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SUMMARY

We present a magnetotelluric (MT) study in the northeastern part of the Sdo Francisco Craton that
encompasses an Archean-Proterozoic terrain, the Serrinha Block, breached by a rift basin developed
mostly in Early Cretaceous times during the opening of the South Atlantic Ocean. Even though the MT
sites are regularly spaced, the profiles have different orientations from one another, making the data
distribution over the area highly uneven and therefore non-ideal for 3-D modeling. However, the
dataset is very complex, with dimensionality analysis indicating prevalence of 3-D geoelectric
structure. Results from 3-D inversion are evaluated for robustness and potentiality for yielding tectonic
information. At upper crustal depths the resulting 3-D model is coherent with surface geology, whereas
at mid and lower crustal depths more cryptic structures are revealed, likely of Paleoproterozoic age.
The most striking features in the model are several strong (~1 Qm) crustal conductors beneath the
central part of the Serrinha Block, which we attribute to a Paleoproterozoic oceanic plate subduction
and arc-continent collision event involving the Rio Itapicuru Greenstone Belt and the basement of the
Serrinha Block. The west-dipping geometry of these conductors provides a constraint on subduction
polarity and gives support to tectonic evolutionary models proposing that the Rio Itapicuru Belt was

formed in an island arc environment.
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1 INTRODUCTION

A multidisciplinary project (Instituto Nacional de Ciéncia e Tecnologia de Estudos Tectonicos — INCT-
ET) has been conducted in the northeastern part of Brazil to investigate the crust and upper mantle of
the Borborema Province and adjoining Sao Francisco Craton. The goal of these studies is to understand
better the actual articulation of the amalgamated crustal blocks that comprise this region, and to clarify
the processes that brought them together (Vitorello et al. 2013). This work presents results from a
magnetotelluric (MT) survey in the northeastern part of the Sdo Francisco Craton as part of the INCT-
ET activities. The study area encompasses an Archean nucleus, which represents the basement of
Paleoproterozoic greenstone belts, ruptured by a rift basin developed mostly in Early Cretaceous times
during the opening of the South Atlantic Ocean. Details of structure and tectonic history are still poorly
known (e.g. Teixeira et al. 2000; Barbosa & Sabate 2004).

The dataset consists of 68 broadband MT stations collected in a series of six linear profiles, laid
out to transect major known geological structures. Even though the MT sites are regularly spaced
around 12 km apart, the profiles have different orientations from one another, making the data
distribution over the area highly uneven. Profile data of this sort has traditionally been interpreted using
2-D modeling and inversion (accounting for distortion). This approach is a priori questionable in this
area, as surface exposures of geologic structure exhibit variable orientation - as indeed do the profiles
we have laid out to sample these structures. Previous MT studies at contiguous areas of the Borborema
Province (Padilha et al. 2016) and initial examination of our processed MT data suggest very
complicated 3-D structure. It is observed that many sites have diagonal components with magnitudes
comparable to the usually larger off-diagonal components, nearly a quarter of the sites have phase

curves that go out of quadrant, and tipper orientations vary significantly in space. Distortion and strike



analysis of the impedance tensors further confirm that the data are strongly 3-D.

Even considering that the site layout is less than ideal for a 3-D inversion, the complications of this
dataset make this choice the most reasonable approach. Here we use the ModEM 3-D MT inversion
code (Egbert & Kelbert 2012) to integrate data from six crossing profiles into a 3-D image of resistivity
variations in the study area. Whereas the wide lateral spacing between profiles imposes limits on
resolution in some of the domain, the inversion results in sensible images which reveal evidence for
deep crustal conductive features that are coherent with the surface geology. These conductors most
likely represent conductive phases in suture zones associated with the Paleoproterozoic assembly of the

craton.

2  GEOLOGICAL OUTLINE

The northeastern Sdo Francisco Craton has been considered one of the best preserved segments of
Paleoarchean to Paleoproterozoic crust in the South American Platform (Almeida et al. 2000). This
region exposes medium to high-grade metamorphic rocks and remnants of low-grade greenstone belts.
Based predominantly on geological, geochemical and geochronological data, different units have been
recognized. These units consist basically of two Archean blocks, namely the Gavido and Serrinha
blocks, separated by a highly deformed Paleoproterozoic unit known as Itabuna-Salvador-Curagéa Belt
(ISCB).

