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The geochemical analyses of karst springs and their freshwater carbonate deposits provide an opportunity to reconstruct
past climate changes. Nevertheless, there are still very few paleoclimate records obtained from freshwater carbonate
deposits in Hungary. The present study focuses on some recently depositing freshwater tufa sites and two caves located in
Mecsek Mts (Southern Hungary) as possible sources for Holocene paleoclimate research. Both carbonate and water samples
were collected for stable isotope analyses in June and August 2011 and a monitoring programme was started in October
2011 at five sites. The stable isotope analyses of the rock samples reflect the effect of continentality and suggest strong
soil zone CO2 contribution.

1. Introduction

2. The study area

Terrestrial carbonate deposits (travertines, freshwater tufas
and speleothems) are of particular importance in
paleoclimatological, paleoenvironmental and geological
studies. Speleothems, such as stalagmites, stalactites and
flowstones, are a rich archive of terrestrial paleoclimate
information (e.g., Wang et al. 2001) particularly since they
offer the dual advantages of being closely tied to the mean
hydrological balance and being a nearly ideal material for
high precision U/Th disequilibrium series dating. Recent
studies have proved that freshwater carbonate deposits, such
as travertines and tufas can also be used in
paleoenvironmental reconstruction (Andrews 2006, Lojen
et al. 2009, Cremaschi et al. 2010) and their geochemical
composition can be correlated with climate records gained
from lake sediment, ice-cores (Stuiver et al. 1995) and
marine sediments (Imbrie et al. 1984). The effects of global
climate changes can be studied on them, since these
deposits reflect local paleo-precipitation patterns and
preserve key information on the paleoenvironment, as well.

Mecsek Mountains is divided into Western and Eastern
Mecsek. The karst areas of Western Mecsek are built up by
well-karstifiable, Triassic rocks (Lapisi Limestone
Formation, Zuhányai Limestone Formation, Csukma
Dolomite Formation) in which numerous small caves,
dolines and karst springs were formed. Three of the
regularly studied springs (Kánya Spring, Anyák Spring and
Dagonyászó Spring) and both caves are located here. In
Eastern Mecsek karstic rocks are of Jurassic origin and have
less suitable petrographic characteristics for karstification
and speleogenesis. Two springs sites (Csurgó Spring and
Pásztor Spring) have been monitored here (Fig. 1).

In Hungary, in spite of the existence of large karst areas
such studies have been delayed and there are still very few
paleoclimate records obtained from terrestrial carbonate
deposits (Kele et al. 2006; Kele 2009; Siklósy et al. 2009).
Five carbonate depositing springs and two caves are taken
under scrutiny in Western and Eastern Mecsek for
paleoclimatic investigation. Our main aim is to reconstruct
the Holocene paleoclimate of the study areas by doing a
comparative geochemical analysis of these carbonate
deposits. In this paper we would like to present the
preliminary results of the research we started in the summer
of 2011.

Figure 1. The study area (based on 1:10,000 scale topographic
map in EOTR (Uniform National Mapping System of Hungary).
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Besides, core drillings were carried out at three places on
the surface (Anyák Spring, Csurgó Spring and Pásztor
Spring, Fig. 2) and in case of two speleothems in Abaliget
and Spirál caves.

3. Methods
Recently deposited freshwater tufa samples were collected
for stable isotope ( 18O, 13C) analyses in June and August
2011 at 10 sites and water samples at 17 sites. In case of
five springs monthly observations have been carried out for
10 months since October 2011. Two measurement points
were set at each spring sites where the basic
physicochemical parameters of water (pH, conductivity,
temperature) were measured in situ once every month by
using a WTW device. Water samples were collected in 100
ml bottles for determining alkalinity which were analysed
within 48 hours by acid-based titration with 0.1 M HCl.
Two meteorological parameters (air temperature and
relative humidity) were also recorded at each measurement
points at the time of measuring the other parameters.

The stable isotope analyses were performed at the Institute
for Geological and Geochemical Research, Research Centre
for Astronomy and Earth Sciences, Hungarian Academy of
Sciences, Budapest, Hungary. Oxygen and carbon isotopes
of bulk carbonate were determined using a Finnigan delta
plus XP mass spectrometer. Oxygen and hydrogen isotopic
measurements of water samples were done on LGR LWIA24d liquid water isotope analyser. Isotopic compositions are
expressed in the traditional notation in parts per thousands
(‰) relative to VPDB ( 18O, 13C) and VSMOW ( 18O,
D). Reproducibilities are better than ±0.2 ‰ for the 18O
and 13C values of carbonates and ±0.2‰ for the 18O and
±0.6‰ for the D values of water.

4. Results and discussion
4.1. Physicochemical water parameters
Water temperature shows a regular seasonal pattern
reflecting the variation in air temperature, being higher in
summer and lower in winter. Due to the moderating effect
of the karst aquifer the amplitude of changes were 4.6 °C,
4.0 °C, 3.8 °C, 3.0 °C and 2.9 °C at Csurgó Spring, Pásztor
Spring, Anyák Spring, Kánya Spring and Dagonyászó
Spring, respectively. The reason behind this high amplitude
in the case of Csurgó Spring is that there is no specific
spring source, water appears in the stream bed and
consequently it starts to equilibrate with surface
temperature. The highest temperatures were recorded in
April and July and the lowest in October and January.

Figure 2. The drilling site and the drilling core of Anyák Spring,
Western Mecsek.

Figure 3. Monthly changes of pH, 2011–2012.
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Downstream the water temperature increased in summer
and decreased in winter. The seasonal amplitude rose to
14.5 °C, 18.1 °C, 19.1 °C, 8.9 °C and 7.8 °C, respectively.

