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SUMMARY
The Paraná basin is a major Phanerozoic feature in Brazil and adjacent countries. Data from 261 MT stations distributed
along 3 lines (P1, P2 and P3) have been inverted in 3D to reveal the resistivity structure from surface to 50km depth.
The average station spacing is 1.8 km and the frequency bandwidth is 1000 to 0.001 Hz. 2D inversion was also done for
comparison with an earlier roughly parallel regional line P0 and found to be consistent with our new 3D model. The
goodness of our 3D model was first evaluated by comparison with data from 3 deep exploration wells within our study
area. The 3D model correctly identified resistive (>100 Ωm) basalt cover, underlying conductive (~10 Ωm) sediments
(up to 5-6 km thick) and resistive (>1000 Ωm) crystalline basement. The MT results are consistent with other
geophysical anomalies previously observed in the study area; the segmented midcrustal resistive layer found in a zone
of depressed Moho is interpreted as evidence of magmatic underplating and has coincident gravity and magnetic
anomalies. We interpret our model as presenting clear magnetotelluric evidence for a heavily fragmented basement and
well-preserved half-grabens beneath flood-basalt in the central portion of the basin. We suggest that the basin is highly
compartmentalised and hence has reduced hydrocarbon prospectivity in our study area.
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INTRODUCTION
The intracratonic Paraná Basin comprises a thick and
extensive sedimentary-magmatic sequence, covering an
approximate area of 1,700,000 km2 in central eastern
South America (Brazil, Uruguay, Paraguay, and
Argentina). It has an irregular oval shape with the major
axis in the NNE direction (Figure 1a). The deep structure
of the basin has been the subject of many geological
(Figure 1b) and geophysical investigations but is still not
well understood. Gravity and magnetic data have been
interpreted to suggest a fragmented basement (e.g.,
Mantovani et al., 2005). Julia et al. (2008) also infer the
presence of a fragmented cratonic root in the basin from
receiver function analysis. Recently, 3D “whole-basin”
inversion of GDS data integrated with 2D MT inversion
of line P0 (see Figure 1a) by Padilha et al. (2015) reveal
major crust-mantle conductivity anomalies associated
with magmatism beneath the thick sedimentary cover.
They focused on “continental flood basalt effects hidden
beneath the thick intracratonic sedimentary basin” and
the basinal features of potential significance in
hydrocarbon exploration (Figure 1b) were not well
resolved by this regional-scale imaging of GDS data
with average station interval of ~100 km and MT data
with ~10 km average station spacing. Following the
early attempts using 1D MT methods to image below the
basalt cover for hydrocarbon exploration (e.g., Beamish
and Travassos, 1992), there is now a renewed interest in
hydrocarbon prospectivity evaluation of the basalt