The main tectonic units in the core of our study area are shown in Fig. 1. Following Barbosa &
Sabaté (2004), the main aspects can be summarized as follows. The Gaviao Block, in the western end
of the survey area, is composed mainly of gneiss-amphibolite associations and amphibolite facies
tonalite-granodiorite orthogneisses dated at ca. 2.8-2.9 Ga, as well as Archean greenstone belts. The

ISCB is composed of granulite rock facies that include tonalite, charnockite with basic-ultrabasic



enclaves, and less abundant supracrustal rocks. The Serrinha Block is the predominant unit in the
survey area, occupying an elliptical area of about 17,000 km? in the center of the survey area. It is
composed of medium-grade gneiss-migmatitic rocks, with ages spanning 2.8 Ga to 3.1 Ga. The
Serrinha Block also includes ubiquitous Paleoproterozoic greenstone belts, of which the Rio Itapicuru
Greenstone Belt (RIGB) is the most important.

Granitoids of variable chemical composition and deformation degree are observed in the Serrinha
Block. Following Costa et al. (2011), these include slightly deformed, pre- to syn-tectonic 2163-2127
Ma granites, with medium-K calc-alkaline plutons (e.g. 2.15 Ga Nordestina Batholith), and
undeformed late to post-tectonic alkaline 2111-2070 Ma plutons, of which the most representative is
the Itareru tonalite. In addition to these two groups of rocks, elongated gneissic-migmatitic domes are
observed in the central-south part of the Serrinha Block. The domes have a dominant N-S structural
trend that deflects to an E-W direction in the south. Ages are scattered in some samples (e.g. 2.08 Ga to
3.16 Ga for the Ambrosio Dome) apparently due to remobilization and metamorphism (Rios et al.
2009).

The northeastern and eastern parts of the Serrinha Block are covered by rocks of the Sergipano
Belt and the Tucano Basin, respectively. In the study area, the Sergipano Belt is composed mainly of
undeformed to weakly deformed siliciclastic and carbonate sediments that were deposited in a shallow
marine environment during the Neoproterozoic. The Tucano Basin is an asymmetric half-graben filled
mostly with Late Jurassic to Early Cretaceous non-marine successions including conglomerates, shales,
mudstones and sandstones. Maximum rift sedimentation (> 10 km) is found along the eastern portion
of the central and southern Tucano Basin, but basin depths reduce abruptly to the west, across the

Vaza-Barris transfer fault in the northern part of the basin.



3 TECTONIC EVOLUTION

The present-day configuration and the structural framework of the Archean and Paleoproterozoic rocks
in the northeastern Sao Francisco Craton result from the closure of the Serrinha Block against the
Gavido Block during the Paleoproterozoic (Barbosa & Sabate 2004). However, tectonic relations are
poorly constrained and proposed evolutionary models are still controversial. Some authors (e.g. Gaal et
al. 1987; Silva 1992; Matos & Conceicao 1993) have suggested that the initial stage of regional
evolution involved the development of a wide ocean basin west of the ISCB, with eastward-dipping
subduction of the oceanic crust, and simultaneous formation of a back-arc basin in which the rocks of
the RIGB were generated. In this scenario, the ISCB could be either a cratonic remnant or part of the
magmatic arc related to the subducting plate. Figueiredo (1989) proposed an alternative tectonic model,
with the ocean basin east of the ISCB. Then, subduction of oceanic crust toward the west would be
responsible for the development of the RIGB as a back-arc basin with the ISCB as the magmatic arc
(oceanic or continental). Although in almost all proposed models the volcanic-sedimentary sequence of
the RIGB is interpreted to arise in a back-arc environment, the location of the coeval arc has not yet
been determined.

In the Neoproterozoic, the study area experienced two main tectono-magmatic events. During the
Pan-African/Brasiliano orogeny, the convergence and collision of the Sdo Francisco Craton with the
Borborema Province resulted in the formation of the Sergipano Belt (Brito Neves et al. 1977). Around
642 Ma, the Serrinha Block, mainly its central-western part, and surroundings was affected by
kimberlite magmatism probably derived from strongly metasomatized lithospheric mantle (Donatti-
Filho et al. 2013).

