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Abstract

Goff, J.R. (2008). The New Zealand Palaeotsunami EBdbase. NIWA Technical Report 131. 24p,
database

A comprehensive New Zealand palaeotsunami dataiesdreen collated. It not only contains reference t
palaeotsunamis - those with no written observatmmprior to the historic record; but also hybraimamis
that are, to some degree, poorly-recorded histoeeants. To encompass the full range of data ¢batd
indicate past tsunami inundation, the databasedes a range of information including:

» physical evidence from geological and archaeoldgicarces

« geomorphological evidence

e cultural information from anthropological reseagstd prehistoric Mori oral recordings.

Each line of data in the database summarises tidersme related to one site under a series of hgadirhe
database contains over 330 line items and mody ldescribes between 30 and 35 events. The database
under ongoing development; this report represdmsfitst major iteration of the process. Producthg
database in report form creates a source of basdhta for the research community. It is hoped that
database will eventually be available on the irdego that additions and deletions can be made iopan,
interactive environment.



Introduction

There has been a considerable amount of publishle@gtsunami research over the past 20 years or so
following the major work of Atwater (1987). This wohas become increasingly relevant in the years
following the devastating Indian Ocean Tsunami (J@T 26 December 2004 as scientists attempt to
understand the magnitude and frequency of pasttevins only in the last few years however, that
researchers have started to collate palaeotsunatai wlith an aim to creating regional or national
databases. The main focus prior to this was thatiore of more comprehensive historical tsunami
databases (e.g., Australia: Dominey-Howes 2007h&INOAA/WDC: Broko 2008).

In New Zealand, the original historical databaseudeented at least 32 tsunamis dating back to A4D18
(de Lange & Healy 1986). This was subsequently rgeth by Fraser (1998). Further additions and
improvements have been made by several organisasind the database now contains information on
about 40 events over the past 190 years or soyfBarr 2005). Unfortunately for New Zealand, the
historical database can only ever extend back masfahe written record, around the start of th& 19
century. Geologically this is an extraordinarilyoshrecord and it offers little indication of theagnitude
and frequency of past tsunamis, nor what couldxdpe@ed in the future. To extend our knowledge of
past tsunamis further back in time we must relyrugiee unwritten record. Since A.D.1994, researchers
have continued to report on the sedimentary evielehpast tsunamis in New Zealand (e.g., Chagué-Gof
& Goff 1999, Nichol et al. 2003, Kennedy et al. ZD0Geological information however, is not the only
source of palaeotsunami data. Geomorphologicalf(&dfl. in press), archaeological (McFadgen & Goff
2007), and anthropological (King et al. 2007) data also pertinent to the New Zealand record. The
database contained in this report considers aletHnes of evidence to create what is the most
comprehensive nationwide palaeotsunami databasehang in the world.

Definitions

A palaeotsunami is a ‘tsunami occurring prior te thistorical record or for which there are no \eritt
observations’ (Kaitoku 2007). In reality thoughetline between historical and palaeotsunamis is not
quite as clear cut as the definition suggests. tidiytsunamis’ generally represent a disjunct betwtbe
longevities of national historical databases — thep words, a palaeotsunami in one country is an
historical event in another. A good example of thigunct is the A.D.1700 Cascadia tsunami which is
palaeotsunami in North America and an historica onJapan (Atwater et al. 2005). Hybrid tsunamis
also include historical events with no written netso They are recognised in the database as uemvritt
personal observations (an historical equivalenpiahistoric oral traditions), or some other form of
‘palaeotsunami data’ (geological, geomorphologiaethaeological, and anthropological data sources).

A final category of hybrid tsunamis are those thate limited documentation or poorly constrained
information about the nature and extent of an euvéernig the related ‘palaeotsunami data’ that ekan
our understanding of these hybrids. When a tsumasifficiently large, it will almost undoubtedIglf
into this category simply because it will have aféel areas with little or no human habitation. Bpeh
the most well known of these hybrid types is thd I@F 26 December 2004. It left behind widespread
geological and geomorphological evidence in arelasrev historically documented material either lacks
clarity or is non-existent (e.g., Hawkes et al. 20Morton et al. in press, Jaffe et al. 2006, Lilak
2005), but is sometimes recorded in unwritten pgbkobservations.



