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OBÁLKA: Pohľad zo svahu kóty Veľká Lysá nad obcou Hostišovce (v popredí) na plochý reliéf, budovaný horninami 
pokoradzskej formácie (horizont krajiny). V pozadí je vodná nádrž Teplý vrch (fotografia vpravo hore). Chaotická brekcia 
blokovo-popolového pyroklastického prúdu na južnom okraji Pokoradzskej tabule pod kótou 515, severne od obce Nižná 
Pokoradz (fotografia vľavo). Fotografie P. Konečný, schéma V. Konečný. Problematikou veporského stratovulkánu sa 
zaoberá článok Konečného et al. na str. 113 – 176.

COVER: View from the slope of the Veľká Lysá Hill above the Hostišovce village (in the foreground) shows the flat relief, 
built by the rocks of the Vyšná Pokoradz Formation (visible at the horizon of the country). The water reservoir Teplý vrch 
is located in the background (upper right photograph). Chaotic breccia of the block and ash pyroclastic flow, located on 
the southern edge of the Pokoradz Plateau under the e.p. 515, south of the Nižná Pokoradz village (left photograph). 
Photographs P. Konečný, scheme V. Konečný. The topic of the Vepor stratovolcano is presented in the article by Konečný 
et al. on pp. 113 – 176.
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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 I in the preceding 
paper in Mineralia Slovaca 47/1/2015). This paper (Part II) 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 Rimavská 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 Vyšná Pokoradz Formation 
(former Pokoradza Formation in Part I), 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 (Klenovský 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 Lučenská and Rimavská kotlina basins confi rm 
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 i – 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 superfi cial 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 surfi ce. in the area of proximal volcanic zone numerous 
shallow intrusive bodies, like laccoliths and dome-like ex-
trusive bodies, are also uncovered (Part i – Fig. 6). several 
relics of the paleovalleys fi lling are preserved in the western 
distal volcanic zone. in previous Part i 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 fi lling of the paleovalleys in the 
western distal volcanic zone of the Vepor stratovolcano.

in this second part (Part ii) we focused dominantly on 
the relics of the paleovalleys fi llings 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, 

recently preserved as solitary high plateaus, the Pokora-
dzská tabuľa Plateau (Pokoradz Plateau) and the Blžská 
tabuľa Plateau (Blh Plateau) at the northern edge of the 
Rimavská kotlina Basin (Pokoradza Formation in Part i, the 
Pokoradz Formation as more appropriate term in Part ii). 
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. (Revúcka vrchovina Highland) and at 
the northern part of the Rimavská kotlina and Lučen-

ská kotlina basins

south of the central volcanic zone in a distance of about 
12 km the relics of volcaniclastic rocks in fi llings of the origi-
nal paleovalleys continue to the area of southern slopes of 
the slovenské rudohorie Mts., area of the Revúcka vrchovi-
na Highland and volcaniclastic rocks form also the volcano-
sedimentary complexes of the Pokoradz and Blh plateaus 
at the northern part of the Lučenská kotlina and Rimavská 
kotlina basins (Figs. 2 and 3). Following text briefl y charac-
terizes the main geomorphologic units: 1 – Revúcka vrcho-
vina Highland, 2 – Rimavská kotlina Basin (northern part), 
3 – Lučenská kotlina Basin (northeastern part), 4 – Poko-
radz Plateau, and 5 – Blh Plateau (Fig. 2 and Part i – Fig. 4). 
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1 – The Revúcka vrchovina Highland

The area of the Revúcka 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 Železník 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 fl owing generally 
to south (Rimava river, several main brooks like Blh, slaná, 
Západný Turiec, a.o.). 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 Revúcka 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 
fi llings 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 Vyšná Po-
koradz Formation. Top parts of the mountains and their ste-
ep slopes are forested. southern part of the area with low 
and fl at hills are agriculturally cultivated, eventually they are 
used as a pasture for cattle and sheeps. settlement in the 
northern part of the Revúcka vrchovina Highland is concen-
trated namely in valleys with rivers and brooks. Along brook 
of Západný Turiec there are situated the main villages as 
Ratková, Ratkovská Lehota, sása, Rybník and skerešovo 
village.

At the northern margin of the Rimavská kotlina Basin 
the more extent volcanosedimentary complexes of the Po-
koradz and Blh plateaus represent relics of primary fi lling 
of the Neogene sedimentary basin of the Vyšná 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 Pokoradzská tabuľa Plateau (Pokoradz Pla-
teau)

The  area of the Pokoradz Plateau north of villages Vyš-
ná Pokoradz and Nižná Pokoradz is characteristic with fl at 
relief of the high plateau with maximum elevation about 500 
m above surrounding relief of the Lučenská kotlina Basin 
with Oligocene-Miocene sediments. Medium altitude of the 
Lučenská 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 Papča 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 Rimavská 
kotlina Basin. At the northern margins of the plateau there 
is gradual transition from slopes of the Revúcka vrchovina 
Highland into the fl at 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 Papča, Lemešík and others 
fl owing to southwest. Outher steep marginal slopes of the 
Pokoradz Plateau and isolated segments are modifi ed by 
huge landslides and landslide fi elds of volcaniclastic rocks 
due their instability above Miocene clay sediments (Hrašna 

Fig. 2. scheme of the area 
with relics of volcaniclastic 
rocks of the Vepor strato-
volcano on the southern 
slopes of the slovenské 
rudohorie Mts. (Revúcka 
vrchovina Highland) and 
the northern part of the Ri-
mavská kotlina Basin.
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et al., 1995; Frnčo et al., 1990). Landslides at the southern 
slopes obtain typical hummocky relief (northward of the 
Nižná Pokoradz and Vyšná Pokoradz villages). System of 
brooks springing in higher levels of the valleys like brooks 
Papča, Lemešík, Vyvieračka, Šinkov potok, Veľký potok 
and Hajský 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, Lukovištia and Horné Záhora-
ny villages and along the western part of the plateau there 
are villages Hrachovo, Vyšný Skálnik and Nižný Skálnik. At 
the southern edge of the plateau the Vyšná Pokoradz and 
Nižná Pokoradz villages are located. 

3 – The Blžská tabuľa 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 Turecký 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 Hradište (457.3 m a.s.l.), e.p. 450 and Dlhý 
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 Dlhý vrch 
(e.p. 499.2) – Veľká skala, (b) middle ridge Deravá 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 Viničný vrch ridge (e.p.  467) with W–E orientation, 
located north of the Blh Plateau and the Holý vrch ridge 
trending N–S between the Pokoradz and Blh plateaus re-
present segments of the original sedimentary basin of the 
Vyšná 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 Španie pole village, and more to west 
the Slizké village. Along western side of the plateau the 
Teplý vrch and Veľký Blh villages follow along the Blh brook. 
Vyšné Valice and Nižné Valice villages are at the southern 
side of the plateau.

4 – The Rimavská kotlina Basin

The Rimavská 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 Rimavská kotlina Basin connects at the western 
side with the Lučenská 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-
ská kotlina Basin is from the western side in contact with 
the Cerová vrchovina Highland with numerous relics of the 
Neogene-Quaternary alkali basalt volcanism. The Lučen-

ská kotlina Basin gradually passes to east into the Bodvian-
ska pahorkatina Highland. Filling of the Lučenská kotlina 
Basin is formed by sediments of the Oligocene-Miocene 
age (Kiscelian–Egerian), representing the basement of the 
volcanosedimentary Vyšná Pokoradz Formation preserved 
after its denudation as the Pokoradz and Blh plateaus at the 
northern side of the Rimavská kotlina Basin. The youngest 
postvolcanic sediments in the Lučenská kotlina Basin are 
lake and fluvial sediments of the Pontian age of the Poltár 
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, 
Slaná, Západný Turiec and their tributaries. The lowest part 
of the Rimavská kotlina Basin has an altitude of ca 150 m 
a.s.l. Predominant part of the Rimavská kotlina Basin is ag-
riculturally cultivated. It is densely populated with numerous 
villages and the main town of Rimavská Sobota.

5 – The Lučenská kotlina Basin

The Lučenská kotlina Basin is separated from the east 
located Rimavská kotlina Basin by the fault zone trending 
NNW–SSE along the valley of the Rimava River. In the NE 
part of the Lučenská kotlina Basin, several remnants of vol-
caniclastic rocks of the Vyšná 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 Lučenec 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, Veľké 
Teriakovce, Sušany and Hrnčiarské Zalužany villages.

Rock complexes underlying volcanic rocks on the 
Slovenské rudohorie Mts. and the northern part of the 

Rimavská kotlina and Lučenská 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 Rimavská 
kotlina and Lučenská 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 Rimavská kotlina Basin 
(north of the Lubeník-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 Revúca Group (Vozáro-
vá and Vozár, 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 (Vozárová in Vass et al., 1985). Sporomorphs of 
the Permian age are sporadically preserved (Planderová in 
Vass et al., 1985).
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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 Rimavská kotlina Basin. It is presented with following 
subunits: 

The Gelnica Group as the 
oldest lithostratigraphic subunit 
consists of tuffitic sediments, 
graphitic phyllites with inter-
calations of lydites and carbo-
nates (Vozárová in Vass et al., 
1985). Sporomorphs in low me-
tamorphosed sediments ma-
nifest their Silurian-Devonian 
ages (Planderová 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 Ochtiná and Črmeľ 
tectonic subunits (Lower Car-
boniferous) are built of the 
metaconglomerates, meta-
sandstones, locally meta-
basalts, metadolerites and 
serpentinites, included into the 
Hrádok Formation. 

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

The Gočaltovo Group 
(Permian), built of polymict 
conglomerates, sandstones, 

rhyolites, rhyolite tuffs of the Rožňava Formation, crops out 
NE of the Ratková village.

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 
Hrušov village. The Meliatic unit is supposed to be covered 
by the Oligo-Miocene sediments in the Rimavská 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 

fluvial sediments (gravels, sands, soils) in the 
filling of river valleys and brooks

fluvial sands, sandy gravels and gravels in 
middle to upper terraces (Middle Pliocene)

Poltár Formation: gravels, sands, clays, 
layers and lenses of lignite (Pontian)
Vyšná Pokoradz volcanosedimentary 
Formation: breccias of pyroclastic 
flows, lahar breccias, epiclastic 
volcanic breccias, conglomerates 
and sandstones (Sarmatian)

Lučenec Formation, 
sediments of mostly schlier 
siltstones, silts to siltstones, 
sporadically claystones and 
sandstones (Egerian)

Silicicum (Triassic)
Wetterstein crinoidal and Steinalm limestones, 
undivided, (Anisian-Karnian), Tisovec and Furmanec 
limestones (Jul-Tuval), Guttenstein Formation, dark 
limestones and dolomites (Egej-Bytin)
Turnaicum (trias)
Bodvasilaš sandstones and slates, (Giesbach-Namal), Sinské 
claystone beds (Namal-Spat), Gutenstein limestones and 
dolomites (Lower Anisian)
Meliaticum (Middle Triassic)
grey chert limestones (Ladin-Norik), dark grey and and variable 
colour shales, sandstones, mottled marls, limestones and 
olistostromes, radiolarites, silicic sandstones

Ochtiná and Črmeľ tectonic units, Hrádok Formation: sandstones 
alternating with phyllites, layers of metaconglomerate, 
metabasalts, tuffs, and tuffites (Lower Carboniferous)

Dobšiná Group: Hámor Formation: grey sandstones with 
beds of conglomerates, black and sandy shale (Vestfal 
C-D)
Gelnica Group, Betliar Formation: black and grey phyllites, 
locally with volcaniclastics of acid volcanites (Upper 
Silurian)
Holec Beds: schists with intercallations of lydites, 
carbonates and sandstones (Upper Silurian)

Gemericum (Permian-Lower Triassic)
Gočaltovo Group, Rožňava Formation: oligomikt and 
polymikt conglomerates, massive sandstones, rhyolites, 
rhyolite tuffs (Permian)

Brusník anticlinal
Brusník Formation: shales, sandstones with carbonate 
beds and acid volcaniclastics, polymict conglomerates 
(Permian)
metasediments of Gelnica Group in Brusník anticline, 
phyllites, rare lydite beds, crystalline limestones and 
metarhyolite tuffs (Devonian) 
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shales and quartzitic conglomerates (Permian)
Slatviná Formation: grey fine-grained metamorphosed 
sands, grey to black phyllitic shales, sporadic bodies of 
basic and acid volcanics and intercalations of 
volcanoclastics (Upper Carboniferous, Stefanian)
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Fig. 3. Structure of the pre-volcanic basement in southern slopes of the Slovenské rudohorie Mts. 
and in the Lučenská kotlina and Rimavská kotlina basins.
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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 (Vozár and Vo-
zárová, 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 Lučenská kotlina Basin. 
The Middle Triassic limestones crop out also near the villa-
ge of Vyšný Skálnik, where the conodont fauna manifests 
the Anisian age. The Turnaic unit, represented by the Bó-
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 (Bezák et al., 2008).

Paleozoic sequences of the Brusník anticline 

North-eastward of the Španie 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 Brusník Formation crop out (Bezák et 
al., 2008). According to the older interpretation (Elečko 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 (Elečko et al., 
1985). The Silicic nappe, extended in the northern part of 
the area between villages Hrušovo-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 Lučenská kotlina and Rimav-
ská 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 Lučenská kotlina and Rimav-
ská kotlina basins, are not exposed on the surface. The 
Oligocene basal beds, designated as the Skálnik 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 Skálnik Beds are correlated with Kiscel-
lian (Planderová in Vass et al., 1982).

Missing basal Skálnik Beds in some areas are repla-
ced with beds of conglomerates, breccias and sandstones 
with marine litoral fauna, designated as Číž 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 Číž 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 Elečko et al., 1989, 2007).

Oligocene-Miocene

The marine transgression reached climax in the 
Lučenská kotlina, Rimavská kotlina and Ipeľská kotlina 
basins and also in the whole area of the Budín 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 Rimavská kotlina and 
Lučenská 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 Rimavská 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 Rimavská kotlina Basin are evolved gradually from un-
derlying Oligocene sediments of the Číž Formation. In the 
northern part of the Rimavská 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 Rimavská 
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 Rimavská kotlina Basin, encom-
passing the area from the Španie pole village (eastern side 
of the basin), to the Lukovištia village (northern side) and 
Vyšný Skálnik and Hrachovo villages (western side).

The Lučenec Formation of Egerian age is the main 
lithological unit spreading out from below the volcanose-
dimentary rocks of the Vyšná 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 Lučenec 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 
Gemerská 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 Lučenec Formation. They vertically 
and laterally pass into the upper part of silts and siltstones 
of the Lučenec 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 Rimavská kotlina Basin and 
northern part of the Lučenská kotlina Basin, forming the 
Vyšná Pokoradz volcanosedimentary Formation.

In the younger stage during Pontian time, the fluvial-
-limnic sedimentation continued in the Lučenská kotlina 
and Rimavská kotlina basins, resulting in the development 
of the Poltár Formation of gravels, sands, marls and 
silts. Associations of palinomorphs indicate Pontian age 
(Planderová 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.

I – 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 (Konečný, V. and Konečný, P., 
2010). The preceding research and mapping stages in connection 
with the compilation of geological map at a scale 1 : 50 000 (Lexa 
and Konečný in Elečko 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 Vyšná 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 Lučenec 
Basin. Volcanosedimentary complex is in detail characterized in 
geological lithofacial map (Konečný, V. and Konečný, 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 Ratkovská 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.l. 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 



Mineralia Slovaca, 47 (2015),120

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 – Sušiansky 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 Sušiansky vrch Hill with flat top (elevation points 628, 601 
and 582 m), trending NW-SE, and located west of the Ratková 
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 

(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 Sušiansky 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 Sušiansky 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-

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 
grey-brown, intensively welded to homoge-

nized, containing small vesiculated 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 
chaotic breccia a higher content of blocks was observed. 
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sion 2.5 x 2.6 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 Kráľovkou – Brevenovo – Trňová hora paleovalley 

The ridge Nad Kráľovkou (e.p. 556.4) – Brevenovo north of the 
Sása 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 Trňová hora with e.p. 461.9. The total length 
of the paleovalley filling including Trňová 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 Trňová 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 Kráľovkou – 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 Kráľovkou. 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 Kráľovkou ridge have occurred evidently in more 
advanced stage of evolution of andesite stratovolcano. 

4/2 – Isolated hill Trňová hora e.p. 461.9 represents the southern 
continuation of the paleovalley filling Nad Kráľovkou – 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-
ník village

Relics of volcaniclastic rocks on the top of small hills to NE and 
E of the Rybník 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 Chotáre locality). According to these different levels they can be 
divided in three groups: a) localites of the southern belt – Hlinisko 
– Držkov vrch with the base at 330–406 m a.s.l., b) localites of the 
middle belt – Hrlá hora – Ostrá hora with the base level 450–470   m 
a.s.l. and c) localites of the northern belt 0150 Tri Chotáre – Andro-
va lúka with the base level 485–500 m a.s.l.



Mineralia Slovaca, 47 (2015),122

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.

I – Southern belt

5 – The Hlinisko – Brusníček – Fižliška paleovalley 

The southern belt encompasses following relics (Appendix 
2A): ridge above the Trňový potok brook valley, Hlinisko and Brus-
níček (hills without e.p.), as well as Fižliška (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 Držkov 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 Trňový 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 Rybník 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 15–25  cm, 
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 – Brusníček (a small hill without e.p. located NE of the Ryb-
ník 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 
Brusníček represents probably one pyroclastic flow. Thickness of 
volcaniclastic rocks including chaotic pyroclastic breccia in locality 
Brusníček is increasing to S and SW - in direction which represents 
the deeper part of original paleovalley.

5/4 – Fižliška (hill with e.p. 450.1 east of the Rybník 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.l. 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 Fižliška Hill from the level 430  m a.s.l. 
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 Brusník village. 

6 – The Držkov 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 Držkov 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 Držkov 
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. 

II – Middle belt

Into the Middle belt two groups of relics of volcaniclastic rock 
belong. Group 7 – ridge above valley of Brusníček brook (without 
e.p.) – Hrlá hora Hill (e.p. 474). Group 8 – Hrdzákova Hill (e.p. 465) 
– Ostrá hora Hill (e.p. 450).

7 – The ridge above Brusníček brook – Hrlá hora Hill paleo-
valley 

7/1 – Ridge above the Brusníček brook (NE of the Rybník 
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 Hrlá 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 Hrlá 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 Hrdzákova and Ostrá 
hora hills (north of the Držkov vrch Hill).

8 – The Hrdzákova – Ostrá hora hills paleovalley

8/1 – The Hrdzákova 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 Ostrá 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.

III – Northern belt

9 – The Tri chotáre – Androva lúka paleovalley 

The group Tri chotáre – Androva lúka encompasses 4 isolated 
relics of chaotic breccia, occurring north of locality Hrlá hora Hill 
with the base located about 485–517 m a.s.l.: 1 – summit of Tri 
Chotáre Hill (e.p. 538.2), 2 – summit with e.p. 527.3, 3 – summit 
with e.p. 513, 4 – summit and ridge Androva lúka 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 chotáre 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. 527.3 (SW of Tri chotáre 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 lúka 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 – III. (north of the Androva 
lúka 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 Viničný vrch Hill paleovalley 

Isolated ridge of the Viničný vrch Hill, trending W–E, located 
north of the Španie 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 Viničný 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 Viničný 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 Viničný 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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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 – Višňaná – 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 

Fig. 8. Chaotic breccia on 
the top of the ridge 487.3 
Viničný 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 
a  shows 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).

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.

The base of pyroclastic flow is in similar altitude as the base 
of pyroclastic flow in locality Hlinisko. The paleovalley in locality 
Viničný vrch Hill after widening continues southward by a   flat relief 
of proluvial plain and bottom of the sedimentary basin of Vyšná 
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 Viničný 
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.l. 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 
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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 Višňaná 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.l. 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 Holý vrch Hill paleovalley

The isolated Holý 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 Stránička – Hajmás paleovalley

The Stránička ridge east of the Viničný 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 Stránička, b) southern part with e.p. 384 
Hájna (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 Hájna 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 Lučenská kotlina Basin 

In the northeastern part of the Lučenská 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 I paleovalley 

Locality Zvonov hrbok I 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 I is covered with coarse 
to blocky epiclastic volcanic conglomerate.

17 – The Zvonov hrbok II 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 II and the fine to medium epiclastic vol-
canic breccia-conglomerate covers a top of the southernmost hill 
with e.p. 342. 

18 – The Opálenica paleovalley 

In locality Opálenica 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 
Opálenica with e.p. 368 a coarse to blocky epiclastic volcanic 
conglomerate occurs according rounded andesite blocks, present 
in the debris. 

19 – The Patočiny – Vyšný Koplalov paleovalley 

Locality Patočiny – Koplalov represents the southernmost 
relics of volcaniclastic rock in the Lučenská 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 Patočiny 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 Poltár 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 Sušanský 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 Rybník 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 Rybník 
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 Vyšná Pokoradz Formation with deposition of volcaniclastic 
material in the delta environment, passing to south into the lake 
sedimentation. 

II – Volcanosedimentary complexes of the Vyšná 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 Vyšná 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 (Konečný 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 Lukovištia 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 (Vršok 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 
(Zlatník 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 Lukovištia village), the pre-volcanic basement 
is formed of the Oligo-Miocene sediments, filling of the Rimava 
Basin. During deposition of volcaniclastic rocks of the Vyšná 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 Rimavická 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 Kamenná hora e.p. 358 in the NE part of 
the Lučenec 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 Rimavská hora, profile PF-4). The altitude difference 
of their bases can be explained by the 100 m subsidence of the 
northern part of the Lučenec 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 Vyš-
ná 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-
vá 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 Kováčova hora Hill (NW of 
the Lukovištia 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 Lukovištia vil-
lage). Chaotic breccia of pyroclastic flow on the flat top of Konková 
ridge on eastern edge of the Pokoradz Plateau continues to south 
as a narrow Banková 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 Konková ridge) 
to level 415 m a.s.l. (at the southern edge of Banková 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 Lukovišia 
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 Lukovištia 
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 Lukovištia 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 Lukovištia 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 Lukovištia 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-
šík 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 Vyšná 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.l. 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 Nižný and Vyšný Skálnik 
villages). At the entry to valley with the Vyvieračka 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 Nižný Skálnik there was described the 
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flora of Sarmatian age (Němejc, 1960, 1967). Later in this locality 
the flora of Sarmatian age was investigated also by Sitár and Dia-
niška (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 Vyšný Skálnik 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 Nižný Skálnik village (Fig. 13). 

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 
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 
c/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-

a)
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Fig. 12. The lower part of the quarry wall east of the 
Vyšný Skálnik 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.

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 c/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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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 Vyšný 
Skálnik 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). 

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. 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 Dražice 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.

Fig. 15. In the cliff bellow e.p. 498 Prídel in the Veľký 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 Vyvieračka 
valley NE of the Vyšný Skálnik village. Intercalations 
and interbeds of small thickness of ash-pumice tuffs 
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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).

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 Prídel (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).

Fig. 16. In the rocky cliff in 
the southern slope with e.p. 
470.8 Háj (NW of Vyšná 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 

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).

Fig. 17. Reworked pyroclastic breccia is exposed in lower part of 
the slope of Šinkov 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.
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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 Cerová 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 Cerová 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 Malá 
Paláska (west of Dražice 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 Malá Paláska 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. 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.

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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3 – Southern edge of the Pokoradz Plateau, north of Vyšná 
and Nižná 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 Rimavská 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-

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 Stráň (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. Stráň 524 on the S 
slopes of the Pokoradz Plateau (Fig. 25).

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.

Fig. 23. Chaotic breccia in roc-
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, 
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 
a.s.l.

c)
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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 c/8, photo b), higher followed by the deposition of coarse to blocky epiclastic 
volcanic conglomerate (scheme c/9).

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 c/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.

c)
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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. 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 40–60 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.

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

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 Háj).

Bed of coarse to blocky epiclastic volcanic conglomerate fol-
lows above lahar breccia at level 445–448 m a.s.l. 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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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 

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 Stráň 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; c – 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).

to blocky epiclastic volcanic conglomerate at level 475 m a.s.l. be-
low e.p. 526 Stráň 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.l. 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 Vyšná 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 Vyšná 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.

a)

b) c)

d)

b)

c)
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At the western edge of Pokoradz Plateau on southern slope of 
ridge bellow e.p. 470.8 Háj, 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

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 Stráň, e.p. 524 and cliffs more eastward in the area 
of e.p. 516 and e.p. 517.4 Veľký 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. 32. Gigantic andesite block on southern slope of below e.p. 
470.8 Háj. 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.

a)

b)

Fig. 34. Breccia forming cliff below e.p. 512.7 Kozinec consists do-
minantly of vesiculated fragments of the fine porphyric pyroxene 
andesite (±amphibole), 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 Stráň. 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 Stráň 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.

a) b) c)

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 Stráň 
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.

a)b)
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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).

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 c/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.

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 Vyšná 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 
Šafarikovo 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 Vyšná 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 

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 Turecký 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.l. 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, 

a)

b)
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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 (profiles 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 Viničný 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 Viničný 
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 Španie Pole village.

On the western slope of the Blh Plateau on the ridge with e.p. 
450 Päť chotárov (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.l extends into an area 
of the summit e.p. 450 Päť chotárov 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. 

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 Turecký 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 Turecký 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 Päť chotárov 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 Turecký 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 

Fig. 39. Chaotic breccia of layer-3 is exposed on the northern slope 
of the ridge with e.p. 464 west of the Španie 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. %.

a)

b)
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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 Konečný vrch in several 
rocky cliffs (Fig. 41). 

On the northern slope below e.p. 436 (east of Turecký vrch Hill 
and south of the Španie 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. 40. In the rocky 
cliff on the southern 
slope of the Päť chr-
bátov hill west of 
Španie 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.

b)

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 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 
colour is strongly welded with vesiculated fragments and homogenized (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.

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 Veľká Lysá ridge situated north 
of the Hostišovce 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).
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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 

Fig. 42. In rocky cliff at the northern edge 
of the ridge with e.p. 436 south of the 
Španie 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.

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 Konečný 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 Veľká Lysá 
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 
Veľká Lysá 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 Veľká Lysá 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 Veľ-
ká Lysá 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.

a) b)

c)

a) b)

a) b)
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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 (profiles 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 Konečný 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 Veľká Lysá Hill (north of Hostišovce 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.l. 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.l. 

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.

c)

a) b)
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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 Teplý 
vrch village, is roughly of triangle shape. At its NW edge a nar-
row ridge trending NW–SE with e.p. 457.8 Hradište 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 Dlhý vrch, 2 – ridge with e.p. 
495 Deravá 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 Hradište, and next summits with elevation 
points 540, 457.6 and 481.5 Dlhý vrch, continuing to east through 
the Žiha valley. The eastern final part of the profile, crossing the 
ridge with e.p. 457 Jablonka, was already commented. 

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 
Strmý 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 Vysoká), 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 
Strmý breh summit in outcrops along the road cut, the specific type 
of breccia is exposed at level 425 m a.s.l. 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-

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.

a)

b)

c)
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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.

a) b)

On the western slope of the Veľké Hradište ridge between 
levels 350–430 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 Hradište at level 435 
a.s.l. (Fig. 50).

Outcrops of chaotic breccia continue on the summit of the rid-
ge with e.p. 450 east of Hradište 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 horárňou (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. 49. Chaotic breccia of pyroclastic flow is 
exposed in rocky cliff on the western slope of 
the ridge with e.p. 457.3 Hradište 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 Horárňou (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 Dlhý 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 Holý vrch 
at the level 433 m a.s.l. (Fig. 54).

In higher level on the northern slope of Holý 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 Holý 
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. 

a)
b)
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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 
Veľká skala, Deravá skala with e.p. 495 and ridge with 
e.p. 475, where it finishes. On the western slope of the 
Veľká 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.l. 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 Veľká skala, deposited with base about 431  m 
a.s.l. above the bed of the coarse to blocky epiclastic 

Fig. 50. Chaotic breccia of pyroclas-
tic flow is exposed on the southern 
slope of e.p. 457.3 Hradište. 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.

a) b)

c) d)

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.

b)

Fig. 52. Chaotic breccia of pyroclas-
tic flow, forming rocky cliffs on api-
cal parts of the ridge with e.p. 457.6 
Nad horárňou, 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 Dlhý vrch.
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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 

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 
Holý 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).

a) b)

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 Deravá 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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On the western slope of the Deravá 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 
Deravá 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 

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.

Fig. 55. Chaotic breccia of 
pyroclastic flow is exposed 
in higher level of the slope 
below the Veľká 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 disintegration along radial and concentric fissures in hot stage during 
transport in pyroclastic flow (photo b). Angular fragments are dispersed into tuffaceous matrix.

Fig. 56. Lahar breccia, exposed on 
the southern slope of Deravá 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 c 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 
15  m. 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).

a)
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Fig. 58. Chao-
tic breccia of 
pyroclastic flow 
exposed on the 
western slope 
of Deravá ska-
la Hill at level 
4 6 5  m   a . s . l . 
(photo a) con-
sists dominantly 
of angular frag-
ments up to 
15–20 cm large 
and rare blocks 

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.

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

Fig. 57. Chaotic 
breccia of pyroclas-
tic flow, exposed on 
the western slope 
of the Deravá 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.

Fig. 59. Lahar breccia is exposed in cliff bellow the e.p. 495 Deravá 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 
transport.

a) b)c)

d)
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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 Deravá 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.l. (Fig. 60). 

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. 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.

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 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 

a)

b)

a)

b)
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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 Vlčí 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 Vlčí 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 Holý vrch Hill and the Dlhý vrch 
Hill on the northern edge of southern segment of the Blh Plateau.

Profile B-10 is crossing isolated Mlynár 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 
Mlynár hill with e.p. 407.5.

III – Paleovolcanic reconstruction of the Vepor stratovol-
cano 

In preceeding Part I, 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 II 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. 

Fig. 63. On the top of the Mlynár 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.

a)

b)
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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 Klenovský 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 Vyšná 
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; Bacsó 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 Kľak (south of Závadka village).

With the Kľak central zone Burian et al. (1985) connected also 
two bodies of rhyodacites (Kochlovec and Za Kyčerou, located 
south of Závadka village), which, according to authors, are situ-
ated on concentric fault with the Kľak 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 Kľak 
area the remnant of small pyroclastic volcano Stožka was identi-
fied with andesite neck. This pyroclastic volcano was described in 
Part I (Konečný 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-
netový 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 Magnetový 
vrch with intrusive bodies was described in Part I. Recent Part II 
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 Stožka 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 Šo-
moška, Hradište and Steblova skala and diatremes Šurice and 
Hajnačka).

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 
(Štiavnica stratovolcano). 

Especially favourable conditions for the study of structure of 
subvolcanic complexes and intrusive succession are represented 
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with the Magnetový 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 Magnetový 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 Klenovský Vepor ridge west 
of the central volcanic zone. Relic of lava flow with length about 
2  km 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 Klenovský 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 Klenovský 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 Klenovský 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.l. 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 Magnetový 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 Magnetový 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 Klenovský 
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 Klenovský 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 Hájna hora paleovalley a lar-
ger block of agglutinated pyroclastic rocks, coming probably from 
the crater zone was found (in Part I – 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 3  000 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 
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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)

c – 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 I. Here we 
only summarize several results. 

1 – The southwestern relics of the Klenovský 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.l. 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 Zadná Kyčera (north of the Kle-
novský Vepor ridge) trending SW–NE represents relatively deeper 
cut of the paleovalley in the basement crystalline rocks, comparing 
to the Klenovský 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 Chlípavica 
settlement) represents isolated relic of volcaniclastic rocks to NE of 
the paleovalley filling Zadná Kyčera. 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 Hájna 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 Magnetový vrch intrusive complex. 
Distance from the eastern edge of the Hájna 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 Hájna hora ridge). Thick-
ness of volcanosedimentary complex at the eastern edge of the 
Hájna 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 Hájna 
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 Hájna 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 Hájna hora ridge along its northern side is bordering with 
the Breznianska kotlina graben (in Part I – 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 Hájna 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 Hájna hora paleovalley filling. Erosive cut 
of the Hájna 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 Magnetový 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 
(Klenovský 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 Hájna 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 Klenovský 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 Hájna 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 
(Suchá ridge at altitude 827 m a.s.l.), 2 x 3 x 2 m (Koreňová 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 Klenovský 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 
Klenovský 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 Klenovský 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 Klenovský 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 Klenovský Vepor ridge are 
located in present time beneath of supposed level of the paleore-

lief (Pomyvačný grúň e.p. 1002, Báňovo e.p. 1039, Báňov vrch e.p. 
1058, Strieborná e.p. 896, Kučelah 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 Klenovský 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 Zadná Kyčera 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 Predná 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 (Strúhanka, Baniarka and Vysoká), 
shows similar position in the area ať 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 Kýčerou 
(south of the Závadka 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 Stožka 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 Magnetový 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, Poľana 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 Babiná 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 Klenovský Vepor (its position a.s.l. 
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.l 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-
ská 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 
Kučelah massif of Mesozoic rocks).