The most recent event affecting the survey region is the rifting associated with the formation of the

Tucano Basin, which is part of a regional extensional system in northeast Brazil that was operative



during the Mesozoic breakup of South America and Africa (Karner et al. 1992). Proposed evolutionary
models are still a matter of debate, but generally invoke control by low-angle major crustal
detachments (Ussami et al. 1986) or flexural isostatic response associated with magmatic underplating

and uplift (Magnavita et al. 1994).

4 METHODS
4.1 MT data

The MT method uses simultaneous measurements of natural time variations in the magnetic field
components (H,, H, and H:) of the Earth and the orthogonal horizontal components of the induced
electric field (E, and E,) for determining the resistivity distribution within the Earth. In this study, the
five electromagnetic components were acquired using commercial broadband MT systems equipped
with induction-coil magnetometers and non-polarizable lead-lead electrodes. The data set consists of 68
stations evenly spaced about 12 km, acquired along six intersecting 2-D profile lines, as shown in Fig.
1.

The record duration at each station was typically one to two days. The measured time series were
processed using the robust code of Egbert (1997), resulting in high-quality estimates of the MT
impedance and transfer functions of the magnetic field (VTFs) in the period range of 0.001-410 s for
the majority of stations. Longer periods (up to 2000 s) were achieved in some sites, especially those
from the profile S2.

Fig. 2 shows the MT results for three representative sites, displayed as sounding curves (apparent
resistivity and phase) computed for all four components of the impedance tensor. Site ser004a is within
the ISCB. Apart from some scattering at specific periods, associated with 60-Hz transmission lines and

in the dead-band of the natural signal around 10 s, curves are smooth, and the data appear to be of good



quality. However, phase values for the xy-component go out of quadrant, exceeding 90° for periods
higher than 1 s. In addition, the diagonal components are very well resolved, and are of the same order
of magnitude as those of the off-diagonal components. From previous studies, these characteristics
suggest that the data may be affected by complex 3-D geometry (e.g. Aizawa et al. 2014; Kuhn et al.
2014) or by electrical anisotropy (e.g. Heise & Pous 2003; Weckmann et al. 2003). Site ser010a,
located in the Serrinha Block, has smooth responses along the entire period range for all components.
The yx-component phases leave the first quadrant at a period of ~10 s as for the site from the ISCB, the
responses at ser010a display large amplitude diagonal components. For site ser017a, located over the
sedimentary basin, the curves are almost 1-D for periods shorter than 10 s, i.e. curves for xy- and yx-
components have similar shapes and the diagonal responses are weak, with large relative error bars, at
least compared with the previous two sites.

Fig. 3 displays observed pseudo-sections of apparent resistivities and phases for the profile S1 that
were used in the 3-D inversion discussed below. The Tucano Basin is well characterized at high
frequencies by low resistivities from sites between positions 140 km and 240 km. The most remarkable
feature of the basin is probably a zone of low apparent resistivity at the yx-component in longer
periods, perhaps reflecting a rapid deepening of the basin. In the other part of profile S1 MT responses
are very complex. Abrupt changes of resistivity and phase are observed at neighboring sites.
Furthermore, most of the stations display phases outside the normal quadrant in both components even
at relatively short periods (~0.1 s). All of this provides evidence for 3-D complications (see
supplementary material for amplitude and phase pseudo-sections for other profiles).

The VTFs are often represented graphically as induction vectors, which can be used to assess
qualitatively the conductivity structure of the subsurface. For simple structures the vectors are
orthogonal to lateral resistivity gradients; amplitudes are zero directly over conductive bodies or in a 1-

D Earth. Fig. 4 displays the real components of the induction arrows for four different periods in the



study area. We have defined these vectors to point toward zones of higher conductivity, following the
Parkinson convention. At a period of 0.3 s (Fig. 4a), most stations in the Tucano Basin have a weak
induction vector response, consistent with the presence of highly conductive rocks and a locally 1-D
horizontal stratigraphy. In the central part of the region, we observe some reversals in the vector
directions, which is suggestive of shallow conductive bodies. However, the overall pattern is complex,
with no clear strike even on individual profiles. At longer periods (Figs 4b-4d), the amplitude of the
vectors in the Tucano Basin increases considerably. In addition, directions become consistent, varying
smoothly from one station to another and also with period. As the general direction of the vectors is
approximately perpendicular to the Brazilian coastline, we initially suspected a strong ocean influence
on these vectors. However, 3-D forward modeling using realistic ocean bathymetry suggests a
negligible coast effect this far inland (~200 km). At the eastern end of the basin, a reversal in the
direction of the vectors is observed, implying that at least part of the anomalous conductive structure

must be confined within the lateral limits of the basin.

