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Introduction

Earthquakaa and vaolcanic wuruptiona are {unt two of severnal
n&tural hazarda which {inelude windstorme and tlouds, Windatorms and
{loods are seasonal and occur flaivly frequently while volranic
cruptions and earthquakep are leng frequent, non acanonal  aAnd
yenerally more devaatating. rutlhermore, ecarthguakes andg voleanio
eruptiona oftnn produce secondary «ftects which greatiy compound
thosa of the Inlitis]l effects. However, the yrester frequency ol
occurrence of windstorma in the Caribbhean han probably resulted in
a higher level of awareness and hetter preparcdneny to cope with
this hazard compared to sarthquakes and velcanic eruptionn.

Major earthquakes and volcanlke eruptions in the Caribbean have
cauned thousandas of deaths and millions of dollars of loss of
property. For example, more than 5000 people reportedly died in
fispanicla (Haiti & the Dominican HRepublic¢) an a result of the
devastating earthquake of 07 May 1842, while the town of 5t. Pierre
in Martinique was completely destroyed, with the lons of
approximately 30,000 lives, during the 1902 eruption of Montagne
Felee. Although local losses, in terms of ecanomic damage, loss of
life and injuries, may fluctuate from tLime to time, the
vulnerability of people and thelr property teo damage during
earthquakes or volcanic eruptions increanes with raplid population
growth, increascd urbanization and the dependence on sophisticated
infrastructure. Although only some of the castern Caribbean ielands
are directly threatened by volcantc sruption relatsd hazarda, atl
the Caribbean isnlands are vulnecrable to »narthquakieg,

The occurrence of large earthquakes and/or voleanie eraptions
in certain regions ot the world ia inevitable. However, lossen trom
them can be reduced nubstantially by the adoptlion of certa:n
nitigating actions. Adoption of measuren to mit lgate the wffects of
varthquakes and/or voleanic  eruptlons  requiresa  a  clear
understanding of where and why theae phepamena  ocour, | he
tecurrence rates for the laryge ones and the posasible locat {onn and
severity of hazardous vf{fects Lha! they can generate.

in general, the pattern of earthquake occurrence and the
distributlon of volcances worldwide {a expiained to a firat order
hy the theory of Plate Tectonica. Thipn theory suggestn Lhat the
uppermost 100 km of the Earth is made up of a 1lguaw ol large,
tigid blocks called plates which nrte In conatant motion eelative to
one another. 'The qreat majority af earthquaken and voleanoers are
concentrated at the plate boundarics,

Regional Tectonic Betting of the Caribbean

The Caribbean lolands are sltuated ¢lone to the bonndarien of
the Caribbeun plate (Fig. 1), a small plate surrounded by the Cocos



and Nazca plates to the west, and the North American and South
American plates to the north and south respectively, whooe marging
have been defined mainly by the dlstiribution of earthiguake
epicentres (Molnar & Sykes, 1969). Geological and seismological
studiea sauggent that the Caribbean plate in nmoving ecastward
rrlative to the Americas at a rate of 2-4 cn/yr (Molnar & Bykes,
1969 Jordan, 1975; Sykes et al., 1982). It I8 generally acoupted
that this eastwurd motion is accomedated nlong the northern margin
by left-letera)l fauitp., At the rastern margin, Atlantic ocranir
lithosphere attachecd Lo the North and South American plate is bhelng
consumed benealh the Caribbean plate, The voleanie inlandn and
active volcanaens in  the eastern  Caribbean are  a direct
manifestation of thia subduction procesa. The watware of  the
scout hern boundary, in the northeastern Venerzuela and Trinidad and
Tobagn area, is not clear and in afrill the anurce af much
controversy. The concept that motion along the Caribbean « South
American plate boundary is accomodated along right laterat fanltn
{(e.4y, Molnar & Sykes, 1969; Tomblin, 1972}, in disputed by Neld
(1972), Jordan (197%) and Perev & Aggarwal (1981) who propose that
the plate boundary {(n a broad zone ot deformation (up to 2400 km
north to south) characterised by & number of fault bounded hlockn
engaged in a complex pattern of relative motion, Along the western
edge at Lthe Middle America are, oceanic lithospbere of the Cocon
plate i being consumed, The relatively ulow rate of relative
motion along the Caribbean plate houndaries han resulted in longe:
return periods between large magnitude earthquaken tor Lhe 1egion
compared to the larger clrocum-rPreific are (Molnar & &Syken, 1969,
Kallehary el al., 1973).

Earthquake damage from the historical records

Almost all Caribbean istands have a Long history of felf
Parthquakeu AR evidenced from the detailed cataloguea of FRaobson
\avu-cl and 'ToEblin & Rebgen (1977 Mhe nomhar nf earthauvakes felt
in the various lLsiands at Hodltipd Morcalli (MM) intennities
agreater than or equal to Vi iIp summarized in Tabhle 1 for the period
1800 to preaent, Thia in the period for whirh the felt intennitien
of MM V1 and greater are considered complete. It mun'., however, bte
noted that the historle cdamage record refern tn Lhe  most
carthquake~gensitive mtructures which exiunted at the time, and
henve inferences drawn would not be ditectly spplicabte Lo modern
vtructures.



