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Introduction

Over the last two decades, and in particular following the 2004 Indian Ocean Tsunami and the 2011 Tohoku-Oki Tsunami, research dealing with tsunamis has increased considerably (e.g., Chagué-Goff et al., 2017, their Fig. 1). This interest is motivated by the need to increase our knowledge about these events, for natural hazard assessment, and to gain a better understanding of sedimentary and geomorphologic impacts and their effects on the evolution of coastal zones. However, most studies have focused on onshore deposits while examples of geological evidence of tsunamis offshore, i.e., backwash deposits, are still underrepresented. Nevertheless, there have been a few studies dealing with backwash deposits associated with the 2004 tsunami (e.g., [START_REF] Sakuna | Sedimentary deposits left by the 2004 Indian Ocean tsunami on the inner continental shelf offshore of Khao Lak, Andaman Sea (Thailand)[END_REF][START_REF] Sakuna-Schwartz | Internal structure of event layers preserved on the Andaman Sea continental shelf, Thailand: tsunami vs. storm and flash-flood deposits[END_REF], while the 2011 event led to an increased number of studies of offshore deposits and related processes (e.g., [START_REF] Ikehara | Possible submarine tsunami deposits on the outer shelf of Sendai Bay, Japan resulting from the 2011 earthquake and tsunami off the Pacific coast of Tohoku[END_REF][START_REF] Ikehara | Documenting large earthquakes similar to the 2011 Tohoku-oki earthquake from sediments deposited in the Japan Trench over the past 1500 years[END_REF][START_REF] Ikehara | Repeated occurrence of surface-sediment remobilization along the landward slope of the Japan Trench by great earthquakes[END_REF][START_REF] Ikehara | Characteristics and distribution of the event deposits induced by the 2011 Tohoku-oki earthquake and tsunami offshore of Sanriku and Sendai, Japan[END_REF][START_REF] Tamura | Shallow-marine deposits associated with the 2011 Tohoku-oki tsunami in Sendai Bay, Japan[END_REF][START_REF] Yoshikawa | Evidence for erosion and deposition by the 2011 Tohoku-oki tsunami on the nearshore shelf of Sendai Bay, Japan[END_REF][START_REF] Seike | Sedimentary features of Onagawa Bay, northeastern Japan after the 2011 off the Pacific coast of Tohoku Earthquake: sediment mixing by recolonized benthic animals decreases the preservation potential of tsunami deposits[END_REF]. Recent investigations have also been made of backwash deposits associated with historical and prehistorical events (e.g., [START_REF] Kümmerer | Exploring offshore sediment evidence of the 1755 CE Tsunami (Faro, Portugal): Implications for the study of outer shelf tsunami deposits[END_REF][START_REF] Smedile | New coring study in Augusta Bay expands understanding of offshore tsunami deposits (Eastern Sicily, Italy)[END_REF][START_REF] Feist | Holocene offshore tsunami archive -Tsunami deposits on the Algarve shelf (Portugal)[END_REF].

A limiting factor to the identification of event deposits in the geological record is their preservation potential. Tsunami deposits are usually emplaced in a narrow coastal band, from a few kilometers onshore (coastal plains and lagoons) to a few kilometers offshore (nearshore domain with shallow water depths) (e.g., [START_REF] Costa | Geological recognition of onshore tsunami deposits[END_REF]. Onshore deposits are particularly prone to post-depositional J o u r n a l P r e -p r o o f changes due to natural processes but also anthropogenic activities (e.g., [START_REF] Szczuciński | Post-depositional changes to tsunami deposits and their preservation potential[END_REF]. The shoreface and, to a lesser extent, the upper offshore are highly dynamic and are often subject to intense wave erosion, currents or human activities, thus also leading to a low preservation potential (e.g., [START_REF] Weiss | A note on the preservation of offshore tsunami deposits[END_REF][START_REF] Costa | Geological recognition of onshore tsunami deposits[END_REF]. Previous studies have however shown that sheltered shallow marine environments provide suitable conditions for the preservation of backwash deposits (e.g., [START_REF] Fujiwara | Identification of tsunami deposits considering the tsunami waveform: An example of subaqueous tsunami deposits in Holocene shallow bay on southern Boso Peninsula, Central Japan[END_REF][START_REF] Tamura | Shallow-marine deposits associated with the 2011 Tohoku-oki tsunami in Sendai Bay, Japan[END_REF][START_REF] Riou | Shallow Marine Sediment Record of Tsunamis: Analysis of the Sediment-Fill of the Bays of Tutuila (American Samoa) and Backwash Deposits of the 2009 South Pacific Tsunami[END_REF]Riou et al., 2020a[START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF]. Although sediment mixing and bioturbation can also occur (e.g., [START_REF] Seike | Sedimentary features of Onagawa Bay, northeastern Japan after the 2011 off the Pacific coast of Tohoku Earthquake: sediment mixing by recolonized benthic animals decreases the preservation potential of tsunami deposits[END_REF], sheltered bays are less likely to be subjected to wave effects and thus can provide a higher preservation potential (e.g., [START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF]. In more open bays, only areas below the storm-weather wave base might provide suitable sites for the preservation of deposits (e.g. [START_REF] Weiss | A note on the preservation of offshore tsunami deposits[END_REF]. Thus, studying the geological evidence of historic and possibly paleo-tsunamis in shallow marine environments and correlating the findings with existing tsunami or earthquake reports, catalogs and databases, can help gain a better understanding of these events and extend the tsunami database.

Tutuila (American Samoa), a volcanic island in the south-west Pacific (Fig. 1a), has often been struck by tsunamis originating from all parts of the Pacific Ocean, with at least four major events in the last 100 years or so, in 1917[START_REF])/Tsunami historical series[END_REF], 1960and 2009[START_REF] Pararas-Carayannis | Catalog of Tsunamis in the Samoan Islands[END_REF]National Geophysical Data Center [NGDC], 2023) (Table 1). Two small tsunami waves (see Section 3) were also reported following the eruption of Hunga Tonga-Hunga Ha'apai volcano in 2022 (NGDC, 2023). The highly indented coastline of Tutuila offers numerous sheltered bays (Fig. 1b) that are ideal for the preservation of tsunami backwash deposits [START_REF] Riou | Shallow Marine Sediment Record of Tsunamis: Analysis of the Sediment-Fill of the Bays of Tutuila (American Samoa) and Backwash Deposits of the 2009 South Pacific Tsunami[END_REF]Riou et al., 2020a[START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF]. A recent study in Pago Pago Bay, a sheltered bay on the south coast of the island, has shown that the two most recent major tsunamis, the 2009 South Pacific Tsunami and the 1960 Valdivia Chile Tsunami, have left discrete backwash deposits in the shallow marine sediment record [START_REF] Riou | Shallow Marine Sediment Record of Tsunamis: Analysis of the Sediment-Fill of the Bays of Tutuila (American Samoa) and Backwash Deposits of the 2009 South Pacific Tsunami[END_REF][START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF].

Here we present a multiproxy analysis of two cores sampled in two different settings offshore the north coast of Tutuila, which was carried out in an attempt to search for evidence of the 2009 South Pacific Tsunami and possibly other tsunamis or high energy events. One core was taken within a J o u r n a l P r e -p r o o f sheltered bay, Masefau Bay, while the other study site was in a more exposed setting, less than 1.5 km offshore Fagafue and Massacre Bays. Combined with the findings of Pago Pago Bay on the south coast of Tutuila [START_REF] Riou | Shallow Marine Sediment Record of Tsunamis: Analysis of the Sediment-Fill of the Bays of Tutuila (American Samoa) and Backwash Deposits of the 2009 South Pacific Tsunami[END_REF]Riou et al., 2020a[START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF], where the authors identified backwash deposits associated with the 2009 South Pacific Tsunami and the 1960 Valdivia Tsunami (named the 1960 Great Chilean Earthquake Tsunami in [START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF]), this represents the first study attempting to provide evidence of backwash deposits of an event and/or multiple events around an island.

