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Abstract

Cuba's seismic attenuation had never been studied in detail. In this paper we present the results of the research on the seismic
attenuation of Cuba's eastern zone based upon the information collected by the seismological Cuban network from 1998 to 2003.
581 earthquakes were selected from the Cuban catalogue to make this study. All of them, recorded by at least three seismic stations,
had their epicenters located in the eastern Cuban region (19.3–22 N, 79–73 W), epicentral distances between 15 km and 213 km,
their coda duration magnitudes ranging from 2 and 4.1 and their focal depths reaching up to 30 km. The seismic wave attenuation
was studied using coda waves. The single scattering method proposed by Sato in 1977 was applied, the attenuation and frequency
dependency for different paths and the correlation of the results with the geotectonics of the region are presented in this paper.

The mean Qc value calculated was Qc=(64±2) f
0.84 ± 0.01. The relatively low Q0 and the high frequency dependency agree with

the values of a region characterized by a high tectonic activity. The Qc values of seven subregions of eastern Cuba were calculated
and correlated with the geology and tectonics of the area.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The island of Cuba is affected by important seismic
activity concentrated in the eastern region. Historically,
there have been destructive earthquakes resulting in
huge economic losses, the most recent being those
occurring in Santiago de Cuba in 1932 and 1947; in the
first 80% of the city's buildings were destroyed (Chuy,
2000). The hazard map of Cuba used until the present
day was calculated using the general attenuation laws
proposed by Kovesligethy in 1907 due to the lack of
appropriate experimental data. In 1998, the National
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Seismological Research Center (CENAIS) improved its
seismological network considerably by increasing the
number and quality of the seismic stations. A catalogue,
suitable for making an attenuation study, has been gen-
erated by this new network ever since.

Social and economic effects resulting from earth-
quakes can be reduced through seismic risk analysis;
this requires the use of a hazard map, which allows for
sitezonation in order to implement an adequate seismic
code for buildings and infrastructure. Therefore, experts
claim that a good quality hazard map is a first step for
seismic risk mitigation. The study of two physical pro-
cesses, seismic sources and propagation of the waves, is
essential for seismic hazard mapping, attenuation being
one of the properties contributing to the latter.

Attenuation expresses the wave amplitude decay that
takes place when a wave propagates through real media
that cannot be attributed to geometrical spreading. The
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author of the present paper carried out the study of the
attenuation of the Cuban eastern region using a method
based on coda waves, which previous studies have
proven to be an effective resource in estimating source
parameters and in extracting information about the cha-
racteristics of wave paths, including attenuation (Singh
and Herrmann, 1983; Pulli, 1984; Ambeh and Lynch,
1993; Gonzalez and Persson, 1997; Ugalde et al., 1998;
Ugalde et al., 2002; Wiggins-Grandison and Havskov,
2004). Coda waves of local earthquakes can be consi-
dered as backscattered S to S waves (Aki, 1980). The
quality factor which accounts for their decay, Qc, ex-
presses both absorption and scattering-attenuation ef-
fects within the context of the single scattering theory
and it is inversely proportional to the effective atten-
uation. Actually, the attenuation function Qc can be used
in the modelling of Earth structure with the application
to deterministic seismic hazard assessment (i.e. Mon-
taldo et al., 2005).

Moreno (2002a) calculated the average coda-Q qua-
lity factor for eastern Cuba using the earthquakes of the
Cuban catalogue of 1998 and 1999, with the method of
Aki and Chouet (1975). Our research sheds lights on this
with a deeper study of this phenomenon. The catalogue
used in this study gathered four more years of data (1998
to 2003) and the attenuation was found for different
subregions. Furthermore, the correlation of the results
with the geology and tectonics of the region are pre-
sented. The method proposed by Sato in 1977 (Sato and
Fehler, 1998), previously used for attenuation studies in
the Caribbean region (e.g. Ambeh and Lynch, 1993) was
chosen for this work.

