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KOSTOVITE, A GOLD-COPPER TELLURIDE
FROM BULGARIA1

G. Tenzmv, Geological Institute oJ the Bulgariato Academy oJ
Scie nces, Sof a -1 J. B ul ga ria.

ABSTRACT

Kostovite, a new mineral with the formula AuCu'Iea, rvas found in the copper ore de-
posit of Chelopech, Bulgaria, in association with tennantite, chaicopyrite, pyrite, native
tellurium, native gold, tellurides and other minerals.

Kostovite forms small grains and short veinlets in tennantite and chalcopyrite. 'rhe

mineral has a low hardness (ahort 2-2.5, Mohs). cleavage distinct in one direction. rn
reflected light the mineral is creamy rvhite, strongly anisotropic, with high reflectivity
(Rp 48.4-54.9%, Rs 50.1-60.1%). Fine polysynthetic lamellae are characteristic.

The r-ray powder diagram of kostovite is similar to those of calaverite and sylvanite.
The name is for Professor Ivan Kostov, Bulgarian mineralogist.

INrnoouctroN

During the microscopic studies of the gold- and tellurium-bearing
copper ores from the deposit of Chelopech, Bulgaria, small grains of a
mineral have been observed, which by optical properties strongly resem-
bles sylvanite. More detailed investigations of the chemical composition
and properties of the mineral showed that it is an independent species,
*, 'hich was named kostovite in honor of Professor Ivan Kostov, Bulgarian
mineralogist.

Pnysrcer AND OprrcAL PRopERTTES

Kostovite occurs as isometric to slightly elongated grains, 0.02 to 0.05
mm in diameter, whose outl ines in polished sections are usually poly-
gonal, seldom rounded. The1.- are found either as individual grains en-
closed in the other ore-forming minerals, or as aggregates. Crystals have
not been found. Characteristic for all grains is a fine lamellar twinning
(Figs. 1,2). The width of the twinning lamellae varies from 0.0001 to
0.02 mm.

The mineral is soft and britt le. With a Hanemann's indentor a micro-
hardness of 35 43 kg/mm2 was determined, which corresponds approxi-
mately to 2.0-2.5, Mohs. Kostovite has a distinct cleavage in one direc-
tion, observed when scratched by needle. rn polished section the cleavage
is not discernable. rt is non-magnetic. rts color is grayish white, its luster

metall ic. No change of color or luster is observed when exposed for a
long time to air.

In reflected l ight kostovite is creamv white with distinct pleochroism,

I Approved by the commission on New Minerals and Mineral Names. rnternational
N{ineralogical Association.
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Fro. 1. Granular aggregate of kostovite with distinct pleochroism surrounded by native

tellurium ('I'e), chalcopyrite (Cp), pyrite (Py), pinkish brorvn isostannite (Sn), and barite

(Ba). Without anail'791. Immersion. X 1000.

accentuated b1- the twinning and becoming stronger in immersion (Fig.

1). The color changes from light creamy white (l ighter) to l ight creamy

brownish (darker).In oil the colors change in a similar manner. Kostovite

is perceptibly more creamy than native tellurium. The reflectivity of the

FrC. 2. Twinned grain of kostovite surrounded by native tellurium (Te), chalcopyrite

(Cp), tennantite (Tn), and barite (Ba). Crossed Polars. Immersion. X1000.
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Taslr 1. Rnl'r,ncrtvrrv op Kosrovrrn rN Arn

J I

Xml, F.s% Rp%

433
469
482
518
559
589
624
668
691

5 0 .  1

5 5 . 2
5 6 . 4
6 0 . 1
5 7  . 9
J / . t ,

5 5 . 2
5 3  . 3

49.3
49.7
52.1

54.9
53 .0
5 2  . 5
49.3
48.4

mineral is high. fn Table 1 are shown the results from measurements of
the reflectivity of kostovite with the aid of an apparatus with a photo-
multiplier of the Bernstein system. Under crossed polars the mineral is
strongly anisotropic,. with clear color effects in pinkish grayish brown,
yellowish gray, brownish gray and reddish hues.

Kostovite polishes very well. Its relief is Iower than those of tennantite,
chalcopyr i te  and nat ive te l lur ium. Tests wi th HNOB (1:1) ,  HCI (1:1) ,
KCN, KOH, HgCl2, and FeCls are negative.

In reflected light kostovite is very similar to s1'lvanite. It difiers from
the latter b1. its lower reflectivity and negative tests with all standard
reagents.

CnBurcar ColrposrrroN

The composition of the mineral was determined using electron-probe
*-ray microanalyzer JXA-3. The results are presented in Table 2. The
determinations were carried out using pure metals and calaverite as
standards. The electron beam accelerating voltage was 25 kV and the

Teer-r 2. Er,ncrnoN-MrcRopRoBE Axelvsrs ol Kosrovrrr

wt '7a
Atomic
ratios

Formula on basis oI
Te:4.0000Orig. Recalc.

Au
Ag
Cu
Te

2 5 . 2
0 . 4

O / . f )

24 97
0.40
/  -o . t

67 00

0 .1267
0.0037
0.t201
0.5250

Au6 e7Ag6 osCuo s:Tel
or

AuCuTer

Total 100.9

Analyst: V. V. Lidder.

