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Abstract
The Uruguayan Continental Margin (UCM) is considered one of the most promising frontier areas 
for hydrocarbon exploration in the South Atlantic. The UCM central sector, corresponding to the 
transitional region between the Punta del Este and Pelotas basins and where the Rio de la Plata 
Transfer System (RPTS) is located, exhibits outstanding characteristics such as interruption of the 
seaward dipping reflectors (SDRs), dislocation of magnetic and gravity anomalies and depocenters, 
and hyper-thinning of the continental crust. Owing to these characteristics, this sector is a key area 
for understanding the evolution of the margin during the Atlantic opening and evaluating the real 
potential of the UCM to contain hydrocarbon accumulations. This study demonstrates the results of 
a new subsurface mapping method using 2D and 3D seismic data in the central sector of the UCM. 
Structural interpretations have led to the definition of i) a NW-oriented hyperextended region located 
where the SDRs are interrupted, characterized by a shallow Moho (˂3 km); ii) a set of NW-SE 
oriented transtensional faults, some of which reach the Moho, which has delineated a series of discrete 
grabens; and iii) a Barremian-Aptian depocenter with a rhomboidal geometry, exhibiting the greatest 
thickness over the hyperextended crust region. The central sector of the UCM concentrates on the 
extensional processes associated with the breakup of Western Gondwana, which controlled the initial 
phase of the Atlantic opening in this region. The sinistral transcurrent nature of the RPTS plays a 
crucial role in generating the transtensional stress field in an extensive regional context. This process 
reactivates basement-inherited structures with a general NW-SE orientation, leading to the formation 
of subsidence areas. 
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1. Introduction
The Uruguayan continental margin (UCM) spans approximately 207,500 km2 and extends 
approximately 350 nautical miles. It is located along the southwest margin of the South Atlantic (Fig. 
1), with bathymetry ranging from 20 to over 5,000 m. It lies between the latitudes 34° and 40° S and 
longitudes 46° and 56° W (Veroslavsky et al., 2017; Morales et al., 2017)

The UCM exhibits pronounced longitudinal and perpendicular heterogeneity, suggesting a complex 
geological history. The margin is defined as a divergent volcanic- type, segmented by the Río de la 
Plata Transfer System (RPTS) (Soto et al., 2011) in its central sector and characterized by volcano-
sedimentary depocenters that exceed 7 km of sedimentary fill-in certain sectors (Franke et al., 2007; 
Morales et al., 2017). 

Three sedimentary basins developed in the UCM (Figs. 1 and 2): i) the Punta del Este Basin; ii) the 
southernmost part of the Pelotas Basin, both separated by the Polonio High in shallow waters; and 
iii) the Oriental del Plata Basin (Fig. 2). The Punta del Este Basin, with a NW orientation 
(perpendicular to the margin), has been the subject of multiple hypotheses aimed at explaining its 
genesis, including a) an aulacogen (Yrigoyen, 1975; Introcaso and Ramos, 1984; Stoakes et al., 1991), 
b) transtensional tectonics associated with a dextral strike-slip shear system, with a NW-SE main 
orientation (Keeley and Light, 1993; Tankard et al., 1995; Franke et al., 2006), and c) two or more 
overlapping rift phases (Macdonald et al., 2003; Gerster et al., 2011; Pángaro and Ramos, 2012; 
Koopmann et al., 2014; Lovecchio et al., 2020). The Pelotas Basin, with a NE orientation (parallel to 
the continental margin), constitutes a typical passive margin type (Fontana, 1996; Abreu, 1998; de 
Santa Ana et al., 2005; Stica et al., 2014; Conti et al., 2017). The Oriental del Plata Basin, which 
corresponds to an oceanic basin, developed in ultradeep water (bathymetries over 4,000 m) over the 
transitional and oceanic crust. (de Santa Ana et al., 2005; Soto et al., 2011; Velázquez, 2021)  

The central sector of the UCM (corresponding to the transitional region between the Punta del Este 
and Pelotas basins) exhibits outstanding characteristics, such as interruption of the seaward dipping 
reflectors (SDRs), dislocation of magnetic and gravity anomalies and depocenters, extreme thinning 
of continental crust, and the thickest portion of Aptian sedimentation (Soto et al. 2011; Marmisolle 
and Morales, 2022; Novo et al., 2023). These characteristics have been associated, entirely or partly, 
with a short-lived triple junction during the early stages of Gondwana fragmentation (Conti et al., 
2021; Thompson et al., 2018), the development of a pull-apart basin in a transtensional tectonic 
context (Rowlands et al., 2016); and the occurrence of the RPTS (Soto et al. 2011). 

