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ABSTRACT

High-resolution seismic imaging and coring in Lago Fagnano, located along a plate boundary in
Tierra del Fuego, have revealed a dated sequence of Holocene mass-wasting events.These structures
are interpreted as sediment mobilizations resulting from loading of the slope-adjacent lake £oor
during mass- £ow deposition.More than19 mass- £ow deposits have been identi¢ed, combining
results from 800 km of gridded seismic pro¢les used to site sediment cores. Successions of up to 6-m
thick mass- £ow deposits, pond atop the basin £oor and spread eastward andwestward following the
main axis of the eastern sub-basin of Lago Fagnano.We developed an age model, on the basis of
information from previous studies and from newAMS-14C ages on cored sediments, which allows us
to establish a well-constrained chronologic mass-wasting event-catalogue covering the last �12 000
years. Simultaneously triggered, basin-wide lateral slope failure and the formation of multiple debris
£ow and postulated megaturbidite deposits are interpreted as the ¢ngerprint of paleo-seismic
activity along theMagallanes-Fagnano transform fault that runs along the entire lake basin.The slope
failures and megaturbidites are interpreted as recording large earthquakes occurring along the
transform fault since the early Holocene.The results from this study provide newdata about the
frequency and possible magnitude ofHolocene earthquakes inTierra del Fuego, which can be applied
in the context of seismic hazard assessment in southernmost Patagonia.

INTRODUCTION

Lake sediments have been demonstrated to reliably record
both past climatic events (e.g. Prentice et al., 1992) and
modern anthropogenic in£uences (e.g. Bookman et al.,
2008). Moreover, during the past few decades, the interest
in lacustrine basins as paleoseismic archives has grown, as
a result of the potential impact of earthquakes on lake-
shore environments and near-shore populations (e.g.
Schnellmann et al., 2002; Guyard et al., 2007). Many lakes
have evolved in tectonically controlled basins, such as
those encountered along plate boundaries. Some of these
lakes are typi¢ed by sharp breaks between steep lateral

slopes and a generally elongated £at basin £oor, such as
LakeTanganyika (Scholz & Rosendahl, 1988) and the Dead
Sea (Garfunkel, 1981). Because of their proximal locations
to ongoing tectonism, the sedimentary record of these
plate-boundary lakes is suitable for the analysis of seismi-
cally induced structures and thus for paleoseismicity stu-
dies (Sims, 1975; Ricci Lucchi, 1995). The geometries of
these basins foster the development of depositional envir-
onments inwhich a variety of heterolithic facies develop in
response to seismic shaking.The e¡ects of seismic shocks
related to fault movements can be imprinted in lacustrine
sediments as deformational structures, called seismites, if
the seismic events exceed a certain local intensity and/or
the lithology and compactional state of the sediments al-
low liquefaction (Marco & Agnon, 1995; Moretti et al.,
1999; Ken-Tor et al., 2001;Monecke et al., 2004, 2006).
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On inclined surfaces, seismic shocks may nucleate slope
instabilities, distributing large amounts of slope sedi-
ments over wide basinal areas (Masson etal., 2007) and dis-
rupting basinal sediments that are overridden by
displaced slope sediments (Schnellmann et al., 2005).
Many studies describe subaqueous mass movements in-
duced by historical earthquakes, both in marine (Syvitski
& Schafer, 1996; Nakajima & Kanai, 2000; Gold¢nger
et al., 2003, among others) and lacustrine environments
(Siegenthaler et al., 1987; Chapron et al., 1999, among
others). Lacustrine basin geometry also plays an important
role, by in£uencing the £ow behaviour and depositional
characteristics of lateral mass movements (Kelts & Hsu,
1980), and by favouring compression and deformation of
£at-lying lake- £oor sediments through the impact and
load of seismically displaced sediment masses (Schnell-
mann et al., 2005). Slumps and mass- £ows evolve down-
slope into debris £ows and megaturbidites, which
together represent signi¢cant sediment-accumulation
processes in the deeper parts of lakes in tectonically active
areas. Applying these concepts, this study attempts to
assess the magnitude and recurrence rates of earthquakes
in a remote Patagonian region by investigating the Lago
Fagnano sedimentary record (Tierra del Fuego, Fig. 1a
and b), providing a preliminary step towards gauging the
potential seismic hazard to local communities.

STUDY SITE: LAGO FAGNANO

Lago Fagnano is an excellent example of a lake evolving in
an interplate basinal system. The origin and evolution of
this lake basin represents a combination of glacial and
tectonic processes, as this basin developed in a tectonic
setting ampli¢ed by recurring glacial activity. Lago Fagna-
no is located at �541S in the southern part of Tierra del
Fuego Island, southernmost Patagonia (Fig.1a and b).This
lake occupies a deep continental pull-apart basin inter-
preted to have formed as a result of sinistral movements
along the Magallanes-Fagnano transform fault (MFT)
since the Miocene (Klepeis, 1994; Lodolo et al., 2003)
(Fig. 1a). To date, however, no clear subsurface evidence
for a pull-apart origin has been con¢rmed (Waldmann et
al., 2008); yet a deep negative ‘£ower structure’ was pro-
posed as an alternative explanation for the formation of
other basins along theMFT(Lodolo etal., 2003). By exam-
ining the western part of theMFT transform in the Straits
ofMagellan,Winslow (1982) proposed that sinistral displa-
cement along the MFT zone amounts to �80 km.These
tectonically induced weakness zones were used preferen-
tially by moving ice during and after the last glacial maxi-
mum (LGM) and previous glaciations, when glaciers
originating in the Cordillera Darwin to the west (Fig. 1b)
advanced along the MFTeastwards (Coronato et al., 2009;
Waldmann et al., 2010).

Lago Fagnano consists of two basins separated by a
shallow sill: an elongated, �120-m deep sub-basin in the
west and a �200-m deep sub-basin in the east (Fig. 1c).

The greater water depth of the eastern sub-basin suggests
either that it has experienced larger amounts of tectonic
subsidence (presumably along theMFT) or enhanced gla-
cial erosion.Waldmann et al. (2010) have proposed that the
elongated western sub-basin was formed as the result of
primarily glacial erosion, perhaps intensi¢ed by ongoing
strike-slip movement along the MFT (Cunningham,
1993). In support of this hypothesis, we have observed re-
cent faulting of the youngest sedimentary in¢ll of the lake
(Fig. 2) andwe note historic seismicity that could have in-
duced such faulting (Lomnitz, 1970; Costa et al., 2006).

