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The Transbrasiliano Lineament represents a continental shear belt that transversely intersects the South
American Platform from NNE to SSW. Much evidence of this lineament exists to the north, but it remains
uncharacterized in the distal Andean foreland to the south, where it is associated with the tectonic boundary
between the Río de la Plata Craton and the Pampean terrane. This tectonic boundary is mostly unexposed in
the Chaco-Pampean Plain (Argentina). Debate continues about the existence of an east- or west-dipping
subduction zone and a later collisional event between the terranes. Here, we report the results of a
magnetotelluric survey along a W–E profile at 27° S between 63° 45′ and 60° 30′ W. To characterize the
geoelectric structure, the magnetotelluric data were processed, the dimensionality and distortion of the
geoelectrical mediumwere analyzed, and a 2-D inversionmodel was developed. The distribution of the resistiv-
ities at the lithospheric scale indicates a highly resistive crust (20,000 Ω m) on the east side of the profile that is
correlated with the Río de La Plata Craton. On the west side of the profile, a less resistive but still highly resistive
crust (12,000 Ω m) is correlated with the Pampean terrane. The highly resistive blocks are separated by an east-
dipping conductive anomaly (150–250 Ω m) that is correlatedwith the Transbrasiliano Lineament. This conduc-
tive feature is consistent with the east-dipping subduction model and can be explained by the presence of
graphite in paleosutures in long-stable geological terranes. Oblique convergence between the terranes may
have developed the transpressional shear belt. The results provide new geophysical evidence of the tectonic
boundary between the Río de La Plata Craton and the Pampean terrane beneath the Chaco-Pampean Plain that
extends southward into the Transbrasiliano Lineament. The study also improves the knowledge of the
amalgamation of Western Gondwana.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The Transbrasiliano Lineament (Schobbenhaus et al., 1984) repre-
sents a continental shear belt that is well documented in the northeast
part of the South American Platform (Fig. 1). This lineament transversely
intersects the entire platform from NNE to SSW and separates the
Amazonian and São Francisco cratons in Brazil (de Almeida et al.,
2000). It has been observed in 3-D seismic tomography (Feng et al.,
2004) and continues to the south, where it has been identified as far as
the Pantanal area (Cordani et al., 2009). The extension of this continental
lineament remains unknown to the south in the distal Andean foreland.
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Tectonic stability and sedimentary aggradational processes typify these
intracontinental regions. The transfer of sediments from the western
mountains to the eastern base level in the Atlantic Ocean is intense in
this environment and masks the extensive geologic history of Western
Gondwana and the Andean Orogeny. The Chaco-Pampean Plain
(Argentina), which makes up an extensive part of the Andean foreland,
is understood primarily because of subsurface data (mainly seismic and
borehole data) from petroleum exploration. The crystalline basement is
exposed in some outcrops and is reached by few boreholes that are not
well distributed across the area. In this region, the Transbrasiliano
Lineament is intimately associated with the tectonic boundary between
the Río de la Plata Craton (RPC) and the Pampean terrane (PT). This
tectonic boundary is unexposed and has been interpreted by several
models related to the evolution of the Pampean orogeny. These models
are still under debate and essentially imply either east- or west-dipping
subduction and a later collision event between the crustal fragments
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Fig. 1. The main geotectonic features of the South American Platform. A detailed geologic map of the study area with the MT sites is also shown.
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(Kraemer et al., 1995; Ramos, 1988; Rapela et al., 1998; Schwartz and
Gromet, 2004; Simpson et al., 2003). The Transbrasiliano Lineament
was inferred by Rapela et al. (2008) in the eastern border of the Pampean
Ranges (Argentine) based on the affinities observed between the
NeoproterozoicLower Cambrian orogenies in the Paraguaia and Pampe-
an belts (Brito Neves et al., 1999; Tohver et al., 2010). Recently, Ramos
et al. (2010) and Rapela et al. (2007) proposed that the Las Breñas fault
(Fig. 1), a conspicuous structure in the subsurface of the Chaco-
Pampean Plain, could be associated with the Transbrasiliano Lineament,
although the precise trace of this feature is still under discussion.

Several deep geophysical studies have focused on locating the
tectonic boundary between the RPC and the PT and characterizing the
lithosphere in the distal Andean foreland, which is poorly understood.
Magnetotelluric (MT) data have locally characterized the structure of
the crust and uppermantle and have established the boundary between
the RPC and PT at the limit between the Eastern Pampean Ranges and
the Chaco-Pampean Plain (Favetto et al., 2008). In addition, several
gravimetric profiles along this morphotectonic limit have defined the
tectonic boundary (Ramé and Miró, 2011). The southern limit of the
RPC has been inferred by magnetic and gravimetric anomalies
(Chernicoff and Zappettini, 2004). In addition, at the regional scale, 3-D
seismic tomography (Feng et al., 2004, 2007) and images of the seismic
structure of the crust and the uppermost mantle have revealed the
Moho depths and other lithospheric discontinuities (Assumpção et al.,
in press; Chulick et al., 2013).

However, continental features such as the Transbrasiliano Lineament
have significant implications on geodynamic models that reproduce the
subduction of theNazca plate beneath the South American plate. Because
thesemodels are used to improve the understanding of the deep process-
es and their influence on the entire continent, increased knowledge of
the geological history andmore geophysical data are needed to constrain
these models. Three-dimensional density models require a predefined
density, which depends on the composition of the materials as well as
on the appropriate pressure and temperature conditions (Tassara et al.,
2006). Geodynamic models that involve gravity data have resolved
the elastic thickness over South America and the surrounding plates
(Tassara et al., 2007). The final elastic thickness map satisfactorily
resolves regional-scale features that correlate well with known surface
structures and seismicity. In addition, flexuralmodeling and geomorpho-
logical, stratigraphic and geophysical studies of the Andean foreland have
been combined to analyze basin formation and topographic dynamics
(Dávila et al., 2010). This integrated analysis demonstrated the connec-
tion between mantle flow stresses and crustal deformation. Thus, the
precise locations ofmajor continental features, suchas the Transbrasiliano
Lineament, are significant for geodynamic models.