Study area

The Samoan archipelago is in the south-west Pacific Ocean, at the northern end of the Tonga Trench (Fig. 1a). It is a nearly 500 km-long alignment of volcanic islands, with the oldest island in the west, Savaii, formed 5 Ma ago (e.g., [START_REF] Koppers | Samoa reinstated as a primary hotspot trail[END_REF]. Tutuila is the third largest island of the archipelago and the largest of American Samoa. It was formed about 1.5 Ma ago by five coalescent shield-building volcanoes dominated by alkali olivine basalts [START_REF] Hawkins | Nephelinites and basanites of the Samoan linear volcanic chain: Their possible tectonic significance[END_REF], characterized by high TiO2 and MgO but low CaO contents [START_REF] Natland | The progression of volcanism in the Samoan linear volcanic chain[END_REF]. The calderas formed by these volcanoes were then eroded, resulting in the current morphology of the island, with deep, narrow and sheltered bays ending in amphitheater-shaped heads with steep slopes, such as Masefau Bay (Fig. 1b). The shield volcanoes are overlain by Pleistocene post-erosional volcanic formations, dominated by olivine nephelinites and basanites [START_REF] Hawkins | Nephelinites and basanites of the Samoan linear volcanic chain: Their possible tectonic significance[END_REF][START_REF] Natland | The progression of volcanism in the Samoan linear volcanic chain[END_REF], which are also characterized by high TiO2 and MgO, and low CaO contents [START_REF] Natland | The progression of volcanism in the Samoan linear volcanic chain[END_REF].

Fagafue Bay, on the north shore of Tutuila, is about 500 m long and 300 m wide, and is characterized by a fringing coral reef along its margin [START_REF] Apotsos | Tsunami inundation and sediment transport in a sediment-limited embayment on American Samoa[END_REF]. There is a narrow alluvial valley on its eastern side, with a 10 m wide river at its mouth [START_REF] Apotsos | Tsunami inundation and sediment transport in a sediment-limited embayment on American Samoa[END_REF], but no inhabitants. Fagafue Bay, with Massacre Bay in the west and Sita Bay in the east, forms a wide-open embayment, labelled Massacre-Fagafue-Sita Bays (Fig. 1b,c). Masefau Bay is a sheltered bay located along the north shore of Tutuila, about 15 km east of Fagafue Bay. It is approximately 1.5 km long by 700 m wide and J o u r n a l P r e -p r o o f oriented nearly perpendicular to the coastline (Fig. 1b,d). It owes its morphology only to the erosion of volcanic structures and has no major fluvial tributary. Unlike Pago Pago Bay, which is the biggest bay and location of the main harbor of the island, the head of Masefau Bay only hosts a small village along the shore.

Impact of historic tsunamis on Tutuila

The 2022 tsunami caused by the eruption of the Hunga Tonga-Hunga Ha'apai volcano in Tonga was recorded in Pago-Pago using tide gauges, with a 0.62 m wave followed by a smaller (0.36 m) wave (NGDC, 2023). Earlier historical tsunamis have also been reported around Tutuila (Table 1). The 2009 South Pacific tsunami was generated by an Mw 8.1 earthquake at the northern extremity of the Tonga Trench, less than 200 km off the coast of Tutuila (e.g., [START_REF] Okal | Tsunamigenic predecessors to the 2009 Samoa earthquake[END_REF]. The first wave reached a maximum height of 10 m on the northern coast of Tutuila, in Poloa and Fagasa Bays, and reached a height of 5 m in Fagafue Bay and 4 m in Masefau Bay (Fig. 1b) [START_REF] Fritz | Insights on the 2009 South Pacific tsunami in Samoa and Tonga from field surveys and numerical simulations[END_REF]. The run-up reached nearly 18 m above sea-level (m.a.s.l.) in Poloa Bay, with 12 m.a.s.l. near Fagafue Bay and 5 m.a.s.l. in Masefau Bay [START_REF] Fritz | Insights on the 2009 South Pacific tsunami in Samoa and Tonga from field surveys and numerical simulations[END_REF]. [START_REF] Apotsos | Tsunami inundation and sediment transport in a sediment-limited embayment on American Samoa[END_REF] also reported that the tsunami inundated nearly 250 m onshore in Fagafue Bay, mostly along the alluvial valley, with a flow depth exceeding 7 m. In Masefau Bay, [START_REF] Jaffe | The limit of inundation of the September 29, 2009, tsunami on Tutuila[END_REF] measured a maximum inundation distance of 290 m.

The 1960 Valdivia (Chile) tsunami, which was generated by the most powerful historic earthquake ever instrumentally-recorded, the 1960 Mw 9.5 Valdivia earthquake, hit Tutuila with waves reaching a maximum height around 4 m in Pago Pago Bay, where a 2.4 m run-up maximum height was reported (NGDC, 2023). There were no reports on wave or run-up heights on the north coast of Tutuila [START_REF] Keys | The tsunami of 22 May 1960, in the Samoa and Cook Islands[END_REF]NGDC, 2023). The 1957 Aleutian Islands tsunami was generated by a Mw 8.6 earthquake in the western Aleutian Islands (Johnson et al., 1994). Maximum run-up heights reaching 1.5 m were reported in Fagasa Bay, on the north shore of Tutuila (Fig. 1b) (NGDC, 2023). The earliest of the four reported major historic tsunamis is the 1917 Tonga Trench tsunami, which was triggered by a Mw 8.7 earthquake near the northern end of the Tonga Trench, just over 200 km off Tutuila, and with an epicenter J o u r n a l P r e -p r o o f approximately 150 km from that of the 2009 earthquake [START_REF] Okal | Tsunamigenic predecessors to the 2009 Samoa earthquake[END_REF]. The only report for the 1917 event in Tutuila is a 2.4 m high wave in Pago Pago (NGDC, 2023). Very little to no reports of tsunamis affecting Tutuila prior to 1917 were found, except for a 0.60 m wave reported in Pago Pago that was due to a tsunami caused by the 1837 Ms 8.5 Chile earthquake (NGDC, 2023). Sedimentological records of tsunamis prior to the 1960 Chile tsunami are indeed still rare in the Samoan Islands (Williams et al., 2011a[START_REF] Williams | Sands of Time: Evidence for palaeotsunamis and/or palaeostorms in Samoa, and what this means for tsunami risk reduction[END_REF][START_REF] Williams | Reassessment of long-term tsunami hazards in Samoa based on sedimentary signatures[END_REF].

Material and methods

Fieldwork and bathymetry

This work was completed following the acquisition of a large and exhaustive marine dataset from the SAMOA-SPT oceanic campaign around the island of Tutuila. This campaign, carried out between August 27 th and September 10 th 2015 aboard the R/V Alis, included bathymetric, seafloor reflectivity and very high-resolution seismic surveys, and sediment core sampling [START_REF] Schneider | SAMOA-SPT cruise, RV Alis[END_REF].

Seafloor bathymetry was acquired using an EM1002 multibeam echo-sounder (Kongsberg Maritime), with a frequency of 95 kHz. The depth range covered by this device is from 5 to 1000 m, which is appropriate for coastal zones. A raw bathymetric survey of approximately 75 km² was obtained on the north coast of Tutuila, covering most bays including Masefau Bay, and the area just offshore Massacre, Fagafue and Sita Bays. Raw data were processed using the CARAIBES (CARtography Adapted to Imagery and BathymEtry of Sonars and multibeam echo-sounders) software developed by IFREMER. This signal processing consisted of tide and wave corrections, followed by elimination of bias due to irrelevant celerity variations in the water column. The processed data were then exported as a 1 m resolution DEM (Digital Elevation Model).

A total of eleven cores were collected in Masefau Bay and offshore Massacre-Fagafue-Sita Bays (the latter referred below as off Fagafue Bay) (Table 2). Two different devices were used for this purpose.

In each study area, three Kullenberg cores and two or three short interface cores taken using a handheld manual corer were retrieved (Table 2). The Kullenberg coring system uses a piston allowing J o u r n a l P r e -p r o o f greater penetration in soft sediment, while the hand-held manual corer is driven by divers and has a maximum penetration of a few tens of centimeters. The core locations were selected in the deepest parts of each bay (Fig. 1c,d), where sediment preservation, below the fair-weather wave base, was supposed to be maximum. Core K08 was sampled in a small trough at 50 m water depth, inferred to offer a sheltered hydrodynamic setting near the seafloor, beyond the fair-weather wave base, about 1.2-1.5 km off Fagafue Bay (Fig. 1c). In Masefau Bay, core K16 was sampled at 44,5 m water depth, at the seaward edge of the bank evidenced by the sea-floor bathymetry analysis (Fig. 1d). These two cores (150 cm-long Kullenberg cores) were selected for further analysis, based on the coring site location and morphologic characteristics, grain size and observable sedimentological pattern.

Analytical methods

Sedimentological and geochemical analysis

All cores were split in one working half and one archive half, photographed (Figs. S1-S4, supplementary material) and logged. Grain size analysis was conducted on the two selected cores.

