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Abstract 

Rift basins typically comprise three main tectono-stratigraphic stages; pre-, syn-, and 

post-rift. The syn-rift stage is characterized by the deposition of asymmetric wedges of 

growth strata that record differential subsidence caused by active normal faulting. The 

subsequent post-rift stage is defined by long-wavelength subsidence driven by 

lithospheric cooling, and is typified by the deposition of broadly tabular stratal packages 

that drape any rift-related relief. The stratigraphic contact between syn- and post-rift rocks 

is often expressed as an erosional unconformity. However, the late syn-rift to early post-

rift stratigraphic record is commonly far more complex since: (i) the associated tectonic 

transition is not instantaneous; (ii) net-subsidence may be punctuated by transient periods 

of uplift; and (iii) strain often migrates oceanward during rifting and continental breakup. 

The marginal basins of southeastern Brazil, including the Campos Basin, have not 

historically used the tripartite scheme outlined above, with the post-pre-rift interval 

instead being subdivided into rift, sag, and passive margin tectono-stratigraphic stages. 

The sag stage has been previously described as late syn-rift, early post-rift, or as a 

transition between the two, with the passive margin stage being equivalent to the 

classically defined post-rift stage. Two (rather than one) erosional unconformities are also 

identified within the rift-to-sag succession. We here use 2D and 3D seismic reflection and 

borehole data to discuss the expression of and controls on the syn- to post-rift transition 

in the south-central Campos Basin, offshore southeast Brazil. We mapped three intervals 

bounded by unconformities. The Barremian - lower Aptian interval is characterized by 

wedge-shaped packages of reflections that thicken towards graben and half-graben-

bounding normal faults. This stage ends with a development of an angular unconformity, 

inferred to form during the onset of the oceanward migration of deformation. The upper 

Aptian interval is subdivided into two units; the pre-salt and salt. The pre-salt is typically 
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defined by packages of subparallel and relatively continuous reflections that are broadly 

lenticular and thin towards fault-bound basement highs, but that locally diverge towards 

rift-related normal faults. The pre-salt to salt contact is defined by an erosional 

unconformity that is largely restricted to basement highs, and which is inferred to have 

formed due to base-level fall and uplift associated with local fault reactivation. Based on 

their geometries and seismic facies, we conclude that the Barremian – lower Aptian 

interval is syn-rifting and syn-tectonic, deposited during active continental extension and 

upper crustal faulting affecting the entire evolving margin, whereas the overlying upper 

Aptian interval is syn-rifting and post-tectonic, deposited when extension and faulting 

had migrated seaward to the future location of plate rupture and ocean development. The 

results of our study support the arising notion that the tripartite tectono-stratigraphic 

model for rift development is too simplistic and cannot be applied when assessing rifts in 

the context of the regional development of continental margins. 

Keywords: pre-salt reservoirs, sag basin, rift basin, South Atlantic basins, continental 

margins, unconformity. 

 

1. Introduction 

The tectonic evolution of rift basins and the rifting process comprise three main 

tectono-stratigraphic stages; pre-, syn-, and post-rift. Classical models of rift basin 

evolution are based on the analysis of the sedimentary record preserved within individual 

grabens and half-grabens; studies such as these typically allow the timing and duration of 

these stages to be constrained (e.g. Prosser, 1993; Bosence, 1998; Gawthorpe and Leeder, 

2000). In these models, the syn-rift stage is characterized by mechanical subsidence, 

marked by the generation of large amounts of accommodation over a relatively short 
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period. Mechanical subsidence occurs due to slip on normal faults movement and the 

associated rotation of intervening fault blocks, resulting in differential subsidence and the 

formation of grabens or half-grabens, separated by horsts (i.e. basement highs). During 

this time (named mid syn-rift by Bosence, 1998, and rift climax by Prosser, 1993 and 

Kuchle and Scherer, 2010), the greatest thickness of sediment accumulates next to the 

half-graben border fault; in the case of a symmetrical graben, sediment thicken across the 

bounding faults, into the intervening depocentre. Active faulting gradually decreases and 

ceases (Gawthorpe and Leeder, 2000), and mechanical subsidence is replaced by a long-

wavelength, relatively slow subsidence driven by cooling of the lithosphere (Prosser, 

1993; Bosence, 1998). In some cases, this transition is associated with plate rupture, the 

steady-state emplacement of oceanic crust (i.e., oceanic spreading) which leads to greater 

thermal subsidence by cooling of the newly formed magmatic crust and exhumed mantle, 

and the formation of rifted margins (see below; see also Bott, 1995). When this does not 

occur, a so-called “failed rift” develops (Allen and Allen, 2005). 

Idealised models for rift basin development agree on the gross definition and 

character of these tectono-stratigraphic stages, but they diverge as where to position the 

syn- to post-rift transition within this framework. Bosence (1998) considers the syn-rift 

only ends once the rift-related depocentres are filled with sediments and the associated 

rift topography is “healed”; the top of the syn-rift succession is defined by the post-rift 

unconformity, which in marginal basins corresponds to the breakup unconformity (sensu 

Falvey, 1974). Gawthorpe and Leeder (2000) broadly follow the model of Bosence 

(1998), and highlight that the final syn-rift stage (which the authors designate as fault 

death stage) is characterized by an intense erosion the footwalls, related to the decrease 

in tectonic activity and the resultant stabilisation of syn-rift drainage systems. Prosser 

(1993) proposes that the syn-rift ends when the mechanical subsidence associated with 
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rifting ceases (following previous studies of Cartwright, 1991; see also Nottvedt et al., 

1995). Consequently, the post-rift includes passive infilling of any relict rift-related relief, 

and Prosser (1993) does not describe an unconformity between the syn- and post-rift. 

Morley (2002) highlights the difficulty of defining the end of the syn-rift stage in his 

model using the observations of Prosser (1993), showing that the sedimentary fill 

associated with active faulting can have the same stratigraphic architecture (i.e., across-

fault thickening) as a succession that simply fills an inactive, sediment-starved hanging-

wall. 

Determination of the timing and stratigraphic position of the late syn-rift to early 

post-rift boundary becomes even more complex if one extrapolates the tripartite scheme 

established for rift basins to rifted margins, given that during the latter is often associated 

with: (i) a tectonic transition that is not instantaneous; (ii) net-subsidence that may be 

punctuated by transient periods of uplift; and (iii) the oceanward migration of strain (e.g. 

Peron-Pinvidic  et al., 2013; Brune et al., 2014; Pérez-Gussinyé, 2020; Chenin et al., 

2021). The multistage rifting model for rifted margins (sensu Chenin et al., 2021) defines 

different domains associated with sequential periods of active deformation, and 

characterized by specific tectonic structures and related stratigraphic architectures. In this 

model, the term syn-rift refers to the temporal dimension of the rift event, i.e., from the 

onset of crustal extension, to plate rupture and the steady-state emplacement of oceanic 

crust. This stage can then be subdivided into pre-, syn- and post-tectonic (sensu Péron-

Pinvidic et al., 2007), based on the architecture of sedimentary deposits with respect to 

local tectonic structures and their activity. 

