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Abstract

Kadlec, J., Hercman, H., Bene§, V., Sroubek, P., Diehl, J. F., Granger, D., 2001: Cenozoic history of the
Moravian Karst Karst (northern segment): cave sediments and karst morphology. Acta Mus. Moraviae,
Sci. geol., 86:111-160 (with Czech summary).

Vyvaj severni &dsti Moravského krasu v obdobi kenozoika: jeskynni sedimenty a krasovd morfologie.

Cave systems of the Moravian Karst were formed by subsurface streams in dependence on the morpho-
logy of karst valleys representing a local base level before the Lower Badenian marine transgression.
During the Cenozoic, stream activity in the caves alternated with speleothem deposition. Fluvial bodies
formed in the Early, Middle and Late Pleistocene are preserved in ponor caves in the N segment of Mo-
ravian Karst. However, fluvial sediments filling the caves near resurgences of subsurface streams were
deposited only in the Late Pleistocene. Reconstruction of the Cenozoic karst processes was proposed on
the basis of the morphology of karst valleys filled with sediments as shown by geophysical survey and
cave deposit datings.

Filling of cave corridors with sediments was induced by local events in many cases (e.g., the collapse of
the Macocha Chasm roof). These events considerably inhibited the flow of subsurface streams in the
cave systems. As a result, bodies of fluvial sediments in the caves of the Moravian Karst cannot be
correlated with fluvial terraces formed by surface streams.

Key words: cave sediments, karst morphology, radiometric and paleomagnetic datings, geophysical sur-
vey, Moravian Karst

Jaroslav Kadleg, Institute of Geology, Academy of Sciences of the Czech Republic, Rozvojové 135, 165 02
Praha 6, Czech Republic

Helena Hercman, Institute of Geological Sciences of the Polish Academy of Sciences, Twarda 51/55,
00-818 Warszawa, Poland

Vojtéch Benes, G IMPULS Praha spol. s r. 0., Pristavni 24, 170 00 Praha 7, Czech Republic
Pavel Sroubek, Michigan Technological University, Houghton, Michigan, 49931 USA
Jimmy F. Diehl, Michigan Technological University, Houghton, Michigan, 49931 USA
Darryl Granger, Purdue University, West Lafayette, Indiana, 47907 USA

1. Introduction

The Moravian Karst is a typical example of fluviokarst with extensive cave systems
formed by subsurface streams. Detrital sediments as well as speleothems are commonly
preserved in the caves, deposited in different stages of the development of karst systems.

The earliest systematic studies of sediments in caves of the Moravian Karst started in
the second half of the 19th century. The first studies focused largely on detrital sediments
deposited in the neighbourhood of cave entrances. The principal aim was to collect pa-
leontological and archeological material preserved in sedimentary strata (e.g., WANKEL,
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1868; Kriz, 1891). The break of the 19th/20th century in the Moravian Karst marked the
first activities of K. Absolon, who took credit not only for the investigation of cave sys-
tems but also for the popularization of this karst area (AssoLon, 1905-11, 1912, 1922,
1970a, b). The late 1950s and early 1960s represent a period of intensive studies in the
Moravian Karst. Then, a number of papers emerged concentrating largely on the
geomorphological history of the karst area and speleogenesis (e.g., Panos, 1963, 1964,
SteLcL, 1962a, b, 1963, 1964). A vigorous impulse for further investigations was the
discovery of the Amatérskd Cave in 1969; this cave poses a substantial part of a karst
system draining the N segment of the Moravian Karst. Information on the character of
this cave and its cave sediments were summarized by PeLiSEk (1974), PriByL and RaimaN
(1980) and Vit (2000). Deposits in other caves were studied by PELISEK (1940, 1948,
1974, 1975, 1980) and PriYL (1966, 1972a, b, 1973, 1988) from sedimentological view-
point. Problems of the genesis of cave systems were dealt with in the papers of Hyrr
(1980), Bosaxk et al. (1989), Dvoraxk (1994) and DvorAk et al. (1993). Problems of pro-
venance, genesis and age of cave sediments in the N segment of the Moravian Karst
were solved in recently submitted diploma and dissertation theses: Vit (1990, 1996),
KapLEC (1997b) and Kvitkova (1999).

In the past, the largest portion of attention was traditionally given to sediments of the
so-called entrance facies (see Kukra and LoZzek, 1958) often containing abundant pa-
leontological and archeological material permitting to date the individual sedimentary
strata and to suggest paleoenvironmental interpretation of sediment genesis (ScHMID,
1958). In the Moravian Karst such studies can be exemplified by sedimentary sections
exposed in the Kilna Cave (see Chapter 5.2), which were documented in detail using
archeological and paleontological finds, and the stratigraphic conclusions were supple-
mented by radiocarbon data (VaLoch, 1988) and ESR dating (Rink et al., 1996). In con-
trast, sediments deposited deep in the cave systems are usually free of any fossils. These
detrital sediments and speleothems preserved in cave systems of the Moravian Karst
have been not dated. Stratigraphic interpretations of cave sediments formulated in older
publications are, therefore, questionable. Only a detailed sedimentological study, dating
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Fig. 1. Location of the Moravian Karst.
Obr. I. Lokalizace Moravského krasu.
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of sediments and knowledge of karst morphology can serve a basis for the correlation of
discrete sedimentary sections, reconstruction of depositional conditions and processes,
and interpretation of the history of the karst area.

2. Geographic and hydrographic setting

The Moravian Karst represents a part of the Drahanskd vrchovina Highland, lying NE
of Brno, in the eastern part of the Bohemian Upland (Fig. 1). The preserved limestones
form a N-S-trending belt, 3-5 km wide and 25 km long, covering an area of 85 km2. The
surrounding Lower Carboniferous sediments and Proterozoic granitoids of the Brno
Massif create reliefl with maximum altitudes of ca. 600 m. In contrast to the ambient
non-karstic rocks, the limestones form a depression with surfaces lying at
490-520 m a.s.l. The limestone surface is dissected by deep valleys, locally adopting the
character of karst canyons. The transverse LaZinecké and Kitinské valleys run from SE
to NW across the limestone area, thereby subdividing the Moravian Karst into the
northern, central and southern segments.

The streams flowing through cave systems spring N and E of the Moravian Karst, in
areas built of Lower Carboniferous shales, greywackes and conglomerates. Streams run
into depression formed by Devonian limestones and sink under the ground through
ponors near the boundary between limestones and non-karstic rocks. Water passes
through cave systems and re-appears on the surface at resurgences along the western
margin of the karst area. In the form of surface channels again, it merges with rivers
forming the base level of the area.

Each of the three segments of the Moravian Karst is characterized by a separate drai-
nage pattern. The N segment (N of the LaZzanecké Valley) is drained by the Punkva River
to the west, into the Svitava River. The central segment of the Moravian Karst is drained
by the Kitinsky Creek also to the west, into the Svitava River. The southern segment is
drained by the Ri¢ka River into the Svratka River (Fig. 2).

Most of the drainage area of the Punkva River (130.6 km2) lies on Lower Carbonife-
rous sediments. The drainage area of the stream on karstic rocks is 29 km2, and the drai-
nage area of its lower reach, downstream of the karstic rocks, is only 10.8 km2. The
Punkva River appears in the Amatérskd Cave system at the confluence of the Bild voda
and Sloupsky creeks (the latter formed by the Luha and Zdirnd creeks — see Fig. 2),
which are sinking into ponor caves at the northern margin of the Moravian Karst, i.e. in
the HolStejnské Valley and the Sloupské Valley, respectively. With an average discharge
of 2 m3s-1, the Punkva River flows through the Amatérskd Cave and resurges from the
Punkevni Cave near the Macocha Chasm (Fig. 3). The total length of this cave system
draining the N segment of the Moravian Karst exceeds 30 km. Other minor streams enter
this karst area from the east, unite under the surface and resurge as the Vilémovické vody
Creek in the so-called Small Resurgence located south of the Macocha Chasm. The over-
all drainage area of these tributaries is 9.4 km2.

3. Geological setting

The Moravian Karst is formed by sediments of Devonian and Lower Carboniferous
age. Devonian sedimentation was commenced by the deposition of sandstones and con-
glomerates, unconformably overlying Proterozoic granitoids of the Brno Massif. Basal
clastics are overlain by carbonate reef complex over 1,000 m thick, known as the Ma-
cocha Formation (Eifelian to Frasnian). The prevalent back-reef facies is characterized
by dark-grey coloured limestones with brachiopods and amphiporids alternating with
light-gray stromatoporoid-coral reef banks and bioherms in several megacycles (HLapiL,
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Fig. 2. Modern hydrography of the Moravian Karst. 1 — Proterozoic granitoids; 2 — Devonian to Lower Carbo-
niferous limestones with Devonian basal clastics at the western periphery; 3 — Lower Carboniferous
shales, greywackes and conglomerates; 4 — surface reaches of streams; 5 — subsurface reaches of
streams.

Obr. 2. Hydrografie Moravského krasu. | - proterozoické granitoidy, 2 — devonské aZ spodnokarbonské vi-
pence s devonskymi bazdlnimi klastiky pii zdpadnim okraji krasu, 3 — spodnokarbonské bfidlice, droby
a slepence, 4 — povrchové toky, 5 — podpovrchové toky.
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Fig. 3. Large caves in the N segment of the Moravian Karst (modified after PrisyL, 1988). 1 — boundary of li-
mestones and Lower Carboniferous non-karstic rocks; 2 — boundary of limestones and Proterozoic gra-
nitoids; explanations for caves: 1 — Sloupsko-So8ivska Cave; 2 — HolStejnskd Cave; 3 — Amatérskd
Cave; 4 — Balcarka Cave: 5 — Punkevni Cave; 6 — Zazdéna Cave; 7 — Katefinskd Cave.

Obr. 3. Velké jeskynni systémy s. ¢asti Moravského krasu (upraveno podle PriByLa 1988). 1 — hranice vapenci
a nekrasovych spodnokarbonskych hornin, 2 — hranice vépenci a proterozoickych granitoidi; ¢isla jes-
kyni: 1 — Sloupsko-So$tvské jeskyné, 2 — HolStejnské jeskyné, 3 — Amatérskd jeskyng, 4 — Balcarka,
5 — Punkevni jeskyné, 6 — Zazdéna jeskyné, 7 — Katefinska jeskyné.
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1983). Limestones deposited on top of the Macocha Formation belong to the Lisen
Formation (Famennian to Middle Viséan), they are several tens of metres thick. Interca-
lations of calcareous shales in their upper part document Early Tournaisian, rarely Early
Visean low sea level stages.

Rocks of the Moravian Karst were deformed during the Variscan Orogeny. According
to Dvoraxk et al. (1984), the Late Devonian to Late Carboniferous deformations have
largely synsedimentary character, much like displacements along major faults bounding
large blocks or plate complexes formed by the old fundament. However, the limestones
were mostly deformed by folds with NNE-SSW-trending axes, accompanied by cleava-
ge. These youngest deformations are represented by strike-slip plate movements along
NNE-SSW — to NNW-SSE-striking faults linked with the final stage of the Variscan
tectogeny (DvorAKk and PTAk, 1963). Based on modern interpretations. this deformation
style originated in the Moravian Shear Zone, being connected with thrust faults and
larger displacements of Paleozoic sediments covering the crystalline basement (HLADIL et
al., 1999).

In the Jurassic (Callovian to Oxfordian), limestones of the Moravian Karst were trans-
gressed by the sea. The sediments deposited, represented by cherty limestones and calca-
reous sandstones, attain 50 m in thickness (e.g., BosAk, 1978; HanzLikovAa and BosAk,
1978). These platform sediments are preserved in the central Moravian Karst, in conti-
nuation of the Blansko Graben and in southern segment of the karst at Hidy Hill near
Brno. Other preserved sediments are the relics of clays, fine-grained quartz sands and
sandy gravels, described as the Rudice Member. These terrestrial deposits are probably
of Lower Cretaceous age (Kertner, 1960; Panos, 1963; Bosak, 1977). They were over-
lain by quartzose sandstones in the early Late Cretaceous (Cenomanian). Originally, the
Cretaceous sediments probably covered the whole Moravian Karst area (e.g., DvoRrAk et
al., 1993) but they were almost completely eroded in the Paleogene. Sediments of the
last marine transgression covered the whole karst area in the Neogene: relics of fluvial
sands and sandy gravels of Ottnangian age and marine calcareous clays of Lower Bade-
nian age are present in the Moravian Karst and its neighbourhood. Now, they are pre-
served only as fillings of the Lazinecké and Jedovnické valleys in thicknesses of ca.
140 m (ScHUTZNEROVA-HAVELKOVA, 1958; DvoRrAk, 1994).

4, Methods

The key sections in cave sediments were drawn at the scale 1:10. Lithological termi-
nology of the sediments was based on their grain-size parameters. Grain-size characteris-
tics of silt and clay were specified more exactly by grain-size analyses using the
Andreasen method Bezvopova et al. (1985). Based on sedimentary structures the genesis
of the individual sediment bodies was interpreted. Geophysical measurements were used
for a precise determination of morphologies and architectures of sediment bodies filling
subsurface cavities and karst valleys. A combination of two geophysical methods was
always applied. Gravity measurements (Scintrex CG-2 gravimeter) were supplemented
with vertical electrical sounding (Geoter I and II apparatus), or shallow seismic measure-
ments (NIMBUS apparatus) were combined with vertical electrical sounding.

The ages of the cave sediments were determined by several independent methods.
Speleothems (flowstone horizons and stalagmites) were dated using the 230Th/234U
method (a-particle counting — see e.g., Harmon et al., 1975) in the Uranium-Series La-
boratory of the Institute of Geological Sciences of the Polish Academy of Sciences in
Warsaw and at the University of Bergen in Norway. Radiocarbon dating of charcoal and
bones was commissioned to the Beta Analytic Radiocarbon Dating Laboratory, Florida,
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USA. In one case, the age of fluvial sediments was determined by measurement of 10Be
and 26Al isotope contents in quartz pebbles. This method allows to recognize the last
exposition of pebbles to the cosmic radiation before their transport to the cave (see
Nisunzomr et al., 1986). The dating was performed at the Purdue University, Indiana,
USA. Paleomagnetic record was measured in both detrital and chemogenic deposits for
age determination by correlation with paleomagnetic record from sediments with estab-
lished paleomagnetic time scale. Measurements of oriented samples of unconsolidated

sediments and speleothems were performed in the paleomagnetic laboratories of the
Institute of Geology AS CR and the Michigan Technological University, USA.

