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The most significant sources in this region come from the Northern Hispaniola Deformed Belt, the Septentrion- o)

al fault north of Hispaniola and the Puerto Rico Trench. The parameters for the source from northern Hispaniola i@g§@[f’ A[mﬁﬂﬂﬂ@g
come from the IOC Expert’s meeting on Earthquakes and Tsunami Hazard in Northern Haiti. From this meeting,
three scenarios were developed: (1) Mw 8.0 on the Septentrional Fault strike-slip system that is similar to the
event of May 7, 1842. (2) Repeat of the Mw 8.1 Dominican Republic August 4, 1946 event on the offshore thrust
fault system north of Haiti. (3) An earthquake rupturing rupturing a portion of the offshore thrust fault system
north of Haiti that is larger than the portion that ruptured in 1946. To the east of these sources is the Puerto Rico

Introduction o TR o= Neriheastern Caribbean

The Caribbean region, home to more than 100
million people, has seen for the last 500 years at
least 75 documented tsunamis (von Hille-
brandt-Andrade, 2013). It has been estimated

The tsunamigenic capacity of the Lesser Antilles Trench has
recently been receiving attention due to a new series of
studies that have reevaluated what it appears is the most
damaging earthquake in the eastern Caribbean. The Mw

North America (NA) plate subducts beneath the Caribbean (CA) plate in a highly oblique fashion resulting in two distinctive tectonic
outcomes along this region. Caribbean plate motion along the northern boundary goes from simple left-lateral strike-slip to transpres-
sion at the location of Hispaniola and Puerto Rico - Virgin Islands (PRVI). At least three microplates have been identified in the region;
Gonave, Hispaniola and PRVI, of which the most significant tsunami sources are related to the Northern Hispaniola Deformed Belt

that more than 4,500 people have perished as a . T h th q oo Antilles T b Studies b N q Bring oo 8.4 event on February 8, 1843 may have had a rupture of 300
result (Dunbar et al, 2008; see Figure 2). The Work- . g = = =4 (NHDB) and the Puerto Rico Trench (PRT). Geodetic studies indicate the CA plate moves to the WNW at a rate of 20 mm/yr (DeMets et Lr,enc Vt at eXg& ;)e:St o d’e teZISter: t:l’:l is rer?Ft i h“ 'ef y te”b 4 é’?l,ta” f in t( )04), anl e L tCI'O” km along the northern portion of the trench (Feuillet et al.,
- - 8 i N, : : e g : : . Opez-Venegas ave indicated that the trench itself has a low probability of rupturing in a large event be- . : : S
ing Group 2 (WG2) of the ICG/CARIBE-EWS in U . ov R, al., 2007; 2010). While strain partitioning has been observed in Hispaniola (Manaker et al., 2008), strain to the east is mostly accommo- Caﬁ ce mostgofthe motion is accommodated along the Bunce strikepslip fault);ysterg thatglies dosg (T e 2011; Roger et al., 2013). This event along with other histori-
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national group of experts from and outside the R Ty B A AT ) . : : : ) : Nonetheless, NRC, Harbitz et al. (2012) and the GAR2015 studies assign Mw 8-9 tsunamigenic events, which we damaging near-field events to the Lesser Antilles islands as
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attempted to list potential tsunami sources and o - P Caribbean plate 21 21
scenarios for the Caribbean region. These publi- W 2o - - B T 7 ol S
cations come from a wide variety of sources; S ‘ =t — % 20° 20°
. .. . Caribbean Tsunami Runups, 1530- 2006
from government agencies to academic institu- 5. @ | from Local and Regional Sources
tions. Although these provide the scientific Figure 3: Runups from verified historical and recent tsunamis for the . .
