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Abstract
Neogene volcanic fields in the western Pannonian Basin are eroded clusters of predominantly phreatomagmatic volcanoes that

erupted from the Late Miocene (~8 My) and repeatedly became active until the Pliocene (~2.3 My). The volumetrically largest accumu-
lation of volcanic erosion remnants is located in the Bakony – Balaton Highland Volcanic Field (BBHVF). In contrast more randomly dis-
tributed vent remnants occur in the Little Hungarian Plain Volcanic Field (LHPVF), and are aligned along major faults. The alkaline
basaltic eruptive centres are eroded scoria cones, tuff rings, maar volcanic complexes and shield volcanoes. The amount of erosion
has been calculated using volcanic lithofacies-distribution of these volcanic erosional remnants. Erosion remnants of the BBHVF are
considered as being diatremes that undercut the syn-volcanic palaeosurfaces and therefore their present elevation represents various
exposure levels below the syn-volcanic palaeosurface. At the LHPVF, volcanism is inferred to have developed on a flat lying land dom-
inated by alluvial sedimentation, and volcanic landforms that very likely have been buried under younger (Late Pliocene to Quaternary)
sediments. Volcanic remnants of the LHPVF are inferred to have been exhumed recently. Preserved tuff ring structures are still recog-
nisable on old landforms. Erosion rates from the BBHVF are calculated based on estimation of the depth of exposure level of the pre-
served diatreme facies. Considering a phreatomagmatic origin of the studied volcanoes and a characteristic north–south lineament of
the remnants of the volcanic edifices, it is inferred that they erupted in hydrogeologically active zones (valleys), which are likely to be
controlled by faults. The calculated amount of 100–300 m erosion since volcanism ceased is interpreted as minimum value for the ero-
sion of the predominantly Neogene siliciclastic sedimentary units. Erosion between the end of the Neogene shallow marine to fluvio-
lacustrine sedimentation and the start of volcanism (~8 My) is calculated in two ways; 1. using the same erosion rates before volcan-
ism, which was calculated from the time since the volcanism terminated, or 2. using a uniform average erosion rate for the pre-volcanic
time based on field evidences (e.g. 10 to 100 m/My). These calculations result in a total thickness of Neogene sedimentary cover in
the BBHVF region of 250 m up to 900 m before erosion. The erosion calculations based on volcanological evidences and the estima-
tion of the total thickness of the immediate pre-volcanic Neogene sedimentary cover at ~8 My support the conclusion that Neogene
sedimentary cover buried most of the western Pannonian Basin including the Transdanubian Range. The erosion rate of the BBHVF is
estimated to vary between 100 m/My and 20 m/My.
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Introduction

The alkaline basaltic, intracontinental, monogenetic volcanic fields in the western Pannonian Basin such as the
Bakony – Balaton Highland Volcanic Field (BBHVF) and the Little Hungarian Plain Volcanic Fields (LHPVF) had been
active during the Mio/Pliocene (~8 to 2.3 My — BALOGH et al. 1982, 1986, BORSY et al. 1986, BALOGH and PÉCSKAY

2001, BALOGH and NÉMETH 2004, WIJBRANS et al. 2004 — Plate 2.1). They largely comprise variably eroded tuff rings,
maars, scoria cones and lava flows. The basement of the volcanic fields consists of two major groups of rocks, 

1. a deeper seated hard rock succession including major karst aquifers, and 
2. topmost unconsolidated “soft” sedimentary succession of Neogene shallow marine to fluvio-lacustrine silt, sand,

