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Abstract :

Twelve combined wide-angle refraction and coincident multi-channel seismic profiles were acquired in
the Jequitinhonha-Camamu-Almada, Jacuipe, and Sergipe-Alagoas basins, NE Brazil, during the
SALSA experiment in 2014. Profiles SL11 and SL12 image the Jequitinhonha basin, perpendicularly to
the coast, with 15 and 11 four-channel ocean-bottom seismometers, respectively. Profile SL10 runs
parallel to the coast, crossing profiles SL11 and SL12, imaging the proximal Jequitinhonha and Almada
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basins with 17 ocean-bottom seismometers. Forward modelling, combined with pre-stack depth
migration to increase the horizontal resolution of the velocity models, indicates that sediment thickness
varies between 3.3km and 6.2km in the distal basin. Crustal thickness at the western edge of the
profiles is of around 20 km, with velocity gradients indicating a continental origin. It decreases to less
than 5km in the distal basin, with high seismic velocities and gradients, not compatible with normal
oceanic crust nor exhumed upper mantle. Typical oceanic crust is never imaged along these about
200 km-long profiles and we propose that the transitional crust in the Jequitinhonha basin is a made of
exhumed lower continental crust.

Highlights

» The transitional domain in the Jequitinhonha basin is, at least, 150 km wide. » The transitional crust
is composed of exhumed lower continental crust. » Necking occurs within less than 100 km. » An
anomalous velocity zone is imaged at the base of the crust.

Keywords : NE Brazil, South Atlantic Ocean, Passive margins, Wide-angle refraction seismic, PSDM,
Crustal structure, Cretaceous breakup, Lower continental crust
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1 Introduction

The processes that led to the breakup of West Ganavand the opening of the South Atlantic
Ocean are still not fully understood. One of themtandrances for an accurate reconstruction of
West Gondwana is the lack of magnetic anomaliesstablish a time-line for the oceanic crust-
spreading rate, as the breakup occurred duringCteéaceous Normal Superchron, chiefly in the
Central Segment of the South Atlantic Ocean (Moatial., 2010). The lack of magnetic anomalies
is counterbalanced by the presence of well-markadtdre zones and lineaments that, with the
knowledge of the intra-plate deformation on bothi@s and South America, tightly constrain the
plate movements (Moulin et al., 2010; Aslanian &Win, 2012).

The SALSA experiment is aimed at constraining thestal structure, the segmentation and the
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geodynamical setting of the Camamu triple junct{éiy. 1), where the aborted Recdoncavo —
Tucano — Jatoba rift system connects with the Jiegonha — Camamu-Almada and Jacuipe —
Sergipe-Alagoas rift systems. Here, the basinsarén extremely narrow margins, from less than
~40 km to less than 100 km wide, and with very ea&rcontinental shelves, which is quite rare in
passive margin settings (Dominguez et al., 2018}his paper, we present wide-angle refraction
and coincident reflection data along two paralkfites located on the Jequitinhonha basin (SL11
and SL12), extending approximately 170 km and 180fiom the continental shelf to the distal

Jequitinhonha basin, and a third profile (SL10hning approximately 270 km parallel to the coast
and crossing the Jequitinhonha and Camamu-Almaabarpal basins (Fig. 1b). The conjugates of
these basins are the South Gabon and Congo b&sind€). The remaining basins studied during
the SALSA project (Camamu, Jacuipe, Tucano andif@eAjagoas basins) will be discussed in

companion papers.

2 Geological setting

The Jequitinhonha — Camamu-Almada rift system aldeinom the Royal Charlotte bank and
Cumuruxatiba basin, on the south, to the Barraltapmla faults, and the Recéncavo and Jacuipe
basins, on the north (Fig. 1). The Jequitinhonh&irbborders the south-eastern margin of the Sao
Francisco craton, but the sampled basement is tlee FRardo Group, low metamorphic
Neoproterozoic rocks linked to the Aracuai Orodeat make up the Rio Pardo-Nyanga aulacogen
(Ledru et al., 1989; Gordon et al., 2012). Thistcasts with the basement of the northern Camamu-
Almada basin, which is the Archean crust of the Bé&mcisco craton (Schobbenhaus et al., 2003),
but this part of the craton is itself underlainthg Itabuna branch of the Paleoproterozoic Itabuna-
Salvador-Curaca belt (Delgado et al., 2003)

During the disaggregation of Rodinia, the Sdo Fsmacand Congo cratons were never completely
detached and formed a cratonic bridge (Porada, ,1DB8& et al., 2016). Neoproterozoic rifting
reached the present-day Aracuai orogen (Tromp&®@7), creating the Macaubas-Jequitinhonha
basin, a gulf-like branch of the Adamastor Oceath \&h undetermined extension of oceanic crust.
The main Cretaceous rift trends are strongly cdlietidoy basement inheritance, with reactivation
of previous rift structures and fold belts from tPaleoproterozoic Iltabuna — Salvador — Curacé and
Neoproterozoic Araguai — West Congo orogens (Fergdial., 2013).

Rifting most likely started at the Camamu tripleagtion, failing at the Recbncavo — Tucano —
Jatoba rift system, and propagating southwardegédCamamu-Almada and Jequitinhonha basins.
Rifting started in the Sergipe-Alagoas basin atarlphase (Moulin et al., 2012; Chaboureau et al.,
2013). Intense fault activity occurred during tharlig Aptian in the Jequitinhonha and Almada
basins, south of the Taipus-Mirim Accommodation ZgfMAZ), but also on the extreme north of
the Camamu basin, forming isolated large grabensgly bounded by basement lineaments. In the
Middle Aptian, the rift architecture changed withetformation of conspicuous N-S and NE-SW
hinge faults mostly concentrated in Camamu basimthnof the TMAZ. In the rest of the rift
system, fault activity decreased and thermal seinsie started (Ferreira et al., 2013).

The syn-rift sedimentary sequences in the Jequitiha and Camamu-Almada basins are bound by
two major regional discordances that, accordingittstratigraphic data, indicate the rift phase
lasted about 30 Ma and ended in the Aptian/Albrandition (Kichle et al., 2005). This chronology
is confirmed in the Jequitinhonha basin (Rangell e2007; Chaboureau et al., 2013), but disputed
in the Camamu-Almada basin, where the syn-riftreedits deposit from the Late Berriasian to the
Barremian/Aptian transition (Scotchman & Chios€ip9) or even to as early as the Middle Aptian
(Caixeta et al., 2007; Gontijo et al., 2007). le tBarly to Middle Aptian there is a major hiatus in
the sedimentation with the formation of a Centravated Block (Chaboureau et al., 2013).

