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Lake, western Czechia: The unique genesis and evolution of the lake basin. Geo-
grafie, 115, No. 3, pp. 247-265. — The Mladotice Lake is a lake of unique genetic type in
Czechia. In May 1872 a landslide as a result an extreme rainfall event occurred in western
Czechia, blocking the Mladoticky stream valley and creating the Mladotice Lake. The 1952
and 1975 air images document that collective farming had a great impact on the lake basin
evolution when balks and field terraces were removed and fields were made much larger.
Because of this change in land use we expected higher soil erosion and a related increase
in the sedimentation rate. First bathymetric measurements of the newly created lake were
carried out in 1972 and were repeated in 1999 and in 2003. Our analysis of the sedimentary
record aims to identify the sediment stratigraphy, its basic physical and chemical proper-
ties, isotope content and thin sections yield a detailed temporal resolution of the sedimenta-
tion chronology. In some areas a sediment thickness of 4 m was detected. Hence, the average
sedimentation rate is from 2.2 to 2.7 cm per year.
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1. Introduction

During the final days of May 1872, an extensive area of south-western and
western Bohemia were afflicted by a massive incident of torrential rain, which
according to historical reports lasted from noontime on 25 May until the morn-
ing of the following day. The Plzen rain-gauge station recorded two thunder-
storms on 25 May 1872, from which a total of 40 mm of precipitation were
measured (SkrejSovsky 1872). However, a far greater total of precipitation fell
north of Plzen, where at that time there was no precipitation measuring sta-
tion in operation. Nevertheless, Karel Kotristka, a prominent cartographer
at the time, provided a detailed description of the meteorological situation
(Koristka 1872): “Observed in Mladotice, a standing empty vessel that was
9 inches, or 237 mm, tall was filled to the brim within one hour’s time to the
point that additional rain overflowed the vessel...” This report of 237 mm of
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Fig. 1 — Drainage basin of the Mladotice Lake and the study area in western Czechia

precipitation in one hour was long time considered to be unrealistic. Only with
a measurement of torrential rain in southern Slovakia, i.e. in a similar Cen-
tral European climate zone, recorded on 12 June 1957, when 225.5 mm of
precipitation fell during 65 minutes at Skalka by Sturovo (southern Slovakia),

was the feasibility of these earlier data confirmed (see Stekl et al. 2001). The
extreme precipitation caused an extraordinarily destructive flood which dev-
astated the catchment areas of the Stfela and Blsanka Rivers as well as most
of the Berounka River basin below Plzen. On 26 May at 14:00, the discharge
of the Vltava in Prague was measured at 3300 m?®s, which represents the fifth
largest flood observed since 1825 (Brazdil et al. 2005).

In connection with the extraordinary intensity of precipitation, two natural
catastrophes occurred in the valley of the Mladoticky stream (the left tributary
of the Strela River, Fig. 1). During the night from 27 to 28 May, large masses
of arkose and conglomerate from the western slope of the Potvorovsky Hill
(546 m) slid down into the Mladoticky stream’s valley, damming the stream
with a massive dike (Figures 4 and 5). The resulting lake is, to this day, the
only example of such a genetic type of lake in the Bohemian Massif. The sec-
ond disastrous event was the rupture of the Mladoticky Fishpond dam, which
was located at the southern edge of Mladotice Municipality. With an area of
roughly 92 ha it was, at that time, the largest fishpond in western Bohemia.
After its destruction, the pond was never restored (see the map in Fig. 2).

Geoscientists increasingly aim to distinguish between landscape changes
due to natural processes and those caused or triggered by human activity
(Barsch et al. 1993; Jansky, Urbanova 1994; Favis-Mortlock et al. 1997; Bork
et al. 1998; Volkel 2005; Bi¢ik, Kabrda 2007; Bicik, Jeleéek 2009).
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Fig. 2 — The map of the Third Military Mapping of Austrian Monarchy from 1890. The map
illustrates the newly originated Mladotice Lake and the former Mladoticky Fishpond, which
was located at the southern edge of Mladotice Municipality.
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The latter include very different processes at different scales in time and
space, starting with human impact on the landscape balance since the Ne-
olithic (e.g. Andres 1998, Kalis et al. 2003). The older the geoarchives, the
more difficult and blurred are interpretations of their controlling factors. For
instance, higher sedimentation rates in the Hegau region (west of Lake Con-
stance) during the Bronze Age may be due to larger areas under cultivation,
changing land use practices and/or more intensive or increased rainfall/runoff
processes. The historical geoarchives sometimes do not reveal which of these
factors ultimately caused greater soil erosion (Schulte, Heckmann 2002).

Improved dating techniques are necessary to increase the temporal resolu-
tion of the sediment records which have clearly increased the level of knowl-
edge in recent years (e.g. Kadereit et al. 2002, Lang 2003, Zolitschka et al.
2003, Geyh 2005, Schulte et al. 2006, Kadlec et al. 2009).