4.2 Data Dimensionality

To more quantitatively evaluate the dimensionality of our dataset we have used the Groom-Bailey (GB)
tensor decomposition (Groom & Bailey 1989). This technique determines simultaneously the
geoelectric strike and the near-surface distortion effects using a least-squares approach, assuming a
galvanic distortion model that consists of a 3-D surficial frequency independent distortion overlying a
2-D regional conductivity structure. One way of checking the validity of the GB model is by examining
both spatial and frequency dependence of the distortion parameters. Fig. 5 displays multifrequency GB
decomposition at each site in different period bands. At short periods (0.1-10 s) (Figs 5a and 5b) strikes

at most sites are in agreement with the structural trend of the Gavido Block, ISCB and Serrinha Block.



However, while the MT responses might be locally considered 2-D, some abrupt changes in strike
direction indicate an overall 3-D behavior. The strongest change in direction is observed in several
stations located in the central part of the study area, within the surface limits of the Serrinha Block. For
sites over the Tucano Basin, strikes tend to be more scattered. This behavior would be consistent with a
nearly 1-D geoelectric structure of the basin for high frequencies, as suggested also by the small
anisotropy between xy and yx phases of most stations. For longer periods (Figs Sc and 5d), a clockwise
rotation in the strikes directions is observed for many sites in the western region of the Serrinha Block,
clear evidence for period dependence of the distortion parameters. In some stations in which the
parameters of the decomposition are weakly dependent on period, and strike direction is well defined,
phases remain above 90° even after the decomposition. In the northern segment of the Tucano Basin
the determined strikes are consistently aligned nearly to the N-S (or E-W, due to the inherent 90°
indeterminacy of the strike direction). However, the strikes in the central-southern segment and in the
adjacent area over the southeastern Serrinha Block present a complex pattern. Therefore, formal strike
analyses show that there is no preferential strike for the dataset, further confirming that the study area is

strongly 3-D.

4.3 3-D Inversion

We performed a set of 3-D inversions using the Modular system for Electromagnetic inversion
(ModEM; Egbert & Kelbert 2012; Kelbert et al. 2014). The preferred model presented here resulted
from the joint inversion of full tensor impedance and VTFs for the 68 stations shown in Fig. 1.
Measured data errors were discarded in favor of relative error bounds. We assigned error bounds of 5%
of |nyZyx|l/ ? for all impedance tensor components and a constant value of 0.03 for VTFs. We included

13 periods from 0.01 to 3200 s, removing noisy impedance and VTFs data. The nominal grid spacing in



the central part of the domain is approximately 3 km (102 x 112 cells). We used 53 vertical layers
starting from 50 m and increasing logarithmically with a factor of 1.1 for the first six kilometers
increasing to 1.2 for the deeper layers. The preferred model was obtained using a homogeneous 100
Qm half space as prior and starting model, fitting the full dataset to a normalized root mean square
(nRMS) misfit of 3.12. The observed and predicted pseudo-sections of apparent resistivities and phases
for the profile S1 are shown in Fig. 3. To assess robustness of model features, inversions were also run
with different control parameters and subsets of data, for example using 33.3 Qm and 300 Qm prior
models, and inverting impedance tensor and VTFs separately and together. All inversions were run
using a grid coordinate system with the x-axis aligned with geographic north. Illustrative alternative

models are discussed in the supplemental material.

S THE 3-D MODEL

Fig. 6 displays plan views of our preferred model. The uppermost parts of the model are broadly
coherent with the surface geology, at least where we have data constraints. At depths of 50 m (Fig. 6a)
for example, high resistivities (>1000 Qm) are associated with Precambrian rocks of the Gavido Block,
ISCB and Serrinha Block, while low resistivities are found in the sediments of the Tucano Basin.
However, the ModEM inversion penalizes deviations from an assumed prior, so at these shallow depths
the model only changes near the data sites; especially in between the profiles, the inverse solution
reverts to the assumed prior resistivity level. Furthermore, some localized small conductive features
probably result from the inversion trying to correct galvanic distortions, and therefore have no
geological meaning. At depths of 2-3 km (Fig. 6b), the model becomes smoother, and even lower
resistivities (<10 Qm) are associated with lower units of the Tucano Basin. At the north end of profile

T1, near the latitude of ~10° S (Figs 6b and 6¢), the basement high associated with the Vaza Barris



transfer fault coincides with a transition to a highly resistive structure truncating the conductive
sediments to the south.

