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Abstract: In the geological units under consideration besides Mesozoic ophiolites aikaline as well as calc-alkaline vol-
canics are known. They have various stratigraphic (mainly Upper Triassic and Cretaceous as well) and tectonic settings.
Alkaline volcanic provinces are products of extension-related volcanic activity, volcanics of calc-aikaline trend originated

in the zone of active continental margins.
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Introduction

The Carpathian arc and Pannonian Basin Mesozoic alkaline
and calc-alkaline volcanics are an integral part of Mesozoic
sequences of various age. They are known from several tec-
tonic units of the Carpathians and the Pannonian Basin as
well. The volcanics have different stratigraphic positions and
their petrological character varies in a wide range, as well. Re-
search in recent years has produced a wealth of data on indi-
vidual volcanic provinces.

Since the Carpathian arc is a mountain range with a total
length of approximately 1400 kilometres (Fig. 1), the basic
characteristics are presented for individual segments of the
mountain range separately. This is also applied to the Pan-
nonian Basin Mesozoic volcanics, too.

In the following text volcanics of the calc-alkaline and alka-
line clans will be discussed. Those of the tholeiitic parentage
together with other members of the ophiolite complex (e.g.
bodies of ultramafics, sheeted dykes, gabbros) have been
summed up in the paper by Hovorka (in print).

Several synthetizing papers concentrating on problems of
paleotectonic/paleodynamic reconstruction of the Mesozoic
complexesfterranes of the given mountain chain have been
published. Unfortunately volcanics and volcanic activity from
the point of view of the whole mountain range in the majority
of cases are more-or-less outside the general attention. Papers
by Szideczky-Kardoss et al. (1967), Balla et al. (1980), Ho-
vorka & Spidiak (1988), Kubovics et al. (1990), Nargbski
(1990) and others are concentrated on problems of individual
volcanic provinces of a lower order.

For all correlation studies, the existence of sets of analytical
data from individual units, e.g. volcanic provinces, is funda-
mental. From this point of view the situation is as follows: in
some units top quality sets of data are available, from the oth-
ers there are only some data on the main oxides.

I. The Western Carpathians

Mesozoic volcanics of uneven character occur in varied fa-
cial zonesftectonic units of the Western Carpathians. In the
following text individual volcanic provinces will be described
within defined geological units in a perpendicular direction
(from the outside to the innerside) to the prolongation of the
mountain belt. Their characteristics can be summed up as fol-
lows.

L 1. The outer (flysch) zone: teschenite-picrite
association

Volcanic rocks, represented by various types of extrusive as
well as subvolcanic bodies in the Silesian Unit of the flysch
zone on the Czech and Polish territories, form the teschenite-
picrite (+ monchiquite, alkali basalts, ankaratrites, ouachitites,
fourchites, pyroxenites) association/province.

The rock names "teschenite” type locality TéSin/Teschen; (Ho-
henegger 1861) and picrite” (Tschermak 1866), were used for the first
time merely for the rocks of the above mentioned province. The best
description of those rocks was published by Pacdk (1926) and Smuli-
kowski (1929).

Present understanding of the teschenite-picrite association has
made great progress in the past decades due to the studies of nu-
merous authors (Mahmood 1973; Guczwa & Wieser 1985;
Kudélaskova 1987; Hovorka & Spigiak 1988; Narebski 1990).

Volcanic activity in the Silesian Cretaceous Basin operated
within a longer time-period (Hauterivian-Aptian). It was si-
multaneous with the deposition of the flysch type sedimentary
pile of the unit under consideration. ' '

The leading geological process, e.g. abrupt acceleration of ex-
tensional processes within the basin under discussion with
slightly thinned (but still fairly thick) continental crust, provided
a tectonic background for this volcanic activity (Guczwa &
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Fig. 1. Tectonic scheme of the Carpathians and the Pannonian Basin (Balla 1984, adapted) with location of some Mesozoic volcanic sub-
provinces. a — surface occurrences, b — hidden occurrences; 1 — folded molasse, 2 — flysch belt, 3 — basic and ultrabasic magmatites +
deep-water sediments, 4 — Austroalpine complexes, 5 — Magura Unit, 6 — Pieniny Klippen Belt, 7 — Tatric Unit, 8 — Paleozoic com-
plexes, 9 — Mesozoic complexes (mostly Gemeric Unit), 10 — Bukkides, 11 — Bakonides, 12 — Ceahlau Unit, 13 — Bukovina units, 14 —
Getic and Danubian units, 15 — Bihor autochton, 16 — Codru nappe system, 17 — Bihor nappes, 18 — south Transdanubian Mesozoic units,
19 — Middle and Upper Cretaceous, 20 — Cretaceous basalts, 21 — Z magnetic anomalies, 22 — Cretaceous-Paleogene flysch, 23 — Zem-
plin Unit, 24 — posttectonic cover, 25 — boundary between the Western and Eastern Carpathians, 26 — faults.

Wieser 1985; Hovorka & Spisiak 1988; Narebski 1990). Such
an assertion should, then, allow us to classify this volcanic ac-
tivity as the “continental rift volcanism conditioned by
speeded up extensional processes within a flysch basin”. On
the contrary thick continental crust in the basement of the
Silesian Unit is projected on last paleogeographic map of the
Barremian (Dercourt & Ricou 1990).