Table 1: Numbers of earthquake intensitiss (MM) in the
Caribheant 1800-prevent.
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Instrumental Seilsmicity

The aelygmicity of the Caribbean region way, in general, poorly
cbaerved during the firat part of thin century because of the
pauclty of selasmograph atations. The creation of the Voleanoingical
Rugearch Department (now the Seismic Research Unit = SKU) in 1953,
with headquarters in Trinidad, resulted i{n the atart of a program
of eptablishing a network of selumic atations in the dritisb
Caribbean islands. With the completion of the wWorld Wide
Standardized Seismograph Network by the United Statey Geological
Survey in 1964, the number and quallty of Caribbean east hguake data
has increased considerably. The SRU, UWI, St. Augustine, currently
operates a radio telematered network of op to 30 aeiamic atations
in the English-apeaking Eaatern Carlbbean Islsmds for the purposse
ol earthquake and volcano monftoring. Local geiasmic networks ate
also operated by other agenclen in Jamaica, Cnba, Pusrto Rice,
Guadeloupe and Martinique. Conpequently, the quality of the
evaitable earthquake data tor the Caribbean aites is not spatially
and temporaely uniform, but has improved progressively will time,



with some areas exhibiting highe: resolntion than athery.

Fig. 2 shows epicentres of carthguakes of maygnitinie greator
rhan or equal to mb 4,0 that have occurred in the Carabbean during
the period 1900-1990. Thae distribution of eple=ntres shown clearly
that all the Caribbean talandn are close to major auarthgquake pourae
cones., The activity rate appeuars to be greatesnt {n the area from
the Dominican Republic to Martinique and clowve to Trinidad.

Earthquake Razards

The terms "earthquake hazard” and "earthaquake tink” ara often
used interchangeably by many individualsg, However, Lhe application
of restricted definjitions to each of them can bo very helpful,
Seismic Risk is the expected or probable lons of |ife, of damage to
property or of disruption to economic activity, ¢given the
probabilities that epecified leveln of, for example, ground ahaking
occur, Seismic risk depends on Seismic Hazard and valnerabi ! ity of
clemente st 1ipk. Selsmic Nazard is defined an the probability of
occurrance Of a certain level of a yround motion parameter at a
pite within a specified time period whiie vuinersbility is the
degyree of logs to a glven clement at 1isk resulting from the
occurrence of a specified level of ground motion.

The assesament of marthquake hazardn involves the dulineation
and characterization of potential effects from scismically Inducerd
processes at or near the ground surface. Thia procedore ja otten
termed ’'Selsmic Zoning’ and the main product is A seinmic zenling
map dlsplaying a quantity (or quantities) related to the experted
fraquency and intenaity of shaking that may be caused hy future
earthquakes in the vicinity of the site. Most existing zoning maps
were compiled on & basis of assuming that the past pattern of
earthquake activity will be valid in the future. Since Lhepe mapn
neglect comptetely the possibility that source regions may exinar
which have been quiesacent during the observation period, future
activity in Lhese aress would cause surpriges and may result in
serious economie consequencies. A better way ot zoning, whlch in
more difflicult, dinvolves extrapolation from regionn of paot
earthgquake activity to polential earthyuake squrce regiong,

The principal hazards from earthquakes include ourFace
taulting, ground shaking and ground tallure while gaecondary effeng
are fire and tsunamia in coastal arenn. The pr lmmry hazard for man
"ar ibbean Islandes s the phaking hazard.

Shaking haxard

Ground whaking caused by earth waves travelling frem the
ear thquake source In upually the primary cause of damage from



warthaquaken. Three major factors afiect the severity of oround
shaking at a particular aite: the magnitude of the earthquake, the
distance to the earthquake focus and the gealogic condit fony at the
nite. In general, larger earthrauakes produre more vigoronsa groand
nhaking that occurs over wider arean than for a smaller event. For
axample, strong ground shaking for a magnitude 7 eart haquake migin
typically 1last 15 seconda while shaking for s waqgnitade H
earthquake may last a minute,

Using avallable data on earthquake source zonep, ratan ot
earthquake occurrenco and curvea depicting the rate al attenuation
of selpmic waven, the geographic variation in the shaking hazarcd in
an ares can be evaluated. Although the shaking hazard can be
depicted an an igo-intensity map, engineers often prefer to pee a
map of contoured ground acceleration or particle velocity in firm
gruund which has 908 probability of not being excecdwed within any
50-year period, Maximum accelerat ions recommended in CUBIC [or some
of the Caribbean islands are liated in Table 2, aithough some
preliminary work done by the author seems to indicate that many of
these values will have to be revised downward.

