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Abstract. In samples derived from the tin-bearing zones of the worked-out Gierczyn mine,
bismuth minerals unreported so far from this area were detected. Besides native bismuth, bismuthi-
nite, galenobismuthinite, Bi-bearing galena, cosalite and bismuth ochres, described or mentioned
in earlier papers, the samples were found to contain bismuth antimonite, Sby.7sBio.25S3, and a mi-
neral with the formula Bi,S,Se. Their optical features were determined comparatively, and their
chemical composition was established by electron microprobe analysis. Worth noting is the increa-
sed gold content, sometimes running up to more than 2%,. The bismuth minerals are accompanied
by ore minerals: pyrrhotite, chalcopyrite, arsenopyrite, pyrite, sphalerite, tetrahedrite and cassite-
rite.

INTRODUCTION

The occurrence of bismuth minerals in the Gierczyn tin deposit has been mentio-
ned in several publications (Stehr 1933; Jaskolski, Mochnacka 1958; Kowalski et
al. 1978; Wiszniewska 1982, 1984; Speczik, Wiszniewska 1984; Mochnacka 1985).
Bismuthinite was described as forming grains in arsenopyrite or inclusions
in chalcopyrite and tetrahedrite, or as coexisting with spha]erite.‘Nati\./e blsmuth
was reported as forming inclusions in bismuthinite (Stehr 1933). Discussing the mi-
neralization of tin-bearing zones in the Kamienica range, Kowalski et al. (1978)
menticned native bismuth asacommon mineral occurring in quartz with ggleng, arse-
nopyrite and bismuthinite, and distinguished three generations .of th}S nuqeral.
According to these authors, bismuthinite is a rare mineral, occurring with or inde-
pendently of chalcopyrite. They also mentioned some indefinite sulphosalts. A more
detailed description of Bi minerals was given by Wiszniewska (1984), who defined
precisely the three generations of native bismuth, distinguishing native Bi I, II and
IN1. It appears from her studies that native Bi I'is a high-temperature variety form-
ing intergrowths with arsenopyrite, glaucodot and other CQ mmeralls, as \_avell as
with pyrrhotite II. It also intercalates quartz in the vicinity of minerals with an increa-
sed Co and Bi content. Native bismuth I is confined to bismuth-bearing minerals.
Native Bi II forms as a result of a decrease in temperature, and its usua}l carrier is
bismuth-bearing galena. Native bismuth of the third generation occurs within super-
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gene minerals, replacing bismuth-bearing minerals. According to Wiszniewska (1984_1),
bismuthinite is an accessory mineral accompanying Bi-bearing galena, galenobis-
muthinite and native bismuth. It was found as exsolutions in Bi-bearing chalcopyrite
I besides native bismuth IT and pyrrhotite, as well as in intergrowths with galena I
and galenobismuthinife, with native bismuth II as an accompanying mineral. In
the cementation zone bismuthinite is replaced by chalcocite. Galenobismuthinite
appears in insignificant amounts, together with galena I, bismuthinite and native
Bi I. Cosalite was found by Wiszniewska in the form of exsolutions in bismuth-
-bearing galena. Bismuth minerals occurring in association with tin minerals are
(Wiszniewska 1983): Bi-bearing galena, bismuthinite, galenobismuthinite, cosalite,
native bismuth II and IIl, and bismuth ochres.

The study of old samples from the Gierczyn mine with the application of more
sophisticated methods gave new data on Bi mineralization in the area in question.

Bismuth mineralization was detectad in samples characterized by the substan-
tial concentration of sulphides and the presence of cassiterite (sulphide ore with
cassiterite — cf. Mochnacka, 1985). However, it has not yet been possible to
assign all the minerals studied to the definite mineral phases on the basis of their
optical features or chemical composition. The association in question will be the
object of further detailed studies, and the 1esults will be published in a separate
paper. The aim of this paper is to give some preliminary information on the occur-
rence of these minerals and their chemical composition, in which worth noting is
the increased gold content.

DESCRIPTION OF BISMUTH MINERALS

Bismuth minerals were detected in seven samples. According to the archival data
qf the Gierczyn mine, two samples from which thin sections were made represent
tin-bearing zones in which Sn content was 0.989; and 0.019/, respectively. No precise
data are available for the other samples. In one of them cassiterite was found, while
the structures and textures of the others imply that they also represent poor tin-
-bearing zones.

