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Abstract 
Morphological phases of moraines from north-oriented valleys are known in the Bohemian Forest. Detailed 
data from south-oriented valleys are still missing. This paper presents morphological phases of moraines from 
two valleys. Glacial landforms were defined by an accurate digital elevation model (DEM) and verified by 
field mapping. The extent and internal structure of the selected glacial landforms were refined by geophysical 
profiling. We have described 8 morphological phases of moraines in the Großer Schwarzbach cirque locality 
(south orientation) and 4 morphological phases of moraines in the Kleiner Rachelbach cirque locality (north 
orientation). In the north-oriented valley, the number of morphological phases of moraines corresponds to 
other north-oriented sites in the Bohemian Forest. In the south-oriented valley, the number of morphological 
phases of moraines exceeds the number of morphological phases of moraines in the north-oriented sites in the 
Bohemian Forest. 
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INTRODUCTION 
 
The Bohemian Forest laid between mountain glaciations linked to the Alps and continental 
glaciations centred on the Scandinavian Peninsula in Pleistocene (HUIJZER & VANDENBERGHE 
1998, EHLERS et al. 2011). Localities in the Bohemian Massif are therefore a link in correlating 
palaeoenvironmental changes (REUTHER 2007, MENTLÍK et al. 2010, VOČADLOVÁ et al. 
2015). There are 8 cirques with lakes (RATHSBURG 1927, ERGENZINGER 1967, STEFFANOVÁ 
& MENTLÍK 2007, VOČADLOVÁ 2011, HAUNER et al. 2019) and several glacial cirques  
without lakes (HAUNER 1980, PFAFFL 1997, KŘÍŽEK et al. 2012, VONDRÁK et al. 2019) in 
the Bohemian Forest. Palaeoenvironmental changes have been described in detail at some 
sites (BUCHER 1999, RAAB & VÖLKEL 2003, REUTHER 2007, MENTLÍK et al. 2010,  
VOČADLOVÁ et al. 2015), but exclusively in north-facing valleys. For valleys with warm 
(south) orientation, older chronologies (HAUNER 1980, PFAFFL 1997), or chronologies based 
on a digital elevation model (HAUNER et al. 2019) are available.  

The proxy data for paleoclimatic reconstructions can be obtained by geomorphological 
mapping, geomorphological analysis and subsequent dating of geomorphological landforms, 
particularly moraines (MENTLÍK et al. 2010, CHANDLER et al. 2018). The extent of the  
moraines (in addition to classical sedimentological methods) is currently being verified by 
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non-invasive geophysical methods (MENTLÍK et al. 2010, VOČADLOVÁ 2011). One  
commonly used geophysical method is electrical resistivity tomography (ERT), which  
measures the electrical properties of the subsurface environment (LOKE 2000, HAUCK & 
KNEISEL 2006, KNEISEL 2006, RIBOLINI et al. 2010, TÁBOŘÍK et al. 2017).  

The present regional study aims to: i) define glacial landforms in two formerly glaciated 
localities using an accurate DEM and field mapping, ii) refine the delineation of glacial  
landforms using geophysical profiling and iii) compare formerly glaciated localities with  
different orientation. The results will serve as a basis for deglaciation chronologies and their 
correlation with other chronologies of deglaciation in Central Europe. 
 
Regional setting 
 
The Großer Schwarzbach cirque locality (Fig. 1A) and the Kleiner Rachelbach cirque locality 
(Fig. 1B) were chosen for the study (names after HAUNER et al. 2019). Glacial evolution is 
assumed for both sites (ERGENZINGER 1967, HAUNER 1980, STEFFANOVÁ & MENTLÍK 
2007, KŘÍŽEK et al. 2012, HAUNER et al. 2019, KRAUSE & MARGOLD 2019). A major 
difference between the sites is their orientation. The Großer Schwarzbach cirque is oriented 
almost to the south, whereas the Kleiner Rachelbach cirque is oriented almost to the north  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2

Fig. 1. Geological maps of the study localities A) the Großer Schwarzbach cirque locality; B) the Kleiner Ra-
chelbach cirque locality) with their location in the region. Background data BAUBERGER 1977. The maps are 
supplemented by areas (red dotted line) of the hypothetical maximum glacier extent according to HAUNER et 
al. (2019) with their indicated movement (red dotted arrows).



