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Abstract

The western part of the Hercynian crystalline massif of the Veporic unit (east of the Middle
Slovakian Neogene Volcanic Field) during Neogene represented a volcanic areal with andesite
and rhyodacite volcanism. Because the original structure of andesite stratovolcano was remo-
ved by denudation, numerous relics of intrusive and intrusive-extrusive bodies of diorites, diorite
porphyry, andesite porphyry and rhyodacites are now exposed on the surface and also sporadic
relics of paleovalleys fillings of distal volcanic zone (they were discussed in Part | in the preceding
paper in Mineralia Slovaca 47/1/2015). This paper (Part Il) presents and discusses the relics of
the volcaniclastic rocks in the paleovalleys fillings on the southern slopes of the Slovenské rudo-
horie Mts. The volcaniclastic rocks preserved in apical parts of the ridges, dominantly oriented
to south, represent relics of the filling of original paleovalleys, which served as transport ways
of volcaniclastic material to south into the delta-type sedimentary basin. More extended relics
of volcanosedimentary filling of the sedimentary basin (at the southern foot of the andesite stra-
tovolcano) are now preserved as uplifted isolated plateaus (Pokoradz and Blh plateaus) at the
northern part of the Rimavska kotlina Basin. The structure and lithology of volcanic and volca-
nosedimentary sequences, filling the sedimentary basin and exposed on steep slopes of the
Pokoradz and Blh plateaus, are documented by the geological-lithofacial map at a scale 1: 20 000
and a set of profiles. Filling of the southern sedimentary basin — the VySna Pokoradz Formation
(former Pokoradza Formation in Part 1), thick 150-200 m consists dominantly of epiclastic volca-
nic rocks (epiclastic volcanic sandstones with thin interbeds of siltstones, medium to coarse and
blocky conglomerates, epiclastic volcanic breccias and deposits of mass flows as debris flows,
hyperconcentrated flows, hot and cold lahars). Volcanic facies represent dominantly the bodies
of chaotic breccias of pyroclastic flows of several types: ash-pumice pyroclastic flows, block and
ash pyroclastic flows with dominancy of pyroclastic material, and the block and ash flows with
dominancy of blocky material coming from explosive destruction and collapses of the extrusive
dome — the Merapi type.

Based on analytical data, obtained during mapping and geomagnetic survey of the relics of
intrusive-extrusive bodies and remnants of volcaniclastic rocks, the paleovolcanic reconstruction
of the andesite stratovolcano (removed by denudation) was done. Construction of probable profile
through the stratovolcanic slope is based on the present position of the pyroxene andesite lava
flow, preserved on the top of the paleovalley filling (Klenovsky Vepor ridge e.p. 1338.4) with incli-
nation 8° to west representing transitional zone from the stratovolcanic slope to distant profluvial
plain. The position of the lava flow reflects ca 11 km distance from the central volcanic zone and its
base corresponds to the level of the paleorelief ca 1150 m a.s.l. on which the Vepor stratovolcano
was built-up. Respecting the position of the intrusive and intrusive-extrusive bodies of central,
proximal and distal volcanic zones, the model of the stratovolcanic structure is presented in five
profiles from the central to distal zone. The K/Ar radiometric dating provided the 12.28—-11.56 Ma
age of volcanic and intrusive activity. At the end the paper there follows a discussion about the
multistadial evolution of the stratovolcano and its relation to development of the southern sedi-
mentary basin.

Key words: Vepor stratovolcano, andesite lava flow, intrusive complex, volcanosedimentary for-
mations, pyroclastic flow, lahar, epiclastic rocks, pyroclastic rocks, paleovolcanic reconstruction.
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Introduction

Scattered intrusive bodies and volcaniclastic rocks of
Neogene age in area of the Veporicum crystalline massif
and volcanosedimentary complexes at the northern mar-
gins of the Lu€enska and Rimavska kotlina basins confirm
the eastward continuation of the Central Slovakian Neoge-
ne volcanic Field (Fig. 1). Intrusive bodies exposed on the
surface, as well as volcaniclastic rocks, are supposed in
this work to be remnants of the Vepor andesite stratovolca-
no (Part | — Fig. 3). In contrast to relativelly better preserved
andesite stratovolcanoes of the Central Slovakian Neogene
volcanic Field, in the area of the Veporic unit due to enor-
mous uplift of extended crustal block the superficial volcanic
structure was removed by denudation and the subvolcanic
intrusive complex (diorite pluton, dyke swarms, necks and
laccoliths) of the central volcanic zone were exposed on
the surfice. In the area of proximal volcanic zone numerous
shallow intrusive bodies, like laccoliths and dome-like ex-
trusive bodies, are also uncovered (Part | — Fig. 6). Several
relics of the paleovalleys filling are preserved in the western
distal volcanic zone. In previous Part | of this contribution
we have dealt in more details with intrusive bodies of the
central and proximal volcanic zones and with remnants of
volcaniclastic rocks in the filling of the paleovalleys in the
western distal volcanic zone of the Vepor stratovolcano.

In this second part (Part 1l) we focused dominantly on
the relics of the paleovalleys fillings on the southern slo-
pes of the stratovolcano (southern slopes of the Sloven-
ské rudohorie Mts.) and also on the volcanosedimentary
complexes of the southern sedimentary delta-lake basin,
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Neogene Volcanic Fields of Slovakia

1- Kovécovské kopce Formation
2-Vinica Formation
3- Celovce pyroclastic volcano
4- Lysec pyroclastic volcano
5- Javorie stratovolcano
6- Polana stratovolcano
7- Stiavnica stratovolcano
8- Kremnica volcanic complex
9- Vtacnik stratovolcano
10- Remnant of Vepor stratovolcano

CSVF- Central Slovakia volcanic Field
VSVF- Vepor stratovolcano volcanic Field
SV Mts.- Slanské vrchy Mts.

VV Mts.- Vihorlatské vrchy Mts.

ZVF- Zemplin volcanic Field

KK Mts.- Kovacovskeé kopce Mts.

SSBF- Southern Slovakia Basalt Field

Fig. 1. Distribution of Neogene volcanic rocks in Slovakia.
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recently preserved as solitary high plateaus, the Pokora-
dzska tabula Plateau (Pokoradz Plateau) and the Blzska
tabula Plateau (Blh Plateau) at the northern edge of the
Rimavska kotlina Basin (Pokoradza Formation in Part |, the
Pokoradz Formation as more appropriate term in Part Il).
In the following text the results of K/Ar radiometric dating
of the rocks, and questions related to volcanic activity and
types of eruptions are discussed, as well as the problems
of the primary volcanic structure reconstruction, its extent
and evolution with relation to the development of sedimen-
tary basin at the southern part of the stratovolcano.

Geographical and geomorphological characteristics

of the area on the southern slopes of the Slovenské

rudohorie Mts. (Revuicka vrchovina Highland) and at

the northern part of the Rimavska kotlina and Lucen-
ska kotlina basins

South of the central volcanic zone in a distance of about
12 km the relics of volcaniclastic rocks in fillings of the origi-
nal paleovalleys continue to the area of southern slopes of
the Slovenskeé rudohorie Mts., area of the Revtcka vrchovi-
na Highland and volcaniclastic rocks form also the volcano-
sedimentary complexes of the Pokoradz and Blh plateaus
at the northern part of the Lu¢enska kotlina and Rimavska
kotlina basins (Figs. 2 and 3). Following text briefly charac-
terizes the main geomorphologic units: 1 — Revucka vrcho-
vina Highland, 2 — Rimavska kotlina Basin (northern part),
3 — Lucenska kotlina Basin (northeastern part), 4 — Poko-
radz Plateau, and 5 — Blh Plateau (Fig. 2 and Part | — Fig. 4).
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Fig. 2. Scheme of the area
with relics of volcaniclastic
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1 —The Revucka vrchovina Highland

The area of the Revucka vrchovina Highland with scat-
tered relics of volcaniclastic rocks represents a geomor-
phological subunit of the Slovenské rudohorie Mts. This
area is characterized with mountains of medium hights of
about 800 m a.s.l. (highest is the Zeleznik elevation point,
reaching 814 m a.s.l.). The mountain relief declines gradu-
ally to the south and is divided by deep valleys into several
ridges dominantly trending NW-SE and to S. The valleys
system is drained with rivers and brooks flowing generally
to south (Rimava river, several main brooks like Blh, Slana,
Zapadny Turiec, a.o0.). The northern part the area is built
of the crystalline rocks of the Veporic unit (granitoids and
crystalline schists). The Gemeric unit with low metamor-
phosed Upper Paleozoic rocks is overthrusted above the
Veporic unit from the south to north. In the southern part
of the Revucka vrchovina Highland the nappe of the Sili-
cic unit is dominant, consisting of the Mesozoic carbona-
tes and argillite schists (Fig. 3). Lithology of the rocks and
tectonic structures plays an important role in modelling of
the highland type of the relief by erosive processes. Volca-
niclastic rocks representing the relics of the paleovalleys
fillings are preserved on the top of ridges oriented generally
to the south and to the southeast. The paleovalleys were
used for transport of volcaniclastic material to the southern
area where it was deposited in the basin as the Vysna Po-
koradz Formation. Top parts of the mountains and their ste-
ep slopes are forested. Southern part of the area with low
and flat hills are agriculturally cultivated, eventually they are
used as a pasture for cattle and sheeps. Settlement in the
northern part of the Revicka vrchovina Highland is concen-
trated namely in valleys with rivers and brooks. Along brook
of Zapadny Turiec there are situated the main villages as
Ratkova, Ratkovska Lehota, Sasa, Rybnik and SkereSovo
village.
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At the northern margin of the Rimavska kotlina Basin
the more extent volcanosedimentary complexes of the Po-
koradz and BIh plateaus represent relics of primary filling
of the Neogene sedimentary basin of the VySna Pokoradz
Formation. Volcanosedimentary complex developed on the
surface of the Oligo-Miocene sediments was later divided
by denudation into two isolated larger blocks as individual
geomorphological units of the Pokoradz Plateau and Blh
Plateau.

2 — The Pokoradzska tabula Plateau (Pokoradz Pla-
teau)

The area of the Pokoradz Plateau north of villages Vys-
na Pokoradz and Nizna Pokoradz is characteristic with flat
relief of the high plateau with maximum elevation about 500
m above surrounding relief of the LuCenskéa kotlina Basin
with Oligocene-Miocene sediments. Medium altitude of the
Luc€enska kotlina Basin is about 350-370 m a.s.l. The Po-
koradz Plateau is limited by steep slopes on the western
side with valley of the Rimava River and also by steep slo-
pes on the eastern side with valley of the river Blh, as well
as with valley of the Papca brook in the southern part. At
the southern edge, the high plateau ends with steep slopes
with ca 100-150 m elevation above relief of the Rimavska
kotlina Basin. At the northern margins of the plateau there
is gradual transition from slopes of the Revicka vrchovina
Highland into the flat relief of the Pokoradz Plateau. The
eastern part of the Pokoradz Plateau is dissected by the
valleys of NW-SE orientation into several ridges and isola-
ted segments built-up with volcaniclastic rocks. The valleys
are followed by the brooks of Papca, Lemes$ik and others
flowing to southwest. Outher steep marginal slopes of the
Pokoradz Plateau and isolated segments are modified by
huge landslides and landslide fields of volcaniclastic rocks
due their instability above Miocene clay sediments (Hrasna
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et al., 1995; Frn¢o et al., 1990). Landslides at the southern
slopes obtain typical hummocky relief (northward of the
Nizna Pokoradz and Vy$na Pokoradz villages). System of
brooks springing in higher levels of the valleys like brooks
Papca, Lemesik, Vyvieracka, Sinkov potok, Velky potok
and Hajsky potok is drainaged generally to south. Slopes
limiting the Pokoradz Plateau are often forested; uppermost
part of the flat plateau without forest is cultivated for agricul-
ture purposses and/or used as pastures. The main villages
in the area of the Pokoradz Plateau from north to south are
Kyjatice, Babinec, Kraskovo, Lukovistia and Horné Zahora-
ny villages and along the western part of the plateau there
are villages Hrachovo, Vysny Skalnik and Nizny Skalnik. At
the southern edge of the plateau the VySna Pokoradz and
Nizna Pokoradz villages are located.

3 —The BlZska tabula Plateau (Blh Plateau)

The Blh Plateau situated east of the Pokoradz Plateau
is not as homogeneous as the Pokoradz Plateau. It is sepa-
rated into two segments by the valley with NW-SE orien-
tation. 1 — The northern segment about 4 km wide in its
northern part with maximum altitude 487.5 m a.s.l. on ele-
vation point of Turecky vrch Hill, southward it becomes gra-
dually narrower. From the western and eastern sides, the
Blh Plateau is limited by the steep slopes with the altitude
difference more than 100 m. Steep slopes are modified by
huge landslides of volcaniclastic rocks due their instability
above the Miocene sediments. 2 — Southern segment is
roughly of triangle shape with narrow ridge directed to NW
with the hills Hradiste (457.3 m a.s.l.), e.p. 450 and Dlhy
vrch elevation point (481.5 m a.s.l.). The high plateau is di-
vided by deep valleys on southern part into three ridges.
From the west to east they are: (a) western ridge Dlhy vrch
(e.p. 499.2) — Velka skala, (b) middle ridge Derava skala
(e.p. 495), and (c) eastern ridge with e.p. 471. Steep slopes
on the southwestern, southern and eastern are modified by
extended landslides of volcaniclastic rocks.

The Vini¢ny vrch ridge (e.p. 467) with W—E orientation,
located north of the Blh Plateau and the Holy vrch ridge
trending N-S between the Pokoradz and Blh plateaus re-
present segments of the original sedimentary basin of the
Vy$na Pokoradz Formation, later separated by the denuda-
tion to isolated ridges.

Northern and southern segments of the Blh Plateau are
strongly forested. The main villages along the northern side
of the plateau are the Spanie pole village, and more to west
the Slizké village. Along western side of the plateau the
Teply vrch and Velky Blh villages follow along the Blh brook.
Vy&né Valice and Nizné Valice villages are at the southern
side of the plateau.

4 — The Rimavska kotlina Basin

The Rimavska kotlina Basin at the southern slope of
the Slovenské rudohorie Mts. represents a lowland basin
with the transition to the low highland relief in the southern
part. The Rimavska kotlina Basin connects at the western
side with the Lu€enska kotlina Basin along fault and/or fault
zone of NNW-SSE direction, which conditioned the origin
of the Rimava river valley. Continuing to south, the Rimav-
ska kotlina Basin is from the western side in contact with
the Cerova vrchovina Highland with numerous relics of the
Neogene-Quaternary alkali basalt volcanism. The Lucen-

ska kotlina Basin gradually passes to east into the Bodvian-
ska pahorkatina Highland. Filling of the Lu¢enska kotlina
Basin is formed by sediments of the Oligocene-Miocene
age (Kiscelian—Egerian), representing the basement of the
volcanosedimentary Vy$na Pokoradz Formation preserved
after its denudation as the Pokoradz and Blh plateaus at the
northern side of the Rimavska kotlina Basin. The youngest
postvolcanic sediments in the Lu¢enska kotlina Basin are
lake and fluvial sediments of the Pontian age of the Poltar
Formation and Quaternary sediments. On the surface of
the lowland relief there occur the relics of the primary Plio-
cene relief dissected by many terraces and valleys. Among
the numerous brooks and rivers, heading to south, there
are important namely the Rimava river, and brooks Blh,
Slana, Zapadny Turiec and their tributaries. The lowest part
of the Rimavska kotlina Basin has an altitude of ca 150 m
a.s.l. Predominant part of the Rimavska kotlina Basin is ag-
riculturally cultivated. It is densely populated with numerous
villages and the main town of Rimavska Sobota.

5 —The Luéenska kotlina Basin

The Lucenska kotlina Basin is separated from the east
located Rimavska kotlina Basin by the fault zone trending
NNW-SSE along the valley of the Rimava River. In the NE
part of the Lu¢enska kotlina Basin, several remnants of vol-
caniclastic rocks of the VySna Pokoradz Formation occur
on the surface of the Upper Paleozoic rocks of the Gemeric
unit and more to the south on the surface of the Oligo-Mio-
cene sediments. Northern part of the Lu¢enec Basin repre-
sents lowland area with transition to highland relief. This
area is not forested and is agriculturally cultivated. Among
more important villages there belong the Hrachovo, Velké
Teriakovce, SuSany and Hrnéiarské Zaluzany villages.

Rock complexes underlying volcanic rocks on the
Slovenské rudohorie Mts. and the northern part of the
Rimavska kotlina and Luc¢enska kotlina basins

Scattered relics of the Neogene volcaniclastic rocks are
discordantly deposited on the surface of the Paleozoic and
Mesozoic roks of several tectonic units — the Veporic, Ge-
meric, Meliatic, Turnaic and Silicic units. In the Rimavska
kotlina and Lu¢enska kotlina basins the volcaniclastic rocks
are overlying the Oligo-Miocene sediments (Fig. 3).

Veporic unit

The Veporic unit is the lowermost tectonic unit cropping
out on the surface north of the Rimavskd kotlina Basin
(north of the Lubenik-Margecany overthrust line west of
Kraskovo village). Rocks of the Veporic unit continue to
south beneath the overthrust Gemeric unit. The Veporic
unit in this zone is built of the Upper Paleozoic rocks of the
Slatvina and Rimava formations of Revuca Group (Vozaro-
va and Vozar, 1982).

The Slatvina Formation (Stephanian C-D) contains me-
tamorphosed sandstones, sericite-chlorite- and graphite
phyllites.

The Rimava Formation (Permian) represents strongly
dynamometamorphosed sandstones, arkoses, multicolou-
red schists, meta-greywackes with gravels and beds of acid
volcanites (Vozarova in Vass et al., 1985). Sporomorphs of
the Permian age are sporadically preserved (Planderova in
Vass et al., 1985).
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Quaternary - Pliocene

1 fluvial sediments (gravels, sands, soils) in the
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“| Brusnik Formation: shales, sandstones with carbonate
9 beds and acid volcaniclastics, polymict conglomerates
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The Gelnica Group as the
oldest lithostratigraphic subunit
consists of tuffitic sediments,
graphitic phyllites with inter-
calations of lydites and carbo-
nates (Vozarova in Vass et al.,
1985). Sporomorphs in low me-
tamorphosed sediments ma-
nifest their Silurian-Devonian
ages (Planderova in Vass et al.,
1985). Sediments of the Betliar
Formation of Upper Silurian age
(subunit of the Gelnica Group)
represented by the dark to grey
phyllites with clastic material
of acid volcanics and with in-
tercalations of lydites are crop-
ping out west of the Kraskovo
village. Dark schists with lydites
and sandstones — the Holec
Beds of assumed Silurian age
occur in the norhern part of the
area.

The Ochting and Crmel
tectonic subunits (Lower Car-

boniferous) are built of the
metaconglomerates, meta-
sandstones, locally meta-
basalts, metadolerites and

o 3 W amalry e
s Silicicum (Triassic)
6 W Wetterstein crinoidal and Steinalm limestones,
w undivided, (Anisian-Karnian), Tisovec and Furmanec
AR ; .
limestones (Jul-Tuval), Guttenstein Formation, dark
limestones and dolomites (Egej-Bytin)

Turnaicum (trias)

ZZ| metarhyolite tuffs (Devonian)
Southern Veporicum
Revuica Group, Rimava Formation: metamorphosed
16 y arkose, arkose, graywacke, locally with volcanogene
A material, metamorphosed varieged shales and siliceous
= shales and quartzitic conglomerates (Permian)
—— Slatvind Formation: grey fine-grained metamorphosed

serpentinites, included into the
Hradok Formation.
The Dobsina Group (Upper

W' Bodvasilas sandstones and slates, (Giesbach-Namal), Sinské
7 % claystone beds (Namal-Spat), Gutenstein limestones and
Z522 dolomites (Lower Anisian)
Meliaticum (Middle Triassic) 7
grey chert limestones (Ladin-Norik), dark grey and and variable 18 i i 3
8 colour shales, sandstones, mottled marls, limestones and +
olistostromes, radiolarites, silicic sandstones
Paleozoic

Gemericum (Permian-Lower Triassic)
Gocaltovo Group, Rozhava Formation: oligomikt and

hyolite tuffs (Permian)

alternating with phyllites, layers of metaconglomerate,
metabasalts, tuffs, and tuffites (Lower Carboniferous)

Fig. 3. Structure of the pre-volcanic basement in southern slopes of the Slovenské rudohorie Mts.

and in the Luéenska kotlina and Rimavska kotlina basins.

The Lower Triassic age of the grey metamorphosed
sandstones, overlying rocks of the Rimava Formation, is
supposed, being correlated with the Foederata Group (cf.
Part I).

North of the area under discussion there are exposed
Meso-Hercynian granitoids (hybridic granitoids to tonalites
and biotite granodiorites to tonalites) of Upper Devonian?
— Carboniferous age and also Neo-Hercynian postcollision
granitoids of Permian age (leucocrate granites to granodio-
rite). The granitic bodies are hosted by biotite phyllites and
gneisses of unknown age (their Proterozoic? age is also
supposed).

Gemeric unit

The Gemeric unit is thrust over on the Veporic unit from
the south. It forms the footwall of the Tertiary sediments of
the Rimavskéa kotlina Basin. It is presented with following
subunits:

=
17 P2 sands, grey to black phyllitic shales, sporadic bodies of
2~ 2] basic and acid volcanics and intercalations of
volcanoclastics (Upper Carboniferous, Stefanian)

Neo-Hercynian post-collisional granites to
granodiorites, locally porhyritic and aplitic (Permian)

19 biotitic granodiorites to tonalites
TS
. A " ~ 7 | biotitic cherty phyllites, locally gneisses
olymikt conglomerates, massive sandstones, rhyolites, 20 (Proterozoic?y Igalyeozoic?) v .
chting and Crmel tectonic units, Hradok Formation: sandstones 21 /(—,_,/ tectonic borders of main nappes 23 /“ fault

2 _ " overthrust lines

Carboniferous — Westphalian
C-D) grey sandstones with
layers of conglomerates and
dark sandy schists crop out
north of the Kyjatice village
(Hamor Formation). They are
confirmed by boreholes in the
area of the Kociha and Hracho-
vo villages.

The Gocaltovo  Group
(Permian), built of polymict
conglomerates, sandstones,
rhyolites, rhyolite tuffs of the RoZriava Formation, crops out
NE of the Ratkova village.

.

2 C::} landslide

Meliatic unit

The rocks of the Meliatic unit of Triassic age - grey mas-
sive crystalline limestones, siliceous limestones (Ladinian—
Norian), dark-grey and multicolour schists, sandstones,
mottled marls, limestones and olistostromes (Liassic-Lower
Malm) crop out east of the Babinec village and to NW of the
Hrusov village. The Meliatic unit is supposed to be covered
by the Oligo-Miocene sediments in the Rimavska kotlina
Basin.

Turnaic unit
The Turnaic tectonic unit (Upper Paleozoi-Triassic) is

displaced on Gemeric unit. In higher position above Tur-
naic unit there occurs the nappe of Silicic unit. The Upper
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Paleozoic and Triassic sediments of Turnaic unit are expo-
sed on the surface near the Hrachovo village. The Permian
rocks, belonging to the Brusno Formation (Vozar and Vo-
zarova, 1992), are represented with intensivelly deformed
polymict conglomerates with sandstone interbeds. The
Lower Triassic sediments encompass the grey, grey-green
to violet schists with intercalations of sandstones and san-
dy limestones, often with distinct schistosity. Lower Triassic
sediments are not exposed on the surface; they are buried
under the Middle Triassic carbonates, dark and black calca-
reous phyllites and dark schistosed limestones, which are
exposed near the NE margin of the Lu¢enska kotlina Basin.
The Middle Triassic limestones crop out also near the villa-
ge of VySny Skalnik, where the conodont fauna manifests
the Anisian age. The Turnaic unit, represented by the Bo-
dvaszilas sandstones and schists (Griesbachian—Nama-
lian), Szin marly beds (Namalian—Spathian), as well as the
Guttenstein limestones and dolomites (Lower Anisian) are
cropping out NE of the Babinec village (Bezék et al., 2008).

Paleozoic sequences of the Brusnik anticline

North-eastward of the Spanie pole village (near the
northern margin of the Blh Plateau), the anticlinal struc-
ture with Paleozoic rocks is developed. In its central part
the phyllites, metamorphosed sandstones and conglome-
rates, reworked rhyolite volcaniclastics and lydites of the
Carboniferous Turiec Formation are exposed. At the edges
of anticlinal structure, schists, polymict conglomerates and
sandstones with intercalations of carbonates and acid vol-
caniclastics of the Brusnik Formation crop out (Bezak et
al., 2008). According to the older interpretation (Elecko et
al., 1985), in the central part of anticlinal structure there are
present the Devonian rocks of Gelnica Group.

Silicic unit

The Silicic tectonic unit forms the Silicic nappe thrust
over the Gemeric, Meliatic and Turnaic units (Elecko et al.,
1985). The Silicic nappe, extended in the northern part of
the area between villages HruSovo-Slizké and Budikovany,
is built of wetterstein limestones (Ladinian—Cordevolian). In
the area east of the Slizké village the Dachstein limestones
(Norian), Tisovec and Furmanec limestones (Julian—Tuva-
lian) are present dominantly.

Tertiary sediments

In the northern part of the Lu€enska kotlina and Rimav-
ska kotlina basins, the complex of Oligocene-Miocene se-
diments overlies the Paleozoic-Mesozoic rocks.

Oligocene

Oligocene sediments (Kiscelian), forming the lower part
of the sedimentary fill of the Lu¢enska kotlina and Rimav-
ska kotlina basins, are not exposed on the surface. The
Oligocene basal beds, designated as the Skalnik Beds
and confirmed by several boreholes, represent continen-
tal sediments. Silts and clays with total thickness of about
33 m have variable colours (red-brown, grey-green) and of-
ten contain angular fragments of silicites, quartz, quartzites
and eventually silicitic breccias. According to the study of
sporomorphs the Skalnik Beds are correlated with Kiscel-
lian (Planderova in Vass et al., 1982).

Missing basal Skalnik Beds in some areas are repla-
ced with beds of conglomerates, breccias and sandstones
with marine litoral fauna, designated as Ciz Beds (borehole
VCH-1). The marine fauna due to its bad preservation is not
used for stratigraphic correlations. The main volume of Oli-
gocene sediments forms CiZ Formation, thick up to 246 m
(borehole FV-1 Blhovce), built of claystones and siltstones
with microfauna and macrofauna of Oligocene age, corres-
ponding to Kiscellian (Vass and Elecko et al., 1989, 2007).

Oligocene-Miocene

The marine transgression reached climax in the
LuCenska kotlina, Rimavska kotlina and Ipelska kotlina
basins and also in the whole area of the Budin Paleogene
basin during the Egerian time (Vass, 1981). The sediments
of Egerian age (in older terminology Chattian-Aquitanian)
are spread in the whole area of the Rimavska kotlina and
Lu€enska kotlina basins and northward they overlap the
primary extent of the Kiscellian sediments. The maximum
thickness of Egerian sediments, verified by the borehole, is
about 700 m (borehole FV-7 Blhovce). In the southern part
of the Rimavska kotlina Basin a thickness of sediments is
greater, supposed to be about 1100 m. Northward within the
basin, the thickness of sediments rapidly declines.

The sediments of Egerian age in the southern part of
the Rimavska kotlina Basin are evolved gradually from un-
derlying Oligocene sediments of the Ciz Formation. In the
northern part of the Rimavska kotlina Basin there occurs
a discordance between Egerian sediments and underlying
Oligocene sediments, caused by Egerian marine tran-
sgression. In the majority of northern part of the Rimavska
kotlina Basin the Egerian sediments lie discordantly on the
surface of the Mesozoic carbonate rocks of the Turnaic and
Silicic units.

Egerian sedimentary complex underlies the volcanose-
dimentary complexes of the Pokoradz and Blh plateaus in
the northern part of the Rimavska kotlina Basin, encom-
passing the area from the Spanie pole village (eastern side
of the basin), to the Lukovistia village (northern side) and
Vy$ny Skalnik and Hrachovo villages (western side).

The Lucenec Formation of Egerian age is the main
lithological unit spreading out from below the volcanose-
dimentary rocks of the VySna Pokoradz Formation. The
main lithofacies — Szecseny schlier — dominantly consists
of silts, siltstones, clayes and claystones. Sandstones are
presented only sporadically. The schlier sediments during
weathering obtain yellow to grey brown colours, disintegra-
tion is schistose, shelly and/or into the irregular fragments.
Schlier sediments are rich in marine fauna, nannoplankton
and sporomorphs corresponding to Oligocene-Miocene in
age (Vass et al., 1989a, b; Vass et al., 2007).

The Lucenec Formation consists of several subunits,
forming basal and marginal lithophacies. The Panica Beds
represent basal lithostratigraphic unit, in the uppermost
part laterally passing into schlier sediments. The basal se-
diments of the Panica Beds (according boreholes in the
Gemerska Panica area) consist of breccias with material
of limestones, crystalline schists, sandstones, polymict
conglomerates and sandstones. The Budikovany Beds (in
the area of the Budikovany village) lie above Panica Beds
and/or above the Paleozoic and Mesozoic rocks. Beside
marls, the main volume of sediments forms the organodet-
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ritic sandy limestones with marine fauna. The Bretka Beds
exposed on the surface near the Bretka village represent
marginal facies of the Lu¢enec Formation. They vertically
and laterally pass into the upper part of silts and siltstones
of the Lucenec Formation. They are represented with det-
ritic and organodetritic limestones and limestone breccias.

Miocene

During Sarmatian, the volcaniclastic material from the
southern slopes of the andesite stratovolcano was trans-
ported and deposited in the Rimavska kotlina Basin and
northern part of the LuCenskd kotlina Basin, forming the
Vy$na Pokoradz volcanosedimentary Formation.

In the younger stage during Pontian time, the fluvial-
-limnic sedimentation continued in the Lu€enska kotlina
and Rimavska kotlina basins, resulting in the development
of the Poltar Formation of gravels, sands, marls and
silts. Associations of palinomorphs indicate Pontian age
(Planderova in Vass et al., 1982). The youngest Quaternary
sediments represent loamy and rocky deluvial deposits
on top of hills and their slopes, in the lowland areas there
occur fluvial sediments of numerous rivers and brooks.

| - Filling of the paleovalleys on the southern slopes
of the Vepor andesite stratovolcano

During geological mapping and field research numerous relics
of volcaniclastic rocks were examinated dominantly in the upper-
most part of hills and ridges on the southern slopes of the Slo-
venské rudohorie Mts. These relics of volcaniclastic rocks were
identified as remnants of the primary filling of paleovalleys, direc-
ted southward from the southern slopes of the Vepor andesite stra-
tovolcano into the sedimentary basin (Kone¢ny, V. and Konec¢ny, P.,
2010). The preceding research and mapping stages in connection
with the compilation of geological map at a scale 1 : 50 000 (Lexa
and Konecny in Elecko et al., 1985) have recorded these relics, but
their relation to andesite stratovolcano was not solved that time.

Paleovalleys were used as pathways for transport of fine to
coarse clastic volcanic material during volcanic activity of the
andesite stratovolcano to southern sedimentary basin where the
volcaniclastic material was deposited in a delta-lake environment.
During synchronous subsidence of sedimentary basin there was
gradually evolved a thick complex of volcanosedimentary rocks
named as the Vysna Pokoradz Formation. After uplifting and de-
nudation this complex forms recent isolated relics of the Pokoradz
and Blh plateaus and several hills at northern edge of the Lu¢enec
Basin. Volcanosedimentary complex is in detail characterized in
geological lithofacial map (Kone¢ny, V. and Konecny, P., 2012; Ap-
pendix 1/A, B, C and D).

The position of paleovalleys and their fillings is demonstrated
on series of profiles oriented from NW to SE Appendix 2A.

Fillings of the paleovalleys reflect different stages of denuda-
tion. In many cases only the lower parts of the original thickness
are preserved. This article presents the lithology of the paleoval-
leys fillings from the north to south. In the northern part of the area,
the relics of three paleovalleys are preserved in the uppermost
levels of the ridges with dominant orientation from NW to SE, res-
pectivelly from NNW to SSE.

1 —The Hrb paleovalley
Relics of volcaniclastic rock in filling of the Hrb paleovalley

(southeast of the Polom village) form the uppermost part of the
ridge trending NW-SE in length of about 1 700 m (Appendix 2A).

At the northern edge, the base of volcaniclastic complex is at
altitude 705 m a.s.l., at the southern edge it is lower, about 625 m
a.s.l. In the southern part on the base of paleovalley filling, the
fluvial sediments represent tuffitic sands with gravels of volcanic
and non-volcanic rocks (quartz, crystalline schists, granitoids and
andesites). Basal bed of variable thickness is incoherent and often
is missing. Higher above the basal fluvial sediments, the bed of
fine- to medium-grained andesite conglomerates is developed at
an altitude from 640 m up to 660 m a.s.l. At altitude 660 m a.s.l.,
the transition to bed, consisting of the medium to coarse epiclastic
volcanic conglomerate with increasing amount of andesite rounded
fragments with dimension up to 20-30 cm occurs in the upper part
of basal bed. At a higher altitude of 675-685 m a.s.l., the coarse
to blocky epiclastic volcanic conglomerate follows with 40-60 cm
wide rounded blocks. At an altitude of 685—700 m, the bed of medium
to coarse epiclastic volcanic conglomerate (rounded andesite
blocks wide to 30 cm) occurs again. From 700 m up to 710 m a.s.l.
in the bed of epiclastic volcanic breccia-conglomerate, besides
rounded blocks, also angular and semirounded blocks are present
with the dimension from 60 cm up to 1 m. In the uppermost part of
the paleovalley filling on the top of the Hrb ridge (elevation points
720.4 and 710), the coarse to blocky lahar breccia is exposed with
agular to subangular andesite blocks with dimensions up to 60 cm
and rare up to 2 m. Matrix is tuffaceous grey, grey brown and locally
reddish with frequent pumice fragments and fine angular andesite
fragments of dimensions 2-3 cm. The deposition of material is
chaotic. Lahar breccia shows signs of partly hot material during
transport, so they correspond to category of hot lahars.

2 —The Vrchduby paleovalley

Volcaniclastic rocks, representing the relics of the paleovalley,
form an expressive ridge with length of about 1 850 m and orienta-
tion from NNW to SSE, located east of the Ratkovska Zdychava vil-
lage between valleys of Blh and Krokava brooks (Appendix 2A). At
its northern segment, the base of the paleovalley is situated at alti-
tude app. 650 m a.s.l., southward it gradually descends to altitude
app. 470 m a.s.l. at its southern segment. On the western side, the
base of the paleovalley is in lower altitude comparing with its eas-
tern side, so we can conclude that the axis of the paleovalley (the
deepest part of the paleovalley) was situted more to the west from
actual western side of the paleovalley fill. At the southern edge
of the ridge on the base of paleovalley filling a basal bed of tuffi-
tic sands with pebbles of volcanic and non-volcanic rocks crops
out at an altitude of 470 m a.s.|. Above basal bed there occurs the
chaotic breccia of pyroclastic flow, which follows at altitude 512 m
a.s.l. (Fig. 4).

Chaotic breccia in several rocky cliffs continues to higher alti-
tude on the slopes up to 530 m a.s.l. In the outcrop at this altitude,
the separation of material by its granularity was observed. Blocks
of greater dimensions are accumulated in the lower part of rocky
wall, which correponds to normal gradation (Fig. 4c).

Chaotic breccia in rocky cliffs continued to the level of 583 m
a.s.l. The blocks with greater dimension (from 60 cm up to 100 cm)
are accumulated in a higher level of pyroclastic flow (reverse gra-
dation). Total thickness of the chaotic pyroclastic breccia is about
70 m.There is not possible to exlude that total thickness represents
a several pyroclastic flows with rapid succession and due to inten-
sive welding the lithological margins between individual flows are
obscured. Lithological character of breccia corresponds to block
and pyroclastic flow ash originated during collapses of eruptive co-
lumn of the vulcanian type.

Above chaotic breccia of pyroclastic flow, the bed of coarse to
blocky epiclastic volcanic conglomerates with rounded andesite
blocks more than 50-60 cm in diameters follows on the southern
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chaotic breccia a higher content of blocks was observed.

slope of the ridge. Thickness of bed is about 7 m. In the higher
position above the coarse to blocky conglomerate a bed of fine
epiclastic breccia-conglomerate follows in thickness of about 15
m with rounded and angular fragments up to 15 cm and sandy
tuffitic matrix. In higher part of the paleovalley filling the sequen-
ce consists of coarse to blocky epiclastic volcanic breccia (with
angular to subangular blocks up to 1 m and rare to 2.2 m), thick
of about 16 m, fine epiclastic volcanic conglomerates and sand-
stones , thick about 14 m, and the coarse to blocky epiclastic
volcanic breccia-conglomerates with partly rounded and angular
blocks with diameters 40—60 cm, as well as the sandy tuffaceous
matrix in total thickness of about 7 m. The uppermost part of the
sequence on the top of the Vrchduby ridge with elevation points
682 m and 652 m forms chaotic breccia of pyroclastic flow with
the base at about 624-630 m a.s.l. Breccia consists of vesiculated
fragments dominantly from 5 to 35 cm and rare blocks up to 2 m.
Tuffaceous matrix is strongly welded together with small vesicula-
ted fragments. Deposition of clastic material is chaotic with distinct
concentration of larger blocks near the base of the cliff.

3 - The Kysle — Susiansky vrch paleovalley

The relics of the paleovalley filling with length of about 3 500 m
form northern isolated hill Kysle with e.p. 639.4 and the southern
ridge Susiansky vrch Hill with flat top (elevation points 628, 601
and 582 m), trending NW-SE, and located west of the Ratkova
village (Appendix 2A).

3/1 — At the base of isolated relic on the slope of Kysle Hill
(e.p. 639.4) at altitude app. 600 m a.s.l., a bed of tuffitic sands
is located, containing gravels of volcanic and non-volcanic rocks

Fig. 4. Chaotic breccia of pyroclastic flow
exposed on the southern slope of the cliff
at level 500 m a.s.l., consisting dominantly
of the vesiculated fragments of subsphe-
ric and spheric shape with dimensions
5-25 cm (photo a). Angular fragments are
less frequent (ca 10—15 %) and blocks of
dimensions 50-150 cm are rare. Matrix is

: s grey-brown, intensively welded to homoge-
nized, oontalnlng small vesmulated fragments WhICh represent ca 65—-70 % of the volume. Disin-
tegrated andesite blocks at lower level of the rocky wall (photo b). The chaotic breccia of pyroclastic
flow in rocky wall with about 15 m height at level 530 m a.s.l. consists dominantly of vesiculated
subspheric fragments up to blocks large to 50 cm (photo c). Comparing with the lower positioned

(pebbles of quartz, granitoids and
crystalline schists) with variable
thickness of 5-8 m. Above basal bed,
the uppermost part of the hill with flat
top is formed of the coarse to blocky
epiclastic volcanic breccia.

3/2 — The SusSiansky vrch Hill
with elevation points 628, 601, and
582 m, forming expressive ridge
with flat top, continuing to south, is
built-up dominantly by the facies of
epiclastic volcanic rocks. Base of
the paleovalley filling gradually des-
cends from the level 612 m a.s.l. at
the northern edge to south and at the
southern edge it occurs at level of
about 390 m a.s.l. The most intensive
deeping of the paleovalley bottom is
roughly in the midle part of the rid-
ge bellow e.p. 601, where the base is
located in altitude about 500 m a.s.l.
Maximal thickness of the paleovalley
filling reaches about 100 m. The ba-
sal bed of tuffitic sand with gravels
of volcanic and non-volcanic rocks is
not continuous and in several places,
where it is missing on the surface of
the pre-volcanic basement, there oc-
cur epiclastic volcanic conglomerate
and/or epiclastic volcanic breccia. At
the southern edge of the paleovalley
filing in the upper part of the basal
bed at altitude 410 m a.s.l. there is
a transition to bed of fine epiclastic
volcanic conglomerate with thickness app. 20—22 m. Except of the
rounded andesite material in fraction 5-15 cm, which dominates,
there are also present in small amount the pebbles of non-volcanic
rocks from the pre-volcanic basement. Higher on the southern slo-
pe of the ridge at altitude 432 m a.s.l., the bed of coarse to blocky
epiclastic volcanic conglomerate follows in thickness app. 37 m.
Rounded andesite blocks are present with dimensions up to 30 cm
and rare blocks up to 1-1.6 m. Coarse to blocky conglomerate at
the altitude 490 m a.s.l. alternates with the fine to medium epic-
lastic volcanic breccia with thickness app. 5 m. From the altitude
504 m a.s.l. there follows again the coarse to blocky epiclastic vol-
canic conglomerate in thickness about 10 m with rounded blocks
up to 30—-60 cm. In the higher position of the paleovalley filling (from
514 m a.s.l.), the fine to medium reworked pyroclastic breccia fol-
lows in a thickness about 13 m, consisting of small vesiculated
fragments and smaller amount of angular fragments. Above this
breccia from 527 m a.s.l., the coarse to blocky epiclastic volcanic
conglomerate follows in thickness app. 29 m with rounded blocks
of dimension 60-80 cm and rarely up to 1 m. The second app.
20 m thick bed of fine to medium reworked pyroclastic breccia is
indicated by small vesiculated fragments in the debris at altitude
app. 556 m a.s.l. In a higher position above reworked pyroclastic
breccia from the level 576 m a.s.l., the bed of coarse to blocky epi-
clastic volcanic breccia is present with rounded andesite blocks
large up to 60 cm. On the top of the ridge of SuSiansky vrch Hill the
subangular and angular blocks in debris indicate the presence of
coarse to blocky epiclastic volcanic breccia (blocks with suban-
gular and angular shape ranging from 50 cm to 1.5 m). In the area
of the summit with e.p. 601, the presence of rounded and angular
blocks indicates facies of epiclastic volcanic breccia-conglomera-
te. Along the summit with e.p. 582 the andesite blocks with dimen-
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sion 2.5x2.6 m occur. The found parallel lamination indicates their
origin by the destruction of massive andesite bodies of extrusive
type (extrusive domes) and/or blocks originating by the destruc-
tion of lava flow transported by pyroclastic flow. Several blocks of
migmatitized gneissess in the debris around summit with e.p. Vrch
592.8 were probably transported by rivers during the early stage
of evolution of the original flat relief built-up by volcaniclastic rocks.

4 —The Nad Kralovkou — Brevenovo — Trriova hora paleovalley

The ridge Nad Kralovkou (e.p. 556.4) — Brevenovo north of the
Sasa village is oriented in the beginning to SW, but later it is tur-
ned to south and finally to SE (Appendix 2A). After interruption of
the paleovalley filling by denudation it continues to the south in
a small isolated hill Triova hora with e.p. 461.9. The total length
of the paleovalley filling including Triova hora is about 2750 m. At
the northern margin of the paleovalley fill, its base is in the altitude
540 m a.s.l.,, to south it desdends to altitude 435 m a.s.l. At the
southern side of the Triiova hora, the base of the paleovalley fill is
in altitude 425 m a.s.l. The paleovalley fill consists predominantly
of epiclastic volcanic rocks.

4/1 — The paleovalley Nad Kralovkou — Brevenovo is cha-
racteristic with the rapid bottom deepening in its northern part.
Southward only moderate deepening of the paleovalley bottom
was observed. The volcanosedimentary complex is relatively thic-
ker in the western side of the paleovalley filling than in its eastern
side, which indicates that the paleovalley axis of the trend N-S was
situated more to the west. Actual preserved relics of the paleoval-
ley represent its eastern part.

A discontinuous basal bed of fluvial tuffitic sands with gravels
of volcanic and non-volcanic rocks (granitoids, quartz, crystalline
schists and carbonates) of variable thickness of 2-5 m occurs at
the base of paleovalley. Above the basal bed, the medium to coarse
epiclastic volcanic conglomerate occurs on the southern slopes of
the Brevenovo ridge at altitude 445 m a.s.l., containing 10-30 cm
large rounded fragments. In the upper part of the bed in altitude
461 m a.s.l.,, the coarse to blocky epiclastic volcanic conglome-
rate contains rounded andesite blocks large app. 50—60 cm and
sporadically up to 1.8-2 m in diameter. In altitude 485 m a.s.l., the
bed of fine to medium epiclastic volcanic conglomerate follows
(with rounded fragments and pebbles large 10-20 cm, sporadically
up to 30 cm), being alternated with interbeds of epiclastic volcanic
sandstones. Higher, a bed of coarse to blocky epiclastic volcanic
conglomerate (with rounded blocks large 40—60 cm, rarely about
100 cm), thick app. 13 m, is placed in altitude 514 m a.s.l. From
527 m a.s.l. there are frequent angular to subangular blocks with
diameters 30—-60 cm, derived from the bed of coarse to blocky
epiclastic volcanic breccia with thickness about 8 m. Medium to
coarse epiclastic volcanic conglomerate with rounded fragments
and blocks with dimensions 15-30 cm (sporadically up to 40 cm)
in thickness about 7 m follows at the level 535 m a.s.l. Apical parts
of Brevenovo ridge with e.p. 553.7 and 551, 553 m according to
rounded andesite blocks in rock debris with diameters 20-40 cm
up to 1.5 m and 2 m is supposed to be a facies of coarse to blocky
epiclastic volcanic conglomerate.

In the northern part of the ridge near e.p. 553 a greater block
of autoclastic lava breccias consists of vesiculated fragments of
irregular to angular shape. Block of lava breccia, derived probably
from the crater area, was transported by pyroclastic flow (Fig. 5).

Chaotic breccia of block and ash pyroclastic flow with base,
located app. 498 m a.s.l., is exposed in a short segment on the
summit with e.p. 556.4 Nad Kralovkou. Fragments with dominant
dimensions 10-15 cm are vesiculated with subspheric shape, re-
presenting about 40 %, less frequent are angular, non-vesiculated

Fig. 5. Block of autoclastic lava breccia with dimension 6 x 8 cm.
The dark fragments of irregular shape are cemented with the vesi-
culated lava matrix of the brown-red colour, being strongly vesicu-
lated and oxidized.

Fig. 6. Detail of tuffaceous matrix strongly welded with darker frag-
ments of irreguar and angular shapes.

fragments. Tuffaceous matrix is strongly welded with vesiculated
and angular fragments, deposition of material is chaotic (Fig. 6).

Transport and deposition of pyroclastic flow exposed on the
top of the Nad Kralovkou ridge have occurred evidently in more
advanced stage of evolution of andesite stratovolcano.

4/2 - Isolated hill Trriova hora e.p. 461.9 represents the southern
continuation of the paleovalley filling Nad Kralovkou — Breveno-
vo. The basal bed of tuffitic sands with gravels of volcanic and
non-volcanic rocks at the northern side of the hill is at level 435 m
a.s.l. and at the southern side in level 425 m a.s.l. Above basal
bed, the bed of coarse to blocky epiclastic volcanic conglomerate
(rounded blocks with diameter up to 30—40 cm) follows. Higher part
of paleovalley filling was removed by erosion.

Group of the volcaniclastic rocks relics to NE and E of the Ryb-
nik village

Relics of volcaniclastic rocks on the top of small hills to NE and
E of the Rybnik village indicate continuation of paleovalleys further
to SE. Dominantly these relics represent chaotic breccias of py-
roclastic flows. Bases of pyroclastic flows are located in different
levels, varying from 330 m a.s.l. (Hlinisko locality) up to 527 m a.s.l.
(Tri Chotare locality). According to these different levels they can be
divided in three groups: a) localites of the southern belt — Hlinisko
— Drzkov vrch with the base at 330—-406 m a.s.l., b) localites of the
middle belt — Hrla hora — Ostra hora with the base level 450-470 m
a.s.l. and c) localites of the northern belt 0150 Tri Chotare — Andro-
va luka with the base level 485-500 m a.s.l.
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The lateral distribution of the chaotic breccia relics and different
levels of their bases indicate that after leaving narrow paleovalleys
the space with transition into the proluvial plain and sedimentary
basin was suddenly widened and a succesion of pyroclastic flows
has deposited.

| = Southern belt
5 —The Hlinisko — Brusnicek — FiZliska paleovalley

The southern belt encompasses following relics (Appendix
2A): ridge above the Triiovy potok brook valley, Hlinisko and Brus-
nicek (hills without e.p.), as well as Fizli§ka (hill with e.p. 451). After
an interruption, about 1 700 m relic of chaotic breccia continues
to SE (ridge with e.p. 441 and Drzkov vrch ridge with e.p. 493.3).
Southern belt represents the lowest position of relics of chaotic
pyroclastic breccias in the filling of the original paleovalley.

5/1 — Ridge above the Trriovy potok brook valley. The base
of volcanic relics is represented with a bed of medium to coar-
se epiclastic volcanic conglomerate with rounded andesite blocks
with diameter 10-30 cm. Chaotic pyroclastic breccia of pyroclastic
flow, following above the conglomerate bed with the base at 325 m
a.s.l. consists dominantly of vesiculated fragments of subspheric
shape and dimension 5-10 cm. Tuffaceous matrix is welded with
vesiculated fragments.

5/2 — Hlinisko. On the southern and western slope of the ridge
to N of the Rybnik village, there is basal bed of tuffitic sands with
pebbles of volcanic and non-volcanic rocks (pebbles of quartz,
crystalline rocks and Mesozoic rocks) at the level 300 m a.s.l. In the
upper part of the basal bed, there is at the level 305 m a.s.l. a transi-
tion into the facies of medium to coarse epiclastic volcanic conglo-
merate with rounded andesite blocks of dimensions 15-25cm,
rare up to 30 cm. Above conglomerate bed at level 330 m a.s.l.,
the chaotic breccia of pyroclastic flow follows with vesiculated
fragments of subspheric shape of dimensions 5-30 cm. Matrix is
tuffaceous, strongly welded with small vesiculated fragments. De-
position of clastic material is chaotic.

5/3 — Brusnicek (a small hill without e.p. located NE of the Ryb-
nik village). Above the basal bed of tuffitic sands with gravels of
volcanic and non-volcanic rocks with deposition in the level 315—
320 m a.s.l., the medium to coarse epiclastic volcanic conglo-
merate follows with rounded blocks up to 30 cm large. Chaotic
breccia of pyroclastic flow with the base at 342 m a.s.l. is overlain
with a conglomerate bed. Breccia contains dominantly the vesicu-
lated fragments of subspheric shape with dimensions 5-25 cm.
Tuffaceous matrix is strongly welded with vesiculated fragments.
The maximum thickness of breccia is 37 m. Above chaotic breccia
from the level of 379 m a.s.l. up to summit with the level 445 m
a.s.l., the coarse to blocky epiclastic volcanic conglomerate fol-
lows with rounded andesite blocks large to 30—40 cm, rarely up
to 50 cm. Chaotic pyroclastic breccia in localites Hlinisko and
BrusniCek represents probably one pyroclastic flow. Thickness of
volcaniclastic rocks including chaotic pyroclastic breccia in locality
Brusniek is increasing to S and SW - in direction which represents
the deeper part of original paleovalley.

5/4 — FiZliska (hill with e.p. 450.1 east of the Rybnik village.)
Relics of volcaniclastic rocks in the summit area of small hill repre-
sent a continuation of the paleovalley to SE. Basal bed of tuffitic
sands with gravels of volcanic and non-volcanic rocks (pebbles
of crystalline rocks, guartz, carbonate rocks) is situated at the level
385 m a.s.|. Bottom of paleovalley inclines to S and SW, because
the thickness of basal bed is increasing in this direction. Above the
basal bed a fine to medium epiclastic volcanic conglomerate is

deposited with well rounded andesite fragments large 10-15 cm.
Chaotic breccia of pyroclastic flow follows in the level 406 m a.s.l.
above conglomerate bed. Vesiculated fragments of sheroidal sha-
pe and blocks with dimensions up 30—60 cm (rare up to 1.5 m) are
dominant. In lesser amount the angular fragments and blocks with
diameter up to 30—40 cm are present. Matrix is tuffaceous welded
together with smaler vesiculated fragments, distribution of frag-
ments and blocks is chaotic. Thickness of chaotic breccia is about
24 m. In the summit area of Fizliska Hill from the level 430 m a.s.I.
up to e.p. 450.1, the coarse to blocky epiclastic volcanic conglo-
merate is present with rounded andesite blocks with dimensions
20-40 m, rare up to 1.2 m.

The localities 5/1-5/4 manifest an increase of the individual
facies thicknesses in the direction to S and SW towards the deeper
part of the original paleovalley. This indicates that they represent
deposits of the northern slopes of original paleovalley with axis
directed to SE. In continuation of the original paleovalley to SE
there are relics of volcaniclastic rocks on the summit with e.p. 439
to NE of the Brusnik village.

6 — The Drzkov vrch paleovalley

6/1 — On the slopes of the hill with e.p. 441, the basal bed of
tuffitic sands with gravels of volcanic and non-volcanic rocks is
exposed at the altitude 425 m a.s.l. (Appendix 2A). Southward the
base of basal bed moderatelly descends to lower level. Sporadic
relics and blocks of chaotic pyroclastic breccia follow above basal
bed from the level 430 m a.s.l. up to e.p. 441.

6/2 — On the Drzkov vrch Hill e.p. 439.3, the basal bed of tuffitic
volcanic sands with gravels of volcanic and non-volcanic rocks in
thickness about 5 m is exposed in the altitude of 415—-420 m a.s.l.
Higher, the medium to coarse epiclastic volcanic conglomerate
follows with rounded andesite material with dimensions 5-8 cm,
rare up to 20-30 cm. Chaotic breccia of pyroclastic flow with the
base at level 435 m a.s.l. build the uppermost part of the Drzkov
vrch Hill. Chaotic breccia consists of small vesiculated fragments
of subspheric shape and larger angular fragments and blocks of
dimensions 20 to 30 cm and more. Matrix is tuffaceous, strongly
welded with smaller vesiculated fragments. Locally, the angular
fragments and blocks predominate above tuffaceous matrix and
the breccia corresponds to Merapi type. Relics of pyroclastic brec-
cia of localities 5/1-5/6 belong to pyroclastic flow deposited on the
paleovalley bottom in the lowest level.

Il — Middle belt

Into the Middle belt two groups of relics of volcaniclastic rock
belong. Group 7 — ridge above valley of Brusni¢ek brook (without
e.p.) — Hrla hora Hill (e.p. 474). Group 8 — Hrdzakova Hill (e.p. 465)
— Ostra hora Hill (e.p. 450).

7 — The ridge above Brusnicek brook — Hrla hora Hill paleo-
valley

7/1 - Ridge above the Brusnicek brook (NE of the Rybnik
village) is built of the relics of chaotic breccia of pyroclastic flow,
deposited on the surface of Mesozoic carbonates in altitude app.
450 m a.s.l. (Appendix 2A). Breccia exposed in the outcrop con-
sists dominantly of vesiculated fragments of variable dimensions
5-10 cm up to 30 cm, angular fragments are less abundant. Tuffa-
ceous matrix is welded with smaller vesiculated fragments. Chaotic
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breccia is overlain by coarse to blocky epiclastic volcanic conglo-
merate with rounded andesite blocks up to 40—60 cm large.

7/2 —The Hrla hora Hill with e.p.475. Basal bed of tuffitic sands
with gravels of volcanic and non-volcanic rocks is deposited at the
level 470 m a.s.l. on the surface of Mesozoic carbonates. Chaotic
breccia of pyroclastic flow is emplaced on the western slope of
the Hrla hora Hill above basal bed and partly above Mesozoic roc-
ks. Chaotic breccia consists dominantly of vesiculated fragments
of subspheric shape with variable dimensions from 5 to 25 cm.
Angular fragments and blocks large up to 50 cm are less frequent.
Tuffaceous matrix is strongly welded with small vesiculated frag-
ments. Andesite fragments dominate above matrix, which forms
about 35 % of the breccia volume. Distribution of clastic material
is chaotic. Relics of pyroclastic breccia of 6/1 and 6/2 belong pro-
bably to the same pyroclastic flow.

The continuation of pyroclastic flow after some interruptions
due to erosion after the distance about 1.5 km is represented by the
relics of chaotic breccia on the summits of Hrdzakova and Ostra
hora hills (north of the Drzkov vrch Hill).

8 — The Hrdzakova — Ostra hora hills paleovalley

8/1 — The Hrdzakova Hill (e.p. 465) has developed the basal
bed of tuffitic sands with gravels of volcanic and non-volcanic
rocks (quartz, crystalline schists, granitoids and carbonate rocks)
in the level of 450 m a.s.l. (Appendix 2A). The base of chaotic
breccia of pyroclastic flow is indicated by frequent vesiculated an-
desite fragments in the debris at level app. 460 m a.s.l. Except of
subspheric vesiculated andesite fragments and blocks, there are
present also angular fragments and blocks of variable dimensions
from 5 to 10 cm, up to blocks 20—30 cm.

8/2 — In the Ostra hora Hill (e.p. 450.2), the basal bed of tuf-
fitic sands with gravels of volcanic and non-volcanic rocks (with
pebbles of quartz, granitoids, crystalline schists and migmatized
gneissess) is indicated in the altitude 445 m a.s.l. on the NW part
of flat summit of the hill. This area is bearing also several blocks of
chaotic breccia of pyroclastic flow at disintegrated outcrop. Majority
of breccia is formed of angular to subangular fragments with the
dimensions 5-25 cm, sporadiacally up to 35 cm. Distribution of
fragments is chaotic. Vesiculated fragments with subspheric shape
are less abundant. Matrix is tuffaceous of the red brown colour
and strongly welded. Fragmental material forms app. 80 % of the
volume. Lithologically the breccia corresponds to Merapi type of
pyroclastic flow.

lIl = Northern belt
9 —The Tri chotare — Androva lika paleovalley

The group Tri chotare — Androva luka encompasses 4 isolated
relics of chaotic breccia, occurring north of locality Hrla hora Hill
with the base located about 485-517 m a.s.l.: 1 — summit of Tri
Chotare Hill (e.p. 538.2), 2 — summit with e.p. 527.3, 3 — summit
with e.p. 513, 4 — summit and ridge Androva luka with e.p. 490.7
(Appendix 2A). The basal bed of tuffitic sands with volcanic and
non-volcanic rocks is not present and relics of chaotic breccia were
deposited immediatelly on the surface of the Mesozoic carbonate
rocks.

9/1 — On the summit of the Tri chotare Hill (e.p. 538.2) the blocks
and fragments of chaotic breccia in the altitude 517 m a.s.l. are lo-
cated on the surface of Mesozoic carbonates. Thickness of chaotic
breccia is estimated to 20 m. Fragments dominantly of subsphe-
ric shape are vesiculatad with dimensions 5-25 cm, sporadically

to 30 cm. Angular fragments with dimensions 10-30 cm are less
frequent. Tuffaceous matrix of red brown colour is welded.

9/2 — Summit with e.p. 5273 (SW of Tri chotare Hill). Chaotic
breccia thick app. 10 m at level 517 m a.s.l. consists dominantly of
10-30 cm vesiculated fragments. Angular fragments are less abun-
dant. Tuffaceous matrix is strongly welded.

9/3 — Summit with e.p. 513 in the area of the Priehybina ridge
is bearing relics of chaotic breccia at level 500 m a.s.l., consisting
dominantly of vesiculated fragments of subspheric shape with di-
mension up to 20 cm. Angular fragments are less abundant. Tuffa-
ceous matrix is strongly welded.

9/4 — Summit of the Androva ltka ridge (e.p. 490.7) of the trend
NNE-SSW is bearing chaotic breccia with the base about 485 m
a.s.l., consisting dominantly of smaller vesiculated fragments of
subspheric shape with dimensions 5-15 cm and rare up to 40 cm
large blocks. Tuffaceous matrix is strongly welded with small vesi-
culated fragments.

10 — The Junkovka paleovalley

Locality Junkovka in Northern belt — IlI. (north of the Androva
lika ridge) includes two relics of volcaniclastic rocks on summits of
hills with elevation points 516 m and 488 m (Appendix 2A). Relics
of chaotic breccia of pyroclastic flow consist dominantly of vesicu-
lated fragments of subspheric shape with dimensions 5-20 cm, up
to 40 cm. Rare angular blocks up to 1.2 m are present, too. Tuffa-
ceous matrix is strongly welded with small vesiculated fragments.
Thickness of chaotic breccia is estimated to 13—16 m.

The relics of chaotic breccia of the northern belt, according
to similar altitude position of their base, can be supposed to be a
product of the same pyroclastic flow. In continuation of pyroclastic
flow from NW to SE, the gradual descending of the base from the
level 517 m a.s.l. to 485 m a.s.l. can be observed.

11 = The Vini¢ny vrch Hill paleovalley

Isolated ridge of the Viniény vrch Hill, trending W-E, located
north of the Spanie pole village (Appendix 2A) represents transi-
tion from the paleovalley to the sedimentary basin, which is reflec-
ted in lithology of volcanosedimentary rocks. Bed of fluvial tuffitic
sands with gravels of volcanic and non-volcanic rocks (pebbles
of quartz, granitoids and gneissess) is situated at the level 375 to
380 m a.s.l.on the base of the paleovalley filling at the southeastern
slope of the ridge. In the upper part the basal tuffitic sands pass
gradually into the bed of epiclastic volcanic sandstones with inter-
calations of siltstones and pumice tuffs in the altitude 380 m a.s.l.
Epiclastic volcanic sandstone is exposed in abandoned small qu-
arry on SE foot of the slope bellow the Vini€ny vrch Hill at level 388
m a.s.l. In the quarry wall the non-beded tuff-sandstones represent
deposits of hyperconcentrated flows (Fig. 7).

On the SE slope of the Viniény vrch Hill ridge above the bed of
epiclastic volcanic sandstone and tuff-sandstones, several conglo-
merate beds follow: fine epiclastic volcanic conglomerate (with
rounded 5-15 cm andesite fragments) with base at 405 m a.s.l.,
medium to coarse epiclastic volcanic conglomerate (rounded
15-30 cm blocks) with base at 415 m a.s.l. and coarse to blocky
epiclastic volcanic conglomerate from the level 420 m a.s.l. with
rounded andesite blocks large up to 60 cm and sporadically to 1 m.
In the summit area with e.p. 437 there are blocks of chaotic breccia
of pyroclastic flow with vesiculated fragments of subspheric shape
and dimension up to 20-30 cm. Tuffaceous matrix is welded with
small vesiculated fragments.

More extended relics of chaotic breccia of pyroclastic flow,
thick app. 30 m, form the western part of the ridge of Vini¢ny vrch
Hill with e.p. 487.3. The base of chaotic breccia is at level about 437
m a.s.l. (Fig. 8).
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Fig. 8. Chaotic breccia on
the top of the ridge 487.3
Viniény vrch consists of
vesiculated fragments of
spheroidal shape with di-
mensions 5-15 cm, spora-
dically up to 35 cm (photo
a). Left side of the photo
ashows the rounded an-
desite block derived from
the conglomerate bed and
transported together with
the material of pyroclastic
flow. Tuffaceous matrix is
strongly welded with small
vesiculated fragments and
homogenized (photo b).

The base of pyroclastic flow is in similar altitude as the base
of pyroclastic flow in locality Hlinisko. The paleovalley in locality
Viniény vrch Hill after widening continues southward by a flat relief
of proluvial plain and bottom of the sedimentary basin of VySna
Pokoradz Formation, where the pyroclastic flow has deposited.

Several relics of the paleovaleys filling, passing to south into
the delta-type sedimentary basin are preserved west of the Vini¢ny
vrch Hill.

12 — The Bukovina paleovalley

The Bukovina ridge represents relic of the paleovalley fill,
trending NW-SE in a length about 1.6 km (Appendix 2A). At
northwestern edge, the base of paleovalley fill is at level 500 m
a.s.|. Towards the SE, the paleovalley bottom gradually descendes
to level 445 m a.s.l. Fluvial tuffitic sands with pebbles of volcanic
and non-volcanic rocks form discontinuous bed at the base of the
paleovalley filling. Above basal bed, the fine to medium epiclastic

Fig. 7. General view on
wall of abandoned quarry
in scheme d and photo a.
Massive non-bedded light
grey to greenisch tuff-sand-
stone (scheme d/1; photo a)
is incoherent up to slightly
consolidated. The massive
beds (without layering) with
dispersed fragments and
blocks of siltstones (sche-
me d/2; photo b) and with
scattered andesite frag-
ments and pumice (photo
c) represent deposits of
hyperconcentrated flows.

volcanic conglomerate beds alternate with medium to coarse
epiclastic volcanic conglomerate with 20-30 cm pebbles of the
rounded andesite material. In upper part of the fill the coarse to
blocky epiclastic volcanic conglomerate follows with rounded
blocks large up to 40 cm, sporadically 1.2-2 m, building the summit
area of the ridge with elevation points 518.8 m and 487 m.

Further north of the Bukovina ridge, two relics of coarse to
blocky epiclastic volcanic conglomerates crop out south of the Li-
pové village.

13 — The ridge to NE of Slizké village — Visriana — Vrchhora
paleovalley

Conspicuous ridge to NE of Slizké village in the length about
1 400 m with elevation points 454, 438 and 436 m represents filling of
the paleovalley with the course from NW to N-S and finaly to SE into
the sedimentary basin (Appendix 2A).The base of the paleovalley
fill at the northern end is at level 522 m a.s.l., at the southern edge
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the base is at level 440 m a.s.l. Basal bed of tuffitic sand with
gravels of volcanic and non-volcanic rocks is discontinuous. In the
southern part of the paleovalley fill the bed of fine to medium epi-
clastic volcanic conglomerate continues above basal bed (rounded
andesite material varies from several cm up to 15-20 cm). The
coarse to blocky epiclastic volcanic conglomerate (30 to 40 cm
rounded blocks, rarely up to 60-80 cm) in higher level builds the
upper part of the ridge. On the summit of the ridge with elevation
points 454 and 436, the relics of coarse to blocky epiclastic
volcanic breccia-conglomerate are present. Except of the rounded
40-60 cm blocks, there are also present blocks up to 50-60 cm
large, having subangular and angular shapes. In the area of summit
with e.p. 435 the blocks with dimension 2.2 x 2 m are present.

The Visnana Hill with flat top (south of Slizké village) represents
the continuation of the paleovalley filling of the ridge to NE of the
Slizké village with e.p. 454, which passes to SE into the sedimen-
tary delta-basin. Basal bed of tuffitic sands with gravels of volcanic
and non-volcanic rocks crop out on the southern and eastern slo-
pes of the hill at level 365 m a.s.l. In the higher level the basal bed
gradually passes into the bed of epiclastic volcanic sandstones
often with intercalations of fine epiclastic volcanic conglomerates.
From the level 374 m a.s.l. the bed of coarse to blocky epiclastic
volcanic conglomerates follows with rounded andesite blocks with
diameter 20—40 cm, rare blocks up to 60 cm are also present. The
uppermost level of the hill with flat top is covered by the coarse to
blocky epiclastic volcanic breccia-conglomerate according angu-
lar and rounded blocks with dimensios up to 40—60 cm. Coarse to
blocky epiclastic volcanic facies represent deposits of littoral zone
of the delta-lake type.

The Vrchhora Hill with e.p. 461 represents an isolated relic of
the paleovalley filling located west of the Slizké village. It is an in-
tegral part of the paleovalley filling forming the ridge to NE of Slizké
village with e.p. 454. Basal bed of tuffitic sands with gravels of
volcanic and non-volcanic rocks is indicated by the presence of
pebbles of quartz and crystalline rocks on the eastern slope of
Vrchhora Hill at level 425-430 m a.s.|. Basal bed is overlied by
the coarse to blocky epiclastic volcanic conglomerate with roun-
ded blocks of dimensions 20 cm up to 50 cm. Coarse to blocky
epiclastic volcanic breccia — conglomerate follows from the level
440 m a.s.l. with 25—40 cm large angular, subangular and rounded
andesite blocks. The top of Vrchhora Hill is built of conglomerate
with rounded blocks large 25—-45 cm and rare up to 1.5 m.

14 — The Holy vrch Hill paleovalley

The isolated Holy vrch Hill (e.p. 415), located SW of the Slizké
village, has a shape of the ridge long 1 350 m and trending NNE—
SSW (Appendix 2A). The basal bed of tuffitic sands with gravels
of volcanic and non-volcanic rocks is deposited on Mesozoic
rocks at level 370 m a.s.l. at the northwestern edge, southward
it discordantly overlies the Lower Miocene sediments. The basal
bed in upper part gradually passes at the level 375 m a.s.l. into the
bed of epiclastic volcanic sandstones with thickness about 13 m.
Intercalations of fine andesite conglomerates are frequent. Above
bed of epiclastic volcanic sandstone, the coarse to blocky epiclastic
conglomerate follows from the level 388 m up to level 395 m
a.s.l. The rounded andesite blocks with dimensions 30-60 cm
are deposited in subhorizontal beds and they often alternate with
thinner interbeds of epiclastic volcanic sandstones. The uppermost
part of the ridge is formed by chaotic breccia of pyroclastic flow
with the base at about 400 m a.s.l. Breccia consists of vesiculated
fragments of subspheric shape with dimensions 5-15 cm, rare up
to 20 cm, angular fragments are also present with dimensions from
10 cm up to 30-40 cm. Tuffaceous matrix is welded.

15 — The Stranicka — Hajmas paleovalley

The Stranicka ridge east of the Vini€ny vrch Hill represents the
easternmost situated relic of the paleovalley filling. Ridge trending
NNW-SSE, long 1 700 m, is divided into two parts by erosion: a)
northern part with e.p. 380 Stranic¢ka, b) southern part with e.p. 384
Hajna (Appendix 2A). The Lower Miocene sediments are under-
lying the volcanosedimentary complex. Basal bed of tuffitic sands
with gravels of volcanic and non-volcanic rocks is preserved on
the southern edge of the Hajna ridge at level about 325 m a.s.l. In
the higher level, the basal bed passes into the bed of epiclastic
volcanic sandstones (often with thin interbeds and intercalations
of fine andesite conglomerates). Above, the bed of fine to medium
epiclastic volcanic conglomerate occurs with rounded andesite
material with dimensions 5-25 cm. Facies of the coarse to blocky
epiclastic volcanic breccia-conglomerates overlays the facies of
fine to medium epiclastic volcanic conglomerate. In the uppermost
part of the ridge, the scattered blocks with subangular to angular
shape and dimensions 50-60 cm indicate the presence of coarse
to blocky epiclastic volcanic breccia and/or lahar breccia.

Relics of the paleovalleys fillings in the Lucenska kotlina Basin

In the northeastern part of the Lu€enska kotlina Basin, several
relics of volcaniclastic rocks represent remnants of original paleo-
valley fill. Volcaniclastic rocks are deposited directly on the surface
of the Paleozoic rocks and in the southern part on the surface of
the Lower Miocene sediments.

16 — The Zvonov hrbok | paleovalley

Locality Zvonov hrbok | includes two relics of volcaniclastic
rocks NE of the Selce village (Appendix 2A). On the top of flat hill
with e.p. 322 a bed of coarse to blocky epiclastic volcanic conglo-
merate is present. The conglomerate bed is overlain by the coarse
to blocky epiclastic volcanic breccia-conglomerate, which is ma-
nifested by the stony debris with rounded and subangular andesite
blocks. Top of the southern hill Zvonov hrbok | is covered with coarse
to blocky epiclastic volcanic conglomerate.