New Zealand tsunami research

The country has experienced at least four largidstsunamis with run-ups of 10 m or more. Three
were local (Wellington: A.D.1855, ~10m; Waikari Riv A.D.1931, ~15m; Gisborne: A.D.1947, ~10m)
and the fourth was a distant event (South AmeAcB:1868, ~10m) (Berryman 2005, de Lange & Healy
1986). Until recently, the A.D.1868 event was tmdycone believed to have caused a tsunami-related
death in New Zealand (Berryman 2005). This figuae how grown to at least six, with four deaths from
a local event in A.D.1903 (Anon 1903), one in A.80% (Anon 1905), and some confusion over the
number of Miori killed by the A.D.1868 event in the Chathanmaigls (Anon 1868a, 1868b). Reports of
the numbers of dead are split evenly between oad dad ‘many’. This highlights an important issue
with the historical record; the validity of some tbe earlier accounts. A more comprehensive stiidy o
available historic information now shows that atdiesix people have died. It is highly likely thmaore
deaths will come to light. There is uncertainty abthe number of people killed by the A.D.1868
tsunami, and yet officially New Zealand has suffieoaly one death in historic times.

It is evident that the written record becomes nicensistent and fragmented in the early historiefv
Zealand. For example, Lawson (1893) states thaingluhe A.D.1855 earthquake and tsunami in
Wellington, people jumped on board the only shighie harbour to escape. The tidal wave, however,
washed the ship inland and wrecked it, the peopatkth stay and so it could be said that ‘Wellington
owed its origin to a tidal wave’. Fortunately ths not the only evidence referring to the A.D.1855
tsunami to survive, or else we would have a somewliakered view of the event. Poorly documented
events from the earlier history of New Zealand hsag the A.D.1826 ‘tsunami’ near Orepuke, haveded
unwarranted levels of scientific speculation, amdrenterpretation of the limited data. As moredevice
comes to light it seems increasingly unlikely tti$ was indeed a tsunami at all (e.g., Buddle 1912

Palaeotsunami deposits were first reported indtee 1990s (Chagué-Goff & Goff 1999, Goff & Chagué-
Goff 1999). Subsequent research has not only fined the chronology of events (McFadgen 2007), but
also expanded the record to between A.D.2003 ar@D0346 000 years BP (before present) (Hancox et
al. 2003, Kennedy et al. 2007). Geological eviderfceistorical tsunamis is generally best preseffeed
the larger events such as the A.D.1855 tsunami. Mbet well researched hybrid is the A.D.1826
Fiordland tsunami (Goff et al. 2004a). Palaeotsundata therefore span the historic-palaeotsunami
timeframe in New Zealand.

The database framework

The New Zealand palaeotsunami database consiggdeaange of records, geographical variabilityd an
tsunami sources. To establish the database frarkewaeries of headings was developed with detailed
descriptors to clarify the nature of the data coetz within them. The key descriptors are discussed
below.

Nature of evidence

Three distinctive lines of evidence are define@mpry, secondary, and cultural.

Primary evidence recognises that a sedimentarydete it in a geological (Goff et al. 1998; Goff &
McFadgen, 2002a) or an archaeological (McFadgena$f, 007) context, provides the most useful
verifiable physical data of past tsunamis. Secon@aidence refers to physical data in the form of a
distinct tsunami geomorphology. This may be eitethe immediate or a delayed geomorphic response
of sandy coasts to tsunami inundation (Figure Iff &oal. in press). Secondary evidence acknowledges



that our current understanding of tsunami geomdggyois rudimentary and in the absence of additiona
supporting data, interpretations are most likelyieocal (Goff & Lane in press).
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Figure 1: Conceptual diagram for the formation of a tsungeg@morphology in coastal dune systems.

Cultural data is only available for events that dnasccurred post-Bbri arrival around A.D.1250
(McFadgen 2007). Prehistoricadri had no written language, and as such mucheotthtural data is in
the form of oral recordings (King et al. 2007). Soamthropological interpretations of archaeologitzh
however, have been included. McFadgen (2007) dissuthe effects of tsunami inundation on settlement
patterns and culture, and of particular relevancdié¢ database is the relocation of settlements foov-
lying coastal areas to hilltops around the same t$ tsunami inundation. The database considess the
anthropological interpretations in the context luf seismic driving of geological and geomorpholabjic
change. This combined physical process and hunsgomses to seismically driven events was originally
conceptualised by Goff & McFadgen (2002a). The ipoaation of cultural information into the database
adds significantly to our ability to identify patstunamis. In particular, this is evident in theligbito
better constrain the age of events through theotiaell-dated archaeological sites, and in the nendd
data points identified for events postii arrival.