This study aimed to characterize the structural configuration of the central sector of the UCM in deep 
and ultra-deep waters to understand its geological evolution during the initial Atlantic rift and early 
stages of continental drift. A comprehensive understanding of geological processes and their 
implications will contribute to improving regional tectonic models and a realistic assessment of the 
hydrocarbon potential that drives exploration efforts in the South Atlantic basins.

2. Geological framework
The origin of the UCM is linked to the West Gondwana breakup, initiated after the Middle Permian 
and Middle Triassic Gondwanide orogeneses, which led to the Early Cretaceous opening of the South 
Atlantic Ocean. Since then, the conjugate passive margins of South America and Africa have been 
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established as a consequence of this divergent movement (e.g., Rabinowitz and LaBrecque, 1979; 
Gladczenko et al., 1997; Heine et al., 2013; Will and Frimmel, 2018; Lovecchio et al., 2020). 

The UCM is situated south of the Walvis/Rio Grande ridge within the austral segment of the South 
Atlantic Ocean (Moulin et al., 2010). In this segment, continental breakup began from the south and 
progressed towards the north; one of its most distinctive characteristics is the presence of thick 
wedges of SDRs at the continental oceanic crust transition (Geoffroy, 2005; Franke et al., 2007; Stica 
et al., 2014; Chauvet et al., 2021).

The South Atlantic Ocean opened between the Rio de la Plata, Kalahari, and Congo cratons, leaving 
the Late Precambrian Pan African/Braziliano belt to the north and the Late Paleozoic Gondwanides 
orogenic belts to the south. (Paton et al., 2016; Heine et al., 2013; Pángaro and Ramos, 2012). The 
break-up axis is roughly parallel to the N-S structural trend of the Pan African/Brasiliano orogenic 
belts but strongly oblique to the E-W Gondwanides trend (Chauvet et al., 2021; de Wit et al., 2008)

The South Atlantic rift is classically presented as polyphase extensional rifting ranging from the 
Early-Middle Jurassic to the Early Cretaceous to the Hauterivian, whereas the post-rift deposits 
started in the Barremian (Broad et al., 2012; Cartwright et al., 2012; McMillan, 2003; Jungslager, 
1999). In the Colorado basins, Lovecchio et al. (2020, 2018) also identified that a previous event 
occurred in the Late Triassic–Early Jurassic corresponding to extensional reactivation of Late 
Paleozoic–Early Triassic thrusts of the Ventana‐Cape Fold Belt.

Several rifted basins with a WNW-ESE-trend oblique to the South Atlantic axis can be found along 
the Argentinian and Uruguayan margins (Figs. 1 and 2). These basins are related to an extensional 
rifting event that predates the development of the South Atlantic margin (Franke, 2013; Frizon de 
Lamotte et al., 2015; Lovecchio et al., 2020). An Early–Middle Jurassic age was assigned to this 
stage, correlating with Karoo rifting and the N–S extension that ended with the opening of the 
Weddell Sea (Macdonald et al., 2003; Köning and Jokat, 2006; Lovecchio et al., 2020), which was 
strongly controlled by pre-existing orogenic structures (Pángaro and Ramos, 2012; Franke, 2013; 
Lovecchio et al., 2020). The Salado and Punta del Este basins (the northernmost of these basins) are 
located along a 2.1 Ga suture zone embedded within the Rio de la Plata Craton (Moulin et al., 2010; 
Reuber et al., 2019; Mann, 2022). The undated syn-rift volcano-sedimentary units fill these half-
grabens and may exceed 6 km in thickness (Stoakes et al., 1991; Tavella and Wright, 1996; Ucha et 
al., 2004; Morales et al., 2017; Tugend et al., 2018).

