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I ntroduction

The area of the erné jezero Lake is interesting from a geomorphological
point of view especially because of its glacigenous origin. Understanding the
Bohemian Forest's glaciation could be a key to spreading knowledge of the
Central European glaciation and its spatial link between the Scandinavian and
the Alpine glacial stratigraphy (sensu RAAB, 1999).

There has been a significant interest in glacially modelled relief of the
Bohemian Forest for aimost 150 years. Since the second half of the 19"
century many authors have discussed the question of the Bohemian Forest
glaciation, for example GUMBEL (1868), PARTSCH (1882, 1904), BAYBERGER
(1886), WAGNER (1897), VITASEK (1924), RATHSBURG (1929-30),
PRIEHAUSSER (1929, 1930). CHABERA (1975) gives a summary of works
devoted to the glaciation of the Bohemian Forest from the 19" century to the
first half of the 20" century in his article “ P ehled wyvoje ndzor na otazku
zaledn ni” [The Summary of the development of opinions on the glaciation].
VESELY (1994) reviewed the most important investigation results in this area.
Some older opinions are also summarised in a contribution by KUNSKY
(1933). VoTYPKA (1997) engaged in research in the Plesné Lake area for
along time. Recently the PraSilské jezero Lake area has been studied by
MENTLIK (2002, 2004). RAAB (1999) worked out a detailed survey of the
glaciation of the Kleiner Arbersee Lake in the Bavarian Forest for histhesis.

The detailed comparison of glacial relief morphometric characteristics of
the Bohemian and the Bavarian Forest based on DEM is described in works
by, for example, HousaAROVA (2004, bachelor thesis, unpublished) and
HOUSAROVA & MENTLIK (2004).

Aims

The aim of this paper is to present the first (preliminary) results of afield
geomorphological survey aimed mainly at the glacial part of the relief in the
region of the ernéjezero Lake, the Bohemian Forest.

The primary aim was to identify the glacial segment of relief and divide it
into accumulation and erosion parts from the view of glacial modelling. The
main part of the paper is focused on research of glacial relicts near the erné
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jezero Lake in the Bohemian Forest.
There are at least three main issues to be considered:

0 the presence of glacial accumulationsin the study area,

0 probable extent and localization of glaciation, based on the presence of
glacial accumulation presence,

0 estimation of ELA using various methods of calculation.

Study area

The area of interest for this study was delimited by the catchment of the

erny potok Brook including the catchment of the erné jezero Lake. This
area (3.77 kmP) is situated in West Bohemia, exactly 6 km north-west of the
town of eleznd Ruda. The whole north-western part of the frontier Bohemian
Forest ridge belongs to the geomorphological district “Krdlovsky hvozd”. The
study area is located on the north and north-east slopes between Mt. Jezerni
hora (1,343.4 m as.l.) — Mt. Svaroh (1,333 m asl.). The lowest point of the
area of interest is the mouth of the erny potok Brook to the Uhlava River
in715 m asl. erné jezero Lake is the largest and deepest lake of glacial
origin in the Bohemian Forest (other characteristics Table 1). This lake has
the lowest lake level elevation of all Czech glacial lakes in the Bohemian
Forest. The climate of the north part of the Bohemian Forest is a transition
between the maritime climate of the Atlantic Ocean and the continenta
climate of the Eurasian continent. At the nearest climatic station in Hojsova
Str4 village (867 m a.s.l.) the mean annual air temperature is 7 °C (period
1989-2003), the mean annual precipitation is 1,172 mm (period 1980-1990),
the mean annual snow cover was 102.5 days during the period 1961-2000
(Czech Hydrometeorological Institute). Mt. Jezerni hora and its surroundings
have 43 % west and south-west winds. Almost the entire study area is
forested (spruce, beech, fir). The study area is a part of the “ erné and

ertovo jezero” national nature reservation.