The aimof ourworkwas to determine the geoelectric structure of the
tectonic boundary between the RPC and the PT below the Chaco-
Pampean Plain. Geoelectrical characterization of the crust and upper
mantle allow us to define the geoelectric structure of this tectonic
boundary. TheMTmethod is an effective and complementary technique
to determine lithospheric structures beneath thick sedimentary basins
(Bologna et al., 2013; Favetto et al., 2008; Gowan et al., 2009;
Wannamaker et al., 2008). We report the results of a MT survey
consisting of 11 stations with long-period instruments in a W–E profile
located at 27° S between 63° 45′ and 60° 30′ W across the inferred
trace of the tectonic boundary (Fig. 1). The MT data were processed to
obtain the geoelectrical strikes and the distortion parameters, as well
as induction arrows. We also developed a 2-D inversion model that
provided the distribution of the measured electrical resistivity of the
Earth's subsurface along the profile. Finally, we correlated the results to
the geotectonic context and discussed the possible origins of the
obtained electrical configuration and the geodynamic implications.
2. Geological setting

The study area is located in the Chaco-Pampean Plain (Central-North
Argentina), which is part of the distal plain of the central Andean
piedmont that formed as a result of the uplift and erosion of the Andean
Cordillera (Fig. 1). This plain represents a largely aggradational environ-
ment in which Quaternary sediment has covered and obliterated the
Cenozoic relief as well as evidence of the geological history associated
with geodynamic processes ofWestern Gondwana and Andean Orogeny
(Chebli et al., 1999; Iriondo, 1997).
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For the last 49 My, subduction of the Nazca plate beneath the South
American plate has caused significant deformation near the continental
border in the Andean Cordillera (Cobbold et al., 2007; Ramos et al.,
2002). The influence of the ENE–WSW convergence in the Andes
propagated along the entire South American continent and ismanifested
by horizontal shortening, particularly over pre-existing discontinuities
(Cobbold et al., 2007). The South American intraplate deformation is
also influenced by the E–W direction of extension of the Mid-Atlantic
Ridge and the topographic forces (Angermann et al., 1999; Kendrick
et al., 2003; Norabuena et al., 1999). In the central Andes, the intraplate
deformation was mainly distributed over the Pampean flat-slab subduc-
tion segment (31° S–32° S) in the Mesozoic and Cenozoic (Carignano
et al., 1999), producing a broken foreland called the Pampean Ranges
(Jordan and Allmendinger, 1986; Ramos et al., 2002). Most of the
evidence of neotectonic deformation in the Andean foreland is
concentrated in this region (Costa, 1996; Costa and Vita-Finzi, 1996;
Costa et al., 2001; Sagripanti et al., 2003). However, other significant
neotectonic morphostructures developed in the distal piedmont, such
as the San Guillermo high block (Brunetto et al., 2010) and the Otumpa
Hills (Rossello and Bordarampé, 2005) (Fig. 1). Both neotectonic
morphostructures have been interpreted as being products of fault
reactivation of earlier structures. However, the former is located in
Pampa Norte (Iriondo, 1997) above the Pampean flat-slab subduction
segment,whereas the latter is located immediately north of the Pampean
flat-slab segment (26° S–28° S), where the angle of the subducted slab is
greater (Alvarado and Ramos, 2011; Anderson et al., 2007; Barazangi and
Isacks, 1976; Cahill and Isacks, 1992; Gutscher et al., 2000; Pardo et al.,
2002). Thus, the Otumpa Hills represent an anomalous intraplate feature
that is located 900 km from the Pacific trench.Wepreviously interpreted
the Otumpa Hills as a relict morphostructure ofWestern Gondwana that
experiencedMesozoic and Cenozoic tectonic reactivation of pre-existing
blind faults (Peri, 2013).

The crystalline basement has not been encountered in boreholes in
the area but has been inferred as the RPC, which is mainly composed of
Paleoproterozoic rocks (2–2.3 Gy) (Rapela et al., 2007) with subsidiary
Archean (2.7–3.4 Gy) (Hartmann et al., 2001) and Neoproterozoic
units (~600 My). Paleoproterozoic ages of crystalline basement in
several boreholes in Córdoba province, Argentina, (Ordóñez, Camilo
Aldao and Saira), which are similar to the RPC (~2–2.3 Gy) (Rapela
et al., 2007), have extended the western border to the eastern side of
the Pampean Ranges. A strong extensional tectonic event associated
with a shear system with significant vertical displacements occurred in
Lower Paleozoic time across the RPC. This represents the oldest event
known in the subsurface of the Chaco-Pampean Plain and formed the
Las Breñas half graben (Pezzi and Mozetic, 1989; Wiens, 1995), which
is a narrow asymmetric depocenter that extends for 250 km in the NE–
SW direction (Fig. 1). Its western border is abruptly marked by the Las
Breñas fault. Seismic studies have determined that the basin has a max-
imum thickness of more than 5000 m.

Prior to the Upper Paleozoic, the Las Breñas fault was partially
tectonically inverted. Another inversion event occurred at the end of
the Upper Paleozoic, when sequences of that age were slightly folded.
These compressive tectonic events uplifted the Pampeano–Chaqueño
basement high at the northwesternmargin of the Las Breñas depocenter
(Chebli et al., 1999) to form the OtumpaHills. In the Upper Paleozoic, the
Alhuampa depocenter was located in the western part of Santiago del
Estero province and was 5000 m thick. The Pampeano–Chaqueño
basement high has been proposed as the subsurface continuation
of the Eastern Pampean Ranges (Padula and Mingramm, 1968).
Recent structural and geochronological evidence indicates that the
Ambargasta–North Range batholiths (Eastern Pampean Ranges) were
emplaced in a dextral transpressional tectonic environment that first
developed at 537 ± 4 My (Iannizzotto et al., 2013). A second deforma-
tional event with a large dextral displacement of the Pampean belt rela-
tive to the RPC occurred and developed the Sauce Punco–Ischilín
mylonitic belt between 537 ± 4 My and 530 ± 4 My (Iannizzotto
et al., 2013). This transpressional tectonic environment in the Eastern
Pampean Ranges, with dextral transcurrent belts parallel to the Precam-
brian–Cambrian magmatic Pampean arch (Iannizzotto et al., 2013;
Martino, 2003), may be correlated with the basement of the Otumpa
Hills.

Recognition of the tectonic boundary between the RPC and the PT
has led to the development of several models of the tectonic evolution
of the Pampean orogeny. Thesemodels are still under debate and essen-
tially imply east- or west-dipping subduction and a later collision be-
tween the crustal fragments. The first studies postulated a collision
that began with west-dipping subduction of oceanic lithosphere
(Ramos, 1988), whereas later studies proposed east-dipping subduction
beneath the RPC for a long period of time (between 900 and 540 My)
(Kraemer et al., 1995). Some authors have proposed a short-lived
(20 My) orogenic cycle (Pampean cycle) followed by a collision
(Rapela et al., 1998). Other authors have suggested subduction of an
oceanic ridge beneath the RPC without a continental collision
(Schwartz and Gromet, 2004; Simpson et al., 2003). The postulated
model of dextral oblique collision of the PT with another continental
terrane (Iannizzotto et al., 2013; Ramé and Miró, 2011) is consistent
with diachronic deformation in the Pampean belt that is progressively
younger northwards.

