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Abstract—An overview of the S-wave velocity (Vs) structural

model of the Caribbean with a resolution of 2! 9 2! is presented.
New tomographic maps of Rayleigh wave group velocity disper-

sion at periods ranging from 10 to 40 s were obtained as a result of

the frequency time analysis of seismic signals of more than 400

ray-paths in the region. For each cell of 2! 9 2!, group velocity
dispersion curves were determined and extended to 150 s by adding

data from a larger scale tomographic study (VDOVIN et al., Geo-
phys. J. Int 136:324–340, 1999). Using, as independent a priori

information, the available geological and geophysical data of the
region, each dispersion curve has been inverted by the ‘‘hedgehog’’

non-linear procedure (VALYUS, Determining seismic profiles from a

set of observations (in Russian), Vychislitielnaya Seismologiya 4,

3–14. English translation: Computational Seismology (V.I. Keylis-
Borok, ed.) 4:114–118, 1968), in order to compute a set of Vs

versus depth models up to 300 km of depth. Because of the non-

uniqueness of the solutions for each cell, a local smoothness
optimization has been applied to the whole region in order to

choose a three-dimensional model of Vs, satisfying this way the

Occam’s razor concept. Several known and some new main fea-

tures of the Caribbean lithosphere and asthenosphere are shown on
these models such as: the west directed subduction zone of the

eastern Caribbean region with a clear mantle wedge between the

Caribbean lithosphere and the subducted slab; the complex and

asymmetric behavior of the crustal and lithospheric thickness in the
Cayman ridge; the predominant oceanic crust in the region;

the presence of continental type crust in Central America, and the

South and North America plates; as well as the fact that the bottom
of the upper asthenosphere gets shallower going from west to east.

Key words: S-wave velocity models, Caribbean region,

Group velocities dispersion curves, Local smoothness optimization.

1. Introduction

The structure of the crust and upper mantle of the

Caribbean region, located between the Pacific and

Atlantic oceans and the North and South America

plates (Fig. 1), has been studied by several authors.

Regional studies (DENGO and CASE, 1990; VAN DER

HILST, 1990; VDOVIN et al., 1999; BASSIN et al., 2000;
CHULICK and MOONEY, 2002; LIGORRÍA and MOLINA,

1997; MORENO et al. 2002; PINDELL and KENNAN 2001;

GONZALEZ et al., 2007; MILLER et al., 2009; GROWDON

et al., 2009; MAGNANI et al., 2009) and global studies

(LASKE and MASTERS, 1997; MONTAGNER and KENNETT,

1996; MOONEY et al., 1998) show evidence of its

complexity, which is characterized by continental and

accretionary crust, subduction zones, rifts, and a

predominantly oceanic crust.

Different models have been proposed to describe

the origin and evolution of the Caribbean; some of

the most representative models are summarized by

ITURRALDE and LIDIAK (2000). Recently, PINDELL and

KENNAN (2009) formulate a comprehensive hypothesis

about the evolution of the Caribbean lithosphere and

its interaction with the American Cordillera, fromBaja

California to northern Peru, as well as its progressive

relative motion to the North and South America plates.

Previous studies of the lithosphere–asthenosphere

system in the Caribbean region have been made using

geophysical data (i.e. TEN BRINK et al., 2001, 2002),
P-wave travel time tomography (VAN DER HILST,

1990), local studies of surface waves and receiver

function analysis (MILLER et al., 2009, GROWDON

et al., 2009, MAGNANI et al., 2009) and some regional

surface waves dispersion analysis (ÁLVAREZ, 1977;

PAPAZACHOS, 1964; SANTO, 1967; TARR, 1969).

Recently, with the installation of new broad band

seismic stations in the Caribbean (USGS Caribbean

Network), a significant amount of Rayleigh surface
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waves have been recorded, which allow us to make a

more detailed surface waves dispersion analysis for

the whole region.

The purpose of this paper is to provide new infor-

mation about the Rayleigh surface wave dispersion in

the Caribbean region and to obtain the corresponding

three-dimensional Vs model by a nonlinear inversion

method, using the available knowledge about the

lithosphere-asthenosphere system.

2. Group velocity measurements and surface wave’s
tomography

Two hundred-six new records of Rayleigh waves

crossing the Caribbean region have been selected

from the several thousands of waveforms recorded by

the stations in the region (Table 1). The selected

records, mainly of the USGS and FUNVISIS net-

works, fulfill the following conditions about the

earthquake sources:

(a) Depth h\ 75 km andmagnitude 5.0\MS\ 6.9,

to be able to record well defined Rayleigh surface

waves at distances from 500 km to 2,000 km and

to neglect finite-source effects.

(b) Latitude (north): 0!–35!, longitude (west): 40!–
140!, whose ray-paths are crossing our study

region.

(c) Mainly sampling the eastern zone of the Carib-

bean, where the spatial resolution of a previous

study by GONZALEZ et al., (2007) was the poorest.

The selected paths were added to those of the

previous study by GONZALEZ et al., (2007) (Fig. 2).
The frequency time analysis (FTAN, latest ver-

sion) (LEVSHIN et al., 1972, 1992), has been used to

determine the surface waves dispersion curves at

periods from 10 to 40 s. The upper limit of this period

range is imposed by the frequency response of the

FUNVISIS seismic stations, the network with the

highest number of stations in the southeastern

Caribbean, which is equipped with Guralp CMG-40T

seismometers.

The measurements errors of the group velocity

values are determined as the average between the

differences of group velocity values for at least five

pairs of paths, where for each pair, the stations are the

same and the distance between the epicenters is less

than 0.3!. The results vary from 0.06 to 0.09 km/s

and they are consistent with the ones in GONZALEZ

et al., (2007).
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Figure 1
Schematic map of the Caribbean region (modified from GONZALEZ et al., 2007). 1 Mid Cayman Spreading Center in the Cayman trough, 2

Northern Panama deformed belt, 3 South America deformed belt, 4 South Caribbean fold belt and 5 Barbados Prism)
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Using the tomographic procedure described by

DITMAR and YANOVSKAYA (1987), YANOVSKAYA

and DITMAR (1990), WU and LEVSHIN (1994), and

YANOVSKAYA (1997), a new tomographic maps of the

group velocity in the Caribbean were determined at

periods from 10 to 40 s with 5 s intervals (Fig. 3).