2. Tectonics, seismicity and geology

Eastern Cuba (Fig. 1a) is located in a geodynamical
setting, mainly characterized by the westwards absolute
movement of the North American Plate. In the Inter-
national GPS Service's station of Santiago de Cuba, an
absolute movement of 7.71 mm/year westward was
determinated (J. Del Pino, personal communication).
The translation of the North American Plate is affected
by the contact with the Gonave Microplate along the
Oriente Fault Zone (OFZ) (Fig. 1b). The tectonics of
eastern Cuba has been studied by several authors, re-
sulting in a set of maps with a considerable lack of
consensus among them, even in the names of the faults.
What is more, there is no joint intraplate and interplate
tectonic characterization of the whole area included in
our study. Anyway, the present author decided to take
into account three primary sources of information (Mi-
nisterio de Industria Básica, 1985; Calais and Mercier de
Lépinay, 1990, 1991) to provide an eastern Cuban tec-
tonic map as complete as possible.

Next, the main seismically active faults in the studied
area are briefly described. Along the southern Cuban
margin, the Oriente strike–slip fault displays a discon-
tinuous trace, mainly a system of dextrally offset and
échelon fault segments. According to Calais and Mer-
cier de Lépinay (1991), this fault system is responsible
for local transtension at the offset areas and leads to the
subsidence of small basins located along its trace, at the
bottom of the Cuban margin (Cabo Cruz Basin (CCB)
(Fig. 1b)) or on the slope margin itself (Chivirico and
Baitiquirí basins, CB and BB respectively (Fig. 1b)). In
between CB and BB is the Santiago Deformed Belt
(SDB) (Fig. 1b), with a structure related to a transpres-
sional tectonic regime (Calais and Mercier de Lépinay,
1991). The major seismicity of Cuba is generated in the
OFZ, in fact 22 earthquakes of the 28 well-known
catastrophic events that occurred in Cuba had their epi-
centers located in this area. The earthquakes with major
effects were the ones of 1766 and 1852, in the Santiago
de Cuba area (Fig. 1a), with a MSK intensity of IX and
that reported in 1992, in the Pilon area (Fig. 1a), with
associated MSK intensity of VII (Chuy et al., 1997;
Chuy, 2000).

The seismicity of the north of the eastern region of
Cuba is controlled by the Nortecubana Fault System
(NCFS) (no confident plot was found for this fault,
Fig. 1b), stretching from the Bahamas platform to the
Cuban block and approximately parallel to the north
coast. The NCFS presents a structure in form of blocks
dislocated by the internal faults of the Cuban territory
with SW–NE direction. The seismicity of this region is
quite relevant and it is concentrated at the intersection of
the NCFS with the major NE–SW oriented faults that
cut it, the most destructive being the Gibara's earth-
quake (Fig. 1a), in 1914, with MSK intensity of VII
reported and located in the intersection between NCFS
and Cauto Nipe Fault (CNF) (Fig. 1b) (Chuy et al.,
1997; Chuy, 2000).

The intraplate seismicity of the eastern region is
mainly associated with the NE–SWoriented Cauto Nipe
Fault. The seismicity of this area is lower than the
previously described areas. The most significant earth-
quakes associated with this fault are those in the Baya-
mo city (Fig. 1a) of 1555 (VIII MSK) and 1624 (VII
MSK). Other significant structures in the Cuban intra-
plate area are (Fig. 1b): the deep and NW–SE oriented
Cubitas Fault (CF); the low seismicity associated Nipe–
Guacanayabo Fault (NGF); the Santiago–Bayamo Fault
(SBF), located on the northeastern border of Sierra
Maestra (Fig. 1a); the Baconao Fault (BF), which has



Fig. 1. a) Main cities and geological structures for the geotectonical and seismicity setting. b) Tectonical setting of eastern Cuba. The mapped OFZ
trace was taken from Calais and Mercier de Lépinay (1990, 1991). The others faults were extracted from Ministerio de Industria Básica (1985). No
confident plot was found for NCFS (dashed thin line) - - - Crustal classification of Cuba. 1: oceanic crust, 2: thin transitional continental crust, 3: thick
transitional continental crust (map modified from Tenreyro et al. (1994)).
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significant seismic activity at the intersection with the
OFZ and the deep crustal Purial Fault (PF) (Chuy et al.,
1997).

