
Abstract 
Density differences among subsurface rocks cause variations in the gravitational field of Earth, which is known as gravity anomaly. 
Interpretation of these gravity anomalies allows assessment of the probable depth and shape of the causative body. For several decades, gravity 
data were acquired on the surface, but after the scientific and technological advances of the last decades, geopotential models were developed, 
including gravitational observations on a global scale through space satellite missions. This paper investigated the Moho structure in the re-
gion of Recôncavo-Tucano-Jatobá rift-basin system based on the information of the terrestrial gravity field from the EIGEN-6C4 geopotential 
model. The frequency domain inversion technique was applied, which is known as the Parker-Oldenburg iterative method. Bouguer anomaly 
data were used in the inversion procedure to determine the thickness and geometry of the crust in the region. Data inversion considered a 
two-layer model with constant density contrast, in which the entire signal was related to Moho topography. In addition, data inversion was 
carried out to determine the basement depths. The program proved to be efficient and able to manage large data sets. The results, both of the 
crust thickness and the sedimentary package, validated the geodynamic evolution understanding of the basin system.

KEYWORDS: gravity inversion; satellite data; Parker-Oldenburg method; geopotential model EIGEN-6C4; gravity field and steady-state ocean 
circulation explorer.
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INTRODUCTION
A classic problem of Geophysics is the subsurface determina-

tion of a density interface geometry associated with a gravitational 
anomaly, for instance, the mapping of Mohorovičić (or Moho) 
discontinuity. In this case, the objective is to invert the gravity 
anomaly, which is usually filtered, to obtain the interface geom-
etry. Several authors have presented different algorithms for cal-
culating the density interface geometry related to a known grav-
ity anomaly. Cordell and Henderson (1968), Dyrelius and Vogel 
(1972) used an approximation of the disturbing body through 
various rectangular prisms of constant density. The gravity effect 
for each prism was calculated and then the total gravitational 
field was determined by adding the effect of all prisms. When the 
model is complicated or when a large number of observations are 
available, this process can be computationally time-consuming 
as the number of operations increases greatly with the product 
of the number of observations and points defining the model.

Parker (1972) showed that a sum of Fourier transforms 
can be used to calculate the magnetic or gravitational anomaly 

caused by an irregular layer with constant density. The Fast 
Fourier Transform (FFT), along with advances in computer 
technology, has made Parker’s method feasible for fast computa-
tion of magnetic and gravity fields. Oldenburg (1974) demon-
strated that Parker’s expression can be inverted to determine 
the density interface geometry from the gravitational anom-
aly. Nagendra et al. (1996) presented a FORTRAN language 
computer program based on the Parker-Oldenburg method for 
analyzing 2D gravity data. Finally, Gómez-Ortiz and Agarwal 
(2005) presented a MATLAB language-based program for the 
3D extension of the Parker-Oldenburg method to obtain the 
density interface geometry.

These last developments in data modeling and inver-
sion and use of satellite data stimulated new results in Moho 
mapping. In the recent years, several researchers studied this 
problem at a regional scale. Braitenberg et al. (2000) studied 
Moho depths in the Tibet region. They used an iterative meth-
odology to invert gravity data and obtain the 3D variation in 
Moho depth. The gravity inversion was constrained by results 
from deep seismic sounding and seismological investigations. 
They found Moho between 70 and 75 km depth over most 
of the Tibet. Ebbing et al. (2013) used satellite gravity gradi-
ents to study the regional geology in the Arabian Peninsula. 
In addition to satellite gravity gradients, they have used ter-
restrial data sets and global models like EGM2008. Sampietro 
(2015) retrieved the Moho depth from the Gravity field and 
steady-state Ocean Circulation Explorer (GOCE). Such inves-
tigator used a Bayesian classification algorithm with an itera-
tive Wiener filter to infer information on the crustal structure 
in the Western Balkan area. The resulting Moho depth ranges 
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between about 20 km beneath the Adriatic Sea and 45 km in 
the Dinarides. In the search for shallower sources, Paoletti et al. 
(2014) inverted the gravity field of the Neapolitan Volcanic 
Area, using a technique called depth-resolution plot based on 
a well-known singular value decomposition technique.

