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Megaturbidites have been the focus ofmany paleoseismic and paleoenvironmental studies because they can pro-
vide evidence for catastrophic and/or hazardous events with potentially major environmental implications. Dur-
ing a recent research cruise in Baker Fjord, Chile (47°54′S–74°30′W), amegaturbidite was described between the
Northern and Southern Patagonian Icefields. Here, we aim to determine the depositional processes of the
megaturbidite and identify its origin. Based on the turbidite's location, a possible origin was the early Holocene
drainage of paleo-lake General Carrera, which was recently proposed in the literature as having produced a Gla-
cial LakeOutburst Flood (GLOF) that drained through Baker Fjord. Due to the fjord's location in a subduction zone,
and close to the Chile Triple Junction, however, seismic activity must also be considered as a potential triggering
mechanism. To achieve our goals, we undertook a multi-proxy analysis of sediment core MD07-3121, including
sedimentology (grain size, loss-on-ignition, foraminifera counts), magnetic properties, bulk organic geochemis-
try, and radiocarbon dating, and we analysed bathymetric maps and sub-bottom profiles. Our grain-size results
display a diagnostic fining upward trend and show evidence of seiching in the 733-cm-thick megaturbidite. The
age of the event (5513–5211 cal yr BP) contradicts the hypothesis of an early Holocene GLOF origin. Bulk organic
geochemical results indicate that the sediments that compose the turbidite are clearly of marine origin, which
further goes against a GLOF origin. In addition, the megaturbidite is underlain by a 1136 cm thick mass transport
deposit (MTD), also composed of marine sediments. According to the sub-bottom profiles, the MTD and the
megaturbidite originate from the reworking of thick packages of sediment previously deposited on nearby sills
and on the fjord's flanks. Furthermore, similar coeval deposits are found in an adjacent sub-basin. We therefore
interpret these deposits to be triggered by an earthquake during the late mid-Holocene. While megathrust and
intraslab earthquakes are possible in the region, we argue that a crustal earthquake is themost likely seismic trig-
ger in the study area. This study reveals the first earthquake-triggered megaturbidite south of the Chile Triple
Junction.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Southern South America is a geologically highly active area. Due to
the active subduction zone, the region frequently experiences large de-
structive earthquakes and explosive volcanic eruptions. In addition, its
southern tip, Patagonia, is covered by two extensive icefields (the
Northern and Southern Patagonian icefields; Fig. 1), which host some
of the fastest retreating glaciers on Earth (Jansen et al., 2007). Fjord sed-
iments in the area are therefore prone to containing event deposits re-
lated to earthquakes, volcanic eruptions or Glacial Lake Outburst
Floods (GLOFs) (Lee et al., 2006; Lara, 2010; St-Onge et al., 2012; Van
Daele et al., 2013; Fontijn et al., 2014).

The Patagonian fjord area, and the region between the two icefields
in particular (Fig. 1), has attracted the attention of several groups of sci-
entists in the last few years, due to its role in the drainage of extensive
proglacial lakes during the last deglaciation (Glasser et al., 2016) and
to the extreme modern salinity gradient of the fjord waters (González
et al., 2013;Marín et al., 2013). The longest sediment core ever collected
in the Baker-Martinez Fjord complex was obtained during the
PACHIDERME research cruise aboard R/VMarion Dufresne in 2007. Dur-
ing preliminary description of the core onboard, a large (N5 m) turbidite
was described in core MD07-3121 (Kissel and The Shipboard Scientific
Party, 2007). In such a highly active environment, turbidites can be
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Fig. 1. Regional map of the study area. Dark red: large scale tectonics; location of plate boundaries after Bird (2003), convergence rates afterWang et al. (2007), Chile Triple Junction (CTJ)
indicated by red dot. Bright red: small scale tectonics; Liquiñe-Ofqui Fault Zone (LOFZ) location after Cembrano et al. (2002), location of the fault in Messier Channel after Glasser and
Ghiglione (2009). NPI and SPI: Northern and Southern Patagonian icefields, respectively (from Glasser et al., 2011). The extent of paleo-lake General Carrera prior to the 8.5 kyr draining
event is illustrated by the 260m a.s.l. line (after Glasser et al., 2016). Volcanoes are indicated by red triangles.
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triggered by earthquakes (St-Onge et al., 2012; Van Daele et al., 2013),
non-seismic slope failures (Girardclos et al., 2007), or by large floods
such as during the early Holocene drainage of paleo-lake General
Carrera (St-Onge et al., 2004; Glasser et al., 2016). Turbidite records
are therefore of key importance in paleoseismology (Goldfinger et al.,
2003; St-Onge et al., 2004; Strasser et al., 2006; Wils et al., 2017;
Moernaut et al., 2018) and for the reconstruction of former (mega)
flood events (Russell and Knudsen, 1999; Zuffa et al., 2000; Mulder
et al., 2001; St-Onge and Lajeunesse, 2007). Furthermore, these enor-
mous subaqueous events can have catastrophic effects for fjord ecology
(e.g. water circulation and methane release) but also for the surround-
ing environment in the form of tsunami waves (Nisbet and Piper,
1998; Girardclos et al., 2006; Fanetti et al., 2008).

The goal of this paper is to determine the exact thickness, age, mode
of deposition, and triggeringmechanism of the reworked deposits sam-
pled in core MD07-3121. It does so by using a combination of geophys-
ical data from Baker Fjord together with sedimentological andmagnetic
data obtained at high-resolution on sediment core MD07-3121.
2. Regional setting

2.1. Fjord oceanography

Baker Fjord is located between the Northern Patagonian Icefield
(NPI, 46°30′S–47°30′S) and the Southern Patagonian Icefield (SPI,
48°20′S–51°30′S). Together with the Martinez Channel in the North it
forms the Baker-Martinez Fjord complex (Fig. 1). The fjord complex re-
ceives freshwater input from Baker River, which drains the eastern side
of the NPI, and Pascua River, which is the northward drainage of the
SPI. The individual average fresh water discharge of Baker and Pascua
rivers ranges between 400 m3 s−1 in late winter and early spring and
1500 m3 s−1 in summer (González et al., 2013). During GLOF events,
river outflow reaches up to 2500 m3 s−1, discharging enormous
amounts of sediment-laden water to Baker Fjord, potentially leading
to flood-induced deposits (Marín et al., 2013; Worni et al., 2014).

The oceanic connection with the Gulf of Penas allows for subantarc-
tic water to enter the fjord and create a two layer estuarine circulation
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(Pickard, 1971; Sievers and Silva, 2008; González et al., 2013). The Gulf
of Penas however limits the hydrological connection between the fjord
complex and the ocean as it is shallower than the fjords. Circulation of
water masses is generally slow due to highly irregular bottom topogra-
phy causing low oxygen levels to be present at the bottom of the deeper
water column (Pantoja et al., 2011).

