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Field trip 12

Rock slope failures shaping the landscape in the Loisach-,
Inn- and Otz Valley region (Tyrol, Austria)
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Fig. 1: Excursion route (blue line) starting in Innsbruck. The stops correspond to the numbering in the
text. Stop 1: Eibsee rock avalanche; Stop 2: Fernpass rock avalanche; Stop 3: Tschirgant rock avalanche;
Stop 4: Haiming rock avalanche; Stop 5: Habichen rock avalanche; Stop 6: Tumpen/Achplatte rock avalanche;
Stops 7 & 8: Kofels rockslide.
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Topics

Landscape shaping deposits of rock slope failu-
res in the Loisach, Inn and Otz valley region are
prominent and intensively studied examples of
Holocene mass wasting in Alpine environments.
They feature various types of rockslides and rock
avalanches with deposition volumes ranging bet-
ween some 10- to some 100- million m3 and run-
out distances extending up to several kilometres
(e.g. Abele, 1974, Prager et al., 2008).

This excursion aims to provide compiled informa-
tion from literature and new first-hand research
data on the carbonate rock avalanche deposits
at Eibsee, Fernpass, Tschirgant and Haiming
(Loisach and Inn valley, day 1), and on the crys-
talline rock slope collapses at Habichen, Tumpen
and Kéfels (Otz valley, day 2) (Fig. 1). New findings
obtained from field surveys and remote sensing,
dating, geophysical investigations and laboratory
analysese.g.on sedimentology and geochemistry
are presented and discussed on-site. Additionally
we address the major causes, mechanic behavi-
our, impact on the surroundings and secondary
processes of the catastrophic bedrock failures in
the region.
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Geological Setting

The geological setting of the excursion area is
characterised by two major tectono-stratigraphi-
cal units (Fig. 2), the Northern Calcareous Alps
(NCA), and the metamorphic Oztal-Stubai-Base-
ment (OSB). These major nappe complexes are
separated by the NE-striking Upper Inn valley
fault zone, along which polyphase and hetero-
axial brittle deformation occurred (Eisbacher &
Brandner, 1995, Ortner, 2003).

The Northern Calcareous Alps (NCA) are a thin-
skinned fold-and-thrust belt along the northern
margin of the Austroalpine nappe pile (Ortner,
2003, Schmid etal., 2004), representing the upper-
most tectonic unit of the Eastern Alps. Prior to
deformation the NCA formed a part of the south-
eastern passive continental margin of the Pen-
ninic Ocean. Nappe stacking took place mainly
in the Cretaceous until Turonian. In contrast the
Central Austroalpine, which has been metamor-
phosed to various degrees up to eclogite facies,
the NCA show almost no Alpine metamorphism.
In the NCA, Mesozoic carbonates predominate,
but also clastic sediments are frequent at several

Fig. 2: Geological overview map of the
excursion area in western Tyrol, Austria.
Deposits of major rock slope failures
are indicated in pink colour, labelled
ones are in the focus of the excursion.
NCA...Northern Calcareous Alps; OSB...
Otztal-Stubai Basement; BM...Brenner
Mesozoic; TW...Tauern Window; EW...
Engadin Window. Major tectonic fault
zones are indicated schematically.
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stratigraphic levels. The litho-stratigraphic suc-
cession sets on in the Permian and locally ex-
tends to the Eocene, with thick Triassic rock units
being the most prevailing ones. In the excursion
area, the NCA can be subdivided into the Inntal
nappe (part of the Tyrolic nappe complex) and
the Lechtal nappe (part of the Bajuvaric nappe
complex).

The Otztal-Stubai-Basement (OSB) consists of
polymetamorphic rocks with various protoliths
of plutonic, volcanic and/or sedimentary origin
such as orthogneisses, amphibolites, and thick
paragneiss series (mainly biotite-plagioclase-
gneisses, metapelites and metapsammites) along
with some eclogites and marbles (Hammer, 1929,
Purtscheller, 1978). Paragneisses and micaschists
prevail and are intercalated with orthogneisses
butalso amphibolites, eclogites and marbles. The
OSB was affected by at least six deformation pha-
ses (ductile and brittle), with the northern and
central areas being characterized by large-scale,
gently E-W-striking open folds (Hoinkes & Thoéni,
1993, Egglseder & Fligenschuh, 2013).

