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The Mid-Hungarian (or Zagreb-Zemplin) Line of WSW-ENE strike divides the Pannonian
basement into two mega-units, the Tisia Composite Terrane in the SE and the ALCAPA Composite
Terrane in the NW. They became juxtaposed no earlier than the Middle Miocene (Karpathian). Their
present adjacent zones show very different Variscan and Alpine evolution and relationships, which
are briefly reviewed here and confronted in the light of detailed correlational work published during
the last decade. The present contribution summarizes Variscan and Alpine evolution of units/terranes
juxtaposed along the Mid-Hungarian Line, the major terrane boundary in the pre-Neogene basement
of the Pannonian Basin, as can be seen on the Circum-Pannonian terrane maps.
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Introduction

In the basement of the Pannonian Basin the Mid-Hungarian Line (MHL)
separates two significantly different tectonostratigraphic units. Constituting the
southernmost part of the ALCAPA Composite Terrane, the South-Alpine and
Dinaridic-related Mid-Hungarian Zone occurs presently to its north, whereas the
European-related Mecsek Zone of the Tisia Composite Terrane is now located to
the south of the MHL. Accordingly, the MHL separates displaced/exotic terranes
of fundamentally different evolution from the Late Paleozoic to the Tertiary;
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166 S. Kovdcs et al.

large-scale displacement led to their juxtaposition. The aim of this paper is to
summarize the evidence for the different development of the presently
juxtaposed terranes and to prove the applicability of the terrane concept for this
region.

The Mid-Hungarian Line

The Mid-Hungarian (or Zagreb-Zemplin) Line is defined as the northwestern
border of the Tisia Composite Terrane (Fiilop et al. 1987), separating it from the
ALCAPA Composite Terrane. It is drawn on maps (cf. Figs 1, 2) based primarily on
borehole data, since on deep seismic sections it is not unambiguously apparent
(Csontos and Nagymarosy 1998).
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Fig. 1

Tectonic/terrane sketch of the pre-Neogene basement of the Pannonian Basin and the surrounding
Alpine-Carpathian-Dinaridic ranges (after Kovacs et al. 2000, Fig. 1). 1. Alpine-Carpathian and
"Intrapannonian" (Szolnok-Maramures) flysch zone; 2. Pieniny Klippen Belt; 3. Ophiolite zones
related to the Penninicum of the Alps—Carpathians, resp. to the Outer Dacides of the East and South
Carpathians; (a: at surface, b: in the pre-Tertiary basement); 4. Vardar or Inner Dinaridic and related
ophiolite zones (a: at surface, b: in the pre-Tertiary basement); 5. Units representing the northern,
resp. northeastern continental margin of the Neotethyan (Vardar, resp. Inner Dinaridic) oceanic
system; 6. The same as before, with polymetamorphic pre-Alpine basement (Austroalpine, Tatro-
Veporic, Median and Marginal Dacidic to Serbo-Macedonian); 7. Units representing the "southern",
resp. "southwestern" continental margin of the Neotethyan (Vardar, resp. Inner Dinaridic) oceanic
system; 8. Eohellenic Bosnian Flysch Zone ("Sarajevo sigmoid" in the sense of Dimitrijevic 1992); 9.
Drina-Ivanjica unit of the Inner Dinarides, Gemer and Aggtelek-Silica units of the Pelsonia
Composite Terrane)
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Northern zones of the Tisia Composite Terrane (TCT)

The Variscan basement of the southwestern part of the Alpine Tisia Composite
Terrane (TCT) is made up by the (Slavonia-) Dravia Unit (Variscan Terrane),
extending from Croatia (Papuk and Psunj Complexes) to N of the Drava River.
From the area of the Mecsek and Villany Mts toward ENE, the Kunsig Unit
(Variscan Terrane) forms the basement of the Alpine Mecsek and Villany (-Bihor)
zones in the basement of the Great Plain (Szederkényi 1996; Kovacs et al. 2000).
The Méragy Complex in the western parts of TCT (basement of the Mecsek Zone)
is characterized by Variscan granitoids. The granitoids are approx. 340-354 Ma
old according to U-Pb dating (Klotzli et al. 2004; for a review of all available
former and recent geochronological data see Shatagin et al. 2005). According to
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Fig. 2

