places it
forms tabular crystals in cavities. Macroscopically steel-grey with bluish tinge chalco-
stibite can be clearly distinguished from tetrahedrite by its cleavage. The chemical

analysis of the Dibrava chalcostibite gave the following result: Cu — 2513 0,
Fe — 0.43 %, Sb — 48.99 %, S — 25.86 %, total — 100.41 %. Its crystallochemical
formula is as follows: (Clygezo Feq.0102)1.002 SPo.90s0 So+ CGmeas. = 4.99. Z = 2. Of the

elements established spectrally Ag, As, Bi, Hg, Fe, In, Pb and Zn can be
taken for isomineral. Chalcostibite is characterized by the complex of lines: 3.09 (10},
3.01 (10), 1.825 (8) and 1.759 A (8). The cell dimensions are as follows: &, = 6.040,
by = 14.39, c¢ = 3.789. Diagnostic etching: HNO, positive, other agents are negative.
The presence of chalcostibite in the antimony deposits is conditioned by the pre-
sence of copper and particularly by a higher concentration of antimony and sul-
phur in ore-bearing solutions.

Introduction

During the detailed mineralogical-geochemical investigation of anti-
mony deposits in the Nizké Tairy Mts. chalcostibite has been found in
addition to rarer sulphosalts (boulangerite, zinckenite, jamesonite etc.];
according to literature available this mineral has so far been identified
only in the region of Czech Massif (Krdsna Hora deposit — ]J. SOBOTKA
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1958). In Slovakia chalcostibite has been not established up to this time.
Chalcostibite is also very rare on a world scale and only few data can be
gathered about it. The paper presented links with the preliminary report
of J. HAK and Z. JOHAN (1959) and summarizes the results of the detailed
chemical-mineralogical investigation of this mineral.

The Nizké Tatry ore district is characterized by the occurence of anti-
mony ores with minute amounts of gold which are extensively distribut-
ed mainly in the centre of Dumbier subzone in the western part of the
Nizké Tary Mts. These deposits traditionally regarded as very simple (the
s. ¢. Chinese type according to H. SCHNEIDERHOHN, 1955) often display
a considerably variegated mineral association in which in adddition to
stibnite also berthierite, Pb-Sb sulphosalts and sulphides of Cu, Pb and Zn
manifest themselves in a greater amount. Of non-ore components quartz
strongly predominates over the carbonate of dolomite-ankerite chemism
(cf.J. HAK, 1959).

Chalcostibite has been established as a purely accessory mineral in
two ore deposits only in the area under consideration, namely, in the lo-
calities of Dubrava and Dve Vody. In an amount sufficient for the detailed
mineralogical and chemical examination this mineral occurs in the Dibra-
va deposit only, while in the Dve Vody locality it appears in microscopic
dimensions and in an intimate intergrowth with zinckenite, so that it was
impossible to gain pure material for further study.

Geological-mineralogical characterization of the deposits studied

The antimony deposits of the Nizké Tatry Mts. are situated throughout
the crystalline complex composed of catazonally metamorphosed crystal-
line schists, migmatites and deep-seated intrusions of the granite group.
The antimony deposits of this area follow two dominant tectonic lines
trending E-W and N-S. The localization of the deposits with the occur-
rence of chalcostibite can be seen in fig. 1.

The Dve Vody deposit is situated about 7 km N of the village Dolna
Lehota on the eastern slope of the Zdiar Mt. — 1408 m, on the southern
slope of the Nizké Tatry Mts. The surrounding rocks of the core crystalline
massif are orthogneisses, in place migmatites and not very thick strips
of amphibolites. According to the strike and dip two systems of veins
striking NW-SE with different dip may be distinguished in the deposit.
The principal veins dip steeply (65—80° towards NE]. Mineral association
is considerably variegated. The vein filling consists mostly of strongly
crushed mylonite, sporadically with ore impregnations, carbonates and
quartz which is in great excess. Of sulphides stibnite prevails. Zinckenite,
galena, boulangerite, pyrite and sphalerite are present in a subordinate
amount. Chalcostibite, arsenopyrite, bournonite, chalcopyrite and native
antimony (?) appear as accessories. From the geochemical point of view
antimony is the dominant element accompanied by lesser amounts of
Pb, Fe, Zn, Cu and As. Of minor elements Bi, Cd and Hg are typical.

The Ditbrava deposit is situated about 5 km S of the village bearing
the same name, on the northern slope of the Nizké Tatry Mts. The deposit
represents an extensive ore district dissected by dells into several parts.
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1 (Geographical situation of antimony deposits with the occurrence of chalcostibite.
Geogratickd situace studovanych antimonovych loZisek s vyskytem chalkostibitu.
Teorpaduueckoe TmONOKEHME MIYUEHHBIX CYPMAHHBIX MECTOPOXIEHHH ¢ HAaXOKICHHEM
XaJabKOCTUOHUTA

J. MICHALENKQO (1960) divides the Diibrava deposit into several vein
groups. The eastern group is composed of the veins of the Kamenisto
and Pila localities which are only slightly metallized. The main group
of veins consists of the ore localities Lubelska, Dechtéarka, Vedro, Rakytova,
Predpekelna, MatoSovec and Ostredok. The western group is represented
by the veins in the valley of Chabenec and Kladianka and shows a so-
mewhat different sirike. The veins of the principal and eastern group
strike N-S with a dip towards the E and are situated in the so-called
PraSiva granite accompanied rarely by some vein derivatives [pegmatites,
aplites]. Being one of the most extensive deposits of the area uuder consi-
deration this locality has been studied by a number of authors, most
recently by P. JAKES (1963), who has summarized the earlier data. Of
hypogene minerals in the deposit in addition to stibnite also arsenopyrite,
bournonite, hematite, chalcopyrite, chalcostibite, pyrite, sphalerite, tetra-
hedrite, zinckenite and native gold are mentioned by P. Jake$S and have
been verified by him. Other minerals introduced in literature are ja-
mesonite, galena and marcasite, whose presence, however, has not been
confirmed by P. JakeS. The newly established hypogene senarmontite is
being studied by a collective of authors (F. CECH, ]. MICHALENKO,
7. POUBA — cf. P. JAKES 1863). The non-ore components involve barite,
quartz and carbonates {ankerite and calcite}, among them guartz is again
dominant. The mineralogical composition of the individual veins {ire-
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guently varies. The detailed description of mineral associations of different
vein groups lies cutside the scope of this paper.

