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INTRODUCTION

The Río de la Plata Craton (RPC) is the oldest and 
the southernmost Precambrian unit in South America 
and it is placed at the core of SW Gondwana in most of 
the paleogeographic reconstructions (Cordani et al., 
2003; Tohver et al., 2006; Trindade et al., 2006). The 
Transbrasilian Lineament (TB) is a continental scale suture 
between the Amazonian Craton and  the São Francisco 
Craton and the Paraná Block (Fig. 1). Many authors 
inferred that the western border of the RPC could be the 
southern continuation of the TB in the Chaco-Pampean 

Plain. It defines the tectonic boundary between the RPC 
and the Pampean Terrane (PT) (see e.g., Kröner and 
Cordani, 2003; Feng et al., 2004; Ramos et al., 2010). 

It is hard to identify the RPC by direct observations and 
deep drilling because it is mostly covered by a very thick 
sediment pile. However, geophysical and deep bore-hole 
geochronological studies indicate that the western edge of 
this craton is in sharp contact with the early Paleozoic eastern 
Pampean Ranges (Booker et al., 2004; Rapela et al., 2007).

The magnetotelluric (MT) method is an effective 
and complementary technique to determine lithospheric 
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A B S T R A C T

Old South American structures constitute a puzzle where the Río de la Plata Craton is the most important clue 
in the assembly of SW Gondwana. The present study  is aimed at characterizing the western border of the Río 
de la Plata Craton on the basis of magnetotelluric studies. Magnetotelluric (MT) data were acquired along an 
approximately NW-SE 750km profile at about 24ºS, from the Sub-Andean Ranges in the province of Salta 
(NW) to the Formosa Province frontier (SE) next to Paraguay River. Distortion and structure dimensionality 
analysis indicates that MT responses are two-dimensional with a NS strike orientation, consistent with the 
regional geological strike. A 2-D inversion of the data provided a model showing a lateral discontinuity, 
possibly associated with cratonic structures. The high resistivity observed (>5000ohm·m), from about the 
middle of the profile toward its eastern end, may be interpreted as the terranes accreted to the Río de la Plata 
Craton during Neoproterozoic to Cambrian times, or as the Río de la Plata Craton itself. Along the profile 
from the surface to a depth of about 10km the resistivity model shows a significant resistivity variation in the 
structure. The resistive block identified at the western end of the profile represents the Sub-Andean system. 
The markedly enhanced low-resistivity structure (~1 to 10ohm·m) corresponds to a sedimentary pile whose 
thickness decreases from NW to SE.
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electrical structures beneath thick sedimentary basins 
and it has been used in many cratonic areas (e.g., the 
Slave Craton in northern Canada (Jones et al., 2003), the 
Kaapvaal Craton in Southern Africa (Evans et al., 2011) 
and the Amazonian Craton in Brazil (Bologna et al., 2013).

MT and gravimetric studies in Córdoba province 
revealed the presence of crustal discontinuities. They are 
interpreted as the boundary between the RPC and the PT 
which might correspond to the Early Cambrian suture 
(Booker et al., 2004; Favetto et al., 2008; Ramé and Miró, 
2011; Burd et al., 2013). 

In the Chaco-Pampean Plain, four exploration wells, 
located in the east and center of Córdoba province, reached 
the crystalline basement. The ages of these igneous rocks 
(2.3-2.0Ga) were determined through cutting analysis, and 
confirmed the affinity of the Chaco-Paranaense basement 
with RPC outcrops in the Tandilia Belt and Uruguayan 
and Brazilian terranes (Rapela et al., 2007). On the other 
hand, in Formosa province exploration wells did not reach 
the crystalline basement, then there is no direct evidence 
supporting the presence of the RPC in this zone (Russo et 
al., 1979). 

There’s a discrepancy between different authors about 
the geometry of the northwestern boundary of the RPC. 
Oyhantçabal et al. (2010) and Rapela et al. (2011) reviewed 
the litho-stratigraphic units of the RPC, except the blocks 
that were accreted to the RPC during Neoproterozoic to 
Cambrian times (i.e., the Asunción Arch in Paraguay). 
Furthermore, the Tebicuary River Shield (Paraguay) is 
considered to be the northernmost expression of the RPC 
(see Fig. 1) and is characterized by rocks of the lower to 
upper Proterozoic (Cordani et al., 2001). 

