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FIGURE 10. Maps of Bouguer gravity anomaly (a), residual gravity component (b) and pseudo-gravity (c) elaborated from the magnetic anomaly 
reduced to the pole. PB: Parnaíba Basin; SfB: Sanfranciscana Basin; PcB: Precambrian Basement. Brazilian structures and shear zones: SBSZ - 
Sebastião Barros; BoSZ - Boqueirão; ESZ - Estreito; TbZ - Transbrasiliano Zone. The gravity anomalies are discussed in the text. 

From the residual gravity anomaly map (Figure 10b) it was 
possible to obtain information on the shallower portions of the 
upper crust, mainly the basement and the structural framework 
of the Parnaíba Basin. The residual anomaly highlights and 
delimits very well some features and structures present in the 
study area. The main one is the expressive gravity anomaly 
that occurs at the southern edge of the Parnaíba Basin and 
also affects the northern portion of the SfB (Figure 10b). Many 
authors interpret this high gravity gradient and its extension 
in the eastern portion of the basin as a paleosuture zone 
present along the margin belts located in the southern part 
of the Borborema Province and the northern portion of the 
SFC (Oliveira 2008; Carvalho et al. 2019; Vale et al. 2022; 
Porto et al. 2022). Another positive gravity anomaly occurs 
in the southeastern portion of the area and is bounded by the 
Boqueirão and Estreito shear zones (BoSZ and ESZ in Figure 
10b). A justification for the high values of the gravity field in 
this area may be the presence of denser rocks associated with 
the Aulacogen Paramirim corridor (Figure 8b). It is noteworthy 
that on the west side, along the Sebastião Barros shear zone 

(SBSZ in Figure 10b), the Rio Preto Group and the Cristalândia 
do Piauí Complex present anomalies with negative values. 
This contrasting gravity pattern suggests the presence of two 
distinct crustal segments for this region of the basement. A 
similar pattern of gravity anomalies occurs in the extreme 
southeast and east of the basement region (east and north 
of ESZ in Figure 10b). These anomalies reflect the northern 
portion of the SFC, which crustal root should be thicker. 

Gravity lows with a general NE-SW orientation may 
represent grabens or even basement features that have a 
lower density and consequently have a lower contribution 
to the gravity field at these locations. Conversely, the high 
gravity lines may represent horsts of the basement or belts 
that have denser rocks. The 2D seismic lines analyzed in this 
research (Figure 6), which have already been studied in other 
publications, do not reveal the presence of strong grabenform 
domains in the study area (Santos et al. 2018). This is a 
common feature, but it does not show continuity throughout 
the Parnaíba Basin.

To map grabens and rifts in the Parnaíba Basin, De Castro 
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et al. (2016) successfully used the pseudo-gravity transformation 
tool and attributed the low gravity values to potential Cambrian-
Ordovician grabens. This research used the same criteria, 
however the lithological characteristics of the basin substrate 
were also taken into account. The pseudo-gravity transformation 
map (Figure 10c) that was obtained presents important similarities 
with the residual gravity anomaly map (Figure 10b). The main 
ones are related to the internal framework of the Parnaíba Basin, 
which presents pseudo-gravity lows coincident with gravity lows 
(Figure 10d). Notably, these are regions more likely to contain 
grabenform features. However, an integrated assessment with 
the reflection seismic data (Figures 6 and 10d) shows that these 
lows demonstrated by the gravity signal do not always coincide 
with basement grabens. For example, along seismic section S1 
(Figure 6) there is no indication of the presence of graben-like 
structures at the beginning of the section, even with the indication 
of gravity lows. Intuitively, these anomalies should mark basement 
features associated with the southern domain of the Borborema 
Province (Figures 8c and 10d). It is interesting to note that the 
pseudo-gravity and gravity high verified from these data in the 
central portion of seismic section S1 is coincident with a TbZ belt, 
in which a positive flower-type structure was interpreted. This 
configuration affects the rocks to a depth of approximately 4 km 
(Figure 6). This local feature is important, and does not exclude 
the possibility that other negative gravity anomalies coincide 
with basement gabrens. To try to avoid this effect a joint analysis 
with other geophysical methods and the modeling and inversion 
of magnetic and gravity data becomes indispensable for the 
investigation of this region.

