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Abstract 

New results of the travel time seismic tomography in 
Central Brazil allows to discuss the causes of high 
intraplate seismicity in Tocantins Province. These 
results provide strong evidences that the seismicity in 
this region is related to the thinner lithosphere, which 
limits Amazonic and São Francisco cratonic block. Data 
from 15 new stations, installed along the Goiás-
Tocantins Seismic Zone, with events recorded during 
years 2007-2012, were included in a tomographic 
database used by Rocha et al. (2011), in order to map 
regions not covered previously, especially the north part 
of Tocantins Province. The new data allows mapping 
the upper-mantle beneath Tocantins Province, were 
São Franciscan and Amazonian Plates are 
characterized by high velocities anomalies. The 
transition between these two blocks is marked by low 
velocity anomalies, and it is well spatially correlated 
with a high seismicity region, probably related to the 
rise of asthenosphere and consequent lithospheric 
thinning. 

 
Introduction 

Most of the seismically active regions of the Earth, with 
the largest earthquakes, coincide with the limits of 
tectonic plates. Unlike plate boundary regions, where of 
seismicity is relatively uniform and the causes are well 
understood, intraplate seismicity represents diffuse 
deformation in relative stable tectonic regions (Zoback, 
1992), and their origins cannot be explained simply, 
once they are dependent on the local tectonic context. 

The most common models proposed to explain the 
intraplate seismicity are related to pre-existing 
weakness zones, such as extended crust in aborted 
rifts or continental margins (e.g. Johnston, 1989; 
Schulte and Mooney, 2005); or stress concentration in 
upper crust due structural inhomogeneities (e.g. Sykes, 
1978; Talwani, 1989; Talwani and Rajendran, 1991; 
Kenner and Segal, 2000). Liu & Zoback (1997) showed 
that of stress concentration in the upper crust of the 
New Madrid seismic zone is result of a weaker 
subcrustal lithosphere. In this way, Assumpção et al. 
(2004), based in seismic tomographic results, proposed 
that the lithospheric thinning could be provide favorable 
conditions for stress concentration in the brittle upper 
crust, and may explain the epicentral distribution in 
Brazilian Platform. 

In South American continent, the regional stress field is 
dominated by E-W compression (Zoback, 1992). The 
origin of this stress regime in South America is mainly 
due forces related with spreading on the Mid-Atlantic 

Ridge and the resistive forces exerted by the Caribbean 
plate to the north and Nazca plate subduction to the 
west (Mendiguren & Richter, 1978; Coblentz & 
Richardson, 1996). Intraplate seismicity in Brazil is 
clearly not uniform and a few areas of higher activity 
have been identified (Assumpção et al., 2004). An 
example of the high seismic concentration can be 
observed in Central Brazil. A significant seismicity, with 
preferential epicenter distribution in the SW-NE 
direction, is observed in the Tocantins Province. This is 
known as Goiás-Tocantins Seismic Zone – GTSZ 
(Berrocal et al., 1984; Fernandes et al, 1991). The 
seismicity of Central Brazil may be related to the limits 
between São Francisco and Amazonian paleoplates, 
which represent a region of lithospheric thinning. 
According to Assumpção et al. (2004), in regions of 
tectonic lithospheric thinning, efforts tend to focus on 
the crust, while in regions of thicker lithosphere these 
efforts focus primarily on itself. 

In mantle seismic tomography results, lithospheric 
thinning regions appear as low-velocity anomalies 
(Assumpção et al, 2004; Zhang et al., 2009; Rocha et 
al, 2011), which can be interpreted as regions of higher 
relative temperature. Lithosphere thicker regions, such 
as cratons, are characterized by stability and low-
temperatures, and normally appears has high-velocity 
tomographic anomalies.  