Most of this tectonic boundary is not exposed, and several studies
have attempted to define it. The boundary between the RPC and the
PT has been inferred fromMT data at the eastern border of the Eastern
Pampean Ranges at approximately 32° S (Favetto et al., 2008). Evidence
for this tectonic boundary has also been found between 29° S and 33° S
by several W–E gravimetric profiles (Ramé and Miró, 2011). A first-
order crustal discontinuity was identified in the central part of the foot-
hills of the Córdoba Ranges (Eastern Pampean Ranges) by a strong
gravimetric anomaly (Miranda and Introcaso, 1996) and has been cor-
related to this tectonic boundary (Escayola et al., 2007; Ramos, 1988).
To the south, Chernicoff and Zappettini (2004) and Mosquera and
Ramos (2006) proposed that this tectonic boundary does not extend be-
yond39° S, where there is a large-scale, roughly E–Wtrendingmagnetic
and gravimetric anomaly that is thought to represent the southernmar-
gin of the RPC. To the east, a recent review of the lithostratigraphic units
and geochronological, isotopic and geophysical data in the RPC indicates
that the Sarandí del Yí Shear Zone in Uruguay forms the eastern margin
of this craton (Oyhantaçabal et al., 2011).

The tectonic boundary between the RPC and the PT in the study area
remains unknown. Recently, Ramos et al. (2010) and Rapela et al.
(2007) proposed that the Las Breñas fault may be associated with the
Transbrasiliano Lineament, although the precise trace of this feature is
still under discussion. This lineament, which represents an important
continental discontinuity that separates the Amazonian and São
Francisco cratons, has been observed in 3-D seismic tomography
(Feng et al., 2004). The Transbrasiliano Lineament continues to the
south as far as the Pantanal area in Brazil and most likely passes across
the eastern limit of the Río Apa block, as was proposed by Cordani et al.
(2009). In this area, the Transbrasiliano Lineament has also been
interpreted by a significant NE–SW corridor with an elastic thickness
of 40 ± 20 km that is related to large lateral variations in density that
are not compensated for by surface topography (Tassara et al., 2007).
To the south, Rapela et al. (2008) inferred the Transbrasiliano Linea-
ment along the eastern border of the Pampean Ranges based on the af-
finities observed between the Paraguaia and Pampean belts (Brito
Neves et al., 1999; Tohver et al., 2010). These Neoproterozoic–Lower
Cambrian orogenies record the closure of the Clymene Ocean and the
subsequent continental collision of the Paranapanema (or Parana) and
Amazonian cratons and the RPC with the PT.

3. Magnetotelluric method

The MT method delineates the distribution of electrical conductivity
within the Earth. An MT sounding simultaneously measures the time-
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varying electric and magnetic fields. The external magnetic field has a
natural source, which is mainly formed by global electric storms
(lightning discharges) and solar activity (interaction of Earth's magneto-
sphere and ionospherewith solar wind). Variations in themagnetic field
induce the electric and secondary magnetic fields and are not indepen-
dent. MTmeasurements register the vertical and horizontal components
of themagnetic field (Hx, Hy, Hz) and only the horizontal components of
the electric field (Ex, Ey), where x and y are orthogonal horizontal
directions and z is the vertical direction. Using the Fourier transform,
the obtained time-series were converted into the frequency domain,
where the horizontal field components are related by the complex
2 × 2 MT impedance tensor Z (Kaufman and Keller, 1981; Simpson
and Bahr, 2005; Vozzoff, 1972):

Ex ¼ ZxxHx þ ZxyHy

Ey ¼ ZyxHx þ ZyyHy

Z depends on the subsurface conductivity; thus, this calculation of
the frequency provides the electrical structure of the Earth's subsurface.
The components of Z allow us to define the apparent resistivity (ρ) and
the phase (φ) for each period:

ρij ωð Þ ¼ 1
ωμ

Zij ωð Þ
���

���2 Ω �mð Þ

φij ωð Þ ¼ 1
ωμ

Im Zij ωð Þ
� �

Re Zij ωð Þ
� �

where μ is the magnetic permeability of free space.
For a 1-D layered Earth, the conductivity varies only with depth, the

diagonal components of Z are zero, and the off-diagonal elements are
equal in magnitude but have opposite signs. In a 2-D medium, the
conductivity parallel to the structural strike is constant and varies
with both the direction perpendicular to strike and the depth, the
diagonal components of Z are equal to zero, and the off-diagonal
elements differ in magnitude and have opposite signs. A tensor rotation
allows us to find two orthogonal directions in which the diagonal
components of Z are close to zero. One of these directions coincides
with the geological structure and is called as the geoelectrical strike. In
this case, data can be separated into two independent modes with
electrical current flowing parallel (transverse electric polarization)
and perpendicular (transverse magnetic polarization) to the strike
direction (Kaufman and Keller, 1981; Vozzoff, 1972). It is not always
possible to find a direction in which the diagonal components of Z are
zero; when this occurs, it is usually due to the presence of distortion,
to 3-D induction, or both.

The electromagnetic field skin depth depends on the electrical
resistivity of the Earth and on the signal period, which restricts its
maximum penetration (Simpson and Bahr, 2005). An increase in the
resistivity of the medium implies an increase in signal penetration. For
regional geodynamic studies, the interest period ranges between 0.01
and 30000 s, while the period for local and shallow applications ranges
between 0.01 and 1 s. Due to the depths involved, MT is a convenient
technique for imaging the resistivity distribution at different scales.

