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A bstract Iron-dolomite, containing 7.21 wt. % FeO, was studied by electron microscope selected
area diffraction and using electron probe. Electron diffraction data suggest that Fe-dolomite has domain
structure. The unit of Fe-dolomite consists probably of three main components: CaMg (COs;), as an essen-
tial one, CaFe (CO3), and CaCO;. Observed superstructuring in Fe-dolomite results from several systems
of ordering connected with domain structure, antiphase arrangement, density modulations
Ca-Fe-Mg-Fe—Ca type, helicoidal modulations and probably lowering of cations symmetry from hexa-
gonal to orthorhombic in the Ca antiphase boundary. This symmetry lowering is probably induced by Fe
ions due to octahedral distortion.

INTRODUCTION

Fe-bearing synthetic and natural dolomites often contain excess CaCO; (Golds-
mith et al. 1962, Rosenberg 1967). The Fe analogue of dolomite, CaFe(COj3),, is
unknown in nature and has not been synthesised yet, despite extensive experimental
studies (Rosenberg and Foit 1979). The negative trials to synthesise CaFe(CO;),
seems to be connected with the apparent instability of Fe-dolomite (Goldsmith et al.
1962) though none explanation of its instability has been given yet (op. cit). The sta-
bility of rhombohedral dicarbonates seems to be controlled by octahedral distortion
(Rosenberg and Foit 1979).

The refinement of ankerite, Ca(Cag s Mgo 27 Feo63 Mngos) (CO3), structure
(Beran and Zemann 1977) showed an essential, trigonal elongation of the Ca and
Fe?* octahedra. The ankerite contains an excess CaCOj3, however an explanation has
not been offerred for the excess influence to the crystal arrangement. The considered
excess seems to influence the second endothermic peak (Beck 1950, Kulp et al.
1951) of the DTA curves, making its splitting in some manner.

Dolomite composition study suggest that a solid solution series extends from do-
lomite and to about 70 mol % CaFe(COj;), (Rosenberg and Foit 1979). Fe ions enter
exclusively in the Mg positions (Kulp etal. 1951). However, when we take away a de-
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fined domain of CaMg (CO3), from the dolomite lattice a'nd put in_ its place respec-
tive CaFe(CO3), domain, the rigorous Kulp’s Fe-Mg substitution will take place too.

This is the aim of this paper to discuss properties of ankerite and Fe-dolomite
when contribution of the antiphase domain structure 1s involved.

MATERIAL AND METHODS

Fe-dolomite samples from Orzel Bialy mine, mine working 171/A-G, located
within the area of stratabound Zn-Pb deposits of the Upper Siles‘ia, Poland, were
studied. Samples consists of idiomorphic dolomite crystals 1-2 mmin size, grown on
the cavities surfaces.

Electron microscope investigation were performed using a JEM 100 B electron
microscope at 100 kV. Standard specimen was gold on separately prepared carbon
film, put to one side of the main specimen. Accuracy of measuring of sharp diffrac-
tion patternsis 0.75—1 relative % in these conditions (Hirsh et al. 1965). Particles for
investigations were taken under microscope from areas previously analysed with ele-
ctron probe (defined even to 10x 10 wm if required).

Chemical compositions were determined using an ARL SEM probe at 20 kV,
sample current about 15 nA, using the following X-ray lines, synthetic compounds
and pure standards: Mg K« (MgCO;), Si K« (SiO,), S Ka(FeS,), Ca K« (CaCO,),
Mn K, Fe Ko, Zn K«,and Pb M«(PbS). Corrections for the X-ray data were applied
for: absorption of radiation (Philibert 1965), fluorescence (Reed 1965) and ato-
mic number difference (Philibert, Tixier 1968). In these calculations the difference
to 100% has been assumed to be (COs).

The relations between direct lattice and reciprocal lattice were investigated with
a He—Ne laser diffraction system. As a source of diffraction slides were used. Distan-
ces between dots representing atoms of direct lattice on slides were 0.1-0.3 mm pro-
viding the best diffraction conditions. Large dots on direct lattices represent Ca ions,
medium Fe and small Mg ions.

CHEMICAL COMPOSITION

All analysed Fe-dolomites are characterised by the presence of excess CaCO;
(Table 1). According to Deer et al. (1965) material of the type locality could be ter-
med iron poor ankerite, because Mg:Fe is lower than 4. All analysed ankerite crystals

where homogeneous when studied using scanning method. Fe content varies in diffe-
rent dicarbonate crystals in the same sample.