On a global scale we mention the work of Sjöberg (2009), 
which dealt with the inverse problem in isostasy in order to 
obtain Moho depth from known Bouguer gravity anomalies 
and a reference Moho depth. His theoretical approach was 
formulated to iteratively solve a non-linear Fredholm integral 
equation of the first kind, also proving the solution unique-
ness. More recently, Reguzzoni and Sampietro (2015) used 
GOCE data to estimate a new crustal model called GOCE 
Exploitation for Moho Modeling and Applications (GEMMA). 
Their iterative algorithm, which has been computed at a spatial 
resolution of 0.5 × 0.5 degree, provided an improved model in 
terms of resolution and consistent with other global models.

This paper investigates the crustal structure in the region 
of Recôncavo-Tucano-Jatobá rift-basin system, determining 
the thickness and geometry of the crust in the region through 
data inversion by the Parker-Oldenburg iterative method, as 
presented by Gómez-Ortiz and Agarwal (2005). Based on the 
knowledge of the average depth of the density interface and 
the density contrast between the two media, the 3D interface 
geometry has been calculated iteratively. The iterative process 
ends when the root mean square (RMS) deviation between two 
successive approximations is lower than a previously chosen 
value; and the RMS deviation is therefore used as a conver-
gence criterion. Besides that, the iterative process ends when 
a maximum number of iterations, also previously chosen, are 
reached. A low-pass filter in the frequency domain has been 
incorporated to improve convergence in the iterative process. 
The gravitational anomaly data used in this paper were obtained 
from the ICGEM database of the German Geoscience Research 
Center or GFZ from GeoForschungsZentrum, located in 
Potsdam, Germany. We have also investigated the sedimen-
tary thickness in the same rift-basin system area. The results 
are in accordance with the literature, both for the crust thick-
ness and for the sedimentary package.

As far as the issue of uniqueness is concerned, Sampietro 
and Sanso (2012) investigated the inverse gravimetric prob-
lem, which is, in general, known to have a very large indeter-
minacy. However, they proved that when density models are 
strongly reduced to simple classes, the uniqueness property of 
the inversion is retrieved. Uniqueness theorems were proved 
for three simple cases, in which one case was the recovery of 
the interface between two layers of known density, as in the 
present study.

One important feature is the algorithm capability of han-
dling large data sets, which require the use of direct and inverse 
Fourier transforms.

METHODOLOGY AND 
INVERSION PROCESS

The inversion procedure uses the equation described 
by Parker (1972) to calculate the gravity anomaly caused 

by an irregular layer of constant density through a series 
of Fourier transforms. This expression, in its 1D form, is 
defined as (Eq. 1):
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In which: 
F[Δg] = the Fourier transform of the gravity anomaly; 
G = the gravitational constant; 
Δρ = the density contrast across the interface; 
k = the wave number; 
( )nh r  = the n-th power of the interface depth (positive towards 

down); 
z0 = the average depth of the horizontal interface. 

Parker (1972) departed from the Fourier transform defi-
nition of the potential obtaining the expression given by 
Equation 1, which is a sum of Fourier transforms.

Oldenburg (1974) reorganized Equation 1 to calculate the 
depth for the undulated interface of the gravitational anom-
aly profile through an iterative process. The result is given by 
Equation 2:
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This expression enables determining the density interface 
of the topography by means of an iterative inversion procedure. 
Because the Bouguer anomaly only depicts the lateral density 
contrasts, the position vector r can be replaced by x, result-
ing in h(x). In this procedure, the average interface depth, z0, 
as well as the density contrast associated with the two media, 
Δρ, are assumed to be known. Figure 1 shows the topogra-
phy and densities for an illustrative example with a two-layer 
undulating medium wave.

The first term of Equation 2 has been calculated by assign-
ing h(x) = 0, so that the inverse Fourier transform of this 
quantity provides an updated value for the topography h(x). 
During this step, a filtering procedure occurs in the spatial fre-
quency domain as illustrated in Equation 3:

( ) ( ) [ ]h x F k FILTER= = → →   00 ( ) ( )F k h x− =  
1
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Figure 1. Illustrative sketch of the function that defines the interface 
between two layers with ρ1 and ρ2 densities.
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The value of h1(x) is then entered back into Equation 2 to 
generate a new estimate of h(x) (Eq. 4):
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The RMS deviation value between the new and the pre-
vious topographies is computed by the expression (Eq. 5):
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In which:
Nr = the number of rows; 
Nc = the number of columns in the data array.