The area is geologicaly monotonous. It is a Moldanubikum monotonous
unit of “Kraovsky hvozd” which is composed of medium coarse-grain
granatic-biotitic-muscovitic mica-schists (BAB REk 1993). This mica-schist
includes lenses of colourless or white quartz (VEINAR 1963). The area is
passed through by belts of quartzite and quartzitic mica-schists. Their higher
geomorphological value appears on the surface in structura landforms, e.g.
the ridge between Mt. Jezerni hora and Mt. Svaroh, and outcrops (on the
cirque headwall). In the study area mica-schists have NW-SE proceeding
foliation with inclination 70° (BAB REk 1993).

The glaciation in the surroundings of the erné jezero Lake had a small
extent and therefore the glacigenous sediments are of local origin. The size of
blocks creating moraines is varied. In some places blocks can be found with
longer axis more than 5 metres long. There is a fine filling created by
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weathering of neighbouring minerals among blocks.

M ethods

This contribution gives a basic overview of the glacia district in the
catchment of the erné jezero Lake and the erny potok Brook. For
interpretation of a natural condition review of the erné jezero Lake and its
surroundings, a lot of morphometrical, morphographical, hydrographical,
carthometrical and climatical methods and analyses were applied. They were
based on computing hydrological characteristics (coefficient of relief,
characteristic of catchment, river network density), climatical characteristics
(mean annual precipitation, mean seasona precipitation, mean snow cover
duration, maximum snow cover duration), longitudinal sections, cross
sections and on creating these maps. map of relative heights, hypsometric
map, map of sope angle, map of slopes exposition.

The morphometrical and the morphographical analysis served to define
places useful for detailed fieldwork that has been in progress since June 2005.
ArcView GIS 3.1 and its extensions 3D Analyst and Spatial Analyst were
used for creating and analysing profiles, map of slope angle, map of slopes
exposition and digital elevation model (DEM). Input elevation data was
adigita contour line map M-33-099-A-d (Topograficd map GSA R
1:25,000) by DMU 25 and elevation data and planimetry by ZABAGED
1:10,000 sheets 21-42-23, 21-42-24, 21-44-03, 21-44-04. The longitudinal
and the cross sections were created by extension Profile Extractor 6.0 for 3D
Analyst. Depth contour lines were created by geocoding (using an extension
Georeferencing in ArcGIS 9.0) and manual vectorizing from a raster
bathymetric map created by JANSKY et al. (2005).

Input elevation data (contour and depth contour lines) were at first
transformed in TIN (Triangulated Irregular Network) using Spatial Analyst.
Morphometrical characteristics of the relief were subsequently displayed in
grid representation with the grid cell size 5x5 m.

Morphographic analysis of the catchment of the erny potok Brook was
useful on the one hand for selecting localities, where field work has been
carried out, and on the other hand for evaluation of the relationship between
geomorphic processes and morphometric and morphographic characteristics
of relief.

The main geomorphological method is field geomorphological mapping.
One of the major challenges of glacial geomorphological mapping is the
recognition and delineation of the landforms and sediments, and their genetic
interpretation (HUBBARD & GLASSER 2005). Points enclosing the mapping
object (geomorphological form) are saved into GPS (Garmin GPSmap 76CS,
Garmin GPS Il PLUS) during the fieldwork. Mapping was focused on
boundaries of glacia landforms (moraine foots and ridges), peat bog
depressions, streams, cirque edge, some forms in headwall area (debris flow,
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erosion furrow) in this case. These points were converted to JTSK coordinate
system in vector form and then processed by GIS. Because this terrain is
covered by dense forest, the visua identification of landforms and
geomorphological mapping is very difficult. Remote sensing techniques
(orthophotos) are of limited use in the study area.

Besides this depths of peat bogs were measured and driven test pits of peat
bogs and granulometric analysis of sediments were made. Potency of
weathering cores of boulders was measured using the Schmidt hammer test.
But during evaluation of measuring it emerged that mica-schist boulders do
not provide positive results. It was necessary to continue using other methods
and analyses.

Mor phometric and mor phographic analysis

Morphometrical and morphographica methods are ranked among the main
methods of geomorphological research.

