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MICROELEMENTS Au, As, Sh, U, Th, W, Ta, Zr, Hf AND Sc IN THE
WEST CARPATHIAN METABASITES

(Figs. 2, Tab. 9)

Abstract: In the presented work are summarized the results of
geochemical studies of some metallic micreelements [Au, As, Sb,
U, Th, W, Ta, Zr, Hf, Sc) in metabasites from different mountains
of the West Carpathians (Malé Karpaty, Inovec, Tribe&, Mala Ma-
gura, Mala Fatra, the Low Tatras, the High Tatras, SpiSsko-gemer-
ské rudchorie, Veporide core Mts.)

Peswme: B npusexennoil pafoTe NOAMTOMREHBI DPE3YAbTATE TEOXHMMYEC-
KOTO H3YUEHII HEKOTOPHIX MeTALmuecKix Murposnementor (Au, As, Sb,
U, Th, W, Ta, Zr, Hf, Sc) B merafasirax #3 pasHiix TOPHHX MACCHBOL
Banagueix Kapnar (Manete Kapnatet, Muosew, Tpufed, Manas Marypa.
Maaas Parpa, Hnsewe Tarput, Betcokwre Tarpu, Cnuuicro-reMepckoe pyio-
ropbe, BelOpHIHOe KpHcTamanuuxyM). B rabnnuax npusogates apudMerH-
HEeCrHEe M TeOMEeTPHMeCKHE CPeIdHMC COOCPMRAHNN OTHENbBHLIX MIIKPOAJICMEHTOR,
yCTﬂ-TID“.'lC!'Eﬂ JHauNTenbHOE COrnacHe KU;'IE[)?KHH“!-.[ b[!ll{')UB."[UMCHTDH H3 0OT-
ACIOBHBIX TOPHLIX MacCCHBOn 1 ﬂUTOPle onpeaeanan HTO v HL‘KOTO[)[:I.‘( adie-
MEHTOB B mpolecce MeTadopdosa MPOHCXOUNT TOBTOPHOS DACIHDPCACNCHHE HX
cozepsrannit (U, Au, Sb, As).

AHanuasl NOPOM OCYINECTBHJIM METOMOM HEYTPOHOBOI AKTIBALMM I ABTOPSI
}'CTHHOBIII{I[ HTO HACTh aHaAHTHHECKHUN PeayjabTATOB, NOJYHCHHBIX ITHM Me-
TOAOM KaykyTea OuiTh nepespimeHusiMy (W) 1t v wacti, B cpasHenun ¢ co-
e pPia M TIPH'EIG,IIH.MDE M B AHTEpATYpE, CoaepMHaHnt MOHIKEHHBIE
(Ta).

Arithmetical and geometrical means of the contents of the individual mi-
croelements are given in the tables. A considerable agreement of microele-
ment contents from the individual mountains was established and the au-
thors have found that in some elements, in the process of metamorphosis,
redistribution of their contents takes place (U, Au, Sh, As].

The rock analyses were carried out by the method of neutron activation
and the authors have established that one part of analytical results, re-
ceived by this method seems to be exceeded (W] and one part has their
contents reduced in comparison with contents, given in literature [Ta].
There are elements which, in our contry, were analyzed very rarely in basic
rocks and it can be said that our data are ones of the first kind and it is why
the results cannot be compared. As there are among the published elements
also those of great economic and metallogenous importance, their geoche-
mical and Clark evaluation is of extraordinary importance. For example, in
the area of the Malé Karpaty Mts., but also in the other mountain ranges, there
occur deposils or at least indications of pyrite ores [(pyrite formations) in
the zone of metabasites accompanied also by other metals as for instance
antimon, arsenic, gold, etc. It is why the determination of contents of the
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mentioned elements in metabasites forms also part of our research program.
It may help to explain the genesis of mineralization, as well as to point to
the possible primary ore resources which is a serious metallogeneous prob-
lem.

Tables of original content values of metallic elements in the West Car-
pathian metabasites are given in Tables 1/a, b, ¢, d, e] and in Table 2. These
tables are set up according to regional criteria. Analyses refer to the same
samples. Their documentation is given in the paper by Cambel — Mar-
tiny — SpiSiak (1979) dealing with the alcaline microelements. Rare —
earths in identical samples were evaluated by the authors in a special paper
by Cambel — Spisiak (1979). Table 2 contains arithmetic and geo-
metric mean contents of elements according to individual mountain ranges.
There are given also other statistical data, the original tables (1 and 2) set
up by the authors comprise also the contents of scandium and copper. The
Sc values are given because the same samples were analyzed on scandium
spectrochemically and by means of neutron activation. The comparison of
data we considered as important from the methodical view point, but also
from the geochemical one, because the scandium is a significant element
enabling the determination mainly of thermic conditions of the occurrence
of minerals. The copper clarks in metabasites of tatroveporides are given for
comparison with the other metalic elements. Examples of contents of
studied elements taken from the literature enable to compare the values in
analogous rocks abroad. They are Tables 3 to 8.

From the values of contents of elements we set up the histogram in Fig.
1/a, b}, in which the analyses of samples from individual mountain ranges
have a particular hatch, and thus it is possible from the regional view point
to follow the content distribution of elements in the histogram intervals.
The below the limit values of contents of elements are indicated by oblique
hatch in the histogram. By using the method of neutron activation the
detectability limit for individual elements is the following (in g/t): As =
0.01; As = 1.5; Sbh = 0.25; U =0.5; Th = 0.1; W = 1.5 and Ta = 0.02.

