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Eclogae geol. Helv. Vol. 80 Nr.1 Pages 241-260 Basle, April 1987

Earthquake and seiche deposits in Lake Lucerne,
Switzerland

By CHRISTOPH SIEGENTHALER'), WILLI FINGER?), KERRY KELTS'), and SUMIN WANG?)

ABSTRACT

Large slump deposits occur within well-layered Late Quaternary sediments from separate basins of Lake
Lucerne. These comprise wedges of contorted and deformed lake sediments and their upper surface is generally
smooth. Slump deposits found in the central basin plain areas are often overlain by massive, muddy homogenites,
commonly with a few thin sand laminae at their base. 3.5 kHz seismic and piston coring investigation of these
deposits and a correlation with historical chronicles of the region suggests that at least the two most prominent
ones which could be sampled by piston coring have resulted from strong, local earthquakes and that the large
slumps caused seiches with possibly large amplitude: during the 1601 events, these reached 1-2 m. The slumps
flowed rapidly down steep slopes in a liquified state, and were accompanied by slower-moving suspension clouds
which were augmented by the slump and possibly resuspension of bottom sediments by the concomitant seiche
movements. The dimensions of the large slump deposits and their overlying homogenite beds, as mapped using the
3.5 kHz records, seem to reflect the magnitude of the causal earthquakes.

ZUSAMMENFASSUNG

In den Becken des Vierwaldstattersees sind grosse Rutschmassen in die gut geschichteten postglazialen
Seesedimente eingeschaltet. Diese Rutschmassen bestehen aus gefalteten und zerscherten Seesedimenten, die
Oberflache ist glatt und eben. In den tieferen Beckenteilen wurden zudem homogene massige Schichten aus siltigem
Ton oder tonigem Silt abgesetzt, oft mit einzelnen Sandlaminae an der Basis. Diese Homogenite iiberlagern dabei
an scharfer Grenze diejenigen Rutschungen, welche bis ins Beckeninnere vorgestossen sind. Mit Sedimentkern-
Entnahmen und mit seismischen Aufnahmen (3,5 kHz) konnten einige Rutschkorper in einzelnen Teilbecken des
Vierwaldstittersees miteinander korreliert und zudem mit lokalen Erdbeben in Verbindung gebracht werden. Auf
Grund der genauen historischen Aufzeichnungen iiber das Erdbeben von 1601 postulieren und belegen wir die
folgende erdbebenbedingte Ereignisabfolge im Vierwaldstittersee: Durch das Beben wird in einem Becken eine
subaquatische Rutschung ausgelost, die mit grosser Geschwindigkeit abfliesst und sowohl eine Seiche wie eine
feinkornige Tribewolke verursacht, welche als bodenberiihrender Triibestrom sich relativ langsam gegen die
Beckenmitte zu bewegt; die Seiche schiebt dann die Triibewolke im Seebecken hin und her, sodass die Basis des
sonst homogenen Turbidits ( = Homogenit) sandig laminiert ist. Die Amplituden historischer Seiches kénnen 1-2
m gross werden; 1601 beispielsweise wurden durch Seiches die Ebene von Buochs unter Wasser gesetzt und das
Reussbett bei Luzern periodisch trocken gelegt. Es wird vermutet, dass auch die alteren, nur in den seismischen
Aufnahmen erkennbaren Rutschmassen und Homogenite in den Sedimenten des Vierwaldstéttersees in dhnlicher
Weise durch lokale Beben ausgelost wurden und so die Intensitét prahistorischer Erdbeben dokumentieren.
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2) Geological Institute ETHZ, CH-8092 Ziirich, Switzerland
%) Dept. Geography, Academia Sinica, Nanjing, China
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Fig. 1. Topography with 20 m contour lines of Lake Lucerne. Inset: Switzerland with Lake Lucerne. The maximum
depth of the individual basins are given in meters: Lake Uri (200), Treib- (125) and Gersau basin (214); Lucerne
basins: Weggis- (151), Kiissnacht- (76), Horwbasin (74) and Chriiztrichter (112); Alpnachbasin (35). Also, the
altitudes of the main peaks around the lake are in meters.
Tributaries: Reuss (r), Muota (m), Engelberger Aa (e), Sarner Aa/Chli Schliere (s).
Towns and villages: Lucerne (L), Horw (H), Alpnachstad (A), Stansstad (S), Kissnacht (K), Weggis (W), Vitznau
(V), Buochs (Bu), Gersau (G), Brunnen (B), Fliielen (F).
The lines 1 to 5 are tectonic boundaries in the lake area and the line 6 represents the maximum extension of the Lake
Lucerne at approx. 10.000 years BP. Circles: Epicenters of the 1601 and 1774 earthquakes.
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Table 1: The basins of Lake Lucerne with the largest tributaries. The Reuss at the outflow of the lake at Lucerne is
indicated by a star*.

