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Abstract
Neogene alkaline basaltic rocks in the western Pannonian Basin are eroded remnants of former maars, tuff rings, tuff cones,

scoria cones and lava fields. The erosion level of these volcanoes is deep enough locally to expose diatreme zones associated with
the phreatomagmatic volcanoes. West of the Bakony – Balaton Highland Volcanic Field the erosion level is deeper yet, exposing
shallow subsurface dyke and sill swarms related to former intra-plate volcanoes. The basanitic sills are irregular in shape and their
lateral extent is highly variable. Individual sills reach a thickness of a few tens of metres and they commonly form dome-like struc-
tures with rosette-like radial columnar joint patterns. The largest sill system identified in this region is traceable over kilometres, and
forms a characteristic ridge running north-east to south-west. Elevation differences in the position of the basanitic sills within an oth-
erwise undisturbed “layer cake-like” siliciclastic succession indicate emplacement of the basanite magma at multiple levels over kilo-
metre-scale distances. The margins of sills in the system are irregular at a dm-to-mm-scale. Undulating contacts of the sills togeth-
er with gentle thermal alteration in the host sediment over cm-to-dm distances, indicate the soft, but not necessarily wet state of the
host deposits at the time sills were intruded. Parts of the sill complex show a complicated relationship with the host sediment in
form of peperitic zones and irregularly shaped, disrupted, peperite textures. This is interpreted to reflect inhomogenenities in water
content and rheology of the siliciclastic deposits during intrusion. The current summit of this ridge preserves a small diatreme that
seems to cut through an otherwise disk-like sill indicating to some degree of relationship between sill emplacement and
phreatomagmatic explosive eruptions. A complex pyroclastic-to-lava succession is exposed in a large, still active quarry in the east-
ern part of an area inferred to represent a maar basin that was filled by post-maar lava flows, volcanic debris avalanche deposits,
and by scoria cones. 

Keywords: maar, diatreme, monogenetic, erosion, sill, dyke, dome, basalt, peperite 

Introduction

Pliocene volcanic rocks crop out north of the Keszthely Mts and form an elevated ridge reaching more or less the same
elevation (>300 m) as the southern Triassic limestone and dolomite blocks (Plate 4.1 and Figure 4.1). The volcanic rocks are
somehow separated from the main volcanic zone of the Balaton Highland and form a distinctive cluster (Plate 4.1). The vol-
canic rocks in this area form a north-west to south-east trending zone, but the ridge alignments are different from this direc-
tion. The erosional remnants in the central part of the area form a very characteristic north-east to south-west ridge like fea-
ture (Plate 4.1). Volcanic rocks form mesa-like hills west (Kovácsi-hegy) and south-east (Szebike) of this ridge (Plate 4.1). The
immediate pre-volcanic rocks are Neogene siliciclastic siltstones, sandstones, silt and sand. The southern margin of the area
is fault bounded against Triassic limestone with a dolomite ridge that reaches an elevation of over 400 metres. Lava capped
mesas (e.g. Tátika — 413 m, Uzsa lava plateau — 340 m) are more or less at the same elevation. The volcanic rocks are situ-
ated in a graben-like zone bounded by faults, a north-westward continuation of the Tapolca Basin (Plate 4.1 and Figure 4.1).

Pyroclastic rocks crop out
in large volumes only at the
Uzsa locality (Plate 4.1). Small
outcrops of pyroclastic rocks
have been identified high up
on Tátika (at about 380 m).
The other localities show only
coherent basanite. The basa-
nite ridge of the Tátika–
Sümegprága (Sarvaly) is a
chain of irregularly shaped,
commonly rosette-like colum-
nar jointed basanites that are
in intrusive contact with the

host Neogene siliciclastic rock units. In contrast, the Kovácsi-hegy is a tabular basanite flow with multiple flow units form-
ing vertically oriented columnar joints. A basanite ridge formed by dissected bud-like basanite intrusions forms a north-
west to south-east ridge just south of Uzsa (Kő-orra). 

