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GLRIBBEAN SEA BASED ON ’I'HE TIME AND MAGNITUDE
PREDICTABLE MODEL

o D. Pmyiotopmual*

ABSTRACT

Instrumental and historical information on strong mainshocks for 12 seismogenic
es in Central America and Caribbean Sea have been used to show that the
terevent time, T, (in years), between two strong earthquakes and the magni-
‘tude, M,, of the following mainshock are given by the relations:

LogT, = 0.30M, +0.48M -0.691ogM +13.70
M, = 0.98M_ -0.31M +0.2810gM,-4.55

“where M, is the surface wave magnitude of the smallest mainshock
considered, M, the magnitude of the preceding mainshock and M  the moment
rate per year in each source. On the basis of these relations, the

as well as the magnitude of this expected mainshock in each seismogenic
urce have been calculated. The highest probability (P,,=0.67) was estimated
__'_r the seismogenic source of El Salvador (A)) for the occurrence of a
large earthquake with expected magnitude M,=7.5 and high probabilities
(P1020.55) were estimated for the seismogenic sources of Jamaika (C,) and
Puerto Rico (C,) for earthquakes with expected magnitudes M,=7.5 in both
sources.

LYNOYH

H meproxfi 1ng Kopa(BixA¢ Xal Tng keviplki¢ Apeplknig xwplotnke oe 12
OELONLKEC TNYEC. And ta Sedopfva Twv Kuplev Oflopdv mou fyLvoav OTLC NNyEC
£¢, npofxulav ol Noapaxkdiw OXECELC MOV apopoUv 10 PEYEOOC TOU avapevOopevou
JELOpoU, M, Xxt 10U XpovikoU SixotApatog uETa{U 2 kUpLwy OfLopdv T

LogT, =
M, = o,931{_1”-0.31MP+0.2810gM°—4.55

0.30M, +0.48M ~0.691ogM +13.70

] énou M, eilval 1o REYEBOC Tou PIkpOTIEpOU KUPLOU OfLOpoU nou Brfwpeital M,
Elval 1o néyeBog TOU NPOnyoUpEvoy XUpLou ofLopol kot M £ival n etAcLa £xAuon
LopLkfic ponfic o k&Be orlop Lk nnyrf. Me P&on 11¢ oxéoeg auTég, unoioyilovial
0L MBaVETNTES YEVEONC LOYUPQAV OeLopdv ot dexaetio 1993-2002 oe k&Oe pila and
TIC CELONLXEQ TNYEC.

Geophysical Laboratory, University of Thessaloniki, GR-54006 Thessaloniki,
Greece. .
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| INTRODUCTION

. Repeat times of strong
earthquakes which occur on
gingle faults are well
interpreted by the time
predictable model (Bufe et
al., 1977; Shimazaki and
Nakata, 1980; sSykes and
Quitmeyer, 1281; Wesnousky et
al., 1984; Astiz and Kanamori,
1984; Nishenko and Buland,
1987). According te this
model, the time cof occurrence
of a future earthquake in a
fault depends on the size of
the last earthgquake in this
fault. Thiszs meodel holds even

Fig. 1: The studied area witn the main teo
tonie features (PDB: Panama Deformed
Belt; SCPE: Snuth Caribbean Deformed
Belt; modified from Heubeck and Mann,

1891; Jordan, 1975 and Adamek and 1f the seismic source
Frohlich, 1988). The isobath line is 1includes, in addition to the
the 4000m depth from Case and Holcombe main faulrt where the charac-
{loso), teristic earthgquake is gen-

erated, other small faults where smaller mainshocks also occur (Papazachos,
1989) .

