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a b s t r a c t

The South American Platform was part of the Western Gondwana, a collage of plates of different ages
assembled in late Neoproterozoic to Cambrian times. The Transbrasiliano Lineament, a continental shear
belt that transversely intersects this platform from NE to SW, has its southern expression in the tectonic
boundary between the Río de La Plata Craton and the Pampean Terrane. Magnetotelluric long-period
data in a WeE profile (29�300 S) that crosses the Ambargasta-Sumampa Range and the Chaco-
Pampean Plain were obtained to connect information of this mostly inferred tectonic boundary. A 2-D
inversion model shows the Chacoparanense basin, Río Dulce lineament, Ambargasta-Sumampa Range
and Salina de Ambargasta in the upper crust. At mid-to-lower crust and 40 km to the east of the
Ambargasta-Sumampa Range, a discontinuity (500e2000 U m) of 20-km-wide separates two highly
resistive blocks, the Río de La Plata Craton (6000e20,000 U m) in the east, and the Pampean Terrane
(5000e20,000 U m) in the west. This discontinuity represents the tectonic boundary between both
cratons and could be explained by the presence of graphite. The geometry of the Pampean Terrane
suggests an east-dipping paleo-subduction. Our results are consistent with gravimetric and seismicity
data of the study area. A more conductive feature beneath the range and the tectonic boundary was
associated with the NEeSW dextral transpressive system evidenced by the mylonitic belts exposed in the
Eastern Pampean Ranges. This belt represents a conjugate of the mega-shear Transbrasiliano Lineament
and could be explained by fluiderock interaction by shearing during hundreds of years. The eastern
border of the Ambargasta-Sumampa Range extends the trace of the Transbrasiliano Lineament.
The electrical Moho depth (40 km to the west and 35 km to the east) was identified by a high electrical
contrast between the crust and upper mantle. The upper mantle shows a resistive structure beneath the
Río de La Plata Craton that could have been originated by stationary delamination by the presence of
hydrated lithosphere.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The South American Platform (Fig. 1a) is constituted by a collage
of plates of different ages that were assembled to form Western
Gondwana (Cordani et al., 2003, 2013a,b; Tohver et al., 2012;
Trindade et al., 2006, among others). The convergence of those
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continental blocks (~650 My) was along the Transbrasiliano-Kandi
mega-shear, a collisional suture (Cordani et al., 2013a). This shear
zone, the largest on Earth (Attoh and Brown, 2008), with 6000 Km
along South America (Schobbenhaus, 1975) and Africa (Caby, 1989),
crosses through many of the Brasiliano-Pan African belts with
Neoproterozoic sutures (Cordani et al., 2013a,b). In South America,
the Transbrasiliano Lineament (TB) intersects the entire platform
fromNE to SW (Fig. 1), extending until Argentina along the tectonic
boundary between the Paleoproterozoic Río de La Plata Craton
(RPC) and the Neoproterozoic-Cambrian (s.l.) Pampean Terrane (PT)
(Fig. 1b) (Ramos et al., 2010; Rapela et al., 2007). This tectonic
boundary is masked by the wide plain developed in the Andean
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Fig. 1. Geotectonic and geophysical setting. 2-column. a) The main geotectonic features of the South American Platform. b) A detailed map of the study area based on a Digital
Elevation Model (DEM), with geotectonic features (PT: Pampean Terrane; RPC: Río de La Plata Craton; CHPP: Chaco-Pampean Plain; TB: Transbrasiliano Lineament), the limit
proposed for the RPC (black: Rapela et al., 2011) and those indicated by gravimetry (Ram�e and Mir�o, 2011) and the inferred Transbrasiliano Lineament (TB) (Ramos et al., 2010) is
shown. Seismicity (M: magnitude; EPR: seismicity of the Eastern Pampean Ranges represented by yellow circles with red boundary from Richardson et al. (2012)), previous
magnetotelluric (MT) data (Favetto et al., 2008; Peri et al., 2013) and the MT sites are also plotted. The rectangle shows the area of Fig. 2. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)
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foreland and is mostly inferred by geophysical data (�Alvarez et al.,
2012; Chernicoff and Zapettini, 2004; Ram�e and Mir�o, 2011;
Favetto et al., 2008; Peri et al., 2013). Also, several tectonic evolu-
tion models are still under debate and essentially imply either east-
or west-dipping subduction and a later collision event between the
crustal fragments (Ramos, 1988; Ramos et al., 2014; Rapela et al.,
1998, 2007; Schwartz and Gromet, 2004; Simpson et al., 2003,
among others).