Sediment samples were collected every centimeter and analyzed using a Malvern Mastersizer S laser particle size analyzer (Malvern Analytical Ltd.). There was no pretreatment except sieving in a few layers to remove particles larger than 1250 m. These larger particles were however rare. Statistical analysis was performed using the arithmetic method of moments with the Gradistat 8.0 software (Kenneth Pye Associates Ltd.) [START_REF] Blott | GRADISTAT: a grainsize distribution and statistics package for the analysis of unconsolidated sediments[END_REF]. The grain size distribution was plotted using a MATLAB routine developed at the University of Bordeaux.

Geochemical analysis was carried out with a XRF (X-Ray Fluorescence) core scanner (Avaatech XRF Technologies). Two runs per core were made with a 1 mm measuring step in order to obtain the full element spectrum. The first run was set at 10 kV and 1500 µA (light elements) and the second run at 30 kV and 2000 µA (heavy elements). However, here, we only present the results for selected elements, namely titanium over calcium (Ti/Ca) and potassium (K), as they are most likely to provide insights into the sediment sources in these cores (Riou et al., 2020a[START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF]. The chemical J o u r n a l P r e -p r o o f composition of the volcanic rocks of Tutuila is characterized by high titanium and low calcium contents [START_REF] Hawkins | Nephelinites and basanites of the Samoan linear volcanic chain: Their possible tectonic significance[END_REF][START_REF] Natland | The progression of volcanism in the Samoan linear volcanic chain[END_REF][START_REF] Morrison | Elemental composition and mineralogical characteristics of coastal marine sediments of Tutuila, American Samoa[END_REF], while the marine seafloor sediments in bays around the island are dominated by calcium [START_REF] Morrison | Elemental composition and mineralogical characteristics of coastal marine sediments of Tutuila, American Samoa[END_REF]. Thus their distribution, but in particular the ratio Ti/Ca, is likely to help distinguish the terrestrial vs marine source of sediment, as shown in previous studies in Pago Pago Bay (Riou et al., 2020a[START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF] or Upolu, Samoa [START_REF] Chagué-Goff | Applications of geochemistry in tsunami research: A review[END_REF]. In addition, potassium normalized to the total number of counts (Knorm) is also used here as a tracer for basaltic material from the land, as also reported by [START_REF] Morrison | Elemental composition and mineralogical characteristics of coastal marine sediments of Tutuila, American Samoa[END_REF], who measured major and trace elements concentrations in surface marine sediments from a number of bays around Tutuila. K is also often used as a marker for clay and as an indicator of fine sediment (e.g., [START_REF] J O U R N A L P R E -P R O O F Cuven | Highresolution analysis of a tsunami deposit: Case-study from the 1755 Lisbon tsunami in southwestern Spain[END_REF][START_REF] Chagué-Goff | Applications of geochemistry in tsunami research: A review[END_REF][START_REF] Chagué | Applications of geochemical proxies in paleotsunami research[END_REF].

Chronology

14 C dating

A total of six samples were collected from both cores and dated at the Accelerator Mass Spectrometry (AMS) facility of the Poznan Radiocarbon Laboratory (Poznan, Poland) (Table 3). Dated samples were of three types and included Halimeda (algae) calcified plates, benthic foraminifers and plant debris (Fig. 2). When possible, samples were collected above and below what was interpreted as anomalous or event layers, based on the elemental profiles. Results were first provided as conventional ages either as years BP (Before Present) for samples older than 1950 or in pMC (present Modern Carbon) for the sample younger than 1950 (Table 3). For samples older than 1950, the age calibration was achieved using the Calib rev.8 software (http://calib.org/calib/, Stuiver and Reimer 1993) coupled with the Marine20 calibration curve [START_REF] Heaton | Marine20 -the marine radiocarbon age calibration curve (0-55,000 cal BP)[END_REF]. This curve applies a global age correction of about 400 years to take into account the reservoir effect of marine samples. A local component R is added to this global reservoir age correction to reflect the local variations such as deep ocean upwelling or other local effects. Here, a R of -143  20 years was used from samples located in Tutuila Island, Pago Pago [START_REF] Petchey | New marine ΔR values for the South Pacific subtropical gyre region[END_REF]. For the plant debris, the calibration was made using J o u r n a l P r e -p r o o f the Postbomb curve [START_REF] Reimer | CALIBomb[END_REF]. All 14 C ages in this study are calibrated and expressed as calendar years (CE), and are given as an interval corresponding to the 95% confidence interval (2 sigma, Table 3). Only one sample could not be calibrated (SPT24).

210 Pb and 137 Cs dating

The age models of the two Kullenberg cores over the last century were based on excess 210 Pb ( 10 Pbxs; T1/2 = 22.3 years) and 137 Cs (T1/2 = 30 years) depth profiles. Activities of 210 Pb, 226 Ra, 232 Th and 137 Cs of sediment samples (n = 27) were determined by gamma spectrometry using a Broad Energy germanium detector calibrated using IAEA reference material [START_REF] Schmidt | Present-day sedimentation rates on the southern and southeastern Australian continental margins[END_REF]. The coarse carbonate fraction was removed by sieving (63 m mesh size) to avoid changes in activities due to dilution. Activities are expressed in mBq g -1 and errors are based on one standard deviation counting statistics. Excess 210 Pb was calculated by subtracting the activity supported by its parent isotope, 226 Ra, from the total 210 Pb activity in the sediment. Sediment layers were measured downcore until a negligible excess was reached. Mean sedimentation rates (SAR) were calculated assuming constant flux and constant sedimentation (referred to as the CF:CS model; [START_REF] Krishnaswamy | Geochronology of lake sediments[END_REF].

Results and interpretation

Sea-floor bathymetry

Massacre-Fagafue-Sita Bays represent an open bay (Fig. 1c), protected from ocean waves and currents only by the outer reef barrier. In the shallow nearshore part of the bays, down to the 35 m isobaths, a few mounds, likely reef mounds, are present. Less than 1 km off the coast, there is a west-east oriented ca. 1.5 km long, 500 m wide and 5-10 m deep (relative to the surrounding seafloor) trough (Fig. 1c). This small depression reaches a water depth of about 50 m and is limited to the south by the Massacre-Fagafue-Sita Bay sediment fill and to the north by a west-east-trending ridge, culminating at 37 m water depth (Fig. 2c). Based on the results of the bathymetric survey, we selected the
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Journal Pre-proof depression as the site to sample the sediment cores, as it is likely to offer a better preservation potential than other shoreface areas with a regular slope toward the ocean.

Unlike Massacre-Fagafue-Sita Bays, Masefau Bay is a very narrow and more sheltered bay (Fig. 1d). At the mouth of the bay, a 5-10 m bathymetric high isolates the inner bay from the outer bay, delineating a small basin in the bay, ideal for sediment preservation on the seafloor. In the inner part of the bay, the seafloor morphology is marked by a bank suggesting a prograding sediment-fill. This bank is interrupted by a few mounds, most likely reef mounds, down to 45 m depth.

Cores

Stratigraphy and grain size

Visually, core K08 (off Fagafue Bay) appears composed of relatively homogeneous silty to sandy sediment, with slightly darker intervals found around 13-18 cm and 71-85 cm depth (Figs. 3, S1, S2 in supplementary material). Visually, no internal structures were observed. Some vascular plant debris could however be seen at 13 cm depth (Fig 2a). Despite the visual homogeneous-looking sediment, grain size distribution obtained from laser microdiffractometry reveals major grain size variations throughout the core and the sediment is generally poorly to very poorly sorted (Tables 4, S1 in supplementary material). The mean grain size varies between about 100 and 350 µm, with a few slightly finer-grained units identified between about 13-18 cm, 23.5-26 cm and 71-85 cm depth (Fig. 3, Tables 4, S1 in supplementary material). These finer-grained units also often exhibit normal or inverse grading (Table 4).

Unlike core K08, sediment within core K16 appears less homogenous visually. Slightly darker sediment can be seen around 5-20 cm and 115-122 cm depth (Figs. S3, S4, supplementary material). Grain-size distribution displays coarser sediment at the top (0-20 cm) and alternation of bimodal very poorly sorted sediment (63-75 cm and 93-115 cm depth) with relatively better sorted sediments (20-63 cm, 75-83 cm, 87-115 cm, 115-119.5 cm) (Fig. 4, Tables 4, S2 in supplementary material). In addition, abundant Halimeda plates are mixed with this better sorted sediment, while they are rare in the coarser intervals.

J o u r n a l P r e -p r o o f

Visually, no internal structures were observed, but inverse grading was recorded, based on grain size analysis, in at least one of the anomalous layers (Tables 4, S2 in Supplementary material).