4.3. Structural features along the Transbrasiliano Zone

Figure 11 presents a map of the main interpreted magnetic-
structural lineaments for the TbZ region. This system covers 
an area approximately 400 km long and 80 to 100 km wide. 
The rosette diagram created based on the TbZ lineaments 

(Figure 11) shows a higher concentration of structures with 
a NE-SW preferential direction, more precisely between 50⁰ 
and 60⁰, with subordinate lineaments along the N-S, E-W 
and NW-SE directions. This configuration is plausible with 
a rutile transcurrent system, of dextral kinematics and with a 
main displacement zone (PDZ in the Riedel diagram in Figure 
11) of NE-SW direction. This scenario shows an indication 
of ENE-WSW direction for the axis of greatest stress - σ1. 
With this arrangement the development of normal faults and/
or distensional fractures occurs perpendicular to the σ3 axis 
(approximately E-W) and the thrust or contractional faults 
should occur orthogonal to σ1 (Riedel diagram in Figure 11). 

Swarms of dikes and sills of magmatic rocks of the 
Mosquito Formation outcrop in the southwest of the study 
area (Figure 3). Field magnetic and geological data suggest 
a much larger surface and/or subsurface area of occurrence 
for these rocks than is shown by current mapping. Mocitaba 
et al. (2017) revealed through magnetic data and statistical 
analysis, the magnetic domains related to the magmatic rocks 
of the Parnaíba Basin and demonstrated that the Mosquito 
Formation in the southern portion of the basin occupies an 
area of about 130 km long by 83 km wide. 

Through the interpretation of magnetic lineaments and 
field analyses, it was possible to conclude that the formation 
and accommodation of these rocks took place along a 
preferential ENE-WSW axis, between 75⁰ and 85⁰, longitudinal 
to σ1 (lineaments and blue rosette diagram in Figure 11). This 
shows that rupile reactivations of the TbZ in the Mesozoic 
were intense and important to the point of generating 
structures in deep regions of the crust and promoting the rise 
of magmatic material (4 in Figure 11), as well as the intrusion 
of kimberlitic bodies (2 and 5 in Figure 11). From a structural 
point of view, several features occurring along the TbZ are 
recognized, be they thrust faults (1 and 3 in Figure 11) and 
dextral kinematics (1 in Fig. 11). On a more regional scale, the 
reflection seismic data interpreted here and by Santos et al. 

FIGURE 11. Map with the main magnetic lineaments along the Transbrasiliano Zone (TbZ). In the hatched parts are placed the Riedel 
diagram with its respective stress field within a rutile context of dextral transcurrence and the rosette diagrams with the preferential 
directions of the main magnetic-structural lineaments for the entire TbZ belt and for the region of magmatism in the Parnaíba Basin. 
PDZ is the main displacement plane, R, R', P and X are secondary structures associated with transcurrent tectonics. The dots on the 
map represent outcrops and samples of rocks and geological structures identified in seismic sections. On the right, photos of outcrops 
and rock samples collected in the study area (1 to 4).
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(2018), show that along the TbZ there is a set of subvertical 
faults, with positive flower-like structures (S1 in Figure 6) and 
folds associated with sedimentary rock sequences (6 and 7 in 
Fig. 11). This compressive character must be related to more 
recent processes triggered by the inversion of the stress field 
(opposite to the opening scenario) in the basin region.

4.4. 3D inversion of the magnetization vector

The 3D inversion of the magnetization vector was 
promoted from a block with 221 x 167 horizontal cells 
(E-W and N-S, respectively) of 4000 km² each and 20 cells 
vertically. The mesh size varies with depth according to a 
geometric progression of ratio 1.08, and the shallowest cell 
is 500 m thick. The maximum depth of investigation for this 
model was 15 km. A link for extreme magnetization values 
was used using the weighted iterative inversion technique (IRI 
Focus, Ellis 2012). The iterations for IRI Focus were repeated 

twice, using both ends of the data (positive and negative).
Figure 12a shows the magnetic anomaly used as input 

in the data inversion process and its respective calculated 
magnetic anomaly (Figure12b). The model created represents 
a map with the magnetic susceptibility distribution for the 
study area (Figure 12c). A comparison between the observed 
and calculated anomalies along transects T1 to T4 shows a 
consistent fit of the data to the magnetic susceptibility model. 
However, there is a loss of high-frequency information, which 
meant that shallower bodies were suppressed from the 
model (Figure 12d). Only induced magnetization data were 
considered, as the inversion of the magnetization vector is 
not significantly affected by rocks with remnant magnetization 
(MacLeod and Ellis 2013).