TheMFTsystem crossesTierra del Fuego in an �E^W
direction, separating the South American and the Scotia
plates (Fig. 1a). Seismicity along this transform boundary
has been high (Mw47) and shallow (o40 km) during the
last couple of centuries (Vuan et al., 1999; Febrer et al.,
2000). Historically recorded seismic events are limited
due to population scarcity inTierra del Fuego during this
period. Only two earthquakes are known: the 2 February,
1879 (Mw5 �7.5) event, with an epicentre in the Straits
ofMagellan several tens of kilometres west of Lago Fagna-
no, and the 17 December, 1949 (Mw5 7.8) event, with a si-
milar epicentre location (Lomnitz, 1970).The earthquake
that hit Tierra del Fuego in 1949 caused instability and
landslides along the banks of Lago Fagnano, triggering
the subsidence of large areas along the lake shores that re-
main visible today (Menichetti et al., 2001; Lodolo et al.,
2003). It is further suggested that the 1949 earthquake in-
duced o1m of left-lateral fault slip (Costa et al., 2006).
This seismic event also in£uenced areas far from the epi-
centre, such as the westernmost arm of the Straits of Ma-
gellan, where tsunamis were registered (Jaschek et al.,
1982). The proximity of the Fagnano basin to these re-
corded epicentres along the MFTmakes the sedimentary
in¢lling of Lago Fagnano a potentially exceptional archive
of paleoseismic activity along the transform. With this
contribution, we aim to reconstruct the paleo-seismic re-
cord on the island of Tierra del Fuego as recorded in the
seismic stratigraphy and sedimentary record of the east-
ernmost sub-basin of Lago Fagnano.

METHODS

More than 800 km of geophysical pro¢les were acquired in
2005 using the R/V Neecho within the Argentine portion
(�87%) of Lago Fagnano (Fig. 1c). Single-channel, high-
resolution 3.5 kHz (pinger) and1 in3 airgun, multi-channel
seismic data were simultaneously collected. Although the
pinger survey, the focus of this study, yields seismic strati-
graphic information about shallow subsurface sediments
to depths of several tens of meters with theoretical vertical
resolution of a few to tens of centimetres, the airgun data
image the deeper sedimentary deposits and bedrock mor-
phology of the basin. Results of that survey have been
published elsewhere (Waldmann etal., 2008, in press). Seis-
mic pro¢les were digitally recorded in SEG-Y format,
using a non-di¡erential global positioning system (GPS)
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with an average accuracy of � 5m. GPS navigation ¢xes
were geo-referenced to previously publishedmaps ofLago
Fagnano (Lodolo et al., 2002). Bandpass ¢ltering (2^6 kHz)

and automatic gain control (AGC; window length 100ms)
were applied to the pinger data. Di¡racted noise attenua-
tion and a water bottom mute were also applied.The mul-

Depth
(-m MLL)

0-25 25-50 50-75 75-100 100-125 125-150 250-175 175-200

67° 30’68° 00’

54
° 

30
’

68° 30’

39
50

00

600000580000560000540000520000UTM

Fig. D

73°W 71°W 69°W 67°W 65°W

56°S

55°S

54°S

53°S

52°S

0 40 80 120

Km

Cordillera
Darwin

Fig. C

(b)

Pacific
Ocean

Atlantic
Ocean

60°W65°W70°W75°W

(a)

Fig. B

55°S

50°S

45°S

40°S

65°S

60°S

35°S

Patagonia

South
American

Plate

Antarctic
Plate

C
h

ile
T

ren
ch

Scotia Plate

MFT

Shetland Is.
Plate

Nazca
Plate

Patagonia

Tierra del
Fuego Lago Fagnano

GSC

67° 30’

54
° 

30
’

39
50

00

600000

LF06- PC14

0 5
Km

The “Valdez high”

Fig. 2

Antarctic
Plate

(c)

(d)

Fig.1. (a) Satellite map of Patagonia (Hogan, 2009), with the major tectonic provinces and fault boundaries marked in red. CTJ, Chile
Triple Junction;MFT,Magallanes-FagnanoTransform system. (b) High-resolution digital elevation model (Mercator projection) from
processed National Aeronautics and Space Administration (NASA) Shuttle RadarTopographyMission data (SRTM; Farr et al., 2007)
of Tierra del Fuego, with the Lago Fagnano location marked. Continuous and dashed red lines stand for both recognized and suggested
delineation of theMFTsystem (Lodolo etal., 2003). Black dots stand for signi¢cant earthquakes (Mw47.5) since1800 (http://www.ngdc.
noaa.gov/). (c) Bathymetric map of Lago Fagnano developed from seismic data collected during this investigation and preexisting data
(Lodolo etal., 2003), showing the seismic pro¢les plotted over a SRTMmap. Contour interval is 25m.Depth in meters below mean lake
level (MLL). (d) Bathymetric map of the eastern sub-basin, showing the seismic pro¢les and piston and gravity cores described in this
paper.
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tichannel seismic data were interpreted using the King-
dom Suitet software developed by Seismic Micro-Tech-
nology Inc. For time-to-depth conversion, we assumed
an average velocity of 1430m s�1 (for the water column)
and1500m s�1 (for the sediments), as calculated in similar
sedimentary alpine basins (Finckh et al., 1984).

Gravity and piston-coring sites were targeted at se-
lected locations based on interpretation of the seismic
data retrieved during 2005 and 2006 ¢eld seasons, again
usingR/VNeecho (Fig.1d). Gravity cores �1^2m in length
and Kullenberg-type piston cores up to 8.5m long were
collected. A total of18 cores were retrieved from the entire
lake basin at di¡erent depths, but only four with the best
sediment recovery from the eastern sub-basin are used in
this study.The piston coreswere cut into1.0^1.5m sections
for transport to ETH Zurich and stored in a dark room at
4 1C. They were scanned prior to opening with a GEO-
TEKt multi-sensor core logger (MSCL) to obtain the
following petrophysical properties: P-wave velocity, g-ray
attenuation bulk density and magnetic susceptibility. Cali-
bration of theMSCL instrumentwas carried out using an
aluminium and water standard. The cores were photo-
graphed immediately after splitting and lithologic succes-
sions were described visually in detail. Preliminary
sampling included smear-slide analysis to characterize se-
diment types and other major components (e.g. biogenic
debris). Elemental determinations in selected samples at
�50mm resolution (Na to Sr, as limited by the analyzing
equipment) were carried out at the University of Geneva,
with a non-destructive R˛ntgenanalytik Eagle II micro
X-ray £uorescence system. Acquisition parameters of the
Rh tube were set at 40 kVand 800mA.

A core-to-core correlation has been established using
the sequential pattern of interpreted mass-wasting depos-
its, including their thicknesses, petrophysical properties,
laminae counts and lithologic architecture. Laminae
correlation from core-to-core has also served to assess
the extent of possible erosional surfaces. Isopach maps of
the di¡erent mass-wasting deposits have also been devel-

oped from the interpreted pinger pro¢les using radial ba-
sis interpretation in Arc-Map software (developed by
ESRIt).Thicknesses have been con¢rmed using the core
results; the map contours have been extrapolated between
pro¢les using a near-neighbour interpolation included in
the software.