The obvious changes in the relief inclination were displayed in longitudinal
section which shows declinations from the linear direction of the course just
in these places where the glacial landforms end (near point 4 Fig. 1). The
longitudinal section between point 1 and 3 shows a visible cirque form. From
the cross section arranged in line of the erny potok Brook the slope
asymmetry is clear in the upper and lower area but it has a converse character.
In the upper part of the area in profiles conducted by the cirque areathereis a
steeper southeast oriented slope. In the lower part there are steeper northwest
slopes (Fig. 1).

From the range of angle of slopes clear superiority of the angles of slopes
in category from 5° to 15° is seen which are situated in the whole catchment.
Position of extreme categories (max. and min. angle of sope) is of course
specific. Category of slopes with an extreme angle of slope up to 35° occurs
only in the cirque headwall area where it is rarely possible to find slopes with
an angle above 55°. These categories are distinct for a destructive part of the
area. This is characteristic for the others areas of glacial origin in the
Bohemian Forest (the Czech and German side) (HOUSAROVA & MENTLIK
2004). In this study area there are two groups of areas with different geneses
and the same minimal angle of dopes. This means the area of planation
surface relicts is situated in Mt. Jezerni hora (1,343.4 m as.l.), Mt. Rozvodi
(1,18.9 m asl.) and Mt. Spi & (1,201.7 m asl.) and the area with lateral
moraine accumulations is to the north of the lake. The area of the planation
surfaces relicts on the crest Mt. Jezerni hora—Mt. Svaroh served as the snow
accumulation and a source area for the erné jezero Lake glacier. Similar
deflation platforms were defined in Giants (KrkonoSe Mts) by SeBESTA
& TREML (1976). This summit “source” area has an inclination of 5-7°
including adjacent reverse slopes and delimited on the digital elevation model
(DEM). This area covers almost 36.6 ha. The planation surfaces affected by
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cryoplanation with inclination to 12° (sensu DEMEK 1969) cover amost 103
ha.

The exposition of the erné jezero Lake area is amost in N-E segment.
The cirque headwall splitsin 5 parts with SE, E, NE, N and NW exposition,
whereas E exposed slope occurs more as 50 %. PROSOVA & SEKYRA (1961)
explain this phenomenon, which is typical for the mgority of cirques and
nivation hollows in the Czech massif, by less insolation and consecutively
ablation. Snow stayed here longer and was brought to the cirque from summit
areas by western winds, which mainly blew in Central Europe during cold
periods in the Pleistocene.

HousaROVA & MENTLIK (2004) compared the morphometrical
characteristics of the areas which were remodelled by glaciers in the
Bohemian Forest. They found that the character of the preglacia relief was
very important for the present relief, i.e. mainly the existence of steep slopes
with N-E exposition and their connection with the tectonic lines. The
presence of tectonic lines with NW-SE or N-S direction was probably very
important for the development of the glaciation. N-— direction of the tectonic
linesistypical for the border area of the Moldanubicum.

Results

A —Erosion part of theglacial area

The dominant landform in the study area is the cirque of the erné jezero
Lake with a headwall more than 300 m high. The upper edge of the headwall
(mapped using GPS) is situated in a line where a gentle sope merges into the
steep headwall. In the lower part of the headwall the headwall edge was
mapped as a range where the steep headwall merges into the cirque floor. The
cirque floor is situated in 967.4 m a.sl. and is flooded by erné jezero Lake
with its degpest point in the NW part (40.1 m). The basin of this lake has two
parts which are divided by a step (see longitudinal section Fig. 1, between
points 2 and 3). It is probably a glacial accumulation (see B — Accumulation
part). The first lake basin is 40.1 m deep. The second lake basin isin the NE
part (its depth is 18 m). If we take the cirque floor as the |ake area, the area of
the cirque floor is 18.8 ha. The area of thefirst basin is 14.4 ha and the area of
the second basin is 4.4 ha. The mean slope of the bottom is determined by
JANSKY et al. (2005) as 14°20'.

