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Abstract: The Neogene volcanic products of the Burda mountain range nearby Stirovo belong to Burda For-
mation. At the base of the Burda Formation a succession of epiclastic volcanic rocks and pyroclastic rocks of
andesites has developed. In the central part of the formation, the volcanic products associated with the activity of
submarine volcanism of the Badenian age developed. Submarine extrusive volcanic domes of andesites are typical.
In the upper part of the Burda Formation, pyroclastic and epiclastic facies of andesites were formed. Deposits of
pyroclastic flows and redeposited pyroclastics are characterized by the presence of relics of petrified tree trunks,
indicating transport from emergent forest-covered slopes from the higher levels of the volcanic edifice of the
Borzsony Mountains in today’s Hungary. This part of the Burda volcanics represents a transitional volcanic zone

with the Borzsony stratovolcano.
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Introduction

The Burda volcanic mountain range (Mts) near
Starovo is the smallest geomorphological volcanic group
in Slovakia. It is located in southwestern Slovakia, at the
state border with Hungary. Westward Burda Mts border
with the Danube Upland. The southern border is formed
by the bed of the Danube river, which in the Vysehrad
(Visegrad) Gate separates Burda Mts from the Hungarian
Pilis Mts. The eastern border is formed by the Ipel river
bed, which separates Burda Mts from Hungarian Borzsony
Mts. The northwestern part of the mountain range is
bounded by the Bajtava Gate. The maximum length of
the mountain range is 7.5 km and the maximum width is
only 3.5 km. Its highest peak is Plesivec 395 m a.s.l. in
the central part of the Burda Mts. Volcanic rocks of the
Burda Mts are encompassed to Burda Formation (Bezak
et al., 2009). The products of the Burda Formation occur
within the Burda peat block. The heather block is tilted to
the northwest. The flow of the Danube follows the east-
west direction of the fault zone at the southern edge of
the lowland. The rocks of Burda Formation of Badenian
age pass W- to NW-ward to contemporary Bajtava
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» Article presents a new map of Neogene volcanic
products in Burda volcanic mountain range, neigh-
bouring with Borzsony and Visegrad volcanic moun-
tains;

Detail field study has contributed to compiling of new
lithostratigraphy of volcanic products included into
new lithostratigraphic column;

Petrified tree trunks in pyroclastic flows indicate
transport from higher levels of the volcanic edifice of
Borzsony stratovolcano.

Formation. The assemblage contains a rich marine fauna
of the Dagenid zone and the nannoplankton community
of the NN-5 zone, corresponding to the Lower Badenian
(Nagy et al., 1998). The uranium (Fe) fission track method
(Repcok, 1978) revealed 15.7 + 1.4 Ma age of andesite
fragment near Kamenica nad Hronom and K/Ar method
15.2 £ 1.2 Ma age of andesite body (Vass et al., 1979).

Methods

The volcanic rocks of the Burda Mts near Sturovo were
mapped by modern methods of volcanological analysis
applying the Garmin GPS map St 62 device, recording
the graphic, audio and photographic field documentation
diary into the Samsung Galaxy N9 device. The field
documentation consisted of more than 150 points, ap-
plying the LocusPro program, which enabled us to
perform accurate online mapping of volcanic products
with digital geolocation. We took 43 samples (Fig. 1)
for further detailed research in the SGUDS laboratories
in Bratislava, encompassing volcanic, lithological,
petrographic, mineralogical and geochemical analyses
(samples Nos. 1284, 1296A, B, 1287A, B, 1290, 1291A,
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B, C, D, E, Fa, b, 1293A, B, s, 1294A, B, C, f, 1296A,
B, 1297A, B, 1298, 1299A, B, s, 1300A, B, C, D,
1303A, B, 1304B, 1305, 1306,1307, 1308, 1310). Thin
sections of the samples were studied by the JENAPOL
optical microscope and photographic documentation of
the samples was done by the Olympus Camedia C5060
digital camera in the SGUDS in Bratislava. Rock-forming
minerals were analyzed by CAMECA SX 100 electron-
probe microanalyzer (EPMA) in the SGUDS laboratory in
Bratislava using 15 kV accelerating voltage, 20 nA beam
current and predominantly 5 pm beam diameter. Analyzed
elements, their measured spectral lines and used standards:
Si Ka — wollastonite, orthoclase; Ti Ko — TiO,; Al Ka —
Al O,; Cr Ka — Cr; Fe Ka — fayalite; Mg Ko — rhodonite;
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Mg Ka — forsterite, MgO; Ca Ka — wollastonite; Ni Ka
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Fig. 1. Location of studied samples from the Burda Mts (com-
piled by Simon, 2022, in Fordindl et al., 2022, 2023).
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— Ni; Sr Lo — SrTiO,; Ba Lo~ barite; Na Ko — albite; K
Ka — orthoclase, F Ko, — CaF,, Cl Ko — NaCl. Whole-rock
major and trace element compositions were obtained in the
SGUDS Geoanalytical laboratories in Spisska Nova Ves
(samples 1291A, 1291B, 1293S, 1294F, 1299S, 1304B).

Characteristics of the volcanic rocks of the Burda Mts

\olcanics of the Burda Mts are represented by the Burda
Formation (Fig. 2). At the base of formation, a succession
of andesite epiclastics and pyroclastics are developed.
Rocks in the central part of the formation are products
of Badenian submarine volcanism. Submarine andesite
extrusive domes are typical, having elliptical to isometric
cross-sections with size of up to 220 m. They consist of
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massive andesite with an irregular blocky separation with
a transition to brecciated andesite and up to breccia with
a chaotic orientation of fragments. As a result of gradual
destruction of these volcanic domes, debris-like material
was formed and deposited even outside of its volcanic
center further into space by mass breccia flows, debris
flows and deposition of coarse to blocky breccias. In upper
part of the Burda Fm, facies of pyroclastics and epiclastics
of andesites were formed. Deposits of pyroclastic flows
and lahars are characterized by the presence of relics of
petrified tree trunks, indicating transport from the emergent
forest-covered slopes of the higher levels of the Borzsény
volcanic edifice located in nowadays Hungary. These parts
of the Burda volcanics represent the transitional volcanic
zone of the Borzsony stratovolcano.