In the basement region, it is evident the strong correlation 
of the rocks of the Rio Preto and Santo Onofre groups, through 
the Sebastião Barros and Estreito shear zones, respectively, 
with high magnetic susceptibility values (PcB, SBSZ and ESZ 

FIGURE 12. Observed magnetic anomaly used in the magnetization vector inversion process (a) and calculated magnetic anomaly (b). Map 
with the magnetic susceptibility distribution for the study area (c) and comparison between observed and calculated anomalies along 
transects T1 to T4 (d). PB: Parnaíba Basin; SfB: Sanfranciscana Basin; PcB: Precambrian Basement. Brazilian structures and shear zones: 
SBSZ - Sebastião Barros; BoSZ - Boqueirão; ESZ - Estreito; TbZ - Transbrasiliano Zone.
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in Figure 12c). This pattern is related to the high content of 
magnetic minerals, which may also have formed during the 
action of the shearing processes, located at shallow depths 
along these units and are therefore important from an 
economic point of view. High values of magnetic susceptibility 
also occur along the contact between the basement rocks and 
the Parnaíba Basin (Figure 12c). In general, the Cristalândia 
do Piauí Complex has low magnetic susceptibility values, 
with irregular anomalous concentrations distributed near the 
contact of the Parnaíba and Sanfranciscana basins. A more 
representative anomaly was found in the central region of 
the study area and is associated with the northeastern part 
of what may be a fragment of the Brasilia Belt present along 
the structural framework of the southern edge of the Parnaíba 
Basin (Figures 9c and 12c).

When these results are compared with the geological data 
of the structural framework of the Parnaíba Basin, a good 
correlation between a belt with high magnetic susceptibility 
(> 0.01 SI) and the Transbrasiliano Zone (TbZ in Figure 12c) 
is evident. This corridor would be formed by the continuity of 
the rocks of the Goiás Magmatic Arc (GMA) and the Teresina 
Domain, north of the study area (Figure 9c). The higher 
concentrations of magnetic susceptibility in this region (> 
0.025 SI) could be related to residual mafic-ultramafic bodies 
of the GMA, which are currently overlying the sedimentary 
rocks of the Parnaíba Basin, resulting from the subduction 
process that occurred during the Brasilian. A zone with higher 
values of magnetic susceptibility occurs in the northwestern 
part of the area, according to the main trend NNE-SSW and 
converges to the south following the GMA (Figure 12c). This 
anomalous feature would be related to the southern part of 
what is interpreted as the Barra do Corda Belt (Figure 9c).

4.5. 2.5D magnetic-gravity joint modeling

The crustal domains, geological units and rock types with 
the respective magnetic susceptibility and density values used 
in the joint modelling are summarized in Table 2. The errors 
considered for the fit between the observed and calculated 
values, based on the least squares method, ranged from 
15.4% to 23.8% for the magnetic data and from 0.18% to 
0.29% for the gravity data (curves for the magnetic and gravity 
signal in the upper part of Figure 13). The larger error for 
the magnetic data is due to the complexity of the magnetic 
field vector behavior and the presence of very shallow high-
frequency sources in the magnetic signal (De Castro 2011; 
Pedrosa Jr. et al. 2017).

4.6. Internal architecture of the southern edge of the 
Parnaíba Basin

Figure 14 presents a synthesis of the results obtained by 
this research from the direct modeling and inversion of the data 
and the respective geological models that were elaborated 
on the transects on the southern edge of the Parnaíba Basin 
(Figures 13 and 14).

The T1 transect has a length of 283 km and was constructed 
in the westernmost portion of the study area (Figures 3 
and 13). The final model shows a poorly moved basement 
relief, which density contrast between the basin and the 
basement units ranges from 140 to 233 kg/m3. Some blocks 
of the basement show high density (HDB along T1, Figure 

13), with lateral contrast of the order of 80 kg/m3. Namely, the 
westernmost HDB may represent a crustal feature that would 
be associated with the boundary between the Grajaú Block 
and the East Araguaia and Barra do Corda belts (Figures 
8c and 13). The central part of the T1 transect, between 100 
and 170 km, is characterized by a high-frequency magnetic 
anomaly and a not very expressive gravity high further west. 
This pattern is characterized by sources related to dikes 
and sills of basalts and gabbros of the Mosquito Formation 
and a high density zone of the basement (HDB in Figure 
13). The TbZ crosses this region and it is possible that the 
main conduits of magmatism are associated with movements 
of this feature that occurred during the Mesozoic. The MVI 
shows a strong magnetic susceptibility anomaly (> 0.04 SI) 
that could represent this indication (MVI model at the bottom 
of T1, Figure 13). In addition, the extension of the Goiás 
Magmatic Arc (GMA in Figure 8c), bounded by two continental 
paleosuture zones, further reinforces this scenario related to 
deeper structures in the upper crust (up to 15 km depth). The 
increase in gravity values and the less contrasting behavior of 
the magnetic field to the east are associated with a gentle rise 
of the basement, represented in this region by the northern 
Brasília Belt and the continuity of the Cristalândia do Piauí 
Complex (Figures 8c, 13 and 14). An HDB zone in this region 
may be associated with mafic-ultramafic rocks intruded within 
these units, while the higher density contrast in the basement 
region could represent contact with granitoid suites (Figures 
13 and 14).