RaAB (1999) mentioned the effect of detraction (glacia quarrying, glacia
plucking) on the formation of the cirque. Detraction can pluck and carry big
fragments away. Fractures weaken cohesion of the rock surface and make
shift of the blocks possible. It has a decisive influence on cirque devel opment.
When the fractures are longitudal, an elongated flat-bottomed cirque evolves.
In this case headwall erosion is predominant. A compact cirque with an
enclosed basin is formed by the transversal fractures and a distinct lip
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evolves. Headwall erosion is comparable with floor erosion. In this case, the
shape of the erné jezero Lake cirque is influenced by a transversal fractures
course. This hypothesis is sustained by a fissure analysis of rock outcrops of
the headwall. Also HAYNES (1968) deals with the influence of glacial erosion
and rock structure on corries in Scotland. She shows the relationship of cirque
floors to geology. She expects that factors working on a purely local scale
(such as aspect, rock type, stage of development) are the most likely causes of
the cirque shape variation.

The highest point of the headwall is 1,320 m a.s.l. Its character is typically
cirque, partly disturbed by range incoherent erosion ravines. The continuous
course of the edge of cirque is disturbed by rock outcrops and erosion scars
the area. Mainly in the western part can be found a range of outcrops
protruding to the space of cirque, which are in the form of rock ribs up to 20
metres high. Slope orientation is NW-E. The upper part is created by
aheadwall somewhere with an angle of slope nearly 90°, under which in the
lower part there are large block accumulations. In the SE part at ¢. 1,150 m
a.s.l. we found blocks more than 5x10 m in size. They are of rockfall origin
and came here from the upper part of the headwall, which is up to 100 m high
here. The foliation of mica-schist (paralel with surface) contributed to mass
movement of this scale.

There is an amphitheatral landform in the middle of the north-exposed part
of the headwall. The floor of this landform is situated at 1,100 m as.l.
(Fig. 2). The floor of this form is flat and delimited by a rampart with
maximal height of 2-3 m in its western part. The significant low ridge is
formed by unsorted, coarse angular rock debris. This landform has a similar
structure to the protalus rampart in the headwall of Ob i d | Valley in the
Giants Mts. That is why we can say that it is a protalus rampart representing
the last phase of the glaciation. The soil horizon on the flat part reaches
amaximal detected depth of 1.40 m. Two layers of sandy sediment of a silver
colour were found in the soil profile at the depths of 15-19 cm and 42-48 cm.
This indicates multiple fluvial accumulation and fluvial remodeling of this
flat part of the nivation hollow basin. According to granulometric analysis
(Fig. 3) of samples taken the upper layer has a bigger content of finer fraction
than the lower layer. More than 54 % of the sample (42—48 cm) contain grains
larger than 2 mm. The mgority of the horizon consists of black clay soil with
bouldersin its base.

WHALLEY & Azizi (2003) state: ... Protalus ramparts are generaly
attributed to debris accumulating at the front of snow patches or even small
“glacierettes.” This association with glacial conditions would place them in
the glacial, rather than permafrost, realm (i.e., the ground temperature may
not necessarily be < c. 1.5 °C). However, there have been suggestions that
they are incipient rock glaciers of permafrost origin. Again, it may be that
both could be realistic models, according to local antecedents and contingent
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factors, and they have been considered as part of a continuum of landforms.
In particular, the possibility of massive ice bodies, derived from glaciers, is
fundamentally different from the necessity of permafrost for the formation of
rock glaciers.” Rock debris that fell from the surrounding cliffs rolled down
these snowbanks and formed low ridges at their toes. Such aridge is called a
protalus rampart because it is found just in front of the apron of rock
fragments, called talus that lies beneath cliffs.

The erosion part of the glacial segment was remodelled during the
Holocene. Present-day geomorphologica processes are in progress here, e.g.
rill erosion, rock fall. In the headwall area two types of nonglacial forms can
be found — an erosion gully (hydrogenous form) and a debris flow
(lithogenous form). From the east protalus borders on the lateral edge of the
debris flow, of which scar area is situated on the eastern edge of headwall at
1,260 m a.s.l. The bed of the debris flow reaches a maximal depth of 4-5 m,
the distance of edgesisc. 7 m and maximal sope in upper part is 40-50°. The
accumulation area of the debris flow has for the first time the form of an
elongated wall (2 m high, 10-15 m wide), in the lower part the wall
disappears and the accumulation has the form of an alluvial cone with a stegp
headwall up to 3 m high.