Concerning the rapid rock slope failures of the
0SB, predominantly the rigid orthogneisses
units were affected, whereas the surrounding
incompetent paragneiss series show generally
slow slope deformation behaviours. Layering
and main foliation of all crystalline rock units are
generally E-W-trending and thus orientated unfa-
vourably to promote slope failures. Here the rock
mass strength and slope deformation behaviour
are controlled by the orientation and geomecha-
nical characteristics of different brittle fracture
sets (e.g. Prager et al., 2009b, Zangerl et al., 2010).

Adjacent northwest of the OSB, within the NCA,
the north-westward thrust of the basement block
was accompanied by dextral faulting (Telfs fault
zone, Fig. 2) with a suggested lateral displace-
ment of 10-15 km (Linzer et al., 2002). Further
west, the thrust of the OSB and back-thrusting
within the NCA have been accommodated by
the Loisach-Fernpass fault zone (Fig. 2) with
an assumed sinistral displacement of 10-15 km
(Linzer et al., 2002).

In aregional tectonic context the northern end of
the Brenner normal fault is kinematically linked
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with the sinistral Inn valley shear zone. Since the
early Oligocene, this shearzone accommodated a
lateral displacement estimated at 40-50 km (Lin-
zer et al., 2002, Ortner et al., 2006).

It is to be mentioned that the major faults of the
Inn valley and Brenner system, as well as the envi-
rons of the Telfs and Loisach-Ferpass systems are
among the seismically most active zones in the
Eastern Alps (Lenhardt et al., 2007, Nasir et al.,
2013).

During the Quarternary, the valleys along the
excursion route were glacially, fluvio-glacially
and fluvially shaped, deepened and filled with
various Pleistocene and Holocene sediments to
different extents (e.g. Senarclens-Grancy, 1958,
Poscher, 1993).

Stop 1: Eibsee rock avalanche

The Eibsee rockslide detached from the north-face
of the Zugspitze massif (2962 m), which is the high-
estsummitin Germany.The scarp area is characteri-
zed by thick-bedded, and, locally, karstified plat-
form limestones of the Wetterstein Fm. (Ladinian
to Carnian). Major fracture systems are to be attri-
buted to the NE-trending Loisach system (Fig. 2).
The volume of rock debris accumulations at
Eibsee rock avalanche comprise approximately
400 Mm”. The area covered with rock debris is
about 15 km? The run-out distance of about
9.5 km and maximum vertical drop of 2300 m
(H/L-ratio: 0.24) yield a runout travel angle (fahr-
boschungswinkel) of 13.6°. The age of the cata-
strophic rock slope failure is about 4.1-4.2 ka cal BP
based on radiocarbon dated wood fragments
from scientific drillings (Jerz & Poschinger, 1995).
For further readings reference is made to Golas
(1996), Knapp et al., (2015) and Leith et al., (2016)
and data sources cited therein.

Some special features of the Eibsee area

comprise:

® The prominent lake Eibsee (approx. 1.8 km?,
max. 34.5 m deep) encountered in a mor-
phological depression featuring carbonate
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Fig. 3: Panoramic photo of the Eibsee rock avalanche scarp and accumulation area. View in the middle of the image is towards
West. The scarp area is situated just below the summit of Zugspitze (2962 m a.s.l.).

bedrocks and Eibsee rock avalanche deposits
(Fig. 3); the existence of a paleo-lake prior to
the rock avalanche is up for discussion.

e An impressive hummocky landscape, espe-

cially east of Grainau, with numerous hills
and ridges; here some classical Toma hills
are encountered (Fig. 4), i.e. isolated cone- to
pyramidal- or roof-shaped hills composed

of landslide debris (Abele, 1974, Prager et al.,
2006); possible formation processes of these
landscape features will be addressed (see also
below: Fernpass rock avalanche).

Preliminary results of ongoing research (dril-
lings, near surface geophysics) carried out by
a group from TUM will be presented (Knapp
etal, 2015).

Toma hills

Alluvial plain

Weest

Grainau

Direction of rock ¢
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Fig. 4: Typical rockslide morphology of the distal Eibsee rock avalanche deposits featuring cone-shaped Toma hills

(east of Grainau, 32T N 652934, E 5260467).
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Stop 2: Fernpass rock avalanche

The prominent Fernpass rock avalanche ranges
among the largest landslide deposits in the Alps,
with a variety of outstanding geological and mor-
phological features (see e.g. Abele 1964, 1974,
Prager 2010, Prager et al., 2006, 2009a, 2012).
The accumulated Iandslide3debris comprises a
volume of approx. 1000 Mm , and covers an area
of approx. 16.5 km? (Fig. 5).

