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In a complex geological research, several new methods were introduced in order to perform our scheduled tasks. Isotope-geo
chemical tests have proved to be very efficient, allowing us to have a better understanding of some environmental problems of Lake 
Balaton including rate of sedimentation, physical properties and underwater motion of mud etc. Results contributed further data on 
the age of Lake Balaton, and its past climate.

Major results:
(1) Around Lake Balaton, peat development started in the beginning of the Late-glacial (Bolling), and lasted approx. 1500 years. 

It was most widespread in the Allerod.
(2) Oxygen isotope ratios measured on the autochtonous carbonate deposits in the lake and on carbonate shells of gastropods are 

influenced mainly by the evaporation of water. In addition, the latter indirectly depends on the climatic conditions of the particular 
region, too. The measured values of oxygen isotope ratios allow us to trace the gradual warming-up in the Holocene.

(3) Most of the carbonate in the lake deposits was formed in-situ. Only a negligible amount was transported from the catchment 
area.

(4) Comparative analysis of Sl80  trends in lake water and the weather conditions shows that, due to intensive evaporation, the 
oxygen isotope ratio of the water in Lake Balaton is close to that of sea-water and considerably differs from the values for rivers and 
meteoric water in Hungary. In Hungary, the average 8lsO value is -9.5% for meteoric water, relative to sea-water. In the oxygen iso
tope ratio of the water of Lake Balaton seasonal changes can be well observed.

(5) A part of the organic matter included in the mud of the lake originates from the recycling of the biological carbon. This process 
has been going on since the formation of the lake which implies a relative enrichment in 8I3C.

(6) Artificial radio-isotope contamination entering the atmosphere since 1950 can be well traced in the mud of the lake. The loca
tion of peaks has allowed us to determine the rate of sedimentation. Under undisturbed hydrological conditions, this value ranges from 
0.5 cm/year to 1.4 cm/year. The rate of sedimentation changes by time, and in recent years, it has showed a dramatic increase to 2 to 
6 cm/year. At some points of Lake Balaton there is underwater sediment transport and accumulation. As shown by our measurements 
the top 2 to 3 cm of the mud is disturbed by the storms over the lake.

Introduction

Lake Balaton forms an important piece o f national her
itage for Hungary. It is the largest shallow-water lake in 
Central Europe. For the last hundred years a great number 
o f specialists o f various disciplines have studied it and the 
surrounding region. The most important milestones of sci
entific investigations include L óczy  1913, Sebestyén  
1951, B ulla  1958, B en deffy , V. N agy  1969, B aranyi 
1979, M a r o si, Szilárd  1981, M ike 1980a, b, H er o d ek , 
M áté 1984, 1987, Z ólyomi 1952, 1969, 1987, Szesztay 
et al. 1966, M üller  1970, M üller , Wag ner  1978, R ónai 
1969, Somlyódy  1983. Ongoing investigations continu
ously add to the ever increasing store o f scientific facts. 
But the lake itself calls our attention again and again to 
new problems such as mud deposition, eutrophication, the

loss o f ecological equilibrium, and so on. Each o f these 
represent a challenge for biologist, limnologist and geolo
gist alike. Specialists from the Geological Institute of 
Hungaiy have been investigating the lake and its catch
ment area since 1965, because the geological background 
(the fossil environment) and the age o f the lake is a deter
mining factor for the present day lake, the ecological 
changes in the water catchment area and the living world 
o f the lake.

An engineering geological survey was carried out in 
the period from 1966 to 1977 to assess the status o f Lake 
Balaton and its environment, to reduce existing hazards 
and to reveal potentials for the far future. The area sur
veyed covered some 780 sq.km of the shore-line zone that 
is subject to high environmental pressure (R ain csAkn e , 
C serny  1984, C serny  1984). The initial survey was fol



lowed by two projects running concurrently. Environ
mental geological surveying was extended to the whole of 
the tourist region to cover 5200 sq.km. The second project 
was the detailed investigation of the sediments in the lake 
bed. These research programmes resulted in the compila
tion o f an engineering geological map series at scales of 
1:10,000-1:100,000 (Cserny 1990). The compiled map 
sheets are already widely used to solve both regional and 
local problems o f utilisation, environment management, 
agriculture and water management.

The investigation o f Lake Balaton is o f great impor
tance due to the intensive mud deposition and eutrophica
tion o f the lake itself. Although the ageing and filling-up 
of lakes is a natural process, it may be accelerated by some 
environmental (particularly, human) influences.

The aim o f the environmental geological investiga
tions which started in 1981 was to study the present sedi- 
mentological conditions and the diagenesis o f shallow- 
water carbonate sediments. This environmental geological 
topic which started as a pilot study o f techniques also 
aimed, from 1986, at a better understanding of the history 
o f development o f the lake and the changes in its ecologi
cal conditions. Over 370 km o f seismic lines were shot and 
a total o f  33 boreholes were drilled into the lake bed. The 
boreholes have allowed us to compile the mud thickness 
map. Seismic data were used for the compilation of the 
structural map o f the basement o f Lake Balaton at 
1:500,000 scale. Samples from two-thirds o f the boreholes 
have been analysed in the laboratory in a wide range of 
tests which included sedimentological, soil-physical, min- 
eralogical, petrological, geochemical, palaeontological 
investigations (M. Faragó 1982, Bodor 1987, Brukner- 
Wein 1988, Cserny 1987, 1990, Cserny, Corrada 1989, 
Cserny et al. 1991).

The aim of this paper is to give a brief description of 
the isotope geochemical investigations and the relevance 
o f geochemical results to geological problem solving.

G. Müller and F. Wagner (1978) were the first to use 
isotope geochemical techniques in the study o f Lake 
Balaton, and gave a reconstruction of climate on the basis 
o f results o f mineralogical, geochemical and isotope geo
chemical study o f Quaternary lacustrine sediments. The 
autochtonous carbonate deposit of the fine fraction o f the 
samples was tested for lsO isotope ratio. The calcite lattice 
of some beds was found to have increased MgCOs con
centrations which represents unordered proto-dolomite. 
This is has high Sr concentration and positive 180  value. 
As expected in the case o f an intensive evaporation the lsO 
value occurs in larger proportion in water and this may 
lead to an isotope enrichment in the carbonate deposits as 
well. Two well defined Mg maxima were observed in the 
borehole profile. Comparison with the results o f palyno- 
logical study by B. Zólyomi (1952, 1987) indicated that 
these sediments were deposited in a shallow water, under 
dry and warm climatic conditions.

