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Abstract. Tsunami hazard assessments for Pacific Islands In general terms, there is currently a well-developed lo-
Countries (PICs) tend to focus on subduction zone sources. kal awareness of the cyclone hazard. Five cyclones passed
is generally recognised that while volcanic-related tsunami-through the Cook Islands in a five week period during Febru-
genic sources exist, they are probably only of minor rele-ary and March 2005 (WMO/CAS Tropical Meteorology Re-
vance to the overall hazardscape of the Pacific. This pasearch Programme Steering Committee, 2006). Similarly,
per outlines the evidence for a previously unrecorded locakegional awareness has been raised by repeat events affect-
tsunami that struck the uninhabited south coast of Mangaiaing neighbouring islands, such as Niue, where deposition of
Cook Islands, on 13 April 2010. The tsunami had a maxi- boulders by waves on cliff tops up to 30 m above sea-level
mum inundation of 100 m inland and a runup of 12ma.s.l.occurred in 1991 and 2004 during severe Tropical Cyclones
This event was most probably caused by a small submarin®fa and Heta, respectively (Nott, 2004). The tsunami hazard,
slope failure, the most recent of an unknown number of pre-however, is less well defined.

vious inundations. Since most PICs have a volcanic origin, it It has long been recognised that the Cook Islands, like all
is suggested that current perceptions about the local and reP|Cs, are susceptible to tsunamis generated by regional and
gional significance of such events is inaccurate. A review ofdistant seismicity associated with Pacific Ring of Fire (PRF)
volcanic-related tsunamigenic sources throughout the Pacifigources (Australian Government Bureau of Meteorology,
reveals a wealth of data concerning submarine slope failureg009). There is, however, a significant limitation in all of

in particular and a more general background of active vol-the tsunami hazard assessments, probabilistic or otherwise,
canism. These sources are as relevant to PICs close to or fgarried out for PICs in recent years. While recognising
away from subduction zones. As populations grow and thethat other sources exist, the focus has always been on sim-
coastlines of many PICs and those on the edge of the Pacifiglified subduction zone events. As a result, we are aware
Ocean become increasing occupied, the likelihood for loss ofrom model output that the Tonga-Kermadec trench (TKT) is
life from these events increases. the most significant source of tsunamigenic earthquakes for
the Cook Islands with 2000 yr maximum amplitudes around
1.7 m for the northern group and up to 2.8 m in parts of the
southern group (Thomas and Burbidge, 2009). Complemen-
tary modelling work has concurred, adding that there is also

Pacific Island Countries (PICs) such as the Cook Islands ar& limited regional threat from the South Solomon and New

geographically remote (Fig. 1), have relatively low popula- Heprides trenches_ to the west. Large earthquakes on the
tion numbers and are perceived to have a limited infrastruc/Kuril and Peru-Chile trenches may also represent a distant
ture exposure to tsunami inundation. In many cases howtsunami threat (Australian Government Bureau of Meteorol-

1 Introduction

ever, critical infrastructure is in coastal or low-lying areas ©9Y; 2009).

and is vulnerable not only to tsunamis, but also storms and These types of tsunami hazard assessments are largely
cyclones (Goff et al., 2011a). based upon numerical modelling of simple subduction zone

scenarios. This is entirely understandable, but to recommend
that the Cook Island authorities “use the tsunami hazard stud-

Correspondence tal. Goff ies that have been completed for the Southwest Pacific Na-
BY (i-goff@unsw.edu.au) tions to date, any historical tsunami records and GIS data
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Fig. 1. (A) Map of the Pacific Ocean showing names of islands and features discussed in the text (AS: American Samoa inc Ta'u, Ofu,
Olosega; E: Ecuador; F: Fiji; FP: French Polynesia inc. Tahiti, Moorea, Bora Bora; HI: Hawaiian Islands; HS: Henderson Seamount;
J: Japan; K: Kiribati; KT: Kuril trench; LHBP: Lord Howe, Balls Pyramid; MG: Marquesas Group; N: Niue; NHT: New Hebrides trench;
PCT: Peru-Chile trench; PNG: Papua New Guinea; S: Samoa inc. Savai'i, Upolu; SI: Solomon Islands; SST: South Solomon trench; T: Tonga;
TKT: Tonga-Kermadec trench; V: VanuatuB) Cook Islands — divided into the northern and southern groups. Names of the main islands
are given but not all are discussed is the text.

