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Abstract: The Hüttwinkl Valley, the uppermost section of the Rauris Valley, offers a unique sedimentary and
morphological archive to study the development of the landscape in a high-Alpine valley since the
Last Glacial Maximum (LGM). Glacial extents of the past, especially during the Younger Dryas
(12.8–11.7 ka) and the Little Ice Age, as well as the present-day massive glacier retreat, are clearly
recorded. On the other hand, the effects of different mass movements on valley development are ev-
ident. The field trip begins in Kolm-Saigurn, where the Durchgangwald landslide occurred in the
Bølling–Allerød interstadial (14.7–12.9 ka). In the Younger Dryas (12.9–11.7 ka) glaciers overflowed
parts of the Durchgangwald landslide deposit followed by the Lenzanger landslide (Preboreal, Early
Holocene). North of Kolm-Saigurn, the Bucheben landslide (Early Holocene) and the Lechnerhäusel
landslide (Middle Holocene) showed first a rockslide phase followed by a rock avalanche (sturzstrom),
which led to the formation of toma in the distal area. All landslides detached from the western flank of
the valley, whereas the eastern slopes are predominantly characterized by slow, deep-seated gravita-
tional slope deformation (DSGSD). The most recent significant mass wasting was caused by rockfalls
and catastrophic debris flows.

1 Introduction

The Hüttwinkl Valley, the upper part of the Rauris Valley,
drained by the creek Hüttwinkl Ache, is one of the most out-
standing valleys of the Eastern Alps regarding the impact of
different types of mass movements on landscape develop-
ment. In addition, moraines and glacially shaped landforms
in the forefield of rapidly decaying glaciers result in a pic-
turesque scenery. The aim of the field trip is to show this
unique sedimentary and morphological archive and demon-
strate how the chronology of the contributing glacial, gravita-
tional and fluvial processes have been deciphered so far. We
present partly preliminary research performed in the course

of the geological survey for the geological map sheet ÖK 154
Rauris.

This contribution provides a short overview of the mor-
phological and geological setting (Sect. 2; Figs. 1, 2, 3),
followed by a brief summary of the landscape development
known so far with a special focus on mass movements and
valley floor development (Sect. 3). A more detailed descrip-
tion of the sites will be given in the following chapters in
order of their appearance during the field trip. It starts with
the first location at Kolm-Saigurn (A in Figs. 1, 2; Sect. 4;
Figs. 4, 5, 6, 7, 8) followed by the description of the land-
slides north of Bodenhaus (Sect. 5), including the Lechner-
häusl landslide (B in Figs. 1, 2; Figs. 9, 10) and the Bucheben
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landslide (Figs. 11, 12). Finally, the various cases of deep-
seated gravitational slope deformation (DSGSD; term used
in the sense of Dramis and Sorriso-Valvo, 1994, and Agliardi
et al., 2001) on the eastern valley flank, which are evi-
dent throughout the field trip, will be discussed in Sect. 6
(Fig. 12).

Last Glacial Maximum (LGM) is used in the sense of
the Würmian Pleniglacial and covers the time span of 29 to
ca. 19 ka (see Reitner, 2022; van Husen and Reitner, 2022,
with further references). The subdivision of the Würmian
or Alpine Lateglacial (ca. 19–11.7 ka) into glacial stadial
follows the suggestion by Reitner et al. (2016). Holocene
stages and subepoches are classified according to Walker et
al. (2018).

2 General overview and geological setting

2.1 Topographical conditions and highlights

The catchment of the Hüttwinkl Valley (valley of the
Hüttwinkl Ache creek) reaches from the highest and
most prominent peaks (Hocharn 3254 m, Hoher Sonnblick
3106 m) to the confluence with the Seidlwinkl Ache at the
village of Wörth (part of the community of Rauris) and
thus to the onset of the Rauriser Ache creek (Figs. 1, 2, 3).
The uppermost cirques of the catchment are still glaciated
with the most prominent glaciers (called “Kees” in the lo-
cal dialect) of Goldbergkees and Pilatuskees below the Ho-
her Sonnblick peak and Hocharnkees and Krumlkees be-
low the Hocharn peak. The glaciological monitoring of the
Goldbergkees started already in the year 1896 (Penck, 1897),
which allowed us to document the effect of climate change
on the glacier size in great detail since then (Böhm et al.,
2007; Auer et al., 2010; Hansche et al., 2023)

Such an early scientific investigation was enabled by the
last attempts of gold mining lasting some centuries (Gru-
ber, 2004). In 1886, Ignaz Rojacher, the last gold mining en-
trepreneur and open-minded adventurer, constructed the, by
that time, highest meteorological observatory on the summit
of the Hoher Sonnblick (Böhm et al., 2011). This Sonnblick
Observatory, now run by GeoSphere Austria, is an outstand-
ing research infrastructure for studying high-atmospheric
processes and climate change.