The failing rocks detached from a deeply incised
niche made up of several hundred metres thick
alternations of platy dolomites, limestones and
marls belonging to the bituminous Seefeld Fm.,
which represent an intra-platform-basin suc-
cession within the upper Hauptdolomit Group
(Norian). The unusually shaped scarp indicates
that this wedge failure was not only due to the
existing rheology and bedding conditions, but
above all due to complex intersections of unce-
mented fault systems and fracture zones (Prager,
2010). As a striking feature, the slide debris devi-
ded into two separate arms: i) the northern rock-
slide branch, which contains the majority of the
failing debris and extends at least 11 km onto the
aggradation plain of the Lermooser Moos and ii)
the southern branch, which contains a smaller vol-
ume and has larger deflection angles, but never-
theless shows an amazingly greater runout of
up to 15.5 km (Fig. 5) (Prager et al., 2006, 2009a,
2012). The maximum vertical drop of 1270 m for
the northern branch results in a fahrbéschungs-
winkel of 6.7°, the southern branch shows a maxi-
mum vertical drop of 1440 m and results in a fahr-
boschungswinkel of 5.3° (H/L-ratio north: 0.12;
H/L-ratio south: 0.09).

The age of the rock slope collapse at Fernpass
was determined by applying three independent
radiometric dating methods to geologically indi-
vidual sample sites. The dating data comprise
i) Cl-36 surface exposure ages determined for
exposed sliding planes at the scarp and for boul-
ders within the accumulation area, ii) C-14 data
of rockslide-dammed torrent backwater depo-
sits, iii) U/Th-dating of post-depositional arago-
nite cements encountered beneath and between
accumulated boulders (Ostermann et al., 2007,
Prager et al., 2009a, Prager, 2010). The obtained
data coincide well and indicate a rapid failure and
accumulation event at about 4.2 ka.
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Fig. 5: LiDAR derived hillshade model of the Fernpass area
showing the scarp and the accumulation area of the rock
avalanche deposits (dark pink: field outcrops of rock ava-
lanche deposits; light pink: assumed accumulation area;
light blue: lakes ontop of the rock avalanche deposits;
orange line: top of lacustrine deposits, underlying the rock
avalanche debris) (Prager et al., 2006).

Some special features of the Fernpass area

comprise:

e Complex travel path of the Fernpass rock
avalanche: due to the oblique impact on its
opposite slope (Fig. 5, Fig. 6 & Fig. 7), the fai-
ling rock masses were proximally piled up to
a thick succession and subsequently split into
two channeled but diametrically opposed rock
avalanche branches; geophysical investiga-
tions (hybride seismics around the present-day
Fernpass) indicate a parabolic bedrock valley
cross-section and a thicknesses of the overly-
ing material of some 100 m.

e Extremely long run-out of the rock avalanche
branches: empirical correlations of volumes
and runout distances will be debated as well
as results obtained from drilling campaigns
and geophysical investigations (seismics,
-GPR); since evidence is given that at least
the medial to distal Fernpass landslide debris
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Fig. 6: View towards NW to the wedge-shaped scarp of the Fernpass rock avalanche and adjacent landslides (rockslide “Am
Saum” AS, fractured slope “Hohler Stein” HS, from Prager et al., 2008).

Fig. 7: Down view from the Fernpass scarp towards NE to the proximal accumulation area. The yellow lines indicates the rock
avalanche run-out path whereas the numbers show the change in direction in angular degrees. Note thick pass wall and split
into two opposed branches. Secondary rockslide “Am Saum” (AS) is schematically indicated.

surged upon low permeable, saturated soils, features will be debated (see also above: Eib-
hydro-mechanically landslide processes will see rock avalanche).

be addressed; major graben structures (some e Striking hydrogeological features (significant
filled with kettle-like lakes) and striking Toma springs, tested flow/discharge rates, radon
hills around Biberwier and Nassereith; possi- emanations, etc.).

ble formation processes of these landscaping
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Stop 3: Tschirgant Rock Avalanche

From the steep and rugged Tschirgant massif
(2370 m), two deep-seated rockslides travelled
down to theriver Inn atapproximately 700 ma.s.l.:
the prominent Tschirgant rockslide in the south-
west and the smaller Haiming rockslide in the
northeast (Fig. 8; see also Stop 4). Both slope
failures are encountered at the structurally com-
plex southern margin of the Inntal thrust sheet
(Northern Calcareous Alps) (Fig. 2), which in this
area is made up of folded and faulted Middle- to
Upper-Triassic carbonates (Eisbacher & Brandner,
1995, GBA, 2011, Prager et al.,, 2016).

