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Abstract

This introductory article reviews all the important aspects of the position, tectonic division, compesition, structure and
evolution of the Western Carpathians. Emphasis is given to the pre-Tertiary history, but the most important features of
the Cenozoic evolution are outlined as well. It is argued for the triple division into the Outer, Central and Inner Western
Carpathians (OWC, CWC and IWC, respectively). The Tertiary OWC weld the Alps and Carpathians into a coherent oro-
genic system. The Slovakocarpathian thrust system of the CWC is an immediate extension of the Austroalpine system, and
the Hungarocarpathian units of the IWC are linked to the South-Alpine and Dinaridic belts. Both the CWC and IWC have
no direct connections to prineipal units of the Eastern Carpathians and Balkan. Basement complexes of the CWC (Tatra-
Fatra and Vepor Belis) represent the infier Varisean zones with mediurm- to high-grade metamorphisim and abundant grani-
toid plutons, the seuthernrost CWC (Gemer Belt) répresent the outer, low-grade Varisean aeeretionary complex.
The IWC probably foried the Varisean foreland. There are inereasing lines of evidenee implying the generally southern
polarity of the Varisean orogeny. The Varisean front was reactivated by Permian-Triassic rifting, ereating the Meliatic
ocean which eontrolled the Mesezoie evolution of the aneestral Western Carpathians. This was gevered by northward
stacking of basernent/cover sheets in the CWC, follewing the elesure of the Meliatie oeean. The yeunger outer. Penninie-
-Vahic oeeanie realm was sutured during the latest Cretaceeus and Palesgene. Then eonvergenee prograded eutward e
thie OWC, a huge Tertiary aceretionary wedge everriding the pre-Alpine North European Platferm. Subduetion roll-baek of
the OWC ogeahie erust was mainly respensible for the hinterland stretching, fermatien ef the exiensive Late Tertiary
Pannenian Basih systern and large velumes of eale-alkaline veleanism. The Carpathian eenvergence eeased by

the Neegene, aleng-are eastward migrating slab detachment belew the OWE.
Key words: Western Carpathians, position, tectonic division, lithostratigraphy, structure, Phanerozoic evolution

Introduction

The Western Carpathians create the northerfimost,
W-E trending orocline of the European Alpldes, lifiked to
the Eastern Alps in the west and to the Eastern
Carpathians in the east (Fig. L), The rierthera Carpathian
foreland is formed by the Nerth Eurepean Platferm, if-
cluding the basement consolidated during the Paleozoic
and the epi-Variscan plaiform cover of the Behemian
Massif and Polish Platforii in the NW and N. This is se-
parated by the Teisseyre-Tornguist Line from the
Fennosarmatian (Russian) Platferm in the NE. A large
part of the Ceniral and fest ef the IARer Wesiem
Carpathians are eevered By thiek Tertiary sedimentary
and veleanie reek esmplexes related {o the PannsAian
baek-are Basin system (Fig. 5; Enel. 3). The present strue-
tural pattern of the Wesiern Earpathians was formed By
the Late jurassie-Teriary suBAUcHON-cOMISION 8rogeRit

processes in the Tethyan mobile belt between the stable
North European Platform and drifting Apulia/Adria-rela-
ted continental fragments. One of the most characteristic
features of Alpidic evolution of the Western Carpathians
is a distinet northwatd migtation of preorogenic and oro-
genic processes. This Includes Mesozoic rifting and ex-
tension of the Variscan continental erust, cermpression
and nappe stacking of atteruated continental erust and
subduction of lengitudinal oeeanie basins (e.g. Mahel,
1980, 1981; Birkenmajer, 1986; Rakus et al,, 1990;
Plasienka, 1991, 1995a; Puti§ 1991a, 1992; Setdk, 1992;
Kezur and Meek, 1996, 1997; Plasienka et al., this ve-
lume). Transpression and transtension usually pestdated
the fmaifR shertening §€§E@§; The Western Earpathian ere-
geny faded eut during the L-ate Tertary By a $lab detach-
ment ferminating the southeastward suBduetion ef the
geean erust substratum of (he Outer Carpatiian Flyseh
Belt (Temek and Hall, 1593).
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Fig. 1. Tectonic sketch of the dirtiom-Pannanich mouniain -ysémes. OWC * Mutar Wieatam Camathiany CVAC - Cetural Westem Canpediizens, TCR -
« Transdanubian Cenitra) Range, P-F - Pemoiimic Ftysch Zone, NCA - Sonhem Caleareais Apt. AA - Austro-Alpine struotiral complex, P - Peninic

windows.

The aim of iltis paper is to provide a brief introduction
into the evolution and structure of the Western Carpathians
to a reader not familiar with complex Carpathian geologi-
cal realities presented in this monographic volume. The last
extensive and comprehensive English-writien review of
the Western Carpathian geology ifi former Czeeheslovakia

was published in the laie sixties (Mahel and Budlay. 15868).

on ihe occassion of ihe 23rd Internationdl Geelegieal
Congress field in Prague. This Popk dees fiet eaver all as-
peets of the eermplicated Carpathian geelegy, But reviews
the fest recent achieverenis of geelegical research if
Slevakia fecusing OR fhe pre-Mesezeie apd Mesezeie
eomplexes. The Teriiary evelutien 6f fhe Waesierd
Carpathians is briefly reviewed as wall. @wmgtsmﬁﬁ de-
eades of inisnse geslagical research 3 perplexing list of fee-
i6Rie and lithestratigraphic feFms Ras been develeped, and
il e e IiFociced Wil Softe et ierve 3 R

preled: The ierminala gansa i HHSEHE RREF

is the mest wmsla §se g%n SRS 1R:

fradueed Bg ARATHSEY sta Rr/ o) :

Hewsvs; sms ROy an HQFH §8 a QHaRt

ma HRitS: WhicH are fré §H§ (BFaHgRGA s ¥8:
HiE: af¢ BIveR mmsaarﬁ B8

Tectonic division and structure

The Western Carpathians, like most of other collisional
fold belts, have been traditionally divided into the outer
(northetn} and the inner (southern) structural zones, sepa-
rated by the Pieninv Klippen Belt. Therefore the common
practice is to recognize the Quier (*Ternary") and the Inner
("Mesozoie") Westera Carpathians (e.g. Biely, 1989,
1996). Andrusev (1968) used ihe term “Central Western
Carpathians” for zefies between the Outer Carpathians and
the Hungarian “Zwisehengebirge" (IR ether ierminelegy
knewn as the PanneRian Median Mass. roughly eorrespon-
ding spatially te aur IWE), i.e. as a synenym 6f ihe “InRer
Western Carpathians” of ether authers. However, takin
inte aeeaunt the resent achievements iR siudies &
the Mesazaic evalution and strusture of the inRermest
Western €arpathian #6nes. 4 streng need for a ifiple divi-
sien Bf fhe Wesierm Earpaihians resulied IR theif paritien
infs the BHieF (SWE), Eeniral (eWe) aﬁa iHH‘éF EéE@fﬂ

S %ﬁ%ﬁﬁ& Al

WiRg € iviSion als8 considers
ihe Srfusfufs %&mﬁsﬂm SMERE. 1ael mg ﬁ {RRer
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Fig. 2. Schematic tectonic map of the Western Carpathians, stripped off the overstep complexes. | - foreland: cuter Variscan bones. 2 - foredetp

Tertiary molasse, 3 » OWC: Silesian - Krosao bell. 4! - OWC: Magura belt. 5 - PKB: Oravie unus. 6 - PKB: Periklippen belt. 7 - CWC: Pennimcum -

» Vahicum, § - CWC: Tamcum, basenwm and cover, 9 - CWC: Fairicuf (Kvilna) nappe system incl, Velky Bok unit, 10 - CWC: Veponcum, base-

and cover, ILL - CWC: Hrenicum (Ched) cower nappes. 112 - CWE: Gemerieuth. basernent and caver, 13 - CWC & IWC. Silicicum cover nappes,

= - W Meliaticum suture complexes, 1§ » IWC: Turmaieum, 1§ - IWC: Mesazeie cover complexes, II7 - IWC: Palesioic cover compleres I8 -
MVC: crystalling basement. 9 - Senenian AGoss eover. 20-Raliwk flyseh beii.

most Carpathian zones which are largely covered by
Tertiary sediments and volcanics (compare e.g. Figs. 2 and
5). the presence of oceanic sutures in the Carpathlan siruc-
fure and the complete Alpine tectonic evelutien. ot enly the
morphosifucturally expressed Laie Teriafy neotectonie de-
velopimerit. The three principal Carpathian iecionie demains
Jré lifiited By two diachronously elesed eeeanle sufures.
The Early Alpife (Late jurassie, “Cimperan") Meliatie
Meliata-Halllsiall) suiure delifiiaies ihe IWE and EWE. 1fs
Brecise eriginal pesition is net always elear. espeeially iR
seslers eovered By Tertiary sedimentary and valeanie e8m:
plexes. The EWE and OWE are divided hy the Pieniny

Klipper Belt (PKB). This is assumed to be one of the sur-
face expressions of the Late Cretaceous to Early Tertiman
closure of a supposed Penninic-related oceanic domain
(the Vahicum - Mahel, 1981) along the northern Central
Carpathian (Tatric) edge. There are only indirect indications
of an oceanic suture on the actual eroslonal surface (e.g.
pebibles of aceanie crust focks and blueschists in Cretaceous
flysch eonglemerates) - ef. Marsehalke (1986). Mistk and
Marschalke (1988 and references therein). Dal Piaz e al.
(1995), Faryad (ihis velume). The inferred provenanee of
ihis material as exiernal te the CWC (Pieniny of ARdrusev
Exetie Ridge) has been doubied by PlaSienka (1995b).
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Outter Westerm Caapeatirians
Carpatttiam Faredeep

The Outer Western Carpathians (OWC) contour the nor-
therly convex arcuate shape of the Western Carpathian
orocline. The OWC comprise molassic sediments of the
Late Tertiary Carpathian Foredeep deposited on the sou-
thern flanks of the North European Platform and the broad
Flysch Belt that is composed of numerous thrust units.
The Flysch Belt represents the Tertiary accretionary wedge
of the Carpathian orogen, generally ranged into two groups
(Fig. 2, Enel. 2); (1) the Silesian-Meldavian (of “Krosfo-
tenilite”) nappes in the fierth, and (2) the Magura thrust
syster in the seuth. Several theusands of metres thiek,
frostly silieielastie flyseh sediments ef the Jjurassie to
Early Mioeene age were seraped off a strongly attenuated
eontinental, iR sefe paris alse prebably eeeanie erust
(eentinuation ef the fierihern Penninie zenes). The inferred
peeanie erust sheuld Have been produced By the Late
jurassie (probably even earlier in seme zenes In the east,
i approaching the Triassie Transylvanian rift) - Early
Tertiary rifting and sea figar §%f6§91ﬂ% i:ifﬂ@&fﬁﬂgfﬁahy
and §HHEEHFE of the @afaatmaﬂ lg§eh glt s {reated IR iA-
RUMerable papers; Fecent works of significance Inelude &8
Bszezypke (1993), Sehnabel (1983), Winkler and Slaczka
(1994), Krejf et al. (1994), Fodor et al. (1995), Roca et al.
(1995), Svébenickaé et al. (1997).

Silesiami&iosswo Belt

Principal units of the Silesian-Krosno Belt include
(Fig, 2): the Zdénice unit, embracing sedimentary forma-
tions of Late Jurassic to Early Miocene age that over-
thrust the molasse foredeep along with the Subsilesian
unit (Late Cretaceous - Early Miocene); the large Sileslan
unit (Late Jurassic to Early Miocene with notable Early
Cretaceous alkaline velcanism of the teschenite-pikrite
assoclation) and the Foremagura-Dukla unit (Cretaceous
- Paleogene) overridden by the Magura nappes. The
Skole unit (Late Cretaceous to Neogene) forms the fron-
tal parts of the Krosno Belt in the NE part (Fig. 2).

Maguwa Belt

The Magura Belt is composed of several large thrust units,
generally considered as an extension of the Rhenodanubian
Flysch Belt of the Alps. The four principal units are (Fig. 2):
the huge Rala unlt (thick Late Cretaceous to Paleogene,
mostly Eocene flysch); the Bystriea unit (Paleoecere -
- Eocene); the Biele Karpaty unit (Late Cretaceous -
- Eocene) and the Krynica unit (Paleogene), the last two jux-
taposing the Pieniny Klippen Belt.

Little is known about the nature of the Flysch Belt ba-
sement substratura which was shortened and underthrust
below the CWC during the Tertiary. In northern
Moravia, the Sllesian nappes overrode the frontal
Variscan zones formed by Early Carboniferous “Kulm”

Geollogizal! evolutiom of the Western Qaypathians

flysch and Late Carboniferous foredeep containing coal
measures near Ostrava (Fig. 2). The sources of the
Tertiary flysch conglomerates in Moravia, reconstructed
as the intrabasinal Silesian basement high, may be simi-
lar to the basement of the Brunovistulic terrane consoli-
dated during the Cadomian orogeny (Sotédk, 1990). This
terrane formed the foreland of both the west-verging
Carpathian flysch nappes and the east-directed Variscan
thrusting along the eastetn margins of the Bohemian
Massif in Moravia (Dudek, 1980). However, recent stu-
dies revealed that the outer Magura units contain granite
pebbles shewing affinity to inRer Variscan zones, l.e.
gither te the Meldanubian cere of the Bohemian Massif,
of, fere prebably, te the Central Alps o Central
Western Carpathians (Hanzi et al., 1997).

