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RARE EARTHS FROM URANIUM MINERALIZATION OCCURRENCES 
IN THE PERMIAN OF THE GEMERICUM, THE WESTERN 

CARPATHIANS

(12 Figs., 6 Tabs.)

A b s t r a c t :  U ran iu m  m in e ra liz a tio n  in  th e  P e rm ia n  of th e  G e- 
m ericum  is accom pan ied  w ith  apa tite , m onaz ite  an d  xeno tim e. S tudy  
of REE d is tr ib u tio n  is b ased  on re su lts  of IN AA  and  OES analyses 
of rocks an d  EDX m icroana ly ses of m in era ls . M ain  LREE b ea rin g  
m in e ra l is m onaz ite  an d  H REE one — xeno tim e. Rocks acco m p a­
ny ing  u ra n iu m  m in e ra liz a tio n  have in c reased  REE con ten ts. M o­
b iliza tion  an d  co n cen tra tio n  of u ran iu m  m in e ra liz a tio n  took  p lace  
d u rin g  th e  A lp ine  m e ta llogen ic  processes. T hese processes w ere  
associa ted  also  w ith  R EE m obiliza tion , w h e reb y  to ta l and  se lec tive  
e n rich m en t in  LREE an d  H R EE w as observed.

Р е з ю м е :  Урановая минерализация в перми гемерикум а сопро­
вождена апатитом, монацитом  и ксенотимом. Исследование рас­
пределения р. э. э. основывается на результатах INAA и О ES анали­
зов пород и EDX м икроанализа минералов. Глвнаым носителем лег­
ких р. з. э. является м онацит и тяжелых р. з. э. — ксенотим. П оро­
ды, сопровождаю щ ие урановую  минерализацию , имеют повыш ен­
ные содержания р. з. э. М обилизация и концентрация урановой ми­
нерализации проходили во время альпийских металлогенических 
процессов. С этими процессами была связана и мобилизация р. з. э., 
причем наблюдалось общ ее и селективное обогащ ение легкими 
и тяжелыми р. з. э.

Increased contents of rare  earth elements (including Y) in U-Mo ores near 
Novoveská Huta have been known for a longer tim e (P e 1 y m s k y, 1966; 
R o j k o v i  č, 1968; T r é g e r ,  1973; R o j k o v i č  et al., 1981). At present, 
increased contents of rare  earth  elements (REE) have been found out in several 
localities in the Perm ian of the Gemericum in hydrotherm ally affected rocks 
accompanying uranium  mineralization. Monazite, xenotime, brannerite and 
apatite, i.e. most of m inerals considered as main REE bearing m inerals of 
economic concentrations, have been found in these rocks. Apatite (Fig. 1) 
is the most frequent mineral, especially in the localities of Gočaltovo and 
Novoveská Huta (Ro j k o v i č, 1981) w here P20 5 contents reach even 12 and 13 
wt. percent (Tab. 1). In spite of quite abundant occurrence, apatite is not an 
im portant REE bearing m ineral in the  above-mentioned localities. REE are 
present almost in all analyzed apatites, bu t their contents do not exceed 1 wt. % 
(Tab. 2). Ce, Nd, Sm, Yb and Y have been found out. (According to analyses
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Fig. 1. S h o rt-c o lu m n a r and  hexagonal Fig. 2. M onazite  (w hite) an d  z ircon  (grey)
sections of ap a tite . N ovoveská H u ta , tra n s -  w ith  r im  and  x en o tim e  v e in le t (ligh t

m ittin g  ligh t, m agn . 400X, 1 nicol. grey). N ovoveská H u ta , SEM.

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

Main REE m inerals in the studied rocks are monazite - (Ce) and xenotime - 
(Y). Monazite - (Ce) is m ain 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 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 decreased 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. C om position  (Comp) a n d  a re a l d is tr ib u tio n  of La, Ce, Y, P  an d  Z r in  e lec tron  
m icroanalyzer. M onazite  (Ce, La, P) and  zircon  (Zr) w ith  th in  rim s and  xeno tim e 
v e in le t (Y, P) a re  enclosed in  leucoxene w h ich  is a  relic  of b io tite . See Fig. 2. N ovo-

veská H uta , m agn. 300X-
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Fig. 4. Q uartz  ve in le t (black) w ith  xeno- 
tim e  and  m onazite  (both grey) in U -T i 
oxide of b ra n n e r ite  com position  (light 
grey). K rom pachy , re flec ted  ligh t, m agn. 

160X, 1 nicol.