(KŘÍŽEK et al. 2012). Therefore, the differences in the action of glacial processes (BENN & 
EVANS 2010, BIERMAN & MONTGOMERY 2014) and thus differences in the nature of the  
glaciations (BENN & EVANS 2010, BIERMAN & MONTGOMERY 2014) can be assumed. More 
extensive glaciation delineated by the red dotted line in Figs. 1A) and 1B) is considered at 
both sites (HAUNER et al. 2019, KRAUSE & MARGOLD 2019). Obviously, the bounding  
landforms of this glaciation would have to have been formed by a completely different, older 
and significantly more extensive glacial system than the glacial landforms studied at both 
sites. Their research is not the focus of this article.  
 
Großer Schwarzbach cirque locality 
 
The site is located less than 4 km northwest of the German town of Finsterau. The cirque is 
without a lake, but there are wetlands on the cirque floor. PFAFFL (1997) carried out  
geomorphological research at the site. However, this research was not based on a detailed 
DEM (PFAFFL 1997). HAUNER et al. (2019) provide a relative chronology of deglaciation 
based on a detailed DEM analysis combined with fieldwork. HAUNER (1980), PFAFFL (1997), 
HAUNER et al. (2019), VONDRÁK et al. (2019) suggest that there is an infilled lake of unknown 
depth. DUFFEK & MENTLÍK (2022) tend to favour this hypothesis based on a basic geophysical 
survey. The maximum elevation of the cirque wall is 1272 m a.s.l. and the minimum elevation 
of the cirque floor is 1016 m a.s.l. The cirque is excavated into the eastern slope of the  
Steinfleckberg peak (1341 m a.s.l.), but the valley is oriented almost to the south. The cirque 
is transected by tectonic lines with a NNW-SSE direction (HAUNER et al. 2019). According to 
BAUBERGER (1977), the locality is composed of gneiss alternating with granite (see Fig. 1A). 
 

Kleiner Rachelbach cirque locality 
 
The Kleiner Rachelbach cirque is located less than 12 km southeast of the town of Zwiesel. 
There are only wetlands and peatlands on the cirque floor (HAUNER et al. 2019). HAUNER et 
al. (2019) provide a relative chronology of deglaciation based on DEM analysis combined 
with fieldwork. The presence of infilled lake sediments of unknown depth is assumed  
(HAUNER 1980, HAUNER et al. 2019, VONDRÁK et al. 2019). The maximum elevation of  
the cirque wall is 1281 m a.s.l. and the minimum elevation of the cirque floor is 1070 m a.s.l. 
(KŘÍŽEK et al. 2012, HAUNER et al. 2019). The cirque is excavated into the northern slopes 
of the Kleiner Rachel (1399 m a.s.l.) and Großer Rachel (1453 m a.s.l.) peaks. The main  
tectonic lines run SSW-NNE (HAUNER et al. 2019). According to BAUBERGER (1977), the 
locality is composed of gneiss with granite veins (see Fig. 1B). 

 
METHODOLOGY 
 
A 4 step methodology was designed to establish the morphology of both sites (Fig. 2). The 
basis was a detailed LIDAR (DEM) which was loaned by the Bavarian Forest National Park 
Authority. We used DGM 1 m (LDBV 2022) with high resolution (1×1 meter). Height  
accuracy is in centimetres and mean error in height is +/–  0.5 m (LDBV 2022).  

In the first step, landforms were defined on the basis of the DEM and its derivatives  
(hillshaded relief, slope gradient and slope orientation) according to MINÁR & EVANS (2008). 
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Fig. 2. Research methodology. 