100.00
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Frc. 3. f-ray spectrogram of kostovite. Mica analyzer Logarithmic vertical scale'

incident beam was normal to the polished surface of the specimen. The

f-rays were collected in a direction at 15o to the surface. The resuits so

obtained are corrected for absorption of the tr-ra\rs and for the effect of

differences in atomic numbers between specimen and standard' Three

analyses of different grains were made using various standards. The

results from the three measr.trements showed but l i tt le dif lerence. The

deviation of the three measurements from their average are for Au-0.4'

for Cu-5.5, Ior Te-3.0/6. Corrections were made on the average figures

obtained for each element.
The chemical composition of the mineral corresponds closell '  to the

formula AuCuTeE, the small amount of silver probably replacing the gold

atoms. An impression about the chemical composition of the mineral can

be obtained from Fig. 3, representing the recorded {-ra.v spectrogram and

from Fig. 4, showing the curves of the mass concentration distribution of

the elements. The curves are observed on the scanning of the micro-

analyzer in r-rays characteristic for each of the elements during the radia-

tion of the specimen along a line traversing a grain of the mineral.

X-nev INvosrrclrroNs

An r-ray powder diagram was obtained from a lew micrograms of the

mineral turned into a spherule of 0.3 mm in diameter by using rubber'

Frc. 4. Absorbed electron scanning image of kostovite (black) (a) and curves of the

mass concentration distribution of elements: Aul-ar (b), CuKor (c) and l'el-ar (d) along

the line AB. X600.
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paste according to the method offered by Hiemstra (1956) and improved
b1' Ghenkin and Korolev (1961). Several *-ray powder diagrams with
similar d-values but bearing some lines of native teilurium were obtained
from different other samples. In Table 3 are shown the results of the
calculations of two r-ray diagrams of kostovite, one of them representing
the pure sample, the other one with minor quantities of native tellurium.
The presence of other admixed minerals (e.g., chalcopyrite) is excluded.

An r-ray powder diagram of kostovite is very specific, but similar to
those of sylvanite and calaverite, which allows the assumption that the
new mineral is monoclinic. The *-ray diagrams cannot be indexed in the
cubic, tetragonal, and hexagonal systems. The small dimensions of the
grains and their fine polysynthetic twinning did not allow a more de-
tailed structural investigation.

OccunnoNcB ar.ro P.q.neceNBSrs

The deposit of Chelopech in which the mineral was found is a copper
one, but it contains lead-zinc ore and barite as well. The ore bodies are
represented by irregular replacements of Upper Cretaceous prop.vlitized
andesites, andesitic tufis and breccias, along sub-meridional fault zones.
The chief ore minerals are pyrite, chalcopyrite, tennantite, enargite,
Iuzonite, bornite, galena and sphalerite, irregularly distributed. In small
amounts are found famatinite, digenite, chalcocite, idaite, marcasite,
native gold, native tellurium, altaite, tellurobismuthite, sylvanite, tetra-
dymite, nagl.agite, schirmerite, witt ichenite, bismuthinite, colusite,
isostannite, renierite, eucairite and gail ite. Non-ore minerals are quartz,
barite, sericite, epidote, kaolinite, gypsum, fluorite and celadonite.

There is a distinct horizontal and vertical zoning in the distribution of
the ores: copper ore is found in the deeper levels, Iead-zinc ore above and
aside it. Uppermost is a barite zone locally enriched in fluorite. Within
the copper zone, chalcopyrite-tennantite association gives place at depth
first to luzonite-enargite association with famatinite and then, locally,
to pyrite-bornite with digenite, chalcocite and covell ite. Pyrite is ubi-
quitous but tends to be present in greater quantit ies in the deeper levels.

The zonal distribution of the different associations in the ores of Chelo-
pech is similar to the zoning described for Butte, Montana (Sales and
Me1'er, 1949).

Kostovite is found only in the zone of chalcopyrite-tennantite in asso-
ciation with pyrite, chalcopyrite, tennantite, native tellurium, telluro-
bismuthite, nagl'agite, sylvanite, altaite, schirmerite, native gold, sphal-
erite, pinkish brown isostannite and colusite. Persistent is its association
with native tellurium, with which it forms mutual intergrowths. Kostov-
ite and native tellurium commonly occur as short, f ine veinlets in ten-
nantite and chalcopyrite (Fig. 5), which, together with observed relation-
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T-q.er.n 3. X-Rav Pomrn Drrlnactrolt DerL lon Kosrovrrr,
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Intensities by visual estimate. Calibrating substance: silicon. Camera RKD (2R 57 3 mm), 35 kV, 16 mA.

Unfiltered Fe radiation. In brackets lines ofE-radiation. *-d-values corresponding to those of native tellurium,
tiz.: 3.23(10),2 36(4), and 2.23(3) (Berry and Thompson, 1962).
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Kostovite,
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Bulgaria
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Calaverite, Sylvanite,
(Berry and Thompson, (Berry and Thompson,
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d Ad Ad Ad A
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I

ships among the other minerals, suggests that kostovite is one of the
latest minerals to form.

CoNcr-usroNs

The independence of kostovite as a mineral species is secured both by
its chemical composition and r-ray data. In the l iterature at hand, there
is no information for compounds in the system Au-Cu-Te, so that kostov-
ite is perhaps not only a new mineral but also the first known compound

Fro. 5. Veinlets of kostovite and native tellurium in tennantite, without polars in air. X 200.



G. TERZIEV

in the mentioned ternary system. The mineral occurs unfortunately in
very scant quantities and in grains unsuitable for more detailed struc-
tural and other investigations. Attempts for its synthesis should be made
in the near future.

Samples of kostovite are kept in the mineralogical collections of the
Geologicai Institute of the Bulgarian Academy of Sciences and at the
Universit l.of Sofia, as well as in the Mineralogical Nluseum of the Acad-
emv of Sciences of the USSR and the l{ineragraphic Laboratory of
IGEM (Institute of Geology of the Ore Deposits, Petrography-, Mineral-
og1. and Geochemistry) in Moscow.
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