In the middle (east exposed) part of the headwall there is another
obviouserosion form. It is an erosion gully. Under this landform there is
adgection cone extending to the lake. The channel cuts to the bedrock to the
depth of up to 5 metres. In the middle part the slopes of the trough are created
by substantial rock outcrops. The gully leads diagonally up through the slope,
in accordance with the structural conditions of the place (direction of
foliation).

B — Accumulation part of the glacial area

The morphology of the accumulations (wall form, big boulders) wasamain
criterion for determining the glacial origin of these landforms. Glacia
accumulations can be observed c. from 1,115 m a.s.l. — in the case of right
lateral moraines and from 1,040 m a.s.l. —in the case of the left (Fig. 2). Inthe
most distant part they descend to c. 850 m a.s.l., to a distance of 930 m from
the dam of the lake. The glacial landforms of the erné Lake glacier are
conserved in several forms. more than 20 m high moraine walls (ridges), flat
low accumulations and steps. Moraine wall can be found both on the right and
on the left side of the erny potok Brook. Between moraines there are many
peat bog depressions up to 1.8 m deep (Tab. 2). Their small depths accredited
by test pits indicate that they are not old. Fluvial and slope processes, which
formed this area after deglaciation, had a negative effect on the moraines and
they have been a cause of their degradation. Anthropogenic activities (e.g.
building and adjustment of dike) also destroyed the moraines.
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Right lateral moraines. Materia of the right lateral morainesis deposited in
the steep dope (30°) in the eastern side of the erné jezero Lake. There are
three parallel moraines.

The right outer lateral moraine is the longest (c. 1,400 m) and it reaches
c. 1,115 m as.l. The maximal width of this moraineis c. 200 m and maximal
height is 10-12 m. From 1,030 to 960 m a.s.|. the moraine ridge has a flat
western foot. At 890 m as.l. it blends with the adjacent wall and transforms
into the terminal moraine. An elongated depression with a peat bog with
maximal measured depth 1.5 m (N° 11, see Fig. 2) can be found on the ridge
at 1,050 mas.l. Theangle of dopein the elevated part varies from 25° to 30°.

The second right moraine accumulations begin at 1,055 m as.l. and runs
concurrently with the outer ridge. The accumulation reaches a large width (to
100 m) at c. 1,035 m as.l. and blends with the adjacent wall. One of its parts
goes to the W and forms the moraine damming the lake. Under the lake the
moraine blends with the wall on the left side of the erny potok Brook. This
moraine runs aong the brook and has aform of two walls on both sides of the
brook. Both ridges end at 885 m as.l. It is probably one moraine and it was
cut secondarily by the erosion of the brook. The maximal height is 5-7 m at
920 masll.

Near the lake is the moraine, which goes on as terminal moraine under lake
level to opposite bank. It has maximal height 15 m above the lake levdl.

Left lateral moraines. The left lateral moraines create a 400 m wide area to
the north of the lake. Directly from the lake the moraines raise up to 25 m
above the lake level. Near the lake there are 4 moraines (but TREML 1976
refers to 5 moraines) with paralel course (Fig. 2), of which the second
borders the lake. One of them gets lower and continues under the lake level
(see right lateral moraines). This moraine is separated by a longitudina
depression, which is deeply excavated (8-10 m) in the middle part and its
maximal width is 30 metres. In the NW part the second moraine consists of
considerably large mica-schist blocks (up to 5 m in longer axis). The area
between the second and outer one (the most distant to the north from the lake)
IS very chaotic. Moraines here are plain and everything is complicated by
dense growth of young spruces.