Dating method

Establishing the chronology of past tsunamis isj@matic in general and many techniques are used.
Dating of events referred to solely in prehistdviaori oral recordings is even more difficult, but Heeen
successfully achieved when additional corroboragvalence is available (McFadgen 2007). It is not
surprising therefore that the results of chronaabanalyses range from the annual dating of amteve
through to poorly constrained multi-century accyrdearticular success has been achieved recently fo
events that have occurred sincadyl arrival (McFadgen 2007). For example, crosgalation between
the physical evidence of past tsunamis, relatesihgeidriving evidence (Goff & McFadgen 2002a),
archaeological and anthropological data (McFadge®dif 2007) and a suite of different chronological
techniques was used to determine a date of A.D.fat& particular event.



In recognition of the wide range of possible chiogal tools, the database contains three broad
categories of dating technique:

» geochronological — a ‘catch-all’ for numerous methoeferred to at the end of the database

» historical — used for hybrid cases only

« currently undated — mainly for prehistoricabti oral recordings.

Each site, however, has more specific details ofirtjues and results given under the ‘Comments’
heading at the end of the line, and in the refaemprovided. For example, the dating techniqueaHer
historical A.D.1826 tsunami at Okarito was basedruplendrochronology, but full details from the
references cited indicate that other supporting dath as radiocarbon dates were also used.

Source

On rare occasions, the probable tsunami souraeosik (e.g., Hauraki Plains), but in most cases iitat.
The inferred source is usually linked to a posslbtation or locations. Inferences are based upon o
current understanding of possible tsunamigenic cgsuicapable of producing the reported evidence.
Ongoing tsunami research is likely to improve onderstanding of the sources for specific eventsrbut
the meantime the inferred sources should be seameseral guide.

Palaeotsunami criteria

A list of possible palaeotsunami criteria is giwarthe end of the database. It is not implied these are
necessarily ‘diagnostic’ of tsunami inundation, lather that these are the most common types of
evidence reported from numerous tsunami studigs, (glcFadgen & Goff 2007). The main focus is on
the physical evidence for past tsunamis, but thgoiance of cultural data such agdvi oral recordings

is acknowledged. In general, it is assumed thagtkater the number of criteria listed for any site,

the more likely it is to relate to tsunami inundatiand the higher the veracity or validity of tleeard.
There are numerous sites with few criteria listadhese instances it is recommended that addititata

be sought to augment the database.

Discussion and conclusions

The New Zealand palaeotsunami database consideng disparate sources of information and as a result
there are compromises in the nature and extemieofiata presented.adri oral recordings do not fit well
within an overall structure focussed primarily twe fphysical evidence for past tsunami inundatidmeyT

do however, fit well within an overall strategyit@orporate any type of relevant data that coulatego
possible tsunami inundation. Tsunamis require acgowand in many cases their generating eventeg leav
their own identifiable signals in the landscapd thecur either immediately or soon after the e\erg.,
uplifted beach, landslide) or as a delayed resp@asg, river aggradation, coastal village abandemtin
(Goff & McFadgen 2002a). Inundation by a large tsuh can also completely change the coastal
geomorphology (Goff et al. in press). The subsegimdand migration of destabilised coastal sand$ an
formation of a parabolic dune system could theeefoe a delayed geomorphic response to tsunami
inundation. New Zealand is an isolated landmass anduch, the only way that a generating event can
leave an identifiable signal in the landscape andgoa Mori oral recording is if it is associated with a
local or regional source. Distantly sourced tsusamive no local signals. In a broad-brush way theze

the database has the potential to differentiaterd®t local/regional and distance sources.

The initial search for evidence to incorporate itite palaeotsunami database has been wide-rarging.
has benefited from recent advances in the stugyedfistoric Miori oral recordings (King & Goff 2006,



King et al. 2007) and in the recent synthesis aterpretation of New Zealand’s geoarchaeologicth da
(McFadgen 2007) and geomorphic responses to agphstrevents (Goff et aln press, Wells & Goff
2007). The database currently contains well ov€riins describing between 30 and 35 events. Iresom
cases where there are numerous entries for an,dhientlataset offers the ability to validate nucedri
models and determine source characteristics (Véadteal 2006, Goff & Lane in press). In other cases
large number of contemporaneous primary lines @ence adds value to secondary and cultural data of
a similar age (Goff et al. in press), improving awerall understanding of a particular event, fisats,

and source (Walters et al. 2006).

The New Zealand palaeotsunami database has bemously peer-reviewed with an aim of being all-
inclusive when considering evidence of possiblg pasamis and their sources. This report is likely
represent the first iteration of many. It is hopledt future iterations will have proven erroneolstenal
removed and additional data added. It is acknovdddtpat the database is not, and never will be,
complete.
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