=

AL

GEOLOCICKY ZBEORNIK — GEOLOGICA CARPATHICA, 36, 1, BRATISLAVA, FEBRUARY 1985,
Pp. 3—16

BOHUSLAV CAMBEL* — MILOSLAV KHUN#**

RARE EARTH ELEMENTS IN METAMORPHOSED BLACK SHALES
OF THE MALE KARPATY MTS.
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Abstraci: From the study of REE amounts in 80 samples of
black slates in the crystalline complex of the Malé Karpaty and
10 samples of separaled heavy fraction from these rocks. using
the INAA method, the authors try to interpret the genesis of
black shales. On the basis of arithmetfic means, arithmetic standard
deviations, coefficients of variation, geometric means and geomelric
standard deviations they compute the expected range of REE con-
centration within the 68"}, and 95"}, confidence intervals. The au-
thors also discuss the causes of anomalous contents of La, CeandSm
in some samples studied, and present the graphs showing REE
contents standardized according to the values computed by Pi-
per (1974).

Peziowme: Ha ocnose nceacopanns coepmaniil peikoseMebibiy ae-
smentos 80 npodax wepnwx chiatiner kpnerasaningyma Mannix Kap-
nat n 10 npobax cenapupoBallieiy TsHeany Gpasuili 13 9THX HOpoA,
onpeaeacHubix npit noMmontr Metoia INAA aBTOpE UPOBOAAT FCHeTH-
HeCKie MHTCPAPETALIN O NPOHCXOMACHH deplux crannen, Owin npu-
BOAAT 3HaucHust cpealnx apudMeTHueckny, api@MeTiaeckiny craapr-
HBIX OTEJOHCHIHT, BapU2UHOHHLIX KOCDDUIHCHTOR, CPeANIS reoMeTpiiec-
KHX 1 reoMeTPHYCCKOTO CTAHAaPTHOrO OTKJAOHeHHs, DT JaHHible OHI He-
HOALIYVIOT A5 BoMIKICHIN OHIACNMOre ANANa30Ha KoHwenrpanii pej-
KOZCMEeJLHLIX 3JCMERTOR B NCCAcAoBanuux nopotax o 68%, n 95", wn-
TepBagax goctosepuocTi, O Takme mpuBoAsT NpIMIniGE aHOMIALIOCTH
copepranuii La, Ce, Sm b HCKOTOPHIX HCCICAOBAHHBIX npodax 1 1npu-
BOAAT rpathuRi, B KOTOPBIX COACPMAHIN  PEAKOSCMEILHBIN  AeMCHTOR
HOPMAJHIOBAHLL COMACHO 3nauctiM puiaicacnnuy Munepowm (1974).

The geochemistry of REE in the slates of the Malé Karpaty crystalline com-
plex was briefly discussed by the authors in the paper published in Geologicky
Zbornik Geologica carpathica 3/1983.

As many analyses of black slates carried out using the neutron activation
gave anomalous results, their rightness should be verified. Therelore, it is
only in this study that the conclusive evaluation and interpretation are pre-
sented, when the essential rightness of anomalous REE contents in a part of
black slates has been proved.

It was also expedient to publish in separate articles several supplementary
interpretations and considerations which could not be included in Cambel—
Khun's paper (1983) on account of the limited number of pages available.
These supplements should mainly discuss the genesis of black slates and sul-
phidic ores they contain. The genetic conclusions and the question whether to
assign the black slates to the productive zones of the underlying Pezinok-
-Pernek crystalline complex or to the Harmoénia Formation, are nowadays of
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4 CAMBEL — KHUN

much importance for the study of the tectonics of the Malé Karpaty Mits.
The supplements presented here chiefly issued from further investigations of
Dr. Khun, who studied these questions within the scope of his dissertation
work (Khumn, 1983) and publishes the results in this number of the journal;
his two contributions deal with boron and with the geochemistry of and diffe-
rences between the rocks of productive zones and black slates of the Harmonia
Formation.