These maps are an improved and extended version of

those obtained by GONZALEZ et al., (2007) in the

southeastern part of the Caribbean.

The lateral resolution of the tomographic study

(Fig. 4), which is determined by the density of paths,

is less than 500 km in the whole region, including the

southeastern part of the Caribbean and the Lesser

Antilles, except for the period of 10 s. The stretching

parameter e (Fig. 5), that indicates the dominant

orientation of the paths, are evidence of a satisfactory

uniform spatial distribution of the paths in the study

area.

Table 1

Seismic stations used for this study

Code Region Latitude (N) Longitude (W) Height (m) Network

RCCC Rio Carpintero 19.999 75.696 100 SSSN
CCCC Cascorro 21.200 77.766 150 SSSN

LMGC Las Mercedes 20.064 77.005 220 SSSN

MOAC Moa 20.660 74.960 120 SSSN

MASC Maisi 20.175 74.231 320 SSSN
MGV Manicaragua 22.110 79.980 300 SSSN

SOR Soroa 22.784 83.008 206 SSSN

DWPF Disney Wilderness Preserve 28.110 81.433 142 GSN

HKT Hockley 29.950 95.833 415 GSN
SDV Santo Domingo (Vzla) 8.886 70.633 1,580 GSN

TEIG Tepich 20.226 88.276 69 GSN

SJG San Juan 18.112 66.150 457 GSN

JTS Juntas de Abangares 10.291 84.952 340 GSN
FUNV El Llanito, Venezuela 10.470 66.810 875 FUN

CUPV Cupira, Venezuela 10.057 65.788 668 FUN

MERV Las Mercedes, Venezuela 9.251 66.297 156 FUN
CRUV Carúpano, Venezuela 10.675 63.236 20 FUN

MONV Montecano, Venezuela 11.955 69.971 170 FUN

ITEV Isla los Testigos, Venezuela 11.355 63.132 13 FUN

IBAW Isla La Blanquilla, Venezuela 11.823 64.577 100 FUN
ORIV Oritupano, Venezuela 9.070 63.409 123 FUN

TURV Turiamo, Venezuela 10.450 67.840 58 FUN

ORCV Isla La Orchila 11.812 66.194 22 FUN

MPGF Montagnes des Peres, Guyana F. 5.110 52.644 147 G
ANWB Willy Bob, Antigua y Barbuda 17.669 61.786 39 CU

BBGH Gun Hill, Barbados 13.143 59.559 180 CU

BCIP Isla Barro Colorado, Panama 9.166 79.837 61 CU
BOA Boaco, Nicaragua 12.482 85.718 550 INET

FDF Fort de France 14.733 61.150 510 G

GRGR Grenville, Grenada 12.132 61.654 195 CU

GRTK Grand Turk, Turks and Caicos Islands 21.511 71.133 12 CU
GTBY Guantanamo Bay, Cuba 19.927 75.111 79 CU

HDC Heredia, Costa Rica 10.000 84.112 1,186 G

MTDJ Mount Denham, Jamaica 18.226 77.534 925 CU

OTAV Otavalo, Ecuador 0.2398 78.451 3,510 IU
SAML Samuel, Brazil 8.949 63.183 120 IU

SDDR Presa Sabenta, República Dominicana 18.982 71.288 589 CU

TGUH Tegucigalpa, Honduras 14.057 87.273 0 CU

BBSR St George’s, Bermuda 32.371 64.696 30 IU

SSSN Cuban National Seismological Survey, GSN global seismic network, FUN Venezuelan Foundation of Seismological Research, IU global

seismograph network (GSN-IRIS/USGS), CU Caribbean network (USGS), G GEOSCOPE, INET INETER, XT South Eastern Caribbean

passive experiment
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3. Non-Linear Inversion and Local Smoothness
Optimization

A group velocity dispersion curve in the period

range from 10 to 40 s (at intervals of 5 s) for each

cell of 2! 9 2! has been determined for the region of

study as a result of the tomographic maps, (see

Appendix 1).

These dispersion curves are the input for the non-

linear inversion procedure ‘‘hedgehog’’ (VALYUS,

1968) used for determining Vs versus depth models.

For each cell, the values of the parameters

describing the sedimentary layers, and in some cases

down to the upper crust, were fixed according to the

a priori information from previous studies, like BAS-

SIN et al. (2000), CHULICK and MOONEY (2002),

LIGORRÍA and MOLINA (1997), MAGNANI et al. (2009),
MILLER et al. (2009), MORENO et al. (2002) and MO-

RENO (2003). Where the a priori information was less

detailed or absent, data from global models of the

crust (MOONEY et al., 1998), sediments (LASKE and

MASTERS, 1997) and bathymetry (SMITH and SANDWELL,

1997) were used.

In the inversion procedure, the lateral resolving

power of the dispersion data, determined by the

density and orientation of the paths, is improved by

the a priori independent geological and geophysical

information about the shallow crustal structure (CHI-

MERA et al., 2003; PONTEVIVO and PANZA, 2006).

The study area has been previously sampled by

VDOVIN et al. (1999) with a broader-than-our

regional scale tomography, using path lengths longer

than 4,500 km. The density of these paths is lower,

the azimuthal distribution is less uniform than in our

study, and should be taken into account that the

determination of geologically meaningful group

velocities for periods less than 30 s is questionable

over distances of several thousands of km. On the

contrary, the group velocity tomographic results of

VDOVIN et al. (1999) can be readily used to extend

our dispersion relations to longer periods, in the

range of 60 to 150 s, because at these longer periods

the dispersion curves are mainly controlled by deep

structural features. The depth sensitivity of the

group velocity is expressed through its partial

derivative with respect to S-wave velocity as a

function of the depth. In Fig. 6 it is shown at some

inverted periods.

The measurement errors of the group velocity

values were taken as the experimental error associ-

ated to the inversion results. However, for the VDOVIN

et al. (1999) data, to be conservative, as the experi-

mental error associated at each period were used the

same values determined at the shorter periods, and
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Epicenters (stars), stations (triangles) and seismic paths selected for surface-wave tomography
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not the smaller values determined by VDOVIN et al.
(1999) along much longer profiles.