The ages of the lava flows are among the youngest of the Pliocene intraplate volcanic rocks in the western Pannonian
Basin and range between 3.4 to 2.7 My (BALOGH and PÉCSKAY 2001, BALOGH et al. 1986). This age range is similar to
that of volcanic rocks of the Tapolca Basin (BALOGH et al. 1986, BORSY et al. 1986). This similarity also highlights the
genetic relationship between these volcanic rocks and those of the Tapolca Basin. 

Uzsa

Uzsa is the most voluminous Pliocene volcanic remnant north of the Keszthely Mts. It is diverse in type of preserved
pyroclastic and effusive/intrusive rocks and their origin not yet fully understood. One of the largest still-active basalt quar-
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Figures 4.1. Simplified cross sections through the volcanic hills north of the Keszthely Mts. Thick line shows the possi-
ble lower margin of the coherent lava inferred to be a sill complex
Dashed line projects the possible upper contact of the sill complexes (pyx = pyroclastic rocks). Cross section lines are shown on Plate 4.1



ries is located here. The intensive quarrying, which began in the fifties, has removed a significant part of the coherent
basaltic lava, and gives access to the inner architecture of the lava capped mesa (Plate 4.2). 

The lava flow units inferred to locate on horizontally bedded Neogene siliciclastic units. The contact zone, which is not
exposed, is estimated to be at an elevation of about 300 m. The lava flows in the quarry wall expose multiple flow units. The
basanitic rock is in general vertically jointed (Plate 4.3, A, B) with a few dm-wide columns which may reach heights up to 20
m. The basanite unit base to the pre-volcanic sedimentary rock units is not exposed anywhere in the quarry. 

Between lava flow units large irregular zones of highly vesicular lava domains in a whitish, sandy, silty matrix are com-
mon (Plate 4.3, C). A few dm-sized pillow-like, vesicular lava bodies in the foot wall form a well-packed structure with pre-
ferred orientation of the individual pillow lobes. The transition to the coherent lava body is continuous, and a drop-like tex-
ture and gradual increase of vesicularity of the lava flow unit toward the pillowed zone can be identified (Plate 4.3, C).
Such pillowed lava foot zones are present in different levels of the quarry and indicate that lava effusion may have been
discontinuous. The silt and sand forming part of the matrix of these pillowed zones suggests that following a lava effusion
stage, a short period of sedimentation took place on the surface of the older lava flows. The lava flows immediately above
the pillowed lava foot zone are platy jointed (Plate 4.3, C). This joint pattern changes gradually to more-vertical jointing
patterns up-section. In several parts of the quarry an onion-like joint pattern is prominent near the known and/or inferred
margin of the lava flow (Plate 4.4, A, B), which suggests that the lava may be close to the margin towards the sediment.

Pyroclastic successions

The largest volume of pyroclastic rocks is preserved at Uzsa just north of the Keszthely Mts. The pyroclastic rocks
are grouped in two distinct units: 

1. In the central and western part of the quarry massive, weakly bedded, matrix-supported, grey to brown, acciden-
tal lithic-rich lapilli tuff and tuff breccia (Plate 4.4, C) crop out, and form a few tens of metres thick succession truncated
by coherent basanite lava flows. 

2. Red, weakly bedded, scoriaceous lapilli tuff and tuff breccia (Plate 4.5) crop out on the top of the major succes-
sion of coherent lava flows in the southern side of the quarry. 

The first unit is rich in sideromelane glass shards that are moderately to weakly vesicular and blocky in shape (Plate
4.6), which suggests phreatomagmatic fragmentation (BÜTTNER et al. 1999, 2002, DELLINO and LIOTINO 2002). The
glass shards are tephritic in composition and often show well-developed gel palagonitic rims (Plate 4.6). The pyroclastic
rocks are characteristically rich in large, angular, non-vesicular blocky volcanic lithic fragments up to a metre in size (Plate
4.6, C). These blocks are porphyritic in texture and commonly fractured.

