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Abstract: Content and distribution of uranium in apatite, zir-
con, monazite and allanite have been studied by the fission tracks
method. The results showed the highest uranium content (1600—
2600) in monazite among the minerals studied. The contents are
lower in other minerals (apatite: 15—67 ppm, allanite: 100—
410 ppm). In zircon the distribution of uranium is frequently
inhomogenous. Peripheral zones of inhomogenous grains (500 ppm
in average) have approximately thrice a higher uranium content
than their centre (150 ppm in average). The average content
300 ppm is in zircon grains with homogenous uranium distri-
bution.

Pesiome: Conepianne n pacnpeneleHie ypaHa B anaTHTe, IHPKOHE
MOHALHTE M ajnaniTe ObLIH H3YueHbl METOAOM TPEKOB OCKOJIBKOB Jie-
Jgenus sagep ypauna. M3 nayuaembix MHHEPAJIOB, De3yJbTaThl MOKA3a/H
caMoe BLICOKOE cojlepianve ypana B MoHauute (1600—2660). B apyrux
MHHepasax cojep:anus uuxe (anatur: 15—67 ppm, amnanur: 100—
410 ppm). B unpxone pacnpeieseHHe ypaHa 4acTo He TOMOTeHHOE.
B nepudepunitupix 3onax ne romorenunx 3epn (500 ppm B cpepnem)
ObiBaeT cojaepranue ypaua TPHMKAL Bbile ueM B HX uentpax (150
ppM B cpeiHeM). B UMPKOHOBHIX 3epHAX ¢ FOMOTEHHBIM pacnpejejieHnem
ypaua cpeauee cojaepmanne 300 ppm.

Introduction

In the last years. on the origination of the Cs. uranovy priemysel (Czecho-
slovak uranium industry) a detailed investigation of granite rocks in the Ve-
porides was carried out in respect of possible occurrences of uranium ore-
mineralization. On the ground of the study of accessory minerals and measure-
ments of total @-activity of heavy fractions, monazite, orthite and xenotime
are referred to as possible bearers of uranium by M. Chovan (1973). On
the other hand, zircon, apatite. titanite, epidote and other accessory minerals
are not regarded interesting as for radioactive elements. In this paper the
results of the study of content and form of uranium occurrences in apatite,
zircon, monazite, allanite are presented from the following types of Veporide
granite rocks:

1. biotite granodiorite of Sihla type. Locality: road-cut Cierny Balog-Sihla,
at elev. point 1020,2 — Tlsty javor.

2. biotite granodiorite. Locality: northern slope of the Nizke Tatry (moun-
tains), Holiénd, 400 m west of elev. point 1299,0.

3. leucocrate granite of Rimavice type. Locality: Ceské Brezovo, a quarry
200 m northwest of the periphery of the village.
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4, pegmatite-biotite granite. Locality: Mlynova valley, 200 m north of elev.
point 910,0.

5. biotite granite of Hronc¢ok type. Locality: Kamenistd dolina valley, at the
valley mouth of Spady.

7. metasomatic porphyric biotite granite of Vepor type. Locality: Ipel r.
valley, 320 m southeast of elev. point 769,1.
8. biotite granodiorite. Locality: eastern ridge of Trestnik mountains, 100 m
west of elev. point 1300,3.
Data obtained from the study of accessory minerals of the above rock types
are presented in a paper by M. Chovan — J. Hatar (1978) Total uranium
contents in the rocks were determined by gammaspectrometry in the labs
of CSUP in Pribram, the values are taken from J. Kamenicky (1973).

Accessory minerals were analysed by the fission tracks method. In cases of
higher uranium contents the method was combined with examination by X-ray
microanalyser of JXA — 5A type by the analyst RNDr. J. Kristin, CSc.
Uranium contents were determined by means of external detector. For this
purpose “Estrofol” (A. Skowronski, 1974) was applied. Radiation of the
samples by thermal neutrons (in IBJ in Swierk, Poland) was followed by
etching of the “Estrofol” in standard manner. Uranium contents were determi-
ned in single grains. The total uranium content in minerals does not include
uranium associated with inclusions.

Results and discussion

Results of measurements are in Tables 1, 2, 3. The value of concentration
coefficient illustrates a comparison between uranium contents in apatite and
in the respective rock. The value is omitted with other minerals because of the
lack of grains measured and because of inhmogenous distribution of uranium
in the minerals.