17 — The Zvonov hrbok Il paleovalley

Relics of volcaniclastic rocks cover top of three hills from the
north to south (Appendix 2A). On the top of the northern hill with
e.p. 420, the epiclastic volcanic sandstones with intercalations of
fine epiclastic volcanic conglomerates crop out. Coarse to blocky
epiclastic volcanic breccia-conglomerate cover the southern top
of the Zvonov hrbok hill Il and the fine to medium epiclastic vol-
canic breccia-conglomerate covers a top of the southernmost hill
with e.p. 342.

18 — The Opaélenica paleovalley

In locality Opalenica three relics of volcaniclastic rocks are pre-
sent (Appendix 2A). Top of the northern hill with e.p. 420 is formed
of the epiclastic volcanic sandstones with intercalations of fine
to medium epiclastic volcanic conglomerate. This facies covers
also top of the hill situated to SE. On the top of the southern hill
Opalenica with e.p. 368 a coarse to blocky epiclastic volcanic
conglomerate occurs according rounded andesite blocks, present
in the debris.

19 — The Patociny — Vy$ny Koplalov paleovalley
Locality Pato¢iny — Koplalov represents the southernmost

relics of volcaniclastic rock in the Lucenska kotlina Basin in the
lowest position concerning the altitude (Appendix 2A). At the base
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of the northern volcanic relic of the Patociny Hill with e.p. 302, the
fluvial sediments of tuffitic sands and gravels with volcanic and
non-volcanic material occur at the level 275 m a.s.l. Higher above
the basal bed, the coarse to blocky epiclastic volcanic conglome-
rates follow. In the southern larger relic of volcaniclastic rocks of
Koplalov hill, there is a bed of coarse to blocky epiclastic volcanic
conglomerate, deposited at level 275-280 m a.s.l. at the western
side of the paleovalley on its bottom. Above conglomerate bed a
chaotic breccia of pyroclastic flow with a base at level 290-295 m
a.s.l. is exposed. Breccia consists dominantly of vesiculated frag-
ments of pyroclastic type with dimension 5-25 cm and rare larger
blocks up to 40 cm. Tuffaceous matrix is welded with small vesi-
culated fragments. In the eastern and southern parts of large relic
of volcaniclastic rocks, the basal sediments represent epiclastic
volcanic sandstones with fine to medium-grained conglomerates
deposited on the surface of the Lower Miocene sediments. Relics
of volcaniclastic rocks are partly covered by fluvial-limnic silts and
polymict conglomerates of the Poltar Formation of Pontian age.

Summary about structures and lithology of the paleovalleys
fillings on the southern slopes of the Slovenské rudohorie Mts.

Relics of volcaniclastic rocks preserved on tops of the ridges
and isolated hills were identified as remnants of the filling of origi-
nal paleovalleys. During volcanic activity the paleovalleys repre-
sent a ways used for transport of volcaniclastic material from the
southern slopes of the Vepor stratovolcano into the sedimentary
basin. Lithological content of individual paleovalleys is different
what is evident namely in the northern area. In the filling of the
Hrb paleovalley only epiclastic volcanic facies are present, while in
the paleovalley Vrchduby located eastward, except epiclastic vol-
canic rocks also chaotic breccias of pyroclastic flows are present.
The near paleovalley Susansky vrch, located east of the Vrchduby
paleovalley shows also the different filling lithology. It manifests
that palleovalleys in the northern area were used for transport
of volcaniclastic material into the southern sedimentary basin in
the different time of evolution of andesite stratovolcano. There are
also great differences in the depth of erosive cut of paleovalleys,
proving that erosive processes forming paleovalleys were not con-
temporaneous.Tuffaceous and fine to coarse clastic material was
transported by rivers, brooks and ephemeral streams, dilute water
flows and also episodically by hyperconcentrated mass flows and
lahars, resp. debris flows.

Specific type of mass flows represents pyroclastic block and
ash flows, corresponding to actual volcanic activity. Some block
and ash pyroclastic flows were deposited and welded in different
levels of paleovalleys fillings. This fact is important for paleovolca-
nic reconstruction of individual phases of volcanic activity. In the
southeastern part of the area (east of Rybnik village), the relics of
chaotic pyroclastic breccia occur from the level 340 m a.s.l. up to
level 538 m a.s.l. It documents the total 198 m thickness of chao-
tic breccia, being deposited by several block and ash pyroclastic
flows.

In the northern part of the area, the base of paleovalleys filling
is at level 700 m a.s.l., while in its southern part (east of Rybnik
village) it is at level 375-380 m a.s.l. That difference points on high
energy of ephemeral fluvial streams and rivers, as well as lahars
which is documented by deposits of coarse to blocky epiclastic
volcanic conglomerate and lahars, sometime transporting blocks
up to 1.5-2 m and more. The southern part of the paleovalleys
area was enlarged with transition into the sedimentary basin of
the VySna Pokoradz Formation with deposition of volcaniclastic
material in the delta environment, passing to south into the lake
sedimentation.

Il - Volcanosedimentary complexes of the VySna Pokoradz
Formation

Evolution of the sedimentary basin at the southern foot of an-
desite stratovolcano was very dynamic and has close relations to
evolution and space enlargement of the andesite stratovolcano as
it reflects in lithology of volcaniclastic rocks, filling the basin. De-
position of volcaniclastic material occurred synchronously with the
subsidence of the sedimentary basin with progradation of littoral
zone to south. In vertical lithological succession it is possible to
decipher processes of deposition in the delta-lake environment
with alternating calm lake sedimentation of fine silty material and
longer deposition of conglomerate facies in the littoral zone, as well
as the phase of sudden and episodic deposition of mass flows
like hyperconcentated flows, lahars and block and ash pyroclas-
tic flows. During deposition the sedimentary basin area gradually
subsided and accumulation reached thickness about 140 m up to
maximum 200 m.

After the Upper Sarmatian and Pliocene termination of volca-
nic activity during regional uplift of the area, the intensive denuda-
tion has resulted in the transformation of sedimentary basin into
two separated morphological units as the Pokoradz and Blh pla-
teaus. Because there are some differences in structures and litho-
logy between these two units, they will be discussed separately.

A - Structure and lithology of the volcanosedimentary
complex of the Pokoradz Plateau

The Pokoradz Plateau represents western part of the original
volcanosedimentary complex of the VySna Pokoradz Formation,
later separated by erosion from the eastern complex of the Blh
Plateau. Sedimentary basin was gradually deeping from the north
to south, the base of volcanosedimentary complex at the northern
edge is about 450 m a.s.l. and at southern edge it descends to
380 m a.s.l. Thickness of the volcanosedimentary complex is gra-
dually increasing from the north southward, at the northern edge it
is only several m and/or several tens of meters, while at southern
edge it reaches about 140 m up to maximum 200 m.

Details of geological structure are demonstrated in geologi-
cal-lithofacial map of the Pokoradz Plateau (Appendix 3A, B, C)
and the position of paleovalleys and their filling is presented on
series of profiles oriented W-E, PF-1 to PF-15 (Appendix 4A, B).

In following interpretation of structure and lithology of the se-
dimentary filling of the original basin we come out from the geolo-
gical-lithological map at a scale 1 : 10 000 (Konecny et al., 2011;
Caban, 2009) documented by geological-lithological sections (pro-
files) trending W—E. Structure and lithology of volcanosedimentary
complex of the Pokoradz Plateau is in more details discussed from
the north to south in three parts.

1 — Northern part of the Pokoradz Plateau, area between
Kyjatice and Lukovistia villages (profiles PF-1 to PF-8)

In the northern part of the area in littoral zone and shallow
water environment, the facies of the coarse to blocky epiclastic vol-
canic conglomerate deposited in a wide belt. Relief of the pre-vol-
canic basement rocks was generally flat with uplifting at eastern
edge (Vrsok e.p. 565.5, profile PF-1), which represents the eastern
edge of paleovalley, passing from the north southward into sedi-
mentary basin. Bottom of sedimentary basin gradually descended
to south.

Pre-volcanic basement in the western part of the basin is for-
med of Paleozoic rocks of the Veporic unit (Rimava Formation,
Permian) and rocks of the Gemeric unit thrust over Veporic unit
(Zlatnik Formation, Carboniferous), as well as phyllites of Gelni-
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ca Group (Devonian?). In the eastern part of Pokoradz Plateau
the pre-volcanic basement is formed of Mesozoic rocks (variably
coloured schists, Guttenstein limestones and dolomites of Turnaic
unit, Triassic). In the southeastern part of the sedimentary basin
(the area around the Lukovistia village), the pre-volcanic basement
is formed of the Oligo-Miocene sediments, filling of the Rimava
Basin. During deposition of volcaniclastic rocks of the Vy$na Poko-
radz Formation, the southern part of the sedimentary basin repre-
sents the subsidence area with accumulation of relativelly thicker
volcanosedimentary complex.

The northern part of the volcanosedimentary complex in the
Pokoradz Plateau is formed of the following facies of volcaniclastic
rocks: Dominant facies in the northern part of sedimentary basin
is represent with the coarse to blocky epiclastic volcanic conglo-
merates deposited immediately on the surface of the pre-volcanic
basement rocks (profile PF-1, Appendix 4A). Conglomerate bed
consists of rounded andesite blocks with maximum dimensions
about 40-80 cm, rarely are present 1-2 m large blocks. Mat-
rix is sandy, coarse-grained, containing small rounded andesite
fragments and gravels, often also with the non-volcanic rocks.
Intercalations and thin irregular interbeds of epiclastic volcanic
sandstones are often present within the conglomerate bed. Thick-
ness of conglomerate bed is variable, maximally up to 60—-70 m.

In the northern part of the Pokoradz Plateau, the basal fluvial
tuffitic sands with gravels of volcanic and non-volcanic rocks
(pebbles of quartz, granitoids and crystalline schists) of variable
thicknes (2-5 m) are locally present below the conglomerate bed
at the NW and NE edges of the plateau (profile PF-3). Immedia-
telly on the pre-volcanic basement rocks, also several scattered
relics of chaotic breccia of pyroclastic flow are situated at the NW
and NE edges of the Pokoradz Plateau (Geological-lithofacial map,
profiles PF-2 and PF-3).

Chaotic breccia of pyroclastic flows — layer-1a and 1b

Chaotic breccia of pyroclastic flow near the Kyjatice village
at NE edge of the Pokoradz Plateau lies on the surface of Me-
sozoic rocks at the level of 444 m a.s.l. Chaotic breccia contains
fragments of variable dimensions and shape. Except of vesiculated
subspheric fragments there are present also angular to subangular
fragments with dimensions 5 cm to 30 cm, which are locally domi-
nant. Tuffaceous matrix with higher content of pumice is welded
with small vesiculated fragments. Fragments and blocks belong
to the amphibole-pyroxene andesite (amphibole 3—4 mm, rarely
to 1 cm). Chaotic breccia of pyroclastic flow according its position
directly on the surface of pre-volcanic basement rocks is marked as
a layer-1a. Southward continuation of chaotic breccia of pyroclastic
flow was removed by erosion during the development of coarse
to blocky epiclastic volcanic conglomerate in the littoral zone.

Several scattered relics of chaotic pyroclastic breccia depo-
sited directly on the pre-volcanic basement rocks with the base at
425-440 m a.s.l. can be found at western edge of the Pokoradz
Plateau (N and W of locality Rudno e.p. 491.2, NW of Kraskovo
village profile PF-3). Other relics of chaotic pyroclastic breccia in
similar position occur on western slope of the Rimavicka hora at
level 400 m a.s.l. (profile PF-4). Relics of chaotic pyroclastic brec-
cias at the western edge of the Pokoradz Plateau are marked as
a layer-1b.

Chaotic pyroclastic breccia located W of Rudno e.p. 491.2 con-
sists dominantly of vesiculated fragments with subspheric shape
in dimensions from 5 cm up to 15 cm, rare blocks up to 30 cm.
The angular non-vesiculated fragments are less frequent. The
tuffaceous matrix with the pumice content is strongly welded with
small vesiculated fragments (margins of fragments are obscured).

Fragments and blocks represent the coarse porphyric amphibo-
le-pyroxene andesite (plagioclase 2—-3 mm, pyroxene 1-2 mm,
amphibole 4—6 mm) with the brown glassy groundmass (signs of
the contact of hot pyroclastic material with the water environment).

Relics of chaotic breccias of layers-1a and 1b, deposited im-
mediatelly on the surface of pre-volcanic basement rocks, repre-
sent early phase of eruption of pyroclastic flows, reaching the
northern part of sedimentary basin before deposition of thick bed
of littoral coarse to blocky conglomerates. The continuation of 1b
pyroclastic flow to SW probably corresponds to relic of chaotic py-
roclastic breccia in the Kamenna hora e.p. 358 in the NE part of
the Lu€enec Basin. Relic of chaotic pyroclastic breccia with base
at level about 300 m a.s.l. is underlain and overlain by beds of
coarse to blocky epiclastic volcanic conglomerates (similarly as in
the case of Rimavska hora, profile PF-4). The altitude difference
of their bases can be explained by the 100 m subsidence of the
northern part of the Lu¢enec Basin along the NNW—-SSE trending
fault zone. Tectonic movement according this fault system occurred
in the post-volcanic phase during Pliocene.

Areal distribution of chaotic pyroclastic breccias (layer-1a
and 1b) of this early phase indicate that pyroclastic flows in their
way to south followed individal separated lines divided by uplifted
basement rocks in the northern part of sedimentary basin. This
area to NW of Kraskovo village with relativelly higher position of the
pre-volcanic basement (ridge) is indicated in profiles PF-3 and PF-4.
Gradual deepening of sedimentary basin southward in the eastern
part of volcanosedimentary complex of the Pokoradz Plateau is
documented by position of the basal bed, descending from the level
400 m a.s.l. to 375 m a.s.l. (PF-3 and PF-4). Above basal bed, the
bed of epiclastic volcanic sandstones alternates with the coarse
to blocky epiclastic volcanic conglomerate (PF-3) and more
southward above basal bed there were identified several beds of
medium to coarse and coarse to blocky epiclastic conglomerates,
alternating with interbeds of epiclastic volcanic sandstones with
total thickness about 75 m (PF-4). Deepening of sedimentary basin
southward in the eastern part of the Pokoradz Plateau documents
also the profile PF-5 (basal bed descends to level 375 m a.s.l.) and
PF-6 (basal bed is in level 360 m a.s.l.), as well as the profiles PF-7
and PF-8, where the basal bed descends to level about 300 m
a.s.l. and total thickness of epiclastic volcanic rocks reaches about
120 m. Pre-volcanic basement in the eastern part sedimentary
basin is formed of the Lower Miocene sedimentary complex (profile
PF-6). Gradual deepening of the sedimentary basin southward in
the eastern part is documented also by the profile PF-5.

Morphological elevation of the pre-volcanic basement, evident
in profiles PF-3 (the Rudno area) and PF-4 (the Kraskovo area), is
eliminated southward in profile PF-5. In relativelly shallower wes-
tern part of the sedimentary basin, the deposition of the coarse to
blocky epiclastic volcanic conglomerate is dominant (PF-3, PF-4,
PF-5). Continuing southward to a deeper part of the sedimentary
basin, the coarse to blocky epiclastic volcanic conglomerate alter-
nates with layers of epiclastic volcanic sandstones (PF-6, PF-7,
PF-8). The base of conglomerate bed in direction to S descends to
levels 380 m a.s.l. (PF-7) and 345 m a.s.l. (PF-8).

In discussion about evolution of the sedimentary basin of Vys-
na Pokoradz Formation and interpretation of volcanic processes
occurring on the stratovolcano slope, it is important to devote more
attention to deposits of mass flows like pyroclastic flows and lahars.

Chaotic breccia of pyroclastic flow layer-2

Chaotic breccia with base about 460 m, builds up the Konko-
va ridge (e.p. 468.6) in the eastern part of the Pokoradz Plateau
(PF-3, PF-4). Breccia represents the uppermost part of lithological
succession above 125 m thick epiclastic volcanic horizon.
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Chaotic breccia with the base about 460 m a.s.l. represents
the uppermost part of lithological succession above 125 m thick
epiclastic volcanic horizon, where epiclastic volcanic conglomerate
alternates with interbeds of epiclastic volcanic sandstones. At the
southern edge of the ridge the base of chaotic pyroclastic breccia
descends to level about 450 m a.s.l.

Chaotic breccia of pyroclastic flow of layer-2 consists domi-
nantly of fragments with angular shape with dimensions 5-30 cm
up to blocks with diameters 60-80 cm. Tuffaceous matrix is strong-
ly welded with small vesiculated fragments. Petrographically there
was identified material of fine to medium porphyric pyroxene an-
desite and rare material of medium porphyric amhibole-pyroxene
andesite (amphibole up to 3—4 mm). Chaotic breccia of pyroclastic
flow of layer-2 southward occupies a broader area. The relics of
chaotic breccia cover the flat top of the Kovacova hora Hill (NW of
the Lukovistia village) with base at 453 m a.s.l. (PF-5, PF-6) and
the summit of the Pri skalke Hill (e.p. 474; SW of the Lukovistia vil-
lage). Chaotic breccia of pyroclastic flow on the flat top of Konkova
ridge on eastern edge of the Pokoradz Plateau continues to south
as a narrow Bankova ridge, trending N—S (elevation points 430.1,
443 and 450 m).Total length of pyroclastic flow on the top of both
ridges is about 4.6 km and the base of pyroclastic flow descends
from the level 460 m a.s.l. (at the northern edge of Konkova ridge)
to level 415 m a.s.l. (at the southern edge of Bankova ridge). Ac-
cording to similar levels of the bases of pyroclastic relics there can
be supposed relatively flat bottom of the sedimentary basin with
moderate south dip during the deposition of pyroclastic flow.

Chaotic breccia of pyroclastic flow - layer-2 exposed in cliff
on the western slope of the Bankov vrch e.p. 450 (SE of LukoviSia
village), comparing with chaotic breccia of layer-1, is different in
lithology. It consists dominantly of angular fragments with low ve-
siculation, having dimensions 5-15 cm and blocks to 60—-80 cm,
sporadically up to 1.5 m. Vesiculated fragments are less frequent.
Distribution of fragments and blocks is chaotic. Material of pyro-

Fig. 9. Chaotic breccia
is exposed in rocky cliff,
high about 15 m, on the
western slope of the
Bankov vrch Hill with e.p
450, SE of the Lukovistia
village (photo a). Breccia
is characteristic with the
dominancy of angular
fragments. The tufface-
ous welded matrix is su-
bordinated, representing
about 20 % of the rock
volume (photo b).

clastic flow belongs to pyroxene and amphibole pyroxene andesite.
Lithological characteristic corresponds to pyroclastic block and ash
flows of Merapi type originating during destruction and collapses of
extrusive domes (Fig. 9).

Lahars (debris flows)

Lahars represent next type of the mass flows, episodical-
ly transporting clastic and muddy-tuffaceous material from the
southern slopes of andesite stratovolcano at its foot.

Several lahar bodies are idenfied on the eastern slope of the
Pokoradz Plateau west and south of the Lukovistia village (PF-6,
PF-7 and PF-8).

Lahar breccia in the northern part of the Pokoradz Plateau is
identified on the eastern slope of the ridge with e.p. 497.6 (west
of Lukovistia village) at the level 420 m a.s.l., located above the
bed of epiclastic volcanic sandstone (PF-5 and PF-6). Andesite
fragments with dimensions 5-30 cm are angular to subangular.
Subspheric and vesiculated fragments are less frequent. Spora-
dically the rounded blocks with dimensions 30 up to 40 cm are
also present with their higher concentration near the base. In tuf-
faceous-sandy matrix there is higher content of pumice and small
angular and spheroidal vesiculated fragments up to 3—4 cm large.
Lahar was probably initiated in connection with explosive activity,
which is manifested by the higher content of pumice in the matrix.
During movement of lahar, the rounded andesite blocks were mo-
bilized from underlying conglomerate beds. Deposition of material
is chaotic with a tendency of accumulation of coarser blocks near
the base (normal gradation). Lahar bodies are also identified on
the western and eastern slopes of the Bankov vrch ridge located
southeast of the Lukovistia village (PF-7 and PF-8).

Lahar breccia above the bed of coarse to blocky epiclastic vol-
canic conglomerate is exposed on the northern slope of the Leme-
ik ridge (e.p. 436) at level 410 m a.s.l. NE of the Horné Zahorany
village above the conglomerate bed (profile PF-8, Fig. 10).

Lahar breccia represents type of cold lahars; clastic material
was not in a hot state during transport and deposition. But the
presence of higher content of pumice material does not exlude
that mobilization of lahar has occurred in connection with explo-
sive eruption due to the heavy rains. Lahars at their movement to
south, also as pyroclastic flows, preferred deeper eastern part of
the sedimentary basin.

2 — Southern part of the Pokoradz Plateau, area from the
Kociha village to Vysna Pokoradz village (profiles PF-9 to PF-
14)

Southern part of the Pokoradz Plateau is characteristic with
continuing southward deepening of the sedimentary basin (PF-9,
Appendix 4A). The base of volcanosedimentary complex at the
western edge of the Pokoradz Plateau is at the level about 300 m
a.s.l. At the eastern edge it is lower — about 275 m a.s.|. Deepening
of sedimentary basin is reflected by increasing thickness of the
lower complex of epiclastic volcanic sandstones and greater num-
ber of conglomerate beds. The total thickness of the volcanosedi-
mentary complex in this part of the sedimentary basin is ca 150 m.

Lower complex of epiclastic volcanic sandstones is exposed
in several outcrops and in abandoned quarries on the western
slopes of the Pokoradz Plateau (east of Nizny and Vysny Skalnik
villages). At the entry to valley with the Vyvieracka brook, in a wall
of small abandoned quarry the beds of epiclastic volcanic sandsto-
nes alternate with thinner layers of siltstones (Fig. 11).

From the siltstone layers in lower complex of epiclastic volca-
nic sandstone at locality Nizny Skalnik there was described the
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1

Fig. 10. Lahar breccia in rocky cliff
consists of andesite fragments
dominantly of angular to subangular
and also suboval shapes with
5-20 cm dimensions (photo a).
Upper part of the cliff shows larger
block of brecciated andesite. Matrix
is tuffaceous-sandy with a higher
content of pumices and smaller
angular and rounded andesite
fragments (photo b). Distribution
of clastic material is chaotic with
a certain tendency to accumulate
larger 2 blocks in the upper part
of lahar body (effect of kinetic sie-
ving). Kinetic sieving is process when
during movement of the lahar and/or
pyroclastic flow small particles migrate
downward and large ones gradually
migrate upward. The rounded blocks,
coming probably from the underlying
bed of coarse epiclastic volcanic
conglomerate, were mobilized during
movement of the lahar body.

Fig. 11. Sedimentary succession in aban-
doned quarry is documented in photo a, b
and scheme c. The lower part of the out-
crop is built of the light grey-green siltstone
bed (scheme c/1), thick app. 80 cm, with
fine lamination and intercalations of fi-
ne-grained tuffs (photo b). On the surface
of the platy jointing siltstone, the remnants
of flora and imprints of leaves are rarely
preserved. Presence of pumice fragments
in tuff layers points on explosive activity
and deposition of ash-pumice material from

flora of Sarmatian age (Némejc, 1960, 1967). Later in this locality
the flora of Sarmatian age was investigated also by Sitar and Dia-
niska (1979).

Southward to deeper part of sedimentary basin (PF-10, PF-11,
Appendix 4B), the lower complex of epiclastic volcanic sandstones
is exposed in imposant walls of abandoned quarries at the western
foot of steep slopes of Pokoradz Plateau. In a quarry bellow e.p.
379 (east of the Vysny Skalnik village), the upper part of the lower
complex of epiclastic volcanic sandstones is exposed (Fig. 12).

Transition from the calm sedimentation in the lake environment
to sedimentation with rapid and episodic supply of the tuff-sandy
material by hyperconcentrated mass flow can be demonstrated in
the locality on the slope of gorge bellow the Magin hrad Hill south
of the Nizny Skalnik village (Fig. 13).

the volcanic cloud. Above bed of siltstone,
the body of non-bedded coarse epiclastic
volcanic sandstone occurs with thickness
about 2.5 m (scheme c/2, photo a, b), ha-
ving dispersed smaller andesite fragments
and pumice fragments.This body of epic-
lastic volcanic sandstone was deposited
by the hyperconcentrated flow. In vertical
succession next follows again the siltstone
bed (scheme c/3), representing a conti-
nuation of a calm lake sedimentation. In a
higher position in the quarry wall the body

of non-bedded epiclastic volcanic sandstone follows as a product of hyperconcen-
trated flow (scheme c/4) and again it is alternated with thin siltstone bed (scheme
¢/5). Higher body of epiclastic volcanic sandstone (scheme c/6) exhibits signs of
normal bedding in its uppermost part. In vertical lithological succession the thicker
complex of volcanic sandstone follows (scheme c¢/7) with structures of cross-bed-
ding expressed also by the deposition of fine conglomerate interbeds.

Sedimentary sequence documents that after the deposition of
fall-tuffs into the lake environment, the area of sedimentary ba-
sin was supplied by repeating transport of sandy tuffs by hyper
concentrated flows and debris flows. The differences between the
western shallower part and eastern relativelly deeper part of the
sedimentary basin, expressed in profile PF-9, are gradually elimi-
nated southward in the deeper part of the sedimentary basin (see
profiles PF-10 and PF-11, Appendix 4B).

Coarse to blocky epiclastic volcanic conglomerates are
frequent facies in filling of the southern part of the sedimentary
basin, forming beds with variabile thickness from 5 to 15 m and
rare to 25 m. Andesite blocks up to 30-60 cm in diameter, rare up to
1.5 m, are semirounded to rounded, well sorted and deposited with
subhorizontal layering. Individual beds of blocky conglomerates al-
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Fig. 13. In the lower part of
the outcrop, the fine-grai-
ned tuffaceous lake sedi-
ments alternate with lighter
thin layers of silts (scheme
e/1, photo a). Horizontal
bedding of thin silty layers
and fine-grained tuffs is of-
ten disturbed by deforma-
tion structures and small
vertical shifts. Fine tuffs and
silty sediments represent
fall-tuff from the plinian type
volcanic cloud of eruption,
deposited in calm lake en-
vironment. Higher in verti-
cal succession, the body of
massive, non-bedded san-
dy tuff with pumices and
small andesite fragments is
deposited with sharp base
on underlying lake sedi-
ments (scheme e/2, photo
a, b). Body of non-bedded
sandy tuff was deposited by
hyperconcentrated flow. At
the base the deformation
and erosion of underlying
lake sediments were locally
observed (photo c). Higher
above body of non-bedded
sandy tuff the sequence of
layered epiclastic volcanic
sandstones follows with
cross bedding structures
and alternating of fine and
coarser fractions with in-
tercalations and layers of
fine conglomerates (sche-
me ¢/3 and 4, photo d). In
the uppermost part of the
sequence there follows the
epiclastic volcanic brec-
cias, transported and depo-
sited by debris flows and/or
lahars follows.
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Fig. 12. The lower part of the quarry wall east of the
Vysny Skalnik village exposes the medium to coar-
se epiclastic volcanic sandstone (scheme A). Bed
of epiclastic volcanic sandstone with cross-bedding
structure contains small angular to subangular an-
desite fragments (1). Above it the body of non-bed-
ded epiclastic volcanic sandstone follows with the
scattered rounded blocks, deposited by hypercon-
centrated flow (2). Higher in vertical succession the
medium to coarse epiclastic volcanic sandstone
occurs with the cross-bedding (3). Above, two bo-
dies of non-bedded epiclastic volcanic sandstones
follow (4, 6), being deposited by hyperconcentrated
flow. They are separated by thin siltstone interbed
(5). In the uppermost part of the quarry wall the body of lahar breccia occurs (7) with sharp contact of the
base on the surface of underlying epiclastic volcanic sandstone (scheme B). Lahar breccia consists of 5 to15
cm andesite fragments with angular to subangular shape. Andesite blocks large up to 30—40 cm and rarely
up to 1.5 m are subangular to suboval. Deposition of material is chaotic with the tendency of the larger blocks
accumulation in the lower part of the lahar body. Fragments large 15-30 cm are less frequent. Tuffaceous-san-
dy matrix with silty component represents about 60-70 % of the volume.
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ternate with layers of epiclastic volcanic sandstones. Matrix among
rounded andesite blocks — the coarse-grained epiclastic volcanic
sandstone, represents about 20-30 %. In beds of coarse to blocky
epiclastic volcanic conglomerate, the separation of blocky material
according their dimensions was observed, with dominant fraction
having about 30—-40 cm in diameter. In deposition of individual
blocks there can be often seen the preference of horizontal and/
or subhorizontal direction. Conglomerate beds form flat tabular
bodies which can continue over greater distances (see geological
map and profiles). In the area documented by profiles PF-10 and
PF-11 on the western and eastern slopes of the Pokoradz Plateau,
during geological mapping there were identified 5 beds of coarse
to blocky epiclastic conglomerates. Continuing southward in se-
dimentary basin, their number raises to 7 (profile PF-12), which
corresponds to deepening of sedimentary basin. In vertical profiles
the coarse to blocky epiclastic volcanic conglomerates alternate
with beds of epiclastic volcanic sandstones.

Facies of coarse to blocky epiclastic volcanic breccia-conglo-
merate occurs in different levels of the volcanosedimentary com-
plex. Except the partly and well rounded blocks with dimensions up
to 30—-60 cm and rare to 1.5 m, there are also present angular and
subangular blocks (locality on the western slope of the Pokoradz
Plateau bellow e.p. 378 at level about 285 m a.s.l. east of the Vysny
Skalnik village). Blocky andesite material of rounded and angular
shape comes probably from the destruction of chaotic breccias
of pyroclastic flows, lahars and blocky conglomerates with short
transport and redeposition.

The facies of medium to coarse epiclastic volcanic conglo-
merates with rounded andesite material of dominant dimensions
15-30 cm also principally contributed to building of volcanosedi-
mentary complex in the southern part of the Pokoradz Plateau
(profiles PF-11, PF-12, PF-13, Appendix 4B). Facies occurs in se-
veral levels and forms discontinuous beds of smaller thickness.

Epiclastic volcanic sandstones with variable thickness (from
several m up to 10—15 m) are frequent in different levels of volcano-
sedimentary complex, dividing individual beds of coarse to blocky
epiclastic volcanic conglomerates and epiclastic volcanic breccias.
In their lithology, the medium to coarse epiclastic volcanic sandsto-
nes dominate often with cross-bedding. Fine conglomerates form
irregular lenses and interbeds of small thickness and often strained
cross bedded structures. Epiclastic volcanic sandstones are often
disturbed by erosive channels, filled by conglomerates (Fig. 14).

Fig. 14. Bed of epiclastic volcanic sandstone exposed in the forest cut (at the
eastern edge of the Pokoradz Plateau bellow e.p. 491 west of Drazice village.
Medium to coarse epiclastic volcanic sandstone is distinct with cross bedding
structures (1) and frequent lenses of fine andesite conglomerate (3). Erosive
channel (2) cut in epiclastic volcanic sandstone is filled with the coarse to blocky

epiclastic volcanic conglomerate.

Fine to medium epiclastic volcanic breccias are often present
in the southern part of the volcanosedimentary complex, forming
discontinuing beds of small thickness. Facies of this type is ex-
posed on the eastern slope of the Pokoradz Plateau south of the
Horné Zahorany village (Fig. 15).

Fig. 15. In the cliff bellow e.p. 498 Pridel in the Velky potok valley
south of the Zahorany village a fine to medium epiclastic volca-
nic breccia is exposed. In the lower part of the cliff the epiclastic
volcanic breccia with angular to subangular fragments large 5 to
25 cm and normal gradation crops out (1). Scarce rounded blocks
come from underlying bed of the coarse to blocky conglomerate of
northern littoral zone. In the upper part of outcrop a gradual transi-
tion into the coarse epiclastic volcanic sandstone is observable (2).
The fine to medium epiclastic volcanic breccia with reverse grada-
tion follows in the upper part of outcrop (3).

Outcrop of fine to medium epiclastic volcanic brec-
cia above epiclastic volcanic sandstone is exposed on
southeastern slopes of the Pokoradz Plateau (Fig. 16).

The reworked tuffs and pumice tuffs. Ash and
ash-pumice tuffs after falling down from volcanic cloud
were transported from the slopes of stratovolcano and
adjacent areas into the sedimentary basin by ephe-
meral streams, dilute streams and hyperconcentrated
flows. Ash-pumice tuff forms thin interbeds within beds
of fine epiclastic volcanic sandstones and siltstones,
eventually the fragments of pumices are dispersed in
bodies of epiclastic volcanic sandstones, deposited by
hyperconcentrated flows and/or lahars. Thin interbeds
of ash-pumice tuffs were identified in lower part of the
lower complex of epiclastic volcanic sandstones in
abandoned quarry at the entrance to the Vyvieracka
valley NE of the Vysny Skalnik village. Intercalations
and interbeds of small thickness of ash-pumice tuffs
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Fig. 16. In the rocky cliff in
the southern slope with e.p.
470.8 Haj (NW of Vysna Po-
koradz) at level 420 a.s.l.,
the fine to medium epiclastic
volcanic breccia is exposed.
In the lower part of outcrop
there occurs an epiclastic
volcanic breccia with domi-
nancy of angular fragments
in fraction 2-5 cm and rare
subspheric and partly roun-
ded fragments up to 15 cm.
Matrix is sandy-tuffaceous.
Chaotic deposition of clastic
material points on transport
and deposition by debris flow
(scheme b/1, photo a). In
higher part of outcrop the fine
to medium epiclastic volcanic
breccia with reverse grada-
tion is exposed (scheme b/2,
photo a). Andesite fragments
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dominantly in fraction 3-5 cm are angular and subangular, matrix is san-
dy-tuffaceous. Medium to coarse epiclastic volcanic conglomerate is in

uppermost part of the outrcop (scheme b/3).

are also present within the bed of epiclastic volcanic sandstones
in higher levels of volcanosedimentary complex. Because of their
small thickness, they are not expressed in geological-lithological
map and they are marked only by symbols and commented in the
legend.

Reworked fine to medium pyroclastic breccia represents do-
minantly the pyroclastic material transported into the sedimenta-
ry basin by streams after heavy rains, hyperconcentrated flows
and debris flows (lahars). Beds of reworked fine to medium py-
roclastic breccias were identified in several levels of volcanose-
dimentary complex. Reworked pyroclastic breccia is exposed at
the southwestern edge of the Pokoradz Plateau SW of the Horné
Zahorany village (Fig. 17).

Fig. 17. Reworked pyroclastic breccia is exposed in lower part of
the slope of Sinkov potok brook valley, at level 421 m a.s.l. above
bed of coarse to blocky epiclastic volcanic conglomerate. Breccia
consists dominantly of vesiculated subspheric fragments in diame-
ters from 3—5 cm up to 10 cm and rare blocks up to 20 cm. Vesicula-
ted fragments are red-brown coloured, angular fragments are less
frequent. Tuffaceous matrix is rich on pumice. Pyroclastic material
is unsorted to weakly sorted and deposited with graded bedding.

_ b)

Chaotic breccias of pyroclastic flows in the southern part of the
Pokoradz Plateau

Deposits of chaotic breccias of pyroclastic flows contribute
essentially to building of volcanosedimentary complex. Study of
pyroclastic flows give us important informations for reconstructions
of volcanic processes and evolution of sedimentary basin related
to stratovolcano.

Chaotic breccia of pyroclastic flow — layer-2

Chaotic breccia of pyroclastic flow — layer-2 in the northern
area is limited only on the eastern part of the Pokoradz Plateau
(Konkova and Bankov vrch). Chaotic breccia — layer-2, continuing
to south on top of the plateau, is gradually spread wider and finaly
occupies whole area in the uppermost part of the plateau from the
western edge to eastern. Base of chaotic breccia of pyroclastic
flow of layer-2 in the northern part is about 460 m a.s.l., southward
the base moderatelly descends to levels about 450 m a.s.l. (middle
part of the plateau) and 440-430 m a.s.l. (southern part of the pla-
teau, the Horné Zahorany village area, profiles PF-10 and PF-11).
Chaotic breccia of pyroclastic flow is deposited on the surface of
coarse to blocky epiclastic volcanic conglomerate. The bottom of
the sedimentary basin on which the pyroclastic flow has deposited
was flat and gradually deepening southward. Epiclastic volcanic
complex, underlying chaotic breccia of layer-2, in the northern area
has several meters, in southern part its thickness rises up to 150
m. It can be deduced that eruption and deposition of pyroclastic
flows has occurred in a more advanced stage of evolution of the
stratovolcano and the sedimentary basin, too.

Chaotic pyroclastic breccia - layer-2, spreading in the upper-
most part of the Pokoradz Plateau, probably consists of succes-
sion of several pyroclastic flows, as it is indicated by differences
in lithology of individual localities, which are characterized further.

Chaotic breccia - layer-2 on the eastern slope of Pridel (SE
of Zahorany village, profile PF-12) follows to eastern edge of the
Pokoradz Plateau. In rocky cliff on the eastern side of ridge to SE
of the Ping e.p. 489.6, bellow the e.p. 460, the chaotic pyroclastic
breccia above the coarse to blocky epiclastic volcanic conglome-
rate is exposed with base at about 448—-450 m a.s.l. (Fig. 18).
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Fig. 18. The coarse to blocky epiclastic volcanic conglomerate (1)
is located in the lower part of outcrop. Higher the chaotic breccia
follows (2), consisting of 5-20 cm fragments and rare 40-50 cm
blocks. Except of dominating fragments and blocks with angular
shape, there are also present vesiculated fragments and blocks
with subspheric shape.Tuffaceous matrix is strongly welded with
small vesiculated fragments, deposition is chaotic without signs of
sorting.

Chaotic breccia forms rocky cliffs at the southern part of the
plateau south of the Ping e.p. 489.6. Base of chaotic breccia is at
the level 448-450 m a.s.l. (Fig. 19).

Higher on the slope at 460 m a.s.l., the chaotic breccia with
dominancy of strongly welded tuffaceous matrix (brown-red) is ex-
posed in several outcrops. Breccia represents probably higher flow
unit in succesion of pyroclastic flows.

Above chaotic breccia of in the area of summit with the Ping
e.p. 489.6, the big rounded blocks with dimensions to 2 x 2 m are
present (Fig. 20).

Chaotic breccia is exposed in rocky cliff at the eastern edge of
the Cerova flat ridge with e.p. 453 in the eastern side of the Poko-
radz Plateau (profile PF-13). Chaotic breccia was deposited on the
surface of coarse to blocky conglomerate with the base about 440
m a.s.l. (Fig. 21).

Andesite material belongs to fine porphyric pyroxene andesite.
Lithology of breccia is close to breccias of pyroclastic flows genera-
ted during collapses of eruptive columns of vulcanian type. Above
chaotic breccia in the higher level of Cerova ridge, the bed of co-
arse to blocky epiclastic volcanic conglomerate is exposed and in
the uppermost part of the ridge with elevation points 524.8 and 502
a thick bed of chaotic breccia occurs, corresponding to pyroclastic
flows 3 and 4 (PF-13) that will be discussed later.

Southern continuation of chaotic breccia was found in an out-
crop on the southern slope of the ridge east of e.p. 524.8 Mala
Palaska (west of Drazice village). Base of the chaotic breccia is at
level 441 m a.s.l. (Fig. 22).

Chaotic breccia in several outcrops follows higher on the
southern slope of the ridge of Mala Palaska up to level 450 m a.s.l.,
where it is exposed in a cliff (Fig. 23).

Chaotic breccia of pyroclastic flow, layer-2, is exposed also in
several outcrops at the western edge of the Pokoradz Plateau at
the base level at about 445-450 m a.s.l. It is deposited above the
bed of coarse to blocky epiclastic volcanic conglomerate.

Fig. 19. Fragments 8-20 cm large and rare blocks up to 0.5 m
of the fine porhyric pyroxene andesite form chaotic breccia. They
are often extremely vesiculated with subspheric shape. Tuffaceous
matrix is intensively welded with smaller vesiculated fragments.

Fig. 20. Textures of paralel lamination in andesite block indicate
origin of blocks from the destruction of massive lava bodies (pro-
bably lava flow and/or extrusive dome). It is assumed that transport
of large blocks over such great distances occurred by the pyroclas-
tic flow and/or lahar.

Fig. 21. Chaotic breccia consists of vesiculated subspheric frag-
ments and blocks large 5-15 cm, rarely up to 30 cm. Fragments
with angular shape are less frequent. Tuffaceous matrix is strongly
welded, to homogenized, with smaller vesiculated fragments. Do-
minant matrix forms about 60—65 vol. %.
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Fig. 22. In rocky cliff the chaotic breccia of pyroclastic flow (scheme c/2) is exposed
above coarse to blocky epiclastic volcanic conglomerate (scheme c¢/1, photo a). Detail of
the base of chaotic breccia in contact with underlying conglomerate (photo b). Breccia
consists of vesiculated fragments of subspheric shape with dimension 5-25 cm and
rarely up to 50 cm. Angular fragments and blocks are less abundant. Several blocks di-
sintegrated along radial and concentric fractures document processes of autoexplosivity

and disintegration in hot state during their transport in pyroclastic flow. Tuffaceous matrix

is strongly welded.

3 - Southern edge of the Pokoradz Plateau, north of Vysna
and NiZna Pokoradz villages (profile PF-15)

Southern border of the Pokoradz Plateau forms an imposant
morphogical step in relief, high ca 130—-150 m, limiting the southern
edge of the plateau against lowland relief of the Rimavska kotlina
Basin. In a number of rocky cliffs and walls of abandoned quarries
on the southern steep slopes of the plateau, the inner structure
and lithology of the sedimentary basin is exposed from the base to
top of the volcanosedimentary sequences. Study of these outcrops
provided an information about an inner structure of the volcanose-
dimentary complex and completed the mapping data from the wes-
tern and eastern slopes, limiting the Pokoradz Plateau. Following
description characterizes the inner structure of volcanosedimenta-
ry complex on the southern slopes of Pokoradz Plateau in vertical
profile from the lower to upper levels:

Lower part of volcanosedimentary complex is formed by
a thick lower bed of epiclastic volcanic sandstones between levels
350-440 m a.s.l. (profile PF-15). Epiclastic volcanic sandstones are
medium to coarse-grained with frequent intercalations of fine sand-

Fig. 23. Chaotic breccia in roc-
1 ky cliff (scheme b/2 in photo a) is
deposited on bed of the coarse to
blocky epiclastic volcanic conglo-
merate (scheme b/1, photo a).
Fragments forming chaotic brec-
cia dominantly with dimensions
5-25 cm, rare blocks up to 50 cm,
6m are subspheric and vesiculated.
Angular fragments and blocks are
less frequent. Tuffaceous matrix is
strongly welded, deposition of ma-
terial is chaotic. It is not posible to
exclude that breccia with the base
at level 441 m a.s.l. represents
subsided block from the higher le-
vel with original base about 450 m
— as.l

stones to siltstones with pumices and thin interbeds of fine to me-
dium conglomerates. Upper part of the lower complex of epiclastic
volcanic sandstones is exposed in walls of abandoned quarries
at level 438—-442 m a.s.l. on southern slopes of Pokoradz Plateau
bellow e.p. 526.4 and 524 Stran (Fig. 24).

In some parts of the quarry wall, in upper part of bodies of
non-bedded tuff of hyperconcentrated flow, a gradual transition
into a bed of epiclastic volcanic sandstone was observed, mani-
festing graded bedding, eventually cross-bedding. In deposits of
hyperconcentrated flows, the rounded or partly rounded andesite
blocks are sporadically present. They were derived from underlying
conglomerate bed during the mass flow. Thin interbeds of siltsto-
nes, separating bodies of hyperconcentrated flows, represent pro-
ducts of the fine ash-dust material falls from eruptive ash clouds.
These siltstone interbeds contain often imprints of leaves and rem-
nants of flora.

Fine to medium epiclastic volcanic conglomerates are often
present in the lower complex of epiclastic volcanic sandstones like
intercalations, lenses and/or interbeds, as can be seen in walls of
abandoned quarries bellow e.p. 526.4 and e.p. Stran 524 on the S
slopes of the Pokoradz Plateau (Fig. 25).
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Fig. 24. In a quarry wall at the entrance into artificial
cave a following sequence is exposed (scheme c¢/1—
9). In the lower part of the wall a body of non-bedded,
medium to coarse epiclastic volcanic sandstone was
deposited by hyperconcentrated flow (1). Higher is

transition to the fine tuff sandstones and siltstone. Above it, a thicker body of non-bedded sandstone follows again (3), being deposited by
hyperconcentrated flows. In the upper part of the body there is gradual transition from the coarse epiclastic volcanic sandstone into thin
layer of the fine tuff-sandstone and higher into light grey to yellow siltstone (4). Two layers of non-bedded tuffs of hyperconcentrated flows
follow above (5 and 7), being separated by thin layer of siltstone (scheme c¢/6, photo a). Lower sequence of epiclastic volcanic sandstone
is interrupted by the deposition of lahar breccia (scheme ¢/8, photo b), higher followed by the deposition of coarse to blocky epiclastic

volcanic conglomerate (scheme c/9).

X

Fig. 25. Into lower part of the quarry wall fine
to medium epiclastic volcanic conglomerates
often alternate with the bodies deposited by
hyperconcentrated flows (scheme c/1-8). Fine to
medium epiclastic volcanic conglomerate with
pebbles 5—15 cm and rare pebbles of quartz and
crystalline rocks is exposed in lower part of out-
crop (scheme c/1). Higher the bed of epiclastic
volcanic sandstone with graded bedding follows
with fragments of pumices and fine conglome-
rate (scheme c/2, photo a). Isolated rounded
andesite block with dimensions about 60 cm
derived from conglomerate bed of littoral zone is
present too (photo b). In the higher level of the
quarry wall three beds of non-bedded epiclastic
volcanic sandstone were deposited by the hyper-
concentrated flows (scheme ¢/3, 4 and 8). They
are separated by thin layers of epiclastic volca-
nic siltstones (scheme c¢/5, 6 and 7). Intercala-
tions and dispersed pumice material in bodies of
hyperconcentrated flows document the explosi-
ve activity during deposition of lower complex of
epiclastic volcanic sandstones.
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Above the lower complex of epiclastic volcanic sandstones
a lahar breccia is exposed in walls of abandoned quarry bellow
e.p. 526.4 m at level 440 m a.s.l. Lahar breccia was deposited
discordantly with sharp contact of its base on the surface of epi-
clastic volcanic sandstone. Local erosive structures on the surface
of sandstone bed were observed. Deposition of lahar breccia upon
epiclastic volcanic sandstones indicates finishing of the lower
sequence of epiclastic volcanic sandstones and siltstones (Fig.
26).

Immediatelly below the base of lahar
breccia on the contact with underlying
epiclastic volcanic sandstone is a thin bed,
containing smaller and greater pumice frag-
ments, which indicates that mobilization of
lahar and its deposition was preceded by
explosive eruption of plinian type, resp. that
eruption initiated the lahar movement (Fig.
27).

In the lower part of lahar breccia and its base there occur
numerous cavities after trees (Fig. 28). Imprints of trees and their
parts are preserved on the ceiling of artificial caves (Fig. 28c). It
proves that lahar in its way from stratovolcano slope was moving
across a forested area.

Fig. 27. Detail of dispersed partly rounded pumice fragments in
epiclastic volcanic sandstones (photo).

Fig. 26. Position of lahar breccia on the surface of the lower epic-
lastic volcanic sandstones is documented in schemes A and B.
Explanations to schemes: a — lower complex of epiclastic volca-
nic sandstones form bodies of non-bedded epiclastic volcanic
sandstone deposited by hyperconcentrated flow (1) alternated
with thin layers of siltstones (2). Higher the lahar breccia follows
(b), as well as the bed of medium to coarse epiclastic volcanic
conglomerate (c). In the lahar breccia the hollows after trees and
their branches occur (scheme A/3). Lahar breccia consists of vesi-
culated fragments of subspheric shape with dimensions 5-25 cm
and rare blocks up to 4060 cm of suboval to subangular shape
(photo a and b). Several rounded
to subrounded andesite blocks up
to 40 cm in diameter come from lit-
toral conglomerate bed crossed by
lahars. Sandy-tuffaceous matrix of
lahar contains pumice and small
angular and subspheric vesicula-
ted andesite fragments in fraction
1-3 cm. Deposition of material is
chaotic with tendency of concen-
tration of bigger andesite blocks
near the base of lahar body (pho-
to b). Base of the lahar body abo-
ve sequence of epiclastic volcanic
sandstones is sharp and discordant.

c)

Thickness of lahar breccia is variable, reaching max. about
4-5 m. Locally it is strongly reduced by erosion to 1.0-0.5 m. On
profile PF-15 the lahar breccia is shifted down along fault to lower
position at level 430 m a.s.l. (bellow e.p. 512.7 Kozinec) and further
to west to level 420 m a.s.l. (bellow e.p. 470.8 Haj).

Bed of coarse to blocky epiclastic volcanic conglomerate fol-
lows above lahar breccia at level 445-448 m a.s.|. Base of conglo-
merate bed is uneven, conglomerate material often fills erosive
channels on the surface of underlying lahar breccia (Fig. 29).

Total thickness of the conglomerate bed is about 20-25 m.
Vertically, the conglomerate bed is not uniform. On the southern
slope bellow e.p. 524 in rocky cliff the bed of coarse to blocky epic-
lastic volcanic conglomerate is exposed above the lahar breccia.
In upper part of cliff the transition to fine and medium epiclastic
volcanic conglomerate occurs (Fig. 30).

Chaotic breccias of pyroclastic flows on the southern edge of
the Pokoradz Plateau

Chaotic breccia of pyroclastic flow — layer-2 on the southern
slopes of Pokoradz Plateau in supposed level about 440-450
m a.s.l. was not confirmed. Chaotic breccia of pyroclastic flow —
layer-2 probably underwent destruction in the southern part of
sedimentary basin and became a source of material for conglo-
merate bed. As we mentioned above, in corresponding level on
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Fig. 28. Hollows after trees (photo a, b) in the lower part of lahar breccia, indicating
that lahar in its way has crossed forested area at the southern foot of the strato-
volcano. The ceiling of artificial caves contains preserved hollows after imprints of
vegetations, leaves and branches of trees (photo c), as well as parts of silicified
trees (photo d).

Fig. 29. In the quarry walls on southern slope of the Pokoradz Plate-
au bellow e.p. 526.6 Stran the bed of medium to coarse and blocky
epiclastic volcanic conglomerate is deposited above lahar breccia.
Explanation to scheme b: a — beds of epiclastic volcanic sandsto-
nes deposited by hyperconcentrated flows (1, 2) alternating with thin
layers of siltstones; b — lahar breccia reduced by erosion; ¢ — bed
of epiclastic volcanic conglomerate. Andesite blocks forming conglo-
merate bed are dominantly of dimensions 10-30 cm, partly rounded
to well rounded, rare blocks reach 60—80 cm in diameter (photo a).
Matrix is coarse-grained, sandy with fine rounded and subangular fragments. Conglomerate material is sorted with concentration of larger
blocks near the base (photo a). Conglomerate material filled the erosive channel on the surface of lahar breccia body (scheme b).

the southern slopes of the Pokoradz Plateau the lahar breccia and
thicker bed of coarse to blocky epiclastic volcanic conglomerate
are deposited.

Chaotic breccia of pyroclastic flows — layer-3

On the southern slopes of the Pokoradz Plateau the chaotic
breccia of pyroclastic flow — layer-3 is deposited above the coarse

to blocky epiclastic volcanic conglomerate at level 475 m a.s.l. be-
low e.p. 526 Stran and e.p. 524 (Fig. 31). According to this higher
position, the chaotic breccia is named as a layer-3.

Westward the chaotic breccia of pyroclastic flow — layer-3 has
deposited above the bed of coarse to blocky epiclastic volcanic
conglomerate at level 446 a.s.|. It was found on southern slopes of
the Pokoradz Plateau west of e.p. 512.7 Kozinec in partly subsided
block (profile PF-15).
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Fig. 30. In the rocky cliff on slope below e.p. 524 north of the Vysna Pokoradz vil-
lage the conglomerate bed above lahar breccia follows. Explanations to scheme b:
lahar breccia (b) is deposited on eroded surface of non-bedded epiclastic volcanic
sandstone (a). Sporadic hollows after trees (2) and fragments of silstones (1) are
present. Coarse to blocky epiclastic volcanic conglomerate (c) with concentration
of greater blocks in lower part forms the upper part of the cliff. Photo a documents
situation on scheme b. In following rocky cliff below e.p. 515 (scheme c) the beds
of coarse to blocky epiclastic volcanic conglomerate with interbeds of medium to
coarse and fine conglomerate alternate with epiclastic volcanic sandstones.

Fig. 31. Chaotic breccia of pyroclastic flow is exposed
in rocky cliff bellow e.p. 524 north of the VySna Poko-
radz village. Chaotic breccia (scheme d/2) is deposited
on bed of coarse to blocky epiclastic volcanic conglome-
rate with rounded blocks of dimensions 20—40 cm up to
60 cm (scheme d/1, photo a). In its lower part the brec-
cia of pyroclastic flow consists dominantly of fragments
with angular shape and dimensions 15-30 cm (photo
b). Vesiculated fragments with dimensions 10-15 cm of
subspheric shape are "
less frequent. Tufface-
ous matrix locally red-
brown, strongly welded
with small vesiculated
fragments represents
about 35-40 % of the
rock volume. Near the
base of the breccia
body the tuffaceous
matrix dominates abo-
ve fragments. Larger
blocks with dimensions
40 cm up to 1.5 m with
angular shape are con-
centrated in higher level
of the chaotic breccia
(photo c). Reverse gra-
dation points on efect of
kinetic sieving.
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At the western edge of Pokoradz Plateau on southern slope of
ridge bellow e.p. 470.8 Haj, the outcrop of chaotic breccia of pyroc-
lastic flow is in level 420-430 m a.s.l. Gigantic andesite block with
dimensions 4 x 5 x 3 m is exposed bellow the outcrop of chaotic
breccia (Fig. 32). Breccia consists dominantly of vesiculated subs-
pheric fragments 5-25 cm large and also of angular fragments up
to blocks 40 cm and tuffaceous welded matrix. Chaotic breccia be-
longs probably to layer-2

Fig. 32. Gigantic andesite block on southern slope of below e.p.
470.8 Haj. Structure of lamination with parallel jointing observed in
large andesite block points to origin of block from extrusive dome
and/or lava flow. Large andesite block was transported from strato-
volcanic slope probably by the high energy pyroclastic flow.

Fig. 33. Chaotic breccia of pyroclastic flow, exposed in cliff on the
western edge of the ridge bellow e.p. 478.9, is formed dominantly
of vesiculated fragments of spheroidal shape with dimensions
5-20 cm, angular fragments are subordinate (photo a). Tuffaceous
matrix is strongly welded with smaller vesiculated fragments and
homogenized (detail in photo b). Lithology of breccia corresponds
to pyroclastic flows generated during collapses of eruptive columns
of vulcanian type.

Chaotic breccia of pyroclastic flow in higher position on the
southern slope of the ridge with e.p. 470.8 at level 460—465 m
a.s.l. on the southwestern edge of the Pokoradz Plateau repre-
sents a part of extended cover of chaotic breccia of pyroclastic
flow (Fig. 33).

Chaotic breccia of pyroclastic flows — layer-4

Chaotic breccia of pyroclastic flows with the base at 494—
500 m a.s.l., designated as a layer-4, represents the uppermost
unit of the sequence of pyroclastic flows on the southern edge of
the Pokoradz Plateau. Chaotic breccia is exposed in a number of
outcrops at the southern margin of the plateau with e.p. 512 Kozi-
nec, e.p. 526.4 Stran, e.p. 524 and cliffs more eastward in the area
of e.p. 516 and e.p. 517.4 Velky vrch.

Chaotic breccia of pyroclastic flow — layer-4, exposed in cliff
SE of e.p. Kozinec with the base about 494-495 m a.s.l. lies on
bed of coarse to blocky epiclastic volcanic conglomerate (Fig. 34).

Fig. 34. Breccia forming cliff below e.p. 512.7 Kozinec consists do-
minantly of vesiculated fragments of the fine porphyric pyroxene
andesite (xtamphibole), subspheric in shape with dimensions 5 to
15 cm, rarely up to 25 cm. Angular fragments are less frequent (10
to 15 %). Tuffaceous matrix, containing pumice, is strongly welded
with small vesiculated fragments and homogenized. Matrix related
to fragments is dominant and represents about 60 % of volume.
Lithological character of the breccia resembles the breccias of py-
roclastic flows, generated by collapses of eruptive columns of the
vulcanian type.

Next outcrop in cliff to south of e.p. 512.7 Kozinec shows the
size differentiation of clastic material (Fig. 35).

Chaotic breccia continues eastward in rocky cliffs at the level
512 m a.s.l. on SE slope bellow e.p. 526.4 Stran. In outcrops there
dominate vesiculated fragments of subspheric shape with dimen-
sions 5-25 cm and rare blocks up to 40 cm. Angular fragments
with dimensions 15-30 cm occur in subsidiary amount. Tuffaceous
strongly welded matrix predominates above fragments.

In higher positioned outcrop at level 522 m a.s.l. on the
southern slope of the Pokoradz Plateau, two beds of chaotic
breccia were observed, being separated by thin tuff intercalation
(Fig. 36).

Total thickness of chaotic breccia of layer-4 at the southern
edge of Pokoradz Plateau in the Stran summit area of ca 30 m
thickness is built-up by several pyroclastic block and ash flows. In
the uppermost level of the chaotic breccia of layer-4 there are ero-
sive channels on its surface, being filled by conglomerate material
(Fig. 37).
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Fig. 35. In the lower part of the cliff below e.p. Kozinec on the southern slope of the Pokoradz Plateau a chaotic breccia of pyroclastic flow
is exposed. Strongly welded to homogenized tuffaceous matrix with smaller vesiculated fragments of dimensions 5-8 cm dominates in the
lower part of the cliff (photo a). In the upper part of the cliff, the angular fragments and blocks are concentrated, showing reverse gradation
(photo a). Several greater blocks show disintegration along radial and concentric fissures into angular fragments dispersed into matrix
(photo b). Disintegration of blocks in the hot state has occurred evidently during the transport and deposition of the pyroclastic flow. Ande-
site fragments belong to fine/medium porphyric pyroxene andesite. The breccia in lower part with more welded and homogenized matrix is
penetrated along the net of fissures with subvertical orientation, containing veinlets of secondary minerals (photo c). They represent the
pathways of fumarols, ascending after deposition of hot pyroclastic material.

Fig. 36. Chaotic breccia, consis-
ting of vesiculated, subspheric
and also angular fragments to
blocks up to 35 cm large, is ex-
posed in lower part of outcrop
(scheme b/1, photo a). Thin ash-
tuff layer (scheme b/2) covers the
lower chaotic breccia. Chaotic
breccia in the uppermost part
of the cliff is formed dominantly
of the smaller vesiculated frag-
ments, strongly welded with tuffa-
ceous matrix (scheme b/3). This
succession points on fact that
chaotic breccia — layer-4 consists
of several flow units of pyroclastic
flows.

Fig. 37. On the southern slope of the Pokoradz Plateau of the Stran
locality at level 510 m a.s.l., the chaotic breccia of pyroclastic flow is
exposed (1 in scheme). Breccia consists dominantly of vesiculated
subspheric fragmens large 5-20 cm and rarely by angular blocks
of dimensions up to 30 cm. On the surface of chaotic breccia, the
erosive channel is filled by the coarse conglomerate material (2 in
scheme). The erosive channel on the surface of chaotic breccia of
the layer-4 documents continuing processes of erosion and destru-
ction of chaotic breccia in the littoral zone occurring immediately
after deposition of pyroclastic flow.
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Chaotic breccia of layer-4 above coarse to blocky epiclastic
volcanic conglomerate at level 505-508 m a.s.l. is exposed on
eastern edge of the Pokoradz Plateau in rocky cliff bellow e.p. 515
(Fig. 38).

Results of study of chaotic breccia — layer-4 can be summa-
rized as a follows:

Chaotic breccia of layer-4, being deposited on coarse to bloc-
ky epiclastic volcanic conglomerate at level 495-500 m a.s.l. on
the southern edge of Pokoradz Plateau, represents the uppermost
member of succession of pyroclastic flows and also the uppermost
preserved member of lithofacial complex of the VySna Pokoradz
Formation. Chaotic breccia with ca 30 m maximum thickness is not
uniform. In its structure and total thickness there participate seve-
ral lithologically and structurally differing pyroclastic flows. During
their deposition an extended flat relief in the sedimentary basin has
originated, which consequently led to end of sedimentation in the
western part of sedimentary basin. Lake sedimentation has shifted
probably more southward, which is indicated by the erosive chan-
nels on the surface of chaotic breccia of layer-4 at the southern
edge of the Pokoradz Plateau. That assumption is supported
by findings of relics of epiclastic volcanic sandstones with inter-
calations of siltstones and fine conglomerate, cropping out near
Safarikovo town at the distance about 13 km to the southeast from
present southern denudation edge of the Pokoradz Plateau.

B - Structure and lithology of the eastern volcanosedi-
mentary complex of the Blh Plateau

The Blh Plateau represents isolated relic of volcanosedimen-
tary complex of the VySna Pokoradz Formation, located east of the
Blh brook valley. Despite the volcaniclastic material was transpor-
ted and deposited in one sedimentary basin, there are some diffe-
rences in lithology and facies succession of volcanosedimentary

Fig. 38. In the lower part of the cliff, the chaotic breccia consists
dominantly of strongly welded tuffaceous matrix with small vesicu-
lated fragments (scheme c/1, photo b below hammer). Besides the
vesiculated subspheric fragments, also small angular fragments
are present in smaller amount. Higher in the middle part of the cliff,
the chaotic breccia contains dominantly angular to subangular frag-
ments large 15-20 cm and ra-
rely up to 30—40 cm (scheme
c/2, photo b above hammer).
Coarser blocks are concen-
trated in lower and also upper
parts of this bed. Tuffaceous
strongly welded matrix with
small vesiculated fragments
forms about 50-60 vol. %.
In the uppermost part of the
cliff, the angular fragments
up to blocks with dimensions
40-60 cm are dominant with
signs of disintegration and
splittering (scheme ¢/3, pho-
to a). Matrix represents small
portion — about 10-15 vol. %.
In vertical direction the rever-
se gradation in distribution of
fragments and blocks in the
cliff can be observed, which
indicates process of kinetic
sieving during the movement
of pyroclastic flow. Lithological
character of described type of
chaotic breccia corresponds
to Merapi type pyroclastic
flow, being generated by col-
lapses and explosive destruc-
tion of extrusive domes.

complexes between the Pokoradz Plateau and Blh Plateau. This is
the reason, why structures and lithology of volcanic and volcano-
sedimentary facies of both plateaus are characterized separately.

Thickness of the volcanosedimentary complex at the northern
edge of the Blh Plateau is about 60—70 m, locally up to 100 m
(summit with e.p. 487.5 Turecky vrch). Southward the thickness of
volcanosedimentary complex moderately increases to about 100
to120 m. The base of volcanosedimentary complex at the northern
and southern edges of the Blh Plateau is located nearly in the
same altitude — about 385-390 m a.s.l. At its eastern edge, the
volcanosedimentary complex is divided on individual blocks by
several faults and its base due to their tectonic subsidence is in
lower position - app. 350—-360 m a.s.l. The basement of volcano-
sedimentary complex at the northern edge of the Blh Plateau is
formed by Mesozoic rocks. Southward in the sedimentary basin,
the Mesozoic rocks are alternated by Lower Miocene (Egerian) se-
diments. Morphologically the Blh Plateau is divided to northern and
southern segments.

Details of geological setting are shown in geological-lithofacial
map of the Blh Plateau (Appendix 1C, D) and on series of profiles
B-1 to B-9 oriented W — E (Appendix 2B).

Northern segment of the Blh Plateau

Northern segment of the Blh Plateau forms distinct morpho-
logical unit, trending NW-SE, rising above lowland of the Rimava
Basin by 200-250 m. In the northern part of the plateau, the relief
reaches maximum level about 487 m a.s.|. At the southern edge of
the plateau the relief slightly descends to 460 m a.s.l. Structure and
lithology of volcanosedimentary complex, building the Blh Plateau,
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is documented by geological-lithological map and profiles. Special
attention was devoted to characteristics of pyroclastic flows.

1 - Northern part of the area (profies B-1 to B-3, Appendix 2B)

North of volcanosedimentary complex of the Blh Plateau,
a system of paleovalleys on the southern slopes of the Slovenské
rudohorie Mts. (described earlier) was used as pathways for the
transport of volcaniclastic material into the sedimentary basin loca-
ted south. Isolated Viniény vrch Hill, e.p. 467.1, located northward
of the Blh Plateau, represents transition from the paleovalley into
southern sedimentary basin. On the southern slope of the Vini¢ny
vrch Hill in wall of abandoned quarry at level 388 m a.s.l. a bed
of epiclastic volcanic sandstones contains intercalations and thin
interbeds of siltstones and vitrocrystal tuff with signs of deposition
in shallow lake environment.

Volcanosedimentary complex at the NW edge of the Blh Pla-
teau is underlied by Mesozoic rocks and in E part by the Lower
Miocene sediments (profile B-1).

On the western edge of the Blh Plateau, the basal bed of tuf-
fitic sands with gravels of volcanic and non-volcanic rocks, thick
about 5 m, is deposited on Mesozoic rocks at level about 385 m
a.s.l. In its upper part at level 390 a.s.l., the basal bed gradually
passes into the bed of epiclastic volcanic sandstones, thick about
10 m. Epiclastic volcanic sandstones often contain pumices and
intercalations of fine andesite conglomerates. Except the cross
bedded and normal bedded epiclastic volcanic sandstones, the
non-bedded bodies of epiclastic volcanic sandstones are identified
as deposits of hyperconcentrated flows. Bodies of hyperconcen-
trated flows often contain dispersed fragments of andesites and
siltstones. In the eastern part of the volcanosedimentary complex,
the transition from the upper part of epiclastic volcanic sandstones
into bed of fine to medium epiclastic volcanic conglomerate with
rounded andesite material in fraction 5-20 cm was found west of
the Spanie Pole village.

On the western slope of the Blh Plateau on the ridge with e.p.
450 Pat chotarov (profile B-1), the bed of coarse to blocky epiclas-
tic volcanic conglomerate, thick app. 10 m, follows above epiclastic
volcanic sandstone at the level 400 m a.s.l. The chaotic breccia
of pyroclastic flow in thickness about 20 m is deposited with base
at 410 m a.s.l. above coarse to blocky epiclastic volcanic conglo-
merate. Chaotic breccia according to its position corresponds to
pyroclastic flow — layer-2. Higher from the level 430 m a.s.l. up to
level 440 m a.s.l., the coarse to blocky epiclastic volcanic conglo-
merate follows. Vertically and laterally the coarse to blocky epiclas-
tic volcanic conglomerate pass into medium to coarse epiclastic
volcanic conglomerate. The next thick bed of chaotic breccia of
pyroclastic flow with base at level 440 m a.s.| extends into an area
of the summit e.p. 450 Péat chotarov and on the summit with e.p.
469. According to its position, chaotic breccia corresponds to py-
roclastic flow — layer-3. Chaotic breccia of pyroclastic flow — layer-3
is exposed in cliff below the e.p. 469 (Fig. 39).

Southward (profile B-2) due to the gradual deepening of se-
dimentary basin, the basal bed of tuffitic sands with gravels of
volcanic and non-volcanic rocks descends to the level 355 m a.s.l.
on the western slope of the plateau. At the eastern edge of the
plateau, the basal bed is lower at level 325 m a.s.l. (profile B-2).
On the western slope from the level 366 to level 380 m a.s.l. a thick
bed of epiclastic volcanic sandstone follows with a higher content
of pumice. Higher above the bed of epiclastic volcanic sandstone
a coarse to blocky epiclastic volcanic conglomerate is deposited
between 380-400 m a.s.l.

Chaotic breccia of pyroclastic flow with thickness about 25
m, follows at level 400 m a.s.l. above coarse to blocky epiclastic
volcanic conglomerate on the western slope of the Blh Plateau.

Fig. 39. Chaotic breccia of layer-3 is exposed on the northern slope
of the ridge with e.p. 464 west of the Spanie pole village. Breccia
consists dominantly of vesiculated fragments with subspheric sha-
pe large 5-25 cm and rare 30-60 cm angular blocks (photo a).
Angular fragments and blocks are less frequent. Tuffaceous matrix
strongly welded with small vesiculated fragments (photo b) forms
about 60 vol. %.

Chaotic pyroclastic breccia corresponds according to its position at
level 400 m a.s.l. to layer-2, exposed in rocky cliff on the western
slope below e.p. 487.5 Turecky vrch (Fig. 40).

Continuation of chaotic breccia in that level to south in deeper
part of the basin finishes at a short distance. In higher level on the
western slope of plateau from 425 m up to 440 m a.s.l., the coarse
to blocky epiclastic volcanic conglomerate with rounded andesite
blocks up to 30—-40 cm follows.

On the western slope of e.p. 487.5 Turecky vrch the chaotic
breccia of pyroclastic flow follows at level 440 a.s.l. Breccia re-
presents continuation of pyroclastic flow from the northern area
on summit e.p. 450 Pat chotarov and summit with e.p. 460 (profile
B-2). Breccia consists dominantly of vesiculated 2—-20 cm frag-
ments and strongly welded matrix. In the uppermost part of the
hill with e.p. 487.5 Turecky vrch the angular and rounded andesite
blocks in stony debris probably indicate a presence of coarse to
blocky epiclastic volcanic breccia-conglomerate produced by the
destruction of underlying chaotic breccia of pyroclastic flow.

On the eastern slopes of the Blh Plateau similar situation as
on the western slope can be observed (profile B-2). Basal bed of
tuffitic sands with gravels of volcanic and non-volcanic rocks des-
cends to level 350 m a.s.l. (bellow e.p. 436) and further to east to
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Fig. 40. In the rocky
cliff on the southern
slope of the Pét chr-
batov hill west of
Spanie pole village,
the chaotic pyro-
clastic breccia is ex-
posed. In the lower
part of the cliff the
breccia is formed by
dominant vesiculated
andesite fragments
of subspheric sha-
pe large 5-15 cm,
blocks up to 30 cm
are rare (photo a). In
the higher part of the
cliff, the angular frag-

ments and blocks large up to 40-60 cm are more frequent with signs of reverse
gradation (scheme b). Tuffaceous matrix of red-brown colour is strongly welded

with small vesiculated fragments.

the level 325 m a.s.l. Above basal bed of tuffitic sands the bed of
epiclastic volcanic sandstones follows in thickness about 15 m.
Bed of medium to coarse epiclastic volcanic conglomerate crops
out above epiclastic volcanic sandstone from 340 m up to 375 m
a.s.l. Conglomerate beds alternate with thinner layers of epiclastic
volcanic sandstones.

On the eastern slopes of the Blh Plateau greater blocks and
outcrops of chaotic breccia of pyroclastic flows are exposed at le-
vel 375-377 m a.s.l. According to the lowest position above sea the
breccia represents probably layer-1.