At the base of Burda Fm, a succession of andesite
epiclastics and pyroclastics is developed. Upwards there
occurs a succession of facies of epiclastics, pyroclastics
and products of submarine extrusive domes. The Burda
Fm is made up of following facies: epiclastic and pyro-
clastic horizons, epiclastic volcanic sandstones with pum-
ice, epiclastic volcanic sandstones and conglomerates,
epiclastic volcanic sandstones, fine-grained epiclastic
volcanic conglomerates, coarse-grained epiclastic vol-
canic conglomerates, epiclastic volcanic breccias and
conglomerates, epiclastic volcanic breccias, fine- and
coarse-grained redeposited pyroclastics, block ash pyro-
clastic flows, subaqueous breccia flows, chaotic breccias
of redeposited pyroclastics, extrusive breccias of am-
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BADENIAN

phibole-pyroxene andesite domes and extrusive domes
of andesites. The horizon of epiclastics and pyroclastics
(Fig. 3A, B, C) represents a succession of volcanoclastic
rocks of volcanosedimentary origin with rare positions of
autochthonous pyroclastic rocks. This material was accu-
mulated in the intervolcanic period, and partly also in the
syneruptive period, when pyroclastic flows and pumice
tuffs were formed. Intervolcanic period is represented by
positions of epiclastic volcanic breccias, conglomerates,
sandstones, but also occasional flows, rapid flushes (hy-
perconcentrated currents), lahars and mudflows, debris
flows and debris avalanches. These epiclastic lithofacies
occur in the transitional to marginal volcanic zone. From
the petrographic point of view, the volcaniclastic mate-
rial consists mainly of andesites, but pyroxene andesites
are also present, and we have also rarely observed rocks
of non-volcanic material and relics of a petrified wood
from the original Badenian forest vegetation. Epiclastic
volcanic sandstones of andesites are characterized by the
presence of autochthonous light porous pumice of angular
to spherical shape. Epiclastic volcanic sandstones occur
mainly in the lower and marginal parts of the Burda Fm
near Kamenica nad Hronom, where epiclastic volcanic
conglomerates are deposited in their immediate vicinity.
Epiclastic volcanic sandstones are predominantly coarse-
grained, fairly well sorted, and occasionally show signs of
stratification. There are also small or minor andesite sheets
or lenticular positions of fine-grained epiclastic volcanic

| 285m

Fig. 2. Lithostratigraphic table of the Burda Forma-
tion (compiled by Simon, 2023): 1 — epiclastic and
pyroclastic horizon; 2 — epiclastic volcanic sand-
stones with pumice; 3 — epiclastic volcanic sand-
stones and conglomerates; 4 — epiclastic volcanic
sandstones; 5 — extrusive domes of amphibole-py-
roxene andesites; 6 — extrusive breccias of am-
phibole-pyroxene andesite domes; 7 — subaquatic
breccia flows; 8 — block-ash pyroclastic flows;
9 — chaotic breccias of redeposited pyroclastics;
10 — ash-pumice streams; 11 — redeposited coarse-
grained pyroclastics; 12 — redeposited fine-grained
pyroclastics; 13 — epiclastic volcanic breccias and
conglomerates; 14 — epiclastic coarse-grained
volcanic conglomerates; 15 — epiclastic volcanic
breccias; 16 — epiclastic fine-grained volcanic con-
glomerates.

thick

BURDA FORMATION

conglomerates with isolated blocks of andes-
ites. Light porous pumice can be observed, in-
tergrowing into individual beds. The material
of epiclastic volcanic sandstones is represent-
ed by andesites of dark grey, grey and reddish
brown colors, which was proved petrograph-
ically. Porous pumice stone, predominantly
light grey in colour, has an acidic dacite com-
position. Epiclastic volcanic sandstones with
conglomerates of amphibole-pyroxene andesites occur
together with sandstones especially in the marginal parts
of the Burda Fm near Kamenica nad Hronom municipality.
Epiclastic volcanic conglomerates consist of small
fragments of dark brown, dark or light grey oval or perfectly
oval shaped andesites. Epiclastic volcanic sandstones are
coarse-grained with fragments of light-coloured andesites
that alternate with each other in irregular and occasionally
lenticular positions of relatively well sorted conglomerates
and sandstones of andesite clasts. Epiclastic volcanic
sandstones of andesites occur mainly in the lower and
marginal parts of the Burda Fm in the vicinity of Kamenica
nad Hronom, Bajtava and Lela. Epiclastic volcanic
sandstones are predominantly coarse-grained, moderately
to well sorted and occasionally quite well laminated. Very
rarely, andesite sheets and fragments are present, which
can form simple thread-like beds of small epiclastic
volcanic conglomerates in epiclastic volcanic sandstones.
Epiclastic volcanic sandstones consist of dark and light
grey, as well as dark brown andesites. Small epiclastic
volcanic conglomerates of andesites appear mainly in the
upper and marginal parts of the volcaniclastic complex
of the Burda Fm in the vicinity of the Chlaba site in
Velka dolina valley. Epiclastic volcanic conglomerates of
andesites form positions up to 25 meters thick (Fig. 3D).
Epiclastic volcanic conglomerates (Fig. 3E) contain
andesite fragments having up to 35 c¢cm in size, but also
andesite sheets up to 50 cm in size are rarely present.
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Fig. 3. Morphostructures of volcanogenic rocks in the Burda Mts. A — Submarine debris avalanche. In the rubble avalanche, there is
a bounded layer of autochthonous pyroclastics (above the hammer), which was torn down, deformed and transported after a sudden
volcanic collapse; B — Submarine debris avalanche. Holes are after petrified wood in the debris avalanche. A-B — Kamenica nad
Hronom locality; C — Alternation of submarine pumice and ash flows, Nad Hrdlickou locality; D — Epiclastic volcanic small-boulder
conglomerates, Leliansky les locality; E — Epiclastic volcanic boulder-type conglomerates. Cierna hora locality; F — Epiclastic volcanic
breccias, Leliansky les locality; G — Breccias of redeposited pyroclastics, Kral'ova hora locality; H — Megablock of andesite in breccias
of redeposited pyroclastics, Skalka locality.