Gold

Gold belongs to are metals; their contents vary in meteoric materials, but
they are very small. S&erbakov — PereZogin(1964) (in Polanski—
Smulikowski, 1969, Tab. 153]) give the following gold values in g/t: ultra-
basic rocks 0.0094 (n=27), basic rocks 0.0087 [(n=62), intermediatry 0.004
(n=22], acid 0.0042 [n=55]. From minerals the richest in gold is magnetite
(0.048 g/t), medium contents have pyroxene, olivine and quartz, i.e. from 0.011
to 0.016 g/t. Further data with gold content are given in Tab. 3 and 4.

Data of gold contents in sulphides fluctuate considerably, because the mo-
nomineral fractions currently taken for the analysis were not thoroughly sepa-
rated and controled for their purity. According to sulphide analysis results
for gold its values range between thousandths to tenths of g/t Au in sepa-
rated minerals. A heavy part of pyrite ores of the sedimentary pyrite forma-
tion from the area of Malé Karpaly Mts. amounts to 0.001 to 0.1 g/t of gold.

The gold geochemistry is not sulficiently investigated. Increased Au con-
lents are in metallic meteorites as compared with other types of meteorites.
The occurrence of gold in terrestrial rocks and minerals is more ore less
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accidental and relates to limited places, in parts of crystals of varied type.
In sulphides it can easily increase from the basic level of 5 mg/t to 80 mg/t.
Vincent and Crocket (1960 — in Taylor, 1965), assume the presence
of CuAu alloy in sulphides, but Ag may be also the alloy element. Iron sulphi-
des contain always more gold and less silver than sulphides rich in copper
(S¢erbina, 1956, in Taylor, 1965), gold is currently connected with Te,
Bi and Sb. Gold forms usually the fillings between the big ions of the lattice.

Recently, mainly in the USSR, a great number of rock analyses for gold
content has been carried out. It was made possible mainly by the neutron
activation. Gold contents in rocks are small and sometimes they are given also
in mg/t. A table of content results of Au in core and mantle rocks was set up
by Lutz (1975). On the basis of his work it has been shown that mantle
xenolites of grenat periditites have low contents of gold in average 4.9 mg/t
(00049 g/t) and eclogites 4.7 mg/t. There is deduced Au content in the
mantle from 0.7 to 9.2 mg/t (average 4.9 mg/t), in chondrites the Au con-
tent is higher 170 mg/t [0.170 g/t] which corresponds with the presence of
sulphide in chondrodites.

From Tabhle 4 set up according to Lut z’ Table (1875) it follows that the
gold content in ultrabasic and basic rocks is similar to ultrabasites of the
dunite—harzburgite formations and alpine-type ultrabasites. Thus the question
arose, whether the mantle is not the primary bearer of ore and supplier of
depotits, Numerous determinations of gold in mantle rocks have shown that
various types of rocks of the mantle have monotonous and low contents of
gold. Neither kimberlites or-basalts contain more of it, which occur by melting
mantle rocks. According to this approach it must be assumed that silicate
melting is not gold enriched. Increased gold contents in crust rocks are not
therefore of the primary mantle origin, but are conditioned by post-magnetic
or metamorphous processes and by a younger sulphidization. It results also
from the inequality of enrichment of crust rocks in gold. Neither the depth of
magma occurrence (kimberlites,. continental tholeiites and alcaline—olivine
basalts], which have approximately similar contents of gold, do testify to
the movement of gold in the melting process. Analyses of original mine-
rals for gold content are also monotonous — and therefore we cannot speak
of any minerals, ‘concentrates of gold. It aplies also to secondary magnetites,
pyrites and to other sulphidic minerals in rocks.

From the gold content histograms it can be seen that almost half of our
data determined by means of neutron activation are below the limit (less than
0.01 g/t), in which the Little Carpathian metabasites have a high part. On
the other hand again 3 samples in the mountain range have values in tenths
of g/t of Au which, with regard to what precedes, is to be considered as an
anomalous content and as an addational rocks enrichment in gold. What

Tables of original values of contents of element of metabasites of the West Car-
pathians divided according to regional aspects.

Explanations Average values with a + [(cross) signity the calculations of averages
with neglecting anomalous numbers in columes indicated also by a + cross. What
regards scandium the numbers in the numerator are determined by neutron activation
and in the denominator spectrochemically. Values are given in g/t. Tab. la, b, ¢, d, e.
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Table 3

Th u Zr HI Nb Ta Mo W As Sh Au
Chondrites | 0.03 | 0.01 35 0.2 05| 0.04) 1.5 014 2 01 |01
Crust 10 2.7 165 3 20 2 1.5 1.5 1.8 0.2 | 0.004
Ultrabazic 0.003| 0.001| 50 0.5 15 1 0.3 0.5 1 0.1 | 0.005
Basalt 2.2 0.6 150 2 20 0.5 1 1 2 0.2 | 0.004
Syenite 10 3 500 | 10 40 4 3 10 1 - 0.004
Granodio-
rite 10 3 140 2 20 2 1 2 2 0.2 | 0.004
Granite 17 4.8 180 4 20 3.5 2 2 1.5 0.2 | 0.004
Shale 12 & 160 3 20 2 3 2 15 1 0.004
Greywacke |10 3 140 2 20 2 — 2 2 0.2 | 0.004
Limestone 2 2 20 0.5 — — 1% 0.5 2.5 — -
Quartzite 2 0.5 250 5 — — - - 1 — 0.005
Soil — - - — - — 2 — |1—580| — -