The heterogeneous geology of eastern Cuba consists
of a large variety of sediments and rocks of ages that
range from Upper Jurassic to Quaternary. It can be
generally described by dividing the area into two sub-
regions: the northern and the southern subregions. The
first one is covered mainly by serpentinites, volcanics
and igneous rocks, sedimentary facies are also found. In
the southern subregion two main morphostructures can
be distinguished: the Sierra Maestra Anticlinorium and
the Tertiary Cauto Basin (Fig. 1a). The first one is
constituted by Paleogenic rocks of the island arc and the
latest is constituted by typical sediments of the terri-
geneous–carbonatic neoplatform stage of Neocene–
Quaternary.

The crustal composition of eastern Cuba is actually
under discussion. According to the regional crustal map
of Tenreyro et al. (1994) (Fig. 1b), eastern Cuba is
constituted by oceanic crust (southern coast), thin
transitional continental crust (central area) and thick
transitional continental crust (northern coast). In a later
study, Otero et al. (1998), based on seismic profiles and
geological and gravimetric data, described the eastern
Cuban crust with a considerably different model, ocean-
ic crust eastwards of the CNF (Fig. 1b) and thin tran-
sitional crust westwards of the CNF. In a more recently
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published work, Moreno (2003), based on receiver
function analysis, suggested the existence of oceanic
crust along the extreme southern coast and continental
crust on the northern coast, including the Maisí Point
(Fig. 1a). The three models have in common the exis-
tence of both continental and oceanic crust in the eastern
region of Cuba, but they differ in the description of the
easternmost area. Models of Tenreyro et al. (1994) and
Moreno (2003) (continental crust in the easternmost
area) disagree with the one of Otero et al. (1998)
(oceanic crust in the easternmost area). The existence of
metaterrigenous and metacarbonatic outcrops of Juras-
sic age, considered by the experts as synrif deposits,
support the models of the first two authors.

3. Method

The single scattering model of Sato (1977) was ap-
plied in this study. This model is an extension of the
method of Aki and Chouet (1975) for the case of non-
coincident source and receiver. Among the single scat-
tering models, the one proposed by Sato was the most
appropriate for the Cuban data. This model allows using
the initial part of the coda wave instead the final part,
which is most affected by the signal noise, mainly when
low magnitudes events are used like in this study (coda
magnitudes ranging from 2 and 4.1).

The model of Sato assumes a source and receiver
embedded in an infinite medium populated by a random
distribution of N scatterers in an infinite volume and
cross-sectional area σ. Assuming this hypothesis, the
sum of the energy scattered by the inhomogeneities on
the surface of an expanding ellipsoid whose foci are the
source and the receiver is:

Eðr;xjtÞ ¼ NrXðxÞ
4kr2

KðaÞ ð1Þ

Where r is the source–receiver distance, a ¼ t
tS
, ts is

the S-wave lapse time, Ω(ω) is the total energy ra-
diated by the source within a unit angular frequency
band, and

KðaÞ ¼ 1

a
ln

aþ 1

a−1

� �
ð2Þ

Incorporating geometrical spreading of body waves
and attenuation, the energy scattered is related to the rms
amplitude of the coda wave on a narrow bandpass fil-
tered seismogram as follow:

Aðr;xjtÞ ¼ 1
x jXðxÞDf2kqL j1=2 jKðaÞj1=2r

exp−xt=2Q ð3Þ
Where the mean free path is L=1 /Nσ. Rearranging the
terms for source and path and taking natural logarithms,
the final expression is obtained:

ln½Aðr;xjtÞ=KðaÞ� ¼ lnC−ðkf =QÞt ð4Þ
The quality factor Q is the slope of the linear fit of the

filtered signal amplitude decay in time. Finally, a power
function can be fit for the attenuation-frequency depen-
dency for the frequency range used in this study [1–15]
Hz:

Q ¼ Q0f
a ð5Þ

Sato model calculations were computerized to be
compatible with the SEISAN software and its files
formats (Havskov and Otemöller, 2001).