5. Sediments in the cave systems of the northern segment of the Moravian Karst

5.1. Hol8tejnskd Cave

The Hol$tejnska Cave lies on the N periphery of the Moravian Karst, in the half-blind
Holstejnské Valley, which continues southwards to the Suchy Zleb Canyon. The entrance
to the HolStejnskd Cave is located at the foot of the western slope of the valley at 470
m a. s. l. This ponor cave is formed by a horizontal corridor, posing the upper level of
a cave system, mostly yet unexplored. Its lower level is the Cave No. 68, lying
60 m deeper (Fig. 4). The two levels are interconnected by vertical cavities filled with se-
diment. The HolStejnskd Cave is a 40-50 m broad corridor filled with several sediment

sinkhale 65

. sinkhole 72
1
o
.
sinkhole 73

{o

sinkhole 77

ameal

sinkhole 76
o] -,

¢ hal

:_J—";: 2 !

Fig. 4. Sketch-map of the HolStejnskd Cave and Cave No. 68 (after ZATLOUKAL et al., 1996). 1 — limestone
walls of the cave; 2 — excavated corridors in cave sediments.

Obr. 4. Mapka Hol3tejnské jeskyné a Jeskyné ¢. 68 (podle ZaTLoukaLa et al. 1996). 1 — vipencové stény jesky-
né, 2 — chodby vykopané v jeskynnich sedimentech,
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bodies of different ages. Local cavers excavated corridors in sediment fill of the
Holstejnskd Cave more than 700 m long with the aim to penetrate to yet unknown rooms.
Two sections were studied in detail (see Fig. 4).

5.1.1. Lithology of sediments

Section I, perpendicular to the flow direction of the subsurface stream, shows three
sedimentary units (Fig. 5). The oldest sediments are formed by sandy gravel with no
bedding, often cemented with carbonate (Unit A). The gravel is dominated by strongly
weathered greywacke clasts with average size of 5 cm and max. size of 15 cm. Surface
of this sandy gravel is locally overlain by relics of sandy silt. Unit A is covered by flow-
stone layers. The above lying clayey silt with no bedding (Unit B) occasionally contains
lenses of sandy gravel and limestone blocks or flowstone. Surface of this unit is also
overlain by relics of flowstone layers (Fig. 5). The youngest sediments are horizontally
stratified, locally cross-bedded, medium- to coarse-grained sand to sandy gravel alternat-
ing with beds of clayey silt (Unit C - see Fig. 6). Channels filled by Unit C are eroded
into both older units. The upper portion of the youngest sediments (Unit C) occasionally
contains lenses of sandy gravel with rounded quartz clasts up to 2 cm in size.

Section 2, oriented parallel to the flow direction, shows only Units A and C (Fig. 7).
Unit B was eroded by the subsurface stream in this section. The older Unit A is compo-
sed of sandy gravel with greywacke clasts with average size of 3 cm and max. size of
15 cm. These are overlain by Unit C - beds of clayey-sandy silt and medium-grained
sand. Surface of this unit has been eroded by waters coming through a karst chimney lo-
cated above Section 2. This chimney connects the HolStejnskd Cave with sinkhole No. 74
on the karst plateau (see Fig. 4). A flowstone layer precipitated on the surface of the
youngest fluvial sediments after the clastic deposition terminated. The underlying clayey
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Fig. 5. Section 1, the Hol3tejnskd Cave. Unit C: 1 — medium~ to coarse-grained sand; 2 — clayey silt 3 — relic
of flowstone layer Unit B: 4 - clayey silt; 5 — limestone block; 6 - calcareous concretion 7 - relic of
flowstone layer Unit A: 8 — sandy silt 9 — sandy gravel.

Obr. 5. Profil 1, Hol3tejnskd jeskyné. Jednotka C: 1 — stfedné aZ hrub€ zrnity pisek, 2 - jilovity prach, 3 — relikt
sintrové vrstvy; jednotka B: 4 — jilovity prach, 5 — vdpencovy blok, 6 — karbonatova konkrece, 7 - relikt
sintrové vrstvy; jednotka A: 8 — piscity prach, 9 — piscity Stérk.
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silt was cemented by the carbonate. Stalagmites up to 32 cm long, composed of white
carbonate with light grey laminae, were formed atop the flowstone layer.

The youngest sediments in Section 2 are greyish brown to grey mostly massive clayey
silts. These sediments are developed around lower ends of longer soda straw stalactites
precipitated beneath the ceiling of the cave corridor (Fig. 7).

Fig. 6. Holstejnska Cave — fluvial sediments (Unit C). Cross-bedding and horizontal stratification in sand, ho-
rizontal stratification in clayey silt following bottom irregularities (Photo by J. Kadlec).

Obr. 6. HolStejnska jeskyné — fluvidlni sedimenty (jednotka C). Sikmo a horizontdlng zvrstveny pisek a hori-
zontdlné zvrstveny jilovity prach, vrstvy kopiruji nerovnosti v podlozi (foto J. Kadlec).
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5.1.2. Age of sediments

The oldest fluvial sandy gravel forming Unit A was transported into the cave within
the penod of 0.8 to 1.1 Ma, as evidenced by the ratios of 10Be and 26Al 1sotopes mea-

sured in quartz pebbles from these deposits (KapLc et al., 2000). Fluvial sandy silt pre-

served on the surface of this sandy gravel shows reverse paleomagnetic polarity, thereby
indicating higher age of sediments than the Brunhes/Matuyama paleomagnetic boundary
—i.e. 780 ka. Flowstone layer preserved in a relic on the surface of Unit A consists of
two parts separated by a silt lamina. The lower part of the carbonate bed shows reverse
paleomagnetic polarity (Srousek and DienL, 1995) and Th/U age exceeding the limits of
this method, i.e. 350 ka (HErcMaN et al., 1997). The 234U/ 238U isotope ratio in the carbo-
nate, however, indicates age lower than 1.2 Ma. This means that the lower part of the
flowstone layer and the underlying sandy silt are again older than the Brunhes/Ma-
tuyama paleomagnetic boundary. The age of the upper part of the flowstone layer as re-
vealed by Th/U dating is 230 +32/-44 ka and 176 +25/-30 ka. Similar data were
produced by older dating of flowstone from the upper part of this flowstone layer: 258
+44/-32 ka and 153 +24/-21 ka (Grazex et al., 1995). The above given results suggest
that the hiatus in flowstone precipitation lasted ca. 500,000 years.
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Fig. 7. Section 2, the Hol3tejnskd Cave. 1 — infiltration clayey silt with pottery fragments at the base;
2 — flowstone layer with stalagmite; Unit C: 3 - clayey silt, 4 — sand; Unit A: 5 — sandy gravel.

Obr. 7. Profil 2, Holstejnska jeskyné. 1 — infiltraéni jilovity prach s fragmenty keramiky pfi bdzi polohy,
2 - sintrova vrstva se stalagmitem; jednotka C: 3 - jilovity prach; jednotka A: 5 - pis€ity Stérk.



I'he relic of a flowstone layer overlying Unit B was dated by the Th/U method at 121
+10/-10 ka. This means that fluvial clayey silt of Unit B was deposited in the penultimate
glacial period between 153 +24/-21 and 121 +10/-10 ka. The latter date also gives the
maximum age of the base of the fluvial Unit C (see Fig. 5). The end of the deposition of
these youngest clayey silt, sand and sandy gravel is defined by the age of the flowstone
layer with stalagmites overlying Unit C and exposed in Section 2 (see Fig. 7). Seven seg-
ments from the axial part of 32 cm long stalagmite from Section 2 were dated by the Th/U
method (Tab. 1). The base of the stalagmite was formed at 13.3 +0.3/-0.3 ka, while its
apex at 4.7 +1.1/-1.1 ka. The youngest fluvial Unit C, lying below the stalagmite, was
therefore deposited in the last glacial period.

Table 1. The 230Th/23U ages of stalagmite segments from Section 2.
Tabulka 1. 20Th/ 24U stifi stalagmitu z profilu 2.

distance from age lo error
stalagmite top (mm) (years BP) (years)
0- 11 4700 +1100
12— 31 5830 +710
90-101 7 600 +900
120-135 7 800 +700
148-163 10 200 +800
231-245 11300 +750
307-318 13 300 +300

In the youngest infiltration sediments in Section 2, a charcoal was sampled from the
middle part of the clayey silt bed and dated by radiocarbon method. This dating, correc-
ted by the dendrochronological chart, revealed that the cinder is younger than AD 1665.
The pottery the fragments of which were found at the base of these deposits was made in
the 14th century (R. ZATLOUKAL, pers. comm. 1995)

5.1.3. Genesis of sediments

Fluvial deposition in the Hol3tejnskd Cave was closely linked with development of
the HolStejnské Valley. This half-blind valley has been formed since the Late Paleogene
(Panos, 1963; StELcL, 1963, 1964). Also horizontal corridor of the Holstejnskd Cave pro-
bably originated at the end of the Paleogene (Hyrr, 1980). During the Lower Miocene
(before the Badenian marine transgression), the HolStejnské Valley was deepened and
drained by the lower cave level (Cave No. 68) towards the Amatérska Cave system,
which originated at the end of the Lower Miocene (Panos, 1963; KapLEcova and
KabpLEC, 1995; see Chapter 6.1). The HolStejnskd Cave was then located 60 m above the
valley bottom (Fig. 24). The Hol&tejnské Valley was subsequently filled with fluvial se-
diments up to 60 m thick (DvorAk, 1961; KapLec, 1996).

The age of the oldest fluvial sediments in the HolStejnskda Cave documents that at
0.8-1.1 Ma, the HolStejnské Valley was filled with fluvial sediments and a stream could
enter the HolStejnskd Cave. Heavy mineral contents of the oldest fluvial deposits
(Unit A) in the HolStejnskd Cave document their source in greywackes located north of
the HolStejnské Valley (Otava and Vit, 1992). During the Early, Middle and Late Pleisto-
cene, the stream repeatedly entered the cave corridor. Water generated vertical karst con-
nections between the Holstejnskd Cave (upper level) and Cave No. 68 connected with the
Amatérskd Cave (lower level). Flowing through the HolStejnska Cave, the stream eroded
older fluvial deposits forming channels. As a result, fluvial activity in the cave system
documents periods of free vertical connections between the upper and lower cave levels.

121



el

taar

Section 4

U fezaného kamene
>, Corridor r"‘!\’::nkelcnm
, Lake

Section 3

mﬁ Stribrnd Corridor

~.l! c‘

Kalna Cave

Section 5

LR - JH - 1 WY 35 e B I [ =~ R = I oy B > IR Y

Fig. 8. Sketch-map of the Sloupsko-Sosivskd Cave (modified after AsoLon, 1970a). 1 — limestone talus; 2 — sandy gravel/sand; 3 — clayey silt; 4 — flow direction of
subsurface stream; 5 — upper cave level; 6 — lower cave level; 7 — chasms connecting upper and lower cave levels; 8 — supposed chasm filled with sediments, an
arrow indicating sediment transport direction; 9 — boundary of limestone and greywacke.

Obr. 8. Mapka Sloupsko-8oSiivskych jeskyni. 1 — vipencovi suf, 2 — pis¢ity Stérk/pisek, 3 — jilovity prach, 4 — smér proudéni podzemniho toku, 5 — horni jeskynni tro-
veil, 6 — spodni jeskynni droveii, 7 - propasti spojujici horni a spodni tirovei, 8 — pfedpokliddand propast vyplnéni sedimenty, velka $ipka ukazuje smér transportu
sedimentil, 9 — hranice vipence a droby.




After these paths became blocked, sediments were deposited and the HolStejnsk4 Cave
was repeatedly filled with fluvial sediments. After filling of the cave the HolStejnské
Valley was drained by surface stream to the south, towards the Suchy Zleb Canyon.

The youngest infiltration clayey silt exposed in Section 2 was vertically transported
into the cave by rainwater pouring through sinkhole No. 74 and the chimney from the
karst surface above the cave (see Fig. 4). These processes were probably related with the
deforestation and agricultural activities in the 17th and 18th centuries, which resulted in
increased sediment erosion on the karst surface.

5.2. Sloupsko-%o8uvskd Cave

The Sloupsko-$08tvskd Cave lies on the N periphery of the Moravian Karst, in
half-blind Sloupské Valley located 3 km W of the HolStejnské Valley. Morphologically,
the Sloupské Valley gradually continues south passing into the Pusty Zleb Canyon. The
entrance to the Sloupsko-Sosivskd Cave lies at the foot of the eastern valley slope at
465 m a.s.l. The cave system comprises the upper and the lower subhorizontal cave
levels interconnected by several chasms up to 70 m deep. The length of the whole system
exceeds 6 km. The modern stream, known as the Sloupsky Creek, disappears in the
W part of the upper level, passes through unexplored vertical paths and re-appears at the
lower level, then flowing to the Amatérskd Cave. Cave sediments of different ages are
preserved at a number of locations at the upper level of the cave system. Cave sediments
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Fig. 9. Section 3, the Sloupsko-§o8tvskd Cave. 1 — stalagmite; Unit C: 2 — sandy gravel; 3 — sand; 4 — clayey
to sandy silt cemented with CaCOj; 5 — limestone blocks; Unit B: 6 — clayey to sandy silt; 7 — laminae
of clayey silt and fine-grained sand; 8 — sand; Unit A: 9 — sandy gravel with strongly weathered
rounded greywacke clasts.

Obr. 9. Profil 3, Sloupsko-§o3uivské jeskyng. 1 — stalagmit; jednotka C: 2 — piscity Stérk, 3 — pisek, 4 - jilovity
az piscity prach tmeleny CaCO;, 5 - bloky vipence; jednotka B: 6 - jilovity aZ pis€ity prach, 7 - la-
miny jilovitého prachu a jemnozrnného pisku, 8 — pisek; jednotka A: 9 — piscity Stérk se siln€ zvétra-
lymi valouny droby.
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near the Cernd Chasm, in the Odlehld Corridor and in the Kilna Cave were studied 1
detail - see Fig. 8.

5.2.1. Lithology of sediments

Section 3 with several preserved sedimentary units (Fig. 9) lies near 70 m deep Cernd
Chasm. The section is oriented perpendicular to the flow direction of the subsurface
stream. The basal unit is composed of sandy gravel with rounded greywacke clasts of ave-
rage size of 3 cm (Unit A). The size of the clasts increases downwards up to 17 cm. Clasts
are strongly weathered. Pebbles of red greywacke are frequently included. Occasionally,
gravel contains lenses of coarse-grained sand. In Unit A, the subsurface stream eroded
a channel with steep banks (see Fig. 9). The channel is filled with light brown clayey silt
with laminae of fine sand, 0.5-15 mm thick (Unit B). At boundaries with the ambient less
permeable clayey silt, bases and upper surfaces of sand laminae are often accentuated by
rusty red lines coloured by Fe-oxides. These fine sediments are incised by another shal-
low channel filled with sandy gravel with rounded greywacke clasts up to 7 cm in size
(Unit C).

