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INTRODUCTION

In 1986, during a several days field work in the Slovak Karst, the authors
have collected a suite of speleothem samples from four caves for radiometric
age determinations. The aim of this introductory study was to gather preliminary
data for evaluation of main periods of speleothem formation in the area which
may be used as guidelines for future systematic studies. This paper presents
short description of the study area and samples used for dating. The results
obtained with the radiocarbon and TL/ESR methods of dating are compared
with the available global paleoclimatic records and used for reconstruction of
selected elements of the study area during the last 300 ka.

GEOLOGY

The massif of Slovak Karst situated in the Bodwa river basin south of Slovak
Rudawy is one of the largest karst regions in Europe. The area of limestone rocks
occurring at surface exceeds 600 km? and the number of known caves exceeds
500 (Kunsky 1956). In the southern part of the area the outcrops of Mesosoic
base units are dominating. Mesosoic rocks are in some places overlain with flysh
sedimentary rocks of Paleogene age. In the southern part of the area there is a continuous
transition from Miocene marine sediments to lower Pliocene sediments.

Characteristic relief of the region is determined by flattopped lengthy limestone
ridges called planinas. At their surface occur numerous karstic forms with large
karstic cones of diameter up to 200 m and depth reaching up to 50 m. At slopes

1 Sudden death of Pavol Mitter interrupted the study of speleothem formation in the Slovak Karst
and limited the number of speleothem samples available for dating. All other imperfections of the
present paper should be attributed to the coauthors.
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Fig. 1. Simplified geological map of the Slovak Karst (acc. to Wéjcik 1968). Explanations: 1 —

Paleozoic, 2 — Lower Triassic shales and sandstones, 3 — Middle Triassic limestones and sandstones,

4 — Upper Triassic shales, 5 — Neogene and Quaternary conglomerates, gravels and sands, 6 —
rift boundaries

Rys. 1. Uproszczona mapa geologiczna Stowackiego Krasu (wg Wéjcik, 1968). Objasnienia: 1 —

paleozoik, 2 — tupki i piaskowce dolnego triasu, 3 — wapienie i piaskowce Srodkowego triasu,

4 — tupki gérnego triasu, 5 — zlepierice, zwiry i piaski czwartorzedowe, 6 — granice nasunig¢
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of planinas occur vertical shafts of depth exceeding 100 m. Along major fault lines
are developed uvalas and small poljas (Wéjcik 1968).

This study was confined to four caves located on Plesivecka Planina and
Silicka Planina in the central part of the Slovak Karst (Fig. 1). The caves Diviaca,
Salanka and Zakrutova are located on the Plesivecka Planina, the entrance to the
fourth cave, Krasnohorska, is situated at the northern slope of Silicka Planina. Flat
top of the Plesivecka Planina is elevated by ca 500 m above the valley floors of
Snitnicki Potok and Slana rivers. lts surface is slightly inclined to the south, northwestern
slopes form escarpments of c. 400 m height Sampling places are shown in Fig. 2.

SAMPLE DESCRIPTIONS

DIVIACA CAVE

Main part of cave was discovered and explored in 1964 (Erdos 1984).
Its entrance is in the western part of Plesivecka Planina near the Gombasecki
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Fig. 2. Location of studied caves within the Plesivecka Planina (acc. to Erdés 1984)
Rys. 2. Lokalizacja badanych jaskin na obszarze Plesiveckiej Planiny (wg Erdés 1984)

kiln. Cave is developed in form of vertical shafts of total depth c¢. 127 m,
connecting several chambers. This is the deepest cave within the area of
Plesivecka Planina (Erdos 1984). Sample D1 used for dating is made of
coarse-grained, white, transparent calcite, deposited as flowstone on wall of
vertical shaft at depth c. 24 m below actual cave entrance.
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SALANKA CAVE

Salanka Cave, located in the central part of Plesivecka Planina is developed
in form of vertical shafts of maximum depth c. 38 m connecting several cham-
bers. A flowstone consisting of three well distinguished layers, separated with
distinct erosion surfaces, formed on wall of side niche of a chamber, was
collected. Three samples were chosen for dating according to distinct changes
of sedimentological properties of the flowstone:

S1 — coarse-grained, white, transparent calcite from lowermost layer,
S2 — medium-grained reddish-brown calcite from middle layer,
S3 — fine-grained white calcite from outermost layer.

