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CATAL DE,,OTER mUoS 1 ,A AMERICA DEL SUR 

( )ATOS DE v''POCFNTRS E INTENSIDADES) 

Bonny L. Askew 
S.T. Algermissen
 

U.S. Geological Survey
 

DESCRIPCION DEL CATALOGO E INFORMES NACTONALES 

Introducci6n
 

Se ha reconocido, dcsde hace algn tiempo, que un cat'ilogo unificado de 
par~metros sismicos para Am6rica del Sur es esencial para ei progreso en mu
chas 5reas de la invostigacin sismolgica. Esto es particularmente cierto 
par estudios regionalcs de sismicidad, sismotect6nica y la evaluaciOn del 
riesgo sismico. Los cn;l]ogos nacionales do al.gunos de los paTses en Am~rica 
del Sur han exist do duronte varies aims y muches de .stos tienen daLos que 
datan desde e.l Siglo XV].. La calidad y el contenido de los catilogos nacio
naies disponibles, sin embrgo, vartan de un pals a otro. El 'Programa para 
Ia itigaci6n dc los Efectos de los Terremotos ca Ia Regi6n Andina" (conocido 
como el Proyecto SISRA), ha proporcionado in marco sin parale]. y posiblemen
te esencil parn u-c csfuerz: de unificar los diversos cat.ogus s~smicos re
gionaies y nacionnlcs disponibles. Al comjenzo del Proyecto se decidio con
centrar el trabajo en los par5metros hypocentrales de los terremotos y cata
]ogar laIdistribuci 5 n de int:ensidades. Lo esencial, y ciertamente lo mas 
importante del trabajo de los cat5logos de hypocentros e intensidades, fue 
rea].izado per un grupe d, trabajadores nacionales en cada pals. 

Elms revisaron, editaron e inceraron la variedad de datos sismicos 
disponibles en su pals. Luego, adecuaron Ia informaci~n a un formato pre
viamente acordado por los representantes naciona.es de cada uno de los palses. 
Los cat5logos nacionales resultanres fueron revisados y aprodos por el co
ordinador nacional para los cat.logos. El Dr. Leonidas Ocnla, del Instituto 
Geofisico del Per , sirvi6 come coordinador regional para el proyecto de los 
hypocentros e intensidades sismicas entre 1981 y 1983 contribuyencio sA:nifica
tivamente a a conclusi6n exitosa do los cat~logos. Los coordinadores c in
vestigadores nacionales que contribuveron de manera significativa on la pre
paraci6n de 6stos catliogos fueron: 

CONTRIBUCIONES NACIONALES 

Pals Coordinador Investigadores
 

Argentina Juan C. Castano M. Arturo
 
H. Buff
 
J.C. Castano
 
C. Correa
 
C.C. de Etchegaray
 
N. Figueroa
 

http:naciona.es
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Pals Coordinador Investigadores 

R. Q. Forradellas 
J. Monllor 
R. Munizaga 
M. P~rez 
N.P. Puebla 
M. Varela 

Bolivia Angel J. Vega R. Cabr6, S.J. 
J.M. Caprille 
R. Cardona 
E. Minaya 
A.J. Vega 

Brasil Jesus Berrocal G. R. Antesana 
M. Assumpcao 
J. Berrocal 
C.M. Dias Nieto 

H. Franca 
R. Ortega 
J.A. Veloso 

Chile Edgar Kausel L. Alvear 
J. Bannister 
S. Barrientos 
E. Kausel 
M. Pardo 

Colombia Rafael Goberna, S.J. W. Arias 
J.A. Duarte 
J.R. Goberna, S.J. 
T. Palencia 

T.A. Vargas 

Ecuador Edgard Proaio V. C~ceres 
M. Costa 
J. Egred A. 

Per6 Hern'n Montes H. Alem5n 
G. Espejo 
A. Garr6 
D. Huaco 
W. Lescano 
L. Ocola 
L. Rodriguez 
J. Shikiya 
U. Torres 

Trinidad-Tobago John Shepherd I. Rogers 

J. Shepherd 

Uruguay Alberto Benavidez A. Benavidez 

Venezuela Gunther Fiedler (1981--83) G. Fiedler 
Luis Urbina (1983-85) J. Grases 



Organizac ion 

Como in paso ,Atico on ei. anilisis dcl peligro y riesgo sismico en Am6
rica del Sur se hi compilado cacfilogos de dates de hypecentros e intensidades 
para toda Am~rica del Sur. Los catlogos estin organizados per pa s a regi6n, 
pero en conj unto forman una sola base integrada de dates qu. describe la sis
micidad du tod el continente. El trahajo anicial do compilar estos datas 
fue real izado par investLgadoir en cada pals, familiarizadr; :on l.a 'AIsmici
dad loca], y con Accce-c a fuent s do informac in hist5rira. Estoe. trabaje de 
expertos locale.-, i.ago fe inteprado en una base de dato consistenta para 
toda la region. 

Los cathlogos de hypoccntros e intensidades estin or nmi.ades por palses. 
Se inc]uve catilngo. para Argentina, Bolivia, Brasil, Chile, CnI ombin, Eua
dor, PerN, Trinidad-Tobao y Venezuela. Un listado de los eveutos en as; 
areas adyacentes a cada pals tamhi[in se incuye para quo sea ms con] eto, 
aunque ests eveut . s no han. side, de mancra nlguna, v rikicados o ecditados. 
Las areas cuhi otas p r radn pals no se sobroponen, de tal manera 'oe cinie 
estos catilo o:' son ,n,- h inanos, 1oH eventos sismicos aparecen on1 al. ntn cc 
una so I1a Vuz. 

Los cat lcgos cubren un perlode de tiempa qua comienza con los eventas 
histLricos mis ant iguo:, quo se conocen y terminan en Diciembre 1981. El even
to ms antiguo qu0 so incliye se refiere al aio 1471. La informac in en el 
cat5lego varla con el t iu npo, ya quo es relativamente incompleta para Las 
eventos n is tricos antiguno, v muche m5s campleta para lWs eventos reciente. 
El 1 mite in feri or par a a m qitud [ue dcsignado en 4.5 mb. Event os A5 pe
queos no han side rig,'-osamente eiminadas, particul armente par que touchos 
eventos no tienen magnitudes reportada.s a calculadas. El catfilego. sin em
bargo, es muche mevo.as :ompleto para ventos de magnitud inferior a 4.5 mb. 

Una descripcin del formate deL catilogo de hypocentros apareca ,a.n el. 
Apgndice A. Las Tab]os I - 8 describen Ins c6digos usados en el formata, in
cluvendo ]as referencias para las fuentes util izadas. El Ajdige dc dos ic
tras para cada pals, juinat con el ii lnc ro identificador do c:icn-digitosa ( ce
lumnas 2-9), proporcionan una referencia knica para cada event ,. Los errores 
asociados con 1os c-Adigns del factor de calidtad para ci tempo, P.icentra y 
profundidad, estin descritos on las Tablas 1, 2 y 2 respectivamentp. Los fc
tores do calidad usados par otras fuentes para las dates de hy;,ncepro, fue
ran convertidos a Ins factures definidos parn este catIlogo come se Midca en 
las Tablas 1, 2 y 3. Estas relaciones fueron determinadas par L. OcoLa n la 
fase inicial del proyecto del catilogo. El c 6 digo X se usa en las cres Tablas 
cuando no so conoce o no se ha definido la calidad. En muchas cases, no exi.n
to una bueca esLtimaciin d!. error para el hypocentro, porn conuciendo si ha 
side determinado par instrumrntas a derivado do datos macroihsmicos,, se cuen-
La con alguna informacion adici nal ac,-,rca del error probable. Par lo -nto, 
Ins codigos M pare macrosismicoc f para instrumental, han sida utilizadns en 
vez do X para lo. factores de calidad del epicentro y de ]a proflundidad rlnn
do so conoce esta iformci 11, . lay espacin para cuatro valores de magniond 
El. primero es para una magnitid mb , seguido par la magnitud Ms . Ias otras 
dos pueden ser magnitudes A1 o M, adiionales, otras magnitudes reonortadas 
magnitudes derivadas de los dates de intensidad, a magnitudes convertiais do 
una escala de magnitudn otra, (par ejemplo, una magnitud N convertida deuna 
magnitud mb). 
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Todas Ias intensidades 1istndas estin ya sea on a escala Mercalii-Hodificada (M1) (Wood y Newman, 1931) o In escala MSK (Medvedev y Sponheuer, 
1969).
 

Compilaci5n
 

La compilaci6n de los cat5logos fue realizada en dos partes. Una fue elcat~logo instrumental que comienza poco despu~s de 1900. La segunda fue elcatilogo hist6rico que comienza con el evento ro5s antiguo conocido para cadapals y continuando hlasta eA presenLe. En el presente sigla, los datos hist6ricos suplemen t an ionsu datosn just -unoLales. El cat5 logo instrumental fue
compilado usa~ndo daLos de fuencs inetrnacionales y datos instrumentales locales. Los daLos inLernacionale s Fueron obtenidos principalmento de las compilaciones y publ icaciones del U. S Geol ogical Survey (IISGS), el U.S. NationalOceanic and Atmosphe ric :\dministrat-ion (NOAA), y el Cont:ro Internacional de
Sismol.ogla (ISC). Las fuentes orimari':; incluidag on las compilaciones del. 
USGS, NOAA e ISC y las fe:has rpspcct;vls .;on como sigze: 

G-R Gutenberg v ichte r (1954) 1906-1950
ISS International Seismological Summary 1918-1963
CGS U.S. Coast and Ceocetic Survey 1933-1973 
BCI Bureau Central International de 

Seismologi e 1951-1960
ISC international Seismological Centre 19 6 4 -presente
GS Ui.S. Geological Survey 19 7 3 -presente 

Los datos instrumentalies du ;ogencias locales, observatorios, estaciones 
y universidades Lambi Go fei on incluidos. La compilaci'n del catAlogo hist6rico hizo neceqario investigar documcntos hist6r os incluyendo diarios, peri6dicos, revistas y ar(hivos locales, y tambi~n .v inclusi6n de. resuitado
 
de invest igcriones reciontes sobr2 eventos 
 hist6ricos. 

Para realizar una tarej dn esta magnitud, fue necesario enfatizar ciertos aspectos en el pr coeso (1( ompilaci, d ejando ctros para futuro refinamiento del catalogo. 1'oa de 3as tareas principales en esta etapa del trabajo
del cat~lol;o, t,,e eliminar el listado duplicado de un mismo evento. Ya quelos datos -ubron obtonino-; do mchas fuenLts qu se sobreponen, Cn la colecci6n inicial do eventos frecuontemente se oncontraba el mismo evento mltiples
veccs. LIa WWSiisi 0 de evonto:s cona on radas miltiplos no icdentificadas, puedo variar cnalquier an31 is is futiuro del peligco y riesgo shnino. Aparecie ron dos prbIcmas principales para eliminar eventos duplicados. El primeroes poder reconocer entre dos o mis eventos que son el mismo evento no obstanto quo l, WOcha,, el Li ,mpo, Wa hicacikn y magnitud rep, ,ia por 
 dos fuentesdiferentes, p,(eden diferir significativamente. El seg: .- s decidir cualda
to retener y cual1eiminarC. Es posible que en futuras -.F'ones del catalogode h pocentros so puedan inc] ir iformes alternativos paw los par 5 metros
hylocentrales .iempre y ctnndo scan identificados como alternativas y no comoeventos adicionales. Sin embargo, on esta etapa s6io se ha consignado una
ontrada para cada evento reconocido. 

Los prograloas do cOmputo son de algina utilidad para reconocer eventospotencialmente dupl icados, pera se requiere de juicio personal para tomar unadecisi~n final acerca de cuales eventos son duplicados. Esto implica considerar la precisi5n de Ins datos para un perlodo do tiempo dato y una fuente 



dada, y evaluar Ias diferencias do t i.apo, localizaci6n, profundided y iagni
tud. Los boletines del ISE asocian sit:; di *o:s hypocentrales con informes de 
otras fueptes incluyendo el USES. Entos belctines, para el priodo de tiempu
 
para el cual existen, frecuentemecte [ueron utilizados como referencia en ca
sos de duda Para determinar M los even,"L eran dupLicados. 

En general, st hizo un ordenamiento de :s fue c~,s do acuerdo a su grado
de confiabilidad nara determinar la informac in quo deheria ser reenida para 
un determinado evento. Esto vari entre los palses "ca que estaban involucra
das diferentes fueovecs y en algnos cases fNe necesarina in atencifn individual 
para determinar cun! era Ai 
mejor dato. Se orn6 la decis Wn, en general, de
 
dar preferencia a 
los a es del ISC sobre los do GS pare tdos los eventon 
desde 1964 hasta el presente, perlodo Para el ual ambas agencias tienen in
formaci6n. Este pervado de ticmpo reprcsenta un gran bloque de datcs para 
A
 
cual el ISC y GS fteron Ias fuentes primarias de informaci6n. Se decidio que 
serta mejor mantener una politica consistente con rodos Ins pases para la 
selecci6n de las localizaciones preferidas Para estos oventos. E) LSC fue 
escogido como fuente preferida porque tiene disponible los latos dc l;,s mi.qnas 
estaciones quo ci USGS y, ademis, datos de etras estacione uy;: informaci6n 
es recibida per el USCS despues de que esta inctt 'i N na procesado la solu
ci6n hypocentral. Durante eA 
perode de ti enmr,. quo corresponde a Ia& prime 
ras decadas dcl siglo, los datos de Gutenberg y Richter tuvieron general
en 

preferencia s(bre otros dates. Ma, a115 
 de aesta polI.icas generalizadas, la 
determinaci6n de local izaciones preforida:s fue generalmente dejada at crite 
rio de los representantes (A cads pals.
 

En !a compilaci5 n de una gran cantidad de dates, 
In deteccion y correc
ci6n de errores del procesamiento du datos viene a sec una seria preocupaci6n.
 
Se encontraron alguno. 
errores de los dates obtenidos de In informacin b~si
ca compilada por el USGS, NOAA 
e ISC; otros errcres fueron introducidos du
rante fases do la compilaci6n del catilogo. Es virtualmente imposible elimi
nar todos los errores al procesar esta cantiRad de datos recolectados de tan
tas Fuentes diferentes. Se ha intentado detectar y corregir In mayor canti 
dad de errores posibles. Al. harerlo, nos hemos concentrado en los datos del 
hypocentro, magnitud e intensidad, ya que 6 stos par5metros son esenciales pa
ra el anlisis del peligro y riesgo.
 

Una tercera area de especial atenci~n ha s:ido raferenciar todos los da
tos incluidos en e.l cat5 logo de la manera mns detallada posible. Esto incl.u
ye principalmente el c6digo de la 
fuente dadas pare los datos hypocentrales y
los c6digos de fuentes para todas las magnitudes quo aparecen en ol cat5logo. 
Las referencias completas para estos par5metros son una lave necesaria para 
examen y evaluaci.n adicional en Ai futuro, y asi 
estos cat5logos pueden ser
vir como base para futuras investigaciones.
 

Se encontraron varios problemas durante la compil.aai~n de los catilogos.
El primero de estos fue al integrar los ditos recibidos on touchos formatos
 
diferentes, evitando introducir 
errores adicionales debido al procesamiento
 
de datos. Se encontr6 otro problema a] 
asignar los eventos a determinados 
palses. Cuando lo'; pasen individuales trabajaron en Ai catalogo, cubrieron 
un bloque geogrifico delineado por coordenadas de WAYttud y longitud y nopor 
fronteras politicas. Estos bioques se sobreponen entre los diferentes paises. 
Para compilar el. catflogo integrado de Am.rica del Sur, fue importante eliimi-

Par la dupl.icaci6n de eventos 
quo result6 al combinar los cat5logos nacionales 



individuales. Esto requiriA definir aigunas fronteras arbitrarias entre los 
passes y asignar cada evento a un solo pals. Para hater esto, se digitiz6 unmapa producido por U.S. Defense Mapping Agency y se us6 un programa do compu
tadora que asign donanerade consistentve Jos eventos a los diferentes pases
en base a esas fronteras digitizadas. la asignaci6n de eventos a los paises,
sin embargo, es sKo una ap roximacion usada con el prop6sito de organizar el 
catalogo en regiones. 

Debido a que ei trabajo editorial fee organizado par pais, existe la po
sibilidad qtue aigunon eventos han sido duplicados a eliminados del catalogo
si diferentes fuentes con diferentes localizaciones fueron utilizadas par los
diferentes paises. 'or ejemplo, si Colombia prefiri" una localizaci6n de
Gutenberg y Rihlter qne se encontraha en el Ecuador, y el Ecuador utiliz6 una
IncalizacCn, determnada local-mente, que colocaba el sismo en Colombia, esposible que ene evento fuera suprimido de ambos cat~ilogos, y par lo tanto no 
esta incluido un el catiilogo de AWnrica del Sur. Ademas, ambos palses pueden
haber incluido el mismo evento y esta duplicaci6n puede no haber sido descu
bierta. Se ha hecho lo posible para tener In seguridad que los eventos gran
des (aprox:inadaomente M. > 7.5) no han side eliminados ni duplicados. Una ve
rificacinn m5s detallada feeno posibe en esta fase del trabajo. 

El ordcnamiento de las fuen i.s de magnitud y de las escala. tambi-n pre
sent6 una serie de problemas. Frecuentemente las magnitudes son reportadas
con docunentaci6n incomplcta per diversas agencias. Hemos intentado obtener 
una descripci6n del m6todo usado en la determinaci6n de magnitud para todas 
Ias magnitudes incluidas en el cat'logo. 

Magnitudes 

Una meta fundamental en el de-arrollo de este catalogo ha sido presentar
los datos de magnitud en un formato que documente lo mejor posible 
c6mo fue
ron calculadas las magnitudes. Esta informaci6n es 
critica para muchos tipos
de investigaci6n tal como ui anAlisis del peligro sismico. Es importante que
los dates de magnitud que se agrupan sean homoggneos. Par ejemplo, en unaregresi6n de intensidad sobre magnitud, si Ins magnitudes son un grupo mixto 
de mb y m., In regresi6n tendri poco valor. Muchas preguntas surgen acerca
d( c6mo manejar adecuadamente las magnitudes que hVn sido calculadas de dis
tinta manera, pcro el primer paso para resolver este problema es poder deter
minar qu6 mitodos fueron usados para los datos que estgn incluidos en el ca
tlogo. Per lo tanto, para todas las magnitudes incluidas en el cat~logo, he
rros incluido referencias que describen c5mo se determinaron los valores. Aun

cuando las magnitudes pueden estar identificadas par un mismo c6digo para es
calas 
 de magnitud, podrian haber side determinadas de diferente manera. Par
ejemplo, tanto las magnitudes CS y NOS est5n listadas coma magnitudes pero

el m6todo para el cAlculo de 

mb

las magnitudes difiere. En la Tabla 5 bajo el
c6digo de Wientes GS y MOS, existen referencias que describen c6mo se calcu

laron 
estas magnitudes. Aigunas magnitudes fueron derivadas par instituciones
 
locales durante este proyecto, y a continuaci6n se describe 
coma se hicieron
 
los c lculos.
 

Argentina: Se incluyen 
 tanto magnitudes mb Y Ms . Una descripci6n de 
estas magnitudes es dada en Carmona y Castano (1973).
 

Bolivia: Las magnitudes (mb) reportadas con el c6digo de fuente SCB fue
ron derivadas de magnitudes ML coma sigue:
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mb = 0.65 + 0.d9 m (1) 

Las magnitudes ML en esta relav:i6n fueron determinadas usando la siguien
te f6rmula: 

1l = log (A/T) + 1.8 log (A ) + 3.5 (2) 

donde A es 
la amplitud m5xima en micrones de l.a onda S del sismograma de pe
r~odo corto v T eA porlodo predominante para el mismo tren de ondas; A repre
senta la distancia opicentral en grados y 3.5 es !a correcci6n de escala para
poder adecuarse a Ua delinic £n de Richter. Otras magnitudes tamhi6n figuran 
con c6digs do esc.la G, P v M. Las magnitudes con el C son magnitudes H 
que fueron caiculadas usando Ia ecuaci6n (2) arriba. Las magnitudes con el 
c6digo P son magnitudes mb convertidas de magnitudes M. reportadas par Pasa
dena usandO ]a siguient e ccluaci n:
 

m. = 2.37 + 0.56 Hi 
 (3)

L) s 

Las magnitudes con el 
c6digo de escala M son magnitudes ML convertidas
 
de la intensidad mnxima (L,) 
 en In escala L21 usando la siguiente ecuaci6n:
 

NL = 1.08 + 0.6228 1o (4)
 

Brasil: Las magnitudes (mb) fueron calculadas para muchos eventos usan
do datos macrosismicos o instrumentales. Cuando se usaron catos macrosismi 
cos, una de las sigttientes ecuaciones Cue aplicada:
 

mb = 1.63 + 0.60 log (At) (5) 

mb 2.29 + 0.55 log (AIv) (6) 

donde At es el 5rea total afoctada en kil6metros cuadrados (correspondiente a
 
la curva isosista de inten'nidad 
IL MM), y AIV es el 5rea de la curva isosista 
con intensidad IV MM. Para los sismos con datos instrumentales para d entre 
200 y 1500 km se us6 Ia siguiente ecuaci6n: 

mR = log (2 I A/N) + 2.3 log d - 2.28 (7) 

donde mR es equivalente a mb calculada en base a datos regionales. A es la
 
maxima amplitud del movimiento del suelo on micrones, T es el perlodo aproxi
mado de la onda, en segundos, correspondiente a A, y d es la distancia epicen
tral en km.
 

Chile: Las magnitudes dadas con el 
c6digo de escala E fueron estimadas
 
en base a los datos do intensidad. Para una descripci6n de las magnitudes
 
determinadas instrumentales, correspondientes al c6digo de fuente GUC, ver Lee
 
y Wetmiller (1978).
 

Colombia: 
 Las magnitudes (mb) reportadas con el c6digo de fuente IGE
 
fueron calculadas de la siguiente'ecuaci6n:
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mb = log (A/T) + 1.35 log (A ) + 0.77 (8)
 

Las 	magnitudes M con els c6digo do fuente R-I fueron evaluadas por el 
Padre J.E. Ramirez de los datos de intensidad. Las magnitudes M. reportadas 
por IGE tambifn fueron determinadas de datos de intensidad. Segu:., parece, es
tas 	fueron convertidas de 
la f6rmula derivada por Gutenberg y Richter (1956):
 

M = 	 I + 2/310 (9) 

Ecuador: 
 Las magnitudes (mb) fueron desarrolladas por el proyecto SISAN.
 
Una descripci6n de estas magnitudes estg incluida en 
Ocola (1984). Otras mag
nitudes 
con 	el c6digo de fuente OAE y el c6digo de escala K fueron converti
das 	de las intensidaclps MSK usando la f6rmula dada en la ecuaci6n 9 arriba.
 

Pern: El 
Instituto Ceofisico del PerG (IGP) ha ca].culado las magnitudes

(mb) para muchos eventos anteiiores a 1963. 
 Estas se basaron en los sismogra
mas do las estacionps en Huancayo, Per5 y La Paz, Bolivia, usando la siguiente
 
ecuacion:
 

mb = log (A/T) + Q (10) 

donde Q se determina de los gr5ficos Q (PZ) 
dados por Duda (1970). Otrasmag
nitudes mi), identificadas por el c6digo IGH, 
fueron calculadas de datos no 
publicados por Daniel Huaco del TGP. Para eventos no instrumentales, las mag
nitudes fueron calculadas de las intensidades m~ximas e identificadas con el
c6digo do escala "I", usando las siguientes f6rmulas:
 

M = 	0.090 1. + 4.147 log(h) + 0.752 

para o 6 y 0 < h < 33 (11) 

M = 0.472 1. - 5.361 log(h) + 13.023 

para 1. -> 6 y 3 < h < 100 (12) 

M = 0.287 I. + 1.200 log(h) + 1.703 

para 2 < 10< 6 y O < h < 33 (13) 

M = 0.284 + 4.223 log(h) - 4.147 

para 2 < Io< 6 
 y 33 < h < 130 (14) 

donde h es la profundidad, e Io es la intensidad m5xima en la escala MSK.
Para convertir intensidad MSK a M, todos los datos de intensidades fueron 
examinado3. Los investigadores peruanos usaron no s61.o 
la intensidad maxima
 
observada, sino tambi~n la distribuci6n de intensidades observadas para 
con
vertir intensidades NM a intensidades MSK.
 

Datos de Intensidades 

Un resumen del formato del cat5logo de intensidades se encuentra en el
 



Ap~ndice B. Los datos detallados dc iWaL ns idades est~n rlaclos para algunos de 
los eventos inc1uidos en el caL floso de hpocentres. Los datos descriptivos 
proporcionados put Ailgado (1985) no es Luviron disponibles cuando se hizo la 
compilacin del cnriingo de inLns idadoes -,,por lo tnnto, pueden no estar in
cluidos aqui. I-,tin incluidos; dos tipns de resi stros, o entradas, en A ca
t5loge de intensid s. El primer es una soln .lneapara cada evento descr,
biendo los pa raintyo' de.l hypocentro. Luego, para cada evento, se incluye una 
serie do registro:d,e ]ocalidades quo dan la intensidad as ignada para ese te
rremoto on dicha s localidadese. La ecal a de intensidad usada (MM o MSK se 
identifica en Lodas; Ias intensidades listadas. 

La identificacinn hypocentral incuye inucho de la misma intormacin dada 
para esc evento en el ratalogo de hypocentros. So usa el. mismo c6digo de pa.s 
y numero de identificaci n on el cat tol,,o do intensidades v en el catElogo de 
hypocentros para un mismo evento. La fecha y la hora listados tambign son
 
igualcs, AMio que 1a hora e dada al segundo ms cercano en el catlogo do in
tensidade: . El catlUogo de intensidades of rece espacio pa ra dos diferentes 
,picentros: min epicentro instrumental y un epicentro determinado de Ia dis
triburi6n de intensidade,. La raz~n para esto es quo A, epicentro instrumen
tal puede no corresponder muy bien con el centro del S rca (1e isosistas. Esto 
pitde Ilevar a una incertidumbro adiciol en la investigac i~n de atenuaci6n 
do inLensidad. Por In tanto, en aIgunos casos puede sur 6til incluir tanto 
un epicentro instrumental como un epicontro basado en .a distribuci6n do in
tensidades. La profundidad focal dul terremoto tambi n es dada en el. atSlo
go do intensidades pero s61o a kilinetro mS.n corcosno. Las magnitudes b ym
M,. 1istadas en el catSlngo de hypocentros son repetkdas en eA catSlogo de in
tensidades. Hay espacio di. pnibl para reportar has La tres dierento- in 
tensidades mSximas. La primera es In intensidad maxima observada. Es~c es el 
valor maximo verdadero de todas las observaciones (A intensidad reportadas . 
En algunas situaciones, sin embargo, puede no estnr reportada una intensidad 
en una local idad dod ocurri la intunsidad max ima. Es to puede suceder si
 
el epicentro del evonto cst5 mar afuora, 
 o en un aren io poblada. En estas 
situaciones, frecuentemente es posible estimar cuSl ia xima intensidad
 
quo habria sido obsorvada, en base a la distr.buci{n do Ins otras intensidades
 
observadas. As! puts, la segunda intensidad mSxima incluida ub un maximo es
t.imado. La tercrn aes una int ensidad maxima, calculada d urna mag nitud ro
portada usando una fArmula apropiada de regresi6n. El 6iltLimo valor on el re
gistro de hypocentro indica el nfmero de 1nalidades, con datos;, que so tabu-

Ian a cont inuacil. 

El registro para cada localidnd describe el valor du una :ntensidad ob-
servada. E1 c6d igo de dos 1ettras, del pa is, et- listado) para indicarcel pals
al cual corresponde ]a intonsidad repertada. Sc describe la localidad, dando 
generaiment, el nombre de la ciudad o poblaci6n, a veces seguido por el do In 
provincia donde est5 ubicada. Ocasionalinente, se incluve l nuombre del pais
nuevamente on esLa descripci6n. Se enruentran tabuladas as coordenadas y In 
altitud do i.a localidad. Hlay espacio para reportar la distancia dei epicen 
tro y de hypocentro a. I 1 oralidad. La diferencia entre estos dos par"metros 
es quo la distancia hy,,s,,ntr.l toma en considercicn la profundidad del hypo
centro y la elevaci n ,i' el nivel del mar do una Iocalidad dnda, mientras 
que la distancia n'picentral no considera vstos factors. ambSi& hay espacio 
para reportar eA azimuth al epicentro y Ins coordenadas de cada localidad. Se 
consigna Ia intensidad observada para In localidad. Todas ias intensidades 
son identificadas con la escal.a utilizada para la evaluaci6n, sea Mercalli 
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Modificada o MSK. El investigador que ha asignado el valor de la 
 intensidad
 
est' tambi~n identificado baj "Intgrprete". 
 lasta cuatro referencias son
 
dadas. EAtas son referencias del material publicado, 
que pueden incluir
 
valores asignados de intensidad, 
 o pueden ser s6lo descripciones del (lano
causado por eA evento. En base a estas referencias, Al int~rprete ha asigna
do un valor de intensidad para esa localidad. Tambin existe una columna pa
ra comentarios relacionados a la localidad. Este espacio puede ser utilizado
 
para indicar razones poco usuales para Los 
danos producidos, tales come ii
cuefacci6n o deslizamientos. 

Los parametros Iypocentrales dados en ci cat5logo de intensidades son los
mismos que aqcuel los I ist:adrs en Ai catalogo de hypocentros. Esto es importan
te porque no se dan referencias para los datas hypocentrales incluidos en el 
cat logo do intensidades, pero estas referencias se pueden encontrar volvien
do al catilogo do hypocentros. lambi6n es esencial que el nimero de identifi
cacion us:id en Ai catalogo dc intensidades corresponda al nimero en el cat5
logo de hyporcentros, y que cualcuicr evento que se encuentre en eA cat5logo
do intensidades, estQ incluido en Ai catAlogo de hypocentros. Durante la 
compilaci n del rat5.logo d Witensidades se ha tratado de asegurar que se man
tenga esta corresponde c i-. 

SurgAi unia duda aceca de 1o que representa la inrensidad mAxima que se
 
consigna enc e catSlogo d hypocentros. INecesariamente deberia ista corres
ponder a ]a intensidad mAxima dada on ei cat5logo de intensidades y, si asi 
fuera, tal de ias posibles tres intensidades m5ximas?. Durante la compila cian, se verifi' que Ia intensidad m~xima observada dada en el cat5logo de

intensidades, es In mAxima entre las observaciones de intensidad reportadas

Las intensidades mximms listadas 
en el cat~logo de hypocentros pueden dife 
-
Hr do aquellas lisradas en cA catSlogo de intensidades. Para ofrecer el me
jor estimado pnsibli del tamaae de los eventos hist~ricos, el cat5logo del

hypocentro puede listar una intensidad m~xima estimada. 
 Esto es ms probable
 
en Ai raso do eventos on i imair. 

lPuede darse Ai caso frecuente que un evento con 
epicentro en determinado
 
pals, tenga reportes de intensidades en paises vecinos. 
 En tal situnci6n, se
 
incluyc c evento en 
el catalogo do intensidades para cl pals en el cual est5

ubicado 
 epicentro y ]as intensidlades de Las observaciones en 
Ai otros palses

estan incluidas en el mismo lugar. 
 Se incluye el c6digo de dos letras 
 del

paTs, 'on cada local i dad, para identifi(car al 
pals donde se observ6 la inten
sidad. Las observaciones en ,na localidad dada pueden estar 
incluidas m~s de
 
una vez si As de un paTs ha incluido tales observaciones. Muchos eventos del
 
aren (el Caribe fueron sentidos en Venezuela. Dado que no se ha compilado un
ratalogo de intensidades para ei 5rea dcel 
 Caribe, estos eventos solo apaiecen 
en el catflogo do intensidades para Venezuela. 

El catSlog de int onsidades incluye espacio, para cada localidad, para

' adicr
su 
elevnciin, distancia epicentral, distancia hypocentral y acimut 
facilitando ci an&lisis de Ia atenuaci6n de intensidad. La evaluaci6n de es-

Los parametros varla signif:icativamente entre los paises. 
 Si los datos no

fiuern completados por cada pals, no 
se 
ha hecho ningln esfuerzo adicional
 
para completarlos. Si 
los epicentros fueran reevaluados, la mayor parte de 
estos datos tambikn tendr~n que ser reevaluados. Esto se ha dejado coma un
 
posibl refinamiento futurn de1 
cat Slogo.
 



Mapas 

Los mapas de epicentros fueron producidos de los datos del cat~logo de 
hypocentros. Se elaboraron dos mapas: uno con la representaci6n grafica de 
todos los eventos y el otro s6lo con los eventos de magnitud Ms, mayor oigual 
clue 6.5. Los eventos fueron clasificados de acuerdo a ]a profundidad del fo
co, conforme a lo-3 rangos definidos por Gutenberg y Richter (1954) como sigue" 

Foco profundo: 0 - 70 kms. 
Foco intermedio: 70 - 300 kms.
 
Foco profundo: mayor quo 300 kms.
 

El segundo mapa clasifica Jos oventos en dos rangos do magnitud: uno con
 
magnitud 6.5 .Ms <8.0, y eA segundo grupo con magnitud > 8.0. Ademis, los
 
eventos con magnitud > 8.0 estin identificados por el ao do su ocurrencia
 
Para poder clasificar los eventos on rangos basados en magnitudes Ms, fue ne
cesario calcular la magnitud Ms para aquellos eventos que s6lo tonlan una 
magnitud m reportada 6 tna intensidad mixima. Se hizo una regresion de mi
nimos cuadrados, obteniendo M. de mb usando los datos del cat~logo para even
tos de profundidad menor o igual a 55 kms. El valor de 55 kms. fue escogido
 
como el Amite inferior par- eventos poco profundos luego de un examen cuali
tativo de la distribuci6n de profundidades en ei cat5logo. Esta regresi6n
 
produjo la siguiente f6rmula:
 

A = -6.44 + 2.18 Ab (1)
 

Esta f6rmula fue usada para calcular un valor Ms si no hubiera un va±uf
 
b.5 pero, si un malor mb. Una segunda regresi6n fue hecha obteniendo Ms de I.,
 
tambi~n para eventos con profundidad menor o igual a 55 kms. Esta regresi6n
 
produjo la siguiente ecuacion:
 

M s = 1.26 + 0.63 Io (2)
 

Esta ecuaci6n es muy similar a la ecuaci6n derivada por Gutenberg y
 
Richter (1956) que es:
 

M = I + 2/3 10 (3) 

La ecuaci6n 2 fue usada para calcular Ms de I cuando no hubieron valo
res de magnitud disponibles. En Chile, los valores estimados de Ms (listados 
bajo otras magnitudes) fueron usados antes que los valores calculados de Io. 
En los casos para los cuales no se dispone de un valor Hs, mb o I., el evento 
no se ha incluido en el mapa de grandes terremotos.
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Conclusiones
 

Los catilogos unificados de par5metros hypocentrales y de intensidad 
compilados para America del Stir, tendrAn utilidad para un amplio espectro de 
estudios, particularmente para la investigaci6n del peligro y riesgo sisrmico. 
Los sism6logos en cada uno de los palses participantes han hecho un esfuerzo 
y una contribuci6n significativa a] revisar, editar y complenientar los cata
logos nacionales disponibles. Como resultado, todos ins; cat~logos nacionales 
son ahora m~s confiables y completos y se ha aiadido bastarte informacaon 
respecto a las fuentes de datos, mtodos de calculo, etc. La compilaci6n de
 
los catalogos nacionales en catflogos unificados para toda Am6rica del Sur
 
no hubiera sido posible sin el esfuerzo nacional de investigaci6n sostenida, 
en cada uno de los palses. 

El principal beneficio de los cat~logos es que ellos constituyen una 
base de datos homogoneos para un amplio rango de i-nvestigaciones geofisicas. 
El t~rmino uniforme es usado aqui para decir que 'os datos contenidos en los 
catalogos han sido revisados de manera sistem!tica do tal modo que , hasta 
donde ha sido posible, los datos consignados de hypocentros, magnitudes e 
intensidades, sean consistentes para todos los terremotos. 

Un concepto importante en la compilaci6n de los cat"logos uniformes es 
quo todos los datos en los cat~logos tienen reforencias. No fueron usados 
en los catglogos datos do terremotos que no tenlan referencias. Cualquiera 
que desee revisar la fundamentaci6n para la inclusi6n de determinados datos 
en el catilogo puede, por lo tanto, remitirse a la fuente original de donde 
se obtuvieron dichos datos. 

El principal objetivo del "Programa para Mitigaci6n de los Efectos de
 
los Terremotos en la Regi6n Andina (Proyecto SISRA)", bajo el cual se compi
laron cstos cat5logos, es definir m5s claramente la gravedad y distribuci'n 
del peligro y riesgo sismico (p~rdida potencial) en America del Sur. Los 
ca-5logos de hypocentros e intensidades preparados contribuyen de manera 
fundamental a incrementar el entendimiento de la naturaleza del problema de 
los terremotos en America del Sur. Los cat~l:gos, junto con el mapa neotec
t6nico de Am6rica del Sur tambi~n preparado bajo el Proyecto SISRA, contienen 
datos fundamentalcs para irvestigaciones m.s avanzadas del peligro y riesgo 
sismico, tales cumo descripciones probabillsticas del movimiento del suelo y 
de p~rdidas esperadas. EstJ. ciaro que los catilogos son absolutamente esen-
ciales para mayor progreso en la evaluaci6n del peligro y riesgo sismico.
 

Es muy imortante que los catilogos sean revisados y actualizados pe
ri6dicamente. Los errores en un trabajo de esta magnitud son inevitables y
 
tienen que ser corregidos. Dado que los cat~loos, en todo caso, deben ser
 
actualizados para incluir datos sismol6gicos m. recientes, existe una amplia
 
oportunidad para corregir errores. Un intervalo razonable para la correcci6n
 
y actualizaci6n de los catlogos puede ser 5 afos. La revisi6n y actualiza
ci6n de los catlogos d1be ser una alta prioridad para el CERESIS. 

El catilogo de datos de intensidad presentado aqui, indudablemente pue
de ser mejorado por la investigaci-n adicional sobre terremotos hist6ricos . 
Este primer cat5logo de intensidades, sin embargo, proporciona una organiza
ci6n y un formato Gtil para incrementar la base de datos de la informaci6n 
sobre intensidades en America del Sur. El cat'logo do datos de intensidad 
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es particul-rmente importante como parametro b~sico para el estimado de la 
atenuaci6n de la onda sismica y la delineaci6n de greas de respuesta del sue
io an6malamente alta. Los datos de intensidad tambi~n deben ser invalorables 
para la estimaci6n de las p~rdidas econ6uicas debido a fucuras ter-remotos. 

El desarrollo de los catalogos presentados cInul en nueve voICImenes es un 
avance importante en la informaci6n disponiblo para tin amplio rango de inves
tigaciones geofisicas, pe:o especialmcnte para estudios de mitigaci6n de los 
efectos de eventos sismicos. Los cat~logos se deben, principalmente, a los
investigadores en los varios palses que han trabajado diligentemente para
 
hacer posible estos cat5logos. Para muchos de estos estudiosos, Cl trabajo
 
en los cat~logos nacionales representa muchos afios do invest igaci6n en sis
mologia hist6rica e instrumental. 

Se pueden hacer muchos refinamientos adicionales a los cat ilogos, que
 
serian 6tiles como 
base para anglisis m~s extensos y que incrementarlan la
 
precisi6n de los cat~logos. Se debe afiadir los nmeros de la regi6n Flinn-

Engdahl para aquellcs eventos que actualmente no los tienen. Se deben buscar
 
datos adicionales en relaci6n con 
los fen6menos asociados, particularmente 
datos sobre dafios y desastres. Se puede incluir en el cat5logo los mecanis
mos focalc., del terremoto en base a una nueva compilaci6n e investigaci6n . 
Las localizaciones alternativas deben ser afiadidas para aquellos eventos pa
ra 
los cuales existe un alto grado de incertidumbre respecto a los epicentros
indicados y se deben reevaluar los hypocentros de los grandas eventos. Cree
mos, sin embargo, que los cat~logos compilados en este estudio representan
 
un avance significativo para proporcionar un mejor banco de datos sismicos
 
disponible para los cientificos, ingenieros encargados de prevenci6n y ayuda 
en caso de desastres as! como para otros usuarios 
en una escala nacional e
 
internacional.
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CATALOGO DE TERREMOTOS PARA ARGENTINA
 

DATOS DE HIPOCENTROS E INTENSIDADES
 

CASTANO, Juan Carlos
 
FORRADELLAS, Raymundo Quilez
 
PUEBLA, Norberto Pantale6n
 

INFORME NACIONAL
 

Introducci6n
 

Tenienuo en cuenta que se dispon'a de una variada informaci6n de la ac
tividad s'smica en Argentina, compilada, evaluada y editada por distintos au
tores 
con diferente contenido y formatos, resultaba necesario unificarla para
 
obtener un producto final confiable y completo.
 

A tal efecto, varios afios antes de iniciarse el Proyecto SISRA, se cons
tituy6 un grupo de trabajo integrado por personal del. INPRES, con el prop6si
to de elaborar un cat~logo nacional.
 

La metodologla de trabajo consisti6 en recopilar en una primera etapa
 
toda la informaci6n hist6rica e instrumenLal existente para terremotos ocu
rridos en territorio argentino.
 

En una etapa posterior, con el material disponible, se inici6 el anali
sis e interretaci6n de dicha informaci6n tratando que los resultados 
 fueran
 
lo m5s cuantitativos posible.
 

Cuando se estaba ejecutando esta segunda etapa se inici6 el Proyecto
 
SISRA decidi~ndose entonces revisar lo realizado a efecto de compatibilizarlo
 
con los formatos propuestos por la coordinaci6n del Proyecto.
 

El grupo de trabajo que colabor6 on las diferentes etapns de recopila 
ci6n; anglisis, procesamiento e interpretaci6n estuvo integrado, ademas de 
los autores de este trahajo, por el siguiente perSonal: Miguel PEREZ, Miguel 
ARTURO, Roberto MUNIZACA, Mario FIGUEROA, Jorge MONLLOR, Carlos CORREA,
 
Claudia G. de Echegaray, Walter BUFF y Mario VARLLA.
 

Material Utilizado.-


Debido a que no existi6 una red sismol6gica a nivel nacional hasta me
diados de la d~caJa del setenta, casi todas las determinaciones de los parg
metros focales de los eventos sismicos ocurridos en el pass provienen de los
 
centros internacionales.
 

Prfcticamente desde principios de este siglo est5 en funcionamiento la
 
estaci6n Sismol6gica del Observatorio Astron6mico de la Universidad Nacional
 
de La Plata, que juntamente con estaciones de Chile y la de La Paz, Bolivia,
 
han suministrado los datos m5s valiosos para el conocimiento de la actividad
 
sismica en la Argentina. A ellas se agregaron luego las estaciones sismol6
gicas del Servicio Meteorol6gico Nacional y posteriormente, las del Instituto
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Sismol6gico Zonda de la Universidad Nacional de San Juan.
 

Reci6n a partir de 1982, una vez implementada ia Red Sismol6gica

Nacional por parte dcl TNPRES, iste viene realizando on forma continua 
 sus
 
propias duterinacines sismol6gicas especialmente en 
Las provincias do San
 
Juan y Mendoza.
 

Para integrar los cat5lages de hypocentros e intensidades, se recupii6
toda la 
informaci6n existente, incluyendo algunas determinaciones cuantitati
vas realizadas par ins instituciones antes nombradas, 
generalmente para

reducidos intervaios de tiempo y, algunas veces, sin especificar la metodo
logla utilizada para talcs determinaciones. 
 A ello se le agreg6 gran canti
dad de nueva informaci~n relacionada con 
terremotos dostructivos, obtenidade
 
diferentes archivos hist6ricos, especialmente de diaries y revistas 
 de la
 
6poca, para distintos lugares del pals.
 

De est, manera se completW un archive co' 
 oos los dates de la antivi
dad sismica argentina, que fue manejado par computadora y se generaron ar
chives ordenados per iatitud/longitud y cronol6gicamente par fechas, 
 a fin

do utilizarlos en diferentes estudios y aplicaciones.
 

Al contar con informaci6n sismica ms completa en cinta magn6tica procedente do los ccntros internacionales: 
 NOAA, NEIS, US-COAST, ISC, etc. Se

contrast6 computacionalmente con los datas propios y de esta manera se pro 
-

ces6 toda la informaci~n sismica disponible dando coma 
resultado el actual
 
cat5lo.go de sismos aTrgentinos cn formate SESRA, 
 el que se continia actuali
zando con datos propios.
 

Jd6ntico procodimiento fue implementado para el catilogo de Hypocentros
 
coma para c do Intensidades.
 

MAtodos Usados en el Desarrollo del Catilogo.

1. Par5metros de hypocentros
 

En el desarrollo del catfilogo se tuvieron en cuenta los 
 parametros

hypocentrales e informaci6n 
complementaria de 
 acuerdo a los requerimien
tos actuales incluyendo datos de: macrosismos en base a la informaci6n his
t6rica; 
 instrumentales obtenidos de fuentes internacionales e instrumenta 
-

les de fuente propia para sismos locales.
 

El m6todo empleado fue el de compatibilizar toda la informaci6n a tra 
-
vs de un 
proceso de comparaci6n par computadora para seleccionar entre 
dos
 
o m5s eventos de distintas fuentes, 
con tiempo origen y coordenadas epicen trales similares para una misma fecha, quedando a criteria de los autores la

elecjf6n del evento en base a factores de calidad y a datas propios.
 

Dc esta forma se convalid6 y orden6 cronol6gicamente toda la informaci6n 
existente. 

Asimismo se agregaron al cat5logo 
los parmetros determinados a partir

de datos instrumentales propios desde 1981.
 

http:cat5lo.go
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Los criterios de selecci6n de eventos, para los valores de tiempo ori
gen, coordenadas epicentrales y profundidad, fueron los siguientes:
 

a. 	 Macrosismos hist6ricos: 
 Dar preferencia a la informaci6n obtenida de
 
publicaciones locales de la 6poca.
 

b. Sismos instrumentales de fuentes internacionales: Elegir de entre los
 
diferentes par5metros aquellos que posean el mejor factor de calidad y
 
la informaci~n complementaria mis adecuada.
 

c. 	 Sismos instrumentales propios: En base a comparacion con los datos de
 
otras fuentes, completar la informaci6n del evento.
 

En cuanto a la intensidad mxima, se inform6 el m~ximo valor dado en el
 
cat'logo de intensidades, para el mismo evento.
 

En la informaci6n de la magnitud se tuvo en cuenta la relaci6n de la
 
magnitud local 
a partir de la longitud de registro, utilizando coeficientes
 
determinados para la regi6n.
 

Por 61timo se incluy6 en todo el cat~logo el c6digo de regi6n Flinn-

Engdahl, que result6 de suma utilidad para In selecci6n deeventos por regio
nes.
 