The weakly bedded, ill-sorted lapilli tuff unit dips approximately 15 degrees more steeply outward than the pyroclas-
tic rocks of the same unit in the centre of the Uzsa volcanic complex, which may indicate the presence of a tuff ring (or
pyroclastic mound) that was part of a former phreatomagmatic volcano. However, an alternative possibility is that basalt
intrusion resulted in tilting of originally more shallow-dipping beds. Moderate amounts of non-volcanic accidental lithic
fragments have been identified as predominantly abraded fragments of siltstone and sandstone. These clasts are char-
acteristically derived from the immediate pre-volcanic Neogene units. The basal massive part of the pyroclastic rocks of
unit 1, however, contains white, smooth surfaced, carbonate-rich silt fragments interpreted to have been derived from
lacustrine units which are however unknown in the local strata (Plate 4.7, C).

In the upper level of the Uzsa quarry, reddish, moderately bedded, scoriaeous lapilli tuff and tuff breccia units (unit 2)
form at least a few tens of metres thick succession capping the hills. The pyroclastic rocks of this unit contain a large
number of fluidally shaped, dense to highly vesicular lava fragments (Plate 4.8, A, B). The size and the packing of vesic-
ular lava clasts change gradually from south to north. Ambiguously, the succession also bears textural characteristics of
a lava delta foot zone (SCHMINCKE et al. 1997, SKILLING 2002). There is a gradual decrease in dip from 20–25 degrees
in the pyroclastic beds toward a shallow-dipping platy jointed, undulating coherent basanite flow. 

In the upper section of the quarry, the contact zone between coherent lava and phreatomagmatic lapilli tuff units (unit
1) is exposed (Plate 4.7, A). The contact zone is sharp but irregular (Plate 4.7). It is obvious that the lava flow, now quar-
ried away to leave behind a castle-like structure, post-dates the deposition of the pyroclastic units, and it is inferred to
have rather had a shallow intrusive contact (e.g. lava lake emplacement) with the pyroclastic succession similarly to that
at Ság-hegy (MARTIN and NÉMETH 2002, 2004).

Interpretation

The predominantly chaotic textural characteristics and the thickness of the tuff breccia and lapilli tuff beds of unit 1 sug-
gest that the fragments of this unit were transported and deposited from volcanic debris flows associated with phreatomag-
matic volcanoes similar to those of the Iblean Mts, Sicily (SCHMINCKE et al. 1997). However, ongoing research highlights that
not all “massive” beds associated with phreatomagmatic volcanoes result from secondary remobilization of tephra (e.g.
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Ferrar, Antarctica — HANSON and ELLIOT 1996) but that some may represent primary products of a phreatomagmatic erup-
tion (e.g. Ferrar, Antarctica — WHITE and MCCLINTOCK 2001). To distinguish these sediments of different origin are not easy
as it is known from the Ferrar province (ELLIOT and HANSON 2001), and it is a subject of ongoing research in the western
Pannonian Basin, as well. The deposits may represent crater and/or vent filling units that accumulated in the crater and/or
conduit of a phreatomagmatic volcano, e.g. a maar. The presence of oriented vesicles in some of the otherwise dense vol-
canic blocks of the pyroclastic rocks of unit 1 suggests that the vesicle elongation reflect stretching or shear of the magma
either in the vent (e.g. dyke — BÜCHEL and LORENZ 1993) or afterwards, e.g. that they were parts of lava foot breccias (FISHER

and SCHMINCKE 1984). The common presence of these dense volcanic lithic fragments in the massive to weakly-bedded
lapilli tuff and tuff breccias, especially in the basal part of the unit 1 indicates that 

1. coherent lava bodies must have existed prior to the phreatomagmatic eruptions, similarly to other fields such as the
Crater Elegante (Pinacate, Sonora, Mexico — GUTMANN 1976), and/or 

2. they have been derived rather from dykes than from previous lavas (HOUGHTON and SMITH 1993, VESPERMANN and
SCHMINCKE 2000). 

