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(Figs. 4, Tabs. 6)

Abstract: In the paper the authors evaluale isotopic analyses ol
45 galena samples from various deposits and finding-places of the West
Carpathian region. Isotopic analyses of lead have been carried out with
precision 0.15",, (2 s limit). The data interpretation and model age cal-
culations are based on Stacey — Kramers (1975 model, Interpre-
tation of resulls is not simple as far as a complex structure ol the West
Carpathians is concerned: the mountains undervent two orogenic processes
(Variscan and Alpine) at least. Neogene metallogeny of subvoleanic cha-
racter is also very expressive here. Granite plutonism appeared as a pos-
sible source of plutonogenic metallogeny in both the orogenies (Variscan
and Alpine).

Interpretation of model ages on the basis of Pb-isotopes in galenas
from the Tatro-Veporide region implies, in majority ol cases, relalion
to Variscan metallogenetic processes; in the Gemerides, on the other hand,
to the processes of hydrothermal metallogeny of Alpine age (Neoidic).
Besides this, some syngenetic ore mineralizations in the Gelnica Group
in the Spissko-gemerske rudohorie Mts. (Smolnik region) bear lead
proving the Lower Palaeozoic model age (400—600 Ma.) on the basis of
isotopic analysis.

In spite of the fact that isotopic composition of galenas from the
Neogene deposits shows only very slight differences, it provides valuable
materials for solving mutual genetic relations of various types of ore
mineralizations in the area of the Central Slovakian neovolcanites.

Some anomalies of isotopic composition give a lowered model age and
they have to be explained by the presence of radiogenic lead (so-called *J"
anomaly, which appears in the region of the Malé Karpaty Mis., in
Tatro-Veporides and in some localities of the Spissko-gemerské rudoho-
rie Mis,). Another type of anomaly — the so-called “B” anomaly occurs
in Tatro-Veporides but in Gemerides too, in this case the model age ol
lead is higher than the age of ore mineralization, c¢f. Nizna Slana in the
Spissko-gemerske rudohorie Mis, and deposit Trangoska in the Nizke
Tatry Mis.

Pesome: ABTORL B CTATLEe OUCHHBAIOT H0TORMLIC avajnsul 45 ofpasuon
PAJCHITOR M3 Pa3HBIX MCCTONANOMIACIH it MecTonaxox/ il pailona 3anai-
ny Kapnar, Hsotonuwe anaanss csiina Obmn caeann ¢ todnocrnio 0,15 9
lﬂ 0 JUMHT). I[Ii|'-'_'!.Pll|!l"l'.".'.]:!'| AaHHLIX H BBIMHCICHNS MOJACTLHOrO li(}:i|1ill"l'2l
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ociopanbl Ha moaean Creiicn — Kpemepea (1975). Hurepuperawns pe-
AYALTATOR HE NPOCTa YTO KACAETCH CAOAHOBO cTpocHis 3anaansx Kapnar, ko-
TOPBIC NPETEPIEAH MUHIMAALHO B2 OPOTCHHBIX fpolecca (BapHciiickuit i alb-
nuiicknil), Ouentb sipka 3/1eChb M OHEOTeHHast MeTalJI0rcHns cyOBYIKaHHUECKOro
xapaktepa. [pavuTHLIl IIVTOHHEM NPOABIICH KaK BO3IMOMHBIT HCTOMHIE V-
TOHOPCHHON MeTa10reHIH B 000OHX oporeHesncax (BapHCuniicKoM 1 agdbiiii-
CKOM).

lIII'['L'[)I]|]L"['E!11|-I5| MOJCJABHLIX  BOZPACTOR Ha OCHOBC H30TONOB CBHHIEA B Td-
JdeHuTax B Pillllﬂ”l? TATPOBCHOPHILOB  NOKa3bBIBaeT, n OONBLTHHCTRE Cayvachn,
CBA3L ¢ BAPHCIHIICKUMH MCTAIOTCHETHUCCKIMH NPOILECCaMil B FeMepitlax, ¢ apy-
rofi CTOPOHLL, © [poeccaMiy CHAPOTCPMAILHON METAMIOrCHI  0aLnHiICKOTo
BO3pacTa {H(‘()[I,‘E]II:‘I('). KD(JML‘ TOrO, HCKOTOPBIC CHHTCHCTHUCCKHe OpyACcHeins
poreannikoili cepit B CHLCKO-reMepekos pyioropee (okpeetnocts ¢ Cymoi-
|[|||\'_] COJICPALAT CRITHCLL ﬂl').?ITHU]]H\'.’li]IOLlllII“I. Ha OCHOBC HIOTONOB HHMHEDa  e-
ozoiickiil Moaeaptntii sozpact (400--600 man. aer).

HeemoTpst na To, U4TO H3OTONHBHL COCTAB TAJCHHTOB 13 MCCTOPOZKACHHIT TIe0-
FEHHOTO BO3PACTA NOKa3biBaeT JHIIL OYCHL MaJble Pa3ZHHILL, OH NpeloCTaBp.
HEeHHBIe MATCPHAJILL LT PelleHHs B3aHMEBIN TCHCTHHCCKHX OTHOUICIIT paznnx
THNOB Opy/JeHeHHil B pafioHe CPEAHCCI0BAILKHY HCORYIKAHHTOB.

“L‘I\'OTO]JML‘ AHOMAJHN H3OTONHOrO COCTABA RalOT HOHIKCHNLIT MOACALHLI
BOIPACT 1 HX HEOOXOANMO OOBSICHHTL HAJIMIEM pajnoreninoro conna (T. 1
Gt anosmanun, kotopast npospasercst B pailone Manwx Kapnmat B TaTtpo-
BEMOPHAAX W Ha HeKOTOpLIX MecTax CrnillcKo-reMepckoro pyiaoropba, Cae-
YU T anoMadamn, T . B anomanns BeTpeuaeTen B TaTpPoOBenopiaax,
HO M B FeMCPHAAX, KOPAa MOJEIbHBIT BO3PACT CBHHIA BLIIC 4eM  BO3pacT
opyrenetys, nanp, ¢. Hisna Caana s CHiICKo-reMepekosM pyloropbe, Mecro-
pomaenue Tpanrowwka s Huzknx Tartpax.