 

 

In the second step, the landforms were verified in the field by geomorphological mapping 
(according to SMITH et al. 2011, OTTO & SMITH 2013, CHANDLER et al. 2018) and their 
boundaries were further refined. The landforms were plotted into a geographical information 
system (GIS). Finally, the necessary analyses and determination of the assumed genesis of 
the landforms were carried out based on the GIS. In the third step, a geophysical survey of 
potentially glacial landforms was carried out (according to the methodology below) in order 
to analyse subsurface manifestations of particular landforms. The fourth step involved the  
interpretation of the geomorphological map and the geophysical models. This step involved 
a synthesis of the geomorphological and geophysical interpretations, which we use as a means 
of adding knowledge to the understanding of the origin and evolution of the different  
landforms. 

The selected landforms were analysed using electrical resistivity tomography (LOKE 2000, 
SCHROTT & SASS 2008, TÁBOŘÍK et al. 2017). The ARES II (Automatic Resistivity  
System II) was used for profiling. All measurements were made in a Schlumberger electrode 
arrangement, because both vertical and horizontal subsurface manifestations were assumed 
at the sites (LOKE 2000, SCHROTT & SASS 2008). The electrode spacing was 5 m for all  
profiles. Additional characteristics of the profiles are given in Table 1 and the detailed location 
of the profiles is shown in Fig. 3A and 4A. The measured data were processed in Res2Dinv 
(GEOTOMO SOFTWARE, 2018) using tomographic inversion and topographic corrections 
(sensu LOKE 2000). The topography was derived in ArcMap (ESRI, 2021) from the DEM. 
Depending on the assumed internal structures (LOKE et al. 2015), least square inversion or 
robust inversion was used (see Table 1). To ensure the lowest RMS (root mean square)/ABS 
(absolute) error, the damping factor values were optimized for each resistivity model (e.g. 
SASAKI 1992, LOKE et al. 2015). 
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Table 1. Additional characteristics of geophysical profiles.  

 

 

 

 

 

 

 

 

 

 
RESULTS 
 
Großer Schwarzbach 
 
Several significant (with an elevation of over 3 metres above the surrounding relief) and  
non-significant (with an elevation of less than 3 metres above the surrounding relief or  
with only a stepped character) moraine ridges were identified at the Großer Schwarzbach site. 
Table 2 lists the detailed morphometric characteristics of the moraine ridges, and their  
locations are mapped in Fig. 3. The last moraine is an accumulation directly adjacent to the 
assumed cirque floor (14 in Fig. 3). The extensive (80 000 m2) and almost flat bottom of the 
cirque is connected to a relatively steep cirque wall (slope of over 80°) with many rock steps.

The geophysical model B (Fig. 3B) at the Großer Schwarzbach locality can be divided  
into six parts (1–6 in Fig. 3B) based on the subsurface resistivity distribution. The first part 
(1 in Fig. 3B) is characterized by a body with extremely high resistivities. The second part  
(2 in Fig. 3B) consists of a fairly pronounced horizontal transition from high resistivities  
to low resistivities (indicated by the black dotted line). The third section (3 in Fig. 3B) is  
characterized by a compact body with minimal resistivity that extends to a depth of about  
30 metres. The fourth section (4 in Fig. 3B) is composed of a near-surface layer of intermediate 
resistivities that overlies a low-resistivity zone at a depth of 5–10 metres. The fifth part  
(5 in Fig. 3B) is characterised by a very shallow near-surface low-resistivity layer that overlies 
the medium-resistivity layer. Between the fourth and fifth parts, a gradual horizontal transition 
(indicated by the black dashed line) from low resistivity to medium resistivity can be observed 
at a depth of 15–25 m. In the sixth section (6 in Fig. 3B), the layer of medium resistivities 
rises to the surface.  

