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ABSTRACT
Informed by Māori oral histories that refer to past catastrophic marine inundations, multi-proxy
analysis of stratigraphic records from Swamp Bay, Rangitoto ki te Tonga (D’Urville Island) shows
evidence of an anomalous deposit extending some 160 m inland. The deposit includes two
distinct lithofacies. The lower sand unit is inferred to have been transported from the
marine environment, with corresponding increases in the percentages of benthic marine
and brackish–marine diatoms, and geochemical properties indicative of sudden changes in
environmental conditions. Radiocarbon dating indicates the deposit formation is less than
402 yrs BP, and pollen indicates it is unlikely to be younger than 1870 CE. Core stratigraphy
age models and co-seismic chronologies point to the marine unit most likely being
emplaced by tsunami transport associated with rupture of the Wairarapa Fault in 1855 CE.
The overlying unit of gravel and silt is inferred to be fluvial deposit and slope-wash from the
surrounding hills, loosened by ground-shaking following the earthquake. These findings
indicate the 1855 CE earthquake may have been more complex than previously thought
and, or, available tsunami modelling does not fully capture the local complexities in
bathymetry and topography that can cause hazardous and localized tsunami amplification
in embayments like Swamp Bay.
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Introduction and background

Coastal wetlands and lagoons are important physical
environments for the preservation and investigation
of deposits left by past tsunamis. Detailed stratigraphic
studies have been conducted world-wide, and the
resulting scholarship has contributed greatly to under-
standing the magnitude, sources and frequency of past
events (e.g. Atwater 1987; Dawson et al. 1988; Minoura
and Nakaya 1991; Moore et al. 1994; Goff et al. 2000;
Cisternas et al. 2005; Monecke et al. 2008; De Martini
et al. 2010; Ramírez-Herrera et al. 2012; Clark et al.
2015; Chagué et al. 2020). Many of these studies have
also helped to improve the interpretation of tsunami-
related signatures (often referred to as proxies) in sedi-
mentary deposits, withmulti-proxy analysis now estab-
lished as a fundamental requirement for distinguishing
palaeotsunami from anomalous fluvial- and/or
coupled storm-wave- generated deposits (e.g. Tuttle
et al. 2004; Morton et al. 2007; Chagué-Goff et al.
2011; Goff et al. 2012; Goto et al. 2015; Yap et al. 2021).

Recent inductive-based research in Aotearoa-New
Zealand1 (Aotearoa-NZ) alongside the Māori kin-
groups of Ngāti Koata and Ngāti Kuia about ancestral
experience with past tsunami(s) points to the potential
for uncovering tsunami deposits on Rangitoto ki te
Tonga (D’Urville Island) (King et al. 2018) (Figure 1).
This active tectonic location situated within the
greater Cook Strait region [Raukawa Moana] of cen-
tral Aotearoa-NZ provides numerous sources for
locally generated tsunamis, and given the country’s
oceanic setting it is also exposed to regionally and dis-
tantly generated tsunamis. The work presented here
seeks to locate evidence of tsunami inundation(s) pre-
served within the wetland environment of Swamp Bay,
Rangitoto ki te Tonga in order to estimate the age of
any inferred past events, and to correlate any potential
events with previous studies from across the region.
The project also seeks to contribute to the active
reclaiming of tribal histories surrounding past tsu-
nami impacts, while simultaneously adding to scien-
tific understandings of regional generating sources
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and recurrence intervals for tsunamis across the top of
the South Island, and the greater Cook Strait region.

Distinguishing tsunami deposits in onshore
sedimentary records

Tsunamis can sometimes leave traces, or deposits,
which, when preserved, can be used to detect past
events. The most commonly used proxies to infer tsu-
nami inundation are geological, including abrupt
changes in sediment mineralogy and grain size (ran-
ging from fine sediments to boulders), thinning or
fining of sediments inland and upwards through a
deposit, as well as sharp contacts between lithofacies
that are typically erosional or unconformable in
nature (e.g. Dawson and Shi 2000; Morton et al.
2007; Chagué-Goff et al. 2011; Goff et al. 2012).
These characteristics are often complemented by the
anomalous presence of intraclasts (rip-up clasts),
shell, wood and other organics, as well as changes in
microfossil assemblages such as diatoms, foraminifera
and ostracods that signal disturbed habitats and
altered environmental conditions (e.g. Hemphill-
Haley 1996; Cisternas et al. 2005; Dura et al. 2016).
Changes in chemical composition can also reflect vari-
ations in palaeosalinity, and/or minerals relative to
under and overlying sediments (Chagué-Goff 2010;
Chagué-Goff et al. 2017). In combination with these
criteria, known local, regional and/or distant tsunami-
genic sources, contemporaneous deposits at neigh-
bouring sites, and archaeological information
provide important contextual support for interpret-
ations of past events (Atwater and Moore 1992;
McFadgen and Goff 2007; Clark et al. 2015). Notwith-
standing the importance of these tsunami signatures,
the detection and confirmation of tsunami deposits
depend strongly upon (i) the preservation potential
of these deposits and the associated influence of

post-depositional changes – e.g. long-term weather-
ing, bioturbation, fluvial and marine reworking, and
(ii) sufficient multi-proxy evidence to distinguish tsu-
nami deposits from other sedimentary processes of
transport and deposition in different receiving
environments.

Environmental setting

Swamp Bay (40°45′S, 173°56′E) is located on the
north-west coast of Rangitoto ki te Tonga (D’Urville
Island), the northernmost island of the Marlborough
Sounds, South Island, Aotearoa-New Zealand (Figure
1). The bay is a headland bound embayment charac-
terised by steep hilly terrain amidst a drowned valley
landscape (Johnston 1996). Covering an area of
approximately 0.4 km2, it is bounded along its coastal
edge by a 200 m long sand-gravel beach ridge, which
reaches a maximum elevation of ∼6 m above mean
sea level (amsl) in the south-west where it mantles
the hillside (Figure 2). The elevation of the back-
barrier wetland varies approximately 3-3.5 m amsl
and increases in elevation gradually inland up the val-
ley. Similar to other embayments across the region,
the barrier most likely formed following the stabilis-
ation of sea level some 7300–6500 years ago (e.g.
Clement et al. 2016; Chagué et al. 2020; Kennedy
et al. 2021), with a wetland developing behind it
(Figure 2).

