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ABSTRALC

iLow seismic activity zones are characterized by a low frequency of
earthquake occurrence, and sometimes relatively strong earthquakes occur in
places with not known seismic history. wWestern Cuba is in such a case, with a
strong historic earthquake (January Z3, (880, Io=VIII - FSK scaiel, and another
cne reported by international agences (December 14, 1982, Ms=4.7). Seismic
history of this region consist of oniy 7¢ earthquakes with maximum felt
intensities ranging +from IV to Viii degrees, and there is not a network of
seismic stations. With those data it is not possibie to make an univoque
deiimitation of seismic source zones (557) and correspondingly a reliable
estimation of its parameters: a and b of magnitude-frequency graphics,
isoseismal modeli, #Fimax and depth of occurrence. For this reason three models of
SSZ were used. The first consist of principal lineaments “knots®, with Mmax
estimated by anaiogy with maximun earthquakes that held in Cuban territory. The
second one is a scheme of more sure fault zones, with rimax estimated from fault
dimensions. The last one was taken from a study of historical-tectonic
development zoning of the region, with rimax estimated +rom fauit disensions and
by anaiogy wiih othner regions.

For the whoie region an intensity-frequency graphic was constructed. Its
slope was considered constant for all the area, and the intercept was adjusted
for particuiars 55I. #An explicit transformation from slope and intercept of
intensity-fraquency grapnics to parameters a and b of magnitude-frequency ones
was dJdeveiope=d. by assuming a middie nypocentral distance of 30 km for the
reported @aximun intensities were obtained the transformed valu=2s of a and b for
211 the S5SZ. Seismic nazard calcuiations were performed with programm SACUDIDA,
by <onsidering an elliptical isoseismal model and fixed depth of Z¢ km. Results
obtained iroa the three models were compared with areas of felt earthquakes. The
best fit (predicited areas - reported isoseismals! was obtained with the second
model of S557; the fTirst one shows a siight underestimation of seismic hazard,
while the last one tends tc hazard overestimation. However, taking into account
that data is scanty to make hign reliabie seismic hazard estimations, it seems
more reasonable to use interval estimations considering extr=amal values from
the itnree modeis, instead of from a particular one. The present appreoach 1is
believed to be a useful tool for a fTirst hana seismic hazard estimation in low
s=iemic activity zones, prior to a detailed seismicity study with a dense
networt of seismic stations. )

INTRODUCTION
smic hazard estimation in iow seismic activity zones is not a simple
procesure, Firest of all, trere is not a good definition about the seismic scurce
asdt second and more difficulting, there is not a reliiabie knowledge of
i

IonN=Es,
sersmiciiy. in these zones sarinquakes are not frequent and in general there is
3 low possibilicy of great earthquakes occurrence. Western Cuba is in such  a

case; lucated severali hundregs kilometers from Caribbean—-North America plate
boundary fuve, 13 a tipical case of intraplate seismicity, characterized by
scarce oOuourrence of earthguares, The Ffirst report of felt earthquakes
cerrespond  to 1478, and with the exclusion of two cases, intansity of snaking
$or ail The shotis dia not e<ceed vV degrees in MSK scale in isolated points and
1t is not possibi= to Jdotermine its coordinates and magnitude with an acceptable
levei of accuracy. In this paper is presented a method for using the intensity-
freguency information {or seismic hazard estimation with the aid of Computer
program SACUDIDA (Alvarez and bune, i7863).

THEORET ICAL BACKGROUND
Hazard a2stimaction is pased on the calculation of shakeability (Riznichenko,
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which gives the recwrenca periods of shakes of intensicty 2i. frobabilistic
estimations . are obtained assuming that recurrenca periocd iy = i/8} is the
mathematicail expectaction of the interarrival time between ear thquakes
(Riznichenko, 1577'. In the Case of Folssonian process the probaciiity of no
ocurrence ot earthquates witn intensity I in t years is:

piv: = exp(—t.f'T:‘r (2%

The quantity N (H:i' is the cummuliative Ffrequency of =arthquakes with
magni tude 2":' which 1s calculated oy:

a-b'ri: —D (Fimax-ri_+ i'ima:(-rAﬂ'/'}.‘l bbﬂ:a‘z
N:(Hl) = 13 .[1-10 3. i

FiD.In(ivrl (3}

The magnitude g is evaluated by means of a model of eliptical isoseismais,
which is dzatermined by the parametric equations of an eliips2 and a modified
Kovesliigethy's type macroseismic fieid equation:

i=Bu-kigig: -pr +d (a)
z %
where e = (bé + i} and &de is a radio vector between semiaxes A and B in

which direction is valid equation (4:. For Caripp=an region are2 recommended the
foliowing vaives of paramerers: @ = i.5, &k = 2.63, p = 0.0087 and d = 2.5
(Alvarez and Bune, 1977}, oObrained by Fedotov ana Snumiiina (LF73F for the
region of ramchatka.

