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Abstract. ChileanPatagonias confronted wittseveral geohazards due to its tectonic settiagthe presence of a subduction
zoneand numerougault zones{e.g. the LiquifieOfqui Fault Zone(LOFZ). This region hasherefore been thsubject of
numerougaleoseismological studieHowever, tlis study reveals that treeismic hazard is not limited thesearge tectonic
structuredy identifying pastfault activity nearCoyhaiquen the Aysén RegiorMass wastinglepositsn Lago Pollux a lake
located ca. 15 krSWof thisr e g i o n § wereitlentifiedtheligh analysis ofeflectionseismicdataandwaslinked to a
simultaneous evemecordedn nearby Lago CastoFurthermore, @oeval~50 yeaflong catchment responseasidentified

in Aysén Fjordbased orthe multiproxy analysisof a portion of a sediment cor&ssumingthatthis widely recognizd event
was triggered by an earthquakeoundmotion modellingwas appliedo derivethe most likely magnitude and sourfeilt.
The model showed thahaarthquake rupture along a lo¢alilt, in the vicinity of Lago Pollux and Lago Castor, with a
magnitude of 5.6.8, is the most likely scenario.

1  Introduction

Lake and fjord sedimentepresentontinuous archives afatural hazardssuch as earthquakes volcanic eruptionsin a
variety of tectonic setting@.g.,Moernaut, 2020; Sabatier et al., 2022;:@hge et al., 2004)Seismic shaking in such basins

can cause widespread and coewals wasting and/or surficis&édimentremobilization recorded as mass transport deposits
(MTDs) andor turbidites(e.g.,Adams, 1990; Howarth et al., 2014; Kremer et al., 20Tf¢presence of suatoeval deposits

forms the basisof the synchronicity criteriofAdams, 1990; Schnellmann et al., 200&2hich istypically invokedto infer an
earthquake amost likelysourcemechanismNumerous studies have successfully applied this appfoatereconstruabn

of a regional seismic historfe.g, Beck et al., 2015; Gastineau et al., 2021; Kremer et al., 2017; Moernaut et al., 2007, 2014;
Praet et al., 2017; Schnellmann et al., 2002; Strasser et al., 2007; Wilhelm et al., 2016; Wils et al., 2018p202H)m

the coseismic effects of earthquake shakaigng-termincreased sediment yield maisooccurin lacustrine or fjord basins

due to earthquakmduced landslideand perturbationm their catchmentSeveral ecent studiesvidencedsuchpostseismic
enhancedediment fluxe.g., Avkar et al ., 2014,;.Ladeanddjord sedimentsayethus presev@bbth , 201 4)
coseismic and postseismic imprimtsd arehereforevaluable archives giastseismic activity.

Numerous paleoseismological studieséddeen conducted in Chile due to its active tectonic sefgiing Moernautet al.,

2007, 2014, Piret et al., 2018; Van Daele et al., 2015, 2019; Wils et al., 2018, 180269cent study of the sedimentary infill

of Lago Castorlocated in the Andean mountai(#5.6°S, 71.8°W)Van Daele et al. (2016entified a turbidite (dated
between 4300 and 4450 cal yrs)BRsociatedo multiple MTDs, suggestingt was triggered by an earthqualsynchronicity
criterion), althoughthe causative faultemains unclearThe subduction zone is likely too far away to be able to cause
significant shaking in the area, sisggested by the fact thad damage was reportéallowing thelargest eveinstrumentally
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recorded1960 M, 9.5 Valdivia earthquaké_azo, 2008) A more establishedsourceof seismic hazard in the regiimthe
Liquifie-Ofqui Fault Zone (LOFZJHervé, 1976)althoughthe closest branabf this fault systenis located about 50 ki@ast

of the lake.Some smalllocal fault traces have been identifieldser to the lakebut theiractivity is largely unknowr(De La

Cruz et al., 2003; SERNAGEOMIN, 2003h any case, the possibility of an earthquake occurring and generating strong
seismic shaking close to Coyhaique, the district capital, is important for the hazard and risk assessment of the area, thus
justifying further researcinto thispastevent

In thisrespectwe studiedhe seismic stratigraphy of Lago Pollux (about 3 km southwest of Lago Castwteirto reveal

its sedimentary history and achieve a correlation with the sedimentary infillgofCastor Identification of he presence or
absence ofynchronoudarge scalemasswastingin this nearbylake would significantly improve our understanding of the
sizeand impacbf this presumedpalecearthquakeWe also analyzed section of a sediment cartrievedfrom inner Aysén

Fjord, located at the same latitutheit closer to the megathrustd on the LOFZfor comparisorwith the Lago Pollux and
Lago Castor recordsn Aysén Fjord multiple sedimentary imprintef both megathrust and crustal earthquakiesig the
LOFZ werealreadyidentified (Wils et al., 2018; 2020By combining the sedimentadatain these two lakes and one fjord
with groundmotion modelling we aimto identify the most likely location and magnitudef this ~4400 cal yrs BP paleo

earthquake

2 Study area
2.1 Regionalsetting

Lago Polluxis locatedin southernChile, in the Aysén Region on the eastern side of the Patagonian Andes, close to the
Argentinian bordefFigure 1). Chilean Patagonia has a humid climate Vgt seasonality and westto-east precipitation
gradientresulting from the dominai@outhern Westerly WindS{WW or southern westerlie¢illi et al., 2005; Henry, 2005)
The vegetation surroundirige lakeis mainly pastureland, covered by fallen and burnt tegsiting fromdeforestation of the
subantarctidNothofagus pumilidorest(Markgraf et al., 2007)agoPollux has a surface area of 9.06%and is situatee680

m above sea levéin asl) on a plateau where also Lago Castor and Lago Thompson are located (Bjgliheifl catchment
mainly contains Cretaceosgdimentaryrocks and Cenozoic volcanoclast{@e La Cruz et al., 2003; SERNAGEOMIN,
2003) and the surrounding hills reach heights of over 1@l The main inflow for Lago Pollux comes from Lago Castor
and Lago Thompsgmwhich are situatedround 20 mand 70 mhigher, respectivelyThese two lakes have no major inflow
apart fromsomesurrounding creekdéago Polluxthendrains towards Lago Fritocated about 150 m lower at the base of the
plateay via a small river aits central western sid€inally, Lago Fifo drains via theRio Simpson eventually flowing through
Rio Aysén intoAysén Fjord locatedon the western side of the Patagonian Anffégure B, §. The geology in the area
surrounding Aysén Fjord is dominatedigpeousrocks such as granites, (graythorites and tonalites of the North Patagonian
Batholith. However, an important part of the catchmant that of the feeding riversif., Rio Cuervo,Rio Condor,Rio
Mariihuales andRio Simpson) is composed of basaltic to rhyolitic Quaternary volcesnters(De La Cruz et al., 2003;

SERNAGEOMIN, 2003)

2.2 Volcanotectonicsetting

The AysénRegionis seismially active owing to its location close tthe PeruChile subductiontrench where the oceanic
Nazca Plate obliquely subducts belawontinental portion of the South American Pldtee obliqgue subductioadditionally

resultsin the presence of a largeustalstrike-slip fault system the LiquifieOfqui Fault Zone (LOFZFigure ), of which [Commented MV1]:

Updated Figure 1

one of the major fault strands crosses Aysén Rjoedrand et al., 2011; Métois et al., 201Bgtweeraboutd4 and 46°S, east
of the main LOFZ fault strarsdand Aysén Fjordtwo major northnortheast trending faults can be distinguished: the Azul
Tigre and Rio Mafihuales Fau{&igure 1) (Thomson, 2002However, one of thesenajor tectonic structuregsachtowards