The iterative process ends when the maximum of 10 iter-
ations is reached, or, as a convergence criterion, when the dif-
ference between two successive approximations of the topog-
raphy is smaller than a previously chosen value.

According to Oldenburg (1974), the process is conver-
gent if the depth to the interface is greater than zero and does 
not intersect the topography. In addition, the interface relief 
amplitude must be lower than the average interface depth.

The instability behavior in the high frequency range will 
be dealt by means of the mentioned filter, which cuts the high 
frequencies, that is, it is a low-pass filter denoted by HFC(k). 
High frequency oscillations related to the shallower sources 
can be eliminated by multiplying the right side of Equation 2 
by the expression (Eq. 6):
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The filter passes all frequencies up to WH and does not pass 
any above the cutoff frequency SH. The intermediate frequen-
cies between WH and SH depend on Equation 6, as shown in 
the illustrative case of Figure 2. The WH and SH frequency 
values are chosen to constrain the high frequency content in 

the Fourier spectrum of the observed gravity anomaly, improv-
ing the series convergence.

Because the topographic relief is determined in the inver-
sion procedure, it is desirable to calculate the gravity anom-
aly produced by this topography, which was performed by 
Equation 1. With the process convergence, the predicted or 
calculated anomaly is similar to the observed anomaly, and the 
latter is used as input to the inversion process (Gómez-Ortiz 
and Agarwal 2005).

The software requires that the following parameters used 
in the process be supplied to the program: 

	• name of the input file containing the observed gravity 
anomaly data (in milligal), for example, bouguer.dat; 

	• name of the output file with the depths (in km) of the sur-
face that generates the anomaly as a result of the inversion, 
for example, topooutput.dat; 

	• output file name with calculated anomaly (in milligal), for 
example, bouinv.dat; 

	• number of rows and columns; 
	• length of the data mesh (in km) in x and y directions, as 

in Longx and Longy; 
	• density contrast: Δρ (g/cm3); 
	• average interface depth, z0 (km); 
	• convergence criterion expressed as the value of the RMS 

deviation between two successive approximations of the 
topography (in km); and (9) frequency values for the 
low‑pass filter: WH and SH (km-1).

At the end of the iterative process, the program provides 
information to make three graphics: estimated topography; 
predicted gravity anomaly, due to the estimated topography, 
calculated from Equation 1, and residual between the observed 
and predicted gravity anomalies. The value of the RMS topog-
raphy deviation between the iterations and the iteration num-
ber at which the process stopped are also provided.

Data and geology of the area
Global gravitational field models, especially those derived 

from satellite measurements, have become increasingly detailed 
and accurate (Barthelmes 2009). The data used come from the 
combined gravity field model EIGEN-6C4, which is the fourth 
version of the EIGEN-6C, and EIGEN stands for European 
Improved Gravity model of the Earth by New techniques. 
The EIGEN-6C4 is composed of a combination of gravitational 
data from GOCE satellite; data from previous satellite missions; 
terrestrial data and also radar altimetry data. These data can be 
obtained from the ICGEM database, which is the International 
Center for Global Earth Models of the German GFZ Potsdam 
Geo-research Center. Gravitational anomaly data from Earth, 
already with the Bouguer correction, were downloaded with a 
2’ arc grid spacing. An extrapolation of the area of ​​interest was 
considered in order to attenuate the edge effect in this region 
during the inversion procedure.

Recôncavo-Tucano-Jatobá rift-basin system is located near 
the coast of the Northeast Region of Brazil and extends from 
the State of Bahia to the State of Pernambuco. Its formation 
is related to an aborted rift from the continental separation 

Figure 2. Low-pass filter, HCF(k), with WH = 0.01 km-1 and 
SH = 0.015 km-1.
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between South America and Africa during the Mesozoic, 
which then generated the South Atlantic Ocean. The system 
is formed by three basins, known as Recôncavo, Tucano e 
Jatobá, represented in Figure 3. The system is limited to the 
South by the Camamu Basin, to the West by the Itabuna-
Salvador-Curaçá Block, the Serrinha Block, and the Sergipana 
Range, and the Pernambuco-Alagoas Massif. It is bordered 
to the East by Salvador-Esplanada Belt, Sergipana Belt, and 
Pernambuco‑Alagoas Massif, and bordered to the North by 
Pernambuco Shear Zone (Silva 2017).