In the Vienna Basin Tollmann (1972, 1985) mentioned some
of 30 occurrences of Albian and Cenomanian-Turonian picrites
(both of dyke and hyaloclastic character) which according to
Prey (1975) geologically belong to the innermost Flysch unit.

Equivalent rocks have very seldom been penetrated by bore-
holes in the Czech part of the basin under consideration.

L.2. The Western Carpathians segment of the
Pieniny Klippen Belt (Pienides)

A comprehensive survey of volcanics occurrences has been
presented by Misik (1992). As a result of the limited space in
this paper only the geologically most significant occurrences
are discussed. For further information, the paper by Misik
(1992) is recommended. The problem of acid as well as basic
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volcanic pebbles of the "Upohlav” and "Pro¢” Sennonian
conglomerates belongs to the most topical. Rather a large
amount of description of pebbles exists (Simova 1985;
Birkenmajer & Skupinski 1989; Birkenmajer & Wieser 1990).
The existing radiometric data (Cemov 1973; Rybar & Kantor
1978; Misik & Sykora 198l; Birkenmajer & Wieser 1990)
yielded 121-179 Ma.

1.3. The central zone

The zone between the Peri-Pieniny and the Margecany-
Lubenik lineaments (the zone of the crystalline-Mesozoic
complexes of the Eastern Carpathians is its equivalent) is very
complicated. Volcanics can be characterized within two prov-
inces as follows.

13.1. Alkali basalt/basanite Early Cretaceous province

Conspicuous volcanic activity is manifested in the sedimenta-
tion basin of the Krizna Nappe, representing a typical al-
lochthonous tectonic unit. Subautochthonous Mesozoic (cover)
units also bear minor occurrences of alkali basalt/basanite vol-
canics mostly of a hyaloclastite character. Both, the cover unit
and the KriZna Nappe sedimentation areas experienced vol-
canic activity during Barremian-Albian, mostly in the form of
lavas and hyaloclastites. From some places (the western part
of the Nizke Tatry Mts. and the Velk4 Fatra Mts.) numerous
xenoliths of carbonates, have been reported (Hovorka & Syk-
ora 1979; Hovorka & SpiSiak 1988).

Dykes of alkaline basalts are known to appear sporadically in
the Middle Triassic limestones of the above mentioned units.
They represent the communication paths of the effusives un-
der consideration. The geochemical features of both charac-
terized alkali basalt/basanite subprovinces are identical.

The sedimentation areas of “subautochthonous” and al-
lochthonous units have spatially been clearly distinguished.
Identical products of volcanic activity which took part in the
very same stratigraphic horizons allow us to assume that iden-
tical speeded-up extensional processes were responsible for it.

1.3.2. Picrites of the Krizna and Choc Nappes

In the Triassic carbonates of the Krizna and Choé& Nappes in
the surroundings of the city of Banska Bystrica phlogopite pi-
crites occur (Hovorka & Slavkay 1966; Slavkay 1979). They
are represented by olivine-phyric effusives of fresh appear-
ance. On the basis of geologically accepted opinion on sedi-
mentation in two separated (the Krizna and Cho¢ Nappes) ba-
sins exactly identical volcanics are very improbable. In
accordance with Hovorka & SpiSiak’s (1988) view, the pre-
sent author considers the discussed volcanics to be the product
of volcanic activity which occurred after the emplacement of
the two nappes into their present position. So Late Tertiary
age of volcanics (and their membership of the Late Tertiary
central Slovak volcanic province) is probable.

1.4. The inner zone

This zone being tectonically very complex, is located south-
east of the Margecany-Lubenik lineament. Geological units
with known products of volcanic activity are situated on both,
the Slovak and Hungarian territories.

1.4.1. Acid calc-alkaline volcanics of the Drienok Nappe

The Drienok Nappe represents one of the upmost” nappes,
located within the central zone. Products of the Lower Trias-
sic volcanic activity show the character of lava flows, ignim-
brites and hyaloclastites, even ash-like deposits are known
(Slavkay 1965). Among volcanic rocks, those of rhyolite and
dacite composition are the most widespread. The distin-
guished products of volcanic activity enable us to suggest that
subaerial and simultaneously subaquatic volcanic activity
may be considered.

1.4.2. NE Bikk Mis. Anisian andesite volcanics
(Szentistvdnhegy "porphyrite” Fm.)

A slightly metamorphosed (Arkai 1983) stratovolcanic se-
quence about 250 m thick, mostly of andesite chemistry (for-
merly called "porphyrites”), crops out in the northeastern part
of the Biikk Mts. A subordinate amount of acid volcanics
could be the product of fractional crystallization. The original
mineral asemblages and their magmatic features are almost
completely recrystallized.

1.4.3. NE Biikk Mts. Upper Ladinian—Lower Carnian
basaltic volcanics (Ohuta "diabase " Fm.)

Volcanic activity of submarine origin yielded basaltic lava
(often amygdaloidal) flows as well as their volcaniclastics.
Quartz porphyry bodies appear to be relatively younger intru-
sions into basic volcaniclastics (Szddeczky-Kardoss 1959 in
Arkai 1973). A volcanic complex is known to occur within
carbonate platform sediments.

