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Crustal structure of the southeastern Brazilian continental 
margin from surface wave dispersion 

Jorge Luis de Souza 
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RESUMEN 
Las curvas de dispersion continentales se obtuvieron de las velocidades de grupo de ondas de Rayleigh para seis sismos 

con epicentros en el Atlantico Sur. La inversion sugiere una corteza superior sedimentaria, con velocidades de S de 1.32-
2.90 km/s, seguida por un basamento cristalino de 3.06-3.38 km/s. La corteza inferior es transicional (4.02-4.22 km/s) co
mo en otros bordes continentales pasivos. La base de Ia corteza se encuentra a 36±4 km pero existen valore menores en los 
perfiles A a C. 

PALABRAS CLAVE: Dispersion de ondas de Rayleigh, velocidad de ondas S, margen continental de Brasil. 

ABSTRACT 
Source-station Rayleigh wave group velocities are decomposed to obtain pure continental shelf dispersion curves along 

three profiles. Inversion results of these dispersion curves indicate that the upper crust is dominated by sediments and high 
velocity sedimentary rocks with shear wave velocities varying from 1.32 to 2.90 km/s. The intermediate crustal layer has 
assumed shear wave velocities typical of crystalline basement (3.06 :5:~:5:3.38 km/s). The lower crust seems to be composed 
of a transitional layer (4.02:5:~:5:4.22 km/s), similar to those observed at other passive continental margins (e.g., Dainty et 
al., 1966; Calcagnile et al., 1982). These results are in agreement with those of a recent surface wave study conducted in the 
same area (Souza, 1995). Moho boundary is clearly defined around 36±4 km depth, but a reduction in the crustal thickri.ess 
is observed from profile A to C. 
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INTRODUCTION 

The low density and the irregular distribution of seis
mological stations along the coast of the continents sur
rounding the Atlantic Ocean have been the main factors for 
the poor knowledge of the Earth's interior in both the cen
tral and southern parts of the Atlantic Ocean. Despite sev
eral global seismological investigations in the Atlantic 
Ocean area (Honda and Tanimoto, 1987; Mocquet et al., 
1989; Mocquet and Romanowicz, 1990), knowledge of the 
physical properties of the lithosphere in this region is still 
limited owing to the poor distribution of stations and, con
sequently, poor lateral resolution. 

It is well known that source-station dispersion curves 
have successfully contributed to study of the lithosphere's 
evolution into Atlantic and Pacific Oceans (Weidner, 1974; 
Forsyth, 1975; Canas and Mitchell, 1981). In the south 
Atlantic region, the Brazilian seismological station RDJ 
(Figure 1) can be used to provide similar information. Be
cause RDJ is located in a geographical position which al
lows for the detection of a large part of the seismicity of 
the south Atlantic Ocean in a wide azimuthal range, it is 
ideal to study the region through surface wave dispersion 
curves. 

The main goal of this paper is to obtain the S-wave ve
locity structures for the southeastern Brazilian continental 
shelf region using surface wave dispersion curves obtained 
at Brazilian seismological station RDJ (Rio de Janeiro). 

DATA PROCESSING 

Si x earthquakes which occurred in the South Atlantic 
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Ocean are used in the determination of the surface wave dis
persion curves. The location of epicenters and stations are 
shown in Figure 1. The geographical position of the epi
centers suggests the formation of three groups of paths (A, 
B and C-Figure 1). The hypocentral parameters were 
obtained through Earthquake Data Reports Bulletins (Table 
1). 

The RDJ seismological station is equipped with three 
long-period seismometers, one vertical Sprengnether and 
two horizontals Press-Ewing, linked to analog recorders. 
The vertical components of motion are used to calculate 
the source-station Rayleigh wave group velocities. The 
analog seismograms were digitized at irregular intervals, 
and a sampling rate of 1 sample per second was obtained 
after linear interpolation. Instrumental correction was ap
plied during the calculation of the source-station dispersion 
curves, using a multiple filter techniques (Dziewonski et 
al., 1969). 