Chalcostibite has so far only been found in the veins of the Predpekelnd
locality (J. HAK, Z. JOHAN 1959) and in the Nova Nadej vein from the
Dechtarka locality (P. JAKES 1963). From the geochemical point of view
the deposit is characterized by a considerable predominance of antimony
over iron, copper, lead, arsenic and zinc. Of subordinate elements Ag, Bi,
Cd, and Hg occur, of characteristic trace elements Au, Co and Ni, which
are mainly bound to the occurrence of sphalerite and tetrahedrite.

The chemism of some sulphide minerals from the Dibrava deposit

Before dealing with the detailed examination of chalcostibite we shall
mention some minerals which appear in close association with this mi-
neral. As it has already been written chalcostibite could only be gained in
a sufficient amount from the Diibrava—Predpekelnd locality. Therefore,
attention will be paid only to the minerals and their chemism from this
locality. The results of the qualitative spectrochemical analyses of more
important minerals from the paragenesis studied are shown in table 1.

Pyrite belongs to fairly abundant minerals in the deposit and occurs
in close association with chalcostibite. It forms chiefly euhedral crystals
which are often cataclastic and are replaced by younger sulphides. Accord-
ing to J. H. BERNARD (1957]) of the elements established by spectro-
chemical method As, Co, Cu, Ni and perhaps also Sb (minute amounts)
can be taken for isomineral.

Sphalerite can be found only as an accesory forming irregular
aggregates of red-brown colour in quartz gangue. Its chemism is interest-
ing mainly by its increasad concentration of Ag, Hg, Sb and by presence of
trace elements Au, Co, Ga and Tl. The spectrochemical analysis indicated
that this is the sphalerite poor in Fe and Mn with no Ge and In, while the
concentration of Cd is large. Of the elements established in addition
to the isomorphous admixtures (Cd, Fe, Mn) the authors regard As,
Co, Ga, Hg and Tl and a part of the established contents of Ag, Cu,
and Sb as isomineral. The presence of Au is ascribed to the occurrence
of the native gold.

Tetrahedrite is the most abundant mineral in the material studied
and is always most closely associated with chalcostibite. Tetrahedrite
forms mostly irregular aggregates of up to several cm in size occurs in
guartz and carbonate gangue. In practice all the chalcophile elements

The qualitative spectrochemical analyses were carried out by the team of the
spectrochemical laboratory at the Institute of Mineral Raw Materials in Kutnd Hora
under the following conditions: Spectrograph Zeiss Q—24, a. c. arc 8 A, gener.
DG—1 or ABR 3, photoplate Foma s. 0., exposure 30 sec. without pre-arcing, carbon
electrodes CKD Praha, analytical gap 3 mm, slid width 0.003 mm. The samples were
mixed with the graphite buffer. The following elements have been evaluated: Ag, Al,
As,- Au, B, Ba, Be, Bi, Ca, Cd, Co, Cu, F, Fe, Ga, Ge, Hg, In, K, Li, Mg, Mn,
Mo, Na, Nb, Ni, P, Pb, Sb, Sc, Si, Sn, Sr, Ta, Te, Ti, Tl, U, V, W, Y, Yb, Zn, Zr.



Table 1.

Qualitative spectrochemical analyses of some minerals being in paragenesis with
chalcostibite in the Dibrava deposit.

Kvalitativni spektrdlni analyjzy nékterych nerostlt z loZiska Dubrava, které se vy-
skytuji v paragenezi s chalkostibitem.
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ascertained, with the exception of sporadic Mo, belong to the tetrahedrite
lattice and their concentration (except for Bi} is approximately constant.
From the point of view of total chemism of the tetrahedrite mineral group
the higher concentrations of Ag, Hg and Zn and in some samples also Bi
are characteristic of the tetrahedrite studied. A very typical microelement
is Au whose occurrence in native form cannot be excluded, but we can
rather assume its bond in tetrahedrite lattice.

Zinék enite belongs to less common minerals and is asscciated
especially with stibnite. Zinckenite forms irregular massif aggregates of
steel-grey colour dispersed mostly in quartz and often intimately inter-
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grown with stibnite. In these aggregates zinckenite can be distinguished
from stibnite only microscopically by means of etching agents (KOH). Of
the elements established Ag, As, Cd, Cu, Fe, and perhaps also the minute
amounts of Bi and Zn can be taken for isomineral. The interpretation of
isomineral form of elements presented is in accordance with the statistical
evaluation of the microchemism of zinckenites from the whole area of the
Nizké Tatry Mts. (cf. J. HAK 1958, 1963].

Stibnite is a characteristic and prevailing mineral in the deposit
investigated. Although it does not appear as a rule in close association
with chalcostibite, we describe its chemism in order to show the general
geochemistry of the deposit. With respect to the chemism of stibnites from
other deposits of this area the chemism of the stibnites cited does not
display any anomalies. Ag and As and the minute amounts of Cu, Fe, Pb,
and Zn can be regarded as isomineral.