Beneath the Tucano Basin, close to its deepest portion, we also observe another zone of high
conductivity (~10 Qm) (C1 in Fig. 6¢). This zone is comprised of two prominent conductive anomalies
extending to depths of about 20 km (see also Fig. 7). Actually, these conductors seem to be associated
with a thickening of the basin rather than a conductive basement structure. In fact, the electric
anomalies coincide spatially with the maximum basin depocenter mapped using gravity, seismic
refraction data and surface geology, which has been inferred to be deeper than 12 km (Milani &
Davison 1988).

The most important features in the 3-D model occur in the central part below 10 km (C2 to C5 in
Fig. 6¢). These features consist of a set of low resistivity (~1 Qm) anomalies distributed along the
central-western portion of the Serrinha Block. The most strongly expressed is C3, which has a
remarkable spatial coincidence with the Nordestina Batholith (see location N on Fig. 1). Fig. 7 shows
an E-W model cross section that crosses the center of C3. The conductive structure is imaged as
dipping to the west, with its top and bottom located at depths of 5-6 km and 25-30 km, respectively.

Similar structures are seen in alternative inversions, such as the VTF inversion (Figs S10b and S11).

5.1 Deep model assessment

To assess the depth resolution of our data we performed a set of additional inversions, some results of
which are shown here, with additional details in the supplementary material. During these inversions
the resistivity of the bottom of the model was kept fixed below a series of specified depths, allowing us
to assess the impact of these imposed constraints on data fit and model structure. Specifically, we

performed four 3-D inversion runs with resistivity frozen below 30 km, 60 km, 80 km and 120 km. In



one of the inversions the resistivity of the frozen layer was set to 20 Qm (see Fig. S14), whereas in the
remainder (see Fig. 8), the resistivity was set to 100 Qm.

The inversions frozen below 80 km and 120 km produce similar results. The upper parts of the
models do not change significantly and their final nRMS misfits are very close (3.07 and 3.13,
respectively) to the unconstrained model. In the model frozen below 80 km, there is perhaps a slight
decrease in the magnitudes of the anomalies. For the model frozen below 60 km, the amplitudes of the
anomalies become slightly stronger compared with those in the unconstrained model. Also, the
geoelectric features of the Serrinha Block and adjacent Precambrian areas to the west tend to be placed
at shallower depths, whereas the low resistivity below the Tucano Basin appears to extend a little
deeper. But, even these changes are modest, except in the middle part of the study area, where a
resistive window in the crust allows deeper resolution. Not surprisingly, the most significant changes in
the upper parts of the model are observed when the top of the frozen layer is brought up to 30 km. The
relative greater impact of the constraint in this case can also be seen by the more significant increase of
the nRMS misfit to 3.53.

We conclude from these tests that there is little resolution of structure below 30 km. The presence
of strong zones of enhanced conductivity in the upper 10 km, mainly beneath the Serrinha Block and
the Tucano Basin, shields deeper structure. As a consequence, the contrast between lithospheric mantle
between the eastern and western blocks is not well resolved by the available broadband MT data, and

the mantle anomalies apparent in Fig. 7 should be considered with caution.

6 DISCUSSION AND INTERPRETATION

Our results demonstrate that relatively simple 3-D isotropic models can explain out-of-quadrant phases.

It is not necessary to generate any special combination of shallow and deeper electrically anisotropic



zones with different anisotropy strikes, as exemplified by the 2-D models considered by Pek & Verner
(1997). Indeed, the fact that relatively simple 3-D models can exhibit out-of-quadrant phases is
increasingly clear from both forward model studies (e.g. Ichihara & Mogi 2009), and from growing
experience with 3-D inversion. Although the very complex impedances in this area are reproduced
quite well (see Fig. 3 and Figs S1-S5), normalized misfits are somewhat larger (Fig. S8a) than in other
areas, or in VTFs. Given this very challenging data set, we consider the overall misfit reasonable. Even
problematic sites, with nRMS larger than six, are at least fit qualitatively (Fig. S8b). Nevertheless,
amplitudes of both data and fitted are sometimes quite small that details (and phases) are not very
meaningful, and differences are actually not great in an absolute sense.

