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GEOCHEMISTRY OF RARE EARTHS IN METABASITES OF THE WEST 
CARPATHIANS 

(8 Tab., 9 Figs) 

A b s t r a c t : In the ar t ic le is evaluted t h e d i s t r ibut ion of r a r e e a r t h s 
(TR) in m e t a b a s i t e s of t h e West C a r p a t h i a n s . On t h e basis of their con­
tents it has been establ ished t h a t originally, tholei i tes t h e c h a r a c t e r of 
which is close to t h a t of t h e oceanic tholeiites, a r e concerned. T h e s imilar i­
ty of contents of the indiv idual e lements from the g roup of r a r e e a r t h s 
confirms t h e genetical re la t ionship of metabas i te s of t a t r a v e p o r i d e s and 
thier origin in the pre-var i scan C e n t r a l E u r o p e a n Paleozoic sea. 

P e 3 io M e: B CTaibii jiejiaioT ouenxy pacnpe/ie/iemiH pcaiu-ix 3eMJieň (TR) 
B MeTa6a3HTax 3ana.iHi.ix Kapriar. Ha ocuoBaniiii n.\ co/u>p>Kannn onpc-ÄeJieHo 
MTO nepBOHaiajibHO peib HACT o TO/iei-irax, xapai<Tep KOTopbix 6JIH3KHH 
OKcammecKHM To.'iciiTaM. CXOACTBO co.'K'p>i<aHiiii OT,ne;ibHbix 3,'ieMeHTOB rpynnbi 
peaKiix 3eM.ieii noaTBep>K.aaeT renenmecKoe poacTBO \ieTaóa3iiTOB TaTpo-
BcnopHaoB H IIX Bo.iHiiKHOBennc B jioBapiiíicKOM cpeAHceBponeťicKOM na.ieo-
30MCKOM MOpe. 

M u c h a t t e n t i o n is d e v o t e d t o t r a c e e l e m e n t s b y g e o c h e m i s t s a n d p e t r o l o g i s t s 
in t h e las t t i m e . T h i s i n t e r e s t is c o n d i t i o n d b y t h e p o s s i b i l i t y t o a p p l y t h e d a t a 
a b o u t c h a n g e s of c o n c e n t r a t i o n of t r a c e e l e m e n t s in t h e r o c k s of v a r i o u s g e ­
n e s i s in s o l u t i o n of s e v e r a l f u n d a m e n t a l q u e s t i o n s of p e t r o l o g y . A n i m p o r t a n t 
p a r t in c l e a r i n g u p of p r o b l e m s of t h e p r i m a r y c h a r a c t e r of m e t a m o r p h i t e s . 
d e g r e e of c o n t a m i n a t i o n of p r i m a r y m a g m a or d e g r e e of p a r t i a l s m e l t i n g , p l a y 
t h e e l e m e n t s of t h e r a r e e a r t h g r o u p . T h e s e f o r m t o g e t h e r w i t h y t t r i u m a v e r y 
c o n n a t u r a l g r o u p of e l e m e n t s , w h i c h a r e c h a r a c t e r i z e d b y c o m m o n o c c u r r e n c e 
in t h e s a m e e n v i r o n m e n t s ! o f t e n a l so in t h e s a m e m i n e r a l s . T h e e x t r e m e m e m ­
b e r s of t h i s g r o u p , t h e l i g h t e s t ( l a n t a n i u m a n d c e r i u m ) a n d t h e h e a v i e s t y t t e r ­
b i u m a n d l u t e t i u m a r e d i f f e r e n t f r o m e a c h o t h e r , w h a t m a k e s p o s s i b l e f r a c t i o ­
n a t i o n ( r e d i s t r i b u t i o n ) of r a r e e a r t h s i n d e p e n d e n c e o n p h y s i c a l - c h e m i c a l 
c o n d i t i o n s d u r i n g t h e g e o l o g i c a l p r o c e s s e s . O n t h e b a s i s of d i s t r i b u t i o n of r a r e 
e a r t h s w e m a y c o n c l u d e , i n r e v e r s e d i r e c t i o n , o n p h y s i c a l - c h e m i c a l c o n d i t i o n s 
of t h e o r i g i n of r o c k s a n d m i n e r a l s . As c h a r a c t e r i s t i c i n d i c a t i v e r e l a t i o n s a r e 
u s e d r a t i o s of e l e m e n t c o u p l e s N d / L a , La/Yb, L a / S m , Ce Y b a n d f u r t h e r p a i r 
o n e s or s u m m a r y r e l a t i o n s e. g. YjCe/TjY, VJTR. 