The lithological and structural conditions encoun-
tered show that the failure of the competent
dolostones and limestones of the Wetterstein-
Fm. (M-Triassic) is to be attributed to intensely
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faulted fold structures (Pagliarini 2008). The geo-
logical setting suggests that this slope collapse
was mechanically favoured by the presence of
weak Raibl beds at the toe of the slope. Locally,
intensely mineralised springs in this area are fur-
thermore a sign of hydrochemical evaporite
leaching of the Raibl rauhwacke strata und thus
of a correspondingly reduced slope stability (Pra-
ger, 2010, Prager et al., 2008, 2012).

The volume of rock debris accumulations at
the Tschirgant rock avalanche is approximately
200-250 Mm?3, the area covered with rock debris is
about 10km?(Patzelt, 2012, Dufresne etal., 20164,
Ostermannetal,, 2016) (Fig.9). A run-out distance
of about 6.2 km and a maximum vertical drop of
1400 m (H/L-ratio: 0.23) results in a run-out travel
angle (Fahrboschungswinkel) of 12.7°.

Northern Calcareous Afﬁ d

N

Haiming
scarp

Otztal
. basement complex
%,
6 knt

fun-out >

Fig. 8: Oblique view from the northern Otz valley to the Inn-valley and Tschirgant massif. Scarp (red stippled) and accumulati-
on areas (white stippled) of the Tschirgant and Haiming rock avalanches. The major tectono-stratigraphic units are indicated
schematically, complex fold and fault structures here not depicted (from Prager et al., 2008).
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Based on several radiocarbon datings, the Tschir-
gant event dates into the M-Holocene (Patzelt &
Poscher, 1993), with two inferred events occur-
ring at about 3650-3450 and 3150-2950 yrs cal
BP respectively (Patzelt, 2012). However U/Th-
dating and surface exposure dating combined
with all available radiocarbon dates indicate
only one accumulation event at 3014+62 yrs BP
(Ostermann et al., 2016). These ages are some-
what younger than those obtained for the rock
avalanches at Eibsee, Fernpass, Haiming and St6t-
tlbach (see Prager et al., 2008).

In the Toma landscape, which is comparable to
the Fernpass area, geometrically partially com-
plex sedimentary structures are encountered,
featuring carbonate rockslide debris associated
with polymict fluvial sediments (Patzelt & Poscher,
1993, Abele, 1997). Drilling data (TIRIS 2016) and
natural outcrops show that the Tschirgant rocks-
lide not only overlies fluviatile sands and gravels,
but is partially dynamically mingled with and
even overlain by the same. The latter and maybe
also the allochthonous plants found atop the
carbonate rockslide deposits, indicate that both

7 £+ Haiming’

Fig. 9: Airborne laserscan image (TIRIS) with outlined deposits of the Tschirgant rock avalanche. Note fluvial incision of the
rivers Inn and Otz, providing some well-exposed outcrops. RS..."Rammelstein” bedrock outcrop of Otztal-Stubai basement

rocks.
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were transported piggy-back from the scarp area

on top of the slide/fall masses and that kinema-
tically the “Bergsturz” event was characterised by

laminar flow processes (Prager, 2010, Prager et al.,
2012, Dufresne et al., 2016a).

Special features:

® Geological field mapping and the thus obtai-
ned lithological distribution shows that the
Tschirgant deposit retained source stratigraphy
to a large extent (Dufresne et al.,, 2016a). This
preserved slope stratigraphy argues against
chaotic rock avalanche movements but further
indicates laminar slide/flow movements of the
rockslide.

® Geological subsurface information on the
Tschirgant deposit (e.g. thickness and grain
size distributions) and its substrate can be
obtained from geological borehole logs (TIRIS
2016).

