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Abstract. Zinc-dolomite was studied by high-resolution electron microscope imaging, selected
area diffraction and electron microprobe. Electron diffraction data suggest the presence of a periodic
antiphase structure (PAS) in Zn-dolomite. Its unit cell probably consists of three units: CaMg(CO3),

as a basal unit, CaZn(CO3),, and CaCOs. The periodic array of PAS domains is parallel to i%0
and probably has a stair-like structure. The upper limit of CaZn(CO3), domain size is about 100 A
according to dark-field image study.

Other rhombohedral dicarbonates probably also have domain structures. The size of the
domains is controlled by the value of misfit of the domain lattice to the host lattice.

INTRODUCTION

Zinc-dolomite was reported from Bleiberg Carinthia (Gintl 1877 see Hurlbut
1957) and plumbo-dolomite from Kreuth, Carinthia (Siegl 1936, see Hurlbut 1957).
In 1957, Zn—Pb dolomite from Tsumeb was described (Hurlbut 1957). It contained
3.23—8.47 wt.% ZnO and 0.58—4.96 wt.%, PbO and its chemical formula was
(Ca, Pb) (Mg, Zn, Fe, Mn)(CO3),. In the Cracow-Silesian deposits zinc-dolomite
with the Zn: Mg ratio of 1:1 was reported on the basis of microprobe studies (Ja-
siefiska, Zabinski 1972).

Thermal analysis (Hurlbut 1957, Zabinski 1959) provides the strongest evidence
of the existence of zinc-dolomite. The available X-ray powder data are far less
conclusive because of the close similarities between rhombohedral dicarbonates
(Graff 1961).

The failure to synthesize Zn-dolomite aroused doubts as to its stability (Gold-
smith, Northrup 1965), although very extensive solid solution towards CaZn(COs;),
is believed to exist (Rosenberg, Foit 1979).
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MATERIALS AND METHODS

t on Zn-dolomite samples from strata-bound

n—Pb deposits, Cracow-Silesian ore district, Poland. S?.mples C-1, C—g and C-A?
\%'ere collectid from the “Dabréwka’” mine (near Bytom) in the §25-P drift (galmei
ore). All the samples contain fine-grained dolomite as the main compone’r}t a'nd
goethite as an associated mineral. Sample C-5 was taken from the “Grot 10" mine
working in the “Trzebionka” mine and consists of laminated dolomite.

Chemical analyses of the specimens showed variable, but always significant, Zn
admixtures (up to 7.6 wt.% ZnO in sample C-2). Infrared, thermal, gnq X-ray measu-
rements revealed the presence of dolomite, goethite and trace calcite in sample C-1.
No zinc minerals were detected in these samples. This suggested the presence of
Zn-dolomite. To confirm this assumption, the samples were subjected to electron
probe and electron microscopic studies.

Zn-dolomite within the Cracow-Silesian Zn—Pb ore deposits was described
earlier by Wazewska-Riesenkampf (1959), Zabinski (1959), Gruszezyk and Wazew-
ska-Riesenkampf (1960), Zawislak (1971) and Jasiefiska and Zabinski (1972).

Electron microscope investigations were performed with a JEM 100B electron
microscope at 100 kV. Standard specimen was gold on a separately prepared carbon
film, applied to one side of the main specimen. The measurement accuracy of sharp
spots in diffraction patterns is 0.75—1 relative 9 in these conditions (Hirsh et al.,
1965). Particles for investigations were taken under microscopic control from areas
previously analysed with electron probe (defined even to 10x 10 pm if required).

Chemical compositions were determined with an ARL SEMQ probe at 20 kV,
sample current ~ 15 nA, using the following X-ray lines, synthetic compounds and
pure standards: Mg K, Si K, (5i0,), S K, (FeS,), Ca K, (CaF,), Mn K,, Fe K,,
Zn K. Pb M, (PbS). The X-ray data were corrected for radiation absorption (Phili-
bert 1965), fluorescence effects (Reed 1965) and atomic number difference (Philibert,
Tixier 1968). The difference to 1009 was assumed to be CO,.

Investigations were carried ou

RESULTS

Chemical composition.