Remains of sandy gravel are cemented to limestone walls in the neighbourhood of the
section. Gravel consists of rounded greywacke clasts with average size of 3 cm and ma-
ximum size of 15 cm (Unit D). Clasts are weakly weathered. No weathered red grey-
wackes frequent in the oldest sandy gravel appear in Unit D. In a cross-section
perpendicular to Section 3, loose sandy gravel of Unit C are interlayered between ce-
mented gravel (Unit D) and underlying fine sediments (Unit B; Fig. 10). This phenome-
non can be called a “stratigraphic sandwich” (sensu OSBORNE 1984).

An extensive Section 4 is exposed in the Odlehla Corridor in the NW part of the upper
level of the Sloupsko-8o8ivskd Cave. The corridor has been excavated in sandy gravel
with rounded greywacke clasts of average size of 4 cm and maximum size of 20 cm.
Sandy gravel frequently display imbrication of pebbles, indicating northeasterly to east-
erly flow direction of the subsurface stream - i.e., towards the boundary with non-karstic
rocks (see Fig. 8). The same flow direction is also indicated by cross bedding and ripple
cross-lamination in rare sand beds. A channel up to 120 cm deep was eroded in the upper
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Fig. 10. Section 3 (longitudinal view), the Sloupsko-§odivskd Cave. Unit C: | — sandy gravel; Unit D:
2 —sandy gravel cemented to the limestone wall; Unit B: 3 - sandy silt; 4 - clayey silt.

Obr. 10. Profil 3 (podélny pohled), Sloupsko-Sosivské jeskyné. Jednotka C: 1 - pisCity Stérk; jednotka D:
2 — piscity Stérk pficementovany k vipencové sténé; jednotka B: 3 — piscity prach, 4 — jilovity prach.
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part of the sandy gravel by the subsurface stream. It is filled with medium- to
coarse-grained cross-bedded sand, rounded greywacke and angular limestone clasts.

The U fezaného kamene Corridor runs parallel to the Odlehld Corridor. Test-pits ex-
cavated under the supervision by WANKEL (1868) and later KriZ (1900) revealed a se-
quence with alternating beds of sand- and silt-dominated sediments with beds of clayey
silt containing abundant bones of Pleistocene fauna and limestone and greywacke clasts.
The whole sequence is subdivided by flowstone horizons and underlain by greywacke
gravel (see AssorLon, 1905-11). Rocky floor of the corridor is inclined towards NE
(WAaNKEL 1882; KRriz, 1900; SertL, 1998).

Section 5 is located in the Kilna Cave, which belongs to the upper level of the Sloup-
sko-8080vskd Cave system (see Fig. 8). Sediments filling a large, tunnel-shaped corridor
are exposed in test-pits excavated during archeological investigations in 1961-1976 (Va-
LocH, 1988). Grey sandy silt is exposed at the base of the section, being overlain by
sandy gravel. The size of rounded greywacke clasts does not exceed 7 cm. Sandy gravel
is overlain by beds with variable proportion of limestone talus with clasts up to 50 cm
large in sand-silt matrix. The upper part of the section contains talus with a bed of light
brown silt with coarse sand laminae in its basal part (Fig. 11).

5.2.2. Age of sediments

Fine silt and sand (Unit B) filling the channel in gravel in Section 3 shows a reverse
paleomagnetic polarity (Srousek and DienL 1995) with an indication of a transition into
normal polarity in the upper part of the unit. The sediments are most probably older than
the Brunhes/Matuyama paleomagnetic boundary (780 ka); consequently, they were de-
posited in the Lower Pleistocene or earlier. Lithology and intensity of weathering of se-
diments in Unit A are comparable with those of the oldest fluvial sediments in the
HolStejnskd Cave (Unit A). Both units may therefore be of the same age, 0.8-1.1 Ma
(see Chapter 5.1.2.). Their similar ages are also suggested by the equal rate of weather-
ing of clay minerals at both localities (Vit, 1996, 2000).

The age of sandy gravel (Unit D) cemented to the cave walls above the mouth of the
Cerna Chasm is not reliably documented. They may correspond with fillings exposed in
Section 4. Here a flowstone layer deposited on the sandy gravel was dated by the Th/U
method. The flowstone originated in the last interglacial period at 128 =12 ka to 112
+9 ka. Therefore, underlying sandy gravel was deposited not later than in the Middle
Pleistocene. Sandy gravel preserved in relics cemented to walls near the mouth of the
Cernd Chasm (Unit D), if posing a time equivalent of the sandy gravel in the Odlehl4
Corridor, was deposited in the period between 780 ka (the age of Unit B) and the last in-
terglacial period, hence also during the Middle Pleistocene. The youngest sandy gravel in
Section 3 (Unit D) was then deposited in the last glacial period and overgrown by stalag-
mites of probably Holocene age (see Fig. 9).

Stratigraphy of sediments exposed in sections in the Kilna Cave has been determined
on the basis of archeological and paleontological finds, pollen and malacozoological
analyses, and radiocarbon and ESR dating (Varoch, 1988; Rink et al., 1996). Sandy silt
and overlying gravel at the base of the section are dated to the last interglacial period
using archeological evidence, while the strata above are dated to the individual stadials
and interstadials of the last glacial period (see VarocH, 1988, 1989). This stratigraphic
subdivision was confirmed by magnetic susceptibility variations measured in the san-
dy-silty matrix of individual strata. Variable magnetic properties of the sediments reflect
variations in climatic conditions, which controlled the influx of fine sedimentary materi-
al into the cave. Detected magnetic susceptibility variations correlate well with VaLoch’s
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(1988, 1989) attribution of the strata to the individual stadials and interstadials within the

last glacial period (Srousex et al., in press).

5.2.3. Genesis of sediments

Much like the deposition in the HolStejnskd Cave, also the fluvial deposition in the
upper level of the Sloupsko-So3tivskd Cave was closely linked with development of the
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Sloupské Valley. The upper le-
vel of the Sloupsko-3ostvska
Cave probably developed in the
latest Paleogene (Panos, 1963).
As indicated by the course of
cave corridors, the origin of the
cave was significantly con-
trolled by faults developed near
the tectonic contact between li-
mestones and  greywackes
(Fig. 8). During the Lower
Miocene (before the Badenian
marine transgression), the
Sloupské Valley was deepened.
The upper level of the
Sloupsko-$osuvskd Cave was
then located 55 m above the val-
ley bottom (Fig, 26). During the
Pliocene and Pleistocene, the

Fig. 11. Section 5, the Kilna Cave
(slightly modified after Va-
LocH, 1988). 7a — limestone ta-
lus with sand-silt matrix; 7b
— silt with coarse sand laminae
in basal part; 7e—11 — complex
of beds with variable amount
of limestone talus with
sandy-silty matrix; 12a - sandy
gravel; 13a-13b - limestone
talus with sandy-silty matrix;
12b - sandy silt; 14 - coarse li-
mestone talus; beds with li-
mestone talus differing in con-
tent of archeological and
paleontological remains,

Obr. 11. Profil 5, jeskyné Kiilna (nepa-
trné upraveno podle VALOCHA
1988). 7a — vidpencova sut
v pis¢ito-prachové matrix, 7b
— prach, pfi bdzi polohy jsou
laminy hrubozrnného pisku,
Te—11 - souvrstvi s kolisajicim
mnoZstvim vapencové suti
v pisito-prachové matrix, 12a
- pis¢ity stérk, 13a-13b — vi-
pencova sut v pis¢ito-prachové
matrix, 12b — pis¢ity prach, 14
— hruba vapencova sut; vrstvy
$ vipencovou suti se li§i obsa-
hem archeologickych a pa-
leontologickych pozistatki.



Sloupské Valley was subsequently filled with fluvial sediments up to 60 m thick (Dvo-
RAK, 1961; KapLec, 1997a).

If the oldest sandy gravel exposed in Section 3 (Unit A) really correspond to the old-
est fluvial sediments in the Holstejnskd Cave in their age (0.8-1.1 Ma), in the late Lower
Pleistocene the Sloupské Valley had to be filled with fluvial sediments approximately to
the present level to allow the stream to enter the upper cave level. At this time, chasms
connecting the upper and lower levels were formed, including the Cernd Chasm. This

vertical connection was filled with fluvial sediments and emptied again several times du-
ring the Pleistocene. This is evidenced by the sediments of Unit B filling the channel in
Unit A (see Fig. 9). Fine infiltration sediments of Unit B were transported into the cave
by rainwater through karst chimneys and joints. Later, they were deposited in stagnant
water near the Cernd Chasm, which had to be completely filled with sediments. In the
Middle Pleistocene, the space above the chasm mouth was filled with fluvial sandy gra-
vel (Unit D) to the height of several metres. Relics of Unit D cemented to the walls evi-
dence a major episode of deposition during which drainage through the lower level was
interrupted in the whole cave system, and the chasms as well as a considerable portion of
the upper level were filled with fluvial sediments (e.g., Odlehld Corridor, S part of the
Stifbrna Corridor, spaces adjacent to the Cernd Chasm, U priisvitnych krapnikia Corri-
dor). Drainage through some chasms (e.g., the Cernd Chasm) was restored later (latest
Middle Pleistocene — Upper Pleistocene?). Some chasms connecting the upper and lower
levels, however, retained their sediment fill till these days. One of them is located
100-150 m NE of the end of the Odlehl4 Corridor, near the tectonic boundary between
limestones and greywackes. This chasm was draining the stream which deposited sedi-
ments now filling the Odlehld Corridor (see Fig. 8). Another so far unexplored chasm,
completely filled with sediments, lies in the U prasvitnych krdpnik Corridor, as docu-
mented by flow directions indicated by pebble imbrication in the deposits of a subsurface
stream flowing towards this chasm as well as by small relics of sandy gravel cemented to
limestone walls alike those of Unit D in the Cernd Chasm.

The Upper Pleistocene was the period when subsurface stream eroded older fluvial se-
diments. During flooding episodes, silt- and sand-sized material with frequent limestone
clasts and abundant vertebrate bones was transported from the surface or higher located
cavities through karst chimneys into corridors of the upper cave level. Such sediments are
preserved at a number of locations (e.g., in the U fezaného kamene Corridor and the Sti-
brna Corridor) and were ranked within the younger part of the last glacial period by SerTL
(1998). These detrital sediments were often overlain by a flowstone layer up to 20 cm
thick.

In the Kiilna Cave, conditions for sediment deposition differed, because the cave tun-
nel is open to the surface at both ends. Large sinkhole leading to the vertical cavities
connecting the Kiilna Cave with the lower karst level was formed in the bottom of the
southern portion of the corridor. In the last interglacial, a stream was entering the cave
through its southern entrance and deposited sandy silt and overlying sandy gravel in the
lower part of Section 5. The stream descended to the lower cave level through vertical
cavities. As shown by sediments exposed in the cave, the proportion of overlying lime-
stone talus increases towards north. The vaulted ceiling of the cave corridor, having an
ancient appearance, could not produce many limestone clasts falling down into cave se-
diments during the last glacial period. Talus filling the corridor was transported through
the northern entrance of the Kilna Cave from a sinkhole. This path was used for the
transport of limestone talus and sandy-silty matrix from slopes down to the Kiilna Cave,
In the area of the southern entrance, sediments were transported into the cave in the
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opposite, i.e., northerly direction. This is evidenced by flow directions revealed by
magnetic anisotropy measurements in the matrix of sedimentary beds No. 7-11 in
Section 5 and in neighbouring exposed sections (Srousek et al., in press). Laminated
sandy silt with sand laminae in the lower part of Bed 7b (Fig. 11) are flood sediments,
deposited in a shallow depression in the southern entrance to the Kilna Cave.

5.3. Amatérska Cave

The Amatérska Cave represents the largest segment of the karst system draining the
N segment of the Moravian Karst (see Fig. 3). Sumps separate the Amatérska Cave from
the ponor caves hosting the Sloupsky and Bila voda streams, as well as from the resur-
gence Punkevni Cave. This is the main reason why the Amatérska Cave remained inac-
cessible for such a long time. This situation changed only in 1969, when the 30 m thick
fill of sinkhole located 4 km SW of HolStejn was penetrated and the access to the cave
was thereby permitted (SLEcHTA and Rysavy, 1974; Morycka et al., 2000). The Amatér-
skd Cave comprises two corridors: lower active corridor and upper flood corridor, the
vertical distance between which increases up to 25 m in the downstream direction. These
two corridors converge in the upper reach, hosting the Sloupsky and Bila voda streams.
Confluence of both streams gives rise to the subsurface Punkva River.

Sediments of subsurface streams are deposited in the Amatérska Cave corridors but,
with only a few exceptions, they are not exposed in vertical sections. One of the few sec-
tions can be found in the Western Macocha Branch, on the flank of a cave corridor (see
Fig. 12). It is a test-ditch excavated in sediments perpendicular to the flow direction of the

subsurface stream.
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Fig. 12. Position of Section 6 in the Western Macocha Branch in the Amatérskd Cave (from PrigyL and

Raman, 1980).
Obr. 12. Pozice profilu 6 v Zapadni vétvi Macosské chodby v Amatérské jeskyni (podle PRiByLA a Ramana
1980).
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5.3.1. Lithology of sediments

Sandy gravel containing rather small lens of cross-bedded medium—graineq sand is. ex-
posed in the lower part of the section. They are overlain by cross-bedded medium-grained
sand, and than by sandy gravel containing rounded clasts of Lower Carboniferous rocks
up to 1 cm in size. The size of the clasts increases upwards to max. 10 cm. Stalagmites up

to 2.5 m long rise from the surface of sandy gravel in the upper part of the slope (ca.
15 m far from the section).

S N

0
0 1 2m

Fig. 13. Section 6, the Amatérskd Cave. 1 — sandy gravel with rounded clasts up to 10 cm in size; 2 — sandy
gravel with rounded clasts up to 1 cm in size; 3 — cross-bedded medium-grained sand; 4 — sandy grav-
el with rounded clasts up to 5 cm in size; 5 — cross-bedded medium-grained sand.

Obr, 13. Profil 6, Amatérska jeskyng. 1 — pis€ity §térk s valouny velkymi aZ 10 cm, 2 — pis¢ity térk s valouny
velkymi aZ | em, 3 — 8ikmo zvrstveny stfedné zrnity pisek, 4 — pis€ity $térk s valouny velkymi az
5 cm, 5 - Sikmo zvrstveny stfedné zrnity pisek.