Introduction

The isotopic composition of lead is one of the most important characteristics
of lead from which conclusions on the genesis of ore deposits can be drawn.
The interpretation of isotopic composition of lead, however, is not always une-
quivocal, but many cases are known from the literature when problems of the
source of lead in ores, association of mineralization with magmatism and some
other problems of ore geology, petrology and metallogeny could have been
resolved on this basis. Of a number of important papers we refer at least to the
studies of CernySev — Pavlov, 1980; Delevaux — Doe, 1972;
Koppel—Schroll 1979:Sato—Sasaki, 1973

Thanks to new experimental techniques is mass-spectrometry, in 1970", the
precision of data on the Pb isotopic composition greatly increased, making
0.1—0.15 "o by contrast with 0.5 %/ attained in 1960°. Such a refinement of data
was needed with respect to the fact that the differences in the values of Pb
isotopic ratios — *Pb/*iPb, “"Pb/"Pb and “WPb/*Pb vary within a range
of several tenths of one per cent to several per cents in very extensive ore
districts, ore fields and even in single deposits. Only this higher precision of
analytlical data permitied to proceed from the study of general problems to the
solution of more detailed problems concerning individual deposits or ore districts.
On this more perfect basis new interpretation models were developed some
vears ago, which describe the evolution of the isotopic composition of ter-
restrial lead in more detail and precision (Stacey — Kramers, 1975
Doe — Zartman, 1979).

The circumstances mentioned above also influenced the approach of the
authors to the study of the isotopic composition of ore lead in the West Car-
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pathians in Slovakia. On a relatively small territory ore mineralizations occur
there in different metallogenetic epochs, especially in the Variscan and Alpine
tectono-magmatic cycles. Syngenetic ore mineralizations in the Spissko-gemer-
ské rudohorie Mis. sometimes with galena and sphalerite contents (areas of
Smolnik, Mnisek, etc.) were formed during the Cambro-Silurian sedimentation
and their development was completed by metamorphic and geological events
that affected the crystalline Gemerides (Gelnica Group). Subvolecanic deposits
associated with Neogene volcanism show a particular character. Ore deposits
and occurrences in limestones and other carbonates of both Palaeozoic and Me-
sozoic age are of questionable age and their sources of Pb are likewise uncertain.

Geological, tectonic and geochemical conditions of the location of Pb-Zn
mineralization, composition of wall rocks and mineral parageneses with galena
are very different. Therefore, it was interesting to study the variation of isotopic
composition of lead within relatively small areas. Correlation of the isotopic
characteristic of lead with the genetic type of mineralization also enabled the
isotopic data to be used for recognition of the origin and source of metals
on the West Carpathian ore deposits.

In the course of investigations carried out on the basis of bipartite coope-
ration plan of the institutes of the Soviet (IGEM) and Czechoslovak Academies
(Geological Institute of the Slovak Academy of Sciences (SAV)) a number of
new mineralizations and indications discovered in the last 10—15 years have
been examined in the Slovakian part of the West Carpathians and some isotopic
studies have been conducted on the known deposits. The Czechoslovak workers
of the Geological Institute SAV (Cambel) and of the Faculty of Sciences,
Komensky University in Bratislava (Kodéra) provided samples of wvarious
mineralization types from the Slovak West Carpathians. The Soviet collaborators
(IGEM AN U.S.S.R, Moscow — Cernyé$ev) applied their experience gained
in the study of Pb isotopes in ores by means of methods that give results of
a high precision corresponding to the present world standard.

In the first stage of investigation, whose results are recorded in this paper,
only the isotopic composition of lead in galenas has been studied. Analyses
were made of 45 samples from ca. 20 deposits and ore occurrences, including
those studied before by Kantor and Rybar (1962, 1964). (For location
of these deposits see Fig. 1.). Considering the method available in 1960. the
authors managed to establish many characteristic features and trends of the
development of Pb isotopes in galenas of the West Carpathians, in spite of
a lowered possibility of accurate determination of isotope contents. Their study
is to be regarded as an extraordinarily important and pioneer work for the
West Carpathian regions. Kantor—Rybar (1964) used for their conclusions
the model ages determined by isochron method of Holmes—Houter-
mans.

A brief description of regions with galena occurrences

In the West Carpathians mineralization with galena occurs in three geological
regions of particular metallogenic characters: in the erystalline complex of the
Tatro-Veporides. in the Spissko-gemerské rudohorie Mts., and in the areas of
Neogene volcanics. Accordingly, we have divided the galena samples into three
basic groups (1—3). Several indications in Palaeozoic and Mesozoic limestones
and dolomites exploited in the past have been classed in a special group 4.
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1. Galena-bearing minerelization in the Tatro-Veporides

In the Core mountains and Veporides (Tatro-Veporides) hydrothermal Pb-Zn
deposits and occurrences ol vein type are known from both crystalline schists
(migmatite, gneiss, phyllite) and granitoids. The only relatively large deposit
is situated near the village Jasenie in the Nizke Tatry Mts., where ore veins
with galena occur mainly in gneiss and migmatite. The remaining minerali-
zations in the Nizke Tatry Mts. (where it is often associated with Sb-minerali-
zation), other Core mountains (Malé Karpaty Mts., Mala Magura and Suchy
Mts.) and the Veporides are only meaningless ore indications.

A characteristic feature of the West Carpathians is the predominance of
Variscan granitoid plutonism and progressive metamorphism of sedimentary
rocks, associated with it. This opinion is based on a number of geological and
geochronological data.® In the opinion of some authors, the crystalline complexes
of the West Carpathians are made up to a major extent of rocks originated
during several Precambrian orogenic cycles. Such hypotheses have recently
been published by J. Kamenicky—L Kamenicky (1983). However.
not even this most recent publication has brought convincing evidence (geolo-
gical, palaeontological or geochronological) for the existence of Lower, Middle
and Upper Proterozoic cycles, although the presence of such rock complexes
cannot be ruled out.

Hydrothermal plutonic vein mineralization in the Tatro-Veporides displays
diverse genetic marks. The age., whether Variscan or Alpine, of some occurren-
ces is the subject of discussion. A direct association of the Variscan or Alpine
age of mineralization with the age of grunite plutonism is presumed, i. e. of the
intrusions of various acid granitoid differentiates. The era of Variscan mag-
matism might have lasted from the Middle or Late Devonian until the end
of the Permian (porphyry magmatism), with hydrothermal aftermaths in the
Early Triassic. This can be demonstrated with the deposit at TrangosSka (Nizke
Tatry Mts.), where a barite vein occurs at the boundary between the Lower
Triassic and underlying migmatites, penetrating partly into the Lower Triassic
quartzite. The model age of galena from this mineralization is 320 Ma, as yielded
by both our and Kantor—Rybar's measurements (1964). An alternative
explanation is that we are concerned here with ore deposits of Variscan age
that were displaced in post-Triassic time. This theory is supported by the fact
that some mineralizations occur in the Alpine mylonite zones, viz. in the dislo-
cation zones of granitoids.

Another disputable and still unresolved problem is the origin of ore compo-
nents in hydrothermal solutions. A more or less direct source of these substances
may be Variscan or Alpine granitoid plutonism and energy at depth, which
activated the fluids and water as a constituent part of the rock. The passage
of hydrothermal solutions through the sedimentary series obviously will cause
changes in the isotopic composition of lead. It will be influenced by the envi-
ronment, the lithology of metamorphosed rocks and by isotopes of lead which
is dispersed in rocks or occurs in synsedimentary ore accumulations.

