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The landslide and local tsunami of 13 September 1999 on Fatu Hiva
(Marguesas Islands; French Polynesia)

EMILE A. OKAL', GErRARD J. FRYER?, JOsE C. BORRERO® and CHRrRISTOPHE RUSCHER?
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Abstract. —On 13 Sepiember 1999, a local tsunami, comprising two waves separated by a few minates, hit the village
of Omoa, on the island of Fatu Hiva, French Polynesia. It inflicted serious damages to structures built close to the sea-
shore, in particular to the local elementary school. The tsunami was generated by the collapse of a basaltic cliff, lo-
cated 3 km Lo the southeast of Omoa, aleng the coastline. The voiume of the Jandslide is estimated to range from 2 to
5 mitlion m’, of which 60 % fell into the sea. A p]ehmmary simulation of the tsunami provides an acceptable explana-
tion of wave amplitudes, as well as an estimate of the origin time of landsiide.

L’éboulement et le tsunami local du 13 septembre 1999 & Fatu Hiva (fles Marqguises:
Polynésie francaise)

Mots ¢lés. — Tsunami, Eboulement, Polynésie frangaise, Iles Marquises.

Résumé, — Un tsunami local, comprenant deux vagues séparées de guelques minuies, s’est abattu le 13 septembre 1999
sur le village d’Omoa (ile de Fatu Hiva, Polynésie francaise), infligeant de sérieuses destructions aux structures en
bord de mer, et notamment & Pécole communale du village. Ces vagues ont é1é engendrées par ’éboulement d’un pan
de falaise basaltique, & 3 km au sud-est d’Omoa, le long de la cble. Le volume de I’éboulement est estimé se situer
eatre 2 et $ millions de m’, dont 60 % ont pénétré en mer. Une simulation plehmmaire du tsunami donne des valeurs

acceptables pour i’amphtude des vagues 4 Omoa, et fournit une estimation de |

’heure origine du phénoméne.

" ANTRODUCTION

At approximately 22 : 40 UTC (13 : 10 local time) on 13
September 1999, a series of two waves inundated the
beachfront of the viliage of Omoa, on the island of Fatu
Hiva, which is part of the Marquesas group in French Poly-
nesia {fig. 1}, at low tide, and during an episode of calm
weather and seas. The waves seriously damaged waterfront
property, including the local scheol. The origin of this local
tsunami was found to be a major subaerial rockslide in a
cliff located 3 km southeast of the village, immediately east
of Pointe Mahitoa. Yet, no precursory signal — seismic
shaking or audible sound — was reported in Omoa.

The possibility that significant tsunamis could be gen-
erated by landslides was first proposed by Milne [1898],
and Gutenberg [1939] actually suggested that landslides
were the primary mechanism for generating farge tsunamis.
More recently, Keating and McGuire [2000] have reviewed
the tsunamigenic properties of a number of landslides, in
the general context of the destabilization of volcanic edi-
fices, their size ranging from small rockfalls to massive
slides, such as the Hawailan mega-slides identified by
Moore [1964], which reach up to 34,000 km® [Rees er al.,
1993}, Ameng seismic events whose tsunamis were attrib-
uted by modern studies to underwater landslides are the fol-

lowing earthquakes : Amorgos, Greece, 1956 [Ambraseys,
1960]; Suva, Fiji, 1953 [Houtz, 1953]; Grand Banks, New-
Foundland, 1929 [Hasegawa and Kanamori, 1987];
K.alapana, Hawaii, 1975 [Eissler and Kanramori, 1987]; and
Papua New Guinea (PNG), 1998 [Synolakis e7 /., 20021 In
addition, localized underwater landslides triggered by
neighboring large earihquakes have been argued to explain
locally enhanced values of tsunami runup [Plafker et al,
1969; Imamura et al, 1993}, Tsunamigenic underwater
{andslides have also occurred in the absence of perceptible
selsmic  activity, eg, the 1979 Nice, France
[Assier-Rzadkiewicz er al, 20007 and 1994 Skagway
[Plafker er al., 2000] events.