In the present work, we report the results of a MT survey with
long-period instruments in a WeE profile located at 29�300 S and
61�e65� W that crosses the Ambargasta-Sumampa Range (ASR)
and the Chaco-Pampean Plain (CHPP) (Fig. 2). We consider it a key
localization to connect the northern and southern information of
the tectonic boundary between the RPC and the PT. The MTmethod
is an effective and complementary technique to determine litho-
spheric structures (Bologna et al., 2013; Gowan et al., 2009; Peri
et al., 2013; Wannamaker et al., 2008). The MT data obtained
were processed to obtain geoelectric strikes and distortion pa-
rameters. We also developed a 2-D inversion model that provided
the distribution of the measured electrical resistivity of the Earth's
subsurface and characterized the lithospheric structure. Finally, we
analyze the results with the geotectonic and geophysical context
and discuss the possible origins of the electrical configuration.

2. Geological setting

The amalgamation of Western Gondwana developed the
Brasiliano-Pan African orogenic belts that closed the Goi�as-Pharu-
sian Ocean (650e600 My) and the Transbrasiliano-Kadi mega-
shear zone in South America and Africa (Cordani et al., 2003, 2013a,
b; Tohver et al., 2012; Trindade et al., 2006, among others). In West
Africa, the latter crosses along the Hoggar 4�500-Kandi shear system
(Caby, 1989; Trompette, 1994; Fairhead and Maus, 2003; Santos
et al., 2008, among others). In South America, the TB
(Schobbenhaus, 1975) transversely intersects the entire platform
from NE to SW, from northeast Brazil down to Paraguay and
Argentina (Fig. 1a). This mega-shear is active after the closure of the
Goi�as-Pharusian Ocean, using weak lithospheric collision zones
that may involve the entire lithosphere with broad ductile shear
zones and many parallel sets of faults (Cordani et al., 2013a, b). To
the south of Brazil, the TB was detected by gravimetry in the Paran�a
basement, crossing the Paraguay Belt (Mantovani and Brito Neves,



Fig. 2. Geological map. 2-column. A detailed geologic map of the study area (based on Brunetto et al., 2010; Chebli et al., 1999; Iannizzotto et al., 2013; Martino, 2003; Mir�o and
Saap, 2001; Ramos et al., 2010) with the MT sites is shown.
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2005). The TB continues in the depocenters Pilar in Paraguay
(Wiens, 1985) and Las Bre~nas in Argentina (Pezzi and Mozetic,
1989), both depocenters with more than 6000 m-thick. Exten-
sional tectonics is evidenced in late Ediacaran times along the
northern TB by those depocenters and some intrusion in Goi�as,
Brazil, of non-deformed potassic granitic bodies (Pimentel et al.,
1996) while compressional tectonics is evidenced along the
southern TB to the east of the Eastern Pampean Ranges (EPR).

The EPR are part (Fig. 1b) of the broken foreland called the
Pampean Ranges (Jordan and Allmendinger, 1986; Ramos et al.,
2002) developed by the Pampean flat-slab subduction segment of
the central Andes (Alvarado and Ramos, 2011; Anderson et al.,
2007; Cahill and Isacks, 1992; Gutscher et al., 2000; among
others). Eastward of the EPR, beneath the large CHPP (Chebli et al.,
1999), the basement is known by a few boreholes (Fig. 1b) in the
C�ordoba province, which is constituted by Paleoproterozoic rocks
of the RPC (~2e2.3 Gy; Rapela et al., 2007). Meanwhile, the
northernmost part of the EPR is constituted by the ASR (Figs. 1 and
2). The North-Ambargasta Range batholith (NARB) represents the
PrecambrianeCambrian magmatic arch and is the predominant
geological unit. The NARB was emplaced in Late ProterozoiceEarly
Cambrian host low-grade metamorphic rocks of the La Lidia-
Simbol Huasi Formation (Lucero Michaut, 1979; Mir�o and Saap,
2001; von Gosen and Prozzi, 2010), which has been correlated
with the Puncoviscana Formation (s.l.) of NWArgentina (von Gosen
and Prozzi, 2010), extending the Pampean belt to the north. The
NARB constitutes an igneous complex dominated by calc-alkaline I-
type granodiorite and monzogranite (Lira et al., 1997) emplaced
during Upper Precambrian to Cambrian times (Gromet et al., 2005;
Koukharsky et al., 1999; Millone et al., 2003; Rapela et al., 1998;
Sims et al., 1998).