and gravel units deposited either from the Pannonian Lake or fluvio-lacustrine systems that occupied the region after
this lake disappeared (KÁZMÉR 1990, MÜLLER 1998, MAGYAR et al. 1999). The erosion style and rate after the end of
the Neogene shallow marine to fluvio-lacustrine sedimentation as well as the initial thickness and the maximum extent
of the sediments from this depositional cycle have been the key issues of the geological research in Western Hungary
for a long time (JÁMBOR 1989, MÜLLER and MAGYAR 1992, JUHÁSZ 1994, JUHÁSZ et al. 1997, MÜLLER 1998, BUDAI and
CSILLAG 1998, 1999, BUDAI et al. 1999, MAGYAR et al. 1999). With the results of volcanic facies analysis of the erod-
ed remnants of the western Pannonian Basin an estimation of the erosional level of the volcanoes and the thickness
of the eroded Neogene siliciclastic units of the small-volume intraplate volcanoes was possible. The level of exposure
of pyroclastic rocks of the diatreme facies and the location of crater rim deposits and their relationship with lava flows
and/or pre-volcanic rock units show that the erosion rate since the end of volcanism has not exceeded a few tens of
metres per million years. This suggests that the total thickness of the Neogene sedimentary cover in the BBHVF region
did not exceed 450 m. The preserved intact volcanic landforms in the LHPVF suggest that those volcanic landforms
might have been buried, and were therefore well-preserved against erosion. Such an interpretation is supported by
geophysical data that indicate the existence of volcanic structures below Quaternary sediments in the LHPVF region
(TÓTH 1994). There are clear evidences that intrusive processes also were taking place resulted in form of sill and dyke
intrusion into the Neogene sediments (e.g. Sümegprága). Because gravimetry and geomagnetic methods are not able
to distinguish intrusive and extrusive bodies that are covered by younger sedimentary units, the reconstruction of the
palaeosurfaces defined by coherent lava flow units are predominantly based on the surface exposures of coherent lava
bodies that are inferred to be extrusive. However, Pliocene volcanic rocks in the western Pannonian region that are
covered by younger siliciclastic (e.g. not related to deposition in volcanic depressions) sediments are only known from
the LHPVF and the hills north of the Keszthely Mts. It is inferred that very recent fluvial processes played a role in the
exhumation of tuff rings in the LHPVF. The palaeogeomorphological reconstruction that is made predominantly for the
BBHVF is an attempt to calculate the relative pre-volcanic surface elevations for each volcanic centres on the basis of
identified volcanic lithofacies relationships (NÉMETH et al. 2003b). Identified pyroclastic rocks in respect to their acci-
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dental lithic fragment contents and types, the texture of the volcanic glass shards, the micro and macro texture of the
preserved pyroclastic rocks as well as the presence or lack of coherent lava facies helped to establish negative and
positive landforms such as maars and scoria cones with lava lakes. According to their original morphology the position
of the pre-volcanic surface of a certain age was established (NÉMETH and MARTIN 1999b, NÉMETH et al. 2003b). Here
a brief summary is given to present a few results that show the usefulness of such studies in respect to the estimation
of the morphology during syn-volcanic time and the estimation of the thickness of eroded rock units. 

Calculation method of erosion on the basis of eroded monogenetic volcanoes

The calculation of erosion rates can be separated into two steps; 
1. estimation of erosion since the start of volcanism, and 
2. estimation of erosion between the end of the Neogene shallow marine to fluvio-lacustrine sedimentation and the

start of volcanism (Plate 2.2). This calculation is based on the assumption that the created volcanic landforms have not
been covered by young sediments after their formation, and they have been stand against subaerial erosion following
their eruption. This assumption is well-constrained in most of the locations in the BBHVF. However, the fact that some
covered volcanic rocks (pyroclastic and coherent lava flows) exist in the LHPVF indicates that syn- and post-volcanic
lacustrine sedimentation took place there and therefore these proposed two step erosion calculation model cannot be
fully applied for the LHPVF. 