Analytical data with discrimination value are missing. The
only exception to this are clinopyroxene analyses (Dobosi
1986). They display a composition characteristic for alkali ba-
salts Cpx. In contrast to that elevated alkali and Al content in
intermediate volcanics (trachyandesite-trachyte trend of vol-
canics under consideration, Kubovics et al. 1990) is consid-
ered to be the consequence of metamorphic alterations.

I1. The Eastern Carpathians

Within the Eastern Carpathians (on both the Ukrainian and
Rumanian territories) non-ophiolitic volcanics occur in sev-
eral tectonic zones attaining the length of approximately
600 km.

IL1. The Black Flysch Nappe (Outer Dacides)

This nappe (Bleahu 1962) belongs to the most internal units
of the Flysch zone. It corresponds to the Kamenny potok
brook and Chivchin units on the territory of Ukraine. The
presence of a "mafic complex” is characteristic (Bleahu 1962).
Its equivalent on the Ukraine territory is described as the
Chivchin-Trostenec Complex (Lomize 1968). The volcanic
activity under consideration is of Late Jurassic-Early Creta-
ceous in age (Tkachuk et al. 1977). Volcanics (of the total
thickness up to 200 m) are located on the base of the tectonic
unit discussed. Its rock association is as follows: basaltic lava
flows and lava breccias prevail over various types of volcani-
clastics. The volcanics are mostly of spilitized basalts and an-
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desite chemistry, locally even more acid types are also pre-
sent. Complex under consideration is penetrated by dykes and
sills of dolerites. An alkaline character and within plate setting
is documented (Sandulescu et al. 1981). The Black Flysch
Nappe underwent hP-IT metamorphism with nucleation of glau-
cophane and pumpellyite in places (Sandulescu et al. 1981).

I1.2. Pienides

Products of volcanic activity occur at the SE termination of
the discussed tectonic unit (Terebla and Teresva river basins).
They are present in the Czorsztyn Unit shallow water sedi-
ments of Tithonian-Berriasian in age. Occurrences of several
tens of meters thick mostly volcanic breccias are spread
within the 20 km long zone (Bolshoy Kamenec, Vulkhovchik,
Drahovo: Andrusov 1945; Lazarenko et al. 1963; Lomize 1968;
Tkachuk et al. 1977). In the disagreement with Lomize (1968)
who classified the rocks sequence as "subalkaline”, Tkachuk
et al. (1977 — in accordance to Lazarenko et al. 1963) identified
the rocks under consideration as potassic diabases with transi-
tions to amygdaloids and their agglomerates. Such ranking is
based on determined 3.75-6.00 per cent K,O in effusives.

I1.3. Central Eastern Carpathians nappes

This extremely complicated nappe system can be divided
into the Bucovinian, sub-Bucovinian and infra-Bucovinian
nappes of the Alpine age (Sandulescu 1975). The presence of
pre-Alpine metamorphic sequences as well as Permian-Meso-
zoic sedimentary pile is characteristic for all nappes of this
group. Dismembered Mesozoic ophiolites have been recently
discussed in a paper by Hovorka (in print).

The characteristic member of the Bucovinian nappe system
is the Ditrdu Complex, Jurassic in age (Streckeisen &
Hunziker 1974). On the other side Pb radiometric data on
monazite and zircon (326-297 Ma) indicate Hercynian em-
placement of the massif.

The Ditriu intrusion is the greatest, the most peculiar and at
the same time the most controversial alkaline body within the
whole Carpathian arc. It is composed of kaersutite peridotite,
alkali gabbros, syenites to quartz syenites. It penetrates meta-
morphic formations of the Eastern Carpathians allochthons.
Some authors (Russo-Sdndulescu et al. 1983) connect its
generation with the processes of initial rifting that preceded
oceanic spreading of the Dacides. Other authors suppose
Ditrau massif to be the product of Na-metasomatosis com-
bined with recrystallization and redistribution of material. Ex-
isting analytical data suggest derivation of plutonic rocks of
the massif from a volatile-rich alkali basalt parental magma.
The most primitive magmas reaching a high level were al-
ready strongly fractionated (Morogen et al. 1995).

The Getic nappes, that is those of Holbav and Bragov,
which tectonically correspond to the infra-Bucovinian nappes,
are also units with known non-ophiolitic volcanics. They have
the character of subvolcanic bodies or effusives of Liassic
age. Their prononced alkaline character is documented by the
presence of arfvedsonite in acidites. The majority of rock bod-
ies in the Bragov Unit have the character of dykes.

I1.4. Transylvanian nappes

Apart from the relatively widespread occurrences of the
members of an ophiolite complex, that is those of the Persani,

Haghimas and Olt Nappes, non-ophiolitic volcanics also oc-
cur in some nappes.

Within the Olt Nappe in the Persani Mts. alkaline rocks of
trachyte, syenite, bostonite and rhyolite character (being of
rift setting: Russo-Sandulescu et al. 198]) cut the tholeiitic ba-
salts of the OFB affinity. The different age of eruptives (e.g.
Middle Triassic-Neocomian) is documented by the incorpora-
tion of various parts of the spreading zone (the Transyl-
vanides) into individually forming Transylvanian nappes.

I1.5. Banatite province

A discontinuous belt of Cretaceous-Eocene (Laramian)
magmatites (= banatites) runs from the Apuseni Mts. to the
western part of the Southern Carpathians and southward to
eastern Serbia.