ZAKRUTOVA CAVE

This cave, located near Salanka Cave in the central part of Plesivecka
Planina, has actually a form of small shaft, partly filled with rubble. Flowstone
cover occurring on wall of a chamber, consisting of nine well distinguished
layers, separated with distinct surfaces marking breaks of calcite deposition,
was collected for this study. Three samples of reddish-brown, medium-grained
calcite were separated for dating:

Z1 — from base layer,
'Z4 — from fourth (middle) layer,
79 — from top layer.

KRASNOHORSKA CAVE

The cave was discovered in 1964 (Kucera et al. 1981). Entrance to the cave
is situated in northern slope of Silicka Planina (cf. Fig. 1), near large Kkarstic spring
Buzgo. The cave is developed in form of long and narrow horizontal corridors of
total length exceeding 1500 m. A goaf consisting of limestone rock with blocks
of flowstone of older generation occurs in the middle part of the cave. Thin layer
of silt covering the goaf is partly overlain by younger flowstone. In the final chamber
of the cave occurs large stalagmite of c. 32 m height, which is regarded the largest
stalagmite in European caves. The top of the stalagmite is broken and rests near
its base on floor of the chamber. For the purpose of this study three samples
were collected from the goaf:

K1 — fragment of a flowstone cover built of coarse- and medium-grained calcite
formed on the goaf in central part of the cave. Sample used for dating was taken
from middle layer of white, transparent, coarse-grained calcite.

K2 — small stalagmite, c. 8 cm height, built of medium-grained calcite, growing
of flowstone covering the goaf.

K3 — piece of stalactite, c. 4 cm in diameter, incorporated in flowstone covering
the goaf.

Two other samples used for dating (K2SB and K2SA) were fragments of the broken
topmost part of the large stalagmite. Sample K25B was taken from thin outermost
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layer, separated from the older layer with an erosion surface (Fig. 3). Sample K2SA
of white, medium-grained calcite, was taken immediately below the erosion
surface.

2 NA

Fig. 3. Location of dated speleothem samples within the goaf in the central part of Krasnohorska
Cave. 1 — blocks of limestones, 2 — speleothems

Rys. 3. Lokalizacja datowanych prébek naciekéw w obrebie zawaliska w centralnej czesci Jaskini
Krasnohorskiej. 1 — bloki wapienia, 2 — nacieki

LABORATORY METHODS

Samples used for radiocarbon dating were converted to carbon dioxide by
treating them with 8% hydrochloric acid. Age determinations were performed with
proportional counters of different volume, filled with pure carbon dioxide (cf.
Pazdur and Pazdur 1986). The reservoir effect was taken into account by
assuming initial radiocarbon activity of speleothem equal to 85% of the activity of
contemporary biosphere (Geyh 1972, Srdoc et al. 1983).

Samples of speleothems separated for TL and/or ESR dating were
crushed and sieved to obtain grains of size 100-150 pm. Equivalent dose
ED accumulated by calcite grains was determined by the additive method.
The dependence of the TL / ESR signal upon the strictly determined additive
doses of gamma radiation from %9Co source was extrapolated to evaluate
the ED value. ESR measurements were performed with the SEX 2543 spec-
trometer manufactured by Radiopan, Poznan. The line g = 2.0005 £ 0.0003
was used to evaluate the effective dose ED from ESR spectra. TL measure-
ments were made with apparatus designed by A. Bluszcz (1986) using
5 mg calcite samples. The value of ED was evaluated from the height of
the TL glow peak occurring at 280°C.