The final rifting stage occurred during the Late Jurassic–Early Cretaceous, with extensional WNW–
ESE faults developed in the outer 100–200 km of the margin, parallel to the NNE‐striking continental 
oceanic crust transition. This final rifting stage involved the emplacement of SDRs and resulted in 
the opening of the South Atlantic Ocean. At this stage on the Argentinian-Uruguayan conjugate 
margins, NE syn-rift structures were poorly developed and formed small half-grabens approximately 
1 km in thickness (Franke et al., 2007c; McDermott et al., 2018; Morales et al., 2017c; Stica et al., 
2014). The top of the syn-rift successions is dated to Valanginan–Hauterivian on the African margin 
(140–130 Ma) (Broad et al., 2012; McMillan, 2003), but the base has never been drilled. 

The SDRs are segmented by a series of fracture zones (Franke et al., 2007) that may have acted as 
rift propagation barriers, delimiting distinct compartments, as reflected in the distribution and 
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thickness of the post-rift sediments. Within these fracture zones, the RPTS, which segments the UCM 
in its central part, presents a significant sinistral offset, probably owing to inherited structural 
signatures from the pre-breakup features (Kress et al., 2021; Soto et al., 2011; Moulin et al., 2010).

3. Methodology and database
This study used 2D and 3D high-resolution seismic data, geological and geophysical information 
from the three exploratory wells drilled in the UCM (Fig. 2), and gravity and magnetic regional data. 

The information provided by the wells was limited because the Lobo x-1 and Gaviotín x-1 wells are 
located very close to the basin border in proximal depositional systems. Therefore, the drilled 
Mesozoic sedimentary interval comprised continental coarse-grained clastic lithologies with almost 
no fossil content. Biostratigraphic information was restricted to sedimentary intervals younger than 
the Campanian, except for the last 130 m of the Gaviotin x-1 well, corresponding to Paleozoic pre-
rift stage units. The Raya x-1 well only reached the Eocene-Oligocene boundary (Morales et al., 
2020). Therefore, the greatest contribution to understanding the UCM for this type of study was based 
on the interpretation of seismic data, allowing a better understanding of its stratigraphic architecture.

The 3D seismic data covered an area of approximately 13,300 km2 on the UCM slope. It was acquired 
from Polarcus (2012–2014) and processed using PGS Geophysical (2013–2014). The acquisition 
parameters corresponded to a 10 × 6,000 m @ 9 +/- 1 m streamer length and a 125 m separation 
between streamers. The 2D seismic data (lines UY 4200, UY4300, UY 9700, and UY 9600) were 
originally acquired and processed by ION for the Uruguay Span campaign. Notably, long streamers 
were used to achieve deep penetration for this acquisition, thus identifying the Mohorovicic 
discontinuity (Moho).  

All seismic data were interpreted in depth using The Kingdom Suite software (Geophysics and 
Geology modules, 2023) and tied using a synthetic seismogram constrained from the sonic log and 
check shot data of the Gaviotín x-1 well. For regional correlation, the key horizons and ages suggested 
by Hinz et al. (1999) and Morales et al. (2017), among other authors, were used based on regional 
assumptions for the UCM. 
The following activities represented the workflow: a) fault mapping, b) interpretation of key seismic 
horizons, and c) assembly of structural contour and isopach maps. This included the manual mapping 
of horizons extending through arbitrary lines (composed of dip-strike lines). Flattening techniques 
were applied to improve the interpretation of faults and their relationships with the sequence 
morphology. The key horizons tied to the available well data served as the foundation for both the 
stratigraphic and structural interpretations, allowing the identification of discontinuities. The tectonic-
sedimentary model was reinforced by interpreting large faults that could be identified in several 
seismic sections, discarding isolated and minor faults.  

4. Results 

4.1. Seismic interpretation  

In the central sector of the UCM, four key horizons were interpreted using the 2D and 3D seismic 
data: the Mohorovicic discontinuity (Moho), top basement/base SDRs, top rift/tope SDRs, and the 
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top of the first post-rift sequence. The four horizons corresponded to regional unconformities, and the 
reflectors between them corresponded to the lithologies of the basement, SDRs, or depositional 
sequences. Geological interpretation was based on the seismic characteristics of the reflector (Fig. 3 
and 4). 