When examining sediment archives from recent times we may have the op-
portunity to identify the factors controlling sediment formation in much more
detail (e.g. Junge et al. 2005). This was the case with the natural ,experimen-
tal setup” at the Mladotice Lake (western Czechia), where we were able to ana-
lyse a sediment archive dating back to 1872. Since the onset of lake sedimen-
tation, rainfall and runoff have been recorded (in some cases continuously)
at monitoring stations which are located in the surrounding area, within the
catchment area of the lake. Air images from 1938 to 1998 document land use
changes in the lake’s drainage basin.

Because of the change in land use we expect higher soil erosion and a re-
lated increase in the sedimentation rate with greatest impact between 1952
and 1975. Against this background, our investigations into the lake sediments
and the drainage area of the Mladotice Lake aim to address the following
questions:

— What were the primary causes behind the lake’s formation?
— How deep was the lake, directly after its formation?
— To what extent has land use changed in the drainage basin of the Mladotice

Lake since 18727
— Have the magnitude or frequency of the rainfall/runoff events changed since

1872?

— To what extent is the sediment record a product of rainfall/runoff events or
the change in land use in the drainage basin?

2. Landslide factors and lake creation

The Mladotice Lake is located in western Czechia about 30 km north of Plzen
(Fig. 1). Its altitude is 413 m above sea level and its surface area is 4.74 ha.
The lake receives drainage from a basin of approx. 30 km?, about 50% of which
is intensively farmed. The lake’s drainage basin — including the type of land
use — is typical for a large region of western Bohemia. The bedrock mainly con-
sists of Paleozoic shale, sandstone and conglomerate, with some Proterozoic
phyllite and spilite and Paleozoic granite (Cesky geologicky tustav 1996).

The lake basin is formed by a narrow valley of the Mladoticky stream at
the west side of the Potvorovsky Hill. Its receiving streams are the Stiela and
Berounka Rivers; the latter flows into the Vltava River south of Prague.
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The conditions for a landslide to occur on the slopes of the Potvorovsky Hill
originated long before the catastrophic landslide of 1872. It is clear that there
was no one single factor that caused the slide. There were multiple causes and
these should be viewed in light of their mutual connections and not as isolated
factors, due to the fact that each of them contributed to a certain degree to
disrupting the stability of the slope (Jansky 1976, 1977):

1. The Mladoticky stream flows in an approximately north-south direction.
The main tectonic faults are oriented in the same direction. It is likely that
stream’s valley is tectonically predisposed. In such a case, deepening ero-
sion, wherein the stream cut deeper and deeper into layers of Carboniferous
arkose, sandstone and conglomerate, could have progressed more rapidly.
After cutting through this set of rocks, the stream reached layers of soft
shale sediments. These layers became saturated with water and minor slip
surfaces probably emerged at the foot of the slope. However, the water also
managed to reach these underlying clay minerals through numerous fissures
in the upper sections of the slope. Due to the fact that the rock mass had
already been disrupted, entire formations of carbonic minerals slid down
into the valley (Heiland 1998). With the movement of the lower portion of
the slope the existing fissures became large cracks, creating the conditions
necessary for the movement of additional, progressively larger sections of
the hillside. The movement was
initially very slow, exhibiting
the characteristics of downbhill
creep. This creeping movement
was likely occurring throughout ‘
the area of the defined landslide
territory (landslides I, II and
III). It was only in the landslide
I area, however, that a further
landslide occurred in 1872 (Jan-
sky 1976), which proved to be
catastrophic in nature (Fig. 3).

2. The second factor behind the
occurrence of the landslide
was an anthropogenic impact.
This concerns a number of old
quarries, which to this day re-
main quite noticeable. A series
of historical evidence confirms
the quarrying of sandstone in
the area of the Potvorovsky Hill.
For example, the Romanesque
Church of St. Nicholas in Potvo-
rov is constructed of large hewn " o0m
stones, which came from the

pathways
main scarp

railway

1y

spring

~— Plzeh

Potvorovsky Hill (the church’s
construction dates back to ap-
proximately A.D. 1240). The
quarrying of stone is also men-

Fig. 3 — Comprehensive map of landslide areas
on the western slope of the Potvorovsky Hill.
I —landslide area as of 1872, II, III — older land-
slide areas.
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tioned in the Kacerov Urbarium (Kacetrovsky urbar, a local, feudal record)
from 1558 in a description of the Potvorov Municipality: “Near this village,
there is a rocky mountain, from which millstones are quarried and the quar-
ry workers are paid six grosh for each millstone quarried ...” Hewn blocks of
sandstone from the Potvorovsky Hill were transported to Plasy to be used in
the construction of a Cistercian convent. J. A. Dunder (in Jansky 1975) also
writes about two quarries near Potvorov in 1845: “A quarter of an hour to
the northwest of the place (Potvorov — author’s note), there are two quarries
for millstones, one of which belongs to the Rabstejn estate.” Therefore, over
the course of a few centuries, quarry activities contributed to the decreased
stability of the slope. In addition, as part of this quarrying work, the topsoil
and upper layers were disturbed, providing easier access for water from
precipitation to reach the sub-layer locations of the clay minerals.