In this context, our objective was to relate new results 
of P-wave seismic tomography in Central Brazil with the 
seismicity distribution in order to help the explanation of 
the causes of the high seismicity of the GTSZ. Figure 1 
shows our study area with stations used. This area is 
located mostly in the Tocantins Province, and covers 
the southeastern part of the Amazonian Craton, the 
western part of the São Francisco Craton and the 
southern part of the Parnaiba Basin. The 
Transbrasiliano Lineament, a major lithospheric 
discontinuity that defines the boundary of different 
crustal domains (Cordani and Sato, 1999), crosses this 
area. This area is the same used by Rocha et al. 
(2011), however the interpreted area was the dashed 
rectangle, where are located the new stations. 

 
Metodology 

The tomographic method used in this study is based on 
linear inversion approach of VanDecar et al. (1995), 
which is based in the inversion method ACH (Evans 
and Achauer, 1993). This method has been 
successfully used in different areas (e.g. VanDecar et 
al. 1995; Sol et al. 2002; Wolfe et al. 2002; Schimmel et 
al. 2003; Bastow et al. 2005; Benoit et al. 2006; Lees et 
al. 2007; Schmid et al. 2008, Bastow et al.2008; West 
et al. 2009; Rocha et al. 2011). In this method, travel-
time relative residuals of telesseismic waves are 
inverted simultaneously for three-dimensional velocity 
structure, earthquake relocations, and station terms. 
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The relative residuals are the difference between the 
observed time, obtained by visual picking of the 
seismograms, and the theoretical time (calculated time) 
related to the average model of the Earth (in this work 
we used IASP91 model - Kenneth and Engdahl, 1991). 
The mean travel time residual per event has been 
removed in order to decrease effects of the source and 
path errors related to influences outside of the study 
volume. The station terms are used to absorb 
systematic time contributions caused by local shallow 

heterogeneities, and earthquake relocations are used to 
take account earthquake mis-locations that can be 
induce a trend in time measured. In order to refine the 
arrivals picking, we used the cross-correlation method 
Multi-Channel Phase Cross Correlation (MCPCC), 
developed by Schimmel et al. (2003). Details about the 
method and the data processing procedure can be 
obtained in VanDecar et al. (1995), Schimmel at al. 
(2003) and Rocha et al. (2011). 

 
 

Figure 1: Study area with distribution of stations. Black triangles are new stations and grey triangles are old station used 
by Rocha et al. (2011). Dashed rectangle is the interpreted area. The solid lines in gray and black are the boundaries of 
states and geological provinces, respectively. Dashed and dotted line is the Transbrasiliano Lineament (TBL). PRB – 
Paraná Basin; PB – Parnaíba Basin; TP - Tocantins Province; SFP – San Franciscan Craton; AC - Amazonian Craton. 

 
The parameter model has been discretized in a dense 
grid of knots interpolated with splines under tension 
(Cline, 1981, Neele et al. 1993). This interpolation 
scheme provides a smooth slowness distribution and 
therefore permits an accurate ray tracing. The grid is 
composed of of 64,260 knots, knots in depth (depths 
between 0-1400 km), 45 knots in latitude (latitudes 
between -28 30º and -10º) and 51 knots in longitude 
(longitudes between -59º and -37º). In the central 
region of the model (25-15ºS; 53-40ºW; 0-500 km 
depth), the horizontal and vertical knot spacing is 1/3 
degrees and 33km, respectively. The knot spacing 
increases outside this region to 0.5 degree and 50 km 
in an intermediate volume, and to 1 degree and 100 km 
outside this intermediate volume. The parameterization 
extends outside the area of the stations network to 
minimize the mapping of noise and inconsistencies as 

unrealistic structures into the central area that will be 
interpreted. 

 
 
Results and Discussion 

Our results are velocity perturbations related to a 
reference model IASPEI91 (Kenneth and Engdahl, 
1991). The anomalies represents mainly lateral 
heterogeneities in the model, where high-velocities are 
indicated by cold colors and low-velocities by hot 
colors. Areas without data are shown in black. 