DETERMINATION OF CONTINENTAL SHELF 
GROUP VELOCitiES 

The objective of the present study is to investigate the 
S-wave velocity structure in the southeastern Brazilian con
tinental shelf region. However, first it is necessary to com
pute a Rayleigh wave dispersion curve representative of 
that area, and therefore, decomposition of the total paths 
should be considered. 

The process of decomposition of large surface wave 
paths into several segments representing different geologi
cal provinces has been widely applied in the literature 
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Fig. 1. Map showing the location of both epicentres and seismological station RDJ, Rayleigh wave paths for the groups (A, B and 
C) and the sea-floor age divisions from 0 to 100 Ma (Emery and Uchupi, 1984). The continental margin limit (CML) line is also 

• displayed (Emery and Uchupi, 1984). A detail of the southeastern Brazilian continental margin is shown of the upper right side. 
Inside it, the bathymetric line contour of 400 m used as reference to split total surface wave paths. 

(Santo, 1960; Santo and Bath, 1963; Forsyth, 1975; 
Christensen eta/., 1980). In the present study, the source
station paths were partitioned into two types of structures. 
The structure to be analyzed in this study has a fixed length 
of approximately 167 km (Figure 1). The 400 m bathy
metric contour (Emery and Uchupi, 1984) was used as the 
reference in separating total paths into oceanic and conti
nental shelf regions (Figure 1). 

It is well known that Rayleigh wave group velocity of 
the continental shelf can be calculated through the expres
sion 

(1) 
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where U 1 is the group velocity for total path, U c is the 
group velocity for the pure continental shelf path, U 0 is 
the group velocity for the pure oceanic path, and L1, Lc, Lo 
are the total, continental shelf and oceanic path lengths, re
spectively. 

The major problem in using equation (1) is the lack of 
a specific oceanic model for the south Atlantic Ocean. 
There are in the literature several average oceanic models 
(Kanamori, 1970; Dziewonski, 1971; Anderson and Hart, 
1976) which might be used to remove the oceanic effect 
from the mixed paths. However, these models are not ap
propriate for the present situation because they are based on 
global data which represent an average of all oceanic re
gions of the world. Souza (1994) has used the source-sta
tion dispersion curves of the earthquakes of this study to 
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Table 1 

Hypocenttal parameters of the earthquakes obtained from Earthquake Data Report Bulletins, along with epicentral distances 
(d) and back azimuths (BAz.) both in degrees (deg). 

event date origin time latitude longitude depth magnitudes ~ BAz. 
NO. YIM!D h min sec de g. de g. krn fib Ms de g. de g. 

1 81/11/16 05 00 45.96 43.967 s 16.201 w 10 5.3 5.1 30.60 139.87 
± 0.22 sec ± 6.5krn ± 4.2krn 

2 82/11113 15 11 18.07 44.232 s 16.015 w 10 4.8 30.86 140.14 
± 0.55 sec ± 17.6krn ±7.4krn 

3 82/11108 09 44 06.99 55.767 s 27.076 w 33 5.3 5.3 34.94 164.07 
± 0.14 sec ± 4.2krn ± 3.0krn 

4 83/01/29 15 29 17.93 58.151 s 24.206 w 42 5.1 5.5 37.79 163.62 
± 0.22 sec ± 6.9krn ± 4.5krn 

5 82/11118 00 27 50.79 54.377 s 56.217 w 10 5.7 5.4 32.92 194.01 
± 0.11 sec ±2.5km ± 3.2krn 

6 82/11119 10 57 35.46 54.415 s 56.311 w 10 5.6 4.8 32.98 194.07 
± 0.13 sec ±3.4krn ± 3.8krn 

investigate the S-wave velocity structure in the region 
(Figures 2-3). Considering that more than ninety per cent 
of the paths in his study are in a purely oceanic structure, 
it is reasonable to consider Souza's results as a reference in 
correcting for the oceanic structure. A similar procedure has 
been adopted by Souza (1995) to remove the oceanic effect 
from mixed dispersion curves in the south Atlantic Ocean. 

