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1 | INTRODUCTION

Abstract

In Tierra del Fuego, the Magallanes-Fagnano Fault System (MFFS) accommodates
a significant portion of the relative motion between the South America and Scotia
plates. However, it remains unclear whether some of the deformation is partitioned
southwards, along the Beagle Channel Fault System (BCFS). In this paper, high-
resolution seismic reflection profiles were used to identify fault-related ruptures in
the submerged Quaternary sediments of the Beagle Channel. Some faults reach the
seafloor, affecting marine sediments, indicating they are Holocene in age. The correla-
tion with outcrop data and lineaments mapped onshore suggests the post-glacial re-
activation of two structures: the E-W striking BCFS and the NW-SE-trending Lapataia
Fault Zone (LFZ). Whereas the BCFS displays along-strike variation in throw, the LFZ
shows significant normal displacements. These results imply that deformation occurs
in a wider and more complex manner than previously thought and highlight the need

for a thorough hazard assessment of the area.

in the case of lakes and fiords of southern Tierra del Fuego (Bartole
et al., 2008; Brambati et al., 1991; Lodolo et al., 2003).

Identifying active structures in humid, formerly glaciated regions can
be difficult because faults usually run underwater or their primary
geomorphological markers can be obscured by dense forests, or peat-
lands. In such cases, subaqueous sediments provide an alternative,
highly valuable record to reveal recent tectonic deformation (De Batist
et al., 2017; McCalpin, 2009). Subaqueous sediment ruptures have
been imaged using high-resolution seismic reflection methods in dif-
ferent tectonic settings (Armijo et al., 2005; Barnes & Pondard, 2010;
de La Taille et al., 2015; Doughty et al., 2013; Villalobos et al., 2020)
demonstrating that they are a crucial technique for characterizing
neotectonics in high-sedimentation, post-glacial environments, as

The Fuegian archipelago is traversed by the Magallanes-Fagnano
Fault System (MFFS) (Figure 1a), part of the transform boundary be-
tween South America and Scotia plates, active since the late Oligocene,
linked to the opening of the Drake Passage (Barker, 2001; Dalziel
et al, 2013; Lagabrielle et al., 2004; Livermore et al., 2005, 2007;
Lodolo et al., 2006; Maldonado et al., 2014; Vérard et al., 2012). The
MFFS system is composed of discrete strike-slip fault segments with
predominantly sinistral kinematics and an en-echelon geometry (Lodolo
et al., 2003; Menichetti et al., 2008; Sue & Ghiglione, 2016) and is as-
sumed to accommodate most of the deformation along this segment of
the plate boundary (Lodolo et al., 2003; Mendoza et al., 2011; Onorato

Terra Nova. 2023;35:329-342.

wileyonlinelibrary.com/journal/ter

© 2023 John Wiley & Sons Ltd. | 329


www.wileyonlinelibrary.com/journal/ter
mailto:
mailto:dbran@gl.fcen.uba.ar
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fter.12658&domain=pdf&date_stamp=2023-05-02

BRAN ET AL.

* | wiLey SR

(@)

55°0'S

(b) 69°0W 67°30W

»

54°305

Fault—|
Sinistral fauh‘—‘_—:-,

QAcﬂv\ inistral faulfzs
0 fOUIf'flf
SIASIST

h——

- Nor
W, . Pk
o N e T e 2% & .. . . 7 e

55°05

FIGURE 1 (a)Regional tectonic map of Tierra del Fuego (TdF). ANT, Antarctic Plate; MFFS, Magallanes—Fagnano Fault System; SAM,
South American Plate; SCO, Scotia Plate. Seismicity epicentres are from the Seismological Reference Catalogue (Sabbione et al., 2007;
Connon et al., 2021), Ml: local magnitude. Focal mechanisms are from Forsyth (1975) and Pelayo and Wiens (1989). The epicentres for the
1949 earthquakes are adapted from Roy et al., 2020, with the Mw 7.75 in red and the Mw 7.5 in pale blue, according to: (a) Castano (1977),
(b) Jaschek et al. (1982), (c) Pelayo and Wiens (1989) and (d) Bondar et al. (2015). The red orange and pink arrows indicate absolute (relative
to the hotspot reference frame of Minster & Jordan, 1978) and relative (to the Scotia Plate) (Pelayo & Wiens, 1989) plate motion values in
mm/yr, respectively. Bathymetric data is from GECBO (https://www.gebco.net/data_and_products/gridded_bathymetry_data/). The inset
map shows the present-day geodynamic scenario. (b) Map of the southern part of Tierra del Fuego with the main transcurrent structures.
There are two main fault systems: the MFFS in the north, with several fault segments that were active after deglaciation, and the BCFS