A compi=ete description of isgs2ismal model is given the relation between
semiaxes of ellipses A/B, direction of Ag¢ and by coeficients 3f that equation.
A more detailed explanation of this caicuiation scheme may be found in (Alvarez
and Bune, 19835), and about the model of =liipticai isoseismalis in (Alvarez and
Cnuy, i85

it is common tTo prepare wiitn intensity dota the so called intensity-
frequency graphics:

iginigb = C - D 1 (5)
where g is the number of earthquakes with intensity I.

from other nand, the magnitude-frequency graphics have the equation
(Alvarez and Bune, 1995}
igihitiii» /FiD,AM1?3 = a - DML (&)
ol z ~obiis z
Fib,prir = (i - i0 I /7 Lb.ind10}!1] (7}
where N(Mi) is the number of earthquakes in interval Fii-&FL,rHirAFL:.

Under the assumption that ail the earthquakes are reported to the same
hypocentral distance ry it is possible to consider that tine majnitude-frequency
graphic is equivalent to intensity—+requency one, and the pasrameters a and b may
be obtained by combining equations (4-77:

b =1i.3 0 (8}
a=C+ i.30H,. - iglFib,0.6611 9
L]
Hr. =0 kdgirg? +pr, -0 z'p (1o

At is =asiiy seen irom these formuiae, parameter “a“ and correspondingly
cummuiative frequency of earthguakes depends on hypocentral distance g+ The
minimum value of Lo may De the depht of occurrence n, and its increment means
that intensity reports beiong to more distant points from epicenter. Relation
between cummulative Ffrequencies obtained +For the general case r and the
particular one r, = n is:

D i k.igirg/7ny + p (ry-h) 2

¢ = io (11)



It 2ilows us 1o determine the ieveli of error in Ty estimations for
different selections of ir, ,h) combinations, in fig i are presented the values
of coeficient ¥ for the deptn of ZU km and diferent b values.

SEISHICITY OF WESTERN CUDA

Western <Cuba is a region of ilow seismicity, Mever theless, in that region
occurred a ra2lativeiy strong earthquake in iB8C¢ (Jan. I3, wnicn strongiy shaked
the locaiities of San Cristobal and Candelaria (Imax = VII1) and was felt ail
aover the region; its magnitude was estimated by macroseismic data about
it = 5.5. There is oniy one case of instrumental earthquake epicenter
determination by international agences (is—Xii-i¥8z, #Fis = 4.7, Imax = VI). @An
ear thquake cotaiogue with a brief description of principal effects was compiled
by Chuy et 21 (1988). #An epicenter map is presented in fig. Za, and isoseismal
maps for the two above mentioned earthquakes are presented in fig. 2b,c.

The problem of seismic source zones (557 deiimitation witn this poor data
is not easy at 2il to solve with high accuracy. For these reason different
researches made theirs own tectonic interpretations. fs a resulit, at present
there oare three modeis of 55 obtained from different approachs of combining
geclogical-tectonical-geomorphoiogical and seismoiogical data:

—riodel A (Cotiiia et #i., iF68). ©Delimitation of SSZ from a map of lineaments
and its “knots® obtained by cosmic image interpretation and comparation with
tectonicai knowiedge of region. Strong earthquakes are believed to occur only in
that "knots". The Mmax values are estimated by anaiogies with the greatest
occurred in intrapiate zones of Cuban territory.

~Model E (Chuy et al., 1988). SSZ delimitation from Jauits determined by
geolegical and geophysical investigations. Earthquakes are believed to occur
with equal probability along the fauits. The Fimax vaiues are estimated <from
fauvit dimensions.

- fiodel € (Orbera et al., i%67). S5 as a result of tectonical evolution zoning
Sy procesing geologicai, geomorphoiogical and tectonical informations. rima:c
estimation from fTault dimensions and by analogy with other regions.

For all the region an intensity-frequency grapnic was constructed
(inrtensities ranging +From IV to ViIllj; its parameters were obtained by least
square regra2ssiont ‘C = 1,65, [0 = O0.53i. For magni tude-frequency parameters
evaivation was considered that maximun earthquakes intensities of the catalogue
occurred in points lying, as a mean, at an hypocentrai distance of 30 km. In
tha: case, by aplying formuiae (65-iv}, the following values were obtained:
a = 2.52, b = 0.79. Parameter "b" was considered constant aii over the region
and particuiar values of "a®™ for every S5 were cbtained bys

552 region S5I region
a = a + igl N’, .r'iwit’ 3 ua2)

whare N is the cummmulative frequency of intensities for the minimum value
consider (I=IVi. For every modei, a particular association of maximum
intensities to S5I was made.

fs there is not instrumentai determinations of earthquake’s depth, a value
aof 20 km was assumed for all the S55ZI§ it corresponds to Z/5 of Earth crust
thickness in the region, and is the same value that was obtained from
macroseismic data for the earthquakes of fig. 2Zb,c. From these two earthquakes
were determined the parameters for the isoseismal model for the region (Alvare:z
and Chuy, 1985): the direction of validity of formuia (4} is aiong major axis of
eliipses, and ratio of major to wminor semiaxis “A/B" are 1.6 and 1.8
respectively. The three 557 modeis are presented in fig. 3, with the values of
S871"s parameters.