The models were composed by four surface

layers with fixed parameters and five deeper layers

with parameters to be inverted. Because of the depth

resolution of the dispersion curves (up to 150 s)

(Fig. 6), only the layers at depth up to 300 km were

inverted. For greater depths the models were fixed

Figure 3
Rayleigh waves group velocity tomographic maps at different periods (10–40 s) shown as percent deviation from the average reference

velocity at each period (Ref. Vel.)
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from DU et al. (1998), which is a compilation of

global models at these depths and covers the Tyr-

rhenian region, where a west directed subduction

zone is also present.

The inverted parameters for each of the five

inverted layers were their thickness and S-wave

velocities. Because of the low sensitivity of Rayleigh

waves to P-wave at the inverted depths, P-wave

Figure 4
Map of lateral resolution (km) at different periods (10–40 s)

106 O. González et al. Pure Appl. Geophys.



velocities were calculated from the relationship Vp/
Vs = H3, assuming Poissonian solids. The density

was fixed at the beginning of the inversion from the

Nafe and Drake relationship (GRANT and WEST, 1965;

FOWLER, 1995), due to its low influence on the final

results (e.g. see PANZA, 1981).

The parameterization of the input data and the

adequate step DPi were defined following the pro-

cedure described by PANZA (1981), and using the

codes developed by URBAN et al. (1993) for the

analytical determination of the partial derivatives of

the dispersion relations with respect to the

Figure 5
Maps of the azimuthal resolution, e = 2b/a, at different periods (10–40 s). Small values of e (B0.5) indicate that the obtained solution is

locally smoothed over an area of the same size in all directions, large values (e C 1) indicate that a preferred orientation of the paths exists
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structural parameters. The step DPi is a measure of

the uncertainty (resolution) for each inverted

parameter and implies, that one solution of the

inversion differ from the others in at least ±DPi for

one parameter Pi.

The ‘‘hedgehog’’ inversion procedure (VALYUS,

1968) is a Monte Carlo search, which finds in a fully

non-linear form, the Vs versus depth models consis-

tent with the dispersion curves and optimized with

the use of a guided method that remembers the results

of the previous trials. For each model of the searching

process, which are several thousand, a theoretical

dispersion curve is calculated. As solutions of the

inversion (BISWAS, 1974; PANZA, 1981) are considered

those models for which, at each period, the difference

between the theoretical and the experimental values

is less than the measurement error, and the rms value

of the differences along the entire dispersion curve is

less than 60% of the average experimental error. The

results of this procedure yield several models

(between 10 and 30 models for each cell) keeping the

a priori information used to constrain their parame-

ters. An example of this procedure is presented in

Fig. 7.

A set of models which are solutions of the

inversion procedure, in agreement with the available

geophysical and geological data, is obtained for

each cell and their number varies from 10 to 30

models.

In previous studies several criteria have been

applied to select from the set of solutions one model

for each cell. Some of them are based on choosing the

median model of all the solutions (SHAPIRO and

RITZWOLLER, 2002) as well as choosing the solution

according to the rms minimum, or as close as possible

to the average value of the rms. of the all solutions

(GONZALEZ et al., 2007).
Other optimization methods to select a model for

each cell are described by BOYADZHIEV et al. (2008).
These methods are based on the concept of William

of Occam’s razor: ‘‘it is vain to do with more what

can be done with less’’.

In our case, considering that all the models are

consistent with the geological and geophysical

information, we choose for the selection of one model

for each cell the local smoothness optimization

method (LSO) (BOYADZHIEV et al., 2008) not only

because it is very fast, but in general it looks for the

representative solution in the area from one cell to the

other, following the criteria of maximum local

smoothness (only between neighboring cells), which

is quite appropriate for a region like the Caribbean,

with very large heterogeneities.

As a final result, amodel ofVs up to 300 kmof depth

in 85 (2! 9 2!) cells is obtained (see Figs. 8, 9, 10 and
Appendix 2), representing the first approximation, at

this level of detail, of the structure of the lithosphere-

asthenosphere system in the Caribbean region.

Figure 6
An example of partial derivative of the Rayleigh wave group velocity with respect to S-wave velocity as a function of depth at periods of 10,

40 and 150 s. The solid line corresponds to the added data of VDOVIN et al. (1999)
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4. Results and Discussion

The tomographic maps cover the southeastern part

of the Caribbean and its subduction zone, extending

the area covered by the previous study of GONZALEZ

et al., (2007).

At the most southeastern part of the study area, a

relatively low group velocity at periods from 20 to

40 s is found (Fig. 3), which is consistent with the

presence of the subduction zone and the older part of

the Caribbean crust (PINDELL and KENNAN, 2009). In

the southern part, at some periods, the group velocity

Figure 7
An example of selection of the solution (corresponds to cell in 76!W, 18!N): a experimental dispersion curve (dashed line), synthetic
dispersion curves of acceptable models (thin gray lines) and dispersion curve of chosen model (thick line); b acceptable models by non-linear

inversion (thin lines) and chosen model by LSO (thick line)

Figure 8
Vs versus depth models up to 50 km. The numbers correspond to the Vs velocities of the selected solution by LSO and their ranges of

variability are in Appendix 2
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is as low as in the northern part of the South America

plate, where the crust is mainly continental (DENGO

and CASE, 1990; PINDELL and KENNAN, 2001). Such a

situation could be explained by the known contact

between the accretionary wedge (the Barbados

prism), with the right-lateral transpression and

clockwise rotations of the thrust sheets in the south-

ern part of a West-directed subduction zone

(DOGLIONI et al., 1999).
The Vs structure of the Caribbean is shown in

Figs. 8, 9 and 10 down to 50, 150 and 300 km of

depth, respectively. For the uppermost 50 km

(Fig. 8), in the northern part of the South America

Plate and the south Caribbean fold belt (cells in 74!–
62!W, 10!N), there is evidence of a predominant

presence of continental crust *30 km thick (DENGO

and CASE, 1990), while in the most northeastern part

of the region (cells in 60!W, 16!–18!N), a typical

oceanic crust is present, which could belong to the

younger Atlantic crust.