in the south. Note that the main E-W morphostructural elements are interspersed with a series of NW-SE striking lineaments. Modified
from Menichetti et al. (2008) and Roy et al. (2020). Elevated marine deposits along the shores of the BC are from Bjorck et al. (2021),
Bujalesky (2007), Gordillo et al. (1992), McCulloch et al. (2019) . The Digital Elevation Surface (DSM) is the Alos World 3D model from JAXA
(https://www.eorc.jaxa.jp/ALOS/en/dataset/aw3d_e.htm. Bathymetry of Lago Fagnano and Beagle Channel are from Zanolla et al. (2011)
and Esteban et al. (2013) respectively. EQ, Earthquakes; RC, Rio Claro; LF, Lago Fagnano; BY, Bahia Yendegaia; BCa, Bahia Cambaceres; BS,
Bahia Sloggett; DFZ, Deseado Fault Zone. [Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2 Structural and bathymetric map of the central Beagle Channel. Yellow lines show the location of the high-resolution seismic
profiles. The seismic sections presented in this work are indicated by thick yellow segments. The references are as in Figure 1. The red
lines depict active faults segments reported in this work. BCFS, Beagle Channel Fault System; LFZ, Lapataia Fault Zone; BL, Bahia Lapataia;
BE, Bahia Ensenada; PU, Peninsula Ushuaia. Bathymetry data was modified from Esteban et al. (2013). [Colour figure can be viewed at
wileyonlinelibrary.com]

FIGURE 3 Photographs of the outcrop sites with the main structural and geometrical characteristics of the faults associated to
transcurrent deformation along the BCFS. Fault planes great circles and related striae (arrows) are projected in the lower hemisphere equal-
area plots for each outcrop. The site positions are indicated in Figure 2 as yellow stars with lowercases. (a) Northwards-dipping normal fault
on Upper Cretaceous rocks of Yahgan Fm. in Navarino Island. (b) Vertical fault plane with fault gauge on glacial sediments located to the east
of A. (c) Outcropping normal fault plane forming a scarp in Navarino Island. (d) Left lateral strike-slip fault planes affecting cretaceous rocks
of Yaghan Fm along the northern BC coast. (e) Southwest-dipping low-angle normal fault affecting phyllites of Lapataia Fm. Displacement

on tension quartz veins are of several centimetres. (f) Vertical normal fault plane on rocks of Yahgan Fm outcropping in Ushuaia city. (g)
Southwest-dipping extensional shear zone on slaty Yahgan Fm, striking parallel to the coastline of the northern trough. (h) Left-lateral
mesoscale strike-slip fault developed on rocks of Yahgan Fm. [Colour figure can be viewed at wileyonlinelibrary.com]

850807 SUOWIWOD A0 3cedl|dde ayy Aq peusenob afe sejone VO ‘8sn Jo ss|n. 10} ArIqiT8UIIUO A8]IM UO (SUORIPUOD-PUE-SWLBI WO A8 | IM A RIq 1 BUIUO//:SANY) SUOIPUOD pue swie | 81 88S *[€202/80/zz] Uo AriqiTauliuo Ao ‘0g oD, AISRAIUN ouIgiN AQ 839ZT RYTTTT OT/I0P/Wo0" A3 (1M AReid 1 pul|uo//Sdny Wwolj pepeojumod ‘¥ ‘€202 ‘TZTES9ET


https://onlinelibrary.wiley.com/
https://onlinelibrary.wiley.com/

BRAN ET AL.