Abundances of Th, U, Zr, Hf, Nb, Ta, Mo, W, As, Sb, Au Data in ppm
Contents of microelements in various geological materials and rocks were set up
from three tables of Taylor ([1965—Tab. 15, 21, 22)

regards samples from the gemerides and the Inovec and Tribe¢ Mts. [I,T,S,M])
it is similar. Samples from the other mountain ranges have more frequently
contents in limits between 0.01 and 0.05 g/t. In the table of average values
of contents of Au [Tab. 2) for more directive, what regards gold, it is ne-
cessary to consider the geometric means rather than the arithmetic ones, be-
cause the latter are more influenced by anomalous secondary enrichment of
rocks in gold which occurs frequently in the West Carpathian metamorphites.
Then it is possible to state that gold contents in metabasites of individual
mounatin ranges range within the average from 0.012 to 0.03 g/t of Au. The
real Au content value, however, can be lower, because the calculations com-
prised the below-limit contents (<001 g/t] as values of 0.01 g/t which need
not correspond to the reality, because they may be lower values. Therefore
based on similar calculation of averages the results may be exceeded, mainly
when we compare them with the data in the foreign literature. It can be
seen mainly when comparing gold contents in tholeiites (see Tab. 4.). Gold
contents in metabasites of the tatroveporides approach more likely values
which are characteristic for the alcaline olivine tholeiites (or basalts). As
against the data in Tab. 3 the gold content values in metabasites of the West
Carpathians are also exceeded.

Fig. 1la, Content histograms of metallic elements in metabasites of the West Car-

pathians. Analyses are divided by hatching according to individual mountain ranges.

Columns hatched in obligue represent analyses, having contents of elements which

are below limit of their analytical determinability. The limit values are written above

the columns of the histogram. The same values were used as real numbers in the
calculation of statistical characteristics.
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Table 4
. A Alkali- .
Oceanic Continental ki Potassium . -

Member tholeiite | tholeiite l‘ﬁ;}’l};‘l‘; basalt | Kimberlite
Ti 8100 10900 17900 4700 11500
Zr 90 130 285 175 310
Hf 2 2 35 — —
Nb — 5.4 61.0 39.7 98.4
Ta e 0.5 5.0 3.6 6.4
Ti/Zr a0 80 62 27 37
Nb/Ta — 12 12 11 17
Th 0.18 0.4 4.61 40.0 21.3
U 0.10 0.2 1.14 6.0 1.9
Th/U 1.8 2.0 4.0 6.6 11.0
K/U 1.4 %19 4.2x10° 1.0%10° 1.0%10¢ 0.6 X10% |
Au (mg/t) 0.00077 0.004 0.1 0.0063 0.0042 !

Table of contents of Ti, Zr, Hf, Nb, Ta, Th, U, Au elements in various basaltic rocks
according to Lutz (1975 — Tab. 56, p. 124—126).

Antimon and arsenic

The geochemistry of antimon is not thoroughly investigated, because it is
an element with small contents in geological materials and there are diffi-
culties to determine this element analytically. Our results were obtained by
neutron activation in the laboratories of uranium industry.

The most detailed study on the antimon and arsenic contents was presen-
ted by Onishi and Sandell (1955). See Tab. 5. According to these
authors the Sb content in chondrites is approximately 0.1 g/t and in the
metallic phase of meteorites 0.5 g/t. The antimon content in rocks does not
substantially change in magmatic rocks not even dependently on the SiO,
content. The ultrabasites have 0.1 g/t and granites 0.24 g/t of Sh. Most fre-
quent Sb contents in the upper crust rocks are between 0.1 to 0.2 g/t and
the Sb/As ratio is 0.1. From the sediments the richest in arsenic and antimon
are the iron ores, phosphates and bauxites, as well as dark shales. The Sh
contents in sediments are higher and range within 0.1 and 4 g/t.

The antimon is considerably enriched in the weathering products above
the rocks and attains the value of 2.3 to 9.5 g/t (Ward and Laskin, 1954].
Boyle (1965) determined in the weathering products of rocks not influenced
by mineralization 1 to 3 g/t of Sb and 16 g/t of arsenic. The Sb/As ratio gives
the value of 0.1.

The magmatic rocks in general have contents from 0.1 to 0.9 g/t. Onishi
— Sandell (1955) give the following averages of As for magmatic rocks
(in g/t):
siliceous rocks rhyolites — felsites (16 an) 3.5 - 0.5 glasses. (12 an) 5.9 +
0 9; granitic rocks (63 an) 1.4; granitic rocks (50 an) 1.7 == 0.3; intermediary
rocks (36 an) 2.4 - 0.4; basalts and diabases (40 an) 1.9 -+ 0.3; basic flows
— Michigan (12 an) 2.4; gabros (31 an] 1.4 = 2; peridotites and dunites [19
an) 1.0 -~ 0.2; serpentinites (10 an) 2.8.