The marginal basins of southeastern Brazil, including the Campos Basin, have not 

historically used the tripartite scheme outlined above by Prosser (1993) and others, with 

the syn- and post-rift intervals instead being subdivided into three tectono-stratigraphic 
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stages: rift, sag and passive margin (or drift) (e.g. Rangel et al., 1994; Winter et al., 2007; 

Mohriak et al., 2008). Because of the reasons outlined above, there is no consensus on 

where to position the sag stage within the rifting process. Some authors consider it to be 

post-rift (Winter et al., 2007; Alvarenga et al., 2021), whereas others position it within 

the late syn-rift (Karner and Gamboa, 2007; Torsvik et al., 2009). Some authors even 

argue it constitutes an additional, transitional stage between the syn- and post-rift, with 

the passive margin stage being equivalent to the classically defined post-rift stage (Rangel 

et al., 1994; Beglinger et al., 2012; Cainelli and Mohriak, 1999). Variable interpretations 

of the tectono-stratigraphic framework of the south-eastern Brazilian margin may reflect 

uncertainties related to the number and character of rift-related unconformities (especially 

the breakup unconformity; sensu Falvey, 1974). Two (rather than one) erosional 

unconformities have been recognized in the southeastern Brazilian basins. The first 

occurs between the rift and the sag stages and is known as the pre-Alagoas (or pre-neo-

Alagoas) unconformity, which is dated at 120 – 123 Ma (intra-Aptian; Winter et al., 2007; 

Mohriak et al., 2008). Some authors argue that this unconformity records breakup of the 

South Atlantic continental crust, and that therefore marks the end of the syn-rift (e.g. 

Cainelli and Mohriak, 1999; Mohriak et al., 2008). A second erosional unconformity 

occurs between the sag pre-salt sediments and the salt (Winter et al., 2007; Karner and 

Gamboa, 2007; Alves et al., 2017). The origin of this unconformity is uncertain; for 

example, Karner and Gamboa (2007) attribute it to base-level fall, lake desiccation, and 

subaerial erosion during the late syn-rift, whereas Alves et al. (2017) partially attribute it 

to a combination of subaerial exposure and  shear traction at the base of flowing salt 

during gravity-driven tectonics, with ridge push-related uplift as an additional tectonic 

driver.  
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In this study, we use 2D and 3D seismic reflection and borehole date to 

characterize the syn-rift tectono-stratigraphic architecture and the geometry and nature of 

its main unconformities, in particular the that marks the syn- to post-rift transition in the 

south-central Campos Basin, offshore southeast Brazil. We detail three, post-pre-rift 

intervals – Barremian - lower Aptian, upper Aptian salt and upper Aptian pre-salt – and 

their bounding surfaces. We subsequently discuss the origin of the mapped stratigraphic 

surfaces, correlating them between proximal and distal parts of the margin. Finally, we 

define the pre-, syn-, and post-rift tectono-stratigraphic stages within a multistage rifting 

model. 

 

2. Geological Context 

The Campos Basin originated during the rifting process that led to the breakup of 

Gondwana, and which culminated in the opening of the South Atlantic Ocean in the Upper 

Jurassic/Lower Cretaceous (Szatmari, 2000). The basin occupies c. 115,000 km², and it 

is located on the southeastern Brazilian margin, offshore the states of Espírito Santo and 

Rio de Janeiro (Figure 1a). The northern boundary between Campos and Espírito Santo 

basin is defined by the Vitória High, whereas the southern boundary with Santos Basin is 

marked by the Cabo Frio High (Mohriak et al., 1989). 

The stratigraphy of the Campos Basin can be broadly divided into three tectono-

stratigraphic or megasequences (rift, sag, and passive margin), although it should be noted 

that this and the associated age constraints are widely debated (Figure 1b) (e.g. Tedeschi 

et al., 2019; Strugale and Cartwright, 2022; Szatmari et al.,2021). The rift sequence 

initiated at c. 135 Ma with the intense volcanic activity that emplaced basaltic and 

volcanoclastic rocks of Cabiúnas Formation (Baksi, 2018). The sedimentary sequence of 
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the rift stage (Barremian – early Aptian) comprises the basal and intermediate intervals 

of the Lagoa Feia Group (Winter et al., 2007), characterized by lacustrine deposits 

(interbedded with the volcanoclastics of Cabiúnas Formation), including alluvial 

conglomerates and sandstones, organic-rich shales, and bioclastic rudstones and 

grainstones thought to be deposited within “coquinas” (Abrahão and Warme, 1990; 

Rangel et al., 1994, Goldberg et al., 2017). Rifting was accommodated by NE-SW-

striking normal faults that dip to the NW or SE, and which bound structural highs (horsts) 

and lows (grabens) (Dias et al., 1988; Chang et al., 1992, Alvarenga et al., 2021), 

including  the Badejo, Intermediate and External highs, and the Corvina-Parati and 

External lows (Figure 2a; Guardado et al., 2000). The marginal hinge line of the rift 

system is delineated by the Campos fault (Figure 2a), which separates the shallow western 

part, where Tertiary deposits rest directly on basement, from the deeper eastern portion, 

where relatively thick accumulations of Barremian to Aptian sediments fill rift-related 

depocentres (Guardado et al., 1989).  

The sag sequence (upper Aptian) marks the transition from mechanical 

subsidence, induced by basement-involved faulting to thermal subsidence, to a period 

characterized by longer-wavelength subsidence, driven by cooling of the lithosphere, and 

little normal faulting (Guardado et al., 1989). This sequence is dated between 116 – 123 

Ma (Karner and Gamboa 2007; Moreira et al., 2007), becoming progressively older from 

the proximal to distal parts of the basin (Pérez-Gussinýe et al., 2020). The shift in 

subsidence style is recorded by a regional unconformity (i.e. the pre-Alagoas 

unconformity, as named by Guardado et al., 1989) and by an enlargement in depositional 

area as sedimentation progressively ‘healed’ rift topography (Quirk et al., 2013; Kukla et 

al., 2018; Amarante et al., 2020). The sedimentary succession of the sag stage of the 

Campos Basin comprises the upper Lagoa Feia Group (Figure 1b), which is characterized 
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by clastic sediments in proximal parts of the basin, and microbial and chemically 

precipitated carbonates in more distal areas, which are together overlain by a thick layer 

of evaporites (Dias et al. 1988; Winter et al., 2007, Herlinger et al., 2017).  

 
Figure 1. (A) Regional map showing the location of Campos Basin and the study area polygon highlighted in brown 

(B) Simplified stratigraphic chart of Campos Basin, subdivided into three tectono-sequences: rift, sag and passive 

margin (redrawn from Winter et al., 2007); the column to the right shows the mapped horizons of this study with their 

designed colours.  