Tectonostratigraphic terranes in Hungary (after Kovacs et al. 2000, Fig. 3). 1. Szolnok Flysch Zone; 2.
Alpine overstep sequence connected to the southern (South Alpine-Dinaridic) shelf of the Vardar and
related Neotethyan oceanic basins; 3. Alpine overstep sequence connected to the northern (East
Alpine-Carpathian) shelf of the Vardar and related Neotethyan oceanic basins; 4. Alpine ophiolitic
assemblages (Pelsonia and Penninic Composite Terranes) and Pre-Alpine ultrabasics, eclogite and
amphibolite (Tisia Terrane); 5. Post-Variscan, Late Carboniferous overstep sequence with anthracite
seams (Zemplenicum Terrane and southwestern part of the Tisia Terrane); 6. Variscan "overstep"-type
(shelf) sequence (with abundant Devonian carbonates, as well as with very low to low-grade Variscan
metamorphism in Transdanubia and most probably without Variscan metamorphism in the Biikkium
of NE Hungary) (East Alpine units and Pelsonia Composite Terrane); 7. Variscan medium-grade
metamorphosed complexes; 8. Variscan low to very low-grade metamorphosed, predominantly
siliciclastic complexes (Tisia Terrane); 9. "Syncollisional" (in the sense of Buda 1995 and of Klétzli et al.
1999) granitoids (migmatitic complexes); 10. Postcollisional granitoids (intrusions); 11. No drilling data
for the pre-Neogene basement. Darker shade (marked by "a" in the legend) indicates surface outcrops
and lighter shade (marked by "b" in the legend) occurrences in the Pre-Neogene basement
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earlier interpretations they are (I- or S-type) "synorogenic" granitoids (Buda 1996;
Klotzli et al. 1999). However, according to latest results they were formed by
continent-continent collision during the post-closure uplift stage (Buda et al.
2004; Buda and Dobosi 2004). They are I-type, metaluminous, calc-alkaline, high-
K and high-Mg-bearing large intrusion(s), with small lamprophyre-derived,
ultrapotassic, Mg-Ca-rich, low Al and Si intrusions and/or enclaves (durbachite).
Because of the Ca activity apatite, titanite, and a large amount of allanite were
crystallized in the enclaves as well as in the enclosing granitoids. Allanite is the
major REE-bearing mineral which controls the whole-rock REE patterns. It is
oxidized (Fe3*/Fe°t = 0.4), which is characteristic of I-type granitoids. In enclaves
allanite contains more XREE and is slightly depleted in Ca compared with the
allanite occurring in granitoids. Basic melt originated from the upper mantle;
acidic melt was formed by partial melting of the continental crust. The two melts
probably crystallized at the same time (Figs 3-6). In the transecting peraluminous
microgranite dikes allanite was not identified (Buda et al. 2009). It is accompanied
by migmatite-gneiss and micaschist on both its flanks. The TCT belonged to the
Moldanubicum Zone of the Variscan orogenic belt (Fig. 3; Buda et. al. 2010).
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Fig. 3

Variscan Europe (after Ellenberger et al. 1980) 1. Western Carpathian, 2a. Central Bohemia, 2b. Eastern
part of southern Bohemia, 2¢c. Tisia Composite Terrane, 3a. Pelso Terrane, 3b. Southern Alps, 3c.
Western part of southern Bohemia
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Fig. 4

Discriminant analysis of granitoids from
Central Europe. 1. Western Carpathian
plutons, 2. Central Bohemian plutons,
eastern part of southern Bohemian plutons,
Tisia Terrane, 3. Pelso Terrane, Southern Alps,
western part of southern Bohemia plutons
(counted by J. Kovacs and Gy. Buda)
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In the Koros Complex (basement of
the Villiny Zone) medium-grade
metamorphic rocks predominate;
granitoids are less common. Both in the
Slavonia-) Dravia and Kunsag Units
two characteristic metamorphic events
were recognized: an earlier, medium-
pressure, Barrow-type (average age:
350-330 Ma) and a later, low pressure —
high temperature one (age: 330-320
Ma; Szederkényi 1996; Lelkes-Felvari et
al. 1996). The former was accompanied
by anatectic granitization. Relics of low
to very low-grade metamorphosed
units (as Variscan nappe outliers or in
wrench-zones) and high-pressure
metamorphics (early Variscan age) are
also known.