This paper analyzes data acquired at 18 sites along 
750km over a NW-SE profile at approximately 24ºS, which 
extends from the Sub-Andean Ranges in Salta province 
to the eastern limit of the Formosa province, next to the 
Paraguay River (profile A in Fig. 2). This geophysical 
study aims to detect the craton in this zone. 

PREVIOUS MAGNETOTELLURIC STUDIES APPLIED 
TO THE WESTERN BORDER OF THE RÍO DE LA PLATA 
CRATON

From 2001 to 2012, MT data were collected from 215 
sites in the Pampean Ranges and Chaco-Pampean Plain. 
These surveys improved the understanding of processes 
associated with different geological environments. Some 
of them B, C, D and E profiles in Figure 2, allowed 
constraining the geometry of the western boundary of the 
RPC on the basis of a sharp lateral discontinuity between 
two high resistive blocks. This feature was interpreted as 
the boundary between the RPC and the PT which may 
correspond with the Early Cambrian suture according to 
MT results. The 2-D resistivity models corresponding to 
profiles B, C and D are showed in Figure 3.

The profile B at about 27°S crosses the western border of 
Las Breñas depocenter. Resistivity distribution at the crust scale 
indicates that to the east of the profile the highest values of 
resistivity assigned to the RPC were found. To the western side, 
a less but still highly resistive block may be correlated with 
the PT. These blocks are separated by an east-dipping more 
conductive anomaly that could be the presumed continuation of 
the TB not exposed in Argentina (Peri et al., 2013).

The profile C, with a length of 300km, crosses the 
Ambargasta-Sumampa Range and the Chaco-Pampean 
Plain at about 29.30ºS. The model also shows highly 
resistive blocks at crustal depths assigned to the RPC in 
the east and the PT in the west. Between both blocks, the 
suture is identified as a more conductive zone 20km wide 
(recent contribution, Peri et al., 2015).

The 2-D resistivity model from profile D, with a 
length of 450km, at approximately 31.5ºS, shows a sharp 

FIGURE 1. Precambrian tectonic framework in central South America 
(modified from Kröner and Cordani, 2003; Cordani et al., 2003). 
Dashed lines indicate inferred boundaries of major crustal units 
beneath Phanerozoic cover. TB = Transbrasilian Lineament. 
(Modified from Rapela et al., 2007).
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lateral discontinuity to the east of the Sierras de Córdoba 
suggesting suture between the RPC and the PT (Favetto et 
al., 2008). This discontinuity agrees with the results from 
previous geological studies (Ramos et al., 2010 and Rapela 
et al., 2007).

The profile E and extra sites were interpreted by a 3-D 
model (Burd et al., 2013). The slice model corresponding to 
San Luis province shows a high resistive block from 65ºW to 
the east and about 200km deep, which is interpreted as the RPC. 

GEOLOGICAL BACKGROUND

West Gondwana is the part of the super continent that is 
represented today by South America, Arabia, Africa and West 
Antarctica. It has been defined on the basis of Archaean shields, 
cratons and cratonic fragments, intervening Mesoproterozoic 
and Neoproterozoic mobile belts, and outer belts of Proterozoic–
Mesozoic terranes that make it up (e.g., Unrug, 1997; Pankhurst 
et al., 1998; Brito Neves et al., 1999; Vaughan and Storey, 2000; 
Murphy et al., 2004; Tohver et al., 2006).
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FIGURE 2. MT site locations on a digital elevation model (DEM) of South America. The black triangles are the MT sites and the white lines represent the 
MT profiles.
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The most important cratons and shields are the 
Amazonia-West Africa Craton, São Francisco-Congo 
Craton, Kalahari–Grunehogna Craton, Río de la Plata 
Craton, and the Arabian–Nubian Shield (Tohver et al., 
2006). Cordani et al., (2003) pointed to smaller cratonic 
fragments of considerable importance in understanding the 
evolution of the supercontinent. These include the Central 
Goias massif (Fischel et al., 2001), and the Luiz Alves, Río 
Apa, São Luis and Paraná cratonic fragments (e.g., Tohver 
et al., 2006).  

West Gondwana is the result of a series of accretionary 
and collisional events that took place across a series of 
Brasiliano–Pan African suture zones. The process began 
850Ma ago and ended in the latest Cambrian (490Ma ago) 
(e.g., Brito Neves et al., 1999). During the final assembly 
stage of West Gondwana the basin between the Río de 
la Plata and the Amazonian cratons closed creating the 
Paraguai belt (Alkmim et al., 2001).