Apatite — is in all rocks studied. It is the most frequent accessory mineral.
Apatite occurs in the form of typical column crystals, mostly limpid, occasio-
nally yellowish. In apatite uranium appears in three optically distinguishable
forms. Most frequently it is homogenously dispersed over the entire grain
analysed. The second form is represented by uranium associated with inclusions.
Apatite, zircon and a dark uncertain phase were found by optical examination.
Uranium concentrations are lower in inclusions in apatites than in the grain
alone. Different uranium concentrations in zircon inclusions in apatite depend
upon the morphological type of zircons. Uranium contents above the so-called
pleochroic cores did not change in concentrations in relation to the entire grain.
The third form of uranium occurrences in apatite is that of uranium infiltra-
tions. They are regarded as a secondary phenomenon. The infiltrations form
narrow belts with max. width of 15 ym, formed by etched pits after a high
concentration of tracks. Table 1 shows that the mean uranium confent in apa-
tite is low — 36 ppm, the contents ranging from 15 to 67 ppm. The mean value
of the concentration coefficient is 2,6. U. V. Ljachovié (1973) quoted 96,4
ppm as the mean uranium content in apatites of granite rocks, and 28,0 as the
concentration = coefficient. These data show that uranium contents in
apatites of the Veporide granide rock are very low as well as concentration
coefficient in respect of increased uranium content in the rocks. As for uranium
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Table 1

Concentration of uranium in apatite and in entire rock, in ppm. Ko — concentration

coeflicient calculated as a ratio of uranium concentration in apatite and in entire

rock Uranium concentration in apatite was calculated after G. A. Wagner (1969).
Integral dose of thermal neutrons 1.63 X 10" nvt. em=2
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associalions, apatite in the samples studied, is not significant mineral.

Zircon — is a common accessory in the samples studied, although in lower
amounts than apatite. Zircon occurs most frequently in the form of perfect
crystals of small size (to 0,1 mm). In zircon grains with homogenous distribution
of uranium the mean content of it is 300 ppm. The distribution of uranium in
zircon is frequently inhomogenous, the mean uranium content in marginal zones
of in homogenous grains is 504 ppm. i. e. approximately thrice as much as the
mean uranium content in the centre of grains — 152 ppm. The uranium content
in the centre of zonal grains is always lower than in external parts of the grains
(Fig. 1). Zonal distribution of uranium in zircon may be controlled by the
presence of old cores with a lower uranium content or the increased uranium
concentration in marginal zones of crystals was caused by altered uranium
concentration around the growing crystal. Examination by X-ray microanalyser
did not show any chemical inhomogenity of grains studied. In the grains analysed,
the Hf and Zr distributions are homogenous, La, Ce, U contents are low below
the limit of determinability (0.1 % U). Contents in single grains are presented in
Table 2.

Allanite — is a common accessory mineral of more basic types of Veporide
granodiorites. Its content is extremely high in the sample 1. Most frequently
it forms irregular grains. occasionally shortcolumm crystals of brownblack
colour. The distribution of uranium in alanite is homogenous, there are, howe-
ver. marked differences in uranium concentrations in the two samples (Table 3).
Low uranium content in sample 1 — granodiorite of Sihla type — and high
uranium content in allanite of biotite granite — 4 — are in good accordance
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Table 2

Concentrations of uranium in zircons in ppm. Presented are concentrations of ura-

nium in zonal grains (two data), and in grains with homogenous distribution of

uranium (one datum). Concentration of uranium in zircon was calculated according

to J. P. Carbonnel — G. Poupeau's (1969) tormula Integral dose of thermal
neutrons 2,24 3 10" nvt. em™
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with U. V. Lja chovié¢'s (1973) finds. Ljachovi¢ quoted the mean uranium
content in allanite of granodiorites — 112,3 ppm and of biotite granites — 368,8
ppm. There is a tendency of increas ing uranium content in later crystallization
products. Contents of uranium in single grains in granodiorite (1) range from
40 to 177 ppm, in granite (4) from 175 to 882 ppm.