Table 1

Compiled data on the REE contents in coal and black shales

Element ‘ 1 \ 2 ‘ 3 4 ‘l 5 | 6
| ‘ | |

| La | 6.0 . 49 3.3 3.23 5 8
| Ce , 18.0 12.2 10.8 8.28 11 ‘ 19
| Sm | 2.3 1.2 2.0 1.26 - —

Eu | 0.1 0.5 0.8 0.47 1 | 1.2
Tb 0.3 0.2 . 0.36 0.29 0.2 | 06 |
Yh 2.2 0.4 . 0.57 1.10 | 2 20 |
Lu | - . e | 0.07 | 0.17 | 0.3 02 |

Larplanations: Compiled data on the REE contents in coal and black shales: 1 —
bituminous coal of the Kizelov basin (Jer§ov, 1961); 2 — bituminous coal of
West Pennsylvania; 3 — bituminous coal of South Illinois (both in Schonfield—
Haskin, 1964); 4 — black sulphidic shale, Kambalda, Australian Bavinton —
— Taylor, 1980); 5 — black graphitic phyllite, Chvaletice (Bous§ka et al, 1974);
6 — detto (Chab et al., 1982). Contents given in g.t—!; — not determined; only
REE analysed in the Malé Karpaty black slates are listed.

The distinction of the black slates of the Harmoénia Formation from slates
of the productive zones of the Pezinok-Pernek crystalline complex is discussed
by Andra§—Horvath ina contribution published here.

Metamorphic processes, genesis and character of minerals in the slates
of the Harmoénia Formation and the Pezinok-Pernek crystalline are dealt with
in the work ok Korikovskij etal (1984); metamorphic minerals originating
in the contact zone of the Modra granodiorite with the Harmoénia Formation
are described in this number of Geologicky Zbornik.

The study of REE contents in the black slates of the Malé Karpaty crystalline
complex was based on 80 analyses of rocks and 10 analyses of heavy fractions
separated from these rocks by the INAA method (UL CSUP, Straz pod Ralskem
— Ing. P. Kotas, CSc). All results of these studies are given in the pa-
per of Cambel—Khun (1983). The present paper submits the subsequently
computed arithmetic standard deviations, coefficient of wvariation, geometric
mean and geometric standard deviation, which were not given in the former
paper. These statistical characteristics are needed for the computation of the
expected range of REE concentrations in the rocks studied as concerns the
individual crystalline area individual rock types (Tables 2—8).
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6 CAMBEL — KHUN

From the REE contents in the analysed samples of crystalline schists it
was evident that the analyses of heavy fractions separated from the rock
and ore samples cannot be included in the total set of rocks in computing the
means, especially because of low contents of low REE (La and Ce), in particular.

Table 3

Mean REE contents and expected concentration range in slate samples of all tvpes
(A, B, C) in productive zones

Element AM AS ‘ cv ‘ GM ‘ GS ‘ :
N I I _ve8% | ves,
' |
| La 16.8 10.8 ‘ 643 | 123 | 26 | 47—320 | 2.3 —83.1
Ce | 280 19.3 68.9 209 | 18 | 11.6 —37.6 | 6.4 —67.7 |
Sm 4.6 32 | 695 | 36 15 24— 54 | 16— 81
Eu 1.3 0.5 38.5 11 | 14 | 08—15 06— 2.1
Th 0.6 0.3 50.0 0.5 2.0 02— 1.0 01— 2.0
Yh 3.0 1.7 56.6 2.5 2.0 1.2— 50  0.6—10.0
Lu .05 0.3 60.0 0.4 1.8 03— 07 | 01—13
| ¥ REE | 54.8 | 41.3
I D D D - |
n = 46

Explanations: Mean REE contents and expected range of concentration in slate
samples of all types (A, B, C). Explanation as in Fig. 2. Lognormal type of distri-
bution, detection ratio 46 : 46.