E. Hertelendi performed radio-carbon dating in 1987 
on samples from a peat deposit found in the lower part of 
the section by boreholes that have been drilled into the

lake bed. Peat samples from the lower section from four 
boreholes were subject to pollen analysis by Ms. Nagy. 
The results only show an approximate correlation, that is, 
the results o f pollen analysis indicate a Pinus-Betula veg
etation phase (the very beginning o f Holocene time), 
whereas the radio-carbon dating indicates an age o f 10,500 
to 12,000 yrs BP, that is, Late-glacial (Pleistocene) Alleröd 
(Cserny, Corrada 1989).

Starting in 1981 our investigations continued earlier 
isotope geochemical studies and added new techniques to 
extend the range o f problems answered.

A contribution to the isotope geochemistry

14C dating was performed on peat, on samples from 7 
additional boreholes, in order to date the lacustrine sedi
ments. For paleo-climatological reconstruction, 13C and 
lsO ratios were also measured in water samples o f Lake 
Balaton, the autochtonous lacustrine carbonate mud, mol- 
luscan shells collected from the sediment, and on samples 
from the carbonate rocks and carbonate-bearing unconsol
idated deposits in the catchment area of Lake Balaton. In 
addition, l37Cs and 134Cs was also determined in order to 
estimate the rate o f underwater reworking o f lacustrine 
deposits, including the rate o f sedimentation. Finally, in- 
situ gamma-gamma logging was carried out in the 
Keszthely Bay (Fig. 1, around Tó-31) using isotope 
source to help with plans o f mud dredging.

Fig. 1. Layout of boreholes and sampling sites
1. Peat-cutting borehole including radio-carbon dating, 2. Borehole, with 
8I3C and Sl80  testings, 3. Borehole, with l37Cs isotope testing, 4. Water 
sampling site, for regular i80  testing, 5. Site of experimental dredging, 
6. Hydro-meteorological station, 7. Zala river (main input), 8. Sió channel 

(only output)

1. ábra. A fúrások és a mintavételezési pontok helyszínrajza
1. Tőzeget harántolt fúrás, radiokarbon kormeghatározással, 2. Fúrás, 
8I3C és 8I80  izotóparány vizsgálatokkal, 3. Fúrás, 137Cs izotóp vizsgálat
tal, 4. Vízminta vételi hely, rendszeres 8lsO izotóp vizsgálattal, 5. A 
kísérleti kotrás helye, 6. Hidro-meteorológiai állomás, 7. Zala (a fő 

vízutánpótlás), 8. Sió (az egyetlen kifolyás)



Radio-carbon dating of peat samples from Lake 
Balaton

A brief summary o f  the method
In the upper half o f the atmosphere surrounding the 

Earth a considerable amount o f free neutrons are generat
ed by cosmic rays (e.g. L ibby  1967). In response to these 
neutrons, carbon isotope o f mass number 14 can be gen
erated in the atmosphere as an end product o f a chain of 
nuclear reactions. L ingenfelter  (1963) relying upon data 
obtained by others has proved that the dominant reaction 
is l4N (n,p) I4C, whereas the rest o f reactions play no sig
nificant role. The produced 14C will decompose into 14N 
through beta emission with a half-life of 5730±40 yrs 
(G odw in  1962) [Emax = 60 keV]. In the atmosphere, radio
carbon is rapidly oxidised into carbon dioxide, thereby 
allowing for continuous tracing o f carbon dioxide in the 
atmosphere. I4C enters into the food chain by photosyn
thesis and will be present in the biological carbon o f the 
living world. The intensity o f cosmic radiation has been 
nearly constant for a long time. The half-life o f 14C, 5730 
years, can also be considered as a short period geologi
cally. Cosmogenic 14C is thus in radioactive equilibrium 
on the Earth. The isotope ratio under equilibrium condi
tion is as follows: l4C/l2C = 1.17x 10'12. In metabolic 
processes radio-carbon is continuously taken up and 
released by living creatures. The biological half-period 
typical o f living creatures — that is, a period over which 
half the organic compounds forming a living creature is 
exchanged—  is a couple o f years, that is, a brief period, 
as compared to the half-period o f radio-carbon. Thus, the 
specific radioactivity o f  biological carbon in living crea
tures always corresponds to the specific radio-carbon 
activity of atmosphere. When metabolism stops no further 
14C integration takes place. Therefore the 14C concentra
tion in biological carbon will exponentially decrease cor
responding to the half-period.

Knowing the specific radioactivity (A0 —  initial activ
ity) o f carbon content o f the living matter during the 
metabolism, then measuring the specific activity after the 
metabolism has stopped (A —  present activity), and also 
knowing the decay constant (T), we can determine the 
time when the processes associated with life stopped, that 
is, the age o f a particular sample (t) according to the fol
lowing formula:

A = A0 x e4.
This is the principle o f radio-carbon dating.

The specific radio-carbon activity o f biological carbon 
of living vegetation slightly differs from the specific 
radio-carbon activity o f the atmospheric carbon. This dif
ference is due to isotope fractionation during photosynthe
sis, and its measure varies from plant to plant. The error in 
radio-carbon dating caused by the isotope fractionation 
can be corrected by means o f mass spectrometry measure
ment o f the 8I3C value, since on the basis o f thermody
namic considerations, the enrichment, or reduction o f  car
bon isotope o f mass number 14 is twice as that o f isotope 
of mass number 13.

The radio-carbon activity corrected in regard to isotope 
fractionation (Akorr) can be calculated from the measured 
value o f  activity (A) according to the following formula: 

Akorr = A [l-2 x  10‘3(25+513C)] 
where 8 I3C is the amount of carbon 13 in the gas used to 
measure the activity. Using this correction, the 8PDB13C 
value o f each sample is normalised, by convention, to a 
value o f -25  % which is the average value for vegetation.