SEISMIC STRATIGRAPHY

The grid of high-resolution seismic pro¢les in the eastern
sub-basin of Lago Fagnano has allowed us to visualize the
basin in¢ll and to reconstruct the recent seismic strati-
graphic architecture of the lake sediments. At a greater
scale, the seismic stratigraphic architecture of theFagnano
basin may be comparable to similar marine basins such as
fjords (St-Onge et al., 2004; Hjelstuen et al., 2009, among
others). Based on di¡erent seismic facies, three major seis-
mic stratigraphic units, EA, EB and EC, from bottom to
top, respectively, have been distinguished in the eastern
sub-basin (Fig. 3). Unit EA is distinguished by a transpar-
ent to semi-transparent chaotic seismic facies, with occa-
sional internal medium-energy parallel-continuous
re£ections. In contrast, overlying unit EB is characterized
by discrete bands of equally spaced, continuous, medium-
to-high amplitude re£ections separating transparent sub-
units reaching a total thickness of up to 6m.Topmost unit
EC drapes the entire sequence and is typi¢ed by intercala-
tions of thinly spaced,high-amplitude internal re£ections,
with low-amplitude to transparent intervals that get thick-
er eastwards while becoming more chaotic, reaching thick-
nesses up to10m.

This seismic stratigraphy of the eastern sub-basin dif-
fers from the architecture de¢ned for the western sub-
basin, which we believe is also primarily glacially derived,
but older than the section in the eastern sub-basin (Wald-
mann et al., 2010).We have interpreted the seismic archi-
tecture of the eastern sub-basin to represent glacially
derived sediments (EA), overlain by a sequence dominated
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by proglacial megaturbidites (EB), which is in turn over-
lain by a pelagic-style sequence intercalated with down-
slope mass- £ow deposits (EC). The equally spaced semi
transparent unit EB was interpreted by Waldmann et al.
(in press) as sequences of proglacial turbidites or of small
slides re£ecting sediment pulses released by the retreating
Fagnano glacier to the basin during deglaciation. More-
over, they further postulate that the southward thickening
of seismic unit EC is mostly caused by lens-shaped, seis-
mically transparent to semi-transparent bodies with con-
cave-up geometries, which represent ponded mass- £ow
deposits derived from the southern, mountain-facing,
£ank of Lago Fagnano (Fig. 3).This architecture has been
previously recognized in other similar environments such
as alpine lake systems inFrance (Chapron etal.,1996), Swit-
zerland (Schnellmann et al., 2002, 2005; Strasser et al.,
2007; Strasser & Anselmetti, 2008) and Chile (Moernaut
et al., 2007). The major change recognized in the seismic
pro¢les occurs at the transition between seismic units EB
and EC, with the ¢rst occurrence of interpreted lateral
slide deposits. Although we interpret seismic unit EB as

representing a proximal proglacial environment, unit EC
represents a distal periglacial environment in a basin that
was no longer in direct contact with glacial ice, which by
that time had retreated towards Cordillera Darwin (Wald-
mann et al., 2010). Similar seismic architecture has been
interpreted from a Holocene succession in former Alpine
proglacial lakes (Girardclos et al., 2005).

MASS-WASTING EVENTS IN LAGO
FAGNANO

Although the interpreted mass- £ow deposits appear in
the seismic pro¢les as wedges of chaotic to transparent
seismic facies, with smooth to slightly hummocky top sur-
faces and erosive bases, the relatively thin, distal parts of
these deposits are interpreted as megaturbidites and are
characterized by concordant, seismically transparent units
that generally overlie undisturbed, acoustically layered se-
diments (Figs 3 and 4).
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In this study, the term megaturbidite is used as the
distal mass- £ow-related units: (i) are thicker than the
laminations of the background deposits, (ii) are laterally
extensive, (iii) di¡er in composition from the back-
ground sediments, (iv) lack sub-aquatic fan geometries,
(v) may consist of a ¢ning upward sequence and (vi) may
have an erosional base proximal to the debris £ow but do
not erode in the basin (Bouma,1987).On an absolute scale,
lacustrine turbidites (e.g. Van Rensbergen et al., 1999;
Schnellmann et al., 2005; Fanetti et al., 2008) are at least
one order of magnitude smaller comparedwith their mar-
ine counterparts (e.g.Kelts &Hsu,1980; Siegenthaler etal.,
1987). Because large lacustrine turbidite events, however,
still represent unique and exceptional events on a basinal
scale, we use the term megaturbidites also for these
events.

The bases of the mass- £ow units in Lago Fagnano sub-
surface, as marked in the seismic pro¢leswith dashed lines
(Figs 3 and 4), represent the lowermost boundary of ob-
served deformation/erosion caused by their downslope
movement. As a consequence, these basal boundaries de-
limit instantaneously emplaced mass- £ow deposits, in-
cluding underlying overridden and deformed sediment,
and thus may not represent chronostratigraphic surfaces.
In the deeper parts of the eastern sub-basin, the distal
parts of these mass- £ow deposits, reaching thicknesses
of 42m, pinch out both northward and westward. Both
pairs of debris £ow and megaturbidite are referred in this
paper as generated by a single event and are annotated
C1^C24, from the older to the younger mass-wasting
deposit, respectively. However, only major recognized
event deposits are marked in Fig. 5.

Sedimentology

The sedimentary sequence obtained by coring the deeper
parts of the eastern sub-basin of the lake (Fig.1d) consists
of rhythmic intercalations of dark, organic-rich and brown
detrital clay laminae, formed in an anoxic or dysoxic sedi-
ment/water interface environment, thereby preventing
bioturbation (Waldmann et al., 2008). The dark laminae
are typi¢ed by large diatom content and an increase in Fe
andMn (Figs 5 and 6), perhaps due to periodic increases in
productivity related to pulses of humidity arriving from
the Paci¢c Ocean (Waldmann et al., in press).These in turn
are likely controlled by £uctuations in theSouthernHemi-
sphere westerly wind belt (Moy et al., 2008).The observed
laminated sequence is occasionally interrupted, however,
by layers consisting of brown, rather homogenous mud of
variable thickness up to 20 cm (Fig. 6).These beds, which
we interpret as mass- £owdeposits based on their acoustic
imaging, internal seismic structure and overall architec-
ture, are scattered in all the cores from this sub-basin at
di¡erent depths (see Figs 3 and 4).