Paleogeographic reconstructions indicate that the PT-
RPC suture would have resulted from the closure of a large 
oceanic domain, the Goiás-Pharusian Pampean Ocean in 
the Early Cambrian (Cordani et al., 2001; 2003; Rapalini, 
2005). The PT represents the basement of most of the 
Pampean Ranges (Rapalini, 2005).

The study area is located in the north of the Chaco-
Pampean Plain, between the Sub-Andean system, in the 
North of Argentina, and the Asuncion Arch, in Paraguay. 
The geological history of this region is complex; it presents 
basins and sub-basins which have evolved differently, and 
structural highs, affected by faulting and folding. The thick 
sedimentary sequence mainly consists of sand, silt and 
clay, and groundwater is characterized by a high salinity. 
The basin sediments and the geometry of the basement 
along the whole profile were described by a shallow MT 
model (Favetto et al., 2010).

Assumpção et al. (2013) presented models of crustal 
thickness for South America from seismic refraction, 
receiver functions and surface wave tomography. They 
detected an anomalously thin crust (>30km) below the 
Chaco-Paranense Basin. A relatively high gravity anomaly 
found by Tassara and Echaurren (2012) and Tassara et 
al. (2006) confirms the generally thin crust east of the 
Altiplano–Puna plateau in the central Andes. In addition, 
Feng et al. (2004) found very low S-wave velocities in the 
upper mantle. Figure 4 shows S-wave velocity anomalies at 
100km deep and the marks corresponding to the location of 
the MT array (profiles: A, B, C and D). These features can 
be considered an old inherited feature left after the rifting 
and drifting episodes related to the separation of Rodinia 
during the Neo-Proterozoic with the rifting of Gondwana.

MAGNETOTELLURIC INTERPRETATION

Data acquisition and analysis

MT long period data were acquired between 2009 and 
2011 at 18 sites along a 750km profile. It extended from the 
west of Salta province across the Formosa province to its 
eastern border (profile A in Fig. 2).

Data were collected with long period, GPS-controlled 
MT systems (NIMS). The electric (Ex, Ey) and magnetic 
(Hx, Hy, Hz) fields were orthogonally recorded at the 
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surface with axis directions defined as x to the north, y 
to the east and z toward the subsoil. The magnetic field 
was measured with “flux gate” type magnetometers in 
the range of 1 to 10000s. The electric field was measured 
with pairs of Pb–PbCl2 electrodes at a distance of around 
100m. Three sites were added at the eastern end of the 
NIMS profile. These data were obtained by Garcia et al., 
2008 using two commercial wideband MT receivers (EMI 
-MT24) synchronously to facilitate remote reference noise 
cancellation in the so-called dead band around 1Hz. Data 
were processed using robust statistical time series analysis 
and the remote reference multi-site method (Egbert, 1997). 

Dimensionality and distortions

A discussion on “decomposition” techniques can be 
found, for example, in Bahr (1988, 1991), Groom and 
Bailey (1989), Groom et al. (1993), Chave and Smith 
(1994), Smith (1995), or McNeice and Jones (2001). These 
methods are often uƒsed to determine the correct strike 
angle of 2-D structures in presence of local heterogeneities 
and distorted parameters (shear and twist). 

Caldwell et al. (2004) introduced a method that is 
now widely used to recognize the dimensionality of data 
defining a phase tensor Φ as Φ=X-1Y from the complex 
impedance tensor Z=X+iY. In the presence of galvanic 
distortion the measured and regional phase tensor are 
identical. So, they are independent of galvanic distortion. 
The graphic representation of the phase tensor (and in fact 
of any 2×2 real matrix) is an ellipse. An invariant parameter 
of this tensor is the skew angle defined as:

The phase tensor determines whether the 2-D structure 
approximation is valid when its absolute value is less than 
1.5º (Bibby et al., 2005). 

Another useful invariant, called ellipticity (λ) determines 
that the symmetry of the structure may be assumed to be 1-D 
when it is smaller than 0.1. It is defined as:

In this paper the dimensionality of electrical 
conductivity was analyzed using the skew angle from phase 
tensor analysis (Caldwell et al., 2004; Bibby et al., 2005). 
The best geoelectrical strike and the distorted parameters 
were determined using multi-site and multi-frequency 
tensor decomposition (McNeice and Jones, 2001). 