In the study area, the main zone of out-of-quadrant phase is over the complex buried conductive
features, and almost always just west of the exposed RIGB (Fig. 9). This appears most strongly in the
yx mode, principally when x is aligned with N23°W, probably the local strike direction. This behavior
of the phases is also evident over a range of rotations covering ~45°, and at some sites out-of-quadrant
phases occur in both polarizations. Consequently, we cannot eliminate these anomalous phases from
inversions.

A second area of anomalous phase occurs along the western half of the profile S2. This is more
sensitive to rotation, and vanishes for the N23°W case (i.e. the rotation for which the other area is
strongest). Map views of phases for different coordinate rotations are shown in the supplemental
material.

Given that melts and saline fluids would not be expected in a cratonic area, explanations for
enhanced conductivity in stable deep crust usually invoke the presence of an interconnected network of
iron sulfides and graphite (Jones 1992; Nover 2005; Selway 2014).

These explanations are likely relevant here as well, especially given the extensive literature on the

role of subduction in the Paleoproterozoic geotectonic evolution of the study area. In fact, MT results



from ancient and modern subduction and/or collision zones in many parts of the world have shown that
suture zones resulting from the accretion of terrains very often produce strong conductive anomalies in
the lithosphere (see reviews by Jones 1993; Unsworth 2010; Selway 2014). The most salient of these
features in ancient subduction zones are dipping layers of high conductivity observed along terrane
boundaries. These are often interpreted as resulting from emplacement of metamorphic rocks at deep
levels favoring the formation of a network of interconnected graphite or sulfide on a regional scale (e.g.
Boemer et al. 1996; Wannamaker 2005).

The geometry of these conductive features can provide a primary constraint on the polarity of the
subduction zone. Fig. 10 gives a more regional view of the resistivity distribution in the study area. It
shows that similar west-dipping geoelectric features are observed beneath the central part of the
Serrinha Block in several different vertical sections. We therefore suggest that this geometry provides a
first-order constraint on a westward subduction polarity during Paleoproterozoic collision.

This interpretation is supported by several geologically-based lines of evidence for ancient
subduction in this area. Geochemical analyses (Ruggiero & Oliveira 2010) of andesites and dacites
from the RIGB have revealed adakites, typically produced by partial melting of hydrous metabasalts
related to flat-slab subduction (Gutscher 2000). The position of these rocks to the west of a group of
calc-alkaline affinity suggests westward subduction (Ruggiero & Oliveira 2010), consistent with the
general inclination of the Serrinha conductors. Note that the production of adakitic magmas is almost
always linked to flat subduction (Smithies et al. 2003), in agreement with the low-angle dip of the MT
anomalies.

Subduction processes have also been invoked as a possible mechanism for formation of the
Nordestina Batholith, whose trondhjemitic magmas are believed to result from partial melting of a
Paleoproterozoic subducted ocean slab (Cruz Filho et al. 2003). Therefore, both adakitic and tonalite—

trondhjemite—granodiorite magmas could have resulted from different stages of the same subduction



process. Moreover, mafic-ultramafic rocks have been observed approximately along the contact
between the banded gneisses and the supracrustal rocks of the RIGB (Oliveira et al. 2007). These rocks
are serpentinites with interstitial augite and minor chromite, presenting geochemical characteristics
similar to ophiolitic complexes found in the Alpine-Apennine orogenic belts. Oliveira et al. (2007)
have interpreted this complex as related to rifting of a magma-poor continental margin that preceded
the closure of the Rio Itapicuru ocean basin. Because the age of this complex is poorly constrained,
ranging from 2085 Ma to 2983 Ma, we suggest these rocks might alternatively represent oceanic crustal
fragments trapped during the RIGB arc-collision event at about 2.1 Ga.

Additional support for a subduction explanation for the conductivity anomalies in the Serrinha
Block is the fact that the late- to post-tectonic alkaline rocks in this region may have been generated as
a consequence of slab breakoff, as suggested by Oliveira et al. (2010) and Rios et al. (2009) for the
formation of the Itareru tonalite (see Fig. 1 for location). According to these authors, this event would
have provided the thermal pulse required to melt a previously enriched mantle and generate the
tonalitic magmas.