T h e g r e a t a f f i n i t y of c h e m i c a l p r o p e r t i e s of r a r e e a r t h s is e v i d e n t f r o m t h e 
speci f ic s t r u c t u r e of t h e i r e l e c t r o n e n v e l o p e s . T h e y o c c u r m a i n l y as t r i v a l e n t 
c a t i o n s a l t h o u g h e u r o p i u m a p p e a r s a l s o as E u 2 + a n d c e r i u m as C e 4 + . T h e e le­
m e n t s of r a r e e a r t h s a r e d i v i d e d i n t o t w o s u b g r o u p s : l i g h t e r c e r i u m — f r o m 
La to G d w i t h m o r e b a s i c p r o p e r t i e s a n d h a v i e r y t t r i u m — f r o m T b t o L u , w h i c h 
h a s less b a s i c p r o p e r t i e s . I n c a l c u l a t i o n s a l so y t t r i u m is i n c l u d e d i n t h i s g r o u p . 
I n g e o c h e m i c a l i n v e s t i g a t i o n d i s t r i b u t i o n of r a r e e a r t h s is c o m p a r e d i n c h o n d r i ­
tes ( p r i m i t i v e c h a r a c t e r of d i s t r i b u t i o n ) w i t h d i s t r i b u t i o n of r a r e e a r t h s i n v a -
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rious other types of rocks. Primitiveness (so called chondrite distribution) is 
characterized by approximately equal or little higher contents of light rare 
earths in contrast to heavy ones. Rocks with primitive TR distribution are of 
mantle origin whereas in crustal rocks TR redistribution took place by the in­
fluence of various geological processes. The rare earths tend to concentrate in 
residual magmas, in which the amount of alkalies is higher. We can also speak 
about subsequently originated correlation between TR and alkalies. The fun­
damenta l factor of enr ichment of rare earths in some geological environment 
are volume ratios of ions. This is confirmed by yttr ium, which is not a rare 
ear th and, nevertheless, accompanies TR (its radius and charge are as of Er). 

The present work is a further contribution to general geochemical investiga­
tion of metabasites of the West Carpathians. The metabasites of the West Car­
pathians are part the Paleozoic metamorphosed complex. The degree of their 
metamorphosis is relatively high (amphibolite facies, more rarely facies of 
green schists). The character of metabasites was also influences by various 
processes (spilitization, h y d r o t h e r m a l alternation, diaphthoresis etc.). The do­
minant form of occurrence of metabasites are submarine effusions and only 
subordinately hypabyssal bodies of little dimensions, variable grain size and 
mineral composition. Identical samples as in the work by B. C a m b e 1, E. 
M a r t i n y , J. S p i š i a k , 1979 were analysed. In this work are mentioned 
further data about selection of samples and their documentation. The determi­
nation of rare earths was carried out in the Central Laboratory of the Czecho­
slovak U r a n i u m Industry. Stráže pod Ralskem, by the method of neutron acti­
vation analysis, analyst Ing. Čeněk U r b a n . 

The basic rocks differ from one another in the character of TR distribution. 
The content of light TR gradual ly increases from oceanic tholeiites through 
continental tholeiites to alkalic olivine basalts with relatively constant contents 
of heavy TR. J. G. S c h i l l i n g (1972) points to correlation between the con­
tents of alkalies and heavy TR in various types of basites originated in island 
arcs, oceanic ridges and in continental basalts. Each petrochemical group, ho­
wever, is characterized by a part icular model of TR distribution. Is this varia­
bility play the degre of selective remelting, depth and PT conditions of this 
process, fractional crystallization taking place during ascent of magma and tec­
tonic conditions an important part . The study of TR distribution makes us 
possible to distinguish various types of basic rocks, gives us information about 
the source orea of basites in the mantle. J. G. S c h i l l i n g (1972) mentioned 
that midleoceanic ridges produce tholeiitic magmas with low content of light TR 
On the contrary, tholeiites of plateau-basalts and other continental basalts are 
enriched in light TR in contrast to the foregoing ones. 