An 10 km wide and 70 km long mylonitic strip derived from
monzogranite outcrops in the ASR eastern boundary (Fig. 2) in
NeS trending and turns SW in the south (Mir�o and Saap, 2001).
This mylonite is poorly known but it is possibly connected to
mylonitic strips in Norte Range (von Gosen and Prozzi, 2010) and
C�ordoba Ranges (Martino, 2003), which register two-stage
compressive deformational history during the Early Cambrian
(Fig. 2). The mylonitic strip nearest the study area is the Sauce
Punco-Ischilín (Iannizzotto et al., 2013), 50 km to the south in the
Norte Range with N30� azimuth (Mir�o et al., 1999; Martino, 2003).
From west to east, this strip is essentially constituted by mica-
ceous proto-mylonites, mylonites and ultramylonites derived
from pegmatites, rhyodacites to dacites and granitoids which
show dextral movement. A compressive deformation D1 at
537 ± 4 My (Iannizzotto et al., 2013) of regional NeS to NEeSW
trend with dextral component was identified (von Gosen and
Prozzi, 2010) and left pre- or syn-mylonitic plutons of the
NARB. A dextral shear deformation D2 developed major mylonitic
belts as Sauce Punco-Ischilín (von Gosen and Prozzi, 2010;
Iannizzotto et al., 2013) and displaced the Pampean belt relative
to the eastern RPC between 537 ± 4 My and 530 ± 4 My
(Iannizzotto et al., 2013). A final post-collisional and extensional
event was developed in the NARB during the Early Ordovician (ca.
490 My), recorded by the small volcanic and subvolcanic bodies
and dykes (Correa, 2003; Leal et al., 2003; O'Leary et al., 2009;
Millone, 2004; Rapela et al., 1991).

Three tectonic evolution models of the EPR are still under
debate (Ramos et al., 2014). Two of the models imply a collision of
an active oceanic ridge, starting with an east-dipping subduction:
1) against the accretion prism of the RPC (Gromet and Simpson,
2000; Schwartz et al. 2008) and 2) against the Kalahari craton,
with posterior displacement by a dextral transform fault to the
current position and a final collision of the Western Pampean
Ranges against the EPR (Rapela et al., 2007). The third model
implies a collision of an island arc against the RPC with west-
dipping subduction and a final collision of the PT against the
amalgamated margin with east-dipping subduction (Escayola
et al., 2007, 2011; Ramos et al., 2010). Finally, transtension and
transcurrent deformation have occurred along the TB and tectonic
reactivations with seismic activity continue until the present
(Cordani et al., 2013a,b).
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3. Brittle deformation

Several morphostructures characterize the area (Figs. 1 and 2):
1) a depression occupied by the Mar Chiquita Lake, a natural highly
saline impoundment; 2) the NeS Dulce River lineament, a probably
active structure located north of the Mar Chiquita Lake within the
depression area (Casa et al., 2011); 3) the Salina de Ambargasta
(Zanor et al., 2012), which occupies a large tectonic depression
namely the Saliniana basin (�Alvarez et al., 1990), westward of ASR;
4) the San Guillermo high block, which appears to the east
(Kr€ohling and Iriondo, 2003) and was uplifted by faulting reac-
tivation (Brunetto et al., 2010); 5) the NeS TostadoeSelva fault
(Pasotti and Castellanos, 1963), the eastern boundary of the Mar
Chiquita Lake; and 6) the Chacoparanense depocenter, located to
the east of the San Guillermo high block, with 5000m-thick (Chebli
et al., 1999).

4. Geophysical setting

The tectonic boundary between the RPC and the PT was iden-
tified by MT data (Fig. 1b) at the limit between the EPR and the
CHPP at 32� S (Favetto et al., 2008). Northward, we have reported
this boundary at 27� S by a conductive discontinuity between the
highly resistive cratons (Peri et al., 2013) (Fig. 1b). Gravimetric
profiles have defined this tectonic boundary (Ram�e and Mir�o, 2011)
as a 20-km-wide tectonic sheep (Fig. 1b). These results are
consistent with an older gravimetric anomaly reported in the
C�ordoba Ranges (Miranda and Introcaso, 1996) that has been
correlated to the same tectonic boundary (Escayola et al., 2007;
Ramos, 1988). Moreover, crustal seismic activity is manifested in a
horizontal zone between 15 and 25 km depth and active structures
including a prominent west-dipping structure beneath the
Pampean Ranges and a vertical structure along its eastern margin
were reported (Richardson et al., 2012). Some focal mechanism
solutions indicate shortening along structures and prove that the
EPR are actively deforming in response to compression from the
convergentmargin. Also, theMoho depthwas recorded between 27
and 37 km (Alvarado et al., 2005), of about 35 km beneath the EPR
(Gans et al., 2011) and about 38 and 35 km from west to east
beneath the C�ordoba Ranges (Perarnau et al., 2012; Gans et al.,
2011). In the RPC, several authors recorded a Moho depth around
30e40 km (Peri et al., 2013; Sabbione and Rosa, 2009; Sakaguchi
et al., 2003).