Certtrall Westerm Coxpuaivians

Pieniiny Klippem Belt

The boundary between the OWC Flysch Belt and the
CWC basement/cover units is formed by a narrow zone
with an intricated structure, the Pieniny Klippen Belt
(PKB, Fig. 2). Its position with respect to the OWC and
CWC is ambiguous and transitional. Most authors consider
the PKB as a part of the OWC, but its inner “Periklippen”
zone clearly matches the central Carpathian zones by com-
pesition and structure. Being fully aware of some inconsis-
terieies in sueh ranging, we treat the PKB conventionally
as a CWC elerrent in this paper. The surface exposures of
the PKB are compesed of Mesozoic (Jurassic -

- Cretacesys) sedimentary, mestly limestone formations.
They agpeaf sheated BfF theiF URKAGWA Baserent substra-
tMm, Whieh I8 interpreted as a een-tinental ribben rified off
the Nerth EHFB%%@% Platferm during the Jurassie, and ever-
fidden By the eentral @ﬁfBﬁEhl%ﬂ Rappes during the Late
Cretaceou’ - Eafly T%Hi%’i? (Fig. 7): @eeﬂaetﬂeall?
EH& Festmed ilippen Belt Basement eorrespends (o
the HQBQBF Rais demain (Temek, 1993) which divides the
HBH F4 4 BHEH%FH BEHH!H!E 58H8§ lH the Western Alps
(€8 | FSHS A ERel. 3 af fi 8). The Baisegeas
gve 8; H8H88§ H{8§l I 81 gF BoH the

H %ﬁ lHE BBF%E‘& IHES

ESH RIS EBVQ
ﬁéi %%‘Eﬁ §SH “ S“ F%i%a“ M W8
%% 4 Ii% ztone 1u¥nB % §B
e zggzLl suca um an ] E lﬁﬁgﬂ
elt; u ngmi en ra an a naB
ane ’ errrllorllrl'e a e g um
Z o r%l?] "‘zlatz:grr}s(i sugceé% ohns r‘%%resen\& ge

\/ 05
mgﬂ 2, Ec:ﬁg%ime T 8”%%%%%9-
fty a0 e *EFC

Aadia:
‘E@Qeﬁ R&Eﬁéﬁﬁ‘ﬁﬁ?@éﬂé’ﬁ@s shayte a?%@F-ﬁau%ﬁ!' Igr
SHGHRoN feriy imesianmaAnd GRATSERRE ANJRL

shallowmg upwards flysch sediments prevailing in the

% Eeﬁﬁcﬁgggigﬁ%t H}Eﬁ'ﬁﬂ L
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Cretaceous sequence. Transitional successions be-
» the Czorsztyn and Kysuca units represent slope en-
i with numerous resediments. Recent data about
-erifizraphy and evolution of the PKB are reviewed by
1997). The peculiar structure of the PKB is marked
v -pd blocks, so-called “klippen” of Jurassic-Early
Cusianeous limestones flowing in a soft Late Cretaceous-
-Padecsene matrix. This structure originated by manifold
deformation progressing from detachment of sedi-
sticcession from its underthrust substratum and
driempment of a shallew feld-and-thrust belt (latest
Greaeeonis - earliest Paleogene), dexiral #ranspressioh
Faksosdne - Early Mieeene) and sinistral transtensien in
e esieri seeter (Miseene):

The Ceniral Wesierd @ﬁféﬂathlﬁ% (EWE) seuith of the
e a the heart of the Carpathians, and are the key {8
waessialnding of their Alpine, as well as pre: Allpme H1§E8f;¥
Tiie EWE eensist of thres prineipal rustal-seale superunlis

N 8 8): the Tatrieum, Veperieum and Gemersum,

several Eover Happe Sysiems (Eaﬂqe Hrenie and
ﬁégguﬁ‘éé inte the Slevakecarpathian EHFH§E System

). Thie -§Elﬂﬂ%ﬁ §8V iigR  Crista

€8 H§E the ga& §E [iRe pasement

184 & Hale Paleszeie-M 8%8 sedimien 8¥8F Hs
gﬂs §esn 1R sedime tﬁii E

B2y {96 glached WIRIR e Fa al 8%8

kst IACOMpELeRt mta ERg 8 fﬂ & QFQ

%‘Eﬁxgﬁmﬁg s%\@%g oy §§:¥%18 ssB @%
Bl e oy B b e e PHE

Tatra-Fainaa Belr of core mmwntains

The eeological structure of the Tatra-Fatra Belt of core
(the Malé Karpaty, PovaZsky Inovec, Tribe&,
vrchy, Ziar, Malé Fatra, Velkd Fatra, Nizke

Tawy and Vysoké Tatry Mts., Fig. 2), which are Late
Tisaewy asymmetric horst structures, comprises from bet-
il ap:
i of the Penninic-Vahic oceanic rock complexes;
Tame pre-Alpine crystalline basement and its Late
c-Mesozoic sedimentary cover;

* me Fame (KriZna) Mesozoic cover nappe system;
* me Hronic (Chol) cover mappe sysien;
* me overstepping Late Cretaceous (uwncommon) and

Tahtwy (aumiin) post-nappe sadivmentary and woltas-

Valucum (term introduced by Mahel, 1981; rede-
by Pladienka et al.,, 1995) is the term for the
Carpathian extensions of the Ligurian-Piefmont
rasin and for the unlits derived from iis substra-

ie. for the (Southern) Perininie units. The likely
e Vame unit exposed at the surface i§ the Belise
i e Povaisky Inovee Mis. (Fig: 2). It eensisis of

greenschists and Late Jurassic to Early Cretaceous eupe-
lagic and Senonian flysch anchimetamorphosed sedi-
ments (Pla%ienka et al., 1994). The subsurface Iitadovce-
Krichevo unit is known from the pre-Tertiary basement
of the Transcarpathian Basin in eastern Slovakia and the
western Ukraine (Fig. 2). It is composed of low-grade
Triassic carbonates and Quartenschiefer, Jurassic-
-Cretaceous Bundnerschiefer-type metasediments and
Paleogene flyseh overlain by obducted serpentinites
(Setak et al., 1994, 1997; ef. Baréth et al., this voluine).
Hewever, the Penninic provenance of the IRafovee-
-Krieheve unit was diselaimed by Vezir ét al. (1996a).
They pf@g@gea its direet correlation with the Szelnek
HRit, a8 suBsurface Senenian-Palee flyseh unit ever-
thrusting the Tisia terfane iR the basement ef the
Pannenian BasifA iR eastern Huﬂgary (Fig. 2). Different
Penninie-Vahic esmplexes were overfidden By ihe
Slevakeearpathian URiis diachrenously during ihe laiest
Eretaceous - Palesgene and exhumed in the Miseene:

Tatricum

The Tatricum is an extensive thick-skinned crustal
sheet composed of the pre-Alpine (generally Variscan)
crystalline basement and its sedimentary cover.
According to the recent interpretation of the Carpathian
seismic transect 2T (Tomek, 1993), the Tatric sheet is
approximately a 10 km thick, upward convex tabular
body rooted in the lower crust below the southward loca-
ted Veporic wedge. Nevertheless, the marginal northern
Tatrie zones (the Malé Karpaty, PovaZsky Inovec and
Malé Fatra Mts.) show detachment of Mesozoic corple-
xes and larpe-seale recumbent folding of the
basetnent/eaver interface. They fay be regarded as
a syster of leeal baserent sheets ef nappes indicating
impertant shertening aleng the nerihern Tairie edge
(infratairieum - Plasienka et al., 1997; Kerikevsky et al.,
this velume). Aeeerding 6 Tormek (1993), the Tatfie
sheet is underthrust By remnants ef the L—iguﬂﬁﬁ Biement
geeanie erust (vahie In the @ﬁfBﬁEhiﬁ% terminelegy, see
alasve) which 6verlies ihe Briangennais (PIB) cortinen:

plinter that is fully BVEHRFiSt % the éemfal

QFE jian HHlEs ﬁ Very lew-grade me Q{HBFP ic ahd
§ lBVS R the stFfac iHFﬁI Hiﬁ E S FEVERIS

§8H1 §7 Hl of ISEE?HI‘& 840 Whic W?H &t

8§HH?EHF§ fH%lEE[SE a wel 3§II &

&4
ﬁﬁﬁﬁs;%gﬂﬁ by o

o i
Bl hé‘ i o

F % EraB e1r own an Has no e&unva
ensm Ee Tem Al s

Despite some zones of the Tatricum exhibiting partial
basement reactivation and nappe structures or large-scale
recumbent folds, the Tatric basement has a generally
well preserved Variscan structures without significant
Alpine overprint. The basement is mainly composed
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of crystalline rocks: medium- to high-grade Early
Paleozoic volcano-sedimentary complexes (paragneis-
ses, mica-schists, orthogneisses and amphibolites, phylli-
tes in the Malé Karpaty Mts. being an exception - cf.
Krist et al., 1992 and references therein) and several sui-
tes of Variscan granitoids intruding mostly the high-
grade gneisso-migmatitic complexes (c¢f. Hovorka and
Petrik, 1992; Peirik et al., 1994 and references therein).
Banded amphibolite complexes are specified as the lep-
tynite-amphibelite complex (LAC of Hevorka et al.,
1994). Metasedirentary complexes were formed mastly
from greywaeke protoliths. The lew-grade reeks in thie
Malé Karpaty Mis. (Butig in Pladienka et al., 1991) are
partially esnvergent e the Gemerie Early Baleozoie low-
%fﬁdé eemplexes. The presenee of some pre-Varisean

ements has been faveured By several authers (Krist et
al., 1992). The erystalling Basement cemplexes are in-
eorperated inte several thiek-skinned Vsm§ean happe
Striefures: Generally, the predeminant medium: 6 m%q
-grade eomplaxes 8verlie the medium- sfaae 8hes; the
lQHEF &eﬁam 84l IR  few fecianle windows WITRiR the
Alpidie strhettre (BHtls; 198%):

The sedimentary cover of the Tatricum consists of va-
ried, although dominantly carbonate lithologies. The
Permian red-beds are widespread only in the Infratatric
units, otherwise the basernent is overlain by Scythian
quartzose sandstones and variegated shales. The Middle
Triassic is represented by carbonate platform sediments,
mostly dolostones, and the Late Triassic by continental
Carpathian Keuper forfiation. Liassie syn-fift strata con-
tain sandy crineidal limestones and sandstenes. The deepe-
ning pest-fift sequence eensists of spetied marls, silicesus
and nedular limestenes, and Bianebne-type well-bedded
cherty limestenes in the basinal Siprif Sue-eessions. Ih the
swell sueeessions (Seuth Tatrie ridge), the Middle and
Late jurassie s represented By mestly shallow-waiter sedi-
fAents, and the Barremian - AptiaR Urgenian limesiones
are alse present: The marginal Infrafatre stecessieng
(Nerth Tatrie HQ&? are marked By i ﬂ§ Bedies of iufa§§ie
searp breeeias (Plasienka et & lg% 8 %amﬂe

lavas eeedr IR places at the Ba§s gt Hsm agic fld:
-Crelacesys segtence wWhich is ferminated Eﬂ
@enemaman silielelastic E YSeR fﬂfma £oRt lﬁmg

dies gf EBH&B %F%E%% wit nBQE;S l‘é Elasts: ThE %
§E§E iEHBWH% &AIs AFE e EArly THORAN Mmarls

Fe 8veHain Y 1RE KH4HA CBVEF RABRE:

Fatricum

The Fatricum (KriZna nappe s.l.) is a system of deta-
ched sedimentary nappes overlying the Tatric cover. The
Late Scythian shales and evaporites represent the main
décollement horizon. However, a wedge-like basement
duplex is present in the rear part of the nappe system
(Staré Hory and Razdiel units; ef. Hék et al., 1994;
Plaflenka and Prokedova, 1996). Seffie higher detaeh-
ment horizens (Carpathian Keuper, mid-Cretaseeus
marls) were aetivated in the frental paris ef the system.

Geologizal! evolutiom of the Western Qaypathians

The lithostratigraphicall content of the Fatricum is rather
similar to the Tatricum, with two complementary types
ofi successions - the widespread basinal (Zliechov, or
KriZna s.s.) and restricted ridge-type (Vysoka). For this
unit pronouncedly alkaline volcanics (basanites) are cha-
racteristic. They mostly bear character of hyaloclastites
(Hovorka and SpiSiak, 1993). The Manin and some other
units occurring in the Periklippen belt are also conside-
red to be constituents of the Fatric system by some au-
thers, the others place them paleogeographicallly north of
the Tatricum (see review by Pladienka, 1995b). The
problern lies in the everlying units - the yeungest,
Cenemanian flyseh sediments of the KriZha unit proper
(er Early Cretaceeus arly limestones In its rear parts)
are everridden By the Late Paleezoie er Triassic eomple-
xes of the Hrenie (Cheé) eever happe systef. On eent-
f§f¥ the Manin and related Periklippen units shew le-
eally eentinueus (7) Early-Late Cretaceous sueeessions
and the inferred Late Turenian everthrusting event is net
gvident from (he sedimentary record. €6nsegquently.
there IS AB peneral apreement, whether Senenian sedi-
ments 8f these HAliS e EFE%W[ {ermination of the eonti:
RAHBUS @FEE?ESS 3 HEE S10R, OF the pBst-Happe 8verstep
SEquenEe ElassiHed as B8at 8f8HB:

Hronicum

The Hronicum (Cho¢ nappe s.1.) is a large cover nappe
system overlying the KriZna or Velky Bok units (Fig. 2).
About two thousands of metres thick Late Paleozoic
complex occurs in the southern patt of the Tatra-Fatra
Belt, whereas the youngest Late Jurassic and Early
Cretaceous sediments are present only in the frontal
nappe parts near the Periklippen zone. The Late
Paleezoic - Seythian Ipeltica group (Vozarova and
Vozdr, 1988) is compesed of Late Carbeniferous shal-
low-farine deltaie elasties penetrated By dioritie dykes.
These subveleanic Badies represent an extensive Permian
veleanism of eantinental theleiitie basalis (“melaphyres”;
ef. Vezar, this velume) intercalated within thiek red:
beds: Middle te Laie Triassic sueeessions were derived
frem a Bread digsected earbenate platferm with reef
eores often forming Independent strictural WRils gver:
hrusting HSi HBBHHB Basinal §HEE%§§E%§ These “hig-
Het Hﬁ FE%S‘& H%B were thought ES fe-
§F8§S'ﬂ BHEHEE 8? EFE lg EFPHBE §lll ES\’/éF Happe

H FE%HE §H8§ q{ﬁ[&fﬁﬁii
I 18 ket fel:
8 8HRe} HEGHE §HSS%?§%8’B§: e i
ljgle BURIETS Was TR Bk 1A Ihe talee
Sl Fielseal sieceia
ns
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Fig. 3= Schematic lithostratigraphic column of the Malé Karpaty Mts.

stallive complexes «PrRuisS inn PPadBinkiaa egt adl,, 1994)). I1-- Pezmodk
Seccession (Bratislava-Borinka and Pemek-Baba areas, respectively).
Il - Pernek Succession (Pemek-Kuchyiia area). Ill - Harmoénia
Satcession. Symbols: L - basalts and their tuffs, 2 - volcanic breccias;
i - gabbros. gabbrodiorites, 4 - schists to quartzites with tuff admix-
w5 - tuffites, 6 - amygdaloid basalto-andesites, 7 - limestones with
pasak tuff admixture, 8 - limestones, 9 - marly shales, 10 - bituminous
sdwsts and quartzites, L1 - pale quartzites, 12 - clayey sandy shales,
13 - shales, 14 - rhytmic clayey-graywacke sediments, I5 - graywacke
ciadsiones (locally lithic graywackes) intercalated with shales, 16 - the
bomndary between formations A, B, 17 - tectonic boundary between li-
thodogical sequences.

Vepor Belt

The principal Vepor Belt Nizke Tatry Mts-east, Slovenské
nidohorie Mits.-west, Branisko Mits., Cierna hora Mits.)
comprises:

* the Veporic basement/cover thick-skinned sheet:

* décollement sedimentary cover nappes of the Silicicum
system;

* the Late Cretaceous-Tertiary cover rocks.

* the Late Cretaceous-Tertiary cover rocks.

