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TECTONIC STYLES, OPHIOLITES AND PALEOALPINE SUBDUCTION: 
IMPLICATIONS FOR PALINSPASTIC RECONSTRUCTIONS OF THE 

WEST CARPATHIANS 

J O S E F J A R O Š * 

(Fig. i) 

A b s t r a c t : T h e a n a l y s i s of s u b d u c t i o n z o n e s of t h e C e n t r a l W e s t Car­
p a t h i a n s f r o m t h e v i e w p o i n t of t e c t o n i c s t y l e s a n d c h a r a c t e r of o p h i o l i t e 
a s s o c i a t i o n s l e a d s t o t h e i d e a t h a t d e v e l o p m e n t of t h e W e s t C a r p a t h i a n 
g e o s y n c l i n e w a s o b v i o u s l y t a k i n g p l a c e o n c o n t i n e n t a l c r u s t o n l y . I n 
p a l i n s p a s t i c r e c o n s t r u c t i o n of d e v e l o p m e n t of t h e g e o s y n c l i n e , z o n e s w i t h 
d i f f e r e n t g r a d e of p r e c e d i n g V a r t s c a n c o n s o l i d a t i o n , w i t h v a r i o u s in­
t e n s i t y of t e n s i o n , m a g m a t i s m a n d s e r p e n t i t e p r o t r u s i o n s in t h e i n i t i a l 
s t a g e a n d w i t h v a r i o u s i n t e n s i t y of i n t r a - c r u s t n l s u b d u c t i o n s in t h e o r o -
g e n i c s t a g e of P a l e o a l p i n e d e v e l o p m e n t m a y be d i s t i n g u i s h e d . 

P e 3 ro M e : AHajiH3 30H cyOAVKUHH iieHTpajibHbix 3ana.nHbix KapnaT c TOHKH 
apeHHH TeKTOHimecKHx CTHjiLeB H xapaKTepa OCJIHOJIHTOBLIX accomiauHH BeaeT 
K npeacTaBjíeHirjo, HTO pa3BHTHe 3anaÄHOKapnaTCKoŕi reocHHKjiHHajiH npoTeKajio 
BepOHTHO TOJIbKO Ha KOHTHHeHTajIbHOH KOpe. B najIHHCnaCTHHeCKOH peKOHCTpyKUHH 
pa3BHTHH reOCHHKJIHHajIH B03MO>KHO BbUiejlHTb 30HbI C HH3KOH CTeneHblO npejlbl-
aymeii BapHHCKoň KOHCojiHuamra c pa3Hofk HHTeHCHBHOcTbio paciuHpeHHH, MarMa-
TH3Ma H CepneHTHHHTOBblX npOTpy3HÍÍ B nepBH'IHOH CTaÄHH H pa3HOH HHTeHCHB-
Horrbio BHyTpHKOpoBbix cyÔAyKiiHH B oporeHHoií CTaÄHH najieoajibnHHCKoro pa3-
BHTHH. 

Subductions and palinspastic reconshtructions 

The classical palinspastic reconstructions of geosynclines from orogens 
are based upon unfolding of folded and nappe structure to original width of 
the sedimentation area. The width of infractructure zones, consumed in the 
root areas of nappes, i.e. in zones of intra-crustal subduction in the sense of 
Amstutz, it is possible at least approximately to infer from the amplitude of 
nappe overthrusts and their inner deformations in the suprastructure of 
mountain ranges. 

The geodynamic model of tectonics of lithospheric plates introduced a new 
element into palinspastic reconstruction by the process of lithospheric (Wa-
dati—Benioff's] subduction. The complete geotectonic (Wilson's) cycle of 
geosynclinal-orogenic development includes opening and repeated closing 
of oceanic basins. The cycle begins with continental taphrogenesis and 
continues with oceanic taphrogenesis (spreading); a turn is commenced with 
subduction orogeny and the cycle terminates with collisional orogeny (sutu-
ration). During subduction of oceanic lithosphere this is, besides exceptions, 
consumed to depth. It is mentioned that only about 1 % of oceanic crust is 
getting to the margins of continents or occurs in intercontinental sutures 
under specific conditions. Direct material and structural evidence of oceanic 
lithosphere subduction is thus very little; the extent of ophiolite nappes is 
not in direct relation to the width of original oceanic basin. In palinspastic 
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reconstruct ions therefore particularly the results of paleomagnetic measure­
ments play an important role. The existence and character of subduction zo­
nes can be, however, also controlled by geological criterii (lithofacial, bio-
facial and structural relations, tectonic styles, ophiolites etc.) . 