The passive margin sequence marks the start of oceanic spreading and the 

development of the Mid-Atlantic Ridge (Winter et al., 2007). The initiation of drift 

deposition is associated with a marine transgression in the upper Cretaceous, recorded by 

shallow-water carbonate platforms of the Macaé Group (Albian – Cenomanian), overlain 

by a sequence of pelagic and hemipelagic mudstone and turbidities of the Campos Group 

(Turonian – Present; Chang et al., 1992). The Macaé and Campos groups are separated 

by a regional erosional unconformity 93 Ma (Figure 1b; Guardado et al., 1989). The 

focusing of thermally induced subsidence near the location of continental breakup caused 

the basin to tilt to SE, inducing gravity gliding of the Aptian salt and its overburden (Quirk 

et al., 2012). Based on the structural style of salt and its overburden, the Campos Basin is 
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divided into three domains of salt-related deformation: (i) a proximal extensional domain, 

associated with the formation of listric normal faults, rafts, and salt rollers; (ii) a distal 

contractional domain, characterized by salt-cored anticlines and diapirs; and (iii) an 

intermediate multiphase domain, dominated by hybrid extensional/compressional 

structures and ramp syncline basins (Amarante et al., 2021).  

It is important to note that the ages of the syn-rift and sag sequences, and the 

lowermost units in the passive margin sequence, are debated. A relatively recent 

publication (Tedeschi et al., 2019) presented high-resolution, carbon isotope (δ13C) data 

from basins along the eastern Brazilian margin, correlating them with well-calibrated 

Tethyan sections. These new correlations conclude that major evaporite deposition in the 

South Atlantic occurred in the early Aptian (124 – 125 Ma), suggesting the underlying 

pre-salt sag sequence is approximately late Barremian and the deeper-still rift sequence 

is approximately Hauterivian – lower Barremian (Strugale and Cartwright, 2022 – see 

their figure 2). However, these new age constraints for the salt were recently challenged 

by Szatmari et al. (2021), who suggest the eastern Brazilian basins evolved in a different 

paleoenvironmental and thus faunal realm to the Tethyan section, meaning a correlation 

between the two is problematic. Instead, Szatmari et al. (2021) use 39Ar–40Ar dating to 

propose that the South Atlantic evaporites (and related volcanic rocks) are c. 116 – 110 

Ma (i.e., latest Aptian-earliest Albian).  

Plate reconstructions show that the onset of seafloor spreading in the southern 

Campos Basin occurred during the late Aptian (c. 115 Ma; Heine et al., 2013; Moulin et 

al., 2013). This means that the sag sequence (pre-salt and salt) can be either pre-, syn- or 

post-breakup, depending on whether the age constraints of Tedeschi et al. (2019) or 

Szatmari et al. (2021) are considered correct. Considering what is most accepted in plate 
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reconstructions, the sag interval is pre- to syn-breakup (e.g. Heine et al., 2013; Perez-

Gussinye et al, 2020; Kukla et al., 2018).   

  
Figure 2. (A) Rift-related structural framework of Campos Basin, the structural highs (horsts) are 

colored in orange, and the structural lows (grabens), in green. Redrawn from Guardado et al. 

(2000); the Outer High and Cabo Frio High locations are from Fetter (2009). (B) Schematic cross 

section of Campos Basin, showing the rift-related structures present in the detailed proximal and 

distal portions within the study area (see Figure 3). Redrawn and modified from Rangel et al., 

1994.   

 

3. Database and Methodology  

The database for this study comprises 209 2D seismic reflection lines (or line 

segments), one 3D seismic reflection volume, and 33 wells from the ANP (Brazil’s 

National Oil, Natural Gas and Biofuels Agency) data library. In total, the 2D seismic 

surveys cover an area of c. 23,300 km² (Figure 3). The 3D volume covers an area of c. 
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2,900 km² in the southern part of the study area, with inline (east-west) and crossline 

(north-south) spacing of 12.5 m. The seismic surveys are time-migrated (PSTM 

Kirchoff), zero-phase processed, and are displayed with SEG normal polarity, where a 

downward increase in acoustic impedance is represented by a positive reflection event 

(white on displayed seismic profiles) and a downward decrease in acoustic impedance is 

represented by a negative reflection event (black on displayed seismic profiles). All 

seismic data (lines and maps) are presented in miliseconds (ms) two-way travel time 

(TWT). 

 

Figure 3. Dataset used in this study: 209 2D seismic lines (or lines segments), one 3D volume and 33 boreholes. The 

red and yellow polygons represent the proximal and distal areas (respectively) which have greater data density – and, 

therefore, are discussed in detail within the paper. Note the label of the lines presented in figures 5, 7 and 9, and the 

wells 1-RJS-108, 1-RJS-101 and 1-RJS-117 presented in figure 5.  

The 33 boreholes include well-logs (e.g. sonic travel time and gamma ray), 

stratigraphic (age and formation tops) and cuttings-based lithological data, used to 

constrain the age, composition, and lithostratigraphy of the mapped horizons and the units 
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they bound. These wells were tied to the seismic data through check-shot surveys. The 

interval velocity of the Aptian evaporites obtained from the well-logs ranges from 4000 

– 7000 m/s, depending on the proportion of halite, anhydrite, and potash salts. The 

sedimentary succession below the salt is defined by interval velocities ranging from 3100 

– 6000 m/s due to the varying densities and porosities of the different lithologies (e.g. 

sandstones, carbonates, mudstones). We estimate that the vertical seismic resolution in 

the interval of interest is 25 – 50 m; more specifically, 30 – 50 m within the salt (using a 

dominant frequency of 35 Hz), and 25 – 50 m within the underlying strata (considering a 

dominant frequency of 30 Hz).  

We identified four key stratigraphic surfaces in the study area, with age constraints 

provided by well data: early Barremian (top of Cabiúnas Fm.), mid Aptian unconformity, 

late Aptian unconformity (base of the salt), and top Aptian (top of the salt). The last three 

were mapped across the entire dataset (Figure 1b). We also selected two areas with greater 

data density and quality, one proximal and one distal (Figure 3), where we also mapped 

the base Barremian (top of Cabiúnas Fm.) surface. The four mapped horizons bound three 

intervals: Barremian - lower Aptian, upper Aptian salt and upper Aptian pre-salt. The 

mapped surfaces display the present basin geometry, whereas isochron maps derived from 

these surfaces reflect the relative thickness of the intervals; the latter are used to infer 

temporal and spatial changes in subsidence and accommodation, which might relate to 

some combination of tectonics and sea-level change (Figures 4, 6 and 8). The absolute 

thickness values presented in the text were calculated by converting time (TWT, ms) to 

depth using velocities of 4700 m/s and 5100 m/s – i.e. the average interval velocity of the 

pre-salt and salt intervals, respectively, calculated from the well-logs. We also calculated 

the dip-angle of the base-pre-salt and base-salt surfaces using the same methodology. 
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4. Basement structures  

The study area comprises the following basement structures, from the proximal to 

the distal portions: the Corvina-Parati Low, the Badejo High, the Intermediate and 

External highs, and the External basement lows (Figures 2 and 5). These structures are 

grabens and horsts bounded by rift-related normal faults. The External High is present 

only to the northeast portion (Figure 5a). 