2.2 Geological framework

The Hüttwinkl Valley is located in the eastern part of the so-
called “Tauern Window”. The Tauern Window exposes the
lower-plate Penninic and Sub-Penninic superunits that were
buried during the Alpine subduction and collision below the
upper-plate Austroalpine Superunit (Schmid et al., 2004).
With its size of 160× 30 km, it is the biggest of the intra-
Alpine tectonic windows. In addition to preserved thrust con-
tacts, the limits of the Tauern Window are to the west and
east the Brenner and Katschberg normal faults, to the north

the Salzachtal–Ennstal fault zone, and to the southeast the
Mölltal fault zone. The northern part of the Hüttwinkl Valley
is mainly built up by Penninic rocks and consists of Juras-
sic to Cretaceous oceanic meta-sediments as well as mafic
and ultramafic rocks deriving from an oceanic lithosphere.
The southern part of the Hüttwinkl Valley on the other hand
consists of rocks of the Sub-Penninic Superunit and is built
up by pre-Variscan crystalline complexes, Carboniferous or-
thogneiss and Carboniferous to Cretaceous meta-sediment
formations (Pestal et al., 2005; Schuster et al., 2014). The
lithological information is used to understand prominent
landscape-forming events like the Durchgangwald landslide,
as, e.g., the lithological succession of the scarp area of the
landslide is preserved in the landslide deposits. Furthermore,
the main glaciers of the Hüttwinkl Valley (Goldbergkees and
Pilatuskees) are located more or less in areas where the bor-
der between the Penninic to Sub-Penninic superunits crops
out. Hence, the finding of sub-rounded to rounded “Zentral-
gneis” (carboniferous orthogneiss; see Fig. 1) components in
glacial sediments downstream of the bedrock is indicative of
transport during Lateglacial and Holocene advances and re-
treats (Bichler et al., 2016; Pestal et al., 2005).

3 Landscape evolution of the Hüttwinkl Valley since
the Last Glacial Maximum (LGM) and before

Descriptions and explanations of the landscape of the
Hüttwinkl Valley in the context of bedrock geology, glacial
shaping and mass movements have been provided by Hot-
tinger (1935), Exner (1957) and von Poschinger (1986). Es-
pecially the pronounced valley asymmetry (see Fig. 2) con-
sisting of a more gentle slope on the eastern flank (average
20°; according to Fellner, 1993) and a steeper western flank
(average 35°; based on Fellner, 1993) leads to different expla-
nations. Hottinger (1935), who for the first time discovered
the large landslide deposits of Kolm-Saigurn, Lechnerhäusl
and Bucheben descending from the steep western flank, ex-
plained the overall morphology with the general trend of the
main planar fabric (foliation, schistosity): the gentle slopes
on the true right flank follow the dip towards west and show
slow mass movements. In contrast, the steep true left flank
where the scarp of the landslides is located is made up of bas-
set edges. Exner (1957) mapped large areas affected by mass
movements on the eastern flank from Fröstlberg southward
to east of Bodenhaus, which can be classified in modern ter-
minology as DSGSDs. However, he regarded most DSGSDs
to be of interglacial (= pre-LGM) age, as large areas are cov-
ered by an LGM till some meters thick (see Figs. 9, 11). Al-
ready von Poschinger (1986) showed that Hottinger’s (1935)
explanation of the morphological asymmetry appears to be
oversimplified, as the main planar fabric (foliation, schistos-
ity) shows for large areas (approx. from the Kruml Valley and
Lechnerhäusl northward) a gentle northward dip. His results
as well as those of Fellner (1993) show the importance of the
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Figure 1. (a) Location of the Hüttwinkl Valley in the Province of Salzburg, in the Hohe Tauern mountain group (Eastern Alps) is marked.
(b) Geological overview based on Pestal et al. (2005) with the main sites of the field trip (A – Kolm-Saigurn; B – Lechnerhäusl landslide; C –
Bucheben landslide) indicated. Sources: Hillshade – Geoland Basemap (http://geoland.at, last access: 10 June 2024); Geology: Geologische
Bundesanstalt Österreich (2022).

joint orientation together with that of the main planar fabric
(foliation, schistosity) as a relevant cause for the formation
of DSGSDs and hence the valley morphology.

Based on the existing reconstruction of the LGM ice extent
(van Husen, 1987), the Hüttwinkl Valley was part of the large

network of valley glaciers with an ice surface along the valley
axes between 2800 and 2300 m a.s.l. (see Fig. 3). However,
well-developed trimlines of the LGM have not been found in
the Hüttwinkl Valley due to comparable weak lithologies like
different types of schists, which are not able to preserve the
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Figure 2. View of the Hüttwinkl Valley towards the south showing the valley asymmetry with steep west-facing slopes and more gentle slope
on the east-facing side. Important sites are indicated. Field trip locations are plotted on a Google Earth image (with black circle, © Google
Earth 2024); A – Kolm-Saigurn; B – Lechnerhäusl landslide; C – Bucheben landslide. Further locations: Bw – Bocksteinwand rock wall;
Ek – Einödkapelle (1012 m); FB – Fröstlberg slope; Fr – Fröstlberg (1823 m); Fw – Frohnwirt (1074 m); Grieswies-Schwarzkogel (3116 m);
Ho – Hocharn (3254 m); KV – Kruml Valley; M – Mitterkarkopf (2404 m); Ri – Ritterkopf (3006 m); Rü – Rührkübel (2482 m); S – Hoher
Sonnblick (3106 m); SV – Seidlwinkl Valley.

record of glacial erosion (compare with Penck and Brück-
ner, 1909). In addition, different types of mass movements
altered the subglacial landscape shaped during the LGM.
In total, glacial shaping had a limited influence on the val-
ley morphology as indicated by the valley asymmetry (von
Poschinger, 1986). The most prominent legacy of the LGM
exists with an extensive cover by subglacial tills on the east-
ern flank (compare with Exner, 1957; Figs. 9, 11).