~

~-~ . beheaded

nds 2 river
- == -

wind gap“\> o

“%/—_
. wind gap

diverted

disrupted

FIGURE 4 Google Earth image showing geomorphological markers that may suggest active deformation along the northern sector of
Navarino Island. Lineaments associated to sag ponds and drainage anomalies such as channel divertions, beheaded rivers and linear streams
can be observed. The yellow arrows in (a) indicate the features mapped in the line drawing (b). Figure (c) is a close-up of the lineaments. The
location of the image is indicated in Figure 2. [Colour figure can be viewed at wileyonlinelibrary.com]

et al.,, 2021; Roy et al., 2020; Sandoval & De Pascale, 2020). However,
uncertainty remains about whether and where part of deformation is
distributed off the MFFS (Klepeis, 1994; Sandoval & De Pascale, 2020).

The area has experienced large historical earthquakes with esti-
mated magnitudes higher than 7 (Figure 1a) (Cisternas & Vera, 2008;
Pelayo & Wiens, 1989). Meanwhile, the background seismicity is dom-
inated by shallow low-magnitude events (M <3.5), distributed along
the MFFS and to the south of its trace (Ammirati et al., 2020; Buffoni
et al., 2009; Febrer et al., 2000).

The regional-scale Beagle Channel Fault System (BCFS), to the
south of the MFFS, is a major crustal structure. It has had a major
role controlling deformation at least since the Late Cretaceous,
during the closure and inversion of Rocas Verdes marginal basin and
the Andean orogenesis (Cunningham, 1995; Dalziel & Brown, 1989;
Klepeis et al., 2010; Nelson et al., 1980). During the Cenozoic,
a transcurrent system, with predominantly strike-slip and nor-
mal faults that cross-cut Andean structures, developed along the
BCFS (Cunningham, 1993, 1995; Klepeis et al., 2010; Menichetti
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FIGURE 5 a)Google Earth image of northern Navarino Island. b) Interpretation line-drawing. To the north of the road is a conspicuous
lineament, in the form of a linear scarp and aligned forest. A stream draining from the south begins to wonder as it approaches the
lineament, until it manages to cut through it. The lineament obliquely traverses the NW-SE striking folded and foliated fabric of the
metasedimentary rocks of the Yahgan Fm. Yellow arrows indicate the lineament trace in the image. The location of the image is indicated in

Figure 2. [Colour figure can be viewed at wileyonlinelibrary.com]

et al., 2008). Neotectonic activity along this system is suspected (Bran
et al.,, 2017; Bujalesky, 2011; Gordillo et al., 1992; Mérner, 1991), but
no conclusive evidence has yet been presented.

Therefore, we conducted a high-resolution seismic reflection sur-
vey along the central sector of the Beagle Channel to verify the pres-
ence of deformation in the Quaternary sediments of the basin and to
evaluate the role of the BCFS in the regional structural framework of
the plate boundary.

2 | METHODOLOGY

The seismic reflection survey was carried out in the Beagle Channel
using a Boomer system, shooting 150J every 0.5 s and a single-channel,

high-sensitivity 10-hydrophone solid-state streamer (bandwidth of
100-10.000Hz). The sampling rate was 0.05ms and the recording
length 400 ms. Data have been acquired with a ship speed of about 4
knots and were processed using Paradigm Echos software and Seismic
Unix. It included gain and time-variant filtering, and spiking decon-
volution. Seismic lines were interpreted using IHS Markit Kingdom®
software.

Field data on outcrops were collected during a series of field cam-
paigns. Structural analyses and equal-area plots were produced using
Win-Tensor software (Delvaux & Sperner, 2003). The open-source
software QGIS was used for geomorphological mapping and process-
ing of bathymetric and digital elevation data grids (QGIS Geographic
Information System. Open-Source Geospatial Foundation Project;
http://qgis.osgeo.org).
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FIGURE 6 a)Google Earth image of northern Navarino Island. b) Interpretation line-drawing. A E-W irregular lineament cuts through
the regional NW-SE foliated pattern. Several sag ponds can be observed, associated with changes in the river pattern. A river capture
has produced the abandonment of some channels to the west, giving as a result several wind gaps and beheaded channels. Yellow
arrows indicate the lineament trace in the image. The location of the image is indicated in Figure 2. [Colour figure can be viewed at

wileyonlinelibrary.com]