Fig. 5. D etail from  Fig. 4. M onazite  (light 
grey) and  x en o tim e (dark  grey  w ith  
various shades caused  by uneven  Th and  
U d is trib u tio n ) in  U -T i oxide of b ra n ­
n e rite  com position  (w hite). On th e  m a r ­
gin of U -T i ox ide of b ra n n e r ite  com po­
sition , p roduc ts of its a lte ra tio n  en rich ed  
in  Fe a re  developed. K rom pachy , SEM.

in altered rocks (Figs. 2, 3, 4). Y contents in xenotime-rich rocks exceed locally 
1000 ppm. Besides dom inant 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 xenotim e than Th. Distribution of radioactive elements, 
as well as of REE is not homogeneous in some larger xenotim e aggregates; 
it is manifested by their contents variation in xenotime (Fig. 5; Tab. 4).

Only low REE contents (up to 1 wt. %) were determined in uranium  m inerals: 
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 Perm ian uranium  mineralization were 
analyzed for radioactive elements and selected trace elements contents. U and 
Th were determined gam aspectrom etrically and La, Yb, Y and other trace
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elements -  by optical emission spectroscopy (OES). Samples with microscopically 
determ ined REE minerals, as well as w ith increased La, Yb and Y contents de­
term ined by OES method were analyzed in m ore detail by instrum ental neutron 
activation (INAA) for REE and other ra re  elements in laboratories of Czecho­
slovak Uranium  Industry at Stráž pod Ralskem. Set of 18 samples represents
4 groups of rocks: .

1. Volcanic non-mineralized rocks (Tab. 5, sample Nos. 1 6; Fig. 6). Mam
representatives of the Gemeric Perm ian vulcanites: rhyolite, dacite, andesite 
and basalt are ranged w ith this group. Basalt - typical Perm ian volcamte of 
the Choč nappe is compared with them (sample No. 6).

2 Ignim brites and rhyolite tuffs from the region east of Krompachy, between 
Petrova hora hill and Košické Hámre (Tab. 5, sample Nos. 7—11; Fig. 7). 
In part of the  samples uranium  m ineralization occurs.

3. A ltered rocks with U-Mo mineralization affected by intensive senciti- 
zation, carbonatization and silicification from  the region of Novoveská Huta and 
Rudńany (Tab. 5, sample Nos. 12—16; Fig. 8). ^

4. Sandstones from the region of Gočaltovo and Markušovska dolma va ey 
(Tab. 5, sample Nos. 17, 18; Fig. 9). The form er 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
sition variability were found in Yb, in contrast to La. In case of Yb, high
correlation (r =  0.99; wort =  1.14) proves good agreement of obtained results
(Tab. 6; Fig. 10). La shows lower correlation (r =  0.84; wort =  1.40) what
supports a greater effect of chemical composition variability, especially of U,
on precision of La contents determ ination (Tab. 6; Fig. 11). G reater dispersion
of values is in INAA method w hat is proved by higher value of arithm etic
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

Fig. 6. R EE co n ten ts  in  vo lcan ic  n o n -m in e ra liz ed  rocks fro m  th e  N o rth e rn  G em eric
P e rm ia n  (1—5). . .

F xn lana to rv  n o te s ' 1 — h igh ly  ca rb o n a tized  rock  of am ygdalo ida l s tru c tu re , o rig ina lly  
ртоЪаЫ^ b a sa lt N ovoveská H u ta , bo reh o le  14, 43.4 m ; 2 -  rhyo lite , P e tro v a  h o ra  
h ill, a b an d o n ed  ga lle ry  750 m  SE of P e tro v a  ho ra  h ill, 50 m  S of e l e v .p o m ^390.0,
3 _  rh y o lite , N ovoveská H uta, bo reho le  847, 583 m ; 4 d ac ite  V ysny K1 ,
confluence  of V rb ica  b ro o k  1400 m  W of elev . p o in t 559 -  К а ™е" П у ^  ’ 5s“ _?evel"
site  K ro m p ach y , exposures 300 m  N of p ow er s ta tio n , 445 m  above s ’
6 — b a sa lt fro m  th e  P e rm ia n  of th e  Choc nappe, M alé K a rp a ty  M l - Loisonec, 
Z ab ité  va lley , 400 m  S of elev. p o in t 429 - Jasanové , exposu res N E of th e  road.
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Fig. 7. REE con ten ts  in ig n im b rite s  and  rhyo lites  from  P e tro v a  h o ra  h ill (7, 8, 9) and  
from  th e  env irons of K ošické H ám re  (10, 11). T h icker lines d en o te  sam ples w ith

h ig h er U con ten ts.
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F ig  8. REE con ten ts fro m  a lte red  rocks w ith  U -M o m in e ra liz a tio n  fro m  th e  reg ion  
of N ovoveska H u ta  (12, 13, 14, 15) and  R u d ň an y  (16). T h ick e r lines d eno te  sam ples

w ith  h ig h e r tJ  con ten ts.
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trace elements determ ination in the studied samples. Chemcal composition 
variability effect on contents of individual elements analyzed by various 
methods will be studied in m ore detail in a separate paper.

