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RARE EARTHS FROM URANIUM MINERALIZATION OCCURRENCES
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(12 Figs., 6 Tabs.)

Abstract: Uranium mineralization in the Permian of the Ge-
mericum is accompanied with apatite, monazite and xenotime. Study
of REE distribution is based on results of INAA and OES analyses
of rocks and EDX microanalyses of minerals. Main LREE bearing
mineral is monazite and HREE one — xenotime. Rocks accompa-
nying uranium mineralization have increased REE contents. Mo-
bilization and concentration of uranium mineralization took place
during the Alpine metallogenic processes. These processes were
associated also with REE mobilization, whereby total and selective
enrichment in LREE and HREE was observed.

Pe3iome: YpaHOBas MMHEPANIM3aLMid B IIEPMM IEeMEPUKYMa COMpPO-
BOXJCHA anaTUTOM, MOHAUMTOM M KCEHOTHMMOM. VICCIENOBAHME pac-
NpEeJeIeHUs p. 3. 3. OCHOBBIBAETCA Ha pe3yiapTaTtax INAA u OES aHanu-
30B 10pOJ M EDX MMKpOaHaMM3a MUHEPANOB, [JIBHAWIM HOCUTENEM Jier-
KUX D. 3.3. ABISCTCI MOHAIMT M TAXKENIBIX P.3.3. — KCEHOTMM. ITopo-
JBl, CONMPOBOMKAAOLIME YPAHOBYI0 MHUHEDPAIU3ALMIO, UMEIOT IIOBBIIICH-
HBIE COAEPXKAaHMA D.3.3. MoOuaM3anus M KOHLUEHTPAUMA YPAHOBOM MMU-
HEpanM3auuy NPOXOAUIM BO BPEMS AIBIUMUCKUX METAIOTEHUUECKUX
nponeccos. C 3TMMM mponeccamu Gblia CBA3aHA M MOOMIM3AIMA P. 3. 3.,
npuueM HabMo[aNT0Ch 00NIEE U CENEKTUBHOE OOOTaIlieHME JTEerKUMU

U TSKEJABIMM D. 3. 3.

Increased contents of rare earth elements (including Y) in U-Mo ores near
Novoveskd Huta have been known for a longer time (Pelymsky, 1966;
Rojkovi¢, 1968; Tréger, 1973; Rojkovié et al, 1981). At present,
increased contents of rare earth elements (REE) have been found out in several
localities in the Permian of the Gemericum in hydrothermally affected rocks
accompanying uranium mineralization. Monazite, xenotime, brannerite and
apatite, i.e. most of minerals considered as main REE bearing minerals of
economic concentrations, have been found in these rocks. Apatite (Fig. 1)
is the most frequent mineral, especially in the localities of Godaltovo and
Novoveskd Huta (Rojkovié, 1981) where PoOs contents reach even 12 and 13
wt. percent (Tab. 1). In spite of quite abundant occurrence, apatite is not an
important REE bearing mineral in the above-mentioned localities. REE are
present almost in all analyzed apatites, but their contents do not exceed 1 wt. %,
(Tab. 2). Ce, Nd, Sm, Yb and Y have been found out. (According to analyses

* RNDr. I. Rojkovié¢ CSc, RNDr. J. Medved, CSc., Ing. E. Walzel, Geo-
logical Institute of the Centre of Geoscience Research, Slovak Academy of Sciences,
Dubravska cesta 9, 814 73 Bratislava.

** Ing. S. PoSta, RNDr. P. Sulovsky, Research and Development Institute,
Czechoslovak Uranium Industry, 471 27 Straz pod Ralskem.
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Fig. 1. Short-columnar and hexagonal Fig. 2. Monazite (white) and zircon (grey)
sections of apatite. Novoveska Huta, trans-  with rim and xenotime veinlet (light
mitting light, magn. 400><, 1 nicol. grey). Novoveska Huta, SEM.

carried out by energy-dispersive X-ray analyzers LINK in laboratories of
Research and Development Institute, Czechoslovak Uranium Industry at Straz
pod Ralskem and EDAX in CLEM — Geological Institute of D. Stur at Bra-
tislava).