120



Simon, L. et al.: Neogene volcanics of the Burda mountain range nearby Starovo, Slovakia

Fig. 4. Morphostructures of volcanogenic rocks in the Burda Mts. A — Block-ash pyroclastic flows, Burdov locality; B — Submarine
breccia flows, Kovacov locality; C — Chaotic breccia of deposits of submarine breccia currents, Nosta, Burda locality; D — Holes after
petrified trees in volcanic clastics, Visnové locality; E — Pumice pyroclastic flow, Ipel'ské prielohy locality; F — Tuff beds, Pod horou
locality; G — Andesite of vertical detachment from an extrusive dome, Chl'aba locality (near Ipel river); H — Fragment of coarse-grained
amphibole-pyroxene andesite with brownish-grey garnet affected by weak argillization and silicification, Cierny vrch locality.
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The andesites have a suboval to perfectly oval shape.
They are dark- and light-grey, grey, dark brown in colour.
Beds of epiclastic volcanic conglomerates are poorly or
moderately well sorted. Observed was inconspicuous or
moderate layering. In some locations, the ungradedness
of the andesite beds can be observed within thick bench-
like beds, representing the deposits of debris flows. The
matrix in epiclastic volcanic conglomerates is medium to
coarse-grained sandy, light grey or greenish grey in colour.
Epiclastic volcanic conglomerates consist of andesites, but
sometimes amphibole-pyroxene andesites with garnet are
also present. Coarse-grained to blocky epiclastic volcanic
conglomerates of andesites occur mainly in the upper
part of the Burda Fm in the vicinity of Kamenica nad
Hronom, Bajtava, Lel'a and Chlaba localities. Epiclastic
volcanic conglomerates form beds up to 20 m thick. They
form successions with interbeds of fine-grained epiclastic
volcanic conglomerates and epiclastic volcanic sandstones.
The size of the andesite fragments is on average up to
55 cm. Positions of conglomerates, containing andesite
boulders up to 95 cm in size, also rarely appear. The
conglomerate matrix is medium to coarse sandy. In the
matrix there are beds of andesites with a solid texture, but
sometimes also with a porous texture, dark grey, grey, dark
brown or reddish in colour.

Epiclastic volcanic breccias to conglomerates of
amphibole-pyroxene andesites (Fig. 3F) occur in the
middle and upper part of the Burda Fm in the vicinity of the
Lela, Bajtava and Chl'aba localities. They form beds thick
up to 15 m. Within the beds, the fragments and sheets of
andesites with a diameter of 1 to 25 cm occur. Rarely, there
occur also interbeds of coarser or finer epiclastic volcanic
breccias and epiclastic volcanic conglomerates, which are
poorly sorted and partly layered. Their matrix is unsorted,
medium to coarse sandy with small fragments of andesites.
Fragments of amphibole-pyroxene andesites have
subangular or even oval shape. Andesites have a cohesive
and porous texture and are from dark- to light-grey, brown,
or reddish-brown in colour. Epiclastic volcanic breccias of
amphibole-pyroxene andesites occur in the middle part of
the Burda Fm in the vicinity of Kamenica nad Hronom and
Leliansky les localities (Fig. 3F).

Epiclastic volcanic breccias form beds up to 20 m
thick. Fragments of andesites up to 75 cm in size are
present in epiclastic volcanic breccias. Andesites are
mostly angular and subangular in shape, but occasionally
suboval andesites are also present. Andesites are grey, dark
grey, brown or brown-red in colour. Epiclastic volcanic
breccias are poorly sorted and poorly bedded. The matrix
in them is unsorted, coarsely sandy with small fragments
of integral grey andesites. Petrographic study confirms
andesite composition of epiclastic volcanic breccias. Small
redeposited pyroclastics (Fig. 3G) appear in the complex
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of volcanic clastics of the Burda Fm in the vicinity of the
Chrlaba, Bajtava and Kamenica nad Hronom localities.

Redeposited pyroclastics create positions up to 15 m
thick, being formed by dark grey or brownish angular and
subangular fragments of andesites up to 20 cm in size. The
matrix is sandy-tuffitic and unsorted with small fragments
of petrographically proved andesites. Coarse-grained re-
deposited pyroclastics occur in the volcaniclastic complex
of the Burda Fm in the vicinity of the Chl'aba, Lela and
Kovacov localities, where they form positions up to 20 m
thick. They are formed by fragments of andesites up to
60 cm in size, but megablocks up to 200 cm in size are
sporadically present, too (Fig. 3H).

Fragments of andesites have an angular and subangular
shape and their colour is dark grey or brownish. The matrix
is sandy-tuffitic and unsorted with small fragments of
petrographically proved andesites. Block-ash pyroclastic
flows (Fig. 4A) of andesites emerge in the upper part of
the Burda Fm around the Kovacov and Chl'aba localities.
Block-ash pyroclastic flows create positions up to 20 m
thick, consisting of chaotic breccias, which are formed by
angular and spherical fragments of andesites of size up to
60 cm in the amount of up to 60 %. Fragments of andesites
have a porous texture and some have the character of
annealed lighter fragments that were deposited in an
unsorted, poorly sintered detrital matrix. The matrix
consist of tuff and contains light pumice.

Submarine breccia flows (Fig. 4B, C) of andesites
emerge in the middle part of the Burda Fm around the
Kovacov locality. Subaqueous breccia currents create
positions up to 50 m thick. They are formed by coarse
chaotic breccias that associate with the source extrusive
bodies.

Chaotic breccias contain fragments of andesites ranging
in size from 1 cm to 200 cm. Their colour is dark grey,
having an integral texture and angular shape. Brownish
colour andesites with porous texture, angular and spherical
shape are also present (Fig. 4D). Fragments of andesites are
stored in a matrix, representing up to 70 % of rock material.
The matrix is ungraded tuff with small clasts of andesites.
The occasional redness of the matrix can be observed with
a higher degree of homogenization and compaction. From
a petrographic point of view, subaqueous breccia flows
are formed by porphyritic andesites. Chaotic breccias of
redeposited pyroclastics occur in the upper part of the
Burda Fm in the vicinity of the Kovacov locality. Chaotic
and unsorted breccias of redeposited pyroclastics are up
to 25 m thick, they are slightly strengthened by matrix
alteration. They are formed of fragments of andesites of
dark grey, brown and reddish colours, solid or porous
texture. Fragments have an angular and subangular shape.
The size of andesite fragments is up to 100 cm, and there
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are rare fragments up to 150 cm in size. Fragments are
stored in a matrix with a content of up to 50 %. The matrix
is tuff-sandy with small fragments of grey andesites and
light pumice. Holes after petrified trees are occasionally
observed (Fig. 4D).