Salt composition, morphology and repartition in tieetheastern Brazilian basins and their African
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conjugates is quite varied (Chaboureau et al., @At is absent in the Jacuipe basin, but threre a
small anhydrite and halite deposits in the Camartmuafla basin and larger deposits in the
Jequitinhonha basin. Salt deposits in their corfpidpasins are larger and more homogeneous, but
with a different composition from the south of tk®ngo basin northwards. Here, they are
potassium-rich evaporites with a probable hydrattarorigin that would suggest a magmatically
active extensional environment (Hardie, 1990; Chiabau et al., 2013). The same composition is
also found in the Sergipe-Alagoas basin, furtherth@n the Brazilian coast, but in almost
inexpressive deposits.

3 Data and Method

3.1 Seismic data

The SALSA (Sergipe-Alagoas Seismic Acquisitionpigoint project of the Department of Marine
Geosciences (IFREMER: Institut Francais de Reclepur I'Exploitation de la MER, France)
and Petrobras, in collaboration with the Laboratofy“Oceanic Geosciences” (IUEM: Institut
Universitaire et Européen de la Mer, France), theuklade de Ciéncias da Universidade de Lisboa
(IDL, Portugal), and the Laboratério de Estudod.idasfera, Universidade de Brasilia (Brazil). The
mission was conducted on the French R/V L'Atalab&tween April and May 2014, with the
acquisition of twelve combined wide-angle refractand high-resolution multi-channel seismics in
the northeastern coast of Brazil. In this study pwesent the results from the three southernmost
profiles, with emphasis on the two profiles that perpendicular to the coast.

Profile SL11 was the southernmost profile of theLSA mission (Fig. 1, Tab. 1), extending from
water depths of 629 m to 4136 m. Profile SL12 waslbel to SL11 (Fig. 1, Tab. 1), at a distance of
approximately 40 km, extending from water depthsléi8 m to 3992 m, with the loss of
instrument SL120BS11. Both profiles cross profild @ (Fig. 1, Tab. 1), which runs parallel to the
coast, between 50 km and 100 km from the coastinefile SL12 was extended onshore with 21
seismometers (Fig. 1), but no in-line shots wecended as the batteries of the acquisition systems
were already depleted at the time of shooting du@umerous marine mammal sightings that
severely delayed the operations.

The OBS were deployed at 7 nautical miles intervalsd were capable of recording on four
channels (1 hydrophone and a 3 component geophAnéb km long digital seismic streamer
ensured near-offset multi-channel seismic (MCSpmdiag of the shots with 360 hydrophones
(Figs. 2aﬁ2b and 2c). The seismic source wasedtarray of 16 air guns with a combined volume
of 6544 in.

The reflection seismic data were pre-processed théh Geocluster (CGG-Veritas) software to

include geometry corrections, wave equation mudtiphttenuation, shot-gather predictive

deconvolution, time variant band-pass filter, aadon transform multiple attenuation. The OBS
data were pre-processed to include clock driftexions, and location corrections due to drift from
the deployment position during their descent to ghefloor using the direct water wave arrival.

Data quality was generally very good on all instemts and channels, with clear arrivals to offsets
over 80 km on most instruments. Times of first aadondary arrivals where picked at their onset,
without filtering whenever possible, and with bgraks Butterworth filters in all other cases.

3.2 Forward modelling

The wide-angle OBS data were modelled using the IR&WR (Zelt & Smith 1992; Zelt 1999)
software package using a layer stripping-approaxh iterative damped least-squares travel-time
inversion at later stages. The starting parameioizor each layer was defined by screening all
instruments for the most important features, eiteong reflections or clear turning waves and
critical refractions (Figs. 3 to 7). To avoid oymrametrization issues, only the interfaces
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discernible in the OBS data were included in thedet® Arrival times of near-offset reflections
were picked from the MCS data for the main sedimgninterfaces (Figs. 2a, 2b and 2c) that were
also identifiable on the OBS data. These arrivales8 were converted to depths using the
propagation velocities obtained from the OBS dBtpth and velocities of the crustal layers and
the upper mantle were modelled using exclusively @BS data. Velocity gradients, relative
amplitudes, and cut-off points were constraineccomparison of synthetic seismograms with the
record sections (Figs. 3a and 3b, or 6a and 6bexample). The final models (Fig. 8) show the
velocity field and interface geometries of all timain sedimentary layers and basement. On SL11
(Fig. 8c), eight sedimentary layers were modelted¢hing a total thickness of 3.3 km at the eastern
profile end and 4.1 km at the top of the continestape. The propagation velocities increase
gradually inside the sedimentary column (Tab. Bhpoaigh with a slight decrease towards the distal
basin and only a small velocity inversion is idéetl, between Ps4 and Ps3. The velocities at the
top of the layers are very well-constrained, witk vertical velocity gradient established from cut-
off distances and relative amplitudes.

Five basement layers were modelled, based on ffezatit refracted and reflected arrivals: upper
crust, middle crust, lower crust, anomalous velozdne, and lithospheric mantle. The upper crust
seems to be present only on the continental slejtle,a thickness of about 3.7 km, but the base of
the evaporites and transition to basement is rsmednible in the data, which could mean that the
upper part of this layer may be a mixture of evdapsrand sediments. The middle crust thins from
6.5 km on the continental slope to 1.5 km on tistatlibasin. Thinning is almost symmetrical with

respect to the top and base of the layer. The lawest thins from 8.5 km on the continental slope
to 2 km on the distal basin. The anomalous veloziipe has a relatively constant thickness,
varying from 2.3 km to 1.5 km at the edges of thafifg and a maximum thickness of almost 3 km

at the necking zone. The lithospheric mantle hasopagation velocity of 8.3 km/s 20 km below

the Moho to provide a gradient capable of explanthe observations. The thickness of the
"unthinned” continental crust at the western edg¢he profile was set to approximately 21 km,

based on reflected arrivals at 20 km offset andranity modelling.

The model for SL11 is able to justify around 95%ha# picked travel-times, and the uncertainty of
each pick was estimated according to its signaletige ratio (SNR), as proposed by Zelt & Forsyth
(1994). The model is very well adjusted, with amalizedy? value of 1.002 (Tab. 3).

On SL12 (Fig. 8b), eight sedimentary layers werel@fied, reaching a total thickness of 4.1 km at
the eastern extremity of the profile and 6.2 krthatsub-basin at the western end of the profile. Th
maximum sediments thickness is 9.1 km, at 0 km inddgance, but the model has a greater
uncertainty in this region. The propagation velesitincrease gradually inside the sedimentary
column (Tab. 4), although with a slight decreasearals the distal basin on the shallowest layers.
The deeper layers show a slight increase towamddisital basin.

