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The atkatine basaltic votcanism of the LHPVF
occurred about 4 - 6 Ma according to the wide
range of K/Ar and occasional 40Arl39Ar dates
(Batogh et at. 1986; Batogh and P6cskay 2001;
Wijbrans et a[. 2005). The atkatine basaltic
votcanism in the LHPVF is characterised by
predominantty mafic rocks ranging from
basanite to alkati basatts and trachybasatts

with minor basaltic trachyandesites from the
S6g-hegy (Fig. 1) (Embey-lsztin et at. 1993;
Harangi et at. 1995; Harangi 2001). Uttramafic
xenotiths are common from pyroclastic
successions of the G6rce N (Hercseg-hegy)
and G6rce E tuff ring remnants (Fig. 10)
(Harangi et at. 1995; Szab6 et at. 1995).

.:.-_-_r outer carpathians flysch nappes

@r Mesozoic or older rocks on the surface

Figure 10
Ob-tique view of western Hungary on a Digitat Terrain Model.. Abbreviations: RF - R6ba Fautt Zone, Sg - SAg'hegy, Ks -

Kissomly6, s - somt6, gaFlvr --eikony- eatiton Hightand votcanic Fietd. A and B are the visited sites - see stop Gerce for

details.

Stop B
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Chronostratigraphy: Earty Ptiocene. The Hercseg-hegy basatt (G6rce-N) was dated by K/Ar method
as 4.77+ / -1.8 Ma (Batogh et at. 1986).
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Description of the Gdrce-E tuff ring: To the
east of the viltage G6rce, a circutar
arrangement of exposed pyroclastic rocks
forms an erosionat remnant of a tuff ring 2 km
in diameter (Fig.24). The area consists of 4
distinct hitt sides; each of them stands about
40 m above the base tevet (Figs n e.24A).
The pyroctastic successions form a very gentte
dipping array of pyroctastic rock btocks (Fig.
Z4B). The most extensive outcrops of
pyroctastic rocks are located in the Belscj-
hegy, in the southern part of the comptex
(Fig.24Cl.
Pyroctastic rocks consist of atternating coarse-
to-fine grained tapitti tuffs and they are
occasionatty inter-bedded with lapitti stones
(Fig. 248). Large morphotogy-dependent
depositional structures of the pyroctastic beds

as humps are exposed in the quarry of the
Betsci-hegy (Fig. 24D). These humps form tens
of metres wide zones, just a few tens of
metres away from the otherwise gentte
dipping bedded pyroclastic successions (Fig.
2D). The pyroctastic units are in genera[,
well-cemented by silica-gel as we[[ as calcite
(Fig. 254). The dominant tapitti tuff beds are
rich in angutar, non-to-weakty vesicutar
votcanic gtass shards (Fig. 25B). Vesictes with
etongated, oval shapes, are commonty
cottapsed and fitted with secondary minerats
such as catcite. Rare volcanic tithic fragments
are stightty crystatline, otivine and/or
pyroxene bearing atkati basalt tapitti. The
tapitti tuff beds are rich (- 5 vot %) in
fragments of peridotite and/or otivine and
pyroxene megacrysts (Fig. 25C).