( The dominant ore minerals in the samples studied are pyrrhotite and chalcopy-
rite, sometimes accompanied by subordinate arsenopyrite, pyrite, sphalerite tetra-
hedrite and cassiterite. ,
Blsmuth minerals form concentrations, intergrowing chalcopyrite and pyrrhotite
or both minerals. Sometimes they are intergrown with arsenopyrite or tetrahedritej
; Evcn‘ pcrfpnctory microscopic studies revealed the presence of minerals resemb-
]{ng na_'.lve' bismuth and bismuthinite, as well as heterogeneous mineral concentra-
tions differing from the mentioned minerals in their optical features. Detailed stu-
g{cs s}tl}(])w;d k:‘hat tl:lgsg concentrations contained the following minerals: 1. native
1smuth, 2. bismuthinite, 3. a mineral wi a Bi 4. bi
amin;]onite R S with the formula Bi,S,Se, and 4. bismuth

‘The optical features of these minerals, determined approxima
rative .mct.hod, are given in Table 1, along with the data];’gr laitak‘;crli)tlt:b{lct}r]gbcc(:;rlpt?~1~

guanajuatite, bns_muthinite and antimonite (after Uytenbogaardt Burlée 1971) o
. Compared'w:t'h the dominant pyrrhotite and chalcopyrite, 1’he minerals i]:l

stion appear in insignificant amounts. Their intergrowths are irregular, ; dqul;:-

boundaries bctw_c;n the individual mineral phases are not well-defined PR

.The composition of minerals was determined with an ARL SEMQ |

:ll'cm]:;()b'? l<l>pcr.ated at a voltage of 20 kV and a sample current of aboute](:)Ctr:OAn
sl -ray lines, s i /
ng the following X-ray lines, synthetic compounds and pure element standards:
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Table 1
Optical features of bismuth minerals from Gierczyn and data according to Uytenbogaardt, Burke
(1971)

Mineral Reflectance Colour Bireflectance Anisotropy
Native Bi pale orange distinct strong
Bismuthinite creamy white weak strong
Bi,S,Se Bi>R>Cp grey, bluish tint weak strong
Bi- antimonite | R <Cp grey weak strong
Guanajuatite* about 55% creamy white air:distinct strong

oil:strong
Laitakarite* about 55%, white weak moderate
Horobetsuite* 546 nm: 25.8—29.6| very pale brown not distinct
to pale blue
Bismuthinite* 546 nm: 37.8<50.2| white weak to very strong
distinct
Antimonite* 546 nm: 31.4 (Rp)| white to greyish distinct strong
40.9 (Rm)| white
46.8 (Rg)

* After Uytenbogaardt, Burke (1971).

SK, FeK, (FeS,), CuK,, ZnK,, AsK,, SeK,, CdL,, SbL,, SnL,, AuL,, TeL,, PbM,
(PbS), BiL,. Corrections were made for absorption, fluorescence and atomic number
difference effects (Tab. 2). .

Native bismuth (Phot. 1), with the optical properties given in Table 1, was foupd
in several places in association with bismuthinite, Bi,S,Se mineral anq chalpopynte.
In one case it was accompanied by arsenopyrite. In two samples native Bi formed
inclusions in pyrrhotite. The grains of native bismuth are small, up to several dozen
microns in size, and irregular. Microprobe analysis revealed a notable content of
gold at one point, rising above 1% (Tab. 2). Copper content in the native bismuth
under study runs up to 2 wt.% (Phot. 1). : fil

Bismuthinite occurs in paragenesis with native bismuth, forming 1ptergrowths
with the Bi,S,Se mineral. Its content is somewhat higher than .that gf native b!smytl}.
It is conceivable that bismuthinite coexists with bismuth antimonite, but it is diffi-
cult to distinguish these minerals on the basis of op‘;ical features alone. Bismuthinite
shows a fairly high (up to 5.4%) admixture of antimony and an increased content
of Zn and As. :

The Bi,S,Se mineral was detected in one samples (Phot. ) apd its presence
was confirmed by electron microprobe analysis. Its optical properties (Tab..l) l?re
not typical enough to identify it in other samples with qonﬁdence. The analysis sho-
wed about 75% Bi, about 13% Se and about 12 S. Like bismuthinite, it contains
some Cu, Fe, As and Pb. Plaes i

The chemical composition of the mineral in question indicates that it is a sulphate
having in places a fairly high content of selenium. Cqmpareq with guanypatnt;, it
shows certain similarity in optical features but differs in chemical composition. Bas-
ing on the microprobe analysis (Tab. 2) and certain resemblance of optical gez.xtu]:ef
(Tab. 1), the discussed mineral can be said to shoyv the glosest_ similarity to laita a}_
rite (Bi, Pb),Se,S (Pringle, Thorpe 1980), but again it differs in chemical compos
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* Analyses after data from '"Mineraly” (1960).
** Analyse after Pringle, Thorpe (1980).

tion (Pb content — 0.7%,). The unquestionable determinati is mi i
res confirmation with other metho?ls and a greatctrcrnrzlrgall)téro r;f? i:::;lrer:neml i