. . . . Caribbbean (Dunbar et al., 2008) 19 19
community with a list of sources and scenarios, . »
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it was the interest of the WG2 to evaluate what has been proposed to date. The seismo-tectonics ex- - 18° 18°
perts of the Caribbean within the WG2 members were tasked to evaluate comprehensively which Sl b e N N [ QR Py s o -3
published sources are credible, worst-cases, and consider other sources that have been omitted from : ) e . . . . CERERREEC — e :
ilable reports. Although many sources could exist beyond the pure tectonic standpoint, we focus Figure 5: Compilation of Caribbean geodetic velocities from various sources (DeMets, pers. comm.). e e = 17 17
aval eports. gh many . L ey P point, Vectors represent observed data while wider vectors represent predicted velocities at locations of : oo o
first on dislocative sources, given the highest probability of these events to occur over the other types interest from best-fit poles of rotation. These predictions are useful in estimating the relative plate e e e s E e e
of sources. motion that would contribute to tsunamis from rupture zones. (Figure provided by G. Mattioli, T M =l = 6 6
pers.comm.). O T R, SRS TR
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This stu.dy concentrajces on C.arlbbean sources c?n!y (n.o tele—tsupamls). We have divided the.boundarles of . Table 4: Most significant events for the Lesser Antilles region and related 14° 14°
the Caribbean plate into regional zones with distinctive tectonic features that would result in the genera- | tsunamis. From the NCEI global database.
tion of tectonic dislocation leading to the formation of basin-wide tsunamis. Each zone was assigned to ——
members of the group specializing in the geology and/or tectonics of the region. Critical information of oo Source | strike] dip| rake| depth (lam) | flem) | W km}] Mw| tATIN) | toN(® 13° 13°
each zone was obtained through several sources including; seismic catalogs (historical and instrumental), 1Ta_| 256 [80|270] 10 | 4o 7 [_2162__| 602
. . . . . . . . 1b 80 [ 270 10 100 7.5 21.62 -60.2
plate motions derived from geological and geodetic data, and marine geological and geophysical studies - 2a_| 340 [80] 90 | 31| 270 8 | 185 | -624 12° 12°
performed in the past whose data are available in the literature. Once an identified bounding fault has _— e R R e R S R R B LS Y,
been recognized, the potential is evaluated to estimate rupture area and magnitude. If a fault shows no ev- ' 4 b | 1451251901 40 13001 100 {85} 1673 | 6117 - LA A\ RN TR et ‘
. T _ o . . ey 4a 35 270 8 | 15545 | -60.406 11 2 3 L AN | M, =8 or8.5 11
idence of seismic rupture in the past, the potential is evaluated based on the estimate of predicted plate _ " | L o ST B 02 06 BTt W 4wy Y Normal fault event
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motions at the edge of a tectonic feature along a boundary. Then, parameters of the rupture zone are esti- 12'N 7§ 5b_| 318 | 55 20| 700 85| 148 | 603 B 2 b E :
mated using a pure thrust component that allows a worst case scenario for the source. CO plate F 22 RS 10 - . —_— . —— | J 0
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o o ° o ‘N FC it~ ! . Table 5: Source parameters for events shown in Figure 10. Ma-
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1.Tsunami Hazard in the Caribbean: Regional exposure derived from credible worst case scenarios” (Harbitz et al., 2012): Quantifies the

Figure 19: Tsunami sources of the Southeastern Caribbean
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efffcts of tsunamis to the .Carlbbean basin from two selsrr’uc sources.and thr.ee non-seismic tsunamlf;enlc sources. | | §@Mﬁhw@$i@f[ﬁ) C@Wﬂ@@@@[ﬁ] Motagua/Polochic-Swan: Predominantly left-lateral Strike-slip system extending from M if M ﬂ
3‘ Gt':bi' gss:s;mj:: Rfkl '?ze;";)ts (GQR) 2°°d9.'2°|1z (J]s":amt' “’F':’deT""g :"thiS"'ts :V:;V'ewj:ssby ':hG' a'::d i‘:’sc'?cfes A";t;a"'?: Honduras Depression: Fault segments associated to a graben the Pacific, crossing through Guatemala and into the Caribbean through the Swan defor- @W b'ﬂ@f [ﬁ] @[ﬁ] @ZM @ @
sethes u.y y Har /ze.a., a:sa ase an |n.cu e the Puerto Rico Trenc , e Lesser Antilles an e. outhern Cari e:fm eorme. ront. ThIS - comprises o Fies the Panama |Sth- 1T sl # of considered| #of | *Ofconsidered| historic tsunamis in the str|k|ng N-S along central Honduras, where the Iargest earth- mation zone. Evidence of tsunamis from this system are events from 1539, 1976 (MW h h f h . . h .