Recently, Papazachos (1992) concluded that the time-predictable model as
well as the magnitude predictable model hold for the strong shallow earth-
quakes which occurred in seismogenic sources in the Aegean area. He pro-
posed two fermulas where the interevent time, as well as rhe magnitude of
the following mainshock were related te the magnitude of the smallest
mainshock considered and to the magnitude of the preceding mainshock in each
seismogenic source. Very recently., Papazaches and Papaioannou (19%3) improve@
this idea, by including a new term, in both of these formulas, which depends
on the yearly moment rate, M, in each seismogenic source. This is called th
"time and magnitude predictable model”. They applied this model to estimate
the preobability of occurrence of the next mainshock during the next decade and
the magnitude of this shock for each seismogenic source in the Aegean area.
This model has been also tested succesfully in other areas (Papadimitriou,
1993a, b; Papazachos et al., 1993; Tsapanos and Papazacheos, 1993). '

In the present study an attempt is made to test the applicability of the
time and magnitude predictable model in the seismic zones of the Centrg;
America and Caribbean Sea (Fig. 1) with data from shallow earthguakes.

The areas of Caribbean Sea and Central America form a small lithospher
plate inserted between the lithospheric plates of North America, Sou
America, Nazca and Cocos (Sykes and Ewing, 1965; Molnar and Sykes, 196
Stover, 1973). Its northern boundary is formed by a left-lateral transcurre
fault system connected around its eastern end to the subduction zone
Atlantic oceanic lithosphere under Lesser Antilles (Jordan, 1975; Heube
and Mann, 1991; Calais et al., 1992). McCann and Sykes (1984) suggested that
the rtransition between strike-slip and subduction zone 1is around 719
Calais et al. (1992) suggested that the stress and strain distribution along
the northern Caribbean plate boundary exhibit a small N-5 convergence compo
nent associated with the major eastward strike-slip motion of the Caribbean
plate related teo North America.

At the western part of the Caribbean plate, the Cocos plate is subducting
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le America Trench. This active
boundary near the border of
riple junction near the Panama
; Case and Holcombe, 1980). On
America, Cocos and Caribbean
America-Caribbean plate bound-
iddle America Trench in western

ﬁ{otagua fault) the'
nm et al 1989) . suggested that a broad zone of

rn Central America takes up the

Hees ot cle
tgnwla {Guz

5ateract10n of the three plates.
The subduction of the Atlantic oceanic lithosphere under the Caribbean
ate below the West Indies arc terminates near the northeastern part of
ezuela (Jordan, 1%75) and forms the eastern boundary of the Caribbean
ylate. This is an extreme case of an old subduction {(~-100 m.y.} at a very slow
Tonvergence rate about 2 cm/yr {(Jordan, 1975%; Stein et al., 1%82). This Island
rc has experienced a complex history and has probably been active since the
ly Cretaceous {(Bouysse, 1988; Bouysse and Westercamp, 1990). One particular
roblem concerns the location and the nature of the Caribbean-North America-
o#th America triple junction because there i1z no evidence in the shallow
ismicity for this “"hypothetical” triple junction (Jordan, 1975; Stein et
V. 1982) .
Finally the southern end of the Caribbean plate north of Panama and South
ica is aleng the Panama Deformed Belt (PDE) and South Caribbean Deformed
lt (SCDB) in Figure 1. The nature of these belts is more complex. Bowin
976) used gravity data to suggest that the boundary of Caribbean and Nazca
lates is located along the Panama Deformed Belt (PDB) where Panama, or an
vidual “Panama Block®, overthrusts the Caribbean plate in a northward
. Recently Wolters {1986) proposes that the PDB zone is a subduction
e, while Lu and McMillen (198Z) and Bowland (1984) had shown by multichannel
I'_dies that PDB is an overthrust boundary as suggested by Bowin (1976).
though PDE is a convergent plate boundary the absence of intermediate depth
thgquakes below 70 km reinforce the aspect that the lithosphere does not
ct beneath this depth (Adamek et al., 1988).
According to Lay and Kanamori (1981} the studied area of Central America is
ped in the category “2-3" of the subduction zones which have characterized
the absence of great mainshocks and small rupture dimensions, but with
onger tendency for events to cluster in space and time.