Fluid-form vesicular lava fragments in unit 2 are inferred to be small lava bombs and lapilli that rolled down-slope on the
flanks of a former volcanic edifice (HEAD and WILSON 1989, THORDARSON and SELF 1993, ELLIOT and HANSON 2001). The
gradual change of packing from south to north suggests a rapid change in volcanic facies architecture reflecting a nearby
source. The bedding and the clast distribution pattern within this unit suggest that it originated by piling up of volcanic materi-
al in conjunction with ongoing remobilization on the flank of a volcano (HOUGHTON and SCHMINCKE 1989, VESPERMANN and
SCHMINCKE 2000), rather than by successive deposition from spatter-rich pyroclastic density currents (VALENTINE et al. 2000).
The gradual transition in bedding dips could alternatively suggest that the deposit represents a lava delta (SKILLING 2002),
though no pillow lava nor pillow-fragment breccias that would add support for this interpretation have been identified. The
abundance of fine-grained, lithic-derived clasts in the matrix of the succession is also suggestive of a scoria cone origin.

In summary, the Uzsa quarry (Láz-hegy) provides an excellent view into the inside of a lava capped mesa. Such mesas
are very common in Western Hungary, but the rocks forming them are often poorly exposed, with only coherent lava flows
traceable at the surface. The great thickness of the massive to weakly-bedded pyroclastic rocks at the basal zone of the
Uzsa volcanic succession are inferred to have phreatomagmatic origin and indicate that magma/water interaction played an
important role in the formation of the Uzsa volcanic complex. The relatively low proportion of non-volcanic accidental lithic
fragments in these pyroclastic rocks indicates that the magma/water interaction that triggered explosive fragmentation
occurred near the surface and/or there was not very much water available to fuel magma/water interaction. However, the
large proportion of volcanic lithic fragments may be interpreted as fragments from a thick pile of coherent flows that formed
the immediate pre-volcanic succession, and through which the explosive eruptions quarried. The topmost scoriaceous pyro-
clastic succession could be interpreted as either part of a scoria cone or as a lava delta. The hill south of the southern limit
of the Uzsa quarry is interpreted to be a remnant of a scoria cone. Thus both lava deltas and scoria cones (which may have
been the source of the lava flows) may have coexisted in Uzsa. 

Sümegprága

Sümegprága is the northernmost part of a ~5 km long ridge exposing volcanic rocks and trending from north-east to
south-west (Plate 4.9, A–E), with the ridge at Sümegprága reaching an elevation of about 260 m. Coherent lava flows appear
at elevations around 220 metres and above (Plate 4.9, A–E). At this site basanitic lava has been quarried in the past, expos-
ing the three dimensional architecture of the coherent lava unit. The lava flows form a small, flat hill, that has been opened
up during the quarrying (Plate 4.9, A–E). The basanite is in intrusive contact with the host Neogene siliciclastic units. There
are tabular and rosette-like coherent basanite that are in sharp but irregular contact with the host sediment (Plate 4.10, A,
B). The contact zones of the coherent basanite are thermally affected (Plate 4.10, C), with sand and silt slightly hydrother-
mally altered at the contact zone of up to a metre near the intrusive bodies (Plate 4.10, C). Small protrusions from the mas-
ter sills commonly form irregularly shaped dm-to-metre thick dykes with chilled margins (Plate 4.10, D). Peperitic margins are
rare, and only exposed in small, dm-scale zones where slightly baked sand/silt is in contact with coherent flows. The textur-
al characteristics of the host sediment are the same as for other Neogene siliciclastic units forming the immediate pre-vol-
canic successions elsewhere in the region. Small outcrops around Sümegprága show intrusive contacts between coherent
lava bodies and host sediments, indicating that the ridge is consist of a sill and dyke complex.

Bazsi to Tátika

In the continuation of the ridge from Sümegprága to the south-west a sill/dyke complex is exposed in another, small-
er, quarry (Plate 4.11, A–C). The sills are very irregular in shape and have chilled margins (Plate 4.12, A). Along the mar-
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gin of the coherent lava body the host sediment is thermally affected in a dm-to-metre wide zone. In places, irregular mar-
gins and globular peperites can be identified (Plate 4.12, B). In these zones, the lava showed fluidal behavior and blobs
which are mixed with the host sediment. Because there is no obvious evidence of high temperature alteration of the
silt/sand along the coherent magmatic bodies (e.g. hornfels) we can only state that at least some hydrothermal effect on
the host sediment (Plate 4.12, B) took place along the intrusive bodies.