Data on As and Sb contents are in Tab. 3 and 5.
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Table 5

Name Sh As Sh/As
basalts and diabases, mainly
North America
n =11 03
basalts and diabases, mainly
USA
n==a 0.9 2.6 0.4
basalts and diabases, Minesota and
Wiscomsin,
n=>5 0.1 1.0 ~0.1
basalts, Michigan
n = 12 0.1 0.8 ~0.1
basalts, Michigan
n=28 0.1 1.6 <01
olivinic basalts, Oregon USA
n=7y5 0.1 0.8 ~0.1
basalts and diabases, Japan
n=>35 1.4 2.0 0.7
gabbros, USA and Canada
n =4 0.2 21 ~0.1
gabbros, Minesota
n=25a 0.1 0.9 0.1
ultrabasites, USA and Canada |
n =13 0.1 |
ullrabasites, USA
n =4 0.2 0.9 ~0.1

Table of Sbh and As contents in basic rocks (in ppm) according to Onishihi-San-
dell (1955 — Tah. 2, p. 217),

A considerable number of data on polymetallic elements (inclusively Au,
As, Sh) in rocks was presented in his monographic work by Boyle (1965,
Tab. 4, p. 239). The mentioned author presents the following comparison of Sb
and As contents in residual soils above the underlying green basic rocks:

number of

As g/t Sh g/t analyses
Sonils above the basic rocks 24 2.2 8
Parent green rocks 6 1 27
Residual soils above dark shales 18 3.0 60
Parent dark rocks with organic matter 12 2.4 15
Soils above granodiorites and granites 462 10.5 4
Granodiorites, graniles 125 <1 2

Bange-Raossler et al. (1978) followed on the basis of analyses carried
oul by means of neutron activation how does the metamorphosis affect the
contenls of some clements, among which also the Au, As, Sh. Ta, U, Th con-
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tents in clayey-siliceous metamorphous derivates. They found out that maxi-
mum content under the lowest metamorphosed conditions is attained by Au,
Ce, HI; the maximum in the higher metamorphosed derivates (phyllites, gneis-
ses to granulites) is attained by the W an Mo elements and Rb, Ba, Sc, Th,
TRV. grouped to them Ni, Co attain maximum contents under low metamor-
phosed conditions (clays, claystones), but also under highly metamorphosed
conditions (phyllites, mica schists]). Ta, I' and N maintain a stable concen-
tration in the whole metamorphosed profile.

To the evaluation of antimon and arsenic contents in the metabasites of the
tatroveporides we can say the following: Sb contents according to histograms,
but also according to geometric means (Tab. 2) correspond with the data in
the literature. The arithmetic means of all the 66 analyzed samples is 1.33 and
the geometric means 0.979 g/t of Sb. This difference is caused mainly by some
anomalous values of the Sb content which occurred probably as a result of
an additional enrichment during the metamorphosis or during other disposed
processes. Increased antimon. contents can be brought about only partially
as a result of using the 0.2 g/t Sb value during the calculations, instead of
the below limit contents 0.2 g/t Sb. Similar samples amount to ten from all
the West Carpathian mountain ranges.

Arsenic in metabasites has a less uniform distribution of contents than an-
timont. That is why it presents a great difference between the arithmetic and
geometric means. Probably the polymetamorphosis connected with the sulphi-
dization a mainly pyritization of metabasites causes this considerable unequal
and anomalous distribution of arsenic. It can also be seen from the fact that
the arithmetic means from the analyses of all samples is 15.4 g/t and the
geometric one is 5.7 g/t. For the basalts the clark of arsenic should be about
2 g/t. Samples above the half of anomalous enrichment in arsenic. It comes
from the area of the Malé Karpaty Mts. where metallogeneously appears the
hydrothermal antimon mineralization enriched in arsenic. The Malé Karpaty
Mts. have therefore in metabasites the highest average content of As, [A. P.
= 28 and G. P. = 9], but also the content of Sb, [A.P. is 1.74 and G.P. is
1.163 g/t). Near to these values are solely the Sh and As contents from
the metabasites of the SpiSsko-gemerské metalliferous Mts. (sze Tab. 2). It is
the same also in the case of uranium.

Antimon and arsenic do not always emerge in metabasites of the West Car-
pathians in direct mutual relationship and only part of the samples has si-
multaneously an increment of contents of both elements. They are frequently
the only increases of one of them.

Uranium and Thorium

The uranivm and thorium contents in the fundamental types of rocks in
g/t can be seen in Tab. 6 and 7.

The Th** — O bond is stronger than in the U+* — 0O, and therefore the
crystallizing differentiation decreases the Th/U ratio, obviously it is mainly
in the residual solutions of pegmatites. In the zonality of zircons this ratio
is higher in the medium zones of crystals.