'METHOD

- On the basis of the interevent times of strong mainshocks in the seismogenic
urces of the Aegean area (Greece), Papazachos and Papaioannou (1993) pro-
ed relations of the following forms:

- LogT, = bM_, + cM_+ dlogM + t (1)
_ll'- BM  _+ CMp-i- DlogM + m (2)

e T is the interevent time (in years), M the surface wave magnitude of
smallest mainshock considered, M the magnitude of the preceding mainshock,
the magnitude of the following mainshock and M. the moment rate in each
irce per year. All parameters (b, ¢, d, t. B, C, D, m) of the relations 1 and
ire calculated by all available data for all sources in the studied area.
‘l‘he moment rate M for a seismogenic source can be reliably calculated if
en ugh data are available for the source. In the present study the values of
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the moment rate, M, were de-
termined by applying a method
suggested by Molnar (1979).
Using this method, the moment
rate was calculated on the
basis of the maximum magni-
tude, M ., and of the param-
eters a and b of the Gutenberg
and Richter (1944) relaction:

LogN = a - bM (3)

normalised for one year, as
well as of the parameters r, k

Fig. 2: Estimated rupture zones in the area ©f the moment-magnitude rela-
under study since 1700. The ruprure tion:
zones for the earchguakes of 193%, 1941,
1943, 1946, 1948, 1950, 1953, 1956, LogM = rM + k (4)

1969, 1574 and 1976 based on after- fEhE h died h
shocks dara while the other estimates whic or the studled area have

are based on isoseismal areas with in- PN taken as r=1.5 and k=16.1
tensities equal to or greater than 9 (Kanamori, 1977). On the ba-

{modified from Kelleher et al., 1973; =sis of a well known technigue
Langer and Bollinger, 1%79 and McCann (Draper and Smith, 1966;
and Sykes, 1984). Weisberg, 1980) which has been

used in strong motion attenuation studies (McGuire, 1978; Jovner and Boore,
1981; pDahle et al., 1990} the coefficients of b, ¢, d and t of the relation
1, as well as the corresponding coefficients of the relation 2 were calculated
by the use of all the data of the 12 seismogenic sources (using a computer
program written by C. Papazachos).

SEISMOGENIC SOURCES AND DATA

A basic step for this work was to define the seismogenic sources of the
shallow earthquakes in the area under study. Twelve seismogenic scurces were
finally defined in the area on the basis of tectonic features (Fig. 1),
ruptures zones (Fig. 2) and clustering of epicenters of mainshocks (Fig. 3).
Previous recent works concerning the separation of the area for similar
purpose, was made by McCann et al. (1979) and Nishenko (1991). Although in many
cases the separation made by the aforementioned authors resembles that fol-
lowed in the present study, there are alsc some differences.

Along the tectonic line of the Middle America Trench in Central America
{between 83°W to 91°W) which is the part of the collision's boundary between the
plates Cocos and Caribbean, four seismogenic sources (sources A, A, A and A,
in Fig.3) were defined. The first seismogenic source, A, was defined according
to the spatial distribution of the two clusters of strong and large earthquakes
(Fig. 3) and to the fact that it has nct experienced shallow earthquakes with
magnitudes M 27.0 for the last 47 years (Fig. 2). For the same reason Kelleher
et al. (1973) suggested this seismogenic source as one of the six gaps along
Western Mexico and Central America. The next three seismogenic sources (A, A
and A, in Fig. 3) were defined according to spatial distribution of the large
mainshocks and to the fact that the seismogenic source A, includes the
aftershock area of the 1956 earthgquake, the seismogenic source A includes the
aftershock areas of the great 1950 earthquake and of the large 1939 earthquake
and the seismogenic source A, includes the ruptures zone of the large 1941
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R
e learthqu'a:ke (Kelleher et al.,
: 1973; McCann et al., 1979)

‘ Jwe (Fig. 2).
343 The system of the Motagua
. and Swan Fracture Zone (Fig.