Geochemistry

In core K08, the Ti/Ca ratio and Knorm distribution display a generally similar trend, with higher values at 13-18 cm, 23.5-26 cm, 71-85 cm and 105-112 cm depth, although it is very subtle in the latter for Knorm. These higher values generally also correlate with a finer mean grain size at these depths and exhibit sharp increases at 18 cm and 26 cm depth (Fig. 3).

In core K16, there are only two intervals at 113-120 cm and 136-139 cm depth, where Ti/Ca and Knorm display marked increases, with the lower one more or less correlated with change in mean grain size (Fig. 4). In the remaining of the core, Ti/Ca and Knorm profiles show little variation

Identification of anomalous layers

Based on the distribution of Ti/Ca and Knorm and the grain size characteristics, as well as additional sedimentological characteristics, such as reverse or normal grading (but not always), a number of units were identified, which differ from the background sediment in the cores. In the following, we label them anomalous layers (AL, with the code of the core in subscript), and describe them from the top of the cores downward, and this for each core.

Core K08, off Fagafue Bay

In core K08, four anomalous layers were identified (Fig. 3,Table 4) as follows:

The first one, AL108, between 13 and 18 cm depth, is marked at its base by an increase in Ti/Ca and Knorm counts. It consists of unimodal, poorly to very poorly sorted sandy mud (mean grain size between 72 and 137 m; sorting between 113 and 192; skewness between 2.48 and 5.186; kurtosis between 10.14 and 36.37) (Table S1) exhibiting a normal grading, with higher Knorm counts and Ti/Ca ratio. The sediment in this layer is finer, more poorly sorted and of a darker color compared to the underlying J o u r n a l P r e -p r o o f and overlying sediment. There is also some vascular plant debris at the top of this unit, at 13 cm depth.

The second one, AL208, between 23.5 and 26 cm depth, consists of unimodal, very poorly sorted sandy mud (without any grading) (mean grain size between 86 and 94 m; sorting between 122 and 132; skewness between 2.85 and 3.12; kurtosis between 12.62 and 14.85) (Table S1), and is also more poorly sorted than the background sediment (Fig. 3). It is characterized by a marked increase in Knorm counts at its base, and higher Knorm counts and Ti/Ca ratio than the overlying and underlying sediment.

There is however no change in color.

The third one, AL308, between 71 and 85 cm depth, consists of unimodal, very poorly sorted sandy mud with muddy sand at the base and top (mean grain size between 45 and 158 m; sorting between 68 and 260; skewness between 2.08 and 4.41; kurtosis between 7.64 and 28.22) (Table S1), with a marked but gradual increase in Ti/Ca and Knorm counts at the base, which correlates with a gradual decrease in grain size (compared to the underlying sediment) and sorting (Fig. 3). The sediment of AL308 fines upward (normal grading) then coarsens upward (reverse grading) and is darker than the background. It is also more poorly sorted.

-The fourth one, AL408, between 103.5 and 112.5 cm depth, is mostly marked by an increase in Ti/Ca correlating with an alternation of bimodal and unimodal poorly to very poorly sorted muddy sand (mean grain size between 98 and 332 m; sorting between 132 and 467; skewness between 1.74 and 4.28; kurtosis between 4.99 and 27.72) (Table S1) exhibiting a subtle reverse grading. Although the grain size variations do not show major changes compared to those in the overlying and underlying sediment, the sediment is more poorly sorted, as reported for the other anomalous layers. Knorm counts show a marked decrease at the upper boundary of the layer.

Core K16, Masefau Bay

In core K16, five anomalous layers were identified (Fig. 4, Table 4), mostly (but not always) based on the difference in grain size distribution.

J o u r n a l P r e -p r o o f

The first one, AL116, between 7 and 20 cm depth, consists of very poorly sorted muddy sand displaying an alternation of layers with bimodal and unimodal grain size distribution, and two fining-upwards sub-units, with a thin coarser interval at 10-12 cm depth (mean grain size between 125 and 390 m; sorting between 146 and 503; skewness between 1.03 and 2.80; kurtosis between 3.45 and 11.39) (Table S2). A sharp lower contact with the finer underlying sediment, while not easy to see with the naked eye, was recorded using grain size analysis. Only rare Halimeda plates occur in this layer. While Ti/Ca distribution does not exhibit any changes with the underlying sediment, the ratio displays a small but marked decrease at the upper boundary of this unit. Knorm distribution shows some variation.

The second one, AL216, between 35.5 and 40 cm depth, consists of trimodal, bimodal and unimodal poorly to very poorly sorted sandy mud with muddy sand at the top (inverse grading) (mean grain size between 64 and 253 m; sorting between 100 and 377; skewness between 2.07 and 4.36; kurtosis between 7.01 and 26.34) (Table S2), with two small coarser intervals, compared to the background sediment (Fig. 4). There are also only a few Halimeda plates in this layer.

The third one, AL316, between 60 and 75 cm depth, displays a very poorly sorted (mostly bimodal grain size distributions) sandy mud and muddy sand with a sharp base (mean grain size between 99 and 364 m; sorting between 153 and 462; skewness between 1.39 and 2.93; kurtosis between 4.24 and 13.07) (Table S2). A few Halimeda plates are found in this layer. As in AL216, the Ti/Ca and Knorm profiles do not display any major changes from the background.

The fourth one, AL416, between 93 and 119.5 cm depth, stands out due to the very high Ti/Ca and Knorm counts and sharp increase at the base of the layer (113-119.5 cm depth). Ti/Ca and Knorm counts are also higher than in the overlying and underlying sediment. This layer is darker than the background and consists of bimodal very poorly sorted sandy mud with thin intercalations of muddy sand, and a sharp basal contact (mean grain size between 88 and 299 m; sorting between 161 and 385; skewness between 1.42 and 3.09; kurtosis between 4.92 and 13.16) (Table S2). There are only a few Halimeda plates in this layer.

J o u r n a l P r e -p r o o f

The fifth one, AL516, between 135 and 139.5 cm depth, consists of bimodal very poorly sorted sandy mud (mean grain size between 82 and 324 m; sorting between 149 and 354; skewness between 1.348 and 3.056; kurtosis between 4.351 and 12.46) (Table S2). This layer is different from the other anomalous layers in core k16 in that it is characterized by a finer sediment than the background and it also displays a small peak in both Ti/Ca and Knorm counts (in the lower part of AL516).

Chronology

The chronology of the two sedimentary sequences was established using 210 Pb, 137 Cs and 14 C. In core K08, the 210 Pbxs profile can be divided into three domains (Fig. 3). In the uppermost layer (0 -4 cm), the activity is the highest (270 mBq.g -1 ). Then, between 4 and 17 cm depth, the activities are much lower (around 140 -150 mBq.g -1 ) and even increase slightly downcore, although this occurs within the top two identified anomalous layers, AL108 and AL208. From the base of AL208, 210 Pbxs shows an exponential decrease downcore to 50 cm depth. Below 60 cm depth, activities are negligible (5 mBq.g - 1 ). The 210 Pbx profile section between 18 and 50 cm depth is then used to estimate the sedimentation rate in this part of the core. The fairly constant 232 Th activities (a long-lived and naturally-occurring radionuclide usually associated with the detrital fraction) around 5 mBq g -1 (Fig. 3) in this section indicate the absence of changes in lithological sources, implying that the changes with depth of 210 Pbxs activity are mainly related to the radioactive decay of 210 Pb. Thus, assuming constant flux and constant sedimentation (referred to as the CF:CS model; [START_REF] Krishnaswamy | Geochronology of lake sediments[END_REF], the mean sedimentation accumulation rate (SAR) was estimated to be 0.51  0.04 cm.yr -1 (Fig. 3). The deposition time of each sediment layer, in years and excluding the anomalous layers, was estimated by dividing the depth by the mean SAR, assuming the top of the core to be 2015 (date when the cores were sampled). This age vs depth model was then corroborated using the 137 Cs activity (Fig. 3), although the potential mobility of 137 Cs in saline sediments should also be considered (e.g., [START_REF] J O U R N A L P R E -P R O O F Hancock | Plutonium as a chronomarker in Australian and New Zealand sediments: a comparison with 137 Cs[END_REF]. 137 Cs activity is very low, as also observed elsewhere in the Southern Hemisphere, including the Samoan Islands [START_REF] Terry | Sediment deposition rate in the Falefa River basin, Upolu Island, Samoa[END_REF][START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF]. However, there is a small maximum at 20 cm depth, which we ascribe to J o u r n a l P r e -p r o o f the maximum atmospheric fallout (1964)(1965) in the Southern Hemisphere (e.g., [START_REF] Terry | Sediment deposition rate in the Falefa River basin, Upolu Island, Samoa[END_REF][START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF]. In addition, four radiocarbon ages were obtained in this core (Fig. 3, Table 3): 1960-1962-1985-1987 CE (modern) CE (modern) near the top of AL108 (13 cm depth), 1416-1663 CE immediately above AL308 (69 cm depth) and 1960-1962-1985-1987CE 1-1751 CE below this layer (83 cm depth), and 1031-1290 CE below AL408 (125 cm depth).

