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The geophysical and geological investigations carried out between 1981 and 1993 produced a number of new results for Lake 
Balaton. The area of the present lake contained several shallow ponds with pure and cold water which are likely to have developed 
at the end of the Pleistocene, between 14,500 and 15,000 BP. The inundation of the basin took place gradually, proceeding from the 
W towards the E. The increase in temperature and humidity of the climate resulted in a gradual increase of the water level, and the 
barriers separating the ponds were eliminated by erosion. The water level in the lake varied from +6 m to -1 m relative to the pres
ent day water level, as a function of climatic changes. Evidence for past levels is found in ancient shorelines of the lake. However, 
the raised shores do not form a stratigraphic progression by altitude.

Initially, the lake water was mesotrophic, later it became eutrophic within a short period. Lake Balaton suffered frequent changes 
during its geological history, but most of the time it was mesotrophic. Due to the prevailing climatic conditions, the lake was sur
rounded by riparian forests. The rate of sedimentation of lacustrine deposits, which was 0.4 mm/yr on average was heavily influenced 
by the mud agitation effect of underwater streams, the lake depth, the size of the area covered by the lake, water quality, climate, and 
the degree at which the shore areas were covered by vegetation.

Carbonate minerals (Mg-calcite, dolomite, calcite) form 50 to 70% of the lacustrine deposits. Most of these are autochtonous (pro
duced by anorganic precipitation, the metabolism of phytoplanktons, or shell detritus). A lesser amount is allochtonous (waterflow 
load, falling dust). The remaining 30 to 50% of the mud includes siltstone, sand and clay transported by waterflows, or by the shore 
erosion.

The amount of mud accumulated in the area which is currently covered by water (about 2.5 to 3.0 cubic km) is approx. 1.5 times 
the current amount of water (about 2 cubic km). This means that the lake has entered the phase of senility.

A brief review of history of research

Lake Balaton is an important piece o f Hungary’s natu
ral heritage. It is the largest shallow lake in Central 
Europe. Since the end o f the last century, the lake and its 
environs have been investigated by a great number o f spe
cialists (Cholnoky 1897, Í918, 1920; Lóczy 1891, 1894, 
1913, 1916; Entz, Sebestyén 1942; Zólyomi 1952, 1987; 
Bulla 1943, 1958; Bendefy, V. Nagy 1969; Rónai 1969; 
Marosi, Szilárd 1977, 1981; Müller, Wagner 1978; 
Somlyódy 1983; Herodek, Máté 1984; Istvánovics et 
al. 1986, 1989; Máté 1987; Vörös et al. 1984) from var
ious aspects. Despite the long series o f studies contribut
ing vast amounts o f scientific data about the lake, Lake 
Balaton poses with increasing frequency new problems (e. 
g. mud deposition, eutrophication, ecological equilibrium 
etc.). Each of these represents a challenge to biologists, 
limnologists and geologists alike. To gain a better under
standing o f these problems scientists from different disci
plines cooperated in various projects o f the Geological

Institute o f Hungary. Investigations included the catch
ment area of the lake, because the current state o f the lake 
always depends on the geological background (as a dead 
environment), and on the age and the ecological develop
ment o f the lake. Ageing o f a lake is a natural process. 
However, its rate may be increased by some environmen
tal (particularly, human) factors causing the lake to change 
gradually to a pond, then a marsh, a meadow swamp, and 
finally, a meadow.

The Geological Institute has performed complex geo
logical surveying and investigations in this area since 
1965 in order to assess the current state o f the recreation 
area at Lake Balaton including its environment, to mitigate 
the existing hazardous situation caused by eutrophication 
and mud deposition, and to reveal long-term trends. The 
first step was an engineering geological survey at a scale 
o f 1:10,000. This covered 780 sq.km o f the shoreline zone 
on which the greatest load is imposed. The survey was car
ried out from 1965 to 1979. This was followed by two 
projects running concurrently. One was the environmental



geological mapping o f the extended recreation area of 
5200 sq.km, the other was a detailed investigation o f the 
lake bed. The mapping was done between 1981 and 1990. 
The results o f the mapping project have been reported in 
several publications (Raincsákné Kosáry, Cserny 1984; 
Cserny 1985, 1990; Boros, Cserny 1987; Papp 1991). 
The environmental geological investigations o f the lake 
are still in progress but are expected to be completed in the 
near future (Miháltzné Faragó 1983; Cserny 1987; 
Brukner-Wein 1988; Cserny, Corrada 1989; Bodor 
1987; Cserny et al. 1991, 1992).