Bismuth .antimonite (Phot. 2) was detected in one sample. It occurs fn a concen-
tration of mnperals.differing in reflectance and slightly in colour. It forms grey-bluish
groundmass in which are embedded lighter spots and streaks. Bismuth antimonite
displays strong anisotropy. Chemical analysis has shown that the dominant elements
molts composition are antimony (up to 58Y), bismuth (18%) and sulphur (about
257,). Sb content is much lower than the percentage of this element in antimonite.
The isomorphous series Bi,S;—Sb,S; has been described in the mineralogical literatu-
re, but the end member rich in Sb is horobetsuite (Springer 1969), which contains up
to 32%; Sb (Mineraty 1960). According to the cited author, no member of this ser-
ies was found till 1971 (Springer, Laflamme 1971), in which Sb content would be
intermediate between horobetsuite and antimonite, i.e. in the range from about 21%
(cf. Table 2) to about 719 (theoret. Sb—71.38). It is feasible that the mineral studied
is the missing member of the isomorphous series in question.

DISCUSSION

The above short description of minerals containing Bi supplied certain data on
native bismuth and bismuthinite — the minerals discussed in other papers, and
some preliminary information on minerals or mineral varieties unreported so far
from Gierczyn. Because of the incomplete data and the small amount of material
available for investigations, the unequivocal identification of these minerals has not
yet been possible. It will be possible after additional, mainly X-ray, determinations.
However, basing on the studies carried out to-date, it can be stated that the minerals
in question are a sulphide enriched in Se, showing close similarity to laitakarite, and
a sulphide that seems to be a member of the mixed series of Bi and Sb sulphides,
placed between antimonite and horobetsuite.

Minerals with antimony entering into their composition have been reported
from the area of Gierczyn. Tetrahedrite was found by several investigators, and
boulangerite was also determined (Kowalski et al. 1978, Wiszniewska 1984).

The minerals discussed occur in association with sulphides, and their intergrowths
indicate that they formed contemporaneously, or nearly so, with chalcopyrite, sphale-
rite, pyrrhotite and pyrite. In the mineral succession (cf. Mochnacka 1985), they
are younger than cassiterite of the first generation and older than cassiterite of the
second generation.

The minerals studied form a group characterized by heterogeneous chemical
composition and heterogeneous optical features. The present studies are insufficient
to identify them with confidence, but they suggest the presence of isomorphous se-
ries. A feature deserving note is the increased content of gold in the bismuth mine-

rals under study.'
Translated by Hanna Kisielewska
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Henryk KUCHA, Ksenia MOCHNACKA

WYNIKI WSTEPNYCH BADAN MINERALQW BIZMUTU
ZE ZLOZA CYNY W GIERCZYNIE (DOLNY SLASK, POLSKA)

Streszczenie

W prébkach pochodzacych ze stref cynono$nych mnieczynnej obecnie kopalni
cyny w Gierczynie znaleziono nie stwierdzone dotagd mineraly bizmutu. Oprocz
opisywanych we wczesniejszej literaturze : bizmutu rodzimego, bizmutynu, galenobiz-
mutynu, galeny Bi-nosnej, kosalitu oraz wzmiance o ochrach bizmutowych stwier-
dzono obecno$¢ antymonitu bizmutowego Sb; 75Big.»5S5 oraz mineraly Bi,S,Se.
Okreslono poréwnawczo ich cechy optyczne oraz sktad chemiczny metoda MAR.
Na uwage zashuguje wystepujaca w nich podwyzszona zawarto$é ztota, ktore stwier-
dzono w ilosciach nickiedy ponad 2%. Spoéréd mineratéw kruszcowych minera-

tom bizmutu towarzyszg: pirotyn, chalkopiryt, niekiedy arsenopir t, pi
? +] $] ¢ r t, £
tetraedryt i kasyteryt. { ety

OBJASNIENIA FOTOGRAFII

Plansza I

Fot. 1. Mikrofotografia skupienia mineralnego zbudowanego z bizmutu rodzimego (1, 2a), chalko-

pirytu, bizmutynu (2), mineratu o wzorze Bi,S,S i i

y uty 5 J 25,Se (3) i selenku biz jwyz
Sz€) zawartosci Se) w otoczeniu kwarcu ) e s
REI — obraz elektronowy, Se, Bi, Cu i

— skanningowe o razy rozmieszczenia Wymienionych pierwiasi
S b mi h tkow.
s

Plansza 11

Eot. 2. Mikrofotografia Sby,7sBi
REI — obraz elektronowy, Sb
odcinek na fotografii oznacza