It is generally accepted based on lithofacies and field relationships of lacustrine beds, seismic sections, and palaeon-
tological evidence (MAGYAR et al. 1999, SACCHI et al. 1999, SACCHI and HORVÁTH 2002) that sedimentation in the
Pannonian Lake terminated at 8 My ago in the BBHVF region. On the basis of seismic sections as well as facies relation-
ships of Pliocene siliciclastic sediments it is inferred that local shallow lakes and wide fluvial systems existed well after the
Pannonian Lake vanished in the LHPVF. There is also a general agreement that the water depth of the Pannonian Lake in
western Pannonian region prior the volcanism was not more than 50 m (MÜLLER 1998, MÜLLER et al. 1999). There is evi-
dence that tuff rings in the LHPVF were filled by thick lacustrine sediments (BENCE et al. 1978, SOLTI 1986, FISCHER and
HABLY 1991, BRUKNER-WEIN et al. 2000), indicating a general availability of water through porous media aquifers and sug-
gesting some extent of surface water involvement in their crater-lake formation. Moreover, pyroclastic successions of the
Kis-Somlyó tuff ring (Plates 2.1 and 2.2) exhibit features suggesting that they were deposited in shallow water (MARTIN and
NÉMETH 2002, 2004). Volcanic remnants of the LHPVF are generally flat, lensoid in plan view (pyroclastic mound like) with
low angle bedding dip directions of the juvenile clast-rich lapilli tuffs. The dip direction of the pyroclastic beds commonly
point to a former centre of the respective volcano suggesting a very broad volcanic edifice with low rims that easily have
been flooded by water from a braided river system or from a shallow (e.g. few m) lake (Plate 2.1). This process could have
been responsible for a short burial time and preservation of volcanic edifices under younger deposits. Such buried tuff
rings are well known from the region (TÓTH 1994) and suggest, that volcanic landforms of the LHPVF are exhumed rather
recently as can be seen by the relatively intact tuff rings such as the Gérce–Sitke system (Plates 2.1 and 2.2 and Figures
2.1 and 2.2). The implication of this observation of the LHPVF is that the LHPVF is rather erosion than an accumulation
surface, which developed due to inversion from accumulation to sudden erosion very recently.
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Figure 2.1. Digital terrain model for the LHPVF showing exhumed, intact tuff rings (such as the Gérce) that have been excavated recently



K/Ar as well as the recent 39Ar/40Ar ages of volcanic rocks in the BBHVF and LHPVF suggest a long-lasting activ-
ity (~8 to 2.3 My — BALOGH et al. 1982, 1986, BORSY et al. 1986, BALOGH and PÉCSKAY 2001, BALOGH and NÉMETH

2004, WIJBRANS et al. 2004). The age distribution of the measured eruptive centres strongly varies. The position of
the eruptive centres in the different age groups from the BBHVF shows a slight westward shift of eruptive centres along
a NE–SW line through time. The dominant part of the eruptive centres is grouped into the 4 to 2.8 My age group and
show a more pronounced westward shift of the NE–SW trending line vents (Plate 2.1). A shield volcano in the north
(Plate 2.1) was formed under “dry” eruptive conditions, suggesting little surface and groundwater availability during its
eruption. The Hajagos-hegy, Gulács and Badacsony (Plate 2.1) represent large wide tuff ring with maar depressions,
which were filled by thick (up to 50 m) lava flows or lava lakes. The eruptive centres show a slightly N–S elongated
form. Clearly visible, especially in the Hajagos-hegy (Plate 2.1), is a lava flow, which cut through the former crater rim
and flowed onto the pre-volcanic swampy area. These, N–S and NE–SW aligned centres suggest that explosion
occurred in a N–S; NE–SW streams valley system. The ellipsoid shape of the volcanic centres may reflect an influence
of the syn-volcanic stress field in the area as suggested from many volcanic fields (NAKAMURA 1977, CONNOR et al.
1992, 2000, CONNOR and CONWAY 2000). 

Post-volcanic erosion

To estimate post-volcanic erosion, volcanic lithofacies were studied at each erosional remnant of the BBHVF (NÉMETH

and MARTIN 1999b, NÉMETH et al. 2003a). Identification of different volcanic facies allowed the establishment of the exhu-
mation level of the crater-filling deposits, vent zones or deep subsurface structures of individual volcanoes such as maars,
tuff rings or scoria cones (Plate 2.3). With the relative proportions of different pyroclastic facies as well as the dip direc-
tion of the bedding planes, the position of the present exposures below the syn-volcanic palaeosurface was estimated
(NÉMETH and MARTIN 1999b). As indicated by the presence of angular sideromelane glass shards and a large proportion
of accidental lithic clasts in the pyroclastic rocks, most of the volcanic remnants were produced by subsurface
phreatomagmatic explosive eruptions (NÉMETH and MARTIN 1999a, b, MARTIN et al. 2003). Most of the original landforms
are interpreted as negative forms such as maars and/or near syn-volcanic palaeo-surface forms such as tuff ring craters;