Within the Banatite province the intrusive rocks prevail,
and volcanics are of limited areal extent. Magmatic activity
mostly of calc-alkaline type exhibits a marked polystadial
character.

The emplacement of Laramian eruptives is intimately con-
nected with the development of a trench-arch system (Cioflica
et al. 1980). The Upper Cretaceous closing of the trough of a
small ocean type, which separated the western Southern Car-
pathians from the Moesian platform, was accompanied by a
consumption of the oceanic crust in a westward oriented sub-
duction. A setting, which exhibits zonal distribution of erup-
tives, allows us to correlate it with the Andean type subduc-
tion (Nastiseanu et al. 1981).

II1. The Southern Carpathians

Within the Southern Carpathians realm Mesozoic se-
quences have been deposited both on the ocean floor and con-
tinental type basements (Radulescu & Sandulescu 1973). They
belong to several major tectonic units.

Within the Danubian autochthon sediments have been de-
posited with simultaneous volcanic activity of the Bajocian-
Early Tithonian age. They are known from the Presacina
zone. Character of the volcanics corresponds to those of ba-
salts and keratophyres.

IV. The Apuseni Mountains

The southern Apuseni Mts. are known for occurrences of
product of huge volcanic activity of the Early Jurassic-Creta-
ceous in age. Tholeiitic volcanics (together with metaperi-
dotite and metagabbro bodies) have OFB trend of differentia-
tion. The 2nd (calc-alkaline) and 3rd (alkaline) phase
volcanics are mostly classified as a volcanic arc "initialites”
(Savu et al. 1978; Savu 1980), or as products of the developed
stage of a volcanic arc (Hovorka in print). Together with
tholeiitic magmatites they are known as “Mures zone
ophiolites” (Radulescu & Sandulescu 1973; Cioflica et al.
1981; Savu 1983; Nicolae 1985).

On the southwestern limb of the Apuseni Mts. on the east-
ern margin of the Lipova Basin in the vicinity of Costei small
basalt occurrences (“the Costei basalts”) are known (Dusa
1965 in Savu et al. 1992). Basalts together with keratophyres
overlay the metamorphic rocks of the Tisa Unit. Very recently
they have been interpreted as Triassic volcanics of intraconti-
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nental setting (Savu et al. 1992). The volcanics of varying ap-
pearance are of tholeiitic character and in places they were
differentiated to keratophyres. The available analytical data
allow us to classify the rock under discussion as tholeiites.

V. The Pannonian Basin

Apart from the Mesozoic complexes comprising basic vol-
canics andfor ultrabasites, occurring on the surface, large
Mesozoic areas of the Pannonian Basin are covered by Neo-
gene sediments. Prospection activities for oil and gas (geo-
physical survey, boreholes) have delimited areas with buried
volcanic complexes. Their characteristics are given below.

V.1. Intra-Pannonian volcanic belt

The summary of the discovered buried volcanics in the
basement of the Pannonian Basin filling enabled the delimita-
tion the “Alf6ld ophiolite belt” (Szepeshdzy 1977) and/or the
“intra-Pannonian ophiolite belt” (Horvith et al. 1977). Ac-
cording to the latter authors (l.c.), the zone with abundant oc-
currences of volcanics with a SW-NE direction represents, at
the same time, a tectonic boundary of the Ist order and its turn-
ing in the western part in N-S trend enables its prolongation to
the Vardar zone of the Dinarides.

Volcanics and volcaniclastics in the zone between the
Danube and Tisza rivers (Nagykords-Szandasz6llés) in Neo-
gene basement are Early Cretaceous in age (Szddeczky-Kar-
doss et al 1967). In the view of Szepeshdzy (1977), the vol-
canic activity had already begun in the Liassic and it reached
its maximal activity towards the end of the Jurassic and at the
beginning of the Cretaceous. In this zone, a predominance of
basalts (tholeiites ?) is documented. Extrusives and subvol-
canic bodies of dolerite and gabbro character and/or veins and
sills of various size are also known. Ultramafic bodies are not
present. The volcanic complex reaches a thickness of 200 m.
The volcanics in the SW part of the zone are younger in age
than those in the NE part (Juhdsz & Vass 1977).

The considerable variation in the volcanics within the
Danube-Tisza area, the presence of only one member of the
assumed ophiolite complex, abundant veins of “ophiolites” in
the Jurassic sediments, but also the presence of extrusives (?)
confirm that the discussed volcanics cannot be assigned to the
ophiolite complex.

V.2. The Meczek Mis.

The volcanic complex of the Lower Cretaceous is of con-
siderably alkaline character. It is represented by alkali basalts,
basanites, phonotephrites, trachyandesites and phonolites. K-
rich volcanic rocks of variable character are also known (Ha-
rangi 1994).

As for the composition, their alkaline character is testified
by the presence of aegirine, aegirine-augite, K-feldspars, barkevi-
tic homblendes and also by the presence of natrolith and
sanidine in the groundmass of intermediate and acid rock-
types (Szddeczky-Kardoss et al. 1967; Bilik 1974, 1983).
Among alkaline rocks of the discussed province two mafic
magma groups have been distinguished (Harangi 1994):
ankaramite-alkali basalts, and basanite-phonotephrites.