The Tu/U average ratio for the earth crust is 3.5. Uranium and thorium
in the mantle and crust rocks was studied by Lutz (1975 — Tab. 38, p. 91).
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Table 6
z AR
Rock Th U | Th/U |K(%)| 10%K/U Literature
Tatsumoto, Hedge,
Oceanic tholeiite 018 | 0.10 | 1.8 [).1414 1.4 Engel, 1965
Alkali-olivinic Tatsumoto, Hedge,
basalt 461 1.14 40 |1.24 1.08 Engel, 1965
Alkali-olivinic Green, Morgen, Heier,
basalt 6.26 | 1.94 3.2 |L.76 0.90 1968
Tholeiite, Tatsumoto, Nicolajsen,
Japan 0.43 | 0.24 1.8 |— - 1969
Tholeiite, Tatsumoto, Nicolajsen,
Japan 071| 028 | 24 |— - 1969
Tholeiite, | Tatsumoto, Nicolajsen,
Japan | 0.88) 029 | 3.0 |— - 1969
| Tatsumoto, Nicolajsen,
Tholeiite, Japan | 178 | 0.64 2285 = — 1969
Continental Tatsumoto, Hedge,
tholeiite 0.40 | 0.20 | 20 D5 2.5 Engel, 1965
I Zolotarov, Kraviéenko,
Traps 1.6 | 0.85 } 1.8 052 06 | Sokolov, 1873
| I . Tichonenkova, Osokin,
Potassium basalt 1.8 | 26 70 — — ‘ Necajeva, 1971
| Osokin, Lebedev-
Potassium basalt 58 9.2 63 — — Zinovjev, 1973
| | Osokin, Lebedev-
Potassium basalt 54 6.4 84 |— = | Zinovjev, 1973
Andesile 2.2 0.69 3.2 !IL33 19 ‘ Taylor, 1968

Average contents of thorium and uranium in bassalts. Table taken from Lutz [1975 —
p. 91, tab. 36).

Tabh. 6 contains the values of both elements in various basic magmatic rocks.
Further details of this kind are also in Tab. 4.

From the given tables it results that uranium and thorium cannot be consi-
dered as coherent elements, because their contents are dependent from the
alcalinity of rocks. The Th/U ratio in increasing the content of alkalis displa-
ces to the side of the more basic thorium. The smallest Th/U ratio is in the
ocean basalts (1.8) and the Th/U ratio in potash basalts is 6 to 8. The con-
tinental basalls what regards the Th/U ratios stand between these types
of rocks. In kimberlites the Th/U ratio is 11. Kimberlites in the USSR amount
to Th 21.3 g/t and U 1.9 g/t. Similarly the change of K and U ratio takes
place jointly and linearly. For basalts the K/U ratio is stabilized (about
1.5710%), According to Lutz [1975) the investigations of U and Th elements
gave the following conclusions:

Uranium and thorium are incoherent elements, the mantle rocks have chon-
dritic Th/U ratio, in magmatic rocks the Th/U ratio increases dependently
on the content ol alkalis in the rock (& more alkaline thorium increases].
The Th/U ratio of the granulile basite stratum of the crust is analogous to
tholeiites and andesite series, The granite-gneiss stratum of the continental
crust has higher contents of  radioactive elements and a higher Th/U ratio.
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Table 7

u : K Na

Rocks n.104 Th Th/U | SiO2 % %

gabbros, gabbro-amphibolites 1, 6 ‘ 5.4 54.3 1.5 3.7

basaltic porphyrites 0.7 4 5.7 48.8 0.9 2.8

gabbro-diabases and diabases 1.0 5 50 | 49.2 1.6 29

gabbro, gabbro-diorites 0.6 3 5.0 46.5 i 0.7 2.4

diorites, guartz diorites 1.3 | 6 | 45 58.2 | 14 3.2

basalts 06 | 3 5.0 495 | 0.7 2.3

gabbro-diabases, diabases 0.8 . 4 ~ 50 - | = -
| i | | |

Average contents of radioactive elements and of other elements in basaltic rocks of
the magmatic formation of the Southern Ural Magnitogorsk area. Author V. F., Rich-
ter (1975 — p. 121).

Enrichment of the crust rocks in U and Th elements takes place according
to Lutz (1975) by means of acid leaching of rocks, solutions and fluids
which are activized in metamorphous processes. Rocks of amphibolite meta-
morphous facies have a Th/U ratio higher than 4 (in average 7.3), meanwhile
that of the rocks of granulite facies is smaller than 4.

U and Th contents in metabasites of the tatroveporides were determined
under the conditions of relatively low sensitivity in using neutron activation,
that is why mainly in uranium it is found under the detection limit (less than
0.5 g/t) 25 samples. 13 samples are in the limits from 0.8 to 2 g/t and § sam-
ples have high contents between 2.4 to 2.8 g/t. The arithmetic means of all
determinations of uranium is 1.48 and the geometric means is 0.918 g/t. These
data correspond to the contents of uranium for basaltoid rocks. It is remar-
kable that the greatest quantities of uranium have metabasites of the Malé
Karpaty Mts. and of the SpiSsko-gemerské metalliferous Mts. (MK = 2.39;
SGR=2.225). For the Malé Karpaty Mts. remarkable is further on also the
fact that they have very low contents of thorium, because, apart from 2 sam-
ples, all values have a thorium content below the limit, i.e. less than 0.1 g/t.
of Th. The arithmetic means is 0.3 g/t, the geometric means is 0.19 g/t of Th.
It is to be reminded that in all metabasites of the tatroveporides [apart
from 1. T. S. M.] the quantity of uranium is higher than that of thorium,
which is not a current phenomenon. In the major part of mountain ranges
these differences are not great. The arithmetic means of uranium contents in
66 analyses are 1.487 and of thorium 1.147 g/t. The geometric means for
U=0.918 and for Th=0.415 g/t. The decrease of uranium content can be
explained by the fact that in periplutonic contact metamorphosis which is
widespread in the area of the West Carpathians, an important increase of ura-
nium into metabasites took place from the surrounding environment. As
a whole, however, the detected values of uranium and thorium correspond to
the contents published in literature. Based on the above said it is necessary
to taste that metamorphous recrystallizaion of basaltoid rocks into amphibo-
lites led to the discruption of the Th/U raio which is characteristic for the
basaltoid rocks (see Tab. 7). Our thorium and uranium ratios attain the
value of about 0.9, which is an anomaly in rocks of this type as compared
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with the data of literature. A better clarification of this anomaly has not been
made and it is to be admitted again the possibility of an incorrect analytical
exceeded determination of uranium in rocks. However, this can be attained
only by the verification of the correctness of the analytical data.