For radio-carbon dating, the concept o f “conventional 
radio-carbon” age is o f prime importance. The conven
tional radio-carbon age is calculated under the following 
conditions specified on an international basis:

—  L ib b y ’s original value o f half-period (5568 yrs) is 
used as half-period.

—  It is assumed that the atmospheric 14C concentration 
has been constant.

—  Each activity m easurem ent shall be related, 
according to the law o f radioactive decomposition, to 
1950 BP (before present). Thus, each measurement will 
be independent o f the actual date and time it was per
formed.

—  “Modem equivalent” : oxalic acid supplied by the 
National Bureau of Standards (Washington, D.C.) is used 
as a standard. The 95% o f NBS oxalic acid, normalised to 
PDB13 = -19% , related to 1950, gives the natural activity 
level o f l4C. This activity matches the specific radio-car
bon activity o f carbon content o f annual rings developed 
in trees in the year 1890.

—  The carbon isotope ratio o f each sample shall be 
normalised to a value of 5PDB13C = -25% .

There are historical reasons for the usage o f conven
tional radio-carbon age (referred to as BP). In 1951 when 
the first radio-carbon measurements were performed, the 
half-period was considered as T l/2=5568 yrs, based on 
the best measurements o f that time. Using this half-peri
od, a great number o f data from radio-carbon dating were 
supplied by laboratories. However, the more precise 
measurements performed later indicated a half-period o f 
5730±40 yrs (G odw in  1962). In addition, atmospheric 
l4C concentration was assumed to be constant. This 
assumption is now disproved. However, the BP age has 
been maintained by the community involved in radio
carbon techniques. Thus, data from radio-carbon dating 
can be compared with each other. Should you wish to 
convert a BP age to calendar years, on the basis o f our 
present knowledge, you should perform the following 
operations:

1. Use various calibration tables, or programs to calcu
late the calendar year age, for the time range in which the 
actual value of the atmospheric 14C activity is known, on 
the basis o f internationally accepted measurements (for 
the time being, this period ranges from 1950 AD to 
5210 BC);

2. Should BP relate to a time for which the atmospher
ic l4C concentration is not known precisely, increase the 
BP age by

10Qx(5730-5568) _  _ Q0/
5568 “ 2-9 /°-



The 14C dating method has played a very important 
role in dating the peat strata penetrated by boreholes 
drilled into the bed o f Lake Balaton. Our starting point 
was that peat had been identified in a third o f  the bore
holes, betw een the lithologically uniform , uncon
solidated lacustrine lime mud and the compact, domi
nantly pelitic, Upper Pannonian deposits forming the 
lake basement (Fig. 1). The peat bed with a thickness o f
0.2 to 1.2 m was, generally, the oldest Quaternary for
mation here after an intensive erosional and deflational 
denudation taking place in the Pleistocene. The peat bed 
to developed under favourable climatic conditions in an 
area inundated by water. Samples taken from the peat at 
10 to 20 cm intervals were subjected to radio-carbon 
dating.

Radio-carbon dating of peat samples allows us to draw 
several important conclusions: In the Balaton area the peat 
development started in the Late-glacial, during the Bolling 
warming-up period following the Oldest Dryas. This 
process, however, lasted a long time in the area o f the lake 
and was the most widespread during the Alleröd following 
the Older Dryas. The youngest peat was formed during the 
Younger Dryas. As shown by the radio-carbon dating of 
the thickest ( 1.2  m thick) peat bed penetrated by the bore
holes, the peat development continued for a period o f 1200 
to 1500 yrs.

Table 1 —  1. tá b lá za t

Radio-carbon age of samples penetrated by boreholes 
drilled into Lake Balaton 

Fúrási minták radiokarbon kora

deb-No.* borehole No. and depth 
interval (in m)

l3C BP age 
(yrs)

deb-576 Tó-5 2.03-2.05 -27.85 11250±170
deb-583 To—7 1.85-1.90 -28.62 12080Ü60
deb-584 TÓ-8 2.18-2.22 -29.30 11500Ü70
deb-563 TÓ-16 3.80-3.85 -28.68 10490±200
deb-1766 Tó—17 3.00-3.10 -29.28 10140±300
deb-1800 Tó—17 3.10-3.20 -29.19 10350±300
deb-1816 TÓ-17 3.20-3.30 -29.00 10590±300
deb-1824 Tó—17 3.30-3.40 -28.10 10800±300
deb-1806 Tó—17 3.40-3.50 -27.96 11370±300
deb-2246 TÓ-20 3.00-3.08 -29.56 11460±300
deb-2247 TÓ-20 3.08-3.16 -30.95 11680±300
deb-2239 Tó-20 3.16-3.24 -30.83 11660±300
deb-2250 Tó-20 3.24-3.37 -29.15 11620±300
deb-1628 TÓ-21 1.80-2.00 -29.14 11110±200
deb-1631 TÓ-21 2.75-2.83 -29.74 l2280±200
deb-1634 Tó—21 2.83-2.93 -22.60 12340±200
deb-1809 TÓ-22 2.80-3.10 -29.18 10980±300
deb-1817 Tó—22 3.30-3.40 -28.67 11560±300
deb-1825 TÓ-22 3.40-3.50 -28.93 11950±300
deb-1833 TÓ-22 3.50-3.60 -29.00 12490±300
deb-1627 TÓ-23 4.75—4.88 -30.22 11860±200
deb-1626 T6-23 4.88-5.00 -29.49 11800±200
deb-1629 TÓ-23 5.00-5.12 -28.65 12060±200
deb-1633 TÓ-23 5.12-5.24 -30.53 12020±200
deb-1801 Tó-30 3.90-4.00 -29.28 10960±300
deb-1632 TÓ-31 3.40-3.60 -29.56 12210±300
deb-1624 TÓ-31 3.60-3.80 -31.79 12490±300
deb-1623 TÓ-31 3.80-3.94 -30.24 12020±300

*(deb — refers to the international standard No. of the particular sample. 
A szám az egyes minták nemzetközi standard száma.)