In the northern part of the region, the Paleogene sediments 
are exposed in the graben between villages Bacúch and Heľpa, 
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 Magnetový 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 
Magnetový 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 Klenovský Vepor ridge with lava flow on 
the top of the paleovalley filling. Subvolcanic intrusive complex ex-
posed on the eastern slopes of the Magnetový 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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(Hájna hora, Zadná Kýčera, Klenovský Vepor)

Hronicum-Ipotica Group (Upper Carboniferous-Permian)
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relics of Neogene volcanism (Vepor stratovolcano)
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migmatites, orthogneisses, hybridic granitoids, 
less paragneisses, and amphibolites 
(hybridic complex)
�ne grained quartz-feldspar orthogneisses 
with amphibolite layers

amphibolites 

fault, fault line

thrust line

Number of volcanic relic

Number of pro�le
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of  the stratovolcanic cone 
(outer margins of proximal 
volcanic zone)
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conglomerates, quartzites with beds of sericitic shales 
(Early Triassic)

Rimava Formation, metamorphosed arkoses and arkosic wackes, 
locally with volcanogenic material, metamorphosed shales
and siliceous conglomerates (Permian)

amphibole andesite with garnet, extrusion
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pyroxene andesite, lava �ow (Klenovský Vepor)

lava neck with pyroclastic cone (volcano Stožka)
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Fig. 64. Orientation of the paleovolcanic reconstruction profi les is indicated in the scheme of the western Veporic unit with relics of Neoge-
ne volcanism. Profi le numbers are enclosed in squares.
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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 Klenovský Vepor ridge. Body of au-
tometamorphosed amphibole andesite porphyry (12) is exposed 
on the Molčanov grúň 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 Molčanov grúň 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 Klenovský 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 Hájna 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 Magnetový 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 Kučelah 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 Pálenica ex-
trusive body of hyperstene–amphibole andesite with garnet (6) is 
placed (Fig. 64). From the NE edge of the Kučelah 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 Predná Priehybina intrusive-extrusive complex and in the final 
part of section through volcanosedimentary complex of the Hájna 
hora Hill. On the NW side of the central Magnetový 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 Magnetový 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 Nemcová 
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 Nemcová 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 Predná 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 
Hájna 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 Hájna 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 
Hájna 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 Nemcová 
body (6), Pálenica extrusive complex (14), the Kučelah massif with 
Mesozoic carbonates and along the Zbojské graben with Paleoge-
ne sediments, through the Gracihôrka intrusive body (19) and the 
complex of intrusive and extrusive bodies of autometamorphosed 
andesite porphyry north of Michalová village (18), (19), (20). Tur-
ning west, the profile No. 3 finishes in the graben structure of the 
Breznianska kotlina Depression. 

The Pálenica extrusive complex (14) of hypersthene-amphi-
bole andesite with garnet at the southern edge of subsided block 
of the Kučelah massif in the distance about 3.6 km from the cen-
tral volcanic zone is exposed by denudation from the bottom of 
Čertova 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 Gracihôrka 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 
Michalová village near the northeastern edge of the graben struc- 
ture of the Breznianska kotlina depression. 

Intrusive body Vysoká (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 Strú-
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 Strúhanka 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 
Stožka 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 Strieborný potok Brook (8), next intrusive 
body Nižná Fabová (20) and in a greater distance the rhyodacite 
body Kochlovec (23) south of Závadka nad Hronom village and 
after crossing the Hron river the profile finishes in the graben with 
Paleogene sediments between Bacúch and Heľpa villages. Intrusi-
ve body in the valley of Strieborný 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 Nižná Fabová 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 
Nižná Fabová ridge with e.p. 1148 (east of Fabová hoľa 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 Muránska 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 Závadka 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 Kýčerou 
(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 Bacúch and 
Heľpa villages.

Profile No. 5 (Appendix 6) starts in the central diorite intru-
sion and towards NE it crosses intrusive body Spuzlová (7), further 
passes from the crystalline rocks on massif of Muránska Planina 
Plateau, built of Mesozoic carbonate rocks and after crossing Stož-
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 Stožka 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 Stožka pyroclastic 
volcano. It is assumed that the high relief of the Muránska 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 Stožka 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 Klenovský Vepor and Magnetový 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 Vyšná 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 Hájna 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 Hájna 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 Hájna hora Hill in the dis-
tance about 600 m, there is exposed the Predná 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 Hájna 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 Hájna hora paleovalley filling and also on the base 
of southern sedimentary basin of the Vyšná Pokoradz For-
mation (see geological-lithofacial map of the Hájna hora, 
Part  I, appendixes 5 and 6, Fig. 76) and geological map 
and profiles of Vyšná 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 Viničný vrch) indicates actual explosive 
volcanic activity. 

On the western slope of Pokoradz Plateau at locality 
Vyvieračka (NE of the Vyšný Skálnik 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 Vyšná Pokoradz complex is also 
exposed in abandoned quarries on the southern slopes 
of the Pokoradz Plateau (NE of Vyšná 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 Vyšná Pokoradz Formation on the 
southern slope of the Viničný vrch Hill north of the Španie 
Pole village (Fig. 7) and on the western slope of the Blh 
Plateau in locality at foot of the Veľká Lysá north of the Hos-
tišovce 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 Chlípavica). 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 
Stráň) 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 Deravá 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 Mlynár 
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 Deravá 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. 

c – 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 Hájna hora and 
also in the southern sedimentary basin of the Vyšná Poko-
radz Formation. 

In the lower level of the Hájna 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 Hájna 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   I, 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 Hájna 
hora paleovalley.

In the southern sedimentary basin of the Vyšná 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.l. (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 Lučenská 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 Rybník at the eastern 
edge of the Blh Plateau (locality Hlinisko-Fižliška) 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 Klenovský 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 
Vyšná 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 Klenovský 
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 Vyšná 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 
Konková and 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 
Konková 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 Španie 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 5–25  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 Pivničník). 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.l., con-
tinues forming the upper parts of several ridges (Hradište 
e.p. 457.3, ridge Nad horárňou with e.p. 450–457.6, and 
ridge Dlhý 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 Hradište e.p. 
457.3, 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 
Dlhý vrch e.p. 481.5 at level 433 m a.s.l. and also in the 
same level on the northern slope of the Holý 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 Holý 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 Holý 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 
Hradište e.p. 457.3, Nad Horárňou e.p. 450–457.6, Dlhý 
vrch e.p. 481.5 and Holý 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 Stráň (north of the Vyšná 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 Háj), 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 Vyšná Pokoradz Formation) at the northern edge of 
the Rimavská 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 Nižný 
Skálnik village (north of the Rimavská 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 Nižný and Vyšný Skálnik villa-
ges by Nemejc (1967), as well as Sitár and Dianiška (1979).

The first radiometric dating of rocks of volcanosedimen-
tary complex was carried out by Repčok (1981) using FT 
method. Two samples of andesite rocks were dated – the 
andesite pebble from the conglomerate bed north of Višňo-
vé village yielded the age 16.4 ± 0.6 Ma (amphibole) and 
the andesite fragment from breccia of pyroclastic flow at the 
Chvalová 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 (Bezák et al., 1999a, b). 

New K/Ar radiometric 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 

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 Spuzlová (VK-516) may have been affected by the 
fluids related to the hydrothermal effect.

Rhyodacite body Kochlovec (VK-43), south of Závadka 
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 Hájna 
hora Hill paleovalley at its western edge below andesite 
volcanosedimentary complex.

Central diorite intrusion (pluton) was dated to 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 Pálenica) shows the 

Tab. 1.  Table of radiometric K/Ar ages.

No. locality type of body rock volcanic zone age (Ma) K (%)
  40Arrad   

 (10-6cm3/g) 40Arrad (%)

VK-39 Klenovský Vepor ridge
e.p. 1338.2

lava flow pyroxene andesite proximal 11.56 ± 0.43 1.77 0.80 47.30

VK-16 NE of Magnet Hill
e.p. 964.8

dyke
amphibole pyroxene 
andesite porphyry (PxM)

central 11.94 ± 1.00 0.92 0.43 16.50

VK-528 W of Pacherka ridge
e.p. 959.6

dyke basaltic andesite (B) central 12.02 ± 1.05 1.87 0.88 15.80

VK-26
valley of Rimava
river, quarry

diorite intrusion,  
3-rd phase 

diorite (D1) central 12.08 ± 0.47 0.83 0.39 43.00

VK-1 quarry on W slope 
of Pálenica ridge

extrusion
amphibole andesite
with garnet

proximal 12.10 ± 0.38 1.70 0.80 78.80

VK-541 ridge with e.p. 1088
to NE of Rozsypok

extrusion amphibole pyroxene
andesite

proximal 12.25 ± 0.50 1.65 0.79 40.10

VK-47 valley of Rimava
river at e.p. 536

diorite intrusion,  
3-rd phase 

diorite (D1) central 12.28 ± 0.42 1.53 0.73 55.10

VK-43
quarry on W slope
of Kochlovec hill, e.p. 
825 to S of Závadka village

extrusion rhyodacite proximal 12.53 ± 0.42 1.77 0.86 60.80

VK-516
quarry on W slope
of Spuzlová valley intrusion

diorite porphyry, 
autometamorphosed

proximal {14.16  ± 0.73}¹* 1.49 0.82 28.50

VK-74 slope to E of Rimava
river, cliff dyke

diorite porphyry, altered, 
actinolitized (H1)

central {29.49  ± 1.06}²* 0.90 1.04 49.90

¹* unreliable age due to strong alteration, ²* unreliable 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 Klenovský 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 Vyšná Pokoradz Formation.

6 – Paleovolcanic reconstruction of the Vepor strato- 
volcano evolution related to southern sedimentary basin 
of the Vyšná 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 Kýčerou, Predná 
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 Hájna 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 Hájna 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 
Vyšná 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 Hájna 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 
Vyšná Pokoradz Formation in the southern sedimentary 
basin and Hájna 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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low e.p. 453 Stráň northeast of the Vyšná 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 
Remešík 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 Lučenská 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-
vická hora). Pyroclastic flow follows the line to SW in the 
northern part of Lučenská 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 Lučenská 
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 
Mlynár (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.l., 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 Deravá 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 Pálenica (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 Stráň). 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 Šafárikovo town). On the earlier proluvial 
plain (of preceding sedimentary basin of the Vyšná 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 Vyšná 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 Nižná Fabová ridge, probably served as feeding sys-
tem to parasitic volcano on stratovolcanic slope. North of 
the Vepor stratovolcano a small monogene Stožka volcano 
developed on the surface of Mesozoic rocks. Relic of lava 
flow in the uppermost part of the Klenovský 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. Its 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 Stožka 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 Lučenec an 
Rimava basins like the Poltár 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 
(Hájna hora Hill, Klenovský Vepor Hill and Zadná Kýčera). 
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 Vyšná 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 Vyšná 
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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Paleovulkanická rekonštrukcia neogénneho veporského stratovulkánu
(stredné Slovensko), časť II

Oblasť kryštalického masívu západného veporika (východne 
od oblasti neogénneho vulkanizmu stredného Slovenska) 
bola v období neogénu areálom andezitového a ryodacitového 
vulkanizmu. Svedčia o tom početné rozptýlené relikty intruzívnych 
a intruzívno-extruzívnych telies dioritov, dioritových porfýrov, 
andezitových porfýrov a ryodacitov, odhalené na povrchu de-
nudačným zrezom po odstránení povrchovej vulkanickej stavby. 
Z  povrchovej vulkanickej stavby sa zachovali len sporadické 
zvyšky výplní pôvodných paleodolín na západnom svahu 
pôvodného stratovulkánu v podobe vulkanoklastických hornín, 
vrátane lávového prúdu Klenovského Vepora. Po odstránení stavby 
stratovulkanického kúžeľa je v oblasti centrálnej vulkanickej zóny 
denudačným zrezom odkrytý subvulkanický dioritový intruzívny 
komplex Magnetový vrch s prejavmi skarnovej mineralizácie na 
styku s mezozoickými karbonátmi. Dioritový komplex je prenikaný 
systémom mladších dajkových telies. V predchádzajúcej 
časti tejto práce (časť I – Mineralia Slovaca, 47, 1, 2015) bola 
uvedená detailnejšia analýza stavby intruzívneho komplexu 
centrálnej vulkanickej zóny, ako aj rozptýlených intruzívnych 
a  intruzívno-extruzívnych telies vrátane charakteristiky litofácií 
vulkanoklastických hornín vo výplni paleodolín na západnom svahu 
stratovulkánu a ich vzťahu k predpokladanému andezitovému 
stratovulkánu.

V nadväznosti na problematiku uvedenú v I. časti v tejto 
druhej časti predloženej práce je prevedená analýza reliktov 
vulkanoklastických hornín na južných svahoch Slovenského 
rudohoria, ako aj analýza stavby vulkanosedimentárnych 
komplexov, ktoré budujú náhorné plošiny Pokoradzskej 

a  Blžskej tabule pri severnom okraji Rimavskej kotliny. Relikty 
vulkanoklastických hornín zachované vo vrcholových oblastiach 
horských chrbtov na južných svahoch Slovenského rudohoria sú 
na základe štúdia ich litológie a stavby považované za zvyšky 
výplní pôvodných paleodolín na južných svahoch veporského 
stratovulkánu. Litológia vulkanoklastických hornín a ich stavba 
je doložená geologicko-litofaciálnou mapou a sériou profilov 
v  smere od SZ, S na JV, J. Okrem epiklastických vulkanických 
hornín sa na výplni pôvodných paleodolín podieľajú aj polohy 
chaotických brekcií pyroklastických prúdov a laharov, jednoznačne 
dokazujúce, že paleodoliny predstavovali komunikačné cesty, 
ktorými bol klastický vulkanický materiál v priebehu vývoja 
veporského andezitového stratovulkánu transportovaný na juh 
do sedimentačného priestoru pri južnom úpätí stratovulkánu. 
Južný sedimentačný priestor, kde bol vulkanoklastický materiál 
deponovaný vo fluviálno-limnickom prostredí, predstavoval oblasť 
proluviálnej roviny – delty. Vulkanosedimentárny komplex vo výplni 
južného sedimentačného bazénu reprezentuje vyšnopokoradzská 
formácia (podľa typovej lokality severne od obce Vyšná Pokoradz). 
Zvyšky tejto výplne sa zachovali v podobe náhorných plošín 
Pokoradzskej a Blžskej tabule pri severnom okraji Rimavskej 
kotliny. Litologická výplň pôvodného sedimentačného bazénu 
odkrytá na strmých svahoch na okrajoch Pokoradzskej a Blžskej 
tabule predstavuje unikátny záznam vulkanických udalostí 
v   období vývoja andezitového stratovulkánu. Stavba a  litolológia 
vulkanosedimentárneho komplexu je dokumentovaná geologicko-
litofaciálnou mapou v pôvodnej mierke 1  :  20 000 odvodenej 
od pôvodnej mapy 1 : 10  000 doplnenou geologickými rezmi 
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generálne v smere Z  –  V. V stavbe vulkanosedimentárnych 
komplexov Pokoradzskej a   Blžskej tabule sú podobne ako vo 
výplni paleodolín identifikované fácie epiklastických vulkanických 
hornín reprezentované najmä polohami epiklastických vulka- 
nických pieskovcov, často s vložkami vitrokryštálových tufov 
a  pemzových tufov (ktoré dokumentujú prebiehajúce explozívne 
erupcie), ako aj polohami drobných konglomerátov. Jemnozrnný 
tufový materiál bol zo svahov stratovulkánu do sedimentačného 
bazénu transportovaný splachom prostredníctvom fluviálnych 
zriedených tokov, ako aj v podobe hyperkoncentrovaných prúdov 
(polohy nezvrstvených epiklastických vulkanických pieskovcov). 
Na báze vulkanosedimentárneho komplexu je uložená nesúvislá 
poloha fluviálnych sedimentov v podobe tufitických pieskov 
s  vložkami štrkov s vulkanickým aj nevulkanickým materiálom 
hornín predvulkanického podložia vo variabilnej hrúbke. 
Okrem epiklastických vulkanických pieskovcov sa na stavbe 
vulkanosedimentárneho komplexu podieľajú polohy epiklastických 
vulkanických konglomerátov (stredných až hrubých a hrubých až 
blokových), ktoré pochádzajú z deštrukcie vulkanickej stavby, t. j. 
primárnych uloženín vulkanických brekcií a lávových prúdov. 
Uloženie polôh hrubých až blokových epiklastických vulkanických 
konglomerátov v oblasti sedimentačného priestoru reprezentuje 
obdobie dočasného vulkanického pokoja, v ktorom prebiehala 
deštrukcia vulkanickej stavby. Striedanie polôh hrubých až 
blokových epiklastických vulkanických konglomerátov s polohami 
epiklastických vulkanických pieskovcov v južnejších častiach 
formácie dokumentuje postupnú subsidenciu sedimentačného 
priestoru. 

Hruboúlomkový vulkanoklastický materiál bol do sedi-
mentačného priestoru transportovaný prostredníctvom masových 
prúdov – laharov (úlomkových prúdov) – a uložený v podobe 
chaotických laharových brekcií. K vzniku pohybu laharov 
dochádzalo v dôsledku porušenia stability tufových uloženín na 
svahu stratovulkánu (presýtenie vodou po výdatných dažďoch, 
v dôsledku rýchleho nakopenia materiálu počas vulkanickej 
aktivity, po seizmickom otrase a pod.). Na základe litológie boli 
identifikované uloženiny brekcií studených laharov, ktorých 
materiál pochádzal zo starších uloženín v oblasti stratovulkanického 
svahu, a horúcich laharov, ktorých časť vulkanického materiálu 
sa nachádzala v horúcom stave. Lahary posledného typu boli 
iniciované v súvislosti s priebehom aktuálnej vulkanickej erupcie, 
prípadne predstavovali pôvodné pyroklastické prúdy, ktoré 
sa po vniknutí do vodného prostredia v dôsledku ochladenia 
a  mobilizácie sedimentov na dne bazénu menili na horúce lahary. 
Na južných okrajoch Pokoradzskej tabule v stenách opustených 
lomov a v strope umelých jaskýň sú dutiny po stromoch a odtlačky 
vegetácie, ktoré dokazujú, že lahar pri svojom pohybe zo svahu 
stratovulkánu prechádzal cez zalesnenú oblasť. 

Významným procesom, ktorý sa podieľal na stavbe výplne 
južného sedimentačného priestoru, boli pyroklastické prúdy, ktoré 
boli mobilizované v bezprostrednej súvislosti s prebiehajúcou 
explozívnou aktivitou, prípadne v súvislosti s explozívnou 
deštrukciou a kolapsom extruzívneho dómu. V rámci uloženín 
pyroklastických prúdov sú na základe ich litológie identifikované 
nasledujúce hlavné typy pyroklastických prúdov: a) uloženiny 
popolovo-pemzových prúdov (späté s kolapsmi eruptívnych 
stĺpov plínijského typu), b) chaotické brekcie pyroklastických 
prúdov tvorené prevahou pyroklastického napeneného materiálu 
a tufovým spekaným matrixom (produkty kolapsov eruptívnych 
stĺpov vulkánskeho typu), c) chaotické brekcie popolovo- 
-blokových prúdov s prevahou hruboúlomkového až blokového 
materiálu s angulárnym obmedzením produkované pri explozívnej 
deštrukcii a kolapsoch extruzívnych dómov. Uvedené typy 
pyroklastických a blokovo-popolových prúdov sú rozšírené najmä 

v stavbe vrchných úrovní vulkanosedimentárneho komplexu 
v   oblasti Pokoradzskej a Blžskej tabule. 

Obsahom záverečnej časti predloženej práce je paleo-
vulkanologická rekonštrukcia veporského stratovulkánu na 
základe analytického materiálu prezentovaného v predchádzajúcej 
časti I a časti II. V úvode sú opísané dôkazy, ktoré zdôvodňujú 
opodstatnenosť predpokladu, že širšia oblasť Magnetového vrchu 
s vývojom subvulkanického intruzívneho dioritového komplexu 
a mladších dajkových systémov predstavuje oblasť centrálnej 
vulkanickej zóny s opakovaným výstupom magmatických 
hmôt. Existenciu pôvodného stratovulkanického kužeľa (neskôr 
odstráneného denudáciou), budovaného pyroklastickým 
materiálom a lávovými prúdmi, potvrdzuje relikt lávového prúdu 
v oblasti Klenovského Vepora pri západnom úpätí stratovulkánu, 
ako aj ďalšie relikty výplní paleodolín s radiálnou orientáciou 
k  centrálnej vulkanickej zóne. Na základe pozície lávového 
prúdu v  nadloží vulkanoklastických hornín uložených s úrovňou 
bázy 1 150 m nad morom (predpokladaná úroveň paleoreliéfu) 
a  vzdialenosti od centrálnej vulkanickej zóny cca 11 km je prevedená 
rekonštrukcia konkávneho reliéfu pôvodného stratovulkanického 
kužeľa. Pri zohľadnení pozície intruzívneho komplexu centrálnej 
vulkanickej zóny a reliktov intruzívnych a intruzívno-extruzívnych 
telies v oblasti prechodnej vulkanickej zóny (proximálnej zóny) 
je prevedená paleovulkanická rekonštrukcia stavby veporského 
stratovulkánu v podobe 5 profilov smerujúcich od centrálnej zóny 
k jeho periférii. V oblasti centrálnej vulkanickej zóny sa v nadloží 
subvulkanického intruzívneho komplexu predpokladá pôvodná 
hrúbka mezozoických a paleogénnych sedimentov okolo 190 m. 

Na základe výsledkov štúdia litofácií a ich sukcesie v oblas-
ti výplne sedimentačného bazénu vyšnopokoradzskej formácie 
(odkrytej na svahoch Pokoradzskej a Blžskej tabule) boli rekon-
štruované vulkanické procesy a typy vulkanických erupcií, ako 
aj vývoj stratovulkanického kúžeľa v priebehu niekoľkých štádií. 
Prevedené rádiometrické datovania K/Ar metódou (Dr. Pécskay, 
Lab. ATOMKI, Hung. Acad. Sci., Debrecén) prispeli k spresneniu 
vývoja vulkanickej aktivity a časovej pozície jednotlivých intruzív-
nych a vulkanických telies. Aktivita ryodacitového vulkanizmu je 
datovaná na 12,5 mil. r., vývoj andezitového stratovulkánu prebie-
hal v období sarmatu od 12,28 mil. do 11,56 mil. r. V závere práce 
je opísaná evolúcia veporského stratovulkánu vo vzťahu k vývoju 
južného sedimentačného bazénu vyšnopokoradzskej formácie 
v  priebehu 8 štádií.
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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 Orb.). 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 Devínska Nová Ves Formation. 

According to classification of Badenian stage in view of Kováč 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 Devínska Nová 
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 (Orb.), 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 Devínska Nová Ves Formation, 
Foraminifera

Úvod  

Na z okraji obce Stupava (jv okraj slovenskej časti Vie-
denskej panvy) bol začiatkom 90. rokov hĺbený hydrogeolo-
gický vrt HGP-3 s konečnou hĺbkou 197 m. Je situovaný pri 
diaľnici smerom do Brna, jz od Stupavy (obr. 1, 2), na mapo-
vom liste list 44–221 Stupava. Na foraminifery bolo z vrtu 
študovaných niekoľko vzoriek z hĺbky od 6 m do 189,3  m, 
ktoré doložili bádenský vek sedimentov. V práci sa pridržia-
vame trojdielneho členenia bádenu podľa Vassa (2002). 

Stručná geologická charakteristika územia

Študovaná oblasť z regionálnogeologického hľadiska 
podľa Vassa (Vass ed., 1988a; Vass et al., 1988b) patrí do 
Viedenskej panvy. Sedimentárnu výplň panvy tvoria neo-
génne sedimenty.

Neogénna výplň Viedenskej panvy je tvorená morskými 
až sladkovodnými sedimentmi miocénneho až pliocénneho 
veku. Z miocénnych sedimentov v okolí Stupavy podľa 
geologickej mapy (Fordinál et al., 2012b) vystupujú na 
povrch sedimenty:

• vrchného bádenu, tvorené pieskami s lavicami a   medzi- 
vrstvami štrkov – studienčanské súvrstvie;

• stredného bádenu, tvorené prachovcami, ílmi 
a vápnitými pieskovcami – jakubovské súvrstvie a sedimenty 
devínskonovoveského súvrstvia, tvorené nevápnitými 
pieskami, brekciami a štrkmi.

Prehľad biostratigrafických výskumov

Najstaršie paleontologické práce z okolia Devínskej No-
vej Vsi, Jablonového a Stupavy pochádzajú z druhej polovi-
ce 19. storočia (Hörnes, 1856, 1870; Schaffer, 1898, 1908; 
Toula, 1900, 1915; Adrian a Paul, 1864; Hörnes, 1864). 
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V 50. rokoch minulého storočia bola riešená stratigra-
fia sedimentov spodného až vrchného miocénu Viedenskej 
panvy (Buday a Cicha, 1956; Dlugi, 1957; Svoboda, 1957; 
Zapletalová, 1957). Zapletalová (1954) v správe podáva 
poznámky k podložiu sarmatu s vyčlenením I. a II. Grillovej 
zóny bádenu.

V r. 1958 sa mikrofaunou v rámci prehľadnej mapy 
východnej časti listu Bratislava zaoberala Brestenská. 
Ide však len o ojedinelé panónsko-pliocénne ostrakódy 
a   mäkkýše. 

Problematiku spodného a vrchného bádenu v lábskej 
elevácii riešil Jiříček (1969). Jiříček (1975) sa na základe 
vrtov zaoberal hranicou karpat – báden v slovenskej časti 
Viedenskej panvy v oblasti Závodu, Letničia, Koválova, 
Studienky, Bresty, Kuklova, Cunína, Šaštína, Smolinského, 
Borského Jura, Moravského Jána, Suchohradu, Dubovej, 
Jakubova, Lábu, Malaciek, Lozorna, Brodského, Čár, 
Kútov, Štefanova a Gbiel.

Foraminifery vo fáciostratotypovej lokalite vrchného bá-
denu na Sandbergu (Devínska Nová Ves) spracoval Jiříček 
(in Papp, Cicha, Seneš a Steininger, 1978).

Foraminifery a ostrakódy v neogénnej kapitole 
Vysvetliviek ku geologickej mape 1 : 25 000 Veľká Bratislava 
spracovala Brestenská (in Vaškovský et al., 1984).

Zlinská (1987a, b, 1992) v rámci zostavovania mapy 
Veľkej Bratislavy vyhodnotila spodnobádenskú mikrofaunu 
z vrtu DNV-1 (Devínska Nová Ves, 496,4 – 512,9 m) 
a  vrchnobádenskú z Dievčieho hradu. 

Mikrofaunistickú charakteristiku sedimentov z listov 
Kúty-1 a Holíč-1, 3 podáva Zlinská (1991).

Fordinál et al. (2002, 2003) sa zaoberali stratigrafiou, 
faunou a nanoflórou bádenských sedimentov v oblasti 

Stupavy, z rovnakých sedimentov boli študované vápnité 
dinoflageláta (Banasová a Reháková, 2003; Banasová et 
al., 2004). 

Fosílne ekosystémy, ich vzťah k paleoprostrediu, depo-
zičné prostredie, sedimentológiu a biostratigrafiu riešil ko-
lektív geológov a paleontológov (Kováč et al., 2005, 2008). 

Výsledky geologického mapovania Záhorskej nížiny 
v   mierke 1 : 50  000 v rokoch 2006 – 2011 a k nemu 
prináležiaca mikropaleontológia (Zlinská) sú zhrnuté v práci 
Fordinála et al. (2012a, 2013).

Foraminifery, ostrakódy a machovky z okolia Sandber-
gu, Devína, Devínskej Novej Vsi a Záhorskej Bystrice spra-

Obr. 1.� Lokalizácia vrtu HGP-3.
Fig. 1. The location of the well 
HGP-3. 

Obr. 2. Litologický profil vrtom HGP-3.
Fig. 2. The lithological log of the well HGP-3.
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covali Hyžný et al. (2012), Zlinská et al. (2013) a Zlinská 
a   Madarás (2014).

Biozonácia bádenu 

Pre biozonáciu neogénu sa v západokarpatských pan-
vách najčastejšie používa zonácia na základe bentických 
foraminifer podľa Grilla (1941, 1943, obr. 3) a Cichu (in Ci-
cha et al., 1975), ktorý rozlišuje zóny podľa planktonických 
a bentických foraminifer. Názvy zón uvádzame v pôvodnej 
terminológii, názvy taxónov podľa platnej nomenklatúry. 

V mikrofaunistickom vývoji báza spodného bádenu je 
definovaná na základe prvého výskytu zástupcov rodu 
Praeorbulina Olson. Je korelovateľný so zónou planktonic-
kých foraminifer Praeorbulina – Orbulina suturalis a so zó-
nou bentonických foraminifer Lenticulina echinata (Cicha et 
al., 1975). Podľa Grilla (1943) je to lagenidová biozóna, kto-
rú Špička a Zapletalová (1964) na základe faciálnych pod-
mienok rozčlenili na spodnú a vrchnú. V spodnom bádene 
sa po prvýkrát objavujú planktonické rody a druhy forami-
nifer s Praeorbulina glomerosa (Blow), ďalej sú prítomné: 
Globigerina praebulloides Blow, G. bulloides Orbigny, G. 
diplostoma Reuss, G. concinna Reuss, Globoturborotalita 
apertura (Cushman), G. woodi (Jenkins), Dentoglobigerina 
obesa (Bolli), Globigerinoides sicanus de Stefani, G. trilo-
bus (Reuss), G. quadrilobatus (Orbigny), Paragloborotalia 
siakensis (Leroy), P. mayeri (Cushman et Ellisor), Globoqu-
adrina dehiscens (Chapman, Parr et Collins) a vo vyššej 
časti zóny aj Orbulina suturalis Broennimann a O. univer-
sa Orbigny. Z bentonických foraminifer sa objavujú hlav-
ne zástupcovia čeľadí Vaginulinidae a Uvigerinidae, rody 
Lenticulina [L. echinata (Orbigny)] a z uvigerín pre morav 
typická U. macrocarinata Papp et Turnovsky. Spodný bá-
den charakterizujú euhalinné asociácie hlbšieho neritika až 
plytkobatyálnej zóny. 

Vrchná hranica spodného bádenu je charakterizovaná 
výskytom indexových fosílií zón bentonických foraminifer 
Pseudotriplasia – Uvigerina semiornata brunensis 
a  Globigerina druryi – G. decoraperta a planktonických 
Globigerina decoraperta – G. druryi (Cicha et al., 1975), 
ktoré chronologicky prislúchajú strednému bádenu. 
V zmysle Grilla (1941) stredný báden predstavuje 
zónu Spiroplectammina carinata (= Spiroplectinella; 
Čtyroká a Zlinská, 1992, 1993; Zlinská a Čtyroká, 
1993). Tento krátky úsek bádenu sa vyznačuje hojným 
zastúpením aglutinovaných foriem, ako Pseudotriplasia 
elongata Malecki, Bathysiphon taurinenense Sacco, 
Haplophragmoides vasiceki vasiceki Cicha & Zapletalová, 
Cyclammina complanata Chapman, C. vulchoviensis 
Venglinsky a Spiroplectinella carinata (Orbigny). Vrchnú 
hranicu zóny ohraničuje objavenie sa planktonického rodu 
Velapertina a bentického rodu Pavonitina. Z vápnitých 
bentických foriem sú charakteristické „ostnaté“ uvigeriny: 
U. orbignyana Czjzek a U. aculeata Orbigny. Planktonickú 
zložku zastupuje po prvýkrát sa objavujúci druh Globigerina 
decoraperta Takayanagi et Saito, ďalej G. druryi Akers 
a  Globoturborotalia nepenthes (Todd). 