The so-called Bouma Sequence, originated by turbid-
ity currents in the marine environment (Bouma, 1962),
serves as a basic model to compare the internal architec-
ture of megaturbidites in Lago Fagnano and helps to pos-
tulate the processes involved in their formation. The
Bouma Sequence includes ¢ve divisions, namely Ta, Tb,
Tc,Td and Te, which are considered to be the product of
a single turbidity-current event (Allen et al., 1984).
Although Ta is described as a massive graded sand unit,
unitsTb T̂d represent parallel to rippled sand to silt sedi-
ments, topped by muddy homogenous clay, the Te unit.
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Bouma (1962) interprets theTa unit to represent deposi-
tion from a high-density turbidity current, whereas units
Tb T̂d are inferred as products of traction, or combined
traction and suspension. The overlying unit Te is inter-
preted as the product of pelagic and low-density turbidity
currents. Core and outcrop studies have shown that com-
plete and partial Bouma sequences can also be interpreted
to be deposits formed by processes other than turbidity
currents, for example sandy debris £ows and bottom-
current reworking (Shanmugam, 1997; Mulder &
Alexander, 2001).

In Lago Fagnano megaturbidites, none of the layers
show the complete Bouma Sequence, but rather various
combinations of these units.The Fagnano mass- £ow de-
posits are characterized by high-density and magnetic-
susceptibility values, as well as by an increase inTi and Fe
when compared to background sediment, probably in rela-
tion to higher elemental density (counts) for the same
lithology (Fig. 5). Moreover, some mass-wasting deposits
appear more prominently in the seismic pro¢les when
comparedwith their cored expression, probably in relation
to variations in lithology and density. The Lago Fagnano
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Event
stratigraphy

Fe
(x1000 cps)

264

263

262

261

260

259

265

269

267

266

268

LF06-PC16
(cm)

Lithology Ti
(x1000 cps)

Pinger profile 11
TWTT (ms)

W E

Density
(g /cm )

Mag. susc.
(10     SI)

Fig. 5. Correlation between the pinger-11 seismic pro¢le and core LF06-PC16 (see Figs1d and 3a for locations).This seismic-to-core
correlation relates the di¡erent mass- £ow deposits in the seismic pro¢le to the core. Density and magnetic susceptibility values are
higher within interpreted mass- £ow layers. Although Fe and Ti increase in the mass- £ow layers within the uppermost 5m (e.g., C21),
their values mostly decrease deeper in the core (e.g., C4).These correlations are probably related to di¡erent internal mineralogical
compositions of the younger and older mass- £ow deposits. Red line stands for a tephra level geochemically ¢ngerprinted and
lithologically identi¢ed as the HudsonH1event (Stern, 2008;Waldmann et al., in press).

r 2010 The Authors
Basin Researchr 2010 Blackwell Publishing Ltd, European Association of Geoscientists & Engineers and International Association of Sedimentologists 177

Holocenemass-wasting events in Lago Fagnano,Tierra del Fuego (541S)



mass- £owdeposits are grouped into three categories con-
sidering their thicknesses and internal architecture and
may indicate the proximity of the source material: debris
£ow, thick and thin megaturbidites.

Thin megaturbidite

We have selected one megaturbidite, C14 from core LF06-
PC16, to characterize the geochemical, structural and tex-
tural variations of these units (Fig. 7). The base of this
megaturbidite deposit is a �6 cm thick, fairly homoge-
nous mud that is capped by 2^3 cm of whitish ¢ne-clay.
This megaturbidite is characterized by a generally ¢ning-
upward sequence from coarse silt to ¢ne clay at the top.
Small wood fragments and plant leaves occur at the base,
indicating contribution of allochthonous material or re-
worked organic matter. Approximately constant petrophy-
sical and geochemical properties typify this and other
sampled megaturbidites. However, higher P-wave velocity
and density values, as well as higher Si/Ti content, charac-
terize the whitish cap.We attribute changes in these para-
meters to the compaction of very ¢ne clay deposited by
suspension of reworkedmaterial occurring during a seiche
following emplacement of the deposit (Siegenthaler et al.,
1987), and probably to contributions from particles from
the epilimnion to the hypolimnion in a layered Lago Fag-
nano (e.g. Shteinman et al., 1997). Interestingly, two green-
ish, �3-mm thick laminae, highly enriched in diatoms
and organic matter, occur �1cm below the base of this
megaturbidite (Fig. 7). Similar laminae, forming couplets,
which are also characterized by very low (�1.3 g cm� 3)
density values and high Fe content, occur below all thin
megaturbidites that were cored in the eastern sub-basin.

We interpret the occurrence of these greenish laminae as
the result of rapid burial and preservation of the contained
organic matter in an anoxic environment by rapidly set-
tling overlying mass-wasting deposits. Rapid burial pre-
vented the organic material from decomposing, as it was
quickly isolated from dissolved oxygen in the bottom
water. This process is also marked by increased values of
Mn (Fig. 6) and probably indicates reducing conditions
(Koinig et al., 2003). Moreover, the preservation of these
two greenish laminae implies that there is no erosion by
the megaturbidite in the deeper parts of the lake.We con-
clude that despite frequent violent depositional events, a
total of 24 such events occur in the eastern sub-basin (Figs
3 and 4) in the upper �8m of the seismically observed
section. The observed basinal sections conserve at least
part of a continuous, laminated sedimentary record.

Thick megaturbidite

We chose event C4 to characterize the petrophysical and
geochemical variations of a thicker, probably more proxi-
mal megaturbidite (Figs 3 and 8). This megaturbidite is
20 cm thick in piston core LF06-PC16 and can be divided
into four units (units A^C andW,Fig. 8) on the basis of the
internal architecture. Unit A consists of �7^8 cm thick,
graded very- ¢ne to ¢ne sand. A few wood fragments and
plant leaves occur at its base, probably indicating contri-
bution of terrestrial material or reworking of previously
deposited organic matter. Unit B consists of �7^8 cm
thick, very- ¢ne sand exhibiting graded bedding; faint la-
minations of ¢ner-grained material also occur. Unit C is
composed of a 4^5 cm thick, weakly layered interbedded
silt and clay. The sequence A^C is capped by a �1-cm
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Fig.7. A cross-section of the C14 distal megaturbidite from core LF06-PC16 (262^254 cm core depth). Close-up shows lithological,
petrophysical, geochemical and grain size properties. Cps, counts per second. Note increases of density, P-wave velocity and Si in the
upper, white ¢nest-grained part of this deposit. Between core depths of 262 and 255 cm, the interpretedmegaturbidite lithology consists
of massive homogenous claywith novisible internal structures.A couplet of greenish laminae, probably indicating reducing conditions,
is recognized just below the megaturbidite (264^263 cm core depth). Refer to text for a more complete explanation
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thick, whitish ¢ne-clay (unit W), which is similar to the
cap observed in the distal megaturbidite sampled by
LF06-PC16 (Fig. 7). The entire sequence ¢nes upward,
from ¢ne-sand and silt, to clay at the top. All petrophysical
properties increase within C4 in relation to the laminated
sediments below and above this deposit (Fig.8), with high-
er values than those measured in thin megaturbidites
(Fig. 7). However, density and P-wave velocity decrease in
unit C of the thick megaturbidite, associated with a grain
size reduction from very ¢ne sand to silt.These values in-
crease again in unit W, which is the ¢nest-grained of the
units sampled.Magnetic susceptibility values remain rela-
tively constant through unitsA andB, but decrease in units
C and W to values similar to those measured in the lami-
nated (background) deposits above and below C4. In con-
trast to the distal megaturbidite, geochemical parameters
do not exhibit major changes in their values; only Si and
Mn slightly increase comparedwith the encompassing la-
minated sediments. Furthermore, there is no evidence of
the organic-rich green laminae belowC4, possibly indicat-
ing small amounts of local erosion of basinal sediments
by the £ow in this more proximal site, even though this