2. 	 Determinaciones de intensidad y procedimientos usados:
 

Uno de los principales problemas que se present6 en la evaluaci6n de las
 
intensidades sismicas fue debido, fundamentalmente, a la diferente calidad
 
de la construcci6n existente ante la ocurrencia de cada 
uno de los terremotos
 
destructivos. Por un lado se debe tener en cuenta que el 
an lisis abarca Lin
 
intervalo de tiempo de 200 afios o mins y adem~s que, en algunos casos, existen
 
diferencias notables durante una misma 6poca para diferentes zonas del pals
 

Por esos motivos, en la mayor parte de los terremotos hist6ricos anali
zados, se tom a la construcci6n de adobe como referencia principal. para 
es
timar la intensidad sismica. Este tipo de construccion es hastantc uniforme
 
en todo el territorio argentino, existiendo desde las primeras 6pocas de la
 
colonizaci6n, especialmente en la regi6n ocaste que es la m5s afectada por
 
los terremotos.
 

En todos los casos estudiados !a estimaci6n de la intensidad fue global,
 
no tom~ndose en 
cuenta casos aislados ya que, eventos sismicos posteriores
 
muy bien estudiados como el del 23 de noviembre de 1977, han mostrado que

intensidades aparentemente muy elevadas se deben, generalmente, a efectos
 
locales muy especiales o problemas especificos de disefio.
 

PLANES PARA FUTURAS ACTUALIZACIONES.-


El cat'logo de hypocentros se actualiza opcionalmente a partir de deter
minaciones definitivas propias y se preveen realizar dos revisiones anuales
 
con frecuencia semestral, en base a datos recibidos desde otros centros,
 
convalidados con la informaci6n propia.
 

En cuanto al cat~logo de intensidades, se actualiza con la informaci6n
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recibida desde las distintas localidades, luego de la ocurrencia de fuertes
 
movimientos.
 

COMENTARIOS SOBRE TERREMOTOS DESTRUCTIVOS OCURRIDOS EN LA ARGENTINA.

1. Terremoto de Esteco (Salta) del 13 de Septiembre de 1662.
 

Dest ruytv completamente la ciiidad de Talavera de Madrid o Esteco, situa
da a orillas del Camino Real, en In rcgi6n sureste de la provincia de Salta. 
En 1634 Esteco tenIa alrededor de 2,000 habitantes, siendo este terremoto 
tan destructivo que la ciudad no se volvi6 a reconstruir. 

Ocasiono dnnos do consideraci6n en la ciudad de Salta a unos 100 km del 
epi centro. 

Scgi'n ins rel-atos de ha epoca ocurri6 por lo menos una rfplica de gran 
intensidad que produjo nuevos dai-os. 

. errenloto de Mendoza de! 20 de Marzo de 1861. 

Se considera el terremoto que, porcentualmente, ocasion6 m~s da-o y ma
yor nfimero de vctjimas en toda l a historia sismica argentina. Seg'n el Cen
so de 1.857 1,1 ciudad de Mendoza tenla 8,000 habitantes de los cuales 5,000 
fueron victimas del evento sismico. Destruy6 toda la ciudad, incluldas las 
i-glesias que eran de cal y ladri.11i. 

SC prodihjcron grandes deslizamientos en las montafas vecinas a la ciu 
dad. Tambien se ebservaron muchos agrietamientos del terreno. Efectos de 
licuaci-ni (I, suelo solamente se verificaron en Guaymall6n. 

Se percibieron numerosas r~plicas, aigunas de ellas de gran intensidad,
 
especialmente en los primro,, tres (Las despu6s del terremoto principal.
 

3. Terremoto Argentino d,cl 27 de Octubre de 1894. 

Produjo damos importantes en las provincias de San Juan y La Rioja, y en 
inenor gra(don ialitprovincia de Mendoza. Ocasione agrietamientos en algunos 
edificiws de Ila Ciudad de C6rdoba. 

El area que sufri(3 mayores datios correspondi6 al centro-aorte de la pro-
Si .Juan, devincia de , especialmente los Departamentos Jachal, Iglesia, Al

bardon, An ac n, San Martin, ocasionando un total de 50 muertos. All! se ob
servaron ;randes zonas con licuaci6n de suelos (extensas grietas, hundimien
tos de terreno,;, le vantainionto de los fondos de los canales de irrigaci6n 
Cal ln InindnIdaIs). 

Las~ Ic :lli Jades con mlyores (laies fueron Mogna e Iglesia, donde el 100% 
de las conStlrucciones fueron destruldas. Se inform6 de calda de 5rboles y 
grande desipreninientos en las montafias vecinas. Tambie'n se percibieron 
nume rosa, r.plicas, aiguna.5; de gran intensidad, durante el mes posterior al 
Lerrenioto principal.. 



4. Torremoto Stdin .i Cl ino del 3) de Ma dte1 929. 

Afect a don pc:bla ones de Sir de la provincia de Mendoza: Villa 
Atuel y Leas Malvin.s, que cont ahn non aLrodedor do 900 habitantes cada una. 
En Villa Atuel o.ion 17 moorto ,s v 11 Ihpridos, mientras que on Las Malvinas 
produjo 23 inner t. v 31 heridos. 

EP Villa .tu! i .r; oxLonsas 2reas con l icuacirn de suelos, inform5n
dose d g:rninden Ler:iet noe , terreno, de umannc ones de arena , barro, 
v de callusn iiun di p,.or P! an,. b dltel suelo. 

Se perc ihion :,m osus . 1i 'n,r; do ins cuales tin 20 so sintieroon en 

el primer d~a despuC (1. 1 uvnto principal. 

5. Terremoto de Sai..pacho (C¢indolni) W1(111 de Junio de 1934. 

tin quo p (1j dnins Re 

plica de magnitud inil a evento principal menos de tru,,: horas despuos.
 

Fue li ,ermoto ;Ic:hs niln ccho, en un Ore muy pequena. -

En Is primerns 2/ bore se porcilbieron a]rededor de cen rpL ices,seis
 
de ellas con intens iad N IV. El. 902 de Ia udifieriol lesttrulda o inhabi 
table.
 

6. Terremoto ,de San Juan dcl 15 de Enero de 1944. 

E: el terremo to que ocesion5 mn, vietimes en la Replblica Argentina. Se 
esLima que hubieron alrededor de 10,000 muortos. Afect6 a la total.idad de 
la provincia de San .Juan, especiahnente a su ciuded capital donde estaba ca
s! tode sn po1)lac: n.
 

1rodun aa unin; dafhos on In provincia de Mendoza. SP pe-cihieron r pli
du dal eventoc( s, a]lunna; lo o!.,I. . ensns, inmedintamenLe desp ls princ-ipal 

dec vendo ripidlemnL, i n el tiemp). 

So comnpf(r h ne Ipa t rnlra u:per 'iia l lI ugnr dlnomin,, La La]a,a co
rrespondienLe a mne fella inversa con 0,30 cm de m~ximo rechnzo, sobre una 
longitud de alredvdor do 7 kin. 

7. Turremot:o de S 1t: a d1] 25 de Agonto de 1948. 

Epicentro ubicado en ei l)epartamento do Anta, provinci.n de Salta, regi 6 n 
de muy baja densidad de poblaci5. Alto nivel de destructividad en Ias si
guientes poblaciones: Las Vboran., El liquete, El Rev, Palomitas, Santa Rita, 
Las Pavas v Ante. En e stos S ltimos LreH Iugares se inform5 de grictas pro
fundas en e1 terr,.no vertiendo abundante ngue, lo que esur asorindo a fenime
nos de licuaiciAn doe,n, vls. 

8. 'Ierremoto de San luan dol 23 ,1e Nnviembre de 1977. 

Produjo dafi:; do coonidracin on Loda la provincia de San Juan. espe
cialmente en in iudad d, C;iticote dond ocasiono elrededor de 70 muertos y 
300 heridos. Tambion caun dafts de cierce importancia en algmnas reas de 
Ias provin-;a. de Mrimomlza V l.a Ri 0j)a. Se observe ron grieta.s en edl Fcios de 
Cirdoba y San LuIs. Grendo. on>.t0Osi0ne,5 51ufrieron lietiaci(n do suelos que 

http:terr,.no
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produjeron graves dafios 
en 
caminos, canales de irrigaci6n y terrenos de cultivo. 
 Gran cantidad de r~plicas, las que continuaban 4 afios despu~s del terremoto principal. 
 Zona de replicas de 90 km x 30 km x 35 km de profundidad.
Epicentro del evento principal en 
el 
extremo norte del grea de r~plicas. Ruptura superficial correspondiente a una 
falla directa con 
0,30 cm de desplaza
miento, que afect6 distintos niveles de acumulaci6n cuaternaria 
sobre una
longitud de por lo menos 
10 km, en el extremo Sur del 5rea de replicas.
 

REFERENCIAS ADICIONALES: 

- MOREY, F. (1938) Los Temblores de Tierra. 
Mendoza Sismica. 

- VOLPONI, F. (1962) Aspectos Sismol6gicos del Territorio Argentino 
- Actas Primeras Jornadas Argentinas de Ingenieria Antisismica.
 

- Universidad Nacional de La Plata - Boletines Sismol6gicos.
 

- Instituto Sismol6gico Zonda 
- Universidad Nacional de San Juan -
Boleti
nes Sismol6gicos.
 

- BCIS - Bulletin Seismologique.
 



CATALOG(O DE TE KREMOTOS PARA BOLIVIA 

DATOS DE HYPOCENTROS E INTENSIDADES 

Angel Vega
 
Estela Minaya
 

Ram6n Cabr6 S.J.
 

INFORNE NACIONAL 

INTRODUCCION
 

Buenos catilogos, tanto de 
focos sismicos como de datos de intensidad
 
han sido una meta durante muchos afios, en el Observatorio San Calixto.
 

El padre de la sismologla en el pals, Pierre M. Descotes S.J., ha esta
do coleccionando todo el material disponible, siendo sus fuentes principales 
Ballivi~n (1909) v rontessus do Ballore (1912-1916), para los terremotos his
t6ricos.
 

Un pequeno aumento de recursos (siempre tan escasos para los trabajos 
sismol 6gicos en Bolivia), a trav6s del proyecto SISAN (auspiciado por la Or
ganizaci6n de Estados Americanos), hizo posible una primera sistematizaci6n 
de informaci6n sismol6gica respecto a Bolivia, comenzando con esos documen
tos antiguos de Descates, continuando con las localizaciones obtenidas por
las agencias sismol6gicas mundiales tales como el U.S. Coast and Geodetic 
Survey, continuadas por el National Oceanic and Atmospheric Administration y 
finalmente por el U.S. Geological Survey, asi como el International Seismol
ogical Summary, continuado por el actual Centro Internacional de Sismologla. 

Vega tuvo la responsabilidad principal de la revisi6n critica y de com
pletar e cat~logo de hypocentros. Minava frue responsable del catlogo de 
intensidades. Cabr6 ayud6 principalmente respecto al uso do las fuentes dis
ponibles. Remberto Cardona y Marcos Capriles completaron lan lacturas de los 
movimientos sismicos bolivianos mas pequeios y prepararcon los datos para el 
6
c mputo de epicentros como un control de referencia para la probabilidad de 
ocurrencia de terremotos destructivos.
 

MATERIALES USADOS
 

Los catilogos preliminares producidos con el Project STSAN han sido cri
ticamente revisados y completados.
 

El catilogo de hypocentros ha sido obtenido bisicamente de acuerdo con 
las determinaciones de hypocentros publicadas por Gutenbo rg y Richter (1949), 
del Sumario Sismol6gico Internacional, U.S. Coast and Geodetic Survey (y las 
instituciones que le sucedieron hasta el U.S. Geological Survey) y el Centro 
Sismol6rico Internacional. 

El catilogo ha sido c nt inuado hasta el fin de 1981, usando determina 
ciones tando del U.S. Geological Survey como del International Seismological 
Centre. Unas cuantas de esas determinaciones (obtenidas do datos de sism6 
grafos distantes) tuvieron que ser recalculadas en el Observatorio San 



22
 

Calixto, en base a lecturas confiables de sismgr:ifos cercanos (ia baja velo
cidad an6mala debajo de los Andes, y la escasez de estCiconeq sTsmicas , espe
cialmente para el control este-oo;te, han sido el origen sistemkticoe co re--

Algunos tlypoccntros quo no aparecen en Los cat:5logos internacionales
 
foecon incluidos depu:; du que so CM;n-tato qie su wagn itud era do 4.5 o ma
yor.
 

UInas 800 ]ocal iz'aciones du w:isinems man peque fos no est 5n incJluidas en el
 
cataloge, peoe contrih iveron pilra d.±r "na confirmai~n idirecta para la de
terminacitn do cal idad.
 

Ion Maciones ;isml)0gicas lBoliv inan qu proporcionaron dates: La Paz
 
(LPZ) 1913-1963; La Paz (L'P,) doudo I961; Zongo (tripart.ito) dsde 1972;
 
ta'is (P,;' 19(5-75 v P.,aciones temporalos on Cocl'.,mba, Dcssaguadero,
 

Ssinwilpsitoa, Ta-i a, , Ri;,rait , C7oroit:O.
 

El c:00 khoe intn.<idad. (en Nap :N cat:logo KISAN) hi side grande
mofnt, mejo--.d, ,rnu r,.visin ort ica v inmpliaci.n hLasta fines de 1981 y,
 
uspecia5l1Pr:i, p01- ,1 hallzno;o du Ans datos en pridicos antiglios y archi 
vos v ,nt,,.i-vt t(i ) a p-rsons;, ('n var to:; onsas opicentrale.s (esta investiga-

HEt t cn,omhindl c'on Viajun do campo para los estuidios tect6ni cos; ver co
mpntrl ti tdpS Ait. iri n coii
 

Se i-1 t ron Ica s tguientes antigus: LE; Comercio;-vin per sd icos El El 

il 'Fren; F] V'. dadu:r Electo-; Li Oriente; El Obncsrvador; El Pals; El Deber;
 

d, i La El El
l~a Voz i'uPIclo" El Indust rial; Ran; Eli leraldo; Ferrocarril; 
Repbli a.on ; FI l;npsircial; Los 'Tiempoq; .' Patria. 

Lob pri',ipalru q dic-mentos on Ion irchivos hisn6ricos fueron: Libro del 
'. Cal nchW; ihro do :o; wrardls; Lihtr- du 'Khrica de la Iglesia San Mar
os du 1Ki ,'.fl ,rps;; Padrc C>e.t edo; tlist,oria do la Villa Imperia]. de Potosi , 

'nio I; Biortol omi A'inz1n. du Orts y V'ola; iuentes in ditas para In historia 
de Pot i, coi : & l de y el Nacioi i'-,encit es lnpecial Archivo Potos, Archive 

ial du olIiv ia.
 

NI,,Ol)OS'i;\lsU); PARA LI, l)LSA I tO )E IOS CATAIOC)OS 

1. los parltotron hypoc tiltraole totitaldos de ]as agencias sismol6gicas 
mencion adan s-ibr ha o acept-ildos s in cambio, excepto cuando las lecturasr fuen 

en Ta Paz c] rsunrente no ersin compatibles con esos dates. 

C(itundo n osilc!<atron pat'impt vo. hypocentrsales en el Observatorio San Ca
lixto, e is; cl m6todo do Mohorovicic, l imitando el 5rea en el cual podria 
or;o in5<50 o. 5 inmo v.' acept:ando dent -o de e.a area el punto que daba los re
s:idtns do initmutitt cudad para 'n enstCiones consideradas. La profundidad 
:no r-ir O.lu lia consi uraindo criterios au.i-[.liares tales come area de percep
oiton, itolmelro &. r,_plican, la pr(ioundidad p irdnomiinanLto para s,1mos mayores en 
:a ZoN.Ii iloiititi i4 fo' cal ci'iIlda por Ila ampi itd de iss ondas de cuer
pO u Ol)tE 011151 ti0(I i I ;i rompsc rai nicon .in mIanagnit-ud de ,uperificie Ms o la 

mngnitud local 11 Ciando ii del de MS tam. . dipOilsa waor int, gnitud est:a 
hiln fue incluida en la i;nt . 
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A0
ML = lig A/T + 1.9 log + 3.5 

y relacionada a la Intensidad en el caso de los sismos hist6ricos: 

M= 1.08 + 0.62 1ma x 

2.' Los datos de jntensidad fueron convertidos a la escala Mercalli Mo
dificada; tambign cuando Is 6nica informaci6n que se tenia era el grado en 
la escala Rossi-Forel. 

PLANES PARA MANTE2IER LOS CATALOCOS AL DIA EN El, FUTURO 

El Observator:io San Calixto tiene un plan para coleccionar datos cada 

vez que ocurra un sismo on Bolivia, tanto los par5metros del foco como datos 

macrosismicos. Tambi~n continuarK la consulta de archivos y publicaciones an

tiguas en bhisqueda do datos complementarivs que tengan relaci6n con terremo 
tos hist6ricos. 

REFERENClAS ADICIONALES: 

- BALLIVIAN, M.V. 1909. Datos sobre los Terremotos y Temblores habidos 

en el Territorio Boliviano. Recopilaci6n de varios autores. la. Serie.
 

Boletin do la Oficina Nacional de Estadistica. Nos. 49-51. La Paz.
 

- NACELWNE, J.B. and SOIIUN, F.W. 1936. Introduction to Theoretical 
Seismology. John Wiley & Sons, Inc. New York. 

- MONTESSUS DE Bi,LORE, F. 1912-1916. Historia Sismica de los Andes Meri

dionales. Santiago, Chile. 

- RODRIGUEZ, R. and VEGA, A. 1976. El Terremoto del 12 de Mayo de 1972 

en Cochabamba. Revista Geofisica, No. 5, IPGH, pp. 161-171. 

- VEGA, B.A. 1978. Catilogo Sismico de Bolivia. Proyecto SISAN-OEA. 

Observatorio San Calixto. La Paz, Bolivia. 
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CATALOGO DE TERREMOTOS PARA BRASIL
 

DATOS DE HYPOCENTROS 
E INTENSIDADES
 

J. Berrocal
 

INTRODUCCION
 

El territorio brasilefio ocupa la mayor parte de los escudos Prec'mbricos
del continente Sudamericano, y est. localizado en la regi6n interna continental de la placa Sudamericana. 
 Por este motivo el nivel de la actividad sismica en el territorio brasilefio es muy bajo, con 
las caracterlsticas 
propias
de otras regiones intraplaca de nuestro planeta.
 

A pesar de esta situaci6n, los estudios de sismicidad del territorio brasilefo se han intensificado durante los 'ltimos afios, 
gracias al impulso dado
a la Sismologia en el Brasil con 
la instalaci6n entre 1966 y 1972 del 
 South
American Array System (SAAS), a traves de un proyecto conjunto organizado por
CERESIS y la Universidad de Edimburgo 
- Escocia/UK (posteriormente el 
 Instituto de Ciencias Geol6gicas de la Gran Bretafa), 
y gracias a la necesidad de
efectuar estudios de sismicidad y de riesgo slismico asociados a la planificaci6n y construcci6n de presas hidroel'ctricas de grandes dimensiones y de
reactores elhctricos de energla nuclear.
 

Por este motivo, el Instituto Astron6mico e Geof'sico de la Universidad
de Sao Paulo, en convenio con la Comissao Nacional de Energia Nuclear del Brasil, ejecut6 un estudio de sismicidad a partir de 1977, para recopilar y analizar toda la informaci6n existente sobre sismos naturales ocurridos 
 en el
territorio brasilefo, con la principal finalidad de elaborar un cat~logo sis
mico uniforme y actualizado.
 

Este trabajo fue realizado por un 
grupo que incluye el autor do 
este informe, el Dr. Marcelo Assumpcao, el Dr. Remy Antezana y los Srs. Coriolano M.
Dias Neto (del Instituto de Geociencias de la Universidad de Sao Paulo),
nato Ortega, Heitor Franca, y J.A.V. Veloso 
Re

(de la Estacao Sismol6gica de
 
Brasilia).
 

El catalogo publicado por Berrocal ct al. 
(1984), incluye eventos 
ocurridos desde 1560, 
en 
su mayoria descritos a travs de datos macrosismicos
con 
informaciones instrumentales solamente 
' partir de la instalaci6n de NAT
 
y SAAS, a mediados do la d'cada de 60.
 

El primer intento para recopilar datos de la sismicidad del torritorio
brasilefo fue hecho por Capanema (1859). 
 El primer catalogo, incluyendo descripciones macroslismicas, fue publicado por Gama 
(1910).. Branner (1912 y
1920) tambi'n public6 catlogos sismicos 
incluyendo datos macros'smicos e interpretaciones sismotect6nicas. 
 Cat'logos mas 
recientes, incluyendo solamente 
un listado de los eventos, fueron publicados por Sadowski et 
al. (1978)
por Haberlehner (1978). y

Algunas zonas 
slsmicas fueron estudiados con detalle
por autores como Silveira (1906 y 1920), 
quo trat6 sobre los temblores de Bom
Sucesso (Minas Gerais), Sampaio (1916, 
1919 y 1920), que ertudi6 los sismos
del Rec6ncavo Baiano 
(Bahia) y Sternberg (1953) 
que recopilo los sismos 


rridos en 
ocu

la regi6n amaz6nica.
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A partir de 1982 
los datas sismicos, macrosismicos e instrumentales, de
 
eventos ocurridos en eA Brasil, 
estin siendo publicados en la Revista Brasi
leira de Geofsica.
 

MATERIAL UTILIZAD)O 

Coma 	se menciono antes, la mayoria de los eventos del 
cat 5 logo sismico 
del Brasil, fueron definidos a trav6s de informaciones macrosismicas extrai
das de libros, anuarios y cr6nicas antiguas, asi coma de peri6dicos y traba
jos mas recientes. En algunos cases 
fue posible recopilar informaci6n adi
cional, princpa lmunee cn el casa du sismos importantes ocurridos despufs de
1900, a trav6s de consultas personales en los lugares afectados o a travfs
 
do noticias en pcriodicos localen,, publicados en la 6poca de los eventos .
 
En los otros casos, principalmente para los sismos ms antiguos, so 
 procur6

conseguir la fuentc de referencia original, de donde fueron extraidos los
 
datos importantes.
 

Los sismos con 
epicentros determinados a partir de datos instrumentales,

fueron retirados de los boletines del 
 .SS (para el periodo 1913-1963) del ISC
 
(a partir d 
 1964) y dcl Earthquake Data File Summary, recopilados par el
 
NGSTDC del US Department of Commerce ini(a partir de 1900). A partir de 
cios de Ia d6cada del 70, y principalmente on la d6cada actual, los epicen
tros dc ia mayoria de los sismos ocurridos en el Brasil son determinados con
 
datos de ]a red sismogr5fica nacional, compuesta par varias redes de carfcter
 
local o regional y estaciones d primer orden, supervisionados par la Esta
cl6n Sismogrfifica do Brasilia, par el Instituto Astron6mico e Geofisico 
 de 
la USP y por Al Institut de Pesquisas Tecnol6gicas y estaciones de la Uni
verda(ld Federal de Rio Grande do Norte y del Observatorio Nacional de Rio 
de Janeiro. 

En el cat5 logo sismico publicado par Berrocal et al. (1984), 
los sismos
 
con datos macrosismicns son divididos en las siguientes categorlas:
 

A. 
 Con informaci6n abundante que permite la construcci6n del mapa de 
 iso
sistas y determinaci~n del epicentro con buena precisi6n.
 

B. 	 Con informaiones suficientes para determinar el irea afectada, epicen
tro e intensidades, con aceptable precisi6n.
 

C. 	 Con informaciones s guras sobre su ocurrencia, permitiendo algunas 
ye
ces 
evaluar las intensidades observadas, pero no permite estimarelgrea
 
afectada ni el epicentro con precisi6n.
 

D. 
 Evento dudoso, con fecha y local inciertos, no siendo posible estar se
guro 	sobre 
su real ocurrencia o sobre su naturaleza.
 

E. 	 Oscilaciones sentidas 
en el territorio brasileio coma efecto 
 de sismo
 
distante, normalmente ocurrido en 
la regi6n andina.
 

F. 	 Data falso on la fuonto consultada. 

R. 	 Data repetido, correspondiente a otro sismo del cat5logo.
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Los sismos de categor'as F y R no son incluidos en el cat'logo. En ge
neral las de.erminaciones epcentrales desismos decategoraA y.alguno s 
de.
 
ct-egorla B son muy precisas, mayor que las determinaciones instrumentales
 
efectuadas con datos de la red internacional de sism6grafos (NEIS eISC).
 

Los datos epicentrales extraldos de los boletines internacionales, fue
ron en su mayoria abandonados, principalmente aquellos con mucha imprecisi6n
 
en la determinaci6n de los parametros y otros por corresponder a fases 
PmKP
 
de sismos de gran magnitud ocurridos en otras regiones de la tierra
 
(Assumpcao, 1983a). Otros epicentros fueron relocalizados, principalmente

de aquellos sismos registrados por varias estaciones de la red sismogr'fica
 
internacional.
 

Existen todavla sismos coo epicentros localizados lejos de las regiones
 
con mayor densidadde sism6grafos, en estos casos ellos son definidos 
sola
mente con las informaciones macrosismicas. Algunas redes de car~cter local
 
o regional, presenitan problemas en el control. de hora, disminuyendo la pre
cisi6n de las determinaciones cuando hay que utilizar esa informaci6n. 
 Es
tas si~uaciones son consideradas para definir el error asumido en la determi
naci6n de los epicentros.
 

METODOS UTILIZADOS EN LA PREPARACION DEL CATALOGO
 

Par'metros hypocentrales
 

Los sismos con datos macroslsmicos, tienen sus horas de origen, con por
 
lo menos varios minutos de precisi6n, obtenida a partir de las descripciones
 
existentes para cada evento. En el caso de sismos con datos 
 instrumentales
 
la precisi6n baja para algunos segundos, siendo menor si el e-icentro se
 
encuentra dentro de una red sismografica. En este caso se utiliza el progra
ma HIPO 71 (Lee y Lahr, 1975), 
con modelos crustales preliminares existentes
 
en el Brasil (Dias et al., 1980) o el modelo de Herrin (1968), que dan mejo
res resultados que el modelo de Jeffreys & Bullen (194U)..
 

Las coordenadas del epicentro, para los sismos 
con datos macrosismicos
 
son obtenidos de los mapas de isosistas o de las area-, afectadas, *con una
 
precisi6n del orden de decenas de kil6metros o menos, cuando existen datos
 
abundantes. Los eventos con datos instrumentales tienen sus coordenadas de
terminadas autom'ticamente por medio del programa HIPO 71, 
como fue explica
do antes. En 
este caso se obtiene tambi-n un valor para la profundidad fo
cal. En el caso de los eventos con datos macros'smicos no se calcula este 
parametro. Para algunos sismos registrados fuera del Brasil, como elocurri
do el 05.08.19%3 en Codajas-Amazonas (Assunipcao et al., 1983), son utiliza 
das lecturas de la fase pp para calcular la profundidad del foco.
 

Para lOs sismos con datos macros'smicos, en zonas densamente pobladas,
 
Ia maxima intensidad observada corresponde a la maxima intensidad epicentral

Cuando los datos 
son menos densos, se efectia una extrapolaci6n, cuando es
 
necesario.
 

La magnitud para los sismos 
con datos que permiten construir mapa de 
* **,~ isosistas o area afectada, se utiliza las siguientes relaciones: 

N . -< acioes: 



27
 

m) = 1.63 + 0.60 Jog (At), 6 

i b = 2.29 + 0.55 log (Av) 

donde A = rea total afectada en km2 , correspondiente a la isosista II M, y 

A = rea de la isosista IV M en km 2 

Estas ecuaciones dan buenos resultados para sismos tect6nicos ocurridos 
en la regi6n intraplaca continental de la Amnrica del Sur. 

Para los sismos con datos instrumentales con A entre 200 y 1500 km, se
utiliza la siguiente relacin (Assumpcao, 1983): 

m = log (27 A/T) + 2.3 logA -2.28 

donde mR = magnitud con datos regionales, equivalentes a mb 

A = amplitud mixima del movimiento real del suelo en 
micr6metros (jm) 

T = perlodo en seg. correspo.diente a A 

A = distancia epicentral en km. 

Para los sismos con datos instrumentales con A mvnor que 200 km se uti
liza ei m~todo de Richter (1958) para el c~iculo de MC
 

Determinaciones de Intensidad y Procedimientos Utilizados.-


Para la evaltiacion de la intensidad 
 fue utilizada la Escala Mercalli Mo
dificada (Wood y Neumann, t931). Todos los datos macrosismicos, para cada
 
evento, fueron evaluadcs separadainente por cuatro de 
 los autores del cat'llogo
sissmico del Brasil. Cuando las evaluaciones separadas parecidas, seeran 

adopt6 la media como el valor 
de intensidad final para cada punto analizado. 
Cuando haba discrepancia en los valores, paraera efectuada una discusi6n 

llegar a un valor justificado.
 

La intensidad maxima epicentral, en el caso de sismos con epicentro en 
5rea oce5nica y sentidos en el continente, foe inferida utilizando relacio 
nes empiricas de variaci6n de la intensidad con la distancia, deducidas de 
eventos de la regi6n con mapas de isosistas conocidas. 

ACTUALIZACION D)EI CATALOGO
 

Como se menciona antes, los sismos ocurridos a partir de 1.982 puson 

blicados en 
la Revista Brasileira de Geofisica, permitiendo una constante
 
actualizaci6n del catilogo, ya que los par 5
metros son presentados en el mismo
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formato que an 
el cat5logo original. Algunos epicentros y otros par5metros

ya publicados, pueden ser 
modificados en estudios posteriores, estos nuevos

valores serin publicados en la Revista Brasileira de Geofisica. 
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CATALOGO DE TERREMOTOS PARA CHILE
 

DATOS DE HYPOCENTROS. E INTENS.IDADES  -

Edgar Kausel
 

INFORME NACIONAL
 

INTRODUCCION
 

El Cat'ilogo de Sismos tiene 
una larga historia en Chile. Ya en el siglo

pasado, varios autores acumularon informaci6n sobre sismos ocurridos en 
'po
cas coloniales. 
 Generalmente dichas compilaciones se relacionaban con
estudios dirigidos a la preparaci6n de textos 
de Historia y Geografla de
 
Chile, mis que a trabajos cient'ficos sobre el tema. 
Con toda seguridad, fue

Montessus de Billore (1911-1916), quien prepar6 el catalogo de sismos hist6
ricos chilenos'mas completos de la epoca. Gran parte de los cat'logos hist6
ricos posteriores se basan en su monumental obra. 
 Mas tarde Greve (1964) y
Lomnitz (1970), perfeccionaron el trabajo de Montessus de Ballore. Adicio 
nalmente, en las primeras 
cuatro decadas de este siglo varias instituciones
 
internacionales y universidades iniciaron 
la preparaci6n de cata'logos mun
diales con valiosa informaci6n pertinente a Chile. 
La informacion de epi
centros con datos instrumentales se ha obtenido principalmente de los Cat'a
logos del U.S. Geological Survey, International Seismological Summary (1918
1.959), Gutenberg y Richter (1904-1952), International-Seismological Centre y

datos del Servicio Sismol6gico de la Universidad de Chile -
Departamento de
 
Geologla y Geof-sica. Un grupo de esta instituci6n formado por Luis Alvear,

Sergio Barrientos, Edgar Kausel y Mario Pardo fueron 
 los responsables de
 
ordenar los datos en un nuevo catalogo de sismos a partir de 
estas y otras
 
fuentes menores. El cat5logo de intensidades fue revisado por Luis Alvear y

John Bannister, a partir do informaci6n recopilada por diversos autores.
 

METODOS UTILIZADOS EN LA PREPARACION DE CATALOGOS
 

El 
trabajo de generaci6n de catalogos de hypocentros y de intensidades
 
fue muy laborioso. El material usado estg 
 detalladamente documentada en
 
cada una de las referencias al final de este informe. 
 S61o se dar~n aqu!

algunos criterios utilizados para seleccionar o fijar los pargmetros " hypo
centrales.
 

Para los sismos hist6ricos (no instrumentales), las coordenadas epicen
trales corresponden a las coordenadas del lugar geografico 
pot el cual es
conocido el sismo (Ciudad, pueblo, localidad, etc.), por lo que pueden exis
tir errores de + 20 en la ubicaci6n de algunos de ellos. La magnitud de
 
estos sismos corresponde a Msoestimada en base a informaci6n macroslsmica
 
estudiada pot Lomnitz (19 70)y Kausel (1979-f). El c6digo de escala de

magnitud usado 
en estos casos es E (columna 92). Cuando los autores han es
timado un tango do magnitudes solamente, seutiliz6 el promedio do este ran
go, redondeando al decimal superior. -La 
informaci6n sobre tiempo origen fue
 
,,'t'ida de una recopilaci6n hecha ipor Barrientos (1981) 
y convirti'ndola en
 



asign6 carfC 

blanco Wb, por os timarse qu? todos; Ins s 0mo de cat ilogo son de origen 
A Ia colmna 131 (WFn6munus s -t , nicos) so .e un itr 

tcctonico. 

0Tod los dLt, de imtnsidlades m5xnim;s del catalogo de hypocentros fue

ron obLunidos de , umentos quo mint i0ne Al Departamcnto do Geofisica dc la 

Universidad du CilI, (;UC). 

So agreg;r A Mi ;igo SII. coimo 17uente du imagnitudes calc'ladas, que co

rresponde a las :;i1 Ias d la Estaci(n Sismol,5gica Santa Luci.a. 

En In con foecu del CGt5logo d Intensidades, se ha hechlo uso do in

formacikn entregada pr E. Sil gado (1983, cominicacion personal) para tres 

sismos (1730, 1751 y 1822) e informaci6n recopilada por E. Kausel (1979 F) 

para los sismos d 1868 v 1877. Esto conform6 Ai catologo do intunsidades 

correspondinte a terrmktos ocuirridos antes de 1900. 

Para e prutnte siglo, so laiit ilizado informaci6n pblicada por 

Monteossus du Bal lore (1911-1916) iralA terremoto d Valparaiso de 1906, 
Bobi iier (1930) para l terronto do 1928 modificada por Kausel (1979 b), 
Eisenberg L t al (1972), Kaus l. (1965, 1967), una gran cant:idad do datos 

' de Cirvs l;osi tas' no publicadosreunidos por F. (;rove (1949) en "(arias 

v latos de los archivo; del elopartamnt(o de Geologa v Ceofisica rosumidos 

por larrientos (1981) v t rots que .plrecen on Ias referencias. En las cartas 

de Curvas Isosistas so indican intousnidadus puntuales on una oscala do I al 

V1. Parai converti eotlas intens idados a intonsidades en la Escala de Murca

so A,;riturio intensidad 2 restarIli se ol do multiplicar Ia por un factor y 

al roso ltado una n idad. 

Para las cordenadas de localidades, pueblos v ciudades antiguos, se ha 

consultado a RisopaLr5n (1924). Para los terremotos de 1868 y 1877 aparecon 

localidad(os do Ins cuales se descona:en sus coordenadas, posiblmente corres

pondn a sit ios on zonas dt Sur del Peru, oeste de Bolivia o ant ig as .oca
lidados ci ilen as quo han sido abandonadas o han cambiado de uombre. En estos 

casos so ha dujado on blanco el e,5;pacin correspondione d l c,,t5 logo de in

tensidades. 

Profundidados para sismos anteriores a 1900, en general no han sido es

timados, por 1o ce l luar para esta informaci6n tambi6n se ha dejado en 

bl anco. 

La altira de 1os lugares para Ios qu.i se indican intensidades, se ha ob

tenido do mapas, documntos, libros, etc. Para algunas caletas y localidades 
costeras, el La ha sido estmadn on 10 Ms. 

En oA c tlclO de di stalncias hypocentrales so considera la lnea recta 

que une 01 hypocontro con e1 punto do observacion, sin considerar la altura 

del. I gar. 

Cuando se indican dos intensidades diferentes para una misma localidad, 

la intensidad real corresponde a la informacion de intensidad comprendida 
entre los valores anotados. Por ejemplo, Santiago V-VI, aparece en el catd
logo de intensidades como Santiago V y Santiago VI. 
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CATAIO(;O DE .1ElI!;Eb!()S PARA COLOMBIA 

JDATOS )E HIYP C;INTROS E INTENSIDADES 

J. Rafael Goberna S.J. 

INFORME NACIONAL 

INTRODUCCION 

Los ca~l~ogos do hypocentros e intensidades de Colombia, que so presen
tan en esta et;ap;a del proecro SISRA, no son ni pueden s ;- romp ecos y per
Fect:os. 'mpoco se pre,otund esLo al planear dicho proycucto. Durante Ins 
pc imeros silo. He in ccoj 1 -olalmee los cronistas especi-Les so oeibpahan
en11n l'rilr In *Cuirr idO LIn Ins5 ciuiides 1 :lgl.at porento il(CtO as W5c. tuml]cres.
Sin mbargo a3,part i I , du. td principi(s del sigl o XIX , impeozaron a aparccer 
no 541o cientil-ic ;:: t.Lranjurus, s il1o t;l tbi persnonas na1:tiva s .5,111cientemen
tU i-lustradas ( it eremi;dg4 en In ciencia y en Ia hiistoria, tue u preacupa
ron en rgi sLtrar V antr Jos tbemblore: sent: idos en sus ciudades; estos .is
tnd)s d carctor me2;llllte( local es ' arcIa]s puoden sin embargo conside
rarse como In; primoro s cwt5logos is.mios do Col.omb ia; as! ten cmos Ia 1is-
La He lDn. Santiago Pre,: dp Valencin para l'opayn desde aotes de 1800 hasia 
1845; ia de ln. jos' ManneJ Re.str 1), para BotoLa en su Diario ItoL: ico v Mi

tar desdu 1819 .asta 1858 In mi.5O quo la do D~n. Jose Maria Caballero desde 
antes de( 1800 hasta 1819. Para mitad del siglo ya existian en el orden inter
nationaI cict-r comofic o; Mal let, Purrey, Fuchs, Mi]ne, Montessus de Ballore 
' otrsl dedicados a (nlec,'ionnr y c.talugar datos sismcos de extensi6n tan
tO 1IC i0ioa 1 0l !) t c
inLti-me ion1. 

Nat:uraIllmente ust_ ,nhiwuionto dIspo51.Itt mas el inteil s en Colombia y para

el fi el siglo l r. Francisco Javieor 
Vergara y Velasco hail .a reunido un
 
boon n6muro de Ins princip ales tvml ,res colombi1'nos v de la: -giones veci
nas y con elti :s luhlie.5 n los Analp:; de Ingenierla de 
1898 e.l primer CatO
1.ogo cronol gi co de temblores 
 col omb i anos y,poco tiempo (lespu6s plubl ic6 ade
nos la prinmera Carta: Seism10gi.ca de Colombia, 
 que contenia os epicentros

de su Cat logno. S iin tidla (',t 
 4k, C t 108o sirv i- de f£ente para otro, Is atdos
 
(e In lpoa, como el de Rudolph y S.zirtes en 
 1911, el de Espasa on el val.
 
14 (pal.'l)ra Coombi) d Enciclopedia [lustrada Fropea-Aneriso ls Universal 

calia, y an parte tambi6n al. He Mi iln .
 

Sin embargo estos l istados y cat5logos so reduclan a breves descrip c ones de los pr i ipal es efec to:; ' 
 ismicos de los temblores cronol6gicamen
te ordenados o en mras 1 istns con idicaciou., del afio y de Ia regSn, pero
carec1:1n (e Ious nS:; importantes pr;me t mos e incluso de las fuentes. La ela
boraeinn de un verdi 1l,.ro 1 i:-;tado y catalogo sistem5iL co con Ia det:erminaci6n 
e incusi de Ins principales nPariantros se debe al P. Jesus E. Ramirez 
vuand en 19/47 (4o144 rom;l!1 ado He tbrahajo an teriores put lic6 con l.a co tab 
racion dcl '. Lui.,; ]ococo I nir:oel primer Mapa Sismico y Tect6nico do Colom
lbia, aCOmpl;fado 1e ii /; t 1l1) (:i og,coil(4 He ins .si.smos col0ombinnos 5n0 s im
por t at cOn O;) Va lOrs de sou; pa rmplo s. 

EsLe primer trabajo fue 
amp l iandose, comp.etndose y perfeccion5ndose
en los N1os.; signientes con nuevas ediciones y con otros ]istados y cat~ilogos
 

http:Seism10gi.ca
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elaborados para diversos proyectos, coma el. SISAN de CLRESIS, el de la Comi
si6n de Estudios del Canal Int:eroce5nico Atlintico-Pacifico y el de Woodward 
-Clyde Consultants para el Rio Cauca. Pero sabre todo con sus obras sabre
 
l.a Historia de Jos "'erremotos un Colombia, especialmente en s" segunda -y l
tima edic 0 de 1975. 

Naturalrnente en tod s etPes tra haj os co laboraron activamente hoj.o su 
diroeci6n gran parte del personal tecnico del InsLituto Geofisico. Para la 
elaboraci~n especial de, act nal CaLtlogo du hypocentros o intensidades sis 
micas par' el S ISHA contri bu.'eron hajo Ia lirecci6n del Coordinador Nacional, 
P. J. Rafael (:)hrnr , S..J. D.irector del Inst itut() (eofisico de Los Andes Co-
Iombianos (tniversidad .averijana) Ios Sres. Juan A. Duarte, Tito A. Vargas, 
William Arias v limole6n 'alencia, tenicos del mismo lnstituto y miembros 

nt ;o;r so
del n:ti C) ALv! -ico ''Agn t n Codnzzi". A ellos deben los trabajos 
de anilisis ssmic. vy;.ad(imles In (leterminacion mannual do gran parte do los 
paraMet ros hvp,,, ntra1es (I1E). En camhio para el trabajo de computaci6n 
col a oraron Ni In:is nutls V ha.o 1(I dirvecc5n del Dr. Alberto Sarria Molina 
tin grupo du sus ustudiaptes du la Universidad de los Andes. 

MATERI Al, UT I IZAI)O 

Para losp epicentros hist5ricos la luente fundamental es iA obra del P. 
Ramirez "Hi.is toria de Ins Terremotos de Colombia (seginda edici6n, 1975), ya 
quo en ella se reorgen gran parte de los datos tomados do las fuentes origi
nalese y n el.los princilpalm nte se bsasan las determinaciones do los parame
trs s.-mi:s adol)tast(5, cuyO I i stad y catLogo se incuye al final de Ia 
ohra con 1Ins referoncias correspondienrtes. Para Los sismos instrumentales 
se alep tan Ion va1Jo rps dados pr autores o entidades generalmente reconoc idos, 
Como11. (; t 1nher, v (Ih. F. Richter, U.S. Coast & Geodetic Survey y los demis 
organi:smo s postrioru, como a NOAA, la NOS, etc. hasta la actual NETS, a 
los cuals. o a; p n el I:;S, 01 ISC v el ICTS. 

En 1)t1 ros t';s,(s.'( calndo ne trta de ismos historic os no incluido5 en la 
obra del P. Ramirez, Ia finnto principal es ordinarinmento cl Archivo del 
Inst i Ltl) Cool l pvr) i tAnuose In toman. Enis(u (iCE), e autoridad de donde so 
cambio en el 'aso de .i.smos instrumentales ons datos estan tornadas directa 
mente dt It) 5 :;.151(5,i511105 ;a lizadw):, por el personal del Institito geofisico 
o do las publicatciones d(el I1S v del BCIS y luego procesados par el mgtodo 
manua. (&CE)o por medi0 de Ia compuntaora (IIYP). 

S in mhanrg un Pl Catlogo final (1 SISRA so han incluido los valores 
dados por el ISC con prefvtrencin ;ilos ie NETS , entidades antccesoras, l.o 
(ual. no croms sea a:ept-,ble sin un c,.iidadoso anlisis previo y sabre todo 
porque no , sfcil toner a mano las publicaciones del ISC; 6 sto tiene mucha 
mi apl.icaci6n tmatAndose de los datos tomados do LASA y de LAO, pues algunos 
tie sus (ditos son orrones. 

OBJ E'T IVOS 

La principal finalidad del. proyecto SISRA en su primera etapa era sis
temanizar seg(n un modelo aprobado, el material sismico existente en lasins
tituciones pertinentes do las naciones suramericanas participantes. Con o1 
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se pretendla adem~s elaborar listados provisionales de los hypocentros y de
las intensidades de los eventos sismicos recolectados en 
cada naci6n y a la
 
.vz.confeccsona7 mapass (1 maximasiy de zor,ifcacion sismica, que
mtensidades

sirvioran de base para luego investLigar y determinar el riesgo sismico de la

regi6n andina suramericana. 
Con estos objetivos generniles dlante, Colombia
trato en 
primer iugar, de poner al.dia los listados de sus t\ibloros,
 
zando y procesando los datos de los sismogramas de todao su estaciones; en

segundo lugar, tratar de sistematizar sus varios listad)s sismicos de acuerdo a las normas adoptadas para las dem5s naciones; 
 en tercer lugar, tratar
 
! completar lo m5s posible el material sobre los 
eventos hist6ricos y final

mente formar el cat'logo de intensidades do]. mayor numero de sismos, que pu
dieran servir para elaborar mapas de isosistas, que permitiesen trazar 
 el
 
mapa de intensidades m~ximas de Colombia. 
De ese modo Colombia pudo presentar no s6lo sus 
catalogos de hypocentros y de intensidades, sino tambi'n una

serie de mapas individuales de isosistas, con los que se elabor6 el mapa 
de

intensidades m
5 ximas, y adem's se elabor6 un mapa neotect6nico y otro de des
lizamientos y solifluxi6n producidos por temblores.
 