The data about contents of rare earths in metabasites of the West Carpathians 
are mentioned in Tables 1. 2, 3. 4. 5. In these tables the analyses of metabasites 
are grouped on the basis of regional subdivision. Besides that, a part icular table 
(Table 7) from rocks with higher contents, mainly of light TR (La, Ce), was 
compiled. The ar i thmetic and geometric means, s tandard devation. variation 
coefficients of individual sets but also of larger groups are summarized in Table 
6. In calculation of TR average contents, with regard to technical conditions 
of analyses, the following values were substituted for underl imit contents (ND): 
La - 1, Ce - 1; Eu - 0,25; Tb - 0,1; Tm - 0,4; Yb - 0,15; Lu - 0,1. In order 
to el iminate anomalous values two arithmetical means were calculated: the 
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first including all values and the second (with cross) not including the values 
designated with cross. 

In the histograms (Figs 1, 2) a part icular hatching was used for each group. 
On the basic of frequency distribution in histograms of individual elements of 
rare earths we may state that TR contents are approximately equal in all mount­
ain ranges, testifying to a similar genetic position of metabasites of the West 
Carpathians. How as it is to be seen from numerical evalution and form histo­
grams, all the studied metabasites display similar, relatively primitive TR distri-
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Fig. 1 Histograms of La, Sm, Ce, Eu, Tb. Tm, Yb, Sc contents in metabasites of the 
West Carpathians. MK — Little Carpathians. ITSM — mountains of Inovec, Tríbeč, 
Suchý, Malá Magura, NT, VT, MF — mountains of Low Tatra, High Tatra, Malá Fatra, 

VEP — Veporide crystalline, SGR — Spišskogemerské rudohorie. 
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bution. Higher contents, manly of light TR (Table 7) have rocks, which are near 
or in direct contact with graphites, feldspthized amphibolic rocks from zones 
of migmatization and rocks highly tectometamorphical ly affected (diaphthori-
zed). 

The correlation relation between the content of alkalies (Figs 3, 4, 5) and 
content of La or La/Yb, J^Ce/J^Y in the studied rocks are not clear. The best 
dependence is between ratio J^Ce/J^Y and the content of NaiO + K a O + TÍO2 
(Fig. 5). Low correlation between potassium and La or La/Yb gives evidence for 
weak effect of differentiation processes. (This correlation is typical mainly for 
residual magmas.) The mentioned facts are in good agreement with u p to the 
present investigations, which speak for little variability of basalt magmas, from 
which West Carpathian metabasites originated (there are almost no acid and 
ultrabasic members). 
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Fig. 2. Histograms of Lu and Y distribution in metabasites of the West Carpathians. 
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Fig. 4. Graph on dependence of La/Yb ra­
tio on K'.O content. Explanations as in 

Fig. 1. 
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In metamorphosis no distinct redistribution of rare earths takes place G. K. 
M u e c k e et al. (1978). The mentioned authors established in the study of 
amphibolites in contact with metapelites that in spite of various changes of 
chemical composition, mainly in alkales, no change of TR content and some 
other elements (Ti, P, Zr, Hf, Nv, Ta) took place in these rocks. It results that 
on the basis of TR distribution in metabasites the pr imary character of the 
studied rocks can be determined. 
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Fig. 5. Graph of dependence of ratio 
^Ce/£Y on content of K20 + Na20 + TiO, 
in metabasites of the West Capathians. 
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Fig. 6. Comparison V, T R + Y and ratio 
VCe/£Y in metabasites of the West Car­
pathians with various basalt types accor­
ding to J. A. Balašov (1976). VTR + Y = 
La + Ce + Sm + Eu + Tb + Trn + Yb 