Oceanic models were constructed to remove oceanic 
structures along the paths A, B and C. The average thick
nesses of both water and sediments were obtained from 
charts IB (bathymetry) and VB (depth to basement) of 
Emery and Uchupi (1984). The average thicknesses of the 
first and second oceanic layers were also obtained from 
Emery and Uchupi (1984). The thicknesses of the other 
layers were obtained from the surface wave study of Souza 
(1994}. The P-wave velocities of layers, 3, 4, 5, 6 and 7 
(Table 2) are those of Souza (1994), owing to similarity 
between Souza's compressional wave velocities and those 
(chapter 3-Table 4) presented by Emery and Uchupi (1984). 
It must be emphasized that P-wave velocities from Souza' 
study were obtained through a well-known relationship be
tween shear wave velocities and Poisson~s ratio. The S
wave velocities are those of Souza (1994), except for the 
sedimentary layers which were not resolved in Souza' 
study. For these layers, an S-wave velocity of l.OOkm/s 
was assumed. The densities for the oceanic crust were ob
tained from the Nafe-Drake relationship (Talwani et al., 
1959), and for the upper mantle from Birch's relation 
(Birch, 1964). The oceanic models for the three paths are 
shown in Table 2. 

The Rayleigh wave group velocities of the continental 
shelf were computed using source-station dispersion curves 
(Figure 3), oceanic dispersion curves obtained from the 

models shown in Table 2 and equation (1). In order to get a 
dispersion curve representative of each path, a Chebyshev 
polynomial fit was applied. The result of this procedure is 
shown in Table 3. 

Errors in group velocity measurements have been 
widely discussed in the literature (Chave, 1979; Cloetingh 
et al., 1979). In the present study, the errors due to epicen
ter mislocation (Table 1), origin time (2s), source finite
ness (3s), initial phase in the source (2s) rise time {ls) and 
standard deviation from Chebyshev polynomial fit are con
sidered in the computation of the corresponding group ve
locity errors. All errors in the continental shelf dispersion 
curves were calculated assuming that the epicenters were 
located at the intersection between Rayleigh wave paths 
and the 400 m bathymetric contour (Figure 1). In other 
words, the epicentral distance used in the error determina
tions was 167 km. Moreover, the epicenter mislocation er
ror was computed using only the largest value shown in 
Table 1. Total errors were then obtained from the root 
mean square sum of the errors cited above (Table 3). 

INVERSION OF CONTINENTAL SHELF 
DISPERSION CU~VES 

The inversion process was divided into two steps. In 
the first step, the models are composed of many thin layers 
overlying an infinite half-space, so that the results can be 
used as a reference for another starting model. In the second 
step, groups of thin layers with the same features, nor
mally similar shear velocities, are transformed into thick 
layers, so that another inversion is performed. 

In the first step, all crustal models were divided into 
twelve 4 km thick layers overlying an infinite half-space. 

287 



J. L. de Souza 

6 
w 

~ 
~ 

(A) 

(B) 

9min 

begin of 
the window 
digitization 

4.50.---------------------'-------------~ 

4.20 

~ 3.90 

~ 
w 
> 
a.. 
5 3.Q0 
a: 
(.!) 

3.30 

3.00+::--------::r::----------=~-----...,.----------..--------l 
1 0 30 50 70 90 11 0 

PERIOD (SEC) 

Fig. 2. Example of source-station data obtained at RDJ station. (a) Digital seismogram of the earthquake number 1 (Table 1) andre
spective duration of the signal. (b) Source-station Rayleigh wave dispersion corresponding to the seismogram displayed in (a). 
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Fig. 3. Source-station Rayleigh wave group velocities for the six earthquakes used in the present study. Each symbol represents one 
path. Circles represent path A; triangles, path B; and asterisks, path C. 

These starting models are composed of two parameters, 
a shear wave velocity(~) and a Poisson's ratio (a). The in
version procedure for all models started with a S-wave ve
locity of 5.0km/s in both the crust and uppermost mantle, 
and a Poisson's ratio of 0.25 and 0.27 in the crust and up
per most mantle, respectively (Tarkov and Vavakin, 1982). 

The differential inversion method implement in the 
computer program SURF (Herrmann, 1991) was applied in 
the determination of the S-wave velocity structures in the 
southeastern Brazilian continental shelf. Inversion results 
will be displayed and discussed in the next section. 