On the eastern slope of the Blh Plateau the outcrops and scatte-
red blocks of coarse to blocky epiclastic volcanic conglomerate
follow between levels 380-400 m a.s.l. Above conglomerate bed,
the chaotic breccia of pyroclastic flow is exposed at the level 400 m
a.s.l. on the northern slope below e.p. 432 Koneény vrch in several
rocky cliffs (Fig. 41).

On the northern slope below e.p. 436 (east of Turecky vrch Hill
and south of the Spanie pole village), above thick conglomerate
bed, the bed the upper chaotic breccia of pyroclastic flow is expo-
sed at level 440 m a.s.l. in several cliffs (Fig. 42).

Further changes in structure and lithology of volcanosedimen-
tary complex southward are document by profile B-3. On the wes-
tern slope of the Blh Plateau in the structure of volcanosedimentary
complex there dominate facies of coarse to blocky epiclastic vol-
canic conglomerates alternating with beds of epiclastic volcanic
sandstones. The presence of chaotic breccias of the layer-1 and

Fig. 41. Chaotic breccia
of pyroclastic flow expo-
sed in cliff below e.p. 432
at level 400 m a.s.l. In the
lower part of the cliff, the
vesiculated fragments lar-
ge 5-25 c¢cm, rare up to 40
cm with subspheric shape
are dominant, the angular
fragments and blocks large
up to 20-30 cm are less
frequent (photo a). Tuffa-
ceous matrix of red-brown

layer-2 was not identified, except of the chaotic breccia of layer-3 in
the uppermost part of the lithological sequence.

Volcanosedimentary succession is characterized in more de-
tails on the southern slope of the Velka Lysa ridge situated north
of the HostiSovce village. Basal bed of tuffitic sands with gravels
of volcanic and non-volcanic rocks thick about 5 m is deposited in
348 m a.s.l. on the surface of the Lower Miocene sediments (pro-
file B-3). Above the basal sediments the beds of lower epiclastic
volcanic sandstones and tuff-sandstones (often with intercalations
of siltstones and fine conglomerates) follow up to level 367 m a.s.l.
(Fig. 43).

On the western slope of the Blh Plateau a thick overlying com-
plex of coarse to blocky epiclastic volcanic conglomerates follows
above lower epiclastic sandstones and tuff-sandstones alternating
with layers of epiclastic volcanic sandstones up to level 445 a.s.l.
(profile B-3). During geological mapping 4 distinct beds of coarse
to blocky epiclastic volcanic conglomerate were identified.

Conglomerate beds with partly rounded to well rounded ande-
site blocks with dimensions up to 40-60 cm (rare up to 80 cm) form
subhorizontal beds thick 5-20 m. They often contain intercalations
and thin beds of epiclastic sandstones and/or they alternate with
thin interbeds of fine to medium epiclastic volcanic conglomerates
(Fig. 44).

Beds of coarse to blocky epiclastic volcanic conglomerates are
separated and/or alternate with beds of epiclastic volcanic sand-
stones of variable thickness from 5 m up to 25 m (Fig. 45 — a).

colour is strongly welded with vesmulated fragments and homogenlzed (photo b). In the higher level of the cliff the content of angular frag-
ments and blocks is gradually increasing with the signs of reverse gradation. Breccia corresponds to layer-2. Thickness of chaotic breccia
is about 25 m. Above chaotic breccia of pyroclastic flow a bed of coarse to blocky epiclastic volcanic breccia follows in thickness about 15

m up to level 440 m a.s.l.
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Fig. 42. In rocky cliff at the northern edge
of the ridge with e.p. 436 south of the
Spanie pole village the chaotic breccia
of pyroclastic flow is exposed in ca 15 m
height (photo a). Chaotic breccia in the
lower part of the cliff consists dominantly
of subspheric vesiculated 5-25 cm frag-
ments, smaler angular 5-10 cm frag-

ments are less frequent (scheme d/1, photo b, lower part). Tuffaceous matrix is strongly welded with small vesiculated fragments and
locally it is homogenized (photo c). Upper part of the cliff bears a higher concentration of larger fragments and blocks (scheme c/2, photo
b, upper part), corresponding to reverse gradation of clastic material during movement of pyroclastic flow immediately before its sudden
deposition (effect of negative kinetic sieving). Several blocks show disintegration according to radial and concentric fissures into angular
fragments. This indicates processes of autoexplosivity in hot stage during movement in pyroclastic flow. In the lower part of strongly welded
breccia, the light veinlets of secondary minerals penetrate along fissures with subvertical orientation and they also cover the inner cavities
(photo c). They represent the ways of fumaroles ascending after deposition of hot pyroclastic material.

Epiclastic volcanic sandstones are sorted with normal and
reverse gradation and cross-bedding. Often intercalations of fine
conglomerates are present, too. In higher levels of volcanosedi-
mentary sequence, the epiclastic volcanic sandstones contain in-
tercalations and thin layers of siltstones and fine tuffs with pumice
thick about 1—4 cm (Fig. 45 — b, c). Presence of pumice indicates
actual explosive activity of plinian type during their deposition.

Lithological sequence on the western slope of Blh Plateau
finishes with deposition of chaotic breccia of pyroclastic flow at
level 445 m a.s.l. Breccia lying on coarse to blocky epiclastic volca-
nic conglomerate consists dominantly of vesiculated fragments of
subspheric shape with dimensions 5-15 cm and angular 10-30 cm
fragments, as well as the rare blocks large up to 1.5 m. Tuffaceous
matrix is strongly welded with small vesiculated fragments.

Facial succession on the eastern slopes of the Blh Plateau
(eastern part of profile B-3) is very different comparing its western
side. In lithological succession on eastern slopes 3 beds of chaotic
breccias of pyroclastic flows were identified (profile B-3).

On the eastern slope of the Blh Plateau the following succes-
sion in vertical profile was identified. Basal bed of tuffitic sands
with gravels of volcanic and non-volcanic rocks with base about
330 m a.s.l. passes in upper part into bed of epiclastic volcanic
sandstones and higher up to medium to coarse epiclastic volcanic
conglomerates with rounded blocks large up to 25-30 cm.

Chaotic breccia of pyroclastic flow lies on conglomerate at
the level 355 m a.s.l. Breccia exposed in rocky cliffs follows higher
up to level 371 m a.s.l. (thickness of breccia is about 16 m). Brec-
cia consists of vesiculated fragments of subspheric shape with
dimensions 5-10 cm, and rare blocks large up to 25 cm. Angu-
lar fragments large up to 30 cm and sporadically up to 60-80 cm

are present too. Tuffaceous matrix welded with small vesiculated
fragments is characteristic with a higher content of small angular
fragments. Above chaotic breccia a medium to coarse epiclastic
volcanic conglomerate with rounded andesite blocks up to 20-30
cm large and in thickness about 29 m follows up to level 400 m
a.s.l. This breccia corresponds probably to layer-1.

Chaotic pyroclastic breccia of pyroclastic flow in higher posi-
tion on the eastern slope of the Blh Plateau at level 400 m a.s.l.,
probably corresponding to layer-2, has deposited on bed of me-
dium to coarse epiclastic volcanic conglomerate. Breccia is expo-
sed in several outcrops and cliffs (Fig. 46a, b, c).

Chaotic breccia in the upper part of cliff is interpreted as upper,
light part of pyroclastic flow (richer in tuff-pumice component),
which was separated during movement of pyroclastic flow from
lower denser and heavier part of flow with content of fragments
and blocks of greater dimensions. Lower part of pyroclastic flow is
braked by contact with the basement rocks and due to fricton and
collisions was laid down sooner than the upper more mobile part
of the flow. Higher above the chaotic breccia of pyroclastic flow a
coarse to blocky epiclastic volcanic conglomerate (with rounded
andesite blocks large up to 40—-60 cm) follows on the eastern slope
of the Blh Plateau up to level 437-440 m a.s.l.

Third layer of chaotic breccia of pyroclastic flow overlies a bed
of coarse to blocky epiclastic volcanic — layer-3 conglomerate at
level 440 m a.s.l. at the eastern edge of the Blh Plateau. Chaotic
breccia represents the uppermost member of the lithological su-
ccesion and covers summit area of the Kone¢ny vrch ridge and
summit area of e.p. 470.1, and also extends on top of flat relief of
the Blh Plateau from the eastern to western edges. We suppose
that in total thickness about 30 m of chaotic breccia, several py-
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Fig. 43. Lower complex of epiclas-
tic volcanic sandstones is exposed
on the southern slope of Velka Lysa
at level 358 m a.s.l. (scheme e).
In lower part of outcrop there are
three beds of fine ash tuffs and vit-
rocrystal tuffs with signs of graded

bedding structures (scheme e/1), alternating with thin interbeds of yellow-ochre siltstones (sche-
me e/2). Ash tuff and vitrocrystal tuff represent partly reworked fallen tuffs from ash volcanic
cloud (photo a and b). Thin siltstone beds come from the dust ash fine material, sedimented in
lake environment (scheme e/2). Higher in succession, two bodies of non-bedded epiclastic vol-
canic sandstone follow (scheme e/3) with dispersed fragments of siltstones and andesites, laid

down by hyperconcentrated flows (photo c, above hammer). Between two bodies of non-bedded epiclastic volcanic sandstones thin bed
of siltstone (scheme e/4) with deformation structure is present. Higher above in succession there follows a bed of fine tuff (scheme e/5). In
the uppermost part of outcrop the epiclastic volcanic sandstone with cross-bedded structures, accentuated by beds of fine conglomerate
can be seen (photo d, scheme e/6).

Fig. 44. On the southern slope of
Velka Lysa at level 367 m a.s.l. coar-
se to blocky conglomerate alternate
with thin bed of epiclastic volcanic
sandstone (photo a). Higher on the
slope of Velka Lysa at level 377 m
a.s.l., the coarse to blocky conglo-
merates alternate with the fine to
medium epiclastic volcanic conglo-
merate (photo b).

Fig. 45. On southern slope of Vel-
ka Lysa ridge at level 415 m a.s.l.
the bed of epiclastic volcanic sand-
stone with dispersed pumice and
intercalations of siltstones is ex-
posed (photo a). Bed of epiclastic
volcanic sandstone is partly eroded
in the uppermost part during depo-
sition of the overlying conglomera-
te bed. In photo b there is detail of
dispersed pumice fragments, partly
rounded in epiclastic volcanic sand-
stone.
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roclastic flows, resp. flow units have contributed. Chaotic breccia
of pyroclastic flow — layer-3 consists of vesiculated fragments of
subspheric shape with dimensions 3—10 cm, the angular frag-
ments with dimensions 15-30 cm up to 1-1.5 m are less frequent.
Tuffaceous matrix is welded with smaller vesiculated fragments,
deposition of material is chaotic.

Facial differences between western and eastern slopes of the
Blh Plateau along transversal profile B-3 are summarized as fol-
lows. While on the western slope only one bed of pyroclastic flow
is present (the uppermost layer-3 with base at 445 m a.s.l.), on
the eastern slopes of the Blh Plateau there are except of upper-
most bed identified two beds of chaotic breccia in the lower level
of lithological sequence. On the western slope at corresponding
levels the beds of coarse to blocky conglomerate are developed,
which material is probably partly comming from the destruction of
preceeding chaotic breccias of pyroclastic flows. Western area of
sedimentary basin represents relativelly shallower part of basin,
more favourable for development of conglomerate facies, while the
eastern relativelly deeper part of the basin was preferred during
transport of pyroclastic flows.

2 — Southern part of the area (profies B-4 to B-7 Appendix
2B)

Southern part of the northern segment of the Blh Plateau area
becomes gradually narrower, trending to the southern edge with
transition to ridge with e.p. 457 Jablonka.

Lithological succesion on the western slopes of the Blh Pla-
teau in the southern part of the area (profile B-4) is similar as in
the case of profile B-3. Basal bed of tuffitic sands with gravels of
volcanic and non-volcanic rocks (with the base at level 345 m a.s.l.
and thickness about 3 m) passes gradually in the upper part into
lower bed of epiclastic volcanic sandstones with thickness about
30 m. Higher from the level 378 m a.s.l. up to level 450 m a.s.l. a

Fig. 46. Chaotic breccia exposed in cliff below the Kone¢ny vrch
Hill at level 405 m a.s.l. is formed dominantly of vesiculated sub-
spheric fragments with dimensions 5-20 cm (scheme c¢/1). Angu-
lar fragments up to 30 cm and rare blocks up to 1.5 m are less
frequent and they are concentrated dominantly in the lower part of
the cliff. Tuffaceous matrix, strongly welded with small vesiculated
fragments (photo b), is locally rich on pumice 0.5-1 cm fragments.
Matrix forms app. 40-45 vol. %. In the upper part of the cliff the
small vesiculated fragments with dimensions 3-5 cm, rare up to
10 cm are dominant (scheme c/2, photo a). Tuffaceous matrix in
the upper part of cliff shows low degree of welding and/or is not
welded, containing small dark vesiculated andesite fragments and
higher content of pumice.

thick complex of coarse to blocky epiclastic volcanic conglome-
rates follows (4 beds) with rounded blocks 30—40 cm up to 90 cm,
alternating with interbeds of epiclastic volcanic sandstones. At the
level 433 a.s.l. in the bed of coarse to blocky conglomerate the big
blocks with dimensions 2 x 3 m are present.

Chaotic breccia of pyroclastic flow in the uppermost part of
vertical lithological succession at level 450 m a.s.l. represents
continuation of layer of chaotic breccia from the summit part of
the Velka Lysa Hill (north of HostiSovce village) and shows similar
lithological character. Vesiculated fragments with subspheric shape
are in dimensions 5-25 cm, angular fragments with greater dimen-
sions up to 30-60 cm are also present. Tuffaceous matrix is wel-
ded with small vesiculated fragments. That layer of chaotic breccia,
building flat top of the Blh Plateau, continues to its southern edge.

Continuing to south in the southern part of the Blh Plateau
a similar succession was identified on the western slope of the
plateau (profiles B-5 and B-6). Above basal bed of tuffitic sands
with gravels of volcanic and non-volcanic rocks and above bed of
epiclastic volcanic sandstones a thick complex of coarse to blocky
epiclastic volcanic conglomerate follows (4 beds), alternating with
layers of epiclastic volcanic sandstones. Southward the facies on
western slopes are disturbed by extended slides of rocks masses
to such a measure that identification of their original position is
almost impossible.

Eastern slopes of the Blh Plateau are similarly modified by
huge slides of rock masses. Chaotic breccia of pyroclastic flow
with the base at about 350-355 m a.s.|. were revealed northward
(profile B-3), its continuation to south was confirmed also in profile
B-4. Higher above the bed of chaotic breccia of pyroclastic flow,
two beds of coarse to blocky epiclastic volcanic conglomerate
follow, alternating with layers of epiclastic volcanic sandstone.
Uppermost member of the succession represents chaotic breccia
of pyroclastic flow with the base at level about 405 m a.s.I.

Southward the eastern slopes of the Blh Plateau are strong-
ly disturbed by rock slides (see geological-lithological map and
profiles B-4, B-5, B-6) and the identification of primary position of
facies is in some cases problematic.
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Chaotic breccia of pyroclastic flow above conglomerate bed is
exposed in cliffs on the eastern slope of the Podpolom ridge with
a base located at about 400 m a.s.l. (B-5). Chaotic breccia consists
of vesiculated smaller fragments and angular fragments to blocks
up to 30—60 cm large. Tuffaceous matrix is welded with small vesi-
culated fragments.

Continuing to south (B-6) on the western slope of the Blh Pla-
teau three beds of coarse to blocky epiclastic volcanic conglo-
merate alternate with epiclastic volcanic sandstones and within
a bed of epiclastic volcanic breccia they were also identified.
Higher above them the chaotic breccia of pyroclastic flow with the
base about 430 m a.s.l. is exposed in the summit area of e.p. 482.5
Strmy breh in several cliffs and scattered blocks. Breccia consists
of vesiculated fragments of subspheric shape with dimensions
5-15 cm and angular 5-20 cm fragments, which dominate. Tuffa-
ceous matrix is strongly welded with small vesiculated fragments
and homogenized. Chaotic breccia follows to eastern edge of the
Blh Plateau (e.p. 475.6 Vysoka), where its base occurs above co-
arse to blocky epiclastic volcanic conglomerate in the level 425 m
a.s.l.

Below the base of chaotic breccia on the western slope of the
Strmy breh summit in outcrops along the road cut, the specific type
of breccia is exposed at level 425 m a.s.|. Breccia consists of small
strongly vesiculated pumiceous fragments and ash-pumice matrix.
Chaotic breccia represents deposits of ash pumice flow preceding
the block and ash pyroclastic flow.

Along the southernmost transversal W—E trending profile B-7,
crossing the e.p. 457 of the Jablonka ridge, the extended rock sli-
des disturbed the facial succession on both western and eastern
slopes. At level 400-410 a.s.l. a bed of epiclastic volcanic sand-
stones is exposed. Higher the coarse to blocky epiclastic volcanic
conglomerate is present with overlying chaotic breccia of pyro-
clastic flow, exposed at the level 425-427 a.s.l. in cliff on southern
slope of the ridge with e.p. 458 (Fig. 47).

On the southern slope of the ridge with e.p. 457 Jablonka, the
sequence of epiclastic volcanic sandstone (with content of pumi-

ce) and coarse to blocky epiclastic volcanic conglomerate in the
upper part is exposed between levels 360-425 m a.s.l. The lahar
breccia with angular to subangular fragments with dimensions
5-20 cm and rare blocks up to 30-40 cm and sandy matrix follows
above the coarse to blocky epiclastic volcanic conglomerate.

On the summit area of the ridge at level 442 m a.s.l., the cha-
otic breccia of pyroclastic flow (Fig. 48) is exposed above bed of
coarse to blocky epiclastic volcanic conglomerate.

The chaotic breccia, building summit area of the Blh Plateau
and southern ridge, consists evidently of a several pyroclastic flows
of different lithology and probably also different origin.

Southern segment of the Blh Plateau

1 — Southern area of the Blh Plateau (profiles B-8 to B-10,
Appendix 2B)

Southern segment of the Blh Plateau, situated NE of the Teply
vrch village, is roughly of triangle shape. At its NW edge a nar-
row ridge trending NW—SE with e.p. 457.8 Hradiste is present. The
southeastern edge of the plateau is divided by deep erosive valleys
into several NW-SE trending ridges. From the west to east they are
as follows: 1 — ridge with e.p. 499.2 Dlhy vrch, 2 — ridge with e.p.
495 Derava skala and 3 — ridge with e.p. 741. Steep slopes limiting
margins of the Blh Plateau are modified by large to enormous sli-
des of volcanic rocks due their instability above Lower Miocene
sediments. Larger part of the plateau represents a reservation of
red deer.

Structure and lithology at the northern edge of southern seg-
ment documents western part of transversal profile B-7, which be-
gins on western slope of the plateau and eastward it is crossing
summit with e.p. 457.3 Hradiste, and next summits with elevation
points 540, 457.6 and 481.5 Dilhy vrch, continuing to east through
the Ziha valley. The eastern final part of the profile, crossing the
ridge with e.p. 457 Jablonka, was already commented.

c)

Fig. 47. Chaotic breccia exposed on the southern slope of the ridge with e.p. 458
(photo a). Angular fragments of breccia with dimensions 5-25 cm and blocks up
to 40-60 cm (rare to 1 m) are dominant, vesiculated subspheric fragments with
dimension 5-8 cm are less frequent. Tuffaceous matrix is welded with smaller ve-
siculated fragments. In the left part of the photo below the breccia, a large rounded
block of underlying conglomerate bed is located (photo a). On the western slope
of the ridge with e.p. 458, the chaotic breccia is exposed (photo b, scheme c).
In the lower part of outcrop, the tuffaceous matrix welded with small vesiculated
fragments is dominant (photo b, near hammer). Angular fragments to blocks ori-
ginating by the disintegration of a larger block during transport in pyroclastic flow
are concentrated in the higher part of outcrop (photo b, above hammer, scheme c).
Lithology of chaotic breccia of pyroclastic flow corresponds to Merapi type, related
to destruction of extrusive dome.
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On the western slope of the Velké Hradiste ridge between
levels 350430 m a.s.l. the complex of epiclastic volcanic sand-
stones alternates with the fine to medium epiclastic volcanic
conglomerate, epiclastic volcanic breccia-conglomerate and coar-
se to blocky epiclastic volcanic conglomerate (profile B-7). At the
level 410 m a.s.l. the scattered blocks of chaotic breccia of pyro-
clastic flow are present on the western slopes of the ridge. Vesicu-
lated fragments of subspheric shape and vesiculated structure of
dimensions 5-20 cm and rare up to 30—40 cm are dominant, an-
gular fragments are less frequent. Tuffaceous matrix of red-brown
colour is strongly welded with small vesiculated fragments.

Chaotic breccias of pyroclastic flow exposed in numerous
outcrops and cliffs in the summit area of the ridges are referred in
details in the study of lithology and structures (Fig. 49).

Chaotic breccia of pyroclastic flow is exposed in cliff on the
southern slope of the ridge with e.p 457.3 HradiSte at level 435
a.s.l. (Fig. 50).

QOutcrops of chaotic breccia continue on the summit of the rid-
ge with e.p. 450 east of Hradiste ridge (Fig. 51).

Chaotic breccia of Merapi type containing angular fragments
and blocks is exposed in several outcrops and cliffs in the summit
area of the ridge with e.p. 457.6 Nad horarnou (Fig. 52).

Chaotic breccia of pyroclastic flow of specific type is exposed
in abandoned quarry on NW slope of the ridge with e.p. 450 at level
395 m a.s.l. (Fig. 53).

Ash-pumice pyroclastic flows were generated during collapses
of the plinian eruptive column. Higher above the ash-pumice py-

Fig. 48. Chaotic breccia
consists of vesiculated
fragments with dimensions
5-25 cm to about 30 cm
and blocks with subspheric
shape (photo a). Tuffaceous
matrix of reddish-brown co-
lours is strongly welded and
homogenized with small ve-
siculated fragments (pho-
to b). Chaotic breccia of
pyroclastic flow is close to
types which originated du-
ring collapses of eruptive
columns of vulcanian type
eruptions.

Fig. 49. Chaotic breccia of pyroclastic flow is
exposed in rocky cliff on the western slope of
the ridge with e.p. 457.3 Hradiste in altitude
430 m a.s.l. Breccia in the lower part of the cliff
(scheme b/1, photo a) consists dominantly of
vesiculated fragments with subspheric shape
and dimensions 5-15 cm, angular fragments
are in less abundant. Tuffaceous matrix of light
grey colour, welded with small vesiculated frag-
ments, forms about 60 %. In the higher level
of the cliff (scheme b/2) the matrix welded with
small fragments represents about 85 vol. %.
The uppermost part of the cliff (scheme b/3)
manifests conspicuous concentration of up to
30-40 cm large fragments and blocks of sub-
spheric shape and vesiculated structure. Smal-
ler fragments are concentrated dominantly in
the lower part of bed. Matrix represents about
50 % of volume, or the clastic material prevails.
It is supposed that three units of pyroclastic
flows are present in the cliff. In the lower part of
the cliff unit 1 and unit 2 without sharp margins
are present and unit 3 occurs in upper part of
the cliff.

roclastic flow, the chaotic breccia of Merapi type is exposed on the
slope of the ridge with e.p. 457.7 Nad Horarfiou (Fig. 52).

The revealed succession indicates that after the plinian erup-
tions, generating ash-pumice pyroclastic flows, there follow the
eruptions of the block-ash pyroclastic flow of Merapi type, related
to destruction of extrusive domes.

Chaotic breccia of the ash-pumice-like type is identified also
on the western slope of the Dlhy vrch ridge at the level 433 m a.s.l.
bellow the bed of block and ash pyroclastic flow of Merapi type.

More complete succession of pyroclastic flows is exposed in
the gorge on the northern slope of the ridge with e.p. 489 Holy vrch
at the level 433 m a.s.l. (Fig. 54).

In higher level on the northern slope of Holy vrch Hill at about
448-450 m a.s.l., the chaotic breccia of blocky pyroclastic flow of
Merapi type is exposed in several outcrops.

The sequence on the northern slope beneath the e.p. 489 Holy
vrch can be interpreted as follows: Volcanic activity had started
with huge (enormous) eruptions of ash-pumice tuffs of Plinian
type. Fallen pyroclastic material washed down from the slopes of
stratovolcano and was deposited in the lake environment. During
continuing plinian eruptions the ash-pumice pyroclastic flows were
generated with collapses of eruptive columns. Next block and ash
pyroclastic flow transported dominantly hot juvenile material, ash
tuff, vesiculated fragments and blocks of disintegrated magma
and also blocks coming from older volcanic structure. Final series
of blocky pyroclastic flows of Merapi type is probably related to
ascending and collapses of extrusive domes in the area of central
volcanic zone and/or on slope of stratovolcano.



Vlastimil Konecny et al.: Paleovolcanic reconstruction of the Neogene Vepor stratovolcano (Central Slovakia), part Il 149

Fig. 51. Chaotic breccia of
pyroclastic flow is exposed
in the wall of cliff on the
summit with e.p. 450. In
the lower part of cliff, the
strongly welded tuffaceous
matrix with small vesicula-
ted fragments dominates
(scheme b/1, photo a, be-
low hammer). In the upper
part of the cliff, the coarse
to blocky material is accu-
mulated with reverse gra-
dation. Noteworthy there is
a presence of big rounded
blocks in the upper part of

chaotic breccia (photo a, above hammer, scheme b/2 at hammer). Rounded
block probably come from underlying conglomerate bed of littoral zone, crossed

by moving pyroclastic flow.

Fig. 52. Chaotic breccia of pyroclas-
tic flow, forming rocky cliffs on api-
cal parts of the ridge with e.p. 457.6
Nad horarriou, consists dominantly
of angular fragments with dimensi-
ons 5-25 cm up to 40-60 cm blocks.
The vesiculated subspheric fragments
are less frequent. Tuffaceous matrix
welded with small vesiculated frag-
ments represents about 30-40 vol. %.
Schmincke (2004) for pyroclastic flow
with higher content of fragments and
blocks suggests the term “blocky py-
roclastic flow” Chaotic breccia with do-
minant content of angular fragments
and blocks follows to east in outcrops
located in apical parts of the ridge
with e.p. 481.5 Dlhy vrch.

Fig. 50. Chaotic breccia of pyroclas-
tic flow is exposed on the southern
slope of e.p. 457.3 Hradiste. Chao-
tic breccia is heterogeneous. Frag-
ments of subspheric shape with
dimensions 3—-10 cm (rare 15-20
cm) are dominant in the lower part
of outcrop. Angular fragments are
less frequent. Reddish strongly wel-
ded tuffaceous matrix with small
vesiculated fragments represents
80-90 vol. % (photo b). In the upper
part of outcrop, the fragments and
blocks of greater dimensions are
accumulated with reverse grada-
tion (photo a, c). Large blocks often
show structures of paralel lamina-
tion (photo d). These characteristics
indicate the origin of pyroclastic flow
due to the collapse and destruc-
tion of extrusive dome (Merapi
type). Larger fragments and blocks,
carried in the upper part during mo-
vement of pyroclastic flow, empha-
size the effect of kinetic sieving.

b)

Profile B-8 documents structure and lithology of
volcanosedimentary formation on the southern edge of
the Blh Plateau. Profile B-8, trending SW-NE, begins
on the SW slope of the Blh Plateau, crossing ridges
Velka skala, Derava skala with e.p. 495 and ridge with
e.p. 475, where it finishes. On the western slope of the
Velka skala ridge, the huge rock landslides have occur-
red along scarp zone in the complex of epiclastic vol-
canic sandstones, alternating with interbeds of fine to
medium epiclastic volcanic conglomerates. Basal bed
is supposed at level 355 m a.s.|. Coarse to blocky epi-
clastic volcanic breccia-conglomerate with rounded
and angular andesite blocks up to 0-50 cm follows from
the level 420 m a.s.l. up to 430 m a.s.l.

Chaotic breccia of pyroclastic flow on the southern
slope of Velka skala, deposited with base about 431 m
a.s.l. above the bed of the coarse to blocky epiclastic
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Fig. 53. In the wall of abandoned quarry at the forest
road on the NW slope of the southern segment of
the Blh Plateau, the specific type of breccia is expo-
sed (scheme b; photo a). Small, strongly vesiculated
fragments of pumiceous character of subspheric and
irregular shapes with dimensions 5-15 cm represent about 8—10 % of the breccia volume. Angular 3-10 cm fragments are rare, they form
only about 2-3 vol. %. Tuffaceous pumice matrix consists of small vesiculated fragments of pumice, being strongly welded with ash tuff
material of light grey to yellow-rose colour (photo c). Tuffaceous-pumice matrix represents about 85-90 vol. %. Lithic, dark andesite frag-
ments coming from older volcanic structure, having sharp edges against matrix, are sporadic (photo c). Deposition of pyroclastic material is
chaotic. Rare andesite pebbles and rounded blocks were derived probably from underlying conglomerate beds, and eventually from fluvial
sediments on the bottom of paleovalley.

Fig. 54. In the outcrop on the northern slope of e.p. 489
Holy vrch, located in gorge, the following succession
is exposed (scheme d): 1 — Bed of reworked pumice
tuff in the lower part of outcrop shows weak signs of
bedding (scheme d/1). Locally the imprints of leaves
and remnants of flora are present with scattered
of fine andesite fragments (photo b). The pumice-
-ash pyroclastic flow follows above reworked pumice
tuff (scheme d/2, photo a). Vesiculated subspheric
fragments with dimensions 5-10 cm are sporadic,
representing about 10-15 vol.%. Angular lithic fragments of non-vesiculated andesite with
dimensions from several cm to block about 30 cm are rare. Tuffaceous matrix with high
concentration of pumice is welded with small vesiculated fragments. Chaotic breccia in the upper
part of outcrop (scheme d/3, photo c) consists of vesiculated andesite fragments of subspheric
shape with dimensions 5-15 cm, angular andesite fragments and blocks large up to 30 cm are
rare. Tuffaceous matrix with higher concentration of pumice is welded with small vesiculated
fragments. In vertical section a higher concentration of blocks in the upper part of breccia is
observed with signs of reverse gradation (photo c).

sl

volcanic breccia-conglomerate, consists of angular fragments with
dimensions 10—20 cm and rare blocks up to 80 cm. The vesiculated
fragments of subspheric shape and dimensions 5-10 cm are less
frequent. Tuffaceous matrix locally of brown-red colour is welded
with vesiculated fragments. The deposition of material is chaotic.
Breccia with dominant content of angular blocks corresponds to

Merapi type. Breccia of this type continues in outcrops and cliffs
higher on the western slope up to level 452 m a.s.l. (Fig. 55).

Profile B-8 continuing to NE passes the next ridge Derava ska-
la with e.p. 495. At level 374 m a.s.l. a landslide scarp edge occurs
in a complex of epiclastic volcanic sandstones with interbeds of
reworked tuffs with higher content of pumice tuffs and layers of fine
clastic material. Higher on the slope at level 417 m a.s.l. in rocky
cliffs the lahar breccia is exposed (Fig. 56).
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Fig. 55. Chaotic breccia of
pyroclastic flow is exposed
in higher level of the slope
below the Velka skala Hill in
cliff located at level 452 m
a.s.l. Chaotic breccia is
chacteristic with dominancy
of angular fragments with
dimensions 5-25 cm and
blocks up to 50-80 cm. The
vesiculated, subspheric
fragments with dimensions
5-15 cm are less frequent
(photo a). Tuffaceous mat-
rix light grey, locally reddish
is welded with vesiculated

fragments. Several blocks with dimension up to 60-80 cm show dlsmtegratlon along radial and concentrlc fissures in hot stage dunng
transport in pyroclastic flow (photo b). Angular fragments are dispersed into tuffaceous matrix.

On the western slope of the Derava skala ridge, the bed of
coarse to blocky epiclastic volcanic conglomerate in thickness
about 2-5 m is deposited on lahar breccia. Above conglomerate
bed there follows the chaotic breccia of pyroclastic flow at the level
434 m a.s.l. (Fig. 57).

Lahar breccia in higher position on the western slope of the
Derava skala ridge, with thickness about 15 m is exposed at level
447 m a.s.l. Except of andesite fragments and blocks, the frag-
ments of non-volcanic rocks (crystalline schists, granitoids and
pebbles of quartz) are present too. Sandy-tuffitic matrix with clay
component is strongly dominant above clastic material. The de-
position of material is chaotic. Breccia can be classified as a cold
lahar. Above lahar breccia at level 462 m a.s.l. a bed of coarse

Fig. 56. Lahar breccia, exposed on
the southern slope of Derava skala
e.p. 495, consists of polymict clastic
material (scheme b). Except angular
to rounded andesite fragments with
dimensions 5-30 cm (photo a,
scheme b), also the fragments and
blocks of non-volcanic rocks with
dimensions up to 10—20 cm are often
present, belonging to crystalline
schists, granitoids, migmatitized
gneisses (photo ¢ above hammer),
fragments of Paleozoic sediments,
and small pebbles and gravels of
quartz and crystalline rocks. Clay-
tuffitic matrix is forming about 85
vol. % (photo d, detail of matrix).
Thickness of lahar body is about
15m. Lithology of lahar breccia
corresponds to cold lahar. Higher
content of non-volcanic material
indicates that lahar, leaving
the stratovolcanic slope,
has continued in movement
on the surface, built-up
by Hercynian crystalline
rocks and next on bottom
of paleovalley with fluvial
sediments (pebbles of quar-
tzites and gravels of non-
-volcanic material).

Chaotic breccia of pyro-
clastics flow follows above
lahar (scheme b/2).

to blocky epiclastic volcanic conglomerate follows with rounded
blocks large up to 40-50 cm and sporadically up to 1.2 m. Thick-
ness of conglomerate bed is about 3—4 m.

The second body of chaotic breccia of pyroclastic flow is
deposited on coarse to blocky conglomerate at level 465 m a.s.l.
Chaotic breccia continues to higher level in several cliffs and large
blocks up to level 474 m a.s.l. (thickness of breccia is about 9 m,
Fig. 58).

Higher above chaotic breccia, the coarse to blocky epiclastic
volcanic conglomerate follows with rounded andesite blocks large
up to 30—40 cm at the level 474 m a.s.l.. Thickness of conglomerate
bed is about 8-9 m.
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Fig. 57 Chaotic
breccia of pyroclas-
tic flow, exposed on
the western slope
of the Derava skala
in the level 434 m
a.s.l., consists of ve-
siculated fragments
of subspheric sha-
pe with dimensions
5-15 cm and angular
fragments up to 30
cm and rarely to 1 m.
Tuffaceous matrix is
strongly welded with
small vesiculated
fragments. Chaotic
breccia in outcrops
and cliffs continue higher up on the slope to level 447 m a.s.l. (thick-
ness of breccia is about 13 m). The higher concentration of blocks
in the upper part of pyroclastic flow indicates reverse gradation.
Lithology of breccia corresponds to Merapi type of pyroclastic flow.

Third body of lahar breccia — hot lahar type follows above
conglomerate bed in higher level of the slope Derava skala at level
483 m a.s.l. (Fig. 59).

Fig. 58. Chao-
tic breccia of
pyroclastic flow
exposed on the
western  slope
of Derava ska-
la Hill at level
465 m a.s.l.
(photo a) con-
sists dominantly
of angular frag-
ments up to
15-20 cm large ;
and rare blocks . ot

<l

of dimensions
to 80 cm up to
2 m with signs
of  disintegra-
tion into angular
fragments (pho-
to b). Vesicula-
ted fragments
of  subspheric
shape with di-
mensions 5-15
cm are also
present. Tuffa-
ceous matrix is
strongly welded
with vesiculated

fragments. Lithological character of breccia is close to Merapi type
of block and ash pyroclastic flows.

transport.

Fig. 59. Lahar breccia is exposed in cliff bellow the e.p. 495 Derava skala at level
483 m a.s.l. (scheme d; photo a). Lahar breccia is lithologically heterogeneous, com-
posed of vesiculated 5-15 cm andesite fragments and subangular to angular frag-
ments large up to 20 cm and rarely up to 60 cm. Rounded andesite blocks are less
frequent. Sandy tuffaceous matrix is consolidated but nonwelded. In the lahar breccia
the fragments and blocks of sediments are enclosed (scheme d/1). Heterogeneous
character is emphasized by local concentration of larger blocks and in other place
with accumulation of smaller fragments with dimensions 5-15 cm. Irregular bodies of
fine sandy material often with steep inclination are present in breccia (photo a, b and
c) They probably resulted on further slides and crushing of material due its gravitation
instability after its deposition on the bottom of sedimentary basin. Relatively higher
content of vesiculated fragments with subspheric shape (pyroclastic fragments) and
higher degree of consolidation of matrix indicate a partly hot stage of material during
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Concerning of the origin of lahar breccia we suppose that ori-
ginal pyroclastic flow, after invading into water environment, due to
absorption of the water, cooling and by mobilization of sedimentary
material from underlying rocks, has transformed into the hot lahar,
moving further on the bottom of sedimentary basin.

Coarse to blocky epiclastic volcanic conglomerate with roun-
ded blocks large up to 40-60 cm and thickness about 5 m follows
above lahar breccia in the summit of e.p. 495 Derava skala. In the
upper part, the conglomerate bed passes gradually into facies of
coarse to blocky epiclastic volcanic breccia-conglomerate.

Profile B-8 in its final part is crossing the ridge with e.p. 471.
From the foot of the slope up to its top the following sequence was
identified:

At the level 381 m a.s.l. in sporadic outcrops a bed of epiclastic
volcanic sandstones and tuff-sandstones with pumices and fine
andesite fragments is exposed. Body of lahar breccia follows abo-
ve epiclastic volcanic sandstones at the level 383 m a.s.I. (Fig. 60).

Fig. 60. Lahar breccia (scheme b/2) is exposed at level 380 m a.s.l.
in the outcrop at foot of the ridge with e.p. 471 above bed of layered
epiclastic volcanic sandstone (scheme b, photo a). Base of lahar
breccia lies with sharp contact on underlying epiclastic volcanic
sandstone (scheme b/1, photo a). Lahar breccia consists of angu-
lar to subangular and less frequent rounded andesite fragments
with dimension 5-25 cm and rare blocks up to 50-60 cm large.
Tuffitic sandy matrix with clay component and rich on small angular
and also rounded andesite fragments represents about 80 % of
the rock volume. Deposition of material is chaotic without signs of
sorting and bedding.

Chaotic breccia of pyroclastic flow follows on the southern
slope of the ridge with e.p. 381 at the level 426 m a.s.l. (Fig. 61).

Fig. 61. Chaotic breccia of pyroclastic flow is exposed in cliff on
the southern slope of the ridge with e.p. 381 at level 426 (photo
a). Breccia consists of vesiculated andesite fragments of subsphe-
ric shape and with dimensions 5-15 c¢cm rare to 20 cm. Angular
fragments with dimensions 20-40 cm and rare blocks up to 1.5
are dominant. Tuffaceous matrix is welded with smaller vesiculated
fragments. In higher level about 440 m there is accumulation of
blocks of greater dimensions in pyroclastic flow (photo b).

Chaotic breccia follows in rocky cliffs on the southern slope
of the ridge up to the level 440 m a.s.l. In this level a higher ac-
cumulation of greater angular blocks with dimensions up to 1.3 m
is observed with signs of reverse gradation (Fig. 61). Vesiculated
subspheric fragments are less frequent. Tuffaceous matrix welded
with small vesiculated fragments forms about 30 %. Lithology of
chaotic breccia corresponds to pyroclastic flows of Merapi type.

According to the stony debris with angular and rounded blocks
with dimensions up to 40-50 cm, the bed of coarse to blocky epic-
lastic volcanic breccia follows up to level 450 m a.s.l.

Second body of chaotic breccia of pyroclastic flow of Merapi
type follows at the level 450 m a.s.l. above coarse to blocky epi-
clastic volcanic breccia (Fig. 62).

Lahar breccia is exposed in several cliffs at level 465 m a.s.l.
above chaotic breccia of pyroclastic flow in the upper part of the
ridge with e.p. 471. Breccia is characteristic with higher content of
vesiculated, subspheric fragments and also with angular fragments
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Fig. 62. In roc-
ky cliff at level
450 m a.s.l. on
the  southern
slope of the
ridge with e.p.
381, the cha-
otic breccia
of  pyroclastic
flow is expo-
sed. Angular
fragments up
to 30 cm large
and rare blocks
to 60 cm large
are dominant. Subspheric, vesiculated fragments with dimensions
5-20 cm occur in smaller amount. Tuffaceous matrix of the red-
brown colour welded with small vesiculated fragments forms about
40 vol. %.

with dimensions 5-20 cm and rare blocks up to 40 cm. Rounded
fragments and blocks are less abundant. Tuffaceous-sandy matrix
with higher content of pumice, locally red coloured, is consolida-
ted. Deposition of clastic material is chaotic. The higher content of
vesiculated fragments and higher consolidation of matrix point on
the hot state of some parts of material during the lahar movement.
Breccia corresponds to the hot lahar type.

Three isolated relics of volcanosedimentary rock (three indivi-
dual hills) are situated south of the Blh Plateau. They are crossed
by two transversal profiles B-9 and B-10 trending W-E.

Complex of epiclastic volcanic sandstones was identified in
the landslide scar on the western slope of the VIGi vrch Hill with
e.p. 442 at level 380 m a.s.l. (profile B-9). Higher above the com-
plex of epiclastic volcanic sandstones a medium to coarse epic-
lastic volcanic conglomerate follows in interval 380—400 m a.s.l.,
passing above into the bed of fine to medium epiclastic volcanic
breccia-conglomerate. At level 410-420 m a.s.l. several blocks of
lahar breccia are scattered on the slope of the hill. Lahar breccia
consists of vesiculated subspherical fragments, as well as angular
fragments of dimensions 5-20 cm up to 30 cm, having consoli-
dated tuffaceous sandy matrix, locally of reddish colour. Breccia
corresponds to the hot lahar type.

In vertical lithological succession at level 425 a.s.l. a coarse
to blocky epiclastic volcanic conglomerate follows with rounded
blocks large up to 30 cm in diameter (rare up to 90 cm), being
deposited in subhorizontal beds. At this level a great block with
texture of lamination with platy jointing is partly exposed. This block
was probably produced by the destruction of lava flow.

In the summit area of VIEi vrch, several blocks of ash-pumice
pyroclastic breccia are scattered at the level about 400 m a.s.l.
Fragments of subspheric and/or irregular shape with dimension
2-5 cm up to 10 cm are strongly vesiculated. Tuffaceous matrix of
grey colour is strongly welded with small vesiculated fragments.
Breccia is lithologically close to layer of ash-pumice pyroclastic
flow on the northern slope of the Holy vrch Hill and the Dlhy vrch
Hill on the northern edge of southern segment of the Blh Plateau.

Profile B-10 is crossing isolated Mlynar hill with e.p. 407.5 (Fig.
63) and next hill to east (without e.p.). Epiclastic volcanic sandsto-
nes with intercalations of fine conglomerates, cropping out in lower
levels of slopes of both hills, pass in upper part at level 380 m a.s.l.
into the bed of fine to medium epiclastic volcanic conglomerates.
Pebbles and rounded blocks with diameter 5-10 cm and rare to 30
cm belong to andesites and sporadic non-volcanic rocks (grani-
toids, quartz and crystalline schists).

Lahar breccia of the hot type lahar was identified on the top of
Mlynar hill with e.p. 407.5.

Fig. 63. On the top of the Mlynar hill with e.p. 407.5 in abandoned
small pit quarry and in a several blocks in its surrounding a lahar
brecccia was identified. Breccia is formed dominantly of smaller
vesiculated fragments of subspheric shape with dimensions 5-10
cm, rare up to 25 cm (photo a).Tuffaceous matrix is light grey, local-
ly reddish with clay component and content of dispersed pumices
and small vesiculated fragments. Margins of vesiculated fragments
against matrix are not sharp and irregular in many cases, which
points on the hot state of fragments (photo b). Angular and roun-
ded fragments in contrast show a sharp contures against matrix.
Locally the pebbles of conglomerates are present in lahar breccia.
Several signs, indicating the hot state of pyroclastic material, allow
to suppose that in this case the original pyroclastic flow after its
penetration into the lake environment and after absorption of water
and mobilization of sedimentary material from the lake bottom was
transformed into hot lahar.

lll - Paleovolcanic reconstruction of the Vepor stratovol-
cano

In preceeding Part |, the analysis of relics of intrusive bodies
in the central and proximal volcanic zone of the Vepor stratovol-
cano was done, including lithological characteristics of the facies,
filling paleovalleys on the western slopes of the stratovolcano. It
was completed in this Part || by data about facies on the southern
slopes of the stratovolcano, as well as the volcanosedimentary
complex in the sedimentary basin at the southern foot of strato-
volcano, preserved in the Pokoradz and Blh plateaus. Analytical
data in this second part of the paper allow to make further step
for resolving problems of the stratovolcano structure and evolution
and to answer main questions, appearing during the field research
works: What was the original extent of the stratovolcano, what
types of volcanic and intrusive forms originated during its develop-
ment (what was the anatomy of the stratovolcano) and what types
of eruptive processes participated on building of the stratovolcano.
It is supposed that conditions for answering these questions are
fulfilled in this region due to some useful circumstances.
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1 — Due to a deep erosion, the volcanic structure was removed
and subvolcanic intrusive complex of the central volcanic zone was
exposed on the surface. The detail mapping and study of intru-
sive complex have significantly contributed to interpretation of its
structure, extent, type of intrusive forms and intrusive succession.
Also knowledge about contact-metasomatic processes of intrusive
bodies with surrounding rocks was obtainable.

2 — As a result of denudation, also the more external parts
of the central zone and the area of proximal zone, encompassing
shallower intrusions, like sills, laccoliths, eventually extrusive do-
me-like bodies and necks, continuing upward into volcanic structu-
res, are uncovered. They offer possibility to evaluate their position
and function in evolution of stratovolcano and contributed to idea
about reconstruction of inner structure of the stratovolcano. It is
not necessary to emphasize that these conditons are not fulfilled
in the case of recent and subrecent volcanoes with low degree of
denudation.

3 — Paleovalleys on slopes of stratovolcano were used like a
transport ways of volcaniclastic material to greater distances from
the stratovolcano. Results of the study of lithology and succession
of volcaniclastic facies, filling paleovalleys, allow to identify the sta-
ges of explosive activity when through the paleovalleys the pyroc-
lastic material was transported by pyroclastic flows. Also relics of
lava flow (as in our case the Klenovsky Vepor lava flow) are impor-
tant for the reconstruction of individual stages of effusive activity,
as well as for the reconstruction of the extent of primary stratovol-
canic structure. The study of paleovalleys fillings on the southern
slopes of the Slovenské rudohorie Mts., being used for transport of
volcaniclastic material to the southern sedimentary basin in diffe-
rent time intervals, has contributed also to reconstruction of events
acting on stratovolcanic slope.

4 — The main information about the time evolution of stra-
tovolcano and character of eruptive processes was provided by
analyses of volcanosedimentary complexes of the southern volca-
nosedimentary basin. Volcanosedimentary complex of the Vysna
Pokoradz Formation rises now above surrounding relief as the Po-
koradz Plateau and the Blh Plateau, being limited by steep slopes
at their edges. They provide possibility to study facies of volcanic
and sedimentary rocks from the bottom up to uppermost levels.
Volcanic events during evolution of stratovolcano are recorded in
lithological succession like chaotic breccias of pyroclastic flows,
lahars and deposits of hyperconcentrated flows, which episodi-
cally invaded sedimentary basin. Actual explosive eruptions are
also registered like intercalations and thin beds of pumice-tuffs in
sequences of epiclastic volcanic sandstones. Detail study of vol-
canic products also allows identifying the plinian and/or vulcanian
types of volcanic activity and the eruptions related to collapses and
destructions of extrusive domes. Possibility of direct study of these
volcanic products in vertical lithological profiles from the bottom to
top levels of filling of primary sedimentary basin, exposed on steep
slopes of the Pokoradz and Blh plateaus, represents a unique phe-
nomenon in the Neogene volcanic field on inner side of the Car-
pathian orogene belt.

1 — Remarks to nature of primary volcanic structure
a — Central volcanic zone

In the past, several authors expressed their opinion about the
primary volcanic structures related to remnants of volcanic and
intrusive rocks as we mentioned in historical review. In short ex-
planations to geological maps they expressed opinion about the
existence of several volcanic structures without their more detail
specification (Kuthan et al., 1963; Bacso et al., 1964, 1969; Klinec,
1976). Burian et al. (1985) supposed the existence of two central
volcanic zones: (a) group of diorite and andesite bodies (north of

Tisovec town), named as the Tisovec intrusive complex and (b)
diorite bodies in the area of Klak (south of Zavadka village).

With the Klak central zone Burian et al. (1985) connected also
two bodies of rhyodacites (Kochlovec and Za Kycerou, located
south of Zavadka village), which, according to authors, are situ-
ated on concentric fault with the Klak center. This interpretation is
commented by following arguments: Concentric fault was not con-
firmed by detail field study, the rhyodacite bodies have ascended
along linear fault zones of NE-SW direction, which separated two
blocks of crystalline units according to Klinec (1971). In the Klak
area the remnant of small pyroclastic volcano Stozka was identi-
fied with andesite neck. This pyroclastic volcano was described in
Part | (Konec¢ny et al., 2015). The idea about the genetic relation
of rhyodacite bodies, occuring at a distance about 7 km far from
small monogenic pyroclastic andesite volcano, we do not consider
as realistic.

Area with a group of andesite and diorite bodies of Tisovec
intrusive complex (north of the Tisovec town) was interpreted by
Burian et al. (1985) as the central zone of stratovolcano. “The sub-
volcanic andesites around Tisovec intrusive complex, connected
with the concentric and radial faults, indicate the existence of the
stratovolcano® (l.c.). In our work, this complex, named as the Mag-
netovy vrch intrusive complex, including diorite bodies, laccoliths
and dykes, was identified as the central volcanic zone of the Vepor
stratovolcano. Structure of the central volcanic zone of Magnetovy
vrch with intrusive bodies was described in Part I. Recent Part Il
expresses here some additions and remarks to this topic.

Central volcanic zone is considered as a source of multiple
outputs of magma on the surface. In the deeper eroded volcanoes,
the bodies of feeding system (necks, dykes), laccolith, sills and de-
eper subvolcanic intrusive complexes are exposed on the surface.
Situation differs in monogenetic and polygenetic volcanoes, resp.
stratovolcanoes.

In monogenetic volcanoes of the central type, the volcanic ac-
tivity finishes after building of pyroclastic cone by filling of feeding
channel with magmatic body. In deeply eroded volcanic structures
we can find often bodies of lava necks and/or diatremes. Classic
example is represented with the relic of Stozka pyroclastic volcano
with central lava neck. Several examples can be presented in the
Central Slovakian Neogene volcanic field and also in the area of
alkali basalt volcanism in the southern Slovakia (lava necks So-
moska, Hradigte and Steblova skala and diatremes Surice and
Hajnacka).

The situation is quite different in the case of deeply eroded
structures of polygenetic volcanoes of greater dimensions like
a stratovolcanoes with longer evolution. During longer time of acti-
vity with alternating explosive and effusive eruptions, there occurs
a multiple destruction of older feeding systems and origin of youn-
ger ones. In advanced stages of evolution, the intravolcanic bodies
like sills and laccoliths are placed in the lower levels of stratovol-
canic structure and/or subvolcanic plutonic complexes are develo-
ped. During more advanced stages, resp. the final stages due the
migration of eruptive centers many parasitic volcanoes (satellite
volcanoes) on stratovolcanic slope originated. After deep erosion
of stratovolcanic structure the bodies of feeding systems (dykes,
necks), intravolcanic and subvolcanic intrusions in the area of cen-
tral volcanic zones are exposed on the surface. They often show
complicated time and space relations that must be solved beside
field research also by application of complex methods, including
geophysical methods, radiometric dating and petrological studies.
These problems can be studied in the deeply eroded structures of
andesite stratovolcanoes of the Central Slovakian Neogene Vol-
canic Field with subvolcanic complexes exposed on the surface
(Stiavnica stratovolcano).

Especially favourable conditions for the study of structure of
subvolcanic complexes and intrusive succession are represented
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with the Magnetovy vrch intrusive complex, revealing structure of
subvolcanic intrusive complexes in vertical range from 500 m a.s.l.
to 960 m a.s.l. During the study of the Magnetovy vrch intrusive
complex, its multistage evolution has been demonstrated.

The evidence of the existence of primary feeding system (be-
fore development of subvolcanic diorite intrusion) was revealed by
the study of xenoliths occurring in several parts of diorite plutonic
intrusion. Xenoliths of andesite and diorite porphyries enclosed in
diorite intrusion represent fragments of crushing and destruction of
older feeding system (probably dykes) during intrusive processes
and placement of diorite intrusion. Diorite intrusion did not occupy
its subvolcanic position in one simple intrusive act, but its formation
occurred during several stages (3 stages), as was stated in pre-
ceding Part I. Each stage of intrusive activity was connected with
the destruction period of older parts of diorite intrusion. With the
placing of the diorite intrusion the intrusive activity in the central
volcanic zone had not finished, but it continued with the generation
of younger multiphase dyke system of diorite to andesite porphy-
ry, occurring during 4 phases. It is possible to suppose that some
dykes, developed in the upper part of volcanic structure, represen-
ted feeding system for superficial volcanic eruptions. The youngest
dyke system of basaltic andesites to basalts was probably connec-
ted with formation of parasitic (satellite) volcano on the southwes-
tern slope of the stratovolcano.

b — Stratovolcanic cone

Existence of the central volcanic zone is linked with the exis-
tence of primary stratovolcanic cone. When volcanic cone is totally
removed by denudation (like it was in the case of the Vepor strato-
volcano), there is a question if there are available another data and
arguments, which allow to reconstruct the form and dimensions of
original stratovolcanic cone.

In the case of supposed Vepor stratovolcano, we can apply
a relic of lava flow, covering top of the Klenovsky Vepor ridge west
of the central volcanic zone. Relic of lava flow with length about
2km forms the uppermost part of paleovalley filling, directed
WSW-ENE. The base of lava flow lies above epiclastic and pyroc-
lastic rocks at the eastern edge of the ridge at level 1250 m a.s.l., at
the western edge descending to level 1010 m a.s.l. The lava flow is
inclined about 8-9° to west. Epiclastic volcanic complex underlying
lava flow at the eastern edge of the Klenovsky Vepor ridge with
thickness about 100 m lies on crystalline rocks of the Veporic unit
at the level 1150 m a.s.l. Above the basal fluvial sediments (sands
and gravels with volcanic and non-volcanic rocks), the epiclastic
volcanic conglomerates follow and higher, bellow the lava flow,
reworked pyroclastic breccias and tuffs are present. Volcanosedi-
mentary complex at the eastern edge of the Klenovsky Vepor ridge
was deposited in the area of transition from stratovolcanic slope to
proluvial plain at the western foot of the stratovolcano. Level about
1150 m a.s.l. is considered as the most probable level of original
paleorelief, on which the Vepor stratovolcano was built-up.

On the western edge of the Klenovsky Vepor ridge the thick-
ness of epiclastic volcanic complex is smaller - about 50 m and
also its base is situated in lower altitude of about 960 m a.s.|. That
level of volcanosedimentary complex at the western edge of the
ridge represents the filling of shallow paleovalley with bottom be-
low the level of paleorelief. Leaving the stratovolcano slope, the
andesite lava flow has continued in movement to SW into the area
of transition to proluvial plain (this area is indicated with ca 8-9°
dip of the base), gradually turning westward and following in shal-
low paleovalley, where lava flow stopped and cooled. The distance
from the western foot of stratovolcano with relict of lava flow to
central volcanic zone with the Magnetovy vrch intrusive complex
is about 11 km. Based on this knowledge we can reconstruct the

relief of stratovolcanic slope, respecting a typical concave profile of
andesite stratovolcano with ca 32—-35° dip in the middle part and
steeper dip near the crater. This reconstruction has manifested the
stratovolcano height about 2 450 m at an assumption of relativelly
flat paleorelief, situated about 1150 m a.s.l. (Fig. 65). In the area of
the Magnetovy vrch intrusive complex (e.p. 964) for balancing with
the paleorelief level 1150 m a.s.l., there is necessary to suppose
about 150 m thickness of the Paleogene sediments, located abo-
ve the Mesozoic rocks, before the evolution of stratovolcano. The
Paleogene sediments and Mesozoic rocks, together with rocks of
stratovolcanic cone, have formed the top wall of intrusive complex
in the central volcanic zone during evolution of the stratovolcano.

Based on the field research and geological mapping, especial-
ly of the relics of volcaniclastic rocks in the filling of paleovalleys,
we came to conclusion that the original volcanic structure removed
by erosion had represented a typical andesite stratovolcano built-
up of volcaniclastic rocks (pyroclastic and epiclastic), as well as the
lava flows, which can be compared with the less denuded strato-
volcanoes in the Middle Slovakian Neogene Volcanic Field (Javorie
Stratovolcano). Except the lava flow on the top of the Klenovsky
Vepor ridge, the interpretation of stratovolcano is also supported
by the occurrence of andesite blocks (often of great dimensions) in
beds of coarse to blocky conglomerates. The andesite shows the
platy laminar jointing, typical for lava flows. These blocks are pre-
sent dominantly in higher levels of volcanosedimentary complexes,
in filling of the paleovalleys, which proves the effusive activity in a
more advanced stage of stratovolcano evolution.

We have a several additional remarks to suggested construc-
tion of the concave profile through the slope of the Vepor stratovol-
cano (Fig. 65) and to its height. Volcanic material produced during
explosive and effusive activity (volcanic ash, pyroclastic breccias
and lava flows) was accumulated on the slope of the stratovolcano,
but it was also transported to foot of stratovolcano and deposited in
proluvial plain, eventually in radial paleovalleys. Due to accumula-
tion of volcaniclastic rocks, ash tuffs and lava flows in lower levels,
the stratovolcanic slope obtained moderate inclination of about
15-20° and at the transition to accumulation of proluvial plain incli-
nation was about 8—-10°. That situation is ilustrated by the lava flow
from the Klenovsky Vepor ridge, which was set down on epiclastic
volcanic complex with the westward dip of the base app. 8-9°.

On the other hand, the accumulation of the hot pyroclas-
tic material bellow the summit crater during explosive eruptions
and its agglutination, as well as accumulation of short lava flows,
contribute to steeper volcanic slope (35—-45°) below the summit of
crater, forming concave profile which can be seen at many recent
stratovolcanoes. That fact was also respected at reconstruction of
probable profile through the Vepor stratovolcano (Fig. 65). In the
volcanosedimentary complex of the Hajna hora paleovalley a lar-
ger block of agglutinated pyroclastic rocks, coming probably from
the crater zone was found (in Part | — Fig. 62 — scheme b).

Stratovolcanoes during their growth only exceptionally reach
the hight about 3 000 m; their summits are dominantly in height
between 2 000-2 500 m, measured from their base. That is condi-
tioned by dynamic relations between hydrostatic pressure in mag-
ma and the lithostatic pressure (weight of rocks above magmatic
reservoir including the weight of the stratovolcano mass). Hight
about 3000 m in the case of stratovolcanoes seems to be limitig
for the ascent of magma to level of summit crater, because of great
lithostatic pressure of accumulated volcanic rocks. Magma in that
case during ascent to surface uses fractures and suitable zones
as a ways of lower lithostatic pressure at the lower levels of stra-
tovolcanic slope, resulting in formation of the parasitic (satellite)
volcanoes on stratovolcanic slope. In the case of the Vepor strato-
volcano a distribution of dykes, necks and dyke swarms (especially
dykes of basaltic andesite SW of central volcanic zone) indicates



Vlastimil Konecny et al.: Paleovolcanic reconstruction of the Neogene Vepor stratovolcano (Central Slovakia), part Il 157

the existence of parasitic volcanoes on stratovolcanic slope. From
that it is deduced that the Vepor stratovolcano could reach the es-
timated height is about 2 500 m in advanced stage of its evolution
(Appendix 6)

¢ — Radial orientation of the paleovalleys

System of the erosive valleys on the slopes of stratovolcanoes
with radial orientation, regarding the central crater, is a well known
phenomenon of many recent stratovolcanoes, e.g. the stratovol-
canoes Mount Damawant (Northern Iran), Mount Taranaki (New
Zealand), Arenal volcano (Costa Rica), Merbaby volcano (Java),
Popocatepetl (Mexico), a.o. Erosive valleys with radial pattern to
central crater begin in higher levels of the stratovolcanic slope
and continue to the foot of stratovolcano, where they extend and
mouth into sediments of the proluvial plain (ring plain). Volcani-
clastic material and ash tuffs are transported by ephemeral streams
through these erosive valleys to the foot of stratovolcanoes into
the proluvial plain, where they are deposited as the thick epiclas-
tic volcanic complexes. Some erosive valleys with deeper cut in
the volcanosedimentary complexes of the ring plain, eventually in
basement rocks are often used as transport ways for lahars, pyro-
clastic flows and lava flows to greater distances from the volcano.

Westward of the central volcanic zone of the Vepor stratovolca-
no in a greater distance there were identified relics of three paleo-
valleys with radial orientation to central volcanic zone with outward
inclination of their bottom. Radial pattern and lithology of their filling
offer another argument supporting the existence of stratovolcanic
cone. Destription of lithogical facies was set out in Part |. Here we
only summarize several results.

1 — The southwestern relics of the Klenovsky Vepor paleoval-
ley filling, with lava flow in its upper level, forms an expressive ridge
with e.p. 1338.2 and orientation WSW-ENE. Volcanosedimentary
complex with thickness about 125 m beneath the lava flow at the
eastern edge of the ridge is assumed to represent the deposits
in transitional zone from stratovolcanic slope to proluvial plain at
the western foot of the stratovolcano. Volcanosedimentary com-
plex at the eastern edge of the ridge is deposited on crystalline
rocks about 1150 m a.s.l. and that level is supposed as a level of
paleorelief. In direction to western edge of the ridge, the base of
paleovalley gradually descends to level 1 100 m a.s.l. and at the
western edge to level 960 m a.s.l. Also thickness of volcanose-
dimentary complex bellow the lava flow is going down from the
thickness app. 125 m at the eastern edge to 50 m at the western
edge of the paleovalley filling. Base of the lava flow at the western
side of the paleovalley is at the level 960 m a.s.|. From that there
is evident that lava flow in the western part of the paleovalley was
moving to west about 190 m bellow paleorelief.

2 —Relic of the paleovalley filling Zadna Kycera (north of the Kle-
novsky Vepor ridge) trending SW—NE represents relatively deeper
cut of the paleovalley in the basement crystalline rocks, comparing
to the Klenovsky Vepor paleovalley. From the original filling of the
paleovalley, only basal beds with epiclastic volcanic conglomerates
are preserved. Bottom of the paleovalley also declines to SW — at
the eastern edge it is situated at 960 m a.s.l., but at the western
edge it is lower at about 920 m a.s.l., that means 190 and 230 m
bellow the paleorelief.

3 — The locality Zvadie with e.p. 947 (south of the Chlipavica
settlement) represents isolated relic of volcaniclastic rocks to NE of
the paleovalley filling Zadna Kyc&era. Above the basal fluvial sedi-
ments (sands and gravels with volcanic and non-volcanic rocks) at
level 925 m a.s.l., the epiclastic volcanic conglomerate and lahar
breccia follow. Higher in the summit area with e.p. 947, the outcrops
of pyroclastic breccia with signs of bedding occur. We suppose
that relic of volcaniclastic rocks with the base 925 m a.s.l. (225 m

bellow the paleorelief) can represent isolated subsided blocks of
deposits of stratovolcanic slope more than subsided block of the
isolated paleovalley filling.

4 —The Hajna hora paleovalley (SE of the Brezno town) is dis-
tinguished by the most completely preserved volcanosedimentary
filling among paleovalleys in the western side of the stratovolcano.
Volcanosedimentary complex of the paleovalley forms a ridge with
flat top with length about 7 km and NW-SE radial orientation to
central volcanic zone with the Magnetovy vrch intrusive complex.
Distance from the eastern edge of the Hajna hora ridge to central
zone is about 11 km and from the western edge of ridge about
18 km. The base of the paleovalley filling in the eastern edge is
about 860-875 m a.s.l., westward it gradually declines and at the
western edge the base of paleovalley filling is lower in about 700
m a.s.l. But to the northwestern edge, the base of paleovalley fil-
ling descends to 625 m a.s.l. (the axis of paleovalley of NW-SE
orientation is at the northern edge of the Hajna hora ridge). Thick-
ness of volcanosedimentary complex at the eastern edge of the
Hajna hora ridge is about 100 m, towards the NW the thickness
of volcanosedimentary complex gradually grows up to 260 m at
the western edge. Comparing levels of the bottom of the Hajna
hora paleovalley with the level of supposed paleorelief 1 150 m
a.s.l. reveal that bottom of paleovalley at the eastern edge was
about 275 m bellow the level of paleorelief and at western edge
descends to 450 m and to 525 m below the level of original pale-
orelief. It demonstrates that the Hajna hora paleovalley represents
really a deep canyon in which the deposition of volcaniclastic roc-
ks, transported from the western slope of the Vepor stratovolcano,
has occurred.

The Hajna hora ridge along its northern side is bordering with
the Breznianska kotlina graben (in Part | — Fig. 6). Graben structu-
re, limited with parallel faults trending NW-SE is filled-up with Pa-
leogene sediments. Origin of the graben in relation to Hajna hora
volcanosedimentary complex represents interesting problem to
solve, especially concerning of its formation time. Thickness of the
Paleogene sediments within graben is estimated to about 250 m.
In the upper part of the Paleogene lithological sequence in the
graben structure there are preserved the youngest members of
the Horehronie cycle, represented by the fresh-watter sediments
(sands, gravels and clayes). According to remnants of flora and
leaves, they belong to Lower Oligocene and on the base of study
of sporomorph to Oligo-Miocene. Sequence of Neogene volcano-
sedimentary rocks of the distal volcanic zone of the Vepor strato-
volcano was not found above the Paleogene sediments. From that
there can be deduced that the area with Paleogene sediments now
preserved in the graben was out of the reach (radius) of volcani-
clastic sedimentation. That fact points on younger tectonic forma-
tion of the graben structure with the Paleogene sediments, compa-
ring the formation of the Hajna hora paleovalley filling. Erosive cut
of the Hajna hora paleovalley west of stratovolcano has occurred
at the beginning, when the Paleogene sediments formed the sur-
face with flat paleorelief at the level about 1150 m a.s.l. and conti-
nued in basement complex of crystalline rocks up to level 625 m
a.s.l. (about 525 m bellow the paleorelief). During younger stage,
a crustal block with Paleogene sediments subsided along parallel
faults of NW—SE direction, forming the recent Breznianska kotlina
graben structure. The recent surface of the Paleogene sedimen-
tary complex is subsided within the Breznianska kotlina graben to
the level about 600-620 m a.s.l.

Summary of results from the study of the paleovalleys fil-
lings on western slope of the Vepor stratovolcano

Origin of the system of paleovalleys with their radial orien-
tation to the central volcanic zone (the Magnetovy vrch intrusive
complex) with outward deepening of their bottom, represents an
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argument prooving the existence of a high relief towards the east
— that means the stratovolcanic cone. It is supposed that the sys-
tem of radial paleovalleys has connected in the erosive channels
and erosive valleys on stratovolcanic slope and continued towards
the foot of stratovolcanic slope and into an area of proluvial plain
(Klenovsky Vepor paleovalley). The depth of erosive cut of the pa-
leovalleys is gradually growing outward, similarly as the thickness
of volcaniclastic rocks in their filling. The development of the pa-
leovalleys has occurred in the different time as can be deduced
from their lithology and depth of erosive cut. The earliest evolution
reveals the Hajna hora paleovalley. In the basal level of the paleo-
valley filling at the western edge, the rhyodacite pyroclastic rocks
are preserved. They are supposed as an initial stage of volcanic
activity in this region. The origin of the Klenovsky Vepor paleovalley
with lava flow in the upper part of filling, according to shallow depth
of erosive cut probably occurred in most advanced stage of evolu-
tion of the Vepor stratovolcano. That assumption is also supported
by K/Ar radiometric dating providing the youngest age 11.56 + 0.43
Ma, corresponding to Late Sarmatian.

Facies in filling of the Hajna hora paleovalley as lahars, pyro-
clastic flows and coarse to blocky epiclastic volcanic conglomera-
tes often contain andesite blocks with large dimensions 3 x 1.5 m
(Sucha ridge at altitude 827 m a.s.l.), 2 x 3 x 2 m (Korenova rid-
ge; 827 m a.s.l.) and 2 x 4 x 3 m (northern slope of Zrazy; 965 m
a.s.l.). These blocks occurring about 15-18 km distance from the
central volcanic zone document a great transporting gravitational
energy, conditioned by the steepness and height of stratovolcanic
slope and offer another argument for the existence of stratovol-
canic cone of greater dimensions and height. Andesite blocks of
greater to gigantic dimensions are present especially in the upper-
most part of the volcanosedimentary complex of the paleovalley
filling, what evidently corresponds to more advanced stages of the
stratovolcano evolution, when stratovolcanic cone reached its ma-
ximum height.

d — Extent of the base of the stratovolcanic cone
SW sector of the stratovolcano

In the consideration of the planar extent of the base of strato-
volcano there is taken into account the position of volcanosedimen-
tary complex with the lava flow of the Klenovsky Vepor paleovalley
and its distance from the central zone. As we already mentioned,
the epiclastic volcanic complex with thickness about 100 m and
with a base located about 1150 m a.s.l. at the eastern edge of the
Klenovsky Vepor Hill is supposed to represent deposits in the zone
with transition from stratovolcanic slope into the proluvial plain (ring
plane) and the level about 1150 m is considered as probable level
of the paleorelief on which the stratovolcano was built-up. Transi-
tion from stratovolcanic slope into the flat paleorelief of proluvial
plain (ring plain) of the distal volcanic zone is confirmed also by
a moderate westward inclination of the base of Klenovsky Vepor
lava flow by about 8-9°. Distance of that transitional zone (bounda-
ry between the proximal and distal volcanic zones) from the central
volcanic zone is about 11 km. Accepting idea of roughly circular
base of the stratovolcanic cone, the distance 11 km represents the
radius of the base of supposed stratovolcanic cone. From that as-
pect we can judge the position of relics of volcanic and intrusive
bodies, being exposed by the denudation on the surface within this
area, limited by that roughly circular line with radius about 11 km in
the NW sector of stratovolcano (Fig. 64).

Except of the Klenovsky Vepor paleovalley filling (it was pre-
served because of the lava flow cover on the top of its filling), all
summits of hills and ridges south of the Klenovsky Vepor ridge are
located in present time beneath of supposed level of the paleore-

lief (Pomyvaény grun e.p. 1002, Barovo e.p. 1039, Banov vrch e.p.
1058, Strieborna e.p. 896, Kucelah e.p. 1141, and others). From
that reason on their tops the relics of volcaniclastic rocks were
not found, because they had been removed by erosion. Only the
locality Zvadie e.p. 947, located north of Klenovsky Vepor, which
probably represents an isolated subsided block with volcaniclastic
rocks on the top, is an exception from that. In locality Zvadie the
base of volcaniclastic rocks is at level 925 m a.s.l. (about 225 m
bellow supposed paleorelief). In a distance about 7 km from the
central volcanic zone the volcaniclastic rocks probably belong to
deposits of lower part of the stratovolcanic slope.