® Oneoutstanding feature of the Tschirgant rock
avalanche is that the contact of the basal slide
deposits with the valley substrate is locally
well exposed. The contact zone displays com-
plex geometries, where in the course of the
rockslide event presumably water-saturated
valley floor sediments were injected into the
rockslide masses filling up steep extension
structures and where diamicts were created
by mingling with the rock avalanche (Patzelt &
Poscher,1993, Abele, 1997, Prager, 2010, Prager
etal., 2012, Dufresne et al.,, 2016a).

e |ocally, precipitation of post-depositional car-
bonate cements, enabling U/Th-age dating of
the event (Sanders et al.,, 2010, Ostermann et
al., 2016).

e Large post-failure debris flows lapping onto
the proximal rock avalanche deposits (e.g.
location Breitmure, see also Stop 4).

Stop 4: Haiming Rock Avalanche

Aboutthree kilometres northeast of the Tschirgant
scarp (see Stop 3), the Inn valley floor is covered
by the carbonate Haiming rock avalanche depo-
sits (Fig. 9). The source area is made up of steeply
SE-dipping carbonates of the Wetterstein Fm.
(GBA, 2011, Prager et al., 2016). The accumula-
ted debris, i.e. karstified dolostones, breccias
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and limestones of the topmost Wetterstein Fm.,
indicates that the rock avalanche detached from
lower parts of the slope; the exposure of higher
regions of the present-day scarp, which show a
several hundred metre thick, well-bedded succes-
sion of the lithologically inhomogeneous Raibl
Group and the Hauptdolomit Fm (both U-Triassic),
may be attributed to secondary erosion proces-
ses such as rockfalls and debris slides (Prager
et al., 2008) (Fig. 10). The volume of rock debris
accumulations at the Haiming rock avalanche
was estimated to range approximately between
25-34 (Abele, 1974) and 50-60 (Patzelt, 2012) Mm?,
but new calculations indicate a much smaller
volume of 10-15 Mm? (Dufrese et al, 2016b). The
area covered with rock debris is about 2.3 km?2.
A run-out distance of about 2.4 km and a maxi-
mum vertical drop of 550 m (H/L-ratio: 0.20)
results in a run-out travel angle of 12.9°. Locally,
in construction pits the basal carbonate debris
and its substrate i.e. fluvial sediments were expo-
sed (Patzelt, 2012).

Based on radiocarbon datings, the age of the Hai-
ming rock avalanche is 3500-3000 yrs cal BP, with
a minor event occurring at 1820-1540 yrs cal BP
(Patzelt, 2012). Based on field surveys two failure
events are not indicated yet.

Special features:

e Geological setting at the scarp area well-
known due to geological borelogs obtained
from a subhorizontal drilling into the lower
scarp slope (TIRIS 2016).

e Accumulated debris containing some reddish
(paleo-karstified) often finely ground carbona-
tes, with rather few mega-blocks encountered
atop.

¢ LiDAR images reveal that fluvial terraces are
encountered underneath the thin cover of
rock avalanche debris. Tracing back such a pre-
Haiming rock avalanche terrace upstream
along the Inn River, we find that this terrace
cuts through the Tschirgant deposits. There-
fore, the rock avalanche at Haiming must be
younger than those at Tschirgant, irrespec-
tively of radiometric dating results.

® Post-failure debris flows lapping onto the pro-
ximal rock avalanche deposits (location Gal-
genmure; Sanders, 2012).

265



Haiminger Alm
1786/ mia.s:I.

-

< Raibi
,@erstem Fm.

rock debris

Foto: Bruce Railback

Simmering
2096 m a.s.l.

Fig. 10: Oblique view to the south-east facing Tschirgant-Simmering ridge, with scarp of the Haiming rock avalanche (red
dashed line) and main lithological units schematically indicated. The carbonate debris (Wetterstein Fm.) spread out over

the alluvial valley bottom.

Stop 5: Habichen Rock Avalanche

At the entrance of the Otz valley the first crystal-
line rock debris accumulations at the valley floor
belong to the Habichen rock slope failure (Fig. 11)

The scarp area of the Habichen rock avalanche
is characterised by massive granodiorite gneis-
ses (Hammer, 1929, GBA, 2011, Rothmund, 2012,
Ostermann & Prager, 2014). The volume of rock
debris accumulations at the Habichen rock ava-
lanche is approximately 27 Mm3.The area covered
with rock debris is about 1.2 km?2. A runout dis-
tance of about 2.9 km and a maximum vertical
drop of 950 m (H/L-ratio: 0.32) results in a run-out
travel angle of 18.2°.
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4Canalyses of lacustrine deposits, obtained from
drillings in the central part of the lake, yielded
an age of 11500 cal yrs BP (WahImdiller, unpubl.
data) and indicate a minimum age for the Piburg
rockslide barrier (Prager et al., 2008).