covered sediments in the basin using advanced
methodologies and the 3 new commercial MT lines (P1,
P2 and P3) acquired by the Brazilian Agency of Oil,
Natural Gas and Biofuels (ANP) with average station
spacing of 1.8km, which are inverted in 3D here, are part
of this effort.
The issues we identified and hope to resolve with the aid
of 3D MT joint full-impedance and VTF inversion
include:
(i) What is the basement structure and does it control
surface deformation?
(ii) What is the structural integrity of the basalt cover
and/or diabase sills (potential seals); are they continuous
or broken by faults?
(iii) How accurately can MT map the sediments below
basalts in the presence of diabase sills? Data from 3
wells (E, C & D in Fig 1c) will be used for groundtruthing of MT models. Interestingly, the isopach map
shows 7km sedimentary thickness at the deepest part of
the basin SW (just outside) of our MT study area (Fig
1a). Notice that the MT profiles did not cross the 7000m
isopach, so we would not expect to find >6000m deep
basin on any of the profiles. But can 3D MT imaging
truly sense an off-line conductor corresponding to this
deepest basinal section?
(iv) Padilha et al (2015) image a 3D conductive feature
at the position of Paraná River. Is the Paraná River
conductivity anomaly real? This river is crossed by our
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lines P1 and P2. Will both lines show consistent features
and refine the anomaly of Padilha et al. (2015)?
(v) What is the relationship between magnetic/gravity
anomalies (Fig 2) and deep crustal conductivity structure
from high-resolution MT imaging?
DATA PROCESSING AND INVERSION
Data processing
The lengths of lines P1, P2 and P3 profiles are 300 km,
300 km and 160 km respectively. Lines P1 and P2 are
oriented at ~N42oW, whereas P3 runs ~N48oE, i.e.,
orthogonal to P1 and P2. The recorded time series for
electric and magnetic field components were processed
in both single site and remote station modes using the
robust processing scheme of Egbert (1997) based on
multivariate statistical methods. The output from these
procedures include full impedances (Z, i.e., all four
components Zxx, Zxy, Zyx and Zyy), phase tensor (PT)
of Caldwell et al. (2004), and vertical magnetic transfer
functions (VTF) data. For most of the sites the data show
small scatter and small error bars, suggesting good data
quality in general. We applied various dimensionality
analysis approaches such as Swift Skew (SS), Bahr
Skew (BS), and Phase Tensor Analysis (PTA), to
determine reliable dimensionality distribution, to assess
the validity of any initial 2D runs.
Preliminary 2D inversion
2D inversions were performed for P1 and P2 and
compared with the regional model of Padilha et al.
(2015) for line P0 (see Fig 1a). A comparison in shown
in Figure 3; note the similarities in both models at the
overlapping segment.
3D inversion runs
The ModEM code of Kelbert et al., (2014) was used in
this study. All the MT sites were rotated to geographic
north prior to inversion so that all the sites have the same
reference co-ordinates as required for the ModEM 3-D
inversion code. The sites having significant data scatters
were excluded from the 3-D inversion. Sites where
severe galvanic distortion is present (Bibby et al., 2005)
were also excluded. Data consistency check was also
performed using the D+ smoothing algorithm (Beamish
and Travassos, 1992). We separated the MT sites lying
north of Paraná river for the 3-D inversion of combined
profiles as there is a large data gap between these sites
and those lying south of Paraná river. A uniform halfspace of 50 Ωm resistivity was the preferred starting
model (out of 10, 50, 100, 200 and 500 ohm-m tested).
Changing the initial half space resistivity did not affect
the 3-D inversion results significantly for Z but the other
data components had varied effect over the input model.
We decided that a joint inversion of Z, VTF and PT was
the best approach after separate inversion tests using
individual data types. The joint inversion model is
shown in Fig 4. The field data and the computed