Delta foreset beds consisting of sandy to gravelly clino-
forms and silty glaciolacustrine deposits are present in some
areas from the valley floor up to ca. 1600 m a.s.l. (Figs. 3, 9,
10e). Such deposits were formed in ephemeral ice-dammed
lakes at the margin of rapidly downmelting glaciers during
the phase of ice decay in the early Lateglacial (Reitner, 2007;
Reitner et al., 2016), when the LGM ice masses of the East-
ern Alps collapsed between 19 and 18 ka (Klasen et al., 2007;
Wirsig et al., 2016).

Latero-frontal moraines of the following Gschnitz sta-
dial (17–16 ka; Ivy-Ochs et al., 2023a, with references),
which represents the last glacier advance before the Bølling–
Allerød Interstadial (14.7–12.9 ka), are missing in the
Hüttwinkl Valley in contrast to quite frequent documented
instances in the Hohe Tauern mountain range elsewhere (see

van Husen and Reitner, 2022). Direct removal or coverage
by catastrophic landslides and the infill of landslide-dammed
lakes resulting in drowned landscapes most likely erased all
landforms of the Gschnitz paleoglaciers.

No time markers for the (re-)activation of the DSGSDs
after the LGM have been identified so far (von Poschinger,
1986). Evidence from Kolm-Saigurn (see below) indicates
an onset of such DSGSDs before the Bølling–Allerød Inter-
stadial (14.7–12.9 ka).

According to 10Be surface exposure dating, the Durch-
gangwald landslide (Bichler et al., 2016; Figs. 3, 4, 5, 6, 7, 8)
happened around 13 ka at the end of the Bølling–Allerød In-
terstadial (14.7–12.9 ka). Von Poschinger (1986) could show
that the emplacement of the 400×106 m3 large landslide
mass (Bichler et al., 2016) at the toe of the eastern slope
most likely stopped the further development of a previously
formed DSGSD (at Durchgangriegel; Fig. 12b).

During the Younger Dryas (YD; 12.9–11.7 ka), the last cli-
matic deterioration of the Würmian Lateglacial, the cirque
glaciers showed the prominent re-advance of the Egesen sta-
dial. The precursors of Goldberger and Pilatuskees merged
together at Kolm-Saigurn and overflowed parts of the Durch-
gangwald landslide deposit. A series of recessional moraines
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Figure 3. Section along the Hüttwinkl Valley from the Hoher Sonnblick peak to the confluence with the Seidlwinkl Ache creek showing
main elements for understanding the landscape evolution.

https://doi.org/10.5194/deuquasp-5-13-2024 DEUQUA Spec. Pub., 5, 13–30, 2024



18 J. M. Reitner and M. Steinbichler: Glaciers and mass movements in the Hüttwinkl Valley (Hohe Tauern range)

show the further development during the Egesen stadial be-
fore the onset of the Holocene. Latero-frontal moraines of
the Egesen stadial are quite frequent in the Hüttwinkl catch-
ment and show in many cases the last glacier occupation
of present-day non-glaciated cirques. In the older literature
(e.g., Exner, 1957), such moraines are attributed to the Daun
stadial, which is now included in the term Egesen stadial (see
Reitner et al., 2016).

At Kolm-Saigurn, the Early Holocene Lenzanger landslide
(10Be age of ca. 11 ka; Preboreal; Bichler et al., 2016; Figs. 3,
4, 6) covered the subglacial till of the Egesen stadial, which
finally resulted in a unique sequence of superpositions where
a YD till is part of a sequence from the Bølling–Allerød In-
terstadial to the early Holocene (compare also with Ivy-Ochs
et al., 2023b).

Down-valley of Bodenhaus, where the most distal parts
of the Durchgangwald landslide are evident (Figs. 4, 9), the
chronology of mass movements (landslides and DSGSDs)
can be constrained only relatively.

The Bucheben landslide (Figs. 3, 11) occurred most likely
at the end of the Early Holocene (Greenlandian; 11.7–8.3 ka),
based on the 14C-dated drilling results in the backwater area
(drill site B). As the toma hills of the Bucheben landslides
lay on top of the backwater terrace level of the Fröstlberg
DSGSD, the latter must be older.

The Lechnerhäusl landslide (Figs. 3, 9) happened after
the Bucheben landslide as its toma hills were deposited on
the valley floor level formed in the backwater area of the
Bucheben landslide. A dated base of a peat drilled at a
mire within the landslide area at Lechnerhäusl (drill site A)
indicates a landslide event during the Middle Holocene
(Northgrippian; 8.3–4.2 ka). The damming of the Hüttwinkl
creek resulted as well in the formation and infill of a lake,
which most likely drowned the most distal deposits of the
Durchgangwald landslide south of Bodenhaus (Bichler et al.,
2016).

Smaller rockfall events happened of course afterwards but
had no impact on the development of the valley floor. The
only exception is the small rockfall deposit at Frohnwirt
(Fig. 3, 11), which may have led to a short-lasting distur-
bance of the river gradient in the Late Holocene (Megha-
layan; 4.2–0 ka).