Vo vrchnom bádene dochádza k diferenciácii 
mikrofauny na morskú, ktorá je zastúpená v spodnej časti 
podstupňa, a brachyhalinnú, vo vrchnej časti podstupňa 
a  aj laterálne s  dominanciou rodu Ammonia. Vrchný báden 
mikrofaunisticky prislúcha zóne planktonických foraminifer 
Velapertina a bentonických foraminifer Pavonitina – 
Uvigerina hispidocostata (Cicha et al., 1975). V ponímaní 
Grilla (1941) ide o bulimínovo-bolivínovú zónu, ktorá 
pozvoľne prechádza do zóny Ammonia beccarii. Z fauny 
foraminifer boli zaznamenané druhy, ktoré prechádzajú zo 
stredného bádenu: Bolivina maxima Cicha &  Zapletalová, 
Bulimina elongata Orbigny, B. striata Orbigny, 
Praeglobobulimina pupoides (Orbigny), P. ovata (Orbigny), 

P. pyrula (Orbigny), Uvigerina brunensis Karrer, Pappina 
neudorfensis (Toula), Orbulina suturalis Broennimann, 
Globigerinoides trilobus (Reuss), G. quadrilobatus 
(Orbigny), Globigerina bulloides Orbigny, G. diplostoma 
Reuss, Paragloborotalia mayeri (Cushman et Ellisor) 
a  zriedkavo Globigerina druryi Akers, Globoturborotalia 
nepenthes (Todd), Globoturborotalita apertura 
(Cushman). Nad uvedenou asociáciou sú vyvinuté vrstvy 
brakické až sladkovodné s ochudobnenou mikrofaunou 
zóny Ammonia beccarii (Grill, 1941) a zóny Cibicides 
aff. badenensis – Elphidium reginum (Cicha et al., 
1975), prechádzajúce do najspodnejšieho sarmatu.

K ďalším mikrobiostratigrafickým zónovaniam neogé-
nu patria zóny Bolliho (1966), Blowa (1969) a Berggrena 
et al. (1995) postavené pre tropické oblasti. Z bioprovin-
cionálno-klimatických dôvodov nie sú vždy aplikovateľné 
s dostatočnou presnosťou ani v mediteránnej oblasti, ani 
v centrálnej Paratetýde.

Študované litostratigrafické jednotky bádenu

Stredný báden je zastúpený terestrickými sediment-
mi devínskonovoveského súvrstvia (pôvodne devínsko-

Obr. 3. Biozonácia bádenu a sarmatu.
Fig. 3. Badenian and Sarmatian biozonation.
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novoveské vrstvy; Vass et al., 1988c), ktoré Fordinál (in 
Kohút et al., 2007; Fordinál et al., 2010) vzhľadom na jeho 
genézu začlenil do hierarchicky vyššej jednotky – súvrstvia. 
Devínskonovoveské súvrstvie reprezentujú viaceré litofácie. 

Morské až brakické sedimenty strednobádenského 
veku reprezentuje jakubovské súvrstvie (Špička, 1966). 
Jeho členmi sú levárske piesky (Jiříček, 2002), žižkovské 
vrstvy (Buday, 1946; zlepence, pestré íly, piesky a pieskov-
ce) a stupavské vrstvy (predtým lábske piesky; Baráth et 
al., 2001). V pieskoch stupavských vrstiev boli identifiko-
vané chudobné a málo diverzifikované spoločenstvá fora-
minifer, v ktorých mali najhojnejšie zastúpenie zástupcovia 
rodu Elphidium [E. crispum (L.), E. macellum (F. – M.), E. 
fichtelianum a E. rugosum (Orb.)] a druh Ammonia becca-
rii (L.). Okrem nich boli v získaných asociáciách prítomné 
taxóny Asterigerinata planorbis (Orb.) a Uvigerina semior-
nata semiornata Orb. (Zlinská, 2007).

Jakubovské súvrstvie obsahuje spoločenstvá foramini-
fer biozóny Spiroplectammina carinata, možno ho korelovať 
so špačinským súvrstvím Podunajskej panvy a   s  vranov-
ským súvrstvím Východoslovenskej panvy.

Vrchnobádenské sedimenty vo Viedenskej panve 
reprezentuje studienčanské súvrstvie. Ako studienske 
vrstvy ich opísal Špička (1966). Súvrstvie tvoria sivé, 
vápnité pelitické sedimenty, prevažne íl/ílovec (tégel), 
prechádzajúce do pieskov. Prostredie vzniku bolo 
morské, panvové, neritické. K okraju panvy sa prostredie 
vysladzovalo na lagunárne až sladkovodné. Súvrstvie leží 
na jakubovskom súvrství stredného bádenu, s ktorým je 
späté postupnými prechodmi, alebo na predbádenských 
sedimentoch, napr. na závodskom súvrství karpatu; 
zakryté je holíčskym súvrstvím sarmatu. Maximálna hrúbka 
súvrstvia do 900 m je v kútskej priekope. 

V súvrství bol opísaný marginálny člen – sandber-
ské vrstvy. Stratotypom je stará pieskovňa na svahu kóty 
Sandberg. Opísali ich Baráth et al. (1994). Vrstvy ležia 
diskordantne na mezozoickom podloží a postupne late-
rálne prechádzajú do pelitov studienčanského súvrstvia. 
V stratotypovej oblasti sú skryto diskordantne zakryté ho-

líčskym súvrstvím (sarmat). Maximálna hrúbka vrstiev je 
90 – 100  m. Rozšírené sú na severozápadnom úpätí Malých 
Karpát (Devínska Nová Ves, Záhorská Bystrica, Rohož-
ník). V pieskoch na svahoch kóty Dievčí hrádok (201,4  m 
n. m.) južne od obce Záhorská Bystrica bola nájdená fauna 
foraminifer tvorená druhmi Globulina gibba Orb., Asteri-
gerinata planorbis (Orb.), Ammonia beccarii (Linné), Cri-
brononion notabilis (Pishvanova) a Vertebralina foveolata 
Franzenau (Zlinská, 1987b).

Ekvivalentmi studienčanského súvrstvia v dunajskej 
panve je báhoňské a pozbianske súvrstvie, vo Východoslo-
venskej panve lastomírske súvrstvie.

Metodika

Z hydrogeologického vrtu HGP-3 (koordináty GPS: 
48,2617 S, 17,0089 V) bolo na mikrofaunistické štúdium 
odobratých 18 vzoriek. Najviac vzoriek (10) bolo odobratých 
zo sivých ílov, z pieskov a pieskovcov 6 vzoriek, po jednej 
z ílov so zuhoľnatenými zvyškami a polohami materiálu 
kryštalinika a pieskovcov. Po rozplavení horniny (60 dkg) 
cez mlynársky hodváb sme z výplavu získali foraminifery, 
mäkkýše a otolity rýb (Fordinál et al., 2002, 2003; 
Zlinská, 2002). Vyseparované foraminifery sme študovali 
pod binokulárnou lupou a rastrovacím elektrónovým 
mikroskopom (Hitachi S – 800 v Ústave informatiky 
SAV, pozri fototabuľky I. – III.). Na určenie foraminifer 
a  stratigrafické rozšírenie taxónov sme použili literatúru 
hlavne pre centrálnu Paratetýdu (napr. Cicha et al., 1986, 
1998; obr. 5). Prehľadné zastúpenie zistených taxónov 
v  jednotlivých hĺbkach vrtu HGP-3 prezentuje tab. 1.

Výsledky

Z hydrogeologického vrtu HGP-3 (obr. 1, 2), lokalizo-
vaného na z okraji obce Stupava, sme z hĺbky od 6 m do 
189,3 m na mikrofaunu študovali 18 vzoriek. Celkovo sme 
determinovali 68 taxónov foraminifer (tab. 1), na základe 
ktorých môžeme sedimenty chronostratigraficky priradiť 

Obr. 4. Litostratigrafické jednotky bádenu (Fordinál in Fordinál et al., 2012a, upravené).
Fig. 4. Badenian lithostratigraphical units (Fordinál in Fordinál et al., 2012a, modified).
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k  bádenu. V rámci tohto stupňa sme pri jeho trojdielnom 
členení podľa Vassa (2002) doložili 2 podstupne:

V hĺbke 6 – 22,9 m bola zistená typická mikrofauna 
vrchného bádenu, ktorá prislúcha zóne planktonických 
foraminifer Velapertina a bentických foraminifer Uvigerina 
hispidocostata – Pavonitina (Cicha et al., 1975) (obr. 3). 
Podľa členenia Grilla (1941) je to bulimínovo-bolivínová 
zóna (obr.  3). V hĺbke 6 – 13   m je reprezentovaná typickou 
foraminiferovou mikrofaunou hlbokovodnejších bulimín 
a  bolivín (napr. Bolivina dilatata maxima C. – Z., Bulimina 
elongata Orb.). Kvantitatívnu prevahu má však planktonic-
ká zložka (obr. 6) [Globigerina concinna Rss., Globigerina 
tarchanensis Subb. – Chutz., Globigerina druryi Akers, Glo-
boturborotalita nepenthes (Todd), Globigerina decoraperta 
(Takayanagi – Saito) a Globigerina praebulloides Blow], kto-
rá smerom k podložiu ustupuje. Litostratigraficky sedimenty 
zodpovedajú studienčanskému súvrstviu (obr. 4).

Stredný báden je zastúpený od hĺbky 22,9 m do 189,3 m 
a prislúcha zóne planktonických foraminifer Globigerina 
druryi – Globigerina decoraperta a bentických foraminifer 
Pseudotriplasia elongata – Uvigerina semiornata brunen-
sis (Cicha et al., 1975) (obr. 3). Podľa členenia Grilla (1941) 
je to zóna Spiroplectammina carinata. Planktonická zložka 
ustupuje na úkor bentosu, objavujú sa aglutinované formy 
charakterizujúce stredný báden [Spiroplectinella carinata 
(Orb.), Martinottiella communis (Orb.), Textularia laevigata 
Orb., Textularia gramen (Orb.)] a vápnitý bentos, hlavne 
uvigeriny (Uvigerina aculeata orbignyana Czjz., Uvigeri-
na semiornata adolphina von Daniels – Cicha, Uvigerina 

semiornata brunnensis Karrer, Uvigerina semiornata 
kusteri von Daniels & Spiegler, Uvigerina venusta venus-
ta Franzenau, Uvigerina semiornata urnula Orb.). Litostra-
tigraficky sedimenty zodpovedajú jakubovskému súvrstviu 
a  od  137,5  m devínskonovoveskému súvrstviu (obr. 4).

Získané výsledky korešpondujú s mikrofaunistickými 
výsledkami studienčanského súvrstvia na S okraji obce 
Devínska Nová Ves. Z neďalekého vrtu DNV-1 (Devínska 
Nová Ves) boli strednobádenské „ostnaté“ uvigeriny ziste-
né v hĺbke 13,4 m (Zlinská, 1992) a v hĺbke 7,3 – 13,4 m 
bola nájdená vrchnobádenská asociácia foraminifer s pre-
vahou typických bentických foriem: Pappina neudorfensis 

Obr. 5. Rozšírenie foraminifer v centrálnej Paratetýde.
Fig. 5. Occurrence of foraminifers in the Central Paratethys.

TAXÓN KARPAT
BÁDEN

Morav Vielič Kosov

Bolivina dilatata maxima

Globigerina decoraperta
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Pappina neudorfensis
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Obr. 6. Graf pomerného zastúpenia jednotlivých typov foraminifer 
vo vrte HGP-3 (Stupava). a – aglutinované; vb – vápnitý bentos; 
p – planktón.
Fig. 6. Plot of the occurrence of individual types of foraminifers 
in the well HGP-3 (Stupava). a – agglutinated; vb – calcareous 
benthos; p – plankton.



Mineralia Slovaca, 47 (2015)182

TAB. I. 1 – Globigerina concinna Rss., HGP-3/6,0 – 6,1 m; 2 – Elphidium aculeatum (Orb.), HGP-3/6,0 – 6,1 m; 3 – Globigerina bulloides 
Orb., 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 
až 23,0 m; 7 – Bulimina subulata Cushman et Parker, HGP-3/22,9 – 23,0 m; 8 – Spiroplectinella carinata (Orb.), HGP-3/22,9 – 23,0 m; 
9 – Fursenkoina acuta (Orb.), HGP-3/22,9 – 23,0 m; 10, 13 – Uvigerina aculeata aculeata Orb., HGP-3/22,9 – 23,0 m; 11 – Uvigerina 
semiornata kusteri von Daniels and Spiegler, HGP-3/22,9 – 23,0 m; 14 – Bulimina elongata Orb., 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 
Orb., HGP-3/49,9 – 50,0 m; 19 – Valvulineria complanata (Orb.), HGP-3/22,9 – 23,0 m; 20 – Valvulineria complanata (Orb.), HGP-3/49,9 
až 50,0 m. 
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TAB. II. 1 – 5 – Globigerinoides trilobus (Rss.), HGP-3/49,9 – 50,0 m; 6 – Bulimina striata striata Orb., HGP-3/49,9 – 50,0 m; 7, 
8 – Guttulina communis (Orb.), HGP-3/49,9 – 50,0 m; 9 – Uvigerina semiornata Orb., HGP-3/49,9 – 50,0 m; 10 – Martinottiella communis 
(Orb.), HGP-3/49,9 – 50,0 m; 11 – Praeglobobulimina pupoides (Orb.), HGP-3/49,9 – 50,0 m; 12, 13 – Spiroplectinella carinata (Orb.), 
HGP-3/49,9 – 50,0 m; 14 – Chilostomella ovoidea Rss., HGP-3/108,9 – 109,0 m; 15 – Nonion commune (Orb.), 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 (Orb.), HGP-3/134,1 – 134,4 m.
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TAB. III. 1, 2 – Guttulina communis (Orb.), HGP-3/80,6 – 80,8 m; 3 – Pullenia bulloides (Orb.), HGP-3/80,6 – 80,8 m; 4 – Fursenkoina 
acuta (Orb.), HGP-3/80,6 – 80,8 m; 5 – Sphaeroidina bulloides (Orb.), HGP-3/80,6 – 80,8 m; 6 – Uvigerina semiornata Orb., HGP-3/80,6 
až 80,8 m; 7 – Uvigerina aculeata aculeata Orb., HGP-3/80,6 – 80,8 m; 8 – Orbulina suturalis Broenn., HGP-3/80,6 – 80,8 m; 9 –  Bulimina 
subulata Cushman & 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 Orb., HGP-3/49,9 – 50 m.
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Ammonia beccarii (L.) x x x x x x x
Amphimorphina haueriana Neugeb. x
Asterigerinata planorbis (Orb.) x x x x x x
Bolivina antiqua Orb. x
Bolivina cf. viennensis Marks x
Bolivina dilatata dilatata Rss. x x x
Bolivina dilatata maxima C.- Z x x
Bolivina ex gr. dilatata Rss. x
Bulimina aculeata Orb. x
Bulimina elongata Orb. x x x x x
Bulimina striata striata Orb. x x x
Bulimina subulata Cushman et Parker x
Cancris auriculus (F.-M.) x
Elphidium aculeatum (Orb.) x
Elphidium crispum (L.) x x x
Elphidium fichtelianum (Orb.) x x x x x x x
Elphidium macellum (F.-M.) x x
Fursenkoina acuta (Orb.) x x x
Glandulina ovula Orb. x
Globigerina bulloides Orb. x x x x x
Globigerina concinna Rss. x x
Globigerina decoraperta Takayanagi-Saito x x x
Globigerina diplostoma Rss. x x
Globigerina druryi Akers x
Globigerina praebulloides Blow x x
Globigerina sp. x
Globigerina subcretacea Lomnicki x x
Globigerina tarchanensis Subb. – Chutz. x x
Globigerinoides quadrilobatus (Orb.) x x
Globigerinoides trilobus (Rss.) x x x
Globoturborotalia nepenthes (Todd) x
Globulina gibba Orb. x x x
Guttulina communis (Orb.) x x
Hansenisca soldanii (Orb.) x x x x
Heterolepa dutemplei (Orb.) x x x x x
Chilostomella ovoidea  Rss., x
Laevidentalina communis (Orb.) x
Lagena striata (Orb.) x
Lobatula lobatula (W.-J.) x x x
Martinottiella communis (Orb.) x x x
Melonis pompilioides (F.-M.) x x x x x x x x
Nonion commune (Orb.) x x x x x x x x
Orbulina suturalis Broenn. x
Pappina neudorfensis (Toula) x x
Paragloborotalia regularis (Orb.) x
Praeglobobulimina pupoides (Orb.), x
Praeglobobulimina pyrula (Orb.) x x x
Pullenia bulloides (Orb.) x x x x x x
Pyrgo simplex (Orb.) x x x
Sigmoilopsis celata (Costa) x x x
Sinuloculina consobrina (Orb.) x x
Sphaeroidina bulloides Orb. x x x x x
Spiroloculina canaliculata Orb. x x
Spiroplectinella carinata (Orb.) x x x x x x x
Stilostomella adolphina (Orb.) x
Stilostomella consobrina (Orb.) x
Textularia gramen Orb. x
Textularia laevigata Orb. x
Uvigerina aculeata aculeata Orb. x x
Uvigerina aculeata orbignyana Czjz. x
Uvigerina pygmoides P. - T. x
Uvigerina semiornata adolfina von Daniels-Cicha x x x
Uvigerina semiornata brunnensis Karrer x
Uvigerina semiornata kusteri von Daniels and Spiegler x x
Uvigerina semiornata semiornata Orb. x x x
Uvigerina semiornata urnula Orb. x x
Uvigerina venusta venusta Franzenau x
Valvulineria complanata (Orb.) x x x

Tab. 1 
Zastúpenie taxónov v jednotlivých hĺbkach vrtu HGP-3

Taxons presence in the individual depths of the HGP-3 well
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(Toula), U. brunnensis (Karrer), Bulimina elongata (Orb.), 
Bolivina dilatata (Rss.) (Zlinská, 1990, 1992). Rovnako ju 
môžeme korelovať s mikrofaunou tehelne v Devínskej No-
vej Vsi (Čtyroká a Zlinská, 1993; Zlinská a Čtyroká, 1993) 
a z vrtov ZNV-1 (Devínska Nová Ves) a ZNV-3 (Záhorská 
Bystrica) (Zlinská et al., 2013). 

Diskusia

Názory na členenie stupňa báden v centrálnej Parate-
týde sa rôznia. Podľa Kováča et al. (2007) spodný báden 
– lagenidová zóna – začína na hranici 16,303 Ma. Vrchný 
báden na 13,654 Ma a je totožný s bázou nanoplanktóno-
vej zóny NN6 (Martini, 1971) končiacej v sarmate na 11,85 
Ma, pričom báza nanoplanktónovej zóny NN6 je v zóne 
aglutinancií. Báza zóny aglutinancií je na hranici 14,194 Ma 
a  vrchná hranica 13,5 Ma, kde už začína bulimínovo-boli-
vínová biozóna, ktorá ukončuje bádenský sedimentačný 
cyklus na 12,75 Ma. 

V tomto chronostratigrafickom ponímaní by sedimenty 
vo vrte HGP-3 z hĺbky 6 – 22,9 m zodpovedali vrchnému 
bádenu, od 22,9 m do 197 m tiež vrchnému bádenu s tým, 
že časť sedimentov devínskonovoveského súvrstvia by bola 
spodnobádenská. Najpreukázanejšou metrážou sú vzorky 
z hĺbky 160,3 – 160,4 m s Uvigerina semiornata urnula 
(Orb.), ktorej vrchný výskyt v centrálnej Paratetýde ukon-
čuje vrchná hranica nanoplanktónovej zóny NN5 (Cicha et 
al., 1986). 

Iné členenie bádenu navrhuje Hohenegger et al. (2014). 
Na 16,303 Ma je báza raného bádenu, pričom báza pre-
orbulínovej zóny je už vo vrchnom karpate (16,38 Ma). Na 
15,032 Ma je báza stredného bádenu a 13,82 Ma báza 
pozdného bádenu, ktorá je identická s bázou zóny aglu-
tinancií. Stupeň morav (raný a stredný báden) zahŕňa 
spodnú a vrchnú lagenidovú zónu; vielič (stredný báden) 
a kosov (vrchný báden) predstavujú pozdný báden. Báza 
nanoplanktónovej zóny NN6 (Martini, 1971) je medzi zónou 
aglutinancií a bulimínovo-bolivínovou zónou v pozdnom bá-
dene na 13,53 Ma a pokračuje celým sarmatom. Vrchné 
ohraničenie bulimínovo-bolivínovej zóny, ktorá ukončuje 
bádenský sedimentačný cyklus, je na 12,829 Ma. 

V prípade členenia bádenu podľa Hoheneggra et al. 
(2014) by všetky študované hĺbky vrtu HGP-3 patrili jediné-
mu podstupňu, vrchnému bádenu, pretože vrchná hranica 
nanoplanktónovej zóny NN5 (Martini, 1971) je takmer to-
tožná s vrchnou hranicou zóny aglutinancií.

Záver

Z hydrogeologického vrtu HGP-3 (obr. 1, 2) sme z hĺbky 
od 6 m do 189,3 m determinovali 68 taxónov foraminifer 
(tab. 1), na základe ktorých sedimenty chronostratigrafic-
ky zaraďujeme do bádenu. V rámci bádenu sme vyčlenili 
2  podstupne, stredný a vrchný:

V hĺbke 6 – 22,9 m bola zistená typická morská mikro-
fauna vrchného bádenu bulimínovo-bolivínovej biozóny 
(Grill, 1941; obr. 3). V hĺbke 6 – 13 m je reprezentovaná 
typickou mikrofaunou hlbokovodnejších bulimín a bolivín, 

ktoré veľmi dobre tolerujú znížený obsah kyslíka pri dne, 
avšak kvantitatívnu prevahu v asociácii má planktonická 
zložka (obr. 6) (Globigerina bulloides Orb., Globigerina 
concinna Rss., Globigerina decoraperta Takayanagi- 
-Saito, Globigerina diplostoma Rss., Globigerina druryi 
Akers, Globigerina praebulloides Blow etc.), čo svedčí 
v  tomto období o dobrej komunikácii s otvoreným morom. 
Litostratigraficky sedimenty zodpovedajú studienčanskému 
súvrstviu (obr. 4).

Stredný báden je zastúpený od hĺbky 22,9 m do 
189,3 m. Planktonická zložka ustupuje na úkor bentosu, 
objavujú sa aglutinované formy biozóny Spiroplectammi-
na carinata, zhruba do hĺbky 104,5 m, ktoré poukazujú na 
hlbšie neritické prostredie depozície organodetritických 
terigénnych bahien s normálnou salinitou. Od hĺbky 108,9 
až   134,7 m sa objavuje Ammonia beccarii (L.), ktorá spolu 
s elfídiami [Elphidium crispum (L.), Elphidium fichtelianum 
(Orb.) a  Elphidium macellum (F. – M.)] indikuje prostredie 
plytkého šelfu. 

Litostratigraficky sedimenty zodpovedajú jakubovské-
mu súvrstviu, od 137,5 m devínskonovoveskému súvrstviu 
(obr. 4).

V ponímaní členenia stupňa báden podľa Kováča et al. 
(2007) by sedimenty vo vrte HGP-3 z hĺbky 6 – 22,9 m zod-
povedali vrchnému bádenu, od 22,9 – 197 m tiež vrchnému 
bádenu s tým, že časť sedimentov devínskonovoveského 
súvrstvia by bola spodnobádenská. Najpreukázanejšou 
metrážou sú vzorky z hĺbky 160,3 – 160,4 m s Uvigerina 
semiornata urnula (Orb.), ktorej vrchný výskyt v centrál-
nej Paratetýde ukončuje vrchná hranica nanoplanktónovej 
zóny NN5 (Cicha et al., 1986). 
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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 
Orb.). Quantitative prevalence is shown by the planktonic 
part (Globigerina tarchanensis Subb. – Chutz., Globigeri-
na druryi Akers, Globoturborotalia nepenthes (Todd), Glo-
bigerina decoraperta (Takayanagi-Saito) and Globigerina 
praebulloides Blow], 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 (Orb.), Martinottiella communis (Orb.), Textularia 
laevigata Orb., Textularia gramen Orb.] and calcareous 
benthos, mostly Uvigerinas (Uvigerina semiornata 
adolphina von Daniels – Cicha, Uvigerina semiornata 
brunnensis Karrer, Uvigerina semiornata kusteri von 
Daniels and Spiegler, Uvigerina venusta venusta Franzenau, 
Uvigerina semiornata urnula Orb.). Lithostratigraphically 
the deposits belong to the Jakubov Formation (Fig. 4), and 
from 137.5 m to the Devínska Nová Ves Formation. 

According to classification of Badenian stage in view 
of Kováč 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 
Devínska Nová 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 (Orb.), 
which upper presence in the Central Paratethys terminates 
at the upper limit of nanoplankton zone NN5 (Cicha et al., 
1986).
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Nález mikrofauny z klastov karbonátovo-silicitových brekcií
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(Doručené do redakcie 27. 8. 2015, prijaté na publikovanie 5. 10. 2015)

Microfauna from the clasts of the carbonate-silicite breccias found
near the Bohúňovo village (Slovak Karst, Western Carpathians) 

The carbonate-silicite clasts were discovered near the Bohúňovo 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

Úvod

Článok prináša nové zistenia z výskumu okolia meta-
karbonátového telesa pri obci Bohúňovo v Slovenskom 
krase. V príspevku je uvedený opis výskytu karbonátovo-si-
licitového klastika s preukázateľnou mikrofaunou, ktorý tvorí 
litologicky kontrastný fragment v rámci dominantného kom-
plexu rekryštalizovaných hončianskych vápencov, v ktorých 
sa nezachovali žiadne fosílne zvyšky. Karbonátovo-silicito-
vý fragment vystupuje na povrch len v rámci južnej časti 
odkrytého bývalého kameňolomu s výskytom stredno- až 
hrubokryštalických bielych a sivobielych vápencov. V študo-
vanom karbonátovo-silicitovom fragmente sa nachádzajú 
spoločenstvá foraminifer a rádiolárií jednak v karbonáto-
vých, ako aj v silicitových klastoch, tvoriacich čiastočne tek-
tonizované klastikum. Práve v karbonátových klastikách ide 
o prvý opis takýchto fosílnych spoločenstiev.

Geologická charakteristika

Lokalita je situovaná na juhovýchodnom Slovensku, 
v  katastri obce Bohúňovo (obr. 1), okres Rožňava. Na-
chádza sa na ľavom brehu rieky Slaná cca 500 m južne 
od  obce. Poloha lokality zodpovedá 48°30´317´ severnej 

šírky a 20°23´130´ východnej dĺžky s nadmorskou výškou 
200 m. Skúmané územie predstavuje morfologicky výraznú 
vyvýšeninu izolovane vystupujúcu z okolitého prevažne za-
rovnaného terénu (obr. 2a). 

Dominantné teleso rekryštalizovaných hončianskych 
vápencov je zaradené do tektonickej jednotky meliatika 
(obr. 1), a to v podobe olistolitov v jurskej olistostrómovej 
melanži (Mello et al., 1996). Pôvodne boli tieto vápence de-
finované podľa ich výskytu v typovej lokalite Teplá stráň pri 
Honciach (Gaál, 1987). Napriek tomu, že pôvodná lokali-
ta bola neskôr preradená do turnaika, označenie pre tieto 
vápence zostáva v platnosti aj pre výskyt v meliatiku, kto-
ré boli opísané vo forme olistolitov na severných svahoch 
Plešiveckej planiny. V olistolitoch meliatika majú tieto svet-
lé vápence prevažne rekryštalizovaný charakter, pričom 
sa striedajú so silicitmi, tmavými bridlicami a vápencami. 
Výskyt vápencov hončianskeho súvrstvia v turnaiku spre-
vádza diagenetický proces dolomitizácie prejavujúci sa prí-
tomnosťou vložiek žltkastých dolomitov (Mello et al., 1997). 

Spodná hranica veku hončianskych vápencov, horniny, 
bola určená na základe konodontov Neogondolella regalis 
Mosher vo vrte MEL-1 (Kozur, 1991). Strednotriasový vek 
konodontov bol spresnený na egej (spodný anis). Vrchnú 
hranicu na bityn, maximálne spodný pelsón určujú nálezy 
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konodontov z červených vápencov, ktoré vypĺňajú medzery 
v svetlých kryštalických vápencoch (Kozur a Mock, 1973). 
Gaál (1982) tento vekový údaj potvrdil, keď vo vrte MEL-1 
(231,8 m) objavil konodonty Neospathodus germanicus 
Kozur, ktorým je pripisovaný vek bityn až spodný pelsón.

Podľa Mella (1997, 2004) sa čiastková štruktúra me-
liatika označená ako meliatsky „príkrov“ vynára južne od 
rožňavského zlomu spod silicika alebo turnianskeho prí-
krovu v tektonických oknách, pričom jedno z nich tvorí aj 
Bohúňovo. Prakticky jediným reprezentantom „príkrovu“ je 
meliatska bridličnato-rádiolaritovo-olistostrómová formácia 
jurského veku. 

Triasové rekryštalizované vápence sa vyskytujú len 
vo forme blokov (olistolitov) v olistostróme a predstavujú 
najtypickejší člen predriftového štádia meliatika. Matrix 
olistostrómy obsahuje polohy silicitov (rádiolaritov). 

V prípade výskytu v Bohúňove sa prikláňame 
k  označeniu „melanž“, v ktorej sú horniny tektonicky 
čiastočne prepracované. Meliatsky „príkrov“ sa vyznačuje 
komplikovanou až chaotickou vnútornou stavbou. Zvlášť 
zložité sú melanžové štruktúry, ktoré vznikli po premiešaní 
meliatského súvrstvia s permsko-spodnotriasovými eva-
poritmi nadložnej tektonickej jednotky silicika (Mello, 1997, 
2004). V okolí Bohúňova boli realizované prieskumné 
práce, ktoré potvrdili prítomnosť evaporitov (Rozložník, 

Obr. 1. Geologická mapa študovanej oblasti (s použitím podkladov Mello et al., 1996).
Fig. 1. Geological map of the studied area (according Mello et al., 1996). 

1977; Dianiška et al., 1984; Bajtoš et al., 1996). Inkorporácia 
hornín meliatika v evaporitových formáciách silicika bola 
spôsobená tektonickým sunutím príkrovov počas kolízneho 
štádia vývoja orogénu (Mello et al., 1997). 

Metodika

Mikrofauna bola pozorovaná a analyzovaná z 12 vý-
brusov v polarizačnom mikroskope Olympus BX51TF 
na  Katedre geológie a paleontológie PriF UK v Bratislave. 
Fotodokumentácia sa snímala pomocou digitálnej kamery 
Leica DFC209 a upravila sa v programe Leica Applica-
tion Suite ver. 4.0.0 použitím grafického editora GIMP ver. 
2.6.12. Klasifikácia mikrofácií bola použitá podľa Dunhama 
(1962), doplnená Wrightom (1992).

Rádiolárie boli separované rozpúšťaním šiestich 
masívnych vzoriek v roztoku 4 % kyseliny fluorovodíkovej. 
Jednotlivé vzorky boli podrvené na úlomky s rozmermi 
približne 1 cm2 a umiestnené v sitkách vo vrchnej časti 
nádoby s kyselinovým roztokom.

Pri rozpúšťaní sme použili metodiku, pri ktorej sa 
vzorky v kyselinovom roztoku rozpúšťajú 5 – 6 dní, pričom 
každé dve hodiny sa rozpúšťaná vzorka premýva. Počas 
premývania sa koncentrácia kyselinového roztoku znižuje 
na polovicu a rozpustený materiál zachytený na dne nádo-
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by sa premiestňuje do osobitnej nádoby, kde tento materiál 
zhromažďujeme. Počas každého premývania je nutné 
vymeniť vrchnú časť roztoku v nádobe s rozpusteným 
materiálom za čistú vodu, aby sa koncentrácia kyseliny 
postupne znižovala. Týmto spôsobom nenastáva poško-
denie a rozpustenie vyseparovaného materiálu. 