Fig. 5

Composition of Central European granitoids. a.
K,0-Na,0-CaO diagram. b. A/CNK (Al,O4/
(CaO+Na,O+K,O moles)/SiO, after Chappell
and White (1974). c. Classification of granitoids
after Streckeisen (1976). 1. Western Carpathian
plutons, 2. Central Bohemian plutons, eastern
part of southern Bohemian plutons, Tisia
Terrane, 3. Pelso Terrane, Southern Alps, western

part of southern Bohemia plutons (Buda et al.
2004)
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Fig. 6
Plate tectonic position of Central European Variscan granitoids. 1. Upper mantle, 2. Oceanic crust,
3. Continental crust

In the junction area of the Slavonia-Dravia and Kunsag Units (region of the
Mecsek and Villany Mts) a fault-controlled basin was formed after the Variscan
Orogeny, in which up to 3,500 m of Upper Carboniferous to Upper Permian
molasse sediments accumulated, with significant rhyolitic volcanism in the Early
Permian. Other parts of the Tisia Composite Terrane in the territory of Hungary
were subject to denudation during Late Variscan times (Kovacs et al. 2000).

The Alpine overstep sequence in the northern zones of the Tisia Terrane began
with Lower Triassic Buntsandstein-type continental redbeds, although shallow-
marine sedimentation in the southernmost zones had already begun at this time
(Bleahu et al. 1994). However, the predominant part of the area of the Tisia
Terrane was only affected by marine inundation during the Middle Triassic
("Muschelkalk Stage"; Torok 1993, 2000; Feist-Burkhardt et al 2008) from the S
(Bleahu et al. 1994). Following retreat of the sea at the beginning of the Late
Triassic the Mecsek Zone began to separate from the southerly-lying areas: the
former became a zone of rapidly sinking half-grabens, whereas the latter
remained relatively elevated, typified by shallow-marine threshold facies (see
Kovacs et al. 2006, for latest review). Thereafter, in the Mecsek Zone, the half-
grabens were filled with up to 4,500 m of siliciclastics, followed by mixed marly-
siliciclastic sediments (Upper Triassic atypical grey "Keuper", a Lower Liassic
Gresten-type sequence with thick coal measures, and finally Middle Liassic to
Bajocian spotty marl or "Fleckenmergel"). The siliciclastic detritus was derived
from a northerly lying granitoid-metamorphic provenance (Nagy 1968, 1971;
Haas et al. 2001; Haas and Pér6 2004). However, in the presently adjacent
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Zagorje-Mid-Transdanubian-Biikk Zone marine conditions prevailed since the
Middle-Late Permian (Bérczi-Makk et al. 1993; Haas et al. 2000; Filipovic et al.
2003), thus excluding that it could have been the source area of siliciclastics filling
up the half-graben(s). Contemporaneously, the Villiny-Bihor Ridge was an area
of episodic deposition of Late Triassic, continental — peritidal, Carpathian Keuper-
type sediments or Liassic shallow-marine sediments of reduced thickness that
overlay the Middle Triassic carbonates (V6rds 2009). Accordingly it also could not
have been an alternative provenance of the siliciclastic sequence of the Mecsek
Zone.

