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ABSTRACT

Tsunami risk for the French West Indies in LesAgtilles (Caribbean Sea) is
discussed. The catalogue of historical data indueighteen events which are
selected as true and almost true. Nine events bese generated by underwater
earthquakes in Caribbean Sea; seven events byothane eruptions in Lesser
Antilles, and two teletsunamis from the 1755 Liskearthquake and the 1929
Grand Bank (Canada) Earthquake. Numerical simulatibthe several historic
events (1755 Lisbon, 1867 Virgin Islands, 2003 Mentat) and potential
tsunamis from the Lesser Antilles subduction zanthe framework of nonlinear
shallow water equations is performed. Results dtutations are in good
agreement with observed historic data. Run up amddation zones are suggested
for some coasts of Martinique and Guadeloupe.

Introduction

Recently the attention of scientific community heeen attracted to tsunami problem in
the Caribbean, and especially French West Indiesotical data was carefully synchronized by
O’Loughlin and Lander (2003), results of similasearch can be found in databases HTDB/ATL
(2003), and NGDC (2009). Tsunami danger for theseesAntilles was carefully studied by
Zahibo and Pelinovsky (2001) and Zahibo et al. 80@’Loughlin and Lander (2003) who
collected historical data till 1997, suggested @ihtreported event might have been tsunami; he
also proposed a validity scale and suggested 271 oéported events to be verified tsunamis; and
the rest 9 — to be very likely true tsunamis. Tsninia the French West Indies is caused by local
or distant underwater earthquakes and volcano iengptGenerally, subduction zone have the
potential to create large magnitude shallow eadhkgs that generate tsunami, as 6/04 1690
(earthquake magnitude M ~ 8, focal depth 33 km)024767 (Ms = 7), 30/11 1823, 11/01 1839
(M = 7.8, focal depth 33 km), 8/02 1843 (M = 8.&c¢dl depth 33 km), and 18/11 1867 (M = 7.5,
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focal depth 33 km). Meanwhile since XV century salenedium-powered earthquakes have
caused tsunamis in the French West Indies: 30/2¥ {8l = 6.5), 16/03 1985 (M = 6.3, focal
depth 13 km), 21/11 2004 (M = 6.3, focal depth i#).kAnd two distant underwater earthquakes
generated teletsunamis (1755 Lisbon and 1929 Canadgally, eleven tsunamis of tectonic
origin have been reported in the French West Insiiese 1498.

Another cause of tsunami in the region is volcaadtivity. According to Pararas-
Carayannis (2006) tsunami-like waves can be geserdirectly or in combination with nuess
ardentes, pyroclastic flows, or lahars. Totally,the French West Indies seven events were
reported to be caused by Martinique (5/05, 8/03080902) and Montserrat volcano eruptions
(26/12 1997, 12-13/07 2003, 20/05 2006).

The goal of the present paper is to describe taumaopagation in the French West
Indies using numerical simulation based on shallater equations. Several historical events of
different origin are studied: 1755 Lisbon event,678Virgin Islands tsunami and 2003
Montserrat tsunami.

1755 Lisbon Tsunami

Strong earthquake occurred on November 1, 1755thedPortuguese Coast and induced
the catastrophic tsunami that propagated throughAtthantic Ocean and reached the Lesser
Antilles. Data of tsunami manifestation in the Lexsantilles is given in different catalogues and
papers (HTDB/ATL, 2002; Zahibo and Pelinovsky, 2001Loughlin and Lander, 2003; Zahibo
et al., 2008; NGDC, 2009). Recently, Morton et @006) found the probable geological
evidence of the 1755 tsunami on the east coastrahde-Terre (Guadeloupe) at Anse Ste-
Marguerite and Anse Maurice on a height of 2-3 ig.(E).
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Figure 1. The 1755 tsunami records in the LeAséles



Rupture parameters of the 1755 Lisbon earthquake wet well defined, recently the
careful macroseismic analysis has been performe@uigcher et al. (2006) who reconstructed
source parameters and compared it with source dieaistics of strong earthquakes in the region
(1969 and 1964). To study distant tsunami, ruppai&ameters close to suggested by Gutscher et
al. (2006) are chosen, with strike angle equal 30 Bccording to tsunami source computed
according to (Okada, 1985), water elevation insinrce is 8.14 m, and the depression is 2.66 m