Figure 4 shows the Bouguer gravity anomaly map associated 
with the mantle-crust boundary in Recôncavo‑Tucano‑Jatobá 
rift region. The region in question is shown delimited by the 
white line. The strongest signature of the Bouguer anomaly is 
the negative gradient within the continent, but one can see 
prominent lows of gravity throughout Recôncavo‑Tucano‑Jatobá 
rift-basin system. The negative peak is approximately -150 mGal 
within Tucano Central Sub-basin.

As a map of gravimetric anomalies is composed of the sum 
of shallow and deep sources, it is necessary to separate local and 
shallow anomalies from deep and regional anomalies. In practi-
cal terms, the regional component must contain the sources of 

the crust/mantle interface, which is our interest. On the other 
hand, the residual component must contain anomalies with 
sources in the crust. The separation of data into its regional and 
residual components was done by applying the upward con-
tinuation filter (Blakely 1996, p. 313). Hence, a desired level 
of smoothing is achieved, maintaining only the information 
on the severity anomaly associated with the crust-mantle limit. 
Figure 5 shows the Bouguer gravity anomaly map with the 
application of the continuation filter above 20 km. The most 
accentuated signature of the Bouguer anomaly is its negative 
gradient within the continent. Prominent gravity lows can be 
observed throughout the Recôncavo-Tucano-Jatobá onshore 
basin, reaching approximately -95 mGal within the Central 
Tucano Sub-basin.

Recôncavo Basin occupies an area of approximately 
11,500 km2. Exploratory efforts over decades to date have 
resulted in regional surveys of gravimetric and magnetomet-
ric data, 2D and 3D seismic data acquisition, and 6,725 wells 
(May 2017 data), of which 1,263 are exploratory. Basin is the 
segment of an interrupted intracontinental rift and its basic 
architecture reflects a NE-SW oriented semi-graben (Prates 
and Fernandez 2015). According to Abrahão and Warme 

Figure 3. Location map of the area of interest, based on Magnavita (2000).
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(1990), the stress field responsible for the rifting would 
have acted between the Meso-Jurassic and the Eocretaceous. 
According to Magnavita (1992), the preserved sedimentary 
section in the Recôncavo Basin has a maximum thickness of 
the order of 6,900 m, in the Camaçari Low area. In addition, 
based on Santos et al. (1990), the sedimentary thickness in 
the Recôncavo is more than 6,000 m wide.

Tucano Basin is in the Northeast of the State of 
Bahia, occupying an area of approximately 30,500 km2. 

Structural  features with NW-SE direction allow subdi-
viding it into Tucano South, Tucano Central, and Tucano 
North Sub-basins. To the North, Tucano Central separates 
from Tucano North by Vaza-Barris Zone. To the South, 
the boundary between the Tucano South Sub-basin and 
Recôncavo Basin is given by Alto de Aporá. To the East, 
the Faults of Inhambupe and Adustina constitute, respec-
tively, the boundaries of Tucano South and Tucano Central 
Sub‑basins (Magnavita 1992). The boundary of Tucano 

Figure 4. Bouguer anomaly map of Recôncavo-Tucano-Jatobá rift-basin system. The outline of the rift shape, represented by the white line, 
was based on Magnavita (1992).
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North Sub-basin with the Jatobá Basin is given by São 
Francisco Fault to the Northeast. The basement estimated 
depths in the depocenter are over 6,000 m for the Tucano 
South Sub-basin and approximately 8,000 m for the Tucano 
Central Sub-basin (Cícero Dantas Low). For the Tucano 
North Sub-basin, in Salgado do Melão Low, the estimated 
depths are around 6,000 m (Magnavita 1992).

Jatobá Basin occupies an area of approximately 5,000 km2 
with NE-SW orientation. São Francisco Faults to the West and 
Ibimirim to the North constitute its main structural boundaries. 

