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BOHUSLAV CAMBEL*

MAGMATIC ROCK FORMATIONS IN THE WEST CARPATHIANS
AND THEIR METAMORPHIC EFFECTS

Abstract: The problem of plutono-magmatic sources of metamor-
phism of schistose rocks of the West Carpathian crystalline is discussed
in the work. Variscan or Variscan—Caledonian granite plutonism is re-
garded as most important. It is stated that neither Precambrian rocks
nor Precambrian magmato-orogenic cysles have so far been proved in
the modern relief of the West Carpathians. Even in the Caledonian era
no separate orogenic processes of Caledonian folding have been confir-
med, or at least they cannot be distinguished from Variscan ones, Geo-
chronological data indicate (Rb-Sr isochrone method determined the age
of 360—395 m. y.) that already at the boundary of the Devonian and the
Silurian, there began supply of thermal energy. Therefore the Variscan
granitoid plutonism intensively developed as early as in the Lower and
Middle Devonian and the individual intrusive stages of the granite mag-
matism gradually ascended as younger differentiates of various petrolo-
gical character. Besides the principal types of the Variscan granitcids
also Gemeric granitoids have to be regarded as an independent granitoid
formation. Their different ages have not been confirmed geochronologi-
cally with certainty (Carboniferous—Permian—Jurassic—Cretaceous). In
comparison with the principal types of the Vaniscan granitoids of the
West Carpathians, they represent geochemically different and variable
types, but not all leucocratic, relatively younger granitoid apophyses be-
long to the formation of Gemeric granitoids. As regards metamorphism
of the crystalline, metamorphic effects of rock types other than granitods
are insignificant.

Pes3wmMe: B cratey AUCKYTUPYETCA O IUIYTOHMYECKO-MArMATHMYECKUX MUCTOY-
HUKAX MeTaMOop(du3Ma CIAHEBUIHBIX IMOPOJ KPUCTAIMHMKYMA 3amagHbixX
Kapmar. CaMblM BaKHBIM CYMTAOT ABTOPM BAPUCHMICKMI, MIM BAPUCIIMIA-
CKO-KQJIEXOHCKUHA TDAHMUTHBIA TUIYTOHM3M. KOHCTAaTMPYETCA 4TO O CUX MOP
HE YIAJoCh B HAcToAWEM penmuede 3anagHelx Kapnar nOATBEPAUTh AOKEMO-
PHACKME TIOPOABI HYU NOKEMOPUIACKUE MArMATUUECKUE OPOTE€HUUECKUE LHUKIH,
HO B KaJEJOHCKOM 3p€ TOXE HEOGBIIM ONMPEXENEHBI CAMOCTOATENbHbIE OpOre-
HUYECKME MPONECCHl KAJECAOHCKOM CKIAAYATOCTH MM MX HENb3S OTJIMYMUTH
OT BapUCHMICKMUX. I'€OXPOHOJIOTMYECKNE NAHHbIE OmnpeneneHnnle Rb-Sr mero-
ZOM (360—395 M. JIET) YKa3bIBAOT YTO B KAJNEJOHCKOM 3P€ HA IPAHMIB MM
B KOHIE CUIYPCKOrO IEPUOAA Hayajl IPUTOK TEIUIOBOM 3HEPruyu. I103TOMY
BAPUCHUACKUA TIIYTOHM3M PA3BUBANCA MHTEHCUBHO YK€ B HMIXXHEM U CpEX-
HEM JE€BOHE M OTHAEIHBIE MHTPY3UBHbIE (Da3bl IPDAHUTHOTO MArmMaTM3Ma I10-
CTENIEHHO BBICTYNaNM Kak auddepeHnMaTsl pPasIuUHOro IETPOJOTMUECKOro
xXapakrepa.

CamocCTosATebHOM (OopManmeit TPaHUTOMAOB HOJKHO CUUTATL KPOME OC-
HOBHBIX TUIIOB BApPUCHUMICKUX IPAHUTOMIOB TOXE IrE€MEPUIHBIE TPAHUTOUBI,
Pa3MMUYHBIA BO3PACT KOTOPBIX GBI I€OXPOHOJOrMUYECKM IIOATBEPXKAEH (Kap-
GoH-TIEpMb-1Opa-Men). B CPaBHEHMM C OCHOBHBIMM TMIIAMM BaPHMCLMICKUX
rpaHMTOMAOB 3anafHbIX Kaprmar OHM ABIAIOTCA TEOXMMMYECKHM OTIMYHBIMKU
U M3MEHUYMBBHIMM, HO HE BCE JIEMKOKDPATOBbIE, CPABHUTEJIBHO GONEE MOIOAbIE
FPAHUTOMAHBIE anocdu3sl BO BENOPUAAX INPUHAIEXAT K ¢dopmamum reme-
PUIOHBIX TIPAHUTOUAOB. METAMOP@PHUUECKOE AEHCTBUE JPYTMX THUIIOB IIOPOJ
KpOME TIPaHUTOMLOB KDUCTAIMHMKYMA C TOYKM 3pEHUs Meramopdusma
KPUCTATIUHNKYMA SABIALIOTCA HE3HAUMTEIbHBIMM.