Suspension fallout from turbid meltwater is the dominant sedimen-
tation process in the Chilean fjords. Sediments are usually well sorted
and fine grained, and accumulation rates decrease towards the
open ocean (DaSilva et al., 1997; Boyd et al., 2008; Dowdeswell and
Vásquez, 2013). In Baker Fjord, DaSilva et al. (1997) observedNeoglacial
ice-proximal marine deposits to be present in the inner 60 km of the
fjord followed by ice distal sediments and non-glacial deposits near cor-
ing site MD07-3121 (Figs. 1 and 2).

2.2. Late Quaternary climate and glaciological evolution

The climatic patterns of southern SouthAmerica are governed by the
southern westerlies (Garreaud et al., 2013). On the Pacific side of the
Andes, the orographic effects linked to the interplay of the westerlies
with the Andes cause anomalous high precipitation levels that feed
the temperate glaciers of the two icefields.

The Patagonian Ice Sheet was at its largest extent during an early
Last Glacial Maximum around 28 kyr BP (Sugden et al., 2005; Glasser
et al., 2008; Fogwill et al., 2015). After the Last Glacial Maximum, tem-
perature in the region increased in phase with Antarctica (Lamy et al.,
2004; Turner et al., 2005). The first step (17–15 kyr) in the Southern
Hemisphere deglaciation plateaued between 15 kyr and 12.5 kyr,
i.e., during the Antarctic Cold Reversal, after which a second warming
step occurred, coinciding with the Northern Hemisphere Younger
Dryas (Kilian and Lamy, 2012). These higher temperatures resulted in
a rapid deglaciation of the region, leading to the separation of the
Fig. 2. Bathymetry of Baker Fjord in the vicinity of the coring site (for location, see black rectangl
are in bright colors and the lower-resolution SHOA-based bathymetry is in lighter colors. The fo
Baker)” and “9300 Acceso Norte a Canal Messier – Boca de Canales a Isla Van Der Meulen”. Two su
2007), of which one (thicker line) is shown in Fig. 3.
Patagonian Ice Sheet in multiple icefields: the NPI, the SPI, and the
Cordillera Darwin Icefield (McCulloch et al., 2000; Sugden et al., 2005,
2009). The final separation of the Patagonian Ice Sheet into the NPI
and SPI in the early Holocene caused a new drainage route to open to
the West. This route drained glacial paleo-lake General Carrera via the
Baker-Martinez Fjord complex to theGulf of Penas (Glasser et al., 2016).

Holocene glacier advances have been recognized in several studies
around 8980–7610 cal yr BP and at the beginning of the Neoglacial at
6640–5680 cal yr BP (Douglass et al., 2005; Wenzens, 2005; Aniya,
2013). The Neoglacial consists of five periods of glacier advances
according to the Aniya (2013) chronology: 5130–4430, 3850–3490,
2770–1910, 1450–750 and 350–50 cal yr BP (Nimick et al., 2016).

2.3. Tectonic setting

The Chile Triple Junction (CTJ) is located 300 km northwest of the
study area (Fig. 1). At the Triple Junction, three tectonic plates meet:
the Nazca and Antarctic plates, separated by the Chile Ridge, and the
South American Plate, under which the two others subduct (Cande
and Leslie, 1986; Lagabrielle et al., 2000). Below the South American
Plate, the subduction of the Chile Ridge has led to an asthenosphere-
filled slab gap – or slab window – to form between the subducting
Nazca and Antarctic plates (Forsythe and Nelson, 1985; Ramos and
Kay, 1992; Russo et al., 2010). Furthermore, Baker Fjord lies in the
Patagonian Volcanic Gap (PVG, 46–49°S), which apart from the absence
of volcanic activity, is currently also characterized by onlyminor seismic
activity at the plate interface (Ramos and Kay, 1992; Stern, 2004;
Agurto-Detzel et al., 2014). The origin of the PVG has been attributed
to the subduction of the Chile Ridge and thus the formation of the slab
window (Ramos and Kay, 1992; Gutiérrez et al., 2005).

The Liquiñe-Ofqui Fault Zone (LOFZ) forms thedominant regional tec-
tonic feature (Fig. 1). This dextral strike-slip fault complex accommodates
e in Fig. 1). Themultibeam echosounder data from theMR08–06 cruise on board R/VMirai
llowing nautical charts (SHOA) were used: “9100 Canal Baker y Puertos Adyacentes (Canal
b-bottom profiles are available in the study area (Kissel and The Shipboard Scientific Party,
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the parallel component of the oblique convergence of the Nazca and
South American plates (Cembrano et al., 1996, 2000; Diraison et al.,
1998; Thomson, 2002). A secondary mechanism adding to the tectonic
activity of the southern segment of the LOFZ is the subduction of the
Chile Ridge under the South American Plate (Murdie et al., 1993). It has
been shown by multiple authors that evidence of past tectonic activity
can be found in the numerous Patagonian fjords, as different types of
earthquake-triggered deposits (Chapron et al., 2006; Sepúlveda et al.,
2010; St-Onge et al., 2012; Van Daele et al., 2013; Wils et al., 2017).
These are however all located north of the CTJ. South of the CTJ, left lat-
eral faults have been identified in theMessier Channel as well as in par-
allel channels (Ramos and Kay, 1992; Fig. 1), along which some
historical seismic activity has been registered (Storchak et al., 2015).
Furthermore, several faults and tectonic lineaments have been mapped
in the vicinity of Baker Fjord (Forsythe and Nelson, 1985; Glasser and
Ghiglione, 2009).

The seismic activity in the PVG is in general attributed to the Hudson
Volcano, which lies just north of the PVG, and to the LOFZ (Agurto-Detzel
et al., 2014), especiallywhere its twomainbranchesmeet around46°12′S
(Fig. 1). The historical seismic events aremostly crustal earthquakes with
hypocenter depths shallower than 15 km and magnitudes ranging be-
tweenML 0.5 and 3.4 (Agurto-Detzel et al., 2014). During infrequent reac-
tivation of the LOFZ, earthquakes can reach amagnitude around7, such as
theMW 6.2 April 2007 earthquake below Aysén Fjord (Lange et al., 2008;
Naranjo et al., 2010; Legrand et al., 2011).

2.4. Volcanic setting

Although Baker Fjord is situated in the 350 km long PVG, there
are several volcanoes nearby (Fig. 1). The southern volcanoes of the
Southern Volcanic Zone (Mentolat, Cay, Macá, Hudson) lie north of
Baker Fjord. Of these volcanoes, Hudson is the closest (250 km) and
most active with known eruptions around 17,400 cal yr BP (Ho),
7750 cal yr BP (H1), 3920 cal yr BP (H2) and one of Chile's largest
20th century volcanic eruptions in 1991 CE (Naranjo and Stern, 1998;
Weller et al., 2014; Perucca et al., 2015). Lautaro and Viedma volcanoes
belong to the Austral Volcanic Zone and are yet to be thoroughly stud-
ied. Lautaro, the northernmost of the two (125 km southeast of the
study area; Fig. 1), is one of the most active stratovolcanoes of the
Austral Volcanic Zone and is thought to be still active (Orihashi et al.,
2004; Perucca et al., 2015). When heavy rainfall and snowmelt affect
under-consolidated eruptive products such as thick ash deposits, lahars
are produced (Branney and Gilbert, 1995). These dense sediment-laden
flows can form large subaqueous deposits called hyperpycnites, which
are often inversely graded at their base (Mulder et al., 2003).