Table 721 CURIC recommended denign acoelsrationn and zonal
factors for some Caibbean jolances (Afledr Faccioli &f al.,

J9B1)
Inland Depign Acceleration 2-factor RS Zone
(cm/p/a)
Antigua 300 0.71% i
Barbuda 300 0.7% 1
St. Kitea 180 0.44 3
Nevia 210 0.5 1
Montserrat 200 .50 !
Dominica 140 0,35 3
St. Lucia 110 0.24 3
St. Vincent mn 0.18 2
Grenada 90 0.23 P
Barbados 50 0.13 1
Trinidad 150-300 0.4-0.15 2-1
0.50 2

Tobayo 200



Influence ol near-sugtace. aite. geology

Site gealogy 18 a major element affecting the likaly intensity
of ground shaking. Thick aoila, such as alluvium, overlying solid
rock tend to ampl!ify the level of ground shaking and prolong its
duration. The degree to which thia effect takes place i3 dependant,
on certain physical properties of the soil aoch an lta velocity,
cdensity and thickness relative to the underlying rock,

Many major Caribbean towna are located by the sea angd have
many satructures which have bean bindlt on vecliaimed Jand, ‘the
viiinerability of thene structures to earthauake damage in groater
than that of structurea constiucted on [irm ground,

Vulnersbility and Risk

Ap & reautt of atrong daround motion genmiared by an
earthquake, different elcoments at risk nuch as mildings, peoapls,
public utilities, industry, etc are damaged to various degreas and
people are Injured or killed. Rvery element 145 vulnerable 10 «
Al fferent extent according to its sensitivity to vibrations or tao
aecondary effectn. The vulnerahility of an slemant tan be expreassod
by the peicentage of its functiona) deterioration due to a certain
level of seismic hazard.

Excluding roglon-speciflc instances auch an ltandal ides and dam
fajlures, Lite lonn and monetary laas come from the fatiure of man
made structures such as buildingn. Although Chin (1991} has carried
ont a vulnerability sssessment for certain critical structures in
Trinided and Tobago, detailed inventories of buildings, atructures
and populations at risk, suitable for seismiec risk asseasment, have
nnt yet been compiled for most of the Caribbean felands. it iy,
therefore, impongible for us to quantitatively evaluate seiumic
risk at the moment with any degree of objectivity,

Eastern Caribbesn volcanoes and volcanic hazards

In the Eastern Caribbean, approximately 10 potentially active
veleanie gentrea have bean identifled (Flg. 4). They are to he
ftound in the island of Grenada in the nouth to Ssba in the uorih,
with Domlnica having the largest number of potemtlally active
nites. Many of thaoe voleanoen have been dAormant for very long
periods of time and thelr only manitestationn of volcanic activity
are hot npringn, nolfatarar and velecanic earthaquakeon. Howevear, it
le ponmaible for a volcano ta be inactive for centurima and then
spring to 1ife with devastating powetr. For the period 1600 - 1982,
1t has been ecotimated cthat aboul 30,7601 peonle were Killed in the
Caribbean by volcanic eruptionsa, Thin iga wecond only Lo Indonesin



{160,78) people) tor the same period. Howeve:, moat of tha dealhy
in the Caribbean are dur tno the 1902 eyupticon of Maontangne peles,
Martinique, with the Sounfriere ul §t, Vircent accounting for
approximately 2,000,

The most famous Caribbean volcanoern which have erupted In
higtoriec timen and are, therefoure, better khown for thelr oct ivity,
are the Soufrieres of ft., vincent and Gnardeloupe. and Bontagne
Pelee in Murtinigue. Volranism of the type comuonly ansociated with
the Eastern Carlibbean ialands (saubducrtion zone typo) is unually of
the vieolentily exploaive type. EruplLhironn this century include
Soufriere, St, Vincent (1902, 197), 1679), Montagns Pelee (1902,
1929) and Soufriere, Guadeloupe (13903, 1956, 1976).

Descriptions ot volcanones As active, dormant or oxtingt, are
unsatinafactory because the historic perind varien from region to
region and some no-called extinct volouanoven ran become active, For
example, the 1973 eruption of Heimay in Icalamnd wan the firast at
this volcanno for over 5,000 years and the devagtaling erupt ion of
Mt. Lamington in Papua New Guinea in 1951 wan probahly the firut
for at leaut several) thousand years, Some volcangern clamrly have
periudes of dormancy which are much longoer than the historie record
for the local area, and in genera), 1t gecema longer intervals
commonly precede very explosive eruptionn. Th's obhamvation is ot
particular concern to us in the Caribbean since the vast majority
of the volcanoes have been gquiet for a very iong time,

Given the tremendouva amount of dautraction fhat voloanie
ervptiony can cause, a question i8 oftften #akad an tn whty people wre
wlilling to live with such dangery. An answer to such 4 gueslion i
not ea&sy since many variables such as culture, economicn, and the
individual willingness to take risks are involved. More
importantly, t¢ thoae persons vorn in rheae aseas, thig ia home and
their bond to the area causes them Lo accept the rinks wl being
there and most will have it no other way. PFuilhermore, in mont
tropical regions where fertile top noils are casily degracded by
heavy raina, the moat feirtile land 18 usually located arcound
volcanoaa. S0 it iu, in most situations, a4 matier of veaping the
benefits Loday whilat hoping for the hesat wome time in the fulore
when nature changes the scene.