The northern border of the accumulation part creates a moraine with
maximal height of 5 metres. It extends to the terminal moraine at 940 m a.s.l.
Between this outer moraine and the moraine on the left side of the erny
potok Brook is situated an area with relatively flat and broken landforms (lot
of steps, small ridges, depression).

Terminal moraines. The first terminal moraine closes the erny potok
Brook valley between 940-850 m a.s.l. The accumulation is situated on the
steep slope (25-30°) above an asphalt road. The slope is up to 50 m high (in
the NW part).

The erny potok Brook bypasses the SE part of the terminal moraine
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which is aprolongation of the outer right lateral moraine. In this part there are
probably mixed glacial sediments with fluvioglaciad and the downslope
movement of sediments. The water course is determined by human activities
in segment between 975-840 m a.s.l. The NW part (on the left side of the

erny potok Brook) is more elevated (50 m above the road level) and is an
elongation of two moraine ridges. On the northern lateral moraine ridge can
be found a depression with a peat fill (max. depth 1.4 m) (see Table 2, N° 8).
This moraine is probably partly covered with a younger accumulation at 955
m a.s.|. and above.

Interesting is the question of two walls already referred to as second right
moraine. The front of this moraine is situated at 920 m as.l. It is probably
arecessional moraine from some older phases. About 15 m upwards there is
another obvious step on the ridge. This step is probably another retreat stage.
The eastern part of this moraine is really obvious; the angle of slope is 30°
and is more than 15 m high.

The second terminal moraine closes the lake. This moraine is not very
visible and is remodelled by an antrophogenic dam. A complex of buildings
(former frontier guard station) is situated close to the lake. We can take it that
most of the moraines surrounding the buildings and the dam are affected by
antrophogenic activities.

The third recessional moraine probably occurs near the step separating two
lake basins. The remains of moraines are situated near the step in the lake
floor. These facts prove the existence of moraine under the lake level. Its
width is c. 100150 m and its ridge lays c. 15 m under the lake level.

A protalus rampart is an accumulation form, which relates to glaciation. It
Is situated in the erosion part of glacigenous relief and it has been described
(see earlier).

Snowline estimates

The determination of ELA (equilibrium-line altitude) during the last ice age
IS important for assessing the character and the extent of the glaciation. The
Pleistocene ELA recongtruction for the erné jezero Lake areais only one of
the determination points in the Bohemian Forest. But for reconstruction of the
Pleistocene ELA position in this area we need data from other parts of relief
of glacia modelling.
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Three methods have been used to reconstruct the Pleistocene snowline
(ELA) in the study area: cirque-floor atitude, upvalley limits of latera
moraines (MELM), dltitude ratio (THAR). The cirque-floor method is used
for a glacier which just fills a cirque. In this case the ELA lies not far above
the average dtitude of the cirque floor (PORTER 2001). It can be in a situation
where the glacier terminates at cirque threshold or the glacier does not extend
too far beyond cirques. The average altitude of the erné jezero Lake cirque
floor was calculated from the average depth of the lake (15.6 m) and lake
level dtitude (1,007.5 m as.l.). The cirque-floor atitudeis 992 m as.l.

The dtitude of the moraine upvalley limits may approximate the former
ELA. For using the MELM method the lateral moraine could be well
preserved. The maximum elevation of lateral moraine in the study area is
from 1,115 ma.s.l. (right moraines) to 1,040 m a.s.l. (left moraines).

The last method is the altitude ratio method (Hofer's method) using the toe-
to-head altitude ratio (THAR). The ELA lies midway in atitude between the
head of the glacier (Ah) and the terminus (At). The ELA is computed as the
arithmetic mean of the altitude of a glacier's terminus and the average altitude
of the mountain crest at the glacier's head. Hofer used the ratio 0.5. The
formulais:

ELA = At+THAR * (Ah-At).

Where: At is the lowest part of the terminal moraine and Ah is the mean
atitude of the headwall edge (PORTER 2001). | have defined Ah as the
average altitude of the headwall edge (1,240 m a.s.l.). The ELA isthen 1,045
mas.l.