In the upper quarry small finger-like lava intrusions into the host sediment can be observed, and terminate into an
irregularly shaped zone of volcaniclastic rock (Plate 4.12, C). The clasts in this unit are angular, non-to-moderately vesic-
ular, black and basanitic in composition, and are hosted by a fine, homogenised silt/sand (Plate 4.12, C). The basanitic
clasts are generally finely crystalline or tachylitic in texture, but have cm-thick palagonite rims (Plate 4.12, C). 

The 3D relationships of the coherent basanite with the host rock indicate that at Bazsi a sill and dyke complex is exposed.
The location of this quarry is close to the Sümegprága quarry, and the elongation of the basanite body along the length of the
ridge indicate that Bazsi is part of the same major sill and dyke system that runs from north-east to south-west. Similar dyke
and sill complexes in poorly exposed settings have been mapped out to the south-west. Other major ridges, south-west of
Bazsi, each represent bud-like basanite bodies that have rosette-like columnar jointing. 

The most south-western hill of the ridge terminates in a circular shaped plateau-like lava region forming the plateau of the hill
Tátika (Figure 4.2). The quarry of Bazsi exposes basanitic sills up to the level of 300 metres, and is covered by the same sand
as it is exposed in the quarry itself. The plateau at Tátika reaches 350 metres (Figure 4.2). This plateau is cut through by few
basanite buds that are characterized by rosette-like columnar jointing. In the basal zone pyroclastic rocks are exposed. 

Pyroclastic rocks, collected from poor outcrops away from the quarry, are rich in fine sand, silt, quartz grains, and mud
chunks (mm-to-cm size), derived from rock types characteristic of the immediate pre-volcanic Neogene rock units (Plate 4.12,
D). The pyroclastic rocks of Tátika contain sideromelane glass shards that
are blocky in shape and moderately vesicular, typical products of
phreatomagmatic fragmentation (HEIKEN and WOHLETZ 1986, 1991,
WOHLETZ 1986). The glass shards are tephritic in composition, similar to
glass shards from Neogene phreatomagmatic lapilli tuff and tuff units else-
where in the western Pannonian Basin (MARTIN et al. 2003). 

The general spatial relationship between coherent lava units of
Bazsi and Tátika, and the Neogene siliciclastic succession indicate that
the basanite is in intrusive contact with the sedimentary rocks, and is
part of an elongated sill and dyke system in this region. The only loca-
tion where pyroclastic rocks are exposed is Tátika, indicating that explo-
sive eruption took place in that site. The textural characteristics of the
recovered pyroclastic rocks indicate that the explosive eruptions of
Tátika were driven by magma/water interaction. The pyroclastic suc-
cession seems to be cut by basanitic sills and dykes, which suggests
sill/dyke intrusion after the phreatomagmatic eruption of Tátika. The
erosion levels at these locations are deep. The minimum level of the
syn-volcanic palaeosurface is at the top of the Tátika, assuming that 

1. there has been no uplift nor tectonic dissection of the volcanic
rock-capped ridges between Tátika and Sümegprága, and 

2. Tátika pyroclastic rocks represent the top, rather than lower parts, of
a diatreme. Even if the present hill top of Tátika really is the top of a diatreme,
its position therefore should represent a level below the syn-volcanic
palaeosurface using general considerations for the 3D architecture of a dia-
treme (LORENZ 1987, 2000a, b, WHITE 1991a, b). It is hence a conserva-
tive estimate that the immediate pre-volcanic Neogene siliciclastic units
were all present at the time of eruption in this region, and that the sill com-
plex hence intruded at depths of at least 50-100 metres below the palaeo-
surface. It is very likely, however, that this depth is an underestimate, and
that the Neogene sedimentary cover has suffered some 200–300 metres
of erosion in this region, as has been calculated for the Bakony – Balaton
Highland Volcanic Field (NÉMETH and MARTIN 1999). 
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Figures 4.2. Location map of Tátika (A), which marks the termination of the volcanic rock ridge
between Sümegprága and Tátika 
Note the plateau forms a circular zone at Tátika (B, C) that corresponds well with the extent of coherent
basanite units (white line). On this plateau a cliff is well visible on aerial photo (C). This cliff preserves a mas-
sive, lapilli tuff succession (white circle), however, in poorly preserved condition