North

S69-hegy

South

Soml6

South North

Figure 24
A - overview of the Gerce - E tuff ring erosional remnant.
B - welt-bedded tapitti tuff succession from the G6rce - E tuff ring, Csb - coarse grained spatter rich bed
C - paratLet bedded tapitti tuff with tow angle, low amptitude long wavelength dune (arrow)
D - morphotogy dependent hump (arrow). Note the otherwise ptane parallel bedded tuff ring succession in the distant quarry
watl
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coated ash and lapilli are common in both
fine and coarse grained beds. Palagonitisation
(Stroncik and Schmincke 2002) is confined to
the thin outer layers of the ash and tapilti,
which suggests that patagonitisation may have
taken ptace atready during the eruption upon
contact of the melt and the moist in the
eruption ctoud charged with radical gas
phases (Dettino et a[. 1990; Capaccioni and
Conigtio 1995). The btocky shaped volcanic
gtass shards, their low vesicutarity, and edgy
deticate shapes indicate that they were
deposited from an eruption cloud directty
retated with the eruption, however, syn-
eruptive reworking in a few beds could be
supported by the more abraded texture and
elevated free crystat content of the beds. In
this respect, the G6rce tuff ring sequence is
similar to the one described at Kissomly6
volcano (Martin and N6meth 2005). However,
there is a difference between Kissomly6 and
G6rce, which is seen in the pyroclastic units
of the later that contains far [ess non-votcanic
fragments such as sand, sitt or mineral
phases. This impties that the G6rce tuff ring
must have operated with a fairty open fissure
system, where magma-water interaction took
ptace in near surface environment and the
vent must have been retatively clear through
most of the eruption. This interpretation is
consistent with the fact that the G6rce
pyroclastic succession contains a large votume
of mantte derived nodules and megacrysts of
olivine commonty inferred to be a sign of high
magma rise through a relativety open fissure
(Spera 1984; Szab6 and Bodnar 1996; Ktuget
et at. 2000). lt is also documented in many
ptaces that initiat phreatomagmatic
pyroctastic units are commonly capped by a
mantte nodute enriched zone immediatety
predating the subsequent scoriaceous
pyroclastic units (White 1991b; N6meth and
White 2003; N6meth 2004) as a sign of
elevated magma discharge, drop of inftow of
water to fuel phreatomagmatic interaction
and ctearer conditions in the vent zone.

The generat transportation and deposition
mechanism that formed the tephra units
around G6rce are inferred to be
predominantly horizontal[y moving pyroclastic
density currents (Fig. 25A). The common low
angte cross-stratification and dune structures
(Figs 24C e 25A) in the finer grained matrix
supported tapitti tuff beds atong with the
genera[ inverse graded lower part of the beds

indicate that the deposits were transported
by high particte concentration base surges.
The long wave tength (m-scate) and short
amptitude (cm-dm-scate) of dune structures
(Figs 24C & 25A), the dominance of coarser
grained beds with evidences of traction
deposition such as inverse grading and ctast
trains as wetl as the general lack of
accretionary tapitti in the pyroctastic
succession indicate near vent position of the
exposed and preserved pyroclastic rock units
(Lajoie et at. 1992; Lajoie and Stix 1992; Sohn
1996). Mud coated ash and tapitti indicate
that free water-saturated mud was in the
eruption cloud.
In summary it can be conctuded that G6rce-E
is an erosional remnant of a tuff ring volcano.
The preserved pyroclastic rock units with low
angle dips indicate that a broad tephra ring
formed around the active vents
predominantty deposited from repeated base
surges moved ground-parattet radiatty from its
vent.

Description of the Gdrce-N (Hercseg-hegy)
tuff ring: North of the vittage of G6rce and
west of the village of Sitke, ctiffs of
pyroctastic rocks form the outer timit of the
Hercseg-hegy/Sitke tuff ring volcanic
succession (Figs 23 & 24A). Outcrops of
votcanic rocks form a ctiff that is about 50
metres above the base [eve[. The contact of
pre-volcanic and volcanic succession is not
exposed. The underlying rock formations
belong to the Neogene ftuvio-lacustrine
siliciclastic sediments that are largety stitl
sand and sitt. The exposed pyroclastic units
show sub-horizontal or gentle inward dip
directions that point toward the interior of
the Hercseg-hegy. The pyroclastic rocks are
predominantty tapitti tuff beds, forming dm
thick beds, however, massive fine enriched
tapitti tuff beds (Fig. 26A) are atso present.
The matrix of the tapitti tuff is composed of
volcanic glass, votcanic tithic ctasts and
smalter proportion of muscovite, quartz, or
clay mineral aggregates (Fig. 268). Lapitti-
sized fragments are predominantly votcanic
glass and volcanic lithic fragments (Fig. 268).
Occasionally quartz and/or metamorphic
gravel as wett as irregutar-shaped ctay tapitti
can be identified. Sandstone fragments up to
dm-size are rare but present. Juvenite clasts
commonty form ribbon-like bombs with
etongated vesicle trains, as wett as spindte-
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Ukinrek in Ataska showed that successive hot
mett passed through base surge deposits
formed by phreatomagmatic exptosions (Setf
et at. 1980; Ort et a[. 2000). The lack of
deep-seated accidental tithic fragments (e.9.
Lower Miocene sandstone or crystalline
basement) in the pyroctastic rocks indicates
that the exptosion tocus stayed near surface
in the course of the eruption, however,
taterat vent migrations (Sohn and Park 2005)
atong a few hundreds of metres wide zone
tikely occurred, leading to the development
of a wide tuff ring with relativety low crater
rim, simitar to those in Eastern Oregon
(Heiken 1971).