The surrounding hills of Swamp Bay range from
160 m to 360 m amsl. Their geology is dominated by
ultramafic, mafic and sedimentary rocks, commonly
enclosed in a serpentinite matrix, comprising the
Patuki Melange (Johnston 1996). In contrast, the
neighbouring Moutiti Island and the headlands to
the west of Swamp Bay consist of metamorphosed
sandstone and siltstone of the Matai Group (Johnston
1996).

Figure 1. A, Tectonic setting of central Aotearoa-New Zealand and locations mentioned in the text. ATNP = Abel Tasman National
Park, CT = Cape Terawhiti, CR = Clarence River, LG = Lake Grassmere, M-WL = Mataora-Wairau Lagoon, MR = Motupipi River,
NWDF = North Westland deformation front, O = Otaki, R = Rarangi, TK = Te Kopi, WB =Waikawa Beach. B, Rangitoto ki te
Tonga (D’Urville Island) and locations mentioned in the text. GH = Greville Harbour. C, Swamp Bay, Rangitoto ki te Tonga (D’Urville
Island) and Moutiti Island.
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Freshwater within Swamp Bay flows through a
modified central gully system (cleared of native forest
and drained for pastoral farming most likely sometime
in the twentieth century), as well as through three
smaller streams to the west and east. The salinity in
the wetland varies from freshwater to brackish
depending on recent rainfall, evaporation and/or
flooding where coastal inundation is possible during
storms. The wave climate of the bay is dominated by
locally generated waves as well as long-period swell
and storm waves from the north-west, with fetch
lengths to the north and east severely restricted by
the North Island. Ex-tropical Cyclone Gita at the

end of February 2018, which severely impacted the
upper South Island, resulted in flotsam and debris
being washed into the wetland, with evidence of mar-
ine sediments carried by the storm waves reaching the
top of the sand barrier (Figure 2).

Rangitoto ki te Tonga is located within a slowly
subsiding tectonic block bounded by the Wairau
Fault to the south, theWaimea–Flaxmore Fault system
to the west and the Wanganui Basin to the north
(Nicol 2011). The island lies within an area of moder-
ate seismic hazard with active faults to the south east
within Cook Strait [Raukawa Moana], east along the
Kapiti-Manawatu Fault system (Nodder et al. 2007)

Figure 2. A, Oblique view of Swamp Bay, Rangitoto (D’Urville Island) looking north across the embayment. (Photo source: Kate
Clark). B, Oblique view of Swamp Bay, Rangitoto (D’Urville Island) looking south across the embayment. (Photo source: Kate Clark).
C, Aerial view of the floatsam and debris washed into the wetland following Ex-Tropical Cyclone Gita in February 2018 (Photo
source: Kate Clark). D, Beach-level view looking south across the embayment of storm wave and flood-carried debris following
Ex-Tropical Cyclone Gita (Photo source: Gus Forgan). E, Location of vibracore site with grass-covered sand-gravel beach ridge
in the background (Photo source: Rory Newsam). F, Beach-level view looking north across the embayment towards Moutiti (Vic-
tory Island) (Photo source: Bruce McFadgen).

NEW ZEALAND JOURNAL OF GEOLOGY AND GEOPHYSICS 631



and west along the North Westland deformation front
(Barnes and Ghisetti 2016). The Waimea-Flaxmore
Fault system lies offshore to the west of Rangitoto ki
te Tonga, but it is not known if this fault is active.
The Hikurangi subduction zone lies to the east of Ran-
gitoto ki te Tonga and the westward-subducting
Pacific Plate lies at a depth of ∼70 km below the
study site (Williams et al. 2013).

Direct impacts from earthquakes on the Island
most probably involve slope failures and rock-slides.
Tsunami hazard and risk are also recognised, with
Māori oral histories referring to a ‘tidal wave’ at Moa-
whitu (Greville Harbour) on the western side of the
Island (Smith 1910; Mitchell and Mitchell 2004) and
inductive-based research alongside the Māori kin-
groups of Ngāti Koata and Ngāti Kuia indicating
great waves striking and scouring the beach at the
northern end of the Island (King et al. 2018). Marine
pebbles on the surface of the Moawhitu sand barrier
have been tentatively linked with a possible fifteenth
century tsunami (McFadgen 2007) and more recently
an inferred tsunami deposit was found within the
Moawhitu wetland dating to ∼2500-3000 yrs BP (Cha-
gué et al. 2020), although storms cannot be ruled out
unequivocally as a mechanism for transporting these
deposits. Rangitoto ki te Tonga is also the location
of some of the country’s premier archaeological sites,
comprising evidence of early- as well as late-period
Māori occupation and trade (e.g. gardens, food storage
pits, middens, fortifications, and argillite (pakohe)
stone quarries) (Wellman 1962; Brailsford 1991;
Patete 1997; Mitchell and Mitchell 2004).

Methods

Field methods

Following a reconnaissance visit in mid-February
2018, fieldwork was undertaken in April 2018 and
November 2019. In April 2018, ten cores (SB-1 to
SB-10) were extracted from the wetland area of
Swamp Bay using a sediment vibracorer (Figure 3).
When possible, cores were taken along transects per-
pendicular to the shore, with the furthest site 260 m
inland from the active beach face. Their depths ranged
between 1.58–3.89 m, with sediment compaction
between 0.14–1.44 m (Supplementary data 1). Survey-
ing was undertaken using a Real-Time Kinematic Glo-
bal Positioning System (RTK-GPS) and an Unmanned
Aerial Vehicle (UAV). Referencing for the UAV sur-
vey was provided by 10 ground control points
measured with the RTK-GPS. All elevations are rela-
tive to the NZVD2016 vertical datum (in this area of
New Zealand 0 m NZVD2016 is very close to mean
sea level). All vibracore sites were surveyed using the
RTK-GPS (precision ± 0.05 cm). Vibracore location
coordinates, elevation, penetration depth and

compaction information are provided in Supplemen-
tary data 1. Surface sediments were collected from
the high- and low-tide limits as well as from the base
of the surrounding hills to help with the interpretation
of sediments from the extracted cores. In November
2019, a semi-cylindrical Eijkelkamp Gouge Auger
was used to extract 31 cores from the north-eastern
part of the wetland to trace the extent of a shallow
sandy layer, with their location surveyed using a hand-
held GPS (precision ± several metres) (Figure 3).

Analytical methods

All cores were split, photographed and described using
the Troels-Smith classification system (Kershaw
1997). Based on the stratigraphy, core length, and
spatial distribution cores SB-1, SB-2, SB-3 and SB-10
were selected for detailed sedimentological, mineralo-
gical, geochemical, microfossil and geochronological
(radiocarbon) analyses. Core logs for the ten cores
extracted from Swamp Bay are provided in Sup-
plementary data 2.