All analysed dolomites and zinc-dolomites are characterized by the dominance
of Ca over Mg or (Mg+Zn) (Table 1). Excess Ca is a characteristic feature of the
ore-bearing dolomite in this area (Sliwinski 1966).

The composition of zinc-dolomites with a low Fe admixture seems to be defined
by the R, :R, ratio close to 1:1, where Ry = Ca—Zn and R, = Mg+ Zn+(Ca—0.5)
when the Ca, sMg, s CO; formula is considered. This rule accords well with the:
domain structure of Zn-dolomite and is also supposed to apply to Tsumeb zinc-
-dolomxte contz}ining small Fe admixture (Hurlbut 1957, table 2, analyses 1, 2, 4)

Zinc-dolomite grains in samples C-1/2, C-4/7 and C-4/8 (taken from galméi érej
were found to be homogenous when studied with scanning method. Zn-dolomite
of sample C-5/10 (taken from laminated dolomite) has a zonal structure (Phot 1)
The central parts of crystals were dolomitized by solutions with a high M . Zr;
ratio. In the final stage when the basal unit of Mg from solution was bout%ci in
dolomite, Zn was relatively strongly enriched and formed the external zone of

Zn-dolomite. The latter feature (Phot. 1) indi ibili i
T rEera]. ) indicates the possibility of formation
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Table™1 :

Chemical composition of zinc-dolomite obtained with the electron probe
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fRables?
Interpretation of superstructure spots, resulting of the presence of CaZn(COs)z domains in zinc-
_dolomite. Phot. 2, superstructure system (Z0.[) and 31.)

Superstructure 10.1

doees: Angles (in degrees)
hkl T el 00.3 00.3
calc.

meas. calc.

10.10 1.50 1.4943 1.4976 21.50 21.00

10.13 1.20 1.1810 1.1835 17.00 16.50

10.16 0.984 0.97292 0.97500 13.50 13550

10.19 0.838 0.82589 0.82764 11°75 11.40

10.22 0.727 0.71686 0.71838 10.00 9.90
10.23 0.71727

Superstructure 37./

315 1.11 1.0894 70.50 70.20
31.8 1.01 1.0029 61.00 60.50
31.11 0.920 0.90700 52.00 51.60
31.14 0.822 0.81461 45.00 44.70
ST 0.737 0.73161 40.00 39.20

* gfter Graff (1961),
#* after Rosenberg, Foit (1979).

Electron diffraction study.
Superstructure spots in zinc-dolomite electron diffraction patterns were found

in 120 orientation only. The basal pattern is that of dolomite CaMg(CO,), related
to C-4/7 (Table 1) composition and is denoted by Miller indices hkl (Phot. 2).
Rows of spots at fractional distances between dolomite lattice are connected with
superstructures caused by the incorporation of Zn in the dolomite structure (hkl),
the. excess of Ca [hkl] and some Fe and Mn {hkl} (Phot. 2, table 2, grain C-4/7).
Thn.s type of superstructure pattern seems to be specific to rhombohedral carbonates
as it was not reported in earlier studies of other kinds of solid species (Hirsh e{
al. 1965, Andrews et al. 1967).

One immediately sees that the series of reciprocal lattice points
divide the distances between dolomite matrix goints into thiIrst (PIEZ{LC.I)Z)a.nd i

In general, such electron diffraction patterns could occur due to (Hirsh et al. 1965):
1. Twinned structure. ‘ :

The twin plane (in this case 001) would coincide with the plane: ite —
C'aZn(CO3)2 domain boundary, creating additional twin poilfts th'zxtd(gi(i/ri?ll;ethe
distances between matrix points into thirds. The small CaZn(CO;), domain size
would limit the extent of twin rows to observed values (Phot. 2 (3h12cl) and [hkl])
However the superstructure pattern in Fe-dolomite and ankerite (’being investi oateci
at present), qgalltatlvely similar to that of Zn-dolomite but quantitatively diﬂgrent
makes the twinned structure concept less probable as the complete solution ,
2. Particles of a second phase. i g

If the domain structure of Zn-dolomite is considered, one immediately sees

that the CaZn(CO,), and CaCO; domains would be typical, partialy coherent
22

Table 3
Interpretation of superstructure spots, resulting of the presence of CaCO; domains in zinc-
_dolomite Phot. 2, superstructure system 11./

Superstructure 1./
Angles (in degrees)

hkl dmus. CaCO3' 00.3 00.3
meas. calc.