3. The third agent, which to a certain degree contributed to the decreased sta-
bility of the slope, was the excavation work, conducted in 1872, for a railway
track that cut through the west side of the Potvorovsky Hill for a distance of
roughly 200 m. The track from Plzen to Zatec was under construction at the
time and was expected to open within the same year.

4. The intense rainfall at the end of May 1872 played a decisive role in the final
phase of the landslide. The slope had already been sufficiently disrupted
with numerous fissures, cracks, quarries and even the cutting of a railway
track. The water easily penetrated the disrupted upper layers and proceed-
ed to thoroughly saturate the coarse-grained and porous arkose, sandstone
and conglomerate. This substantially increased the weight of the upper lay-
ers and even altered other physical characteristics of the mass of sandstone
minerals (its rigidity and the tension of the minerals). After being saturated
with water, the clay cement softened and the shale in the bedrock also be-
came wet. Friction was reduced and masses of upper-layer minerals began
to slide down into the stream valley. This movement took place over the
space of two days, 27 and 28 May 1872. The landslide dammed the valley for
a length of 300 m (Figs. 4 and 5).

3. Methods

Geodetic and bathymetric measurements of the Mladotice Lake were made in
1972, 1990 (Jansky 1976, 1977; Jansky, Urbanova 1994) and 2003 (Cesak, Sobr
2005). By comparing the results of these measurements it is possible to analyse
the dynamics of the lake’s sedimentation in the past and to attempt to predict
the further development of the lake basin, in other words to determine a period,
after which the lake will be entirely filled with sediment (see maps in Fig. 6).

To reconstruct land use shifts the Military Topographical Institute in
Dobruska supplied air photos taken in 1938, 1952, 1975, 1987 and 1998. Up
to now only 2-D interpretation is possible, because of the lack of overlap. The
air photos document a considerable land use change with the introduction of
collectivization (Fig. 7). We anticipate that stereoscopic 3-D-interpretation of
the air photos will show the removal of field terraces that accompanied field
enlargement and also contributed to increased erosion (Jansky 1976, 1977;
Jansky, Urbanova 1994).
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Fig. 4 — Dammed valley immediately after the landslide in May 1872, the lake is emerg-
ing in the background. Print from the Geografie (Sbornik CSZ) 28, Praha 1912. Photo by
C. Purkyné.

Fig. 5 — The bank of railway-track after the landslide in May 1872. Print from the Geografie
(Sbornik CSZ) 28, Praha 1912. Photo by C. Purkyné.
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Fig. 6 — The bathymetric maps of the Mladotice Lake from measurements in 1972 and 2003

To assess the influence of natural factors on erosion, transport and sedi-
mentation rates in the Mladotice Lake, rainfall data were analysed from six
stations observing since 1881. The Kralovice, Plasy, Mladotice, Manétin, Liblin
and Vale¢in stations are not located in the drainage area of the Mladotice
Lake but they are the nearest stations in the surrounding area (in the dis-
tance between 5 and 20 km from the Mladotice Lake). The records of the above
mentioned rain-gauge stations are not homogeneous and need to be examined
carefully to identify the rainfall events relevant to flooding. Rainfall/runoff
analyses should therefore focus on major events which covered the whole area
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1987

Fig. 7 — Air photos of a field about 1 km? in size, northeast of the town of Zihle in the catch-
ment area of the Mladotice Lake. Collective farming had the greatest impact in land use
changes between 1952 and 1975. Photographs: Military Topographic Institute Dobruska.

represented by raing-gauge stations, including the drainage basin of the Mla-
dotice Lake.

Runoff data serve to indicate the dimensions of past flood events. The near-
est water-gauge station is located on the Stiela River (Plasy station, 775 km?),
which also drains the Mladoticky stream. Daily records at this gauge date
back to 1941. It is assumed that large floods recorded at the Stiela River were
also experienced at the Mladoticky stream and that sediments were deposited
in the lake during these events (Fig. 8).

To classify current sedimentation conditions and sediment properties we
measured the oxygen content, conductivity, temperature, visible depth and
stream flow of the lake water in the summers of 2003 and 2004 in a depth grid
across the lake.

Sediment echography was used to measure sediment distribution along pro-
files in the lake basin in order to find suitable sites for core drilling. Unfortu-
nately the sediments were extremely reflection-poor, and results were unsat-
isfactory. When the cores were analysed we found that the sediments were too
gas-rich for using this method successfully.

In spite of this setback, we obtained information about the distribution of
the sediments by extracting 13 short cores of about 1 m in length. Five long
cores were drilled down to the bottom of the sediments. The reference core ML
18/03 was extracted from the deepest part of the lake and core ML 14/03 was
investigated for diatom analyses. Core sites are shown in Figure 9.
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Fig. 8 — Maximum daily discharges in the Plasy (Stiela River) station, the period of
1942-2007. Axis x — years. Sources: Czech Hydrometeorological Institute, Cuiik 2009.