3 | MORPHOSTRUCTURE OF THE
CENTRAL BEAGLE CHANNEL

The Mesozoic metavolcanic and metasedimentary rocks in the
Beagle Channel's central segment are affected by two fault systems
(Bran et al., 2017; Menichetti et al., 2008; Peroni et al., 2009): (1) a
W-E to WSW-ENE striking sub-vertical transcurrent system (BCFS),
and (2) transverse NW-SE striking predominantly extensional fault
system with gentler dipping fault planes, such as the Lapataia Fault
Zone (LPZ) (Figures 2 and 3). Cross-cutting relationships indicate
that all these faults post-date the Andean contraction (Klepeis
et al., 2010; Menichetti et al., 2008). These fault systems have vis-
ibly influenced the submerged morphology of the BC. The E-W
southern trough features an irregular seafloor with several rhombic-
shaped sub-basins, while the oblique bays, parallel to the transverse
normal fault system, are flat-floored with symmetrical transverse
section (Figure 2).

Due to the absence of well-preserved Quaternary deposits, it is
difficult to assess the activity of the structures affecting the central
BC. A glacial deposit exposed in a road cut with a one-meter-wide
E-W striking sub-vertical fault zone and top-down-to-the-north nor-
mal movement (Figure 3b) suggests the possibility of Quaternary fault
activity. In addition, a series of lineaments (Figures 4, 5 and 6) com-
prises further evidence of neotectonics along the BCFS. The geomor-
phological markers include sag ponds, diverted streams or changes in
the river pattern, wind gaps, disrupted or aligned forests. To accurately

evaluate the significance of these evidences in terms of modern defor-
mation, a detailed examination of the submerged sedimentary record
of the BC is necessary

4 | DEFORMATION IN THE BEAGLE
CHANNEL SEDIMENTS

4.1 | Beagle Channel's seismic stratigraphy

For the general seismic stratigraphy of the Beagle Channel, we fol-
low the works of Bujalesky, Aliotta, and Isla (2004) and Bran (2019).
Both works recognize an acoustically chaotic to semi-transparent till
and related glaciogenic sediments as the oldest deposit resting over
an acoustically transparent bedrock, constituted by Mesozoic rocks
(Table 1). Overlying the till or the bedrock there is a layered unit with
sub-parallel laterally onlapping reflections interpreted as glaciolacus-
trine sediments (Bujalesky, Aliotta & Isla, 2004, Bujalesky, Coronato
& Roig, 2004), which were dated as ca. 16cal kas BP from an on-
shore core in the northern shore of Isla Navarino (Bjorck et al., 2021;
McCulloch et al., 2019; McCulloch et al., 2020). Glaciofluvial units
are locally recognized in Golondrina, Ushuaia and Lapataia bays
(Bran, 2019; Bujalesky, Aliotta & Isla, 2004; Bujalesky, Coronato &
Roig, 2004; Bujalesky, 2007). These comprise prograding deltaic fa-
cies with paleochannels and reflections of low amplitude correspond-
ing to submerged alluvial plains (Table 1). The uppermost draping unit,
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TABLE 1 General seismic stratigraphy of Beagle Channel's sedimentary
infill [Colour table can be viewed at wileyonlinelibrary.com]

Example

Unit Acoustic properties

Marine Parallel reflections. High
frequency and low to
medium amplitude.
Draping geometry.

Glaciofluvial Low-amplitude

discontinuous
reflections. Erosive
truncations. Lens-
shaped geometries.
Palaeochannels

Glaciolacustrine  Onlapping high-
amplitude, sub-
parallel, continuous
reflections. Upwards
increase in frequency

MTD Lens-shaped,
acoustically chaotic,
irregular top

Till Wavy discontinuous
reflections.
Hummocky or
chaotic. Ridge-like
morphologies

Bedrock Acoustically transparent

consisting of high-frequency parallel reflections of medium amplitude,
corresponds to marine sediments deposited after the early-Holocene
transgression, dated as ca. 8.5 cal kas BP from onshore cores (Candel
et al., 2018; McCulloch et al., 2019). In some places, there are lens-
shaped acoustically chaotic bodies interlayered within the stratified

infill, interpreted as Mass Transport Deposits (MTDs).

4.2 | Southern trough

In the Southern Trough, the area between Ushuaia Peninsula and
Navarino Island displays significant sediment deformation. From east
to west, the line BE-26 shows well-layered onlapping reflections that
are laterally truncated and displaced by sub-vertical (>60°) fault rup-
tures, with offsets not exceeding ~3m (Figure 7). The faults affect the

a Nova RUII e

glaciolacustrine seismic unit and can be traced into the glacial unit. The
reflections are slightly folded or tilted towards the fault planes.