The Moho discontinuity was identified only in the 2D seismic lines from the ION GXT- Uruguay 
Span campaign. This corresponded to discontinuous reflectors with high acoustic impedance contrast. 
In the central region of the study area, the Moho showed a sudden inflection in both the strike and 
dip directions, forming a hyperextended crust that reached a thickness of 3 km or less. Towards the 
proximal region of the study area, the crust had the greatest thickness (>20 km), whereas in the distal 
region, the crust exhibited a constant thickness of 10 km on average (Figs. 3 and 4).

In the study area, the top basement was a composite horizon that included the base of the SDRs and 
represented the top of the pre-rift (Figs. 3 and 4). This horizon constituted an angular unconformity 
between the rift filling and the pre-rift basement and was characterized by a continuous reflector with 
high acoustic impedance. Within the central sector, which was characterized by a hyperextended crust 
and the absence of SDRs, the basement reflector characteristics suggest volcanic lithologies indicative 
of a magmatic crust. Several conical structures, interpreted as volcanoes, were identified. 

The rift phase, characterized by extensional tectonics, developed over continental and magmatic 
crusts and was marked by the presence of normal faults responsible for the mechanical subsidence of 
the basin. In the study area, the top of the syn-rift was a diachronic surface defined by the truncation 
of the underlying reflectors (only identified in the central sector) and by the top of the SDRs. In the 
SDRs gap area, the rift sequence was characterized at the base by subparallel reflectors with high 
acoustic impedance, interpreted as volcanic and volcaniclastic lithologies, and towards the top by 
reflectors with variable impedance and continuity, interpreted as sedimentary units. The SDRs were 
identified as wedges of arcuate reflectors dipping seaward that developed in the southwestern and 
northeastern sectors of the study area. The SDR reflectors were divergent and characterized by a high 
acoustic impedance and a diffuse baseline (Figs. 3 and 4).

Half of the graben structures were identified in restricted areas (Figs 3 and 4). The seismic 
interpretation enables the definition of a series of continuous reflectors that overlap over the flexural 
side. Towards the top of the sequence, these reflectors were truncated, delineating an unconformity. 
This erosive surface, characterized by continuous and high-impedance reflectors, was mapped as an 
intermediate horizon (Hi) corresponding to the top of the syn-rift phase. 

The first post-rift sequence was identified as overlapping over the SDR wedges, hyperextended crust, 
and oceanic crust. This sequence was characterized by a homogeneous package of parallel and 
subparallel reflectors, predominantly with low and intermediate acoustic impedance contrasts (Fig. 3 
and 4). The top of this post-rift sequence corresponded to a continuous reflector with high and 
intermediate acoustic impedance.
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4.2. Structural arrangement  

The study area is extremely faulted in a complex arrangement (Fig. 5), with a general NW fault set 
orientation. Figure 5 presents the crustal thickness of the study area obtained from the 2D seismic 
data of the ION GXT Uruguay Span campaign. 

An NW-oriented hyperextended region was identified where the SDRs were interrupted. The 
hyperextended region spans over 90 km, with a width of 30 km at its northwestern extremity and 
narrowing down to 10 km in ultradeep waters towards the southeastern region. It is characterized by 
a shallow Moho, with a cortical thickness ranging between 3 and 4.5 km, notably in the central area, 
reaching less than 3 km (Figs. 3, 4, and 5). The hyperextended region is represented by a magmatic 
crust controlled by two major faults, identified as F1 and F2. These NW-oriented faults are very deep 
and reach the Moho (Figs 3 and 4). 

The WNW-oriented F1 fault, located in the southern region of the study area, experienced a small 
change in orientation to W-E towards ultra-deep waters and proximal areas, and its reactivation was 
identified during the Cretaceous (Fig. 3 and 4). Throughout its path, F1 is curvilinear, dipping into 
the ENE, exhibiting significant changes in penetration depth, and reaching the Moho in regions where 
significant crustal stretching was identified (Figs. 3, 4, and 5). Along this fault, which limits the Punta 
del Este SDR wedge, a series of conical figures associated with volcanoes were identified. 