Immediately to the east, the 283 km-long T2 transect 
shows short-wavelength, high-amplitude magnetic 
anomalies, whereas the gravity anomaly is longer 
wavelength and softer in character (upper part of T2 
transect in Figure 13). The region of the surface contact 
between the Parnaíba Basin and its basement is marked 
by two blocks of different densities. The eastern end, less 
dense, must represent low-grade metamorphic rocks of the 
Rio Preto Group, while the basement block immediately 
to the west, would be associated with a denser feature, 
belonging to the Cristalândia do Piauí Complex (Figures 8c, 
13 and 14). The contact between the sedimentary cover and 
the basement is marked by a gentle increase in thickness 
in the succession of deposits in the NW direction, which 
maximum thickness is of the order of 1.8 km (well 1RB in 
Figure 7) (Figures 13 and 14). The Tbz is again represented 
by a block of the highest density basement (HDB in the 
central part of transect T2, Fig. 13), and which causes a 
small jump at the interface with the Serra Grande Group. 
The MVI well marks the contact between two blocks with 
different magnetic susceptibilities, which are separated 
by the TbZ. High values of magnetic susceptibility occur 
further west and are associated with the rocks of the Grajaú 
Block and the Barra do Corda Belt, which greater contrasts 
may represent paleo suture zones between these units and 
the Goiás Magmatic Arc (Figures 8c, 13 and 14).

The T3 transect is 350 km long and crosses the rocks of 
the Parnaíba Basin, supracrustal rocks of the Rio Preto Group 
and the basement belonging to the Cristalândia Complex of 
Piauí (Figures 3 and 13). The seismic interpretation shows 
that the contact between the sedimentary succession of the 
basin and the basement occurs at approximately 2 km depth 
(Figures 6 and 14). Keeping the proper proportions in relation 
to the wavelength, the magnetic and gravity anomalies 
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FIGURE 13. Result of modeling (FM) and magnetization vector inversion (MVI) along transects T1 to T4 (Figure 5). Below each of the 
observed and fitted magnetic and gravity signal curves are the models generated with the density and magnetic susceptibility distributions 
(FM and MVI). The fit of the curves for MVI is shown in Figure 12d. PB: Parnaíba Basin; SfB: Sanfranciscana Basin; PcB: Precambrian 
Basement; TbZ - Transbrasiliano Zone. HDB - High Density Basement. The interpreted seismic sections S1 and S2 are shown in Figure 
6. The stratigraphic and geophysical profiling data of wells 1RB and 1TM are presented in Figure 7. Percentage error.

observed in the T3 transect show similar behavior, with 
emphasis on a high positive at the position of approximately 
210 km (Figure 13). Notably, this feature reflects shallower to 
intermediate sources within the upper crust, with high values 
of magnetic susceptibility (> 0.12 SI), and density (HDB in 
transect T3 > 2750 kg/m3). This region also marks the surface 
contact between the Parnaíba Basin and the basement (PB 
and PcB in Figure 13). As observed in transects T1 and T2, 
a not very significant density contrast (< 50 kg/m3) again 
marks the TbZ at the beginning of transect T3 (Figure 13). 

Unlike the other sections, the contact west of the TbZ is not 
along the GMA rocks but at the TD (Figures 8c and 14). A 
not very prominent gravity high indicates that mafic-ultramafic 
rocks may occur along the TD at depths greater than 2 km 
(Figures 13 and 14). The extension of the Borborema Province 
units becomes more noticeable in transect T3, as the well-
marked extension of the SZPe positioned at the contact 
between the northern and southern domains of the BP (PeSZ, 
NBP and SBP in Figures 8c and 14). Lateral variations of 
magnetic susceptibility and density, from 180 km away in this 
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FIGURE 14. 3D block diagram summarizing the interpretation of the geotectonic configuration of the southern edge of the Parnaíba Basin 
in the region of the study area, constructed from the joint modelling and inversion of magnetic and gravity data. The results show the 
variations in thickness of the sedimentary cover of the basin, as well as the tectonostructural compartmentalization of the Precambrian 
basement characterized by heterogeneous pattern. 

transect, are represented by gneissic-migmatitic rocks of the 
Cristalândia do Piauí Complex, and the set of denser and less 
dense blocks corresponds to mafic-ultramafic and granitoid 
suites, respectively (Figure 14). From 300 km away, where 
the rocks of the Rio Preto Group outcrop, there is a smooth 
increase in magnetic susceptibility values.