Main REE minerals in the studied rocks are monazite - (Ce) and xenotime -
(Y). Monazite - (Ce) is main LREE bearing mineral. It occurs as original acces-
sory mineral (grains of up to 0.05 mm in size) of acid volcanites, together with
zircon and apatite (Figs. 2, 3). In highly altered and mineralized samples
there are small (of several ym in size) grains dispersed in rocks. It occurs spo-
radically in veinlets together with xenotime forming there grains of up to
0.2 mm in size (Fig. 4). Dominant elements of accessory monazite are Ce,
La, Nd and P, and, on the contrary, La content is decrecased and dominant
elements are only Ce, Nd and P in monazite veinlets accompanying uranium
mineralization. Pr, Th, Sm, Gd, Tm and Ho are present in small amount
(Tab. 3).

Occurrence of xenotime - (Y) suggests its later origin when compared with
accessory zircon and monazite. It forms rims on zircon, clusters and veinlets
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Fig. 3. Composition (Comp) and areal distribution of La, Ce, Y, P and Zr in electron

microanalyzer. Monazite (Ce, La, P) and zircon (Zr) with thin rims and xenotime

veinlet (Y, P) are enclosed in leucoxene which is a relic of biotite. See Fig. 2. Novo-
veska Huta, magn. 300<.
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Fig. 4. Quartz veinlet (black) with xeno-

time and monazite (both grey) in U-Ti
oxide of brannerite composition (light

ROJKOVIC — MEDVED — POSTA — SULOVSKY — WALZEL

Fig. 5. Detail from Fig. 4. Monazite (light

grey) and xenotime (dark grey with
various shades caused by uneven Th and

U distribution) in U-Ti oxide of bran-
nerite composition (white). On the mar-
gin of U-Ti oxide of brannerite compo-
sition, products of its alteration enriched
in Fe are developed. Krompachy, SEM.

grey). Krompachy, reflected light, magn.
160X, 1 nicol.

in altered rocks (Figs. 2, 3, 4). Y contents in xenotime-rich rocks exceed locally
1000 ppm. Besides dominant elements Y and P, mainly HREE whose ionic
radii are closest to Y, i.e. Gd, Dy, Er, Yb, Sm and Ho are represented in
xenotime (Tab. 4). In contrast to monazite, from radioactive elements U occurs
more frequently in xenotime than Th. Distribution of radiocactive elements,
as well as of REE is not homogeneous in some larger xenotime aggregates;
it is manifested by their contents variation in xenotime (Fig. 5; Tab. 4).

Only low REE contents (up to 1 wt. 0/4) were determined in uranium minerals:
Ce and Nd in U-Ti oxide of brannerite composition and Y in coffinite and U-Ti
oxide. However, it is probable that it is an heterogeneous additive. Low Y
contents were determined by electron microanalysis in zircon too.

Rock samples from localities with Permian uranium mineralization were
analyzed for radioactive elements and selected trace elements contents. U and
Th were determined gamaspectrometrically and La, Yb, Y and other trace
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elements ~ by optical emission spectroscopy (OES). Samples with microscopically
determined REE minerals, as well as with increased La, Yb and Y contents de-
termined by OES method were analyzed in more detail by instrumental neutron
activation (INAA) for REE and other rare elements in laboratories of Czecho-
slovak Uranium Industry at Straz pod Ralskem. Set of 18 samples represents
4 groups of rocks:

1. Volcanic non-mineralized rocks (Tab. 5, sample Nos. 1—6; Fig. 6). Main
representatives of the Gemeric Permian volcanites: rhyolite, dacite, andesite
and basalt are ranged with this group. Basalt - typical Permian volcanite of
the Chot nappe is compared with them (sample No. 8).

2. Ignimbrites and rhyolite tuffs from the region east of Krompachy, between
Petrova hora hill and Kogické Hamre (Tab. 5, sample Nos. 7—11; Fig. 7).
In part of the samples uranium mineralization occurs.

3. Altered rocks with U-Mo mineralization affected by intensive sericiti-
zation, carbonatization and silicification from the region of Novoveska Huta and
Rudnany (Tab. 5, sample Nos. 12—16; Fig. 8).

4. Sandstones from the region of Goéaltovo and Marku§ovska dolina valley
(Tab. 5, sample Nos. 17, 18; Fig. 9). The former represent phosphate-bearing
sandstones and the latter represent copper-bearing sandstones with uranium
mineralization.

In INAA method analytical results of REE can be affected by uranium fission
products. In order to establish reliability of results, control determinations
of La and Yb (representing LREE and HREE, respectively) were carried out
by OES method. Comparison of results of the both methods, as well as statis-
tical evaluation are given in Tab. 6 and graphically represented in Figs. 10
and 11.