The pumice pyroclastic flow (Fig. 4E) of andesites
forms a more continuous horizon of tuffs (Fig. 4F), which
are mostly unsorted, chaotic, indistinctly layered in a
bench-like form in the lower part of the Burda Fm in the
vicinity of the Chl'aba and Kovacov localities.

Within the beds, the matrix is predominant, which
is tuff, it also contains grey-white pumice, and various
fragments of petrographically proved andesites of angular
and spherical shape, porous and glassy texture and dark
grey to black-grey colors are also present. Sometimes
we also record fragments of non-volcanic material in the
tuffs. Intrusive-extrusive breccias of amphibole-pyroxene
andesites occur in the lower part of the Burda Fm in the
vicinity of the Kovacov and Chlaba localities. Breccias
represent marginal parts of intrusive-extrusive bodies. On
the one hand, they are connected by a transition to their
own body, on the other hand, they eventually pass into the
breccias of subaqueous breccia flows. The brecciation zones
are up to tens of meters thick. Extrusive breccias appear
in facies with massive solid texture andesites of a light
grey colour with facies built of angular fragments of grey
non-porous andesite in a crushed lava matrix. Extrusive
breccias are unsorted, chaotic, with a maximum fragment
size of up to 100 cm. Fragments

of andesites in extrusive 16

textures have a typical vertical to fan-like course. Zones
of extrusive breccias developed at the edges of extrusive
domes. The bodies are made of light grey to greenish
porphyritic andesite with phenocrysts of plagioclase,
hypersthene, augite and amphibole in the ground mass,
which is microlithic in the middle part of the bodies and
microlithic to microlithic-hyalopilitic at the edges of the
bodies.

Geochemistry of volcanic rocks of the Burda Forma-
tion

These rocks were analysed for whole-rock major
and trace element contents: 1291A, B — amphibolic
andesite with biotite and orthopyroxene, 1293S — biotitic-
amphibolic andesite with orthopyroxene, 1294F
biotitic-amphibolic andesite with orthopyroxene, 1299S
— biotitic-amphibolic andesite with orthopyroxene, 1304B
— amphibolic andesite with biotite and orthopyroxene.
According to the classification TAS diagram (Le Bas et
al., 1986; Fig. 5), the analysed samples represent andesite
and the sample 1291A corresponds to dacite. Samples
1291B, 1293S, 1299S and 1304B have a relatively similar
composition. Sample 1294F can be considered as acid
andesite. All andesites correspond to high-potassium
andesite and belong to the high-potassium calc-alkaline
series (high-K CA) according to the diagram of SiO,
vs. K,O (Peccerrillo & Taylor, 1976; Fig. 6). The trace
element contents of the studied rocks can be presented

breccias are present in amounts
up to 80 %. Occasionally there
occur weakly oxidized red-
brown andesite and spherical
fragments of brown andesite
both with porous texture. The
matrix is formed by crushed
andesites of light grey colour
and porous texture, being
petrographically proved. Ex-
trusive domes of andesites in
the lower part of the Burda
Fm occur in the vicinity of
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the Kovacov and Chlaba
localities (near Ipli) (Fig.
4G, H). Extrusive domes are
isometric shape, occasionally
slightly elliptical bodies with
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dimensions up to 200 m,
formed of massive andesite
with vertical, blocky and
roughly blocky separation.
Indistinct fluid textures were
observed in the bodies. The
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al., 1978).
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Mineralogical and petrographic characteristics
of volcanics of the Burda Formation

The studied samples are represented by frag-
ments of andesites from volcanoclastic rocks, by
andesites of intrusive bodies and by volcanoclastic
rocks themselves. Andesites form two petrographic
types: biotitic-amphibolic andesites with orthopy-
roxene and amphibolic andesites with biotite and
pyroxene (Fig. 9).

Biotitic-amphibolic andesites with orthopy-
roxene have a porphyritic texture with a hyalopil-
itic (Fig. 9A, B) or microcrystalline (Fig. 9C, D,
E) groundmass. There is one sample which can be
identified as an andesite porphyry due to the more
coarse-grained groundmass (sample 1310, Fig. 9F).
The proportion of phenocrysts compared to the
groundmass is 20-30 %. Plagioclase, amphibole
and biotite are the main rock-forming minerals.
This type of andesite occurs in the samples the most
frequently.
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- Altered 6px

Qtz_

1286_BEI

1284 _BEI_

Fig. 9. A — photo of the sample 1294A, parallel polars, B — BEI of the same sample, C — photo of the sample 1306, parallel polars, D —
photo of the sample 1290, parallel polars, E — BEI of sample 1286, F — BEI of the groundmass material, sample 1310, G — photo of the
sample 1291A, parallel polars, H — BEI of the sample 1284.

Pl — plagioclase, Amf — amphibole, Bt — biotite, Opx — orthopyroxene, Cpx — clinopyroxene, Ilm — ilmenite, Ti-mag — Ti-magnetite,
Kfs — potassium feldspar, Qtz — quartz, Ap — apatite, Grt — garnet, BEI —backscattered electron image.

125



Mineralia Slovaca, 55, 2 (2023)

Fig. 10. Photo of the sample 1287A with parallel (A) and crossed (B) polars, C — lithoclast of biotitic-amphibolic andesite in the sample
1297B, parallel polars, D — crystalloclasts in the tuff sample 1296A, BEI. PI — plagioclase, Amf — amphibole, Bt — biotite, Cpx — clino-

pyroxene, Qtz — quartz, BEI — backscattered electron image.

Amphibolic  andesites with  biotite and py-
roxene (Fig. 9G, H) have a porphyritic texture with a mi-
crocrystalline groundmass. These rocks are characterized
by a high proportion of phenocrysts compared to the
groundmass (up to 50 %). Plagioclase and amphibole are
the main rock-forming minerals. Sample 1297A has a spe-
cial position in this group with plagioclase as the highly
prevalent mineral, with mafic minerals rarer and smaller
than in other samples and with the proportion of the phe-
nocrysts compared to the groundmass about 30 %.