The results also reveal a well defined thick crust

in some known typical continental crust areas, like in

the northeast of Yucatan in Central America (cells in

86!W, 22!N), the Chortis blocks (cell in 84!W,14!N)
(DENGO and CASE, 1990), and the western part of

Cuba (cells in 82!W, 20!–22!N) (TENREYRO et al.,
1994). To the east of the Chortis block (cells in 82!–
74!W, 14!N; 74!–70!W, 16!N and 70!W, 18!N)
mostly coinciding with the Hess Escarpment (PINDELL

and KENNAN, 2009), relatively high velocities in the

upper crust are found.

In Fig. 8 is shown evidence of other main features

of the Caribbean crust, like the Mid-Cayman

spreading center (MCSC) (cell in 86!–82!W, 18!N),
with very thin sedimentary layers overlaying the

uppermost lithospheric mantle. Along the profile

A–A0 of Fig. 11, mostly coinciding with the MCSC

and the Cayman trough, the thinnest crust is found to

the west of the ridge, in good agreement with previ-

ous studies (TEN BRINK et al., 2001), while to the east,

the crust is accreted by new material rising from the

ridge. A relatively shallower basement in the east-

ernmost part of Cayman trough (cells in 80!–78!W,

18!N, see also Fig. 8) is also consistent with previous

Figure 9
Vs versus depth models up to 150 km

110 O. González et al. Pure Appl. Geophys.



results from gravity field modeling (TEN BRINK et al.,
2002). The lithosphere is thicker on the western side

of the MCSC than in the eastern side, which is in

good agreement with the global asymmetric pattern

of the deep part of the ridges shown by PANZA et al.
(2010).

Coincidentally with the region where a litho-

spheric slab of the Atlantic is being subducted under

the Caribbean Plate (PINDELL and KENNAN, 2009)

(cells 64!W, 18!N; 62!W, from 10! to 18!N and

60!W, from 12! to 18!N and profile B–B0 of Fig. 11),

low velocities characterize the upper mantle and

mark the presence of the mantle wedge, which is

located between the upper and lower plate of the west

directed subduction process (DOGLIONI et al., 2009).
The crustal thickness in the western part of the

Caribbean plate (cells in 80!–70!W, 12!–18!N in

Fig. 8) ranges from 20 to 25 km, while in the east

(cells in 68!–62!W, 14!–16!N) the crust is thinner

and some low velocity values are present in the upper

mantle (see also profile B–B0 of Fig. 11). Such fea-

tures are consistent with the presence of a wide back

arc basin (PINDELL and KENNAN, 2001) and the reju-

venation, from west to east, of the Caribbean plate

due to the eastward retreat of the subduction zone

(DOGLIONI et al., 2007).
The lithospheric thicknesses are well defined in

cells located along the major strike-slip fault zones,

and the velocities for the deepest lithospheric layers

are, in general, relatively high. In the most southern

part (cells from 74! to 62!W, 10!N), i.e. in the South

America Plate and the southern Caribbean fold belt,

the lithospheric thickness varies between 80 and

120 km. To the northwestern side of this fault system,

the underthrusting of the South American plate by the

Caribbean slab [the so-called Caribbean Large Igne-

ous Province CLIP (MILLER et al., 2009)], is evident
(in cells 72!W, 14!N and 70!W, from 12! to 14!N),
as can be seen in Figs. 7, 8 and profile B–B0 of

Fig. 11.

Figure 10
Vs versus depth models up to 300 km

Vol. 169, (2012) S-Wave Velocities of the Lithosphere–Asthenosphere System in the Caribbean Region 111



At the boundary between the North America

Plate and the Caribbean Plate (cells 82!W, 18!N and

from 80!W to 70!W, 20!N) the lithospheric thick-

ness is significantly increased at the contact between

the Gonave Microplate and Hispaniola Island (in

cells from 76!W to 74!W, 20!N). This lithospheric

thickening from 80 km to more than 130 km is

related to the presence of several major active tec-

tonic structures on Hispaniola Island, which

accommodate the relative motion between the

Caribbean, the North America Plate and the Gonave

Microplate (MANN ET AL. 1998; MANN 2002; PINDELL

and KENNAN, 2009).

In the Caribbean, the bottom of the upper

asthenosphere, within which sometimes a well

developed low velocity zone is present, gets shal-

lower from west to east, from around 250 km in the

east of Central America to about 160 km in the

Lesser Antilles (Fig. 10).

5. Conclusions

The obtained three-dimensional Vs versus depth

model of the Caribbean region is consistent with the

available knowledge about the lithosphere-astheno-

sphere system, and provides new information about

the areas with none or poor studies at this resolution

level.

The 1-D models of Vs versus depth determined for

each cell by a non-linear inversion were processed

with a LSO procedure, giving a 3-D structure, with its

uncertainties, of the Caribbean down to a depth of

about 300 km. In this model some important features

of the Caribbean crust are well distinguished, like the

diffused presence of the oceanic crust in the region,

the thick continental crust in the South American

plate and others isolated regions in Central America,

as well as the rejuvenation, from west to east, of the

crust of the Caribbean Plate. In the major strike-slip

Figure 11
Profiles Vs versus depth along the Cayman trough and the Caribbean—Atlantic subduction zone with the corresponding schematic

interpretative cartoons. (CLIP Caribbean large igneous Province, LVZ low velocity zone; red dots are earthquake hypocenters of magnitude
M[ 5.0 from NEIC). The Vs values and its ranges of uncertainty are included in the profiles; the error on thickness is represented by texture.

In the interpretation some representative values of Vs are given that fall within the uncertainty range
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fault zones (between the North America plate, South

America plate and the Caribbean Plate) the litho-

spheric thickness ranges from 80 to 130 km with a

relatively high velocity values in the lower litho-

sphere. The crust and lithosphere thickness to the

west and east of the Mid-Cayman spreading center

are asymmetric, the crust is thinner to the west while

their corresponding lithosphere is thicker. To the east

of the MCSC the new mantle material accreted the

existing crust, while from more than 200 km east of

the rise the crust becomes thinner. Several cells,

mainly belonging to the Hess Escarpment, have high

velocity layers in the upper crust, while more to the

east, the underthrusting of the South American plate

by the Caribbean Plate is well defined. In the Carib-

bean Plate, going from west to east, the top of the

lower asthenosphere gets shallower from around

250 km deep in the east of Central America, to about

160 km in the subduction zone.