Reference core ML 18/03 comprises analyses of water content, density, grain
size, total sulphur, total carbon, total phosphorus, clay mineral composition,
B7Cs, 22 Am and #°Pb as well as thin sections from the entire length of the core.
Sediment samples were taken and analysed every 10 cm. It means that by long
cores to the bottom of the sediments
(with depth about 400 cm) were inves- —
tigated 40 samples. The upper part of X x
the sediment core ML 14/03 was in-
vestigated for diatoms (0—160 cm core
depth). As agrochemicals can indicate
system changes, we analysed their in-
put into the lake. Fractionated organ-
ic analyses were conducted on four
samples with GC-MS technology.

ML 17/03

ML 16/03

ML 15/03

<> Drilling cores
(down to the
sediment base)

ML 14/03
4. Results

4.1. Bath ymetr ic Reference core e Short drilling cores

measurements ML 18103 (approx. 1m depth)
From the comparative analysis o
of bathymetric measurements from Quifiow vaw ™ w
1972 and 2003, the following re-

sults were gathered (Jansky 2003):
The maximum depth of the lake de-
creased from 7.7 m to 6.7 m. The 7 m
depth level entirely disappeared and
the area of all other depth levels de-

Fig. 9 — Map of the Mladotice Lake showing
locations of short and long cores. The core
ML 18/03 is located near the outflow with
the maximum water depth.

creased — the 6 m depth level decreased to 61% of its initial area from 1972,
the 5 m level to 43%, the 4 m level to 60% (see Table 1). The decline in the area
of shallow water levels was somewhat less dramatic — the 3 m level decreased

256



Tab. 1 — The results of bathymetric measurements in 1972 and 2003

Year 1972 2003

Depth (m) Area (m?) Volume (m?) Area (m?) Volume (m?)
0 58,562 141,380 47,364 103,910
1 44,208 91,260 33,773 63,989
2 31,690 56,880 21,853 36,181
3 18,210 33,600 13,185 18,615
4 12,008 18,140 7,154 8,739
5 8,494 8,360 3,667 3,503
6 3,364 2,840 2,052 602

7 2,138 420 0 0

7.7 0 0 0 0

to 72% of its 1972 area, while the 2 m and 1 m levels decreased to 69% and
76%, respectively. A decrease in water level’s surface area was measured, i.e.
from an initial 5.8562 ha (1972) to 4.7364 ha (2003). This means a decrease of
1.1198 ha in the lake’s surface area, i.e. 19% of its initial area in 1972. Maxi-
mum water level fluctuation between 1972 and 2009 was registered around 55
cm. Moreover, the automatic water-gauge station has measured the fluctua-
tion of 26 cm in the last 12 months. After eliciting the bathymetric curves, the
volume of the lake basin was calculated. From an initial volume of 141,380 m?
(1972) it decreased to 103,910 m?, i.e. by 37,471 m?. Therefore, the lake basin
volume decreased by 26.5%.

4.2. Changes in land use

This paper describes the fundamental changes in the sediment dynamics.
This also involves the details of bedding phenomena, grading and lamination of
the sediments. Landscape changes in the drainage basin of the Mladotice Lake
were reconstructed from air images. Figure 7 shows about 1 km? of farmland
northeast of Zihle in the drainage basin of the Mladotice Lake. No changes are
visible in the field patterns between 1938 and 1952. Collective farming had the
greatest impact between 1952 and 1975, when fields were made much larger. A
further increase in the size of some fields is visible in 1987. The photos taken
in 1998 show that the size of the fields was reduced again after the political
change in the Czechia (Czechoslovakia) in 1989. Bigger fields facilitate soil
erosion due to longer slopes and increased surface runoff (see conclusions).
Some quantitative data about land use changes were published also in Schulte
et al. (2006).

4.3. Changes in flood discharge
To clarify whether the system changes are due to natural or anthropogenic

causes, we analysed the time series of discharges at the Strela gauge at Plasy
(775 km?2), recorded since 1941. Figure 8 shows maximum daily discharges.
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The flood events data of more than 20 m?/s (one-year flood) give a frequency of
34 floods within 30 years (1941-1970, with several events in one year ) which
decreases to a frequency of 25 events in following 30 years (1978-2007). Fur-
thermore, the analyses show that the magnitude of the peak discharge has
been decreasing as well, especially over the past 30 years. The average long-
term discharge (1941-2007) at the Sttrela gauge station at Plasy is 2.896 m?/s.
The peak discharge from 9 May 1978, i.e. 145 m3/s, was classified as a thirty-
year flood.

4.4. Stratigraphy of lake sediments

The lake sediments of reference core ML 18/03 (Fig. 9) are largely muddy
silts. The particle-size distribution in Figure 10 shows two noteworthy fea-
tures: (1) Sand is found only in the lower sediment sequences. This is also the
case in the other sediment cores and suggests that the sand was brought in by
the Mladoticky stream. During the
early decades there may have been 0
some additional sediment input
from the mass failure area, which s
was without any vegetation during
the first few years. (2) The parti-
cle-size median shows a distinct
change in sedimentation at about
190 cm. Below this depth the sedi-
ment is coarser and the range fluc-
tuates fairly widely; above it, the
median remains constant at about
4 ym (Fig. 10). .