The basement structure of SL12 has only four meddhyers, as no arrivals from an anomalous
velocity zone similar to that of profile SL11 wadentified: upper crust, middle crust, lower crust

and lithospheric mantle. The upper crust has &tigiss between 1.9 km and 2.0 km in the distal
basin and increases to 2.9 km at the base of thineatal slope,. The middle crust thins from 6.0

km in the continental slope to 1.5 km in the dis@s$in. Thinning is mostly achieved on the base of
the layer, with the top of the layer almost horizbnThe lower crust is 5.5 km thick at the western
end of the model and completely thins out at 45rkadel distance. The lithospheric mantle has a
propagation velocity of 8.3 km/s 10 km below thehddo provide a gradient capable of explaining

the observations. The thickness of the lower clustda at the western edge of the profile is based
on the reflected arrivals identified in instrumei®s120BS10 and SL120BS12 and on gravity
modelling.
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The model for SL12 is able to justify around 95%la# picked travel-times, and the uncertainty of
each pick was estimated according to its SNR. Tlaehis slightly over-adjusted, with a
normalizedy? value of 0.794 (Tab. 5).

The model for SL10 is able to justify about 93%tlé picked travel-times, and is well adjusted,
with a normalizedy® value of 1.742 (Tab. 7). On SL10 (Fig. 8a), fivedisnentary layers were
modelled, with an average total thickness of al3dkim, and reaching a maximum total thickness of
5.4 km at 125 km model distance. Ps5, that overthgsbasement, is probably a mixture of
sediments and evaporites.

The basement of SL10 has four main layers: uppest,cmiddle crust, lower crust and lithospheric
mantle. The upper basement layer has a thicknem®ohd 2.5 km. The middle unit has a thickness
that varies from 7.3 km at the model edges to atoBi2 km at 150 km model distance, with
thinning occurring at the top of the layer. Theckmess of the lower crustal unit is approximately
constant at 5.3 km. The propagation velocity in dpper mantle increases to 8.20 km/s 10 km
below the Moho to provide a gradient capable ofla@rmpg the observations. Although the
anomalous velocity zone imaged on SL11 reachesrtssing with SL10, the poor ray coverage of
the upper mantle means that there are not enowsggnaiions to justify the inclusion of this feature
on SL10, keeping in line with the minimum structaggproach, i.e., the final velocity model should
only contain the structure required by the datdt(&emith, 1992).

3.3 PSDM

To verify the accuracy of the final velocity modéhe MCS data of each profile were pre-stack
depth migrated (PSDM), and a residual move-outyasimawas performed, using the Seismic Unix
package (Stockwell 1999; Cohen and Stockwell, 20A5cript is available in the supplementary
material. The final velocity layered model was cemed to a 50 x 25 m spaced grid, and used to
compute travel-time tables regularly spaced atrh5the same spacing as the recorded shots) along
the profile by paraxial ray tracing. Solving th&aal equation compensates travel-times in shadow
zones. The travel-time tables are used to calc@datemmon offset Kirchhoff depth migration.
Migrated traces are output as common image gaf#) binned at 25 m, with 30 offset-classes
between 249 and 4596 m, spaced at 150 m. SALSA#19&), SALSA12 (Fig. 9e), and SALSA10
(Fig. 9c) were migrated up to a depth of 18 kmwshg very good resolution in the sedimentary
layers, and a good resolution in the crust, witbdyagreement between strong reflectors and their
wide-angle estimated depths.

Calculating the residual move-out (RMO) allows g-tlidependent velocity analysis on the
migrated CIG. This implies that, if the velocity ded is close to the true medium velocity, all

common offset migrated panels map the recordedngeisvents to the same reflector depth. If the
velocity model significantly deviates from the troedium velocity, the move-out from near to far
offset translates into an interval velocity coriect(Liu and Bleistein, 1995). Additionally, depth

migrated gathers are excellent records of amplitudgations with offset, and therefore are
indicators of in-situ rheological changes. Thedaal move-out behaviour coupled with the seismic
character from PSDM images are key elements totdoaacurately major geological contacts,
moreover with higher horizontal resolution when pamed to the OBS records.

The RMO analysis of the migrated SALSA11 (Fig. WRLSA12 (Fig. 9f), and SALSA10 (Fig.
9d) sections shows mostly sub-horizontal arrivatglicating a good agreement between the
modelled and true medium velocities in the entedimentary basin and upper crust. Coherence is
lost immediately below the basement, due to thealrof the free surface multiples.

3.4 Gravity modelling
During the cruise, filtered gravity data were acgdievery 10 s using a Lockheed Martin BGM-5
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dynamic gravimeter installed as close as possibléhe centre of gravity of the vessel. This
gravimeter additionally calculates the Eo6tvos ocirom, and the Free Air and Bouguer gravity
anomalies. The data were merged with the navigatada and corrected for instrumental drift using
the Caraibes software, developed by Ifremer. Grai@m drift was corrected using three
measurements at absolute gravity points in Mac8i&y Paulo and Salvador. Outliers were
manually cleaned. The precision of the measurenmgmgluated at 1 mGal.

The observed gravity in the Jequitinhonha basirelatively smooth, with a positive anomaly on
the edge of the continental shelf, and a negatnemaly that starts at the location of profile SL10
towards the distal part of the basin (Fig. 1a).t®& global satellite-derived gravity (Sandwell &
Smith, 2009; Sandwell et al., 2013, 2014), this atikg@ anomaly is connected to a negative
anomaly concentric with the pronounced gravimdiigh at the Royal Charlotte bank (Fig. 1a).

An estimate of crustal density can be obtained byetating the acoustic wave propagation
velocities with rock densities (Christensen & Mopn&995). Although there is no absolute
relationship between acoustic propagation veloaitg density, gravity modelling shows that the
seismic model is compatible with the measured ¢yanomaly.. Areas of the model unconstrained
or poorly constrained by seismic data can be furtomstrained as a first order interpolation by
gravity modelling.

For profile SL11, we built a 2-D model consistingg 71 homogeneous density blocks, by
conversion of seismic velocity to density accordiodg.udwig et al. (1970). The density conversion
of our velocity model (Tab. 8) is able to prediot tmain trend of the gravity anomaly (Fig. 8c). The
regional trend was removed by varying the densitiethe deep lithospheric mantle in the range
between 3330 kg/frand 3345 kg/fh

The densities for the upper mantle must be comdisteth the geological setting, but in this
complex region, with Archean and Proterozoic uaitd at the northern limit of the Neoproterozoic
rifting, several hypotheses are possible. The ndedemantle densities are consistent with: a
moderately depleted Archean Sub-continental lithesp mantle (SCLM), that can have mean
densities as low as 3310 kgna depleted Proterozoic mantle, with mean desséilow as 3330
kg/m®;, (Poudjom Djomani et al., 2001); or with a verywoeked and possibly enriched
Paleoproterozoic serpentinized forearc mantle (€Ebawet al., 2016). Present-day lightly
serpentinized forearc mantles have mean denstgéesng at 3200 kg/m(Hyndmand & Peacock,
2003).

The largest difference between observed and caécllgravity anomaly, 13.0 mGal (Fig. 8c),
occurs close to the continental slope where thopménmore pronounced and seismic coverage is
poorer. The calculated gravity anomaly is also =stest with the satellite-derived gravity values
observed on parallel profiles extracted north andtsof the profile .