The 3-D model proposed by this study is an

opportunity to improve the geodynamic knowledge of

the Caribbean Plate. The result has important impli-

cation for several seismological applications, like

waveform modeling, earthquake location, moment

tensor inversion, and others.
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Appendix 2

See Table 3.

Table 3

Range of variability of the chosen velocity model (in Figs. 8, 9, 10) according with the parameterized layer thickness (h) and shear-wave
velocity (Vs)

W-62N10 W-64N10 W-66N10 W-68N10 W-70N10

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

0.3 0.00 0.1 0.00 0.2 0.00 0.1 1.20 0.5 1.10

0.5 1.20 0.5 1.20 0.1 1.23 0.6 2.10 0.5 2.10

3.2 2.20 2.0 2.20 1.0 1.98 2.0 3.88 6.0 3.40
2.7 2.20 2.0 2.20 1.9 1.98 2.0 3.88 6.0 3.40

18.0–22.0 3.53–3.63 3.5–5.5 2.56–2.76 2.0–4.0 2.93–3.13 20.0–24.0 3.25–3.40 7.5–12.5 3.10–3.30

10.5–15.5 3.97–4.17 17.0–27.0 3.59–3.79 21.5–26.5 3.55–3.75 6.0–11.0 3.88–4.05 7.0–10.0 3.38–3.62
29.0–34.0 4.45–4.55 25.0–30.0 4.40–4.60 20.0–40.0 4.40–4.60 42.0–52.0 4.40–4.60 40.0–50.0 4.38–4.62

30.0–70.0 4.65–4.75 30.0–70.0 4.65–4.75 20.0–42.5 4.65–4.70 20.0–40.0 4.60–4.70 30.0–55.0 4.60–4.80

55.0–105.0 4.40–4.60 105–130 4.40–4.60 110–140 4.40–4.60 90.0–110.0 4.40–4.60 80.0–110.0 4.40–4.60

W-72N10 W-74N10 W-76N10 W-78N10 W-80N10

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

1.0 1.20 0.9 1.09 1.0 0.00 0.5 0.00 1.8 0.00

4.0 2.20 1.5 2.18 0.5 1.00 0.1 1.90 1.4 0.90
5.0 3.50 2.0 3.50 1.3 2.00 0.1 1.93 1.2 1.80

6.0 3.50 2.0 3.50 1.3 2.10 0.1 2.00 1.6 1.80

6.0–10.0 3.50–3.70 4.0–5.5 2.50–2.70 5.6–7.6 3.15–3.25 14.0–16.0 2.95–3.05 11.0–15.0 3.70–3.90

5.0–7.5 3.20–3.35 13.8–21.2 3.70–3.90 8.0–12.0 3.40–3.50 4.5–6.0 3.95–4.25 5.0–8.8 3.80–4.00
40.0–50.0 4.40–4.60 32.5–47.5 4.20–4.40 40.0–50.0 4.20–4.40 7.5–12.5 4.60–4.70 20.0–40.0 4.60–4.80

30.0–50.0 4.62–4.75 40.0–60.0 4.60–4.70 10.0–20.0 4.60–4.70 27.5–42.5 4.20–4.40 25.0–37.5 4.20–4.40

100–120 4.40–4.60 100–140 4.40–4.60 130–160 4.40–4.60 140–160 4.40–4.60 140–160 4.40–4.60

W-82N10 W-84N10 W-60N12 W-62N12 W-64N12

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

1.8 0.00 1.0 1.10 1.8 0.00 0.4 0.00 1.4 0.00

1.0 1.10 3.5 2.60 2.0 1.53 6.0 2.56 1.5 2.05
4.0 3.30 4.0 2.60 4.0 2.16 2.0 3.07 1.3 2.50

4.2 3.30 4.5 3.50 7.0 3.39 14.0 3.24 3.0 3.30

4.5–6.8 3.42–3.58 5.0–6.0 3.45–3.55 7.0–9.0 4.05–4.15 11.0–17.0 3.88–4.08 13.0–17.0 3.20–3.40

8.0–14.0 3.70–4.00 10.0–12.0 4.00–4.20 9.5–12.5 3.33–3.43 15.0–22.5 4.16–4.41 7.5–12.5 3.83–4.07
32.5–52.5 4.60–4.80 52.5–57.5 4.60–4.70 45.0–50.0 4.62–4.75 20.0–30.0 4.38–4.62 40.0–50.0 4.38–4.62

40.0–70.0 4.20–4.40 17.5–22.5 4.10–4.20 30.0–45.0 4.12–4.38 65.0–85.0 4.38–4.62 65.0–80.0 4.38–4.62

127.5–150 4.40–4.60 145–160 4.45–4.55 40.0–65.0 4.40–4.60 60.0–85.0 4.60–4.80 50.0–90.0 4.40–4.60

W-66N12 W-68N12 W-70N12 W-72N12 W-74N12

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

1.6 0.00 0.5 0.00 2.0 0.00 1.0 0.00 1.8 0.00

1.5 1.10 1.5 1.10 1.0 1.20 1.5 1.00 0.8 1.10
0.5 1.60 0.5 1.60 4.0 2.20 4.0 1.90 1.3 2.53

7.0 3.40 10.0 3.40 4.0 3.40 7.0 3.40 1.3 2.53

12.5–17.5 3.50–3.70 8.0–12.0 3.40–3.60 7.5–12.5 3.25–3.55 8.0–14.0 3.90–4.00 4.0–7.0 3.00–3.20

5.0–12.5 4.25–4.45 4.0–9.0 3.70–3.90 20.0–25.0 4.15–4.30 7.0–15.0 3.95–4.10 8.8–16.2 3.35–3.65
40.0–50.0 4.38–4.62 35.0–50.0 4.38–4.62 20.0–35.0 4.62–4.75 20.0–35.0 4.38–4.62 20.0–40.0 4.40–4.60

45.0–70.0 4.38–4.62 45.0–70.0 4.38–4.62 30.0–50.0 4.62–4.75 60.0–80.0 4.38–4.62 55.0–80.0 4.40–4.60