* Acad, Prof. Dr. B. Cambel, DrSc, Geological Institute of the Centre of Geo-
science Research, Slovak Academy of Sciences, Dubravskad cesta 9, 814 73 Bratislava.
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At present deep-seated metamorphic processes of Variscan magmatic-oroge-
nic cycle are regarded as the main source of metamorphic processes. They
are closely associated with the development of granite plutonism, which has
various manifestations taking place in different depth horizons during a longer
time span (im excess of 100 m.y.) (Bagdasaryan et al, 1982, 1983, 1986;
Bibikova et al, 1988; Cambel et al,, 1988). The Variscan granitoids were
formed and-or intruded in several stages of the orogene development. They
ascend closer to the surface in various stages of differentiation and conse-
quently in various time and development stages. The basic and most common
variety of the granitoids that underwent differentiation is biotite granodio-
rites to tonalites, from which more leucocratic differentiates, mainly musco-
vite-biotite and biotite granodiorites and/or muscovite-biotite granites, pegma-
tites. and aplites are derived. Minor amounts of dioritic and gabbroid rock ty-
pes are formed locally. Most geologists regard the West Carpathian granitoids
as middle to upper crustal products formed by the anatexis of Paleozoic and/or
Upper Proterozoic detritic sediments often of graywacke character interca-
lated with clayey and clayey-quartzy to sandy sediments and rarely also with
marly or more carbonatic rocks. The sediments locally contain also organic
matter, sometimes considerably concentrated giving rise to black shales. These
sedimentary rocks alternate with effusions of basic magmas, mostly of tho-
leiite character, accompanied by tuffs and tuffites and in places also by ul-
trabasic rocks. The protolith character of the sediments has been described
in detail Hovorka (1974, 1979, 1982).

The original sediments deposited prior of the Variscan metamorphism and/or
before the metamorphosis that began already in the Caledonian era do not
attain metamorphic facies higher than green-schist. Biotite or micas, except
for clastogene ones, indicate a beginning progressive metamorphosis associated
with the supply of energy and heating of sediments which began during the
Variscan and/or Variscan—Caledonian endogene processes.

The Caledonian tectonic-orogenic stages or sedimentation processes, accor-
ding to earlier views due to the denudation of hypothetical Caledonian moun-
tains, have not been distinctly identified in the West Carpathian area, yet.
That is how it should be in accordance with the views on the development
of orogens and geosynclines. It is noteworthy that the Variscan orogenic phe-
nomena and tectonic structures cannot be distinguished from the Caledonian
ones in the West Carpathians. Therefore any attempts to identify independent
Caledonian parts of the West Carpathian crystalline besides the Variscan orogeny
are futile, foredoomed to failure and belong into the realm of fantasy and
old-fashioned thinking. On the basis of some recent geochronological data we
can only state that as early as in the Caledonian era, possibly at the end of
the Silurian and in the Devonian, there began effects of heat energy ascen-
ding that already in this period heated up rocks, which can be regarded as
a preparatory stage of the colossal Variscan orogeny. This is suggested by geo-
chronological dating of granitoid rocks by Rb/Sr isochrone analysis (about
380—390 m.y.).

We have neither geological nor radiochronological evidence of the presence
of the pre-Paleozoic Cadomian and/or Baikalian folding. Similarly, no expec-
ted changes in the sedimentation and sediment character have been found.
The evidence of a high-thermal regional metamorphosis associated with Pre-
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cambrian synkinematic migmatitization and granitization, as stated by Mahel
(1986), Maska—Zoubek (1961), J. Kamenick ¥y (1967) and others could
not have confirmed geochronologically the Precambrian age of these rocks
(Krist—Krivy, 1985).