Samples for grain size analysis (n = 79) were taken
at 20 cm intervals and at points immediately above,
below and within visible stratigraphic changes. Sedi-
ments >1000 μm were sieved over 1_Φ intervals
from 4 to 0Φ and each fraction was weighed. The frac-
tion <1000 μm was analysed using a Beckman Coulter
LS13 320 Laser Diffraction Particle Size Analyser fol-
lowing treatment with hydrogen peroxide and sodium
hexametaphosphate. These results were merged at
equivalent 1_Φ intervals to enable the sand and gravel
component to be included in the overall results. Gra-
distat Version 8 was used to process the results with
geometric sample statistics presented (Blott and Pye
2001). In addition, selected samples from surface sedi-
ment as well as from key sedimentary units were
examined under a binocular microscope to character-
ise their mineralogy.

Samples for diatom analysis taken from key strati-
graphic units (n = 36) in cores SB-1, SB-2 and SB-3,
were prepared following standard techniques (Battar-
bee 1986; Cochran 2002). Counts of 200–250 diatoms
were made (where possible) using light microscopy at
a magnification of ×1000. Species were identified
based on standard diatom floras (Foged 1979; Kram-
mer and Lange-Bertalot 1986, 1988, 1991a, 1991b;
Round et al. 1990; Hartley 1996; Witkowski et al.
2000). They were then grouped according to salinity
and habitat preferences following Round et al.
(1990), Vos and de Wolf (1993), Van Dam et al.
(1994) and Witkowski et al. (2000) to infer the
palaeo-environmental significance of each sample
and the potential source of the sediment.

ITRAX micro-XRF (X-Ray Fluorescence) scanning
at the X-Ray Centre, University of Auckland was car-
ried out at 1 mm intervals (with settings of 50 mA, 60
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kV, 10 s exposure time) to provide a high-resolution
elemental record. Elements known to assist lithostrati-
graphic analysis and the specific identification of sig-
natures in association with marine inundation were
selected in this study and were normalised over total

counts (cps) (e.g. Croudace et al. 2006; Chagué-Goff
et al. 2016). The ratio of incoherent vs coherent scat-
tering data obtained with the molybdenum (Mo)
tube of the instrument (reported as Mo R, also called
Mo Inc/Mo Coh) was used as a proxy for organic

Figure 3. A, Location of vibracores (white circles with black outer circle) and gouge auger cores (black squares) Swamp Bay, Ran-
gitoto (D’Urville Island) (Image source: Google-Earth-Pro 2020). A digital surface model derived from a Real-Time Kinematic Global
Positioning System (RTK-GPS) and an Unmanned Aerial Vehicle (UAV) overlies the beach and wetland area of the embayment.
Elevations are relative to mean sea level (NZVD2016 vertical datum). B, Transects illustrating surface topography and the gener-
alised core stratigraphy and main lithofacies. Based on the sedimentary characteristics, sedimentary structures, grain size, and
nature of contacts (depositional and/or erosional), the different lithological sections are classified into five units (a–e, from top
to bottom). Vibracores are not to scale.

NEW ZEALAND JOURNAL OF GEOLOGY AND GEOPHYSICS 633



content as reported in previous studies (e.g. Guyard
et al. 2007; Chagué-Goff et al. 2016). While it is
acknowledged that the Mo R depends partly on moist-
ure and type of organic matter, as inferred by Chaw-
chai et al. (2016) and Woodward and Gadd (2019),
it is regarded adequate for the purpose of this study,
where we use semi-quantitative Itrax data as a tool
to interpret environmental changes, in combination
with other proxies. Principal component analysis
(PCA) was also undertaken using the R studio
v0.99.467 package to help interpret the relationships
between different geochemical signatures and their
varying organic, mineralogical and marine influences
(e.g. Grunsky and Smee 1999; Chagué-Goff et al.
2016).

Samples for radiocarbon dating were taken from
cores SB-1, SB-2, and SB-3 (n = 8) to provide chrono-
logical control for anomalous units and to help with
correlation across cores. Standard acid-alkali-acid
pre-treatment was used (Norris et al. 2020). Dated
fractions included fragments of reeds and rootlets,
unidentified plant material, charcoal and a wood frag-
ment. They were analysed by accelerator mass spec-
trometry (AMS) at the Rafter Radiocarbon
Laboratory, GNS Science, Wellington. Conventional
radiocarbon ages (CRA) were calibrated to calendar
years using the OxCal 4.3 programme (Bronk Ramsey
2009) against the SHCal13 calibration curve (Hogg
et al. 2020).

To further probe the age of the anomalous units,
seven sediment samples from SB-2 were analysed for
dryland pollen with the intention of using the change
in vegetation and presence of exotic (introduced)
species to help constrain the chronology (Dunbar
et al. 1997; Vandergoes et al. 2018). Samples were pre-
pared following standard laboratory techniques (Fae-
gri et al. 1989). Exotic Lycopodium tablets were
added to each sample to allow the calculation of pollen
concentrations. Pollen and spore identifications were
made using standard texts (Pocknall 1981; Moar
1993) and the New Zealand pollen reference collec-
tions. Pollen data were presented in the form of rela-
tive frequency of a minimum pollen sum of 150
grains (if applicable). This sum includes pollen from
all dryland plants (i.e. trees, shrubs and herbaceous
plants). Pollen of other groups (wetland, aquatics,
ferns, tree ferns) were excluded from the pollen sum,
but their percentages were calculated as a proportion
of dryland pollen, plus the respective group. Charcoal
particles were also counted during pollen counting as
number of fragments and presented as concentration
per cm3.

Results and interpretations

The lithostratigraphy across all vibracores comprises
varying sedimentary units of silt, organics, sand, gravel

and soil (Figure 3 and Supplementary data 2). How-
ever, cores SB-1 and SB-2 also comprise an anomalous
deposit made up of two distinct lithofacies including a
chaotic matrix of gravel and silts overlying coarse sand
and pebbles within wetland muds and soil. Given the
primary intent of this study to locate deposits of poss-
ible tsunami origin, we focus attention on cores SB-1
and SB-2 (Figures 4 and 5), and to a lesser extent
SB-3 (Supplementary data 3) where traces of the
anomalous unit are also present. Based on the sedi-
mentary characteristics and structures, grain size,
and nature of contacts (depositional and/or erosional),
the different lithological sections are classified into five
units (A–E, from bottom to top) and reported below.
Diatom lifeform and salinity data as well as geochem-
istry from cores SB-1, SB-2 and SB-3 are also described
for each lithofacies. Supplementary Data 4 provides
raw counts of the full diatom flora (n = 123 species)
identified from Swamp Bay. Supplementary data 5
provides information about the taxa names, morpho-
logical characteristics, salinity and habitat preferences.