* Kantor, 1959: Cambel et al, 1982;: Cambel — Vilinovicova, 1981;
Dunej—3Siegl, 1984.
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2. Galena-bearing mineralization in the Spissko-gemerské rudohorie Mits.

The Spissko-gemerské rudohorie Mts. is built up of Palaeozoic and Mesozoic
complexes of the Gemeride tectonic unit. The Gelnica Group of Cambro-Silu-
rian age appears to be the oldest unit. The Rakovec Group is younger, probably
Devonian. Both of them were metamorphosed several times, mostly to green-
schist facies and locally up to the amphibolite facies, and often diaphthorized.
Carboniferous, Permian and Triassic sediments represent younger systems.
Small bodies of Gemeride granites are late Variscan and Alpine (Jurassic-
-Cretaceous) in age.

Hydrothermal mineralization comprises mainly veins of siderite-sulphidic
and antimonite formations, metasomatic deposits of siderite and magnesite
and the Sn-W formation. Additionally, there are numerous sedimentary-exha-
lative and sedimentary deposits and occurrences of different age as, for example,
pyrite and polymetallic ores in the Gelnica Group, uranium mineralization in the
Permian or hematite mineralization in Permian evaporites. Owing to this, the
chronological interpretation based on the Pb isotopes ratio is difficult, as
although the lead is present in small amounts in most of the mineralizations
mentioned above, its genetic association with them is not always demonstirable.

The samples of galena from the Spissko-gemerské rudohorie area have been
divided into two subgroups: 2.1 with galena from the vein deposits of the side-
rite-sulphidic formation, and 2.2 with galenas from synsedimentary deposits of
the Gelnica Group. Galena occurrences in carbonate rocks constitute a separate
group 4.

The opinions on the age of hydrothermal mineralization, presumably directly
or indirectly associated with the Gemeride granites, differed (Variscan. Alpine,
endogenous or tectono-metamorphosed, regenerated). After the radiometric
age of the Gemeride granite had been determined by Kantor (1957, 1959,
1960), the mineralization was dated as Alpine by most authors. According to
recent age measurements, however, part of the Gemeride granites is thought
to be late Variscan and part Alpine, Jurassic-Cretaceous (Kantor—Rybar,
1979; Kovach et al, 1979), which has complicated, naturally. the dating of
hydrothermal mineralization. Some authors admit Variscan mineralization for
at least a part of deposits, even if ore mineralization partly occurs in Permian
and exceptionally Triassic complexes or developed after Alpine tectonic processes
and overthrusts. In may be accepted that the formation of such younger ore
accumulations is due to Alpine rejuvenation and displacement of Variscan or
earlier primary mineralization, or to the remobilization of elements from the
most varied Palaeozoic rocks of the Gemerides and disseminated ores in them.
Mineralization of this Palaeozoic syngenetic type occurs e. g. in the areas of
Smolnik, Mnisek and Bystry Potok. These views of remobilization have already
been expressed by Ilavsky (1962, 1979). Nowadays, it is believed that the
mineralization in the Spigsko-gemerské rudohorie Mts. was most probably asso-
ciated with endogenous processes connected with younger Neoidic (Alpine)
magmatism. It has not yet been clarified how great was the importance of the
Alpine tectonometamorphic hydrothermal remobilization of elements for me-
tallogenesis.
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3. Mineralization with galena in neovolcanics of Central Slovakia

The third area with occurrences of polymetallic and other mineralization
types with galena is the region of Central Slovakian neovolcanics. The most
important, at present exploited. are the deposits of polymetallic (Pb-Zn-Cu-Ag)
ores in the Stiavnica — Hodrusa ore district (Bohmer — Stohl, 1968; K o-
déra, 1960, 1963, 1969). The Zlata Bana polymetallic ores in the Slanské vrchy
Mts. in eastern Slovakia are recently second in importance. Galena from the
Tisovec deposit (sample 32). genetically associated with neovolcanics is also
placed in this group.

The mineralization types of the Stiavnica — HodruSa ore district can be
divided into two subgroups, arranged chronologically from the oldest to the
youngest (with great probability):

3.1. Mineralization genetically associated with the Hodru$a intrusive complex
(lower Badenian), including three types:

— magnetite skarns in Triassic limestones and dolomites, genetically asso-
ciated with the Hodrusa granodiorite, with predominant magnetite ores and
superimposed impregnated polymetallic mineralization (galena, sphalerite, chal-
copyrite, pyrite); Vyhne-Kloko¢ deposit (sample 43):

— porphyry-copper mineralization with predominant chalcopyrite and pyrite
and a small amount of galena and sphalerite located chiefly in skarns. This
type of ores is connected genetically with dykes of granodiorite porphyry
(Burian — Smolka, 1982); Zlatno deposit near Banska Hodrusa (samples
44, 45);

— polymetallic impregnated-stockwork, and metasomatic mineralization de-
veloped mainly in granodiorite. It very likely predates the dacite dykes and
has been discovered by mining works in the Rozalia Mine between the Rozdlia
and Bakaly veins (samples 40, 41 — vein type. samples 37, 42 — metasomalic
type).

3.2. Post-dacite (upper Badenian?) subvolcanic vein and metasomatic ores
with two types:

— polymetallic (Pb-Zn-Cu-Ag) Stiavnica type accompanied with metasomatic
mineralization. developed on the Banska Stiavnica deposit and in the eastern
part of the Banska Hodrusa deposit (Rozalia and Bakaly veins). Mineralization
developed in six phases, the non-metallic (quartz) periods having alternate with
polymetallic ones (samples 11, 33—36). Metasomatic ores (sample 38) were
associated with the 4th period:

— silver-bearing quartz-carbonate veins of the Hodrusa type with a low
polymetallic mineralization — represented by veins in the central and western
parts of the Banska Hodrusa deposit. Mineralization is also of pulsation cha-
racter: an alternation of nine, quartz and carbonate, periods has been recognized
(sample 39).

The opinions on the age and genetic associations of the individual types in
the wider area of the Stiavnica—Hodrusa ore district differ. The main subject
of discussion is the age of the Hodrusa intrusive complex (regarded either as
equivalent to Cretaceous banatites or as a depth equivalent of neovolcanics) and
of skarn mineralization associated with it. Problematic are also interrelation-
ships between individual types and their ages: Fe-skarns, porphyry-copper ores
of Zlatno type vs. impregnated stockwork mineralization in granodiorite; im-
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pregnated stockwork mineralization vs. polymetallic vein and metasomatic
Stiavnica types: and the Stiavnica vs. Hodrusa mineralization types. The results
obtained by isotopic study of galena lead have contributed to the solution of
these problems.

4. Mineralization with galena in carbonate rocks

Galenas from numerous small occurrences and minor accumulations occurring
most frequently in Triassic (Ardovo, Poniky — sample 15. Pohorelska Masa —
sample 30 and others) and Carboniferous carbonate rocks, (Ochtind — sample 8)
or in magnesite bodies (Burda deposit — samples 1, 18, 26) have been placed in
the separate group 4. The authors do not agree about the genesis and age
of this polymetallic mineralization. It was considered to be epigenetic, syngene-
tic. regenerated, and was dated as Triassic up to Neogene. However, the isotopic
composition of Pb from these occurrences is very similar and suggests their
association with Neogene volcanism.