In the Caribbean, an eatimated 2%0,000 perusonn live within
close proximity of possible major volecanic hazaida., This includes
at least thres capital tLownn and thounands of farmers whu grow the
best sugercane, bananan and pinespples in high quality volcanic
soils in St. Vincent, Dominica and the French Antillea. The level
of danger of a volcanic eruption depends oo neveral factors
including the point from which {t  issuen and the weather
conditiona,



The main heszards associated with vnicanic activity lnclude
pyroclaptic flows, which often follow topegraphic lowa but have the
abi{lity to npread out over wide arean. Thias phenomenon, also called
a yglowing avalanche represents a denaity Flow compogsed of gaues,
ash and glowing rock fragments, which roll down the aidey of a
voolcano, buoyed up by the puper-heated gaves within and by the ai
trapped below. These flows may attain speeds In excrgs nf 100 km/n
and have temperaturens of over 600 C. The deatruction of Bt, Micrre,
Martinigue, was due to pyroclastic flows during the 19072 sruption,
Other hazerds include lava flows, valeanic mudllows, sirfail hombea
and ash, ground deformation and toxic ganes,

If human rasualties are acceptad as a measure of the degree o!
hazsard amsociated with volcanic eruptions, {hen pyroclantic flown
and tsunamis have been by far the most hazardous volcunic agentn.
However, volcahogenjc tsunamis hsve been unimportant causen of
human death in the twantieth century. More recently, since the
eruption of Mt., St, Helenu tn the U.8,A, in J9B0 when the top ot
the mountaln was blown away in a glgantic explosion, the phenomenon
of directed blast which devastates many asquare kilometies in
necondsa, has been Jisted as one of the moat frightening volcanic
developments. Evidence of thia type of activity han been ldentifierd
at the volcanoces in St, Vincent, 8t. Lucia and tGuadeloupe fi1om
ntudies of ancient deposite.

Although mapsive In bulk, luava flows generally do not pope a
nignificant threat to humans because of the low speeds At whinh
they travel., This usually permits timely svacuat ion., Dentruction to
ntructyures and laying waste of aqricultural ltands sre the main
concerns here,

Volcania mudflows {(lahars) are avalanche-type maps movements
ustually consisting of a mixture of buth old and new, wet voleanic
ash and angular rock fragments, whose high water content could have
bean derived from raing, rapidly melting unow near the crater,
ground water or even the burating of & orater lake, auch an he ope
which mxisted an the Soufriere, St. Vincent, during the 1979
eruption. Areas that are likely to be at risk from mudflows can
readily be predicted mince they mostly flow down vallerys, Thepe
flows usually wipe out roads and bridges thereby hampering Ihe
evacuation of populatlons who might then be trapped to face more
deadly eruptive hazards. This was one of the maln resasong for so
many lives lost in St, Vincent in 1802,

Volcenic bombs (molid hot lava fragmentn thrown high up into
the alr) and tephra (volcanic ash) ejecltad (rom A voloane prepant
another hazard capable of doing great damaqe. The bomha may mmaah
through roo!s and set buildingn on fire, while Lephra may bury
entire townep, cause roofs to colluapse and choke agr icultural Janda,
Although HBarbadus has no volcanuse gt Ita own, 1t {2 frequentiy



itnundated with anh from the eruptions in S, Vincent,

Ground deformation frequently occurn before and  Aller
eruptions an a result of inflatlon and deflation of the magma
chamber., Defourmaticon ja often minor and highly localized, and
although it in of great scientiflc interest of A monitoring teol,
1t is of no merious consequence from the harard atandpaint.

Taunamis are fast moving Red waven generated by crrtaln rypey
of earthguakes or pubmarine volecanic eruptrions which can propagate
tor hundreds or even thousands of miles from thelr nource and may
rurge to damaging heights in coaatal arean, The only known
Bubmarine volcano in the Carlubean in Kick-smn-Jenny, located just
off the north coant of Grenada. 1t eruptn every ?7-3 yearsn and an
tar han not bheven known to have prouduced a taunami, bul since it
lisp only 150m below the nurface, the threat is very real jndeed,
A substantial displacement of water o requlred to produce a
taunami. A large Launaml generated from Kick-em Joenny vould lhave
serious effecta as far away as the Virgin islandg ar Jamaica.

Berthqueke Risk Mitigation

1t is a fact that 1t is easier for any gectar of the economy
to recover after a dimaster if the effacty of the dinanter, be it
man-made or natural, are relatively gmajl. Oonsequently, actions
which can be undertaken to mitigate or rednce the poteastial et e
of an earthuake diseaster must be considoered as the tirat atepn ip
any earthquake disaster recovery plan,

The occurrence of large earthquakes in certain areas of the
world la inevitable. However, losseg from them, in the Fform of
deaths, injuries, property damage and nociceconomie dinrnption, can
be asubatantially reduced through caretul  conslderation  of
earthquake hazards informalion when making decrsiony reqgarding land
use, structure denign and building caonstruction. Mitigating the
impact of an earthquake disaster reguiresa social, economic And
political actions from both local and national governmentn.
Individuale and community groups can also play a aignilicant part
in this procens.