Measuring stable isotope ratios in samples from the 
deposits and water of Lake Balaton

A brief description o f  the,method
For each element, the chemical properties are deter

mined by the electrons found on its outer electron orbit, 
whereas its macroscopic physical properties are deter
mined by the nucleus. Thus, in the case o f isotopes, since 
the number of electrons is the same, no essential differ
ence in chemical properties can be expected. However, 
slight differences still exist. The effect o f  differences in the 
physical and chemical properties o f the isotopes of an ele
ment, on a process is called isotope effect that is due to a 
relative mass difference, Should the isotope ratio o f  an 
element participating in a chemical, biological, or physical 
process change in a particular component or phase during 
the particular process, then isotope fractionation is taking 
place. Its degree is characterised with the fractionation 
factor.

In isotope fractionation processes taking place in the 
nature, the isotope ratio is generally subject to minor 
changes only, therefore, the absolute isotope ratio meas
urements do not allow us to follow the processes. In the 
practice o f measurements, the isotope ratio related to one 
standard and expressed in terms of %o, referred to as delta 
value is used according to the following formula:

(!) s ]& G f Rminta ~ Rstandard xlOOO
where S tandard

Rminta = the isotope ratio for the particular sample,
Rstandard = the isotope ratio for an international standard.

Table 2 shows the internationally accepted standards 
applied in the isotope ratio measurements o f five elements 
(S, C, H, O, N) that are most important in isotope geology.

Table 2  —  2. tá b lá za t
Standards used in the isotope ratio measurements of S, C, 

H, O and N
Viszonyítási alapok a kén, szén, hidrogén, oxigén és 

nitrogen izotóparány mérésekben

Element Name of the standard Standard marked
H, O Standard Mean Ocean Water ' SMOW

(H20)
C, O Belemnitella americana from the PeeDee Formation PDB 

(CaC03)
S Troilite from the Canyon Diablo iron meteorite (FeS) CD
N Atmospheric nitrogen

In addition to the above standards, a great number of 
other standards are also used (G o n fia n t in i 1983, 
F ried m a n , O ’N eil 1977).

Results from the investigations

Using a mass spectrometer developed by ATOMKI 
and designed to measure isotope ratio (H ertelendi et al.
1986), measurements were made on the following types of 
samples in order to experimentally determine the 813C 
and/or 5180  isotope ratios:



—  Carbonates in samples from the Quaternary lime 
mud penetrated by boreholes To—25 and To-31.

—  The pore water distilled from the samples o f the 
aforesaid boreholes.

—  The organic matter o f core samples.
—  Samples taken from the water o f Lake Balaton once 

a week, over a period o f a year and a half.
—  Carbonate rocks and carbonate-bearing unconsoli

dated deposits collected from the catchment area o f Lake 
Balaton (Fig. 1).

With regard to geology, the aim o f the experimental 
measurements was to contribute to the palaeo-climatological 
reconstruction o f  Lake Balaton and its environs by revealing 
and explaining the changes in stable-isotope ratios.

The following additional explanatory notes are added 
to the results o f measurements:

1. The two boreholes drilled into Lake Balaton were 
selected so that the deposits should dominantly consist of 
autochtonous carbonates. The boreholes were sampled at 
every 10 cm, and the results o f  measurements were plotted 
as logs (Figs. 2, 3), and as X-Y plot (Fig. 4). The isotope 
ratios change with depth the same way in both boreholes. 
Borehole T o -3 1 drilled in the Keszthely Bay contains less 
carbonate than borehole To-25 which clearly proves that 
in addition to the autochtonous carbonates, an enormous 
amount of allochtonous material has also accumulated in 
the bay. This intensive mud deposition is also the reason 
why the variation in isotope ratio vs. depth (thus, vs. time) 
is less visible in borehole To-31 than in borehole To-25. 
The isotope logs, especially the 8 '80  log, with their more 
positive values visible as a function o f depth, well reflect 
the dry climatic stages (where the evaporation was inten
sive) o f the past. Good correlation has been observed 
between 813C and 8lsO isotope ratios measured on samples 
from Quaternary deposits.

2. A cross-plot o f the measurements o f pore water dis
tilled from the core samples and the 8lsO values o f carbon
ates (Fig. 5) shows little correlation. The two data sets are 
expected to be different because o f the mixed origin o f pore 
waters: some of it is syngenetic with the sediment while part 
o f it may originate from deeper, older sediments. The com
paction o f sediments o f high water content expels the pore 
water which flows upward. Such mixing is o f little conse
quence for sequences of a few ten or hundred metres, 
where, although the transition between the measured values 
is not sharp, the trends are clearly visible. In our particular 
case, the sediment o f the Balaton is only a few metres thick, 
so the vertical scale o f mixing is comparable to the sampling 
interval used (10 cm) and so the correlation shown in Fig. 5 
can be considered to be meaningful.

3. Gastropods were collected from several boreholes. 
The shells o f Lythogliphus naticoides occur at every level, 
at some levels en mass. This species was selected for 
analysis by P. SOm e g i. We assumed that if  the 8180  and 
813C isotope ratios o f  the calcareous test vary in the same 
way as the isotope ratios o f the total carbonate o f the 
deposits, it would mean that most o f the carbonate is 
autochtonous. Then the allochtonous carbonate content of 
the deposit, transported from the water catchment area is 
negligible. Based on the isotope ratio of Lythogliphus shell, 
the sections were subdivided into three levels. The middle 
one, representing the Early Holocene, was only level rich 
enough in carbonate shells to ensure that the measurements 
can be reliably evaluated. This is the level that contains 
gastropod shells en mass. Here we observed the isotope 
ratios slowly drifting in the positive direction (Fig. 6). This 
indicates the increasing evaporation o f the lake due to cli
matic warming and a decrease in precipitation.