4. Data

The Cuban Seismological Network (CSN) (Moreno,
2002b) consists, since 1998, of 7 broadband stations
placed across the island and 5 short-period stations
concentrated in the eastern region of Cuba (Fig. 2). The
broadband stations are equipped with 3-component
FSB-3 seismometers recording at a frequency band of
0.05 to 40 Hz, whereas the short-period ones are equip-
ped with Russian 3-component CM3 seismometers with
an eigenfrequency of 1 Hz. All the stations are sampling
at 100 Hz with a dynamic range of 96 db. The instru-
mentation of the CSN is calibrated periodically and
signals are systematically corrected using the calibration
curves, insuring confidence amplitudes in the frequency
band of this study (1–15) Hz.

The CSN recorded 18,118 local earthquakes between
1998 and 2003. 581 earthquakes were selected from the
Cuban catalogue to make this study. All of them, were
recorded by at least three seismic stations, had their
epicenters located in the easternCuban region (19.3–22N,
79–73 W), epicentral distances between 15 km and
213 km, their coda duration magnitudes ranging from
2 and 4.1 and their focal depths reaching up to 30 km.

From the 581 earthquakes, 402 waves were used for
the Qc calculations. These waves were selected, one by
one, following a number of criteria to ensure good
quality of the data: the vertical component was chosen,
signals with a signal–noise ratio lower than 5 were
rejected, waves with spikes or with overlapped earth-
quakes were eliminated; selected waves had more than
30 s of data recorded from S arrival and no coda wave
saturation, and finally, signals whose decay envelope
correlation coefficient were less than 0.75 were eli-
minated. Four main clusters can be distinguished in the



Fig. 2.○Epicenters of the earthquakes and epicenter-seismic station paths used in theQc calculus. A, B, C and D: epicenter clusters.▴ Cuban seismic
stations in the eastern region. Stations with names in capital letters are short period stations and the other ones are broad-band stations.
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epicenters of the waves used in the calculations (Fig. 2).
Cluster A is placed over the pull-apart CCB. Cluster B is
located over the transtensional CB and cluster C is
placed over the SDB transpressional zone. The epicen-
Fig. 3. Example of data processing. a) Vertical component of a local earthquak
limit the window signal used inQc calculus. Signal was filtered in the frequenc
15]. In this example, only the filtered signals b), d) and f) had decay envelope
Qc calculus.
ters of cluster D are placed over the intersection of CNF
and NCFS.

Signals were filtered in five frequency windows with
center frequencies of 1.5, 3, 4.5, 7.5 and 11.5 Hz and with
e recorded in lmgc station. Arrow 1 (t= ts+4 s) and arrow 2 (t= ts+24 s)
y windows: b) [1–2] Hz, c) [2–4] Hz, d) [3–6] Hz, e) [5–10] and f) [8–
correlation coefficients≥0.75, so the signals c) and e) were rejected for



Fig. 4. Qc as a function of frequency in the eastern Cuban region.
Black dots correspond to Qc values estimated from a single
seismogram. The mean fit and the sampled standard deviation bars
for each frequency are plotted.
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respective band-widths of 1, 2, 3, 5 and 7 Hz. Eight-pole
recursive Butterworth filters with zero phase shifts were
used. An example of date processing is presented in Fig. 3.

Data used in the calculation of Qc (Fig. 2) have no
homogeneity distribution since they were defined by the
active seismic zones and the locations of seismic stations,
the southern zone being the most covered by the data.

5. Results

The meanQc value calculated for the eastern region of
Cuba, taking into account all the data that followed the
Fig. 5. Qc( f ) functions and ellipses fo
quality criteria (Fig. 4), is Qc=(64±2) f
0.84±0.01. Qc( f )

(Fig. 4) shows a scatter in theQc values that increases with
frequency. This scatter may be due to the different
sampling regions of coda waves during their propagation,
indicating that there may exist lateral variations in the
attenuation properties of the lithosphere in the studied
region.Seven subregions provided enough data to calcu-
late the attenuation-frequency dependency functions,
Qc( f ) (Fig. 5). In order to do a meaningful correlation
between the geotectonics of the region and the spatial
variation of theQc, we have to take into account that the
Qc values correspond to an average over the ellipsoid
regions described by Pulli (1984). According to this
author, the volume sampled by coda waves at a lapse-
time t, is an ellipsoid whose surface projection has the
semi-major axis a ¼ vst