. 1) is a left lateral strike-
e ’“ slip mega-fault (Jordan, 1975;
4 Langer and Bollinger, 197%;
™ Young er al., 1989; Heubeck
1™ and Mann, 1991; White and
Harlow, 1993). It is the west-
grn part of the boundary be-
tween the plates of North Ameri-
can and Caribbean from the
3: The seismogenic sources in which the North America-Cocos-Caribbean

area of Central America and Caribbean triple junction to the Mid-

Sea was divided along with the ¢ayman Rise at the Cayman

epicentres of shallow mainshocks (black Trough. McCann et al. (1979)

c*rcles] a.nd Ec:rg'-— ar aftershocks. {open and Nishenko and McCann (1981)

circles) in their broad sense 1in the ; :

fatige’ BE thHe CONBlECHESS. Sugg.ested that this big area

has incomplete historic records
}?and may has potential for large earthguake. On this basis and the spatial
@istribution of the large earthguakes and the aftershock area of the 1976
Motagua large earthquake, this area was considered as one seismogenic source
(source C, in Fig. 2,3).

At the central part of the boundary between the plates of North American and
Caribbean, two left-lateral strike-slip faults form-:a possible microplate
: (Fig. 1) from Mid-Cayman Rise to Hispaniola (Jordan, 1975; Heubeck and Mann,
- 1991; calais et al., 1992). The northern strike-slip fault is the Oriente Fault
south of Cuba and rhe southern one is the Enriquillo-Plantain Garden Fault
~ through the Jamaika Island. McCann et al. (1979) and Nishenko and McCann (1981)
- suggested that the Oriente Fault belongs to the category "1” which represents
the areas with the highest seismic potential. On the other hand the Enriquillo-
- Plantain Garden Fault belongs to the category “2* which characterizes regions
 experienced at least one large earthquake in the past with the most recent

event occurring between 1879 and 1949, more than 30 years ago, but less than
- 100 years ago. According to this and the spatial distribution of the large
earthquakes (Fig. 3) the Oriente Fault zone and the Enriquillo-Plantain Garden
Fault zone were considered as two seismogenic sources (C, and C, at Fig. 2,3).

At the western part of Hispanicla Island (Haiti), Kelleher et al. (1973}
‘have located four rupture zones for four historical strong and large earth-
quakes (1751, 1770, 1842 and 1887 in Fig. 2) on the basis of isoseismal areas
with intensities 9 or greater. According to this and the clustering of the
large earthguakes in western Hispaniola this region was considered as a
seismogenic source (C, in Fig. 2,3).

The main tectonic feature ar the regions of eastern Hispaniola and Puerto
Rico 1s the Septentrional Fault (Fig. 1). Along this tectonic lineament
Kelleher et al. (1973) and McCann and Sykes (1984) have located four rupture
zones for four large and great earthquakes (1943, 1946, 1948 and 1953 in Fig.
2) on the basis of afrershock data and three other rupture zones for historical
events (1787, 1867 and 1918 in Fig. 2) on the basis of isoseismal areas with
intensities 9 or greater. Although there is an ambiguity on the great 1787

~ earthqguake, McCann and Sykes (1984) reporred that this shock may have ruptured
Wnoiakr BiBAoBRkn "@edppacTog” - Tunua MewAoyiag. A.M.0.
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15,
||, o an existing seéismic’gep/north of Puerto Riz% (between 65°W and 67°W). This
e ipossible rupture zone was taken into account in our separation of the seismogenic
gources ./ Aceording to these andjthe clustering of the large and great earth-

Guakeés 'the eastern Hispaniola (Rominikan) and Puerto Rico was considered as

a _sgismogenic source (C, in Fig. 2,3}.