5. Magnetotelluric method

The MT method provides images of the distribution of electrical
conductivity within the Earth. An MT sounding simultaneously
measures the time-varying electric and magnetic fields. Variations
in the magnetic field induce secondary electric and magnetic fields,
which are not independent. MT measurements record the vertical
and horizontal components of the magnetic 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. By means of the Fourier transform, we converted the
time-series obtained into the frequency domain, where the hori-
zontal 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 Zx x Hx þ Zx y Hy
Ey ¼ Zy x Hx þ Zy y Hy

where Z depends on the subsurface conductivity. 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 (r) and the phase (4) for each period:

rijðuÞ ¼
1
um

��Zijðu
���2ðU:mÞ fijðuÞ ¼

1
um

ImðZijðuÞ
�

ReðZijðuÞ
�

where m is the magnetic permeability of free space.
The conductivity varies with depth for a 1-D layered Earth, 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 the 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 inwhich
the diagonal components of Z are close to zero. One of these di-
rections coincides with the geological structure and is called the
geoelectric strike. In this case, data can be separated into two in-
dependent modes with electrical current flowing parallel and
perpendicular to the strike direction (transverse electric and
magnetic polarizations) (Kaufman and Keller, 1981; Vozzoff, 1972).
It is not always possible to find a geoelectric strike usually due to
the presence of distortion, 3-D induction, or both.
6. Data acquisition and processing

MT data were obtained from 11 long-period stations spaced
~30 km apart along a 300 km-long WeE profile at 29�300 S that
crossed the ASR and CHPP (Fig. 2). The electric (Ex, Ey) and mag-
netic (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 PbePbCl2
electrodes and the magnetic field with a Narod Intelligent Mag-
netotelluric System, which includes a “fluxgate” type magnetom-
eter and records between 1 and 10,000 s, a period range of interest
for regional geodynamic studies. The signal was recorded for 300 h
in average. The robust multiple-station MT data processing soft-
ware algorithm using multivariate statistical methods of Egbert
(1997) was applied to the MT time-series data collected to iden-
tify and remove coherent and incoherent noise. The data were
processed using the Fourier transform, and the impedance was
estimated. The components of the MT impedance 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. The values measured and the values
calculated for the final 2-D inversion model were included (see
section 8). The pseudosections of apparent resistivity (r) and phase
(4) for both polarizations in the measurement coordinates and
tipper magnitude for the frequency range of 10�4e10�1 Hz are
shown in Fig. 3.
7. Dimensionality and distortion

The best geoelectric strike direction and the medium's dimen-
sionality were analyzed. For a local and regional 2-D structure, a
rotation of the impedance tensor is needed to determine its prin-
cipal axes. For more complex structures, with locally anomalous 3-
D conductivity, the data are influenced by galvanic distortions or 3-
D dimensionality effects. The distortion is almost entirely confined
to the electric field. In this work, the dimensionality and distorted
parameters and the best geoelectric strike direction were deter-
mined by the tensor decomposition technique (McNeice and Jones,
2001) based on the Groom-Bailey decomposition code (1989).



Fig. 3. Pseudosections. 2-column. MT data (measured) and model response (calculated) for the final 2-D inversion model's pseudosections of the apparent resistivity (Apparent Rho,
U m) and phase (Phase, �) for transverse electrical polarization (TE), transverse magnetic polarization (TM) and tipper magnitude. The pseudosections for the calculated data show
periods from 10 to 10,000 s, which is the range used in the 2-D inversion.
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Tensor decomposition methods can be applied to remove effects
caused by near-surface inhomogeneities and to recover parameters
of the magnetotelluric impedance tensor (twist, shear and skew or
anisotropy tensor) that partially describes the distortion effects.