to identify low-lying communities which may be potentially =~ The association of a fault rupture and a submarine land-
prone to tsunami impacts” (Australian Government Bureauslide is not unreasonable given the extreme groundshaking
of Meteorology, 2009), seems somewhat blinkered. Subducthat occurs during any large submarine earthquake. Indeed,
tion zones are only one of a suite of potential tsunamigenicsuch associations have been used to explain larger-than-
sources, albeit the most common in historic time. Land-normal tsunami waves experienced following even moder-
slide (10 %), volcanic (4 %), meteorological (3 %), subma- ately small earthquakes such as the 1998 Papua New Guinea
rine strike-slip faulting (12 %), and unknown causes (8 %) to-event (Harbitz et al., 2006). The recent 2009 South Pa-
gether add up to 37 % of the total number of historic tsunami-cific tsunami (2009 SPT) is also indicative of the complex-
genic sources (Gusiakov, 2009; Whitmore et al., 2009). ity of apparent subduction zone events. The tsunami was

Itis becoming increasingly apparent to earth scientists thabriginally thought to have been generated by a single earth-
researchers do not currently have a sufficient understandinquake, but subsequently it was shown to be associated with
of all the geophysical processes associated with subductioan earthquake doublet, ®\,, =8.1 normal fault rupture on
zone events (Satake and Atwater, 2007). The implicationthe outer trench-slope was followed within minutes by a
here is that subduction zone events can and often do generatd,, = 8.0 subduction interface thrust event. Both ruptures
larger tsunamis that current modelling suggests. Indeed, recontributed to tsunami generation (Beavan et al., 2010). This
cent numerical modelling work on the 1771 Meiwa Tsunamirecent event indicates that while simple generic subduction
in Japan makes this case (Goto et al., 2010). In that studymodelling gives a general idea of what could happen, they
modelling of a tsunami generated solely by a large subduccan reasonably be assumed to provide limited estimates of
tion zone earthquake could not replicate the historically doc-the maximum size of tsunamis from such sources since they
umented outcomes. Modelling of a subduction zone eventire only approximations of the generating mechanism (e.g.,
that included a synchronous submarine landslide on the scar@overs and Wortel, 2005; Fritz et al., 2011). It would ap-
face, however, was capable of replicating the outcomes (Gotpear that tsunami hazard planning based solely upon exist-
et al., 2010). A similar process has also recently been proing simple subduction zone models is unwise. It is impor-
posed to explain a unique suite of high elevation tsunami detant, however, to attempt to approximate the nature and ex-
posits associated with an event on the TKT to the north oftent of tsunamis generated from subduction zone events be-
New Zealand (Goff et al., 2011b). cause they are the most significatistanttsunami sources

for PICs. At aregional and local scale the relevance of
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subduction zone events to individual PICs becomes less weltoncentric geomorphological structure with a deeply weath-
defined. For some PICs close to subduction zones, such ased volcanic cone rising to 169 ma.s.l., a raised coral reef
Samoa, Fiji and Tonga, they are still extremely importantcalled the makatea and swampy lowlands between them
tsunamigenic sources, but for others such as Kiribati, FrenclfFig. 2) (Yonekura et al., 1998). The makatea varies between
Polynesia and the Cook Islands, volcanic-related activity be-0.7—2 km in width with a maximum elevation of around 70 m.
comes increasingly relevant. In general terms, since moslts landward margin is steeply cliffed, dropping down 50+ m
PICs are volcanic in origin, the balance of the most signifi- to the swamps below. The seaward cliffs of the makatea vary
cant local and regional tsunami sources tips more towards from around 2—-12 m high and are fronted by a narrow mod-
higher percentage of volcanic-related events. ern fringing reef 150-250 m wide that encircles the entire

Volcanoes are inherently unstable and eruptions, calderésland (Kirch, 1996).
collapse, flank collapse, pyroclastic flows and even small
slope failures are all potentially tsunamigenic (Goff et al.,
2011a, 2006; Acocella and Puglisi, 2010; McMurtry et al., 3 Evidence of inundation — 13 April 2010
2004; Self, 1992). Many PICs are still volcanically active
and form part of the PRF, while those not directly associ-Data were gathered during a visit to Mangaia in Septem-
ated with it are generally either linked to hot spot volcanism,ber 2010. At the time, a story was circulating on the main
mid-ocean ridges or past tectonic activity. Perhaps most imisland of Rarotonga about a large wave(s) that had inun-
portantly, these various types of PICs are all linked to geo-dated the south coast of Mangaia (Fig. 2) a few days after
logically much larger structures that lie below the surface ofthe Chilean earthquake and subsequent Pacific-wide tsunami
the sea (Nunn, 1998). warning on 27 February. There were no other details.

