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Abstract

Joint inversion of Rayleigh wave group velocity dispersion and receiver functions have been
used to estimate the crust and upper mantle structure at eight seismic stations in Cuba. Receiver
functions have been computed from teleseismic recordings of earthquakes at epicentral (angular)
distances between 30° and 90° and Rayleigh wave group velocity dispersion have been taken from a
surface-wave tomography study of the Caribbean area. The thickest crust (around 27 km) is found at
Cascorro (CCC), Soroa (SOR), Moa (MOA) and Maisi (MAS) stations while the thinnest crust
(around 18 km) is found at stations Rio Carpintero (RCC) and Guantdanamo Bay (GTBY), in the
southeastern of Cuba; this result is in agreement with the southward gradual thinning of the crust
revealed by previous studies. The inversion shows a crystalline crust with S-wave velocity between
2.9 km/s and 3.9 km/s and at the crust-mantle transition zone the shear wave velocity varies from 3.9
km/s and 4.3 km/s. The lithospheric thickness varies from 74 km, in the youngest lithosphere, to 200
km in the middle of the Cuban island. Evidences of a subducted slab possibly belonging to the
Caribbean plate are present below the stations Las Mercedes (LMG), RCC and GTBY and a thicker
slab is present below the SOR station.
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I ntroduction

Earlier studies have identified two different active tectonic periods in the development of the crust in
Cuba. During the first period (Jurassic-Middle Eocene), an island arc with continental crust was
formed on an oceanic basement (Pushcharovskiy, 1979). In late Eocene-Quaternary the earlier formed
nappe-fold complexes, as a whole, were subjected to different character of deformations expressed in
rises and basins of the present topography, and consequently in the features of the facies and
thicknesses of the Middle and Upper Cenozoic sediments (Makarov, 1986). Cuba contains
Precambrian rocks and sedimentary rocks of Jurassic to Cretaceous age, characterized by large thrust
and nappe structures, which are not present in the other islands of the northern Caribbean (Draper and
Barros, 1994). Over most of its length, Cuba is the divide between extremely stable geologic
conditions to the north and complex ones to the south. Much of the north coast of Cuba belongs to the
Florida-Bahamas carbonate province and much of the southern part consists of metamorphosed
sedimentary and acidic igneous rocks. In the middle, as a result of the contact between the Bahamas
platform and the Cuban island arc, there is a relatively narrow, extremely folded and faulted belt
which contains ultra-basic igneous rocks and many types of volcanics and volcanic-derived sediments
(Pardo, 1975).

According to Bush and Shcherbakova (1986), the Cuban region consists of a tectonic junction of three
dissimilar crustal blocks: (1) an autochthonous segment of the North America plate with continental
crust; (2) a Cretaceous volcanic island arc with transitional crust and over thrust structure; and (3) an
autochthonous fragment of a Paleocene volcanic island arc. Satellite photograph interpretation (Bush
and Shcherbakova, 1986) has been used to refine the position of Cuba’s “axial fault” (AF), which
extends for more than 800 km along the entire island. Bush and Shcherbakova (1986) interpreted this
“axial fault” as the southern boundary of the contact zone between the Cuban island arc and the
Bahamas platform. Based on joint interpretation of gravity and seismic refraction data, they found
drastic changes in the crustal thickness across this obduction zone where the overthrusting
of Bahamas platform by Cuban island arc occurs. Another remarkable change of the crustal thickness
occurs across Cauto-Nipe fault (CNF) (Figure 1). Otero et al. (1998) consider this fault as a divide
between transitional and oceanic crust.

The characterization of the crust is, so far, mainly based on seismic refraction methods combined with
gravimetric data, deep drilling and satellite photographs (Shcherbakova et al., 1978; Bovenko et al.,
1982; Bush and Shcherbakova, 1986). Moreno (2003) uses teleseismic recordings of the
seismological network of Cuba to estimate the crustal structure at the seismic stations, by means of
the receiver functions technique. Considering the availability of surfaces wave dispersion data
obtained for the Caribbean region (Gonzalez et al., 2007) we use both receiver functions and surfaces
wave dispersion to constrain shear wave velocities at seismic stations and compare the new results
with previous studies.