To describe propagation of the 1755 event through Atlantic, NAMI DANCE and
TUNAMI N3 based on shallow-water equations wereduse perform numerical simulations.
Considering tsunami travel time, tsunami waves @g@gred the French West Indies (particularly,
Guadeloupe and Martinique) in around 7 hours (43@),nthat is in agreement with (Mader,
2001, Lovholt, 2008).

In order to understand wave characteristics invibmity of French islands, distribution
of maximum positive amplitudes around Guadeloupgiven, Fig. 2a. The maximum positive
amplitude is 0.5 m and the maximum negative angiditis 0.6 m. Considering that the average
amplification factor between the nearshore valug e runup value for the tsunami like long
waves is 2-3 (Synolakis, 1987), we can estimatg tha tsunami runup height can reach 1-1.5 m
near the north and south of Point a Pitre and SofuBtointe des Chateaux.

The distribution of maximum positive amplitudeswand Martinique is given in Fig. 2a.
The excess amplifications of the wave are obseatdtie east coast of Martinique. Maximum
positive amplitude is 0.6 m and maximum negativeldande is - 0.6 m around these locations.
Considering the amplification factor the expectadup should be 1.2-1.8 m at east coast of
Martinique.
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Figure 2. Maximum amplitude distribution for@yadeloupe and b) Martinique

In order to understand and to compare wave motear Guadeloupe and Martinique,
tide gauges are located around these islands isteegdigital data of water surface fluctuations
during numerical simulation, Fig. 3-4. There is @derate leading depression wave with
negative amplitude of 0.1 m or less at all locagiand the second crest is slightly higher than the
first crest. Characteristic period of the first asetond waves (according to zero up crossing



method) are obtained as 40 and 45 minutes respsctiv

Actually, no historical records are available i thesser Antilles for 1755 tsunami but
the observations in Antigua and Dominica (3.6 mj Muartinique (1.8 m), geological evidence
in Guadeloupe (2-3 m) given in Morton et. al. (BP@re used in comparison. It is found that our
simulation results are in good agreement with th&eosed tsunami runup heights in Martinique
and Guadeloupe.
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Figure 3. Computed time series of water surfec@uations near a) Guadeloupe and b) Martinique



1867 Virgin Islands tsunami

November 18, 1867 a violent earthquake (magnitMde= 7.5, focal depth 33 km,
epicenter coordinates 18N 65.1°W (HTDB/ATL, 2003; NGDC, 2009) occurred at the Mirg
Islands. It was widely recorded in the Caribbeanttipularly in Puerto Rico (2 m runup), Virgin
Islands (9 m), the Lesser Antilles (18 m, Guadedouorrected to 10 by Zahibo and Pelinovsky
(2001)), and Venezuela, see Fig. 3 taken from (fahbt al., 2003).

Numerical simulation of 1867 event was performesingg TUNAMI-N2 based on
nonlinear shallow water system in Cartesian coatés with no Coriolis effect. Different
orientations of tsunami source in the Anegada R@assgere examined: fault inclined 0°, 15°,
20°, 25° off the latitude. It is shown that initimhve computed according to Okada (1985) has an
elevation of 3.9 m; with the depression of waterfesze (1.8 m) at the south of the source.
Computeddirectional diagrams for source of fault inclined 0° off latd® show that tsunami
wave was significant in the epicenter: near theilslands and Puerto Rico. If the fault was
oriented from west to east, as suggested by ReidTaber (1920), tsunami would propagated
mainly in southern and in eastern directions (palarly, northern Guadeloupe). If the major axis
of tsunami source was inclined 15-25° off the U@, directional diagram would have two
peaks: one from Saba to Guadeloupe, and anotherGremadines and Grenada. Results of
simulations show that the central part of the Ledsatilles (Dominica, Martinique and St.
Lucia) was weakly affected by tsunami waves. Tsunanergy was mainly dispersed in the
Caribbean, and weak wave penetration into the Atdamas caused by the effects of refraction
and reflection of the deepest Puerto Rico Trenetn thee Caribbean Islands.
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Figure 4. Observed runup amplitudes (m) durmet867 tsunami, taken from (Zahibo et al,
2003)