responses are presented in Fig 5. We also conducted a
more focused 3D inversion using P3 data and some
stations from P1 and P2. A section through the resulting
3D model is presented in Fig 6 where it is clearly seen
that MT can distinguish various stratigraphic units. What
is intriguing is a persistent localized conductive anomaly
below basement at 25-35 km depth (Fig 6). Line P3
crosses a magnetic high and a river at this location (see
Fig 2a and 2d).
VALIDATION OF RESULTS AT WELL SITES
There are 3 wells in the survey area and will provide a
crucial check on the robustness of the inversion results.
Also, notice in Fig 1a that our MT profiles did not cross
the 7000m isopach, so we would not expect to find
>6000m deep basin on any of the profiles. The basement
is mapped at about 5-6 km maximum depth in our study
region. In our model, the regionally pervasive flood
basalt is more resistive (>100 Ωm) than the overlying
sediments (<100 Ωm) and the underlying sediments
which are even more conductive (~10 Ωm). The
basement is very resistive (>1000 Ωm). Up to 5.0 km
depth, model features are consistent with the information
from 3 wells (E, C and D) in our study area. Similar
agreement was seen between 1D MT inversion model
and well log data at another location further south by
Beamish and Travassos (1992) (see yellow box marked
BT in Fig 1a).
DISCUSSION AND CONCLUSION
MT resistivity images of the central portion of Paraná
basin clearly demarcate the stratigraphy of the surveyed
region. This includes Cenozoic sediments, Bauru group
of rocks, flood basalts of Serra Geral, MesozoicPaleozoic sedimentation, diabase dikes from Ponta
Grossa Arch, resistive granitic basement and vertical
conducting features within the basement. The basement
is mapped at about 5-6 km maximum depth in our study
region. There is evidence of localized conductors below
the resistive granitic upper crust. Up to 5.0 km depth,
model features are consistent with the information from
3 wells (E, C and D). This implies that 3D MT imaging
is a valid tool for stratigraphic mapping and particularly
for imaging below basalt covered sediments in this
basin.
Our model shows evidence of shallow resistive features
intruding Mesozoic-Paleozoic sediments below the
basalt cover. These are possibly diabase, as identified in
all 3 wells. Our results show that the basement is broken
by faults which can be traced upwards through the floodbasalt cover, and define half-grabens (Figs 3 & 6); this
implies that there is a strong link between basement
structure and surface deformation in this basin. We also
found a deep-reaching vertical conductive feature at
crust-mantle depth coincident with the surface trace of
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Paraná River, confirming an earlier indication from a
more regional 3D GDS imaging by Padilha et al. (2015).
It may be related to magmatism (possible melt conduit?)
but further studies are required to fully understand its
tectonic significance. Two conductive steep belts (PPR
and west of PR in Fig 3) bound a zone of enhanced
lower crustal resistivity and segmented resistive midcrust (Figs 3, 5 & 6) that is characterized by NE-SW
trending gravity and magnetic highs (Mantovani et al.,
2005). This zone of depressed Moho (Julia et al., 2008)
is interpreted as evidence of magmatic underplating and
possibly explains the coincident gravity and magnetic
anomalies. Half-grabens are best developed in the
basement cover rocks within this zone (Fig 3). The full
tectonic interpretation of these coincident geophysical
anomalies will be provided elsewhere.

derived from satellite gravity data with 1 min resolution
(Sandwell et al., 2014). (c) Moho geometry from GMSA
model (Van der Meijde et al., 2013). (d) Magnetic
anomaly from EMAG2 grid with 2 min resolution (Maus
et al. 2009).

Figure 3. Comparison of 2D inversion model for line P1
and that for line P0 (Padilha et al., 2015) for top 50km.
PR is Paraná River. Note the similarities in the
overlapping segment. Moho from Assumpcao et al.2013.

Figure 1. Geological structure of Paraná basin and MT
survey location map. (a) Isopach map (Milani & Zalan
1998) with MT lines shown. P0 is MT line of Padilha et
al., (2015). Yellow box marked BT is Beamish and
Travassos (1992) study area. (b) Basin stratigraphic
cross section. (b) P1, P2 and P3 are MT lines for this
study.

Figure 2. Regional geophysical anomalies. (a)
Topography map from source data of SRTM 30 grid with
30 sec resolution. (b) Bouguer gravity anomaly map

Figure 4. (a) Convergence of 3D inversion for the model
obtained from joint inversion of Z and VTF data with
minimum achieved RMS of 3.85. For the 3D model, b-g
are resistivity depth sections down to 15 km (left) and 50
km (right) depths. P1 and its neighboring sites from P3
(b & c), P2 and its neighboring sites from P3 (d & e), P3
and its neighboring sites from P1 and P2 (f & g).
Profiles P1 and P2 trend NW-SE, whereas P3 run NESW.
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Figure 5. Observed versus predicted MT responses for
XY (A) and YX (B) components. (A) shows resistivity and
phase responses observed (top) and predicted (bottom)
of XY component for all three profiles of Paraná basin.
(B) shows observed versus predicted responses for YX
component same as for (A).

Figure 6. Resistivity section for profile P3 derived from
3-D inversion of combined Z+VTF+PT datasets with
RMS misfit of 2.7. This is the joint inversion result which
produced the most reliable and robust model features
with reasonable data fits.
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