The regional strikes were calculated by the Strike code of
McNeice and Jones (2001). Single-site multi-frequency analysis was
carried out without any constraint for the four period ranges and
for the average of each site to analyze the responses at different
scales (Fig. 4). Also, the strike was fixed for different angles and the
misfit for each was analyzed to obtain the mean strike direction
with the best fit for all MT sites. The misfit values for each strike
selected are shown in the line diagrams in Fig. 4. The strike value
corresponding with the lowest misfits was N5�E. Finally, each MT
site was rotated by the selected strike to obtain the final rho and
phase curves. For the period range between 1 and 10 s the regional
strike has showed an average of N36�E, between 10 and 100 s
indicated a strike of N26�W and for periods between 100 and
1000 s and 1000 and 10,000 s the strike was N15�W and N10�E,
respectively (Fig. 4). The average strike for all periods (1e10,000 s)
of all the MT sites was N2�E (Fig. 4).

Twist and shear distortion parameters were less than ±5�,
whereas a few were greater than ±5�. Finally, a common geo-
electric strike of N5�E was assumed based on the regional
geological structure and all the data were rotated by 5� into the
profile direction. Although the distortion was weak, it was taken
into account in the 2-D inversion.

8. Geological constraints and 2-D inversion model

The initial model was developed over a mesh with geological
constraints that allowed us to obtain a more realistic result and
helped us to overcome the non-uniqueness problem (Fig. 5a and b).
The 2-D inversion of the MT data was carried out with the non-
linear conjugate gradient algorithm of Rodi and Mackie (2001)
available in the WinGLink software. Each MT station was centered
in columns with a regular arrangement in the profile and the rows
were added at depths with a logarithmic spacing. The outer 4-km
layer was represented by a sedimentary cover with a resistivity of
50 U m. The ocean was characterized in the west side of the profile
as being 5 km thick and having a resistivity of 0.3 U m. The Cha-
coparenense basin, which is located on the east side of the profile,
was characterized with a resistivity of 3 U m, with a maximum
depth of 5 km that decreased to the profile center. TheMar Chiquita
depression was represented with a 50-m-thick layer with a re-
sistivity of 1 U m. The entire crust is around 40 km thick, was
exposed at the ASR located on the west side of the profile, and was
characterized with a resistivity of 10,000 Um. The remainder of the
lithosphere was assigned a resistivity of 1000Um. Below a depth of
200 km, the asthenosphere was represented with a resistivity of
10 U m.

The inversion parameters were modified to analyze different
results. The roughness model was minimized through the itera-
tive algorithm toward a pre-established misfit. Several inversions
were performed to generate the most reliable model. The period
range between 10 and 10,000 s was used. The final model (Fig. 5c
and d) had the most reliable features expected by the geological
data and the previously calculated parameters. The smoothness
parameter Ʈ had a value of 1 in the final model. The resistivity
error floors were 10%, and the phase error floors were 2.9�. Thus,
a higher weight was assigned to the phases to overcome the
static shift problem. In addition, a value of 0.05 was selected for
the tipper and horizontal magnetic data. The resistivity values
were limited to 20,000 U m to avoid extreme values. The final
NRMS for each MT site is shown in Fig. 5. This model presented a



Fig. 4. Geoelectric strikes. 2-column. Regional geoelectric strikes determined for four period ranges (1e10 s, 10e100 s, 100e1000 and 1000e10,000 s) and for the average strike of
each site. The rose diagram for each site and the misfit vs. the strike fixed for each period range are also shown.
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good inversion misfit with an NRMS of 1.985. The features
observed were consistent in all the tests. The pseudosections of
the apparent resistivity (r) and phase (4) calculated for both
polarizations and tipper magnitude for the period range of 10 e

10,000 s are shown in Fig. 3.

9. Geoelectric model

The final geoelectric model (Fig. 6) shows a sedimentary cover
characterized by a 5-km-thick upper layer A with resistivity values
between 15 and 75 U m and a more conductive layer B with re-
sistivity values of <5 U m. At the eastern extreme of the profile in
the Chacoparanense depocenter, layer B is well characterized and
reaches a maximum of 3200 km thick at around site 10. Layer B
appears again around site 70 along 40 kmwidth and between 1300
and 3000 m depth as well as at the western extreme of the profile
along 30 kmwidth and between 1000 and 2500 m depth. The mid-
to-lower crust showed high resistivities and reached a maximum
depth of 40 km to the west and revealed two highly resistive fea-
tures: one in the east (C), with resistivity values between 6000 and
20,000 U m, and the other in the west (D), with resistivities be-
tween 5000 and 20,000 U m. Both features show a decrease in
resistivity to its boundaries (~1000Um). The diffuse boundaries are
due to the 2-D inversion carried out with the non-linear conjugate
gradient algorithm (Rodi and Mackie, 2001) so the net boundaries
are inferred.