50.0–80.0 4.40–4.60 50.0–80.0 4.40–4.60 75.0–125.0 4.40–4.60 75.0–100.0 4.40–4.60 70.0–130.0 4.40–4.60
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Table 3

continued

W-76N12 W-78N12 W-80N12 W-82N12 W-84N12

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

2.8 0.00 2.4 0.00 3.0 0.00 1.5 0.00 1.6 1.10

0.1 0.64 0.2 2.35 0.6 1.10 1.0 0.64 2.0 2.65

0.1 0.66 0.3 2.40 1.0 1.12 0.5 1.93 4.0 2.65

0.1 1.96 0.1 2.60 1.5 2.00 1.0 1.93 5.1 3.50
6.2–8.8 3.33–3.48 9.0–11.0 3.17–3.23 5.0–7.5 4.00–4.20 5.0–8.0 3.45–3.55 5.5–8.5 3.35–3.65

7.5–12.5 3.30–3.38 5.5–8.5 3.38–3.43 11.8–19.2 3.70–3.90 10.0–20.0 3.80–3.95 7.5–12.5 3.95–4.10

20.0–30.0 4.20–4.40 25.0–35.0 4.40–4.60 18.0–36.0 4.60–4.80 30.0–50.0 4.40–4.60 35.0–55.0 4.50–4.70
27.5–42.5 4.40–4.60 20.0–30.0 4.20–4.40 85.5–108.0 4.40–4.60 50.0–75.0 4.20–4.40 20.0–50.0 4.10–4.25

140–160 4.40–4.60 140–160 4.40–4.60 75.0–105.0 4.40–4.60 100–140 4.40–4.60 130–160 4.40–4.60

W-60N14 W-62N14 W-64N14 W-66N14 W-68N14

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

2.0 0.00 0.5 0.00 2.2 0.00 3.7 0.00 4.2 0.00

2.0 2.05 3.0 2.60 1.5 1.20 0.5 1.20 1.5 1.20

4.0 2.50 8.0 3.26 2.0 1.60 0.5 1.60 1.5 1.60
9.5 3.36 8.0 3.26 5.0 3.40 2.7 2.50 1.7 2.50

22.0–26.0 3.88–4.03 8.0–11.0 4.00–4.20 5.0–7.5 3.28–3.53 5.0–10.0 3.28–3.53 4.0–8.0 3.65–3.95

25.0–45.0 4.58–4.72 5.0–15.0 4.12–4.38 5.0–15.0 3.48–3.83 7.5–12.5 3.55–3.85 8.0–14.0 4.05–4.35

15.0–30.0 4.35–4.65 20.0–32.5 4.12–4.38 40.0–60.0 4.38–4.62 20.0–30.0 4.38–4.62 30.0–50.0 4.38–4.62
30.0–45.0 4.12–4.38 67.5–90.0 4.38–4.62 40.0–65.0 4.38–4.62 75.0–90.0 4.38–4.62 30.0–45.0 4.38–4.62

50.0–80.0 4.40–4.60 50.0–80.0 4.40–4.60 85.0–120.0 4.38–4.62 60.0–100.0 4.40–4.60 100–120 4.40–4.60

W-70N14 W-72N14 W-74N14 W-76N14 W-78N14

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

2.8 0.00 3.0 0.00 3.0 0.00 1.9 0.00 2.7 0.00

1.5 1.10 0.1 0.84 0.1 0.64 2.3 1.20 0.4 0.64

2.0 1.60 0.5 2.80 0.1 2.30 0.3 1.80 0.6 2.50
7.0 3.40 0.6 2.80 0.1 2.40 0.3 2.50 0.8 2.50

5.0–7.0 3.35–3.65 4.0–6.0 3.60–3.70 5.0–6.5 3.50–3.55 9.0–11.0 3.60–3.80 4.0–6.0 3.50–3.70

11.0–17.0 4.65–4.80 10.5–13.5 3.25–3.35 12.5–15.5 3.20–3.30 4.0–8.0 3.25–3.35 10.0–12.0 3.10–3.30

10.0–15.0 4.38–4.52 5.0–6.5 4.00–4.10 17.5–32.5 4.58–4.72 10.0–20.0 4.35–4.45 14.5–22.0 4.75–4.80
30.0–45.0 4.60–4.80 20.0–30.0 4.60–4.70 30.0–50.0 4.40–4.60 35.0–65.0 4.40–4.60 80.0–100.0 4.45–4.55

100–120 4.40–4.60 140–160 4.40–4.60 140–160 4.40–4.60 140–160 4.40–4.60 100–140 4.43–4.57

W-80N14 W-82N14 W-84N14 W-60N16 W-62N16

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

2.0 0.00 0.6 0.00 1.5 1.20 4.0 0.00 2.0 0.00

1.3 0.64 0.4 0.64 2.0 1.60 1.0 1.50 1.6 1.50

1.0 2.61 0.6 0.64 1.0 3.40 1.8 2.20 2.0 2.26
1.4 2.61 0.6 1.93 1.5 3.40 1.4 2.50 10.0 3.65

4.2–6.8 4.03–4.17 3.0–5.0 3.15–3.35 14.0–22.0 3.95–4.05 3.0–4.0 3.65–3.95 6.0–8.0 3.55–3.85

11.5–14.5 3.55–3.65 7.5–12.5 3.70–3.90 7.0–11.5 3.75–4.05 30.0–34.0 3.95–4.15 10.0–17.5 4.10–4.30

17.5–32.5 4.58–4.72 10.0–12.5 3.60–3.70 40.0–50.0 4.40–4.60 20.0–40.0 4.60–4.80 40.0–60.0 4.40–4.60
37.5–45.0 4.43–4.57 62.5–77.5 4.40–4.60 27.5–52.5 4.20–4.40 35.0–65.0 4.20–4.40 40.0–60.0 4.40–4.60

100–140 4.20–4.40 130–160 4.40–4.60 100–160 4.40–4.60 50.0–80.0 4.20–4.40 60.0–90.0 4.12–4.38

W-64N16 W-66N16 W-68N16 W-70N16 W-72N16

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

2.0 0.00 3.9 0.00 2.1 0.00 2.6 0.00 2.5 0.00

1.5 1.20 1.5 1.20 0.2 0.64 0.4 0.62 0.6 0.64
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Table 3

continued

W-64N16 W-66N16 W-68N16 W-70N16 W-72N16

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

0.5 1.60 0.5 1.60 0.1 2.50 0.3 0.64 0.5 1.70

5.0 3.40 1.7 2.50 0.1 2.50 0.3 1.90 0.5 1.70

5.0–9.0 3.10–3.30 7.5–12.5 3.53–3.78 11.0–19.0 3.00–3.20 14.0–16.0 3.45–3.55 6.0–8.0 3.65–3.75