Riedený kyselinový roztok sa každé ráno počas doby 
rozpúšťania obnovuje na koncentráciu 4 %. Po uplynutí 
doby rozpúšťania sa rozpustený materiál preleje do nádo-
by so slabou koncentráciou peroxidu vodíka (používame 
2  l vody s 0,5 – 1 dcl H2O2), v ktorej sa 2 hodiny prevára, 
aby sa odstránila silicitová výplň rádioláriových schránok 
(Missoni, os. kom. 2012). Po preváraní je obsah nádoby 
s rozpusteným materiálom preosiaty cez sitá s veľkosťou 
oka 0,25; 0,125 a 0,063 µm. Výplav zachytený na dvoch 
menších sitách sa premiestni na hodinové sklíčko a nechá 
sa vysušiť. Po odparení vody sa rádiolárie ručne separujú 
pod binokulárnou lupou a následne sa jednotlivé vzorky 

dokumentujú pomocou skenovacieho 
elektrónového mikroskopu. Na fotodoku-
mentáciu morfológie vyseparovaných rá-
diolárií sme použili skenovací mikroskop 
značky FEI Inspect F50.

Výsledky

Litológia karbonátovo-silicitových 
brekcií

V blízkosti južného výskytu sivých 
rekryštalizovaných vápencov sú prí-
tomné masívne polohy červených rá-
diolaritov, v rámci ktorých sa vyskytujú 
izolované bloky sivých organogénnych 
vápencov bez prejavov rekryštalizácie 
(obr. 2b). Lokálne prenikali silicity do or-
ganogénnych vápencov (obr. 2c). V  tes-
nej blízkosti silicitu bol objavený blok 
karbonátovo-silicitovej brekcie s prejavmi 
tlakového zatláčania (stylolity) na styku 
niektorých klastov (obr. 2d). 

Hlavné zastúpenie v hornine majú 
rôznofarebné klasty prevažne karbo-
nátového charakteru s nepravidelnou 
sféricitou. Prevládajú klasty bielych orga-
nogénnych vápencov veľkosti od 5  mm 
do 4  cm nad žltohnedými klastmi vá-
pencov rozmerov do 5 mm. Najmenšiu 
distribúciu v skúmaných horninách majú 
klasty sivohnedých vápencov, ktorých 
veľkosť sa pohybuje v rozmedzí od 5 mm 
do 1 cm. Karbonátové obliaky majú mier-
ne porušený pravidelný tvar zaoblenia 
v  dôsledku ich stlačenia, čo je viditeľné 
v priereze vo forme ostrejšieho obvodo-
vého ohraničenia lemovaného červený-
mi rádiolaritmi (obr. 3a – d). Prítomnosť 
metamorfne prepracovaných klastov vá-
pencov v skúmaných horninách nebola 

potvrdená. V prierezoch je viditeľná chaotická distribúcia 
veľkostne výrazne diferencovaných klastov bez znakov 
usmernenia často s protichodnou rotáciou. Priestor medzi 
klastmi býva redukovaný výrazným zhustením prítomných 
klastov a len lokálne je lemovaný rádiolaritmi. Z   nekarbo-
nátových fragmentov boli prítomné klasty prevažne čer-
vených, menej zelených rádiolaritov. Obliaky červených 
rádiolaritov dosahujú veľkosť nad 1 cm a niektoré predĺžené 
tvary majú až 4 cm. Červené rádiolarity sa vyskytujú na 
mieste kontaktu s organogénnymi vápencami a v karboná-
tovo-silicitových brekciách. Zelené odtiene rádiolaritov boli 
prítomné len ojedinele v okrajových častiach skúmaných 
hornín. V mikroštruktúre boli často pozorované rádiolárie 
s rôznym stupňom zachovania. Deformačne prepracovaný 
matrix karbonátovo-silicitového fragmentu má jemnozrnný 
charakter a tvoria ho mikroskopické až submikroskopické 
zrná okolitých klastov. Pomerne časté je zastúpenie klas-
tických chloritov pozdĺž okrajových častí klastov, ktoré sa 

Obr. 2. Lokalizácia skúmaného územia a ukážky hornín. a – celkový pohľad s vyznačením 
miesta výskytu karbonátovo-silicitovej brekcie; b – blok sivých organogénnych vápencov 
v červených rádiolaritoch; c – prierez vzorkou organogénneho vápenca s kontaktom 
červených silicitov; d – prierez karbonátovo-silicitovej brekcie vzorky Bo-11 (foto a scan 
P. Ružička).
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; c – sample section of organogenic limestone with red radiolarite contact; 
d – section of carbonate-silicite breccia of the sample Bo-11 (photo and scan P. Ružička).
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v  niektorých prípadoch prerastali s muskovitom. Prítomnosť 
chloritov a muskovitu medzi klastmi indikuje, že vznikli 
z  pôvodne prítomnej ílovitej zložky, ktorá bola kompletne 
spotrebovaná pri ich formovaní.

Mikropaleontológia a mikrobiostratigrafia
karbonátových klastov

Počas mikroštruktúrnych pozorovaní bolo identifikova-
ných celkovo 18 taxónov foraminifer v troch spoločenstvách 
z rôznych klastov vápencov. Organogénne vápence 
v mikrofácii krinoidovo-peloidálnych grainstonov obsahovali 
involutinidné foraminifery. Identifikované druhy zastupujú 
druhy Aulotortus pragsoides Oberhauser (obr. 4f), 
ktorý je charakteristický pre ladinsko-spodnokarnské 
súvrstvia Slovenského krasu a Aulotortus cf. sinuosus 
Weyschenk, ktorý je známy z vrchného triasu všetkých 
tektonických jednotiek (Salaj et al., 1981; tab. 1). 
Druh Aulotortus pragsoides Oberhauser predstavuje 
v  Západných Karpatoch najčastejšie sa vyskytujúci druh 
od vrchného anisu (ilýru) po spodný rét. Salaj et al. (1981) 
opisujú tento druh v schreyeralmskom (vrchný anis), 
tisoveckom a  furmaneckom súvrství (norik) a ako súčasť 
dachsteinského súvrstvia (najvrchnejší norik – spodný rét). 
Pôvodný druh opísaný Oberhauserom (1964) je uvádzaný 
z vrchného ladinu – rétu. Involutinidné foraminifery 
sa často vyskytujú v organodetritických vápencoch 
a  poukazujú na plytké prostredia karbonátových platforiem 
a rifov (Flügel, 2010). Vrchnotriasový vek potvrdzuje 
tiež prítomnosť druhu Variostoma cf. coniforme Kristan- 
-Tollmann (Gale et al., 2011; Oravecz-Scheffer, 1987). 
Oproti predchádzajúcim sú ešte zriedkavejšie drobné 
klasty vápencov v mikrofácii peloidálnych wackestonov 
obsahujúce výlučne rezy miliolidných foriem (obr. 5h). Ďalšie 
spoločenstvo pochádza z veľmi častých svetlých klastov 
kryštalických vápencov bez identifikovateľnej depozičnej 
textúry (sparstone). Charakteristický taxón pre túto biofáciu 
predstavujú zástupcovia rodu Meandrospira. Tento rod je 
charakteristický pre spoločenstvá spodného a  stredného 
triasu. Posledný výskyt tohto taxónu sa uvádza koncom 
anisu (Krainer a Varchard, 2011; Salaj et al., 1981). Acme 
s Meandrospira pusilla (Ho) sa v  tetýdnej oblasti bežne 
vyskytoval v pobrežných klastických fáciách verfenského 
súvrstvia s vekom olenek (Krainer a Varchard, 2011). 
V  ďalších vzorkách bolo pozorované oveľa diverzifikovanej-
šie spoločenstvo s Meandrospira pusilla (Ho) (obr. 4e), 
Meandrospira deformata Salaj (obr. 4g), Meandrospira cf. 
insolita (Ho), Meandrospira dinarica Kochansky-Devidé 
et Pantić (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). Spomínané 
spoločenstvo foraminifer určuje vek vzoriek na stredný 
anis, konkrétne foraminiferovú zónu Meandrospira dinarica 
(spodný pelsón; tab. 1). Zástupcovia rodu Meandrospira sa 
uvádzajú zo steinalmského a  gutensteinského súvrstvia, 
reprezentujúcich mezo- a  infralitorálne prostredia (Salaj et 
al., 1981; Rychlińsky et al., 2013). Zriedkavo sa v mikrofá-
cii nachádzajú druhy Frondicularia woodwardi Howchin 

Obr. 3. Prierezy vzoriek karbonátovo-silicitových brekcií. a – vzorka 
Bo-12; b – vzorka Bo-13; c – vzorka Bo-15; d – vzorka Bo-18 (scan 
P. Ružička).
Fig. 3. Cross-sections of the samples of carbonate-silicite breccias. 
a – sample Bo-12; b – sample Bo-13; c – sample Bo-15; d – sample 
Bo-18 (scan P. Ružička).
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(obr. 4g) alebo Nodosaria sp. a pomerne časté rezy 
podobné zástupcom druhu ?Diplotremina astrofi mbriata 
Kristan-Kollmann (obr. 5a – c). Frondicularia woodwardi 
Howchin je druh s veľkým stratigrafi ckým rozsahom anis 
– rét, uvádzaný z väčšiny západokarpatských súvrství 
(salaj et al., 1981). Formy podobné rezom ?Diplotremina 
astrofi mbriata Kristan-Kollmann sú známe z anisu – 
rétu (Kristan-Tollmann, 1963; salaj et al., 1981; gale et 
al., 2011; Oravecz-scheffer, 1987; tab. 1). V Západných 
Karpatoch sa spomínané foraminifery uvádzajú zo súvrství 
sedimentujúcich vo väčších hĺbkach, menovite v tisoveckom 
a halstattskom súvrství (karn – norik), ale boli opísané aj 
z ladinských vápencov wettersteinského súvrstvia, vrchné-
ho anisu reifl inského a  schreyeralmského či najvrchnejšieho 
noriku spodného rétu dachsteinského súvrstvia (salaj et 
al., 1981). Z  mikrofácií, ktoré neobsahovali bližšie určiteľnú 

mikrofaunu, bola tiež pozorovaná napr. fi lamentová mikro-
fácia alebo mikrofácia s úlomkami dasykladálnych rias 
alebo hubiek.

Mikropaleontológia a mikrobiostratigrafi a
rádiolaritových klastov

Z masívnych červených rádiolaritov a z rádiolaritových 
klastov bola vyseparovaná pomerne chudobná asociácia 
strednotriasových rádiolárií (obr. 6a – i), ktoré zo skúmanej 
lokality opísali aj Kozur et al. (1995). Zachované sú 
najmä robustnejšie formy. Jemnejšie schránky boli 
poškodené alebo rozpustené vplyvom diagenézy. Medzi 
vyseparovanými rádioláriami (Tab. 2) boli identifi kované 
druhy Astrocentrus sp., Eptingium manfredi dumitri-
că, Bogdanella sp., Oertlispongus sp., Oertlispongus 

Tab. 1 
stratigrafi a karbonátovo-silicitových klastík v lokalite Bohúňovo

stratigraphy of the carbonatic-silicitic clasts in the Bohúňovo locality

Vysvetlivky: a – c – Typy stratigrafi cky určených litofácií na základe mikrofauny foraminifer a rádiolárií. a – klasty kryštalických vápencov 
obsahujúce spoločenstvo s Meandrospira spp. (vrchný anis); b – červené rádiolarity obsahujúce spoločenstvo rádiolárií (ladin); c – klasty 
organodetritických vápencov s involutinidnými foraminiferami (vrchný trias). stratigrafi cké rozsahy a zóny foraminifer triasu Západných 
Karpát boli upravené podľa prác salaja et al. (1981), Peybernesa in Hardenbol et al. (1998), galeho et al. (2011), Oravecz-scheffera 
(1987), Kristan-Tollmanna (1963). Rozsah rádiolárií a zóny podľa Kozura a Mostlera (1994), Kozura et al. (1996), O’dohertyho et al. (2010), 
stockara et al. (2012).
Notes: a – c – 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 modifi ed 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).
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Obr. 4. Aniské foraminifery z vápencových klastov z lokality Bohúňovo. a – Earlandinita cf. oberhauseri salaj (vzorka Bo-24a); b – Earlan-
dinita sp. (vzorka Bo-24b); c – 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 µm; e, f – mierka 100 µm.
Fig. 4. Anisian foraminifers from the limestone clasts from the Bohúňovo locality. a – Earlandinita cf. oberhauseri salaj (sample Bo-24a); 
b  – Earlandinita sp. (sample Bo-24b); c – 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 µm;
e, f – scale bar 100 µm.
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Obr. 5. Aniské foraminifery z vápencových klastov z lokality Bohúňovo. a – ?Diplotremina astrofi mbriata Kristan-Tollmann (vzorka Bo-2/2); 
b, c – ?Diplotremina astrofi mbriata 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 µm.
Fig. 5. Anisian foraminifers from the limestone clasts from the Bohúňovo locality. a – ?Diplotremina astrofi mbriata Kristan-Tollmann (sam-
ple Bo-2/2); b, c – ?Diplotremina astrofi mbriata 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 µm.
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Obr. 6. Identifikované strednotriasové rádiolárie z lokality Bohúňovo. a – Astrocentrus? sp.; b – Bogdanella sp.; c – Eptingium manfredi 
Dumitrică; d – Oertlispongus? sp.; e – Oertlispongus inaequispinosus Dumitrică, Kozur a Mostler; f – Paurinella? sp.; g  – Pseudosty-
losphaera? sp.; h – i – Spongoxystris sp. Mierka 100 µm.
Fig. 6. Identified Middle Triassic radiolarians from the Bohúňovo locality. a – Astrocentrus? sp.; b – Bogdanella sp.; c – Eptingium manfredi 
Dumitrică; d – Oertlispongus? sp.; e – Oertlispongus inaequispinosus Dumitrică, Kozur and Mostler; f – Paurinella? sp.; g – Pseudosty-
losphaera? sp.; h – i – Spongoxystris sp. Scale bar 100 µm.

inaequispinosus Dumitrică, Kozur a Mostler, Paurinella sp., 
Pseudostylosphaera sp. a Spongoxystris sp. Vzájomné 
porovnanie stratigrafických rozsahov týchto druhov (tab. 1) 
poukazuje na sedimentáciu rádiolaritov počas stredného 
ladinu (fasan) (Kozur et al., 1996; Kozur a Mostler, 1994), 
resp. ilýr – sp. fasan (Stockar et al., 2012). Identifikované 
druhy zahŕňajú rádioláriové zóny Spongosilicicarmiger 
italicus, Ladinocampe multiperforata a zónu bez názvu 
(O’Dogherty, 2010; Stockar et al., 2012). Vekové ohraničenie 
určuje prvý výskyt zástupcov rodu Bogdanella sp. a druhu 
Oertlispongus inaequispinosus Dumitrică, Kozur a Mostler 
a posledný výskyt druhu Eptingium manfredi Dumitrică. 
Rádiolárie rovnakej asociácie boli určené aj v lokalitách 
v  Čoltovskej rokline (Ledvényiová, 2015) a pri Držkovciach, 
kde boli odobrané z hornín rádiolaritovej melanže (Dumitrică 
a Mello, 1982). 

Diskusia a záver

Štúdium karbonátovo-silicitových brekcií poskytlo nové 
stratigrafické údaje o vývoji hornín v okolí Bohúňova. Na 
základe foraminifer predstavujú študované klasty niekoľko 
biofácií. Najstaršiu a najčastejšiu biofáciu predstavuje spo-

ločenstvo s častými predstaviteľmi rodu Meandrospira. Prí-
tomnosť druhu Meandrospira dinarica Kochansky-Devidé 
et Pantić poukazuje na vrchný anis (spodný pelsón – zóna 
M. dinarica). Nachádzame ich vo svetlých kryštalických vá-
pencoch hončianskeho súvrstvia, známych v podobnej fácií 
nemetamorfovaného ekvivalentu steinalmského súvrstvia 
s podobnou mikrofaunou (Bystrický et al., 1982; Salaj et 
al., 1981). Zriedkavú biofáciu predstavujú organodetritické 
vápence v mikrofácii krinoidovo-peloidálnych grainstonov 
s involutinidnými foraminiferami. Spoločenstvo poukazuje 
na vrchný trias. Mikrofauna indikuje plytkovodné prostredia 
karbonátových platforiem a rifov (Flügel, 2010). Ojedinele 
boli pozorované drobné klasty výlučne obsahujúce miliolid-
né foraminifery bez bližšieho vekového zaradenia. Podobné 
spoločenstvá sú opisované z tisoveckého a furmanecké-
ho súvrstvia (Jendrejáková in Bystrický, 1973; Salaj et al., 
1981). Okrem klastov s bližšie určiteľnými mikrofosíliami 
boli v brekcii pozorované rôzne iné typy mikrofácií (napr. fi-
lamentová mikrofácia alebo mikrofácia s úlomkami dasykla-
dálnych rias alebo hubiek).

V práci je opísaných 10 druhov rádiolárií identifikovaných 
v klastogénnom materiáli, ktoré sú biostratigraficky členené 
na zóny a subzóny. Väčšina rádiolárií spadala do vrchnej 
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(O. inaequispinosus) a spodnej (L. annuloporata) subzóny, 
ktorých vekové vymedzenie bolo v rámci spodného až 
stredného fasanu (ladin). Uvedené zistenia nepriniesli len 
vekové určenie rádiolaritových sekvencií, ale potvrdili aj 
hlbokovodný charakter meliatika, ktorý je možné na základe 
identických druhov fosílií porovnávať s juhoalpskými, 
niektorými dinaridnými a východokarpatskými vývojmi 
(Dumitrică a Mello, 1982).

Z pohľadu veku a zároveň vzniku karbonátovo-silicito-
vého fragmentu, v ktorom boli opísané klasty karbonátov 
s mikrofaunou a súčasne klasty rádiolaritov, sa objavujú 
interpretačné problémy. V lokalite sa makroskopicky javí 
fragment ako súčasť olistostrómovej melanže meliatika 
uprostred rádiolaritov. Problémom je základná hmota kar-
bonátovo-silicitového fragmentu, ktorá je tvorená výlučne 
mikroskopickými až submikroskopickými zrnami okolitých 
klastov karbonátov a silicitov. Základná hmota neposkytuje 
vekové údaje o vzniku opisovanej horniny. V prípade budú-
ceho nálezu vekovo určiteľných rádiolárií zostáva otázkou 
ich použiteľnosť pre genézu skúmaného karbonátovo-sili-
citového klastika. Rádiolárie môžu pochádzať z okolitých 
klastov a do základnej hmoty mohli byť inkorporované pri 
diagenéze pôvodnej sedimentárnej horniny. 

Také dobré zachovanie karbonátových klastov s mikro-
faunou nie je pre meliatikum obvyklé. Najmä ak vychádza-
me zo známych údajov o tlakovo-teplotných podmienkach 

metamorfózy meliatika stanovených Árkaiom et al. (2003), 
ktorí uvádzajú hodnoty teploty v rozsahu 280 °C až 350   °C 
pri tlaku 2,5 až 5 kbar. Hončianske vápence, ktoré sú sú-
časťou olistostrómovej melanže meliatika a aj súčasťou 
vrstvového sledu turnaika, sú značne rekryštalizované. 
Okrem konodontovej fauny pelsónskeho veku (Gaál, 1987) 
sa zatiaľ nepodarilo pri vyššom stupni rekryštalizácie inú 
mikrofaunu v karbonátoch identifikovať. Podľa klasifikácie 
Kovácsa (1986), Árkaia a Kovácsa (1986) dosahuje rekryš-
talizácia hončianskych vápencov v turnianskom príkrove 
stupeň C (úplne a hrubozrnne rekryštalizované vápence) 
a stupeň B v príkrove Slovenskej skaly (voskový vzhľad vá-
pencov).

Na základe týchto informácií možno uvažovať o mini-
málne dvoch interpretáciách vzniku karbonátovo-silicito-
vého fragmentu. V prvom prípade môžeme predpokladať, 
že skúmaný fragment bol súčasťou meliatika, v ktorom sa 
až tak neprejavili účinky metamorfózy, čo dokumentuje za-
chovanie neporušených fosílií. Aj v typovej lokalite meliatika 
boli v polymiktných brekciách identifikované nálezy ?tria-
sových foraminifer či prierezy bivalvií a echinodermových 
článkov (Mock et al., 1998). Vek vzniku fragmentu by mohol 
byť identický so vznikom jurskej (lias – spodný malm) olis-
tostrómovej melanže (Mello et al., 1997). Tento predpoklad 
komplikujú nálezy plytkovodnejších foriem foraminifer, ktoré 
boli identifikované v karbonátových klastoch vrchnotriaso-

Tab. 2
Distribúcia foraminifer v jednotlivých výbrusoch. Hviezdičkou sú označené vzorky, v ktorých foraminifery pochádzajú z rôznych klastov

Distribution of foraminifers in thin sections. Asterix marks the samples with foraminifers derived from various clasts
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?Earlandinita sp. x

Earlandinita cf. oberhauseri Salaj x

Endothyranella robusta Salaj x

Endothyranella tricamerata Salaj x

Meandrospira pusilla (Ho) x x

Meandrospira insolita (Ho) x x

Meandrospira dinarica Kochansky-Devidé & Pantic x x x x

Meandrospira deformata Salaj x x x

Meandrospira sp. x x

Aulotortus pragsoides Oberhauser x

Aulotortus cf. sinuosus Weynschenk x

Nodosaria sp. x

Frondicularia woodwardi Howchin x

?Duostomina magna Trifonova x

?Diplotremina astrofimbriata Kristan-Tollmann x x x x

Variostoma coniforme Kristan-Tollmann x

?Oberhauserella cf. quadrilobata Fuchs ?

miliolids x
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vého veku. Tie vykazujú oveľa dlhší transport oproti predo-
šlým strednotriasovým, ktoré sú mnohonásobne väčšie, 
ostrohrannejšie, tvoriace až bloky. 

Druhá interpretácia je založená na predstave neskoršej 
inkorporácie klastov ako súčasti výplne dajok, resp. depresií. 
V tomto prípade sa dá uvažovať o kriedovom veku vzniku 
fragmentu, typovo podobnom gosauskej kriede (Moravčík, 
2015). Výskumom tohto typu sedimentov bolo v minulosti 
venovaných viacero prác (Mello a Snopková, 1973; Mello 
a  Salaj, 1982; Hovorka et al., 1990; Mello a Marschalko, 
1993 a i.). Klastiká by potom nemuseli pochádzať výlučne 
z hornín meliatika, ale aj z okolitých jednotiek, napr. 
silicika. Základná hmota skúmanej horniny ani jej celkový 
vzhľad však úplne nezodpovedajú takýmto sedimentom 
(Sýkora, pers. com., 2014). Do úvahy prichádzajú aj ďalšie 
interpretačné možnosti, ako napr. že brekcie sú súčasťou 
inej tektonickej jednotky (?silicikum, ?turnaikum). Základná 
hmota nám v súčasnosti neposkytuje dostatočné informácie 
na uspokojivé interpretačné vyriešenie tejto problematiky. 
Môže ísť o fenomén, ktorý sme doteraz nepoznali 
a  do  budúcnosti si zaslúži väčšiu pozornosť. Predstava 
prítomnosti vrchnotriasových plytkovodných karbonátov 
v  horninách meliatika, ako ho v súčasnosti chápeme, môže 
do budúcnosti rozvinúť plodnú diskusiu.
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Microscopic studies of limestone and radiolarite clasts 
in carbonate-silicite breccias found near the Bohúňovo 
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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Testovanie vhodnosti mramoru z Bohúňova
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Testing the suitability of a marble from Bohúňovo (Slovakia)
as a micronized filler into the paper

Chemical analyses during testing of the marble from Bohúňovo 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, Bohúňovo village

Úvod

Cieľom príspevku je kvalitatívne testovanie použitia 
mramoru z lokality Bohúňovo ako plniva do papiera. Testo-
vanie mramoru inovatívne rozširuje technologický výskum 
v oblasti implementácie minerálnych plnív do papierov na 
Slovensku. V minulosti bolo na Slovensku realizovaných 
niekoľko prieskumných prác zameraných na využitie kar-
bonátových surovín v priemysle plnív (Michel et al., 1986; 
Tabak et al., 1997; Čechovská a Derco in Hroncová et al., 
2006). Napriek niektorým pozitívnym výsledkom nebol vyu-
žitý ich technologický potenciál, a preto Slovensko v súčas-
nosti nemá zastúpenie na európskom trhu s minerálnymi 
plnivami. Situácia v Českej republike je odlišná. V priebehu 
druhej polovice 20. storočia bolo na území Českej republi-
ky realizovaných množstvo prác zameraných na zhodno-
tenie karbonátovej suroviny na výrobu minerálnych plnív 
(napr. Harazim, 1982; Balcárek, 1984; Harazim et al., 1985; 
Kudělásek et al., 1994; Kalenda et al., 1999; Jehlička et al., 
2008). 

Minerálne plnivá musia spĺňať špecifické požiadavky 
spojené s vhodným chemickým zložením, sfarbením, 
morfológiou častíc a mechanicko-optickými vlastnosťami 
(Těhník a Nečas, 2011). 

Hlavnými dôvodmi plnenia papiera je snaha dosiahnuť 
čo najvyššiu belosť, opacitu, rozmerovú stálosť, hladkosť, 
zvýšiť adsorpciu kvapalín a znížiť pórovitosť (Zhao et al., 
2005). Uhličitanové plnivá sa stali dominantnými pri pro-
dukcii papiera koncom 20. storočia (Laufmann a Forsblom, 

2000). Získavajú sa z prírodných surovín, ktorými sú krieda, 
vápenec a mramor. Výrobcovia papiera často používajú ter-
mín GCC (Ground Calcium Carbonate), ktorý zahŕňa mletý 
vápenec alebo mramor. Vyrába sa aj zrážaný CaCO

3 reak-
ciou Ca(OH)2 s oxidom uhličitým. Následne sa CaCO3 páli 
na CaO a ďalej sa hasí na Ca(OH)2. Uvoľnený plyn CO2 pri 
výpale sa používa na zrážanie. Vysoká čistota sa dosahuje 
plavením vzniknutého Ca(OH)2, čím sa uvoľňujú nečistoty 
SiO2, Al2O3 a Fe2O3. Produktom zrážania bývajú najčastej-
šie dve formy častíc: rombický aragonit a trigonálny kal-
cit. Nadmerné pridávanie uhličitanového plniva môže mať 
za následok stratu tvrdosti, pevnosti, zvýšenie prašnosti 
a  abrazivity (Hu et al., 2009).

Geologická charakteristika

Lokalita Bohúňovo je situovaná na juhovýchodnom 
Slovensku v okrese Rožňava (obr. 1). Nachádza sa na 
východnom brehu rieky Slaná cca 500 m južne od obce. 
Poloha lokality zodpovedá 48°30´317´ severnej šírky 
a  20°23´130´ východnej dĺžky s nadmorskou výškou 200  m. 
Skúmané územie tvorí morfologická vyvýšenina (olistolit 
s rozmermi cca 100 x 50 m) vystupujúca z okolitého 
prevažne zarovnaného terénu (obr. 1). Lokalita je prístupná 
poľnou cestou zo severnej strany od obce Bohúňovo, ktorá 
kopíruje smer toku rieky Slaná až k opustenej lomovej 
stene. Zo západu lokalitu ohraničujú aluviálne sedimenty, 
ktoré čiastočne prekrývajú karbonáty. Východnú stranu 
ohraničujú terciérne štrky, piesky a íly. 
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Skúmaná lokalita je zaradená do tektonickej jednotky 
meliatika. Mramor litostratigraficky patrí do súvrstvia hon-
čianskych vápencov (Gaál, 1987). V olistolitoch meliatika 
sa svetlé rekryštalizované hončianske vápence striedajú 
so silicitmi, tmavými bridlicami a vápencami (Mello et al., 
1997). Biostratigraficky na základe konodontov bol stano-
vený strednotriasový vek hončianskych vápencov (Kozur 
a  Mock, 1973; Gaál, 1982; Kozur, 1991). Triasové vápence 
predriftového štádia mezozoického bazénu v súčasnosti 
vystupujú vo forme olistolitov v jurskej olistostrome. Me-
lanžové štruktúry vznikli po tektonickej inkorporácii blokov 
meliatika do permsko-spodnotriasových evaporitov nadlož-
nej tektonickej jednotky silicika počas migrácie príkrovov 
v  kolíznom štádiu vývoja orogénu (Mello, 1997; Mello et al., 
1997, 2004). 

V skúmanej lokalite sa v rámci vyhľadávacieho 
prieskumu stavebného a dekoračného kameňa realizoval 
vrt BV-2 s hĺbkou 32 m (Suchár et al., 1970). Nevhodnosť 
použitia mramorov na dekoračné účely vyplývala zo zistenia 
hrúbky subhorizontálne uložených lavíc, ktorá dosahovala 
15  –  30  cm, ojedinele do 60 cm. V rámci technologického 
výskumu využitia mramorov ako suroviny pre biele 
a   farebné betóny bola skúmaná lokalita vyhodnotená 
ako neperspektívna (Michel et al., 1986). Vyhľadávanie 
evaporitových ložísk v okolí Bohúňova bolo podnetom na 
realizáciu niekoľkých prieskumných prác (Rozložník, 1977; 
Dianiška et al., 1984; Bajtoš et al., 1996). Vrt SA-6 s dĺžkou 
600 m (Dianiška et al., 1984) zachytil rekryštalizované 
hončianske vápence (323,7 – 346,6 m) a    bridličnato- 
-karbonátové súvrstvie meliatika (537,9 – 600  m). Neskôr 
bola podobná geologická pozícia potvrdená vrtom 
v  Držkovciach, kde zachytená triasová olistostróma je 
viazaná okrem jurského bridličnatého súvrstvia aj na 
evaporitovú melanž silicika (Mello et al., 1994). 

Metodika

Príprava mikromletého plniva

Prvou technologickou fázou bolo mletie vzorky mra-
moru z lokality Bohúňovo (Bo-1) v planetárnom mlyne 

na veľkostnú frakciu hlavného podielu častíc pod 2,1 μm. 
Zvolený bol suchý spôsob mletia v planetárnom mlyne Pul-
verisette  6 od firmy Fritsch. Mletie prebiehalo vo volfrámo-
vo-karbidovej komore s objemom 250 ml s použitím 50  ks 
volfrámovo-karbidových guľôčok s   priemerom 10  mm, kto-
rých trenie spôsobilo drvenie vzorky. Navážka vzorky bola 
20  g a otáčky mlyna 500 ot./min. Z dôvodu najvyššej kvality 
bol zvolený čas mletia 10 min. Po zomletí vzorka Bo-1 pre-
osiata cez sito s veľkosťou oka 36 µm bola pripravená na 
analýzu veľkosti a distribúcie častíc. 

V druhej etape mletia bol použitý vysokoenergetický 
planetárny mlyn TB-2. Príprava vzorky spočívala v ručnom 
drvení a preosiatí (sito s veľkosťou oka 500 μm). Mlecím 
médiom boli guľôčky na báze ZrO2 s pomerom hmotnosti 
k prášku 20 : 1. Otáčky mlyna dosahovali 500 rpm, pričom 
boli zvolené tri časy mletia (5, 10, 20 min.). Pre každý ča-
sový interval bolo odobraté potrebné množstvo vzorky na 
veľkostnú analýzu častíc. 

Meranie veľkosti a distribúcie častíc

Meranie veľkosti a distribúcie častíc nasledovalo po mle-
com procese na difrakčnom spektrometri Helos & Rodos 
od firmy Sympatec. Vzorka dispergovaná do vody (navážka 
0,2 g) vytvorila suspenziu, ktorá sa dávkovala do nádoby 
s miešadlom. Nádoba bola vybavená ultrazvukovou vaňou 
z dôvodu lepšej dispergácie počas 60 min. Z nádoby bola 
vzorka prečerpaná do opticky priehľadnej kyvety, na kto-
rú bol kolmo nasmerovaný laserový lúč. Lúč sa rozptyľoval 
na časticiach v kyvete a vytváral difrakčný obraz snímaný 
mnohokanálovým detektorom. Detekcia častíc bola v inter-
vale od 0,9 μm do 175 μm. 