Fig. 5. 2-D inversion model. 2-column. a) The initial mesh for the 2-D inversion model with geological constraints. b) A detail of 20 km-thick with the known shallow features. c)
The final 2-D inversion model obtained at depths of 200 km and the frequency distribution of the NRMSs obtained for each MT site are shown. d) A detail of the final 2-D inversion
model obtained at 20 km depth.
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Block C develops between 3.8 and 35 km depth and maintains
a horizontal disposition while Block D develops between 4 and
40 km depth and shows a different geometry. Also, between sites
90 and 110, Block D reaches the surface around 70 km width,
coinciding with the ASR and between the sites 90 and 70 shows a
very gentle east dip. Block C has a root between 35 and 45 km,
with resistivities between 3200 and 1600 U m that decrease with
depth. A similar root (C2) with resistivity around 800 U m appears
between 80 and 100 km depth. Block D is a discontinuous feature
since it shows a conductive area E of 200 to 4000 U m below sites
90 and 100 between 10 and more than 40 km depth and a variable
width between 10 and 25 km that expands in depth. A more
conductive 20-km-wide discontinuity F with resistivities of 400 to
2000 U m is located between the resistive blocks between 4 and
35 km depth. This feature was observed in all the inverted models.
Finally, a very conductive feature G is observed at upper mantle
depth between 40 and 80 km, which extends along 150 km width
at the center of the profile beneath feature F with resistivities
between 20 and 70 U m.

10. Discussion

10.1. Geological approach integrated to gravimetric and seismicity
data

The shallowest features at upper crust levels reflect the Chaco-
paranense depocenter in the east of the profile. The very conductive
layer B fills this basin, which reaches around 3200 m depth (Figs. 6
and 7). This layer B is interrupted by a more resistive narrow area
with a vertical disposition between sites 60 and 70 just above the
deeper discontinuity F, which could represent the Río Dulce Line-
ament in depth (Fig. 7). To the west of ASR, outside the profile,
another conductive area conformed by layer B represents the Salina
de Ambargasta with 2500 m depth (Figs. 6 and 7).



Fig. 6. Geoelectric model. 2-column. The geoelectric interpretation of the 2-D inversion model obtained is shown at a depth of 140 km. The MT sites are shown in black triangles
and pyramids. Letters A-G represent the geoelectric features described in the text: AeB: very conductive layers; CeD: highly resistive blocks; EeF: crustal more conductive features;
G: upper mantle conductive feature; C2: upper mantle more resistive feature. Geological references: ASR: Ambargasta-Sumampa Range; CHPD: Chacoparanense depocenter; DRL:
Dulce river lineament; MChL: Mar Chiquita Lake; OH: Otumpa hills; PT: Pampean terrane; RPC: Río de La Plata Craton; SA: Salina Ambargasta; SGHB: San Guillermo high block; TSS:
Tostado-Selva Scarpment.
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When analyzing the entire crust, the presence of the ASR
indicates that the western Block D corresponds to the PT and the
Paleoproterozoic ages of the eastern basement (see section 2)
indicates that the highly resistive Block C corresponds to the
RPC (Figs. 6 and 7). Thus, the crustal discontinuity F, located
40 km to the east of the ASR, represents their tectonic boundary,
hence the Cambrian suture. Besides, the PT shows a very gentle
east dip immediately to the west of the tectonic boundary while
the RPC remains horizontal. Similar features are also observed in
Fig. 7. Geodynamic model. 2-column. The block diagram shows the geodynamic interpretati
The PT has a very gentle east dip while the RPC remains horizontal. The Cambrian suture (C-
are associated with the more conductive features and the TB. Geological references: ASR:
lineament; MChL: Mar Chiquita Lake; NR: Norte Range; OH: Otumpa hills; PT: Pampean te
block; TB: Transbrasiliano Lineament; TSS: Tostado-Selva Scarpment.
the northern MT model (Peri et al., 2013) although the PT shows
a more regular geometry probably because farther of the
Pampean oronegy the model is simpler. Both MT models allow
us to extend the trace of the Cambrian suture between the PT
and the RPC and also agree with an east-dipping paleo-sub-
duction. The gravimetric models of Ram�e and Mir�o (2011) in the
ASR show a high gravimetric gradient in the tectonic boundary
between the cratons. This gradient is spatially very close to our
more conductive zone F and these authors have defined it as a
on of the study area. The MT profile is almost 100 km to the north of the vertical section.
suture) between both cratons is observed 40 km to the east of ASR. The mylonitic zones
Ambargasta-Sumampa Range; CHPD: Chacoparanense depocenter; DRL: Dulce river

rrane; RPC: Río de La Plata Craton; SA: Salina Ambargasta; SGHB: San Guillermo high
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tectonic sheet. Moreover, this feature is around 20 km wide for
both data.