3. Methods

This study makes use of the 46.33 m long Calypso piston-core
MD07-3121 collected at the centre of Baker Fjord during the R/VMarion
Dufresne ‘PACHIDERME’ MD/159 cruise in 2007. A 8.51m long Calypso
square core (CASQ) MD07-3120Cq was taken from virtually the same
location providing large quantities of undisturbed sediments and a
well-preserved water-sediment interface. This relatively short core
was used only for gathering terrestrial remains for radiocarbon dating.

Geophysical characterization of the study area included bathymetric
mapping using multibeam echosounder data from the MR08–06 cruise
on board R/V Mirai (Harada and The Shipboard Scientific Party, 2008)
and sub-bottom profiling from the R/V Marion Dufresne ‘PACHIDERME’
MD/159 cruise (Kissel and The Shipboard Scientific Party, 2007). The ba-
thymetry was acquired with a SeaBeam 2112.004 multi-narrow beam
echo sounder operating at a frequency of 12 kHz. Additionally, individ-
ual bathymetric points fromnautical charts published by SHOA (Servicio
Hidrográfico y Oceanográfico de la Armada de Chile; Chilean Navy Hydro-
graphic and Oceanographic Service), were digitized and interpolated to
create a complementary bathymetric map. Sub-bottom profiles were
obtained with a Seafalcon 11 echosounder, which uses a central fre-
quency of 3.75 kHz. Its large transmitted bandwidth of 1.6 kHz results
in a spatial resolution of up to 0.3 m.

Data acquired on coreMD07-3121 on board R/VMarion Dufresne in-
clude a macroscopic visual description and a set of Geotek Multi Sensor
Core Logging (MSCL) physical properties measured every 2 cm (Kissel
and The Shipboard Scientific Party, 2007). Of all theMSCL physical prop-
erties (p-wave velocity, Gamma density and low fieldmagnetic suscep-
tibility) measured on the working half of the core, only the Gamma
density was used in this study.

Grain size was determined on the terrigenous fraction of 291 sedi-
ment samples of the upper 3000 cm of core MD07-3121, at an interval
of 10 cm or lower (up to 2 cm intervals). The samples were suspended
in 10 ml of DI water and boiled with 2 ml H2O2 (35%), 1 ml HCl (10%)
and 1 ml of NaOH (2 N) to remove organic matter, calcium carbonates
and biogenic silica, respectively. The grain-size measurements were
performedusing aMalvernMastersizer 3000 laser particle-size analyser
during 12 s. The samples were kept in suspension by a stirrer rotating
at 2500 rpm. Flocculation was prevented by adding 1 ml Calgon
((NaPO3)6; 2%) prior to measurement and by using ultrasounds (10%)
during analysis. Grain-size parameters were calculated according to
Folk and Ward (1957).

Volume-normalized magnetic susceptibility was measured using a
Bartington MS2C 45 mm diameter susceptibility bridge on u-channels
(2 × 2 cm) at intervals of 2 cm, achieving a resolution of ca. 4 cm. The
Anhysteretic Remanent Magnetization (ARM) was acquired with a
translation speed of 1 cm s−1 in a peak alternating field of 100 mT and
a DC bias field of 50 μT along the Z-axis. After its stepwise alternating
field demagnetization up to 80 mT, the Isothermal Remanent Magneti-
zation (IRM) was stepwise acquired up to 1 T with a 2G 1.6 m long
pulsed solenoid. Both ARM and IRM were measured every 2 cm using
a 2Gmodel 755-R cryogenicmagnetometer located in a μmetal shielded
room and equipped with high resolution pick-up coils yielding a spatial
resolution of 4–4.5 cm.

Foraminifera were handpicked and counted in 2-cm-thick sediment
samples at intervals varying from 10 to 60 cm. The samples were sieved
and foraminiferawere counted in the 250–315 μmparticle-size fraction.

Organic-matter content was estimated using the loss-on-ignition
(LOI550) method following Heiri et al. (2001). Samples were heated
and weighed after 24 h at 105 °C and 4 h at 550 °C to calculate LOI550.
A measurement was made on every other sample that was analysed
for grain size. For each sample, 0.5 g of freeze-dried sediment was used.

Elemental (C/N) and stable isotope (δ13C, δ15N) composition of the
bulk organic matter were determined to identify the source (terrestrial
vs. marine) of sedimentary organic matter. A total of 74 freeze-dried
samples of the upper 2250 cm of coreMD07-3121 were analysed. Opti-
mal sample weight was determined based upon the estimated total or-
ganic carbon (via LOI550), with a maximum of 60 mg. The sediment
samples were carefully placed in silver capsules and treated with 60 μl
sulphurous acid (H2SO3; 5%) to remove any inorganic carbon. Simulta-
neous analysis of TOC, TN, δ13C and δ15Nwere carried out at theUCDavis
Stable Isotope Facility on an Elementar Vario El Cube elemental analyser
coupled to a PDZ Europa 20–20 isotope ratiomass spectrometer (IRMS).
Samples were combusted in a copper- and tungsten (IV) oxide packed
reactor at 1080 °C, after which the oxides were removed in a 650 °C re-
duction reactor. Before entering the IRMS, the carrier gas (He) flowed
through a water trap (magnesium perchlorate) and the N2 and CO2

were separated on a Carbosieve GC column (65 °C, 65 ml/min). The
standard deviation on the δ13C measurements is 0.04‰.

To obtain a core chronology, twelve broken marine shell (Mytilids)
samples were radiocarbon-dated at the UC Irvine Accelerator Mass
Spectrometry (AMS) facility. The conventions of Stuiver and Polach
(1977) were followed for correction of the isotopic fractionation. Addi-
tionally, leaves and twigs from coreMD07-3120Cqwere datedusing the
ARTEMIS Pelletron tandem accelerator (AMS dating) at Saclay (Moreau
et al., 2013). The depths of the terrestrial samples collected in MD07-



124 L. Piret et al. / Sedimentary Geology 375 (2018) 120–133
3120Cqwere projected on coreMD07-3121 using themagnetic suscep-
tibility correlations (Appendix 1). Radiocarbon dates (Table 1) were
calibrated with the SHCal13 calibration curve (Hogg et al., 2013). A res-
ervoir age correction (R) was estimated using two sets of paired
radiocarbon ages (Table 1, samples marked with an asterisk). An age
depth model for core MD07-3121 was constructed using Bacon
(Blaauw and Christen, 2011).