Occurrence, Physical and Optical Properties of Chalcostibite
from Diibrava. '

As already mentioned in the introduction, chalcostibite is an accessory
mineral in the Dubrava-Predpekelnd deposit. Although this mineral has
been found in macroscopic dimensions and monomineral aggregates, it
usually occurs in microscopic form in close association with tetrahedrite.
Macroscopically chalcostibite forms as a rule irregular aggregates of mm
dimensions disseminated in quartz and carbonate gangue. Smaller crystals
of chalcostibite showing a tabular development with characteristic stria-
tion on crystal faces (see Plate I, fig. 1.) were found rarely in cavities.
Chalcostibite is steel-grey, with bluish tint, metallic luster and distinct
cleavage. Sometimes variegated tinge colours can be observed. Streak
black. Under the microscope we can observe tiny anhedral grains and
irregular aggregates which usually metasomatic replace both the gangue
and mainly tetrahedrite. Under less intensive metasomatism chalcostibite
forms a network of veinlets and small grains impregnating the original
tetrahedrite aggregate. Under more intensive metasomatism chalcostibite
predominates over tetrahedrite, which remains preserved in the form of
small isolated relics or a total metasomatic replacement of tetrahedrite by
chalcostibite takes place. The typical forms cof the replacement mention-
ed are given in photographic plates. (Pl. I, fig. 3, 4; Pl 1I, fig. 1, 2}.

In reflected light chalcostibite is white, showing a fairly high reflectivity
(compared to tetrahedrite its reflectivity is distinctly higher). Reflection
pleochroism in the air and in oil immersion is very weak, hardly visible.
The anisotropy is strong. Chalcostibite can be easily polished, it is soft,
and exhibits visible cleavage.

Diagnostic etching:

Etching agents according to M. N. SHORT (1940} have been used. Time

of etching 1 min.

HNOs3 1 :1 pos. — The mineral slowly takes iridescent colours and later
becomes slightly brown. After the polished section has been wiped,
the mineral remains slightly etched, slightly brown.
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HClI 1:1 neg.

FeCl; 20 % neg.

HgCl, 5 % neg.

KCN 20 % neg.

KOH 40 % neg. pos. Chalcostibite from the Diibrava deposit remains
intact even after a 2-minute effect of etching agent. The chalco-
stibite from the Dve Vody deposit is intimately intergrown with
zinckenite and takes intensive iridescent colours after one minute
of etching; the film disappears after the polished section has been
wiped. This fact distinguishes the chalcostibite from zinckenite
which takes up iridescent colours almost immediately (see Plate II,
fig. 3). '

The density was determined in pycnometer on a carefully separated
sample which was later used for further examination. G = 4.99 (an average
of two determinations) is in accordance with the literature data (F. V.
CHUKHROYV 1960 gives the following vaiues: Gyess = 4.8 — 5.0, Gear.
= 5.010).

Table 2.

Qualitative spectrochemical analyses of chalcostibite from the Duabrava deposit.
Kvalitativni spektrdlni analyzy chalkostibitu z loZiska Dtubrava.
KauecTBeHHbIe CHEKTpaJbHBEE aHalu3bl xajpkocrubura ¢ MecropoxkneHus [lyb6pasa.

C. spekir.

analyzy |Ag|Al|As|Ba|Bi|Ca|Cd Mn|Pb1S6|Si IZn
97817 |°|°|® °|° |® 7 akd | K
9142 S @ @ e 2 |e |-

Qualitative specirochemical analysis

The results of qualitative spectrochemical analysis of two chalcostibite
samples are given in Tab. 2. (The sample signed 9142 was also chemically
analysed and is identical with the sample whose density was determined].
In discussing the character of the bond of the elements established in
chalcostibite it is necessary to note that the sporadic literature on chal-
costibite contains only few informations cn the cccurrence and concentra-
tion of some elements, mostly without clearly pointing out whether these
are the elements bound to the chalcostibite lattice or belong to heteroge-
nous admixtures (cf. ¥. V. CHUKHROV 1960, H. V. WARREN and R. M.
THOMPSON 1945, J. SOBOTKA 1958). Only the late of the authors men-
tioned has done, on the basis of one qualitative spectrochemical analysis,
the interpretation of the presence of some minor elements in chalco-
stibite. This author assumes that Ag, As, Cd and Zn can be isomorphous
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in chalcostibite of Krdsnd Hora deposit. Of other chalcophil elements
the folowing are present in chalcostibite from Kr4snd Hora: Au, Bi, Hg,
Pb, Ni and TI1; of them Au belongs to native gold. Another difficulty is due
to the fact, that in the material studied, chalcostibite is closely associated
with tetrahedrite whose chemical qualitative composition is the same and
whose complete separation from the material analyzed failed. Although
the presence of tetrahedrite in the chalcostibite sample analyzed is very
small (see further the result of quantitative chemical analysis and the
calculation of crystallochemical formula), we cannot, however, entirely
eliminate the effect of some elements on the microchemism of chalco-
stibite:these elements occur intetrahedrite in higher concentrations (main-
ly Ag, As, Bi, Fe, Hg and Zn). Also a small number of spectrochemical
analyses is insuificient for the statistical evaluation of the elements pre-
sent. Nevertheless, correlating the basis of concentrations of the elements
already mentioned in both the formulas of chalcostibite and of tetrahedrite,
we can assume that all these elements may be (at least in small con-
centrations) regarded as isomineral. Also the trace contents of In and
Pb are evidently isomineral. Mainly the presence of In in chalcostibite
as the only mineral in the deposit is remarkable because neither sphaler-
ite which, as a rule, is the main host mineral of this element nor tetra-
hedrite contain In. Other elements established which are of dominantly
lithophile character are heterogenous.

