
which means ca. 0.9 km3IMa for each 1 km of arc segment. 
These calculations point to roughly similar magma output 
rates for CGH as compared with other subduction-related 
volcanic arcs worldwide. The values are comparable for 
Calimani and Gurghiu, while along North Harghita and, 
especially, South Harghita decreasing volumes and output rates 
have been observed. Youngest age, lowest volumes and output 
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rates, as well as enhanced along-arc migration particularise 
South Harghita with respect to the other CGH segments. Our 
quantitative approach helps understand better the dynamics 
of magma generation and eruption along a subduction-rela
ted volcanic arc segment in the Carpathians. It also allows 
to put interpretations related to links between magmatism 
and regional tectonic events on more objective grounds. 

Miocene ignimbritic volcanism in the Biikk Foreland, Pannonian basin, 
Hungary: general volcanological features 
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Neogene volcanism started in the Carpatho-Pannonian 
area with explosive eruptions of large-volume acidic mag
mas during Miocene. Three main tuff horizons are known 
throughout the Pannonian Basin, referred to as the Lower-, 
Middle- and Upper Rhyolitic Tuff, EggenburgianJOttnan
gian, KarpatianiBadenian and Sarmatian in age, respective
ly. Their onland-deposited counterparts, found in the 
basin-rim regions, such as the Bukk foreland, are difficult to 
identify and correlate. Complex investigation, including 
lithostratigraphy, petrography, petrochemistry, K-Ar geo
chronology and palaeomagnetic studies, was recently under
taken in the Bukk foreland area. The three tuff complexes 
have been identified, distinguished and characterised. The 
oldest tuff complex is well exposed in the northern part of 
the area and it consists of plinian pumice fall deposits, 
welded and nonwelded ignimbrites, phreatomagmatic sequ
ences and reworked tuffs. It bears the paleomagnetic record 
of an 80 to 90° counterclockwise rotation, and yields K-Ar 
ages of 17.8-19.3 Ma. It is a biotite-rich rhyolite (pumice 
and obsidian of ca. 75-76% Si02 and 3.6-5.2% K20). The 

"middle tuff' is widespread in the southern part of the area 
and is characterised by bimodal composition (rhyolitic and 
andesitic), presence of mixed scoria-pumice pyroclastics, or 
aboundance of orthopyroxene crystalloclasts. It consists of 
a sequence of welded and nonwelded ignimbrites, phreato
magmatic deposits and reworkerd tuffs. Various degrees of 
mixing of rhyolitic and andesitic magma result in extremely 
heterogenous compositions ranging from typically rhyolitic 
to dacitic and andesitic. Glass composition range from ca. 
61 to 79% Si02 and 0.54 to 5.05% K20. K-Ar ages are 
typically in the range 16.3-17.0 Ma. Palaeomagnetic data 
indicate a ca. 30° counterclockwise rotation. The youngest 
tuff is present in few outcrops at the western and eastern 
peripheries of the Bukk foreland, as thick nonwelded rhyo
litic ignimbrites. Compositionally it is hardly distinguishab
le from the "lower tuff' (glass composition is ca. 76.0-76.6% 
Si02 and 4.7-5.1 % K20), but K-Ar ages are much younger 
(e.g. 13.6 Ma) and no rotation is present in its palaeomagne
tic record. Volcanic source areas of the pyroclastic material 
should be somewhere south of the area, in the Pannonian 
Basin, buried beneath younger sediments. Thickness and 
maximum pumice and lithic clast sizes of the pumice fall 
deposits suggest a northeast-oriented dispersal axis; imbri
cation in non welded ignimbrites suggest transport in the 
same direction, hence source location for the oldest tuffs is 
possible somewhere south of Eger. An elliptic aeromagnetic 
and gravimetric anomaly zone, present in that region, is 
consistent with such an hypothesis. On the other hand, 
magnetic anisotropy directions measured in welded ignim
brites of the middle tuff converge in a zone NE of 
Mezokovesd (south of Harsany) , as a possible source area. 
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In the Dunajec River valley, Paleogene flysch in the inner
most part of the Magura nappe is affected by advanced diagene
sis. Mineralization of joints in sandstone beds has been studied 
there. The sandstone is cut by joints of four sets comprising two 
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sets of cross-fold joints striking NNE (I) and NNW (H) and 
two sets of fold-parallel joints striking ENE (Ill) and ESE 
(IV). Joints of sets I and H occurred before folding, whereas 
joints of sets III and IV occurred during and/or after folding. 