4. Results

4.1. Bathymetry

The study area in Baker Fjord reacheswater depths exceeding 675m
(Fig. 2). It is divided into multiple sub-basins by ridges. The ridge be-
tween the western sub-basin, where the core was taken, and the adja-
cent eastern sub-basin is 25–30 m shallower than the two sub-basins
(Fig. 2). The coring site is situated in the centre of the basin, at a depth
of 663 m. The area around the coring site is relatively flat over 0.5 km2

and it is flanked by steep slopes (21–42°). Slide scars, interpreted
from the sub-bottom profiles (Kissel and The Shipboard Scientific
Party, 2007), are present on the flanks of the fjord (Fig. 2).

4.2. Sub-bottom profiles

We first describe the sedimentary package in the western sub-basin,
where core MD07-3121 was taken, from bottom to top (Figs. 3 and 4;
Appendices 3 and 4). The base of the sub-bottom profiles (not labelled)
show a stratified seismic facies (Fig. 4). Unit A is identified as an erosive
body as it truncates lower reflectors. Its internal acoustic signature is cha-
otic and transparent (Figs. 3 and 4). It is covered byunit B, another acous-
tically chaotic to transparent body, which has a high-amplitude yet
discontinuous bottom reflection that has an erosive character. Unit C,
characterized by a transparent seismic facies, again has a discontinuous
bottom reflector, but does not show truncation. The top of the unit
holds two continuous, parallel reflectors.Unit D is characterized by a con-
tinuously stratified acoustic facies, andhas adraping geometry, i.e. follow-
ing the underlying topographywith a constant thickness.While the steep
(21–42°) slopes that surround the basin floor bare no to little sediments,
the platform (~350mdeep) to the southeast of the sub-basin does have a
sediment coverwith a thickness up to 70ms TWT (~52m; inset in Fig. 3).
At thewestern side of this platform, the sediment cover terminateswith a
verticalwall of 100msTWT(~70m) that can be interpreted as a slide scar
(Schnellmann et al., 2005; L'Heureux et al., 2014; Praet et al., 2017). Sim-
ilar scars are visible at several other locations in the fjord (Fig. 2).
Table 1
AMS radiocarbon dates obtained on sediment cores MD07-3121 and MD07-3120Cq. Equival
Calibrated age ranges were calculated using the SHCal13 calibration curve (Hogg et al., 2013).

Core MD07- Lab code Sample depth
(cm)

Equivalent depth in
MD07-3121 (cm)

Mat

3121 UCI - 151157 391* – She
3121 UCI - 151158 437* – She
3121 UCI - 151159 670 – She
3121 UCI - 151160 1616 – She
3121 UCI - 151161 1708 – She
3121 UCI - 151162 1783 – She
3121 UCI - 151163 1976 – She
3121 UCI - 151164 2051 – She
3121 UCI - 151165 2163 – She
3121 UCI - 151166 2364 – She
3121 UCI - 151167 2441 – She
3121 UCI - 151168 2580 – She

3120Cq SacA44940 222 185 Leaf
3120Cq SacA44941 269 232 Leaf
3120Cq SacA44942 399 362* Leaf
3120Cq SacA44943 440 403* Twi
East of the ridge, in the eastern sub-basin, the sedimentary sequence
is similar to that in the western sub-basin, allowing a one-to-one corre-
lation of the seismic units between the basins, apart from unit A, which
is not present on the eastern side of the ridge (Fig. 3). Unit B has a cha-
otic to transparent seismic facies and has strong relief in the eastern
sub-basin (Fig. 4). The unit is thicker at the foot of the slope, where it
is highly erosional, than in the centre of the sub-basin. In the thicker
part of unit C, at the southeastern end of this sub-basin, discontinuous
internal reflectors are present (Fig. 4). The unit shows more relief in
this sub-basin than in the western one and it wedges out towards the
southeast end of the sub-basin. Similar to the western sub-basin, the
top consists of two continuous, parallel reflectors. The thickness and
seismic facies of unit D is very similar to that in the western sub-basin.

4.3. Sedimentological and magnetic analyses

The sediments below 3250 cm in core MD07-3121 show high vari-
ability of ARM/IRM and low and moderately variable magnetic suscep-
tibility values (below 1250 × 10−6 SI; Fig. 4). Three clear magnetic
susceptibility peaks are present at 4009, 3667 and 3559 cm, and a
smaller peak at 3353 cm (Fig. 4). The sedimentological and magnetic
data of the upper 3250 cm of core MD07-3121 allow subdividing the
core into 5 zones (roman numbers; Figs. 4 and 5).

The sediments of zone I (3245–2669 cm) are described as homoge-
nous greyish olive mud with some sand layers. The base of zone I is
marked by a sand layer and a sudden increase in density and magnetic
susceptibility (Fig. 4). The lower part of the zone up until 2967 cm has
high and variable magnetic susceptibility values (Fig. 4). In the upper
part of zone I, no foraminifera are present and lowermagnetic suscepti-
bility values occur with a sudden decrease at 2783 cm (Fig. 5). LOI550
shows a gradual increasing trend in the upper 300 cm of this zone.
The sediments of zone I are poorly sorted below 2783 cm, especially
below 2967 cmwhich is enriched in coarse particles (Fig. 5). Finer sed-
iments with a higher degree of sorting follow in the upper part of the
zone, above 2783 cm (D10: 1.55 to D90: 15.62 μm; Fig. 5).

Zone II (2669–1533 cm) is composed of greyish olive mud with
sand layers at its base (Fig. 5), and it is characterized by fluctuations in
all parameters. The base of the zone is defined by an increased grain
size and a sharp 6-cm-thick magnetic susceptibility peak, which corre-
spond to lower LOI550 values (Fig. 5). The lower 270 cmof the zone con-
tains thin (2–6 cm) coarse grained layers. Foraminifera occur in variable
concentrations throughout the zone.

Zone IIIa (1533–800 cm) is composed of homogenous grey
mud with occasional thin silt layers between 1450 and 1300 cm
(Fig. 5). The base of the zone is marked by a peak in both grain size
ent depth was calculated based on the correlation between the two cores (Appendix 1).
The asterisks (*) indicate samples used for calculation of the reservoir effect.

erial Amount δ13C (‰) 14C age (yr ± 1σ) 2σ calibrated age
range (cal yr BP)

ll 0.18 mgC – 2660 ± 20 2672–2341
ll 0.23 mgC – 2895 ± 20 2775–2721
ll – – 4515 ± 20 4857–4650
ll – – 8775 ± 25 9536–9468
ll – – 8580 ± 25 9429–9141
ll – – 10,030 ± 25 11,235–11,138
ll – – 9490 ± 25 10,490–10,254
ll – – 13,185 ± 30 15,605–15,230
ll – – 6120 ± 25 6738–6555
ll – – 5290 ± 25 5891–5652
ll – – 12,470 ± 30 14,199–13,958
ll 0.26 mgC – 7560 ± 25 8168–8017