5.3.2. Age of sediments

One of the stalagmites was dated by Th/U method. Its base was dated to 9.42
+(.75 ka, its middle portion to 5.42 +0.47 ka and its top to 2.33 £0.47 ka. Underlying
sand and sandy gravel were deposited before the Holocene, most probably during the
Late Pleistocene.

5.3.3. Genesis of sediments

Fluvial sand and sandy gravel in the Western Macocha Branch were deposited by
a subsurface stream flowing through the corridor towards the Piseénd Cave in the Maco-
cha Chasm (see Fig. 30). This path was used by the subsurface stream in times when the
lower-lying corridors were blocked due to the roof collapse in near Macocha Chasm (see
Chapter 7.7). The Western Macocha Branch was filled with fluvial sediments, reaching
to a considerably higher level than today. Now, only relic of fluvial sediments is preserv-
ed on the stepwise inclined bottom of the corridor. Fluvial sediments were later eroded
by stream. The erosion probably continued till the Holocene, as indicated by undercut
flowstone layers of probably Holocene age at several points in the Western Macocha
Branch. The Punkva River now flows some 20 m lower through the active level (cf. Pri-
BYL and Raiman, 1980; Motycka et al., 2000).

5.4. Zazdéna Cave

The Zazdéna Cave merges into the Pusty Zleb Canyon 200 m W of the Macocha
Chasm at the altitude of 368 m (see Fig. 3). The cave provides one of the largest expo-
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sures of cave sediments in the Moravian Karst. The exposure dates to 1938-1940 when
a tunnel 350 m long was excavated in sediments under the supervision of K. Absolon
with the aim to penetrate into the then unknown cave system hosting the subsurface
Punkva River, These works were, however, left uncompleted (AssoLon, 1970b).

5.4.1. Lithology of sediments

Section 7 is exposed in a steep excavated corridor in the NE part of the Zazdénd Cave
(see Fig. 14). The section is formed by rhythmically alternating beds of sand and clayey
silt (Unit A). All beds are sharp-based, consisting of fine silty sand upwards passing into
clayey silt. Beds are usually 1-2 cm, exceptionally 5 cm thick (Fig. 15). Sandy portions
of the beds are frequently rimmed by rusty red Fe-oxides precipitated at contacts with
less permeable clayey silt. Deposition of the rhythmites was interrupted by breaks, du-
ring which mud cracks up to 30 cm deep were formed. Other sedimentary structures
show sediment deformations due to compaction-related water escape (Fig. 16) or de-
formations due to fall of limestone blocks (Fig. 17). Coarse limestone talus with
sandy-silty matrix is exposed in the central part of excavated corridor (Unit B; see
Fig. 14). Limestone clasts have volume up to 1 m3, The total thickness of sediments ex-
posed in Section 7 is 33 m.

A 350 m long section exposes detrital sediments with a flowstone horizon in the hori-
zontal tract of the Zazdénd Cave. Two test-pits, 8.5 and 5.8 m deep, were excavated in
the bottom of the dug out tunnel (Pano$, 1961; PELISEK, 1975). Nevertheless, none of
them reached the rocky bottom and both were later refilled. Section 8 is situated at the
location of test-pit S/, now preserved as 1.5 m deep hole. Laminated clayey silt to silty

NE . W

Fig. 14. Zazdénd Cave - a longitudinal vertical section. 1 — thinly rhythmically bedded sand and silt (Unit A),
2 — limestone talus with silty matrix (Unit B), 3 — silt and sand exposed in the rest of the test-pit
(Unit C), 4 — sandy gravel (Unit D), 5 — sand and clayey silt (Unit D), 6 — laminated clayey silt (Unit
E), 7 - limestone talus with sandy matrix (Unit F).

Obr. 14. Zazdén4 jeskyné, vertikdlni podélny profil. 1 — tence vrstevnaté pisky a prachy (jednotka A), 2 — vé-
pencova suf v prachové matrix (jednotka B), 3 — prach a pisek odkryty ve zbytku sondy (jednotka C),
4 — piscity Stérk (jednotka D), 5 — pisek a jilovity prach (jednotka D), 6 — laminovany jilovity prach
(jednotka E), 7 — vapencovi sut s piskovou matrix (jednotka F).
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Fig. 15. Zazdéna Cave — infiltration sediments (Units A). Horizontal stratification in sandy to clayey silt, de-
formations in the centre represent dripholes (Photo by E. Janou3ek).

Obr. 15. Zazdénd jeskyné — infiltraéni sedimenty (jednotka A). Horizontdlné zvrstveny pis¢ity aZ jilovity prach,
eguta¢ni jamky ve stfedu obr. porusuji horizontdlni zvrstveni (foto E. Janougek).

Fig. 16. Zazdéna Cave — infiltration sediments (Units A). Sands intercalated with clayey silts. Horizontal stra-
tification is disrupted by compaction induced water escape (the coin diameter is 19 mm; Photo by
E. Janousek).

Obr. 16. Zazdénd jeskyn& — infiltraéni sedimenty (jednotka A). Pisky a jilovité prachy. Horizontalni zvrstveni
poruduji textury vzniklé v dasledku tniku vody ze sedimentii v pribéhu kompakce (primeér mince je
19 mm, foto E. Janougek).
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clay with occasional beds of medium-grained sand max. 5 cm thick (Unit C) are exposed
at the base of the section. Deposits are intersected by numerous clastic dykes filled with
sandy gravel, sand and clayey silt from the overlying beds (Fig. 18).

Laminated fine sediments exposed in test-pit S/ is overlain by sandy gravel with
rounded limestone clasts of an average size of 5 cm, occasional rounded clasts of conglo-
merates of the Devonian basal clastics up to 10 cm in size and angular and oval limestone

Fig. 17. Zaadéna Cave — infiltration sediments (Units A). Primary horizontal stratification in fine sands and
clayey silts is deformed by fallen limestone block from a karst chimney 50 m high (Photo by E. Ja-
nousek).

Obr. 17. Zazdéna jeskyné — infiltracni sedimenty (jednotka A). Pivodné horizontdlné zvrstvené jemnozrnné
pisky a jilovité prachy jsou deformovany impaktem vipencového bloku vypadlého z krasového ko-
mina (foto E. Janousek).

132



boulders reaching up to 50 cm in size. The thickness of the gravel bed (ranked also within
Unit C for simplicity reasons) varies between 70 and 160 cm. Gravel is overlain by clayey
silt and, above, by sandy gravel with rounded clasts of greywackes, siltstones and shales
(Unit D). The average clast size is 2 cm, with the largest clasts reaching 7 cm. Gravel also

contains angular clasts of limestones and rare limestone blocks with volume up to 1 m3,
Sedimentation continued with the deposition of laminated clayey silt and medium-grained
cross-bedded sand with an erosive base. During the break in deposition, later sand bed
(Bed 6 on Fig. 18) was dissected by irregular cracks, max. 60 cm long, which were filled
with overlying sandy silt. This sandy silt contains irregular lenses of sandy gravel with
rounded quartz and angular limestone clasts. Sedimentation terminated by the deposition
of medium-grained sands and sandy silts. Vertical wedge-shaped clastic dykes even se-
veral metres long intersect the sediments in Section 8 (Fig. 18).

Section 9 lies only 25 m far from Section 8 (see Fig. 14) but it provides important in-
formation on the genesis of sediments filling the Zazdénd Cave. Sandy gravel with
rounded limestone clasts of average size of 5 cm and angular as well as rounded limestone
boulders up to 50 cm large (Unit C) is exposed at the base. This sandy gravel is confor-
mably overlain by Unit D formed by sandy gravel with rounded greywacke, siltstone and
shale clasts 4 cm in size on average, and with beds of medium- to coarse-grained sand and
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Fig. 18. Section 8, the Zazdéna Cave. | — material excavated from the test-pit, Unit E: 2 — clayey silt filling
clastic dykes, 3 — thin-bedded and laminated clayey silt, Unit D: 4 — sand and sandy silt, 5 — clayey
silt, 6 — medium-grained sand, 7 - clayey silt, 8 — limestone blocks, 9 — sandy gravel with rounded
clasts of greywackes, shales and limestone, 10 — clayey silt, Unit C: 11 — sandy gravel with limestone
clasts, 12 - clayey silt to silty clay with sand beds intersected by clastic dykes filled with silt, sand and
sandy gravel.

Obr. 18. Profil 8, Zazdénd jeskyné. | — materidl vykopany ze sondy; Unit E: 2 - jilovity prach vypliujici klas-
tické Zily, 3 — tence vrstevnaty a laminovany jilovity prach; Unit D: 4 — pisek a pis¢ity prach, 5 - jilo-
vity prach, 6 — stfedné zrnity pisek, 7 — jilovity prach, 8 — bloky vépence, 9 — pis€ity $térk s valouny
droby, bfidlice a kameny vdpence, 10 — jilovity prach; Unit C: 11 — piscity §térk s vapencovymi
klasty, 12 — jilovity prach aZ prachovity jil s piskovymi polohami porufeny klastickymi Zilami vyplné-
nymi prachem, piskem a pis¢itym Sté€rkem.
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clayey
sion in
loured

silt (Fig. 19). Younger laminated clayey silts (Unit E) fill a funnel-shaped depres-
Unit D. Unconformable boundary between both units is accentuated by a layer co-
in black by Mn-oxides. Unconformities are also present within laminated fine

sediments of Unit E (Fig. 20). The whole Section 9 is transected by a vertical wedge-sha-
ped clastic dyke filled with clayey silt (Beds 1-3 on Fig. 19).
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d SW

Fig. 19.

Obr. 19.
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Section 9, the Zazdénd Cave. Unit E: 1 — dark brown massive clayey silt, 2 — light brown clayey silt
with beds of grey silt max. 2 cm thick, 3 — brown silt with indistinct lamination, 4 — brown-grey
massive clayey silt with limestone block, 5 — lenticular beds of coarse-grained sand to sandy gravel
with rounded quartz clasts max. 3 mm in size, 6 — laminated clayey silt, 7 — remains of older fill of the
depression formed by thin beds of yellow sandy silt and rusty fine-grained sand bounded by rusty con-
tours of precipitated limonite a layer coloured in black by Mn-oxides at the base of Unit E,
8 — coarse-grained sand to sandy gravel with quartz granules, Unit D: 9 — clayey silt with lenses of
fine-grained sand, 10 — medium-grained sand, 11 — medium-grained sand with abundant clasts of
clayey silt, 12 — medium- to coarse-grained sand, passing to sandy gravel near the base, 13 - me-
dium-grained sand, 14 — sandy gravel — upper portion of the bed is composed of pebbles of grey-
wacke, siltstone and shale, lower portion of the bed is composed of limestone pebbles and boulders,
15 — redeposited fragment of weathered flowstone.

Profil 9, Zazdénd jeskyné. Jednotka E: 1 — tmavé hn&dy masivni jilovity prach, 2 — svétle hn&dy jilo-
vity prach s vrstvi¢kami Sedého prachu o mocnosti do 2 cm, 3 — hnédy prach s naznaky laminace,
4 - hnédoSedy masivni jilovity prach s vipencovym blokem, 5 — Eockovité polohy hrubozrnného
pisku az pis¢itého Stérku s valounky kfemene velkymi do 3 mm, 6 — laminovany jilovity prach,
7 - zbytky star8i vypIné nélevkovité deprese tvofené vrstvi¢kami Zlutého pis¢itého prachu a rezavého
jemnozrnného pisku ohranienymi rezavymi konturami vysraZeného limonitu na béazi jednotky E je
vrstvicka ¢erné zbarvend Mn-oxidy, 8 — hrubozrnny pisek aZ drobnozrnny pis¢ity §térk s valounky
kfemene; jednotka D: 9 — jilovity prach s ¢ofkami jemnozrnného pisku, 10 - stfedné zrnity pisek,
11 = stfedné zrnity pisek s hojnymi dtrzky jilovitého prachu, 12 — stfedné aZ hrubé& zrnity pisek, pfi
bazi polohy aZ drobnozrnny piscity Stérk s valounky bfidlice a kfemene, 13 - stfedné zrnity pisek,
14 — pis¢ity stérk — svrchni ¢ast polohy tvofena valouny droby, prachovce a bfidlice, spodni ¢dst po-
lohy tvoii valouny a balvany vipence, 15 — redeponovany fragment zvétralého sintru.



Sandy gravel with quartz granules and angular limestone clasts forms irregular lenses
in Unit E. They were deposited into the underlying fluvial sediments at some places
(KabLec, 1994). Concentrations of this gravel and talus bodies are the highest around
chimneys leading to the horizontal corridor. This sandy gravel is characterized by the
high contents of staurolite in heavy mineral assemblages (Vir, 1990).

Flowstone horizon up to 20 cm thick was deposited on surface of Unit D in the NE part
of the horizontal corridor during the break in deposition between Unit D and Unit E.
Calcite forms white and grey laminae 1-6 mm thick (maximum thickness is 28 mm),
being recrystallized into crystals perpendicular to the original laminar structure. The
youngest part of the flowstone layer is coloured in grey by Mn-oxides.

5.4.2. Age of sediments

The age of rhythmites in Section 7 was determined by measurements of paleomagne-
tic record in sediments. Oriented samples were taken in 30 cm intervals from the lower
and upper parts of the section. In the upper part, reverse paleomagnetic polarity was re-
corded in an interval 2 m thick. Most of the sediments in Section 7 are therefore older
than the Brunhes/Matuyama paleomagnetic boundary, i.e., 780 ka. This means that the
rhythmites were deposited not later than in the Lower Pleistocene. However, their Tertia-
ry age can not been excluded.

Basal, middle and surficial parts of the flowstone horizon on the surface of Unit D in
the NE part of the Zazdénd Cave horizontal corridor was dated by the Th/U method.
(Tab. 2).

Fig. 20. Zazdénd Cave — infiltration sediments (Unit E). Unconformities in laminated clayey silt filling the
funnel-shaped depression in Section 9 (Photo by E. Janousek).

Obr. 20. Zazdénd jeskyné — infiltratni sedimenty (jednotka E). Diskordance v laminovaném jilovitém prachu
vypliiujicim nalevkovitou depresi v profilu 9 (foto E. Janousek).
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Table 2. The 2Th/ 22U ages of flowstone layer from the Zazdéné Cave.
Tabulka 2. 220Th/ 234U stéff sintrové vrstvy ze Zazdéné jeskyng.

distance from flowstone age (ka BP) 1o error (ka)
layer top (mm)

0-15 09.85 +3.30/-3.21
29-45 112.50 +4.55/-4.17
79-89 114.37 +5.05/-4.85

Flowstone was deposited at the beginning of the last Glacial. Clastics of underlying
Unit D deposited probably in the last Interglacial, Laminated clayey silts (Unit E) overly-
ing by flowstone were deposited during the last glacial period.