Plagioclase is the most abundant rock-forming mineral
in both types of andesites. It forms phenocrysts and
glomeroporphyric aggregates of tabular and lath shape
and needles in the groundmass. Plagioclase is zoned and
characteristically twinned. Amphibole forms idiomorphic
to hypidiomorphic phenocrysts and aggregates which may
enclose plagioclase. Preserved amphiboles are pleochroic,
some of them are zoned. They are opacitized to the variable
degree — from weakly opacitized crystal rims to complete
opacitization. Biotite forms pleochroic tables and laths.
It can enclose plagioclase. Biotites are preserved, or they
show a phenomenon similar to the opacitization of am-
phibole: Fe-Ti oxides and potassium feldspar are formed
at the expense of biotite (potassium feldspar instead of
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orthopyroxene in amphibole). Orthopyroxene forms idio-
morphic to hypidiomorphic phenocrysts or is a part of
glomeroporphyric aggregates. It also forms needles in the
groundmass. It can be partially or completely altered. Very
rare clinopyroxene is found in the sample 1284. Apatite
is present as small phenocrysts or groundmass grains in
some samples with crystallized groundmass. In three sam-
ples (1304B, 1290, 1310) there is garnet of almadine com-
position with a reaction rim. The crystallized groundmass
consists of plagioclase, sanidine, quartz, orthopyroxene,
Ti-magnetite, ilmenite, & apatite.

\olcaniclastic material was studied in the samples
1287A and B, 1297B, and tuff in the samples 1296A and
1298.

The samples 1287A (Fig. 10A, B) and 1287B contain
plagioclase, amphibole, orthopyroxene, and clinopyroxene
crystalloclasts. There is no biotite in the samples. The
presence of clinopyroxene may indicate their origin from
pyroxenic andesites. Sample A contains orthopyroxene-
amphibolic andesite lithoclast. Sample 1297B (Fig. 10C)
contains rock lithoclasts and crystalloclasts of plagioclase,
amphibole, and biotite. The lithoclasts are composed
of biotitic-amphibolic andesite with plagioclase, green
amphibole and hyalopilitic groundmass, of andesitic
porphyry and of amphibolic(?)-pyroxenic andesite.
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Sample 1296A (Fig. 10D) represents tuff. It contains
amphibolic-pyroxenic andesite lithoclast (also with clino-
pyroxenes). Crystalloclasts are represented by plagioclase,
amphibole, biotite, Fe-oxide, quartz and pyroxenes(?). In
the tuff sample 1298, crystalloclasts are strongly predom-
inant: plagioclase, green and brown amphiboles, biotite,
clinopyroxene and orthopyroxene.
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Fig. 11. Variability of plagioclase composition in the samples 1290, 1294A, 1296A and 1310.
C — core, M — mantle, R — rim of plagioclase, G — groundmass plagioclase, crclast — pla-
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Characteristics of the chemical composition of ande-
site and tuff minerals

The analysed plagioclases in andesite samples 1290
and 1294A have the composition An52—-An90. The com-
position trend of plagioclase in both samples is approxi-
mately the same. Diagram An vs. Or (Fig. 11) shows the
normal plagioclase zonation: the cores are the most basic

and the rims are the most acidic.
Plagioclases of andesite porphy-
ry sample 1310 are more acidic.
Their composition varies from
An43 to An74 and also indicates
normal zonation. The composition
of the groundmass plagioclase
is similar to the composition of
the plagioclase phenocryst rims.
In addition, there is “gap” in the
range of about 5 % of the An com-
ponent between the composition
of the inner part (core and mantle)
of plagioclase (An53—74) and the
plagioclase rims + groundmass
plagioclase (An43—48). This gap
may be caused by a change in
chemical composition, or simply
by an insufficient number of anal-
yses. In the tuff sample 1296A,
phenocrysts in the amphibolic-py-
roxenic andesite clast and mineral
crystalloclasts were analysed. The
composition of the plagioclase
phenocryst in the andesite clast
is around An55, with a relative-
ly significant zone with An70 in
the phenocryst. The composition
of plagioclase crystalloclast is
variable, perhaps also related to
which part of the crystal was ana-
lysed — whether it was the interior
or the rim — it can be difficult to
detect in crystalloclasts.

Only orthopyroxenes were
analysed in the andesites of
samples 1290, 1294A and 1306.
There are no clinopyroxenes in
these samples. The composition
of analysed orthopyroxenes varies
around the enstatite-ferrosilite
boundary (Fig. 12), which reflects
crystallization from a relatively
differentiated magma. The ana-
lysed orthopyroxene in the am-
phibolic-pyroxenic andesite clast
(tuff sample 1296A) has an ensta-
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titic composition (Fig. 12), while A
En component is significantly
higher than in other analysed ©
orthopyroxenes. Clinopyroxene

=
o

SADANAGAITE

(Fig. 12). The composition of
orthopyroxene and the presence i m o
of clinopyroxene indicates that
they originated from a more
basic magma than the other
analysed orthopyroxenes.

Two classification diagrams
(Hawthorne et al., 2012) were
compiled for analysed amphi- | TREMOLITE MAGNESIOHORNBLENDE TSCHERMAKITE
boles: diagram for amphiboles
in andesites (Fig. 13A) and for .
amphiboles in volcaniclastics
(Fig. 13B). Fe*min content 0,0 w
(recalculated by Schumacher, 0,0 0,5 1,0 1,5 2,0
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from andesites correspond to

pargasite. Since there is no cal- B
cium in position A (y-axis), an
increasing value on the y-axis
indicates an increase in the al-
kali content of the amphibole.
Amphibole from sample 1306
(analysed core, mantle and rim)
has the highest alkali content. At
the same time, this amphibole
has the lowest Fe content of all 1
analysed amphiboles. According
to the diagram on Fig. 13B, all
analysed amphiboles in the vol-
caniclastics also correspond to
pargasite. The points on the di-
agram corresponding to the ana-
lysed phenocrysts in lithoclasts |/ TREMOLITE MAGNESIOHORNBLENDE TSCHERMAKITE
are less scattered than the points
of the analysed crystalloclasts. 1

©
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da Mts is demonstrated in Fig.