Veporicum
Veporicum

Based on surface investigations and deep seismic reflec-
tion line 2T (Tomek, 1993), the Veporicum sheet is an
mmbricated crustal wedge, showing both the subhorizontal
nappe structures (Alpine and/or pre-Alpine; ¢f. Bezak,
1991, 1994; Bezdk et al,, this velure; Puti§, 1991a, b,
199504) il steagp oBlligue reavesse fhanltiigg, prethablly 1iskic
oi a crustal scale (Hok and Hradke, 1990; Temek, 1993;
Miadards et al., 1994). The Veperie sheet everrides the
sauthern flanks of the Tatrie uhit, and/er the sheriened,
previeusly aiteriuated basement of the Fatrie (Kri#na) de-

Fig, 3b, Lithostratigraphic scheme of southern Veporicum (Bezdk and
Vozér, 1987). L - bedded quartzose sandstones, subarkoses, sandy sha-
les, 2 - coarse- and medium-grained metamor-phosed sandstones, sand-
stones with pebbles, 3 - sandy metaconglomerates, locally layers of
metamorphosed sandy shales, 4 - metamorphosed rhyolite volcaniclas-
tics and rhyolites, 5 - cyclically alternating metamorphosed sandstones,
shales and siltstones interlayered with graphitic schists, 6 - layers of in-
termediate and basic volcaniclastic rocks, 7 - dominant metasandsto-
nes, small bodies of volcanic rocks, 8 - amphibolites, 9 - leucocratic
granitoids, 10 - metaconglomerates, metaarcoses, L1 - greenschists,
12 - muscovite-chlorite schists, I3 - biotite-albite schists, 14 - light-
-¢oloured schists, LS - light-coloured gneisses, 16 - a - serpentinites, b -
- metahornblendites, amphibole metadiorites, 17 - intercalations of
graphitic schists, I8 - metacarbonates, 19 - migmatized biotite phyli-
tes, 20 - augen-structured metasandstones, 21 - garnet biotite-chlorite-
-muscovite schists, 22 - medium-grained biotite granitoids grading into
nebulites to stromatites, 23 - banded and augen migrmatized gneisses,
24 - enclaves of gneisses, 25 - thrust planes and reverse faults of the
Ist order, 26 - thrust planes and reverse faults of the 2nd order, 27 - an-
gular discordanee. A - Krafova Hola Complex, B - Ostrd Complex, C -
- Klenovec and Hladomorna valley Complex, D - Sinec Complex,
Reviica Group: E - Slatvina Formation, F - Rimava Formation.
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mylomifies, phylenites

Git-amphibolite
Bt-gneiss
dF-orthagneiss
Hibl-BY greiss
Bi-Ms-@t greiss

C tekmAtodotite: orth,

Giz-dioritie orthogneiss
layered anghibatites

B
3

Fig. 3c. Lithological profile of the KV-1 borehole, Pohronskd Polhora
(Central Veporic zone). (Puti§, original figure).
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Fig. 3e. Lithostratigraphic columns of the Tatra Complex in the
Povazsky Inovec Mts. and StraZovské vrchy Mits. (Puti§, original figure).

main (Pla¥ienka, 1991). The surface expression of this
overthrust plane is called the Certovica Line which is con-
sidered to be an intracontinental suture, formed after an ex-
pulsion of the KriZna cover nappe (Biely and Fuséan, 1967).
Most of stirface exposures of the Veporleum are composed
of the crystalline basement rocks, the cover complexes are
festrieted to its peripheries. The Late Paleozoic-Mesozoic
sedifentary eever is subdivided ifite twe uhits - the sou-
thern and eentral Veperie Feederata unit and the nerthern
Veperie Velk dy Bek unit. The Feederata unit is enly seaf-
eely preserved, eensisting of lew- t@ ediuf-grade meta-
frerphesed aﬁa highly sirained sedifmentary reeks. These
EBfnprise an Laie Carbenifereus elastie seqenee depesited
Wﬁhiﬂ & deltale envirenment (Vazareva and Vezar, 1988),
Bermian-Sevthian eontinental elasties and Middle te Laie
:h $sie, mestly earbonate sediments of & B§§§N8 margin

RviFeRment. No Jurassic sedlments Rave Been GBserved.
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Fwe ML Vijwsscan basement of the Veporic zone reactivated by Alpine nappe and thrust faults (Puti§, original figure). A - low grade metamorphic
ommpeek. B - low- to medium grade crystalline complex (Kohit Complex: phyllite, greenschist to amphibolite, mica-schist, talc-schist, black schist),
C - inbitemmi grade complex of the north Veporic (Hron Complex: mica-schist to gneiss, rare amphibolite, metaquartzite), D - medium to hight grade
awstalime complex (leptinite-amphibolite complex: cpx-rt metabasite, layered amphibolite, diorite to tonalitic orthogneiss, metagabbro, serpentinite
ma o~y gneiss). E - medium (to high grade) crystalline complex (Cierny Balog and Lubietovd-Murdfi Complexes: paragneiss, mica-schist to
st amphibolite. orthogneiss). F - tonalite, granite, granodiorite (303-295 Ma) of the Vepor pluton, G - high grade crystaline complex
~ Complex: analogous with the D as a part of the Tatric basement), H - medium to high grade crystalline complex (Tatra Complex: gneiss, migma-
. mephuboliie. orthogneiss), I - granite to tonallte (cca 340 Ma). Struetural symbols: triangles - Early Variscan thrust and suture zone; squares -
- =ajle \'anscan thrust and suture zone; comb line - Alpine reactivation nappe and thrust fault.

omaer nappe system, however, there are many indications
® southward shallowing and a marginal position of the
Velk§ Bok unit with respect to the Jurassic-Lower
Cretaceous Zliechov basin of the Fatric realm (PlaSienka
=ad ProkeSovd, 1996).

The exposed eastern part of the Veporic superunit in
Central Slovakia (the rest is covered by Tertiary sedi-
ments and volcanics) shows a dome structure with an
onion-like arrangement of the Variscan basement and
Permomesozoic cover complexes. The Alpine meta-

Zemplin - type
Panafrican hasement

“m- 3%, Variscan tectonostratigraphy of the Central Western Carpathians basement complexes (Puti§, original figure). Abbreviations of basement
-omygilexes: PER = Pemek, PEZ = Pezinok, LAC = leptinite-amphibolite, KR = Kraklovd, HD = Hladomomd dolina, RAK = Rakevee, GEL =
= Gelmica. Zr = zircon, Mnz = monazite, Amph = amphibole, Ky = kyanite, And = andalusite, Eib = fiibrolite, St = staurolite, Ms = muscevite, Sil =

= silimanite. Ar = *Ar - ®Ar.
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morphic overprint reaches ca. 600 °C and 10 kbar in the
deepest exposed basement unit (micaschists) and ca.
450°C and 6 kbar in metasediments along the southern
periphery of the dome (Janék and Pla$ienka, unpublished
data). Estimates slightly over 500 °C at 8-9 kbar were
obtained close to the Pohorel4 thrust-fault in the central
part of the Veporleum (Puti§ et al., 1996, and this vo-
lume). However, these figires are considerably higher
than estimates of seme other authers (¢f. Kovagik et al.,
this velume). Previeusly, the maximum P-T conditions
were estimated as ea. 500°C and 8 kbar (Vrana, 1980 for
fhetagranitoids; Méres aﬂd H@V@Hﬁﬁ; 1991 for metapeli-
tgs). Therfeehronoiogicall “Ar/™Ar data indicate eoo-
ling and exhumatien frem ea. 110 Ma (amphibeles) te
§0-80 Ma (mieas; see Maluskd et al., 1993; Dallfeyer et
al:;, 1993, 1996; Kevagéik et al;, 1199@) The Veperie me-
tafﬂefpmé eere eemplex was ‘exhured By a generally
east-dipping lew-angle nermal fault acesmpanied By
& duetlle shear zone wuh -19-the-gast shear sense in-
61€§E8E§ g gp Hek et al., 1993; Butig, 1994 Madaras et
al., 1996). Past- metamgfame EIEV%HBB of the Vepatie
deme eulminated By 4 small inirusive Beey 8f the Laig
Eraiaeesus RBEHENE% fanite: The MelamerphIC 1sograds
ae IéiééEB ‘é and §8 8[ méé 81§88ﬂ lHHB Wwitht H§
extensional §8FE §Hm8 HH1§ Femeved g
HRFE8HAY {AYS V% V% % 32%% 8F |
68%8? shegt QHQ Q 8E staék 8F tRE MENatE accfe:
{i8-68 1§18'a HRits:

The Veporic basement, similarly as the Tatric base-
ment, represents the inner Variscan zones. In the north, it
is composed mostly of medium-grade metamorphic rocks
(micaschists and para- and ofthogneisses, amphibolites)
that are intruded by the largest Carpathian plutonie bedy -
the compesite Veper granitoid pluten. The seuthern part
of the Veperic baserent consists of variegated metased-
fhents, mainly ﬁﬁfﬁétlf@f@% fhieasehists, in places inter-
calated by blaek shales and earbenates, ef With rare be-
dies of amphibelites, serpentinites and tale sehists.
Whereas the neriherifmest Veperie zenes were affected
by enly lew-grade Alpine metamer?me Qverprifit
(Kerikevsky et al., this velume), preferably within myle-
fite and phylamte £6hes éﬁuti§ 19918), the eentral and
seuthern z6Res Bear charaetaristies of §Efeng Alpine reae:
tivatien iR the greensehist {8 1ower amphiboliie faciss
enditiens (Putig &t al: 1996, and this veltihe).

Silicicum

The Silicicum is the highermost and innermost cover
nappe system in the CWC, also overlapplng the IWC
Meliata Belt (Fig. 2). The Silicic nappes were rooted in
either the southefn of forthern peripheries of the Mellatic
suture. In splte of Aumerous recent studies, the preeise pa-
linspastic position of the Triassic earbenate platferms ef
the Silleicur still refains unreselved. For ifistanee a pesi-
tion at the southern margin ef the Meliatie acean was élai-
med by Hék et al. (1995) and Raks (1996), en the &6h-
trary to mest ether authers plaeing the hemeland of the

Geologiizal! evolutiiom of the Western (Zaypathians

Silicicum on its northern, passive margin (e.g. Kozur and
Mock, 1973, 1987, 1997; Kovacs, 1997; Haas et al.,
1995). Nappes of the Silicicum were detached within the
Late Permian evaporites. They are dominantly composed
of Scythian shallow-marine sediments and Triassic plat-
form carbonates of the shelf edge environment. Transition
from the back-reef lagoon, through the barrier reef bodies
to the continental slope environments with pelagic facies
can be reconstructed. The Trlassic carbonate platform
eommplexes are thicker compared te other CWC unlts. This
fature passive margin eemplex was, similarly as in other
Slevakeearpathian uAits, destroyed by Early Jurassic rif-
tm% The yeungest sedifents kaewn are the Oxfordian ra-
dielarites and elistestrames, Tithenian shallow-water li-
frestenes already representing the everstep %?uen@e The
Silieie nappes afe % pieally topped by the Early Senenian
Gesay sediments, theugh these are eﬁl farely preserved
(Fig: 2). On the §Hff§€é iA the V@BBE Belt, the Silieieur is
Fepresenied By the Bﬂeﬂels Rappe gutlier that everthrusts
the Eheg nappe and the nerthern Vepere Verky Bek
(Lugatin) eover. The MuraR Rappe in the &eniral
-geﬂeum gverlies Il Foederata cover similary as the
{ra1eRd happe 218Ag the ffﬁ 3 %{gm of th V%%BHE d6me:
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Gemer Belt

The Gemer Belt (Slovenské rudohorie Mts.-east,
Slovensky kras Mts.) includes:

* the Gemeric Paleozoic (rarely up to Middle Triassic)
basement/cover sheet;

* Late Paleozoic-Mesozoic successions of the Meliatic
Jaklovce and Borka nappes;

* detachment cover nappes of the Silicic system;

* Senonian - Tertiary post-nappe cover.

Gemericum

The basement of the Gemericum sheet is composed of
the Early Paleozoic to early Late Carboniferous, mostly
low-grade metasediments and metavolcanics in-truded
by small bodies of Permian granites. Structurally this ba-
sement is closely confined to lithologically and meta-
morphically similar Late Paleozoic wvolcanosedimentary
successions grouped into several principal lithostrati-
graphic units. The erlier geolegical investigations
(Greeula, 1982) and the seismie line 2T (Temek, 1993
shews the Gemerieum as a relatively thiA nappe uhit
overlying the Veperieum. Hewever, tie life @1 (Vezar
et al., 1996a), transeeting its eentral part, reveals the
Germerieur as a thiek-skinned erustal sheet rested in the
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Meliatic suture. Although the Gemericum as a whole
:learly overrides the Veporicum along the paleo-Alpine
=hiwist contact known as the “Lubenik-Margecany Line™,
there is no general agreement about the age of its imbri-
cated internal structure - either Late Variscan (e.g.
Grecula, 1982), or Early Alpine (e.g. Ivanitka et al.,
1989), see also Németh et al. (this volume). The former
aew may be supported by some preserved Variscan
LAf/®Ar muscovite ages from the Margecany Line
*Dallmeyer et al., 1996).

The Early Paleozoic sedimentation basin (Grecula,
1982) indicates the fact that was formed in the vicinity of
a nft which was originally of continental character with a
spccessive transition imto an oceanic rifit. In the vicimity
o dhe axial part of the riifit divere was fommed a dosp-water
basin with oceanic crust and with successive develop-
ment of the ophiolite complex (Rakovec complex, Kldtov
tumplex). The other patts of the b asin were formed on te
wiony and continental type of crust with prevailing al-
ke and cale-alkaline voleanism (Gelnica complex).

Three principal complexes are distinguished within the
Early Paleozoic rocks: the Gelnica, Rakovec and Klatov
Cdmplexes (many authors use term group) which are
embraced into the Volovec Group (Grecula, 1982; 1995;
Rk 4a). The lower part (Betliar Formation) is detritic
eomposed of phyllite after black laminated pelite to silt,
rediitic phyllite occurs in the upper part with peculiar ly-
#iile and carbonate members. Carbonates are far more rare
& lydites. The middle part of the Volovee Gropu

Sinelnik Fermation) Is made of variegated preen phyllite,
aeain festly laminated. Beside that, the flyseh psammite
i pelite and psammite assermblages representing charaste-
mstic fembers of seme ﬂapgegg delirited tegether with
waeanites of diabase-keratophyre formatien ecsurfing i
i Base of this fermatien. Upper part of the Velsvee
Group (Hnilee Ferfation) is Built of veleanie regks.
ieese are represented from the Base By a varisgated vel-
camie eomplex present in all Early Paleezeie dsvelsp-
peais followed By spatially différentiated voleanites:
B3ac veleanites prevall i ihe neriR (Rakevee and
icaiov eomplex) whereas Fayelite, daclie and éﬂﬁ%ﬂf%
MiAd {he seqHences i the %S ;F%l ahd §8HEH%H¥ patts 8
SeinicHm (Belnica Somplex):

Auernpts to determine the ages of Early Paleozoic basin
filliary were unsuccessful. According to palynologic data
B black shale sequence is most frequently assumed to re-
gmeseat Late Silurian to Early Devonian (Snopkovéd and
Sspiko. 1979) however sporomorph assemblages occupy
sise the age span from Cambrian to Carboniferous. Zircon
tees fromn four rhyolite localities in the upper part of Early
Paleczoic complex using Pb/U method are about 350 m.a,
wlld is Late Devonian (Shcherbak et al., 1988). Other
wock €omplexes may only be related to sueh dated levels
fa superposition as younger of elder. The lewer beun:-
&R ci Early Paleozoic remains preblematie in lithelegi-
o well as in stratigraphie sense. isetepic reek age of
Fn-kor areas in the lewer paris ef Early Baleszeie is frem
dhadde Zireons of sandsiene determined as abeut 650 m.a.