ELECTRON DIFFRACTION STUDY

Ac;:ordlng to gen.eral ru!es of interpretation of superstructures (Hirsh et al. 1965)
TOIV?O spots at fractlor}al distances between host dolomite lattice are expected to re-
thx t rg?fa regular, periodic arrangement of atoms. Observed superstructures in ele-
rerdogasé E?cl?rg pz:jt.tf?rnst:%uggest different source of additional dots in each conside-

. ndiffrac ith di i i i
s Yo iy lon patterns were compared with direct lattices via laser di-

Su ing i | ori i :

Shownpcf;;slt)rhuocttu;;gc;g I}!/ orientation could originate from atomic arrangement
s separ;;tedrt]) . Phot. 2 is simpler and consists of small, parallel Mg and Fe
b fy mea;]s of Ca, forming a kind of antiphase boundary. Ca ions

rom of larger hexagons. This arrangement of the second order
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forms in reciprocal lattice (Phot. 3) also hexagonal units (marked by circles) which
could be also visible on original electron diffraction pattern (Phot. 1). Phot. 4 is more
complicated. The basal units are also formed in the same way as in Phot. 2. However,
essential Ca-hexagon (the same as in Phot. 2) is surrounded by twice as large Ca-he-
xagon with small Fe and Mg domains. Moreover, in corners of large Ca-hexagon
small Ca-hexahed consisting of 6 Caions surrounding Mg ion are present. Due to the
described changes, reciprocal space superstructure spots next to 0/./, 10.1 and /1.0
are not visible. Also superstructure nodes on either side of /7.2, 21.1 and 2.1 are
not visible. Similar lack of dots could be observed on / /T electron diffraction pattern
(Phot. 1). Therefore, atomic arrangement shown on Phot. 4 is preferred as a source
of superstructuring observed on Phot. 1.

Table 1

Electron microprobe analyses of Fe-dolomites from the Upper Silesian Zn—Pb deposits, Poland;
studied by means of electron diffraction method

Weight % /atomic prop. i
SamplelProbe il piag CO, Gsri:;n
ot BHNOE I G0 | = SO L s Cali | MnO: o ltiFed = ZHO REECR ot um
E-4/7 15.30 | = 0.02 | 29:94 0.85 721 0.01 |=0.04 |45.16| 98.48 | 350
0.3795 0.5339 0.0120 0.1004
R-2 [E-4/8 15.22 | = 0.02 | 30.08 0.84 7.23 0.01 |=0.04(45.17| 98.55 | 350
0.3775 0.5364 0.0118 0.1006

= — detection limit by microprobe.

Another type of arrangement is suggested for superstructuring in /2.0 orienta-
tion (Phot. 6). The atomic arrangement is shown in Phot. 7. This is a combination of
Ca domains with density modulation Ca—Fe-Mg—Fe—Ca. In reciprocal space it gives
pattern (Phot. 8) almost identical to electron diffraction one (Phot. 6). Fe ions cause
strong octahedral distortion of dolomite lattice (Beran, Zemann 1977). We could
consider that this distortion is balanced by decreasing of symmetry in Ca-antiphase
boundary from hexagonal to orthorhombic (Phot. 9). Itis possible for Ca since there
are two Ca polimorphs, calcite and aragonite. Such symmetry decrease produces su-
perstructuring (Phot. 10) with the same angle between basal pattern and superstruc-
ture pattern as in Phot. 8. Consequently, the symmetry decrease in Ca domains (see
Phot. 7) will result in additional supplementary rows of superstructure spots giving
rise to the pattern observed (Phot. 6).

Another type of superstructuring results from helicoidal modulations (Phot. 1T).
Basal dots consist of subsidiary nodes the number of which grows with increase of in-
dices. Tt was mathematically proved by Korekawa (1967) that the phenomena of this
type could result from transverse and longitudinal modulations in the plane. If we
consider modulations in three dimension space, helicoidal modulations will involve
both transverse and longitudinal phenomena, giving rise to an increase of the num-
ber of subsidiary dots in all directions with increase of indices as shown on Phot. 11.
Helicoidal modulations are caused probably by octahedral distortion induced by Fe
ions periodically arranged in the dolomite lattice.

Usually, the dots of reciprocal lattice of Fe-dolomite consist of numerous, irregu-
lar subsidiary nodes (Phot. 12). It suggests the presence of domains of various size,
misfit and distortion induced by chemical differences between domains.
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DISCUSSION

The entire unit of the periodic 'fujflp}’mse str}Jclt'ur.ecgfcieé((i)ol(c);n;;eéggr:jsatiihpgin
bably of three units: CaMg(CO3), as a basal host latuce, 3 :
cess of Ca, and CaFe(COj),. In some diffraction patterns superstructure spots are at
1/9 of the main maxima. Consequently, the unit cell size of Fe-dolomite could be ex-
pected as 9 times as large as an original one _(Andrcws et al. 1967).