DISCUSSION AND INTERPRETATION 

Inversion results for the first step are shown in Figures 
4-6. The theoretical (solid line) and calculated (triangles) 
Rayleigh wave group velocities are shown in Figures 4a, 
Sa and 6a. The estimated shear wave velocity structures 
with corresponding resolving kernels are shown in Figures 
4b, 5b and 6b. Table 4 also shows the estimated shear 
wave velocity structures, along with the standard deviations 
of these measurements for the three paths (A, B and C). 

As expected, the inversion results are characterized by 
groups of layers with shear velocities slightly similar to 

one another. In the path A (Figure 4b), three well defined 
velocity gradients are observed at 12, 20 and 44 km depth, 
which can be related to the following transitions: the sedi
ments-crystalline basement transition (from 2.81 to 3.32 
km/s), the crystalline basement-transitionallayer transition 
(from 3.32 to 4.03 km/s) and the transitional layer-upper
most mantle transition (from 4.22 to 5.00 km/s), respec
tively. The Moho is clearly indicated by the velocity gradi
ent at 44 km. As continental shelves are commonly charac
terized by crustal thickness varying from 30 to 35 km, the 
crust here is anomalously thick. This result is consistent 
with a recent surface wave study in the southeastern 
Brazilian continental shelf (Souza, 1995) which, although 
it did not, sharply define the crust-mantle transition, indi
cated that Moho was around 40±5 km. ~Another aspect also 
observed both in the present study and' Souza' study is the 
existence of a transitional layer in the lower crust (Table 
4). In the present study this layer becomes more significant 
that in Souza' study, probably due to the wide period range 
of the dispersion curves. Transitional layers have been 
found in other passive continental margins in Canada 
(Dainty et al., 1966) and in the Mediterranean area 
(Calcagnile et al., 1982). In the case of the Mediterranean 
area, Calcagnile et al. (1982) associated shear wave veloci
ties ranging from 4.0 to 4.2 km/s with transitional layers. 
This velocity range is exactly the same observed in the 
path A (Table 4). Similarly, P-wave velocities related to 
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Table 2 

Earth's models used to remove oceanic structures along of 
the three paths (A, B and C). a is compressional wave 

velocity , ~ is shear wave velocity and p is density. 

PATH A 
thickness a p p 

(km) (km/s) (kmls) (g/cm3
) 

3.0 1.52 0 .00 1.03 
0 .7 2.10 1.00 2.10 
1.9 5.17 2.99 2.53 
3.5 6.75 3.90 2.91 

30.0 7.62 4.40 3.13 
20.0 7.91 4 .57 3.24 

00 6.91 3.99 2.86 

PATH B 
3.0 1.52 0.00 1.03 

0 .7 2.10 1.00 2 .10 

1.9 5:23 3.02 2 .54 

3.5 6.80 3.93 2 .93 

30.0 7.65 4.42 3.14 

20.0 8.08 4 .67 3.31 

00 7.67 4.43 3.15 

PATH C 
5.4 1.52 0 .00 1.03 

3.0 2.10 1.00 2.10 

1.9 5.42 3.13 2.58 

3.5 6.87 3.97 2 .95 

30.0 7.56 4.37 3.11 

20.0 8.31 4.80 3.39 
00 7.29 4.21 3.01 

the transitional layer displayed in Table 4, (vary from 6.99 
to 7.52 km/s). These velocities were calculated from a 
well-known relationship between P wave (a), S wave(~) 
and Poisson's ratio (cr) assuming cr=0.25 for the crust 
(Tarkov and Vavakin, 1982). As these velocities are simi
lar to those found by Dainty et al. (1966) (7.08 ~ a~7.53 
km/s), for the crustal transition layer we consider these re
sults as another evidence to support this interpretation. The 
resolving kernels associated with path A are somewhat 
poor in the whole crust, due to reasonable value of the 
damping parameter (0.1) used in·the inversion process. The 
best results were at around 10 km depth and in the half
space. Furthermore, wide spread has been observed in the 
transitional layer (from 20 to 44 km depth) and the upper 
crust (from 0 to 8 km depth) was not resolved at this stage. 

