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Abstract. The results of electron microprobe studies of trigonal carbonates
of the series ZnCO; (smithsonite) — FeCO; (siderite) from the Cracow—Silesian Zn
and Pb ore deposits have lent support to the hypothesis of continuity of this iso-
morphous series.

INTRODUCTION

The continuity of the isomorphous series of anhydrous trigonal zinc
and iron carbonates (smithsonite-siderite) has been a subject of much
discussion. The earliest studies, based on chemical analyses of Fe-smith-
sonites (monheimites) and Zn-siderites, led to the conclusion that there
was a miscibility gap in the solid solution series of these carbonates over
a certain range of Zn :Fe ratios, on the side closer to siderite (Doelter
1912, Dana et al. 1951). The highest known iron content in monheimites
corresponded to the atomic ratio of Zn :Fe=0.7 :1 (ie. about 59 mol.%
FeCO,), while the zinc content in siderites was thought to be not greater
than 2 wt.% ZnO. Some authors, however, postulated the continuity of
the isomorphous series in question (Ferrari, Colla 1936; Strunz 1957).

Later on, when X-ray method was introduced to the studies of car-
bonates of the smithsonite-siderite series, it has been found that there
exist members with the lattice constants that are intermediate relative
to the respective values for pure smithsonite and siderite. Such investi-
gations were made by Zabinski (1958) and Bak and Nie¢ (1979) for mon-
heimites occurring in the Cracow—Silesian Zn-Pb ore deposits, and by
Sitzia (1965) for monheimites from Montevecchio. Yet the continuity of
this isomorphous series was still an open question because the cited
authors did not find members showing any appreciable molecglar pre-
valence of FeCO; over ZnCO;. In 1977 Shikazono described siderites from
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Japanese deposits, in which chemical analyses showed a ZnCOj; content
running up to 8 wt.%. i

Recently, Bak and Nie¢ found a new occurrence of monheimites and
zinc siderites in the Boleslaw mine near Olkusz, in the Cracow-Silesian
7n and Pb ore deposits. Microprobe studies of these minerals, as well as
analyses of the already known monheimites from Chrzanéw (Matylda
mine), have thrown light on the problem of continuity of the isomorphous
series under study.

MATERIALS AND METHODS

A few monheimite and zinc siderite samples from the Boleslaw mine
were subjected to chemical analysis and X-ray investigations. The mine-
rals in question form fine-grained, compact aggregates of grey colour,
sometimes with a greenish tinge, or thin incrustations on the walls of
cavities in dolomite (dolostone), or thin veinlets cross-cutting dolostone
(Bak, Nie¢ 1979, 1981).

Quantitative determinations of Zn and Pb contents in the samples
were carried out with classical methods. A few micropnobe analyses for
Zn, Fe, Mn, Ca, Mg, Pb and S were made for each sample. Electron mi-
croprobe studies were also carried out on a few samples of monheimite
galmeis from Chrzan6éw. The latter minerals form compact, fine-grained
grey or yellow-grey aggregates but, in contrast to the samples from Bo-
leslaw, they contain a substantial admixture of dolomite (Zabinski 1958).
Because of this, the classical methods of analysis applied to these minerals
do not allow one to make inferences as to the ZnCO; : FeCO,; quantita-
tive ratio. The analyses were carried out on an ARL SEMQ electron mi-
croprobe operated at an accelerating voltage of 20 kV. The samples were
coated with carbon film. K, spectral lines were utilized for Fe, Zn, Mn,
Ca, Mg and S determinations, using the following specpure standards: Fe,
Zn, Mn, Mg, CaF, CaCO; and FeS,. Lead was determined from M, line,
using specpure PbS as standard.

The lattice constants @ and ¢ were determined for some samples. A
powder pattern was taken for this purpose, using film technique. It was
recorded with a TUR M-60 X-ray apparatus with a 114.6 mm camera,
using filtered CoK, radiation. The film was put asymmetrically by Strau-
manis-Ievins method. The distance between lines was measured with an
accuracy of 0.05—0.1 mm. When calculating dne; values, corrections were
made for film shrinkage and X-ray absorption in the samples.

RESULTS AND DISCUSSION

Electron microprobe data obtained for the smithsonite-siderite series
have thrown new light on ‘he continuity of this isomorphous series, as
they permitted a determination of the chemical composition of single mi-
neral grains or small grain aggregates. Classical chemical analysis, on
the other hand, as well as X-ray investigations, requiring the use of a
grzz;ter amount of sample, were generally able to yield only averaged

ata.

'_Ifhe results of chemical and X-ray analyses of minerals of the smith-
sonite-siderite series are shown in figure 1. In the upper part of the
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Fig. 1. Cell parameters and chemical composition of members of the isomorphous
series smithsonite-siderite After: Doelter (1912) and Dana et al. (1951) — small

triangles, Sitzia (1965) — squares, Shikazono (1977) — S, present authors’ data —
full circles and dots. Other explanations in the text

figure are plotted the lattice constants a and c given by Sitzia (1965) and
obtained by the present authors. The straight lines join the lattice con-
stants of pure smithsonite and siderite (after Graf 1961), in accordance
with Vegard’s law. The a and c values for the intermediate members fall,
as a rule, near these lines. It is worth noting that the effect of Zn2* sub-
stitution by Fe?* is considerably more pronounced for the parameter ¢
than a. This is presumably due to the deformation of coordination pqu—
hedra round Fe2* ions as a result of Jahn-Teller effect. The elongation
of octahedra round Fe?* in siderite along 3 axis has been ascertained by
Mossbauer spectroscopy (Greenwood, Gibb 1971, fide Rosenberg, Foit
1979).