The aim of this paper is to give a summary of the main 
results o f the work that has been performed at the 
Geological Institute since 1965, paying special attention to 
investigations between 1981 and 1993.

Mapping (between 1965 and 1991) and its results

The main results were summarized in a map series con
sisting o f map sheets of scale 1:100,000, showing the envi
ronmental geology of the recreation area at Lake Balaton. 
This was showing all the relevant results suitable for map 
representation, obtained during ongoing and completed 
research programmes at the Geological Institute of 
Hungary. The basis for the compilation of this map series 
included environmental geological surveying, solid geology 
and lake bottom sediment surveys. Environmental geologi
cal surveying covered the extended recreation area around 
Lake Balaton, on the scale of 1:50,000, which was per
formed under the direction of G. Chikán. Solid rock geo
logical surveying of the Balaton Uplands was carried out at 
the scale of 1:10,000 by a team led by G. Császár. 
Surveying and investigation of the mud surface at a scale of 
1:10,000 was done under the direction of F. Máté. A com
plex geological investigation o f the lake bed was performed 
at the site by the author of this paper. The sheets in the map 
series were published in several variants. Variant One 
shows the geological structure o f the shore area, indicating 
the type and age of each formation, and the granulometric 
composition o f the lake bed deposits. Variant Two was 
devoted to engineering geology showing the engineering 
aspects o f potential land use of the shore, and factors influ
encing the policy of environment protection and nature con
servation such as the thickness of the lake bed mud. Variant 
Three shows ground-water including depth relative to the 
surface, hardness, the areas free of ground-water, and the 
organic matter content o f the mud surface. Variant Four 
shows the chemical type and total dissolved matter content 
of ground-water in near shore areas, and the carbonate con
tent of the lake bed deposits. Variant Five was devoted to 
agrogeology. The sheets show factors influencing agricul
tural value, land reclamation classification, and the man
ganese and copper content of lake bed deposits. Variant Six 
shows factors detrimental to soil fertility, and the phospho
rus and nitrogen content o f the top layer of the lake mud.

Each map variant contributes to solving problems of 
regional or local land use, environment management,

agriculture, w ater m anagem ent and environm ent 
protection.

Environmental geological investigations in Lake 
Balaton

The investigations o f Lake Balaton between 1981 and 
1993 were carried out in the following three stages:

—  Between 1981 and 1986 a total o f 17 boreholes 
were drilled into the lake bed by Aquarius Kft. and sam
ples from each sequence were analysed in the laboratory. 
Complex borehole logs show the results from the sedi- 
mentological, geophysical, geochemical (organic and 
inorganic) tests, and mineralogical, petrological and 
palaeontological studies. This stage of the investigations 
has allowed us to take inventory o f the most important fea
tures of recent lacustrine deposits and the specific features 
o f carbonate mud.

—  Between 1987 and 1989 Cuban geophysicists car
ried out seismo-acoustic and echo surveys in the frame
work o f the Cuban-Hungarian technical and scientific co
operation programme. The total length o f lines recorded 
was 370 km. The study and evaluation o f reflection logs 
covering the entire Lake Balaton resulted in the compila
tion o f a map showing the thickness o f unconsolidated 
mud in the lake, and a seismo-stratigraphic structural map 
o f the basement. This shows the spatial position o f the 
lacustrine deposits, the mud structure, as well as the 
diverse morphology and structure o f the basement o f Lake 
Balaton.

—  In Stage Three of the investigations, a total o f 16 
new boreholes were drilled by Atlas Kft. Using up-to-date 
isotope geochemical analyses and extending the range of 
paleontological analyses (palynology, diatoms, ostracods, 
molluscs) gave an outline o f the geohistory o f Lake 
Balaton and its environment, including the paleoecologi- 
cal and paleoclimatic conditions. Mud accumulation rates 
in the lake were measured by logging anthropogenic arti
ficial isotopes.

Fig. 1 shows geophysical survey lines and the location 
o f the boreholes drilled in the lake.

Summary of the results of scientific studies of Lake 
Balaton

The most important results o f studies o f Lake Balaton 
achieved between 1981 and 1993 are as follows:

Understanding and describing the features o f  lacustrine 
deposits

The sedimentary sequence o f Lake Balaton is deposit
ed unconformably on the Upper Pannonian basement. The 
sequence begins with a few cm thick layer o f coarse sand 
with pebbles. This is generally followed by a few tens cen
timetres thick peat bed, and finally, by carbonate mud (silt) 
o f uniform lithology. Near the southern shore and in the



Fig. 1. Location map
1-2. Environmental geological surveys (1967-1991) at scales of 1:10,000 (1) and 1:50,000 (2), 3-4. Complex environmental geological investigations