Table 4

Mean REE contents in productive zones, samples of A type

Element | AM | AS

cv GP GS
I N SN B | .
La 15.2 9.4 61.8 11.4 I 2.5
| Ce | 28.7 19.8 68.9 22.6 2.0
| Sm | 44 2.7 61.4 3.5 ‘ 2.4
| Eu 1.4 0.5 35.7 1.1 14
| Th 0.6 0.3 50.0 0.5 1.9 ‘
Yb 3.1 1.6 51.6 2.6 2.1
Lu 0.5 0.3 60.0 0.4 i 1.8 ‘
= o S A | |
| Y REE 53.9 42,1
| | | | N o | i
n =31

Explanations: Mean REE contents in productive zones, samples of A type. For
explanation see Table 2.
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This anomaly is obviously caused by a high amount of sulphidic minerals present
in heavy fraction. The anomalous ratios of La/Ce contentls are also observable
in some rock samples in the groups B and C (samples with apparent content
of sulphides and sulphide ores with organic matter) from the productive zones.

Table 5

Mean REE contents in productive zones, samples of B and C types (samples with
megascopic pyrite or from ores)

Element AM AS Ccv | GP GS
|
—_ ; | o | T
La 20.2 12.6 62.4 \ 14.2 | 2.3 |
Ce 26.7 | 18.4 68.9 | 17.5 | 2.8 -
Sm 5.4 4.3 79.6 3.8 2.5 |
Eu 1.3 0.6 46.1 1.1 15
Th 0.7 ' 0.4 | 57.1 0.6 2.1 |
Yb 2.8 2.0 , 71.4 2.3 1.8
' Lu 0.4 | 0.3 | 75.0 | 0.4 I 1.9 |
_ ~ | .
| o | | | |
¥ REE 57.5 39.9 |
n =15

Explanations: Mean REE contents in productive zones, samples of B and C types
(samples with megascopic pyrite or from ores). For explanation see Table 2.

Table 6

Mean REE contents in samples from localities oulside productive zones

. | i
Element AM AS

==
| cv GM GS
| | | |
3 . - : — =, y |
| La 24.7 55 | 22.3 24.1 12|
Ce 56.3 14.4 25.6 54.0 1.4
Sm 3.8 €.9 23.7 3.7 1.3 |
Eu 1.1 0.2 18.2 1.1 1.2
| Th 0.5 0.2 40.0 0.5 1.3 |
| Yb 1.9 0.6 316 | 18 | 14 |
| Lu 0.3 0.1 33.3 0.3 1.7
! |
¥ REE ' 88.6 . 855
n =18

Explanations: Mean REE contents in samples from localities outside productive
zones. For explanation see Table 2.



8 CAMBEL — KHUN

In samples of the A type (samples without macroscopically visible sulphides)
from the productive zones, nine samples contained anomalously low La, Ce
and Sm amounts (Cambel—Khun, 1983). Such low contents are also
recorded in the literature concerning the black shales but, regrettably, without

Table 7

Mean REE contents and expected concentration range in the Harmonia Formation
(overlying Devonian-Lower Carboniferous complex)

| ' Expected range g. t-'
Element AM AS cv GM ‘ GS | — -
N o I R R I in 68 " | in959% |
La 28.2 8.6 305 | 268 14 19.1—375 | 13.7—525
Ce 63.8 21.3 334 | 602 i 1.2 50.2—72.2 | 41.8—86.7 |
Sm 4.0 1.8 45.0 3.3 16 | 21— 53 1.3— 84 |
Eu 1.1 0.3 | 272 1.1 1.4 08— 15 06— 2.1
Th 0.6 0.3 50.0 0.5 1.7 0.3— 0.8 02— 14 |

| Yb 2.0 0.7 ‘ 35.0 | 1.9 1.4 1.3— 2.7 1.0— 3.7

| Lu 0.4 0.2 50.0 0.4 ! 1.6 0.2— 0.6 0.1— 1.1

I , T ]
Y REE 100.1 942 | ‘ ;

n = 16

Lxplanations: Mean REE contents and expected concentration range in the Harmonia
Formation (the overlying Devonian-Lower Carboniferous complex). For explanation
see Table 2. Lognormal type of distribution, detection ratio 16 : 16.