4. Data acquisition and processing

The MT data were obtained from 11 long-period stations spaced
~30 km apart along a 350 kilometer-long W–E profile at 27° S that
crossed the western border of the Las Breñas depocenter (Fig. 1). The
electric (Ex, Ey) and magnetic (Hx, Hy, Hz) fields were orthogonally
recorded at the surface with axis directions defined as x to the north, y
to the east and z down. The electric field was measured with pairs of
Pb–PbCl2 electrodes that were 100 m apart. The magnetic field was
measured with a Narod Intelligent Magnetotelluric System, which
includes a “fluxgate” type magnetometer and records in the range of 1
to 10000 s. The signal was recorded for 240 h. The time-series data
were visually inspected to identify segments that contained noise,
which were discarded. The robust multiple-station MT data processing
software algorithm using multivariate statistical methods of Egbert
(1997) was applied to the collected MT time-series data to identify and
remove coherent and incoherent noise. The data quality was minimally
affected by cultural noise, and therefore all of the sites had high-quality
soundings. The largest error bars were observed at the longest periods
and were mainly attributed to the limited recording time at these
periods (Fig. 2). The data were processed using the Fourier transform,
and the impedance was estimated. The components of the MT imped-
ance tensor and two magnetic transfer functions were calculated for
logarithmically spaced frequencies using the statistically robust method
of Egbert and Booker (1987). Finally, smooth resistivity curves consistent
with phases were obtained (Fig. 2). The measured values and the
calculated values for the final 2-D inversion model were included (see
Section 6). The pseudosections of apparent resistivity (ρ) and phase
(φ) for both polarizations in the measurement coordinates and tipper
magnitude for the frequency range of 10−4–10−1 Hz are shown in Fig. 3.

5. Dimensionality and distortion

The best geoelectrical strike direction and the medium's dimension-
ality were analyzed. For a local and regional 2-D structure, only a simple
rotation of the impedance tensor is needed to determine its principal
axes. For more complex structures, such as 1-D or 2-D regional
structures coupled with a locally anomalous 3-D conductivity, the data
are influenced by galvanic distortions or 3-D dimensionality effects.
These distortions, which are caused by 3-D inhomogeneities, are
commonly observed in MT surveys. The horizontal components of the
magnetic fields are not significantly affected, and the distortion is almost
entirely confined to the electric field. In this work, the dimensionality
and distorted parameters and the best geoelectrical strike direction
were determined by the tensor decomposition technique (McNeice
and Jones, 2001) based on the Groom-Bailey decomposition code
(1989) and by phase tensor analysis (Bibby et al., 2005; Caldwell et al.,
2004). We also estimated the phase-sensitive skew introduced by Bahr
(1988). Tensor decomposition methods can be applied as hypothesis
tests of the preferred 2-D regional geoelectrical conditions in addition
to removing effects caused by near-surface inhomogeneities. These
techniques recover the parameters of the magnetotelluric impedance
tensor, including the so-called twist, shear and skew or anisotropy
tensor, that partially describes the distortion effects.

McNeice and Jones (2001) extended the Groom-Bailey (1989)
decomposition using multiple sites and frequencies in a single calcula-
tion. A global minimum is sought to determine the most appropriate
strike direction and telluric distortion parameters for frequency ranges
in all of the sites. The regional strike was determined for three period
ranges and for the average of each site to analyze the responses at differ-
ent scales (Fig. 4). The period range between 1 and 20 s is related to
shallow structures, and the regional strike was approximately N15°W.
For intermediate features at mid- to lower-crustal depths, the period
between 10 and 100 s indicated a strike of N6°W. For periods between
100 and 6000 s,which are used to determine the deepest characteristics
of the upper mantle, the strike was N5°W. To characterize the upper
mantle, periods between 100 and 6000 s were used and indicated a
strike of N5°W. The average strike for all periods (1–6000 s) of all of
theMT sites was N3°W.Most of the values of the twist and shear distor-
tion parameters were less than ±5°; a few were greater than ±5° but
less than ±10°. Exceptions were observed at site 470, where the twist
parameter was −12°, and at site 520, where the shear parameter was
12°. However, these values barely exceed the threshold. TheNormalized
RootMeans Square (NRMS)misfits are approximately 1. Although these
parameters are small and the distortions can be considered to be weak,
they were taken into account in the 2-D inversion. Fig. 5 shows the RMS



Fig. 2. Themeasured responses from the apparent resistivity (Rho) and phase used for the 2-D inversion. The circles show transverse electrical polarization (TE), and the squares show transverse magnetic polarization (TM). The error bars represent
absolute values. The data were rotated to the N3°W geoelectrical strike direction. The calculated apparent resistivity and phase (lines) from the best-fit model of Fig. 7 are also shown.
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Fig. 3.MT data (measured) and model response (calculated) for the final 2-D inversion model's pseudosections of the apparent resistivity (Apparent Rho, Ωm) and phase (Phase, °) for
transverse electrical polarization (TE), transverse magnetic polarization (TM) and tipper magnitude.
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misfit pseudosection for all sites at all frequencies calculated with the
tensor decomposition technique. Each sitewas calculatedwith a separate
strike direction. The larger RMSmisfit values correspond to periods great-
er than 100 s, and the maximum values are observed at approximately
1000 s. These results validate the tensor decomposition technique
because the RMS misfits are low.

The phase-sensitive skew parameter η of Bahr (1988) was also
calculated. Bahr (1988) proposed three rotationally invariant pa-
rameters to classify the dimensionality and distortion. One parame-
ter is the phase-sensitive skew parameter η, which is a normalized
measure of the phase difference between each pair of tensor ele-
ments (Zxx and Zxy) and (Zyx and Zyy). A value of η that is greater
than 0.3 indicates 3-D data (Bahr, 1991) that violate the assumption
of 1-D or 2-D structure. Fig. 6 shows the pseudosections of the values
of η calculated for all sites at all frequencies. For periods greater than
200 s, a few skew values are slightly greater than the threshold, and
the maximum value of approximately 0.45 occurs at approximately
1000 s. Skew values greater than 0.3 are observed on the eastern
border of the profile.

The phase tensormethod (Caldwell et al., 2004) iswidely used to de-
termine the dimensionality and distortion of MT data. The phase tensor
is defined as:

ϕ ¼ X−1Y
where X andY are the real and imaginary components of the impedance
tensor Z, respectively, and Z is defined as:

Z ¼ Xþ iY

In the presence of galvanic distortion, the measured and regional
phase tensors are identical, and thus the phase tensor is independent
of the galvanic distortion. The graphic representation of the phase tensor
is an ellipse with the principal axes representing the major (ϕmax) and
minor axes (ϕmin) of the tensor. If the phase tensor is non-symmetric,
a third invariant coordinate represented by the skew angle β is needed
to characterize the tensor. When the phase tensor is represented by a
circle of unit radius, the structure is 1-D. To determine a 2-D structure,
β must be zero (or nearly zero), and the direction of the major axis
phase tensor must be constant. The orientations of the major axes of
the phase tensor indicate the preferred flow direction of the induction
current. When the regional structure is 2-D, one of the phase tensor
principal axes will be aligned parallel to the strike of the regional
conductivity. For 3-D structures, the phase tensor provides the direction
of greatest inductive response, which is the closest equivalent to the
strike direction (Bibby et al., 2005). For later dimensional analysis,
Bibby et al. (2005) introduced the non-dimensional ratio or ellipticity:

λ ¼ π1=π2

image of Fig.�3


Fig. 4. Regional geoelectrical strikes determined for three period ranges (1–20 s, 10–100 s and 100–6000 s) and for the average strike of each site using the McNeice and Jones (2001)
(M&J) and Phase Tensor (Caldwell et al., 2004) (PT) methods. The rose diagram for each site is also shown.
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where π1 and π2 are independent variants related to the semi-major
and semi-minor axes of the ellipse.When λ is less than 0.1, the structure
is 1-D; when it is greater than 0.1, the structure must be 2-D. Thus, the
phase tensor determines a valid approximation for 2-D structure when
β is between ±5°, λ is non-zero and the direction of the major axis
Fig. 5. The pseudosection of the RMS misfit from the tensor decomposition technique
(McNeice and Jones, 2001). Each site was calculated with a separate geoelectrical strike
direction.
phase tensor is constant (Bibby et al., 2005). The necessary conditions
for 3-D are given by a non-zero β.

The pseudosections of the skewanglesβ and the phase tensor ellipses
obtained in thiswork are presented in Fig. 6 for all sites at all frequencies.
The larger skew angle values correspond to periods greater than 100 s,
and the maximum values are observed at approximately 1000 s and
represent an anomalous zone in the eastern border of the profile. The
ellipses show a completely elliptical or very asymmetrical form that
coincides with this anomaly, which is located where the 3-D structures
are concentrated. At short periods, the ellipses are more circular, which
corresponds to a 1-D medium. In general, skew angle values less
than ± 5° are observed for periods shorter than 100 s. In addition, λ
varies between 0.01 and 0.72, and most of the values are N 0.1. The
phase tensor analysis indicated a 2-D regional structure. Thus, the region-
al strike is aligned parallel to one of the phase tensor's principal axes.We
selected themajor axes of the ellipses, and their values were determined
for the same three period ranges as inMcNeice and Jones (2001) and for
the average for each site (Fig. 6). Between 1 and 20 s, the regional strike
varied from N17°W to N1°W. Between 10 and 100 s, the strike was
between N25°W and N3°E, whereas between 100 and 6000 s it was
between N26°W and N2°E. The average strike for all periods (1–
6000 s) of all of the MT sites was N22°W.

The strikes estimated by the decomposition (McNeice and Jones,
2001) are similar to the strikes that were estimated from the impedance
phase tensor (Caldwell et al., 2004). For shallow features (1–20 s), the
strike varies between N–S and NNW (i.e., between N1°E and N17°W),
and the latter direction predominates on the west side of the profile.
At an intermediate scale (10–100 s), the strike direction varies from
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Fig. 6. The pseudosections of the phase-sensitive skew of Bahr (1988) and the skew angle β (°) (Caldwell et al., 2004) for all sites at all frequencies. The phase tensor ellipses (Caldwell et al.,
2004) and the induction vectors (Parkinson convention) are also plotted for all frequencies for each site. Conductive Zones 1 (CZ1) and2 (CZ2) andResistive Zone1 (RZ1) are indicated in circles.
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N25°W to N6°W, and the NNW directions also dominate on the west
side of the profile. The deepest strikes (100–6000 s) range from
N26°W to N2°E, and the NNW values also dominate to the west. The
average strike for all of the MT data varies from N22°W to N3°W; the
strikes are predominantly NNW in the western part of the profile,
become N–S in the center and are NNE to the east. Despite the small
difference, the two strike domains can be discriminated. Finally, a
common geoelectrical strike of approximately N3°W was assumed
based on the regional geological structure and all of the data were
rotated by −3° into the profile direction. Although the distortion was
considered to be weak, it was taken into account in the 2-D inversion.

Induction arrows that use the Parkinson convention (Parkinson,
1959) were produced (Fig. 6). The induction arrows show the
complex ratio of the vertical to horizontal magnetic field compo-
nents. Because the vertical magnetic fields are generated by lateral
conductivity gradients, induction arrows can be used to infer the
presence or absence of lateral variations in conductivity (Simpson
and Bahr, 2005). Fig. 6 shows the induction arrows, and anomalous
areas of current are highlighted in circles. Two anomalous areas
show the vertical magnetic field to be zero and then reverse its
sense, indicating a current concentration. The most important area
is located between sites 436 and 490 for the periods from 1 to
100 s and reaches 400 s at site 450; this was denoted Conductive
Zone 1. Another anomaly is located near site 530 at all frequencies
and was denoted Conductive Zone 2. The one resistive zone,
Resistive Zone 1, is located near site 510 at periods up to 100 s and
is characterized by outward pointing vectors.
6. Geological constraints and 2-D inversion model

The initial model was developed over amesh with several geological
constraints that allowus to obtain amore realistic and reliable result and
help to overcome the non-uniqueness problem. However, we tried not
to assume the geological structure. The geological information was
considered in the inversion, although it represents only a small part of
the entire mesh, and the lithosphere is represented by a half-space.
Additionally, we tested several forward models to understand the
resolution at different depths of the inversion models.

The 2-D inversion of theMT data was carried out with the non-linear
conjugate gradient algorithm of Rodi andMackie (2001) available in the
WinGLink software. The initial model was constructed over a mesh with
geological constraints that represent typical zones of tectonic stability
(Berdichevsky and Dmitriev, 2008) and known crustal and shallow
features (Fig. 7). EachMT stationwas centered in columnswith a regular
arrangement in the profile and the rows were added at depths with a
logarithmic spacing. Below a depth of 200 km, the asthenosphere was
represented with a constant resistivity of 10 Ω m, and the ocean was
characterized in the west side of the profile as being 5 km thick and
having a resistivity of 0.3 Ω m. The Las Breñas basin, which is located
in the subsurface on the east side of the profile, was characterized with
a resistivity of 3 Ω m, a maximum depth of 5 km and an asymmetric
geometry. The outer 4 kilometer layer was represented by sedimentary
cover with a resistivity of 50 Ω m. The remainder of the lithosphere
was assigned a resistivity of 3000 Ω m. The topographywas not included
in the model because the area is relatively flat. Finally, the values of the
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Fig. 7. The initial mesh for the 2-D inversion model with geological constraints for typical tectonic stability zones and a detail (20 km) with the known shallow features. The final 2-D in-
versionmodel obtained and its geological interpretation are also shown at depths of 200 and 20 km (PT: Pampean terrane; TB: Transbrasiliano Lineament; RPC: Río de La Plata Craton; AL:
Alhuampa; LB: Las Breñas). The frequency distribution of the NRMSs obtained in the 2-D inversion model for each MT site is also plotted.
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inversion parameters were modified to analyze different responses and
results. The roughness model was minimized through the iterative
algorithm toward a pre-established misfit. Several inversions were
performed to generate themost reliable model. These inversions allowed
us to vary the resistivity and to test the transverse electrical andmagnetic
polarizations independently, the transverse electrical andmagnetic polar-
izations together, and the vertical component of the magnetic field. The
complete period range between 1 and 6000 s was used. The final model
(Fig. 7) had the most reliable features expected by the geological data
and the previously calculated parameters. The smoothness parameter
had a value of 1 in the final model. The resistivity error floors were 10%,
and phase error floors were 2.87°; thus, a higher weight was assigned
to the phases to overcome the static shift problem. In addition, a value
of 0.02 was selected for the tipper and horizontal magnetic data. The re-
sistivity values were limited to 20000 Ω m to avoid extreme values. The
final NRMS for each MT site is shown in Fig. 7. This model presented a
good inversion misfit with an NRMS of 1.657. The observed features
were consistent in all of the tests. The calculatedpseudosections of the ap-
parent resistivity (ρ) andphase (φ) for bothpolarizations and tippermag-
nitude for the frequency range of 10−4–10−1 Hz are shown in Fig. 3.