Lithostratigraphy, diatoms and geochemistry

Lithofacies A is present in all cores and comprises a
silty matrix with varying amounts of organic content
(Figure 3 and Supplementary data 2). The silty nature
of this lithofacies is associated with a generally higher
and variable organic content, as shown by the proxy
Mo R in Figures 4 and 5. The diatom assemblage in
SB-1 is dominated by freshwater (salt intolerant) and
fresh-brackish (somewhat tolerant of salt) taxa with
high percentage counts of the benthic lifeforms Caver-
nosa kapitiana, Luticola mutica, Nitzschia amphibia
and Orthoseira roseana as well as the aerophylic life-
forms Hantzschia amphioxys and Humidophila con-
tenta. This assemblage is highly consistent with the
taxa identified from samples taken from SB-2 and
SB-3 within this lithofacies, although high percentage
counts of the benthic fresh-water species Cocconeis
placentula var. euglypta also occur in both cores. In
all three cores there are notable background percen-
tages of the brackish–marine diatom Paralia sulcata.

Lithofacies B is the basal unit in core SB-2 and SB-3,
and comprises a poorly sorted coarse-gravel with
angular clasts (0.5-4 cm diameter). While not present
in SB-1 (most likely due to insufficient penetration
depth of the core) it occurs in most cores extracted
from across the embayment (Figure 3 and Supplemen-
tary data 2). The main chemical characteristics (in SB-
2) are high counts of Ca/cps, Fe/cps and Ti/cps. The
organic content is low, as reflected in low Mo R
(Figure 5). Samples taken from this lithofacies in
core SB-2 (180 and 200 cm depth) returned very low
diatom counts (n = <50) with most of the taxa counted
unidentifiable as they were ill-preserved, resting in
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Figure 4. Optical image of core SB-1 with radiocarbon age (cal. yr. BP), mean and D-90 grain-size statistics, and elemental profiles
from ITRAX scanning for molybdenum Incoherent/ Coherent ratio (Mo R), calcium (Ca / cps), titanium (Ti / cps) and iron (Fe / cps).
The elemental data are displayed as counts normalised by counts per second (cps). Diatom salinity and lifeform preferences are
also presented. No diatoms were observed in samples taken from 30, 40, 110 and 140 cm depth. The inferred marine and alluvial
disturbance units are shaded grey blue and light brown, respectively. Photomicrographs illustrate the sedimentary composition of
samples taken from the modern beach, stream channel, the top of the barrier - cyclone Gita deposit, as well as 40 , 59 and 72 cm
depth in SB-1. Scale bar (white line) = 0.5 cm.

Figure 5. Optical image of core SB-2 with radiocarbon age (cal. yr. BP), mean and D-90 grain-size statistics, elemental profiles from
ITRAX scanning for molybdenum Incoherent/ Coherent ratio (Mo R), calcium (Ca / cps), titanium (Ti / cps) and iron (Fe / cps),
diatom salinity and lifeform preferences. The elemental data are displayed as counts normalised by counts per second (cps).
No diatoms were observed in samples taken from 130 and 140 cm depth. The green dots indicate the sampling positions for
pollen analysis. Defined by peaks in selected grain size, elemental composition and diatom data the inferred marine and alluvial
disturbance units are shaded grey blue and light brown, respectively. The dashed box denotes the inferred former beach surface.
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girdle view, or because the valves were obscured by
fine overlying material.

Lithofacies C comprises a medium to coarse sand
with discrete occurrences of rounded pebbles (<5 cm
diameter), scattered plant rootlets and mud rip-up
clasts (from lithofacies A), displaying a sharp and ero-
sional lower contact in SB-1 and SB-2. In SB-1 this
lithofacies occurs at 73–46 cm depth, with the mean
grain-size increasing from 77 μm at 73 cm to a peak
of 969 μm at 54 cm depth, then decreasing upwards
through the sedimentary unit to a gradational upper
contact at 46 cm depth. This pattern is repeated in
SB-2 where this lithofacies lies at 47–37 cm depth.
The mean grain-size in SB-2 increases sharply from
305 μm at 47 cm to a peak of 783 μm at 40 cm, before
also fining upwards through the sedimentary unit to
the gradational upper contact at 37 cm depth. A
trace of this lithofacies is also present in SB-3 (50–46
cm depth), where the mean grain size ranges from
27 to 90 μm. Lithofacies C is dominated by a highly
mixed assemblage of diatom taxa. In both SB-1 and
SB-2 there are high percentage counts in benthic mar-
ine species (e.g. Pseudopodosira kosugii and Ehrenber-
giulva granulosa) and benthic brackish–marine species
(e.g. Paralia sulcata, Diploneis smithii and Melosira
nummuloides). Fresh-brackish and freshwater taxa
are also common with comparatively high percentage
counts of the benthic lifeforms Luticola mutica,
Nitzschia amphibia, Nitzschia terrestris, Pinnularia
obscura, Pinnularia viridis and Rhopalodia novae zeal-
andiae as well as the aerophylic lifeforms Hantzschia
amphioxys and Humidophila contenta. The marine
and brackish–marine signal declines upwards through
this sedimentary unit as it transitions into lithofacies
D. Lithofacies C is also characterised by a marked
and sharp increase in Ca/cps, Ti/cps and Fe/cps counts
that correlates with a decrease in Mo R (organic con-
tent) compared to lithofacies A.

Lithofacies D is a very poorly sorted gravel and silt
sedimentary unit comprising angular and sub-angular
clasts (<5 cm diameter), iron oxides and scattered
plant rootlets. The lower contact is gradational across
SB-1 (46 −24 cm depth) and SB-2 (37–26 cm depth),
with the mean grain size ranging from 372 to 917 μm
in SB-1 and 321–426 μm in SB-2. The upper contact of
this lithofacies in both cores is gradational. Diatoms
were absent from the samples taken in SB-1. However,
in SB-2 the diatom assemblage was dominated by
freshwater and fresh-brackish taxa with >50% of the
total assemblage benthic lifeforms such as Rhoico-
sphenia abbreviata, Pinnularia obscura, Luticola
mutica, Rhopalodia musculus, Stauroneis kriegeri and
Surirella brebissonii and approximately 14% of the
total assemblage aerophylic lifeforms such as
Hantzschia amphioxys and Humidophila contenta.
Notwithstanding these distributions, some 30% of
the assemblage comprised the benthic brackish–

marine species Paralia sulcata and Diploneis smithii.
The chemical characteristics of lithofacies D are some-
what similar to those of lithofacies C, with high counts
in Ca/cps, Ti/cps and Fe/cps, although they display
some spatial variations, reflecting the variable organic
content, as shown in core SB-2 (Figure 5).