Joint inversion procedure

Receiver functions are time-series computed from three-component body-wave seismograms and
sensitive to the earth structure near the receiver. They are composed by P- to S-wave or S- to P-wave
conversions that reverberate within the structure below the seismic station. These converted waves are
isolated by deconvolving the vertical component of a teleseismic P-wave record from its radial
component (Langston, 1979; Ammon et al., 1990; Ammon, 1991). Surface waves arise from the
presence (boundary conditions) of the stress free surface of the Earth’s and, in presence of layering,
they are dispersed. They provide valuable information on the absolute S-wave velgchyt(&re
relatively insensitive to sharp vertical velocity contrasts. On the other hand, receiver functions are
sensitive to S-wave velocity contrasts, which give rise to converted phases, but allows for substantial
trade-off between the depth and velocity above an impedance change (Ammon et al., 1990).
Combining both kinds of signals in a joint inversion bridges the resolution gaps associated with each
individual data set (Ozalaybey et al., 1997; Julia et al., 2000, 2003, 2005; Gok et al., 2008).

The joint inversion of receiver function and surface wave dispersion follows the approach described
in Julia et al. (2000). The use of the linearized inversion procedure is fully justified since, for each
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station, we use as starting models all those consistent with the non-linear inversion of surface waves
(Gonzalez et al., 2007), and can be described by the following system of equations:

pDs U?S pDs
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where Ds and Dr are the partial derivative matrices for the dispersion measurements and the
receiver function estimate, respectivelg and Rr are the corresponding vectors of resid¥aks

the vector of the fixed-thickness layers velocity model,is the starting moded is a matrix that
constructs the second order difference of the model

The factor p = 1-q, is the influence parameter that controls the relative importance of receiver function
and dispersion values. In particular, if p=0 only the receiver function data are used and if p=1 only the
dispersion data are used. The damping fagtdralances the trade-off between data fitting and model

smoothnessW is a diagonal matrix of weights to the vecXa, which contains the priori
predefined velocity values.

Data preparation

We compute the receiver functions for 24 earthquakes (Table 1) recorded at eight seismic stations of
the National Seismological Network of Cuba (Figure 1 and Table 2). The seismic stations are
operating at a dynamic range of 96 db, digitizing at 100 samples per second in the 0.05 Hz to 40 Hz
frequency band (Moreno, 2002). Several new data are added to a selection of the receiver function
determined by Moreno (2003) - few of them have been rejected because they did not have a good
signal to noise ratio. The preparation of data has been done with the SAC software (Goldstein, 1999)
and the receiver functions have been computated using the Gaussian filters of 0.5, 1.0 and 2.5 Hz,
with Ligorria and Ammon (1999) procedure, which uses the iterative time-domain deconvolution
technique.

The dispersion relations obtained by Gonzalez et al. (2007), in the period range from 10 s to 40 s,
have been extended using the group velocity tomographic results of Vdovin et al. (1999) ranging from
50 s to 150 s. The experimental errors of these measurements for each period vary between 0.06 km/s
and 0.09 km/s.

Inversion procedure

The drawbacks intrinsic in the linearization of a non-linear problem are minimized considering as
starting model of the linear procedure, for each cell where the stations are located, the set of models
determined by the non-linear inversion of the dispersion curves of the Caribbean region, made by
Gonzalez et al. (2007).

The joint inversion procedure builds upon two existing programs: SURF (Herrmann, 1987) for
surface-wave dispersion inversion and BODY (Ammon et al., 1990) for receiver function inversion.
Julia et al. (2000) developed the program JOINT to connect these procedures. All these programs are
accessible in the software package Computer Programs in Seismology (Herrmann and Ammon, 2002).