Path B (Figure 5b) shows a shear wave velocity struc
ture slightly different from that observed in path A. In this 
case, the upper 28 km of the crust seems to be close to the 
high velocity sedimentary rocks or crystalline basement. 
Considering that the upper 12 km of the crust was notre-
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solved, it is reasonable to assume that the shear wave ve
locities are related to the intermediate crust. Again, the 
transitional layer (~=4.02 km/s) was detected, but here it is 
thinner than in path A. The crust-mantle transition has 
been clearly found at 36 km depth. The resolving kernels 
exhibit the same behavior as in path A, (i.e., a lack of res
olution in the upper crust and the best .resolution in both 
the intermediate crust and uppermost mantle). 

Path C (Figure 6b) has two strong velocity gradients 
defining the sediment - lower crust transition {from 1.34 to 
3.75 km/s) and the crystalline basement- Moho transition 
(from 3.20 to 4.86 km/s). This sequence represents a total 
inversion in the order of the structures. It is important to 
observe in Figure 6b that no resolution has been achieved 
in the depth range from 12 to 28 km. The best resolution 
was observed exactly in the sedimentary layers {from 4 to 
12 km). After this, the resolution became relevant both in 
the def>th range from 28 to 36 km and in the half-space. 

As described in the previous section, groups of layers 
with almost similar shear velocities were transformed into 
thick layers and another inversion process was performed. 
The results of the inversion procedure are shown in 
Figures 7-9. Figures 7a, Sa and 9a display both predicted 
and calculated Rayleigh wave group velocities, while 
Figures 7b, 8b and 9b display the estimated shear wave 
velocity structures and corresponding resolving kernels. 
The estimated shear wave velocities for the three paths are 
also shown in Table 5. 

The upper part (0-20 km depth) of the path A (Figure 
7b) has assumed shear velocities close to high velocity sed
imentary rocks, which are typical of middle crustal layers 
(Cloethingh et al., 1979). By analyzing the corresponding 
resolving kernels (Figure 7b) it is possible to see that the 
maximum resolution for this part of the model is concen
trated in the second layer, and therefore the estimated shear 
velocity is represenUttive of this depth range. The lower 
crust, assumed to be the transitional layer (~=4.22 km/s), 
was well resolved. The Moho boundary was clearly ob
served at 44 km depth, but no resolution was obtained be
low this depth (Figure 7b ). 

In the path B (Figure 8b), only the second layer was 
resolved. The shear wave velocity associated with this 
layer (~=3.38 km/s) is typical of high velocity sedimen
tary rocks. As in path A, both upper crust and uppermost 
mantle were not resolved, but the crust-mantle transition 
was clearly observed. 

The parametrization of path C was a little different 
from the other paths because it was necessary to include 
more layers in order to get a better fit between the theo
retical and calculated dispersion curves. As in the first 
step, only the second and the fifth layers were resolved. 
The sediment-lower crust transition (from 1.33 to 3.86 
km/s) and the crystalline basement-peridotite transition 
(from 3.16 to 4.78 km/s) were emphasized in the 
estimated model. The low velocity zone between 28 and 
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Table 3 

Rayleigh wave group velocities (U) for the southeastern Brazilian continental margin. e is the total error on group velocities 
as discussed in the text. 

PATH A PATH B PATH C 
T u e T u e T u e 

(krnfs) (krnfs) (krnfs) (krnfs) (krnfs) (krnfs) (krnfs) (krnfs) (kmfs) 