Kovácsi-hegy

The Kovácsi-hegy comprises the westernmost Neogene
alkaline basaltoid volcanic hills north of the Keszthely Mts.
(Figure 4.3). The Kovácsi-hegy forms a circular plateau about
300 m in elevation marking the extent of the lava flows over the
Neogene sands and silts. East of this lava plateau, the morphol-
ogy is more rugged, and consists of north-east to south-west,
and north-west to south-east, trending ridges, similar to the
ridge between Sümegprága and Tátika (Figure 4.3). These
ridges consist of coherent basanite buds having intrusive con-
tacts with Neogene siliciclastic host units similar to those
exposed in east (Figure 4.4). The contact between the pre-vol-
canic rocks and coherent basanite is not exposed at the
Kovácsi-hegy. In a large quarry system along the western mar-
gin of the Kovácsi-hegy a basanite unit at least 50 m thick and
comprises at least two cooling units. The basanite body is
columnar jointed with perpendicular, very regular columns that
are 20 to 40 cm in diameter. In the area there are no pyroclas-
tic rocks exposed.

Conclusion

The volcanic rocks mapped north of the Keszthely Mts have
long been a subject of geological research in the region (LÓCZY

1913, 1920, JUGOVICS 1948). Each researcher noted the gener-
al lack of pyroclastic rocks in these locations in comparison to
other Neogene alkaline basaltic regions in the western Pannonian
Basin. Current research confirms that there is a general lack of
pyroclastic rocks in this region, and this may be of some signifi-
cance in analysis of the volcanic evolution of the Neogene alkaline
basaltic systems in the western Pannonian Basin. The volumetri-
cally largest known pyroclastic succession is at Uzsa, which had
a significant phreatomagmatic explosive eruptive history, and may
have formed a maar and/or tuff ring. The Uzsa phreatomagmatic
succession subsequently was covered by effusive and eruption
products generated by magmatic fragmentation. The topmost vol-
canic succession at Uzsa has been interpreted as the erosional
remnant of scoria cones or possibly of lava deltas. The circular
distribution of the lava fields at Uzsa suggests some form of con-
trol on the extent of the lava, such as a tuff ring and/or maar crater
wall. Inferring accumulation of the volcanic material in a confined
maar basin with its base below surrounding ground level, the pres-
ent highest level of scoriaceous pyroclastic rocks in a mound-like
hill south of the Uzsa quarry therefore is inferred to represent the
syn-volcanic palaeosurface. Clarification of this interpretation is a
subject of future research. 

The ridge between Sümegprága and Tátika is clearly a shal-
low subsurface sill and dyke complex. This system, at least in
one place, has been cut through by a diatreme (near Tátika).
This implies that the emplacement of sills and dykes pre-dates
formation of the phreatomagmatic volcanoes. 

At the Kovácsi-hegy, a sill and dyke system similar to the Sümegprága and Tátika system has been identified. The
Kovácsi-hegy rocks are inferred to have formed as a basanitic sill on the basis of its general recent elevation and its 3D
relationship with the neighbouring coherent flow units, which are clearly intrusive in origin. 
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Figures 4.4. Intrusive basanitic lava bud — similar to the lava buds at Bazsi —
in a host Neogene sand and silt from a small quarry east of the Kovácsi-hegy

Figures 4.3. 
Location map of the Kovácsi-hegy (A). On the airphoto it is clearly visible, that the
Kovácsi-hegy forms a circular plateau around 300 m elevation (B). East of this
plateau, the morphology is more rugged, and consists of north-east to south-west as
well as north-west to south-east trending ridges, similar to the ridge between
Sümegprága and Tátika. These ridges consist of basanite buds with intrusive contact
to a host Neogene siliciclastic units similar to those exposed in east, q = quarry