however, most of these landforms were subsequently
filled by Strombolian scoria cones and/or lava flows
(MARTIN et al. 2003). Using geometrical relationships
between crater depth and width as well as thickness of
crater rim deposit (LORENZ 1985, 1986), the size of the
original volcanic landform and the present level of ero-
sion was estimated (NÉMETH and MARTIN 1999b).
According to the physical volcanological observations
based on detailed mapping around the individual vol-
canic erosional remnant the total erosion was estimated
for each volcano (NÉMETH and MARTIN 1999b). The
major eruptive centres of the BBHVF with large negative
Bouguer-anomalies, strong positive geomagnetic
anomalies and occurrence of primary phreatomagmat-
ic (and occasional reworked maar crater fill sediments)
products suggest that these are maar structures that
undercut the syn-volcanic palaeo-surface and often
were filled with coherent lava bodies. In areas where
mostly scoriaceous pyroclastic rocks were found with
no negative Bouguer-anomaly the original landforms are
interpreted as having been formed on a syn-volcanic
palaeo-surface which is represented by the contact ele-
vation between the volcanic and pre-volcanic rock units
(NÉMETH and MARTIN 1999b). Where lava capped
buttes are located above areas with significant negative
Bouguer-anomalies and phreato-magmatic deposits are
common in the pyroclastic succession, the original
eruptive centres were maars (NÉMETH and MARTIN

1999b). The measured diameter of the remnant of the
lava filled maar basin is inferred being almost equal in
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Figure 2.2. Detail of an aerial photograph (Hungarian Military Collection) from the tuff
ring east of Gérce village showing a more or less perfectly preserved crater rim, which
very likely was buried similarly to other still covered volcanic edifices in the LHPVF



size as the original maar basin diameter (d —
Figures 2.2 and 2.3). The maximum crater
depth (D) was calculated according to
LORENZ (1986); 

D = d/5 
wherein d = measured/estimated crater
diameter, which is based on statistical stud-
ies of relatively young maars (Figure 2.4).
Three basic type of erosional remnants
have been identified and dealt with sepa-
rately (NÉMETH and MARTIN 1999b): 

1. maar basin filled by late magmatic
scoria cones, lava lakes, which were then
eroded to different levels; 

2. maar basins developed and filled by
late reworked tephra deposits, fresh water
carbonates, which were then eroded to dif-
ferent levels; 

3. scoria cones, shield volcanoes, com-
monly in association with lava lakes, spatter
cones, which were then eroded. 

The first are those centres, which have a
thick lava cap overlying maar basins. The
syn-volcanic palaeo-surface in relation to
the present morphology is calculated by

Hp = Hc – w 
where Hc = the recent plateau surface on
the top of the buttes and w = thickness of
the crater rim of the tuff ring. 

The thickness of the crater rim deposits
(w) is estimated to range from a few tens of
metres to up to 200 metres according to
observations of different types of maars (CAS

and WRIGHT 1988). However, the crater rim
thickness (w) is strongly controlled by the
geometrical size of the maar crater.

The calculation of the erosion on the
basis of  erosion remnants without lava caps
is strongly dependent on the calculated
crater depth (D). The crater depth has been
calculated after LORENZ (1986). Depending
on the facies distribution around the maar
complexes, erosion has been calculated by
adding the relative amount of eroded mate-
rial to the measured recent plateau eleva-
tion of the pyroclastic rock units (±10;
1/3D; 1/2D; 2/3D — NÉMETH and MARTIN