Chemical analysis

The identification of chacostibite was confirmed by the chemical
quantitative analysis of purely separated sample which was also spectrally
analyzed (No. 9142, see table 2). Because there was insufficient material
only the main components could be determined. 0.6 g of the sample was
used and all the determinations were carried out twice (in table 3 an
average of two determinations is given].

TABLE 3

Quantitative chemical analysis of chalcostibite from the Ddbrava deposit.
Kvantitativni chemickd analyza chalkostibitu z 1oZiska Dibrava.
KonuuecTBeHHEIN XuMUYECKW aHalu3 xaabKocTHGUTa ¢ MecroposkmeHus Iybpasa

1 | 2 3
Cu 25.13 % 25.03 % 0.3839
Fe 0.43 0.43 0.0077
Sb 48.99 48.79 0.4007
S 25.86 25.75 0.8030
Total  100.41 | 100.00
1. Chemical analysis 2. Recalculated to 100 %. 3. Atomic quotients.

Crystallochemical formula :

(Cug 510 Feg,0102)1.0002 Sbo, 903052

248



The sample for the Cu, Sb and Fe determinations was 'decomposed in a mixture
of nitric acid and hydrochloric acid. After the evaporation the residue was removed
by a diluted hydrochloric acid and the copper and iron sulphides were precipitated
by means of sodium suiphide. After the dissolution of these sulphides Fe was separated
from Cu by ammonia. Cu was determined by complexometric titration with the use of
glycinthymol blue as indicator. Fe was established by photometric method by means
of complexon. Antimony was precipitated as sulphide by addition of diluted sulphuric
acid to the filtrate after the separation of copper and iron sulphides. After dissolving
antimony sulphide in concentrated sulphuric acid, antimony was determined by means
of titrawon by potassium bromate. For the determination of sulphur the sample was
decomposed by sintering with a mixture of soda and zinc oxide and the sulphur was
determined gravimetrically as barium sulphate.

The crystallochemical formula calculated approaches considerably the
theoretical formula usually given for chalcostibite — CuSbS,. This fact
confirms both the correctness of the chemical analysis and alsc the great
purity of the material analyzed. With respect to the quantitatively largely
different representation of these elements in tetrahedrite, which in the
first place could represent a hetetrogenous admixture in the chalcostibite
studied, this possibility cannot be taken into account, as follows from the
crystallochemical formula. Although a small amount of pyrite was also
present in the material from which chalcostibite was separated for the
analysis, it is not probable that a small content of Fe established would
be bound to the pyrite admixed. An illustration of the aforesaid is given
by the crystallochemical formula of the analyzed chalcostibite on the
assumption that the iron determined is heterogenously bound to pyrite:
Cuyg 9995 Sb1.0172 S. From the comparison of both the formulae it follows
that the formula including Fe approaches more to the theoretical compo-
sition. This fact, however, does not justify us to regard the higher con-
centrations of Fe as reliably isomineral in chalcostibite.

X-Ray Powder Data

The sample which was spectrally and chemically analyzed and whose
density determination was carried out was also used for the X-ray in-
vestigation. The character of material made it possible to employ only
the Debye-Scherrer method. The analysis was carried out in the physico-
-chemical laboratory of Institute of Mineral Raw Materials in Kutna Hora
under the following conditions: Fe/Mn radiation, time of exposure 6 hours,
calibration substance Al. Intensities were estimated visually. The values
established were confronted with the values given for this mineral by
L. G. BERRY and R. M. THOMPSON (1962]. A good conformity follows
from this comparison. Four week lines given by the authors mentioned
were not ascertained. For the lattice constants calculation the following
lines were used d = 2.12, 1.900 and 1.689 A. Chalcostibite is characterized
by a complex of lines with d = 3.09 (10), 3.01 (10], 1.825 (8], and 1.759 A
(8). The conformity between the measured and calculated d values is
sufficient. The indexed powder pattern is given in table 4.

The position of chalcostibite in the system Cu-Sh-S

From the phase diagram of the Cu-Sb-S system (see fig. 2] it follows
that chalcostibite will occur in paragenesis with tetrahedrite (or stibiolu-
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TABLE 4

X-ray powder patttern of chalcostibite from the Ddbrava deposit.
Rentgenometrickd data chalkostibitu z loZiska Diibrava.
Penrremomerpuyeckue naHHBIE xagpkoctubura ¢ Mecropoxxmenusa [ly6pasa
Fe/Mn radiation, A = 1.9373 &, camera 57.3 mm.

- . Chalcostibite — 1. G. Berry
Chalcostibite Dtuibrava and R. M. Thompson (1962)
I | d(meas) | d (calc) I a | hkl
1 359 A 3.60 A 1 3.65 011, 040
10 3.09 3.09 10 3.13 111, 140
10 3.01 3.01 9 3.00 200, 031
0.5 2.79 2.78 0.5 2.79 220
1 2.56 230
Al 2.34
5 2.31 2.31 4 2.31 240, 051
2 2.25 2.24 2 2.24 160, 221
4 2.12 212 ~ 3 2.12 231
Al 2.02
4 1.900 1.894 3 1.895 002
8b 1.825 1.832 4 1.831 022, 251
’ 0:5 1.817 071, 080
8 1.759 1.757 5 1.762 L 311, 340
0.5 1.743 171
2 1.689 1.683 1 1.687 261
2 1.621 142
4b 1.598 . 1.605 1 1.603 202
3 1.545 1.547 1 1.554 190, 271, 280
Al 1.432 3 1.441 191, 430

b = broad line

Al = internal standard
The cell dimensions are: ag = 6.040 &, by = 14.39 4, ¢y = 3.789 A
ag :bg :cp = 0.4197 :1 :0.2633, Z = 2.