Lithofacies E caps the stratigraphic sequence in SB-
1, SB-2 and SB-3. It comprises medium brown soil and
surface organics associated with salt marsh, saltwort
and salt meadow vegetation (Figure 3 and Supplemen-
tary data 2). It is present across most cores extracted
from the wetland and overlies the chaotic gravel and
silts of lithofacies D. It is dominated by benthic, tycho-
planktic and aerophylic lifeforms with strong prefer-
ences (60-75% of the total diatom assemblage across
SB-1, SB-2 and SB-3) for freshwater and fresh-brack-
ish salinity conditions – e.g. Hantzschia amphioxys,
Humidophila contenta, Luticola mutica, Pinnularia
viridis, Rhoicosphenia abbreviata and Staurosirella
pinnata. However, at the surface of all three cores
there is also a significant brackish–marine salinity sig-
nal (10-20% of the total assemblage) which is domi-
nated by the presence of the littoral species Paralia
sulcata. The organic content exhibits some variations,
which are inversely correlated with variations in Ca/
cps, Ti/cps and Fe/cps.

Principal component analysis (PCA) of the geo-
chemical data from cores SB-1, SB-2 and SB-3,
shows that between 40% (SB-2) and nearly 68% (SB-
3) of the variance between different facies can be
explained by the first two components (Figure 6).
These statistics also distinguish the source material
of the different lithofacies (based on mineralogical
characteristics reflected in the chemical composition)
described in the sedimentary sequences.

Geochronology and pollen

Given the number of proxies that indicated lithofacies
C was from a marine source, we targeted this unit
using radiocarbon dating and palynology techniques
to constrain the timing of its deposition. We selected
samples for radiocarbon analysis from immediately
below, within and above lithofacies C in SB-1 and
SB-2, and we also selected samples from deeper in
SB-2 to understand the broader sediment accumu-
lation rates in the valley. In total, 6 samples were
taken from SB-1, 9 samples from SB-2, and 2 samples
from SB-3, to help cross-correlate between cores. Of
these 17 samples, only 8 contained a viable amount
of terrestrial organic material for radiocarbon dating.
The radiocarbon results are reported in Table 1. We
refer to calibrated radiocarbon ages, which are pre-
sented as year before present (BP), with ‘present’
defined as 1950 CE. Many of the calibrated radiocar-
bon ages (2-sigma) have relatively large uncertainties
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due to the small size of the samples collected (up to ±
204 yrs).

Overall, the ages provide approximate chronological
succession throughout the stratigraphic profiles of the
cores sampled, as well as cross-correlations between
cores. Age constraint on lithofacies C is provided by
three calibrated radiocarbon ages underlying the
deposit at 74–75 cm (525-466 yrs BP, NZA41216/2) in
SB-1, 47–48 cm (521-290 yrs BP, NZA41216/4) in SB-
2 and 48–49 cm (1372 yrs BP, NZA41265/7) in SB-3
(Table 1). While the closeness and overlap of two of

these ages suggest that they are from the same deposit,
the overlap does not necessarily indicate good evidence
that there isminimal inbuilt age (McFadgen 1982). That
is, wood and charcoal can carry in-built age either from
the tree-ring age of the wood, or possibly as a result of
reworking of the sample from local sources, or both
(McFadgen 2007). One or both of these scenarios is
likely to be the case for the significantly older calibrated
radiocarbon age obtained from 48–49 cm in SB-3.
Meanwhile, modern radiocarbon ages (ages with a cali-
brated age range extending younger than AD 1950) at
58–59 cm and 70–71 cm depth in SB-2, suggests that
they are from younger material moved deeper into the
wetland sediments by bioturbation. Further, another
modern radiocarbon age from within the anomalous
deposit at 71–72 cm depth in SB-1 either reflects mod-
ern carbon being shifted deeper into the sediment due
to plant roots or bioturbation, or alternatively a more
recent age for the anomalous deposit. Notwithstanding
these uncertainties, the younger of the three samples
from beneath lithofacies C provides a maximum date
of 402 yrs BP for the emplacement of this anomalous
deposit (i.e. the deposit is less than 402 yrs BP).

To further probe the age of lithofacies C, we inves-
tigated the pollen assemblage of the sediments below
and above the marine deposit (Figure 5 and 7). Pollen
preserved in sediment can show distinctive changes in
vegetation that reflect the presence and timing of
Māori and European settlement (McGlone 1989; Elliot
et al. 1995; Chester and Prior 2004; McGlone et al.
2005; Vandergoes et al. 2018). Seven samples from
SB-2 were studied for palynology: two from below
lithofacies C, and five from above Lithofacies C
(Figure 5 and 7).

The samples at 48 and 55 cm (both below Lithofa-
cies C) have high frequencies of Pteridium esculentum
along with high charcoal concentrations (normally an
indicator of Māori occupation and a decline in tall tree
pollen - e.g. Elliot et al. 1995). In addition, the high fre-
quencies of tree fern Cyathea types at 48 and 55 cm
suggest either a recovery state from deforestation,
since the tree fern often acts as a nursery plant
(Brownsey and Smith-Dodsworth 2000), or that the
fern spores were washed-in from inland as a result
of land clearing as they are typically more resistant
than pollen grains (especially oxidising conditions)
(Reitz and Shackley 2012). Whatever the case might
be, both scenarios are consistent with Māori using
and/or occupying the area prior to the emplacement
of lithofacies C. This interpretation is also consistent
with the calibrated radiocarbon age of 402 yrs BP at
48–49 cm from SB-2. Meanwhile, in the samples col-
lected above lithofacies C, exotic pollen grains such
as Pinus and Rumex acetocella (sheep sorrel) were
observed within lithofacies E (at 15 , 20 and 25 cm)
along with pasture components such as grass and Tar-
axacum. The appearance of these exotic pollens is

Figure 6. Bi-plots of the first two principal components
among the set of 10 geochemical variables for SB-1 (Figure
A), SB-2 (Figure B) and SB-3 (Figure C). The direction and
length of the vector indicate how each variable contributes
to the two principal components. The notation ‘B’ = the
basal unit in core SB-2 and SB-3 comprising a poorly sorted
coarse gravel with angular clasts. The notation ‘C’ = the
inferred marine unit comprising a well-sorted medium to
coarse sand with discrete occurrences of rounded pebbles.
The notation ‘D’ = the inferred fluvial unit comprising very
poorly sorted gravel and silts with angular and sub-angular
clasts.
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most likely associated with land clearance following
gradual settlement of the Island by Europeans after
1840 CE (Patete 1997). However, given that Rumex
acetocella was first recorded in Aotearoa-NZ in 1867
(Moore 1955) and that Pinus was beginning to spread
across the country by the 1890s (Webb et al. 1988;
Wardle 1991), we estimate the timing of the introduc-
tion and distribution of these exotic pollens into the
sedimentary record on Rangitoto ki te Tonga is most
likely to be post-1870 CE at the earliest. This indicates
that both lithofacies C and D are very unlikely to be
younger than 1870 CE.