erosion must be minor, as it cannot be recognized on the
high-resolution seismic data (Fig. 3). The absence of the
organic-rich green laminae couplet may indicate as well
times of little diatom content in the lakewaters or an envir-
onment depleted with organic matter.The internal archi-
tecture of C4 resembles the divisions described in deposits
originated by turbidity currents in the marine environ-
ment (Bouma, 1962), probably indicating a similar forma-
tion process.

Debris £ow

Sampling the most proximal part of one of our seismically
interpreted mass- £ows, event C9 in core LF06-PC14
(Fig. 3), recovered a highly disturbed mud and silt
sequence of 155 cm overlying undisturbed, laminated
sediments (Fig.9).The observed stratigraphic architecture
consists of a 4-cm thick light gray clay layer that probably
represents a basal shear zone, overlain by a highly folded
zone composed bybended layers of light and dark gray clay
and silt (�104 cm thick), in turn overlain by a similar de-
formed zone (�29 cm thick) that includes large (�5 cm)
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Fig. 8. A core section of event C4, interpreted as a proximal megaturbidite, from piston core LF06-PC16. Close-up shows lithological,
petrophysical, geochemical and grain size properties.Cps, counts per second;MFD,mass- £owdeposit. Internal units are de¢ned byA,
B, C andW (the latter standing for the white cap unit also seen in the interpreted distal megaturbidite of event C14).Density and P-wave
velocity increase within units A, B andW, but decrease in unit C.Magnetic susceptibility, however, increases only within units A and B.
Geochemical parameters stay relatively stable through the entire megaturbidite, although an increase of Si/Ti is observed in relation to
(background) laminated sediments. See text for further comments.
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mud- and sand-clasts. Clasts of the Hudson H1 tephra
have been identi¢ed within this uppermost, matrix-
supported conglomerate unit. This C9 mud- £ow deposit
is overlain by an18 cm thick proximal megaturbidite layer,
characterized by a ¢ning upward sequence and capped by a
�3 cm homogenous white clay layer.
The architecture of this debris £ow (C9) indicates that

the initial slumping was followed by partial disintegration
of the source material as it moved downslope.This obser-
vation suggests that the debris £ow involved rotational
sliding of interpreted glacio-lacustrine sediments that
covered the uppermost part of the basin escarpment
shoulders.The sudden slope break at the edge of the basin
would lead to rapid £ow deceleration, and, as a conse-
quence, to enhanced sediment deposition in the basin
margins further inducing deformation of the overridden
sediment package. Previous studies from marine (Piper
et al., 1999) and lake (Schnellmann et al., 2005) environ-

ments have shown that debris £ows can be generated by
progressive disintegration of strata within an initial large
sub-aqueous landslide. Debris £ows formed in this way
extend downslope from the landslide, sometimes for large
distances, and contain intact blocks and clasts of original
landslide material, which includes as well underlying stra-
ta.The di¡erent sedimentary features and lithological var-
iations occurring during a mass-wasting event are shown
in Fig.10.

SPATIAL AND TEMPORAL
DISTRIBUTION OF MASS-MOVEMENT
DEPOSITS

We recognize more than nineteen mass- £ow deposits
(C2^C24 that include debris £ow, thick and thin megatur-
bidites), which we can correlate between cores in the east-
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ern sub-basin of Lago Fagnano (Fig. 11). Events C1, C1a
and C1b were identi¢ed in the seismic pro¢les but not
cored (e.g. Fig. 5). Most of the cored mass- £ow deposits
can be correlated to event horizons that we de¢ned in the
seismic pro¢les (Figs 3 and 4) and their thicknesses vary

from 2 to �150 cm.Thick megaturbidites and debris £ow
units are much less common in the recovered sedimentary
sequences as the selected coring sites are located in
the deeper part of the basin and distant from the sedi-
ment source. In general, the mass- £ow deposits thicken
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eastwards, probably in relation to increased contribution
of local source material, while they pond within what was
a deeper easternmost part of the sub-basin (Fig. 3;Wald-
mann et al., 2008). Avery prominent tephra layer found in
most of the cores (Fig. 11) corresponds to the Hudson H1
volcanic explosion, dated to 7570� 120 years BP (Stern,
2008). This tephra layer occurs in place in cores LF06-
PC16 and LF06-PC18 but as a reworked clast in core
LF06-PC14 and it further assisted to improve the
core-to-core correlation. The contrasting depths of the
H1 tephra in the cores may suggest as well substantial
di¡erences in sedimentation rates. An averaged rate of
0.63mmyr�1 is calculated for core LF06-PC16 when
mass- £ow deposits are included in the calculation, yet
subtracting them reduces the background sedimentation
rate to 0.54mmyr�1 for this site.

Physical-property correlations among the di¡erent
cores reveal detailed patterns in relation to their internal
lithology that may provide further hints for possible trig-
ger mechanisms of mass- £ow deposits. Although high
magnetic susceptibility signatures characterize all bases
of mass-wasting deposits, probably in relation to heavy
minerals such as magnetite and hematite, high density is
characteristic of all white caps (Fig. 11). This relationship
follows the same pattern as visualized in the high resolu-
tion XRF imagery of the di¡erent mass-wasting deposits
(Figs 7 and 8). The correlation of these parameters indi-
cates that the signatures integrity, and thus the pattern of
coarse fraction deposition, is maintained to some extent
through time and distance during the turbidity current.
Some density peaks however, appear to be as well related
to internal lithological changes of the background lami-
nated sediments and were previously related to changes

in the mineralogical composition of the sediments due to
precipitation £uctuations in the lake watershed (Wald-
mann et al., in press).