0.44 mgC −32.4 1175 ± 30 1089–958
1.11 mgC −28.1 1355 ± 30 1293–1183
0.36 mgC −37.0 2210 ± 30 2308–2088

g 0.32 mgC −36.2 2490 ± 40 2705–2359



Fig. 3. Sub-bottom profile in Baker Fjord. The location of the profile is shown in Fig. 2. The inset shows a detailed view on an interpreted slide scar. Areas of uncertain interpretation are
indicated by the hatched areas. See Fig. 4 for a detailed view of the two sub-basins. The uninterpreted profile is presented in Appendix 3.
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(up to ~74 μm) and magnetic susceptibility. Both parameters gradually
decrease upwards throughout zone IIIa as opposed to the short-
lived basal grain size and magnetic susceptibility peak of zone II
(Fig. 5). The zone displays a general fining upward trend, which is
particularly pronounced in the lower 200 cm. From the base of the
zone up to 1150 cm, and especially between 1430 and 1300 cm, the de-
creasing trend is stepwise and fluctuates, i.e. coarser peaks occur (e.g.
at 1330 cm and 1150 cm). The grain-size distribution plot (Fig. 5)
shows that most of zone IIIa has a fine mode similar to that of zone II
but with an extra, larger grain-size mode at the base. An increase in
LOI550 is observed throughout the zone. The ratio of laboratory-
imposed remanences, ARM/IRM – a parameter inversely correlated to
the magnetic grain size – shows a sudden and relatively small decrease
and subsequent gradual increase at the bottom of zone IIIa, after which
it remains steady up to 1120 cm. Above, a gradual increase of the ARM/
IRM ratio occurs. Apart from the lower three samples which contains
Fig. 4.Detailed views on sedimentary packages identifiedon the sub-bottomprofile. CoreMD07
of density, ARM/IRM and magnetic susceptibility. Areas of uncertain interpretation are indicate
some Globobulimina affinis, the zone lacks foraminifera. Zone IIIb
(800–745 cm) is defined by the lowest grain-size values of the entire
core (ranging between D10: 1.25 to D90: 17.74 μm) and it consists of ho-
mogenous grey mud (Fig. 5). It also corresponds to the re-appearance
of significant amounts of foraminifera, predominantly of the species
Melonis barleeanus. In terms of LOI550, the zone forms a transition
from ca. 5% in zone IIIa to ca. 7% in zone IV above. Magnetic susceptibil-
ity is constant and very low, while the ARM/IRM indicates very fine
grains with a slight fining trend towards the top.

The upper 745 cm of the core, zone IV, is composed of grey to greyish
olive homogenousmud, and it showsmoderate and variable LOI550 values
accompaniedbya slight increase inmagnetic susceptibility. Thebaseof the
zone ismarkedby anARM/IRMpeak and cm-scale bioturbation (Appendix
2). The ARM/IRM ratio increases significantly between 235 and 195 cm.
The total foraminifera abundance suddenly reaches a maximum at 140
cm depth, but the fossils are absent between 60 and 40 cm.
-3121 is projected using an acoustic velocity in the sediment of 1475m/swith full core logs
d by the hatched pattern. The uninterpreted profiles are presented in Appendix 4.

Image of Fig. 4
Image of Fig. 3


Fig. 5. Selected sedimentological and magnetic parameters together with a sedimentary log of the top 3000 cm of core MD07-3121.
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4.4. Bulk organic geochemistry

The total organic carbon (TOC) is in general very low (under 2%;
Fig. 6). The highest variability is present in zone II, where it ranges be-
tween 0.7 and 1.6%. Zone IIIa holds the lowest values, but the TOC grad-
ually increases upwards within the zone. Zone IIIb forms a transition to
higher values around 1.6% in zone IV (Fig. 6). Apart from a few excep-
tions, atomic C/N values range from 7 to 10 throughout the entire
core, and most of the samples have δ13C values varying around −
21‰, representing marine particulate organic carbon (POC; Lamb
et al. (2006); Fig. 6). Only one sample (1840 cm) has a δ13C value
below −22 and seven samples plot above −18‰. These 7 samples
also show a higher C/N ratio (N10). They include two samples from
zone II (1638 and 1970 cm), and the five lowermost samples from
zone IIIa, which also have the lowest TOC of the entire core. At the
base of zone IIIa, both the C/N ratio and δ13C decrease upwards.
4.5. Chronology

According to the correlation between MD07-3120Cq and MD07-
3121 (Appendix 1), core MD07-3121 misses the top 37 cm of the sedi-
ment record. The surface of core MD07-3121 is therefore older than
the year of core collection (2007). A reservoir effect of 240 ± 5 yr was
estimated based upon the difference between the linear regression of
two terrestrial samples and that of two marine samples (Table 1). This
was applied to all the marine shell samples, assuming the reservoir ef-
fect remained relatively constant through time. The radiocarbon ages
obtained on the shell fragments below 1535 cm show an inconsistent
pattern. Due to the likely reworked origin of the sediment unit in
which these ages were obtained, they are not accounted for in the
age-depth model. In total, seven radiocarbon ages and the core collec-
tion age (2007 CE at −37 cm) are included in the age-depth model.
The model holds rather stable accumulation rates above 437 cm
ranging between 1.6 and 2.5 mm/yr. The lower section of the model
shows lower accumulation rates close to 1 mm/yr. The top of zone IIIb
(745 cm) has a 95% certainty age range of 5513–5211 cal yr BP.

5. Discussion

5.1. Core to seismics correlation

Core MD07-3121 was projected on the sub-bottom profile using an
acoustic velocity of 1475 m/s in order to correlate the geophysical fea-
tures with the density and magnetic susceptibility (Fig. 4). The acoustic
velocity was calculated based on the correlation of the base of unit A
(44 ms TWT bsf) with abrupt changes in physical properties in the
core at 3282 cm bsf (corresponding to 3245 cm in core MD07-3121;
Appendix 1; Fig. 4) and is in agreement with the MSCL P-wave
velocity (Kissel and The Shipboard Scientific Party, 2007). The projec-
tion shows that the core covers all of the seismic units described
above (Fig. 4).

Seismic units A, B, C, and D can be correlated to sedimentary zones I,
II, III (a and b) and IV, respectively (Fig. 4). The boundaries between
the sedimentary zones are indeed characterized by marked changes in
density, which affect the acoustic impedance, and thus result in the

Image of Fig. 5


Fig. 6. Selected organic geochemistry parameters. The dashed line shows the−21‰ value representing a typical marine POC signature (Lamb et al., 2006).
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high-amplitude seismic reflections that denote the boundaries between
the seismic units. Also, the homogenous sedimentary facies of zone III
(a and b) is in good agreement with the acoustic transparency of
unit C and thus confirms the core-to-seismic correlation.