Clinopyroxenes studied (Dobosi 1986) show a salite com-
position and have a pronounced affinity to the within-plate al-
kaline (WPA) rock-clan.

The higher content of Ca in structural formula of clinopyroxenes
(which is characteristic for Cpx in alkaline rocks) in the case of Cpx
in volcanic rocks from the Meczek Mts. assigns them to the diopside
and salite fields (Dobosi 1986). In Cpx phenocrysts “cores” of differ-
ent composition (comparing the outer parts of phenocrysts) are re-
ported (Dobosi 1986). They are probably the result of an early high
pressure pyroxene crystallization stage (1.c.).

Whilst the above mentioned authors (l.c.) assigned the in-
itial volcanic activity to a shallow-water setting, the younger
phases continue in terrestrial conditions and are mostly of
subvolcanic character. On the contrary Bilik (1974) put the
emphasis on considerably submarine character of the volcanic
activity. In the view of Viczidn (1970), the volcanic complex
of the Meczek Mts. penetrated the eugeosynclinal sedimen-
tary sequence, and he suggested the term “alkaline miogeo-
synclinal initial volcanism”.

The significantly alkaline character of the volcanics, high
explosivity of the volcanic activity, together with their geotec-
tonic position and lithology of synchronous sediments provide
the evidence for their origin in a riftogeneous structure within
continental-type crust (Bilik 1980).

V.3. The Velence Mts.—Buda Hills Late Cretaceous
mafic-ultramafic dyke-swarm

In NE Transdanubia between the Velence Mts. and the
Buda Hills, several dozen dykes of alkaline basic to ultrabasic
rocks have been described very recently (Horvath et al. 1983;
Kubovics 1985; Horvdth & Odor 1983; Dobosi & Horvith
1988; Kubovics et al. 1989; Embey-Isztin et al. 1989;
Kubovics et al. 1990; Szabé et al. 1993). Dykes (of 5 cm to
several meters in thickness) are of N-S or NW-SE direction.
They are known only from rare surface occurrences, dykes
and dyke-swarms penetrated by boreholes are described in de-
tail (L.c.). The whole rock association according to the compo-
sition of its clinopyroxenes belongs to the WPB (Horvith et
al. 1983). Horvith & Odor (1983), Szabé et al. (1993) attrib-
uted the rocks under consideration to the group of lampro-
phyres of the Late Cretaceous in age. The authors (l.c.) con-
sider' monchiquite to be the main rock type. Appart from
monchiquites, the above authors also introduced the presence
of polsenites, silicocarbonatites or alkali picritic porphyries,
but also microgabbro. All the rock types are characterized by
a high content of volatiles.

For the majority of rock types phenocrysts of olivine and
rarely clinopyroxene and development of so called felsic
globular structure are characteristic. Taking into account the
presence of carbonates, the rocks under consideration should
be divided into two groups (Kubovics et al. 1990):

a — carbonate-poor varieties contain mostly Cpx, micas,
O], a small amount of carbonates, feldspars, feldspathoids and
glass as well;

b — the carbonate-rich rock types with a high amount of
carbonates, and a lack of feldspars, feldspathoids and glass.
K/Ar ages from fresh phlogopite offered data 69 and 77 Ma
(= Late Cretaceous).

Discussion

Mesozoic volcanic activity of various geodynamic settings
took part in all segments of the Carpathians and the main units
of the Pannonian Basin as well. Middle-Upper Cretaceous and
younger tectonic processes fundamentally reconstructed the
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original architecture of Mesozoic units, those with products of
volcanic activity inclided. As a consequence geological units
with a different tectonic setting came together, through being ver-
tically and/or laterally transported from their original setting.

For all correlation studies, the existence of sets of analytical
data from individual units, e.g. volcanic provinces, is funda-
mental. From this point of view, the situation in individual
units/provinces is uneven: in some of them top quality sets of
data are available, from the others there are only some data on
the main oxides. Main characteristics based on stratigraphy of
volcanic activity could be expressed as follows.

Triassic volcanic activity (especially within the Drienok
Nappe, the volcanics of the NE part of the Biikk Mts., most
probably also some volcanic suites of the Eastern Carpa-
thians) have the features of active continental margin volcan-
ism. They bear a calc-alkaline trend of fractionation and are
characterized by a changeable proportion of volcanics and
volcaniclastics. Some volcanic provinces, together with con-
temporaneous sedimentary pile underwent dynamic metamor-
phic recrystallization under low-grade conditions (Arkai
1973). The volcanic formations under consideration are asso-
ciated with platform-type sediments.

Where rock types are concerned, rock-types acid vol-
canics/volcaniclastics are dominant. Lower Triassic acid vol-
canics together with sediments lithology comparable to the li-
thologies of the inmmer Western Carpathians zone in the
Drienok Nappe, which is located at present within the central
Western Carpathians zone, serve as arguments in favour of the
Inner Carpathians provenience of this nappe. On the basis of
more-or-less equivalent stratigraphy as well as rock suite this
volcanic province could be correlated with those of the north-
eastern part of the Biikk Mts. Supposed Triassic volcanics
present in the form of clastic material in the Pieniny Klippen
Belt are not suitable for correlation studies.

Data on Jurassic volcanic activity are even more scarce than
for the Triassic period. Some volcanic complexes are most prob-
ably of the Late Jurassic age (the Black Flysch Nappe, Pienides,
Central Eastern Carpathians nappes — see Tab. I).