Relics of volcaniclastic rocks in the Zadna Kycera paleovalley
filling, with a base at 960 m a.s.l. (eastern part) and 920 m a.s.l.
(western part), i.e. 190 m and 230 m bellow the paleosurface in
a distance of about 10.4 km from the central volcanic zone, are
situated in the transition zone from the stratovolcano slope to the
proluvial plain (ring plain) of the distal volcanic zone.

NW sector of stratovolcano

Position of the Predna Priehybina intrusive-extrusive complex
to the NW of the central volcanic zone in a distance about 12 km
falls into zone close to foot of the stratovolcano slope with a tran-
sition zone to proluvial plain. The eastern side of the intrusive-ex-
trusive complex represents transition from the marginal zone of
autoclastic brecciation to epiclastic deposits on the surface. Intru-
sive-extrusive complex in the upper part has developed probably
within volcaniclastic sequences of the proluvial plain.

The group of laccolith bodies, located NNE of the central zone
in a distance 10.6-12.6 km (Struhanka, Baniarka and Vysoka),
shows similar position in the area at the foot of stratovolcanic slope
with transition into the proluvial plane. The origin of these laccolith
bodies in shallow level near the surface requires the existence of
the complex of overlying rocks (probably complex of volcaniclastic
rocks).

Northern sector of the stratovolcano

The extrusive rhyodacite bodies Kochlovec and Za Kycerou
(south of the Zavadka nad Hronom village), distant app. 13.6 km
to north from the central volcanic zone, have developed out of the
stratovolcanic slope, but it is not excluded that this area was cove-
red by deposits of the distal volcanic zone like epiclastic volcanic
sandstones, conglomerates and lahar breccias.

Northeastern sector of the stratovolcano

The Stozka small monogenic volcano, distant app. 9 km to NE
of the central volcanic zone with a base located 1330 m a.s.l,, has
originated on the surface of Mesozoic rocks. This volcano, due to
its higher position above the paleorelief, was probably not reached
by volcaniclastic products of the Vepor stratovolcano.

Eastern sector of the stratovolcano

The eastward extent of the primary volcanic structure is not
known. As a consequence of uplifting of regional block east of the
NW-SE trending fault zone in the Rimava valley (crossing central
diorite intrusion), the stratovolcanic structure together with Meso-
zoic rocks and Paleogene sediments and volcanic rocks have un-
derwent denudation and have been completelly removed.

SW, S and SE sectors of the stratovolcano
To south and southeast of the central volcanic zone (southward

of the Magnetovy vrch intrusive complex), in the area of supposed
extent of stratovolcanic structure also the highest summits of hills
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are below the level of paleorelief representing the base of the stra-
tovolcano (Rangaska e.p. 866, Polana e.p. 882 and others) and
relics of stratovolcanic structure are not present, as these were
removed by erosion. Small relic of epiclastic volcanic conglome-
rates on the summit of the Babina ridge (north of the Klenovec
village) in a distance of app. 8.4 km to south, with the base at
level 750 m a.s.l., represents filling of the paleovalley trending to
the south. Also a relic of epiclastic volcanic conglomerate on the
western slopes of the Rovinka ridge (e.p. 963; to north of the Polom
village), with the base at level 750 m a.s.l. and 12 km distance from
the central volcanic zone belongs to filling of the paleovalley.

2 — Structure of the Vepor stratovolcano

After reconstruction of probable relief and the dimensions of
the stratovolcanic cone and extent of its base, there is presented
an idea about the structure of the stratovolcano. As demonstration
of this idea there serve geological sections directed from the cen-
tral zone to peripheral zone of the stratovolcano with the position
of intrusive and extrusive bodies and remnants of superficial vol-
canic structure, identified during geological mapping. During these
paleorecostructions there were detected several important facts in
volcanic field during geological mapping. The first fact represented
a position of the lava flow of the Klenovsky Vepor (its position a.s.I.
and inclination to west) with epiclastic volcanic complex beneath,
which enabled to determine zone of transition from the stratovolca-
nic slope into the proluvial plain and from that to deduce the level
of paleorelief. The second was the determination of the central vol-
canic zone. Third important point was the assumption of relativelly
flat relief formed by Paleogene sediments on which the stratovol-
cano was built-up. On the base of that facts there was made a
reconstruction of probable relief the of stratovolcano with concave
relief of stratovolcanic slope, with hight about 2500 m developed
on flat paleorelief about 1150 m a.s.l. It is necessary to remark that
altitude 1150 m a.s.| represents a recent situation as the regional
block of the Western Veporicum underwent the large uplift in the
post-volcanic stage during Upper Miocene and Pliocene.

Relics of Paleogene sediments of the Subtatric Group (Hutin-
ska Formation, Eocene-Miocene) are preserved in an area loca-
ted north of the central volcanic zone within the graben structures.
Paleogene sediments at level about 700 m a.s.l. are exposed in
the major extent in the Breznianska kotlina graben, limited by
subparallel faults of NW-SE direction, sediments are represented
by claystones and siltstones of the Huta Formation and polymict
gravels of the Vajskovské conglomerate beds. The Paleogene se-
diments crop out at level 750 m a.s.l. in the SE continuation of
the fault system in the Zbojské locality (at northern margin of the
Kucelah massif of Mesozoic rocks).

In the northern part of the region, the Paleogene sediments
are exposed in the graben between villages Bactch and Helpa,
being limited by faults of WWS-EEN direction. The surface level of
the Paleogene sediments within the smaller graben is about 670
m a.s.l. Differences among individual levels a.s.l. of the Paleogene
sediments within the graben structures are evidently a result of
their different degree of subsidence. As a real original position of
the Paleogene sediments (not modified by the subsidence) is con-
sidered the outcrop on the eastern slope of the Magnetovy vrch
Hill, where they form siltstones with globigerines, sandy siltstones
and fine sandstones (Vojtko, 2000), being deposited on the surfa-
ce of Wetterstein limestones and dolomites at the level about 900
m a.s.l. with thickness about 50 m. Comparing with the paleore-
lief level at 1150 m a.s.l, it is necessary to count app. 190-200
m original thickness of Paleogene sediments in the area of the
Magnetovy vrch Hill. The Paleogene sediments, now occurring as
a separate relics, subsided in the grabens, originally formed more
continual flat relief on which the stratovolcano has developed.

3 — Paleovolcanic reconstruction of the Vepor stra-
tovolcano

Paleovolcanic reconstruction is demonstrated in 5 profiles with
orientation from the central volcanic zone to distal volcanic zone
(Fig. 64).

SW sector of the stratovolcano

Profile No 1 (Appendix 6) begins in the central volcanic zone
with diorite intrusion and continuing to SW it is crossing dyke
swarm of basaltic andesites and basalts on the SW slope of Pa-
cherka ridge and further to SW it passes through the intrusive-ex-
trusive bodies on the northern slope of the Rozsypok ridge and in
final part it continues in the Klenovsky Vepor ridge with lava flow on
the top of the paleovalley filling. Subvolcanic intrusive complex ex-
posed on the eastern slopes of the Magnetovy vrch Hill from level
550 m a.s.l. (bottom of the Rimava river valley) up to summit with
e.p. 964 forms the diorite pluton (1) with transition into several sills,
penetrating through the Mesozoic carbonate rocks and Paleogene
sediments (more detail description of diorite intrusion see in Part I).
Younger dyke swarms of andesite to diorite porphyry, dominantly
trending WSW-ENE, penetrates through the diorite intrusion. Do-
minant part of dykes was consolidated in stratovolcanic structure
and in the basement rocks (dykes of diorite porphyry with more
advanced degree of crystallization of the groundmass). Several
andesite to andesite porphyry dykes, reaching the surface of the
stratovolcano, probably represented the feeding system of explosi-
ve and effusive eruptions and of parasitic (satellite) volcanoes on
the upper part of stratovolcanic slope. Extent of the dyke swarms
of diorite porphyry to andesite and andesite porphyry overlaps
the dimensions of the central diorite intrusion, which indicates the
further expansion of magmatic reservoir. Dyke system of basaltic
andesites to basalts on the western slope of the Pacherka ridge
is exposed from the level 550 m a.s.l. up to top of the ridge with
altitude 930 m a.s.l. Dyke system follows fractures of ENE-WSW
to E-W orientation. The main concentration of basaltic dykes (2) at
the distance of about 2.5 km to SW from the central diorite intru-
sion, continuing up through the stratovolcanic structure to surface,
was probably connected with the development of smaller parasitic
volcano, placed in the higher part of the stratovolcanic slope at
level about 2000 m a.s.l. Several dykes of basaltic dykes ascended
along fractures near the margins of central diorite intrusion (top of
the Pacherka ridge and its eastern slope).

In a greater distance to SW from the central zone in the area
corresponding to lower stratovolcanic slope, there occur three in-
trusive-extrusive bodies of amphibole to pyroxene andesite, expo-
sed by denudation on the northern slope of the Rozsypok ridge
(Fig. 64) in subvolcanic (intrusive) level. Andesite body bellow e.p.
Rozsypok (9) in the distance about 9 km from the central zone is
uncovered in the level 1025-1065 m a.s.l. (about 35 m below the
paleorelief). Next body (10) near to central volcanic zone with a
distance of about 8 km, cropping out on the ridge below the e.p.
1128, is exposed at level 1088 m a.s.l. (about 120 m below paleo-
relief). Both andesite bodies (9, 10) after their ascend on the stra-
tovolcanic slope have formed the dome-like extrusive bodies and
represent probably the sources of the block and ash pyroclastic
flows of the Merapi type. The third smaller body of pyroxene ande-
site bellow an e.p. 1088 (11), located 7.6 km from the central zone,
being exposed at the level 925 m a.s.l. (175 m below the paleore-
lief), corresponds probably to lava neck, connected with parasitic
volcano on the surface (Fig. 65). Three intrusive-extrusive bodies in
their position exhibit binding on fault zone of WSW-ENE direction
with radial orientation to central volcanic zone.
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In the distal external volcanic zone, situated about 12 km to
SW from the central volcanic zone, there are identified two bodies
on the northern slope of the Klenovsky Vepor ridge. Body of au-
tometamorphosed amphibole andesite porphyry (12) is exposed
on the Mol¢anov grun at the level from 850-925 m a.s.l. (175 m
bellow the paleorelief). The second body of amphibole-pyroxene
andesite (13) in higher part of ridge of Mol€¢anov grun is exposed
about 950 m a.s.l. (150 m bellow paleorelief). We suppose that bo-
dies represent feeds to small monogene extrusive volcanoes on
the surface at foot of the Vepor stratovolcano.

The Klenovsky Vepor like imposant highest ridge with e.p.
1338.2 represents relic of superficial original stratovolcanic
structure removed by erosion. Lava flow (24) directing to west (with
inclination of its base about 8—9° to west) forms the uppermost part
of the paleovalley filling. The base of epiclastic volcanic complex
beneath the lava flow, deposited on the crystalline rocks at the
eastern side at level 1150 m a.s.l., is supposed as the level of the
original paleorelief (that problem has been in more details already
discussed before). The lava flow probably continued within the
paleovalley further to west and finished in proluvial plain.

NW sector of the stratovolcano

The NW sector represents an area with maximum concen-
tration of intrusive and extrusive bodies, including the Hajna hora
Hill volcanosedimentary complex in the filling of the paleovalley.
The NW sector is dissected by the expressive fault zone trending
NW-SE (Fig. 64). The central diorite stock intrusion is divided by
the fault zone of NW-SE direction in the Rimava river valley into
two parts. In more subsided crustal block the Mesozoic carbonate
rocks and relics of Paleogene sediments are preserved on the SW
side of the fault zone. Mesozoic and Paleogene sediments on the
eastern slope of the Magnetovy vrch Hill are intruded by several
sills from dorite intrusion and dissected by numerous dykes. On
the NE side of the fault zone the Mesozoic complexes and Paleo-
gene sediments in uplifted crustal block were completely removed
by erosion, together with supposed apophyses of diorite intrusions.
Fault zone continuing to NW divides (separates) the Kuéelah mas-
sif with Mesozoic carbonate rock into two parts, more subsided
block on the SW side of fault and relativelly uplifted block on the
NW side of the fault (Klinec, 1975). Along the southern edge of
Mesozoic rocks, the more subsided western block the Pélenica ex-
trusive body of hyperstene—amphibole andesite with garnet (6) is
placed (Fig. 64). From the NE edge of the Kuc¢elah massif the fault
zone continues to NW, where the limiting narrov Zbojské graben
occurs with subsided Paleogene sediments. Further to NW after
interruption also the graben of the Breznianska kotlina Depression
with subsided Paleogene sediments was formed along this fault
system.

Profile No. 2 (Appendix 6) with NW orientation begins in the
central intrusive complex (1) and passes through the system of
laccoliths of diorite to andesite porphyry and further to NW through
the Predna Priehybina intrusive-extrusive complex and in the final
part of section through volcanosedimentary complex of the Hajna
hora Hill. On the NW side of the central Magnetovy vrch intrusive
complex a system of four laccolith intrusions of diorite to andesite
porphyry is exposed. Relativelly small intrusive body (3) penetrates
in the higher level of the western slope of the Magnetovy vrch Hill
through the Paleogene sediments and diorite sill. Next intrusive
body (4) far to NW with isometric shape with, in a distance about
250 m from the central intrusive complex is exposed on flat top of
hill at level 850 m a.s.l. (about 200 m below the paleorelief). The
elliptical shape body Pred Nemcovou (5) far to NW with e.p. 757

in a greater distance from the central intrusive complex is expo-
sed about 390 m below the paleorelief. The most distant Nemcova
intrusive body (6) of elliptical shape with N-S orientation forms a
ridge with e.p. 795 and continues to SW on the slope of the valley.
The Nemcova intrusive body, located app. 1 200 m from the central
intrusive complex, is exposed 350 m below the paleorelief. Based
on geomagnetic survey and revealed shape of bodies, we suppose
laccolith forms placed into the Mesozoic-Paleogene basement roc-
ks eventually at the base of the stratovolcanic structure.

The Predna Priehybina more extended intrusive-extrusive
complex of quartz amphibole-biotite dacite (15) in a distance of
about 12 km to NW from the central zone is situated at the NW
edge of the stratovolcano slope in a zone of transition into the
proluvial plain. Complex of numerous intrusive-extrusive bodies is
exposed from the level 620 m a.s.l. up to summit with e.p. 868. It
is supposed that magmatic bodies during their ascent to surface
have intruded through the overlying Paleogene sediments, respec-
tively volcanosedimentary rocks of proluvial plain. After reaching
the surface, the viscous magmatic bodies probably formed the ex-
trusive domes. The orientation of the intrusive-extrusive complex
indicates the preference of the NE-SW trending fault system.

In its final part the cross-section No. 2, passing through the
Hajna hora Hill volcanosedimentary complex (27), presents the
filling of the paleovalley, which continues from the foot of strato-
volcano to NW. In recent relief the Hajna hora volcanosedimentary
complex forms a NW-SE trending ridge with flat top and length
app. 8 km. Bottom of paleovalley (base of the volcanosedimentary
filling) at the eastern edge is in 850 m a.s.l., westward it descends
to 650 m a.s.l. In corresponding direction also thickness of vol-
canosedimentary complex increases from 130 m to 200 m. Ma-
ximum depth of erosive cut in the basement crystalline rocks is
about 500 m bellow the paleorelief. From the northern side, the
Hajna hora volcanosedimentary complex is divided from the gra-
ben of Breznianska kotlina Depression by the fault zone of NW-SE
direction. Along this fault zone the crustal block with Paleogene
sediments in its uppermost part has subsided within the graben
during the post volcanic vertical tectonic movements.

Profile No. 3 (Appendix 6) begins in the central diorite intru-
sive complex (14) and continues to NNW through the Nemcova
body (6), Palenica extrusive complex (14), the Ku¢elah massif with
Mesozoic carbonates and along the Zbojské graben with Paleoge-
ne sediments, through the Gracihérka intrusive body (19) and the
complex of intrusive and extrusive bodies of autometamorphosed
andesite porphyry north of Michalova village (18), (19), (20). Tur-
ning west, the profile No. 3 finishes in the graben structure of the
Breznianska kotlina Depression.

The Palenica extrusive complex (14) of hypersthene-amphi-
bole andesite with garnet at the southern edge of subsided block
of the Kucelah massif in the distance about 3.6 km from the cen-
tral volcanic zone is exposed by denudation from the bottom of
Certova dolina at level 540 m a.s.l. up to the summit with e.p. 869
(about 280 m below the paleorelief). Extrusive complex consists of
a number of extrusive bodies with zones of brecciation at margins.
From the steep to vertical fluidal structures there can be deduced
that after ascend on the surface of stratovolcanic slope, the extru-
sive domes were formed and surrounded by volcaniclastic material
produced after their destruction.

The Gracihdrka intrusive body (19) of autometamorphed am-
phibole-pyroxene andesite porphyry of isometric shape located
east of the Pohronska Polhora village is app. 8.8 km far from the
central volcanic zone. Intrusive body of isometric shape is uncove-
red by denudation within the interval 725-775 m a.s.l. (correspon-
ding to level about 375 m below the paleorelief). Stock-like intrusive
body is situated near the fault zone of NE-SW direction, crossed
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by fault of NW-SE direction, limiting the graben structure. It is sup-
posed that the stock-like body intruded through the Mesozoic and
Paleogene rocks into lower levels of volcanic structure.

Profile No. 3 in a greater distance from the central volcanic zone
passes through the complex of shallow intrusive bodies north of
Michalova village near the northeastern edge of the graben struc-
ture of the Breznianska kotlina depression.

Intrusive body Vysoka (18), distant about 10.6 km from the
central intrusive complex, was exposed by denudation from the
level 625 m a.s.l. up to summit with e.p. 928 m a.s.l. (top of sum-
mit is about 225 m below the paleorelief). Geomagnetic survey
revealed inhomogeneous inner structure of the complex consisting
probably from numerous intrusive-extrusive bodies and/or shallow
laccoliths. It is supposed that overlying complex was formed domi-
nantly by the Paleogene sediments and higher above by volcani-
clastic rocks of the northern stratovolcanic slope. Orientation of the
body exposed in subsurface level indicates the preference of the
NE-SW trending fault system.

The Baniarka intrusive body (17), distant about 12 km from the
intrusive complex of the central zone, is exposed between levels
640-780 m a.s.l. (about 370 below the paleorelief). On the base of
geomagnetic survey a laccolith-type body is supposed. The Stri-
hanka intrusive body (16) distant about 12.6 km from the central
intrusive complex also represents laccolith and/or sill of smaller
dimensions. Intrusive body is uncovered by denudation level about
650-675 m a.s.l. The Baniarka and Strihanka laccoliths are loca-
ted in the zone of proluvial plain. As a top wall of laccolith intrusions
(16, 17) during their evolution by the Paleogene sediments and
volcaniclastic rocks of proluvial plain are supposed.

NE sector of the stratovolcano

In the eastern sector of stratovolcano only sporadic relics of
intrusive and extrusive bodies and a small pyroclastic volcano
Stozka were identified.

Profile No. 4 (Appendix 6) with orentation to NNE begins in the
central volcanic zone with diorite intrusion and crosses the intrusi-
ve body in the valley of Strieborny potok Brook (8), next intrusive
body Nizna Fabova (20) and in a greater distance the rhyodacite
body Kochlovec (23) south of Zavadka nad Hronom village and
after crossing the Hron river the profile finishes in the graben with
Paleogene sediments between Bactch and Helpa villages. Intrusi-
ve body in the valley of Strieborny potok (8) exposed at level 675 m
a.s.l. (about 475 m below the paleorelief) was probably consolida-
ted in Mesozoic carbonate rocks and/or in stratovolcanic structu-
re as a small stock-like body. The Nizna Fabova intrusive body of
amphibole- pyroxene andesite porphyry (20) in a distance of about
6.5 km from the intrusive complex of central zone is exposed on the
Nizna Fabova ridge with e.p. 1148 (east of Fabova hola e.p. 1430)
within the level 1100—1140 m a.s.l. Intrusive body of elliptical shape
with dimensions 150 x 200 m is supposed as a feeding system
(neck) of parasitic volcano on the northern slope of the stratovol-
cano. The presence of Mesozoic carbonate rocks forming original
paleorelief in this area remains an open question. The closeness
of the carbonate Mesozoic massif of the Muranska planina Plateau
about 2 km eastward makes that presence as probable.

The Kochlovec rhyodacite body (22) distant app. 13 km from
the intrusive complex of the central volcanic zone forms hill with
e.p. 825 south of Zavadka nad Hronom in the northern area. Rhyo-
dacite body is exposed about 325 m bellow the paleorelief in the
environment of crystalline rocks at tectonic fault zone, separating
a block of crystalline schists on the northern side of the fault from
Hercynian granitoids on its southern side (Fig. 64). The rhyodaci-
te body represented probably an extrusive dome-like form and/or

thick laccolith, developed within Paleogene sediments. Eastward
of Kochlovec body a smaller separate rhyodacite body Za Kycerou
(23) is also situated along the above mentioned fault zone.

It is supposed that the rhyodacite bodies after their origin were
covered by younger Upper Miocene-Pliocene fluvial sediments
and in consequence of it they were preserved from complete de-
nudation. After their exhumation on the surface their original thick-
ness was reduced by erosion. Profile No. 4 ends in Paleogene
sediments preserved in the graben structure between Bacuch and
Helpa villages.

Profile No. 5 (Appendix 6) starts in the central diorite intru-
sion and towards NE it crosses intrusive body Spuzlova (7), further
passes from the crystalline rocks on massif of Muranska Planina
Plateau, built of Mesozoic carbonate rocks and after crossing Stoz-
ka pyroclastic volcano (21) with e.p. it continues in Mesozoic rocks
and finishes in complex of crystalline rocks. At reconstruction of
the pre-volcanic paleorelief of the profile No. 5, there is assumed
the presence of Mesozoic carbonate rocks above crystalline base-
ment at the northeastern side of the diorite intrusive complex and
to some distance also the Paleogene sediments.

Remnants of the monogenic Stozka pyroclastic volcano, for-
ming a hill with e.p. 1049 (21) at a distance 9 km to NE of the cen-
tral intrusive complex, are deposited immediately on the surface
of Mesozoic carbonate rocks with the base located about 1000 m
a.s.l. Paleogene sediments and also volcaniclastic rocks of the Ve-
por statovolcano were not identified below the Stozka pyroclastic
volcano. It is assumed that the high relief of the Muranska Pla-
nina Plateau was not covered by volcanic products of the Vepor
stratovolcano and/or volcaniclastic rocks were removed by erosion
before development of the Stozka pyroclastic volcano. Pyroclas-
tic volcano of smaller dimensions consists of lapilli tuffs and sco-
ria, often agglutinated with volcanic bombs. It was built-up during
hawaian and strombolian eruptions. In the final stage the feeding
channel was filled with the basalto-andesite magma, forming after
consolidation the lava neck, which after the denudation of pyro-
clastic cone became exposed on the surface.

S and SE sector of the stratovolcano

In the area south of the Klenovsky Vepor and Magnetovy vrch
hills with central diorite intrusion, there were not preserved relics of
the stratovolcanic structure. As we mentioned before, a denudation
advanced in this area below level of paleorelief 1150 m a.s.l. (base
of stratovolcano) and original stratovolcanic structure was comple-
tely removed. To SW of the central volcanic zone there are exposed
the dyke swarms of basaltic andesites in subvolcanic level and far
to south a several relics of fillings of the deeper paleovalleys are
preserved on the southern slopes of the Slovenské rudohorie Mts.

4 — Volcanic processes building the stratovolcano

Informations about volcanic processes during deve-
lopment of stratovolcano are recorded in the lithology of
volcanosedimentary sequences, filling the paleovalleys on
the western and southern slopes of the stratovolcano and
also in the volcanosedimentary complexes of sedimentary
basin of VySna Pokoradz Formation at the southern foot
of the stratovolcano, now exposed on steep slopes of the
Pokoradz and Blh plateaus. Volcanic events, occurring on
the surface of the stratovolcano as a volcanic eruptions, are
recorded in sedimentary basin in lithological succession
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as intercalations and layers of fallen pummice tuffs and/or
bodies of chaotic breccias of pyroclastic flows and lahars.
From the analyses of their lithology, textures and pet-
rography, there can be deduced types of volcanic eruptions,
their intensity and also types and mechanism of transport
of volcaniclastic material and its deposition. Based on this
knowledge, the reconstruction of the stratovolcano evolu-
tion can be worked out.

1 — Volcanic activity of acid volcanism

First sign of volcanic activity of acid volcanism of
andesite-dacite and dacite character is recorded in the re-
gion by the deposition of chaotic pyroclastic breccia of py-
roclastic flow on the base of the Hajna hora Hill paleovalley
filling, at its western side. Chaotic breccia consists domi-
nantly of angular to subangular fragments, often glassy and
vesiculated, of variable dimensions 5-30 cm, rare blocks
up to 40 cm. Less abundant are small strongly to extremely
vesiculated fragments of spheroidal shape. Fragments with
phenocrysts of plagioclase, amphibole, hypersthene and
biotite correspond to andesite-dacite and dacite. Tuffaceous
ash-pumice matrix with crystalloclasts of plagioclase, am-
phibole, hypersthene and biotite with fragments of volcanic
glass and smaller fragments andesito-dacite is low welded.
Chaotic deposition of volcaniclastic material without signs
of sorting and bedding points on transport and deposition
by pyroclastic flow (Part I, Fig. 47). From the lithology of
breccias there can be assumed that explosive destruction
and collapse of extrusive dome had been probable a sour-
ce of pyroclastic flow. The reworked pumice-ash tuffs with
glassy andesite-dacite fragments with signs of sorting and
bedding, following above chaotic breccia, indicate conti-
nuing explosive eruptions of plinian to phreatoplinian type.
Ash-pumice tuff after fluvial transport was deposited at bot-
tom in the western part of the paleovalley.

Up to now the position of eruptive center was not exac-
tly localized as denudation in the region had advanced be-
low the level of original paleorelief. Near the base in the
eastern part of the Hajna paleovalley filling, there is a large
block with dimensions about 15—20 m, being probably pro-
duced by the destruction of the andesite-dacite extrusive
dome. Large block was transported and deposited on the
bottom of paleovalley by gravity from relativelly near source.
Eastward from the edge of the Hajna hora Hill in the dis-
tance about 600 m, there is exposed the Predna Priehybi-
na intrusive-extrusive complex of quartz-amphibole-biotite
dacite (15). Complex consists of a group intrusive-extrusive
bodies uncovered by denudation about 280 m below su-
pposed paleorelief. To correlation with deposits of pyroc-
lastic flow on the bottom of Hajna hora paleovalley at the
western edge must be based on petrological investigations.

2 - Evolution of andesite stratovolcano in the early
stage

Early stage of evolution of the andesite stratovolcano
was represented by the dominancy of explosive eruptions

with discharge (output) of a great volume of ash tuffs. That
is demonstrated by the thickness of tuff sandstones and/or
epiclastic volcanic sandstones, deposited on the bottom
of the Hajna hora paleovalley filling and also on the base
of southern sedimentary basin of the Vysna Pokoradz For-
mation (see geological-lithofacial map of the Hajna hora,
Part I, appendixes 5 and 6, Fig. 76) and geological map
and profiles of Vy&na Pokoradz Formation (appendixes 3
and 4).

Lahars (hyperconcentrated flows, debris flows)

Among processes transporting volcaniclastic material
to greater distances from the volcano, the lahars occupy an
important place. Within the lahars category, there are inclu-
ded the hyperconcentrated flows, transporting dominantly
the fine ash-muddy tuff material. On the other side of a wide
spectrum of mass flows, there are debris flows, which ex-
cept of ash-muddy material transport also variable portion
of the coarse to blocky clastic volcanic material. Between
both types of lahars there exist continual transitions. The
transport of the fine ash-muddy tuff material and its depo-
sition in the area of sedimentation occurs also in volcanic
fields by the dilute and muddy streams, as well as stream
flows, which according to some authors, are not included
into the cathegory of lahars in a more strict sense. For the
origin of lahars there is necessary to meet some conditions:
1 — sufficient content of water, 2 — free, non-consolidated
material, 3 — inclined relief, and 4 — initiation mechanism.
Sufficient content of water is often secured by the heavy
rains, accompanying eruptions, by the breakdown of the
crater lake dam, the deposition of hot pyroclastic material
on slope covered by snow, invading of hot pyroclastic flow
into river and/or water basin, etc.). The initiation mecha-
nism, which started to move masses of non-consolidated
material, encompasses a rapid accumulation of the ash-tuff
during eruption, seismic shocks, etc. Lahars with causal re-
lation to volcanic activity or directly conditioned by volcanic
processes are called as primary or syneruptive lahars. The
lahars without direct relation to volcanic activity are secon-
dary or postvolcanic lahars.

Study of lithology of lahars in filling of paleovalleys and
in southern sedimentary basin allows to consider the condi-
tions of their origin, relation to volcanic activity and compo-
sition of volcanic rocks on the stratovolcanic slope.

Hyperconcentrated flows

Masses of ash tuffs accumulated on slopes of stratovol-
cano during explosive eruptions have been oversaturated by
water and after loosing of gravity stability (seismic shocks)
they started to move as a mass like a hyperconcentrated
flow to lower relief of sedimentary basin at the foot of stra-
tovolcano directed by gravity energy. Beside the mass flows
episodically mobilized on the stratovolcanic slope also the
ash-tuff material was washed down during heavy rainfalls,
which often accompanied explosive eruptions and the fine
ash-tuff material was transported down by dilute watter
streams and fluvial streams. The fine volcanic ash was also
deposited during vulcanian and the plinian eruptions by ash
fall directly from vulcanian cloud. This stage of stratovolca-
no evolution corresponds to growing of primary pyroclastic
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cone and/or ash cone. Mobilization of hyperconcentrated
flows was frequent in early stage of building of the tuff cone
and/or tuff-scoria cone. That fact is documented by litholo-
gy of deposits which consists dominantly of fine sandy-tuff
material with content of pumice and andesite fragments of
pyroclastic type. Higher content of pumice fragments (loca-
lity on SE slope of Vini¢ny vrch) indicates actual explosive
volcanic activity.

On the western slope of Pokoradz Plateau at locality
Vyvieracka (NE of the Vysny Skalnik village) a sedimentary
sequence begins with deposition of lake siltstones with thin
layers of ash and ash-pumice tuffs as products of the fall
from volcanic cloud during initial vulcanian and ultravulca-
nian eruptions. Higher above the basal bed the bodies of
massive non-bedded tuff-sandstones follow with dispersed
pumices and andesite fragment representing deposits of
hyperconcentrated flows. Higher above the bedded epi-
clastic volcanic sandstones there follows with fine clastic
andesite material.

Thick lower complex of epiclastic volcanic sandsto-
nes on the base of the VySna Pokoradz complex is also
exposed in abandoned quarries on the southern slopes
of the Pokoradz Plateau (NE of VySna Pokoradz village).
Bodies of massive non-bedded tuff-sandstones, deposited
by hyperconcentrated flows, are separated by thin layers
of lake siltstones (Fig. 24). Intercalations and thin layers of
pumices in silstone layers document continuing explosive
activity of vulcanian and plinian type.

Bodies of non-bedded epiclastic volcanic sandstones
deposited by hyperconcentrated flows are also present
in basal level of the VySna Pokoradz Formation on the
southern slope of the Viniény vrch Hill north of the Spanie
Pole village (Fig. 7) and on the western slope of the Blh
Plateau in locality at foot of the Velka Lysa north of the Hos-
tiSovce village (Fig. 43).

Based on of evidences presented above we can sum-
marize that in the initial stage of the evolution of andesite
stratovolcano there dominated the eruptions of vulcanian,
plinian and ultravulcanian types with a great production
of ash tuff and ash-pumice tuffs, being later followed by
strombolian eruptions.

Information about the structure of stratovolcanic slope
in the early evolutionary stage can be obtained from the
study of the outcrop with pyroclastic rocks in subsided block
at locality Zvadie on the summit of hill with e.p. 947 (at the
settlement Chlipavica). In the lower part of the outcrop the
breccia contains signs of sorting and higher there follows
pyroclastic material with alternating lapilli tuffs with scoria
and vulcanian breccias. This sequence is a result of vulca-
nian and strombolian type of eruptions.

Lahars-debris flows

More advanced early stage of evolution of the primary
volcanic cone is reflected in the southern sedimentary ba-
sin by deposition of coarser clastic material by the debris
flow resp. lahar. This situation can be documented by ana-
lysis of lahar deposits on the southern edge of the Poko-
radz Plateau. In rock walls of abandoned quarries on the

southern slopes of the Pokoradz Plateau (bellow e.p. 526
Stran) above the sequence of bodies of hyperconcentrated
flows, the chaotic breccia of the debris flow is exposed at
the level 450 m a.s.l. (Fig. 26). The lahar breccia consists
of fragments of variable dimensions (5-25 cm up to blocks
40-60 cm), where beside angular to subangular fragments
also the vesiculated pyroclastic fragments of subspheric
shape are present. Tuffaceous matrix with dispersed pumi-
ces and small angular to subangular and vesiculated pyro-
clastic fragments from 1-3 cm up to 5 cm large is dominant
and forms about 80 % of the breccia. Lithology of the la-
har breccia indicates that volcanic slope in this stage was
built-up dominantly of pyroclastic material (lapilli, scoria
volcanic bombs) from hawaian, strombolian and vulcanian
eruptions Lahar breccia consists of lapilli-scoria pyroclastic
material with scarse blocks up to 40 cm large. Smal angular
fragments are present in less volume. Tuffaceous matrix is
reddish, higher consolidated with signs of hot stage of the
part of pyroclastic material during transport and deposition
which corresponds to type of hot lahar. Mobilization of lahar
occurred immediately after plinian eruption as it is proved
by the presence of pumice material in thin siltstone interbed
immediatelly beneath lahar. Imprints of flora and hollows
after the trees in tuff at the base of lahar breccia (exposed
on ceiling of exploited caves) confirm that the area of lower
part of the stratovolcano slope was covered with vegetation
and was forested. Lithological character of lahar indicates
that it initiated in higher slopes of stratovolcano, formed
dominantly of the tuff-scoria material, probably due to its
rapid accumulation during eruption. Scarse rounded blocks
in lahar breccia with dimensions 20—40 cm were mobilized
from conglomerate beds in littoral zone at the southern foot
of stratovolcano slope during movement of lahar (kinetic
sieving). The kinetic sieving represents process when small
particles migrate downward in lahar body and they are
dispaced by larger ones which gradually migrate upward.
It is reflected in reversal gradation of several lahar breccia.
Lahar body of different lithology is exposed on the
southern slope of the Blh Plateau in lower part of the
sequence at level 417 m a.s.l. (locality on the southern
slope of Derava skala). Composition of clastic material is
significantly polymict (Fig. 56). Except angular andesite
fragments with dimensions 3—10 cm and larger 30—40 cm
subangular and rounded blocks, there are frequent frag-
ments and blocks of crystalline schists, granitoids, Paleo-
zoic sediments and migmatitized gneisses with dimensions
up to 20 cm. Tuff-sandy matrix with higher content of clay
component and with dispersed pumices is dominant and
represents about 80 % of the volume. Lahar moving from
volcanic slope and further within paleovalley to south has
disturbed the pre-volcanic basement rocks of the walls
and bottoms of the paleovalley which consists of different
geological units. Lahar was initiated probably on the lower
volcanic slope covered by epiclastic volcanic breccias and
conglomerates. According to lithology, lahar belongs to
cathegory of cold lahars to postvolcanic and/or seconda-
ry lahars. Position and polymict character of lahar corres-
ponds to early stage of evolution of stratovolcanic cone.
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Next lahar body is exposed on the summit of Mlynar
Hill with e.p. 407.5. Lahar body is placed near the base
of the Pokoradz Formation on the sequence of lower epi-
clastic volcanic sandstones with fine conglomerates. Lahar
breccia consists of small strongly vesiculated subspheric
fragments with dimensions 5—10 cm, rarely 25 cm (Fig. 63).
Tuffaceous matrix of the light grey colour, locally reddish is
consolidated with vesiculated fragments and dispersed pu-
mice fragments. Beside pyroclastic vesiculated fragments
also rounded andesite fragments are present in smaller
amount, coming from underlying conglomerate bed. Part
of vesiculated fragments points on hot state during their
transport. Lahar transporting dominantly pyroclastic mate-
rial was probably mobilized on higher volcanic slope during
volcanic eruption and belongs to category of hot lahars.
From the position of lahar body near the base of lithological
sequence there can be deduced that in the early evolutio-
nary stage the volcanic cone was built-up with pyroclastic
rocks.

Lithology of lahars of the higher levels of volcanosedi-
mentary complex, corresponding to more advanced stage
of evolution of the stratovolcano, is different. Lahar breccias
are characterized with higher content of coarse to blocky
material and missing and/or only sporadic presence of
non-volcanic material. The lahar breccias can be exampli-
fied in outcrops located in the higher level of the southern
slope of the Blh Plateau (locality Derava skala at the level
483 m a.s.l.). Breccia in rocky cliff consists dominantly of
pyroclastic fragments (vesiculated and subspheric shape)
with dimensions 5-15 cm, less frequent there are subangu-
lar and angular fragments with dimensions 20-60 cm and
scarse rounded blocks (Fig. 59). In the breccia there are
sporadic fragments and greater blocks of sediments. San-
dy-tuffaceous matrix with the content of small vesiculated
and non-vesiculated fragments is non-welded, only stronger
consolidated and locally reddish. Structure of the breccia
is heterogeneous (locally higher accumulations of coarse
to blocky material in other places with dominancy of san-
dy-tuffaceous material with content of smaller fragments).
Lithology and composition of lahar breccia with dominancy
of pyroclastic material and the presence of greater blocks
indicate that mobilization of lahar has occurred during the
pyroclastic eruption on higher levels of stratovolcanic slo-
pe. Higher degree of consolidation of tuffaceous matrix with
smaller vesiculated fragments gives the evidence about
hot stage of some part of pyroclastic material during its
transport and deposition. Another alternative represents
the pyroclastic flow invading into water environment, which
after cooling, absorbing greater amount of water and mixing
with older material was transformed into hot lahars. Both
processes are leading to origin of hot lahars, respective-
ly syneruptive and/ore primary lahars. In the higher level
of the lithological profile on the southern slope of the Blh
Plateu often alternation of hot lahars with pyroclastic flows
was observed, reflecting the growth and space expansion
of stratovolcanic structure in more advanced stage.

¢ — Eruptions of pyroclastic flows in the early stage

Eruptions of pyroclastic block and ash flows are phe-
nomena which essentially contributed to growing and ex-

pansion of stratovolcanic structure in the early stage of
evolution. Eruptions of vulcanian type from the central cra-
ter are characterized by lower eruptive column and after its
collapse they generate the block and ash pyroclastic flow,
moving down from the volcanic slope by gravity energy. De-
posits of pyroclastic block and ash flows in the early stage
of stratovolcanic evolution are identified in the NW sector
of stratovolcano in filling of the paleovalley Hajna hora and
also in the southern sedimentary basin of the VySna Poko-
radz Formation.

In the lower level of the Hajna hora paleovalley filling on
the nothern slope, the bodies of chaotic breccia of block and
ash pyroclastic flows are exposed in the level 850-905 m
a.s.l. Chaotic breccia consists dominantly of vesiculated
fragments of variable dimensions from 5 cm to 30 cm up
to blocks large 60-80 cm with subspheric shape, angular
fragments are less abundant. Tuffaceous matrix is conso-
lidated to partly welded with small vesiculated fragments
(Part I. Fig. 59). Matrix represents 60—-80 % of the breccia
volume. Lithology of breccia corresponds to block and ash
pyroclastic flows, generated during vulcanian type of erup-
tions. On the northern slope of the Hajna hora Hill at level
875 m a.s.l., the andesite block of large dimensions 3 x 6 m
is present with agglutinated scoria at its edge (Part |, Fig.
62a, b). Andesite block coming from the destruction of the
feeding system in crater zone and/or cryptodome? was
thrown out on the volcanic slope during the vulcanian erup-
tion. After the collapse of eruptive column it was probably
transported with mass of pyroclastic flow, controlled by the
gravity energy and deposited on the bottom of the Hajna
hora paleovalley.

In the southern sedimentary basin of the Vysna Poko-
radz Formation, the early phase of eruptions of pyroclas-
tic flow is demonstrable in outcrops of chaotic pyroclastic
breccias near the Kyjatice village at level 444—-470 a.s.l.
(NE edge of the Pokoradz Plateau) and to W of Krasko-
vo village at level 375-380 up to 450 m a.s.|. (NW edge
of the Pokoradz Plateau). Chaotic breccias deposited im-
mediately on the surface of pre-volcanic basement rocks
(Mesozoic carbonates and Paleozoic schists) are classified
according their position as a layer-1. Into the early phase
of eruptions of pyroclastic flows there belong also relics of
chaotic breccias at the level 270 m a.s.l. in subsided block
of NE part of the Lu¢enska kotlina Basin along fault zone of
NNW-SSE direction. Different altitudes of breccias indicate
morphologically uneven relief during eruptions of the early
phase of pyroclastic flows. Common feature of breccias en-
compasses the vesiculated fragments of subspheric sha-
pe of pyroclastic type (angular non-vesiculated fragments
are less frequent) and higher content of tuffaceous matrix
(70-80 %), often strongly welded with smaller vesicula-
ted fragments. Greater angular blocks coming from the
destruction of feeding systems (lithic blocks) are scarce.
Lithology of breccias corresponds with the origin of pyro-
clastic flows during collapses of eruptive columns of the
vulcanian type of eruptions from the central crater. Above
relics of chaotic breccias of pyroclastic flows the coarse
to blocky conglomerate beds are deposited in the littoral
zone at the northern edge of the Pokoradz Plateau. There
is evident that majority of primary chaotic breccia deposits
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underwent destruction in the littoral zone with further rede-
position of clastic material.

Position of relics of chaotic breccia of pyroclastic flows
at levels 330 and 342 m a.s.l. east of Rybnik at the eastern
edge of the Blh Plateau (locality Hlinisko-FizliS§ka) on the
base of paleovalley filling allow to classify breccias as a
layer-1. Breccia is characterized by vesiculated fragments
of subspheric shape and by dominancy of tuffaceous mat-
rix (70-80 % of volume) with signs of strong welding with
vesiculated fragments. Block and ash pyroclastic flows at
the eastern edge of the Blh Plateau are also supposed as
products of the vulcanian type eruptions.

3 — Problem of lava effusions during formation of strato-
volcanic cone

Chaotic breccias of pyroclastic flow evidently are not the
only one source of clastic material of beds of the coarse to
blocky epiclastic volcanic conglomerates, deposited in the
littoral zone. It is supposed that essential volume of conglo-
merate material comes from the destruction of lava flows.
But it is still open question about the measure of the lava
flows contribution except pyroclastic rocks as ash tuffs and
breccias to building of the primary stratovolcanic structure.
In the present time there is preserved only one relic of the
lava flow (the Klenovsky Vepor ridge).

Andesite blocks with subparalel platy jointing along
planes of lamination typical for lava flows are frequent in
beds of coarse to blocky epiclastic volcanic conglomerates,
pointing on their origin from destruction of lava flows. The-
se blocks often of dimensions 2—4 m with laminar textures
were several times documented (Figs. 20 and 32). Coming
from the consideration of masses of rounded coarse to
blocky andesite material, forming coglomerate beds of the
Vy8na Pokoradz Formation in the area of southern sedi-
mentary basin, altogether 5 to 6 beds of coarse to blocky
conglomerates with thickness 5 to 15 m were identified.
There is necessary to add also amounts of rounded co-
arse to blocky material in the paleovalleys filling. We are
coming to conclusion that only minor part of volume of an-
desite blocks in conglomerate beds represents a product
of destruction of chaotic breccias of pyroclastic flows, but
dominant share is from lava flows. Lava flows descending
down from stratovolcanic slope due to their higher viscosity
finished at foot of stratovolcano forming thick accumula-
tions in proluvial plane. Some lava flows on the southwes-
tern slope of the stratovolcano continued far from it, moving
due to the deepening of the paleovalley (the Klenovsky
Vepor ridge). The lava flows reaching the southern coastal
zone of the sedimentary basin underwent destruction in the
littoral zone with redeposition of the blocky material forming
beds of coarse to blocky conglomerates. That considera-
tion about structure of stratovolcano leads to conclusion
that lava flows, except of pyroclastic rocks, have formed an
essential part of the volume of the stratovolcano.

The conglomerate beds have developed due to con-
tinuing syngenetic destruction (degradation) of volcanic
structure during its evolution. From the number of coarse
to blocky conglomerate beds and their southward progra-

dation in the sedimentary basin there can be indicated the
gradual expansion of stratovolcanic structure and growing
of its height. The constructive (aggradation) processes,
building the stratovolcanic cone by explosive and effusive
activity, have dominated above syngenetic destructive pro-
cesses.

During evolution of conglomerate beds in the coastal
zone, the explosive eruptions of vulcanian and plinian type
continued in the area of stratovolcano, producing great vo-
lumes of ash and pumice tuffs. Phases of explosive activity
are recorded by repeating supply of masses of ash-pumice
tuffs, transported from stratovolcanic slopes by the dilute
stream flows, hyperconcentrated flows, mud flows and la-
hars and deposited in the southern sedimentary basins like
ash-tuffs and epiclastic volcanic sandstones. Sequences
of epiclastic volcanic sandstones with thickness from se-
veral m up to 10—-15 m alternate with beds of the medium to
coarse blocky conglomerates (see geological-lithophacial
map of the VySna Pokoradz Formation, Appendix 3 and 4).
Actual explosive eruption of vulcanian and plinian type are
recorded like intercalations and layers of vitrocrystal tuffs
and pumice fall tuffs in sequences of epiclastic volcanic
sandstones and tuff sandstones (Fig. 45).

4 - Block and ash pyroclastic flows in more advanced
evolution of the stratovolcano

During the more advanced evolution of the stratovolca-
nic cone, the eruptions of pyroclastic flows became more
frequent. Bodies of chaotic breccias of pyroclastic flows
form the essential part of deposits of the Pokoradz and Blh
plateaus in the southern sedimentary basin at southern foot
of stratovolcano. During geological mapping, several thick
layers with greater spatial distribution were distinguished.
From the lithology and structures of chaotic pyroclastic
breccias there was possible to deduce their different origin
and mechanism of transport and conditions during their de-
position and demonstrate it on several selected examples.

Chaotic breccia of pyroclastic flow — layer-2 with the
base about 455-460 m a.s.l. is deposited at the NE edge
of the Pokoradz Plateau above bed of coarse to blocky epi-
clastic volcanic conglomerate, forming flat top of the ridges
Konkovaand Bankov vrch Hill east of Babinec village. Chaotic
breccia continuing south is gradually spreading and cover
the whole surface of the high Pokoradz Plateau (area south
of Horné Zahorany village). In the southern part of the Po-
koradz Plateau the base of chaotic breccia descends to
the level 430—-440 m a.s.l. Deposition of chaotic breccia of
pyroclastic flow has occurred on the flat relief of bottom se-
dimetary basin with moderate inclination to south. Chaotic
breccia in its areal extension is not lithologically uniform.
In the northeastern part of the Pokoradz Plateau (ridges
Konkova and Bankov vrch Hill), the chaotic breccia is distin-
guished with dominancy of angular fragments and blocks
up to 60-80 cm and relativelly low content of vesicular sub-
spherical fragments and tuffaceous welded matrix (Fig. 9).
Chaotic breccia of this lithology is probably a product of
explosive destruction of massive dome-like andesite body,
ascending in the crater zone (Merapi type of pyroclastic
flow) and/or cryptodome packing the feeding system.
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In the southern part of the Pokoradz Plateau (locality
Ping) above breccia of Merapi type there is chaotic breccia
of pyroclastic flow of different lithological type with the base
at level 450 m a.s.l. Breccia consists of strongly to extre-
mely vesiculated subspheric fragments with dimensions
8-20 cm, and rare blocks up to 50 cm and dominancy of
tuffaceous intensively welded matrix of brown-red colour
(Fig. 19). Breccia of younger pyroclastic flow and/or flow
unit, following after destruction of cryptodome and opening
of the feeding system, was generated during collapses of
eruptive column of vulcanian type. Deposition of chaotic
breccia of pyroclastic flows of layer-2 above thick complex
of epiclastic volcanic silstones, alternating with several
beds of coarse to blocky conglomerates, documents that
eruptions of pyroclastic flows have occurred in a more ad-
vanced stage of stratovolcano evolution.

In the northern segment of the Blh Plateau, representing
the eastern part of the original sedimentary basin, the chao-
tic breccia of pyroclastic flows corresponding to layer-2 with
maximum thickness about 50 m is deposited on the bed of
coarse to blocky epiclastic volcanic conglomerate with the
base at 440-445 m a.s.l. The base of chaotic breccia of
layer-2 building flat top relief of the high plateau in direction
to south gradually descends to level about 425 m a.s.l. at
the southern edge. In rocky cliff near the northern edge of
the plateau (at e.p. 436 m south of Spanie pole village),
the chaotic breccia is exposed in app. 15 m vertical profile
(Fig. 42). In the lower part of outcrop the strongly welded
tuffaceous matrix with smaller vesiculated fragments is do-
minant, forming about 60-70 % of the volume, vesiculated
fragments of subspheric shape and dimensions 525 cm
are in minority. In higher level of the rocky wall a gradual
tendency to accumulation of coarser fragments to greater
blocks was observed, forming reverse gradation. Several
blocks show disintegration along radial and concentric fis-
sures which documents their hot state during transport in
pyroclastic flow. Light colours of incrustations along fissures
and on the surfaces of hollows indicate ways of fumarols
(Fig. 42). Lithology of chaotic breccia corresponds to pyro-
clastic block and ash flows, generated during collapses of
eruptive columns of the vulcanian type.

In the northern segment also other lithological types of
breccia of pyroclastic flow are present. In the southern part
of the plateau of the northern segment (profile PF-34 on the
Jablonka ridge), the chaotic breccia, deposited on the co-
arse to blocky epiclastic conglomerate with the base about
425 m a.s.l.,, consists dominantly of angular fragments with
dimensions 5-25 cm up to blocks 40-60 cm and rare up to
1 m and with minor content of vesiculated fragments of sub-
spheric shape (Fig. 47). Tuffaceous matrix is partly welded.
Breccia is supposed as a product of explosive destruction
of the extrusive body (extrusive dome), resulting in pyroc-
lastic flow of the Merapi type. In higher position in the same
ridge in rocky cliffs, the chaotic breccia with base at 442 m
a.s.l. contains dominant strongly to extremely vesiculated
fragments of subspheric shape with dimensions 5-30 cm
(locality Pivni¢nik). Tuffaceous matrix of reddish colour is
strongly welded up to homogenized with vesiculated frag-
ments (Fig. 48). Breccia corresponds to pyroclastic flow ge-

nerated probably during collapses of eruptive columns of
vulcanian type. From that is coming out that several types
of pyroclastic flows of different origin took part in building of
the northern segment of the Blh Plateau.

Layer-2 of the chaotic pyroclastic breccias in the
southern segment of the Blh Plateau (after interruption
caused by erosion), with the base app. at 430 m a.s.I., con-
tinues forming the upper parts of several ridges (Hradiste
e.p. 4573, ridge Nad horarnou with e.p. 450-457.6, and
ridge Dlhy vrch with e.p. 481.5). Chaotic breccia, exposed
in rocky cliffs with dominancy of coarse to blocky andesite
material, corresponds to Merapi type, generated by explo-
sive destruction and collapses of extrusive domes (detailed
description of breccia is presented in locality Hradiste e.p.
4573, Fig. 50).

Layer of ash-pumice flow breccia below chaotic
breccia of layer-2 is exposed in abandoned quarry on the
northern slopes of the ridge with e.p. 450-457.6 (Fig. 53).
Smaller vesiculated fragments of subspheric and irregular
shape with dimensions 5—-15 cm, forming about 7-8 %, are
strongly welded up to homogenized with pumice-ash mat-
rix. Tuffaceous matrix, rich on pumice fragments, is domi-
nant, forming app. 90 % of volume. Lithic fragments coming
from older volcanic bodies are rare and they form about
2-3 %. Rounded andesite fragments coming from under-
lying conglomerate beds are scarse. Ash-pumice flow brec-
cia was probably generated during the collapse of eruptive
column of the plinian type. Bed of ash-pumice flow breccia
was identified in several places of the northern slopes of
Dihy vrch e.p. 481.5 at level 433 m a.s.l. and also in the
same level on the northern slope of the Holy vrch ridge with
e.p. 487 m. The ash-pumice flow breccia evidently forms
distinct horizont below chaotic blocky breccia of Merapi
type in the northern part of the southern segment of the
Blh Plateau.

In the gorge on the northern slope of the Holy vrch e.p.
487 a more complex vertical profile is exposed (in detail this
profile is documented in Fig. 54). The analysis of lithological
succession of this profile allows to reconstruct the volcanic
events:

1 — In the lower part of outcrop in gorge, the layer of
reworked tuff and pumice tuff with intercalations of fine an-
desite fragments is exposed at level about 430 m a.s.l. abo-
ve conglomerate bed. Imprints of leaves, remnants of flora
and signs of layering show on deposition in shallow limnic
environment.

2 — Ash-pumice flow breccia deposited above reworked
tuff dominantly consists of ash-pumice tuffaceous matrix,
forming 80-90 % of the volume with smaller subspheric
strongly vesiculated fragments. Angular andesite fragments
are rare.

3 — Chaotic breccia block and ash pyroclastic flow
follow in higher level above the ash-pumice flow breccia.
Vesiculated 5-15 cm andesite fragments of subspheric
shape are frequent, angular non-vesiculated fragments and
lithic blocks large 30—40 cm are rare. Tuffaceous matrix with
higher content of pumice is welded with smaller vesiculated
fragments. In the vertical profile a higher concentration
of andesite blocks in the upper part of outcrop can be
observed, showing reversal gradation.
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4 — In top part of the Holy vrch ridge e.p. 489 a chao-
tic breccia of pyroclastic flow of Merapi type is exposed in
several rocky cliffs. Breccia is characteristic with dominant
content of angular fragments and blocks up to 60-80 cm
and tuffaceous welded matrix with minor content of vesicu-
lated fragments.

The volcanic events, recorded in lithological succesion,
can be summarized as follows: Volcanic activity had be-
gun with huge eruptions of the plinian type, producing great
masses of ash-pumice tuffs. Ash-tuff material fallen down
was washed from the stratovolcanic slope and accumula-
ted in limnic environment at the southern foot of the stra-
tovolcano. Continuing plinian eruptions during collapses
of eruptive columns produced the ash-pumice pyroclastic
flows. Pyroclastic flows, moving down from the southern
stratovolcanic slope, reached sedimentary basin, where py-
roclastic material has deposited on its bottom. After plinian
type of eruptions, the vulcanian eruption have followed and
during collapses of the lower eruptive columns the block
and ash pyroclastic flows have been mobilized. Block and
ash pyroclastic flows, beside the ash and coarse vesicu-
lated pyroclastic material, have transported also scarse
blocks coming from the destruction of the feeding system
and older parts of the volcanic structure. Following series
of pyroclastic flows of Merapi type, building the uppermost
part of lithological succession (top part of the ridges of
Hradiste e.p. 457.3, Nad Horarnou e.p. 450-457.6, Dihy
vrch e.p. 481.5 and Holy vrch e.p. 487), is characteristic with
dominant content of coarse to blocky material. Block and
ash pyroclastic flows of this type were probable related to
destruction and collapses of extrusive domes, growing in
the central crater and/or on stratovolcanic slope.

Chaotic breccia of pyroclastic flow — layer-3 with ba-
se at 475 m a.s.l. is exposed in several rocky cliffs on the
southern edge of the Pokoradz Plateau below e.p. 526.4
and 524 Stran (north of the VySna Pokoradz village). Brec-
cia of pyroclastic flow overlies the bed of coarse to blocky
epiclastic volcanic conglomerate. Breccia consists domi-
nantly of angular fragments with dimensions 15-30 cm up
to blocks 1.5 m large (Fig. 31). The subspheric and vesicu-
lated fragments with dimension 10—15 cm are in minority.
Tuffaceous reddish matrix is welded with small vesiculated
fragments. Accumulation of fragments and blocks with gre-
ater dimension in the upper part of outcrop can be obser-
ved pointing to effect of kinetic sieving. In several outcrops
of layer-3 big blocks to gigantic blocks are present with
dimensions 4 x 5 x 3 m (e.p. 470.8 Haj), being produced
by the destruction of extrusive dome and/or lava flow and
transported together with material of pyroclastic flow (Fig.
32). The high energy of pyroclastic flow corresponds to high
and steep stratovolcanic slope in a more advanced stage
of its evolution.

Chaotic breccia of pyroclastic flow — layer-4 repre-
sents the uppermost unit of pyroclastic flows succession on
the southern edge of the Pokoradz Plateau. Chaotic breccia
is deposited on the surface of coarse to blocky conglome-
rate bed at the base at level 494-500 m a.s.l. Thickness of
chaotic breccia about 30 m and lateral extent are pointing
to presence of several pyroclastic flows as it was confirmed
by study of outcrops. In the rocky cliffs bellow e.p. 512.7 Ko-
zinec the chaotic breccia consists dominatly of subspheric

vesiculated fragments with dimension 5-25 cm (Fig. 35).
The angular fragments are less frequent, forming about
10-15 % of the volume. Tuffaceous matrix representing
about vol. 60 % is strongly welded up to homogenized with
small vesiculated fragments. Locally the reverse gradation
of clastic material occurs.

In the outcrop in higher level of the slope below e.p.
512.7 Kozinec, two beds of chaotic breccia are separa-
ted with a thin ash tuff bed (Fig. 36). Chaotic breccias with
dominancy of tuffaceous matrix and smaller vesiculated
fragments of the layer-3 are probably generated by the col-
lapses of eruptive columns of the vulcanian type.

Chaotic breccia of block and ash flow of different litho-
logy with base about 505 m a.s.l. is exposed in rocky cliff
below e.p. 514 at the eastern edge of Pokoradz Plateau
(Fig. 38). In the lower part of rocky wall there is breccia
with dominancy of strongly welded tuffaceous matrix and
higher content of small vesiculated fragments. In the middle
level of rocky wall, the amount of angular fragments with
dimensions 10-20 cm is growing, tuffaceous matrix forms
about 50 %. In the uppert part of the rock wall the angular
fragments and blocks with dimensions up to 40—-60 cm are
dominant, tuffaceous matrix forms 10—15 %. In vertical sec-
tion of the outcrop a distinct reversal gradation is observed,
corresponding to effect of kinetic sieving during the mo-
vement of block and ash flow. Chaotic breccia of this flow
type is supposed to be a product of explosive destruction
and collapses of extrusive dome, ascending in the crater
area (Merapi type) and/or extrusive domes like monoge-
ne parasitic volcanoes on the stratovolcanic slope. It can
be summarized that in the more advanced stage of strato-
volcano evolution the eruptions of pyroclastic flows were
produced by collapses of eruptive columns of the vulcanian
type and also by explosive destruction of extrusive domes
(Merapi type). With the last eruptions of pyroclastic flows,
the volcanic activity of stratovolcano probably culminated
(because the younger products of volcanic eruptions in the
southern sedimentary basin are missing). Deposition of the
last pyroclastic flows filled sedimentary basin, eliminated
sedimentation in essential part of the basin and created
the flat relief of recent Pokoradz High Plateau and the Blh
High Plateau.

5 — K/Ar radiometric dating and time of volcanic
activity

Controversal opinions about the age of volcanosedi-
mentary complex, forming the Pokoradz and Blh plateaus
(the VySna Pokoradz Formation) at the northern edge of
the Rimavska kotlina Basin, were expressed in previous
geological investigations. The Explanatory book to geo-
logical map 1 : 200 000 (Kuthan et al., 1963) states the
Badenian (that time Tortonian) age of volcanosedimentary
complex, despite the results of biostratigraphical dating of
the flora remnants in tuff-siltstone sediments at the lower
level of the volcanosedimentary complex near the Nizny
Skalnik village (north of the Rimavska Sobota town) indi-
cated the Sarmatian age (Nemejc, 1960). The Sarmatian
age of basal sediments of the volcanosedimentary complex
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was later confirmed again by the study of flora remnants
(leaves) in localities near the Nizny and VySny Skalnik villa-
ges by Nemejc (1967), as well as Sitar and Dianiska (1979).

The first radiometric dating of rocks of volcanosedimen-
tary complex was carried out by Repcok (1981) using FT
method. Two samples of andesite rocks were dated — the
andesite pebble from the conglomerate bed north of Visro-
vé village yielded the age 16.4 + 0.6 Ma (amphibole) and
the andesite fragment from breccia of pyroclastic flow at the
Chvalova village — the age 16.2 + 0.8 Ma (amphibole), both
belonging to Badenian.

Relics of scattered intrusive and intrusive-extrusive
bodies exposed on the surface in the western part of the
Veporic unit (now included to Vepor stratovolcano) have
not been dated radiometrically up to now. Numerous geolo-
gists, working in this area, because of the advanced stage
of denudation of the volcanic edifices, prefer the Badenian
age (Kuthan et al., 1963; Burian et al., 1985; Vojtko, 2000),
respectively longer interval of volcanic activity lasting from
Badenian to Sarmatian (Bezak et al., 1999a, b).

New K/Arradiometric dating and time of volcanic activity
(discussion)

Ten samples of intrusive and volcanic rocks were ana-
lysed by conventional K/Ar technique in the Laboratory
ATOMKI of Hungarian Academy of Science in Debrecen
(DSc Pécskay Z.). Two samples were from the central diori-
te intrusion, one sample from the ryodacite extrusive body,
two samples from extrusive bodies of andesite porphyry,
one sample of diorite porphyry intrusion, three samples of

Tab. 1. Table of radiometric K/Ar ages.
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dykes and one sample of the lava flow (localities of sam-
ples and analytical age are given in Tab. 1). The petrological
examination in thin section proved that all samples were
suitable for dating except of samples VH-74 and VK-516.

In the case of the dyke of diorite porphyry (VH-74), we
would conclude that inheritance (“excess argon”) of radio-
genic argon is most probably to have occurred, because
the presence of xenoliths of the older rocks (Hercynian gra-
nitoids and crystalline schists). Consequently this K-Ar age
obtained on this sample has not any geological meaning,
it can be considered only as an “ analytical age” The inten-
sively hydrothermally altered intrusion of dorite porphyry in
locality Spuzlova (VK-516) may have been affected by the
fluids related to the hydrothermal effect.

Rhyodacite body Kochlovec (VK-43), south of Zavadka
village, provided the age 12.53 + 0.42 Ma. This supports
the geological evidence that silicic magmatism preceded
the intermediate andesite volcanism in this area. First mani-
festations of the dacite-rhyodacite volcanism is represented
with the breccia block and ash pyroclastic flow and rewor-
ked ash-pumice tuffs, deposited on the base of the Hajna
hora Hill paleovalley at its western edge below andesite
volcanosedimentary complex.

Central diorite intrusion (pluton) was datedto 12.28 +0.42
Ma (sample VK-47) and 12.08 + 0.42 Ma (sample VK-26).
These data correspond to time of formation of subvolcanic
intrusive complex below stratovolcano in subvolcanic level.
The development of extrusive complexes on the strato-
volcanic slope, dated to 12.25 + 0.50 Ma (sample VK-541 of
extrusive body below the Rozsypok ridge) and 12.10 + 0.38
Ma (sample VK-1 of extrusive body Palenica) shows the

40
Arrad
No. locality type of body rock volcanic zone age (Ma) K (%) (10"scmslg) “OAr,aq (%)
VK-39 Klenovsky Vepor ridge lava flow pyroxene andesite proximal 11.56 £ 0.43 1.77 0.80 47.30
e.p. 1338.2
i amphibole pyroxene
vk-16 NEof Magnet Hill dyke phibole py central 11.94:1.00 092 0.43 16.50
e.p. 964.8 andesite porphyry (PxM)
vk-528 W of Pacherkaridge 410 basaltic andesite (B) central 12.02£1.05 187 0.88 15.80
e.p. 959.6
VK26 valley of Rimava diorite intrusion, diorite (D1 | 12.08 £ 0.47 0.83 039 43.00
- river, quarry 3rd phase jorite (D1) centra .08 + 0. . . X
quarry on W slope . amphibole andesite )
VK-1 LT extrusion X proximal 12.10£0.38 1.70 0.80 78.80
of Pélenica ridge with garnet
esat ridge with e.p. 1088 extrusion amphi.bole pyroxene proximal 12.25+0.50 1.65 0.79 40.10
: to NE of Rozsypok andesite
f diorite intrusion,
vk-47 valley of Rimava 3'3” he INTUSION,  diorite (D1) central 12.28+0.42 153 073 55.10
river at e.p. 536 rd phase
quarry on W slope
VK-43 " of Kochlovec hill, e.p. extrusion rhyodacite proximal 12.53+0.42 1.77 0.86 60.80
825 to S of Zavadka village
quarry on W slope i . diorite porphyry, . 1%
VK-516 . intrusion roximal 14.16+0.73} ™ 1.49 0.82 28.50
of Spuzlova valley autometamorphosed P { J
i diorite porphyry, altered,
vk-7a SlopetoBofRimava g\ porphyry central {29.49+ 1.062* 0.90 104 49.90

river, cliff actinolitized (H1)

"* unreliable age due to strong alteration, 2* ynreliable age due to contamination by older material
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time overlap with formation of subvolcanic intrusive com-
plex. The concordancy of the K-Ar ages obtained from the
extrusive domes (VK-1 and VK-541) manifests that these
volcanic forms were emplaced within a short time interval.

The younger dyke system intruding through the cen-
tral diorite intrusion was dated to 12.2 + 1.05 Ma (sample
VK-528 Ma, dyke of basaltic andesite) and 11.94 + 1.0 Ma
(sample VK-16, dyke of amphibole-pyroxene andesite).

On the basis of the K/Ar age determination there is con-
cluded that the main intrusive magmatism in internal and
external structure of the stratovolcano has occurred in in-
terval 12.28—11.50 Ma (samples VK-528 and VK-16). There
are no grounds for supposing that the age of the extrusive
magmatism could be much older than actual time of intrusi-
ons. On the other hand we are not able to exclude the pos-
sibility that some slight rejuvenation has occurred, which
can be correlated with increasing alteration and weathering
of the dykes (see the high atmospheric argon percentages
in these samples). Consequently, within the context of our
new data, the similarity (within the analytical error limits) of
the dykes age and of the extrusions age is a strong indi-
cation that andesitic extrusions and the subsequent dyke
intrusions are virtually contemporaneous.

The lava flow of pyroxene andesite, forming summit of
the Klenovsky Vepor ridge (e.p. 1338.2), analysed in this
study with the age of 11.56 + 0.43 Ma (sample VK-39), indi-
cates that a temporary distinct volcanic phase clearly exists
app. at 11.6 Ma. Taking into consideration that all K-Ar ages,
obtained on these intrusive/intrusive-extrusive bodies and
volcanic rocks, belong to different horizons of the Vepor
stratovolcano, so the age of the lava flow may reflect the
termination of volcanic activity in this area. The results of
the radiometric dating contributed in a great measure to
compiling a model of evolution of the stratovolcano during
the Sarmatian time and they are in good correlations with
biostratigrafic data of the southern volcanosedimentary
complex of the VySna Pokoradz Formation.

6 — Paleovolcanic reconstruction of the Vepor strato-
volcano evolution related to southern sedimentary basin
of the VySna Pokoradz Formation

Acid volcanism preceeding evolution of the Vepor an-
desite stratovolcano

Beginning of the activity of acid volcanism has occurred
in extensional regime in the western part of Veporic unit,
being accompanied with its disintegration into separate
blocks and their vertical movements. The origin of disper-
sed intrusive-extrusive bodies of dacite-rhyodacite compo-
sition was related to the fault zones of NE-SW direction,
eventually their crossing with faults of transversal NW-SE
system. The extrusive bodies like extrusive domes and
complexes were formed (Kochlovec, Za KyCerou, Predna
Priehybina). Due to the explosive destruction and collap-
ses of extrusive domes, the block and ash pyroclastic flows
originated, transporting volcaniclastic material far from vol-
canic centers and being followed by explosive eruptions of
ash-pumice tuffs (deposits of chaotic breccia and ash-pu-

mice tuffs on base of the Hajna hora paleovalley filling).
Volcaniclastic rocks and bodies of acid volcanism have
been later removed by erosion (with an exception of several
strongly eroded bodies and relics of volcaniclastic rocks,
preserved on the bottom of the Hajna hora paleovalley fill).

Evolution of the Vepor stratovolcano related to develop-
ment of southern sedimentary basin

The results obtained from the study of volcaniclastic
complexes in filling of the paleovalleys and sedimentary ba-
sin allow to reconstruct the dynamic evolution of the Vepor
andesite stratovolcano related to sedimentary basin of the
Vy8na Pokoradz Formation located south of the stratovol-
cano with distinguishing several stages (Fig. 70):

1st stage. Activity of andesite volcanism started with
explosive eruptions of ash-pumice tuffs of large volumes
(eruptions of the vulcanian, ultravulcanian and plinian
types). Explosive eruptions of this stage are recorded in
deposition of the ash-tuff and sandy tuffs on the bottom of
the Hajna hora (eastern part) and especially on the bottom
of subsiding depression with fluvial-lake sedimentation at
the southern slope of the stratovolcano. On the beginning
of volcanic actity, the ash-tuff material was transported into
originating sedimentary basin by washing down from the
volcanic slope during heavy rainfalls and by mudflows,
diluted muddy flows and streams, eventually as ash-falls
directly from the vulcanian cloud. In the sedimentary filling
of the southern sedimentary basin, the volcanic activity of
this beginning stage is represented by thin interbeds of vi-
trocrystal tuffs, ash-tuffs and ash pumice tuffs, alternating
with the fine lake silts and siltstones often with remnants
of flora and imprints of leaves. During the continuing erup-
tions of the ash-pumice tuffs, the ash-tuff pyroclastic cone
was gradually built-up northward of subsiding sedimentary
basin. The non-consolidated fresh ash tuffs masses have
accumulated on the stratovolcanic slope due to oversatura-
ting by the water (heavy rains often accompanying volcanic
eruptions) and after seismic shocks they started to move
like a mass flows-hyperconcentrated flows down from stra-
tovolcanic slope, being controlled by the gravity energy
and directed to depressions and paleovalleys at the foot
of stratovolcano. The deposits of hyperconcentrated flows,
like bodies of non-bedded sandy tuffs, were identified in the
lower levels of the volcanosedimentary sequences of the
Vy8na Pokoradz Formation in the southern sedimentary
basin and Hajna hora paleovalley filling. After decreasing
intensity of ultravulcanian and plinian explosive eruptions,
the eruptions of strombolian and vulcanian types follow, pro-
ducing scoria-lapilli tuff, fine and coarse pyroclastic rocks,
as well as scoria with volcanic bombs, covering slopes of
stratovolcano. After loosing stability of pyroclastic material,
accumulated on stratovolcanic slope, it started to move like
a lahars (debris flows) down from the stratovolcanic slope.
That stage of evolution of the volcanic cone is documented
in the southern sedimentary basin by deposition of chaotic
lahar breccia, exposed in walls of abandoned quarries on
the southern slope of the Pokoradz Plateau (locality be-
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Fig. 65. Scheme of evolution of the Vepor stratovolcano related to the south located sedimentary basin.

low e.p. 453 Stran northeast of the VySna Pokoradz village,
Fig. 26). Lahar breccia consists dominantly of pyroclastic
material with higher degree of consolidation, indicating hot
state during the transport — hot lahar. Cavities after trees,
transported by the lahar, document the fact that in this sta-
ge of the volcanic cone evolution, the area at the southern
slope of volcano was forested. This stage of evolution of
volcanic cone documents also lithology of the lahar breccia
NE of the Horné Zahorany village (locality below e.p. 436
Remesik at level 410 m a.s.l.) with dominancy of pyroclastic
material, scoria and volcanic bombs (Fig. 10).