In addition to such landslides originating underwater, a
number of tsunamis have been generated by large, origi-
nally subaerial landslides which reached the coastline and
eventually spilled into the ocean. Such scenarios have been
documented during volcanic eruptions in the Folian Islands
[Tinti ef al., 1999] and in the Caribeean {Heinrich et al.,
2001], and may have been involved at Augustine Volcano,
Alaska [Waythomas, 20007, Because they are directly ob-
servable, subaerial slides have been the subject of extensive
study from the dynamic and seismological standpoint, the
best example being perhaps the event accompanying the
1980 explosion of Mt. 5t. Helens [Kanamori ef al., 1984],
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F1a. I — Top : Maps locating the Marguesas Islands in the Pacific (left),
and the island of Fatu Hiva within the Marquesas group {right), Botiom .
Map of the island of Fatu Hiva, showing the two villages (circies) and the
{ocation of the Vaifaite ¢liff and rockslide {triangle). Other localities re-
ferred to in the text are identified.

FIG. 1. — Hant : carles localisant les fles Marguises dans le Pacifique (4
gauche} ef Fatu Hiva dans 'avchipel (4 droite). Bas : carte de Fortu Hiva,
monirant les deux villages (cercles) et la position de la falaise dbowiée d
Vaifaite (triangle). Les autres liewx mentionnés dans le texte sont aussi
identifies,

which, however, did not reach the ocean and thus generated
no tsunami.

As will be detailed fater, the 1999 Fatu Hiva landslide
is unique in that it was generated above sea level, pene-
trated the ocean mass, but was most probably coniained on
the shallow, largely flat drowned beach.

ON-SITE SURVEY

Survey team

Fatu Hiva (77 km?) is the southernmost and youngest mem-
ber of the Marquesas chain. lts last episode of voelcanism
has been dated at 1.3 Ma [Duncan and McDougall, 1974].
The island is kidney-shaped, and represents the remaining
eastern half of the original volcanic edifice. Like ali islands
in the Marquesas, it is presently devoid of coral reefs, al-
though drowned coral structures attest fo their past exis-
Bull. Soc. géol. Fr, 2002, n’ 4

tence. The population of Fatu Hiva is concentrated in two
villages, Omoa (pop. = 400} and Hanavave (pop. = 200), at
the mouth of the major valleys on the west coast.

in the aftermath of the disaster, a survey team consist-
ing of the four authors of this paper was assembled ar”
traveled to Fatu Hiva, reaching Omoa on 4 October 1994,
The principal goal of the survey was to understand the ori-
gm of the Jocal tsunami, and to build a database of runup
and inundation values, to be used later for the purpose of
numerical modeling. Because of the three-week delay be-
tween the tsunami and our visit, the quality of some water-
marks had already started to erode; in addition, and
understandably, a large clean-up effort had already taken
place with most debris from the waves hauied away before
our arrival.

Pamage at Omoa

The most critical damage inflicted by the waves was at the
local elementary school, located at the southern end of the
waterfront (fig. 2). The school is built on a slight incline
rising southward, The first wave totally destroyed the wali
surrounding the school’s playground, built of reinforced
concrete; some of its blocks were carried a distance of
10 m, and rammed the doors to the principal’s office at the
northern and lower end of the building (fig. 3), which was
then flooded and damaged. The school principal, wading
waist-deep through the water, ordered the evacuation of the
classrooms through the inland-facing back windows before
the arrival of the second wave, a few minutes later. The
teachers’ room was also flooded and heavily damaged, with
an estimated 20 cm of sand deposited on its floor. The

classrooms, located progressively further south and

slightly higher elevations, were also flooded, but with less
damage.

i

Miraculously, no lives were lost, despite the fact that
school was in session at the time (13 : 10 local time), with
an estimated 85 children in attendance, the pre-schoolers
(aged 3 to 6) taking their afternoon nap on the outside patio
of their clagsroom, fortunately located at the southera (and
higher) end of the schoel complex. Tragedy was avoided
only through a combination of exceptional circumstances :
the low tide (high tide would have added another meter to
the runup), the arrival of the wave from the south, which re-
suited in the deflection of pari of its energy by Motutapu
(see below), and the immediate reaction of the school prin-
cipal, acting with remarkable self-control and professional-
ism.

In addition to the school, the ice-making plant {fig. 2)
was also severely damaged. While the concrete walls were
left standing, the aluminum roof was carried away, and the
refrigerating compressor unit was transported to the north-
ern edge of the soccer field, a distance of approximately
60 m. Wooden sheds used to store pirogues {oulrigger ca-
noes), located between the soccer field and the Vaitopii
river, were destroyed. Twelve pirogues were carried across
the river and their wreckage left in the forest on the north-
ern side. A copra-drying stand was also destroyed.