Meddnn, ands SykKes— (1984} sreported that the maximum size of historical
shallow earthquakes along the Lesser Antilles arc varies from 7.0-7.5 in
; the center offjthéJarg where the dip of the shallow part of the plate

bounflary is steeptb 8§0-8.5 along thg' norchern part of the arc where the
diprisshallowsAr thenorthern parthof this arc the aforementiconed authors
and Kelleher et al. (1973) have located the rupture zones of two recent
large earthquakes (1969 and 1974 in Fig. 2} and the rupture zones cf two
historical great earthquakes (1843 and 1897 in Fig. 2). The rupture zone of the
historical great earthquake of 1843 is in good agreement with the isocseismal
areas with intensities VIII or greater (Bernard and Lambert 19B88). In the
central and southern part of the Lesser Antillean arc and in the region of El
Pilar Fracture Zcne in northern Venezuela, Kelleher et al. (1973) has located
the rupture zones of two strong earthquakes (1929 and 1957 in Fig. 2} and three
historical great and large eartguakes {1766, 1839 and 1888 in Fig. 2). On this
basis and the spatial distribution of the large earthquakes along the Lesser
Antillean arc and the El Pilar Fracture Zone, and taking intc account the
zonation of McCann et al. (1979) and WNishenko and McCann (1981}, the Lesser
Antillean arc was considered as two seismogenic sources (C  and C. in Fig. 2,3)

Finally, Kelleher et al. (1973} has located the rupture zones for four
historical large and great earthguakes (1812, 1875, 1894 and 1900 in Fig. 2}
along the Bocono Fracture Zone in Venezuela. Accerding to that and the spatial
distribution of the large earthquakes at the Bocono Fracture Zone this region
was considered as the last seismogenic source (C, in Fig. 2,3) in this study.

These twelve seismogenic sources are shown in Fig. 3, along with the
epicenters of the complete data of the shallow earthquakes which are used in
the present study. Black circles show epicenters of the main shocks. Open
circles show epicenters of foreshocks and aftershocks in the broad sense, that
is, earthqguakes which may occur up to several years before or after the main
shock, respectively.

The terms “foreshocks* and “aftershocks” are used in their broad sense,
because a model is reguired which can predict the main shocks , that is,
strong earthquakes which occur at the beginning and the end of each seismi
cycle and not smaller earthquakes which occur during the preseismic
postseismic activations. In particular as foreshocks there have been cons
ered the eartquakes which had preceded the mainshocks in a time period of
vears (Karakaisis et al., 1991). As aftershocks there have been considered J
eartquakes which had followed the mainshocks in a time period of T, (years).
This time period, T,, is related to the magnitude, M, of the mainshock by '
relation:

Log(T,) = 0.06 + 0.13M (5)

which have been derived by the use of a very lerge sample of data (B.C.
Papazachos, 1993, personal communication}.

Information on the magnitudes and on the epicenters of the earthquake
plotted in Fig. 3, were taken from the catalogue of Pacheco and Sykes (19
for events occurred during the present century with M 27.0. The magnitudes of
historical events and for events not listed in the previous catalogue,
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El B,h 100N KN
“far events with magnitudes less than 7.0 have been obtained from Abe
d El] Russo et al. (1992), Kelleher et
‘ 19807 monthly bulletins of ISC and USCGS.
: walues of the parameters b, a, M _ and the logM , for each seismogenic

' i"LEiﬁ N gTabl % ’i‘lﬁ ame and the number for the seismogenic
S, }El onding to urce

in Figure 3, are listed in the first two
0 umhs of this ma‘
&Tabie 2 list LILE nformation on

Basic parameters which are used for every source. The code number and
the names of the sources are given in the first and second columns. The
constants for the Gutenberg-Richter relation are given in the next two
columns and the maximum magnitude and the logarithm of the moment rate
are given in the last two columns.,

a used in the present study.