Numerous set I and set Il joints are filled by mineral 
veins, up to 2 cm thick. These are simple veins comprising: 
(1) columnar calcite, (2) blocky calcite and blocky quartz 
and, (3) drusy calcite, as well as composite veins (4) com
prising columnar calcite at the margins and blocky calcite 
and blocky quartz in central part. No fluid inclusions are 
preserved in calcite crystals, whereas numerous inclusions 
were observed in quartz crystals. Some quartz crystals show 
zonal texture. Inclusions within different zones show that 
during growth of the crystals PIT conditions changed from 
1.1-2.0 kb and 200-210oC to 0.8-1.8 kb and 160-175°C. 
Mineral veins (less than 1 cm thick) filling set III and set IV 
joints are less common. These veins contain exclusively 
columnar calcite (1). 

Mineralization formed in four successive stages (i-iv). 
In the first stage (i) columnar calcite (in veins 1 and 4) filled 
set I and set Il joints. This took place during a period of 
strike-parallel extension, when the host strata were still in 
horizontal position. In the second stage (ii) columnar calcite 
veins (1) filled set III and set IV joints. This occurred due to 
cross-fold extension during and/or after folding. In the third 
stage (iii) blocky calcite and blocky quartz mineralization 
(in veins 2 and 4) occurred. The last stage (iv) resulted in 
drusy calcite veins (3). Stages (iii) and (iv) occurred due to 
fold-parallel extension after completing of folding. 

Cathodoluminescence indicates that composition and/or 
temperature of fluids during formation of the columnar 
calcite veins (1) were different for the phases (i) and (ii). It 
appears that the high T blocky quartz mineralization (in 
veins 2 and 4) as well as advanced diagenesis of the host 
strata may be related to Miocene andesite intrusions cutting 
the discussed part of the Magura nappe. 

Structural style and evolution of the Dinaridic thrust belts 
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The Dinarides, as a part of the Alpine orogenic system have 
passed since the Triassic through the divergent plate tectonic 
evolution that led to the formation of the Mediterranean oceanic 
realms. At that time the Dinarides, as a part of Apulian microplate, 
existed as a minor crustal entity between Africa and Eurasia. 

Continental convergence, starting from the Late Jurassic 
was first expressed with the obduction of the ophiolites onto 
the eastern Apulian passive continental margin. During Creta
ceous time the ophiolitic masses, together with the underlying 
Paleozoic, Triassic and Jurassic rocks started to override conti
nental shelf, creating the Inner Dinaridic thrust belt with flexural 
foredeep basin (Jurassic-Cretaceous Bosnian flysch) and broad 
shallow carbonate platform as its foreland on the west. 

Subduction of the oceanic lithosphere (Tisia megaunit 
of the present day Pannonian Basin) under the Northern 
Dinarides during the Late Cretaceous-Palaeogene is docu
mented by the relict of an ancient volcanic arc, back -arc 
trench and accretionary wedge deposits. Assuming that Ad
ria was during the Mesozoic separated from the Dinarides 
by semicontinental or even oceanic Budva basin, the conc
lusion can be inferred that at the same time the Adria 

enclosed to the Dinarides from the south-west. That caused 
the uplift of the western margin of the Dinaridic carbonate 
platform which lasted till Early Eocene time. Re-established 
shallow marine conditions terminated in the Middle Eocene. 
The advanced compression created the External Dinaridic 
thrust belt, but also affected the already existing Inner Dinaridic 
thrust belt and its foredeep flysch deposits. A large foredeep 
flexural basin was created in front of the leading edge of the 
external Dinaridic thrust belt. The broad aprons of flysch 
deposits, stretching from the Bay of Trieste into Albania, 
prograded also westwardly through the Late Eocene and Oli
gocene. They marked the polyphase collision of Adria and 
Dinarides on the west and they are coeval with the subduc
tion processes on the northern margin of the Dinarides. 

The strong Miocene compression resulted in the inde
ntation of Adria towards the Southern Alps, in uplift of an 
elongated megastructure along the medium part of the Ad
riatic sea, considered as the suture zone between Adia and 
Dinarides, and in extension processes and escape tectonics 
which created the Pannonian Basin. Inside the Dinaridic thrust 
belt it is reflected as a system of transtension and transpression 
structures related to the strike and oblique slip faulting. 

After the Miocene, the compression was transmitted 
further west, underthrusting Adria toward the Apennines. 
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