4. 813C was measured in the organic matter in samples 
taken from borehole Tó-31 at 10 cm intervals. With simi-

Fig. 2. 8I3C and 8,sO values, vs depth, measured in samples from borehole To-25
1. Clayey carbonate mud, 2. Clayey silt, 3. Pebbly, silty sand, CCS. Carbonate content of the sediment, PDB. Measured in carbonate, SMOW.

Measured in interstitial water
2. ábra. A Tó-25 fúrás mintáiban mért 8I3C és 8,80  izotóparányok, a mélység függvényében

1. Agyagos mésziszap, 2. Agyagos kőzetliszt, 3. Kavicsos, kőzetlisztes homok, CCS. Karbonáttartalom, PDB. Karbonátban mért, SMOW. Pórusvízben mért
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Fig. 3. I3C and lsO values, vs depth, measured in samples from borehole To-31
3. Sand, 4. Peat. For the others see Fig. 2

3. ábra. A Tó-31 fúrás mintáiban mért 8I3C és 8lsO izotóparányok, a mélység függvényében
3. Homok, 4. Tőzeg, a többit 1. a 2. ábránál
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Fig. 4. Relationship between 813C and 8lsO values in bore
hole Tó-31

4. ábra. Összefüggés a 813C és 8lsO izotóparányok között, 
a Tó-31 fúrásban

5 0  carb(PDB) 

%o

S180  water(SMOW)
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Fig. 5. Relationship between 8I80  values of carbonate and 

interstitial water in borehole Tó-25

5. ábra. Összefüggés a karbonát és a pórusvíz 8lsO arányai 
között a Tó-25 fúrásban

lar reasoning to the above we assumed that the change in 
8 l3C isotope ratio o f the organic matter accumulated 
together with the deposit showed a trend that was similar 
to the corresponding values o f the total carbonate o f the 
deposit and the calcareous test o f the gastropods. The 
results were plotted by depth (Fig. 7). This clearly shows 
that a certain trend can be observed in the 813C isotope 
values o f  the organic matter. For peat beds, and beds with 
a high organic matter content, the 813C values are much

more negative. The reason for this lies in the increased 
amount o f carbon atoms present.

The 8I3C values are more positive for the Upper 
Pannonian basement formations than for the Quaternary 
deposits. The jum p in the values indicates the position of 
the unconformity boundary.

5. From July 1991 to January 1992 the water in Lake 
Balaton was sampled once a week, at Balatonszéplak, 
approx. 1 km offshore. The aim o f the series o f measure-



5180 %o S13C %o

Fig. 6. The variation of 8I3C and 8lsO values, vs depth, in the carbonate shells of Lythogliphus naticoides (Gastropoda)

6. ábra. A 813C és 8,80  arányok változása a Lythogliphus naticoides (Gastropoda) karbonát vázában, a mélység függ
vényében

Fig. 7. The variation of 8,3C value, vs depth, in the organic mat
ter taken from borehole To-31 (For legend see Figs. 2 and 3)

7. ábra. A szerves anyagban mért 8I3C izotóp arány vál
tozása a mélység függvényében, a Tó-31 fúrásban (A litoló- 
giai jelek

mint a 2. és a 3. ábrán)

ment was to establish the average 8180  value o f water in 
Lake Balaton, and the magnitude o f its seasonal variation, 
and to quantify the influence of temperature and precipita
tion (the water level) on the trend of oxygen isotope ratio 
o f the water. Knowing the values o f 8180  and temperature 
for present day lake water and the 5'3C and 8lsO values of 
the recently formed carbonates would allow us to obtain a 
relationship between the temperature and the isotope 
ratios of carbonates. This relationship can then be project
ed to earlier stages o f the lake. Results from the measure

ments were plotted in a diagram (Fig. 8). The 8I80  value 
varied in the range from 0 to - 2 %o in the water samples 
and, as shown by a polynomial fit to the curve, the ampli
tude o f the variation was between 0.9 and 1.0%o. The most 
positive value was reached at the end of the summer, and 
the most negative value in the beginning o f spring. This 
can be excellently correlated with the weather conditions 
prevailing in the environs o f the lake. In summer the inten
sive evaporation from the lake surface (approx. 1 mm/day) 
and the great deficiency in precipitation causes an enrich
ment o f the lake water by heavy oxygen isotope. Thus the 
measured 8 '80  value becomes more positive. The 8’80  
value varies from -4  to -12%o in precipitation and rivers 
in Hungary. The thick ice layer covering the lake in win
tertime further reduces evaporation. It is easy to under
stand the more negative 8180  values measured during the 
early spring.

We have failed to find any correlation between the 
8180  values measured in water and the carbonates in the 
top mud layer. This may be because seasonal changes take 
place too rapidly, and on the other hand, the sediment in 
the lake is disturbed by storms several times a year.

6 . The information content o f  isotope ratio values 
measured on the carbonates o f the mud in the lake is great
ly influenced by the fact if  the carbonates are not formed 
in-situ but are transported there from the catchment area. 
To eliminate the effect o f allochtonous carbonates it would 
be advisable to select, generally, a pilot area where the 
geological background is free o f carbonate. This was, 
however, impossible in the case o f Lake Balaton. Instead, 
we sampled the most widespread carbonate rocks and car
bonate-bearing sediments in the catchment area and tested 
them for isotope ratio (Table 3). This supplied 8I3C and 
8I80  values for the allochtonous carbonates, and helped to 
clarify their possible proportion in the Balaton mud. The



Fig. 8. Temporal changes in the ratio of oxygene isotopes in the water of Lake Balaton (water sampling at Balatonszéplak
village)

8. ábra. A Balaton vize oxigénizotóp arányának változása az idő függvényében (felszíni minta, Balatonszéplaknál)

measured values shown in Fig. 9 allow us to distinguish 
carbonates o f different origin: the 813C and ô l80  values of 
potentially transported carbonates are separated from that 
o f the Quaternary lacustrine deposits by the value o f the 
813C = f(SlsO) discriminant function.

Testing the samples from boreholes drilled into lake 
Balaton for artificial and natural isotopes

A brief description o f  the method applied
Like stable isotope ratios, the distribution o f  radioac

tive isotopes o f artificial or natural origin in a particular 
geological environment provides evidence of past and 
present transport and geochemical alteration processes.