Proximal area 

The proximal area contains the Corvina-Parati Low and the Badejo and 

Intermediate highs, which are both bounded by N-S- to NE-SW-striking normal faults 

that are up to 55 km long and that have throws of up to 1500 ms TWT. The Corvina-

Parati Low is bound to the southeast by the Intermediate High and to the northwest by the 

Badejo High, which extends north-westwards until the Campos Fault, the marginal hinge 

line of the basin (Figures 6a and 7). The Corvina-Parati Low contains two depocenters, 

which have mean depths between -3500 and -5000 ms TWT, and which are dissected by 

the Badejo High (Figures 6a and 7). The Badejo High is not as deeply buried as the 

Intermediate High (c. -3050 to -1600 ms TWT compared to, c. -3700 ms to -2900 ms 

TWT; Fig. 6a). 

Distal area 

The distal area contains the External High to the west and the External Low to the 

east, bounded by N-S- to NNE-SSW-striking normal fault, that are up to c. 40 km long 

and have throws of up to 800 ms TWT. The External High varies in depth between -4600 

and -5800 ms TWT (Figure 8a) and it is characterized by a series of normal faults with 

relatively small vertical displacement (up to 400 ms TWT), delimiting restricted, 

asymmetric depocenters (Figure 9). The base of the External Low is at -7400 ms TWT 
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(Figure 8a), and it contains a series of antithetic and synthetic faults that define 

depocenters separated by internal basement highs (Figure 9b,c).  

 

5. Barremian – lower Aptian  

The base-Barremian horizon separates the chaotic reflections of the basement and 

syn-rift volcanics (which we are not able to differentiate) from divergent to subparallel 

reflections of the sedimentary succession (Figure 5). The top of this interval is defined by 

an erosional unconformity that is best-developed near basement highs, and which is 

characterised by truncation of tilted reflections (Figures 7 and 9).   

Proximal area 

The base-Barremian in the proximal area varies in depth from -1650 to -4900 ms 

TWT (Figure 6a). Sedimentation in this interval is mainly restricted to a largely isolated 

depocentre within the Corvina-Parati Low. The depocenter to the NW is a half-graben, 

containing high-frequency reflections that occur in a wedge-shaped package that thickens 

towards the border fault. The depocenter to the SE is a relatively symmetric graben, 

containing subparallel, lower frequency reflections (Figure 7). On the Intermediate High 

are isolated, asymmetric depocentres containing divergent reflections (Figure 7c). 

Distal area 

The base of the Barremian in the distal area varies between -4450 and -7300 ms 

TWT depth (Figure 8a). Like in the proximal area, sedimentation is restricted to single 

depocenters that are isolated from adjacent ones by elevated basement structures. Within 

grabens and half-grabens of the External Low, reflections are divergent to subparallel, 

locally folded and disrupted, and have relatively high frequencies and medium to high 
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amplitude. In restricted depocentres within the External High, the reflections are 

divergent to subparallel, and are of low to medium amplitude and of relatively low 

frequency (Figure 9). 

 

 

Figure 4. Time map of the mid Aptian (base pre-salt) (a) and late Aptian (base salt) (b) surfaces of the entire study 

area, which vary from -1600 – -7000 and -1550 – -6800 ms (TWT), respectively, and dip regionally to SE. The seismic 

lines shown in figure 5 are indicated in brown. c) Pre-salt (Upper Aptian) isochron thickness map, showing values from 

0 –675 ms (TWT); thickness is overall greater in the proximal area (red polygon). d) Time map of the top Aptian (top 

salt) surface, varying from -1500 and -6700 ms (TWT). The area with very few data (see Figure 3) is indicated in white.  
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 1 

   2 
Figure 5. Regional lines of the study area (see figures 3 and 4a for location).  The interpreted horizons are indicated in the legend in the lower left corner. Reflection terminations 3 

in erosional truncations are highlighted with yellow arrows. There are three wells with age constraints, 1-RJS-117 intersected by Line A, and wells 1-RJS-0108 and 1-RJS-0101 4 

intersected by Line B. The main salt and overburden structures are labelled in pink. The basement highs and lows (see figure 2) are labelled, as well as the proximal and distal 5 

areas. 6 



18 

 

6. Upper Aptian 7 

6.1. Pre-salt interval   8 

The base-pre-salt surface varies in depth between -1600 and -7000 ms TWT and 9 

dips regionally to SE (Figure 4a); within basement lows, this surface is defined by a 10 

continuous reflection that onlaps locally against the larger basement highs or normal 11 

faults (Figure 5). The pre-salt thickness ranges from 0 – 675 ms TWT (c. 0 – 1580 m), 12 

and it is overall greater in the proximal portion (Figure 4c). In general, the reflections 13 

within this interval are subparallel and relatively continuous (Figure 5).  14 

Proximal area 15 

 The base-pre-salt surface varies in depth from -1700 to -3800 ms TWT, and has 16 

a mean dip of 3.5° to SE. The pre-salt thickness in the proximal area varies from 0 to 670 17 

ms TWT (c. 0 – 1570 m) (Figure 6d). At the base of the succession, reflections onlap 18 

against the basement highs or the basal pre-salt surface. The external geometry of this 19 

succession is lenticular, thinning toward the basement highs and thickening within the 20 

lows (Figure 7). The reflections are overall parallel to subparallel, except towards the 21 

west where they are slightly divergent between the Badejo High and the Corvina-Parati 22 

Low (Figure 7b).  23 

Distal area 24 

The depth of the base-pre-salt surface ranges from -4300 to -6900 ms TWT, and 25 

has an average dip of 4° to SE (Figure 8b). The pre-salt thickness in the distal area varies 26 

from 0 to 570 ms TWT (c. 0 – 1340 m) and is greatest within the External Low (Figure 27 

8d). The reflections are mostly continuous and parallel to subparallel, but divergent 28 

reflections are also present towards some of the normal faults (see numbered faults in 29 
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Figure 9). The base of the succession is characterized by onlaps against the basement 30 

highs or the basal surface (i.e. the base-pre-salt) (Figure 9).  31 

 32 

6.2. Salt – pre-salt contact  33 

The salt – pre-salt contact (i.e.  base-salt surface) lies between a depth range of -34 