=
= —— %
-granit
r- ranit
I.
I — = %E 370 e
380 Ma
e
Hnilec
Eorm [
e ————
Zmrmcppm
rifting
Fb/t 405 Ma
X XEAKNKAAAALAA
rifting
1 650 Ma

Fig. 4a. Paleozoic lithostratigraphic column of the Gemerieum
(Grecula, 1982). L - coarse laminated metapelite to metasandstong, 2 -
- black schists with lydite and carbonate lenses, 3 - hasali-keratophyre
volcanic rocks with stratiform ore-bearing horizont, 4 - psammiitic and
psephitic sequences, 5 - phyllites and schists, 6 - acid and intermediate
volcanic rocks, 7 - carbonate; 8 - ultrabasic rocks, 9 - rhyolite and kera-
tophyre, 10 - basaltic lava and pyroclastics, L1 - rhyolite domes.

(1. c.), hence the sandstone is younger. The upper part of
Early Paleozoic should be Pre-Late Viséan (Kozur et al,,
1976). The Late Paleozoic complexes are lying discor-
dantly on the Early Paleozoic footwall.

The Late Paleozoic basin in the boundary zone of
Gemericum and Veporicum was formed from beginning as
one common sedimentary basin being gradually wider and
filled (Grecula, 1994). The source of the material of sedi-
mentary basin was represented by rock complexes of
Gemericum and Veporicum. These were folded and meta-
morphosed before the origin of Carboniferous basin, so in
the fundamental features also the Variscan nappe setting
was completed. Generally also the present relations of
Veporieuth and Gemericum were fixed, i.e. the nappe
everthrust of Gemerie units on the simultaneously formed
nappe ufhits ef Veporieum.

The North Gemeric (Rakovec and Klatov. terranes)
Carboniferous complexes (Dobsind Group; Vozarova and
Vozér, 1988) consist from the Ochtind Formation with
both the conglomerate-shale and magnesite developments.
The upper formations are distinctive mainly in the
Dobiiné-Rudtiany development of Carboniferous. They are
tepresented by the Rudfany Formation (conglomerate-
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Fig. 4b. Variscan and Alpine tectonic strutures in the detail cross-section through the northem part of Gemeric area Nélepkove - Bindt (Greeula,
11994), compiled using the geophysical modelling of the heavy, light and magnetic complexes (Grecula. Kucharié and Mikuska, 1992). 1 - formation
of black metapelites, 2 - formations of the greenish metapelites, 3 - basalt-keratophyre volcanic complex, 4 - metapsammites, 5 - rocks of the diabase
volcanism, 6 - gneisses and amphibolites (1 - 6 - Early Paleozoic). 7 - granite (Upper Carboniferous - Lower Permian), 8 - Carboniferous rock com-
plexes, 9 - Permian complexes, 10 - footwal of the Rakovec nappe, L1 - Variscan nappe and overthrust sheets, 12 - faulting of nappes and nappes
connected with Alpine transpression. 13 - ore veins (e.g. Max) of siderite-sulphidic formation.

-sandstone development), the Zlatnik Formation (volcanic
rocks) and the uppermost Hamor Formation (conglome-
rate-sandstone-shale development).The South Gemeric
Permian-Early Triassic Go&altovo Group in its lower
part contains the RoZiava Formation (conglomerates,
sandstones and shales).

The Permian sequences on the north ofGemericum are
represented by the Krompachy Group. It is divided to the
basal Knola Formation (conglomerate-sandstone forma-
tion), the Petrova hora Formation (volcanogenic rocks)
and the Novoveskd Huta Formation (shale-sandstone one).

Metamorphic overprint of Gemeric rocks occurred in se-
veral events. The assemblage of the gneiss (metasemipe-
lite) and amphibolite distigueshed from the Late Devonian
to Early Carboniferous (320-370 Ma; Kantor in Cambel et
al, 1990). The mixture occurs as the relict of an earlier re-
gional metamorphism-M L of the a low-pressure (3-4 kbar)
conditions, well dis-tinguished in the chlorite-biotite
(500°C), biotite (550°C) and cummingtonite (650°C)
zone, respectively (Radvanee, 1992; 1994).

During the Variscan collisional events a nappe tectonic
style was formed (Figs. 4b and 4c; Grecula, 1982).
Variscan nappes originated already before the beginning of
Carboniferous sedimentation and their formation terminated
before the beginning Permian to Triassic (Alpine) evolution
cycle (Grecula, 1994),

Variscan nappes are fold nappes with characteristic
structural and lithologic content reflecting certain parts
of riftogenic sedimentary space. Central part of the rift
basin with oceanic crust Is represented in the Rakovec
nappe. To the contrary, marginal parts of deep-sea de-
pression preserved in the KojSov nappe. Transition deve-
lopment with rock seguences of a passive continental
fmargin is charaeteristic for the Maisek nappe. Southerly
nappes (Prakevee, Humel, Jediovee and Medzev nappes)
generated from sediments in dissected basin over contl-
nental erustal type.

Alpine destruction of Variscan nappes is significant
(Grecula, 1997) within shear and transpressiom zones of
NE and NW strike with fan-type of thrusts-faults (Figs. 4b
and 4c). Large horizontal slips occutred along them. Shear
zones of horizontal slip movements played the main role
during Alpine events. They represent not only shear and
slip zones but also that of spatial reduction generating local
thrusts mainly in Permian and Mesozoic¢ units. Shear zones
and related deformations are very probably the result of
glebal transpression during Pales-Alpine eveats In the
Westerd Carpathians.

The Mesozoic sedimentary cover of the Gemericum is
poorly known and seldom preserved. It probably consists
of shallow-marine clastics (Scythian) and presumably
Middle Triassic carbonate platform sediments that occur
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in the western part of the Gemericum, below outliers of
ie Meliatic Borka nappe.

Meliaticum

The Meliaticum is represented by the Borka and
Jaklovce nappe units (sensu Kozur and Mock, 1995, 1997:
Mello et al., 1997; Németh, 1996 in the Gemer Belt, over-
ving the Late Paleozoic-Early Mesozoic cover rocks of the
Gemericum. The Bérka nappe is of eminent importance
because of the presence of blueschists ferrmed from the
Middle Triassic basalts and Triassie-Jurassie §lates
ef. Faryad, 1995; Faryad, Faryad and Henjes-Kunst, this
+>hgme). Seme Meliatie niappe outliers eentain bedies ef
mesfeTHied ophielites, ineluding serpentinized peridetites
& theleiitie basalts ef the inferred Middle Triassie age
Heverka, 1979; Ivan et al., 1994). Late Paleoz6ie-Seythian
ssasadiimrinis and early Midele Triassie platferm earbena:-
i are alse present. Triassie seeanic roeks lacking Blues:
cbksis (Jakloves unit) are leeated in a pinehed synfsrm A

NE part of the Gemer Belt éﬁ]l\% 3). Hewever, they pre-
hably represent an eutlier of & Meliatie Rappe Qverthrust
ir6a {he seuih, and net an independent “Felkmar stftre”
asmed O the ROHRE BEARCA of the Meliaia cean. 48
Kssimed By KeeaT ARE IYIRGk (585, 15899)-

Saticicum

The Silicicum is represented by the Stratena nappe in
me Stratenskéd hornatina Mts. and the Galmus zone alofg
s northern periphery of the Gemer Belt. Several small
sadiers occur also in the central part (Kongitd and
Raiizim hills, Opatka nappe in the east). The Silica
iLaspe §.5. that occurs in the Slevak Karst regien and in
e Aggtelek Karst in northerd Hungary is ranged alfe-
wy (o the Meliata Belt of the InRer Waesterd
Cafnatiians. The deminantly Triassie earbenate comple:
aes of ihe Siliea nappe are leeally iopped by remnants of
Seaonian fresh-water lifiestenes, eenglemerates and pe:
b arls ef the eversiepping Gesau group.

Inear Western Capnathians

The Inner Western Carpathians (IWC) encempass
Paleozoic and Mesozoic sedimentary (mostly carbonatic)
aomplexes showing affinity o dhe South Alpine #nd Dinarigic
mias belts (e.g. Haas et al., 1995; Trunké, 1996). They are
maiCennonphosed or were only slightly metamorphesed du-

the Early Cretaceous (cf. Arkai et al., 1995; Lelkes-
Feivani ef al., 1996 and refereniees therein). The beundary be-
ihe CWC and IWC is fermed By the shiure
imsaeactiing (e Meliatie eeean. Beeause this suture Is megtly
ssaed. there is fie general agreement abaut [fs aleng-siHke
seat Mest prabably it follows seme imperiant subsurface
Boinical anemaly zenes Ra4ba-Hurbaneve-Bigsjens:-
Melipoec sz TibiRay (Fig. 2): However, based gh the
adladay, of the Germerie WRIts 0 {he southern TeiRYan Z8nes:
kil s elassify the EGemerieum & 3 part of He 1we

(e.g. Kozur and Mock, 1996, 1997). Some Hungarian authors
infer that the Gemer-Biikk unit (e.g. Kovacs, 1992a, 1997) is
part of the Pelso (Pelsonia) terrane (e.g. Haas et al., 1995)
which was assembled with other Western Carpathian units
only during the Miocene to create the “North Pannonian Unit”
(Csonitos et al., 1992), later renamed as the ALCAPA Unit
(Csoritos, 1995). However, the Lubenik Line is clearly a pre-
Tertiary structure and in spite of that several segments of the
Meliatie suture which were reactivated during the Tertiary, no
far-reaching lateral transpert along it was proved. On contrary,
glese pre-Tertiary evelutionary links between the Pelse ter-
fane and the CWE (e.g. margins of the Meliatie ocean present
in Beth megaunits) and the presenee of elastie material of the
ewe gf@vemﬁee_ in seme everstep seguenees in the Pelse
HRItS (Transdanublieurm - Pﬁl@@%ﬂ@; Bilkdkieum - Senenian;

[ Trunks, 1996), speak rather far their Bfé:T@ﬁi%% éJumpe:
1H16A: Aeeefemgiy,, the present relatiens of the EWE and
1We uhits & depiéted in Fig: 2 appear i8 be generally inher:
ted from the Late Jurassie-Cretaceous collisien stage.

The southern limit of the IWC is the Mid-Hungarian
lineament (Fig. 2; Zagreb-Zempliin discontinuitty belt of
Grecula and Varga, 1979), a large-scale Tertiary dextral
wrench fault which juxtaposes Western Carpathian units
against the Tisia terrane (Tisza-Dacia Unit of Csontos,
1995). Within these boundaries, the IWC are subdivided
into four tectonie belts (Fig. 2). These are the Mellata,
Transdanubian (Bakony), Biikk and Zemplin Belts.

@

wn

Melvatauz Belt

On the surface, the Meliata Belt covers the area of the
Slovak Karst continuing to the Aggtelek Karst and
Rudabédnya Mits. in northeastern Hungary. From bottom
to top, it is built up by:

* Triassic-Jurassic oceanic accretionary complex of the
Meliaticum;

* Late Paleozoic to Jurassic active margin complex of
the Turnaicum;

* Late Permian to Jurassic passive margin complex of
the Silicicum;

* Senonian and Tertiary cover complexes.

* Senonian and Tertiary cover complexes.

Meliaticum
Meliaticum

The outstanding tectonic importance of the Meliata unit
s.s., as a representative of the Meliaticum superunit, was
firstly recognized by Kozur and Mock (1973). It consists
of numerous slices, olistostrome and mélange-like bodies
and olistoliths of platform carbonates (Anisian), pelagie
oceanic sediments (Late Anisian - Oxfordian) and dis-
membered ophiolites, all dispersed in mostly Jurassie dis-
tal flyseh matrix (Kezur and Moek, 1997). Meliatie eofi-
plexes show steeply dipping, generally fan-wise
imbricated strueture with elear top-te-the-nerth sense of
shearing at the ABFtRern Margin of the suiure and with the
eppesite aleng its seuthern maf%m.(ﬁak gt al., 1995).

Bif Upper paris have been partly msefFafé_t%é 1nie an
gvaperitic melange (similar 8 the Haselgebirge of the
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Eastern Alps; cf. Réti, 1985) at the sole of the overriding,
generally flat-lying Silica cover nappe.

Turnaicum

Very low grade metasedimentary complexes of the
nappe units classified generally as the Turnaicum (or
Tornaicum, more-or-less corresponding to units designa-
ted by Kozur and Mock, 1997, as the “South-
-Rudabényalcum”), are regarded to be derived from the
southern flanks of the fermer Meliatic ocean. They are
composed of mid-Carboniferous wildflyseh formation
(Vozareva and Vezdr, 1992a), Permian red-beds, mestly
basinal Triassie earbenates and Jjurassie flyseh formatiens
lecally with small intrusiens and abundant pebble mate-
rial of eale-alkalifie veleanies. The Turhaie fiappes ever-
lie, and in prifeiple are paris of the Meliatie aceretishary
eemplex. The higher Silleie nappes shew a distinet meta-
fmerphie and stretural diseardanee at their Bases:

Silicicum

The Silica-Aggtelek nappe is the type unit of the
Silicicum, forming large karst plateaux at the Slovakian
/Hungarian border. It is marked by Late Permian evapori-
tes, very thick Scythian shallow-marine syn-rift sediments
and a huge Triassic carbonate platform. The shelf edge set-
ting of this platform is indicated by a distinct passage from
the backreef and reef facles in the north (Wetterstein,
Dachstein Fm.) to the slope and basifial pelagic facies ia
the south (Hallstatt, Zlambach Fin.). In general, the Silica-
Aggtelek nappe covers subhorizontally the sirengly distur-
bed and often subvertically oriented beds ef the underlying
Meliatie and Turnaie uhits (Reichwalder, 1982), theugh it
is alse affested By pest-nappe large-seale felding related
probably te Early Tertiary transpression. Seme ether sma-
ler units of ambigueus pesitien are semetifmes affiliated to
the Silieieurn as well, Ramely the Bédva and Sz616sardé
fappes (Kevéaes, 1997). However, Kezur and Meek éi@ﬁ?;
1997) range ihe §zél6sardé unit t8 their Seuih-
-Rudabanyaleum i.8. Turnaicum);

Transdamultican Belt

Only the eastern part of the Transdanubian Belt (or
Bakony Belt, cf. Kdzmér, 1986) reaches the surface in
the Balaton Highland, Velence, Bakony, Vértes and
Gerecse Mts. and Buda Hills (known altegether as the
Transdanubian Central Range), located to the SW of the
loop of the Danube river (Fig. 2), and in several siall is-
lands east of thie Danube near the village Csévar.