Westwards, seismic line BE-24 shows a symmetrical profile with
steep lateral margins and an onlapping fill consisting of parallel high-
amplitude reflections (Figure 8). Sediment deformation is evidenced
as lateral truncations, diffractions and tilted and folded reflections.
The discontinuities that obliterate the layered reflections, interpreted
as glaciolacustrine seismic unit, are sub-vertical (>60°) and are mainly
located in the southern half of the trough (Figure 8).

Line BE-23 shows a vertical deformation zone that crosscuts the
parallel horizontal reflections (Figure 9). There are several lens-shaped
MTDs interlayered within both glaciolacustrine and marine units. The
geometry of the deposits suggests that they originated from slope
failures in the southern flank of the channel.

On the BE-22 deformation concentrates along the southern mar-
gin of the trough. In this area, reflections are truncated and folded
by a series of vertical discontinuities (Figure 10) forming a~1km
wide deformation zone that involves both glaciolacustrine and ma-
rine seismic units. The northern part of the line shows undeformed

sediments.

4.3 | Western trough

Line BE-13 shows that the reflections corresponding to the upper-
most draping marine unit are obliterated by sub-vertical discontinui-
ties (Figure 11). While some of the discontinuities reach the seafloor,
others terminate at ~0.025s below this surface. In the northern part,
as the line approaches the LFZ, wedge-shaped seismic facies and re-
flections onlap against a sub-vertical to NE-dipping faults (Figure 11),
involving some meter-scale normal offsets, that affect up to the sea-
floor and produce bathymetric steps.

Seismic line BE-10, located to the northeast, displays a series of
graben-like sub-basins (Figure 12), filled with glaciolacustrine, glacio-
fluvial and marine sediments. The reflections in this area are also ver-
tically displaced by faults, with normal offset values that reach up to
~6m. In this case, the ruptures affect glaciolacustrine and glaciofluvial
units but seem to be truncated by the marine transgression unconfor-

mity (Figure 12).

5 | DISCUSSION

Neoteconic markers documented along the MFFS (Onorato
et al.,, 2021; Roy et al., 2020; Sandoval & De Pascale, 2020)
yielded ages ranging from 18 to 26 ka (Onorato et al., 2020; Roy
et al., 2020), indicating that Quaternary deformation began to man-
ifest in the Fuegian landscape during and after glacier recession.
To the north, kinematic analyses and some morphological evidence
(Klepeis, 1994; Sandoval & De Pascale, 2020) suggest that the
Deseado Fault accommodated sinistral strike-slip motion during the
Quaternary. Our analysis indicates that the BCFS also experienced
deformation pulses following glacial recession, implying a wider
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FIGURE 7 (a) Seismic line BE-26. The
inset map shows the location of the line.
(b) Line drawing and interpretation. Note
the layered reflections (sedimentary
strata) that are cut by a series of sub-
vertical faults. The trough has a southern
margin steeper than the northern one.
Some tilting and minor dowthrowing

can be recognized within the reflections,
resembling a negative flower structure.
The seafloor erosional unconformity has
removed most of the marine deposits
from central part of the trough, although
they can be recognized towards the
flanks. Vectors in the bottom left corner
show angular relationships. [Colour figure
can be viewed at wileyonlinelibrary.com]

FIGURE 8 (a)Seismic line BE-24. In this
area the trough has a symmetrical cross-
section with a laterally onlapping basin fill.
Note the reflections that curve towards

a series of sub-vertical discontinuities.
The inset map shows the location of the
line. (b) Line drawing and interpretation.
Deformation nucleates in the southern
half of the line. In this area reflections are
tilted towards the basin centre. Vectors

in the bottom left corner show angular
relationships. [Colour figure can be
viewed at wileyonlinelibrary.com]
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FIGURE 9 (a)Seismic line BE-23. (b)
Interpretation line drawing with a sub-
vertical deformation zone that affect
the well-stratified glaciolacustrine and
marine sediments. A series of lens-
shaped acoustically chaotic bodies

can be recognized in the southern part
of the seismic line, corresponding to
mass transport deposits. The downlap
terminations and the thinning towards
the north indicate that the deposits
were originated from slope failures at
the southern margin of the trough. The
number of MTDs found in this section
suggest that they constitute recurrent
events. [Colour figure can be viewed at
wileyonlinelibrary.com]