The F2 fault is in the NE sector of the study area and exhibits a NW orientation dipping into the 
WSW. In ultradeep waters, F2 experienced a slight change in orientation to E-W, similar to F1.

In addition to the prominent F1 and F2 faults, a notable concentration of NW-oriented faults is 
observed between them. In proximal areas, fault systems exhibit greater continuity than faults 
identified in ultra-deep water. The SDR wedges of the Punta del Este, present in the study area, are 
strongly affected by NW-oriented faults, making their limit towards the central sector difficult to map. 
Meanwhile, the Pelotas SDR wedges showed a lower frequency of faults; however, two distinct fault 
subgroups were observed. One of them, located in the distal part, has a preferential NW orientation, 
whereas the other, mainly located towards the proximal region, has a NE orientation. 

Generally, the set of NW faults describes a curvilinear trajectory, exhibiting changes in the 
penetration depth and, in some cases, in the dip direction (Figs 3, 4, and 5). In ultra-deep waters, 
between the F1 and F2 major faults, the fault system presents a slight rotation to the W-E orientation, 
drawing a ponytail. 

The faults identified near the southern end of the Polonio High are extensional and NE-oriented, 
corresponding to Atlantic rifting.  

The structural analysis identified several conical features associated with volcanic structures (Fig. 5). 
These volcanoes were observed with dip changes in faults and were associated with mainly NW-
oriented highs (Figs. 3, 4, and 5).

4.3. Polonio depocenter

A rhomboidal depocenter was identified in the region of the hyperextended crust where the SDR was 
interrupted (Fig. 6). This subsiding area developed across the central sector, exhibited a main E-W 
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orientation controlled by a set of NW-trending normal faults and expanded towards the east in 
ultradeep water (Fig. 6). The southern limit of the depocenter was defined by F1, a major deep fault-
oriented WNW, as defined previously. The northern limit is the southern end of the Polonio High. 
The structure's closure was observed towards the ultra-deep waters. Although the database did not 
cover the area towards deeper waters, in the 2D seismic lines, it was observed that the depocenter 
closes over a high region, as can be inferred from Figs. 3 and 4.

Internally, the depocenter exhibits horst and graben structures controlled by a complex NW structural 
arrangement (Figs. 3, 4, and 6). Many of these grabens are exceptionally deep, as indicated by the 
seismic lines oriented parallel to the margin. 

This subsidence area, strongly controlled by NW faults, accommodates the largest thicknesses for the 
first post-rift sequence in the entire UCM. In Figs. 3 and 4, in contrast to the SDRs and oceanic crust, 
where this sequence has a constant thickness of 800 m; in the Polonio depocenter, it develops 
thicknesses that exceed 2,000 m, represented in the Barremian–Aptian isopach map in dark blue 
colors.

5. Discussion

The NW-oriented faults identified in the central sector of the UCM were situated over the pre-existing 
structural lineaments inherited from the basement, as shown by the hyperextended crust. An ancient 
lineament through offshore Uruguay was identified (Mann, 2022; Pángaro and Ramos, 2012; Moulin 
et al., 2010) and could become a focus for crustal thinning and extension, being reactivated in the 
transtensional context of the STRP. Therefore, NW faults, such as those identified in the Punta del 
Este SDRs, can be interpreted as synthetic faults. In contrast, the NE-oriented faults, including those 
that affect the SDRs of Pelotas, can be interpreted as antithetical faults (Fig. 7). As the faults are 
curvilinear, they define the horsts and grabens in a transcurrent regimen (Fig. 7).

The NW fault system played a key role in defining the formation of a rhomboidal basin (Fig. 7), 
referred to as the Polonio Depocenter, where the fault system considerably controlled the first marine 
ingression flood. The early phase of the post-rift corresponds to the transgressive systems tract 
characterized by basal marine onlap and a retrogradational stacking pattern (Morales et al., 2017) and 
is correlated with the seismic sequence mapped offshore in Uruguay (Grassmann et al., 2011). The 
top of this early sequence corresponds to the AR2 horizon mapped by  (Hinz et al., 1999) and with 
the first marine transgression of offshore Argentina (Kress et al., 2021), suggesting an Aptian age for 
this sequence.