High-resolution dark-fieldimages of ankerite were unconclusive. Too long expo-
sure to electron bombardment causes strong diffusion of superstructure effects. This
precludes making a good high-resolution dark-field images in practice. Itis only sug-
gested, that the domain size of a postulated CaFe(CO3), is rather not larger than 1.00
A. It hinters the presence of the upper size limit to CaFe(CO3)z domalns, over which
this compound becomes unstable. It seems to be inconsistent with apparent instabi-
lity of Fe-dolomites (Goldsmith et al. 1962; Rosenberg, Foit 1979). These two coun-
ter observations would be concordant with the antiphase domain concept of Fe-do-
lomites. CaFe(COs), itself still remains unstable as larger particles but its domains
can be stabilized by an external dolomite lattice. Small domains of CaFe(COj3), can
survive in a “’frozen’ state within the dolomite pattern.

Positive misfit of CaFe(COj3), domain to the host dolomite lattice produces, with
the help of octahedral distortion, the difference in the upper size limit to the
CaFe(CO;3), domains. Too large misfit, representing the multiplicity of differences
between CaMg (CO;), and CaFe(COs3),, would destroy the continuity of a dolomite
CaFe(COs3), boundary and at the same time would destroy an external force of do-
lomite lattice supporting the stability of CaFe(COs3),. This cause probably the upper
limit of 70 mol % CaFe(CO;), to be introduced in to the dolomite lattice. Higher va-
lues could destabilize the dolomite lattice and split the system into simple monocar-
bonates.

“The presented studies suggest that Fe ions are introduced into dolomite lattice
versus classic concept of solid solution series. Divalent metals are not introduced si-
mply to dolomite in the Mg place with a regular period controlled by an average con-
tent of Fe in dolomite. The excesses of Fe and Ca seem to be introduced into the do-
lomite lattice in the form of CaFe(COs3), and CaCO; domains, uniformly distributed.

CONCLUSIONS

The electron diffraction data showed the presence of ordered domains being too
fine to be resolved by means of X-ray methods or microprobe beam and for this rea-
son they are not inconsistent with earlier investigations (op. cit.). They present just
a new interpretation. i

The size of antiphase domains is probably controlled by misfit and distortion of’

ahost lattice_ to a domain lattice. When misfit and distortion differences are unimpor-
tant, a classic solid solution series is formed.

The upper limit of Fe introduced in the dolomite is 70 mol % of CaFe(CO3)
(Rosenberg, Foit 1979) and according to antiphase domain concept should be con3sif
dered as a saturation limit over which also dolomite lattice becomes unstable.

The results of this study suggest the presence of CaFe(CO;), domains which can

be consndqred as a new phase. However, due to very small size of crystals frozen in
the dolomite lattice this problem remains unanswered.
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Henryk KUCHA, Bogustaw BAK, Andrzej WIECZOREK, Grzegorz FITTA

WSTEPNE DANE O WYSTEPOWANIU NADSTRUKTURY
W Fe-DOLOMITACH ZAWIERAJACYCH NADMIAR CaCO,

Sit relsziczienite

W pracy przedstawiono wyniki interpretacji dyfrakcji elektronéw uzyskanych na
mikroskopie elektronowym dla probek, ktore na podstawie wezesniejszych analiz
uznano za ankeryty ubogie w Fe (Fe-dolomity). Relacje miedzy siecia prosta a od-
wrotng badano przy uzyciu systeméw dyfrakcji na laserze neonowo-helowym. Mate-
riat do dyfrakcji pobrano pod kontrola mikroskopu z obszaru, w ktérym sktad che-
miczny okreslono przy pomocy mikroanalizatora rentgenowskiego.

Dane z dyfrakcji elektronow sugeruja, ze Fe-dolomit ma budowe domenowa.
Jednostka Fe-dolomitu sktadataby sig z trzech gio wnych sktadnikow: CaMg(CO5), —
jako podstawowej sieci goszczacej, CaFe(CO;), oraz CaCOj;. Obserwowana nad-
struktura Fe-dolomitu jest rezultatem wielu systemow uporzadkowania zwiazanych
z budowa domenowa, uporzadkowaniem antyfazowym, modulacja gestosci typu
Ca—Fe-Mg-Fe—Ca, modulacja helikoidalng i prawdopodobnie z obnizeniem syme-
trii kationow z heksagonalnej do rombowej, na antyfazowej granicy kationow wa-
pnia. To obnizenie symetrii jest prawdopodobnie wywotane przez jony Fe** stosow-
nie do dystorsji oktaedrycznej.