Wolfram

Wolfram is a typical lithophilous element, a volatile component of granite
magma enriched in water, boron, fluorine and chlorine and other minerali-
zers and emanations. Differently from molybdenum wolfram does not form
sulphides. Basic rocks contain more W than granites which is attributed
to the presence of sulphides. It has been proved by the fact that almost 10 to
09 % of W content can be extracted by means of HCl (Rabinovié, 1958,
in Taylor, 1965). In geochemistry it is used for the interpretations of Mo/W
ratio. Wolframite and scheelite are the main sources of minerals in which
wolfram accumulates.,

In the area of the Malé Karpaty Mts. it has been found that scheelites accu-
mulate dependently on the basic submarine volcanism in productive ore-
bearing zones which together with the occurrence of antimonite makes pos-
sible to consider in the sense of Maucher's works this type of mineralization
as syngenetical sedimentary, connected with the submarine basic volcanism.
The investigation works in course, however, do not confirm this opinion.

Our results of determining the woliram contents in metabasites of the
tatroveporides are exceeded as against the datd in literature. It is probable
that the neutron activation causes such excess of wolfram, or other methods
determine it in a low measure. Nonuniform wolfram contents in rocks of
the same kind may be caused also by the fact that the bearers of wolfram
are the accessories which cause difficulties in homogenizing the powder
samples of rock. A certain increase could be caused also by mechanical treat-
ment of samples (use of mills with wolfram steel). Lundegardh’s data corres-
pond with the level of wolfram contents determined by us. Smith and
Curtis (1972, p. 1214 The Encyclopedia of Geochemistry) give the following
table of wolfram contents in rocks:

gabbros and norites, Hevesy and Hobbie [1933) 24 g/t
basic rocks central Roslagen, Sweden Lundegardh [1946) 10 g/t
siliceous and intermediary magmatic rocks Sandell [1946) 1.5 glt
granites Schwarzwald, Germany, Hevesy and Hobbie (1933) 83 g/t
acid rocks, central Roslagen, Sweden Lundegardh (1946) 7 gft
W, basalt standard, Taylor [1965) 0.3 — 0.4 g/t

The wolfram contents in metabasites of the West Carpathians give contra-
dictory results (see Tab. 1). 13 samples have contents below the limit [less
than 1.5 g/t of W], 5 are wilhin the range of 3—7 g/t and 24 samples have
contents between 8 — 30 g/t. The arithmetic means of all values gives 10.8
and the geometric one 7.09 g/t. The smallest wolfram content have amphi-
bolites of the Malé Karpaly Mis. A.P—7.9 and G.P.=5.1, The biggest wolfram
content has the MIF. NT, VT group, where AP.=13.7 and G.P.=3.4 g/t. Com-=
paring with the diabase standard sample (W,] which, according to Tavlor,
has contents 0.3—0.46 (data obtained by means of neutron activation] we
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see that wolfram contents in the metabasites of the West Carpathians are too
high. A rational explanation of the above mentioned fact is difficult, because
the analyses of samples from one mountain range present a considerable
dispersion of values. Probably only control analyses could be a starting point
for further considerations. However, it is necessary to note that in literature
we often find data when carrying out geochemical investigations of basic
rocks, which are on the level with our results, contents cited for basic rocks
are, for ex., 10 g/t, but also low contents which stand below the limit of de-
termination.

According to Beuge and Réssler et al. (1978) wolfram accumulates
in higher metamorphites. This fact could acount for the increased W in
metabasites as against nonmetamorphosed rocks.

Tantalum and Niobium

Tantalum is an element which is quadrivalent in nature and forms a com-
plex ion. Tantalum emerges in association with niobium in tantalite, colum-
bite and other minerals. It is frequently accompanied by titanium, yttrium
and lanthanides. The average tantalium content in magmatic rocks sccording
to Rankama and Sahama is 2.1 g/t, in ultrabasic rocks 1 g/t, in gabbros 1.1 g/t,
in diorite 0.7 g/t, in granites 4.2 g/t and in basic alkaline rocks 1.2 g/t. The
tantalium is most spread in the upper lithosphere. Further information con-
cerning its content in rocks give Tab. 3 and 4. Minerals containing tantalum
accumulate in the last stages of the crystallization differentiation, and there-
fore its highest concentration is in pegmatites. It is one of those elements
which are little mobile in the metamorphosis of rocks [compatible element].
This property can be confirmed also on the example of metabasites of the
tatroveporides in which the Ta representation is uniform and has stable
contents. It is a relatively stable element even in rock weathering. Tantalum
enters the sediments as a component of cassiterite, tantalite, columbite and
rutil. It passes also into clays, bauxite and other hydromica sediments.