V druhej fáze meraní bola skúmaná veľkosť častíc po 
mletí v planetárnom mlyne TB-2 v závislosti od dĺžky mletia, 
štruktúrneho a veľkostného charakteru častíc vzhľadom na 
rozdielny čas mletia. Opakované merania distribúcie častíc 
boli realizované analyzátorom Mastersizer 2000 od firmy 
Malvern. Analyzátor pracoval na podobnom princípe ako 
v  predchádzajúcom prípade (analýza laserovým lúčom). 
Detekcia častíc prebehla v intervale od 0,2 do 2 000 μm.

Obr. 1. Lokalizácia a pohľad na opustený kameňolom v Bohúňove (foto P. Ružička, 2014). 
Fig. 1. Location and view on an abandoned quarry at the Bohúňovo village (photo P. Ružička, 2014).
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Numerický výsledok zrnitostného zloženia z laserového 
difrakčného analyzátora Helos & Rodos bol graficky zobra-
zený v podobe kumulatívnej krivky určenej veľkosťou častíc 
(μm) a ich súhrnným podielovým zastúpením (%). V druhej 
etape merania boli zo zrnitostných parametrov zhotovené 
distribučné krivky, ktorých priebeh spočíval vo vyjadrení 
veľkosti častíc (μm) k zodpovedajúcemu objemu (%).

Úprava veľkostnej frakcie mikromletého plniva

Mikromleté plnivo Bo-1 bolo dodatočne upravené 
z  dôvodu potreby odstrániť veľkostnú frakciu presahujúcu 
2,1  μm. Odstránením častíc väčších rozmerov dochádza 
pri rovnakom objeme k zvýšeniu celkového špecifického 
povrchu a zároveň k belosti plniva. Metodický postup úpra-
vy spočíval v sedimentácii častíc na princípe Stokesovho 
zákona. Navážka vzorky s hmotnosťou 20 g bola vložená 
do  litrového odmerného valca a zaliata po okraj vodou. 
Vzorka bola v rozsahu 5 – 6 min. vystavená pôsobeniu ul-
trazvuku, ktorý zabezpečil dokonalé rozptýlenie častíc. Po 
24 hod. bol z valca odobratý vodný stĺpec po úroveň hladiny 
250 ml, ktorý bol následne vložený do sedimentačnej ná-
doby. Odmerný valec so zvyšnou vzorkou bol opäť zalia-
ty vodou a postup sa zopakoval. Proces sedimentácie bol 
ukončený po dosiahnutí čírosti roztoku. Zvyšná voda bola 
odobratá a finálna vzorka sa vysušila.

Meranie belosti mikromletého plniva

Meranie belosti (W – whiteness) plniva Bo-1 prebiehalo 
na meracom prístroji SpectroDensitometer od firmy Tech-
kon. Pri meraní belosti mramorového prášku boli použité 
špecifické parametre dané geometriou merania 0/45˚ (uhol 
dopadu a spätnej detekcie lúča meracím prístrojom), spek-
trálnym rozsahom 400 – 700 nm (denné svetlo so štan-
dardnou chromatickou teplotou 6500 K) a krokom prístroja 
10 nm. Ako štandard pre kalibráciu prístroja bola použitá 
reflektivita oxidu horečnatého. Rozdielnosť jednotlivých 
meraní spočívala v nastavení prístroja, pri ktorom sa mo-
difikovala hodnota štandardného (kolorimetrického) po-
zorovateľa [SO – standard (colorimetric) observer]. SO je 
odozva priemerného ľudského oka na farebný signál pod 
uhlom, akým je signál sledovaný (CIE Standard observer, 
2008; www.techkon.com). Na dodržanie štandardizovaných 
postupov určených medzinárodnou komisiou CIE (Interna-
tional Commission on Illumination) boli realizované 2 fázy 
merania, a to pri 2° a 10° pozorovateľovi. Výsledná hodnota 
bola určená ako aritmetický priemer 10 nameraných hodnôt 
belosti pri 2° a 10° pozorovateľovi (www.myprintguide.org). 
Grafickým výstupom merania je remisná krivka percentuál-
ne vyjadrujúca hodnoty odrazeného svetelného spektra (R) 
k vlnovej dĺžke viditeľného svetla (λ).

Meranie Zeta potenciálu mikromletého plniva 

Meranie Zeta potenciálu plniva bolo realizované na 
prístroji Zetasizer Nano Z pracujúceho na princípe Laser- 
-Dopplerovskej mikroelektroforézy. Prístroj meral v rozsahu 
napätia 0,13 – 0,15 kV s konduktivitou (merná elektrická 

vodivosť) v rozsahu 0,05 – 0,07 S.m/cm2 (Siemens- 
-meter/cm2). Po zapnutí prístroja prebehla jeho kalibrácia 
a  zahrievanie na optimálnu teplotu merania 25 °C. V prvej 
etape meracieho postupu bola vzorka plniva rozptýlená 
v 100  ml destilovanej vody. Na dosiahnutie čo najvyššej 
homogenizácie bola použitá ultrazvuková sonda Sonopuls- 
-Bandeline, ktorá zabezpečila rovnomerné rozptýlenie 
častíc v roztoku. Následne bol injekčnou striekačkou 
implikovaný roztok do meracej kyvety. Meranie jednej 
vzorky trvalo približne 2 min. V tomto časovom intervale 
bolo realizovaných 20 čiastkových meraní, ktorých 
aritmetický priemer predstavoval výslednú hodnotu 
Zeta potenciálu v milivoltoch (mV). Prístroj automaticky 
vyhodnocoval smerodajnú odchýlku a zobrazoval ju spolu 
s hodnotou Zeta potenciálu v softvérovom programe. 
Merania boli realizované na mikromletom plnive Bo-1, ktoré 
bolo získané v rámci druhej etapy mlecieho procesu na 
vysokoenergetickom planetárnom mlyne TB-2. 

Chemická analýza mikromletého plniva

Účelom chemickej analýzy bolo stanovenie rozsahu 
hlavných oxidov v mramorovom plnive. Identifikácia hlav-
ných oxidov bola realizovaná v AcmeLabs (Analytical La-
boratories Ltd., Vancouver, Kanada) spektrometrickou 
metódou ICP-AES (Inductively Coupled Plasma Atomic 
Emission Spectrometry – emisná spektrometria s indukčne 
viazanou plazmou). Detekčné limity pre SiO2, Al2O3, MgO, 
CaO a K2O boli definované hodnotou 0,01 hm. %. Detekčný 
limit Fe2O3 je 0,04 hm. %. Stanovovala sa aj strata žíhaním 
(LOI – loss on ignition) pri zahriatí nad 1 000 °C. Kvalitatív-
ne vyhodnotenie mramorového plniva na základe chemic-
kej analýzy bolo realizované podľa STN 72 1217.

Výroba laboratórnych hárkov papiera

Výroba laboratórnych hárkov papiera s použitím 
mikromletého plniva Bo-1 bola realizovaná vo Výskumnom 
ústave papiera a celulózy, a. s. (VÚPC) v Bratislave. Na 
prípravu laboratórnych hárkov sa použila zmes sulfátovej 
smrekovej buničiny a sulfátovej eukalyptovej buničiny 
v   pomere 30 : 70. Buničina bola pomletá pri 2 % koncentrácii 
vlákien na prístroji Valley hollander podľa STN ISO 5264-1. 
Odvodňovací odpor suspenzie bol stanovený podľa STN EN 
ISO 5267-1 na 30 °SR (Schopper-Riegler). K mletej zmesi 
buničín sa postupne pridávalo plnivo Bo-1 dispergované 
v  prístroji Polytron PT-MR 3100 D bez prídavku aditív. Výroba 
bola realizovaná na hárkovacej sústave Rapid Köthen 
v  klimatizovanom skúšobnom laboratóriu pri teplote 23 °C 
a relatívnej vlhkosti 50 %. Na  kvalitatívne vyjadrenie boli 
vyrobené tri kusy laboratórnych hárkov. Prvý laboratórny 
hárok pozostával zo zmesi eukalyptovej a smrekovej 
sulfátovej buničiny bez prídavku mikromletého plniva. Druhý 
hárok obsahoval okrem zmesi buničín aj mikromleté plnivo 
Bo-1. Dávkovanie mikromletého uhličitanu vápenatého bolo 
zvolené tak, aby obsah plniva v papieri bol v rozsahu 20 
až 25 %.
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Analýza fyzikálno-optických vlastností papiera

Laboratórne hárky boli testované z hľadiska fyzikál-
no-optických vlastností. Testovanie fyzikálnych vlastností 
(plošná hmotnosť, obsah a retencia plniva v papieri, sta-
novenie zvyšku po žíhaní) bolo realizované na Výskumnom 
ústave papiera a celulózy, a. s. (VÚPC), v Bratislave. Ana-
lýza optických vlastností (belosť, koeficient absorpcie a  od-
razu svetla) sa zisťovala v akreditovaných laboratóriách 
spoločnosti Civest Slovakia, s. r. o., vo Veľkých Levároch. 
Stanovenie plošnej hmotnosti papiera bolo realizované 
podľa STN ISO 536. Postup skúšky spočíval v príprave 20 
skúšobných vzoriek z laboratórnych hárkov s rozmermi 
200   m x 250 mm (plocha skúšobnej vzorky musela mať 
minimálne 50  000 mm2 a maximálne 100 000 mm2). Každá 
skúšobná vzorka sa musela presne odvážiť a odmerať, aby 
mohli byť zistené hodnoty dosadené do vzťahu na výpočet 
plošnej hmotnosti (g/m2). Stanovenie zvyšku po žíhaní bolo 
určené na základe STN ISO 1762. Podstatou skúšky bolo 
zistenie celkového obsahu anorganických látok v testova-
ných hárkoch papiera s prídavkom plniva po žíhaní pri tep-
lote 525 °C. Z hárkov boli pripravené malé kúsky vzoriek, 
ktoré nesmeli presiahnuť 1 cm2. Odber bol z rôznych častí 
hárku, aby zodpovedal jeho skutočnému stavu. Určenie ob-
sahu vlhkosti vzorky bolo stanovené podľa STN EN ISO 
638 na analytických váhach značky Sartorius. Tesne pred 
vložením vzorky do pece sa vzorka spolu s porcelánovým 
téglikom odvážila. Žíhanie bolo realizované v muflovej peci 
HT 60B s počiatočnou teplotou 23 °C. Dôležitou fázou bolo 
postupné zohrievanie vzorky na 525 °C (okolo 200 °C/h) 
z dôvodu zabránenia samovznieteniu materiálu. Teplota ží-
hania 525  °C bola udržiavaná viac ako 2 hod. Následne 
bola vzorka vybratá z pece a ochladená v desikátore WST 
510 na teplotu 23 °C. Téglik bol odvážený s presnosťou na 
0,1 g podobne ako v predchádzajúcom vážení. 

Nasledovalo určenie obsahu a retencie plniva v labora-
tórnych hárkoch. Analýzy prebiehali internými skúšobnými 
metódami v VÚPC. Obsah plniva (%) bol vypočítaný z roz-
dielu obsahu zvyšku v papieri s plnivom a v papieri bez 
plniva. Retencia bola vypočítaná ako podiel obsahu plniva 
v  papieri a obsahu plniva v suspenzii zmesi pred hárkova-
ním. 

Meranie optických vlastností (koeficientu absorpcie 
a  rozptylu svetla, belosť) laboratórnych hárkov bolo rea-
lizované prístrojom spektrofotometer Elrepho 070 od fir-
my Lorentzen & Wettre. Pri postupoch boli použité normy 
STN ISO 2470-1 a ISO 9416. Príprava vzoriek spočívala 
v narezaní pravouhlých skúšobných hárkov s rozmer-
mi cca 75  mm x 150 mm, ktoré sa uložili po 10 kusov do 
stohu. Stoh bol chránený pred zbytočnou kontamináciou 
umiestnením prídavného (označeného) hárku na vrchnú aj 
spodnú stranu. Pri zisťovaní belosti laboratórnych hárkov 
bolo potrebné pred meraním nakalibrovať merací prístroj 
podľa nefluorescenčných a fluorescenčných referenčných 
etalónov podľa inštrukcií výrobcu. Následne sa odstránili 
ochranné hárky a stoh skúšobných vzoriek bol vložený do 
prístroja. Vzorka sa po odmeraní vždy preložila na spodok 
a meranie sa opakovalo. Takýto postup nastal pri všetkých 
10 skúšaných vzorkách. Princíp merania bol založený na 

osvetlení skúšobnej vzorky v spektrofotometri Elrepho 
monochromátorom SP 2000 a na spätnom zachytení od-
razeného svetla pomocou fotocitlivých diód. Diódy boli roz-
miestené v intervaloch 2  nm, pričom každá dióda reagovala 
na rôznu efektívnu vlnovú dĺžku. Belosť laboratórnych hár-
kov sa určila z výstupov fotocitlivých diód ako priemerná 
hodnota limitného činiteľa žiarivosti s najbližšou hodnotou 
na 0,5 % (ako dôsledok nedostatku rozlišovacej schopnosti 
v nastavení UV filtra). 

Rastrovacia elektrónová mikroskopia

Rastrovacia elektrónová mikroskopia (Scanning 
Electron Microscope – SEM) bola použitá na morfologické 
štúdium veľkosti a tvaru mramorových mikromletých častíc 
a     na pozorovanie spôsobu zachytávania častíc plniva 
na  buničinových vláknach. Vzorky laboratórnych hárkov 
v  tvare štvorca umiestnené na podložné pliešky s rozmermi 
cca 1 cm2 boli pokovené zlatom na pokovovačke JEOL 
JFC-1200. Vzorky papiera boli pozorované elektrónovým 
mikroskopom JEOL JSM 6390 LV pri zväčšeniach od 200 
do 5  000 x pri napätí 20 kV. 

Na lepšiu orientáciu sme vyhotovili schému použitého 
metodického postupu (obr. 2).

Obr. 2. Metodická schéma technologického výskumu mramoru 
z  Bohúňova. 
Fig. 2. Methodical scheme of the technological research of the 
marble from the Bohúňovo locality.
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Výsledky

Distribúcia a veľkosť častíc mikromletého plniva

Výsledky prvej etapy merania distribúcie a veľkosti 
častíc sú zobrazené pomocou kumulatívnej krivky. Krivka 
plniva Bo-1 (obr. 3) bola vynesená na základe numerických 
hodnôt z laserového analyzátora častíc Helos & Rodos. 
Hodnota veľkosti častíc v kumulatívnej krivke je zobrazená 
na vodorovnej osi a percentuálne zastúpenie v danej veľ-
kosti na zvislej osi. Smerný priebeh krivky Bo-1 je určený 
v  intervale častíc od 0,9 – 10,5 mm. Zastúpenie frakcie plni-
va Bo-1 pod 2,1 μm je 68 % (obr. 3). 

Druhá etapa meraní bola realizovaná prístrojom Mas-
tersizer 2000. Cieľom meraní bola snaha odhaliť závislosť 
veľkosti častíc od rozdielnych časov mletia vo vysokoenerge-
tickom planetárnom mlyne TB-2. Experimentu predchádza-
lo domeranie veľkosti častíc Bo-1 mletých na planetárnom 
mlyne Pulverisette 6. Spôsob zobrazenia častíc bol na zá-
klade distribučných kriviek. Zvislá os distribučných kriviek 
predstavovala percentuálne vyjadrenie objemu častíc. Vo-
dorovná os bola zobrazením veľkosti častíc pre daný objem 
vyjadrená v μm. Plnivo Bo-1 vyznačené červenou krivkou 
(obr. 4a) má širší priebeh distribučnej krivky, čo poukazuje 
na prítomnosť častíc väčších rozmerov. Hlavné zastúpenie 
častíc s prislúchajúcim objemom bolo numericky vyjadrené 
pre plnivo Bo-1 hodnotou (d50) 8,71  μm. Z dôvodu odstrá-
nenia častíc väčších rozmerov bola zvolená sedimentačná 
separácia častíc na princípe Stokesovho zákona, ktorá je 
zobrazená zelenou krivkou. Hlavné zastúpenie častíc (d50) 
dosahovalo v tomto prípade hodnotu 2,612 μm. Vzhľadom 
na postup periodického odoberania kvapaliny, v ktorej 
boli rozptýlené sedimentujúce častice, sme dostali krivku 
zodpovedajúcu tomuto spôsobu úpravy plniva. Veľkostne 
rozdielne maximá boli spôsobené opakovaným odberom 
kvapaliny v intervale 24 hod. Výsledný priebeh krivky pou-
kazuje na redukciu väčších častíc a objemový nárast men-
šej frakcie. Eliminácia veľkostného rozptylu nebola taká 
dôkladná ako pri použití napr. cyklónovej separácie častíc. 

Mleciemu procesu vo vysokoenergetickom planetárnom 
mlyne TB-2 predchádzalo ručné drvenie kusových vzoriek 
mramoru z Bohúňova (Bo-1) z dôvodu lepšieho dávkovania 
do prístroja. Upravené vzorky boli pracovne označené ako 
„vstupné“ (červené krivky; obr. 4b) a  boli súčasťou expe-
rimentu veľkostného zastúpenia častíc závislého od času 
mletia (Bo-1 vstupná d50 = 25,636 μm).

V ďalšom kroku boli analyzované častice podliehajúce 
mleciemu času 5 min. (modré krivky; obr. 4b). Z grafických 
výstupov distribučných kriviek je viditeľný nárast častíc 
v  oblasti jemnozrnnej frakcie menšej ako 1 μm, ktorá je 

Obr. 3. Kumulatívna krivka plniva Bo-1 a pohľad 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. 

Obr. 4. Porovnanie veľkosti a distribúcie častíc. a – plnivo Bo-1 zís-
kané v planetárnom mlyne Pulverisette 6 (červená krivka) a upra-
vené podľa Stokesovho zákona (zelená krivka); b – plnivo Bo-1 
získané vysokoenergetickým planetárnym mlynom TB-2, merané 
v rôznych časových intervaloch mletia (vstupná vzorka, vzorka po 
5, 10, 20 min. mletia); c – porovnanie veľkostnej frakcie mramoru 
Bo-1 mletého v rôznych typoch planetárnych 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.
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má vplyv na ich celkový stupeň stability. Vzorka z Bohúňova, 
získaná v rámci druhej etapy mletia, dosahovala hodnoty 
Zeta potenciálu, ktoré sa blížili k 14 mV (obr. 6). Pomerne 
vysoká štandardná odchýlka naznačovala rozdielnosť 
čiastkových meraní, z ktorých bola aritmetickým priemerom 
získaná výsledná hodnota Zeta potenciálu. Častice 
v  intervale (0; 25) alebo (–25; 0) majú tendenciu vzájomne 
flokulovať vplyvom prítomnosti Van der Waalsových síl. 
Hodnoty Zeta potenciálu vzorky z Bohúňova vypovedajú 
o  menšej tendencii vzájomného zhlukovania.

Chemické zloženie

Kvalitu minerálnych plnív významne ovplyvňuje che-
mické zloženie. Pomocou chemických analýz sme získali 
zloženie mramorového mikromletého plniva Bo-1 (tab. 2). 
Hodnoty hlavných oxidov vybratých prvkov sú určujúcimi 
kritériami na zaradenie mramorov do kvalitatívnych tried. 

Tab. 1 
Prehľad nameraných hodnôt belosti pri 2° (W2) a 10° (W10) pozorovateľovi

Tabular summary of the whiteness measured by 2° (W2) and 10° (W10) 
observers

Meranie
Bo-1 Bo-1a

W2CIE W10CIE W2CIE W10CIE

1 86,57 86,40 87,47 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 87,25 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

spôsobená mletím vo vysokoenergetickom planetárnom 
mlyne. Z maxím kriviek je pozorovateľná aj eliminácia častíc 
väčších rozmerov a posun hlavného zastúpenia častíc do 
jemnozrnnejšej frakcie (Bo-1, 5 min. d50 = 22,799 μm). 
Vzájomným porovnávaním kriviek pozorujeme ich takmer 
identický priebeh (obr. 4b). Čas 10 minút sa preukázal pri 
mletí ako ideálny a bol zvolený ako referenčný pre mlecie 
experimenty na výrobu mikromletého plniva. Hlavné 
zastúpenie častíc (d50) pre vzorku Bo-1 bolo 21,726 μm. 
Smerný priebeh kriviek mikromletej frakcie Bo-1 (zelená 
krivka; obr. 4b) je podobný ako v predchádzajúcom prípade 
(5 min. interval mletia), s miernym nárastom v oblasti 
jemnej frakcie (pod 1 μm). Vzájomné porovnanie poukazuje 
na pomerne identické priebehy kriviek. V poslednej fáze 
mletia (20 min.) boli pozorované najvýraznejšie rozdiely. 
Pri vzorke Bo-1 (fialová krivka; obr. 4b) zostal veľkostný 
interval nezmenený, ale nastalo výrazné zvýšenie jemnej 
frakcie. Vzájomným porovnaním kriviek sú viditeľné 
rozdiely vo veľkostnom aj objemovom zastúpení častíc. 
Hlavné zastúpenie častí Bo-1 bolo d50 (20 min.) 15,485 
μm. Hoci prítomnosť hrubozrnnejších foriem sa nepodarilo 
úplne eliminovať, separačná metóda (na princípe 
Stokesovho zákona) sa ukázala ako pomerne úspešná 
(podarilo sa docieliť zvýšenie objemu jemnozrnnej frakcie 
v  požadovanom intervale). Posledným experimentom 
v oblasti mletia bolo porovnanie dvoch rozdielnych 
planetárnych mlynov počas identických podmienok 
mletia. Planetárny mlyn Pulverisette 6 s volfrámovo- 
-karbidovým mlecím médiom sa ukázal ako výkonnejší 
a pri čase mletia 10 min. dosiahol s otáčkami 500 rpm 
výrazne jemnozrnnejšiu frakciu (červená krivka; obr. 4c). 
Vysokoenergetický planetárny mlyn TB-2 sa prejavil ako 
menej výkonný.

Belosť mikromletého plniva 

Na meranie belosti plniva boli zvolené 2 vzorky z Bo-
húňova (Bo-1; Bo-1a). Hlavný rozdiel medzi vzorkami 
z  Bohúňova bol vo veľkostnej frakcii, ktorá v prípade Bo-1 
zodpovedala výslednému produktu mletia v planetárnom 
mlyne Pulverisette 6 a pre Bo-1a bola finálna frakcia mletia 
dodatočne upravená sedimentačnou metódou na princípe 
Stokesovho zákona. Na dodržanie štandardizovaných po-
stupov sa realizovali 2 fázy merania: pri 2° a 10° pozorova-
teľovi (z hľadiska výpovednej hodnoty má význam meranie 
2° pozorovateľa). Výsledná hodnota (tab. 1) bola určená ako 
aritmetický priemer nameraných hodnôt. Z tab. 1 vyplýva, že 
priemerné hodnoty belosti v prípade plniva Bo-1 dosahujú 
85,91 %. Z experimentálneho hľadiska sme sa pokúsili zvý-
šiť hodnotu belosti vzorky Bo-1 separáciou častíc väčších 
rozmerov (sedimentácia na princípe Stokesovho zákona), 
čím sa nám podarilo zvýšiť hodnotu na 87,13 %. Grafické 
zobrazenie merania vyjadrujúce hodnoty odrazeného sve-
telného spektra (R) k vlnovej dĺžke viditeľného svetla (λ) je 
uvedené v remisnej krivke (obr. 5).

Zeta potenciál plnív

Hlavným dôvodom merania Zeta potenciálu plniva bola 
snaha zistiť elektrokinetický charakter povrchu častíc, ktorý 

Obr. 5. Remisná krivka určujúca hodnoty odrazeného svetelného 
spektra plniva Bo-1a a Bo-1 k vlnovej dĺžke viditeľného 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.
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Na základe tejto skutočnosti bolo plnivo Bo-1 porovnané 
s hodnotami hlavných oxidov v STN 72 1217. Hodnota de-
tekčného limitu Fe2O3 (0,04 hm. %) je nad hornou hranicou 
určenia prvej kvalitatívnej triedy. Vzorka Bo-1 z pohľadu 
chemického zloženia spĺňa kvalitatívne kritériá na výrobu 
minerálnych plnív do papierov.

Fyzikálno-optické parametre laboratórnych hárkov 
papiera 

Prvé tri fyzikálno-optické parametre laboratórnych hár-
kov papiera (tab. 3) vyjadrujú optické vlastnosti hárkov me-
rané spektrofotometrom. Belosť je vyjadrená ako priemerná 
hodnota limitného činiteľa žiarivosti. Papier bez plniva do-
siahol hodnotu 78,5 %. Papier plnený plnivom Bo-1 mal 
belosť 81 %. Koeficient absorpcie svetla v prípade papiera 
bez plniva dosiahol hodnotu 0,3 m2/kg. Papier s plnivom 
Bo-1 mal hodnotu 0,38 m2/kg. Veľkosť koeficientu rozptylu 
svetla je určujúcim kritériom opacity papierov. Laboratórny 
hárok bez plniva mal koeficient rozptylu svetla 32,3 m2/kg 
a  s plnivom Bo-1 42,3 m2/kg (opacita 90,5 %). 

Ďalšie výsledky sú zamerané na vlastnosti fyzikálneho 
charakteru hárkov a plnív. Jednou z určujúcich vlastností 
bola retencia plniva. Percentuálne vyjadrenie hmotnosti 
častíc zachytených na buničinové vlákna (retencia) dosiah-
lo v prípade vzorky Bo-1 63,7 %. Stanovením zvyšku po 
žíhaní bola určená prítomnosť anorganických látok v pa-
pieri. Hárok bez plniva dosiahol zvyšok po žíhaní 0,44 %, 
v  papieri s plnivom Bo-1 bolo 21,65 %. Rozdiel prítomnosti 
anorganických látok v papieri s plnivom a v papieri bez pl-
niva vyjadroval hodnotu celkového obsahu plniva v papieri. 
Hárok Bo-1 dosiahol hodnotu 21,2 %. Ostatné vlastnosti 
(tab. 3) určujú obsah plniva v suspenzii zmesi a prídavok 
plniva k vláknam na splnenie podmienky celkového obsahu 
plniva v papieri.

Morfológia a spôsob viazania častíc na vlákna

Pri SEM boli analyzované lícne strany laboratórnych 
hárkov. Hárok bez prídavku plniva (obr. 7a, b) predstavoval 
sieť navzájom pospájaných buničinových vlákien rôznych 

rozmerov. Orientácia vlákien mala rôzny priebeh. Na nie-
ktorých vláknach boli pozorované drobné „výčnelky“ vystu-
pujúce z primárnej štruktúry vlákna, ktoré sa stali účinnými 
pascami pre aplikované plnivo. Po pridaní plniva Bo-1 k bu-
ničinovým vláknam bola pozorovaná pomerne rovnomer-
ná distribúcia v zastúpení rôzne veľkých častíc (obr. 7c, d). 
Rozmerovo väčšie častice boli umiestnené do medzivlák-
nových priestorov, kde dochádzalo k ich mechanickému 
zachytávaniu. Fixácia častíc menších rozmerov bola domi-
nantne lokalizovaná na povrchu vlákien. Tvar rozmerovo 
väčších častíc plniva Bo-1 bol dominantne oválny s viditeľ-
nými hranami. S postupnou redukciou veľkosti dochádzalo 
k zaobleniu častíc, ktoré v niekoľkomikrónových rozmeroch 
prejavovali znaky flokulácie (obr. 7e, f).

Diskusia

Výroba mikromletého plniva Bo-1 (prvá etapa) bola 
realizovaná suchou metódou v planetárnom mlyne 
Pulverisette  6 volfrámovo-karbidovými guľôčkami s  prieme-
rom 10 mm, pričom otáčky prístroja boli nastavené 
na 500  rpm. Guzzo et al. (2014) sa zaoberajú vhodne 

Tab. 2 
Chemické zloženie minerálnych plnív

(*PDL – pod detekčným limitom)
The chemical composition of mineral fillers

 (*PDL – below the detection limit)

Bo-1 hm. %

CaO 56,05

MgO 0,02

SiO2 0,04

Al2O3 PDL*

Fe2O3 PDL*

MnO PDL*

LOI 43,8

Suma 99,91

Obr. 6. Grafické zobrazenie hodnôt Zeta potenciálu Bo-1 s výslednou číselnou hodnotou 
vypočítanou aritmetickým priemerom čiastkových meraní.
Fig. 6. Graphical visualization of the Zeta potential Bo-1 with final value determined as an 
arithmetic mean from the partial measurements. 

Tab. 3 
Hodnoty fyzikálno-optických parametrov laboratórnych hárkov papiera

Physical-optical parameters of the laboratory sheets

Parameter
Vyjadrenie 
v jednot-

kách

Papier
bez plniva

Papier
s plnivom

Bo-1
B

el
os

ť priemer % 78,5 81,0

smerodajná odchýlka 0,4 0,6

Koeficient rozptylu svetla m2/kg 32,3 43,2

Koeficient absorpcie svetla m2/kg 0,30 0,38

Plošná hmotnosť papiera g/m2 79,6 ± 0,6 80,0 ± 0,6

Prídavok plniva na vlákna % 0 50

Obsah plniva v suspenzii zmesi % 0 33,3

Obsah zvyšku po žíhaní % 0,44 21,65

Obsah plniva v papieri % 0 21,2

Retencia plniva % – 63,7
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zvoleným časom mletia a veľkosťou mlecích guľôčok 
v   lanetárnom mlyne. Z  ich zistení vyplýva, že stupeň 
mletia klesá s výskytom väčšej aglomerácie častíc pod 
20 µm. Na  dosiahnutie požadovanej frakcie bol zvolený 
dlhší čas mletia a znížili sa otáčky prístroja. Na základe 
práce guzzoa et al. (2014) vznikla idea realizácie 
experimentu zameraného na porovnanie plniva z hľadiska 
dĺžky času mletia (druhá etapa). Experiment prebehol 
vo  vysokoenergetickom planetárnom mlyne TB-2 s mlecími 
guľôčkami na báze ZrO2. Otáčky prístroja (500 rpm) boli 
nastavené identicky s prvou etapou mletia. Výsledkom 
obidvoch mlecích etáp bola frakcia mikromletého mramoru 
skúmaná laserovým analyzátorom Mastersizer 2000. 

V snahe eliminovať veľkostnú variabilitu plniva Bo-1 
sme použili metódu na princípe stokesovho zákona, ktorá 
odstránila častice väčších rozmerov. Z distribučnej krivky 
(obr. 4a) je viditeľný objemový pokles častíc väčších roz-
merov, ktorý je stále neporovnateľný s úzkym veľkostným 
intervalom dosiahnutým vďaka cyklónovým metódam se-
parácie častíc. 

Výsledky druhej etapy mletia priniesli niekoľko zaujíma-
vých zistení. Prvým, vyplývajúcim z distribučných kriviek, 
bolo zistenie dôležitosti voľby vhodného mlecieho média. 
Volfrámovo-karbidové guľôčky sa ukázali ako vhodnejšia al-

ternatíva so splnením podmienky identických technologic-
kých parametrov a času mletia (10 min.). Nevýhodou bola 
kontaminácia plniva volfrámom, ktorý však nemal výrazný 
negatívny vplyv na kvalitatívne vlastnosti plniva. Ďalším zis-
tením bola rozdielnosť správania sa plniva z hľadiska dĺžky 
času mletia. Táto skutočnosť mohla byť spôsobená niekoľ-
kými dôvodmi. Prvý dôvod by mohol spočívať v prítomnosti 
dynamickej rekryštalizácie spôsobujúcej štruktúrnu neho-
mogenitu mramoru. Mechanická deštrukcia suroviny by 
v  tomto prípade mohla narušiť súdržnosť veľkostne rozdiel-
nych častíc (Bo-1), ktoré by sa vzájomne odčlenili. Ďalším 
dôvodom v tomto procese môže byť nedodržanie presných 
metodických postupov, napr. vhodný čas rozptýlenia častíc 
ultrazvukom. Z grafi ckých výstupov je možná interpretácia 
potvrdzujúca štúdiu guzzoa et al. (2014) a hovoriaca o ne-
priamo úmernej zmene veľkosti častíc mletím od určitého 
veľkostného intervalu. 