The annual dose necessary for evaluation of TL/ESR age may be rep-
resented as a sum of two components. The external component (D,,,) caused
by natural radiation field in the cave, associated with radioactivity of bedrock
and cave sediments, radon present in the air, etc., was determined by in
situ measurements performed during the field work using the portable gam-
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ma-scintillation spectrometer. The internal component (D), caused by ra-
dioisotopes incorporated in the dated sample, was determined in the labo-
ratory with the multichannel gamma-spectrometer with Nal(T1) crystal. Con-
centrations of 28U and ?*’Th were calculated from measured activities of
214B; and 2%®T] isotopes assuming secular equilibrium in the uranium and
thorium series. Final value of the annual dose was evaluated as a sum of
external dose measured in situ and internal annual dose calculated from
known U, Th and K concentrations assuming the efficiency of alpha radiation
equal to 0.5. The values of different components of the annual -dose are
listed in Table 1. All analysed samples of speleothems showed very low
uranium content, in some samples it was below the detection limit of the
counting system. Because of this some components of the annual dose were
determined in form of limiting values.

The assumption of secular equilibrium in the uranium series is obviously
not valid. Final values of TL / ESR ages were calculated taking into account the
disequilibrium in the U/ Th series according to the method described by Goslar
and Hercman (1988).

Table 1
Components of annual dose of radiation (in Gy/ka)
Sktadowe rocznej dawki promieniowania (w Gy/ka)
Dint
Lab. No Dyt
Dume Drh+ K

Z9 ESR GdESR-31 0.10+£0.01 0.22£0.03 0.20 £ 0.03
Z4 ESR GdESR-32 0.40+0.04 <0.60 0.08 +0.02
Z4 TL GdTL-345 0.40+0.04 <0.60 0.08 £ 0.02
Z1 ESR GdESR-33 0.55+0.06 0.13+0.04 0.36+0.03
Z1 TL GdTL-346 0.55 % 0.06 0.13+0.04 0.36 £0.03
D ESR GdESR-42 0.13£0.01 0.09+0.04 0.05 +0.02
St ESR GdESR-40 0.40+£0.04 <0.06 <0.05
52 ESR GdESR-41 0.40 £ 0.04 <0.15 0.08 £0.03
K1 ESR GdESR-46 0.50 £ 0.01 0.18 £ 0.04 0.23+0.03

Explanations: D, — external dose rate of gamma radiation (Gy/ka) measured in situ; D;,, — internal

dose rate, with contributions given by U-series (D,,.) and by thorium and potassium

Objasnienia: D,,, — moc dawki zewnetrznej promieniowania gamma (Gy/ka) mierzona in situ:
D, — moc dawki wewnetrznej, z wyr6znieniem skladowej pochodzacej od izotopéw szeregu
uranowego (D,..) oraz skladowych pochodzacych od izotopéw toru i potasu
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Table 2
Results of age determination of speleothem samples
Wyniki oznaczen wielu probek naciekéw
Cave Sample Method Lab. No. Age ka BP
Krasnohorska K1 ESR GdESR-46 280 (+40, -55)
K2 Cl4 Gd-5162 13.14+1.50
K3 Cl4 Gd-5144 35.50+1.70
KZSA Cl4 Gd-2675 12.90 + 1.30
KZSB Cl4 Gd-5145 36.6 (+5, -3)
Diviaca D1 Cl4 Gd-5770 > 45
D1 ESR GdESR-42 130+ 60
Salanka S1 ESR GdESR-40 210 = 330
S2 ESR GdESR-41 170 + 260
S3 Cl4 Gd-3293 4.36 +0.06
Zakrutowa Z1 TL GdTL-346 350+ 70
Z1 ESR GdESR-33 360 £ 95
Z4 TL GdTL-345 175 + 200
Z4 ESR GdESR-32 145+ 170
79 ESR GdESR-31 70120

RESULTS AND DISCUSSION

The results are presented in Table 2, which includes six radiocarbon dates
and nine TL / ESR dates obtained on seven samples. It may be noted that replicate
age determinations by the TL and ESR methods on samples Z1 and Z4 from the
Zakrutova Cave have yielded consistent results. Radiocarbon age obtained on
sample D1 from Diviaca Cave, reported as > 45 ka BP, is also consistent with the
corresponding result obtained by ESR method (130 + 60 ka BP).