More precise analytical results and thus smaller effect of chemical compo-
cition variability were found in YD, in contrast to La. In case of Yb, high
correlation (r = 0.99; w,,, = 1.14) proves good agreement of obtained results
(Tab. 6; Fig. 10). La shows lower correlation (r = 0.84; w,, — 1.40) what
supports a greater effect of chemical composition variability, especially of U,
on precision of La contents determination (Tab. 6; Fig. 11). Greater dispersion
of values is in INAA method what is proved by higher value of arithmetic
mean standard deviation than in OES values.

On the basis of graphically represented and calculated data, it can be stated
that in spite of a certain effect of chemical composition variability on La
contents, the applied analytical methods provide quite reliable results of

e

Fig. 6. REE contents in volcanic non-mineralized rocks from the Northern Gemeric
Permian (1—5).
Explanatory notes: 1 — highly carbonatized rock of amygdaloidal structure, originally
probably basalt, Novoveskd Huta, borehole 14, 43.4 m; 2 — rhyolite, Petrova hora
hill, abandoned gallery 750 m SE of Petrova hora hill, 50 m S of elev. point 390.0;
3 — rhyolite, Novoveskd Huta, borehole 847, 583 m; 4 — dacite, Vysny Klatov,
confluence of Vrbica brook 1400 m W of elev. point 559 — Kamenny hrb; 5 — ande-
site, Krompachy, exposures 300 m N of power station, 445 m above sea-level;
6 — basalt from the Permian of the Choé¢ nappe, Malé Karpaty Mts. - LoSonec,

7Zabité valley, 400 m S of elev. point 429 - Jasanové, exposures NE of the road.
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Fig. 7. REE contents in ignimbrites and rhyolites from Petrova hora hill (7, 8, 9) and
from the environs of Kogické Hamre (10, 11). Thicker lines denote samples with
higher U contents.
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Fig. 8. REE contents from altered rocks with U-Mo mineralization from the region
of Novoveskd Huta (12, 13, 14, 15) and Rudnany (16). Thicker lines denote samples
with higher U contents.
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trace elements determination in the studied samples. Chemcal composition
variability effect on contents of individual elements analyzed by various
methods will be studied in more detail in a separate paper.

Relation of REE minerals and radioactive mineralization is documented not
only by common occurrence of minerals, but also by rare earths and radio-
active elements distribution. Uranium is dominating in radioactive mineraliza-
tion of the Gemeric Permian, whereby Th is only accompanying element.
Increased Th contents were determined mainly in brannerite and U-Ti oxides.
From this also positive correlation of Th and U follows.

Distribution of U and REE is similar in many uranium deposits. In some
of the world deposits increase of HREE and in some of them - LREE or the
both is observed. Deposits Olympic Dam and Mary Kathleen in Australia are
enriched in LREE (Maas et al, 1987). McLennan—Taylor (1979)
observed enrichment in HREE in deposit Pine Creek Geosyncline in Australia.
Other deposits in Canada and the U.S.A. show enrichment in HREE and
LREE (M aas etal, 1987). Ginz burg et al (1959) mention common occur-
rence of REE and radioactive elements from hydrothermal metasomatic de-
posit where impregnations and veinlets of radioactive and sulphide minerali-
zation occur with monazite and xenotime in quartz-feldspar-sericitic rock.
At first Ce and then Y minerals were crystallized in approximately the same
amount.

Common occurrence of radioactive and REE minerals from the studied rocks
is reflected also in U and REE distribution. Increased La contents determined

10

rock/sediment

La Ce Nd Sm Eu Tb Tm Yb Lu

Fig. 9. REE contents in sandstones from the environs of Markusovska dolina valley
(17) and Gogaltovo (18). Sediment — average sediment — b ( Wedepohl, 1978).
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Table 6
La and Yb contents (ppm) obtained by INAA and OES and their statistical evaluation

! La ) Yb
Sample No.
P INAA . OES INAA OES
! 1. 22.7 24.5 2.9 3.9
‘ 2. 21.9 30 2.1 2.4
‘> 3. 64.5 65 5 3.2
4. 25.6 30 3.1 4.8
5. 76.5 104 4.4 5.5
6. 28 60 5.3 6.9
| 7. 9.9 <30 0.8 | 1
| 8. ‘ 26.3 30 1.45 j 1.3
9. | 22.3 <30 12.9 ! 10.5
10. ; 44 76.5 46.5 40.5
11. ! 29.9 30 | 85.5 76
12. : 108 141 | 6.4 4.6
13. 5.7 | <30 | 7.0 10.4
14. | 166 83 30 ‘ 23
15. 1 139 ; 81 | 36.5 ‘ 35
186. 174 148 | 21.9 30.4
17. ‘ 33 60 4 6.5 ‘ 9.6
18. 57.5 93 ‘ 42,6 3 37 |
*” . o |
statistical evaluation of results [
- |
X ‘ 58.60 63.97 17.83 17.0 |
s } 53.14 38.74 22.59 19.89 1
; r | 0.84 0.99 ?
i Wort ‘
! [}