Discussion

Some notes about the lower edge of glaciation, extent and type of
glaciation exist from the past. E.g. RATHSBURG (1928, 1932) estimates the
lower edge of glaciation to be 120 m under the contemporary lake level, and
he supports the idea that the Bohemian Forest was little glaciated with cirque
glaciers flowing close to the cirque level. On the other hand, PRIEHAUSSER
(1929, 1930) supported a much larger extent of glaciation and estimated the
position of lower limits of moraines to 830 m a.s.|. Both these altitudes are
not so far from the altitude reported in this paper, which is 850 m asl.
Contemporary research on both sides of the Bohemian Forest show the lesser
extent of the last ice age glaciation is more probable. The small extent of
glacial accumulation near the erné jezero Lake is not an exception and could
be taken as a proof of the lesser extent of glaciation which took the form of
acirque glacier with tongue spreading at maximum of 700 m from the lake.

A minimum of 3 moraine generations were found in the surroundings of
the erné jezero Lake. Making the difference between older and younger
moraines in this stage of the research is possible only on the base of the
morphology (degree of the conservation) and their position. The moraine
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lying further from the lake is thought to be older than the nearer one. The
oldest and most remote one probably with few recessional stadiums, a second
generation moraine which creates a lake dam at the moment and a third which
could be found at bottom of the lake. There are a few facts which proved the
existence of moraine under the lake level. DEM shows the lake bottom
separated by a ridge into two basins. There is a small but visible elevation
between points 2 and 3 on the longitudinal section in Fig. 1. Our assumption
Is also confirmed by the character of moraines on both lake banks. The
position of moraines on the banks directly corresponds with the position of
the ridge on lake bottom.

The area without distinct moraine walls between the left externa latera
moraine and moraine alongside the erny potok Brook documents NE
direction of glacier movement. It was representative for the line of glacier
movement in the older phase of glaciation then this direction of movement
changed to N-S. We could expect this way of movement from terrain
morphology, character of moraines and missing linkage between right side
moraines and the left ones. There are three parallel moraines north of the lake,
which form front recessional moraines.

There still remains the question, to what extent was the shape and direction
of the erny potok Brook affected by human activities? The erny potok
Brook flows between two walls, which have quite similar characteristics
(corresponding height and location of steps on the ridge). Thus, these two
walls were marked as one single moraine and according to glacier position
and direction of movement as a right moraine. Despite this, TREML (1976)
reported two moraines and marked them, according to their position with the

erny potok Brook, as left and right.

According to distinguishing of individual moraine generationsiit is possible
to divide the studied area into two parts. At first, it is the younger part closer
to the lake, which was formed at the end of glaciation. The second part is
evidence of an older glaciation phase and this part is delimited by the extent
of frontal moraine and right and left outer moraine under the lake. The eastern
part of the oldest frontal moraines is still not clearly explained. Glacial
accumulations are disturbed by slope and fluvia processes and anthropogenic
activities.

An accumulation form could be found even in the glacial erosion part of
the study area. It is a protalus rampart, located in the north exposed part of the
headwall. It could correspond to the last glacial phase just before total
deglaciation. Small soil thickness on the bottom of the nivation hollow and
presence of sandy bands in vertica profile show the significant impact of
fluvial processesin thislocality.

Localization of moraines has also a great value for computing local ELA.
The last ice age ELA for the whole mountain range should be reconstructed
based on the data obtained from three different methods of ELA
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computations, together with results from other glaciated localities. Without
linking with data from other locdlities, the local ELA does not have such
significant and relevant value.

Thanks to handling the morphometric and morphographic analysis over the

erné jezero and even the whole erny potok Brook catchment, the analyses
includes even the whole area with glacial accumulations. Slope analyses leads
to the definition of the extent of deflation platforms in the uppermost areas
around the lake. Development of cirque on the steep sope was probably
supported also with structura bedrock predisposition (HOUSAROVA &
MENTLIK 2004). To what extent was the development of cirque influenced by
fissure system and foliation needs to be confirmed directly by field work
analyses.