To the South and East, their contact with the basement is dis-
cordant or occurs through minor faults. The change in the 
opening direction of the rift from S-N in Tucano North to 
SW-NE in Jatobá Basin may be the most explicit example of 
the control exerted by past basement structures. This inflec-
tion is conditional on the Pernambuco-Paraíba Shear Zone, 
whose reactivation during the Eocretaceous led to Ibimirim 
Fault, the Northern boundary of Jatobá Basin (Santos et al. 
1990, Magnavita 1992). The basement estimated depth in 
Ibimirim Low is around 4,000 m (Magnavita 1992).

Figure 5. Bouguer anomaly map of Recôncavo-Tucano-Jatobá rift-basin system after the 20 km upward continuation filter.
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RESULTS AND DISCUSSION
Moho topography under Recôncavo-Tucano-Jatobá rift-ba-

sin system derived from satellite gravity inversion is shown in 
Figure 6. Tucano Central Sub-basin shows the crust thicker 
than the other basins, somewhere around 33 to 35 km, fol-
lowed by the Tucano South Sub-basin, which is approximately 
33 km deep. Further South is Recôncavo Basin, with a maxi-
mum crustal thickness of 29 km. In Tucano North Sub-basin, 

Moho appears to be close to 32 km. And finally, under the 
Jatobá Basin, the crust/mantle interface is around 30 km. For a 
more detailed representation of such estimates, five profiles 
were chosen (Fig. 7), which cut the center of each of the rift 
constituent basins. The location at which each profile was 
drawn is shown in Figure 6. The E – E’ profile clearly shows 
that the Moho under Recôncavo Basin is not as prominent 
as in the other basins. Blaich et al. (2008) performed gravity 

Figure 6. Moho 2D topography map in Recôncavo-Tucano-Jatobá rift-basin system. The color bar indicates the estimated depths in km.
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modeling in this area and concluded that the rifting is com-
pensated by elevation of the lithospheric mantle and melting 
of the crystalline crust.

In order to investigate the uniqueness of the crustal thickness 
map (Fig. 6), a large number of simulations were performed 
with a range of values for each of the input parameters, such as 
the initial average depth, the Moho interface density contrast, 
and the frequencies for the low-pass filter. The chosen method 
to select the initial average depth was according to the crite-
ria used by van der Meijde et al. (2013), i.e. the initial average 

depth for Moho should be that of the expected crustal thick-
ness for the area under investigation. The values ranged from 
18 to 28 km, which are reasonable estimates, respectively, for 
oceanic and continental average crustal thickness.

Tests have shown that the best starting value for aver-
age depth is 26 km. However, a variation of 1 km in the 
initial average depth value implied a 1 km change in the 
estimated depths. Based on the most current models (van 
der Meijde et al. 2013), the average crustal depth in this 
region is 40 km.

Figure 7. Moho depth profiles under Recôncavo-Tucano-Jatobá rift-basin system.
A – A’: Jatobá Basin; B – B’: North Tucano Sub-basin; C – C’: Central Tucano Sub-basin; D – D’: South Tucano Sub-basin; E – E’: Recôncavo Basin.
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The topography determination is obtained iteratively 
from the average depth value provided to the program, not 
depending on the zero depth, which is the surface of the earth. 
An increase in the density contrast value implies that the result-
ing topography remains close to the Earth surface, whereas 
a lower density contrast results in a thicker crust. Based on 
the work of Ussami et al. (1986) and Blaich et al. (2008), the 
density contrast of the crust/mantle interface in the studied 
region is 0.5 g/cm3, whose value is used in the simulations of 
the present work.