2nd stage. In the more advanced stage of the volca-
nic cone evolution the eruptive mechanism has changed.
During eruption and collapses of low eruptive columns of
vulcanian type, rich in coarse to blocky pyroclastic mate-
rial, the block and ash pyroclastic flows were generated.
Pyroclastic flows moving down from the volcanic slope of-
ten reached the northern edge of the southern sedimen-
tary basin, where the pyroclastic material has deposited.
This stage of evolution is represented by bodies of chaotic
pyroclastic breccia, deposited directly on the surface of Pa-
leozoic-Mesozoic basement rocks at the northern edge of
the Pokoradz Plateau. Pyroclastic flows in their ways follow
separated lines conditioned by morphologic elevation of
pre-volcanic basement rocks in the area around Krasko-
vo village. Eastern line represents pyroclastic flow finished
in the Kyjatice village surrounding at the level 444—-475 m
a.s.l. Western line was followed by the pyroclastic flow,

directing to SW into the Lu¢enska kotlina Basin. Relics of
chaotic breccias were found at level 440 m a.s.l. (west of
Kraskovo village) and continuing to SW they were depo-
sited in lower level of app. 375-380 m a.s.l. (locality Rima-
vicka hora). Pyroclastic flow follows the line to SW in the
northern part of Lu€enska kotlina Basin. Now the relics of
chaotic breccias of pyroclastic flow filling original paleoval-
ley in the north-eastern part of this basin occurred at level
about 295-300 m a.s.l. This lower position comparing with
northern part of the Pokoradz Plateau is caused by later
tectonic subsidence of the block of NE part of the Lu¢enska
kotlina Basin. Different altitudes of relics of chaotic breccias
of pyroclastic flows document an uneven morphological re-
lief in the northern part of sedimentary basin.

Pyroclastic flows generated during collapses of eruptive
columns of vulcanian type contribute to building of volca-
nic slope. Several pyroclastic flows, reaching the southern
sedimentary basin after invading into the lake environment
due to cooling and mixing with water and lake sediments,
were transformed into hot lahars, resp. cold lahars. Bodies
of hot lahars were identified on the southern edges of the
Blh Plateau and on the top of isolated hill with e.p. 407.5
Mlynar (Fig. 63). Pyroclastic and epiclastic volcanic material
accumulated on stratovolcanic slope after loosing its stabili-
ty (oversaturating by the water, seismic shock) was moving
down from the volcanic slope as mass flow-lahar (debris
flow) and further to south on the bottom of the sedimen-
tary basin as a cold lahar, reaching great distances from
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the volcano. Bodies of cold lahars are identified dominantly
on the southern slope of Blh Plateau in lowest levels. Bel-
low the ridge with e.p. 471 at level 380 m a.s.|., the chaotic
breccia of cold lahar is exposed. Breccia consists of an-
gular and partly rounded fragments with dimensions 5-15
cm and rare rounded blocks up to 50 cm large. Sandy-tuf-
faceous matrix forms about 60-70 % of the volume. Next
body of cold lahar with up to 30 cm large blocks is exposed
in cliffs on the southeastern slope of the Derava skala Hill
at level 417 m a.s.l. (Fig. 56). Breccia is characteristic with
the dominancy of sandy tuffitic matrix with higher content
of argillite component and polymict clastic material. Except
of smaller andesite fragments with 3—10 cm dimensions
and rare blocks up to 30 cm large, there is frequent clastic
material of granitoids, crystalline schists and Paleozoic se-
diments. Polymict composition of clastic material indicates
that lahar, before reaching of sedimentary basin south of
volcano, was moving in the paleovalley, which has cut the
different crystalline rocks and Paleozoic sediments. Lahar
was mobilized in the early stage of the volcanic cone evolu-
tion probably at its lower slope.

3rd stage. Relativelly long time of continuing subsi-
dence of the southern sedimentary basin is accompanied
with the deposition of coarse to blocky epiclastic volcanic
conglomerate beds, alternated with thicker beds of epi-
clastic volcanic sandstones. In the sedimentary basin du-
ring this stage there are not direct evidences for making
decisions about the stratovolcanic cone forming processes,
except of intercalations and thin interbeds of pumice tuffs
in beds of epiclastic volcanic sandstones between conglo-
merate beds.

Within the conglomerate beds in the southern sedi-
mentary basin, the frequent andesite blocks with laminar
platy jointing prove their origin owing to destruction of the
andesite lava flows. It indicates that during this stage the
lava flows also contributed to growth of the stratovolcanic
slope. Lava flows, leaving the stratovolcanic slope, episo-
dically reached edges of sedimentary basin, where in the
coastal zone they underwent the destruction. Originating
coarse clastic material has contributed to development of
beds of coarse to blocky epiclastic volcanic conglomera-
tes. Lava effusions were not the only manifestations of vol-
canic activity during this stage. Great volumes of volcanic
ash-tuffs falls from vulcanian, ultravulcanian and plinian
eruptions were washed down from the stratovolcanic slope
and surrounding area, being next transported by the dilute
flows, streams, hyperconcentrated flow and lahars to the
southern sedimentary basin and deposited like a thick beds
of epiclastic volcanic sandstones, alternating with conglo-
merate beds. Direct proofs of the plinian and ultravulca-
nian eruptions, passing from summit of the stratovolcano,
represent intercalations and thin interbeds of vitrocrystal
and ash-pumice tuff, fallen from the volcanic cloud (Fig. 45).
Transport and deposition of masses of ash-tuffs and sandy
tuffs during growing of andesite stratovolcano and its space
expansion was compensated with gradual subsidence of se-
dimentary basin and southward progradation of the coastal
zone. The maximum subsidence in the southwestern part
of the sedimentary basin is indicated by the accumulation

of volcanosedimentary rocks thick about 200 m. In the
southwestern side of the volcanosedimentary complex, al-
together 5-6 beds of the coarse to blocky conglomerates,
alternating with the thick beds of epiclastic volcanic sand-
stone, were identified. We suppose that during relativelly
long lasting 3rd stage, the stratovolcanic structure reached
its essential dimensions and height and represents a typical
andesite stratovolcano built-up of pyroclastic and epiclastic
rocks, as well as the lava flows. The results of radiomet-
ric dating within the interval 12.28 + 0.50 to 12.08 + 0.47
indicate at the end of this stage the formation of intrusive
diorite complex under the volcano, as well as the origin of
scarn mineralization at the contact with carbonate rocks.
4th stage. Begining of volcanic activity is characterized
by the huge explosive eruptions of plinian and vulcanian
types. During repeated collapses of eruptive columns the
block and ash pyroclastic flows generated. Moving down
from the stratovolcanic slope southward they covered the
proluvial plain at the foot of the stratovolcano and invaded
the basin with fluvial-limnic sedimentation. Deposition of
pyroclastic flows, covering flat surface of coarse to blocky
conglomerates in the proluvial plane and the northern part
of the basin, has formed the layer of chaotic breccia in the
thickness of about 25-30 m named as layer-2. The base
of this layer at the northern edge of the Pokoradz and Blh
plateaus is in level 445-460 m a.s.l. and at the southern
edge at level about 430 m a.s.l., indicating flat relief of the
bottom of sedimentary basin with moderate dip to south.
Lithological composition of the layer-2 is vertically and la-
terally heterogeneous. There were identified deposits with
dominancy of pyroclastic material with welded tuffaceous
matrix, which are supposed as products of collapses of
eruptive columns of vulcanian type and on other places the
deposits of ash blocky breccias, related to explosive destru-
ction and collapses of extrusive domes. This situation can
be explained on the profile in the erosive cut below e.p. 489
on the northern slope of the southern segment of the Blh
Plateau (Fig. 54). Volcanic activity begin with plinian erup-
tion. Ash-pumice tuff after fall down from volcanic cloud on
the stratovolcanic slope and higher topographic levels in
the surrounding has been replaced — washed down into lo-
cal depressions in the proluvial plain. During continuing se-
ries of plinian eruptions and collapses of eruption columns,
the ash pumice pyroclastic flows with content of strong to
extremely vesiculated fragments have generated, reaching
the southern part of the sedimentary basin. After decline
of eruptions intensity (due to degasing of magmatic reser-
voir), the block and ash pyroclastic flows were formed by
collapses of the lower eruptive columns of vulcanian type.
The block and ash pyroclastic flows are characteristic with
a higher content of vesiculated pyroclastic fragments wel-
ded with tuffaceous matrix and with the presence of larger
blocks coming from the destruction of the feeding system.
The following sequence of block and ash-flows with domi-
nancy of blocks of larger dimensions, forming the upper
part of lithological profile (Fig. 50), was probably related to
ascend and collapses of extrusive domes in the central cra-
ter and/or on stratovolcanic slope (Merapi type). It is suppo-
sed that stratovolcano in this stage reached the maximum
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height and dimensions. After the destruction of central fee-
ding system, the ascend of magma and eruptions probably
occurred from the eruptive centers of parasitic volcanoes
on the upper and lower stratovolcanic slope. This idea is
supported by the results of radiometric data of extrusive
bodies of amphibole andesite in the Rozsypok locality on
western part of stratovolcano, dated to 12.25 + 0.50 Ma,
and the extrusive complex of hypersthene amphibole ande-
site with garnet in locality Palenica (NW side stratovolcano)
with the age of 12.10 £ 0.38 Ma. By the deposition of chao-
tic breccias of pyroclastic flows — layer-2, the extended flat
cover originated in the area of the southern proluvial plain
at the southern slope of stratovolcano. Dominant part of the
uppermost flat relief of the Pokoradz and Blh plateaus was
formed by the deposits of chaotic breccia of layer-2. Con-
tinuing evolution of the southern proluvial plain during the
temporary break of volcanic activity is represented by the
deposition of incoherent layers of coarse to blocky conglo-
merates, epiclastic volcanic sandstones and lahars in local
depressions. On the southern edge of the Blh Plateau, abo-
ve chaotic breccia of pyroclastic flow, there lies a body of
lahar breccia and higher coarse to blocky epiclastic volca-
nic conglomerate. The stage of temporary break of volcanic
activity is designated as stage 4a.

5th stage. New stage of volcanic activity, following after
temporary break, has started with energic eruptions, ge-
nerating the southward directed block and ash pyroclastic
flows from the stratovolcanic slope into the southern pro-
luvial plain. Deposits of chaotic breccia of pyroclastic flows
represent layer-3. On the southern edge of the Pokoradz
Plateau the chaotic breccia of block and ash pyroclastic
flow — layer-3 is deposited on the surface of coarse to blocky
conglomerate at the level 475 m a.s.l. (southern slopes be-
low e.p. 526.4 Stran). Chaotic breccia consists dominantly
of angular fragments with dimensions 5-30 cm up to blocks
1.5 m large, smaller vesiculated fragments are less frequent
(Fig. 31). Tuffaceous matrix is strongly welded. Reverse gra-
dation with accumulation of larger blocks in the upper part
of the breccia body indicates the process of kinetic sieving.
Block and ash pyroclastic flow of this type was probably
generated during the explosive destruction and collapse
of extrusive dome in the summit area of the stratovolcano.
Above chaotic breccia, the bed of coarse to blocky epiclas-
tic volcanic conglomerate is deposited.

On the southern edge of the Blh Plateau, the chaotic
breccia of the lithology, corresponding to layer-3, is deposi-
ted with the base at 465 m a.s.l. on the surface of coarse to
blocky epiclastic volcanic conglomerate. Higher the breccia
of hot lahar follows with the base at 483 m a.s.l. (Fig. 59).
Lahar breccia probably represents pyroclastic flow, which
after entering into water environment was transformed into
hot lahar. It is supposed that during this stage the volcanic
eruption occurred also from several centers of parasitic vol-
canoes on the western slopes of the stratovolcano. In the
sedimentary basin at the southern foot of the stratovolcano
during this stage there continued the subsidence with local
deposition of conglomerate material and epiclastic volcanic
sandstones in the local depressions. The area was episodi-
cally reached by lahars.

6th stage. After short break without volcanic activity,
the sedimentary basin in the southern part of the Pokoradz
Plateau has recorded the huge eruptions of pyroclastic
flows of a final stage of volcanic activity. The chaotic brec-
cias thick about 30 m, representing layer-4, were deposited
above conglomerate bed. They consist evidently of seve-
ral pyroclastic flows with different lithology. Chaotic breccia
of pyroclastic flow on the southern edge of the Pokoradz
Plateau below e.p. 512.7 Kozinec at level 495-500 m a.s.l.
consists dominantly of vesiculated subspheric fragments
with dimension 5-15 cm up to 25 cm, angular fragments
represent about 10—15 %. Tuffaceous matrix is strongly wel-
ded and homogenized with vesiculated fragments (Fig. 35).
Several blocks with radial and concentric jointing (Fig. 35)
and signs of fumarolic activity (Fig. 35) document hot stage
of pyroclastic material after its deposition. Lithology of brec-
cia indicates its origin from collapses of eruptive slopes of
the vulcanian type.

Chaotic breccia at the southeastern edge of the Po-
koradz Plateau below e.p. 514, deposited above the bed
of coarse to blocky epiclastic volcanic conglomerate with
the base at level 505-508 m a.s.l.,, shows the contrastly
different lithology. Dominantly angular, coarse to blocky
andesite material, forming breccia (subspheric vesiculated
material is less frequent) with reverse gradation, indicates
an effect of kinetic sieving (Fig. 38). Chaotic breccia cor-
responds to block and ash pyroclastic flows, produced by
explosive destruction and collapses of extrusive domes
(Merapi type). We can summarize that during the final sta-
ge of the stratovolcano activity the eruption of block and
ash pyroclastic flow came from different centers, being ge-
nerated by different processes. It is supposed that the final
eruptions of block and ash pyroclastic flows were accom-
panied with the extensive destruction of the summit area of
volcano and they probably finally finished volcanic activity
of the stratovolcano.

The deposition of thick bed of chaotic breccia of several
pyroclastic flows (layer-4) finished the lake sedimentation
in sedimentary basin and consequently flat relief originated
(recent flat surface of the Pokoradz and Blh plateaus). Lake
sedimentation has shifted further southward as is proved
by the rare relics of volcaniclastic rock (epiclastic volcanic
sandstones, siltstones and fine conglomerates) and to SE
to app. 15 km distance from the southern edge of the Blh
Plateau (near the Safarikovo town). On the earlier proluvial
plain (of preceding sedimentary basin of the Vy&na Poko-
radz Formation), the fluvial sediments were deposited by
numerous rivers, transporting material from the slopes of
eroded stratovolcano. Fluvial sediments as epiclastic vol-
canic sandstones and fine to coarse conglomerates were
filling erosive cuts and local depressions on the surface of
thick bed of chaotic breccia on the flat top of the Pokoradz
and Blh plateaus (Fig. 37).

Concerning to final stage of volcanic activity of the 6th
stage, the knowledge from the southern sedimentary ba-
sin of the VySna Pokoradz Formation demonstrates that in
this final stage the eruptions occurred probably from seve-
ral eruptive centers in the summit area and also on strato-
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volcanic slopes from parasitic volcanoes. Except eruptions
of the vulcanian type, producing block and ash pyroclastic
flows, during the collapse of eruptive columns in the sum-
mit area of the stratovolcano and also on stratovolcanic slo-
pe, numerous extrusive domes were formed. Their ascent
and growing was associated with explosive destruction and
collapses, generating block and ash-flows, moving down
from the stratovolcanic slope southward to sedimentary ba-
sin, where they finished. Idea of a number of parasitic vol-
canoes is supported by evolution of younger dyke system
of pyroxene amphibole, amphibole andesites and andesite
porphyry, which planar extent overlaps margins of the cen-
tral diorite intrusive complex. Activity of this dyke system is
indicated by K/Ar dating to 12.0 and 11.94 + 1.0 Ma. Many
dykes probably represented the feeding system of parasitic
volcanoes on the slope of the stratovolcano. Dyke system
of the basalt-andesites to basalts grouped in the area SW
of the central zone (west of Pacherka e.p.) dated by K/Ar
method to 12.02 + 1.05 Ma was probably connected with
development of parasitic volcanoes. Also the isolated neck
on the Nizna Fabova ridge, probably served as feeding sys-
tem to parasitic volcano on stratovolcanic slope. North of
the Vepor stratovolcano a small monogene Stozka volcano
developed on the surface of Mesozoic rocks. Relic of lava
flow in the uppermost part of the Klenovsky Vepor paleoval-
ley filling, dated by K/Ar method to 11.56 + 0.43 Ma, repre-
sents the youngest manifestation of effusive activity of the
stratovolcano. lts relations to eruptions of pyroclastic flows,
which finished the evolution in the southern sedimentary
basin, remains unclear, i.e. whether the effusion of lava flow
has preceded the eruptions of pyroclastic flows or followed
after these eruptions. It must be solved by further dating.
We prefer more realistic idea that during the huge paroxys-
matic eruptions, accompanied by generating of sequences
of pyroclastic flows, the destruction and demolition of the
summit level of the stratovolcano have occurred, including
its central feeding system. Despite, there is not possible to
eliminate an alternative of continuing activity from several
parasitic volcanoes in lower levels of the stratovolcanic
slope. Also in the case of Stozka pyroclastic volcano north
of the Vepor stratovolcano, the time of its activity must be
ascertained by radiometric dating.

7th stage. During Pannonian and Pontian time the up-
doming and uplifting of the regional block of the Veporic unit
has occurred which accelerated the destruction and denu-
dation of stratovolcanic structure. Clastic material coming
from the denudated stratovolcano and surrounding uplifted
areas of the pre-volcanic basement rocks, was transported
by rivers and brooks and partly deposited on the surface
of the flat relief of proluvial plain (relics of fluvial sediments
were identified on the surface of the Pokoradz and Blh pla-
teaus). Volcaniclastic material was dominantly transported
through the deep erosive valleys and canyons, dissecting
the original plateau and being deposited in the Lucenec an
Rimava basins like the Poltar Formation.

8th stage. During the Pliocene and Quaternary due to
uplifting of the western block of the Veporic unit, the strato-
volcanic structure was gradually removed and subvolcanic

intrusive complex of central volcanic zone was uncovered
on the surface, similarly as the intrusive-extrusive bodies in
the proximal volcanic zone. At the western foot of the strato-
volcano, the preserved relics of paleovalleys filling occur
(Hajna hora Hill, Klenovsky Vepor Hill and Zadna Kycera).
A larger number of relics of paleovalleys filling is preserved
on the southern slopes of the Slovenské rudohorie Mts.
The area of original sedimentary basin of the VysSna Po-
koradz Formation due to continuing erosive processes in
the uplifted area was gradually transformed into the relief of
high isolated plateaus of the Pokoradz Plateau and the Blh
Plateau and several isolated hills. Due to the denudation,
the southern volcanosedimentary complex of the VySna
Pokoradz Formation was drastically shortened in its lateral
extension. We suppose that from its original lateral exten-
sion is preserved about 1/3 part.
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Paleovulkanicka rekonstrukcia neogénneho veporského stratovulkanu
(stredné Slovensko), ¢ast Il

Oblast krystalického masivu zapadného veporika (vychodne
od oblasti neogénneho vulkanizmu stredného Slovenska)
bola v obdobi neogénu arealom andezitového a ryodacitového
vulkanizmu. Svedcia o tom pocetné rozptylené relikty intruzivnych
a intruzivno-extruzivnych telies dioritov, dioritovych porfyrov,
andezitovych porfyrov a ryodacitov, odhalené na povrchu de-
nudaénym zrezom po odstraneni povrchovej vulkanickej stavby.
Z povrchovej vulkanickej stavby sa zachovali len sporadické
zvysky vyplni pévodnych paleodolin na zapadnom svahu
pévodného stratovulkanu v podobe vulkanoklastickych hornin,
vratane lavového prudu Klenovského Vepora. Po odstraneni stavby
stratovulkanického kuzela je v oblasti centralnej vulkanickej zony
denudacénym zrezom odkryty subvulkanicky dioritovy intruzivny
komplex Magnetovy vrch s prejavmi skarnovej mineralizacie na
styku s mezozoickymi karbonatmi. Dioritovy komplex je prenikany
systémom mladSich dajkovych telies. V predchéadzajucej
Gasti tejto prace (€ast | — Mineralia Slovaca, 47, 1, 2015) bola
uvedena detailnejSia analyza stavby intruzivneho komplexu
centralnej vulkanickej zény, ako aj rozptylenych intruzivnych
a intruzivno-extruzivnych telies vratane charakteristiky litofacii
vulkanoklastickych hornin vo vyplni paleodolin na zapadnom svahu
stratovulkanu a ich vztahu k predpokladanému andezitovému
stratovulkanu.

V nadvéaznosti na problematiku uvedenu v I. ¢asti v tejto
druhej casti predlozenej prace je prevedena analyza reliktov
vulkanoklastickych hornin na juznych svahoch Slovenského
rudohoria, ako aj analyza stavby vulkanosedimentarnych
komplexov, ktoré buduju nahorné ploSiny Pokoradzskej

a Blzskej tabule pri severnom okraji Rimavskej kotliny. Relikty
vulkanoklastickych hornin zachované vo vrcholovych oblastiach
horskych chrbtov na juznych svahoch Slovenského rudohoria su
na zaklade Studia ich litolégie a stavby povazované za zvysky
vyplni pévodnych paleodolin na juznych svahoch veporského
stratovulkanu. Litologia vulkanoklastickych hornin a ich stavba
je dolozena geologicko-litofacialnou mapou a sériou profilov
v smere od SZ, S na JV, J. Okrem epiklastickych vulkanickych
hornin sa na vyplni pévodnych paleodolin podielaju aj polohy
chaotickych brekcii pyroklastickych prudov a laharov, jednoznacne
dokazujuce, ze paleodoliny predstavovali komunikaéné cesty,
ktorymi bol klasticky vulkanicky material v priebehu vyvoja
veporského andezitového stratovulkdnu transportovany na juh
do sedimenta¢ného priestoru pri juznom upéati stratovulkanu.
Juzny sedimentacny priestor, kde bol vulkanoklasticky material
deponovany vo fluvidlno-limnickom prostredi, predstavoval oblast
proluvialnej roviny — delty. Vulkanosedimentarny komplex vo vyplni
juzného sedimenta¢ného bazénu reprezentuje vysnopokoradzska
formacia (podla typovej lokality severne od obce Vy$na Pokoradz).
ZvySky tejto vyplne sa zachovali v podobe nahornych plosin
Pokoradzskej a Blzskej tabule pri severnom okraji Rimavskej
kotliny. Litologicka vypln poévodného sedimentaéného bazénu
odkryta na strmych svahoch na okrajoch Pokoradzskej a Blzskej
tabule predstavuje unikatny zaznam vulkanickych udalosti
v obdobi vyvoja andezitového stratovulkanu. Stavba a litololdgia
vulkanosedimentarneho komplexu je dokumentovana geologicko-
litofacialnou mapou v pdévodnej mierke 1:20 000 odvodene;j
od pbévodnej mapy 1:10 000 doplnenou geologickymi rezmi
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generalne v smere Z — V. V stavbe vulkanosedimentarnych
komplexov Pokoradzskej a Blzskej tabule su podobne ako vo
vyplni paleodolin identifikované facie epiklastickych vulkanickych
hornin reprezentované najma polohami epiklastickych vulka-
nickych pieskovcov, ¢asto s vlozkami vitrokrystalovych tufov
a pemzovych tufov (ktoré dokumentuju prebiehajuce explozivne
erupcie), ako aj polohami drobnych konglomeratov. Jemnozrnny
tufovy material bol zo svahov stratovulkdnu do sedimenta¢ného
bazénu transportovany splachom prostrednictvom fluvialnych
zriedenych tokov, ako aj v podobe hyperkoncentrovanych pruadov
(polohy nezvrstvenych epiklastickych vulkanickych pieskovcov).
Na baze vulkanosedimentarneho komplexu je ulozena nesuvisla
poloha fluvialnych sedimentov v podobe tufitickych pieskov
s vlozkami Strkov s vulkanickym aj nevulkanickym materialom
hornin predvulkanického podlozia vo variabilnej hrubke.
Okrem epiklastickych vulkanickych pieskovcov sa na stavbe
vulkanosedimentarneho komplexu podielaju polohy epiklastickych
vulkanickych konglomeratov (strednych az hrubych a hrubych az
blokovych), ktoré pochadzaju z destrukcie vulkanickej stavby, t. j.
primarnych ulozenin vulkanickych brekcii a lavovych prudov.
Ulozenie poldh hrubych az blokovych epiklastickych vulkanickych
konglomeratov v oblasti sedimentaéného priestoru reprezentuje
obdobie do¢asného vulkanického pokoja, v ktorom prebiehala
deStrukcia vulkanickej stavby. Striedanie poléh hrubych az
blokovych epiklastickych vulkanickych konglomeratov s polohami
epiklastickych vulkanickych pieskovcov v juznejSich ¢astiach
formacie dokumentuje postupnu subsidenciu sedimentaéného
priestoru.

Hruboulomkovy vulkanoklasticky material bol do sedi-
mentaéného priestoru transportovany prostrednictvom masovych
prudov — laharov (Ulomkovych prudov) — a ulozeny v podobe
chaotickych laharovych brekcii. K vzniku pohybu laharov
dochadzalo v désledku porusenia stability tufovych uloZenin na
svahu stratovulkdnu (presytenie vodou po vydatnych dazdoch,
v dbsledku rychleho nakopenia materialu po¢as vulkanickej
aktivity, po seizmickom otrase a pod.). Na zaklade litologie boli
identifikované ulozeniny brekcii studenych laharov, ktorych
material pochadzal zo starSich uloZenin v oblasti stratovulkanického
svahu, a horucich laharov, ktorych ¢ast vulkanického materialu
sa nachadzala v horucom stave. Lahary posledného typu boli
iniciované v suvislosti s priebehom aktualnej vulkanickej erupcie,
pripadne predstavovali pévodné pyroklastické prudy, ktoré
sa po vniknuti do vodného prostredia v désledku ochladenia
a mobilizacie sedimentov na dne bazénu menili na horuce lahary.
Na juznych okrajoch Pokoradzskej tabule v stenach opustenych
lomov a v strope umelych jaskyn su dutiny po stromoch a odtlacky
vegetacie, ktoré dokazuju, ze lahar pri svojom pohybe zo svahu
stratovulkanu prechadzal cez zalesnenu oblast.

Vyznamnym procesom, ktory sa podielal na stavbe vyplne
juzného sedimentaéného priestoru, boli pyroklastické prudy, ktoré
boli mobilizované v bezprostrednej suvislosti s prebiehajicou
explozivnou aktivitou, pripadne v suvislosti s explozivnou
deStrukciou a kolapsom extruzivneho domu. V ramci ulozenin
pyroklastickych prudov su na zaklade ich litolégie identifikované
nasledujuce hlavné typy pyroklastickych prudov: a) uloZeniny
popolovo-pemzovych prudov (spaté s kolapsmi eruptivnych
stipov plinijského typu), b) chaotické brekcie pyroklastickych
prudov tvorené prevahou pyroklastického napeneného materialu
a tufovym spekanym matrixom (produkty kolapsov eruptivnych
stipov vulkanskeho typu), ¢) chaotické brekcie popolovo-
-blokovych prudov s prevahou hruboulomkového az blokového
materialu s angularnym obmedzenim produkované pri explozivnej
destrukcii a kolapsoch extruzivnych démov. Uvedené typy
pyroklastickych a blokovo-popolovych pridov su rozsirené najméa

v stavbe vrchnych urovni vulkanosedimentarneho komplexu
v oblasti Pokoradzskej a Blzskej tabule.

Obsahom zaverecnej Casti predlozenej prace je paleo-
vulkanologicka rekonStrukcia veporského stratovulkanu na
zéaklade analytického materialu prezentovaného v predchadzajucej
Casti | a Casti Il. V uvode su opisané dbkazy, ktoré zdovodnuju
opodstatnenost predpokladu, Ze SirSia oblast Magnetového vrchu
s vyvojom subvulkanického intruzivneho dioritového komplexu
a mladsich dajkovych systémov predstavuje oblast centralnej
vulkanickej zény s opakovanym vystupom magmatickych
hmot. Existenciu pévodného stratovulkanického kuzela (neskor
odstraneného denudaciou), budovaného pyroklastickym
materidlom a lavovymi pradmi, potvrdzuje relikt lavového pradu
v oblasti Klenovského Vepora pri zapadnom uUpéti stratovulkanu,
ako aj dalSie relikty vyplIni paleodolin s radialnou orientaciou
k centralnej vulkanickej zéne. Na zaklade pozicie lavového
prudu v nadlozi vulkanoklastickych hornin uloZzenych s urovriou
bazy 1150 m nad morom (predpokladana uroven paleoreliéfu)
a vzdialenosti od centralnejvulkanickejzény cca 11 kmje prevedena
rekonstrukcia konkavneho reliéfu pévodného stratovulkanického
kuzela. Pri zohladneni pozicie intruzivneho komplexu centralnej
vulkanickej zény a reliktov intruzivnych a intruzivno-extruzivnych
telies v oblasti prechodnej vulkanickej zény (proximalnej zény)
je prevedena paleovulkanicka rekon$trukcia stavby veporského
stratovulkanu v podobe 5 profilov smerujucich od centralnej zény
k jeho periférii. V oblasti centralnej vulkanickej zény sa v nadlozi
subvulkanického intruzivneho komplexu predpoklada pévodna
hribka mezozoickych a paleogénnych sedimentov okolo 190 m.

Na zaklade vysledkov Studia litofacii a ich sukcesie v oblas-
ti vyplne sedimentac¢ného bazénu vySnopokoradzskej formacie
(odkrytej na svahoch Pokoradzskej a Blzskej tabule) boli rekon-
Struované vulkanické procesy a typy vulkanickych erupcii, ako
aj vyvoj stratovulkanického kuzela v priebehu niekolkych Stadii.
Prevedené radiometrické datovania K/Ar metédou (Dr. Pécskay,
Lab. ATOMKI, Hung. Acad. Sci., Debrecén) prispeli k spresneniu
vyvoja vulkanickej aktivity a ¢asovej pozicie jednotlivych intruziv-
nych a vulkanickych telies. Aktivita ryodacitového vulkanizmu je
datovana na 12,5 mil. r., vyvoj andezitového stratovulkanu prebie-
hal v obdobi sarmatu od 12,28 mil. do 11,56 mil. r. V zavere prace
je opisana evollcia veporského stratovulkanu vo vztahu k vyvoju
juzného sedimenta¢ného bazénu vySnopokoradzskej formacie
v priebehu 8 $tadii.
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Middle Miocene foraminifers from the sediments in well HGP-3
(Stupava, Vienna Basin, Slovakia)

The hydrogeological well HGP-3 was drilled at the western margin of the Stupava village
(SE margin of the Slovakian part of the Vienna Basin) in the early 1990s.

The samples of foraminifers, which we studied from the depths 6.0-189.3 m, have confirmed
the Badenian age of sediments:

In the depth 6.0-22.9 m we obtained typical microfauna of the Upper Badenian age, bound
to the planctonic foraminiferal zone Velapertina and benthonic foraminiferal zone Uvigerina
hispidocostata — Pavonitina (Cicha et al., 1975; Fig. 3). According zonation by Grill (1941) it is the
Bulimina-Bolivina Zone. In the depth of 6.0-13.0 m it is represented by the typical foraminiferal
microfauna of deeper-water Buliminas and Bolivinas (for ex. Bolivina dilatata maxima C. — Z.,
Bulimina elongata ORrs.). Lithostratigraphically the deposits belong to the Studienka Formation.

The Middle Badenian foraminifers are present in the depth 22.9-189.3 m, belonging to the
planctonic foraminiferal zone Globigerina druryi — Globigerina decoraperta and benthic foramini-
feral zone Pseudotriplasia elongata — Uvigerina semiornata brunensis (Cicha et al., 1975). Accor-
ding to zonation by Grill (1941) it is the zone of Spiroplectammina carinata. Lithostratigraphically
the deposits belong to the Jakubov Formation, from 137.5 m to the Devinska Nova Ves Formation.

According to classification of Badenian stage in view of Kovac et al. (2007), the sediments
in the borehole HGP-3 would correspond to Late Badenian in the interval 6-22.9 m, and those
from 22.9-197.0 m to the Late Badenian as well, with an exception of a part of the Devinska Nova
Ves Formation sediments, which would be of the Lower Badenian age. The best demonstrations
available are from the samples collected in the interval 160.3-160.4 m with Uvigerina semiornata
urnula (Ors.), which upper presence in the Central Paratethys terminates the upper limit of the
nanoplankton zone NN5 (Cicha et al., 1986).

Key words: Vienna Basin, Badenian, Studienka, Jakubov and Devinska Nova Ves Formation,
Foraminifera

Uvod

Na Z okraji obce Stupava (JV okraj slovenskej ¢asti Vie-
denskej panvy) bol zagiatkom 90. rokov hibeny hydrogeolo-
gicky vrt HGP-3 s koneénou hibkou 197 m. Je situovany pri
dialhici smerom do Brna, JZ od Stupavy (obr. 1, 2), na mapo-
vom liste list 44—221 Stupava. Na foraminifery bolo z vrtu
Studovanych niekolko vzoriek z hl'bky od 6 m do 189,3 m,
ktoré dolozili badensky vek sedimentov. V praci sa pridrzia-
vame trojdielneho ¢lenenia badenu podla Vassa (2002).

Struéna geologicka charakteristika Uzemia

Studovana oblast z regionalnogeologického hladiska
podla Vassa (Vass ed., 1988a; Vass et al., 1988b) patri do
Viedenskej panvy. Sedimentarnu vyplii panvy tvoria neo-
génne sedimenty.

177

Neogénna vypln Viedenskej panvy je tvorena morskymi
az sladkovodnymi sedimentmi miocénneho az pliocénneho
veku. Z miocénnych sedimentov v okoli Stupavy podla
geologickej mapy (Fordindl et al., 2012b) vystupuju na
povrch sedimenty:

¢ vrchného badenu, tvorené pieskami s lavicami a medzi-
vrstvami Strkov — studienéanské suvrstvie;
stredného badenu, tvorené prachovcami, ilmi
avapnitymi pieskovcami—jakubovskeé suvrstvie a sedimenty
devinskonovoveského suvrstvia, tvorené nevapnitymi
pieskami, brekciami a Strkmi.

Prehlad biostratigrafickych vyskumov

NajstarSie paleontologické prace z okolia Devinskej No-
vej Vsi, Jablonového a Stupavy pochadzaju z druhej polovi-
ce 19. storocia (Hornes, 1856, 1870; Schaffer, 1898, 1908;
Toula, 1900, 1915; Adrian a Paul, 1864; Hornes, 1864).
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Obr. 1. Lokalizacia vrtu HGP-3.
Fig. 1. The location of the well
HGP-3.
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V 50. rokoch minulého storocia bola rieSena stratigra-
fia sedimentov spodného az vrchného miocénu Viedenskej
panvy (Buday a Cicha, 1956; Dlugi, 1957; Svoboda, 1957;
Zapletalova, 1957). Zapletalova (1954) v sprave podava
poznamky k podloziu sarmatu s vy€lenenim I. a Il. Grillovej
zény badenu.

V r. 1958 sa mikrofaunou v ramci prehladnej mapy
vychodnej Casti listu Bratislava zaoberala Brestenska.
Ide vSak len o ojedinelé panonsko-pliocénne ostrakédy
a makkyse.

Problematiku spodného a vrchného badenu v labskej
elevacii riesil Jificek (1969). Jificek (1975) sa na zaklade
vrtov zaoberal hranicou karpat — baden v slovenskej Casti
Viedenskej panvy v oblasti Zavodu, Letni¢ia, Kovalova,
Studienky, Bresty, Kuklova, Cunina, Sastina, Smolinského,
Borského Jura, Moravského Jana, Suchohradu, Dubovej,
Jakubova, Labu, Malaciek, Lozorna, Brodského, Car,
Kutov, Stefanova a Gbiel.

Foraminifery vo faciostratotypovej lokalite vrchného ba-
denu na Sandbergu (Devinska Nova Ves) spracoval Jificek
(in Papp, Cicha, Senes a Steininger, 1978).

Foraminifery a ostrakédy v neogénnej kapitole
Vysvetliviek ku geologickej mape 1 :25 000 Velka Bratislava
spracovala Brestenska (in Vaskovsky et al., 1984).

Zlinska (1987a, b, 1992) v ramci zostavovania mapy
Velkej Bratislavy vyhodnotila spodnobadensku mikrofaunu
z vrtu DNV-1 (Devinska Nova Ves, 496,4 — 512,9 m)
a vrchnobadensku z Diev€ieho hradu.

Mikrofaunisticki charakteristiku sedimentov z listov
Kuty-1 a Holi¢-1, 3 podava Zlinska (1991).

Fordinal et al. (2002, 2003) sa zaoberali stratigrafiou,
faunou a nanoflérou badenskych sedimentov v oblasti
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Obr. 2. Litologicky profil vitom HGP-3.
Fig. 2. The lithological log of the well HGP-3.

jakubovské savrstvie

BADEN

stredny

137,5

devinskonovoveské

Stupavy, z rovnakych sedimentov boli Studované vapnité
dinoflagelata (Banasova a Rehakova, 2003; Banasova et
al., 2004).

Fosilne ekosystémy, ich vztah k paleoprostrediu, depo-
ziéné prostredie, sedimentoldgiu a biostratigrafiu riesil ko-
lektiv geolégov a paleontolégov (Kovag et al., 2005, 2008).

Vysledky geologického mapovania Zahorskej niziny
v mierke 1 : 50000 v rokoch 2006 — 2011 a k nemu
prindleziaca mikropaleontoldgia (Zlinska) su zhrnuté v praci
Fordindla et al. (2012a, 2013).

Foraminifery, ostrakddy a machovky z okolia Sandber-
gu, Devina, Devinskej Novej Vsi a Zahorskej Bystrice spra-
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covali Hyzny et al. (2012), Zlinska et al. (2013) a Zlinska
a Madaras (2014).

Biozonacia badenu

Pre biozonaciu neogénu sa v zapadokarpatskych pan-
vach najCastejSie pouziva zonacia na zaklade bentickych
foraminifer podla Grilla (1941, 1943, obr. 3) a Cichu (in Ci-
cha et al., 1975), ktory rozliSuje zony podla planktonickych
a bentickych foraminifer. Nazvy zon uvadzame v pévodne;j
terminoldgii, nazvy taxénov podla platnej nomenklatury.

V mikrofaunistickom vyvoji baza spodného badenu je
definovana na zaklade prvého vyskytu zastupcov rodu
Praeorbulina OLson. Je korelovatelny so zénou planktonic-
kych foraminifer Praeorbulina — Orbulina suturalis a so z6-
nou bentonickych foraminifer Lenticulina echinata (Cicha et
al., 1975). Podla Grilla (1943) je to lagenidova biozéna, kto-
ri Spicka a Zapletalova (1964) na zaklade facialnych pod-
mienok roz€lenili na spodnu a vrchnu. V spodnom badene
sa po prvykrat objavuju planktonické rody a druhy forami-
nifer s Praeorbulina glomerosa (BLow), dalej su pritomné:
Globigerina praebulloides BLow, G. bulloides OrsigNy, G.
diplostoma REeuss, G. concinna Reuss, Globoturborotalita
apertura (CusHman), G. woodi (JENkINs), Dentoglobigerina
obesa (BoLLl), Globigerinoides sicanus de Sterani, G. trilo-
bus (Reuss), G. quadrilobatus (OrsigNY), Paragloborotalia
siakensis (Leroy), P. mayeri (CusHmaN et ELLisor), Globoqu-
adrina dehiscens (CHaPMAN, PARR et CoLLINS) a vo vySSej
Casti zony aj Orbulina suturalis BRoENNIMANN a O. univer-
sa OrBiGNY. Z bentonickych foraminifer sa objavuju hlav-
ne zastupcovia Celadi Vaginulinidae a Uvigerinidae, rody
Lenticulina [L. echinata (OrBiGNY)] a z uvigerin pre morav
typicka U. macrocarinata Paprp et TurNovsky. Spodny ba-
den charakterizuju euhalinné asociacie hibsieho neritika az
plytkobatyalnej zény.

Vrchnd hranica spodného badenu je charakterizovana
vyskytom indexovych fosilii zo6n bentonickych foraminifer
Pseudotriplasia - Uvigerina semiornata brunensis
a Globigerina druryi — G. decoraperta a planktonickych
Globigerina decoraperta — G. druryi (Cicha et al., 1975),
ktoré chronologicky prislichaju strednému badenu.
V zmysle Grilla (1941) stredny baden predstavuje
z6nu Spiroplectammina carinata (= Spiroplectinella;
Ctyrokd a Zlinska, 1992, 1993; Zlinska a Ctyroka,
1993). Tento kratky usek badenu sa vyznacuje hojnym
zastupenim aglutinovanych foriem, ako Pseudotriplasia
elongata MaLecki, Bathysiphon taurinenense Sacco,
Haplophragmoides vasiceki vasiceki CicHA & ZAPLETALOVA,
Cyclammina complanata CHapman, C. vulchoviensis
VENGLINSKY a Spiroplectinella carinata (OrsigNy). Vrchnu
hranicu zény ohraniCuje objavenie sa planktonického rodu
Velapertina a bentického rodu Pavonitina. Z vapnitych
bentickych foriem su charakteristické ,ostnaté” uvigeriny:
U. orbignyana Czszek a U. aculeata OrsigNY. Planktonicku
zloZzku zastupuje po prvykrat sa objavujuci druh Globigerina
decoraperta TakavanaGcl et Saro, dalej G. druryi AKeRrs
a Globoturborotalia nepenthes (Topp).

Vo vrchnom badene dochadza k diferenciacii
mikrofauny na morskd, ktora je zastipena v spodnej ¢asti
podstupiia, a brachyhalinnu, vo vrchnej Casti podstupfia
a aj lateralne s dominanciou rodu Ammonia. Vrchny baden
mikrofaunisticky prislticha zéne planktonickych foraminifer
Velapertina a bentonickych foraminifer Pavonitina -
Uvigerina hispidocostata (Cicha et al., 1975). V ponimani
Grilla (1941) ide o buliminovo-bolivinovi zénu, ktora
pozvolne prechadza do zény Ammonia beccarii. Z fauny
foraminifer boli zaznamenané druhy, ktoré prechadzaju zo
stredného badenu: Bolivina maxima CicHA & ZAPLETALOVA,
Bulimina  elongata OrsigNy, B. striata  ORBIGNY,
Praeglobobulimina pupoides (OrsigNY), P. ovata (ORBIGNY),

P.pyrula (OreigNY), Uvigerina brunensis KARRER, Pappina

neudorfensis (Toura), Orbulina suturalis BROENNIMANN,
Globigerinoides trilobus (Reuss), G. quadrilobatus

(OrBiGNY), Globigerina bulloides OrsigNY, G. diplostoma
Reuss, Paragloborotalia mayeri (Cushman et ELLISOR)

a zriedkavo Globigerina druryi Akers, Globoturborotalia
nepenthes  (Topb),  Globoturborotalita  apertura
(CusHwman). Nad uvedenou asociaciou su vyvinuté vrstvy
brakické az sladkovodné s ochudobnenou mikrofaunou
z6ny Ammonia beccarii (Grill, 1941) a zony Cibicides
aff. badenensis — Elphidium reginum (Cicha et al.,

1975), prechadzajice do najspodnejSieho sarmatu.

K dal&im mikrobiostratigrafickym zénovaniam neogé-
nu patria zény Bolliho (1966), Blowa (1969) a Berggrena
et al. (1995) postavené pre tropické oblasti. Z bioprovin-

Foraminiferové biozony centralnej Paratetydy
STUPEN .
Cicha et al., 1975 Grill, 1941, 1943
Nonion granosum
SARMAT Elphidium hauerinum
Elphidium reginum
. Ammonia beccarii
- Upvigerina
_=: Velapertina hispidocostata » o
2 . bulimino-bolivinova
” Pavonitina
Pseudotriplasia
‘2 | Globigerina druryi It . . .
5 < Spiroplec ina carinata
?:; G. decoraperta (Uvigerina semiornatd (z6na aglutinancif)
brunensis
BADEN
vrchna lagenidova zéna
(Lenticulina cultrata)
> | Orbulina suturalis
-§ Pracorbulina Lenticulina echinata
& spodna lagenidova zona
(Planulina wuellerstorfi)

cionalno-klimatickych dévodov nie su vzdy aplikovatelné
s dostato€nou presnostou ani v mediterannej oblasti, ani
v centralnej Paratetyde.

Studované litostratigrafické jednotky badenu

Obr. 3. Biozonacia badenu a sarmatu.
Fig. 3. Badenian and Sarmatian biozonation.

Stredny baden je zastupeny terestrickymi sediment-
mi devinskonovoveského suvrstvia (pévodne devinsko-
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Obr. 4. Litostratigrafické jednotky badenu (Fordindl in Fordinal et al., 2012a, upravené).
Fig. 4. Badenian lithostratigraphical units (Fordinal in Fordinal et al., 2012a, modified).

novoveské vrstvy; Vass et al., 1988c), ktoré Fordinal (in
Koht et al., 2007; Fordinal et al., 2010) vzhladom na jeho
genézu zaclenil do hierarchicky vysSej jednotky — suvrstvia.
Devinskonovoveskeé suvrstvie reprezentuju viaceré litofacie.

Morské az brakické sedimenty strednobadenského
veku reprezentuje jakubovské stvrstvie (Spicka, 1966).
Jeho €lenmi su levarske piesky (JifiCek, 2002), Zizkovske
vrstvy (Buday, 1946; zlepence, pestré ily, piesky a pieskov-
ce) a stupavskeé vrstvy (predtym labske piesky; Barath et
al., 2001). V pieskoch stupavskych vrstiev boli identifiko-
vané chudobné a malo diverzifikované spolo¢enstva fora-
minifer, v ktorych mali najhojnejSie zastupenie zastupcovia
rodu Elphidium [E. crispum (L.), E. macellum (F. — M.), E.
fichtelianum a E. rugosum (ORrs.)] a druh Ammonia becca-
rii (L.). Okrem nich boli v ziskanych asociaciach pritomné
taxony Asterigerinata planorbis (Ors.) a Uvigerina semior-
nata semiornata Ors. (Zlinska, 2007).

Jakubovské suvrstvie obsahuje spolo¢enstva foramini-
fer biozony Spiroplectammina carinata, mozno ho korelovat
so Spacinskym suvrstvim Podunajskej panvy a s vranov-
skym suvrstvim Vychodoslovenskej panvy.

Vrchnobadenské sedimenty vo Viedenskej panve
reprezentuje studiencanské suvrstvie. Ako studienske
vrstvy ich opisal Spicka (1966). Suvrstvie tvoria sivé,
vapnité pelitické sedimenty, prevazne il/ilovec (tégel),
prechadzajuce do pieskov. Prostredie vzniku bolo
morské, panvové, neritické. K okraju panvy sa prostredie
vysladzovalo na lagunarne az sladkovodné. Suvrstvie lezi
na jakubovskom suvrstvi stredného badenu, s ktorym je
spaté postupnymi prechodmi, alebo na predbadenskych
sedimentoch, napr. na zavodskom suvrstvi karpatu;
zakryté je holi¢skym suvrstvim sarmatu. Maximalna hribka
suUvrstvia do 900 m je v kutskej priekope.

V suvrstvi bol opisany marginalny ¢len — sandber-
ské vrstvy. Stratotypom je stara pieskovna na svahu koéty
Sandberg. Opisali ich Barath et al. (1994). Vrstvy lezia
diskordantne na mezozoickom podlozi a postupne late-
ralne prechadzaju do pelitov studientanského suvrstvia.
V stratotypovej oblasti su skryto diskordantne zakryté ho-

licskym suvrstvim (sarmat). Maximalna hrubka vrstiev je
90-100 m. RozSirené su na severozapadnom uUpati Malych
Karpat (Devinska Nova Ves, Zahorska Bystrica, Rohoz-
nik). V pieskoch na svahoch koty Dievéi hradok (201,4 m
n. m.) juzne od obce Zahorska Bystrica bola najdena fauna
foraminifer tvorena druhmi Globulina gibba Ors., Asteri-
gerinata planorbis (Ors.), Ammonia beccarii (LINNE), Cri-
brononion notabilis (PisHvanovA) a Vertebralina foveolata
Franzenau (Zlinska, 1987b).

Ekvivalentmi studienanského suvrstvia v dunajskej
panve je bahoriské a pozbianske suvrstvie, vo Vychodoslo-
venskej panve lastomirske suvrstvie.

Metodika

Z hydrogeologického vrtu HGP-3 (koordinaty GPS:
48,2617 S, 17,0089 V) bolo na mikrofaunistické Studium
odobratych 18 vzoriek. Najviac vzoriek (10) bolo odobratych
zo sivych ilov, z pieskov a pieskovcov 6 vzoriek, po jednej
z ilov so zuholhatenymi zvySkami a polohami materidlu
krystalinika a pieskovcov. Po rozplaveni horniny (60 dkg)
cez mlynarsky hodvab sme z vyplavu ziskali foraminifery,
mékkySe a otolity ryb (Fordinal et al.,, 2002, 2003;
Zlinska, 2002). Vyseparované foraminifery sme Studovali
pod binokularnou lupou a rastrovacim elektronovym
mikroskopom (Hitachi S — 800 v Ustave informatiky
SAV, pozri fototabulky I. — lIl.). Na urCenie foraminifer
a stratigrafické rozsirenie taxénov sme pouzili literatdru
hlavne pre centralnu Paratetydu (napr. Cicha et al., 1986,
1998; obr. 5). Prehladné zastiupenie zistenych taxdnov
v jednotlivych hibkach vrtu HGP-3 prezentuije tab. 1.

Vysledky

Z hydrogeologického vrtu HGP-3 (obr. 1, 2), lokalizo-
vaného na Z okraji obce Stupava, sme z hibky od 6 m do
189,3 m na mikrofaunu Studovali 18 vzoriek. Celkovo sme
determinovali 68 taxénov foraminifer (tab. 1), na zaklade
ktorych mbézeme sedimenty chronostratigraficky priradit
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Obr. 5. RozSirenie foraminifer v centralnej Paratetyde.
Fig. 5. Occurrence of foraminifers in the Central Paratethys.

k badenu. V ramci tohto stupna sme pri jeho trojdielnom
¢leneni podla Vassa (2002) dolozili 2 podstupne:

V hibke 6 — 22,9 m bola zistena typicka mikrofauna
vrchného badenu, ktora prislicha zéne planktonickych
foraminifer Velapertina a bentickych foraminifer Uvigerina
hispidocostata—Pavonitina (Cicha et al.,1975) (obr. 3).
Podla ¢lenenia Grilla (1941) je to buliminovo-bolivinova
zéna (obr. 3). V hibke 6—13 m je reprezentovana typickou
foraminiferovou mikrofaunou hibokovodnejSich bulimin
a bolivin (napr. Bolivina dilatata maxima C. — Z., Bulimina
elongata Org.). Kvantitativhu prevahu ma vsak planktonic-
ka zlozka (obr. 6) [Globigerina concinna Rss., Globigerina
tarchanensis Suss. — CHutz., Globigerina druryi Akers, Glo-
boturborotalita nepenthes (Topp), Globigerina decoraperta
(TakavanaGl — Saimo) a Globigerina praebulloides BLow], kto-
ra smerom k podloZiu ustupuije. Litostratigraficky sedimenty
zodpovedaju studiencanskému suvrstviu (obr. 4).

Stredny baden je zasttpeny od hibky 22,9 m do 189,3m
a prislucha zoéne planktonickych foraminifer Globigerina
druryi — Globigerina decoraperta a bentickych foraminifer
Pseudotriplasia elongata — Uvigerina semiornata brunen-
sis (Cicha et al., 1975) (obr. 3). Podla ¢lenenia Grilla (1941)
je to zéna Spiroplectammina carinata. Planktonicka zlozka
ustupuje na ukor bentosu, objavuju sa aglutinované formy
charakterizujuce stredny baden [Spiroplectinella carinata
(Ors.), Martinottiella communis (Ors.), Textularia laevigata
Ors., Textularia gramen (Ors.)] a vapnity bentos, hlavne
uvigeriny (Uvigerina aculeata orbignyana Cziz., Uvigeri-
na semiornata adolphina von DanieLs — CicHa, Uvigerina

HLBKA (m) (O Q >

12.9-

L 2 e

Obr. 6. Graf pomerného zastupenia jednotlivych typov foraminifer
vo vrte HGP-3 (Stupava). a — aglutinované; vb — vapnity bentos;
p — planktén.

Fig. 6. Plot of the occurrence of individual types of foraminifers
in the well HGP-3 (Stupava). a — agglutinated; vb — calcareous
benthos; p — plankton.

semiornata brunnensis KaRrer, Uvigerina semiornata
kusteri von DaNIELs & SPIEGLER, Uvigerina venusta venus-
ta Franzenau, Uvigerina semiornata urnula ORrs.). Litostra-
tigraficky sedimenty zodpovedaju jakubovskému suvrstviu
a od 137,5 m devinskonovoveskému suvrstviu (obr. 4).
Ziskané vysledky koreSponduju s mikrofaunistickymi
vysledkami studienCanského suvrstvia na S okraji obce
Devinska Nova Ves. Z nedalekého vrtu DNV-1 (Devinska
Nova Ves) boli strednobadenské ,ostnaté” uvigeriny ziste-
né v hibke 13,4 m (Zlinska, 1992) a v hibke 7,3 — 13,4 m
bola najdena vrchnobadenska asociacia foraminifer s pre-
vahou typickych bentickych foriem: Pappina neudorfensis
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TAB. l. 1 — Globigerina concinna Rss., HGP-3/6,0 — 6,1 m; 2 — Elphidium aculeatum (Ors.), HGP-3/6,0 — 6,1 m; 3 — Globigerina bulloides
Ors., HGP-3/6,0 — 6,1 m; 4 — Globigerina praebulloides BLow, HGP-3/6,0 — 6,1 m; 5, 6, 12 — Pappina neudorfensis (TouLa), HGP-3/22,9
az 23,0 m; 7 — Bulimina subulata CusHmaN et PARker, HGP-3/22,9 — 23,0 m; 8 — Spiroplectinella carinata (Ors.), HGP-3/22,9 — 23,0 m;
9 — Fursenkoina acuta (Ors.), HGP-3/22,9 — 23,0 m; 10, 13 — Uvigerina aculeata aculeata Ors., HGP-3/22,9 — 23,0 m; 11 — Uvigerina
semiornata kusteri von DanieLs and SpiecLEr, HGP-3/22,9 — 23,0 m; 14 — Bulimina elongata Ors., HGP-3/22,9 — 23,0 m; 15 — Bolivina
dilatata maxima C.—Z., HGP-3/22,9 — 23,0 m; 16 — Melonis pompilioides (F.—M.), HGP-3/22,9 — 23,0 m; 17, 18 — Sphaeroidina bulloides
Ors., HGP-3/49,9 — 50,0 m; 19 — Valvulineria complanata (Ors.), HGP-3/22,9 — 23,0 m; 20 — Valvulineria complanata (Ors.), HGP-3/49,9
az 50,0 m.
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TAB. Il. 1 — 5 — Globigerinoides trilobus (Rss.), HGP-3/49,9 — 50,0 m; 6 — Bulimina striata striata Ors., HGP-3/49,9 — 50,0 m; 7,
8—Guttulina communis (Ors.), HGP-3/49,9 — 50,0 m; 9 — Uvigerina semiornata Ors., HGP-3/49,9 — 50,0 m; 10 — Martinottiella communis
(OrB.), HGP-3/49,9 — 50,0 m; 11 — Praeglobobulimina pupoides (Ors.), HGP-3/49,9 — 50,0 m; 12, 13 — Spiroplectinella carinata (Ors.),
HGP-3/49,9 — 50,0 m; 14 — Chilostomella ovoidea Rss., HGP-3/108,9 — 109,0 m; 15 — Nonion commune (Ors.), HGP-3/64,8 — 65,0 m;
16 — Uvigerina semiornata kusteri von DanieLs and SpieGLER, HGP-3/64,8 — 65,0 m; 17 — Bolivina ex gr. dilatata Rss., HGP-3/64,8 — 65,0 m;
18 — Globigerina diplostoma Rss., HGP-3/129,0 — 129,3 m; 19 — Elphidium fichtelianum (Ors.), HGP-3/134,1 — 134,4 m.
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TAB. lll. 1, 2 — Guttulina communis (Ors.), HGP-3/80,6 — 80,8 m; 3 — Pullenia bulloides (Ors.), HGP-3/80,6 — 80,8 m; 4 — Fursenkoina
acuta (Ors.), HGP-3/80,6 — 80,8 m; 5 — Sphaeroidina bulloides (Ors.), HGP-3/80,6 — 80,8 m; 6 — Uvigerina semiornata Ors., HGP-3/80,6
az 80,8 m; 7 — Uvigerina aculeata aculeata Ors., HGP-3/80,6 — 80,8 m; 8 — Orbulina suturalis Broenn., HGP-3/80,6 — 80,8 m; 9 — Bulimina
subulata CusHvAN & PaRker, HGP-3/80,6 — 80,8 m; 10 — Melonis pompilioides (F. — M.), HGP-3/80,6 — 80,8 m; 11 — Bolivina viennensis
Marks, HGP-3/80,6 — 80,8 m; 12 — Glandulina ovula Ors., HGP-3/49,9 — 50 m.
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Zasttpenie taxénov v jednotlivych hibkach vrtu HGP-3

Tab. 1

Taxons presence in the individual depths of the HGP-3 well

185

Taxon

6-6,1

12,9-13

22,9-23

30,9-31

38,8-38,9

49,9-50

80,6-80,8

90,6 - 90,7

104,5

160,3 — 160,4

189,2 — 189,3

Ammonia beccarii (L.)

x| 64,8 — 65

x| 108,9 - 109

x| 126,6-127

x| 129,7-130

x[132,5 - 132,7

x| 134,1 - 134,4

x [ 134,7

Amphimorphina haueriana Neugeb.

Asterigerinata planorbis (Orb.)

x

x

x

x

x

x

Bolivina antiqua Orb.

Bolivina cf. viennensis Marks

Bolivina dilatata dilatata Rss.

Bolivina dilatata maxima C.- Z

Bolivina ex gr. dilatata Rss.

Bulimina aculeata Orb.

Bulimina elongata Orb.

Bulimina striata striata Orb.

Bulimina subulata Cushman et Parker

Cancris auriculus (F.-M.)

Elphidium aculeatum (Orb.)

Elphidium crispum (L.)

Elphidium fichtelianum (Orb.)

Elphidium macellum (F.-M.)

Fursenkoina acuta (Orb.)

Glandulina ovula Orb.

Globigerina bulloides Orb.

x

Globigerina concinna Rss.

Globigerina decoraperta Takayanagi-Saito

Globigerina diplostoma Rss.

Globigerina druryi Akers

XX [X | X | X

Globigerina praebulloides Blow

Globigerina sp.

Globigerina subcretacea Lomnicki

Globigerina tarchanensis Subb. — Chutz.

Globigerinoides quadrilobatus (Orb.)

x

Globigerinoides trilobus (Rss.)

Globoturborotalia nepenthes (Todd)

Globulina gibba Orb.

Guttulina communis (Orb.)

Hansenisca soldanii (Orb.)

x

Heterolepa dutemplei (Orb.)

Chilostomella ovoidea Rss.,

Laevidentalina communis (Orb.)

Lagena striata (Orb.)

Lobatula lobatula (W.-J.)

Martinottiella communis (Orb.)

Melonis pompilioides (F.-M.)

x

Nonion commune (Orb.)

XX |X |x

Orbulina suturalis Broenn.

Pappina neudorfensis (Toula)

Paragloborotalia regularis (Orb.)

XX [X | X

Praeglobobulimina pupoides (Orb.),

Praeglobobulimina pyrula (Orb.)

x

x

Pullenia bulloides (Orb.)

Pyrgo simplex (Orb.)

x

x

Sigmoilopsis celata (Costa)

Sinuloculina consobrina (Orb.)

Sphaeroidina bulloides Orb.

Spiroloculina canaliculata Orb.

x

Spiroplectinella carinata (Orb.)

Stilostomella adolphina (Orb.)

Stilostomella consobrina (Orb.)

Textularia gramen Orb.

Textularia laevigata Orb.

Uvigerina aculeata aculeata Orb.

Uvigerina aculeata orbignyana Czjz.

x

Uvigerina pygmoides P.-T.

Uvigerina semiornata adolfina von Daniels-Cicha

Uvigerina semiornata brunnensis Karrer

Uvigerina semiomata kusteri von Daniels and Spiegler

Uvigerina semiornata semiornata Orb.

Uvigerina semiornata urnula Orb.

Uvigerina venusta venusta Franzenau

Valvulineria complanata (Orb.)
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(TouLa), U. brunnensis (KArrer), Bulimina elongata (Ors.),
Bolivina dilatata (Rss.) (Zlinska, 1990, 1992). Rovnako ju
mébzeme korelovat s mikrofaunou tehelne v Devinskej No-
vej Vsi (Ctyroka a Zlinska, 1993; Zlinska a Ctyroka, 1993)
a z vrtov ZNV-1 (Devinska Nova Ves) a ZNV-3 (Zahorska
Bystrica) (Zlinska et al., 2013).

Diskusia

Nazory na ¢lenenie stupna baden v centralnej Parate-
tyde sa réznia. Podla Kovaca et al. (2007) spodny baden
— lagenidova zdéna — zacina na hranici 16,303 Ma. Vrchny
baden na 13,654 Ma a je totozny s bazou nanoplankténo-
vej zény NN6 (Martini, 1971) konciacej v sarmate na 11,85
Ma, pricom baza nanoplanktonovej zény NN6 je v zéne
aglutinancii. Baza zény aglutinancii je na hranici 14,194 Ma
a vrchna hranica 13,5 Ma, kde uz zacdina buliminovo-boli-
vinova biozéna, ktora ukoncéuje badensky sedimentaény
cyklus na 12,75 Ma.

V tomto chronostratigrafickom ponimani by sedimenty
vo vrte HGP-3 z hibky 6 — 22,9 m zodpovedali vrchnému
badenu, od 22,9 m do 197 m tiez vrchnému badenu s tym,
ze Cast sedimentov devinskonovoveského suvrstvia by bola
spodnobadenska. NajpreukazanejSou metrazou su vzorky
z hibky 160,3 — 160,4 m s Uvigerina semiornata urnula
(Org.), ktorej vrchny vyskyt v centralnej Paratetyde ukon-
Cuje vrchna hranica nanoplankténovej zény NN5 (Cicha et
al., 1986).

Iné Clenenie badenu navrhuje Hohenegger et al. (2014).
Na 16,303 Ma je baza raného badenu, pricom béaza pre-
orbulinovej zény je uz vo vrchnom karpate (16,38 Ma). Na
15,032 Ma je baza stredného badenu a 13,82 Ma baza
pozdného badenu, ktora je identicka s bazou zény aglu-
tinancii. Stupefl morav (rany a stredny baden) zahfiia
spodnu a vrchnu lagenidovd zénu; vieli¢ (stredny baden)
a kosov (vrchny baden) predstavuju pozdny baden. Baza
nanoplankténovej zony NN6 (Martini, 1971) je medzi z6nou
aglutinancii a buliminovo-bolivinovou zénou v pozdnom ba-
dene na 13,53 Ma a pokracuje celym sarmatom. Vrchné
ohrani€enie buliminovo-bolivinovej zoény, ktora ukoncuje
badensky sedimentaény cyklus, je na 12,829 Ma.

V pripade €lenenia badenu podla Hoheneggra et al.
(2014) by véetky Studované hibky vrtu HGP-3 patrili jediné-
mu podstupnu, vrchnému badenu, pretoze vrchna hranica
nanoplankténovej zény NN5 (Martini, 1971) je takmer to-
tozna s vrchnou hranicou z6ny aglutinancii.

Zaver

Z hydrogeologického vrtu HGP-3 (obr. 1, 2) sme z hibky
od 6 m do 189,3 m determinovali 68 taxénov foraminifer
(tab. 1), na zaklade ktorych sedimenty chronostratigrafic-
ky zaradujeme do badenu. V ramci badenu sme vyclenili
2 podstupne, stredny a vrchny:

V hibke 6 — 22,9 m bola zistena typicka morska mikro-
fauna vrchného badenu buliminovo-bolivinovej biozény
(Grill, 1941; obr. 3). V hibke 6 — 13 m je reprezentovana
typickou mikrofaunou hlbokovodnejSich bulimin a bolivin,

ktoré velmi dobre toleruju znizeny obsah kyslika pri dne,
av8ak kvantitativnu prevahu v asociacii ma planktonicka
zlozka (obr. 6) (Globigerina bulloides Ors., Globigerina
concinna Rss., Globigerina decoraperta TAKAYANAGI-
-Samo, Globigerina diplostoma Rss., Globigerina druryi
Akers, Globigerina praebulloides BLow etc.), ¢o svedci
v tomto obdobi o dobrej komunikéacii s otvorenym morom.
Litostratigraficky sedimenty zodpovedaju studien¢anskému
suvrstviu (obr. 4).

Stredny baden je zastipeny od hibky 22,9 m do
189,3m. Planktonicka zloZzka ustupuje na ukor bentosu,
objavuju sa aglutinované formy biozény Spiroplectammi-
na carinata, zhruba do hI'bky 104,5 m, ktoré poukazuju na
hibSie neritické prostredie depozicie organodetritickych
terigénnych bahien s norméalnou salinitou. Od hibky 108,9
az 134,7 m sa objavuje Ammonia beccarii (L.), ktora spolu
s elfidiami [Elphidium crispum (L.), Elphidium fichtelianum
(Org.) a Elphidium macellum (F. — M.)] indikuje prostredie
plytkého Selfu.

Litostratigraficky sedimenty zodpovedaju jakubovskeé-
mu suvrstviu, od 1375 m devinskonovoveskému suvrstviu
(obr. 4).

V ponimani ¢lenenia stupna baden podla Kovaca et al.
(2007) by sedimenty vo vrte HGP-3 z hibky 6 — 22,9 m zod-
povedali vichnému badenu, od 22,9 — 197 m tiez vrchnému
badenu s tym, ze ¢ast sedimentov devinskonovoveského
sUvrstvia by bola spodnobadenska. Najpreukazanej$ou
metrazou su vzorky z hibky 160,3 — 160,4 m s Uvigerina
semiornata urnula (Ors.), ktorej vrchny vyskyt v central-
nej Paratetyde ukoncuje vrchna hranica nanoplankténovej
zény NN5 (Cicha et al., 1986).
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Middle Miocene foraminifers from the sediments in well HGP-3
(Stupava, Vienna Basin, Slovakia)

At the western margin of the Stupava village (SE mar-
gin of the Slovakian part of the Vienna Basin), in the early
1990s, the hydrogeological well HGP-3 (Figs. 1 and 2) was
drilled, reaching the final depth of 197 m.

We have studied 18 samples of foraminifers from the
depths 6.0-189.3 m that confirmed the Badenian age of
the sediments:

In the depth 6.0-22.9 m we have obtained typical
microfauna of the Upper Badenian age (Tab. 1), bound to
the planktonic foraminiferal zone Velapertina and bentho-
nic foraminiferal zone Uvigerina hispidocostata — Pavoni-
tina (Cicha et al., 1975) (Fig. 3). According to zonation of
Grill (1941) it is the Bulimina-Bolivina Zone (Fig. 3). In the
depth 6.0-13.0 m it is represented by the typical foramini-
feral microfauna of deeper-water Buliminas and Bolivinas
(for ex. Bolivina dilatata maxima C. — Z., Bulimina elongata
Ors.). Quantitative prevalence is shown by the planktonic
part (Globigerina tarchanensis Suss. — CHutz., Globigeri-
na druryi Akers, Globoturborotalia nepenthes (Topb), Glo-
bigerina decoraperta (TAKAYANAGI-SAITO) and Globigerina
praebulloides Brow], that, going downwards, retreats.
Lithostratigraphically these deposits belong to the Studien-
ka Formation (Fig. 4).

The Middle Badenian foraminifers are present in the
depth 22.9-189.3 m, belonging to the planktonic foramini-
feral zone Globigerina druryi — Globigerina decoraperta
and benthonic foraminiferal zone Pseudotriplasia elongata

to Uvigerina semiornata brunensis (Cicha et al., 1975)
(Fig. 3). According to zonation of Grill (1941), it is the zone
of Spiroplectammina carinata (Fig. 3). Planktonic part
retreats before benthos and the agglutinated forms appear,
characterizing the Middle Badenian [Spiroplectinella
carinata (Ors.), Martinottiella communis (Ors.), Textularia
laevigata Ors., Textularia gramen Ors.] and calcareous
benthos, mostly Uvigerinas (Uvigerina semiornata
adolphina von DaniLs — CicHa, Uvigerina semiornata
brunnensis KaRRer, Uvigerina semiornata kusteri von
DaniELs and SPIEGLER, Uvigerina venusta venusta FRANZENAU,
Uvigerina semiornata urnula Ors.). Lithostratigraphically
the deposits belong to the Jakubov Formation (Fig. 4), and
from 137.5 m to the Devinska Nova Ves Formation.

According to classification of Badenian stage in view
of Kova¢ et al. (2007), the sediments in the borehole
HGP-3 would represent the Late Badenian in the interval
6.0—22.9 m, and those in the interval 22.9—-197.0 m the
Late Badenian as well, with an exception of a part of the
Devinska Nova Ves Formation sediments which would
be of the Lower Badenian age. The most demonstrable
satin yardage is from the samples collected in the interval
160.3—160.4 m with Uvigerina semiornata urnula (ORrs.),
which upper presence in the Central Paratethys terminates
at the upper limit of nanoplankton zone NN5 (Cicha et al.,
1986).
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Microfauna from the clasts of the carbonate-silicite breccias found
near the Bohunovo village (Slovak Karst, Western Carpathians)

The carbonate-silicite clasts were discovered near the Bohurovo village in the Meliatic unit.
Rocks are localized in the southern part of old quarry. Main part of the quarry consists of the Honce
Limestones, which are present in the form of olistholiths in the Jurrasic mélange of the Meliatic
unit. Studied calcareous-silicitic clastic rocks surround radiolarites and fragments of limestones
of the Honce Formation. The carbonate-silicitic rock contains clasts of silicites and carbonates.
Well preserved microfossils were found in carbonates, which is not typical for the Meliatic unit.
Based on the microfossil dating, two ages of carbonates were determined — the Middle and Upper
Triassic. Analysis of the radiolarite clasts also confirmed the Ladinian age. Matrix of the studied
rocks is formed by microscopic and submicroscopic parts of surrounding clasts. This derives
a problem with the determination of the rock age. Time of sedimentation of the studied rocks is
yet unknown. There are two possible interpretations of this age: studied rocks represent a part
of the Jurassic mélange of the Meliatic unit, or the origin and the age of these rocks is younger,

possibly Cretaceous.