According to present-day views on geological and geochronological data, Pre-
cambrian metamorphic rocks are unlikely to occur in larger quantities on the
present relief of the West Carpathian crystalline. There is no other geological
evidence. On the contrary, the presence of the Paleozoic has been proved
palynologically in many places of the supposed Precambrian (Corn 4, 1968;
Corna in Cambel—Corna, 1974; Cornda—Kamenicky, 1976;
Planderova, in Cambel—Planderov 4, 1985 and other works of C o r-
na and Planderova; Klinec — Planderova — Miko, 1975; K1i-
nec—Planderova, 1981).

It is noteworthy that as late as in 1936 Zoubek (1936) regards the West
Carpathian crystalline as Variscan and only in 1958 he submitted a hypothesis
about its Precambrian age.* Nevertheless, this hypothesis has not been con-
firmed by geochronological and radiometric data obtained so far, nor there
is a reliable geological evidence.

In order to summarize and evaluate all sources metamorphic processes in
the West Carpathian area on the basis of real data, the following facts are
given:

1. The pre-Variscan metamorphosis is characterized by low-temperature, an-
chimetamorphic stage and by metamorphosis attaining at most chlorite facies,
usually without the presence of biotite. It is necessary to distinguish, however,
whether such rocks is not a product of tectonometamorphosis and diaphto-
resis of higher metamorphosed sequences. In the West Carpathian crystalline
this rock type affected by progressive metamorphic processes to a minimum
extent can be found only in the Spissko-gemerské rudohorie Mts.

2. The Variscan or Variscan—Caledonian** progressive metamorphosis inclu-
des various degrees of the intensity as well as types of metamorphosis from
chlorite facies through the formation of gneisses and migmatites to ultrame-
tamorphosis of different manifestation. Here we place palingenic manifesta-
tions of solidification to differentiation of melt formed by anatexis. These me-
tamorphic types were either regional metamorphic processes affecting large
regions or the metamorphosis concentrated around some intrusive bodies and/
for their promontories. The periplutonic regional metamorphosis thus formed
with isometamorphic zones of various thickness and evident alteration zoning
of the schist mantle depending on the distance from the intrusive source (e.g.
Malé Karpaty Mts.) The metamorphic degree has been determined by means
of the metamorphic mineral association (Korikovsky et al, 1984, 1985,
Korikovsky — Putig, 1986). In places where granitoids intruded into a

* Materials of KBGA, 4th congress 1958, Kijev 1960.

** The author sometimes introduces also the term Variscan—Caledonian metamor-
phism regarding radiometrically determined age of granitoid and metamorphic rocks
of about 400 m. y., i. e. energy supply is presupposed already in the Upper Silurian
or on the Silurian/Devonian boundary.
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setting of low thermodynamic conditions, usualy by the ascending of the magma
into younger, stratigraphically higher horizons, there originate contact-meta-
morphic phenomena with typical contact minerals — andalusite, cordierite etc.
and hornfels rock texture (Mialé Karpaty., Veporides).

Variscan and/or Variscan—Caledonian granitoids forming the main forma-
tion of the West Carpathian granitoids are represented by tonalites, mono- to
two-mica granodiorites, twio-mica to mono-mica granites, pegmatites and apli-
tes. Metamorphic effects due to other rock types, e.g. basic gabbroid rocks and
ultrabasic bodies, are insignificant in comparison with those of the granitoid
rocks.

3. Special attention has to be paid to the so-called Gemeric Granites which are
regarded as the source of siderite and polymetallic mineralization in the Spis-
sko-gemerské rudohorie Mts. and on the basis of K/Ar geochronologic measu-
rements were considered Neoid (Cretaceous). Recent Rb-Sr isochrone analyses,
however, have determined their Permian to Carboniferous, exceptionally Ju-
rassic to Cretaceous age (Kovach et al, 1979, 1986). The problem is still
unresolved. Results of Jurassic—Cretaceous determination may be considered
as secondary ones, affected by younger geological events.

These granites surely have a different geochemical composition and there-
fore we place them into an independent younger formation of Gemeric grani-
toids. Some leucocrate vein rocks of the Veporicum may also belong into this
formation. These rocks contain more fluids and elements such as B, Sn, W,
Li, Be, rare earths. Also this youngest Late Variscan (Permian to Upper Car-
boniferous) formation probably still belongs to Variscan plutonic processes and
gives rise to contact metamorphosis of Carboniferous and Permian sediments
in the Veporic area. In several places of the Gemericum, drilling has dis-
covered zoning and gradation of metamorphic degree, downward or toward
larger massifs of Gemeric (?) granitoids. It is noteworthy that so-called Per-
mian porphyries in the Lubietova area have not been investigated geochro-
nologically, yet and may have been derived from synchronous Upper Paleo-
zo0ic Variscan magmatism.