3.“Evaluation of Tsunami Sources with the Potential to Impact the U.S. Atlantic and Gulf Coasts” (Atlantic and Gulf of Mexico Tsunami Hazard ! zone | strike | dip | rake| "\, | slip (m) L (km)| W (km)| Mw | Mo | \L 00 events | solutions | YPOthetic | historic max Mw region k . ial of | ) ; ) . . The southeastern corner of the Caribbean is characterized
, , _ _ mus and Colombia’s northern coast. The region scenarios quake (M~6-6.5) was observed in 1851. Potential of norma 7.5) and in 2009 (Mw 7.3). Although this system is mostly horizontal motion, some tsu- " :
Assessment Group, 2008): Mostly evaluates the impact of tsunamis to the eastern coast of the US and the Gulf of Mexico from a variety of sources . fault b . landslid ti ller t et . . . .. . by d complex transition from subduction of the South
, , , , ST _ . - has t I teristic tectoni ti d PMPEwW[ s [z7] 75 [ 12 [ 3 | 7 | 5 [ves[asiean 1 7 1 77 4 (1798, 1822, 1916, 1991) aults or submarine lanaslides generating smaller tsunamis In namis have been generated suggesting some vertical deformation is possible. : :
that include western Atlantic submarine landslides as well as teletsunamis originating within the Caribbean and the eastern Atlantic. However, it is as twoO Characteristic tectonic settings governe NPDB-E | 50 | 25| 90 | 22 3 220 | 55 |8.04|1.276+21 0 0 1 7.9 1(1882) th field both to Hond - dc S d America p|ate at the southern end of the Lesser Antilles
. . . . . . : . : : SCDF__ | 259 | 26 -90 2 7.50| 2.00E+20 0 0 1 6.5 1(1825) € near lc 0 O Fionduran coast and L.ayman, -wan an . . . .
one of the most comprehensive studies of sources in the Caribbean given the authors consider sources from northeastern Caribbean, Northern by two inmature/failed subduction zones where nearby islands v \/ Trench, to predomlnantly rg ht-lateral strlke—sllp faults -
. . . , . ;. : -88° -84° -80° -76" -72 g AR R I
Panama Deformed. Belt (NPDB) and Southern Carlb'bean Deformation Froth. Whlle we have adopted thle sources from the northeastern Caribbean the Caribbean p|ate underthrust the Panama mi- Table 7: S.ource parameters for events at the NPDB and the SCDF . 88 X 8 0 N 'BF-_ . through S e VierEauElE sl et escE T Calarlale RN = - . -
along the Puerto Rico Trench, and the Southern Caribbean, sources from Hispaniola and eastern Panama have been modified. croplate and Colombia to form the Northern (refer to Figure 19). . i ; ._ ' p—— “,..-:-’ -:-.?-_...:“: r_f“\&'zg‘”"v, ; Seismotectonic zones | (refer to the ma below ri ht)
4. The GEM Faulted Earth Subduction Characterisation Project (Berryman et al. 2013): produce a global list of source parameters based on the . Nlcaragua Bank: Shallow geomorphlc g e, o = “- s B " 5 &‘rﬁ‘ i P 9 B " - : 25
Panama Deformed Belt (NPDB) and the Southern = = — t t tendi f Ni t ~ Belize CAP ; ; _,u.'f;“ > o Q Predominantly thrust O’Louahlin and Lander (201 3) indicate
Slab1.0 model (Hayes et al., 2012). However, the only source in the Caribbean they consider is the Lesser Antilles trench (only subduction zone Earilsls Def dF SCDF). Whil | ;‘::3'-;'-1-'-&1-'-'?-&-7-_.@5 SO structure extending from ICaragua 10O ] = £ il . f'__, g Q Predominantly normal I 16° g 20 b