Catastrophic debris flows of mostly limited extent oc-
cur frequently. The disintegrated rock of the DSGSD slopes
(Fig. 13c), as well as tills, provides sufficient debris for such
catastrophic events (Baur et al., 1992), as demonstrated by
the last event on 28 August 2023 (Fig. 5e).

4 Kolm-Saigurn

At Kolm-Saigurn (Figs. 1, 3, 4, 5, 6) three well-
distinguishable geological and geomorphological units allow
a reconstruction of gravitational and glacial processes and

the establishment of chronology (Bichler et al., 2016). These
units are, in chronological order,

1. the Durchgangwald landslide

2. the tills and moraines of the Kolm-Saigurn glacier sys-
tem

3. the Lenzanger landslide.

During the field trip, the morphological and sedimentary ex-
pression of all three units will be presented.

4.1 The Durchgangwald landslide

The 10Be surface exposure dating and geological reconstruc-
tions (Bichler et al., 2016) showed that the Durchgang land-
slide occurred at 13.0± 1.1 ka in an ice-free environment at
the end of the Bølling–Allerød Interstadial, just before the
onset of the Younger Dryas. The 0.4 km3 landslide mass
(Figs. 4, 5, 7, 8) detached from the glacially oversteepened
eastern flank of the Grieswies-Schwarzkogel (3116 m) and
covers an area of ca. 3.9 km2. By comparing the lithologi-
cal succession at the flank consisting of westward-dipping
garnet mica schist, “Kalkglimmerschiefer” (meaning impure
marble with layers of carbonate–mica schist and phyllite)
and biotite mica schist, with the similar but rotated succes-
sion of the landslide deposit east of the Hüttwinkl creek, the
detachment and movement occurred along one distinct dis-
placement plane as proposed by Hottinger (1935) and von
Poschinger (1986). The upper part of the plane has an incli-
nation of 40–50° and is thus less steep than the 70–80° joints
in the scarp area (Fig. 8), indicating a new formation of the
plane (von Poschinger, 1986). Outcrops of the landslide de-
posit and the geological evidence of the water tunnel running
through the mass (see also Dirnberger and Hilberg, 2020;
Fig. 12) document a slightly rotated, i.e., steeper, dip with
more or less the same dip direction, indicating a rotational
component of the movement. The rugged surface of the land-
slide (Fig. 6) consists of clast-supported boulder-sized scree
made up of angular to subangular, sometimes house-sized
Kalkglimmerschiefer blocks. The forested area is also char-
acterized by a large number of small standing water and wa-
terlogged areas (see also hydrogeological investigations by
Dirnberger and Hilberg, 2020), which leads to the local name
“Rauriser Urwald” (primeval forest of Rauris or “Rauris vir-
gin forest”).

The northern sector of the landslide comprises compres-
sional structures, as evident in the field and on the DEM.
These morphological features indicate a fast, dynamic flow in
the sense of a rock avalanche (sturzstrom) for the most distal
and down-valley part of the landslide mass, towards the Bo-
denhaus (K7) location. Such a change in the landslide kine-
matics might have been enabled by the successive increase
in fragmentation with transport distance towards the distal
part and by a supposed pre-existing step in the bedrock in the
valley (at K8), leading to a steeper gradient in this area. The
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Figure 4. Simplified topographical and geological overview of the study area, showing the most important features of the study area.
Topographical features referred in this study are marked on the map as (K). Numbers given on contour lines and next to topographical names
indicate elevation in meters above sea level (m a.s.l.; modified after Bichler et al., 2016). The extent of Fig. 6 is indicated.

calculated Fahrböschung (meaning travel angle; Heim, 1932)
for the main sliding part is an 11 to 12° angle with a run-out
length of ∼ 4.1 km. Including the rock avalanche leads to a
run-out length of around 5.6 km and a travel angle of ∼ 14°.
However, the latter number has to be considered an upper
limit, as the most distal part of the rock avalanche is covered
by backwater sediments derived from the Lechnerhäusl land-
slide (Sect. 5.1; Figs. 3, 9). Altogether, the Durchgangwald
landslide resulted in the blocking of the Hüttwinklache creek
in the area of Kolm-Saigurn (K1) and of the creeks at the

Filzenalm (K5), with lakes and bogs subsequently forming
at its margin (Fig. 7).