1550 to -6800 ms TWT, dipping regionally towards the SE (Figure 4b). The base-salt 35 

surface is rugose, defined by a high-amplitude continuous reflection, underlain by either 36 

concordant or tilted reflections; in the latter case, the base-salt surface defines an erosional 37 

unconformities (Figure 5). Between the Intermediate/External highs and the External 38 

Low, where the surface is erosional, it is best-described as a downcutting erosional 39 

unconformity, i.e., underlying reflections are gently dipping, with the overlying erosional 40 

surface cutting down into them more steeply (Figure 5).  41 

Proximal area 42 

The depth of the base-salt surface ranges between -1600 and -3500 ms TWT of 43 

depth, and dips 2.5° to SE (Figure 6b,c). The salt – pre-salt contact is defined by an 44 

erosional unconformity, especially on basement the Badejo High (Figures 7 and 10a). On 45 

the Intermediate High and the Corvina-Parati Low, concordant reflections dominate and 46 

the base-salt surface is apparently conformable, at least at the scale of observation 47 

permitted by the seismic reflection data. Erosionally truncated reflections locally define 48 

channel-like seismic facies in the top pre-salt (Figure 10a3) or small incisions at base-salt 49 

surface (Figure 10 a2), but they are mostly are unidirectional towards the basement high 50 

(Figures 7 and 10 a4). Locally there are truncations within basement lows, in general 51 

related to minor faulting (Figure 10a1). The magnitude of erosion at the base-salt 52 
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increases towards basement highs where the pre-salt is relatively thin and locally absent 53 

(Figure 6d). 54 

Distal area 55 

The depth of the base-salt surface ranges from -3900 to -6400 ms TWT, and has 56 

an average dip of 3.5° towards SE (Figure 8c). In a similar manner to that observed in the 57 

proximal area, the salt – pre-salt contact can defines a downcutting erosional 58 

unconformity on basement highs (Figure 9a to the W and Figure 10 b4 to N), apparently 59 

passing laterally into a correlative conformity in adjacent lows (Figures 9 and 10b). Figure 60 

10 b3 shows a channel-like incision measuring 4.5 km, 250 ms TWT high. In a similar 61 

manner to the proximal area, the magnitude of erosion at base-salt increases towards the 62 

basement highs (Figures 9 and 10 b1, b4).  63 
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 64 
Figure 6. Time maps of the proximal study area. a) Time map of the base Barremian (top Cabiúnas Formation) surface, 65 
with values that range from -1650 to -4900 ms (TWT); normal faults delineated in white define basement highs (Badejo 66 
and Intermediate) and low (Corvina-Parati) – see figure 2. b) Time map of the mid Aptian (base pre-salt) surface, which 67 
varies from -1700 to -3800 ms (TWT). The seismic lines shown in figure 7 are indicated in brown. c) Time map of the 68 
late Aptian (base salt) surface, ranging from -1600 and -3500 ms (TWT). d) Pre-salt (upper Aptian) isochron thickness 69 
map, with values up to 670 ms (TWT), greater in the Corvina-Parati basement low in comparison to the basement highs. 70 
e) Time map of the top Aptian (top salt) surface, with values that range from -1550 to -3400 ms (TWT). f) Salt isochron 71 
thickness map, with values ranging from 0 to 425 ms (TWT) defining salt welds and salt structures. The white/black 72 
dashed lines contour basement highs and lows.73 
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 74 

  75 
Figure 7. Interpreted lines segments of the proximal area within the study area (see figures 3 and 6b for location of the lines). The interpreted horizons are indicated in the legend in the lower left 76 
corner. The main salt and overburden structures are labelled in pink. Reflection terminations in erosional truncations and onlaps are highlighted with yellow and orange arrows, respectively; note 77 
how they concentrate to the west, towards the marginal hinge line of the rift system. 78 
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6.3. Aptian salt 79 

 The top salt surface ranges in depth from -1500 to -6700 ms TWT, and it dips 80 

regionally to SE (Figure 4d). The morphology of the top salt surface defines a range of 81 

salt structures, including rollers, pillows, diapirs, and anticlines, and numerous related 82 

overburden structures such as extensional rollovers, grabens, normal faults, ramp-83 

syncline basins, anticlines, and minibasins (Figures 5, 7 and 9). Salt structures are flanked 84 

by salt welds (i.e., areas of relatively thin, depleted salt); in these regions, sub- and supra-85 

salt strata appear to be in direct contact. The distribution and structural style of salt and 86 

its overburden, and the geometry of related growth strata preserved within ramp-syncline 87 

basins, document substantial horizontal translation (i.e., 28 km; Amarante et al., 2021; 88 

see also Dooley et al., 2017). 89 

Proximal area  90 

 The top-salt surface varies in depth from -1550 to -3400 ms TWT (Figure 6e). Salt 91 

is relatively thin in this area (0 – 100 ms TWT or c. 0 – 250m), being thickest (up to 425 92 

ms TWT or c. 1080 m) in a few, relatively isolated salt structures such as rollers, or more 93 

rarely pillows and collapsed diapirs. The salt isochron map shows that the structures are 94 

either circular or elongated with a NE to N trend (Figure 6f). Salt structures are typically 95 

associated with normal faults overlain by extensional rollovers and/or grabens (Figure 7).  96 

Distal area 97 

 The top-salt surface ranges between -3900 and -6350 ms TWT in depth (Figure 98 

8e). Salt thickness is highly variable in this area, 0 – 2500 ms TWT (c. 0 – 6375 m) ( 99 

Figure 8f). Salt structures trend broadly NE to N, sub-parallel to the underlying rift 100 

structures (Figure 8a,f). Over the External High, the salt has flowed to form rollers and 101 

collapsed diapirs associated with normal faults that define grabens and extensional turtle 102 
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anticlines in the overburden (Figure 9). Structures above the External Low include salt 103 

anticlines, rollers, and diapirs (Figure 9).  104 

 105 

Figure 8. Time maps of the distal study area. a) Time map of the base Barremian (top Cabiúnas Formation) surface, 106 
with values that range from -4450 and -7300 ms (TWT); normal faults delineated in black define the basement External 107 
High and External Low – see figure 2. b) and c) are time maps of the mid Aptian (base pre-salt) and late Aptian (base-108 
salt) surfaces, which vary from -4300 to -6900 and -3900 to -6400  ms (TWT), respectively. The seismic lines shown 109 
in figure 9 are indicated in brown. d) Pre-salt (upper Aptian) isochron thickness map, with values up to 570 ms (TWT), 110 
greater in the External Low in comparison to the External High. e) Time map of the top Aptian (top salt) surface, with 111 
values that range from -3900 to -6350 ms (TWT). f) Salt isochron thickness map, with values ranging from 0 to 2500 112 
ms (TWT) defining salt welds and salt structures. The black dotted line bounds the basement high and low.113 
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 114 
Figure 9.   Interpreted lines of the distal area (3D volume) within the study area (see figures 3 and 8b for location of the lines). The interpreted horizons are indicated in the legend in the lower left 115 
corner. The main salt and overburden structures are labelled in pink. The faults that were active during the pre-salt interval (upper Aptian) are numbered. Reflection terminations in erosional 116 
truncations and onlaps are highlighted with yellow and orange arrows, respectively; note how they concentrate to the west, in the External High and in the boundary between the External High and 117 
the External Low. In (b) and (c) there are also erosional truncations near the internal basement high to the east.118 
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(previous pages) Figure 10. Time map of the base-rift (top Cabiúnas Formation) surface in the proximal (a) and distal 121 
(b) areas, with series of erosional truncations mapped in white. Numbers 1 to 4 are segments of seismic lines to best 122 
show the reflection terminations, highlighted in yellow arrows when they are erosional truncations.  123 