For profile SL12, we built a 2-D model consistingl®6 homogeneous density blocks. The density
conversion of our velocity model (Tab. 8) is aleptedict the main trend of the gravity anomaly
(Fig. 8b). The density of the mantle is consisteitlh the geological setting.

The largest difference between observed and cagmligravity anomaly occurs close to the western
edge of the model where the maximum difference he©.6 mGal (Fig. 8b). The calculated

gravity anomaly is well within the values obserwadparallel profiles extracted north and south of
the profile, derived from satellite gravity measusats.

Gravity modelling for profile SL12 is also consistevith the existence of the lower crustal unit in
the proximal basin. Without it, the calculated graanomaly does not match the data.
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For profile SL10, we built a 2-D model consisting92 homogeneous density blocks, but precise
gravity modelling is hindered by the presence dif sametimes mixed with sediments, chiefly in
the Camamu-Almada basin, with differences betweedathed and observed values up to 50 mGal.
In the region between profiles SL11 and SL12, Hrgdst difference is under 20 mGal (Fig. 8a). ..
On the southern end of the profile, ray coverageery poor in the upper mantle, and we cannot
exclude the contribution of the anomalous veloapne imaged on SL11. To avoid boundary
effects the velocity model is extended north angtlsdefore calculating the gravity anomaly, but
without taking into account the change of topogyaftathymetry and crustal thickness. The mass
deficit that is apparent in the gravity anomalySifl0 is due to the regional influence of the thick
continental crust of the S&o Francisco craton énrtbrth and the Royal Charlotte bank in the south.
Load anomaly in all profiles is within acceptabl@nges for a crust in isostatic equilibrium
(Whitmarsh et al. 1996).

3.5 Crossingswith SL 10

To avoid operator and interpretation bias, pro8lel0 was modelled independently of profiles
SL11 and SL12, by another operator, using diffeteals for data picking and filtering. SL10 runs
parallel to the coast and images the crust perpaladly to the major structural features. Some
differences are expected, chiefly for the deepatsriaces and foremost on those constrained by
wide-angle reflections. However, when comparing 1Bevelocity-depth profiles extracted at the
crossing points, the most noticeable discrepandpastotal crustal thickness of SL11 and SL10
(Figs. 10b and 10c). SL11 has a 8 km thick crukileathe crust on SL10 reaches a thickness of 9
km. This is explained by the inclusion of the antoua velocity layer seen in SL11 in the lower
crust of profile SL10. The direction of shooting 8£10 and the presence of salt makes it very
difficult to model this feature.

4 Modd evaluation

4.1 Indirect model evaluation

Models are evaluated not only by the number ofifjggt observations and global data fit, but also
by the uniformity and density of their ray coveragmearing, resolution and the number of rays
that constrain each node (hitcounts).

All three models are globally well covered with sayand well-constrained from arrival times.
Localized defocusing effects caused by the sakrlaye apparent in the lower crustal layers of
profile SL11. The resolution is generally very gdéty. 11). Some sedimentary layers show lower
resolution, but they were constrained using the-n#aet reflection data.

All layers show hit-counts larger than 2000, onfiee SL10 and SL11, and larger than 1000, on
profile SL12, indicating that the velocities arelwmnstrained. Hit-counts for interface depths are
larger than 1000, on profiles SL11 and SL12, amgelathan 2000, on profile SL10, indicating a
good constraint also on interface depths and t@mges. Smearing is low on all three models,
suggesting that they are not over-parameterized.

4.2 Uncertainty estimation usng VMONTECARLO

VMONTECARLO (Loureiro et al., 2016) was applied the crustal layers of the final models of
SL10, SL11 and SL12, using the Metropolis algoritiimd adaptive variance to increase the
convergence. The first quality threshold used taldsh the model ensemble (ME) was set to twice
the preferred model’s quality of fit (in terms oMS, number of traced rays am@. Two million
random models were generated for each profile.

For SL11, 16,289 models were at least as good egitbferred model, in terms of number of
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justified observations and data fit, and used tddba global uncertainty map. . The global
uncertainty map for profile SL11 (Figs. 12c and Y13Hows that the model is generally well
constrained, apart from very localized defocusifigcts caused by the salt layers. Only the deeper
crustal layers admit a broader range of velocityes while still satisfying the global data fit, tbu
the ray coverage in these regions is poor. Interthpths are also well determined.

A direct result of the VMONTECARLO uncertainty estition is the output of a model that fits the
dataset better than the preferred model. In thége,chhe best model is capable of tracing 8097 rays
(justifying 97.0% of the data), with an RMS of 0908 and a“ of 1.930. The original model had
justified 7910 observations, had/aof 3.193 and an RMS of 0.089 s. Even if the bestlehhas a
better data fit and justifies more observationsithar preferred model, the best model (dashed lines
in Figs. 12a and 12b) does not deviate signifigaindm the preferred solution (solid lines in Figs.
12a and 12b). This means that the preferred meddteady a good solution.

For SL12, we used VMONTECARLO with the same optias for SL11. The first quality
threshold used to establish the ME was set to tiiegreferred model’s quality of fit (in terms of
RMS, number of traced rays anf). SL12 has less data points (6490 observatiors) SL11
(8348 observations), but with a better qualityigfrheasured in both terms of RMS ayfd Given

the current data interpretation, the model soluatso seems to be more unique, as some arrivals
are constrained to very specific features.

For SL12, only 6 models were at least as good aspteferred model, in terms of number of
justified observations, RMS angf value, indicating that the preferred model is ayvgood
solution. If parameters are relaxed to match thaityuof fit of model SL11 (the same RMS ayfd
values) but requiring at least the same numberaakt rays as the preferred model, this number
increases to 26,043 models (1.3% of the ME). Howeties subset of the ME does not include the
best random model.

To generate an uncertainty map comparable to th&tdl (Figs. 12c and 12d), the ME of SL12
was filtered to show only models withyaof 3.193 and an RMS of 0.089 s (the same valued us
for SL11). The ME was further filtered to show ontypdels capable of tracing at least 5,500 rays to
use a similar number of models on both profiles fihal ME had 15,324 models.

The global uncertainty map for profile SL12 (FigRe and 12f) shows that the central part of a
model is generally well constrained. The lower tabianits in the necking zone, sparsely-covered
by rays, admit very different values while keepiig global fit at acceptable levels. Interface
depths are well constrained.

The best model found was capable of tracing 58§2 fastifying 90.2% of observations), with an
RMS of 0.067 s and g of 1.808. The original model traced 5886 rays, Aaf of 2.035 and an
RMS of 0.071 s. It too, did not deviate signifidgnrom the preferred model (dashed and solid
lines in Figs. 12c and 12d), indicating that thef@mred model is already a very good solution.