Special features:

® The Habichen rockslide dammed two surface
discharge systems: one at Lake Piburg (Fig. 11
& Fig.12) which has been dammed in the
south by the rock avalanche dam, and another
at Habichen, i.e. backwater sediments of the
river Otz, where the rockslide dam failed and
an outburst flood occurred (indicated by field
morphology and LiDAR hillshade images).
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Fig. 11: Norther Otz valley, oblique view towards West. The Habichen rock avalanche left a well-developed niche
and dammed the still existing Lake Piburg as well as the river Otz in the main valley.

Fig. 12:View from the banks of Lake Piburg towards North-West. The Habichen rock avalanche dammed a pre-existing
bedrock depression of glacial origin at its southern margin and thus dammed Lake Piburg. In the background upper
part of the scarp area of the Tschirgant rock avalanche (Stop 3).
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Stop 6: Tumpen/Achplatte Rock Avalanche
The Tumpen area is characterised by a signifi-
cant valley step and a flat upstream valley floor
(Fig. 13), which genetically may be attributed to
several individual landslide events and associated
backwater sediments (Heuberger 1975, Poscher
& Patzelt, 2000).

The major Tumpen/Achplatte rock avalanche
detached from a granodiorite gneiss unit (Ham-
mer, 1929, GBA, 2011) at the eastern valley flank
of the Otz valley (Fig. 13 & Fig. 14). The accumula-
ted debris comprises a volume of approximately
60 Mm?3, and covers an area of about 0.6 km?2.
Arunoutdistance of about 2.2 kmand amaximum
vertical drop of 900 m (H/L-ratio: 0.41) resultsin a
run-out travel angle of 22.3°,

The age of the Tumpen/Achplatte rock avalanche
is not known to date. However, radiocarbon dates
of fluvio-lacustrine backwater sequences provi-
ded an age of about 3840-3440 yrs cal BP (Poscher

Faoto: Olaf H.

& Patzelt, 2000), which is a minimum age for
the damming event (most likely Achplatte rock
avalanche).

Special features:

e At the location “Eiskeller”, thermally-induced
chimney effects (comparable with dynamic
ice-caves) reduce the temperature of the air
circulating within the pore space of the lower
parts of blocky rockslide debris to below the
outside air temperature (Fig. 14) .

e Within the backwater basin of the Tumpen/
Achplatte rock avalanche, now filled by fluvio-
lacustrine sediments, sinkhole collapses in
valley floor sediments have been documented
repeatedly over the last 300 years. This led to
geological subsurface investigations and map-
ping of the deposits of different rock slope fai-
lures (Poscher & Patzelt, 2000).

N

=
¥ P2 L TamgeE:®
backwater basin

Fig. 13: Oblique view of the Oetz valley at Tumpen towards North. The valley was dammed by
the Tumpen/Achplatte rock avalanche and the Tumpen backwater basin filled up with fluvio-
lacustrine sediments. Other landslide events in the area Tumpen village (Poscher & Patzelt, 2000)
here only indicated schematically (orange lines). The river Otz incised into the rock avalanche
debris (granodiorite gneiss) and now cascades down over a vertical distance of 90 m within just
about 500 m in horizontal distance, known as the “Achsttirze”.
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rock debris

Fig. 14: Scarp area of the Tumpen/Achplatte rock avalanche. View towards ENE. The main scarp
area is represented by the Habicher Wand (red line). The insert foto shows the “Eiskeller” at the
most distal sections the Tumpen/Achplatte rock avalanche. To increase the local cooling effects
(see text below), damming stone walls were built in the 17t century.

Stop 7 & Stop 8: Kofels rockslide

The prominentKofelsrockslideisthelargestcrystal-
line mass movement in the Alps (Abele, 1974).
Due to the enormous volume and the occurrence
of “pumice” (Pichler 1863), these rockslide depo-
sits have been subject to scientific research for
about 150 years. Its slide debris detached from
an east-facing slope and left a giant niche, where
the geological and structural conditions are well
exposed (Fig. 15, Fig. 16 & Fig. 17). According to
the lithologies encountered in the scarp and
accumulation area, the main source of the rapid
Kofels rockslide is represented by a several hun-
dred metres thick orthogneiss complex embed-
ded in thick paragneiss series (Hammer,1929,
GBA, 2011). Field surveys show that both laye-
ring and foliation are orientated unfavourable
to promote slope failures, but that this slope
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collapse was clearly structurally predisposed the
coalescence of different brittle fracture systems
(Prager et al., 2009b).