Five basic slrategies that can be undertiaken to mitigate Lhe
effucts of earthquakea include:

4)_Rreparedaesan

It is generally accepted that the aucceantul managament of any
ri9k depends on Lhe degres of preparation wh.ch in auateiated with



the hazard potential. The firnl ntep in thin proceay in obvionniy
an awareness of the ilkelihocd of ita development. Preparodneay
inecluden having plans for warning (before the event) if pogaithle,
response  (Buring and immediateiy after the oevent, j.e. the
emergency nervicen | and posat-.evant recovery (rrconomioe
veinvestmentr, repairs to damaged infrastructore, counnelling of
victims, etcy,

The study of earthquakes has not yet reached the ptage where
we can make a prediction in terma of location, time and magnitude.
The best we can o at the moment is tn use large acale geismicity
patterna to make a forecaat which, at beat, only emphasizen the
broad extent of the hazard and the uncertainties involved. ro
illustrate thim point further, let us look at the Parktield
Farthquake Prediction Experiment in the USA. Tn April 1985, the
United States Geolougical Survey forecanted that an earthauake of
about magnitude 6 would occur before (993 (19AK+5,2 yearn) on the
pegment of the San Andreas fault near Parkfirsid, California. Thins
forecast is the firnt officialiy recognized scientif e earthquake
fovecast in the USA. Consequently, the Parkf{ield ocymant ol the San
Andreas fault has become the most densely and comprehenuively
instrumanted sarthquake source region in the world and the primary
goal of the experiment is a detailed understanding of genlogie
procenses that precede the anticipated eaa:thquake. However, it muat
be emphapized that even if short-term premonitory elfects are
detected at Parkfield, the fuusibility of marthquake prediction In
other armap is not assured.

k) _Land use

Information avatllable on earthquake hazards, nuch an expected
ground accelerationa, Liquefaction susceptibility, etc, can ba used
in amending land use policies to reflect the pelamic and genlogic
hazards, New developments in hazavdous arean uhould obviounly boe
discouraged,

Thia, however, i often not the cauve. We are aware that
hecause of limited land space, population pressures cften lead to
the widespread use of siten which may be harardous. Furthermore,
this is usually by people with relatively low incomes who cannot
afford lo incorporate recommended ecarthguake-resintant design
parameters in their structures. It must also be pointed out that
many individuals from higher income groupings ntten choose to bujild
in 'faahionable’ aresp close to the seafront whirh may have beoen
reclaimed and sre thus prone to liquefaction,

<l Bullding Codes, Standards_and Design Pragticen

A code of practice for the deaign of earthquake raowsigtant
structures and the retrofitting ef older structures in the



aribbean is given in Part 2, Section 3, of the Caribbean Uniform
Auilding Code (CUBIC) published by the CARICOM Secrotariat (CARICOM
Secretariat, 1985). Structures constructed €0 mect sejanic
resiatance code requirements genrrally fare bhetter in earthquakes
than those that do not meet the satandards.

Although the standards recommended in CUNIcC asem to be adhored
to for certain types of constructions, ecultural preference in
design for upecific purpoues as well as traditional cholces and the
utilization of naome indligencus materials often  resultn  in
structures which are of an Inferior nstandard with regard 1o
sarthquake resistance. For example, there ia a prevalence of
reaidential houseg of the 'top-heavy’ deniyn in Trinidad, In the
present. economic climate, it will also be difficult to convince
either individuals or the government (o retrofit older ntructuren.

d)_lnsurance and Relief

The provinion of financial! incentives in the form of tax
credits for the construction or rehabititation of huildingn ta mest
standards set for earthquake resistance in a possibin ntep for the
government.. Insurance g¢ompanies conld nlao play a 1ole  in
mitigation by loading premiuma in favour of earthnoake reniatant
structuren,

el lonformation and Educatlon

The availability of information about earthquake risk does not
necasnarily enaure itp use. In the formulation of any policy to
mitigate the effectn of earthguakes, it in important to ank
ourselves how well informed citizens are with regard to hazards and
their mitigation. Thia is very important mince the acceptance and
effectiveness of any mitigation measures, many of which reguire an
economic c¢ommitment, will depend critically on the public’na
perception of the necesslty and utility cf the measuren, an well an
on the reliability uf the technological information on which they
are based. To date, the disesemination of information about geinmic
hazards to the public has been primarily in reoponse to inquirien
by individuats (very few), companies (Innurance mnd construction)
or the masp media,. LitEle or no effort han been made to educate the
public in & wystematic maunesr about the caunes and offects of
earthquakes and what they can do to moderate its impart.,

Volcanic Risk Mitigation

Given the nature of a volcanic phenomenon and ita potential to
do untold damage to 1ife and property over very wide aresn in
relatively shart periods of time, it follows tLhat one of the
imparatives in any volcanic environment in toanderntand the local

hazard potential and to prepare for the eventnatity which ju pure



.o occur in the tuture. Inveatigation and prueparation are costiy
umvlertakings, but the coat of igqnoring it o1 being i1l -prepried can
e very high indeed.