Wielkos¢ domen antyfazowych nie przekracza 100 A i jest prawdopodobnie kon-
trolowana przez niedopasowanie oraz dystorsjg sieci goszczacej i sieci domenowej.

Dane z dyfrakcji elektronow wykazuja istnienie uporzadkowanych domen,
w skali zbyt matej, aby mogty by¢ zauwazone przy pomocy metod rentgenowskich
lub przy pomocy mikroanalizatora rentgenowskiego. Stad tez nie sa one niezgodne
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z dotychczasowymi wiadomosciami 0 budowie podwé]nych wqglalziow, .roinboe;i'rg/-
cznyéh, a prezentuja one jedynie ich nowg interpretacjg. Inne podwone :w§gdi y
romboedryczne maja prawdopodobnie takze strukturg domenowa, ohcgy‘m}:wmt’ th
wyniki dyfrakcji elektronow uzyskanych na dolomitach cynkowych 1 ankerytach.

OBJASNIENIA FOTOGRAFII

zawierajacego 7.21 % wag. FeO. Tabl. 1, E-4/7,

E-4/8. Orientacjauvw = /1. Obserwowana nadstruktura jest rgzultatem penodyczngg(tyuk-
try antyfazowe j pokazanej na fot. 2i4. Duze, biale okregi otacza)q heks:dgonalne jednostki pv-
nktéw pochodzacych od drugiego rzgdu uporzadkowania (patrz fot. 31 4). 2 deziel

. Proponowane uporzadkowanie atomow w Fe-dolomicie ziozonym z domen Fe i Mg’ oddzielo-

nych przez granicg antyfazowa Ca. Jony Ca sg uporzadkowane w duze szesmpbokl, ktore twor;zq
réwniez duze jednostki heksagonalne punktow dyfrakcyjnych w przestrzeni odwrotnej (fot. 3).
Jednostki te sa zaznaczone na fot. 3 przez duze biale kotka. \

Fot. 3. Sie¢ odwrotna uzyskanaz sieci prostej pokazanej na fot. 2, otrzymana przy pomocy dyfrakcji la-
serowej. Uporzadkowanie w poblizu centrum dyfrakcji pochodzi od uporzadkowania pierw-
szego rzedu atoméw Fe, Mgi Ca. Uklad punkt6w otoczony kotkiem roho.du od uporzqdkowa-
nia drugiego rzedu szesciobokow ztozonych z jonéw Ca na fot. 2.Porownaj zlokr.qgl_em nafot. 1.

Fot. 4. Sie¢ prosta Fe-dolomitu modyfikowana wedtug fot. 2. Domeny Mg i Fe przecinajg sig pod katem
60°. Jony Ca uporzadkowane sa w dwa systemy szesciobokow: duzy taki sam jak na fot. 2 i maty
zlozony z 6 jonéw Ca otaczajacych jon Mg. Modyfikacja ta sprawia, ze punkty nadstruktury
w przestrzeni odwrotnej, nastepujace po 0/./, 0.1, 1.0 podobnie jak punkty nadstruktury po
kazdej stronie /7.2, 21.1, 12.] zanikaja (patrz fot. 5). ¥

Fot. 5. Sie¢ odwrotna otrzymanaz sieci proste] pokazanej na fot. 4, uzyskana przy pomocy dyfrakcji la-
serowej. Punkty 07.1, 10.1, T1.0 sa zaznaczone grubszymi kropkami, punkty nadstruktury na-
stepujace po nich sa nicobecne (puste miejsca sa otoczone przez male koteczka).

Brak jest takze punktow nadstruktury po kazdej stronie / /.2, 21.1, 12.]. Rozmieszczenie oto-
czone przez duzy okrag jest rezultatem uporzadkowania drugiego rz¢du — duze szescioboki
z jonéw Ca na fot. 4. Porownaj z okr¢gami na fot. 1. ¥

Fot. 6. Dyfraktogram elektronowy Fe-dolomitu. Orientacja uvw = /20. Obserwowane punkty nad-
struktury sa wynikiem uporzadkowania atomiow pokazanego na fot. 7, polgczonego ze zmiang
symetrii w antyfazowych domenach Ca, jak pokazano na fot. 9.