After installation of the new stations in the Tocantins 
Province, and South portion of Parnaíba Basin, was 
possible to observe a low-velocity elongated in the NE-
SW direction (Figure 2) according with the trend of the 
Tranbrasiliano Lineament. This lineament is 
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accompanied by a high seismicity, mainly in its central 
portion. This seismicity reduces significantly at the 
boundary of the Parnaíba Basin, which is practically 
aseismic. The low-velocity anomaly seems to be 
divided from this region, and apparently tends to 
contour the surface limits of the Parnaíba Basin. Is 
possible that the two branches of the low-velocity 
anomaly match the boundaries between the Basin 
basement and the surround tectonic blocks, explaining 
the seismicity absence in that region. 

In this way, we could interpret the low-velocity anomaly 
as a thin lithosphere, with a consequent asthenosphere 
rising. Thus, the low-velocities in Tocantins Province 
could be representing a weakness region, causing the 
Tranbrasiliano Lineament reactivation. Unfortunately, 
no data is available in the Parnaiba Basin to confirm the 
existence of its basement. 

In Figure 3 we show the vertical tomographic profile Z-
Z’ (Figure 3c) indicated in Figure 2, a model proposed 
to explain the inhomogeneous seismicity in the EW 
direction in Central Brazil (Figure 3b), based our results 
and in the model proposed by Soares et al. (2006); and 
the cumulative event number over a range of 200 km 
width, centered in the profile Z-Z’ (Figure 3a). 

We can observe that the most seismic event occur in 
over the low-velocity anomaly. Some events occur in 
São Francisco craton, according to the diffusive 

characteristic of the intraplate seismicity (Zoback, 
1992). If the South American Platform was formed by a 
single continental block probably still exist seismicity, 
however, this would be diffusive as occurs in São 
Francisco craton. As this is not the case, with the 
existence of a region of weakness in the Tocantins 
province, it is expected that efforts, distributed across 
all South American Platform, can be relieved in the 
weakest region. 

Figure 3b is a model of the stress concentration along 
of the Z-Z’ profile. The schematic depth distribution of 
the crust and upper- and lower mantle was based in the 
results of Soares et al. (2006). In this model, the depth 
distribution of the regional stress (blue arrows) in 
thinner lithosphere is different than thicker lithosphere. 
In thicker lithosphere most part of the stress is 
concentrated in the upper mantle, while in regions of 
lithospheric thinning is concentrated in the crust, giving 
conditions for occurrence of the seismic events. 

Assumpção & Sacek (2013) based in gravity results 
and modeling, proposed that the causes of the 
seismicity in the Tocantins Province is the flexural 
deformation. The arguments presented by then are 
strong, but we believe, based in our result, that the 
combining of weak zones, caused by lithospheric 
thinning, and stress concentration, have a significant 
influence in the causes of the seismicity in Central 
Brazil.

 

Figure 2: Tomographic horizontal image at 150 km depth, and the seismicity of Central Brazil. The thick lines indicate 
geological boundaries and the white circles represent the epicenter. The dashed-dotted line is the Transbrasiliano 
Lineament. 
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Figure 3 – Comparison of the P-wave tomographic results with seismicity distribution along the vertical cross section Z-Z’ 
showed in Figure 2. (a) Epicenter distribution in Z-Z’ profile. (b) Proposed model to explain the inhomogeneous epicenter 
distribution in Central Brazil (based in Soares et al., 2006). (c) P-wave tomography vertical profile (Z-Z’) crossing 
Tocantins Province. Red dashed line cross section represents the Lithosphere-Asthenosphere Boundary (LAB). 
 

Conclusions 

In the South American Platform, tomographic low-
velocity anomalies coincide with relative high seismicity, 
mainly in Central Brazil. These low-velocity anomalies 
must be indicating region with lithospheric thinning. 

The absence of the high seismicity in the cratonic 
regions can be related to the concentration of the most 
part of the diffusive regional stress in the upper mantle. 

The almost total seismicity absence in the Parnaiba 
Basin can be related to existence of a cratonic nucleous 
that represents its basement. More stations need to be 
deployed in the Parnaiba Basin to confirm this 
assertion. 
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