5.4.3. Genesis of sediments

The Zazdéna Cave consists of two parts, in which sediments were deposited under
different conditions. Vertical cavity in the NE part of the cave passes down into a hori-
zontal corridor leading to the cave entrance (see Fig. 14). The cavity has about 30 m in
diameter. It is filled with rhythmically bedded infiltration sand and clayey silt of Unit
A exposed in Section 7. They were probably derived from filled sinkholes connecting
surface of the karst plateau with cavity through large chimneys. Fine sediments were
vertically transported by rainwater into the cave where they were deposited in
a low-energy environment not affected by flow. Deposition of rhythmites was marked by
breaks, characterized by the formation of mud cracks. Rainwater coming from chimneys
also eroded the sediment fill of the vertical cavity. As a result, sediments are not deposited
horizontally but they dip NE to E at an angle of 5-20°. Vertically circulating water pro-
duced minute dripholes in rhythmites (see Fig. 15).

Below huge karst chimneys, rhythmites were eroded by vertically falling waters load-
ed by limestone talus with clasts reaching volume of 1 m3 (Unit B) from higher-positio-
ned cavities. The coarse talus with sandy-silty matrix partly filled vertical cavity and it is
now exposed in the middle part of steep corridor dug out through sediments.

The oldest sediments in the horizontal corridor of the Zazdénd Cave are represented
by Unit B, exposed in test-pit S/ (see Panos, 1961). Heavy mineral assemblages in the
sand (dominant epidote-group minerals and amphibole, low garnet content) correspond
with those of sand in Unit A (Vir, 1990, 1996). Both sedimentary bodies are probably
derived from sediments filling sinkholes on the surface of the karst and were vertically
transported into the cave by rainwater. In the horizontal corridor these infiltration sedi-
ments are overlain by bed of sandy gravel with rounded and angular clasts of limestone.
The absence of clasts of greywacke, siltstone and shale evidences that the material is of
local character and it was transported into cave from higher-positioned, unknown cavities
by gravity flows.

Sediments of Unit D in the horizontal corridor were deposited by subsurface stream,
as evidenced by clast roundness in sandy gravel and by current-ggnerated structures in
sand. Erosional boundaries between individual beds and mud cracks filled with clayey
silt indicate that fluvial sedimentation proceeded periodically and intermittently.
Cross-bedding and ripple cross-lamination in sand-dominated beds indicate southwest-
erly flow, i.e. towards the cave entrance. Heavy mineral assemblages of fluvial sandy
gravel (Fig. 18 — Bed 9) are dominated by garnet (46 %) prevailing over epidote-group
minerals (27 %) and zircon (15 %). Less frequent heavy minerals are amphibole (6 %),
apatite, rutile, tourmaline and alterites. This assemblage is characteristic for fluvial sedi-
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ments transported into the karst area by streams from areas of non-karstic rocks, such as
greywackes, siltstones and shales.

Fluvial sandy gravel with pebbles of Lower Carboniferous rocks forms a wedge-shap-
ed body in the cave corridor (see Fig. 14). In the SW part, close to the cave entrance, this

sandy gravel directly overlies psephites with limestone clasts. Further inside the cave,

both lithologically distinct bodies are separated by bed of clayey silt. In the NE part of
the cave, fluvial sandy gravel is hidden beneath overlying sands and silts and re-appear
again at a distance of 300-350 m from the cave entrance. The surface of sandy gravel is
rising here; further on, the whole corridor is dug out in these psephites. Fluvial sediments
locally contain “floating” limestone blocks up to 1 m3 in volume. The occurrence of
sandy gravel with pebbles of Lower Carboniferous rocks abruptly terminates where the
horizontal corridor of the Zazdénd Cave is transected by fault, which crosses the near
Macocha Chasm (see Fig. 14).

Fluvial sediments were transported into the cave at an anomalous situation probably
caused by the collapse of the roof of the Macocha Chasm (see Chapter 7.7). The fall of
Macocha Chasm roof resulted in the rise of the subsurface stream level. The Punkva
River began to flow through the Amatérskd Cave at a higher level and it developed a new
path into the Pise¢na Cave in the Macocha Chasm. After the subsurface stream reached
the karstified Macocha Fault, periodical inrushes of waters loaded with sediment into the
Zazdéna Cave horizontal corridor took place. The same fluvial sandy gravel is preserved
in the Amatérska Cave (390 m a. s. 1.), the Pise¢na Cave in the Macocha (400 m a. s. 1)
as well as in the Zazdéna Cave (370 m a. s. 1.).

Fluvial sedimentation was followed by a break, during which only rainwaters entered
the cave corridor. These vertically circulating waters eroded fluvial sediments, and fun-
nel-shaped depressions and unusual cylindrical “dripholes” were locally produced and
later filled with younger sediments (see Fig. 19). The rainwater contained dissolved
CaCO3;, which precipitated on the surface of fluvial sediments. A flowstone layer deve-
loped on the surface of fluvial sediments in places at the beginning of the last glacial
period.

The last glacial period in the Zazdénd Cave was characterized by the deposition of
Unit E filling horizontal cave corridor up to the ceiling. These fine laminated infiltration
sediments were transported by rainwater from karst surface or from higher-positioned
cavities fissures and karst chimneys, by mechanism described by BurL (1981). Water pe-
riodically penetrating through chimneys eroded even the proper fill of the funnel-shaped
depression in Section 9, producing a vertical channel filled with massive clayey silt in its
central part (Fig. 19). The erosion was associated with formation of minor unconformi-
ties, slumps and deformations of laminated sediments in the proximity of the vertical
channel.

At many places of the horizontal corridor, the boundary between Unit D and the over-
lying Unit E is accentuated by Mn-rich horizon precipitated on geochemical barrier of
the surface of fluvial sediments.

Fluvial and infiltration sediments were periodically subjected to liquefaction and flui-
dization during their deposition. Water escaping from pores during sediment compaction
produced characteristic water escape structures (e.g., Lowg, 1975). Channels filled with
sand grains and clayey silt, as well as minute folds were formed in the sediments
perpendicular to the stratification. Fluidized sand locally penetrated into the overlying
silt (Fig. 16).

Sections in the horizontal corridor of the Zazdéna Cave are commonly intersected by
clastic dykes of several generations (see Fig. 18). Their genesis is linked with the subsi-
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dence of the sediment fill. Basal part of the sedimentary body is formed by coarse li-
mestone talus (Panos, 1961). Dissolution of limestone blocks resulted in uneven subsi-

dence of overlying clastic sediments and in the deformation of the fill by minute faults.
Movements along these dislocations produced minor normal faults as well as reverse
faults. Some of them were later widened by flowing water into wedge-shaped forms and
filled with younger sediments.

Deposition of fine sediments of Unit D and Unit E indicates that the cave mouth was
blocked, preventing water flow away from the horizontal corridor. Pools with stagnant
water were established here and fine sediments were deposited. Blockage of the cave
mouth can be explained by its closure with fluvial sediments filling the lower course of
the Pusty zleb Canyon, However, a more probable explanation is in filling of the mouth
by limestone talus, the relics of which are preserved cemented to the ceiling and walls.
Talus of the same kind, fallen from the limestone wall above the cave mouth, now forms
the portal mound (Unit F). According to molluscs, the age of the upper part of the talus

was stated to second half of the Upper Pleistocene and Holocene (Lozexk and CiLEk,
1995).

5.5. Katefinskd Cave

Where the valleys of Pusty Zleb and Suchy Zleb merge together, a narrow limestone
crest called Chobot is formed between both canyons. The entrance to the Katefinskd
Cave lies in the SW extension of the limestone crest at the altitude of 345 m a.s. 1.,
8 m above the bottom of the Suchy Zleb Canyon. The entrance and the frontal part of the
cave (Main Hall) have been known for a long time, while the NE part of the subsurface
system was discovered only in 1910 (AssoLon, 1912).
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Fig. 21. Sketch-map of the Katefinskd Cave (after ABsoLoN 1970a).
Obr. 21. Mapka Katefinské jeskyné (podle AssoLona 1970a).
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5.5.1. Lithology of sediments

The most widely distributed sediment in the Katefinskd Cave is limestone talus of
different particle size. Limestone blocks cover the bottoms of both large halls (Main
Hall, Chaos Hall). Coarse limestone talus also forms large chokes in upper parts of the
cave.

Section 10 formed by beds of limestone talus of different particle size with sandy
matrix is preserved in inclined chimney leading to the Ledova Corridor (see Fig. 22).
Beds of fine talus to coarse sand alternate with beds containing limestone clasts up to
30 cm large. The youngest coarse—grained bed is cemented with carbonate. Beyond the
limits of the section, the flowstone forms a layer up to 10 cm thick.

A relic of sandy gravel is preserved near the western wall of the corridor beyond the
entrance to the Katefinska Cave — Section 11. Its basal part is composed of limestone peb-
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Fig. 22. Section 10, the Katefinskd Cave. | — limestone talus with sandy matrix (clast size max. 15 cm),
2 — coarse sand with beds of fine limestone talus 1-2 cm thick, 3 - fine limestone talus with sand mat-
rix (clast size max. 5 cm), 4 — fine limestone talus with sand matrix (clast size max, 2 cm), 5 — li-
mestone talus with sand matrix (clast size max. 10 cm), 6 - fine limestone talus with sandy matrix
(clast size max. 2 cm), 7 - limestone talus with sandy matrix (clast size max. 30 cm), 8 — fine limesto-
ne talus with sand matrix, 9 — limestone talus with sandy matrix (clast size max. 10 cm).

Obr., 22, Profil 10, Katefinskd jeskyné. 1 — vipencova suf v pis¢ité matrix (klasty velké do 15 cm), 2 — hru-
bozrnny pisek s vrstvickami drobné vdpencové suti o mocnosti 1-2 cm, 3 — drobnd vépencova sut
v pis¢ité matrix (velikost klastd do 5 cm), 4 — drobné védpencové suf v pis¢ité matrix (klasty velké do
2cm), 5 - vipencovd sut v pis¢ité matrix (klasty velké do 10 cm), 6 — drobnd vapencovi sut v pisCité
matrix (klasty velké do 2 cm), 7 — vdpencova sut v pis¢ité matrix (velikost klasta az 30 em), 8 — drob-
nd vapencovi sut v pis¢ité matrix, 9 — vapencova sut v pis¢ité matrix (velikost klasti do 10 cm).
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bles of an average size of 10 cm, max. 20 cm. Sandy matrix contains significant amounts
of bone fragments of large mammals. The proportion of angular limestone clasts up to
20 cm large increases upwards. Sediments of the total thickness of 60 cm are cemented
with carbonate.

Section 12 is located in a small corridor in the upper part of the Medvédi Chimney
11 m above the bottom of the Main Hall (see Fig. 21). Relic of fine- to medium-grained
sand and sandy gravel is preserved here, filling depressions in limestone wall. It is domi-
nated by greywacke pebbles; pebbles of limestone, siltstones and shales are less com-
mon. The average size of greywacke pebbles is 4 c¢m, the size of limestone pebbles is
2-10 cm. Forty greywacke pebbles from the size interval of 16-31,5 mm were measured
for their roundness and shape by the method of Doskins and Fork (1970). The resulting
values are expressed by the median of the whole set. Roundness of greywacke pebbles in
Section 12 is characterized by the value of 0.46, while their shape can be expressed by
the value of -0.3.

5.5.2. Age of sediments

Flowstone cementing the youngest talus bed in Section 10 (Bed 1 on Fig. 22) was da-
ted by Th/U method: the base of the flowstone layer at 12,7 +4.3 ka, its surface at 4.5
+1.2 ka. The carbonate was precipitated at the end of the last glacial period and in the
Holocene. The underlying beds of the limestone talus were deposited probably during
the last glacial period.

No specific data exist on the age of the detrital sediments exposed in Sections 11 and
12,

5.5.3. Genesis of sediments

The course of the Katefinskd Cave was predisposed by NE-SW-striking faults. Consi-
derable tectonic deformation of limestones resulted in the formation of vast blocky cho-
kes in the area of the cave. Limestone talus from these chokes was transported into caves
by meteoric water and gravity.

Alternation of beds with different particle size in Section 10 may reflect changing in-
tensity of precipitation diverted from the surface into the cave through karst chimneys.
The transport ability of rainwater depends on volume of precipitation and vegetation
cover of karst surface. In general terms, coarser limestone talus was deposited in karst
areas in warmer periods of the Pleistocene, alternating with the deposition of rather finer
talus sediments in the coldest periods poor in precipitation (Lozek, 1963, 1973).

Sandy gravel with bones preserved in Section 11 was redeposited from chimneys abo-
ve the Main Hall. A large number of skeletons of cave bear accumulated in one of these
chimneys (the so-called Medvédi Chimney; see AssoLon, 1970a). Limestone pebbles
worn by corrosion and angular limestone talus were transported together with bones
from chimneys as gravity flows. As the sediments contain pebbles of greywacke, silt-
stone or shale, which can be found in fluvial sediments of Section 12, sandy gravel with
limestone clasts was obviously deposited sooner than the stream transporting greywacke
pebbles penetrated to the Katefinskd Cave (see below). Sediments in Section 11 are ge-
netically identical with sandy gravel with limestone clasts in Section § in the Zazdéna
Cave (see Chapter 4.4).

The occurrence of fluvial sandy gravel (Section 12) in the Katefinskd Cave led ABso-
LON (1970a) to the idea that the cave was connected with ponor caves in the Hol3tejnské
Valley through unknown cave system in the past, and that the Bila voda Creck was flo-
wing through the cave. Roundness of greywacke pebbles from the Katefinskd Cave, ho-
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wever, do not suggest that these fluvial sediments were transported through underground
paths all the way from the N margin of the Moravian Karst to the Katefinskd Cave 6 km
away. If they were, the greywacke pebbles would have been perfectly rounded (cf.
KabpLic, 1997c¢). It is more probable that the Bila voda Creek transported fluvial sedi-
ments from the HolStejnské Valley through karst valleys on the surface and penetrated to
the Chobot crest along karstified tectonics. By this way sediments could reach the upper
portions of the Bear Chimney. Later, greywacke pebbles were redeposited by rainwater
from the chimney to the talus on the Main Hall. Such pebbles were reported from test-pits
in the Main Hall by Wankel (in AssoLon 1970a) and Knies (1895). In times when the
surface stream was penetrating through the Chobot massif into the Bear Chimney, the lo-
wer part of the Suchy Zleb Canyon had to be filled with fluvial sediments of the Bild voda
Creek up to the height of min. 15 m above the present bottom. If this was true, the fill of
the canyon was later eroded. Periods of repeated aggradation and erosion of sediments in
the Pusty Zleb and Suchy Zleb canyons were also suggested by Panos (1961).