2



0w oW T°0W

45°20S

Nazca Plate

—v
66 mm/a

South American
Plate

44008

50

46°0'S

Chile Triple
Junction

45°38'S

Antarctic
Plate

45°40°'S

—
18.5 mm/a

4808
1

LN S
i s

457478
S
L Jnej eso[e9’

A Volcano [ ] Fjordflake == Strike-slip fault ~—~ Subduction zone

O City ® Sediment

Southern
S = Crustalfaut @

Volcanic Zone

Figure 1. (a) Structural geological map of Chile between 42° and 48° S. The Chilean subduction zone and plate motions (conver
rates afterWang et al., 2007 pre indicated (arrows), as well as the LiquinéDfqui Fault Zone (LOFZ) and smaller faults surrounding
the city of Coyhaique (De La Cruz et al., 2003). (b) Shaded NASA Shuttle Radar Topography Mission Global 1 arc (SRTMGL
terrain data (NASA JPL, 2013) d the study area where the inner Aysén Fjord is indicated, as well as its catchment area (light sha
zone) and major rivers. The LOFZ and local fault traces are again indicated, as well as the location of the retrieved seditn@ore
MDO07-3117 (c) SRTMGL1N terrain data (NASA JPL, 2013) of the area surrounding Lago Pollux, including Lago Castor, Lat
Frio, Lago Thompson, Lago Churrasco, Lago Quijada and local faults. The catchment area of Lago Pollux (light shaded zone
maijor rivers surrounding Lago Pollux (light blue), as well as the location of short sediment cores in both Lago Pollux and Lé
castor are indicated.

the area of Lago Castor ahdgo Pollux where onlymultiple local smaller crustastrike-slip faultshave been mappd&igure

1a, b; De La Cruz et al., 2003; SERNAGEOMIN, 2008part from seismic activity, the presence of a subduction zone also
results inan activevolcanic arc. From ~33°S to 46°S, the volcanic arc is referred to as the Southern Volcanic Zone (SVZ)
characterizedby complex volcandectonic interaction§Cembrano and Lara, 200%n illustration of ths interaction is the

2007 seismic swarm affecting Aysén Fjg¢idurto et al., 2012; Legrand et al., 2014j first, the swarnwas thoughto have
asolely tectonic origifCembrano et al., 2007put it was later confirmed to have a fltddiven source mechanism as well
(Legrand et al., 2011)n this case, both magma and water, from Aysén Fjord itself or hydrothermal vents therein, may have
interacted to generate the seismic sweBome of he active volcanods the AysérRegionare the Mentolat, Cay, Maca and
Hudson volcanoes (Figurks) (Naranjo and Stern, 2004; Stern, 2Q08)ie Hudson Volcano is the southernmastl most
activevolcano of the SVZNaranjo and Stern, 2004; Weller et al., 20I&)e to the prevailingvinds, most ofits eruptions
hadashedlispersed in an eastward directidfaranjo and Stern, 199&pwardsthe Lago Castor and Pollux areaherethe
resulting tephralepositscan thus serve as regional markédrse three largest Holocene erupti@fishe Hudson Volcanare

H1, H2 and H3 with ages of 8.8001 cal yr BP, 4.08.61 cal yr BP and 1991 AD, respectivélyaranjo and Stern, 1998,
2004; Weller et al., 20143ll of which havébeen identified in the sedimentary infill of Aysén Fjord (Wils et al., 2018; 2020)
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An even larger eruption, with an estimated tephra volume of more than 2bésnbeen described by Weller et al. (2014).
This event, called bl has gpre-Holoceneage of 17.3617.44 cal yr BP ands tephrahas been identified in Lago Churrasco
and Lago Quijaddocatedess tlan3 km east and.5 km southwest of Lago Pollux, respective{fFigure Ia, B. In addition

to the Ho tephra, alshe H2 tephra has been identified in boflthesdakes(Moreno et al.2019) Also in Lago Castgrboth

the Ho and H2 deposits were identifiabngsidean additionab2 tephra deposité/an Daele et al., 2016)

3 Material and methods
3.1 Lago Polluxand Lago Castor

A geophysical survey with bota CENTIPEDE sparkerand GEOPULSEpingersource systemrfrom the Renard Centre of
Marine Geology (RCMG Ghent University,) resulting in high resolutiosubbottom seismic profileswas conducted in
December 2009 obhago Pollux(Figure S1)The sparker produces a brespgectrum seismic signal (0145 kHz) with a mean
frequency of ~1.3 kHz, resulting in a maximum vertical resolution of ~0.5 mdlesthannel streamer with 10 hyathones
was used as a receiva@he pingeroperates at a mean frequency of ~3.5 kHz, resultirgslightly higher vertical resolution

of ~0.2 m.The surveywas conducteih conjunction with a similar geophysical surveyraighboring_ago Castarln addition,
short sediment corgs60 cn) were taken in both lakg§igure 1b)aswell as a long sediment coel5 m)in Lago Castor.
Theshortgravity cores weresplit, imaged antheirmagnetic susceptibilittMS) was measured with a Bartington MS2E point
sensor at a 2.5 mm step siZ&esecores were already described and the results interpftedonglLago Castor core has a
composite length of 15.4 m and was described and interpreted by Van Daele et al AR@L&) model of the composite core
was achieved based on 20 radiocarbon ages from 13 bulk organic matter and 7 tengswi@mains samples. These samples
were measured with the Accelerator Mass Spectrometry (AMS) at NOSAMS (MA, USA) and calibrated using the calibration
curve for the Southern Hemisphere (SHCaHi8gg et al., 2013)A final age model was constructed with CLAM (version
2.2;Blaauw, 2010)Figure S2Van Daele et al., 2016)he sedimentary history @fago Polluxis presumedo be similar to
that of Lago Castodue to theimproximity andhydrographic connection (Figuré)l The seismiadataof Lago Polluxwas
interpreted using th8&P Global Software Geoscience Pack@¢gagdomversion2019) allowing for identification of several
seismic unitsof which the thickness was estimated based onctireespondingacoustic velocities from Lago Castran
Daele et al., 2016)A bathymetic map was producedby gridding of the lake floor reflectguicks using Surfer (Golden
Software) An acoustic velocity of 1450 migas assumefbr waterof 10 °C(Del Grosso, 1974)which is about the average
water temperature in Lago Pollux, as determined by a CTD profile at the time of the seismid'¢an/Baele et al., 2016)
Due to the lower vertical resolution, the sparker profiles were only used for the reconstruction of the bathymetric map and

thickness estimation of the units, while the pinger profiles were further used for geophysical data analysis.