14 where the m_aXI_mum range of Fig. 13. Classification diagram for amphiboles (Hawthorne et al., 2012) for Fe**min. Diagram
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designation of the volcanic centers of covered volcanics
are numbers in the direction from west to east as follows:
1. Rusovce, 2. Gabcikovo, 3. TeSedikovo, 4. Palarikovo,
5. Kolarovo, 6. Surany, 7. Beseiov, 8. Dubnik, 9. Biia
and in the western part of the territory the volcanics of the
Burda Mts near Stiirovo, the Borzsony stratovolcano and
the Visegrad volcanics are exposed (the central Slovakia
volcanic field is located northeast of the territory; Simon
& Lacika, 2022). The volcanics of the Burda Mts nearby
Stirovo are included into the Burda Fm. At the base of the
Burda Fm a succession of epiclastic volcanic rocks and
pyroclastic rocks of amphibole-pyroxene andesites has
developed. This horizon represents a succession of vol-
canoclastic rocks of volcanosedimentary origin with rare
positions of autochthonous pyroclastic rocks. Their mate-
rial has accumulated in the intervolcanic period, and part-
ly also in the syneruptive period, when pyroclastic flows
and pumice tuffs have formed. In the intervolcanic period,
epiclastic material has formed, being represented by the
positions of epiclastic volcanic breccias, conglomerates,
sandstones formed at occasional flows, rapid flushes,
lahars and mudfiows, debris flows and debris avalanch-
es. These epiclastic lithofacies occur in the transitional
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to marginal volcanic zone. From a petrographic point of
view, the volcaniclastic material consists mainly of an-
desites, but we have rarely observed rocks of non-volcanic
material and relics of a petrified wood from the original
Badenian forest vegetation. Epiclastic volcanic sandstones
of amphibole-pyroxene andesites are characterized by
the presence of autochthonous light porous pumice frag-
ments of angular to spherical shape. Epiclastic volcanic
sandstones are predominantly coarse-grained, fairly well
sorted, and occasionally show signs of stratification. There
are also small or minor andesite sheets or lenticular po-
sitions of fine-grained epiclastic volcanic conglomerates
with isolated blocks of andesites. In the beds, you can
observe light porous pumice, which intergrows into indi-
vidual beds. The material of epiclastic volcanic sandstones
is represented by andesites of dark grey, grey and reddish
brown colour. Porous pumice stone, predominantly light
grey in colour, has an acidic dacite composition. Epiclastic
volcanic sandstones with conglomerates of andesites crop
out together with sandstones.

In the central part of the formation, volcanic products
associated with the activity of submarine volcanism of the
Badenian age developed. Submarine andesitic extrusive

Visegrad
volcanics

MapARsKO

Fig. 14. Paleogeography of the Burda Mts near Stirovo, the Bérzsony stratovolcano, the Visegrad volcanics and covered Danube vol-
canic centers: 1 —Rusovce, 2 — Gabéikovo 3 — Tesedikovo, 4 — Palarikovo, 5 — Kolarovo, 6 — Surany, 7 — Beseiov, 8 — Dubnik, 9 — Bina.
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volcanic domes of andesites are typical. They are formed
of massive andesite with irregular blocky disintegration
with a transition to brecciated andesite and up to breccia
with a chaotic orientation of fragments. Extrusive domes
of massive amphibole-pyroxene andesites have isometric
shape, but occasionally also slightly elliptical bodies
with dimensions of up to 200 m and vertical, blocky
and roughly blocky disintegration. The indistinct fluid
textures in the bodies were observed. The textures have
a typical vertical to fan-like course. Zones of extrusive
breccias developed at the edges of extrusive domes. The
bodies are composed of light grey to greenish porphyritic
andesite with phenocrysts of plagioclase, hypersthene,
augite, amphibole and occasionally garnet in the ground
mass, which is microlithic-grained in the middle part of
the bodies and microlithic to microlithic-hyalopilitic at the
edges of the bodies. As a result of the gradual destruction
of these volcanic domes, debris-like material was formed
and deposited even outside its volcanic center further into
space applying the mass breccia flows, debris flows and
deposits of coarse to blocky breccias. Intrusive-extrusive
breccias of andesites represent marginal parts of intrusive-
extrusive bodies. On the one hand, they are connected
by a transition to their own body, on the other hand, they
eventually pass into the breccias of subaqueous breccia
flows. The brecciation zones are up to tens of meters thick.
Extrusive breccias appear in facies with massive andesites
of a light grey colour with solid texture and facies with
angular fragments of grey non-porous andesite in a crushed
lava matrix. Extrusive breccias are unsorted, chaotic, with
a maximum fragment size of up to 100 cm. Fragments of
andesites in extrusive breccias are present in amounts up
to 80 %. Occasionally there was observed the presence
of weakly oxidized red-brown andesite with a porous
texture and spherical fragments of brown andesite with a
porous texture. The matrix is formed by crushed andesites
of light grey colour and porous texture. In the upper
part of the Burda Formation, pyroclastic and epiclastic
facies of pyroxene-amphibolic andesites were formed.
Deposits of pyroclastic flows and redeposited pyroclastics
are characterized with the presence of relics of petrified
tree trunks, indicating transport from emergent forest-
covered slopes in higher levels of the volcanic edifice of
the Borzsony Mts in present-day Hungary. This part of the
Burda volcanics represents the transitional volcanic zone
of the BOrzsony stratovolcano.
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Charakteristika neogénnych vulkanitov pohoria Burda pri Stiirove,
Slovenska republika