1999b).
On the basis of this very simple but sys-

tematic study an estimate is given for each
location, which represents the possible syn-
volcanic palaeosurface elevation (Table 2.1).
The formula from LORENZ (1986) is based on
empirical description of geometrical parame-
ters of maar volcanoes, and it is generalised.
It is evident, that in areas where maar volca-
noes developed in “soft rock” environment
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Figure 2.3. View of the tuff ring east of Gérce exhibiting primary morphological features of its crater rim

Figure 2.4. Calculation method to estimate the erosion of a monogenetic volcanic landform (NÉMETH
and MARTIN 1999b)



the maar basin will be rather broad, and shallow, in contrast to “hard rock” environment, where the maars could be very
deep (LORENZ 2000, 2003a, b). Maar volcanoes often show transition toward tuff ring, and their geometrical parameters
could differ from LORENZ (1986) empirical formula, such as it is known from maar and tuff ring volcanoes from Oregon
where ratio of crater depth to diameter often is 1 to 10 (HEIKEN 1971). Deep maar volcanoes very likely need hard rock
environment such as the Crater Elegante, Mexico (cut in lava flow succession — d, 270 — D, 1650 — GUTMANN 1976) or
Joya Honda, Mexico (cut into limestone units — d, 300, — D,1200 — ARANDA-GOMEZ and LUHR 1996) to maintain the LORENZ

(1986) average 1 to 5 ratio between crater depth to diameter. This implies that the calculations from the western part of the
BBHVF where the phreatomagmatic volcanoes cut into soft rock (Figure 2.3), is in overestimate (e.g. few tens of metres),
and the calculated erosion values should be viewed as maximum values (Table 2.1).

Detailed analyses on thin-sections and hand specimens from the pyroclastic rock units revealed quartz, quartzo-
feldspatic aggregates, plastically deformed mud chunks (mm to cm scale), and muscovite from all of the studied pyro-
clastic outcrops from the BBHVF (NÉMETH et al. 2003a). All of these components are characteristic for the Neogene
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Locality Age 

[My] 
Ev 
[m] 

EvR 
[m/
My] 

T 
[My] 

Ep1 
[m] 

Et1 
[m] 

Ep2 
[m] 

Et2 
[m] 

C 
[m] 

P 
[m] 

1. Badacsony 3.45 270 78 4.55 355 625 46 316 +100 725/416 
2. Szt.györgy -hegy 2.80 270 96 5.2 499 769 52 322 +100 869/422 
3. Gulács 3.47 260 75 4.53 340 600 45 305 +100 700/405 
4. Haláp 2.94 208 71 5.06 359 567 51 259 -50 517/209 
5. Fekete-hegy 2.92 210 72 5.08 367 577 51 261 -100 477/161 
6. Bondoró-hegy 3.00 180 60 5.00 300 480 50 230 -50 430/180 
7. Hegyesd 3.08 180 58 4.92 285 465 49 229 -100 365/129 
8. Szigliget 3.4 222 65 4.6 299 521 46 268 +150 671/418 
9. Fonyód 3.55 142 40 4.45 178 320 45 187 +150 470/327 
10. Boglár 3.5 130 37 4.5 166 296 45 175 +150 446/225 
11. Agártető 3.44 150 44 4.56 201 351 46 196 -100 251/96 
12. Tagyon 3.26 ? ? 4.74 ? ? ? ? ? ? 
13. Csobánc 3.5 225 64 4.5 288 513 45 270 +50 563/320 
14. Hajagos-hegy 3.94 180 46 4.06 187 367 41 221 +100 467/321 
15. Kopasz-hegy 3.5 ? 160 46 4.5 207 367 45 205 - 50 317/165 
16. Pipa-hegy 3.5 ? 160 46 4.5 207 367 45 205 - 50 317/165 
17. Kékkút 3.5 ? 160 46 4.5 207 367 45 205 - 100 267/105 
18. Kerekimajor 3.5 ? 80 23 4.5 104 184 45 125 - 50 134/75 
19. Öreg-hegy 3.5 ? 90 26 4.5 117 207 45 135 + 100 307/235 
20. Horog-hegy 3.5 ? 192 55 4.5 248 440 45 235 - 100 340/135 
21. Füzes-tó 3.5 ? 160 46 4.5 207 367 45 205 - 50 317/165 
22. Kishegyestű 3.5 ? 178 51 4.5 230 408 45 226 + 50 458/276 
23. Fekete-hegy N 4.66 180 39 3.34 130 310 33 213 - 100 210/113 
24. Tálodi-erdő 4.65 82 18 3.35 60 142 34 116 +150 292/266 
25. Pula 4.25 120 28 3.75 105 225 36 156 +100 325/256 
26. Kabhegy 4.93 200  41 3.07 126 326 31 231 - 100 226/131 
27. Bondoró 5.54 180 32 2.46 79 259 25 205 - 50 209/165 
28. Hegyestű 5.97 166 28 2.03 57 223 20 186 - 100 123/86 
29. Kabhegy (old)  5.23 - - 2.77 - - - - - - 
30. Tóti-hegy 5.71 256 45 2.29 104 360 23 279 + 100 460/379 
31. Tagyon2 5.69 229 40 2.31 92 321 23 252 - 100 221/152 
32. Sátorma 4.53 184 41 3.47 142 326 35 219 - 50 276/169 
33. Tihany 7.54 232 31 0.46 14 246 5 237 + 150 396/287 
34. T.dörögd 4.5 - - 3.5 ? ? ? ? ? ? 
35. T.dörögd 4.5 - - 3.5 ? ? ? ? ? ? 
36. Zánka/Várhegy  6 ? 160 27 2 54 214 20 180 -100 114/80 
37. Véndeg-hegy 3 ? 140 47 5 235 375 50 190 -50 325/140 
38. Hármashegy 3.5 ? 220 63 4.5 284 504 45 265 +100 604/365 