zonite or stibioenargite] and stibnite. The investigation carried out also
confirms this fact. In comparison with tetrahedrite, chalcostibite exhibits
much larger content of antimony and sulphur with regard to copper. One
of the principal factors influencing the formation of chalcostibite is without
doubt a sufficiently high antimony content (in addition to sulphur] in ore-
-bearing solutions. This holds good primarily in the stibnite deposits,
because antimony was the dominant element in ore-bearing solutions. The
study of the conditions of succession in the Dibrava deposit has shown
that the formation of chalcostibite took place between the formation of
tetrahedrite and that of stibnite which is in perfect accordance with the
phase system. With regard to the replacement of tetrahedrite by chalco-
stibite even the simultaneous supply of copper with that of antimony is
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2— Phase diagram of the system Cu-Sb-S.
Fazovy diagram systému Cu-Sb-S. Cu
®azoBas guarpamMMa cucreMsr Cu-Sh-S

Chalkosin Cu28
Digenit Cugg »S

s Hersfordir CusSbk

% Covellin CuS

o Tetraedrit Cu12S64S13

vS{ibioluzan//-\cu SbS
Stibioenargit” 0

o Chalkostibit CuSb Sy

Antimonit SbpS3

not necessary for the formation of this mineral, because chalcostibite
may originate by the reaction of tetrahedrite with stibnite according
to the equation (the tetrahedrite formula is given in a simplified form}:

The occurrence of chalcostibite intimately intergrown with zincke-
nite (Dve Vody deposit] indicates that with respect to different para-
genetic conditions in this deposit the mechanism of the chalcostibite
formation was somewhat different. Even there, however, the condition
of increased antimony concentration in ore-bearing solutions was fulfilled
while copper concentration was relatively low which caused the formation
of bournonite and the absence of tetrahedrite. The following scheme
shows the position of chalcostibite in the mineral succession in the Dve
Vody deposit: galena-bournonite-chalcostibite-zinckenite-stibnite-native
Sh. This succession is again in accordance with the phase diagram of the
system Cu-Sb-S, or Cu-Sb-Pb-S. T. N. SHADLUN (1954) who studied chal-
costibite from the Granitogorsk deposit in the USSR mentions this mineral
in typical association with chalcopyrite and bornite. According to this
author chalcostibite originated after the crystallization of sulphides ri-
cher in copper, after the decrease of copper amount and the increase of
antimony concentration in ore-bearing solutions. Also the occurence of
chalcostibite in association with tetrahedrite and aurostibite in the Krasna
Hora deposit (of J. SOBOTKA 1958) indicates a higher content of anti-
mony in ore-bearing solutions by the origin of the mineral.

In conclusion we can say that chalcostibite originates probably under
very specific physico-chemical conditions which is evidenced by the rare
occurrence of this mineral in sulphide deposits.
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JAROSLAV HAK — MILAN KVACEK — ZDENEK JOHAN
CHEMICKO-MINERALOGICKE STUDIUM CHALKOSTIBITU Z NIZKYCH TATER

Pfi podrobném mineralogicko-geochemickém vyzkumu antimonovych loZisek Nizkych
Tater byl mimo vzécnéjSi sulfosoli (boulangerit, zinkenit, jamesonit aj.) zji§t€n i chal-
kostibit, ktery podle dostupnych literarnich ddajii byl na tzemi CSSR identifikovédn
jen z oblasti Ceského masivu (Krdsnd Hora — J. Sobotka 1958). V ramci studované
oblasti je chalkostibit vzdcnym nerostem, ktery byl nalezen na dvou lokalitdch (Dve
Vody a Dibrava). Detailni studium bylo prevedeno pouze na materidlu z loZiska
Dibrava—Predpekelnd. Na lokalité Dve Vody se chalkostibit vyskytuje jen v mikro-
skopick§ch rozmérech a v intimnim sristu se zinkenitem. Ob& zmin&nd loZiska patii
k antimonové formaci Nizkych Tater a jejich lokalizace je patrnd z obr. 1. Hlavnimi
sloZkami Zilné vypln& t&chto loZisek jsou antimonit a k¥emen, zatimco ostatni ne-
rosty, jako nap?. pyrit, sfalerit, galenit, Pb—Sb sulfosoli (jamescnit, boulangerit,
zinkenit}, tetraedrit, chalkopyrit, bournonit a z nerudnich karbondaty (pfredevS§im Fe-
dolomit), jsou zastoupeny podifadn® aZ akcesoricky. Kromé& vlastniho vyzkumu chalko-
stibitu byl spektrdlné sledovdn i chemizmus nékterych sulfidickych nerostd z lo-
Ziska Dubrava, které se vyskytuji v asociaci s chalkostibitem. Kvalitativni spektrédlni
analyzy téchto nerost@ jsou uvedeny v tabulce 1.