Considering the characteristics of our dataset, which have poorly constrained features (small
amplitude arrivals) after 35 s in the receiver functions, and our interest for mapping crustal and upper
mantle layers rather than lower mantle, we parametrized layers down to the upper mantle zone. For
this reason we limit the joint inversion to the first 40 s of the receiver function. In the inversion
algorithm the damping factor is an important parameter because it balances the trade-off between
resolution and stability (Julia et al., 2000). For each iteration, we perform the joint inversion with: (a)
damping factoro =0.5, (b) nonea priori information and (c) influence parameter p=0.2. The last
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choice gives more weight to the receiver function than to the dispersion data that define the initial
models. All the layers of the initial models are inverted, but, considering the relatively poor resolution
of the dispersion values at 10 s or greater for the uppermost layers, the weights for the inversion in the
upper (sedimentary) layers are fixed between 0.1 and 0.8 to be consistent with our dataset resolution.

For each initial model, each iteration of the linearized inversion is controlled by a misfit function. The
misfit function controls the variation of the average of the percent of fits between the experimental
and the theoretical receiver functions generated by the inversion for all used earthquakes at the
considered frequencies (see section Data preparation). The iterative process is terminated when the
improvement of the misfit function from one iteration to the next is less than 0.05%. An example of
the joint inversion procedure for one initial model from Gonzalez et al. (2007) is shown in figure 2.

The end model satisfies the following two criteria: (a) it is the solution with the percent of fit for
receiver functions as close as possible to the average value of all percent of fit of all the solutions for
the station (this criterion reduces the effects of the projection of possible systematic errors into the
inverted structural model) and (b) it corresponds to a dispersion curve whose standard error with
respect to observed group velocities is less than 0.045 km/s, i.e. equal to the value of r.m.s used by
Gonzalez et al. (2007).

The thicknesses of the layers in the models determined by Gonzalez et al. (2007) are consistent with
the resolving power of dispersion data (Panza, 1981). In order to optimize the layering (i.e. the
subdivision of the physical layers) for the joint inversion, stability tests have been done: the layers
resulting from the non-linear inversion have been subdivided into sub-layers with thickness equal to
the “incremental step” used in the non-linear inversion, divided by 1, 1.25, 1.5 and 2. An example of
the final results obtained for the four tests is illustrated in Figure 3, relative to station MOA. In
general, the results of the four tests show that the final models: a) are internally consistent, b) their
dispersion curves are consistent with the dispersion data (and the related experimental errors), and c)
the percentage of fit for their receiver functions are similar. For this reason, in order to avoid an
oversampling in the parametrization and to exploit the resolving power of the receiver functions, we
use the 1.25 dividing factor in the sub-layering generation.

The solutions for the different stations that satisfy the described criteria, are shown in Figure 4, while,
for each station, the results of the inversion corresponding to the chosen solution, are shown in
Figures 5-11.

Results

As we could expect, the results for the joint inversion, summarized in tables 3 and 4 and shown in
Figure 4, improve, with respect to the initial ones, the resolution in most of the end models and the
uncertainty in \{values is, as a rule, less than 0.4 km/s.

From West to East of the Cuban island, the model (see Figure 5) in the Soroa station (SOR), located
in its western part (see Figure 1), indicates a low velocity channel in the lower crust and the Moho at
around 26 km of depth, in good agreement with the earlier classification as thinned continental
(transitional) crust (Tenreyro et al., 1994). A well pronounced layering is seen in the upper mantle and
the lithospheric thickness is about 80 km; at a depth of 100 km, a stack of layers (approximately 50
km thick) characterized by relatively high velocities (ranging from 4.5 to 4.7 km/s) may indicate the
presence of a subducted lithosphere.

The result for Manicaragua station (MGV) (see Figure 6) indicates that the crust is of accretional type
and around 21 km thick, with an upper and lower crust of about 9 km and 8 km thick, respectively.
The sub-Moho velocity is around 4.1 km/s for about 11 km of thickness, increasing up to 4.5 km/s at a
depth of approximately 36 km, followed by a low velocity channel. The deep low velocity zone,
starting at a depth of 200 km, could belong to a deep asthenosphere.