(1981 to present): 3. Borehole drilled in the lake, 4. Line of geophysical survey

1. ábra. A Balaton környéki földtani kutatások helyszínrajza
1-2. Környezeti földtani térképezési munkák (1967-1991) 1:10 000 (1) és 1:50 000 (2) léptékben, 3-4. Komplex környezetföldtani kutatások (1981-től):

3. Víz alatti fúrás, 4. Geofizikai szelvény nyomvonala

region of the Tihany straits the basement is overlain first 
by a 1 to 2.5 m thick sand bed, preceeding the carbonate 
mud. The lacustrine sequence is typical o f the entire lake. 
In the lower third o f the sequence there are well preserved 
molluscs (Lythogliphus naticoides FÉR., Pisidium  
henslowianum Sheep., Valvata piscinalis MOll., Bithynia 
tentaculata L. etc.). With regard to grain size, the mud is 
mostly argillaceous silt with a carbonate content o f 50 to 
70%, that is, actually a carbonate mud. Its colour is grey, 
in various shades.

Our contributions to the mineralogy and geochemistry 
o f carbonate deposits have allowed us, on one hand, to 
support the results obtained by G. M üller  (1970, 1981), 
and on the other hand, to make the results published by 
him more accurate in space and in details. As a summary, 
it can be stated that lacustrine carbonates have a very high 
primary porosity and consist dominantly o f magnesium 
bearing calcite, and subordinately o f dolomite and calcite, 
at some sites even o f protodolomite. The constituent min
erals are very unstable chemically. For the magnesium 
bearing calcite, the Ca/Mg ratio decreases with increasing 
depth, that is, the amount o f Mg is increasing. The MgO 
content exhibits two maxima in some borehole samples. 
Borehole samples containing no Mg calcite at all are 
found in the western part o f the lake, whereas borehole 
samples with a low Mg calcite content are observed at

about the middle of the length of the lake. Borehole sam
ples containing Mg calcite and normal calcite have been 
taken from the eastern subbasin. This phenomenon is due 
to the diluting effect o f the water transported by the Zala 
river. Carbonate is mainly an inorganic precipitate, and 
subordinately, a result o f processes of phytoplankton 
metabolism acting on shell fragments.

In the lower third of the lacustrine sequence, sulphur 
segregation and carbon enrichment have been observed.

The lsO and l3C isotope values of the carbonate o f the 
deposits excellently reflect a gradual warming trend o f the 
climate in the Holocene (last 10,000 yrs) (C serny  et al. in 
this volume).

The age o f the peat bed encountered at the base o f  the 
Holocene sequence has been tested using radicarbon dat
ing. As indicated by these tests, the age varies from 10,500 
to 12,500 BP (before 1950 datum). As shown by the 
results, in the area of Lake Balaton peat development 
began in the post-Glacial, during the Bolling warm period 
following the Oldest Dryas. However, this process took a 
long time on the lake surface and was the most widespread 
during the Allerod following the Old Dryas. The youngest 
peat was deposited during the Young Dryas. By the evi
dence o f radiocarbon dates o f the thickest (1.2 m) peat bed 
penetrated by the boreholes, peat develepment lasted for 
1200 to 1500 years.



Samples from a couple o f boreholes have also been 
tested for natural isotopes. Among these the 40K nuclide 
and the three radioactive decomposition series (uranium, 
thorium, actinium) have been o f greatest importance. The 
activity values o f all the studied natural isotopes show a 
similar tendency, namely, their values gradually decrease 
with increasing depth. This phenomenon is linked with a 
higher organic matter content o f mud surface beds and its 
better capacity to absorb uranium and thorium. It can be 
observed that the ratios of the three major natural radioac
tive isotopes (238U, 232Th, 40K) show good correlation all 
throughout which suggests that the samples from our 
boreholes have been undisturbed.