A



The intrusive origin of the majority of the basanitic rocks north of the Keszthely Mts suggests that significant erosion took
place since their emplacement around 3 My. A conservative estimate would reconstruct the level of the palaeosurface at the
level of the present top of the Tátika, where pyroclastic rocks crop out. However, if the Tátika is the remnant of an exhumed
diatreme, it would imply that its present top section represents a level well below the syn-volcanic palaeosurface. A realistic
estimate would add a minimum of 50 metres above the peak of the present Tátika to establish the reference elevation for the
syn-volcanic palaeosurface. With this calculation, the minimum missing Neogene sedimentary cover would be in the range
of 250–350 metres in comparison to the presently preserved average of ~150 metres of strata. This would imply that the
sill and dyke complex in the region developed around 100 to 250 metres below the syn-volcanic palaeosurface. The pres-
ent day high altitude of the intrusive rocks at this region in comparison to other effusive coherent lava rock locations in the
BBHVF in a more or less similar elevation suggests some sort of differential base level changes through the Neogene which
process needs further study (MARTIN and NÉMETH 2003). 

The recognition that a majority of the coherent igneous rocks exposed north of the Keszthely Mts. originated as intrusive
sill and dyke complexes also highlights the complexity of magma emplacement and feeding systems for small-volume intra-
continental alkaline basaltic volcanic systems. There are growing examples worldwide that demonstrate that maar/diatreme
volcanism is often associated with complex effusive (extensive lava flows) and intrusive (dykes, sills and laccoliths) process-
es such i.e. as it has been reported from the Saar-Nahe Basin, Germany (LORENZ and HANEKE 2004). Both recent and pre-
ceding seismic studies have identified several mound-like, high velocity zones within Neogene strata a few tens to a hundred
metres below the surface in the Lake Balaton basin (CSERNY and CORRADA 1989, SACCHI et al. 1999, SACCHI and HORVÁTH

2002). These structures are best interpreted to represent similar structures as the Sümegprága–Tátika sill and dyke systems
that never made it to the syn-volcanic surface, and which are not yet exhumed. 
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DTM overview of the volcanic
region north of the Keszthely Mts

DTM model of the Keszt-
hely Mts region

Simplified geological map of the
area north of the Keszthely Mts.
Lines shown position of the simpli-
fied cross sections on Figure 4.1 
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Location of the Uzsa basanite capped mesa in the western
Pannonian region

The Uzsa region shown on a DTM looking to north-west 

A detail of the 1 to 25,000 topography map of the Uzsa region
shows the 3D relationships of the topography in relationship with
the location of the large basalt quarry in Uzsa 

The location of significant volcanological features are shown in detail on the airphoto of the Uzsa region. Note the hill stands 50 metres
above the lava plateau that is formed by red scoriaceous lapilli tuff (RS). Location codes in the quarry: (1) zones of pillowed lava foot
breccias, (2) rosette-like columnar jointed basanite in the axis of the quarry inferred to be a master lava tube, (3) location of massive
to weakly bedded lapilli tuff and tuff breccia in the central part of the quarry inferred to be a result of phreatomagmatic explosive erup-
tion products that have been remobilized in the crater/vent zone of the volcano of Uzsa, (4) bedded scoriaceous lapilli tuff and tuff
breccia interpreted as a part of a scoria cone 

RS
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Columnar jointed coherent basanite in the western
quarry wall of Uzsa 

Basanite columns at Uzsa are about 20–25 cm
wide. A perpendicular view to the columns shows

that columns are predominantly pentagonal

Vesicular basal zone of a coherent basanite at Uzsa 

Well packed pillow-like structure of the lava foot of a
lava flow at Uzsa

A

B

C

D
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Onion-like jointing pattern near the mar-
gin of the coherent magmatic body at
Uzsa

A coherent basanite tube forming a half
circle (white line), rosette-like joint pat-

tern in the western side of the quarry at
Uzsa. Note that the rosette-like jointing
pattern gradually defect to more platy
jointing pattern near the margin of the

flow

Massive to weakly bedded lapilli tuff and tuff
breccia in handspecimen in the western part
of the Uzsa quarry