The results obtained and method of isotopic analysis

The results of isotopic analyses of 45 galena samples are listed in Tables 1—4.
Analyses were made in the Institute of geology, petrography. mineralogy and
geochemistry of ore deposits, Academy of Sciences USSR in Moscow. The
analytical method is given below. The samples were provided by the authors,
and part of them was abtained through the kindness of co-workers of the
Faculty of Sciences, Charles University, D. Stir Geological Survey., museums
and other institutions. The model ages derived from isotopic ratios are pre-
sented in Fig. 2. Where possible, our results were compared with those of K a n-
tor — Rybar (1964) and of Kantor (1962); the isochron graph of Hol-
mes — Houtermans (Fig. 4) is added because these authors used it for
interpretation of some galena samples from the West Carpathians (Holmes,
1946, 1947; Houtermans, 1947, 1953).

Measurements were made using a Soviet mass spectrometer MI-1320 (Ce -
nySev et al, 1983 a) and the technique of silicate-gel activator for ionization
of lead. The methods used in mass spectrometry and for chemical preparation
of samples have been described in detail by Cernysev et al, 1983 b. The
values of Pb/?Pb, " Pb/2"Pb and **Pb/?Pb ratios are given in Tables 1—4;
they have been standardized according to the standard sample of the USA
National Bureau of standards SRM—981 (Catanzaro et al, 1966). The total
effect of mass discrimination for applied instrument and analytical method.
corrected after SRM—981 standard was 0.08 /s per mass unit. The resulting
maximal error in the results does not exceed 0.15 %» which, expressed in units
of isotopic ratios, is about 0.022 for *"Pb/*"Pb and *"Pb/*Pb, and 0.060 for
the *"Pb/*"Pb ratios.

The two-stage model of Stacey—Kramers (1975) for the evolution
ol isotopic composition of lead has been accepted. which brings well into accor-
dance the most authoritative constants and parameters of isotopes. Let us
inspect the evolution diagrams of “Pb/*Pb — "Pb/*"Pb and *"Pb/*'Pb —
“=Ph/™Pb ratios, in which the results are plotted (Fig. 2).
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Table 1
Group 1. Deposits and ore accumulations in Tatroveporide crystalline complex

Sam-

51-3 Locality WiPp/MPh W Ph/MPb  WPh/*Pb
No.

25 MK Below Baba, lower adit 18.706 15.687 38,728
31 MK Below Baba. upper adit 18.713 15.695 38.769
12 MK Casta. lower adit. dumps 18.505 15.673 38.559
13 MK Casta, lower adit 18.587 15.673 38.611
14 MK Pezinok. Sb-deposit, bore

hole KV-29 18.384 15.646 38.452

24 SMM Cavoj, Gapel. Mandel adit 18.471 15.674 38.562
28 NT  Trangoska 18.368 15.664 38.582
46 NT  Deposit Jasenie. Soviansko hill 18.342 15.642 38.502
47 NT  Deposit Jasenie, Soviansko hill 18.348 15.641 38.542
50 NT  Cu-deposit. Spania Dolina 18.626 15.686 38.620
27 VEP Ostra hill near Hnusfa 18.525 15.636 38.692

16 VEP Rochovce. Dubina valley 18.562 15.627 38.586

Explanatory notes: MK — Malé Karpaty Mits; SMM — Suchy and Mala Magura
Mts.; NT — Nizke Tatry Mts.: VEP — Veporides.

Localization of samples: No. 25 — below Baba hill, dumps of lower adit. Quartz
veins with pyrite, sphalerite, galena., arsenopyrite and Sb-sulphosalts in the Lower
Palaeozoic gneisses; No 31 — below Baba hill, dumps of upper adit. Analogous to
sample No 25, barite present in veinstone too; No. 12 — village Casta, dumps of
lower adit, on Prudky vriok hill. Quartz-carbonate vein with sulphides in schists
of the Harmonia Group with disseminated galena, sphalerite, chalcopyrite and pyrite;
No. 13 — village Casta, lower adit. Analogous to sample No. 12, Sb-sulphosalts —
jamesonite and bournonite are represented in veinstone loo; No. 14 — Sh-deposit
Pezinok, bore hole KV—29, 97.2m. Fine-grained galena on fissure in biotitic Pa-
laeozoic phyllites: No. 24 — Gapel hill near the village Cavoj, Mandel adit. Quartz
veins with carbonates with disseminated galena and sphalerite in gneisses of Pa-
laeozoic age, partly in the Variscan granitoids; No. 28 — near former hotel Tran-
goska, at the road between the hotels Tale — Srdiec¢ko. Quartz-barite veins galena.
sphalerite and Sh-sulphosalts, chalcopyrite, pyrite ete. developed on the contact of
Palaeozoic migmatites with Werfenian and Lower Triassic quarlzites; Nos. 46. 47 —
deposit Jasenie, Soviansko hill. Quartz veins with calcite, barite. galena. sphalerite
and Sb-sulphosalts in migmatites and gneisses: No. 50 — village Spania Dolina.
Chalcopyrite-tetrahedrite ore mineralization in the crystalline rocks (migmaltites)
and in overlying clastogene Permian (crystalline complex of the so-called Starohorske
okno); No. 27 — Ostra hill near village Hnusfa. Galena-carbonale veinlel with anke-
rite in the Palaeozoic biotitic phyllites; No. 16 — village Rochovce, Dubina valley.
Fine-grained galena with sulphides (chalcopyrite. pyrite, sphalerite) in quartz vein
formed in the Upper Palaeozoic melamorphites.

The "MPb/*Pb changes within the whole series of the analysed samples
approximately from 17.9 to 19.0, i. e. by about 6. The change of *7"Pb/Ph
ratio ranges from 15.62 to 15.72 (0.6 "/s), so that the distribution of points in the
lower graph is along the horizontal axis rather dense. (It should be noted
that the scale of *""Pb/*""Pb ratios is intentionally “expanded® to make the va-
riation of this ratio graphically more conspicuous.) On account of the scale of
the axis of this graph (it differs 5.5 times) the experimental points form a field
immediately adjoining the top part of the average evolution curve (u = **U/
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Table 2
Group 2. Deposits and ore accumulations in the rocks of the Spissko-gemerske
rudohorie Mts.

2.1 Vein ore mineralization of siderite-sulphidic formation

Sam-

ple Locality WippiPh  WPH/MPL  MSPbh/MPb
No.