The accuracy of TL/ESR ages listed in Tabl 2 is not high enough to
draw detailed conclusions concerning the age of single definite geologic
events. However, the results obtained in this study may be reasonably com-
pared with long-term pattern of climatic changes during the Quaternary, and
may be also helpful in establishing the absolute time scale for reconstruction
of some important geological processes in the study area during the last
300 ka BP.
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Fig. 4. Comparison of speleothem dates with frequency histograms of travertines and speleothems
from N hemisphere compiled by Hennig et al. (1983)

Rys. 4. Poréwnanie wynikéw datowari naciekéw z histogramami czestosci dat trawertynéw i naciekéw
z obszaru potkuli pélnocnej, zestawionymi przez Henniga i in, (1983)

Inrecent years significant paleoclimatic data have been obtained from statistical
analysis of temporal changes of speleothem growth frequency (Hennig et al.
1983, Kashiwaya et al. 1991, Baker et al. 1993), as well as from studies of
single speleothemns (Lauritzen et al. 1990) or vein calcite (Winograd et al.
1988, 1992). Because the most recent study of speleothem frequency distribution
of Baker et al. (1993) is limited to the period of the last 150 ka and is based
on results from the NW Europe, our data from the Slovak Karst are compared
with global frequency histograms obtained by Hennig et al. (1983). The com-
parison, shown in Fig. 4, indicates that the dates obtained on speleothems from
selected caves of the Slovak Karst coincide with main periods of speleothem
growth, but does not allow for more detailed conclusions.

The above mentioned frequency distributions of speleothem ages correlate
fairly well with oxygen isotope records available from deep-sea cores (Pisias
et al. 1984) and orbital theories of climatic changes during Quaternary (Martinson
et al. 1987, Imbrie et al. 1984). General conclusions drawn by Kashiwaya
et al. (1991) and Baker et al. (1993) may be therefore used as justification for
correlation of relatively low-accuracy chronoiogical data obtained on speleothems
from the Slovak Karst with stacked oxygen-isotope curve of Imbrie et al. (1984),
reflecting global climatic changes during the last 800 ka.



107

3
Se
27 9 1
] 7
1
[} ~
x N
el Bl
0—4
-] -
-2 o 1 AR | L AN T T | AL LA A SRR
$2 s
— 1
Zb  ———t—
K1 Z1
'...'Zg D1 —_——y
T — T T T
100 200 300 400 500 600 700 800

Age in ka

Fig. 5. Comparison of speleothem dates with the stacked oxygen isotope curve of Imbrie et al.
(1984)

Rys. 5. Zestawienie wynikéw datowarn naciekdw z krzywa izotopowa tlenu wg Imbrie i in. (1984)

Comparison of speleothem ages obtained with TL/ESR and radiocarbon
methods with orbitally-tuned oxygen-isotope curve of Imbrie et al. (1984) is
presented in Fig. 5. The oldest layer of flowstone from Zakrutova Cave
(sample Z1) may be correlated with Stage 11, middle layer (sample Z4) with
Stage 7 (final phase of Stage 7) and the youngest layer (sample Z9) with either
Stage 5a or Stage 3. It may be also assumed that layers 2 and 3 (which were
not dated) have been deposited during Stages 9 and 7, respectively, and layers
5-8 were formed during Stage 5 (Eemian Interglacial). Similarly, the formation
of the two oldest layers of flowstone in Salanka Cave may be correlated with
Stages 9 and 7, while the youngest layer (represented by sample S3) was
formed obviously during younger Holocene.