V dôsledku nábojovej bilancie je povrch väčšiny častíc 
plnív nabitý. Ak sa takáto častica nachádza v kvapaline, 
povrchový náboj spôsobí vznik elektrickej dvojvrstvy. 
Vnútorná časť (sternova vrstva) je tvorená silne viazanými 
iónmi. Vonkajšia (difúzna) vrstva iónmi, ktoré majú slabšie 
väzby. Hranica vonkajšej vrstvy nesie elektrokinetický 
náboj, ktorý sa nazýva Zeta potenciál (www.xray.cz; 

Obr. 7. Zobrazenie laboratórnych hárkov 
v   rastrovacom elektrónovom mikrosko-
pe. a, b – papier bez plniva; c, d – papier 
s   plnivom Bo-1; e, f – detail na veľkosť 
a  tvar častíc.  
Fig. 7. Laboratory sheets in a scan-
ning electron microscope. a, b – paper 
without fi ller; c, d – paper fi lled with Bo-1; 
e, f – detail on size and shape of par-
ticles.
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Krkoška et al., 2014; Burke a Renaud, 2003). Hodnoty Zeta 
potenciálu sa pohybujú v rozsahu +100 mV až –100   mV. 
Častice s hodnotami Zeta potenciálu väčšími ako +25  mV 
alebo menšími ako –25 mV majú vysoký stupeň stability. 
Naopak, častice s hodnotami Zeta potenciálu v intervale 
(0; 25) alebo (–25; 0) majú tendenciu vzájomne sa 
zhlukovať a flokulovať – prítomnosť Van der Waalsových 
síl (Krkoška et al., 2014; Burke a Renaud, 2003; www.
cdn.shopify.com). Podľa publikácie Krkošku et al. (2014) 
začiatky koagulácie sú viazané na interval v rozsahu 
(20; 3 mV), pričom maximálne hodnoty sú dosiahnuté 
v  numerických hodnotách Zeta potenciálu najtesnejších 
pri 0. Finálna hodnota Zeta potenciálu môže byť závislá 
od rôznych špecifických faktorov. Medzi najdôležitejšie 
patrí pH prostredie, špecifický povrch plniva, teplota 
a  hodnota dielektrickej konštanty kvapalného prostredia. 
V  dôsledku zlepšenia kvality retenčných vlastností plnív 
boli experimentálne testované mnohé chemicky upravené 
aditíva. Zistilo sa, že flokulácia je ľahko modifikovateľná 
škrobmi, polyakrylátmi, polyamidmi a pod. (Polčík, 2010).

Koeficient rozptylu svetla (sr) a koeficient absorpcie 
svetla (kr) sú optické parametre merané spolu s belosťou 
v laboratórnych hárkoch papiera s použitím plniva z Bo-
húňova. Sr je funkciou fyzikálnej štruktúry a kr funkciou 
chemického zloženia látky (Kubelka a Munk, 1931). Koe-
ficient rozptylu svetla má dve zložky, a to index lomu látky, 
ktorá rozptyl svetla spôsobuje, a celkový povrch, na ktorom 
rozptyl prebieha. 

K dôležitým vlastnostiam plnív patria veľkosť a tvar 
častíc. Veľkosť pri papierenských plnivách sa pohybu-
je v  rozpätí mikrónových hodnôt (najčastejšie cca 1 – 10 
μm). Tvar GCC (Ground Calcium Carbonate) častíc býva 
prevažne klencového tvaru, čo spôsobuje pórovitosť papie-
ra (Alén, 2007). Výskyt kalcitu je najmä vo forme priziem, 
romboédrov a skalenoédrov. Romboédrické kryštály spôso-
bujú väčší svetelný rozptyl papiera, pričom skalenoédrické 
a  prizmatické formy jeho hodnotu negatívne ovplyvňujú, 
čím rastie celková opacita (Häggblom a Komulainen, 2006). 
Zmenšovanie veľkosti častíc spôsobuje nárast optických 
nehomogenít a celkovo ovplyvňuje hodnotu špecifického 
koeficientu svetla. Z doterajších výskumov je potvrdené, že 
veľkosť a morfológia častíc sú hlavnými určujúcimi kritériami 
fyzikálno-optických vlastností laboratórnych hárkov papiera 
(Schurz, 1972; Kozmál, 1966; Fairchild, 1992). Na základe 
výsledkov analýz je možné konštatovať, že aj v tomto prí-
pade sa potvrdila táto skutočnosť. Na plnenie hárku Bo-1 
bola použitá mikromletá frakcia bez akejkoľvek následnej 
úpravy. Nehomogénna veľkosť častíc sa prejavila najmä 
pri fyzikálno-mechanickej vlastnosti plniva. Retencia plniva 
v papieri môže prebiehať dvomi spôsobmi. Prvým spôso-
bom je mechanické zachytávanie častíc v medzivláknových 
priestoroch a na ich povrchových diskontinuitách. Druhým 
je fixácia na základe fyzikálno-chemických síl (Londonove 
a Van der Waalsove sily; Schurz, 1972). Veľkostná variabi-
lita testovaného plniva Bo-1 mala za následok uplatnenie 
obidvoch fixačných procesov. Treba poznamenať, že pri 
rastrovacej elektrónovej mikroskopii bola študovaná len 
jedna strana papiera. Pri nátoku papieroviny a implikácii 
plniva môže dochádzať k primárnemu zachyteniu väčších 
častíc, ktoré nepreniknú do spodnej časti papiera. Z toh-

to dôvodu je v niektorých situáciách pozorovateľný rozdiel 
medzi vzájomne inverznými stranami. Veľkosť a tvar častí 
môže mať vplyv okrem retencie aj na časť ostatných pa-
rametrov testovacích hárkov (koeficient rozptylu svetla, 
belosť, mechanická pevnosť). Optické vlastnosti (belosť, 
koeficient rozptylu svetla) úzko súvisia so špecifickým povr-
chom častíc. Čím viac častice zmenšujeme, tým je veľkosť 
povrchu väčšia a zmena vlastností výraznejšia. Rozmero-
vo veľké častice plniva Bo-1 mechanickým zachytávaním 
v mnohých prípadoch zabránili fyzikálno-chemickému fixo-
vaniu menších častíc na povrchu vlákien. Táto skutočnosť 
viedla k zníženiu celkového špecifického povrchu, a teda 
aj k celkovému ovplyvneniu optických vlastností. Danú sku-
točnosť sme potvrdili zvýšením špecifického povrchu častíc 
plniva čiastočným odstránením veľkej frakcie (separačnou 
metódou na princípe Stokesovho zákona). Hoci stúpla be-
losť len nepatrne (okolo 1 %), voľbou vhodnej separačnej 
metódy (napr. cyklónovými metódami) môžeme docieliť 
priaznivejšie výsledky. Rozdiely v meraniach belosti boli 
spôsobené kompozičnou diferenciou testovaného plniva. 
V prvom prípade išlo o samotné mramorové plnivo, zatiaľ 
čo v druhom prípade bolo plnivo súčasťou meraného la-
boratórneho hárku papiera. Vzniknutý rozdiel (4 – 6 %) 
bol spôsobený použitím sulfátovej, smrekovo-eukalyptovej 
buničiny, ktorá bola opticky tmavšia a spôsobila redukciu 
meranej belosti. 

Záver

Najpreberanejším problémom pri aplikácii plnív 
do papierov bola variabilita veľkosti častíc. Veľkostná 
nehomogenita sa ukázala ako hlavný modifikátor fyzikálno-
-optických parametrov (retencia, belosť, opacita, koeficienty 
rozptylu a absorpcie svetla) laboratórnych hárkov papiera. 
Prínosom boli testovania veľkosti a distribúcie častíc 
s  porovnávaním metodických postupov. 

Nároky výrobcov a odberateľov sú pri výrobe papiera 
určené dohodou. Z tohto pohľadu by plnivo Bo-1 pri voľbe 
správnej metódy mletia a aplikácii vhodného separačného 
postupu na dosiahnutie veľkostnej homogenity (cyklónová 
separácia) mohlo byť sériovo použité do papiera. Na druhej 
strane prípadnú ťažbu mramorov limituje pomerne malá 
veľkosť ložiska (100 x 50 x 30 m), čo nepredstavuje ekono-
micky efektívne využitie. Menšie zásoby chemicky čistých 
mramorov sú potenciálne využiteľné ako krátkodobé surovi-
nové zdroje pre farmaceutický a kozmetický priemysel. 

Poďakovanie. Vyslovujeme poďakovanie prof. RNDr. Petrovi 
Balážovi, DrSc., z Ústavu geotechniky SAV v Košiciach, doc. 
Petrovi Billikovi, PhD., z Katedry anorganickej chémie PriF UK 
v Bratislave, prof. Ing. Karolovi Jesenákovi, CSc., z Katedry 
anorganickej chémie PriF UK v Bratislave, Mgr. Lukášovi Gálovi, 
PhD., z Fakulty chemických a potravinárskych technológií 
STU v Bratislave, Ing. Ondrejovi Hanzelovi, PhD., z Ústavu 
anorganickej chémie SAV v Bratislave, Ing. Jurajovi Gigacovi, 
PhD., z   Výskumného ústavu papiera a celulózy, a. s., v Bratislave, 
Ing. Erichovi Novákovi, CSc., zo spoločnosti Civest Slovakia, 
s. r. o., vo  Veľkých Levároch a Mgr. Nataši Halašiovej z Ústavu vied 
o  Zemi v Banskej Bystrici. Táto práca bola podporovaná Agentúrou 
na  podporu výskumu a  vývoja na základe zmluvy č. APVV 
LPP-0109-09, APVV-0081-10, APVV-0546-11 a grantu VEGA 
1/0079/15.



P. Ružička a J. Moravčík: Testovanie vhodnosti mramoru z Bohúňova ako mikromletého plniva do papiera 209

References

Alén, R., 2007: Papermaking Science and Technology. Book 4. Pa-
permaking Chemistry. Jyväskylä: Fapet Oy. Finland, 28 – 55. 

Bajtoš, P., Cicmanová, S., Dojčáková, V., Ďurove, J., Karoli, S., 
Lajčák, Š., Mašlár, E. & Pramuka, S., 1996: Bohúňovo – 
prieskum ložiska sadrovca, vyhľadávací ložiskový prieskum 
– hydrogeologická časť. Manuskript. Archív Št. Geol. Úst. D. 
Štúra, Bratislava, 77 s.

Balcárek, P., 1984: Ložiska minerálních plniv v sileziku. Diplomová 
práce. Manuskript. Archív Českej geologickej služby, Praha, 
47  s. 

Burke, T. & Renaud, S., 2003: Applying charge measurements to 
papermaking. TAPPI Spring Technical Conference & Trade 
Fair, 10 p.

Čechovská, K. & Derco, J., 2006: Chemicko-technologická charak-
teristika vápencov Slovenska a ich produktov. In: Hroncová, Z., 
Vavrová, J., Janega, A., Kánová, E. & Tuček, Ľ. (eds.): Súčasné 
trendy a problémy vo výskume nerudných nerastných surovín. 
Št. Geol. Úst. D. Štúra, Bratislava, 104 – 113. 

Dianiška, I., Tomášiková, Z. & Valko, P., 1984: Gemerská Hôrka – Bo-
húňovo – surovina: anhydrit, sadrovec, vyhľadávací prieskum. 
Záverečná správa a výpočet zásob. Manuskript. Archív Št. 
Geol. Úst. D. Štúra, Bratislava, 130 s. 

Fairchild, G. H., 1992: Increasing the filler content of PCC-filled 
alkaline papers. Tappi Journal, 75, 8, 85 – 90.

Gaál, Ľ., 1982: Zhodnotenie konodontovej mikrofauny vrtu MEL-1, 
úsek od 0,0 do 1 889,0 m. Čiastková záverečná správa. Ma-
nuskript. Archív Št. Geol. Úst. D. Štúra, Bratislava, 12 s.

Gaál, Ľ., 1987: Súčasné otázky stratigrafie meliatskej skupiny. 
Geol. Práce, Spr., 86, 143 – 156.

Guzzo, L. P., Santos, B. J. & David, C. R., 2014: Particle size distri-
bution and structural changes in limestone ground in planeta-
ry ball mill. International Journal of Mineral Processing, 126, 
41 – 48.

Harazim, S., 1982: Projekt geologicko-průzkumných prací Lipová 
Lázne – Na Pomezí. Projekt GP, Ostrava. 

Harazim, S., Teisler, O. & Zábrodský, K., 1985: Lipová Lázne – Na 
Pomezí. Manuskript. Archív Českej geologickej služby, Praha, 
73 s.

Häggblom-Ahnger, U. & Komulainen, P., 2006: Kemiallinen 
metsäteollisuus II. Paper in ja kartongin valmistus. 5th edition. 
Jyväskylä: Opetushallitus. In: Grönfors, J. (ed.) 2010: Use of 
fillers in paper and paperboard grades. Final thesis, 36 p.

Hu, Z., Shao, M., Li, H., Cai, Q., Zhang, X. & Deng, Y., 2009: Synthe-
sis of needle-like aragonite crystals in the presence of magne-
sium chloride and their application in papermaking. Advanced 
Composite Materials, 18, 4, 315 – 326. 

ISO 9416, 2009: Paper – Determination of light scattering and ab-
sorbtion coefficient (using Kubelka-Munk theory). International 
standard. SÚTN, Bratislava, 9 s. 

Jehlička, J., Šťastná, A. & Přikryl, R., 2008: Raman spectral cha-
racterization of disperzed carbonaceous matter in decorative 
crystalline limestone. Karlova univerzita, Praha, 6 s.

Kalenda, F., Olsař, J. & Tišnovská, V., 1999: Přehodnocení zásob 
výhradního ložiska Horní a Dolní Lipová. Manuskript. Archív 
Českej geologickej služby, Praha, 30 s. 

Kozmál, F., 1966: Výroba papiera v teórii a praxi 2. Slovenské vyda-
vateľstvo technickej literatúry, Bratislava, 542 s. 

Kozur, H., 1991: The geological evolution at the western end of 
the Cimmerian ocean in the Western Carpathians and Eastern 
Alps. Zbl. Geol. Paläont., T. 1, 1, 99 – 121. 

Kozur, H. & Mock, R., 1973: Die Bedeutung der Trias-Conodonten 
für die Stratigraphie und Tektonik der Trias in den Westkarpa-
ten. Geol. Paläont. Mitt., 3, 2, 1 – 14. 

Krkoška, P., Panák, J., Hanus, J., Vizárová, K. & Šutý, Š., 2014: 
Technológia výroby papiera. 2. vyd. Slovenská technická uni-
verzita, Bratislava, 649 s. 

Kubelka, P. & Munk, F., 1931: Ein Beitrag zur Optik der Farbanstri-
che. Z. techn. Physik, 12, 593 – 601. 

Kudělásek, V., Procházka, J., Synek, V., Ščobák, M. & Zábrodský, K., 
1994: Závěrečná zpráva podrobného a vyhledávacího průz-

kumu Lipová Lázně – Na Pomezí. Manuskript. Archív Českej 
geologickej služby, Praha, 54 s. 

Laufmann, M. & Forsblom, M., 2000: GCC vs. PCC as the primary 
filler for uncoated and coated wood-free paper. Tappi Journal, 
76, 5, 1 – 13. 

Mello, J., 1997: Geodynamický vývoj vnútorných Západných Kar-
pát počas mladšieho paleozoika až jury. Čiastková záverečná 
správa. Manuskript. Archív Št. Geol. Úst. D. Štúra, Bratislava, 
50 s. 

Mello, J., 2004: Mezozoické sedimentárne panvy vnútorných Zá-
padných Karpát. In: Elečko M.: Tektogenéza sedimentárnych 
panví Západných Karpát. Manuskript. Archív ŠGÚDŠ, Brati-
slava, 64 s. 

Mello, J., Vozárová, A., Gargulák, M., Káčer, Š., Šucha, V., Ďurko-
vičová, J., Géczyová, M., Hlôšková, Z., Ondrejičková, A., Repčok, 
I., Strniště, K., Husák, Ľ. & Madarás, J., 1994: Vyhodnotenie 
štruktúrneho vrtu DRŽ-1. Čiastková záverečná správa. Ma-
nuskript. Archív Št. Geol. Úst. D. Štúra, Bratislava, 109 s. 

Mello, J. (ed.), Elečko, M., Pristaš, J., Reichwalder, P., Snopko, 
L., Vass, D., Vozárová, A., Gaál, Ľ., Hanzel, V., Hók, J., Kováč, 
P., Slavkay, M. & Steiner, A., 1997: Vysvetlivky ku geologickej 
mape Slovenského krasu 1 : 50 000. Št. Geol. Úst. D. Štúra, 
Bratislava, 255 s. 

Michel, J., Tabak, J. & Smiešková, K., 1986: Slovensko – kamenivo 
pre biele a farebné betóny. Záverečná správa. Manuskript. 
Archív Št. Geol. Úst. D. Štúra, Bratislava, 85 s.

Polčík, M., 2010: Sledování nanášení barviva pomocí měření Ze-
ta-potenciálu. Chemagazín, 4, XX, 28 – 29. 

Rozložník, O., 1977: Výsledky vyhľadávacieho prieskumu sadrovca 
pri Bohúňove. Čiastková záverečná správa. Manuskript. Archív 
Št. Geol. Úst. D. Štúra, Bratislava, 69 – 71.

Schurz, J., 1972: Das Österreichische Papier. In: Blažej, A. & Kr-
koška, P., 1989: Technológia výroby papiera. 1. vyd. Vyd. Alfa, 
Bratislava, 571 s. 

STN 72 1217, 1992: Vápenec, dolomit, kvalita. SÚTN, Bratislava, 
5 s. 

STN EN ISO 638, 2009: Papier, lepenka a buničiny. Stanovenie 
obsahu sušiny. Metóda sušenia v sušiarni. SÚTN, Bratislava. 

STN ISO 5264-1, 1993: Buničiny. Laboratórne mletie. Časť 1: Me-
tóda vo Valley holandri. SÚTN, Bratislava.

STN EN ISO 5267-1, 2001: Buničiny. Určenie odvodňovacej schop-
nosti. Časť 1: Metóda Schopper- Rieglera. SÚTN, Bratislava.

STN ISO 1762, 2009: Papier, lepenka a buničiny. Stanovenie zvy-
šku (popola) po žíhaní pri teplote 525 °C. SÚTN, Bratislava, 4 s.

STN ISO 536, 2012: Papier a lepenka. Určenie plošnej hmotnosti. 
SÚTN, Bratislava, 11 s. 

STN ISO 2470-1, 2010: Papier, lepenka a buničiny. Meranie difú-
zneho činiteľa odrazu v modrej oblasti spektra. Časť 1: Pod-
mienky vnútorného denného svetla (belosť podľa ISO). SÚTN, 
Bratislava, 16 s. 

Suchár, A., Novysedlák, J. & Valko, P., 1970: Záverečná správa 
a  výpočet zásob Jelšava – Rožňava stavebný a dekoračný ka-
meň. Manuskript. Archív Št. Geol. Úst. D. Štúra, Bratislava, 59 s. 

Tabak, J., Feriančík, E. & Domanický, A., 1997: Nerastné suroviny 
pre prípravu minerálnych plnív. Manuskript. Archív Št. Geol. 
Úst. D. Štúra, Bratislava, 91 s.

Těhník, V. & Nečas, R., 2011: Uplatnení vápencové suroviny z hle-
diska kvality v různých průmyslových odvětvích. Výskumný 
ústav stavebných hmot, a. s., Brno, 12 s. 

Zeta potential analysis of nanoparticles, 2012; available on: https://
cdn.shopify.com/s/files/1/0257/8237/files/nanoComposix_Gui-
delines_for_Zeta_Potential_Analysis_of_Nanoparticles.pdf.

Zhao, Y. L., Hu, Z. S., Ragauskas, A. & Deng, Y. L., 2005: Impro-
vement of paper properties using starch-modified precipitated 
calcium carbonate filler. Tappi Journal, 4, 2, 3 – 7. 

http://www.xray.cz/kfkl-osa/eng/zetasizer/zeta.htm
[stiahnuté 9. 2. 2014].
www.cdn.shopify.com [stiahnuté 29. 1. 2015]
www.myprintguide.org [stiahnuté 21. 1. 2015]
www.techkon.com [stiahnuté 21. 1. 2015]



Mineralia Slovaca, 47 (2015)210

Technological paper is focused on a qualitative 
evaluation of marbles from the Bohúňovo 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 (Fe2O3, 
Al2O3 and SiO2) by ICP-AES manifested “chemical purity” of 
the marble from the Bohúňovo locality. So the particle size 
distribution seems to be the most essential problem for the

Testing the suitability of a marble from Bohúňovo (Slovakia)
as a micronized filler into the paper

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.
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Geochémia čiernych bridlíc perneckej a pezinskej 
skupiny Malých Karpát – index kovonosnosti

a možnosti jeho využitia
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(Doručené 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.

Úvod

Čierne bridlice patria medzi horniny, ktoré mali a majú 
významné miesto vo svetovej geologickej literatúre. Zvýše-
ný záujem o ne podmienili najmä ekonomické dôvody, lebo 
sa v nich nachádzajú významné ložiská rúd a perspektív-
ne typy mineralizácie. Často predstavujú vhodné litologic-
ké prostredie na akumuláciu epigenetických rúd. Strona 
(1978) uvádza, že tu ide o neobvyklý prípad prekrývania 
pojmu „geologická“ a „rudná formácia“. Možno povedať, že 
ich význam sa umocnil vzrastom cien nerastných surovín 
vo svete, ktorý zapríčinil aj zmeny v bilancovaní ich zásob. 
V tomto smere sú čierne bridlice veľmi perspektívne. Ne-
menej dôležitými dôvodmi záujmu o čierne bridlice sú aj 
geologické dôvody (výskum podmienok ich sedimentácie, 
potenciálneho zdroja kovonosných prvkov, anoxické perió-
dy v histórii Zeme a pod.). Závažná je aj skutočnosť, že tieto 
horniny často obsahujú ako prírodný geochemický zdroj vy-
soké koncentrácie potenciálne toxických stopových prvkov 
(PTTE), ktoré sú toxické pre biosféru, a preto sú významné 
aj z hľadiska environmentálnej geochémie.

Pojmom čierne bridlice sa označuje veľmi rozmanitá 
skupina hornín. Ich zloženie a pôvod sa však navzájom 
môže zásadne líšiť. Čierne bridlice môžu byť napríklad 

bituminózne, fosfátové, bohaté alebo chudobné na 
karbonáty, môžu mať vysoký alebo, naopak, nízky obsah 
PTTE, možu byť sulfidické až do obsahu rovnajúceho 
sa rude a niekedy aj s prekvapujúco nízkym obsahom 
organického uhlíka v  porovnaní s normálnou bridlicou. 
Z hľadiska prostredia sedimentácie čierne bridlice môžu 
byť sladkovodné, brakické, morské alebo hypersalinné 
– možno ich nájsť vo všetkých vodných prostrediach. 
Sedimentovať môžu v plytkých epikontinentálnych moriach, 
pozdĺž kontinentálnych okrajov, v  hlbokom oceáne alebo 
v  jazerách. Organická hmota, ktorú obsahujú, môže byť 
zrelá alebo nezrelá. Pokiaľ ide o  jej pôvod, niektorí autori pri 
genetických klasifikáciách čiernych bridlíc berú do úvahy len 
organickú hmotu morského pôvodu. Týmto prístupom sa ale 
vylúčia uhoľné ílovité sedimenty, ktorých organická hmota 
je prevažne produktom rozkladu terestrickej flóry. Veľká 
väčšina autorov toto neakceptuje a pracuje s obidvoma 
skupinami organickej hmoty v čiernych bridliciach. Na tomto 
mieste teda vyvstáva otázka, prečo spolu zoskupujeme 
takú rozdielnu skupinu sedimentov, ktoré obyčajne majú 
len jednu spoločnú vlastnosť, a to čiernu farbu. Odpoveď 
je pomerne jednoduchá – všetky čierne bridlice sú spojené 
priamo alebo nepriamo s vysokou organickou aktivitou 
a  s  biogeochemickými cyklami takých prvkov, ako je uhlík, 
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dusík, fosfor, síra a kovové a polokovové PTTE. Kritérium 
farby pre nomenklatúru bridlíc nie je vhodné, pretože sivá 
farba pre niekoho môže byť čierna, pre iného nie. Kukal 
(1988) upozorňuje, že hoci organická hmota je hlavným 
faktorom, ktorý ovplyvňuje farbu, jemne rozptýlené sulfidy 
železa alebo oxidy mangánu, ale aj jemne lupenitý chlorit 
v chloritických bridliciach, resp. sericiticko-chloritických 
bridliciach, môžu tiež prispievať k tmavej farbe bridlíc. 
Z  tohto dôvodu by ako čierne bridlice mali byť označené 
iba bridlice s obsahom organického uhlíka (resp. organickej 
hmoty). S organickou hmotou je spojený aj problém, aký 
najnižší obsah organického uhlíka je hraničný v súvislosti 
s klasifikáciou horniny ako čierna bridlica. Tak napr. 
Arthur (1979) uvádza > 0,5 hm. % Corg, Brumsack (1980) 
1  hm. % Corg, Kukal (1988) rozpätie 1,5 – 2,0 hm . % Corg 
a  Bates a  Jackson (1987) ako minimálny obsah organického 
uhlíka udávajú až 5 hm. %. Z petrologického hľadiska mnohé 
čierne bridlice nie sú čisté bridlice alebo ílovce. Niekedy 
môžu byť reprezentované kalovcami (zmes 2/3 
až 1/3 prachových častíc a zvyšok ílu z objemu 
horniny), inokedy vápnitými alebo slienitými 
bridlicami či dokonca kremitými bridlicami.

V roku 1986 bol Ústředním ústavem 
geologickým v Prahe v spolupráci s ďalšími 
organizáciami pripravený návrh medzinárodného 
geologického korelačného programu, ktorý 
bol v roku 1987 februárovým zasadnutím 
UNESCO prijatý ako program IGCP Project 
254 „Metalliferous Black Shales“ (koordinátor 
projektu Jan Pašava). Na základe diskusie 
riešiteľského kolektívu bola z dôvodu vyššie 
uvedených terminologických, ako aj ďalších 
nezrovnalostí navrhnutá definícia čiernej bridlice, 
ktorú sformuloval Huyck (1989, 1991): „Čierna 
bridlica je tmavosfarbená (sivá alebo čierna), 
jemnozrnná (silt alebo jemnejšia), laminovaná 
sedimentárna hornina, ktorá je vo všeobecnosti 
ílovitá a  obsahuje značné množstvo organického 
uhlíka (> 0,5  hm. %).“ 

Možnosti praktického využitia indexu kovo-
nosnosti sme testovali na dvoch geneticky od-
lišných typoch čiernych bridlíc, ktoré sa vysky-
tujú v kryštaliniku Malých Karpát: na čiernych 
bridliciach perneckej a pezinskej skupiny (podľa 
členenia Ivana et al., 2001; Méresa, 2005; Ivana 
a   Méresa, 2006).

Geológia

Kryštalinikum Malých Karpát je budované 
komplexom metasedimentov a metabazitov 
staropaleozoického veku a komplexom karbón-
skych magmatitov, ktoré tvoria bratislavský 
a  modranský granitoidný masív. Metasedimenty 
(metapsamity, menej metapelity, čierne bridlice) 
a metabazity (masívne amfibolity, aktinolitické 
bridlice) boli v staršej literatúre definované 
ako jednotný litostratigrafický celok, pezinsko- 
-pernecké kryštalinikum (Cambel, 1954, 1958). 

Litologicko-faciálne odlišnosti oproti týmto dvom súborom 
hornín viedli k vyčleneniu osobitnej regionálnej jednotky – 
harmónskej série (harmónska sukcesia, podľa Kohúta et al. 
in Polák et al., 2012). Harmónska séria pozostáva prevažne 
z  ílovito-kremitých a čiernych bridlíc s určitým zastúpením 
karbonátových a metabazitových bazaltoidných vulka-
nických členov (Cambel, 1954, 1958). 

Niektorí autori (Putiš et al., 2004) definujú detailnejšie 
litostratigrafické členenie spodnopaleozoických hornín na 
základe geotektonického pozadia ich vzniku a ich recentnej 
priestorovej distribúcie. Z praktického hľadiska používania 
novej geologickej mapy Malých Karpát v mierke 1 : 50 000 
Polák et al. (2012) odporúčajú ponechať prehľadné členenie 
na dve litostratigrafické jednotky – perneckú skupinu a pe-
zinskú skupinu s jej harmónskou sukcesiou.

Podľa poznatkov získaných na základe výsledkov geo-
chemického výskumu metasedimentov a metabazitov (Ivan 
et al., 2001, 2007; Méres a Ivan, 2000; Ivan a Méres, 2006; 

Obr. 1. Geologická mapa staropaleozoických komplexov kryštalinika Malých 
Karpát. (Prevzaté od Ivana a Méresa, 2006). 1 – pernecká skupina; 2 – pezinská 
skupina; 3 – bratislavský granitoidný masív; 4 – modranský granitoidný masív; 
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), kryštalinikum Malých Karpát budujú 
dve principiálne odlišné staropaleozoické litostratigrafic-
ké jednotky: (1) pezinská skupina a (2) pernecká skupina 
(obr. 1). Pezinskú 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). Perneckú skupinu tvoria pelagické 
metasedimenty spolu s metabazaltmi N-MORB (Normal- 
-Mid Ocean Ridge Basalt, Ivan et al., 2001, 2007). Každá 
z týcho skupín metasedimentov mala pred metamorfózou 
samostatný vývoj. Protolit metasedimentov (fylity, ruly, kon-
taktne metamorfované horniny a čierne bridlice) pezinskej 
skupiny pochádzal z jednej zdrojovej oblasti. Predmetamor-
fná asociácia sedimentov bola charakteristická striedaním 
sa rôzne zrnitých drôb/litických arenitov (turbidity) s príme-
sou organickej substancie. Zdrojová oblasť protolitu bola 
na aktívnom kontinentálnom okraji s vulkanickou aktivitou 
produkujúcou prevažne dacity – ryodacity. Sedimentácia 
prebiehala na kontinentálnom svahu aktívneho okraja kon-
tinentu (Méres, 2005, 2007; Ivan a Méres, 2006) a bola 
lokálne sprevádzaná synchrónnym bázickým vulkanizmom 
produkujúcim bazalty typu OIT/CT. Protolit metasedimen-
tov perneckej skupiny tvorili oceánske pelagické sedimen-
ty. Protolitom čiernych bridlíc boli pelagické íly s organickou 
hmotou. Protolitom metasilicitov boli pelagické silicity s or-
ganickou hmotou. Protolitom aktinolitických bridlíc a chlo-
riticko-aktinolitických bridlíc s prímesou organickej hmoty 
boli halmyrolýzou (podmorským zvetrávaním) alterované 
bazalty a ich hyaloklastity. Sedimentačným prostredím bolo 
oceánske dno, kde dochádzalo k miešaniu týchto protoli-
tov v rôznom kvantitatívnom pomere (Méres, 2005, 2007). 
Sedimentácia bola sprevádzaná riftovým vulkanizmom pro-
dukujúcim bazalty typu N-MORB (Ivan et al., 2001, 2007). 
Pernecká skupina reprezentuje exhumovanú a tektonicky 
vejárovite nakopenú metamorfovanú nekompletnú ofiolito-
vú suitu (Ivan a Méres, 2012, 2015). 

Vek perneckej skupiny je stanovený nepriamo na zá-
klade veku granitoidov, ktoré do hornín perneckej skupiny 
intrudovali (348 ± 4 mil. rokov; Cambel et al., 1990). Po-
dobný vek (370 – 350 mil. rokov; Putiš et al., 2006, 2009) 
bol získaný zo zirkónu metódou SHRIMP zo žily doleritické-
ho gabra (dolina Javorinka pri Kuchyni, Malé Karpaty), zo 
zirkónu z granitoidov metódou SHRIMP (cca 350 mil. rokov; 
Kohút et al., 2009) ako aj z monazitov z granitov a  peg-
matitov bratislavského masívu (353 ± 2 mil. rokov) a  z  mo-
nazitov z pararúl (359 ± 11 mil. rokov; Uher et al., 2014). 
Z   predmetamorfného geologického vývoja pezinskej a per-
neckej skupiny Ivan a Méres (2003, 2006) predpokladajú 
tektonickú pozíciu obidvoch skupín a z geochronologických 
údajov o ich metamorfóze usudzujú vek na vrchný devón 
až spodný karbón.