22 Betliar 18.837 15.676 38.993

3 Nizna Slana 18.229 15.641 38.342

6 Slovinky, Dorotea adit 19,031 15.702 39.449

21 Slovinky 19.018 15.712 39.415

4 Poproé¢. Sb-deposit 18.568 15.698 38.887

48 Rakos 18.364 15.633 38.463

49 Rakos 18.345 15.651 38.492

2.2 Sulphidic syngenetic ore mineralization in the rocks of the Gelnica Group (in
schists, phyllites. metabasites)

10 Mnisek n. Hnilcom, Jaloviéi vrch
hill 17.996 15.646 38.188
7 Helemanovee, bore hole HP-1 18.004 15.664 38.244
2 Smolnik 17.993 15.666 38.137
17 Smolnik 17.951 15.634 38.130
20 Smolnik 18.070 15.633 38.251
Localization of samples: No. 3 — village Betliar. Sulphidic-carbonate vein with

small galena crystals (to 1 mm) in Palaeozoic schists (Gelnica Group): No. 6 — village
Nizna Slana. Fine-grained galena aggregates in quartz vein intersecting the siderite
and ankerite ore mineralization formed by metasomatism in the rocks of the Gelnica
Group; No 21 — village Slovinky. Siderite-sulphidic deposit, Dorotea adit. 26th ho-
rizon. Quartz-carbonate veins with large galena crystals (to 1em) and with tetra-
hedrite; No. 4 — village Slovinky. Large (to 1 cm) galena monocrystal from sulphidic
ore mineralization with traces of tectonic deformation in the rocks ot the Gelnica
Group; No. 22 — Sb-deposit Poproé. Agnesa adit. Quartz vein with fine-grained
sulphides, especially galena. which form a fine dispersion and chambers in the vein.
Deposit is situated near intrusion of Gemeride granites: Nos. 48, 49 — village Rakos.
Sulphidic polymetallic ore mineralization (pyrite, chalcopyrite, galena. cinnabar) in
the Palaeozoic schists near the contact of Gemerides and Veporides; No. 10 — Hutna
dolina valley, Jalovi¢i vreh hill near the village Mnisek nad Hnilcom. Galena from
quartz-carbonale vein intersecting stratiform pyrite ore mineralization in metabasites
dynamically and hydrothermally altered; No. 7 — village Helemanovce, bore hole
HP-1. Galena from polymetallic syngenetic (?) ore mineralization in the Gelnica
Group:; Nos. 2. 17, 20 — village Smolnik. Pyrite ore mineralization in chloritic phyllites
of the Gelnica Group. No. 2. Large galena crystal from the vein intersecting pyrite
ore mineralization. No. 17. Galena from quartz vein with carbonates and sulphides
(galena and sphalerite) intersecting pyrite ore mineralization. No. 20. Galena from
the fissures in chloritic schists filled up with carbonates with a small amount of py-
rite and galena.

[2iPh = 9.74), The uppermost points correspond roughly to the evolution curve
with parameter 10.1 (this line is not shown in the graph). The ore lead of the
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Table 3
Group 3. Ore mineralization in the area ol Central Slovakian neovolcanites

3.1 Ore mineralization connected with the Hodrusa intrusive complex (skarns, copper
porphyric ores, stockwork-impregnated ore mineralization in granodiorite)

Sam-
ple Locality WPH/WPh  MPL/MPh  AHPh/MPb
No.
43 Vyhne — Kloko¢, Fe-skarn 18.659 15.642 38.841
44 Zlatno, Cu-porphyric ore
mineralization 18.826 15.668 38.945
45 Zlatno, Cu-porphyric ore
mineralization 18.875 15.682 39.013
40 Banska Hodrusa, Rozalia mine,
stockwork-impregnated ore minera-
lization 18.831 15.657 38.941
41 ditto 18.875 15.658 38.963
42 Banska Hodrusa, Rozalia mine, me-
tasomatic ore mineralization con-
nected with stockwork-impr., ore
mineraliz. 18.825 15.666 38.952
37 ditto as 42 18.888 15.677 39.040

3.2 Vein and metasomatic polymetallic ore mineralization (type Banska Stiavnica) and
vein silver-bearing quartz-carbonate ore mineralization (type Banska Hodrusa)

33 Ban. Stiavnica, Jan vein 18.814 15.699 39.082
34 Ban. Stiavnica, Bieber vein 18.830 15.678 39.011
35 Ban. Stiavnica, Viliam vein 18.831 15.681 39.019
36 Ban. Hodrusa, Rozalia vein 18.856 15.691 39.058
38 Ban. Stiavnica, metasomatic ore mi-

neralization 18.834 15.686 39.040
11 Ban. Stiavnica, vein ore mineraliza-

tion 18.823 15.692 38.999
39 Ban. Hodrusa, Viechsvitych vein 18.829 15.653 38.908
32 Tisovec, Magnetovy vrch hill 18.764 15.666 38.932

Localization of samples: No. 43 — villages Vyhne — Kloko¢. Small galena grains

disseminated together with sphalerite, chalcopyrite, quartz and haematite in garnetic
skarn. Hydrothermal mineralization superposed on magnetite skarn: No. 44 — Zlatno
near Banska Hodrusa. Bore hole, 1012 m. Small galena and sphalerile grains disse-
minated together with a small amount of chalcopyrite in skarn: No. 45 — Zlatno near
Banska Hodrusa. Bore hole, 882.5 m. Analogous to the sample No. 44: No. 40 —
village Banska Hodrusa — Rozalia mine, 10th horizon, stockwork-impregnated, most-
ly galena-sphalerite ore mineralization in granodiorite belween the veins Rozalia and
Bakaly; No. 41 — village Banska Hodrusa — Rozalia mine, 8th horizon. analogous lo

the sample No. 40; No. 42 — village Banska Hodrusa — Rozalia mine, bore hole
K—35, line-grained, mostly galena-sphalerite metasomatic ore mineralization in the
blocks of carbonate-anhydritic sediments in granodiorite; No. 37 — village Banska

Hodruga. Rozalia mine, 8th horizon. Metasomatic galena-sphalerite ore mineralization
in dislocated dolomitized limestones genetically probably connected with stockwork-
-impregnated ore mineralization; No. 33 — Banska Stiavnica. Jan wvein. Michal
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shaft, 12th horizon, lower Pb-%n zone. Quartz-barite vein filling with disseminated
galena and light sphalerite. 6th mineralization period in the veins of the Stiavnica
type: No. 34 — Banska Stiavnica, Bieber vein, Ferdinand adit, upper Pb-Zn zone.
Coarse-grained polymetallic, mostly galena-sphalerite ore mineralization. 4th mine-
ralization period; No. 35 — Banska Stiavnica, Viliam vein. Emil shaft. 3rd horizon,
lower Pb-Zn zone. Coarse-grained. galena-sphalerite ore mineralization with
raised chalcopyrite content, 4th mineralization period; No. 36 — village Banska
Hodruga, Rozalia vein, 4th horizon, copper =zone, [ine-grained galena, sphalezrite
and chalcopyrite disseminated in quartz veinstone. 2nd mineralization period in
the veins of the Stiavnica type; No. 38 — Banska Stiavnica, near Alzbeta shaft.
12th horizon, metasomatic ore mineralization near Bieber vein. Fine-grained. ga-
lena-sphalerite ore mineralization in limestones altered during the process ol me-
tasomatism to dolomite, chlorite and serpentine minerals; No. 11 — Banska Stiavnica,
galena from the vein polymetallic ores; No. 39 — village Banska Hodru$a. Viech-
sviitveh vein. Small galena and sphalerite veins disseminated in quartz-calcite vein-
stone. 5th period ol mineralization in the veins ol the Hodrusa type:; No. 32 — village
Tisovec, Magnetovy vreh hill. Quartz vein with galena in phyllitic schists near skarn
ore mineralization. Ore mineralization is probably connected with neovolcanites (an-
desites).

