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Abstract   

The study area has controversial tectonic models for the 
Gondwana formation, encompassing ensialic model and 
the closure of a wide ocean between the Amazon Plate 
and the western block of Paraná. In this work, we present 
the first results from a magnetotelluric study across the 
Paraguay-Araguaia Belt Conductivity Anomaly (PACA) to 
obtain a geoelectric model of the lithosphere. The data 
set consists of a north-south profile composed of 11 
broadband MT stations evenly spaced by approximately 
12 km. Visual inspection of the phase pseudosections 
show two main conductive zones. The first zone 
corresponds to the Paraná Basin, being almost 1D. The 
second zone is more complex, and probably associated 
with the PACA. The behavior of the induction arrows is 
indicative of an almost 2-D environment for the PACA, but 
the phase tensor analysis suggests a 3D structure. This 
case illustrate the importance of performing quantitative 
dimensionality analysis of the MT impedance tensor 
before data inversion 

 

Introduction 

The Paraguay-Araguaia Belt Conductivity Anomaly 
(PACA, BOLOGNA et al, 2014) is an extensive 
conductivity anomaly, approximately 1200 km in length, in 
the subsurface, surrounding the south and southeast 
border of the Amazon Craton. Its southern segment is in 
the Northern Paraguay Belt, a region that has been the 
subject of recurrent discussions about its evolutionary 
model and the formation of the supercontinent 
Gondwana. 

Trompette (1994), advocates an ensialic evolution for the 
Paraguay Belt. In contrast, paleogeographic studies of 
Gondwana (TRINDADE et al., 2006; TOHVER et al., 
2012) suggest that these cratons were already separated 
by ta large ocean basin at the southern margin of the 
Amazon Craton. 

Different geophysical studies on the continental 
lithosphere of the South American plate, using techniques 
such as gravity, receptor function, and tomography 
(ASSUMPÇÃO et al, 2013; VAN DER MEIJDE et al, 
2013) have been made in recent years to determine the 
lithospheric structure of the South American plate. 

However, the relatively low resolution of these data has 
prevented the location of the plate boundaries, hampering 
the reconstruction of the West Gondwana. 

In this work, we propose a magnetotelluric (MT) study of 
the region between the Amazonian Craton and the 
Paraná Basin, crossing orthogonally the PACA. 

 
Figure 1 - Location of the MT sites on a generalized 
geological map, extracted from Bizzi et al. (2003) and 
Cordani et al. (2016), with the PACA contour defined by 
Bologna et al (2014). 

The proposed method (MT) provides images of the 
subsurface with an intermediate resolution between that 
obtained by the reflection seismic and the one obtained 
by the potential methods (MENEZES, 2013). This method 
is sensitive to a physical parameter (electrical 
conductivity) that in the terrestrial interior varies in several 
orders of magnitude, which gives it great sensitivity to 
anomalies. In addition, resistivity depends on minor 
components of rocks, such as fluid content, carbon, 
sulfides, etc. Therefore, MT measurements are 
complementary to other geophysical techniques, such as 
seismic and potential methods, which are sensitive to the 
total rock properties. 
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Method 

MT, proposed by Tikhonov (1959) and Cagniard (1953), 
is based on measuring both the electric and magnetic 
fields at the surface. These signals are generated by 
different sources: low frequency, through the interaction 
of the solar wind with the magnetosphere, and; high 
frequency, through meteorological phenomena in the 
atmosphere. This method is based on the concept that 
the propagation of electromagnetic waves induces telluric 
currents. The result of the field data acquisition are time 
series that can be converted to the frequency domain. 
These measurements correlate with lithological, 
mineralogical, temperature, permeability and other 
variations. Further information on the MT method is 
described in detail in Simpson and Bahr (2005). 

The Geomagnetism studies group of the National Institute 
of Space Research carried out the MT campaign. The 
data was collected using the broadband MT equipment 
(Metronix GMS06). The average recording time was 
typically of around 24hr. 

The first step of the data processing was to estimate the 
tensor impedance for each MT site. For this, the robust 
code of Egbert (1997) was applied. This code is based on 
the weighted minimization of the difference between the 
measured and predicted values for the electric and 
magnetic fields, so that the disturbed values are not 
dominant in the final estimate. The robust statistic is 
applied in order to remove the outliers from the obtained 
curves. The tensor impedance estimation is presented 
through its components, apparent resistivity and phase. 