Vulkanické pohorie Burda pri Sturove je plone naj-
mensi geomorfologicky celok na Slovensku. Nachadza
sa na jz. Slovensku, na hraniciach s Mad’arskom. Na za-
pade hrani¢i s Podunajskou pahorkatinou. Juznu hranicu
tvori koryto Dunaja, ktory sa prerezava cez VySehradsku
branu a oddeluje Burdu od mad’arského pohoria Pilis.
Vychodnu hranicu tvori koryto rieky Ipel, ktora oddeluje
Burdu od mad’arského pohoria Borzsony. Severozapad-
nu Cast’ pohoria ohranicuje Bajtavskd brana. Maximalna
dizka pohoria je 7,5 km a maximalna &irka len 3,5 km.
Najvyssim vrchom je Plesivec (395 m n. m.) v centralnej
Casti pohoria. Vulkanity v pohori Burda reprezentuje for-
maécia Burda. Produkty formacie Burda vystupujd v ramci
hrastového bloku Burdy. Hrastovy blok je ukloneny na
SZ. Zlomovt zénu pri juznom okraji hrasti smeru V — Z
sleduje tok Dunaja. Formacia Burda je badenského veku.
Horniny tejto formacie v smere na Z a SZ prechadzaju do
bajtavského suvrstvia, ktoré vznikalo sic¢asne s formaciou.
Suvrstvie obsahuje bohat( morskd faunu lagenidovej zény
a nanoplankton spoloc¢enstva zony NN-5 zodpovedajiuce
spodnému badenu. Na baze formacie sa vyvinula sukce-
sia epiklastik a pyroklastik amfibolicko-pyroxénickych
andezitov. V strednej Casti formacie sa vyvinuli vulkanic-
ké produkty spité s aktivitou submarinného vulkanizmu
badenského veku. Typické st podmorské andezitové
extruzivne domy amfibolicko-pyroxénickych andezitov.
Submarinné extruzivne domy andezitov maji elipticky
az izometricky prierez s dizkou do 220 m. Tvori ich ma-
sivny andezit s nepravidelnou blokovitou odlu¢nostou
s prechodom do zbrekciovateného andezitu az do brekcie
s chaotickou orientaciou Ulomkov. Vplyvom postupnej
destrukcie tychto vulkanickych démov sa tvoril tlomko-
vity materidl a ukladal sa aj mimo svojho vulkanického
centra d’alej do priestoru prostrednictvom masovych brek-
ciovitych prudov, tlomkovych pradov a ulozenin hrubych
az blokovych brekcii. Vo vrchnej Casti formacie Burda sa
vytvorili facie pyroklastik a epiklastik pyroxénicko-amfi-
bolickych andezitov. Ulozeniny pyroklastickych pradov
a laharov su charakteristické pritomnostou reliktov petrifi-
kovanych kmenov stromov. Formaciu Burda reprezentuje
sukcesia facii epiklastik, pyroklastik a produktov subma-
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rinnych extruzivnych démov. Je budovana tymito faciami:
horizont epiklastik a pyroklastik, epiklastické vulkanické
pieskovce s pemzami, epiklastické vulkanické pieskov-
ce a konglomeraty, epiklastické vulkanické pieskovce,
drobné epiklastické vulkanické konglomeraty, hrubé
epiklastické vulkanické konglomeraty, epiklastické vul-
kanické brekcie a konglomeraty, epiklastické vulkanické
brekcie, drobné redeponované pyroklastika, hrubé rede-
ponované pyroklastika, blokovo-popolové pyroklastické
prudy, subakvatické brekciovité prady, chaotické brekcie
redeponovanych pyroklastik, extruzivne brekcie domov
amfibolicko-pyroxénickych andezitov a extruzivne domy
amfibolicko-pyroxénickych andezitov.

Vzorky, z ktorych boli urobené celohorninové che-
mické analyzy, podl'a klasifikacného TAS diagramu (obr.
5) zodpovedaju andezitu a vzorka 1291A dacitu. Pomer-
ne blizke zlozenie maju vzorky andezitu 1291B, 12938,
1299S a 1304B. Vzorku 1294F mozno povazovat za
acidny andezit. Podl'a diagramu SiO, vs. K,O (obr. 6)
vsetky vzorky zodpovedaju vysoko draselnému andezitu
a patria do vysoko draselnej vapenato-alkalickej série.
Obsah stopovych prvkov v studovanych horninach moz-
no znazornit' pomocou multiprvkovych diagramov (tzv.
spiderogramy, obr. 7). Na diagrame vidiet’ vlastnosti ty-
pické pre horniny ostrovnych oblukov a aktivnych okra-
jov kontinentov: obohatenie oproti N-MORB o tzv. LILE
(K, Sr, Ba, Rb) a ochudobnenie o tzv. HFSE (Nb, Ti).
Krivky normalizovaného obsahu vzacnych zemin (obr.
8) maju v pripade Studovanych vzoriek andezitov mierny
sklon. Nevyrazna eurdpiova anomalia poukazuje na to, ze
v genéze ich magiem neprebichala rozsiahla frakcionacia
plagioklasu. Studované vzorky predstavuju fragmenty
andezitov z vulkanoklastik, andezity intruzivnych te-
lies a samotné vulkanoklastikd. Andezity tvoria dva
petrografické typy: biotiticko-amfibolické andezity s orto-
pyroxénom a amfibolické andezity s biotitom a pyroxénom
(obr. 9). Biotiticko-amfibolické andezity s ortopyroxé-
nom maju porfyrickd Struktiru so zékladnou hmotou
hyalopilitickou (obr. 9A, B) alebo mikrokrystalickou (obr.
9C, D, E). V jednom pripade mozno vzorku vd’aka hrubse;j
zrnitosti zakladnej hmoty oznacit’ ako andezitovy porfyr
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(vzorka 1310, obr. 1F). Podiel vyrastlic oproti zékladnej
hmote je 20 — 30 %. Hlavné horninotvorné mineraly su
plagioklas, amfibol a biotit. Tento typ andezitu sa vo vzor-
kach vyskytuje najcastejsie. Amfibolické andezity s bioti-
tom a pyroxénom (obr. 9G, H) maju porfyrickt struktaru
s mikrokrystalickou zakladnou hmotou. Pre tieto horniny
je charakteristicky vysoky podiel vyrastlic oproti zakladnej
hmote (az do 50 %). Hlavné horninotvorné mineraly su
plagioklas a amfibol. Osobitné postavenie v skupine ma
vzorka 1297A, v ktorej je dominantnym mineralom pla-
gioklas, pricom mafické mineraly st zriedkavejsie a men-
Sie ako v inych vzorkach. Podiel vyrastlic oproti zakladnej
hmote je zhruba 30 %. Najpocetnejsi horninotvorny mi-
neral v oboch typoch andezitov je plagioklas, ktory tvo-
ri vyrastlice a glomeroporfyrické agregaty tabulkového
a listového tvaru a ihlicky v zakladnej hmote. Plagiokla-
sy su zonalne a charakteristicky zdvojcatené. Variabilitu
ich chemického zloZenia znazornuje diagram An vs. Or
(obr. 11). Amfibol tvori idiomorfné az hypidiomorfné
vyrastlice a agregaty. Moze uzatvarat’ plagioklas. Zacho-
vané amfiboly su pleochroické, niektoré su zonalne. Su
do rdézneho stupiia opacitizované — od nevyraznych opa-
citovych lemov aZz po uplnl opacitizaciu. Analyzované
amfiboly zodpovedaju pargasitu (obr. 13A). Biotit tvori
pleochroické tabulky a liSty, moze uzatvarat’ plagioklas.
Biotity st zachované alebo sa pri nich prejavuje obdoba
opacitizacie amfibolu. Na tkor biotitu vznikaji Fe-Ti oxi-
dy a draselny zivec (namiesto ortopyroxénu v amfibole).
Ortopyroxén tvori idiomorfné az hypidiomorfné vyrastlice
alebo je stcastou glomeroporfyrickych agregatov. Tvori
aj ihlicky v zakladnej hmote. M6zZe byt Ciasto¢ne az uplne
alterovany. Zlozenie analyzovanych ortopyroxénov je na
rozhrani enstatit-ferosilit (obr. 12). Vo vzorke 1284 sa na-
chadza vel'mi zriedkavy klinopyroxén. V niektorych vzor-
kach s vykrystalizovanou z&kladnou hmotou je vo forme
malych vyrastlic alebo v zdkladnej hmote pritomny apatit.
V troch vzorkach (1304B, 1290, 1310) sa nachadza granat
s almadinovym zlozenim s reakénym lemom. Vykrystali-
zovanu zakladnu hmotu tvori plagioklas, sanidin, kremen,
ortopyroxén, titanomagnetit, ilmenit + apatit. Vulka-
noklasticky material bol Studovany vo vzorkach 1287A, B
a 1297B a tuf vo vzorkach 1296A a 1298. Vzorky 1287A
(obr. 10A, B) a 1287B obsahuju krystaloklasty plagiokla-
su, amfibolu, ortopyroxénu a klinopyroxénu. Biotit vo
vzorkach nie je. Pritomnost’ klinopyroxénov méze pou-
kazovat na ich povod z pyroxénickych andezitov. Vzorka
A obsahuje litoklast amfibolického andezitu s ortopyroxé-
nom. Vzorka 1297B (obr. 10C) obsahuje litoklasty hornin
a krystaloklasty plagioklasu, amfibolu a biotitu. Litoklasty
tvori biotiticko-amfibolicky andezit s Cistymi plagioklas-
mi, zelenymi amfibolmi a hyalopilitickou zakladnou
hmotou, andezitovy porfyr a amfibolicko(?)-pyroxénicky
andezit. Vzorka 1296A (obr. 10D) je tuf. Obsahuje li-
toklast amfibolicko-pyroxénického andezitu (aj s klinopy-
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roxénmi). Krystaloklasty predstavuje plagioklas, amfibol,
biotit, oxid Fe, kremen a pyroxény(?). Vo vzorke tufu 1298
silne prevazuju krystaloklasty: plagioklas, zelené a hnedé
amfiboly, biotit, klinopyroxén a ortopyroxén. Variabilitu
chemického zlozenia mineralov vulkanoklastik odrazaju
diagramy na obr. 11, 12 a 13B.