The structure and development of the West Carpathians were largely dis­
cussed by Czechoslovak and foreign geologists from the viewpoint of new 
geodynamic model of l i thospheric plate tectonics in the last decade. Of essen­
tial importance for palinspastic reconstruct ion of the geosynclinal develop­
ment of the West Carpathian segment of the Alpides are the existence cha­
racter and extent of subductions, particularly in the Klippen Belt, root zonep 
of superficial nappes and considered subduction in the southern belt of the 
West Carpathians. To this problem I mention some remarks from the view­
point of tectonic styles and occurrence of ophiolite association rocks. 

Position, character and importance of root zones of Paleoalpine superficial 
nappes in the West Carpathians, particularly of the Krížna nappe 

.fT- < 

In some palinspastic reconstructions (e.g. F. H o r v a t h et air 1977, J. E. 
T. C h a n n e l l et al. 1979 and others) the Mesozoic of the Krížna nappe 
[Fatrlc) is assigned facially to the Austroalpine development of South Tethyan 
affinity and its root zone is situated as far as south of the Veporic, to the 
root zone of the Choc nappe (Hronic) (compare also A. A b o n y i, 1974, B. 
L e š k o, 1978 a.o.]. 

Such interpretat ions are not suported by field data. Lithofacially the Me­
sozoic series of the Krížna nappe belongs to the N part of the Central Car­
pathian region, i.e. the Tatraveporide region (M. M a h e f, 1961 a.o.). The 
homeland of the Krížna nappe was located by J. J a r o š (1965, 1966, 1967, 
1971, in M. M a h e l , 1974) between the regions of Tatric envelope groups in 
the N and Veporid mantle groups in the south (A. B i e l y , 1961). 

The nor thern boundary of the root zone of the Krížna superficial nappe is 
quite clear: it is where at the S margin of the Tatric the already tectonically 
detached Krížna Mesozoic sequence is found (Donovaly line in the sense of 
J. J a r o š , 1971). The southern boundary of the root zone cannot be already de­
fined so precisely and therefore it is discussed more often (M. M a h e l , 1975, 
1977 a.o.; a detailed analysis of new s tatements see in A. B i e l y , 1978; V. 
Z o u b e k , 1979 a.o.). O. F u s á n — A. B i e l y (1967) locate the root zone 
of the Krížna nappe directly into the Čertovica line. This line appears actually 
as the most distinct s tructure at the S margin of the nappe root zone (J. 
J a r o š , 1971; O. F u s á n , 1975 a.o.]. N of it in the area of Banská Bystrica 
gradual detachment of the Mesozoic at the level of the Lower-Middle Triassic 
boundary may be observed: the crystall ine of the Ľubietová zone, Staré Hory 

. inlier and obviously also a part of the crystal l ine at the S foothills of the 
Ďumbier core, together with the Permian in Verrucano facies and Lower 
Triassic elastics remain in the homeland of the nappe, whereas the majority 
of predominantly carbonate Mesozoic was pushed out as superficial nappe. 
The process of gradual detachment is also shown in distribution of tectonic 
sly les, in the fundament and its tegument, as well as in detachment of cover 
sequence (J. J a r o š , 1966, 1967, 1971 a.o.). This implies that the Krížna nappe 
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as one whole is not a rootless n a p p e but has its roots, at least in the area of 
Banská Bystrica, distinctly preserved owing to incomplete tectonic reduction 
of the homeland. Near the Čertovica line transit ion of the Krížna unit Meso-
zoic to the mostly undetached, episonally metamorphosed Velký Bok group 
may be observed. This t ransi t ion is not running paral lely with the Čertovica 
line but to the NE to the area between Ľubietová and Mýto p. Ďumbierom it 
takes its course to the Ľubietová zone. The N part of the Veporic is of com­
plicated structure [A. K l i n e c , 1971, 1976), in which local detachment also 
of the Veľký Bok group may occur (part icularly N slopes of the Low Tatra) , 
making interpretat ion very difficult. In every case, the development and po­
sition of the envelope groups on the southern Veporic zones do not permit 
to locate the southern boundary of the Krížna nappe root area in them (A. 
B i e l y — O. F u s á n in P. D. G a m k r e 1 i d z e et al. 1978, J. V o z á r, 1979). 
The more, when the nappe structure of the Veporic is obviously also Variscan 
(J. V o z á r , 1979). The root zone of the Krížna nappe (Fatric including the 
Vysoká n a p p e and ? Manin unit M. M a h e l , 1978c) is so the most important 
intra-crustal subduction zone inside the N, i.e. Tatraveporide part of the West 
Carpathians. 