The subsidence area of the Polonio Depocenter is probably the result of mechanical and thermal 
subsidence, where the marine sequence first filled the lower areas and subsequently onlapped the 
internal highs and the SDRs, allowing the largest Barremian-Aptian thickness (>2,500 m) 
documented for the Austral Segment of the Atlantic Ocean. 

The complex structural arrangement with curvilinear path faults, dip changes, and ponytails, such as 
terminations, suggests the action of a transtensional regime, as proposed by Rowlands et al. (2016) 
and Soto et al. (2011) for offshore Uruguay. In the southern onshore region of Uruguay, a comparable 
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tectonic regime was described for the same period. The Santa Lucía-Aiguá Merín (SaLAM) corridor 
(Rossello et al., 1999), which triggered the origin of the Santa Lucía and Laguna Merín onshore rift 
basins during the Mesozoic, showing an initial extensional phase and later a transcurrent phase, is 
evidence of strike-slip movements in the region. The Santa Rosa High in the Santa Lucía Basin also 
increased during the Aptian period (Rossello et al., 2000; Veroslavsky, 1999). The uplift of the 
external highs in the Punta del Este Basin (Morales et al., 2020) is associated with the initial phases 
of the Andean Orogeny. 

The geological model shown in Figure 8 illustrates a snapshot of the late Barremian-Aptian period, 
presenting the role of the RPTS during the initial Barremian-Aptian transgression, which flooded the 
Polonio Depocenter over a hyperextended and highly faulted crust. The first post-rift sequence 
overlapped the faulted SDR wedges and internal highs. The volcanic features identified in the central 
region were controlled by NW-oriented faults during the early development of the Polonio 
Depocenter. 

6. Conclusion 
This study presented the results of novel subsurface mapping using 2D and 3D seismic data. 

The study area, in the central sector of the UCM, served as a focal area for extensional processes 
linked to the breakup of Western Gondwana, thereby influencing the initial phase of the Atlantic 
opening within this region. Soto et al. (2011) had difficulty comprehending this central region because 
of the limited seismic coverage at that time.

The structural interpretation elucidated a NW-oriented hyperextended magmatic crust, delineating 
the gap between the SDRs wedges, which exhibits a shallow Moho (˂ 3 km).

Furthermore, a series of NW-oriented transtensional faults were identified, some of which reached 
the Moho. These faults play a pivotal role in crustal stretching, affecting SDRs and outlining a distinct 
depocenter (Polonio Depocenter) comprising an internal arrangement of horsts and grabens. The 
boundaries of this depocenter, delineated by two major NW-W oriented faults that reach the Moho, 
define a rhomboidal depression that extends into ultra-deep waters, thereby exerting depositional 
control over the first Aptian marine ingression.
   
Within an extensional regional context, the sinistral transcurrent nature of the RPTS generates a 
transtensional stress field that causes the reactivation of structures inherited from the basement with 
a general NW-SE orientation.

Finally, although this study focused on the structural analysis of the central offshore sector of 
Uruguay, a similar analysis of the deeper sector remains pending. In this regard, this study had 
limitations in characterizing the easternmost part, towards deeper waters, of the rhomboidal 
depocenter due to the absence of 3D seismic data and the scarcity of 2D seismic data in that sector. 
Likewise, it would be beneficial to continue with a more detailed characterization of the magmatic 
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crust described, as well as a more comprehensive analysis of the structural control exerted during the 
initial post-rift sequence.

Glossary
ANCAP – Administración Nacional de Combustibles, Alcohol y Portland

CONICET – Consejo Nacional de Investigaciones Científicas y Técnicas

FZ – Fracture Zone

MEC – Ministerio de Educación y Cultura

PEDECIBA – Programa de Desarrollo de Ciencias Básicas

RPTS – Rio de la Plata Transfer System

SaLAM – Santa Lucía – Aiguá - Merín

SDR – Seaward Deeping Reflector

UCM – Uruguayan Continental Margin

UDELAR – Universidad de la República

 
Conflict of interest
On behalf of all authors, the corresponding author states that there is no conflict of interest. 