~ Seismogenic sources a b M LogM_
‘Source Al EL SALVADOR 6.43 1.14 7.2 25.74
 Source A2 NICARAGUA 6.34 1.14 7.2 25.65
Source A3 COSTA RICA 6.56 1.14 TuT 26.05
Source A4 COSTA RICA (5AN JOSE} 6.39 1.14 7.6 25.85
Source Cl MOTAGUA-SWAN F.Z. 6.25 1.14 7.5 25.67
Source C2Z SW CUBA 5.90 114 Tl 25.18
Source C3 JAMAIKA 6.22 1.14 7.3 25.97
Source C4 HISPANIOLA (HAITI) 6.27 1.14 7.0 25.80
Source C5 PUERTO-RICO 6.71 1.14 7.8 26.13
Source C6& GUADELOUPE 6.07 1.14 Py 25.42
Source C7 TOBAGC TROUGH-TRINIDAD 6.13 1.14 T 25.37
Source CB8 BOCONC F.Z. 6.32 1.14 7.6 25.78

A name is written for each seismogenic source in the first column of this
able. The second column shows the time (year) during which the data are
mplete for each magnitude range and the minimum magnitude range,
pectively. The date, epicenter and the surface wave magnitude for each
hock which satisfy the completeness condition defined in the second column,
e given at the third, fourth and fifth columns of this table. The sixth
¢column shows the cumulative magnitude, M, of each sequence, that is, the

‘able 2:Basic information on the data used for each seismogenic source
(f:foreshocks,a:afrershocks in their broad sense).

. . Seismogenic Completeness Date Epicenter Ms M Ref
| Source
| SOURCE Al 1940, 6.5 9 11 1900 13.0 -90.0 7.0 7.2 3
| EL saLvapor | 1897, 7.0| 8 10 1901 | 13.0 -87.0 | 7.0 | a 1
! 28 3 1921 12.5 -B7.5 | 7.2 7.5 1
ul 5 1924 14.0 -89.0 T a 8
8 2 1926 13.0 -B9.0 | 7.0 a 1.
14 Fi 13930 14.0 -89.0 0 a 8
7 10 1945 12.2 -8%.2 | 6.7 7.0 8
3 B 1951 13.0 -87.0 6.7 a 8
20 11 1952 12..1 -87.9 6.7 a B
26 4 1955 13.2 -B9.4 6.5 6.5 3
SOURCE A2 1940, 6.5 [29 4 1858 12.0 -86.0 7.0 e 3
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mm;ﬁﬁc*f dBmplerensss| bacre ~ || | Epicenter | Ms | M
Source i
NIEARAGUA 1897, 7.0 {30 12 1907 [/12.1 -86.3 |7.1 7.1
Z6fNi2 1952 |11.5 -86.2 | 6.7 6.7

F 19 2 1954 11.7 -B6.9 | 6.8 f

- 19 2 1954 ] 11.9 -86.8 | 6.5 £
) 24 10 1956 11.5 -86.5 | 7.2 7.3
e QENooaENEn 1.7 -87.3 | 7.2 72

SOURCEA3 1940, 6.5 |21 6 1900 10.0 -85.5 | 7.1 e |
COSTARICA 1897, 7.0 |27 2 1916 10.7 -86.0 | 7.3 7.4
26 4 1916 10.0 -85.0 | 7.1 a

21 12 1939 10.0 -85.0 | 7.1 7.2

27 10 1940 9.7 -B4.5 | 6.7 a

5 10 1950 10.4 -85.0 | 7.7 Ti7

13 5 1952 10.3 -85.3 | 7.0 a

14 4 1973 10.6 -B4.9 | 6.5 6.5

23 g 1978 10.2 -85.3 | 7.0 7.0

25 3 1990 10.0 -84.8 | 7.0 7.0

SOURCEA4 1940, 6.5 | 4 3 1924 9.7 -84.0 | 7.0 7.0
COSTARICA 1897, 7.0 &8 12 1941 8.5 -84.0 |7.0 7.0
{ SANJOSE) 9 g 1952 9.2 -84.2 | 7.2 7.2
6 6 1958 7.9 -B4.5 | 6.6 a

