
XA0300395 IAEA-CN-80/15P

RECONSTRUCTION OF BOMB C TIME HISTORY RECORDED IN THE
STALAGMITE FROM POSTOJNA CAVE

B. VOKAL
University of Liub~jana, Faculty of Natural Science and Engineering, Department of Geology,
LJubljana, Slovenia,
Jo.2ef Stefan Institute, Department of Environmental Sciences, Liub~jana, Slovenia

D. GENTY
Universitd de Paris-Sud, Laboratoire d'Hydrologie et de Gdochimie Isotopique,
Orsay, France

B. OBELIC
Ruder Bogkovid Institute, ' 4C and3 Laboratory, Zagreb, Croatia

The knowledge of the concentration of natural radioactive isotope ' 4C in the atmosphere has
proved to be a particularly useful tool in the study of the carbon cycle. The carbon cycle plays
a dominant role in controlling many of the chemical and biological processes in different
ecosystems. A significant increase of the concentration of 4C in the atmospheric C0 2 in the
atmosphere and biosphere during the sixties was caused by nuclear bomb tests in the
atmosphere [1, 2. Various nuclear facilities may also contribute to increase of14C in the
atmosphere, while the use of great amounts of fossil fuels causes a dilution of 4C in the
atmosphere.

The karstic caves provide valuable resources for reconstruction of environmental conditions
on the continent in the past. This is possible due to the great stability of climatic conditions
within a cave. Secondary minerals deposited in caves, known as speleotherns, preserve
records of long-term climatic and environmental changes at the site of their deposition and in
the vicinity. The purity of speleothemns and their chemical and physical stability make them
exceptionally well suited for detailed geochemnical and isotopic analysis [3].

Karst areas constitute a large part of Slovenia, with several thousands of caves located in the
limestone formations. The Postojna Cave system is composed of 23 km of accessible channels
and galleries and is a part of the karst region of the underground Ljubljanica River. The
Postojna Karst is located at the northwestern part of the Dinaric Karst (=45 0 46'N,
1=14 0 12'E, Z=529m). t is limited to the north by the promontory of the Julian Alps, and to
the south by the Adriatic Sea 1]. The karst region has a variable climate under the
Mediterranean, Alpine and Pannonian influences. The Postojna Karst is composed of
Cretaceous carbonate rocks [5]. The hill under which Postojna Cave is situated is covered by

apine tree forest and grass. Average annual temperature is 80C and mean annual rainfall is
1500 mm.

The 5 cm high stalagmite was collected in the Biospeleological Gallery, about 200 m from the
entrance. There the cave roof consists of 30 meters of upper Cretaceous limestone and the soil
thickness is about 4-10 cm. Visible growth laminae are difficult to count. A polished vertical
thin section reveals a thin (<0.1 mm) remarkable black layer at 24 mm from the stalagmite
top, whose date of deposition was well known (2 3 'd of April 1944).

Between 10-36 mg of CaCO3 were sampled with a microdriller from a polished stalagmite
cross-section. This represents between 1 and 2 years of calcite deposition. Calcite powders
were reacted with H3P0 4 in order to obtain CO2. The gas was reduced to graphite on iron with
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hydrogen at 6500C for 100 minutes. Carbon atoms were counted with an accelerated mass
spectrometer (TANDETRON) at Gif-sur-Yvette.

Radiocarbon activities in the stalagmite are shown in Fig. 1. A sharp peak was expected in the
years 1963-1964, due to the nuclear tests in the atmosphere [ 1]. Based on the two known time
markers, the gasoline explosion mark (April 23, 1944) and the top layer (October 24, 1996),
the time scale in the speleothem was determined. The maximum 14 C activity in the
speleothem carbonate occurred in 1974, which was 10 years after the atmospheric peak. The
difference of "4'C activity between pre- and post-bomb periods is 27.4 pMC between the years
1950 and 1978. Compared with the atmospheric variations of "4C activity from 1950 to 1964
(100 pMC and 190 pMC, respectively), the stalagmite activity variations are small, which
means that the "'4C signal has been damped. Atmospheric 14 activity shows a well
pronounced peak in 1964, and since then decreases exponentially, while radiocarbon activities
in the stalagmite only slightly decrease after the year 1974 (from 1 15.4 pMC in 1974 to 107.2
pMC in 1996). The pronounced "4C peak together with the variation between pre- and post-
bomb 14 C activities demonstrate that Postojna Cave is sensitive to atmospheric changes. By
comparison of the activity curves of the atmosphere and in the speleothern, we can gain
information about the processes of carbon transfer from the surface to the cave. Such "4C
chronicles can improve our understanding of the soil carbon dynamics, which is of great
importance since response of soil carbon reservoirs to climate change and/or human activity is
still not well known.
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FIG. 1. Radiocarbon activity in the stalagmite and the atmosphere.
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