Max. Mean Max.
depth Tributaries runoft runoff
m m3s m3/s
Lake Uri, with 200 Reuss 44.9 550
Treib basin 125 Muota 19 330
Gersau basin 214 Engeberger Aa 125 130
Lucerne basins: “Reuss °138 °390
Horw basin 74
Chrueztrichter 112
Kuessnacht basin 76
Weqggis basin 151
Alpnach basin 35 Sarner Aa/ 1 115
Chili Schliere
Introduction

Lake Lucerne comprises a series of linked, deep basins nestled within the northern
border of the Swiss Alps (Fig.1 and Table 1). The total surface is 144 km’. The most
prominent subaqueous sills are at only 2-3 m water depth between the Alpnach and the
Lucerne basins, and at 30 m water depth between the Weggis and Gersau basins. The
mean surface elevation of Lake Lucerne is 433.58 m above mean sea level, and the
extremes this century have ranged from 433.05 min 1917 to 435.25 m in 1910. Four large
tributaries account for % of the total mean inflow (Table 1). Lake levels were probably
higher after the retreat of the Late Wiirm glaciers about 13 000 years ago; the surface area
was larger and the Birgenstock (1128 m, see Fig. 1) was an island. This was followed by
low stands in the Holocene, and, subsequently, a steady rise due to progradation of small
deltas on the north and south sides of the outflowing Reuss river and due to anthropo-
genic influences such as various city water works projects at Lucerne. In all, since
Paleolithic or Mesolithic periods, the lake surface has risen at least 9 m (Kopp 1938).

Previous limnogeologic studies in Swiss lakes revealed the occurrence of various types
of mass flow deposits such as slumps and slump generated turbidity currents (LAMBERT
1976, KELTS 1978, STURM & MATTER 1978, KELTS & HsU 1980). The purpose of this paper
is to provide evidence of a link between thick mass flow units in lake Lucerne and a
possible initial trigger mechanism by earthquake shocks.

The paper is based mainly on 3.5 kHz high-resolution profiling and piston-coring
carried out in the Summer of 1982 (Fig.2) with the Limnogeology-ETH System Corer
(KELTs et al. 1986), and supplemented by earlier seismic and coring reconnaissance. In
addition we utilized data from short (I m) gravity cores in the Uri basin and the Lucerne
basins. No data is available from the shallow Alpnach basin.

Sedimentation in Lake Lucerne

Most detritus enters Lake Lucerne via the largest tributaries: Reuss, Muota, Engel-
berger Aa and Sarner Aa/Chli Schliere rivers (Fig.1 and Table 1). These rivers have
constructed major deltas in Uri and Gersau basins or almost filled up the Alpnach basin.
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Fig. 2. Traces of the 3.5 kHz soundings and the position of the piston cores (dots | to 16) and of the gravity cores
(crosses 2 to 6). Inset: the totality of all cores and the 1 m isopachs of the 1601 slumps in the Weggis and Gersau
basin.