5.0–8.8 3.95–4.10 5.0–15.0 4.25–4.40 8.0–16.0 3.80–4.20 5.0–7.0 3.02–3.17 8.0–12.0 3.30–3.35
40.0–60.0 4.38–4.62 20.0–40.0 4.38–4.62 17.5–42.5 4.60–4.70 19.0–25.0 4.65–4.70 3.0–4.0 3.80–4.00

40.0–65.0 4.38–4.62 40.0–65.0 4.38–4.62 55.0–70.0 4.40–4.60 40.0–50.0 4.55–4.65 25.0–30.0 4.55–4.65

50.0–80.0 4.20–4.40 85.0–120.0 4.40–4.60 70.0–130.0 4.40–4.60 70.0–130.0 4.20–4.40 140–160 4.40–4.60

W-74N16 W-76N16 W-78N16 W-80N16 W-82N16

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

2.6 0.00 2.5 0.00 2.1 0.00 1.2 0.00 0.2 0.00

0.2 2.40 0.8 0.64 1.0 0.64 1.3 0.84 1.0 1.10
0.1 2.50 0.7 3.40 2.8 2.60 1.0 2.40 0.5 1.93

0.3 2.60 1.7 3.45 6.0 3.45 2.0 2.40 0.6 1.93

4.5–5.2 3.50–3.70 12.5–15.5 3.27–3.33 2.5–3.8 2.95–3.15 5.0–8.0 3.50–3.70 5.0–7.0 3.50–3.70
10.0–15.0 3.10–3.20 4.0–6.5 3.50–3.90 8.2–10.8 3.67–3.83 8.8–16.2 3.50–3.70 17.5–22.5 3.80–4.00

5.0–15.0 4.10–4.20 10.0–17.5 4.20–4.40 50.0–60.0 4.60–4.70 30.0–50.0 4.50–4.70 30.0–35.0 4.40–4.60

22.5–47.5 4.40–4.60 10.0–25.0 4.40–4.60 70.0–80.0 4.43–4.57 65.0–90.0 4.40–4.60 17.5–32.5 4.20–4.40

140–160 4.40–4.60 167.5–190 4.40–4.60 70.0–80.0 4.40–4.60 65.0–115.0 4.40–4.60 140–160 4.40–4.60

W-84N16 W-86N16 W-60N18 W-62N18 W-64N18

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

0.7 0.00 0.7 0.00 4.0 0.00 3.2 0.00 1.0 0.00

0.5 0.72 1.1 0.64 1.0 1.10 0.7 1.19 0.6 0.64
0.8 1.93 4.4 3.25 0.5 1.60 0.7 1.19 0.6 0.64

1.0 1.93 5.5 3.27 0.5 1.60 0.5 1.71 0.4 1.93

6.0–10.0 3.65–3.85 3.5–5.5 3.80–4.00 2.0–6.5 3.70–4.00 10.0–18.0 3.48–3.83 3.5–6.5 3.40–3.60
7.5–12.5 3.80–4.10 10.0–20.0 4.00–4.20 27.5–32.0 3.97–4.22 10.0–15.0 4.15–4.45 15.5–20.5 3.45–3.55

17.5–32.5 4.35–4.45 30.0–50.0 4.40–4.60 27.5–40.0 4.38–4.62 5.0–15.0 4.00–4.12 5.0–15.0 4.40–4.60

32.5–47.5 4.25–4.35 30.0–50.0 4.20–4.40 40.0–80.0 4.12–4.38 45.0–75.0 4.38–4.62 32.5–57.5 4.20–4.40

190–200 4.45–4.55 127.5–150 4.40–4.60 30.0–52.5 4.20–4.40 57.5–102.5 4.20–4.40 130–160 4.40–4.60

W-66N18 W-68N18 W-70N18 W-72N18 W-74N18

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

1.7 0.00 2.1 0.00 1.9 0.00 0.9 0.00 1.2 0.00
0.6 0.64 0.3 0.64 0.2 1.10 0.6 1.10 0.3 1.20

0.8 1.60 0.8 1.60 0.3 1.10 0.5 1.80 0.2 2.10

0.8 1.60 0.8 1.60 0.4 1.60 0.6 1.80 0.2 2.10

2.5–3.8 3.05–3.15 7.0–11.0 3.55–3.65 10.0–14.0 3.38–3.53 2.0–3.0 2.77–2.92 5.8–8.2 3.20–3.30
19.8–22.2 3.55–3.65 5.0–7.5 3.20–3.40 10.0–12.5 3.10–3.30 17.5–20.5 3.45–3.55 13.0–17.0 3.35–3.45

7.5–12.5 4.60–4.70 7.5–11.2 3.20–3.40 32.5–47.5 4.35–4.65 30.0–50.0 4.40–4.60 47.5–62.5 4.45–4.55

40.0–50.0 4.40–4.60 55.0–65.0 4.40–4.60 20.0–35.0 4.40–4.60 20.0–40.0 4.40–4.60 40.0–70.0 4.50–4.70

140–160 4.40–4.60 135–150 4.40–4.60 140–160 4.40–4.60 155–170 4.40–4.60 100–160 4.40–4.60

W-76N18 W-78N18 W-80N18 W-82N18 W-84N18

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

1.9 0.00 1.1 0.00 2.5 0.00 3.0 0.00 2.8 0.00
0.1 1.00 0.2 0.90 0.3 0.64 0.2 0.64 0.1 0.58

0.1 1.10 2.0 2.71 0.3 2.54 0.2 2.50 0.2 0.58

0.1 2.40 2.3 2.73 0.5 2.54 0.4 2.50 0.3 2.50
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Table 3

continued

W-76N18 W-78N18 W-80N18 W-82N18 W-84N18

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

5.8–7.2 3.00–3.20 12.5–13.5 3.25–3.35 17.5–22.5 3.67–3.73 10.0–12.0 4.05–4.15 17.5–22.0 4.00–4.10

12.5–15.5 3.30–3.50 5.0–12.5 4.20–4.40 2.0–4.5 3.85–4.15 12.0–16.0 3.60–3.80 5.5–10.5 3.97–4.22