The model for Cascorro station (CCC) (see Figure 7), evidences a crust of continental type, about 26
km thick with an upper crystalline crust and a lower crust, with a thickness of 13 and 10 km,

respectively. The crustal thickness is slightly smaller than the ones proposed by previous studies in
the zone (e.g. Bovenko et al., 1982; Bush and Shcherbakova, 1986; Otero et al., 1998; Moreno 2003)
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(see Table 5 for the comparison) but it is consistent with the classification made by Tenreyro et. al.
(1994), indicating a thinned continental (transitional) crust. A low velocity channel is observed at the
bottom of the crust, while a well developed low velocity channel, below by a thick lithosphere, is
present in the mantle starting at a depth of 130 km.

In the eastern region of Cuba, 5 broad band stations are located where the tectonics processes are most
intensive (Arango, 1996) and the Bouguer anomalies have their highest values (Cuevas et al., 2001).
Las Mercedes station (LMG) is located in a zone where important gradients in Bouguer anomalies
occur (Cuevas et al.,, 2001), close to the Cauto-Nipe system fault (CNF) (see Figure 1), where a
remarkable change in the crustal thickness takes place (Bovenko et al.,1982; Bush and Shcherbakova,
1986; Otero et al., 1998). Here (see Figure 8) the Moho lies at a depth of about 21 km, in agreement
with the range proposed by previous studies, and the lithosphere is about 80 km thick, value
consistent with an oceanic type of structure. In the depth range between 110 km and 160 km, a stack
of relatively high velocity layers is found that could be explained by the presence of a subducted
lithospheric slab. This feature is present also in the other stations in the southeastern part of Cuba, like
Rio Carpintero (RCC, Figure 8) and in Guantanamo (GTBY, Figure 9), indicating the presence of a
subducted slab, with varying thickness, that could be explained by the underthrusting of this region by
the Caribbean plate. This underthrusting could be the origin of the Santiago Deformed belt and it
could be related to the north-south compression, starting at about 78°W and continuing all the way to
the east along the southern Cuban margin, as described by Calais et al. (1998).

The result for the RCC station (see Figure 9) shows a thick oceanic crust with a thickness of about 18
km, in agreement with the classification made by Tenreyro et al., (1994), and fully consistent with the
previous refraction seismic profiles (e.g. Bovenko et al. (1982); Otero et al. (1998) and Moreno
(2003)). The lithospheric thickness is about 74 km, that is, a typical value for a relatively young
oceanic lithosphere (e.g. Panza, 1980) while at a depth between 130 and 210 km the possible
subducted lithospheric slab is present, i.e. at a larger depth than in station LMG.

The GTBY station (see Figure 10), located 80 km to the east of RCC also shows an oceanic type of
crust, with a Moho about 18 km deep and a lithospheric thickness of about 75 km. A low velocity
channel is present in the upper mantle at a depth of 40 km while the structure at a depth between 90
and 140 km is consistent with the presence of a subducted slab.

Figure 11 shows the result for the MOA station, where the crust is 27 km thick, in agreement with the
previous study by Moreno (2003). This structure could be corresponding to an accretionary type of
crust related to the presence of a compressional deformation between the Bahamas platform and the
Cuban Island arc in the north coast of Cuba (Moreno, 2002). The lithosphere is about 130 km thick,
while there is no clear evidence of a subducted slab.

At the easternmost part of Cuba, and at a distah88 &m from MOA, the Maisi station (MAS) (see
Figure 12) sits on a crust that is about 27 km thick and with a well pronounced low velocity channel
in its upper part. This type of crust seems to be of accretionary type as well and it could be related
with the compressional deformation between the Bahamas platform and the Cuban Island (Moreno,
2002). As for the MOA station, the lithosphere is about 130 km thick, and there is no clear evidence
of a subducted slab.

The models obtained in this study for MOA and MAS stations are different with respect to the ones
reported in earlier studies (e.g. see Table 5). Otero et al. (1998), using refraction seismic profiles and
gravity data, classified the crust in Cuba in three zones: (1) a thick transitional crust (> 30 km), (2) a
thin transitional crust (20 — 30 km) and (3) an oceanic crust (< 20 km). They suggest, by extrapolation
from the available models, that the stations MOA and MAS are located in an oceanic crust; however,
there is no seismic profile close to this area to support their hypothesis. Our results are well consistent
with Moreno (2003) findings, who assigned to these sites a crustal thickness of28band 24 km,
respectively.