 

Table 2.1. Volcanic erosional remnants of the BBHVF

Numbers correspond to locations on Plate 1.1, B. Age data from BALOGH et al. (1982), BORSY et al. (1986) and BALOGH (1995). Abbreviations: Ev = post-volcanic
erosion, EvR = post-volcanic erosion rate, T = time between end of Pannonian sedimentation and start of volcanism, Ep1 = erosion between end of Pannonian
sedimentation and start of volcanism calculated with the same erosion rate estimated in post-volcanic time, Et1 = total erosion using Ep1 and Ev, Ep2 erosion
between end of Pannonian sedimentation and start of volcanism calculated with low erosion rates (10 m/My), Et2 = total erosion using Ep2 and Ev, C = correc-
tion value, P = total thickness of Pannonian sediments
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siliciclastic sediments. The presence of lithic fragments or exotic minerals derived from these units in the phreatomag-
matic pyroclastic rocks attest that these clasts must have been disrupted by the phreatomagmatic explosions, recy-
cled in the phreatomagmatic vents to become part of various lithofacies in and around the vents (NÉMETH et al. 2003b).
It can be concluded that post-volcanic (Pliocene) erosion rates vary between 18 and 96 m/My; however, mostly 50
m/My has been calculated (NÉMETH and MARTIN 1999b, NÉMETH et al. 2003b). Re-establishing the syn-volcanic
palaeosurfaces in the region, a uniform surface below 100 m with relative elevation variation may be visible (Plate 2.4). 

Erosion rate between end of Pannonian sedimentation and 
start of volcanism — pre-volcanic erosion