Many volcunuer gqglve early warning signa  betore  thete
eruptionu. Precursory phenomena to more serloun activily inelude
nartheuake swarms, minor ateam or ash erup! ionp, and changea in 1 hoe
temperature and composition of voloanic gasen. No single currently
avajlable maethod is adequate to predict voleanle Arupt iona, Met hods
enployed in monjitaring potentially dangerocuas vaoleanhons Inelode Lo
monitoring of changes in phape by the retiection ot Taser beams off
targets placed in critical apota on volranoes, periodic samp!)ing
and analysi{n of the temperature and composition of gagen, and, mnst
importantly, the monitoring of earthguake activity with seinmic
instrumentyo,

After the avoidable calamitiey at Soulrlere, SL. Vincent, and
Montagne Pelee, Martinique, at the turn of the century, the
colonial governments of those islandms tock nteps Lo mitigate the
circumstances under which populations coexist with their volcanoes,
In the commonwealth iaslanda, the governments, through the Seismic
Research Unit of the University of the West Indien, 5t. Augusting,
provide the necessary round-the-clock mounitoring service with
sensitive meismograpnhs whosr signals are continuously tranamitted
directly to 5t., Augustine, Trinidad.
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effective leglalation to detor resldenta from  constyoet bnng
in Lhese hazardous arean or o forre devetlopera to adbore Lo
maxlmum safety standards when conmbructing  in - dtffieai
arean. Landatlide prone arean arg atong Rldge foad,  Tadtbaat
hay/Uana Ghrden Bay, West FEnd flnnd, At tho Windy BETL road,

EARTHQUAKES

The Aritish Virgln Islanda tytng at the cantern silye of
thae (reater AnLilles chalin  and at the north eartern corner
of tha (aribbean plate, {8 prone to saoilmmicity occurring
along the margin of the (ajibbean plate. Thisa 10 due o
ellher intarplate motlon, in this case asubduction restlring
from convergences between the Caribbean  and Notth  Amicr bea
plate, o intrapiate motlon, ft.e. molion bhetwoen biockn
within one plate (See Appendix 1L, IV, V). Regoodlieans  of
thelr origin strong earthquakas near Puerto Rlco and  the
Virgin Iatanda pose a hazard Lo Jocal populal fons, Moresao,
tho tslands are ip cloge proximity to the FPoerto Rican
Trench some %0-100 Km north of the #vi, whiech I8 the
seiamically active northarn bhoundary of the Carlbhhieran plate
margin (See Appundix V1), The bintorle record ol
marthquakes affecting Puerto Rico and tha Virgin 18luands
span some 400 yeara describing etrong damaging  earthiaguakes
that hava pariodirally mtrilcken the islandu, A mpuvoe
earthquake occurrad 1In 1783 which wase reported Lo have
foxmed a “"small fuland" off Tortola. No additiona) detafls
are Xnown.

In 1787 aAancther majnr guake was 1ncotded which rasulted
in major destruction {n Puerto Rico and the virgin  talands,
0f noteworthy Impuctance is thr rarthiguake  of b
accompanied by a destrucljve salsm)e sea wavea  (bannami )
which ravaged the coart of south eamlern  Pusrvto Rlco  ang
varioun parts of the Virgin Irltanda  (Anon, (18772; Reld  anrd
Taber, 1920). Local records  In Tortoia {nned Jesat e Ll A
multliple trouma earthquake measncing 7.8 apn the  Rjchtoer



Soale amd Iaating Fifteen minnbes (falrly gquestinuabile)  wan
felt throughoeut the 1alande. A nevmre Lidal wave gaacolat ml
with Lhls earthgquake caused exlenmive damage,.  Anngada wns
prriicularly aflected by this L ida) wave, More poeopbily  in
tha firmt quarter of 1992, Thrae tremn were (011 i L he
Inlandn of Lha Avi., Thele magnltuders rangedd from 3.9 4.1 an
the Rlehtar B8cala. Thetr hypocentral conrdinnatnr ranged
betwaan iR.B4TN-10. 94N Inttbude nnd (A DWW 6501w
tongttude., ‘They were shallow In depth and did pol caune any

tininnye ,

Retamie acttivity tr defintbaly high alopg  Himlted
nogmanta of the Puorto Rlean Mrench.  Thase aci lvee Aogment s
nre pnaparated by  2onns ol relgtively 11LUER nelemte
acbtivity. ‘The nlatlively long perfod of time over  which
Lhis conalrtant. diutelbutlon of setamiclily tn aohueprved (np
Ly RO yanre) and ithe abllily to correlale The Jovnl ol
neinmic activity with [eatures on the lonmay wnll ol  the
trench, nmtrongly pugyaestn Lhat.  bhe  dinteihabton of
fatomicity {a not random, bul. rather {8 annociated with Tong
Lerm Lectonlc processes occurting near the plato boondary,
Mc Cann {(!1984) on Earthquake hazarde of Puerto Hico and  Lhe
Virgln 1slandn eatimate a snlemic potentinl of 2 (or fuerto
Rico and the Vipglin tslandn  which la a4 modecntely  bigh
polentlal for a large earihquakn In Lhe [future. {8ro
sppendix V]111)

In additlion to the fueclo Rican Tranch, there aie olLhnr
ptructural features In the vicinity of the Viegin Islands
whlch  epcoucage susceptibility Lo aarlhgqunks hmzarid.
Regions Lo tha sanpt, wast and wsouth of Puerto Niro amf  the
virgin I1slands (structurally Lhe name 1.e. thry tie on the
Puerto Rive Virgln slands Plalform) (See Apprulix VI1)



fnetuda many complax  gaologle atructurn  that Incronse the
soismicity of this reqglon. Down dropped blocks  (grahben)
atriking north or north wegtorly ave  Fhe  most prroom b pend
features in this  rceglon, The most prominent of  Lhese
grabbensa s the Mona Canynon which  forms the Mona  Paseaayn
and {s bathymatrically cclearly dafinad with a  slgnlfiecenm
vertical displacement of the snen floor. Phia (ealure in n
likely pourco for strong earthquaker aifnce active faultn nre
observed in the smejsmic cefiection records  noea thin
faalure. (Mc Cann 1984) See Appendix Vil.