currently in the Caribbean). As a result, the report leaves out other well-known potential sources within the Caribbean region. The report states the _arl _ SE BiEeliE ront ( )- L S:'evera = = Jamaica. Although not an important seis- 16° N P HéND ~ . _ -‘M‘ By f <\ Predominantly strike slig- tsunamis have affected the northern % sl
seismogenic potential of the Lesser Antilles Trench is not well understood because of the low seismicity rate, so this source were given default values. Slgnlﬁcant earthquakes and related tsunamis have . = mic and tsunamigenic source, we especu- N 1GUASX o :Jsv g £ o e ' < Mixed I coast of Venezuela, however it is un- E ol
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5.“Earthquake and Tsunami Hazard in Northern Haiti: Historical Events and Potential Sources” (Intergovernmental Oceanographic Comis- occurred in the NPDB, the likelihood of SCDF to = : late this region to be a significant source of S S s e S TP = P + "?‘3; & Possible landslides(?) | clear if these events are associated to g |
sion, 2013): The document was the result of a meeting of experts in the subject of both local and global seismology and tectonics seeking to eval- generate Signiﬁca nt tsunamis is Current|y un- Eﬁ ot = _m - — Srse- s e _: = submarine landslides worth considering EZ“ %‘} H:‘Q H_Og_d‘_EJFaS > _ ';:}':; - ¥y 7 @ Earthquakes GCMT i the eastern terminus of the SCDF g ol
uate the tsunami hazard in northern Hispaniola. The meeting was sponsored by the I0C and took place in Haiti on July 10-11, 2013. The experts 1 i S — — for future studies of tsunamis affectin e SR e K L Y N p ~ all depths I . . .
, paniote. ; i a ooEp g P known.. .f?arsons & Geist (2008) assign m.Oderate Table 8 : Most significant events in the Panama - Costa Rica wres T Cartlalsmsle 2 : JE RS e ?i;’-y" : — that is more predominant in north- ™
focused on tsunami threats to northern Hispaniola and recommended three main scenarios. This report adopts their recommendation as a pl’ObablhtIES to the coasts of Costa Rica and region and related tsunamis. From the NCEI global database. . | Ves : :H : N|FB : Cgper ern Colombia. A recent GPS Study by e o
worst-case potential source for the region. Modeling of the suggested sources have been published recently by Grilli et al. (2015). P , d the NRC t esti tes th - < "5 _l?l[g?ragua > v oL .
6. LANTEX/CaribeWave Scenarios (2009-2016): Given the objecti i icati i i anama, an N (SRS SEUEES U Elise = ; . Ei ; ; A e % v . Weber et al. (2009) demonstrate that
. : jective of testing communications and build preparedness, these excercises bl FM 83-85 t . , t Figure 17: Figure 3 from Camacho et al. (b) . i : o < S ] A — D
- : : ] P SR e : : : FALLAS ¢C TERNARIAS DE VENEZUE T ——
are primarily based on scenarios that not necessarily represent realistic ruptures. capable of Mw 8.3-8.5 tsunamigenic events. (2010) showing focal mechanisms from 2 . — Hgss Escarpment. Seismicity suggests transtens?lon A7 5 most of the motion (12 mm/yr) be- e ALL U A | A La PO
7. Northern Lesser Antilles studies: Feuillet et al., 2011; Roger et al., 2013; Hayes et al., 2014: The pair of strongest events in the T R e ———— zlc?r?c@:\??attiiar:ﬂ;?u:\I/(eeritlsn :)rc‘iui\rlpi[zB;[hAe g foemnnn i -!\7 Y\”th pre.domm.ant norm.al faults. . Although |It.t|e _ s ) " _ __ tween the two plates in Trinidad is .