From the Bathonian onward the Mecsek Zone displayed a typical rifted margin
evolution until the earliest Cretaceous, with deep-water carbonate and siliceous
sedimentation, but without any significant siliciclastic input (Haas and Pér6
2004), and changing its faunal character from boreal to mediterranean (Vords
1993). Alkaline rift-type basalt volcanism occurred sporadically during the Late
Jurassic, but its paroxysm occurred in the Valanginian (Harangi 1994). Petrologic
and geochemical data point to close correlation with contemporaneous
volcanism of the Beskide Mts of the Polish Carpathians (Harangi et al. 2003).
Paleomagnetic data bear evidence of coordinated movements of the Mecsek area
with Europe from the Carboniferous to the earliest Cretaceous; thereafter a major
anti-clockwise rotation took place during the paroxysm of volcanism at 135 Ma
(Marton 2000) or somewhat later at about 120 Ma (Harangi and Arva-Sés 1993).

In the Villiny Zone shallow marine Late Jurassic and Urgon-type Early
Cretaceous carbonate sedimentation was followed by flysch-type siliciclastic
sedimentation in the Albian to Cenomanian (Csdszar 2002). The first stage of
north-vergent thrusting was likely coeval with the latter. In the Senonian flysch
complexes were deposited in the eastern part of both the Mecsek and Villany
Zones, in flexural basins formed in front of the advancing nappe piles. In the
former zone flysch sedimentation continued in the Paleogene (Szolnok Flysch
Zone, which is considered to be the continuation of the Inner Carpathian
Maramures flysch) on the northern continental slope of the Tisia Terrane, very
probably in a "foreland basin" setting (Nagymarosy and Baldi-Beke 1993).

Southern zones of the ALCAPA Composite Terrane

Between the Mid-Hungarian Line and the Periadriatic-Balaton Line, in the
highly-sheared Mid-Hungarian Zone (or Zagorje-Mid-Transdanubian-Biikk
Zone; Pamic et al. 2002, 2004; Pamic 2003), elements of the eastern Southern Alps
and of the Inner Dinarides occur (Haas et al. 2000; Haas and Kovacs 2001; Kovacs
and Haas 2010).

NNW of the Periadriatic-Balaton Line, the Bakonyia Terrane (Transdanubian
Range Unit) is made up of very low to low-grade metamorphic Variscan
formations that are overlain by non-metamorphosed Late Paleozoic, Mesozoic
and Paleogene series showing mostly South Alpine affinity. In the southernmost
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part of the Bakonyia Terrane, along the Periadriatic-Balaton Line, post-orogenic,
small, hypabyssal granite intrusions occur (Buda et al. 2004) containing smaller
peraluminous/peralkaline, S/A-type intrusions of Permian age (280-275 Ma),
probably indicating initial rifting (Uher and Broska 1996; Buda et al. 2010).

No Variscan metamorphism has been proved in the Mid-Hungarian Zone. In
the Biikk and the South Karavank Units marine sedimentation prevailed
throughout the Late Paleozoic, continuing into the Triassic. In the Biikk there is a
hiatus in the Early Permian; however, coeval marine sediments have been
identified in the Hungarian extension of the South Karavanka Unit (Bérczi-Makk
and Kochansky-Devidé 1981). The Alpine/Neotethyan sedimentary cycle began
in the Middle Permian with evaporites-siliciclastics (Pelikan 2005). From the Late
Permian to the end of the Triassic shallow marine, mostly carbonate
sedimentation took place, interrupted in the Early Ladinian by a significant
calcalkaline (mostly andesitic) volcanic event (Harangi et al. 1996). Differentiation
of platform and basin environments occurred in the Late Triassic in the Biikk
Unit. Upper Jurassic distal flysch-type sediments of the "Eohellenic phase"
terminate the Alpine sedimentary cycle (Haas et al. 2001). In the ophiolite
mélange remnants (Kalnik, Darné and Szarvaské Units) Triassic (Ladinian-
Carnian) and Jurassic (mostly Bathonian-Callovian) MOR-type basalt is proved
by associated radiolarian chert and by radiometric data (Arva-Sés et al. 1987;
Dosztaly and Jézsa 1992; Dosztaly et al. 1998; Pamic and Tomljenovic 1998;
Halamic et al. 1999; Gorican et al. 2005). Middle-Upper Jurassic olistostromes with
fine siliciclastic matrix and turbidites (either siliciclastic or carbonate) were related
to the Neotethyan oceanic closure ("Eohellenic tectogenesis").