Transdanubicum

The belt is probably built up by a single tectonic supe-
runit, the Transdanubicum (designated also as the
Bakonyicum). The following rock complexes are present
from bottom to top:

Geologizal! evolutiom of the Western Caypathians

* rather hypothetical pre-Variscan high-grade crystalline
basement;

* Early Paleozoic (from the Ordovician to the Early
Carboniferous), only slightly metamorphosed volcanose-
dimentary formations (Balaton Highland), intruded by
Late Paleozoic subalkaline granites (Velence Mts.);

* thick Permian to Cretaceous sedimentary cover com-
plexes;

* Tertiary overstep saquences.

A wide stratigraphic range of the Early Paleozoic sedi-
ments and an absence of any stronger Variscan metamor-
phism and tectonism indicate the position of the IWC
zones out of inner mobile Variscan zones. On the other
hand, a thiek crust below the Transdanubian Belt points to
the presence of a contirental basement under the
Paleozoic formations. This might be the Cadomian or
Panafrican basement of the “Southern Continent”, a drif-
ting Afriea-related fragment in the lower plate position
during the Varisean eellision afier locking of the South-
-Variseah (Massif Central, of Rheie, 6r Prototethys)
eeean. This basement weuld Be related te the Celtie fer-
rane as 4 eonstituent of the Nerie eempesiie terfane
(Friseh and Neubauer, 1989), and/er the inira-Alpine ter
rain of Stampfii (1996). 1t magf@Be_ inferred that this base:

ent appears at fie Bottem of Tertiary basing between ihe
gdivec and DarAé liAes (Fig: 2) around the
BVQKi%HiHﬁBF,%% Border where it was reached By
seme deep drillings and Iis fragments eeeyr as xeneliths in
Migeene andesites (Hoverka and bukaeik, i973). The
Veparie ?fBVEH%HE% of tHese Righ-grade metamerphic
EB% ézﬁg%%%%ﬁ % these QH{H K. SeEMs 18 Be 1ess pre-

[Zetla~2l=s)

B
4 i é@ﬂ% £8UFe BF fhe Mehatic SHEdFe IS taken
1RI8 EBRSIGEFAHISA:

The Permian-Triassic succession of the Transdanubi-
cum represents a strongly subsiding, extensive carbonate
platform. The most conspicuous facies are Permian con-
tinental red-beds substituted by shallow-marine evapori-
tes and dolomites in the NE direction, similarly as in the
Belerophon Formation of the Southetn Alps (Haas and
Budai, 1995; Haas et al., 1995). These are overlain by
the Seythian coastal deposits with restricted input of ter-
tigenouss material. An Anisian carbonate ramp was repla-
ced by Ladinian-Early Carniah carbonate platforims and
intervening pelagic Basins with rermarkable aeidie velea-
hist (Buehenstein f.) that reflest a Fift event. Middle-
-Late Carfian marly fermatien with eensiderable terrige-
neus influx (Raibl event) that sealed the Ladinan rugged
tapegraphy are fellewed By thiek Neriad-Eary Liassie
shelt earbanates. Pelagie Late Triassle facies seeuf iR
the SE part of {he Transdanueian Belt (Buda Hills,
€36var islands, ef: Kezur and Meek, 1991; Kezur, 1993;
Haas et al:; 1997)-. THeY, probably represent a shelf sigpe
facies appreaching fhe Tethyan gesanic realm:

The Jurassic-Early Cretaceous sediments of the
Transdanubicum display variegated lithologies, often of
the pelagic swell “*Ammonitico Rosso” facies with nu-
merous condensed horizons and hiatuses (cf. Csészér
and Haas, 1984; Kazmée, 1986; Trunko, 1996; Faupl et
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al_ 1997). At the northem periphery of the Transdanu-
pian Belt (Gerecse Mts.), neighbouring the Meliatic su-
tare, an outstanding Early Cretaceous succession
nccurs. It consists of coarsening-upward flysch sequen-
e containing pebbles and heavy minerals of an ophioli-
mc provenance, interpreted as witnesses of the closing
period of the Meliatic ocean located northwards (see re-
wiew by Csészér and Argyelan, 1994, and references
herein). Internal zones are marked by coeval Urgonian-
-type buildups. Several independent horizons of bauxite
geposlts originated during the Late Cretaceots.

Based on the surface data, the structure of the
Transdanubiam Belt seems to be quite simple, domina-
ted by a large SW-NE trending megasynform with the
core filled with Jurassic-Cretaceous sediments. Pre-
Mesozoic complexes crop out along the SE limb of this
pre-Senonian structure (Balla and Dudko, 1989). This
amb is also complicated by SE-verging reverse faults.
The northern, covered limb juxtapesing the Raba-
-Hurbanove Lifie may have a nappe structure (féactiva-
ied as extensionall low-angle faulis during the Late
Tertiary), as inferred from the seismiie daia (Hervath,

993) and frem the near-Suture pesitien. HeWeVef,
Balla (1994) eensiders the Raba Line as a subvertieal
sfenanfauli. The westerd part of ihe meg%ynfefm is
=éqled By the Senenian sediments of the Gesau greup:
iLate Cretaceous lamprophyre dykes penetrate the
Velenee graniie and Mesezeic sediments (Horvath and
Jdor, 1984; Kazmer, 1986). IR the easierh part; the
SVersiepping sequence Began By EBEeRE HARSBFESSION:

Biikk Belt

The principal Biikk Belt (Igal-Bukk in a broader
samse), exhibited in the Darn6, Uppony, Szendr6 and
Biikk Mts. of northeastern Hungary, comprises:

v very low-grade Paleozoic complexes;

* Mesozoic formations of several happe wnits;

* Senonian post-nappe sediments (Uppony Mts.);

* Tertiary overstep sedimentary and volcanic complexes.

The Ordovician-Petmian sediments and rare volea-
“ics occur in the northern part of the belt (Fig. 2).
During the Variscan orogeny, they mostly represented a
carbonate platform (Uppony Mts.) of the passive margin
»f the “Southern Continent” terminated by syneollisional
mid-Carboniferous flyseh (Szendr6 Mis., akin te the
Hochwipfel flyseh formation, ef. Kevaes, 19928; Ebnef,
.992). An overstepping Permian seguence eensisis of
fed-beds and shallow-marine earbenates. Hewever, Saly
Alpine tectonism and metamerphism IS dssumented
Arkai et al., 1995). Therefere the presence of & pre-
Varisean basement If the degp SUBSLFAtUM i3 Hkely:

Biikkicum
Mesozoic (Triassic - Jurassic) successions are generally

srouped into the Biikkicum (Biikkium) superfunit, eonsis-
ting of two principal types of units. The lower “Biikk

Paraautochthon” (Fennsikum in terminology of Kozur and
Mock, 1987, 1997) represents a Triassic carbonate platform
complex with noteworthy Ladinian calc-alkaline volca-
nism. The platform was drowned by the Early Jurassic and
basinal pelagic sediments, often radiolarites deposited until
the Oxfordian. The paraautochthonous units show an im-
bricated structure with a distinct southern vergency in the
Biikk Mits., opposite to the thrusting polarity recorded in
the nertherly exposed Paleozoic complexes of the Szendr6
Mis. These are overlain by outliers of the Szarvasko-
-Mérosbél nappe system (Csortes, 1988), consisting of
distmembered ophielite eomplexes, ineluding pillow-lavas
of the jurassie age (Balla et al., 1983; Downes et al., 1990),
But slivers ef Triassie eceanie roeks are present as well
(Darné Mis. - Deszialy and jézsa, 1992). These ophislites
prebably represent ebaueted fragments of ihe eeeanie erust
of & Baek-are basin epened due to seuthward (partly intra-
geeanie?) subduetion of the Meliatie sesan during ihe
furassie (Fig. 7). The Back-are was elesed immediately
afer sHiWFRg of the Meliatic 8eean in this area. HOWRVEF, it
Ay Rave exiended sOHIAWesIwards {6 connect {he
Blnaridie-vardar 8cean fhat was €losed considerably 1aer:

In the NE part of the Btikk Mts. a nappe outlier of Late
Triassic platform carbonates occurs, described as the
Silicic Kissfensik nappe (Csontos, 1988). However, the
Silicic affiliation of this outlier has not been confirmed
(cf. Kovécs, 1997).

The Btikk Belt extends SW-ward into a strip be-
tween the Balaton-Darné and Mid-Hungariam Lines,
the so-called Middle Transdanubian unit or the lgal
zone. It is completely covered with Tertiary sediments,
according to borehole data it consists of strongly dis-
turbed and internally variable complexes of domi-
nantly Triassic formations showing contrasted affini-
ties to nelghbouring units (cf. Bérczi-Makk et al.,
1993). The northern part 1s composed mostly of Late
Paleozoie-Triassic platform carbonates, the southern
strip invelves basinal sediments, olistestromes and dis-
fembeted M@§6§@i@ éphielites affected by a very low:-
%i;ﬁée etamerphism ﬁKa:u:m@h 1986; Arkai et al.
991). Probably the igal zene, its seuthern part iR par-
tiedlar, f%gf@%ﬂft% an imbBrieated suture eomplex &8h-
neeted SW-ward with the nerthernmest expesures ef
Binaridic aphislites (Bamie, 1$97).

Zewgliin Belt

The position and connections of the last, Zemplin Belt
of the IWC, are controversial. The only small surface ex-
posure of this belt in the Zemplinske vrchy Mits. in
south-eastetn Slovakia exhibits high-grade ecrystalline
basement rocks of pessibly pre-Variscan age (see Faryad
and Vozarova, this velume). The Carbeniferous of the
Zemplinicumh is represented by the Stephanian with the
fluvial-limnie type sedifients, eharacterized By grey-
waeke-areese asseeiation of roeks and By a hefizen ef
Blaek shales with eeal layers. There is gradual tansitieh
te the Bermian. The Permian is variegated in esntinental
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Fig. 4c. Variscan (wappes) and Alpine iifan-thrusts and overtheusisi fecionic style depicted on the northesouth trending profile through the westerti part of Gemencum IGmeri
1994). Variscam nappes with the Early Pal ic rock seq and their ic overpeint in Alpine trafispdBiswinal tories together with the Lixe Paléozoic and Triasss’
quences. 1 - Triassic carbonates and shales, 2 - violet and reddish basal conglamerae with the attitude of sandstones and shales. 3 - green and violey shales, 4 - acid and ==
mediary volcanics (2-4 - verrucano facies in the northern part of Gemericum, 5 - pollymict conglomersie with the snitides of arcose sandstones and schists, 6 - quanziié:h |
the intercalations of arcose sandstones, 7 - black and grey laminated schists with the intercalations of sandstones, 8 « alternation of black schists aid micacecus sandida
9 - grey and black micaceous sandstones. 10 - green Jaminated schists, 11 - fine-Brained green (often smphibolilie) sandsione with the elasts of amphibelites and ettty

(5-11 - Late Paleozoic with the overthrust and fan-like tecionic style in Alpine transpression zanes), 12 « Gemerie granite (Upper Carboniferois-Perrnian) as a part of Viémms
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€0 i crvazillme schists of Veponicum. (4 - Upper Permian and Jurassc-Cietaceows granitz blocks in Alpine irinpression zone. Vamucan nappes Loondis-
R adecuiic racks of GemeroumT. LS - Rakovec nappe iRilkowes opbiohte comples: metabasites. various Iypei of phyilites, tarely metagabbeos. amphibolite.

i% - Kliitoy magrpe { KEtOv aomphitialiits goetssi complés). K7 - Kojfiov mappe idécrs waler metapetites, mumly) vielbanne ricks)).. ) 6--Ninibek oappe: | mesaaill:-
bemodal volgwiic complex. porphyrend. large bodies of K-rhyoljies), [8a - rhyolite complei of the Maliek nappe. 19 - Prakovce nappe (thick complex

graw agkes. porphyroids), 20 - Humel nappe flamumated! meissikistiomes, Hidk sctiisos, [hdites, cuntipoates, 1ooaily ricth sidesite deposiis), 31 - Jedfower

black and green schists. lydites, rarely gahbroiorite. basak-keratophyte compleses, stratiform polymesallic depositsi, . - » Medzev nappe (metzpeli--
14-18 - Gelaica complex,

amimba,
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to lagoonal facies with acid volcanics. Conglomerates,
sandstones and quartzites occur in the Early Triassic and
higher is developed the Triassic platform carbonates
(Grecula and Egyiid, 1977).

Zemplinicum

According to deep reflection seismic data, the
Zemplinicum superunit overthrusts units in the substratum
of the Neogene Transcarpathian Basin, including the
Iftaovce-Krichevo unit (Vozér et al., 1996b). Lateral links
of the Zemplinicum are ambiguous, however. Vozérova
and Vozér (1988, 1992b) considered it to be a Veporie ele-
ment, whereas most other researchers found it to be akin to
the Meecsek Belt of the Tisia tefrane (e.g. Grecula and
Egylid, 1977; Greeula and Varga, 1979). Aleng the Mid-
-Hunhgarian Line bounding the IWC from SE, the Zemplin
Belt is juxtapesed to the Szelnok Belt (Fig: 2). This is eom-
posed of imbrieated Senenian-Paleagene mestly flyseh for-
frations shewing affinities te sefie Central Carpathian fly-
sehies (Nagymmaresy and Baldi-Béke, 1993). Evelutienary
links te the tfiaéaves-Krieheve uRit (Its 4pper struetural lg:
vels) is prepesed in Fig. 8 ThiS (ectenie siivatien 1mPlle§ a
leep elgstre of the EWE and TWE uRiis IR the subsiraium
gf the Transearpathian Basin (Fig: 2) which exeludss the

pessibility of a diraet EBHHHH%HBB Sf an g ewe or tWe
eeﬂtmemal HAls f8 the Easier aﬂ Eem @&fBﬁ thigns
and ﬁéll@ﬂ?, @H HE 8IH8F hand, the @W We sysiem has
it GIFEEE inks Wiih the Ausirealpi F% §BHEB%! e system
westwards, fAough fhe g BH%BH BIf g Alps ad
the Wesierh earpaihians differed considerably:

Lindss of pre-Eettiayy wnits

Assuming the general trends of paleogeographic and
paleotectonic evolution and lateral structural links of
units building the Western Carpathians as defined above,
the principal tectonic superunits may be grouped into se-
veral orogenic-scale tectonic systems showing the folle-
wing connectionis:

(1) The Western Carpathian Foredeep is a patt of spec-
tacular double-loop of frontal molasse zones of the
Alpine and Carpathian oroclines;

(2) The Silesian-Krosno units of the OWC are
Carpathian of their own, wedging out by the Waschberg
zone in the easternmost Alps, but widening eastwards to
build up the Moldavide systeri, the main constituent of
the Outer Dacldes in the Eastera Carpathiafs;

(3) The Magura units, on the other hand, have direct
links to the Rhenodanubian flysch zone in the Eastern
Carpathians, but disappear eastwards by merging with
the PKB in Ukraine;

(4) The Pieniny Klippen Belt, the Oravic units in patti-
cular, are typical for the Westetn Carpathians only, In
both the evolutionary and structural aspeets;

(5) The Vahic Belice and Ifiaovee-Krichevo unlts of
the CWC are regarded (o be Pennini¢ oceanic elements
occurring in tectonic windows.