In core K16, 210 Pbxs activities are around 113 mBq.g -1 and remain constant in the top 20 cm, which include the anomalous layer AL116, thus suggesting mixing (if there was not any mixing, the 210 Pbxs activities would decrease). Below 20 cm depth, 210 Pbxs displays a regular exponential decrease (except for lower activities in AL216 and AL316), which is associated with a fairly constant 232 Th, around 2.6 mBq g -1 (Fig. 4). As for core K08, we retained the sections of the profiles below layer AL116 to estimate a mean sedimentation rate of 0.69  0.16 cm.yr -1 using the CF:CS model. The peak of 137 Cs activity at 34 cm depth (1964( -1965 CE) CE), immediately above AL216, validates the age depth 210 Pbex model (Fig. 4).

One radiocarbon age was obtained (Fig. 4, Table 3) 1433-1677 CE below AL416 (125 cm depth).

Discussion

Origin of anomalous/event layers

Mostly based on sedimentological and chemical characteristics, four and five anomalous layers were identified in cores K08 (off Fagafue Bay) and K16 (Masefau Bay), respectively (Figs. 3,4; Table 4; Section 5.2.3). The environmental settings are different, with core K08 taken in a small trough offshore Fagafue Bay, while K16 was taken in a sheltered bay.

Due to the more open morphology, Fagafue Bay is more exposed to waves compared to Masefau Bay.

In such a setting, the background sediment in core K08 (off Fagafue Bay) exhibits large mean grain size variations and is generally much coarser than that of the anomalous layers (AL108, , AL208, AL308, AL408, Fig. 3), although the sediment in these (anomalous) layers is not as well sorted. All anomalous layers exhibit higher Ti/Ca and Knorm counts than in the background sediment. Based on these characteristics, the anomalous layers are interpreted as event deposits, with their Ti/Ca composition suggesting a J o u r n a l P r e -p r o o f dominant terrestrial source. As reported in previous studies (e.g., [START_REF] Natland | The progression of volcanism in the Samoan linear volcanic chain[END_REF][START_REF] Morrison | Elemental composition and mineralogical characteristics of coastal marine sediments of Tutuila, American Samoa[END_REF][START_REF] Chagué-Goff | Applications of geochemistry in tsunami research: A review[END_REF], high Ti and K are attributed to the basaltic rocks dominating the Samoan islands, with K also often associated with clays and other fine-grained sediment, derived from weathering of basaltic rocks, while Ca reflects the carbonates and corals offshore and in bays around the islands (e.g., [START_REF] Morrison | Elemental composition and mineralogical characteristics of coastal marine sediments of Tutuila, American Samoa[END_REF][START_REF] Chagué-Goff | Expanding the proxy toolkit to help identify past events -Lessons from the 2004 Indian Ocean Tsunami and the 2009 South Pacific Tsunami[END_REF], 2017). A similar pattern of Ti vs Ca distribution has been reported from other studies elsewhere, including offshore Khao Lak, Thailand [START_REF] Sakuna | Sedimentary deposits left by the 2004 Indian Ocean tsunami on the inner continental shelf offshore of Khao Lak, Andaman Sea (Thailand)[END_REF] and in the Mediterranean [START_REF] Smedile | New coring study in Augusta Bay expands understanding of offshore tsunami deposits (Eastern Sicily, Italy)[END_REF]. The thin veneer of plant debris at the top of AL108 also suggests a terrestrial source for the layer. Similarly, [START_REF] Feist | Holocene offshore tsunami archive -Tsunami deposits on the Algarve shelf (Portugal)[END_REF] reported an increase in terrigenous material at the top of event layers on the Algarve Shelf off the coast of Portugal. What is however different from most other high-energy deposits in offshore settings is that the background sediment is usually finer (e.g., [START_REF] Fujiwara | Identification of tsunami deposits considering the tsunami waveform: An example of subaqueous tsunami deposits in Holocene shallow bay on southern Boso Peninsula, Central Japan[END_REF][START_REF] Sakuna | Sedimentary deposits left by the 2004 Indian Ocean tsunami on the inner continental shelf offshore of Khao Lak, Andaman Sea (Thailand)[END_REF][START_REF] Sakuna-Schwartz | Internal structure of event layers preserved on the Andaman Sea continental shelf, Thailand: tsunami vs. storm and flash-flood deposits[END_REF][START_REF] Tamura | Shallow-marine deposits associated with the 2011 Tohoku-oki tsunami in Sendai Bay, Japan[END_REF][START_REF] Yoshikawa | Evidence for erosion and deposition by the 2011 Tohoku-oki tsunami on the nearshore shelf of Sendai Bay, Japan[END_REF]Riou et al., 2020a[START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF][START_REF] Smedile | New coring study in Augusta Bay expands understanding of offshore tsunami deposits (Eastern Sicily, Italy)[END_REF][START_REF] Feist | Holocene offshore tsunami archive -Tsunami deposits on the Algarve shelf (Portugal)[END_REF], as opposed to what is observed off Fagafue Bay. This is most probably attributed to the more exposed environmental setting 1.5 km off Fagafue Bay. Indeed, the shoreface sediment located offshore this bay can be affected by waves propagating from the Pacific Ocean, with wavelengths longer than 100 to 200 m [START_REF] Collard | Monitoring and analysis of ocean swell fields from space: New methods for routine observations[END_REF]. Such long gravity waves are likely to rework the shoreface at a few tens of meters water depth, resulting in relatively coarse sedimentation (mainly material) relative to sheltered bays protected from ocean waves. The sheltered Pago Pago Bay with its silty sedimentation represents a good example of the latter this type of depositional environment.

In Masefau Bay (core K16), the background sediment consists mostly of very well to well sorted coarse silt, while the anomalous layers are characterized by poorly sorted fine to medium sand, except in AL516 near the base of the core, which consists of very fine sand. In this core, only two of the layers (AL416 and AL516) have a distinct chemical signature from the background, with peaks in Ti/Ca suggesting a terrestrial source. [START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF] showed that peaks in Ti/Ca were related to volcanic minerals including iddingsite, augite and labradorite. The lack of chemical markers in the other
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Journal Pre-proof anomalous layers (AL116, AL216 and AL316) is most probably attributed to the coarser nature of the sediment, with the lack of fine-grained material, such as clay, reflected in low Knorm counts, but also low Ti/Ca. However, the near absence of Halimeda plates in these anomalous layers, in contrast to their high occurrence in the background sediment, together with the frequently observed bimodal grain size distribution could be related to the mixing of marine and terrestrial material. Alternatively, it cannot be excluded that the near absence of Halimeda plates is related to an environmental change less favorable to these algae. While it is less obvious compared to anomalous layers in K08, those identified in K16 are also interpreted to represent event deposits.

Such event deposits (anomalous layers) can be related to large storms or cyclones, which can generate strong waves or flash-floods, but can also be linked to volcanic eruptions or tsunamis (e.g., [START_REF] Tappin | Sedimentary features of tsunami deposits-Their origin, recognition and discrimination: An introduction[END_REF][START_REF] Sakuna-Schwartz | Internal structure of event layers preserved on the Andaman Sea continental shelf, Thailand: tsunami vs. storm and flash-flood deposits[END_REF]. They can also be interpreted as backwash deposits, based on their grain size change relative to the background sedimentation and higher Ti/Ca, indicating a seaward transport of sediment of terrestrial origin into the marine environment, as also reported in Thailand, Sicily and Portugal, respectively (e.g., [START_REF] Sakuna-Schwartz | Internal structure of event layers preserved on the Andaman Sea continental shelf, Thailand: tsunami vs. storm and flash-flood deposits[END_REF][START_REF] Smedile | New coring study in Augusta Bay expands understanding of offshore tsunami deposits (Eastern Sicily, Italy)[END_REF][START_REF] Feist | Holocene offshore tsunami archive -Tsunami deposits on the Algarve shelf (Portugal)[END_REF], and also in Pago Pago Bay, on the south shore of Tutuila [START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF].