Fot. 7. Proponowane uporzagdkowanie atoméw w Fe-dolomicie ztozone z domen antyfazowych Ca po-
taczonych z modulacjg gestosci Ca, Fe, Mg, Fe, Ca. Duze kropki — Ca, srednie — Fe, mate — Mg.

Fot. 8. Sie¢ odwrotna otrzymana z sieci prostej pokazanej na fot. 7, uzyskana przy pomocy dyfrakcji la-
serowej. Obraz wykazuje wielkie podobieristwo do fot. 6.

Fot. 9. Siec prosta Fe-dolomitu. Symetria heksagonalna jest obnizona na granicy antyfazowej Ca do
l:g)n}h()w’c] (aragonit), jako rezultat dystorsji oktaedrycznej spowodowanej przez jony Fe.

Fot. 10. Sie¢ odwrotna otrzymana z sieci prostej pokazanej na fot. 9, uzyskana przy pomocy dyfrakcji la-
serowej. Zmnar}a/symetm na granicy antyfazowej Ca daje w rezultacie dodatkowe wezty nakla-
dajace si¢ na sie¢ normalng i przecinajgce jg pod katem 60°._ _

Fot. 11. Dyfraktogram elcktmn(’)wy Fe-dolomitu. Orientacja uvw = 0/ /. Punkty dyfrakcyjne sktadaja
sigz dodatkowych wezlow, ktorych ilo§¢ wzrasta wraz ze wzrostem wskaznikéw. Jest to charak-
terystyczne prawdopodobnie dla modulacji helikoidalnej.

Hot 12 Dyfrzlnktogram elektronowy Fe-dolomitu. Punkty sieciowe skladajg si¢ z licznych nieregularnych
weztow dodatkowych, sugerujacych obecnosé domen o roznej wielkosci i dystorsji, spowodowa-
nych réznicami chemicznymi migdzy domenami. Orientacja uvw = 010.

Fot. 1. Dyfraktogram elektronowy Fe-dolomitu

Fot.
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XeHpuk KYXA, boeycnae EOHK, AHOxceli BEY0OPEK, wecox OUTTA

NPEABAPUTENbHBLIE AAHHBIE O NPOABNEHUU CBEPXCTPYKTYPbI
B Fe-NONOMMUTAX, COOEPXKALLIMUX WU3BbITOK CaCOg,

Pesome

HOBB nr;anGore V3NOXEHbI pesynbTathl MHTepnpeTaunu andpakumuin anekTpo-
' YHEHHBIX B 8/1EKTDOHHOM MUKPOCKONE Ha npo6ax, KOTOpble HAa OCHO-
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BaHWN NpeablAyWNX aHann3os oueHmBanuce, kak yborue B Fe-aHkeputs (Fe-
AonomMuTbl). COOTHOWEHNE MexXAy NPAMON U 06paTHON PELWEeTKON UCCeao-
Banucb Npu MCNonb3oBaHUM AMdpPakUMOHHbIX CUCTEM nasepa HEOHO-renune-
Boro tuna. Martepwan ana andpakuum 661 0To6paH NoA MUKPOCKONOM W3
y4acTka, XMMUYEeCK1I CocTaB KOTOPOTro 6bif ONpeaeneH peHTreHOBCKUM MU-
KpOaHanM3aTopoMm.

[aHHble AndpakLMii aNeKTPOHOB yKasbiBalOT Ha To, 4To Fe-gonomut ob-
nafaeT AOMEHOBOW CTPYKTypoW. YacTuua Fe-aonoMuTa coctonT ua Tpex rnae-
Hbix komnoHeHToB: CaMg(CO;), kak OCHOBHOW NPUHMMAIOWEN PEeLeTKH,
CaFe(Cos), n CaCO,4. Habniopaeman ceepxctpykTtypa Fe-nonomura asnaerca
pe3ynbTaToOM HECKONMbKWUX CUCTEM YMOPAAOYEHUA, CBA3AHHbIX C AOMEHOBOW
CTPYKTYPOW, aHTUHa3oBOro ynopAAOYEHWUA, MOAYNAUUM NAOTHOCTM Tuna
Ca-Fe-Mg-Fe-Ca, rennkonaanbHo MoAyNALUKU U NO BCEN BEPOATHOCTU, MO-
HWKEHWUA CUMMETPUU KaTMOHOB C rekcaroHanbHOW A0 poM6UYECKOW, Ha aH-
TMa30BOM rpaHULLE KATUOHOB KanbUWUA. ITO MOHWKEHUE CUMMETPUN Npea-
NONOXWTENbHO, BbI3BAHO NOHAMK Fe?" B COOTBETCTBUM C OKTa3ApPUYECKOM
AUCTOPCUEN.