3.2 Aysén Fjord

A Calypso sediment core, MDEF117, of21.14 m éngthwas retrieved from inner Aysén Fjord during the PACHIDERME
cruiseon board of the R\WWarion Dufresnein February 2007. Wils et al. (2018, 2020) studied the core in detail to create an
event recoraf earthquakeand volcanic eruption®r the Aysén Fjordregion For that purposehe archive half was scanned

with the Ghent UniversityHospital medicalX-ray computed tomography (CT) scanner (Siemens; SOMATOM Definition
Flash; Siemens AG) ai0.2 mm resolution in x and y directions, and a 0.6 mrasplution. VGStudio 3.2 was used for
visualization.Radiocarbon datingvas performed on 23 terrestrial macroremains. The samples were analyzed using the
ARTEMIS AMS facility in Saclay(Moreau et al., 2013)A chronology was achieved by classical-aiggpth modelling using
CLAM (version 2.2;Blaauw, 2010)and the SHcall3 calibration curgdogg et al., 2013)The presenstudy focusseson
sectiors VIII and IX of the core(9.5-12 m depth (Figure S, Kissel et al., 2007)which has an age ran@/ils et al., 2020)
coveringthat ofthe masavasting eventdentified in thesedimentary infill of LagaCastor(Van Daele et al., 2016Both
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sectiors were logged with the GeoteMulti SensorCore Logger (MSCL) of Ghent University to obtain higtesolution
spectrophotometri¢Konica Minolta CM2600d)and MS dataat a2 mm interval.The acquirectolor reflectance datavas
used to calculatthe normalizedelativeabsorptionbandarea between 408nd560 nm (nRABA4oose0) andreflectance ratio
between 590 and 690 nnRspd/Rssg). The former has been used as proxy for total organic carbon (TOGpntent
(Vandekerkhove et al., 2028jd is calculated by the following formul&ein and Sirocko, 2002)

£'Y860 Y— E Y— TY

Y Y

in which Rsgo is the reflectance at 590 nmyoRRat 400 nm and Roat 560 nm. Reanis the average reflectance of all measured
reflectance values (360740 nm). TheRso/Rsoo indexhas been useaba proxyfor the presencef illite, biotite and chlorite
and is calculated by dividing ttreflectance value at 590 nmdfg by thereflectance value at 690 nrRgo) (Trachsel et al.,
2010)

Two samplesets, each with #otal of 35 sampleftaken at d cm interva), were taken in section IXf coreMDO07-3117for

grain-size analysis andstimationof organic matter contenthis includes four samples in a previouslgntified turbidite

that has been related aonegathrust earthquak®/ils et al., 2020) For each samplgrain-size analysisvas performed with

a Malvern Mastersizer 3008fter chemicapre-treatment to remove organic matter, calcium carbonate and biogenic silica
(procedureafter Van Daele et al., 2016). Theainsizedatawas subsequentlynmixed into differengrain-size populations

or end members (EMusingthe MATLAB-based toolbox AnalySizéPaterson and Heslop, 201%)dditionally, losson-
ignition (LOI) was performedo estimate the organic mattsntent Heiri et al., 2001)The samples were first dried for 24
hours at 105°GLOl10s), after which they were heated to 550°C for four hours §dPIThe LOlsso valueswere calculated
usingthe dry sedimenteight(LOl10s).

Ten samplesvere selected to determitiee elemental (@ndN) and stable isotope {*C) compositiorin order toidentify the
sourcei terrestrial or mariné of the sedimentary organic matt@arneiro et al., 2021)'he optimal sample weight was
calculated basedn the LOlssovalues The samples were placed in silver capsules and treated withl 25 dfdroussaaid
(H2S0s, 6-8%) to remove any inorganic carbdrheorganic geochemical analysis waried out by the Isotope Bioscience
Laboratory (ISOFYS) of Ghent University with the Elememtablyzeri Isotope Ratio Mass SpectrometgiEA-IRMS-I
ANCA-GSL), interfacedwith a 2622 IRMS, SerConThe standard deviation on th&C measurements is < 026 on the
ViennaPee Dee Belemnitd/PDB) scale Normalizationon VPDB scale was done using two soil references with certified
113C values ¢22.69 + 0.04 and-28.85 + 0.14 ).

3.3 Ground-motion modelling

Ouranalysis of the sedimentary infill of Lago Pollux and Aysén Fjord in the period around 4400 cal gllsBRs toidentify

the presence or absence of sedimentary deposits that can be related to the majaistmagssvent identified in Lago Castor.
For coeval deposits over a large area, arthguakerelated triggering mechanisim generally assumed. In that case, the
presence or absence of coeval deposits can be ugesbiéise or negative evidencéor seismic shakingrespectivelyTo
generate cosemic deposits (positive evidenggminimum level of shakings required depending on the type of deposits
Ideally, threshold values are determined based on local calibration using positive and negative evidence of historical
earthquakes, e.dMoernaut et al(2014; Van Daele et al(2019; Wilhelm et al.(2016. However, especially fothe Lago
Castorarea no historical events are available to conduct suckspiéeific calibration. Therefore, we use average values based
on evaluation of global thresholdsg., Van Daele et al., 2020; Vanneste et al., 20E8y major onshore landslides and
rockfalls, a shaking intensity of VII¥2 or higher is generally required,(€egfer, 1984; Serva et al., 2016hd is confirmed

by the observations following the 2007 M2 earthquake in Aysén Fjoftlaranjo et al., 2009; Sepulveda et al., 2010)
Subaquatic masmovements can occwith intensites ofVI¥2 and highee.g.,Moernaut et al., 2014; Monecke et al., 2004;
Van Daele et al., 2015; Wilhelm et al., 201Bklta failureswith anexternal triggering mechanismequire the least intense
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shaking, and can occur when intensity V¥ is exceeded Kéogrnaut et al., 2014; Van Daele et al., 2020)e absence of

such deposits (negative evidence) implies that thiesesholdlevels of ground shaking were probably not exceeded.
accommodate for variability in preconditioning factors, such as slope angle or availability of sedimeBe(alardt et al.,

2015; Molenaar et al., 2019; Strasser et al., 2@@at)may affect the susceptibility to slope failure,ageledz intensityunit

for the threshold value associatedemative evidencés smaller increments constrain too much and larger increments would
imply that negative evidence has no effect on the outcome, the % intensity increment is a good cor(ifremeeet al.,

2017; Vanneste et al., 2018) other words, the absence of onshore landslides implies that intensities of VIII were not reached,
as exceeding this value is assumed to always result in onshore mass wasting.

The most likely source location and magnitude for the considered earthquake can be estimated using the observed set of
positive and negative earthquake evidence, in combination with their respective intensity thresholds, and by applying the
probabilistic grounemotion modelling methodology developed by Vanneste et al. (204i8) the opemsourced engine
OpenQuaké¢Pagani et al., 2014This requiresapproactthe usesef an intensity prediction equation (IP®)calculatewhich
providesthe shaking intensity for any site in the vicinity of an earthquake with known magnitude and location. By calculating

the intensities caused by a rangénppotheticalearthquakes with different magnitudes and locationsiiaraitrarygrid that

comprises the study sitebey can be compared the intensity thresholdeund at Lago Pollux, Lago Castor and Aysén Fjord

Tthe probability for each of these potential earthquakes to have caused the observed pattern of positive and negative evidence

canthudhusbe calculated. For this study, the IPE develdpeBakun and Wentworth (199Was chosen, as it has proven to

adequately represent the seismic shaking observed during crustal earthquakes in tHRegis€fvanneste et al., 2018)

