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→ What is the role of earthquakes in triggering and

preparing major rockslides?

Geological setting

spatial and temporal (4.2-3.0 ka) cluster of pre-

historic rockslides (> 25 Mio m³) within two tectonic

units in the western Eastern Alps (Prager et al. 

2008)

Study area is one of the seismically most active

regions of the Eastern Alps (Lenhardt et al. 2007)

We established paleoseismic data from two

rockslide-independent lake archives Piburgersee

and Plansee

Figure: Geology simplified from Ortner (2003) Earthquake data from ZAMG (2018) Rockslide age references see last figure
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Strong earthquakes generate specific sedimentary

imprints in lakes, such as:

- In-situ deformation in shallow areas

- Multiple subaquatic landslides

- Post-seismic catchment response

after Van Daele et al. 2015

Lake sediments as natural (paleo-)seismographs

Single-channel seismics

Sediment coring

Field data acquisition
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Calibration of the natural seismograph
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No earthquake-induced sedimentary imprint recorded
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M5.1 Nassereith earthquake in 1886

after Kraus (1932) 

and ZAMG (2018)

Earthquake-recording threshold in Plansee:

Seismic intensity ≥VI (EMS-98) at the lake site, because M5.3 

1930 event recorded and M5.1 1886  event not recorded having

seismic intensities of ≥ VI and V at Plansee, respectively.

Earthquake-recording threshold in Piburgersee:

Seismic intensity >VI (EMS-98) at the lake site, because both

M5.3 1930 and M5.1 1886 reaching seismic intensity VI and V, 

respectiviely, have negative evidence.

→Paleo-earthquakes recorded in one of the lakes must

have exceeded these intensity thresholds.

→A paleo-earthquake recorded in both lakes is

stronger than the historically known maximum

magnitude (M5.3)

M5.3 Namlos earthquake in 1930
(strongest regional EQ historically known)
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Piburgersee paleoseismic record
Strong earthquakes* are recorded as soft-sediment 

deformation structures SSDS (left Figure: b-e)

→ Eight strong paleo-earthquakes within the

continuous and precisely dated lacustrine archive

*larger seismic intensity ≥VI (EMS-98) at the lake site. 

See slide 4 for explanation 5

for location of Piburgersee see slide 2 

qualitative intensity

of earthquake imprint

medium largelow

obtained from SSDS development stages
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Plansee paleoseismic record

Strong earthquakes* are recorded as

coeval multiple subaquatic landslides

(Figure a and b)

→ Five strong paleo-earthquakes in the

Holocene within the continuous and 

precisely dated lacustrine archive
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mass-

transport

deposit

horizon of

multiple landslides

*larger seismic intensity >VI (EMS-98) at the lake site.

See slide 4 for explanation

for location of Plansee see slide 2 

Seismics and core

Figure a

Figure b

qualitative intensity

of earthquake imprint

medium largelow

obtained from turbidite thickness (Moernaut et al. 2014)

and postseismic catchment response (Howarth et al. 2016)

AD 1930 

earthquake
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Comparison of pre-historic rockslides to paleoseismic records (i)

Coincidence of strong earthquakes recorded

in both lakes with multiple rockslides
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Comparison of pre-historic rockslides to paleoseismic records (ii)

Phase of enhanced seismicity with little rockslide activity

highlights the role of earthquakes as preparatory factor

A strong earthquake at 9.8 ka fundamentaly

degraded and prepared the slope of Köfels to

failure 8
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The elaborated rockslide-independent lacustrine paleoseismic archives reveal that:

- An earthquake cluster coincides with the rockslide cluster (4.2 – 3.0 ka)

- Paleo-earthquakes at 4.1 an 3.0 ka are stronger than the historically known maximum 

magnitude

- Multiple rockslides are ultimately triggered by these strong earthquakes at 4.1 and 3.0 ka

- Earthquakes are important rockslide preparatory factors

9

Conclusions

u
s
e

lin
k
s
 to

g
o

b
a
c
k
 to

c
o
rre

s
p
o
n
d
in

g
d
a
ta



OSWALD et al. – Earthquakes triggering major prehistoric rockslides

References

Howarth, J.D., Fitzsimons, S.J., Norris, R.J., Langridge, R. and Vandergoes, M.J. (2016) A 2000 yr rupture history for the Alpine fault derived from Lake Ellery, 

South Island, New Zealand. Bull. Geol. Soc. Am., 128, 627–643.