BenunynHa aHTU azoBbix AoMeHOB He npesbiwaeT 100 A n no Bceit BepoAT-
HOCTWU, KOHTPONWUPYETCA HECOrNacoOBaHHOCTbIO U AUCTOPCUEN MPUHUMAtOLLEN
M AOMEHOBOW pPeLleTok.

[aHHble andpakuMm 3NEeKTPOHOB YKa3blBalOT Ha CyLlecTBOBaHWE ynopsa-
AOYEHHbIX AOMEHOB, B HAaCTONIbKO Manom macwTabe, 4To OHW He MOoryT BbiTb
3ameyeHbl PEHTTEHOCTPYKTYPHbIM METOAOM UK C MOMOLLbBIO PEHTIEHOBCKOTO
MUKpOoaHanuaaTopa. lloetomy, aT1 AaHHbIE HE MPOTUBOPEY AT CYLWECTBY IOLUUM
CcBEAEHUAM O CTPOEHWM ABOWHbIX pOoMb03apuYeckmux kapboHaToB, a ABNAIOTCA
NUWb UX HOBOW MHTepnpeTaunen. Apyrne AsonHbie pomboaapuyeckme Kap-
60HaTbl UMEIOT, MO BCEN BEPOATHOCTMU, TakXKe AOMEHOBYIO CTPYKTYPY, O Yem
CBUAETENbCTBYIOT pesynbTaTthl AMMpakLUUN 3NEKTPOHOB, NONYYEHHbIX B LIUH-
KOBbIX N aHKEPUTOBbIX AONOMUTAX.

OBbACHEHUA K ®OTOrPAOUAM

®oto 1. OnekTpoHHaa AudpakTorpamma Fe-gonomuta, coaepxauero 7,21% sec. FeO.Tab.
1.E-4/7, E-4/8. OpueHTnpoBka uvw = 111. Habniogaemana CBepxcTpyKTypa ABNAETCA
peaynbTaToM NepuoAUYEcKON aHTMasoBON CTPYKTY Pbl, MOKa3aHHOW Ha ¢oT. 2 u 4.
Bonbwue 6enbie kpyrv 06paMnAOT rekcaroHanbHble eANHULbI TOYEK, NPOUCX OAALLUX
13 BTOPOro paaa ynopaaodeHus (cm. ¢ort. 3 n 4)

®oto 2. MNpeanaraemoe ynopaaoyeHve atomos B Fe-nonomute, coctoawem us aomeHos Fe
1 Mg, pasaeneHHbix aHTudasoson rpanuuen Ca. Monbl Ca ynopaaoYeHsl B KpynHbie
rekcaroHbl, KOTopble 06pasyloT TakkKe KPyMHble rekcaroHanbHble eanHuubl Andpak-
UMOHHbIX TOMEK B 06paTHOM npocTpaHcTee (choT. 3). 3Tu eanHUUbl 0603HaueHbl Ha do-
Torpacum 3 6onbwmmu 6enbimn Kpyramu

®oto 3. O6paTHan peweTtka, 06pazoBaHHas U3 NPAMON, NOKa3aHHOW Ha oTorpacum 2, nony-
YeHHanA C NOMOLLbIO NasepHoit Andpakunu. YnopaaoueHue B6n1usn ueHTpa Andpakunm
NPOUCXOANT OT yNopAAOUeHUA nepBoro paaa atomos Fe, Mg, u Ca. Cuctema Tovek, Ha-
XOAALMXCA B KPYTe, ABNAETCA pedynbTaToM yNopAAOYEHNA BTOPOro pAAA rekcaroHos,
COCTOALWMX M3 MOHOB Ca, Ha doT. 2. CpaBHU € KPYrom Ha ¢or. 1

®oto 4. Npaman peweTka Fe-aonomuta, MOANGDUUNPOBAHHAA COrNacHoO ¢orT. 2. DomeHbl Mg
n Fe nepecekatorca noayrnom 60°. MoHbl Ca ynopaaoyeHbl B ABE CUCTEMbI r€KCarOHOB:
KPYMHYIO aHaNoOrMYHo oT. 2 U Manyio, CoCToAWYIO U3 6-noHoB Ca, OKPYXKaloLWMX MOH
Mg. 3ta moaudukauma cnocobCTByeT TOMY, YTQ TOYKKU CBEPXCTPYKTY Pbl B,06paTHOM
npoctpancTee noasnatowmerca nocne0’. 7, 70.1, 11.0 aHaNOrMYHO TOYKaAM CBEPXCTPYK-
Ty pbl Ha Kaxaom 6oke 77.2, 21.1, 12.1, ucyesatoT (cMoTpu or. 5)