FIGURE 10 (a) Detail of seismic

line BE-22. The trough shows a fairly
symmetric profile with an onlapping fill
constituted by parallel high amplitude
reflections that become obliterated in
the south by a series of discontinuities.
The inset map shows the location of the
line. (b) Interpretation line drawing with
a series of steeply dipping fault ruptures
affecting the sediments clustered in the
southern part of the trough. Reflections
are folded in association with the fault
planes, with a positive flower shape.
Vectors in the bottom left corner show
angular relationships. [Colour figure can
be viewed at wileyonlinelibrary.com]
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FIGURE 11 (a)Seismic line BE-13. Here the trough is wider than in the eastern lines and shows a symmetrical profile with an irregular
seafloor. The inset map shows the location of the line. (b) Line drawing and interpretation of profile BE-13. The thicker marine unit shown in
this profile with respect to the previous seismic lines is due to its proximity to Yendegaia bay. At the head of the bay, sedimentary plumes
from the Yendegaia river delta extend to the BC. In the south-central part of the line the reflections are truncated by vertical discontinuities.
The most prominent discontinuity affects all units and causes a pull-down of the seafloor. However, the vertical discontinuities on each

side of the later do not reach the seafloor. The northern zone is characterized by a staircase shape of the seafloor associated with fault

that laterally juxtapose different seismic facies, with notable normal offsets. Note that glaciolacustrine deposit filling small sub-basin show
divergent seismic reflections, thickening towards the rupture planes. [Colour figure can be viewed at wileyonlinelibrary.com]

(~75km) deformation zone for the plate boundary than it was pre-
viously assumed (i.e. 30 to 50km; Mendoza et al., 2015; Sandoval
& De Pascale, 2020). The less clear morphological expression to the
south of the MFFS, however, could be explained by a slower defor-
mation rate and/or by the fact that most of the tectonic activity is
actually expressed along the submerged part of the BC.

It must be emphasized, however, that in many examples of
transform systems along plate boundaries, relative motion between
plates does not occur exclusively along a single, master fault, but
is distributed over a more or less large deformation zone compris-
ing several faults running sub-parallel to the main fault, as docu-
mented in other strike-slip tectonic environments similar to those of
the South America-Scotia plate boundary (e.g. Lodolo et al., 2009;
Obrist-Farner et al., 2020).

Assuming that the central sector of the Beagle Channel was ice-
free at ca. 17cal ka BP (Hall et al., 2013; McCulloch et al., 2020),

faulted glacial and glaciolacustrine deposits imply that the BCFS un-
derwent deformation pulses during the latest Pleistocene. There is yet
no dating from sediment offshore cores within central BC, but some
of the faults affect marine deposits and rupture to the seafloor (e.g.
Figures 7 and 11) indicating that some of the pulses occurred as early
as the Holocene, postdating the ca. 8.5 cal ka BP transgression (Candel
et al., 2018; McCulloch et al., 2019; Rabassa et al., 1986).

The fault ruptures found along the Southern Trough can be traced,
from the available seismic data, from the Eclaireurs to the Hoste Islands
(Figure 2b). These are part of an active E-W fault strand of the BCFS
(Figure 2), that extends largely underwater but may be linked to the
onshore lineaments mapped in northern Navarino Island (Figures 4, 5
and 6). The seismic profiles across the BCFS show sub-vertical flower
structure and variable vertical slip component, with local transpres-
sional (Figure 10) or transtensional (Figures 7 and 8) zones. This along-
strike variation in deformation style also characterizes the MFFS to
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FIGURE 12 (a) SW-NE oriented seismic line be-10 at Lapataia and Ensenada Bays. (b) Line drawing and interpretation of profile BE-10
reveals two fault-bounded basins controlled by the LPZ. The Lapataia Bay consist of two sub-basins separated by a bedrock high. In both
basins, a system of normal faults cross-cut the modern sedimentary infill. Reflections in the deeper glaciolacustrine unite show vertical
displacements of up to 6 m, whereas those in the younger glaciofluvial unit have almost 2m of displacement. The decreasing magnitude of
the displacements from bottom to top suggests that multiple deformation events may have caused a cumulative slip. [Colour figure can be

viewed at wileyonlinelibrary.com]

the north (Onorato et al., 2020; Roy et al., 2020), indicating a struc-
tural consistency between both fault systems in terms of how they
accommodate deformation.