 124 

7. Discussions  125 

7.1. Expression and development of unconformities in the Campos Basin 126 

There are three key seismic-scale stratigraphic surfaces identified below Aptian 127 

salt in the Campos Basin. The oldest one, the base-Barremian surface (c. 130 Ma), 128 

separates the volcanics of Cabiúnas Fm. and pre-rift basement rocks from early syn-rift 129 

sedimentary strata (Winter et al., 2007) (Figures 1, 2 and 5). This surface post-dates the 130 

syn-rift unconformity (sensu Bosence, 1998) or rift onset unconformity (sensu Falvey, 131 

1974), located either within or at the base of the Cabiúnas Formation (Goldberg et al., 132 

2017). We now discuss the character and potential origin of the two younger 133 

unconformities that define the base-pre-salt and the base-salt.  134 

 135 

7.1.1. Base-pre-salt unconformity 136 

Across basement highs the base-pre-salt surface is an erosional unconformity that 137 

is onlapped by the overlying reflections, but that passes laterally into a correlative 138 

conformity in adjacent depocentres (Figures 7 and 9). The base-pre-salt is thus classified 139 

as an angular unconformity, separating divergent and locally deformed reflections of the 140 

Barremian – lower Aptian from subparallel reflections of the upper Aptian. This 141 

unconformity has been previously documented in the Campos, Santos and Espírito Santo 142 

basins, where it was referred to as the pre-Alagoas (or pre-neo-Alagoas) unconformity 143 

(c. 120 – 123 Ma) (Guardado et al., 1989; Winter et al., 2007; Mohriak et al., 2008). Our 144 

well data show that this surface coincides with the base of the Alagoas Stage (123 Ma) 145 

(Figure 5).  146 
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Some authors argue that the pre-Alagoas unconformity corresponds to the breakup 147 

unconformity (e.g. Cainelli and Mohriak, 1999; Mohriak et al., 2008), which Bosence 148 

(1998) positions at the syn- to post-rift contact. This interpretation leads to the 149 

classification of the upper Aptian of the southeastern Brazilian basins as transitional or 150 

post-rift (e.g. Rangel et al., 1994; Cainelli and Mohriak, 1999; Beglinger et al., 2012; 151 

Alvarenga et al., 2021). The term breakup unconformity as defined by Falvey (1974) is a 152 

basin-wide erosional surface, originating from the uplift of rift flanks at the time of 153 

breakup, and synchronous with the onset of oceanic crust accretion. This unconformity is 154 

typically described as being erosional, truncating underlying, wedge-shaped, syn-rift 155 

strata, separating them from younger post-rift sequences that show little to no evidence 156 

of fault-controlled deposition (Braun and Beaumont, 1989; Franke, 2013). The breakup 157 

unconformity thus represents the cessation (or decrease) of rift-related tectonic 158 

subsidence, and the onset of a long-wavelength, relatively slow subsidence driven by 159 

post-rift cooling of the newly formed oceanic crust (Hiscott et al. 1990).   160 

More recently, multistage models of continental breakup have been developed, 161 

using a combination of observations from new, higher-resolution geophysical data 162 

imaging the distal parts of rifted margins, and exposures of exhumed, ancient margins 163 

now preserved in mountain belts. These models argue that the process of continental 164 

breakup is variably distributed in time and space, and thus is not recorded by a single 165 

surface (or reflection) that is age-equivalent across the proximal and distal domains of 166 

rifted margins (e.g. Peron-Pindivic et al., 2013; Brune et al., 2014; Pérez-Gussinyé, 2020; 167 

Chenin et al., 2021). According to Pérez-Gussinyé et al. (2020), on weak asymmetric 168 

margins such as the Angola/Northern Campos-Espirito Santo conjugates, the breakup 169 

event is only recorded as an unconformity in areas affected by deformation related to final 170 

crustal rupture (i.e. the most distal part of the margin). This is the cessation of tectonic 171 
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subsidence does not occur simultaneously across the entire margin, and thus it does not 172 

generate a basin-wide response recorded as a stratigraphic marker across the entire basin. 173 

Instead, margin breakup generates local flexural rebounds in response to elastic stress 174 

drops linked with progressive faulting and thinning (Pérez-Gussinyé et al., 2020).  Chenin 175 

et al. (2021) state that not all unconformities within rift basins mark the beginning of the 176 

post-rift. For example, the proximal domains of rifts may contain unconformities related 177 

to local or large-scale tectonic events, or due to climatic events or changes in sea-level 178 

(Prosser, 1993). Previous studies also show that rather than a rapid tectonic event, 179 

lithospheric breakup reflects a gradual process where extension of exhumed upper mantle 180 

(and continental crust) and emplacement of normal oceanic crust may occur 181 

simultaneously until the later becomes predominant (Sibuet et al., 2007; Jagoutz et al., 182 

2007). 183 

We thus argue that the base-pre-salt (or pre-neo-Alagoas) unconformity predates 184 

and is thus not related to the breakup event associated with formation of the South 185 

Atlantic; this interpretation is consistent with other studies of marginal basins of SE Brazil 186 

(e.g. Karner and Gamboa, 2007; Torsvik et al., 2009). We instead interpret that this 187 

surface is a rift migration unconformity (sensu Pérez-Gussinyé et al., 2020) formed when 188 

deformation across a given fault block (and slip on its bounding faults) ceases and 189 

migrates oceanward. It is therefore an angular unconformity separating syn- and post-190 

tectonic strata, rather than syn- and post-rifting strata (sensu Péron-Pinvidic et al., 2007), 191 

marking the onset of a sag-type basin. Even though the base-pre-salt unconformity is 192 

identified in both the proximal and distal areas of Campos Basin, it is diachronous across 193 

the basin, reflecting the oceanward migration of deformation (Ranero and Pérez-194 

Gussinyé, 2010; Pérez-Gussinyé et al., 2020). In the distal portion of our study area, this 195 

unconformity marks the end of fault activity, although, a few rift-related faults remained 196 
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active locally after its development (numbered faults in Figure 9). Chenin et al. (2015) 197 

uses the term necking unconformity for the transition from syn- to post-tectonic deposits. 198 