Based on our interviews, we were unable to gather ex

dence for any significant topographic or geomorphologic™

change in the affected areas.
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Runup and inundation measurements

A map of inundation (fig. 2) was compiled, using standard
rveying techniques, and based on the recognition of water
rks and testimony by witnesses. The methods used fol-

ow the experience gained during several post-tsunami sur-

veys [Tsuji er al,, 1995; Synolakis ef al., 1998]. The runup
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a3 e damaged eckool at Omoa, photograplved oa 4 October 1999
Top {looking SSE) : The wall (A) has been totally destroyed around the play-
ground. [he principal’s offie and teachers” room (B) have been damaged and
are now boarded up. Classecons kcated at slightly higher devations (C)
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height was measured at 4 m at the school, 5 m at the
ice-making plant, 5 to 7 m on the northern shore of the
river, and up to 8 m immediately north of the launching
dock at Pointe Matahumu. South of Omoa Bay, the runup
reached 7 m along the elevated shoreline, but only 3 m be-
tween the school and Motutapu, an outgrowth of basalt
reaching 10 m altitude and protruding 120 m into the sea
(220 m at a depth of 10 m below sea level). We attribute the
pattern of runup heights, and in particuiar the lower values
on the southern half of the bay, to the presence of
Motutapu, which barred the direct progression of the wave,
in particular sheltering the school from a more severe at-
taci. A further measurement (7 m) was taken at Tahaoa
beach.

The extent of inundation was further documented by
fine-grained coral sand deposits at the river bridge (fig. 2),
at a distance of 130 m from the shore, and at an altitude of
3 m. According to residents of a nearby house, this corre-
sponded to the limit of onland inundation; as observed uni-
versally in other tsunami scenarios, waves penetrate
substantially farther inland along river beds,

At Hanavave, the second village of the island, focated
in the Baies des Vierges, 5.7 km NNE along the western
coast {fig. 1), the runup reached only 1.9 m, and the waves
penetrated a mere 12.5 m inland, based on witness reports.
The waves were not recorded on the other Marquesan is-
lands.

Origin of the waves

We established the origin of the local tsunami as the col-
lapse, in a major subaerial rockslide, of a section of volca-
nic ¢liff, approximately 3 km south of Omoa (4.5 km along
the coast). Figure 4 shows the Vaifaite cliff, as photo-
graphed from a speed boat on 5 October 1999, We were for-
funate to be offered a photograph taken by a resident of
Omoa at the exact same spot in 1996, which allows a “be-
fore-and-after” comparisen of the landscape on figure 4.
On this basis, we calculated the volume of the slide at be-
tween 2 and 5 million m®, We estimate that about 60 % of
the material entered the sea, displacing a velume of water

of about 1 to 3 million m°,

We note, however, that slide debris were deposited on
the submerged beach extending 500 m offshore ar Vaifaite,
at depths not exceeding 50 m. In particular, some of the
boulders remained partially exposed above the water line.
This suggests that most of the slide material did not reach
the steep slope leading to the abyssal plain, and thus did not
generate a turbidity current, but rather was contained on the
shallow shelf. This scenario would be somewhat reminis-
cent — albeit on a much reduced scale — of the giant slide at
Lituya Bay, Alaska, following the Fairweather fault earth-
quake of 10 July 1958 [Tocher, 1960], which raised a gi-
gantic wave in the bay, but left the body of the ocean
essentially unaffected [Miller, 1660].

The testimony of a iocal resident, who was fishing off~

shore in Vaifaite, indicates that the cliff’ was intact as late as
12:30 local time (22 : 00 UTC) on 13 September, i.e., 40 mi-
nutes prior to the inundation at Omoa. The existence of the
slide, discovered on 14 September by fishermen, then lea-
ves no doubt as to the origin of the waves. The location of
the slide also explains the higher values of runup along
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those segments of the shore (e.g., the northern coast of
Omoa Bay) facing the incoming waves.

Geological context

The rockslide at Vaifaite is part of the ongoing natural pr!
cess of erosion of the isfand. Along the southern coast of
Fatu Hiva, we have observed numerous dykes, which com-
prise about 10 % of the total volume of the cliffs. Many of
these dykes have been almost completeiy altered to clays,
and preferentially eroded, often leaving 10-50 cm wide
cracks which rise from sea level to the cliff tops. The
Vaifaite siide occurred after a 4-month drought during
which Fatu Hiva received only traces of rainfall. We specu-
tate that the dry conditions dewatered the clays, thus de-
stroying the cohesion of the edifice and provoking
spontaneous cliff collapse.