Relationships

Detailed geochemical, petrologic and geochronological correlative studies
revealed that the granitoid range of the Mecsek Zone (Moéragy Complex, TCT)
could be the eastern continuation of the Variscan Moldanubian Zone and could
have been located in the vicinity of the southeastern part of the Bohemian Massif.
Variscan metamorphic and granitoid rocks of the more southern zones of Tisia
could represent a continuation of the Mediterranean Crystalline Zone of the
Alps-(Central) West Carpathians [in the sense of Neubauer and von Raumer
(1993)] containing mostly I-type subduction-related granitoids in the West
Carpathians (Figs 3-6) and I/S-type (Horvat and Buda 2004) in the Psunj and
Papuk Mts (Croatia). During the Triassic the Mecsek Zone belonged to the
Peritethyan Zone and could have been located similarly close to the southeastern
corner of the Bohemian Massif (Torok 2000; Kovacs et al. 2010; Fig. 7).
Paleomagnetic data indicate an anomalously high (45° N) paleolatitude in the
Anisian (Mérton 2000). According to sedimentary and paleontological records, it
began to be dismembered from the European plate in the Bathonian (due to
Penninic rifting). However, paleomagnetic data show a major anticlockwise
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rotation only in the Berriasian, during the early stage of the alkaline rift-type
volcanism (Mérton 2000). These volcanics show correlation with coeval ones of
the Beskides of the Polish Carpathians (Harangi et al. 2003; Figs 8-10).

In contrast (Fig. 11) to the northern zones of Tisia, Variscan and Late Variscan
evolution of the elements of the Mid-Hungarian (Zagorje-Mid-Transdanubian-
Biikk) Zone suggests that they belonged to the southernmost Variscan Zone, i.e.
to the Noric—Bosnian Zone [in the sense of Neubauer and von Raumer (1993)], or
to the Carnic-Dinaridic "microplate" [in the sense of Vai (1994,1998)]. The Late
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Late Triassic (Norian) paleogeographic reconstruction of the northwestern end of Neotethys (Fliigel's
map (1990) was applied for the Pangaean frame). Legend and abbreviations: 1. Precambrian shields;
2. Tethyan oceanic domains; D — Darné Unit, DOB - Dinaridic Ophiolite Belt, K — Kalnik Unit, L —
Lagonegro Basin, M — Meliata Unit, Mal - Maliak Zone, Mr — Mirdita Zone, MVZ — Main Vardar Zone,
Si — Sicani Basin, Tr — Transylvanides, VZWB — Vardar Zone Western Belt; 3. Cimmerian continental
blocks: B — Bitlis, K — Kirsehir, Me — Menderes, Sa — Sakarya; Pel? — "Pelagonia" (only Flambouron
Nappe); 4. European margin: AA — Austroalpine domain, Ba — Balkanides, EC — Eastern Carpathians,
M - Moesia, SC - Southern Carpathians, SMM — Serbo-Macedonian "Massif", TIS - Tisia, TV - Tatro-
Veporicum (Central West Carpathians); 5. Adriatic margin: ADCP — Adriatic-Dinaridic Carbonate
Platform, SA — Southern Alps; 6. Spreading axis; 7. Active Paleotethyan subduction zone: Do — North
Dobrogea, Cr — South Crimea, FR — Fore Range of Caucasus, MR — Main Range of Caucasus; 8.
Inactive (pre-Late Carnian) Paleotethyan subduction zone. Emerged Variscan areas in the European
foreland: BM - Bohemian Massif, MM — Malopolska Massif. For an alternative model of opening of
DOB (Dinaridic Ophiolite Belt) (by southwestward subduction in the Main Vardar Zone) see
Karamata (2006)
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Stratigraphic columns showing the contrasting Late Variscan-Alpine sedimentary and magmatic
evolution of the units presently juxtaposed along the Mid-Hungarian Lineament. 1. Continental
clastics; 2. evaporites; 3. shallow-marine carbonates; 4. basinal/pelagic carbonates; 5. late Variscan
marine molasse; 6. paralic coal-bearing siliciclastic sequence (Gresten Facies in the Liassic); 7. marine,
mixed siliciclastic-carbonate deposits ("Fleckenmergel" or Allgau Facies in the Jurassic); 8. flysch; deep-
sea siliciclasts; olistostromes; 9. pelagic marl; 10. Lower Permian rhyolite; 11. Middle Triassic volcanics
(mostly andesite); 12. Lower Cretaceous alkaline rift-type basaltic rocks
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Paleozoic and Triassic evolution of the Biikk Terrane of NE Hungary, the Jadar
Terrane of W Serbia and Sana-Una Terrane of NW Bosnia show especially close
relationships and indicate their original proximal or adjacent position (Protic et
al. 2000; Filipovic et al. 2003). The same is valid for the Jurassic ophiolite mélange
and turbidite complexes (Darné, Szarvaskd, Moénosbél), which represent a
displaced continuation of the Dinaridic Ophiolite Belt (Dimitrijevic et al. 2003;
Haas et al. 2006).