22 4 1991 9.7 -83.1 |7.8 7.6

SOURCEC1 1940, 6.5 | 1 1 1910 16,5 -B4.0 | 7.0 7.0
MOTAGUAF . 2. 1897, 7.0 |28 5 1914 15.1 -84.8 | 7.5 7.5
SWANF . Z. 27 6 1948 17.0 -85.0 | 6.7 6.7
4 2 1976 15.3 -89.z | 7.5 7.5

SOURCEC2 1940, 6.5 |20 2 1917 19.5 -78.5 | 7.1 7.1
SWCUBA 1897, 7.0 7 g8 1947 19.7 -75.2 | 6.7 6.7
25 5 1992 19.6 -77.9 | 6.9 6.9

SOURCEC3 1940, 6.5 |14 & 1899 18.0 -77.0 | 7.3 7.3
JAMATKA 1897, 7.0 | 7 4 1941 17.7 -78.5 [ 7.0 | 7.0
2 3 1957 18.3 -78.1 | 6.5 6.5

SOURCEC4A 1940, 6.5 |29 12 1897 19.0 -73.0 | 7.0 7.0
HISPANIOLA 1897, 7.0 {28 10 1952 18.3 =933 7.0 7.0
(HAITI) 20 4 1962 20.5 =72.1 |67 6.7
SOURCECS 1940, 6.5 |17 2 1902 20.0 -70.0 | 6.9 6.9
PUERTORICO 1897, 7.0 6 10 1911 19.0 -70.5 | 6.9 6.9
27 7 1917 19.0 -67.5 | 7.0 £

11 10 1918 18.5 -67.5 | 7.3 7.5

25 10 1918 18.5 -68.0 [ 7.0 a

29 7 1943 19.2 -67.5 | 7.5 7.5

30 7 1943 19.2 -66.8 | 6.5 a

4 B 1946 19.2  -69.0 | 7.8 7.9

8 g 1946 19.5 -69.5 [ 7.4 a

21 B 1946 19.3 -692.3 | 7.0 a

21 4 1948 19.2 -69.2 | 7.1 a

22 4 1948 19.3  -6%9.3 | 7.2 a

E 5 1953 19.7  -70.4 | 6.9 a

O




Epicenter  Jrir

18.4 -70.5 ] 6.7 6.7 B

18.0 -69.3 (6.7 | 6.7 6

18.0 -62.0 )] 6.4 6.4 8

1.8 -59.6 | 7.0 7.0 1

16.1 -59.8 [ 6.5 a 6

17.4 -62.0 | 7.3 7.3 1

.4 117 10.4 -64.0 ] 6.9 7.0 7

1897, 0123 12 1945 10.2 -62.0 | 6.5 6.7 7
21 5 1946 14.8 -60.4 1 6.5 a 7

4 10 1957 10.9 -62.8 [ 6.7 6.7 7

10 3 1988 10.2 -60.5 ] 6.4 6.4 6

1930, 6.5 129 10 1900 11.0 -66.0 ] 7.6 7.6 1
1897, 7.0 114 3 1932 8.2 =%z | 657 6.7 8
19 B 1952 T2 =R25L4] 15 7.8 8

21 4 1957 7.0 =723, | 232 a 8

}: 1. Pacheco and Sykes (1992}, 2. Abe {1981), 3. Abe and Noguchi (1983),4. Abe
(1984), 5. ISC, 6. USCGS, 7. Russo et al. (1992), 8. Tsapanos et al. (1990),
. Kelleher et al (1973).

itude which corresponds to the teotal moment released by the major shocks
in shocks and large foreshocks and aftershocks) of each seismic seguence
:5cccrding to the relation suggested by Kanamori (1977). In this study these
cumulative magnitudes are used instead of the magnitudes of the mainshocks.
- A common value for the parameter b {1.14) was estimated for the area covered
by the twelve seismogenic sources in Fig. 3 by applying the least sqguares
method, in all complete data.