1118 1.18 1.1616 27.5 2T
11.16 0.982 0.98057 23.0 23.1
119 0.840 0.84493 20.0 19.8
1I1E22 0.735 0.74059 17.0 73

* after Graff (1961).

particles with positive misfit in the dolomite pattern (Table 4). However, according
to the general rules of that case (Hirsh et al. 1965), it is difficult to explain the posi-
tion and the limited extent of extra spots in relation to the dolomite pattern (Phot. 2).
3. Periodic antiphase structure (PAS).

The regular periodic antiphase arrangement gives rise to periodic images (Hirsh
et al. 1965) which fit exactly the recorded rows of extra spots (Phot. 2).

The unit cell of the periodic antiphase structure of Zn-dolomite consits probably
of three units: CaMg(CO;), as the basal unit, CaCOs and CaZn(CO;),. This
type of structure would be responsible for the location of superstructure spots at
1/3 and 2/3 of the main maxima (Phot. 2). The periodic array of PAS is parallel

to 120 and has probably a stair-like structure. High-resolution dark-field images
of Zn dolomite showed that the size of domains connected with (%kl) spots (Phot. 2)
is up to 100 A, which probably is the upper limit beyond which CaZn (CO3), becomes
unstable and splits into CaCO; and 7ZnCO; as separate phases. Moreover, local
heat treatment of Zn dolomite particles due to a few minutes electron bombardment
causes the diminution or even disappearence of superstructure spots of the (hkl)
system (Phot. 2). It is feasible that electron beam heating of the domain structure
equalizes the differences between dolomite and CaZn(COs),, i.e. distortion and
positive misfit which is not very large (Table 4), and homogenizes the lattice whilst
the CaCO; domain superstructure ([hkl], phot. 2) still remains unchanged.

The diffraction pattern (Phot. 2) is indexed in terms of the dolomite unit cell — Akl
The indices in parenthesis (hk/) represent superstructure spots supposed to be due
to CaZn(CO;), domains. This concept is
in good agreement with the measured and Table 4
calculated angles and interplanar distances Lattice parameters of AB(COs). rhombo-
(Table 2) and with the rule of addition of hedral carbonates calculated after Graff
Miller’s indices on diffraction patterns. (1961) (in A)

The indices in square brackets [Akl]
represent superstructure spots thought to Carbonate : 5
be due to CaCO, domains. They satisfy
exactly the rule of angles and d-spacings

(Table 3), but not entirely the rule of ;gaf/IO’CO i‘zggg 12’8‘;’3

addition of Akl The latter rule is satisfied }C:an((co 3))2 Pyl 38043
e S C: o : ¥

for hk, but as regards / addition, it1s I+1. CaFe(CO, 0 ya

In other cases simultaneous agreement
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ings i i idered rhombohedral
les and d spacings is not attained for any of the consi mb
E::gcfrelgt?sl.g This diffe}r)encecin ] addition may be accounted for by the significantly

larger CaCO; unit-cell (Table 4).

DISCUSSION

The postulated domain structure of Zn-dolorpite. explains several difficulties
connected with the classical concept of solid solution in rhombohedral carbonates.
Zn-dolomite is apparently unstable (Goldsmith, Northrup 1965). However, the
extensive substitution of Zn for Mg was reported in natural dolomite (even Mg:Zn =
—1:1, Jasieiska, Zabifiski 1972). . _

These two facts would account for the domain structure concept in Zn-dolomite.
CaZn(CO;), still remains unstable but its domains are stabilized by the exterqal
dolomite lattice. A positive misfit of the CaZn(CO3), dgmam to the host fiolomlte
lattice (Table 4) limits the size of the CaZn(CO;), domains. Th; threshold is 100 A,
which equals 21 a, and produces ~ 0.3 A of total misfit. This is probably sufficient
to destroy the dolomite-CaZn(CO5), domain boundary and to cause simultaneously
the splitting of unstable CaZn(CO,), into two independent phases: CaCO; and
ZnCO; - CaZn (CO,), domains are usually less than 100 A, being therefore too small
to be observed by means of X-ray methods.