The Cretaceous is characterized by alkaline as well as by
calc-alkaline volcanic activity. Its products are spread over all
the main zones (in a perpendicular direction to the prolonga-
tion of the mountain belt) and in the Pannonian Basin as well.
The clearly expressed alkaline character of its products and
the time ranking of its activity distinguish it from other Meso-
zoic Carpathian and Pannonian Basin volcanic provinces.
Cretaceous volcanic activity is attributed both to Lower and
Upper Cretaceous as well. In individual volcanic provinces
the amount of volcanic material varies significantly. Each vol-
canic province is characterized by specific features.

For alkaline volcanics, and in subordinate amount subvol-
canic rocks of the teschenite-picrite association of the outer
flysch zone of the Western Carpathians, assimilation (mostly
of carbonates) is known (Hovorka & Spisiak 1988). In such a
way processes of fractional crystallization, assimilation proc-
esses and postvolcanic hydrothermal processes as well are re-
sponsible for the wide spectrum of rock types present (l.c.).
On the other hand volcanics of the Krizna Nappe and cover
units of the Western Carpathians are characterized by a nar-
row span (alkaline basalt-basanite) of fractionation. This is
mostly due to small amounts of lava speedily penetrating the
basin floor. Thin lava flows and subvolcanic bodies penetrat-
ing into not yet consolidated sediments underwent intensive
desintegration. Hyaloclastites are the most common type of

alkaline basalts/basanites in the KriZna Nappe and mantle
units, with occurrences spread over a large area. It ought to be
stressed that the volcanic material is identical in both above
mentioned tectonic units. The uniformity of the products of
volcanic activity in these two units are the result of identical:
—crust in the basement of the discussed sedimentation basins;
—tectonic background (extension-related volcanism); —the in-
temal regime in the lava chambers; —conditions during efus-
sions on the sea floor; —P-T condition in the magma genera-
tion areas etc.

The now much described rock-association in the Velence
Mits. and the Buda Hills present in the form of a dyke-swarm
has no equivalents among the Mesozoic volcanic provinces of
the area under consideration. On the basis of the rock-types
present, the province has the specific features ascribed to lam-

_prophyres.

— The presence of silicocarbonatite dykes is a specific fea-
ture of the dyke-swarm of NE Transdanubia. High contents of
volatiles, strong hydrothermal alteration as well as a wide
spectrum of rock types present (among which ultrabasic rocks
of uneven character are typical) together with various xeno-
liths present, allow us to classify them as alkali lamprophyres.
They have no equivalents among the alkali volcanics of the
discussed area. N-S or NW-SE strike of the dyke-swarm re-
spectively indicate more-or-less perpendicular position to the
boundary of the Laurasia continent. It is probable that in the
area under consideration, there was an Upper Cretaceous as-
thenospheric upwelling (mantle plume). As a consequence
small to minimal (several centrimetres only) thickness of
dykes indicate not real extension-related magmatic activity,
but activity caused by tensionally thinned continental crust
and intrusion of primitive fluid-rich melts originated by partial
melting processes within a metasomatized upper mantle
source.

Another very characteristic volcanic province is that of the
Meczek Mts. Beside prevailing volcanics a subordinate
amount of alkaline plutonites is also known. The connection
of the intra-Pannonian volcanic belt with the volcanics of the
Meczek Mts. is not yet proved definitelly.

For all the above mentioned alkaline volcanic provinces of
the Carpathians and Pannonian Basin Mesozoic a sudden
rapid extension of the basement represented by the continen-
tal-type crust can be assumed.

— According to Szepeshazy (1977), the whole Meczek Mts.
Lower Cretaceous rock suite represents fragment of the
” Alf8ld ophiolite zone”. Its members can be followed (as cov-
ered occurrences known from numerous boreholes in the
Great Hungarian Plain) from the Meczek Mts. up to the north-
eastern Carpathians (Szepeshdzy 1977). On the basis of very
intensive secondary alterations only relics of rarely present
clinopyroxenes allow us to identify the slightly alkaline char-
acter of the volcanics under consideration (Dobosi 1987).
Such ranking (e.g. tholeiitic to slightly alkaline) is also based
on the REE distribution pattern (Kubovics et al. 1990).

Geotectonic assignment of the volcanics known from this
belt/zone to the ophiolite complex or to products of continetal
rift-related volcanics is not yet definitely solved. Balla (1985)
correlated the volcanics of the Meczek Mts. to those of the
Moravian-Silesian Beskydes (teschenite-picrite province)
with the rock association originated in the same (Magura-Pie-
niny-Szolnok) marginal basin.