Table 4

Group 4. Sulphidic ore mineralization in carbonate rocks (including magnesites)

Sam-
ple Locality Wiphp/MipL  WphH/MNiPpL  YMeph/AiPhH
No.
8 Ochtind, deposit Maria Margita 18.879 15.693 38.823
15 Poniky. Pbh-deposit 18.860 15.676 38.830
1 Magnesite deposit Burda 18.882 15.693 38.798
18 Magnesite deposit Burda 18.865 15.674 38.761
26 Magnesite deposit Burda 18.863 15.688 38.824
30 Pohorelska Maga, deposil
Livius Samuel 18.854 15.671 38.786
Localization of samples: No. 8 — village Ochtina, poor stockwork pyrite. sphalerite.
galena ore mineralization in Carboniferous limestones; No. 15 — village Poniky near

Banska Bystrica. Galena [rom fine-grained metasomatic ore mineralization in carbo-
nate rocks of Mesozoic (Triassic ?) age near the Neogene volcanites: Nos. 1, 18, 26 —
magnesile deposit Burda. Galena crystals [rom quartz veins in the magnesite bodies:
No. 30 — village Pohorelska Masa. deposit Livius Samuel. Fine-grained metasomatic
galena ore mineralization in the Triassic limestones.

studied West Carpathian area thus originated before the deposition ol ores
in the rocks, i. e. sources with, on the average. similar U/Pb values. Also the
“model* age caleulated from the *"Pb/*Pb ratio according to formulae of the
Stacey—Kramers model (second stage) may represent an, on the whole,
real genetic characteristic of the ore lead in the area studied.
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FFig., 2. Evolution diagrams of isotopic composition of lead according to Stacey —
Kramers (1975) and resulls of galena analyses [rom deposits and ore indications aof
the West Carpathians. Numbers of samples in diagrams correspond to numbers in
geological scheme and in the table.
Explanations: 1 — galenas from Tatro-Veporides: 2 — ore mineralization in the Spis-
sko-gemerske rudohorie Mts.; 2.1 — ore mineralization ol siderite-sulphidic and anti-
monite ore formation in the Gelnica Group; 2.2 — syngenetic ore mineralization in
the series ol strata of the Gelnica Group; 3 — ore mineralization in the area ol
Central Slovakian neovoleanites: 3.1 — ore mineralization connected with the Hodru-
Sa intrusive complex (skarns, copper porphyric ores, stlockwork-impregnated ore mi-
neralization in granodiorite); 3.2 — vein and metasomaltic polymetallic ore minerali-
zation (lype Banska Stiavnica) and vein silver-bearing ore mineralization (lype
Banska Hodrusa): 4 — sulphidic ore mineralizations in Mesozoic limestones and in
carbonates of “magnesite band"”.



320 CERNYSEV — CAMBEL — KODERA

The “™Pb/*"Pb ratio exhibits other relationships. The experimental points
(upper graph) are localed much higher than the corresponding average curve
of Pb evolution, and the majority of them lie farther to the right of the zero
point of this curve. The measurement values of the “*Pb/*Pb ratio can be
described by an evolution curve which corresponds to a higher than 3.782 value
of the Th/U ratio. Under these conditions the “model” age value derived from
the *™Pb/*"Pb ratio is unreasonable.

In determining the model age it is to be decided whether or not the value
calculated (according to schemes of different authors) gives the true age of
the paragenesis investigated. There are two types of anomalies: anomaly of
B type (after the Bleiberg deposit) gives the model age of lead higher than
is the age of mineralization (its age before regeneration); anomaly of J type
(after the Joplin deposit in the U.S.A) gives the Pb model age lower than
is the age of paragenesis. The second anomaly is caused by the admixture of ra-
diogenic lead entering the solutions before crystallization of Pb mineral, or by
an abrupt increase in the amount of uranium relative to Pb content in the
mother rock.

These anomalies complicate the geological interpretation of lead isotope data.
In such cases other methods of investigation of Pb-bearing minerals should
be looked for, which would provide a possibility or confronting the isotopic
data with geological, tectonic and geochemical information.

According to information of Dr. V. Katlovsky, CSc. (Geological Insti-
tute SAV, Bratislava) and published data (Kucharié 1972 and Cambel
— Khun, 1983), the rocks of the West Carpathians are characterized by an
increased and in many cases markedly varying Th/U ratio relative to the
clarke ratio. Values were calculated from the measurements carried out on
selected samples from the West Carpathian region — “ZK” samples (Geol.
Zbor. — Geol. carpath., 5, 1982). In granitoids, the highest Th/U values have
been found in the rocks of the Malé Karpaty Mts, (up to 6.5, mean value from
242 anal. — 4.8), the Suchy Mts. (9) and the Vysoké Tatry Mts. In Gemeride
granites this ratio drops to 0.7.

In sedimentary-metamorphosed rocks the relations are inverse: the Th/U
values in the rocks of the Malé Karpaty Mts. are normal (3.9 — see Tab. 5)
or. in some cases, reduced (to 1.2—1.5) and anomalously high in the rocks of
the Spissko-gemerské rudohorie Mts. Thus, for example, this ratio is about 20
in graphitic schists and chlorite phyllite in the area of Smolnik pyrite deposit.
The U and Th contents in metasediments of the Malé Karpaty Mts. are listed
in Table 5 (Cambel — Khun, 1983). Mean U and Th contents in the
West Carpathian granitoids are given in Table 6 (Kucharié¢, 1978). The
values published by Kucharié were obtained by regional radiometric
measurements.