The unconformity described here may thus be called the necking unconformity and may 199 

thus record a period of substantial and more distributed crustal thinning (Peron-Pinvidic 200 

and Manatschal, 2009; Mohn et al., 2010). 201 

 202 

7.1.2. Base-salt unconformity 203 

The contact between the salt and the pre-salt strata is rugose in most parts, being 204 

underlain by either concordant reflections or reflections that are erosionally truncated 205 

(Figures 7, 9 and 10). The related unconformity is regional, being more developed on 206 

basement highs across the margin. Between the Intermediate/External highs and the 207 

External Low, the unconformity is expressed as a downcutting erosional unconformity 208 

(Figure 5), which indicate either: (1) vertical erosion into sub-horizontal strata or, perhaps 209 

more likely given the tectonic history of the margin; (2) the External Low tilted 210 

oceanward after salt deposition, meaning this is an apparently downcutting erosional 211 

unconformity that originally formed by erosion of already tilted strata. Within basement 212 

lows, concordant reflections dominate, but there are some truncations (especially in the 213 

proximal area) that due to their spatial restriction are likely associated to either: (1) normal 214 

faults that were active prior to salt deposition (Figures 7a and 10 a1) or more 215 

speculatively; (2) lacustrine wave erosion (where the is no fault near the erosion, e.g. 216 

Figure 7b to NE).  217 

The salt – pre-salt contact is classified as an unconformity (sensu Stokes, 1982) 218 

given the regional character of the surface, and based on the fact it defines an abrupt shift 219 

in depositional environment from isolated lacustrine to a more extensive, but still 220 
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restricted marine system (Winter et al., 2007). The period of erosion and nondeposition 221 

that this surface comprehends is uncertain. The estimated age of the evaporites is c. 110 222 

– 116 Ma (Szatmari et al., 2021), and that the estimated duration of evaporite deposition 223 

is c. 0.5 Ma – based on correlation of the main evaporite sequences to Milankovitch cycles 224 

(Freitas, 2006) and on the comparison to known evaporite depositional rates in different 225 

salt basins (Davison et al., 2012). This means that base-salt unconformity comprehends a 226 

time gap of c. <0.1–6.0 Ma, given salt deposited for 0.5 Ma and that deposition could 227 

have started anytime between c. 110 and 116 Ma. 228 

Alves et al. (2017) also document base-salt erosion in the Santos Basin. These 229 

authors attribute this erosion to three factors, depending on the specific structural position 230 

in which it is observed. For example, on structural highs, similar to what we observe in 231 

our study, the authors associate erosion with sub-aerial exposure. In contrast, some 232 

distance (i.e., up to 20 km) from structural highs they attribute erosion to either (1) thick-233 

skinned tectonics that caused diachronous reactivation and inversion of rift-related 234 

normal faults; or (2) drag (i.e., friction) along the top of the sub-salt strata where it is in 235 

contact with the overriding, basinward-flowing salt. They propose that the latter 236 

mechanism is specifically relevant where the top pre-salt is flat and subsalt strata are 237 

strongly eroded (see their figure 9). Alves et al. (2017) also quantified the magnitude of 238 

base-salt erosion, suggesting this locally exceeded 20% (c. 62 m) of the pre-salt Aptian 239 

carbonate original thickness (313 m – Moreira et al., 2007). To derive this value the 240 

authors use the method of Roberts and Yielding (1991), where reflection truncations are 241 

mapped across eroded half-grabens and projected upwards following a tabular and regular 242 

geometry (see their figure 6). A key question arising from this interpretation is, therefore, 243 

“does basinward-flowing salt have sufficient mechanical strength to erode large volumes 244 
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of underlying material, which in the case of Campos and Santos basins are lithified 245 

carbonates?”.  246 

There are two end-members of flow regimes for salt; Poiseuille and Couette (e.g 247 

Rowan et al., 2004; Weijermars et al., 2014; Fossen, 2016; Sarkarinejad et al., 2018). 248 

Poiseuille flow is driven by a lateral pressure gradient within the salt; in this case, 249 

overburden strata that load the salt and drive deformation may subside into the salt, but it 250 

does not move horizontally. Couette flow is dominated by shear stress and occurs when 251 

the sedimentary overburden glides down a gentle slope. In nature, it is likely that salt flow 252 

is a mix of both (i.e. hybrid Couette-Poiseuille flow; e.g. Sarkarinejad et al., 2018 - see 253 

their figure 1). In all three flow regimes (Couette, Poiseuille and hybrid), the salt velocity 254 

during horizontal translation is null at the base-salt, meaning the salt (and overburden) 255 

movement is decoupled from the underlying strata and we argue, cannot therefore erode 256 

it. Furthermore, if salt had eroded the underlying rocks, there should be evidence of pre-257 

salt-derived clastics and carbonates within the salt. We see no evidence of this, at least at 258 

the seismic-scale. Finally, in the Campos Basin there is no relation between the style of 259 

salt and overburden structures and pre-salt erosion. More specifically, rather that intra-260 

salt and overburden shortening structures being restricted to subsalt highs (see Alves et 261 

al., 2017), areas with pronounced pre-salt erosion are characterized by extensional salt 262 

structures (Figures 7 and 9) developed on structural highs as salt flowed oceanward.  263 

Karner and Gamboa (2007) have identified an unconformity in the salt – pre-salt 264 

contact across the entire Aptian salt basin, including the Santos, Campos and Espírito 265 

Santo basins in Brazil, and their conjugate basins in West Africa. The authors attribute 266 

the origin of this unconformity to be a lake level relative fall during the mid-late Aptian, 267 

triggered by a climate change. In the West African basins, the authors estimated at least 268 

500 – 650 m of erosion measuring canyon cutting and incisions in early-mid Aptian 269 
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clinoforms. Karner and Gamboa (2007) also suggest that rift-related normal faults were 270 

locally active during salt deposition in the Santos Basin, offsetting the base of the salt, 271 

and causing block uplift and erosion within basement lows. 272 

Based on the above observations and in contrast to Alves et al. (2017), we argue 273 

that the base-salt unconformity formed before rather than after salt deposition. We suggest 274 

that the unconformity formed in response to base-level fall within a lacustrine 275 

environment (also stated by Karner and Gamboa, 2007), an interpretation supported by 276 

the presence of channel-like incision into the top of the pre-salt succession (e.g. Figure 277 

10 b3). The unconformity is regional in extent due to the shallow bathymetry at that time, 278 

although the magnitude of incision may have been locally enhanced by local uplift around 279 

active faults, especially in the distal area. Geodynamic models for the South Atlantic salt 280 

basins provide different potential explanations for the origin of this uplift. First, Karner 281 

and Gamboa (2007) suggest that heat advected during lithospheric thinning kept the 282 

middle - upper Aptian at relatively shallow depths. Second, Huismans and Beaumont 283 