6. Morphology of karst valleys and Macocha Chasm

Half-blind valleys drained through cave systems were formed by streams sinking near
the boundary of limestones and non-karstic rocks. On the northern periphery of the Mo-
ravian Karst, the Bild voda and Sloupsky creeks sink under the ground in the Holstejnské
and Sloupské valleys, respectively. Both these streams unite to form the Punkva River in
the Amatérska Cave. Both ponor valleys are filled with fluvial sediments. Gravity and re-
sistivity measurements allowed to reconstruct morphologies of their rocky bottoms. The
same methods were applied to determine the rocky bottom morphology of the Lazanecké
Valley, which separates the northern and the central segments of the Moravian Karst.
Geophysical methods were also employed to specify more exactly the bottom morpholo-
gy of the Macocha Chasm.

6.1. Morphology of the HolStejnské Valley

Half-blind Hol$tejnské Valley is drained by the Bild voda Creek. A broad valley tract
trending N-S passes into a narrow tract, where the Bild voda Creek sinks in the Rasovna
Cave. The valley is filled with fluvial sediments up to the altitude of 470 m a. s. 1.; these
sediments were documented by three boreholes in 1959, which reached the limestone
bottom (DvorAk, 1961; see Fig. 23).

Four transverse gravimetric profiles were measured across the valley (25 m intervals
between measurement points) and a longitudinal gravimetric profile (50 m intervals be-
tween measurement points). The courses of profiles were selected to cross borehole sites
with known total sediment thickness. In some cases, the courses of profiles were restrict-
ed by the extent of urban areas. Altogether 12 points of vertical electrical sounding were
measured along the longitudinal gravimetric profile, extending to the southern closure of
the half-blind valley (see Fig. 23).

Geophysical data illustrate valley morphology (BENES, 1994). A 3-D image of the val-
ley without sedimentary fill was modelled by Surfer and Microstation computer pro-
grams (Fig. 24). The valley reaches its highest depths in its western part. A relic of
a narrow canyon-like valley is present here with its bottom at 400-410 m a. s. 1. Here, the
thickness of sedimentary fill reaches 60-70 m. The stream which gave rise to this
half-blind canyon-like valley with an almost 100 m high terminal wall flowed hori-
zontally to the cave system. The eastern part of the valley is rimmed by a ramp-like lime-
stone plateau, the surface of which lies at 430 m a. s. 1. The thickness of sedimentary fill
above the plateau varies between 20 and 30 m. The surface of the limestone plateau gra-
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Fig. 23. Map of the Hol3tejnské Valley (published with permission of the Cadastral Office of the Town of
Brno). | — gravimetric profiles; 2 — vertical electrical sounding points: 3 — locations of boreholes do-
cumented by Dvorak (1961); 4 — contour of the deepest part of the valley: 5 — boundary of limestone
and greywacke.

Obr. 23. Mapa Holstejnského udoli (publikovano se souhlasem Katastralniho ifadu mésta Brna). 1 — gravi-
metrické profily, 2 — lokalizace vertikalnich elektrickych sond, 3 - lokalizace vrta (DvorAk 1961),
4 — obrys nejhlubgi ¢asti ddoli, 5 — hranice vapence a droby.
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dually passes south into the bottom of the narrow part of the valley, where the sediment
thicknesses reach some 20 m. The present terminal wall of the southern part of the valley
is formed by fluvial sediments (see also STeLcL, 1962a).

6.2. Morphology of the Sloupské Valley

Half-blind Sloupské Valley lies on the northern periphery of the Moravian Karst. The
Sloupské Valley also consists of broad tract trending N=S, passing into narrow tract to-
wards the Pusty zleb Canyon. The valley is drained by the Sloupsky Creek, which sinks
in the upper level of the Sloupsko-3osiivska Cave. The valley is filled with fluvial sedi-
ments up to the altitude of 468 m a. s. |.; these sediments were documented by four bore-
holes in 1959, which reached the limestone bottom (DvorAk, 1961; see Fig. 25).

Five transverse gravimetric profiles were measured across the valley (intervals be-
tween measurement points of 25 m). A longitudinal gravimetric profile (intervals be-
tween measurement points of 50 m) started on the southern margin of the Sloup village,
at the site of borehole S4, and ended on the northern margin of the Pusty Zleb Canyon.
Altogether 10 points of vertical electrical sounding were measured along the longitudinal
axis (Fig. 25). Similarly to the HolStejnské Valley, the courses of the profiles were se-
lected to cross borehole sites with known total sediment thicknesses. In some cases, the
courses of the profiles were restricted by the extent of urban areas.

Hladomorna Cave

Rasovna Cave

Holstejnska Cave

ma.s.l.

Fig. 24. 3-D image of the HolStejnské Valley without sedimentary fill: view from NE (KapLec, 1996). Lines
numbered 1 through 4 mark locations of transversal gravimetric profiles, the dotted line shows the
level of the present surface (2.5 times exaggerated).

Obr. 24. 3-D diagram Holstejnského tdoli bez sedimentédrni vyplné, pohled od SV (KapLec 1996). Linie ozna-
¢ené 1-4 zndzoriiuji pozici pri¢nych gravimetrickych profilu, teckovana linie znazorfiuje povrch sedi-
mentarni vypIné idoli (2,5% prevyseno).
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Fig. 25. Map of the Sloupské Valley (published with permission of the Cadastral Office of the Town of Brno).
| — gravimetric profiles; 2 — vertical electrical sounding points; 3 — locations of boreholes documented
by DvorAk (1961); 4 — contour of the deepest part of the valley; 5 — boundary of limestone and grey-
wacke.

Obr. 25. Mapa Sloupského tdoli (publikovino se souhlasem Katastralniho uradu mésta Brna). 1 — gravi-

metrické profily, 2 — lokalizace vertikalnich elektrickych sond, 3 — lokalizace vitd (DvorAK 1901),
4 — obrys nejhlubsi ¢asti adoli, 5 — hranice vapence a droby.

144



Evaluation of geophysical data in a 3-D image without sedimentary fill (Fig. 26)
shows that the valley reaches its highest depths in its western part. There, a relic of nar-
row canyon-like valley is present with its bottom lying at 410430 m a.s.1., and the thick-
ness of sedimentary fill reaches 50-60 m. The stream which created this half-blind
canyon-like valley with an almost 70 m high terminal wall flowed from its bottom hori-
zontally to the cave system. The eastern part of the valley is rimmed by ramp-like li-
mestone plateau with surface at 440 m a. s. I. (20-30 m below the present surface of the

sedimentary fill of the valley). Further south, the limestone plateau gradually passes into
the bottom of narrow part of the Sloupské Valley.

6.3. Morphology of the Lazinecké Valley

The Lazinecké Valley runs across the Moravian Karst from Jedovnice village to the
NW, across LaZdnky village to Arnostov village in the Punkevni Valley (Fig. 27). The
LaZanecké Valley is filled with marine calcareous clays, with thickness is documented by
borehole L/ to 130 m (ScHiTzNEROVA-HAVELKOVA, 1958).

Geophysical measurements in the LaZdnecké Valley followed the gravity measure-
ments conducted in the Jedovnické Valley by Dvorax and SepLAk (1991). Three gravi-
metric profiles were measured across the LaZdnecké Valley. The easternmost one G/,
crossed the narrowest part of the valley. The second one G2, crossed the site of L bore-
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Fig. 26. 3-D image of the Sloupské Valley without sedimentary fill; view from NE (KapLEc, 1997a). Lines
numbered 1 through 5 mark the locations of transversal gravimetric profiles, the dotted line shows the
level of the present surface of the sedimentary fill in the valley (2.5 times exaggerated).

Obr. 26. 3-D diagram Sloupského tidoli bez sedimentiarni vyplné, pohled od SV (KapLic 1997a). Linie oznace-
né 1-5 znazoriuji pozici piicnych gravimetrickych profilli, te¢kovand linie zndzorfiuje povrch sedi-
mentarni vyplné udoli (2,5x prevyseno).
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Fig. 27. Sketch-map of the geophysical survey in the LaZinecké Valley and its surroundings. P1-P7 — gravi-
metric profiles (Dvorix and SepLAk, 1991); G1-G3 — gravimetric profiles (Benes, 1997); black points
mark boreholes: S1 (Boucek, 1971), Al (ScHUTZNEROVA-HAVELKOVA, 1957), V1 (AMBROZ, 1991), VA
1 (VILSER, 1966), LI (ScHutznerovA-HAVELKOVA, 1958), JV 8, IV 9 (VILSER, 1962), S8 (Prokop, 1988)
HV 203 (Tarasa, 1981) HV 103 (TaraBa, 1976); dashed line marks the supposed pre-Badenian
COLirse of the subsurface Punkva River between the Macocha Chasm and resurgence in the LaZdnecké
Valley.

Obr. 27. Mapka geofyzikdlnich praci v LaZineckém tdoli a jeho okoli. P1-P7 — gravimetrické profily (DvorAk
a SEpLAK 1991), GI1-G3 — gravimetrické profily (BENES 1997), ¢erné body zndzoriiuji pozici vrti: S1
(Boucek 1971), Al (ScHitzNerovA-HaviELKovA 1957), V1 (AmBroZ 1991), VA 1 (ViLser 1966), LI
(SCHUTZNEROVA-HAVELKOVA 1958), JV 8, JV 9 (VILSER 1962), S8 (Prokor 1988) HV 203 (TarABA
1981) HV 103 (TaraBa 1976); carkovana linie znazorfuje prabéh predpoklidané predbadenské jes-
kynni chodby mezi Macochou a vyvérem v Lazaneckém tdoli.
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Fig. 28. Specific densities along transversal gravimetric profile G2.
Obr. 28. Mérné hmotnosti hornin podél gravimetrického profilu G2.
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hole (location according to ScHUTZNEROVA-HAVELKOVA; 1958). The last one G3, crossed
the centre of the LaZanky village. Along profile G/, the LaZinecké Valley has the char-
acter of 164 m deep canyon, with bottom at ca. 310 m a. s. 1. The width of the canyon at
the bottom is ca. 20 m, similarly to the narrowest parts of the Suchy zleb Canyon. Along
profile G2, the valley has the shape of a widely open letter V, with a flat bottom at
300 m a. s. 1. In the NE part of the cross-section, relic of broad and shallow valley is pre-
served some 30 m below the present surface (Fig. 28). Shape of the Lazanecké Valley
along gravimetric profile G3 has again the character of widely open valley with bottom
at 295 m a. s. I. Upper part of the valley is, much like in profile G2, significantly wider
than the lower one. A common feature of all gravimetric profiles is the fact that limesto-
ne massif south of the LaZinecké Valley shows lower specific gravity than limestones
north of the valley as a result of intensive karstification.

6.4. Morphology of the bottom of the Macocha Chasm

Bottom morphology of this 138 m deep chasm was characterized in detail by shallow
seismics and vertical electrical sounding. Seismic profile, 50 m long, with 2-m or 5-m
geophone spacings (marginal and central parts of the profile, respectively) was measured
along the axis of talus cone, the surface of which is steeply inclined in the NW part of
the chasm from the Pise¢nd Cave (400 m a. s.l.) to the chasm bottom (350 m a. s. 1.).
Four points of vertical electrical sounding were measured along the cone axis and an-
other three ones on the bottom (Fig. 30). The use of vertical electrical sounding is, howe-
ver, complicated by the limited space available in the chasm with the width of ca. 40 m.
Geoelectrical measurements were performed in two different electrode array. The first
variant involved AB array of current electrodes (Karous, 1989). The maximum AB dis-
tance was 72 to 100 m depending on the space inside the chasm. The depth access of the-
se soundings can be estimated at 18 to 25 m. In the second variant, electrode B was
replaced by electrode C located in “infinity”. This means that electrode C was grounded
in a forest above the chasm at a distance of ca. 350 m. Cable leading to the electrode was
dropped to the chasm bottom across the upper observation deck. The estimated depth ac-
cess of the electrical sounding was thus extended to 35 m. Nevertheless, it must be taken
into account that such electrode array introduces a higher inaccuracy into the interpreta-
tion of measured data.

mas.l Olsovec Pond Budkovan |
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Fig. 29. Longitudinal section of the LaZanecké and Jedovnické valleys (KapLec and Otava, 1999). | — bottom
of the LaZénecké and Jedovnické valleys, 2 — bottom of the Punkevni Valley and Pusty Zleb Canyon,
3 — boreholes, 4 — gravimetric profiles (for explanations see Fig. 27).

Obr. 29. Podélny profil Lazineckym a Jedovnickym tdolim (KapLec a Otava 1999). | - vipencové dno LaZi-
neckého a Jedovnického tdoli, 2 — vipencové dno Punkevniho tdoli a Pustého Zlebu, 3 — vrty,
4 — gravimetrické profily (viz obr. 27).
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As shown by the vertical electrical sounding, the bottom in the Macocha Chasm
below the river bed between lakes is situated in the depth of 23 m (V5). Channel incised
into the rocky bottom runs diagonally across the chasm (Fig. 31).

Sediment accumulation forming the cone in the NW part of the chasm consists of two
layers with different physical characteristics. Most of the cone volume is formed by sedi-
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Fig. 30. Sketch-map of the bottom of the Macocha Chasm (modified after ABsoLon, 1970a). 1 - vertical
electrical sounding points (AB array); 2 — vertical electrical sounding points (AC array); 3 - seismic
profile.

Obr. 30. Mapka dna propasti Macocha (upraveno podle AssoLona 1970a). 1 - pozice vertikalnich elektrickych
sond (uspofadani AB), 2 — pozice vertikilnich elektrickych sond (uspofadani AC), 3 - seismicky profil.
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Fig. 31. Longitudinal section of the bottom of the Macocha Chasm. | - physical boundaries in sedimentary fill
indicated by seismic measurement; 2 — limestone bottom of the chasm; 3 — limestone talus; 4 — fluvial
sand or sandy gravel; 5 — limestone talus below the water level; 6 — vertical electrical sounding points.