Ivy-Ochs, S., Heuberger, H., Kubik, P.W., Kerschner, H., Bonani, G., Frank, M. and Schlüchter, C. (1998) The age of the Köfels event-relative, 14C and 

cosmogenic isotope dating of an early Holocene landslide in the Central Alps (Tyrol, Austria). Zeitschrift für Gletscherkd. und Glazialgeol., 1, 57–68.

Knapp, S., Anselmetti, F. S., Lempe, B. and Krautblatter, M. (2020). Impact of 0.2 km³ Rock-Slope Failure from Zugspitze on Paleolake Eibsee in 3 Stages: 

Catchment Response with Debris Avalanche and Sturzstrom (Northern Calcareous Alps, D) – Part II. Manuscript submitted for publication Earth Surface Processes 

and Landforms.

Kraus, E. (1932) Die Bewegung des Erdbebens am 8. Oktober 1930 im süddeutschen Bau. Berichte des naturwissenschaftlichen Vereins für Schwaben und 

Neuburg

Moernaut, J., van Daele, M., Heirman, K., Fontijn, K., Strasser, M., Pino, M., Urrutia, R. and de Batist, M. (2014) Lacustrine turbidites as a tool for quantitative 

earthquake reconstruction: New evidence for a variable rupture mode in south central Chile. J. Geophys. Res. Solid Earth, 119, 1607–1633.

Nicolussi, K., Spötl, C., Thurner, A. and Reimer, P.J. (2015) Precise radiocarbon dating of the giant Köfels landslide (Eastern Alps, Austria). Geomorphology, 243, 

87–91.

Ortner, H. (2003) Cretaceous thrusting in the western part of the Northern Calcareous Alps (Austria) - evidences from synorogenic sedimentation and structural data. 

Mitteilungen der Österreichischen Geol. Gesellschaft, 94, 63–77.

Ostermann, M., Sanders, D., Prager, C. and Kramers, J. (2007) Aragonite and calcite cementation in boulder-controlled meteoric environments on the Fern Pass 

rockslide (Austria): Implications for radiometric age dating of catastrophic mass movements. Facies, 53, 189–208.

Ostermann, M., Ivy-Ochs, S., Sanders, D. and Prager, C. (2017) Multi-method ( 14 C, 36 Cl, 234 U/ 230 Th) age bracketing of the Tschirgant rock avalanche

(Eastern Alps): Implications for absolute dating of catastrophic mass-wasting. Earth Surf. Process. Landforms, 42, 1110–1118.

Patzelt, G. (2012) Die Bergstürze vom Tschirgant und von Haiming, Oberinntal, Tirol Begleitworte zur Kartenbeilage. Jahrb. der Geol. Bundesanstalt, 1–4, 13–24.

Poscher, G. and Patzelt, G. (2000) Sink-hole Collapses in Soft Rocks. Felsbau, Rock Soil Eng., 18, 36–40.

Prager, C., Zangerl, C., Patzelt, G. and Brandner, R. (2008) Age distribution of fossil landslides in the Tyrol (Austria) and its surrounding areas. Nat. Hazards Earth 

Syst. Sci., 8, 377–407.

Van Daele, M., Moernaut, J., Doom, L., Boes, E., Fontijn, K., Heirman, K., Vandoorne, W., Hebbeln, D., Pino, M., Urrutia, R., Brümmer, R. and De Batist, M.

(2015) A comparison of the sedimentary records of the 1960 and 2010 great Chilean earthquakes in 17 lakes: Implications for quantitative lacustrine

palaeoseismology. Sedimentology, 62, 1466–1496.

ZAMG (2018): Austrian Earthquake Catalogue 1201-2018. Central Institute for Meteorology and Geodynamics, computer file. 10