By investigating the low-pass filter performance, we car-
ried out a two-step analysis to define the selection criteria for 
the cutoff frequencies. In the first step, we had to generate the 
average radial power spectrum of the Bouguer anomaly data 
as a function of the wavelength, as shown in Figure 8. Its anal-
ysis allows the choice of the appropriate wavelength range 
for the separation between shallow and deep components, 
according to the technique of Spector and Grant (1970). 
These authors concluded that a set of anomalies with similar 
average depths have the same slope on the power spectrum 
curve. For the data set used in this paper, Figure 8 shows that 
the ideal wavenumber is 0.018 km-1, i.e. it represents the junc-
tion point of two straight lines obtained by linear regression, 
in which these two straight lines approximately represent the 
full curve of the power spectrum. The left-hand straight line 
at this point is associated with low wavelength energies, i.e. 
larger and deeper sources. And the right-hand straight line to 
this point is associated with the energies of higher wavelengths, 
hence smaller and shallower sources. In the second step, the 
value of 0.018 km-1 was used as a starting parameter, and vari-
ations were made around this value. Several estimators were 
used for comparative purposes. The first was the RMS devia-
tion between the two last topography curves, as presented in 
Equation 5, which is called the RMS estimator. The number 
of iterations required, denoted by ITER, associated with the 
absolute RMS estimator RMSE and the average deviation, also 
absolute, called MAE, were recorded. The RMSE, in mGal unit, 
is defined as (Eq. 7):

n
i iRMSE e

n
== ∑ 2

1
1

� (7)

And the MAE, also in mGal unit, is defined as:

n
i iMAE e

n
== ∑ 1

1
| |� (8)

being

ei = Anomalyobserved – Anomalycalculated� (9)

By space limitation, Figures 6 and 7 show only one result, with 
RMS = 0.013, RMSE = 14.4510 mGal and MAE = 9.9164 mGal. 
However, the most significant results were summarized in 
Table 1, which allowed us to draw some conclusions. Four val-
ues of Δk = SH – WH were defined. For each defined Δk, there 
is an upper limit for SH, which we called SHmax, so that for 
SH > SHmax the program needs more iterations to converge or 
it eventually does not converge. Basically, all the simulations 
are similar, and there is not many differences when comparing 
the depth maps visually. The results shown in Figures 6 and 7 
used the parameters WH = 0.010 km-1 and SH = 0.015 km-1, 
which required three iterations.

Figure 8. Average radial Bouguer anomaly power spectrum as a wavelength function.

Δk WH SH RMS ITER RMSE MAE

0.002 0.010 0.012 0.0010 3 14.5939 10.0544

0.002 0.016 0.018 0.0026 3 14.3976 9.8399

0.002 0.018 0.020 0.0030 3 14.4164 9.8207

0.005 0.010 0.015 0.0013 3 14.4510 9.9164

0.005 0.013 0.018 0.0022 3 14.3851 9.8425

0.005 0.016 0.021 0.0028 3 14.4088 9.8178

0.010 0.004 0.014 0.0134 2 15.3102 10.5640

0.010 0.008 0.018 0.0012 3 14.4778 9.9243

0.010 0.012 0.022 0.0023 3 14.3912 9.8211

0.016 0.001 0.017 0.0108 2 15.8388 10.9674

0.016 0.002 0.018 0.0132 2 15.3659 10.6011

0.016 0.008 0.024 0.0017 3 14.4219 9.8486

Table 1. Comparative results for selection criteria of the filter cutoff 
parameters, WH and SH. The spatial frequency difference is given 
by Δk = SH – WH. (values in km-1). The values of RMS are in km, 
and the values of RMSE and MAE are in mGal.
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We have computed the calculated anomaly field of 
Recôncavo-Tucano-Jatobá rift-basin system, which is pre-
sented in Figure 9, through forward modeling. When it was 
compared to Figure 5, we noticed that the two maps are very 
similar. In fact, the residual anomaly, which is the difference 
between the observed field and the calculated one, is displayed 
in Figure 10, in which it is possible to notice that most of the 
values fluctuate within the range plus/minus 4 mGal.

van der Meijde et al. (2013) inverted South American grav-
ity data derived from the EIGEN-6C geopotential model, also 

based on the Parker-Oldenburg iterative algorithm. The crust 
thickness model, GMSA12, obtained by van der Meijde 
et al. (2013), follows the results of Assumpção et al. (2013). 
The GMSA12 model had better results when compared to other 
older models of crustal thickness for South America, espe-
cially in areas of difficult access for seismic surveys. The Moho 
topography model obtained in the present paper is in agree-
ment with the values found by van der Meijde et al. (2013), 
as well as those provided in the GEMMA 1.0 (Reguzzoni and 
Sampietro 2015) and CRUST 1.0 (Laske et al. 2013) models. 