Table §
Mean REE contents and expected concentration range in samples from the Bratislava
area
| ! : Expected range g.t™!
Element AM | AS Ccv ‘ GM | GS - —
N N I S in68% | in95%
| |
La 221 | 3.6 16.3 21.8 1.2 18.2—26.2 15.1—31.4 |
Ce 48.8 | 14.5 297 45.9 1.3 35.3—59.7 27.1—T7.6 |
Sm 3.5 0.9 25.7 | 3.5 1.2 2.9— 4.2 24— 5.0 |
Eu 1.1 0.3 | 27.3 1.0 1.3 0.8— 1.3 0.6— 1.7
Th 0.6 0.2 | 333 | 0.5 1.5 0.3— 0.7 02— 1.2
Yb 1.9 0.6 | 316 | 1.8 1.5 12— 2.7 0.8— 4.0
Lu 0.3 l 0.1 | 33.3 0.3 1.4 02— 04 | 01— 06
| | |
‘ ] S N o |
| ¥ REE 8.3 | ‘ I 74.8 ‘ |
| | ! | i

n=_§

Explanations: Mean REE contents and expected concentration range in samples
from the Bratislava area. For explanation see Table 2. Lognormal type of distri-
bution, detection ratio 8 : 8.
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any attempt at the explanation of this finding. Very low REE amounts are
also in coal. Table 1 lists analyses, refered to in the literature, of samples
with low REE contents in coal and black shales. The distribution of REE
in the rocks examined is shown in Fig. 1, and the mean wvalues together with

Table 9
Mean REE contents and expected concentration range in the crystalline basement
involved
! 7 T | | ’ { Expected range g.t™!
| Element AM AS cv GM GS | _ — —
__|_ _] | _| | | in 68 9, |_ in95%, |
i |
La 19.0 7.6 40.0 | 15.6 1.4 | 11.1—21.8 | 7.9—30.6
Ce 35.9 | 18.8 52.4 30.2 1.7 17.8—51.3 10.4—87.2 |
Sm [ 4.4 2.2 50.0 3.6 1.5 24— 54 1.6— 8.1 |
Eu 1.2 | 04 | 33.3 1.1 1.3 0.8— 1.4 0.6— 1.8 |
Tb 0.6 0.3 50.0 0.5 1.6 0.3— 0.8 0.2— 1.3 |
Yb 2.7 1.1 40.7 2.3 | 1.4 1.6— 3.2 11— 4.5 |
Lu 0.4 0.2 | 50.0 | 0.4 | 1.7 0.2— 0.7 01— 1.1 |
! I | S _
| ’ | ‘ |
| Z REE | 642 | | | 537
n = B4

Explanations: Mean REE contents and expected concentration range in the crystal-
line basement involved. For explanation see Table 2. Lognormal type of distribution,
detection ratio 64 : 64.

other statistical characteristics for individual areas and rock types are given
in Tables 2—9. The very low content of humic carbon Chum established in all
samples (as far as complete analyses of organic matter were available) indicates
that the low REE contents in nine samples from the productive zones could only
partly be influenced by humified coal material brought from the continent
into the littoral zone of the sea. It is more probable that the organic matter
combined with the minerals of the amphibole group (mainly actinolite) and the
presence of amphibolites in the productive zones were responsible for these
low contents. The low REE contents in the amphibolites of the Malé Karpaty
also point to this hypothesis (Cambel—Spidiak, 1979; Cambel —
Kamenicky, 1982), similarly as the finely dispersed pyrite present in
all black slates. Low contents of the La, Ce and Sm can neither be explained
by metamorphic effects.

For the black slates of the Malé Karpaty the generally accepted fact that
the REE contents in rocks are little affected by metamorphism can be confirmed
(Haskin et al, 1968; Cullers et al, 1974; McLennan et al, 1979).
The samples from the Malé Karpaty have been divided into epimetamorphosed
and meso- to katametamorphosed according to the metamorphic grade (for divi-
sion criteria see Cambel—Khun, 1983).
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In order to avoid distortion of the data, nine samples with anomalously low
contents of La, Ce and Sm f{rom the productive A-type zones. all samples
of B and C types from the group of productive zones and heavy fractions
have not been included in computation.