®oto 5. O6parHas peweTka, 06pazoBaHHaA U3 NPAMOI, NOKa3aHHOW Ha ¢oT. 4, Gbina nonyyexa
¢ nomoLwblo nazepHon Ancdpakunn. Toukun 07.7, 70.7, 11.0 0603HaueHbl XMPHbIM Kpa-
NOM, TOYKU CBEPXCTPYKTY pbl, BbICTY NAlOWMe NOCNEe HWUX, OTCYTCTBYIOT (NycTbie MecTa
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Q®oto 6.

Qoto 7.

Qoto 8.

®oto 9.

®oto 10.

Qoto 11.

®oro 12.

OKpY>eHbl HebonbwuMm rgpyx(OqKaMm). OTCyTCTBYIOT TaKXXe TOYKN CBEPXCTPYKTYpbl Ha
ka>xaom 6oke 77.2, 27.1, 12.1. Pacnpeaenexve B 60NbWOM Kpyre ABNAETCA pedynbra-
TOM yNOpAAOYEHNA BTOPOTO pana—6onbwne rexcaroHbl noHos Ca Ha cor. 4. CpaBHu C
ramu Ha ¢ot. 1 i
g?rlsxipwHa?nmppanorpamma Fe-nponomwuta. OpneHTMpoBKa Uvw = 120. Habnoaa-
emble TOYKWU CBEPXCTPYKTYPbI ABNAIOTCA Pe3ynbTaToM ynopAaAoHEeHUA aToMOB, NoKa-
3aHHOrO Ha oT. 7, CBA3AHHOTO C U3MEHEHUMEM CUMMETPUU B aHTMas30BbIX AOMEHaxX

Ca, kak NOKa3aHO Ha dort. 9

Mpeanaraemoe ynopAaAaoyeHue atomos B Fe-ponomuTa
nomeHos Ca, cBA3aHHLIX C MOAYNALUNEN NNOTHOCTH Ca,F
Ca, cpeanune — Fe, menkne — Mg >
O6paTHan peweTka, 06pa3oBaHHan N3 npAMOW, NOKa3aHHOWN Ha ¢oT.7, nonyyeHa c no-
MOLLbO Na3epHOMN AndpakuUny. ®otorpacdua oTAIMHaeTcA 6oNbLNM cxoacTBoMm ¢ poT. 6
MpAmas peweTka Fe-nponomwura. lekcaroHanbHaa CUMMETPUA NOHWXE Ha afmacbaaoeoﬁ
rpannue Ca ao pombunyeckom (aparoHuT), B peaynbrare OKTaeapuyeckon AnCTopcuu,
Bbl3BaHHOM MoHamu Fe

O6paTHan peweTka, 06pa3oBaHHaA 13 NPAMOM, NOKasaHHOM Ha dort. 9, nonyyeHHan
¢ nomoLLbio nasepHoi andpakumn. NameHenne CUMMeTpUN Ha aHTUa30Bow rpaHnLe
Ca paeT B peaynbrate AONONHWTENbHbIE y3Nbl, HaknaablBaloWmnecs Ha HopmanbHyto
peweTky 1 nepecekatoline ee noa yrnom 60° Ak
3nekTpoHHas AundpakTorpamma Fe-nonomuta. OpueHTMpoBKa Uvw = 011. Andpak-
LIMOHHbIE TOYKM COCTOAT N3 AONONHUTENbHDIX Y308, KONMUYecTBO KOTOPbIX BO3pacTaeTt
C poCTOM MHAEKCOB. Mo Bt BEPOATHOCTH, 3TO xapakTepHo ANA rekcaroHanbHOM MO-
AyNAUMK

AnekTpoHHaA AndpakTorpaMma. TOUKM PEWeTKN COCTOAT 13 MHOrOYMCNEHHbIX HENpa-
BUNbHbBIX AOMOMHUTENbHBIX Y3N0B, yKa3sblBaloWwmx Ha npucyTcTene AOMEHOB pasHoun
eenmonbl, BbI3BAHHbIX Pa3HULER XMMUYEeckoro coctaBa AOMEHOB. OpueHTMpoBKa
uvw =010

X, COCTOALLEE U3 aHTNa30BbIX
e, Mg, Fe, Ca. KpynHble TO4KMN —
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PLATE I

Phot. . Electron diffraction pattern of Fe-dolomite containing 7.21 wt. % FeO. Table 1, E-4/7,E-4/8.
Orientation uvw = / /7. Observed superstructure results from periodic antiphase structure
shown in Phot. 2i 4. Large, white circle surrounds hexagonal unit of dots expected to come out
from the second order of arrangement (see Phot. 3 and 4).