Sediment cores ML 14/03 and ]
ML 16/03 show clear evidence of 7 X SAND T
the system change. According to < I I i
macroscopic and stratigraphic o ® 4 @ 8 W 0 4 & U A 0
analyses of these cores the system Sk Merieafum
change occurred at different depths  Fig. 10 — Particle size distribution of sediment
owing to the different thickness of  core ML 18/03 (core depth 0—400 cm)
sediments.

Qualitative X-ray diffractometry revealed the principal mineral compo-
nents of the sediments to be quartz, plagioclase, potash feldspar, muscovite,
kaolinite and chlorite. Some samples in this core showed very low concentra-
tions of pyrite, siderite and haematite. Calcite was found only in near-surface
deposits.
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4.5. Analyses of isotopes and sedimentation
rates

The absolute chronology of the sediments is also based on available *"Cs,
21Am and 2'°Pb measurements (Fig. 11). The radiation of *"Cs and ! Am maxi-
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mum at a core depth of 100 cm is attributed to the 1963 maximum of bomb
fallout which started in 1954. Americium clearly demonstrates bomb fallout
because there was no emission of americium during the Chernobyl disaster.
The peak at 40 cm core depth is assigned to the Chernobyl fallout in 1986.

Thin sections give an additional chronology, in some cases with the accu-
racy of one year. The new sediment data on geochemistry, isotopes, and thin
sections especially of core ML 18/03 and partly of core ML 14/03 yield the fol-
lowing interpretation (Fig. 12):

The 1872 landslide impounded the lake and sedimentation began. Thin
section analyses show that clastic sediments were deposited in annual layers
above the base. In some cases the boundaries between the layers are blurred,
resulting in erroneous ages for the lower part of the core. It was possible to
count the layers up to 1883 with an error of +2 years. The average sedimenta-
tion rate was 1.8 cm/a (Albrecht 2007).

This was followed by a 50 cm thick, homogeneous sequence of unbedded sed-
iment. We interpret this sediment as having been deposited during an event or
a phase of events prior to 1890 (average sedimentation rate 9.1 cm/a). The ma-
terial comes either from the still unvegetated mass failure area at the southern
end of the lake or from flood input by the Mladoticky stream. Analyses of the
other long cores will yield detailed information about the dumping direction.

Up to 190 cm core depth, thick unbedded sequences alternate with annually
bedded sediments. A layer count dated this depth to 1920. Partial blurring of
the boundaries between the layers results in a possible error of £5 years. Ow-
ing to the alternation between event-dependent high sediment inputs and an-
nual sediment layers, there are substantial variations in sedimentation rates
between 6.7 and 1.8 cm/a.

Above 160 cm core depth there is a clearly bedded diatom mud that can be
dated relatively accurately by various sediment analyses. The start of bomb
fallout in 1954 provides a time marker (120 cm core depth). The sedimentation
rate between 1920 and 1954 was calculated at 2.1 cm/a. Maximum fallout at
100 cm core depth occurred in 1963 (sedimentation rate 2.2 cm/a). The next
time marker is the flood of 1978, shown by a distinct event layer and a change
in diatom composition. The sedimentation rate from 1963 to 1978 was calcu-
lated at 2.7 cm/a. Until the fallout from Chernobyl in 1986 the sedimentation
rate fell only slightly to 2.5 cm/a (Fig. 12). The rate is 2.4 cm/a between 1986
and the sediment surface (2003).

5. Conclusions

Data obtained from various sediment analyses yield a high temporal resolu-
tion of the sediment stratigraphy. In 1920 the sedimentation rate was 2.1 cm/a,
then came a slight rise, reaching 2.7 cm/a after 1963. Because this increase
cannot be attributed to greater frequency or amplitude of large floods we con-
clude that the switch to collective agriculture was responsible for the increase
in sediment entering the lake. If we disregard the extraordinary event layers
when calculating sedimentation rates, greater importance then attaches to
the change in land use. The differences in sedimentation rates are smaller but
still remain (Fig. 12).
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Fig. 12 — Results of thin section analyses, temporal resolution and calculated sedimentation
rates
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Collectivization led to larger units of farmland. According to Jansky (1976,
1977) and Jansky and Urbanova (1994) the enlargement process was most
active during the 1960s and 1970s and was accompanied by the removal of
field terraces. In consequence slopes became steeper and the fine colluvial
material that had collected above the terraces over decades or centuries was
easily remobilized. From then on, the bigger fields were worked by larger and
heavier agricultural machinery, thus increasing soil compaction and erodibil-
ity. Greater slope length, steeper slope angle and modified farming practices
intensify average soil erosion according to the Universal Soil Loss Equation
(Wischmeier, Smith 1978). A substantial increase in sediment input and depo-
sition might be expected, but did not occur to the anticipated extent.