However, agthe BakunWentworth1997 IPE does not have an explicit uncertaintyrteened for probabdiic calculations

we arbitrarily consideda 10 standard devi ati on (dahnede.etal, @018 darthgeakedadthc ul at ed i ntensities
and rupture orientation does not affect modelling outcomes as the BakunWentworth1997 IPE only takes into account epicentral

distances. This is reasonable since faults in the LOFZ often have a surface trace and do not extend to great depths. Most

earthquake in the 2007 Aysén seismic swarm, for example, did not nucleate at depths larger thghdd@rand et al., 2011)
In our analysiswe only considexd crustalearthquakes with magnitudes ranging between 4.5 and 7.5, as lower magnitudes

are unlikely to cause sufficient shaking for masssting to occur and higher magnitudes are uncommon in a crustal tectonic
setting.Earthquakes related to the subduction megathrust were not taken into account here, as these are considered too distant
(> 300 km from the Lago Pollux area) to cause significant shaking in the Lago Polldk@ea2008) Moreover the absence

of a coseismic deposit in the more tresprbximal Aysén Fjord advocates for an inland seismic so&wehermore, we also

do not consider intraslab earthquaked, @0 Pollux andLago Castor are situated merely-80 km north of the slab window

that results from the subduction of the Chile Ri@Besso et al., 2010}lecreasing thkkelihood of strong stress buildup in

this areaFurthermore, extrapolation of the Slab2 model indicates that the slab depth at the location of lakes Castor and Pollux

is around 140 knfHayes et al., 2018Jequiring minimum a ~M7 earthquake to cause shaking intensit@3/of i (needed to
trigger subaquatic massovements) based on an evaluation of historical Chilean events studidstinza et al., 2005nd

global intraslab earthquakes at a similar d¢ptBGS, 2023)Considering that a rupture to produce shidhearthquake should

be at least 50 km in lengtlVells and Coppersmith, 1994ombined with the short distance to the slab window, an intraslab

source is deemed unlikely in this area

of consideringa grid of potential earthquakeour modelling results are subsequently refined by considering known faults in

the region (Figure 1aFach of these faults was artificially cut into sections which can rupture individually as well as together
following the guidelines ithe Uniform California Earthquake Rupture Forecast, VersiddGHRF3 Field et al., 2014)We



subsequently apply the magnitude scaling relationship/elfs and Coppersmith (1994) each potential fault rupture, thus
220 translating rupture length to earthquake magnitadter which the Bakun and Wentworth (1997) IPE can again be applied as
before

4  Results
4.1 Bathymetry

Based on its bathymet({Figure 2), Lago Pollux can be dividedtimthree subbasins: a deep northeubbasina deegentral
225 subbasin and a shallow southern subb&siBB, CSB and SSBespectively) The NSB and SSB are elongated, while the
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Figure 2. (a) Bathymetry of Lago Pollux with indication of subbasins (NSB: northernsubbasin, CSB: central subbasin, SS
southern subbasin) and location of the two pinger seismic profiles (white linegh, ¢) Pinger seismic profiles of Lago Pollux wit
interpretations: acoustic basement (in grey), all seismic (sdjunits (hnumbers) and mass transport deposits (MTDs) are indicatt
(without interpretations: Figure S4).



CSB is wider and more circular. The deepest part of the Veike a water depth of 56 g situated in the NSBhe transition
from the NSB to the CSB marked bya clear shallower patabout 30 m water depthincised by a small channel of about
40-45 m deep. The CSB is again deeper with a maximum depth of about 52 m. The SSB is a shallow subbasin, reaching depths
of maximum 2530 m in its northern and central part and shallowing t6-10 m in its southernmost pafthis shallow

230 environmenteads tdow or evenno penetratiomf the acoustic wave3he transition between the CSB and SSB is a shallow,
narrowarea of maximum 380 m deep. In a bay along the eastern shore of the NSB and CSB, depth$mfaximum 15
m are reached before evolving into the steeper slopes that flank the deeper basins. The slopes along the western shore of the
NSB are steep. At the main outflow (western shore of the CSB) and the northern inflow (northern shore of tlveeNSB),
observe anore gentle slope

235 4.2 Geophysicaldata analysisof Lago Pollux

Five differentseismiestratigraphiainitsoverlyingtheacoustic basementere identified otthe seismiprofilesof Lago Pollux

(Figure D, 0.

Unit 1 is the lowermost seismic unit withvary variablethicknessranging from~24 mto less than 1 m. This unit only occurs
locally and is mainlyestrictedo the deepest parts of the basin, filling local depressions. However, it is also present on bedrock

240 highs throughout thBISBandCSB. It has a chaotic to transparent seismic facies.

Unit 2 is the thickest sedimentary unit and is mainly observed iN8® where it has a maximum thickness of ~45 m in the
central part, thinning towards36 min the southern partt is only sporadically present in tl@SBwith varying thickness of

20 to 40 m. Tks unit is characterized by continuous, (Splarallel andyenerallylow-amplitude reflections. It shows a ponded
geometry, filling up the deepulbasins and does not drape the slop&ree subunits can be identified based on subtle

245 differencesn reflection amplitudeThe first subunit (Unit 2.1) shows generally higlhenplitude reflections compared to Unit
2.2 and 2.3The seismic reflectors of Unit 2.1 are onlapping the acoustic basement or Unit 1, when Atetkertop of Unit
2.3, erosional truncations can be obsergadoth the western and eastern slopes in the NSB and(Ei§&e 2b), making
the topboundaryan unconformity
Unit 3 is a distinctive unitin which two different seismicfacies can be identified: a chaotic to transpafantesand a

250 hummocky facies. The chaotimnsparent facies resent in patches the northern and central psdf the NSB (Figure 2)
and only sporadically observed in ti@SB Both the upper and loweiboundariesform a clear unconformityith the
surrounding seismic unit§he hummocky faciesconsisting ofsmall higheramplitude discontinuous reflectionss only
observed in thesouttern mart of theNSB, which is the deepest part of the paleobasin (top of Unit 2)adta maximum
thickness of ~3 nand in contrasto thechaotic facies, it shows a conformable upper and lower boundary.

255 Unit 4 is typically thicker in theNSB compared to th€SB (up to ~23 m and ~16 m thick, respectively). However, unlike the
underlying seismic units, it is observed throughoutehgre basin. Its seismic facies is composed of subparallel to parallel
continuous refleddns. The unit is subdivided to two subunits separatedy ahigh-amplitude refledon, which isin turn
covered by &haotic to transparefdcies with ponding geometry (Figurb)2The whole unit shows an onlapping basal contact
with Unit 2 and Unit 3 (when present). As a result, Unit 4.1 is more Hasirsed than Unit 4.2, which is movédely

260 distributed across thake.

Unit 5 is the uppermost seismic unit withtldckness of ~11 m in the deepest pasteowing continuously stratifieseismic
reflections that drape the previous unit. Towards the seastern slopeshe seismic reflections show @nvergenfacies
leading to a thinner sedimepackaggup to 68 m). Several thin subunits, seven in total, are identified throughout the basin
based on differences in their reflection amplit{fegure 2c). Additionally, multiple chaotic deposits can be identified in

265 Subunitss.1, 5.2 and5.5. All chaoticdeposits in Unit 5.&nd Unit 5.2arelocatedin the central and northern part of the NSB
except one which is found at the transition of the CSB to the BIBBt depositsirelocated at the foot of the slopeith the

exception obne deposithatis positioned towards ttadeeper areas of the central part of the NBichaoticdeposits in Unit



5.5 aremostly located along the western slope in the central and southern part of the NSB and the enthev@S@r,
different deposits are identified along the eastern slope of the NSB and one at the eastern slope of the central C&8tsThe dep

270 along the eastern and western slopes show a very different seismic facies and morplegogigsalong the western slope
havea verychaoticfaciesanddisplay successive frontal thrustSurthermoreseismic blanking of the underlying strata can
occur (Figure 2c). On the other hand, thdepositsalong the eastern slopes show a more transparent and less chaotic facies
(Figure 2c). Additionally, theyform relatively thin, lensshapedsediment bodietocated at the foot of the slope, thinning
towards the central part of the subbagihthe same horizo (top of Unit 5.5)in the deepest part of the basihin deposits

275 with a transparent facies and ponding geomedrry be identifiedFigure 2, o).