13.8 2.263 ±0.088 17.7 2.579 ±0.131 19.7 0.690 ±0.048 
14.2 2.277 0.080 18.3 2.486 0.112 20.1 0.674 0.042 
14.6 2.292 0.075 19.0 2.406 0.095 20.5 0.665 0.037 
15.1 2.312 0.071 19.7 2.352 0.083 20.9 0.664 0.032 
15.5 2.329 0.162 20.5 2.320 0.075 21.3 0.669 0.029 
16.0 2.351 0.141 21.3 2.315 0.073 21.8 0.683 0.027 
16.5 2.375 0.129 22.3 2.340 0.075 22.3 0.707 0.026 
17.1 2.405 0.122 23.3 2.393 0.082 22.8 0.738 0.025 
17.7 2.437 0.119 24.4 2.476 0.091 23.3 0.777 0.025 
18.3 2.470 0.121 2'5.6 2.588 0.100 23.8 0.822 0.025 
19.0 2.510 0.122 26.9 2.724 0.109 24.4 0.885 0.026 
19.7 2.553 0.124 28.4 2.888 0.115 25.0 0.955 0.026 
20.5 2.603 0.126 30.1 3.067 0.120 25.6 1.032 0.031 
21.3 2.655 0.131 32.0 3.246 0.124 26.3 1.129 0.027 
22.3 2.721 0.133 34.1 3.400 0.134 26.9 1.217 0.035 
23.3 2.790 0.138 36.6 3.512 0.148 27.7 1.341 0.033 
24.4 2.867 0.146 39.4 3.542 0.168 28.4 1.453 0.036 
25.6 2.952 0.155 42.7 3.532 0.227 29.3 1.601 0.036 
26.9 3.045 0.164 0.281 30.1 1.735 0.040 
28.4 3.151 0.168 31.0 1.887 0.042 
30.1 3.269 0.170 32.0 2.054 0.047 
32.0 3.396 0.173 33.0 2.217 0.053 
34.1 3.527 0.179 34.1 2.391 0.067 
36.6 3.668 0.190 35.3 2.572 0.082 
39.4 3.801 0.218 36.6 2.755 0.108 
42.7 3.918 0.227 37.9 2.923 0.108 
46.5 3.995 0.245 39.4 3.096 0.113 
51.2 3.997 0.278 41.0 3.257 0.114 
56.9 3.964 0.273 42.7 3.400 0.106 

44.5 3.523 0.113 
46.5 3.629 0.143 
48.8 3.718 0.137 
51.2 3.784 0.145 
53.9 3.843 0.170 
56.9 3.907 0.156 
60.2 3.999 0.192 
64.0 3.981 0.176 

36 km depth was necessary to obtain a reasonable fit layer was clearly resolved (Figure 9b), but in terms of 
between theoretical and calculated dispersion curves. This structure, it represents an inversion of the normal sequence 
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top, the damping parameter value used in the inversion procedure. 

294 



SE Brazil continental margin 

3. 6 8 

G 
UJ 

"' ~ 2.86 

"" >-
(A) !::: 

u 
0 
...l 
UJ 
> 
!3 2 04 
0 

"' 0 

1.22 

0.40+---------------~--------------~---------------r----------------r--------------~ 
10 22 34 46 58 70 

PERIOD (SEC) 

DAMP. PARAMETER: 0.1 

SHEAR VELOCITY (KM/SEC) RESOLVING KERNELS 

1.00 2.25 3.50 •· 1S 6.00 

~--_!.3=._2 .~o ________ ___2_0 _. o____ 
0 

10 10 

15 \ 15 

~ 20 \ 20 ~ 
(B) ::;: ::;: 

~ ~ 
:r:1> 25 :r: 
1- 1-
0.. 0.. 
UJ UJ 

Cl 30 30 Cl 

"l 35 

I 

40 j 40 

.,j 45 

J 50 

Fig. 7. Inversion results for the second step -path A. (a) Calculated (triangles) and theoretical (solid line) Rayleigh wave group ve
locities. Vertical bars are the total errors discussed in the text. (b) On the left side are both estimated shear wave velocity structure 
(solid line) and starting model (dashed line). On the right side are the corresponding resolving kernels to each layer of the model. 

On the top, the damping parameter value used in the inversion procedure. 

295 



J. L. de Souza 

Table 4 

Estimated shear wave velocity structures obtained in the first step of the inversion process. H is thickness, ~ is shear wave 
velocity and a is the standard deviation of estimated parameters. 