These results may be interpreted in two ways: (1) The amount of soil ero-
sion from the parts of the drainage basin used for agriculture corresponds to
the sediment increase in the lake and the additional transport through the
lake. (2) Soil erosion has increased much more than is indicated by the lake’s
sedimentation rates, because a proportion of the sediments was deposited in
colluvial, alluvial and lake inflow areas. If the latter is the case, such sinks are
likely to provide relevant information.

In 31 years, 37,471 m?® of sediment accumulated in the lake basin (Table 1).
This represents a sedimentary deposit of 1,209 m? per year. If we consider
the current volume of the lake basin — 103,910 m?, this means that, under
the existing dynamics of sedimentation, the lake would be entirely filled in
after 86 years! The sedimentation of the lake is occurring primarily around
its largest tributary. At the present time, the area of maximum depth is not so
intensively impacted by the sedimentation process as is the area near tribu-
taries. However, this situation shall change in the final phase of the basin’s
sedimentation, when it can be expected that the area of the tributaries will
move significantly closer to the area of maximum depth.

In addition to the speed of sedimentation, the lakes drainage could also play
a significant role in its future development. Over time, the drainage will cut
deeper and deeper into the lake’s dam. During extreme floods, the drainage
channel could be markedly deepened. This would mean the lowering of the
water level and the quicker disappearance of the lake. Processes of sedimenta-
tion in the Mladotice Lake basin could be slowed by implementing thorough
anti-erosion, soil-protection measures throughout the entire catchment area of
the lake along with changes in land use (with preference given to permanent
grasslands and decreases in arable land), as well as by making adjustments to
the drainage stream at the lake’s dam.
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Shrnuti

MLADOTICKE JEZERO, ZAPADNI CESKO
JEDINECNA GENEZE AV i VOJ JEZERNI PANVE

Na konci kvétna 1872 byla rozsdhla oblast jihozépadnich a zépadnich Cech postizena
mohutnou prutrzi mracen, ktera podle historickych zpréav trvala od poledne 25. kvétna do
rana priStiho dne. Dne 25. 5. 1872 zaznamenala srazkova stanice Plzen dvé boufe, pii nichz
bylo naméfeno celkem 40 mm srazek. Daleko vyS$si srazky vsak spadly severné od Plzné na
Kralovicku, kde nebyla v té dobé ¢inna zadna srazkomérna stanice. Podrobny popis teh-
dejsi meteorologické situace vSak podal vyznamny kartograf Karel Kotistka: ,V Mladoti-
cich u Kralovic pozorovano, kterak venku stojici prazdna nddoba za hodinu na 9 palcut (tj.
237 mm) az po svij okraj vodou se naplnila a za dal$iho desté pietékala...“ Hodinovy thrn
srazek 237 mm byl dlouho povaZovan za neredlny, teprve mérenim dolozend pritrz mracen
na jiznim Slovensku z 12. 6. 1957, kdy ve stanici Salka u Sturova spadlo 225,5 mm srazek za
65 minut, potvrdila redlnost tohoto udaje. Tyto extrémni srazky zpusobily mimotradné nici-
vou povoden, ktera katastroficky postihla povodi Strely, Blsanky a vétsinu povodi Berounky
pod Plzni. Dne 26. kvétna ve 14 hodin byl naméien pruatok Vltavy v Praze 3 300 m?/s, coz
predstavuje patou nejvétsi povoden za dobu instrumentalniho sledovani od roku 1825.

Po mimotradné intenzivnich srazkach doslo v povodi Mladotického potoka (levy pritok
feky Strely) ke dvéma prirodnim katastrofickym udélostem. Jiz v noci z 27. na 28. kvétna
se sesuly ze zapadniho dboéi Potvorovského vrchu do ddoli Mladotického potoka masy arkéz
a zatarasily ho mohutnou hrazi. Vzniklo jezero, které je jedinym zastupcem tohoto genetic-
kého typu na tizemi Ceského masivu. O den pozdéji se protrhla hraz Mladotického rybnika,
ktery se nachézel na jiZnim okraji obce Mladotice a s plochou kolem 92 ha byl tehdy nejvét-
$im rybnikem zapadnich Cech.

Sto let po vzniku jezera provedl autor ¢lanku prvni geomorfologicky vyzkum sesuvnych
uzemi véetné geodetického vyméreni pudorysu a vyhotoveni mapy hloubek Mladotického
jezera. Studium archivnich materialt a terénni vyzkum potvrdily, Ze p¥i¢in sesuvu v roce
1872 bylo nékolik:

Udoli Mladotického potoka je pravdépodobné predisponovano tektonicky. Vlivem hloub-
kové eroze se potok stdle vice zatezaval do souvrstvi karbonskych arkéz, piskovct a sle-
pencu. Po profiznuti komplexu téchto piskovcovych hornin se vodni tok dostal az do poloh
meékkych jilovcovych sedimentd. Ty nasakly vodou a u paty svahu vznikly pravdépodobné
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podruzné smykové plochy. Voda se vSak k podloznim jilovitym polohdm dostavala téz cet-
nymi tahovymi trhlinami v horni éasti svahu. Vzhledem k tomu, Ze skalni masiv byl jiz
narusen, posouvaly se celé bloky hornin smérem do ddoli. Posunem spodni ¢asti svahu byly
vytvoreny podminky pro posun dal§ich, stale vyssich blokt. Pohyb plouzivého charakteru
probéhl ziejmé v celé oblasti vymezeného sesuvného uzemi (sesuvy I, 11, III), pouze v oblasti
sesuvu I doslo k dal§imu pohybu v roce 1872, ktery mél znaky skalniho ficeni.