Anthropogenic 137Cs isotope contamination has been 
detected in the upper mud layer. This artificical isotope 
can only be traced in the athmosphere since 1951, since 
the start o f athmospheric nuclear test explosions. In the 
deposits, two maxima can be generally detected, nam e
ly, the year prior to the nuclear test ban in 1964, and the 
Chernobyl disaster in 1986. Detecting these peaks, the 
rate o f mud development in the lake can be determined 
fairly well. Their lack in some samples indicates under
water wash, wheras their compensatéd and averaged 
values show underwater stirring and accumulation of 
reworked mud. Bioturbation by benthic fauna may lead 
to erroneously high apparent sedimentation rates as in 
borehole Tó-33. For the past 40 years, the rate o f  mud 
deposition has been fairly constant under steady hydro- 
logical conditions. We find, for instance, 14 mm per 
annum in the middle o f  Szigliget bay; whereas it 
amounts to 5 mm per annum at the eastern boundary o f 
the bay. The rate o f  sedimentation shows both only 
local differences and variations in time. Based on the 
appearance o f the cqntamination marker resulting from 
the Chernobyl nuclear disaster, the intensity o f  mud 
deposition shows a dramatically growing trend. During 
the past 5 years, the rate in the aforesaid regions o f 
Szigliget bay (Fig. 1: around borehole Tó-20) were 6 
cm per annum, and 2 cm per annum, respectively. In the 
middle o f  Siófok subbasin (Fig. 1: area o f boreholes 
Tó-31, 14, 28) there are material transport processes at 
work which cause erosion o f  lake bed deposits. In con
trast, in the Révfülöp subbasin (Fig. 1: around borehole 
T ó-25) we find accumulation above the average for the 
lake.

The bulk density o f the lacustrine deposits gradually 
increases with increasing depth, from an initial value of
1.0 g/cu.cm to 1.4 g/cu.cm for argillaceous mud. For fine 
sand the bulk density increases from 1.7 g/cu.cm to 2.0 
g/cu.cm. Their density varies from 2.2 to 2.3 g/cu.cm. 
Initial porosity is higher than 50% but gradually decreases 
to 20 to 30%, as a function o f grain size and depth. Based 
on the consolidation index which indicates the status o f a 
sediment, the deposit changes from a “very soft” to a 
“soft” status. The plasticity index of these rocks varies as 
a function of.the clay content, reaching in some cases 
100%. The higher than expected value is due to high 
montmorillonite content (over 10%).

Determining the spatial position o f  the lacustrine 
deposits, and the morphology and structure o f  the base

ment
The Quaternary deposits in Lake Balaton have an aver

age thickness o f 5 m. Their upper 0.2 to 0.3 m is very soft 
and contains much colloid material. The mud thickness in 
the basin varies by a wide range, since the basement mor
phology is also very diverse. Over some elevations o f the 
basement, the mud thickness is reduced to 1.0 to 1.5 m, 
whereas in depressions it increases to 8.0 m. A maximum 
thickness o f 10 m has been detected at the mouth o f the 
Zala river (Fig. 1: SW to borehole Tó-31). The fracture 
zones o f tectonically preformed meridional valleys can be 
excellently traced. The locations of initial “embriónál” 
subbasins can also be observed. The average mud thick
ness is 6 m for the western subbasins o f the lake, 5 m in 
the middle o f the lake, and about 4 m in the eastern sub
basin.

Radiocarbon dating indicates an age o f 14 to 15 thou
sand yrs for the lake. From this figure and from data on 
mud thickness we get a mud deposition rate of 0.28-0.48 
mm per annum, related to the entire Quaternary profile. 
The lower value was observed in the Siófok subbasin, 
whereas the higher value was detected in the Keszthely 
basin (Fig. 1: around borehole Tó-31).

All these can be explained by the size of the catchment 
area related to unit water surface, and the quantity o f sed
iment transported by waterflows supplying the lake with 
water.

A brief history o f  geological development o f  Lake 
Balaton

The history of development of Lake Balaton can be 
outlined on the basis o f data from the relevant literature 
(Lóczy 1913, 1916; Cholnoky 1918, 1920; Kéz 1931; 
Bulla 1943; Zólyomi 1952; Sümeghy 1958; Erdélyi 
1962; Mike 1980a, b; Marosi, Szilárd 1981) and the 
results from our investigations performed at the 
Geological Institute o f Hungary. We need, however, acco
modate o f several conflicting views.

Lake Balaton was developed on unconsolidated 
Pannonian deposits, with a strike parallel to the 
Transdanubian Central Range, between a set o f intersect
ing fault planes. In describing the history o f its geological 
development, we have to distinguish the Balaton Basin 
(Balatoni-medence) the whole o f which was never cov
ered by water and has a relatively higher elevation than the 
lake bed proper which was covered by water at least in 
periods when the level of the water in the lake was the 
highest. The Balaton Basin is supposed to have developed 
much earlier than the lake bed.

In the Pleistocene, the area o f the lake bed was domi
nated by denudation processes, whereas in the background 
areas fluvial sediments and eluvial red and variagated clay 
beds were deposited indicating a humid climate during the 
warmer periods. The latter are sporadically observed in 
surface exposures and boreholes south o f Lake Balaton.