In a broader sense, the Magura, Oravic and Vahic units
represent the Western Carpathian Pennine system.
Geometrically, but not evolutionary, the Magura system is
analogous to the Northern Peninic (Valais) zone, Oravic
units were sheared off an intraoceanic continental ribbon
similar to the Briangonnais high and Vahic oceanic units
show many similarities with the units derived from the
Ligurian-Piemont ocean in the Alps and Apennines.

(6) The Tatricum is a crustal sheet present in the
Western Carpathians only, but the Infratatric units may
be well correlated with the Lower Austroalpine units;

(7) The Veporicum, a large crustal-scale basement
wedge best corresponds to the Middle Austroalpine ba-
sement units with the typical Cretaceous metamorphic
overprint;

(8) The Gemericum is the highermost CWC thick-
skinned nappe sheet displaying affinities to the Upper
Austoralpine basement units in the Central Eastern Alps
(Gurktal and Graz nappe systems) and partly also to
some units of the Grauwackenzone underlying the
Northera Calcareous Alps;

(9) The Fatric (KriZzna) cover nappe system is clearly
rooted between the Tatric and Veporic basement sheets
and from this point of view it has no analogies in the
Alps, albeit facies links with the Kieselkalk zone and
Frankelfels nappe in the Northern Calcareous Alps are
obvious; the Fatricum cannot be referred to as an Upper
Austroalpine element, however;

(10) The Hronic (Cho€) cover nappe system, if the
Mesozoic history is assumed, corresponds to the
Bajuvaric-Tirolic nappe system of the Northern
Calcareous Alps, though considerable differences exist,
too (e.g. the huge Late Paleozoic volcanosedimentary
Ipoltica Group, nowhere present in the Alps);

(11) Nappes of the Silicicum are correlable with the
Upper Austroalpine Juvavic nappes in both the lithostra-
tigraphic and structural (overriding of Meliatic elements)
aspects.

The units labelled (7) - (11) are essential for the cent-
ral zones of the Eastern Alps and Western Carpathians.
The commonly used term “Austroalpine units” is plau-
sible for them. Nevertheless, taking into account consi-
derably different Tertiaty history of the CWC with res-
pect to the Alps, namely the almost wnchanged
Cretaceous edifice of the CWC, we adopt the new term
Slovakocarpathiah systeri propesed by Kozur and
Mock (1967). Ne lateral eonnections with the Eastern
Carpathian uniis are demenstrable for this system.

(12) The position and lateral links of units coming from
basins and margins of the Meliatic oceanic realm belong
to the most debated in the recent Alpine and Carpathian
literature. The units ranged to the Meliaticum itself repre-
sent an important oceanic suture, therefore they should be
considered as a principal dividing elemeat in the
Carpathian edifice. Unfortunately, there is no general
agreement about the lateral prolengations and links te the
Triassie-Jurassic Tethyan oceanie syster of the Meliatic
oceah (eompare, e.g. Kevaes, 1997, and Kezur and
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Mock, 1997; the whole problematics is thoroughly revie-
med also by Trunkd, 1996). Before things will be more
ciear, we suggest to use a provisional term Meliata sys-
tem for the Meliaticum s.s. (incl. the Bérka and Jaklovee
iappes in the CWC Gemer Belt), Turnaicum (South-
Rudabanyaicum) and units derived from the Szarvaské
back-arc basin,

(13) The uppermost Austroalpine to South-Alpine affi-
jties of the Transdanubicum were postulated by many
authors;

(14) The Biikkicum, more precisely the Biikk “paraau-
wothitamons”™ units, display a lot of Dinaridic features;

(15) The questionable position of the Zemplinicum
sas already mentioned, we infer its more-or-less inde-
pendent position with respect to both the CWC and the
Tisia terrane.

Although important wrench movements may have
taken place along the sutures of the Meliata system du-
ring the Tertiary, the units from their both sides display
tlose interrelationships in the Alpine, and even in the
pre-Alpine times. We therefore consider all the units

described to belong to single, the Western Carpathian
orogenic framework. For the last three, innermost
Western Carpathian superunits we propose the unifying
term Hungarocarpathian system.

Overstizp caonpplexes

Subsequent to the main periods of deformation of the
underlying units, the overstep sequences also exhibit ge-
neral younging from the inner towards the outer
Carpathian zones. For the IWC and CWC, the post-nappe
cover starts with Early Senonian sediments of the Gosau
Group. However, these are only rarely presetved along
the outer margin of the CWC and in the IWC (Fig. 2), and
fnest of the CWC are covered only by deposits of the
Central Carpathian Paleogene Basin (CCPB). CCPB
sediments inelude Early Eocene transgressive, southwards
%'a@ungin earbonate elasties and Aummmulitic limestones

llewed By thiek deepening Eeecene-Oligeeene turbiditie
flyseh eemplex. 1n the TWC, these are replaced By sedi-
frents of the Buda Palesgene Basih. i the PKB, the
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Senonian and part of the Paleogene rocks are involved in
thrust tectonics and the overstep complex begins with the
Early Miocene sediments. These wete furthermore depo-
sited in the compressional basins of the wrench furrow
type (Marko et al., 1991). In the OWC, Early Miocene
rocks are only partly affected by out-of-sequence thrusting
In the inner Magura Belt, but largely incerporated in the
Sileslan-Krosho nappes. The outermost Carpathian Flyseh
nappes, representing the disturbed inner pafts of the mo-
lasse foredeep, alse invelve Saffmatian depesits.

During the Miocene thrusting in the OWC, the hinter-
land Carpathian zones were largely influenced by litho-
spheric stretching, basin formation and volcanism (see re-
view by Kovéal et al, this volume). The Western
Carpathian neovolcanics are generaly divided into four
types (Lexa et al., 1993). Daclite and fhyolite areal type
volcanism associate with the initial stage of the back-are
extension (Early Miocene). Areal type of andesitie velca-
nism Is represented by widespread assoeiation of interme-
diate to basic andesites predefinantly ferming stratevel-
canees with eensiderable eon-tent of differentiated roeks
and subveleanie intrusive reeks (Eﬁ_fl% Badenian - Eafly
Panenian). From the gestectonie point of view, e areal
ty%e of andesitie veleanism ean be indireetly related te the
sibduetion of Pigniny-Magura eceanie basement. Basali-
andesitie {8 andesitie veleanism is represented deminantly
By andesitie stratoveleanses with searee differantiated
foeks and suBveleanic intrusives. They represent malnly
developed island are veleanies (Laie Badenian i8 Middle
Sarmatian). Alkali-Basaltic {8 Basanitic vsleanism s re-

reseied By diatremes, maars, scora egnes and lava

ows (PaRRGRia - PoRtian and Quateran):

The lozenge-shaped Vienna Basin is a pull-apart
basin formed by late Early Miocene (Karpatian) sinistral
wrenching along the OWC and CWC boundary. Large
basins covering the inner Carpathian zores are related to
the Pannonian Basin System (Fig. §). The Early Mioce-
ne NE-SW extension opened the Nevehrad Basin
(Nograd) in southern Slovakia and nefthern Hungary at
the CWC/IWC beundary. The Danube Basin and iis
northern finger-like embayments Between pre-Late Tef-
tiary core mouRtains ef seuth-western Slevakia were fer-
fied during the Middle-Late Miseene By NW-8SE 8xien:
sien, eentrolling the aetivity of NE-SW {8 NNE-SSW
trending listrie nermal fadlis. The Transearpathian
Basin in the east had 3 eomplicated HI§E8P?, {ts formation
was Influeneed By NE:§ 18

. exiension follawed %y NE:
-§W iranspression (of NW-SE transiensien). Several
smaller intramentane NeBgeRe BAasiAs are festricied (8
western and eentral Slgvakia, 1gcated BetweeR the cate
meuRiaig of the Tatra:-Fatta Belt (Fig: 5):

Paleotectonic history
Paleoriir evaltion

According to the present views, the Westera Carpathian
pre-Alpine basement developed generally in the ifner and

Geologizall evolutiom of the Western Caynatinians

southern outer Variscan zones of Central Europe (e.g.
Plagienka, 1991; Vozédrova and Vozar, 1992b; Ebner,
1992; Puti§, 1992, 1994; Bezédk, 1994; von Raumer and
Neubauer, 1993). The inner zones consist of three main ge-
neralized superposed lithotectonic units (Bezak, 1994,
Bezdk et al., this volume): (1) the gneisso-migmatitic
Upper Unit intruded by granitolds, (2) the Middle Unit
compesed of gneisses, mica-schists, granl-tolds and subor-
dinate low grade metamerphic rocks, (3) the greenschist
facies Lower Unit. These were formed by meso-Variscan
(380-340 Ma) eollisional erustal thickening and overprin-
ted By nee-Varisean (340-260 Ma) hinterland extension
and emplacement of graniteid plutens. The everthrust
plane ef the Upper Uit i§ fien aceompanied by the pre-
senee of the * ﬂe&gmte@mpmwﬁe eemplex” (LAC -
Heverka et al., 1992a, 1994, and this veluthe) and searee
FeMmAants of roeks metamerphesed in eclegitie of granulitie
facies (ef. Hoverka &t al., 1992a; Janak et al., 1996; Putis et
al:; this velume). These Righ grads reeks are believed {8 re-
resent Sriginal 1ower ertis-ial eomplexes exhuried due 8
arisean eollision along he “Main Varsean Thrust Plane”
EHBVBFK% &l &l 1994): ThIS thrust gléﬂ% I§ Best exposed In
F]E Talfﬁ MBHRIAIRS, Where the assaciated ﬂ:%f-adé dye:

& sHeat 78 _IHHIE [& | :&¥ &304t HIFSE sfacking
Em% g al- 1993 iaiha . 1954): THe gf@: FARITON CORIFAE:
8l SHHERIFER jﬂ e BASERIeAl MGHRTBEBRIE FOGKS aFe
ERAFAGIEHZSA BY J46KS & &l: HAIS VSIME):

The proposed Early Paleozoic-Carboniferous evolutio-
nary scheme (Fig. 6) is based on the existence of indivi-
dual basement complexes in form of nappe bodies. The
introduction of the term “Pre-Carpathian terrane” (Putis,
1994) was aimed at stressing the lithological and paleotec-
fonle differences of some low-grade complexes (RAK,
PER, GEL, PEZ, HD) from those of the Neric terrane
(sensu Friseh and Neubauer, 1989). The CWC basefrent
feeks eeeur in three different demains that were separated
by twe Early Paleezeie (Protetethys and Pale@tethygg 66a-
nie Basins (Fig: 6), and were definitively afalgarmated du-
fing diashreneus seuthward progressing eellisien. The first
stage of the esllisien, at the Laie Devenian, seeurred due
t elesure of the Protatethys. The next stage ef the eelli-
sien, IR the Early €arbanifereus, is eanneeied with elegure
of the Rakevee Back-are geeanic Basin (RAK in Fig. 6) as
& FB&H of the Palesiet y%; ThIS EI6sHFE Eatsed an 4cCretion
8f ihe NBH? terrane tgthe E-‘E tmanl Gomaln fhat was
éifEEEW Welded 18 § % BVernIcKken E%F VEEI Can EFH§£
of the Hl éﬁiﬁﬂ Bralliera (3); N@V@%ﬂ%% 3, SHBGHEHSR 8
the E Iﬁ 21e8ietys qfﬁﬁﬂ E?IgHFH% at the SBHIRerA maF:
81 8t the VaHsea esliisional Belk:

The higher grade pre-Alpine metamorphic comple-
xes of the Tatra-Hatrea Belt (except the Malé Karpaty
Mts. with the oceanic Pernek complex) - the Tatra ba-
sement complex (TA in Fig. 6), with abundant grani-
toids, exhibit similarities with the Meoldanublan,
Helvetie and Penninic domains. Metasediments of the
Tatra complex are inferred o have originated in a fof-
fer passive, later an aetive margid with deminant
greywaeckes ane pelites.
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The varied medium-grade basement complexes of the
Vepor Belt resemble, at least partly, the Awustroalpine
complexes. Variable lithologies of the LAC (basic, inter-
mediate, ultramafic, less pelitic protoliths, Fig. 6) and
the Cierny Balog complex (pelitic-psammitic, tonalitic,
acidic, less basic protoliths, Fig. 6) could indicate an
Early Paleozoic (back-arc?) rifting of a continental mar-
gin. The Hron-Kokava terrane complexes developed on
a large passive continental margin characterized by a
few km thick flyschold sequence (especially the Hron
complex), less carbonatic-skarnoid, basie, ultramafic and
blaek shale intercalations (Kokava complex).

Part of radiometric data within the North Veporic ba-
sement indicate pre-Variscan protolith ages of some
Devonian-Carboniferous metamagmatic rocks. For
example layered metadiorites-amphibolites of the
Velky Zeleny potok complex (LAC) contain a zircon
populatiom which consists of transparemt euhedral or
subeuhedeal prismatic pink-brown zoned grains. They
appear to be of magmatic origin. The fractions define a
discordia line with a lower intercept age of 346 x 0,9
Ma (Ketov in Puti§ et al., 1996, and this velume), intef-
preted as the primary emplacement age, of €losely da-
ting the age ef immediately fellowed amphibelite fa-
dies metamerphic reerystallization. AR Upper iniereept
age of ea 514 Ma (ene group, Ketev, persenal esmmu:
nieatien) and 2066 Ma (anether greup) demenstrates
the presenee ef elder zifeon eompenent iR the seures
reeks of these metadierites. Similarly, the rhyslite-da-
eite veleanielasties of the Gelnica coMmpidx eontain #if-
eens of a wide age spestrum: 353-377 Ma (U-PBB,
Eambpel et al:, 1996; SheherBak et al., 1988) indicating
the Early €arbeniferaus te Brecambrian seHFee rocks:

The leptynite-amphibolite complexes (LAC) are usual-
ly located at the soles of the higher-grade metamorphic
crustal sheets, e.g. the basis of the Tatra nappe in the
Nizke Tatry Mts,- and Vysoké Tatry Mts.; the basis of
the Cierny Balog nappe (the Velky Zeleny potok com-
plex), or they formed an individual Kldtov nappe thrust
over the Rakovec one (Figs. 3g, 4¢ and 6). Therefere the
presense of LAC might indieate eollisional suture zenes
within the thinfed aetive eontinental ma?'m 8EEUFFINg
north of Protetethys (Stampfli, 1996) andfer within the
“Ligerian Cordillera” (Matie, 1986, 1991). Seme relies
ef high-pressure reeks - retrograded eelogites (Hoverka
et al,, 1989; Janak et al., 1996 and this vel.; Puti§ et al.,
this vel.) eeuld reflest an advaneed esllizienal stage of
an gverthielkened eentinental srust.