Key words: foraminifers, radiolarians, Middle and Late Triassic, Slovak Karst

Uvod

Clanok prinasa nové zistenia z vyskumu okolia meta-
karbonatového telesa pri obci Bohunovo v Slovenskom
krase. V prispevku je uvedeny opis vyskytu karbonatovo-si-
licitového klastika s preukazatelnou mikrofaunou, ktory tvori
litologicky kontrastny fragment v ramci dominantného kom-
plexu rekrystalizovanych honcianskych vapencov, v ktorych
sa nezachovali Ziadne fosilne zvysky. Karbonatovo-silicito-
vy fragment vystupuje na povrch len v ramci juznej Casti
odkrytého byvalého kameriolomu s vyskytom stredno- az
hrubokrystalickych bielych a sivobielych vapencov. V Studo-
vanom karbonatovo-silicitovom fragmente sa nachadzaju
spoloCenstva foraminifer a radiolarii jednak v karbonato-
vych, ako aj v silicitovych klastoch, tvoriacich ¢iasto¢ne tek-
tonizované klastikum. Prave v karbonatovych klastikach ide
o prvy opis takychto fosilnych spoloenstiev.

Geologicka charakteristika

Lokalita je situovana na juhovychodnom Slovensku,
v katastri obce Bohunovo (obr. 1), okres RoZzfava. Na-
chadza sa na lavom brehu rieky Slana cca 500 m juzne
od obce. Poloha lokality zodpoveda 48°30°317" severnej
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$irky a 20°23°130" vychodnej dizky s nadmorskou vyskou
200 m. Skumané uzemie predstavuje morfologicky vyraznu
vyvyseninu izolovane vystupujucu z okolitého prevazne za-
rovnaného terénu (obr. 2a).

Dominantné teleso rekrystalizovanych honcianskych
vapencov je zaradené do tektonickej jednotky meliatika
(obr. 1), a to v podobe olistolitov v jurskej olistostromovej
melanzi (Mello et al., 1996). Pévodne boli tieto vapence de-
finované podila ich vyskytu v typovej lokalite Tepla stran pri
Honciach (Gaal, 1987). Napriek tomu, Zze pévodna lokali-
ta bola neskér preradena do turnaika, oznacenie pre tieto
vapence zostava v platnosti aj pre vyskyt v meliatiku, kto-
ré boli opisané vo forme olistolitov na severnych svahoch
PleSiveckej planiny. V olistolitoch meliatika maju tieto svet-
Ié vapence prevazne rekrystalizovany charakter, pricom
sa striedaju so silicitmi, tmavymi bridlicami a vapencami.
Vyskyt vapencov honcianskeho suvrstvia v turnaiku spre-
vadza diageneticky proces dolomitizacie prejavujuci sa pri-
tomnostou vloziek Zltkastych dolomitov (Mello et al., 1997).

Spodnd hranica veku honcianskych vapencov, horniny,
bola ur€ena na zaklade konodontov Neogondolella regalis
Mosher vo vrte MEL-1 (Kozur, 1991). Strednotriasovy vek
konodontov bol spresneny na egej (spodny anis). Vrchnu
hranicu na bityn, maximalne spodny pelsén ur€uju nalezy
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Obr. 1. Geologicka mapa Studovanej oblasti (s pouzitim podkladov Mello et al., 1996).
Fig. 1. Geological map of the studied area (according Mello et al., 1996).

konodontov z &ervenych vépencov, ktoré vypifiaji medzery
v svetlych krystalickych vapencoch (Kozur a Mock, 1973).
Gaal (1982) tento vekovy udaj potvrdil, ked vo vrte MEL-1
(231,8 m) objavil konodonty Neospathodus germanicus
Kozur, ktorym je pripisovany vek bityn az spodny pelson.

Podla Mella (1997, 2004) sa Ciastkova Struktura me-
liatika oznacena ako meliatsky ,prikrov“ vynara juzne od
roznavského zlomu spod silicika alebo turnianskeho pri-
krovu v tektonickych oknach, pricom jedno z nich tvori aj
Bohurovo. Prakticky jedinym reprezentantom ,prikrovu“ je
meliatska bridli¢nato-radiolaritovo-olistostromova formacia
jurského veku.

Triasové rekrystalizované vapence sa vyskytuju len
vo forme blokov (olistolitov) v olistostréme a predstavuju
najtypickejsi ¢len predriftového stadia meliatika. Matrix
olistostromy obsahuje polohy silicitov (radiolaritov).

V pripade vyskytu v Bohunove sa priklafiame
k oznaCeniu ,melanz v ktorej su horniny tektonicky
Ciasto¢ne prepracované. Meliatsky ,prikrov* sa vyznacuje
komplikovanou az chaotickou vnutornou stavbou. Zvlast
zlozité su melanzové Struktury, ktoré vznikli po premieSani
meliatského suvrstvia s permsko-spodnotriasovymi eva-
poritmi nadloznej tektonickej jednotky silicika (Mello, 1997,
2004). V okoli Bohuriova boli realizované prieskumné
prace, ktoré potvrdili pritomnost evaporitov (Rozloznik,

1977; Dianiska et al., 1984; Bajtos et al., 1996). Inkorporacia
hornin meliatika v evaporitovych forméciach silicika bola
sposobena tektonickym sunutim prikrovov pocas kolizneho
Stadia vyvoja orogénu (Mello et al., 1997).

Metodika

Mikrofauna bola pozorovana a analyzovana z 12 vy-
brusov v polarizatnom mikroskope Olympus BX51TF
na Katedre geoldgie a paleontolégie PriF UK v Bratislave.
Fotodokumentécia sa snimala pomocou digitéalnej kamery
Leica DFC209 a upravila sa v programe Leica Applica-
tion Suite ver. 4.0.0 pouzitim grafického editora GIMP ver.
2.6.12. Klasifikacia mikrofacii bola pouzita podia Dunhama
(1962), doplnena Wrightom (1992).

Radiolarie boli separované rozpustanim Siestich
masivnych vzoriek v roztoku 4 % kyseliny fluorovodikovej.
Jednotlivé vzorky boli podrvené na ulomky s rozmermi
priblizne 1 cm? a umiestnené v sitkach vo vrchnej Casti
nadoby s kyselinovym roztokom.

Pri rozpustani sme pouzili metodiku, pri ktorej sa
vzorky v kyselinovom roztoku rozpustaju 5 — 6 dni, pricom
kazdé dve hodiny sa rozpustana vzorka premyva. Po¢as
premyvania sa koncentracia kyselinového roztoku znizuje
na polovicu a rozpusteny material zachyteny na dne nado-
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Obr. 2. Lokalizacia skimaného Uzemia a ukézky hornin. a — celkovy pohlad s vyznaenim
miesta vyskytu karbonatovo-silicitovej brekcie; b — blok sivych organogénnych vapencov
v Cervenych radiolaritoch; ¢ — prierez vzorkou organogénneho vapenca s kontaktom
Cervenych silicitov; d — prierez karbonatovo-silicitovej brekcie vzorky Bo-11 (foto a scan

P. Ruzicka).

Fig. 2. Location of investigated territory and examples of rocks. a — general view showing
the position of the carbonate-silicite breccia; b — block of grey organogenic limestones
in red silicite; ¢ — sample section of organogenic limestone with red radiolarite contact;
d — section of carbonate-silicite breccia of the sample Bo-11 (photo and scan P. Ruzi¢ka).

by sa premiestriuje do osobitnej nadoby, kde tento material
zhromazdujeme. PocCas kazdého premyvania je nutné
vymenit vrchnu Cast roztoku v nadobe s rozpustenym
materidlom za Gistu vodu, aby sa koncentracia kyseliny
postupne znizovala. Tymto spdsobom nenastava posko-
denie a rozpustenie vyseparovaného materialu.

Riedeny kyselinovy roztok sa kazdé rano pocas doby
rozpustania obnovuje na koncentraciu 4 %. Po uplynuti
doby rozpustania sa rozpusteny material preleje do nado-
by so slabou koncentraciou peroxidu vodika (pouzivame
21 vody s 0,5 -1 dcl H,0,), v ktorej sa 2 hodiny prevara,
aby sa odstranila silicitova vypli radiolariovych schranok
(Missoni, os. kom. 2012). Po prevarani je obsah nadoby
s rozpustenym materidlom preosiaty cez sita s velkostou
oka 0,25; 0,125 a 0,063 um. Vyplav zachyteny na dvoch
mensSich sitach sa premiestni na hodinové sklicko a necha
sa vysusit. Po odpareni vody sa radiolarie ru¢ne separuju
pod binokularnou lupou a nasledne sa jednotlivé vzorky

to i 12 s dla s

dokumentuju pomocou skenovacieho
elektrénového mikroskopu. Na fotodoku-
mentaciu morfolégie vyseparovanych ra-
diolarii sme pouzili skenovaci mikroskop
znacky FEI Inspect F50.

Vysledky

Litolégia karbonatovo-silicitovych
brekcii

V blizkosti juzného vyskytu sivych
rekrystalizovanych vapencov su pri-
tomné masivne polohy Cervenych ra-
diolaritov, v ramci ktorych sa vyskytuju
izolované bloky sivych organogénnych
vapencov bez prejavov rekrystalizacie
(obr. 2b). Lokéalne prenikali silicity do or-
ganogénnych vapencov (obr. 2c). V tes-
nej blizkosti silicitu bol objaveny blok
karbonatovo-silicitovej brekcie s prejavmi
tlakového zatla€ania (stylolity) na styku
niektorych klastov (obr. 2d).

Hlavné zastupenie v hornine maju
roznofarebné klasty prevazne karbo-
natového charakteru s nepravidelnou
sféricitou. Prevladaju klasty bielych orga-
nogénnych vapencov velkosti od 5 mm
do 4cm nad Zltohnedymi klastmi va-
pencov rozmerov do 5 mm. NajmenSiu
distribuciu v skimanych horninach maju
klasty sivohnedych vapencov, ktorych
velkost sa pohybuje v rozmedzi od 5 mm
do 1 cm. Karbonatové obliaky maju mier-
ne poruseny pravidelny tvar zaoblenia
v désledku ich stlacenia, ¢o je viditelné
v priereze vo forme ostrejSieho obvodo-
vého ohranicenia lemovaného Cerveny-
mi radiolaritmi (obr. 3a — d). Pritomnost
metamorfne prepracovanych klastov va-
pencov v skumanych horninach nebola
potvrdend. V prierezoch je viditelna chaoticka distribucia
velkostne vyrazne diferencovanych klastov bez znakov
usmernenia ¢asto s protichodnou rotaciou. Priestor medzi
klastmi byva redukovany vyraznym zhustenim pritomnych
klastov a len lokélne je lemovany radiolaritmi. Z nekarbo-
natovych fragmentov boli pritomné klasty prevazne Cer-
venych, menej zelenych radiolaritov. Obliaky Cervenych
radiolaritov dosahuiju velkost nad 1 cm a niektoré predizené
tvary maju az 4 cm. Cervené radiolarity sa vyskytuju na
mieste kontaktu s organogénnymi vapencami a v karbona-
tovo-silicitovych brekciach. Zelené odtiene radiolaritov boli
pritomné len ojedinele v okrajovych ¢astiach skumanych
hornin. V mikroStrukture boli ¢asto pozorované radiolarie
s robznym stupriom zachovania. Deformaéne prepracovany
matrix karbonatovo-silicitového fragmentu ma jemnozrnny
charakter a tvoria ho mikroskopické az submikroskopické
zrna okolitych klastov. Pomerne Casté je zastupenie klas-
tickych chloritov pozdiz okrajovych &asti klastov, ktoré sa
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Obr. 3. Prierezy vzoriek karbonatovo-silicitovych brekcii. a — vzorka
Bo-12; b — vzorka Bo-13; ¢ — vzorka Bo-15; d — vzorka Bo-18 (scan
P. Ruzicka).

Fig. 3. Cross-sections of the samples of carbonate-silicite breccias.
a —sample Bo-12; b — sample Bo-13; ¢ — sample Bo-15; d—sample
Bo-18 (scan P. Ruzicka).

v niektorych pripadoch prerastali s muskovitom. Pritomnost
chloritov a muskovitu medzi klastmi indikuje, ze vznikli
z pbvodne pritomnej ilovitej zlozky, ktora bola kompletne
spotrebovana pri ich formovani.

Mikropaleontoldgia a mikrobiostratigrafia
karbonatovych klastov

Pogas mikrostrukturnych pozorovani bolo identifikova-
nych celkovo 18 taxdnov foraminifer v troch spolo¢enstvach
z rbznych klastov vapencov. Organogénne véapence
vmikrofacii krinoidovo-peloidalnych grainstonov obsahovali
involutinidné foraminifery. Identifikované druhy zastupuju
druhy Aulotortus pragsoides Oberhauser (obr. 4f),
ktory je charakteristicky pre ladinsko-spodnokarnské
suvrstvia Slovenského krasu a Aulotortus cf. sinuosus
Weyschenk, ktory je znamy z vrchného triasu vSetkych
tektonickych jednotiek (Salaj et al., 1981; tab. 1).
Druh Aulotortus pragsoides Oberhauser predstavuje
v Zapadnych Karpatoch najcastejSie sa vyskytujuci druh
od vrchného anisu (ilyru) po spodny rét. Salaj et al. (1981)
opisuju tento druh v schreyeralmskom (vrchny anis),
tisoveckom a furmaneckom suvrstvi (norik) a ako sucast
dachsteinského suvrstvia (najvrchnejsi norik — spodny rét).
Pévodny druh opisany Oberhauserom (1964) je uvadzany
z vrchného ladinu — rétu. Involutinidné foraminifery
sa Casto vyskytuju v organodetritickych vapencoch
a poukazuju na plytké prostredia karbonatovych platforiem
a rifov (Fligel, 2010). Vrchnotriasovy vek potvrdzuje
tiez pritomnost druhu Variostoma cf. coniforme Kristan-
-Tollmann (Gale et al., 2011; Oravecz-Scheffer, 1987).
Oproti predchadzajicim su eSte zriedkavejSie drobné
klasty vapencov v mikrofacii peloidalnych wackestonov
obsahujuice vyluéne rezy miliolidnych foriem (obr.5h). DalSie
spolocenstvo pochadza z velmi Castych svetlych klastov
krystalickych vapencov bez identifikovatelnej depozicnej
textury (sparstone). Charakteristicky taxon pre tuto biofaciu
predstavuju zastupcovia rodu Meandrospira. Tento rod je
charakteristicky pre spoloenstva spodného a stredného
triasu. Posledny vyskyt tohto taxénu sa uvadza koncom
anisu (Krainer a Varchard, 2011; Salaj et al., 1981). Acme
s Meandrospira pusilla (Ho) sa v tetydnej oblasti bezne
vyskytoval v pobreznych klastickych faciach verfenského
suvrstvia s vekom olenek (Krainer a Varchard, 2011).
V dal8ich vzorkach bolo pozorované ovela diverzifikovanej-
Sie spolo¢enstvo s Meandrospira pusilla (Ho) (obr. 4e),
Meandrospira deformata Salaj (obr. 4g), Meandrospira cf.
insolita (Ho), Meandrospira dinarica Kochansky-Devidé
et Panti¢ (obr. 4f), Earlandinita sp. (obr. 4b), Earlandita
cf. oberhauseri Salaj (obr. 4a), Endothyranella robusta
Salaj (obr. 4d), Endothyranella tricamerata Salaj (obr. 4c)
a ?Duostomina magna Trifinova (obr. 4h). Spominané
spolo¢enstvo foraminifer uréuje vek vzoriek na stredny
anis, konkrétne foraminiferovi zénu Meandrospira dinarica
(spodny pelsén; tab. 1). Zastupcovia rodu Meandrospira sa
uvadzaju zo steinalmského a gutensteinského suvrstvia,
reprezentujucich mezo- a infralitoralne prostredia (Salaj et
al., 1981; Rychlinsky et al., 2013). Zriedkavo sa v mikrofa-
cii nachadzaju druhy Frondicularia woodwardi Howchin
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Tab. 1
Stratigrafia karbonatovo-silicitovych klastik v lokalite Bohunovo
Stratigraphy of the carbonatic-silicitic clasts in the Bohuriovo locality
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Vysvetlivky: a — ¢ — Typy stratigraficky ur€enych litofacii na zaklade mikrofauny foraminifer a radiolarii. a — klasty krystalickych vapencov
obsahujuce spolo¢enstvo s Meandrospira spp. (vrchny anis); b — ¢ervené radiolarity obsahujuce spolocenstvo radiolarii (ladin); ¢ — klasty
organodetritickych vapencov s involutinidnymi foraminiferami (vrchny trias). Stratigrafické rozsahy a zény foraminifer triasu Zapadnych
Karpat boli upravené podla prac Salaja et al. (1981), Peybernesa in Hardenbol et al. (1998), Galeho et al. (2011), Oravecz-Scheffera
(1987), Kristan-Tollmanna (1963). Rozsah radiolarii a zény podla Kozura a Mostlera (1994), Kozura et al. (1996), O’'Dohertyho et al. (2010),
Stockara et al. (2012).

Notes: a — ¢ — Types of stratigraphically determined lithofacies on the basis of foraminifers and radiolarians. a — clasts of recrystallized
limestones with assemblage of Meandrospira spp. (Upper Anisian); b — red radiolarites with radiolarian assemblage (Ladinian); c — clasts of
organodetritic limestones with involutinid foraminifers (Upper Triassic). Ranges of foraminifers and zones modified after Salaj et al. (1981),
Peybernes in Hardenbol et al. (1998), Gale et al. (2011), Oravecz-Scheffer (1987), Kristan-Tollmann (1963). Ranges of radiolarians and
zones after Kozur and Mostler (1994), Kozur et al. (1996), O’Doherty et al. (2010) and Stockar et al. (2012).

mikrofaunu, bola tiez pozorovana napr. filamentova mikro-
facia alebo mikrofacia s ulomkami dasykladalnych rias
alebo hubiek.

(obr. 4g) alebo Nodosaria sp. a pomerne casté rezy
podobné zastupcom druhu ?Diplotremina astrofimbriata
Kristan-Kollmann (obr. 5a — c). Frondicularia woodwardi
Howchin je druh s velkym stratigrafickym rozsahom anis

— rét, uvadzany z vacsiny zapadokarpatskych suvrstvi
(Salaj et al., 1981). Formy podobné rezom ?Diplotremina
astrofimbriata Kristan-Kollmann suU zname z anisu —
rétu (Kristan-Tollmann, 1963; Salaj et al., 1981; Gale et
al., 2011; Oravecz-Scheffer, 1987; tab. 1). V Zapadnych
Karpatoch sa spominané foraminifery uvadzaju zo suvrstvi
sedimentujuicich vo vaésich hibkach, menovite v tisoveckom
a halstattskom suvrstvi (karn — norik), ale boli opisané aj
zladinskych vapencov wettersteinského suvrstvia, vrchné-
ho anisu reiflinského a schreyeralmského ¢i najvrchnejSieho
noriku spodného rétu dachsteinského suvrstvia (Salaj et
al., 1981). Z mikrofacii, ktoré neobsahovali blizSie urcitelnu

Mikropaleontoldégia a mikrobiostratigrafia
radiolaritovych klastov

Z masivnych &ervenych radiolaritov a z radiolaritovych
klastov bola vyseparovana pomerne chudobna asociacia
strednotriasovych radiolarii (obr. 6a — i), ktoré zo skimanej
lokality opisali aj Kozur et al. (1995). Zachované su
najmé robustnejSie formy. JemnejSie schranky boli
poSkodené alebo rozpustené vplyvom diagenézy. Medzi
vyseparovanymi radiolariami (Tab. 2) boli identifikované
druhy Astrocentrus sp., Eptingium manfredi Dumitri-
ca, Bogdanella sp., Oertlispongus sp., Oertlispongus
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Obr. 4. Aniské foraminifery z vapencovych klastov z lokality Bohuriovo. a — Earlandinita cf. oberhauseri Salaj (vzorka Bo-24a); b — Earlan-
dinita sp. (vzorka Bo-24b); ¢ — Endothyranella cf. tricamerata Salaj (vzorka Bo-14a); d — Endothyranella cf. robusta Salaj (vzorka Bo-3);
e — Meandrospira pusilla (Ho) (vzorka Bo-24a); f — Meandrospira dinarica Kochansky-Devidé & Pantic (vzorka Bo-3); g — Meandrospira
deformata Salaj (vzorka Bo-24b); h — ?Duostomina magna Trifonova (vzorka Bo-3); a — d, g, h — mierka 200 um; e, f — mierka 100 um.
Fig. 4. Anisian foraminifers from the limestone clasts from the Bohurovo locality. a — Earlandinita cf. oberhauseri Salaj (sample Bo-24a);
b — Earlandinita sp. (sample Bo-24b); ¢ — Endothyranella cf. tricamerata Salaj (sample Bo-14a); d — Endothyranella cf. robusta Salaj
(sample Bo-3); e — Meandrospira pusilla (Ho) (sample Bo-24a); f — Meandrospira dinarica Kochansky-Devidé & Pantic (sample Bo-3);
g — Meandrospira deformata Salaj (sample Bo-24b); h — ?Duostomina magna Trifonova (sample Bo-3); a—d, g, h — scale bar 200 um;
e, f —scale bar 100 pm.
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Obr. 5. Aniské foraminifery z vapencovych klastov z lokality Bohunovo. a — ?Diplotremina astrofimbriata Kristan-Tollmann (vzorka Bo-2/2);
b, ¢ — ?Diplotremina astrofimbriata Kristan-Tollmann (vzorka Bo-13b); d — Variostoma cf. coniforme Kristan-Tollmann (vzorka Bo-19);
e —Aulotortuspragsoides Oberhauser (vzorka Bo-22); f — Aulotortus cf. sinuosus Weyschenk (vzorka Bo-19); g — Frondicularia woodwardi
Howchin (vzorka Bo-2/2); h — miliolidné foraminifery (vzorka Bo-22). Mierka 200 um.

Fig. 5. Anisian foraminifers from the limestone clasts from the Bohunovo locality. a — ?Diplotremina astrofimbriata Kristan-Tollmann (sam-
ple Bo-2/2); b, ¢ — ?Diplotremina astrofimbriata Kristan-Tollmann (sample Bo-13b); d — Variostoma cf. coniforme Kristan-Tollmann (sample
Bo-19); e — Aulotortuspragsoides Oberhauser (sample Bo-22); f — Aulotortus cf. sinuosus Weyschenk (sample Bo-19); g — Frondicularia
woodwardi Howchin (sample Bo-2/2); h — miliolid foraminifers (sample Bo-22). Scale bar 200 pm.
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Obr. 6. Identifikované strednotriasové radiolarie z lokality Bohuriovo. a — Astrocentrus? sp.; b — Bogdanella sp.; ¢ — Eptingium manfredi
Dumitrica; d — Oertlispongus? sp.; e — Oertlispongus inaequispinosus Dumitrica, Kozur a Mostler; f — Paurinella? sp.; g — Pseudosty-
losphaera? sp.; h — i — Spongoxystris sp. Mierka 100 um.
Fig. 6. Identified Middle Triassic radiolarians from the Bohunovo locality. a — Astrocentrus? sp.; b — Bogdanella sp.; ¢ — Eptingium manfredi
Dumitrica; d — Oertlispongus? sp.; e — Oertlispongus inaequispinosus Dumitrica, Kozur and Mostler; f — Paurinella? sp.; g — Pseudosty-
losphaera? sp.; h — i — Spongoxystris sp. Scale bar 100 um.

inaequispinosus Dumitrica, Kozur a Mostler, Paurinella sp.,
Pseudostylosphaera sp. a Spongoxystris sp. Vzajomné
porovnanie stratigrafickych rozsahov tychto druhov (tab. 1)
poukazuje na sedimentaciu radiolaritov po€as stredného
ladinu (fasan) (Kozur et al., 1996; Kozur a Mostler, 1994),
resp. ilyr — sp. fasan (Stockar et al., 2012). Identifikované
druhy zahfhaju radiolariové zoény Spongosilicicarmiger
italicus, Ladinocampe multiperforata a zénu bez nazvu
(O’'Dogherty, 2010; Stockar et al., 2012). Vekové ohraniCenie
uréuje prvy vyskyt zastupcov rodu Bogdanella sp. a druhu
Oertlispongus inaequispinosus Dumitrica, Kozur a Mostler
a posledny vyskyt druhu Eptingium manfredi Dumitrica.
Radiolarie rovnakej asociacie boli uréené aj v lokalitach
v Coltovskej rokline (Ledvényiova, 2015) a pri Drzkovciach,
kde boli odobrané z hornin radiolaritovej melanze (Dumitrica
a Mello, 1982).

Diskusia a zaver

Studium karbonatovo-silicitovych brekcii poskytlo nové
stratigrafické udaje o vyvoji hornin v okoli Bohuriova. Na
zaklade foraminifer predstavuju Studované klasty niekolko
biofacii. NajstarSiu a najc¢astejSiu biofaciu predstavuje spo-

lo€enstvo s Castymi predstavitelmi rodu Meandrospira. Pri-
tomnost druhu Meandrospira dinarica Kochansky-Devidé
et Panti¢ poukazuje na vrchny anis (spodny pelsén — zéna
M. dinarica). Nachadzame ich vo svetlych krystalickych va-
pencoch honcianskeho suvrstvia, znamych v podobnej facii
nemetamorfovaného ekvivalentu steinalmského suvrstvia
s podobnou mikrofaunou (Bystricky et al., 1982; Salaj et
al., 1981). Zriedkavu bioféciu predstavuju organodetritické
vapence v mikrofacii krinoidovo-peloidalnych grainstonov
s involutinidnymi foraminiferami. Spolocenstvo poukazuje
na vrchny trias. Mikrofauna indikuje plytkovodné prostredia
karbonatovych platforiem a rifov (Fligel, 2010). Ojedinele
boli pozorované drobné klasty vyluéne obsahujuce miliolid-
né foraminifery bez blizSieho vekového zaradenia. Podobné
spoloCenstva su opisované z tisoveckého a furmanecké-
ho suvrstvia (Jendrejakova in Bystricky, 1973; Salaj et al.,
1981). Okrem klastov s blizSie urcitelnymi mikrofosiliami
boli v brekcii pozorované r6zne iné typy mikrofécii (napr. fi-
lamentova mikrofacia alebo mikrofacia s ulomkami dasykla-
dalnych rias alebo hubiek).

V préci je opisanych 10 druhov radiolarii identifikovanych
v klastogénnom materiali, ktoré su biostratigraficky ¢lenené
na zoény a subzény. Vacsina radiolarii spadala do vrchnej
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Tab. 2
Distribucia foraminifer v jednotlivych vybrusoch. Hviezdi¢kou su oznacené vzorky, v ktorych foraminifery pochadzaju z ré6znych klastov
Distribution of foraminifers in thin sections. Asterix marks the samples with foraminifers derived from various clasts

Druh/Vybrus

BO-2/2
BO-3

BO-11/1
BO-13b
BO-14a
BO-19*
BO-18
BO-20
BO-22*
BO-23
BO-24a
BO-24b

?Earlandinita sp.

x

Earlandinita cf. oberhauseri Salaj

x

Endothyranella robusta Salaj X

Endothyranella tricamerata Salaj

Meandrospira pusilla (Ho)

Meandrospira insolita (Ho)

Meandrospira dinarica Kochansky-Devidé & Pantic X

Meandrospira deformata Salaj

Meandrospira sp.

Aulotortus pragsoides Oberhauser

Aulotortus cf. sinuosus Weynschenk

Nodosaria sp.

Frondicularia woodwardi Howchin X

?Duostomina magna Trifonova X

?Diplotremina astrofimbriata Kristan-Tollmann X

Variostoma coniforme Kristan-Tollmann

?0berhauserella cf. quadrilobata Fuchs

miliolids

(O. inaequispinosus) a spodnej (L. annuloporata) subzony,
ktorych vekové vymedzenie bolo v ramci spodného az
stredného fasanu (ladin). Uvedené zistenia nepriniesli len
vekové ur€enie radiolaritovych sekvencii, ale potvrdili aj
hlbokovodny charakter meliatika, ktory je mozné na zaklade
identickych druhov fosilii porovnavat s juhoalpskymi,
niektorymi dinaridnymi a vychodokarpatskymi vyvojmi
(Dumitrica a Mello, 1982).

Z pohladu veku a zaroven vzniku karbonatovo-silicito-
vého fragmentu, v ktorom boli opisané klasty karbonatov
s mikrofaunou a sucasne klasty radiolaritov, sa objavuju
interpretacné problémy. V lokalite sa makroskopicky javi
fragment ako sucCast olistostromovej melanze meliatika
uprostred radiolaritov. Problémom je zakladna hmota kar-
bonatovo-silicitového fragmentu, ktora je tvorena vyluéne
mikroskopickymi az submikroskopickymi zrnami okolitych
klastov karbonatov a silicitov. Zakladna hmota neposkytuje
vekové udaje o vzniku opisovanej horniny. V pripade budu-
ceho nalezu vekovo urcitelnych radiolarii zostava otézkou
ich pouzitelnost pre genézu skumaného karbonatovo-sili-
citového klastika. Radiolarie mézu pochadzat z okolitych
klastov a do zakladnej hmoty mohli byt inkorporované pri
diagenéze pbvodnej sedimentarnej horniny.

Také dobré zachovanie karbonatovych klastov s mikro-
faunou nie je pre meliatikum obvyklé. Najméa ak vychadza-
me zo znamych udajov o tlakovo-teplotnych podmienkach

metamorfézy meliatika stanovenych Arkaiom et al. (2003),
ktori uvadzaju hodnoty teploty v rozsahu 280 °C az 350 °C
pri tlaku 2,5 az 5 kbar. HonCianske vapence, ktoré su su-
Castou olistostromovej melanze meliatika a aj sucastou
vrstvového sledu turnaika, su znaéne rekryStalizované.
Okrem konodontovej fauny pelsénskeho veku (Gaal, 1987)
sa zatial nepodarilo pri vy$Som stupni rekrystalizacie inu
mikrofaunu v karbonatoch identifikovat. Podla klasifikacie
Kovécsa (1986), Arkaia a Kovécsa (1986) dosahuije rekrys-
talizacia honcianskych vapencov v turnianskom prikrove
stupen C (Uplne a hrubozrnne rekrystalizované vapence)
a stupen B v prikrove Slovenskej skaly (voskovy vzhlad va-
pencov).

Na zaklade tychto informacii mozno uvazovat o mini-
malne dvoch interpretaciach vzniku karbonatovo-silicito-
vého fragmentu. V prvom pripade mézeme predpokladat,
ze skumany fragment bol sucastou meliatika, v ktorom sa
az tak neprejavili u¢inky metamorfézy, ¢o dokumentuje za-
chovanie neporuSenych fosilii. Aj v typovej lokalite meliatika
boli v polymikinych brekciach identifikované nalezy ?tria-
sovych foraminifer &i prierezy bivalvii a echinodermovych
¢lankov (Mock et al., 1998). Vek vzniku fragmentu by mohol
byt identicky so vznikom jurskej (lias — spodny malm) olis-
tostrémovej melanze (Mello et al., 1997). Tento predpoklad
komplikuju nalezy plytkovodnejsich foriem foraminifer, ktoré
boli identifikované v karbonatovych klastoch vrchnotriaso-
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vého veku. Tie vykazuju ovela dlhsi transport oproti predo-
Slym strednotriasovym, ktoré su mnohonasobne vacsie,
ostrohrannejSie, tvoriace az bloky.

Druha interpretacia je zalozena na predstave neskorsej
inkorporacie klastov ako sucasti vyplne dajok, resp. depresii.
V tomto pripade sa da uvazovat o kriedovom veku vzniku
fragmentu, typovo podobnom gosauskej kriede (Morav¢ik,
2015). Vyskumom tohto typu sedimentov bolo v minulosti
venovanych viacero prac (Mello a Snopkova, 1973; Mello
a Salaj, 1982; Hovorka et al., 1990; Mello a Marschalko,
1998 a i.). Klastika by potom nemuseli pochadzat vylu¢ne
z hornin meliatika, ale aj z okolitych jednotiek, napr.
silicika. Zékladnd hmota skumanej horniny ani jej celkovy
vzhlad vSak Uplne nezodpovedaju takymto sedimentom
(Sykora, pers. com., 2014). Do uvahy prichadzaju aj dalSie
interpretané moznosti, ako napr. ze brekcie su sucastou
inej tektonickej jednotky (?silicikum, ?turnaikum). Zakladna
hmota nam v su€asnosti neposkytuje dostato¢né informacie
na uspokojivé interpretatné vyrieSenie tejto problematiky.
Mo6ze ist o fenomén, ktory sme doteraz nepoznali
a do buducnosti si zasluzi vacSiu pozornost. Predstava
pritomnosti vrchnotriasovych plytkovodnych karbonatov
v horninach meliatika, ako ho v su¢asnosti chapeme, mbze
do buducnosti rozvinut plodnu diskusiu.
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Microfauna from the clasts of the carbonate-silicite
breccias found near the Bohuriovo village
(Slovak Karst, Western Carpathians)

Microscopic studies of limestone and radiolarite clasts
in carbonate-silicite breccias found near the Bohuriovo
village, revealed the diverse microfaunal assemblages
of various lithofacies. Oldest assemblage in the crystallic
limestones originating from the Honce limestone formation,
yelded Anisian foraminifers. These limestones show
sedimentological relations with radiolarites of Ladinian age,
documented with radiolarians. Microscopic studies also
revealed a presence of other small clasts of Upper Triassic
carbonates with various microfacies and foraminifers. The
presence of microfossils modifies the recent interpretation
of the tectonic position of this formation and suggests other

possibilities. It is unlike to suggest metamorphic settings for
this formation as documented in the Meliatic tectonic unit,
though the large subangular clasts of crystalline limestones
and radiolarites point to the relation with this unit. These
clasts overcame much shorter transport, oposite to
a variety of younger much smaller clasts of Upper Triassic
carbonates, known from other tectonic units — the Silicic or
Turnaic units. Due to densely packed clasts, only minimum
matrix with radiolarians was observed. Whether the matrix
that might date the age of the formation is Jurassic or
Cretaceous, it remains still uncertain.
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Testing the suitability of a marble from Bohunovo (Slovakia)
as a micronized filler into the paper

Chemical analyses during testing of the marble from Bohunovo as a perspective filler for
a apermaking process demonstrated its high purity. Despite, the particle size distribution, as an
important property for the papermaking process, influencing the retention, whiteness, opacity,
light scattering and absorption coefficients, has not provided sufficiently satisfactory parameters.
For this reason the presented technological study deals with the different ways of the marble mil-
ling and separation, which seems to be crucial for achieving the best filler properties. Optimizing
the technology allows to use the marble as a potential short-term source for the papermaking.

Key words: marble, calcium carbonate filler, paper, Bohunovo village

Uvod

Cieflom prispevku je kvalitativne testovanie pouzitia
mramoru z lokality Bohurovo ako plniva do papiera. Testo-
vanie mramoru inovativne rozSiruje technologicky vyskum
v oblasti implementécie mineralnych plniv do papierov na
Slovensku. V minulosti bolo na Slovensku realizovanych
niekolko prieskumnych prac zameranych na vyuzitie kar-
bonatovych surovin v priemysle plniv (Michel et al., 1986;
Tabak et al., 1997; Cechovska a Derco in Hroncova et al.,
2006). Napriek niektorym pozitivnym vysledkom nebol vyu-
zity ich technologicky potencidl, a preto Slovensko vsucas-
nosti nema zastupenie na eurépskom trhu s mineralnymi
plnivami. Situacia v Ceskej republike je odli$na. V priebehu
druhej polovice 20. storogia bolo na tzemi Ceskej republi-
ky realizovanych mnozstvo prac zameranych na zhodno-
tenie karbonatovej suroviny na vyrobu mineralnych plniv
(napr. Harazim, 1982; Balcarek, 1984; Harazim et al., 1985;
Kudélasek et al., 1994; Kalenda et al., 1999; Jehli¢ka et al.,
2008).

Mineralne plnivd musia spifiat $pecifické poziadavky
spojené s vhodnym chemickym zlozenim, sfarbenim,
morfoldgiou €astic a mechanicko-optickymi vlastnostami
(Téhnik a Necas, 2011).

Hlavnymi dévodmi plnenia papiera je snaha dosiahnut
¢o najvy$Siu belost, opacitu, rozmerovu stalost, hladkost,
zvysit adsorpciu kvapalin a znizit pérovitost (Zhao et al.,
2005). Uhli¢itanové plniva sa stali dominantnymi pri pro-
dukcii papiera koncom 20. storo€ia (Laufmann a Forsblom,
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2000). Ziskavaju sa z prirodnych surovin, ktorymi su krieda,
vapenec a mramor. Vyrobcovia papiera ¢asto pouzivaju ter-
min GCC (Ground Calcium Carbonate), ktory zahffia mlety
vapenec alebo mramor. Vyraba sa aj zrazany CaCO, reak-
ciou Ca(OH), s oxidom uhli¢itym. Nasledne sa CaCQO, pali
na CaO a dalej sa hasi na Ca(OH),. Uvolneny plyn CO, pri
vypale sa pouziva na zrazanie. Vysoka Cistota sa dosahuje
plavenim vzniknutého Ca(OH),, ¢im sa uvolfiuju necistoty
SiO,, ALLO, a Fe,O,. Produktom zrazania byvaju najCastej-
Sie dve formy Castic: rombicky aragonit a trigonalny kal-
cit. Nadmerné pridavanie uhli¢itanového plniva moéze mat
za nasledok stratu tvrdosti, pevnosti, zvySenie prasnosti
a abrazivity (Hu et al., 2009).

Geologicka charakteristika

Lokalita Bohunovo je situovana na juhovychodnom
Slovensku v okrese Roziava (obr. 1). Nachadza sa na
vychodnom brehu rieky Slana cca 500 m juzne od obce.
Poloha lokality zodpoveda 48°30°317° severnej Sirky
a20°23'130" vychodnej dizky s nadmorskou vyskou 200 m.
Skumané uzemie tvori morfologicka vyvySenina (olistolit
s rozmermi cca 100 x 50 m) vystupujuca z okolitého
prevazne zarovnaného terénu (obr. 1). Lokalita je pristupna
polhou cestou zo severnej strany od obce Bohuriovo, ktora
kopiruje smer toku rieky Slana az k opustenej lomove;j
stene. Zo zapadu lokalitu ohrani€uju aluvidlne sedimenty,
ktoré CiastoCne prekryvaju karbonaty. Vychodnu stranu
ohraniéuju terciérne Strky, piesky a ily.
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Obr. 1. Lokalizacia a pohlad na opusteny kamenolom v Bohurove (foto P. Ruzicka, 2014).
Fig. 1. Location and view on an abandoned quarry at the Bohuriovo village (photo P. Ruzi¢ka, 2014).

Skumana lokalita je zaradena do tektonickej jednotky
meliatika. Mramor litostratigraficky patri do suvrstvia hon-
Cianskych vapencov (Gaal, 1987). V olistolitoch meliatika
sa svetlé rekrystalizované honcianske vapence striedaju
so silicitmi, tmavymi bridlicami a vapencami (Mello et al.,
1997). Biostratigraficky na zaklade konodontov bol stano-
veny strednotriasovy vek honéianskych vapencov (Kozur
a Mock, 1973; Gaal, 1982; Kozur, 1991). Triasové vapence
predriftového Stadia mezozoického bazénu v sucasnosti
vystupuju vo forme olistolitov v jurskej olistostrome. Me-
lanzové Struktury vznikli po tektonickej inkorporacii blokov
meliatika do permsko-spodnotriasovych evaporitov nadloz-
nej tektonickej jednotky silicika poCas migracie prikrovov
v koliznom §tadiu vyvoja orogénu (Mello, 1997; Mello et al.,
1997, 2004).

V skumanej lokalite sa v ramci vyhladavacieho
prieskumu stavebného a dekoracného kamena realizoval
vrt BV-2 s hibkou 32 m (Suchér et al., 1970). Nevhodnost
pouzitia mramorov na dekoracné ucely vyplyvala zo zistenia
hrubky subhorizontélne ulozenych lavic, ktora dosahovala
15— 30 cm, ojedinele do 60 cm. V ramci technologického
vyskumu vyuzitia mramorov ako suroviny pre biele
a farebné betény bola skumana lokalita vyhodnotena
ako neperspektivna (Michel et al., 1986). Vyhladavanie
evaporitovych lozisk v okoli Bohunova bolo podnetom na
realizaciu niekolkych prieskumnych prac (Rozloznik, 1977;
Dianigka et al., 1984; Bajtos et al., 1996). Vrt SA-6 s dizkou
600 m (DianiSka et al., 1984) zachytil rekryStalizované
honCianske vapence (323,7-346,6m) a bridlicnato-
-karbonatové suvrstvie meliatika (537,9—600 m). Neskor
bola podobna geologickd pozicia potvrdend vrtom
v Drzkovciach, kde zachytena triasova olistostroma je
viazana okrem jurského bridlicnatého suvrstvia aj na
evaporitovu melanz silicika (Mello et al., 1994).

Metodika
Priprava mikromletého plniva

Prvou technologickou fazou bolo mletie vzorky mra-
moru z lokality Bohuriovo (Bo-1) v planetarnom mlyne

na velkostnu frakciu hlavného podielu ¢astic pod 2,1 pm.
Zvoleny bol suchy spdsob mletia v planetarnom mlyne Pul-
verisette 6 od firmy Fritsch. Mletie prebiehalo vo volframo-
vo-karbidovej komore s objemom 250 ml s pouzitim 50 ks
volframovo-karbidovych gul6¢ok s priemerom 10 mm, kto-
rych trenie spOsobilo drvenie vzorky. Navazka vzorky bola
20 g a otacky mlyna 500 ot./min. Z dévodu najvysSej kvality
bol zvoleny ¢as mletia 10 min. Po zomleti vzorka Bo-1 pre-
osiata cez sito s velkostou oka 36 um bola pripravena na
analyzu velkosti a distribucie Castic.

V druhej etape mletia bol pouZzity vysokoenergeticky
planetarny mlyn TB-2. Priprava vzorky spocivala v ruénom
drveni a preosiati (sito s velkostou oka 500 um). Mlecim
médiom boli gulécky na baze ZrO, s pomerom hmotnosti
k pradku 20 : 1. Otacky mlyna dosahovali 500 rpm, pricom
boli zvolené tri €asy mletia (5, 10, 20 min.). Pre kazdy ¢a-
sovy interval bolo odobraté potrebné mnozstvo vzorky na
velkostnu analyzu Castic.

Meranie velkosti a distribucie ¢astic

Meranie velkosti a distribucie ¢astic nasledovalo po mle-
com procese na difrakénom spektrometri Helos & Rodos
od firmy Sympatec. Vzorka dispergovana do vody (navazka
0,2 g) vytvorila suspenziu, ktora sa davkovala do nadoby
s mieSadlom. Nadoba bola vybavena ultrazvukovou variou
z dévodu lepdej dispergéacie pocas 60 min. Z nadoby bola
vzorka preCerpana do opticky priehladnej kyvety, na kto-
rd bol kolmo nasmerovany laserovy IU¢. LUE sa rozptyloval
na Casticiach v kyvete a vytvaral difrakény obraz snimany
mnohokanalovym detektorom. Detekcia €astic bola v inter-
vale od 0,9 um do 175 pum.

V druhej faze merani bola skumana velkost Castic po
mleti v planetarnom mlyne TB-2 v zavislosti od dizky mletia,
Strukturneho a velkostného charakteru €astic vzhladom na
rozdielny ¢as mletia. Opakované merania distribucie Castic
boli realizované analyzatorom Mastersizer 2000 od firmy
Malvern. Analyzator pracoval na podobnom principe ako
v predchadzajucom pripade (analyza laserovym Iuc¢om).
Detekcia Castic prebehla v intervale od 0,2 do 2000 pm.
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Numericky vysledok zrnitostného zlozenia z laserového
difrakéného analyzatora Helos & Rodos bol graficky zobra-
zeny v podobe kumulativnej krivky ur¢enej velkostou Castic
(um) a ich suhrnnym podielovym zastupenim (%). V druhej
etape merania boli zo zrnitostnych parametrov zhotovené
distribu¢né krivky, ktorych priebeh spocival vo vyjadreni
velkosti ¢astic (um) k zodpovedajucemu objemu (%).

Uprava velkostnej frakcie mikromletého plniva

Mikromleté plnivo Bo-1 bolo dodatoéne upravené
z dévodu potreby odstranit velkostnu frakciu presahujucu
2,1 um. Odstranenim ¢astic vac¢sich rozmerov dochadza
pri rovnakom objeme k zvySeniu celkového Specifického
povrchu a zaroven k belosti plniva. Metodicky postup Upra-
vy spocival v sedimentacii ¢astic na principe Stokesovho
zékona. Navazka vzorky s hmotnostou 20 g bola vlozena
do litrového odmerného valca a zaliata po okraj vodou.
Vzorka bola v rozsahu 5 — 6 min. vystavena poésobeniu ul-
trazvuku, ktory zabezpecil dokonalé rozptylenie ¢astic. Po
24 hod. bol z valca odobraty vodny stipec po troveri hladiny
250 ml, ktory bol nasledne vilozeny do sedimentacnej na-
doby. Odmerny valec so zvySnou vzorkou bol opét zalia-
ty vodou a postup sa zopakoval. Proces sedimentéacie bol
ukoncéeny po dosiahnuti ¢irosti roztoku. Zvy$na voda bola
odobrata a finalna vzorka sa vysusila.

Meranie belosti mikromletého plniva

Meranie belosti (W — whiteness) plniva Bo-1 prebiehalo
na meracom pristroji SpectroDensitometer od firmy Tech-
kon. Pri merani belosti mramorového prasku boli pouzité
$pecifické parametre dané geometriou merania 0/45° (uhol
dopadu a spétnej detekcie lu¢a meracim pristrojom), spek-
tralnym rozsahom 400 — 700 nm (denné svetlo so $tan-
dardnou chromatickou teplotou 6500 K) a krokom pristroja
10 nm. Ako Standard pre kalibraciu pristroja bola pouzita
reflektivita oxidu horeénatého. Rozdielnost jednotlivych
merani spocivala v nastaveni pristroja, pri ktorom sa mo-
difikovala hodnota Standardného (kolorimetrického) po-
zorovatela [SO-standard (colorimetric) observer]. SO je
odozva priemerného ludského oka na farebny signal pod
uhlom, akym je signal sledovany (CIE Standard observer,
2008; www.techkon.com). Na dodrzanie Standardizovanych
postupov uréenych medzinarodnou komisiou CIE (Interna-
tional Commission on lllumination) boli realizované 2 fazy
merania, a to pri 2° a 10° pozorovatelovi. Vysledna hodnota
bola uréena ako aritmeticky priemer 10 nameranych hodnét
belosti pri 2° a 10° pozorovatelovi (www.myprintguide.org).
Grafickym vystupom merania je remisna krivka percentual-
ne vyjadrujuca hodnoty odrazeného svetelného spektra (R)
k vinovej dizke viditelného svetla (1.).

Meranie Zeta potencialu mikromletého plniva

Meranie Zeta potencidlu plniva bolo realizované na
pristroji Zetasizer Nano Z pracujuceho na principe Laser-
-Dopplerovskej mikroelektroforézy. Pristroj meral v rozsahu
napatia 0,13 — 0,15 kV s konduktivitou (merna elektricka

vodivost) v rozsahu 0,05 — 0,07 S-m/cm? (Siemens-
-meter/cm?). Po zapnuti pristroja prebehla jeho kalibracia
a zahrievanie na optimalnu teplotu merania 25 °C. V prvej
etape meracieho postupu bola vzorka plniva rozptylena
v 100 ml destilovanej vody. Na dosiahnutie ¢o najvyssej
homogenizacie bola pouzita ultrazvukova sonda Sonopuls-
-Bandeline, ktora zabezpecila rovnomerné rozptylenie
Castic v roztoku. Nasledne bol injekénou striekackou
implikovany roztok do meracej kyvety. Meranie jednej
vzorky trvalo priblizne 2 min. V tomto ¢asovom intervale
bolo realizovanych 20 ciastkovych merani, ktorych
aritmeticky priemer predstavoval vyslednd hodnotu
Zeta potencidlu v milivoltoch (mV). Pristroj automaticky
vyhodnocoval smerodajnu odchylku a zobrazoval ju spolu
s hodnotou Zeta potencidlu v softvérovom programe.
Merania boli realizované na mikromletom plnive Bo-1, ktoré
bolo ziskané v ramci druhej etapy mlecieho procesu na
vysokoenergetickom planetarnom mlyne TB-2.

Chemicka analyza mikromletého plniva

Ugelom chemickej analyzy bolo stanovenie rozsahu
hlavnych oxidov v mramorovom plnive. Identifikacia hlav-
nych oxidov bola realizovana v AcmelLabs (Analytical La-
boratories Ltd., Vancouver, Kanada) spektrometrickou
metodou ICP-AES (Inductively Coupled Plasma Atomic
Emission Spectrometry — emisna spektrometria s indukéne
viazanou plazmou). Detekéné limity pre SiO,, Al,O,, MgO,
CaO a K,0 boli definované hodnotou 0,01 hm. %. Detekény
limit Fe,O, je 0,04 hm. %. Stanovovala sa aj strata Zihanim
(LOI — loss on ignition) pri zahriati nad 1 000 °C. Kvalitativ-
ne vyhodnotenie mramorového plniva na zéklade chemic-
kej analyzy bolo realizované podla STN 72 1217.

Vyroba laboratornych harkov papiera

Vyroba laboratérnych harkov papiera s pouzitim
mikromletého plniva Bo-1 bola realizovana vo Vyskumnom
Ustave papiera a celuldzy, a. s. (VUPC) v Bratislave. Na
pripravu laboratérnych harkov sa pouzila zmes sulfatovej
smrekovej buniCiny a sulfatovej eukalyptovej buniiny
v pomere 30 :70.Buni¢ina bola pomleta pri 2 % koncentracii
vlakien na pristroji Valley hollander podia STN ISO 5264-1.
Odvodriovaci odpor suspenzie bol stanoveny podla STN EN
ISO 5267-1 na 30 °SR (Schopper-Riegler). K mletej zmesi
buni¢in sa postupne pridavalo plnivo Bo-1 dispergované
v pristroji Polytron PT-MR 3100 D bez pridavku aditiv. Vyroba
bola realizovana na harkovacej sustave Rapid Kothen
v klimatizovanom skuSobnom laboratdriu pri teplote 23 °C
a relativnej vihkosti 50 %. Na kvalitativne vyjadrenie boli
vyrobené tri kusy laboratornych harkov. Prvy laboratérny
harok pozostaval zo zmesi eukalyptovej a smrekovej
sulfatovej buniciny bez pridavku mikromletého plniva. Druhy
harok obsahoval okrem zmesi buni¢in aj mikromleté plnivo
Bo-1. Davkovanie mikromletého uhligitanu vapenatého bolo
zvolené tak, aby obsah plniva v papieri bol v rozsahu 20
az 25 %.
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Analyza fyzikalno-optickych vlastnosti papiera

Laboratérne harky boli testované z hladiska fyzikal-
no-optickych vlastnosti. Testovanie fyzikalnych vlastnosti
(ploSna hmotnost, obsah a retencia plniva v papieri, sta-
novenie zvySku po zihani) bolo realizované na Vyskumnom
Ustave papiera a celuldzy, a. s. (VUPC), v Bratislave. Ana-
lyza optickych vlastnosti (belost, koeficient absorpcie a od-
razu svetla) sa zistovala v akreditovanych laboratériach
spolo¢nosti Civest Slovakia, s. r. 0., vo Velkych Levaroch.
Stanovenie plosnej hmotnosti papiera bolo realizované
podla STN ISO 536. Postup skusky spocival v priprave 20
skusobnych vzoriek z laboratérnych harkov s rozmermi
200 m x 250 mm (plocha skusobnej vzorky musela mat
minimalne 50 000 mm? a maximalne 100 000 mm?). Kazda
skuSobna vzorka sa musela presne odvazit a odmerat, aby
mohli byt zistené hodnoty dosadené do vztahu na vypocet
plodnej hmotnosti (g/m?). Stanovenie zvysku po Zihani bolo
uréené na zéklade STN ISO 1762. Podstatou skusky bolo
zistenie celkového obsahu anorganickych latok v testova-
nych harkoch papiera s pridavkom plniva po zihani pri tep-
lote 525 °C. Z harkov boli pripravené malé kusky vzoriek,
ktoré nesmeli presiahnut 1 cm?2. Odber bol z réznych Casti
harku, aby zodpovedal jeho skutoénému stavu. Urenie ob-
sahu vlhkosti vzorky bolo stanovené podla STN EN ISO
638 na analytickych vahach znacky Sartorius. Tesne pred
vlozenim vzorky do pece sa vzorka spolu s porcelanovym
téglikom odvazila. Zihanie bolo realizované v muflovej peci
HT 60B s pociato¢nou teplotou 23 °C. Délezitou fazou bolo
postupné zohrievanie vzorky na 525 °C (okolo 200 °C/h)
z dévodu zabranenia samovznieteniu materidlu. Teplota Zi-
hania 525 °C bola udrziavana viac ako 2 hod. Nasledne
bola vzorka vybrata z pece a ochladena v desikatore WST
510 na teplotu 23 °C. Téglik bol odvazeny s presnostou na
0,1 g podobne ako v predchadzajucom vazeni.

Nasledovalo ur€enie obsahu a retencie plniva v labora-
tornych harkoch. Analyzy prebiehali internymi skuSobnymi
metédami v VUPC. Obsah plniva (%) bol vypoé&itany z roz-
dielu obsahu zvySku v papieri s plnivom a v papieri bez
plniva. Retencia bola vypocitana ako podiel obsahu plniva
v papieri a obsahu plniva v suspenzii zmesi pred harkova-
nim.

Meranie optickych vlastnosti (koeficientu absorpcie
arozptylu svetla, belost) laboratérnych harkov bolo rea-
lizované pristrojom spektrofotometer Elrepho 070 od fir-
my Lorentzen & Wettre. Pri postupoch boli pouzité normy
STN ISO 2470-1 a ISO 9416. Priprava vzoriek spocivala
v narezani pravouhlych sku$obnych harkov s rozmer-
mi cca 75 mm x 150 mm, ktoré sa ulozili po 10 kusov do
stohu. Stoh bol chraneny pred zbytoc¢nou kontaminaciou
umiestnenim pridavného (ozna¢eného) harku na vrchnu aj
spodnu stranu. Pri zistovani belosti laboratérnych harkov
bolo potrebné pred meranim nakalibrovat meraci pristroj
podla nefluorescenénych a fluorescencnych referenénych
etalénov podlfa instrukcii vyrobcu. Nésledne sa odstranili
ochranné harky a stoh sku$obnych vzoriek bol vlozeny do
pristroja. Vzorka sa po odmerani vzdy prelozila na spodok
a meranie sa opakovalo. Takyto postup nastal pri vSetkych
10 skuSanych vzorkach. Princip merania bol zalozeny na

osvetleni skuSobnej vzorky v spektrofotometri Elrepho
monochromatorom SP 2000 a na spatnom zachyteni od-
razeného svetla pomocou fotocitlivych didd. Diédy boli roz-
miestené v intervaloch 2 nm, pricom kazda diéda reagovala
na rdznu efektivnu vinovi dizku. Belost laboratérnych har-
kov sa urcila z vystupov fotocitlivych diéd ako priemerna
hodnota limitného ¢initela ziarivosti s najblizS§ou hodnotou
na 0,5 % (ako désledok nedostatku rozliSovacej schopnosti
v nastaveni UV filtra).

Rastrovacia elektronova mikroskopia

Rastrovacia elektronova mikroskopia (Scanning
Electron Microscope — SEM) bola pouzita na morfologické
Studium velkosti a tvaru mramorovych mikromletych Castic
a na pozorovanie spOsobu zachytavania Castic plniva
na buni¢inovych vlaknach. Vzorky laboratérnych harkov
v tvare Stvorca umiestnené na podlozné pliesky s rozmermi
cca 1 cm? boli pokovené zlatom na pokovovacke JEOL
JFC-1200. Vzorky papiera boli pozorované elektronovym
mikroskopom JEOL JSM 6390 LV pri zva¢Seniach od 200
do 5 000 x pri napati 20 kV.

Na lepSiu orientaciu sme vyhotovili schému pouzitého
metodického postupu (obr. 2).

Mikromleté plnivo
(Bo-1)

Harky papiera

Suché mletie mramoru
(frakcia pod 2,1 pm)
planetarnym mlynom

Vyroba 2 ks papiera

Bez plniva Bo-1 | S plnivom Bo-1

Pulverisette 6 TB-2 ¢
. (we) . (2r0,)
Cas: 10 min. | Cas:5, 10,20 min.f  Apalyza fyzikalnych vlastnosti:

1) plo§na hmotnost' papiera
(STN ISO 536)

2) obsah a retencia plniva

3) obsah zvys$ku po Zihani
(STN ISO 1762)

Laserova analyza velkosti
a distriblcie Castic

Helos & Rodos | Mastersizer 2000 ¢

Analyza optickych vlastnosti:
(spektrofotometer)

1) belost (STN ISO 2470-1)

2) koeficient rozptylu svetla

3) koeficient absorpcie svetla

Sedimentacia - Stokesov zakon
(odstranenie ¢astic nad 2,1 ym)

(ISO 9416)
Meranie belosti
(SpectroDensitometer) ¢
* Zobrazenie zachytavania Castic

plniva na buni€inovych viaknach

Meranie Zeta potencialu (elektrénovy mikroskop JEOL)

(Zetasizer Nano Z)

Chemické analyza
(ICP-AES)

Obr. 2. Metodickd schéma technologického vyskumu mramoru
z Bohurova.

Fig. 2. Methodical scheme of the technological research of the
marble from the Bohuriovo locality.
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Vysledky
Distribucia a velkost ¢astic mikromletého plniva

Vysledky prvej etapy merania distribucie a velkosti
Castic su zobrazené pomocou kumulativnej krivky. Krivka
plniva Bo-1 (obr. 3) bola vynesena na zaklade numerickych
hodnét z laserového analyzatora €astic Helos & Rodos.
Hodnota velkosti ¢astic v kumulativnej krivke je zobrazena
na vodorovnej osi a percentudlne zastupenie v danej vel-
kosti na zvislej osi. Smerny priebeh krivky Bo-1 je uréeny
v intervale ¢astic od 0,9 — 10,5 um. Zastupenie frakcie plni-
va Bo-1 pod 2,1 um je 68 % (obr. 3).
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Obr. 3. Kumulativna krivka plniva Bo-1 a pohlad na prierez vzorky
testovaného mramoru.

Fig. 3. Cummulative curve of the filler Bo-1 and view on the section
through the sample of tested marble.

Druha etapa merani bola realizovana pristrojom Mas-
tersizer 2000. Cielom merani bola snaha odhalit zavislost
velkosti €astic od rozdielnych ¢asov mletia vo vysokoenerge-
tickom planetarnom mlyne TB-2. Experimentu predchadza-
lo domeranie velkosti ¢astic Bo-1 mletych na planetarnom
mlyne Pulverisette 6. Spdsob zobrazenia ¢astic bol na za-
klade distribu¢nych kriviek. Zvisla os distribuénych kriviek
predstavovala percentualne vyjadrenie objemu ¢astic. Vo-
dorovna os bola zobrazenim velkosti Castic pre dany objem
vyjadrena v um. Plnivo Bo-1 vyznacené Cervenou krivkou
(obr. 4a) ma Sirsi priebeh distribu¢nej krivky, ¢o poukazuje
na pritomnost ¢astic va¢sich rozmerov. Hlavné zastupenie
Castic s prisluchajucim objemom bolo numericky vyjadrené
pre plnivo Bo-1 hodnotou (d50) 8,71 um. Z dévodu odstra-
nenia Castic vac¢sich rozmerov bola zvolena sedimentac¢na
separacia Castic na principe Stokesovho zakona, ktora je
zobrazena zelenou krivkou. Hlavné zastupenie Castic (d50)
dosahovalo v tomto pripade hodnotu 2,612 um. Vzhladom
na postup periodického odoberania kvapaliny, v ktorej
boli rozptylené sedimentujuce Castice, sme dostali krivku
zodpovedajucu tomuto spdsobu Upravy plniva. Velkostne
rozdielne maxima boli spésobené opakovanym odberom
kvapaliny v intervale 24 hod. Vysledny priebeh krivky pou-
kazuje na redukciu vacésich Castic a objemovy narast men-
Sej frakcie. Eliminacia velkostného rozptylu nebola taka
doékladna ako pri pouziti napr. cyklonovej separacie Castic.
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Obr. 4. Porovnanie velkosti a distribucie ¢astic. a — plnivo Bo-1 zis-
kané v planetadrnom mlyne Pulverisette 6 (Cervena krivka) a upra-
vené podla Stokesovho zakona (zelena krivka); b — plnivo Bo-1
ziskané vysokoenergetickym planetarnym mlynom TB-2, merané
v réznych ¢asovych intervaloch mletia (vstupna vzorka, vzorka po
5, 10, 20 min. mletia); ¢ — porovnanie velkostnej frakcie mramoru
Bo-1 mletého v réznych typoch planetarnych mlynov.

Fig. 4. Comparison of particle size and distribution. a — filler Bo-1
prepared in the planetary mill Pulverisette 6 (red curve) and mo-
dified by the Stokes sedimentary method (green curve); b — filler
Bo-1 prepared in the high-energy planetary mill TB-2, measured in
a different milling time intervals (input sample, samples after 5, 10,
20 minutes of milling process); c — comparison of a size distribution
from the marble Bo-1 milling in different planetary mills.

Mleciemu procesu vo vysokoenergetickom planetarnom
mlyne TB-2 predchédzalo ru¢né drvenie kusovych vzoriek
mramoru z Bohunova (Bo-1) z dévodu lepSieho davkovania
do pristroja. Upravené vzorky boli pracovne oznacené ako
»vstupné“ (Cervené krivky; obr. 4b) a boli sucastou expe-
rimentu velkostného zastupenia Castic zavislého od ¢asu
mletia (Bo-1 vstupna d50 = 25,636 um).

V dalSom kroku boli analyzované €astice podliehajuce
mleciemu ¢asu 5 min. (modré krivky; obr. 4b). Z grafickych
vystupov distribuénych kriviek je viditelny narast Castic
v oblasti jemnozrnnej frakcie mensej ako 1 pum, ktora je



P, RuZicka a J. Moravcik: Testovanie vhodnosti mramoru z Bohuriova ako mikromletého plniva do papiera 205

spOsobend mletim vo vysokoenergetickom planetarnom
mlyne. Z maxim kriviek je pozorovatelnd aj eliminécia ¢astic
vacsich rozmerov a posun hlavného zastupenia €astic do
jemnozrnnejsej frakcie (Bo-1, 5 min. d50 = 22,799 um).
Vzajomnym porovnavanim kriviek pozorujeme ich takmer
identicky priebeh (obr. 4b). Cas 10 minut sa preukézal pri
mleti ako idedlny a bol zvoleny ako referenény pre mlecie
experimenty na vyrobu mikromletého plniva. Hlavné
zastupenie Castic (d50) pre vzorku Bo-1 bolo 21,726 pum.
Smerny priebeh kriviek mikromletej frakcie Bo-1 (zelena
krivka; obr. 4b) je podobny ako v predchadzajicom pripade
(5 min. interval mletia), s miernym narastom v oblasti
jemnej frakcie (pod 1 um). Vzajomné porovnanie poukazuje
na pomerne identické priebehy kriviek. V poslednej faze
mletia (20 min.) boli pozorované najvyraznejSie rozdiely.
Pri vzorke Bo-1 (fialova krivka; obr. 4b) zostal velkostny
interval nezmeneny, ale nastalo vyrazné zvySenie jemnej
frakcie. Vzajomnym porovnanim kriviek su viditelné
rozdiely vo velkostnom aj objemovom zastupeni Castic.
Hlavné zastupenie ¢asti Bo-1 bolo d50 (20 min.) 15,485
pm. Hoci pritomnost hrubozrnnejsich foriem sa nepodarilo
uplne eliminovat, separacna metdda (na principe
Stokesovho zakona) sa ukazala ako pomerne Uspes$na
(podarilo sa docielit zvySenie objemu jemnozrnnej frakcie
v pozadovanom intervale). Poslednym experimentom
v oblasti mletia bolo porovnanie dvoch rozdielnych
planetarnych mlynov pocas identickych podmienok
mletia. Planetarny mlyn Pulverisette 6 s volframovo-
-karbidovym mlecim médiom sa ukdzal ako vykonnejsi
a pri ¢ase mletia 10 min. dosiahol s otackami 500 rpm
vyrazne jemnozrnnejSiu frakciu (Cervena krivka; obr. 4c).
Vysokoenergeticky planetarny mlyn TB-2 sa prejavil ako
menej vykonny.

Belost mikromletého plniva

Na meranie belosti plniva boli zvolené 2 vzorky z Bo-
hunova (Bo-1; Bo-1a). Hlavny rozdiel medzi vzorkami
z Bohunova bol vo velkostnej frakcii, ktora v pripade Bo-1
zodpovedala vyslednému produktu mletia v planetarnom
mlyne Pulverisette 6 a pre Bo-1a bola findlna frakcia mletia
dodato€ne upravena sedimentac¢nou metédou na principe
Stokesovho zakona. Na dodrzanie Standardizovanych po-
stupov sa realizovali 2 fazy merania: pri 2° a 10° pozorova-
telovi (z hladiska vypovednej hodnoty ma vyznam meranie
2° pozorovatela). Vysledna hodnota (tab. 1) bola ur¢ena ako
aritmeticky priemer nameranych hodnét. Z tab.1 vyplyva, ze
priemerné hodnoty belosti v pripade plniva Bo-1 dosahuju
85,91 %. Z experimentalneho hladiska sme sa pokusili zvy-
it hodnotu belosti vzorky Bo-1 separaciou Castic vac¢sich
rozmerov (sedimentdcia na principe Stokesovho zakona),
¢im sa nam podarilo zvysit hodnotu na 87,13 %. Grafické
zobrazenie merania vyjadrujuce hodnoty odrazeného sve-
telného spektra (R) k vinovej dizke viditelného svetla (1) je
uvedené v remisnej krivke (obr. 5).

Zeta potencial plniv

Hlavnym dévodom merania Zeta potencialu plniva bola
snaha zistit elektrokineticky charakter povrchu €astic, ktory

Tab. 1
Prehlad nameranych hodnét belosti pri 2° (W2) a 10° (W10) pozorovatelovi
Tabular summary of the whiteness measured by 2° (W2) and 10° (W10)

observers
Meranie Bo-l Bo-1a
W,CIE W, CIE W,CIE W, CIE
1 86,57 86,40 8747 87,11
2 86,45 86,88 87,07 87,57
3 86,01 85,84 87,02 87,42
4 85,53 86,56 87,02 86,47
5 85,37 86,09 87,47 86,66
6 86,35 85,57 86,62 86,76
7 85,48 85,98 87,38 85,75
8 85,08 86,56 8725 86,46
9 86,49 85,13 86,65 85,90
10 85,74 84,48 87,31 85,76
Priemer 85,91 85,95 87,13 86,59
1,00 Bt
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Obr. 5. Remisna krivka urujuca hodnoty odrazeného svetelného
spektra plniva Bo-1a a Bo-1 k vinovej dizke viditelného svetla.
Fig. 5. Remission curve determining values of a reflected light
spectrum to wave length of the daylight spectrum in the fillers
Bo-1a and Bo-1.

ma vplyv naich celkovy stuper stability. Vzorka z Bohuriova,
ziskana v ramci druhej etapy mletia, dosahovala hodnoty
Zeta potencialu, ktoré sa blizili k 14 mV (obr. 6). Pomerne
vysoka Standardnd odchylka naznaovala rozdielnost
Ciastkovych merani, z ktorych bola aritmetickym priemerom
ziskand vysledna hodnota Zeta potencialu. Castice
v intervale (0; 25) alebo (-25; 0) maju tendenciu vzajomne
flokulovat vplyvom pritomnosti Van der Waalsovych sil.
Hodnoty Zeta potencialu vzorky z Bohurnova vypovedaju
0 menS$ej tendencii vzajomného zhlukovania.

Chemické zloZenie

Kvalitu mineralnych plniv vyznamne ovplyviuje che-
mické zlozenie. Pomocou chemickych analyz sme ziskali
zlozenie mramorového mikromletého plniva Bo-1 (tab. 2).
Hodnoty hlavnych oxidov vybratych prvkov su ur€ujucimi
kritériami na zaradenie mramorov do kvalitativnych tried.
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Tab. 2

5e+05 S - I .
46e+05{ Zeta potencial 13.7 mv Ch(*amlcke ZloZenie mjngralnth plniv
42 Standardna odchvik 57 mv (*PDL — pod detekénym limitom)

26405 an 'ar na o C yika TALl The chemical composition of mineral fillers
38e+051 Efektivne napatie 1335V (*PDL — below the detection limit)
3.4e+05

S 3e+05
% 2.6e+05 Bo-1 hm. %
£ 220405 Ca0 56,05

1.8e+05
1.4e+05 MgO 0,02
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Obr. 6. Grafické zobrazenie hodnét Zeta potencialu Bo-1 s vyslednou ¢iselnou hodnotou
vypocitanou aritmetickym priemerom ¢iastkovych merani. Lol 438
Fig. 6. Graphical visualization of the Zeta potential Bo-1 with final value determined as an Suma 99.91
arithmetic mean from the partial measurements.
Na zaklade tejto skutocnosti bolo plnivo Bo-1 porovnané Tab. 3

s hodnotami hlavnych oxidov v STN 72 1217. Hodnota de-
tekEného limitu Fe,O, (0,04 hm. %) je nad hornou hranicou
uréenia prvej kvalitativnej triedy. Vzorka Bo-1 z pohladu
chemického zlozenia spifia kvalitativne kritéria na vyrobu
mineralnych piniv do papierov.

Fyzikalno-optické parametre laboratérnych harkov
papiera

Prvé tri fyzikdlno-optické parametre laboratérnych har-
kov papiera (tab. 3) vyjadruju optické vlastnosti harkov me-
rané spektrofotometrom. Belost je vyjadrena ako priemerna
hodnota limitného ¢initela Ziarivosti. Papier bez plniva do-
siahol hodnotu 78,5 %. Papier plneny plnivom Bo-1 mal
belost 81 %. Koeficient absorpcie svetla v pripade papiera
bez plniva dosiahol hodnotu 0,3 m?kg. Papier s plnivom
Bo-1 mal hodnotu 0,38 m?kg. Velkost koeficientu rozptylu
svetla je urujucim kritériom opacity papierov. Laboratérny
harok bez plniva mal koeficient rozptylu svetla 32,3 m%kg
a s plnivom Bo-1 42,3 m?/kg (opacita 90,5 %).