4.2 The Kolm-Saigurn glacier system

At the onset of the Younger Dryas (YD), glaciers re-
advanced into the valley head of both the Pilatuskees (K3)
and Goldbergkees (K2) (Fig. 7). During this prominent
glacier advance the western part of the Durchgangwald land-
slide got overridden, as proven by a cover of consolidated,
massive and matrix-supported diamict with occasional stri-
ated clasts, a subglacial till typical of a temperate glacier
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Figure 5. Photographs of the Kolm-Saigurn area ((a), (c), (d) are modified after Bichler et al., 2016). Locations are marked according to
Fig. 4. (a) View from K17 towards the north. The scarp area of the Durchgangwald landslide (K6) and its main mass (K4) onlapping on the
opposite valley side is visible. (b) View towards the south of the whole study area. Note the still glaciated areas of the Goldbergkees (1) and
Pilatuskees (2) in the background. The extent of the landslide area is highlighted in yellow. LH – location of Lechnerhäusl inn; LA – quarry
north of Lohningeralm (see Fig. 9). (c) Most distal part of the Durchgangwald landslide, at the Filzenalm (K5). The boulder in the photograph
is a 10Be-dated boulder from Bichler et al. (2016). (d) View at the forefield of the LIA-1850 terminal moraine of the Goldbergkees. A is
terminal moraine; B is plateau of K17 with several dated boulders and dated quartz veins in polished bedrock; C is four lateral moraine
ridges at K17 belonging to the Kolm-Saigurn glacier system of Younger Dryas (YD) age. (e) View at the LIA moraine (A) of Pilatuskees,
which was partly mobilized in the course of the heavy rain event on 28 August 2023. Debris flow deposits in the foreground (image by
Marc Ostermann).
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Figure 6. (a) Hillshade image showing the morphological con-
trast between the rugged terrain of the interstadial Durchgangwald
rockslide deposit (D) and the subglacially smoothed landscape with
multiple latero-frontal moraines formed during the Egesen stadial
(YD; location indicated by Fig. 4). The youngest rock avalanche
event (Lenzanger (L)) is evident in the northwest. K10 – Ammer-
erhof. (DEM provided by the government of Salzburg Province.)
(b) The site with the superposition of all three units (inset strati-
graphic profile) is indicated (modified after Ivy-Oches et al., 2023b,
and Bichler et al., 2016).

(Fig. 4). Zentralgneis and Kalkglimmerschiefer dominate the
clast lithology. On the slope north of the Ammererhof (K10),
a series of nine parallel latero-frontal moraines, mostly with
Zentralgneis boulders on top, can be mapped, with the high-
est marking the border to the un-topped Durchgangwald
landslide deposits (Fig. 6). Based on the morphological and
sedimentary features, the maximum extent of the YD ad-
vance and the recessional phase with glacier stillstands and
stabilization can be reconstructed. However, no end moraine
exists anymore at the maximum position south of Bodenhaus,
most likely due to fluvial action, which eroded also big parts
of the glacial evidence on the true left flank.

The most remarkable succession of four lateral moraines
of YD age occurs on a plateau at 2250–2200 m (K17) in
the forefield of the Little Ice Age (LIA) – moraines of the
Goldbergkees (K16) and thus high above the field trip route
(Fig. 4d). Their position and altitude allow an approxima-
tion on the paleo-equilibrium-line altitude (ELA) during the
YD maximum based on the maximum elevation of lateral
moraine approach (Lichtenecker, 1938).

The age model of the YD Kolm-Saigurn glacier system
is based on the superposition of the 10Be-dated Durchgang-
wald landslide and the 10Be exposure dates of eight boul-
der samples and two bedrock samples (for details see Bichler
et al., 2016). The 14C-dated base of a peat formed after the
glacier advance of Melcherböden with an age of 11.35–11.20

Figure 7. Visualization of the extent, origin and movement direc-
tion of the Durchgangwald landslide (a), the Kolm-Saigurn glacier
system (b) and the Lenzanger landslide (c). (a) 1 is the scarp of the
Durchgangwald landslide; 2 is the border at the Gersteben step (K8)
where the kinematics of the landslide changed from sliding to dy-
namic flow in the sense of a rock-avalanche and the flow direction
changed from east to north. (b) 3 is the confluence of the Gold-
bergkees and Pilatuskees in Kolm-Saigurn. (c) 4 is the supposed
scarp area of Lenzanger landslide; 5 is the Lenzanger landslide
mass. The dashed line marks the approximate location of the cross-
section in Fig. 8. Locations (K) as indicated in Fig. 4: K1 – Kolm-
Saigurn Naturfreundehaus; K5 – Filzenalm; K7 – Bodenhaus; K10
– Ammererhof; K14 – Lenzanger; K17 – plateau in the forefield
of Goldbergkees. (Figure modified after Bichler et al., 2016; DEM
provided by the government of Salzburg Province.)
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Figure 8. Generalized landscape evolution sketch, indicated in
Fig. 7. Numbers and letters are according to Fig. 7. Features are
not to scale. (Figure modified after Bichler et al., 2016.)

ka cal BP provides the upper age constraint of the YD glacier
advance.

4.3 The Lenzanger landslide

Around the Grieswiesalm (K13) and Lenzanger (K14) area,
the till cover is topped by a clast-supported scree with angu-
lar quartzite boulders reaching a size of up to 10 m diameter
(Figs. 4, 6; Bichler et al., 2016). The surface morphology is
characterized by a series of curved ridges, indicating a flow-
like movement. The quartzite blocks cover an overall sur-
face area of around 0.3 km2. The source of these blocks has
been interpreted to document a landslide or, more precisely,
a rock avalanche, originating from the western valley flank,
similar to the Durchgangwald landslide but much smaller in
scale. The stratigraphical succession (Figs. 1, 3, 6) and the
preservation of typical rock avalanche features indicate that
this rapid mass movement happened in an ice-free environ-
ment after the YD glacier advance and retreat. This conclu-
sion is supported by the 10Be ages of two boulders giving
a mean age of 10.8± 1.1 ka which falls into the Preboreal
(Early Holocene).