The postorogenic collapse in the inner Variscan zones
of the ancestral Western Carpathians is marked by the
formation of large anatectic granitoid plutons of either
the Early Carboniferous (within the Tatra complex; &f.
Cambel et al, 1990) or Late Carboniferous-Early
Permian age (within the Cierny Balog complex; 6f.
Bibikova et al., 1990; Petrik et al., 1994; Kotov 6t al.,
1996; Kral et al., Petrik and Kohut, this velume). This
indicates a southward figration of eregenie precesses
that is interpreted as a south-vergent eellisien (Fritz et

al., 1992; Puti§, 1992). An earlier stage of posteollisional
collapse is also documented by “CAr/Ar cooling data on
amphiboles (357 = 0,6 Ma, Dallmeyer et al., 1993, 1996)
from amphibolite of the Veporic basement (Velky
Zeleny potok complex). A later stage of ca. 330 Ma was
dated by the same method on muscovite of a granitic or-
thogneiss from the Tatra complex (Fig. 6) in the Nizke
Tatry Mts. (Dallmeyer et al.. 1993, 1996).

In general, four genetically related groups of Variscan
granitoids are distinguished within the Western
Carpathian pre-Alpine basement (Petrik et al., 1994;
Uher and Broska, 1996; Petrik and Kohuit, this volume).
The oldest group (ca. 380-400 Ma) embraces S-type pe-
raluminous, ductile deformed orthogneisses. The second
group is represented by somewhat younger (around 350
Ma) undeformed anatectic granites and granodiorites
elosely related to the main metamorphic events, the third
group consists of younger (ca. 300 Ma) large granodiori-
tle to tonalitic massifs approaching the 1-type, with typi-
¢al mafie enelaves. The last group is formed by isolated
smaller bedies of A-type pestorogenic granites related to
Permian fifting (280 Ma and yeunger) and the special
Gemerie Sn-Bearing S-type granites:

The Gemeric basements compledsss are akin to the
Noric terrane complexes (e.g. to the basement of the
Southern Alps, low-grade complexes of the Upper
Austroalpine  Graz  Paleozoic unit and the
Grauwackenzone, as well as in the IWC Transdanubian
and 1gal-Bukk Belts; cf. Frisch and Neubauer, 1989; von
Raumer and Neubauer, 1993).

In the southern accreted domain the Early Paleozoic
basin (Grecula, 1982) has been formed in the vicinity of
a rift (7450 Ma) within a Pre-Carpathian terrane which
was originally of continental character with a successive
transition into an oceanic rift (420-400 Ma). At the same
time, the Paleotethys ocean separated the Pre-Carpathian
and Norie terranes. In the vicinity of the axial part of the
rift there was formed a deep-water basin with oceanic
erust and with successive development of the ophiolitic
gemplex (380-350 Ma; Rakevee complex) in a back-arc

psitien (ivan. this velume) with respeet to the

alectethys nerthward subduetion whieh started in the
Late Devenianb. The ether parts of the basin were for-
fred en the transitienal and esntinental type of the erust
with prevailing flyseheid sedimentation and &alg-alka:
line and alkaline veleanism (Gelniea eomplex). The
Gelnica complex depesited prebably at the distal ner-

YRativamec (1997a, b) presented a model in which the northward sub-
duction of a Paleozoic oceanic domain in the inner Western
Carpathians zones persisted until the Early Mesozoic and was followed
by Triassic collision and Jurassic exhumation of high-pressure meta-
morphics. Blueschist facies rocks in both, the northern Gemericum and
Meliata units are regarded as the records of the only one, Late
Paleozoic to Mesozoic subduction/collision process, and only the
Carboniferous age of their protoliths is assumed. However, this model
considers only the metamorphic signatures of the units dealt with. it
does not take into account the general structural-tectonic evolution of
the area and its time constraints, espectally the Permian, Triassic and
Jurassic protolith ages of the Meliatic blueschists,

2p1,
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Geologiiall evolution of the Western Carpathians
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Fig. 6, Paleozoic evolution of the Western Carpathians domain (PuliBanid Grecula, eriginal figure). Explanatiens: f,,2-~ Interaction zone rocks {1 - Pre-
Devonian, 2 - Devonlan-Carboniferous) of ihe upper mantle and lower crust, 3, 4 - Palegiethyan sceanie efust (4a - beiween ihe Norie and Pre-
Carpathian lermnes} and the back-are basin erust (3 - Rakevee and Pernek (7) basing), 4b - Late Palesiethyan sceanie erust between Gondwana promon-
tory and Variscan Pre-Alpidie (Carpathian) lefranes. § - Panafrican basement. 6 - basernent samplexes of the eatly Varisean eellision belt. 7a - Paleozoic
complexes of the Late Varisean esllisional siage (Pre-Carpathian ienank melamerphic complexes and the Nore {errane slighily i unmelamerphosed
complexes are undivided), 7B - Pre-Carpathian iefrane cormplexes. 8 - Carbenifereus complexes. 9a - Early Carbenifereus graniteids, 9B - Late
Carbonifereus graniteids. 10 - plulenicalaiic .ﬁwm 141 PariiEn (Ealy Trilsils) ARrviions off tapsment complones: TH -~ Tars LA =
= Lepiyhite-amphitonte, CB = ClaRy Balog. HR = Hron, KO = Kalava, ki & IGinske. PEZ = Peanok: PER = Pamak: WD = HIZIARAN disHid.
RAK = Rakevee. KT = Klilev, OEH = Ochiins. PAB = Paafrican Basement. Chiehesiiifgaphical tipe Was tsed afier Gradsieine and Ogg. 1996
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thern margin of a Gondwana related continental frag-
ment with an older Cadomian (or Panafrican) basement
which could be a provenance of the material filling of
the Gelnica basin (U/Pb age of clastic zircons from me-
tapsammites is 650 Ma. Sheherbak et al., 1988).
Subduction of the Paleotethys ocean lasted up to the
Triassic and finally led to opening of the Meliatic ocean
(Figs. 6 and 7). The Earlv Variscan convergent processes
created the accretionaiy terrane from Early Paleozoic se-
dimentary-volcanic sequences. This terrane represefited
the basement on which from the original Rakovee and
Kléiov oceanic space originated ihe isolated Late Carbe-
niferous sedimentiiy areas of ihe remnant basin type
(Grecula, 1987, 1994; Vezirova and Vezar, 1992) ef
eollision and posi-collisini basias (Vezareva and Vezaf,
1997). These basins eriginated in the zene of ebdueted
ophielite suite and s eaviroament essentially affected
alse lithelegieal filline of remnant basing (redepesited
material of the Early Paleszsie basie reeks). Pesi-68h:
vef ent iecionie evests in the wesierh and seuthern pars
gfmerie demain eahsed the develepment of Basing of
ext&naeﬂal fype, haatwdabin orienied {8 fefmnant ba-
sins (Nizna Siapa - Grectla, 1994). In the eas-
lern part of Glim-x-o the EarBoRitersys @fmeiieum

Basin is regarded By M. Gfecula (R f@§§) and 6az4aeks
(personal {nformation) 3s 3 foreare dl T HE Fore:
aFe Lype Basins HAned 3 AeeB-marine HRder lsdea
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vere post-Sudetian continental sediments.

The development of the Late Paleosoic basins, formed
in the areas with extensional fecionics continued alse du-
ring Permian, and probable also in Triassic and jurassie
(Grecula, 1994). The extensional basins merged with the
Triassic-Jurassic sedimenaiiy area of Meliatieum. The
recent field lithologieal evaluation by Gazdadke and
Németh (personal information) suggests the presenee of
Late Paleozoie roeks alse in eeniral part of Gemerictm:

From above mentioned evelutionary medel eof the
CWC we can draw the next eonclusion: In the seuthern
zones of the present Wesiera Carpathians, the Varisean
convergence gradually ceased. The lew grade terranes

include the Rakovec oceanic suture zone (Devonian -
- Early Carboniferous), and the Gelnica suspect terrane
(?Ordovician - Devonian volcanogenic flysch formations,
cf. Hovorka and Méres, this volume). Part of this accre-
tionary complex is built of Early Carboniferous volcano-
sedimentary formations (e.g. Ochtina, Crmel, Krakfova)
which represent remnant basins or transtensional furrows
between amalgamated basement superunits. The mid-
-Carboniferous olistostrome and flysch complexes
(Tutnaieum, Szendrd Mts.) and mostly unmetamorpho-
sed earbenate platferm units in the IWC of nerthern
Hungary were detached from the. Precambrian
(Cadomian er Panafrican) erystalline basement of
a Gendwana-related drifting “southern” eontinental frag-
frent (Nerie terrane). The basement of the Zemplin island
of SE Slevakia (ef. Greeula and Egyud, 1977; Faryad and
Vezareva, this velume) may beleng te this teffaﬂe (Putig,
1992). The pest-esllisienal Late Varisean svelutien in the
seuthern zenes of the Western Earpathian realm preeces-

ded By uplift and erssien and was fellowed By ansten-

sien [ndicated By subalkaline aeid magmatism in the
Bermian (Uher and Broska, 1996; Kkeiev &t al.; 1996; et
Flgs: & and 1):

During the post-collisional Late Paleozoic evolution,
Late Carboniferous shallow-marine molassic sediments
and Permian red-beds were deposited in several longitu-
dinal basins in the later Slovakocarpathian area. The ori-
ginal position of the Permian rift, with continental tho-
leiitic basalts (Ipoltica Group of the Hronic cover nappe
sysiem; Vozarova and Vozér, 1988), is not exactly
knewn, however. This rift was aberted later, but was
a site of considerable Triassie post-rift subsidence.

Mesarziic evallution

Based on the sedimentary (almost continuous throug-
hout the Mesozoic) and structural rock -record, the
Mesozoic paleotectonic evolution of the ancient Western
Carpathian area can be differentiated generally into four
principal periods, partly overlapping in space and time:
(1) platform stage (Early to Late Triassie), (2) rifting,
extensional tectonic regime, thinning of the erust
(Middle Triassie - Middle Cretaceous), (3) compressio-
nal teetonie regime, thiekening of the erust (Late
Jurassie - Late Cretaceeus), and (4) transpressional -
transtensional {eetenie regime and partial disiniegration
of the staeked erust (Late Cretacssus).

The Mesozoic sedimentary cycle in the Slovakocarpathian
area began with Triassic epicontinental sedimentatiom on
a stabilized, peneplenized post-Variscan continental
crust. Gradual, southward intensifying subsidence may
have been caused by Meliatic back-at¢ rifting and eusta-
tic control (Michalik, 1994), but also by thermal dewn-
warping (sag basin) as a proeess {erminating the
Vatisean evelution, after the ?est -gollisional delamina:
tion of the thickened mantle lithesphere and extensive
Permian rifting. Seythian piedmont-beach elasties and
Middle Triassie earbonate platferms eovered the whele
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Slovakocarpathian area. The Late Anisian breakaway of
the Meliatic rift had its expressions mainly in the sou-
thern Slovakocarpathian and in the Hungarocarpathian
zones, where the carbonate ramp was disintegrated into
elevating and subsiding domains (Fig. 7). The siliciclas-
tic Lunz (Raibl) event finished the syn-rift sequence of
this restricted Early Alpine distension period. Broad Late
Triassic carbonate platforms covered the southera
Slovakocarpathian zones, establishing a mature passive
margin of the Meliatie ocean. 1nner (Aerthern) lagoonal
to terrestrial Late Triassie Carpathian Keuper zones of
the Tatrieur and Fatrieum (KriZna) demalns probably
direetly eomrunicaied with the Germanie Keuper Basin
in the Aerth. The seuthern, Hungareecarpaihian margin ef
the Meliatic eeean strongly subsided during the Triassie
and was affested By are veleanism in the neighbsurhiesd
of the Palestethyan subduetion zene (Fig. 7).

At the beginning of the Jurassic, the Slovakocarpathian
area suffered a strong tensional impulse. Rebuilding of the
paleogeographic pattern took place at that time and longi-
tudinal deep-marine basins and elevated highs were estab-
lished for the next 100 Ma (Fig. 7). The Slovakocarpathian
domain, together with the Austroalpine realm, was separa-
ted by the Penninie (Vahie) eceanie fift from the European
shelf to form an independent mieroplate (Kreios plate of
Michalik and Kevag, 1982). The 50-100 km broad trough
of the Fatrie domain was formed between the Tatrie and
Veperie zones, whieh beeame a sedifentary area of the
later KriZna eaver ﬁadppe A similar, but prebably narfewer
tfeugh appeared inside the Tatrieum, separaied By the ele-
vated Seuth Tatrie ridge. This Siprun basin and the Vahie
(Seuth Penninic) ecean were divided By a narrew, fault
Beunded Basement high - the Nerth Tatfie ridge. The €li:
max of the distension peried is heralded By small subma:
FiRe exirusiens of hyaleBasanitic lavas sf ug gr-mante ori:

&iHH the 13ie Eary ereiacesus HBVS 3 and Spisiak;
3; Spisiak Rd Heverka,

The distension event in the Slovakocarpaﬂhia‘m areas
was contemporaneous with the commencement of the
convergence along the southern margin of the Meliatic
ocean and development of an active margin. Units from
the northern periphery of the IWC record an active mar-
gin setting till the Oxfordian in the east and up te Albian
in the west (Gereese Mts.). Hewever, the terrigenous
clastic imput in the Syneregenic sediments was very
weak, indieating a lew tepegraphie expression of the ae-
tive margin. Alse the Rinterland Hungaresarpathian
areas were floaded, albeit representing elevaied pelagie
swells. Thus elistestrames eontain mestly #ntrabasinal
sedimentary and eale-alkaline veleanie material.

Several lines of evidence point to the presence of a
narrow back-arc basin related to the southward subdue-
tion of the Meliatic ocean during the Middle - Late
Jurassic, preserved in the I1gal zenre (?) and in the Biikk
Mts. (Szarvaské ophiolites). These were ebdueted seuth-
wards in the latest Jurassie - earliest Cretaeeeus, after
the final leeking ef the Meliatie eeean in the meridian of
the Gemericum (Fig. 7).

Western Caypathians

The northward migration of the Jurassic-Cretaceous
orogenic contraction in the CWC is revealed by the
onset and termination of the synorogenic terrigenous
flysch sedimentatiom occurring in the foreland trench-
type basins: Liassic to Oxfordian in the Meliaticum,
Middle  Jurassic-Oxfordian  in  the  Silicicum,
Valanginian-Hautetiviam in the Hronicum, early Albian-
-early Cenemanian in the Fatricum, late Albian-early
Turonian in the Tatricum and Senonian in the Vahicum
(west) to Eocene (east). Shertening and nappe stacking
prograded in the same manner (cf. PlaSienka. 1997).