A

B

C
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Red scoriaceous, weakly bedded lapilli tuff and
tuff breccia in the southern margin of the Uzsa

quarry 

Textural features of the scoriaceous lapilli
tuff succession show characteristics for
remobilisation of tephra on a volcanic flank

The massive structure of the pyroclastic breccia of Uzsa is more
prominent in a close up view 

Massive fine grained lapilli tuff unit of Uzsa

A

B

C D
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Photomicrograph of blocky, moderately vesicular tephritic glass
shard from the Uzsa pyroclastic succession. The short side of
the photo is 2 mm. [plan parallel polarized light]

Photomicrograph of a glass shard of the lapilli tuff unit of Uzsa.
They are commonly palagonite rimmed (dark zone). The short
side of the photo is 2 mm. [plan parallel polarized light]

Blocky shaped, dense volcanic lithic fragment in a fine-grained matrix
of a tuff breccia of Uzsa 

The matrix of the tuff breccia of Uzsa is rich in volcanic
glass shards indicating its phreatomagmatic origin as it is

shown in the photomicrograph. [plan parallel polarized
light, the view is about 2 cm across]

A B

C D
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Irregular contact (thick white line) between weakly
bedded (straight white line represents bedding), ill-

sorted lapilli tuff and basanitic intrusion in the
upper level of the Uzsa quarry 

In a close up view of the lapilli tuff at Uzsa the bedding is more promi-
nent and cauliflower bombs (white circle) can be recognized indicat-
ing magma–water interaction during fragmentation

White, semi-rounded, carbonate-rich silt (white cir-
cles) as accidental lithic fragment in the basal tuff

breccia of Uzsa 

A

B

C
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Fluidally shaped moderately vesicular
lava spatter in a scoriaceous lapilli matrix
from the south-eastern margin of the
Uzsa quarry 

Coherent basanite (cl) and pyroclastic
breccia (br) irregular contact in the top-

most volcanic units of Uzsa indicating
some close relationship between lava flow
and clastic rocks in this part of the quarry

Coarse grained pyroclastic breccia
at Uzsa

A

B

C
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A well developed ridge north of the Keszthely Mts runs from north-east to south-west where predominantly basanitic coherent lava bodies crop

out (A, B, C). The northernmost location is a former quarry, Sümegprága (D and E), where basanite shows radial jointed pattern and have intru-

sive contact with the host siliciclastic sediments (silt, sand).
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Two types of intrusive coherent magmatic bodies from Sümegprága. A) a tabular unit (cl) with irregular contact (white line) to the
host sediment (sed) and B) a rosette-like columnar jointed magmatic unit (cl) with irregular contact to the host sediment (white line)

Baked silt/sand (s) at the contact of
basanitic body (cl) and host sediment
(photo courtesy of Manuella Kramer)

Small, vertical protrusion of basanite (b) that intruded
from a master sill into the host sediment (s) at

Sümegprága (photo courtesy of Claudia Henke)

A B

C

D
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Location of the Bazsi quarry (A, B) with an outline of the currently active quarry on an airphoto (C)
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Overview of the master sill (d) of Bazsi. Note the
very irregular shape of the sill (white outline) and
the detached coherent lobe (dl) "floating" in the
host (s)

Peperitic margin of a
sill (s) at Bazsi

Small sill (white line) that protruded from a master sill (s) into a host sediment (sed) at
the upper level of Bazsi. The sill then inflated and terminated into a volcaniclastic unit
(white dashed line) that is seemingly disperse into the host sand/silt matrix, and form-
ing peperite (p)

Photomicrograph [plan parallel polar-
ized light, the short side of the photo is
about 4 mm) of a lapilli tuff derived
from the Tátika. Note the angular
quartz fragments (q) derived from the
immediate pre-volcanic Neogene rock
units. The pyroclastic rocks contain
abundant sideromelane glass (s,
which are blocky and moderately
vesicular and thus indicative for
phreatomagmatic fragmentation

s