An identical mechanism appears to have been responsi-
ble for a calamity on Oahu, Hawaii on 9 May 1999. During
a prolonged dreught, a sheet of rock on the upper siopes of
a deeply incised canyon gave way and feil into the plunge
pool of Sacred Falls; eight hikers were killed {Honolulu
Star-Bulletin, 19991, A few days before this tragedy, during
the ongoing drought in Hawaii, part of the sea cliffs along
the north coast of Molokai collapsed into the ocean; that
stide was 150 m wide and B0O m high [S. Martel, pess.
comm., 1999]. The local tsunami that it must have gener-
ated was not observed because it occurred at night, along a
deserted segment of coastline with the closest settlement,
Kalaupapa, 8 ki away, and protected behind a promontory.

Less than a kilometer northwest of the Vaifaite siide is
Tahaoa {“the Long Beach”), which appears to have formed
as the result of mulitiple slides which together have creat;— -
a debris apron over a kilometer long, and deposited numer-
ous boulders in the nearshore zone. More generally, the en-
tire southern and western coast of Fatu Hiva is characterized
by morphologies indicative of past landslides, featuring
fan-shaped debris cones (in most instances overgrown with
vegetation), arcuate headwalls, and run-out bouiders.

At Taioka’i, 3.5 km northwest of Hanavave, is the scar
of a recent landslide about 500 m across. Faty Hiva tradi-
tions talk of the ¢liff giving way beneath a party of
kava-drinking revelers, all of whom lost their lives, In the
version of the story reported by Heyerdahl [1974, p. 116}
the deaths occurred in a seftlement below the cliff, but we
were assured [T. Thopu, pers. comm., 1999] that the seitle-
ment was already abandoned at the time of the landslide.
Both versions of the story include a tsunami, which killed a
group of people living in a cave near sea level just to the
south. The skeletons are still in the cave and could, presum-
ably, be dated. Boulders in the surf zone are even more
commen than at Tahaoa, suggesting that the Taioka’i slide
is younger.

During Heyerdah!’s visit in 1936, small rockfalls were
common at Taioka'i and the talus slope was covered with
“small brushwood and no real forest” [Heverdahl, 1974,
p. 1161 Now rockfalls are rare, and the forest well estab-
lished. These changes suggest that the Taioka'i landslide
occurred at most a few centuries ago.

On a much larger scale, Filmer er af. [1994] have doc
mented the existence of a chaotic underwater compound es-
timated at 400 km®, which may be the result of the collapse
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FIG. 4.
FIG. 4. = La falaise de Vaifaite, photographide avant ef apréy | 'éboulement, dont les dimensions sont estimées & 300 w (largeur) et 250-300 m (hautevr).

of the western half of the volcano, at about 1.40 Ma

|Brousse ef al, 1990]

PRELIMINARY MODELING

A simulation of the wave's generation and propagation
along the southwestern coast of the island was carried out
using the MOST code which solves the nonlinear shallow
water wave equations (NSW) in characteristic form [Titov
and Gonzdlez, 1997; Titov and Synolakis, 1998]), MOST
uses a splitting algorithm, {.e., the equations in each of the
two space dimensions are solved alternately. It involves no
artificial viscosity or dissipation. The numerical solution
uscs a variable grid adjusted so that there is a fixed number
of grid points per wavelength, and the scheme appears to
have sufficient native numerical dissipation to realistically
model the physical propagation and evolution of tsunamis.
AOST was shown to be capable of reproducing the extreme

undation flows of the 1993 Hokkaido-Nansei-Oki tsu-
nami [Titov and Synolakis, 1997], the 1996 Peru tsunami
[Titov and Synolakis, 1998] and the laboratory data on soli-

Befoee and after views of the Vaifaite cliff area. The shide 15 estimated 10 be 300 m ia width and 250 o 300 m high

tary waves of Synolakis [1987], of Briggs er al. [1995] and
of Kanoglu and Synolakis [1998]. MOST calculates runup
but differs in the shoreline computation methodology from
the other widely used code TUNAMI-N2 of Imamura
[1996]). As opposed to carlier threshold models that placed
a vertical wall at some arbitrary offshore threshold depth,
both TUNAMI-N2 and MOST allow the wave to pass
through the initial shoreline. However, where TUNAMI-N2
calculates runup by evaluating the maximum of the time
variation of surface elevation at the last wet grid point sea-
ward of the initial shoreline, MOST extends the calculation
by following the evolution of the moving shoreline up the
coastline and by finding the last wet point up the slope, ar-
guably a more realistic approach. When compared under
identical initial conditions [Plafker er al, 2000), MOST
and TUNAMIN2 produce comparable results, except in
cases of extreme runup, where the different dissipation
characteristics produce different estimates.