45.0–55.0 4.40–4.60 25.0–40.0 4.40–4.60 12.5–22.5 4.20–4.40 20.0–40.0 4.55–4.65 60.0–75.0 4.30–4.50

15.0–27.5 4.60–4.70 50.0–70.0 4.40–4.60 22.5–37.5 4.40–4.60 30.0–60.0 4.20–4.40 15.0–30.0 4.20–4.40
140–160 4.40–4.60 100–120 4.40–4.60 175–190 4.45–4.55 140–160 4.40–4.60 120–140 4.40–4.60

W-86N18 W-70N20 W-72N20 W-74N20 W-76N20

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

2.8 0.00 1.4 0.00 1.7 0.00 2.2 0.00 1.8 0.00

0.4 0.64 0.8 0.58 0.5 0.84 0.8 1.00 0.2 1.10

0.7 2.50 1.0 2.55 1.2 1.93 1.1 2.15 0.2 1.10

0.9 2.50 1.8 2.55 1.2 2.10 1.2 2.15 0.5 2.60
3.0–4.0 3.62–3.75 5.5–8.5 3.36–3.56 22.0–24.0 3.57–3.62 15.0–21.0 3.72–3.78 14.5–15.5 3.22–3.28

24.0–32.0 4.10–4.15 14.0–18.0 3.45–3.65 37.5–40.0 4.35–4.45 4.0–8.0 3.25–3.45 26.0–28.0 4.22–4.28

30.0–45.0 4.40–4.60 55.0–65.0 4.45–4.55 10.0–15.0 4.35–4.45 47.5–62.5 4.35–4.45 37.0–43.0 4.72–4.78
37.5–55.0 4.20–4.40 30.0–40.0 4.65–4.75 35.0–55.0 4.65–4.75 35.0–65.0 4.65–4.75 72.5–80.0 4.45–4.55

100–140 4.40–4.60 145–160 4.43–4.57 130–160 4.40–4.60 135–150 4.40–4.60 80.0–100 4.50–4.60

W-78N20 W-80N20 W-82N20 W-84N20 W-86N20

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

2.8 0.00 2.5 0.00 2.9 0.00 2.7 0.00 2.8 0.00

0.3 1.20 0.7 1.10 0.1 0.81 0.5 0.90 0.1 1.10

0.4 1.22 0.5 2.60 0.2 0.81 0.7 2.25 0.1 2.50

0.6 2.50 0.8 2.60 0.4 3.40 1.0 2.50 0.2 2.80
3.0–4.0 3.72–3.88 16.5–19.5 3.65–3.75 22.0–26.0 3.67–3.77 10.0–14.0 4.00–4.20 18.0–26.0 3.60–3.80

13.0–19.0 3.35–3.65 17.5–20.0 4.28–4.53 23.8–30.0 4.30–4.50 6.0–8.5 3.25–3.55 8.0–11.5 4.05–4.35

10.0–15.0 4.53–4.67 30.0–50.0 4.30–4.50 20.0–30.0 4.20–4.40 15.0–30.0 4.35–4.45 35.0–50.0 4.30–4.50
22.5–37.5 4.33–4.47 25.0–35.0 4.60–4.80 30.0–50.0 4.40–4.60 85.0–100.0 4.40–4.60 40.0–60.0 4.35–4.65

190–200 4.50–4.60 130–160 4.40–4.60 127.5–150 4.40–4.60 100–120 4.40–4.60 100–140 4.40–4.60

W-82N22 W-84N22 W-86N22 W-82N24 W-84N24

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

0.8 0.00 1.7 0.00 1.1 0.00 0.7 0.00 2.2 0.00

0.1 1.10 0.7 1.10 0.4 0.64 2.3 1.93 0.4 1.30

0.2 2.30 2.0 2.40 1.0 2.20 1.0 2.40 0.5 1.70
0.3 2.30 2.3 2.40 1.6 2.20 1.2 2.40 0.5 1.70

13.0–15.0 3.15–3.25 12.5–17.5 3.60–3.80 4.5–10.5 3.25–3.45 14.0–18.0 3.55–3.65 17.5–22.5 3.55–3.65

17.0–19.0 3.85–3.95 5.0–7.5 3.95–4.25 15.0–25.0 3.75–3.95 10.0–22.0 4.10–4.30 10.0–20.0 4.15–4.30

7.5–12.5 4.65–4.75 35.0–50.0 4.40–4.60 25.0–45.0 4.35–4.65 22.5–37.5 4.40–4.60 15.0–22.5 4.05–4.35
17.5–32.5 4.25–4.35 50.0–70.0 4.40–4.60 20.0–40.0 4.40–4.60 25.0–40.0 4.60–4.70 32.5–57.5 4.60–4.70

140–160 4.45–4.55 70.0–130 4.40–4.60 130–160 4.40–4.60 140–160 4.40–4.60 130–160 4.40–4.60

W-82N26 W-84N26 W-76N8 W-80N8 W-82N8

h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s) h (km) Vs (km/s)

0.1 0.00 0.3 0.00 0.5 1.20 0.1 0.00 0.4 0.00

0.5 1.70 1.6 1.20 0.4 2.20 0.3 1.00 0.1 0.70

1.3 2.50 0.6 2.50 1.3 2.23 3.0 3.00 2.0 2.60
1.4 2.55 0.9 2.55 1.4 2.26 3.0 3.10 3.8 2.60

16.2–18.8 3.35–3.45 19.0–21.0 3.65–3.75 11.2–13.8 3.10–3.20 8.5–11.5 3.05–3.15 8.5–11.5 3.20–3.30

5.0–8.8 3.90–4.10 6.5–10.5 3.90–4.10 20.0–26.0 4.03–4.28 5.0–7.5 4.18–4.40 7.5–12.5 4.05–4.35
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122 O. González et al. Pure Appl. Geophys.

http://dx.doi.org/10.1130/G30570.1

	S-Wave Velocities of the Lithosphere--Asthenosphere System in the Caribbean Region
	Abstract
	Introduction
	Group velocity measurements and surface wave’s tomography
	Non-Linear Inversion and Local Smoothness Optimization
	Results and Discussion
	Conclusions
	Acknowledgments
	Appendix 1
	Appendix 2
	References