4. An independet formation is represented by hypabyssal to abyssal bo-
dies in the Central Slovakian Neogene volcanic area, i.e. the so-called Hodrusa
volcanic-plutonic Neogene granitoid complex (nowadays designated as the Hod-
rusa-Stiavnica intrusive complex) which, mainly in the vicinity ©of Hodrusa
town, gave rise to skarn deposits at the contact with Mesozoic rocks (Salat,
1954). The contact metamorphosis of the Mesozoic rocks often accompanied
by manifestation of mineralization was caused by acid granitoid hypabyssal to
abyssal differentiates (Rozloznik — Salat, 1963, 1973) in the Hodrusa
area. They are of Neogene age and RozloZnik (1979) regards them as bana-
titetype rocks.

5. The oldest but pre-orogeny geosynclinical formation of igneous rocks in the
crystalline is represented by magmatic manifestations of volcano-sedimentary
sequences of the pre-Variscan geosyncline (Cambro — Silurian to Devonian in
age). In the Spissko-gemerské rudohorie Mts. these sequences are represented
by considerable effusions and/or hypabyssal formations of rhyolites and daci-
tes (porphyroid formation), or in other places by the predominantly younger
so-called Rakovec Group of basic igneous rocks. In the central zone of the
West Carpathians, similar acid derivatives are metamorphosed to a different
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degree and are represented by the so-called Murdn Granite-Gneisses which
are products of a special acid magmatism that took place also in the Central
West Carpathians, i..e. in the Core moutain area, and Veporicum. The pro-
ducts of this acid magmatic activity in the Centralides and Veporicum were
metamorphosed in the Variscan era, but which is important in took place
almost throughout the West Carpathian crystalline. The magmatism has been
studied mainly by Hovorka that, in the Veporic area, has determined its
Paleozoic age (Hovorka, 1986). It includes also rocks of the Veporic part
of the Nizke Tatry Mts., Dubietova Orthogneisses, so-called leptinites of the
Kralova hola crystalline and other occurrences (Krist, 1977, 1979). In con-
trast to these rocks of the central zone characterized by alterations due to Va-
riscan metamorphosis, Gemeric dacites and rhyolites (of the Porphyroid series)
are predominantly only dynamometamorphosed and only in deeper horizons
or in the vicinity of the Gemeric granitoids they are affected by plutonic mani-
festations of progressive metamorphosis. The problems of these rocks have been
studied by numerous authors, mainly Bajanik, Hovorka, Grecula,
M ahel and others, but this paper is not aimed to deal with them.

In other places of the Tatraveporicum and Gemericum, the Variscan mag-
matism metamorphosed also various basic effusive and hypabyssal magmatic
derivatives altered to amphibolites, gabbro-amphibolites, hornblendites, meta-
diabases, metatuffs (Dobsina area and Klatov Group of metamorphic rocks),
and carbonatic rocks forming intercalations in the metabasic rocks were alte-
red to erlans (Hovorka et al, in press, Spisiak et al..in press). Similar
erlans ocaur also in the Malé Karpaty Mts. (Cambel, 1954; Simova-Sa-
majova, 1979; Cambel—Korikovsky et al, 1989). This category of
igneous geosynclinal rocks of Paleozoic age (Cambro — Silurian to Lower De-
vonian) represents a formation which, as regards its metamorphic effects upon
the surrounding rocks, is of little importance and is overshadowed by younger
Devonian — Carboniferous (Variscan) granite plutonism.

Of special importance are researches carried out by S. Korikovsky and
some of this co-workers. They deal with retrograde alterations of' rocks and
Alpine teatonic-metamorphic manifestations (Cambel—Korikovskyetal,
1986). These researches have undermined the opinions of Vrana (1964, 1980)
that the Alpine orogeny, which apart from the Variscan is the second positively
proved orogeny in the West Carpathian area, gave rise to metamorphic rocks
of higher thermodynamic metamorphic conditions. The researches have proved
that the metamorphosis was retrograde Variscan and distinguished it from the
Alpine metamorphosis, the progressive development of which did not exceed
chlorite facies intensity.

It may be concluded that, according to present-day views on the tectonic
structure of the West Carpathians, combinations of Variscan and Alpine tec-
tonics have produced hypotheses about different degrees and forms of alloch-
thonous and very complex tectonic and nappe structure of the crystalline (which
concerns also nappes of the extensive West Carpathian granitoid massifs). Ac-
cording to these views, the position of the individual crystalline complexes and
units in the West Carpathian crystalline cannot be regarded as original. Hypo-
theses of individual authors as well as concepts of the geological structure of the
mountains are often so contradicting that they cannot be united and generalized.
This is due to the fact that little attention is paid to laboratory research results
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and also because of the lack of structural drillholes which could be useful in
explaining the results of geophysical investigations by the identification of rocks
forming physical boundaries :and thus to support the interpretations of geolo-
gists-tectonists that suffer from insufficient fundamental informations for their
statements.