The concept of three-component periodic antiphase domains defines the upper
limit of Zn in dolomite as 0.1667 atomic Zn (for Ca, sMg, sCO; formula). Jasienska,
Zabinski (1972) found values as high as 0.25. However they did not report complete
analytical data, which precludes a discussion in terms of the domain concept.
In their case, the two-component periodic antiphase (without CaCOj3) is posible.

To summarize, it seems feasible, that most binary rhombohedral carbonates
posess domain structures, i.e. they cannot be considered as classical solid solutions.
The size of domains seems to be controlled by the value of the misfit of the domain
lattice to the host lattice, and by the value of octahedral distortion, i.e. the less
the misfit and octahedral distortion, the larger the domain size. When the misfit
and distortion are insignificant the classical continuous solid solution series is
obtained. These rules are more important when metastable or unstable carbonates
enter into the dolomite structure.

REMARKS ON DOLOMITE FORMATION

Dolomite with Ca:Mg > 1 posesses probably also a domain structure consisting
of CaCO; domains in dolomite matrix with the ideal Ca:Mg= 1. This seems to
be fairly well justified because dolomite CaMg(CO5;), is the most ideal and stable
carbonate structure (Althoff 1977).

If the domain concept is applied to dolomitization, some difficulties in under-
standing the process (Althoff 1977) will be smoothed away. Dolomitization starts
with Mg-calcite as the initial product (op.cit.). It is the most distorted carbonate
of: those investigated and is metastable (op.cit.). So pressure is an essential con-
tributor to the transformation of metastable Mg-calcite into the most ideal dolo-
mite structure (op.cit.).

In the dom_a.in concept of dolomitization in the growth of domains there exists
probably a critical size threshold above which the domains change the distorted
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Mg-calcite structure into an ideal dolomite and initiate the growth of dolomite
crystals. The external rim on a growing dolomite crystal has probably higher distor-
tion than the central part of the crystal. This facilitates the incorporation of Zn
in the dolomite structure at the final stage of crystal growth, also because of the
high distortion predicted for CaZn(CO;),. During maturation (temperature, pre-
ssure) also the external zones of dolomite crystals solidify, assuming a domain
structure. This would explain the presence of Zn-dolomite as a primary mineral
in the course of dolomitization (Phot. 1).

The growth of domains is also possible in all discontinuities in the calcite lattice
acting as the initial centres, if Mg is supplied.
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Henryk KUCHA, Bogustaw BAK, Andrzej WIECZOREK

WSTEPNE DANE O WYSTEPOWANIU NADSTRUKTURY
W DOLOMICIE CYNKOWYM

Streszczenie

W pracy przedstawiono wyniki interpretacii dyfrakcji elekt_ronc')w uzyskanych
dla probek, ktore na podstawie wezesniejszych doktadnych anfillz uznano za dolo-
mity cynkowe. Materiat do dyfrakeji pobrano pod .kontrolgc mikroskopu z obsgaru,
w ktérym sklad chemiczny okreélono za pomoca mikroanalizatora rer}tgenowsklego.

Dyfrakcja elektronowa wskazuje na obecno$¢ w badanym dolomicie cynkowym
uporzadkowanej, domenowej, struktury antyfazowej. Komérk.a elementarna dq-
lomitu cynkowego z okresowa struktura antyfazowa sklada si¢ prawdopodobnie

7 trzech czesci: CaMg(CO;), — jako podstawowe) sieci goszczacej, CaZn(CO3),
i CaCO,. Zgodnie z ta koncepcja 702t i nadmiar Ca?™ wydaja si¢ by¢ wprowadzone
do sieci goszczacej dolomitu CaMg(CO;), w formie domen CaZn(CO3), 1 CaCQ3
jednolicie rozmieszczonych, a nie wprost na miejsca Mg* ™", z regularng okresowoscia
kontrolowana przez $rednig zawartos¢ Zn2* w dolomicie, jak to si¢ przyjmuje dla
klasycznego roztworu statego. Proponowana struktura domenowa dobrze zgadza
sie ze skladem chemicznym dolomitéw cynkowych okre§lonym przez stosunek
R,:R, (tabela 1).