Figure 9. Calculated anomaly map of Recôncavo-Tucano-Jatobá rift-basin system.
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In particular, the numerical comparison between our regional 
model and CRUST 1.0 indicated deviation below 10%, with 
the exception of the Jatobá Basin, in which the deviation was 
higher, but still under 15%. The CRUST 1.0 model is global, 
with a resolution of 1 × 1 degree, whereas the data sampling 
in our model was 2 × 2 minutes.

The Bouguer anomaly map in Figure 4 shows that all basins 
are characterized by large-scale negative gravity anomalies, 
indicating low-density sediment filling. There is no indica-
tion of positive anomalies caused by significant rise of Moho 

underlying the basin. Thus, these basins were not derived from 
a local isostatic compensation process; they were formed by the 
superior extension of the crust without complementary exten-
sion of the underlying rigid inferior crust and upper mantle.

The great rigidity at the time of basin formation implies 
that the rifting responsible for Tucano and Jatobá Basins was 
not associated with any significant modification of the thermal 
structure of the lithosphere immediately below. Ussami et al. 
(1986) analyzed the thermomechanical evolution of the same 
basins and concluded that McKenzie’s simple model fails to 

Figure 10. Residual anomaly map of Recôncavo-Tucano-Jatobá rift-basin system.
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explain this coupled system of land and marine basins. All basins 
were suggested to be formed by a lithospheric extension during 
the rifting phase of the Atlantic division. The extension of the 
upper crust affected both land and marine basins, but the extent 
at deeper lithosphere levels, including the lower crust, was con-
centrated under the marine basins, as evidenced by the degree 
of thermal subsidence. Still according to Ussami et al. (1986), 
the origin of these land Brazilian basins is in accordance with 
Wernicke’s simple shear model, in which the non-uniform 

crust extension is balanced by lower crustal and subcrustal 
lithospheric extension through a detachment surface.

Parker-Oldenburg routine was also applied to obtain the 
basement depths. For such procedure, the input data used in the 
previous inversion, that is, the upward continuation data that 
contains low frequencies, were subtracted from the Bouguer 
original data. The original data contain high and low frequen-
cies, in such a way that the difference or the residual is asso-
ciated with high frequencies. Its inversion provided the base-
ment depth, as seen in Figure 11. The agreement between the 

Figure 11. Basement topography map in Recôncavo-Tucano-Jatobá rift-basin system. The color bar indicates the estimated depths in km.
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maximum depths, indicated in Figure 11 and those from the 
literature, is very consistent. For the Jatobá Basin, our result is 
4,000 m that is equal to Magnavita (1992) estimate. For Tucano 
Sub-basins, we obtained 5,000 m in the North, 6,800 m in the 
Central and 6,000 m in the South, whereas the estimated values 
of Magnavita (1992) are, respectively, 6,000 m, 8,000 m and 
6,000 m. For the Tucano Central Sub-basin, Santos et al. (1990) 
suggested 7,000 m. The exception in terms of agreement was 
Recôncavo Basin, in which Figure 11 suggests only 3,500 m, 
whereas the maximum thickness estimated by Magnavita 
(1992) is 6,900 m, and Santos et al. (1990) estimated 6,000 m.

CONCLUSIONS
The models based on gravity data obtained from the algo-

rithm of Gómez-Ortiz and Agarwal (2005) resulted in a unique 
continuity of crustal structure, providing new information 
about the structure and tectonics under the studied region. 
The interpretation of gravity anomalies allowed an estimate of 
the probable depth and shape of the causative body. The results 
showed that the Tucano Central Sub-basin has a thicker crust 
than the other basins, around 33 to 35 km, followed by the 
Tucano South Sub-basin, which is 33 km deep. In further South, 

Recôncavo Basin has been shown to have a maximum crustal 
thickness of 29 km. In Tucano North Sub‑basin, Moho appears 
to be close to 32 km. And finally, under the Jatobá Basin, the 
crust/mantle interface is around 30 km. The Moho topogra-
phy model created here is in agreement with the values found 
by van der Meijde et al. (2013), by the model GEMMA 1.0 
(Reguzzoni and Sampietro 2015), and also by the CRUST 1.0 
model (Laske et al. 2013). Regarding the sedimentary pack-
age thickness, we inverted the high frequency anomaly field 
and the result, which are the basement depths, and they were 
consistent with the values found in literature. 
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