In the ISCB, the model also shows the presence of strong conductors (C6 and C7 in Fig. 6¢). But
unlike the features C2-CS5, these anomalies are relatively localized and might be associated with
mineralized zones in the belt.

Other important features of our model are two strong conductors in the southern part of the
Serrinha Block (C8 and C9 in Fig. 6¢). It is unclear whether these anomalies have a genetic relation
with the anomalies C2 to C5 in the central part of this block. The anomaly C8, for example, could
belong to the ISCB instead of the Serrinha Block. Indeed, in some inversions, including the one that
uses the vertical field only (see Supplemental Material), this conductive feature has been positioned
more to the west. Regarding the anomaly C9, it seems that it is spatially positioned near the transition,

from north-south to east-west, in the structural orientation of the RIGB. The significance of this change



in structural orientation is still a matter of debate, but some authors have invoked anorogenic processes
to explain its origin. Chauvet et al. (1997), for example, present a tectonic model in which the switch
from contractional to strike-slip tectonic regimes in the RIGB was triggered by the ascent and
emplacement of granodioritic plutons. However, the MT results show that there is significant similarity
in terms of geometry and intensity of the anomalies in the southern part of RIGB with those from the
central part. Therefore, we speculate that these anomalies may be associated with some nearly NE-SW-
oriented collisional process within the Serrinha Block. This is consistent with the tectonic lineation of
the Proterozoic rocks that outcrop just east of the Tucano Basin.

Some anomalies that appear as isolated bodies could in fact be continuous, but appear as distinct
blobs due to the wide profile separation. A good example is the pair of anomalies (S1 and S2 in Fig. 6¢)
that occurs in the central-eastern part of the Serrinha Block. These conductive features are positioned
approximately along a shear zone (Main Shear Zone; Chauvet et al. 1997) that has been considered to
separate two distinct Archean basement subdomains (see Grisolia & Oliveira 2012). In fact, across the
imaginary line connecting the pair of anomalies, the crust, as a whole, becomes more resistive to the
west, reinforcing the association of these anomalies with a continuous geological discontinuity. This
same observation regarding the continuity of isolated bodies can be applied to the conductors modeled
in the ISCB. However, the conductive ISCB zone is almost certainly quite complex, with unresolved
fine structure, and substantial macroscopic structural anisotropy. The imaged structures are likely a
heavily smoothed of very complex structures. Additional MT sites would be required to resolve these
questions.

Fig. 7 also displays a reduction in resistivity (anomaly D) at uppermost mantle depths. The top of
the feature is located near the Moho at the central-eastern Serrinha Block. Its termination is abrupt to
the west, whereas the anomaly becomes more diffuse to the east. All inversions have a lithosphere in

the eastern part of the model that is about one order of magnitude more conductive than in the west,



with a possible resistivity discontinuity below the Serrinha Block. However, these deep structures need
to be treated with caution given the results of the resolution tests discussed above. Long period data
which could penetrate the conductive shallow structures imaged here would be required to resolve this
deeper larger scale variation. Increasing aperture with longer profiles would also help resolve deeper

structure.

7 CONCLUSIONS

Given the non-uniform distribution of sites, our MT dataset presents significant challenges for 3-D
inversion. However, behavior of impedance phases, variable induction vector orientations and formal
dimensionality analysis all provide strong evidence for predominance of 3-D geoelectric structure.
Although many details (in particular along strike continuity of structures) are poorly resolved, the 3-D
inversion nonetheless provides a reasonably coherent regional view of crustal conductivity structures
and shed some light on the Paleoproterozoic collision of Archean blocks that gave rise to the current
configuration of the S@o Francisco Craton basement. Our results also provide further evidence that 3-D
inversions can fit out-of-quadrant phases without using anisotropy or fine scale structure that mimics
anisotropy.