The Muartos Trough which Jiea 1o the South  (Appentdix
VIiI) like the Puerto Rico Tiench, lt Aaccommodaten e
convergence bhotwesn two btockn. Alung moctt ot thin  troguqgh
the {loor of Lhe Carlbbean Seda moven underneath e masaff
ol Puerto Rico. So the "rigtd" block, upon which Puerto
Rico and the Virgln 1lslanar  Jle, (300 kn wide in  the
nurth-south direction) overridoa nonvergling seatlonr  from
poth north and soulh directiong, siognitleamtdly  increaning
selamlcity. (Ma Cann 1984)

In addition, steep mcarps characterizes the marginsg  of
the deep Vivgin Imlands Banin and micro earthquakes are
found In Aassocinatlion with thene features. Sae Appondtx
vil).

The rulatively simple structura of the Virgln Inlands
Laxin, belny bounded by long fault segmanta s a more Jkely
source of etrong nhocksa (M. 7-8) than the mora, comploex
at rocturen {(grabben) to the wasv,

In addition complex {eatures gmeparate the  Virgln
Intands Basin [rom tLhe smaller SHSalnl Ceolx basaln., At thin
region Lho north-easteyly tronding faulte sxtemtting from the
Puarto Rico  Tronch fntormact  the  wonlovly tremiing

structures.



Thir coaplex Junction of  Tautta {n ntruecturally ntmi oy to
Lhe reglon warb of the Virgln Ielmuds Basin el throetore in

Likoly 1o pore A mimiiar eavthguake hazaril,

Suome rpgearchers  Jlke W, H. Me Unnn [of Ly Foanmoand
Doheryl eologlen)l  Obanrvalory  In Palinades,  How o Yok,
recogquiesed thal. while Lhe eartfiquake ol 1787 orlginatlag  in
the Trogeh resulted In malor desbructinn fn ranota tien andd
the Virgln 1alamnds with o probhable  magotLusde o 00 825
making Lhlws ahock the inrgent tn our hilalarie yoerard,  he
strongly fedt that more damaglpg gquaken of momewhal o oama ) be
magititudae (7-8) onccurred much  cltodaer 1o Lamd (10 50km} A
ma jor mhock on one of the many (anlts nemyer Lo the  {alnndy
mAay, un  averays, acear jual onan Trequently an Lhe  gyeal
vatlLhauaken In Lhe Puarto Njco Trench. Thlw menna | hat thie
maln enctiuguake hazord fov us In the Viegln Ialaods may e
como {rom great  earthguakes o Lhe north bat rather  freom

mn jJor ones occurrlng closer to land,

The obnsrvations prarented above are fargnly the  wark
of Willlam R, Mc Canpn from him paper Earthguake Hazard  of
fuerto Rico and the Virgln lolands, Thenae  obgaerval {onn
provive a tectonlc [ramework In which tn esatimate the Hknly
sourcre of ntrony aarthgyuakon, The congiuafonn shoudt ol
ba takaen as definttivo alnce moro  reasasrch v needed Lo

further dafinn the hazard,



PUYSICAL EFFECTS OF_EARTNQUARES

Fur the Viegtn  islamdn the typnag ol phyatenl offectn
Ll rran be  axpoolied In MM viti oart linpake (M) T e
Marcasll Index - 1) meed

(1) Vibeatary ground moet lon
{2) ''munaml

(3} Landmliding

{4} Ligustaction

O Lhe banin of tha aAavatilabtie uelant i fle datn, plannesrs hnen
Lo conelder the likeallliood of khe occurtence of a nupher  nof
relatlively largn nftershorks, Thase  Afbcaxhonka,  whtich
could  Smpact  overall planning conceplpe,  coubdl have A
mignlficunt effsct  on humpa preapanna Lo Lhie pmergency an

well am cpusing [urther wenkonluy of slopas ol at pgebarn,

Tha Information collected (o Uhe faat  decaile hine
vlavified our understanding of the vature  of Vthe aclamire
zond near  Puerto Rice and  Lhe Virgln - Islamie. Numeroun
avtiva faults are localed In bLhe of (mhore reglon; suma  may
extanil onshore. Idantlflcatlon and detatled mapping  uof
active taults, focal mechanisma, a more precian Jocation  of
smoll warthyuakes, togather with mora delaliad investigation
of the historle record and vollectiun of geometrle data are
aw avear dessrving of more rewesrch befare comprehmnglve
am:l more realistlc svaluatlon of the eacthaguake hazard  vap
be dearlved for theaa tmlands.