Earthquake and seiche deposits (Lake Lucerne) 245

The Horw basin also has a large delta from times when the Engelberger Aa inlet shifted to
the northwest at Stanstad. Coarse clastic input would be expected to dominate the
sediments in the Uri and Alpnach basins, and to be important in the Horw and Gersau
basins. The coarse clastics are deposited as turbidite beds, commonly a few cm-thick
outside delta areas, which form excellent marker horizons for intra-basinal correlation of
cores. Such a correlation, see Figure 6, illustrates the two important depot centers which
exist in Lake Uri: the Muota in the north and the Reuss in the south. The material
brought into the lake by these rivers, but also by some minor tributaries, is slightly
different in composition and color. It is, thus, occasionally possible to document inter-
fingering of turbidites from different sources. This not only implies that the turbidity
currents derived directly from synchronous river underflow during rain fall flood stages,
but also that locally the turbidity current from one source can temporally push aside the
current from another source. The host sediments for these turbidites comprises laminated
mud in various gray hues.

With the exception of Horw basin, the Lucerne basins (Chruztrichter, Kiissnacht and
Weggis basins) are characterized by faintly laminated gray mud, and only sporadic
redeposits which mostly differ little from the host muds. We did not find evidence for
annual rhythmic bedding (varves). One index horizon occurs as a several cm-thick
earthen brown, fine-grained, graded silt layer which can be traced throughout Lucerne
basins (layer A in Fig.3) into the Gersau basin (layer A’ in Fig.3). This turbidite is
considered to be the result of an extraordinary rain-fall, river-bed flushing event. Within
the Weggis basin there is another distinctive reddish-orange silty clay bed (layer a in
Fig.3) which was attributed by STauB (1981) to a slowly-moving, subaerial debris flow
which partially destroyed the village of Weggis in 1795. A subaqueous continuation of
this debris flow into the lake as a sediment gravity flow, as postulated by HsU & KELTS
(1985), was not observed.

As background to the later interpretations, we note a few pertinent observations from
the basins. A few of the thin, gray mud layers contain up to 50% land-plant debris; these
layers occur only very locally and cannot be traced from core to core. Just 3.5 km to the
east of Point 112 (Fig. 1), a submerged platform at 12 m depth has thin beds of shell hash.
Seismics and coring indicate bare rock or moraine outcrops within the narrow straits
separating Gersau and Vitznau basins. The most spectacular deposits within sediments
from Lake Lucerne, comprise thick mass flows redeposits in basinal areas and on gentle
slopes in the Gersau and Lucerne basins. Their thicknesses may exceed 10 m, and cores
display structures ranging from contorted and sheared bedding (indicated by a broken
line in Fig. 3) to homogeneous muds (dotted line in Fig. 3). On seismic profiles (see Figs. 4,
5), mass flow deposits appear as transparent bodies in contrast with the uniform reflector
layering of the host sediments. The upper contact of these beds is commonly smooth and
even, whereas the lower contact may display irregularities interpreted as erosion gouging.
These deposits derive from subaqueous slumps which have redeposited both slope and
basinal sediments. This is shown clearly by the presence of a characteristic orange index
layer which can be recognized in slump deposits as well as in the undisturbed host
sequence (layer g in Fig. 3). In core sections from the basin plain areas, the slump deposits
are directly overlain by up to 3-meter thick homogeneous gray mud layers which may be
distinguished by a few thin sand/mud laminations at the base (indicated by a dotted line
in Fig.3). We call these deposits homogenites, after KASTENS & CiTA (1981), to denote
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Fig. 3. Piston cores. Broken line: contorted and distorted bedding (slumps), dotted line: fine grained and homoge-
neous turbidite with sandy base (homogenite). The diameters of the largest grains are indicated in black to the right
of the profile (according to the scale given in core 12). Individual marker beds are indicated by upper and lower case
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characters (for explanation see text; the intervals x, y and z in core 16 are identical, repeated, sections due to
slumping). b and fis considered to be the top of the slump/homogenite generated by the 1601 earthquake, layer C
is attributed to the 1774 earthquake.
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Fig.4a, 4b, 4c and 4d. Seismic sections in Lake Lucerne, for position see Figure 2. Hatched areas: slumps, black