Conclusions

The joint inversion of dispersion curves and receiver functions, performed for all the broadband
stations in Cuba, allows to get a relatively fine structure in most of the end models for the crust and
upper mantle structure in the Cuban region. Some important features of the lithosphere and
asthenosphere, including the Moho depth, the lithosphere-asthenosphere transition zone and the
possible presence of subducted slabs, have been delineated below the seismic stations in Cuba. The
models about the crustal thickness are mostly consistent with previous studies. New models are
obtained in correspondence of MOA and MAS stations, which are more consistent with an accretional
type of crust than with the oceanic type crust proposed in previous studies (mostly by extrapolation of
shallow seismic profiles). For the stations RCC and GTBY the crustal and lithospheric thickness is
fully consistent with an oceanic type of crust, while below the stations CCC and MGV, that are in the
middle of Cuban island, the lithospheric thickness reaches values larger than 130 km. The models at
the stations LMG, RCC, GTBY and SOR indicate the presence of a lithospheric slab, possibly
belonging to the Caribbean plate. The subduction could be explained as the (present or past) result of
the north-south compression between the Caribbean plate and the Cuba Island.
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Table 1. List of the teleseismic records used in the receiver function computation.

From previous study (Moreno, 2003)

From this study

Date Time | Lat. Lon. | Dep. | Ms Date Time | Lat. Lon. | Dep. | Ms
19980403 | 2201 -8.15 -74.24 164 | 6.6 | 20040503 | 0436 | -37.70 -73.41 21 6.6
19980522 | 0448 | -17.73 -65.43 24 6.6 | 20050521 | 0511 -3.29 -80.99 39 6.4
19980903 | 1737 | -29.45 -71.71 27 6.6 | 20050613 | 2244 | -19.90 -69.13 110 | 7.9
20010626 | 0418 | -17.75 -71.65 24 6.7 | 20050926 | 0155 -5.68 -76.40 115 | 75
20010705 | 1353 | -16.09 -73.99 62 6.6 | 20051117 | 1926 | -22.32 -67.89 162 | 6.8
20010707 | 0938 | -17.54 -72.08 33 7.6 | 20060430 | 1917 | -26.99 -70.79 7 6.4
20010724 | 0500 | -19.45 -69.25 33 6.4 | 20061020 | 1048 | -13.43 -76.57 33 6.5
20020328 | 0456 | -21.66 -68.33 125 | 6.5 | 20070815 | 2340 | -13.32 -76.51 40 7.5
20020401 | 1959 | -29.67 -71.38 71 6.4 | 20071115 | 1503 | -22.87 -70.41 27 6.1
20020418 | 1608 | -27.53 -70.59 62 6.7 | 20071216 | 0809 | -22.56 -69.98 55 6.7
20030620 | 1330 | -30.61 -71.64 33 6.8 | 20080208 | 0938 10.67 -41.90 9 6.9
20031222 | 1915 35.71 -121.10 7 6.6 | 20080523 | 1935 7.31 -34.9 8 6.5

20080910 | 1308 8.09 -38.72 10 6.4

Table 2. Broadband seismic stations used in this study.

Station Latitude (°N) Longitude (°W) | Elevation (m)
MAS 20.18 74.23 350
MOA 20.66 74.96 50
RCC 19.99 75.70 100
LMG 20.06 77.00 167
CAS 21.19 77.42 66
MCG 22.11 79.98 100
SOR 22.78 83.01 206
GTBY 19.93 75.11 19.93




Table 3. Vs velocity models for each seismological station derived from the joint inversion.