Dalsie vysledky st zamerané na vlastnosti fyzikalneho
charakteru harkov a plniv. Jednou z ur€ujucich vlastnosti
bola retencia plniva. Percentudlne vyjadrenie hmotnosti
Castic zachytenych na buni¢inové vlakna (retencia) dosiah-
lo v pripade vzorky Bo-1 63,7 %. Stanovenim zvySku po
zihani bola urena pritomnost anorganickych latok v pa-
pieri. Harok bez plniva dosiahol zvySok po zihani 0,44 %,
v papieri s plnivom Bo-1 bolo 21,65 %. Rozdiel pritomnosti
anorganickych latok v papieri s plnivom a v papieri bez pl-
niva vyjadroval hodnotu celkového obsahu piniva v papieri.
Harok Bo-1 dosiahol hodnotu 21,2 %. Ostatné vlastnosti
(tab. 3) urcuju obsah plniva v suspenzii zmesi a pridavok
plniva k vlaknam na splnenie podmienky celkového obsahu
plniva v papieri.

Morfoldgia a spésob viazania ¢astic na vlakna
Pri SEM boli analyzované licne strany laboratérnych

harkov. Harok bez pridavku plniva (obr. 7a, b) predstavoval
siet navzajom pospajanych buni¢inovych viakien r6znych

Hodnoty fyzikalno-optickych parametrov laboratdrnych harkov papiera
Physical-optical parameters of the laboratory sheets

Parameter V\}/ szg:\ecgl-e be'jza&ir?i:/ a S l;ﬁm%%
kach Bo-1
"g priemer % 78,5 81,0
g smerodajna odchylka 0,4 0,6
Koeficient rozptylu svetla m?/kg 32,3 43,2
Koeficient absorpcie svetla m?/kg 0,30 0,38
Plo$na hmotnost papiera g/m? 79,6 +0,6 80,0+ 0,6
Pridavok plniva na viakna % 0 50
Obsah plniva v suspenzii zmesi % 0 33,3
Obsah zvysku po zihani % 0,44 21,65
Obsah plniva v papieri % 0 21,2
Retencia plniva % - 63,7

rozmerov. Orientacia vlakien mala rézny priebeh. Na nie-
ktorych vliaknach boli pozorované drobné ,vyénelky“ vystu-
pujuce z primarnej Struktury viakna, ktoré sa stali uinnymi
pascami pre aplikované plnivo. Po pridani pIniva Bo-1 k bu-
ni¢inovym vlaknam bola pozorovana pomerne rovnomer-
na distribucia v zastupeni rézne velkych ¢astic (obr. 7c, d).
Rozmerovo vacésie Castice boli umiestnené do medziviak-
novych priestorov, kde dochadzalo k ich mechanickému
zachytavaniu. Fixacia ¢astic menSich rozmerov bola domi-
nantne lokalizovand na povrchu vldkien. Tvar rozmerovo
vacsich castic plniva Bo-1 bol dominantne ovalny s viditel-
nymi hranami. S postupnou redukciou velkosti dochadzalo
k zaobleniu Castic, ktoré v niekolkomikrénovych rozmeroch
prejavovali znaky flokulacie (obr. 7e, f).

Diskusia

Vyroba mikromletého plniva Bo-1 (prva etapa) bola
realizovand suchou metédou v planetdrnom mlyne
Pulverisette 6 volframovo-karbidovymi guldé¢kami s prieme-
rom 10 mm, pricom otaCky pristroja boli nastavené
na 500 rpm. Guzzo et al. (2014) sa zaoberaju vhodne
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zvolenym ¢&asom mletia a velkostou mlecich gulécok
v lanetarnom mlyne. Zich zisteni vyplyva, Ze stupen
mletia klesa s vyskytom vacsej aglomeracie Castic pod
20 pm. Na dosiahnutie pozadovanej frakcie bol zvoleny
dihsi ¢as mletia a znizili sa otacky pristroja. Na zaklade
prace Guzzoa et al. (2014) vznikla idea realizacie
experimentu zameraného na porovnanie plniva z hladiska
dizky asu mletia (druhd etapa). Experiment prebehol
vo vysokoenergetickom planetarnom mlyne TB-2 s mlecimi
gulbckami na baze ZrO,. Otacky pristroja (500 rpm) boli
nastavené identicky s prvou etapou mletia. Vysledkom
obidvoch mlecich etap bola frakcia mikromletého mramoru
skumana laserovym analyzatorom Mastersizer 2000.

V snahe eliminovat velkostnu variabilitu plniva Bo-1
sme pouzili metédu na principe Stokesovho zakona, ktora
odstranila Castice vacésich rozmerov. Z distribuénej krivky
(obr. 4a) je viditelny objemovy pokles Castic vacsich roz-
merov, ktory je stale neporovnatelny s uzkym velkostnym
intervalom dosiahnutym vdaka cykldonovym metddam se-
paracie Castic.

Vysledky druhej etapy mletia priniesli niekolko zaujima-
vych zisteni. Prvym, vyplyvajicim z distribuénych kriviek,
bolo zistenie dblezitosti volby vhodného mlecieho média.
Volframovo-karbidové guldcky sa ukazali ako vhodnejSia al-

5um
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Obr. 7. Zobrazenie laboratornych harkov
v rastrovacom elektronovom mikrosko-
pe. a, b — papier bez piniva; ¢, d — papier
s plnivom Bo-1; e, f — detail na velkost
a tvar Castic.

Fig. 7. Laboratory sheets in a scan-
ning electron microscope. a, b — paper
without filler; ¢, d — paper filled with Bo-1;
e, f — detail on size and shape of par-
ticles.

50pm

08 40 SEI

ternativa so splnenim podmienky identickych technologic-
kych parametrov a ¢asu mletia (10 min.). Nevyhodou bola
kontaminacia plniva volframom, ktory v8ak nemal vyrazny
negativny vplyv na kvalitativne vlastnosti plniva. Dal$im zis-
tenim bola rozdielnost spravania sa piniva z hladiska dizky
Casu mletia. Tato skuto¢nost mohla byt spdsobena niekol-
kymi dévodmi. Prvy dévod by mohol spocivat v pritomnosti
dynamickej rekrystalizacie sposobujucej Struktdrnu neho-
mogenitu mramoru. Mechanicka destrukcia suroviny by
v tomto pripade mohla narusit sudrznost velkostne rozdiel-
nych &astic (Bo-1), ktoré by sa vzajomne odélenili. Dal$im
dévodom v tomto procese mdze byt nedodrzanie presnych
metodickych postupov, napr. vhodny &as rozptylenia ¢astic
ultrazvukom. Z grafickych vystupov je mozna interpretacia
potvrdzujuca Studiu Guzzoa et al. (2014) a hovoriaca o ne-
priamo umernej zmene velkosti ¢astic mletim od urcitého
velkostného intervalu.

V dbsledku nabojovej bilancie je povrch vacésiny Castic
plniv nabity. Ak sa takato Castica nachadza v kvapaline,
povrchovy ndaboj sposobi vznik elektirickej dvojvrstvy.
Vnutorna Cast (Sternova vrstva) je tvorena silne viazanymi
ionmi. Vonkajsia (difuzna) vrstva idnmi, ktoré maju slabsie
vazby. Hranica vonkajSej vrstvy nesie elektrokineticky
naboj, ktory sa nazyva Zeta potencial (www.xray.cz;
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Krko$ka et al., 2014; Burke a Renaud, 2003). Hodnoty Zeta
potencialu sa pohybuju v rozsahu +100 mV az —100 mV.
Castice s hodnotami Zeta potencidlu vaésimi ako +25 mV
alebo mensimi ako —25 mV maju vysoky stuperi stability.
Naopak, Castice s hodnotami Zeta potencialu v intervale
(0; 25) alebo (—25; 0) maju tendenciu vzajomne sa
zhlukovat a flokulovat — pritomnost Van der Waalsovych
sil (Krkoska et al., 2014; Burke a Renaud, 2003; www.
cdn.shopify.com). Podla publikdcie KrkoSku et al. (2014)
zaliatky koagulacie su viazané na interval v rozsahu
(20; 3 mV), pricom maximalne hodnoty su dosiahnuté
v numerickych hodnotach Zeta potencidlu najtesnejSich
pri 0. Finalna hodnota Zeta potencialu méze byt zavisla
od réznych Specifickych faktorov. Medzi najdblezitejSie
patri pH prostredie, Specificky povrch plniva, teplota
a hodnota dielektrickej konstanty kvapalného prostredia.
V doésledku zlepSenia kvality retenénych vlastnosti plniv
boli experimentalne testované mnohé chemicky upravené
aditiva. Zistilo sa, ze flokulacia je lahko modifikovatelna
Skrobmi, polyakrylatmi, polyamidmi a pod. (Pol¢ik, 2010).

Koeficient rozptylu svetla (sr) a koeficient absorpcie
svetla (kr) su optické parametre merané spolu s belostou
v laboratérnych harkoch papiera s pouzitim plniva z Bo-
hunova. Sr je funkciou fyzikalnej Struktury a kr funkciou
chemického zlozenia latky (Kubelka a Munk, 1931). Koe-
ficient rozptylu svetla ma dve zlozky, a to index lomu latky,
ktora rozptyl svetla spésobuje, a celkovy povrch, na ktorom
rozptyl prebieha.

K délezitym vlastnostiam plniv patria velkost a tvar
Castic. Velkost pri papierenskych plnivach sa pohybu-
je vrozpati mikronovych hodnét (naj¢astejSie cca 1 — 10
um). Tvar GCC (Ground Calcium Carbonate) Castic byva
prevazne klencového tvaru, ¢o spésobuje poérovitost papie-
ra (Alén, 2007). Vyskyt kalcitu je najmé vo forme priziem,
romboédrov a skalenoédrov. Romboédrické krystaly sposo-
buju vacsi svetelny rozptyl papiera, pricom skalenoédrické
a prizmatické formy jeho hodnotu negativne ovplyvnuju,
¢im rastie celkova opacita (Haggblom a Komulainen, 2006).
ZmenSovanie velkosti Castic spOsobuje narast optickych
nehomogenit a celkovo ovplyvriuje hodnotu Specifického
koeficientu svetla. Z doterajSich vyskumov je potvrdené, ze
velkost a morfoldgia €astic su hlavnymi uréujucimi kritériami
fyzikalno-optickych vlastnosti laboratérnych harkov papiera
(Schurz, 1972; Kozmal, 1966; Fairchild, 1992). Na zaklade
vysledkov analyz je mozné konstatovat, ze aj v tomto pri-
pade sa potvrdila tato skutocnost. Na plnenie harku Bo-1
bola pouzitd mikromleta frakcia bez akejkolvek naslednej
upravy. Nehomogénna velkost Castic sa prejavila najma
pri fyzikalno-mechanickej vlastnosti plniva. Retencia plniva
v papieri méze prebiehat dvomi spésobmi. Prvym sp6so-
bom je mechanické zachytavanie ¢astic v medziviaknovych
priestoroch a na ich povrchovych diskontinuitach. Druhym
je fixacia na zéklade fyzikalno-chemickych sil (Londonove
a Van der Waalsove sily; Schurz, 1972). Velkostna variabi-
lita testovaného plniva Bo-1 mala za nasledok uplatnenie
obidvoch fixacnych procesov. Treba poznamenat, Zze pri
rastrovacej elektronovej mikroskopii bola Studovana len
jedna strana papiera. Pri natoku papieroviny a implikacii
plniva méze dochadzat k primarnemu zachyteniu vacsich
Castic, ktoré nepreniknu do spodnej Casti papiera. Z toh-

to dévodu je v niektorych situaciach pozorovatelny rozdiel
medzi vzajomne inverznymi stranami. Velkost a tvar Casti
mbze mat vplyv okrem retencie aj na ¢ast ostatnych pa-
rametrov testovacich harkov (koeficient rozptylu svetla,
belost, mechanickd pevnost). Optické vlastnosti (belost,
koeficient rozptylu svetla) Gzko suvisia so Specifickym povr-
chom &astic. Cim viac astice zmensujeme, tym je velkost
povrchu vacsia a zmena vlastnosti vyraznejSia. Rozmero-
vo velké Castice plniva Bo-1 mechanickym zachytavanim
v mnohych pripadoch zabranili fyzikalno-chemickému fixo-
vaniu mensich ¢astic na povrchu vlakien. Tato skutoénost
viedla k znizeniu celkového $pecifického povrchu, a teda
aj k celkovému ovplyvneniu optickych vlastnosti. Danu sku-
to¢nost sme potvrdili zvySenim Specifického povrchu Castic
plniva Ciasto€nym odstranenim velkej frakcie (separa¢nou
metdédou na principe Stokesovho z@kona). Hoci stupla be-
lost len nepatrne (okolo 1 %), volbou vhodnej separacne;j
metddy (napr. cyklonovymi metédami) mdézeme docielit
priaznivejSie vysledky. Rozdiely v meraniach belosti boli
spbsobené kompozi¢nou diferenciou testovaného piniva.
Vprvom pripade iSlo o samotné mramorové plnivo, zatial
¢o v druhom pripade bolo plnivo su¢astou meraného la-
boratérneho harku papiera. Vzniknuty rozdiel (4 — 6 %)
bol spdsobeny pouzitim sulfatovej, smrekovo-eukalyptovej
buniciny, ktora bola opticky tmavsia a sposobila redukciu
meranej belosti.

Zaver

Najpreberanej§im problémom pri aplikécii plniv
do papierov bola variabilita velkosti Castic. Velkostna
nehomogenita sa ukazala ako hlavny modifikator fyzikalno-
-optickych parametrov (retencia, belost, opacita, koeficienty
rozptylu a absorpcie svetla) laboratérnych harkov papiera.
Prinosom boli testovania velkosti a distribucie Castic
s porovnavanim metodickych postupov.

Naroky vyrobcov a odberatelov su pri vyrobe papiera
ur¢ené dohodou. Z tohto pohladu by plnivo Bo-1 pri volbe
spravnej metddy mletia a aplikacii vhodného separa¢ného
postupu na dosiahnutie velkostnej homogenity (cyklénova
separacia) mohlo byt sériovo pouzité do papiera. Na druhej
strane pripadnu tazbu mramorov limituje pomerne malé
velkost loZiska (100 x 50 x 30 m), ¢o nepredstavuje ekono-
micky efektivne vyuZzitie. MenSie zasoby chemicky Cistych
mramorov su potencialne vyuzitelné ako kratkodobé surovi-
nové zdroje pre farmaceuticky a kozmeticky priemysel.
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Testing the suitability of a marble from Bohurovo (Slovakia)
as a micronized filler into the paper

Technological paper is focused on a qualitative
evaluation of marbles from the Bohurovo locality (sample
Bo-1) as a filler for papermaking. The most discussed
problem concerned the particle size distribution, which
shows as a crucial for qualitative properties. Inhomogeneity
of particles (in the case of Bo-1 sample), being revealed
by the laser analyser and SEM, has indicated not only
the size differences of individual particles, but also the
differences in their shape. These differences represent
the main factors, causing decrease of the mechanical-
-optical paper properties such as retention, whiteness, light
scattering and absorption coefficients. Chemical analyses
of the most important oxides for the papermaking (Fe,O,,
ALO, and SiO,) by ICP-AES manifested “chemical purity” of
the marble from the Bohunovo locality. So the particle size
distribution seems to be the most essential problem for the

paper filler quality in this case. Our testing focused on the
separation method was based on Stokes principles.

The next treated subject involves a right choice of
a milling machine and a milling medium, which can be
important for the particle size distribution and shape.
The planetary mill Pulverisette 6 (wolfram-carbide balls)
appeared as more appropriate for the milling process
than the planetary mill TB-2 (zirconium dioxide balls).
Differences in the particle size distribution can be related
with not exactly the same milling time too. The possible
negative reason could be represented also by a dynamic
recrystallization as an additional process, influencing the
marbles microstructure. In addition of discussed topics, this
article is dealing with the advanced technology and links
between mineralogical and technological conditions, which
can be applied as a manual for a future appraisal of calcium
carbonate fillers for the papermaking.



Mineralia Slovaca, 47 (2015), 211 — 222
Web ISSN 1338-3523, ISSN 0369-2086

Geochémia ¢iernych bridlic perneckej a pezinskej
skupiny Malych Karpat — index kovonosnosti
a moznosti jeho vyuzitia

MILOSLAV KHUN a STEFAN MERES

Prirodovedecka fakulta UK, Katedra geochémie, Mlynska dolina, llkovi¢ova 6, 842 15 Bratislava
khun@fns.uniba.sk; meres @fns.uniba.sk

(Dorucené do redakcie 30. 9. 2015, prijaté na publikovanie 24. 11.2015)

Geochemistry of black schists of the Pernek Group and Pezinok Group from the Malé
Karpaty Mts. — Metalliferous index and possibilities of its application

The black schists of the Lower Paleozoic crystalline basement of the Malé Karpaty Mts.
(MK) belong to two geochemical groups of the metasedimentary rocks, being affiliated to the
Pezinok Group and the Pernek Group. The protolith of the black schists from the Pezinok Group
corresponds to siliciclastic sediments with organic mater of the pelitic/psammitic grain size. The
sedimentation on continental slope of the active continental margin was locally accompanied
with synchronous basic volcanism, producing basalts of OIT/CT type. The protolith of the Pernek
Group black schists, represented with the oceanic pelagic sediments with organic mater, was de-
posited in the ocean floor and the sedimentation was accompanied with rift volcanism, producing
basalts of N-MORB type. Black schists from MK differ by their genesis, which is reflected in their
principally different ore-bearing potential. Metalliferous index of black schists of the MK we sug-
gest for (a) the prior appraisal of the ore bearing body occurrence by selected elements (As, Cr,
Cu, Hg, Ni, Sb, V and Zn); (b) the geological evolution assessment (especially parent rocks and
sedimentary environment), and (c) the possible use for potentially toxic trace elements (PTTE)
environmental studies.

Key words: black schists, sedimentary environment, metalliferous index, ore accumulations, Pe-
zinok Group, Pernek Group, the Malé Karpaty Mts.

Uvod

Cierne bridlice patria medzi horniny, ktoré mali a maju
vyznamné miesto vo svetovej geologickej literature. Zvyse-
ny zaujem o ne podmienili najma ekonomické dévody, lebo
sa v nich nachadzaju vyznamné loziska rud a perspektiv-
ne typy mineralizacie. Casto predstavuji vhodné litologic-
ké prostredie na akumulaciu epigenetickych rud. Strona
(1978) uvadza, zZe tu ide o neobvykly pripad prekryvania
pojmu ,geologicka“ a ,rudna formacia® Mozno povedat, ze
ich vyznam sa umocnil vzrastom cien nerastnych surovin
vo svete, ktory zapri€inil aj zmeny v bilancovani ich zasob.
V tomto smere su Cierne bridlice velmi perspektivne. Ne-
menej délezitymi dévodmi zaujmu o Cierne bridlice su aj
geologické dovody (vyskum podmienok ich sedimentécie,
potencialneho zdroja kovonosnych prvkov, anoxické perio-
dy v histérii Zeme a pod.). Zavazna je aj skuto¢nost, Ze tieto
horniny ¢asto obsahuju ako prirodny geochemicky zdroj vy-
soké koncentracie potencialne toxickych stopovych prvkov
(PTTE), ktoré su toxické pre biosféru, a preto su vyznamné
aj z hladiska environmentalnej geochémie.

Pojmom ¢ierne bridlice sa oznacuje velmi rozmanita
skupina hornin. Ich zloZenie a pévod sa vSak navzajom
moze zasadne ligit. Cierne bridlice mézu byt napriklad

211

bituminézne, fosfatové, bohaté alebo chudobné na
karbonaty, mézu mat vysoky alebo, naopak, nizky obsah
PTTE, mozu byt sulfidické az do obsahu rovnajuceho
sa rude a niekedy aj s prekvapujuco nizkym obsahom
organického uhlika v porovnani s normalnou bridlicou.
Z hladiska prostredia sedimentacie Cierne bridlice mdzu
byt sladkovodné, brakické, morské alebo hypersalinné
— mozno ich najst vo vsetkych vodnych prostrediach.
Sedimentovat mézu v plytkych epikontinentalnych moriach,
pozdiz kontinentalnych okrajov, v hlbokom ocedne alebo
v jazerach. Organicka hmota, ktori obsahuju, méze byt
zrela alebo nezrela. Pokial ide o jej pbvod, niektori autori pri
genetickych klasifikaciach Ciernych bridlic beru do uvahy len
organicku hmotu morského pévodu. Tymto pristupom sa ale
vylucia uholné ilovité sedimenty, ktorych organicka hmota
je prevazne produktom rozkladu terestrickej flory. Velka
vacsina autorov toto neakceptuje a pracuje s obidvoma
skupinami organickej hmoty v ¢iernych bridliciach. Na tomto
mieste teda vyvstava otazka, pre€o spolu zoskupujeme
taku rozdielnu skupinu sedimentov, ktoré oby€ajne maju
len jednu spolo¢nu vlastnost, a to Ciernu farbu. Odpoved
je pomerne jednoducha — vSetky Cierne bridlice su spojené
priamo alebo nepriamo s vysokou organickou aktivitou
a s biogeochemickymi cyklami takych prvkov, ako je uhlik,
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dusik, fosfor, sira a kovové a polokovové PTTE. Kritérium
farby pre nomenklatdru bridlic nie je vhodné, pretoze siva
farba pre niekoho méze byt Cierna, pre iného nie. Kukal
(1988) upozorfiuje, ze hoci organicka hmota je hlavnym
faktorom, ktory ovplyvriuje farbu, jemne rozptylené sulfidy
zeleza alebo oxidy manganu, ale aj jemne lupenity chlorit
v chloritickych bridliciach, resp. sericiticko-chloritickych
bridliciach, moézu tiez prispievat k tmavej farbe bridlic.
Z tohto dévodu by ako Cierne bridlice mali byt oznacené
iba bridlice s obsahom organického uhlika (resp. organickej
hmoty). S organickou hmotou je spojeny aj problém, aky
najnizsi obsah organického uhlika je hraniény v suvislosti
s Kklasifikdciou horniny ako cierna bridlica. Tak napr.
Arthur (1979) uvadza > 0,5 hm. % C_ , Brumsack (1980)
1 hm.%Corg, Kukal (1988) rozpéatie 1,5 — 2,0 hm.% C_
a Bates a Jackson (1987) ako minimalny obsah organického
uhlika udavaju az 5 hm. %. Z petrologického hladiska mnohé
Gierne bridlice nie su Cisté bridlice alebo ilovce. Niekedy
mozu byt reprezentované kalovcami (zmes 2/3
az 1/3 prachovych €astic a zvySok ilu z objemu
horniny), inokedy vapnitymi alebo slienitymi
bridlicami ¢i dokonca kremitymi bridlicami.

V roku 1986 bol Ustfednim ustavem
geologickym v Prahe v spolupraci s dalSimi
organizéciami pripraveny navrh medzinarodného
geologického korelaéného programu, ktory
bol v roku 1987 februarovym zasadnutim
UNESCO prijaty ako program IGCP Project
254  Metalliferous Black Shales“ (koordinator
projektu Jan Pasava). Na zaklade diskusie
rieSitelského kolektivu bola z dbévodu vysSie
uvedenych terminologickych, ako aj dalSich
nezrovnalosti navrhnuta definicia Ciernej bridlice,
ktoru sformuloval Huyck (1989, 1991): ,Cierna
bridlica je tmavosfarbena (siva alebo C&ierna),
jemnozrnna (silt alebo jemnej$ia), laminovana
sedimentarna hornina, ktora je vo v§eobecnosti
ilovita a obsahuje znacné mnoZstvo organického
uhlika (> 0,5 hm. %).

Moznosti praktického vyuzitia indexu kovo-
nosnosti sme testovali na dvoch geneticky od-
liSnych typoch Ciernych bridlic, ktoré sa vysky-
tuju v krystaliniku Malych Karpat: na ¢iernych
bridliciach perneckej a pezinskej skupiny (podla
¢lenenia lvana et al., 2001; Méresa, 2005; lvana
a Méresa, 2006).

Geoldgia

Krystalinikum Malych Karpat je budované
komplexom metasedimentov a metabazitov
staropaleozoického veku a komplexom karbon-
skych magmatitov, ktoré tvoria bratislavsky
a modransky granitoidny masiv. Metasedimenty
(metapsamity, menej metapelity, ¢ierne bridlice)
a metabazity (masivne amfibolity, aktinolitické
bridlice) boli v starSej literature definované
ako jednotny litostratigraficky celok, pezinsko-
-pernecké krystalinikum (Cambel, 1954, 1958).

Y
\B

Litologicko-facialne odlinosti oproti tymto dvom suborom
hornin viedli k vy€leneniu osobitnej regionalnej jednotky —
harmonskej série (harmdnska sukcesia, podla Kohuta et al.
in Polak et al., 2012). Harmonska séria pozostava prevazne
z ilovito-kremitych a &iernych bridlic s ur€itym zastupenim
karbonatovych a metabazitovych bazaltoidnych vulka-
nickych ¢lenov (Cambel, 1954, 1958).

Niektori autori (Puti$ et al., 2004) definuju detailnejSie
litostratigrafické ¢lenenie spodnopaleozoickych hornin na
zaklade geotektonického pozadia ich vzniku a ich recentnej
priestorovej distribucie. Z praktického hladiska pouzivania
novej geologickej mapy Malych Karpat v mierke 1 : 50 000
Polak et al. (2012) odporucaju ponechat prehladné ¢lenenie
na dve litostratigrafické jednotky — pernecku skupinu a pe-
zinsku skupinu s jej harmdnskou sukcesiou.

Podla poznatkov ziskanych na z&klade vysledkov geo-
chemického vyskumu metasedimentov a metabazitov (Ilvan
et al., 2001, 2007; Méres a Ivan, 2000; lvan a Méres, 2006;
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Obr. 1. Geologickda mapa staropaleozoickych komplexov krystalinika Malych
Karpat. (Prevzaté od Ivana a Méresa, 2006). 1 — pernecka skupina; 2 — pezinska
skupina; 3 — bratislavsky granitoidny masiv; 4 — modransky granitoidny masiv;
5 — mezozoikum.

Fig. 1. Geological sketch of the Lower Paleozoic crystalline basement of the
Malé Karpaty Mts. (Taken after Ivan and Méres, 2006). 1 — Pernek Group; 2—Pe-
zinok Group; 3 — the Bratislava granitoid massif; 4 — the Modra granitoid massif;
5 — Mesozoic rocks.
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Méres, 2005, 2007), krystalinikum Malych Karpat buduju
dve principialne odliSné staropaleozoické litostratigrafic-
ké jednotky: (1) pezinska skupina a (2) pernecka skupina
(obr. 1). Pezinsku skupinu tvoria siliciklastické metasedi-
menty spolu s metabazaltmi typu OIT/CT (Oceanic Island
Tholeiites/Continental Tholeiites, Ivan et al., 2001, 2007;
Ivan a Méres, 2006). Pernecku skupinu tvoria pelagické
metasedimenty spolu s metabazaltmi N-MORB (Normal-
-Mid Ocean Ridge Basalt, Ivan et al., 2001, 2007). Kazda
z tycho skupin metasedimentov mala pred metamorfézou
samostatny vyvoj. Protolit metasedimentov (fylity, ruly, kon-
taktne metamorfované horniny a &ierne bridlice) pezinskej
skupiny pochadzal z jednej zdrojovej oblasti. Predmetamor-
fna asociacia sedimentov bola charakteristicka striedanim
sa rézne zrnitych dréb/litickych arenitov (turbidity) s prime-
sou organickej substancie. Zdrojova oblast protolitu bola
na aktivnom kontinentalnom okraji s vulkanickou aktivitou
produkujicou prevazne dacity — ryodacity. Sedimentacia
prebiehala na kontinentalnom svahu aktivneho okraja kon-
tinentu (Méres, 2005, 2007; Ivan a Méres, 2006) a bola
lokélne sprevadzana synchrénnym bazickym vulkanizmom
produkujicim bazalty typu OIT/CT. Protolit metasedimen-
tov perneckej skupiny tvorili oceanske pelagické sedimen-
ty. Protolitom ¢iernych bridlic boli pelagickeé ily s organickou
hmotou. Protolitom metasilicitov boli pelagické silicity s or-
ganickou hmotou. Protolitom aktinolitickych bridlic a chlo-
riticko-aktinolitickych bridlic s primesou organickej hmoty
boli halmyrolyzou (podmorskym zvetravanim) alterované
bazalty a ich hyaloklastity. Sedimentaénym prostredim bolo
oceanske dno, kde dochadzalo k mieSaniu tychto protoli-
tov v roznom kvantitativnom pomere (Méres, 2005, 2007).
Sedimentécia bola sprevadzana riftovym vulkanizmom pro-
dukujucim bazalty typu N-MORB (Ilvan et al., 2001, 2007).
Pernecké skupina reprezentuje exhumovanu a tektonicky
vejarovite nakopenu metamorfovanu nekompletnu ofiolito-
vu suitu (lvan a Méres, 2012, 2015).

Vek perneckej skupiny je stanoveny nepriamo na za-
klade veku granitoidov, ktoré do hornin perneckej skupiny
intrudovali (348 + 4 mil. rokov; Cambel et al., 1990). Po-
dobny vek (370 — 350 mil. rokov; Puti$ et al., 2006, 2009)
bol ziskany zo zirkénu metédou SHRIMP zo Zily doleritické-
ho gabra (dolina Javorinka pri Kuchyni, Malé Karpaty), zo
zirkénu z granitoidov metédou SHRIMP (cca 350 mil. rokov;
Kohut et al., 2009) ako aj z monazitov z granitov a peg-
matitov bratislavského masivu (353 + 2 mil. rokov) a z mo-
nazitov z pararul (359 = 11 mil. rokov; Uher et al., 2014).
Z predmetamorfného geologického vyvoja pezinskej a per-
neckej skupiny lvan a Méres (2003, 2006) predpokladaju
tektonicku poziciu obidvoch skupin a z geochronologickych
udajov o ich metamorféze usudzuju vek na vrchny devén
az spodny karbon.

Metodika

Na oznacenie Ciernych bridlic, ktoré su bohaté na kovy,
sa Casto objavuju ré6zne terminy. Tak napriklad v starse;j lite-
rature (Vine, 1969) bol pouzity termin ,Cierna bridlica boha-
ta na kovy“ (metal-rich black shale), nasledne sa pouzivali

také oznacenia ako ,anomalna Cierna bridlica; resp. ,ano-
malna kovonosna &ierna bridlica“ (Pasava, 1990; Kukal et
al., 1990). Normalne ¢ierne bridlice su potom také, ktoré
sa svojim chemickym zlozenim stopovych prvkov blizia &i
uz priemernej bridlici (Turekian a Wedepohl, 1961), alebo
Ciernej bridlici z Ohia, teda Standardu ¢iernej bridlice Geo-
logickej sluzby USA ,USGS Devonian Ohio Shale” z Ken-
tucky (SDO-1). Tento geochemicky standard navrhol Huyck
(1989) ako nahradu za Standard bridlice NASC (North
American Shale Composite) a predstavuje dobre geogra-
ficky a stratigraficky lokalizovanu Ciernu bridlicu z hurdns-
keho ¢lena vrchnodevonskej Ohio Shale v zapadnej Casti
Rowan County, Kentucky. Tato bridlica ma vysoky obsah or-
ganického uhlika, pyritu, v jemnozrnnom alumosilikatovom
matrixe (ily), ako aj fosilii (napr. sporomorfy Tasmanites).
Vzorka bola analyzovana v 32 laboratériach z celého sveta
na hlavné, vedlajSie a stopové prvky, ako aj na REE, parti-
cipovala aj Prirodovedecka fakulta UK (Berkovec a Lukasin,
1984; Keprfrle et al., 1985; Kane et al., 1990).

Na zjednotenie terminov v problematike obohatenia
Ciernych bridlic kovmi a polokovmi navrhol Huyck (1990)
definiciu kovonosnej Ciernej bridlice (metalliferous black
shale), ktoru aplikujeme aj pre tento prispevok: ,,Kovonosna
Cierna bridlica je Cierna bridlica obohatena o hocijaky
kov faktorom 2x (okrem Be, Co, Mo a U, pri ktorych je
dostacujuci faktor 1x) v porovnani so Standardom USGS
SDO-1¢ V tab.1 su uvedené z daného geochemického
Standardu len kovy a polokovy, ktoré su predmetom tohto
prispevku.

Ako navrh indexu kovonosnosti malokarpatskych Cier-
nych bridlic sme pouzili primarne udaje (lokalizacie vzoriek,
analyzy, pouzité analytické metddy a ich detekéné limity
pre jednotlivé stanovované prvky) z prac Cambel a Khun
(1983), Khun (1983, 1985), Cambel et al. (1985), Ivan et
al. (2001), Ivan a Méres (2006) a Méres (2005). Pre tento
prispevok sme vybrali 8 kovov a polokovov (As, Cr, Cu, Hg,
Ni, Sb, V a Zn) analyzovanych r6znymi metédami (tab. 2)
v Ciernych bridliciach perneckej a pezinskej skupiny.

Vyber prvkov sledoval relevantnost ich vypovednej geo-
chemickej charakteristiky pre dané horniny na dotknutom
uzemi. Na vypocet indexu kovonosnosti sme pouzili vzor-
ky, v ktorych obsah organického uhlika je v intenciach de-
finicie Ciernej bridlice Standardu SDO-1 (t. j. > 0,5 hm. %),
a v ktorych boli analyzované vSetky sledované prvky.

Postup pri vypocte indexu kovonosnosti: primarne ana-
lyzy na obsah toho-ktorého prvku sa porovnali s prislusnym
udajom tohto prvku v kovonosnej Ciernej bridlici SDO-1
(tab. 1) a zistil sa pocet vzoriek zo suboru, v ktorych dany
prvok dosiahol, resp. prekro€il udaj z SDO-1. Nasledne sa
vypocital percentudlny podiel takychto vzoriek pre kazdy
prvok v subore. Pre kazdy sledovany prvok sa vypocitala
miera prekroCenia jeho hodnoty uvedenej v kovonosnej
SDO-1 v pripade, ze primarny obsah bol rovny alebo vy$si
ako v Standarde, a to pre kazdu vzorku, ktora spfﬁala tato
podmienku. Z tychto hodnét sa vypodital aritmeticky prie-
mer. Ziskanymi islami sa nasobil percentualny podiel pri-
slusného prvku a suma zo vSetkych sucinov pre sledované
prvky z tab. 3 bola dosadena do vzorca.
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Tab. 1
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Vybraté kovy a polokovy Standardu ¢iernej bridlice SDO-1
a kovonosnej ¢iernej bridlice SDO-1. Obsah v mg - kg™

(upravené podla Kanea et al., 1990)

Selected metals and metalloids of black schists standard SDO-1
and the metalliferous black schist SDO-1. Contents in mg - kg™
(adapted after Kane et al., 1990)

SDO-1 SDO-1
kovonosna

As 68,5 137
Cr 66,4 132,8
Cu 60,2 120,4
Hg 0,2 0,4
Ni 99,5 199
Sb 4,45 8,9
\Y 160 320
Zn 64,1 128,2

Vzorec pre vypocet indexu kovonosnosti ¢iernych brid-
lic perneckej skupiny malokarpatského krystalinika potom
mozno navrhnut takto:

n

%Pp - MPp, sp0 -1
=" —
preiazn=As, Cu, Hg, Ni, Sb, V a Zn,

kde M = sledované kovy a polokovy, Pp = percentudlny
podiel vzoriek, v ktorych dany prvok dosiahol alebo pre-
kroCil prahovd hodnotu v kovonosnej SDO-1, a Mp,_ .., i€
aritmeticky priemer nasobkov tychto prekroCeni vo vzor-
kach spifiajlcich tito podmienku pre kazdy sledovany pr-
VoK.

Ako priklad vypoctu uvedieme vzorky 62A a 67A zo vzo-
riek Ciernych bridlic z lokalit mimo produktivnych zén pre Cu:
z patclenného suboru vzoriek prahové hodnoty kovonosne;j
SDO-1 prekrocili 2 vzorky, teda ide o podiel 40 %. Nasob-

Tab. 2
Vybraté analyzy ¢iernych bridlic perneckej skupiny krystalinika MK (produktivne zény a mimo zén)

Selected analyses of black schists of the Malé Karpaty from the Pernek Group (productive zones and out of zones)

met. AS Cr Cu Hg Ni Sb Vv Zn Co@
INAA SPA SPA AAS SPA INAA SPA INAA kond.
vzorka mg - kg™’ mg - kg™’ mg - kg™' mg - kg mg - kg™’ mg - kg™’ mg - kg’ mg - kg™' hm. %
40B 252 74 53 0,74 295 27 460 81 4,13
41A 84 87 16 0,70 41 13 590 99 0,96
49A 385 83 103 0,17 162 0,82 159 280 0,96
52A 480 120 166 0,30 186 1 191 210 1,26
53B 85 76 60 0,65 302 4 990 32 4,32
54A 69 71 46 0,46 182 4 1040 37 8,32
60A 605 48 159 0,18 160 38 350 168 1,73
61A 0,4 95 234 0,18 380 41 1260 604 5,36
68A 800 49 36 0,18 60 19 350 206 2,30
97A 1370 50 20 0,35 20 43 830 80 5,08
98A 49 59 20 0,40 6 1 955 41 1,96
99A 60 75 191 0,37 275 7 980 420 3,86
100A 21 204 115 0,57 72 0,7 224 210 0,91

57A 44 102 66 0,18 12 6 66 53 8,47
58A 6 54 10 0,13 30 3 89 103 0,57
62A 109 60 209 0,27 19 48 720 105 4,90
67A 56 104 234 0,32 410 28 380 430 0,65
133A 15,4 93 34 0,18 50 3,85 112 405 0,54

Vysvetlivky: A — Cierna bridlica bez makroskopicky viditelnej sulfidickej mineralizacie; B — s makroskopicky viditelnou; met. — pouZité analy-
tické metddy a intitdcia: INAA — inStrumentéina neutrénova aktivacna analyza, Cs. uranovy pramysl StraZ pod Ralskem; SPA — spektralna
analyza; AAS — atomova absorpéna spektroskopia, Geol. Ustav PriF UK Bratislava; kond. — konduktometria, UUG Brno. Analyzy a lokaliza-

cie vzoriek su z prace Cambela a Khuna (1983).

Explanations: A — black schist without visible sulphidic mineralization; B — with macroscopically visible mineralization; met. — used analytical
methods and institutions to made: INAA — instrumental neutron activation analysis, Czechoslovak Uranium Industry, StraZ pod Ralskem;
SPA — spectral analysis; AAS — atomic absorption spectroscopy, Geological Inst., Faculty of Science, Comenius University Bratislava;
cond. — conductometrically, Czech Geological Survey, branch Brno. Analysis and location of the samples from Cambel and Khun (1983).
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ky prekro€enia boli vo vzorke 62A =1,73 av 67A =1,94,
aritmeticky priemer je potom 1,83. Jeho sucin s percentu-
alnym podielom je 73,2 (tab. 3). Pri dosadeni prislusnych
hodnét z tab. 3 do vysSie uvedeného vzorca vyjde index
kovonosnosti pre Cierne bridlice perneckej skupiny z pro-
duktivnych zon |, = 8,88 a pre Cierne bridlice z lokalit mimo
tychto zon |, = 4,83. Takto ziskané hodnoty I, z Ciernych
bridlic Malych Karpat je mozné vyuzit v environmentalnej
geochémii pre posudenie Urovne ploSnej kontaminacie bio-
sféry potencialne toxickymi stopovymi prvkami (PTTE).
Aplikaciou indexu kovonosnosti sme sa pokusili
rieSit aj problematiku principidlne odliSnej geologickej
a geochemickej historie Ciernych bridlic perneckej skupiny
a Ciernych bridlic pezinskej skupiny. V tab. 4 su vysledky
analyz cCiernych bridlic pezinskej skupiny (v zmysle

Tab. 3
Ciastkové vypoéty k navrhu indexu kovonosnosti ¢iernych bridlic
Partial calculations for metalliferous index proposal for the black
schists

Pernecka skupina — produktivne zoény |. az IV.

Pernek Group — productive zones |. to IV.

N n Pp Mp Pp

As 13 6 46,1 4,73 218,3
Cr 13 1 7 1,54 11,9
Cu 13 4 30,8 1,55 477
Hg 13 6 46,1 1,77 81,6
Ni 13 4 30,8 1,57 48,4
Sb 13 7 53,8 3,08 165,7
\Y 13 10 76,9 2,44 1876
Zn 13 7 53,8 2,36 1270

2. 888,2

Pernecka skupina — mimo produktivnych zén

Pernek Group — out of productive zones

N n Pp Mp Pp

As 5 0 0 0

Cr 5 0 0 0
Cu 5 2 40,0 1,83 72,3

Hg 5 0 0 0
Ni 5 1 20 2,06 41,2
Sb 5 2 40,0 4,24 169,6
\Y 5 2 40,0 1,72 68,8
Zn 5 3 40,0 3,25 130,0
2. 482,8

Vysvetlivky: N — pocet vzoriek; n — pocet vzoriek zo suboru,
v ktorych sledovany prvok dosiahol alebo prekroéil svoj obsah uda-
ny v kovonosnej SDO-1 (tab. 1); Pp — percentualny podiel takychto
vzoriek zo suboru; Mp — aritmeticky priemer miery prekro€enia ob-
sahu prvku v porovnani s SDO-1 kovonosnej zo vzoriek kolonky n.
Explanations: N — number of samples; n — number of samples in
which the content of studied element reached or crossed the tre-
shold of metalliferous SDO-1 (Tab. 1); Pp — percentage share of
such samples; Mp — arithmetic average of overload measure com-
pared with the SDO-1 metalliferous from the samples in column n.

lvan a Méres, 2006), ktorej integralnou sucastou je aj
harmonska séria (vzmysle Cambel, 1954, 1958). Prahové
hodnoty kovonosnej SDO-1 prekracuje Cr a V vo vzorke
19A a zvySeny obsah Zn v ostatnych troch vzorkach.
Obsah vanadu tu zrejme dokumentuje priamu zavislost
od zrnitostnej kategodrie protolitu a vysSieho obsahu Corg.
Taktiez organickd hmota vo vybrusoch z Ciernych bridlic
pezinskej skupiny vystupuje v podobe vacésich zhlukov
zrnitostou zodpovedajicou peliticko-psamitickej zrnitosti
pbévodnych klastov protolitu a nie rovnomerne rozptylenému
submikroskopickému pigmentu, ako je v pripade Ciernych
bridlic perneckej skupiny (obr. 3a, b.).

Rovnakym postupom, ako je uvedeny v tab. 3, moz-
no vypocitat index kovonosnosti ¢iernych bridlic pezinskej
skupiny malokarpatského krystalinika, ktorého hodnota je
l,=2,45, samozrejme, pre rovnaku Skalu sledovanych prv-
kov.

Index kovonosnosti Ciernych bridlic (I, = 8,88) z pro-
duktivnych z6n perneckej skupiny potom predstavuje
3,62-nasobok tejto hodnoty a I, (4,83) pre Cierne bridlice
z lokalit mimo produktivnych zén perneckej skupiny je 1,97
nasobkom.

Vyrazny rozdiel v hodnote |, v Ciernych bridliciach
perneckej skupiny (najmd mimo produktivnych zdén)
a pezinskej skupiny povazujeme za relevantné kritérium
nielen na posudenie kovonosnosti, ale aj ako diskriminaény
koeficient pri geochemickych interpretaciach odliSnych
sedimentacnych prostredi protolitu ¢iernych bridlic krysta-
linika Malych Karpat.

Diskusia

Néazory na genézu ciernych bridlic krystalinika Malych
Karpat (MK) sa s pribudajucimi informaciami vyrazne me-
nili (Cambel, 1954, 1958; PlaSienka et al., 2001; lvan et al.,
2001; PutisS et al., 2004; lvan a Méres, 2006; Méres, 2005,
2007; Polak et al., 2012). Pre rieSenie potencialnej rudonos-
nosti iernych bridlic MK, ako aj pri rieSeni ich geologického
vyvoja z vysSie publikovanych nazorov vychadzame z prac
Ivana a Méresa (I. c.). Dévodom je to, ze Cierne bridlice
MK rozdelili principialne na dve genetické skupiny. R6zna
zdrojova oblast a prostredie sedimentacie kazdej z nich
nas viedlo k tomu, ze by mal byt zasadne iny aj ich poten-
cial rudonosnosti. Z toho dévodu sme index kovonosnosti
aplikovali na litologické ¢lenenie Ciernych bridlic MK podla
Ivana a Méresa (l. c.). Z prac Cambela (1954, 1958), Cam-
bela a Khuna (1983), Khuna (1983, 1985) a Cambela et al.
(1985) pouzivame (okrem analyz a lokalizacie vzoriek) pre
prehladnost a komparaciu starSich a novych tdajov terminy
scierne bridlice produktivnych zén“ a ,Cierne bridlice mimo
produktivnych zén“ (obr. 2), ktoré podla lvana a Méresa
(I. c.) patria do perneckej skupiny.

Index kovonosnosti Ciernych bridlic perneckej skupiny
krystalinika MK v produktivnych zénach je temer dvojna-
sobny (1,84) oproti takymto horninam, ktoré boli odobraté
z lokalit mimo tychto zén v perneckej skupine. Zaujimavé
je aj poradie obohatenia sledovanych prvkov, zostavené zo
sucinu percentualneho podielu vzoriek suboru, v ktorych
dany prvok dosiahol, resp. prekrocil prahovu hodnotu ko-
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vonosnej SDO-1 a priemernej miery tychto prekroceni (tab.
3). Pre bridlice produktivnych zdn je toto poradie takéto: As
>V > Sb > Zn > Hg > Ni >> Cu > Cr, pre Cierne bridlice
z lokalit mimo zén Sb > Zn > Cu >V > Ni > As = Cr = Hg.
Z uvedeného poradia mozno usudzovat, ze zaujmovymi
kovmi a polokovmi v Studovanych horninach perneckej sku-
piny su As, Sb, V a Zn. Uvedené aspekty su prezentované
aj na obr. 4a, b. Priemerny obsah prvkov As, Sb, V a Zn
v Ciernych bridliciach z produktivnych zén perneckej sku-
piny je nad hranicou prahovych hodnét kovonosnej SDO-1
(SDO-1 Metalliferous).

Obsah As v ¢iernych bridliciach typu A (bez makrosko-
picky viditelnych sulfidov) dosahuje vysoké hodnoty (tab.
2), dokonca vysSie ako bridlice typu B (s makroskopicky
viditelnymi sulfidmi) s maximalnou hodnotou v subore
1370 mg - kg™ (vzorka 97A, vrchna §télna Rybnicek). Treba
vSak uviest, ze antiménové rudy v MK maju vysoky obsah
As. Tiez pyrit a chalkopyrit sprevadzajuci zrudnenie maju
vysoky obsah As (Cambel a Jarkovsky, 1967, 1974). Bridlice
s organickou hmotou maju taktiez tendenciu vysSieho ob-
sahu As, kde nizky redox potencidl zapri€ifiuje vyzrazanie
As (pozri vzorku 97A s anomalnym obsahom As a vysokym
obsahom C_ , tab. 2). Vysoky obsah As v malokarpatskych
Ciernych bridliciach je podobny obsahu Sb hlavne vo vzor-
kach z oblasti epigenetickych hydrotermalnych premien,
prevazne z oblasti loziska Pezinok-Kolarsky vrch.

Vyssi obsah Sb v produktivnych zénach je spravidla
v oblasti hydrotermalnych premien, kde mohlo pod vplyvom
hydrotermalnych roztokov obsahujucich sulfatovy ion dojst
k okysleniu organickej hmoty, ¢o je spojené s tvorbou redu-
kovanych foriem siry a s vylu€ovanim sulfidov (Bannikova

Obr. 2. Schematicka geologickd mapa krystalinika Malych Karpat.
Upravena verzia Poldka a Raka (1980). 1 — metamorfity vcelku;
2— produktivne zény (l. az V.); 3 — vyskyt Sb zrudnenia v produktiv-
nych zénach; 4 — oblasti s nedostatoéne vymedzenymi priebehmi
produktivnych zén; 5 — granitoidy; 6 — mezozoikum; 7 — terciér —
kvartér. KV — Sb loZisko Pezinok-Kolarsky vrch; P — Sb a pyritové
lozisko Pernek-Jahodnisko; B — bratislavsky granitoidny masiv;
M — modransky granitoidny masiv; SM — granitoidny masiv Staré
mesto; Au, Pb, Zn, FeS, — vyskyt prislusného zrudnenia.

Fig. 2. Schematic geological map of the Pernek Group of Malé
Karpaty crystalline basement. Modified version after Polak and
Rak (1980). 1 — metamorphites undivided; 2 — productive zones (I.
to V.); 3 —occurrences of Sb ore mineralization in productive zones;
4 — areas with unsufficiently defined course of productive zones;
5 — granitoids; 6 — Mesozoic; 7 — Tertiary-Quarternary. KV — Sb ore
deposit Pezinok-Kolarsky vrch; P — Sb and pyrite deposit Pernek-
-Jahodnisko; B — Bratislava granitoid massif; M — Modra granitoid
massif; SM — Staré mesto granitoid massif; Au, Pb, Zn, FeS, — oc-
currence of appropriate ore mineralization.

a Galimov, 1977).V &iernych bridliciach potom drobné krys-
taly antimonitu tvoria impregnacie (Chovan et al., 1994).

Obsah Cu v obidvoch Studovanych suboroch sa pohy-
buje od 16 — 234 mg - kg™ (prekrocenie kritéria metalo-
nosnosti v jednej tretine vzoriek). Obsah Ni vo vzorkach
¢iernych bridlic z lokalit mimo produktivnych zén ma dokon-
ca najvyssiu analyzovanu hodnotu 410 mg - kg™' vo vzorke
bez makroskopicky viditelnych sulfidov (vzorka 67A, miera
prekroCenia 2,06).

Porovnatelna pozicia priemerného obsahu Cr v Gier-
nych bridliciach produktivnych zén perneckej skupiny (obr.
4a) a v Ciernych bridliciach pezinskej skupiny (obr. 4b a obr.
5) svedci o tom, ze Cr nema z aspektu kovonosnosti Cier-
nych bridlic MK prakticky vyznam a jeho obsah je limitova-
ny jeho obsahom v protolite Ciernych bridlic.

Priemerny obsah prvkov Cu a Ni v Ciernych bridliciach
z produktivnych zén perneckej skupiny je nad alebo na
hranici prahovych hodnét kovonosnej SDO-1 (obr. 4a).

Obsah vanadu v skumanych c&iernych bridliciach
uzko suvisi s obsahom organickej hmoty (tab. 2). V pro-
duktivnych zénach mozno obsah povazovat za anomalny
(77-percentny podiel prekro¢enia prahovej hodnoty
kovonosnej SDO-1). Dokonca Cierna bridlica z produktivnej
zony (Cambel a Khun, 19883; vzorka K-25, lokalita Pernek-
-Misarsky Ostrobec, nie je zahrnutd v tomto Studovanom
subore vzoriek, pretoze nebola analyzovana na vSetky
sledované prvky) mala obsah vanadu 6 000 mg - kg™’
(0,6 %) pri obsahu Corg 8,28 %, €o znalne prekracuje
spodnu hranicu vanadonosti 0,05 % podla Smirnova
(1976). Treba poznamenat, Ze v danej lokalite bol zisteny
vanadovy granat goldmanit (Uher et al., 1994). Tieto
aspekty navodzuju Spekulativnu Uvahu o tom, & vanad
v iernych bridliciach perneckej skupiny moéze/neméze byt
v blizkej buducnosti aj ekonomicky zaujimavy.

V ¢iernych bridliciach pezinskej skupiny je poradie obo-
hatenia sledovanych prvkov, zostavené podobnym meto-
dickym postupom ako v pripade Ciernych bridlic perneckej
skupiny, takéto: Zn > Cr >V > As = Cu = Hg = Ni = Sb. Toto
poradie je zasadne odliSné od poradia tych istych prvkov
v Ciernych bridliciach perneckej skupiny. Priemerny obsah
prvkov As, Sb, V, Cu, Hg, Ni a Sb v &iernych bridliciach
pezinskej skupiny (obr. 5) je vyrazne alebo evidentne pod
hranicou prahovych hodnét kovonosnej SDO-1 (SDO-1
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Metalliferous). V &iernych bridliciach pezinskej skupiny je
napadny vyssi obsah Zn (tab. 4, obr. 5), ktory je pravde-
podobne vysledkom mineralizacie rastlinného detritu.
Bouska (1977) napr. v uhli uvadza bezne obsah zinku
1000 mg - kg™

Potencialna moznost vyuzit index kovonosnosti
aj ako diskrimina¢ny koeficient pri geochemickych
rekon&trukciach roznych sedimentaénych prostredi vyplyva
aj z porovnania priemerného obsahu sledovanych prvkov
(obr. 4a, b; obr. 5). Z tohto porovnania je zrejmé, zZe:

a) priemerny obsah As, Sb, V a Zn v €iernych bridliciach
perneckej skupiny z produktivnych zén je nad hranicou
prahovych hodnét kovonosnej SDO-1 (SDO-1 Metalliferous,
obr. 4a);

b) priemerny obsah As, Sb, V, Cu a Zn v &iernych brid-
liciach perneckej skupiny mimo produktivnych zén je tiez
nad hranicou, resp. na hranici prahovych hodnét kovonos-
nej SDO-1 (obr. 4b);

c) priemerny obsah Hg, Ni a Cr v ¢iernych bridliciach
perneckej skupiny mimo produktivnych zoén je na hranici
prahovych hodnét kovonosnej SDO-1 (obr. 4b);

d) priemerny obsah vSetkych sledovanych prvkov s vy-
nimkou Zn je v Ciernych bridliciach pezinskej skupiny vy-
razne pod hranicou prahovych hodnét kovonosnej SDO-1
(obr. 5).

Vzhladom na korektné posudenie pri¢in vyrazne odlis-
nych hodnét sledovanych chemickych prvkov povazujeme
za relevantné porovnanie priemerného obsahu v Giernych
bridliciach perneckej skupiny mimo produktivnych zdén
a v Ciernych bridliciach pezinskej skupiny. Dévodom je fakt,
ze odliSnému protolitu podla Méresa (2005) su najblizSie
(aj v pripade chemickych prvkov, ktorych imobilita v proce-
soch, ktoré postihli Cierne bridlice obidvoch skupin po¢as
ich geologického vyvoja, mbze byt diskutabilnd) Cierne bri-
dlice perneckej skupiny mimo produktivnych zén a &ierne
bridlice pezinskej skupiny.

Vyraznu disproporciu v priemernom obsahu sledova-
nych chemickych prvkov medzi ¢iernymi bridlicami pernec-
kej skupiny (produktivnych zén a aj mimo nich) a ¢iernymi
bridlicami pezinskej skupiny je mozné vysvetlit iba r6znou
zdrojovou oblastou, materskymi horninami, odliSnym se-

dimentaénym prostredim, a teda aj r6znou paragenézou
chemickych prvkov. Z uvedeného vyplyva, ze uz v protolite
obidvoch skupin Studovanych Ciernych bridlic bola ich kon-
centracia zésadne odliSna. Z vy$Sie uvedeného vyplyva,
ze mineralizacia sp6sobena hydrotermalnymi fluidmi ge-
nerovanymi synchrénnou metamorfézou obidvoch skupin
¢iernych bridlic MK je principialne odliSna. Potencial lozis-
kovych akumulacii maju jednoznacne iba Cierne bridlice
perneckej skupiny.

Vyrazny rozdiel v zlozeni Studovanych ciernych
bridlic vyplyva aj z variability obsahu U, Th a Hf (obr. 6).
Cierne bridlice a aktinolitické bridlice s organickou
hmotou z perneckej skupiny vytvaraju samostatné pole
s jasnym trendom kzloZzeniu N-MORB metabazaltov
MK. Je to vysledok r6zneho zastupenia pelagickych ilov,
organogénneho/chemogénneho kremena, organickej hmo-
ty a alterovanych bazaltov N-MORB v ich protolite.

Cierne bridlice pezinskej skupiny zasa vytvaraji v dia-
grame samostatné pole s afinitou k zloZzeniu metabazaltov
OIT/CT typu, ktoré sa vyskytuju v pezinskej skupine. Vy-
razny rozdiel v geochémii metasedimentov (hlavné prvky,
vybraté prvky v stopovej koncentracii a lantanoidy) MK je
interpretovany ako vysledok principialne odlisného protoli-
tu a prostredia sedimentacie (Méres, 2005; Ivan a Méres,
2006). Na odlisné prostredie sedimentacie s ohladom na
oxidacno-redukéné podmienky poukazuje aj obsah U a Th
v obidvoch typoch &iernych bridlic (obr. 7). Cierne bridlice
perneckej skupiny sedimentovali vo vyrazne redukénom
prostredi. Cierne bridlice pezinskej skupiny sedimento-
vali aj v oxidaCnom, aj v redukénom prostredi. To, Ze sa
v psamitickej facii zachovala organicka hmota, sved¢i o in-
tenzivnej tektonickej/vulkanickej aktivite v zdrojovej oblasti,
rychlom transporte siliciklastického materialu do sedimen-
ta¢ného bazéna a o rychlom pochovani organickej hmoty
pred jej mineralizaciou (obr. 3a, b; Méres, 2005).

Zaver
V tejto praci sme navrhli index kovonosnosti (l,,) Cier-

nych bridlic kryStalinika Malych Karpat pre nasledujuce
chemické prvky: As, Cr, Cu, Hg, Ni, Sb, V a Zn.

Tab. 4
Vybraté analyzy ¢iernych bridlic pezinskej skupiny krystalinika Malych Karpat (analyzy su z prace Cambela a Khuna, 1983)
Selected analyses of black schists of the Malé Karpaty from Pezinok Group (data from Cambel and Khun, 1983)

Cierne bridlice pezinskej skupiny
Black schists of Pezinok Group
AS Cr Cu Hg Ni Sb \Y Zn -

met. INAA SPA SPA AAS SPA INAA SPA INAA kond.
vzorka mg - kg' mg - kg™’ mg - kg™ mg - kg™ mg - kg™’ mg - kg™’ mg - kg™’ mg - kg™ hm. %
19A 3,2 292 19,5 0,25 12 0,49 480 103 5,02
122A 79,5 15,9 9,3 0,18 32 0,61 182 184 0,76
144A 2,6 575 31,6 0,25 28,2 0,64 107 181 6,43
145A 10,0 44 11,5 0,30 12,3 1,5 61 420 2,12

Vysvetlivky ako pri tab. 2/Explanations corresponding with those in Tab. 2.
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Obr. 3a. Reprezentativne vzorky ¢iernych bridlic z pezinskej skupiny. Lokalizécia (A, B, C, D) Dubova, Fugelka, (A) Il polaroidy, (B) X po-
laroidy. (C) a (D) Il polaroidy. Oznacenie vzoriek (A a B) ako v tab. 4. C a D z prace Méresa (2005).

Fig. 3a. Representative samples of the black schists from the Pezinok Group. Location (A, B, C, D): Dubova, Fugelka, (A) polaroid Il
(B) polaroid X. (C) and (D) polaroid Il. Signature of the samples such as in a Tab. 4. (C) and (D) from Méres (2005).

g A7 il ¥ .3

Obr. 3b. Reprezentativne vzorky éiernych bridlic z perneckej skupiny. (A) Cierna bridlica s rudnou mineralizaciou z produktivnej zény. Loka-
lizacia: Borinka, Santoberg, Il polaroidy, (B) ako (A) X polaroidy. (C) Velmi jemnozrnna €ierna bridlica mimo produktivnych zén. Lokalizacia:
Pernek, stolfna Karol, Il polaroidy, (D) ako (C) X polaroidy. Oznacéenie vzoriek ako v tab. 2.

Fig. 3b. Representative samples of the black schists from the Pernek Group. (A) Black schists with ore mineralization of the Pernek Group
from the productive zone. Location: Borinka, Santoberg, polaroid Il, (B) just (A) polaroid X. (C) Very fine-grained black schist of the Pernek
Group out of productive zone. Location: Pernek, Karol stack, polaroid Il, (D) just (C) polaroid X. Signature of the samples such as in a Tab. 2.
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Obr. 4a. Diagram priemerného obsahu chemickych prvkov v Cier-
nych bridliciach produktivnych zén perneckej skupiny (PZ PerG)
a ich obsahu v SDO-1. Ciarkovane je vyznacena linia obsahu tych-
to prvkov v SDO-1 — kovonosnej (2x obsah v SDO-1). Hodnoty su
uvedené v tab. 2.

Fig. 4a. Diagram of chemical element average contents in the
black schists from the Pernek Group productive zones (PZ PerG)
and their contents in SDO-1. Dashed line characterizes the con-
tent of these elements in SDO-1 Metalliferous (twice contents of
SDO-1). Values are listed in Tab. 2.
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Obr. 5. Diagram priemerného obsahu chemickych prvkov v Cier-
nych bridliciach pezinskej skupiny (PezG) a ich obsahu v SDO-1.
Vysvetlivky ako pri obr. 4a. Hodnoty su uvedené v tab. 4.

Fig. 5. Diagram of chemical element average contents in black
schists from the Pezinok Group (PezG) and their contents in
SDO-1. Further explanations are in Fig. 4a. Values are listed in
Tab. 4.

Zdovodnili sme moznosti vyuZitia I, v Ciernych bridli-
ciach:

(1) pre predbezné posudenie loziskovych akumulacii
sledovanych chemickych prvkov,

(2) pre rieSenie geologickej historie (najma materskych
hornin a prostredia sedimentéacie) na priklade dvoch gene-
ticky principialne odliSnych iernych bridliciach z pezinskej
a perneckej skupiny,

(3) pri environmentalnom vyskume potencialne toxic-
kych stopovych prvkov (PTTE).

Vyrazne vy$Sie hodnoty |, v Ciernych bridliciach per-
neckej skupiny v porovnani s hodnotami |, v iernych brid-
liciach pezinskej skupiny su vysledkom odliSného protolitu
a rincipialne odliSného sedimentacného prostredia.

Rozdielna genéza ¢iernych bridlic pezinskej a pernec-
kej skupiny je pricinou aj odliSnej mineralizacie generovanej
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Obr. 4b. Diagram priemerného obsahu chemickych prvkov
v ¢iernych bridliciach mimo produktivnych zén perneckej skupiny
(mimo PZ PerG) a ich obsahu v SDO-1. Vysvetlivky ako pri obr. 4a.
Hodnoty su uvedené v tab. 2.

Fig. 4b. Diagram of chemical element average contents in black
schists from the Pernek Group out of productive zones (besides
PZ PerG) and their contents in SDO-1. Further explanations are in
Fig. 4a and values are listed in Tab. 2.

oIT/ICT

Th Hf

Obr. 6. Diagram U, Th a Hf poukazuje na odli$nu distriblciu tychto
chemickych prvkov v &iernych bridliciach Malych Karpat. 1 — Cier-
ne bridlice perneckej skupiny (PerG); a — pole vzoriek z pro-
duktivnych zén; b — pole &iernych bridlic mimo produktivnych zén,
s prevahou pelagickych ilov + organicka hmota v protolite; ¢ — pole
aktinolitickych bridlic s organickou hmotou mimo produktivnych
z6n, ktorych protolit mal zloZenie pelagickeé ily + organicka hmota +
halmyrolyzou alterované bazalty N-MORB a ich hyaloklastity. Pole
N-MORB - obsah U, Th a Hf v metabazaltoch z perneckej skupiny.
2 — Cierne bridlice pezinskej skupiny (PezG). Pole OIT/CT — obsah
U, Th a Hf v metabazaltoch pezinskej skupiny. (Na zostrojenie dia-
gramu boli vyuzité analyzy z prac Cambela a Khuna, 1983; Ivana
et al., 2001; Méresa, 2005; lvana a Méresa, 2006).

Fig. 6. Diagram U-Th-Hf shows a different distribution of these
elements in the black schists of the Malé Karpaty Mts. 1 — Black
schists from the Pernek Group (PerG); a — field for samples of the
productive zones; b — field for samples out of productive zones;
c — field of the actinolite schists + organic matter out of productive
zones, which protolit was represented by the halmyrolytic altered
hyaloclastites and basalts of N-MORB (Normal-Mid Ocean Ridge
Basalt) type + organic matter. Field N-MORB — U, Th and Hf value
in the metabasalts of the Pernek Group. 2 — Black schists from the
Pezinok Group (PezG). Field OIT/CT — U, Th and Hf value in the
metabasalts of the Pezinok Group (data from Cambel and Khun,
1983; Ivan et al., 2001; Méres, 2005; lvan and Méres, 2006).
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Obr. 7. Diagram Th/U — Th indikuje odliSné oxida¢no-redukéné
podmienky v sedimenta¢nom prostredi €iernych bridlic pernec-
kej a pezinskej skupiny (polia podla Méresa, 2005). Symboly ako
na obr. 6.

Fig. 7. Plot Th/U vs. Th indicates different redox conditions in the
sedimentary environment of the black schists from the Pezinok
Group and Pernek Group (fields according Méres, 2005). For sym-
bols see Fig. 6.

hydrotermalnymi fluidami aktivovanymi synchrénnou meta-
morfézou obidvoch skupin Ciernych bridlic Malych Karpat.

Z vysledkov tejto prace vyplyva, ze:

(1) potencial loziskovych akumulacii maju iba ¢ierne bri-
dlice perneckej skupiny,

(2) uz v protolite obidvoch skupin Studovanych Ciernych
bridlic boli koncentracie chemickych prvkov vyuzitych v I,
okrem Cr a Zn zésadne odlisné.
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Geochemistry of black schists of the Pernek Group and Pezinok Group
from the Malé Karpaty Mts. — Metalliferous index
and possibilities of its application

Black schists from the Malé Karpaty Mts. (MK) were
a subject of multiple researches in the second half of the
last century (Cambel, 1954, 1958; Cambel and Khun, 1983;
Cambel et al., 1985; Khun, 1983, 1985; Plasienka et al.,
2001; Puti$ et al., 2004; Ivan and Méres, 2006; Méres,
2005, 2007; Polak et al., 2012).

Regarding the lithostratigraphic division and the origin
of the Lower Paleozoic crystalline basement of the Malé
Karpaty Mts., two geochemical groups of metamorphosed
sedimentary rocks were observed (Méres, 2005, 2007;
Ivan and Méres, 2006): (1) Pezinok Group and (2) Pernek
Group (Fig. 1). Black schists of different genesis are present
in both groups.

(1) The same geochemical parameters of various types
of metamorphosed sedimentary rocks of the Pezinok Group
(metapelites, metapsammites, black schists, gneisses,
contact metamorphosed rocks) indicate the same protolith
(greywackes, lithic arenites + organic matter), the same
parental rocks (tonalite-granodiorite resp. dacite-rhyodacite),
the same source area (active continental margin), as well
as the same sedimentary environment (continental slope;
Méres, 2005, 2007). The Pezinok Group, including rare

carbonates and some metabasalts, manifests the OIT/
CT geochemical signature (Oceanic Island Tholeiites/
Continental Tholeiites; lvan and Méres 2006).

(2) The protolith of metamorphosed sedimentary rocks
of the Pernek Group consisted of pelagic shales + organic
matter, protolith of metasilicites was formed by pelagic
silicites + organic matter, protolith of actinolite schists and
chlorite-actinolite schists was represented by halmyrolytic
altered hyaloclastites and basalts of N-MORB (Normal-Mid
Ocean Ridge Basalt) type + organic matter (Fig. 6). The
oceanic floor represented the sedimentary environment of
the protolith of this group of metamorphosed sedimentary
rocks; the sedimentation was accompanied by the rift
volcanism, producing basalts of N-MORB type and
hydrothermal activity forming the stratiform hydrothermal
sulphidic bodies in sediments (lvan et al., 2001; Ivan and
Méres, 2006; Ivan and Méres, 2015).

This contribution is dealing with the contents of some
metals and metalloids as potentially toxic trace elements
(PTTE) in black schists of both groups (Tabs. 2 and 4).

Analysed contents of selected elements in black schists
of both groups were compared with the USGS Devonian
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Ohio Shale from Kentucky SDO-1 (Tab. 1; Kane et al.,
1990). There was proposed the metalliferous index of black
schists from the Malé Karpaty Mts. by the comparation with
above mentioned standard following the equation:

n
%Pp “MPp,_ sp0 -1
=" —

forito n =As, Cr, Cu, Hg, Ni, Sb, V and Zn

Where M = analysed metals and metalloids, Pp =
percentage share of samples in which a given element
reached or crossed the treshold of SDO-1 and Mp_. . is
arithmetic mean of these folds in samples determined this
condition for every monitored element.

This index accounts value of I, = 8.88 for the black
schists from productive zones (Fig. 2) of the Pernek Group.
For the black schists of the Pernek Group outside of
productive zones it has value of |, = 4.83 (Tab. 3). There
can be observed a considerable decrease of this index
value for the black schists from the Pezinok Group to I, =
2.45 (Tab. 4), which can document variable geochemical
history in comparison with the black schists from the Pernek
Group. We consider the marked difference in |,, between
black schists of the Pernek and Pezinok groups as relevant
benchmark not only for ore-bearing arbitration but also as
a discriminant coefficient in geochemical interpretations of
various sedimentary environments of the protolith of black
schists in the MK crystalline complex. From the comparison
of average contents of studied elements (Fig. 4a, b and
Fig. 5) there follows that:

a) The average contents of As, Sb, V and Zn in the black
schists of the Pernek Group productive zones are above
the limit of the threshold for metalliferous SDO-1 (SDO-1
Metalliferous, Fig. 4a).

b) The average contents of As, Sb, Cu, V and Zn in the
black schists of the Pernek Group besides the productive
zones are also above threshold values or correspond to the
threshold values for metalliferous SDO-1 (Fig. 4b).

c) The average contents of Hg, Ni and Cr in black
schists of the Pernek Group besides the productive zones
are on the threshold for metalliferous SDO-1 (Fig. 4b),

d) The average contents of all studied elements
excepting Zn are in the black schists of Pezinok Group
significantly under the threshold values for metalliferous
SDO-1 (Fig. 5).

Distinct disproportionality in average contents of
studied elements between Pernek Group black schists
(productive zones and out of the zones, Fig. 2) and Pezinok
ones is possible to explain only with different source
area, parent rocks, different sedimentary environment
and so with various paragenesis of chemical elements
(Figs. 6 and 7). From the above mentioned there results
that in the protolith of both groups of studied black
schists the concentrations were essentially different. The
petrographical study of both types of the black schists
(Figs. 3a and 3b) and the geochemical study of chemical
elements, which are generally immobile in the processes
that affected metasediments and metabasalts during the
geological history, have provided some principal results
(lvan and Méres, 2006, 2015; Méres, 2005, 2007). Black
schists from the MK, differing in genesis, manifest different
ore-bearing potential of both groups too. Metalliferous index
of black schists of the MK we suggest to apply for (a) prior
appraisal of ore accumulations of selected elements (As,
Cr, Cu, Hg, Ni, Sb, V and Zn); (b) the geological history
solution (especially of the parent rocks and the sedimentary
environment), and (c) it will be possibly used for potentially
toxic trace elements (PTTE) environmental study in both
groups of the MK crystalline complex.
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Abstract

Within the complex evaluation of the hydrocarbon potential in the Western Carpathians in
Slovakia the pre-Neogene units are discussed in this paper. Hydrocarbon potential assessment
is based mainly on the Rock-Eval pyrolysis and vitrinite reflectance in respect to actual geological
conditions. The results show that besides the Neogene basins the most prospective regions for
the hydrocarbon accumulations discoveries are the Flysch Belt and some areas of the Central
Carpathian Paleogene Basin. The hydrocarbon potential of the Western Carpathians geological
units in Slovakia older than Late Cretaceous is practically exhausted.