The final model (Fig. 7) indicates that the upper crust is 7 km thick
and contains an 2 kilometer-thick upper layer with resistivity values
b5 Ω m. Toward the east and west ends of the profile, this layer
increased to 5 to 6 km thick, representing two known depocenters: the
Alhuampa and Las Breñas, respectively. A 10 kilometer deep more
resistive layer with resistivities of 30 to 150 Ω m was located in the
center of the profile and decreased to 2 km deep beneath the basins.
The middle to lower crust had high resistivities and reached 40 km
deep, which is the average Moho depth in this region (Assumpção
et al., in press; Chulick et al., 2013). The mid-to-lower crust revealed
two highly resistive features. One is in the east (A) and has a resistivity
of 20000 Ω m, which is the maximum value allowed in the inversion;
the other is in the west (B) and had resistivities that were significantly
lower than those in Block A, with a maximum of approximately
12000 Ω m. Block A was 55 km deep, while Block B was 30 km deep.
Block A had a root that extended to approximately 100 km deep with
resistivities that decrease with depth to 1000 Ω m and could represent
a deep discontinuity. Block B had an east-dipping geometry that reached
approximately 70 km deep and also had resistivities that decreasedwith
depth to 500 Ω m. A 20 kilometer-wide conductive anomaly with resis-
tivities of 150 to 250 Ω m is located between the resistive blocks andhas
a similar east dip as Block B. At depths of 40 and90 km in the lithospher-
ic mantle, the resistivity of this anomaly decreased to 10 Ω m, and its
width increased to 50 km. This conductive anomaly was observed in
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Fig. 8. a) Left: The initial mesh. Right: The final 2-D inversion model (A: Block A; B: Block B; C: conductive anomaly). b) Left: The initial mesh. Right: Synthetic model obtained using the
forward response of the misfit of theMT data from the final inversion model (a). c) Left: Initial mesh that simulates two highly resistive blocks (5000 Ω m), which represent the cratonic
terranes, and a tectonic boundary between them (150 Ω m). Right: Inversionmodel obtained using themeasuredMT data. d) Left: Initial mesh that simulates the features obtained in the
final inversion model (a) with two highly resistive blocks (5000 Ω m) of different geometries and the conductive anomaly between them (150 Ω m). Right: Inversion model obtained
using the measured MT data.
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all of the invertedmodels but had different geometries. The different na-
tures of the two highly resistive blocks are consistentwith the two strike
domains; one is located on the west side of the profile and has NNW
strikes, and the other is located on the east side of the profile and has
N–S to NNE strikes at crustal and mantle depths (10–6000 s). Conduc-
tive Zone 1, which was identified by the induction arrows (Fig. 6),
confirmed the presence of the conductive anomaly in the inverted
2-D model. Similarly, Resistive Zone 1 is related to the presence of
Block A. Moreover, the pseudosections (Fig. 3) indicated the conduc-
tive anomaly.

Additionally, a set of synthetic models were developed to validate
the 2-D inversion results, and one is presented here. The inversion
was repeated with different initial meshes and input data and always
obtained the same relevant features in the final inversion models
(Fig. 8). The final inversion model (Fig. 8a) is also shown to facilitate
the comparison between the models. The synthetic model (Fig. 8b)
was obtained using the same initial mesh and parameters setting that
were used for the final inversion model (Fig. 8a). The MT data used
were the forward responses of the misfit MT data of the final inversion
model (Fig. 8a). The observed features were maintained at the crustal
scale, while some differences were observed at the mantle scale. The
conductive zone between blocks A and B becomes wider toward the
east, while the east dip of Block B decreases (Fig. 8b).

The third model is presented in Fig. 8 (c) and was obtained using an
initial mesh that simulates the hypotheticalmodel that is expected from
geologic information with two highly resistive (5000 Ω m) blocks,
which represent the cratonic terranes, and a tectonic boundary between
themwith a resistivity of 150 Ω m.We used themeasuredMT data and
the same parameter settings that were applied in the final inversion
model (Fig. 8a). At the crustal scale, the observed features were
maintained, though the size of Block A decreased significantly, and the
features (Blocks A and B and the conductive zone) were more symmet-
rical (Fig. 8c). At themantle scale, the conductive zone decreased in size
at depth but expanded at shallow crustal levels. This model had a good
inversion misfit with an NRMS of 1.678.

The fourth model is presented in Fig. 8(d) and was inverted over an
initial mesh that simulates the features obtained in the final inversion
model (Fig. 8a) with two highly resistive (5000 Ω m) blocks with
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different geometries. Block B has an east-dipping geometry that is ac-
companied by a conductive anomaly with a resistivity of 150 Ω m. We
used the measured MT data and the same parameter settings that
were applied in the final inversion model (Fig. 8a). At all scales, the ob-
served featuresweremaintained, and themanifestation of eachwas im-
proved. Mainly, the east dip of Block B is better defined, and the
conductive zone is well developed at the crustal scale. This model had
a good inversion misfit with an NRMS of 1.666. Thus, the inversion pro-
cedure confirms the presence of the features observed in thefinal inver-
sion model (Fig. 8a), although some variability in the geometry of the
features was observed.