4.3 Lago Pollux and Lago Castor lithology
4.3.1 Short cores

The short sediment cores (~60 cm), POL02 and CASTO1 from Lago Pollux and Lago Castor, respectively, consist of laminated

light to dark brown diatomaceous mud. We identify intercalations of multiple coarser and darker layers and interpret them as
280 tephra lagrs. Overall, a low MS signal is recorded for the laminated mud, but four thicker tephra layers bS0ch are

marked by peaks in the MS values. Throughout the cores, and especially at the base of the cores, multiple smaller peaks are

observed, indicating various smaller tephra beds. A correlation between both cores, and thus both lakes, is made based on the

tephralayers and corresponding MS signal.

4.3.2 Lago Castor Us.2 and5.5turbidite

285 The Lago Castor long sediment core consisisstly of grey andight to darkbrown laminatednudand isdescribed by Van
Daele et al. (2016)hree turbidites were identified, of whitio occur in the tog.5m of the corein Unit 5.2 and 5.5. The
turbidite in Unit 5.5is located 45 cmbelowa 20 cmthick tephra layerinterpreted by Van Daele et al. (2016) as the H2
Hudson Volcandephra layerHere, we revisit thisurbidite andfind that ithasa very similarsedimentaryomposition ashe
background sedimemind corresponds to whetan Daele et al. (201%)escribe as type 1 lacustrine turbidites (LT1), resulting

290 from sediment remobilization on hemipelagic slopdsitiple MTDs were identifiedon that same horizoim the seismic
profiles from Lago CastgiVan Daele et al., 2016)

4.4  Sedimentological analyses of Aysén Fjord
4.4.1 Color and reflectance spectroscopy

The MDO73117 coreconsists mostly of light to dark brown mud and is partly bioturb@téits et al., 2018)Section IX of
295 the core(Figure3) clearly shows a darkdlower brightness, L*Jayer with a strong increase in radiodensityd NnRAB Ao
seovaluesaround 11.02 m depttWils et al. (2020) identified this layers a turbiditerelated to a megathrust earthquake
Additionally, a lightercolored(increased brightness, Lfayer of about-10 cm thickis present betweenl1.15 and~11.23
m, which is also marked by an increase in radiodenaltyeit less pronouncebut lower nNRABAsoos60 Values compared to
the background sedimerfturthermore, e Rod/Rs9o ratio shows higher values compared to those in the remainder of the
300 studied core sectiorven higher than those observed in the turbidites layer wa not recognized as an event depbgit
Wils et al. (2020)Below this intervalat 11.26 and 11.31 riiroughsin NnRABA4qo s60 Values,corresponding to peaks in
Rseo/Rego index and L% can be explained by reworking of the sediments from the ligittered layerthrough bioturbation
and are thus postepositional in natuté\ correlation plot between the nRAB#ss0and Rod/Rssovalues showthree different



clusters: one corresponding to the background sediment samples, one to the turbidite sediments and one tetherédhter

305 layer sediments (Figure 4apdicating variations in source material.
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Figure 3. Digital image and CT-scan of a portion (section 1X, 10.9.1.4 m) of the MD073117 sediment core from inner Aysé
Fjord, with bulk organic geochemistry and spectrophotometry data (from left to right): organic matter content (LOI550), tota
organic carbon catent (TOC), carbon-nitrogen ratio (C/N), 13c ar bon i sot ope fraction (U
band area between 40660 nm (nRABA400560), reflectance ratio between 590 and 690 nm (R590/R690) and brightness (
The turbidite (11.0-11.04m) identified by Wils et al. (2020) and the lightercolored layer (11.1411.24 m) are indicated by blue an
yellow bands, respectively. Gaps in the spectrophotometry data are due to previous sampling (holeghe core.

4.4.2 Bulk organic geochemistry

Throughout the studied core section, kfovalues areather low and less than 8 %. The lowest valesurin the lighter
colored laye(6.4-7.6 %), while the turbidite shows higher valu@s3-7.8 %)compared to the background sediment. A similar
trend can also be seen in the TOC and C/N results (Figure 3). In the-tighaegd layer, TOC values only reach about 0.66

310 % and the C/N ratio is about 11. For the background sediment, the TOC contenbeawieen 181.30% and the C/N ratio
between 13.413.5. The turbidite has a markedly higher TOC content of 1.41 % and a higher C/N ratio of 17.6. The opposite
trend can be seen If°C values, where values €#6.2': are reached at the base of the turbidite @4dt.: in the lighter
colored layer. However, thesamples weratthelimit of the measurement capability of the instrumentation, resulting in an
uncertain accuracy of the reportedfC. Lastly, a positive correlation is present between the TOC contentsd @id

315 nRABAususssovalues(Figure 4. Generally it is assumed that th®lssois two times the TO&ontent,astypically ~50 % of
organic matter is composed organic carboiPribyl, 2010) Here, he slope of thdinear regressiobetweerthe LOlsso and
TOC valueshowsthat~72wt% of the organic matter is organic carbon, while the intercept indicates thabb@drestimates
the organic matter content with ~6. %his means other components afso present, such as water in clays and oxides
explaining the apparent higher Légdvalues This is also reflected in the nRAB#se0 and Roed/Rsgo correlation plot(Figure

320 4a), where the nRABAwossois a proxy for the TOQFigure 4b;Vandekerkhove et al., 2020)s the Rod/Rseo values are a
proxy for clastic material, it can be concluded thatlightercolored layer contains more clastic componeanis less organic
mattercompared to the background sedimend turbidite(Figure 4a).
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Figure 4. (a) Correlation of the normalized relative absorption band area between 48860 nm (nRABA400560) and reflectanc
ratio between 590 and 690 nm (R590/R690) showing three distinct clusters: background sediment (green circles), turbidited
squares) and lghtered-colored layer (orange triangles). (b) Correlation between total organic carbon (TOC) contenwith
nRABA400-560 (red squares) and organic matter content (LOI550) (yellow circles).

4.4.3 Grain size

According to the Udde#Ventworth classification, sedimernitsthe studiedcore section can be described as silt, ranging from
very finesilt in the lightercoloredlayer to finesilt in the background sedimextionand medium silatthe base of the turbidite

(Figure5a). Thr oughout this core section, the sorting values are

of poorer sortingupt 0 ~5 em can be see roloed interfakn the tusidite, @ fslight ihceeasé ing h't er
geometric sortingaluesis seen from the base towards the tail, indicating the comeseed base is slightly better sorted then

the finer sediments of the tail (Figusb). Three differenEMs (R? = 0.9912)canbe identifiedfrom the grairsize distributions

of our 35 samplegwo ofwhich correspod well with thetwo finestEMsdefined byWils et al. (2020§or the complete MDO7

3117 core (Figuréc, d). The first populatiofEMO) consists ofrery fine materialith a mode of 2.9>m and ismost abundant
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Figure 5. Digital image and CT-scan of a portion (10.911.4 m) of the MD073117 sediment core from inner Aysén Fjord, with grair
size data including D50 value¢a) and geometric sorting(b). (c) Relative abundance plot of the different end members identified
the portion of the MD07-3117 sediment core (EMO, EM1, EM2). (d) Plotted end member distributions of this study (full lines) wi

end member distributions from Wils et al. (2020) (doted lines).
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in the lightercoloredinterval (Figure5c). The secondEM1) shows dargergrainsizemodeof 5.57 >m and corresponds to
the background EMlescribed by Wils et al. (2020). Lastly, an endmber with a coarser modé 19.95>m is identified,
corresponding with the finest turbidite EM identified by Wils et al. (2028 is thusalso mostly present in the turbidite
(Figurebce).

5  Discussion
5.1 Sedimentary history of Lago Pollux

A similar seismic stratigraphgs Lago Castor is expected in Lago Pollux due to their proximity and sgeitanorphological
position {.e.,both lakes are located on the same plateBg units will be described and correlated to Lago Césteed on
the interpretations of Van Daele et al. (2016).