— During the Cretaceous, rapid extension related volcanic
activity took place near the southern margin of the European
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Table 1: Survey of Carpathian arc and Pannonian Basin Mesozoic non-ophiolitic volcanism.
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Geol. unit Stratigraphy Types Magm. Main rock types Tectonic Type locality References (selected)
suite backround
L WESTERN CARPATHIANS
LL Quter (flysch) zone  Hauteriv-Aptian dykes, lava Alk teschenite, picrite, extension-related  T&$in Pacik 1926, Smulikowski
flows, alk. basalts volcanism 1929, Mahmood 1973,
hyaloclastites Hovorka-Spisiak 1988,
Narebski 1990
1.2 Pieniny Klippen pre-Mesozoic, pre- pebbles, cobles, CA, Th rhyolites, basalts, IAV () river Vah valley  Misik 1992
belt Middle Cretaceous  mineral detrit granites BABB ()
13. Central zone
13.1. KriZna nappe + Barremian-Aptian lava flows, Alk alk. basalt/ extension-related  Vel'kd Fatra Mts.  Hovorka-Sykora 1979
mantle units hyaloclastites basanite volcanism Hovorka-Spisiak 1988
13.2.  Krizna and Chog Late Tertiary (?) volc. breccia CA phlogopite subduction Banska Bystrica ~ Hovorka-Slavkay 1966,
nappes picrite related volcanism Slavkay 1979,
Hovorka-Spidiak 1988
L4. Inner zone
14.1. Drienok nappe Lower Triassic volcaniclastics, CA rhyolites active continental  Poniky Slavkay 1965
lava flows, margin
ignimbrites
14.2. Szentistvan hegy Upper Anisian - volcaniclastics  CA andesites active continental  NE Biikk Mts. Arkai 1973,
Fm. (Biikk Mts.) Lower Ladinian margin (?) Kubovics et al. 1950
14.3.  Ohuta Fm. (Biikk Upper Ladinian - lava flows, Alk (D) basalts-rhyolites embryonal rifting  NE Biikk Mts. Arkai 1973,
Mts.) Lower Carnian volcaniclastics ? Kubovics et al. 1990
IL EASTERN CARPATHIANS
111 The Black Flysh Upper Jurassic - lava flows, Alk alk. basalts, IAV ~extension  Chivchin - Tkachuk et al. 1977,
nappe (Outer Lower Cretaceous volcaniclastics andesites > acidites  related volcanism  Trostenec Sandulescu et al. 1981
Dacides)
11.2. Pienides Upper Jurassic - volcanic Alk alk. basalts, ? Terebla-Teresra Lazarenko et al. 1960,
Lower Cretaceous agglomerates andesites rivers Lomize 1968,
Tkachuk et al. 1973
1L.3. Central Eastern Jurassic intrusives/dykes  Alk alk. gabbro, syenite, ? Ditrdu Russo-Sdndulescu et al. 1983,
Carpathian nappes leffusives Q-syenite, Holbau Morogan et al. 1995
alk. basalts Brasov
114 Transylvanian Midle Triassic - intrusives/ Alk trachytes, rift-related Olt nappe - Russo-Sandulescu et al. 1981
nappes Neocomian effusives syenites volcanism Persani Mts.
IL5. The Banatite Cretaceous - Eocene  intrusives CA granodiorites, subduction- Banat county Cioflica et al. 1980,
province Q-diorites, related volcanism Nastaseanu et al. 1981
tonalites
IIL. SOUTHERN CARPATHIANS
Danubian Bajocian - Lower Iava flows, ? basalts, ? Presacina zone Rédulescu-Sindulescu 1973 .
authochton Tithonian volcaniclastics keratophyres
Iv. APUSENI MOUNTAINS
Mures zone Upper Jurassic volcanicsivolca- Th basalt-andesites 1AV Ridulescu-Saandulescu 1973,
(IInd phase) niclastics Savu et al. 1978,
Cioflica et al. 1981
Mures zone Cretaceous volcanicsivolca-  Alk alk. basaits 1AV ? Ridulescu-Sandulescu 1973,
(1IIrd phase) niclastics Savu et al. 1978,
Cioflica et al. 1981
V. PANNONIAN BASIN
V.1 Intrapannonian Jurassic - Lower lava flows, CA-Th? basalts 1AV ? Nagykords - Szédeczky-Kardoss et al. 1967,
volcanic belt Cretaceous volcaniclastics Szandaszdlos Szepeshdzy 1977,
boreholes Horvéth et al. 1977
V.2 Meczek Mts. Early Cretaceous lava flows, Alk alk. extension-related  Meczek Mits. Szideczky-Kardoss et al. 1967,
intrusives basalts/basanites, volcanism Bilik 1974, 1983, N
phonolites, Harangi 1994
trachytes
V3. Velence Mts.- Lower Cretaceous dykes Alk alk. basalts, extension-related  Velence-Buda Horvath et al. 1983,
Buda hills monchiquite, volcanism Mits. Kubovics 1984,
silicocarbonatite Dobosi-Horvath 1988,

Embey-Isztin 1989
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platform covered by epicontinental sca mostly with carbonate
platform sedimentation. The following volcanic provinces of
this type can be distinguished:

a) teschenite-picrite province in the outermost Western Carpa-
thians (Silesian) unit (Czech Republik and Poland as well);

b) alkaline volcanics of the SE frontier of the Pieniny Klip-
pen Belt on the territory of Ukraine (Tithonian-Berriasian in
age);

¢) alkali basalt/basanite province of the Westemn Carpathian
central (crystalline-Mesozoic) zone (Krizna Nappe and "cover”
units (Slovak Republic);

d) alkali volcanics of NE slopes of the Biikk Mts. (Hungary);

e) lamprophyre dyke swarm in the Buda Hills and Velence
Mts. (Hungary);

f) ankaramite-alkali basalt-basanite-phonolite suite of the
Meczek Mts. (Hungary).