Based on the terrigenous signature (higher Ti/Ca related to volcanic minerals, [START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF], the ages, known tsunami waves and cyclones that hit Tutuila Island (Table 1) and similar event layers encountered in a previous study in Pago Pago Bay attributed to recent tsunami backwash deposits following the 2009 South Pacific tsunami and the 1960 Valdivia tsunami (Riou et al., 2020a[START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF], event layers AL1 to AL5 can be either interpreted as tsunami backwash deposits or cyclone-related flash-flood deposits [START_REF] Srinivasalu | A study on pre-and posttsunami shallow deposits off SE coast of India from the 2004 Indian Ocean tsunami: a geochemical approach[END_REF][START_REF] Sakuna | Sedimentary deposits left by the 2004 Indian Ocean tsunami on the inner continental shelf offshore of Khao Lak, Andaman Sea (Thailand)[END_REF][START_REF] J O U R N A L P R E -P R O O F Pongpiachan | Sedimentary features of tsunami backwash deposits as assessed by micro-beam synchrotron X-ray fluorescence (μ-SXRF) at the Siam photon laboratory[END_REF][START_REF] Veerasingam | Identification and characterization of tsunami deposits off southeast J o u r n a l P r e -p r o o f coast of India from the 2004 Indian Ocean tsunami: Rock magnetic and geochemical approach[END_REF][START_REF] Sakuna-Schwartz | Internal structure of event layers preserved on the Andaman Sea continental shelf, Thailand: tsunami vs. storm and flash-flood deposits[END_REF]. As pointed out by [START_REF] Tamura | Shallow-marine deposits associated with the 2011 Tohoku-oki tsunami in Sendai Bay, Japan[END_REF], there are still no proxy kits allowing to distinguish tsunami backwash deposits from flash flood deposits and the attribution of a deposit to one or the other origin (tsunami vs flashflood) often relies on the chronological control. Nevertheless, sedimentological characteristics might provide insights into the depositional process.

J o u r n a l P r e -p r o o f

The grain-size distributions of the anomalous layers display poor to very poor sorting in both cores and a bimodal trend in core K16. According to [START_REF] Sakuna-Schwartz | Internal structure of event layers preserved on the Andaman Sea continental shelf, Thailand: tsunami vs. storm and flash-flood deposits[END_REF], flash-flood deposits can be characterized by a finer grain size when compared to tsunami backwash deposits. More specifically flash-flood deposits were found to display a very good grain size sorting [START_REF] Sakuna-Schwartz | Internal structure of event layers preserved on the Andaman Sea continental shelf, Thailand: tsunami vs. storm and flash-flood deposits[END_REF], whereas backwash tsunami deposits are usually poorly sorted and may sometimes display a bimodal grain size trend [START_REF] Paris | Coastal sedimentation associated with the December 26, 2004 tsunami in Lhok Nga, west Banda Aceh (Sumatra, Indonesia)[END_REF][START_REF] Tappin | Sedimentary features of tsunami deposits-Their origin, recognition and discrimination: An introduction[END_REF]. [START_REF] Feist | Holocene offshore tsunami archive -Tsunami deposits on the Algarve shelf (Portugal)[END_REF] also reported poor sorting of event layers attributed to tsunamis on the Algarve Shelf. While [START_REF] Fujiwara | Identification of tsunami deposits considering the tsunami waveform: An example of subaqueous tsunami deposits in Holocene shallow bay on southern Boso Peninsula, Central Japan[END_REF] used the occurrence of a stacking pattern of sub-layers as evidence for deposition associated with long period waves (tsunamis), as opposed to storms, such stacking pattern was not observed at our study sites, and also appears to be only seldom reported. Thus, AL108 and 16, AL208 and 16, AL308 and 16, AL408 and 16 and possibly AL516 anomalous layers were probably emplaced during tsunami backwash events, although only a comparison of tsunami backwash and flash-flood deposits at the same site might allow a more definite distinction, as the characteristics of these deposits are often site-specific, as also reported around American Samoa [START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF]this study). Furthermore, the grain size distribution of the source material is likely to have an influence on that of the deposits, while hydrodynamic processes during the deposition of the anomalous layers will also impact their sedimentological characteristics, as will the distance between the source material and the area of deposition.

Event deposits and proposed source events

The 210 Pbex-derived age model, corroborated by 137 Cs and 14 C data, allowed dating of the anomalous layers and correlation between cores K08 and K16 (Figs. 345). Following their correlation, anomalous layers are labeled event layers (Fig. 5). For each event layer, the estimated age corresponds to the date at the top of the layer.

J o u r n a l P r e -p r o o f 6.2.1 Event layer EL1 EL1, which is the shallowest event layer, is found in both cores (AL108 and AL116). It is dated to 2009  0.5 CE in core K08 and 2009  0.4 CE in core K16, and most likely corresponds to the 2009 South Pacific Tsunami deposits. Given chronological constraints related to 210 Pb and 137 Cs activities, it is likely that the plant debris, at the top of AL108, are reworked material. EL1 is thick (5 and 13 cm in AL108 and AL116, respectively) and is characterized by a coarser grain size (than the background sediment) in core K16, but finer in K08 and associated with an increase in Knorm and Ti/Ca. In Pago Pago Bay, the tsunami backwash deposit of the 2009 event was also a few cm thick (2 to 7 cm, [START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF] with a strong terrestrial chemical signature (such as Ti/Ca; Fig. 5) [START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF]. Thus, here we provide the first report of tsunami backwash deposits in different depositional environments, associated with a recent event all around an island.

Just below the 137 Cs activity peak, which is a reference point for 1964-1965 CE, AL208 and AL216 are observed in both cores. The occurrence of the 137 Cs activity peak (1964( -1965 CE) CE) immediately below event layer AL108 (in core K08, Fig. 3) suggests that the marine sediment deposited since 1964-1965 CE must have been eroded, possibly by the landward tsunami wave in 2009, as also reported off the coast of NE Japan following the 2011 Tohoku-oki tsunami by [START_REF] J O U R N A L P R E -P R O O F Seike | Disturbance of shallow marine soft-bottom environments and megabenthos assemblages by a huge tsunami induced by the 2011 M9.0 Tohoku-Oki earthquake[END_REF]. Alternatively, the occurrence of the 137 Cs activity peak immediately below event layer AL108 could be explained by a lower sedimentation rate related to higher energy offshore Fagafue Bay.

An alternative origin for the deposits might have been one of the cyclones that affected Tutuila in 1990 and 1991 (Table 1) [START_REF] Wacop | Waves & Coasts in the Pacific)[END_REF]. While dispersed clasts associated with a higher Ti/Ca in one core of Pago Pago Bay were tentatively attributed to one of these cyclones, also based on 210 Pb dating [START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF], here, the chronology based on 210 Pb dating and 137 Cs activity suggests that EL1 was emplaced two decades later (around 2009), thus not supporting an event that occurred early 1990. As mentioned above, it might however also due to erosion by the landward tsunami wave in 2009 that would have removed any trace of an earlier event.

J o u r n a l P r e -p r o o f

Event layer EL2

Event layer EL2 is dated to 1957  1.3 CE in core K08 (AL208) and 1960  2.3 CE in core K16 (AL216).

Two hypotheses can be proposed for the event responsible for this anomalous layer: the 1960 Valdivia tsunami or the 1957 Aleutian tsunami. Following the 1960 Valdivia tsunami caused by a 9.5 Mw earthquake, waves and inundations were reported across most of the Southern Pacific (NGDC, 2023).

However, despite the main E to W motion of the waves (e.g., [START_REF] Goff | In search of Holocene trans-Pacific palaeotsunamis[END_REF] no inundation was reported in the northern bays of Tutuila (NGDC, 2023). There are three reports of runup in Tutuila; two are from Pago Pago, with one based on a tidal gauge report (0.8 m wave amplitude) and the other based on an eyewitness record (2.4 m wave height). The third report is from Fagaalu, near the entrance to Pago Pago Bay and was based on an eyewitness record (0.8 m wave height; NGDC, 2023).

Thus, the absence of any other record might simply be due to the lack of instrumental and/or eyewitness record elsewhere on Tutuila.

The 1957 Aleutian tsunami impacted less severely the islands in the southern Pacific (NGDC, 2023). However, probably due to the N to S waves motion, a 1.5 m wave was reported in Fagasa (eyewitness account; NGDC, 2023), just a few km E from Fagafue Bay, and there were also a tide gauge report (0.2 m wave amplitude) and an eyewitness account (1.2 m wave height) in Pago Pago (NGDC, 2023).