Conclusions

The preliminary aim of this work has been to define a glacial segment of
the georelief, its partition into an accumulation and an erosion part. These
parts were delimited on the basis of terran mapping and DEM. The
accumulation part is linked with the glacial accumulation occurrence and the
erosion part is delimitated with the headwall area. Accumulation glacial forms
— protalus ramparts — were investigated in the erosion area (headwall). Glacial
origin of identified landforms was determined on the basis of their
morphology.

Moraines of the erné jezero Lake glacier are conserved in several forms:
conspicuous moraine walls (ridges) more than 20 m high, flat low
accumulations and steps. Glaciation of this area has several phases. The oldest
maximal moraines touched 850 m as.l. The youngest terminal moraine is
partialy flooded by the lake and it lies at 994 m a.s.l. The main space, where
the glacier occurred, is situated on the left side of the valey of the erny
potok Brook. This area has relatively flat and broken landforms (lot of steps,
small ridges, depression) without moraines. Some of the young moraines lie
on older moraines. In the last part of the ice age the glacier had minimally two
aggradation phases. The nivation hollow on the headwall of the cirque and its
protalus rampart corresponded to the youngest (final) phase of the
Pleistocene.

The research of the study area will be extended in the future. It should be to
verify the origin of several forms, determine the exact glacier movement
direction and distinguish several generations of moraines. Various field and
laboratory techniques commonly used in the description and analysis of
glacigennic sediments, e.g. clast macrofabric an roudness anayses, particle-
size analysis, analysis of clast surface features using SEM (scanning electron
microscopy) and the absolute age (numerical-age) and relative age dating
methods will be used for the realisation of thisaim.
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The works will be extended with the research of the relicts of planation
surfaces in the surroundings of the Mt. Jezerni hora-Mt. Svaroh ridge. We
will be interested in the examination of the bedrock influence on the genesis
of the ernéjezero Lake cirque.
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Table 1. Selected characteristics of the erné potok Brook

area
L ake (Jansky et al. 2005) Cirque and catchment
Lake area[ha) 18,79 | Watershed divide length [m] 8221
Lake volume [tis. m’] 29248 | valey linelength [m] 3046
Lake length [m] 693,1 | Catchment area [km’] 3,77
Max. lake width [m] 459,3 | Catchment maximal altitude [m n. m.] 1343
Mean lake width [m] 271,2 | Catchment minimal atitude [m n. m.] 715
Max. lake depth [m] 40,1 [ Altituderange [m] 628
Mean volumetric lake depth [m] 15,57 | Maximal catchment width [m] 2049
Mean lake floor inclination [°] 14°20° | Maximal catchment length [m] 3098
Lake level elevation [m n.m.] 1007,5 | Maximal cirque altitude [m n. m.] 1320
L ake catchment area [km?] 1,241 | Minimal cirque atitude [m n. m.] 967,4
Maximal headwall hight [m] 3125
Headwall area[ha] 46,66
Areawith glacial sediments [km?]* 0,839

Table 2. Basic morphometric

features of peat bog depressions

*without lake floor area

max. depth width x length
Number (cm) (m)

1 130 15x 15
2 140 10x 20
3 120 10x 15
4 40 4 x40

5 100 4-6 x 30
6 180 6 x 15

7 80 10x 90
8 140 30 x 60
9 70 6x12-15
10 120 8x20
11 150 7x10
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Fig. 1. Cross profiles and longitudinal profileinthe erny potok Brook
catchment. Cross profiles — exaggeration = 3, longitudinal profile —
exaggeration = 2
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Fig. 2. Map of morainesinthe ernéjezero Lake area. Numbers indicate peat
bog depressions (Table 2).

61



Granulometric curve

100

90
80

- / //i/;;
: %
30 / / /

20

10

cumulative per centage by weight (%)

0
0,01 0,1 1 10

depth (cm) grain size (mm)

‘ —0—6-14 —8—15-19 —A—28-35 —%—42-48 —%—53-60 —@— 62-71 —+—84-94 ——113-123 ‘

Fig. 3. Granulometric curves from basin of nivation hollow near protalus
rampart
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