The differential elevation o f the lake surroundings contin
ued along the main faults. These have developed earlier 
and were reactivated in the Pleistocene. Along the margins 
o f blocks rising at different rates, weakened zones were 
formed where the Pannonian deposits became loose. By 
the end of the Pleistocene, the subarctic winds blowing 
from the N and NNW became stronger and caused defla- 
tional depressions to develop in the shadow behind the 
solid rock horsts o f the Transdanubian Central Range. 
Such a hollow must have been the precursor o f the lake 
bed which is, at present, covered by water. These defla- 
tional depressions attained a depth o f up to 100 to 150 m 
relative to the top Pannonian level. In this area, a couple of 
shallow ponds were filled with pure cold water by the 
warming-up at the end o f the Pleistocene (between 14,500 
and 15,000 BP). The water in this basin system was part
ly o f meteoric, partly of ground-water origin. The filling 
of ponds started from the W and proceeded towards the E.

In the Holocene, by the end o f the Quercus vegetation 
phase (5100 yrs BP), the temperature became higher and 
the climate more humid. This resulted in the gradual 
increase of the water level, and the barriers separating the 
ponds became gradually submerged or eliminated by ero
sion. The lake was a confined system till 2000 yrs BP (at 
which time the Romans built a sluice). In the meantime, its 
depth and trophity changed several times. The fact that the

water level increased for a period o f approx. 600 years and 
then decreased for a period o f approx. 1100 years is 
proven by raised beaches and erosion marks traced at a 
height o f 104.6 m and 112.5 m above sea level 
(St.Petersburg Baltic Sea level datum) around the shores 
o f Lake Balaton. The highest water level o f the lake, and 
thus the highest degree of coverage by water occurred dur
ing the Fagus vegetation phase (starting approx. 2500 yrs 
BP). The water in the lake was oligotrophic for a short 
while only when the lake was formed. Later it alternated 
between mesotrophic and eutrophic during the geological 
development o f the lake. Due to the climatic conditions, 
the lake was surrounded by riparian forests. At the begin
ning o f the Fagus vegetation phase a considerable ecolog
ical change took place. Traces o f cultivation and other 
human impacts can be traced to at least 2000 yrs BP.
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FÖLDTANI KUTATÁSOK A BALATON KÖRNYEZETVÉDELME ÉRDEKÉBEN

C serny Tibor

Magyar Állami Földtani Intézet, 1143 Budapest, Stefánia út 14.

T á r g y s z a v a k :  limnológia, környezetföldtan, Balaton, holocén 

ETO: 504.064(439:285Balaton) 556.55(439:285Balaton)

A 1981-1993 között megvalósult geofizikai és földtani kutatások eredményeit összefoglalva elmondható, hogy a Balaton 
helyén a pleisztocén végén (14 500-15 000 BP között) több kis mélységű, tiszta és hideg vizű tavacska alakult ki. Nyugatról kelet 
felé a vízzel borítottság egyre később következett be. Az éghajlat melegebbé és csapadékosabbá válásával a vízszint egyre emelkedett, 
a tavakat elválasztó gátak az abrázió hatására fokozatosan megszűntek. A tó vízszintje, az éghajlat váltakozásának függvényében, a 
maihoz képest +6 m és -1 m között váltakozott. Ezekről a Balaton partján térképezett szinlők tanúskodnak, bár magasságuk alapján 
kortani tagolásuk nem lehetséges. A tó vize már kialakulásakor mezotróf volt, majd hamar eutróffá vált. A Balaton trofitása 
fejlődéstörténete során gyakran változott, de a mezotróf állapot volt a leggyakoribb. A tó környezetében, az éghajlat függvényében, 
ligeterdők voltak jellemzők. A tavi üledékek felhalmozódási sebességét (átlagosan 0,4 mm/év) erősen befolyásolta a víz alatti áram
lások iszapmozgató hatása, a tó mélysége, a tóval borított terület nagysága, a víz minősége, továbbá az éghajlat és a parti területek 
növényi fedettsége.

A tavi üledék összetételében 50-70%-nyi a karbonát ásvány (Mg-kalcit, dolomit, kalcit), amely főleg autochton (anor
ganikus kicsapódás, a fitoplankton anyagcseréjének terméke, héjtöredék), alárendelten allochton (vízfolyások hordaléka, hulló por) 
eredetű. Az iszap további 30-50%-a a vízfolyások által beszállított, ill. a parti abrázió által bemosott aleurolit, homok és agyag.

A jelenleg vízzel borított területen felhalmozott iszap mennyisége hozzávetőlegesen 1,5-szerese (kb. 2,5-3,0 km3) a jelen
legi víz mennyiségének (kb. 2 km3), azaz a tó a természetes elöregedés fázisába lépett.