Therefore, EL2 may correspond either to the 1960 Valdivia or the 1957 Aleutian tsunami deposits, with the chronology not allowing to distinguish one from the other. An event deposit tentatively attributed to the 1960 Valdivia tsunami was reported onshore in Ma'asina, on the N coast of Upolu, Samoa [START_REF] Williams | Reassessment of long-term tsunami hazards in Samoa based on sedimentary signatures[END_REF], as there was a record of waves impacting around the area (Pararas-Carayanis and Dong, 1980). The 1957 Aleutian tsunami was not proposed as an alternative by [START_REF] Williams | Reassessment of long-term tsunami hazards in Samoa based on sedimentary signatures[END_REF], possibly because the wave height was much smaller, as reported by Pararas-Carayanis and Dong (1980). Modeling suggests that the Samoan Islands (Samoa and American Samoa) have been impacted by both events (National Oceanic and Atmospheric Administration, 2017), with runup records for the northern coasts of the islands (Pararas-Carayanis and Dong, 1980;NGDC, 2023).

However, research carried out in the Hawaiian Islands has shown that the onshore deposits associated J o u r n a l P r e -p r o o f with the 1957 Aleutian tsunami are only a few cm thick at the most, despite runup heights over 10 m [START_REF] Chagué-Goff | Multi-proxy evidence for trans-Pacific tsunamis in the Hawai'ian Islands[END_REF][START_REF] Selle | Sedimentary evidence of prehistoric distant-source tsunamis in the Hawaiian Islands[END_REF]. While the thickness of tsunami deposits depends on a number of factors, including sediment availability, accommodation space and preservation potential (e.g., [START_REF] Dawson | Tsunami deposits in the geological record[END_REF][START_REF] Szczuciński | Post-depositional changes to tsunami deposits and their preservation potential[END_REF], it is likely that no deposit caused by the 1957 event was left behind in the Samoan Islands. In both cores, EL2 is a very thin and discrete layer characterized only by a short Ti/Ca and Knorm peak in core K08 and by a slightly coarser mean grain size in core K16. In Pago Pago, the 1960 tsunami backwash deposit was also described as a thin layer characterized by increases in Ti/Ca and other terrestrial chemical signatures (Ti/Sr, Zr/Ca, Zn/Ca, Pb/Ca; Riou et al., 2020b, their Fig. 5). Thus, EL2 is most likely attributed to the 1960 Valdivia tsunami, providing the first report of tsunami backwash deposits associated with an historic event all around an island, similar to what has been observed for the recent 2009 event (Section 6.2.1).

Event layer EL3

EL3 is found only in core K16 (AL316) and is dated to 1920  5.1 CE. Based on the chronological control, it most likely corresponds to the 1917 Tonga Trench tsunami generated by the 8.3 Mw Tonga Trench earthquake (e.g., [START_REF] Okal | Tsunamigenic predecessors to the 2009 Samoa earthquake[END_REF]. It is characterized by a bimodal grain-size distribution, with the presence of a second coarser mode in addition to the fine background marine sediment mode, most probably due to sediment influx from the land, resulting in a sharp mean grain size increase. A deposit potentially associated with the 1917 tsunami has also been reported in Falealupo, on the NW tip of Savaii Island (Samoa) as well as at a few locations on the southern shores of Upolu, Samoa [START_REF] Williams | Reassessment of long-term tsunami hazards in Samoa based on sedimentary signatures[END_REF]. Thus, our study provides another datapoint as geological evidence for the 1917 Tonga Trench tsunami in the South Pacific.

Event layer EL4

The chronology in core K16 suggests that the next event layer (AL416) most probably occurred after 1433-1677 CE (based on 14 C dating). One possible tsunami source for this event layer could be the J o u r n a l P r e -p r o o f (NGDC, 2023), which caused damage in Apia, Samoa (Pararas-Carayanis and Dong, 1980) with eyewitness reports of waves of up to 3 m in Apia and less than 1 m in a few other locations on the northern shore of Upolu (NGDC, 2023). Modeling of the tsunami [START_REF] Goff | In search of Holocene trans-Pacific palaeotsunamis[END_REF] confirms the path of the tsunami waves towards New Zealand and the Samoan Islands. While sedimentological evidence for this event has mostly been found in New Zealand, on the Chatham Islands [START_REF] Goff | Predecessor to New Zealand's largest historic trans-South Pacific tsunami of 1868AD[END_REF][START_REF] Nichol | Geomorphology and accommodation space as limiting factors on tsunami deposition: Chatham Island, southwest Pacific Ocean[END_REF] and the South Island [START_REF] Donnelly | A record of local storms and trans-Pacific tsunamis, eastern Banks Peninsula, New Zealand[END_REF][START_REF] Kain | Determining flow patterns and emplacement dynamics from tsunami deposits with no visible sedimentary structure[END_REF], [START_REF] Williams | Reassessment of long-term tsunami hazards in Samoa based on sedimentary signatures[END_REF] also reported a possible tsunami deposit in Maasina (northern shore of Upolu) associated with the 1868 CE event (based on 210 Pb dating). Thus, the 1868 CE Arica tsunami might represent a possible candidate for the source of AL416 in core K16.

Other alternatives for the source of AL416 in core K16 are older tsunamis possibly from the 14 th to 18 th century. Two possible known events are the 1604 CE tsunami, generated by a M 8.5 earthquake in Peru (near the epicenter of the 1868 CE Arica earthquake), and the 1575 CE tsunami, caused by a M 8.5 earthquake in Valdivia, Chile (near the epicenter of the 1960 Valdivia earthquake; [START_REF] Lomnitz | Major earthquakes and tsunamis in Chile during the period 1535 to 1955[END_REF][START_REF] Goff | Predecessor to New Zealand's largest historic trans-South Pacific tsunami of 1868AD[END_REF]. Deposits associated with the 1604 CE event have been found onshore in New Zealand, including the Chatham Islands [START_REF] Goff | Predecessor to New Zealand's largest historic trans-South Pacific tsunami of 1868AD[END_REF]. Modeling suggests that the 1604 CE tsunami might have affected the Samoan Islands [START_REF] Goff | In search of Holocene trans-Pacific palaeotsunamis[END_REF], although the modeled wave amplitude in that region is lower than that of the 1868 CE event. While the thickness of backwash deposits depends on many factors, and not only the wave amplitude and the magnitude of the generating earthquake (or other event), layer AL416 is over 25 cm thick, with a pronounced terrestrial signature that decreases upward. Therefore, a larger event (than the 1604 CE or 1575 CE events) might be more plausible.

One such event is the prehistoric 15 th century tsunami, which has been associated with many deposits and archaeological evidence across the South Pacific, although age ranges sometimes extend to the 16 th century (see [START_REF] Goff | In search of Holocene trans-Pacific palaeotsunamis[END_REF] for a review), with modeling of a Mw 9.4 earthquake on the central Tonga trench showing the wide potential impact of the generated tsunami in the region (Goff et al., J o u r n a l P r e -p r o o f 2022). These authors did not explain why they chose a Mw 9.4 earthquake as the tsunami source for the model, and the magnitude of the event might be overestimated. Although some authors have suggested the source of the earthquake might be on the Tonga Trench, there is still some debate about the source of the 15 th century regional tsunami [START_REF] Lavigne | Bridging legends and science: field evidence of a large tsunami that affected the Kingdom of Tonga in the 15th Century[END_REF][START_REF] Goff | In search of Holocene trans-Pacific palaeotsunamis[END_REF][START_REF] Paris | Sedimentary evidence of tsunamis in New Caledonia, southwest Pacific[END_REF]. Nevertheless, boulders of coral limestone that were found 30 m a.m.s.l. and 20 m a.m.s.l. in Tonga were linked with a 15 th century large tsunami [START_REF] Lavigne | Bridging legends and science: field evidence of a large tsunami that affected the Kingdom of Tonga in the 15th Century[END_REF], although [START_REF] Frohlich | Huge erratic boulders in Tonga deposited by a prehistoric tsunami[END_REF] suggested a volcanic flank collapse or undersea landslides as the possible cause for these boulders on Tonga. A layer of bioclastic sands at one site on Grande Terre Island, and a layer of pumice lapilli at a site on Maré Island in New Caledonia have also been associated with a 15 th century tsunami [START_REF] Paris | Sedimentary evidence of tsunamis in New Caledonia, southwest Pacific[END_REF]. Geological evidence for this event linked with archeological data has been reported from Ofu Island (American Samoa) located about 100 km E of Tutuila [START_REF] Quintus | Landscape evolution and human settlement patterns on Ofu Island, Manu'a Group, American Samoa[END_REF], and as indicated above, in many other locations in the South Pacific, including Wallis and Futuna [START_REF] Goff | Predecessors to the 2009 South Pacific tsunami in the Wallis and Futuna archipelago[END_REF], New Zealand and possibly Australia [START_REF] Goff | In search of Holocene trans-Pacific palaeotsunamis[END_REF]. The 15 th century tsunami would also match the event that resulted in the anomalous layer AL308 in core K08, which is bracketed between 1416-1663 CE (immediately above the layer) and 1464-1751 CE (immediately below the layer; based on 14 C dating) (Fig. 3). While there appears to be an inversion, the ages overlap around 1464-1663 CE, thus corroborating the suggestion of a 15 th (or 16 th ) century tsunami.