4.2. Stable isotopes
Stable isotope analyses of the 17 karst springs revealed
unambiguous differences between Eastern and Western
Mecsek (Fig. 4). The possible cause of this difference could
be the so-called “altitude effect” or the “amount effect”. The
springs of Eastern Mecsek are located at higher altitude and
have their catchment areas at higher elevation than the ones
in Western Mecsek. Therefore, the investigated springs in
Eastern Mecsek are characterized by more negative isotope
values (Figs. 4 and 5).

Alkalinity had a similar seasonal pattern as water
temperature. It was higher from late spring to autumn and
lower from winter to early spring. Similarly to electric
conductivity, alkalinity decreased downstream due to tufa
deposition. The highest values of electric conductivity were
measured at Anyák and Kánya springs (655–766 µS/cm and
702–755 µS/cm, respectively), while Pásztor Spring was
usually characterised by much lower values (570–680
µS/cm). This is probably due to the differing geological
characteristics of the limestone aquifer. Similarly low
values were recorded at other springs in the same area (Vár
Valley and in Óbánya Valley).

At some springs (e.g., Anyák Spring) monthly differences
can be observed in the isotope composition of the karst
water, reflecting seasonal changes in precipitation 18O.
Nevertheless, isotopic values change little ( 18O: 0.4‰ both
at the spring and at the tufa site). The D and 18O data of
the studied springs fit the Global Meteoric Water Line,
indicating their meteoric origin. The mean values are
-69.8‰ and -10.2‰, respectively.

Contrary to electric conductivity and alkalinity, pH values
gradually increase downstream. According to Kano et al.
(1999) the seasonal variation of pH is characterized by high
winter and low summer values, since more uptake of soiloriginated CO2 intensifies the dissolution of CaCO3 and
reduces the pH of the water. Soil pCO2 is the highest from
July to September and changes of the Ca2+ content,
alkalinity and pH usually follow its seasonal variation with
a delay of 1 or 2 months (Kano et al. 1999; Kawai et al.
2006). In Mecsek Mts. the highest pH levels were measured
at the end of November and a second peak was observed at
the end of January. Except for Pásztor and Kánya springs a
pH values slightly increased at the beginning of summer
(Fig. 3) and decreased in August.

The observed difference between Eastern and Western
Mecsek in the 18O data cannot be seen in case of tufa
samples which can be a result of the difference in water
temperatures in which the tufa calcite forms. Unfortunately,
all the parameters were recorded once a month so we can
only estimate the mean water temperature at the places of
tufa deposition. Kinetic effects might occur, as well. Further
investigations are needed to understand this difference. In
order to monitor the 18O and 13C changes of recently
depositing freshwater tufas, glass substrates were put at the
measurement points in September 2012. Unfortunately, we
have no reportable results yet.

Usually, Anyák and Kánya springs are characterized by
higher pH levels than the other springs, most likely owing
to differing aquifer conditions.

Table 1. Stable isotopic composition of carbonates.
Tufadepositing
springs
Kánya Spring

18O ‰
(VPDB)

-8.7

-11.2

307

Anyák Spring

-9.3

-9.9

320

-9.4

-10.1

319

-9.2

-10.6

318

Pásztor Spring

-9.1

-11.1

430

Tettye Spring

-9.3

-10.7

208

-9.9

Altitude
(m)
307

-9.1

-10.4

208

Zsolnay Spring

-8.6

-10.0

348

Dagonyászó Spring

-9.2

-11.6

321

Mecsek Spring

-8.5

-11.4

310

Bugyogó Spring

-8.7

-9.4

350

Vadvirág Spring

-8.6

-9.0

360

-8.6

-9.2

360

380

Csurgó Spring

-8.9

-11.0

320

350

Table 1 shows the isotope composition of the tufa samples.
The 13C values of our tufa samples range between -9.0‰
and -11.6‰ (VPDB) with a mean value of -10.3‰,
suggesting strong soil-zone CO2 contribution. Comparing our
stable isotope data with the database established by Andrews
et al. (1997) the samples from Mecsek Mountains are similar
to the tufas collected in Poland and in the Dinaric Karst
concerning 18O values, reflecting the effect of continentality
in contrast to the tufas collected from Western-Europe.

Figure 4. Stable isotopic composition of spring waters.
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Figure 5. 18O values of spring waters plotted against sample
altitude.
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The freshwater tufa cores were quite porous and therefore
were embedded in epoxy amber. The most recent part of the
speleothem core from Abaliget Cave was micro-drilled with
approximately 1 mm intervals and samples for Hendy-test
were prepared which suggest that the speleothem core is
suitable for further investigations. The stable isotope
measurements of the freshwater tufa and speleothem cores
are still in progress. We intend to use U/Th method for the
dating of these samples. We tried 14C for dating the tufa
cores, however further measurements are needed in order
to interpret the results correctly.
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5. Conclusions
The stable isotope analysis of the tufa-depositing streams
suggests that these waters are of meteoric origin. A
significant difference was found between the two study
areas, Eastern and Western Mecsek most probably as a
result of difference in the elevation of the catchment areas.
The seasonal variation of the different physicochemical
parameters of water was observed during the monitoring
period. It also became evident that pH increases, while
alkalinity and electric conductivity decreases downstream.
The downcurrent changes of water temperature depend on
air temperature.
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Stable isotope analysis of bulk carbonate samples showed
that the isotopic composition of these deposits reflect the
effects of continentality and strong soil-zone CO2
contribution by C3 vegetation.
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