It would seem that modelling of simple subduction zone Data were collected in two forms, personal accounts and
scenarios helps to provide a partial picture of tsunami sourcephysical evidence. Where possible personal accounts were
for PICs such as the Cook Islands. Significant gaps, how<collected directly from the individual, but on occasion this
ever, remain in our understanding of the complete picturewas not practical. Field measurements were taken using
and there is currently almost no grasp of local and regionalstaff and tape measure surveys with orientation and position
volcanic-related tsunamigenic sources. On balance, it seemecorded by compass and GPS, respectively. The elevations
reasonable to suggest that simple subduction zone eventgere measured relative to sea level at the time of survey and
may represent as little as 50 % of the potential tsunamigenisubsequently adjusted relative to high tide.
sources for some PICs.

What is known about the tsunami hazard for the Cook3.1 Personal accounts
Islands is that there have been at least 22 tsunamis since
1837 AD with three appearing to have had waves of up toThe disjunct between information circulating on Rarotonga
three metres high (1896 AD — Japan: Anon, 1896; 1903 AD —and Mangaia was remarkable. Contrary to the general be-
Papua New Guinea: Anon, 1903; 1909 AD — Ecuador: Anon,lief on Rarotonga that inundation was associated with the
1909). Ironically, the largest historic tsunami from the TKT, 2010 Chilean tsunami, Mangaia's Chief of Police, Aerenga
which is considered to be the most significant (subductionMatapo, advised that the wave(s) inundated southern Man-
zone) tsunamigenic source for the Cook Islands, is two megaia one day after a tsunami information bulletin (pa-
tres (Okal et al., 2004). The TKT does, however, happen tcfific.2010.04.11.095237) was issued by the Pacific Tsunami
be the most common historic tsunami source (9 events: Goffvarning Centre on 11 April 201tp://www.weather.gov/
2010). ptwc). The tsunami information bulletin referred to a

This paper briefly outlines the evidence for a probable lo-68 km deep,My, =7.0 Solomon Islands (35, 161.2E)
cal tsunami that inundated Mangaia on the 13 April 2010 andearthquake that occurred at 09:53UTC (10 April 2010,

discusses the implications of these findings for the Cook Is-11:53 p-m. Cook Islands time). The tsunami travel time from
lands in particular, and PICs in general. the Solomon Islands is around 6h. In the absence of any

other tsunami information and a lack of storm activity in

the area at the time, it was thought that the wave that inun-
2 Physical setting dated the southern coast of Mangaia on the 13 April 2010

might have been related to the Solomon Islands earth-
Mangaia (2255 S, 15755 E) is one of the volcanic south- quake (Aerenga Matapo, personal communication, Septem-
ern Cook Islands and rises some 4500-5000m from théber 2010).
sea floor (Summerhayes, 1967). It lies along the Cook- People in the village of Tamarua (Fig. 2a), close to the
Austral quasi-linear volcanic chain, a hot spot lineamentsouth coast, heard a wave(s) strike the southern cliffs early
that extends 2500 km from Macdonald Seamount to Palmeren the morning of the 13 April (Taoi Nooroa, personal com-
ston Island (Wood and Hay, 1970). Mangaia is the sec-munication, September 2010). It is assumed that this was
ond largest of the Cook Islands (51.8kmand has a around dawn because two fishermen, who were already out
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at sea beyond the fringing reef, were able to see the water
recede prior to inundation, although they did not observe

the subsequent runup (Allan Tuara, personal communication,
September 2010).

Local resident Maki Tangimatiti keeps pigs along the
south coast (Site 1: Fig. 2a) and uses an old quarry road about
100-150m inland to access the area. When he fed the ani-
mals on the 12 April the surrounding coastal vegetation was
undisturbed, but on the following afternoon he found coral
boulders, uprooted pandanas treleandanus tectoriusand
other vegetation washed inland as far as the road and ad-
jacent to his pig enclosure. No large storms or waves had
struck the coast between 13 April and the time of the survey
in late-September (Maki Tangimatiti, personal communica-
tion, September 2010). A reconnaissance survey along the
same quarry road, but from the southern end of Ivirua, found
that damage to coastal vegetation and deposition of coral de-
bris extended over 4 km east of Site 1 (Fig. 2a: eastern end
of blue dashed line) (Taoi Nooroa, personal communication,
September 2010).