An age model for the Holocene sedimentary in¢ll of
easternLagoFagnano has been established by radiocarbon
samples and tephrochronology (Waldmann et al., in press).
Several 14C ages were obtained from core LF06-PC16 and
were compared with data obtained from cores LF05-GC1
and LF06-PC18 (C.M.Moy et al., unpublished data); these
dates are summarized in Table 1. Unfortunately, potential
contamination by old or ‘dead’ carbon sources within the
watershed and/or by remobilization and deposition of old-
er lacustrine sediments is possible, so we treat these ages
as maximum for their corresponding stratigraphic levels.
The age model presented here is de¢ned best for core
LF06-PC16 (Fig. 12), which covers both the laminated
background sedimentary record and the mass-wasting
events C2^C24.The calculated ages of the di¡erent mass-
wasting events are listed inTable 2.

On the basis of the age model obtained in core LF06-
PC16, and the observed spatial and temporal distribution
of mass- £ow deposits, we propose an event chronology
comprising the major mass-wasting deposits within
uppermost seismic unit EC (Fig. 3) of the easternmost
sub-basin during the Holocene (Fig. 13). Only major
events C4, C9, C12, C14, C15, C17 and C19 are included,
leaving unmapped minor event horizons, e.g., mass- £ow
deposits with thicknesses o5 cm.We can only construct
isopach maps of deposits where seismic and core coverage
exists. Only interpreted mass- £ows of the Holocene were
mapped, whereas older deposits deeper than unit ECwere
not included.

We highlight three important points (Fig.13):
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(a) The elongatedE^Wgeometry of the lake’s eastern sub-
basin likely de¢nes the direction of mobility and trans-
portation of suspended material. Debris £ows are
thickest mostly close to the lake’s southern slopes (see
Fig. 3, pinger pro¢le 14) where the descending sedi-
ment masses initially accumulate and deformation of
overridden basin sediment is strongest. In contrast, in-
terpreted megaturbidite deposits extend for several
tens of kilometres, often covering the entire basin £oor
(see Fig.10).

(b) Multiple mass-wasting events appear to occur simul-
taneously in di¡erent parts of the eastern sub-basin.
For example, four such events occur at �5240 years
BPduring eventC12 and four events occur aswell dur-
ing the C17 event, �3980 years BP (Fig.13d and g, re-
spectively).

(c) Locations of slope instabilities are controlled by mod-
erately steep lateral slopes (430^401), which permit
accumulation of unstable lake sediments prone to slid-
ing. Previous seismic stratigraphic analyzes of the dee-
per part of the lake (Waldmann et al., 2010) reveal that
the ‘Valdez high’ (see Fig. 13a for location) is an inher-
ited morphological structure related to the presence
of a �50m thick submerged moraine in the subsur-
face, which provides ideal lateral slopes onwhich sedi-
ments can accumulate, consequently charging the
slope.Thicknesses of most of the mass-wasting depos-
its increase toward this structure and the southern
shores of the lake, where a gentler slope permits sedi-
ment accumulation. The northern slopes appear too
steep to accumulate sediments; yet some mass-
wasting deposits of sub-aquatic origin were triggered

Table1. Isotope data, radiocarbon and calibrated ages retrieved from the cores in the eastern lake sub-basin

Core Sample Depth (cm) Material 14C age (years BP) 13C (%) Cal. age (years BP)

LF06-PC18 PC18-4-10 10 Terrestrial macro 505 � 35 � 26 535 � 14
PC18-4-61.5 61.5 Terrestrial macro 2610 � 35 � 26 2748 � 14
PC18-1-60.5 457 Terrestrial macro 11890 � 90 � 26 13802 � 165
PC18-1-110 506.5 Terrestrial macro 11660 � 50 � 26 13546 � 134

LF05-GC2 LF01-22 15 Pollen 1015 � 35 � 27 937 � 23
LF01-91 80 Pollen 2565 � 35 � 27 2659 � 83
LF01-153 185 Terrestrial macro 3410 � 50 � 27 3673 � 70

LF06-PC16 PC16-T1 480 Tephra 6850 � 150 NA 7570 � 120
PC16-C15 318 Wood 5445 � 125 � 20.3 6213 � 149
PC16-C23 612 Wood 10 435 � 75 � 28.4 12 358 � 149

Tephra age obtained fromStern (2008). Ages for LF05-GC2 are extrapolated from twin core LF05-GC1 (C.M.Moy et al., unpublished data). Calibration
was calculated using the web-based CalPal share-ware converter tool (Weninger et al., 2009).
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there andmay indicate the existence of slope instability
in this region as well.

POSSIBLE TRIGGERING MECHANISMS
OF MASS-WASTING EVENTS

Megaturbidite deposits have been referred to in various
geologic settings as homogenites (Kastens & Cita, 1981;
Chapron et al., 1999) and seismoturbidites (Nakajima &
Kanai, 2000; Shiki et al., 2000) in an attempt to identify
their nature. In the case ofLagoFagnano, these distal units
consist of redeposited sediments that became suspended
in thewater column during the slumping/sliding and asso-
ciated tsunami and seiche action in a small/closed basin.
The reconstructed record of slope failure, remobilization
and sedimentary transport processes in eastern Lago Fag-
nano allowed us to evaluate their long-term causes and
short-term triggering mechanisms.

Mass movements can be triggered by several processes,
such as slope-sediment overloading, substantial lake level
variations, extreme £ood events, delta collapses and seis-
micity (Siegenthaler & Sturm, 1991). Nevertheless, docu-
menting synchronicity of multiple features (Ettensohn
etal., 2002; Schnellmann etal., 2002) and identifying initial

slope sediment stability (Strasser et al., 2007) are generally
considered the keys to inferring a regional seismic trigger-
ing mechanism.The lateral slopes of the Fagnano eastern
sub-basin consist of ¢ne-grained lacustrine lithologies
(C.M. Moy et al., unpublished data) and are indeed stati-
cally stable. Therefore, nucleating their instability and
further mobilization requires additional dynamic loading
(i.e. seismic shake) with minimal intensities of �VII
(Monecke et al., 2006; Strasser et al., 2006, 2007). In con-
trast, delta collapses may occur as well aseismically, but in
these cases, down-going sediments are dominated by san-
dy lithologies, which coring results in Lago Fagnano prove
not to be the case (Fig. 5). Furthermore, the e¡ect of lake
level changes on slope instability is considered in the case
of Lago Fagnano to be minimal, as the source areas of the
mass- £ows are not in shallow water. In addition, overall
lake level £uctuations of Lago Fagnano during the
Late Glacial and Holocene, controlled by out£ow eleva-
tion and to some degree by runo¡, are believed to be
rather small when compared to water depth of the
sediment-charged slopes and the basin. Hyperpycnal
£ows generated by £oods may have produced megaturbi-
dites as well, yet their internal architecture (coarsening-
upward unit underlying a ¢ning-upward layer; St-Onge
et al., 2004) di¡er from those typifying Lago Fagnano
sediments. Moreover, the di¡erent mass- £ow deposits