Metodika

Na označenie čiernych bridlíc, ktoré sú bohaté na kovy, 
sa často objavujú rôzne termíny. Tak napríklad v staršej lite-
ratúre (Vine, 1969) bol použitý termín „čierna bridlica boha-
tá na kovy“ (metal-rich black shale), následne sa používali 

také označenia ako „anomálna čierna bridlica“, resp. „ano-
málna kovonosná čierna bridlica“ (Pašava, 1990; Kukal et 
al., 1990). Normálne čierne bridlice sú potom také, ktoré 
sa svojím chemickým zložením stopových prvkov blížia či 
už priemernej bridlici (Turekian a Wedepohl, 1961), alebo 
čiernej bridlici z Ohia, teda štandardu čiernej bridlice Geo-
logickej služby USA „USGS Devonian Ohio Shale“ z Ken-
tucky (SDO-1). Tento geochemický štandard navrhol Huyck 
(1989) ako náhradu za štandard bridlice NASC (North 
American Shale Composite) a predstavuje dobre geogra-
ficky a stratigraficky lokalizovanú čiernu bridlicu z huróns-
keho člena vrchnodevónskej Ohio Shale v západnej časti 
Rowan County, Kentucky. Táto bridlica má vysoký obsah or-
ganického uhlíka, pyritu, v jemnozrnnom alumosilikátovom 
matrixe (íly), ako aj fosílií (napr. sporomorfy Tasmanites). 
Vzorka bola analyzovaná v 32 laboratóriách z celého sveta 
na hlavné, vedľajšie a stopové prvky, ako aj na REE, parti-
cipovala aj Prírodovedecká fakulta UK (Berkovec a Lukašin, 
1984; Keprfrle et al., 1985; Kane et al., 1990).

Na zjednotenie termínov v problematike obohatenia 
čiernych bridlíc kovmi a polokovmi navrhol Huyck (1990) 
definíciu kovonosnej čiernej bridlice (metalliferous black 
shale), ktorú aplikujeme aj pre tento príspevok: „Kovonosná 
čierna bridlica je čierna bridlica obohatená o hocijaký 
kov faktorom 2x (okrem Be, Co, Mo a U, pri ktorých je 
dostačujúci faktor 1x) v porovnaní so štandardom USGS 
SDO-1.“ V tab. 1 sú uvedené z daného geochemického 
štandardu len kovy a polokovy, ktoré sú predmetom tohto 
príspevku.

Ako návrh indexu kovonosnosti malokarpatských čier-
nych bridlíc sme použili primárne údaje (lokalizácie vzoriek, 
analýzy, použité analytické metódy a ich detekčné limity 
pre jednotlivé stanovované prvky) z prác Cambel a Khun 
(1983), Khun (1983, 1985), Cambel et al. (1985), Ivan et 
al. (2001), Ivan a Méres (2006) a Méres (2005). Pre tento 
príspevok sme vybrali 8 kovov a polokovov (As, Cr, Cu, Hg, 
Ni, Sb, V a Zn) analyzovaných rôznymi metódami (tab. 2) 
v   čiernych bridliciach perneckej a pezinskej skupiny. 

Výber prvkov sledoval relevantnosť ich výpovednej geo-
chemickej charakteristiky pre dané horniny na dotknutom 
území. Na výpočet indexu kovonosnosti sme použili vzor-
ky, v ktorých obsah organického uhlíka je v intenciách de-
finície čiernej bridlice štandardu SDO-1 (t. j. > 0,5 hm. %), 
a  v  ktorých boli analyzované všetky sledované prvky.

Postup pri výpočte indexu kovonosnosti: primárne ana-
lýzy na obsah toho-ktorého prvku sa porovnali s príslušným 
údajom tohto prvku v kovonosnej čiernej bridlici SDO-1 
(tab. 1) a zistil sa počet vzoriek zo súboru, v ktorých daný 
prvok dosiahol, resp. prekročil údaj z SDO-1. Následne sa 
vypočítal percentuálny podiel takýchto vzoriek pre každý 
prvok v súbore. Pre každý sledovaný prvok sa vypočítala 
miera prekročenia jeho hodnoty uvedenej v kovonosnej 
SDO-1 v prípade, že primárny obsah bol rovný alebo vyšší 
ako v štandarde, a to pre každú vzorku, ktorá spĺňala túto 
podmienku. Z týchto hodnôt sa vypočítal aritmetický prie-
mer. Získanými číslami sa násobil percentuálny podiel prí-
slušného prvku a suma zo všetkých súčinov pre sledované 
prvky z tab. 3 bola dosadená do vzorca.
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Vzorec pre výpočet indexu kovonosnosti čiernych brid-
líc perneckej skupiny malokarpatského kryštalinika potom 
možno navrhnúť takto:

pre i až n = As, Cu, Hg, Ni, Sb, V a Zn,

kde M = sledované kovy a polokovy, Pp = percentuálny 
podiel vzoriek, v ktorých daný prvok dosiahol alebo pre-
kročil prahovú hodnotu v kovonosnej SDO-1, a MpmSDO-1 je 
aritmetický priemer násobkov týchto prekročení vo vzor-
kách spĺňajúcich túto podmienku pre každý sledovaný pr-
vok. 

Ako príklad výpočtu uvedieme vzorky 62A a 67A zo  vzo-
riek čiernych bridlíc z lokalít mimo produktívnych zón pre Cu: 
z päťčlenného súboru vzoriek prahové hodnoty kovonosnej 
SDO-1 prekročili 2 vzorky, teda ide o podiel 40 %. Násob-

IM = 
∑  
n

i
Pp · Mpm

100

SDO -1

Tab. 1 
Vybraté kovy a polokovy štandardu čiernej bridlice SDO-1

a kovonosnej čiernej bridlice SDO-1. Obsah v mg . kg–1

(upravené podľa 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–1 

(adapted after Kane et al., 1990)

SDO-1 SDO-1

kovonosná

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

V 160 320

Zn 64,1 128,2

Tab. 2
Vybraté analýzy čiernych bridlíc perneckej skupiny kryštalinika MK (produktívne zóny a mimo zón)

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

Pernecká skupina – produktívne zóny I. až IV.

Pernek Group – productive zones I. to IV.

met.
AS Cr Cu Hg Ni Sb V Zn Corg

INAA SPA SPA AAS SPA INAA SPA INAA kond.
vzorka mg . kg–1 mg . kg–1 mg . kg–1 mg . kg–1 mg . kg–1 mg . kg–1 mg . kg–1 mg . kg–1 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 11 191 210 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

Pernecká skupina – mimo produktívnych zón

Pernek Group – out of productive zones

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 – čierna bridlica bez makroskopicky viditeľnej sulfidickej mineralizácie; B – s makroskopicky viditeľnou; met. – použité analy-
tické metódy a inštitúcia: INAA – inštrumentálna neutrónová aktivačná analýza, Čs. uránový průmysl Stráž pod Ralskem; SPA – spektrálna 
analýza; AAS – atomová absorpčná spektroskopia, Geol. ústav PriF UK Bratislava; kond. – konduktometria, ÚÚG Brno. Analýzy a lokalizá-
cie vzoriek sú z práce 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, Stráž 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 prekročenia boli vo vzorke 62A  =  1,73 a  v  67 A  =  1,94, 
aritmetický priemer je potom 1,83. Jeho súčin s percentu-
álnym podielom je 73,2 (tab. 3). Pri dosadení príslušných 
hodnôt z tab. 3 do vyššie uvedeného vzorca vyjde index 
kovonosnosti pre čierne bridlice perneckej skupiny z pro-
duktívnych zón IM = 8,88 a pre čierne bridlice z lokalít mimo 
týchto zón IM = 4,83. Takto získané hodnoty IM z čiernych 
bridlíc Malých Karpát je možné využiť v environmentálnej 
geochémii pre posúdenie úrovne plošnej kontaminácie bio-
sféry potenciálne toxickými stopovými prvkami (PTTE).

Aplikáciou indexu kovonosnosti sme sa pokúsili 
riešiť aj problematiku principiálne odlišnej geologickej 
a  geochemickej histórie čiernych bridlíc perneckej skupiny 
a čiernych bridlíc pezinskej skupiny. V tab. 4 sú výsledky 
analýz čiernych bridlíc pezinskej skupiny (v zmysle 

Ivan a Méres, 2006), ktorej integrálnou súčasťou je aj 
harmónska séria (v zmysle Cambel, 1954, 1958). Prahové 
hodnoty kovonosnej SDO-1 prekračuje Cr a V vo vzorke 
19A a zvýšený obsah Zn v ostatných troch vzorkách. 
Obsah vanádu tu zrejme dokumentuje priamu závislosť 
od zrnitostnej kategórie protolitu a vyššieho obsahu Corg. 
Taktiež organická hmota vo výbrusoch z čiernych bridlíc 
pezinskej skupiny vystupuje v podobe väčších zhlukov 
zrnitosťou zodpovedajúcou peliticko-psamitickej zrnitosti 
pôvodných klastov protolitu a nie rovnomerne rozptýlenému 
submikroskopickému pigmentu, ako je v prípade čiernych 
bridlíc perneckej skupiny (obr. 3a, b.).

Rovnakým postupom, ako je uvedený v tab. 3, mož-
no vypočítať index kovonosnosti čiernych bridlíc pezinskej 
skupiny malokarpatského kryštalinika, ktorého hodnota je 
IM = 2,45, samozrejme, pre rovnakú škálu sledovaných prv-
kov. 

Index kovonosnosti čiernych bridlíc (IM = 8,88) z pro-
duktívnych zón perneckej skupiny potom predstavuje 
3,62-násobok tejto hodnoty a IM (4,83) pre čierne bridlice 
z lokalít mimo produktívnych zón perneckej skupiny je 1,97 
násobkom. 

Výrazný rozdiel v hodnote IM v čiernych bridliciach 
perneckej skupiny (najmä mimo produktívnych zón) 
a  pezinskej skupiny považujeme za relevantné kritérium 
nielen na posúdenie kovonosnosti, ale aj ako diskriminačný 
koeficient pri geochemických interpretáciách odlišných 
sedimentačných prostredí protolitu čiernych bridlíc kryšta-
linika Malých Karpát. 

Diskusia

Názory na genézu čiernych bridlíc kryštalinika Malých 
Karpát (MK) sa s pribúdajúcimi informáciami výrazne me-
nili (Cambel, 1954, 1958; Plašienka et al., 2001; Ivan et al., 
2001; Putiš et al., 2004; Ivan a Méres, 2006; Méres, 2005, 
2007; Polák et al., 2012). Pre riešenie potenciálnej rudonos-
nosti čiernych bridlíc MK, ako aj pri riešení ich geologického 
vývoja z vyššie publikovaných názorov vychádzame z prác 
Ivana a Méresa (l. c.). Dôvodom je to, že čierne bridlice 
MK rozdelili principiálne na dve genetické skupiny. Rôzna 
zdrojová oblasť a prostredie sedimentácie každej z nich 
nás viedlo k tomu, že by mal byť zásadne iný aj ich poten-
ciál rudonosnosti. Z toho dôvodu sme index kovonosnosti 
aplikovali na litologické členenie čiernych bridlíc MK podľa 
Ivana a Méresa (l. c.). Z prác Cambela (1954, 1958), Cam-
bela a Khuna (1983), Khuna (1983, 1985) a Cambela et al. 
(1985) používame (okrem analýz a lokalizácie vzoriek) pre 
prehľadnosť a komparáciu starších a nových údajov termíny 
„čierne bridlice produktívnych zón“ a „čierne bridlice mimo 
produktívnych zón“ (obr. 2), ktoré podľa Ivana a Méresa 
(l.  c.) patria do perneckej skupiny. 

Index kovonosnosti čiernych bridlíc perneckej skupiny 
kryštalinika MK v produktívnych zónach je temer dvojná-
sobný (1,84) oproti takýmto horninám, ktoré boli odobraté 
z lokalít mimo týchto zón v perneckej skupine. Zaujímavé 
je aj poradie obohatenia sledovaných prvkov, zostavené zo 
súčinu percentuálneho podielu vzoriek súboru, v ktorých 
daný prvok dosiahol, resp. prekročil prahovú hodnotu ko-

Tab. 3 
Čiastkové výpočty k návrhu indexu kovonosnosti čiernych bridlíc
Partial calculations for metalliferous index proposal for the black 

schists

Pernecká skupina – produktívne zóny I. až IV.

Pernek Group – productive zones I. to IV.

N n Pp Mp Pp

As 13 6 46,1 4,73 218,3

Cr 13 1 7,7 1,54 11,9

Cu 13 4 30,8 1,55 47,7

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

V 13 10 76,9 2,44 187,6

Zn 13 7 53,8 2,36 127,0

∑ 888,2

Pernecká skupina – mimo produktívnych zón

Pernek Group – out of productive zones

N n Pp Mp Pp

As 5 0 0 0 0

Cr 5 0 0 0 0

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

Hg 5 0 0 0 0

Ni 5 1 20 2,06 41,2

Sb 5 2 40,0 4,24 169,6

V 5 2 40,0 1,72 68,8

Zn 5 3 40,0 3,25 130,0

∑ 482,8

Vysvetlivky: N – počet vzoriek; n – počet vzoriek zo súboru, 
v  ktorých sledovaný prvok dosiahol alebo prekročil svoj obsah uda-
ný v kovonosnej SDO-1 (tab. 1); Pp – percentuálny podiel takýchto 
vzoriek zo súboru; Mp – aritmetický priemer miery prekročenia ob-
sahu prvku v porovnaní s SDO-1 kovonosnej zo vzoriek kolónky 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.
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vonosnej SDO-1 a priemernej miery týchto prekročení (tab. 
3). Pre bridlice produktívnych zón je toto poradie takéto: As 
> V > Sb > Zn > Hg > Ni >> Cu > Cr, pre čierne bridlice 
z  lokalít mimo zón Sb > Zn > Cu > V > Ni > As = Cr = Hg. 
Z  uvedeného poradia možno usudzovať, že záujmovými 
kovmi a polokovmi v študovaných horninách perneckej sku-
piny sú As, Sb, V a Zn. Uvedené aspekty sú prezentované 
aj na obr. 4a, b. Priemerný obsah prvkov As, Sb, V a Zn 
v  čiernych bridliciach z produktívnych zón perneckej sku-
piny je nad hranicou prahových hodnôt kovonosnej SDO-1 
(SDO-1 Metalliferous).

Obsah As v čiernych bridliciach typu A (bez makrosko-
picky viditeľných sulfidov) dosahuje vysoké hodnoty (tab. 
2), dokonca vyššie ako bridlice typu B (s makroskopicky 
viditeľnými sulfidmi) s maximálnou hodnotou v súbore 
1  370  mg . kg–1 (vzorka 97A, vrchná štôlňa Rybníček). Treba 
však uviesť, že antimónové rudy v MK majú vysoký obsah 
As. Tiež pyrit a chalkopyrit sprevádzajúci zrudnenie majú 
vysoký obsah As (Cambel a Jarkovský, 1967, 1974). Bridlice 
s organickou hmotou majú taktiež tendenciu vyššieho ob-
sahu As, kde nízky redox potenciál zapríčiňuje vyzrážanie 
As (pozri vzorku 97A s anomálnym obsahom As a vysokým 
obsahom Corg, tab. 2). Vysoký obsah As v malokarpatských 
čiernych bridliciach je podobný obsahu Sb hlavne vo vzor-
kách z oblasti epigenetických hydrotermálnych premien, 
prevažne z oblasti ložiska Pezinok-Kolársky vrch.

Vyšší obsah Sb v produktívnych zónach je spravidla 
v  oblasti hydrotermálnych premien, kde mohlo pod vplyvom 
hydrotermálnych roztokov obsahujúcich sulfátový ión dôjsť 
k okysleniu organickej hmoty, čo je spojené s tvorbou redu-
kovaných foriem síry a  s vylučovaním sulfidov (Bannikova 

a  Galimov, 1977). V čiernych bridliciach potom drobné kryš-
tály antimonitu tvoria impregnácie (Chovan et al., 1994). 

Obsah Cu v obidvoch študovaných súboroch sa pohy-
buje od 16 – 234 mg . kg–1 (prekročenie kritéria metalo-
nosnosti v jednej tretine vzoriek). Obsah Ni vo vzorkách 
čiernych bridlíc z lokalít mimo produktívnych zón má dokon-
ca najvyššiu analyzovanú hodnotu 410 mg . kg–1 vo vzorke 
bez makroskopicky viditeľných sulfidov (vzorka 67A, miera 
prekročenia 2,06). 

Porovnateľná pozícia priemerného obsahu Cr v čier-
nych bridliciach produktívnych zón perneckej skupiny (obr. 
4a) a v čiernych bridliciach pezinskej skupiny (obr. 4b a obr. 
5) svedčí o tom, že Cr nemá z aspektu kovonosnosti čier-
nych bridlíc MK praktický význam a jeho obsah je limitova-
ný jeho obsahom v protolite čiernych bridlíc.

Priemerný obsah prvkov Cu a Ni v čiernych bridliciach 
z   produktívnych zón perneckej skupiny je nad alebo na 
hranici prahových hodnôt kovonosnej SDO-1 (obr. 4a).

Obsah vanádu v skúmaných čiernych bridliciach 
úzko súvisí s obsahom organickej hmoty (tab. 2). V   pro- 
duktívnych zónach možno obsah považovať za anomálny 
(77-percentný podiel prekročenia prahovej hodnoty 
kovonosnej SDO-1). Dokonca čierna bridlica z produktívnej 
zóny (Cambel a  Khun, 1983; vzorka K-25, lokalita Pernek-
-Misársky Ostrobec, nie je zahrnutá v tomto študovanom 
súbore vzoriek, pretože nebola analyzovaná na všetky 
sledované prvky) mala obsah vanádu 6 000 mg . kg–1 
(0,6   %) pri obsahu Corg 8,28  %, čo značne prekračuje 
spodnú hranicu vanádonosti 0,05 % podľa Smirnova 
(1976). Treba poznamenať, že v   danej lokalite bol zistený 
vanádový granát goldmanit (Uher et al., 1994). Tieto 
aspekty navodzujú špekulatívnu úvahu o tom, či vanád 
v  čiernych bridliciach perneckej skupiny môže/nemôže byť 
v blízkej budúcnosti aj ekonomicky zaujímavý.

V čiernych bridliciach pezinskej skupiny je poradie obo-
hatenia sledovaných prvkov, zostavené podobným meto-
dickým postupom ako v prípade čiernych bridlíc perneckej 
skupiny, takéto: Zn > Cr > V > As = Cu = Hg = Ni = Sb. Toto 
poradie je zásadne odlišné od poradia tých istých prvkov 
v čiernych bridliciach perneckej skupiny. Priemerný obsah 
prvkov As, Sb, V, Cu, Hg, Ni a Sb v čiernych bridliciach 
pezinskej skupiny (obr. 5) je výrazne alebo evidentne pod 
hranicou prahových hodnôt kovonosnej SDO-1 (SDO-1 

Obr. 2. Schematická geologická mapa kryštalinika Malých Karpát. 
Upravená verzia Poláka a Raka (1980). 1 – metamorfity vcelku; 
2 – produktívne zóny (I. až V.); 3 – výskyt Sb zrudnenia v produktív-
nych zónach; 4 – oblasti s nedostatočne vymedzenými priebehmi 
produktívnych zón; 5 – granitoidy; 6 – mezozoikum; 7 – terciér – 
kvartér. KV – Sb ložisko Pezinok-Kolársky vrch; P – Sb a pyritové 
ložisko Pernek-Jahodnisko; B – bratislavský granitoidný masív; 
M – modranský granitoidný masív; SM – granitoidný masív Staré 
mesto; Au, Pb, Zn, FeS2 – výskyt príslušného zrudnenia.
Fig. 2. Schematic geological map of the Pernek Group of Malé 
Karpaty crystalline basement. Modified version after Polák 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-Kolársky vrch; P – Sb and pyrite deposit Pernek- 
-Jahodnisko; B – Bratislava granitoid massif; M – Modra granitoid 
massif; SM – Staré mesto granitoid massif; Au, Pb, Zn, FeS2 – oc-
currence of appropriate ore mineralization.
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Metalliferous). V čiernych bridliciach pezinskej skupiny je 
nápadný vyšší obsah Zn (tab. 4, obr. 5), ktorý je pravde- 
podobne výsledkom mineralizácie rastlinného detritu. 
Bouška (1977) napr. v uhlí uvádza bežne obsah zinku 
1  000 mg . kg–1.

Potenciálna možnosť využiť index kovonosnosti 
aj ako diskriminačný koeficient pri geochemických 
rekonštrukciách rôznych sedimentačných prostredí vyplýva 
aj z porovnania priemerného obsahu sledovaných prvkov 
(obr. 4a, b; obr.  5). Z tohto porovnania je zrejmé, že:

a) priemerný obsah As, Sb, V a Zn v čiernych bridliciach 
perneckej skupiny z produktívnych zón je nad hranicou 
prahových hodnôt kovonosnej SDO-1 (SDO-1 Metalliferous, 
obr. 4a);

b) priemerný obsah As, Sb, V, Cu a Zn v čiernych brid-
liciach perneckej skupiny mimo produktívnych zón je tiež 
nad hranicou, resp. na hranici prahových hodnôt kovonos-
nej SDO-1 (obr. 4b);

c) priemerný obsah Hg, Ni a Cr v čiernych bridliciach 
perneckej skupiny mimo produktívnych zón je na hranici 
prahových hodnôt kovonosnej SDO-1 (obr. 4b);

d) priemerný obsah všetkých sledovaných prvkov s vý-
nimkou Zn je v čiernych bridliciach pezinskej skupiny vý-
razne pod hranicou prahových hodnôt kovonosnej SDO-1 
(obr. 5).

Vzhľadom na korektné posúdenie príčin výrazne odliš-
ných hodnôt sledovaných chemických prvkov považujeme 
za relevantné porovnanie priemerného obsahu v čiernych 
bridliciach perneckej skupiny mimo produktívnych zón 
a  v  čiernych bridliciach pezinskej skupiny. Dôvodom je fakt, 
že odlišnému protolitu podľa Méresa (2005) sú najbližšie 
(aj v prípade chemických prvkov, ktorých imobilita v proce-
soch, ktoré postihli čierne bridlice obidvoch skupín počas 
ich geologického vývoja, môže byť diskutabilná) čierne bri-
dlice perneckej skupiny mimo produktívnych zón a čierne 
bridlice pezinskej skupiny.

Výraznú disproporciu v priemernom obsahu sledova-
ných chemických prvkov medzi čiernymi bridlicami pernec-
kej skupiny (produktívnych zón a aj mimo nich) a čiernymi 
bridlicami pezinskej skupiny je možné vysvetliť iba rôznou 
zdrojovou oblasťou, materskými horninami, odlišným se-

dimentačným prostredím, a teda aj rôznou paragenézou 
chemických prvkov. Z uvedeného vyplýva, že už v protolite 
obidvoch skupín študovaných čiernych bridlíc bola ich kon-
centrácia zásadne odlišná. Z vyššie uvedeného vyplýva, 
že mineralizácia spôsobená hydrotermálnymi fluidmi ge-
nerovanými synchrónnou metamorfózou obidvoch skupín 
čiernych bridlíc MK je principiálne odlišná. Potenciál ložis-
kových akumulácií majú jednoznačne iba čierne bridlice 
perneckej skupiny.

Výrazný rozdiel v zložení študovaných čiernych 
bridlíc vyplýva aj z variability obsahu U, Th a Hf (obr.  6). 
Čierne bridlice a aktinolitické bridlice s organickou 
hmotou z perneckej skupiny vytvárajú samostatné pole 
s   jasným trendom k  zloženiu N-MORB metabazaltov 
MK. Je to výsledok rôzneho zastúpenia pelagických ílov, 
organogénneho/chemogénneho kremeňa, organickej hmo-
ty a alterovaných bazaltov N-MORB v ich protolite.

Čierne bridlice pezinskej skupiny zasa vytvárajú v dia-
grame samostatné pole s afinitou k zloženiu metabazaltov 
OIT/CT typu, ktoré sa vyskytujú v pezinskej skupine. Vý-
razný rozdiel v geochémii metasedimentov (hlavné prvky, 
vybraté prvky v stopovej koncentrácii a lantanoidy) MK je 
interpretovaný ako výsledok principiálne odlišného protoli-
tu a prostredia sedimentácie (Méres, 2005; Ivan a Méres, 
2006). Na odlišné prostredie sedimentácie s ohľadom na 
oxidačno-redukčné podmienky poukazuje aj obsah U a Th 
v obidvoch typoch čiernych bridlíc (obr. 7). Čierne bridlice 
perneckej skupiny sedimentovali vo výrazne redukčnom 
prostredí. Čierne bridlice pezinskej skupiny sedimento-
vali aj v oxidačnom, aj v redukčnom prostredí. To, že sa 
v  psamitickej fácii zachovala organická hmota, svedčí o in-
tenzívnej tektonickej/vulkanickej aktivite v zdrojovej oblasti, 
rýchlom transporte siliciklastického materiálu do sedimen-
tačného bazéna a o rýchlom pochovaní organickej hmoty 
pred jej mineralizáciou (obr. 3a, b; Méres, 2005).

Záver

V tejto práci sme navrhli index kovonosnosti (I
M) čier-

nych bridlíc kryštalinika Malých Karpát pre nasledujúce 
chemické prvky: As, Cr, Cu, Hg, Ni, Sb, V a Zn.

Tab. 4 
Vybraté analýzy čiernych bridlíc pezinskej skupiny kryštalinika Malých Karpát (analýzy sú z práce Cambela a Khuna, 1983)

Selected analyses of black schists of the Malé Karpaty from Pezinok Group (data from Cambel and Khun, 1983)

Čierne bridlice pezinskej skupiny

Black schists of Pezinok Group

AS Cr Cu Hg Ni Sb V Zn Corg

met. INAA SPA SPA AAS SPA INAA SPA INAA kond.

vzorka mg . kg–1 mg . kg–1 mg . kg–1 mg . kg–1 mg . kg–1 mg . kg–1 mg . kg–1 mg . kg–1 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 57,5 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. Reprezentatívne vzorky čiernych bridlíc z pezinskej skupiny. Lokalizácia (A, B, C, D) Dubová, Fúgelka, (A) II polaroidy, (B) X po-
laroidy. (C) a (D) II polaroidy. Označenie vzoriek (A a B) ako v tab. 4. C a D z práce Méresa (2005).
Fig. 3a. Representative samples of the black schists from the Pezinok Group. Location (A, B, C, D): Dubová, Fúgelka, (A) polaroid II, 
(B)  polaroid X. (C) and (D) polaroid II. Signature of the samples such as in a Tab. 4. (C) and (D) from Méres (2005).

Obr. 3b. Reprezentatívne vzorky čiernych bridlíc z perneckej skupiny. (A) Čierna bridlica s rudnou mineralizáciou z produktívnej zóny. Loka-
lizácia: Borinka, Santoberg, II polaroidy, (B) ako (A) X polaroidy. (C) Veľmi jemnozrnná čierna bridlica mimo produktívnych zón. Lokalizácia: 
Pernek, štôlňa Karol, II polaroidy, (D) ako (C) X polaroidy. Označenie 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 II, (B) just (A) polaroid X. (C) Very fine-grained black schist of the Pernek 
Group out of productive zone. Location: Pernek, Karol stack, polaroid II, (D) just (C) polaroid X. Signature of the samples such as in a Tab. 2.
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Obr. 4a. Diagram priemerného obsahu chemických prvkov v čier-
nych bridliciach produktívnych zón perneckej skupiny (PZ PerG) 
a  ich obsahu v SDO-1. Čiarkovane je vyznačená línia obsahu tých-
to prvkov v SDO-1 – kovonosnej (2x obsah v SDO-1). Hodnoty sú 
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.

Obr. 4b. Diagram priemerného obsahu chemických prvkov 
v  čiernych bridliciach mimo produktívnych zón perneckej skupiny 
(mimo PZ PerG) a ich obsahu v SDO-1. Vysvetlivky ako pri obr. 4a. 
Hodnoty sú 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.

Obr. 5. Diagram priemerného obsahu chemických prvkov v čier-
nych bridliciach pezinskej skupiny (PezG) a ich obsahu v SDO-1. 
Vysvetlivky ako pri obr. 4a. Hodnoty sú 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.

Zdôvodnili sme možnosti využitia IM v čiernych bridli-
ciach: 

(1) pre predbežné posúdenie ložiskových akumulácií 
sledovaných chemických prvkov, 

(2) pre riešenie geologickej histórie (najmä materských 
hornín a prostredia sedimentácie) na príklade dvoch gene-
ticky principiálne odlišných čiernych bridliciach z pezinskej 
a perneckej skupiny,

(3) pri environmentálnom výskume potenciálne toxic-
kých stopových prvkov (PTTE). 

Výrazne vyššie hodnoty IM v čiernych bridliciach per-
neckej skupiny v porovnaní s hodnotami IM v čiernych brid-
liciach pezinskej skupiny sú výsledkom odlišného protolitu 
a   rincipiálne odlišného sedimentačného prostredia.

Rozdielna genéza čiernych bridlíc pezinskej a pernec-
kej skupiny je príčinou aj odlišnej mineralizácie generovanej 

Obr. 6. Diagram U, Th a Hf poukazuje na odlišnú distribúciu týchto 
chemických prvkov v čiernych bridliciach Malých Karpát. 1 – Čier- 
ne bridlice perneckej skupiny (PerG); a – pole vzoriek z pro-
duktívnych zón; b – pole čiernych bridlíc mimo produktívnych zón, 
s  prevahou pelagických ílov + organická hmota v protolite; c – pole 
aktinolitických bridlíc s organickou hmotou mimo produktívnych 
zón, ktorých protolit mal zloženie pelagické íly + organická hmota + 
halmyrolýzou alterované bazalty N-MORB a ich hyaloklastity. Pole 
N-MORB – obsah U, Th a Hf v metabazaltoch z perneckej skupiny. 
2 – Čierne bridlice pezinskej skupiny (PezG). Pole OIT/CT – obsah 
U, Th a Hf v metabazaltoch pezinskej skupiny. (Na zostrojenie dia-
gramu boli využité analýzy z prác Cambela a Khuna, 1983; Ivana 
et al., 2001; Méresa, 2005; Ivana 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; Ivan and Méres, 2006).
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hydrotermálnymi fluidami aktivovanými synchrónnou meta-
morfózou obidvoch skupín čiernych bridlíc Malých Karpát. 

Z výsledkov tejto práce vyplýva, že:
(1) potenciál ložiskových akumulácií majú iba čierne bri-

dlice perneckej skupiny, 
(2) už v protolite obidvoch skupín študovaných čiernych 

bridlíc boli koncentrácie chemických prvkov využitých v IM 
okrem Cr a Zn zásadne odlišné.
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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; Plašienka et al., 
2001; Putiš et al., 2004; Ivan and Méres, 2006; Méres, 
2005, 2007; Polák 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; Ivan 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 (Ivan 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:

for i to 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 MpmSDO-1 is 
arithmetic mean of these folds in samples determined this 
condition for every monitored element.

This index accounts value of IM = 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 IM = 4.83 (Tab. 3). There 
can be observed a considerable decrease of this index 
value for the black schists from the Pezinok Group to IM = 
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 IM 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).

IM = 
∑  
n

i
Pp · Mpm

100

SDO -1

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 
(Ivan 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 
(Franců et al., 1989, 1990, 1996; Milička et al., 1994, 1996)
(Fig. 1). Nevertheless the first discoveries and oil production 
are dated to the second half of the 19th and the beginning 
of the 20th 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. Milička 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 

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. Teichmüller, 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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The reflectance increase is an irreversible process 
and continues with increasing burial and heating 
eventually until metamorphosis. The vitrinite 
reflectance measurement is one of important 
methods used in evaluation of sedimentary plant 
derived organic matter thermal alteration. 