The phase tensor (CALDWELL et al., 2004) is defined as 
an amount derived from the tensor impedance 
representing the regional phase relationship between the 
electric and magnetic fields. In general, the phase tensor 
can be represented graphically by an ellipse, the axes 
being regulated from the main values of the tensor, Φ 
max and Φ min; the angle that the reference axis of the 
ellipse makes with the major axis is β and the angle that 
the reference axis makes with the coordinate system is α. 
In this work, we decompose the phase tensor in min axis 
and normalized skew, to better visualize the 
dimensionality and directionality of the structures, thus 
avoiding misinterpretations as suggested by Booker 
(2013). 

To analyze the dimensionality of the medium is taken into 
account the aspects of the ellipse generated by 
calculating the phase tensor. In a 1D medium, the 
graphical representation of the ellipses will be closer to 
the circles given to a simpler geological structure. For a 
2D medium, there is an ellipse with the major axis aligned 
with the reference axis (β = 0), this axis must be 
perpendicular to the direction of the layer if the ellipse is 
on a conductive or parallel medium if the ellipse is in a 
resistive medium. If the major axis is misaligned with the 
reference axis it is invoked in a regional structure with 
three-dimensional heterogeneities (β ≠ 0). These 
structures, when resistive, will rotate the major axis so 
that the ellipse is parallel to them. If these structures are 
conductive, the major axis will rotate so that the ellipse is 
positioned perpendicular to them. 

Preliminary Results 

Figure 2 shows the pseudosections for the impedance 
phases of both measurement directions. Although the 
analysis of pseudosections is considered only a 
qualitative analysis, this step gives an initial impression of 
the distribution of electrical conductivity in subsurface. In 
general, the pseudosections of the phase are more 
uniform than apparent resistivity because phases are not 
affected by static shift affects. In the phase 
pseudosections, regions with phases smaller than 45° are 
more resistive regions, whereas regions larger than 45° 
more conductive. Thus, from the phase pseudosections 
shown in Figure 2 we observe two conductive zones. The 
first zone is located between the stations c12 - p07 and 
between the periods 00001 - 0.1 second (s). This 
conductive region is related to the Paraná sedimentary 
basin. The second zone is located between the stations 
p03 - p09 and between the periods 0.1 - 100 s, and 
probably is associated with the PACA. 

Figure 3 shows the induction arrows. These are arrows 
representations of the relationship between the vertical 
and the horizontal component of the magnetic field. 
Induction arrows can be used to infer the presence or 
absence of lateral effects on conductivity because of the 
lateral conductivity gradients generated by vertical 
magnetic fields. Thus, at the Parkinson's convention, the 
graphs point to internal anomalous current concentrations 
(PARKINSON, 1959). The design of induction arrows for 
the period 102.4 seconds, it is observed that it seems an 
almost 2D environment, since the arrows point almost 
parallel to the profile reversing around station p06, similar 
to a structure reported by Bologna et al. (2014). 
Apparently, the vectors correspond to a linear body of 
east - west direction. 
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Figure 2 - Pseudosections of XY and YX modes phases 
from all sites. 

 

 
Figure 3 - Induction arrows for the period 102.4000 s 

A map of tensor phase ellipses at all frequencies is shown 
in Figure 4. At short periods, ellipses are almost circular, 
indicating a one-dimensional environment. In intermediate 

periods (approximately 0.01 and 1 s), ellipses are less 
rounded with intermediate values for the Φ min and β 
near zero, which suggests a 3-D environment. Higher β – 
values are observed longer periods, particularly in the 
region associated with the PACA. 

 
Figure 4 - Pseudosection of the phase tensors for the 
broadband MT data in function of skew or β. 

 

Conclusions 

At short periods (<10 s) our MT data are closely 1D or 2D. 
These periods are representative of relatively shallow 
structures, including the Paraná Basin and cratonic cover 
at longer periods, for which the MT responses are 
dominated by the PACA, the data can be 3D, despite 
visual inspection of the induction arrows have suggested 
a 2D environment. Hence, to obtain a reliable resistivity 
model we should perform either 2D inversions of a subset 
of data or 3D inversion of the full dataset. 
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