Table 2. Reconstructed chronology of the di¡erent mass- £ow deposits as recognized in seismic unit EC

Event
Depth
(cm)n

Thickness
(cm)w

Accumulated
thickness (cm)z

Corrected
depth (cm)‰

Calculated
(years BP)z

Recurrence
intervalk

C24 10 2 2 8 56 518
C23 40 2 4 36 574 537
C21 80 11 15 65 1111 703
C19 120 2 17 103 1814 888
C18 170 2 19 151 2702 278
C17 190 5 24 166 2980 1073
C15 250 2 26 224 4053 93
C14 262 7 33 229 4146 1092
C12 330 9 42 288 5238 851
C11 390 14 56 334 6089 888
C10 442 4 60 382 6978 130
C9 460 11 71 389 7107 962
H1 490 5 76 414 7570 Tephra
C8 520 3 79 441 8070 204
C7 535 4 83 452 8273 1018
C6 600 10 93 507 9291 333
C5 620 2 95 525 9624 518
C4 670 22 117 553 10143 352
C3 695 6 123 572 10 494 814
C2 748 9 132 616 11309 625
Sedimentation rate (mmyear�1): 0, 54

Numbers in italics stand for values of the tephra layer.
nDepth of the mass- £ow deposits.
wThickness of each mass- £ow deposit layer (in cm).
zAccumulated thickness of the mass- £ow deposits (in cm).
‰Corrected depth of the background sediments excluding the di¡erent mass- £owdeposits (in cm).
zCalculated age (in years BP) taking into consideration the HudsonH1tephra, radiocarbon ages and background sedimentation rate of 0.54mmyear�1.
kCalculated recurrence interval of each consecutive pair of mass- £ow deposits considering the calculated age of each event and constant background
sedimentation rate during all the time interval.
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thicken independently from the locations of the main
river mouths entering the eastern sub-basin (Fig. 13a),
thus reinforcing our assumption for possible seismic
triggering.

In conclusion, the combination of seismic and core data
with detailed sedimentological analyzes support a mainly
seismic triggering mechanism for the di¡erent mass-wast-
ing deposits.We thus propose three possible mechanisms
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Fig.13. (a) Location map of the eastern sub-basin.The seismic pro¢le grid is marked by grey lines, and red dots stand for the cores
whichwere used for mapping and core correlation presented inFig. 5.Main rivers entering the eastern sub-basin are marked in the map
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for regional seismic triggering: (a) the Magallanes-
Fagnano transform, (b) isostatic rebound and (c) the Chile
subduction zone.

The Magallanes-Fagnano transform

The last historically recorded large earthquake along the
MFT fault zone occurred in 1949, with a magnitude of
Mw5 7.8 (Lomnitz, 1970). Despite the fact that this large
earthquake was destructive, a¡ecting large regions inTier-
ra del Fuego (Menichetti et al., 2001), it is uncertain what
the extent of slope failure was in Lago Fagnano. It is ex-
pected however, that an event of such magnitude would
dominate the shallow sedimentary record. The youngest
mass-wasting deposit (C24) may have resulted from this
shaking event (Fig. 12), although radionuclide dating (e.g.
210Pb and 137Cs) of the uppermost part of the sedimentary
record have been unsuccessful so far in identifying this
historical earthquake and further sampling is needed.

We assume that the sensitivity of Lago Fagnano sedi-
ments toMFTseismicity increased after the Fagnano gla-
cier completely retreated from the basin (Waldmann et al.,
2010), because initiation of hemipelagic type sedimenta-
tion in the slopes may have provided adequate material
for subsequent slope failure during shaking. Gravitational
collapses of over-steepened deltas carrying silt-laden gla-
cial meltwaters during quake shaking mayhave provided as
well remobilized material to the deep basinal areas, yet
their proper identi¢cation within the older seismic strati-
graphic record is unclear. Correlation to other regional re-
corders of paleoseismicity, such as marine cores or active
fault scarps, may further improve our proposed age model
and re¢ne the event catalogue, but those data are not yet
fully available (see Lodolo etal., 2003).Moreover, empirical
equations involving similar studies of sediment deforma-
tion structures in cores obtained along the entire MFT
fault zone length [e.g. marine cores east of South America
(Fig. 1b), lake cores in the western sub-basin of Lago Fag-
nano (Fig. 1c)], constrained by high-quality age models,
should improve our understanding of the intensity, mag-
nitude and locations of past earthquake epicentres in this
increasingly populated region of South America.

Isostatic rebound

Individual mass-wasting deposits in Lago Fagnano may
also have been triggered by earthquake activity associated
with post-glacial isostatic rebound of the Fuegian Andes,
similarly to alpine lakes (Beck et al., 1996). Isostatic uplift
rates calculated from dated shells obtained from elevated
beaches along the Atlantic Ocean coast and in the Beagle
Channel are 0.09 and 2.9mmyr�1, respectively (Gordillo
et al., 1992, 1993; Bujalesky et al., 1997). These calculated
rates clearly increase westward, where the thickness of the
Cordillera Darwin ice cap during the LGMwas the great-
est (Fig.1b;Coronato etal., 2009).A similar mechanism in-
volving increased sediment load following deglaciation
has been invoked to justify a series of mass-wasting depos-
its o¡ WesternWilkes Land in East Antarctica (Donda et

al., 2008). Moreover, signi¢cant rapid lake level changes
following deglaciation may have also in£uenced local seis-
micity, such as drainage of dammed lakes (McCulloch etal.,
2005), therefore increasing the probability for triggering
mass-wasting deposits in Lago Fagnano.

Glacioisostatic uplift may have attained its highest rate
immediately following ice retreat, slowlydecreasing within
a few thousand years, as is well recorded in the North Sea
and adjacent areas (Nesje & Sejrup, 1988). Indeed, the re-
currence interval of mass-wasting events, as imprinted in
Lago Fagnano sediments, appears to have increased be-
tween �11 and 7 ka (Fig. 12). Yet, considering the current
dataset, it is not possible to determine which mass-wast-
ing deposit was triggered by isostatic rebound or by seis-
micity along the MFT during this time interval, even
though plate boundary movements are generally expected
to cause larger and more frequent seismic events.

The Chile subduction zone

High convergence rates ( �80mmyr�1; DeMets et al.,
1990) and very strong earthquakes (e.g. the 1960,Mw5 9.5
Valdivia earthquake) typify the Chile subduction zone
north of the Chile Triple Junction (CTJ; Fig. 1a for loca-
tion). In contrast, seismicity south of the CTJ region has
been relatively low, with convergence rates as low as
20mmyr�1 (Behrmann & Kopf, 2001). Moreover, the
subduction zone south of the CTJ is characterized by a
low thermal gradient, as well as by a paucity of shallow
earthquake activity between the trench axis and the coastal
mountain ranges (Oleskevich et al., 1999). Furthermore,
earthquake clustering at the latitude of the Fuegian archi-
pelago decreases eastwards, with increased distance from
the subduction front.Therefore,we suggest that seismicity
along the Chile subduction zone has not triggered mass-
wasting deposits in Lago Fagnano. Instead, recurring
proximal paleoseismicity of the MFTseems to be the key
trigger of these events.