Whether the backwash deposits are due to a far-field tsunami or a local tsunami is difficult to ascertain. In the literature, there are hardly any records of backwash deposits at the same site linked with both far-field tsunamis and local tsunamis. The backwash deposit in Pago Pago Bay associated with the 1960 Valdivia tsunami caused by an earthquake about 10,000 km away and that linked with the local 2009 South Pacific tsunami (Fig. 5) [START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF] are, as far as the authors are aware, the only ones. In Pago Pago Bay, the backwash deposits of the far-field 1960 Valdivia tsunami (no more than 2-3 cm thickness) were thinner than that of the local 2009 South Pacific tsunami (up to 7-8 cm thickness) (Fig. 5) [START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF]. While both deposits were observed in a number of cores in that bay, more evidence from other sites elsewhere in the world and associated with other tsunamis J o u r n a l P r e -p r o o f would be required to be able to draw definite conclusions between the distance of the generating event and the thickness of the backwash deposit, as the latter depends on many other factors, including sediment availability, tsunami wave characteristics, geomorphology and preservation potential, amongst others. Nevertheless, our data, based on the wide occurrence of deposits of a similar age around the Pacific, suggest that event layer EL4, which is recorded in both core K08 (AL308) and K16 (AL416) as deposits of 14 cm and 26.5 cm thickness, respectively, was most probably associated with a large 15 th /16 th century tsunami possibly generated in the South Pacific.

Event layer EL5

The lowest anomalous layer in core K08 (AL408) (Fig. 3) can possibly be linked with the lowest anomalous layer in core K16 (AL516) (Fig. 4). The chronological control based on 14 C dating suggests that these layers were deposited prior to 1433-1677 CE (core K16) but after 1031-1290 CE (core K08) (Figs. 345). [START_REF] Williams | Reassessment of long-term tsunami hazards in Samoa based on sedimentary signatures[END_REF] have tentatively attributed an onshore deposit at Lano, on Savaii, Samoa to a 1100-1300 CE tsunami, whose generating event is unknown. Two large earthquakes resembling the 1960 Valdivia earthquake, and which resulted in large tsunamis, have also been reported to have occurred sometime between about 900-1128 CE and 1300-1398 CE, respectively, about 200 km south of Valdivia, in Chile [START_REF] Cisternas | Unusual geologic evidence of coeval seismic shaking and tsunamis shows variability in earthquake size and recurrence in the area of the giant 1960 Chile earthquake[END_REF] and could also potentially represent a source for the event layer EL5. The uncertainty of the dating control does not allow us to be more definite as to the age of the generating event and more work would be required to ascertain the age and source of the tsunami.

Based on relatively well-constrained radiochronology, geochemical and grain size data, together with correlations with already identified backwash deposits [START_REF] Riou | Backwash sediment record of the 2009 South Pacific Tsunami and 1960 Great Chilean Earthquake Tsunami[END_REF] are not correlated to well-documented events, their interpretation as tsunami backwash deposits remains more hypothetical. However, it remains true that they show strong similarities with wellknown and recent tsunami backwash deposits.

Conclusions

In this study, we present the geological record of tsunamis that have impacted the northern shores of Tutuila Island (American Samoa) based on the analyses of two cores collected offshore the open bay off Fagafue and in the sheltered bay of Masefau. Despite the different hydrodynamic settings between the two study areas, five event layers were identified based on sedimentological, grain-size distributions and geochemical criteria and interpreted as shallow marine tsunami backwash deposits. The oldest event layer corresponds to an event that occurred between the 11 th and 14 th century, possibly due to a large earthquake in Chile, although more research would be needed to provide more certainty about this event.

Together with backwash deposits of the 2009 South Pacific tsunami and 1960 Valdivia Chile tsunami previously identified in Pago Pago Bay, this study provides the first correlation around an island of J o u r n a l P r e -p r o o f Journal Pre-proof offshore tsunami backwash deposits from two specific events from both a local and a far-field source.

This study also provides the first backwash evidence of a large 15 th century tsunami, which can be correlated with many onshore evidence (geological, archeological and societal) in other islands of the Pacific, as well as that of a possible event in the 11 th -14 th century. This work demonstrates the good preservation potential for tsunami backwash deposits below the fair-weather wave base, both in sheltered shallow marine environments and more open bays. It also shows that characteristics of backwash deposits vary in areas separated by short distances (a few kilometers), thus suggesting that more research should be carried out to identify tsunami backwash deposits in the geological record. 

  (Fig. 5), it is likely that AL1 and AL2 deposited offshore Massacre-Fagafue-Sita Bays and AL1, AL2 and AL3, deposited in Masefau Bay are related to known historic tsunamis, namely the 2009 South Pacific tsunami, the 1960 Valdivia tsunami and the 1917 Tonga Trench tsunami. Given the oldest event (AL3 and AL4 offshore Massacre-Fagafue-Sita Bays, and AL4 and AL5 in Masefau Bay) are less well constrained by radiochronology and J o u r n a l P r e -p r o o f
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  Cs activities,210 Pb and radiocarbon dating throughout the cores allowed correlation of these event deposits between both cores. The three most recent event layers are linked to known historic tsunamis, namely the 2009 South Pacific tsunami, the 1960 Valdivia tsunami and the 1917 Tonga Trench tsunami, the latter being only recorded in the sheltered bay (Masefau). The event layers are mostly characterized by darker sediment with a mean grain size coarsening induced by a bimodal distribution in Masefau Bay. This coarser grain size mode reveals the presence of a coarser terrestrial sediment input transported seaward by the tsunami backwash and is supported by lower amounts of Halimeda plates and slight increases in Ti/Ca, although the chemical signature is blurred by the coarser sediment distribution. Offshore Fagafue Bay, the event layers are characterized by finer sediment, and clear increases in Ti/Ca and Knorm, reflecting the input of terrestrial material. The fourth event layer was most likely emplaced by a tsunami in the 15-16 th century, whose source is still a matter of debate.
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Table 1 -

 1 Known tsunamis and cyclones that have affected Tutuila, American Samoa (up to 2015).

	Date	Event type	Source (for tsunamis)	Location of	Impacts
			References		
				Reported	
				Impacts	
	2009	Tsunami	Tonga Trench Earthquake	Poloa Bay	10 m wave height,
	18 m run-up height			

Table 4 -

 4 Description of the anomalous layers (AL).

		De						
		pt			Sor			
	Anomalo	h			ting	Skewne	Kurto	
	us Layer	(c	Sediment description		ran	ss	sis	XRF	Organic
	#	m)		Mean	ge	range	range		remains
				grain size				
				range				
				(m)				
								incre
								ase in
		13			113			Knorm
		-			-	2.48-	10.14	Highe
	AL108	18			192	5.18	-	r	vascular
			unimodal, poorly to very poorly sorted sandy mud normal	72-137			36.37	Ti/Ca	plant debris
			grading					ratio	at top
	AL208 AL308	23. 5-26 71 -85 10 3.5	unimodal, very poorly sorted sandy mud (without any grading) unimodal, very poorly sorted sandy mud + muddy sand at the base and top Normal grading then reverse grading J o u r n a l P r e -p r o o f 86-94 122 -132 2.85-3.12 45-158 68-260 2.08-4.41 132	12.62 -14.85 7.64-28.22	mark ed incre ase in Knorm at base, highe r Knorm count s and Ti/Ca ratio gradu al incre ase in Ti/Ca and Knorm at the base incre
		-			-	1.74-		ase in
	AL408	11			467	4.28	4.99-	Ti/Ca
		2.5 alternation of bimodal and unimodal poorly to very poorly	98-332			27.72	
			sorted muddy sand					
								Ti/Ca
								does
								not
								exhib
								it any
								chan
								ges
					146			with
		7-			-	1.03-		the
	AL116	20			503	2.80	3.45-	unde	rare
				125-390			11.39	rlying	Halimeda
			dark very poorly sorted muddy sand displaying an					sedi	plates
			alternation of layers with bimodal and unimodal grain size					ment
			distribution					/
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