METODOS EMPLEADOS EN EL DESARROLLO DE LOS CATALOGOS DE HYPOCENTROS Y DE
 
INTENSIDADES 

a) Naturalmente los valores de los para'metros de sismos hist6ricos no
pueden en general tener mucha precisi6n, sobre todo cuando no existen 
sufi
cientes datos para precisar la intensidad y la extensi6n de sus efectos. 
Su
determinaci6n depende en gran parte del valor de la fuente original y 
de is
,-preciaci6nde la inLensidad y do los da~ios y efectos relatados por los 
tes•igos empleados por la fuente. 
 De ah que no siempre se puedan aceptar 
como
 
exactos los datos sobre la hora y sobre los minutos sefalados en las fuentes;

incluso muchas veces existen divergencias entre los testimonios sobrela hora
rrigen y a veces sobre la misma fecha, especialmente cuando los datos no pro
ucden de testigos presenciales, pues en 
-pocas pasadas los mismos cronistas
 
no se preocupaban mucho do la precisi6n do tiempo en los 
eventos referidos
 
Por lo mismo el tiempo origen asignado a los sismos hist6ricos hay que tomar
lo como e. valor mrs aceptable en cada caso 
segun los datos dilsponibles.
 

b) Por las mismas razones anteriores los valores adoptados parts los pa
rametros de localizaci6n no 
tionen en la mayoria de los casos hist6ricos mas

valor y significado, quo la indicaci6n general de la regi6n, en 
que se sin ti6 o caus6 da~os un sismo. El m6todo, pues, seguido por el P. RamIrez 
 en
 
este cat5logo consistia en situar el epicentro de un temblor en la 
 ciudad
 en que sus efectos o dafos fuesen mayores cuando no existian datos de 
 otras
 
partes. En el 
caso de existir dahos y efectos aproximadamer.te igualesendos

ciudades el epicentro se sitn en 
el punto medio de la distancia entre ambas
ciudades; si los dafios y efectos eran mayores en 
una ciudad que en las de
mfs el epicentro se sit~a 
a distancias inversamente proporcionales a dichos
ofectos. Naturalmente los errores do localizaci6n pueden ser muy considera
bles sin que pueda determinarse su magnitud, sobre todo cuando los datos 
son
 
Muy escasos, 
como ocurre en los sismos rn~s antiguos.
 

c) Cuando so 
trata de eventos instrumentales, los valores de 
sus pars
metros son 
los dados par las personas y entidades, que los determinaron y que
aparecen como sus autores; 
 cuando alguno de esos valores est'n determinados
 
por otras personas o entidades distintas, estas 
se indican a sulado. En los
 
casos do evontos instrumentales analizados y procesados 
tanto por el P. Ra
mirez o bajo su 
direcci6n cOmo por el personal del Instituto Geofisico (IGE)
 

7'
:, :? 
 ,:: ','< , , :;
, 
 . : \ ' - ",:. ' ,:•
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a ,itiinacik do los par5mrt.:o'( tdiel origon, y localiza fepo di.stt1cia 
ci6n geogil' ic(a se hate do oralins r i por modio do as ta blas olahoradas on 
]a Un ivrsidad do Saint iouis (Saint IQu is, Mo.) por eA Rev. Joseph S..Joliat, 
S..A. (Teitative tabhis of trriv' imes for near earthquakes, Saint Louis 

aol a;n. . sO ls tahlas deUnivers itv, 1931); un ,, cnus-p , ,cialo se u:;,sn 

,lffr vs-Bul Icii o io Hlor in. l :I t ii U ' t'sPS c SO , Yv SL an historicos o ins
t rltf(,.nt a ls p r0c.sados; pr 'd.' io i cumpo tadorn (H1Y P) A programa empleado 
e lI Hyo 71 m1od if i 'Woi v ' Int c , t', ,;'in se c<lcula In profundidad, to
tiand() C011fo p ri t-11 int l d I,, ai - , '., ro Iu cis la do I os 40 Alm, la cual se acon

con K poinJ)<i);I 1 ii11;t icl s t i rets;I l o poir PI nruogramh. 

d) iti1!1 ' v."a I 't {itUtid ,< 

Tot0' 1us - n:;d sismos proei sidos por Ai P. Ramirez o bajo su direc
hi-to 'c tnl (R - 1) i'li o rm'a o inst iru ntales lioUtrn asignadas magnitu

des e intonsid; .. (in I) ii, no so corince e:.:actameset e l m6todo empleado 
par sin; tus v signilicado dA sus valor1s; con todos _.-,inaiu A pruc iso 
croomos con svt qpie s(tan do acuerht.ant wg'-iridd Ws intonf-idlad's i;'aluadas 
do con ii o: 1a d .rI lli mod il- alns v qu- pars is magnitiidcs soe tiliZO 

do (at los suprficiales do California:In f-rm 2, nl>i-iBht or p.ra a mos 
=1 . i, WU L i do iPuivilo cisi dudiHas Ie clla (Richter 

Elomenrr, S i Il'... I 0, Bath ntrduction to Seismology, p. 117 
table 7). W c.t, to en los s ismos hi.<tth ics so (lotormin6 Ia intonsidad 
[or Io' i- uz,; .vA 'in " n s dat r roforic,; pt Ins fientes y do ahi 
se v a!I I ,l Iinii n (Mat,); .n c sO o is os ins trutt(2ntalos se-; ,O 

siquno A mio prIoa'i ipnt o al itwoi:. Up igual modo so pmocedi6 enlos 
!1 -ai.m s, oL I(, io w us vp'ras no tahlitn A1(do deterninados por los autlores 

NatLii rili :. 'ni(t' n ownOs canny no se piodo pt"cci sat Is calidad o el grado,1 pro'i.i I,,los valuro s si;tai d[s v por lo tanto los valores hay que to

m 1rlos; rc(S1i " v itt iln V n-;5 wo-n-ic'l.. l1('i-;1 it at u n lV- y homogeneiiio,!n ova llucitn 
ar.in us 54itI.' to-'ni < i,', d! l, . lsto trabajo no so ha podido 
rptlk',11" I ' i tl logo a l do SI .\ v 1o) Initnislto no se ha detormina

do Is inlit nid dal de Wn sis -ns prsoatndul p' tsta tst,;lpa (Ie SISRA. En cuin
to a In l, ' i hIl - i, rat ode c& u riai' pt'sr' toiloN Inssismos posiblos,
 
it a provi:;ionNu - 0.77, Is es
1 i'it int,' 'iIni I -b 'a INh Ing D 4 on ,tis] A 

r (i-, 
... o titm ' at t ... ni i f to i 0, 51r1 iodl cida al movilmiorto del suolo 
S-s< K p,- tc d ,l cicio interioir; ) ;: In di;,>tanci a iypioceIrC de A es 
L;ciul, tl Fn. i', as! nid e ban aLnaliZado de

:1 ,iiNampI L i i t , t W-1 pm'it' 0j0iiir P ton li corlipcneint0Overtica1l d corto 

."'h ,tl ro<nltr.tn i ohb s no h5 
; t,,it , p-1-, t a pi' ,Ao'r ii 1",1 I innani to c1n1liriunvalomos or('(i dados 

cntro 0 QitVl-if 105l,1i , so ii) (1' , -iF rhAr quo r -itlLan un poco lajos; por lo 
?l i lO r;tam , ,'m so l in [r Itado do ca:l it ic:;I" ,su c'-Ilid[nd. 

~,i) I tm i ; '>t at-lt taillad ,' i<[l ': io ',- si iia 

t (T'(i ' n do i's odt Is i us . 

! ,i 1 , 1 *11,iI , i cl' oilt1, I '- t It ,I Si ten si d ad e s so acord 6 dusde el1 prin-
Cipl) sp irii 1 Om)t' I)l5l-i oinpta',lit ti "'ltA\'octO SIS, y24por osa raz6n Co

on PI
lombia inlit'ii provto' Si SRA t, os Jos dattoi v' rosultados obtenidos 
lnt i "'ir l It t, It o:"(: o i at do) ' i to'; n i I f I;.a o111)].c t In ntlrI VOSso.In i;air o oI cn 

nl ie t e'V tr. ; ha qI t i; ormair- tin 'It (I '38 t'v38 w. N;l 1ttrtllnonLtC. Ia1)i to'nt. 
fu n' t Prinri,,i ' ios daito;s c i tilwh i It (bl< del P. Ratiu ez, compl lo Para 

ta1is plt, titc;lm rists con l material do iift ormari''n y pre(nt;,a, conlsOrvadoen 

http:ro<nltr.tn
http:rltf(,.nt


eA. arclivo del InS.-LAtti) (eol isic. 

La evaltncitin do las intenisidad ,s s hizo de cuierdo con Ia escala de 
Mierralli, modifi a::; sin mbar go en a Igun (Is eventog Ia eva lunci n fue hecha 
por vario:: grIpmi idpen(Iid ont emente ; (coIn Clinsei.eniai los va lIores ohtenit
dos pa r: ] a intensi ad en el mismo isiti, lte mny diversa. Natur:almentL csto 
va a exigir in mac, anAli.sis la ,scalIa v lo; criteriosdie In de de aplicaci6n,
d motdo que 1]a d isidad de ap'Pci ,IC dit , los dat no :sea tan grande. Por 
el1 Iolllliet' Lll ( t mi ndo no1en,supr ii r ninttno tI los resnl t ados n Lla tar 
de ni -ormarl t; , Oni incluirlos todos con In ri-ferenc:a al grupo evalui'dor 

'it ria p; rLt colti un l(o5 _ lrahajos ant-,r i.ores no se hlab Ta peLend ido 
cil1'etikllr I;as diistat ia; y azimtite s ( s diverso putt tits a!I ep icentro, Lant
pct s: tra Ltide lhac Crlv;ahora l ii nI [o(Ir el traibalj 0 V Liplipo ql(i , esto requit,
e como por(lui s5i- mhs fat:il h cerio cuanido .sten taiiii1c e i.ihorados Jos 

iiipa a iI c os. 

ling e, ptti- n nit atilt:1us vnl ores to Ius parltiet roMs i cos impleados 

en es t(e Caiog] o, se L p-filiti ratio iis;i1r l0s tni smos, q ' se )lr(svl tn en L 
ta;t1 e.1 o dt. hyt iti Ltro:;. 

' (vsli:zuniintf') N-u pa i os , agriL antientos v l icuaria n.-

No es itcit In quis putd de r die la en aorain de CSLe mapa; es el 
priltiero de estN An'o;', pie se ha Lralat d prodtic(i r sore los efee tos geo
15 gi co.s du 1; Loseltlores colutbi aios y que nos i nic n eiin dtnde ban oeu rrido 
.s f;t.i ;i por de 11 s Vt n n", "(sea INanitui n a ti Ini errenos-- o sea por la es

pecial intieidad tde os s is i'os , qu los ocasitonaron. Estos efctos esl:n 
settalaId .tS; ;ob re ul n pa t ( Ii t ibi a a ,sa l a tie 1:2,0 ,),000 , in tnt 'ha prtci(1p 
5; lt en1 Os 11"o1 teu:;, pups:; Liai . ido poc's los d,:los uet.o t ratdis Lanlto en In]
oh r;u tie I '. 1at](!r-I: w ui n kIa ese as fuenL .,s di sponibles v en Ia pi-ensa 
ortlin:iri,. Sin (llmtrtg , . ,pit , stptnei- qui t:olavi a se podht enctintrar bas
l;i leiii"[i ni i - 1,n tl.n tvi;, tjt l n por vsttliar anal izar..it1 i fi a;i v 

)') )"Orro ('1 tc nmtw ,. 

La colprinsis dltti:-;i let ento:; i idos los Ca logos no(ii it-e:; i incr en 
ofrece e special dificlilt atd v poi In mismo no parece ncesari1 una ntayoF e.x

lliciii ino; in aimbio ci,'o Cs ctonvpnienL un breve comentario sobre el. punto 
(Ie l as ca ificacitiesn tie i-a i(dad y precision on los parnmetros principales 
Excepto el ao d i i izar prciginmas de ct)alft:aci in con hastante nunmero 
de datli ;, parete stt-nne i d ii il A pitit-I ,r r con cptahbl exact itidaprecia 
la calidal V pret: iAiot de Inis resiuIta;do; de tdo quesct- pueda cuantificar 
deiLro diu I it ,, que t ingan utilidad prat:'tica. Estto ocmrre en todos los 

;,usos It i stirn Ins l.es, datosd eventlis ( y i eVenLOS ints l'tltmenti (-lyos son 
estCl Sits o si li;i1iIn u -(ibad rel aLi vaunLt C ptqutel1a O itioderadtia, cto oCuTr re en 1 an 
mayo"la tie Ins event tts iatIgaldons. Pitr In illim1no se ve In uilidad de 
emplear ti (-tip u t L,a Ie.; ti-,rmina ivne:;. En canbita . es tins practico y Cil 
para ;ipreciar Ia alitlad y prcision de lus valores presentados, A. conocer 
Al nuntero dte dit its o td- es;aeitins utilizato on los elculos y determinacio
nes, n:timo s e esta hac iendo e-n lo principales cent:ros internacionaies y as! 
se h Iicho en nuestro Cat-ilogo d hypocentros. Iguatmente nos parece el in
d icar con un simbolo aquellos va lot-cs, c-uya precisi6n se sabe que es muy 
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escasa, coma lo Iace NEIS mediante una estrella y actualmente con otros sim
bolos para diversos casos. 

PLANES Y TRABIAJOS FIJTUROS
 

Como se sofia15 a. prin ipiofruto y resultado Ins Cat ilogos actuales, presentados comade los trabajos realizados durante 1a primra etapa del 
proyecto SISRA, no pueden ser ni compLetos ni perfectos por su misma finalidad y par In naturaleza de su elaboracion; es on trabajo pre liminar parapresentar en comon' y segin un ni;odelo iomog neo el materia l sismico existente en las narci ones participante s, s to no quiere decir qUe Jos resultados abtenidos no spai de gran valor u imporLancia; v1 es;fuerzo realizado ha sidode un moe-ito excepc onal y Jos datos encontradas en nLichC., casos dupl ican losanteriormen o cxistent es. Sin embargo el. trabajo qie todavla queda par hacer es mucho y cie'tamente mnly val ioso. En priner lugar es nece.ario seguirman telle(ndo ],s C;.t ;(os aL dia m1dia ite l Continua procesamiento de losdatos diario . P Crt i, pario Ios dait"s y reso lrados obh-enidos no son definitwivos. IHst. h;tora no ha ,-ido pqsibl conseguir y revisar todas las fuentes s;lre los ewilnt"s oc:uridos tn ia na Ci6n y lmlientras esto no se consignlos dats-, v0X1 t('01:; pitodo.nI(os ser todaivla ainpl jados y completados y tal vezin1lus" imodifi cadus. :\d,',i:A; .iulnpr qoedan alguno; casos sin analizar debidamente ))ll -;o" (iplid.ows V tal vvz coi~trad ictorios sus resultados. 

Tliil, iln (': ilcho 1( ,,qulo puoda hacore- cn I aboraci6n d nap1sl: isos s t1COS, ppls 1)5 i)ripar/(dls haiho rLt, iLlvailnte jIocos y Col nuevos mate 
iailes todaia so piorin ci ahorar haIstantes ms. Todo esto hara posible el mcorar no solo Ia invest igaoin v e:;tudio de Ia atcnuacwn sismica y deotros PI'Imolto ro a 'ionado); con el usttudio de Ia el aciln entre In actividadsi Sillic(0 v I;io l Ilasl , ,oll(,.ic2 que In prndtcen o Il manifiestan. Sin estos ats y'M lementos n1o se podr5 determinar y conocer el peligro y riesgossmico de las diferentes re ,iones de Ia naci6n, que en definitiva es a donde dehe l lev,ar todo PPt P-:iudio y trahajo del material sismico. 

Fliunalmnte e s tamhiin neceswari mprender 11n estudio de otros eementos
 s .Sliuicos de gran inters reciente, 1omo es la determinaci6n del momento s~smico de Ins temblores i nportantes, v de so mecanisimo 
 focal. Todo 1o anterior no se plldp conseguir en on perlodo de tiuempo limitado y t i.ene que constituirmatc ri i (t( nl'evos proyectos y de nuevos programas, que han de requerir tam
) ien nlclu1( r mpo y inuchfols m1(1ios econ6mi cos. 
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CA'ALO(O )E TERRIEMOT,S PARA ECUADOR 

DATOS )E ItYPOCENTROS E 1NTENSIDADES 

JosN Egred A. 

INFORIE NACIONAL 

INTRODUCCION
 

I. Investigadores clabnradores:
 

Participaron u" di ferentos actividades do la elaboraci6n de los cat'lo
gos, los si g;ientes invest ,igadoros: 

Tglo. Vinici) (nco, s (htWstituto ;eoflsi.co) 
Sr. Wilmau (h-;ta (!nst ituto (cofisico)
 
T lo. Edgar rhiuiza (Institut(o de Cmputo)
 
Sra. Marceol de Robat ino (perforaci6n comp.)
 
l)r. Luis Iern;ind.z (C IR',1S)
 

2. Resefia hist6rica:
 

Los cat5ilogos so elaboraron on dos etapas:
 

Etapa Cat5l ogo Perlodo
 

lypocent ros 1900 - 1981 
Intensidades-; 1938 - 1981 

2 Hlypocentros 1541 - 1899 
Intousidad s 1541 - 1937 

Esto obe'dot to a ligvros cambios de critcrio cuanrdo el l':,fyecto estnba 
on marrha. Igualmente Ftc necesario real izar algunastWificaciones para 
cumI)lir con a vers til def inkiiva del formato, quo fu, modificadon. 

la e p- I do.] Ca;tSlog do Int onsidados so In hizo on hasop i inrr
maciou original l e en su mayo rla e encontraba dispotihl en ..IOIs :X,.torio 
Astron6mico do Qti to. Par; cubh-ir Ia etapa 2 uo necesario realizar una in
vestigaci (n 0s[Ici fi.ca Para el Proyecto, In cual so Ia hizo recurrindort( a 
Fuentes originale:; de inIormac ion, tales como archivos, bib!ioupcs,:, heonero
tecas, etc. 

Toda la i,t-ormnaci Sn recopil;ada, fue seloccionada, calalaogada y val;ada, 
Para finalmence proc der a Ia interpretacion do las intunsi;Idus , on Lotaso 
lidad. Esto permite que PI Cat,51ogo so lo presente con un criterio general 
uniforme para todo oil pc,! tuto. 

El CatS ogo de Intensidades so o1cluy6 y entreg6 en Agonsto do 1 983, a 
excepcin de lo. ptrti ros: di :sacia epicentral., distanti:i hypocentral y 
azimut, que so enviS par ,it inc Iusi&n en Octubre de 1984. El Cat5logo de 
Hlypocentros on Julio do 1983. 

http:eoflsi.co
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MATER.I ALES USAI)OS
 

Cat Ieg de lypocentros:
 

El Catloo de lyl'pocent ros se elahor en base a informaci6n de las si
guientes f'iontes: 

Petriiodo( 1.0()0 - 1981 

n)a~ ~l ,, ;,n tu{.i,.t (CEREI~q S) 

,) (C1t5 ,.< ;r Y. 

d) B',, in ':K: , I ., IJSS, otros. 

PerlTdo M!', - iO)O 

,I) BI-e tHi at ri.a d I ns Principales Terremotos en In Repblica del Ecuador. 
h) Inve:; igacOim tie Si si'; Hst r icos:ISt .Jos6 Egred A.
 

:!, 'a;ranm tr-o!; l lpocotnt rates,:
 

ti 1odom 

voslit'- 0t';nmiento ;al fnrmito SISRA; 


So iflti'*tli u I ;l rimutros quo ha sido posible determinar y con 
tmando mny en cuenta el factorde ca

liad, onu.p.i lmnt pa r". el1 pi: pre-inst:rum ln ].
 

: wa I i ;:ac i '1es:
 

I--is I a'., I i i om :;no 
ni st riimnta l'a :;o dlet.erm i"aron poer intensidadces 
vim,; v por i 0;;si,, . , ctna d , inl p i I Lrazarlas. 

l (-Ii:n'nt.5 1og ori.inal a hi i'rnu coul r tWodas ]as 1ten tes de infor
mac i , par fnIi nalI ont sicia I Inae Win e
'nai qu inc I ii en In ye on i n fi 

4. 	 Pro fund ida(l: 

No se realizaron caIono: de prolundidnd. Constan 6nicamente los sumi
ni.,nt-radon p r Ia Fi'Ite;.
 

5. 	 Inten: idad m5x itma: 

ConstiaIn mima inLunsidad detcrminada 
en el Catflogo de Intensidades,
 

6. 	 IM:g,1t :
it1 (1 !; 


Se in(l I '.'ii pJ r t;ida todali n
a:tri-a P011 I as magnitudes suministradas por di
; n L'e s F",ii t,+,, ;i)q i I ordPn Iu pr iioridn(I SISAN , que se ,u ia por In[,lnol (o 

tns 	 dild' v , t ddr O 'aI in ('P(a rlo de magnitudes en bane a la in
(Iwid (ad , qo eip I 5 1 I 
 triii Ia hB kichltv 

A fin d, P'vit ar gin ';-a ulimit . una Iuen.:i :'antidi de ismo doe magnii. tudi 

de.s 	peqtini;i.a ( qut noH t 0n11 ;e ii l d;il", noi so fi j 5 un-i mag;nitid in ferior 1 i-
Lu parai Ina inur~ioi:- n tdu 1(; uVtnto05 v! Cait5 go.n 



7. Io t ermi i ojliiao(i s i dad !;:
 

oi". . Intnjiddus fIe
(:ati I o,) e1 alboralIo e-e .1sivArimento paira (A. Proyec-L S ,d, I lives t p iarR (vs-;t (0 v f :op ila. i6,n (le d Los , 1as la d e:,rnlina
onI Ie I ;I1:I n : :d un , pa1) ria o;to os CaI Lil op, orI I 11"I . o apro've i 1Ir'i "05r( 0 p ('i'ai 'i t('in Iia i2 t s ( 0;, 1 op ii a (Va tia 

ui; ('I q t hI1 ;:1 t :p;v.
 

1:; (I t Ili 1) il i irSt'IIi
dI d de t tt ; 
.t ( ixI P 'i I (eVI'n o ' ll iII it d ;I ,11n tit ; i, I I( I)I ic I i ,l t 

10 
i o rtrt 

t 
oicc e. I 

I a Ii,'! x jin. I I() r t- .-I :II '; r ;II. I im. III.us l '1 eP1 C," a"I1Siv, e01 I"(' i I -nP en c .a(I, lIet
( o v 1 S ( :il;(i t i lit f!t1 i(l( 3. 

8 I) s!.'I00i a ellpo;ritI :(' r 

1)ir; I ,1 (a 1c'l]Io duo.!;Lo pa;rm'iloc t ro , ll Is oven t os(;le no t e llan da Lo de 
pro fund idid , s;o ;adopt.() 1a p round idad 11o arnwl]:3:3 ki. 

RI(2e renI: i as;: 

No so illisertaon ro(i ronoasii para (i(da siti o , mino 1)ara calda evento en).orl U , I s Os C alaI rout,Ln oni 1l;! primeras l1neas del respectivo casi,llero. 

I0. 11.1lilcs ltu ri : 

L.a iny'. : ipai( II r.,1l izsoi;i p;ira Ina laberac.i n del ;<iatal.,ogo, On especial. 
palra 0 1 I o r lod(%: , , I (i;'t1fi't ('Vidt'n:Ji (t111Cqa61 tolda llcha'! in-ofr:l - il 
n( lplti( s r ('t 'erviiitl ;0.(rti isixnl a Iporl tcriti hIa, ll)I ona so 1 Lado 
on pro paria o l jo ,;istuAtI;-C; do L1 inVos Ligrifo.or to , ,inuj. La in f;or
I11:1 11111I'5(Il .s oh0 L1 1v1tnri:1 i r t01:1 Ien . iC;I I ogI , a I Ipigia 1 quo ia ie: 

ARCII I )1; L.A IP'"C I ON JI1I :CI AL. Iler i6li (I ficialOf Ia; "co ' varios 
.,. 1 886 pnh I i ric oin le Restimen de Ia Ii ;tor in del EuiadorTerremoa os , t nllthrI ; liltp.(Idt: i_,ron la!; pohl0 iciono!;, "'Touii I I .,pi'Lu.o 

VII , 1,, (>vil los - F'dV.
 

RCII I Vii D I 1A I 
'(",'L I .I II (;1,\1. PI'rfi5(1icu ()fi 'ill I so s tIe I- ,ode 
Ailio 5", 1)(r:i tliidic a 11'(4(1., 

___4_ 

SAN'IA ;1II,1,Ir-p .In , (o)Ili Iik r ijj e
I;IATiii(r i 'lo ri dIiw I tIh , 

I II'A n n in doI,. ": i to tc r do a 
t (11( 1 (IiI(I S iIp'>: Hai ,a nrili ; I - in, ,ranIns 

ARCII [Vi) o)lV-;I-: T:',rI I(.. Il")I-!l: ;( r'l( 'i(,f-l; ,; rts I i zadal.; on .as; zoilasi- i ; 


- VII,I.AVIC CII(:w(I-K ' (. m )'i;ij fil di Ia R u l ircaI d t Icl I,- (a i', lillprelliLa 
(de R. (i';,I g , ;L , ,l'I.. I 'r V,. 

- SEMANAT'II. R. A. ()1:1-o s;. I _.foroem , plres.-entiado por Ia Coini s i n 'IScilica a1 
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CA'ALOOI ) I)t.E PARATFI.RIFMO'l'(S PERIl
 

DA'lOS I)E IIYI'OCEN'IiROS E LNTENSIIDADES 

Dr. Daniel Huaco
 

IN1ORME NACIONAL 

INTRODUCC1ON 

El caLt. logo sismico del PeriN (verCi n 85. 1) tiene do:; ;eccionse c. ca
tS logo de ttypocntro -, l deIntensidds; ambas partes c -;ituye un ca
tAlogo integrado dnte sv con con formato unifforme, In informacin lis-0 j11},;a, 

toric', e in.s t -uimenta di,sponil1, homagenizada y adeculadalmeit, v lasificNlda.
 

Los CaI Ilo; , t int 0 pa rn i par ne tros fncnl;I omeo iitwn.idada, r son 
el rezsulLado dc unn rul) icoarin;cik y leccion de los cngt lon de l)anil amloco 
(1983) y Ie Leon idas Ocol a (190,), pre~palraldos , rospectivameit(, p;ri In lro
rectos SISRA y SISAN. 

El. PCoyecto SI SAN, c(tyi princi pal objetivo fue pru)arar ,tfil0gos 5,1,
micos para Bolivia, Colomhin, Ecuador y el PeriS, bnjo .1o i ",,'C.tin del Dr.
 
L. Ocola, fue iniciado en 1973 (n cI lnstiuto Geofisico dcl Per5 , l)n]o los 
anspicios de In Organizaci6n die -.tad,,ls Amricanons (OEA) y la ciordinacin
 
administrativn del Centro Reimonal d, Sisol ogla pnrn 
An jrica del Sur-C.RS IS.
 
Los crterins generates, In organizarcin y ots os detallos de la compwj:;. ion
 
del catlogo SISAN, poeden ser tucont rado; en 
Ocoln (1983). Ht.Alomin, A.
 
Shikiya, P. Iuaco, K. esncano, (. Espe jo v ,icides Cnrro dli In;tituto (un
fsico del Peri, han Li-nlrah;do en In compi .acion de datos y s"i,prur c,. 0)11(ionto. 

La Sra. UIrsula Torr,s ln con ribunido n In evalaikn do iloens idadvs,:;. 

IndependienUtemnetIc, con l apiyo lel Provct1o SISRA, SC iOi& n PuVo 
cat. ego vn ra el l'criS en 1982, nuid Pi catSI go SI SAN an no ,.athn dispo
nible. Dt:o( queIn Iiteratimra hinto ricn sOlN describe Ion ,', e.; evPent:
y sin mucho detalll parn poder extrnc - informnci6n qpe per::i- c,uintit icar 
los par5metros fornlo.s, in primorna Loren, y posi)lemontc In mis importnntlc,
 
fue l a de obtenr mis dats para el perOlodo d 1500-1900. Lu ,:; ,. 
Rodriguez y P. Hunco hi iciron ilmportantes contriiiici onesc,en 1I'1 'sc;;;n 
bibliografin hi st6rica. luego se p-npa nomenclatorai normalizad; pa2i', pro-
p~sitos del. proyecto. lhnco (1984) cuan t ific6 In informacin listor itcadndo 
Enfasis a Ios parimetros de intensidad y magnitud mncrosiimica. FIue'on d,,
sarrolIadas por Hunco, f{rnlm ]n pn ra I n n;agnitutd macron i.si;mic. 

El presnte catSlgco ha .ido preparado con el npotc ecnn ic dol pro-
yecto SISRA de CERESIS y las cont ribuciones del prosiipitstio proliC' del In-

Lituto Geof ,sicodel Peri (1982-1983) y de in Inst itouci6n Carnegic de
 
Washington (1)elpartnmento de M;gneti.smno Torrestre). tinaa yuda invalorabl
 
fue dada por los sefioros dolfo Alvarez, Efrain Fernandez y Maria Esther
 
Sebastiko pairn prt-)gi-ra t comptito;ir-;i v implemnLar l catiilogo en el Sis
tema de Procesamiento Sismico en Ti ompo Rea del IGP.
 

http:Sur-C.RS
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MATERIALES USAD)S 

lara el periodo histLrico de 1500 a 1900, un numoro do fuentes quo ap-
Ws referenciasrecen en c han sido inwystLiga;das, la mayor la de los grandes 

eventos e.t ' dan.oscritLospor O:; du tn autntr y no so pued, identificar a tin 
solo aitor do un talog- (rp,:nii,,I. Ilra dar cridito o identificar a
 
fuente principal . o hA (scogpdi A, auit:ri cuya conLribci iii )a sdo i mls iln
portante p ii atIn ,;litci n de Ins p<irmltetros hypocentrnle,. (;on.;iderndo que
Al ospacio a pIgu)] paaI& fa'Itor I calidad del tiempo A ocurrencria no 
tiel0 e 101(ho ,.'alour, pair uste p0, ')d , en l coltimna 40 ;tparuce una letra que
idontifira Inafuten t -atttor con uina it.a en el r6digo de luntes a] final do 
esto Wnorne. 

Para ol pe rlodo instr"wnral1 , varija fuent(.s han ido usadas. Ellas es
tAn ident iialas en Ias coW amnas 14-16, conforne a! C ,dipo de Fuentes. Para 
poder idhnt if itcar tin evento le h si do asi lnado un n~imero, procedido por las
I otrmis IE, q :ignifican PllU. Este n~imvro es (11 nex-, entre los catlogos 
de hypoc ent ros y du inLensidads. 

cMII {)I)hiS 1:;A!) lA', I)IlSAP.\(iII,Ag El, CATAI.OGO 

"It. T!i,,r,,;, oude( oi PL 

:l ti cy de ,i:pn ht sido dlado por uno o ls autres que describen los
 
efo ctis it t v.mtw .n Ina
I ot mayorla du los casos, el tiempo tien aproxina-

Siondi ,0 ninto,, para Aol )orildo hi stoirico; lIs estimaciones del tiunipo


Lls ;,, "ton cai rio do hori'" ftoeron traducidlas an inutos, y todos los tiempos

(It, 0ill . , nin ads on PMT. Aitlos c;i;os que estn en confl icto respecto
 
:1 .11L echi. ; .i I: l.wr.i, ;. Iha suip i)nzido la hora dada por cA att:or que ha
 
propor i ',;. i for itil,irll, itn t, , ,scribir ol terremoto. 

El tLipt, do or i -n A do est5 por elliitU pet' instrumental dado 

Centro quo informa del evnt o.
 

P. II', lti a ,ov (co,. rdonadas op icentra le s) 

l',ir,i I .event10; quo oltiorieron dhiranLo ol porlodo hiist6rico, las coor
dennidla; ijivt ralcn05,; ian s ido) (st imadas en base a Ia (listri huci6n de inten
sidades, A.i -i l, i-percpcin ., v Part icular, los daiMos y otros efectos. 
I'll' a I ( ; , III] a aprox min1aci 11n 1 t I upicontro ha sido lograda con una 

milO,.iir :iii: p, alcl I dI o s ,pi ,, .; ;interiores a 1960. 

C . IPrt) I n l i !. 

Prl , or l:)Il,; tI, rreinl ,: t, fit di f Tv i I eat i Mi r 1a profund idand do 1a 
I uet (, ine h-i a IaNidisLribcn (101 dano. Se ,upuso qtue las profundidades 
oW Ivs caacit ,O tt i'las no han camP itado, a escal Ia macioscopica, durant. los 

4(10 .'utios deoI1 'i;i ahi:atoh rica , en couparaci6tn con PI si 0lopresente. n 
cons c en i a, I as profindidadps ob<servndas , desde 1960 a la fecha , son simi
lars Para aquel os ovntns quo octirrieron desde 1500 hasta 1900. Para una 
intrpr oto*i(,n f Arica dp proilundidad, fte d1e mucho valor In duscripcif6n do 
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ciertos recientes evento:s gi a'des v ,l Ma do Sismicidad pa rel.Per , para 
el periodo 1900-1971. 

En el caso dnlude oa informaci6n existente corresponde a un 
solo lugar 
las coordenofdas ep,:&nLra les dadas ;on aqueIllas del ]ugar dondo se observ6
 
la in tens i dad. 

lurante 1 ppriodo instrumenta t anterior a 1963 sol, se puedo confiar 
on 1;aprofundidad paori el ci,'- o vunL s destructivos. 'foda" a hay Inucho 
quo iinvosLigar Pn rulacrn con esn" ;irictro.
 

tMagn i t Ud 

l Iniagniitudos Asmi:n ;s(? pacen on catlO co0umnihs. La mn itud mb 
representa Ia magnit:ud ealcal,",da con las ondas do cuerpo. La magnitud mb
 

-
ident ificada p io ;' o 11 ha si un !arui lda, uc-,:lando siswoiger una,; io uancavo 
y La Paz (B'o l iv i a) para ..;timc, inW1,: i l de cal i ear K ( ... ) v ] as Tablas 
dnadas por Duda (197(). l,; evelonrI,-; polr oI; cuales apnruce IP cno o fuente 
fueron publicado:s en v;rin.( inforr,s, Hucic et al1 (I 73) y. ',.1 1ow idonti
firados por IH1,correspon nan au, n. io do d;to:; calr:ndmo,,; r (.1.nutor y 
no p"b licados. P n.r1,I, fech' , ,eiu s do 1963, el ,c c:r doPdo por el CGS ha 
sido usado. Ms r 2rr opondl a,iI Nm , itid calcul ado C, on,:: !;pcrficialas. 
En In couimna OAK I ust Lo mavn ud p u -n1naude ondas de cierpo h0 valor 
me,os confiahle n e ha(1 ,ide es;tilflados Icar ivndo u.so de.l nivel do decue m0 ql) I 

terciGn (AN)). Ih11 ]ai i M A( .aImago itld 
Ins 0-'; dndr! p ii>' p)ropns tos
 
d ,eri nerca. L informariJn pbic or Kicrivada do M1, mh 
o IN manfitod ma
.ros smica Mm. Si ,s Ie ol unnna 
decimales,, us dada. Si us una con'wursiin de nh a Ms, Poo ha -;do r(alizado 
usando ]a f6rmula du Wrano (1980) wl 

la tiiute a Mis, rina mayr , pr'-cfsi n con dos
 

- 3.303 + 0.423 Ih. o h dn d( prefe
lrencia a usta f6rmuta pon'qe IN o Pichter,: i espec:iainmet e p ee tos" fuer
tes no da come resoltado tn v;a1,1,r du M, que Q.,st deoiocurdo con , rquie se 
ol,ti0nu midiendn diroctamente as .nd'uSc,:;;upert-icial.s. Par e 1mpo,para un 
evento distruct ivo ('0re1 aqul del Purl, of 31 Mayo 1970, 1cn; ;:'ritudes cal
cl,.ladas son mb 6. 6 v Ns 7.8. Con a I r,,lIa do Ric ter c. \, 0!,,piro rib 6.6 
resulta en Ms 6.5, 111ienLtras q,, con lad f r:' l deI lO oa' s .i 


que us pricticaminte igul a n 0 lIn oib)p5-v da.
 

s5' p,;o o Ms 7.794, 

Para el prop 6 sito de c,icn ificar los eventos ister:.2os. .In ;,iLud ma
cros i;mica Mm ha cidn in(r1od cido , ,' ise a ta in Lenid y of r 'i obdo 

servaci-6n. l'arn calcula r Mm V Paria1d ;scriminar ontLr Inc- o2cni.o; : ceorfi 
iales y de prof didl d inturm,!ia, In fOrmula de Itiaco-Rodr ;u,..z (1983) ha
 

sido usada: Mm = n.0896 In + 4.14712 log (h) + 0.75156 para profmndidndes 
0 < h 33km Y fim = 0.47184 Jo- 5.3h147 log (h) + 13.02316 p'orn prnfundida
des 33 :h c 100 km , ambas I rmyu lols para I > 6. Para I entr- z
 
Mm = 0.28145 1 - 4.22306 Ing (h) 
- 4.1 4673, pira profundi-lodcs do :3 < h <
 
130 kin, cs
y Nm - 0.28707 + 1.2003 log (hi)+ 1.70319 para prcofundidad 0 < h < 
33 kmn. P'ara el. perlodo 1500-1900, In magnitud macrosismica aparce "n ]_a co
lumna NAG 2. 

tnt ens idad
 

La intensidad opicentral 
In en Ia oscala DM ha sido determinada para la 
mayorina de los evontos destructivos, con la informaci6n macrosismica que exis-
Le on Ia literaLura. En casos dondu la intensidad esto expresada en otras 
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escalas: Ros:i-Fore, HSK, estas han sido convertidas a NM. En la int.rpre
taci6n y evaluac in de efectos, en terminos dc intensidad, so ha considerado 
el material v tipo do construcrion tApica para eA perlodo cuando ocurri6 A. 
evento. Una buena ref(rencia para Ias caracternsticas do la construcci6n co

lonial us In. ciudad do Popavin ((olombia). El Lerremoto quo destruy6 parte 

de Popay'n un marzo, 198 , Iha ;i o tin evento de ralibraci6n que ha contribui
do a me.jorar Ia tocnica parn Ia de varios evntos hist6ricos.inV;i oariu 

rhi; 	 o a In i, prrtan ia (1110 t iene Ia frcuencia de ia actividad sismica 

ice, 
informaci6n, r 'Hpet;tLo a Ian itent-sidad, ha sido omiiLidu, no obstante el grado 

do incect idiribrp. Para Ins _asqo- donde In intensidad ha sido observada los 
lugares, han ido identficads con as ruspectivas coordenadas on el cat5lo
go cle intpW&M 

en ia evaluacinn Awl pei.gro -An ning6n cvento para el cual hay alguna 

AlIguno ventos t i c itensi ades ;asignadas quo no concuerdan con lasin 
ob-.orvaci nne's v ,.rip,'ione:; istiricas; tales eventos so estan re-evaluan
do. La Wtonsidad m:-. us al parncatro mks dific iilde correlacionar par 
los valcre:; ,ao:; -n I ; c'at, l,:o; (1986) y do Iuaco (1983). Kayon Jr td:a]l. 

casos, splci mt' parn Notues, do di.:crepanlcias hast:a de dop graca;i::a;s 

dos. D.do q'u la: .i adt:-; ssubietiva pur a~n
Sefinicin,mis coAsideran

do quo su vaI1or vesti It a de "n rip(on historica, uno-iesr tiene quo respetar 
Ia opni nf de otrn c:perto en :Materia de evaluaci6n. Para informar a]. usua
rio del sil;nii cado cualtativ do la intensidad, se han adoptado los s

guientes crit rios y m.u gos: 

1.AS el autOr es nna sola persona, dos letras lo identifican.
 

2. 	Si son dos los a'tores v coinciden, cada cuaL est5 identificado con 
una let ra , separados por una coma. 

3. 	Si los dos autrces estan on desacuerdo, ambos autores son identifi
ca(do; cola cu.il p:- una letra, separada una de la otra por un aste
r-s ,co.
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CATALOGO DiE TEi,;RNI,',ITS PARA VENEZUELA
 

DATUOS DE IIYPOCENTi.:US E INTENSI DADES
 

JosK Grases G. 

INFORIE NACIONAL 

INTRODUCCION 

La preparaci del cat5logo pl ra Venezuela, se inicia con una cuidadosa 
revis iGn de Jos 1.istados, Inas refterenc:ins hibliiogr fficas y ]as fuentes docu
mentales en ua lIns Ues pudi -:;t'n encointrarse datos confijables. En relaci6n 
a ]os ] i stadota o c'i] r 5ng(o hvpnvntrns regist rados instrumentnlmente se 
in info10rmnc ion on tl Repo tte G(]i17r-11. 

Sobre Ilos movimient,,s 5.i;micon,,; que on t iempos histLur toos kin ocasionado 
aLigun I. ipocdu lino ne ' idadros K Venetuela, vxiste ia n dan: e litera
turn, Aun dispersa, quci provin t;ando tc nlarraciones hechas por testligos 
presencia.;les como do not i,'a puhlicad:0-is por tert-eros, informes oficiales,
boleteies sismol6gicus, noticias d( ppns, local y Forntea, etc. D]staca en 
esa Iiteratura In obr de Centeno Era" (1969), ]a cul] cont iene una muy com
pleLa com.il.aci~ de relats sobre los terremotos destructores, temblores 
sentidos y efect,:; secundar is ncnecidos en Venezuela desde 1530 hasta 1949. 

Incluiidas las areas ctihira:s pnor & mar, Ins ctials representan entre 
lna tercera v una ciuarLa p-li-te dl otal, In extensi6n del rea sismicamente 
act-iva quo se ha ehstUdiaiido es aIgn na yor que un millon do ki.l6metros cuadr-a
dos. En buena parte de ella, In hisLori politica v In accion co]onizadora 
de sde Jos anco s del des cubriminto, es 1u:ieron influenciados por ES paia, In
gi. tlr n, .rancin y on meot gIi ;idn , Ilolanda, In cual ha hecho mi s I.ahorio
so tl trahajo d r( ,cnp 1 jnii tie d:t ;. 

En Ias " rus co1indantesr con In frontera occidental del pals, result6 
de particular uiilidad Ql cat 5 log, de terremotos colombianos del padre Rami
rez S.,I., on sii suginda eldiric n (1975). Do igual inodo, el cttilogo do Robson 
(1964) ,o1)br Ia al:tividad , sm;ica on el Par i.e Oriental, li de t lin:d en 
el. estidio de eventtis sismico,; con ep icentros ubicados en el Oente del pals. 

La preparaCi5n dcl c;t5lu',o estiv a cargo de J. Grases. Los criterios 
de selecci n fue ron discut idos con L. Ocola y V. Winkler. Los listados de 
hypocentrms corrioron i do 0.a cargo PArez, In revisi6n 
,iln 
I]a 

final Iue 
impo tanci; 

real izada poi 
dae e. to caLt a.l 

N. 
go 

,ligo. 
son de 

y cottojo de Iny ver-
La iniciativa y el reconocimientco de 
G. liedIer, iniciador de . sismo loga 

instlimentil en Venez:ie la. 

MA E' [A, I'I'I I, ZAI)O 

1. Fuentes i)ocumentnies 

Si a lguna observaciia cabe a In obra pionera de Centeno Grau, es In au
sencia de una MMicncin precisa sobre las fuentes de informacion que 
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sustentan la compilaci 6 n presentada en forma de catalogo; seguramente Cente
no utili& otros cLitlogos Iocales cfomo 10s de Ibarra (1862), Ugueto (1935), 
Soto (1931), Febres Cordero (192) etc.; reseiln sabre ,;ismos destruetores 
ocurridos ,'.I Ve e;'.uel];, .Il du A runsbtrg (1901), Ernst (1878, 1887,n coma 
1889), Franquiz ,im!ne;z (1901), lblirra (1862), Rojas (1879), Sievers (1905), 
etc. ; descripcionos d t:t i ,gus, informaci oneq helnrogrlirafs, relates de 
testigons presnciale s ' In, ri onr, p'rs;nal, . 

E.l ote'o Sin;t 01t1i I eC (,,i1. yv ets :; fuentous de informacian, como SOn 
Ios Lrabajo' DIl1 ic'.1d, () e P tt-I1 njuI us 11 reat pendiente que puedeI' L 
arrojar Ff11 ltidn- prom.1' es. E; SAWi 'l quc dustacadus venezolanos del. si
g.o XIX uernn ori cep'sailas invest u ende aoreseuropeos interesados los 
prob 1ema-; si sol6gi v use flujo de ininrmnacin permt entender la rique
za dec umental oire evento; venosl nos .n catilogos coma los de Perrey (pu
I)1l(';(c10, (n I -1i" cntr-u 1844 y 1872); At de Mallet (1852) y el. Ie Milne 
(1911) LIia-:cides on 11, laterra ,, lvs de Rockwood (publicados on Norteamri
caePre , v nin; oa,:ente ,;e dcsrrihen en ellos fen5mon.s pecu1872 !I 8,). 
iaer (e ni: 2s vi'('s:'.o'1005(I( q no imIpre figlurali) LL s naa; cioICes lmas111 en 

cuncid' I' ,W duLtrue s lno'alus (,2.s, ;ra.use 1971). Por ejemplo, en el libro 
sobre prodir'iln d,. ismo pub licie pr Riki.take (1976) So cita Como caso 
do per tLu r;hI iOltu prv'l nt1 1i s crap tlds a ps los anima l s una descripci6n pu
IL)ijada .n New York pr 1ilno (1886, p. 303) del bien conocido episodio se
g1An A cl,101 minu1ts antesc de1 terrcmato que destruvo Caracas el aio de 1812, 
en un ;t l;lo ii ;te do cabal-o enloquecido Iasc: sit uad, I'A l ciiidad un rompi6 
cercauv e1scp1 h ai I pnrLe at tL del valle, hecho ASste que lue interpreta
do cromo prc('elrsIr d.l! terrmnLotO principal. 

A part ir de! m1 do febrern de. Ao 1959 comienzan a aparecer en forma 
sistematic;i 1Ie,; ,o let i(uos Men sualIes do!1n tituto de Sismologia del Observa

igal In de Aitorie Cau haj : _ertra IdirecciOn G. Fiedler; ellos constituyen 
registrormis cmp1ct, do 1n actividadt ssmica del pals, con dates instrumen
tales e iolfoini 11111i ;(1'& ,smeicb rl evantos dC Io acontec ido durante los 
20 uioa.-; subsuiueot,. S u os regi stros de] Caj igal hechos con anterio
ridad a 1 59 la e concen lo- 1 iltad s de Ughieto (1935), Soto (1931), re
ferencia,ias (c.1onalp:.s dA Ce ntceo (9)69), not i.cias en Ia prensa local general
mente atsuci'jdIs a t cmblors set id on v, m1,:; re cientemente, ]a recopilaci 6 n 
de noa;s h-chis pnr S la (1981) q;os p m y imientos sirmiros registrados y 

Pl
anotad .s or Obsrvatorio Uj i,! orent-rc 1891 y 1953. 

IntoLresa sohal- ar qu1 q( , t.'s-o (unbsorvatorio sus inicins entiene sep
tiembru de 1,688. P'a:r;atelano2to 21 In observaci ones astron6ml:as y metcoro1a 
16gicas, se realizahan anotaciones de movimientos sismicos sentidos 
 en 01 
area de Caraca s . So gin Sal as (1981), en 1931 Al Cajigal obtiene "n sism6-
grafo Wichert (1ue, sin ostar KIbidlamount calibrado, registra (sporacidcamen
te s i sIlOgra,,ILs . E11 sub 1atil, Oro, Centeno ita a partir do 1914 A! Observato
rio Cajiigal (0.(C.) 'omo fente do intrmacin do tembJores sentidos en Cara
Ui.X; ,opa'tir de(11933 [tlllde inl(irm;Ici n ,sibre ,liracionaes tan cortas coma 2 
Augrundow , Ia c l ic -o p>[one)( q] fu-l roi,el 1 ,das en regis tros si.smogrfi
coS. 1obr a in,tarpretaci N do . Ias quoda inucho par icer. 