The Choc nappe or the whole newly divided Hronic (D. A n d r u s o v, et 
al., 1973; M. M a h e ľ, 1979) is of Mesozoic lithofacial development largely 
different from the Krížna nappe (Fatr ic) . It is in agreement with interpreta­
tions of the Krížna nappe as Ultratatr ide and of the Choc nappe as Ultrave-
poride and rooting of the latter into the Margecany—Lubeník line (A. B i e l y 
— O. F u s á n, 1967). The Choč nappe is considered as rootless. Besides the 
so far known only lenticle of mylonites discovered by D. A n d r u s o v, A. 
V o z á r o v á — J. V o z á r (1979) found further occurrences of mylonltized 
granitoids at its base. The character of these fragments and correlat ion of 
the Choč Permo-Carboniferous with the Veporide and Gemeride one testify 
(together with development of the Mesozoic) to the position of the Choč 
nappe homeland S of the Veporic. 

The Lubeník—Margecany suture appears as the most important intra-crus­
tal subduction suture in the structure of the Central West Carpathians. Besides 
the north-vergent Hronic also the primarily south-vergent Silicic is rooted in 
it (H. K o z ú r — R. M o c k , 1973a, b, 1977; J. M e l l o — R. M o c k , 1977; R. 
M o c k , 1978 a.o.). Lithofacial relat ionship between the Choč nappe and high­
er north-vergent nappes (Vernár strip, M. M a h e l , 1957) and the Silica 
nappe point to the existence of a sedimentat ion area of Upper Austroalpine 
affinity in the middle part of the Central Carpathian region. With complete 
reduction of this area with bilateral intra-crustal subduction the originally 
more distinct fan-like structure formed along the Margecany—Lubeník suture 
(D. A n d r u s o v, 1975). 

Ophiolites and reconstruction of the southern parts of the Central 
Carpathians 

The pre-orogenic (pre-overthrust, „initial") volcanism of the individual West 
Carpathian paleogeographical zones may be ranged to several magmatic-vol-
canic associations. From them only volcanics of spil i te-keratophyre associa­
tion S of the Lubeník—Margecany line, occurring together with serpentinites, 
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pelagic sediments (and in places alsu glaucophanic rocks) may be designated 
as incomplete ophiolite association (D. H o v o r k a , 1976, 1979], The occurren­
ce of „ophiolites" in the S part of the Carpathians, part icularly along the 
Rožňava line and Dámo line in N Hungary stimulated considerations about 
subduction of the oceanic l ithosphere, consequently considerations about su­
tures represent ing Paleoalpine zones of l i thospheric subduction (I. V a r g a, 
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Fig. Ľ Indicative scheme of main Paleoalpine intra-crustal subductions of the West 
Carpathians in present-day coordinates of mountain ranges. Orogenic zones: A — 
Pieninjc Klippen Belt, B — Tatride zone, C — root zone' of nappes of the Fatric, D — 
Veporide> zone, E — Lubeník — Margecany suture, into which nappes of the Hronic 
and Silicic are rooted, F — „Gemeride" zone. Faults: 1 — Skýcov, 2 — Revúca, 3 — 
Štítnik, 4 — Rožňava, 5 — Hornád faults. Paleoalpine subducttons are designated with 
arrows: I — in the Klippen Belt, II — in the root zone of Fatric nappes, III — IV — 

in the root zone of Hronic and Silicic nappes. 

1976, 1978; F. H o r v a t h et al., 1976; J. E. T. C h a n n e l l et al., 1979 a.o.]. 
The extension, character and structural position of ophiolite association rocks, 
however, need not be in accordance with reconstructions of this type. 