7. Discussion

7.1. Electrical conduction mechanisms in the crust

Although most of the crust is composed of silicate rocks, which
normally are highly resistive, low resistivities are frequently observed in
MT measurements at mid-to-lower crustal depths in continental areas
(Haak and Hutton, 1986; Jones, 1992). However, our results showed un-
usually high resistivities in the mid-to-lower crust at the ends of the pro-
files in Blocks A andB,whichwere separated by a conductive area (Fig. 7).
These highly resistive blocks may be related to the presence of two old
terranes of unknown ages. However, low conductivities of the lower
crust, such as that observed inBlockA, have been associatedwithArchean
ages (Jones, 1992), while the resistivities observed in Block B have been
associated with Precambrian ages.

The low resistivities can be explained by the presence of good
conductors with interconnected grain-boundary arrangements, such
as saline fluids, sulfides, graphite films, metallic and partial meltmateri-
al (Brown, 1994; Chouteau et al., 1997; Jones, 1992; Jones et al., 2005;
Livelybrooks et al., 1996; Türkoğlu et al., 2008). This MT profile is locat-
ed in a tectonically stable region, and fluids are unlikely to be present in
themid-to-lower crust because theyweremost likely consumed by ret-
rogrademetamorphism over a geologically short time period (Frost and
Bucher, 1994; Yardley and Valley, 1997) or were rapidly transported
upwards by an increase in porosity (Bailey, 1990). The presence of
sulfides or metallic oxides cannot be proved because of the lack of
data, but the presence of mineral resources in this part of the craton
seems unlikely. Similarly, the presence of partial melt produced by
magma underplating near the base of the crust with large amounts of
H2O–CO2 fluids upon crystallization is improbable (Frost et al., 1989;
Wannamaker et al., 1997). This is supported by the absence ofMesozoic
flood basalts in this area, which is characterized by a cold regime
(Hamza and Muñoz, 1996).

Thus, the increase in conductivity at great depths can be explained by
the preferential alignment of graphite films along grain boundaries. At
least 0.02% graphite is required to decrease rock resistivity (Mareschal
et al., 1992). The graphite may be biogenic, e.g., derived from the under-
thrusting of organic graphite-bearing metasedimentary rocks, or
inorganic (CO2-rich fluids) and derived from the mantle as a product of
CO2 degassing. Graphitic horizons are common tectonic markers of old
orogenies and deep deformation of the crust and hence can reveal
paleosuture zones or other specific tectonic assemblages (Boerner
et al., 1996).

The observed conductive structure has resistivity values that are typi-
cal ofMTmodels of collisional zones (Bologna et al., 2011; Naganjaneyulu
and Santosh, 2010, among others). When these conductive bodies are
exposed at the surface, theydemonstrate that they originated bydeepun-
derthrusting of organic graphite-bearing metasedimentary rocks below
the suture zones. The formation of graphite from organic carbon requires
high temperatures or the presence of strain energy derived from a
transpressive regime as well as an earlier oceanic environment that was
subjected to complex deformation and underthrusting in the deep crust.
Normally, suture zones result from the accretion of terranes after subduc-
tion of ocean crust and produce an ophiolite complex. Later weathering
andmetamorphismexplain the absence of these features in some sutures.
Greenschist facies pressure and temperature conditions are usually found
atmid-crustal depthswhere graphitization occurs (Nover, 2005). In addi-
tion, we cannot preclude the presence of inorganic graphite that precipi-
tated from CO2-rich mantle-derived fluids (Brown, 1994) provided by
subduction or the presence of interconnected sulfide deposits or other
conductive minerals that may be important in discrete regions of intense
fluid–rock interaction, such as shear zones (Selway, 2012).

Whatever the origin of the graphite, its presence is indicative of an old
subduction zone and must be related to the Neoproterozoic convergent
tectonic processes of the RPC and the PT (Fig. 7). However, the lack of
high temperatures that are necessary for graphite formation led us to hy-
pothesize that the graphite is related to the strain energy of the
transpressive regime that is indicated by the presence of regional shear
zones. These areas of deformation are analogous to dextral transcurrent
belts that are parallel to the Precambrian–Cambrian magmatic arc
associated with Pampean subduction that is exposed in the Eastern
Pampean Ranges (Iannizzotto et al., 2013; Martino, 2003). The magmatic
arc system and the Precambrian basement rocks of the PT outcrop ap-
proximately 200 km southwest of the profile. These rock associations
have been extended to the Otumpa Hills basement (Padula and
Mingramm, 1968; Pezzi and Mozetic, 1989; Russo et al., 1979), where
the conductive anomaly in the mid-to-lower crust is located; this exten-
sion is possible because these formations are usually thousands of kilome-
ters long. A regional transpressive shear zone is consistent with the
observations of Ramé and Miró (2011), who postulated the existence of
a tectonic sheet (Haq and Davis, 2010) with stress partitioning during
oblique convergence.
7.2. Electrical conduction mechanisms in the mantle

The conductive anomaly in the mid-to-lower crust continues to
upper mantle depths (Fig. 7), where the resistivities are anomalously
low (100–10 Ω m). Resistivities observed in stable and old regions are
typically between 1000 and 10000 Ω m (Chave and Jones, 2012;
Jones, in press; Xu et al., 2000). The low resistivities may be related to
the hydrogen content in the nominally anhydrous minerals that domi-
nate the lithosphere, such as olivine, garnet, orthopyroxene,
clinopyroxene and plagioclase (Dai and Karato, 2009; Mookherjee and
Karato, 2010; Yang et al., 2011, 2012; Yoshino et al., 2008, 2009). In ad-
dition, the low resistivities may be related to the presence of a shallow
asthenosphere with a melt fraction (molten silicates) of approximately
1% or to the presence of small fluid fractions, carbonatite (Gaillard et al.,
2008; Yoshino et al., 2006) or fine-grained peridotites (ten Grotenhuis
et al., 2004; Vauchez et al., 2012).

The cause of this conductive area is difficult to determine. The
presence of a melt fraction is precluded because melt requires high
temperatures at depths deeper than 100 km. The presence of fluid is
also unlikely because it must be interconnected to influence the electric
and mechanical properties, and this cannot occur with a small amount
of fluid (Rosenberg andHandy, 2005; Türkoğlu et al., 2008). The presence
of carbonatite is not likely because it becomes unstable at shallow depths
(b130 km) (Hirschmann, 2010).

Conduction by hydrogen (proton) diffusion in hydrous olivine is
the main process that affects the conductivity of the lithospheric
mantle (Karato, 1990, 2006; Selway, 2012; Yoshino et al., 2009,
among others). The interaction with a subducting slab will re-
introduce hydrogen into the lithosphere and lead to lower resistiv-
ities (b10000 Ω m). Thus, we attributed the conductive anomaly in
the upper mantle to the increase of hydrogen by subduction zone
activity prior to or during the development of the regional shear
zone between the PT and RPC. Additionally, the presence of fine-
grained peridotites, which occur in mylonitic zones, may show
electrical conductivities up to two orders of magnitude higher
than coarser-grained samples (ten Grotenhuis et al., 2004).