4.4 Debris flow event of 28 August 2023

In the course of the field trip, we will see the legacy of a very
recent debris flow event which devastated the valley floor
of Kolm-Saigurn (Fig. 5e). On 28 August 2023, a massive
debris flow mobilized some 100 000 m3 of Pilatuskees LIA
moraine triggered by a heavy rain event (unpublished data
provided by Melina Frießenbichler, Daniel Binder, Bern-
hard Hynek, Anton Neureiter, Georg Pistotnik, Marc Oster-
mann, Gernot Weyss). The debris flow is part of a process
cascade that has even reached Rauris about 16 km down-
stream.

5 Landslides north of Bodenhaus

5.1 Lechnerhäusl landslide

The investigation of the Lechnerhäusl landslide event has
not been performed in such detail as that of Kolm-Saigurn.
Hottinger (1935) provided a brief description of the scarp
and the extent of the deposits. Exner (1957) assumed a
Gschnitz moraine within the area of the landslide, whereas
von Poschinger (1986) described the lithology of the de-
posits. Abele (1974) named the landslide Bocksteinwand–
Lechnerhäusl as he, like Exner (1957), regarded the rock
wall of Bocksteinwand as the head scarp. However, such a
release area seems to be unlikely according to the map of
Hellerschmidt-Alber (1998). Taking into account his results
and the modern DEM, the assumed extent of the scarp is dis-
played in Fig. 9. The lithological units in the surrounding sta-
ble areas show a shallow to moderate dip from the southwest
to northwest.

An extensive scarp below the Bocksteinwand represents
the release area of a large DSGSD which resulted in a down-
ward movement of a rock mass consisting of Kalkglim-
merschiefer, prasinite, dark phyllite and so-called “phengite
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Figure 9. Simplified geological map of the Lechnerhäusl landslide and surrounding. The extent of the till cover is partly based on Gries-
meier (2021). Source: Hillshade – Geoland Basemap (http://geoland.at).

gneiss” of the Wustkogel Formation. Eventually the scarp of
the Lechnerhäusl landslide developed on the southern part of
the rock mass affected by the DSGSD (Figs. 9, 10a).

More or less contiguous bodies of landslide deposits can
be mapped east of Lechnerhäusl and on the opposite (east-
ern) valley flank from Lohningeralm northward. In general, a
lithological succession from west to east with Kalkglimmer-
schiefer, dark phyllites and quartzite, phengite gneiss, and
prasinite with dark phyllite occurs within the landslide debris
(von Poschinger, 1986). Large angular boulders of Kalkglim-
merschiefer are characteristic east of Lechnerhäusl. Quarries
for natural stone slabs northeast of Lechnerhäusl and north

of Lohningeralm expose phengite gneiss. The original set
of discontinuities (joints, foliation, schistosity, faults) is still
discernible, but the dip shows a strong variation, and fea-
tures typical of dynamic fragmentation (in the sense of Mc-
Saveney and Davies, 2006) like jigsaw clasts (see Dufresne
et al., 2016) are present (Fig. 10b, c).

Isolated hills, so-called toma, occasionally sitting on the
toe of the eastern flank but mostly on top of the flat valley
floor represent the distal part of the landslide (Figs. 9, 10d).
Those toma with a height of a few meters consist mostly of
Kalkglimmerschiefer but also of prasinite, dark phyllite and
phengite gneiss (Wustkogel Formation).
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Figure 10. (a) View at the Lechnerhäusl landslide from the eastern valley flank. The landslide deposit at Lechnerhäusl (1) and the quarries
in the landslide deposit (2 – northeast of Lechnerhäusl; 3 – north of Lohningeralm) are evident. The run of the supposed scarp (4) below
the Bocksteinwand (Bw) rock wall) is less clear in contrast to the backwater terrace of the Lechnerhäusl landslide (5). (b) Landslide deposit
at the quarry northeast of Lechnerhäusl (no. 2 in (a)). Vertically dipping of strongly fragmented phengite gneiss. (c) Detail of a strongly
fragmented phengite gneiss showing fractures which were caused by dynamic fragmentation resulting in the formation of jigsaw-clasts.
(d) View to the south with small hills, so-called toma (1), made up of Lechnerhäusl rock avalanche deposits. Their position is mostly on
the valley floor. In one case (2) such a deposit was deposited at the toe of a slope. (3) – Quarry northeast of Lechnerhäusl. (4) – scarp of
the DSGSD which was formed before the Lechnerhäusl-landslide. Bw – Bocksteinwand rock wall. (e) Delta foresets structures indicating
synsedimentary deformation typical of ice-marginal deposits of the early Lateglacial phase of ice decay (Mitterkarlgraben in 1575 m a.s.l.,
indicated in Fig. 9). (f) View at the scarp (1) and landslide deposit (2) of Bucheben (with chapel of Bucheben).
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A preliminary kinematic analysis based on field evidence
indicates that an initial rockslide with a newly formed plane
hit the opposite valley flank. Increasing dynamic fragmen-
tation soon led to the transformation into a typical rock
avalanche as indicated by the depositional features and the
toma hills. The latter “surfed” on top of the valley floor which
was formed in the backwater of the Bucheben landslide.

No calculation of the volume detached during the land-
slide has been performed so far. Abele (1974) estimated the
area at 3 km2 and calculated the travel length (5.5 km) and
the Fahrböschung (12.5°) based on a proposed scarp detach-
ment from the Bocksteinwand. We reconstructed a contigu-
ous landslide area of 1.5 km2, which did not include the areas
below the scarp which were affected by slope processes af-
ter the landslide event. Depending on the assumed highest
scarp, the travel length varies between 4.7–5.2 km, resulting
in a Fahrböschung from 8.4 to 10.2°.