PATH A PATH B PATH C 
H ~ (J H ~ (J H ~ (J 

(km) (km/s) (km/s) (km) (km/s) (km/s) (km) (kmls) (km/s) 
4.0 2.80 0.04 4.0 3.24 0.05 4.0 2.31 0.02 
4.0 2.81 0.04 4.0 3.23 0.05 4.0 1.32 0.02 
4.0 2.81 0.04 4.0 3.23 0.05 4.0 1.34 0.02 
4.0 3.32 0.03 4.0 3.06 0.04 4.0 3.75 0.03 
4.0 3.32 0.03 4.0 3.06 0.04 4.0 3.75 0.03 
4.0 4.03 0.06 4.0 3.10 0.04 4.0 3.70 0.04 
4.0 4.03 0.06 4.0 3.10 0.04 4.0 3.70 0.04 
4.0 4.19 0.08 4.0 4.02 0.07 4.0 3.20 0.05 
4.0 4.19 0.08 4.0 4.02 0.07 4.0 3.20 0.05 
4.0 4.22 0.12 4.0 4.94 0.10 4.0 4.86 0.07 
4.0 4.22 0.12 4.0 4.94 0.10 4.0 4.86 0.07 
4.0 5.00 0.14 4.0 4.64 0.14 4.0 5.36 0.10 
00 5.00 0.14 00 4.64 0.14 00 5.36 0.10 

Table 5 

Estimated shear wave velocity structures for the second step of the inversion process. H is the thickness, ~ is shear wave 
velocity and a is the standard deviation on estimated S wave velocities. 

PATH A PATH B PATH C 
H ~ (J H ~ (J H ~ (J 

(km) (km/s) (km/s) (km) (km/s) (km) (km) (km/s) (km/s) 
12.0 2.97 0.03 12.0 2.89 
8.0 3.05 0.03 16.0 3.38 

24.0 4.22 0.07 8.0 3.62 
00 4.92 0.07 00 4.96 

used to characterize continental shelf regions (Cloetingh et 
al., 1979). Both the upper crust and half-space were not 
resolved, but the crust-mantle transition was perfectly 
defined at 36 km depth. 

In order to identify common features between the esti
mated shear wave velocities, all estimated models were 
compared to the one (CS-continental shelf) found by Souza 
(1995) in the same area (Figure 10). In the upper crust, 
two situations were identified. The first one is that models 
C and CS are in agreement with respect to the sedimentary 
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0.02 4.0 2.36 0.02 
0.02 8.0 1.33 0.02 
0.02 8.0 3.86 0.07 
0.06 8.0 3.81 0.07 

8.0 3.16 0.06 
8.0 4.78 0.06 
00 5.38 0.05 

layer. The second one is an agreement between both mod
els A and B, but these models are not well resolved at this 
depth range. Between 12 and 28 km depth, models Band 
CS are closer to one another, along with a slight approxi
mation of model A in the first 8 km. In this depth range, 
model A is not properly resolved. Between 28 and 36 km 
depth, models C and CS are quite compatible. In spite of 
the half-space not being well resolved, the Moho boundary 
is clearly identified in all inversion results. Finally, a re
duction in the crustal thickness is observed from path A to 
path C (Figure 10). 



(A) 

(B) 

SE Brazil continental margin 

4.50 r-----------------------------------------------------------------------------------, 

3. 6 8 

G 
Ul 

~ 2 86 

"' >.... 
u 
0 .... 
Ul 
> 
:; 2.04 
0 

"' 0 

I. 2 2 

0 . 40 +-------·--------~-----------------r---------------~----------------r-----------
10 

1.00 

10 

IS 

_zo 
::< 

"' :t: 2S 
.... 
0.. 
Ill 
Cl 30 

3S 

40 

oj 

22 

SHEAR VELOCITY (KM/SEC) 

J . SO 

I 
1 
! 
I 

I 
j 

34 46 

PERIOD (SEC) 

DAMP. PARAMETER: 0.1 

.. . 7S 6. 00 

L_____ __ ' 

soL ________________________________ ___l. ________ ..J.J. ___ _ 

58 

RESOLVING KERNELS 

20.0 32 .0 

I 

70 

I S 

20-
::< 

"' 2S :t: 
.... 
0.. 
Ill 

30 Cl 

Fig. 8. Inversion results for the second step -path B. (a) Calculated (triangles) and theoretical (solid line) Rayleigh wave group ve
locities. Vertical bars are the total errors discussed in the text. (b) On the left side are both estimated shear wave velocity structure 
(solid line) and starting model (dashed line). On the right side are the corresponding resolving kernels to each layer of the model. 