I kdyZ byl chalkostibit na loZisku Dibrava zjist€n ojedin&le makroskopicky ve
formé& nepravidelnych agregdtd a vzacnych tabulkovitych Kkrystald, vyskytuje se zpra-
vidla v mikroskopické formé v t€sné asociaci s tetraedritem, ktery Casto velmi intensiv-
né zatladuje. Jeho fyzikalni a optické vlastnosti jsou v souladu s literdrnimi tddaji.
Vysledky diagnostického leptdni: HNOs 1 : 1 pozit, HC1 1 : 1 neg., HgCl, 5 % neg.,
FeCl; 20 % neg., KCN 20 % neg., KOH 40 % neg. Pro detailni studium byl vysepa-
rovan Cisty materidl, na némZ byla stanovena hustota (D=4,99) a ktery byl rentgeno-
metricky, spektrdlng a . chemicky analyzovan. Kvalitativni spektrdlni analyzy dvou
vzork®t chalkostibitu jsou uvedeny v tabulce 2. Za izominerdlni prvky lze povaZovat
Ag, As, Bi, Fe, Hg, In, Pb a Zn, alespoil pokud jde o stopové koncentrace t&chto prvka.
Vysledek kvantitativni chemické analyzy je uveden v tabulce 3. Vypoc&teny krystalo-
chemicky vzorec chalkostibitu: ({Cuyg.gg0 Feo.0192)1:0002 SDo.0os0 S2 Tento vzorec se velmi
bliZi teoretické formuli CuSby a potvrzuje &istotu analyzovaného materidlu. Rent-
genometricka data chalkostibitu jsou uvedena v tabulce 4. Pro chalkostibit je cha-
rakteristick§y komplex linii: 3,09 (10), 3,01 (10), 1,285 (8) a 1,759 A (8); indexo-
vanim snimku byly vypoCteny miiZkové konstanty:

2, = 6,040 A, by = 14,394, ¢y = 3,789 A ay:by:c, = 0,4197:1:0,2633 Z =2

Zjisténé hodnoty jsou ve velmi dobré shodé s literarnimi tdaji.

Jak vyplyvd z fézového diagramu Cu—Sb—S (viz obr. 2}, je vznik chalkostibitu
podminén vysok§ym obsahem antimonu (vedle siry) v rudonosnych roztocich. Tato pod-
minka je splnéna pF¥edevSim na loZiskéch antimonu. Postaveni chalkostibitu v sukcesi
na loZisku Dibrava je dano schematem : tetraedrit-chalkostibit-antimonit, coZ je ve sho-
dé s fazovym systémem. Vzhledem k Casto velmi intenzivnimu zatlacovani tetra-
edritu chalkostibitem neni nutny pro tvorbu tohoto nerostu ani soufasny pfinos médi
s antimonem, nebot chalkostibit miZe vznikat reakci tetraedritu s antimonitem podle
rovnice (vzorec tetraedritu je uveden ve zjednoduSené formé):

Cuy SbS; + Sby, S; =3CuSb S,

Mechanizmus tvorby chalkostibitu na loZisku Dve Vody byl pon&kud 6dchylny vzhle-
dem k jinym paragenetickym pomérGm (parageneze galenit-bournonit-chalkostibit-zin-
kenit-antimonit); i zde vSak byla splnéna pcdminka zvy$ené koncentrace antimonu
v rudonosnych roztocich. Sukcese na tomto loZisku je opét v souladu s fazovym dia-
gramem systému Cu-Sb-S, resp. Cu-Pb-Sh-S.
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fIPOCJIAB 'AK — MWJIAH KBAUEK — 3JEHEK MOTAH
XVMUKO-MUHE EPAJIOTUYECKOE U3SYUYEHHNE XAJIBKOCTUBUTA C HU3KUX TATPOB

TIpu nonpofHOM MHHEPAICTMYECKO-TEOXUMHUUECKOM W3yUeHUY CypbMAHBIX MecTopoxieHn# Hms-
kux TarposB xpome Gomee pemkux cyubdoconetr (6ynaH)XepUT, LGUHKEHUT, DKEMCOHMT M T. I.)
ofHapyXeH B XaJbKOCTHOHT, KOTOPHIH U0 NOCTYIHEIM JHUTEPATYPHBHIM NAHHBLIM IOKA OBLI HIEH-
TUQHAITUPOBAH TONLKO ¢ Mecropoxmenus Kpacsa ropa s Yexum (0. Coborxa 1958). Ha reppu-
ropuu CnoBaxkuy noxa He Goin ofHapyxeH. B paMKax M3ydeHHOH 061acTH XaJbKOCTHOHUT SBIIA-
erTcs PefKUM MUHepasoM, HAWNeHHBIM JIUmEs Ha IByx MecropoxuexHusax ([ise Bomsr u Iy6pasa).
HMeranproe msyueHne 6BLIO NPOBENEHO TOALKO Ha Martepuase ¢ Mectopoxuenus y6pasa-TIpen-
nexensHa. Ha mecroposknenuu [iBe Bonsr xamskocTuSHT BTCpeyaeTcst TONBKO B MUKPOCKOIHUYECKUX
pasMepax X B MHTHMHOM cpacTaHuy ¢ nuHkeHuToM. O6a yIOMAHYTHX MECTOPOMKIEHMS OTHOCATCSH
K cypoMaHou ¢opMamunm Huskux Tatpos, a umx noxanusanus ofosHavena Ha puc. 1. Ocuos-
HEIMU COCTABJILIOIMMY OJKUJIbHOTO BSAIOJHEHUS STHX MECTOPOKIEHHH ABJIAOTCA aHTHMOHHUT U
KBapll, B TO BPEMs KaK OCTaIbHLIE MUHEDAJbLI, KAK HampuMep, OUpPUT, chanepur, rameHur, Pb-Sh-
cyasdoconn (mxeMcOHUT, OyNaHKEepUT, LUHKEHUT), TETPA3NPUT, XaNbKONUPHUT, OGypHOHUT, a U3
KUJIBHEIX — KapboHars: (mmexue Bcero Fe - [OJOMMUT) IPENCTaBIEHEl BTOPOCTENEHHO MM
akmeccopuuecku. Kpome wmsydeHms xanbkoctubura GBLI CHEKTPANBHO WCCIENOBAH M XUMI3M
HEKOTOPHIX CyabduIoB ¢ MecroposxneHust Jly6paBa, KOTOpHIE BCTPEYAOTCE B ACCOMHMAINK € Xalb-
koctubuToM. KauecTBeHHBIE CIEKTPANbHEBE AHAIWEH HTUX MUHEPAJOB NMpeNcTaBieHs B Tabauue 1.