Druhym faktorem, ktery rovnéz prispél k poruseni stability zapadniho svahu Potvorov-
ského vrchu, byl vliv antropogenni. Je zde nékolik byvalych lom1, v nichz se po staleti tézily
piskovcové kvadry na vyrobu mlynskych kament i na vyznamné stavby v okoli. O tézbé v té-
to lokalité existuje pritom cela ¥ada historickych dukaza. Byly napt. pouzity jiz na stavbu
roméanského kostela Sv. Mikuldase v Potvorové (kolem roku 1240), v 18. stoleti se kvadry
vozily téz na dostavbu konventu do Plas. Za dlouhou radu let tedy i tézba ptispéla ke snizeni
stability svahu. Kromé toho bylo pti tézbé rozruseno nadlozi a tim byl umoznén snadnéjsi
pristup srazkové vody k podloznim polohdam jilovcovych hornin.

Tretim ¢initelem, ktery téz uréitou mérou prispél ke snizeni stability svahu, byl vykop
zaiezu pro Zelezniéni trat, ktera byla v roce 1872 ve vystavbé a jesté téhoz roku méla byt
oteviena. Zarez protnul zapadni tboci Potvorovského vrchu v délce 150-200 m. Vzhledem
k tomu, Ze po katastrofdlnim sesuvu nedoslo k podstatnému poruseni tohoto zaiezu, nybrz
pouze k posunu asi o 75-80 m smérem po svahu, mtZeme se domnivat, zZe stavba trati a s ni
spojené prokopani zdpadniho svahu nebyly rozhodujici pii¢inou sesuvu.

Poslednim ¢asové nejmladsim faktorem pro vznik svahovych pohybu byly intenzivni des-
tové srazky na konci kvétna 1872. Svah byl jiz dostateéné rozrusen éetnymi trhlinami, puk-
linami, lomy i zaiezem trati. Do takto naruseného nadlozi se snadno dostavaly mohutné
vodni privaly. Voda se vSak dobie vsakovala i do samotnych hrubozrnnych poréznich arkéz,
piskoved a slepencd. Takto prosakujici vody byly pravdépodobné zadrzeny nepropustnymi
jemnozrnnymi piskovci a lupky povahy silné jilovité, slidnaté a tence deskovité. Tim se pod-
statné zvysila vaha nadlozi a zménily se i ostatni fyzikalni vlastnosti komplexu piskovco-
vych hornin (pevnost, napjatost hornin apod.). Po nasdknuti vodou zmékl jilovity tmel a téz
éervenavé nebo svétle Sedé lupky v podlozi se rozmodily. Doslo ke zmensSeni tieni a vzhle-
dem k tomu, Ze uklon vrstev je asi 10—14 stupnu k zdpadu (tedy smérem po svahu), zacaly
se masy nadlozi sunout do udoli potoka. Ve srovnani s posouvanim plouzivym, které asi
postihlo mnohem dtive celé sesuvné izemi a o kterém uz byla zminka, byl tento pohyb mno-
hem rychlejsi a probéhl ve dvou dnech 27. a 28. kvétna 1872. Sesuv prehradil ddoli v délce
300 metra.

Kromé geneze Mladotického jezera se autori ¢lanku zabyvaji faktory, které ovlivnily dalsi
vyvoj jezerni panve. V této souvislosti by mély byt zodpovézeny nasledujici otazky:

Jak hluboké bylo jezero bezprostiedné po vzniku? K jakym zméndm ve vyuziti ploch
(,land use“) doslo v povodi jezera od roku 1872 do soucasnosti? Do jaké miry se na inten-
zité zanaseni podilely mimoradné povodnové situace a do jaké miry k nim prispély zmény
v ,land use® v povodi?

Prvni metodou k dosazeni vyse stanovenych cil jsou batymetrickd méreni. Prvni mapa
hloubek byla vytvoiena v roce 1972, hloubkova méreni byla byla poté opakovana v letech
1990, 1999 a 2003. Na zdkladé porovnani vysledku z let 1972 a 2003 bylo zjisténo, Ze objem
jezerni panve se snizil o 37 471 m?, tj. o 26,5 %, pricemz plocha jezera poklesla o 19 %.

Pomoci analyzy leteckych snimku z let 1938, 1952, 1975, 1987 and 1998 byl analyzovan
vyvoj ,land use” na experimentalni ploSe v povodi jezera o rozloze kolem 1 km?2 Bylo pro-
kazano, Ze nejvétsi zmény ve velikosti obhospodarovanych ploch nastaly od poéatku kolek-
tivizace zemédélstvi v roce 1952 do roku 1975. ZvétSovani pozemku pokracdovalo az do roku
1987. Politické zmény v roce 1989 spojené s navracenim zemédélské pidy ptivodnim vlastni-
ktm odstartovaly proces opétovného zmensovani plochy pozemkd.