EMPIRICAL RELATION

The data for the twelve seismogenic sources were used in order to estimate
the parameters of the relation 1. It was observed that by excluding some
observations {(about 10% of the available) which gave very large residuals, a
- considerable increase of the multiple correlation coefficient occurred. For
. this reason the remaining (50) observations (T, M., M, M ) were finally used

i}
to determine the relation:

LogT, = 0.30M_, + 0.48M - 0.69logM + 13.70  (6)

~ with a correlation coefficient equal to 0.77 and a standard deviation equal

to 0.19. The strong positive correlation between the repeat time and the
‘-nagnitude M (c=0.48) indicates that the time-predictable model holds very
well., In a similar way the parameters of the relation 2 were determined and
the following empirical formula was obtained:

M, = 0.98M, - 0.31M + 0.28logM - 4.55 (7

with a correlation coefficient egual to 0.73 and a standard deviation equal
to 0.24. The meaning of the strong negative value of C (-0.31) 1is that large
mainshocks are followed by small ones and vice versa.
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. LONG TERM ﬂ-mwm PREDICTON

Papazachos (1988, 1991, 1993) and Papazacho!
and Papaivannou (1993) have proposed that the
lognormal distribution of the ratie T/T., where
T .are the observed interevent times between
successive mainshocks in a certain seismogenie
souraee and T. i1g the corresponding thecoretical.
value given sby relation 1, provides a better

tl‘.a 8.8 ~8.4 ¥ a4 8.8 L.g

[t 8o, ougi) fit than thé&Gaussian and Weibull distributions.

This is in-accordance with a similar study of

.""..' . o \: '!‘h f __.. .:._ ~ .
FigeTTRE FEARENEYT Nishenko and Buland (1987).
distribution of the ; ; 3
observed repeat Figure 4 displays the frequency histogram of

times compared to the Log(T/T) and the theoretical normal distribution’
theoretical one. which has a mean equal to zero and standard
deviarion equal to 0.20. Figure 5 displays the
frequency histogram of the difference (M -M ) between the observed magnitude
M. of the following mainshock and the calculated magnitude M, by the relati
7 and the theoretical normal distribution which has a mean equal to zero a
standard deviation equal teo 0.24. Assuming that the lognormal distributi
holds for the area under study and taking inteo account the time of occurren
and the magnitude of the last main shock, the probabilities of occurrenc
during the next decade (1993-2002) for earthguakes with magnitudes egual t¢
or larger than 7.0 were calculated.
Table 3 gives information on the expect‘.‘
Fhequenioy Hiatagras large (M 27.0) shallow mainshocks based on
model expressed by the relations 6 and 7.
first two columns give the code number and the
name of the seismogenic sources shown in Figur
2,3. The last two columns of this table give
probability wvalues, P _ for the occurrence
large (M 27.0} shallow esarthgquakes during
next decade (1993-2002) with the correspond
magnitudes M, of rthe expected mainshocks as th
magnitudes were calculated by the relation 7.
distEibitioh BF tha is interelst.ing to note tha_t th‘e absolute val
difference MM, be- of probability are of relative importance becaus
tween the observed there 1is a possibility to have changes to these
M. and the calcula- values if a larger sample of data is used.
ted M, of the fol- The seismogenic source of El1 Salvador (Af
lowing mainshocks exhibits the highest probability value (p,,=0.67
by the relation 7. among all the seismogenic sources, for the
currence of a mainshock with M 27.0. In addit
high probability values (P, 20.55) for the occurrence of a mainshock w
M27.0 were calculated for the seismogenic sources of Jamaika (C))
Puertc Rico (C.). Intermediate probability wvalues {0.55>P__:20.40}
calculated for the seismogenic sources of Costa Rica (A}, Hispaniola-Ha
{C,}, Tobago Trough-Trinidad (C.) and Bocono Fracture Zone. (C.). Finally
probability values (P _<0.40) for M =27.0 were calculated for the selsmogel
source of Nicaragua (A) Costa Rlca (San Jose, A, Motagua-Swan Fractul
Zone. (C.), SW Cuba (C;} and Guadeloupe (C ).

Fig. 53 The fregquency
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