For SL10, 2,528 models were capable of fittingdaea with a? value better than 3.193 (the same
value used for SL11), an RMS up to 0.179 s, anclaapof tracing at least 85% of the preferred
model’s traced rays. The global uncertainty magpfoffile SL10 (Figs. 12a and 12b) shows that the
crustal layers are generally well constrained, witine noticeable defocusing effects caused by the
presence of salt. The velocities of the upper neah#lve higher uncertainties. The best random
model does not deviate significantly from the pnefd solution and is capable of tracing 11,961
rays, with an RMS of 0.129 s ang’aof 1.673. It has a better fit than the preferrestiei for SL10,

but it justifies less observations.
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1D slices of these global uncertainty maps, coldw@aecording to model score, were used to study
the profile crossings. We find that each of thefgmred models is compatible with the uncertainty

bounds of the profile it crosses (Fig. 10), andegalty close to the random models with higher

scores.

4.3 Comparison with GXT

SALSA11 was shot along the track of a still not mied seismic acquisition line, profile ION
GXT-1900. This dataset provides additional constgaito the sedimentary basin and crustal
structure. On the line drawing of this profile themre several deep crustal reflectors and what
appears to be a highly reflective, undulating Mdboe to the spacing of the instruments, refraction
data are typically unable to retrieve small refbecivavelengths, but the final velocity model of
SL11 is capable of bounding the major units idedifin the ION GXT-1900 profile with a very
good agreement (Fig. 13).

5 Discussion

Profiles SL11 and SL12 were aimed at imaging thekimg zone and the deep Jequitinhonha basin.
Profile SL10, running parallel to the coast, wamed at imaging the necking zone and proximal
Jequitinhonha and Camamu-Almada basins.

The interpretation of the SL11 and SL12 wide-angledels allowed us to identify two main
regions (Figs. 15 and 16). The first region is tleeking zone, between 0 km and ~50 km model
distance, where the continental crust thins fror23%m to about 13 km. The second region, from
50 km model distance to the end of profiles SL1d 8h12, is the deep basin.

The southernmost region of profile SL10 shows atadustructure of a thinned continental crust
nature (Fig. 17) that is consistent with what iseted on profiles SL11 and SL12, at the crossing
with this profile. North of the crossing with SL1&ready in the Camamu-Almada basin, it neither
shares features with typical continental crust typical oceanic crust, but those of a transitional
domain that is discussed next.

In profile SL12, a third crustal unit is presentaelled with lower propagation velocities than the
anomalous velocity zone of profile SL11. This laigeconstrained by reflections at both the top and
base (Figs. 6 and 7), and is also required to ingtbe fit in the gravity anomaly model.

The unthinned continental crust is not imaged by @fnthe presented profiles, however, the width
of the first region, the necking zone, can be esti@ less than 100 km, taking into account a total
crustal thickness of between 37 km and 41 km (Agsdo et al., 2013) taken at approximately 50
km inland.

The second region, the deep basin, has a crustahabt be classified as having an oceanic nature,
as the propagation velocities, gradients and l#yieknesses are inconsistent with typical Atlantic
oceanic crust of comparable age (Figs. 15 and Tv®). crustal layers are present, with an upper
layer that reaches a maximum thickness of 3 kmhasdhigh seismic propagation velocity (above
5,5 km/s) and a strong gradient. The Moho is alagked by a sharp increase in velocity and clear
PmP reflections. Two hypotheses can be made fondiere of the crust in this region: exhumed
mantle exhumed lower continental crust.

5.1 Exhumed mantle

Continental mantle exhumation and subsequent sempetion has been proposed as an
explanation for the formation of the ocean-contingansitional crust at the later phases of the
rifting process in the Atlantic Ocean, mainly basedthe very specific Galician margin studies
(Boillot et al., 1987; Brun & Beslier, 1996; Maneltsl, 2001; Lavier & Manatschal, 2006).
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To test the hypothesis of mantle exhumation, thevécity-depth profiles extracted along the
profiles were compared to similar profiles extrdcteom wide-angle seismic models (Figs. 18a,
18b and 18c) in the Newfoundland Grand Banks martbheria Abyssal Plain, and southern
Galician margin, where the ocean-continent tramsitzones have been interpreted as exhumed
mantle, serpentinized upper mantle, or a mixtureboth. In the southern Galician margin
serpentinized upper mantle and lower continentagtomaterials were drilled during Legs 173 and
149 of the Ocean Drilling Program (Chian et al.99p with the lower continental crust materials
being interpreted as rafts that float in an ovewplber mantle exhumation regime that occurs along
a deep detachment (Boillot et al., 1987; Manats@@01). The 1D velocity-depth profiles are also
compared a compilation of mean velocity-depth \emmes in the ocean-continent transition (Fig.
18d - Minshull, 2009) of profiles in the previousgompared regions and the UK western
approaches margin, where an anomalously high Vp&¥ie indicates the presence of strongly
serpentinized rocks (Bullock & Minshull, 2005).

In the southern Iberian Abyssal Plain (IAM-9 prefilFig. 18a), a zone inferred to be exhumed
upper mantle has a thickness of 5 km divided into layers (Dean et al., 2000). An upper, high
velocity-gradient layer, 2 km to 4 km thick, integped to be upper mantle serpentinized peridotite
(with a mean bulk serpentinization from 25% to 100&ong faults, which may have been
subsequently locally intruded by the products afamepression melting in the mantle, and a lower
layer up to 4 km thick with a P wave propagationoeiy between 7.3 km/s and 7.9 km/s,
representing mantle peridotite with a mean bullpaetinization of < 25%, possibly concentrated
along fewer, but steep cutting faults. On the IAN}+®file, reflections from the Moho, representing
the serpentinization front, are weak in the widglarseismic data and absent in the normal incident
data.

On the eastern Grand Banks of Newfoundland, pr&d@REECH-2 (Fig. 18b) shows a ~25 km-
wide zone with a smooth basement, characterizegelncities higher than 6.3 km/s, increasing to
7.7 km/s at a depth of 5 km. This region is inteted, from analogies with the Iberian Margin, as
being exhumed upper mantle material (van Avenddrid.e2006). Similar zones are much wider
(60 — 160 km) on SCREECH-3 (Lau et al., 2006) dsd an the Iberia Abyssal Plain (Dean et al.,
2000).

However, in the southern Galician margin, whereemppantle materials were drilled, the crustal
structure was imaged by the CAM wide-angle proffinshull et al., 1998; Chian et al., 1999),
showing a continuous increase of velocity with tegntd absence of intra-basement interfaces (Fig.
18c).

The velocity structure of the Jequitinhonha basinaticeably different from that of these profiles,
where the basement is presumably formed of exhumeaatle. When compared to the other three
areas, the Jequitinhonha basin has an upper lagtfemwch higher velocities and lower gradients,
and there are clear reflections from the Moho seehoth wide-angle and near offset seismic
sections that are associated with strong velo@ttrasts. These reflections at the base of therlowe
layer are absent in the other three profiles. Tif$erences clearly demonstrate that the basement
of the Jequitinhonha basin cannot be formed of mddimantle.