Obr. 31. Podélny profil dnem propasti Macocha. | - fyzikalni rozhrani v sedimentdrni vyplni detekované seis-
mickym méfenim, 2 — vapencové dno propasti, 3 — vapencova sul, 4 — fluvidlni pisek nebo piséity
Stérk, 5 — vapencovd sut pod hladinou vody, 6 - pozice vertikdlnich elektrickych sond.

ments with specific resistivity on the order of hundreds of m corresponding to sand and
sandy gravel. Values of specific resistivity decrease downwards. This means that the se-
diments become finer or more water-saturated. Sand and sandy gravel are coated by
layer | to 2 m thick, with resistivity values on the order of thousands of m. The layer,
identified also by seismics, corresponds to coarse limestone talus deposited on the sur-
face of the cone. The overall thickness of sediments detected in the axial part of the cone
ranges between 3.5 m (V7) and 19 m (V2). As illustrated in Fig. 31, the bedrock in the
NW part of the chasm inclines towards the bottom of the Macocha Chasm.

7. Origin and history of cave systems in the northern segment of the Moravian Karst:
Discussion

7.1. Paleogene

In the Paleogene, the Moravian Karst was covered by Cretaceous sediments of a sub-
stantial thickness. They were subjected to erosion of such extent that in the late Paleoge-
ne surface streams started to fotm shallow valleys in the limestones. Valleys functioned
as a local base level, associated with the formation of the first horizontal cave systems
(Pan0s, 1963; STeLCL, 1964; Hypr, 1980), e.g., the Hol3tejnskd Cave and the upper level
of the Sloupsko-§o8tvskd Cave. No Paleogene sediments were preserved in these caves.
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A different situation occurs in the Macocha Chasm. The genesis of this vertical cavity
can be dated back to the Lower Cretaceous (buried karst of Panos, 1961). Similar depres-
sions filled with detrital sediments are common in the central segment of the Moravian
Karst (e.g., Bosak, 1977). Cave corridors lie at several altitude levels in the Macocha
Chasm. One of them is the Erichova Cave, with the prominent entrance in the SW part of
the chasm at 368 m a.s.l. The horizontal corridor of the cave is filled with quartz sand.
Heavy mineral assemblage is dominated by zircon, staurolite and disthene, and less fre-
quent epidote-group minerals, garnet, tourmaline and rutile (Vit, 1996). The assemblage
differs from assemblages of modern fluvial sediments, suggesting that sand in the Eri-
chova Cave is partly derived from Cretaceous sediments (cf. Krystek, 1959). The very
high age of these cave sediments is also evidenced by the completely weathered clay mi-
nerals to kaolinite. Weathering of clay minerals of such intensity has not been recorded
in any other cave in the N segment of the Moravian Karst (Vit, 1996). Quartz sand could
be transported into the Erichova Cave during the Paleogene, when stream flowing along
the western margin of the Moravian Karst was sinking in the Macocha Chasm (KabLec
and BEenes, 1996).

7.2. Lower Miocene

Nappe formation and folding of Paleogene flysch sediments was taking place during
the Savian phase of the Alpine Orogeny in the Carpathian Foredeep (SE of the Moravian
Karst), at the Oligocene/Miocene boundary. Northwesterly nappe advance resulted in up-
lift of the Drahanska Highland including the Moravian Karst area (KETTNER, 1960; Pa-
N0§, 1964; Dvoraik, 1995). This uplift induced changes in stream gradients and
hydrographic conditions of the whole area. In the late Lower Miocene, the Svitava River
was deeply incised in the limestone plateau as evidenced by relics of Lower Badenian
marine sediments preserved 10-15 m above the present level of the Svitava River (Hyrg,
1975). Karst streams draining the individual segments of the Moravian Karst towards the
west, to the Svitava River, deepened shallow Paleogene valleys into karst canyons. In the
N segment of the Moravian Karst, both phases of valley formation are documented by
the morphologies of the Pusty Zleb and Suchy Zleb valleys (Panos, 1963; Kreici, 1960).
The LaZanecké Valley also underwent both stages of evolution. Morphological evidence
is, however, hidden beneath Lower Badenian marine sediments (Fig. 28). The LaZinecké
Valley was incised to a greater depth than the Pusty Zleb and Suchy Zleb canyons. As
supposed by Panos (1961, 1963), smaller caves were formed in the slopes of canyons as
the karst valleys deepened. Erosion by surface streams was the dominant agent at that
time, and continuous cave systems draining individual segments of the Moravian Karst
were not developed yet.

The end of the Lower Miocene (Karpatian) was characterized by docking of nappes in
the Carpathian Foredeep (BrzoBoHaTY, 1996). Movements and gradient changes of bot-
toms of surface valleys may have occurred at the tectonic contact between limestones
and non-karstic sediments on the N and E margin of the Moravian Karst. With the ten-
dency to reach graded profiles again, streams created cave systems with ponors on the
N and E margins of karst. These systems were guiding water through the limestones to
the SW, towards the base level formed by the Svitava River. The altitude level of such
underground drainage was controlled by bottoms of canyon-like karst valleys, on which
subsurface streams were resurging to the surface. In the N segment of the Moravian
Karst, a cave system was established comprising ponors along the N and E contacts of
the limestones with Lower Carboniferous sediments, and resurgence near the bottom of
the Lazanecké Valley. This valley was the deepest one and functioned as a local base
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level (Panos, 1963). The graded profile of the subsurface stream with a gradient of 11
gradually passes from lower cave level in the ponor area across the active level of the
Amatérskd Cave and the rocky bottom of the Macocha Chasm to the bottom of the LaZa-

necké Valley (KapLecova and KabLec, 1996).

The longitudinal profile in Fig. 29 indicates that rocky bottom of the LaZinecké
Valley is inclined westwards (to the Svitava River) with a gradient of 11 %e, lying 25 m
deeper than the bottom of the Punkevni Valley. The increase in the altitude difference be-
tween valley bottoms can be partly explained by the shift from the surface drainage pat-
tern to the underground drainage pattern in the N segment of the Moravian Karst, with
practically all water resurging in the LaZdnecké Valley. Canyons of Pusty Zleb and Suchy
7leb as well as the Punkevni Valley became dry and were not deepened down to the level
of the Lazénecké Valley. Anyway, the Punkevni Valley merged as a hanging valley into
the LaZanecké Valley, and not vice versa, as suggested by Hypr (1980).

Besides other caves, the pre-Badenian cave level includes Cave No. 68 in the Hol-
Stejnské Valley and the whole active part of the Amatérska Cave. In the area south of the
Macocha Chasm, this system included the Sklenéné démy Halls in the Punkevni Cave.
Further course of the pre-Badenian cave level from the Macocha Chasm to the south is
marked by the Kalovy Chasms, the bottom of which lies 35 m below the bottom of the
Suchy Zleb Canyon, and the N-S-trending line of the LaZénecké sinkholes between the
Suchy Zleb Canyon and the LaZanecké Valley (see Fig. 27; KapLec and Otava, 1999).

In the Holstejnské and Sloupské valleys, deep half-blind valleys were formed by
headward erosion. Waters flowed horizontally into the cave system. The HolStejnska
Cave and the upper level of the Sloupsko-Sosivska Cave became located 50-60 m above
the bottom of a half-blind valley and therefore hosted no streams (see Figs. 24 and 26).
Parallel situation occurred in the central segment of the Moravian Karst. The Jedovnicky
Creek created deep half-blind valley, then flowing horizontally into the cave system of
the Rudické propadani Cave (DvorAk, 1994).

7.3. Middle Miocene (Lower Badenian)

In the earliest Middle Miocene, the eastern margin of the Bohemian Massif was trans-
gressed by the sea. The Drahanskd Highland and the Moravian Karst were covered by
marine calcareous clays (e.g., DvorAK et al.,, 1993). This marine transgression lasted
I m.y. (MaLkovskyY, 1979) and interrupted all karstification processes. It was a major
event, dividing the Cenozoic history of the Moravian Karst into two periods (Panos,
1964; BosAk et al., 1989).

If any of the cave systems were filled with marine sediments during the transgression,
these deposits were completely eroded by subsurface streams later. Lower Badenian ma-
rine sediments have not been found in situ in any cave of the N segment of the Moravian
Karst.

7.4. Middle Miocene (Middle Badenian) to Pliocene

In the period between the marine regression and the end of the Miocene, the Mora-
vian Karst was under the influence of erosion, slowly removing marine sediments from
the surface. Surface streams also gradually eroded sediment fill of karst canyons of the
Pusty Zleb and Suchy Zleb. Renewed formation of smaller caves in canyon slopes during
the erosion of marine sediments was supposed by Panos (1963). The different situation
occurred in the Lazdnecké Valley. The Jedovnicky Creek opened a completely new path
into the pre-Badenian cave system draining the central segment of the Moravian Karst.
As a result of this hydrographic change, no major surface stream was flowing through
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the LaZanecké Valley to remove marine clays. Therefore, clay fill of the LaZdnecké
Valley pose a barrier within limestones of the Moravian Karst, which has been prevent-
ing the drainage of waters from the N segment of the Moravian Karst till present. This
barrier reaches to the depth of 280-300 m a. s. l. (i.e., some 200 m below the surface of
karst plateau). The former resurgence of the Punkva River near the bottom of the LaZi-
necké Valley remained permanently sealed beneath marine clays at a depth of almost
140 m below the present surface. The barrier of the LaZinecké Valley caused the rise of
the groundwater table north of it. Blockage of the resurgence led to the filling of the
pre-Badenian cave system with water: streams were flowing on the surface through karst
canyons, eroding marine clays.

As soon as the erosion of the marine clays in the Pusty Zleb Canyon near the Macocha
Chasm reached the level of 390 m a. s. 1., the subsurface stream of Punkva created a new
resurgence — the uppermost level of the Punkevni Cave (the so-called Crystal Passage).
With ongoing erosion of marine sediments from the Pusty Zleb Canyon, the levels of re-
surgence corridors dropped down up to the Punkevni Cave (360 m a.s.l.) and finally the
present resurgence at 350 m a. s. l. After the Punkva River produced a new resurgence in
the Punkevni Cave, a horizontal cave corridor started to form N of the Macocha Chasm
due to intensive flow at the level of the risen groundwater table (cf. Forp, 1987) — the
present flood level of the Amatérskd Cave. The huge corridors of upper level of the
Amatérska Cave were formed by subsurface stream during the Pliocene and Lower
Pleistocene. This means that the upper flood level is younger than the lower, active corri-
dor. This explanation markedly differs from the older views on the origin of the Amatér-
ska Cave: their authors assumed a progressive formation of corridors depending on the
lowering base level. Hypr (1980) and Bosak et al. (1989) suggested that the lower, active
level was formed in the Quaternary as the valley deepened. Nevertheless, the rocky bot-
tom of the Pusty Zleb Canyon near the Punkevni Cave lies 20 m higher than the active
corridor of the Amatérskd Cave. Vit (2000) also explained the formation of the two le-
vels of the Amatérska Cave as due to progressive base-level drop but believed that both
levels are pre-Badenian in age.

In the area of the Macocha Chasm, the groundwater table is risen by 20-25 m above
the level of the pre-Badenian cave system, to reach the altitude of 350 m. This is also the
level at which the subsurface Punkva River resurges to the surface. Older cave systems
between the Macocha Chasm and the LaZinecké Valley are lying now permanently
below the risen groundwater table. During severe floods, this groundwater table rises by
a few more metres, opening karst springs near the bottom of the Suchy Zleb Canyon.

Marine clays were eroded from the HolStejnské and Sloupské valleys in the Middle
and Late Miocene. Surface streams started to flow horizontally through cave systems
into the Amatérska Cave again, much like before the Lower Badenian transgression.
Both these valleys propagated to the east probably in the Pliocene. This process was
associated with the formation of plateaus on castern sides of the valleys, visible in Figs.
24 and 26. Streams, which generated these erosive landforms, were shifting further east
in both cases. In the Sloupské Valley, the stream created a lower cave level on the eastern
side of the valley and used it on its way to the Amatérska Cave.

More prominent erosion of the eastern slopes in N-S-trending parts of valley is also
visible in the Pusty Zleb Canyon, in valleys in non-karstic rocks N and NW of the Mora-
vian Karst. Such unusual, intensive lateral corrosion of eastern slopes was described by
Panos (1961) on a Recent example from the Sloupské Valley. This feature could be ex-
plained by a subtle tilt to the east due to uplifting of the area, which resulted from the
waning Alpine Orogeny.
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7.5. Lower Pleistocene

Alternation of glacial and interglacial climate resulted in changes in the behaviour of
stream systems. In colder periods, the streams were characterized by higher discharge
and also higher amounts of load (see VANDENBERGHE, 1993, a.0.). Large volumes of flu-

vial sediments might be responsible for blocking of caves draining ponor valleys. Water
started to flow on the surface through karst canyons, and ponor valleys of HolStejnské
and Sloupské were gradually filled with fluvial sediments. Streams, which started to flow
into the HolStejnskd Cave and the upper level of the Sloupsko-SoSiivska Cave, opened
vertical connections between the upper and lower levels in both systems, directing water
to the Amatérska Cave. At the end of the Lower Pleistocene (0.8—-1.1 Ma), however, this
path was closed, possibly as a result of an inhibition of flow of the subterranean stream
in the Amatérskd Cave due to, e.g., catastrophic choke. In such case, HolStejnskd and
Sloupsko-3o8ivskd ponor caves became filled with fluvial sandy gravel (Unit A) trans-
ported from the area N of the Moravian Karst (Otava and Vi, 1992).

7.6. Middle Pleistocene

In Middle Pleistocene, streams re-entered the HolStejnskd Cave and the Sloupsko-%o-
Savskd Cave, partly eroding fluvial sediments deposited in the Early Pleistocene. After
closure of this path for the subterranean stream in the latest Middle Pleistocene, the
Hol3tejnskd Cave and the Sloupsko-$oSuvskd Cave were filled with fluvial sediments
(Unit B and Unit C, respectively). The end of detrital sedimentation in both caves is
marked by a flowstone layer deposited in the last interglacial period. Massive detrital se-
dimentation could be caused by the roof collapse of the Macocha Chasm, which blocked
the flow of the Punkva River on the bottom of the chasm (KapLEc and BENES, 1996).

Narrow tracts of the HolStejnské and Sloupské valleys trending south, to the karst ca-
nyons, were probably formed in the Middle Pleistocene. It was the time when cave sys-
tems were blocked by sediments and streams were flowing on the surface. In an attempt
to reach a lower-positioned underground path, water created new connections to the lo-
wer drainage level along karstified faults and fissures. Such connection was found in the
Stard Rasovna Cave area in the HolStejnské Valley, while in the Sloupské Valley the
stream was sinking in the Vintoky Cave (see Figs. 23 and 25). Narrow tracts of the ponor
valleys originated by the effect of headward erosion as a response to changes of stream
gradient. Both narrow valleys were later filled with fluvial sediments covered by loess
loams deposited in the last glacial (SmoLikovA and KAbLEC, 1993).