Discussion

Palaeoenvironmental changes

The lithostratigraphy, geochemistry and microfossil
assemblages from the cores collected from Swamp
Bay indicate a spatially variable history of late-Holo-
cene environmental conditions. While the different
lithofacies A–E can be broadly correlated across the
study area, there are notable anomalies in the cores
SB-1, SB-2 and SB-3 that emphasise five distinct
modes of sedimentation. Interpretation of the
paleoenvironmental record is provided below, with
emphasis given to the evidence collected from cores
SB-1 and SB-2. References are made to other cores
when correlations and/or exceptions are noteworthy.

Lithofacies A is ubiquitous across the wetland
environment of Swamp Bay, and is interpreted as
representing in-situ accumulation in standing and/or
ephemeral wetland waters with some input from the
surrounding catchment. The diatom assemblage
within this lithofacies (based on SB-1 and SB-2) is

dominated by freshwater (salt intolerant) and fresh-
brackish (somewhat tolerant of salt) benthic and aero-
phylic lifeforms signalling a terrestrial aquatic environ-
ment favouring diatom growth and preservation. The
aerophylic lifeforms are commonly sourced from
eroded soils (Round et al. 1990; Tanigawa et al. 2018).
Collectively, these indicators are consistent with a
low-energy back-barrier wetland environment.

Importantly, it was not possible to define the base of
lithofacies A (Figure 3 and Supplementary data 2) and
therebywe are unable to provide reliable age control on
the development of the wetland. The formation of the
gravel barrier, presumably sometime following the
onset of sea-level stillstand circa 7.5 ka, using the SW
North Island sea-level curve from Clement et al.
(2016), would have effectively sealed the back-barrier
area of the embayment from regular marine influences
thereby facilitating conditions suitable for freshwater
wetland development. This interpretation is consistent
with the timing of the barrier formation at Moawhitu
(circa 7.3 ka), ∼20 km SSW of Swamp Bay (Chagué
et al. 2020). Consequently, we interpret lithofacies A
as developing after the formation of the gravel barrier,
which was probably established between 7.5 and 4 ka
when sea-level began to fall from the mid-Holocene
high-stand (Clement et al. 2016). It is also notable
that lithofacies A comprises multiple phases of high
organic content (Mo R, Figures 4 and 5) which is con-
sistent with the episodic production and accumulation
of in-situ organics, much like the modern
environment.

Lithofacies B comprises a poorly sorted coarse-
gravel with angular clasts. Its presence across most
cores points to a possible embayment-wide disturb-
ance event (Figures 3 and 4, and Supplementary data

Table 1. Radiocarbon ages for Swamp Bay, Rangitoto ki te Tonga (D’Urville Island), Aotearoa-New Zealand. CRA = Conventional
Radiocarbon Age, CRA – Convention radiocarbon ages were completed using OxCal 4.3 (Bronk Ramsey 2009) and the Southern
Hemisphere calibration curve SHCal13 (Hogg et al. 2020). BP = Before CE 1950, F = fraction modern, Modern = ages with a
calibrated age range extending younger than AD 1950.

Vibracore
ID

Sample
depth
(cm)

Material
dated

Rafter
laboratory ID NZA

CRA
(Years BP

1σ)
CRA
error F F error

Δ14C
(‰)

Δ14C
error

Calibrated Age
Range (Cal. years

BP, 95%)

SB-1 71–72 Organic rich
sediment

NZA41216/1 66227 Modern – 1.115461 0.018264 106.29 18.11 Modern

SB-1 74–75 Charcoal
(species
unknown)

NZA41216/2 65840 479 21 0.9421 0.0024 −65.6 2.4 525–466

SB-2 47–48 Charcoal
(species
unknown)

NZA41216/4 66228 402 72 0.9512 0.0086 −56.6 8.5 521–290

SB-2 58–59 Organic rich
sediment

NZA41265/4 67294 294 204 0.963983 0.024573 – – 622-Modern

SB-2 70–71 Organic rich
sediment

NZA41265/5 67295 Modern – 1.109118 0.002635 – – Modern

SB-2 170–171 Organic rich
sediment

NZA41216/5 66229 2205 96 0.7599 0.0091 −246.4 9.1 2355–1896

SB-2 185–186 Organic rich
sediment

NZA41216/6 66230 2654 130 0.7186 0.0117 −287.3 11.6 3054–2348

SB-3 48–49 Wood
(species
unknown)

NZA41265/7 67296 1372 20 0.842899 0.002118 – – 1296–1177
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2). The organic content of this lithofacies is low as
reflected in low Mo R ratios in SB-1 and SB-2 (Figures
4 and 5), and those diatom taxa that were counted
were mainly unidentifiable most likely due to dissol-
ution through secondary and tertiary geochemical
processes (Denys and de Wolf 1999; Cochran 2002).
Further, the lower contact of this lithofacies (visible
in core SB-9 only) is erosional. While it was not poss-
ible to penetrate beneath lithofacies B in all other
cores, these clastic-dominated sediments coupled
with a decrease in bulk organic content are interpreted
as flood deposits from alluvial sources that sub-
sequently transition back to gradual processes of sedi-
mentation as outlined above for lithofacies A. The
tight distribution of the principal components of litho-
facies B in SB-2 and SB-3 suggests it is from a single
source with little mixing with the receiving environ-
ment (see PCA: Figure 6)