From the comparison of regional geochemical particularities of rocks with
isotopic characteristics of the ore lead it can be preliminarily concluded that
the deposits located in the Tatro-Veporide (mainly in Tatride) crystalline units
derived their metal content predominantly from magmatic sources. On the
other hand, in the Spissko-gemerské rudohorie, where low-grade metamor-
phosed sedimentary rocks of variable lithology prevail, mobilization of metals
from the Palacozoic mantle rocks was more important for mineralization.
However, decisive was the presence of Neoidic granitoids, whose existence
in the Tatrides has not yet been proved.
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The influence of the sedimentary mantle is observable to a certain extent
also in the Malé Karpaty Mts., where the mantle rocks are more weakly
metamorphosed. The two units, the Harmoénia Group (Devonian — Middle
Carboniferous) and the Pezinok-Pernek (Cambro-Silurian — Lower Devonian)
Group are of relatively large extent. Unlike the SpiSsko-gemerské rudohorie
Mts., this mountain range is very rich in granitoids, which effected intensive
metamorphism of the schistose mantle and thus also migration of Pb and

Table 5

Summarizing table of average contents of Th, U, K and the Th/U ratios in the
crystalline rocks of the Malé Karpaty Mts. (Cambel — Khun, 1933)

Outside zones

B4-C A G?(!.}?lp together phyllites I\;:c'l?z?
N=26  N=36 N=62 | N_jg oy N=102 | N=27 | MU
Th |z 358 3.07 323 | 920 766 | 4qa_, 84 | 91
U |x 1969 1>4h 15.15 ‘ 430 427 | 110 | 23 | 19
K |x 128 110 1.8 2.79 268 | 1 1 | 24 i 30_|
| Th/U| X 0.87 1.35 1.15 \ 250 242 | 163 | 39 | 48

Note: Mean Th/U values do not represent ratio of averages Th and U, because the
variation coelficient Th/U is high (over 100" ).

Table6
K, U, Th — contents in granitoids of the West Carpathians (I.. Kucharieé 1978)

N | K(") | U(pm) | Th(ppm) Th/U f

' Such\ -+ Magura Mts. 22 3.38 | 3.00 8.05 2.61
Ziar Mits. 27 3.00 295 9.02 3.05
M. Fatra Mits. | 23 | 2.75 491 14.39 | 2.93
V. Fatra Mis. 46 | 3.18 3.682 8.49 2,22
N. Tatry Mts. — West 38 2.88 3.38 14.12 417

Prasiva | I
N. Tatry Mis. — East 52 2.50 3.87 14.98 3.87
Kralova hola |
Kohut type — Veporides 141 290 | 3.48 19.08 5.48
Hroncok BE 3.91 3.35 12,12 3.62
Hnilec type — Gemerides 148 | 2.76 .17 8.98 1.25
Poproc¢ 848 3.75 3.60 14.82 4.23
| Betliar 17 | 3.26 3.44 12,82 3.72

mainly of U and Th as early as during the plutogenic metamorphic processes,
even into complexes considerably distant from the centre of metamorphism.
Simultaneously with the long-lived plutogenic metamorphism of rocks caused
by the ascent of granitoid magma, isotopic composition of lead was also chang-
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ing (Cambel — Khun, 1983). This accounts for a high contamination of
ore lead and the partial decrease of its model age (samples 25, 31).

1. Deposits of the Tatro-Veporides (group 1). The data on the deposit groups of
the Tatro-Veporides are plotted in two evolution diagrams of *""Pb/*1Pb — *7Pb/
WPh and *Pb/MPbh — “Pb/*Pb in Fig. 2. It should be noted that the fields
of the individual groups can be well correlated. The deposits in the crystalline
Tatro-Veporides are characterized by a rather wide scatter of isotopic
ratios. The values of the “model age”, which can be defined directly from the
graph after the position of the experimental point relative to isochrons 0, 200
and 400 Ma, lie approximately within the interval of 330 to 100 Ma.

With respect to the model age the deposits and occurrences of ores can
be divided into several groups. The group of deposits with model ages of 320—
300 Ma may be assumed to correspond to the main phase of Variscan pluto-
nism in age (samples 28, 46, 47; a similar age is reported by Kantor —
Rybar, 1964, for the deposits Dolnd Lehota — Dve vody, Nizke Tatry Mts.
i. e. 320 Ma).

The model ages 270—240 Ma of the second group can be supposed to indicate
the late Variscan or post-orogenic processes and hydrothermal aftermaths of
Variscan plutonism (samples 12, 13, 14, 24) (Kantor — Lom deposit, Dolna
Lehota — Zdiar, Nizke Tatry Mts.). The model ages of this group of deposits
might have already been influenced by contamination of lead from the envi-
ronments.

The galena from the Spania Dolina deposit (sample 50) shows a greater
reduction of the model age. probably affected by the admixture of radiogenic
lead from Permian sediments.

Most difficult to interpret are samples with model ages of 200 to 100 Ma
(samples 27,16 and Kantor's samples from Malé Zelezné — 200 Ma — Nizke
Tatry Mts., and Chvojnica — 160 Ma — Mala Magura Mts.) In the case of
galena from the Veporides the influence of Neoidic magmatism cannot be ex-
cluded (e. g. Rochovce, sample 16 — 100 Ma). The lower model ages of lead
in Pb-Zn deposits of the Malé Karpaty Mts. (samples 25.31) have been men-
tioned above and interpreted in terms of a J-anomaly.

As is seen, the interpretation of the model ages of galenas from the Tatro-
Veporides is not unequivocal and four alternative explanations can be pro-
posed :

a)In the studied areas of the West Carpathians (Tatro-Veporides) mine-
ralization processes occurred in Variscan to post-Variscan times, being asso-
ciated with the intrusions of younger granitoids during the Permian.

b) Alpine processes may have caused regeneration of older ore concentra-
tions or remobilized dispersed ore elements in rocks of different age. In this
case the isotopic composition of Pb on some deposits of the Core mountains
might be explained as a mixture of old and younger lead remobilized during
later Neoidic metallogenic processes.

¢) It cannot also be excluded that the genesis of ores in the crystalline West
Carpathians was due to young processes. intimately associated with the Neo-
idic, granitoids, mainly in the Veporides.

d) The possibility that contamination with radiogenic lead gave rise to J-ano-
malies cannot be omitted.
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2. The deposits of the Spissko-gemerské rudohorie Mts. (group 2) exhibits
an even broader spectrum of the dispersion of isotopic characteristics. The
“model age” of Pb from deposits of siderite-sulphidic formation varies between
380 (Nizna Slana, sample 6) and zero (Betliar, sample 3): some negative values
have also been ascertained (Slovinky, samples 4, 21). The two last samples
are according all signs J-anomalous, very likely due to the presence
of radiogenic lead, which separated from rocks having a markedly content
of both U and Th. The anomalous model age of the sample from Betliar is
probably caused by its derivation from an area where veins with uranium mine-
rals occur. In the neighbourhood of Nizna Slana (sample 6), the B anomaly in
the sense of Houtermans is involved. Near the siderite deposit in the Gel-
nica Group, interstratified layers of earlier syngenetic polymetallic minera-
lization have been found during exploration. It is thus no wonder that the
high B anomaly is caused by re-transportation of Lower Palaeozoic primary
mineralization into the siderite deposit. but probably with an admixture of
younger lead (380 Ma).