Henryk KUCHA, Bogustaw BAK, Andrzej WIECZOREK, Grzegorz FITTA — Preliminary report

on superstructures in iron-dolomite with excess of CaCO,
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. Proposed atomic arrangement in Fe-dolomite composed of Fe and Mg domains joined by Ca

antiphase boundary. Caions are arranged in large hexagons which in reciprocal space (Phot. 3)
from also hexagonal large units of diffraction spots. This units are marked by large, white circle
on the (Phot. 3). i

Reciprocal lattice obtained from direct lattice shown in phot. 2 using laser diffraction method.
Pattern close to the diffraction center results from the first order of arrangement of Fe, Mg and

Ca atoms. Pal}cr_n surrounded by circle results from the second order of arrangement — large
hexagons of Ca ions in (Phot. 2). Compare with the circle in Phot. |.

Henryk KUCHA, Bogustaw BAK, Andrzej WIECZOREK, Grzegorz FITTA — Preliminary report

on superstructures in iron-dolomite with excess of CaCo,
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PLATE 111

Direct lattice of Fe-dolomite modified after Phot. 2. Mg and Fe domains cross-cut by the angle
60°. Caions are arranged in two systems of hexagons: large, the same as in phot. 2 and small
consisting of six Ca ions surrounding Mg ion. This modification causes disappearing of supers-
tructure spots in the reciprocal space nextto 0/.7, 0.7, 1.0 as well as of superstructure dots on
either side of /1.2, 21.7, 12.1.

Reciprocal lattice obtained from direct lattice shown on phot. 4 by means of laser diffraction
method. Spots 07.7, 10.1 and 7/.0 are heavy. Superstructure dots next to them are absent (an
empty place is surrounded by small circles). Superstructure dots on either sideof//.2,21.1 and
[2.1 are also absent. Pattern surrounded by large circle results from the second order of arran-
gement — large hexagons of Ca ions in Phot. 4. Compare with circle in Phot. 1.

Henryk KUCHA, Bogustaw BAK, Andrzej WIECZOREK, Grzegorz FITTA — Preliminary report
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Phot. 6. Electron diffraction pattern of Fe-dolomite. Orientation uvw = /20. Observed superstructure Phot. 7. Proposed atomic arrangement in Fe-dolomite composed of Ca-antiphase domain combined

spots are expected to result from atoms arrangement shown in Phot. 7 combined with a change with density modulations Ca~Fe-Mg-Fe—Ca. Large dots — Ca, medium — Fe, small — Mg.

of symmetry in the Ca antiphase domain as proposed in Phot. 9. : A ; : : ; :
J 2 2 RISP Phot. 8. Reciprocal lattice obtained from direct lattice shown in phot. 7 using laser diffraction method.
Pattern shows great similarity to Phot. 6.

> o i WIECZOREK, Grzegorz FITTA — Preliminary report
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Phot. 1. Electron diffraction pattern of Fe-dolomite. Orientation uvw = 07F.7. Diffraction spots consist
of subsidiary nodes, the number of which grows with increase of indices. This is probably cha-
racteristic for helicoidal modulations.

Phot. 9. Direct lattice of Fe-dolomite. Hexagonal symmetry is lowered in the Ca antiphase boundary to
orthorhombic (aragonite) as a result of octahedral distortion involved by Fe ions.

Phot. 10. Reciprocal lattice obtained from direct lattice shown in Phot. 9 using laser diffraction method.
Change of symmetry on Ca-antiphase boundary produces subsidiary nodes overlapping with
normal lattice straights and cross-cutting normal lattice by the angle 60°.

Phot. 12. Electron diffraction pattern of Fe-dolomite. Spots of lattice consist of numerous irregular sub-
sidiary nodes suggesting the presence of domains of various sizes and distortion resulting from
chemical differences between domains. Orientation uvw = 0/0.

Henryk KUCHA, Bogustaw BAK, Andrzej WIECZOREK, Grzegorz FITTA — Preliminary report Henryk KUCHA, Bogustaw BAK, Andrzej WIECZOREK, Grzegorz FITTA — Preliminary report
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