Relation of REE m inerals and radioactive mineralization is documented not 
only by common occurrence of minerals, but also by ra re  earths and radio­
active elements distribution. Uranium  is dominating in radioactive m ineraliza­
tion of the Gemeric Perm ian, whereby Th is only accompanying elemen . 
Increased Th contents were determ ined 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 m any 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 ( M a a s  et al., 1987). M c L e n n a n - T a y l o r  (1979) 
observed enrichment in HREE in deposit Pine Creek Geosyncline in Australia. 
O ther deposits in Canada and the  U.S.A. show enrichm ent in HREE and 
LREE ( M a a s  et al., 1987). G i n z b u r g  et al. (1959) m ention common occur­
rence of REE and radioactive elements from hydrotherm al metasomatic de­
posit where im pregnations and veinlets of radioactive and sulphide m inerali­
zation occur w ith monazite and xenotime in quartz-feldspar-sericitic rock. 
A t first Ce and then Y minerals were crystallized in approxim ately the same

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

10

7

5

С
a>
E
“Oф
1Л

\j*
о
о

La Ce Nd Sm Eu Tb Tm Yb Lu

Fig 9 REE con ten ts  in  san d s to n es  fro m  th e  env irons of M *r k u|o v s k a
(17) and  G očaltovo (18). S ed im en t — average  sed im en t — b ( W e d e p o h l ,  19*8).

valleydo linaM arkušovskáofth efro msan d s to n es env irons
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T a b l e  6
L a an d  Yb con ten ts  (ppm) ob ta ined  by  IN A A  and  OES an d  th e ir  s ta tis tic a l ev a lu a tio n

Sam ple  No.
La Yb

IN A A  , OES IN AA 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 I
8. 26.3 30 1.45 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. 139 81 36.5 35
16. 174 148 21.9 30.4
17. 33 60 6.5 9.6
Í8.

!
57.5 93 42.6 37

s ta tis tic a l ev a lu a tio n  of re su lts

x 58.60 63.97 17.83 17.0
! s 53.14 38.74 22.59 19.89

r 0.84 0.99
Wort 1.40 1.14

E xp la n a to ry  no tes: x — a rith m e tic  m ean , s — s ta n d a rd  dev ia tio n  of a rith m e tic  m ean , 
r  — co rre la tio n  coeffic ien t, w ort — reg ression  coeffic ien t.

in mineralized rocks from the environs of Novoveská Huta display positive 
U/La correlation (r =  0.54, R o j k o  v i e  et al., 1981). Sim ilar dependence is 
observed also in the studied set of samples. Altered rocks w ith U-Mo m inerali­
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 th a t phosphates are m ain 
REE bearing minerals, correlation of their contents w ith P is not observed. 
This is connected w ith bond of the  overwhelming part of P to apatite which 
is not a significant REE bearing m ineral 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 =  +  0.29 to +  0.46). This is caused by association 
of zircon and xenotime, as well as by presence of Y in zircon (R o j k o v i č, 
1969; R o j  к о  v i  č et al., 1981).
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Fig. 10. Yb co n ten ts  o b ta in ed  by OES (a) an d  IN AA  (b).

According to M c L e n n a n  — T a y l o r  (1979), particularly HREE together 
w ith U are easily mobile in carbonate solutions. Also V o  e k e  et al. (1987) 
mention easier m obility of HREE w ith 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, D i c k i n (1988) pre­
supposes, on the other hand, m oderate 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 th a t uranium -bearing solutions transported LREE 
as well as HREE. According to mineralogical studies, monazite is m ore fre­
quent in the rocks affected by silicification, sericitization and carbonatization, 
whereas xenotime occurs in silicified and serictized rocks without carbonates. 
Thus LREE present predom inantly in monazite prefer ra ther carbonate environ-
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Fig. 11. L a co n ten ts  o b ta in ed  by  OES (a) and  IN A  A (b).

ment. This is rather in accordance w ith experim entally established easier 
solubility of LREE in fluids rich in H20  and C 02 ( M y s e n ,  1979; W e n d -  
t l a n d t  H a r r i s o n ,  1979). But REE contents do not show distinct corre­
lation w ith carbonate contents represented by loss on ignition in the analyses 
(H2Oh). Selective enrichm ent 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 w ith continental character of alkali-calcareous volcanism 
of the Gemeric Permian. Perm ian volcanism of the Choč nappe has transitional 
to tholeiitic character (V o z á r  o v á — V o z á r, 1988). Basalt (sample No. 6) 
from the  Perm ian of the Choč nappe displays shallower pattern  of REE repre­
sentation when compared w ith volcanites from the Gemeric Permian. Analyzed
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Fig. 12. C o rre la tio n  Y and  H REE d iag ram .

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

Translated by O. Mišániová
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