SOR MGV ccc LMG
Thick (km) Vs (km/sec) Thick (km) Vs (km/sec) Thick (km) Vs (km/sec) Thick (km) Vs (km/sec)
0.6 2.13 4 2.98 1 1.98 15 1.82
3.2 2.86 3.8 2.96 25 2.87 2.6 3.09
3.2 291 5 3.02 7 3.02 2 3.44
3.2 3.08 2 3.52 5 3.26 2 2.81
5.8 3.57 2 3.78 2 3.82 3 3.19
3.2 3.82 2 3.85 2 3.92 4.8 3.42
3.2 3.53 2 3.65 2 3.92 5.2 3.69
3.2 3.87 2.7 4.04 2 3.80 18 4.31
3.2 4.18 2.7 3.99 2 3.62 8 4.58
5.2 4.11 2.7 4.07 6.4 4.16 16 4.69
8 4.48 2.7 4.18 9.6 4.27 13 4.49
12 4.64 4.2 4.26 24 4.50 32 4.3
25 4.56 6.6 4.45 16 4.56 32 4.75
16 4.35 3.3 4.31 16 4.53 16 4.62
16 4.7 3.3 4.26 38 4.52 16 4.28
32 4.63 3.3 4.39 40 4.38 32 4.11
32 4.44 70 4.48 40 4.25 16 4.2
32 4.46 80.1 4.55 40 4.54 16 4.39
32 4.27 33.2 4.31 40 4.56 20 4.65
32 4.61 26.7 4.33 54.5 4.54 32 4.95
32 4.69 26.7 4.45 17 4.90 16 4.64
47 4.85 26.7 4.57 16 4.65
17 4.9 34.1 4.67 29.9 4.81
50 4.9 67 4.90 17 4.9
RCC GTBY MOA MAS
Thick (km) Vs (km/sec) Thick (km) Vs (km/sec) Thick (km) Vs (km/sec) Thick (km) Vs (km/sec)
1 1.25 1 141 0.6 1.75 0.6 1.84
1.7 2.74 1.7 2.90 3.2 3.06 3.2 3.26
8 3.37 15 3.32 3.2 2.97 3.2 3.07
4 3.18 6 4.05 3.2 2.89 3.2 2.98
3 3.35 8 4.15 3.2 3.25 3.2 3.15
10 4.31 2 4.25 3.2 3.56 3.2 3.47
4 4.14 4 4.40 3.2 3.67 3.2 3.65
2 4.20 2 4.30 35 3.92 35 3.81
11 4.28 5 4.18 4 3.63 4 3.57
24 4.71 9.6 4.60 8 4.28 8 4.34
4.8 4.59 9.6 4.75 8 4.40 8 4.30
35.2 4.46 4.8 4.84 8 4.44 8 4.33
12 4.19 4.8 4.63 8 4.65 8 4.53
12 4.33 4.8 4.37 23 4.48 23 4.53
12 4.49 6.4 4.23 50 4.60 20 4.66
20 4.57 4.8 4.36 60 4.33 32 4.47
16 4.58 46.2 4.58 32 4.49 32 4.37
16 4.68 94 4.31 32 4.41 32 4.43
16 4.49 16 4.59 32 4.62 54 4.46
16 4.19 16 4.67 61.7 4.73 32 4.59
26 4.04 32 4.81 17 4.90 32 4.55
16 4.55 16 4.67 50 4.90 33.7 4.88
16 4.71 16 4.50 17 4.90
16 4.83 24.3 4.70 50 4.90
16 4.98 17 4.90
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Table 4. Crust and lithosphere thickness and range of depth for the subducted slab (where present)

below the seismic stations in Cuba.

Station SOR | MGV | cCC | LMG | RCC | GTMO | MOA | MAS
Crustal
thickness (km) 26 21 26 21 18 18 27 27
thL_'thosphe“C 79 202 135 76 74 74 132 134
ickness (km)
Range of
depth for 95 108 132 90
subducted - - - -
slab (km) 145 156 | 213 | 136

Table 5. Comparison of crustal thickness at seismic stations derived from different studies. Question
mark indicates probable thickness extrapolated from relatively distant seismic cross sections.