137Cs is one of the most important artificial radioactive 
isotopes in terms of quantity and frequency of occurrence. 
Generated in atmospheric nuclear explosions and nuclear 
plant accidents, it is present on the northern and southern 
hemisphere alike, as an anthropogenic isotope contaminant. 
Its half-period (30 yrs) is a brief period on a geological scale. 
Thus, it is only useful in the study o f fast, transient surface 
processes (for instance, sedimentation in rivers and lakes).

During the Chernobyl nuclear accident, a 1:2 mixture 
of l34Cs and l37Cs isotopes was released into the environ
ment. For a couple o f years following the accident, it was 
possible to estimate the ratio o f “new” 137Cs freshly 
released from Chernobyl and “old” 137Cs originating from 
earlier atmospheric nuclear weapon tests.

Concurrently with the determination o f the artificial 
isotope ratios, a few natural radioactive isotopes were also 
measured. The most important among these are 40K, and 
the isotopes of the three radioactive decomposition series 
(uranium, thorium, actinium).

Results from our investigations

The measurements o f natural and artificial isotopes 
were performed, on a commission from the Geological 
Institute o f Hungary, by the Department o f Radiology at 
the Institute for Food Control. The uppennost, 50 to 80 cm

thick mud layer in four boreholes were sampled, uniform
ly, at every 2 cm. The aim of the bed-by-bed radiological 
test o f the samples was to determine the activity-concen
tration of the l34Cs and 137Cs isotopes and the gamma emit
ting isotopes in the particular mud bed.

The results from the measurements were expected to 
answer the following questions:

(1) Can we detect maxima o f atmospheric fall-out 
caused by nuclear tests and the Chernobyl accident in the 
mud in Lake Balaton?

Table 3  —  3. tá b lá za t
Site/Samplei
Lelöhely/minta+ 5I5C 5lsO
Csopak/1 +3.76±0.08 i l  .17i0.06
Csopak/2 +2.93±0.06 -4.02i0.07
Aszófő/3 +0.55±0.07 -3.62i0.07
Pécsely/4 +2.22±0.02 -3.59i0.05
Csopak/5 -0.63i0.05 -1.88i0.12
Csopak/6 i2.15i0.04 -3.36i0.09
Balatonflired/7 +0.64±0.05 -7.09i0.09
Barnag/8 +0.15±0.08 -3.57i0.07
Barnag/9 -6.22±0.08 -6.99i0.06
Csopak/10 +2.66±0.08 -2.67i0.05
Kövágóörs/11 no carbonates — nincs gáz
Balatonalmádi/12 -0 .lli0 .06 -4.15i0.08
Balatonboglár/13 -5.23±0.06 -7.62i0.09
Zánka/14 —3.23±0.05 -5.34i0.07
Révíulöp/15 -6.73i0.05 -10.58i0.09
Tihany/16 -1.84i0.06 -7.05i0.08
Cserszegtomaj/17 no carbonates — nincs gáz
Tihany 1/18 -0.08i0.07 -7.14i0.10
Tihany 2/19 no carbonates — nincs gáz
Tihany 3/20 -0.72i0.07 -6.22i0.08
Rádpuszta 1/21 -5.74i0.05 -7.79i0.08
Rádpuszta la/22 -3.39i0.05 -7.08i0.06
Rádpuszta 2/23 -10.98i0.04 -10.15i0.04
Rádpuszta 3/24 no carbonates — nincs gáz
Rádpuszta 4/25 -4.93i0.08 -7.95i0.10
Rádpuszta 5/26 ^1.31i0.07 -6.91i0.12
Rádpuszta 6/27 -0.34i0.09 -6.40i0.09
Balatonszemes/28++ -2.07i0.07 -6.44i0.03
Zamárdi 1/29+++ no carbonates — nincs gáz
Zamárdi 2/30 -5.03i0.05 -7.80i0.09

+ For age and rock See Fig. 9. — Kor és kőzet a 9. ábránál. 
++ Faced the camping site — A kempinggel szemközt.
+++ U. Pleistocene loess originated soil.
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Fig. 9. 813C and 8,sO values of carbonate rocks and uncon
solidated deposits of various genetics collected in the catch

ment area of Lake Balaton (cp. table 3)
1, 3, 7, 9. Dolomite, 2, 6, 10, 14. Limestone, 4, 5, 8. Bituminous lime
stone, 12, 18. Sandstone, 13, 16. Basalt tuff, 15. Phyllite, 19. Clayey aleu
rite, 20. Claymarl, 21, 22. Loess; 15. Silurian, 12. U. Permian, 
7. L. Triassic, 3, 8, 9. M. Triassic, 1, 2, 4, 5, 6, 10, 11. U. Triassic, 
14. Sarmatian, 16 to 20, 23, 25, 26, 27. U. Pannonian, 21, 22, 28, 30. U. 
Pleistocene. Absent figures (11, 17, 19, 24 and 29) refer to “no carbonates” 

samples listed in the table 3

9. ábra. 8I3C és 8lsO izotóp arányok a Balaton vízgyűjtőjén 
szedett, különböző genetikájú és korú karbonátos kőzetekben 

és laza üledékekben (Vő. a 3. táblázattal)
1,3, 7, 9. Dolomit, 2, 6, 10, 14. Mészkő, 4, 5, 8. Bitumenes mészkő, 12, 
18. Homokkő, 13, 16. Bazalttufa, 15. Filllit, 19. Agyagos aleurit, 20. 
Agyagmárga, 21 -22. Lösz. A hiányzó számok a gáz (tehát a karbonát) 

hiányára utalnak

(2) If  so, what sedimentation rate do the measurements 
imply in the lake?

(3) Is the rate o f sedimentation uniform all throughout 
Lake Balaton?

(4) What thickness o f the mud in the lake is disturbed 
storms?

(5) Is there any underwater sediment transport in the 
lake?