The mean contents are as follows (g . t7):

Metamorphism: epi-, meso-, kata-, 19 samples
37 samples

La 23.7 23.9

Ce 48.3 50.1

Sm 41 4.6

Eu 1.1 1.2

Th 0.6 0.5

Yhb 2.7 2.3

Lu 0.5 0.5

REE 81.0 83.1

The samples from areas outside the productive zones and from the Harmonia
Formation provide a different picture of the La and Ce distribution. All these
samples have a lower content of organic matter. From the steady La/Ce
ratio we may infer that during their deposition the sedimentary conditions
were more uniform, quieter. and the lithology was more normal without
the accompaniment of basic voleanism. which predominated and influenced
the sedimentation of rocks of the ore-bearing zones. This is well demonstrated
in Fig. 2, which clearly shows a lower variation of REE elements in the
black slates of the Harmodnia Formation relative to the slates of the productive
zones. It is noteworthy that the samples from the area of the Harmonia
IPermation have the highest mean contents of REE among the studied samples
of black slates in the Malé Karpaty crystalline complex (Tab. 7). This fact
may provide evidence of their younger age. which is also shown by palynological
finds. The enrichment of younger sediments in REE relative to the old ones
is reported by Wildeman — Haskin (1973), Balasov — Tugarinov
(1976), Nance — Taylor (1976). Higher REE contents in black shales from
Kambala (Australia) are correlated with age by Bavinton—Taylor (1980),
who assessed a pronounced trend towards the increase of the total REE
content in younger sediments. On the basis of the YCe/XY ratio Ronov
et al. (1972) assumes a relative enrichment in lighter REE to be characteristic
of the younger sediments. In the black slates of the Malé Karpaty the values
of this ratio are the following (without the Y content. which was not determi-
ned):

Crystalline basement 2Ce/XY 16.3
Harmonia Formation YCe/XY 324

Linear dependence of the enrichment of the Harmonia Formation in lighter
REE assessed from the La/Yb ratio is shown in Fig. 3.

From the viewpoint of facies analysis, the increase in the total content
of REE towards the continent and synchronous enrichment in light REE are
described by Balagov et al. (1964); Ronov et al. (1967); Cullers et al
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(1975) and Cullers et al. (1979). The samples from the productive zones
would then represent in the littoral facies of the Malé Karpaty black slates the
most distant part from the shore. The assumption of the offshore origin of
black slates of the productive zones, based on the REE contents is also supported
by the marked deficit of Ce (Fig. 4).

The Ce deficit in ore-bearing sediments deposiled at a greater distance from
the shore was assessed by Bender et al (1971) and Piper—Graef
(1974). The sorption of all REE in sediments increases from the marginal to
cffshore parts of the sea. as well as the difference between Ce and other
REE: this implies that Ce must be preferentially sorbed in the supplied terri-
genous silicate material nearer to the shore (in fact the highest Ce contents
are in the Harmoénia Formation). The difference in sorption capacity of Ce and
the remaining REE is connected with its oxidation to Ce"".

La Ce | sm
30 -
|
201
10+
307 gy Tb
T

20+ 9\ N

o>
101 lé

1] REEERERE m
6 12 18 >2.1 04 08 1,2 > 1.4

[1

0
§ Lu REE
30
N
7 o
20 2
e :
102 4 N ’
- _é ]
: N
N
. - z -
0.4 08 1.2 20 40 60 80 > 100

Fig. 1. Histograms of REE distribution in black slates studied.
Explanations: Contents in g.1-'. 1 — productive zones; 2 — areas outside the zones:
3 — Harmonia Formation.
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Fig. 4 exhibits a striking Eu anomaly. A relatively inexpressive Eu anomaly in
black slates of the Malé Karpaty was referred to by Cambel — Khun (1983):
in their study the mean REE contents in individual areas were standardized
to 20 chondrites (Schmitt et al, 1963 in Haskin et al., 1968). As noticed
by Piper (1974), this mode of standardization however rules out a comparison
in individual marine facies, because the relative concentrations of REE in these
evolution facies differ extremely from chondrites. Therefore, he computed from
the mean REE contents in North American and European shales and of those of

samples
shales (Piper 1974)

Productive zones

La Ce Sm Eu Tb ¥b Lu

Harmonia Group

01

La Ce Sm Eu Tb Yb Lu

Fg. 2. Distribution of REE in productive zones and in the Harmonia Formation
standardized to shales, according to Piper (1972).

