
THE AMERICAN MINERALOGIST, VOL.56, MARCH_APRIL' 1971

MACEDONITE-LEAD TITANATE: A NBW MINERAL

DuSIN RarusrNovt6 nNr CvBrro Menxov, Institule for Nucleor Raw
M aterials, Beo gar d, Y ugo slavi'a

Arsrnecr

Macedonite, PbTiog, occurs as tiny grains and crystals in the amazonite quartz syenite

veins in Crni Kamen near Prilep, Macedonia, Yugoslavia. It is tetragonal: a 3.889+0.024

A; c 4.209+0.ffi6 A. The strongest X-ray powder difiraction lines are (A): 2 8a3 (10),

2.728(8),2.284(7),1.954(7),and 1.603 (9) .  Speci f icgravi tv is  7.82+0.06.  Microhardness

is 507+30 kg/mm2 which corresponds to 5.5 on the Moh scale. Macedonite is soluble in

warm HCl, HNO3, and HzSOr. Chemical analysis: PbO 70.5570, BizOz 2'207o, TiOz

25.0770, and FeO 2.69/s. Mace.donite is geneticaly related to the differentiation of an

alkali syenitic magma and has been formed in the pegmatitic-pneumatolytic stage as an

accessory mineral.

INrnonucrroN

Macedonite has been discovered as an accessory mineral in the ama-

zonite-rich, quartz-syenite veins in Crni Kamen near Prilep, Macedonia,

Yugoslavia on the western slopes of Selecka Mountain (Pelagonia

province). A natural lead titanate had not been reported previously' On

the other hand, PbTiO3 has been produced synthetically' and' synthe-

sized with BaTiOs, has been used as a piezoelectric material.

The macedonite was discovered. during detailed study of the mineral

composition of quartz-syenite veins, and a concentrate of about 150 mg

of pure mineral spearated for the mineralogical and chemical investiga-

tions. A part of this concentrate has been preserved in the collection of

the Institute for Nuclear Raw Materials in Belgrade, Yugoslavia. De-

termination of macedonite was a difficult task, particularly because of

the easy misindentification as perovskite or other simple and complex

titanium oxides.
It was named for the province of Macedonia, where the mineral was

discovered. The name and mineral were approved by the commission on

New Minerals, IMA.

OccunnBNcB

Crni Kamen is located on the western slopes of Selecka Mountain

which is part of the Pelagonide tectonic unit within the Dinaric orogenic

belt (Pavlovit.et al., 1963). The area is composed of gneisses with mica

schists and some amphibolites, that are intruded by granitic rocks in

the form of small individual bodies. It is assumed that these bodies are

interconnected in depth, representing parts of a single large granitic

plutonic mass of the Pelagonides.
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Ter;rr I

granitic rocks

lepidote-sphene
I epidote-garnet type

/garnet-epidote tlpe

\garnet-sphene type

The granitic rocks are petrochemically highly differentiated, from
leucogranite, through trondhjemite and granodiorite to quartz diorite.

The granites are represented by types containing biotite and two
micas, but the muscovite-bearing types are less frequent. The granitic
rocks may be divided into a number of types according to the most
common accessory minerals (Markov, 1966). See Table 1.

The granitic magma has assimilated an appreciable amount of crystal-
line country-rocks and also has produced an intensive granitization and
other types of alkali metasomatism.

The metamorphic rocks are cut by a large number of aplitic, peg-
matitic quartz-feldspar, and quartz veins.

Macedonite was discovered at Crni Kamen where the rocks exposed
are: alkali syenites, alkali quartz-syenite, gneisses, and pyroxene-
amphibole schists (Proti6 et aI., t959).

The alkali syenites occur as coarse- and fine-grained varieties. The
coarse-grained variety is composed mainly of microcline, less aegirine-
augite and alkaline amphibole, with very little qrartz, albite, and
muscovite. The fine-grained syenites are of similar mineralogical com-
position, but they have somewhat larger quantities of microcline and
qtartz.

Alkali quartz-syenite gnesiss has almost the same mineralogical com-
position as the alkali syenite, and the only difference is that the former
contains a somewhat larger amount of microcline (mainly amazonite)
and quartz, while the amount of femic minerals decreases. The same rock
also is characterized by clearly visible orientation of the mineral con-
st i tuents,  i .e . ,by a gneiss- type st ructure.

Pyroxene-amphibole schists are cut by a large number of alkali-
quartz syenite veins, forming in this way injection-type gneisses.
Macedonite occurs in some of these veins. The host rock is an amazonite
quartz-syenite vein with essentially gneiss-type structure, locally show-
ing pegmatoid character.