The most occurrences of ophiolite association rocks are obviously linked 
with the Meliata group, designated as group of ophiolite type by M. M a h e ľ 
[1975]. The regional setting of the Meliata group extended with gradual re­
valuation of profiles from the „South Gemeride" region and Rudabánya 
mountains (H. K o z u r — R. M o c k , 1973a, b; J. M e 1 1 o — R. M o c k, 1977; 
J. M e 1 1 o, 1978; J. M el lo — P. R e i c h w a 1 d e r, 1979) to the Biikk-Igal 
/.one (H. K o z u r — R. M o c k , 1977) and through Radzim (R. M o c k , 1978] 
to the „North Gemeride" region (R. M o c k in J. J a r o š, et al., in press, com­
part; L. R o/. I o ž n í k, 1978). It turns out that the Meliata group originally 
covered continuously the Gemeride Paleozoic and its absence in the central 
elevation of Volovec is result of erosion. Its relation to the substratum is 
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solved in different ways: according to R. M o c k (1978/a.o.) it is the mantle 
group of the Gemeric, according to other authors it is thrust over the Paleo­
zoic from S. Local or frequent secondary tectonization of the base of a rela­
tively plastic Meliata group, lying between rigid complexes of the underlying 
metamorphosed Paleozoic and thick carbonates of the overlying Silica nappe, 
need not be in contradiction with the primary envelope position of the group. 
Lithofacial linking of the „North Gemeride" Permian and Lower Triassic near 
Margecany (M. M a h e l , 1957; S. B a j a n í k — A. V o z á r o v á, 1979] is not 
necessarily contradictory to the presence of the Meliata group below the Silica 
nappe, the base of which can lie even at the level of the tectonized base of 
the thick sequence of Middle Triassic l imestones. The extension of the facially 
variable Meliata group and particularly the character of its contact with the 
substratum has not been solved completely so far. This is the essential 
question, the answer to which is significantly influencing the model of 
structure and development of the southern part of the Central Carpathians. 
The following model sets out from the idea that the Meliata group is the 
original mant le group of the Gemeride and North Hungarian Paleozoic (R. 
M o c k , 1978 a.o.) and serpentinites and volcanics of the „North Gemeric" 
(Galmus—Stratená) zone are lying in the Meliata group (R. M o c k in J. 
J a r o š et al., in press) . 

The ophiolite association of rocks is incomplete alrready in representat ion 
of rock types (D. H o v o r k a , 1976, 1979; D. H o v o r k a — J. Z 1 o c h a, 
1974 a.d.), the sheeted dike complex, mostly also gabbros are missing. Besides 
that the structural analysis of relat ions of rocks to the surroundings and ana­
lysis of inner structure, particularly of serpentinite bodies (J. J a r o š et al., 
in press) has shown that : 

a) Serpentinite bodies and bodies of spil i te-keratophyre volcanism, although 
often occurring together, show different relations to surrounding rocks and 
different character of emplacement to present-day position. The intrusive 
contacts of volcanics testify to magmatic emplacement, whereas tectonic con­
tacts of serpentinites to protrusive emplacement. The formerly described ther­
mal contacts of serpentinites are their secondary reaction borders with sur­
rounding rocks and are often of rodingite character [D. H o v o r k a ) ; the 
only so far well-known contacts of volcanics with serpentinites (Švablica in 
Jaklovce, D. H o v o r k a , 1977) testifies to penetrat ion of volcanics into ser­
pentinites. The volcanics are connected also through tuffs with sediments 
of Ladinian and Carnian age Jurassic volcanism is not proved (R. M o c k ) . 

b) Larger serpentinite bodies or clusters of bodies obviously represent ori­
ginal protrusions, which penetrated into the Late Paleozoic and mainly the 
Lower Triassic of the Meliata group below the base of thick Middle Triassic 
limestones, into the zone of abundant interformation slips. In this zone they 
are further divided tectonically into partial bodies of lenticular shape. The 
bodies of lower s trat igraphic levels [Kalinovo — Breznička are therefore 
jointed, cleaved and sliced but otherwise compact; on the contrary, bodies 
of higher s trat igraphic levels are brecciated, with „pseudopebbles" to blocks 
of compact serpentinite in mylonitized serpentinized matrix. 