The parts of the model correspond to the landforms identified by geomorphological  
mapping (Fig. 3A). The first part of the model (1 in Fig. 3B) corresponds to the assumed  
moraine ridge 14 that encloses the cirque floor (14 in Fig. 3A). The second to fifth parts of 
the model (2–5 in Fig. 3B) correspond to the cirque floor (Fig. 3) and the sixth part of the 
model (6 in Fig. 3B) corresponds to the cirque wall foot (Fig. 3). The glacial sediments of the 
assumed frontal moraine ridge show extremely high resistivities in the model (Fig. 3B).  
In contrast, the cirque floor (at least in its southern part) is manifested by extremely low  
resistivities (Fig. 3B), reaching depths of up to 30 m. 

Geophysical model C (Fig. 3C) at the Großer Schwarzbach locality is strongly heterogenous. 
Based on the subsurface resistivity distribution, it can be divided into a number of parts  
(14 in total). In the model, parts can be observed that: i) are characterized by a shallow  
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near-surface layer of medium resistivities that sits on a layer of high to extremely high 
resistivities (parts 2, 4, 7, 9, 11, 13 in Fig. 3C); ii) are characterized by protruding high  
resistivities to the surface (parts 1, 3, 6, 8, 10, 12, 14 in Fig. 3C). In the fifth part of the model 
(5 in Fig. 3C), the near-surface zone of medium resistivities manifests itself to greater depths 
(up to 15 m), where it again sits on the zone of higher resistivities. The high resistivity zone, 
which can be observed across the entire profile (indicated by the black dotted line), gradually 
transits to low resistivity at depth. The depth of this transition varies along the profile. It is 
approximately 35 metres at the beginning of the profile and approximately 15 metres at the 
end of the profile (Fig. 3C). 

The subsurface distribution of resistivity partly corresponds to the results of the  
geomorphological mapping (Fig. 3). The first and second parts of the model (1, 2 in Fig. 3C) 
correspond to the valley floor. The third part forms a kind of transition. The fourth and fifth 
parts (4, 5 in Fig. 3C) correspond to moraine 6. Moraine 5 corresponds to the sixth part and 
part of the seventh part of the model (6, 7 in Fig. 3C). The rest of the seventh part of the model 
(7 in Fig. 3C) is almost identical to moraine 4. The positions of the eighth and ninth parts of 
the model (8, 9 in Fig. 3C) are almost identical to moraine 3, and moraine 2 agrees with the 
position of the twelfth and thirteenth parts of the model (12, 13 in Fig. 3C). Due to the presence 
of a high-resistivity layer across the entire profile (indicated by the black dotted line), each  

6

Table 2. Morphometric characteristics of moraine ridges in the Großer Schwarzbach locality. 
 

Morphometric characteristics of moraine ridges 

No. Elevation     Notes 

1 12 m             Followed by a degraded, less significant step-like moraine. 

2 4 m               Sequence of 5 relatively narrow and strongly elongated moraines. 

3 7 m               
Sequence of 5 relatively narrow and strongly elongated moraines.  

                Large granite blocks on the surface. 

4 4 m               Sequence of 5 relatively narrow and strongly elongated moraines. 

5 6 m               Sequence of 5 relatively narrow and strongly elongated moraines. 
                Large granite blocks on the surface. 

6 8 m               Sequence of 5 relatively narrow and strongly elongated moraines.  

7 6 m               – 

8 3 m              – 

9 up to 3 m      Peatlands behind the ridge higher up the slope. 

10 up to 3 m      Peatlands behind the ridge higher up the slope. 

11 up to 3 m      Peatlands behind the ridge higher up the slope. 

12 4 m               Degrades higher up the slope (elevation decreases to less than 2 metres). 

13 4 m               Degrades higher up the slope (elevation decreases to a step-like moraine). 

14 5 m               
Encloses wetlands and peat bogs in the cirque floor.  