Explanations: Contents in g.t—'. Shaded field represents the area obtained by

computation of AM+S. 1 — productive zones; 2 — Hammoénia Formation: 3 —

arithmetic mean AM; S — arithmetic standard deviation.
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the Russian platform the following values that he recommends as standards for
the REE contents in marine shales (g . t™):

La 41 Tb 1.23
Ce 83 Dy 5.5

Pr 10.1 Ho 1.34
Nd 38 Er 3.75
Sm 75 Tm 0.63
Eu 1.61 Yb 3.53
Gd 6.35 Lu 0.61

In the graphic representation standardized in this way, the positive Eu
anomaly is still more pronounced. The positive Eu anomaly in black shales was
stabilished by several authors, as e. g¢. Cullers et al, 1975; Bavinton —
Taylor, 1980 and Mitropoulos, 1982. They interpret it in terms of local
accumulation of Eu in plagioclase detritus, or chemical interaction with sea

L
/b
30
20+ .1
- ° 2
%
A x 3
104 e
- 20. 60 100 ZREE g.t’

Fig. 3. Graph showing the La/Yb ratio to the total REE content.
Explanations: Contents of REE in g.t-'. 1 — productive zones; 2 — localities outside
the zones; 3 — Harmonia Formation.

samples
shales [Piper 1974)

101

i x/&\-‘ /"‘_“'
] N <

.1
o 2
x 3
0,1 I p— T T T T T T T T T T
La Ce Sm Eu Tb Yb Lu

Fig. 4. Graph showing the distribution of REE in individual areas, standardized
to shales according to Piper (1972).
F'or. explanation see Fig. 3.
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water during prolonged submarine weathering, or precipitation from hydro-
thermal solutions. Mitropoulos (1982) describes the increase of positive
Eu anomaly in black metapelites with increasing distance of their occurrence
from a granite intrusion, as being caused by the change in Os regime. The
positive Eu anomaly may also be inherited from the source rocks of the
supply area. This hypothesis could be applied to the Malé Karpaty black
slates, as all the neighbouring amphibolites show a positive Eu anomaly
(Cambel—Spisiak, 1979) but it is difficult to explain the rather re-
markable difference in its value in samples taken from the productive zones
and other areas.

The expected range of the REE concentrations in black slates from the
individual areas was computed using the procedure that was applied by
Cadkova (1981) for the Carboniferous and Permian sediments of the Bo-
hemian Massif. Tables 2. 3. 7. 8. 9 show which concentrations of REE in par-
ticular areas can be expected in the 68 % and 959 intervals of confidence.
Table 2 presents a complete survey of computations for the whole set of
black slates from the Malé Karpaty crystalline complex.

The distribution of REE in black slates of the Malé Karpaty Mts. standar-
dized to the La content (La = 1.00) agrees surprisingly with similarly standar-
dized analyses recorded by Haskin — Gehl (1962) and applied by Taylor
(1965). From this conformity it can be inferred that the black shales do not
exceed the framework of normal sedimentary processes.