5.2 Exhumed lower continental crust

Between thinned continental crust and pure oceanist, the presence of exhumed lower
continental crust has been proposed for other segnoé the South Atlantic Ocean (Moulin et al.;
2005; Aslanian et al., 2009; Klingelhofer et alo18; Evain et al., 2015; Moulin et al., 2016) and
the Mediterranean Sea (Afilhado et al., 2015; Moeli al., 2015).
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To test the exhumed lower continental crust hypotheve compared the 1D velocity-depth profiles
from the Jequitinhonha basin with those extractedhfwide-angle seismic models in the Santos
basin (SANBA experiment) and Gulf of Lion and Progal basin (Sardinia experiment), where the
ocean-continent transition zones have been intiexgbreo be exhumed lower crust. Bott (1971),
Aslanian et al. (2009) have proposed that this toeamntinental crust may feed the first oceanic
accretion process

The 1D velocity-depth profiles extracted along Slddd SL12 are comparable to those from
regions where exhumed lower continental crustappsed, such as the Provencal basin (Fig. 18e),
where the gradients and thicknesses are similai; the Santos basin (Fig. 18f), where the
propagation velocity gradients are also very simbat the crust is thicker. There are also onlg tw
crustal layers and a marked velocity step at theofdhe mantle (Figs. 18e and 18f) in both regions
These observations lead us to infer that this domsaimost likely comprised of exhumed lower
continental crust.

The Almada section of profile SL10 shows similastwith the proximal part of the exhumed lower

continental crust domain of profiles SL11 and Suhdst notably in terms of upper crust thickness
and velocity gradient in the lower crust. The chesss to the necking zone may explain most of the
differences found between profile SL10 and theif@®that run perpendicularly to the coast. Layer
thicknesses and propagation velocities at the tapeocrust are comparable to those of the thinner
parts of the exhumed continental crust domain ef 8antos basin (Fig. 18f), as well as the

propagation velocities at the top of the basement.

5.3 Boudin-likefeature

A specific feature of the southern-most profile {3).is an anomalous velocity zone that underlays
the lower crust. The P-wave propagation velocitiethis relatively thin layer are over 7.6 km/s,
making the reflection at the top of this layer adidate seismic Moho (Prodehl et al., 2013), but it
is much more reflective than the mantle, indica@ngrustal nature (Cook et al., 2010; Hammer &
Clowes, 1997). The internal reflectivity is apparenthe GXT-1900 line drawing (Fig. 13), but also
in the PSDM (Fig. 2b) and MCS sections (Fig. 9a).

The anomalous velocity zone bounds an high-amm@ituttiulated reflector identified in cyan in the
line-drawing of profile ION GXT-1900 (Fig. 13). Thireflector shares similarities with the “M-
reflector”, proposed by Blaich et al. (2010) foet@amamu-Almada basin. The wavy character of
deep reflectors is also found in the conjugate mafgr example in profile PROBE23 (Rosendahl
et al., 1991). In the Middle South Gabon Basiningilar undulating reflector is also identified, the
“G-reflector” (Dupré et al., 2011). The “G-reflect@mppears also at approximately 10 s twt, and is
interpreted as the transition between an uppert @uod the result of mafic underplating of the
continental crust that has been thinned duringrskba. A similar anomalous velocity zone, with P-
wave seismic propagation velocity exceeding 7.7skn¥ also present in the Upper South Gabon
basin, on profile SPOG2 (Wannesson et al. 1991).

The same feature is not modelled on profile SL1#, &5 the maximum reciprocal offsets are
smaller in this profile, due to the smaller numbedeployed instruments, it may not be possible to
accurately image this feature if it exists. Addidly, profile SL12 is located on the transition
between the Jequitinhonha and Almada basins, headlivenca basement high, which could mark
a different basement fabric. However, taking intoaint the estimated uncertainties for this model
(Figs. 12a and 12b), an anomalous velocity zondaito the one modelled on profile SL11 cannot
be excluded.

A possible interpretation for the anomalous velotaler is that the lower continental crust, as it
thinned and/or exhumed, begins to flow (Bott, 19Back et al., 1999; Aslanian et al., 2009) and
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form lithospheric-sized boudins (Fig. 14). A similmechanism has also been proposed for the
Uruguayan margin (Clerc et al., 2015). In this s part of this crust is enriched with mafic and
ultramafic mantle materials, which explain the ease of the seismic propagation velocity. Such
intrusions of mantle-derived melts into the lowanst have been proposed in the Paleoproterozoic
block of the Ukrainian Shield, where a layer wittissnic propagation velocity of 7.6 km/s is
observed above the Moho (Thybo et al., 2003; Th&bArtemieva, 2013). As the anomalous
velocity zone is not apparent on profile SL12, othessibilities are that this feature is linkedhe
Miocene Abrolhos volcanism (intruded upper mantt®nnected to upper mantle foliation due to
plate movement along the Bode Verde Fracture Zomeyen indicative of boudinage of the deepest
parts of the continental crust induced by a transfme that is expressed by the Royal Charlotte
Bank.

6 Conclusions
The Jequitinhonha basin is set on a narrow mawgith, the complete necking of the continental
crust occurring within less than 100 km.

The typical oceanic crust was not reached in mefL11 and SL12. Taking this into account and
the limit of the necking zone, the transitional domin the Jequitinhonha basin is, at least, 150 km
wide, which is in agreement with the transitionairdhin proposed for the same area by Blaich et al.
(2008). Seismic velocity gradients seem to rulesoptirely continental origin and Moho reflections
discard a serpentinized upper mantle provenance tréinsitional domain is instead most probably
composed of exhumed continental lower crust. Thisni accordance with the hypothesis of
Aslanian et al. (2009), who proposed a transiti@nast in this region.

On profile SL11 there is an anomalous velocity ztimg underlays the lower crust and bounds
high-amplitude undulating reflectors. The seismiopagation velocities and the geometry of the
reflectors suggest the existence of a boudin-iadure probably linked to the crustal thinninghwit
oceanward creep of the lower crust.

In the Jequitinhonha basin, the upper continermatccompletely thins out at the limit of the salt
province (Fig. 19). The middle and lower crusts exbumed in the distal basin, with shearing and
oceanward creep of the deepest parts of the lomst.dJItramafic intrusions in the lower crust are
also possible.
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Figure 1: Location of profiles of the SALSA missia) satellite-derived gravimetric anomaly in the
sea (Sandwell & Smith, 2009; Sandwell et al., 202@&14) and topography on land (IHO-IOC
GEBCO, 2014). Circles denote OBS deployments. gtemdenote land stations. Black solid lines
indicate MCS sections. Dashed black line denotelisiaDashed white lines indicate marine basin
limits (Bizzi et al., 2003). Orange area indicattes Recdncavo-Tucano-Jatoba (RTJ) basins (Bizzi
et al., 2003). Light blue area indicates the linoitshe S&o Francisco Craton, adapted from (Hasui,
2012). TMAZ: Taipus-Mirim Accommodation Zone. Manver indicated by solid blue lines
(Wessel & Smith, 1996). b) Bathymetry (IHO-IOC GEB2014) around the profiles discussed in
the present paper. c) General location map of studiea and conjugate margin.