Figure 5 shows the ellipticity, phase tensor skew angle 
and azimuth of phase tensor maximum (orientation of the 
major axis which coincides with the geoelectrical strike 

in the 2-D situation) for a site that can be considered 
representative of the average behavior of all sites (for40). 
Ellipticity values below 0.1 for periods shorter than 30s, 
indicate a 1-D structure for shallow depths. For periods 
longer than 30s the phase tensor skew angle is around 
±3.0º, showing that the structure can be considered 2-D. 
The bottom panel in Figure 5 shows that the phase tensor 
maximum azimuth is close to 0º, therefore a NS regional 
strike can be adopted. 

The phase tensor ellipses obtained for all sites 
(measured with NIMS systems) at all periods are in Figure 
6. In general, at short periods, the ellipses are more circular 
which corresponds with a 1-D medium. The phase tensor 
skew angle is smaller than ±3º in most of the sites. So, the 
assumption of a 2-D regional structure can be used.

A multi-site, multi-frequency tensor decomposition 
developed by McNeice and Jones (2001), which is an 
extension to Groom-Bailey decomposition (1989), was 
also performed in this study. A global minimum is sought 
to determine the most appropriate strike direction and 
telluric distortion parameters for a range of frequencies 
and all the sites. The regional strike was determined for a 
period band (30–6000s) considering an error floor of 5% 
applied to the real and imaginary parts of the impedance 
tensor components. The minimum period selected was 
30s because at most sites the shallow structure can be 
considered 1-D. The processing of all the sites together 
gave strike values of 1.33ºNE. In Figure 7 the distorted 
parameters (twist and shear) and normalized RMS 
misfits are presented. These parameters are descriptors 
of the degree of distortion of deeper structures by electric 
charges that form on very small-scale 3-D features in the 
very shallow Earth. 

In general, twist and shear values are smaller than ±10º 
and the normalized RMS error are around 2. Exceptional 
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distortion was observed at sites for24, for29 and for55 
where the shear is larger, around ±20º. Twist values are 
small except at sites for17, for24 and for55. These results 
are consistent with those observed in the phase tensor 
analysis (Fig. 6). The NRMS is low enough for a 2-D 
assumption to be considered as a good representation of 
the structure. Distortions can be considered weak.

The data obtained with broadband systems can be 
considered 1-D for periods less than 10s and 2-D for the 
range 10s to 300s.

2-D MT model

For 2-D structures, data can be separated into two 
independent modes with electric current flowing parallel 
(TE) and perpendicular (TM) to the approximately NS 
strike direction. Pseudo-sections of apparent resistivity (r) 
and phase (f) for both polarizations are shown in Figure 8 
for the period range of 4–4000s and real and imaginary parts 
of the transfer function between vertical and horizontal 
magnetic field (Tzy) in measurement coordinates are 
shown in Figure 8 for the same period range. 

MT data were inverted using the NLCG algorithm of Rodi 
and Mackie (2001). Usually, apparent resistivities and phases in 
both polarizations, TE (rxy,fxy) and TM (ryx,fyx), and Tzy can be 
also inverted using this algorithm. Inversion minimizes model 
roughness subject to fitting the data to a prescribed error. 

The starting half space resistivity of 1000ohm·m was 
used. When the normalized root mean square (NRMS) 
of the inversion was about 1.6 and t was 10, the model 
was achieved. Modes, TE and TM, and Tzy were inverted 
jointly, setting data error floors of 10% in TM (ryx), and TE 
(rxy), 2.9 degrees in the phases (fyx and fxy) and 0.03 in Tzy. 
The final model is presented in Figure 9.

From the surface to a depth of about 10km the shallow 
model shows significant structure variation. At the western 
end of the profile, the Sub-Andean system is represented 
by a resistive block (>500ohm·m), which indicates the 
western edge of the sedimentary basin. Very low resistivity 
ranging from 1 to 10ohm·m corresponds to sediments and 
the model shows that the basin is deepest in sites for17 to 
for29, reaching 10km (Fig. 9). 

The deep model shows a lateral discontinuity around 
sites for45-for55. To the west the resistivity is less than 
100ohm·m and to the east a large resistivity block extends 
to the end of the profile up to a depth around 140km. 
The most resistive block is observed from for70 to the 
east and up to a depth of around 50km with resistivity 
values exceeding 5000ohm·m. The latter structure shows 
significant cratonic signature and the thickness of the all 
sediments above was found to be about 500m, noticeably 
thinner than to the west.