Vitrinite reflectance was measured in Czech 
Geological Survey Prague, branch Brno on Leitz 
Wetzlar MPV 2 microphotometer under following 
conditions: monochromatic light (l = 546 nm), 
circular micro-photometric field (r = 1  mm) and 
Leitz calibration standards (Ro values of 1.24 
and 5.42  %). Measurements were carried out in 
oil immersion on polished sections from the well 
cores and the surface outcrops and statistically 
evaluated. The result is the mean vitrinite 
reflectance (Ro) measured in non-polarized light 
and maximal/minimal (Rmax/Rmin) reflectance 
measured in polarized light. The results are 
presented graphically in Figs. 2 and 3. Vitrinite 
reflectance measurements of individual well cores 
and outcrops samples from investigated regions 
with statistical evaluation and geological data 

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 (Krížna nappe); 6 – Veporicum basement; 
7 – Veporicum and Zemplinicum cover units; 8 – Hronicum (Choč nappe); 9 – Gemericum; 10 – Meliaticum; 11 – Turnaicum; 12 – Silicicum; 
13 – Inner Carpathian/Buda Paleogene; 14 – Neogene basins; 15 – Neogene volcanics; 16 – main faults.

Fig. 2.� Thermal maturity rank of sedimentary orga-
nic mater in regional-geographic and geological units 
without reference to the depth; n – number of measu-
rements. Soták et al. (1995) published the occurrence 
of anisotropic organic matter in Zbudza 1 well in the 
northern part of the East Slovakian Neogene Basin. 
Presented values of vitrinite reflectance measured in po-
larized light (Rmax = 5.75 %; Rmin = 3.37 %) may cor-
respond to the Mesozoic of Iňačovce-Kričevo unit in Fig. 
2, however the authors (l. c. 1995) introduce the Eocene 
age of this sequence.
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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 Iňačovce-Kričevo 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. 

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 
Franců (1986), as well as Chmelík and Müller (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 I 
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; PI – 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

TOC [%] S2 [mg/g] HI [mg/g] 
average

HI [mg/g] 
max

Neogene 0.50–2.50 0.18–4.80 ~250 410

Paleogene
and LC 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
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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 (Milička et 
al., 1991; Janočko 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 
Hanušovce-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 1 400 – 3 000 m. The Rock-Eval pyrolysis data indicate 
plant derived kerogen (type III) with entire genetic potential 
maximally up to 0.85 mgHC/g in the rock. Vitrinite reflectance 
of 0.6 to 0.7  % in interval 690 – 1 990 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 (Janočko 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 Závod-68 

Fig. 5.� Metamorphic discordance between Paleogene and Meso-
zoic sediments in the Central Carpathian Paleogene sediments 
(the Levoča Basin) indicated by the vitrinite reflectance data. 

Fig. 4.� Metamorphic discordance between Neogene and Mesozoic 
sediments in the East Slovakian Basin, being indicated by the vit-
rinite 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. Žilina, Rajec, Turiec, 
Orava, Liptov, Poprad and Hornad depressions.

The hydrocarbon potential of the CCPB was most in-
tensively studied in the Levoča Basin from a deep well co-
res in Lipany, Šariš, Šambron 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 Š1NBIII Prievidza well (Milička, 1998). The kerogen type 
is prevailingly of terrestrial type III, locally there occurs also 
mixed terrestrial marine to marine type II 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 (Soták 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 Šambron 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 Levoča 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 nappes 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 %, 

Fig. 6.� The maturation discontinuity at the thrust plane of Magura 
nappe to Obidowa Slopnice unit in Oravská 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 II 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 Korňa and solid bitumen in 
the western part with Bóbrka 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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Napriek tomu, že najpreskúmanejšími a v súčasnosti 
stále najperspektívnejšími oblasťami uhľovodíkového 
prieskumu na Slovensku sú veľké neogénne panvy, prvými 
oblasťami, kde sa koncom devätnásteho a začiatkom 
dvadsiateho storočia ťažila ropa, bola oblasť západného 
a východného úseku flyšového pásma zahŕňajúca 
okrem Slovenska aj Českú republiku na západe, Poľsko 
a  Ukrajinu na východe. V rámci systematického výskumu 
uhľovodíkového potenciálu Západných Karpát sa však 
začali študovať prakticky všetky geologické jednotky (obr. 1) 
s výnimkou kryštalinika jadrových pohorí. Analyzované boli 
najmä vzorky vrtných jadier, ale aj povrchových odkryvov 
s  dostatočným minimálnym obsahom organickej hmoty.

Metóda Rock-Eval bola využitá na zistenie 
uhľovodíkového potenciálu, typu kerogénu a čiastočne aj 
stupňa premeny. V súvislosti s interpretáciami geologického 
potenciálu sú v tab. 1 a 2 uvedené priemerné hodnoty 
TOC, S2 a  HI pre jednotlivé skúmané geologické jednotky. 
Na základe týchto výsledkov boli niektoré vzorky najmä 
z  oblasti flyšových sedimentov analyzované tiež metódami 
GC a GC-MS. Hlavnou metódou využitou pri štúdiu najmä 
predneogénnych jednotiek bolo však meranie odraznosti 
vitrinitu. Nárast odrazivosti je ireverzibilný proces 
a  progresívne ďalej vzrastá s pokračujúcou diagenézou 
až po metamorfózu. Vlastné meranie odrazivosti vitrinitu 
je jednou z metód zhodnotenia miery tepelnej alterácie 
sedimentárnej horniny. Táto metóda teda poskytla 
informácie o stupni premeny kerogénu a spolu s aktuálnou 
hĺbkou uloženia a teplotnými pomermi danej oblasti bolo 
možné potvrdiť alebo vylúčiť aktívnu tvorbu uhľovodíkov 
z  týchto hornín v súčasnosti. Výsledkom meraní je stredná 
odraznosť vitrinitu meraná v nepolarizovanom svetle 
a  maximálna (Rmax), resp. minimálna (Rmin) odrazivosť 
meraná v polarizovanom svetle. Výsledky sú vyjadrené 
graficky na obr. 2 a 3.

Paleozoické, prípadne prekambrické a mezozoické jed-
notky Vnútorných (Centrálnych) Západných Karpát, ktoré 
sa formovali v hercýnskej a v paleoalpínskej etape orogén-

neho vývoja, teda pred obdobím vrchnej kriedy, majú uh-
ľovodíkový potenciál prakticky vyčerpaný. Staropaleozoické 
jednotky tatrika, veporika a gemerika sú postihnuté rôznym 
stupňom metamorfózy a za zdrojové horniny nemožno po-
važovať ani mladopaleozoické a mezozoické sedimenty 
tatrika, veporika, gemerika, fatrika, hronika, meliatika, tur-
naika, silicika, zemplinika, ani sedimenty iňačevsko-kričev-
skej jednotky. Tieto sú buď postihnuté anchimetamorfózou, 
alebo uhľovodíkový potenciál týchto hornín sa vyčerpal 
pravdepodobne už pred obdobím vrchnej kriedy možno 
ešte v pôvodných sedimentačných bazénoch, na čo pou-
kazujú v mnohých prípadoch organickogeochemické ana-
lytické údaje ako z povrchových vzoriek, tak aj z hlbokých 
vrtov z podložia terciérnych panví. Trend tepelnej premeny 
sedimentárnej organickej hmoty v jednotlivých regionálno-
geologických jednotkách je uvedený na obr. 2, zostrojenom 
na základe viac ako 840 meraní odrazivosti vitrinitu. Glo-
bálny trend nárastu odrazivosti vitrinitu od neogénnych po 
paleozoické sedimenty je dokumentovaný na obr. 3. Dis-
kordancia v stupni premeny medzi sedimentmi terciéru až 
vrchnej kriedy a mezozoickými a paleozoickými horninami 
sa prejavuje výraznými diskontinuitami v rámci hĺbkového 
priebehu odrazivosti vitrinitu. Príklady takýchto diskontinuít 
sú znázornené na obr. 4 a 5.

Vzhľadom na zložitý geologický vývoj pieninského 
bradlového pásma a jeho nízky stupeň preskúmanosti 
vznik, migráciu a akumuláciu uhľovodíkov v tejto geologickej 
jednotke možno posúdiť len orientačne. 

Charakteristickým znakom pre bradlové pásmo je, že 
silne deformované jurské a spodnokriedové, prevažne 
karbonátové, sedimenty tvoria chaoticky rozmiestnené 
bradlá vo vrchnokriedových a paleogénnnych, prevažne 
ílovito-piesčitých sedimentoch. Jurské a spodnokriedové 
sedimenty obsahujú organickú hmotu vo vysokom štádiu 
premeny a  nemajú žiadny uhľovodíkový potenciál. Hĺbková 
distribúcia obsahu celkového organického uhlíka vo vrte 
Hanušovce-1 indikuje potenciálne zdrojové horniny v brad-
lovom pásme na niekoľkých vzorkách vrchnokriedových 
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a  paleogénnych hornín v hĺbkovom intervale 1 300 až 
4  000  m (obsah TOC v niektorých vzorkách od 0,5 po 
0,8 hm. %). Obsah viazaných uhľovodíkov S2 v niektorých 
vzorkách dosahuje 0,5 – 0,8 mg HC/g horniny, vodíkový 
index 100 – 150 mg  HC/g TOC, odrazivosť vitrinitu 
0,57 – 0,89  % v hĺbke 685 až 3  000, teda generačné okno 
ropy. S ohľadom na hĺbkové a teplotné podmienky ide 
o reliktnú zrelosť. Vrchnokriedové formácie sa na väčšine 
územia Vnútorných Západných Karpát zachovali len 
v menších zvyškoch a  z  hľadiska uhľovodíkového potenciálu 
sú s výnimkou predterciérneho podložia Viedenskej panvy 
prakticky bezvýznamné.

Oblasť centrálnokarpatského paleogénu predstavuje 
popri neogénnych panvách a flyšovom pásme Vonkajších 
Západných Karpát ďalšiu perspektívnu oblasť. Uhľovodíko-
vý potenciál CKP bol najviac skúmaný v rámci Levočských 
vrchov. Z hľadiska obsahu TOC spĺňa prevažná časť ana-
lyzovaných povrchových vzoriek a vzoriek vrtných jadier 
paleogénnej sedimentárnej výplne kritériá na potenciálne 
zdrojové horniny – obsah TOC nad 0,5 hm. % – a niekto-
ré z  nich možno hodnotiť ako veľmi dobré s obsahom TOC 
nad 2,0 hm. %. Typ kerogénu, od ktorého priamo závisí 
uhľovodíkový potenciál, je prevažne terestrický (typ III), lo-
kálne však aj zmiešaný terestricko-morský typ (typ III – II) 
a  morský typ (typ II). Maximálne hodnoty vodíkového inde-
xu (HI do 667 mg/g), uvedené v tabuľke 1, indikujúce kvalit-
nejší typ kerogénu pochádzajú z hutianskeho súvrstvia vo 
vrte Š1NBIII Prievidza.

Obsah a hĺbková distribúcia voľných uhľovodíkov, 
resp. odrazivosť vitrinitu, indikujú dosiahnutie štádia 
tvorby ropných uhľovodíkov. Obsah viazaných uhľovodíkov 
v   kerogéne nie je úplne vyčerpaný a vo väčších hĺbkach 
pochovania môže aktívne generovať uhľovodíky. Priemerný 
uhľovodíkový potenciál sa pohybuje okolo 1,0 kg HC/t 
horniny, ale vzhľadom na súčasný stupeň tepelnej premeny 
organickej hmoty možno predpokladať, že jeho časť sa už 
zrealizovala a môže byť potenciálne zachytená v pasciach. 
Dôkazom toho je výskyt ropy, aj keď nekomerčného 
významu, v niekoľkých hlbokých vrtoch v oblasti Lipian. 
Organická hmota v prevažnej časti rozšírenia CKP sa 
v súčasnosti nachádza v reliktnom (pasívnom) štádiu 
zrelosti. Metamorfná diskordancia medzi paleogénnymi 
a podložnými mezozoickými sedimentmi je znázornená 
na obr. 5. Na základe súčasnej hĺbky uloženia, teplotných 
podmienok a zisteného stupňa premeny nemožno v  sú-

časnosti predpokladať aktívne generovanie uhľovodíkov 
z  mezozoických komplexov.

Väčšinu akrečnej prizmy Západných Karpát na území 
Slovenska tvorí zvrásnené flyšové pásmo so sedimentmi 
kriedovo-paleogénneho veku. Na základe analógie s Čes-
kou republikou a Poľskom sa pod zvrásneným flyšovým 
pásmom predpokladajú ponorené svahy severoeurópskej 
platformy, avšak vrtnými prácami na Slovensku zatiaľ ove-
rené neboli. Flyšové sedimenty majú pomerne dobrý uh-
ľovodíkový potenciál aj s ohľadom na ich veľkú mocnosť 
a veľký plošný rozsah. Dobrými zdrojovými horninami sú 
vrchnokriedové až oligocénne ílovce, z nich najmä meni-
litové vrstvy. Súčasný stupeň premeny organickej hmoty 
poukazuje na to, že časť uhľovodíkového potenciálu sa zre-
alizovala už v pôvodných sedimentárnych bazénoch pred 
oligocénom. Po násune flyšových príkrovov v oligocéne bol 
znovu aktivovaný potenciál najmladších vrchnoeocénnych 
až oligocénnych súvrství, na našom území najmä kros-
niansko-menilitových vrstiev v rámci sliezskej a dukelskej 
jednotky. Násun magurskej jednotky na jednotku Obidowej 
Slopnice vo vrte FPJ 1 Oravská Polhora je dokumentova-
ný diskontinuitou v odrazivosti vitrinitu na obr. 6. Organická 
hmota vo vrchnokriedových až oligocénnych súvrstviach 
nebola pochovaná dostatočne hlboko nato, aby získala 
potrebný stupeň zrelosti na aktívnu produkciu uhľovodíkov. 
Tieto sedimenty vstúpili do generačných okien až po hlb-
šom ponorení po násune magurskej skupiny príkrovov.

Organickogeochemický výskum potvrdil, že všetky 
geologické jednotky Západných Karpát na Slovensku 
staršie ako vrchná krieda majú uhľovodíkový potenciál 
prakticky vyčerpaný. Súčasný stupeň zrelosti mezozoických 
a paleozoických sedimentov bol získaný pred obdobím 
strednej až vrchnej kriedy a sedimentáciou nadložných 
terciérnych sedimentov už nebol významne ovplyvnený. 

Na základe stručného náčrtu uhľovodíkového poten- 
ciálu predneogénnych geologických jednotiek možno 
konštatovať, že popri neogénnych panvách ďalšími 
perspektívnymi oblasťami na potenciálne objavenie ložísk 
uhľovodíkov je oblasť akrečnej prizmy Západných Karpát 
(flyšové pásmo) a niektoré oblasti centrálnokarpatského 
paleogénu. Z  týchto území existuje značné množstvo 
organickogeochemických analýz. Z hľadiska počtu analýz, 
potenciálneho významu regiónov pre výskyt uhľovodíkov 
a  ich pomerne zložitej geologickej stavbe si však vyžadujú 
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 Žitný ostrov (SW Slovakia). Trifluralin was strongly sorbed 
by all soils with Freundlich sorption coefficient and distribution coefficient values between 32.8–
239 mg(1–1/n) l1/n kg–1 and 34.8–243 l kg–1, 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 (α,α,α-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, 

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 (DT50) 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 Žitný 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 Žitný ostrov. The Žitný ostrov is a large region 
with an area of 1 900 km2 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 106 km3), supplying drinking water to more than 
700 000 inhabitants. The groundwater table may underlie 
shallow in several parts of Žitný 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 Žitný 
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

ow = 5.27 at 
20 °C and pH 7) and low water solubility with a value of 
0.221 mg  .  l–1 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 
Žitný 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 Žitný 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; Tatarková et al., 2014).

Total organic carbon content (TOC) was determined 
using dichromate oxidation (Nelson and Sommers, 1996). 
Humic and fulvic acids (CHA and CFA, respectively) were 
extracted by a solution of 0.1 M Na4P2O7 + NaOH using 
a ratio of extractant to sample of 10:1, and to precipitate 
humic acid, the supernatant was acidified to pH 2 with 
H2SO4. 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 (CaCO3) 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 (Alox and Feox, 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 . l–1 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 CaCl2 
and 0.0015 M NaN3 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 . l–1. 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 
1 160 x g 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 (CH2Cl2) 
in three consecutive steps. The extracts were combined, 
dried using a column filled with sodium sulfate (Na2SO4), 
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 . l–1.

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 

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–1. 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 trifluralin 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 Tatarková et al. (2014)

Soil type Calcaro-Haplic Chernozem Fulvi-Calcaric Phaeozem Calcaric Fluvisol

Label S1A S1B S1C S2A S2B S3A S3B

Location Most
pri Bratislave Lehnice Most

pri Bratislave
Vegetation
at sampling time Sugar beet Oilseed rape Maize

Soil depth (cm) 0–15 30–40 90–110 0–15 30–40 0–15 40–60

TOCa (%) 2.09 1.39 0.58 4.41 2.31 1.47 0.89

CHA
b (%) 0.42 0.30 0.13 0.89 0.53 0.23 0.13

CFA
b (%) 0.29 0.23 0.10 0.76 0.34 0.28 0.17

CHA/CFA
c 1.45 1.30 1.30 1.17 1.56 0.82 0.76

CHA/TOCd 0.20 0.22 0.22 0.20 0.23 0.16 0.15

Active pH 7.83 8.03 8.24 7.69 7.99 7.91 8.12

Exchangeable pH 7.28 7.55 7.67 7.31 7.53 7.42 7.55

CaCO3 (%) 19.2 28.0 9.30 16.1 27.4 24.3 27.4

CECe (cmol+ kg–1) 26.2 26.5 21.1 41.6 33.0 19.3 18.7

Feox
f (mg . kg–1) 220 226 94.8 457 176 321 361

Alox
f (mg . kg–1) 217 263 135 484 374 154 127

Sand (%) 22.7 21.9 18.9 39.4 42.9 29.1 31.1

Silt (%) 62.3 61.7 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 mineralsg Chl/Ill Chl/Ill/Sm Chl/Ill/Sm Chl/Ill Chl/Ill Chl/Ill/Sm Chl/Ill/Sm

Clay/TOCh 7.19 11.8 30.6 1.63 5.71 7.33 11.2

atotal organic carbon content
bhumic and fulvic acid carbon contents
cratio 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
gChl-Chlorite, Ill-Illite, 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-C18 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–1. Recovery efficiences of trifluralin from 
soils ranged from 86 % to 93 %. The detection limit of the 
analytical method used was 0.05 mg . kg–1.

Analytical method

Trifluralin concentrations in all extracts from sorption 
and dissipation experiments were analysed by a gas chro-
matography (GC; HP model 5890A Series II) equipped with 
NP detector. The column used was BD-5 (15 m x 0.53  mm 
i.d.; 0.5 µm). 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–1. Peak areas were 
estimated using an integrator (HP model 3396 Series II). 
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:

	 (1)

where S (mg . kg–1) is the amount of trifluralin sorbed 
per unit weight of soil, C0 and C (mg . l–1) are the initial and 
equilibrium trifluralin concentrations in solution, respective-
ly, V (l) 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:

	 (2)

where Sd (mg . kg–1) is the amount of herbicide desor-
bed from soil, Cd (mg . l–1) is the analytically measured con-
centration of desorbed herbicide in solution and Vr (l) 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 Vr is equal to 0.008 l.

Sorption and desorption isotherms were obtained 
by plotting the amount of trifluralin sorbed by soil versus 

S =  
(C0 – C)   V 

m

Sd = Cd – C 
V – Vr

V
V
m

its equilibrium concentration in solution. Sorption and 
desorption data were fitted to the logarithmic form of the 
Freundlich isotherm equation:

logS = 1/ns/d logC + logKfs/d	 (3)

where Kfs and Kfd (mg(1–1/n) l1/n kg–1) 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/nd and 1/ns, 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 = Kd x C	 (4)

where Kd (l . kg–1) is the distribution coefficient. Assu-
ming that soil organic carbon acts as the sole sorbent, or-
ganic carbon distribution coefficient (Koc, l . kg–1) can be 
calculated from the equation:

	
(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:

InCt = –k x t + InC0	 (6)

where C0 and Ct (mg . kg–1) are the initial herbicide 
content in soil and the herbicide content in soil at time t, 
respectively, k (day–1) is the first–order rate constant and t 
(day) is the time. From the obtained k values, the dissipa-
tion half–life values (DT50, day) were calculated using the 
equation:

	 (7)

Groundwater Ubiquity Score was calculated using the 
following equation:

GUS = log(DT50) x [4 – (logKoc]	 (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.

Koc = 100%
Kd

TOC(%)

DT50 =
In2
k
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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/ns values 
close to 1 (Fig. 1; Tab. 2), Kfs could be considered as equiva-
lent to distribution coefficient Kd. It can be seen from Kfs and 
Kd values given in Tab. 2 that sorption of trifluralin in soils is 
very high. Based on both the Kfs and Kd 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 = 0.99, p <0.001), and CHA and CFA (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; 
Kodešová et al., 2010; Leovac et al., 2015). From the ob-
tained Kd values, organic carbon sorption coefficient (Koc, 
l . kg–1) was calculated from the equation (5). In sorption the-
ory, this distribution coefficient (Koc) 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 Koc 
values of a pesticide will be essentially constant for a group 
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 Koc values were 
very similar among the soils and varied only by a factor 
of 1.36 (Koc = 4 414–6 027 l . kg–1; Tab. 2), confirming that 
organic matter of the soils had almost identical sorption affi-
nity for trifluralin. However, still observed low variation in Koc 
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 Koc values and the CHA/CFA ratio (r = 0.90, p <0.01) or 
the CHA/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 (Ló-
pez-Piñeiro et al., 2013; Peña et al., 2015). The values of 
Koc for trifluralin determined in this study are comparable 
with those given in some previous studies. For example, 
Cooke et al. (2004) obtained Koc values for trifluralin in 
five agricultural soils from UK in a range of 5 202–7 838 
l . kg–1 or Hiller et al. (2008) recorded trifluralin Koc values 
between 3 750–9 253 l . kg–1 for six agricultural soils. On 
the other hand, much higher Koc values of trifluralin in soils 

(27 250–51 670 l . kg–1) 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 Koc. Interestingly, 
there was also a positive significant correlation of Kfs and 
Kd values with Alox 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 
Alox 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 α-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 CaCl2 
aqueous solution. Desorption isotherms were adequately 
described by the linear form of the Freundlich equation 
and the Freundlich desorption parameters Kfd and 1/nd 
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 (Pd) 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 Pd: 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 
to humic 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 trifluralin 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 Kd values and the Pd 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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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 DT50 
are given in Tab. 2. The estimated k values ranged from 
0.007 to 0.015 day–1 and DT50 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 
DT50 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 DT50 

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 CHA 
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 CHA. Furthermore, as 
shown in Tab. 4, strong positive relationships between the 
sorption–desorption parameters Kd, Kfs and Kfd 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 

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.

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.
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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

Kfs
a (mg(1–1/n) l1/n kg–1) 123 78.2 32.8 239 137 66.7 33.3

1/ns
b 0.94 0.94 1.01 0.96 0.94 1.01 0.97

r2 0.99 0.99 0.99 0.99 0.99 0.98 0.98

Kd
c (l . kg–1) 119 73.5 34.8 243 134 65.5 39.1

r2 0.99 0.96 0.99 0.99 0.99 0.97 0.96

Koc
d (l . kg–1) 5 678 5 296 6 027 5 500 5 797 4 447 4 414

Kfd
e (mg(1–1/n) l1/n kg–1) 215 205 179 225 217 201 184

1/nd
f 0.007 0.021 0.014 0.008 0.008 0.018 0.022

r2 0.80 0.92 0.92 0.87 0.85 0.86 0.89

Hg 0.007 0.022 0.014 0.008 0.008 0.017 0.023

Pd
h (%) 2.64 4.89 4.69 2.30 2.71 5.29 6.23

ki (day–1) 0.009 0.009 0.015 0.007 0.009 0.012 0.011

DT50
j (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
bFreundlich exponent for sorption
cdistribution coefficient
dorganic carbon distribution coefficient
eFreundlich desorption coefficient
fFreundlich exponent for desorption

ghysteresis index
hpercentage of desorption
ifirst-order rate constant
jdissipation half-life
kGroundwater Ubiquity Score

Tab. 3 
Pearson’s correlation coefficients (r) for relationships between the soil properties and the sorption–desorption (Kfs, Kd, Koc, Kfd, H and Pd) 

or dissipation (k and DT50) parameters

TOC CHA CFA CHA/CFA CHA/TOC pH(H2O) pH(KCl) CaCO3 CEC Feox Alox Sand Silt Clay

Kfs 0.99***a 0.99*** 0.96*** 0.36 0.30 –0.86* –0.70 –0.13 0.96*** 0.49 0.94** 0.63 –0.54 –0.52

Kd 0.99*** 0.99*** 0.97*** 0.33 0.27 –0.85* –0.69 –0.15 0.95*** 0.52 0.93** 0.64 –0.54 –0.56

Koc 0.22 0.35 0.12 0.90** 0.91** 0.02 0.08 –0.57 0.48 –0.59 0.39 –0.08 –0.19 0.53

Kfd 0.87* 0.89** 0.80* 0.46 0.32 –0.89** –0.76* 0.17 0.83* 0.36 0.85* 0.57 –0.55 –0.37

H –0.64 –0.69 –0.54 –0.65 –0.47 0.56 0.55 0.44 –0.65 0.08 –0.59 –0.38 0.45 0.08

Pd –0.78* –0.84* –0.68 –0.74 –0.59 0.67 0.59 0.29 –0.84* –0.01 –0.79* –0.43 0.51 0.10

k –0.80* –0.81* –0.75 –0.27 –0.15 0.79* 0.67 –0.39 –0.77* –0.54 –0.80* –0.56 0.48 0.47

DT50 0.90** 0.91** 0.86* 0.30 0.23 –0.82* –0.67 0.18 0.89** 0.57 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



Mineralia Slovaca, 47 (2015)238

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 14C-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 Žitný 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 Luptáková 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 

environment: sorption as K
oc and dissipation as DT50. 

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 Žitný 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 Žitný 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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Distribúcia (napr. sorpcia a desorpcia) a odbúravanie 
pesticídov v pôdach sú najdôležitejšie biogeochemické 
procesy, ktoré určujú pohyblivosť týchto zlúčenín v pôdnom 
prostredí a ich prestup do prírodných vôd. Z praktického 
hľadiska je štúdium sorpčných a degradačných procesov 
pesticídov dôležité predovšetkým v tých oblastiach, kde sa 
nachádzajú podzemné vody určené na ľudskú spotrebu, 
pretože aplikované prípravky proti škodcom na poliach 
môžu migrovať pôdnym profilom až k hladine podzemnej 
vody a znehodnotiť jej chemické vlastnosti. Preto hlavným 
cieľom tejto práce bolo laboratórne stanovenie sorpčných 
a  degradačných vlastností trifluralínu v základných 
pôdnych typoch Žitného ostrova s cieľom posúdenia 
pohyblivosti trifluralínu v pôdnych profiloch. Hoci trifluralín 
sa už v  súčasnosti nepoužíva ako pesticíd na ničenie burín 
v  poľnohospodárstve Slovenskej republiky, v čase realizácie 
tejto štúdie, teda v roku 2009, patril k  najpoužívanejším 
herbicídom na Žitnom ostrove. Jednotlivé pôdne 
typy (černozeme, čiernice a fluvizeme) boli odobraté 
z   ríslušných horizontov pomocou ručne vykopaných 
pôdnych sond. Ich základné vlastnosti sú uvedené v tab. 1. 
Sorpcia, desorpcia a odbúravanie trifluralínu v pôdach boli 
realizované pomocou nádobkových experimentov.

Stanovená závislosť koncentrácie trifluralínu sorbova-
ného v pôdach (S) od jeho rovnovážnej koncentrácie v   roz-
toku (C) vyhovovala Freundlichovej adsorpčnej izoterme 
(rovnica 3) (obr. 1). Hodnoty 1/ns boli buď rovné 1, alebo 
blízko hodnoty 1 (tab. 2), čo znamená, že medzi S a C je 
priamo úmerný vzťah, t. j. zistené adsorpčné izotermy majú 
lineárny tvar, a preto vyhovovali tiež Henryho adsorpčnej 
izoterme (rovnica 4). Ako naznačujú hodnoty Freundlicho-
vej sorpčnej konštanty (Kfs) a distribučného koeficientu (Kd) 
(tab. 2), intenzita sorpcie trifluralínu vo všetkých pôdach 
bola vysoká. Štatistickým spracovaním výsledkov sa uká-
zalo, že najväčší vplyv na sorpciu trifluralínu v pôdach mal 
obsah pôdneho organického uhlíka (r = 0,99; p < 0,001) 
a  obsah uhlíka humínových a fulvo kyselín (r = 0,99 a 0,96; 
p < 0,001) (tab. 3). Tieto kladné korelácie dokumentujú, 
že pôda s vyšším obsahom organickej hmoty má aj vyš-
šiu kapacitu akumulovať trifluralín, a to podľa tohto poradia: 

čiernica (A horizont) > čiernica (B horizont) > černozem 
(A horizont) > černozem (B horizont) > fluvizem (A horizont) 
> fluvizem (B horizont) > černozem (C horizont). Opačný 
proces k sorpcii – desorpcia – bol sledovaný v štyroch po 
sebe nasledujúcich krokoch (obr. 1). Celkový podiel triflura-
línu uvoľneného z pôd do vodného roztoku bol nízky (Pd 
= 2,30 až 6,23 %; tab. 2), pravdepodobne pre nízku roz-
pustnosť herbicídu vo vode (0,221 mg . l–1 pri 20 °C) a jeho 
lipofilnú povahu (logKow = 5,27). Nízka desorpcia trifluralí-
nu naznačuje, že pôdy Žitného ostrova výrazne imobilizu-
jú herbicíd a jeho rezíduá nie sú za normálnych okolností 
transportované k hladine podzemnej vody. Desorbované 
podiely trifluralínu boli v nepriamej úmere k intenzite sorp-
cie (tab. 4). Vyšší podiel trifluralínu sa uvoľnil z pôd s nižšou 
intenzitou sorpcie a   naopak (r = –0,84; p < 0,05).

Odbúravanie trifluralínu v pôdach vyhovovalo rýchlost-
nej rovnici prvého poriadku (rovnica 6), pričom degradač-
né krivky sú na obr. 2 a zistené rýchlostné konštanty (k) 
a polčasy rozkladu (DT50) sú uvedené v tab. 2. Z hodnôt 
DT50, ktoré boli v intervale od 46 dní až po 99 dní, vyplý-
va, že trifluralín v A horizonte čiernice možno považovať 
za perzistentný a v ostatných pôdnych vzorkách za mier-
ne perzistentný. Perzistencia trifluralínu vyjadrená veličinou 
DT50 bola vyššia v pôdach s vyšším obsahom organického 
uhlíka (r = 0,90; p < 0,01) a zároveň aj s vyššou intenzitou 
sorpcie vyjadrenou distribučným koeficientom Kd (r = 0,90; 
p < 0,01). To znamená, že perzistencia trifluralínu v týchto 
pôdach bola ovplyvnená najmä ich sorpčnou kapacitou 
voči herbicídu. Trifluralín sa odbúraval pomalšie v pôde, 
ktorá účinnejšie sorbovala herbicíd, a naopak.

Zo zistených charakteristických vlastností sorpcie a od-
búravania trifluralínu v profiloch troch pôdnych typov, ktoré 
sa najčastejšie vyskytujú na Žitnom ostrove, vyplýva, že 
jeho pohyblivosť je nízka a nemal žiadny negatívny vplyv 
na podzemné vody ani v čase intenzívneho používania na 
poliach (pred rokom 2010). Nízka pohyblivosť sa potvrdila 
aj výpočtom hodnôt GUS (rovnica 8), ktoré boli nižšie ako 
prahová hodnota 1,8 (tab. 2), a absenciou trifluralínu vo 
vzorkách podzemných vôd v predmentnej oblasti z rokov 
2008 – 2009, keď sa tento herbicíd používal.

Sorpcia, desorpcia a odbúravanie trifluralínu v poľnohospodárskych pôdach
Žitného ostrova (Podunajská nížina)
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