5.2. Depositional processes

The available data shows that two events created the different sedi-
ment units in core MD07-3121, each of which will be described in
this section. The lowermost deposit observed in this study is unit A
(Zone I). It is interpreted to be a highly cohesivemass transport deposit
(MTD). The sediments likely primarily originated from the eastern side
of the western basin, as evidenced by deeper erosion into the underly-
ing sediments (Fig. 4). It reached the sub-basin with energy high
enough to erode and rework significant amounts of sediment. The
finer and better sorted sediments at the top (from 2967 cm to the top
of the zone) may be interpreted as a turbidite following the cohesive
MTD (Fig. 5). The fine-grained mud tail (D10: 1.55 to D90: 15.62 μm) of
the latter needs a sufficient amount of time (days to even months) to
settle (Baas et al., 2000; McHugh et al., 2011; Van Daele et al., 2017).
This implies that the event that triggered unit A (Zone I) is independent
of the event that created the overlying deposits discussed below. Due to
the erosive character of unit B, it is difficult to estimate the amount of
time between the deposition of unit A and the following deposits
(Units B and C).

The deposits ofunit B (Zone II) are interpreted to be anMTD (Figs. 3
and 4). The 6-cm-thick sand layer at the base of zone II does likely not
occur throughout the entire sub-basin due to small topographic effects,
causing the discontinuous character of the basal reflector. The chaotic/
transparent seismic facies, in combination with the sharp undulating
basal reflector are key characteristics to recognize anMTD in an acoustic
sub-bottom profile (Jackson, 2011). The deposits follow the lower
topography, which is a typical criterion for a flow-like deposit, but
it does not show a clear turbidite signature, i.e., no gradual fining up-
ward (Mulder and Alexander, 2001) (Fig. 5). Instead, all the sedimento-
logical and magnetic parameters show a high degree of variability
(Fig. 5), as well as the radiocarbon dates, which fluctuate between
15,605–15,230 and 5891–5652 cal yr BP, with no consistent pattern
(Fig. 7). All the above arguments lead to the interpretation that these
deposits can be classified as a cohesive mud-rich debris flow according
to the classification of Mulder and Alexander (2001). In a cohesive mud
flow, there is little to no sediment sorting and all sediment is mixed
randomly, explaining the highly variable patterns seen in all sedimento-
logical parameters as well as the scattering of the radiocarbon ages
(Figs. 5 and 7).

Unit C (Zone IIIa) has a clear fining upward trend over 733 cm in
core MD07-3121 (Fig. 5), which provides strong evidence that zone
IIIa corresponds to a turbidite (Stacey and Bowen, 1988; Mulder and
Alexander, 2001). This is a non-cohesive flow deposit where sorting is
controlled by the grain size and density of the particles. This explains
why the magnetic grains, having a higher density, settle earlier than
the siliciclastic grains of the same size (Fig. 5). The fining upward
trend is most pronounced at the base of the turbidite, indicating that
the turbidity flow was at its maximal energy at the head of the flow
after which its energy decreases (waning). Given the thickness of this
deposit, it is appropriately called a megaturbidite (Bouma, 1987).

The grain-size fluctuations in the sandy mud above the sandy base
may indicate the presence of seiche waves during deposition (Fig. 5).
The grain-size data of this megaturbidite is comparable to that of
other event deposits where seiching occurred (Mulder et al., 2009;
Campos et al., 2013, 2014). The seiche waves could have originated
from either the submarine slope failure (Schnellmann et al., 2002),
directly by the seismic waves of an earthquake (Chapron et al., 1999)
or a combination of the two. Due to the size of the MTDs, at least part

Image of Fig. 6


Fig. 7. Age-depth model of the upper part of core MD07-3121. The radiocarbon ages are represented as probability density functions (in blue: marine shell (Mytilids) fragments, and in
orange: terrestrial remains). The age probability distribution of the sediment deposited immediately above zone IIIb (745 cm) is also indicated.
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of the seiche must have been caused by the submarine slope failures.
The confined basin in the Baker Fjord enables the existence of the seiche
waves, while the deep bathymetry and water stratification facilitates
their development (McGarr, 1965; Sievers and Silva, 2008; Mulder
et al., 2009). The discontinuity of the basal reflector of unit C (Fig. 4) is
attributed to the interaction of the thin coarse-grained basal layer
with small basin topography differences.

The turbidity flow (zone IIIa) gradually transitions upward into
zone IIIb (Fig. 5). This finer, more homogenous deposit, is
interpreted as a clay cap, i.e., the upper limit of the megaturbidite,
formed by fallout of the finest suspended sediment (clay to fine
silt). This interpretation is confirmed by the high abundance of fora-
minifera shells in this zone, especially compared to underlying zone
IIIa (Fig. 5). This feature is likely related to the high floating capacity
of certain foraminifera species (e.g. Melonis barleeanus), caused by
their low overall density which comes from their lightweight, thin
walls and empty chambers. Those do therefore not occur in the
turbidity flow itself (zone IIIa), but they settled together with the
finest sediments. The presence of foraminifera at the base of zone
IIIa could be explained by heavier more thick-walled species (e.g.
Globobulimina affinis), similar to sorting processes shown in earth-
quake triggered turbidites offshore Japan (Usami et al., 2017). The
sediment plume at the origin of zone IIIb is estimated to be deposited
in an order of weeks to months in contrast to the turbidity flow,
expected to be deposited in the order of minutes to hours (Baas
et al., 2000; McHugh et al., 2011; Van Daele et al., 2015).

The sediment of zone IV is not related to the event deposit. It repre-
sents post-event continuous sedimentation, as suggested by the
presence of bioturbation (Appendix 2) and the self-consistent pattern
of the radiocarbon ages (Fig. 7). The sudden increase of the ARM/IRM
ratio between 235 cm and 195 cm (Fig. 5) is attributed to post-
depositional dissolution processes such as described by Zheng et al.
(2010). The large variations in foraminifera abundance could reflect
changes in the fjord's productivity or post depositional dissolution
processes.

The equal thickness of unit D in both sub-basins suggests that the
sedimentary packages of units B\\C in both sub-basins (Fig. 3) are si-
multaneously deposited, assuming similar sedimentation rates in the
two sub-basins. Although the units can be correlated, there are some
discrepancies between the two sub-basins. Unit A is missing in the
eastern sub-basin and unit B shows a stronger erosive character. The
turbidite in the eastern sub-basin (Unit C) shows internal reflectors
following the topography (Fig. 4). These may be attributed to strong
flow movements influenced by topography in the confined space of
this basin that introduces a certain sorting of the sediment.