Monazite —is in very small amounts in most samples. Its higher content was
in samples 3 and 7. Crystals are mostly idiomorph, yell ow or yellow-brown in
colour. The surface of monazite is rough. opa que. Grain size ranges up to
0,2 mm. In monazite studied, uranium is comparatively homogenously dispersed.
Differences in concentrations of uranium in grains of the same sample are
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Table 3

Concentration of uranium in allanite and monazite, in ppm. Concentration of ura-
nium was calculated with the value of the mean etchable length of track R =8.10"%
cm. Integral dose of thermal neutrons 5.56 > 10" nvt, em™.

I
— Number of ! Average Individual
No. Mineral grain counted | concentration concentration
| B |
1 allanite 14 107 73, 177, 122, 125, 57

104, 40, 93, 124, 121
110, 116, 124, 116

4 | allanite 4 480 278, 586, 175, 882
3 | monazite 5 1607 937, 2838, 1617
' _ 1188, 1456
| H
7 | monazite 8 [ 2657 2970, 3322, 3234, 2244

| 2031, 2816, 2662, 1978

considerable (Table 3). Uranium contents in monazite, ranging within 1607—2657
ppm are regarded as average for monazites in granite rocks. P. M. Hurley —
H. W. Fairbairn (1957) quoted 1866 ppm as mean uranium content in
monazites of granites, U. V. Ljachovi¢ (1973) found out 2198,5 ppm as
the mean uranium content in monazites of granite rocks.

Examination by X-ray microanalyser showed that monazite of sample 3 is
somelimes zonal. some grains are irregularly inhomogenous. It is proved by

Fig. 1. Zonal distribution of tracks after
induced fission of *»U in zircon. The
figure shows evident increased concen-
tration of uranium in external parts of
the grain. Photographed by J. Kral.
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Fig. 2. Distribution of U, Th, Ca, Ce, La in monazite of sample 3 as found at
examination by X-ray microanalyser. Photo J. Kristin; a) Composition Magn. 3003,
b) Composition. Magn. 6003<, Linear analysis of Ulg, Thle c¢) Composition. Magn.
6003<. Linear analysis of CeLy, LaLg, CaKg d) Distribution of CaKe Magn. 3003<.

irregularly alternating lighter and darker phases. We have not found out for
sure that some elements are associated with a certain phase. Distribution of
thorium is markedly irregular and its content in monazite is higher than
uranium content. Distributions of Ce and partially of La are inhomogenous
(Fig. 2). Ca is accumulated on the margins of grains to form a calcium fringe
there. Also thorium content is increased in the marginal zone. Minute inclu-
sions of irregular shape with increased uranium content are also present. Such
inclusions are particularly distinet in monazites of sample 7, fig. 3. They are
light irregular enclosures with increased uranium and Si contents. and with
decreased La, Ca, Fe conlents. Perhaps they are coffinite inclusions. Presence
of such inclusions is manifested by increased concentration of tracks (Fig. 4)
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Fig. 3. Distribution of uranium in mo-

nazite of sample 7 as found by X-ray

microanalyser. Photo J. Kristin; a) Com-

position. Magn. 1200, b) Distribution of

ULy, Magn. 1200X%. ¢) Distribution of
SiKe. Magn. 1200%<.

Fig. 4. Distribution of tracks after indu-
ced fission of *U in monazite. Markedly
increased density of tracks is caused by
inclusions richer in uranium than their
surroundings. Photo J. Kral.

b
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Conclusion

Among accessory minerals studied for content and distribution of uranium,
monazite shows the highest uranium content (2657 ppm). Distribution of ura-
nium is homogenous. Present are coffinite inclusions, which may increase the
total uranium content. Thorium content is higher. In allanite of granodiorite
are lower uranium contents (107 ppm) than in allanite of biotite granite (480
ppm). Because of inhomogenous distribution of uranium in zircons the mean
contents in single samples are not presented. Still they range within the mean
values. The mean uranium content in apatites (3¢ ppm) is extremely low.

On the ground of the results quoted. in respect of uranium association, mo-
nazite is the most important accessory mineral. Allanite from granite shows
a comparatively high uranium content. Higher thorium contents are presumed
in both minerals. Uranium contents in zircons are mean and in respect of small
amounts of zircon in rocks, the latter cannot be considered a significant mineral
regarding the association of uranium. Also apatite is insignificant in this
respect.

Translaled by E. Jasingerova.
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