                Large granite blocks on the surface.
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Fig. 3. Results of research in the Großer Schwarzbach cirque locality. A) Map showing selected landforms (the  
underlying data was loaned by the Bavarian Forest National Park Authority). B) and C) ERT subsurface resistivity 
distribution models with mapped landforms (description corresponds to Fig. 3A). The black dotted and dashed lines 
in model B indicate the probable subsurface horizontal interfaces. The black dotted line in model C approx. defines 
the high-resistivity layer.



moraine is characterized by high resistivities. In addition, we observe a local increase in  
resistivity at moraines 2–6 (in Fig. 3C). An increase in resistivity can also be observed at the 
beginning of the profile to where the end of moraine 7 (7 in Fig. 3) extends.  
 
Kleiner Rachelbach 
 
Relatively few moraines have been identified at the Kleiner Rachelbach cirque site (cf. Fig. 
3A and Fig. 4A). Table 3 lists the detailed morphometric characteristics of the moraine ridges. 
Their locations are mapped in Fig. 4.  

The entire site is enclosed by a hummocky relief to the north (Fig. 4A). No compact  
and coherent moraine ridge could be identified in the field in this hummocky relief. This  
undulating relief is limited in the north by a steep slope (gradient of over 60°), which transits 
into a slope with a gradient of about 20° at an altitude between 1025 and 1000 m a.s.l. The 
area of undulating relief is dissected by the Kleiner Rachelbach Stream and its tributaries, 
which form gullies (Fig. 4A). The cirque has a stepped structure. The east-facing slopes of 
the cirque wall, with a high occurrence of rock steps and tors drop steeply to the bottom, 
where they produce a marked change in slope (from an average of 8° at the floor to an average 
of 35° and a maximum of 80° in the cirque wall). Moraine ridge 6 (Fig. 4) creates a depression 
(with an area of 6 266 m2) between the original slope and the moraine ridge. The depression 
is clearly visible in the field (Fig. 4D).  

The geophysical model B in the Kleiner Rachelbach locality (Fig. 4B) can be divided into 
three parts based on the subsurface resistivity distribution. In the first part (1 in Fig. 4B), we 
can observe a roughly 5 m thick near-surface layer of intermediate resistivities superimposing 
a compact body with extremely high resistivities. This body is over 20 metres thick. The  
second part of the model (2 in Fig. 4B) is characterized by an extremely low resistivity  
body at the surface, which manifests down to a depth of 10 metres. The thickness of this  
low-resistivity body decreases towards the east. The third part of the model (3 in Fig. 4B) 
consists of a near-surface layer of medium resistivities that overlies a layer of higher  
resistivities.  

The division of the model into three parts (Fig. 4B) closely corresponds to the landforms 
identified by the geomorphological mapping. The first part of the model (1 in Fig. 4B)  
corresponds to the slope with the presumed glacial sediment (Fig. 4A), but also to the mapped 
ridge of the presumed lateral moraine 6. The second part of the model (2 in Fig. 4B) clearly 
agrees with the depression between moraine 6 (6 in Fig. 4) and the higher slope. The third 
part of the model (3 in Fig. 4B) corresponds to a slope outside the supposed maximum ice 
extent (Fig. 4). The hypothetical extension of the higher slope course (black dotted line in 
Fig. 4B) implies the deposition of the moraine ridge 6 mass on the original slope.  

Geophysical model C in the Kleiner Rachelbach locality (Fig. 4C) can be divided into  
11 parts based on the subsurface resistivity distribution. A high-resistivity layer can be  
observed across the entire model (bounded by the white dashed line in Fig. 4C). We can  
assume a continuation of this layer further east (marked by the black dotted line with the 
question mark in Fig. 4C) at the end of the profile. The high-resistivity layer is significantly 
interrupted by a low-resistivity body in part 6 (6 in Fig. 4C). In some parts of the model  
(2, 4, 8 in Fig. 4C), a shallow near-surface layer of intermediate resistivities overlies the  
high-resistivity layer. In some parts of the model (1, 3, 5, 7, 9, 11 in Fig. 4C), the high  
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resistivities protrude directly to the surface. In part 10 of the model (10 in Fig. 4C), the  
absolute values of the resistivities in the high-resistivity layer are slightly reduced. However, 
there are still relatively high resistivities. The thickness of the high-resistivity layer (bounded 
by the white dashed line) decreases along the profile (from about 25 m at the beginning  
of the profile to about 15 m at the end of the profile). The subsurface at greater depths is  
characterised by much lower resistivities with the presence of several extremely low  
resistivity bodies. 