Based on similaritiesvith the lowermost unitof sedimentary infillsof other glacial lakes and fjorde.g, Heirman et al.,
2011, 2012; Ndiaye et al., 2014; Van Rensbergen et al., i#d@8)haotic deposits afnit 1 in Lago Pollux can be interpreted
as glacial till depositéFigure2b, 0. Moreover, similar depositsere identified in Lago Castowhere theydateback to MIS2

or MIS4 (Van Daele et al., 2016This indicateshata glacial covewaspresent over Lago Castor and Lago Poliluxing
theseglacial times

During deposition of Unit 2, the sedimentary environment likely evolved to that of asphoglacial lakecharacterizedy
more regularglaciolacustrine sedimeation (e.g, Heirman et al., 2011; Ndiaye et al., 2014; Van Rensbergen et al.,; 1998)
Figure2b, ¢). This is also observed in Lago Castor, where a vapvedlacialsedimentary unitvasidentifiedin the sediment
core(Van Daele et al., 2016Ynit 2 shows the same seismic characteristics and geomdtago Pollux and.ago Castor
allowing tointerpretthem as varved sedimerds well In Lago Castobnit 2 is much thicker (up to 78 m) compared to Lago
Pollux (up to 45 m)possiblyindicating an earlier onset in sedimentatiddditionally, a thinning of the unit is observed from
the NSB to the CSBn Lago Pollux thus suggesting deglaciation from NE to SWin line with the general model for
deglaciation of the Patagonian Ice SH@&svieset al., 2020)

Thedisperseaharacter of Wit 3, in combination with its transparent to chaotic faciedistincive for mass transpodeposits
(MTDs) (e.gMoernaut and De Batist, 2011Based on the stratigraphyis widespreadnasswastingoccurredaround the
same timeasan erosional eventyhich is marked byhe erosional featurdsundat the top of Unit 2.3Figure2b). Van Daele

et al. (2016) alsadentified suchan erosional everdt the same seismatratigraphic levein Lago Castarwhich was
interpreted a®rosion durindake levellowstand after rapid drainagearound >~20 kyr BP.The model proposed by Van
Daele et al. (2016) predicts a drainafi¢.ago Castor througthe narrownorthern and central Lago Pollux subbasind.dgo
Pollux, the observedrosion may thus be related to the discharge eitseif, wherethe exposed slopesubsequentlyr
coevallyfailed producingthe observed MTDs

After the event, hie very low lake level rosgradually as shown bthe ponding morphology and onlapping continuously
laminated seismic facied Unit 4.1 (Figure Z). Since depositionfdJnit 4.2, sediments drape the entire lake floor and are no
longer limited to the deeper parts of the basksimilar trendwas alsofound in Lago CastofVan Daele et al., 2016)
Furthermore, in both lakes,déscontinuousigh-amplitude reflectiorcan beidentified within this seismiestratigraphic unit

in Lago Pollux covered bg chaotic/transparent facies with a ponding geom@igure 2b). In Lago Castarthis depositis
attributed to the presence @60 cm thickvolcanic ash layethatwas identifiedn the sediment coreetween 9.1-B.58 m
and interpreted as theoHHudson Volcandephra(Van Daele et al., 2016Tonsidering the proximity of both lakes and the
dominant westerly wind directiorf&illi et al., 2005) thediscontinuousigh-amplitude reflectiosin both lakes are considered
to be correlatednd represerthe base of thédo tephra layer.

The most recent seismistratigraphic unijtUnit 5, in both Lago Pollux and Lago Castshows draping and continuously
laminated sedimentsccasionally interrupted b TDs (Figure d, 9. The divergent seismic facies and the presence of moats
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at the SE flanks in Lago Pollux (Figure)2re also present in Lago Castor, whbegy arenterpreted as sediment drifts linked
to SWW activity since-16.75 kyr BP(Van Daele et al., 2016Jhe seven subunits identified in Lago Castoe also seen in
375 Lago Pollux (Figure2c, 6a). Van Daele et al. (2016) related the higimplitude reflections separating the subunits to the
presence of tephra layeifideed, vinen comparingthe short sedimentcoresfrom both lakesrepresenting the uppermost
sediments of Unit 5,7 very similarsedimentatiorcan beseen with an almost identical pattern MS peakswhichrepreseh
thethin tephra layer@Figure 6b) As highamplitude reflections correspond to tephra layieis not surprising that theubunits
in Unit 5 correspond between both lak&part from Ho, he mostprominenttephra layer identified in thsedimendary infill
380 of Lago Casto(top reflectorof Unit 5.5)wasinterpreted as the HAudson Volcandephra depositvan Daele et al., 2016)
Hence this tephra deposi likely responsible fothe strongreflectordraping the MTDs at the top of Unit SbLago Pollux
(Figure 2b, ¢, 6a) As expectedanalysis of the seismic and sediment core data sitteats.ago Pollux and Lago Castor
experienceé very similar sedimentary evolution

MS 10° SI MS 10° SI
(@ Pollux Castor (b) 1 10 100 1000 1
N L ul ro
CASTO1 QP
S
- 3
57 =
["§
: 10
56 g
g
g 55 3 2
2 £
£ S =
3 54 z <
g g 0=
;7 53 §
2
£ 52
Lo

L5
50

-60

Figure 6. (a) Seismic section of Unit 5 showing all seven subunits identified on a pinger seismic profile in Lago Pollux (Fig. 2b)
Lago Castor (after Van Daele et al., 2016). (b) Correlation of two short cores from Lago Pollux (POL02) and Lago Castor (CAH]
with plotted MS data, showing two distinct peaks. At the base, a ~1.5 cm thick tephra in both cores is indicated in grey.

5.2 Synchronous mass wasting and aatchment response

385 Towards the central part of the basin in Lago Polflne,ponded, seismically transparent depassociated with the MTDs of
Unit 5.5is interpreted as a turbidife.g.Leithold et al., 2019; Praet et al., 2017; Schnellmann et al., 2005; Van Daele et al.,
2015)(Figure-b;-6-7). At the same seismistratigraphic horizon in Lago Castor, several MTDs were identifiedtelating
with a thinturbidite in the sediment cof¥an Daele et al., 2016)Ve interpret that the presence of these event deposits with
multiple MTDs at the same stratigraphic horizon (i.e. withr@ accuracy) in these hydogically open, neighboring lakes is

390 not coincidental, and heacthat they represent the same evektcording to the synchronicitgriterion (Adams, 1990;
Schnellmann et al., 2002he observation ofynchronous massastingin two separate lakgsoints toa single, regional
trigger mechanisrfor thisevent most likely earthquake shaking. The event occurred before the H2 Hudson Volcano eruption,
as the MTDs are covered by the associated tephra deposit. The age difference between the turbidite and Hthéephra in
sediment core fronhago Castor is-350 yeas (Van Daele et al., 201§Jigure8), which is thus assumed to kentical in

395 Lago Pollux. The H2 tephra deposit was also found in Aysén Fadivditwith a slightly older age rang@Vils et al., 2018,
2020)(Figure8), enabling a correlation between all three sedimentary records.
To verify whetherttheinferredearthquake responsible for mass wasting in Lago Castor and Lago Pollux also affected Aysén
Fjord, the results ofjrain-size analysis, organic geochemistry and spectrophotometry measurem#érgssection of the core
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Figure 7. (a) SRTMGLIN terrain data (NASA JPL, 2013) ofthe area aroundLago Polluxand Lago Castor. (b, ¢) Spatial distribution
of the mass transport deposits (MTDsthe hatched shapesidentified in Unit 5.5 under the H2 tephra deposit for both Lago Pollu
(b) and Lago Castor(c). Note that the distribution of MTDs in the southern part of Lago Pollux could not be mapped due to shall
bathymetry and limited seismic penetration, and that no MTDs were identified in the southwestern part of Lago Castor.