2 and semi-minor axis b ¼
ffiffiffiffiffiffiffiffiffiffiffi
a2− r2

4

q
where vs is the S-wave velocity, r the epicenter-station
distance and whose foci are the epicenter and seismic
station. In this study the window length was of 20 s and
the first data had a time-lapse of 4 s after the S-wave
arrival. The maximum time-lapse, (ts+24) s, was used
in the calculations. There is no published study about
shear-wave crustal velocities in Cuba until the present
time. The shear-wave crustal velocity value used in this
study (4 km/s) was calculated from the maximum
values of the p-wave crustal velocities ranges found for
eastern Cuba by Moreno (2003). Maximum values of
time-lapse and p-wave crustal velocity were chosen
with the intention of calculating maximum contributory
areas in each Qc value. A vp/vs ratio of 1.74 recalculated
also by Moreno (2003) was used.
r the seven studied subregions.
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Axes for the ellipses of the seven subregions are
shown in Table 1. These axes were calculated using the
maximal epicenter-station distance within each area.

The Q1= (54±4)f
0.98 ± 0.05 function was calculated

from the waves generated by the earthquakes whose
epicenters were located in cluster A and registered in ccc
station. The group of paths of the earthquakes located in
cluster B and recorded in ccc station follows the
attenuation function of Q2= (59±3)f

0.98 ± 0.03. Attenua-
tion functions from the earthquakes located in cluster C
and recorded in lmgc, CISC and mas are respectively
Q3= (64±2)f

0.87 ± 0.02, Q6=(57±2)f
0.96 ± 0.02, Q7= (70±

3)f 0.76 ± 0.03. The attenuation expression for paths between
cluster D and CISC (ITALIC) is Q4= (64±5) f

0.96 ± 0.04.
Finally attenuation function of the waves with paths
between the easternmost zone andmas (ITALIC) isQ5=
(39±9)f 0.95 ± 0.09, which has the lowest Q0 of the region.
In relation with exponents and taking into account
standard deviations, functions Q3, Q5 and Q7 have the
lowest values.

The seven functions with their corresponding stan-
dard deviation error bars were plotted in the frequency
range between 1 and 15 Hz (Fig. 6). Attenuation for
frequencies lower than 4 Hz are almost identical for all
subregions. However, from 4 Hz to higher frequencies,
Q5 and Q7, corresponding to data of the easternmost
areas and registered at mas station, are lower than the
rest (Fig. 6), therefore they have the highest attenuation
of the region. Considering standard deviation errors, Q7

still show higher attenuation than the rest. However, the
uncertainty in Q5 overlaps with the results of subregions
Q1, Q3 and Q6. The relative big standard deviation of
Q5 is due to the small amount of data analyzed in this
area.
Table 1
Q0, sd-Q0 (standard deviation of the Q0), α (frequency exponent), sd-(standa
distance), Nt (number of analyzed seismograms), a (semi-major axis), b (sem
of the seven studied subregions and for the whole eastern Cuba (QT)

Q1 Q2 Q3 Q4

Q0 54 59 64 64
sd-Q0 4 3 2 5
α 0.98 0.98 0.87 0.96
sd-α 0.05 0.03 0.02 0.04
Nt 26 135 224 78
r (km) 213 196 175 164
a (km) 154.5 145.8 135.6 129.8
b (km) 111.9 108.1 103.5 100.8
R2 0.86 0.92 0.87 0.87

These ellipses are the surface projection of the ellipsoids, which contains the
maximum lapse-time utilized in our study. The semiaxis of the ellipses were c

a ¼ vst
2 ¼ vsðtsþ24Þ

2 ¼ rþ24vs
2 and b ¼ ffiffiffiffiffiffiffiffiffiffiffi

a2− r2
4

q
.

6. Discussion

The mean quality factor in eastern Cuba found in this
study, Qc=(64±2)f

0.84 ± 0.01, is slightly lower than the
one found by Moreno (2002a), Qc=76f

0.8, for the same
region. Our study and the one performed by him differ
with regards to two main aspects: the model and the
data. First of all, we assumed a model different from the
one Moreno utilized (Aki and Chouet, 1975); i.e., his
lapse-times are higher; and his volume samples, there-
fore, larger than ours. He also used deeper earthquakes
than us (focal depths up to 49 km) and the data catalogue
we used gathered four more years of data. It has been
observed in many coda-Q studies that Qc increases with
increased lapse time and consequently with increased
volumes sampled and depths, e.g. Ambeh and Lynch
(1993). Therefore, the different lapse times and depths
utilized in these studies could justify the slight dif-
ference between both results.