areas: associated homogenites, deposited in 1601. Horizontal bar: 1 km, vertical bar: 15 m.
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relatively large turbidity current deposits ponded in a small basin. KASTENS & CiTA (1981)
described similar accoustically transparent layers found in deep, isolated basins of the
Mediterranean ridge. There, they were attributed to tsunami-induced intrabasinal and
ponded turbidity currents.

Many seismic descriptions of subaqueous slumps have emphasized a hummocky
surface (ALMAGOR & WISEMAN 1977, CARLSON & MOLNIA 1977, EMBLEY & JacoBl 1977,
HamprON & Bouma 1977, MCGREGOR & BENNET 1977, WOODBURY 1977, PRIOR &
CoLEMAN 1978, CHOUNG, JEONG & Honza 1985) which is in contrast with the smoothed
surfaces of the Lake Lucerne deposits. We assume that the slump deposits in Lake
Lucerne derive from highly liquified mud flows that rapidly moved across the gentle

Fig.5. Slumps (hatched areas) and associated homogenites (black areas), as interpreted from the seismic sections,

for position see Figure 2. The youngest slump in each profile is due to the 1601 earthquake. In profile 51 the rather

thin homogenite above the slump/homogenite couplet of 1601 is attributed to the 1774 earthquake. Horizontal bar:
1 km, vertical bar: 15 m.
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Fig. 6. Grain size logs from the Lake Uri gravity cores. The logs give the diameter of the maximum grain size, a
stands for grain size less than fine silt. Figure 6a: core $, the base of the core is in the lower left corner (arrow) and
the top in the upper right corner. Figure 6b (next page): representation of individual marker beds, correlated from
core 2 (left) to core 6 (right); inset: stratigraphic position and lateral continuation of some marker beds in core 2 to 6.

slopes. A tendency toward liquefaction would be enhanced by the high silt content of
these muds, and possible sandier or gaseous zones within a slope sequence (SANGREY
1977). Seismic sections (eg. Fig.4b) show that redeposits flowed along discrete horizons
and that these tend to ramp upwards in more distal regions. Slump and overlying
homogenite deposits — which are accustically slightly different, the latter being somewhat
more transparent than the former, see eg. section 51 of Figure 4d — are distinctly separate,
with sharp and even contacts and without evidence of intermingling. The emplacement of
a slump, thus, finished before the mud suspension arrived to settle. This signals rapid
transport velocities for slumps as a probable consequence of sudden liquefaction. The
question arises as to what mechanism might produce these sparse, liquefaction events?
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Strong earthquakes in the Lake Lucerne area

The epicenters of some of the strongest ( > VIII MSK) historical earthquakes in
Switzerland were located in the regions near Lake Lucerne (PAvoni 1977). The most
important occurred in 1601 and 1774, and possibly also in 1674 (MONTANDON 1953).

The earthquake of 1601, which occurred during a fair weather period in autumn, is
particularly well-documented by an eye-witness account from the scribe of the city of
Lucerne at that time, Renward Cysat (CYSAT, manuscript):
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Many churches were damaged, and several houses collapsed. A large rockfall oc-
curred along the northern flank of the Biirgenstock (Pt. 1128 in Fig. 1), which produced a
surge in the Weggis basin. Several landslides are reported along the edges of Lake
Lucerne with a total of 9 human lives lost. Large parts of the land adjacent to the lake was
innundated, in Buochs over 1 km inland, and ships were thrown onto dry ground. At
regular intervals of six times per hour, the rise and fall of the lake surface caused the river
Reuss outlet of the lake at the city of Lucerne to run almost dry. Several people could thus
ford the river bed on foot. In the Chriiztrichter (Pt. 112 in Fig. 1), the agitated waters built
up “‘mountains of water to frightful proportions” (CySAT, manuscript) and several small
islands on the shoals (east of Pt. 112) dissappeared completely. The periodic rise and fall
of the lake level could be observed for 8 days in the Uri basin. The shoaling of the Reuss
was so spectacular that several inhabitants fled Lucerne, suspecting that the earth itself
will swallow up the river and the whole town.