When combined, the geophysical and sedimentological data suggest
that units B and C represent consecutive event deposits likely triggered
by one single event and unit A represents a separate event. Although it is

Image of Fig. 7
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not possible to calculate the exact volume of the reworked deposits
(units B-C), the combined thickness of units B-C in the western sub-
basin (19.24 m) and the associated erosive features point towards a
highly energetic triggering mechanism. The thickness of the deposits
can be explained partially by the confined topography of the sub-
basins, however a vast amount of available sediments is necessary as
well. As the turbidity flow is trapped within the confined sub-basin,
complex depositional processes such as ponding occur (Sinclair and
Tomasso, 2002; Patacci et al., 2015). Another consequence of these
fjord topography – turbidity current interaction processes is the above
discussed seiching.
5.3. Timing and provenance

According to the age depthmodel (Fig. 7) the event dates back to the
late mid-Holocene (5513–5211 cal yr BP). This is further supported by
the youngest age within the MTD immediately below the turbidite
(Unit B) giving a maximum age limit of 5891–5652 cal yr BP (Table 1).
The shell must have been deposited prior to the event to be incorpo-
rated in the MTD below the megaturbidite.

Baker Fjord is an area susceptible to GLOFs (Casassa et al., 2010;
Dussaillant et al., 2010). A catastrophic event as large as the early
Holocene GLOF that drained paleo-lake General Carrera through Baker
Fjord (Glasser et al., 2016) could explain the thickness of the deposits.
The age of the studied event deposits is however not in agreement
with the 8.5 kyr massive event described by Glasser et al. (2016),
after which the Northern and Southern Patagonian Ice Sheet were per-
manently separated. A mid-Holocene GLOF origin is possible as the age
range (5513–5211 cal yr BP) corresponds to an interglacial period
(Aniya, 2013). Nonetheless, there is no geomorphological evidence for
a proglacial lake that could have burst at that time. In addition, the
only two rivers large enough to generate a GLOF into Baker Fjord are
Baker and Pascua rivers, both of which discharge into the fjord at its
eastern end (Fig. 1). A hyperpycnal flow coming from the East would
get trapped in the 1060 m deep sub-basin (73.8°W) that lies on its
path to our study area, (Piret et al., 2017), rendering this hypothesis im-
possible. The presence of sand grains in the turbidite also refutes a GLOF
travelling as a hypopycnal flow. Furthermore, if a GLOF had caused the
megaturbidite and related deposits in Baker Fjord, it would have an
extrabasinal origin (Zavala and Arcuri, 2016). However, the provenance
of the sediment is dominantly marine, as derived from the bulk geo-
chemical composition of the sedimentary organic matter preserved in
zones II, IIIa and IIIb (Fig. 6). Although part of the sediment may have
been entrained from the fjord bottom by the turbidity current, this pro-
cess would not completely erase the original provenance of the deposit,
especially since erosion by large flood turbidity currents only occurs
within a few kilometres of river mouths (Mulder et al., 1998), where,
in Baker Fjord, the sedimentary organicmatter is still entirely terrestrial
(Rebolledo et al., submitted for publication). The deposits are therefore
intrabasinal, i.e. the sediments originated from within the fjord.

An exception to the typically marine bulk geochemical values in
zone III are the five samples with elevated δ13C values at the base of
the turbidite, which are systematically associated to coarser grain sizes
(Fig. 6). Similar valuesweremeasured in two samples of the underlying
MTD (zone II). Based on their C/N and δ13C values, we interpret these
samples as enriched in marine macrophytes or algae, since similar
values were measured by Mayr et al. (2011) on brown algae in Comau
Fjord (Chile, 42°S). These observations suggest that the origin of the
sediment composing the turbidite is similar to the MTD sediments, the
only difference being the preferential deposition of organic remains of
macrophytic or algal origin within the coarse fraction of the sediment
at the base of the turbidite. The presence of samples containing organic
matter of algal or macrophytic origin in zones II and III suggests
that these zones are composed of sediment previously deposited at
shallower depths. This is in clear contrast with the sediments of zone
IV, for which no elevated δ13C and C/N values were observed, indicating
hemipelagic sedimentation.

The presence of slide scars additionally supports a marine origin of
the sediments. There are three observed slide scars in only two sub-
bottom profiles indicative of the possible presence of more similar ero-
sive features (Fig. 2). However, it is not possible to link these features di-
rectly to the studied event with absolute certainty, although the large
volume of the event related deposits would suggest so.

The slope-failure origin is further supported by the sedimentological
information obtained on core MD07-3121 (Fig. 5). The Baker Fjord
megaturbidite is normally graded, especially at the base, which con-
firms the intrabasinal origin (Kneller and Buckee, 2000). In contrast,
extrabasinal turbidity flows often have an inverse velocity profile with
a faster tail than head of the flow, leading to inversely graded beds at
the base of the deposit (Kassem and Imran, 2001).

Finally, our findings on the origin of the sediments discussed in this
study are in agreement with the available scientific literature. Based on
seismic profiles, DaSilva et al. (1997) had indeed suggested deposition
by debris flows from the fjord flank and reworked by tidal currents.

The presence of coeval turbidites (Unit C) in the two sub-basins, and
erosional MTDs (Unit B) on both sides of the ridge (Figs. 3 and 4), indi-
cate synchronous slope failures (Schnellmann et al., 2002; Van Daele
et al., 2014). Together with the intrabasinal origin of the sediments,
this argument provides evidence for seismic triggering and refutes a
spontaneous slope failure, whichwould not have affected the two inde-
pendent basins. In other Chilean fjords (e.g. Reloncaví Fjord, Aysén
Fjord), such thinner seismo-turbidites have already been described
(St-Onge et al., 2012; Wils et al., 2017). However, this study shows the
first evidence of a seismically-triggered megaturbidite in a fjord south
of the CTJ.

5.4. Triggering earthquake

For lake sediments, there seems to be a consensus thatmacroseismic
intensities must reach or exceed VI to trigger subaquatic slope failures,
as similar threshold intensities have been shown for lakes in a wide va-
riety of settings around theworld (Monecke et al., 2004;Moernaut et al.,
2014; Van Daele et al., 2015; Wilhelm et al., 2016). Due to the limited
number of studies on earthquake-triggered deposits in fjords, it is un-
known if this relation can be extrapolated to fjord sediments. Even
though the size of the megaturbidite and associated MTD described in
this study is very large compared to the average fjord seismo-turbidite
(e.g. St-Onge et al., 2012; Van Daele et al., 2013, 2014; Haeussler et al.,
2014), the volume of the deposit may not directly reflect the intensity
of the triggering seismic event. Considering the large influence of type
and rate of background sedimentation, interpretations on quantitative
paleoseismology derived from subaqueous sedimentary records need
to be taken cautiously (Moernaut et al., 2007; Bertrand et al., 2008;
Leyton et al., 2009; Wilhelm et al., 2016). Hence, it is possible that due
to the low seismicity south of the CTJ (Hayes et al., 2015), sediments
accumulated into very thick sequences before slope failures were trig-
gered, causing the observed voluminous deposits. As such, an earth-
quake causing relatively low macroseismic intensities (i.e., ~VI) in the
study area could have triggered these massive deposits. As the study
area is located in a subduction zone, three possible earthquake sources
are recognized: (1) a megathrust earthquake originating from the
plate interface, (2) an intraslab earthquake generated by slab pull and
(3) a crustal earthquake:

- (1)Megathrust earthquakes can causemacroseismic intensities of VI
or more in large areas (Astroza et al., 2012) and megaturbidites
found in Reloncaví Fjord (41°40′S) have been attributed to such
earthquakes on the Valdivia segment (north of the CTJ; St-Onge
et al., 2012). Likewise, a single Holocene turbidite in Aysén
Fjord was interpreted as having a megathrust earthquake origin
(Wils et al., 2017). Due to a slow convergence rate south of the CTJ
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(18.5 mm/yr compared to 66 mm/yr north of the CTJ; Wang et al.,
2007; Fig. 1), a much longer stress build up is required to achieve
similar co-seismic slip (while this is also depending on the locking
state, we cannot take it into account as this is unknown south of
the CTJ). Moreover, Baker Fjord is located on the southern boundary
of a slab window (i.e., there is no subducting oceanic slab north of
the fjord for a latitudinal distance of ~140 km; Russo et al., 2010;
Ramos and Kay, 1992), hence at the boundary of a rupture, where
lower seismic intensities typically occur (e.g. Astroza et al., 2012)
and where co-seismic turbidites are generally absent (Goldfinger
et al., 2014). Hence, while a megathrust earthquake cannot be ex-
cluded as the cause for the mid-Holocene MTDs and megaturbidite,
several factors seem to refute a megathrust trigger.

- (2) Intraslab earthquakes can lead to severe seismic shaking such as
the 1939 MS 7.8 catastrophic earthquake in south-central Chile
(macroseismic intensities up to IX; Beck et al., 1998). However, the
lack of a subducting slab below Baker Fjordmakes this type of earth-
quake an improbable trigger, especially as the Antarctic-Plate oce-
anic slab that is present just south of the study area does not
extent into the earth's mantle (Russo et al., 2010).

- (3) The deposits discussed in this study could have been triggered by
a crustal earthquake. In Aysén Fjord, for example, an MW 6.2 earth-
quake (21 April 2007) on the LOFZ has produced macroseismic in-
tensities of VI in an area over 30 km across (i.e., larger than the
study area) (Naranjo et al., 2010). This event generated, apart from
many onshore landslides (Sepúlveda et al., 2010), widespread off-
shore landslides in the fjord (Van Daele et al., 2013), as did similar
prehistoric events during the Holocene (Wils et al., 2017). As the
study area is located about 30 km to the south east of the southern
extremity of the LOFZ (Cembrano et al., 1996; Thomson, 2002), an
earthquake on the LOFZ is unlikely to have triggered the MTDs and
megaturbidite studied here, even though the LOFZ can be considered
very active (Lange et al., 2008). The left-lateral strike-slip fault along
theMessier Channel (Fuenzalida, 1976; Ramos andKay, 1992; Fig. 1)
is more likely to have hosted the triggering earthquake, as it is
located merely 15–20 km to the west of the study area. Based on
the empirical attenuation relationship for crustal earthquakes by
Bakun and Wentworth (1997), which has been applied previously
in Chile (e.g. Moernaut et al., 2014), a macroseismic intensity of VI
can be reached up to 33 and 46 km from the epicenter for MW 6
andMW 6.5 earthquakes, respectively. An earthquake of suchmagni-
tude – in the order of the 2007MW 6.2 Aysén earthquake – on the
southern extremity of the LOFZ or in the Messier Channel could
thus have triggered the observed slope failures. Moreover, Glasser
and Ghiglione (2009) have shown that fjord orientations in the re-
gion are strongly driven by the orientations of the structural frame-
work of lineaments in the Patagonian fjords. Indeed, the channels
with a NE-SW orientation that are connected to the studied western
sub-basin (Fig. 2) have a similar orientation as the LOFZ at its south-
ern extreme (Fig. 1), andmay thus be related to the latter.Moreover,
the main channel, that hosts the studied sub-basins, is linked to a
structural lineament with a WNW-ESE orientation (Glasser and
Ghiglione, 2009; Fig. 2) and can be traced to themainWNW-ESE ori-
ented basin of Lake O'Higgins (130–200 km ESE of the fjord; Fig. 1).
This structural lineament coincides almost exactlywith the southern
boundary of the slab window as imaged by Russo et al. (2010). The
contrast between the absence of a subducting oceanic slab to the
NE, and presence of a slab to the SW of this lineament, results in in-
creased crustal stresses in the area (Ramos and Kay, 1992), and thus
seismic activity along the WNW-ESE structural lineament. We thus
propose that a crustal earthquake near the study area, most likely
on theMessier Channel fault, triggered thedeposits described above.

In conclusion, the mid-Holocene seismically-triggered MTDs and
megaturbidite in Baker Fjord may be the result of a megathrust,
intraslab or crustal earthquake. However, due to low convergence
rates of the Antarctic and South-American plates (18.5 mm/yr), and
the presence of a slab window north of the study area, we argue
that the most likely seismic trigger is a crustal earthquake. Since
our study constitutes the first paleoseismic record south of the
Chile Triple Junction, the event cannot be linked to any already
known earthquake.

6. Conclusions

In this multiproxy study, we successfully reconstructed the
depositional processes and determined the source and timing of a
megaturbidite and associated deposits in Baker Fjord. A single event
has created an MTD and a megaturbidite with a total thickness of
1924 cm in core MD07-3121. Eroding cohesive MTDs (unit B, zone II)
were deposited before the megaturbidite (Unit C, zone IIIa). The re-
maining suspended sediment settled likely within the weeks/months
that followed the event (zone IIIb). The confined fjord floormorphology
led to thickening of the deposits and likely caused seiching.

The event occurred during the late mid-Holocene (5513–
5211 cal yr BP). A GLOF trigger can be refuted as the bulk organic geo-
chemistry (δ13C) and submarine features (slide scars) suggests
an intrabasinal origin. Furthermore, the normal grading of the
megaturbidite record an intrabasinal turbidity flow velocity profile.
Synchronous slope failure in the different sub-basins indicates a seismic
trigger for the deposits. Due to the large influence of background sedi-
mentation and absence of other paleoseismological study in the region,
it is however impossible to assess the intensity of the responsible earth-
quake. Although the source of the earthquake is still uncertain,we argue
that it is most likely a crustal earthquake.

In this study we showed the presence of a massive seismically-
triggered sediment deposit in Baker Fjord which suggests the area
south of 45°30′S is subject to substantial earthquakes. The sub-bottom
profile shows additional units with chaotic, low amplitude reflectors
that indicate the likely presence of other event deposits prior to the
ones described in this study (Fig. 4). For instance, at 4000 cm depth in
core MD07-3121, the magnetic susceptibility shows again a signature
of a turbidite base (Fig. 4). To complement the global record of prehis-
toric earthquakes, fjord and lake sediments south of 45°30′ S should
be studied accordingly. Paleoenvironmental studies in the Baker Fjord
area that necessitate a continuous sediment record will need thorough
sub-bottom profiling investigation prior to coring.
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