The Variscan model ages of lead from the Poproé¢ deposit (250 Ma) and the
Rékos deposit (260, 320 Ma) are interesting. The former deposit is situated
near a large granite body and the latter near the Veporides, i. e. in the area
of granitoid plutonism where both the Variscan and the Gemeride Neoidic
plutonisms may have exerted some influence. These two samples have rela-
tively high isotopic ages, which can indicate the time of metal separation in
process of granites intrusion.

Four samples that have a close relation to the exhalative-sedimentary mine-
ralization in the Gelnica Group (Smolnik, samples 2, 17, 20, Mnisek nad Hnil-
com, sample 10) show a special character. According to the isotopic compo-
sition of Pb, they represent a clearly defined group. The lead yielded the
lowest isotopic ratio values in the West Carpathians and the highest model
ages (600—480 Ma).

Similar values for this type of mineralization have been published by Kan-
tor — Rybar, 1964. The most likely explanation of these data is that the
svngenetic ore lead was mobilized from the rocks of the Gelnica Group into
the transecting veins. This conception virtually does not limit the age of the
Pb vein mineralization. Very slight contamination with younger lead (de-
finitely younger than 500 Ma) indicates rather Early Palaeozoic age of this
mineralization, which might be very near to that of Cambro-Silurian syngenetic
pyrite ore. According to the isotopic characteristics, the lead studied is a ty-
pical lead of the crust or even upper crust (Doe —Zartman, 1979) and
its origin does not seem to have been associated with basic magmatism as was
the genesis of pyrite mineralization. The lead of pyrite deposits in the Kuroko
area in Japan has essentially lower values of *7Pb/*"Pb ratio (Sato — Sa-
saki, 1973: Sato et al, 1981) although it is younger than Pb from Smol-
nik.

3. Lead in galena deposits in the Stiavnica—Hodrusa ore district (group 3)
is distinguished by several isotopic features. The *™Pb/?Pb ratio (upper
graph) is very conspicuous. and the experimental points of “Ph/2Pb — 27/Phb/
Ph are concentrated near the zero isochron. The model age of Pb near to
zero well agrees with the Neogene age of mineralization, which points to
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a magmatic, well unified, volecanogenic source of ore lead (and other metals).
The two diagrams show that the isotopic ratios of Pb of geologically different
mineralization types have similar values. The total range, except for sample
43, exceeds the analytical error only 3 to 4 times. In contrast, the dispersion of
points is fairly characteristic (see Fig. 3, magn, 3X). Galena from Fe skarn
(sample 43) is of a specific character. In both graphs the distribution of points
shows a definite trend perpendicular to the axis *"“Pb/*"Pb. On the basis
of this trend the points or dispersion fields of mineralization types can be
readily discriminated. Mineralizations connected with the HodruSa intrusive
complex (subgroup 3.1) — porphyry-copper ore of Zlatno type and impregnat-
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Fig. 3. Detail from Fig. 2 with denoted values of isotopic ratios of galenas (group 3)
from various types of ore mineralization in Stiavnica—Hodrusa ore district and its
surroundings (magn. > 3).

Explanations: 1 — Vyhne — Fe-skarn; 2 — copper porphyric ores — Zlatno; 3 —
stockwork-impregnated ores in granodiorite; 4 — polymetallic ore mineralization
of the Stiavnica type; 5 — silver-bearing ore mineralization of the Hodrusa type.

ed-stockwork ore in granodiorite — separate distinctly enough from poly-
metallic vein and metasomatic mineralizations of Banska Stiavnica type on the
one hand, and from the argentiferous veins of Banska Hodrusa type. on the
other (subgroup 3.2). The minor division in the isotopic composition of ore
lead probably reflects chemical differences in the Pb, U and Th contents of
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the granodiorite and andesite-dacite and/or rhyolite magmas with which the
discussed mineralization types are connected. The differences in the isotopic
composition of ore lead might also be due to the contamination of magmatic
lead with lead contained in pre-Neogene sedimentary carbonate rocks. The
latter theory is supported by the more evident change of all three isotopic
ratios in galena from Fe skarn (sample 43). Interesting but now open question
is possible role of granodiorite as a source of anomalous lead. Sporadic indi-
cations of uranium mineralization on Stiavnica and HodruSa veins occur in
a very close relation with the granodiorite wall rock.

16.00

P 206
P20k

18.50 19.00 1950

Fig .4. Holmes — Houtermans’ isochron diagram.
Mean values: T — Tertiary; C — crystalline complex (West Carpathian); E — En-
gland (Cornwall — Devon), Variscan; G — Germany. Variscan. Localization of
samples is given in Tabs. 1—4.

The above characteristics of lead isotopes permit us to put forwards the
following assumptions of genetic relationship between the individual minera-
lization types in the Stiavnica—Hodrusa ore district.

a) The Fe skarns and the superimposed polymetallic mineralization (sample
43) occupy a special position and are not connected either in genesis or in age
with other ore types, including the porphyry copper ores, which are developed
mainly in skarns.

b) The impregnated and metasomatic mineralizations in granodiorites (sam-
ples 40, 41, 42 and 37) are more closely related genetically to the porphyry
copper ores (samples 44, 45) than to the Stiavnica and Hodrusa vein types.
Their dispersion fields show similar characters and partly overlap (Fig. 3).

¢) The relatively great difference in the ages of Pb of the Stiavnica ore
type (samples 11, 33 to 36, 38) and the Hodrusa type (sample 39) suggests that
two separate mineralization types are involved (Fig. 3).



326 CERNYSEV — CAMBEL — KODERA

d) The isotopic composition of lead from deposits in carbonate rocks (group
4) was rather a surprise. It is near to the composition of lead from Neogene
deposits in the Stiavnica—Hodrusa district. Sulphidic mineralization in car-
bonate rocks is usually characterized by heterogeneity and variation of isotopic
Pb composition of different degrees (Delevaux — Doe, 1972: Doe —
Zartman, 1979 Képpel — De-Schroll, 1979: Cernysev
— Pavlov, 1980). The accordance of isotopic composition we have observed in
the analysed samples is the more suprising, if we realize that the sampling loca-
lities are widely spaced and occur in different geological units of the West Car-
pathians. This fact can be explained in terms of endogenous magmatism which
in Neogene times was active in all areas of the occurrence of this minera-
lization. According to Kantor (1962) a higher age (120 Ma) has been yielded
only by galena from Ardovo, which may indicate a genetic connection with
the Gemeride granitic rocks.

In conclusion, we can only repeat that the data on the lead isotopes permit
in many cases to draw only general or preliminary conclusions. but despite
this the information they have provided on the genesis of ore deposits in the
West Carpathian region is of great value. Some of the conclusions will doubtless
be concretized and made more precise in the future by more detailed investi-
gation of the most relevant deposits e. g. Smolnik and Poniky in the neovol-
canics of central Slovakia, but especially of the deposits in the Veporide/Ge-
meride boundary zone.

Translated by H. Zarubova
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