Calculation of the pre-volcanic erosion rate in the area is problematic. Few direct field evidence is available to help
reconstructing palaeosurfaces for times prior to 8 My. The use of the same erosion rates for pre-volcanic times as for
post-volcanic times would imply that the erosional potential was the same ever since the end of Pannonian Lake sed-
imentation. Based on this simplification, the amount of erosion since the end of the Pannonian Lake sedimentation
would be more than twice as large as the amount of erosion since the end of volcanic activity. The total thickness of
accumulated sediments in the area would have exceeded 800 m in basins with an estimated erosion of more than 600
m. However, field evidence such as lava flows over weakly dissected morphology and the general uniform elevation of
lava flow contact to pre-volcanic rock units indicates that erosion rates must have been lower before the volcanism than
after the end of volcanic activity (NÉMETH et al. 2003b). The youngest deposits of Pannonian age in the BBHVF are
lacustrine limestones (Nagyvázsony Mésző Formation — NMF). These are intercalated with strongly altered basaltic
tuffs (BUDAI and CSILLAG 1998, 1999, BUDAI et al. 1999) that are inferred to have been deposited from phreatomag-
matic eruptions of the oldest volcanoes in the region (Tihany, 8 My). The limestone tends to form an extensive plateau,
outlining the extent of a closed laguna that developed in the final stage of Pannonian Lake sedimentation (BUDAI et al.
1999). Extensive lava flows derived from the volumetrically largest volcano of the BBHVF (Kab-hegy, shield volcano)
were observed to overlie the youngest units inferred to have been deposited from the Pannonian Lake (NMF) at uni-
form elevation (~300 m a.s.l. — BUDAI et al. 1999). As indicated by the results of K/Ar age determinations, textural and
compositional similarities, mineral orientation and drill core data, lava sheets of the major shield volcano (Kab-hegy)
can be correlated with dissected lava sheets located south of this centre (Tálodi-erdő — JÁMBOR et al. 1981). The large
(10 km-scale) extent of lava on a uniform elevation and the undisturbed contact between lava and limestone suggest
that the palaeosurface on which the lava erupted was that with insignificant fluvial incision and poorly developed val-
leys. The age difference between these lavas (~5 My) and the cessation of Pannonian sedimentation (~8 My) suggests
that the interval of ~3 My was not long enough to develop a significant valley system. A low erosion rate of e.g. ~10
m/My was inferred for the region in pre-volcanic times. Based on these calculations, the total erosion after the end of
the Pannonian Lake sedimentation can be maximalized to ~300 m, while the total thickness of the Pannonian sedi-
ments accumulated in the region was about at ~450 m (NÉMETH et al. 2003b).

Conclusion

Based on the analyses of the erosional remnants of monogenetic volcanoes from the BBHVF, the following conclu-
sions can be drawn: 

— the post-Pannonian erosion must be separated into two stages; 
— prior to the start of Mio/Pliocene volcanism, and 
— between the Mio/Pliocene volcanism and present; 

— post-volcanic erosion rates vary between ~20 and 100 m/My, resulting in a total erosion of 80 to 270 m of pre-
dominantly Pannonian sediments; 

— in reconstructing the Pliocene syn-volcanic palaeosurface, a remarkable flat landscape can be constructed with
a total geomorphic relief of less than ~100 m; 

— considering that most of the volcanoes had at least an initial phreatomagmatic eruptive phase, their position
marks local lowlands; 

— the total thickness of the Pannonian sedimentary cover is estimated to have been 250 to 900 metres prior to ero-
sion starting at ~8 My, most realistically being not more than 450 m; 

— Pannonian sedimentary cover must have been still widespread in the region before volcanism started. Pannonian
sediments were only stripped away from elevated ridges. 

For the geomorphologic development of the BBHVF two major models have been considered on the basis of the
erosion remnants of the Neogene basaltic volcanoes. Originally, the first observations suggested that volcanic erosion-
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al remnants represent volcanoes that gradually developed on an erosion surface (LÓCZY 1913, 1920, CHOLNOKY 1918).
This would imply that the younger a volcano the deeper was its position in comparison to the elevation of stratigraphy
markers (Figure 2.5). The other model postulates that the volcanoes evolved in a sedimentary basin with a fast accumu-
lation rate, and they were buried quickly. Therefore the erosion gradually excavated older volcanic structures creating a
“layer-cake” age relationship, having the older volcanic remnants in deeper level (which is represented by their present
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Figure 2.5. One of the first geological map from the BBHVF made by a French geologists Beudant F.S. in 1822 shows in a very graphic way the uniform
top level of the volcanic erosion remnants
This map was one of the first in Hungary where they used the metric system during mapping