+ Lu + Y, ECe/^Yas in Fig. 5. 
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Fig. 7. Contents of rare earths in indivi­
dual mountain ranges compared with va­
rious basalt types according to Herrman 
et al. 1970. The TR contents are norma­
lized by TR content in chondrite meteo­
rites (Ha s k i n L. A. et al.. 1968). 1 -
alkalic olivine basalt. 2 — continental 

tholeiite, 3 — oceanic tholeiite. 
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In Figs. 6, 7, 8 we plotted the contents of individual rare earths (Tables 1, 
2, 3, 4, 5) normalized by the average TR content in chondritic meteorites (L. A. 
H a s k i n et al., 1968). As is to be seen from Figs 6, 7, 8 metabasites of the 
West Carpathians show TR distribution close to the oceanic tholeiites. On the 
contrary to oceanic tholeiites they are relatively enriched in La, Eu and T m and 
impoverished in Ce, Tb, Yb, Lu. It is to be seen in Fig. 8 mainly, where the 
scale is extended on purpose. To a similar conclusion we may come also when 

50-
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: SGR 
oceanic tholeiites 
Balaiov J. A.1976 

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y 

Fig. 8. Contents of rare earths in West Carpathian metabasites normalized by TR 
content in chondrite meteorites (Haskin L. A. et al. 19C8). 

comparing the average TR contents in metabasites of the West Carpathians (Tab­
le 6) with TR contents in various types of basic rocks according to data from lite­
r a t u r e (Table 8). Differences in TR contents are also between individual moun­
tain ranges (Table 6). The highest contents of rare earths (TR) show metabasites 
of the Tribeč and Malá Magura; the lowest ones metabasites of the Little Car­
pathians. 

We observe a good correlation in the 
graph of dependence of ratio of light sCe 
to heavy TR ( £ C e / £ Y ) on the total ^ 
content of rare earths (£TR) - Fig. 9. 2-

0,6 
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Fig. 9. Graph of dependence of £Ce/£Y 
ratio to total TR content. Explanations as 

in Fig. 6. 
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T a b l e 8 
C o n t e n t (in ppm) o f r a r e e a r t h s i n b a s i t e s 

CO 

c 

Rock/local i ty "g | La Ce P r Nd Sm Eu Gd 
o c c 
S -a £ 

1. chondr i tes 20 0,3 0,84 0,12 0,58 0,21 0,74 0,32 

2. a lkal . basal ts 
basani tes 

3. a lkal . basa l t / Ice land 

4. k imber l i tes / to ta l ly 

5. basal t /Eas t Alps 
Rom. 

6. Al-basal ts /A 
Sardin ia 

5 

1 

8 

141,1 

13,1 

107,2 

20 

15,03 

249,5 

29,9 

213,6 

44 

33,11 

— 

— 

16,05 

4,1 

— 

17,0 

87,9 

16,8 

22,2 

20 

3,81 

13.7 

3,28 

3,95 

4,29 

1,54 

3,23 

0,90 

1,12 

2,82 

3.93 

7. basa l t s /Appenines 4,4 13 — — — — — 

8. p la teau-basa l t s / 

Iceland 15 11,8 27,8 — 17.5 5.13 1.8 6,22 

9. basa l t s / Ice land 14 11,5 26,1 — 16,2 4,3 1,5 5.34 

10. basa l t s / Japan 23 44,0 — — 5.4 1,5 — 

11. basa l t s /Cyprus — 2,02—3,22 — 1,96—3.57 0.83—1,37 0,31—0,68 1,11—1.61 

12. metabasa l t s /Cyprus — 0.70—0.94 — 0,77—9,89 0.42—3.95 0,19—1.41 0,89—3.94 

13. tholeii t ic basal t 10,4 26,1 — 18,9 5.3 1,9 — 

14. tholei i te/Atl . Ocean 6 2,85 5,0 1.11 4,28 1,59 0,55 — 

15. tho le i i t e / Japan 8 2,75 10,7 — — 2.8 2,07 — 

16. tholeii tes 64 3,36 10,3 1,87 9.87 3,49 1.26 5.05 

17. higly Al- tholei i tes 

tholeii tes wi th 17 3,10 8,71 1,58 7,86 2,80 1,03 3.46 

18. A120:, 1 6 % 47 3,4G 10.83 1,97 10,6 3.75 1,34 5,43 

19. tholei i tes/oceanic 

tholei i tes/Siberian 7 4,3 14,9 2,5 14,0 4,7 1,6 7.1 

20. p la t form 163 13 29 4,3 16.5 4.2 1,3 4.7 

21. o r thoamphibol i t es 
(USSR) 24 51,5 7,2 31,0 7,4 1,8 6.7 
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a n d m e t a b a s i t e s 