The strong crustal conductors that are mapped beneath the Serrinha Block most probably represent
traces of tectonomagmatic processes that affected the Sdo Francisco Craton during this
Paleoproterozoic orogeny. The very high conductivities within the crust of the Serrinha Block most
likely represent sulfides and/or carbon within a Paleoproterozoic suture zone. The geometry of these
conductors suggests a westward vergent arc-continent collision. These observations support
petrogenetic studies that advocate that the RIGB was formed in an island arc environment. Our results

are the first direct geophysical evidence to support previous geological results that suggest the contact



between banded gneisses and the greenstone belt are probably trace an ancient continental margin that

was active during the collision of the Rio Itapicuru Arc with the basement of the Serrinha Block.
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Figure 1. The
68 MT sites (triangles and stars) distributed along six linear profiles (S1, S2, S3, S4, T1 and T2) deployed in
northeastern Sdo Francisco Craton over the simplified geological map (modified from Bizzi et al. 2003). Stars
indicate, from left to right, the sites ser004a, ser010a and ser017a, whose responses are displayed in Fig. 2.
Greenstone belts: 1. Rio Itapicuru (RIGB). Granitoids: I, Itareru tonalite; N, Nordestina Batholith; A, Ambrosio

Dome. Acronyms in inset figure are: BOR, Borborema Province; PNB, Parnaiba Basin; SA, Salvador City; SFC,

Sdo Francisco Craton.
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Figure 2. Apparent resistivity and phase of three representative sites (location shown as stars in Fig.1) with the
x-axis rotated to the geographic north. Site ser004a is on the Itabuna-Salvador-Cura¢a Belt (ISCB), in the
western part of the study area. Site ser010a is representative of the Serrinha Block, in the central part of the
region, whereas site ser017a is a typical response from the sedimentary Tucano Basin. The upper panel displays
the off-diagonal components. We can observe the xy- and yx-component phases leaving the quadrant at sites
ser004a and ser010a, respectively. At site serQ17a, responses are almost 1-D for most part of the data. The lower
panel shows the diagonal components. It can be seen that the diagonal components are very well resolved for the

sites ser00la and ser010a. In the basin, as expected, diagonal responses are very weak. Dashed lines are the
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Figure 3. Pseudo-sections of apparent resistivity and phase data along the profile S1. The left and right columns
give the xy and yx modes, respectively. The yx-component phases have been shifted by 180°. The top four
pseudo-sections are the measured responses with the x-axis rotated to the geographic north, whereas the bottom

four are the calculated responses for the preferred inversion model.



|[@ 4096 5]
)

Figure 4. Real induction vectors using Parkinson convention (vectors point toward induced internal currents) for
periods of 0.3, 64, 51.2 and 409.6 s. Black arrows are the observed induction vectors derived from single-station
vertical field transfer functions, whereas gray arrows are the induction vectors predicted by the preferred 3-D
inversion model, which results from jointly inverting Z and VTFs. Fits to induction vectors, however, are

similar for the joint and VTF-only inversions.
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Figure 5. Unconstrained geoelectric strike directions given by fitting the distortion model of Groom & Bailey

(1989) using the code of McNeice & Jones (2001) for four period bands.



Figure 6. Preferred inverse model at representative depths: 50 m (a), 3 km (b) and 10 km (c). Features C1-C9

are conductive anomalies discussed in the text. Gray straight line in Fig. 6¢ indicates location of the profile

plotted in Fig. 7. GB: Gavido Block; ISC: Itabuna-Salvador-Cura¢a Belt; SB: Serrinha Block; TB: Tucano Basin.
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Figure 7. Representative east-west cross section along the latitude -10.88° (line A-A' in Fig. 6¢) showing some
of the main features identified in the preferred model. Dashed black line is the average Moho calculated by using
regional depth values from Feng et al. (2007). GAV, Gaviao Block; ISC, Itabuna-Salvador-Curaga Belt; SER,

Serrinha Block; TB, Tucano Basin; SB, Sergipano Belt.
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Figure 8. Horizontal slices at 10 km depth and east-west cross sections at latitude -10.88° obtained with model



resistivity fixed for different depths. See text for discussion.
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Figure 9. Maps of the measured phases rotated to N23°W at selected periods. The left and right columns give the
xy and yx modes, respectively. The yx-component phases have been shifted by 180°. Out-of-quadrant phases

appear mainly over the complex buried conductive features of the Serrinha Block, indicating a relationship of the



anomalous phases with the conductive structures.
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Figure 10. Perspective view of the 3-D inversion model. Solid black lines indicate, from left to right, the
surficial limits of the Gavido Block, Itabuna-Salvador-Curaga Belt (ISCB), Serrinha Block, Sergipano Belt and

Tucano Basin, marked as in Fig. 1. Triangles denote the MT site positions.