(2011) propose that a widespread shallow bathymetry requires an isostatic balance with 284 

sub-crustal emplacement of hot depleted lower-cratonic lithosphere, which is less dense 285 

than upwelled asthenosphere. Finally, Huismans and Beaumont (2014) use numerical 286 

models to demonstrate that counterflow of cratonic lithosphere can cause exposure of 287 

large regions of continental lithosphere in the outer region of a margin.  288 

 289 

7.2. Stratigraphic expression of the syn- and post-rift stages of the Campos Basin    290 

The Barremian – lower Aptian interval is characterized by divergent reflections 291 

contained within wedge-shaped packages that expand towards rift-related normal faults. 292 

Such growth strata record fault activity, and, for that reason, are classified as syn-tectonic 293 
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(Péron-Pinvidic et al., 2007) and syn-rift (Masini et al., 2013). The unconformity capping 294 

these strata record a time when rifting had migrated oceanward, but not to such an extent 295 

that all inboard faults were inactive in the distal area (see previous item; Figure 9). 296 

The upper Aptian pre-salt interval is composed of subparallel and relatively 297 

continuous reflections that are locally divergent, but which are typically contained within 298 

lenticular packages that thickens towards the centre of basement lows. The base of this 299 

succession contains reflections that onlap basement highs or the base-pre-salt surface, 300 

indicating an increase in depositional area when compared to the underlying interval. 301 

Based on the age constraints most accepted in the literature (i.e., c. 123 – 116 Ma; Karner 302 

and Gamboa 2007; Winter et al., 2007), the pre-salt interval can be classified as syn-303 

rifting, given it is pre-breakup (c. 115 Ma, Heine et al., 2013). The aforementioned 304 

seismic-stratigraphic characteristics of the pre-salt interval indicate it is post-tectonic at a 305 

margin scale, although locally, it can also be syn-tectonic, i.e., faulted and/or exhibit 306 

thickening towards a few normal faults.  307 

The origin of a late-rift sag basin characterized by limited upper crustal faulting 308 

and shallow water depths can be explained by depth-dependent extension (Karner and 309 

Gamboa, 2007; Huismans and Beaumont, 2011; Huismans and Beaumont, 2014). Karner 310 

and Gamboa (2007) suggest that depth-dependent extension during the late Aptian on the 311 

West African and Brazilian margins caused greater thinning of the lower crust and 312 

underlying lithosphere when compared to the upper crust. This mechanism generated 313 

sufficient accommodation for the deposition of the upper Aptian pre-salt sequence and 314 

the c. 2 km-thick evaporite sequence itself (Karner and Gamboa, 2007). Other possible 315 

depth-dependent mechanisms are sub-crustal emplacement of hot depleted lower-cratonic 316 

lithosphere (Huismans and Beaumont, 2011), or counterflow of cratonic lithosphere 317 

(Huismans and Beaumont, 2014).  318 
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Based on the age constraints most accepted in the literature for salt deposition, 319 

(110 – 116 Ma; Moreira et al., 2007; Gamboa et al., 2008; Szatmari et al., 2021), and for 320 

the continental breakup in southern Campos Basin (c. 115 Ma – Heine et al., 2013; Moulin 321 

et al., 2013), the salt could be syn- to post-rift, given it could be pre-, syn- or post-breakup. 322 

However, considering what is most accepted in works that address the South Atlantic 323 

evolution, salt deposition was synchronous in both West Africa and SE Brazil margins, 324 

being pre- to syn-breakup (e.g. Karner and Gamboa, 2007; Torsvik et al., 2009; Heine et 325 

al., 2013; Kukla et al., 2018; Pérez-Gussinyé, 2020; Szatmari et al., 2021). This means 326 

that the upper Aptian salt is syn-rifting.  327 

We also show that the classical models of rift basins that use the geometry and 328 

seismic facies of the sedimentary units in order to classify distinct tectono-stratigraphic 329 

stages (e.g. Prosser, 1993; Bosence, 1998; Gawthorpe and Leeder, 2000) work well to 330 

describe the filling of individual half-grabens, but cannot be applied to rifted margins, 331 

such as Campos Basin. Due to the limited geophysical imaging available in the past, these 332 

models were based on the acquisition of data from one or only several adjacent basins 333 

exposed in the field or imaged in the subsurface (Peron-Pinvidic and Manatschal, 2019). 334 

Consequently, little was known about the structure and stratigraphy of the distal domains 335 

of rift systems. Improvements in seismic imaging, analytical methods, and computing 336 

capabilities, combined with deep sea drilling showed that the distal domains of rifted 337 

margins are different from the proximal ones, and new concepts and models emerged.  338 

Modern concepts now include polyphase (or multiphase) rifting, rift domain names (e.g. 339 

necking domain) and migration of deformation (e.g. Ranero and Pérez-Gussinyé, 2010; 340 

Brune et al., 2014; Pérez‐Gussinyé et al., 2020; Chenin et al., 2021). This new 341 

terminology is still debated, and it is clear that terms such as syn-rift, post-rift, and 342 

breakup unconformity need to be revised (Masini et al., 2013).  343 
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8. Conclusions 344 

 We use 2D and 3D seismic reflection and borehole data from the south-central 345 

Campos Basin to discuss the syn- to post-rift transition.  The key conclusions of our study 346 

are: 347 

1. We identified four key stratigraphic surfaces in the study area, which define three 348 

intervals with distinct geometries and seismic facies filling rift-related topography 349 

in Campos Basin: Barremian – lower Aptian, upper Aptian pre-salt and salt. 350 

2. The Barremian – lower Aptian interval is characterized by divergent reflections 351 

composing syn-rift, syn-tectonic continental lake deposits, thickening towards 352 

graben and half-graben-bounding normal faults. This stage ends with the 353 

development of an angular unconformity (mid-Aptian; pre-neo-Alagoas) that 354 

records a time when rifting had migrated oceanward. 355 

3. The upper Aptian pre-salt interval is typically defined of subparallel and relatively 356 

continuous reflections composing a broadly lenticular geometry that thickens 357 

towards the centre of basement lows, but that locally diverge towards rift-related 358 

normal faults, being characterized as syn-rifting and post-tectonic. This unit is 359 

bounded by an erosional unconformity identified on and adjacent to basement 360 

highs, which is inferred to have formed due to base-level fall and uplift associated 361 

with local fault reactivation. 362 

4. The upper Aptian salt interval is characterized by salt welds and structures that 363 

record the horizontal translation of salt and its overburden. The top-salt is a 364 

concordant surface with the overlying Albian carbonates. 365 

5. Based on the geometries and seismic facies of each interval, we conclude that the 366 

Barremian – lower Aptian is syn-rift and syn-tectonic, and the upper Aptian is 367 
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syn-rift and post-tectonic. The two intervals are separated by a rift migration 368 

unconformity that predates and is not related to the breakup event. 369 
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