Conclusion

On the basis of published results and new knowledge on thermodynamic re-
searches of the West Carpathian metamorphic rocks as well as on the basis of
geochronology of individual geological processes, the submitted work deals with
the principal sources of metamorphic activity in individual regions and mag-
mato-orogenic cycles.

1. The author essentially regards near-surface schistose rocks of the crystalli-
ne as Paleozoic. Nevertheless, he does not rule out also possible occurrence of
a limited amount off Upper Proterozoic rocks in the West Carpathians, but these
have not been proved in the modern relief.

2. As the main source of progressive metamorphism the author considers Va-
riscan granite plutonism. Granitoid magmas ascending into higher crustal ho-
rizons form, in several mountain ranges, more or less intensive metamorphic
zoning in schists around a plutonic metamorphic source often represented by
granite intrusions and/or mobilized migmatites. In the extreme case, periplu-
tonic abyssal contact metamorphism of regional extent or contact metamor-
phism with a typical contact mineral association take place.

3. New geochronological data indicate Variscan age of granitoids which did
not solidify in the late orogenic stage of the development of the Variscan oro-
geny (Lower and Middle Carboniferous) as it was previously assumed, but in
the initial one (approximately 360-—395 m. y.) and therefore the author supposes
that metamorphic manifestations and formation of some part of granite mag-
matic melt could have taken place as early as at the beginning of the incipient
Variscan orogeny or also at the Silurian/Devonian boundary or at the end of
the Silurian when thermal energy was introduced. The author regards this pe-
riod as a preparatory stage of gigantic Variscan orogenic and plutogenic pro-
cesses. There is no evidence so far of the existence of independent manifesta-
tions of the Caledonian orogeny in the West Carpathian area or these manifes-
tations have not been distinguished from Variscan tectonics on the modern
relief.

4. In accordance with earlier views the author distinguishes the formation
of rocks metamorphosed in the pre-Variscan era or in the Lower Palaeozoic
(Lower Paleozoic geosynclinal sediments interlaced with extrusive-hypabyssal
products of acid or basic volcanism). Metamorphism due to this magmatism is
insignificant and nowhere exceeds the green-schist facies.

5. Of prime importance is Variscan progressive metamorphism caused by
granite plutonism. It has various manifestations and intensity according to the
depth of zones in which these processes took place and according to the charac-
ter of the processes as well as periods when intruding magma, differentiated
to various extent and differently metamorphosing surrounding schists, ascended.
The Variscan metamorphism affects nearly all zones and horizons of the West
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Carpathian crystalline and its various lithologic (including Devonian limesto-
nes), lithofacial and magmatogene derivatives.

6. As a special formation the author distinguishes granitoids of the SpiSsko-
-gemerské rudohorie Mts. whose age has mot been proved unequivocally (we
have not zircon analyses) (Upper Carboniferous, Permian, Jurassic?, Cretaceous?)
and which form periplutonic or contact aureoles in the Gemeric crystalline.
Partly analogical younger rocks occur in the Veporic crystalline, too. The Ge-
meric schist crystalline composed of different lithological types is locally me-
tamorphosed also by the Variscan granitoid plutonism.

7. The author is of the opinion that the Alpine progressive metamorphism
does not exceed chlorite metamorphic facies and only due to Variscan plutonic
manifestations schists are metamorphosed into a higher grade. There exists no
high-temperature Alpine metamorphism, High-temperature mineral association
in crystalline rocks (so called diapthoric mica schists) represents manifestations
of retrograde metamorphism which took place in the last stages of plutonic
and/or Variscan tectonic processes. These processes may be naturally combined
with Alpine tectonometamorphic ones.

8. The author states that the present views on the tectonic structure of the
West Carpathian crystalline are based upon insufficient amount of evidence and
consequently the views on the structure and tectonics are often considerably
contradictory, especially as regards the extent and character of the allochtho-
nity of the West Carpathian crystalline. That is why it is impossible to form
a comprehensive united scheme.

There is a special shortage of check drillholes which could confirm supposed
structures, and also some exact measurements carried out in the field as well
as laboratories.

Translated by L. Béhmer
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