While the provinces listed under a-, c-, e- and f- are gene-
raly considered to be of Early Cretaceous age, those of b- are
most probably Late Jurassic-Early Cretaceous in age. At least
those of e- could be of Late Cretaceous (69-76 Ma) stratigra-
phy. The age of volcanics under d- is not yet proved well.

A low degree of partial melting (Hovorka & Spisiak 1988;
Harangi 1994) of the upper mantle gamnet peridotite protolith
is considered to occur in the framework of the province listed
under a- and e-.

— The data at present available on the volcanics present on
the north-eastern slopes of the Biikk Mts. do not allow us to
solve several fundamental aspects. One of them is the problem
of the existence of one (Panto 1961; Balla 1984; Kubovics et
al. 1990) or two magmatic suites (Szentpétery 1953; Balogh
1964; Balogh et al. 1984). The general lack of modem analyti-
cal data is reflected in the uneven assignment of the rock-
suites under consideration. The older metaandesite-metarhy-
olite association could be attributed to the convergent plate
margin (Pant6 1961; Balla 1984), while clinopyroxene studies
(Dobosi 1986) are in favour of a slightly alkaline nature of the
basaltic rocks, which with high probability could be correlated
to continental alkali basalts. According to the at present avail-
able data a different tectonic setting for the volcanic activity
of the discussed mountain range should be taken into consid-
eration,

Conclusion

The very complex paleodynamic history of the Carpathians
and Pannonian Basin Mesozoic units is documented by vol-
canic activity of various types, as well as by other types of
evidence. Its main features can be summed up as follows.

— Within the whole area under consideration three pro-
nounced stratigraphic levels of magmatic activity are docu-
mented: a) Lower to Middle Triassic calc-alkaline, b) Lower
to Middle Cretaceous alkaline volcanism, and c) calc-alkaline
(banatitic) Upper Cretaceous magmatites. Besides these max-
ima of volcanic activity products of the Upper Triassic and the
Jurassic volcanism, are also known.

— Calc-alkaline volcanism of the Triassic age has all the main
features of volcanic activity of stratovolcanic as well as of areal
types. Acid to intermediate volcanics predominate. Subaquatic as
well as subaeric activity is documented. Fine-grained extrusives
(volcanic ash) were spread over large areas — intercalations of
mostly argilized tuffs occur in several tectonic units of the inner

Western Carpathians. Carbonate platform sediments represent
adjacent rock-strata.

— Beside volcanics plutonites are also products of mag-
matic activity in a broader sense. The Ditriiu Complex as well
as plutonites and volcanics of the "banatite province” ought to
be considered in this context. To this category some of granite
bodies, e.g. in the West-Carpathian Gemeric Unit (which has
not been discussed in the paper) should be added.

— Some of the Triassic volcanic provinces were subjected
to later metamorphic processes. Metamorphic recrystalliza-
tion did not go beyond low-grade metamorphic conditions
(anchimetamorphism, greenschist and locally even blueschist
facies conditions).

— Carbonate platform sediments which accompany Trias-
sic calc-alkaline volcanics locate volcanic activity of this type
on the active continental margin (Laurasia supercontinent).
Cretaceous subduction processes are most probably responsi-
ble for calc-alkaline magma generation. Alkaline volcanics
are products of volcanic activity conditioned by short-term
rapid extensional processes which occurred during the Creta-
ceous. In this case asthenospheric upwelling (the initial activ-
ity of the Late Mesozoic-Cenozoic mantle plume in Central
Europe) would be responsible for alkaline magma penetration on
the surface in several individual terranes of the megaprovince.
The high content of volatiles in mantle generated magmas in
some of the discussed provinces is in favour of the supposed me-
tasomatized mantle being the source area of partial melting. After
the Cretaceous period of alkaline volcanism (no Upper Mantle
xenoliths have been reported yet) repeated alkaline volcanic ac-
tivity appeared in the Pliocene-Pleistocene (= alkali basaltsy/
basanites with the Upper Mantle xenoliths in the Pannonian re-
gion and adjacent parts of the Carpatians). From the point of
view of rock types, the Cretaceous volcanic activity was more
complex than the Late Cenozoic volcanism.

— The magmatic events in the Banat region of Rumania
during the Late Cretaceous are characteristic for the Mesozoic
history of the Carpathian arc. Their products — banatites —
mostly have the features of subvolcanic bodies, but volcanics
of the calc-alkaline clan are also present in smaller amount.
The banatite magmatic activity reflects changed geodynamic
conditions in comparison to those of the Lower to Middle
Cretaceous.

— Determined affiliation of individual volcanic provinces
to magma series (calc-alkaline versus alkaline), together with
other criteria allow us to reconstruct the original setting of the
sedimentary-volcanic complexes. The Drienok Nappe can be
used as example of such reconstruction. Although it is situated
in the central Western Carpathians zone, its original setting is
connected with units which are part of the inner Western Car-
pathians zone (units of the Blikk Mts.).

— Tectonic/dynamic synthesis of the Carpathian and Pan-
nonian realm has devoted little or no attention to volcanic ac-
tivity and its products. The worldwide opinion that modern
geochemical and petrological studies bring valuable results
for the solution of major geological/geodynamical problems
also applies to the Carpathian and Pannonian realm.
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