The subsurface resistivity distribution (Fig. 4C) partially corresponds to the results of  
the geomorphological mapping (Fig. 4). The first five parts in the model (1–5 in Fig. 4C)  
correspond to the assumed lateral moraine 1. The distinct interruption of the high-resistivity 
zone by a low-resistivity body in the sixth part of the model (6 in Fig. 4C) corresponds to the 
stream and its near surroundings (Fig. 4). Parts 7, 8, 9 and some of part 10 (7, 8, 9, 10 in  
Fig. 4C) correspond to the mapped hummocky terrain (Fig. 4), which is manifested by  
a number of depressions and elevations on the surface. The second stream is not significant 
on the model (Fig. 4C). The assumed lateral moraine 2 (2 in Fig. 4A) at the end of the profile 
is also not significantly delineated on the geophysical model (Fig. 4C). The slope with no  
assumed glacial alteration shows a local increase in resistivity on the model and corresponds 
to part 11 in Fig. 4C. 
 
Morphological phases of moraines 
 

The morphological phases of moraines for both sites is shown in Fig. 5. 8 morphological 
phases of moraines can be recognised (Sch1–Sch8 in Fig. 5A) in the Großer Schwarzbach  
locality (Fig. 5A). The second, third and fourth phases (Sch2–Sch4 in Fig. 5A) are defined 
by only one moraine. The other phases are defined by two or more moraines. 4 morphological 
phases of moraines can be identified (Ro1–Ro4 in Fig. 5B) in the Kleiner Rachelbach locality 
(Fig. 5B), but the last two phases are each defined by only one non-significant moraine  
(moraines 5 and 7 in Fig. 4A). 
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Table 3. Morphometric characteristics of moraine ridges in the Kleiner Rachelbach locality. 
 

Morphometric characteristics of moraine ridges 

No. Elevation     Notes 

1 over 10 m     Clearly visible in the field. 

2 4 m               – 

3 3 m               Encloses lower step of the cirque floor. Relatively narrow and strongly 
                elongated. 

4 up to 1 m      Encloses lower step of the cirque floor. 

5 up to 3 m      Relatively narrow and strongly elongated. 

6 3 m               Is undercut by stream on the south.  

7 up to 2 m      Encloses higher step of the cirque floor.
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Fig. 4. Results of research in the Kleiner Rachelbach cirque locality. A) Map showing selected landforms (the 
underlying data was loaned by the Bavarian Forest National Park Authority). B) and C) ERT subsurface  
resistivity distribution models with mapped landforms (description corresponds to Fig. 4A). The black dotted 
line in model B marks the hypothetical course of the original slope. The white dotted line in model C defines 
the high-resistivity layer and the black dotted line defines the assumed continuation of the high-resistivity 
layer further to the WNW. Stream corresponds to the stream and near surroundings. D) Depression between 
assumed moraine ridge 6 and the higher slope. The red dashed line marks the surface of the relief.