The Ambeh and Lynch (1993) seismic attenuation
study done in the Caribbean zone found values of Qc=
105f 0.94 for St. Lucia, Qc=132f

0.88 for Trinidad and
Tobago, Qc=97f

1.09 for Dominica and Qc=145f
0.82

for the Leewards islands. These results were found for
events with focal depths up to 70 km. Gonzalez and
Persson (1997) found a mean attenuation function for
Costa Rica of Qc=(91±8.4)f

0.72 ± 0.071, using earth-
quakes with focal depths up to 94 km. In northeastern
Venezuela (southeastern Caribbean), Ugalde et al.
(1998) calculated the values of Qc, for three different
ranges, Qc [2.5–4.5 Hz]=101.5, Qc [4.5–8.5 Hz]=
182.5, Qc [8.5–16.5 Hz]=438.6 and a frequency expo-
nent of 1.17, with earthquakes with focal depths less
than 20 km. Finally, Wiggins-Grandison and Havskov
rd deviation of the frequency exponent), r (maximal epicenter-station
i-minor axis) and R2 (correlation coefficient) calculated for the ellipses

Q5 Q6 Q7 QT

39 57 70 64
9 2 3 2
0.95 0.98 0.77 0.84
0.09 0.02 0.03 0.01
26 224 19 402

129 61 146
112.5 78.6 121
92.2 72.4 96.5
0.84 0.87 0.87 0.86

volume sampled by coda waves at a lapse-time ts+24 s, which is the
alculated using the maximal epicenter-station distance (r) of each area:



Fig. 6. Qc as a function of frequency for each one of the seven subregions. Black dots correspond to Qc values estimated from a single seismogram.
Sampled standard deviation bars for each frequency are plotted. Comparison of the Qc( f ) fits for all subregions (bottom-right corner).
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(2004) calculated a coda Q attenuation of Qc=(60±5)
f 0.87 ± 0.05 in Jamaica, from shallow earthquakes with
focal depths between 2 and 23 km. According to these
studies, coda Q attenuation values in Cuba, for the
frequency range studied [1–15] Hz, are lower than the
values of all these neighbouring zones, except in
Jamaica and Venezuela, which have the lowest coda Q
values in the Caribbean region (Fig. 7). Many variables
could contribute to the explanation of these comparative
results. The studies performed in Costa Rica, Venezuela
and Jamaica were done from Aki and Chouet's method
and the ones done in St. Lucia, Trinidad and Tobago,
Dominica, Leewards islands and Cuba were done from
Sato's method, which implies dissimilar time lapses.
Furthermore, it must be taken into account that all the
studies used deeper earthquakes than those used in
Cuba, Jamaica and Venezuela, which could contribute to
the lower Qc values in the latter. Authors suggest that
would be interesting a joint study of the whole Carib-
bean zone to be able to have good comparative results.
Anyway, within the Caribbean zone, it is possible to
affirm that the Cuban crust is highly attenuating.

Areas of active tectonics where the lithosphere is
highly heterogeneous are characterized by coda-Q val-
ues with a high frequency exponent, whereas old and
stable areas, where the lithosphere is generally uniform,
are characterized by Q values with low frequency de-
pendency (Singh and Herrmann, 1983). The relation
calculated in this study, Qc=(64±2)f

0.84 ± 0.01, shows
that the attenuation is highly dependent on the frequency
Fig. 7. Comparison of the Qc values found in the Caribbean region.
The Qc( f ) functions of St. Lucia, Trinidad and Tobago, Dominica and
Leewards Islands were calculated by Ambeh and Lynch (1993), the Qc

( f ) function of Costa Rica were obtained by Gonzalez and Persson
(1997) and theQc( f ) of Jamaica were calculated byWiggins-Grandison
and Havskov (2004). The Qc ranges for Venezuela were obtained by
Ugalde et al. (1998).
which is in agreement with the high tectonic activity of
eastern Cuban. This is a common characteristic of the
results found in the Caribbean region (previously dis-
cussed), as all of them were performed in regions with
high seismic activity.