The structural analysis of position and inner structure of bodies of ophiolite 
association shows that the ophiolite association of the S part of the West 
Carpathians is already primarily incomplete and cannot be compared, as it 
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is possible in case of complete ophiolite massifs of Trodos, Vourinos type 
a.o., with the complete profile of oceanic l i thosphere. They also cannot be 
an argument for the existence of a Paleoalpine oceanic region of any type 
(„of small ocean" of rift type, of marginal sea etc.] , regardless of the posi­
tion of the Meliata group on the substratum. Its envelope („autochthonous") 
position on the uderlying Paleozoic, so far as it will be confirmed, would un­
derline this conclusion only. It seems that „oceanization" of crust of the S part 
of the West Carpathians is only partial and took place in a tensional regime 
by protrusive penetrat ions of serpentinites and dike intrusions and effusions 
of magmati tes of spil ite-keratophyre formation. The differences in develop­
ment of the N and S part of the Central Carpathians were most likely caused 
by a various degree of Variscan consolidation of the geosyncline fundament 
(various degree of deformations, metamorphism and granitoid penetrat ions) , 
as argumented by M. M a h e l ' (1975, 1976, 1978 a,b). The occurrences of glau-
cophanic rocks, part icularly along the Rožňava line (P. R e i c h w a 1 d e r, 
1971, 1973; J. M e 1 1 o, 1978) could be part of bodies protrusively emplaced 
from corresponding depths into the „Gemeric" suprastructure. „Oceanization" 
of crust was taking place only in the initial stage during the Triassic. It was 
connected with opening of the Tethys (Tethys de reconquěte, sensu Aubouin] 
and did not reach further stages of the origin of small basins with oceanic 
l i thosphere as elsewhere in the Mediterranean region in the Jurassic. 

Ophiolite detritus and subduction in the Klippen Belt region. 

The second zone of possible occurrence of rocks of ophiolite sequence, in 
tins case drawn into deeper levels of structure, is the source area of sedi­
ments of the Pieninic Klippen Belt, designated as „Pieninic cordiller". Their 
presence is indicated by clastic chrome spinelids in pebbles of Urgonian 
l imestones in conglomerates and also in sandstones of Middle to Upper 
Cretaceous age, pebbles of melaphyres and quartz porphyries, also glauco-
phanic rocks in the Upohlava conglomerates of the klippen mantle (M. M i-
š í k, 1976). 

Very often it is supposed that the ophiolite detritus can be derived only 
from obducted fragments of the oceanic l i thosphere. On the basis of expe­
rience with the ophiolite association from the S part of the West Carpa­
thians, however, also in case of the Klippen Belt, besides the model of oceanic 
or quasioceanic crust (Z. R o t h , 1974; compare also N. H e r z—H. S á v u , 
1974; P. G r e c u l a — Z . R o t h , 1978; M. M i š í k, 1976, 1978), the model of 
only partial „oceanizat ion" of continental crust by magmatic penetrat ions and 
diapir protrusions of ultrabasics may be considered. 

In the East Carpathian Marmaroš Klippen Belt and its neighbourhood it is 
shown thai basalts and serpentinites occurring at the surface and connected 
into ophiolite association are together linked secondari ly (M. G. L o m i z e, 
1975, 1976). The Upper Jurassic to Lower—Cretaceous basalt volcanism is 
primarily linked with preflysch development of the Rachlov—Severin trough. 
Serpentinites in the Albian — Cenomanian wild-flysch of the Sojmul suite are 
in secondary position. It may be infered from the situation in the Persani 
mountains that they are a primary part of Transylvanian nappes of the Inner 
Mast Carpathians, overthrust from far away W. 
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Conclusion 

The analysis of subduction zones of the Central West Carpathians from 
viewpoint of tectonic styles and occurrence of ophiolites leads to the idea 
that the Paleoalpine development of the West Carpathians could have taken 
place only on a crust of continental type of various degree of Variscan con­
solidation (compare M. M a h e ľ, 1975, 1976, 1978a, b) . The character of 
primarily incomplete ophiolite association of rocks does not testify to the 
existence of zones with oceanic l i thosphere and thus also of l i thospheric sub-
ductions. In palinspastic reconstruction of the West Carpathian geosyncline 
three zones may be distinguished S of the Pieninic belt: northern Tatrave-
poride zone, shortened mainly by intra-crustal subduction in the root zone 
of the Fatric, the central zone of the Hronic and Silicic, reduced by bilateral 
intra-crustal subduction to the Lubeník—Margecany cicatrix and the southern 
zone og the „Gemeric" (continuing to N Hungary). The intra-crustal sub-
ductions of the fundament were connected with formation of competent su­
perficial nappes. 

Translated by J. Pevný 
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