VTR v C e 
Tb Dy Ho Er T m Yb Lu Y ^ Ľ v ~~^Í7 -Reerences 

+Y vy 

0.49 

2,27 

— 

1,08 

0,49 

0,65 

0,31 

11,0 

3,42 

1,88 

2,96 

_ 

0,73 

— 

— 

0,41 

0,62 

0.83 

0.21 

— 

1.77 

1.34 

1,83 

— 

— 

0.78 

0.52—0.47 

ND—0,93 

— 

1,0 

0.77 

0,86 

0,73 

0.91 

1,3 

1,3 

6,18 

4,84 

— 

— 

— 

5,56 

2,01 

— 

5,22 

3,94 

5,69 

— 

4,3 

— 

— 

— 

— 

— 

— 

0.57 

— 

1,24 

0,97 

1,34 

1,7 

1,3 

3,3 

3,1 

— 

ND 

1.65—2 

2,79 

1,94 

— 

3,48 

2.82 

3.72 

4,9 

2,5 

0,33 0.17 0.31 1,8 5.12 0.9 Hask in et al. 
1966 

Battag l ia M. 
et al. 1976 

K a y R. et al. 
1978 

0.14 0.89 0.11 15,5 471.43 K a m i n s k i j F. 
V. et al. 1978 

0,3 1.84 0,28 19 119,2 Pecceri l lo A. 
et al. 1976 

Dostal J. et 
al. 1976 

41 F e r r a r a G. et 
al. 1976 

3,1 0,4 34 Geras imovski j 
V. I. et al 1978 

4.9 

1.62 

0.89 

1.84 

2.25 

0.9 

0,238 

0.11 

0,28 

0,359 

0.4 

0,44 

0,43 

34 

30 3.9 0,44 30 Geras imovski j 
V. I. et al 1978 

2.6 0,43 N i s h i m u r a S. 
et al. 1976 

0,24—0,28 1,19—1,89 0,21—0,33 S m e w i n g I. et 
al. 1976 

1.65—2,96 0,25—0,68 1,13—4.1 0,3—0,068 S m e w i n g I. et 
al. 1976 

2.29 — Mac Donald 
et al. 1964 

0.27 1,2 

— 3,7 

0,5 3.2 

— 2,43 

— 3.49 

0,8 4.0 

— 2.0 

0,9 4.1 0.96 2.4 — 1,9 

0,22 

0,5 

0,49 

0,39 

0,55 

0,7 

0,4 

— 

31,7 

29,5 

34 

39,3 

23 

28 

82 

65,5 

91,5 

101.7 

108 

170 

3,22 

3,58 

3.10 

2.7 

G r a h a m et al. 
1969 

M a s u d a et al. 
1973 

Balašov J. A. 
1976 

Balašov J. A. 
1976 

Balašov J. A. 
1976 

Hask in et al. 
1966 

Balašov et al. 
1966 

S idorenko A. 
V. et al. 1972 
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Cont inuat ion of Table 8 

c 

Rock/locali ty o £ „ L a c e P r Nd Sm Eu Gd 

S T3 S 

22. o r thoamphibol i t es 
(USSR) thermol i t . 
amphibol i tes 14,0 31,0 4,5 17.5 5,3 0,85 4.9 

23. (USSR) 11,0 20,0 2,7 11,0 3,1 0,77 2,9 

24. pa raamphibo l i t e s 
(USSR) 6,4 13,0 2,2 10,3 3,5 0,64 4,8 

TR contents in var ious types of basal t rocks according to da ta from l i t e ra ture 

Conclusion 

1. It r e s u l t s f r o m t h e d i s t r i b u t i o n of r a r e e a r t h s in m e t a b a s i t e s of t h e W e s t 
C a r p a t h i a n s t h a t t h e p r i m a r y m a g m a , f r o m w h i c h m e t a b a s i t e s of t h e T a t r a v e -
p o r i d e s f o r m e d , w a s of t ho l e i i t i c c h a r a c t e r a n d w a s close t o o c e a n i c t r i o l e a ­
t e s . 

2. T h e r e l a t i o n s b e t w e e n t h e i n d i v i d u a l e l e m e n t s or t h e i r g r o u p s (T^Ce/J^Y) 
a n d a lso t h e t o t a l T R c o n t e n t c o n f i r m t h e t ho l e i i t i c c h a r a c t e r of m a g m a . 