Little is known of the earthquake of 1674 except that it was probably felt in all of
Switzerland and produced severe damage in the town of Schwyz, located 5 km northeast
of Brunnen (MoNTANDON 1953). The earthquake of 1774 damaged all houses constructed
of stone in Altdorf (a town 3 km south of Fliielen) and two collapsed entirely. Several
rockfalls and two landslides were reported along the shores of the Uri basin. In the town
of Lucerne, chimneys dropped, but here the lake remained calm with the exception of
large bubbles observed surfacing in the water. A total of three persons were reported to
have been killed by the events (MONTANDON 1953).

The large seiches which occurred in Lucerne following the earthquake of 1601 are of
special interest, and it is worthy to note that, in the Lucerne basins, similar features were
not linked with the other earthquakes. The inundation of shorelines during a fair weather
period in 1601 and the periodical withdrawal of water from the outflow in intervals of 10
minutes is reminiscent of tsunamis caused by earthquake-induced slumps in the Pacific
ocean (SHEPARD 1948, p.47). Cysat’s observations allow a reasonable estimate of the
amplitude of the seiche at Lucerne. Today, the bay of Lucerne is quite shallow, with water
depths not greater than 3.5 m along a southwest to northeast cross-section located about
1-1.5 km SE of the town. In the 13th century, mean water levels were even lower, and
large ships had to be unloaded in a special harbor several kilometers further away (CYSAT,
manuscript). By the 16th century, mean water levels had risen due to constructions along
and in the Reuss river, but in the winter season, large ships could still barely serve the
town (CYSAT, manuscript). A comparison of the water level at that time, as revealed by a
very accurate copperplate engraving from 1597 (Fig.7), with the present water level
suggests a rise of up to two meters since the 16th century. From this information we
conclude that a seiche with an amplitude of about 1 to 2 m in the Lucerne embayment
would be enough to periodically shut off the outflow of the lake in 1601.

Uninodal seiche movement may be described by:
21

T= Ay_(gh) (1)

where: T is the period of a seiche, g is acceleration due to gravity, / is the basin length, h is
water depth, and A is a shape factor which ranges from 1 for a rectangular up to 1.6 for a
triangular basin (WiLsoN 1972). Taking Cysat’s observation of T = 10 min, the oscil-
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Fig. 7. Downstream view of the outflow of the lake at Lucerne, section of a copperplate engraving from Martin

Martini, 1597. The three long buildings in the Reuss (middle of the left edge) are mills; their wheels stood

periodically in the air when the 1601 seiche occurred, and a few brave folk walked then across the river bed. The

bridge in the foreground is still in use today and a comparison of the copperplate with the situation today indicates
a rise of the water level of 1 to 2 m since that time.

lating basin was 6-10 km long, if the mean water depth was 100 m, and a uninodal seiche
is assumed. This is the order of magnitude of the lengths of the Lucerne basins. Indepen-
dent large seiches would have occurred in the Gersau basin — as indicated by the reported
large innundations in Buochs — and also in the Uri basin. The large gradients, which must
have had occurred between independently oscillating basins, probably produced strong
bottom currents able to erode sediments in the narrow, shallow straits such as between
the Gersau and Weggis basin. Seismics and coring indicate that these are floored only by
bare rock or moraine. Also, strong bottom currents must have flowed over other sills and
shallow shoals. The maximum velocity for bottom currents produced by a standing wave
in shallow water, and below a node, may be estimated from the linear wave theory:

Unax = a4/ (g/h) 03
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where: a is the amplitude and h is water depth (WIEGEL 1964, Eq. 2.26). Assuming an
amplitude of 1.5 m and a depth of 100 m, a maximum bottom current of 0.5 m/s may be
expected which is quite adequate to transport fine to medium sand.