Locking of the Meliatic ocean took place before the
Kimmeridgian (Kozur, 1991). Glaucophanized basalts
from the base of the Meliatic accretionary complex
(Bbrka nappe) overridding the southern, Gemeric margin
of the Slovakocarpathian system yielded the Late
Jurassic age of the HP-LT metamorphism (150-160 Ma,

®ArPAF on phengites - Maluski et al., 1993, Dallmeyer
et al., 1996; Faryad and Henjes-Kunst. this volume).
Sh@fteniﬁg prograded by erustal thickening in the sout-
hern Slovakeearpathian Zenes during the Early
Cretaceeus. Palestectonic evelution of the Veperie core
egmglex pregressed frem (1) deep burial during the la-
test Jurassie - earliest Cretaeeous in a lewer plate pesi:
tien of the Meliatie suture, @g early Cretaceous thermal
equilibration and seftening, (3) mid-Cretaceous exhuma:
tien By east-verging Unreafing due te underplating ef the
mere “Aerthern Tairie-Fatrie erugtal sheet, elevation is
W@ll ESH%EF%!H%@I B EHEFH%SEHFBH%H%%E%%‘I data (reviswed

By Blasienka, 1‘@9 %) transp F%%%i% late @f&Eﬁé@SH%

aﬁaf {eF transiension EH Tsﬁlafy 3cE8Mpanyin aﬁ

QHHQE EHQHBH T ‘éV‘é BHEYm 1S 4 QHB l 3

{He‘ Bl f ¢ 88 §Ws§t gﬁt i 8F sme fa
l

E@Fﬂ EFE 8 wa§ é
§8HH R &t R§18H 5‘8688? 8 Q
E g% 138 IFH% IH% HHI EMEHE

aHd Prabasy &1s8 38 SF 83&8

Structurally, the underthrustmg of zones w1th attenua-
ted continental crust in the Slovakocarpathiam system
(e.g. the Fatricum - see PlaSienka et al., this volume) is
recorded by the paragenesis of the first Alpidic deforma-
tion stage AD,: subhorizontal ductile/britile shear zones,
large recumbent folds and basement/cover nappes for-
med under very low- to low-grade metamorphic condi-
tions. Basement shertening finally led to the collision of
dermains with thieker erust (e.g. Seuth Tatric ridge vs.
the nerthern tip of the Ve @H@ wedge after underthrus-
ting ef the Fatrie basement), expressed By the AD stage:
eregen-parallel macrafelds wn §uBvertical am plane
eleavages, leeal baekihrusting and transpression. Beth
stages displ 1]% a foreland-ward (nerthward) pelarity
(Plagienka, 15953).

During the Aptlan Cenomanian, the compression axis
shifted northwards to the area of northern Veporicum
and Fatricum. An underthrusting zone was set up along
the niorth Veperic edge, in which attenuated continental
crust of the Fatrie (KriZna) Mesozoic basin was thrusted
underneath the Veporieum (Jare§, [971; PlaSienka,
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Fig. 7. Temaiise Mescrowc lectonic evolution of the Central and Inner Westerm Catpathians (Pladienka. original figure). viewed in cross-sections

(roughly N-S .-ntmred in the present coordinates).

1983, 1991; Piasienka and Prokelovd, #996). The
Mesozoic filling of the Fairic basin was detached, shor-
tened and later iin the late Turonian) graviiationally gli-
ded northwards (o overlie the Talric realm as a huee
KriZna nappe system. The sedimentary cover of the seu-

thern flanks of the Fatric realm, the Vefky Bok unit, re-
mained partly confined to the north Veporic basement
forming a system of large-scale recumbemt folds affected
by very low grade metamorphism. The higher. Hronic
and Silicic nappe sysiems are composed of numerous
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sheets differing by their lithostratigraphic content and
structural position. These are rootless décollement, flat-
lying superficial nappes, emplaced after the KriZna
nappe overthriist.

As it is indicated by the sedimentary record of some
units of the northern Tatric margin, the shortening reached
this area at the Turonian/Senamnimn boundary (PlaSienka,
1995a, b, 1997). From this time onward, probably until
the Paleocene, the inferred oceanic crust of the Penninic
(Vahic) domain was subducted southwards below the
Tatricum. After the collision of its both margins - the ac-
tive Tatric and the passive Oravie ones at the
Cretaceous/Teftiary boundary, the eommpressional tectonic
fegime changed te the transpressional ene te ferm the
complicated struetural patierA of the Klippen and
Periklippen Belis of western Slevakia. The easiern seeter
of the PKB reeerds dexiral wrenehing threugheut the Late
Cretaceous - Palesgene (Raisehbacher 8t al, 1993
Neméak and Neméok, 1994; Plasienka et al., 1998) whieh
was prebably kinematieally linked ie the Misegne QBE:
Ring ef the Transearpathian Basin By the pull-apart meeha-
RS and exRumMation of the Pennihie 1racoves-Kricheve
HAIE IR 1is substratum (ef: Barath et al:; this velume):

During the Senonian, peripheries of the CWC area
were submerged below the sea level again. However, the
remnants of the Gosau post-nappe sedimentary forma-
tions are only scarcely preserved at the actual erosional
surface, The Brezova Group of the nerthern part of the
Malé Karpaty Mts. (as a prolongation of ihe Northern
Calcareous Alps and substratum of the Vienna Basin) is
an exception. Here the Gesau sedifents were depesited
in a fere-are compressionl basins at the aetive nerihern
CWC margin (Wagreich and Marsehalke, 1995).
Epieontinental Senenian sea (presumably Campanian,
fainly as a eensequenee of the prensuneed sea-level
fise) eevered alse the IWE damatn and the units of he
Silieieurn, the latier Being fiﬂﬁil?l emplaeed Ot the
Veperie and Gemerie areas probably only afierwards:

Cenonuiir evallutiion

A destructive plate margin existed along the outer
CWC edge during the whole Paleogene and veluminous
flysch sedimentation affected not only the lewer plate
(Magura Basin), but, due to its dewnwarping, the frontal
parts of the overriding centinental plate as well (Central
Carpathian Paleegene Flyseh Basin). The flexure was
generated possibly By suberustal eresien of lewer erustal
oceanic elements aeereted ¢ the upper plate during the
preceding subduetion perieds (as prepesed By Wagreieh,
1995, fef the Late Creiaceaus subsidenee aleng the ner-
thern Easiern Alpine margin), and/er By treneh sustien
and subduetion zone roll-back efféct: The Buda
Palesgene Basin in the internal Wesiern Earpathian
#8Aes has Been interpreted 4s & flextral retreare Basin By
Tarigtah. (1993).

Further compression at the beginning of the Neogene
resulted in accelerated closing of the Paleogene fore-are

basins above the active CWC thrust front. The frontal
thrust stack of accretionary wedge overthrust the sou-
thern passive margin of the North European plate, where
thrust loading led io its flexural downbending (Fig. 8).
Depocentres of residual flysch basins were shifted to-
wards the plaiform foreland (Krosno Basin) passing gra-
dually into foredeep molasse sedimentation in the Early
Miocene. Obligue convergence had far-reaching conse-
quences in the rear, thickest part of the accretionary
wedge and in the frental parts of rigid Tatric butiress.
Here, the aetivity of a dextral wreneh corridor generated
bread pesitive flower strueture, elosed Paleogene basins
and ereated small Early Miseene é@mgf%%l@ﬂ%'l basins
of wreneh-fault furrew type eentrelled By dexiral shears
and reverse faulting (KKevae gt al., 1997).

The gradual along-arc closing of Alpine-Carpathian
subduction zone (from the west towards the east) led to
extrusion of the CWC and IWC domains from the
Alpine collision (Ratschbacher et al., 1991), associated
with continuous crustal shortening of the orogenic front.
Compression forced folding and thrusting of flysch
trough deposits creating the OWC accretionary prism.
Rapid subsidence and high sedimentation rate characterl-
zed evolution of the internal zone of the Eastern
Carpathian feredeep (Meulenkamp et al., 1996).

The Early Miocene oblique collision of the Western
Carpathian orogen with the North European Platform led
to a change of movement direction of the overriding
plate and was accompanied by counterclockwise rotation
and uplift of rigid basement blocks, creating the present
“core mountains” (Kovaé et al., 1994), inside the
Carpathian collage. Block rotation probably occurred
over an gently inclined crustal detachment zone between
the Tatric basement and the underlying, rhsslegically
weak Penninie-Vahiec eemplexes. The eollision was as-
seciated with eempressional teetonies in frontal parts of
the everriding plate, where a turn frem dexiral e sinist-
fal transpression ean be eBserved iR this time. 1R the
western part ef the €arpathians this ehange led e an ae-
tivatien ef a sinistral digplacement zeng at the Eastern
Alpine-Western €arpathian Beundary, where the Vienna
Basin opened By & pull-apart mechanism iR iFanstensie:
nal tecionic regime ﬁFBGBFr i@@?)?: in the sasterd Paﬁ of
the oragen; the Mwis lﬂ% effect of the H?B_\’flﬂ% plate was
€ompensated By dext ahstension which fed 18 ope:
Eiﬂ gF IHF égl SIgvakian (transcarpathian) Basin
fgvag & al.; 1§93):

During the Middle Miocene, the compressional tecto-
nic regime was active only in the accretionary prism in
the orogenic front. Deep subsurface load of the down-
going plate forced the flexure of the platform margin,
where the outer zone of the Carpathian foredeep develo-
ped (Krzywiee and Jochym, 1997). The subduction roll-
back effect led o extension of the everriding plate, asso-
ciated with synrift subsidenee in the back-are area (e.g.
the Vienna, Danube and Transearpathian Basins - Kovaé
et al., 1993, 1995, 1997; Lﬁ_ﬁkf@l#@f et al., 1995). The 1i-
thespherie stretehing and fise of the mantle belew the
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Pannonian Basin System was accompanied by volumi-
nous acid, and later intermediate calc-alkaline volcanism
(Lexa et al., 1993).

Subduction at the front of the Western Carpathians
ceased by the Late Miocene (Fig. 8). The back-arc ex-
tension was induced by subduction pull in the Eastern
Carpathians, and/or by the post-rift thermal subsidence
above upwelled hot mantle material. Intense sedimenta-
tion occurred only in the Danube Basin. In the
Quaternary, a positive tectonie inversion is observed in
the Western Carpathians, and only some depocentres in
the Vienna and Danube Basins are still subsiding.

Conclusions

The paper summarizes the actual knowledge about the
position, regional tectonic division, composition, struc-
ture, links to the neighbouring domains and Phanerozoic
evolution of the units constituting the present Western
Carpathians. Following the main objective of the IGCP
Project No 276 “Paleozoic geodynamic domains and
their Alpidic evelution in the Tethys”, the paper is focu-
sed on the Paleozoic rock complexes and thelr pre-
Alpine and paleo-Alpine teetonic evelution Whieh im-
pressed the main features of their reeent struetures and
compositions. The Cenezoie evelution Has only partly
obliterated these features, mestly By burial of large parts
of the pre-Mesezeie, as well as Mesezeie reck eemple-
xes belew in plaees a very thiek Tertiary sedimentary
and veleanie eaver.:

For the sake of brevity, a triple general tectonic divi-
sion into the Outer, Central and Inner Western
Carpathians (OWC, CWC and IWC, respectively) is
adopted. The Tertiary OWC connect the Eastera Alps
and the Carpathians into a unified system which encloses
crustal blocks with differing composition and evolution
Inside the Carpathian oroeline. The Westera Carpathian
domain shows direet links to the Eastern afd Seutherd
Alps. The CWC Slevakecarpathian system is a contifiua-
tieh of the Austrealpine system, the IWC
HuRgaroearpathion syster 1S eehneeted with the
Seuthalpine-Dinaridic units. Beth sysiems have fe difeet
eenRections e the Easiern Carpathians and Balkans. The
seuthern limit of the IWE is in eantact with the Tisia fef-
fane, a eentinental fragment shewing seme Ewrepean
maflgm affinities, but eneireled By oeganic suilres pre-
Bably frem all sides:

Provisional reconstruction of the Variscan orogeny in
the Western Carpathian area reveals that the basement
complexes of the CWC (Tatra-Fatra and Vepor Belts) re-
present the internal orogenic zones with medium- to
high-grade metamotphism of thick Early Paleozoie vol-
canosedimentary complexes intruded by large granitoid
plutons originated during several perieds whieh differ by
genetical types of graniteids. The seutherifest CWC
zones (Gemer Belt), represent ihe outer, lew-grade
Varisean aceretionary eemplex. URits ferming the pre:

sent IWC represent the Variscan foreland composed of
a pre-Variscan basement and its low-grade to unmeta-
morphosed Paleozoic cover. Assuming this distribution
of the principal Variscan tectonic zones and the ver-
gency of some important thrust contacts preserved in the
Tatric basement, the general southwards polarity of the
Variscan orogeny in the ancestral Western Carpathians,
likewise in the Alps, is inferred.

The frontal parts of the Variscan orogen, likely along
the axis of the accretionary wedge (between the Alpine
Gemericum in the north and Turnaicum in the south),
were affected by Permian-Triassic rifting that culmina-
ted by Middle Triassic opening of the Meliatic ocean.
A back-arc position of the Meliatic oceanic basin with
respeet to the southetly located Paleotethys subduction is
suppesed. The Meliatic basin separated two distinct
Triassic facies belts - the later IWC domain with
Hungaroearpathian units in the south shows South
Alpine - Dinaridie links, while the nofthern margin evol-
ved as a passive margin passing nefthwards into epicon-
tinental areas marked by the "Germanic” facies trend.
This pattern was destreyed By extensive Early Jurassie
fifting eeeval with the first manifestations ef eenver-
genee aleng the seuthern margin of the Meliatie ssean.

During the whole Jurassic, the consumption of the
Meliatic ocean was compensated by widening of the
Penninic-Vahic oceanic rift which separated the later
Austroalpine-Slovakocatpaithizm units from the North
European Platform. Extension of distal parts of the lower
plate continued during the Cretaceous when the
Slovakocarpathian units were accreted step-by-step to
the northern tip of the oregenic wedge prograding from
the Meliatie suture. Due to the Meliatic collision, the
southerd Austroalpinie-Slovakecarpaiitiah units experien-
eed eonsiderable erustal thickening and then @f@%@ﬁi@
eellapse and exhumation ef metamerphie éere complexes
during the Late Cretacenus. At ihe Cretassous/Palesgene
Beundary mest ef the Penninie-Vahie eeeanie rift was
alse eonsumed By seuthward underthrusting belew the
gier EWE edge: Thig eellided with the Oravie (PKB)
eentinental FiBBeR, Put seme remnant Basins (IRacoves:
iriehevs in the east) Femained 8pen HAill the E8eene:

During the late Early Tertiary, the convergence reloca-
ted into the Magura units of the OWC. These were scra-
ped off probably oceanic crust substratum to create
a huge accretionary complex which was, along with the
Silesian-Krosno units detached mostly from the distal
European margin, pushed over the southern flanks of the
North European Platform in the Neogene. The foreland
shortening and nappe stacking was associated with the
hinterland distension, formation of the Pannonian Basin
System and extensive veleanism.
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