T I
LEGEND 157°57'W 157°53'W

N
| Village A
[ Lake Tiriara

Elevation (m) 21°54'S 1

3.2 Physical evidence

A detailed site survey of the entire affected area was not pos-
sible in the time available because of access difficulties, but
the maximum extent of longshore inundation was estimated
based upon photographic evidence (Fig. 2b) and the personal
account of Taoi Nooroa noted in Sect. 3.1. Inundation af-
fected approximately 8 km of coastline (Fig. 2a: dashed blue
line), with detailed observations mainly carried out along a
2 km central portion at Points 1-3 (Fig. 2a).

Inundation and runup were recorded at eight sites, six
within the 2 km study area and two further West (Fig. 2a). A
combined maximum inundation and runup of 100 m inland
and 12 ma.s.l., respectively, was recorded at Point 2. Inun-
dation and runup decreased to both the west and east of this
Fig. 2. (A) Map of Mangaia showing the approximate location of point. Flow depths were difficult to measure especially close
the three main villages. Red circles mark the location of Points 1-3to the coast where all vegetation had been stripped off the
discussed in the text, the red solid line marks the extent of the maingnd (Fig. 2b and c). The first indications of a probable mini-
study area and the blue dashed line shows the inundation-affecteghym flow depth were remnant pandanas tree trunks snapped
?oasé'"t‘,e' Thedorange and pu:plel ba:(S :lndlcate mea.\s;.reoi points ¢ft at about 1.8—2.0 m above ground level some 15-20 m in-
Inunaation and runup, respectively. Yellow arrows indicate mean . H =
A-axis orientations of boulders at Points 1{B) Photo taken from land (Fig. 2¢ — left hqnd side of phr._)to, Fig. Zd)i Shapped

branches and vegetation hooked up in trees provided approx-

Point 1 looking west.(C) Photo taken from Point 1 looking east, . . . .
red circle shows person for scale. Snapped pandanas tree trunk jations of flow depth (Fig. 3 — Point 3). Flow depths de-

centre left of photo(D) Photo taken at Point 2 showing a patch of créased markedly at about 30m inland from around 2.0-
snapped pandanas trees with coral boulder (ringed in red) overly2.8m to 1.5m, and then showed a steady decline landward
ing crushed vegetation(E) Photo taken at Point 3 showing coral (€.9., Fig. 3).

boulder crushing live vegetation (ringed in r¢&) Point 1 — photo The A-axis orientation was recorded for 26 boulders. Of

looking north with large coral boulder tilted on its side overlying these, 24 boulders fall within the N005-030 range, with a

and overlain by dead vegetation. Red circle shows intact pandanago® modal class at NO05-015. The mean A-axis orientation

tree and root system deposited among delj@3.Impact marks on 4t pojnts 1-3 are noted on Fig. 2a (yellow arrows), with a

underside of coral boulder (left circle) which overlies pandanas tre€ore detailed breakdown of individual boulders at Point 3

trunk (right circle). given in Fig. 3. The largest clast had a volume of over 338 m
(2.3mx 1.4mx 1.2 m) which, assuming a coral clast den-
sity of between 1.1-1.4tm? (Paris et al., 2009) yields a
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Fig. 3. Point 3: transect perpendicular to coast marking the zones of erosion and deposition. Most boulders cluster near the main break of
slope, but can be traced inland about 60 m. The red dashed line joins up points where (minimum?) flow depths were noted. Variations in the
A-axis orientation of individual boulders are shown.