EARTHQUAKE RECURRENCES

Studies of earthquake recurrences are crucial to assess
seismic hazard. The recurrence interval of strong earth-
quakes (Mw � �7) in areas with high deformation rates,
such as interplate regions, is high: e.g., few hundreds to
1000 years for the Dead Sea transform (Migowski et al.,
2004; Begin et al., 2005), �480 years for the North Anato-
lian fault (Ambraseys & Finkel, 1991; Beck et al., 2007), and
�100^230 years for the San Andreas fault (Wallace, 1970;
Parsons et al., 2006; Gold¢nger et al., 2007).The time span
covered byhistorical records in Lago Fagnano is short, due
to only recent documented human settlement in this re-
gion. Nonetheless, the temporal and spatial continuity
of Lago Fagnano sediments provide a high-resolution
archive of slope failure and debris £ow/megaturbidite
formation probably in relation to large prehistoric seismic
events.
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The 19 major mass- £ow sequences (with thicknesses
45 cm comprising C2^C24; Fig. 12) identi¢ed within the
eastern sub-basin sedimentary package of Lago Fagnano
provide a robust database of seismic activity during the
Holocene. With a long paleoseismic record we can draw
some preliminary conclusions about the distribution of re-
currence intervals with time. A frequency histogram in
200-year intervals is reconstructed for these events esti-
mating intensities 4�VII (Fig. 14). While preliminary,
this suggests that the majority of repeated intervals lie be-
tween �100 and �1100 years, with two clusters of events
around �350 and �850 years.

If we consider the MFT fault zone to be the main gen-
erator of seismicity, and despite uncertainties of earth-
quake dates, the data presented here o¡er new insights
into seismic activity inTierra del Fuego through time.We
speculate that the interval between the end of one tempor-
al cluster and the next, might best be termed as a ‘super-
cycle’, because most often the cycle terminates in
two events rather than just one single large earthquake
(Fig. 12), as it was identi¢ed at some extent as well in the
SanAndreas fault system (Jacoby etal.,1988;Grant &Sieh,
1994). The bimodal recurrence of large earthquakes as
identi¢ed in the Lago Fagnano record may represent as
well rupture of di¡erent portions of the MFT fault or in-
complete strain release along the transform fault during
large earthquakes. Moreover, isostatic rebound following
deglaciation of the Fuegian ice cap may have enhanced
seismic activity shortening the recurrence interval of
earthquakes in the region.

CONCLUSIONS

Combining basin-wide high-resolution seismic surveys
with sediment core analysis from the subsurface of eastern
Lago Fagnano allows identi¢cation and dating of Holo-

cene mass-wasting deposits. The following points sum-
marize the results from this study:

1. Lateral sliding inLagoFagnano has induced the forma-
tion of debris £ows accumulating close to the basin
slope anddirectly linked proximal/distal megaturbidites
covering large parts of the eastern sub-basin.

2. More than19mass-wasting deposits were recognized in
the seismic stratigraphy and cored sediments from the
eastern sub-basin of Lago Fagnano.Thicknesses of ba-
sinal megaturbidites range between 5 and 50 cm, con-
sisting of fairly homogenous brownish mud ¢ning
upward from ¢ne sand-silt to clay. The sequences are
generally capped by a 2^3 cm thick, whitish clay bed
that we interpret as deposition of the ¢nest suspended
fraction after the event, possibly also related to seiche/
tsunami movements of lake waters in response to seis-
mic shaking.

3. Some low-density, diatom-enriched greenish laminae
(usually couplets) are well preserved immediately below
each megaturbidite.This lithology indicates rapid bur-
ial of lacustrine organic matter by the deposition of
these megaturbidites in a non-erosive and non-de-
structive fashion, allowing its preservation in an anoxic
pore-water environment.

4. Slope failure may occur synchronously in several parts
of the eastern lake basin, suggesting that earthquakes as
most likely triggering mechanism for their formation.

5. The age model for the major mass-wasting events is
based on radiocarbon dating and tephrochronology and
spans the entire Holocene. It suggests an average seismic
recurrence interval, likely along the MFT system, of
�350 and �850 years, which is comparable to similar
transforms elsewhere. Yet, earthquake triggering by iso-
static rebound caused by deglaciation of theFuegianAn-
des cannot be neglected, considering possible clustering
of events between �11 and 7kyrs.We estimate that seis-
micity triggered along the subduction zone south of the
CTJ is unlikely to produce mass- £ow deposits in Lago
Fagnano, as these quakes are too far west and of small in-
tensity to destabilize the lake sediments.

6. An improved chronology of Lago Fagnano sediments
and comparing this event stratigraphy record with
other archives along the MFT (both continental and
marine), could serve as a basis for reconstructing epi-
centre locations and earthquake magnitudes for this re-
gion in the past. Nevertheless, the results of this study
represent the ¢rst quantitative estimate of recurring
earthquake hazard inTierra del Fuego.
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online version of this article:

Figure S1.Un-interpreted (left) and interpreted (right)
SW-NE (a) and N-S (b) 3.5 kHz sections crossing the east-
ern sub-basin (location of pro¢les in Fig. 1). Positions of
cores are also labeled. EC andEB in the lower ¢gure repre-
sent the di¡erent seismic units. Sediment depth is given in
milliseconds of two-way traveltime (TWTT).We convert
these travel-times to sub-lake level depth (m) based on a
P-wave velocity of 1430m s�1 for water and 1500m s�1 for
sediment.The di¡erent color horizons stand for the di¡er-
ent mass-wasting deposits. Notice the di¡erent vertical
exaggeration in both pro¢les.

Figure S2. a) and b) un-interpreted (above) and inter-
preted (below)E-W3.5kHz sections crossing the entire east-
ern sub-basin of the lake longitudinally (see Fig. 1d in the
main article for location). Core positions are labeled. EC
and EB represent the di¡erent seismic stratigraphic units.
Sediment depth is given in milliseconds of two-way travel-
time (TWTT), which we convert to sub-lake level depth
(m) based on a P-wave velocity of 1430m s�1 for water and
1500m s�1 for sediment. Notice the di¡erent vertical exag-
geration in both pro¢les. See legend for the mass-wasting
deposit horizons in Fig.1of supplementary material.
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by the authors. Any queries (other than missing material)
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