DISCUSSION  

 
Geophysical-geomorphological interpretation 
 
All moraines analysed by electrical resistivity tomography appear as extremely high-resistivity 
bodies in the resulting models (Fig. 3 and 4). Extremely high resistivities in mountainous  
environments can be manifestations of permafrost, rock glacier ice, a blockfield or  
blockstream, debris flow, and other slope process accumulations or glacial sediments (LOKE 

2000, MUSSET & KHAN 2000, HAUCK & KNEISEL 2006, SASS 2006, SCHROTT & SASS 
2008, RIBOLINI et al. 2010). The current occurrence of permafrost or active rock glaciers  
is not expected in the Bohemian Forest (NÝVLT et al. 2011, HAUNER et al. 2019). The  
morphology of the moraines does not correspond to the manifestations of a blockfield  
or a blockstream (sensu STEIJN et al. 2002, REA 2007). There are no tors above the  
accumulations. At both sites, no scarps were found in the vicinity of the investigated moraines, 
indicating a mass-wasting origin of the accumulations (GEERTSEMA & CHIARLE 2013,  
BIERMAN & MONTGOMERY 2014, HUNGR et al. 2014). The narrow and elongated forms of 
the accumulations (especially at moraines 2, 3, 4, 5, 6 in the Großer Schwarzbach locality 
and at moraines 1 and 3 in the Kleiner Rachelbach locality) also do not support the hypothesis 
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Fig. 5. Morphological phases of moraines in both localities (A) Großer Schwarzbach, B) Kleiner Rachelbach). 
Yellow lines represent supposed extension of glaciers during a particular phase based on the moraine ridges. 
Note yellow dashed lines in Großer Schwarzbach and Kleiner Rachelbach represent phases which are defined 
by only one moraine ridge. 



of a mass-wasting origin (BIERMAN & MONTGOMERY 2014, HUNGR et al. 2014). These facts 
only support the glacial genesis of the analysed ridges. 

The accumulation landform of 5 moraine ridges at the Großer Schwarzbach site (Fig. 3) 
provides very atypical evidence of glaciation development for the Bohemian Forest. All the 
moraines show increased resistivity. Moraines 6 and 5 (6, 5 in Fig. 3) appear significantly 
thicker than the other moraines (4, 3, 2) on the resistivity model (Fig. 3C). This could indicate 
the different ages of the moraines (HUBBARD & GLASSER 2005, BENN & EVANS 2010).  

High resistivities at the end of geophysical profile C in Kleiner Rachelbach locality  
(Fig. 4C) could correspond to glacial sediments (LOKE 2000, MENTLÍK et al. 2010, RIBOLINI 

et al. 2010, TÁBOŘÍK et al. 2017). However, according to geomorphological analysis, this 
part does not appear to be glacially altered. It is thus possible to consider a more extensive 
glaciation, which is assumed by HAUNER et al. (2019) or KRAUSE & MARGOLD (2019).  
Another alternative is the possible presence of an older buried glacial landform, as described 
by DUFFEK & MENTLÍK (2022) near the Prášilské Lake, or a landform of unknown origin. 

The very low resistivities in the B models in both localities (Fig. 3B and 4B) most likely 
indicate historical depressions (similar to MENTLÍK et al. 2010, VOČADLOVÁ et al. 2015, 
VONDRÁK et al. 2021) that are now (according to resistivity characteristics) filled with 
moistened sediments (LOKE 2000, MENTLÍK et al 2010). In the Großer Schwarzbach cirque 
locality (Fig. 3), low resistivities support the hypothesis of an infilled cirque lake, which is 
also mentioned by other authors (PFAFFL 1997, KŘÍŽEK 2012, HAUNER et al. 2019, DUFFEK 

& MENTLÍK 2022). In the Kleiner Rachelbach locality (Fig. 4), it is most likely an infilled 
depression between the moraine and the adjacent slope (similar to VOČADLOVÁ et al. 2015). 
The sedimentary records from both sites could thus be interesting paleoclimatic proxies 
(MENTLÍK et al. 2010, VOČADLOVÁ et al. 2015, VONDRÁK et al. 2021). 
 