Another more conductive feature E of the mid-to-lower crust
with a more or less vertical shape is observed in Block D below the
ASR (Figs. 6 and 7) which coincides with an eastern 10-km-wide
mylonitization strip. We suggest a possible connection of the
deformed granite with the southern Sauce-Punco-Ischilín mylo-
nitic belt, which shows a dextral kinematics. So, we propose that
this more conductive feature jointly with the discontinuity be-
tween the cratons F could correspond to a shear dextral belt system
of the TB and extends in the entire crust (Fig. 7). Although the
mylonitic strip kinematics in ASR is unknown, it could represent a
conjugate of the main TB mega-shear. Finally, E has a top around
10 km depth (Figs. 6 and 7) wherein an intra-crustal seismic
discontinuity was found at south (Perarnau et al., 2012). Probably,
the limit upper-lower crust lies between 10 and 20 km.

The MT model shows a Moho depth very similar to that shown
by the seismic data of the south (Perarnau et al., 2012). The eastern
side of the MT model shows 35 km depth while the western side
reaches 40 km depth (Figs. 6 and 7). The seismic Moho was defined
by a large contrast in seismic velocities with a consistent signal,
between the crust and the upper mantle. This depth has showed a
correspondence with the large electrical contrast of highly resistive
and conductive values of the crust and the upper mantle, respec-
tively. There is a relation between the marked contrast in the
electrical MT values and the seismic signal to define the electrical
and seismic Moho, respectively. So, our data provide continuity to
the seismic crustal thickness in the northernmost part of the EPR.

Another interesting relation is that observed with the EPR
seismicity described by Richardson et al. (2012) southward of the
study area. These authors found active structures such as west-
dipping structure beneath the EPR and a vertical structure along the
eastern margin. We associated the west-dipping structure with E
and the vertical structure in the easternmarginwith F. On the other
hand, the seismicity and brittle behavior was constrained to the
upper ~25 km of the crust (Perarnau et al., 2012) as well as an
aseismic ductile shear zone below a mid-crustal discontinuity
around 22e27 km. In agreement, the MT model shows a more
conductive and a probably more ductile behavior beneath those
depths (E and F) (Fig. 7).

10.2. Electrical conduction mechanisms in the crust

The highly resistive blocks of the mid-to-lower crustal observed
in the MT model are consistent with old and stable regions which
typically are between 1000 and 10,000Um (Chave and Jones, 2012;
Jones, 2013). The more conductive areas E and F at lower crust
depths can be explained by the presence of good conductors with
interconnected grain-boundary arrangements, such as saline fluids,
sulfides, graphite films, and metallic and partial melt material
(Brown, 1994; Chouteau et al., 1997; Jones, 1992; Jones et al., 2005;
Livelybrooks et al., 1996; Selway, 2012; Türko�glu et al., 2008). The
old subduction led us to conjecture that a preferential alignment at
least 0.02% (Mareschal et al., 1992) of graphite films along grain
boundaries could have originated the more conductive values at
lower crust depths. The graphite may be biogenic, e.g. derived from
the underthrusting of organic graphite-bearing metasedimentary
rocks, or inorganic precipitated from CO2-rich fluids derived from
the mantle as a product of CO2 degassing (Brown, 1994).

Graphitic horizons are common tectonic markers of old orog-
enies and deep crustal deformation and hence can reveal paleo-
suture zones (Boerner et al., 1996). The low temperatures of the
study area suggest that the graphite was formed by strain energy of
a transpressive regime and the shear belts exposed in this area
support this idea. Additionally, the presence of inorganic graphite
or interconnected sulfide deposits or other conductive minerals
that are concentrated in reduced regions of intense fluiderock
interaction, such as shear zones (Selway, 2012), could decrease the
resistivity. So, at lower crust depths, the graphite indicates an old
subduction zone and must be related to the Neoproterozoic-
Cambrian convergent tectonic processes of the RPC and the PT
(Fig. 7), whereas at upper crust depths the fluiderock interaction of
a mega-shear zone dominated and must be related to the TB.