Pnoprnrros oF MACEDoNTTE

Macedonite occurs in crystalline grains of irregular shape. The follow-
ing forms were observed on the rare idiomorphic crystals: (100), (001),
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(110), (101), and (111), the most common being crystals of prismatic

.trup.. The grain-size is highly variable, ranging from a few tenths of a

micron up to 0.2 mm; the most common sizes range from 80 to 100 pm'

The macedonite is opaque, except in extremely thin sections. Its re-

flected color is black, with a very weak brownish tint, and glassy lustre'

cleavage was not observed. The mineral is brown-yellow in thin section

with a greenish tint. In reflected Iight it is grayish-white, similar to

Frc. 1. Crystals of macedonite (100X).

Frc. 2. Pbotomicrograph of macedonite (P) and rutile (R) (800X).
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Terln 2. X-a.ev Powonn Dem ol Mecrpon-rrn mto ot SvNrnnrrc pbTiO"

Macedonite Synthetica PbTiO3
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Etch reaction on the polished surface using standard etch reagents

were negative (HCI, HNOB, HzSO+, KOH, KCN, etc') '

The mineral polishes well. The hardness is 507 t 30 kg/mm'z which

corresponds to 5.5 on the Moh scale. The hardness is highly variable,

but the microhardness along different crystallographic directions have

not been measured because of the small size of crystals'

The measured specific gravity is 7 .82; specific gravity calculated from

X-ray data, assuming PbTiO3, is 8.09.
The X-ray investigations have been performed by the powder-dif-

fraction method. The results of X-ray powder diffraction studies are

presented in Table 2. Macedonite is in the structural group of perovskite.

The mineral was studied by infrared spectrophotometry and the

diagram is given in Figure 3 (analyst: G. Martinovi6)' The part of the

IR spectrum of macedonite over 750 cm-1 is not very characteristic but

similar to that of several titanium minerals (perovskite, ilmenite, rutile,

and brookite). Absorption maxima of macedonite are found at: 750,

560 and 400 cm-l (the tast is not determined with sumcient accuracy)'

Very similar spectra are known for perovskiLe (720,570 and 450 cm-1),

and partially for i lmenite (690, 545, and 450 cm-r).

Chemical' properties. Macedonite is soluble in hot HCl, HNOa, and HzSOa'

Accordi.tglo the chemical analysis summarized in Table 3, macedonite

corresponds to the ABXa type of compound, i.e., PbTiO''

Bismuth probably replaces lead, but the position of iron is not clear,

so that the explanation of the nature of these impurities will need further

crystallo-chemical investigation.
The trace-elements have been analyzed by a semiquantitative spec-

trochemical method and the results are given in Table 4. The trace-

element content of pelagonite is similar to that of other accessory min-

erals from the same rock, particularly of rutile, and may be explained

by the geochemical conditions prevailing during the formation of the

alkaline syenite.

PenecBNnsrs

Macedonite is found in a very interesting mineral paragenesis. Crni

Kamen area is characterized. by numerous pronounced radioactive and

nonradioactive alkali quartz-syenite veins which intrude the pyroxene-

amphibole schists. Ilowever, macedonite was found only in nonradio-

active amazonite-quartz syenite veins. The above mentioned vein rocks



392 DUSAN RADUSTN)VTC ,s.wo cvETKo MARKov

100

Frc. 3. Infrared spectrum of macedonite.

can be divided roughly into two groups, the first one showing more or
less intense radioactivity and the second one showing very slight radio-
activity. They are differentiated in respect to their essential mineral and
geochemical characteristics as well.

t^"* 3. a"rrt"^" *^ (Ax,trvsr, D. Nrr<or.ri)

Bi:o, 2.20
Tios 25.07
FeO 2.69

100.51

The vein rocks of high radioactivity are composed of microcline,
quartz, aegirine-augite, alkali amphibole, biotite, and muscovite as
main constituents. Accessory minerals are: radioactive zircon, rutile,
and sphene, which are all anomalously high in thorium and low in
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Tarr^r 4. Tn.tcn-rmunNT CONTENT ol MacEooNrrn (Anelvsr M' AmeNrpvt6)

Element Concentration, PPm

Sn
Mn
Ga
Nb
V
L U
Ag
Ni
Co
Zr
Cr
La
Ba
Sr
Mg

OJ

50
10

1400
20
60
T

18
6

2400
1000
2000
200

1500
55U

uranium; and davidite (vukasovi6 et at. 196l) and brannerite (vukasovi6

et at,. 1963) which contain uranium in appreciable amounts. The other

accessory minerals are apatite, epidote, garnet' rflorrazite, and scheelite'

The vein rocks of low radioactivity are characterized by an abundance

of amazonite as well as by the presence of macedonite as an accessory

constitutent. This rock represents a vein type of amazofiite-qtrartz

syenite and its mineral composition is given in Table 5.