7.7. Upper Pleistocene

The last episode of fluvial erosion and accumulation took place in the ponor caves.
Subterranean streams produced channels in older fluvial accumulations, through which
they flowed into chasms connecting upper and lower levels again. After repeated block-
age of this path, channels and the whole cave corridors were partly or completely filled
with the youngest fluvial sediments. During the last interglacial period, a surface stream
penetrated to the Kulna Cave, from where it was sinking to the lower cave level. Surface
of sediment fill of the valley in front of this cave have to be lying a few metres higher
than today, to allow water to enter the cave. After filling of this vertical path with fluvial
and colluvial sediments, limestone talus with silty-sandy matrix and sand- and silt-domi-
nated flood sediments were deposited in the S part of the Kiilna Cave during the last gla-
cial period.

The youngest fill of the Holstejnské and Sloupské valleys is composed of fluvial
sandy gravel and loess loam.
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In the last interglacial period, the Zazdéné Cave was filled with fluvial sediments at the

anomalous situation after the ris¢ of the subterrancan stream level due to the collapse of
the near Macocha Chasm. The same deposits of a subterranean stream are present in the
Amatérskd Cave and in the Pise¢nd Cave in the Macocha Chasm at 400 m a.s. 1. - i.e.,

50 m above the bottom of the chasm. The end of fluvial sedimentation in the Zazdéna Cave
is marked by a flowstone layer deposited on the surface of fluvial sediments at the be-
ginning of the last glacial period. Still in the last glacial period, the Zazd&nd Cave hori-
zontal corridor was filled with laminated infiltration sediments up to the ceiling.

A subterranean stream was flowing through the Pise¢nd Cave to the Macocha Chasm
probably during the whole last glacial period. This is indicated by the absence of loess
relics on the bottom of the chasm: loess was commonly deposited on the surface of the
karst plateau around the chasm. The collapse of the roof of the chasm and closure of
drainage paths pushed the Punkva River to higher level in the Punkevni Caves as docu-
mented by fluvial sandy gravel preserved in relics in this level.

At the time of the roof collapse, the Macocha chasm had a character of vertical cavity,
some 40 m in diameter. The chasm was elongated in northwesterly direction by the effect of
headward erosion in response to the steep gradient of the subterranean stream flowing into
the chasm from the Pise¢na Cave. During this process, a slope was developed on the limesto-
ne, steeply inclined from the Pise¢nd Cave to the bottom of the chasm. The slope was covered
with fluvial sand and sandy gravel transported from the Pise¢nd Cave. The surface of the se-
diments in overlain by a bed of coarse limestone talus fallen from the adjacent vertical walls
of the chasm. Older papers dealing with the origin of the Macocha Chasm usually stated that
the steep slope below the Pisecna Cave is formed by coarse limestone talus formed during the
collapse of the chasm roof (Kriz, 1864; AsoLoN, 1904, 1912, 1970a; Panos, 1961).

7.8. Holocene

In the Holocene, the active cave systems as well as the ponor valleys were dominated
by stream erosion. Older fluvial sediments were eroded by rainwater flowing to the
corridor of the HolStejnska Cave through a karst chimney, and the space thus created was
filled with fine laminated sediments only several centuries old.

Limestone talus accumulated on the bottoms of karst canyons and below limestone
walls during the Holocene, burying many cave entrances. Stratigraphy of these sediments
was studied by Lozex (1979) and Lozek and CiLek (1995) using molluscan assemblages.

8. Conclusions

In the Paleogene, the first valleys and the earliest horizontal cave systems were
formed in the Moravian Karst, now preserved in relics only, especially in the ponor area
on the N periphery. The Lower Miocene was dominated by surface stream erosion pro-
ducing deep canyon-like valleys. As indicated by the morphologies and gradients of
these valleys, extensive cave systems draining the individual segments of the Moravian
Karst appeared for the first time during the latest Early Miocene, prior to the transgres-
sion of the Lower Badenian sea. In the N segment af the Moravian Karst, a single conti-
nuous level of subsurface drainage developed, with ponors on the N and E margins of the
karst area and resurgence near the bottom of the LaZanecké Valley. Changes in hydro-
graphic conditions due to marine transgression resulted in the formation — probably dur-
ing the Pliocene — of two levels of subsurface drainage including the flood level of the
Amatérska Cave. In the Pliocene and Quaternary, streams were repeatedly opening new
paths to reach the pre-Badenian drainage level. The repeated presence of subterranean
streams in cave systems throughout late Cenozoic history resulted in re-shaping of cave
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corridors and in complete erosion of the existing sedimentary fill. As a result, only flu-
vial sediments of Quaternary age are preserved in a majority of caves in the N segment
of the Moravian Karst. Periods of activity of subterranean streams alternated with pe-
riods of quiescence when speleothems were deposited in caves. In the latter periods,
streams were flowing on the surface through karst canyons. The evolution of the Kate-
finskd Cave was isolated, with no evidence for being a part of the extensive, yet unexplo-

red cave srstem, as suggested by K. Absolon,

The oldest Quaternary deposits of subterranean streams in the N segment of the Mo-
ravian Karst were preserved in ponor caves in the proximity of the boundary of limesto-
nes and non-karstic rocks. They include fluvial sediments deposited in the HolStejnské
Cave and the Sloupsko-Sostvskd Cave in the latest Early Pleistocene (at 0.8 to 1.1 Ma).
This depositional phase is evidenced by the filling of the Hol3tejnské and Sloupské val-
leys with fluvial sediments up to the level of the mouths of the two above mentioned ca-
ves. Another major period of fluvial deposition in caves can be dated to the latest Middle
Pleistocene (ca. 170-121 ka), when the Holstejnskd Cave as well as large portions of the
Sloupsko-Sosiivskd Cave were filled. It could have been triggered by the collapse of the
roof of the Macocha Chasm and the subsequent blocking of the drainage path leading to
the resurgence in the Pusty Zleb Canyon. After the collapse, the level of the subterranean
stream rose and new path into the Macocha Chasm was created using the Pise¢na Cave.
At this anomalous hydrological situation, episodic deposition of fluvial sediments in the
lower-positioned horizontal corridor of the Zazdéna Cave occurred as the subterranean
stream flowed from the Amatérskd Cave to the Pise¢nd Cave in the last interglacial pe-
riod. Termination of fluvial processes in the Zazdéna Cave is documented by flowstone
deposition at the beginning of the last glacial period (115-99 ka).

In the Late Pleistocene (ca. 120-14.5 ka), cave systems were subjected to the last epi-
sode of fluvial erosion and accumulation. In the Holocene, cave systems are dominated
by erosion of older fluvial deposits.

The deposition of fluvial sediments and the filling of cave corridors of the N segment
of the Moravian Karst were usually controlled by local interruptions in the subterranean
stream flow within the cave systems. Therefore, periods of accumulation caves of the
Moravian Karst cannot be correlated with fluvial terraces of surface streams, the forma-
tion of which was controlled by climatic oscillations during the Pleistocene.
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SOUHRN

Moravsky kras je piikladem fluviokrasu s rozsdhlymi jeskynnimi systémy vytvofenymi podzemnimi toky.
V jeskynich jsou na mnoha mistech zachoviny klastické sedimenty podzemnich toki i chemogenni jeskynni
karbonaty (speleotémy). Klicové profily v jeskynnich sedimentech byly detailng graficky dokumentovény. Stu-

dium sedimentérnich textur umoZnilo genetické zafazeni jednotlivych sedimentdrnich akumulaci. Stafi jeskyn-

nich sedimentd bylo stanoveno pomoci riznych metod. Speleotémy (sintrové horizonty a stalagmity) datovala
metoda 230Th/234U (a-particle counting), zatimco uhliky a kosti byly datovény radiokarbonovou metodou. Sta-
fi fluvidlnich sedimentd bylo v jednom pfipad& stanoveno pomoci izotop 19Be a 26Al v kfemennych valou-
nech. Paleomagneticky zdznam méfeny v klastickych i chemogennich jeskynnich uloZeninich umoZnil
orientaéniho uréenf staii sediment. Geofyzikdlnim méfenim se podafilo ziskat informace o morfologii i stavbé
sedimentarnich téles vyplijicich jeskynni dutiny a krasova tdoli. VZdy byly aplikovény dvé metody — gravi-
metrie a vertikdlni elektrické sondovani nebo mélka seismika a vertikdlni elektrické sondovani.

V ponorovych Sloupsko-§oSuvskych jeskynich a v Hol3tejnské jeskyni je v reliktech zachovéno nékolik
rizné starych akumulaci fluvidlnich sedimentd. Nejstar§i fiéni sedimenty jsou star§i neZ paleomagnetickd hra-
nice Brunhes/Matuyama. UloZily se pfed 0,8-1,1 mil. let. Druha akumulace fluvidlnich sedimentt se ukladala
v obdobi pied 153 +24/-21 az 121 +10/-10 tis. lety. Nejmladsi ¥i¢ni sedimenty se uloZily béhem posledniho
glacidlu v rozmezi 121 +10/-10 az 13,3 +0,3/-0,3 tis. let. V Amatérské jeskyni jsou zachoviny fluvidlni sedi-
menty pravdépodobné z posledniho glacidlu. Na povrchu téchto sedimenti vyrostl stalagmit, jehoZ spodni &4st
je stard 9,42 £0,75 tis. let. Rozséhly profil v horizontdlni chodbé Zazdéné jeskyné tvofi fluvidlni sedimenty
podzemniho toku, ktery proudil jeskyni v poslednim interglacidlu. Na povrchu sedimentt se uloZzila vrstva sin-
tru ped 114,37 +5,05/-4,85 az 99,85 +3,30/-3,21 tis. lety. NadloZni infiltrani sedimenty se ukladaly v pribg-
hu posledniho glacidlu. Rytmicky zvrstvené infiltraéni sedimenty vypliiujici zadni vertikdlni ¢ast Zazdéné
jeskyné jsou starsi nez 780 tis. let, jak doklddd reverzni paleomagneticka orientace naméfend v horni ¢asti pro-
filu. V Katefinské jeskyni bylo datovano ukonceni tvorby vapencovych suti (12,7 4,3 tis. let BP) transporto-
vanych kominy do Ledové chodby. O stafi reliktu fluvidlnich sedimenti zachovanych v horni ¢asti Medvédiho
komina nejsou v soucasné dobé Zadné blizsi informace.

Na zakladé stdfi jeskynnich sedimentli a morfologie Holtejnského, Sloupského a LaZaneckého udoli, zjis-
t&né pomoci geofyzikdlniho méfeni, je moZné rekonstruovat posloupnost procest, které ovlivnily vyvoj jeskyn-
nich systému v s. Casti Moravského krasu. V paleogénu vznikla v krasové oblasti prvni udoli a nejstarsi
horizontélni jeskynni systémy, zachované v reliktech hlavné v ponorové oblasti na s. okraji krasu. Ve spodnim
miocénu prevlddala povrchova eroze vodnich tokd, kterd vytvofila hlubokd kafionovitéd udoli. Morfologie
a spadové poméry téchto doli naznaduji, Ze rozsdhlé jeskynni systémy odvodiiujici jednotlivé &dsti Morav-
ského krasu existovaly jiZ na konci spodniho miocénu pied transgresi spednobadenského mofe. V s. ¢asti Mo-
ravského krasu to byla souvislé droven podzemniho odvodiiovéni s ponory na s. a v. okraji vdpencového tizemi
a vyvérem u dna LaZéneckého ddoli. V dusledku hydrografickych zmén zpisobenym moiskou transgresi doslo
pravdépodobné v pliocénu ke zdvojeni trovné podzemniho odvodiiovéini a vzniku vy33i povodiiové chodby
Amatérské jeskyng. V prib&hu pliocénu a kvartéru vodni toky vytvifely cesty sméfujici k pfedbadenské irovni
podzemniho odvodiiovéni. Jeskynni systémy byly opakované protékiny podzemnimi toky, které pfemodelova-
ly jeskynni chodby a erodovaly starsi sedimentarni vyplné. Proto jsou ve vétSin€ jeskyni Moravského krasu za-
chovény pouze fluvidlni sedimenty kvartérniho stafi. Obdobi aktivity podzemnich toku se stfidala s periodami
klidu, kdy se v jeskynich ukladaly chemogenni sedimenty. V t¢ dobé proudily vodni toky po povrchu krasovy-
mi kafiony.

V s. ¢asti Moravského krasu jsou nejstarsi sedimenty zachovéiny v ponorovych jeskynich v blizkosti hrani-
ce vapenci a nekrasovych hornin. Jednd se o fluvidlni sedimenty uloZené koncem spodniho pleistocénu v Hol-
Stejnské jeskyni a v homni trovni Sloupsko-SoStvskych jeskyni. Tato sedimentacni faze doklada vyplnéni
Holstejnského i Sloupského tidoli fluvidlnimi sedimenty do vy3e tsti obou jeskyni. Dal3i obdobi fluvidlni sedi-
mentace v jeskynich se odehrdlo koncem stiedniho pleistocénu, kdy byla vyplnéna jak HolStejnské jeskyné, tak
rozsahlé éasti Sloupsko-Sostivskych jeskyni. Pri¢inou mohl byt kolaps stropu propasti Macochy, ktery podzem-
nimu toku zablokoval cestu k vyvéru v Pustém Zlebu. Po kolapsu stropu propasti se hladina podzemniho toku
vzdula a voda vytvorfila novou cestu z Amatérské jeskyné do Piseéné jeskyné v Maco$e. Béhem této anomalni
hydrologické situace doglo k periodickym prinikim vodniho toku s fluvidlnimi sedimenty do niZe poloZené
horizontalni chodby v Zazdéné jeskyni. UkonCeni FiCni sedimentace v Zazdéné jeskyni dokldda sintrova vrstva
uloZend na povrchu fluvidlnich sedimentd po¢atkem posledniho glacidlu. V prib&hu svrchniho pleistocénu pro-
b&hlo v Holstejnské, Sloupsko-§osivskych a v Amatérské jeskyni posledni obdobi fluvidlni eroze a akumulace.
V holocénu a v soucasnosti pfevazuje eroze starSich ficnich uloZenin.

Pfic¢inou ukladani fluvidlnich sedimentd a vypliiovéni jeskynnich chodeb bylo ve vétSin€ pfipadu lokalni
pferudeni proudéni podzemniho toku v jeskynnim systému. Nelze proto srovnévat akumulaéni obdobi v jesky-
nich Moravského krasu s tvorbou ficnich teras povrchovych toki, jejichZ vznik je ovlivnén pfevaZné klimatic-
kymi oscilacemi, k nimZ dochazelo v priibéhu pleistocénu.
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