Lithofacies C is characterised by a sharp transition
to medium to coarse sand with discrete occurrences of
well-rounded pebbles (<5 cm diameter), scattered
plant rootlets and mud rip-up clasts. The coarse
sand granules and rounded clasts bear a strong simi-
larity to the green and grey sandstone, with traces of
quartzite and chert, which dominate the modern-
day beach (Figure 4). Furthermore, the medium to
coarse sand contrasts strongly with the angular clasts
in the modern stream bed. Lithofacies C is also
marked by a highly mixed assemblage of diatom
taxa where percentage counts of benthic marine and
brackish–marine species are notably higher than any
of the lithofacies above or below this sedimentary
unit. There is also a sharp increase in Ca/cps, Ti/
Cps and Fe/cps (Figures 3, 4 and Supplementary
Data 3) in this lithofacies which is most likely associ-
ated with the distinct mineralogy of the allochthonous
material (possibly from metamorphosed sandstone
and siltstone of the Matai group) brought in during
marine inundation (e.g. Chagué-Goff et al. 2015).
While an increase in Ca is often linked to the presence
of shells (carbonates), no shell/shell hash was
observed in lithofacies C. The small scatter of data-
points for lithofacies C in PCA (Figure 6) is inter-
preted as representing a specific source material,
such as the beach, as also reflected in the composition
of the sediment. Collectively these changes suggest
that the wetland at Swamp Bay underwent a sudden
influx of seawater and marine sediment before being
covered by lithofacies D. We thereby interpret lithofa-
cies C as marine-derived and from this point refer to
lithofacies C as a ‘marine deposit’. It is also note-
worthy that based on the presence of exotic pollen
grains such as Pinus and Rumex acetocella along
with pasture components such as grass and Taraxa-
cum in samples taken from lithofacies E in SB-2 it is
very unlikely that the marine deposit (lithofacies C)
can be younger than 1870 CE.

Following the inferred marine incursion rep-
resented by lithofacies C in SB-1, SB-2 and SB-3,
there is a stark change in the overlying lithofacies
D. The lithology is made up of very poorly sorted
gravel and silt comprising angular and sub-angular
clasts (<5 cm diameter), iron oxides most likely due
to prolonged weathering of the shattered rock, and
scattered plant rootlets. This lithofacies is present in
SB-1 and SB-2, as well as SB-8 (Supplementary data
2), but not SB-3. While the chemical characteristics
of lithofacies D are somewhat similar to those of
lithofacies C, there is a higher organic content in
lithofacies D, as reflected in an upward increase in
Mo R, which very likely reflects terrestrial input.
The wide distribution of principal components
confirms the incorporation of material from multiple
sources (see PCA: Figure 6) (Chagué-Goff et al. 2015).
This lithofacies is comparable to the gravel and angu-
lar clasts found in lithofacies B and is interpreted as a
mixed deposit of fluvial material and slope wash from
the surrounding hills transported across the wetland
during run-off events. The uneven spatial distri-
bution of this lithofacies is interpreted as reflecting
the principal gully streams as sources for these
deposits.

The most recent phase of sedimentation (lithofacies
E) comprises the development of medium brown soil
in association with salt marsh surface organics and
partial drainage of the wetland for pastoral farming
(date unknown).

Origin and timing of the anomalous marine
deposit

Only three vibracores contained sediments consistent
with a marine incursion into the Swamp Bay wetland.
These were the two most seaward cores SB-1 and SB-2,
and SB-3 where the inferred marine deposit (lithofa-
cies C) is present at 50–46 cm depth (Supplementary
data 3). Given the presence of marine diatoms in the
deposit, terrestrial flooding of the embayment is not
considered a credible emplacement mechanism. How-
ever, two processes are capable of transporting marine
sands into the Swamp Bay wetland, namely (i) coastal
storm and flooding possibly coincident with high
tides, and (ii) tsunami generated by an earthquake
and/or local submarine landslides. To help understand
the character of the marine deposit and unravel the
process that most likely caused its deposition we
mapped its extent using a dense network of gouge
auger cores (Figures 7–8). The marine deposit is lim-
ited to the eastern side of the wetland extending up to
160 m inland from the modern high-tide line (Figure 4
and 5, and Supplementary data 3). The deposit is
thicker near the barrier and thins inland with a corre-
sponding decrease in the mean and D-90 grainsize
statistics. These spatial features indicate the marine
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deposit was most likely transported into the backbar-
rier zone through the stream channel, rather than
directly over the barrier. The extent of the marine
deposit is also considerably greater than the extent
of sediments deposited on top of the barrier during
the storm surge of ex-Tropical Cyclone (TC) Gita
(Figure 2 and 9). No marine sediments were detected
within the wetland from ex-TC Gita (Figure 8). While
we cannot be sure that ex-TC Gita is characteristic of
the largest storm surge to impact Rangitoto ki te
Tonga (see Synoptic charts: Supplementary data 6)
and a simple measure of distance inland is not a
sufficient criterion for differentiating between storm
and tsunami deposits, the clear mismatch between
the known frequency of high-magnitude storm events
in and around the north of the South Island (Pascoe
1983) and the corresponding absence of other marine
deposits (other than lithofacies C) in the stratigraphic

record suggests that the wetland has very likely
remained isolated from episodic storm surges for at
least ∼2000 years.

One of the most important criterion for inferring
tsunami transport of marine sediments is to establish
a link with a tsunami generating source, either
directly from stratigraphic evidence of vertical defor-
mation caused by an earthquake (i.e. co-seismic sub-
sidence) and/or from contemporaneous deposits
preserved within sedimentary layers at neighbouring
sites. Radiocarbon dating indicates a maximum date
of 402 yrs BP for the timing of the marine deposit
(lithofacies C) at Swamp Bay, although it could be
considerably younger due to in-built age. Meanwhile,
palynology indicates that it is very unlikely that the
marine deposit can be younger than 1870 CE. The
most significant tsunami to impact the greater
Cook Strait region during this period occurred on
23 January 1855 CE following the MW 8.2 rupture
of the onshore-offshore Wairarapa fault east of Well-
ington (Grapes and Downes 1997; Downes 2015).
According to the New Zealand Historic Tsunami
Database (NZHTDB) the highest tsunami run-up
heights from this earthquake rupture were equal to
or greater than 10 m at Te Kopi in eastern Palliser
Bay (Downes 2015). Waves were also observed
sweeping across Lyall Bay and Evans Bay to reach
some 2-2.5 km inland to what is now the suburb of
Miramar, and waves were recorded at least as far
north as Waikawa Beach near Otaki where fish
were deposited above the high-water mark (Downes
2015). On the southern shore of Cook Strait the
effects of the 1855 CE tsunami were observed along
the Wairau Bar (run-up probably reaching 6–7 m
near Rarangi Beach) (Downes 2015), and a detailed
description of the forceful impact of the earthquake
and tsunami on the western side of Cook Strait at
Farewell Spit is provided in a recently uncovered
newspaper report from the Auckland Star in 1894
(Supplementary data 7). Collectively, these records

Figure 7. Pollen composition from samples taken from SB-2 bounding lithofacies C - the inferred marine overwash. Refer to
Figures 4 and 5 for the positions of these pollen analyses.