Correlation of the morphological phases of moraines 
 
The established morphological phases of moraines in the Kleiner Rachelbach cirque locality 
is partly consistent with other morphological phases of moraines in the region (Table 4), which 
are also based on detailed geomorphological mapping (REUTHER et al. 2011, MENTLÍK et al. 
2013, VOČADLOVÁ et al. 2015). Based on a DEM, HAUNER et al. (2019) propose the 
existence of 2 LGM moraines (LGM double wall) and 4 deglaciation moraines at this site,  
similar to the Kleiner Arber Lake locality (REUTHER et al. 2011). However, they define  
the first four phases (LGM double wall and two regressive moraines) in the hummocky  
moraine relief locality (HAUNER et al. 2019), where no continuous moraines have been  
mapped in the field.  

The morphological phases of moraines in the Großer Schwarzbach cirque locality is not 
consistent with other morphological phases of moraines in the region (Table 4), which are 
also based on detailed geomorphological mapping (REUTHER et al. 2011, MENTLÍK et al. 
2013, VOČADLOVÁ et al. 2015). HAUNER et al. (2019) define the 2 LGM moraines (LGM  
double wall) and 5 deglaciation moraines in this locality using a DEM. The number of  
morphological phases of moraines in the Großer Schwarzbach cirque locality is approximately 
twice the number of morphological phases of moraines in the Kleiner Rachelbach cirque  
locality, Laka lake, Prášilské Lake, Černé Lake and Kleiner Arber Lake (REUTHER et al. 2011, 
MENTLÍK et al. 2013, VOČADLOVÁ et al. 2015). This difference could be due to the spatial 
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(south) orientation of the site and the associated higher glacier activity (BENN & EVANS 2010, 
BIERMAN & MONTGOMERY 2014).  

There are other cirques oriented to the south in the Bohemian Forest (KŘÍŽEK et al. 2012). 
For example, Südlicher Rachel cirque locality (according to HAUNER et al. 2019), where 
HAUNER et al. (2019) defined the 2 LGM moraines (LGM double wall) and 5 deglaciation 
moraines. This supports the hypothesis of higher glacier activity in south-facing localities of 
the Bohemian Forest.  
 
CONCLUSION 
 
The morphological phases of moraines were created on the basis of the position of moraine 
ridges that were defined using the detailed DEM and verified by field geomorphological  
mapping. A glacial origin was proved for selected accumulation landforms based on the ana-
lysis of the subsurface environment (by ERT) and morphometry of the moraines. In addition, 
the geophysical analysis supports the hypothesis of an infilled lake in the Großer Schwarzbach 
cirque locality and reveals an infilled depression in the Kleiner Rachelbach cirque locality. 
The research identified 8 morphological phases of moraines in the Großer Schwarzbach cirque 
locality and 4 morphological phases of moraines in the Kleiner Rachelbach cirque locality. 
The conclusions outlined above will serve as the basis for further geomorphological and  
palaeoclimatic investigations of the sites and are the prerequisite for the application of  
geochronological methods. 
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Table 4. Morphological phases of moraines in the Großer Schwarzbach and Kleiner Rachelbach sites compared 
to other local morphological phases of moraines in the region. 
 
 

Großer Kleiner Laka Prášilské Černé
  Kleiner 

Locality
Schwarzbacha Rachelbacha Lakeb Lakeb Lakec Arber 

Laked 

Sch1 Ro1 Laka 1 Pras 1 M1 WIa  

Sch2 Ro2 Laka 2 Pras 2 M2 WIb  

Sch3 Ro3 Pras 3 M3 WII 

Sch4 Ro4 M4 WIV 

Sch5 M5 

Sch6 

Sch7 

Sch8 

Aspect SSE NNE NNE NNE NE N  

Volume
62.04 78.84 96.70 11.02* 173.74 353.75

 
 (106 m3) 

 
Volume based on KŘÍŽEK et al. 2012. *only lower cirque (based on MENTLÍK et al. 2010). a this study, b MENTLÍK 

et al. 2013, c VOČADLOVÁ et al. 2015, d REUTHER 2007. 
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Software. Mapping of glacial features and the DEM analyses were carried out in ArcMap 
10.8.1 (ESRI 2021). Tomographic inversions were carried out in Res2Dinv (GEOTOMO 
SOFTWARE 2018). 
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