Figure 6 presents comparison of radiometric dates obtained on speleothems
from the Slovak Karst with periods of speleothem growth in the Polish Tatra
Mts, determined by Hercman (1991) and regional chronostatigraphic sub-
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Fig. 6. Comparison of speleothem dates from the Slovak Karst (A) with selected regional paleoclimatic
and chronostratigraphic data: B — periods of speleothem growth in the Polish Tatra Mts (after
Hercman 1991), C — glaciations of the Tatra Mts (acc. to Halouzka, after Hercman 1991), D —
chronostratigraphic subdivision of late Quaternary in the Tatra Mts (after Hercman 1991), E —
chronostratigraphic subdivision of Quaternary in Carpathians (acc. to Starkel 1980, 1988).

Abbreviations: H — Holocene, YPLG — Younger Pleniglacial, IPLG — Interpleniglacial, OPLG — Older
Pleniglacial, EG — Early Glacial, E — Eemian Interglacial, PG — Penultimate Glaciation, MPG — Middle
Polish Glaciation, OS — Qdranian Stadial, LI — Lublinian Interstadial, WS — Wartanian Stadial

Rys. 6. Poréwnanie wynikéw datowarn naciekéw z obszaru -Stowackiego Krasu (A) z wybranymi
regionalnymi danymi paleoklimatycznymi i chronostratygraficznymi: B — okresy wzrostu naciekéw
w Tatrach Polskich (wg Hercman 1991), C — zlodowacenia Tatr (wg Holouzki, za Hercman
1991), D — podzial chronostratygraficzny péznego czwartorzedu w Tatrach (wg Hercman 1991),
E — podziat chronostratygraficzny czwartorzedu w Karpatach (wg Starkel 1980, 1988). Objasnienia
skrétéw: H — holocen, YPLG — miodszy pleniglacjal, IPLG — interpleniglacjal, OPLG — starszy
pleniglacjat, EG — wczesny glacjat, E — interglacjal cemski, PG — zlodowacenie przedostatnie,
MPG — zlodowacenie §rodkowopolskie, OS — stadiat Odry, LI — interstadiat lubelski, WS — stadiat Warty
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Fig. 7. Reconstruction of geological history of Krasnohorska Cave during the last 300 ka. | —
formation of first generation of speleothem (ESR date c¢. 300 ka BP); 2 — first tectonic event,
formation of goaf; 3 — growth of large stalagmite in the final chamber of cave, growth of flowstone
cover in corridor in the central part of cave; 4 — second tectonic event, causing destruction of
flowstone cover on roof of corridor; 5 — formation of flowstone cover on the goaf; 6 — last tectonic
event, break of topmost part of large stalagmite
Rys. 7. Rekonstrukcja historii geologicznej Jaskini Krasnohorskiej w czasie ostatnich 300 tysiecy lat.
1 — formowanie sie pierwsze]j generacji nacieku (data ESR ok. 300 tysiecy lat); 2 — pierwsze
zdarzenie tektoniczne, powstanie zawaliska; 3 — wzrost duzego nacieku w koricowej komorze jaskini,
tworzenie polewy naciekowej w korytarzu czesci centralnej jaskini; 4 — drugie zdarzenie tektoniczne,
zniszczenie polewy naciekowej w stropie korytarza; 5 — formowanie sie polewy naciekowej na
zawalisku; 6 — ostatnie zdarzenie tektoniczne, zniszczenie najwyzszej czesci duzego stalagmitu



110

divisions of Late Quaternary based on studies of cave deposits in the Tatra Mts
(Hercman 1991) and geomorphologic, geologic and pollen studies in the
Polish Carpathians and in the Subcarpathian Basins (Starkel 1980, 1988). It
may be easily noted that the two youngest groups of dates coincide well with
phases 1 and 2 distinguished in the Tatra Mts and the group of oldest dates
in column A may be correlated with phase 6. Also the lack of speleothems
dates correlates fairly well with regional coolings marked by glaciation periods
of the Tatra Mts, shown in column C.