While we realize that the detailed dynamics of the pen-
ctration of the slide into the ocean and of the displacement
of the water mass can significantly affect the characteristics

Bull. Soc. géol. Fr, 2002, n° 4
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of the resulting tsunami waves [Heinrich er al.. 1998]. our
purposc at this preliminary stage is to explain the propaga-
tion of the wave to Omoa and the surrounding shores and 10
model an order of magnitude of the observed runup, rather
than to propese an exact simulation of the generation of the
wave. In this respect. we choose here the very simple ad
hoc source model of a tapered bulge of water spreading
over a base radius of 250 m, with a maximum height of
40 m, and a total volume of 3 million m*, These dimensions
account for the volume of displaced water esumated above
while coniaining the source on the shallow beach,

Figure 5 simulates the propagation of the wave on the
southern coast for approximately 5 minutes following the
slide. The particular timing of the selected snapshots was
chosen to illustrate the fundamental features of the simula-
tion. Frames A-C show that this source generates two major
waves, scparated by approximately 50 secconds. This is in
agreement with eyewitness testimonies describing two (and
only two) waves, Perhaps the most crucial aspect of the
propagation of the tsunami is illustrated on frame D. While
to the southeast of the source area, the waves quickly die
off, those propagating northwest are strongly refracted
around the western tip of the island by the underwater nidge
which prolongs, at depths as shallow as 100 m, the mam
watershed in the south ol the sland, both features being
remnanis of the rim of the ancient caldera. On [rame E, the

m

T= 189w

o Tace ehevativn (m)

[
x~

Fi1G. 5

OKAL er al

first wave penetrates Omoa Bay, followed about 50 s later
by the sccond wave (frame F).

On figure 6, we give two time serics of simulated
gauges in Omoa Bay, located respectively above isobaths
2.5 and 15 m, as well as a runup profile taken at the shore.
line, indicating an amplitude approaching 3 m at the cent
of Omoa Bay, directly in front of the ice-making plant (see
fig. 2). These numbers provide an excellent order of magni-
tude for the runup values measured at the school (4 m) and
al the wwe-making plant (5 m), the difference being possibly
attributable to the interaction of the wave with built-up
structures such as the front wall of the ice house, Other,
smaller dimensions of the source bulge were also tested,
but they prodeced runup heights not exceeding | m at
Omoa.

Similarly, we obtained simulated gage amplitudes of 4
to 6 m along segments of the Tahaca Beach (no runup com.
puted), where we surveyed a 7-m runup, and of up to 8 me-
ters near Pointe Mahitoa, whose shore we could not access,
but where we suggest a runup of 10 m, based on a survey of
the line of destroyed vegetation, as estimated remotely
from the speedboat. By contrast, our simulation predicts
only an amplitude of 25 ¢m at the center of Hanavave Bay,
above the 4.4 m isobath.

The conclusion of this effort is that our simulation,
however preliminary and based on a very crude ad hoc

T =180

Snapshots of the simulated surface of the ocean at selected times followieg the onset of the wave. Bathymetric contours on frame A are in me-

ters, Only positive wave heighis are shown, Nolte the general confinemcest of large smplitdes to the shallowest poctions of the ccean, and the relinction
of the waves around the westernmoast tip of the islaad (Fframes (C7 and ¢0)), which flings their energy towards Omoa. As the twoe waves approach Omon

Bay, their amplicude is about 2 meters
FiG. S

[mstantands simulds de la yyrfoce de Vocdan, anx temps iexchignéy mesiees apres (e déclenchement de la vague. Les comtours harkymetrigy
{planoke Ay sonr en méves. Sexles soat représentdes Jes vaguey o ‘amplitede positive. Remarquer gue Jes ploy gramder amplitvdes zomt concentrées da

lex zomes de wmoindre profondeur: Noter awssi la réfraction des vagues par [a pointe Sud-Owest de Vile (C et D), gui rabat kewr énergie vers Omoa, ol