The Qc functions for seven subregions of the eastern
Cuba were calculated with the intention of understand-
ing the spatial variation of the attenuation. The differ-
ences between the Qc results were correlated with the
geology and tectonics of the seven subregions (Fig. 8).
Regarding frequency dependency, subregions 3, 7 and 5
have the lowest exponents, although the major tectonic
activity of eastern Cuba is associated with the trans-
pressional SDB, where epicenters of areas 3 and 7 are
located. There is either no tectonic evidence to explain
the dissimilar exponents of 6 or, 3 and 7 subregions.
What is more, no correlation with the tectonic mecha-
nism is observed, since larger exponents include subre-
gions whose epicenters are placed both in transtensional
(CCB and CB) and transpressional areas (SDB). Any-
way, results allow the assertion that all the subregions
have high frequency dependency as all of them cover
very faulted and seismically active areas. However,
results show dissimilar attenuation for frequencies
higher than 4 Hz (Fig. 6). The highest attenuation is
observed in the easternmost subregions, Q5 and Q7

(Fig. 6). In one hand, authors would like to remark that
more data should be analized to reduce standard de-
viation of Q5 and confirm or deny this observation. On
the other hand, this result is supported by the isoseismal
maps of perceptible earthquakes carried out by Chuy
(2000), using macroseismic data, where the isolines
present an elliptic pattern with a major-axis oriented in
the direction NW–SE. This fact encourages authors to
attempt an explanation based on that the spatial variation
observed could be attributed to the different geological
characteristics of the subregions, particularly, to the
crustal composition. It is known that oceanic crust has a
denser composition than continental crust and that ener-
gy loss through nonelastic processes decreases with
increasing material density and velocity (Lay and Wal-
lace, 1995). Therefore, oceanic crust has lower attenu-
ation than continental crust. It would be possible to say
that the subregions that cover mainly the extreme south-
ern coast (1, 2, 3 and 6) have lower attenuation than the
others (5 and 7) (Fig. 8). According to the crustal model
proposed by Tenreyro et al. (1994) and Moreno (2003),
which suggest the existence of oceanic crust in the
extreme southern coast and continental crust in the north
coast of eastern Cuba, the areas 1, 2, 3 and 6 contain
more oceanic crust than the subregions 5 and 7. Assum-
ing that the differences between the attenuation found in



Fig. 8. Correlations of the Qc( f ) of the seven subregions with the tectonics of the area.
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the subregions could be attributed to differences in the
crustal composition, our results would agree with this
crustal model. Nevertheless, the minimum attenuation
value, corresponding to subregion 4 is not possible to
explain using geological arguments. This subregion co-
vers a very controversial area with a complex geology
and tectonics (NCFS). The increase of the seismic acti-
vity of this area in recent years is being studied by
several authors, but there is no accepted explanation at
the moment.

In conclusion, the results of all the seven subregions
agree with an attenuation pattern of high tectonic acti-
vity, however, it is observed higher attenuations values
in the easternmost areas. One possible explanation for
this spatial variation could be attributed to the geological
composition of the crust in these subregions. The crustal
model, which suggested the existence of oceanic crust in
the extreme southern coast and continental crust in the
north coast of eastern Cuba (Tenreyro et al., 1994;
Moreno, 2003), could generally explain the spatial vari-
ation founded in our results.

7. Conclusions

1. The mean quality factor in eastern Cuba found in this
study, Qc=(64±2)f

0.84 ± 0.01.The relation calculated
in this study shows a high attenuation dependency
with frequency (relatively high exponent value), that
is typical of heterogeneous geology and high tectonic
activity, which agrees with the geotectonic character-
istics of eastern Cuban.
2. The Qc's of seven subregions of the eastern Cuba
were calculated. These results agree with an attenu-
ation pattern of high tectonic activity areas. Regard-
ing frequency dependency, subregions that have the
lowest exponents have epicenters located in the
major tectonic activity of eastern Cuba, associated
with the transpressional SDB. The highest attenua-
tion for the frequency range of [1–15] Hz was found
in the easternmost area of the region.
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