Although some seiches in lakes have been linked to surface waves from remote
earthquakes (see WILSON 1972), it seems improbable that a direct jolt near the epicenter
would be adequate to stimulate a seiche. The high frequencies of the shocks in the range
of a few Hertz are quite different than the seiche frequencies (D. Mayer-Rosa, pers.
comm. 1985). We conclude that the seiche movements associated with the earthquake of
1601 were rather produced by large and rapidly flowing subaquatic slumps that were
triggered by the earthquakes. We do not discuss the possible mechanisms of seiche
generation by slumping, but just show by a rough balance that such a generation is a least
compatible with conservation of energy: The energy of a standing wave in water with
density p 1s

E=pga’lL/4 (3)

per unit width (WIEGEL 1964, Eq. 2.28). Assuming a width of 2 km, a wavelength L of 20
km and an amplitude a of 1.5 m, then the energy of the seiche was 100 GJ. This is
equivalent to about 5% of the energy expended by a slump with a volume of 10" m?,
flowing down a vertical distance of 20 m.

A series of large slump deposits, sometimes associated with homogenites, were identi-
fied in the uppermost 30 m of soft sediments in Lake Lucerne basins (see Fig.5). Two
deposits which could be sampled by piston coring occur at a similar stratigraphic position
— as compared with the marker layer A (= A’, see Fig.3) — near the sediment surface in
the Weggis and in the Gersau basins (indicated in Fig. 3 by their top b and f respectively).
From their burial depths these slumps/homogenites must have occurred in historical
times. The basal part of the homogenite layer is characterized by laminated sand/mud
couplets as would be expected from strong seiches (or tsunamis, see KASTENS & CiTA
1981). The town of Lucerne was founded in the 13th century. Since we were unable to
locate any other historical accounts of strong seiche activity affecting the town than the
ones referring to the earthquake of 1601, we argue that the large slump/homogenite
deposits found near the sediment surface in Gersau and Weggis basins are indeed
initiated by the 1601 event. Two other minor slump/homogenite deposits in the Gersau
basin then occur stratigraphically at levels which could correlate with the more recent
1774, and possibly the 1674, earthquake (layers C and F respectively in Fig. 3). In fact,
neglecting the thicknesses of the deposits C and F, the mean ratio of the thickness
intervals: ““f (presumed top of 1601 event) — C (presumed 1774 event) — lake bottom
(1982)” from the cores 16, 12, 10, 11, 6 and 13 in the Gersau basin is identical with the
ratio of the corresponding time intervals. No deposits analogous to C (or F) were
recovered in the Lucerne basin cores. This corresponds well with eye witness accounts of
the 1774 event which explicitly note that no seiche activity was observed following the
earthquake (MONTANDON 1953). As a result we attribute the youngest large slump/homo-
genite in the Lucerne and Weggis basin (indicated by the top layer b or fin Fig. 3) to the
1601 earthquake and the homogenite C in the Gersau basin to the 1774 earthquake.
Slumps and slump generated turbidites are described from other Swiss lakes (HsU & KELTS
1985), but these are linked to anthropogenetic activity rather than earthquakes. We think
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that the larger number of large subaquatic slumps in the - seismically active — area of Lake
Lucerne suggests that earthquakes are also responsible for the generation of at least part
of the older slumps in lake Lucerne. Obviously, a conclusive proof would have to show
that individual slumps in separate basins have exactly the same age.

We imagine the following sequence of events during and after a strong earthquake in
the Lake Lucerne area:

1. Sediment layers from slope and basin plain are liquified by an earthquake shock and a
several meter-thick sediment sheet flows rapidly downslope, deforming rafted internal
bedding, but producing a smooth upper surface on the slump deposit. Flow separation
releases sediment into suspension, and a density suspension cloud is produced which
lags somewhat but also moves towards basin center.