The T4 transect is approximately 240 km long (Figures 3, 
13 and 14). On the surface, this section covers the rocks of 
the Serra Grande and Canindé groups and small windows 
of the basement (Figure 3). The interpretation of the seismic 
horizons in S1 and S3, based on the impedance and amplitude 
contrasts of the signal, revealed the main contacts between 
the units, and the thickness of the sedimentary succession 
which is of the order of 2 km (Figures 6 and 14). The magnetic 
and gravity signal curves in transect T4 are similar to what 
was obtained in transect T3. However, positive anomalies in 
both profiles are not coincident (see curves at T3 and T4 in 
Figure 13). This shift reinforces the idea that these anomalies 
correspond to different sources, one deeper, which has a long 
wavelength in the gravity signal, and another, shallower, with 
a shorter wavelength in the magnetic signal. In general, there 
is a significant compartmentalization in the physical models, 
while the western part shows lower values of magnetic 
susceptibility and higher density, the eastern part of the T4 
transect shows an inverse pattern. The MVI highlights this 
compartmentalization well up to a depth of 15 km (Figure 13). 
A possible explanation for this pattern is associated with the 
magnetic and gravity sources in the region of the Cristalândia 

do Piauí Complex and the São Francisco Craton, which may 
contain mafic-ultramafic suites in shallower portions of the 
crust and a greater crustal thickness related to the craton 
region in the eastern part of the T4 transect (Figures 13 
and 14). Magnetotelluric data revealed narrow, subvertical 
anomalies related to conductive bodies and/or structures in 
the crust (Romero et al. 2019). These features may represent 
intrusions of magmatic rocks of higher density and justify the 
expressive high gravity along the T4 transect (HDB in Figure 
13), as well as structures of deeper character of the upper 
crust (conductive structures in MVI; T4 transect in Figure 13). 
The subsurface contact between the Parnaíba Basin and the 
basement is marked by density contrasts ranging from 150 
to 350 kg/m3, with a progressive thinning in the SE direction 
(Figures 13 and 14).

5. Conclusions

A model for the regional configuration of the structural 
framework of the southern edge of the Parnaíba Basin has 
been proposed. The 2.5D joint modeling of magnetic and 
gravity data and the 3D the magnetization vector inversion 
of magnetic data allowed to identify in detail the internal 
architecture of the basin and the upper crust.

The results presented in this research corroborate with 
information addressed in previous works, as well as bring 
unprecedented aspects about the structural framework of the 
southern edge of the Parnaíba Basin, such as: 
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• Demonstration of the extension of several geological and 
tectonic structures from surrounding regions that constitute 
the internal framework of the basin, the most important of 
them, the Transbrasiliano Zone;

• Indication of the existence of continental paleosuture 
zones;

• Evidence that the tectonic framework of the basin 
is strongly influenced by the occurrence of reactivation 
events in the TbZ. This structural fabric produced important 
deformational processes that intensely modified most of the 
basement units, as well as the overlying sedimentary cover;

• Suggestion that the positioning of rifts and/or grabenform 
features is mostly related to sectors of TbZ weaknesses and 
structural discontinuities referring to the main shear zones of 
the Borborema Province;

• Absence of features associated with grabens or 
rifts along the transects, and the presence of gravity and 
pseudo-gravity lows is related to less dense tectonic units of 
the upper crust, such as granitic pockets and supracrustal 
sequences;

•  Definition of four main magnetic domains with 
lineaments arranged in the main NE-SW direction. Three 
magnetic zones marked at different depths, between 20 
km to 30 km, 5 km to 8 km and 0.5 km to 1 km, which 
allowed to establish the association of magnetic anomalies 
with shallow and deep crustal structures. They also show 
that the highest values of magnetic susceptibility in the 
subsurface are concentrated along the main structural 
discontinuities of the area;

• Indication that the variation of the thickness of the 
sedimentary succession of the basin shows a smooth thinning 
towards the basement, typical of sag-type intracratonic 
sedimentary basins. The maximum thickness of the basin 
along the transects is approximately 2 km. 

• Suggestion that the action of the stress field during 
the opening of the Atlantic Ocean was responsible for the 
generation of rupile structures with deep crustal reach that 
promoted the ascent of basaltic rocks and the intrusion of 
kimberlitic bodies. And that these processes present potential 
related to the presence of economic, mineral and energy 
resources.
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