below the H2 depositvere analyzedThree deposits appeadistinctively different from the background sedimetwo
turbiditesrelated to megathrust earthquakgdwils et al. (202Q)and the lightercoloredinterval(Figure3). While the absolute
age ofneither of these deposits matches with that of the turbidite in Lago Castoelative age difference between tiase

of lighter-coloredintervaland the H2 deposi(t-385 years)is very similar tothe ageoffsetobserved for the turbidite and H2
tephra in Lago Castdr359 yearsFigure 8) This confirms that the observed masgasting in Lago Castor and Lago Pollux
was not related to megathrust earthquakee., no MTDs or turbidite in Aysén Fjordput rather to a local shaking event
located towards the east, closer to Lago Castor and Lago Pollux tAgeén Fjord Neverthelessthis event seems to have
resulted in lighteicolored sediment input in the fjord (Figure 8he overall low organic matter content in this layer (k&I
values; Figure 3)combined withthe higher Baso/Res0 values (Figure 3) indicate a higher clastic sediment input (Figure 4a).
The additional very fine silts to clays (EMO) in this layer (Figure 5) fursiugigest that this increased clastic component is a
result of additional input of clastic, mainly in the form of figeinedmaterial.We interpret this anomalous additional tias
sediment inpués a catchment response sigs@nificant mass wastingn the Aysén Fjord catchmertonsisting of volcanic
rocky soils and lovamounts ofregetationcould lead to a temporary increaselasticsedimentation inpufhe longdistance
fluvial transport from the catchment area towards fthal deposition in Aysén Fjord explains the finer graime trend
observed in this layer (Figure S)helow C/N valuesin this catchment respongEigure 3)are somewhat surprising, as one
would expect increased C/N values resulting from the added terrestrial organic matter. Howevieny SDith ratios for
terrestrial organic mattecan be explained byecomposition processes organic matter irthe catchment soilsThese
processes comprigeicrobial immobilization oN-rich materiaccompanied by remineralization®{Meyers and Ishiwatari,
1993; Shanahan et al., 201Burthermore, the andol soils in the AyséiRegionare already low in organic matter due to
weathering processes on the hilly sloffeties, 2000; Gut, 2008)vhich explairsthemodest effectThelocal highti*3C values

in the lightercolored layer Where also the graisize effect is strongesEigure 3 5), can also be explained by the
decompositiorprocesse®f soil organic matter. In the G@esultingfrom microbial respiration of soil organic mattéhe
lighter isotope of carbortiC) is preferred to be incorporated, leaving the hed¥@isotope behingShanahan et al., 2013)

In other words, the lighterolored layer seems to contain more decomposed organic maitidzined with dargerclastic
component compared to the background sediméntshis case, the increase atagic sedimentation input lasted for a
maximum of ~50 yeargbased on the age mod€igure 8) but likely less, as the catchment response would have increased
the overall sedimentation rate, but tis is hard to quantify with the availableSieta timeframe seems plausible because at
presentl7years after the 200Kysén M, 6.2earthquakewhich caised multiple landslides in the Aysén Fjord gi®epullveda

et al., 2010) not allof the therexposed slopelsave been reegetatedand increased erosion rates thus likely persigte
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earthquake epicenteras located more to the east (which is expected based on the observed combination of shaking imprints
and will later on be confirmed by growmdotion modelling where the climate is drier, this process would be even slower.
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Figure 8. Correlation figure between the sediment core retrieved from Lago Castor (left) and Aysén Fjord (right) (core pictur
not to original scale). The graph shows an aggepth model relative to the H2 Hudson Volcano tephra deposit (4.6®261 cal yr BP
Naranjo and Stern 1998 grey band). For each indicated age on the graph, the 95% confidence interval is plotteBurbidites in
both cores are indicated by blue bands and the lightecoloredinterval by a yellow band. The correlation shows an overlap betwe
the deposition of the turbidite from Lago Castor and lighter-colored layer from Aysén Fjord.

430 5.3 Locating the earthquake source

For each of the study sites, the minimum and/or maximum intensity of seismic sisaleterminedased on the sedimentary
evidence(Table1). In Lago Castor, all identified MTDs attributed to the earthquake ~4400 years ago are located along the
lake slopes (Figur@). Theseconsist of hemipelagic sedimenand nopostseismic catchment respon@ointing toonshore
masswasting Howarth et al., 2012)vas identified (Figure 8) This implies thathe shaking intensity at the time of the

435 earthquake must thus have exceeded Vil&, threshold for failure of lateral lacustrine slopes covered with hemipelagic
sediments)but remained well below VIi(i.e., threshold for onshore landslides in the catchmémtlago Pollux,similar,
albeit more widespread/TDs are observe(Figure7), but it is unclear whether these consist of hemipelagic sediment or
rather originated onshore due to the lack of a sediment core. A minimum shaking intensity of VI¥2 must thus have been
achieved, but a maximum threshold cannot confidentlgdséggnedLocal shaking intensities in Aysén Fjord amnsidered

440 not to have exceeded VI, as not even a failure of the Rio Aysén delta could be identifiddwould haveresuledin a
turbidite similar to those that have beefated to megathrust earthquakeéls et al., 2020)

Table 1: Overview of all earthquake evidence used as input for grounchotion modelling in all study sites

Positive evidence| Negative evidence
Lago Castor O VI < Vil
Lago Pollux O VIi /
Aysén Fjord / <VI
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However, theip to~50 year periodf enhanced sediment inpliigure 8)does indicate that a significant amount of landslides
445 must have occurred ithe Ro Ayséncatchment. This provides an additional constraint for the groustibn modelling, as
intensities of VII%2 must have been exceeded at least in a part of the Rio Aysén cat@imenaximum size of the area
affected by landslides during an earthquake increases with mag(iteelfer, 1984; Rodguez et al., 1999 his relationship
alsoholds true for observations in the Aysén Fjord area following the 200%.1 earthquakéSepulveda et al., 201nd
can thus be used to estimate the area that would have been affected by landslides during the ~4400 cal yrs BP exant. In gener
450 no landslides can be observed for earthquakes withvaloMer than 4, while an earthquake witkwM results in a maximum
affected area of abod00,000 kmiKeefer, 1984; Rodguez et al., 1999)n practice, this implies that the entRéo Aysén
catchment, with a size of about 13,000 kmz, could have been aff€ctesidering the-50 year duration of increased sediment
input in Aysén Fjord as a result of this earthquake, it is unlikely that onshore landslides occurred in an area snidlr than
km2. However, it is impossible to determine exactly what part of the catchment expdriggh enough shaking to produce
455 onshore landslideas thisdepend on a number of factors such as earthquakehdepd geological site conditions, influencing
the presence of sliggusceptible sites and seismic attenuafidrerefore we test a range of areas varying between 100 and

10,000 kmqwithin the Ho Aysén catchmengnd use the minimum intensity threshold of%¢lio limit the range of possible
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| Figure 9. (a-d) Maps {medified-after SERNAGEOMIN;-2003)showing the areaplotted in Figure 1a)in which an earthquake coulc
have caused the observed pattern of sedimentological imprints In Lago Pollux, Lago Castor and Aysén Fjord (positive and nisg

| evidence), considering an area df00 (a),1000 p), 3000 ¢) or 5000 (d)km? that was affected by landslideszault traces are mappe:
after SERNAGEOMIN (2003.-The magnitude with the highest probability at each location is given in a greeto-red color scale
White dashed lines correspond to the probability; green line and enclosed hatched area mark the region where the probabit

less than 0.1 below the marium probability, highlighting the most likely epicentral region (indicated by a star). Sites of positi