On the other hand, the ruptures found at the LFZ are related
to transverse faults and show graben-like structures with signifi-
cant normal offsets affecting post-glacial glaciolacustrine depos-
its (Figures 11 and 12). Extensional deformation along transverse
NW-SE striking structures has already been recognized in several
parts of southern Tierra del Fuego (Bran et al., 2017; Ghiglione
et al., 2008; Klepeis, 1994, 2010; Lodolo et al., 2003; Menichetti
et al.,, 2008), cutting through Andean contractional structures.
Neotectonic activity has been suggested for these faults at least
in the Rio Claro graben and in the Sloggett Bay (Figure 1b; Lodolo

et al., 2003; Rabassa et al., 2004), located in the easternmost BC
(Figure 1b), where late Holocene standing tree trunks were found
below present-day high tide level (Rabassa et al., 2004). We sug-
gest that these basins are active graben-like structures as those
imaged in the LFZ (Figures 11 and 12). Although it is not yet under-
stood how the rupture transfers from strike-slip to normal dip-slip
in areas that are obliquely oriented to the main margin trend, this
fault geometry may be strongly influenced by the presence of pre-
existence structural weaknesses (Bran et al., 2017).

To date, the idea of neotectonic activity within the BC has been
largely based on the recognition of elevated marine deposits along
the BC coast (Figure 1b) (Bujalesky, Coronato & Roig, 2004; Gordillo
et al., 1992; Rabassa et al., 2000). These deposits were interpreted as
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the result of regional tectonic uplift (Bujalesky, Coronato & Roig, 2004;
Gordillo et al., 1992; Mérner, 1991; Rabassa et al., 2000). However,

recent work based on cores and numerical modelling suggests glacio-

isostatic rebound as the main contributor for the elevated deposits
(Bjorck et al., 2021). Our seismic reflection data results do not show
evidence supporting regional tectonic uplift along the BCFS. On the
other hand, local tectonic subsidence along LFZ could explain differ-
ences in relative elevation within terraces mentioned within the bays
(Bjorck et al., 2021; Borromei & Quattrocchio, 2007; Mérner, 1991).

Finally, the identification of widespread subaerial and subaqueous
MTDs nearby active faults in the BC region (this work, Bran et al. (2020),
Bran et al. (n.d.)) suggest a potential link of slope failure with seismic ac-
tivity. In this sense, the stacked deposits in Figure 9 imply a recurrence
of slope failures events, as was observed by Waldmann et al. (2011) in
Lago Fagnano to the north. The likely connection between MTDs and
earthquakes provides an opportunity to investigate and refine the pa-
leoseismicity of the area. Furthermore, it warrants an evaluation of the
geological hazards associated with these events.

6 | CONCLUSIONS

Even though deformation in this segment of the South America-
Scotia transform boundary is mainly partitioned along faults within
the MFFS, some strain is also accommodated to the south along the
BCFS. Based on a set of high-resolution seismic profiles, we have doc-
umented late Pleistocene to Holocene tectonic activity on the BCFS,
extending further south the influence of the plate boundary. The
consistency in style and spatial distribution of the modern ruptures
within the structural framework of the area suggest they reactivate
pre-existing basement structures.

The E-W striking BCFS is characterized by flower-like structures
with local transpressive and transtensive deformation in the post-
glacial sediments of the Beagle Channel. Ruptures concentrate along
the southern margin of the channel and could be linked with linea-
ments identified on the northern shore of Navarino Island.

The NW-SE striking LFZ shows faults that rupture to the seafloor,
with graben-like geometry and significant normal displacements.
These structures control the oblique bays on the northern margin of
the channel.

Besides the influence of Quaternary tectonics on the Fuegian
landscape, this work also emphasizes the importance of conducting
a comprehensive assessment in the area, not only to map active fault
segments but also to investigate the occurrence of associated geohaz-

ards such as landslides and tsunami.
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