Station | Bovenko et al., Bush and Otero et al, 1998 |Moreno, 2003| This study
1982 Shcherbakova, 1986
MAS - - <20 km 24 km 27 km
MOA - - <20 km 29 km 27 km
RCC 18 km (?) - <20 km 18 km 18 km
LMG 21 km (?) 17-24 km (?) < 20 km 19 km 21 km
CCC 32 km (?) 35 km (?) > 30 km 31 km 26 km
MGV - 17-24 km (?) 20-30 km 24 km 21 km
SOR - 30 km (?) 20-30 km 27 km 26 km
GTBY - - - - 18 km
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Figure 1. Location of seismic stations (modified from Moreno, 2003). Dashed lines represent the Cauto-Nipe
fault (CNF).

S-Velocity (km/s) Mgi‘g“““m%
3.00 3.50 4.00 4.50 5.00 /wzumnosﬂ
0

L IIII|IIII|IIII|IIII|I
i‘ﬁ 20050926(269)0155

L 20060430(120)1917

M@;@1 5(227)2340
70 ﬂwvo\@s

20071216(350)0809

}\ﬁ:) ~ 20040503(124)0436
/\45 20050521(141)0511

é\ 7<) 20050926(269)0155
/\ P 20060430(120)1917

20070815(227)2340

140

20071216(350)0809

” A 20040503(124)0436
20050521(141)0511
A\ [
20050926(269)0155

” 20060430(120)1917

20070815(227)2340

A A 20071216(350)0809

T T T T T
o 9 18 27 36
Time (sec)

210

Depth (km)

VELOCITY (KM/S)
2.00 2.33 2.67 3.00 3.33 3.67 4.00

280

PERIOD () 0

IIIIIIIIIIIIIIIIIIM

Figure 2. Example of joint inversion for MOA station; the initial input model is one of the solutions obtained by
Gonzalez, (2007). Thick red line in the left plot corresponds to the chosen solution while numbers in receiver
functions correspond to origin time of the seismic event.
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Figure 3. Final results obtained for the four stability tests performed at station MOA. The starting thickness of
the layers in the initial models (15 in total) was determined by Gonzalez et al. (2007), using in the inversion the
“incremental step” (IS), calculated on the base of the resolving power of dispersion data. The initial layers were
subdivided in sub-layers with thickness equal to the corresponding IS divided by 1 (a), 1.25 (b), 1.5 (c) and 2 (d).
For each case, the percentage indicates the maximum value obtained for the fit (between theoretical and
experimental RFs) considering all the initial models.
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Figure 4. Initial and final models, for each considered station; thick red lines indicate the chosen solution,
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Figure 5. Chosen solution (thick red line in the left plot) for Soroa station (SOR), result of the joint inversion of
RFs (using Gaussian filters at 0.5, 1.0 and 2.5 Hz) and dispersion data.
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Figure 6. Chosen solution (thick red line in the left plot) for Manicaragua station (MCG), result of the joint
inversion of RFs (using Gaussian filters at 0.5, 1.0 and 2.5 Hz) and dispersion data.
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Figure 7. Chosen solution (thick red line in the left plot) for Cascorro station (CCC), result of the joint inversion
of RFs (using Gaussian filters at 0.5, 1.0 and 2.5 Hz) and dispersion data.
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Figure 8. Chosen solution (thick red line in the left plot) for Las Mercedes station (LMG), result of the joint
inversion of RFs (using Gaussian filters at 0.5, 1.0 and 2.5 Hz) and dispersion data.
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Figure 9. Chosen solution (thick red line in the left plot) for Rio Carpintero station (RCC), result of the joint
inversion of RFs (using Gaussian filters at 0.5, 1.0 and 2.5 Hz) and dispersion data.
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Figure 10. Chosen solution (thick red line in the left plot) for Guantanamo Bay station (GTBY), result of the
joint inversion of RFs (using Gaussian filters at 0.5, 1.0 and 2.5 Hz) and dispersion data.
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Figure 11. Chosen solution (thick red line in the left plot) for Moa station (MOA), result of the joint inversion of
RFs (using Gaussian filters at 0.5, 1.0 and 2.5 Hz) and dispersion data.
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Figure 12. Chosen solution (thick red line in the left plot) for Maisi station (MAS), result of the joint inversion
of RFs (using Gaussian filters at 0.5, 1.0 and 2.5 Hz) and dispersion data.
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