Conclusions

1. The presently adjacent southernmost zone of the ALCAPA Composite
Terrane (Mid-Hungarian Zone) and the northernmost zones of the Tisia Terrane
(Mecsek and Villiny Zones) show entirely different Variscan and Alpine
evolution and relationships. This sharp difference in the Devonian to Jurassic
evolution of the two presently adjacent terranes/zones is primarily reflected by
the following events: a) intense Variscan granitization and amphibolite facies
metamorphism in the pre-Alpine basement of the Mecsek Zone versus no
evidence for Variscan metamorphism in the Mid-Hungarian Zone; b) Late
Variscan continental molasse deposition in the Mecsek Zone versus shallow
marine sedimentation; c) onset of Neotethyan transgression with the sabkha
stage only at the beginning of Middle Triassic in the Mecsek Zone, but already in
the Middle Permian in the Mid-Hungarian Zone; d) no Triassic volcanism in the
Mecsek Zone versus intense Ladinian-Carnian volcanism; e) up to several km-
thick siliciclastic deposition in the Mecsek half-graben zone (Late Triassic-early
Middle Jurassic), derived from a northerly lying granitoid-metamorphic
provenance, where presently the Mid-Hungarian Zone is found, with marine
sedimentation already from the Middle Permian onward; f) Neotethyan
accretionary complexes in the Mid-Hungarian Zone (displaced from its original
site, in the Dinarides) in the Middle-Late Jurassic, versus typical rifted margin
evolution (related to the Penninic Ocean opening) in the Mecsek Zone from the
late Middle Jurassic onward, with paroxysm of alkaline rift-type basalt volcanism
in the Early Cretaceous.

2. The two composite terranes only became juxtaposed by means of a major
dextral transpressional regime that can be kinematically considered as the Mid-
Hungarian Zone (cf. Csontos and Nagymarosy 1998) at the end of the Early
Miocene (Karpathian), through large-scale opposite rotations and strike-slip
displacement of the two mega-units. The first true overstepping deposits are of
Badenian age, already showing the docking of the two major terranes along the
Mid-Hungarian Line.

3. In this shear zone, Inner Dinaridic and eastern South Alpine elements of the
Zagorje-Mid-Transdanubian-Biikk Zone are squeezed out along the Mid-
Hungarian Line, which is the NW border of the Tisia Terrane per definitionem.

Central European Geology 53, 2010



Tectonostratigraphic terranes and zones juxtaposed along the Mid-Hungarian Line 177

4. The northern margin of the Tisia Terrane (e.g. the Mecsek Zone) showed a
typical rifted margin evolution during the Late Jurassic — Early Cretaceous. This
fact contradicts models published some 10 years ago, in which the Mid-
Hungarian Line appears during this time interval as a suture zone, or the Mecsek
Zone as an active margin (Golonka et al. 2000; Plasienka et al. 1997).
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