2. A seiche generated by the slump produces currents that move the suspension cloud
back and forth. This motion enables erosion and incorporation of further sediment
within the cloud. During the moments of maximum bottom current flow velocities, the
lake bottom is reworked and eventually planed off whilst sand is transported and
deposited. During slack water moments, fine-grained muds settle out resulting in
alternations of sand and mud laminae.

3. As a seiche movement wanes, a suspension cloud flows towards the basin plain center,
and ponds; the suspended matter settles. This produces a massive, macroscopically
structureless, fine-grained deposit that sediments onto the slump mass if the latter
reached the basin plain. This type of massive bed has variously been called a “homo-
genite”” (KASTENS & CiTA 1981), “unifite” (FELDHAUSEN et al. 1981) or “mud turbidite”
(EINSELE & KELTS 1982).

The above model resembles in some repects the model elaborated by PICKERING &
HiscotT (1985) for the Ordovician “contained turbidites” from Quebec, which in their
upper part are similar to the homogeneites. According to Pickering & Hiscott the
turbidity current had been deflected and reflected several times from the side slopes of the
relatively small basin, generating a deposit with bimodal cross-stratification. These flow
reversals gave way to an internal seiche which produced silty laminations at the base of
the thick and homogeneous mudstone cap of the contained turbidite (PICKERING &
HiscotTt 1985).

Conclusions

Recent developments in radiocarbon dating by accelerator mass spectrometry should
eventually enable us to test the proposed synchroneity of slump/mass flow events in the
multiple basins of Lake Lucerne. We have however found strong evidence that earth-
quakes in the Lake Lucerne area can simultaneously trigger rapidly flowing, liquified
slump masses as well as concomitant suspension clouds in separate sediment basins of
Lake of Lucerne. As a secondary effect, the slumps can initiate seiche movements which,
by to and fro feedback, modify the sedimentation from the suspension cloud to produce a
series of laminated sand/mud couplets at the base of the suspension deposit, the homo-
genite.
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The characteristic features of the slump/homogenite assemblages are:

— Slumps move along bedding planes ramping up to higher stratigraphic intervals as
their erosive power fades. Slump masses occur on very gentle slopes and on the basin
plain with angles as low as a fraction of a degree.

— The slump mass is intensively folded and sheared, but the upper surface is smoothed.
This may be a result of either an overshoot deposit in a liquified state, or by reworking
effects of a strong seiche activity.

— Homogenite deposits can only be recognized as entities on the basin plain. They
overly slump masses with sharp contacts. The beds are macroscopically structureless,
with thinly laminated sand/mud couplets at the contact with the slump deposit.
Probably, thicknesses can range up to several meters.

— In proximal positions the slump may not be covered by the homogenite (slump in core
5, Fig. 3). Also, homogenites can be deposited outside the distal slump front (homo-
genite C in core 6 and probably core 12, Fig. 3).

It seems that the volumes of slumped material and homogenites are roughly corre-
lated with the magnitude of an earthquake and the distance from the epicenter. Slumps,
especially very large one’s and beyond the reach of the corer, are encountered in almost
every seismic section with good penetration, see Figure 5. We presume that they represent
large prehistoric earthquakes in the region.

There is strong evidence to attribute specific slumps/homogenites in the Weggis- and
Gersau basin to the 1601 and 1774 earthquakes. The mean sedimentation rates are then
0.9 to 1.8 mm/y in the Weggis basin and up to 8 or even 12 mm/y in the Gersau basin. The
latter figure results from core 7 at the foot of the Buochs delta, correlating the large
homogenite in that core with the 1601 event. These calculated mean sedimentation rates
do no take into account the very high water contents in the deposits near the sediment
surface, and the actual sedimentation rates in the Weggis basin are probably less by a
factor of approximately 2.
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