On the top, the damping parameter value used in the inversion procedure. 

297 



J. L. de Souza 

(A) 

(B) 

4.50r---------------- --- ------------------------ --- - - - -------------------------, 

u 
Ul 

"' 

3 . 6 8 

i 2 . 86 
>< 
>-..... 
u 
0 
-' 
Ul 

> 
!3 2 04 
0 

"' 0 

I . 2 2 

0 .40 +----------------------------~----------------------------~------------~ 
10 22 34 4 6 58 70 

PERIOD (SEC) 

DAMP . PARAMETER : 0 . 1 

SHEAR VELOC ITY (KM/SEC) RESOLVING KERNELS 

1.0 0 2.2S ) .so • . 1S 6 . 0 0 

_------"--T __ _ so.o 

10 

" 1 
! 

~ 20 r ::;: 

"' ! 

:x; 2S t 
..... I 
0.. I 

Ul ,-- ---· 
Cl )0 I 

JS L ____ ~ 
•o 

•s 

so 

10 

" 
20 ~ 

::;: 
::: 

2 S :x; 
..... 
0.. 
Ul 

) 0 0 

) S 

•o 

" 
so 

Fig. 9. Inversion results for the second step -path C. (a) Calculated (triangles) and theoretical (solid line) Rayleigh wave group ve
locities. Vertical bars are the total errors discussed in the text. (b) On the left side are both estimated shear wave velocity structure 
(solid line) and starting model (dashed line). On the right side are the corresponding resolving kernels to each layer of the model. 

On the top, the damping parameter value used in the inversion procedure. 

298 



SE Brazil continental margin 

SHEAR VELOCITY (KM/SEC) 

1.00 2 .2S 3 .so 4. 7S 6.00 

c 

1 I 

I 

0 

_j I 

--1 --- I 

A I - s I I 
... 

B 
I tL_ -I 
I 
I 

I I I 
I 

10 

~ --- ----'- --- -1 I 

I 

G I _t- I I 

I 

IS 

I I I 

I 

I 
20 I 

I 
2 

I 

I C5 I - I -I 

i I 

I 
--j !l--1 

I I 

--'----. I I 

I 
I 

I 

I 

30 30 

T -

I I 

I 

L 
I 

I - --~--: 
I 

3S 

l 
I 

I 

I 
40 40 

I 
I 
I 

--j 17-- I 

I - ~ 

I s I I I 

4S 

I 

I I I 

0 I so 

Fig. 10. Comparison between the S-wave velocity structures obtained in the present study (A, B and C) and that (CS- Continental 
Shelf) found by Souza (1995). The horizontal bars are the standard deviations shown in Table 5. 

CONCLUSIONS 

Rayleigh wave group velocities obtained at Brazilian 
seismological station RDJ have been used to study the 
crustal structure of the southeastern Brazilian continental 
shelf alo~g three paths. The source-station paths have been 
divided into two types of structures, so that the dispersion 
curves corresponding to continental shelf have been calcu
lated. Inversion results of the continental shelf dispersion 
curves indicate that the upper crust is dominated by sedi
ments and high velocity sedimentary rocks with shear wave 
velocities varying from 1.32 to 2.90 km/s. The intermedi
ate crust has assumed shear velocities (3.06~13~3.38 km/s) 
typical of crystalline basement. The lower crust seems to 
be composed of a transitional layer (4.02~j3$4.22 km/s), 
such as is observed in other passive continental margins 
(Dainty eta/., 1966; Calcagnile eta/., 1982). This layer is 
also in agreement with a recent surface wave study in the 
same area (Souza, 1995). From path A to C, it is possible 
to verify a reduction in the total crustal thickness. The 
crust-mantle transition is well defined at 36±4 km depth, 
except in the path A where it reaches 44 km depth. 
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