Fig. 9. Thefinal 2-D inversionmodel obtained at 27° S and themodel previously obtained by Favetto et al. (2008) andOrozco et al. (2013) at 32° S at depths of 200 km. TheMTprofiles and
the main geotectonic features are plotted in the map on the left (PT: Pampean terrane; TB: Transbrasiliano Lineament; RPC: Río de La Plata Craton).
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However, the physical mechanisms that cause the electrical con-
ductivity in the mantle to vary are still controversial.

7.3. Geological correlations

As previously suggested, the geotectonic context and the results indi-
cate that the highly resistive Block A may be correlated with the RPC,
while Block B in the west may be correlated with the PT (Figs. 7, 9 and
10). Thus, the conductive anomaly could represent the tectonic bound-
ary and define an area where the regional deformation directs the
electric current. The differences in electromagnetic properties, such as
resistivity, strikes and the dimensions of the highly resistive blocks,
indicate this possibility. A contrast in the resistivity values between
blocks was also observed in the MT model presented by Favetto et al.
Fig. 10.Map showing the different limits proposed for the RPC (black: Rapela et al., 2011; brown
MT data (Favetto et al., 2008). The inferred Transbrasiliano Lineament (TB) is also plotted (Ram
sistent with our results.
(2008) and Orozco et al. (2013) in the Pampean Ranges (32° S), which
include the Cambrian suture between the PT and RPC (Fig. 9). Both MT
models allow us to extend the trace of the suture.

Because of the affinities between the Neoproterozoic–Lower
Cambrian orogenies, the Transbrasiliano Lineament to the SW in
Argentina has been proposed to continue along the eastern border
of the Pampean Ranges (Ramos et al., 2010; Rapela et al., 2008,
2011), which represents the tectonic boundary between the RPC
and the PT. Thus, the inferred trace of the Transbrasiliano Lineament
must pass somewhere beneath the Chaco-Pampean Plain. Consistent
with previous studies (Ramos et al., 2010; Rapela et al., 2008), our
data suggest that the western border of the Las Breñas basin could
be part of the expression of this continental lineament that is associ-
ated with the conductive anomaly and hence the Neoproterozoic–
: Oyhantaçabal et al., 2011) and those indicated by gravimetry (Ramé andMiró, 2011) and
os et al., 2010). The block diagram shows the east-dipping subduction model that is con-
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Cambrian paleosuture (Fig. 10). In addition, the model of east-
dipping subduction of oceanic lithosphere beneath the RPC is
supported by the observed east dip of the conductive feature
between the highly resistive blocks in the MT model.

The conductive anomaly is also supported by other geophysical data
of the Transbrasiliano Lineament, such as the low S wave velocities in
the upper mantle (Feng et al., 2004, 2007), negative gravity anomalies
(b−30 mGal; Mantovani et al., 2005), and the elastic thickness of
approximately 40 km (Tassara et al., 2007). The Transbrasiliano Linea-
ment has remained considerably weak for the last 1 Gyr, which has
helped to relieve the current tectonic stresses that accumulate in the
interior of the continent (Tassara et al., 2007). We demonstrated the
connection between the deep lithospheric and shallow processes and
structures. Lithospheric anomalies or lithospheric thinning such as
that observed in the study area can be related to the concentration of
tangential crustal stress as well as to sub-crustal stress (Cloetingh
et al., 2005; Dávila et al., 2010). The results also support the model
proposed by Vauchez et al. (2012), which implies long-term deforma-
tion of the entire lithosphere by slip along faults at the boundaries of
rigid blocks. An analogous example was observed in Western Canada,
where the Great Slave Lake Shear Zone, a Paleoproterozoic dextral
transcurrent fault, channelized the electrical conductivity in the litho-
spheric mantle along the strike of the fault (Mareschal et al., 1995;
Wu et al., 2002). This implies that a continental transpressive zone
that is part of a tectonic boundary can extend to upper mantle depths.

Finally, our data provide new geophysical evidence for the presence
of the tectonic boundary that was part of the amalgamation of Western
Gondwana between the RPC and the PT beneath the Chaco-Pampean
Plain. However, no local geological evidence supports this hypothesis
in the study area. Additional studies are needed to corroborate this
idea because this conductive anomaly may correspond to an older
discontinuity in the crust.

8. Conclusions

The lithospheric-scale structural characterization of the study area
using MT data shows a highly resistive crust that is divided by an east-
dipping conductive anomaly that is most likely related to the amalgam-
ation of Western Gondwana. This conductive feature (150–250 Ω m) is
20 to 50 km wide and is correlated to a NE–SW oriented dextral
transpressive zone that is associatedwith the Transbrasiliano Lineament.
This deep zone of increased conductivity below long-stable geological
terranes can be explained by the presence of graphite. The eastern
block of highly resistive crust (Block A: N20000 Ω m) corresponds to
the RPC and is older than the western block of highly resistive crust
(Block B: 12000 Ω m), which correlates to the PT. The crustal blocks to
the east and west of the conductive feature have different dominant
strikes and different resistivity values. The east dip of the conductive
anomaly continues to upper mantle depths, which agrees with previous
models that postulate east-dipping subduction prior to the collision. The
amalgamation processes imply good electrical conductors that indicate
deep deformation of the crust and reveal the location of paleosuture
zones. The dextral transpressive regime indicated by the mylonitic
belts exposed in the southwest part of the Eastern Pampean Ranges
parallels the Neoproterozoic magmatic arc and was correlated to the
conductive structure observed in the profile. Moreover, the model
obtained in this study may represent a tectonic boundary that supports
the hypothesis of lithospheric-scale faults within the shear zone. We
provide newgeophysical evidence of the presence of the tectonic bound-
ary between the RPC and the PT beneath the Chaco-Pampean Plain and
the probable southward continuation of the Transbrasiliano Lineament.
Thus, the MT method is an effective tool to characterize the lithospheric
structure that involves deep and shallow geological processes. Our
findings suggest that the conductive anomaly could represent a tectonic
boundary in which the regional zone of deformation channelizes the
electric current. The difference in electromagnetic properties, such as
resistivity and strike, as well as the dimensions of the highly resistive
blocks, indicate the possible presence of a tectonic boundary that sepa-
rates two terranes with different origins.
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