1.40 : 1.14 \

Explanatory notes: X — arithmetic mean, s — standard deviation of arithmetic mean,
r — correlation coefficient, wort — regression coefficient.

in mineralized rocks from the environs of Novovesk4d Huta display positive
U/La correlation (r = 0.54, Rojkovi¢ et al, 1981). Similar dependence is
cbserved also in the studied set of samples. Altered rocks with U-Mo minerali-
zation (sample Nos. 12—16) show the highest La contents obtained by OES
(Fig. 11) and the highest LREE contents obtained by INAA (Tab. 5). LREE con-
tents reach here about 1000 ppm. In spite of the fact that phosphates are main
REE bearing minerals, correlation of their contents with P is not observed.
This is connected with bond of the overwhelming part of P to apatite which
is not a significant REE bearing mineral in the studied region.

Common occurrence of Y and HREE in xenotime is reflected in their corre-
lation (Fig. 12). Y and HREE do not display positive correlation with U in
mineralized and non-mineralized rocks. However, distinct positive Y/Zr cor-
relation is present in non-mineralized rocks (r = 0.59) and weaker Y/Zr corre-
lation in mineralized rocks (r = 4 0.29 to -+ 0.46). This is caused by association
of zircon and xXenotime, as well as by presence of Y in zircon (Rojkovig,
1969; Rojkovié¢ etal, 1981).
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Fig. 10. Yb contents obtained by OES (a) and INAA (b).

According to McLennan—Taylor (1979), particularly HREE together
with U are easily mobile in carbonate solutions. Also Vocke et al. (1987)
mention easier mobility of HREE with Y which is manifested by xenotime
rims on zircons in the Roffna Gneiss from Switzerland. On the basis of different
interpretation of results obtained from the same area, Dickin (1988) pre-
supposes, on the other hand, moderate loss of LREE, whereas little mobile
HREE remain as rims on zircons.

From various representation of monazite and xenotime in the studied lo-
calities it may be deduced that uranium-bearing solutions transported LREE
as well as HREE. According to mineralogical studies, monazite is more fre-
quent in the rocks affected by silicification, sericitization and carbonatization,
whereas xenotime occurs in silicified and serictized rocks without carbonates.
Thus LREE present predominantly in monazite prefer rather carbonate environ-
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Fig. 11. La contents obtained by OES (a) and INAA (b).

ment. This is rather in accordance with experimentally established easier
solubility of LREE in fluids rich in HyO and CO; Mysen, 1979; Wend-
tlandt—Harrison, 1979). But REE contents do not show distinct corre-
lation with carbonate contents represented by loss on ignition in the analyses
(H20"). Selective enrichment or depletion in some LREE in analyzed rocks
(Figs. 7, 8) reflect probably differences in their distribution in minerals (e.g.
La in monazite — Tab. 3).

LREE (recalculated to chondrites) prevail in non-mineralized volcanic rocks
what is in accordance with continental character of alkali-calcareous volcanism
of the Gemeric Permian. Permian volcanism of the Cho¢ nappe has transitional
to tholeiitic character (Vozarova—Vozar, 1988). Basalt (sample No. 6)
from the Permian of the Cho¢ nappe displays shallower pattern of REE repre-
sentation when compared with volcanites from the Gemeric Permian. Analyzed



468 ROJKOVIC — MEDVED — POSTA — SULOVSKY — WALZEL

Y L o
1000}
L o
500
JAN
JAN
]
| A
o
)
B JAN
8 JAN
£
1 1 1 ! 1 1 1 L 1 1 1 3 L i —
10 50 100 =Tb-Lu

Fig. 12. Correlation Y and HREE diagram.

volcanites, excluding andesites, are typical also by negative Eu anomaly. Mobi-
lization and concentration of uranium mineralization took place during the
Alpine metallogenic processes. They were accompanied with REE mobilization
followed by common and selective crystallization of LREE and HREE minerals.

Translated by O. Mi§aniova
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