To answer these questions four boreholes were select
ed among those drilled in 1989. The selection was also 
helped by Landsat satellite image o f the lake. The satellite 
image clearly showed the areas where the amount sus-
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Fig. 10. The variation of natural and artificial isotopes by depth in borehole To-22

1. Reactor accident in Chernobyl, 2. Beginning of the nuclear experiments 10 *

10. ábra. A Tó-22 fúrás mintáinak radioaktivitása
1. A csernobili atomreaktor baleset, 2. A légköri atomrobbantások kezdete
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11. ábra. A Tó-29 fúrás mintáinak radioaktivitása
Depth

cm Th-232 Ra-226 K-40

a, Bq/kg a, Bq/kg
Fig. 12. The variation of natural and artificial isotopes vs depth in borehole To-30

1, 2. For legend see Fig. 10 12

12. ábra. A Tó-30 fúrás mintáinak radioaktivitása
1-2. Mint a 10. ábránál
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13. ábra. A Tó-33 fúrás mintáinak radioaktivitása
1-2. Mint a 10. ábránál

Th-232 Ra-226 K-40

pended solids in the water was large (the area o f borehole 
To-33), where it was o f average value (boreholes To-22 
and To-30), and where mud transport was likely (borehole 
To-29).

For the activity values for these four sections, see Figs. 
10 through 13. It is clearly visible that the activity value 
shows a similar trend in all the four cases, that is, gradual
ly decreases, for borehole samples To-22, To-29 and 
To-30, with an increasing depth. This phenomenon may 
be linked with the greater organic matter content o f the 
surface layers o f the mud and with its higher capacity to 
absorb uranium and thorium. It can also be observed that 
the amounts o f the three major isotopes o f natural origin 
(238U, 232Th, 40K) are well correlated. This agrees with the 
conclusions deducible from the other sedimentological, 
soil physical, mineralo-petrological and geochemical 
parameters of the beds. All these show that the samples 
from these three boreholes were undisturbed.

For borehole To-33, the situation is different. The 
decreasing trend observed in the other sections is observed 
to a depth o f 41 cm only beyond which in the 46 to 51 cm 
interval the activity shows some increase. The ratio o f the 
isotopes is nearly constant even in the anomaly interval. In 
deeper layers the activity concentration of all the three 
natural nuclides remains constant. It should be noted that 
these stable values are similar to the values of subsurface 
238U, 232-ph an(j 40̂  activities of samples from the other 
boreholes.

Caesium which is generated by anthropogenic contam
ination shows a completely different picture. The shapes 
o f the curves are similar in the boreholes To-22 and 
T6-30 but the two peaks o f activity are at different depths. 
In the section o f To-22 137Cs (“new”) and 137Cs (“old”) 
appear at a depth of 11 cm and 21 cm, respectively. In 
borehole To-30 137Cs (“new”) and 137Cs (“old”) appear at 
a depth o f 31 cm and 55 cm, respectively. In the section of 
To-29 no 137Cs isotope could be detected either from the 
Chernobyl accident or from nuclear tests. In the section of 
To-33, the old caesium can be detected almost continu
ously, nearly in every layer while new caesium only 
appears at a depth of 45 to 51 cm. Comparing this very 
surprising result with the distribution o f  natural isotopes 
by depth allows us to conclude that the profile is likely to 
show traces o f large scale sediment reworking.

Our results prove that in the mud of Lake Balaton it is 
possible to detect the artificial radioactive isotope contam
ination which entered the atmosphere from the 50’s. In 
some cases it was possible to identify two peaks o f radio
isotopes. The first peak (old l37Cs) is associated with 
atmospheric nuclear tests which were carried out before 
the Nuclear Test Ban o f 1962. The second peak (new 
l37Cs) is caused by the radio-isotopes which entered the 
atmosphere during the Chernobyl reactor accident.

These results allow the determination of the rate of 
mud deposition in the area around boreholes T6-22 and 
To-30. Assuming undisturbed hydrological conditions,



s a m p l i n g  / m i n t á z á s dredging
kotrás1 2 3 4 5 6

43.1 93.3 173 53.05 110 36.8 □  before /  előtt

3.36 10.4 2.9 0 4.62 49.83 D  subsequently / után

Fig. 14 .137Cs isotope values prior to and subsequently to experimental dredging in the Keszthely Bay (Bq/kg dry material) 

14. ábra. A kotrás előtti és utáni radioaktivitás összehasonlítása (137Cs izotóp, Bq/kg szárazanyag)

this rate for the past forty years was 1.4 cm/year in the 
middle o f the Szigliget Bay (Fig. 1: around T6-20), and
0.5 cm/year at the eastern boundary o f the bay. The rate of 
sedimentation shows changes both in space and time as 
shown by the position o f the contamination resulting from 
the Chernobyl accident. The rate o f mud deposition is 
increasing. The rate in the past 5 years 6 cm/year in the

centre o f the bay and 2 cm/year at the margin. Data from 
the borehole T6-29 indicate underwater sediment trans
port. Borehole T6-33 is also indicates further sediment 
accumulation in the lake. The occurrence o f both 137Cs iso
topes peaks in the depth range o f 2 to 3 m indicates that the 
storms over Lake Balaton disturbed the mud to a depth of 
approx. 2 to 3 cm.
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s a m p l i n g  /  m i n t á z á s dredging

1 2 3 4 5 6 kotrás

54.3 79 108 79 88 38.5 □ before / előtt

13 12 3.3 19.9 17 0 □ subsequently / után

Fig. 15.210Pb isotope values prior to and subsequently to experimental dredging in the Keszthely Bay (Bq/kg dry material) 

15. ábra. A kotrás előtti és utáni radioaktivitás összehasonlítása (210Pb izotóp, Bq/kg szárazanyag)

Case study of using 137Cs isotope measurements 
applied to solve a specific environmental problem in 

Lake Balaton

A description o f  the task and the conditions

In the last decade the rate o f eutrophication and sedi
mentation have shown an extraordinary increase in Lake 
Balaton, particularly, in the Keszthely Bay (Fig. 1: around 
To-31). The Water Control Authority has taken efficient

and powerful measures to save the lake including the 
establishment o f sediment retaining reservoirs at Kis- 
Balaton, and dredging of the bay.