(plus) and negative (minus) evidence are shown in semitransparent magenta and cyan colors, respectively. Note that sitesbwitt
positive and negatve evidence show a bluish colofe) The maximum probability of an earthquake in the study area (independel
of its location) with a magnitude ranging between 5 and 7.6 to have caused the observed pattern of sedimentological imptim

Lago Pollux, Lago Castor and Aysén Fjord (positive anthegative evidence), considering a range of minimum areas ($6000 km?

in the Rio Aysén catchment that were affected by landslides.
sources that are considered in the probabilistic methadhquake ruptures that cannot produce this intensity of seismic

shaking(based on forward application of the IRE}hepredefinedninimumportion of the Rio Aysén catchment are discarded

460 (Figure 9)
As expected, modelling results show that, for any of the predefined area tiaymrebabilitiesfor a crustal faulto cause the

considered combination of positive and negative evideneeerdor any earthquake the western part of the catchment,
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close to Aysén Fjord (Figur@a, b, meaning that the earthquake must have occurred close to Lago Castor and Lago Pollux
This immediately rules out the potential for an LOFpture or rupture along the Azul Tigre or Rio Mafiihuales Faalt,

465 have caused the observed massting, and indicates thtite earthquake must haleen hosted by one of the faults in the
eastern part of the Rio Aysén catchmémhoreover, it is highly unlikely that this earthquake caused landslides over an area of
3000 km2 or larger in the Rio Aysén catchment, as probabilities then rapidly decrease to zer@¢Fifarean area of 100
kmz2, maximumprobabilities can be observed for earthquakes with anbetween 5.5 and 7 @igure 9a, e)Probabilities
remain high for areas of up to 2000 km?, although the minimum earthquake magnitude then increagegtod @) The

470 considered landisle area thus mostly constrains the minimum magnitude required to result in the observedstiass
When taking into account the approximate fault traces in the area, reasonable probabilities (> 50%) are only obtaaeed for are
around1000 km2or smallerand for earthquakes with magnitudedow 7, regardless of the considered landslide §Fégure
10). This indicates that most of the faults are iruafavorableocation or not sufficiently long to produce the right range of
shaking intensities at the study sites and simultaneously affect a large portion of the Rio Aysén catchment. The minimum
475 magnitude is again constrained by the size of the landslidendttea the Ro Aysén catchmentith an My of 5.6 for 100
km2, increasing to 6.4 for 500 km2 and 6.8 for 1000 KRigure 1®). For higher magnitudegprobabilities decrease
significantly andthe most likely responsible fault also shifts westward, away from Lago Castor and Lago Pollux and towards

Coyhaique
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5 showing all faults in the study aregplotted in Figure 1a), color-codec

| Figure 10. (a-g) Maps {medified-after SERNAGEOMIN;-2003)-
according to the probability that an earthquake of magnitude &1 (a), 643 (b), 6.63(c), 6.84 (d), 7.04 (e), 7.24 (f), 7.45 @) each o
the fault sections is capable of causing the observed spatial distribution of sedimentary earthquake evidence and by conisigem

| area of 500 km#hat has been affected by landslideg:ault traces are mappedafter SERNAGEOMIN (2003. Arrows indicate the
limits of the rupture trace resulting in the highest probability. Grey fault traces are not sufficiently long to cause a ruptre with the
tested magnitude. Sites of positive (plus) and negative (minus) evidence are shown in semitranspamagenta and cyan color
respectively. Note that sites with both positive and negative evidence show a bluish colb). The maximum probability of an
earthquake m any of the faults in the study area with a magnitude ranging between 5 and 7.6 to have caused the observed p¢
of sedimentological imprints In Lago Pollux, Lago Castor and Aysén Fjord (positive and negative evidence), considering a ram

minimum areas (1065000 km?) in the Rio Aysén catchment that were affected by landslides.
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We thus reach the highgshaximum)probabilities (1.0) for scenarios with a magnitude around 6.5. For the slightly shorter
ruptures (M6.43; Fig. 10b), the-N trending Cordon La Galera Fault (southwest of Lago Pollux; Fig. 1c) and #®\NE
trending Pollux Fault (the northwest of Lago Pollux and Castor; Fig. 1c) are the most likely candidates. For somewhat larger
ruptures (M6.63; Fig. 10c), the NNESW trending unnamed fault that runs through the Rio Simson valley in Coyhaique
would be the mia candidate. While we cannot further assess which of these faults ruptured during the 4.4 kyr earthquake, a
mapping effort to assess if any of these faults offset Holocene sediments (De La Cruz et al., 2003) may shed more light on
this.

5.4  Earthquake hazard in the Coyhaique region

Even though a future, similar relatively highagnitude crustal event poses a seismic hazard to the region, these events do not
seem to occur frequently. The sedimentafil of Lago Castor and Lago Pollux do not reveal atlgersimilar, large-scale
masswasting eventshroughout the Holocen@ndthere are no other traces of simit@tchment responses tine sediment

core fromAysén Fjord Only a few MTDsin the middle of Unit 5.2 in Lago Pollukat ardikely synchronous with a turbidite

in Lago CastofVan Daele et al., 201@)oint to a similar event around 13 kyrs BP. However, as this is beyond the maximum
age of the Aysén record, the sedimentary eviderggaisallyinsufficiently distributed to obtain meaningful modelling results.
Hence, he local faults near Coyhaique do not seem to be very active, or goodoicesufficient shaking to be recorded in

lake sedimentdndeed, several of the faults are too short to produeé.®earthquakeahich wouldcause strong shaking

overa large areéFigure 10d) Furthermore, on thieago Castor seismic profiles that cross the Castor Raeldid not observe

fault offset within Unit 5.Nevertheless, one of the most likely rupture scenarios for the 4.4 kyr earthquake is a rupture on a
unnamedault that runs directly through the city center of Coyhaiftigure 10kd), the capital and most populated city of

the region. Even though such earthquakes seem to have a very low average recurrence rate since the deglaciation, the low

probability but highintensity hazardup to intensity IX[Figure 1) may be relevant especially for critical infrastructure, such [Commented [MV2]:  New figure; Figure 11

as hospitals and firdepartments which are crucial for a quick response, especially in such a remote region.

Figure 11. Maps (plotted in Figure 1a) showing macroseismic intensities (MMI scale) predicted by the BakunWentworth1997 I
for a magnitude 6.4earthquake along theCordon La Galera Fault (a) and 6.6earthquake alongthe unnamed fault through the city
center of Coyhaique(b), both of which are considered as likely scenarios to cause the observed pattern of lacustrine paleose
evidence around~4400 cal yrsBP. Fault traces are mappedafter SERNAGEOMIN (2003. Sites of positive (plus) and negatiy
(minus) evidence are shown in semitransparent magenta and cyan colors, respectivéiil = Modified Mercalli Intensity , IPE =
intensity prediction equation.

The lowearthquake probabilitin the Coyhaique regiocontrass to that neathe LOFZ faultsfor which 5 events, including
the 2007 earthquake, have been identified throughout the Hol@@élseet al., 2018)All of these eventproduced major
masswasting in Aysén Fjord, anare the result of moderateagnitude earthquakes either of the LOFZ fault branches in
the vicinity of the fjord(Vanneste et al., 2018A\n additionaleventrecentlyidentified in LagunaEsponja located~45 km
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