Lutz (1975 — Tab. 44, p. 102) gives also the Nb and Ta contents in ultra-
basic and basic rocks of the USSR. The average content values are given in
Tab. 4. Lutz makes several interesting conclusions on the basis of investiga-
tion of Nb and Ta contents in the mantle and crust rocks.

Ultrabasics and eclogites of the mantle have a low (chondrite] Nb/Ta ratio.
Garnet peridotites and pyrope eclogites contain somewhat higher Nb and
Ta contents than spinel peridotites. Compared with the mantle substratum in
hasalts and kimberlites both, the Nb and Ta content and the Nb/Ta rela-
lionship increas, because the easy fusible niobium increases. Acid rocks
nave low Nb and Ta content. The major part of crust rocks (the granito-gneis-
=ic zonel has the Nb/Ta ratin about 10 and rocks from granulite facies (the
granulito-basite zone) about 12.

Lutz has the opinion that in the process of selective melting the easy
fusible niobium accumulates more as against the tantalum. These elements
are not leached by solutions and fluids and therefore they are not evidently
mobilized into the crust rocks.

Unfortunately the analyses of niobium could not be carried out by means
of neutron activation and the X-ray analysis, through the means of which
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Table &
Mountain ranges Zr HI Zr/HI Literature
|
chondrite 33 1.3 43 Mason, 1965
ovceanic basalt 100 2.0 50 Brett, 1971
average basalt 110 2 55 Taylor, 1968
andesite 110 2.3 48 Tavlor, 1968
oceanic basalt 87 21 41 Brooks, 1970
tholeiite 190 3.3 57 Brooks, 1970
alkaline hasalt 176 2.9 61 Brooks, 1970
nepheline basalt 235 3.5 67 Brooks, 1970
trachyte 1515 17.3 45 Brooks, 1970
two-pyroxene granulite 132 2.8 47 Brooks, 1970
gneiss-granulite facies 20:500 3.5 _23-66 Curie, 1968
158 45

.‘iha](? 1680 2.8 57 Wedepohl, 1968
granile 180 4 47 Taylor, 1968

Zr and HI contents in magmatic and metamorphous rocks according to Lutz (1975
— Tab, 43, p. 100].

this element could be determined was not used. That is why we have at the
disposal only the tantalum contents from this couple of elements petrogene-
tically important. From the histograms (Fig. 1b) we can see the small disper-
sion of this element [between 0.02 to 0.1 g/t), meanwhile 21 samples have
contents below the limit less than 0.02 g/t. Most of contents below the limit
have metabasites of the Malé Karpaty Mts. (8 from 10 cases). The tantalum
arithmetic means in metabasites of the Malé Karpaty Mts. amounts to 0028 g/t,
which is the lowest value in comparison with the samples from other moun-
tain ranges. The whole content arithmetic means in all analyzed samples is
0.044 and the geometric one is 0.033. This small difference between the two
averages indicates the content homogeneity of tantalum in metabasites of the
West Carpathians. Comparing tantalum contents with the data in literature,
we find 10-fold and more multifold decrease of contents in samples ana-
lyzed by us. It is hard to explain this contradiction. Similar low contents
ol tantalum should have only chondrites [0.04 g/t] see Tah. 3. According to
the mentioned Tab. the basalts should have 05 g/t and our Ta average contenis
is 0.04 g/t. It appears that this difference should be rather attributed to the
analytical method than to the specificity of metabasites of the Western Car-
pathians. The decrease cannot be explained even by the Ta migration in the
metamorphous conditions, as it is a compaltible element,

Geochemistry of Hafnium (HI)

The HI content in the earth’s crust is estimated to 3 to 4.5 g/t. To the Zr/HI
ratio is devoled the special work of Brooks (1970) in which the author states
that the Ze/Hre ralio in most magmatic rocks of the crust, resp. in rock-forming
minerals, ranges aboul the value of 37. The Hawaiian lavas have this ratio
increased, because they include also highly differentiated rocks [alkaline).
Most of these data are given in Tab, 8.
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A rough recapitulation of the Zr/Hf ratio in rock groups siudied by Brooks
(1970) is following: the Zr /Hf ratio of the Skaergaards imagma is a bout 36,
similarly that of the alkaline intrusions of the Eastern Greenland. The average
of basic rocks of Scotland from Garabal Hill—Glen—Fyne is 37 and granites
from the Skye island (Scotland) give an average of 38. The average of the
Zr/Hf averages of the Hawaiian lavas is about 57 and the total average of

g.t. zr
3504

150

50 g

1 2 3 L 5 6 7 8 Hf

Fig. 2. Zr-Hf correlation graph-according to contents of these elements in metabasites
of the tatroveporides.