Haskin—Gehl (1962) 80 samples of M. Karpaty
black shales

La 1.00 1.00

Ce 2.00 1.98

Sm 0.20 0.20

Eu 0.040 0.052

Th 0.030 0.029

Yh 0.10 0.12

Lu 0.017 0.019

In conclusion, it should be stated that the data on the REE contents in the
biack slates of the Malé Karpaty crystalline complexes are results of 3 times
repeated analyses, but that we cannot guarantee all analytical errors are exclu-
ded (see confrol analyses of Khun, 1983). From this it follows that in
applying the results obtained by INNA method (instrumental neutron activa-
tion) we must proceed very considerately, and that a very close co-operation
of analysts and geochemists is needed to avoid publishing low-quality or wrong
analyses,

This cooperation is evolved between Slovak Academy of Sciences. the Faculty
of Sciences, UK (Cambel — Khun) and the analysts of the Central Labo-
ratory, Uranium Industry in Siraz pod Ralskem. The authors are obliged to
Ing. P. Kotas CSc, who deserved well of this collaboration.

Translated by H. Zarubova



RARE EARTHS IN BLACK SHALES 1

w

REFERENCES

BALASOV. Ju. A, — TUGARINOV, A. 1., 1976: Abundance of rare-earth elements
in the Earth’s crust: Evidence for origin of granites and recent sedimentary
rocks. Geochem. J. (Tokyo), 10, pp. 103—1086.

DAVINTON, O. A. — TAYLOR. S. R., 1980: Rare earth element geochemistry of
Archean metasedimentary rocks from Kambalda, Western Australia. Geochim.
cosmochim. Acta (London). 44, pp. 639—648.

BENDER. M. L. — BROECKER, W. — GORNITZ, V. — MIDDEL. U. — KAY. R. —
SUN., S. S. — BISCAYE, P., 1971: Geochemistry of three cores from the Easl
Pacific rise. Earth planet. Sci. Lett. (Amsterdam), 12, pp. 425—433.

BOUSKA, V. — JELINEK, E. — PACESOVA, M., 1974: Petrograficko-geochemicky
v¥zkum loziska Chvaletice. 3. Uran, thorium a vzacne zeminy v proferozoickych
horninach loziska Chvaletice. In: Korelace prolerozoickyeh @ paleozoickyeh
stratiformnich lozisek (II), Z. Pouba ed., Praha, UGV PFKU, pp, 72—89.

CAMBEL, B. — KAMENICKY, L., 1982: Geochémia metamorfovanych bazickych
liornin tatroveporidov centralnyeh Zapadnych Karpat. Vydavatelstvo VEDA, SAV,
Bratislava, 514 pp.

CAMBEL, B. — KHUN, M., 1983: Geochemical characteristic of black shales [rom
the ore-bearing complex of strata of the Malé Karpaty Mts. Geol. Zbor. Geol.
carpath. (Bratislava), 34, 3. pp. 257—382.

CAMBEL, B. — SPISIAK, J., 1979: Geochemistry of rare earths in metabasites
of the West Carpathians. Geol. Zbor. Geol. carpath. (Bratislava), 30, 4, pp. 413—431.

CULLERS. R. L. — YEH, L. — CHAUDHURI. S. — GUIDOTTI, Ch. V., 1974: Rare
earth elements in Silurian pelitic schist from N. W. Maine. Geochim. cosmochim.
Acta. (London). 38, pp. 389—400.

CULLERS, R. L. — CHAUDHURI, S. — ARNOLD, B. — LEE. M. — WOLTF, C.
W. Jr.. 1975: Rare earth distributions in clay minerals and in the clay-sized
fraction of the Lower Permian Havensville and Eskridge shales of Kansas and
Oklahoma. Geochim. cosmochim. Acta (London), 39, pp. 1691—1703.

CULLERS, R. L. — CHAUDHURI, S. — KILBANE, N. — KOCH. R. J., 1979: The
rare-earth contents in different size fractions and whole rocks from Pennsyl-
vanian and Permian platform sediments from mideontinent o the U.S.A. Geochim.
cosmochim. Acta (London), 43, pp. 1285—1307.

CADKOVA, Z., 1981. To the method of geochemical characterization of rock in
regional investigation. Geol. Zbor. Geol. carpath. (Bratislava), 32, 3, pp. 365—374.

ITASKIN, L. A, — GEHL. M. A. 1962: The rare-earth distribution in sediments.
J. geophys. Res. (Richmond. Va.), 67, 6. pp. 2537—2541.