10.3. Electrical conduction mechanisms in the mantle

At upper mantle depths, Block C shows a root (C2) with re-
sistivities of 800Um (Fig. 6). This feature has also been identified in
the northern MT profile at 27� S (Peri et al., 2013). Next to this
feature, a highly conductive zone G is observed between the cratons
(Fig. 6). Thick lithospheric roots beneath cratons exhibit large var-
iations (Artemieva and Mooney, 2002; Eaton et al., 2009). Eaton
et al, (2009) reported a lithosphere-asthenosphere boundary that
varies broadly between 150 and 300 km depth, and Proterozoic
cratons, such as this case, are usually 150e200 km thick (Jones,
2013). The Block C2 can be related to delamination of the RPC,
which, after a long period of stability, is affected by erosion of its
base (Fig. 7). Krystopowicz and Currie (2013) have postulated the
retreating and stationary delaminations. They observed that aweak
crust less dense than the mantle eclogitized crust leads the entire
mantle lithosphere to be delaminated while higher density eclogite
helps drive delamination.

Additionally, a hydrated upper mantle and the shortening of this
intraplate between 3 and 6 cm/year (Marotta et al., 2013), can favor
the delamination processes. The highly conductive zone G could be
related to a hydrated lithosphere (Fig. 7) due to the conduction by
hydrogen (proton) diffusion in hydrous olivine or other anhydrous
minerals (garnet, orthopyroxene, clinopyroxene or plagioclase)
(Dai and Karato, 2009; Karato, 1990, 2006; Mookherjee and Karato,
2010; Selway, 2012; Yang et al., 2011, 2012; Yoshino et al., 2008,
2009). A subducted slab introduces hydrogen into the lithosphere
and decreases the resistivity (Selway et al., 2014). Moreover, 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. 7). So, we considered that a stationary delami-
nation could explain the presence of Block C2 below the RPC. The
presence of G, which is possibly a hydrated and peridotitic area,
supports this idea. The past geological events such as the paleo-
subduction and the posterior mega-shear zone strongly influence
the electrical resistivities of stable lithospheric regions because
they enrich the lithosphere in incompatible elements and hydrogen
and grain-boundary graphite films (Selway, 2012). However,
further geological evidence is lacking in this area and the mantle
processes are still controversial.

11. Conclusions

NewMT data provided an electrical characterization of the crust
and upper mantle through the ASR and the CHPP (29�300S e 61�-
65� W). The main conclusions follow:

a) Some the following upper crust features were recognized: 1)
the Chacoparanense basin, with very conductive fills and
3200 m depth; 2) a more resistive shallow structure possibly
linked to the Río Dulce lineament; 3) the ASR, highly resistive
and related to the PT; and 4) the Salina de Ambargasta, with a
very conductive fill and 2500 m depth.

b) The highly resistive blocks at crustal depths correspond to
the RPC (Block C: 6000 to 20,000 Um) in the east, and to the
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PT (Block D: 5000 to 20,000 U m) in the west. Between both
blocks, eastward of the ASR, was identified the more
conductive feature F (500e2000 Um) with 20-km-wide and
beneath the ASR, was identified the feature E
(200e4000 U m).

c) The discontinuity between the cratons could indicate deep
deformation of the crust and reveal the location of the
paleosuture zone, around 40 km to the east of the ASR,
between the PT and the RPC explained by the presence of
graphite. A very gentle east-dipping old subduction
against the RPC was observed such as in the northern MT
model.

d) Although there is a lack of geological evidence in this area,
our results are supported by gravimetric data that defined
the same tectonic boundary to the east of the ASR.

e) The more conductive features F and E are associated with the
NEeSW dextral transpressive system evidenced by the
mylonitic belts exposed in the EPR and could be explained by
fluiderock interaction predominantly at upper crust depth,
by intense shear during hundreds of millions of years.

f) Themylonitic belt could represent a conjugate of themain TB
mega-shear structure, developed during the final stages of
the assembly of West Gondwana, in Ediacaran and Cambrian
times and active until the present, and is spatially associated
with the paleosuture.

g) The new MT data were obtained from a key position to join
the scarce geophysical information obtained at north (27� S)
and at south in the C�ordoba Ranges (32� S) and to improve
the inferred trace of tectonic boundary between the PT and
the RPC and the TB.

h) We defined an electrical Moho depth by a high contrast be-
tween the highly resistive crust and more conductive upper
mantle that reaches 40 km to the west and 35 km to the east,
according to the southern seismic data. Seismicity data
identified a west-dipping structure beneath the ranges and a
vertical structure along their eastern margin which are
consistent with the more conductive and crustal features of
the MT model.

i) The upper mantle depth shows a resistive structure beneath
the RPC that could be explained by stationary delamination
that commonly occurs in stable regions during long periods
of times. A conductive feature immediately to the west of it
could indicate a hydrated lithosphere by the presence of
hydrated mantle minerals and/or of fine-grained peridotites,
both of which can increase conductivity.
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