The responses predicted by the model and the data 
measured are shown as pseudosections in Figure 8. A 
comparison between observed data and model responses 
indicates that this model provides a very good fit for 
apparent resistivity (rxy and ryx), phases (fyx and fxy) and 
fyx (real and imaginary parts).

CONCLUSIONS AND DISCUSSION

As it has been mentioned above, several authors 
have contributed to establish the geometry of the RPC 
border in the Chaco-Pampean Plain. Because of the RPC 
is poorly exposed, its boundary has been inferred from 
geochronological and geophysical studies. As armed, an 
ongoing debate exists on the relationship between RPC and 
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large neighboring morphostructural units in the northern 
part of the Chaco-Pampean Plain (in Chaco, Salta and 
Formosa Provinces). 

Previous MT data, mentioned in section 2, showed 
information from deep structure in different sectors 
(from 27ºS to 34ºS) of the Chaco-Pampean Plain that 
was consistent with the results obtained from geological 
and geophysical studies in the western RPC border 
(Chernicoff and Zapetini, 2004; Rapela et al., 2007, 
2011; Ramos et al., 2010; Ramé and Miró, 2011). In 
Figure 10 a line connects the sharp lateral discontinuity 
between two high resistive blocks as observed in the 
profiles B to E (Favetto et al., 2008; Orozco et al., 
2013; Burd et al., 2013; Peri et al., 2013, 2015 ). This 
discontinuity was interpreted as the boundary between 
the RPC and the PT according to the limit proposed 
for the RPC (Rapela et al., 2007) and the inferred TB 
(Ramos et al., 2010). 

This paper presents a model, for profile A, with clearly 
differentiated electrical resistivity sequences. In Figure 
11, a block diagram shows the geological interpretation 
of the study area. The moho depth obtained from seismic 
refraction (Assumpção et al., 2013) was added in the figure. 
The MT model indicates that the upper crust contains 
an upper layer with low resistivity values (1-10ohm·m) 
representing the sedimentary basin. In the western edge of 
this basin a resitivity block (>500ohm·m) is related with 
the Sub-Andean system. 

The mid-lower crust revealed different electrical 
features. Below the Sub-Andean system and the sedimentary 
basin the resistivity value is within 30-300ohm·m. From 
approximately the middle of the profile to the east the 
resistivity is greater than 500ohm·m, including a very 
resistive blockwith the highest values, >5000ohm·m, at the 
eastern part of the profile. This high resistivity block may 
be a cratonic structure. 
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FIGURE 9. The final 2-D inversion model, NE-SW (log10 scale 1-5000 ohm·m) see profile A in Figure 2, obtained up to 200km deep and a detail of this 
model of the shallow part (up to 20km deep).
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The upper-mantle revealed a conductive anomaly 
with a resistivity value larger than 10ohm·m. Below the 
cratonic structure a root with resistivity value within 500 to 
2000ohm·m is observed. This feature has also been identified 
in profiles B and C (see Fig. 3, Peri et al., 2013, 2015).

The map, of Figure 11, shows the limit for the 
RPC proposed by Rapela et al. (2007), which reveals a 

discrepance of about 100km relative to the interpretation 
MT cratonic border. Furthermore, as it has been mentioned 
above, in the Formosa province, the exploration wells did 
not reach the crystalline basement, then there is no direct 
evidence supporting the presence of the RPC in this zone. 

Given that the northernmost evidence of the RPC 
is found in the Río Tebicuary Shield (Paraguay), the 
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authors suggest that the high resistivity unit found there 
and interpreted as cratonic, may be the RPC and the 
lateral discontinuity observed in the resistivity model 
may represent the boundary between the RPC and the 
PT. This could correspond to the same Early Cambrian 
suture which is well identified northward, along the 
continental scale TB. It is worth to notice that the 
resistivity values corresponding to PT in the previous 
profiles are higher than the ones obtained in the profile 
A. This fact seems to be related with the very low S 
wave velocity anomalies in the upper mantle (100km 
deep) observed below the profile A (Feng et al., 2004) 
in comparison to the values observed below previous 
profiles (Fig. 4). 

The relevance of these results are enhanced by the 
fact that there are no outcrops and deep geophysical 
studies in this zone. A tentative limit for the western 
border of the RPC (Fig. 11) was provided from the MT 
interpretation.
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