topographic elevation — JÁMBOR and SOLTI 1976, JÁMBOR 1980, 1989, JÁMBOR et al. 1981). This conclusion is support-
ed by some apparent intercalation of Neogene siliciclastic and pyroclastic sediments on the basis of drill core data
(JÁMBOR and SOLTI 1975, JÁMBOR 1989). However, recent studies confirmed that most of the sequences intercalated
between volcanic and siliciclastic units are near continuous accumulation of accidental lithic rich primary pyroclastic
rocks (NÉMETH et al. 2001). Moreover, the pyroclastic rocks in the BBHVF are interpreted to represent often diatreme
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filling rocks that cut into a syn-volcanic surface, thus their stratigraphy position is hard to establish (NÉMETH et al. 2003a).
The present morphology however is remarkably uniform (Figures 2.6 and 2.7) in spite of the apparent age differences
among volcanic erosion remnants. This means that volcanoes erupted in a very gentle morphology with no or underde-
veloped drainage systems. Pyroclastic rocks that form erosional remnants of small intraplate volcanoes have been inter-

preted to be exposed diatreme rocks long time ago from the Styrian Basin in Austria (e.g. WINKLER 1925, STRAUSZ1943).
This interpretation is based entirely on the stratigraphic and spatial relationships between volcanic, pre-volcanic and
post-volcanic rock units (e.g. WINKLER 1925). Regardless of these preliminary interpretations the general geomorpho-
logical view of the erosional remants as they are exposed diatreme rocks is new and recently supported and presented
here in this summary by textural data of the volcanic rocks. 

On the basis of the textural characteristics, as well as the sedimentological features of the preserved pyroclastic
rocks of the BBHVF, it is more realistic, that these volcanoes erupted through the pre-volcanic Neogene siliciclastic
units in terrestrial conditions, where their erosion immediately modified their shape giving way to develop younger vol-
canoes on an already eroded landscape. The picture on the LHPVF might be somehow different, however, more
detailed studies need to establish temporal and spatial relationships among volcanoes and sedimentation versus ero-
sion across these two volcanic fields. 

The estimated erosion rates are in the range of few tens of metres per millions of years. This value is in good agree-
ment with calculations based on other methods from Central Europe (BULLA 1965, MOLNÁR and ZELENKA 1995,
KARÁTSON 1996, BAJNÓCZI et al. 2000). 
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Figure 2.6. Uniform top level of the volcanic erosion remnants (named hills) of the central part of the BBHVF as it looks like from the southern shore of the Lake Balaton

Figure 2.7. Uniform top level of the volcanic erosion remnants (named hills) of the Tapolca Basin from the southern shore of the Lake Balaton. Note the more or less
same elevation of the large volcanic butte (Badacsony) in the left hand side of the picture and the Palaeozoic ridge in the right hand side suggesting a very gentle
relief in syn-volcanic time on that the volcanoes developed
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Digital terrain model (A) of the western Pannonian Basin with erosional remnants of small-volume intraplate volcanoes (stars). A simplified 
geological map of the Bakony – Balaton Highland Volcanic Field (B) gives an overview of the relationship between distribution of volcanoes and

type of exposed units. The lines on this map correspond to the cross sections shown on Plate. 2.4. Numbers refer to the identified volcanic 
erosion remnants and the names are shown on Table 2.1
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General landscape features of eroded monogenetic volcanoes, A) Szent György-hegy, BBHVF, B) Kis-Somlyó (LHPVF). The general negative
Bouguer anomalies where lava capped buttes are located suggests a significant mass deficit below these erosional remnants. On figure D an
example is shown from the Hajagos in comaprison to the topography of the hill itself (C). The values on the gravity map are in milligalls and

recovered from unpublished data of Kovácsvölgyi (Eötvös Lorand Geophysical Institute, Budapest)
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Estimation of the erosion level on the basis of identified volcanic lithofacies from the BBHVF (NÉMETH et al., 2003b). Model of a monogenetic
phreatomagmatic volcano and its erosion through time. Note the 3 different stages of erosion can be established by the identification of 

different volcanic lithofacies from different examples from the field.  Abbreviations correspond to Table 2.1
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