Key words: hydrocarbon potential, kerogen thermal maturity, vitrinite reflectance, pre-Neogene

units, Western Carpathians, Slovakia
Introduction

The most explored and actually also the most
prospective regions for hydrocarbon exploration in Slovakia
are the Neogene basins — the Vienna-, Danube- and
East Slovakian basins. Consequently the new organic
geochemical methods were applied mainly to these areas
(Franct et al., 1989, 1990, 1996; Milicka et al., 1994, 1996)
(Fig. 1). Nevertheless the first discoveries and oil production
are dated to the second half of the 19" and the beginning
of the 20" centuries in the western and eastern part of the
Flysch Belt, besides Slovakia actually including the Czech
Republic in the western part and Poland and Ukraine in the
eastern part of Slovakia.

Within the systematic hydrocarbon potential assessment
of the entire Western Carpathians in Slovakia there were
studied practically all geological units excepting the
basements of the core mountains (Pereszlényi et al., 1996).
Mainly well cores, but also samples from outcrops with
sufficient organic mater content were analysed. The Rock-
-Eval pyrolysis offered the knowledge about the kerogen
type and the hydrocarbon potential; the vitrinite reflectance
measurements revealed the thermal maturity rank of plant
derived organic matter particles. Based on results obtained
from these methods, selected samples mainly from the
Flysch Belt and Central Carpathian Paleogene basin were
analysed using GC and GC-MS (e.g. Milicka and Macek,
2012, 2013). The essential method used in the study of the
hydrocarbon potential of mainly the pre-Tertiary sediments
was the vitrinite reflectance measurement. Together with
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the knowledge of actual depth position and geothermal
conditions it allowed to confirm or rather exclude the active
hydrocarbon generation from examined sediments on the
present.

Methods and results

Thermal maturity of sedimentary organic matter based
on vitrinite reflectance

Organic matter (OM) in sediments occurs in accumula-
ted form (coal) or is dispersed (kerogen) and is very sensiti-
ve to changes of thermal conditions. Therefore it belongs to
one of the most important indicators of the sediments ther-
mal alterations. Thermal maturity state of organic matter or
coalification rank depends mainly on maximal reached rock
temperature (e.g. Teichmiller, 1986; Durand et al., 1986).

Vitrinite is one of the maceral groups derived from the
terrestrial plants (Stach et al., 1975) and occurs in two basic
forms — structural telinite and structureless collinite. Vitrinite
is most concentrated in humic coals, less in shales (potential
HC source rocks) and is practically absent in carbonates
and sandstones except the macroscopic coalified debris. Its
occurrence is limited to the sediments of post-Ordovician
age (Katz et al., 1988). Initial conversion of plant tissues
begins after the burial to various depths depending on
geothermal gradient. The changes are of physical and
chemical nature and include for example the increase of
structure carbon ordering and the reduction of volatile
components. Further burial of vitrinite causes additional
structural ordering that results in increased reflectance.
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Fig. 1. Tectonic scheme of the Slovak part of the Western Carpathians according to Biely et al. (1996). 1 — Flysch Belt (Krosno/Magura
zone); 2 — Pieniny Klippen Belt; 3 — Tatricum basement; 4 — Tatricum cover units; 5 — Fatricum (Krizna nappe); 6 — Veporicum basement;
7 — Veporicum and Zemplinicum cover units; 8 — Hronicum (Cho¢ nappe); 9 — Gemericum; 10 — Meliaticum; 11 — Turnaicum; 12 — Silicicum;
13 — Inner Carpathian/Buda Paleogene; 14 — Neogene basins; 15 — Neogene volcanics; 16 — main faults.
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Fig. 3. Thermal maturity rank of sedimentary organic matter in
individual stratigraphic units in Slovakian Western Carpathians;
n — number of measurements.

are published in numerous reports, most consistently in
Pereszlényi et al. (1996). Vitrinite reflectance data from the
Vienna- and East Slovakian basins are partly taken from
Francl (1986), as well as Chmelik and Muller (1987).

Hydrocarbon potential based on Rock-Eval pyrolysis

Sufficient organic matter content (TOC) dispersed in
sediments is one of the key preconditions for potential hy-
drocarbon generation if other geochemical conditions are
fulfilled. Minimal content of 0.5 weight % TOC is frequently
referred for shales as potential source rocks.

Hydrocarbon potential is the amount of hydrocarbons
that yields a source rock in the case of favorable generation
conditions. Rock-Eval pyrolysis is used as one of the most
efficient standard method for rapid evaluation of hydrocar-
bon potential and kerogen type. Principles, apparatus and
interpretation of measured and calculated parameters are
presented e.g. in Espitalié et al. (1985, 1986a, b); Peters
(1986); Horsfield (1984) and Strnad et al. (1981).

Direct measurements were carried out in the Czech
Geological Survey Prague, branch Brno on Rock-Eval |
and V pyrolysers and they offered following parameters: S1
— amount of free hydrocarbons (HC) in one gram of rock
[mg/g]; S2 — amount of HC bound in kerogen (residual HC
potential [mg/g] and Tmax — the maximal pyrolysis tempe-
rature [°C]. From these there were calculated the parame-
ters HI — hydrogen index [mg HC/g TOC] that expressed
the relative amount of hydrogen; Pl — production index
expressing the relative amount of free HC to the total HC
amount in the rock or top the initial HC source potential;
GP — genetic potential, i.e. the total amount of hydrocar-
bons generated from kerogen during a sufficient time inter-
val under adequate temperature; TR — transformation index
that indicates the relation of generated hydrocarbon to the
genetic potential.

Interpretation of genetic potential is documented sum-
marily by TOC, S2 and HI average values in investigated
geological units in Tabs. 1 and 2. Detailed analyses of indivi-
dual well cores and outcrops samples from investigated re-
gions are published in numerous reports, most consistently
in Pereszlényi et al. (1996). In the case of hydrogen index
(HI) there are presented also the maximal reached values

Tab. 1
Selected parameters of Rock-Eval pyrolysis
for dispersed organic matter

Dispersed organic matter
HI[mg/g] | HI[mg/g]

ee el e average max
Neogene 0.50-2.50 | 0.18—4.80 ~250 410
Paleogene
and LG 0.28-11.50 | 0.12-50.4 ~90 555-667
Mesozoic
(EC, J, T) 0.48-1.17 | 0.12-1.78 ~65 -
Paleozoic 0.10-1.35 0 0 -

Note: TOC — total organic carbon; S2 — amount of fixes hydrocar-
bons; HI — relative amount of hydrogen; LC — Late Cretaceous;
EC - Early Cretaceous; J — Jurassic; T — Triassic.

Tab. 2
Selected parameters of the Rock-Eval pyrolysis for coaly organic
matter (maximal values)

Coaly organic matter
TOC [%] S2 [mg/g]
Neogene 76 87
Paleogene 18 42
Mesozoic 59 238
Paleozoic 55 0.0X

Note: Legend is the same as in Tab. 1

that indicate considerable better kerogen type with higher
hydrocarbon potential for given sedimentary sequences.

Discussion

Paleozoic and Mesozoic sediments
of the Central Western Carpathians

The hydrocarbon potential of Paleozoic and Mesozoic
units of the Inner Western Carpathians that formed
during the Hercynian and Paleoalpine orogeny is actually
exhausted. The Early Paleozoic sequences of Tatric,
Veporic and Gemeric units are affected by various grade
of metamorphism and both Late Paleozoic and Mesozoic
rocks of Tatric, Veporic, Gemeric, Hronic, Meliatic, Turnaic,
Silicic, Zemplinic and Inacovce-Kri¢evo units (Fig. 1) do not
fulfill the criteria for the source rocks considering mainly
their thermal metamorphism and actual depth position.
These are either anchimetamorphosed or their hydrocarbon
potential has been most probably exhausted already in
their deposition basins before the Late Cretaceous period.
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This is supported by maximal pyrolytic temperature and by
free and fixed hydrocarbons content, but mainly by vitrinite
reflectance data, measured on outcrops and well cores
from deep wells, penetrating the basement of Tertiary
basins (Pereszlényi et al., 1996). Only the sediments of
the south-eastern part of the Vienna Basin basement
that belong to the Northern Calcareous Alps comprise
the potential hydrocarbon source rocks. The thermal
maturation trend of sedimentary organic matter in individual
regional-geographic and geotectonic units is documented
in Fig. 2. These trends are created using more than 840
vitrinite reflectance measurements and do not reflect the
exact depths in this case. The increasing global kerogen
maturation trend from Neogene to Paleozoic sediments is
shown in Fig. 3.

Metamorphic discordance between Tertiary to Late
Cretaceous sediments and Mesozoic to Paleozoic carbo-
nate sequences is indicated in depth profiles by distinct vit-
rinite reflectance discontinuities (examples are presented
in Figs. 4 and 5). Some of Paleozoic sediments are even
rich in organic carbon content e.g. some Permian and Car-
boniferous samples of Zemplinic unit, though their thermal
maturity (Fig. 3) corresponds to anthracitic and graphitic
stages, indicated by anisotropic organic matter (Milicka et
al.,, 1991; Janocko et al., 2006). The exhausted hydrocar-
bon potential is confirmed also by the negligible content of
free and fixed hydrocarbons (Tabs. 1 and 2) and of extrac-
tible organic matter.

The Klippen Belt (Jurassic and Early Cretaceous)
and peri-Klippen (Late Cretaceous and Paleogene)
sequences

The origin, migration and accumulation of hydrocarbons
in the Pieniny Klippen Belt can be actually assessed only
roughly due to its complicated geological evolution and the
low prospecting level. Characteristic feature of the Klippen
Belt is represented by the intensive deformed Jurassic and
Early Cretaceous mostly carbonate sediments that built
klippes chaotically distributed in the Late Cretaceous and
Paleogene, prevailingly clayey-sandy sediments. Jurassic
and Early Cretaceous sediments contain thermally high
altered organic matter without any hydrocarbon potential.

The total organic content depth distribution in the
HanuSovce-1 well has indicated as the potential source
rocks in the Klippen Belt the Late Cretaceous and
Paleogene shales (TOC up to 0.82 %) in depth interval
of 1400—-3000m. The Rock-Eval pyrolysis data indicate
plant derived kerogen (type Ill) with entire genetic potential
maximally up to 0.85 mgHC/g in the rock. Vitrinite reflectance
0f 0.6100.7 % ininterval 690— 1990 m indicates the passive
(relict) maturation stage of the Late Cretaceous-Paleogene
sequence in this well.

The Inner Carpathian Late Cretaceous formations are
preserved only in small remnants and their HC potential is
practically negligible (Janocko et al., 2006). On the other
hand, the few data from the pre-Tertiary basement of the
Vienna Basin (e.g. Gajary-125, Studienka-83 and Zavod-68
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Fig. 4. Metamorphic discordance between Neogene and Mesozoic
sediments in the East Slovakian Basin, being indicated by the vit-
rinite reflectance data.

CENTRAL CARPATHIAN PALEOGENE (Lipany1 and Sari$1 wells)
1000 = Paleogene
£ N\
= *
§. 2000 R
[
; %&
discordance
AAAAAAAA +}.\
ARo~19% ¥ AN
N+
3000 - AN
N+
\'k Triassic
\~
4000 T T T T T T T T
0 1 2 3 4 5

Vitrinite reflectance Ro [%]

Fig. 5. Metamorphic discordance between Paleogene and Meso-
zoic sediments in the Central Carpathian Paleogene sediments
(the Levoca Basin) indicated by the vitrinite reflectance data.

wells) indicate potentially fair source rocks also from the
viewpoint of an active hydrocarbon generation in conve-
nient geological positions regarding their thermal maturity.
Vitrinite reflectance data of 1.14-1.35 % correspond to the
depth range of 3 944—4 842 m.

The Central Carpathian Paleogene sediments

Besides the Neogene basins and the Flysch Belt, the
Central Carpathian Paleogene Basin (CCPB) is one of
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the most prospective regions for oil and gas exploration.
It extends over a large area and overlies the pre-Senonian
basement units. The Paleogene sediments are preserved
in several sub-basins comprising e.g. Zilina, Rajec, Turiec,
Orava, Liptov, Poprad and Hornad depressions.

The hydrocarbon potential of the CCPB was most in-
tensively studied in the Levoca Basin from a deep well co-
res in Lipany, Sari§, Sambron and Plavnica area. Most of
the analysed surface and well core samples are moderate
(TOC > 0.5 %) to fair (TOC > 2.0 %) source rocks with ma-
ximum values of hydrocarbon index (Tab. 1) up to 667 mg/g
in STNBIII Prievidza well (Milicka, 1998). The kerogen type
is prevailingly of terrestrial type Ill, locally there occurs also
mixed terrestrial marine to marine type Il kerogen, e.g. in
the Huty Formation.

The content and vertical distribution of the free hydro-
carbons and the vitrinite reflectance indicate the source
rocks which reached the oil generation window (Sotak et
al., 2001). The content of hydrocarbons bound to kerogen is
not fully exhausted and in greater depths they can actively
generate oil and gas. An average hydrocarbon potential is
about 1.0 kg HC/t of rock, however regarding the actual ke-
rogen maturation stage, the initial HC potential was already
partially released and entrapped in local accumulations.
This is indicated by the occurrences of small non-commer-
cial oil accumulations in the Lipany area.

Based on n-alkane-, sterane and triterpane distribution,
there exists a positive correlation between the oils from
Paleogene sandy- and intra-formation breccia reservoirs.
A similar correlation is observed between these oils and
rock extracts from the Paleogene source rocks. Contrary,
strong differences are indicated by the biomarker study in
comparison with the underlying Mesozoic extracts to both
Paleogene rock extracts and oils.

The vitrinite reflectance data indicate that the post-se-
dimentary organic matter alteration is different within the
CCPB area. Most thermal mature kerogen correspon-
ding to the oil to dry gas generation stage occurs in the
north-western part near the Klippen Belt, e.g. in the Plavni-
ca and Sambron wells. The maturity stage was determined
according to burial history- and generation zones modelling
and was reached 2 000 m deeper during Oligocene to Early
Miocene.

The maturity stage of kerogen in prevalent part of the
area is actually relict (passive). Metamorphic discordance
between Paleogene and underlying Mesozoic sediments
indicated by vitrinite reflectance is shown in Fig. 5. Actual
depth position and geothermal conditions do not allow any
active hydrocarbon production from the Mesozoic forma-
tions.

Despite of numerous negatives, like low quality
Paleogene reservoirs, absence of source rocks in Mesozoic
basement and considerable uplift and erosion, we can
expect the occurrence of HC accumulations mainly near
depositional centers — in the Levo¢a Basin it is in depths
below 2 500 m where more convenient conditions for HC
accumulation exist.

Accretionary wedge of Western Carpathians
(Flysch Belt)

The accretionary wedge of Western Carpathians in Slo-
vakia (Flysch Belt) consists of a system of happes differen-
tiated from unknown basement and thrusted to the North
European platform units. The Flysch sediments are mostly
composed of Cretaceous to Oligocene pelitic and sandy
formations and they are thrusted over the crystalline base-
ment of the Bohemian Massif platform and its Paleozoic to
Mesozoic-Tertiary sedimentary cover.

The Flysch Belt sediments have a fairly good hydro-
carbon generating potential regarding their thickness (up
to 10 km) and great areal extent. The Late Cretaceous to
Oligocene pelitic shales — mainly the Menilite shales and
Cergow Beds represent rich potential source rocks. Present
organic matter alteration suggests that a part of hydrocar-
bon potential was realized in original sedimentary basins
to the end of Oligocene. Sedimentary organic matter of
the Late Eocene to Oligocene Flysch sequences was not
enough deep buried to reach a sufficient alteration for an
active hydrocarbon generation. These sediments entered
the hydrocarbon generation stage only after deeper burial
by thrusting of the Magura nappe system.

After overthrusting of the Flysch nappes in Miocene the-
re was activated the hydrocarbon potential of the youngest
Late Eocene to Oligocene formations, in our territory mainly
of the Krosno-Menilite Beds in Silesian and Dukla nappes.
In Fig. 6 the vitrinite reflectance discontinuity documents
the overthrusting of Magura nappe on the Obidowa Slopni-
ce unit, the maturity is however relict.

Organic-geochemical research has shown that the
most prospective potential source rocks are represented
by the Krosno-Menilite Beds with TOC values over 10 %,
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Fig. 6. The maturation discontinuity at the thrust plane of Magura
nappe to Obidowa Slopnice unit in Oravska Polhora FPJ1 well
indicated by vitrinite reflectance data.
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the residual hydrocarbon potential up to 50 mg/g (Tab.1).
Early mature kerogen comprised in shales is of mixed
to marine type Il with HI values between 400-670 mg
HC/g TOC. Less prospective potential source rocks were
found in shales of underlying older beds with terrestrial
kerogen type. Potential data measured in cores of existing
deep wells indicate high stages of maturation (top oil —
condensate — gas) from the surface towards the depth in
older Late Cretaceous to Middle Eocene formations of the
flysch sequences. Menilite shales were identified as the
best early mature source rocks in the Silesian unit in the
western part and in the Dukla nappe in the eastern part.
Comparison of sterane and triterpane distribution indicates
a positive correlation of oil from Korfia and solid bitumen in
the western part with Bébrka oil in the eastern part.

The sediments of the underlying North European
Platform in the most of the Flysch Belt area in the Slovak
territory are submerged into the depth more than 8 km. In
this depth they are most probably overmature. However,
we could expect the hydrocarbons generation in the
northwestern territory of Slovakia where they are situated
at the depth of 3 to 8 km below the overthrusted Flysch
belt. New interpretations of reprocessed seismic sections
show favorable geological structure from the viewpoint
of hydrocarbon accumulation both in the Flysch nappes
and underlying West Carpathian Foreland (Pereszlényi,
1998). The comparison of organic geochemical results
from Slovakia with those from the Czech Republic and
Poland and the new interpretations of geological structures
confirm the potential occurrence of interesting hydrocarbon
accumulations in this region.

Conclusions

Presented study of hydrocarbon potential and thermal
maturity state of investigated sediments with regard to actu-
al depth and temperature conditions exclude the sediments
older than Late Cretaceous as the active generative sour-
ce rocks. Geological reconstruction indicates that present
maturation stage of Mesozoic-Paleozoic sediments was
reached before the Late Cretaceous era and was not signi-
ficantly influenced by sedimentation of overlying Tertiary
formations.

The hydrocarbon potential of pre-Neogene units
indicates that to the prospective areas for hydrocarbon
accumulations discoveries besides the Neogene basins
there belongs the accretionary wedge of the Western
Carpathians (Flysch Belt) and selected regions of the
Central Carpathian Paleogene Basin. These areas are
covered by considerable number of organic-geochemical
analyses. Considering the analyses number, estimated
hydrocarbon potential and a relative complicated geological
structures in these regions an individual oil geological and
geochemical detailed exploration approach to each of them
is necessary.
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Uhlovodikovy potencial predneogénnych jednotiek
Zapadnych Karpat na Slovensku

Napriek tomu, Ze najpreskimanej$imi a v sucasnosti
stdle najperspektivnejSimi  oblastami  uhlovodikového
prieskumu na Slovensku su velké neogénne panvy, prvymi
oblastami, kde sa koncom devatnasteho a zaciatkom
dvadsiateho storocia tazila ropa, bola oblast zapadného
a vychodného useku flySového pasma zahfiajluca
okrem Slovenska aj Cesku republiku na zapade, Polsko
a Ukrajinu na vychode. V ramci systematického vyskumu
uhlovodikového potencidlu Zapadnych Karpat sa vSak
zacali Studovat prakticky vSetky geologické jednotky (obr. 1)
s vynimkou kryStalinika jadrovych pohori. Analyzované boli
najma vzorky vrtnych jadier, ale aj povrchovych odkryvov
s dostato€nym minimalnym obsahom organickej hmoty.

Metéda Rock-Eval bola vyuzita na zistenie
uhlovodikového potencialu, typu kerogénu a Ciastoéne aj
stupria premeny. V suvislosti s interpretaciami geologického
potencialu su v tab. 1 a 2 uvedené priemerné hodnoty
TOC, S2 a HI pre jednotlivé skimané geologické jednotky.
Na zaklade tychto vysledkov boli niektoré vzorky najma
z oblasti flySovych sedimentov analyzované tiez metédami
GC a GC-MS. Hlavnou metédou vyuzitou pri $tudiu najma
predneogénnych jednotiek bolo v8ak meranie odraznosti
vitrinitu. Narast odrazivosti je ireverzibilny proces
a progresivne dalej vzrastd s pokracujucou diagenézou
az po metamorfézu. Vlastné meranie odrazivosti vitrinitu
je jednou z metdd zhodnotenia miery tepelnej alteracie
sedimentarnej horniny. Tato metéda teda poskytla
informacie o stupni premeny kerogénu a spolu s aktualnou
hibkou ulozenia a teplotnymi pomermi danej oblasti bolo
mozné potvrdit alebo vylucit aktivnhu tvorbu uhlovodikov
z tychto hornin v su€asnosti. Vysledkom merani je stredna
odraznost vitrinitu merana v nepolarizovanom svetle
a maximalna (Rmax), resp. minimalna (Rmin) odrazivost
merana v polarizovanom svetle. Vysledky su vyjadrené
graficky na obr. 2 a 3.

Paleozoické, pripadne prekambrické a mezozoické jed-
notky Vnutornych (Centralnych) Zapadnych Karpat, ktoré
sa formovali v hercynskej a v paleoalpinskej etape orogén-

neho vyvoja, teda pred obdobim vrchnej kriedy, maju uh-
lovodikovy potencial prakticky vyéerpany. Staropaleozoické
jednotky tatrika, veporika a gemerika su postihnuté r6znym
stupnom metamorfézy a za zdrojové horniny nemozno po-
vazovat ani mladopaleozoické a mezozoické sedimenty
tatrika, veporika, gemerika, fatrika, hronika, meliatika, tur-
naika, silicika, zemplinika, ani sedimenty ifacevsko-kricev-
skej jednotky. Tieto su bud postihnuté anchimetamorfézou,
alebo uhlovodikovy potencial tychto hornin sa vyCerpal
pravdepodobne uz pred obdobim vrchnej kriedy mozno
este v povodnych sedimentanych bazénoch, na ¢o pou-
kazuju v mnohych pripadoch organickogeochemické ana-
lytické udaje ako z povrchovych vzoriek, tak aj z hlbokych
vrtov z podlozia terciérnych panvi. Trend tepelnej premeny
sedimentarnej organickej hmoty v jednotlivych regionalno-
geologickych jednotkach je uvedeny na obr. 2, zostrojenom
na zéklade viac ako 840 merani odrazivosti vitrinitu. Glo-
balny trend narastu odrazivosti vitrinitu od neogénnych po
paleozoické sedimenty je dokumentovany na obr. 3. Dis-
kordancia v stupni premeny medzi sedimentmi terciéru az
vrchnej kriedy a mezozoickymi a paleozoickymi horninami
sa prejavuje vyraznymi diskontinuitami v ramci hibkového
priebehu odrazivosti vitrinitu. Priklady takychto diskontinuit
sU znazornené na obr. 4 a 5.

Vzhladom na zlozity geologicky vyvoj pieninského
bradlového pasma a jeho nizky stupen preskimanosti
vznik, migraciu a akumulaciu uhlovodikov v tejto geologickej
jednotke mozno posudit len orientac¢ne.

Charakteristickym znakom pre bradlové pasmo je, ze
silne deformované jurské a spodnokriedové, prevazne
karbonatové, sedimenty tvoria chaoticky rozmiestnené
bradla vo vrchnokriedovych a paleogénnnych, prevazne
ilovito-piescitych sedimentoch. Jurské a spodnokriedové
sedimenty obsahuju organicki hmotu vo vysokom S$tadiu
premeny a nemaju ziadny uhlovodikovy potencial. Hibkova
distribucia obsahu celkového organického uhlika vovrte
Hanu$ovce-1 indikuje potencialne zdrojové horniny v brad-
lovom pasme na niekolkych vzorkach vrchnokriedovych
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a paleogénnych hornin v hibkovom intervale 1300 az
4000 m (obsah TOC v niektorych vzorkach od 0,5 po
0,8hm.%). Obsah viazanych uhlovodikov S2 v niektorych
vzorkach dosahuje 0,5 — 0,8 mg HC/g horniny, vodikovy
index 100—-150 mgHC/g TOC, odrazivost vitrinitu
0,57-0,89 % v hibke 685 az 3 000, teda generac¢né okno
ropy. S ohladom na hibkové a teplotné podmienky ide
oreliktnd zrelost. Vrchnokriedové formacie sa na vacsine
uzemia Vnutornych Zapadnych Karpat zachovali len
vmensich zvySkoch a z hladiska uhlovodikového potencialu
su s vynimkou predterciérneho podlozia Viedenskej panvy
prakticky bezvyznamné.

Oblast centralnokarpatského paleogénu predstavuje
popri neogénnych panvach a flySovom pasme Vonkajsich
Zapadnych Karpat dalSiu perspektivnu oblast. Uhlovodiko-
vy potencial CKP bol najviac skimany v ramci Levo¢skych
vrchov. Z hladiska obsahu TOC spifia prevazna ¢ast ana-
lyzovanych povrchovych vzoriek a vzoriek vrtnych jadier
paleogénnej sedimentarnej vyplne kritéria na potencialne
zdrojové horniny — obsah TOC nad 0,5 hm. % — a niekto-
ré z nich mozno hodnotit ako velmi dobré s obsahom TOC
nad 2,0 hm. %. Typ kerogénu, od ktorého priamo zavisi
uhlovodikovy potencial, je prevazne terestricky (typ Ill), lo-
kélne vSak aj zmieSany terestricko-morsky typ (typ Il —II)
a morsky typ (typ Il). Maximalne hodnoty vodikového inde-
xu (HI do 667 mg/g), uvedené v tabulke 1, indikujuce kvalit-
nejsi typ kerogénu pochadzaju z hutianskeho suvrstvia vo
vrte STNBIII Prievidza.

Obsah a hibkova distriblicia volnych uhlovodikov,
resp. odrazivost vitrinitu, indikuju dosiahnutie Stadia
tvorby ropnych uhlovodikov. Obsah viazanych uhlovodikov
v kerogéne nie je Uplne vyéerpany a vo vaésich hibkach
pochovania méze aktivne generovat uhlovodiky. Priemerny
uhlovodikovy potencial sa pohybuje okolo 1,0 kg HC/t
horniny, ale vzhladom na su¢asny stupen tepelnej premeny
organickej hmoty mozno predpokladat, Zze jeho ¢ast sa uz
zrealizovala a méze byt potencidlne zachytena v pasciach.
Dokazom toho je vyskyt ropy, aj ked nekomeréného
vyznamu, v niekolkych hlbokych vrtoch v oblasti Lipian.
Organicka hmota v prevaznej Casti rozSirenia CKP sa
v sucasnosti nachadza v reliktnom (pasivhom) S$tadiu
zrelosti. Metamorfna diskordancia medzi paleogénnymi
a podloznymi mezozoickymi sedimentmi je znazornena
na obr. 5. Na zaklade stcasnej hibky uloZenia, teplotnych
podmienok a zisteného stupria premeny nemozno v su-

Casnosti predpokladat aktivne generovanie uhlovodikov
z mezozoickych komplexov.

V&csinu akrecnej prizmy Zapadnych Karpat na uzemi
Slovenska tvori zvrasnené flySové pasmo so sedimentmi
kriedovo-paleogénneho veku. Na zaklade analégie s Ces-
kou republikou a Polskom sa pod zvrasnenym flySovym
pasmom predpokladaju ponorené svahy severoeurdpskej
platformy, avSak vrtnymi pracami na Slovensku zatial ove-
rené neboli. FlySové sedimenty maju pomerne dobry uh-
lovodikovy potencial aj s ohladom na ich velki mocnost
a velky ploSny rozsah. Dobrymi zdrojovymi horninami su
vrchnokriedové az oligocénne ilovce, z nich najma meni-
litové vrstvy. SuCasny stupefi premeny organickej hmoty
poukazuje na to, ze ¢ast uhlovodikového potencialu sa zre-
alizovala uz v pévodnych sedimentarnych bazénoch pred
oligocénom. Po nasune flySovych prikrovov v oligocéne bol
znovu aktivovany potencial najmladSich vrchnoeocénnych
az oligocénnych suvrstvi, na nasom Uzemi najma kros-
niansko-menilitovych vrstiev v ramci sliezskej a dukelskej
jednotky. Nasun magurskej jednotky na jednotku Obidowej
Slopnice vo vrte FPJ 1 Oravska Polhora je dokumentova-
ny diskontinuitou v odrazivosti vitrinitu na obr. 6. Organicka
hmota vo vrchnokriedovych az oligocénnych suvrstviach
nebola pochovana dostato¢ne hlboko nato, aby ziskala
potrebny stupen zrelosti na aktivnu produkciu uhlovodikov.
Tieto sedimenty vstupili do generacnych okien az po hlb-
S§om ponoreni po ndsune magurskej skupiny prikrovov.

Organickogeochemicky vyskum potvrdil, Ze vSetky
geologické jednotky Zapadnych Karpat na Slovensku
starSie ako vrchna krieda maju uhlovodikovy potencial
prakticky vyCerpany. Sucasny stupen zrelosti mezozoickych
a paleozoickych sedimentov bol ziskany pred obdobim
strednej az vrchnej kriedy a sedimentaciou nadloznych
terciérnych sedimentov uz nebol vyznamne ovplyvneny.

Na zaklade stru¢éného nacrtu uhlovodikového poten-
cialu predneogénnych geologickych jednotiek mozno
konStatovat, ze popri neogénnych panvach dalSimi
perspektivnymi oblastami na potencidlne objavenie lozisk
uhlovodikov je oblast akreCnej prizmy Zapadnych Karpat
(flySové pasmo) a niektoré oblasti centralnokarpatského
paleogénu. Ztychto Uzemi existuje znaé¢né mnozstvo
organickogeochemickych analyz. Z hladiska poCtu analyz,
potencialneho vyznamu regionov pre vyskyt uhlovodikov
a ich pomerne zlozitej geologickej stavbe si v8ak vyzaduju
samostatné detailné spracovanie.
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Abstract

Leaching of any herbicide through the soil profile to groundwater depends mainly on the
sorption—desorption and dissipation processes. In this study, batch sorption, desorption and dis-
sipation experiments were performed with dinitroaniline herbicide trifluralin and three soil types
collected from their soil horizons in the Zitny ostrov (SW Slovakia). Trifluralin was strongly sorbed
by all soils with Freundlich sorption coefficient and distribution coefficient values between 32.8—
239 mg™-'m | kg' and 34.8-243 | kg™, respectively. Statistical analysis of the results confirmed
significant positive correlations of trifluralin sorption with organic components of the soils (r = 0.99,
p <0.001). Only low proportions of the sorbed trifluralin could be released from soils into aque-
ous solution after four successive desorption steps (2.30-6.23 %), indicating an irreversibility of
trifluralin sorption. Both sorption and desorption were depth-dependent, when the A soil horizons
exhibited higher retention capacity of the herbicide than B or C soil horizons. Trifluralin persisted
more in the A soil horizons than the corresponding B or C soil horizons with dissipation half-life
values ranging from 57.8 to 99 days in topsoils and from 46.2 to 77 days in subsoils. The stronger
the sorption of trifluralin in the soil, the higher its persistence as indicated by positive correlation
of distribution coefficients with dissipation half-lives (r = 0.90, p <0.01). It was concluded that tri-
fluralin had no risk of leaching to groundwater, and therefore its past use for agricultural purposes
in the study area was safe.

Key words: dissipation, leaching, pesticide, sorption, soil, trifluralin

Introduction

Dinitroaniline compounds are an important class of ag-
ricultural herbicides. Their properties regarding the mode of
action as blocators of cell division in plant roots led to their
worldwide uses for protection of many crops against weeds.
One of the most commonly used dinitroaniline herbicides
is trifluralin (a,0,a-trifluoro-2,6-dinitro-N,N-dipropyl-p-tolui-
dine), which controls broadleaf weeds and grasses in a lar-
ge variety of crops including sunflowers, soybeans, sugar
beets and corns. It is applied pre-emergently and due to its
high volatilization losses, trifluralin is incorporated directly
into the soil (Helling, 1975). Therefore, soils appear as the
ultimate sink for residues of trifluralin.

Agricultural use of dinitroaniline herbicides necessita-
tes evaluation of the risks resulting from the surface- and
groundwater contamination via run-off of these compounds
from agricultural fields and their movement through the soil,
respectively. Sorption—desorption and dissipation (a general
term including degradation of herbicide in soil via multiple
processes, such as volatilization, microbial degradation,
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hydrolysis, etc.) are two interrelated processes occurring in
soil-water systems and determine the final fate of any dinit-
roaniline herbicide in the soil environment, including mainly
its persistence and transfer into the natural waters (Kim and
Feagley, 1998). Both sorption and dissipation of these her-
bicides in soils are dependent on the complex relationships
among the physico-chemical properties of herbicides, the
composition and texture of soils and environmental condi-
tions (temperature, water content in soil, redox status, appli-
cation dose, etc.; Zimdahl and Gwynn, 1977; Francioso et
al., 1992; Cooke et al., 2004). Generally, dinitroaniline her-
bicides were shown to be highly sorbed by soils, categorizing
them as immobile (Peter and Weber, 1985; Boivin et al.,
2005). Nevertheless, they were frequently detected in both
surface- and groundwaters, where adversely affect aqua-
tic life and fish-eating wildlife (Gilliom, 2007; Ensminger et
al., 2013). Soil organic matter content correlates positively
with sorption of these pesticides in soils but clay minerals
may have also an importance when organic matter content
of the soils is low. Dissipation of dinitroaniline herbicides
in soils, which occurs mainly via microbial degradation, is
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relatively slow under aerobic conditions with mean dissipa-
tion half-life values (DT;) ranging from 20 days for oryzalin
to 180 days for trifluralin (FOOTPRINT, 2006). On the other
hand, microbially mediated degradation of these herbicides
in soils under anaerobic conditions may proceed very quickly
(McFarland et al., 1996; Tor et al., 2000).

This study is specifically focused on the laboratory de-
termination of sorption—desorption and dissipation cha-
racteristics of trifluralin in three different soil types, which
are representative of agricultural fields in the Danubian
Lowland, mainly in the region of Zitny ostrov. Recently, tri-
fluralin has not been used in Slovakia since 2010 because
it was deleted from the list of allowed herbicides by Eu-
ropean Commision. However, at the time of experimental
studies in 2009, trifluralin was one of the most used herbi-
cides in the Zitny ostrov. The Zitny ostrov is a large region
with an area of 1 900 km? characterized by the advanced
and intensive agricultural activities, which are associated
inevitably with the use of herbicides. Moreover, the who-
le region is well-known for its large groundwater resour-
ces (~1 x 10% km®), supplying drinking water to more than
700 000 inhabitants. The groundwater table may underlie
shallow in several parts of Zitny ostrov with a range from
0.5 to 3 m from the surface, and varies by +1 m during
a year. Hence, groundwaters of the region are susceptible
to contamination by herbicides used in agriculture. As a first
step in evaluating the potential of herbicides to contamina-
te groundwater is usually to determine the extent of their
sorption, desorption and disappearance in soils as well as
factors affecting these processes.

Therefore, the main aims of this study were (i) to deter-
mine the sorption, desorption and dissipation of the herbi-
cide trifluralin in representative agricultural soils of the Zitny
ostrov under aerobic conditions, (ii) to identify soil proper-
ties, which affect sorption, desorption and dissipation of
trifluralin, and (iii) to evaluate the potential risk of herbici-
de leaching through the soil to groundwater using a simple
mobility index Groundwater Ubiquity Score (GUS).

Materials and methods
Chemicals

Trifluralin of analytical grade (98 %) used in this study
was purchased from Dr. Ehrenstorfer GmbH (Germany).
It has a relatively high hydrophobicity (log K, = 5.27 at
20 °C and pH 7) and low water solubility with a value of
0.221mg - I-' at 20 °C (FOOTPRINT, 2006). All other chemi-
cals used were of analytical reagent grade or better.

Soil sampling and characterization

The sampling area is located in the upper part of the
Zitny ostrov (SW Slovakia). Three soil types are typical for
this area and cover approximately 98 % of the land: Cal-
caro-Haplic Chernozem (53 %), Fulvi-Calcaric Phaeozem
(27 %), and Calcaric Fluvisol (18 %). The soil samples re-
presentative of the Zitny ostrov were taken from manually
excavated soil pits (2 x 1 m) at various depths correspon-

ding to the occurrence of individual soil horizons (Tab. 1).
Soil samples were air-dried, passed through a 2 mm sieve,
and thoroughly mixed. The same soils were previously used
in the sorption studies of herbicides MCPA and acetochlor
(Hiller et al., 2012; Tatarkova et al., 2014).

Total organic carbon content (TOC) was determined
using dichromate oxidation (Nelson and Sommers, 1996).
Humic and fulvic acids (C,, and C_,, respectively) were
extracted by a solution of 0.1 M Na,P,0, + NaOH using
aratio of extractant to sample of 10:1, and to precipitate
humic acid, the supernatant was acidified to pH 2 with
H,SO,. The TOC associated with each fraction of HA and
FA were determined by dichromate oxidation and measure-
ment of the absorbance at 590 nm (Sims and Haby, 1971).
Soil pH was measured by an electrode in a 1:2.5 (wt:wt)
soil-water (active pH) and soil-1.0 M potassium chloride so-
lution (exchangeable pH) suspensions. Calcium carbonate
content (CaCO,) was measured using a volumetric device
(Jackson, 1958). For the determination of the particle size
distribution, the pipette method was used (Gee and Bau-
der, 1986). Cation exchange capacity (CEC) was measu-
red with 1.0 M ammonium acetate at pH 7 (ISRIC, 1995).
Amorphous Al and Fe oxides (Al and Fe_, respectively)
were determined by extraction with acidified ammonium
oxalate in the dark (McKeague and Day, 1966) and clay
minerals were identified by X-ray diffraction analysis. The
physico-chemical and textural properties of the tested soils
are given in Tab. 1.

Sorption-desorption

The stock solution of trifluralin with an initial concen-
tration of ~100 mg - I-" was prepared in methanol of chro-
matographic purity due to low solubility of trifluralin in the
water. For pre-equilibration, 1 g of each soil was shaken
in 15 ml glass tubes with 9.75-9.997 ml of 0.01 M CaCl,
and 0.0015 M NaN, solution for 24 h at 20 °C in the dark.
Calcium chloride and sodium azide are used to keep ionic
strength of the soil solution constant and to inhibit micro-
bial activity, respectively. Then, an adequate volume of the
stock solution of trifluralin prepared in methanol was added
to the suspensions to reach a final volume of 10 ml with five
initial concentrations of trifluralin: 0.017, 0.258, 0.410, 1.17,
and 2.35 mg - I-. These concentrations were selected with
respect to the expected concentration of the herbicide in
the topsoil and the detection limit of the analytical method.
Moreover, volume fraction of methanol in the tubes was
enough low to have any effect on the sorption of triflura-
lin in soils. Tubes were rotated for another 24 h to reach
the sorption equilibrium and subsequently centrifugated at
1160xg for 15 min. Supernatants were transferred in glass
vials, extracted, and analysed for trifluralin concentrations
by gas chromatography (GC) as described below.

Desorption experiments followed immediately after
sorption with the highest equilibrium concentration on an
isotherm. After the removal of 8 ml of supernatant, the
same volume of aqueous solution containing no herbicide
was added and the tubes were rotated for 24 h in the dark,
centrifuged, extracted, and the supernatant was analysed.
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Desorption procedure was repeated four times. All sorption—
desorption experiments were performed in two replicates.
The control samples for each concentration without soil
were also included and used to account for possible losses
due to volatilization or sorption of trifluralin onto the glass
tube surface.

Trifluralin in aqueous solutions from sorption—desorption
experiments was extracted with dichloromethane (CH,Cl,)
in three consecutive steps. The extracts were combined,
dried using a column filled with sodium sulfate (Na,SO,),
then evaporated and redissolved in isooctane. The mean
extraction recovery of trifluralin from aqueous samples was
96 % and the detection limit was 0.001 mg - I".

Dissipation

A set of 20 g portions of each soil was placed in the
dark at 20 °C and at the soil moisture content of 15 % by
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weight in glass batches covered with perforated aluminum
foil. The soils were incubated for one month before the
start of dissipation experiments and periodically irrigated
with deionized water to the original soil moisture content.
After one month, soils were spiked with trifluralin dissolved
in methanol to obtain an initial trifluralin concentration in
soil 10 mg - kg~ The soil moisture in all glass batches was
adjusted to 70 % of the maximum water holding capaci-
ty by adding appropriate amounts of deionized water and
weighed. The soils were thoroughly mixed and placed in
the dark at 20 °C for an incubation period of 100 days. To
maintain the soil water content constant throughout the ex-
periment, water was added every other day for evaporation
loss if necessary. The possible losses of water from bat-
ches were determined by weighting every other day. Two
replicates were taken at each time point (after 1, 5, 14, 30,
60, and 100 days) to determine ftrifluralin concentrations
remaining in the soil. Trifluralin remaining in the soils after

Tab. 1
Selected physico-chemical and textural properties of the soils. The same soils were used in previous studies by Hiller et al. (2012)
and Tatarkova et al. (2014)

Soil type Calcaro-Haplic Chernozem Fulvi-Calcaric Phaeozem Calcaric Fluvisol
Label S1A S1B S1C S2A | S2B S3A S3B
Location pri B“I{I:tisstlave Lehnice pri B“I{Iaotisstlave
nggﬁﬁgfi)ﬁg (i Sugar beet Oilseed rape Maize

Soil depth (cm) 0-15 30-40 90-110 0-15 30-40 0-15 40-60
TOC? (%) 2.09 1.39 0.58 4.41 2.31 147 0.89
C.\2 (%) 0.42 0.30 0.13 0.89 0.53 0.23 0.13
C.l (%) 0.29 0.23 0.10 0.76 0.34 0.28 0.17
C./C.e 1.45 1.30 1.30 117 1.56 0.82 0.76
C,,/ToC! 0.20 0.22 0.22 0.20 0.23 0.16 0.15
Active pH 783 8.03 8.24 7.69 7.99 791 8.12
Exchangeable pH 728 7.55 767 7.31 7.53 742 7.55
CaCQO, (%) 19.2 28.0 9.30 16.1 274 24.3 274
CECe (cmol* kg™) 26.2 26.5 211 41.6 33.0 19.3 18.7
Fe,'(mg - kg™) 220 226 94.8 457 176 321 361
Al / (mg - kg™) 217 263 135 484 374 154 127
Sand (%) 22.7 21.9 18.9 39.4 42.9 29.1 311
Silt (%) 62.3 617 63.4 53.4 43.9 60.1 59.0
Clay (%) 15.0 16.4 17.7 7.20 13.2 10.8 9.90
Clay minerals® Chl/l Chl/lll/Sm Chl/ll/Sm Chi/l Chi/n Chl/li/'Sm Chl/ll/Sm
Clay/TOC" 719 11.8 30.6 1.63 5.71 7.33 1.2

atotal organic carbon content

®humic and fulvic acid carbon contents
°ratio of humic acid carbon to fulvic acid carbon — an indication of soil humus quality
dratio of total organic carbon content to humic acid carbon content — humification degree

ecation exchange capacity

fammonium oxalate extractable iron and aluminium
9Chl-Chilorite, lll-lllite, Sm-Smectite
hratio of clay content to total organic carbon content
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degradation was extracted mechanically twice with 40 ml
of acetonitrile and water (99:1 by volume) for 90 min. The
extracts were concentrated on rotary evaporator (model
461 Buchi Rotavapor) and then subjected to solid-phase
extraction using Supelco Envi-C,, cartridges. The cartridge
was eluted with 3 ml of hexane and the same volume of
isooctane, and the evaporated extract was dissolved in
isooctane and analysed for trifluralin by GC (see section
Analytical method section). The recovery efficiences of the
extraction were determined by analysing all soil samples
after their spiking with trifluralin at two concentration levels
of 5 and 10 mg - kg~ Recovery efficiences of trifluralin from
soils ranged from 86 % to 93 %. The detection limit of the
analytical method used was 0.05 mg - kg™

Analytical method

Trifluralin concentrations in all extracts from sorption
and dissipation experiments were analysed by a gas chro-
matography (GC; HP model 5890A Series Il) equipped with
NP detector. The column used was BD-5 (15 m x 0.53 mm
i.d.; 0.5 um). Oven and injector temperatures were 280°C
and 230 °C, respectively. Helium was used as a mobile
phase with a flow rate of 5 ml - min-'. Peak areas were
estimated using an integrator (HP model 3396 Series ).
Retention time of trifluralin was 6.90 min under these chro-
matographic conditions and uncertainty of the measure-
ment was +15 %. External solution standards were used to
establish linear calibration curves for a NP detector.

Data analysis

The amount of trifluralin sorbed per unit weight of soil
was calculated as the difference between the initial and
equilibrium concentrations of trifluralin in solution using the
equation:

_(C,-C)xV
e

S 1)

where S (mg - kg™") is the amount of trifluralin sorbed
per unit weight of soil, C, and C (mg - I") are the initial and
equilibrium trifluralin concentrations in solution, respective-
ly, V (I) is the volume of solution and m (kg) is the weight
of soil.

The amount of trifluralin desorbed from soil in each
desorption step was calculated as:

sd=[cd—(0xv\‘/vr]]x¥ @)

where S, (mg - kg™) is the amount of herbicide desor-
bed from soil, C, (mg - I") is the analytically measured con-
centration of desorbed herbicide in solution and V (1) is the
volume of solution removed from each tube and replaced
by the same volume of trifluralin-free calcium chloride solu-
tion; in this case V, is equal to 0.008 I.

Sorption and desorption isotherms were obtained
by plotting the amount of trifluralin sorbed by soil versus

its equilibrium concentration in solution. Sorption and
desorption data were fitted to the logarithmic form of the
Freundlich isotherm equation:

logS = 1/n_, logC + logK,,, (3)

where K and K, (mg“""" ["" kg™) are the Freundlich
sorption and desorption coefficients, respectively, and 1/n
is the Freundlich exponent, which indicates curvature of
the isotherm. The hysteresis (H) was calculated as the ra-
tio between 1/n, and 1/n_, corresponding to desorption and
sorption Freundlich exponents, respectively.

If determined sorption or desorption isotherms are li-
near, they fit to the Henry’s law isotherm, which is given by
the equation:

S=K,xC (4)

where K, (I - kg™) is the distribution coefficient. Assu-
ming that soil organic carbon acts as the sole sorbent, or-
ganic carbon distribution coefficient (K, | - kg™') can be
calculated from the equation:

— Kd o,

K, = o0 x100% (5)

where TOC (%) is the total organic carbon content of
a given soil (Hamaker and Thompson, 1972).

The rate of disappearance of trifluralin from all soils
was described by the linear form of the first-order kinetic
equation:

InC,=—kxt+1InC, (6)

where C, and C, (mg - kg™') are the initial herbicide
content in soil and the herbicide content in soil at time t,
respectively, k (day™) is the first—order rate constant and ¢
(day) is the time. From the obtained k values, the dissipa-
tion half-life values (DT, day) were calculated using the
equation:

507

In2
DT, = s (7)

Groundwater Ubiquity Score was calculated using the
following equation:

GUS = log(DT,) x [4 — (logK_ ] (8)

According to GUS values, Gustafson (1989) divided the
leaching potential of a pesticide into three categories. When
GUS <1.8, pesticide can be classified as non-leacher,
when GUS >2.8, pesticide may pose a risk of leaching
to groundwater, and GUS between 1.8-2.8 means that
pesticide has transitional tendency to be leached.

Relationships among variables were tested using
Pearson’s correlation coefficient (r) at a significance level
(p) of 0.05 or lower. Statistical analysis was performed by
a program SPSS Statistics.
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Results and discussion
Sorption

Because the measured sorption isotherms were essen-
tially linear for all soil samples as indicated by 1/n_ values
close to 1 (Fig. 1; Tab. 2), K, could be considered as equiva-
lent to distribution coefficient K. It can be seen from K  and
K, values given in Tab. 2 that sorption of trifluralin in soils is
very high. Based on both the K, and K, values, the extent
of trifluralin sorption in each soil type decreased with incre-
asing soil depth (Tab. 2). Considering all the soil samples,
the order of decreasing sorption was: horizon A of Phaeo-
zem > horizon B of Phaezom > horizon A of Chernozem >
horizon B of Chernozem > horizon A of Fluvisol > horizon
B of Fluvisol > horizon C of Chernozem, and correspon-
ded fully to the decrease of total organic carbon content in
the soils. Statistical analyses (Tab. 3) showed that the sor-
ption of trifluralin in soils was correlated strongly with TOC
(r=10.99, p <0.001), and C,, and C_, (r = 0.99 and 0.96,
p <0.001, respectively). The fact that capability of a soil to
sorb trifluralin is determined mostly by total organic carbon
content of the soil was confirmed also in previous studies
(Cooke et al., 2004; Boivin et al., 2005; Hiller et al., 2008;
Kode$ova et al., 2010; Leovac et al., 2015). From the ob-
tained K, values, organic carbon sorption coefficient (K,
I-kg™") was calculated from the equation (5). In sorption the-
ory, this distribution coefficient (K ) expresses the amount
of pesticide sorbed per unit of soil organic carbon. Assu-
ming that organic matter is the only constituent of soils con-
tributing to sorption and it sorbs similarly in all soils, the K_
values of a pesticide will be essentially constant for agroup
of soils and can be used to compare the relative mobility of
a pesticide in soils (Hamaker and Thompson, 1972; McCall
et al., 1980). In this study, the calculated K values were
very similar among the soils and varied only by a factor
of 1.36 (K, = 4 414-6 027 | - kg™"; Tab. 2), confirming that
organic matter of the soils had almost identical sorption affi-
nity for trifluralin. However, still observed low variation in K
values indicates that qualitative properties of soil organic
carbon appear to be important for trifluralin sorption in soils.
In fact, there were significant positive correlations between
the K__ values and the C,,/C_, ratio (r = 0.90, p <0.01) or
the C,,,/TOC ratio (r = 0.91, p <0.01). This shows that more
humified organic matter is a better sorbent of trifluralin and
increases overall capability of the soil to sorb the herbici-
de. A few of previous studies confirmed that humification
degree of soil organic matter played an important role in
the sorption not only of relatively apolar pesticides, such as
atrazine and acetochlor (Dousset et al., 1994; Hiller et al.,
2009), but also of highly polar pesticides like MCPA (Lo6-
pez-Pifeiro et al., 2013; Pefa et al., 2015). The values of
K, for trifluralin determined in this study are comparable
with those given in some previous studies. For example,
Cooke et al. (2004) obtained K values for trifluralin in
five agricultural soils from UK in a range of 5 202—7 838
|- kg™ or Hiller et al. (2008) recorded trifluralin K, values
between 3 750-9 253 | - kg™ for six agricultural soils. On
the other hand, much higher K__ values of trifluralin in soils

(27 250-51 670 | - kg™") found Francioso et al. (1992) due to
the high content of clay fraction in their soils, which might
significantly contribute to the overall sorption of trifluralin in
these soils, and thus increase the value of K, Interestingly,
there was also a positive significant correlation of K. and
K, values with Al_ contents (r = 0.94 and 0.93, p <0.01,
respectively). However, positive influence of non-crystalline
to poorly crystalline Al oxides on trifluralin sorption would
be unlikely due to positive significant relationship between
Al and TOC (r = 0.92, p <0.01). Unfortunately, there are
no studies regarding the adsorption of dinitrobenzenami-
des onto Al oxides, but Clausen et al. (2001) confirmed that
uncharged herbicides like isoproturon and atrazine did not
adsorb on the Al-surfaces of a-alumina.

Desorption

Desorption of pesticides from soils is the opposite
process to their sorption, when pesticides are released
from soil into the soil solution, and therefore determines
the final distribution of pesticides between soil and water
and their propensity to be leached into the surface- and
groundwaters. Desorption isotherms are presented in
Fig. 1, following four desorption cycles with 0.01 M CaCl,
aqueous solution. Desorption isotherms were adequately
described by the linear form of the Freundlich equation
and the Freundlich desorption parameters K, and 1/n,
are given in Tab. 2. The extent of trifluralin desorption from
all soil samples was far lower than its sorption as shown
by low percentages of trifluralin desorption (P,) after four
successive cycles and very low values of H (Tab. 2). Only
2.30-6.23 % of the total amount of trifluralin sorbed in soils
could be desorbed, indicating that sorption is not reversible
process, i.e. a hysteresis exists in the sorption—desorption
of trifluralin in the studied soils. The extent of desorption
from the soils was almost fully opposite to its sorption
and the following order of decreasing desorption was
obtained based on the values of P_: horizon B of Fluvisol >
horizon A of Fluvisol > horizon B of Chernozem > horizon
C of Chernozem > horizon B of Phaezom > horizon A
of Chernozem > horizon A of Phaeozem. This desorption
order showed that less trifluralin desorbed from soils, which
had high organic carbon content and vice versa. Statistical
analysis (Tab. 3) confirmed that percentages of trifluralin
desorbed were negatively correlated to soil organic carbon
content (r=—0.78, p <0.05) and even more significantly
tohumic acid carbon content (r = —0.84, p <0.05). Cooke
et al. (2004) and Boivin et al. (2005) also observed a low
extent of trifluralin desorption from soils when fractions
of desorbed trifluralin ranged between 3.90-15.2 % and
on average 17.3 %, respectively. The authors pointed
out that soils having high total organic matter content
retained ftrifluralin more strongly in comparison to those
with low TOC, and concluded that the herbicide was highly
immobile, thereby preventing its leaching into groundwaters.
Additionally, there was a significant negative correlation
between the K values and the P, values (r=—0.84, p <0.05)
(Tab. 4), indicating that the higher and stronger the sorption
of rifluralin in the soil, the more difficult its desorption.
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Fig. 1. Sorption and desorption isotherms of trifluralin in the soils.
a) soil samples S1A, S1B, and S1C represent soil horizons A, B,
and C of Calcaro-Haplic Chernozem, respectively; b) S2A and S2B
are soil horizons A and B of Fulvi-Calcaric Phaeozem, respectively;
c) S3A and S3B denote soil horizons A and B of Calcaric Fluvisol,
respectively. Lines are the fitted Freundlich sorption and desorption
isotherms. Each point represents mean value calculated from two
duplicate samples.

Dissipation

It is known that the main dissipation pathways of
trifluralin in soils are volatilization due to its relatively high
vapor pressure and microbial degradation. Therefore, its
disappearance from soils under laboratory conditions
is governed by a combination of the above-mentioned
dissipation pathways. Dissipation curves of trifluralin in
soil horizons of each soil type are presented in Fig. 2.
The rate of disappearance of trifluralin from all soils was
described well by the first-order kinetic equation. The
obtained values of both dissipation parameters k and DT
are given in Tab. 2. The estimated k values ranged from
0.007 to 0.015 day™' and DT,, values varied between 46
and 99 days. These values are similar to those obtained for
soils by others under aerobic conditions (Mamy et al., 2005;
EFSA, 2009; Sengupta et al., 2009). However, in tropical
regions of high temperatures and humudity, much lower
DT, values for trifluralin in soils than those in the present
study were obtained (Laabs et al., 2000). According to the
classification of pesticide persistence based on the DT,

S1A
— s1B
k) sic
&
E
(5]
+—T—T1T——T
0 20 40 &0 80 100 120
S2A
- s28
=
=
=
E
(5]
+—T—T1T—T
0 20 40 50 80 100 120
S3A
— 38
=
g
&
E
(]
3+t
0 20 40 80 80 100 120

t[days]

Fig. 2. Dissipation curves of trifluralin in soil samples. a) symbols
S1A—C denote A—C horizons of the Calcaro-Haplic Chernozem; b)
S2A and B are A and B horizons of the Fulvi-Calcaric Phaeozem,
and c¢) S3A and B denote A and B horizons of the Calcaric Fluvisol.
Lines are the fitted first-order degradation kinetics. Each point
represents mean value calculated from two duplicate samples.

values (Greenhalgh, 1980), trifluralin may be categorized as
persistent in the A horizon of Fulvi-Calcaric Phaeozem and
moderately persistent in all other soil samples. Considering
each soil type, trifluralin disappearance was significantly
slower in the A horizons of Fulvi-Calcaric Phaeozem and
Calcaro-Haplic Chernozem than in the deeper soil horizons,
i.e. rate of its dissipation in soils was depth-dependent.
Statistical analysis of the effect of soil properties on the
dissipation parameters was performed (Tab. 3). The results
of this analysis showed the main effect of TOC and C,,,
on the persistence of trifluralin in soils (r = 0.90 and 0.91,
p <0.01, respectively). This means that trifluralin is more
persistent in soils having higher contents of total organic
carbon and humic acid carbon, i.e. in the A horizons of the
soils, than soils with lower TOC and C,,. Furthermore, as
shown in Tab. 4, strong positive relationships between the
sorption—desorption parameters K, K_ and K, and the
dissipation half-lives were observed (r=0.90,0.91 and 0.89,
p <0.01, respectively). Thus, the persistence of trifluralin
was highly affected by its sorption—desorption in the soils
when soils with the elevated capability to retain trifluralin
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Tab. 2
Mean values of sorption—desorption and degradation parameters for trifluralin in each soil type and the corresponding GUS values.
For detailed explanation, see text

Soil type Calcaro-Haplic Chernozem Fulvi-Calcaric Phaeozem Calcaric Fluvisol
Label S1A S1B S1C S2A S2B S3A S3B
K2 (mgt=m [ kg') 123 78.2 32.8 239 137 66.7 33.3
1/np 0.94 0.94 1.01 0.96 0.94 1.01 0.97
r 0.99 0.99 0.99 0.99 0.99 0.98 0.98
Ky (. kg™) 119 73.5 34.8 243 134 65.5 39.1
r? 0.99 0.96 0.99 0.99 0.99 0.97 0.96
K2 (. kg™) 5678 5296 6 027 5500 5797 4 447 4414
K (mgt-vm 1 kg) 215 205 179 225 217 201 184
1/n| 0.007 0.021 0.014 0.008 0.008 0.018 0.022
r? 0.80 0.92 0.92 0.87 0.85 0.86 0.89
Ho 0.007 0.022 0.014 0.008 0.008 0.017 0.023
P (%) 2.64 4.89 4.69 2.30 2.71 5.29 6.23
k' (day™) 0.009 0.009 0.015 0.007 0.009 0.012 0.011
DT,/ (day) 77.0 77.0 46.2 99.0 77.0 57.8 63.1
GUSk 0.46 0.52 0.37 0.52 0.45 0.62 0.64

aFreundlich sorption coefficient
Freundlich exponent for sorption
cdistribution coefficient
dorganic carbon distribution coefficient
eFreundlich desorption coefficient
Freundlich exponent for desorption

Shysteresis index
"percentage of desorption
first-order rate constant
idissipation half-life

kGroundwater Ubiquity Score

Tab. 3
Pearson’s correlation coefficients (r) for relationships between the soil properties and the sorption—desorption (K, K, K, K, Hand P )
or dissipation (k and DT,)) parameters

fs?

oc’ " fd’

TOC | Cy, | Cu | Cu/Ch |Cii/TOC| pH(H,0) | pH(KCI) | CaCO, | CEC | Fe, | Al |Sand | Silt | Clay
K, |099**|0.99* |0.96**| 036 | 030 | -0.86* | -0.70 | -0.13 [0.96™* | 0.49 | 0.94"* | 0.63 | -0.54 | -0.52
K, |099* |099~* |097*| 033 | 027 | -085* | -0.69 | -0.15 |0.95"*| 0.52 | 0.93" | 0.64 |-0.54 | -0.56
K, | 022 | 035 | 012 | 0.90* | 091" | 002 | 008 | -057 | 048 [-059| 0.39 |-0.08|-0.19 | 0.53
K, | 0.87* | 089" | 0.80* | 046 | 032 |-089"* | -0.76* | 0.7 | 0.83* | 0.36 | 0.85* | 0.57 |-0.55 | -0.37
H | -064 | 069 | -054 | -0.65 | —0.47 | 056 | 055 | 0.44 | -0.65 | 0.08 | —0.59 |-0.38 | 0.45 | 0.08
P, | -078 | -084* | 068 | -0.74 | 059 | 067 | 059 | 029 |-0.84*|-0.01|-0.79"|-0.43| 051 | 0.10
k | -080* | -0.81* | 075 | —0.27 | -0.15 | 0.79* | 067 | -0.39 |-0.77*|-0.54 |-0.80* | -0.56 | 0.48 | 0.47
DT, | 0.90* | 0.91* | 0.86* | 030 | 023 | -0.82* | —0.67 | 0.8 |0.89* | 057 | 0.89** | 0.57 | -0.47 | -0.50

asymbols (***), (**) and (*) denote significant correlations at a significance level (p) of <0.001, <0.01 and <0.05, respectively
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were less efficient in the herbicide dissipation and led to its
higher persistence (Zimdahl and Gwynn, 1977; Mamy et
al., 2005). It has been shown that enhanced sorption and
reduced desorption may limit herbicide degradation rate in
soil by reducing its concentrations in the aqueous solution
(Dyson et al., 2002; Jensen et al., 2004) and consequently,
herbicide bioavailability to soil degrading microorganisms
(Katayama et al., 2010) because herbicide molecules are
more bioavailable in their dissolved state than bound by
soils. Therefore, it seems that the dissipation of trifluralin
in the studied soils occurred mainly via volatilization rather
than microbial degradation because only low proportions
of trifluralin could be released from its sorbed state into
the aqueous solution (Tab. 2). Various authors pointed out
that microbial degradation of trifluralin in soils was not the
main dissipation mechanism for this herbicide (Savage,
1973; Laabs et al., 2002). Mamy et al. (2005) performed
environmental fate study with “C-labelled trifluralin in three
soils and showed that trifluralin losses from the soils were
mostly due to its significant volatilization.

Leaching to groundwater

Taking into account the high capabality of the soils to
retain trifluralin, the herbicide was unlikely to pose a risk
for groundwater quality via its leaching through the soil
in the region of Zitny ostrov at the time of its use, i.e.
before year 2010. This conclusion was supported by the
groundwater monitoring data from this region, which
showed that trifluralin was not detected in groundwater
samples collected in 2008—-2009 (personal communication
by Andrea Luptakova from Slovak Hydrometeorological
Institute in Bratislava). This is also consistent with the
calculated values of Groundwater Ubiquity Score (GUS)
(Tab. 2), which includes in a single equation two main
factors affecting the behavior of a pesticide in the soil

Tab. 4
Correlation matrix showing relationships between sorption,
desorption and dissipation parameters

K, K, K, | K, H P, k
K‘s

K, |0.99

K, 033 | 032

K, | 0.90~ | 0.88* | 0.26

H -071 | -0.70 | —0.67 | —0.66

P, -0.85* | —0.84" | -0.69 | -0.83" | 0.93"

k -0.81* | -0.80* | -0.04 [-0.88**| 0.35 | 0.61

DT,, | 091" | 0.90* | 0.17 | 0.89* | -0.45 | —0.70 |-0.97***

asymbols (***), (**) and (*) denote significant correlations at a signi-
ficance level (p) of <0.001, <0.01 and <0.05, respectively

environment: sorption as K and dissipation as DT,
The values of GUS for trifluralin in each soil type were
much less than 1.8, corresponding to the category of non-
-leacher pesticides. Despite this, although trifluralin was
not detected in groundwaters of the Zitny ostrov in the past
when it was used extensively, its occurrence was recorded
in groundwaters from other countries like USA, Spain and
Greece (Gilliom, 2007; Dores et al., 2008; Vryzas et al.,
2012). The occurrence of trifluralin in groundwater below
agricultural fields was attributed to the colloid-facilitated
transport of trifluralin through preferential flow pathways in
the soil because this herbicide has strong sorption affinity
for natural solid particles.

Conclusions

The results of this study confirmed that sorption of
trifluralin in agricultural soils of the Zitny ostrov was strong
and high with consecutively low extent of its desorption from
soils. Thus, the soils were effective in the immobilization of
trifluralin, preventing it to migrate into other environmental
compartments, such as groundwater. Trifluralin was shown
to be moderately persistent up to persistent in the soils
and the persistence was in a direct relationship to the
extent of trifluralin sorption, i.e. sorption inhibited the rate
of its dissipation in the soils. All three environmental fate
processes were depth-dependent. Trifluralin sorption and
persistence were higher in the A soil horizons than the
corresponding B or C soil horizons of each soil type, and
vice versa for its desorption from soils. Sorption—desorption
and dissipation of trifluralin in these soils were affected
mainly by organic components of the soils, e.g. total
organic carbon content, humic and fulvic acid carbons,
with negligible or no role of inorganic soil constituents.
According to the determined sorption—desorption and
dissipation parameters under laboratory conditions and the
calculated GUS values, trifluralin did not represent risks to
groundwater quality in the region, resulting from its leaching
through the soil profiles to groundwater.
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Sorpcia, desorpcia a odburavanie trifluralinu v polnohospodarskych podach
Zitného ostrova (Podunajska nizina)

Distribucia (napr. sorpcia a desorpcia) a odburavanie
pesticidov v pddach su najddlezitejSie biogeochemické
procesy, ktoré urCuju pohyblivost tychto zlu¢enin v pddnom
prostredi a ich prestup do prirodnych véd. Z praktického
hladiska je Studium sorpénych a degradacnych procesov
pesticidov dblezité predovSetkym v tych oblastiach, kde sa
nachadzaju podzemné vody uréené na ludsku spotrebu,
pretoze aplikované pripravky proti Skodcom na poliach
mozu migrovat pédnym profilom az k hladine podzemnej
vody a znehodnotit jej chemické vlastnosti. Preto hlavnym
cielom tejto prace bolo laboratérne stanovenie sorpénych
a degradacnych vlastnosti ftrifluralinu v zakladnych
pédnych typoch Zitného ostrova s cielom postdenia
pohyblivosti trifluralinu v pédnych profiloch. Hoci trifluralin
sa uz v suc¢asnosti nepouziva ako pesticid na ni¢enie burin
v polnohospodarstve Slovenskej republiky, v ¢ase realizacie
tejto Studie, teda v roku 2009, patril k najpouzivanejsSim
herbicidom na Zithom ostrove. Jednotlivé pddne
typy (Cernozeme, Ciernice a fluvizeme) boli odobraté
z rislusnych horizontov pomocou ruéne vykopanych
pddnych sond. Ich zakladné vlastnosti su uvedené v tab. 1.
Sorpcia, desorpcia a odburavanie trifluralinu v pédach boli
realizované pomocou nadobkovych experimentov.

Stanovena zavislost koncentracie ftrifluralinu sorbova-
ného v pédach (S) od jeho rovnovaznej koncentracie v roz-
toku (C) vyhovovala Freundlichovej adsorpénej izoterme
(rovnica 3) (obr. 1). Hodnoty 1/n_ boli bud rovné 1, alebo
blizko hodnoty 1 (tab. 2), o znamena, ze medzi S a C je
priamo Uumerny vztah, . j. zistené adsorpné izotermy maju
linearny tvar, a preto vyhovovali tiez Henryho adsorpcnej
izoterme (rovnica 4). Ako naznacuju hodnoty Freundlicho-
vej sorpcnej konstanty (K,) a distribuéného koeficientu (K ,)
(tab. 2), intenzita sorpcie trifluralinu vo vSetkych pddach
bola vysoka. Statistickym spracovanim vysledkov sa uka-
zalo, ze najvacsi vplyv na sorpciu trifluralinu v pédach mal
obsah pédneho organického uhlika (r = 0,99; p < 0,001)
a obsah uhlika huminovych a fulvo kyselin (r = 0,99 a 0,96;
p < 0,001) (tab. 3). Tieto kladné korelacie dokumentuju,
ze poda s vy$Sim obsahom organickej hmoty ma aj vys-
Siu kapacitu akumulovat trifluralin, a to podfa tohto poradia:

Ciernica (A horizont) > Giernica (B horizont) > ¢ernozem
(Ahorizont) > éernozem (B horizont) > fluvizem (A horizont)
> fluvizem (B horizont) > ¢ernozem (C horizont). Opacny
proces k sorpcii — desorpcia — bol sledovany v Styroch po
sebe nasledujucich krokoch (obr. 1). Celkovy podiel triflura-
linu uvolneného z pdd do vodného roztoku bol nizky (P,
= 2,30 az 6,23 %; tab. 2), pravdepodobne pre nizku roz-
pustnost herbicidu vo vode (0,221 mg - I! pri 20 °C) a jeho
lipofilnd povahu (logK , = 5,27). Nizka desorpcia triflurali-
nu naznaduje, ze pody Zitného ostrova vyrazne imobilizu-
ju herbicid a jeho rezidua nie su za normalnych okolnosti
transportované k hladine podzemnej vody. Desorbované
podiely trifluralinu boli v nepriamej umere k intenzite sorp-
cie (tab. 4). Vy$Si podiel trifluralinu sa uvolnil z poéd s nizSou
intenzitou sorpcie a naopak (r = —0,84; p < 0,05).

Odburavanie ftrifluralinu v pédach vyhovovalo rychlost-
nej rovnici prvého poriadku (rovnica 6), pri¢om degradac-
né krivky su na obr. 2 a zistené rychlostné konstanty (k)
a polcasy rozkladu (DT,;) s uvedené v tab. 2. Z hodnét
DT,,. ktoré boli v intervale od 46 dni az po 99 dni, vyply-
va, ze trifluralin v A horizonte Ciernice mozno povazovat
za perzistentny a v ostatnych pédnych vzorkach za mier-
ne perzistentny. Perzistencia trifluralinu vyjadrena veli¢inou
DT, bola vyssia v pédach s vy$S§im obsahom organického
uhlika (r = 0,90; p < 0,01) a zaroven aj s vySSou intenzitou
sorpcie vyjadrenou distribu¢nym koeficientom K, (r = 0,90;
p < 0,01). To znamena, Ze perzistencia trifluralinu v tychto
pédach bola ovplyvnena najméa ich sorpénou kapacitou
voCi herbicidu. Trifluralin sa odburaval pomalSie v pbde,
ktora ucinnejsie sorbovala herbicid, a naopak.

Zo zistenych charakteristickych vlastnosti sorpcie a od-
buravania trifluralinu v profiloch troch pédnych typov, kitoré
sa najéastejsie vyskytuji na Zithom ostrove, vyplyva, ze
jeho pohyblivost je nizka a nemal ziadny negativny vplyv
na podzemné vody ani v ¢ase intenzivneho pouzivania na
poliach (pred rokom 2010). Nizka pohyblivost sa potvrdila
aj vypoctom hodndt GUS (rovnica 8), ktoré boli nizSie ako
prahova hodnota 1,8 (tab. 2), a absenciou trifluralinu vo
vzorkdch podzemnych véd v predmentnej oblasti z rokov
2008 — 2009, ked sa tento herbicid pouzival.
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