The lower part of figure 1 shows the results of chemical analyses of
carbonates of the ZnCO,—FeCO; series obtained by different authors
with classical methods (upper row — C) and microprobe-de'germmed data
of the present authors (lower row — M). Analyses were given only for
those microareas in which the sum of ZnCO; and FeCOj contents was
greater than 90 wt.%, i.e. the admixture of other minerals, mainly dolo-
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mite and calcite, amounted to a few per cent. Control determinations of
S gave negative results for all the microareas analysed. The contents of
Mn and Pb did not exceed 1 wt.% in any microarea. Whenlplotting these
results in fig. 1, it was assumed that ZnCO;+FeCO3=100%. :

It is evident from fig. 1, that while the results obtained with classical

methods testify to discontinuities both near the siderite end-member and
in the smithsonite section of the series, the microprobe data point to the
continuity of the smithsonite-siderite series. At any rate, the results of
32 microprobe analyses do not leave any discontinuity in the siderite
section of this series, which discontinuity was mentioned by Dana et al.
1951).
: TP)1e ascertainment of the continuity of the isomorphous series smith-
sonite-siderite also permits one to define rationally the nomenclature re-
ferring to its members. If the previously postulated miscibility gap exi-
sted in the siderite section of the solid solution series of these carbonates,
then the name of monheimite would refer to the members that are bet-
ween this discontinuity and smithsonite, and therefore also to ferrosmith-
sonites with a certain atomic prevalence of Fe over Zn, while on the
other side of the discontinuity there would be a limited series of zinc
siderites. In the light of the present investigations it becomes obvious
that the name of ferrosmithsonite and zinc siderite should be used for
the respective halves of the ZnCO3;—FeCO; series, showing an atomic
prevelence of Zn or Fe. The traditional name monheimite (Kenngott 1853,
fide Dana et al. 1951), on the other hand, seems to be unnecessary.
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ZAGADNIENIE CIAGLOSCI SZEREGU IZOMORFICZNEGO
SMITSONIT-SYDERYT

Streszczenie

Zagadnienie to jest od dawna przedmiotem dyskusji. Najdawniejsze
prace oparte na wynikach analiz chemicznych Fe-smitsonitéw (monheimi-
tow) i Zn-syderytéow, prowadzily do wniosku o istnieniu przerwy w mie-
szalno$ci tych weglanéw, w pewnym zakresie stosunku Zn : Fe, po stronie
blizszej syderytowi (Doelter 1912, Dana et al. 1951). Niektérzy z autoréw
postulowali jednak cigglo§¢ omawianego szeregu izomorficznego (Ferrari,
Colla 1936; Strunz 1957).

Wyniki badan trygonalnych weglanéw cynku i zelaza ze §lasko-kra-
kowskich zl6z rud Zn i Pb (z rejonu Chrzanowa i Boleslawia), wykonane
za pomoca mikrosondy elektronowej, przemawiajg za ciaglo$cia omawia-
nego szeregu izomorficznego.

OBJASNIENIE FIGURY

Fig. 1. Parametry sieciowe i sklad chemiczny ogniw szeregu izomorficznego smit-
sonit-syderyt
Dane wedlug: Doelter (1912), Dana et al. (1951) — tréjkaciki, Sitzia (1965) —
kwadraty, Shikazono (1977) — S, autorzy tej pracy — pelne kélka i punk-
kty. Inne objasnienia w tek$cie.

Bowycnas BOHK, Buroavd JKABMHBCKU

BOIIPOC HENIPEPBIBHOCTU U30OMOP®HOTO PAIA
CMUTCOHUT-CUITEPUT

Pezwome

DTOT BOMpOC M3NaBHA ABJAETCHA NpeaMeToM auckyccun. ITepsble pabo-
THI ONUPAOIMECT Ha XMMUUECKUX aHaamu3ax Fe-cMUTCOHMTOB (MOHTEVMMM-
TOB) ¥ ZnN-CUAEPUTOB, IPMBOAUIN K BBIBOAY O CyIIeCTBOBaHUM IepepbIBa
B CMEIIMBAEeMOCTM STUX KapOOHATOB, B HEKOTOPOM IIpeJieJieé COOTHOLIEHNUA
Zn:Fe, o cropore Gonee 6imakom cupmepury (Doelter 1912, Dana et al.
1951). Oxrako HEKOTOpPbIe aBTOPHI IOCTYJIMPOBAJY HEeIIPePhIBHOCTE paccMa-
TpuBaemoro uzomopdroro psama (Ferrari, Colta, 1936; Strunz, 1957).

Pe3yabraThl MCCreOBaHMY TPUTOHANBHBIX KapOOHATOB UMHKA 1M JKe-
se3a u3 Cusescko-KpaKOBCKMX MECTOPOKJAeHMit pyx Zn u Pb (n3 paitoHa
XmanoBa u BosecsaByus), BBIIOJHEHb! ¢ TIOMOIIBIO 3JEKTPOHHOTO MUKPO-
30H/]a TOBOPAT B I10JIb3y HENPEPBIBHOCTU PacCMaTpPUBAEMOTO 130MOpGHOTO
pana.
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OBBbACHEHUA PUT'YPBI

Pur. 1. ITapaMeTpbl peuIeTKM ¥ XUMUYECKMIA COCTaB 3BEHBEB u3o0MophHOro paAaa
CMMUTCOHUT-CHUACPUT
Jlaunsie: Doelter (1912), Dana et al. (1951) — TpeyroJBHMKH, Sitzia (1965) —
kBaapaTsr, Shikazono (1977) — S, aBTOPLI 9T0¥ paboTBI — KPYXKM U TOUKM.

Jlpyrue obbsacHeHMA B TEKCTe