A hydromechanical dredger equipped with a special 
head was manufactured within the PHARE program. A set 
o f geological, geophysical and geochemical tests were car
ried out to evaluate the dredging efficiency o f the dredger 
deployed in the Keszthely Bay.



Solution, results
In-situ geophysical measurements and sampling at 6 

designated sites in the dredging area were commissioned 
by the Siófok Office o f KDT-VIZIG, in order to have a 
better knowledge o f the physical, mineralogical and geo
chemical properties of the sediments.

Both the sampling and the in-situ geophysical meas
urements were made twice, prior to and subsequently to 
dredging.

Well logging was performed using a 137Cs tool at the 
time of coring, by the Well-Logging Team o f MAELGI. 
The density log was interpreted by G. Szongoth  using the 
techniques developed for deep boreholes to determine the 
specific density o f formations. The precise knowledge of 
mud density by depth was important in order to determine 
the amount of the dredged material and the dredging effi
ciency. As shown by the measurements the boundary 
between mud and water is not sharp. The density is grad
ually increasing from 1.0 g/cu.cm to 1.5 g/cu.cm, then it 
levels out at this value at about 1 m depth.

Measuring the density after dredging, we found that 
the limit o f 1.5 g/cu.cm was reached at a less deep level. 
This has led us to the conclusion that a layer with a thick
ness o f approx. 20 cm was removed by the dredging. The 
results from the in-situ measurements were also suitable 
for use in the follow-up of the result o f an earlier geo
physical survey. The contour map compiled from the data 
of seismo-acoustic surveys in 1987 shows the thickness of 
this upper mud layer with a volumetric weight not exceed
ing 1.5 cu.cm.

At geophysical measurement stations samples were 
also taken for isotope geochemical tests. The aim of these 
tests were ( 1 ) to control the success o f dredging, (2 ) to 
make clear whether there is any natural motion of mud at 
the boundary between the water and sediment, and (3) to 
assess the rate of mud accumulation in the particular

region. Samples were tested by high sensitivity gamma- 
spectrometry. We used the top and bottom 5 cm slabs of 
the 30 cm long cores. The Department for Radiology of 
the Institute for Food Control measured the activity of old 
and new l37Cs isotopes and gamma-radiating isotopes in 
the samples. The variation of activity o f 137Cs and some 
radioactive isotopes o f natural origin (2l0Pb, 40K) can be 
explained by the distribution o f phytoplankton in various 
parts o f Lake Balaton. The chemical elements which are 
concentrated by organisms appear in the sediment after 
their death.

The isotope geochemical analyses of samples taken 
after dredging show that the dredging was successful 
(Figs. 14 and 15), although the activity concentration val
ues measured in the upper samples (particularly, 137Cs and 
2,0Pb) indicate that some mud is transported back to the 
dredged area. In the area of dredging in the north-western 
part o f the Keszthely Bay about 1.5 to 2 km offshore of 
Keszthely pier the rate o f deposition was approx. 1 
cm/year.
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A Balaton komplex földtani kutatása során, kitűzött feladataink érdekében több új módszer bevezetésére is sor került. Ezek közül 
igen hatékonynak bizonyultak az izotóp-geokémiai vizsgálatok. Segítségükkel sikerült néhány, a Balaton környezeti állapotával össze
függő kérdésre választ kapnunk (a feliszapolódás sebessége, az iszap fizikai tulajdonságai, víz alatti mozgása stb.), illetve korábbi 
ismereteinket gyarapítani és pontosítani (a Balaton keletkezési kora, környezetének klíma-rekonstrukciója stb.). Az elért ered
ményeink közül a legfontosabbak a következők:

(1) A Balaton területén a tőzegesedés a Posztglaciális elején indult meg (Bölling), de ez a folyamat a tó egyes részmedencéinek 
területén időben kb. 1500 évig elhúzódott, és az Allerödben volt a legelterjedtebb.

(2) A Balaton autochton karbonát üledékein és a Gastropodák karbonát vázán mért oxigénizotóp-arányokat elsősorban a víz párol
gása befolyásolja. Utóbbi közvetve függ a térség éghajlati viszonyaitól is. A mért oxigénizotóp-arányokból jól nyomon követhető az 
éghajlat fokozatos felmelegedése a holocén kezdete óta.

(3) A balatoni üledékek karbonát-tartalmának túlnyomó része helyben képződött és csak jelentéktelen része szállítódon be a víz
gyűjtőről.

(4) A Balaton-víz Sl80  értékének és az időjárási viszonyok alakulásának összehasonlító vizsgálatából megállapítható, hogy a 
Balaton vizének intenzív párolgása miatt annak oxigénizotóp aránya közelít a tengervízéhez és jelentős mértékben különbözik a ma
gyarországi folyók vize és a csapadékvíz megfelelő értékétől. Magyarországon a csapadékvíz átlagos 8 I80  értéke -9,5%, a tengervízre 
vonatkoztatva. A Balaton vizének oxigénizotóp arányában jól látható évszakos változások figyelhetők meg.

(5) A balatoni iszapban meglévő szervesanyag egy része korábban felhalmozódott biológiai szén újrafelhasználásából származik. 
Ez a folyamat a tó kialakulása óta tart, s a i3C relatív feldúsulásával jár.

(6) A Balaton iszapjában jól nyomon követhetők az 1950-es évektől napjainkig légkörbe kerülő mesterséges radioizotóp-szen- 
nyeződések. Megjelenésükkel és maximum csúcsaikkal meghatározhatóvá vált az iszap-felhalmozódás sebessége. Nyugodt hidroló
giai körülmények mellett ez az érték 0,5 cm/év és 1,4 cm/év között mozog, a mérési pontok helyének függvényében. A feliszapolódás 
mértéke időben is változik és az utóbbi években rohamosan nő. A Balaton néhány pontján vízalatti üledék-elhordás, máshol üledék
felhalmozódás megy végbe. Méréseink tanúsága szerint a balatoni viharok hatására max. 2-3 cm vastagságú réteg kavarodik fel.