Crater lake deposits of the GErce'N
(Hercseg-hegy) tuff ring: The pyroctastic
succession of the Hercseg'hegy tuff ring
remnant is overtain by thick (70 m) post-tuff-
ring crater lake deposits rich in fossits (Fig.
4Dl. Special circumstances of sedimentary
deposition evotved in the crater take. Att
clastic materiat came from the inner watts of
the crater. Botryococcus braunii, an alga that
produces and accumutates oily hydrocarbons,
occurred in the eutrophic crater lake in
unusual abundance (Nagy 1997). Diatoms
were atso represented. These ptanktic atgae
ftourished in the take during the warm
season. lnorganic components, siliceous,
calcareous and argitlaceous materia[ ptayed a
major rote in sedimentation in the warm
season, whereas organic matter was
deposited in greater amount during the cotd
season (Ravasz and Sotti 1987). Accumutation
took ptace in 5-10 m deep water, under
anaerobic conditions (Kvadek et at. 1994). 0.1
to 5 mm thick taminae, atternatety rich and
poor in organic matter, formed a varved
sedimentary sequence of annual rhytmicity.
The average thickness of a lamina couptet is
0.5 ffiffi, thus the aPProximate time
represented by the G6rce sequence is 140,000
years (J6mbor and Sotti 1976\. The
sedimentation was disturbed by earthquakes
and stumps in the steep crater walt. During
lithification, laminae rich in organic matter
were attered into alginite, catcareous
alginite, or diatomaceous atginite by the
process of diagenesis (Sotti 1987; Ravasz and
Sotti 1987).

Fossils: Because of the stYte of
sedimentation, the preservation of the fossils
in the finety taminated, fine-grained deposits

is generatty good. Ptant fossits occur as
carbonized compressions or impressions with
some organic matter, usuatty as undamaged
leaves (rarety teafy shoots) widety scattered
throughout the fossitiferous sequence. Seed
and fruit compressions are rare (Habty and
Kvaiek 1998). The fottowing taxa have been
identified among the ptant megafossils from
G6rce (setcted from Hably and Kvaiek 19971:

Gymnosperms
Cupressaceae gen. et sp.
Ginkgo adiantoides (Unger) Heer
Juniperus sp.
Pinus sp.
Torreya sp.
Tsuga sp.

Angiosperms
Acer integerrimum (Viviani) Massalongo
Acer cf. subcampestre Goeppert
Acer pseudomonspessulanum Unger
Acer sp.
Ampelopsis cf . malvaeformis (Schtotheim) Mai
Betula sp.
Buxus pliocenica Saporta et Marion
Carpinus grandis Unger
Carpinus betulus L. fossilis
Car pi nus nei I r ei chi i KovAts
Carpolites sp.
Carya sp.
Carya serraef olia (Goeppert) Krtiuset
Ce /ti s t rachyf ica Ettingshausen
cf. Cotinus sp.
?Crotaegus sp.
Cyperaceae gen. et sp.
Dicotylophyllum sp. div.
?." Di ospy r os" b r ac hys e p alo Heer
Engelhardia orsbergensis (Wesset et Weber)
Ericaceae gen. et sp.
Eucommia sp.
cf. Gleditsia sp.
Juglandaceae gen. et sp.
Leguminosites sp. div.
cf . lAagnolia sp.
cf. *'lalus sp.
Monocotytedonae gen. et sp.
,,Parrotie" pristina (Ettingshausen) 5t0r
Populus populina (Brongniart) Knobloch
Populus sp.
Pterocarya paradi si aca (Unger) | tjinskaja
Pterocarya sp.
Quercus kubinyii (Koviits ex Ettingshausen)
Czeczott
Qu e r c u s pse u do r ob u r Koviits
Quercus sp. div.
Ribes sp.
?Roso sp.
Salx sp.
Sassaf ras ferretianum Massatongo et Scarabetti
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