The volume of rock debris accumulations of
the Kofels rockslide is approximately 3900 Mm?
(Brtickl, 2001) (Fig. 16 & Fig. 17). The area covered
with rock debris is about 11.5 km?, with the iso-
lated distal deposits at Larchenbiihel (Tumpen
backwater plain, see Stop 4) indicating a some-
what larger spatial distribution. A runout distance
of about 6 km and a maximum vertical drop of
assumed 1700-1900 m (H/L-ratio: 0.28-0.32)
results in run-out travel angle of 15.8° (depen-
ding on assumed top paleo-scarp and which dis-
talmost accumulations considered).

The age of the Kofels rockslide was determined
based on radiocarbon dating of wood found in
an investigation adit (Heuberger 1966), surface
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Fig. 15: Overview image of the Kofels rockslide area view towards WNW. The rockslide mass detached along
East-dipping sliding planes and fully dammed the Oetz valley. The resulting Langenfeld backwater basin was
filled up with decametre-thick fluvio-lacustrine sediments. Now the river Otz is deeply incised in the rockslide
debris, forming the Maurach gorge but not exposing the base of the rockslide yet.

exposure dating (lvy-Ochs et al.,, 1998), and

recently fixed more precisely with tree-ring ana-

lyses, pointing to an event at 9527-9498 cal BP

(Nicolussi et al., 2015, and references therein).

Special features:

® An outstanding feature of the famous Kofels

orthogneisses of the Kofels rockslide and the
thusincreased areas of active rock surfaces are
the primary source of the radioactive noble gas
222Rn emanations (Purtscheller et al., 1995).
Stop 7:Maurach gorge (32T647989,E5218302)

® The Kofels rockslide debris fully blocked the

site is the occurrence of frictionites (“pumice’,
“Kofelsit’, “hyalomylonites”) (Fig. 18). These fu-
sed rocks formed due to the friction heat,
which developed on shear planes during
the rapid sliding movement (Preuss, 1974,
Erismann et al., 1977). The frictional melting
of the Kofels (ortho-)gneisses along distinct sli-
ding planes resulted from very high strain rates
due to the volume (thickness) and velocity of
the rockslide mass. Stop 7: Maurach gorge
(32T 646426, E5220728).

Extremely high radon concentrations attribu-
ted to dynamic rock fragmentation are measu-
red in the Umhausen area. The highly crushed
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Otzriver and caused the accumulation of up to
100 m-thick fluvio-lacustrine backwater depo-
sits within the Langenfeld basin (Klebelsberg,
1951). According to drilling data and reflection
seismic surveys, the top of the bedrock units
plunges from approximately 50-80 m below
ground in the Langenfeld basin steeply north-
wards to approximately 400 m below ground
at the palaeo-slope toe (Briickl et al. 2001).
Stop 7:Maurach gorge (32T647989,E5218302)
Rockslide-transported glacial scratch marks
and the origin of fluviatile deposits on top of
rockslide deposits will be discussed. Stop 8:
Niederthai, (32 T 648795, E 5218302)
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Fig. 16: LiDAR derived hill-shade model of the central Otz valley. (A) Present-day situation, showing that the Kéfels rockslide
dammed the main valley (Léngenfeld basin) as well as the Horlach valley at Niederthai. Now the river Otz is deeply incised in
the rockslide accumulations. (B) Reconstructions of the pre-failure situation at Kofels. Higher elevation of the pre-failure ridge
considered, geometry of the pre-failure slope toe not considered in detail (for pre-failure cross sections see Briickl et al., 2001,

Prager et al., 2009b).
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Fig. 17: Geological cross section of the Kofels rockslide (Prager et al., 2009b; thickness of slide debris according to Brickl et al., 2001).

Fig. 18: Outcrop situation of the hyalomylonite (frictionite). Along a distinct shear plane in between intensively crushed orthogneisses a
0.5 to 3 cm thick lens of glassy fused rock is developed. Further above (out of the image) an intensely crushed but only slightly sheared
diabase dyke is encountered. Stop 7: Maurach gorge (32 T 646426, E5220728).
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