weight of close to 5.5t. The estimates of wave heights re-cyclonic events such as those that affected Niue in 1991 and
quired to transport the largest boulder indicate that it would2004 (Nott, 2004). The possibility of rogue waves, however,
require relatively small storm (1.32 m) and tsunami (0.21 m)cannot be entirely dismissed, although the absence of storm
waves (Nott, 2003). conditions within the area and region at the time tends to
The results of survey transects at Points 1-3 indicate thamake this scenario less likely&RBuignet et al., 2009).
there is a greater clustering of boulder clasts around the break It was fortunate that no lives were lost as a result of this
in slope which marks the beginning of the zone of depositionevent, largely because no one lives on the southern coast of
(Fig. 3). Marked changes in flow depth occurred a few me-the island. There appear to be two possible explanations for
tres inland from this break of slope. Boulder clasts couldthis lack of coastal settlement. First, the landscape is rugged
be traced up to 60 m inland and were often found overlyingand mainly consists of closely spaced ridges of sharp, heav-
live vegetation (Fig. 2e) or dead organic debris deposited bylly weathered and incised makatea that impedes land access.
the wave(s) (Fig. 2f). Many of the boulders and the makateaSimilar makatea, however, is found elsewhere on the island
bedrock exposed along the denuded coastline showed sigrnd this has not prohibited coastal settlement. Second, in
of impact scars and the removal of angular protuberanceshe archaeological record there is a recognised breakdown
(Fig. 29). This presumably occurred as boulders were transi large nucleated coastal sites in the 15th century, with a
ported as bed load across the makatea bedrock. change to a more scattered inland settlement pattern (Walter,
There were no visible fine sediment deposits, although1998). Archaeologically, this contemporaneous movement
freshly deposited, 1-3 cm diameter pebble clasts of coal wer&om low-lying coastal to higher elevation inland sites is ex-
identified at Point 2, site of the 1904 wreck of the coal bar- plained as being the result of a breakdown in long-distance
queSaragossaFreshly deposited coal clasts lying on top of voyaging networks and a decrease in mobility (Walter, 1998).
vegetation were traced up to 80 m inland. The remainder ofGeologically, however, this contemporaneous shift in settle-

the deposit consisted of uprooted pandanas trees, coconuf@ent patterns has been associated with a period of enhanced
and dead canopy vegetation (Fig. 2d and f). tectonic activity, earthquakes and tsunamis in the SW Pacific

(e.g., Goff et al., 2010, 2011b; McFadgen, 2007). Perhaps

there has been long-term avoidance of this exposed coast-
4 Discussion line?

The south coast has a cliffed and arcuate shape (Fig. 2a)

Estimates of the wave heights required to move the boulderghat may well indicate long-term slope instability on the steep
measured on the south coast of Mangaia provide equivoca¥olcanic sides of the island, possibly through a combina-
data. It is entirely plausible that either storm or tsunamition of sub-aerial slumping and submarine slope failure ex-
waves could have transported these boulders. Storm waveosing the coast to inundation from local tsunamis. Previ-
heights of 1-1.5m are common as Mangaia is directly ex-ous researchers have identified the area as a probable site of
posed to the local and distant effects of weather system#arge submarine slope failures that have been responsible for
crossing the southern Pacific Ocean. While waves of thigemoving a significant part of the south coast of Mangaia
size are common, transporting boulders across the fringingSummerhayes, 1967; Wood and Hay, 1970).
reef and up a cliffed coastline is normally associated with
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Personal accounts from fishermen along the south coast inMcMurtry et al., 2004). Recent work has also focussed on
dicate that at least two similarly large inundation events havethe region-wide effects of caldera collapse in Vanuatu (Goff
occurred in the recent past. In 1997/1998, at the western endt al., 2010; 2011a), and the study of megaclasts in coastal
of the area affected by the 13 April event, a fisherman andTonga led Frohlich et al. (2009) to conclude that “small
his son were preparing their nets on the coast road beforé<1km?) submarine slope failures sometimes generate lo-
putting out to sea. They saw a huge wave estimated at abowally large tsunamis”. This is encouraging, but it seems that
10 m high forming just off the reef. Before they could run these research findings represent only a small fraction of the
too far uphill they were caught by the oncoming water. For-work to be done. Active volcanoes aside, there is already
tunately they were washed further inland by the then waistample evidence throughout the Pacific region of catastrophic
high water and they were able to escape. A similar, un-volcanic-related submarine slope failures.
dated event occurred earlier on the south side of Tamarua To the north, several Hawaiian Islands are estimated to
near Point 2 (Fig. 2a). They again saw a huge wave form-have lost more than 30 % of their volumes as a result of sub-
ing but managed to reach high ground before the wave strucknarine slope failures once they stopped growing. Equally,
(Pare’ina Nga-tupuna told to Allan Tuara, personal commu-many are also believed to have lost at least the same amount
nication, November 2010). from giant submarine slope failures while they were still