3. T h e l o w c o n t e n t s of l i gh t T R c o m p a r e d w i t h t h e c o n t e n t of a l k a l i e s a n d 
t h e i r l o w m u t u a l c o r r e l a t i o n w e c a n e x p l a i n in a p a r t of s a m p l e s b y a d d i t i o n a l 
e n r i c h m e n t of r o c k s in a l k a l i e s d u r i n g m e t a m o r p h o s i s , w i t h p r e s e r v a t i o n of 
o r i g i n a l t ho l e i i t i c d i s t r i b u t i o n of r a r e e a r t h s . 

4. E u r o p i u m , in c o m p a r i s o n w i t h s a m a r i u m , h a s a l w a y s l o w e r c o n t e n t s . It is 
n o t a p o s i t i v e a n o m a l y of e u r o p i u m , t y p i c a l for b a s i c m a g m a s w i t h p r i m i t i v e T R 
d i s t r i b u t i o n . 

5. F r o m t h e d i s t r i b u t i o n of r a r e e a r t h s in m e t a b a s i t e s a n d c o m p a r i s o n w i t h 
c o n t e n t s of s o m e l i t t l e m o b i l e e l e m e n t s w e c a n c o n c l u d e t h a t t h e c o n t e n t s of 
r a r e e a r t h s d id n o t r e l a t i v e l y c h a n g e in t h e p r o c e s s of m e t a m o r p h o s i s a n d t h e ­
r e f o r e on t h e bas i s of t h e i r d i s t r i b u t i o n w e can w i t h su f f i c i en t c e r t a i n t y con ­
s i d e r t h e p r i m a r y c h a r a c t e r of s t u d i e d r o c k s . 

6. T h e s i m i l a r i t y of c o n t e n t s of i n d i v i d u a l e l e m e n t s of t h e g r o u p of r a r e e a r t h s 
i n d i v i d u a l m o u n t a i n r a n g e s of t h e T a t r a v e p o r i d e s b u t a l so of m e t a b a s i t e s of t h e 
S p i š s k o - g e m e r s k é r u d o h o r i e M t s . t e s t i f i ed t o g e n e t i c a f f i n i t y of t h e s e r o c k s . 

7. If w e t a k e i n t o c o n s i d e r a t i o n t h e p r e s e n t - d a y p a l y n o l o g i c a l a n d n u c l e a r -
g e o c h r o n o l o g i c a l d a t a , t h e n a Pa leozo ic , a t m o s t L a t e P r o t e r o z o i c a g e of t h e s e 
r o c k s s h o u l d be s u p p o s e d . T h i s a l so t e s t i f i e s t h a t in t h e E a r l y Pa l eozo i c p e r i o d 
( u n d e r t h e p r e - V a r i s c a n sea) t h e c r u s t w a s r e l a t i v e l y t h i n , d i s t u r b e d b y f au l t s 
a n d s u t u r e s m a k i n g pos s ib l e a s c e n t of b a s a l t m a g m a s f r o m t h e m a n t l e . T h e 
p roces se s of col l is ion of t h e N o r t h E u r o p e a n a n d S o u t h E u r o p e a n s u b c o n t i n e n t 
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Tb Dy Ho Er Tra Yb 

0,87 .3.6 0,63 1.95 — 1.8 — 27 115 1,8 S idorenko A. 
V. et al. 1972 

0.66 2,1 0.44 1.75 — 1.55 — 17 75 1.8 S idorenko A. 
V. et al. 1972 

0,77 4,5 0.96 3,50 — 2,8 0.6 34 89 0.63 S idorenko A. 
V. et al. 1972 

in t h e E a r l y P a l e o z o i c (B. C a m b e 1, K. P a t o č k a , 1979; in p r e s s ) c a u s e d 
u n d e r t h r u s t i n g of l i t h o s p h e r i c p l a t e s u n d e r t h e s u b c o n t i n e n t s a n d f o r m e d c o n ­
d i t i o n s for b a s i c m a g m a s a s c e n d i n g f r o m t h e u p p e r m a n t l e . 

T r a n s l a t e d by J. P e v n ý 
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