Figure 2: MCS record sections for: a) SALSA10, BLSA12, and c) SALSA11l. Solid coloured
lines indicate the modelled interfaces. White fgias denote OBS locations. Red vertical line
indicates crossings with other profiles.



Figure 3: Instrument SL110BSO05. a) Record sectimnSynthetic record section. c) Synthetic
record section with arrivals coloured accordingtheir identified phases. d) Picked arrivals
coloured according to phase, their error bars, solidl black lines indicating the predicted arrival
times. e) Ray tracing over the model. f) Comparisith the MCS section, coloured lines match the
reflected arrivals colours from d) and colour sdaden Fig. 2. All time sections reduced to 7 km/s.



Figure 4: Instrument SL110BS09. a) Record sectimnSynthetic record section. c) Synthetic
record section with arrivals coloured accordingtheir identified phases. d) Picked arrivals
coloured according to phase, their error bars, solidl black lines indicating the predicted arrival
times. e) Ray tracing over the model. f) Comparisith the MCS section, coloured lines match the
reflected arrivals colours from d) and colour sdaden Fig. 2. All time sections reduced to 7 km/s.



Figure 5: Instrument SL110BS13. a) Record sectimnSynthetic record section. c) Synthetic
record section with arrivals coloured accordingtheir identified phases. d) Picked arrivals
coloured according to phase, their error bars, solidl black lines indicating the predicted arrival
times. e) Ray tracing over the model. f) Comparisith the MCS section, coloured lines match the
reflected arrivals colours from d) and colour sdaden Fig. 2. All time sections reduced to 7 km/s.
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Figure 6: Instrument SL120BS12. a) Record sectijnSynthetic record section. ¢) Synthetic
record section with arrivals coloured accordingtheir identified phases. d) Picked arrivals
coloured according to phase, their error bars, solidl black lines indicating the predicted arrival
times. e) Ray tracing over the model. f) Comparisith the MCS section, coloured lines match the
reflected arrivals colours from d) and colour sdaden Fig. 2. All time sections reduced to 7 km/s.



Figure 7: Instrument SL120BS09. a) Record sectinSynthetic record section. ¢) Synthetic
record section with arrivals coloured accordingtheir identified phases. d) Picked arrivals
coloured according to phase, their error bars, solidl black lines indicating the predicted arrival
times. e) Ray tracing over the model. f) Comparisith the MCS section, coloured lines match the
reflected arrivals colours from d) and colour sdaden Fig. 2. All time sections reduced to 7 km/s.



Figure 8: Final velocity models for profiles: a) Bl, b) SL12, and c¢) SL11. Thick blue lines
indicate interfaces constrained by wide-angle ctiftes. Shaded areas indicate ray coverage.
Observed (dashed black lines) and calculated (setldines) gravity anomalies under each profile.



Figure 9: Pre-stack depth migrated MCS record gestfor: a) SALSA1l, c¢) SALSAL0, and e)
SALSA12. RMO analysis of the pre-stack depth mepla¥ICS record sections of: b) SALSA11, d)
SALSAI10, and f) SALSA12. Solid coloured lines inalie the modelled interfaces. White triangles
denote OBS locations. Red vertical line indicatesossings with other profiles.



Figure 10: Comparison of 1D velocity depth profisgghe crossings of SL11 (black solid lines) and
SL12 (purple solid lines) with SL10 (blue dashede)i Coloured regions show uncertainties
estimated with VMONTECARLO for a) SL12; b) SL11; 8110 at the crossing with SL11; d)
SL10 at the crossing with SL12. Different colourdicate normalized random model scores.



Figure 11: Model resolution for all velocity nodes a) SL11, b) SL12, and ¢) SL10. Gray and
yellow areas are considered well resolved in teofgelocities. Squares indicated well-resolved
depth nodes in the basement.



Figure 12: a) and b): Model uncertainties for geo$L10, using 5116 models that were capable of
tracing at least 85% of the rays of the preferredieh, with a maximum residual of 210 ms ang a
value of 4.4. c) and d): Model uncertainties foofpe SL11, using 16 289 models that were at least
as good as the preferred model. e) and f) Modet¢mainties for profile SL12, using 15 324 models
that were at least as good as the preferred m&w#sl. shades [a), ¢) and d)] denote maximum
admissible velocity increases from the preferretutsmm. Blue shades [b), d and f)] denote
maximum admissible velocity decreases from the eprefl solution. Yellow bands indicate
interface depth uncertainties resulting from thaeéase of propagation velocity [a), ¢) and €e)], and
from the decrease of propagation velocity [b), ) §].



Figure 13: Overlay of SL11 model (dashed lineshrie-drawing of ION GXT-1900 (solid lines).
Blue arrow marks crossing with profile SL10. Insbbws the coincident tracks of SL11 and ION
GXT-1900 profiles.



Figure 14: Cartoon for the boudinage of the lonantmental crust as it is stretched and enriched
during the rifting process.



Figure 15: 1D velocity-depth profiles below the ément of SL11, taken at 10 km intervals.
Interfaces identified by thick coloured lines haaevelocity contrast over 0.1 km/s. Interfaces
identified by thin grey lines have velocity contramder 0.1 km/s. Blue regions indicate a
compilation of 1D velocity-depth profiles from (Waiet al., 1992) for oceanic crusts in the Atlantic
Ocean aged 59 Ma to 127 Ma and 142 Ma to 170 Mak Regions indicate a compilation of
continental crusts (Christensen & Mooney, 1995edarlD profiles mark thinned continental crust,
orange profiles mark exhumed lower crust.



Figure 16: 1D velocity-depth profiles below the é@aent of SL12, taken at 10 km intervals.
Interfaces identified by thick coloured lines haaevelocity contrast over 0.1 km/s. Interfaces
identified by thin grey lines have velocity contrasmder 0.1 km/s. Blue regions indicate a
compilation of 1D velocity-depth profiles from (Waiet al., 1992) for oceanic crusts in the Atlantic
Ocean aged 59 Ma to 127 Ma and 142 Ma to 170 Mak Regions indicate a compilation of
continental crusts (Christensen & Mooney, 1995gdarlD profiles mark thinned continental crust,
orange profiles mark exhumed lower crust.