In the absence of detailed bathymetric and geologicalgrowing (Holcomb and Searle, 1991). In essence, oceanic
studies it is difficult to determine the nature and history of volcanoes repeatedly lose large volumes to submarine slope
volcanic-related hazards such as flank collapse and submdailures as they grow and as they decay. Holcomb and
rine slope failure on Mangaia. The occurrence of flank col-Searle (1991) consider that numerous ongoing submarine
lapse and submarine slope failures (and locally generatedlope failures may explain the large volumetric difference be-
tsunamis) on Mangaia should not be considered surprisingtween oceanic volcanoes and their archipelagic aprons.
however, since many of the other southern Cook Islands have In the West Pacific, Silver et al. (2009) mapped 12 debris
experienced similar activity in the past. For example, bothavalanches from volcanoes in the Bismarck volcanic arc of
Rarotonga and Aitutaki (Fig. 1) are recognised as havingPapua New Guinea alone and recognised that tsunamis from
experienced catastrophic submarine slope failures (Summeeven small submarine slope failures may have produced sig-
hayes, 1967; Wood and Hay, 1970). Similarly, researchersificant run-up on nearby coastlines. They concluded that if
have shown that Takutea (Fig. 1) is the remains of a large subany of the submarine slope failures they identified occurred
marine ridge that was probably destroyed by a giant submain modern times they would have moderate to significant
rine slope failure along the Takutea Saddle between Takutetsunami impacts on populated coastlines in the region. Con-
and Atiu (Wood and Hay, 1970; Summerhayes and Kibble-tinuing to the SE through the Solomon Islands and Vanuatu,
white, 1968). Other members of the southern Cook Islandsubiquitous, large-scale submarine slope failures attest to the
including Mauke, Mitiaro and Atiu bear evidence of boul- high degree of instability in the region including numerous
ders deposited by large waves. On Mauke, massive cliff-toprecent events. Bathymetric data also confirm the presence
boulders up to 15 fcan be found over 10 ma.s.l. and 200 m of a serious explosive volcanic hazard in northern Vanuatu.
from the cliff edge. Similar features are also found on both Both sets of evidence indicate the repeated occurrence of po-
Mitiaro and Atiu (Stoddart et al., 1990). While it is always tentially disastrous tsunamis in the region (Kroenke, 1995).
reasonable to invoke cyclone emplacement using recent hisAt the southern end of Vanuatu it is probable that small vol-
toric examples (Niue: Nott, 2004), a tsunami origin cannotume submarine slope failures occur at one volcano or another
be discounted especially with geological evidence for catasevery few days to years, but the frequency of giant ocean-
trophic submarine slope failure associated with several of thésland landslides is unknown (Keating and McGuire, 2000).
neighbouring southern Cook Islands. Within the Southwest and Central Pacific, numerous giant

It is surprising that so little attention has been given to thesubmarine slope failures have been identified such as those
hazard and risk associated with volcanic-related tsunamis foon the flanks of the Lord Howe and Balls Pyramid volca-
the Cook Islands. Are the Cook Islands unique in their ap-noes. Their morphologies are broadly similar to those re-
parent abundance of potential volcanic-related tsunamigeniported from the Hawaiian Islands (Kennedy et al., 2011).
sources? While generally recognising that these tsunamiSimilarly, further East giant submarine slope failures are con-
genic sources exist, little has been done to incorporate thersidered responsible for removing large parts of the Samoan
into comprehensive tsunami hazards assessments, to tlachipelago, including Ta'u, Ofu, and Olosega in American
point that the Cook Islands are considered to have a lowSamoa (Holcomb and Searle, 1991; Daly, 1924) and Savai'i
risk from anything other than subduction zone sources (e.g.and Upolu in Samoa (Kear and Wood, 1959). For exam-
Pearce, 2008). There appears, however, to be a growingle, the giant landslide on Ta'u is represented sub-aerially as
awareness of the significance of volcanic-related tsunama series of down-faulted benches on its southern flank that
hazards in the Pacific region. Considerable attention hasre believed to be the remnant of catastrophic collapse in-
been given to the geological evidence for massive tsunamisolving ~30 km? (Williams, 2009). Recent modelling of the
from giant submarine slope failures in the Hawaiian Islandsresultant tsunami has2 m waves inundating the low-lying
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northern Cook Islands 500 km to the Northeast ang5an simply because they are not associated with a major earth-
inundation affecting Upolu 100 km to the West (Williams, quake, and also may affect currently unpopulated areas (e.g.,
2009), a truly region-wide event. Cook Islands: 13 April 2010).