Xora u 6birm xaasKocTHGUT Ha MecTopoxmexnu [ybGpasa o6HADyX eH OTHEABHO MaKpPOCKOIK-
YecKH B (OpMe HENPaBUJIbHBIX ATPETATOB X PENKWX Ta6IMTIATEIX KPHCTAJLIOB, KaK IIPaBHIO
OH BCTpedYaercs B MHKpDOCKONWYECKOW (opMe B TECHOH AacCconManuy ¢ TETPasIpPUTOM, KOTOPBIA
YACTO OUEHb WUHIEHCUBHO 3aMeniaer. Ero (usuuecKye ¥ ONTHYECKUE CBOKCTBA COBNANANT C JIU-
TEPATYPHHIMU HAHHBIMY. Pesynbratsl mwarHoctuueckoro TpasieHua: HNO; 1:1 — momoxu-
rexsusre, HC 1 : 1 — orpumartemsusre, HgCly, 5% - orpuu., FeCly 20% - orpum., KCN 20%.
~ orpun. KOH 40% - orpuu. Jsia monpoSHOTO n3ydeHUs ObLT BHICENAPMPOBAH YHCTHH MaTepual,
y KoToporo 6bin ompeneneH ynensHbi Bec (= 4,99) u KOTOpBIE 6Ll PEHTTEHOMETPHYECKH, CIIEK-
TPANBbHO ¥ XUMUYECKM aHalusupoBaH. KauecTBEHHbIe CIEKTpajbHbE aHANHUSH OBYX 06pasIios
xamprocTubura Tpencrasiens: B tafu. 2. Ag, As, Bi, Fe, Hg, In, Pb u Zn MOXHO NPHHUMATH 3a
W30MUHEpaJIbHBIE B3JEMEHTH, XOTS B Tex CAydasx, KOTa OHU BCTpedaloTes B cilemax. Pesyisrar
KOJIMYECTBEHHOTO XMMMUECKOTO aHxamsa mpencreasieH B taba., 3. PaccuuTaHHas KPUCTAIOXUMY-
yeckas QopMysia XaKpKOCTHEMTA:

(Cuy,5810 Feg,0100 10000 SPo,0060 e

Zta $opMyna cunbHO upubimxaercs x reopermueckod dopmyse CuSbS, m momrsepspaer
YUCTOTY AaHAJW3HPOBAHHOLO Marepuana. PeHITeHOMEeTPHYECKue NAHHBIE XaJbKOCTHOWTa mpen-
crasiers B tabn. 4. Hna xaaskoctubuta xapakrepen xommiexke aumezn: 3,09 (10), 3,01 (10),
1,825 (8) u 1,759 A (8) wm paccumrammble KOHCTaHTH pemerku: ag = 6,04 A, bo = 14,39 A,
¢y = 3,789 A. HafineHHble pesyibTaTsl OYEHb XOPOWIO COBMAKAIOr C JHTEPATYPHBLIMY N2HHLIME.

Kax Boitexaer uaz dasosoir mmarpammst Cu — Sb - S (cM. pue. 2) BOSHUKHOBEHHE XaJIBKOCTH-
6uTa OBYCIOBIEHO BBICOKUM CONEPKaHZEM B PyLOHOCHBIX PACIBOpPax CYypbMEI (BMECTe C Cepoi).
3710 ycnoBHe cOGNIONAETCA IIPEeXKIe BCETO HA MECTOPOMKICHUAX CypbMHlL. IloJoXeHue XalbKo-
crufura B IOCHENOBATCILHOCTH BLINEJICHHS MHUHEPaIOB Ha Mecropokimenuu Hy6pasa ofycrosie-
HO CxXeMO#: TeTPasIpPHT — XaJbKOCTHOUT — aHTHMOHHT, YTO COBHajaeT ¢ ($asoBOE CHCTEMOH.
YuurpiBas yYacroe OueHb MHTEHCUBHOE 3aMeIeHYe TETPasipuia XajbKOCTHOHWTOM, nis o6paso-
BaHWA BTOrC MuHepajga HeobZsaTeleH ONHOBPEMEHEBIH NPUHOC MeNH C CyPbMOM, T. K. XalbKO-
crubur MOkeT 06pasoBBIBATLCA NPYU B3AWMONEHCTEMH TETPASIPUTA € aHTHMOHHUTOM IIO yPaBHEHMIO
(oBpasen Terpasmpura npusexe B ympomenuoi Qopme): Cu,SbS; 4 8b,S; = 3CuSbS,

MexannsM o6pasoBaHus xajnbKocTubura Ha Mecropoxkzenuu Jse Bomet GBI HECKONBKO HHON
C y4eToM HHBIX IapareHeTM4eCKUX COOTHOWeHM# (mapareHesnuc raneHHUT — OypPHOHHUT — Xaib-
KocTubur — TDUHKEHUT — AaHTUMOHUT, OOHAXO0 U 3IOeCh SLIN0 BBIMOJHEHO YCIOBUE IIOBLIIIEH-
HO¥ KOHIEHTPAIu{ CyPbMbl B DyHOHOCHBIX pacTBopax. CyKieccws Ha 9TOM MeCTOPOK IeHIUY
onATh coBmamaer ¢ $asoBoii nmwarpaMmoii cmeremsr Cu-Sb-S mum Cu- Pb- Sb- S.
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PLATE L

Fig. 1. Tabular crystal of chalcostibite with typical striation on the cavity. The Dubrava
deposit. Macrophotograph. Magn. 10 X.