2. Precallcion's on s" Itt:rproetaci6n 

Informaci n descripLiva como l.a anotada en el acrpite anterior debe set 
USad1 con exL rema canutela , ,specialnment etn n0s evenLos nas antiguos , pues 
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la 	interpretaci6n de descripciones imprecisas no es siempre inmediata; el 
descubrimiento de nuevas evidencias documentales puede facilitar Una mejor
compr.nsin..del hch*. ml es el casa de In bien conocida narrativa ( ver
so de Juan do _Cast-,1.iano.'s.sobre .. iinportant(-s,,da~ios-.en.~.--,Isl.a,,de,,,Cubnigii.
mediados del siglo XVI, que fue interpretada durante muchos aios como un "to
rreo1to desastroso"; nuevas evidencias documentales dejan escaso margen de 
duda da. que. en realidad so trat6 do un huracin con lo cual so confirma la 
sospechiaiioelantada por Montessus do Ballore en 1915. 

Cujdado especial debe guardarse igualmente con narraciones de segunda
 
mano. Vine l caso citar la supuesta destruccion de Caracas, enriquecida
 
con descripc.ones detalladas dcl n6mero de victimas, co 
strucciones dafadas,. 
etc. dada por el Prof. Rockwood on el Journal of Science de 1883 como con
secucncia dcl terremoto destructor que afect6 Panam'a y Colombia el 7 de sep
tiembr.l;de 1882; esto 	no se njust6 a la realidad ya quo la informaci6n a,,i
terior f2e ngada por el naturalista Ernst, a la szn radicado en Caracas', 
en carta iubiicada en In siguiente aparici6n de la misma revista. Estos y 
otros errors qie no vienen ai caso, pueden distorsionar las evidencias dis
ponibIes do un fen6meno donde las mismas son muy escasas. 

Apartando los eventos ocurtidos en 
los 61timos decenios, la evaluaci6n
 
cuantitativa do torremotos destructores es fruto de un estudio detenido 
 de
 
los efectos conocidos refiri'ndolos a aiguna de las escalas de intensidad do
 
dafios. Esta asignaci6n de intensidades es altamente subjetiva, por lo cual
 
resulta difl&il mantener una uniformidad u homcgeneidad do criterios sobre
 
la severidad do las sacudidas que afectan una dcterminada 'area a io largo de
 
varios siglos. Sin embargo, on el estudio de terremotos pasados, salvo 

existan registros instrumentales, 'sas son las 6nicas evidencias que se 

quo
 
co

nocen hasta el momento y es 
on base a elias que se han podido adelantar eva
luaciones cuantitativas (Fiedler 1961) y las que se indican en la Secci6n
 
3.2. 1.
 

METODOS UTILIZADOS EN LA PREPARACION DEL CATALOGO 

3.1 	 Criterios para la Selecci6n de Eventos 

Los principales criterios que se adoptaron para la compilaci6n del cat5
logo do Venezuela fueron los siguientes:
 

i) 	 Todo evento registrado instrumentalmente para el cual se poselan, por lo
 
menos: fecha, horn GMT y coordenadas geograficas del epicentro. 
 Por
 
tanto, 
se incluyeron, entre otros, eventos de magnitud desconocida, as'l 
como aquellos reportados por una sola estaci6n, poco confiables; igual
monte, del cat5logo se inciuyeron eovento dados por in cstaci6n Cajigal
(CAG) con azimut y 'distancia. Conjuntamente con los parmiinetros del hy
pocentro, so sintetiz6 ia informaci'n macroslsmica conocida.
 

* 	Por razones politicas de la poca, el terremoto que destruy6 Caracas el
 
26 do marzo do 1812 fue negado en Ingiaterra; ei periodico londinense .
 
"The Times" del 29 de mayo de 1812 desminti6 la negativa, publicando re
latos de testigos presenciales en la Guaira, que hoy en dia constituyen
 
vaiiosos testimonioi. (V~ase Grases 1970).
 

1l A Y..... 
 - I •... 
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Hi~) 	 Todc) tven~o(1(1 or igen si smico onya i n t on; 1,( l S goda die acuo. rdo a 
lrazee se > V I y par-a e1fl na poT- itii o SO (111n(2CMO O t 8001, ,, ies y(05 

las coordeti ;dis do Inca Ii (18(10 arfectada.'; ; n sn cnA to tali (1(1a 101i ~n 
seL con10f P8(I dina v, Inahorn con :Iprox iflhli n (de mfinLos.(, (xc:(lc iolfll
men I e(sta ai;p roximac on tfl He se;glndus ('20001(1 soimc os con in forma

('I ill jiiI ro;simica , rep r Na po1r CA(;) Eno al im (a Pt.' 0s , sp i st a rol 

nvento wnS con f IS as d5 1 r u[aI'esiiv I' 1111 l-igllaia (1(2 1W rail)oi c-scali;i 

11 M. ; a! no I.'!; de -:; I of ref i I a ron e,, tar re I :1ci(1~on o con s ;;o.' dIc fuun

tu(oic~nrnsPndsfam p~sp viios) Mhodome inror1 )orndo ail 

Ila in 1 ""n p rI'[la rINdi I os 110 105 Ir M2 aI .a 	 con1 r22 te ( Ore (lug I 11 78 to

cont rastada 'n Io;; I i;tados' (10 op i rei II 0. de NnAA , ISC v ntros * a fi~n do
 
J)1prprar Jo; P111,nns: nn (1 parmoet: hynoc ontra ox Clus
) con o; s iv iva

men2~tu (if loll d.;'aci ititensidad
(unn 1n ill Iorma~cn 111si o') v~ cor( I t a 


mi~x ima v. h) o! r-'' !'';It- 5 se ;loot1. aquinls evot men s(0y/o
Slti destruc-


I o)r~f con1v 3 ca Vw)n dp par~p o ri s del('1. 1ro & 5
s ind i I I Is r pocent! ("'110 (IIn. In
 
tills id ade! n-o; en 1:15, locnal idado(1 I; :1111: adas'- pr 1.cada s is5111
 

-:u 10 ql0 !;i~n;o Ia in Iornla'ik (Ie10]evailtO Are71 Ins datos contenidos 

3. 2 	 (;at5i lll, dc Ilvpocont 1o! 

3. 2. 	 I ilgi ld y2 (;olrdpn8(I:1 Focal es 

Los Ilpouoom I -f-ontvn i ds en e I cnLt logo pueden dividi rse en 2 grupos.

!'.b im Uoo r * sp od jiclt e a1 evon~t dc-.1 igin XX, para Ins coal es cl. Iypo

cent ro, PI iem ((p1) ovijgLu v In1 malgnli 111 prov menen de registro(; instrulnlntale.' 
L~a s ( I ocIC (I 114.11 (I P c A s' bIn M1 c ri If-)3r, I 0. i nf nrm f.11 m! conIF ia se. aiLnuvo a0s 


r ins1 i111 Iiuadf; o'n uI report tI plyo 1 y (flP 11815 el 0.10 die Venezuela pueden
 

I"I (.1' ("11 0 If 	 (1)11 Ande n idaci- Pa rn I'I11 :1:I ec il un con10 prior i(Iti de r i81 L 
-n 1)"1N(61 ('.'ta DEW; G-R;en1 Ia b lde op centrow;'; [no In sigui ione: SYIK; 

IS (ISQ (tK MS();IiI.; 1:1.'InedlAs. Este cn tprin general foe mante
ni(10, f~ 1wI cann P nf~IlIf-s ru 11 lu se; dsli.'; 11(1 s i ( r00r o rman As11ll cofi ia
hieI (S 0(1105s P'J11ialp11 sollre sisn!;flb;indii 1((18(1). 

- LOS OVCllIllS' (JUll st2 ((Iltunt rani en "n c-a I logo (por 01 emp o , CGS-NOAA) y 
A~ enl ISCd, fIll0111 ircnrporados. 

-	 Los5 ('veilIf; 'p ( 111 () on dndo; por LASA (LAD) sO p uiir01, dehido a 

lflnlldol opivro 	 105s as!(111 a (lii (-f00).;:1jado- die redes alplias; se C'vi18 

- F I r 12( 11 ii Il e I0 If 10:1 ('01 1 a1!sragn it oude s hii hacia 1:(ic suse. 	 zo 18 itna 

T11'0ill
 

Cu ;uld 11hill)() ma1(15 it,111: 1111 11f v l discWru~ihl i n ei1 lnI5. iI((0Vuuhobo L i! 

coordt'oIlaa; 110:1h'.', se .';i gulipmn 10 iLoti ). de seocii d'Iiscti1a11idos con los 
sisnogi'~ Inun~llos. lOcas ion to fije ine1vitabl)ei anotar In magni tud dada 

prIN fu(looP do an to rTa A, juno0con Inas eordelladas focal es dadam por L~a 



fuente du a"lorl;a B; (tp ignaJ~l modo su.	 ISC
rptluvo' lat manaliLud m'elia;lad;a por 


t mi t i I 1e ')
c , 	 " i ulil v (. i III;i tri :. 1 . 

ILas I:ll',Ii I lld( (III., t r;n-I )I s se allot'I r co, ,it t Il : a dad ; jor C;ij i a I o ioII 

In t)111) >'a qiln' (t11 grt'-t, a I . t I ;Iaa (it''V( 'itt ,; ,'l't to -;yey i ) nio 't dtzoi i i ('ii l 
t'C,I CI l('t t t p; 1 1-:t 

Pa I 1),. t'V-n us t i I i M ,omct' 1 2.?.2 s in intt i c in de pro und idad fo
-a I , n tont i t(I u Oh n "WlHO', sc I'u ; ijyj I'tt;t profttund idad Ioc'1 I du 31 Wi. 

'taiiuIu u.n (, 	 i I ico(:;esi'no deII ."-. . t ('s' t i' a ivit us' pa l-a I ir; s I s (Iispolt e 
'gist r :; itlls ( tt lln 4.:; tI d :; Its at;s 11i XX aT1' 	 :;, c(nln lo t'rirt' s ig',, yg~ul l 	 ) : -dIol p r e s e t (t-l:P},l t . I'r a ] .- I d ( .I- i n a " ,H, ;y ; ( ! na li.v r n l (-ii (It 1 1 ;a (,) HllV 

ititi 1.tsra (:vt i o ; i a:;v 1,i ,itd'finida d t sut,iiin ellua :; K ,ennAIn (ki")
i 
Ln I;S, u iI vIti, p I (no s l. i. radio r i (kin) (IcI s .,dad I:; r tlt igu; a El 

t"n; i(: ig'ttt rl tA ir , d(('t(ttinald( r'adio c..ywi l e L v:';
, 


*' .. .. 
 (1)
 
IT 

Se admit . que 1a atcnain se ,pede des.cribir por relaciones del tipo: 

10 - I = C ' C2r + C3 logt0r (2) 

oI c10 '1n'2 

dondec 

1 	 =Intensidad en Ia region Pp icntral, generalmiente desconocidn; 

I nLens i la( a itna (i'jet-La di ;t.an i:iaepicent ral r (in), 

CI; C2; C3 = Coe'icivnLes de :iorrelarinn (C I E-- 2.60 a - 1.211;
 

C2 0 0.0041 a 0.0063; C3 a 2.2 a 1.68) Ue dep n(den dde lns dlife
rente:s ruegion:; pel y de laIproufdidad foral.
d 	 isals 


IgitalmenLe esdMtturminar"i it:.; orcs de B, y B2 quo
vaIns relacionan 10 con 
It y -lit nagnittnd H s u;t',n Ia expr(; i n: 

I I (ItB--H,,1/2 - 1/3 -- B 2 	 3
 

y .inodo B 1 y n InaB xp r(' i6n ' rit :	 (3aad 

[= j~ i+ n' 	 (3 

dotWde I, es tn valor que dlelentie del rango do profundicdade s foca les h (kn)
(i quome 'ardo te.
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Dec ins ecuaciones (2) y (3a) se obtiene In reiaci6n: 

M, C' r + C; lo1r0 . 4 s 2 3. rK 41 

donde: 

2 = 2 1B C3 1B 

Ki = (CI - BI' 4 1)/2 

An gri'i (s qulC represen tan Ina ecuac ion (4) parn di ferco tes rangos dle 
profunclidad focal e intensidades , se verifi-S Ai mejor ajuste del (2ofjunto 
Lde pa v< as (i; r.) vn vrrspondli en Us a un doe tininado sism111; en e t rabajo 
tno fue ln eirmva rla I'8vWo f sist requii re rvevi;6n. Oh cr vese quto utna 

In i 
d, ;'a;-e trtn 'r~ ; t P ' o , c'on loe r i fl a 

%-: c!;t i1. I.i ('IlaiA n (i ) , t'stv e im editn(1 ew.oio reen ore as ignac ou 
non le ini v a 15s simluhl 11A tarea 

1 uni'.I;h]I11 , !;I1,OWN idi( aqii)aSeoa C)maor lt'I: e eput ro , Ant cI.Ifndo s6lo 
Iniest' dof yardlo LI Ctati1VO , pviva Wd tinn du 1os eventos dveH'sa Itistoria 
duC sk5(1( A no st (Ii '1OI1de (I pi vent y inst rum2ental , Ai su han estudiado 

It' e isaq, se as iq o Cl'if)Ias do Indu ws 
 o epirno c()01l(?tadas localidad 

lr idhva ito' 11111orratla a C. M.T'. Se est im6 inportante respetar las di
ft'ren~a SI;I (vi 121 Its ('li ft .iu(flpos ''in11s1rlllentakLs'' y ''mavrosismnicos"', es-
Las di lpr' Iin usuVaC mu1iip dp1 C; in An0C pued en5 n iion (lade 11tm , landoi sc'r 
AI dpwrfa do in"i nse (un P~puC 1at, ('nann se trat Va de sisnuos sent:A os el ho
ras (Id 1 n'181 ltlda y, part i cIII; liet , A In intoriac in pier01Le de Conl

1,;1 .1(I Ci ~i)t) es conidaslO P'i otjtIllo 10 (VetOs rogisit-rados instrit

3. 2 .3 In tens idad M'Ix ina y TIsunamiis 

A (''01 h.I(CIi dad 1)1011(10118(1 (lonn afIcC' adi por1 tn 51511(C, so le asign6 
una1 Init tn;idlad :o.;,in 1st r~aw m'tIi fi caila (It l'ioi'a I i (vorsi6n Bra7.ee) . ASn 
(ic;Iatt)l;; l11 i-t In de~t son sei diIIlres '0 a 85ign 1(1 1In ltenm11.idt(1C gratldesi, 

*''1 Iidrra1 miq' ('rttvt'ipntleIC id i 51I'( "n v lory it ili a d e111 tt';or cr it ''0ci erio 
I'l i n iiutll-AC1*6I ('(i(it !;i' 1-e) a a tivtit ein el ic'lento de liacer Lal i 

val or de In~ni~ 11( a~~Al)igna~do; us 'Ic it, no sp it.CInt-0 (,if nting"In easo in1f C
rirI III ell);dad&eCI ((I tvl 

t. mns iasLosi vim~rn nile, dc acuctrdto N iit prones haildpci cotoc idns , 



)'''n4'Va,!o "IN't; MK3, importtnrn PIant vs~ (1 "r ientp dot~ Venezutel1a (nait nras tie 2 a 
1in ;UtInn7 mel r' -:it '' 'eVA" 1Aiop 0-1 Mal die 2() metros:), N61o han a fcta

dlo a1 Manil), y' p ii 'Itd IN rpri.3 4))Sur nlItt Golf tde Car ivt'o. Las li'Ovlt epicen-

Golf" d- Wi "n1~lor r (I- PP
I '1) sus. cei-cnaN3; dv1 cumrt e'ven
to 1inos ttth'I si i XV no haytt i 311214 i(3 s33 it' iot-L 

3C ,I it ', (!a 1 111 ' i dadasit 

Alrtcali (v..'4'r no iti31' I "113:113 jidgt'I'', dlv aclel'tI a Inanrlennit t tcd

IILR4/IE). Imte; rir 'rjin*O 33rl' ti 4:; ap li fo rma11 tuilnen ni :;.vmn i ca:
 

N1) A\ t odai 1 ttida ti l t iotnadtani Ins: !tei-i 
 pri ones rtno' i a: ;eI, le as .1gnaf 

d1334 a3 2 ion, par ita. INuv~t) toniN43 ~d lIalti-;d tit imiportancia 
r i ativ not PUCK I : I t ,.4 ;': "N priori'';4 

Ih) Ii ln itir to A 111!:1j () ;tni I 4itii 'r, PI 1 t'ii rint (a) Ps it'Ievan Iv ceetanoo
 
IN in.41 ~ ~ 4o1l do ":4a it "d1 "41' 1 ' I 434 i ' i I.te ' ti t ii t , 6t ''Iai itt;'' ti30 t ' ,; e exf i('311h. a3 lll2t2 do4 lunl I tt I i dadi ; enl est os casos , nea"s itnil nite sC 

aIt 4 pa rIt ,a ;Ilt , 34!1 o 3 INNitt(er? idiiibivs prop ias II info-itar in Pscrisa 

c) Not ' 11'i ilt arpot) I:h!4 , Ill ext. rij.~Ipo ; of4'et os;
 

tI i In4)n 
 P iI Nos4 Ilanh(tci4 Ia cons;itlerat:in tie qut( Ins ('Ofstrutcflloins

ruralo 
 dti :
son d441ra':Ii inf'rioit INN: "iihiaa; en este aspecti y sicm
pret tquot 54P tIisw i in;dor:dato 
 st ii . ot snhre't Ins etectos ein cofl:t3'uc
t'npI )3': 3imi:iit '', '2' Invvron14: pi'tq:;t'n Ine- s c 'i terlts tie Inaescal a MSK 
eni 1: I ' 3';~141il ! I -Ilrot 190;t~ 

v) La: inif It iti quotj3':It c4sn4 iin os34: 't'a:3 'l t'i on In ilten si thn nio 
I-lietl)1' h,44 d14 134i I i i th1 i tnt'3itn Itns (.1('(10to ndar1:ios)1
ru;e (deml. a
 

i'' 13 1434U) A 14): valr3 dtt44' t' i da 3f t-ct' o s31);tc](f.) m~e 1o =sn6 tn grat~ ig3l 

don; si et.5n .ifetados dlt' 5igno 
 (0), este fue igllorado. 

3. 1. 2 incutidp itt r o1n IN:A:: ni j 3n dp'~(It ('i dnidvt!('
 

El emiplon't 413 
 Ins Psc;4'a 1 d:;41 Intonidad1(:11tIbt e 3'r1Who30 coil (:reiin aCtte-
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Aren
313': s;in gularv~s 4:3)334 en 4232tInstenLe 1)31)] tdal; on amibom tnmas me conls U.-
I 'tiio UifIv'i-ciiis ihpot-atIlei1::34o apr'cic~ 411 ent' ire e:;pec iaisttas v9' la matce-

No rev iti:t 34aI= 3 ldL 'n im iuntI o Iat t':t': Ia deI.I.1tQlsjdades , inc I uso lIn vex-
WE13 reot3''i;3tIli doe Bralzvv', 4'n(onL.r
es: fM' I 321'asos (dosos. En Ina Tabia N' 
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TABLA Nn I 

Grado de l)escripci 5n de a Observaciin c4 

Intensidad 

IV (r) Bumping soln(l were reporte 1,6703 
V (a) Rumb lilng thiinlrro"s, or stbterranean sounds 

were reported 0,0069 
VI (b) Roading souind; were reported 0,0707 
VI.I (k) Sound was reported siumilar to a sonic boom 

or an expl <vison 1,3717 

1.IV (inl) Trues and bi.shes weire shaken slightly 0,3854 

V (d) Trees and hush s were shaken Tnoderat:ely 0,1.032 
V (P) Tlrees and bushps wer shaken strong] v 0,7452 
VIII (n) Trees and bushes were shaken violently. 

Trunks and branri es were broken off 1,8798 

11 (a) Felt by few or !;n,11e 0,0029 
III (d) let by sevural. Felt qu it e not ieal)iy on 

upper floors; tv sv'ral Ior many indoors. Many 
people did nor roognizve it as an EQ at first 0,4877 

IV (e) FeIt by mny. lL. by ,nil in home or all in 
iu i ld ing 0, 14/46 

IV (f) Felt: 'uldo( lrs v Few or some 0,1504 
V (g) Felt lv nro' Li ally aill... 0,1930 

VI (i) Felt by alI1... 0,2396 

III (a) liel irate lv slspn'ndt (d octfs swing 0,0287 
IV (a) Ohlur t s were distu rbed 0,0184 
l.V (d) Ilanging objects swing (no qualifying adjective) 0,1165 

V (h) Hang!ing; objcLt.s swing in nunmerous inst iice,. 
Hang ing, ob~ject:; or doors swing generally or 
run:sidrilb1y 0,0278 

V (e) Smail objects were shifted from position... 0,1479 
V (f) Pictures were knoked ag;i in:t the wall or 

swing out of pos ition 0,1788 
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I so ejemplifican algunos tomados al azar y sirven para ilustrar la incerti
dumbre que se presenta en el momento de asignar Intensidades. Recu'rdese 
quo la.asignaci6n_.de 1ntensidades an unadeterminada localidad es hecha-..por 
asociaci n con observaciones o descripciones del tipo do Ia Tabla N0 1. En 
la reordenaci6n de Brazee (1978) se cuanti-fic6 cuAn correlacionado se en
cuentra cada observaci6n con el respectivo grado de Intensidad ("significan
te factor" a). El valor de a es tanto menor cuanto mayor haya sido la co
rrelaci6n entre la observaci6n y el grado de intensidad i al cual pertenece. 
Seg'n Brazee, las observaciones con valores de a menores que la unidad, son 
importantes y su simple ocurrencia ye permite asignar la intensidad como con
secuencia de la acci6n slsmica; cuando los valores de a excedan la unidad, 
las correspondientes observaciones son corroborativas oeaen entre dos grados 
de Intensidad. 

De modo que estos ejemplos y otros muchos f.ciles de encontrar, expli
can la duda explicitn que representan asignaciones del tipo: "VII 1/2", 6 

' "entre VIii y IX", 6 "VI+ , 6 "X", etc., todas ellas de frecuente apari
ci6n en la literatura que trata ins Intensidades de terremotos pasados e in
cluso esperados on el futuro. La soluci6n propuesta por algunos autoros 
consiste en efectuar un gran n~mero de observaeciones y asignaciones (con uno 
o mns observadores) y asignar como intensidad del sitio o localidad, el va
lor medio. Esta proposici6n, eventualmente a considerar on futuros sismos 
deja pendiente el problema en todos los sismos pasados donde estono fue he
cho en forma sistemtica,. Por otra parte, aun en casos donde se pueda re
construir esa incertidumbre, como por ejemplo, en la distribuci6n acumulada 
de las Intensidades asignadas por observadores diferentes en Are~s de la re
gi6n de Citracas afectadas por el terremoto del 29 de julio de 1967, el uso 
del valor medio ignora una informaci6n valiosa quo es la dispersi6n de esa 
distribuci6n; es decir, cuan incierta fue la asignaci6n de Intensidades en 
una determinada localidad y por tanto cuanto "peso" le corresponde en e. too
menLu de trazar las isosistas. 

El tem anterior representa un posible tema de fondo en discusiones fu

tures.
 

3.3.3 Nombres y Coordenadas de Localidades
 

Se retuvo el nombre actual de las localidades; en algunos casos de nom
bres compuestos fue necesario abreviar por razones del campo limitado. No so 
siguieron reglas especiales en las abreviaturas; pero, sl fue necesario dis
tinguir localidades de nombre id'ntico situadas en estados (divisi6n politi
ca) diferentes ya que esto di6 lugar a confusiones inexcusables en otras 
investigaciones. En cualquier caso, las coordenadas geogr'aficas resuelven 
adecuadamente este problema. 

Cada una de las localidades citadas debe ir acompafada do sus respecti
vas co6rdenadas geogra'ficas. En el catalogo preparado para SISRA se consi

*dera probable la existencia de errores debidos, por lo menos, a las sigu-ien
tes razones: (i) el problema do la repetici6n de nombres (por ejemplo, hay
 
localidades on Venezuela cuyo nombre se repite mas de 30 veces como: San Jo
s6, San Pablo, Corozo, Las Mercedes, etc.); (ii) cambios de graflas; (iii)
 
errores en .a lecturaed las coordenadas en los mapas.
 

Las coordenadas geogrficas de localidades pertenecientes a paises
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vecinos fucron dejadas en blanco; a posteriori esta informaci6n se recab6de
 
cada pais.
 

Las prifcipalS I'Letes dinformci~ consultadas han sida: Atlas de
Venezuela (1971; Tho Times of World1979); Atlas the (1973); Gacetilla, de
Nombres Geogr'aficos; N' 5 (1977); Mapn de Carreteras de Venezuela, Lagoven
(1977)'. 
 Sin embargo, existen aigunas lagunas de informaci6n en cuanto a las 
coordenadas geograficas de localidades mencionadas. 

Se han identificado varios casos de sinonimia, con frecuencia asociados
 
a cambios de asentamiento, precisamente por el efecto de sismos. 
Pot ejem 
plo, en el Estado Tachira, CAPAC|IO VIEJO fue destruido por el terremoto de
 
1875 y posteriormente reconstruido bajo el nombre de LIBERTAD; 
inmediatamen
te despu's de ese sismo, se fund6 INDEPENDENCIA 3 km al Este de CAPACHO VIE
jO, subsistiendo hasta 
 oy en dia las dos poblaciones. Algo similar ocurre
 
en 
el mismo Estado a ralz del terremoto de 1849 cuando, debido a la destruc
ci6n de LOBATERA, se funda on el sitio de LA SABANA GRANDE el actual MICHE-

LENA. En el Estado de Merida, SANTO DOMINGO existia a mediados del siglo

XVIII y, a consecuencia del terremoto local de 1834, se traslada en 1838 al 
sitio de BELIA VISTA quo hoy ocupa. 

PLANES PARA LA ACTUALIZACION, MODIFICACION Y EXPANSION DEL CATALOGO 

La experiencia demuestra que compilaciones como las de este Cat'logo no

pueden considerarse definitivas, va quo 
es muy probable la existencia de
 
otras fuentes documentales con informaci'n desconocida hasta el presente.Por

otra parte, In calidad de la informaci6n es susceptible de mejoras. Los pla
nes para In actualizaci6n del catalogo se pueden dividir en las tres partes

siguientes:
 

a) Recuperaci6n de informaci6n que contempla: (i) acopio de narrativas so
bre los efectos de sismos pasados; (ii) revisar ordenadamente los re
gistros existentes en el Cajigal; (iii) incorporar al catailogo eventos
 
sismicos de los 6ltimos afios;
 

b) Complementacion de informaci6n en 
lo cual est' previsto: (i)evaluar
 
sismos hist6ricos, particularmente del siglo XIX, quo an no se han in
corporado al cat'logo; (ii)contrastar los cat'logos de palises vecinos 
con informacitn no contenida on el actual catalogo de Venezuela, con

fines de complementar la informaci6n; (iii) efectos secundarios conco
ri tantes;
 

c) ?ejorar In Calidad de la informaci6n, lo cual requiere: (i) la reeva

luaci6n sistematica de los par'metros hipocentrales de sismos hist6ri 
cos, por procedimientos diferentes al descrito en 
la Secci6n 3.2.1 (co
rrelaci6n con 5'reas sentidas y relaciones diferentes a la ecuaci6n 4)
(ii) verificar las coordenadas de las localidades. 

R(EFERENG114 I.AS 

La codificaci6n de fuentes documentales y autores citados en el Cat'lo
go, corresponden generalnentce a las ires primeras letras del apellido del
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DESCRIPCION DIE ENT RADA.; IV,N , CA'1'AIOO IE IIYPOCENTROS 

Colunas 1iul Snuh-I'h uoIt)IcsCr 

2-c 

2-3 

IIDEN'T 

(CNTIRY 

Cdigo inio(usa do 'rnmo referencia para 

el1 ('V('1l to. 

C()Ii i,,o (If, (I():-; I(,t m : r, i (! ,i (1 nL i I'i c, i a 

pain (n (c' (a ! t.s 
to. Ins ('fdigoN son 

lo ';liz:,lo & 
Ins ;i guiet'eL 

even-
: 

AR 
BO 
BR 

CtIl 
CO 
EC 

PE 

V'E 
TT 

- Arg'nL inai 
- Bol ivi;i 
- Bra;siI 

- Ch i Il! 
- Co, l m1h ia 

- I'cuiador 
- Peri 
- Venl lclI 
- Tr in idad-Tobago 

5-9 NUMERO Nimero 

tos. 

de i(clentificin, de cinco d.gi

11-13 

I 5-2t, 

F-E R! 

FECIIA 

NIUMERO NMruO vleInarogibI s:mica, definida 

por .I inn y ljndahll (1971) 

Fechl i o'i'(, r inadoto tn i versal) 

15-18 APO 

10-11 MES 

2:3--2 4 DIA 

26-37 IORA Iorn (Ticmlo Coordinlado Universal) 
E.I iempo Siempre eLa (tad. en 'ent6si
rn;,- de .egundo, pern no indica In exac
tit:ud ati cua.1 es conocido. 

26-27 HlORA 

29-30 MINUTO 

32-36 SEGUNDO 

37 

39-56 

QUA 

LOCAL I ZACION 

Cdigo usado par a ndcicar In calicdad 

tiempo ro'port;ido (vr tahli 1) 

Coordena(Ias geng rfi ;i, do1 ('1del1e! tto. 

del 
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APENDJ CE A (Cointinci~n) 

Columnas lit iiio Sul,-Ti tolo Desc ripci 5 

39-45 LAT Lat itLu (I isr;fa~a on rontesimas do gi-ado, 
pero no necesariamento exactas liasta. ese 
n i vl ) '!al orey iegativo iJd ican H iOW
(des 2 r. 

47-54 TANG Long i toO ( 1isttna n0 cent-6-.irnns de grado pe
ron io mOr~21>arimuot em(Xirta haLtj use0 nivel). 
Valo~ nvtS,1gatLVos inimnl~ long itud (1(251( 

56 QUAI. Co~d igo usmto para i volicar An calidad del 
vp)ic('entr1o (vOr taLIAW 2). 

58-63 PROFIJNDIDAD 

58-62 PIS Pro fond idad focal en ki 5iot ros ( listnda. at 
due imoldu k ilI~ 3 

mut:ro As~ pr6x imo, pero no no
cesari armo exauh asta ese ntivel. 

63 QUAL Cdi go p ira idcar In;exactitud do la pro
food id(ad ( uvr va;hla 3) 

65-67 NIJM STA Nuiiero de tst ac i ooo; usadas en CI. C('riCUi 

(101 ltpoceopmro. 

69-7 1 IY P S RC COD I O loone doJr(Iat.0 hy poicontral s (ye r tab a 4). 

73-*76 ml) Est imlat (de 1latuagoitud de Wad~s interonas 
Ai f"ora 1imp hie. Diferentes fuentes 
p)10v1 n var jar i go if '1icnivamfente (en el tir 

touso-;du para cn cenla u rannoit e myosnRe
fereocira:; ulos'ri, i 0111el mirntodo do caiculo 
(de ragnit[tuestIn Wias eni la tab a 5. 

73-75 MAG ValIor p mlgo it d , dad~o a].1Ic imo de on iad 
inns pro:;i r:I( 

77-79 SUENTE CCIigo do Ircos ots nd icando la fuerhte 
dic Ina nrgo ii d (ye r I;ib a 5). 

81-88 I'S Est irad" dc INa ngid de. Woas-de superfi
c ie, A fnora di spsoni le. na tabin 5 da re
fervoni as quu (112cribeir A e i culo dc estas 
113gORUMS.1 

81-83 MAG Valor de uragoit od didro al d~cimar de unidad 
inns primn0 

84 COMP Courpone(1te (10 2 i ;ogrm u sad o pa rn deter
minar In a ego iad . Hiindica el coorponentc 
ho ri zoir II Y Z id ica el c omlpOonto evrti
caIl. 



APFICE1 f A (CihnL inaari 'Si) 

(>I lma 'T."Iii o 5b-TlILttlo Dlvoscvr ici 

FPNECtWig dof~tris letras inmicancdo Qa tion to 
dit !a ii gitdttllNor talIa 5). 

90-1016 0'J'AS MA(; 	 FEs Ia !;''c i -) pi ri te tin e ,;p.-ic i pa ra I is tar 
NITUIIL; (to'; imay ittides! adi ic ona It:;,*i ais hitbiera. 

F1st;!, pied '11 s;o ('51tinjmi os 	 ad icrionle de'5(1 
Inas niagniit tdo ill,) 1p ; enlb. ' ser tnagni 

.11i a( )di . 111 (a I do f;t'n a] Olfili tug

90-92 	 M~AG oalrdle nagiii t d, iIaid a! I ruimio do tin id(l 

93 	 ESCALA W~li ,u do iina Iont a i ad t'aido !a uscaIa de 
inaga illd )o rplac 11T do ('onvpr'itn (vor ta-
lila 6). 

95-97 	 FUENTE (di go dv trvs let ras indicrndo ]ai fuontc do 
I aigiitad (ver t ala 5). 

99-101 	 MAC; Va lot' do, ragn ittd , iIniio it dc imsin dotn idac 

102 	 ESCALA CWiigo de "na lotra 
indIi cando In 	sca de
a Ia 
miagit tid o 1la rt'ocinri~ de conve in,In (ver 

104-1(06 	 lFtENTIE C~dign; do'e ; et pras It ird'in Inafiente de 
l a magiit ud (Nor t uh a 5). 

108-110 FOC NEC FE! ENTE Mnte~it doel mvcanismo focal (VOr tab la 4). 

11 2-120 1IN''NS 10AD 

112 	 I)ATlOS Uti * en esta co] utina infica Jous dates do La-
I Iados do in tpns idad (Ii pon ibiles pa ra oste 
ev.nt oen of. ratS ogt de i at n.';idad. 

I114- 115 MAX IN'T 	 F.s f. itll (I( (It', -I i, fi.,I Is; dad-( ill5 x imfla I is! tn da 
('11 mlime ros do,:ima I s. 

116 	 ESCALA C~d ig" do "na I(Ira nd ic'indo la esca Ia do 
Ori ('1nidi(11isada para la Ontwns idad maxima 
PstIitnadfa. Una M i adi1a Ina sra Ia Mvrcnali-
Mod ifiada ,' y na 1Kiad ica InaescalIa MSK. 

118-1201 	 FUENTE CAdig o lrt s I otras iticando i a [tiente 
(de In;iat esillad m'Sxiia est imada (vei talla 
4). 
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APENDI CE A (Continuacikn) 

Columna Ti tul a Stib-Thtulo 	 IDescric ion 

122-124 ISO MAP 	 I'uOPLe de tin tctitc publi cado de curvas iso

si stas (ver tah Ia 4).
 

126-131 ASSOC En La scc co t ahuila sui.1at egot-'as dot ferin-

PIIENOM. menos ;nori atlos parn el event o. Cada roliurn

fla confien uniil7( q14!) (1o run let ca (105( 171

hi endo el fun~nenaz X us i st-ndn a i nnc hay 

infrmrac incmdimporti BI c 

126 DI.A 	 Diast-rofianc': 
r' -a raw en Q stiper fii~e 
U1 - Iuvailtaien to/hinclicmi i It) 

D) - fal1 ia de 5a ncpc-fic i v y 1evantrifliefi-

X (I(,! c Ioc: d o 

127 CEO 	 Lferosv g'colngiccc 

S c ; iusizript-tc) ci tierra 
B - ambioa , i cite I;cc IOi y desl1izatniento 

die Li tloim 

X 	 -de';ctcioc 1(1 

5
128 T'SU 	 Trnmti/Oar i ;r ih de Ins agun 

S - ik (iL ; aglias 
B 7 ;itnho{; , Ltscinatnl y osr i I ac ioin 

X - decoccttc i tot 

ocila du 

129 ORS Efec t- o cicarva(Icta 
1, = lutces it ot ros fen~inenos visua Ion 

S 	 -~ ui do die to renct o , cnchndnl 
G. 	o cla- cio I i or rn cctco-;'1vidw 

I tws tarA = v isa ci is onu''rhlicict 

B3 !"tcps visa oncciins do' I ivc'ra ('h;(r

vaciadas
 

onidts d L'cititaio; '' cclclasci tea 

130 NON Fenorncnus no trr(l-n c o;; 

R c!escp I orc cih, ro ; 
C d ',;Ip nii n t o desp I me de rocas 

M. ;'pIt c t cci 

I ('c ;tpso~ 

V I o ntttc) ov ;acpia acti on(1vol can i 511 

X i ';ctcnc i do 
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APENDICE A (Continuacj6n) 

Columna rltuio Sib-Titulo Descripci6n 

131 CAS Cat~strofes y da~os 
C = cat5strofes reportadas 
1)= dafios reportados 
N = ni cat~strofes ni dafios reportados 
X = desconocido. 
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APENI) I 1 

DESCRIPCION DE ENTRAI)AS EN E CATAI,OGO IE INTENS I)AI)ES 

Evento.- EI 	 primer reg stro conniterr informacion dOscr il.endo PI evento. Es
tos datos son os mismos qu, ins dtos dados on . caLiJogo do tlype
centros, pero ,stin repvt, idos aqw! po rcnveninc :i.,. So pueden ha-
Ilar ins frentes para Ins caP dedat,;on ci 	 aino l:ypucentros.

Columna "'it IuO -:tItit- l Dese . -_-

3-10 I.I)ENT ed igo nicn do identificaci6n usado para 
referi -se a I avenl n. 

3-4 CY 	 C6dig do dos letras qe identifica el pals 
en el cual esL:a local madc el evento. Los 
cod igos son Inus s i ien Los: 

AR - Argent ina 
130 - Bolivia 
BR - Brnsil 
CHt - Chile 
CO - ColomhKIB 
EC - Ecuador 
PE - Poemd 
VE - Venezuela 
TT - Triidnd-Tohago 

6-10 NUM 	 Nemern de identificacin de cinco digitos. 

16-25 FECIIA Fecha (Tiempo Coordinado Universal) 

16-19 YR 	 Aio 

21-22 MO 	 Nes 

24-25 
 DA 	 Da
 

31-38 IIORA Hlora (Tiempo Coordinado Univorsal).
 
La hora est:5 dada siompre a] segundo ms
 
proximo pern no es necosarianmente exacta
 
Iasta ese nivel.
 

31-32 HR 	 Hora 

34-35 HN Minuto 

37-38, SC Segundo 

44-80 EPICENTRO Epicentro del event~o. Como el epicentro ins
trumental puede no coincidir con la int ensi
dad mar alta observada, se da el epicentro 
instrumental y el epi centrn derivado de Ins 
datoe de int:ensidad. 

44-59 INSTRUMENTAL Er icOl-o .in'strumental dI evnto. 



APENDICE B (Continu cin)
 

Co ,,_ i toI,, Suh-t- i__u 1_ 
 D sC C 

65-80 INT'NSII)AD lpicentri dol evento deriva( do Io datos 

de in ensidnd. 

86-88 DEP KMS !'rofundidid focal en kii.6mntros. 

para 

94- 102 MA;N I TUt)ES Est imaidos de main it ud. 

94-96 M 
S 

Maf intud do In nndnOn ,- sdipe,rficie. 

100-102 nb Magnitod de .a onda intcrnn (.unrpo). 

108-122 MAX INT Intensidad mlaxina. Hinsta Lres estimnados 
pueden set incluidos, como s d(? cribe a 
con Linujc 0n. 

108-110 OBS lntensidad fAixilfia ohservald, 

114-116 EST Intensidad m5ximna ,st imadca 'h .<I:dd tos de 
inensidad disponibies. Por ejemplo, si un 
evento ocurrMi en el mar, lo s vnlores de in
tensidad observados 
usado.s para estimar 

en tierra pueden 
cuol h,biera sido 

ser 
In in

tens(dad on Ai epicentro si ho biern ocorrido 
en tierra. 

120-122 COM Intens idad max ima cal culada derivada de 
1na mrng i tid. 

128-130 NUM OBS Nimero de observaciones de intonsidad 

este evento. 

OBSERVACION ES DE INTENSIDAI).- EsLos registr s contienen ]Ast:ad- dd.e ntensi
dades observadas en va-i.is .ocal id;dces para los 
eventos antes descritos. 

Col umnas ltulno Sub-tAtul R)escrijpci6n 

2-49 I,OCALIZAC[ON Descripci 6 n do In localizaci.n dA in obser
vaci n. Las primeras dos columnas en esta 
seccion son Ai c6digo del pals, "nsando los 
misrncs c6digos descritos bajo CY ennla des
cripci6n del evento. 

51-64 COORDENADAS Coordenadas .eog rTificas A,2I a .l IonlI;saci6n. 

LAT Lat itud daida en centsimns de grado,. Lati
tudes al sur estin indicadas como valores 
negativos.
 

LONG Longitudes dadas en centesimas de grado. 
Longi tudes al oeste est n ind icadas coma va
lores negativos.
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APENDICE B (continuaci6n) 

Columnas Titulo Sub-titulo Descripci6n 

66-69 ELEV Elevacin de la localidad, si fuera posible, 

en metros sobre el nivcl del mar. 

71-74 EPIC DIST Distancia (en kil6metros) del epicentro del 

evento a esta localidad. Esta no ha sido 
calculada para todos los eventos. 

76-79 HYP DIST Distancia (en kil6metros) del hypocentro del. 
evento a la localidad. Esta no ha sido cal
culada para todos los eventos. 

81-84 AZI Acimut del epicentro a esta localidad. 
te no ha sido calculado para todos los 
tos. 

Es
even-

86-88 IN'r Intensidad observada en esta localidad. 

90-93 INTP Iniciales d 

ron eA valor 
tabla 7). 

los 

de 

intfrpretes que determina

intensidad dado. (vet 

95-109 REFERENCTAS Hasta cuatro referencias estfn listadas pa

ra la determinacion de esta intensidad (vet 
tabla 8). 

111-131 COMENTARIOS Comentarios referentes 

de Ia intensidad. 

a la determinaci6n 



TAB LA I - FACTOR D)E CALIDAD DEL TIEMPO 

Tipa do 
Hlypocent:ro 

V.digo 
SISRA 

Rango do 
Error 

Cligo 
Cu tenhu rg-

C6digo 
NETS 

Observaciones 

ohrobahle R icht:er 

ni A <W. 25 
SB 0. 25-K i) 

t C 0.5-1 
r D 1-2 
uE 2- 3 
m F 3-5 
e G 5-8 A 

1I 8-12 B 
t i 12-60 C 
a 
!. 

ilq U MI.N 
c 
r 
s 

V 
14 

HR
DIA 

.1. 
s 
Ill 

Y MES 

0 

X De;€conoc ido 
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TAB LA 2 - FACTOR I)E CA!. I)AI) DiL. EPICENTI M 

Tipo de C6digo Rango de C6digo C6digo Observaciones 
llypocentro SISRA error Gutenberg- NETS 

probable Richter 
en kin. 

1 A <1 

n B 1-5 
s C 5-10 
t D 10-25 
r B 25-50 
u F 50-100 A 
m C 100-200 B 
e II 200-400 C 
n '400 
t I Desconocido Epicentro instru
a mental, calidad 
1 desconoc.c-id;. 

M Desconocido Epicentro macro-

M sismico, caLidad 

a adesconocida. 

T <10 Densa cantidad de r 
00 

datos de intensi
dad, en 4 cuadran-

Ites, radio isosTs
mico maximo menor 

s 
ede10 ki. 

m 

i 
C 

10-25 Densa 
datos 

cantidad de 
de intensi

0 dad, en 4 cua

drantes;, radio 
isosismico mvximo 
menor de 25 knm. 

V 25-50 Datos de intensi

clad en 4 cuadran
tes. 

W 50-100 Datos de intensi

dad en 3 cuadran
tes. 

Y 100-200 Datos de intensi

dad en 2 cuadlran
tes. 

X Desconocido D 



TABLA 

' ipo de Cd igo 
Ilypocentro STSRA 

n A 
s B 
t: C 
r 1) 
it E 
in F 
e G 
1 . 
t 
a 
. 

M 

a 

C T 
r 

0 
S 

U 

0 

V 

W 

Y 

X 

3 - FAC'TOR ).1 CD(',! )AI) I)E PROFIN DIIlAD 

Ra1go de Cud i.€ Cg(d i go Observaciones 
error Guteibe I, NI,'I S 
probabl -RichItx1 r 
en kmi. 

<1
 
1-5 
 D Para profundidad 
5-10 3 3 ki.
 
10-20
 
20-4 0 A G,N,S,R
 
40-60 B
 
60-lO0 C A
 
)escoinc i do 	 Profundidad ins

trumental, cali
dad desc,no(i(Ia. 

l)esconoci.do Profti; i Iil:d mac ro

S.<>mi (:; 1c:!, lilad 
( l e . ' . nc l i d ~i , 

<10* 	 Den s ,'c dadan d 

datof> ' tI1. i

t (i , '. I.. ;oiSmll

df2 10 L 1( T~I~ 

10-20 	 D(:n1a C;111i id do 
dll - (lo l1tensidad ('2: 1A ''i:l ran-

Leo , rnfio is01 05is

mic() irlcno! de 25 
:n. 

20-40* Datos de inLensi

dad en 4 r'nadran

40-80* Datos, de intensi

dad en 3 ciadran

tes. 

80-150* Dato,-, de JntLcns i

dad en 2 cuadran
tes.
 

Desconur idlo 

* Cal culados usando datnos d .iilt(Iensidad v funciones cle itcenlaci6n apropiadas. 

http:l)esconoci.do
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TABILA It - COM-)1 S PARA FElINT'S I)E DATOS 

BCI Bureau Cent ral nt ernat nal t, Se i smo Iogi , Estra;burgo,1Farnc ia. 

BRA British Assoc iat i,, or iht- Ad,;'nc of Sc i('nce , '9 11, report e 10 de 
invest i g ione.; i,; l " 1,Is, i v id stsm Ic.-a Brriti.hi 1 ( Ict d 1899-! 903: 
Assoc i at ien 

rIe 
fc"rtheIo ,dv.ic.,:ent of Sc i unr e londres , Ing Iaterr.~p o'ctit 'Ioe a i o 1 • 

I-"11t( - 1,,1 , c ;I) () Iv I I , I ! nIn i 'I s a ,' t i vi (d 5Is1Si1 c-I 
1904-1 )09: Pr i i sl, ,'.s ';i t i onl for t h(- Ad%;11c1 nuIMnt o f Sc'ience, 
Lolld rt,, , 1i InIt I-r,I . 

191 3, report e 18 doetinves;t i ac i oes s ismo 1 CI',as , zl: t iv idad sismi
ca 19 )10: Brit.i,;h ,.5;;oci;l i o for tHie Adv;inc(,ment of Science, Lon
dru.-, ln l ttr .
 

Bolet 	ine ; s1;mo lI ' c,; de,Br itil Asocmiation Committee parm 1914-1cq15 
v 1 7: I ! i QId18 122,'2 ,.3 I'll 1 o i tv 0b.serva orv,
0!:.: f,,rd, In ', ; atcrra. 

Turner, 11.1f. 1917 v' 11W , Los grandes terremotos de 1913 y 1916, con 
51;ple1mto: I. W. Colint.v Pr'ess (impreso para la British Associa
tion for the A]vaInIncn't of Science), ,Newport, 1ngh- erra. 