In French Polynesia, giant submarine slope failures have
been inferred from geological structures in Tahiti, Moorea,
Bora Bora and from all of the islands of the Marquesas group®  Conclusions

(Holcomb and Searle, 1991). Similarly, the broad embayed

coastline of Niue to the west of the Cook Islands has beerf* Study of a previously unrecorded local tsunami on Man-
proposed as evidence for a series of large submarine S|0pgala in the Cook Islands has raised concern about the lack

failures (Summerhayes, 1967). The nature and extent of po(_)f understanding of volcanic-related tsunamigenic sources in
tential tsunamis from these sources are yet to be evaluated.the Pacific region. While recognising that these sources exist,
It is worth noting that while researchers are well aware of most of the tsunami hazard and risk assessment work carried

many of the Pacific’s active submarine volcanoes, new one&Ut in the Pacific to date does not appear to consider them of
are still being discovered. For example, in 1975, Vailulu'u M&jor significance. This approach is surprising for three rea-
the youngest volcano in the Samoan volcanic chain was disSONS- First, there is a wealth of literature relating to volcanic-
covered 45 km east of Ta'u. Like many other submarine vol-related tsunamigenic sources in the Pacific. Second, the ma-
canoes, it is not only that this could be a tsunamigenic sourcdrity of PICs are of volcanic origin and would, therefore,
as a result of a volcanic eruption (it is only 590 m deep), butS€€M likely to suffer reIatlveI.y more from these sources than
also from submarine landslides off the volcano’s slopes thaPther areas of the World. Third, tsunamis from these sources
rise 4800 m above the sea floor (Hart et al., 2000). Equally@ré most likely to be of local and regional significance and,
the Pacific Ocean has over4.6eamounts taller than 1km hence, will have little to no warning associated with them.
(Holcomb and Searle, 1991). Giant submarine slope failuredVhile early warning systems work well for more distantly
have been reported from large seamounts such as Henders§RUrced tsunamis, it is precisely this type of near-sourced
Seamount, 700 km west of the Gulf of California, (Taylor et 8vent that requires comprehensive and effective community
al., 1980). Other smaller seamounts, however, with submaPaseéd awareness and education programmes to reduce loss of
rine slope failure volumes of between 20-50%are more life — one of the most important goals of tsunami hazard and
common. The smallest of these are similar to sub-aerial vol/iSk assessment work in the Pacific.

canoes such as Mount St. Helens, and may well be capable of It seems likely that tsunamis from volcanic-related sources
generating submarine slope failures of several cubic kilome &€ under-represented in the historic record because the inun-

tres (Holcomb and Searle, 1991). To put this into context, jtdation events were not associated with obvious large earth-
is worth reiterating the findings of Frohlich et al. (2009) who duakes. Similarly, many of the probably high frequency, low
recognised that even smalil km® submarine slope failures Magnitude (local) tsunamis have gone mostly unnoticed be-
sometimes generate locally large tsunamis. Previous studi¢g2use they affected coastlines that were either sparsely or un-
have also shown that moderate to large (10-18)ksubma- populated at the time of inundation. As populations grow and

rine slope failures may well be responsible for some of thethe coastlines of many PICs become increasing occupied, the
largest identified tsunamis (Tappin et al., 2001). likelihood for loss of life from these events increases.

The lack of recognition within the tsunami researchA cnowled <Thi " ied out under R h
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a concern. It can be argued thf”‘t S'_nce Iands’_"desl and VO'RnowIedge the assistance provided by the community of Mangaia,
canoes represent only 14 % of historic tsunamigenic SOUrceg, particular that of the Island Secretary, Helen Henry. Rod Dixon,
(Gusiakov, 2009), there is a far greater need for researchefsirector of the University of the South Pacific in the Cook Islands,
to focus their attention on subduction zone events. Theres thanked for his tireless support. Jonathan Nott kindly processed
are, however, two significant points against this argumentthe wave height data for boulder transport.

First, most PICs are of volcanic origin and since there are

a suite of recognised volcanic-related tsunamigenic sourceEdited by: T. Glade

we would do well to determine how important they are in the Reviewed by: W. Dudley and another anonymous referee

Pacific region. Second, it seems most probable that many lo-

cal and regional tsunamis from volcanic-related sources hav?2

not been recorded in historical databases. The source originseferences
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