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Abstract

A major multi-disciplinary and multi-institutional project has been established to probe the deep structure across the
Borborema Province of northeast Brazil. Broadband and long period MT data were recorded at 46 stations, with 10 km
spacing along a profile crossing the Parnaiba basin and outcropping basement complex of Borborema province. The MT
data were processed using a robust scheme and transfer functions were obtained in the period range of 0.001 — 10,000 sec.
Regularized 2D inversion of the data reveals the deep resistivity structure of the Parnaiba basin down to 80 km depth. The
sedimentary top crustal section is conductive (<15 ohm.m) while the deep crust and upper mantle are resistive (>100
ohm.m). We found that the major surface lineaments could penetrate into the deep crust, and that there are also two
anomalous 10-20 km-wide conductive zones at ~50 km depth which may be related to magmatism on the surface.

Introduction: Regional Setting

The Borborema province, covering an area 450.000 km? in northeast Brazil, is a complex association of crustal blocks with
differing ages, origin and evolution which were joined together during the late Neoproterozoic-early Phanerozoic Brasiliano
orogeny as part of Gondwana supercontinent amalgamation (Almeida et al. 1981). This Province has been the subject of
numerous scientific studies (e.g. Brito Neves et al. 2000, Bizzi et al. 2003 and references therein). The limits of the Province
are delineated by the S&o Francisco craton at the southern side, by mid-Cenozoic basins of the coastal and continental
margin at the northern and eastern sides and by Phanerozoic deposits of Parnaiba Basin at the western side. The Parnaiba
basin, which covers partially the Borborema Province, has also been the subject of several studies (e.g. Cunha 1986, Goes
and Feijo 1994, Arora et al. 1999a, 1999b). Both the hydrocarbon potential and its relation with major shear zones like the
Transbrasiliano lineament (TBL) make it a target for exploration (e.g. Lima et al 1996, Fontes 1997, Fontes et al. 1997). The
TBL (Figure 1), locally called Sobral-Pedro I, is regarded as a continuation of Kandi Lineament that is recognized as a
Neoproterozoic suture in Africa (Caby 1989; Castaing et al. 1993, 1994). Over the TBL occur transtensional basins (Parente
et al. 2004) and post-orogenic granites, partly covered by Phanerozoic sedimentary rocks of the Parnaiba basin (Zalan
2004). The goal of this paper is to determine the basement-cover relation and the deep-crustal signature of the TBL in the
Parnaiba basin using a combined MT-LMT conductivity imaging approach.

Electromagnetic (EM) exploration studies have been carried out in the Parnaiba basin for different reasons. Arora et al.
(1998, 1999a, 1999b) reported the presence of a variety of conductivity structures in this basin. Their result was based on the
interpretation of magnetovariational (MV) fields and 2D modeling study along an approximately 1500 km long profile with
spatially sparse stations (profiles AA" and BB' in figure 1). Their main finding was the Parnaiba basin conductivity anomaly
(PBCA). Their result indicated that a conductive unit lies at a depth of 2 to 4 km in the north-central part of the basin. This unit
was interpreted as a ‘channel structure’ connecting the Parnaiba and Marajé basins. Meju et al (1999) focused on the
tectonic controls of the regional aquifers of Parnaiba basin (profile MM' in Figure 1). They successfully mapped the sediment-
basement architecture of the southeastern margin of the basin using high frequency MT and transient EM data. The TBL was
imaged as a shallow crustal feature, possibly manifesting as a zone of near-vertical faulting of basement cover rocks. Using a
short MT profile data, Oliveira and Fontes (1991) proposed a deep conductive unit which currently is assumed as part of the
PBCA. Knowledge of this conductive unit provides information on how local oil bearing geological units were developed and
on the tectonics or control mechanism which forms the petroliferous basins. All the previous EM studies targeting the deeper
part of the basin have suffered from sparse station interval, short length of the profile or from restricted frequency bandwidth.
Thus, deeper parts of the northeastern Brazil still need much attention. It is opportune to use advanced inversion algorithm to
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model new long period MT data recorded across the basin to image the deep crust and upper mantle in the region for any
possible deep structural features, and especially those coincident with the Transbrasiliano lineament.
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Figure 1. Map showing the regional geology (Simplified from Mesner and Wooldrige 1964, DNPM 1971 and Arora et. al.,
1998) and the locations of MT profiles. Note the bowl-shaped Parnaiba basin. (1) Cenozoic, (2) Devonian and Silurian, (3)
Cretaceous, (4) Mesozoic volcanics, (5) Permo- Pennsylvanian, (6) Araguaia fold belt,(7) Precambrian, (8) Fault trace, (9)
profiles; AA" and BB' Magnetometer profiles of Arora et al (1999a and b), MM' MT profiles of Meju et al (1999) and CC' is the
MT AND LMT profile of current study. TBL is the Transbrasiliano lineament.

A major project was launched in 2010 to explore the deep structure of the Borborema Province and was carried out by
research teams from the universities of Brasilia, Rio Grande do Norte, Sdo Paulo, Campinas, Ceara, Pampa, Instituto
Nacional de Pesquisas Espaciais and Observatério Nacional. Overseas collaborators were also involved in the data analysis
part. The preliminary results from measurements across the Parnaiba basin (profile CC’ in Figure 1) are presented here.