.... 1924, Indic'. de dolatalop,,terrenotoL s (1913.0-1920.5): Univer
sity (h!reirvit orv, ()xfoi-d, rt'1aterra. 

19'28, CaI , de [r 1918-1924:I) 	 (- r oIII')to!; , British Association for 
the Adv;inci'ment of Sc-ienct, loiidres , Inglaterra. 

Ballamy, F.1'., .19 , mIdiceta I og de terremotos, 1925-1930: Univer,
sit V 	 (Ohs.';ik'-2: I r. 0)::F 0rI, In ,.1at ni-ra 

193,6, Indit. ,4-I11 o ',( do . i icentros palra 1913-1930: 1 . W. County 
'res.; (imprlo.;c p..11-r: ( h;orvtory, Newport,1;I Inivi-rsitv Oxford), 
nIn ,,l;terr.l. 

19!17, Indic.t ca'll,'c)'O (If' eJpICi ntIs, 1931-1935: Supl emento al 
Indice c; _itl .,() para 1913-193) del I.S.S., I.1 . County Press 
(impi-cso,, p;ar. Inlniversitv ,Ohsrvatory, Oxford), Newport, Ingla
te,rl-a, 

CAR Instittlto SiSF1)l19itO, (:nri';, Veneniie a. 

CEI' Cent.eno-Gr'u, N., 1969, I'st udins ;i.smol 6 gicos, boletin de la Academia
 
si
do Ciencia. I.' ras Mat em-t: iic'as v Naturalels, afio 28, tomo 28,
 

nol. 79J :l'{,';, VenIc.zilo /I. 

CGS (:(l.t > ;t 't ii .,urvt-v, lt'p I,;n t() de Comercio U.S.A., U.S.A. 

IDE.W ew,,.,, ,.W., 1972, Si;micil;ld v t,('('tVriCra 1de Venezuela occidental: 
Bolt'tln de 1;i Soci(',lad ,,i:;mol ,ogicade Amirica, v. 62, no. 6, 
p. 1711-1751.
 

lie ot 

ter, Denver, Co-irdO U S A
 

I:DR Repoi'te (1 ,LitCos (I tl' -1O: ;ti ona] Earthquake Information Cen
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EGR Egred, J., 1M8, Breve hiq;toria ssmica de la Rep~blica del Ecuador
 
(1534-1965): Bolethn bibliografico de geofisica y oceanografla
 
amerl I A , i o, V.4. 

ESB Est:cao Sis ,icasn-; l de IBrazilia. 

FEB Febres, T., 1 31, Cronicoi sismico de los andes venezolanos: Archivo 
de historia y variedades, Lomo If, Caracas, Venezuela, p. 146-151.. 

FIE Fiedler, U., 1961, Areas afectadas por terremoLos en Venezuela: Memo
ria (e 'I Coo gere:-o Venezolano, tomo IV, pblicaci6nTur cr Ceolgf.ico 
especial i:un.3, K> racas, Venezuela, p. 1791-1814. 

1961a, El gran terremoto de El Tocuyo del 2 de Agosto de 1950 y 
el fen5meno mecn ico en el foco: Memorias, III Congreso (;(ol6gi
co Venezolano, tomo IV, pu)blicaci6n especial no. 3, Caracas , Ve
nezuela p. 17? 7-1790. 

1968, Estudio simnol(I'pieo de la regi.6n de Caracas con relaci6n al 
terremoto del 29 de Jlulio de 1967: Boletin Instituto de ateria
les y Modelos Estructurales Facultad de Ingenierla, v.6, no. 23
24, p. 127-22.
 

1979a, Die seismische act ivitat in Venezuela in Znsammenhang mit
 
den wiM,. ster tektonischen Bruchzonen, Geographische Rundschau,
 
v. 59, no. ?, p. 1203-1215.
 

1972, La liberaci n (1(u ener g a sismica en Venezuela, volmenes 
sismicos y mapa de isosistas: IV Congreso Geol6gico Venezolano, 
tomo IV, Caracas, Venezuela, p. 2441-2462. 

G-R Gutenberg, B., y Richter C.F., 1954, Sismicidad de la tierra: 
Princeton
 
University Press, Princeton, N.J., p. 310.
 

GRA Grases, A., 1975, Sismicidad de la regi6n asociada a la cadena volc
ca centroamericana del cuaternario: Universidad Central de Vene
zuela, Organizaci6n de Estados Americanes, Caracas, Venezuela.
 

GS Geological Survey, U.S. I)epartamento del Interior, Denver, Colorado,
 
USA. 

GSS Dewey, J.W., Spence, W., 1979, Roturas sismicas y zona de fuentes de
 
recientes terremotos grandes en la costa del Per6; Geofisica pu
ra y aplicada, vol. 117, no. 6, p. 1148-1171.
 

GUC Departamento de Geologla y Geoftsica de la Universidad de Chile, San
tiago, Chile.
 

HYP lypo 71 (modificado). Determinaciones hypocentrales hechas por el Ins
tituto Geo"Tsico de los Andes Colombianos, Bogota, Colombia y por
 
la Ingenierla T'6cnicn y Cientifica-ITEC, Ltda., Bogoti, Colombia.
 
Los c5l.culos se hicieron en una computadora WANG usando el progra
ma para c6mprto IYP) 1971.
 

lAG InstituLo Ast io6mico y (;eofisico, Universidad de Sao Paulo, Sao Paulo,
 
Brasil.
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IGE Instituto Geofisico d Ins Andes Coloibianos;, Universidad Javeriana, 
Bogot5i, Colombia. Las determinaciones epicentrales fueron huchas 
por personal del instituto par, datos hist6ricos anteriores a I942 
y datos instrrmentales posteriores a esa fechn. 

ICF Instituto ;,,pic ,do,! Ner,Ninismtrio de !"omvn to y )bra5; PWlas scas. 

IGO Instituto Co;:s;io d! Per, Lima, Peri: l)ateos de hypocentros sumi-
nisItrados por v! DIr. lonidas Oc 0 la. 

I InstiLuto (, tWsico dt,,1 l'euI, L.i,,ma, Per: I)atos de hypocentros sumi
nistrad : tsp r el )r. Daniel lunr . 

ISC Centro Si smnl gica International, Newbury, Inglaterra. 

ISS Resumnn sismol6giir Intornacional, Observatorin Kew, Richmnad, Ingla
terra. 

JCG Grases , J., 1970, El trremoto do 1812 y sns efectos: holetn Institu
to de ,awteriales v Moelos Es tructurales Fac lt,ad de TijYenieria, 
v. 8, no. 29-30, p. 103-123. 

1971, La a ismi idad hi.a tIri ca del Carib : I)ocumenteo: de I:rat)ajo,
IUnivra idd Centra!I do Venziela, Caracas, Venezuela, 0. 290. 

1978, El torreuoLot del 21 de Octubre do 1766 que afc t5 e orien
te VpnezoI"n: n ptenlwnsn , Caracas, VenezuelIa. 

1979, Invest iga(i&n sobre lns siam s de:;true t-rc: quo hayan afec
tada el riento (10 Venezcla, delta d1 Orinoco V regjiones adva
('entos: 'yertn Inst it uto "fcnolg ,i o Venozolano dl Petrtlo, 
ebrorn 197q, 2 v. 

JMA Agene ia metvu.eoa irNg el ,lapOn, Tokyo, .np5n. 

MAR Margallo y )uqnesne, A., 1926, Antiguallas curiosas; Santa 6 y Bogo
tW, atn) IV, tamo VII, no. 38, p. 77-86, Bogot5, Colombia. 

MER Mercado, P., 1957 Hiisturia de la Provincia del Nuevo Rein do Quito
do lInCempafi a de .o s6s: Bi blioteca de la presidencia, Pogo&t'ti 
Col omb i a. 

MOL Molnar, I'., y Sykes, I,.R. , 1969, Tect 5 nicos de 1a regi 6 n Caribe y Cen
tro Am6rica de mocanismos focales y a ismicidad: Sociedad ;eolI.gi
ca dol h letin Am rica, v. 80, no. 9, Sept. 1969, p. 1671-1680. 

mOo Institouto do ft ena dI ] t ierra, Mosfi, URSS. 

NAT Estaci6n Sismoliigi ea WWNSS Natal, Brasil. 

OAE Ohservatorin Ast ronnmi,-o d Qu ito, Ecuador. 

OAU Observn fto As tronic a, Univer ;idad de La Plata, La Plata, Argentina. 

PER Perrey, A., 1858, l)ocumpnt); sobre los temb]ores de tierra en Peru, on 
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Colombia y en la Cuenca d la Amazonia. (153b-1857): boletin de 
Rc,'il Academia de B1gica, Bruselas, v. 7, p. 1-134. 

Oq79, Notas sobre los temblores de tierra sentidosen 1.848-1851... 
Cor supf-entos pare los aios anteriores 1852...1877: Memorias
de. la Academia de las Ciencias, Varls, Francia. 

PSA 
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SOUTH AMERICAN HYPOCENTER AND INTENSITY CATALOGS 

By 

Bonny L. Askew and S. T. Algermissen
 
U.S. Geological Survey
 
Denver, Colorado 80225
 

Introducti on
 

It has been recognized for some time that a unified catalog of earthquake
 

parameters for South America is essential for progress in many areas of
 

seismological research. Tfils is particularly true for regional studies of 

seismicity, seismotectonics, and the evaluation of seismic hazards. National
 

catalogs of some of the countries in South America have been available for a 

number of years and many of these contain data as far back as the 16th 

century. The quality and scope of the available national catalogs, however,
 

vary from country to country. The "Program for the Mitigation of Earthquake 

Effects in the Andean Region" (known as project SISRA) provided an
 

unparalleled and perhaps essential framework for an effort to unify the 

various regional and national earthquake catalogs available. The decision was 

made early in the project to concentrate work on hypocenter parameters of the
 

earthquakes and on cataloging the distrihut. uf intensity. The essential, 

and clearly the most important, work on the hypocenter and intensity catalogs 

was done by a group of national workers within each country. They revised,
 

edited, and integrated the variety of seismicity data available for each
 

country. They then entered the data into a format that had been agreed to by
 

the national representatives from each of the countries. The resulting
 

national catalogs were 
then reviewed and approved by the national coordinator
 

for the catalogs. Dr. Leonidas Ocola of the Geophysical Institute of Peru
 

served as the overall coordinator for the earthquake hypocenter and intensity
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project from 1981-1983 and he contributed greatly to the successful completion
 

of the catalogs. The national coordinators and investigators who all
 

contributed in a very significant way to the preparation of these catalogs
 

are:
 

NATIONAL CONTRIBUTIONS
 

Country Coordinator Investigators 

Argentina Juan C. Castano M. Arturo 
H. Buff 
J. C. Castaj, 
C. Correa 
C. C. de Etchegaray 

M. Figueroa 
R. Q. Forradellas 
J. Monllor 
R. Munizaga 
M. Pd'ez 

N. P. Puebla 
M. Varela 

Bolivia Angel J. Vega R. Cabr6, S. J. 

J. M. Caprille 

R. Cardona 
E. Minaya 
A. J. Vega 

Brazil Jesus Berrocal G. R. Antesana
 
M. Assumpcao
 
J. Berrocal
 
C. M. Dias Neto
 
H. Franca
 
R. Ortega
 
J. A. Veloso
 

Chile Edgar Kausel L. Alvear
 
J. Bannister
 
S. Barrientos
 
E. Kausel
 
M. Pardo
 

Colcmbla Rafael Goberna, S. J. W. Arias
 

J. A. Duarte
 
J. R. Goberna, S.J.
 
T. Palencia
 
T. A. Vargas
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Country Coordinator Investigators
 
- : : - ;: '
E c uador :7 - -- - Eldgard - V Cg[cer es3'= :: 7:-: d Proano--, - .... --.- ..
 

M. Costa
 
J. Egred A.
 

Peru Herngn Montes H. Alem~n
 

G. 'Espejo
 
A. Garr6
 
D. Huaco
 
P. Huaco
 
W. Lescano
 
L. Ocola
 
L. Rodriguez
 
J. Shikiya.
 
U. Torres
 

Trinidad- John Shepherd I. Rogers
 
Tobago J. Shepherd
 

Uruguay. Alberto Benavidez A. Benavidez
 

Venezuela Gunther Fielder (1981-83) G. Fiedler
 

LuigUrbi)ia (1983-85) J. Grases
 

Organization
 

As A critical step in the analysis of hazard and risk in South America,
 

catalogs of hypocenter and intensity data for all of South America have been
 

compiled. The catalogs are organized by country or region, but together they
 

form a single integrated data base describing the seismicity for the entire
 

continent. The initial work of compiling these data was performed by
 

investigators within each country who were familiar with local seismicity and
 

had access to resources for historical research. This work done by local
 

experts was thenr integrated intoa consistent data base for the entire region.
 

The hypoce; ter and intensity catalo8s are organized by country. Included,
 

are catalogs for Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Peru,
 

Trinidad-Tobago, and Venezuela. A listing of events in areas adjacent to each,
 

country is also included for completeness, although these eVents have not been
 

/1I " ,,-'! 
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in any way checkea or edited. Areas covered by each country do not overlap,
 

so 
that when these catalogs are combined earthquakes should appear in the
 

catalog only once.
 

The catalogs 
cover a time period beginning with the earliest known
 

historical 
events and ending with Deceber 1981. The earliest event included 

occurred in 1471. The completeness of tha catalog varies over Eime, bnlng 

relatively ncomopl.ce for early historical events and much more complete for
 

recent. ,venitu .
 The lower magnitudo cutoff has been designated as 4.5 mb
 ,
 

Smaller events have not 
been vigorously eHiminated, particularly since many 

events have no reported or calculated magnitude. The catalog, however, is
 

much less complete for events below magnitudc 4.5 mb.
 

A description of the hypocenter catalog format is listed in Appendix A.
 

Tables -3 cocrib codrs used in the 
format, Including references for the
 

sources ised. The two-letter country uode l;ogether with the five-digit
 

identif.-ing number (columns 2-9) 
provide a unique reference for each event.
 

The errors 
associated with quality factor codes for time, epicenter, and depth
 

are described 
in 7'bles 1, 2, and 3, respectively. Quality factors used by 

other sources for hypocenter data, were converted to the factors defined for
 

this catalog as indicated in Tables 1, 2, and 3. 
These relationships were
 

determinecd hy L. Ocola in 
the early phanns of the catalog project. The code X 

is used in all three tables when the quality is unknown or undefined. In many
 

cases, a good estimate of the error 
for the hypocenb,.. is not available, but 

knowing whether tt is instrumentally determined or derived from macroselsmic 

data gies some vadditinal information about the probable error. Therefore,
 

the codes M for macroseismic and I for instrumental have been used in place of
 

X for epicente; and deptlh quality factors if 
this information is known. Space
 

http:ncomopl.ce
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is provided for four, magnitude valu.f. The first is an mb magnitude, followed 

h'y a M magnitude. The other two may be additiontl mb or Ms magnitudes, others 

reported magnitudes, magnitudes derived from intenilty data, or magnitudes
 

converted from one :Jagnitude scale to another (for example, an Ms magnitude
 

converted from an mb magnitmde).
 

All intensities listed are in either the ModifLed Mercalli (MM) scale
 

(Wood and Neuman, 1931) or the MSK scale (Medvedev and Sponheuer, 1969).
 

Compilation
 

The compilation of the catalogs was undertaken in two parts. One was the 

instrumental catalog beginning just after 1900. The second was the historical 

catalog beginning with the earliest known event for each country and 

continuing to the present. In the present century the Listorical data
 

supplement the instrumental data. The instrumental cata-.og was compiled using
 

data from international sources and from local instrumental data. The
 

international data were supplied primarily through compilations and
 

publications of the U.S. Geological Survey (USGS), the U.S. National Oceanic
 

and Atmospheric Administration (NOAA), and the International 7eismological
 

Centre (ISC). The primary sources included in the USGS, NOA and ISC
 

compilations of data and the dates covered by them are as fellows:
 

G-R Gutenberg and Richter (19541) 1906-1(50
 

ISS International Seismological Summary 1918-1963
 

CGS U.S. Coast and Geodetic Survey 1933-1973
 

BCI Bureau Central International de 

Seismologie 1951-1960
 

ISC International Seismological Centre 1964-present
 

GS U.S. Geological Survey 1973-present
 

http:cata-.og
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Instrumental data from local agencies, observatories, stations, and
 

universities were also included. Compilation of the historical catalog
 

involved research through historic documents including periodicals,
 

newspapers, and local archives, and also inclusion of recent research on
 

historical events.
 

In undertaking a task of this size, it was necessary to emphasize certain
 

aspects of the compilation process, while leaving other aspects as future
 

refinements of the catalog. One of the primary tasks at this stage of the
 

catalog work was to eliminate duplicate listings for the same event. Since
 

data were collected from many overlapping sources, in the initial collection
 

of events the same event was often included multiple times. Inclusion of
 

events as unidentified multiple entries can bias any future hazard and risk
 

analysis. Two major problems arise in eliminating the duplicate events. The
 

first is to recognize that two or more entries are the same event when the
 

date, time, location, and magnitude reported by two different sources may
 

differ significantly. The second is to decide which data to keep and which to
 

delete. It is possible that in future versions of the hypocenter catalog
 

alternate entries for hypocenter parameters may be included as long as they
 

are identified as alternate entries and not additional events. However, at
 

this stage only one entry for each recognized event has been included.
 

Computer programs are of some use in recognizing potential duplicate
 

events, but human judgment is required to make a final decision on which
 

events are duplicates. This involved consideration of the accuracy of the
 

data for the given time period and for the given source, and evaluation of the
 

differences in time, location, depth, and magnitude. ISC bulletins associate
 

their hypocenter data with reports from other sources including the USGS.
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These bulletins, for the time span for which they are available, were often 

used as a reference in cases ofA do,:Lt to deterrinne if events were duplicates. 

In general a p-ecedence ranking oK sources was used in determining which 

entry for a given event should be retained. This varied among countries since 

different sources were involved and in some cases events were given individual 

attention to determine which was the best location for the event. A decision 

was made that, in general, IS data should be given preference over GS data 

for events from 1964 to the present in which both agencies reported the 

event. This time period represents a large block of data In which ISC and GS
 

provided the primary sources of dana. It was decided that it would be best to 

follow a consistent policy amongst all comntries in selecting the preferred 

locations for these events. TSC was chosen as the preferred source because 

they have available the samo wt-tion data as the USGS together with data from 

aaditional stations which arrive after the USGS has computed a hypocenter 

solution. For a time period covering 4he earlier pa;'t f the century,
 

Cutenberg and Richter data were usually given prefer,-'e over other data. 

Beyond these generalized policies, determination of preferred locations was
 

usually left up to representatives from the individual countriew.
 

In the compilation of 
a large set of data, detection and correction of 

data processing errors becomes a major concern. Some errors,were round in the 

data obtained from the basic data compiled by USGS, NOAA and MSG; others were
 

Introduced during various phases of the comnilation of the catalog. it is
 

virtually impossible to eliminate all errors in Frocessing this amount of data
 

which has been colected from so many different sources. We have made
 

attempts to discover and correct as many errors as possible. In doing so, we
 

have concentrated on the hypocenter, magnitude, and intensity data, since
 

these parameters are essential in hazard and risk analysis.
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A third area of emphasis has been the referencing of all data included in
 

the catalog in as thorough a manner as pnossih.e. This includes primarily the 

source code given for hypocenter data and tr source codes for all magnitudes
 

listed. Complete referencing for these parameters pa'n"Kea a necessary key
 

for additional examination and .va~uaticn in the future, and thus these
 

catalogs can serve an a tasis for future research. 

Several problems ,'u'nencon:tered during the compilation of the 

catalogs. The first of these was irtegrating data received in many varying 

formats, without introducing additionai data processing errors. Another 

problem was encountorad in assiyfni!'. events to countries. When the individual 

countries worked on the catalog, thepi covered a tcnlraphic block delineated by 

latitude and longitude coordinates and not by political boundaries. These 

blocks overlapped between difrerent countries. in compiling the composite
 

catalog for all of South Ame"ica, it was important Lo eliminate the
 

duplication of cvents resulting from combining the individual country 

catalogs. This required defining some arbitrary boundaries between countries 

and assigoin r Qach event to L oingle country. 'n order to do this we
 

digitized a map prc~uced by the U.S. Defense Mapp!ng Agency (U.S. Defense
 

Mapping Agency) and used a computer program which provided consistent 

assignment of events to oiffereyt countries based on these digitized 

boundaries. he assignment of evants to countr.es remains as only an 

approximat in unsd for ourposes Cf organizirng the catalog into regions. 

Because thq editi Li 'as orT'gnived by country, the possibility exists that 

sore evnrts have maer Olatd a, left cn of the catalog if different 

sources provi;dng rather diffryn, lociat icns were u-ed by different 

countries. For example, iH Colombia preferred a location by Gutenberg and 

Richter which was located in Ecuador and Ecuador used a location determined 

http:countr.es
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locally which actually fell in Colc;:;ia. it is possible that the event was 

deleted from both catalogs and so is not included anywhere ill the South 

American catalog. In addition, both countries may have included the same
 

event, and this duplication may not have been discovered. Checking was done
 

to assure that large events (approximately M. > 7.5) have not been deleted or 

duplicated. More extensive checking was not feasible in this phase of the
 

wor'. 

Sorting out magnitude sources and scaleb also presented a number of
 

problems. Magnitudes are frequently reported with incomplete documentation by
 

various agencies. We have attempted to obtain a description of the method
 

used in the magnitude determination for all magnitudes included in the
 

catalog.
 

Magnitudes
 

A primary goal in the development of this catalog has been to present
 

magnitude data in a form which documents as well as possible how the
 

magnitudes were computed. This information is critical for many types of
 

research such as seismic hazard analysis. It is important that magnitude data
 

grouped together be homogeneous. For example, in reS.esslng intensity on
 

magnitude, if the magnitudes are a mixed group of mb and Ms the regression
 

will be of little value. Many questions arise as to how to properly handle
 

magnitudes computed in different ways, but the first step In resolving this
 

problem is to be able to determine what methods were used for the data that
 

are included in the catalog. Therefore, for all magnitudes included in the
 

catalog, we have included references which describe how the values were
 

determined. Although magnitudes may be labeled with the same magnitude scale
 

code, they may be determined in different ways. For example, both GS and MOS
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magnitudes are listed as mb magnitude3 but their methods for computations of
 

magnitudes differ. In Table 5 under the source codes GS and MOS, references
 

are listed which describe how these magnitudes were computed. Some magnitudes
 

were derived by local institutions during this project and a description of
 

these computations follows here.
 

Argentina: Both m1 and M. magnitudes are included. A description of
 

these magnitudes is given in Cartaena and Castano (1973).
 

Bolivia: .lagnitudes (mb) reported with the source code SCB were derived
 

from M1 magnitudes as follows:
 

mb = 0.65 + 0.89 ML (.) 

The ML magnitudes in this relationship were determined using the following
 

relationship:
 

ML = log(A/T) + 1.8 log (A) + 3.5 (2) 

where A is the maximum amplitude in microns of the S-phase from the short

period seismogram and T the predominant period for the same train of waves; A
 

represents the epicentral di:utance in degrees and 3.5 is the scale correction
 

in order to match the Richter definition. Other magnitudes are also listed
 

with the scale codes &, F, and M. Magnitudes with the code G are ML 

magnitudes whiuh w,'re calculated using equation 2 above. Magnitudes with the
 

code P are mb magnitudes converted from Ms magnitudes reported by Pasadena
 

using the following equation:
 

mb = 2.37 + 0.56 Ms (3)
 

Magnitudes with the scale code M are ML magnitudes converted from maximum
 

intensity (Io) on the MM scale using the following equation:
 

ML = 1.08 + 0.6228 Io (4) 



Brazil: Magn!tudes (mb) were computed for many events using either 

macroseismic or instrumental data. When macroseismic data were used one of
 

the following equations was applied:
 

M 1.63 + 0.60 log (At) 
 (5)
 

mb = 2.29 + 0.55 log (AIv) (6)
 

where AF is total area affected in square kiometers (corresponding to the 

intensity II MM Isoseismal), and AIV in the area within the Intensity IV MM 

isoseismal. For earthqupkes with invtramental data for d betwcen 200 and 1500
 

km the following equation was applied:
 

mR " log (2r AT) 2.3 log d - 2.28 (7) 

where mR is equivalent to A computed using regional data, A is the maximum
 

amplitude of the ground motion in microns, T is the approximate period of the 

wave in seconds correspcrWn g to A, d d is the epicentral 'Usta.,r" in km. 

Chile: Magniudes given with the mignitude scale cede E were- ns.imated 

based on intensity data. For a description of instrimentally de,.ermired
 

magnitudes for the source cacde GUC sec Lee and Wetmiller (1978).
 

Colombia: Magnitudes (Qb)reported with the source code IHE were
 

calculated from the flo'wing equation:
 

mb - log(A/T) + 1.35 og(A) +-0.77 (8) 

M. magnitudes with the source code R-i were evaluated by Fr. J. E. Ramirez
 

from intensity data. M, magnitude7 reported by IGN were also determined from 

intensity data. As bcst, :;an be .'tre<, These were converted [row. the 

formula derived by Gotenberg ,nd Richter (1956): 

M = 1., 2/3 Io (9)
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Ecuador: Magnitudes (mb) were provided from the project SISAN. 
A
 

description of these magnitudes is included in Ocola 
(1984). Other magnitudes
 

with the 
source code OAE and the scale code K were converted from MSK
 

intensities using the formula given 
in equation 9 above.
 

Peru: The InstLtuto Geofisica del 
 Peru (IGP) has computed magnitudes (mb) 

for, many events prior to 1963. These were based on seismograms from the
 

seismograph stations in Huancayo, Peru, and La Paz, 
 Bolivia, using the
 

following eo'atin:
 

mb = log(A/T) + Q 
 (10)
 

where Q is determined from Q(PZ) charts given by Duda 
(1970). Additional mb
 

magnitudes, identified by the code IGH, 
were calculated from a set of
 

unpublished data by Daniel Huaco of IGP. 
 For non-instrumental events,
 

magnitudes were calculated from maximum intensities and labeled with scale
 

code 'I', using the following formulas:
 

M = 	0.090 10 + 4.147 log (h) + 0.752 

for I > 6 and 0 < h < 33 (11)
 

M = 	0.472 10 - 5.361 log (h) + 13.023 

for 10> 6 and 3 < h < 100 (12)
 

M = 0.287 I o + 1.200 log (h) + 1.703 

for 2 < 10 < 6 and 0 < 	h < 33 (13)
 

M = 	0.284 + 4.223 log (h) - 4.147 

for 2 < 10 < 6 and 33 < h < 130 (14) 

where h is depth, and T° is the maximum Intensity on the MSK scale. In order 

to convert from MSK to MM intensities, all available intensity data were
 

examined. 
 The Peruvian investigators used not only the maximum observed 



intensities but also the distribution of observed intensities in converting MM
 

intensities to MSK intensities.
 

Intensity DaLa
 

A summary of the intensity catalog format is given in Appendix B.
 

Detailed intensity data are given for some of the events included In the.
 

hypocenter catalog. Descriptive data provided by Silgado (1985) were not
 

available at the time of the ccmpilation of the intensity catalog and, thus,
 

may not be incluocd here. Two types of records, or line entriea, are included
 

in the intensity catalog. The first is a single line for each event.
 

describing the hypocenter parameters. Then for each event a number of 

location records are Included which gives the intensity assigned for that 

earthquake at various locations. The intensity scale used (MM or MSK) is 

identified for all listed intensities.
 

The hypocentral identification includes much of the same information that
 

is given for that event in the hypocenter catalog. The same country cade and
 

identifying number are used in The intensily catalog as 
are used for that
 

event in the hypocenter catalog. The date and time are also iisted the same 

but the time is only given to the nearest second in the intensity catalog.
 

The intensity catalog allows space for two different epicenters; an
 

instrumental epicenter and an epicenter determined from intensity
 

distribution. The reason for this is that the instrumental epicenter may not
 

correspond very well with the center of the meizoseismal area. This may lead
 

to additional uncertainty in the investigation of intensity attenuation.
 

Therefore, in 
some instances it may be useful to include both an instrumental
 

epicenter and an epicenter based on the intensity distribution. Earthquake
 

focal depth is also given in the intensity catalog but to the nearest
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kilometer. The mb and Ms magnitudes listed in the hypocenter catalog are
 

repeated in the intensity catalog. Space is included to report up to three
 

different maximum intensities. The first is the observed maximum intensity.
 

This is the actual maximum value of all reported intensity observations. In
 

some situations, however, an intensity may not be reported at a location where
 

the maximum intensity occurred. This may happen if the epicenter of the event
 

is offshore or located in an unpopulated area. In these situations it is
 

often possible to estimate what the maximum intensity would have been based on
 

the distribution of other observed intensities. Thus, the second maximum
 
intensity included is an estimated maximum. The third is a maximum intensity
 

computed from a reported magnitude using an appropriate regression formula.
 

The last value in the hypocenter record indicates the number of location 

records which follow.
 

Each location record describes an observed intensity value for a given
 

location. A two-letter country code is listed to indicate the country in
 

which the intensity was reported. A description of the locality is given,
 

which is usually the name of a city or village sometimes followed by the
 

province in which it is locaLed. Sometimes the country name is again included
 

in this description. Coordinates and elevation of the location are listed.
 

Space is provided to report the distance from the epicenter to the location
 

and the distance from the hypocenter to the location. The difference between
 

these two parameters is that the hypocenter distance takes into account depth
 

of the hypocenter and elevation at the given location while the epicentral
 

distance does not. Space is also provided to report the azimuth between the
 

czicenter and the coordinates of the given location. The observed intensity
 

for that location is listed. All intensities are identified with the scale
 

used for evaluation, either Modified Mercalli or MSK. The investigator who
 



assigned the iJntonnsity value is also identified under "Interpreter". Uo to 

four references are listed. Tho.se are references to published material, which 

may include assigned intenslty vaJues or may be only descriptions of damage 

frow an event. Baned on there references the interpreter has assigned an 

Antensity value fop that location. A column is also provided for comments
 

relating to that .cation. Thin space may be used to point out unusual
 

oasnoss for damage such as iqufaction or landslides.
 

The hypocentral parameters givn in the intensity catalog are the 
same as 

those li3ted in the hyponter catalog. This is important because no 

references are provided for the hyponentral data included in the intensity 

catalog, but these refcrercumay be found by referring back to the hypocenter 

catalog. It is also eusent.al that the identifying number used In the 

intensity catalo.g correspond with the number in the hypocenter catalog and 

that any event given in the intensity catalog be included in the hypocenter 

catalo;. During the compilaLion of the Intensity catalog we have attempted to 

insure that; this correspondence is maintained. 

Some question arose as to what the maximum intensity in the hypocenter 

catalog represents. Should this necessarily correspond to the maximum 

intensity ,iven in the intensity catalog, and if so which of the three 

possible maximum intensities? During the compilation, we have checkea that 

the maximum observed intensity given in the intensity catalog is the actual 

maximum of the reported intensity otser'vations. Maximum intens ties listed in 

,v h.'ceenter catalog differ' fCom listed themay those In intensity 

catalog. in order- to provide thn best estimate possible of the stze of 

historical events, the hypocenter o;ta]og may list an estimated maximum 

Intensity. This .s most likely in th case of offshore events. 

http:eusent.al
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It may often be the case that an event with an epicenter in one country
 

may have intensity reports in neighboring countries. In such situations, the
 

event is included in the intensity catalog for the country in which the
 

epicenter is located, and intensity observations from otheo countries are
 

included in the same place. The two-letter country code included with each
 

location wan added t.o identify the country in which the intensity occurred.
 

Observa, wn roy a given location may be included more than once if more than 

one country included those observations. Many events from the Caribbean area
 

were feit in Venezuela. Since no intensity catalog has been compilid for the
 

Caribbean area, these events were left in the Venezuela intensity catalog. 

The 'ntensity catalog includes space in the location records for
 

elevation, epicentral distance, hypocentral distance, and azimuth in order to
 

Facilitate analysis of intensity attenuation. The evaluation of these
 

parameters varied significantly among countries. If the data were not
 

cmpletcd by the individual countries, no further effort has been made to
 

complete the data. If epicenters are reevaluated most of these data would
 

have to be reevaluated. Thi' has been left as a possible future refinement of
 

the catalog.
 

Maps
 

Epicenter maps were produced from the data in the hypocenter catalog.
 

Two maps were produced: one with all events plotted, and one with events of
 

M, magnitude grnater than or equal to 6.5. The events were grouped into three
 

S!," P,.aC3 following the categories defined by Gutenberg and Richter (1954)
 

1hch are as follows: 
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Shallow: 0-70 kms.
 

Intermediate: 70-300 kms.
 

Deep: Greater than 300 kms.
 

The second plot groupEd the events into two magnitude ranges: one with
 

6.5 > Ms < 8.0, and the second with magnitudes > 8.0. Events with magnitudes
 

> 8.0 are labeled by year of occurrence. In order to divide the events into
 

rajiges based on M. magnitudes, it was necessary to compute an M. magnitude for
 

events which iad only an mb magnitude reported or only a maximum intensity. A
 

least squares regression was done, regressing Ms on mb using the catalog data
 

for events of a depth less than or equal to 55 kms. The value of 55 kms was
 

selected as the cutoff for shallow events after a qualitative examination of
 

the distribution of depths in the catalog. This regression produced the
 

following formula:
 

Ms = -6.411 + 2.18 mb (1)
 

This formuia was used to compute an Ms value if there was no M. value but an
 

mb value was available. A second regression was done regressing Ms on Io,
 

also for events with a depth less than or equal to 55 kms. This regression
 

produced the following equation:
 

Ms = 1.26 + 0.63 Io (2) 

This is very similar to the equation derived by Gutenberg and Richter (1956)
 

which is:
 

M = 1 + 2/3 I o (3) 

Equation 2 was used to compute Ms from Io if no magnitude values were
 

available. In Chile, estimated values of Ms (listed under other magnitudes)
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were used before values computed from Io * If no Ms, mb , or I o value was 

available, the event was not included on the map of large earthquakes.
 

Conclusions
 

The unified catalogs of hypocenter parameters and intensity compiled for
 

South America should prove useful for a wide range of studies, particularly
 

for investigations of earthquake hazard and risk. The seismologists in each
 

of the participating countries have made a very significant effort and
 

contribution in reviewing, editing, and supplementing the national catalogs
 

available to them. As a result, all of the national catalogs are now more 

accurate and complete and much documentation has been added concerning the
 

sources of data, methods of computation, etc. The compilation of the national 

catalogs into unified catalogs for all of South America would not have been
 

possible without the sustained national research efforts in each of the
 

countries.
 

The principal benefit of the catalogs is that they form a homogeneous
 

data base for geophysical investigations of wide scope. The term unifor. is
 

used here to mean that the data listed In the catalogs have been reviewed in a
 

systematic manner such that, insofar as possible, the hypocenter, magnitude,
 

and intensity data listed are consistent for all earthquakes.
 

An important concept in the compilation of the uniform catalogs is that
 

all data in the catalogs are referenced. Earthquake data that could not be
 

referenced were not used in the catalogs. Anyone wishing to review the basis
 

o!r the inclusion of any particular set of data in the catalog can, therefore,
 

riview the basic data source from which that data was obtained.
 

The principal obective of the "Prograi.i for the Mitigation of Earthquake
 

Effects in the Andean Region (Project Sisra)", under which these catalogs were
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compiled, is to more clearly define the severity and distribution of seismic
 

hazard and risk (loss potential) in South America. The hypocenter and
 

intensity catalogs prepared contribute in a fundamental way to the improvement
 

of the understanding of the nature of the earthquake problem in South
 

America. The catalogs, together with the neotectonic map of South America
 

also prepared under Project Sisra, comprise the fundamental data for more
 

advanced investigation of seismic hazard and risk, such as probabilistic
 

descriptions of ground motion and expected losses. It is quite clear that the
 

catalogs are absolutely essential to further progress in seismic hazard and
 

risk evaluation.
 

It is very important that the catalogs be revised and updated
 

periodically. Errors in a work of this scope are inevitable and need to be
 

corrected. Since the catalogs, in any event, should be updated at intervals
 

to include more recent seismological data, ample opportunity exists to correct
 

errors. A reasonable time interval for correction and updating of the
 

catalogs might be 5 years. Review and updating of the catalogs should be a
 

high priority of CERESIS.
 

The catalog of intensity data presented here doubtlessly can be much
 

improved by further research on historical earthquakes. This initial
 

intensity catalog does, however, provide a useful framework and format for
 

improving the data base of intensity data in South America. The catalog of
 

intensity data is particularly important as basic input to the estimation of
 

seismic wave attenuation and the delineation of areas of anomalously high
 

ground response. The intensity data should also be invaluable in estimating
 

future earthquake economic losses.
 

The development of the catalogs presented here in nine volumes is an
 

important improvement in the information available for a wide range of
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geophysical investigations, but especially for earthquake mitigation
 

studies. The catalogs are due principally to the investigator's in the various 

countries thet have worked diligently to make the catalogs possible. For many 

of these investigators, the work on the national catalogs represents many
 

years of research in historical and instrumental seismology.
 

Many further refinements can be made to the catalogs that could form the
 

basis for more extensive analyses and would increase the accuracy of the
 

catalogs. Flinn-Engdahl region numbers should be added for events that at 

present do not have them. Additional data should be sought out and listed
 

tinder The associated phenomena, particularly data on damage and casualties. 

Earthquake focal mechanisms could be added to 
the catalog with further 

compilation and research. Alte;rnate locations should be added for events 

where a high degrce of uncertainty exists in the listed epicenter and
 

hypocenters of large events should be reevaluated. We believe, however, that
 

the catalogs compiled in this study represent a significant advance in making 

an improved base of Seismicity data available to scientists, engineers,
 

disaster preparedness and rciief officials and other 
users on a national and
 

international basis for the first time.
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CATALOG OF EARTHQUAKES FOR ARGENTINA 

HYPOCENTER AND INTENSITY DATA 

CASTANO, Juan Carlos
 

FORRADELLAS, Raymundo Q.
 
PUEBLA, Noberto Pantale6n
 

NATIONAL REPORT
 

INTRODUCTION
 

Considering that different types of seismic information exists in Argen
tina, compiled, evaluated and edited by different authors, with different 
contents and formats, it was necessary to reinterpret the information to 
obtain a reliable and complete product. 

Thus, several years before the beginning of Project SISRA, a working
 
group was established, integrated by INPRES personnel, for the purpose of
 
preparing a national catalogue.
 

The working methodology consisted in first, compiling all of the exist
ing historical and instrumental information concerning earthquakes which have
 
occurred in Argentine territory.
 

In a later stage, with the available material, analysis and interpreta
tion of the information was begun, trying to obtain results as quantitative 
as possible. 

During the exacution of this second stage Project SISRA started and a 
decision was then taken to review what had been done in order to proceed 
within the guidelines and formats proposed by the regional coordinator for 
the preparation of the catalogs. 

The group that collaborated in the different steps of compilation, 
analysis, processing and interpretation was integrated, besides the authors 
of this paper, by the following persons: Miguel PEREZ, Miguel ARTURO, Rober
to MUNIZAGA, Mario FIGUEROA, .Jorge MONLLOR, Carlos CORREA, Claudia G. de 
Echegaray, Walter BUFF and Mario VARELA. 

MATERIAL USED 

Due to the fact that no seismological network existed, at a national 
level, until the middle of the 1970-80 decade, almost all of the determina
tions of the focal parameters of the seismic events which have occurred in 
Argentina was done by international centers. 

Almost since the beginning of this century, seismological station of the 
Observatoric Astron6mico Nacional de La Plata began to operate; together 
with stations in Santiago, Chile and La Paz, Bolivia, La Plata produced most 
of the valuable data relevant to the seismic activity in Argentina. Later , 
the seismological stations of the Servicio Meteorol6gico Nacional and of the 



Institute Sismol6gico .. :vw iad Nacional de San Juan, were
 
installed and contribut, i A.a.
 

It was only after 1982, when the National Seismological Network was im
plemented by INPRES, that it has been possible to calculate seismological
 
parameters in a continuous and reliable manner, specialvy for the provinces
 
of San Juan :nd Ienduza.
 

In order to integrate the catal]g, cf hypocenters and intensities, all. 
of the existing, information was compiled, including some quantitative deter
minations made by the institutions above mentioned, generally for short 
periods of tLime and sometimes withouit speciafying the methodology used. 
Fu'rthermore, a great quantity of new information, pertinent to destructive 
earthquwnakes , obtnained from different historical archives, specially news
paper; and magazines of the time, for different places in the country was 
added. 'Thns, an archive with all of the available data of the Argentine 
seismic activity was cnmpleted; it was then processed by computer. Archives 
were -encrated grouping the events by latitude/longitude and chronologically 
by dates, so that they can be used for different studies and applications. 

With information now available, more complete than that from the inter
national centers: NOAA, NEIS, US-COAST, ISC, etc., a comparison was made
 
between the INPRES data and that from the international centers. In this
 
manner all of the available seismic information was processed resulting in
 
the present catalog of Argentine earthquakes, in SISRA format. We are now
 
keeping the catalog up to date with all of the available information.
 

The same procedure carried out for the hypocenter catalog was adopted
 
for the intensity catalog.
 

METhODS USE) IN THE DEVELO 1)IHMENT OF TIIE CATALOG 

1. iiypocenter Parameters
 

'or the preparation of the catalog the hypocentral parameters and com
plementary information were processed in accordance with the present SISRA
 
requirements, including data of macroseismis, based on historical information,
 
instrumental data obtained from international sources and that from local
 
sources, for local events.
 

The method used was to make all of the information compatible, by means
 
of a comparison process by computer to select the best information from two
 
or more events with different sources but with similar times of origin and
 
epicentral coordinates and the same dates; in such cases, it was left to the
 
ar""r to maps the selection on the basis of quality factors and complemenn 


':. diata.
 

In this manner all of the existing information was convalidated and
 
ordered chronologically.
 

The parameters determined with data from the INPRES instrumental net
 
have been added to the catalog since 1981.
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The criteria for tbe selection of events, for time of origin, epicentral
 
coordinates and depth were the fol.lowing:
 

a. 	 Historical macroseisms: give preference to the information obtained 
from local pubiications at the Lime of tile earthquake; 

.r
b. 	 inst umentaY tlhquakes from .international sources: select from the 
different parsn~et ers those whicl have a better quality factor and the 
m10ost adequat 'mpI T"p /1onta in i- i onee r l cv f: 

V. 	 1NI'RES instrumuta:il earthquakes: By comparing with the values from 
other sources, cmplete the information for the event
 

Concercning the maximum intensity, tie maximum value given in the cata-

Iogue of intensities is iven, for the same event.
 

For information on magnitude, the rcelationship between local magnitude
 
and the duration of the record was kept in mind, using coefficients deter
oned For the regiton. 

"ina1lly , the FlCinn- iEngdah] code for the region was included for every
 
entry in the catalog; this resulted of great utility for the selection of
 
events by regions.
 

'2. 	 Determination of Intensity and P'rocedure Used:
 

Olne ,of the principal problems present in the evaluation of the seismic 
intensity was due, fundamentall.y, to the differences in the quality of the 
e:-iscing constructions before the occurrence of each one of the destructive 
eartiluakes. It mu ;t he kept in that tile analys s covers anmind interval 
of L f 20 or mre 'ears and, furthermore, that in thesome cases re are 
notable differences in the constructions, during the same epoch, for different 
parL of tlie country. 

For the reasons, for most of the historical earthquakes ;nnalved, the
 
adobe constructios was taken as the main reference, to estimate tile seismic
 
intensity. This type of construction is quite uniform throughout the Argen
tine territory, existing since the very beginning of colonial times, special
iy in the western region which is the one most affected by earthquakes. 

For all of the cases studied, the estimate of intensity was global 
isolated cases were not taken into account, since recent seismic events which 
have been very well studied, such as that on 23 november 1977, have shown 
that apparently very high intensities are due, generally, to very special 
local effects or specific design problems. 

PILANS FOR FUTURL UP )ATING 

The hypocenter catalog is kept up to date with INPRES final determina
ions but it is foreseen that there will be revisions, once each semester,
 

by comparing such data with that received from international centers.
 

Concerning the catalog of intensities, this will be kept up to date
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with the information received from the distant 
l.ocalities, after the occur
rence of each strong event.
 

COMMENTS ON DESTRUCTIVE EARTHQUAKES WHICH HAVE OCCURRED IN ARGENTINE 

1. Earthquake of EstLco (Salta), 13 September 1662. 

It completely destroyed the city of Talavera of Madrid or Esteco, next 
to the Camino Real, in the southeast region of the province of Salta. In
1634, Esteco already had 2000 inhabitants but this earthquake was so destruc
tive that the city was not rebuilt. 

It caued consi derable damage in the city of Salta, some IOu km from the 
epicenter. 

According to the reports of the Lime there atwas least one aftershock,
of great intensity, which produced further damage. 

2. Earthqualke of Mendoza, 20 March 1861. 

It is considered the eart hquake which percentage-wise caused the most

damage and the 
 greatest number of victims throughout all of the Argentine

seismic historv. According 
 to the census of 1857, the city of Mendoza had 
8,000 inhabitants, of which 5,000 were victims of this earthquake. It des
troyed all of the yity, inctud ing the 
 chu rches which were of brick and lime. 

Great aundsliides were observed in the mountains nearby the city. Many
cracks were observed in the ground. Liquefaction effects were only verified 
in uaymalhen.
 

Manv aftershocks were noted, some of great intensity, specially during
the first three days after the main earthquake. 

3. Arg:entine Earthquake, 27 October 1894. 

It produced important damage in the provinces of San Juan and La Rioja
and, to a lesser degree, in the province of Mendoza. It caused cracks in 
some of the buildings in the city of C6rdoba. 

lhn rea which suffered most damage was in the north central part of
the province of San Juan, specially the departments of Jachal, Iglesia,
Albardon, Angaco and San Mart n, which suffered a total of 50 killed. Great 
areas were observed with soil .1 iquefaction (extensives cracks, subsidence 
uplift of tihe hottom of irrigation cannals, inundated streets). 

The localit:ies with greatest damage were Nogna and Iglesia, where 100%
of the const ruc tions we:e destroyed. There are reports of the fall of trees 
and great laudl ides in nearby mountains. There were also numerous after
shocks, some of great intensity, during the first month after the main event. 

4. South Mendoza Earthquake, 30 May 1929. 

This event damaged two localities in the south of the province of 
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Mendoza: Vil].a Atucl and las tlalvinas, which had some 900 inhabitants each. 
In the Villa Atuel it caused 17 deaths and 11 wounded, whereas in Las Malvi
nas there were 23 deaths and 31 wounded. 

In Vil.a Atne I , extensive areas with liquefaction of soils, large crack. 
of the ground, sand and andmud boils streets inundated by underground water, 
were repor ted. 

There were many aftershocks, of which, approximately 20 were felt during
the first day after the main shock. 

5. Sampa cho (C5rdoeha) Earthqu ake, 11 June 1934. 

This was an ea rthquake which produced much damage in a relatively small 
area. An aftershock of the same mignitude as the main shock occurred less 
than threc hours later. 