Tabulkovity krystal chalkostibitu s typickym ryhovanim v duting. LoZisko Dubrava
Makrofoto. Zvéts. 10 X. )

TabauTgaTelif KPUCTAJT XAJBKOCTHOUTA C TMOMYHON IITPUXOBKOM B IOJNOCTH. MecTopoxneHme

Ily6paBa. Maxpodororpadus. ¥Ysemmu. 10x.

Fig. 2. Old Fe-dolomite is penetrated and replaced by tetrahedrite (white). The Dtbrava
deposit. Polished section. 280X . .

Star$i Fe-dolomit je pronikdn a zatlafovédn tetraedritem (svétly). LoZisko Dubrava
Mikrofoto ndbrusu. Zvéts. 280 X.

Crapmuit Fe-mosoMur TIpoHM3aH u saMmemeH TrerpasppurtoM (cserasri). Mecropoxnenune [y-
6pasa. IloampoBanublit mommud. Ysemma. 280x.

Fig. 3. Tetrahedrite (grey) is penetrated and replaced by younger chalcostibite (white).
Initial stage of metasomatism. The Dubrava deposit. Polished section. 120X.

Tetraedrit (3ed§) je pronikdn a zatlafovdn mlad$im chalkostibitem (bily). Podatecns
stadium metasomatozy. LoZisko Dubrava. Mikrofoto ndbrusu. Zvéts, 120X.

Terpasmpur (cephli) IPOHMS3AaH ¥ B3aMEmjeH MiajmmM xaxbkoctuburom (6enwit). Hawambuas
cranna samemenus. Mecropoknesane Iy6pasa. Tlonwposamzsit mumd. Ysemmu. 120x.

Fig. 4. Advanced stage of the replacement of older tetrahedrite (grey) by chalcostibite
(white ). The Dabrava deposit. Polished section. 120 X.

Pokrocilej$i stadium zatlafovédni starSiho tetraedritu (Sedy) chalkostibitem (bily).
LoZisko Dibrava. Mikrofoto nébrusu. ZvEts. 120 X.

Bosee mnporpeccuBHas Ccranus SaMELIeHUs CT4pUiero rerpasnpura (Cepslil) xXaabKoCTHOHTOM
(6enwrit). Mecropoxnenne [lybpasa. [lonwposamubiit numd. Ysemmu. 120x.

PLATE II.

Fig. 1. Only minute relics of tetrahedrite (grey) are preserved in chalcostibite (white]).
The contact of chalcostibite with carbonate (dark gray) represents the fossil boundary
of 1st stage according to J. Kutina (1956). The Dtibrava deposit. Polished section.
120X.

V chalkostibitu (bily) jsou zachovdny pouze nepatrné relikty tetraedritu (Sedy). Styk
chalkostibitu s karbondtem (tmavé Sedy) predstavuje fosilni hranici 1. stupné& ve
smyslu J. Kutiny (1956). LoZisko Dibrava. Mikrofoto ndbrusu. Zvéts. 120 X.

B xamekocrubure (6enblit) cOXpaHEHB JNLllb He3HAUNTENbHLIE OCTATKU TeTpasiapura (cepsiit).
Creik xanekocTubuTa ¢ KapboHAaTOM (TeMHOCEPHIM) IPENCTABIAET NEPBLIGHEIE TPAHUIE! TIEPBOI
crenenn no Kyrumeim (1956). Mecroposxnenue Oy6pasa. Ioauposanunié mand. ¥Ysenauu., 120x.



Fig. 2. Final stage of metasomatic replacement of tetrahedrite by chalcostibite. An indi-
cation of cleavage may be observed on chalcostibite aggregate (white). The Dibrava
deposit. Polished section. 120 X.

Koneéné stadium metasomatozy tetraedritu chalkostibitem. Na agregétu chalkostibitu
(bily) moZno pozorovat ndznak S$tEpnosti. LoZisko Didbrava. Mikrofoto nébrusu. Zvéts.
120X.

OxoHuaTenpHass CTanus SaMelleHws TeTpasgpura xanbxocruburoM. Ha arperate xamsroctu-
6ura (Bensiii) MOkHO HabuopaTe HaMmek craiiHoctu. Mecropoknenue dy6pasa. IlonuposaHHBIH
. Yeeanu. 120X.

Fig. 3. Chalcostibite (white) characteristically intergrown with zinckenite (grey). Zincke-
nite s etched by 40 % KOH. The Dve Vody deposit. Polished section. 100X.

Charakter prorastani chalkostibitu (bily) se. zinkenitem (8edy). Zinkenit je naleptdn
40 % KOH. LoZisko Dve Vody. Mikrofoto ndbrusu. Zv&ts. 100 X.

Xapaxrep cpocramms xajpKocTuGuTa (6exwrit) ¢ nurkeHmtoM (ceperi). IlmHKeHUT TpaBaeR
40% KOH. Mecroposkpenne Jise Boner. Tonuposausemt muand. Ysemwda. 100x.

Fig. 4. Symmetrical veinlet of stibnite with various grain size. The Dtbrava deposit. Polish-
ed section. Crossed nicols. 180 X.

Symetrickd Zilka antimonitu o rfzné zrnitosti. LoZisko Dubrava. Mikrofoto nébrusu.
Nikoly X. Zv&tS. 180 X.

CuMMerpuuecKas JKUJIKa AHTHMOHHUTA C DPasJUMYHOM 3sepHUTOCTH. Mecroposxmenue I{yﬁpana
Tonuposauueiit muund. Hukxonm X. Ysemmu. 180X.
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