According to the situation along the Hüttwinkl valley,
the Lechnerhäusl landslide is younger than the landslides of
Durchgangwald and Bucheben. A drill core at the mire north-
east of Lechnerhäusl (drill site A; Figs. 3, 9) consisted of
sandy material ca. 4.7 m below the surface containing a small
amount of mostly undefinable plant material. The 14C dating
provided an age of ca. 5.3–5.0 ka cal BP indicating that the
Lechnerhäusl landslide most likely occurred in the Middle
Holocene (8.3–4.2 ka). Such a quite young age fits well to
the morphological evidence, as the perturbation of the river
gradient of the Hüttwinkl creek in this flat area is still promi-
nent (Fig. 3).

In the course of the field trip, we will make a short walk to
the former upper mining area east of Lohningeralm where we
see landslide deposits and adjoining ice-marginal deposits.
From this point, we get an excellent overview of the Lechn-
erhäusl scarp area, the backwater area and the distal part of
Durchgangwald landslide.

5.2 Bucheben

Again, Hottinger (1935) described the Bucheben landslide
(Figs. 10f, 11) for the first time. Fellner (1993; unpublished
report) made a brief structural analysis of the scarp area with
a special focus on present-day block stability. The scarp is
developed in Kalkglimmerschiefer and prasinite, which have
a dip of 10–15° from west to north (Dieter Fellner, unpub-
lished report). Joints dipping 40–50° towards the east are re-
garded as the most efficient for the release of the rock mass
on the glacially oversteepened slope.

Morphological features indicate a relatively younger rock-
slide/rock flow (no. 8 in Fig. 11) just below the scarp area
which did partly override the Bucheben landslide deposits.
The latter can be mapped as two contiguous bodies on
both sides of the Hüttwinkl creek. The chapel of Bucheben
(1144 m) sits on the eastern landslide mass. The surface
is covered by angular boulders made up of predominantly
prasinite but also of Kalkglimmerschiefer. Toma hills can be

traced 2 km north of Bucheben on top of a valley fill, which
was formed before the landslide event as a result of mass
movement action before (see Sect. 6).

Like in the case of Lechnerhäusl, an initial rockslide trans-
formed into a rock avalanche whose distal parts disintegrated
and moved as isolated toma (no. 5 in Fig. 11). Abele (1974)
reconstructed a landslide area of > 1 km2, a travel length of
2.2 km and a Fahrböschung of 25°. According to our recon-
structions, we get a contiguous landslide area of 1.5 km2, a
travel length of 3.4–3.6 km and a Fahrböschung of 16–17°.

The Bucheben landslide is relatively older than the Lechn-
erhäusl landslide. A 13.5 m deep drill core at site B (Figs. 3,
11), 500 m upstream of the southernmost landslide deposits
and ca. 200 m upstream of the quite small rockfall deposits of
Frohnwirt (made up of Kalkglimmerschiefer boulder), helps
to constrain the age. 14C dating of wood samples from the
lower sandy layer (13.5–8.5 m below the surface), partly rich
in organic material, provided ages of ca. 8.6–8.4 ka cal BP for
11.8 m below the surface and ca. 8.2–8.0 ka cal BP for 8.7 m
below the surface. This fine-grained layer is topped by coarse
gravel followed by a fining-upward sequence with sand and
finally silt (4.4–2 m). The 14C dating of wood gave an age
of ca. 2.3–2.0 ka cal BP. In the absence of further age con-
straints, we regard the lower fine-grained deposits to be a
result of the damming by the Bucheben landslide which hap-
pened before 8.6–8.4 ka at the end of the Early Holocene.
According to this hypothesis, the Frohnwirt rockfall caused
the formation of the upper backwater deposits and thus oc-
curred in the Late Holocene just before 2.3–2.2 ka.

During the field trip we will stop at Bucheben (1144 m)
and study the scarp and deposits of the Bucheben landslide
as well as the surrounding landscape (backwater areas, DS-
GSDs, etc.).

6 Deep-seated gravitational slope deformation
(DSGSD) and related deposits

Exner (1957) emphasized mass movements in his geo-
logical map of Gastein. There he differentiated between
“im Schichtverband abgerutschte Gesteinsmassen” (in the
sense of displaced rock masses with a still recognizable
set of discontinuities) and “abgerutschte Gesteinsmassen
und Bergsturz-Blockwerk” (displaced rock masses and land-
slide boulders). The first term is covered by what we call
“area affected by DSGSD” (see Steinbichler et al., 2019).
Exner’s (1957) second term has the disadvantage of not
discriminating between deposits of catastrophic landslide
(e.g., Bucheben) and totally disintegrated rock masses at,
e.g., the toe of DSGSDs (see also the geological map in Fig. 1
which follows the same classification). Exner (1957) realized
that displaced rock masses with a moderate disintegration ex-
ist below an extensive cover of subglacial till some meters
thick on the lower parts of the eastern slopes. Thus, he re-
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Figure 11. Simplified geological map of the Bucheben landslide and surrounding. The extent of the till cover is mostly based on Gries-
meier (2021). Source: Hillshade – Geoland Basemap (http://geoland.at).

garded those slope deformations as having formed during an
interglacial (in the sense of pre-LGM).