Niedopasowanie sieci domenowej CaZn(CO;); W stosunku do sieci goszczacej
dolomitu oraz dystorsja oktaedryczna ograniczaja wielkos¢ domen CaZn(CO3),
do 100 A, a zatem sa one za male, aby je obserwowac metodami rentgenowskimi
lub za pomoca mikrosondy elektronowej. Dane z dyfrakeji elektronowej nie sa
niezgodne z dotychczasowymi wiadomoSciami o budowie podwéjnych weglanéw
romboedrycznych, prezentuja jedynie ich nowa interpretacje. Inne podwdojne weglany
romboedryczne maja prawdopodobnie takze strukturg domenowa, o czym Swiadcza
wyniki dyfrakcji elektronowych uzyskanych na dolomitach ankerytowych 1 anke-
rytach.

OBJASNIENIA FOTOGRAFII

Fot. 1. Zdjecie w mikroobszarze pierwotnego dolomitu cynkowego tworzacego zewnetrzne obwodki
na krysztatach dolomitu. Probka C-5, Kopalnia Trzebionka

a — obraz elektronowy absorpeyiny, b — obraz rozmieszczenia Zn K, ¢ — obraz rozmieszczenia Mg K,

Fot. 2. Dyfrakcja elektronowa dolomitu cynkowego zawierajacego 5,55); wag. ZnO w mikro-

obszarze (tabela 1, C-.4/8). uvw =120. Obserwowana nadstruktura jest wynikiem okresowej
struktury antyfazowej

hkl — sieé¢ podstawowa dolomitu, (hkl) — efekt od domen CaZn(COj);, [hki] — efekt od domen CaCOj
{hkl} — niewyrazny efekt prawdopodobnie od domen CaFe(CO,), G
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Xenpoie KVXA, Bozycaas BOHK, Anoxceii BE4OPEK

IPEJABAPUTEJBHBIE JAHHBIE O IMPUCYTCTBUU
CVIIEPCTPYKTYPHI B IIMHKOBOM /IOJIOMUTE

Pesome

B paboTe mpencTaBieHE! PE3YIbTAThl MHTEPIPETAIH (pakIud 3JIEKTPOHOB,
TIOJIYUeHHBIX i 0OpasloB, KOTOphie Ha OCHOBAHWM 00j€e DaHHUX JCTAJIbHBIX
AHAIM30B CYMTAJIMCH IMHKOBBIMU JooMuTamu. OT60p MaTepuasa Il Ai(paKim
KOHTPOJMPOBAJICS TOJK MHUKPOCKOTIOM B MHKPOYYACTKE, B KOTOPOM XAMUYECKUI
coCTaB OBLI ONPEETeH C IIOMOIIbI0O MHUKPO3OHAA.

Judpakiust 3JIEKTPOHOB yKa3bIBAET HA IPUCYTCTBHE B M3y4aeMOM IIMHKOBOM
JIOJOMUTE YHOPSIOYEHHOH JOMEHHOU aHTH(a30BOH CTPYKTYPHL. OnemMeHTapHast
sueiika IMMHKOBOTO JOJOMNITA C MEPUOIMYEcKoil aHTH(ha30BO! CTPYKTYpOH, MO-BH-
JIEMOMY, COCTOHT M3 Tpex wacteii: CaMg(CO;), — kak OCHOBHOM PEIIETKH-XO35MHA,
CaZn(CO3), u CaCO;. CornacHo 3TON KOHICIIMH 7Zn2* w mammiex Ca?* xaxercs
BBE/ICHBI B peneTky-xo3suna gonovuta CaMg(CO;), B BUJIE IOMEHOB CaZn(CO3),
u CaCO; ONHOPOIHO PAa3MEUIEHHBIX, & He NPsAMO B MeCTa Mg?*, ¢ peryaspHOH
TEPHOMIHOCTEIO0, KOHTPOJIMNPOBAHHONH CPEIHIM COACPKAHHEM Zn?** B moJIOMHUTE,
XaK 5TO HPUHAMAJIOCH I KJIACCHYECKOro TBEPAOrO pacTBopa. IIpennmaraemast
TTOMEHHAsI CTPYKTYpa XOPOIIO COIJIACYETCS XMMUYECKMM COCTaBOM  IMHKOBBIX
JIOJIOMUTOB, OTIPEACICHHBIM Y€Pe3 COOTHOIICHHE R;:R, (Tabmama 1).