19th century (1839 and 1843) dominate the potential for great earthquakes in the Lesser Antilles. Recent publications have revisited these events in 7 ék ! ;_-75‘_-:"* ' g O % Tounamis (NGDC; Camacho & Viguez, 1993) Central portion of the NPDB where 5 :::5,? e’ 4 1* information exist about its tsunamigenic potential, &Y A NI?DB—-VK[ ' =ZE _ __—:f‘* : accommodated a|()ng the rig ht-later-
order to assess the tsunami hazard to the islands of northern Lesser Antilles. ' 1%391856. " il ) e 1900-2015 (GEM BCT) garthquake relocations ?nd determina- - -80 1 .’j VARIR and the feature is characterized by low seismicity, a 2 aﬁi i} > Q) S e AN ,\]'%E‘ZEQ‘“ ) .':'*'-'F_. al strike-slip Central Range fault (see ey ! : .
e e v o 61-65 Itloni OffaU:rt'ng ;nzcha;'-w\ ZuggBestth:f ool — e Mw 6.9 event has been the largest recorded. It has ok NN . EU%- .. Figures to the right from their paper) T g S | = ™ A ol S
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. . o gy VR el Figure 18: Map of Northern Panama Deformed Belt (NPDB): Divided into three potential segments due to the distinctive seismicity T BT i E® PR et oo Tl
The next phase of this study is to model the sources and evaluate near and far field effects within the S v . > —— pattern, the NPDB is where the convergence of ~ 7 mm/yr (Trenkamp et al., 2002) of motion between the Caribbean e ' — o -
Caribbean basin. This is part of a long-standing project of the ICG/CARIBE-EWS. A sub-group of the R "\ l [ oAl e oy ff?:loceea?irc]) :\ oiw'ng plate and the Panama microplate take place. The Western segment is further divided by Camacho & Viquez (1993) —88 -84 80 —76 =~ T TRt :
WG2 specializing in tsunami modeling was formed as an initiative for the CaribeWave15 tsunami ex- SR (e N historical, and into two other sub-segments: Costa Rica, and Panama. A great variety of events have occurred in this region (largest Southern Caribbean Deformed Front (SCDF): Characterized by an accretionary wedge where the el o il o
cercise scenario this year. This group, composed of scientists and researchers from Colombia, Costa zll . e\ el i L7 =Ll Centennif' Cata'OEJ has been a Mw 7.7 that occurred in 1991) and thus has been considered by Benito et al. (2012) as having the highest Caribbean plate under-thrusts the South America in a transpressive regime with evidence of obduc- EVEEEES EET =
. , ) , o S 1991 % 1016 i3 4 ; '- ts, it . . . . . . . . : . : : : : : : : REDDCE e T=t=t==t
Rica, Panama and Puerto Rico, have evaluated the effects of the Northern Panaméa Deformed Belt sce- of ; QT Ve G T g M £, 5 7 seismic hazard of the Caribbean side of Central America. The Central segment is characterized by having the lowest tion. Predicted relative motion among the two plates indicate high obliqueness in the apparent e e m—— N
nario in order to provide decision support to emergency managers. The group seeks to help member | RS S R SR N oo F | Venomuaia || most significant seismic hazard of the three. The Eastern segment is the only part of the belt that shows evidence of a Wadati-Be- convergence, but the lack of seismicity might indicate most of the motion is being effectively acco- S— g o RN =
states do their own modeling based on their best available bathymetry data or alternatively, provide IR e Vo G i I N \ i :;unamis affecting nioff zone since Adamek et al. (1988) suggests Caribbean plate subducts at 50° beneath the Panama microplate. The modated by forearc strike-slip motion. NCEI database has only one questionable tsunami. Recent Table 6: Most significant events for Northern Venezue- s‘-‘ ERIES © ey SEEES &
e on % o : e region. . . . . . . ) . 4\ A
tsunami outcomes if resources are not available. S — — . Eastern segment is where the largest, most significant event has occurred (Mw 7.9 in 1882). GPS studies (see poster T11E-2941) suggest a large Mw 8.3 event can be generated at this location. Ea?gd related tsunamis. From the NCEI global data- /id\R1 = ———
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