Pamplitude des vagues ess de Vavdre de 2 m
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FIG. 6. — A gauche : marégrammes simulés pour dewx Jauges virtuelles placdes au centre de la baie d'Omoea, aux iscbathes 2.5 m (haut) ef 13 m (bas).
Aw centre - détail de la bathymétrie wtilisée dans la simularion. 4 droite : profil de I'inondation maximum le long de la céie & Omoa. Remarguer !am-

plitude de Uordre de 3 m au centre de la baie.

model of initial conditions, yields a reasonable description
of the runup observed at key locations along the coast of
the island. It explains the relatively large amplitude of the
waves at Omoa through refraction by an underwater ridge,
and provides an acceptable order of magnitude of their am-
plitudes at Omoa and Hanavave. Finally, it estimates a
~*avel time of = 5 minutes from Vaifaite, which in turn sug-
~sts an origin time of 13:05 local (22:35 UTC) for the
slide.

Based on this estimate, an extensive search was con-
ducted in the hope that the rockslide might have generated
hydroacoustic signals (7" waves) which could have been de-
tected at various hydrophone and island seismographic sites
in the Pacific Basin {Okal, 2001]. Due to the combination
of masking by various island structures and, unfortunately,
down time at several critical stations (Pitcairn, Easter), no
conclusive detection could be identified. The absence of T
waves may also be due to the containment of the slide on
the flat, shallow drowned beach, well above the SOFAR
channel.

FINAL PERSPECTIVE AND RECOMMENDATIONS

Tsunami damage in the Marquesas Islands during the 20th
century was principally the fact of transpacific events gen-
erated by iarge subduction zone earthquakes. The 1946
Aleutian and 1960 Chifean tsunamis wrought considerable
destruction on all islands, the former killing two people on
Hiva Oa [Ckal et al., 2000]. Also, resonance in the ports of
Atuona (Hiva Oa) and Hakahaun {Ua Pou) damaged several
boats during the 1995 Chilean and 1996 Peruvian tsunamis
[Guibourg et al., 1997; Heinrich er af., 1998]. As the result
of the development of tsunami warning procedures

[Reymond er af, 199}, 1996], some level of warning had
"~ en in effect during the latter two events.

" By contrast, the 1999 event at Fatu Hiva serves as a re-
minder of the very serious risk nosed by locally generated

tsunamis in volcanic high islands, in particular those, like
the Marquesas, without the relative protection of a coral
reef. Although only 3 km away in a straight line (4.5 km by
sea), the landslide was neither felt nor heard by the resi-
dents of Omoa, who were thus left without any advance
warning.

It is particularly unfortunate that a critical structure
such as a school should be built on an unprotected water-
front. Had the tide mereiy been high at the time of the land-
stide, the increment in wave height could have led to a
horrific human tragedy, essentially wiping out the next gen-
eration of the pepulation of the village. Yet, our experience
on other islands reveals that, in about half of the valleys,
the school is built in the vicinity of the shoreline, and most
importantly, within the zone of destruction of large histori-
cal transpacific tsunamis [Okal er o/, 2000]. In many in-
stances, other community centers such as town halls, post
offices, and most regrettably, infirmaries and hospitals, also
are built on the waterfront. This situation is probably re-
{ated to the availability of a strip of public real estate, de-
rived from a statute known as “les 50 pas du Roi” [Rougon,
18771, enacted upon colonization of the Marquesas by
France in 1842, The development of beachfront property is
relatively recent in the history of the islands, going back
only a few decades. Before western influence, villages in
the Marquesas were always set back several hundred meters
from the coast because of the Marquesan tradition of “fish-
ing”, ie, raiding other wvalleys for human sacrifices
[Dening, 1980]. Since the raids would come at night and by
canoe, the ocean was to be avoided in choosing house sites.
It is not clear whether the danger from tsunamis contributed
to this avoidance, as suggested in Cascadia [Hutchinson
and McMillan, 1997] or New Zealand [Goff and McFadgen,
2001] following catastrophic tsunamis, but the effect was to
remove people from harm’s way. At any rate, the practice of
living away from the shore suggests a lesson in wisdem
from ancient generations, which should be heeded.
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We call on the responsible government agencies to im-
mediately start developing plans to relocate critical com-
munity facilities such as schools and hospitals outside of
the waterfront zones at risk of inundation during future tsu-
namis.

Note added in proof. We feel gratified to have just learned (Spring 2002)

that a new school is being built at Omioa, at an inland location approxima-
tely | km from the shoreline.
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