The quantity of accessory minerals' particularly rutile, macedonite,

zircon, and barite, is extremely variable within a single vein, even over

Teem 5. MrNsnlr CoMlosrrroN oI AMazoNrrn-Quanrz svpNrr:e WrrH MecEpoNfTE

l\Iineral w %

Microcline (amazonite)

Albite

Quartz
Aegirine-augite
Riebekite, arfvedsonite
Rutile
Macedonite
Zircon
Apatite
Allarite
Sphene
Barite
Epidote
Garnet
Pyrite
Chalcopyrite (with covellite and malachite)

64.8
< 0 . 1
20.7
12.8
1 . 0
0 . 3
0 . 2
0 . 1

< 0 . 1
< 0 . 1
< 0 . 1
< 0 . 1
< 0 . 1
traces
traces
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very short distances. Macedonite and rutile are the main accessorv
minerals. They are mostly concentrated around the contacts of feldspars
with pyroxene (aegirine-augite) and amphibole' (mainry arfvedsonite
and sometimes riebeckite). Locally, rutile and macedonite intergrow,
as shown in Figure 2. Macedonite also occurs as inclusions in the alkali
amphiboles and pyroxene, and very rarely in the feldspars. Among the
accessory ininerals, the most frequent is zircon, followed by apatite,
barite and sphene.

Macedonite is genetically closely related with the formation of syenite.
During the intrusion of the syenite magma, an intensive assimilation of
the country rocks, particularly amphibolites, took place. The vein-type
syenitic rocks were formed as the fi.nal result of intrusive processes. Based
on mineralogical characteristics it was possible to identify two phases of
syenitic vein rocks. The first phase, which was formed at elevated tem-
peratures, is characterized by the presence of the radioactive minerals
davidite, brannerite, monazite, allanite, and radioactive rutile, zircon,
and sphene. The second phase, which corresponds to the aplito-peg-
matitic-pneumatolytic mode of formation is characterized by the pres-
ence of large concentrations of feldspars (amazonite) and the develop-
ment of macedonite.

The macedonite is genetically related to the differentiation of an alkali
syenitic magma, and was formed in the pegmatitic-pneumatolytic stage,
as an accessory mineral.

Acxmowr.oocruoNrs
we are gratefully indebted to our colleagues M. Risti6, M. Arsenijevi6, and r. Beli6,

for kindly presenting the material for our study, to D. Nikoli6, Z. e ervenjak, G. Martinovi6,
and M' Arsenijevi6 for chemical, infrared, spectrophotochemical, and spectrochemical
analyses, as well as to M. Vukasovi6, S. D. Djuri6, and T. Belid for X-ray data.

RrlnnrNcrs

AnsnNrlnvri, M. (1965) Metalometric study of the uranium and thorium dispersion haioes
(Crni Kamen). Bul,l. Mus. Hi.st. Natur. Beograd., Ser. A,19/20.

MARKov, C' (1966) Minero'l.ogico.l, Charaeter'istics oJ Granites Jrom South Pel,agoni.a Obseraed,
through thei,r Accessory Minerals. M. sci. Dipl., Faculty of Mining and Geology,
Beograd. [in Serbo-Croatian].

Mrc.r.w, Hrmrv D. (1946) crystal structure of double oxides of the perovskite type. proc.
Phys. Soc. Lond.on,58, 133-152.

P.lvrolrc, s., B. Srosrr<, ano M. Rrsrri (1963) Geological, tectonic, and petrochemical
study of some granites from Yugoslavia and their metallogeny. proc. II, yugoslat-
Polish M eeting Methods uranium prospecting, Herceg Noui. [in Serbo-croatian].

Pnorr6, M., eno S. cl'rrrc (1959) Alkali syenites and related rocks at crni Kamen, south
of Prilep. Ann. Geol,. Peninsule Balkan.26.

vuresovri, M., AND A. Dauyaxovri (1961) Davidite, a radioactive mineral from crni
Kamen in Macedonia. Bul,l.. Inst. Nucl. Raw Mater. Beogra.d., r, [in serbo-croatian].

vuresovrc, M., ANo N. Murapol'ri-vr,a1i (1963) Branerite from Topolcane near prilep.
Bu.l,l,. Inst. Nucl,. Raut Mater. Beogrod, 2, [in Serbo-Croatian].

Monuscri.pt recei.ted, August 5, 1969; accepted, for publ,i.cation, Jdy 20, 1970.