During the first 24 hours there were approximately 100 aftershocks, six 
of which Id intensities greater than IV. 90% of the constructions were des
troyed or .eft "ninhahitable. 

6. San JIuan Earthquake, 15 January 194". 

This earthquake caused the highest number of casualties in the Republic

of Argentina. 
 It is estimated that there were approximately 10,000 killed.
 
It affected a]ll of the 
 province of San Juan, specially the capital city

where most of the population lived.
 

It produced 'nwe damage in the province of Nendoza. Aftershocks were 
perceived, some of? them intense, immediately after the main event, decaying
 
rapidly wit time.
 

A surface crack was observed in place called La Laja, corresponding to 
an inverse fault with 0.30 cm of maximum desplacement, with a longitude of 
approximately 7 km. 

7. Salta Earthquake, 25 August 1948. 

The epicenter was located in the department of Anta, province of Salta, 
a region with a very low population density. Great destruction was observed 
in the fo l 'wing localities: Las V0boras, El Piquete, El Rey, Palomitas,
Santa Rita, Las P'avas and Au ta. For the last three places, there were reports
of deep cracks in the ground through which abundant underground water came 
through; this is associated with soil liquefaction phenomena. 

3. San Juan Earthquake, 23 November 1977. 

This event produced considerale damage throughout the province of San 
Juan, specially in the city of Caucete where it caused 70 deaths and 300 
vounded. It al so caused camage of certain importance in some aveas of the 
)rovinces f Mendoza and La Rioja. Cracks were observed in buildings in
16rdoLa and San Luis. Great areas suffered soil liquefaction which produced
;erious damage to roads, irrigation cannals and cultivated areas. A great 
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numbei of aftershocks occurred, which continued during four years. The after
shock zone was 90 km x 30 km x 35 km of depth; the epicenter of the principal
shock was located in the extreme north of this zone. A surface rupture, cor
responding to a direct fault with 0.30 cm of displacement was observed. Thisfault affected different levels of quaternary accumulation, along some, 30
 
km; it was located at 
the extreme south of the aftershock area.
 

ADDITIONAL REFERENCES:
 

See page 20.
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CATALOG OF EARTHQUAKE FOP BOLIVIA
 

HYPOCENTER AND INTENSITY DATA
 

Angel Vega
 
Estela Minaya
 

Ram6n Cabr6 S.J.
 

NATIONAL REPORT
 

INTRODUCTION
 

Good catalogs both of seismic 
foci and intensity data have been a dream
 
of many years in the Observatorio San Calixto. 

The father of seismology in the country, Pierre M. Descotes S.J. has
 
been collecting all available materials, being his main sources 
 Ballivi~n
 
(1909) and Montessus de Ballore (1912-1916), for ancient earthquakes.
 

A light increase in resources (always so meager in Bolivian seismologi
cal work) through the project SISAN (sponsored by the Organization of Ameri
can States) made possible a first systematization of seismological informa 
tion concerning Bolivia, beginning with those old Descotes' papers, continu
ing with locations obtained by world seismological agencies such as the U.S. 
Coast & Geodetic Survey, continued by the National Oceanic and Atmospheric
Administration and finally by the U.S. Geological Survey, and the Internatio
nai Seismological Summary, continued by the present International Seismolo
gical Centre.
 

Vega had the primary responsibility over the critical revision and com
pletion of the hypocenter catalog. Minaya was responsible for the intensity
catalog. Cabr assisted mostly with the use of available sources. Remberto 
Cardona and Marcos Capriles complemented readings mostly dealing with small.er 
Bolivian earthquakes and preparing that data for epicenter computation as a 
background control for probability of destructive earthquakes. 

MATERIAL USED 

Preliminary catalogs produced within the SISAN Project have been criti
cally revised and complemented.
 

The hypocenter catalog had been obtained basically after the hypocenter

determiantions published by Gutenberg and Richter (1949), those of the In
ternational Seisnological Summary, U.S. Coast and Geodetic Survey (and con 
tinuing institutions through the U.S. Geological Survey) and the Internatio
nal Seismological Centre. 

The catalog has been continued until the end of 1981, using determina
tions of both the U.S. Geological Survey and the International Seismological
Centre. A few of those determinations (obtained from data of remote seismo
graphs) had to be recalculated in the Observatorio San Calixto, using depend
able readings of near seismographs (The anomalously low velocity beneath the
 

http:small.er
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Andes, together with the scarcitv of seismic stations especially for the con
trol East-West, have been a svstematical origin of errors). 

Some hypocenters not appearing in international catalogs were added
 
after their magn itude was realized to he 4.5 or more.
 

About 800 1ocation: W nailer earthquakes are not included in the cata
log, but afforded an indis .. , iirmation of determination quality. 

Bolivian se ismol Isic.l .staLionS contributing data: La Paz (LPZ) 1913
1963; La Paz (l.PB) sincp 190K; Zogo (tripartite) since 1972; Pe~as (PNS) 
1965-1975. Short-lived stati ns: Cocha bamba, Desaguadero, Samaipata, Tari

ja, Sicasicai, Riberalta, ('roice. 

The intensity catal,. (on th, ia;is of SISAN catalog) has been largely
 
improved not on]y ieCuisc of its critical revision and continuation through
 
the end of 1981, bit especiaIlly bv tie search of more data in old newspapers
 
and archiv es and by inte rvi owing people in several epicentral zones ( this
 
research was 'ombined with fiold trips for tectonic investigation; see com
ments to the flet.toct00o i ' map).
 

Ancient niewspapeors revised: El Eco; El Comercio; El Tren; El Verda
dero Elector; EI Orivnte; El t)bservador; El Pals; El Deber; La Voz del 
Pueblo; El Industrial; La Raz~n; El fleraldo; El Ferrocarril; El Republi
cano; El Imparcial; Los Tienpos; La PaLria. 

Main douments in hlistorical archives: Libro del P. Calancha; Libro de 
]as CofradTas; ILibr) do Fibrica do Ia Iglesia San Marcos de Miraflores; Pa
dre Castedo; iistoria do Ia Villa Imperial de Potosi, Tomo 1; Bartolom 
Arzans de Orsua y Vela; F:uentes in6ditas para la historia de Po tosi, con re
ferencia especial al Archivo do Potosi y el Arch ivo Nacional de bolivia. 

METHODS USED IN TiE DEI)IVELOPMENT OF TIlE CATALOGS 

1. lpocnter paraMteLrs taken from seismological agencies mentioned 
above were accepted unchanged, except when readings a- La Paz clearly were 
not compat ible wit Ih that data. 

When hypocent:er parameters were calculated in the Observatorio San Ca
lixto, Mohorovicic method was used, by restricting the area in which earth
quake could originate and then accepting within this area the location giv
ing minimum square residuals for the stations considered. Depth was restrict
ed considering auxiliary criteria such as area of perception, number of after
shocks, prevalent d(1Lth for greater earthquakes in the zone. Magnitude mb 
was calculated after amp] i tide of body waves or obtained through comparison 
with surfac M or local M, magnitrudes; when MS was available was also 
Si sted. 

L log A/I" + 1.8 log A' + 3.5 

and related to intensity, for historical earthquakes: 
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M = 1.08 + 0.62 fmx 

2. Intensitv data were translated into the Mercalli Modified scale 
also when the only information retained was the degree in the scale Rossi-
Forel. 

PLANS FOR FUTURE U;PDIATING OF 'iHE CATALOGS 

Ihe Observntorio Snn Calixto maintains the plan of collecting data any
time an earthquak e will occur in Bolivia, both location pnrameters and macro
seismic data. 

Consul tation of a rchives and old publications looking for complementary 
data deal ingt with hi ;toric earthquakes will also continue. 

AI)DITIONAL. REF ER'ENCES: 

See page 23. 
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CATALOG OF EARTHQUAKES FOR BRASIL
 

HYPOCENTER AND INTENSITY DATA
 

Jess Berrocal 

NATIONAL REPORT 

INTRODUCTION
 

The brazilian territory occupies tle greater part of the Precambric
 
shields of the Southamerican continent, and it is located in 
 the internal 
continental. region of the Southamerican Plate. For this reason, the level 
of the seismic activity in the Brazilian territory is very low, with charac
teristics which are similar to other interplate regions of our planet. 

Notwithstanding this situation, the study of the seismicity of the bra
zilian territory has been intensified in recent years, thanks to the interest 
of the seismologists in Brazil in the installation, between 1966 rnd 1972, of 
the South American Array SystLem (SAAS), within the context of a project orga
nized by CERESIS and the Universitiy of Edinburgh-Scotland/UK (later the Ins
tituto of Geological Sciences of Great Britain), and thanks also to the ne
cessity of carrying out studies of seismicity and seismic risk, associated 
with the planning and const ruction of large hidroelectric dams and cf nuclear 
electrical energy reactors. 

For this reason, the Institute Astron6mico e Geofisico of the Universi
dad de Sao Paulo, signed an agreement in 1977, with the Comissao Nacional de 
Energia Nuclear of Brasil to study the seismicity, to compile and analyze all
of the existing informat ion concerning natural seismic events which have oc
curred in the Brazilian tCrritory for the principal purpose of preparing a
 
uniform and up to date seismic catalog.
 

This work was carried out by a group which included the author of this
 
report, Dr. Narcelo Assumpcao, I)r. Remy Antezana 
 and Messrs. Coriolano M. 
Dias Neto (of Instituto do Geociencianl; de la Universidad de Sao Paulol Renato
Ortega, ileiter Franca and J.A.V. Veloso (of the Estacao Sismol6gica de Bra
silia).
 

The catalogue published by Berrocal et. al. (1984), includes historical 
events which have occurred since 1560, largely described by macroseismic data,
and instrumental information, only after the installation of NAT and SAAS, in 
the decade of the 60's. 

The first attempt to CompIile so'eisi.city data for the brazilian territory 
was made by Capanoma (1859). The first catalog, including macroseismic des
criptions, was published by Gama (1910). Branner (1912 and 1920) also publi
shed seismic catalog including macroseismic data ar,(d seismotectonic interpre
tations. More recent catalogs, which are only a linsting of the events, were 
published by Sadows i et al (1978) and by llaherlehner (1978). Some of the 
seismic zones were studiud in dt Lail by anthors such as Silveira (1906 and
1920), who analyzed the earthqulakes of Bor Sucesso (Minas Gerais), Sampaio
(1916, 1919 and 1920) who studied the earthquakes of Reconcavo Baiano (Bahia) 
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and Sternberg (1953) who compiled the earthquakes which have occurred in the
 
amozon reion. 

Since 1982 the seismic, macroseismic and instrumental data, of events
 
which have occurred in Brazil, are being published in the Revista Brasileira
 
de Geofisica.
 

MATERIAL USE)
 

As has been mentionied above, most of the events in the seismic catalog
 
for Brazil were definpd by macroseismic information obtained from hooks, an
nhiaries, ainclient chron icles, newspapers and more recent reports. In some 
cases, it was possible to compi e additional information, principally in the
 
case 	 of important events: which have occurred after 1900, by personal consul
tation in the localities affected or from the local newspapers, published at 
the time of tl, vents. In the otller cases, principally for older earth
quakes, an attempt was made to obtain the source of the original reference, 
from 	 which important data was cxtracted. 

The earthquakes with epicenters determined from instrumental data were 
extracted from the ISS bulletins (for tle period 1913-1963), from ISC (since 
1964) and from the Earthquake Data File Summary, recompiled by NGSTDC of the 
U.S. 	D~epartment of Commerce (since 1900). After the beginning of the decade
 
of the 70's and principal ly in the present decade tihe epicentcOs of the
 
majority of the earthquakes which have occurred in Brazil are determined with
 
data from the national seismic network, which includes several networks of
 
local or regional character and first order stations. There are supervised

by the istaci6n SismogrAfica de Brasilia, the Instit,ito Astron6mico e Geofi
sico of the USP, the Instituto de Pesquisa s Tecnol6 gicas, Univers idad Federal 
de Rio Grande do Note and the Observatorio Nacional. de Rio de Janeiro. 

In the s eismic catalogue, published by Berrocal et a] (1984), tie earth
quakes with macroseislic data are divided in the following categories: 

A. 	 With abundant information that allows tile preparation of a map with iso
seismal curves and the determination of the epicenter with fairly good
 
precision. 

B. 	 With sufficient information to determine the affect& area, epicenter
 
and intensities with fair precision.
 

C. 	 With reliable information concerning the occurrence, some possibility
 
to evaluate the observed intensities, but without being able to estimate
 
the affected area or the epicenter with any precision at all.
 

D. 	 I)oubtful event, with ldate and location uncertain, without any assurance 
about its real occurrence or its nature. 

E. 	 Oscillations felt in the hrazilian territory, as an effect of a distant
 
earthquake, normally occurring in the andean region.
 

F". 	False data in the source consulted.
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R. 	 Repeated area corresponding to some other event of the catalog. The 
events of categories F and R are not included in the catalog. 

[n general the epicentral determinations of earthquakes of category A 
and some of category B are quite precise, better than the instrumental deter
minations with data of the international net of seismographs (NEIS and ISC). 

The epicentral data extracted from the international bulletines were 
mostly abandoned, principally those with great imprecision in the determina
tion 	of the parameters and others because they correspond to PmKP phases of 
large magni tude events which have occurred in other regions of the Earth 
(Assumpcao, 19S3 a). Other epicenters were relocated principally for those 
events recorded by many stations by the international seismic net. 

T'iere sti l1 exist some earthquakes with epicenters located very distant 
from 	 tne areas with larger member of seismographs; in these cases, they 
have 	 been onlv dlefined by the macroseismic reports. Some nets of local or 
regional chna rcter, present problems concerning the time control, lowering
the precision of the determination when it is necessary to use that informa
:ion. These situations are taken into account in order to define the error 
which is introduced in the dete:mination of the epicenters. 

METIOI)S ISED IN THE PREPARATION OF THE CATALOGUE 

Hypocentral IParmneters 

The earthquakes with macroseismic data, have their times of origin de
fined with a precision of minutes, obtained from the existing descriptions 
for each event. In the case of events with instrumental data the precision 
is in the order of a few seconds. with better precision when the epicenter 
is within a seismological net. In this case the HYPO 71 (Lee and Lahr, 1975)
is used with tke preliminar'y crustal models existing for Brazil (Dias et al, 
1980) or the model of lerrin (1968) which gives better results than the model 
of Jeffrey,'s & Bullen (1940). 

The coordinates of the epicenter for the earthquakes with macroseismic 
data 	are obt:ained from the map of isoseismal curves or the affected areas 
with 	 a precision in the order of tens of kilometers of less for those events 
for which there is abundant data. Thme events with instrumental data have 
their coordinates automatically determined by means of the IIYPO 71 program, 
as has already been mentioned. In this case there is also a value for the 
focal depth. In the case of the events with macroseismic data this parameter 
is not calculated. For some earthquakes, outside of Brazil, such as that 
occurred on 5 August 1983 in Codajfs-Amazonas (Assumpcao et al, 1983), the 
r'idin.s of the pP phase are used to calculate the depth of the focus. 

For the earthquakes with macroseismic data, in densely populated zones, 
the maximum intensity observed corresponds to the maximum epicentral inten
sity. When the data is scanty, an extrapolation is carried out when neces
sary. 

The magnitude for the events with data that allow the drawing of a map 
with isoseismal curves or of the affected area, is calculated by the follow
ing equation: 
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mb = 1.63 + 0.60 log(A t), or 

mb = 2.29 + 0.55 log(A T)
 

where At = total area affected in km2 , corresponding to the isoseismal curvesII M, and 

AIV = the area of the isoseismal curve IV MM in km2 

These equations give good result for tectonic earthquakes which have occur
red in the continental intrapiate region of South America. 

For the earthquakes with instrumental data with A between 200 and 1500 
km, the following relationship is used (Assumpcao, 1983): 

m R = log (27T A/T) + 2.3 logA - 2.28 

mR
mhere= magnitude with regional data, equivalent to mb 

A = maximum amplitude of the real shaking of the ground in microme
ters (11m)
 

T = period in sec. corresponding to A 

A = epicentral distance in km. 

For the events with instrumental data with A less than 200 km, the 
Richter method (1958) is used for the calculation of I1. 

Determination of Intensity and Procedure Used. 

For the evaluation of the intensity the Modified Mercalli Scale was used
 
(Wood and Newman, 1931). All of the macroseismic data, for each event, were 
evaluated separately by four of the authors of the seismic catalog for Brazil. 
When the separate evaluations similar, thewere mean was adopted the valueas 
for the final intensity, for each place analyzed. When there was discrepancy 
in Lhe values, a discussion was held in order to reach acceptable value. 

The maximum epicentral intensity, in the case of earthquakes with an 
epicenter in the ocean, but felt in the continent, the maximum epicentral 
intensity was inferred using empirical relationships of variation of inten
sity with distance, deduced for events in the region with known maps of iso
seismal curves.
 

UP DATE OF TiE CATALOGUE 

As has been mentioned before, the earthquakes which have occurred since 
1982 are published in la Revista Brasileira de Geofisica, thus providing ma
terial for a permanent up date of the catalog, since the parameters are 
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published in the same format as that of the original catalog. Some epicen
ters and other parameters, already published, may be modified by later 
studies and these new values will be published in the hRevista Brasileira de 
Geo fs ica. 

ADDITIONAL REFERENCES: 

See page 28. 
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CATALOC OF EARTItQUAES FOR CHILE 

HYPOCENTER AND INTENSITY DATA 

Edgar Kuasel
 

NATIONAL REPORT 

INTRODUCT I ON 

Th, Cat alog of EaLirthquakes has a long history in Chiie. Dur:ing the past 
centLury, several atthors accumulated information on earthivpakes which have 
occurred in Clile in colonial oime. Generall , those coDila ti:or,.- were re
tated with studles or ien ,d for Li- preparation of texts on Hlistorv and Geo
grniphv of (hile,, ralthei thin for sc:ientific purposes. Cor:ainl., K w:. 
Io p,tesits hi, IV IIore ( 19 1-19 6) woi ireop red tae most CoMr,1 *¢I-, Cat : of 
tie his:-torical Wr: ii c .n;t r t: lhquaks. le greaterl. part of the hi't riv'.l cnta
log, which have been pulished lt u':, ae based nn his w umpncah Y..'ark. 
;reve (196,) and Lomnit: (197(0) h;ve ,ad n t the work dton-, K , r,.su- do 

Bhai] r '- 1'urt e, the loir of pr rtu nturvl . erifl dl first decades hr Oin ,
severaul int'rn ti inal in tiL utions ,nid uinivarsit:i vs began rhe preppratinn of 
world catalogs w,,ith vilimhle informatioen elated to Chile. Tb',- information 
on epicentnto rs with instrumnental data has been obtained princi pa ll,,yrrmi theM 
catalogi of the U.S. Geological Survey, the Internatinal Seisologc&r- Sum
mi ry (1919,-1959), (;tit enlsr.i and Ri, ' (190'-1952), Internat or.nt l ?_' ,,o c
,ical( ' ro data fom e -e ig Service of Me l.n 0
YnPtand r t 'mel, ,c-1 ,rsi, Chi-
Ie -- l)'partm n ore, Ilo an'd Cenp '' -. A gr oup from the 1ottr ir iitu 

oione - .uis M alyear,l rin hat,(rrivnt o,-, I'Fj ti - nu e] and I.k r:o Pn, , Wall 
"esp-nsibip for ri-o"der iuug tho dal.Tu i n a new caalo of cart hcu.&- . n ping 
11se of thp abov tiit ionei our(es ald othetq less important. Th c -, of 
intensitis was rpvised bv Luis Alvear and John Bannister, by checi,,g%infor-
runt ion i.oinp i led d i fferent: authors.sm by 

METI!OI)S I'MI1) N IHE PRIRIARAtI(iN OF- THE CATALOGS. 

lie genecration of the catalogs of hypocenter and :intensities -was5 very
 
laborious. The material used i.n documented in detail in each o-ne : th, re
ferences at: the end of this report. Here we will refer Only .-W tif
cO ,,tu O 
criteria used to select or adopt t:he liyp ocent ral parameters. 

For the historical earthquakes (non-inst rtl~ntma) , the epicnurn coor
dinates corr'espond to the coordinates of tihe gogralphic locality; h- i:hlthe 
earthquake is known (city , town , , etc.). Ti- exp.ains why -!. r 
ItmaV be errors of F 2" i t o o t. tti of- -one of the e 'ronts. +7!*;: Iod,' 
of those earthquas r ir er-spond to " us tinted I', on K hf :-'' iacro-
seisinic itnformiltion nal vred by Lonm itz (1970) and I iiu ci (1979r). "''. ro&d 
used for tihe ma gn i tnlde ,sCaI e , in :;uch caseps,r' i s E (column 92 ) . ,h,- r... 
authors have est inlat oil a rai.ge of" l851,itiides , the inmein of thS rane m15- used 
to tlie nearest utppe r decimal point . The information concerning the time of 

giin w:s olbtained from a compilation by Barrientos (198!) and coosvcrte.T t:o 
(;1T.
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In column 131 (non-tectonic phenomena) a blank character was assigned
 
b', because it was estimated that all of the earthquakey of the catalog are
 

of tectonic origin.
 

All of the data for maximum intensities, in the catalog for hypocenters, 
were obtained from documents which are on file at the Department of Geophy
sics of the University of Chile (GUC). 

The code SI T wais added as the source for the calculated magnitude, and 
this corresponds to the code letters for the seismological staLion Santa Lu
cia. 

In prepar ng the Catalog of Intensities, information provided by E. Sil
gado was used (1983, personal letter) for three earthqluakes (1730, 1751 and 
1822) and information compiled by E. Kausel (1979f) for the events of 1868 
and 1877. This constitutes the catalogue of intenit ies corresponding to
 
earthquakes whici occurred before 1900.
 

For the present century, the following information has been used: Mon
tessus de BaJ.loere (1911-1916) for 
the Valparaiso earthquake of 1906; Bobillier 
(1930), for the ]928 earthquake, mod if ed by Kausel (1979b); Ei-senberg et al 
(1972); Kausul (1965-1977); a great amount of data compiled by F. Greve 
(1949) in "(Ca Las de Curvas Isos tas", upnpublished; and data from the ar
chives of the Department of Geology and Geophysics which have been summarized 
by Barriantps (I8 1) and others who appear in the references. In the Cartas 
de Cuirvas Isosi.s Las the point imtensitius are indicated on a scale from I to 
VI. To *onvert t honc ntensitius; to the ercalli scale the criterium used 
was to multipiv the Greve intensiti es by a fartor of two and to substract one 
"i i t from the resul t. 

1c' the coorlinate (t-fold localities, towns and cities, Risopatr5n
(1924) has been consulted. For the earthquakes of 1868 and 1877, names of 
localities, for which their coordina.n are unknown, appear; poss. lv the,, 
correspond to p1 a- s in southern PerNi, western Bolivia or Chilean localities
 
which have been abandoned or have changed their name. In these cases . the
 
corresponding space, in the catalog of intensities, has been left blank.
 

DeptLhs for earthquakes prior to 1900, have not been estimated, in gene
ral, so that this information has also been left blank in 
the corresponding
 
space.
 

The elevation of the places for which intensities are given, has been
 
obtained from maps, documents, texts, etc. For some coastal sites and towns
 
tihe elevation has been estimated at 
10 meters.
 

For the cal culation of hypocentral distances, a straight line between
 
the hypocenter and the observation point is used, without considering the
 
elevation of the place.
 

When two different intensities are shown for the same locality, the real
 
intensity rorcrrlond; to the information of intensity which is between the
 
two values indicated. 
 For example, Santiago V-V1 appears in the intensity
 
catalog as Santia go V and Santiago VI.
 

ADDITIONAL REFERENCES: See page 32.
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CATALOG OF EARTHQLAKIE FOR COLOMBIA 

HYPOCENTER AND INTENSITY DATA 

Rafael Goberna, S.J. 

NATIONAL REPORT 

INTRODUCTION 

The catalogs for hypocenters and intensities for Colombia, which are pre
sented for this stage of project SISRA, are not and can not be complete and 
perfect. This was not- -n initial goal of the project. During the first century of colonial times, oi ly special chroniclers dedicated their time to nar
rate what occurred iln the towns seriously affected by earthquakes. llowever
 
from : beg-inning of the NIXt century, 
 some foreign scientists and a few 
nationals, with sufficient education and interest in science .-and history
 
detdicateLd themsClves to record and 
 describe the earthquakes felt in their 
own Io( ul it ies; such l ists, whicli have a purely local chaactr and are only 
p;irt iai , can nevcrtheless be considered as the first seismic catalog of Colom
b ia. Thus we have the I ist of Don Santiaj.o P1Crez de Valencia for Popayin,
since before 160(0 through 1845; that of lon Jos6 Manuel 1'estrepo for Bogot5
in the l)iario, Poli1tico Y Iilitar, from 1819 to 1858, as well as that of Don 
Josce Marlia Caballero from before 1800 through 1819. In the middle of the 
centuiry there were several international scientists such as Ballet, Perrey
 
Fuclis, MiHi lne, Montessus de Bal lore and others, who col.l.ected and catalogued
 
sceismic data at a nat ional and international level.
 

Natural Iv, tb is activity created interest: in Colombia and tcward the end
 
of the c'nturv Mr. Franicsco Javior 
 Vergara v Volasco had already collected a 
large num.iber of the princilpiil eart hquakes of Colombia and no iborghing regions;
he pibl ished the data in the Anales de Ingenierina of 1898, tle first chronolo
gi cal ca:talIog of Colombia, earthquakes and short ly thereafter lie piblished
the first Carta Sisio6gica de Colombia, which includes the 01) i.centers f rom 
his catalo,. Witlhout a doubt, this catalog thewas source for other listings

of the epoch such as those of Rudolph and Szirtes in 1911, Espasa in vol. l/:

(word Colombia) of his Enciclopedia Un i.versal I lustrada Europea-Amer icnna and
 
Milne. 

Nevertheless, such listings and catalogs were limited to brief descrip
tions of the principal 
 seismic effects of the earthquakes, Chronologically

ordered or in mere lists with indications of tile year and the region , but 
without any information related to seismic pai. eters or event the sources. 
The preparation of a real. list and a systematic catalog, with the determina -
tion and inclusion of tle principal parameters, corresponds to Padre Jesus E. 
Ramnrez, S..J. , who in 1947, as a resiilt of his work published the first Mapa
Sismico y Tect6nico of Colombia, with the cooperation of P. Luis Forero Durfn,
with a chronological listing of the most important colombian earthquakes and 
the values of their parameters. 

This first publication was enlarged, completed and perfected during the 
following years, with new editions and other listings and catalogs prepared 
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for different projects, such as SISAN of CERESIS, the Commission for the 
Study of an Interoceanic At lan tic-Pacific Canal and Woodward-Clyde Consultants 
for the Canucai River. The most important is the tHistoria de los Terremotos de 
Colombia, spec iala.1v tie second and final edition (1975). 

Naturally, a large number of technical of the Insti -uto Ceofisico collab
orated. The pil-eSCn catalog oF hypocen tecs and intensit ies for project ,ISRA 
was prepared under tLhe diri ction of the National Coordinator, P.J. Rafael Go
berna, .,., Directoro f t],, Insr:itutit Genfisico de los Andes Colombianos 
(Univers:dnd Jav,,ia:nia.) with the coL ho rattion of Mes rs. Juan A. DIuratc, Ti
to A. Vargas, William Arias and Timoleoo Palencta, of the snme InsLitute and 
members of the inslit at (eogrl-fico "Agustin Codazzi". They are responsible
for m:n' of to -imi c it erpretat ions and the determination of a great num
ber of hpcl ra! pjaramieters (ICE); the estimate of intensities was done by 
a grolF of sLU-ldnt s of the Universilad de Ios Andes, under the supervision 
and di necLioi of Dr. \lberto Sarria Molina. 

'.1 AL,:'*,USED 

For the historical epicenters, the principal source is the publication
of P. Ramirez "listora de los Torremotos de Colombia" (segunda edicin, 1975),
since it includes daLa obtained from the original sources, on which arc based 
many of tLhe determinatinns of the adopted seismic parameters. The original.
I.SLin, are included at tie end of the publication, with the corresponding
 
r'eferenc'es. For the instrumental earthquakes the values included 
are those
 
published by , tho:', on inst i tntions generally accepted, such as 9. Gutenberg
and Ch. r. Nichce-, U .S. CoL;t & Geodetic Survey (and subsequent organizations 
such NOAA, NON, and the present NETS), ISS, ISC and BCIS. 

n other rass, for hi:S torical earthquakes not included in the publica 
-

tion of ....r. ir-ez, lie prin.ccipal source is tie Archive of the Instituto Geo
fisico (ICF;.), With a refer:,e Lo ti original 
source from which the informa
tion .nq obtainud. In the case 
of in-; trumental1 earthquakes, the data is taken
 
direct1v frm the srisnograms ana lyzed by personnel of the Instituto Geof

sico or from tHe publications of ISS and BCIS and then processed by 
 manual
 
method; (EI) o by tompu ter (IYIP).
 

ovrnthleS, ii liet final Cnta giuc for Project SISRA, the va[ues given
by ISC ha,,- been included with preference over those of NETS, which we do not 
believe to be compl etely correct, without a more careful analysis and, above
 
all, becasso i is not easy to have access to the I.SC data; this is 
even more
 
pertinent wihen it is a of by
tinst .etiondata obtained LASA and LAO, since some 
of their inFormation is not correct. 

':;L'T 1VK', 

The principal objective of project SISRA, in its first stage, is to 
adopt and ue a common format so present the seismic information existing in 
the institutions of the participating southamerican countries. It was also 
int:ended to prepare provisional listings of the hypocenters and intensities 
of the seismi events compiled by each country and to prepare maps of maximum 
se ismir intensities and seismic zoning which would serve as a reference for
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later investigation and for the determination of the seismic risk of 
 the
 
southamerican andean region. With these general objectives, Colombia proce
ded- in the-firsttplace-, toup-date tf is ig ofitssoand- i events,i 
to analyze and process the data from the seismograms of alli)of i.s stations;
 
in the second place, to systematize the several seismic list ngs Iii accordance
 
with the norm adopted for all of the countries; third, to complete( as much
 
as possible the material concerning historical events and, finally,, to pre
pare the catalog of intensities for a great number of earthqu)akes, of use for
 
ti, preparation of maps of isoseismal curves, and on 
that basis, the map of
 
171 intensities for Colombia. Colombia was able to present not only its
 
catalog of hypocenters and intensities but also a number of individual 
maps
 
with isoseismal curves, from which the map of maximum intensities was pre
pared. A neotectonic map and maps.of landslides and soil liquefaction 
 pro
duced by earthquake, were also prepared.
 

METHODS EMPLOYED IN THE DEVELOPMENT OF THE CATALOG OF HYPOCENTERS AND. 
INTENSITIES
 

a) Naturally, the values of the parameters of historical earthquakes
 
can not, in general, be very precise, specially when there is no data to de
fine the intensity and the extension of the effects. The determination of
 
intensity depends considerably on reliability of the original source and the
 
appreciation of the intensity from the damage and effects observed by witnes
ses quoted in the source. Not always can the data be accepted as exact, with
 
regard to the hour and minutes indicated in the sources; many times, there
 
are differences between the testimonies concerning the time of origin and
 
even the date, specially when the information is not directly from witnesses.
 
In the past, the reports were not too concerned about the precision of the
 
time of occurrence of the seismic events. 
Thus the time of origi, which has
 
been assigned to historical earthquakes must be taken as an acceptable figure
 
for each case, according to the available data.
 

b) For the same reasons, the values adopted for the parameters of lo
cation for most of the historical cases, are of no greater value and signifi
cance than a general indication of the region where the earthquake was Kfelt
 
or caused damage. The method followed by F. Ramirez in his catalog consisted
 
in locating the epicenter of an earthquake in the city where the effects and
 
damages were the greatest, if there was no data from other places. In the
 
case of reports of damages and effects approximately equal in two different
 
cities, the epicenter was located mid-way between them; if the damages and
 
effects were greater in one city than in the other the epicenter was located
 
at a distance inversely proportional to such effects. Naturally, the errors
 
of location can be considerable and it is not possible to determine the mag-
 -
nitude, specially when there is so little data, as is the case with the older
 
earthquakes. 

c) For instrumental seismic events, the values of the parameters are
 
determined by persons and institutions which analyze seismograms and 
are cre-.
 
dited as the authors; in 
the case that some of these values are also determi. 
ned by other persons or different institutions, this is indicated. For ins
trumental events analyzed and processed by F. Ram'rez, or under his supervi 
sion, and by personnel of the Instituto Geof'sico CIGE) the determination of 
the parameters for time of origin, distance and geographic coordinates is 
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done usually with the curves and tables prepared at the UniversiLv of Saint
 
Louis (Saint Louis, Mo.) by the Rev. Joseph S. Jol iat, S.j. (Tentative Tables 
of Travel Times for Near InrtI qu;kes, Saint L.ouis University, 1931); the ta
bles of .Jeffreys-bullen or !errin are used only in special cases. For all 
events, he they historical or instrumental , the depths nrc not calculated.
For the instru"nLal casps, proce;o! bv tie omputer procrm Hypo 71, modi

fied, the depti is calcn ated, taki 40 km as a reference depth, with an R 
to indicate the Limitation due to) the pro;:nm. 

0) lintensit i.; and matnitides 

All of the cases of eartlthquakes processd by F. Ramirez or under hisdi
rection (R - I), hisLtorical as well as instrumental, have magnitudes and in
tensities a,i.ned. Neverthpl,,ss, the method used for the determination and 
preci'e meaning, of ithe valuts is not known exactly; however, we believewith 
some curtAintv th:Nt intens ities are evalimited in accordance with the ercall 
M-odified :ca] lndthat rhe mnrnitlles are based on rto formula of Cutenberg 
-Richter fo shallow .' narthtqui; ker; aI M 1 or the Lal of lifornia: - I 1 1 on 
bles ef eqtt ' lnr, whilch hay, bee n calcl ated f rom Lhs orl-Illa (Richter, 
EIolmentnar So ism loit., p. 353, or !i o, Introduct ion to Sei.sn]ogy p. 117,, 
tabl.e 7) . For Lhe hislorical onrthqtakes, the intensity was thus determined 
by the uffec_. vnInated accotrding, to the datLa in the sources aind then the 
magnitude ( I) was calclated; in the case of -nstrumental earthquakes, the 
satm or tLhe inverse process was followed. For earthquakes for which those 
values have nLt Ie dot ermiied by the autlhrs of the other parameters, the 
same prot'edure way usied 

Naturall.', in tlse cas.s it, is not possible to stipulate the quality 
or the dgree of p~rec'ision of the vilues assigned and therefore the values 
must b taken with ct't ion; further ovaln tin and homogenization is needed. 
This work has. vet to he done for tipdating the SISRA catalogue; therefore,the 
intensitiesr for aerthqiialo processed during this stage of SISRA have net 
been dertrminc~d. With Iret' l to LAP nn', 0ittde. An at:tempt has been maile to 
estimate man, it. le, for allIpossib le 0vn s, t;in the provi.sional formula 

"
Nib = I )- where A i; the first
1,; -4 1,It ( .71, half amplitude of the cycle 
of P', iKen Iromit t e ve rl i ;a I -;ho t per id olco ponent of t he Ben ioff 
seismograph or from the SRuO recort;, co -t'ed for the movemenL of the 
gruni; T is the' period otf lth, ipr'vio:m ivtle I) Lhe liypocen r;il dLstance 
to the sttiiotn, in kilm eters. Altltouigl the resiIts thus obtained have not 
Leon fully atlvn'd, htv etca; t:ionalI compari son with va liues given by interna
tiono] centers, it can lie satttd t haL. tlecv aplpear to le rather low; there-
fore ae have not attemptv,,l to define the qual.lty. 

o In t to a L ' CaLIttm'tmo. 

For the prep;ration t the CiLa lIog,11c of Intensities, it was agreed at 
tle ho inning of tlte pro jt-t,, to uise tie model ,.:Iii.ch was adopted for project 
SISAN and therefore (e l obtia incitrporat d in project SISRA all of the data 
and results previons lv ohitaind. 'lhes wre :ncrear;.d and completed with 
new data for events prp'v mool v anal vzei nod aIa rP' ittlmitor of new events 

ti aIogi e. 
was alsot tme wor" done by '. Ramirez, c.omplemented in many cases with infor
mation and press report:s on file at: th, Instituto (;eofisico. 

(138) wer, added to catal The' principal. srorce for this new data 



tlh, l .'a lua11t-io ,Fi i- t ii. t ia.; \,,a! - u ac o rdcitte wi th thli Mod itfied Me r -Valli scaule ; HO M.,,,,V Wi.: , :.,V :!AM,, C.JK ,- , I lw evrilf nt-ion of -a piru iculni 

evt w'as made' i fer en iuI'nttcoti! 'Iilitt-, ald, "Is a co[I nl ' clli:ne the 

_iuralv: , tii: ''n;it furt'heitini i.',-., it' st"ilc and rio critc''i-;i For its 
use, so1 t ihattih < ; , '.:1I lst 0 lto)Ip1( ii ti,clli ()1 cI;!liiges as; I.H as possible.
AL: thet ipl ,<seii ,.e(riv decl( ided< not 
 t o) a,:.c Iud-,, alilyv u)t :Irl ,<ii I:: ilor have we 
[Lr i ,(I1 ) IIultu -t,l,I ;,- I tIli, 1)tII Iu iC Ild I110111N! Wit1 t e, i l-O pe,- 1-F( ,ren-ce; I t11 


o f t lt' ';(Il il tiach ai .ho -o, 

C1I1 le tif111-r 1r : ii1i tt.'l V ti t o l.14 , , n i attit'il t has11 tbe n mnide to 
c ;lciiit>ll t Lhte din ii; ,ind ' ilmu hIi o t e (-p i ent r; 'e idA I n't V t(Io so 
111W bc,'iau se of lhe' r :ind ira'tired tand ndinIiecautse it is (ripl- Or Io do Lhis 
frm tile na; s i i j -t' cia iivt'n. 

' 'l , 
t 	 sismic ters thisainallv, t'i*r l inin lict' "ri- tlitht'le par;aeil uIl<5(tset in 

cr1't;l og, we have, tr iid to ult the slmcie that arte given in Lhe 	hNpocenter cata

1) Mlap otf lanidSIlitsc-., crevices andi li iq ',fa litni, 

llei't s not.: mu th t (i-ll ie sa id c'ttiet('l'tr inc the l)repltair nltO of this 
map; it. is the first otf its kind whicth has ;tttempt:ed to show geo logical ef
feet.s otf the 	(XColuminan t utketa; thev indlicate where sui ' l)ltt-llom atli have 

tl u tIll, Ito ut th1 ntoccuIt!'rud,, i'h, v Ih, ni t re ofi-thetlit, ind or 1v hi itensity of 
t lie, a tai I ' akenkt it'ii tltuse! t I 'in. 'l' t t lete tis.sI itcv, t i :efmoishowton ]olnbia at 
a sctint I tlt arnt' pirt? t' th- regard i- iiiit 'ips, sinceof :I,t),oi()nO it x'.'i i to l i 

is' re la ,t-,i_, itu Lh eo i ~n . the re 	 ~iv e~lv lit L d LNfo)lt~un d - in p~u h L, sm o f F Ra ir'.e z 

or in t-'' r ;tfaiwothl .;sail in lhe ordinary press. It must betlite Utiti ai , .liil rt-
stlt)td' that iht, i. Ytill :mtlch infrt-maititsti that can he found ini other sources 
whicli n to be s,<<tipi ,iid ,al vztelted 	 td 

(Ithert) c I exut t:; 

The itl ur--;t ;itlt! of t antd inc I in thei ng otliher ,ti el erient; tced catalog 
does not of fer tI spencial difficult and tliei'efore furthler ,;xpl anation is 
not lecte,;sisry; ont the other hand, we believe that a brierf commentary is use
ful conc n iii, thle qtI lit y ;nd t'ec'ision of the principal pairatmeters. Except 
for t. litu ae wltire N coimputtei- prtgr thai-a bi used th Largie ofeen with lh itultl)CCr 
diata, it st't's esxtromelIv dif-f iilt i" be able to assign, with in reli.ability, 
qul iut:v Factottis to lt' re:-;iil tn, sili tliat ttev can he qitanLt ie i wit:h practi
cal usefi tl.niess , within c'C trLinI its,. 

This in tte caste tlur all liistoric:al events and for tliose instrituniental. 
events, F' wli l;ita is sca cet i. the initens itV is trelat Wiely low or mode
rite, whiceli the mt'cjority t c .	 token , itart' l in 'ecatil By the sam'- doesn't 
setem it stut I t:o i rive', ts i t; i t' tc rminaitions. It would be more praetica. 
;tnl wortthwl e, tic ii iilnt ttht.' lnccudcer of SOil ' c'(' ot staticm. u:;ed ftt the cal.
ci at:Jt c :inild ]et t' imin al iitn o t cii it. i es- and seisi c paraimeters, suteh as is 
being done it the pri ni iI in t iiiat in al cennter-; and as we have tdone in 
our cua lc e fci' hi\'litpcn r.s. Likewi_se., we l ink it is tseful] Lo indicate 
with nl s -lht l tL is, valesio;; wh,iich a'o cinihlt fitl, as donte by NEI'IS, with a star 
and oth:lier styyittoo .; cr Lhe difterent casts. 



138
 

5. PLANS AND FUTURE WORK
 

As was pointed out at the beginning, the present Catalog which are a re
sult of the work carried out during the first stage of project SISRA, can be
 
neither compieted or perfect because of the goals that were established and
 
the nature of the work itself. It is a preliminary preseptation to show with
 
a homogeneous model., thC e:xisting seismic material in the participating coun
tries This does not mean that the results obtained are not of great value
 
and importance; the elffort invested in the catalog is of exceptional merit
 
and the new data found duplicated the information which existed. However
 
there is much important work that vet needs to be done. In the first place
 
it is neces cyav to ip date the (;ata]log continuously by processing the data
 
diaily. )n t he other hand the data :ind results obtained are not definitive; it 
has not been possibe to ohtain and revise all of the sources for the events 
which have occurrdc( in Cotolmbia and until this is done the data and reslts 
can st:ili ce modified and perhaps augmented. Furthermore, there are always 
some caseb without due analysis because the results are contradictory. there 
is much to be done in the preparation of maps with isoseismal cu rves, since 
those preppnred have been relatively 'ew and with new information many others 
could be prepa red. All of this will improve the investigation and study of 
the s.'im-;ic at.tenuation and other elements related with the relation between 
seis.,ic ac'tivity and geological fau]ts which either produce earthquakes or are 
evidencu of their effects. Without data it is not possible to determine the
 
seismic hazard and risk of the different regions of the country, which is the
 
final objective of the catalog.
 

It is necessary to start studying other seismic parameters of great in
terest such as the determination of the seismic moment of he most important
 
earthquakes and their focal mechanism. This can not be done in a limited pe
riod of time aind it has to le a matter of a new project and new programs t'hich 
require a long-term effort and considerable economic support. 

AI) TIONA!, !',EF'RE.;CES: 

See page 40.
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CATALOG OF EARTHQUAKE FOR ECUADOR
 

IIYPOCENTER OF INTENSITY DATA
 

Jos6 Egred A. 

NATIONAL REPORT 

1NTRODUCT ION 

1. Participating:
 

The following people participated in the different activities for the
 
preparation of the catalog:
 

Vinicio (XTheres (Instituto (eofisico)
 
Wilman Costa ( i )
 
Edgar CL icai:,a (Instituto de C6nputo)
 
Tarela de Robalino ( " " )
 
liis Fern5ndez (CERESIS)
 

2. Historical aspect:
 

The catalog were prepared in two stages:
 

State Catalog Period
 

I Hlypocenters 1900-1981 
Intensities 1938-1981 

2 Hlypocenters 1541-1899 
Intensities 1541-1937 

This was due to slight changes of criteria after the Project was begun 
It was necessary to make :ome modifications in order to comply with the final 
version of the format which was different from that originally adopted. Stage 
I of the Intensity Catalog made use of the original information whirh mostly 
was available at the Observatorio Astron6mico in Quito. For stage 2 in was 
necessary to carry out specific research for project SISRA; this w:; done 
investigating original sources cf information such as archives, libraries,etc. 

All of the information compiled was selected, catalogued and evaluated , 
and then the intensities were interpreted for all cases. This led to the pre
sentation of the catalogue with uniform criteria for the whole period, 1541
1981. 

The Catalog for intensities was finished and presented in Augu:t- 1983 
except for the parameters for epicentral and hypocentral distance and azimuth, 
which were added in October 1984. The Catalog for Hypocenters was finishedin 
July 1983. 
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MATERIALS USED
 

1. Hypocenter Catalog: 

The Catalog for Hypocenters was prepared on the basis of information from
 
the following sources:
 

Period 1900 - 1981
 

a) Southamerican Catalog (CERESIS) 
b) Ecuador Catalog (CERESIS)
 
c) SISAN Catalog
 
d) Bulletins: USGS, ISC, ISS, others. 

Period 1541 - 1900:
 

a) Brief History of the Principal Earthquakes in the Republic of Ecuador 
b) Research of Historical Earthquakes: JosK Egred A. 

2. Hypocenter Parameters: 

All of the parameters which it has been possible to determine have been
 
included with strict compliance to the SISRA format, keeping in mind the
 
quality factor, specially for the pre-instrumental period.
 

3. Locations: 

Non-instrumental locations were determined from maximum intensities and
 
by isoseismal curves, when it wan possible to draw them.
 

In the original catalog all of the sources of information were indicated; 
from there only those which should be included in the final version were se
lected. 

4. Depth: 

No calculation for depth was made. The data given correspond to the va-
lues given by the sources.
 

5. Maximum intensity: 

This is the maximum intensity determined in the Catalog for Intensities.
 

6. Magnitudes: 

For each event, all of the magnitudes of the various sources are included,
 
in accordance with the order of priority of SISAN, which depends or the den
sity a-! quality of data. For the calculation of magnitudes on the basis of 
the intensity, the Richter formula was used. 

In order to avoid that a large number of earthquakes of small magnitude 
or those for which there is no magnitude be eliminated, no limit lower for 
magnitude was established, to decide inclusion of an event in the Catalog. 



7. l)eterminat ion of inten, it rie;: 

The catalogue of Intensities was prepared exclusivelly for Project SISRA, 
based on the investi cat ion a I compilation of data and tIhe determination of 
intensities; theriore this catalog in nri ginai. This process allowed the 
appreciation of imore dLtails for the evaluation thin that required hy the MSK
 
sca le.
 

The deter,miJnnri;, of max'imum inLen: .ty of the ev'ents with a limit(ed
 
amount of data, specially historicl ea rthIqiaes,
in the uase of c was taken as
 
the maximum reported. All of the events wilh inten.iLy ? (r higher were in
cluded in the Cat;log .
 

8. Hlypocent ral di.t an:c 

For the cal culation rf this parameter, for the events for which the depth

is not given, the normal depth adopted was 33 km.
 