According to results of numerical modeling tsunawaves generated by the source
characterized by fault inclined 0° off the latitu@dfected Guadeloupe in 40 minutes and all the



Lesser Antilles in about one hour after the eardikgu Fig. 5. Previously (Weissert, 1990)
studied the 1867 Virgin event and suggested thatfiist wave arrived to Guadeloupe and
Martinique in 75-80 minutes.
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Figure 5. Computed snapshots for Virgin Islandsidsni

Time histories of water surface fluctuations wepecially computed and it is shown that
wave amplitudes reached 2 m in the Lesser Antffés. 6). According to historical records, the
polarity of the first wave was computed correctly &ll sites in Guadeloupe and Martinique.
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Figure 6. Computed time histories of water stefalevation at several coastal locations



Results of numerical simulations revealed a graugsunami waves appeared due to resonance
effects, or to edge wave propagation along thetsa@dthe Lesser Antilles. Numerical results are
in good agreement with observations for all sitesept Guadeloupe, Fig. 7. The discrepancy
between computed and observed data could havedaesed by rough grid resolution (3000 m)
or by wave energy focusing because of local angglifon due to refraction and reflection
processes. The correlation between observed angutethdata would be more evident if wave
height exceeded 5 m. Earlier Zahibo and Pelino@001) suggested that tsunami did not
exceed 10 m in Deshaies, but perhaps wave heightesa, about 5 m.
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Figure 7. Comparison betweeomputed and observed positive amplitudes

Thus the simulation results of 1867 Virgin Islartsisnami are in the agreement with the
recorded observations; obtained data confirmstthatamis generated in the area of the Virgin
Islands are dangerous for the Lesser Antilles apeéaally for Guadeloupe.

2003 Montserrat tsunami

The eruption of Soufriere Hills Volcano (Montsérraesser Antilles) occurred on the
night of 12-13 July 2003, when tsunami was gendraiea pyroclastic flow impacted the sea
during volcano eruption. According Pelinovsky et (@004) water rose 1.5 m near the entry to
the port and surged 25 m inland in Deshaies (Goagel); and the sand level increased up to 50
cm on the beach Plage de la Perle (GuadeloupdjeBdeinrich et al. (1999) studied numerical
simulation of 1997 event caused by Montserrat vaca&ruption. In order to estimate a
comparable distribution of 2003 Montserrat tsunamplitude along the coasts of Guadeloupe,
Antigua and St Kitts, numerical modeling was pragtl@n the framework of nonlinear shallow
water theory. The source was considered as thalinppward water displacement (height, =
10 m, and diamete) = 2 km) located in the mouth of the Tar River, Mgartat. Simulation
results showed that tsunami waves propagated mawigrds Antigua and Guadeloupe, Fig. 8.

According to modeling results wave height reach&dm in Guadeloupe. Relative wave
height distributions along the coasts, normalizedits maximum value, showed that 2003
Montserrat tsunami should have been manifestedhan riorthern and western coast of
Guadeloupe.
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Simulation results are in agreement with recordeseovations; the obtained data confirms that
tsunamis generated by Montserrat eruptions areeslang for the Lesser Antilles and especially
for Guadeloupe.

Conclusion

Totally, eighteen tsunamis were reported in thexéméNest Indies: nine events generated
by underwater earthquakes in Caribbean Sea, twetstelamis, and seven events - by volcano
eruptions in the Lesser AntilleBlumerical simulation of several historic events§81isbon,
1867 Virgin Islands, 2003 Montserrat) is producedtehin the framework of shallow water
equations. According to results of numerical cataoh, tsunami risk in the French West Indies
(especially, Guadeloupe and Martinique) is not igdge that should be considered while
establishing of Tsunami Warning System.
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