HAZANDOUY MATERLIAL SHILLY

On tho man-made side Lhe poanibl ittty of betng  Impacled
by a major oll npiil e cause Tor Aorlour  concern In thne
AVI. 'Theo Anegnada Pamsage locabed  [B- JR'W  dal ftade  and
63-39'W tongltude {(mometimma raferrrd tn an the Homhrero
Fasangn) altualed belween Aneogadn amd Sumbiera faland (e A
major ahipping translt roule, with a high annunl  freguency
of trannit, for vargu shlps wvarrying pelroleun, petioleum
products and other typen of hazardous mbatarinins. Within
rocent years the RVY have hed Lo renpond o suall "Apllin an
mount clean ups A o resull aplll accldontna,

Therne eplilils tonulted {n damage to vur coasltal Aarcan an
wall as marine areas llke cormnl reefs nnrl the 1tfefurma Lhat
these natiural aream support, The economy Jm heavily bnaned
on touriesm, wapeclally yachting, This nactos In thereforn
highly vulnerable to oll epllis and other hazardous materinl
epllle ocecurring In the martine areas,

In addlitlon the falands nre flanked by a woll developed
reaf syntom whiclh not only provides attractive asnnrkeliing
siter for toutism but protection Lo coamtal arenn from high
eneargy wave action; and breesding grounds for finh and other
marine lifeforms which sustaln our mmall Iocal  finhing
tndustty. Ecoloylcal disruptione  resuyiting ferom any  major
spill could have sarious economlic implicatlonn resuiting In
undepltable development setbackn. Very recently, Lhern wna
sarious concern about the poasiblility of a  pilutonlom
shipmant pameing In clome proximily Lo our ‘Forritorial
Watera. The destructive poltantial of such a aplll due o
the physical and chemlcal proportien of Lhe material ttuelf
wan cause for alarm.



Although thie shipment did nol traversw our watera, jt.  dons
nol make the BV! any lena vulnerable to apllite generating
from marine accldents invoelving hazacdous materialn ol a
simllar natuwre or toe the deliberate dumplng of toxle wasteo,
by carrlern in maarch of third world dumping siten.

VULNERABILATY FOR_THE_PUPULNILON ARD FLUNUMY

Thoe major sactar of euvonomic acttvity within the kvl 1a
ralated to tourinm which accounts for approximately 70%  of
the GUP with yacht chartering accounting for napproximately
50% of the dicrnct earnings trom tourism. The Oftnhose
Banking and Financial sector accounta {nr approximately 20%
with fishing and cunatruction activities making up the majom
portion of the romaining 104, Approxtmately BA% of  tho
haotel rvoms in the BVl arve concentratad directly on  the
coasl.

It can therefore be sean qulite cinarly that the coastal
zone holda the key tuv the major economic activity as well as
beling hosts to all major eettlaments, qovernmant
infraptricture and local businoss activibty. Over the past
two decades masjor expansion of the capital, Road Town has
bvaen concent.rated seaward with the rpeclisamatton of n
conslderable portion of coaslal area, nttemn upon which large
ncale conmtruction s oucurring at a rapid pace. ‘'hean
rnclalmad  arman now houns the multi-miltion dollar
Govarnment Adminfatration hullding, and many other typas aof
business, directly relsted to either Touriprm or the
Financial Sector,

The Tourlsm nector with (te coartal concenbLralion of
hutels, heachus, yacht charter and marina propertles  and
major populatiun centeys Lo by far the most  vulnerabloe
element. of the economy to tropleal nstorms and  hurrfcanes,



The horrjcanes of 1916, 1924, 1928, Donns In 060, Davida I
1979, Fredorick in 1979, Klnum in 1904 Aand Ituge [ 198 At
did eonntderable damage to the coantal  rons amd Abverely
disrupted sconomle aclivilty., ‘Tha major connegnueare of 1 hn
rtorm surgen from Lhese truplcal disturbancen o 1t he  nant
has basn {Juoodipg., This flooding was normally nr n reaul)
vf Lhe acucompanying precipitation, Lhe rime In Lho nen leved
of tha recalving walters and Lhe gnlly Lype flown that can he
axpacted from Lhe ahort mtewp catcohments.

The vulnarabllity of moma sactiloner of the coanltiine 1o
Lhe Ablantic disturbancea sare tar mmo nollcesables salnre
almont all of the disturhances that have Impaciod thae WV In
the past have rewsulted {n weverrn damage to the coantal
hlyhwayn, Reasonal weather phenomanon, have repultart fn Lhe
flooding of mectlons of the coaslal highway. Canpaguent,
coastal eroplon {s also noticeable at Lhese nites and In
particiular on the south cosast wharn the eroslon han  heen
exacarbated hy the destruction of the mangrove and hy
unplanned reclamation,

The Queen Ellzabath  brldge conntitutes Lhe only
vehlcular acceas to the alrport snd te  particaterly
vulnerable tu the murqgen which are expactwl to run In  the
narrow Reef 1mnland channe) during a storm,

The Wickhams Cay araea, the roclalmed poxtions ol Round
Town and itm rapldly growlng concentration of businesns
activitien j# atlso guite vulnerable tu tha entrthguake
hazardas with the cobviour llgueficatlon thal could sf{fect the
entire area If impacted by a strong onouyglt earthguake. ‘Thins
posalbility {# further emphaalzsd by tha fact thnt the poor
engingering daslyn during reclamatlon and conslroction  have
crualed Inadequate  dratnaye  facilitien for  the  tay
cdevelopmanl, rasulting tn the aren balng water logyed sven
after low procipitation eventws,