HASKIN, L. A. — HASKIN. M. A. — FREY. F. A. — WILDEMAN, T. R.. 1968:
Relative and absolute terrestrial abundances of the Rare Earths. In: Origin and
distribution of the elements. Int. Ser. Monographs Earth Sci., 30, L. A. Ahrens
cd.. Oxford — New York. Pergamon Press. pp. 880—912.

CHAB, J. — BOUSKA., V. — JELINEK. E. — PACESOVA., M. — POVONDRA. P.,
1982: Petrology and geochemisiry of the Ppper Proterozoic Fe-Mn deposit Chva-
letice (Bohemia, Czechoslovakia). Shor. geol. Veéd, lozisk. Geol.. 23, pp. 9—68.

KHUN, M., 1983: Geochemicky vyskum ¢iernych bridlic krystalinika Malyeh Karpat.
Manuskript. Kat. geochémie a mineralogie PFUK, Bratislava, 177 pp.

LENNAN, Mc. S. M. — FRYER, B. J. — YOUNG, G. M., 1979: Rare earth elements
in Huronian (Lower Proterozoic) sedimentary rocks. Composition and evolution
ol the post-Kenoran upper crust. Geochim. cosmochim. Acta (London), 42, pp.
375—388.

MITROPOULOS, P., 1982: REE palterns of the metasedimentary rocks of the
Land’s End granite aureole (southwest England). Chem. Geol. (Amsterdam), 33,
3—4, pp. 265—280.

NANCE. W. B. — TAYLOR, S. R., 1976: Rare earth element pattern and ecrustal
evolution. 1. Australian post-Archean sedimentary rocks. Geochim. cosmochim.
Acta (London), 40, pp. 1539—1551.

PIPER, D. Z. 1974: Rare earth elements in the sedimentary cycle: a summary.
Chem. Geol. (Amsterdam). 14, pp. 285—304.

PIPER, D. Z. — GRAEF, P., 1974: Gold and rare-earth elements in sediments from
the East Pacific Rise. Mar. Geol. (Amsterdam), 17, pp. 287—297.



16 CAMBEL — KHUN

SCHONFIELD, A. — HASKIN, L. A, 1964: Rare-earth distribution patterns in
eight terrestrial materials. Geochim. cosmochim. Acta (London), 28, 4, pp. 437—
—446.

TAYLOR, S. R., 1965: Abundance of chemical elements in the continental crust:
Amended basaltic rare earth patterns. Geochim. cosmochim. Acta (London), 29,
pp. 145—146.

WILDEMAN, T. R. — HASKIN, L. A., 1973: Rare earths in Precambrian sediments.
Geochim. cosmochim. Acta (London), 37, pp. 419—438.

F

BAJIALLOB, 10, A.— POHOB, A. b. — MUTIICOB, A. A. — TYPAHCKASL, H. B., 1964
Buysitie KJAHMATHUeCKHX B (aliajbHbX YCA0BHI Ha pa3jiedieHie p. €. . B OCAAOUHOM
npouecce. [eoxumust, 10, pp. 976-—989.

EPILUOB, B. M, 1961: PeakoseMeabHeie 370eMCHNTBL B YIIAX KuseaoBckoro KaMeHHo-
yroabhoro Gaccefina. Teoxumus, 3, pp. 274—281.

POHOB, A. B. — BAJIALIOB, 0. A, — MUTOMCOB, A. A., 1967: Teoxumis peixo-
SeMEABHBIX 3jeMenTon B ocagounom upkie, Ceoxumud, 1, pp. 3—18.

POHOB. A. B. — BAJIAILIOB, 10. A. — I'MPHH, 10. Tl. — BPATHIIKO, P. X. — KA-
3AKOB, T. A., 1972: 3aK0HOMEPHOCTH DACHPEACAEHHST PLAKOIEME/LHBIX 3JIEMEHTOB B 0Cd-
A0uHOl oGosouke H B 3eMHOIl Kope. Teoxmmus, 12, pp. 1483—1514.

Review by J. CADEK Manuscript received August 13, 1984