9. References
 

References are not given for every site, 
 but for each event in general,

and these are shown in the first lines of the respective hlock.
 

10. Future Plans
 

The 
investigation carried out for the preparation of the Catalog, special
.ly for the historical period, leads to evidence that there is still much in
formation that 
can be obta ined and used; for this reason thcre is a project 
(national) underway to continue sistnat ic research. The information which 
wi li be obtained witl be inserted in the Catalogs, as well as that obtained 
for future events. 

AuDI TIONAI, REFER:NC: 

Dage 45. 
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CATALOG OF EARTHQUAKES FOR PERU
 

HYPOCENTER OF INTENSITY DATA
 

Daniel Huaco
 

NATIONAL REPORT
 

INTRODUCTION
 

The seismic catalog of Per,, (85.1 version) has two sections: Catalog of 

11ypocn ter and Catalog of Intensitie s, both parts making an integrated cata

log wicreyv, uv'dcr ,auniform format, available historiral and instrumental in

formation has b ,ii h,,mognized and appropriately classi fied. 

hI'll,eCatal a; It-o both lHypocenturs and Intensities is a result of a combi

nation and a ,L 't ion fron the Cata l gq by Daniel Hunco t1983) and Leonidas Oco

a (1980-) prcparud under Project SISRA and Project SISAN re '_Yctivitly. 

Pr)jt_' 45Li.AN, whose principal object:Lye was to prepare Seismic Catalog 
for Bl vin, (ol oriia, Ecuador and Peru, under the direction of i)r. L. Ocola, 

was initiat d in 1973 at the Instituto ;eofi sico del Peru, under the auspices 

of the r :;n; of America States (OAS) and the administrative coordinaDir1,arp '.at: 
tion of the Regio,nal Cente r of Seismology for South America (CERESIS). Gene

ral crit ria, oran i'ation and onher details of the composition of the SISAN 

catalog can he found in Ocola (1983). Hi. Aleman, .1.Shikiya, P. Huacc, W. 

Leso aoC, . and AIcides (;arro from the Instituto Geofisico del Peru 

have contri,,it vA to the data acqui:sition, compilation and processing Mrs. 

Ursula '1o-r.s ii,.; contr-ibuted w ' h the evaluation of intensities. 

Ind c(Cnd'i1a , undr ;no support of Project SI SRA, a new catalog for Pe

ru wa ini iated in '42, .1 ti, SiSAN ,atlog was not vet available. Since 

current V! ;, l-,"itcr;tr. anl,' , c ri>' : the large events, with no details 

from whiich to utitrait .irmal1 tO quantify sor focal parameters, the first 

duty, and prhi: t ot was to obtain more data for the periodoa imp.rlA:,nt, 
,of 1=9-0I' . ,.rn. K. Podriguoz and P. iuaco made an important contribu 

ion . ti h ir rii 0 f hist ori hihliog;raphy'. Then, normalized nomenhal 

latur, w l, I '-;, io' toro purpo:;a of till whole project. Huaco (1984) 

quantified tie hisatorical inforn: tiion, with emphasis on the parameters of in

tensitv and ma,' rosni o c magnitode. Formulas for the macrosesmic magnitude 
wre &'vIlIl p :o'e lbiH;ua. 

The pre ,i, aen prepared with the financial of Pro

j(,t SIS , (CEcvIi; IS), thIe normal budget of the Instituto Geofisico del Peru 

"--"Vi' And the (;rnegie natirliion of Washingt:on, Dept. of Terrestrial 
! "t. \Valliahl help was I-Iceived from Messrs. Rodolfo Alvares, Efrain 

:ainda ., nod Nara Est:hr Sebastian in programming the computer for thl im

plemntrni n of th,' catalog in I(P' real time seismic processing system. 

cat'n ,Iha, support 

MATEK.RI AILS UKSED 

For the historical period, which spans from 1500 to 1900, a number of
 

http:MATEK.RI
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sources that appear i the referonicc.s hawe been investigated. Most of the 
large events are deqcriyd bV m re than one author and no organized catalog 

an lbe asAgfvdlenl to .'tv ol e author. a order to give credit or to identity 
t:he ma1'1 5tiuc, , i .. lie ant hior who ,ontributed most of the information nee-

Rld for thi ova i:tio, of the lhpnointer parametlers wa; selecto. Consider 

in tat tL..;pa,' iigned for the qunl itvy factor of time is meaningless, for 
this period, a !,r appe:rs in coi mn 40, that. identifies the author-source, 

0 re4;ln; I inVtlh ' cc:- t',aido is \'lcn It. t !"". end . 

For thii.,iihL :mvn::tiLI perind, (v'ail sources have been used. These are
 

ident iti i 0 0'.",, 1.,1I.'+-(, n:, (:LO0e
n , , ; t code gi yon :,t lhv end. 

In order t idpA ifv an ,vent iKL P s becn assigne d a number preceded by 

the let t rs PE, which ;tand !-or lIRVl. This number i.s the link betvween the 

H!y'pnce ert and IuLensi v (alaI:. i ;. 

.MF!ITlb S ISA) IN ill F V.Lh .I:NT tOF TilE CATALOG 

ypocenLter Pa raime to r s 

a. Time rorO rigin
 

The time of origin has been given b one a more of the authors who des

c:r+bo the earthquake effects. In most cases, for the historical period the 

time is aproximated tw a minute. Estimates of time like "a quarter of one 

hour' were translated to mliutLes, all time of origin are given in MT. In 

cases<, with couf i itrmig d;ten and times, tih election was made by choosing the 
author who furnishedi the most useful inf-ormat ion for the description of the 

eai rt h(qua keI.
 

Tho time of origin for tbe inst rumental period is the given by the Center 
report irng the event 

ions
b. rncat (epicentral coordinates) 

For events wh ich took place during the historical. period, thie epiceunLi 
courdinate-: have been e-;timatecd on ti basis of the distribution of intensi

ties, the area of iercept ion and, in partic ular, the damage and other effects. 
In soine cases, in iiaprximaticn for the epicenter has been at a iced ONit ati 
accurncy comparable to the epicenter:-; prior to 196n"). 

c. l)epth 

For largo earthqiak ,s, it was not difficult to estimate the depth of the 

source on the bas,is of the distribit-ion of damage. It Was assumed that the 
tharacteri stic focal depths have not changed in macroscopic scale during the 

4) vea'rs hin torica] Yucord - :s ,ampny d with the presetnt century. Conse

ur,.... -, tht obs;orvcd dupith:;, -:ii:r:p I '30 to date, should be similar for these 

events which cu-rrpd f(o: 150() tc lPOP. For the physical, feeling (f depth, 
the desript ion of recnt large event s and the seismicity map for Peru for 

1900-1977 werp very' vaIlunab ole. In the case where the information is available 

f r onIv one10 site, le opicentiral coordinates given are the same as those 

for tie twie vitwas observed.plaep'.hiorno ehIntens 


i 
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For the instrumental period, prior to 1963, one can rely on the depth 
only for destructive events; thi s parameter is stiil very much under study. 

Magn i tud c 

The seismic mnasnitude appears in four coluns. Magnittude b is the mag
nitude calculited with the ,o v.w v;. The mb magnitude, Ient:ified with IGI 
or DII, his h,,en clcilatid, iusing n i;nogr;bms from iluancwo and ha Paz (Bhol.i.
via) to eUirite tie ;I irtion finction ( ... ) and the tables given by Duda 
(1970)). Ti.o events for, which tilhe .mrr iGP appears, were puiblished in seve

" r11 rpi , lilIcl t A .IY) d, t ;hoseid.unL ified bv I.!!H, belon g to a 
1!I'p1 hu t(I For aft.Ler 1963,series of li 1d dita cIlcul Ar tlh author. dates 

te v nrn v X: U,4 oi L;taken. Ab lrepresents the magnitude calculated 
W.'it I I:f'., ,.e \I%, . CA ur ,1,(, I in fer Lhe body wave magnit ude wii ch ls a 

lessi r n." thanl or ,which h'is. 11ita the ofi t' m teen Us.ini, level 
dvt tio (ANN, I x. ,o tr5 l. ; :!, l aglnitude Mis i ven for ei.i.inee0-inu;
pni~p' "io rJ mnt 1 nw :ome Ctrt Oki, Ah or the Macrosei, isic magpitud-. 

Inhe Ms ;1 rre accuric:', two
i t P: io t:, hta b e e n i n g-H tu ac o 's 

, 1. Ift ii. ',:r :. >the toil ', tcr with deci.mals, is
n'i+v.,- n. i ' dt to n.v.' r: f r "".: n!)bt o+ h i s s d o n et u sq 

A> 1)+ 
forrmula wlris Vtic r' formul;i, s;pec ially , for Stro ' events, does not yield 
-it X: vli 5 ... the onp ined directv the 

foril+a NAM; 1.10 0./123 Ms. Preference has been given to this 

with,' oht by measuring nur
face wiv, . ",r exa ile, for a dit-trut livu event such as the Peru 31 May 1970 
C;rthquaki.e , 1o ',,nittide ;easured are mh - 6.6 and Ms - 7.8. With Richter's 
form2:la, the ,i - m. - ; f. c r( . m tids to a val1ue of Ms - 6.5; with Hiuaco's 
formula1 an1 X, -:7.7" in ( ill(i (. ich is, close to the observed value. 

Fei Lh,. pu-." e if q a;t il-,ing the historical events, the Macroseismic 
>:li;nitHdu Yv. h ,-,n i t 'rin icpd, (n tLb basis of the Intensity and the area 
of o'bser-vt ion. In order t" (a:lit d Mm and to discriminate between shallow 
and intermediatte de;pthIov'lt s, tile formutla of litaco-Rodriguez (1983) has been 
u;ed: :. - ii. lo.+in7+ impo (hi) + 0.75156 for depths 0 < Y < 33 km ;
 
;n1( ,is - !no7 - '°. if, 1! ,.n (h) 4 1 .,2346 for depths 33 <.h - 100 km,
 
both fhirr'l.s hir I -, r. For 1lt e 2 ;uld 6, Mm = 0.28445 lo - 4.22306
 
log (il) - . hin/,3, , 1,"r depths 33 , Ih- 130 km and Mm = 0.28707 lo + 1.2003
 
log (h) + 1.701l1i for depths 0 < 1 1 33 km. For the period 1500 - 1900, the
 
mn1creoqvi c0.1 l ittde appea:ris in columnlul EA 2.
 

The epiceItra] Lntensitv In on the scale M1,1has been determined for themajoritv of the dest rucive events, with the macroseismic information which 

exists in the literature. In cases where the intensity was expressed in other 
scales: Ross! - F-co1, MSK, these have been converted to I.DI. in the inter
)retatio0Ird "'vgl, tion of effects in terms of intonrsity, consideration h:ns 
beer g i',, to the-1 tm ril and type of constuction typical for the period 
": * ,-11 t ItI (lie o-tt. (- ri(td. .A good ('refe nlc' for the characteristics of colonial 
c-,lt ruct io i, A mIt v ulp'ay,-ln The earthquake that det royedthe 2 of (Colombia). 
part of hopayaln in "ilch, 1983, hs been a cal ibrat ion event which has helped 
to imprlolve the technique for tihe evalu ation of several historical event:s. 

Dlul to( Lii, im)porta:nc of tile frequencv "if tile seimic activity in the 
evaluation of the Seislmic Hazard, no event for which there is any information 
at all., as to intensitv, has been omitted, no matter how uncertain the 



informna tion. For pl;.ce: who.o i nut, i ' has been observed, these have been 
identi ,.tedby ro:;pectv' i s in t K: mton citalo. ' 	 inludin; th: ,'i ci-na 
Soiy. ,vunt.S ha ve h ., found with .v.; iM:i intensities- thNC dC fer From the 
,'n;rv. i ns and hi storical i and such arcduscr .ns Pvunts reva 1lua ted. 

!I t ! ,1!f l nt Vn i: ' V:II 	 t ' Lo o u bet-.1XII it V lt n i f Fi,,:U It. pgJ1rM U r'l l~ att! 
w~(2C11 u " si : t. and1/]IIouIc(i ( l% :i, (':1 ;] t'l'c. Citrwen t11ch:, vavl,: t .s go ..I inlnl t11ut(flc'l;r~oi I (I 'i ) ac10 I I "',t ;I ! 'i'here 

arcr o O s , spe'cial I ', f or strong shIockso' i rcrC:Inncii!;( 'i ;:lliO; a t..o 
de ;rv,.-;. Sine LW, itcnsiltv is subj c ive, by definiti ii , tI, m, so con-

Idor ing tiat LS ''a. lo rstulIts Ir'm a KisU rical de.crLpiion, on. must res
pecr th-, 'pinion : .othe(" _.I)Ct ' e(V I'lsl i on. In -orla. :) ',ainorm the user 
of tLhu qua litative valnue o the intensitv iie followinq or< V- been adop
iod: 

1. 	If the author is one person, two lutters are osed for the identifi 

cation. 

2. 	If the two :hnr.s{ coincide, both authors are identified, each by
 
one letter, separated by a comma.
 

3. 	If the two authors di sagree, both authors are identiLied, each by 
one letter, separated one from the other by an a:.:eri.sk. 

ADDITIONAI REIRFEI-NCES: 

See page 50.
 

http:a:.:eri.sk
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CATALOG OF EARTHQUAKES FOR VENEZUELA
 

HYPOCENTER ANI) INENSITY DATA
 

Dr. Jos6 Grases G.
 

NATIONAL REPORT 

INTRODUCTI ON 

The preparation of the catalog for Venezuela began with a careful revi
sion of listings, bibliogrophicaJ references and documental sources where
 
reliable data could be found. With relation to the hypocentral catalogs and
 
lists with events recorded by instruments, the information appears in the Ge
neral Report.
 

Concerning tihe seismic 
movements which throughout historical times have
 
caused some type of damage in localities of Venezuela, there exists abundant
 
literature, although dispersed, which comes from the testimony of witnesses
 
who were present, as well as rrcm news published by third persons, official
 
reports, seismological bulletins, local and foreign press news, etc. 
Of these 
documents, the work of Centeno Crau (1969) is specially important, since it 
contains a very complete compilation of information concerning destructive 
earthquakes, felt earthquakes and secondary effects, which have occurred in
 
VenezuelL from 1530 through 1949.
 

Incl linglthe area covered by the sea, which represents between a third
 
and a fourth part of the total, the area which is seismically active andwhich 
has been studied is somewhat larger than one million square kilometers. In 
much of this area, the politica] history during colonial times, since the des
covery of Venezuela, was infnenced by Spain, England, France and, to a lesser
 
degree, lolland, a fact which has complicated the compilation 
 of the data.
 

In the areas adjacent to the western frontier of the country, the catalog
 
of Colombian earthquakes of Father Ramirez, S.J. 
(second edition 1975) was of
 
part itcilar help. Also, the catalog of Robson (1964), concerning seismic ac
tivity in the eastern Caribe, was of special help for the study of seismic
 
events which are located in the eastern part of the country.
 

The preparation of the catalog wes the responsibility of J. Grases. The
 
criteria for se! ction were discussed with L. Ocola and V. Winkler. The lists
 
of hypocenters was the work of o. P~rez and the revision and the checking of
 
the final verrs ier was done by M. Lugo. The initiative and the recognition of 
the importance of this catalog must be credited to G. Fiedler, who pioneered 
inMst. runental sei smology in Venezuela. 

MATER IALS IS E)
 

1. DocrmentalJ Sources
 

If any criticism can be made to the work of Centeno Grau, 
 it is that
 
there is a lack of precise references for the sources of information included
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in thu conmpiliation presunted as a cat,jlo; prohably, Centeno used other .o
cai catalog s -or .q-: IslIrrp (i8?2), Pr'nij (1935), Soto (1931), lebru, Corde
ro (1IM9), ,.., ld Lh histories u(l dentstruct Lve earthqua;ikes;, which occurred 
in 'un .u! , ,..t' tu he Ahrnshtrir h (1901), Ernts (87U , 1887. 1889)zir 

Fr:injui:, .; imene. ( I ')) , [halrra (1862), 
 (187'), (im y0)
okher, And L '. l:"ripLion of witness'es ibirnri ,s, and thie prersonal testi -

RN n: Siver , and 

Ax ' 't ClnIi i ' t' !'cIpI;r i Sn of tII ic's , ! _urs : c ii,1 ot I stour . 'orma Ltioi , such 
A ; a, ,: i li i J,! a.b:road, i: :-;o 'thing whi chi s t:ill to be do ind ' 1!hich may
have p ,rni:c IS r..uc i;. It is kiosw'n t:iLt dist i.nguishd per;o;n r''n tTnezie

a tt Lofth X iXtih r'riLii '..U'c C' iproiincli.tiL t'luol)eu an 1.;rru fo re mc (w,, r i were 
:;t ,p;ro'st in ;cis:olo:,iul! problemi:s. Such flow of inorulat ion pmiry' us to 

un r: L,aid h ti ii!cl !al va concerlue ing V.c'zeir Ilan oveint in ca'tio t such 
:i!3 I n aili tf- I"r ic' (luh l ihed in leigium between 184i aid 1872): HaL L (1852)
<cl ',Ii:ne ( I )!)I ) , which , ppe.ied in Eng lIand, and those of Ro ckwo d (Q &Is shed 

Sirt h~i'r nic toc'.."pen I81 and 1886) . rOc';asionll .',y there a- Kis ipLinns
o! cll loit Or1i l ,uean h io.t al Iwavn\'; ire I:enti.Olla'! pe" a " V"t\'eie eartliquakes , ich 
uip i t' bettei Known histories of local authors (see (;raises 197. For 

' Ip-;, iln I e,t it, ok ('ii r' ri inv. t litr, pre'dict i o f e , titrLunkes Duh I M-iud by
,itai, ( ih ), Lhit is a rfelrece concernig Lhe case o ppt'intoLb ,ry per

t ' iao:- not ed bh',' ll i ni;i;Iia wih a dh sc cipt ion, pubh ished in New York by Vilne 
(IM, p 303) , 01 tioe .:ell kinown epi sode acc'Ording, to whici ';oni' minutessom ne-

Iev,.' ril, earthquake wh.ichr destroyed Caracas in 1812, in a stable located t) 

. r M tihe cit.', an angutisired horse broke the fences and cscaped to the 
upper part oit re val Ice; i:: act wa.';s interlprote i as a preuiutsor of the 

S in'e tire miont, h F Iebruary, 1959, tWere began t-o appear, in a systemtic
f ri, Lire M' tilh v Bil t:ins of tire In.t itite do rsiirn ] 'o i of the Ubservaitorhi 
da (ajigalI, riu:td ihie e f fticient di rect i of G. ied lc .r lI se are tihe moar: 
:mtlp '.t . r'c rds of I it' ScUiNi i c a t iVi .v in the c:oulntry', with Wi rt i-unental
 

d',i i A :5'dW i sr:ii " iii Ft.i-nfiora ion rel evant to what oc irrori (lrri,;e 
 the follow
in v',r . W .O rce,,, t (r tie r.: -, i at Cajig l citai , W, ore 1959, 

,the ca nly ion whi exiic ace te iI
 

(i'l!), itp Wnn l r eferences to Centnrio (I h09), not ices -rr:, it' 


,' l-ls'rat x ist s ] isting', of e tc (".35), Soto 
ltlal press,
 

genera ll," ;ssociat 
 rith felt shocks and, more recently, tire coi!mlpiLiatmOu of 
it n ,AP h, Sr Ias ( 1981 ) cotrceurn ing, -e i c" monm n st'record,,. an'd in -ed at 

he is-!r. CarjigI betmeen 1h9)1 arnd 11)5'. 

It in of interest ireccto poin t out thnt this oservatore iy lli L) fur,-
L oin iin Sept:ember 1888. In pa r;allo to the astronomical and icLeotrological. 
obseirvailrs, trou w:i'r also ohervat ions of felt seisic IiioveInits, j t.he 
are; (orCacas. According to Salis (1981), in 1931, Caj pan! obtr (ined a 
Wiuc' 'ot sei smogrpllti wh.,ichi, without piroper cal ibration, sptradi cally recorded 
! 

,
riI r;r ilnl,;. in1 his cat:a lg, C it.cli( ) quotes the O(hne.rv:rtorio Ca, i r (O.C.) 

A Soure' r f inforimat ion fo r e,'trri ;rk,< fe t in Carac:s si nt,, 1014; :ft-c r 
1 )31 , iin ftcrmrt i ',n is ;rtdded roncern i n Ilire d'irat ion of th:e slhoc.;k ii; soirrt as 2 
s.tri'nit; whlir:i I ;ids to srpuse tirat tirls data was read fron. sei smographic re
cprdsi. Cone rni iiig intt i o irse : r
ti' rpretat f h e d;it:a there in mich;' ii he done. 

2. !'recarL i u s in tire intrpr'iietation 

Descri p tive informtion, such as indicated in the previous sect:ion, must 
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be used with extreme caution, specially for the older events, since the co
rrect interpretation of imprecise descriptions is not alwayq immediate; the 
discovery of new doc umental- evidence can lead to a better understanding of 
the factq*. ;uch the of well observation, in t:he form of aQk is case tCie known 
poem, of J uan de Cartellan es concerning important damage in the Is]a de Cuba
gua in the ii,hdle of the XVI century. Tiis was interpret d during many years 
as a "deStr itiVc earthquake" but ne, documental evidence proofs wit-hout any 
doubt that, ir fACt , it was a hurricane, conforming the .ouht which was raiscd 
by Hoiontessus do Pa 11, cL , n 1 )15. 

SpecAi care mu;t I iiad witih second-hand reports. It is pertinent to 
q iote the supposed ce:tLct ion cf Caracas, enriched w.iith detailed descripticns 
of the nIhr I-of vie t imp , damaged constructions, etc. given by Prof. Rockwood 
in the .oo!rna ,,e_ Scielc, in 10 83, as a consequence of the destructive earth
qIlake wiici affec!. c1 [',aami and Col.omn ia on 7 September 1882. These is no 
trtith in thtLht: report since it was contradicted by Natuiralist Ernst, at the tt
me livimpg in Caracas!, illa letter ptibllished in t-he fol lowing number of the 
same m.g az ille Nainv such ather errors, whih need not be described, can dis
tort tlir, :ivai 1; ,vidence of a phenomenon for which little is known. 

Sepa rat i rHp events wh icli have occurred in the last decades , Che quan

titat ive evaluination of destruetiv eartliquakes is a result of a detailed stu
dy of the known effects, reterring them to one of the intensity scales for 
damages. Ti1C assignation oi intensities is highly subjective, so is diffi
cult to maintain uniformity or homogeneity of criteria concerning the severi
ty of the sha-king which has affected a certain area throughout many centuri es. 
Nevertlii_-ss, .11 tie study of past earthquakes, unless there are instrumental 
records;, th,.en ar. the only evidence known at present and it is on the basis 
of such ,v idence that: some progress have been mad(e for quantitative evaluations 
(Fiedler 1901) and those indicated in section 3.2.1. 

MFIEThIOPS ['-lb IN 'IIE PPEfAIPXT TON OF TttF CATAILOGUE 

3.1 Criteria "or the Selection of Fvent. 

The princlpals criteria which were adopted for the compilation of the ca
talog of Venezuela ,,ere the following: 

i) Eewry event recorded instramentally for which there was, at least, date, 
GMT tiie and geographic coord hates of the epicenter. Therefore, some 
unrel iable evelts, of unknown magnitude or reported by only one station, 
were included; however, other events, reported only by the Cajigal sta
tion (CAC), with azimut and distance, were included. Together with the 
hviocentur P:Irnmeters, allI of the known macroseismic information was
synthe:; i zd. 

Because of political reasons of the epoch, the earthquake which destroyed 
Caracas on 26 march 1812 w. ignored in England; the London newspaper "The 
Times", of 29 Hay 1812, corrected this, publishing the stories of witnesses 
in Li Guaira. These constitute very valuable testimony. (See Grases 1970). 



ii) 	 Every evnl or : ci:.i(,i'i i Li n I-Myod intensitv V1, iccn;dinr to 
Bra:zeo, and foir u.ic.L a: les.t Ow' ,r tle month and he coornates 
.I: the loca :,li are k.:i. ; in most cn'o;s, the day and theaffected r 

time i a i w i I,n prn.ir na-i, in
ith 	 nf minute;; exceptional. 

mi~c infnrwm 
i,, 	 r{,po-,ied h,' C:/Q; In :W~itfion to these, s'-eismnic events

ru I I, ,, K u:- t twNo-l IU " dp'g re in tIlht MM scNle; Some ( F 
t {,-',,-er ( i , t '!.:n itheairtihquak ,; From distaint souirceirii ti,,t ',. w 	 es a 
(Qpic:or p''.;::r ' n i l',iirii ' i:uAst 8.a , havia1 ' oing', incorporatetd to 

Tf1'. ie:,,-:,:ii i,,!'-r.-ptl d wi L tLI. .iicvo cirit:eria restul ted in :a total of
 
apir,:-i:. ' ,. ., i: 8,epic i ter.s an, .local iti ov. This was compGiiar ed 
,'i i i, K- ,}pic : rrI- :r n- ).A, ISE( .nd other sources, in " toorder 
pr " =Wyt'. ,) onn, the iypociint ral palameters (one line of[Y ';mnn,: 	 for 
S:' ' r - . p I", Y ii . inii i t iona of maxi mum Intlem; itv and , b) 

. .1 he'' fi:l niir," destrtctive events, indicating the 
I ! tihe c -, ; well as the Intensities ass.gn ed to the lo)-:,, ,cn: 


I"{1I),., 
 ;1 lip iliormlion relLevalit to the data containedl in each one 
,lLIlI:-;oC' ; .-I i.1{} , 

J.2 	 iiyporeilter tatal1,
'
 

3.2. 1 MagniLude a1nd] Foc,'l1. Coordinates 

The hiypoeen t;or. includdli in the cataIog can be divided into 
two groulps.
 
The first:, c:i'rrespoid in;i to eventl; of the XXLh century, for which the hytp1 
center, th time of ori ,in 
and .:iimagrniitude are a resul.t of instlruimental re
cord;. lhe el,:1 ion oIf the mat i-el in;lht 
 source of inforttation was carried
 
(1111 w-ithIhI' idit tAOdl1 n tie general report and which can ble sunma
rized an fultlows:
 

- A .lis<t. If pr o-iti: ie< , c:onceni'n i L the1 relialbility for th, determinlnation 
of -;p:re t ,, (-((s ('-Labli,-iit'd t!}r Lhe regtiol, 1s follow: DEW, SYI'; G-H; 
ISS; (ISC); (MY (CS); all the i-es t. 'Tihis general criterion was montained 
e:.:cr. 
 in r;en F r whi jIiih f 1r wW8. more re.iablc informat iion (Q. , a 
'l ii :tudy t ill ind(1ivitti.al artli iqaku). 

- found a 	 e ,The events: itn c;it;li og (For examplil)niCGS-NOAA) and ln0k in ISC, 
were incorporated. 

The event; given nlyii', by LASA (LAD) were not included, due to the fact 
O11n1 lt!,,v ili ('frre:-sionded to iistLanLt. epicenters from Jar)ler networks; 
tilh v id r! i te2o d 81ge, ol dutpl i (at icon, 

Thle :ipl r iim lt ion toi one iliiindred th in the magn itiud e was made :o Lhe up
per,I wl . 

:1.it-i I oeI I t.ti. wa mor t ian 1souirc, with disctepancies in the miagnitude 
,an:d iocal ,'ilSi sIP,:, tile selcttoin ciriteria adopted was discussed with the 
lItocal ccaision..ll)y-':;it was inevitable to choose a magnit deoial1 	 v, 
gi vein Iv' th, o cii.'A, a tLh foca coordinates given by source B; likewise 
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the magnitude indicated by ISC was retained as a "minimum likely" with an as
terisk (*). 

The magnitudes MC (Caracas magnitude), given by Cajigal, are indicated as
mb, since in general they correspond to nearby events and there were no dis
tintion made in the catalogue for M1 . 

For the events used in 3.2. 2, without information on focal depth, oc with 
an indication "SUP", a focal depth of 33 km was assigned. 

The second group corresponds to events for which there are no instrumen
tal records, such as all of those preceding the XXth century and some during
the present century. For the determination of M. and h, a sample with well
defined isoseismal curves was analyzed, measuring the areas Ai (k, 2 ) in which 
the intensity was at least equal to i. The radius r i (kin) of a circumference 
of equal area, denominated equivalent ratio is: 

r.= r A.i (1)

1 -

It was admitted that the attenuation can be described by formulas of the fol
lowing type:
 

Io - I = C 1 + C2 + C3 log 10 r (2) 

where: 

Io = Intensity at the epicentral region, generally unknown;
 

I = Intensity at a certain epicentral distance r (kin); 

C1 ; C2 ; C3 = Correlation coefficients (C 1 = -2.60 to 1.20; C2 = 0.0041-
to 0.0063; c(3 = 2.22 to 1.68 ) which depend on the different 
regions of the country and the focal depth. 

Likewise the values of B and B2 were determined, relating I with h and
 
the magnitude M, according to the expression:
 

+= B M 1/2 _ 01/3 B 2) (3) 

and those of B' in the aplproximate expression: 

0a = ) ' m + e' (3 a) 

where B'! is a value which depends on the range of focal depths h (kOn) which 
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is adopted. 

From the equations (2) and (3a) the following relationship is obtained: 

s r+ rlot KS= 2i~lg + (4)1 4 

where:
 

C' = C2/i; C3 IC3 


Ki = (CI - B2 
+ I),/13 

In 
the griphs which represent equation (4) for different ranges of 
focal
 
depth and inte~siLes, the best adjustment of 
the set of pairs was verified
 
(i; rI) corresponding to a given earthquake. outThis work was not carried 

systematically and need; revis ion. ILtmus t be observed that once equation
(/4) is known, this process does not reqnuire tie dcetertmination o i , a para
meter wihich1 is generally unrel iahli ; tis, the anal/sis o1 an carthquake

which has a submarine epicenter, is s implified.
 

In a general way, iU wa's dpcid',ld to assign an epicenter, even though it
be only of " tentative character, for each one of the event. in this history
of earthquakes; i.fthere is no instrumental epicentcr, nor a study of maps
of isoseismal curves, 'in ptic inter was assigned with the coordinates of the 
locality which suffered the great:;t intensity. 

3.2.2 Time of Origin 

All of the time; were converted to G.M.T. It was considered important
to respect the inevitable dii erences between "instrutmental" ard "macroseis 
mic" times. Such differences are usually in units of minutes and even tens

of minutes (specially, when 
it is a question of felt earthquakes during the

early hours of the morning and, particu.l.arly, if the information 
comes from
 
iural areas).
 

The time of origin is 
known only for those events which have been 
recor
ded with inst:ruments. 

3.2.3 Maximum Intensities and Tsunamis 

'or each locality reported to 
have been affected by an earthquake, an in
tensity was assigned, according to the modified ercalli scale (Brazee ver 
-

sion). Even though the uncerta inties in the assignment of intensities are
large, it is more convenient to indicate a value, using the best possible cri
terion, with the information which one has at the moment, and to indicate at
 
least, a minimum.
 

The value indicated as value 
for the intensity; as the maximum intensi
ty corresponds 
to the highest value of the intensities assigned; that it is
 
to say, there was no intent, in 
any case, to infer the epicentral intensity
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The irt;ihquaWc:; which, iin ,a Ctcrdince with ti, ; ,,wn ,;-;cr i t:ji.ns
have ,<uni-lra u. ,, important tidt l waves in We.<stern Venezuel a (,i gh,-; of 2 Lc, 7 
mters, Cec-it.t aitd il:dition of the order of 200 mete:), hive affected 
onl ('It::ir,. ai t , ,tl : r t (if th!1 (,: r ":ur", C ulf. TO epi centrial ;i rr'on
of Lw, of li -t .,, evcriv. (15->: 1--1 53 -ind 17-[-1929) arc i )rntud in the Glulf of 
Car.iac and the third (0--IX-i30) is nr-arby; for Lhe iourth event (at the 
end )l,' !A' I i: ritt ), the inft rnatr ion i s not s.uf fic NLn:. 

3.3 intLo siLy Cntitlo,, 

3. 3. ,'nin of InLen; ii. ies 

The ass 'nm-int- of intens iLi e.-: w-as m'ido on the ba1.is (of the Mercali Mo
di fied scale (not thie SUn-llLZed 1"nabridgecd'" vers ion according to BRAZEE )
The followinfg cri. eri: were appl i ed in a svs eLiL t form: 

;t) Every loc:i-iy. ., InCit.t inne] it the de c"ip avn. ilable, is given an in
te-nsity'; -ue to in-,ifti-i.nt inforil-i. lon this frit-Prioi could l,_(l to 
e-ro-s, Kt it avoids UP, min.in of Iocalities w!oso relative importai-
Ce can I o t he ji "a p li ,i'ri"; 

10) In addit.,,2 , 1the tbii:- omunenttarV i i - tlevant wlnit h e111indict;ion of 
or"s -iy "" fe ! t r" ro fr I or "in,, ' or other s.<uch evaluatio s. Are ap

plic-d mo o thlain one localit y; in suc1(h reas:;, ocrasionall .y the mios t pro
babJ iti . stit-i, Van ass;.gneId 4- - 1I al.-erlatively t:o reflect the 
unWcertaintit; lite to iti uff:tit- I en. re iiahle info ti on;iO 

C) No lit.r'plato otils ex:-2 have been nald, totr napltiolt detormine effects; 

(1) !,: r u 1 c..4 1 I ; teol.s i ti i tul hlli: I(n lmade that thebeen quality of11 rural 
(coll S riutl iii oIf .intfvlit)r (i iI it y, Lhil Cons tt ons;urbian;tcolt tlu in thitis 
, .n; -t,' ,:i- I tt V i f :S . t i i c Illt taldLi c(once0rning tih uf f c t s Oin s imrli ilj:r
ct)st it , ion- wore olvai able, th'- i-i i:er fi of the ' K scal o (1964 ver -
s;i,'P) Y,'!K Racpt in indnt; 

e) Thlu , L lociinit~lunn. th l oilditite;r Iav, on the intensity are not always 
PIS, N i U tlt i d; I heti ,l !iil;tia -,-, fI t L s (1I anti I dics , i nuntiin r ions , etc .)
idtntit li, , wtia 1nit : take.n into ,ll-.1 ,>l1ll. for the asFiegnakioo uf tlhi- in
tu i t i ; 

f) T' v uitl(.s of Intensity, slown witi the svmhol (-f-), were increa sed b, one 
degree; if they have the nymbol (-), no chanpe was manide. 

3..2 -n-i tu: in i es in tlit- Ass irnfl :i tion 0! I nsit i s.loif 


1', - n Ite ii,I mutit, lit s VltlP : ,:; t he wi t h ex-:2 ( i' care , due to che subjec-
Sli 't Vi ;in ! . At is i clt ito. of (,ula i ninti''ition.Pus w s Cdemionst:ratedtis once 

aga iin du ring the call-1.lq11i !]:q' of Ca rac.is. ,t L in thit ,-::, oif s i ngle. buil dings
is well. a:, iIn dOtqel.y pI lat.11 ed aireas; ini both t:;ir;-ither1e4 were ilflIIIoint: 
di fe Isr.ocu vf ipp re ,civ t..i-oll st t i( i-ec li ii;!;. 

If I e ';t;ale of liteinsities i.s ai ' d rh<in de ta il, including version 
a rj-l, V B,, p :, , it is , ;v t find dtlu lrot l ca-ses. In lble P.o I theco 

t a in" 'r. whitch is p-re! ent whlten t he in rU-ns.ilLv is ;;asm:i gi- d . I IL ts l ie reittem ered 

http:in-,ifti-i.nt
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TAB IF N ° 1. 

INTENSITY OBSERVATION DESCRIPTION 

IV 
V 

V! 
VII 

(r) 
(a) 

(b) 
(k) 

Bumpi.ng sound were reporte 
Rm. ling thunderous , or subterranean sounds 
wer e reported 
Reidinig sounds were reported 
Surund was reporteid similar to a sonic boom 
or an expI mion 

1,6703 

0,0069 
0,0707 

1,3717 

IV 

V 
VI 

(W) 

(d) 
(p) 

Trees and busI.<; were shuaken :slightly 
Trees ard bushes were. haken moderately 
'Trees and bushes were shaken strongly 
Trees and bush s were shakei violently. 
Trunksl al brancii:hes were broker off 

0,3854 
0,1032 
0,7452 

1,8798 

I1 
II 

IV 

IV 
V 

VI 

(a) 
(d) 

(e) 

(f) 
(g) 
(i) 

Feli by fW or some 
Felt by 'vveral. Felt quite noticeably on 
pper floo rs ; by several or many indoors. Many 

people did nior recognize it as an EQ at first 
Felt by many. Felt by all in home or all in 
bu i]di ing 
Felt outdoors by few or some 
FeLt by plrl(tical]y all ... 
Felt by all... 

0,0029 

0,4877 

0,1446 
0,1504 
0,1930 

0,2396 

IlI 
IV 

IV 
V 

V 

V 

(a) 
(a) 

(d) 
(b) 

(e) 

(f) 

Delicately sulspended objects swing 
Objects were (listurl)ed 
Hanging objects swing (no qualifying adjective) 
Hanging objects swing in numerous instances. 
Hanging objects or doors; swing generally or 
considerably 
Small objects we-e slhifted from position ... 
Pictures were knocked against the wall or 
swing out of V.i.t ion 

0,0287 
0,0184 

0,1165 

0,0278 
0,1479 

0,1788 
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that the assignation of intensit.es, in a given locaity, is made by associa
tion wit:h obsrvaLtions or descriltions of the type shown in Table No. I. tL 
the reordering by Brazee (1978) the degree of correlat ion between each obner
vat ion atnl the re,;pctiye value or inter:;itV w deet erminel ("';ign!if icance 

Wctor" ). Thi value of "i is less tie greater the co'rrelation bet.ween the 
tbse'rvatti iii ;ind tihe, valtie of intensitv i, toi which it 'rresponds. According 
to Brazee , tie ohbarvi t ion:; wit. h valuties f' (t l1ess than unity, are import ant 
and ti i r simple occurrentce allows the ;as:si gnation ,of an iten:;ity, as a con
sequcence oif tie seismic act ion; when the values of a are greater than unit:y,
lie iorre'(ii;Iiiliserv;itions ire cOl ltr ve or fall between two vul I es 

of iut ens;it'. 

This , ;,lic e..i;ojilai s ;id many otherus easy to find, expl a i n the explicit
doubt conc'erning such value; as "VII 1/2", or "between VIIl and [X" or 'Vi'' 
or "X", etc., ill of whiclh frequently ;appeair in the literature which deals 
with int: it i ,.s of past earthquakes and even for those expected in the futu
re. Thc ;e, by :;ome aiut-hors, consi sts in carrying out- a largeproposd ;olut ion, 
iib(e1 or € .l'scrv;it ioilns ;iid intensity determiniat ions (w ith one or more obser

ver,;) ind as; igoin g to that place or locality, the mean value oif intensit:y 
htus ohtainted. This proposit ion, 'venti lly to be considelerd for future 
nrlorhq;uq.,:;, doe: not ;olue the problem of the pa;t earthquakes, for which 

tli.s mc' t hod wa:; nt ali i ,d in ; sy:;tematic manner. On the ot her hand , even 
in iS's whecre, tli:s utnc(rt;inty ';tn lie recons tructed, as for examliple in the 
di';tribul ion f t lit inl n ities ass igned by different observer:; in areas of 
ilel r , ion of al iac;is atfected lv the e;rtlhquake of 29 july 1967, the use of 

value ':; tiethe mean ignors va lutable info rmation which is t:he dispersion of 
this lis thatistribution; 
 is to say, how unreliable was the assignation of In
ten:;it i i ;i given local ity ;id therefore how much "weiglt" is to be given 
to t hi-; informat ion, when the i:sose is;mal curves are drawn. 

'hi: subiec't. is a subject for future niscussion. 

3.'1. 1 Names and Coocdin;ttes of Localities 

The pree:;(nt nanies of the local ities are given; in the case of names of 
two or more word;, it w;as lecessary to ;breviate because of the limited space.
''lherc was no special rle for the abrreviations; but, it was necessary to 
distinguish local ities of identical name in different departments (polit ical 
d ivi:ion) :;inice thi.; cai,,;ed inexcusable 'onefuss ion in other investigations 
In any c.:;, the geographic coorlinates ailcquately solve this problem. 

;i'h of t Il ocIal it i es cited nt;t be accimpanied with the respective geo
graphic coordinates. In the catal og prepared by SISRA, it is probable that 
some ero r:; may exist, t lr fol lowing , (i) thethe re;aso : protblem of the re
petiLion o name's, (for example, there are certain names in Venezuela which
ar' rep'ated il mo'e than 30 t imes; su(h as: San ,o.6 , San Pabl.o, Corozo, las 

Mi'ri'' ,de:;, ut'c.); (ii) r'lhcNnii,'s in thIe maps; (iii) emrror; in the reading of 
th coordinates cci lift map. 

'it' go'gaptic cuordinates of localities correspicnding to neighboring 
countries were left in blank; later this information was obtained from each 
contry. 

Thie pr inc ipal sources oIf in formation consu lted have been: Atlhas de 
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V n u la (1971; 107'); The 'imes Atl as of the World (1973); a;; it.tillIa de 
'ombroi;!eigrat i cns , No. 5 (1977) ; Mapa d, Carrete:ran dc Vefnezuei a Lagov;ii
(1 971). ,vewrth bis:, there cxis;t soine blanks of information concernin, the 
(;ei rapli ' coordi nates of the l ca lities.i ,t imoned 

I;in 	 c':asp.:; (,f '.'Ion iiiic have been idint if ied, frequently: .associatedwith 
(hlia11"-: oif Iit'cl io , , rec isel Y he a" e ofI cart lIq'".akus. rIexamp le, in the 
Statei o 'o'.f iu iri, CAPACI(IO VI[K I was destroyed by the ea rt:hquake of 1875 and 

1-tr rpi t u t ?e! tider the naite of 1.1IIEI''AD); i nmmedIi atelyv aft e r Ihat earthi
qiak,', . a)sfoundI)eN(.I, 3 km to the East of CAI'ACH) VIM'lO; bothfod'd, 
1,,to; .is-:i 1 l, v . A s imilar sitiuat ion occurs in tlie ;ame S vt s of;oise 

t l .o-ii o I 84q'I whein, to tie dvs 
MI*ClKI,[:N'A is fo ildrd it the site of IA SABANA G(RANI)E. In the State "f H Wrida, 

PIN( i) ist ed of 

:ir pi .ak. 	 due tru't ion of IAi;A'TIERA , trI' present 

;ANTO M[9M 'x in the middle XVI I I th century and as a consequence of 
the l al earthfqu;take of 1814, it was relocated in 183B to tie Iocation of BE
[.IA VISTA, wh,,re it.exi sts today. 

['[,ASN :t)R TIlEIk1'I)A' I IC, 10D IFII.ICATION ANID EXIPANS ION OF TIlE CA'I'AI.B)C;HE 

E::tpericnce ;it ws thlat cupi lat ion such as of that of thi;s Catalaog cannot
 
he t i t-'l detie fdii 
 Ii ve, .sinc'C it is very probable that. other documcnt:al
 
situries, with inij rmatioi unknown at tlie present , exist. On tlie ot her 
 hand,
 
tlhe qi"iIitv cif the infotrmation is subject to improvcment. Plans; for updat 
in, the tataIl og ian he diviiled into thiree parts: 

I) 	 Recupe,rit ioni of informat i n wtich conid.;iier: (i) a compil ation of des
ciiptions concerning tie ef fevtst of past e;rthquakes; (ii) an orderly
 
revisioi o- tlie 
existing record., at Cajigal; (Mii) to iiicorporate in 
tie cat alog, tie sei sicniv events of recent years; 

h) 	 Compl lmen at itn of informat ion for which it is plannetl: (i) evaluation 
.of hi t.cricall eartliq akes, pairticilarly of the XIX th century, which 
have not yet hien incorporaIt ed in tlie catalogue; ( i i ) t() ",'pare the 
cat alog; ct n with informat ion not in lidecd il t heof 	 ilthboring countri:; 

lt' ata 

rel eva ;nt sctttitlli',' (.1 fcn 


present VnzSi I log, in ord to complete thre iift ',irtill; (iii) 
a 	 f 

c) 	 'T,, improvw tlI, qiualitv of the infformatit , which recquiris: (i a syste
mat it rev;Iluit ion of the hli p' tvun t-a]l parameters of hiistorica l c;irthliqlake.-
IiyV protcedulres different to that described in section 3.2.1 (correlation 
withI ftlt areas and relations different from equation 4); (i) to ve-
Miy t I e ' rdi ;tes iF tht l o alities. 

REFER1'i4EN CES 

h'l' oding of diuimental sources and ;uthors cited in t.he Catalog, cor
respond generally to the first tiree letters of the surname of the author or 
to tlie first lettcrs of the name or titles of the source; thus, the code CEN 
is uscd for Ccinteto, R)IB for Robson, BTSSA for Bole tn dc In Sociviad Sismol6
'ica 	 de Am"r' ica, etc. 



i.) 	 Every event of seismic origin with assigned intensity VI, according to 
Brazee, and form whiclh at: least the year, the month and the coordinates 
of the Ioca lities affected are known; in most cases, the day and the 
time is also known, with an approximation of minutes; in exceptional. 
cases, this apprximation was of seond ,(t.s:mi. 
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A1'P!' I')IX A
 

DESCIIlPTION OF ENTII I THE IIYPOCENTER CATALOGN:,; 


Columns Head !ng ue-hadlg - Description 

2-9 IDENT Unique code "ned to refer to the event. 

2-3 CNTRY Two-letter code which identifies the 

country in which th, event Is located. 

The code, arc as follows: 

AR - Argentina 

nO "- B livia 

DH - Brarzi l 
CH - Chile 
CO - Colombia 

EC - Ecuador, 

PE - Peru 
VE - Venezuela 

TT - Trinidad-Tobago 

5-9 NUMBER Five-digit identification number. 

11-13 F-E REG NUMBER Sei:smic region number as defined by 
Fl Inn and Engdahl (1974). 

15-24 DATE Date, (Coordinated Universal Time). 

15-18 YEAR 

10-11 MONTII 

23-211 DAY 

26-37 TIME Time (Coordinated Universal Time). 

Time Is always shown to hundredths of a 

second, but this does not Indicate the 
accuracy to which It is known. 

26-27 HOUR 

29-30 MINUIE 

32-36 SECOND 

37 QUAL Code used to indicate the quality of 

the reported time (see table 1). 

39-56 LOCATION Geographic coordinates of the epicenter. 

39-45 LAT Lat i ude (listed to thousandths of a 

degr'c, but not necessarily accurate to 

that level). Negative values indicate 

south latitudes. 
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APPENDIX A (Continued) 

Columns Heading Sub-heading Description 

17-54 LONG Longitude (listed to thousandths of a 
degree, but not necossarily accurate to 
that level.) Negative values indicate 
west longitudes. 

56 QUAL Code used to indicate the quality of 

the epicenter (see table 2). 