Figure 8. The extent of the marine overwash deposit (blue cir-
cles) and the location of discrete deposits from ex-Tropical
Cyclone Gita (red patches) at Swamp Bay, Rangitoto (D’Urville
Island).
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reveal that the 1855 CE earthquake generated tsu-
nami waves that significantly affected the entire
Cook Strait region.

To test the tsunami deposit hypothesis presented
here we modelled the likely maximum tsunami height
at Swamp Bay generated by rupture of the Wairarapa
Fault in the 1855 CE Mw 8.2 earthquake (Figure 9).
Tsunami modelling was conducted using Basilisk
(Popinet 2011; 2015) and the source model adapted
from Mueller and Power (2014) for the earthquake
deformation. The model simulation shows tsunami
heights that are consistent with historic observations
near the rupture zone, however it is evident that tsu-
nami heights to the west and across the northern
embayments of Rangitoto ki te Tonga are negligible,
which is inconsistent with the sedimentary evidence
preserved at Swamp Bay. Notwithstanding these
differences, we understand that there are a range of
factors that influence the deposition and preservation
of tsunami deposits including the direction of tsunami
inundation, tide level and sediment availability.

It is feasible that rupture of the Wairarapa Fault in
1855 CE might have included slip on the Hikurangi
subduction interface (Beavan and Darby 2005; Clark
et al. 2015), as well as potential rupture of other prox-
imate surface faults within Cook Strait (Holdgate and
Grapes 2015). Coseismic submarine landslides have
also been implicated as potentially contributing to
the propagation and run-up of tsunami waves

following the 1855 CE Wairarapa earthquake (Grapes
and Downes 1997; Barnes 2005) with the side walls of
the Cook Strait Canyon showing evidence of past
landslides (Lane et al. 2016). Furthermore, the narra-
tives from Ngāti Koata and Ngāti Kuia histories
(King et al. 2018) as well as recently uncovered recol-
lections from Farewell Spit (Supplementary data 7)
suggest a more complex tsunamigenesis storyline
across Cook Strait in 1855 CE. Consequently, we
suggest that the generating sources of the 1855 CE tsu-
nami should be re-examined, and/or that tsunami
hazard in the outer parts of the Marlborough Sounds
may be underestimated by existing tsunami models
as there may be local complexities that lead to higher
run-ups and amplification (i.e. wave resonance) than
expected.

Based on the multi-proxy evidence and other con-
textual details presented in this study, we consider tsu-
nami inundation in association with the rupture of the
onshore-offshore Wairarapa fault in 1855 CE as the
most likely emplacement mechanism for the marine
deposit found at Swamp Bay. Linked to this interpret-
ation, the very poorly sorted gravel and angular clasts
that overly the marine deposit most likely represent
alluvium and slope-wash from the surrounding hills
loosened by ground-shaking in association with the
1855 CE earthquake, and transported soon after by
fluvial processes on adjacent gully streams. Such
interpretations are consistent with recent findings

Figure 9.Modelled simulation of maximum tsunami heights across the Cook Strait region generated by the Wairarapa Fault in the
1855 CE Mw 8.2 earthquake. The colour scale shows the maximum increase in water level above the background level. Tsunami
modelling was conducted using Basilisk (Popinet 2011; 2015) and the source model adapted from Mueller and Power (2014) for
the earthquake deformation.
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from Japan and Chile where both tsunami inundation
and reworked sediments from surrounding catch-
ments have entered the sedimentary record (Goff
et al. 2016; Cisternas et al. 2017).

Importantly, this is not the first time that marine
inundation signatures associated with the historical
earthquake and tsunami of 1855 CE have been
reported from the Cook Strait region, with previous
studies undertaken at neighbouring sites - e.g. Abel
Tasman National Park (Chagué-Goff and Goff 1999;
Goff and Chagué-Goff 1999), Kapiti Island (Goff
et al. 2000), and Mataora-Wairau Lagoon (King
et al. 2017) (Figure 1). Nonetheless we acknowledge
that research at other sites on Rangitoto ki te Tonga
would help to test the tsunami origin hypothesis pre-
sented here as well as potentially locate older deposits
possibly referred to in Ngāti Koata and Ngāti Kuia oral
histories.

Conclusions

Informed by Māori oral histories that relate ances-
tral experience with past tsunami(s) across the top
of the South Island, multi-proxy analysis indicates
an anomalous sedimentary deposit across the
north-eastern side of Swamp Bay, Rangitoto ki te
Tonga (D’Urville Island). The deposit extends
some 160 m inland of the present MHWM and
includes two distinct lithofacies comprising a med-
ium to coarse sand with discrete well-rounded peb-
bles and scattered plant rootlets overlain by a
chaotic mixture of gravel and silts. Preserved
between wetland mud below and soil at the surface
the sand lithofacies coincide with increased percen-
tages of benthic marine to brackish–marine diatom
species as well as geochemical properties indicative
of sudden changes in mineralogy. Radiocarbon dat-
ing indicates the deposit formation is less than 402
yrs BP, and pollen indicates it is very unlikely to
be younger than 1870 CE. We infer from these
multi-proxy data as well as contemporaneous depos-
its from neighbouring sites and documentary evi-
dence that (i) the marine deposit was most likely
emplaced by tsunami transport associated with rup-
ture of the Wairarapa Fault in 1855 CE, and (ii) the
overlying lithofacies of poorly sorted gravel and silts
most likely represents slope-wash from the sur-
rounding hills loosened by ground-shaking in
association with the 1855 CE earthquake, and trans-
ported soon after by fluvial processes on adjacent
gully streams. This study suggests the 1855 CE
earthquake may have had a more complex source
than previously thought and, or, available tsunami
modelling for the Marlborough Sounds does not
fully capture the local complexities in bathymetry
and topography that can cause tsunami amplifica-
tion in embayments like Swamp Bay. Further, this

work is part of a greater project of acceptance of
‘other’ ways of knowing, and encourages plural
ways of learning about tsunami hazard and risk.

Note

1. Although Aotearoa is a/one Māori name for New
Zealand’s North Island, Aotearoa–NZ is commonly
used to refer to all of New Zealand.
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