Results obtained on speleothems from Krasnohorska Cave may be used
to reconstruct the history of the cave (Fig. 7). The oldest generation of
speleothems was formed during Stage 9, c. 300 ka BP (Fig. 7.1). Much later
serious tectonic events caused formation of the goaf in the central part of cave
(Fig. 7.2). Second recorded phase of speleothem growth took place during the
Interplenivistulian, at c. 35 ka BP (Fig. 7.3.). In the period of the last glacial
maximum, probably between 20 and 15 ka BP, there was a break in speleothem
deposition, marked by erosional surface at the topmost part of large stalagmite
(cf Fig. 3). During that period some stalagmites formed previously (sample K2)
on the roof of the cave were dropped down on the goaf (Fig. 7.4). The youngest
generation of speleothems was formed at ¢. 13 ka BP, probably during warm
interstadials of the Late Glacial, as is shown by two almost identical radiocarbon
dates obtained on samples K2SB and K3 (Fig. 7.5). The last event visible in
the speleothem record is second tectonic event which caused break of the
topmost part of large stalagmite in the final part of cave (Fig. 7.6).

Age of the oldest speleothem in Krasnohorska Cave indicates that the cave
has been dried not later than c. 300 ka BP. This indicates that the drainage system
consisting of deep vertical shafts connected with approximately horizontal corridors,
typical for the area of our study, has been formed earlier.

The youngest flowstone in the Zakrutova Cave were formed at c. 60 ka BP.
As a result of erosion of the flat top of Plesivecka Planina these speleothems
occur actually almost at the surface. The speleothem samples used for dating
revealed typical features indicating for slow static deposition in the inner part
of cave, and, in particular, they do not showed any features typical for
speleothems formed near the cave entrance. This observation indicates for very
high erosion rate of the surface of Plesivecka Planina during the last 50 ka.

This study was supported by grant PB 740/6/91 of the Committee for
Scientific Research.
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STRESZCZENIE

A. Pazdur, M. F. Pazdur, H. Hercman, P. Mitter
ROZWOJ WYBRANYCH JASKIN SLOWACKIEGO KRASU W MLODSZYM CZWARTORZEDZIE

Rejon Stowackiego Krasu, potozony w dorzeczu rzeki Bodwy na potudnie od Rudaw
Stowackich nalezy do najwiekszych obszaréw krasowych w Europie. Wychodnie skat wapiennych
zajmuja powierzchnie ponad 600 km? a liczba poznanych jaskin przekracza 500. Wykonane zostaly
oznaczenia wieku metodami radiowegla (C-14), termoluminescencji (TL) oraz elektronowego
rezonansu spinowego (ESR) dwunastu prébek naciekéw pobranych z wybranych jaskin Stowackiego
Krasu. Jaskinie Salanka, Zakrutova i Diviaca polozone sa na Plesivieckiej Planinie, za$ otwor
wejsciowy do Jaskini Krasnohorskiej znajduje sie w pétnocnym zboczu Planiny Silickiej. Wyniki
datowann metodami C-14, TL i ESR badanych prébek naciekéw z jaskiri Stowackiego Krasu
pokrywaja sie w przyblizeniu z okresami wzrostu naciekéw na pétkuli pétnocnej, wyznaczonymi
na podstawie analizy statystycznej wynikéw datowar metoda uranowo-torowa. Pomimo niewielkiej
liczby datowanych probek naciekéw oraz stosunkowo duzych bledéw dat uzyskanych metodami
termoluminescencji i elektronowego rezonansu spinowego otrzymane wyniki pozwalaja na
sformutowanie wnioskéw dotyczacych rozwoju systeméw jaskiniowych Stowackiego Krasu
w miodszym czwartorzedzie. Daty uzyskane na probkach naciekéw z Jaskini Zakrutovej (Z1),
Jaskini Salanka (S1) i Jaskini Krasnohorskiej (K1), zblizone do 300 ka, §wiadcza, ze jaskinie te
byly w tym czasie osuszone, a zatem system odwadniania planin przez gtebokie studnie, ktérymi
wody docierajag do w przyblizeniu poziomych kanaléw, zostat uksztaltowany wczesniej. Wynika
stad réwniez wniosek, Ze juz okolo 300 ka BP rejon Planiny Plesiveckiej i Planiny Silickiej, a by¢
moze i innych planin, byl morfologicznie zblizony do stanu obecnego.