RESULTS
intensity maps for different recurrence periods, as weii as probabilistics
estimations of seismic hazard were obtained by using programm SACUDIDA (Alvarez
and Bune, 1985 for the three 557 modeis. In fig.4 are presented the ones

correponding to T: = 00, and Ty, = i000 years.

A way to evaluate the quality of that resuits may be to compare the
predicted areas of different intensities for every map with observed intensity
areas for “strong" earthquakes (the ones presented in tig Zb,ci. It was made
with a slight modification of Fokrushina and Shebalin (1982) methodology. Let
Sir be the observed isoseismal areas in a time of observation To, and
carrespondingly Sie tne "effective” value coutrvertisd to Lhe recut ten < igwe Tm of



a particular map. From othsr hang Th2 ar22s Of ditferent intensities 1n 2
particuiar .map are :epresenied by Sim. There are two different errors: first
kind (loss objective! - Sie » Sim, and second kind (faise aiarm: - Sie < Sim.
Th2t errors p3y pe gquantitatively evaivated :

/‘4-1‘ I.; "MII "A'n ! (5

=I = 3 3 =3 ‘ 4
/ul“ Sie / Sim (14)
M.z = Sim 7 Sie . as

wnere A&n: 15 the first kind error andlj{‘, iz the second kind errur +Jor the
intensity I.

Times oFf observation To were estimated under the assumption that for
detecting earthquakes with low seismic intensities it is nelessary a high
density of popuiating peoints. They are closely related with the time of
foundation of princippai cities or towns in the region. It was not possible to
estimate th2 values of,S‘r for ail the earthguakes with that intensity in the
catalogue, but we consider that they are negligibie witnh respect to the
corresponding to earihquake of Z3-1-i857. In table 1 are pres:2nted the resuits
of this analysis, it were also included the maps odbtained for che return period
Tg = i years. Tne vaiues of My are i0.B6 for model A, S5.58 for model B, and
for model € it is not possibie to calculate because there are not reported
intensities of iX, and in the map for 10000 years there are more than 000 K
of expected area for that intensity, being tne vaiue af,ﬂ{,;»unde{ined. It
foiiows that model B is the one wno best fit the data wnder this enelysis
because errors Of every tipe gccur aiternativeiy and they are not great. Model A
in general underestimates the nazard, whiie model C always overastimates 1t.

Table i. Comparition of equivalent feit areas witn preaictad ones in the
different caicuiated maps. Expianation of simbols is given in text. Tiee is in
years, areas in square Lkiiometers

Int. T Sir Model T Sim Sie M,z }421
v i33 17140 a 1.14
B 1.7
o 1.72
Vi =5 GzZ68 & 1.27
B 1.20
c 1.5%
VIl 283 6469 A 3.iF
B 1.30
c 1.89
VIii 383 527 ) 4.56
] iCi3e 1.35
c i657Z i.z2a
IX 43 v C 1O IZid \ ungef .

COMCLUSIONS

Was presented a meitnod +For seismic hazard estimation for low seismic
activity zon=s. it seems to be a useful tool for a first hand 2vajuation prior
to a detaiied seismicity study with 2 dense network of s2ismic stations.
Procedure was applied to seismic hazard estimation of wastern cuba. Iin this case
it was not possible to make an univogque delimitation of seismic source 2Zones,
and its parameters’ =vaiuvation was made unde@r some assuptionts whicn substitute
the lack o©f information. For these reasons chtained results are not a high
reliable ones and should be precised in future investigations.

Adithoug that it was pointed out that model B of SSI is the one which best
fits the data, it i3 not recomended to use it alcne for seismic hazard
estimation. It 1s beiieved that the use of interval estimates by combining the
rosults for the three analized SS2 moaeis wouid yieid a more re2liabie  solution
to Tne proolam.
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Fig. t. Valuss o7 parameter\r- a5 a tunction
27 for the depth of Z¢ km and +or
parameter “b° of megnitude—-freguency grapnic
ranging from 2.3 to 2.5 dindicated over thea
iinas in figure;

Fig. Z. Seismicity of Western Cuba. a} Facroseismic epicenters’ map, | - felo
without especifications, 2 - I=iii, 3 - I=Iv, 4 - i=v, I - I=vi, £ - i=Vii,

7 - I=VIii, & - indeiination between expresed and the rext by order jniensity.
? - instrumental epicenter determined ay snortc periocd sS2ismagrapn or Soroa
station. D! Isoseismali map oF Z3-I-iS50 sarthquake. ¢! I=oceismal map  of
ie=XII-1982 sarthguake.
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