02583 otoczonego Przez przerosty pirotynu i chalkopirytu

S, iBi_ 3 ;
5 " iu i Bi obrazy skanningowe rozmieszczenia wymienionych pierwiastkéw.
- f
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Xenpoik KYXA, Kcens MOXHAIIKA

UTOT'M TIPEABAPUTEJIBHBIX UCCJIEJOBAHUIL MMHEPAJIOB
BUCMYTA M3 OJIOBAHHOI'O MECTOPOIEHUS B T'EPYUHE
(HWXXHASL CUJIE3US, I1OJIBINA)

Pesrome

B o6pasmnax, 0OTOGPAHHEIX U3 OJIOBOHOCHBIX 30H 6e3/1eiCTBYIOIEro B HACTOSIIEE
BpeMsl DYAHMKA oJIoBA B I'epuMHE HA/ICHBI HEBBISB/EHHBIE 10 CHX op MMHHE-
paJiel BUCMyTa. Kpome, omuchIBaeMbIX paHbILE B JIATEPATYPE, CAMOPOAHOTO BUCMY-
T4, BUCMYTHHA, TaJICHOBACMYTHHA, Bi-HOCHOro ramgeHwTa, Ko3ajmTa, a Takke
3aMETKE O BHCMYTOBBIX OXpax, 0OHAPYKEHO MPUCYTCTBUE BHCMYTOBOTO: AHTHMO-
mita Sby ;5Bio 583, a Takke mummepanma Bi,S,Se. OnpeneseHbl CpaBHUTEIBHO HX
OTITHYECKHE CBOICTBA, & MUKPO3OHIHBIM aHAIM30M HX XMMHYECKHi COCTAB. 3aciry-
KWBACT BHUMAaHHs MOBBIIEHHOE COLEPKAHUE B HHX 30JI0TA, KOTOPOE OOHAPYKEHO
B KOJIMYECTBE MHOT/A CBhImeE 2%,. Cpean pyIHBIX MHHEDPATIOB MHHEPAAM BHCMYTA
COIYTCTBYIOT: MHUPPOTHH, XaJbKOMMPUT, HHOTNA APCEHONUPUT, MUPHUT, CHanepuT,
TETPAdAPUT U KACCHUTEPHT.

OBBACHEHUSA K ®OTOI'PAOUSAM

Tabmma I

®oto 1. Muxpodbororpadhust MHHEPAILHOTO CKOTUICHHS, CIIOXCHHOTO CaMOPOAHEIM BACMYTOM
(1, 2a), XaJIBbKOIMMPUTOM, BHCMYTHHOM (2), MuHepanom dopmyisr Bi,S,Se (3) u cenenn-
oM BrcMyTa (06J1aCTh MAaKCHMAJILHOTO COIEPXaHMS S€) B OKPYKEHMH KBapia
REI — anexTpoHHROe n306paxenne; Se, Bi, Cu u S — ckaAMpoBaHHbIE A300paKeHNA paCnpee/ieHAs yKa3a-

HHBIX JJIEMEHTOB, OTPe30K H4 (ororpadmm oboznadaer 30 pm

Tabmma 1T

®oto 2. Muxpodotorpadust Sby,75Bio,255;5, OKaHMIICHHOTO CpaCTAIOMMMHCH MTHPPOTHHOM

M XaJIBKOMUPUTOM
REl — anekrporHoe u3obpaxenue; Sb, S, Cuw Bi — CKaEWpOBaHHEIC H300paxeHus: pacIpeneNeHus

yKa3aHHBIX 3JIEMEHTOB, OTPE30K Ha dororpadum oGoznagaer 30 um

EXPLANATIONS OF PLATES

Plate I

blage consisted of native bismuth (7, 2a), chalcopyrite,

Phot. 1. Microphotograph of mineral assem i (aria rith the highedt

bismuthinite (2), Bi,»S,Se (3), surrounded by quartz and Bi

Se content). Ty &
REI — reﬂeczed electrons image, Se, Bi, Cu and S — scanning pictures of these elements. Scale bar 30 um

Plate II

Phot. 2. Microphotograph of Sb;.7sBio.2sSs surrounded by a mixture of pyrrhotite with chalcopy-

rite e g
REI — reflected electrons image, Sb, S, Cu and Bi — scanning pictures of these elements, Scale bar n

61



Mineral. Pol. vol. 17, No 1—1986

Plate 1

Henryk Kucha, Ksenia Mochnacka — Preliminary report on bismuth minerals from the Gierczyn
tin deposit, Lower Silesia, Poland



Plate 11

Mineral. Pol. vol. 17, No 1—1986

Henryk Kucha, Ksenia Moch —
) ) nacka Prelimi i i
AL e Silesia, P(;:;n;ry report on bismuth minerals from the Gierczyn