MT Data Acquisition

As part of the project, 46 magnetotelluric (MT) stations were installed with 10 km spacing to record conventional broadband
and long-period MT time series (10 to 15 days of data acquisition) at every station. Both the broadband MT (BMT) and the
long-period MT (LMT) data are presented in this paper (Figure 2). In the case of LMT, the variation of two horizontal
electrical fields (Ex and Ey) and three magnetic fields (Hx, Hy and Hz) were recorded with one second sampling interval
using LEMI instruments built by the Lviv Center at the Institute for Space Research, Ukraine. BMT data were acquired in four
bands with the Metronix MT ADUQ7 system using the same configuration. The sampling frequencies are 16384, 4096, 512
and 128Hz, respectively. All measurements were performed on the coordinate axes system that x direction is pointing to
magnetic north. Both BMT and LMT data were processed using standard industry software and the EM impedances were
obtained in the frequency ranges of 8000 — 0.001 and 0.03 — 0.0008 Hz, respectively.
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Figure 2. Same example stations; there is a good agreement between BMT (up to ~100 sec) and LMT (after ~30 sec)
curves. Blue markers are TE, red ones are TM mode data while continuous lines are smoothed curves obtained from D+
approach (Parker 1980).

The time series data for each station were analyzed as a single station data and magnetic channels (Hx and Hy) were used
as reference for the impedance estimation. Coherencies between reference channel (Hx and Hy) and electrical components
(Ex and Ey) are generally high (>0.8). It is one of the indicators of the data quality. Additionally, the curves of the apparent
resistivity and the phase of the EM impedance show smooth variations with small error bars in much of the frequency range.
Note that both the BMT and LMT data were first evaluated separately and then combined as single station once the EDI files
are obtained (Figure 2). Both the Swift (1967) and Tipper strikes were consistent as ~25 degrees. Note that the magnetic
declination is ~21 degree W in the region. It complies with the direction for the profile and, for the sake of simplicity, x
direction was taken as TE mode without any rotation. Any static shift was corrected as in Meju et al. (1999) using transient
electromagnetic (TEM) data collected at each station.

2D inverse modeling

The well-known commercial package, WinGLink, was used in this project. The 2D inversion routine is based on the code of
Mackie et al (1997). It uses finite difference mesh and network analogy to obtain the responses of the 2D resistivity model.
Both TE and TM mode data (apparent resistivity and phase of impedance) were inverted together. A model, consisting of
77x258 cells in x and z direction, respectively, was used in this study. The misfit value (RMS) for the final model was 6.94.
The 460-km-long 2D model covers both shallow and deep features of the basin. Figure 3 shows the 2D resistivity inversion
model for the profile. Rightmost station is Bor004 at Bahia State and last station is Bor050 in Maranhdo State. The
comparison of the observed and calculated data is given in Figure 4. Dots represent the data in Figure 4. The data coverage
is good and the data constrain most of the model section; a comparison of the observed and model responses indicates that
the main features are recovered.
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Figure 3 2D model for Parnaiba Basin, depth range 0-80 km left side is Marahao State while right side is Bahia state.

We found that the sedimentary part (<15 ohm.m red color in Figure 3) of the basin may be relatively deeper than defined in
previous studies (e.g. Meju et al 1999). Stations Bor04-Bor16 are over the crystalline basement (>100 chm.m green color in
Figure 3) at the border of Piaui and Bahia states. A dipping crystalline border is apparent between stations Borl7 and Bor23.
Below stations Bor27, Bor30, Bor33 and Bor42, there appear to be faults reaching down to the crystalline basement. This
agrees with the result of seismological studies (Ferreira e Assumpc¢éo 1983, Takeya et al. 1989, Ferreira et al. 1998, 2008).
Seismogenic faults, reaching the upper crust, with depths of up to 12 km, are in accord with the model. The deeper part of
the model (~30-50km depth) appears to host two anomalous conductive zones (red and green color in Figure 3). Although
not shown here, when we removed these conductors after 25 km depth, the misfit varied; model RMS was 7.4486, when we
remove the left one it increased to 7.4757. The removal of the right one resulted in RMS 7.482. the the removal of both
increased RMS to 7.55. We interpret this as confirming the existence of such localized conductors. The localized

anomalously high conductivity perhaps points to hot spots and they may be the source of the volcanism active during the
Mesozoic.
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Figure 4 observed and calculated apparent resistivity and phase of impedance for TE (top) and TM (bottom) modes

Conclusion

As part of a major project to probe the deep structure in Borborema province, new tensor MT data have been recorded over
the conventional and long period bands. The time series data were processed with a single station robust scheme. 2D
inversion of the resulting apparent resistivity and phase data successfully maps major crustal structures: Transbrasiliano
lineament which extends deep into the crust and possible magma chambers at ~50 km depth further south which may be the
source of volcanism in the basin. The sedimentary top crustal section is conductive (<15 ohm.m) while the deep crust and
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upper mantle are mostly resistive (>100 ohm.m). It is tectonically significant that major surface lineaments could penetrate
into the deep crust and that the conductive zones at ~50 km depth may be related to magmatism on the surface.
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