Henpucnoco0ieHne JOMEHHOH PemeTKH CaZn(CO;), IO OTHOILEHUIO K pe-
LIeTKe-XO34MHa JOJIOMHUTA, a TakKe OKTadApHIecKas NUCTOPCHS, OrpaHMTMBAIOT
pasmeprr nomeroB CaZn(CO;), xo 100 A, cleIoBaTeTBHO OHM CIHIIKOM HeGO0Jb-
Ime, YTo6Hl UX HAGIIONATH PEHTICHOBCKMMM METOJAMH, MMM C IOMOIILIO MHKPO-
songa. Janusie u3 [upaKiyi dJEKTPOHOB HE IPOTHBOPEYAT MPEKHUM CBEACHMIM
0 CTpOGHWN JIBOHHBIX POMGOIIPUYECKKX KapOOHATOB, TOJBKO NPEACTABILIIOT MX
HOBOE WMCTOJKOBAHME. JpyrHe JBOMIbE POMGOdApHUECKHE KapOOHATHI, TO-BH/IM-
MOMy, TOXE HMEIOT JOMEHHYIO CTPYKTYpY, O HYeM CBANCTENBCTBYIOT PE3yib-
TaTsl AE(PAKIH NEKTPOHOB, MOJNyYEHHBIC HA AHKEPHTOBBIX NOJOMHTAX I AHKE-
puTax.

OBBSICHEHUSI K ®OTOI'PAPUSIM

®oro. 1. V306paxenue B MUKPOYYACTKE IECPBAYHOTO LINHKOBOIO MOIOMHTA, 00pa3yroIero KaeMKH
Ha KpucTayutax mosiomura. O6pasert C-5, pyauuk TimeOnoHka
a — aGcopOuuoRIoe IEKTPOHHOE n300paxenne, b — KapTHHA DAIMELICHUS Zn K,, ¢ — KapTMHA paime-
wenna Mg Kg

®oTo. 2. Judpakimst dIeKTPOHOB IIMHKOBOrO AOJIOMHTA, comepxxamniero 5,55 Bec. % ZnO B mu-
xpoyuactke (rabmuma 1, C-4/8). uvw =120. HaGmomaemast CymepCTpPYKTypa SIBISICTCS
CITENCTBHEM TIEPHOUYECKOM aHTH(hA30BOM CTPYKTYPBI
hkl — ocuossas peurerka nonomnra, (hkl) — sddexr or nomenos CaZn(COy)2, [hkl] — 3Q(}EKT OT NOMEHOB
CaCOy, {hkl} — neuerkuit 2QdexT, BEPOATHO, OT HOMECHOR CaFe(COy)a
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d rrimary Zn-dolomite forming rims on the dolomite crystals
Sample C-5, Trzebionka Mine.

@ — EAl — electron absorption image, b — scanning picture of Zn K,, ¢ — scanning picture of Mg 3650

Henryk KUCHA, Bogustaw BAK, Andrzej WIECZOREK Preliminary report on super-
structures in zinc-dolomite
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Phot. 2. Electron diffraction pattern of Zn-dolomite containing 5.55 wt.% ZnO in microarea
(Table 1, C-4/8). uvw = 120. Observed superstructures are expected to result from periodic antiphase
structure

hkt basal dolomite lattice, (hkl) effect of CaZn(CO3), domains, [hkl] effect of CaCO5 domains, {hkl} effect
unclear, may be CaFe(CO3);, domain?

Henryk KUCHA, Bogustaw BAK, Andrzej WIECZOREK Preliminary report on super-
structures in zinc-dolomite