Paleogeografia pohoria Burda je zndzornend na obr.
14, kde je vyznaceny maximalny rozsah dunajskych vul-
kanitov. Vulkanické centra zakrytych vulkanitov st ozna-
Cené Cislami v smere zo zapadu na vychod: 1 — Rusovce,
2 — Gabcikovo, 3 — TeSedikovo, 4 — Palarikovo, 5 — Ko-
larovo, 6 — Surany, 7 — Besefiov, 8 — Dubnik, 9 — Bifa.
Na obrazku st znazornené aj vulkanity pohoria Burda pri
Starove, odkryty stratovulkan Borzsony a vySehradské
vulkanity (vulkanické pole stredného Slovenska sa nacha-
dza na severovychode Gzemia; Simon a Lacika, 2022). Na
baze stuvrstvia Burda sa vyvinula postupnost’ epiklastic-
kych vulkanickych hornin a pyroklastickych hornin am-
fibolicko-pyroxénickych andezitov. Horizont epiklastik
a pyroklastik predstavuje postupnost’ vulkanoklastickych
hornin vulkanosedimentarneho povodu so vzacnymi polo-
hami autochtonnych pyroklastickych hornin. Tento mate-
rial sa nahromadil v medzivulkanickom obdobi a ¢iastocne
aj v obdobi synerupcie, ked’ sa vytvarali pyroklastické
prady a pemzové tufy. V medzivulkanickom obdobi sa
vytvoril epiklasticky materiél, ktory predstavuje polohy
epiklastickych vulkanickych brekcii, zlepencov a pieskov-
cov vznikajuicich v obéasnych tokoch, rychlych splachoch,
laharoch a bahnotokoch, sutinovych pridoch a sutinovych
lavinach. Tieto epiklastické litofacie sa vyskytuju v pre-
chodnej az okrajovej vulkanickej zone. Z petrografického
hladiska vulkanoklasticky material tvoria prevazne andezi-
ty. Ojedinele sme zaznamenali aj horniny nevulkanického
materialu a relikty skameneného dreva z povodnej vege-
tacie badenského lesa. Epiklastické vulkanické pieskovce
andezitov su charakteristické pritomnostou autochténne;j
lahkej poréznej pemzy hranatého az gulovitého tvaru. St
prevazne hrubozrnné, pomerne dobre vytriedené a obCas
vykazuji znadmky stratifikacie. Vyskytuju sa tu aj malé
andezitové platy alebo SoSovkovité polohy jemnych
epiklastickych vulkanickych konglomeratov s izolovanymi
blokmi andezitov. Vo vrstvach mozno pozorovat’ svetll
péroviti pemzu, ktora sa prelina s jednotlivymi vrstvami.
Material epiklastickych vulkanickych pieskovcov pred-
stavuju andezity tmavosivej, sivej a cervenohnedej farby.
Porézna pemza prevazne svetlosivej farby ma kyslé daci-
tové zlozenie. Spolu s pieskovcami vystupuju epiklastické
vulkanické pieskovce so zlepencami andezitov.
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