58-63 DEPTH 

58-62 KMS Focal depth in kilometers (listed to the 
nearest tenth of a kilometer, but not 
necessarily accurate to that level). 

63 QUAL Code used to indicate the accuracy of 
the depth (see table 3). 

65-67 NUM STA Number of stations used in the 
hypocenter computation. 

69-71 HYP SRC CODE Hypocentral data source (see table 4). 

73-79 mb Body-wave magnitude estimate, if 
available. Different sources may vary 
significantly in the method used to 
compute mb-magnitudes. References 
describing the method of magnitude 
computation are given in table 5. 

73-75 MAG Magnitude value, given to the 
nearest tenth of a unit. 

77-79 SOURCE Three-letter code indicating the 
magnitude sGzrce (see table 5). 

81-88 MS Surface-wave magnitude estimate, if 
available. Table 5 gives references 
which describe the computation of these 

magnlttvdes. 

81-83 MAG Magnitude value given to the nearest 
tenth of a unit. 

84 COMP Seismogram component used for the 
magnitude determination. H indicates the 
horizontal component and Z Indicates the 
vertical component. 



APPEYN X A (Continued) 

Columns Headi ng Sub-headi ng Description 

86-88 SOURCE 'lhree-letter code indicating the 
magn tidc sourco (see table 5). 

90-106 OTHER 
MAGNITUDES 

Thin section at I w!; space 
add iti ,onal may:W,, ent;,, If 

to lit two 
available. 

The'se may be add1tio; l estimates of m 
or M. magni ud,,: 
from a Iifr'(ent, 

they 
i ': , 

may 
q 

be magn itud,. 
as moment-

imlagn i tiidea , or thay may ibu 
baned on a conver: ton from 

magni t;ld(:.3 
intensity data 

or' from one maignitide scale to another. 

90-92 MAG Magitl ude valwoo, g i veni to the nearest 

tenth of a unlt. 

93 SCALE Single-letter' code ind icatin g the 
nagnitude a cae or conversion relation
ship (ne table 6). 

95-97 SOURCE Three-letter code indicating the 
magnitu de source (ace table 5). 

99-101 MAG Magnituide value, given to the nearest 
tenth of a unit. 

102 SCALE lingle-letot,,r node Indicating the magn-
tud ', :3ca l op' conver'.sion reiationship 
(see table 6). 

104-106 SOURCE Threo-.let tar code iadiIca.;I, og the 
magnitude soirce (nee tabe 5). 

108 110 FOG MEC SOURCE Focal mechanism soure (oac table 4). 

112-120 INTENSITY 

112 DATA An * in this column Indicates detailed 
Intensity data are available for this 
event ir the intersity catalog. 

114-115 MAXINT Estimate of the maximum ineni ty 
1inted I n d, I-_ Ia a, .' ,r1'. 

116 SCALE Si ngl e--I etter' code ndlcat ng the: 
Intensity soca mIoo rj for the maximum 
Intensi ty eL imate. An M indicates the 
Modified Mercalili scale, and a K MYdi
cates the NSK scale. 



I60
 

APPENDIX A (Continued)
 

Columns Heading Sub-heading Description 

118-120 SOURCE Three-letter code indicating the source 
of the maximum intensity estimate (see 
table 1I). 

122-1211 ISO MAP Source of a published isoseismal map 
(see table 4). 

126-131 ASSOC PHENOM This section lists six categories of 
associated phenomena for the event. Each 

column contains a one-letter code 
describing the phenomena, and an X is 
listed If no information is available. 

126 DIA Diastrophism: 
F - surface faulting 
U - uplift/subsidence 
D - surface faulting and uplift/ 

subsidence 
X - unknown 

127 GEO Geological Effects: 
L  liquefaction 
S = landslides 
B = both liquefaction and landslides 
X  unknown 

128 TSU Tsunami/Seiche 
T - tsunami generated 
S - selche 

B - both tsunami and seiche 
X - unknown 

129 OBS Observed Effects: 
L  lights or other visual phenomena 

seen 
S - earthquake sound heard 
G - ground waves observed 
A - lights seen and sound heard 
B = lights seen and ground waves 

observed 
C - sound heard and ground waves 

observed 
D 

X 

- lights seen, sound heard, and 
ground waves observed 

= unknown 
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APPENDTX A (Continued)
 

Columns Heading Sub-headlng Description 

130 NON Nontectonic Phenomena: 

R - rockburst 
C - coal bump or rockburst in coal mine 
M - meteoritic source 

E - explosion 
I - collapse 
V - earthquake associated with 

volcanism 
X - unknown 

131 CAS Casualties and Damage 
C - casualties reported 
D - damage reported 
N - no casualties or damage reported 
X = unknown 
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APPENDIX B
 

DESCRIPTION OF ENTRIES IN THE INTENSITY CATALOG
 

EVENT - The first record contains information descibing the event. These 
data are the same as data given in the hypocenter catalog, but are
 
repeated here for convenience. Sources for the data can be found in
 
the hypocenter catalog.
 

Columns Heading Sub-heading 


3-10 IDENT 


3-4 CY 


6-10 NUM 


16-25 DATE 


16-19 LlR 


21-22 MO 


214-25 DA 


31-38 TIME 


31-32 HR 


34-35 MN 


37-38 SC 


Description
 

Unique identification code used to refer
 

to the event.
 

Two-letter code which identifies the
 

country in which the event is located.
 
The codes are as follows:
 

AR -

BO -

BR -

CH -

CO -

EC -

PE -

VE 
TT -

Argentina
 
Bolivia
 
Brazil
 
Chile
 
Colombia
 

Ecuador
 
Peru
 

Venezuela
 
Trinidad-Tobago
 

Five-digit identification number.
 

Date (Coordinated Universal Time).
 

Year
 

Month
 

Day
 

Time (Coordinated Universal Time). Time
 
is 3lways shown to the nearest second
 
but is not necessarily accurate to that
 
level.
 

Hour
 

Minute
 

Second
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APPENUITX 11 (Continued) 

Columns Heading Sub-heading Description 

44-80 EPICENTEH Epicenter of the event. Since the 
Instrumental epicenter may not coincide 
with the highest intensity observed, the 
instrumental epicenter and epicenter 
derived from intensi ty data are both 
ohown. 

44-59 INSTRUMENTAL Tn:trumental epicenter of the event. 

65-80 INTENSITY Epicenter of the event derived fom 
Intensity data. 

86-88 DEP KMS Focal depth in kilometers. 

911-102 MAGNITUDES Magniturde stimates. 

94-96 Ms Surface-wave magnitude. 

100-102 mb Body-wave magnitude. 

108-12? MAX INT Maximum Incenl Ity. 1ip to three esti
mates may be Included as described 
below. 

108-110 OBS Observed maximum Inten3ity. 

114-116 EST Estimated maximum i ntens Ity from 
available Intensity data. For example, 
if an event occurred offtshyrum: observed 
on--shore intensity val weo nay be used 
to estimate what the Intensity -?L; the 
epicenter wnuld have been had It, 
occurred on land. 

120-122 COM Computed maximum intensity derived from a 
magni tude. 

128-130 NUM OBS Number of intensity observations for this 
event. 
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IPP, NDIX T3(Continued) 

INTENSITY OISERVATIONS - These recorduj contain2 i n.rrgsof observed 
Intcni; var. ioeatlnn3 for the event,.io 
dor iIhod ahove. 

Columns Heading Sub-head ng Desr irt on 

2-119 LOCATIO; De:wiript!on ,f location o observation. 
The rira two voaLi ns in this section 

are a coIe We, ui ng the same codes 
as (4:;ocri d inder CY i r tthe event 

d en er i p to n. 

51-64 COORDINATES Geographic o2oria ). of the location. 

LAT 	 Lat[I tde given to hundredths of a degree. 
South lt.l'..ud'!s are. Indicated as negative 
val Iu . 

LONG Long .i',. ide gl.ven to hundredths of a 
degree. WoML lo, git ude, are indicated as 
neMa Li v ,; l s. 

66-69 ELEV Elevation of 	 ifWe location, available, 
iJP - 'j:,, ,itovr mean sea-l evel. 

71-711 EPIC DIST Distane (in kilometers) from the 
epicenter of the event to this location. 
This has not been compated for all, 
eve n,. 

76-79 HYP DIST DtaI.anee (in kilometers) from the hypo
center of the event to this location. 
This has not been computed for' all
 
events.
 

81-84 AZI Azimuth from the epicenter to this 
locati on. Thin ha not been computed for 
all evonus. 

86-88 INT Intensity observed at this location. 

90-93 INTP InL ial:; nt' 	 I rt:e:,'preters who determined 
the abo've I 	 tonalsIty value (see table 7). 

95-109 REFERENCES 	 Up to 1'cut references are listed for the 
deternl irotn rf this Intensity (see 
Lab e 8). 

111-131 COMMENTS 	 Comnner .. ,; regardi ng he intensity 

dot Ot'fl InaL lon. 



TABLE I ... IIf., QUALITY FACTOR 

Type 
of' 

Hyuoeenter 

SISRA 
Code 

Probab.1e 
Error 
Ra nge 
Sec 

Gutenberg-
R 1 c h t er 

Code 

NEIS 
Cod e Remarks 

I 

n 
3 

t 
r 
u 
m 
e 
n 
t 
a 
I 

A 
B 
C 
D 
E 
F 
G 
H 
I 

<0.25 
0.25-0.5 
0.5-i 

2-3 
3-5 
5-8 
8-12 

12-60 

A 
B 
C 

M 
a 
c 
r 
o 
s 

U 
V 
W 
Y 

MIN 
IfR 
DAY 

MO,ITIH 

e 
i 

a 

X Unknown 



Type 
of 

flypocenter 

SISRA 
Code 

I 
n 
s 
t 
r 
u 
m 
e 
n 
t 
a 
1 

A 
B 
C 
D 
E 
F 
G 
H 

I 

M 

T 

M 
a 

C 
r 
o 

s 
e 
i 

s 
m 

I 
c 

U 

V 

W 

Y 

X 

166
 

TABLE 2--EPICENTER QUALITY FACTOR
 

Probable 
Error Cutenberg- NEIS 
Range Richter Code 
km Code 

<I
 
1-5
 
5-10
 

10-25
 
25-50
 
50-100 A
 
100-200 B
 
200-400 C
 
> 400
 

Unknown 


Unknown 


< 10 


10-25 


25-50 


50-100 


100-200 


Unknown D
 

Remarks
 

Instrumental epi
center, quality
 

unknown.
 

Macroselsmic epi

center, quality

unknown.
 

Dense intensity data
 
in 4 quadrants, max.,
 
isoseismal radius
 
less than 10 km.
 

Dense intensity data
 
in 11quadrants, max.,
 
isoseismal radius
 
less than 25 km.
 

Intensity data in 4I
 
quadrants.
 

Intensity data in 3
 

quadrpnts.
 

Intensity d~ta in 2
 

quadrants.
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TABLE 3--.DEPT!H QUALITY FACTOR
 

Probable 
Type SISRA Error Gutenberg- NEIS 
of Code Range Richter Code Remarks 

Hypocenter Km Code 

I 
n A < 1 
s B 1-5 D Por depth > 33 km 
t C 5-10 
r D 10-20 
u E 20-110 A G,N,S,R 
m F 40-60 B 
e G 60-100 C A 
n I Unknown Instrumental depth,
t quality unknown 
a 
1 

M Unknown 	 Macroselsmic depth,
 
quality unknown.
 

T < 10* Dense intensity data 
in 14quadrants, max., 

M isoselsmal radius
 
a less than 10 km.
 
c 
r U 10-20* Dense inten3ity data 
o in 1 quadrants, max., 
s isosei smal radius 
e le:js than 25 km. 
I 
s V 20-40* Intensity data in 4 
m quadrants. 
I 
c W 10-80* Intennity data in 3 

quadrants.
 

Y 80-150* 	 Intensity data in 2 
quadrants. 

X Unknown D
 

*Computed using intensity data and the appropriate attenuation functions.
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TAPLE --CODES FOR DATA SOUR(ES 

BCI Bureau Central International do S,tsmologte, Strabouzg, France.
 

BRA British Asnoc-tinn for th, .d,, r r,)' c 1911, K6th reoort onV ,rnce, 
,insmolo ital I nv,-:sr g tionz , s:rnmic activity 1999--< 03: ritish 
Ann,:OC atio,, for' LY}, A.d',n' v q ,,nne ..... . n
of. kond 


t1;1, i7, r'epo.t ,n "omul,;,d l Jiv ot;ig; ionn, nre.=0, 
hCi, I 1A ', , ,-1 : i ,%:' '1 I nt. On, o, tho D'Wv,1no'7nn t e 

1512, iM rpor' o, s s.v.I IM.ral investigations, notsn:ic 
activity 4":, Frit, ch A:osociaLicn for he Advancemenr of Mren=c 
London, !- ]a i 

si:.rmnnoai--' i h" t ns of the B io[sh A OsocI ion Committep.for 1(."
19 ,' ',': Publih l 1918 and 1922/&, UniversiLy Ohn'v:, ,,0Ox: > :;r'. r .o 

Turner, H.H., 19i7 ard 1919, The large earthquakes of 1913 and 1916, 
,,
wit n ,... n T.W. Couinty P ross (printed for the Britis h 

Assou, ,: fcr u e tnc of"I n ie Adf-rn I K Soi,.( ), Newport; . ,ng.arnd. 

192):, Index of cwal':, Kt' mo"thqwak , (1913.0-1920.5): 
Un i vr'"ty Oh ,-,, ',r '. m"i an d.d, i d 

192, C.~~ota,:.Rnr erY-m 'i, 118-i924 BrttLsh Ansocation 
r
for Oh, Alva rcement of ,"i 2 . ,r;don, Eripiand. 

Bellamy, ,., 4 1 .K:d5:.: ana 'iqoqf earthquakes, 1925-1930:U:',rrsi~ .y Ot :r.a:,y,v O::fonii r', n 

I i30 2 2: anna:K Yr omr-ey Cor 1913-1910: I.W. County 
Preso (printed for thy IJn ivar:; i ty Observatory, Oxford), Newport, 
En. and.
 

11 7, i.n ':.... ; , ,wo ,;'; e; , 1931-1935; Supp.e ent" V, 
index C:tl. for 1913-1930 of th, I.S.S ., I W County Press 
(printed fir Lhe Jpjiv, rolt.y Oh2,rvaoLry, Oxford), Newport, EnglanG. 

CAR Inatituto ,nM06 §, 0, . ra. , vprrzweln. 

CEN CaI.
,no-Or", M., V, HrLu'Ioo 51(1;!oo, Bolytfn do la Academia d.? 
Cienc i a:s Fiicao, .t.,Wm It m yo.', AMc Tomo 28, no.Naturaes, 28, 79, 

,:25 Mas, and G,, . icurvey, U. . Dept. of Comm' '"c USA 

,972,DEW Do,,,y JM.W Seismicity and Locton.tco of .,?otern Veneuela: 
30omlo ,iraI
Moiety of America Bullet lin, v. 62, no. 6, p. 1711-1751.
 



'rAILE 4--(Contlnued) 

EDR Earthquake data report: N4ational Earthquake Information Center, Denver, 
Clorado, USA. 

EGR Egred, J., IM'8, Breve 11istoria SfMmica de la Repibllca del Ecuador
 
(1534-1965): lHolotfn Bibliogr1fico de Geoffsica y Oceanograffa
 
Americanas , H6xico, v. 4.
 

ESB Est,acao Sismo]6glca de Brazilia. 

FEB Febres, T., 1931, Crenlcn Sflamlco de los Andes Venezolanos: Archivo de 
Historia y Variedades, Tomo I[, Caracas, Venezuela, p. 146-151. 

FIE Fiedler, G., 1961, 
Areas afecta6a3 per terremotos en Venezuela: Memorla 
del Tercer Congreso Geol6glco Venezolano, Tomo TV, Publicaci6n 
Especial no. 3, Caracas, Venezuela, p. 1791-1814. 

1961a, El gran terremoto de El Tocuyo del 2 de Agosto de 1950 y el 
fen6meno mec;inleo en el fr>o: Memorias, III Congreso Geol6gico 
Venezolano, Tome IV, Publicaci6n Especial no. 3, Caracas, Venezuela,
 
p. 1787-179u.
 

1968, Est'udio Slsmol6gico do la reg16n de Caracds con relac16n al 
terremoLo del 29 d ,Julio de 1967: Boletfn Instituto de Materiales
 
y Modelos Estrntcurales Facutltad de Ingenierfa, v. 6, no. 23-24, p. 
127-22.
 

_ 1979a, Die seismische Aktivitat in Venezuela in Zusammenhang mit 
den wichtigsten tektonlschen Bruchzonen, Geographische Rundschau, v. 
59, no. 3, p. 12C3-1215. 

1972, La liberacl6n de energfa sfsmica en Venezuela, vol:menes
 
sfsmico5 y mapa do isosistas: TV Congreso Gcol6gico Venezolano,
 
Tomo IV, Caracas, Venezuela, p. 244111-2462. 

G-R Gutenberg, 13., and Richter, C.F., 1954, Seismicity of the earth: 
Princeton University Press, Princeton, N.J., 310 p.
 

GRA Grases, J., 1975, Sismicldad de la regl6n asociada a la Cadena Volc~nlca
 
Centroamertcana del Cuaternario: 
 Universidad Central de Venezuela 
-
Organizaci6n de Estados Amerilanos, Caracas, Venezuela. 

GS Geological Survey, U.S. Dept. of the Int,-Ior, Denver, Colorado, USA. 

GSS Dewey, J.W., Spence, W., 1979, Seismic gaps and source zones of recent 
large earthquakoN In coastal Peru: 
 Pure and Applied Geophysics, 
vol. 117, no. 6, P. 11118-1171. 

GUC Departamento de Geologfa y Geoffsica de la Universidad de Chile,
 
Santiago, Chile.
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HYP Hypo 71 (modified). tlypocentral determinations made by the Instituto 
Geofinico do Los Andes Colorr-ianos, Bogota, Colombia and by the 
Ingenicra Tecnica y Cientifica-ITEC, Lt.da., Beogot, Colombia. The 
calculationn wre made on a WANG computer using the computer program 
HY'O 1971. 

IAG InstitfLto Astrcnm~co e Geoffsteo, Universidade de S;o Paulo, Sho Paulo, 
Yprizi I. 

IGE Institka' Geosiceo do Ion Andes Colombianos, Universidad Javeriana, 
lPcgDoL, Colombia. Epicentral determinations were made by Institute 
personnel For historical data prior to 1942 and instrumental data 
artert1.hi3 date. 

IGF' ?
 

IGO Inst.	ituto Geoffsieo del Per'6, Lima, Per: Hypocenter data supplied by
 
Dr. Leonidas Ocola.
 

IGH Instituto Geoff.sino del Peril, Lima, Pertj: Hypocenter data supplied by 
Dr. DanIel Hunco. 

ISC International Seismological Centre, Newbury, England. 

ISS international Seisnmological Summary, Kew Observatory, Richmond, England.
 

JGG Granes, .1., 1970, El terremoto dc 1812 y sun efectos: Boletfn Instituto
 
de Materia]en y Modelos Estructurales Facultad de Ingenierfa, 
 v. 8 
no. 29-30, p. 103-123. 

1971, La sismncndad hist6rc.-1 del Carlbe: Documentos de trabajo, 
Un i v,'r'sJ d;w. Central. , Venezuela, Caracas, Venezuela, 290 p. 

1978, El ter'rmonto del 21 de Octubre do 1766 que afect6 el 
or-i ente v"nzol ano: En pran:na , Carocas, Venezuela. 

1979, InvetigaCid,n sohre los sismos destructores qua hayan 
afectado el orient- de Venezuela, delta del Orinoco y reglones 
adyacentes: Froy,';to Instituto Teenoi.gico Venezolano del Petr6leo, 
Febrer'o 1')79, 2 v. 

JMA Japan Meteoro,%ngica] Agency, Tokyo, Japan. 

NA 7; r .i:]-. , aud 'quesnr, A. , 1926, Antiguallas Curiosas: Santa F6 y 
BoRM, Aio iV, Tomo VII, no. 38, p. 77-86, ogotA, Colombia. 

MER Mercado, P., 1957, Historla de la Provincia del Nuevo Reino de Quito de 
la Companfa de Jess: Biblioteca de la Presidencia, Bogotd, 

Colombia. 
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MOL Molnar, P., and Sykes, L.R., 1969, 
Tectonics of the Caribbean and Middle
 
America region from focal 
mechanisms and seismicity: Geological
Society of America Bulletin, v. 80, no. 9, Sept. 1969, p. 1671-1680. 

MOS Institute of "hy3ics of the Earth, Hoscow, USSR. 

NAT Estacao Slsmoiogica WWNSS Natal, Brazil. 

OAE Observatori o AnLr:n6mico d Quito, Ecuador. 

OAU Observator'to A:tron6mico, Universidad de La Plata, La Plata, Argentina. 

PER Perrey, A., 1858, Documents sur len tremblements de terre au Perou, daro 
la Colomble et dans le bassin de l'Amazonle (1530-1857): Bulletin 
do l'Acad6mie Royalc de Belgique, Bruxelles, v. 7, p. 1-134. 

1879, Noten snum len trembement; de terre rerenti S en 1818-0P51 
avec supplements pour les ann6es anterleures 1852 ... 1377: 
Memoireo de l'Acad2mie den Sciences, Paris, France.
 

PSA Instituto Nacional do Pr'evenc 6n . f-nica (INPRES) , San Juan, Argentina. 

R-I Used for intensities listed by J.E. Ramfrez, S.I., in Historia do 1os 
Terremotos er Colombia (Bogot. , 1975) and Interpreted by Fr. Ramire:;
with other people of the Inn tituto Geoffsico de 1o Ande.' 
Colombianon (Uni versidad .Waveriana, Bogoti, Colombia) to give values 
in the modified -ercalll ncale. 

RAM Ramfrez, J.E., S.J., 1975, Historia de los terremotc- an Colombia: 
Segunda E ici6n, Instituto Geogrflco Agustfn Codazzi, bogotW, 
Colombia. 

ROB Robson, G.R., 1964, An earthquake catalog for the eastern Caribbean 
1530-1960: Seismological Society of America Bulletin, v. 54, p. 
785-832.
 

ROT Rothe, J.P., 1969, The seismlcity of the earth, 19 53-19b6j: 
 UNESCO,
 
Paris, France, p. 74.
 

2!UD Rudolph, E., .nd 7-zirtes, S., 1919, Das Kolumbianinche Erdeben am 31
 
Januar 1906: 
 Gerland's Beitraege zur Geophysik, v. 11, p. 132-190,
 
107-275.
 

SCB Observatorio do San Calixto, La Paz, Bolivia. 

SCH Scheu, E., 
 1911-1912, Catalogue regional des tremblements de terre 
renentis pendant len ann6en 1906 et 1907: Publication de Bureau
 
Central do l'Association Internatlonal de Sismologle, Serie B,
 
Catalogues, Strasbourg, France.
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SIE Sieberg, A., 1917, Catalogue regional des tremblements de terre resentis 
pendanr>-, I.'ann& 120: Publiceation de Pureau Central do 
1'Association interntcanai Au Zismologle, Se:ie P: Catalagues.. 
Strabc".n' , France. 

SIM- Simon, P 3... ...iia" hi.3rialen do la3 coriuista de tlerra firmc 
in.:;n lerien !an ;cci', er: lihlloteca do Autorldades, Colombia,
 

',-51 Tomonol , , 1-9, Min ter a do E .ucaqcI6n Nacional 

SIS ProycL Get-A.A, KnttiLuto Geoffsco del PerO, Lima, Peru. 

SLM Stander, W., !'73, Mechanism ard spatial distribution of Chilean
 
ear' qlks with relation to suhducLtion of the oceanic plate:

2,eriai ,,"7eophysi nal Research, v. 72, p. 503 3-5061.
 

SYK Q', ,; , .., and Ewitg., M., 19h5, The nesalomicity of the Caribbean 
r,-gio.: journal of Geophynical Recarch, v. 70, no. 20, p. 5067
5070.
 

TAB Tabor, L."., 1957, Cc-mpiation or o.smiac data: Colombia and adjoining
 
land and sea aroare: J. A. ]ume & Associates, San Franu..sco,
 
caui fornia, .,A.
 

196(7, Compilation nf s:!lc data: Panama and adjoining land and 
'.a area:&: . A. Plume & AnnceiLt.es, San Francisco, California. 

TP Polo, J.T., QV, Sinop.in d, "i'emborer y volcanes del Perd: Socledad 
Gengrifnca, do Lima, Ao V:I1, ''m. VIII, Lima, Perd.
 

190h', Sinap
,, 
 Temtlrn del Per&1: Sociedad Geogrflna de 
' ,
m, , "IV , !1 !rn" ,L 7 A,C Y Ir,' 

TRUI Seism.ic R,'toarh Un it, Un ivt,-ity of the Went Indies, St. Augustine,
'Tr':'Idad~ ani "nb'r~n 

UPP S'l .mological Institute, Uppsaia, Sweden.
 

VB Dlarrig,, V., 1951, Lon Terremotos de Arequlpa, Editorial La Colmena, 
Ar'equippa, Peru. 

VER Veriara, and Volaa3co, F.J., 1898, Los Terremotos en Colombia, Anales de
 
Tnicrlerfa. Ao 7, Sorie 1, no. 
118, BogotA, Colombia, p. 186-192.
 

http:Seism.ic
http:Sinop.in
http:AnnceiLt.es


TABLE 4--(Continued) 

Wt3 Bachmann, C., i935, Fn6men~i '0mfnicon notables habidos en Lima en los 
cuatroeiackto3 o, quo tiern,, de fundada: Socledad Geogrufica de 
Lima , Two L I I , Pe, . 

and 

l , E.W., i " 70, 
hah= du.an.," ml pcrarnncincla de 25 a ros: Tnmo 1, Univergidad 

Middendor )b'orvicioloes y et3turJodi del. pahf y sun 
I 

.c i nna1 Iay ,1: t Mareno , Lima, Pert], Verni. THnpatola. 

WCA Woodward-C1ydo & A:'> aL ,,, 1969, Se i mlclLy and seismicie pol.ogy of 
north""'!-crn V'eio'la: A report to the Shell Company of Venezuela, 
v. . and v. IT. 
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TABLE 5--CODES FOR MAGNITUDE SOURCES 

BRK Berkeley, University of California, California, USA. 
for a description'-of mag1-,,!K-.de dLeerminations 

See Bath (1967) 

COS Coast and Geodetic Survey, U.S. Dept. of Commerce, USA. See Bath 
or U.S. Earthquakes for the desired year for a description of 
magnitude determination. 

(1967) 

DH Daniel Huaceo, Instituto Geoffsico del Peru', Lima, Pert. 
description of magnitude determinations. 

See text for a 

FIE Fiedler, G., 1961, Areas afectadas per terremotos en Venezt'ela: 
Memorias del Tercer Congreso Geol6gico Venezolano, Tomo IV, Caracas, 
Venezuela, p. 1791-1814. 

__ 1961a, El gran terremoto de El Tocuyo del 3 de Agosto de 1950 y el 
fen6meno mecdnico en el foco: Memorias, III Congreso Geol6gico 
Venezolano, Tomo IV, Caracas, Venezuela, p. 1787-1790. 

1968, Estudio sismol6gico de la regi6n de Caracas con relacidn al 
terremoto del 29 de Julio de 1967: Boletfn Instituto de Materiales 
y Modelos Estructurales Facultad de Ingenierfa, v. 6, no. 23-24, p. 
127-22. 

.. __1979a, Die seismische Aktivitat in Venezuela in Zusammenhang mit 
den wichtigsten tektonischen Bruchzonen: Geographische Rundschau, 
v. 59, no. 3, p. 1203-1215. 

1972, La liberaci6n de energfa sfsmica en Venezuela, volulmenes 
sismicos y mapa de isosistas: IV Congreso Geol6gico Venezolano, 
Tome IV, Caracas, Venezuela, p. 2441-2462. 

GS Geological Survey, U.S. Dept. of Interior, Denver, Colorado, USA. Sec 
the January issue of the Preliminary Determination of Epicenters for 
the desired year for a description of magnitude determination. 

GUC Departamento de Geologfa y Geoffsica de la Universidad de Chile, 
Santiago, Chile. See text accompanying catalog for a description of 
magnitude determination. 

IAG Instituto Astronomico e Geofisico, Universidade de Sto Paulo, S~o Paulo, 
Brazil. See text for a description of magnitude determinations. 

IGE Instituto Geoffeico de los Andes Colombianos, Universidad Javeriana, 
Bogota, Colombia. See text accompanying catalog for a description 
of magnitude determinations. 

- K 

IGH Instituto Geoffsico del Perd, Lima, Peru. 
Daniel Huaco from unpublished data. 

Magnitude calculated by 

IGP Institute Geoffsico del PerO, Lima, Peru ' . See text acompanying catalog 
for a description of magnitude determinations. 
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TABLE 5--Continued
 

970,JGG Grases, _1, EI.Aerremotode. 1812..y su3 efectos : Boletfn- Institutode Materiales y Modelos Estructurales Facultad de Ingenierfa, v. 8,
 
no. 29-30, p. 103-123.
 

1971, La sismicidad hist6rica del Caribe: 
 Documentos de trabajo,

Universidad Central de Venezuela, Caracas, Venezuela, 290 p.
 

1978, El Terremoto del 21 de Octubre de 1766 que afect6 el Oriente
 
Venezolano: 
 En prensa, Caracas, Venezuela.
 

1979, Investigael6n sobre los sismos destructores que han afectado

el oriente de Venezuela, delta del Orinoco y regiones adyacentes:

Proyecto Institute Tecnol6gico Venezolano del Petrdleo, Febrero
 
1979, 2 v.
 

JMA Japan Meteorological Agency "Tokyo, Japan. 
See Bath (1967) for a
 
description of magnitude determinations.
 

KAN 
 Kanamori, Hiroo, 1977, The energy release in great earthquakes: Journal
 
of Geophysical Research, v. 82, no. 20, p. 2981-2987.
 

LAO LASA array, Montana, USA. See Needham and Steele 
(1969) for a
 
description of magnitude determinations.
 

ISC International Seismological Centre, Newbury, Berkshire, England. 
See
 
Bath (1967) or the ISC Bulletins for a description of magnitude
 
determination.
 

MAT Matsushiro Observatory, Japan. (Inquire through JMA.). 
 See Bath (1967)

for a description of magnitude determinations.
 

MOS Institute of Physics of the Earth, Moscow, USSR. 
See Bath (1967) for a
 
description of magnitude determ!nations.
 

OAE Observatorto Astron6mico de Quito, Ecuador. 
 See text for a description
 
of magnitude determinations.
 

PAL Lamont-Doherty Geological Observatory, Palisades, New York, USA. 
 See
 
Bath (1967) for a description of magnitude determinations.
 

PAS California Institute of Technology, Pasadena, California, USA. See Bath
 
(1967) for a description of magnitude determinations.
 

PSA 
 Instituto Nacional de Prevenci6n Sfsmica (INPRES), San Juan,

Argentina. 
See Carmona and Castano (1973) for a description of
 
magnitude determinations.
 

ROM 
 Instituto di Geofisica Nationale, Rome, Italy. See Bath (1967) for a
 
description of magnitude determinations.
 



176
 

TABLE 5--Continued
 

SCB Observatorio de San Calixto, La Paz, Bolivia. See Lee and Wetmiller
 
(1978) and the text accompanying catalog for a description of
 
magnitude determinations.
 

SIS Project SISAN. See Ocola (1981) for a description of magnitude
 
determinations.
 

STL Cerro Santa Lucia, Santiago, Chile.
 

TAC National University of Mexico, Tacubaya, Mexico. See Lee and Wetmiller
 
(1978) for a description of magnitude d.terminations.
 

UPP Seismological Institute, Uppsala, Sweden. See Bath (1967) for a
 
description of magnitude determinations.
 

WCA Woodward-Clyde & Associates, 1969, Seismicity and Seismic Geology of
 
Northwestern Venezuela, A report to the Shell Company of Venezuela,
 
v. I and v. II. 



I 

i7/ 

TABLE 6--MAGNITUDE SCALE CODE
 

B 
 Body-wave magnitude (for a description of the magnitude calculation, see
 
references In table 5 for the source listed).

E Estimated Ma magnitude based on macroseismic data. (chile, see text, p. 

11.) 

G Local magni!, de. (Bolivia, see text, p. 10.) 

Magnitude determined from MSK-intensity data. (Peru, see text, p. 12.) 

K Magnitude converted from MSK--intensity data using Gutenberg and 
Richter's (1956) formula. (Ecuador, see text, p. 12.) 

M Pody-4ave magnitude converted from MM-intensity data. (Bolivia, see 
text, p. 11.)
 

p 
 Body-wave magnitude converted from PAS magnitude (Bolivia, see text, p.
 
10).
 

S Su fane-wave magnitude (for a dccription of the magnitude calculation, 
see references In taLle 5 for the source listed). 

W Moment magnitude (from Kanamori, 1977). 
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TABLE 7 - INTEIRPRETIERS 

APO Oscar Ancajima, (udner Pinedo, Leonidas Ocola 
(Instituto Geofisico dcl
 
Peri, Lima, PeM).
 

AV Angel Vega B. (Ob e;rvatorio San Cal ixto, La Paz, Bolivia).
 

BIUSA Boletin de 
 a S;ociedad Si5;muil5$,i'r; de Amdrica.
 

CAR BoleLtn Wtmtnc', ducl Ob:;ervatorio Cagiga.l, 
Caracas, Vcnezuela.
 

CG. ' 1!. (:O;I ,ai ll t'utt ia Surlv''v , !ockv i I (,, Maryland, USA.
 

CLC Ciina,.Lomiit-
 (l'niv r.; idad A,"6nomn;t eto Hdo ico, Ciuid de M:ico,M5.:: i co)
 

Ra;:,(I (abr (We):trva torin San 
Cal ixto, La l<z, B;olivia).
 

I)11 I )ani(1 lliua; (Ini;tA Lo (;eofi;ic)del ' e(r , Linma, Per).
 

l)TCA Pl'rsonal de La l) iroccinn CicnLfi-a d, (;efisic; 
 Aplicada (lnstituto 
Ctif ;in.o dc l Pt ,- I. ma, Per).
 

1,:1) Hrt.e t Dowa (!nit 
t , t " GeofI i; i n del lPer , lina, Per).
 

EtAC A. ow;,;., B.RlJillui id, S.T'. Al germin : ,n, and J , De las Casas , 1977,T L cii Ir O'toler 3, 1974:iria hqiikr,- of intenniLy di<stribution:
 
'
W21';i:l'o icl he oi'
f Ir:ica Bulletin, v. 67. no. 5, p. 1429

im l';tel a ,iiam-i :. (Ohqervator'io (;La.iixn, La Paz, Bolivia).
 

ESIF Enritplic Si.Ig;alo (C:i.tI,) RLgion:l1 de 
 Sis:nologia iaa Am~rica d el Sur,(CII:;,IS), Lirm, Pe't e inJr; t ,,uKeol6gico ?inro y Metalrgico,
L imal~ elbi."
, 


VII (;untli hr ie' r (In t it LnLo S i. ''nl 6 . ,s,. iInt I. 0 ,;hervatorj igoC(or ai,I ; irc~ l:l ' '',< no , (r.q'.'.rl(tIrl/c ia (;cOnera 
I irecci 6n(1(.'1: M]; r];]ll
i 


P ('1)1 / 1 , 1- I1! .' . I .I]) "
 

FIEl) Gunther F W,"Ii,r (I: uito S' molc()it:, Ob'ervatorin Cagigal, l)irecci6n
d: 
 i ru i N avi' ci ',, Uim 'dancia Ge -eIl de la Marin;a,
Nt('1)'l1 li c '!', -,V , a)-I,,;"I,.
 

'"UIN'. l3l(' lull \V t( l:,ii ll 0 1iNi, t- icrr r n:i;gn imCa , C;racas, Venezuela. 

CE ( radu L.;,j (In'.; t ut (Ce fi:;i c cl l'er , lir-i, Perl). 

GF Gozlo,1 in trrclne.: (Ian titluto C f i.t o del Per'cU, Li a'na,Peri-). 

IIL'YO Hur1(d, I).(. , foI()l , T. , , nd otther:;, 19 P1, Tlhe Cie LI "lluma co , Colo bi a,
F'arIt ql.il k.o o f 1 1 l "wc p mihl " 1 9/ ) , K ' j n c , v . 2 1 1 , no. 44 1 , J a n .
i98 1 , , . 4'j I--4 , 

, a " 
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IILBV P. liuaco, W. Lescano, A. Buono, M. VUsquez, J. Ch-iven (Instituto
 
Geofisico del PcO, Lima, PerG).
 

IAEP Irving Ayala y Edgar Paen (Instituco Geofisico do los Andes Colombianos,
 
Universidad Javeriana, Bogotfi, Colombia).
 

[AG 
 Insti.tuto Astronomico e ,eofisico, Universidade do Sao Paulo, Sao
 
Paulo, Brazil.
 

I,AP Personal de]. Instituto Geofisico, Universidad Nacional de San Agustin
 
d Arequipa, Arequipa, Perni.
 

ISC Bulleti s of tie International Seismological Centre, Newbur,. Berkshire, 
U. K. 

.CC Juan Carlsi CasLano, Consultor Cientifico (:Instituto Nacio.nal. de
 
Prevenci6n Sismica, San Juan, Argentina).
 

.IE 	 Jos . Egred (Instituto Geofisico, l'scuela Polit.cnica Nacional., Quito,

Elcuador) .
 

JELF Jost Egred (Instituto Genfisico, Escuela iPolit 6 cnica Naclonal, Quito, 
Ecuador) y Luis Fern5ndez (CentroRegional de Sismolaw.,a para 
Amrica del Sur Lima, Per). 

JEVC Jost Egred (Instituto Reafisico, Escuela Pol it6 enica Nacional, Quito, 
Ecuador) y Vinicio C{ceres (Instit:uto Geofisico, Escuc la Polit~cnica 
Nacional, Quito, Ecuador). 

JEWC 
Jost Egred (Lnstituto Geofisico, Escuela Politcnica Nacional, Quito, 
Ecuador) y Wil.man Costa (Instituto Ceofisico, E:,cue.a Politfcnica 
N;iclnal, Quit. , Ecuador). 

JP.CG JoKs Pablo (C;raves (;aloft6 (Universidad Central do Venezuela, Caracas, 
Vene;:ela). 

.is Julio Shiki'a (Inst ituto Geoflsico del P'er, Lima, Per6). 

.A1SA Julio Sh'I'ik,'a y Actor Aemfn (InstiLuto. becflsico del Perl , Lima, Peri). 

LF Luis Fern5nde:, (Centro Regional de Si';mologla para Amrrica del Sur, Lima
 
PerG).
 

Li1.'C Luis l'ern5ndez (Centro Regional Oe Sismologla para Amrica del Sur,
Lima, i'er6) y Vinicio Cceres (Intituto Geofisico, Escuela Politkc
nica Nacional, Quito, lcu,ador). 

LC) Leco.'as r)col (Instituto ;eofis:ico del PerNi, Lima, PrK). 
LOGF Leonidas Kcola y Gonzalo Fernandez (Instituto Geofisico del PerU, Lima). 
LSO Walter Lescano, Julio Shikiya, Leonidas Ocola (Institute Mcofisico del 

PerGi, Ilma, Per). 
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MAL Alfonso alaver 
(Fandaci6n Venezolana de Investigaci6n Sismica, Caracas
 
Venezuel)a).
 

MLU tiguel Lugo (l"judaci n Venezo]ana de Investigac.. n Sismica, Caracas 
Venezuela) .
 

MV Matide V5isrqu. (Institito Geoff:;ico del PerG, Lima, Per).
 

NEIS 
 National Earthquake [nformation Service, Golden, Colorado, USA.
 

PH1 Porfirin Iuaco 
(I, UUo MofIsico del Peru, Lima, Per6).
 

PHAB Porfirio lluacu 
y A. Bueno (Instituto Geofisico del PerA, Lima, 
 MO. 

PIAC Porfir io Huc, v A. Carncinn, (Ins.tituto Geofisico del PerN, Lima, Fern). 

PtlTP Purffrio !ua'c (In:;ti.cutu (;eofEico de.. PerA , Jima, 
Peri) y Tirgul,,nn
pa Inc i ac(In.t ituto Geofsico de los inndes Colambianoy, Uni.v.r :I.
d .1av riana, 1,u'ot5, Co]omb ia). 

I' ID M. Pah n, F. Ma donadn , y T. Duque (Universidad General Francisco d,.lIni Ia San tani r, C ,:mh, ,,). 

PIS4 I'O r;,mal d l ':".:.ici, S.1:;Jio16gico)(Instituto Geof isico del PerG, Lima,

PMrU),frnm 
at alog p rupared by L. Ocola, 1974..
 

PRS5 Persnal 
del S,:rv'icin Sismolgicn (Instituto Geofisico del PerG, Lima,
er,,from 'ta]:a,. prepared hv L. Ocola, 1975. 

RAIM .eus Emio ia: re:, :.A. (I.nItituto Geof'sico de los Andes Colombi-anos,tnivcr:i da, Jay.: iknn, Boota , Col ombia) - Values given in tWC 

Rtt RPanl, tHusid (;niv(,r.idad do Chile, Santiago, Chile). 

ROB Catalogue of Ruhd:=; (Seismic Re.search Unit, University of West Indic'; 
Trin al). 

ROT Pr.,t h, J.I'. , 1'30, The sismlicitv of the earth, 1953-1965: UNESCO, 
Paris, p. 74. 

"AL Salas, lieu ry (rnivers idad Central de Venezuela, Caracas, Venezueil). 

sdo Julin :1, ikiya, ieolquiad; Domian, Leonidas Ocola (Instituto Geof:gico
do. PerU, lima, I rl). 

SSP 
 Servick Sisro16Ii-r (Institut, Ceoflsio: 
 del PrU , Lima, Per6). 

TPRG Timrole6n Palenc ia / . . Rafacl Coberna, .J. (In.; ti tULo Ceofisic, dto:s An Ieo Co I nohi,no:,, Un ive 
rs idad Javer iana, Bogota, Colombia). 
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TRMl Trinidad Station, Trinidad, West. Indies. 

t.O Urs-ula Tu.ru; ,y,Lcnnidas Ocola (Instituto Geofisico del Per5i, Lima,
l'er~i). 

VG Viii (u C e!rs_, (," lI toto Guo f .si'm, Escuela Poli t~cnica Nacional, 
Quito, Ect~ador). 

Wil :n-n (os.ta ( ', t it Gcofin,.,o, Escuela Pji.t-2c1 ica racional,
Q~U Mt , Fu'u.nl o-:) . 

WCA Woodward-C ,,d& Av',c iaLOS, 1969, Seismicity and Seismi c Geology of 
Northwetern ',v;nc'.el a: A Report to the Shell Company of 
Venez e ;i , v. I and v. 11. 

W Wal. .r !e;an,,, (Instt Lto Geofs;ico del PerGi, Lima, Peri). 

http:v;nc'.el
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101 Information received from Enrique Silgado, instituto Geofisico del Per ,
Lima, Per6. [ntensitv values originally given on the HSK scale were
converted to value:; cn the .UI scale for this project.
 

102 Kausel, E., 1979, Woq 'rc'::oto; de agosto 1868 y mayo 
 1877 clue afecta
ron el Eur do P,-M y I ic: Departanento GeofNsico, Universidad de 
Chile, Sant i ), , 11 . 

103 Greve, iF'. on ! ilu with he )eDt. of Geology and Geophysics, 
Un.iversity (WD, Slntiago, Chile.
 

110 Archiv, dcl 
 Su,2rvicio Ki-n 1 ClO, l)parLamento de Geologla y Geofisica, 
Universidad de CIN1e, Santiago, Chile.
 

201 INPRES, 197h, inf'ie 
 KWs conisioncs del Inst ituto Nacional de 
P'ev,, ,in SM r;ic;i cau,_ev luaron los dafos producidos por .1. 

.. UYn.W de Ca t 71/ 1 9 , San Juan, Argentina. 

r .202 Diaries v pe:h. di: ,ido' in 1oa.
 

203 IMES, 193, In'r.trme 
 (jomisioones del Instituto Nacional de 
Prevcncion ,.mica qu. uvaluaron los da~os producidos del 
terre: tn de Orin de! 17/08/1974, San Juan, Argentina. 

204 IMPRES, 117"0, in:n, rm:e I I., Comisi del Instituto Nacional de 
Prnv'uvncih Mmca"io ", evan u5os daios del sismo de Antofagasta
de !a Si.rra del 21/1/73, San ,luan, Argentina. 
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Prc'.'en.i ,' :i ,W,,q. evan u6 los dahios producidos per el
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206 Vo~lponi, F., 1909, .F;t. , '. ' ort.oo del Chaco del 15 de Octubre 
de ! W : K-,ncki , nv.stigacinn , v. 25, no. 6, Buenos Aires, 

207 Volponi F,. 967, E] Terreoto do S. nt.- Rosa (La Pampa) del. 28 de 
Oc:tuh do 1965: An ,q; S. cid.ad Cientifica Argentina, v. 184,But',', :\1 ron, Argo,:L n. 

208 Ca'tno. ..... Y, ncin Sis.Lca'r .. de la Rep6blica Argentina:
.11T! ,, F:ib ,Ij 5.1 l(r.0' no. , San Juan, Argentina. 

209 INPRE, 19(, EL:tu,!, ,ode el punLto do vista sismico de Ia zona de 
u,+b/i:ui:iC de !a ," nal nucleai im!al e; INPRES, San Juan, 
Argont an. 

210 Gil., '.'Y. nnd others, 1981. i;tudio si un ico de la zona de cmplazamiento
de la central nuclear Atucha 11: Enact, Argentina. 
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211 larrington, I.j., 1944, Volcanos Te2remotos: Editorial Pleamar,
Eerie Bibl]inte. Corocimirento, LWerrnre Aire:s, Argentina.
 

212 Clsacher, J. 935, ':rUMOLtAP S=,p cLn (COrdoba) , ID y 11 
 de ,Junio
do 19714; ,'vi:;t a de M: , lwnv.inc ii do (iencins tNural., c, 

213 Lun.enhei : , Y. , 3 - , ,, .,rromor d 30Sud-M ,dinr, l do ',o do 
19 : . 4,wc -v;w:,r-ic w ro irc., u;, t'nivurs;idad c',e i.. jiata, La Plata, 
Arguen1Lia. 

214 Toscana, 'adruc I., 1935, Fi:n:nvia del Senor y ]a Virgcn del Milagr:o: 
?, I . ,,SalAren t 

"15 Verdaguer, 1.A., 1931, Ilistoria lcle;ihstica de Cuyo: Ti pografla
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302 Lara, M.S., 1,23, Crgeiras Anknimas: Archivos Universidad Santa Cr,'z, 
Snnta Crii:;;, 1;,) i].i.
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.08 Anon., 1:0, L;a r:IL,
W dl Or ientu ,)iarin) , L:int,:i Cruz, ol vi-'n. 
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320 Anon., 1962, EL. Mundo (Diario), Da 17 Sept., Cochabamba, Bolivia. 
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