Figure 17: 1D velocity-depth profiles below the é@aent of SL10, taken at 10 km intervals. Blue
regions indicate a compilation of 1D velocity-deptfofiles from White et al. (1992) for oceanic

crusts in the Atlantic Ocean aged 59 Ma to 127 kid B2 Ma to 170 Ma. Pink regions indicate a
compilation of continental crusts (Christensen &dvley, 1995). Red and green profiles are from
the thinned continental crust domain, purple pegfilare from the transitional domain. Black
profiles are from both domains.



Figure 18: Comparison between 1D basement veldapth profiles of SL11 and SL12, extracted
every 10 km after the necking zone (orange lines(L10, in the Camamu-Almada basin (purple
lines), and from wide-angle seismic models whereaoetransition zones were interpreted as
exhumed and/or serpentinized upper mantle (shaged)aa) IAM-9 in Iberia Abyssal Plain (Dean
et al., 2000); b) SCREECH-2 in the Grand Banks mawgfshore Newfoundland (van Avendonk et
al., 2006); c) CAM in the Southern Galician mar@@hian et al., 1999); d) Mean velocity-depth
variations with one standard deviation above ardvb¢he mean of SCREECH-1, SCREECH-2,
SCREECH-3, WAM, ISE-1, CAM-144 and IAM-9 models rmo Minshull (2009). Same
comparison, but where ocean-transition zones weeggreted as exhumed lower continental crust
(shaded areas) e) Sardinia profiles in the ProveBemsin (Moulin et al., 2015); f) SanBa
Experiment in Santos Basin (Evain et al., 2015).
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Table 1: Details of profiles SL10, SL11 and SL12.



Table 2: Vp Propagation velocities of SL11, in km/slocities are specified at the top and bottom
of each layer for the proximal and distal partshef basin.
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Table 3: Statistics for model SL11.



Table 4: Vp Propagation velocities of SL12, in km\/slocities are specified at the top and bottom
of each layer for the proximal and distal partshef basin.
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Table 5: Statistics for model SL12.



Table 6: Vp Propagation velocities of SL10, in km\/slocities are specified at the top and bottom
of each layer.
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Table 7: Statistics for model SL10.



Table 8: Densities converted from seismic propagatrelocities for SL10, SL11 and SL12,
according to Ludwig et al. (1970).



Profile Maximum offset (km) OBS No. of shots

SL10 230 15 1686
SL11 180 15 1161
SL12 215 12 (Llost) 1399

Table 1: Details of profiles SL10, SL11 and SL12.
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Layer Proximal =~ Distal
Psl 1.8
1.9
Ps2 2.2 f 2
Ps3 26
2.7
Ps4 2.8 2.6
2.9 2.7
Ps5 3 2.7
3 2.8
Ps6 4.1 3.1
4.2 3.2
Ps7 4.4 4.3
4.5 4.7
Ps8 4.9 4.7
5
Cl 5.2 =
5.3 -
c2 5.6 5.8
6.1 6.4
c3 6.4 6.3
6.8 6.8
AVZ 7.6
8.1
M1 8.1 | 8.2
8.3

Table 2: Vp Propagation velocities of SL11, in km/s. Velocities are specified at the top and bottom of each layer for the proximal and distal parts of the basin.
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Phase  No. of Points RMS (s) X2

Pw 5538 0.042 0.739
Ps2P 513 0.043 0.113
Ps2 633 0.077 1.357
Ps3P 417 0.026 0.045
Ps3 209 0.038 0.922
Ps4P 248 0.014 0.034
Ps4 72 0.048 0.695
Ps5P 365 0.038 0.08
Ps6P 76 0.019 0.011
Ps6 226 0.046 1.753
Ps7P 257 0.036 0.126
Ps7 288 0.037 0.942
Ps8P 444 0.05 0.188
Ps8 916 0.048 0.859
PglP 165 0.075 0.91
Pgl 469 0.044 0.496
Pg2P 530 0.052 0.372
Pg2 446 0.098 2.872
Pg3P 258 0.06 0.631
Pg3 1739 0.106 2.616
PulP 994 0.103 2.209
Pul 808 0.113 1.776
PmP 902 0.086 0.679
Pn 2288 0.072 0.511
Global 18801 0.068 1.002

Table 3: Statistics for model SL11.
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Layer Proximal =~ Distal
Ps1 ig

Ps2 g:i 2?1
Ps3 g?

Pt 39 a7
Ps5 gg

PSS 43 4
S VR —t
Ps8 g;

c1 53

2 3 2
G373 Z
M1 8?3

Table 4: Vp Propagation velocities of SL12, in km/s. Velocities are specified at the top and bottom of each layer for the proximal and distal parts of the basin.
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Phase  No. of Points RMS (s) X2

Pw 3454 0.041 0.734
Ps2P 194 0.032 0.04
Ps2 288 0.031 0.391
Ps3P 414 0.042 0.304
Ps3 163 0.076 1.223
Ps4P 267 0.083 0.505
Ps4 331 0.072 1.561
Ps5P 162 0.047 0.168
Ps6P 27 0.009 0.004
Ps6 226 0.06 1.367
Ps7P 274 0.065 0.307
Ps7 70 0.04 1.358
Ps8P 153 0.083 1.456
Ps8 540 0.051 0.98
PglP 240 0.056 0.457
Pgl 767 0.058 0.972
Pg2P 407 0.085 1.106
Pg2 2826 0.073 0.937
Pg3P 990 0.08 1.102
PmP 37 0.066 0.251
Pn 1304 0.057 0.371
Global 13134 0.061 0.794
PmP 902 0.086 0.679
Pn 2288 0.072 0.511
Global 18801 0.068 1.002

Table 5: Statistics for model SL12.
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Layer | Almada-Camamu | Jequitinhonha
Psl1 1.9
2
P2 2
Ps3 s 27
Ps4 3.8-4.2 5 4.2
PsS 4.8 42 4.4
ct 57 s
co 568
c3 6%6
e o2

Table 6: Vp Propagation velocities of SL10, in km/s. Velocities are specified at the top and bottom of each layer.
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Phase  No. of Points RMS (s) X2

Pw 1032 0.012 0.015
Ps1P 236 0.085 0.726
Psl 399 0.141 1.981
Ps2P 517 0.087 0.751
Ps2 51 0.244 6.064
Ps3P 341 0.143 2.048
Ps3 816 0.178 3.183
Ps4pP 87 0.13 1.699
Ps4 232 0.048 0.236
PglP 1299 0.138 1.916
Pg2 2577 0.157 2.457
PmP 1803 0.136 1.857
Pn 3579 0.122 1.484
Global 12969 0.132 1.742

Table 7: Statistics for model SL10.
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Domain SL10 SL11 SL12

Sediments 2200 - 2580 2200 — 2520 2200 - 2540
Crust 2660 — 2880 2530 - 3250 2680 — 3030
Upper Mantle 3330 3320 - 3330 3320 - 3330

Table 8: Densities converted from seismic propagation velocities for SL10, SL11 and SL12, according to Ludwig et al. (1970).
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