Von Poschinger (1986) made kinematic analyses of the
slopes of the eastern flank between Kolm-Saigurn and the
Lechnerhäusl landslide deposits based on the set of dis-
continuities (joints, foliation, schistosity, faults). He showed
that only a combination of the westward-dipping main pla-
nar fabric and suitable joints enabled the creeping (meaning

slow displacement) slope deformation along distinct sliding
planes (Fig. 12). On the other hand, he as well realized that
the lower parts of the slopes show only slight to moderate
indications of slope deformation compared to the upper parts
(Fig. 12a). The primary movements, which affected an area
of 16 km2 and an estimated total volume of 0.8 to 2.4 km3,
probably do not take place along a single defined slide plane
but rather along many sliding horizons that cannot be pre-
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Figure 12. (a) Area showing gravitational displacement (after von Poschinger, 1986; terminology translated ). (b) Geological sections after
von Poschinger (1986). Location of the sections is indicated in (a). Translation of the legend.

cisely defined. During this process, the rock is broken up
into sometimes huge rock slabs with a size of up to some
square kilometers, The movements of the valley flank, which
can also be classified as a “Talzuschub” (“valley closure”; a
bulging toe of a slope due to slope deformation; see Stein-

bichler et al., 2019), probably began before the LGM and
are still continuing today, at least in part. According to von
Poschinger (1986), there is currently no risk of the right flank
of the upper Hüttwinkl transitioning from (slow) creeping to
(accelerated) sliding processes.
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Figure 13. Slopes affected by DSGSDs: (a) View from Adelkaralm marble quarry to the western slope of Rührkübel (location in Fig. 2)
consisting mostly of Kalkglimmerschiefer and prasinite. Multiple scarps (1) are evident. (b) View from the Felderalm at the scarp of Fröstl-
berg (1). The flanks of the Teufenbach eroded into disintegrated DSGSDs slopes is evident (2 – site of (c)). (c) Flanks along the Teufenbach
in ca. 1200 m a.s.l. (site 2 in (b)) eroded in DSGSDs. Disintegrated and tilted dark phyllite (“Schwarzphyllit”). (d) Further disintegration of
dark phyllite due to DSGSD. The schistosity is still recognizable in the lower part (dip 260/20) but the material is extremely weak and shows
a transformation to loose debris (hammer for scale).

Fellner (1993; unpublished report), who investigated the
eastern flank north of von Poschinger’s study area, empha-
sized the influence of the abundantly occurring, mechani-
cally weak dark phyllite (Fig. 13c, d) as a condition for the
DSGSDs beside the importance of the general dip of the
main planar fabric. He classified the DSGSDs as “gleitender
Talzuschub” (“valley closure” due to sliding). Mountain rup-
ture phenomena like scarps and tension gaps as well as ver-
tical movements of large rock slabs with the size of a square
kilometer with vertical offsets of more than 140 m charac-
terize the uppermost slope areas of the eastern flank. Due
to the morphological clarity and freshness of the observed
mass movement phenomena and the fact that the numerous
tension gaps hardly show any backfilling, Fellner (1993) con-
cludes that there are ongoing movements. Based on the case

of the Teufenbach torrent (northeast of Bucheben in Fig. 11;
Fig. 13b, c), Baur et al. (1992) emphasize that disintegrated
rock masses at the toe of a Talzuschub (DSGSD) are a major
source for catastrophic debris flows.

The formation of the backwater deposits south of Einöd-
kapelle (1012 m), which show an onlap on the toe of the
Fröstlberg slope (Figs. 11, 13), is of importance for un-
derstanding the development of the lower Hüttwinkl Val-
ley (Figs. 2, 3). The Hüttwinkl creek has already incised
into this deposit (Figs. 3, 11) and is now already incising
into bedrock, but the slightly raised level is still evident up-
stream. Moreover the backwater level existed already when
the Bucheben landslide (Sect. 5.2) occurred, enabling the
emplacement of the toma at this valley floor level. Currently
there are some options which might have caused this situa-
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tion. (1) The Fröstlberg ridge is a prominent scarp (Fig. 13a)
where the outlines of the displaced mass (in the sense of a
DSGSD) below are easily detectable. Like in the cases of
DSGSD discussed above, the lower part is covered by till
and missing any strong indication of mass movement activ-
ity. However, a till cover can be preserved if sliding is the
main process. (2) There are clast-supported boulders of up to
more than 100 m3 in size (4B in Fig. 11), mainly Kalkglim-
merschiefer but also occasionally prasinite. Their source area
must be on the western side but not from immediately above
the deposit. This sediment could potentially document the
most distal part of the Bucheben rock avalanche and/or the
product of a larger rockfall from the western side with a so
far not identified scarp. (3) There might have been a “valley
closure” due to a DSGSD from Fröstlberg and/or a rockfall
deposit, maybe also with the contribution of a debris-flow-
fed fan from the east, up to the Early Holocene. Such a sit-
uation resulted in a slight shift in the river, leading to the
formation of an epigenetic valley formed in bedrock which
preserved the toe of the Fröstlberg DSGSD from further ero-
sion and hence permanent reactivation.
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