values of all the values of 47 samples of rocks and minerals is 44. Ehmann
et al. (1978) states that the Zr/Hf ratio fluctuates from 38 to 42. The tholeiitic
magma does not change this ration in differentiation, similarly the regional
metamorphosis either. The olivine basalts from the St. Helena island have
a Zr/Hf ratio of 47. This ratio changes in differentiation into phonolite to
60. The Moon samples indicate a change in reduction conditions of their
formation, the Zr/Hf ratio for anorthosites is 21 and for basalts 46, the zircon
content of chondrites is 4 g/t with the Zr/Hf ratio between 34 — 66. Lutz
[1975]) dealt also with the Zr/Hf ratio, as well as with the content of ele-
ments in basic and ultrabasic rocks. A table of contents of these elements
in the fundamental mantle and crust rocks is taken from his work [Tab. 6).
Lutz points to the fact that rocks with a high content of Zr do not manifest
an adequate increase of Hf content. This law was detected by Curie (1968
in Lutz 1975) in metabasites of the granulite facies, from the Ontario area.
Increasing of the Ti/Zr and Zr/Hf ratio value in alkaline basalts, kimberlites
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Table 9

Average contents Zr and Hf and the ratio Zr/Hf according to individual mountain-
ranges and their chains of West Carpathians

Mountain ranges Zr HI Zr[Hf
MIK 117,4 2.62 43.64
1,T,5,M 250 4.52 55.30
MF, NT, VT 165.1 1 3.64 45.35
VEP 103.5 2.83 36.57
SGR 152 4.7 32.34
TATRIDES 168.28 3.4 49.37
TATRIDES+ VEP 147.3 3.2 45.73
TATRIDES+ VEF + SGR 150.9 | 3.4 44,83

Zr and HI primary contents and the Zr/Hf ratio according to individual mountain
ranges of the tatroveporides of the West Carpathians.

and metamorphites, according to Lutz, bear proof to the fact that Ti, Hf and
Zr cannot be included into the group of coherent elements.

The fundamental conditions of U, Th, Ti, Zr, Hf, Nb, Ta elements are taken
from Lutz table (1975, Tab 58, p. 136) and inform additionally about the
changes of contents of given elements in fundamental magmatic rocks of
basalt character [see Tab. 4 in this part].

According to Tab., 1 and 2. and according to histograms (Fig. 1 a, b] it
can be stated that hafnium contents in metabasites of the tatroveporides range
between 1—4 g/t. The arithmetic means of all samples is 3.37 and the geo-
metric is 3.05. These data correspond to those of literature, for ex. in Tab. 4
the hafnium content in alkaline olivine tholeiites is 3.5 g/t. The hafnium con-
tents are approximately similar in samples from all the mountain ranges,
even when the metabasites of the Male Karpaty Mts. and of the SpiSsko-ge-
merské metalliferous Mts. have the lowest arithmetic and geometric means
of the hafnium contents. (MK = 2.62; SGR = 1.78 g/t). From Tab. 1 and 2,
Fig. 2 we can see the positive correlation between Zr and Hf. Due to this
relationship we gave also the contents of zircon in tables. From this results
also why metabasites of the SpiSsko-gemerské metalliferous Mts. and of
the Malé Karpaty Mts.,, having small contents of Zr, have the smallest Hf
contents. Tab. 8 give the Zr, Hf content and the Zr/Hf ratio in individual .
groups and average contents.

Scandium

The authors gave in Tab. la the values of scandium obtained by neutron
activation (the number in the numerator, resp. Sc—1) and the values obtained
by spectral analysis (the number in the denominator, resp. Sc—2). The com-
parison of results has shown that in determining scandium by neutron acti-
vation, according to G6 analyses, gives higher contents than the spectroche-
mical analysis:

neutron aclivation: AP. = 46.44 G.P. = 45.63
spectrochemical analysis: A.P. 35.63 G.P. 33.13

I
I
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Conclusion

The investigations have clarified that metabasites from various mountain
ranges of the West Carpathian area have very similar contents of metallic
elements studied by us. The areas of the Malé Karpaty Mts. and of the Spis-
sko-gemerské metalliferous Mts are the most similar what regards the repre-
sentation of contents of these elements. They have increased contents of Au,
Sh, As, U and Th. The areas of Inovec and Tribe¢ mountain ranges, what
regards the contents stand in the transition to the remaining two mountain
ranges [VEP, MF, VT, NT). A simultaneous increase and a content relationship
of association of elements Au, Sh, As, U and Th can be observed in several
samples, which may be a proof of metallogeneous activity and migration
of the mentioned elements in the rock environment in metamorphous and
other loaded (hydrothermal] processes.

In general we can say that the basic rocks of the West Carpathians are
the bearers of numerous metals and that they can form conditions suitable
for their accumulation, or be the source in material mobilization of utility
elements. Loaded metamorphous and metallogeneous processes (mainly hydro-
thermal) can then mobilize ore components from the said metamorphites
into deposit accumulations. The metamorphosis of basic rocks, against
primary rocks, causes migration and local nonuniformity of distribution of
some elements in basic metamorphites studied by us, causes their decrease
(Uranium], or their nonuniform increase of Au, Sb. As. The tantalum remains
uniformly dispersed and maintains on the level of primary distribution, diffe-
rently from the wolfram which has a variable content representation, pri-
marily low, or strongly exceeded.

However, we have the opinion that U, W. Ta elements in this work have
not a quite reliable analytical determination. That of tantalum decreased, and
of wolfram and uranium increased, a witness to it may be the low Th/U
ratio. However, it must be admitted that there is the possibility of anomalous
uranium increase against the thorium in polymetamorphous processes to which
the metabasites were submitted.

Translated by E. Bleho
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