Byla vyhodnocena fada prameérnych dennich pratokd v nejblizsi hydrologické stanici
Plasy (teka Stiela) za obdobi 1941-2007. Vedle analyzy Cetnosti jednoletych povodinovych
prutoku bylo zjisténo, ze 9. kvétna 1978 se na fece Stiele vyskytla 40leta velka voda, ktera
doséhla jesté vétsi extremity v povodi Mladotického potoka.

Pomoci nékolika metod popsanych v textu prace byla uréena absolutni chronologie sedi-
mentd. Velmi cenné vysledky prineslo zejména datovani pomoci obsahu radioaktivnich izo-
topu ¥Cs, 2!Am and #°Pb. To umoznilo identifikaci poéatku pokusu s jadernymi zbranémi
v roce 1954, stanoveni vrcholu jadernych vybucht v roce 1963, odpovidajici hloubce kolem

264



100 em pod povrchen soudasného dna jezera, a zachyceni vybuchu Cernobylské jaderné elek-
trarny v roce 1986, coz odpovida hloubce sedimentarniho pokryvu 40 cm. Na zakladé strati-
grafického vyhodnoceni lze urcit rychost sedimentace v raznych fazich vyvoje jezerni panve.
Muzeme konstatovat, Ze nejvétsi rychost zanaseni (kolem 9 cm/rok) byla zjisténa v prvnim
obdobi po vzniku jezera do roku 1890, kdy material hraze ani biehové partie nebyly dosud
zpevnény vegetaci. Poté rychlost sedimentace poklesla na 4,2 cm/rok do konce 19. stoleti
a opét se zvysila na 6,7 cm/rok do roku 1907. Toto zvySeni mohlo byt zptisobeno néjakou mi-
moiadnou hydrologickou udélosti. Nasleduje sniZeni dynamiky zanaseni na hodnoty od 1,8
do 2,1 cm/rok a opétovné zvySeni rychosti sedimentace v obdobi kolektivizace zemédélstvi
na 2,7 cm roéné. V poslednich dvaceti letech se pak dynamika sedimentace mirné snizila.

Povodniové udalosti ovlivnily proces sedimentace vyrazné, a to jak z hlediska zrnitosti tak
mocnosti ndnosu. Zmény v ,land use” v povodi ovlivnily rychlost sedimentace mensi mérou,
nez bylo ocekavano. Jezero mélo po vzniku maximéalni hloubku kolem 11 metri.

Obr. 1 — Lokalizace povodi Mladotického jezera a vyzkumné oblasti v zapadnich Cechach.

Obr. 2 —Mapa 3. vojenského mapovani Rakouské monarchie z roku 1890. Na mapé je zndzor-
néno nové vzniklé Mladotické jezero a byvaly Mladoticky rybnik, ktery se nachazel
na jiznim okraji obce Mladotice.

Obr. 3 —Piehledna mapa sesuvnych tizemi na zapadnim tboc¢i Potvorovského vrchu. I — se-
suvné uzemi z roku 1972, II, III — starsi sesuvna tzemi.

Obr. 4 —Zahrazené tidoli bezprostiedné po sesuvu v kvétnu 1872, v pozadi vznikajici jezero.
Otisk z Geografie (Sborniku CSZ) 28 z roku 1912. Foto C. Purkyné. .

Obr. 5 —Nésep Zelezni¢ni trati po sesuvu v kvétnu 1872. Otisk z Geografie (Sborniku CSZ)
28 z roku 1912. Foto C. Purkyné.

Obr. 6 —Batymetrické mapy Mladotického jezera z méieni hloubek v letech 1972 a 2003.

Obr. 7 — Letecké snimky pole o rozloze kolem 1 km? severovychodné od mésta Zihle v povodi
Mladotického jezera. Nejvétsi zmény ve vyuziti ploch nastaly od po¢atku kolektivi-
zace zemédélstvi (1952) do roku 1975. Foto: Vojensky topograficky tstav Dobruska.

Obr. 8 —Maximélni denni pritoky v hydrologické stanici Plasy (feka Stiela) v obdobi
1942-2007. Osa x — roky. Zdroj: CHMU, Cuiik 2009.

Obr. 9 —Mapa Mladotického jezera s lokalizaci mélkych a hlubokych vrta. Vrt ML 18/03 se
nachaézi blizko vytoku v oblasti nejvétsich hloubek jezera.

Obr. 10 — Zastoupeni jednotlivych zrnitostnich frakei v sedimentu vrtu ML 18/03 (hloubka
vrtu 0—400 cm).

Obr. 11 — Obsah radioaktivnich izotopu *Cs, 2*!Am a 2Pb v referenénim vrtu ML 18/03.

Obr. 12 — Vysledky detailni sekéni analyzy, ¢asového vyvoje a vypoc¢tenych rychlosti sedi-
mentace.
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