Acknowledgements
The authors would like to thank ANCAP to provided data, IHS for granting a Kingdom software 
license to the Instituto de Ciencias Geológicas of Universidad de la República.

Author contributions
Josefina Marmisolle: conceptualization, Methodology, Investigation, Writing, Visualization. Ethel 
Morales: Methodology, Investigation, Writing. Eduardo Rossello: Investigation, Writing, 
Visualization. Matías Soto: Investigation. Javier Hernández-Molina: investigation.

Funding
This study contributes to the framework of the Agencia Nacional de Investigación e Innovación 
(ANII) Project FSE 2017-1447979.

References
Abreu, V. dos S., 1998. Geologic evolution of conjugate volcanic passive margins: Pelotas Basin (Brazil) and offshore 

Namibia (Africa). Implication for global sea level changes (Doctor of Philosophy). Rice University.

Broad, D.S., Jungslager, E.H.A., McLachlan, I.R., Roux, J., van der Spuy, D., 2012. South Africa’s offshore Mesozoic 
basins, in: Regional Geology and Tectonics: Phanerozoic Passive Margins, Cratonic Basins and Global 
Tectonic Maps. Elsevier, pp. 534–564. https://doi.org/10.1016/B978-0-444-56357-6.00014-7

Cartwright, J., Swart, R., Corner, B., 2012. Conjugate margins of the South Atlantic: Namibia-Pelotas, in: Roberts, 
D.G., Bally, A.W. (Eds.), Regional Geology and Tectonics: Phanerozoic Passive Margins, Cratonic Basins and 
Global Tectonic Maps. Elsevier, Boston, pp. 202–221. https://doi.org/https://doi.org/10.1016/B978-0-444-
56357-6.00005-6

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4958800

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed

https://doi.org/10.1016/B978-0-444-56357-6.00014-7
https://doi.org/https://doi.org/10.1016/B978-0-444-56357-6.00005-6
https://doi.org/https://doi.org/10.1016/B978-0-444-56357-6.00005-6


Chauvet, F., Sapin, F., Geoffroy, L., Ringenbach, J.-C., Ferry, J.-N., 2021. Conjugate volcanic passive margins in the 
austral segment of the South Atlantic – Architecture and development. Earth Sci Rev 212, 103461. 
https://doi.org/https://doi.org/10.1016/j.earscirev.2020.103461

Conti, B., Marmisolle, J., Novo, R., Rodríguez, P., 2021. Maldonado Triple-Junction Rifting Structure Offshore 
Uruguay: Characteristics and Petroleum Implications, in: Petroleum Geology of the Southern South Atlantic, 
6-7 October, Online & London, 2021. The Geological Society of London, London, United Kingdom, p. 3.

Conti, B., Perinotto, J.A. de J., Veroslavsky, G., Castillo, M.G., de Santa Ana, H., Soto, M., Morales, E., 2017. 
Speculative petroleum systems of the southern Pelotas Basin, offshore Uruguay. Mar Pet Geol 83, 1–25. 
https://doi.org/https://doi.org/10.1016/j.marpetgeo.2017.02.022

de Santa Ana, H., Ucha, N., Veroslavsky, G., 2005. Geología y potencial hidrocarburífero de las cuencas offshore de 
Uruguay. In: V Seminario Internacional: Exploración y Producción de Petróleo y Gas. Lima.

de Wit, M.J., de Brito Neves, B.B., Trouw, R.A.J., Pankhurst, R.J., 2008. Pre-Cenozoic correlations across the South 
Atlantic region: (the ties that bind). Geological Society, London, Special Publications 294, 1–8. 
https://doi.org/10.1144/SP294.1

Fontana, R.L., 1996. Geotectônica e Sismoestratigrafia da Bacia de Pelotas e Plataforma de Florianópolis. Tese 
(doutorado) (Tese de Doutorado). Universidade Federal do Rio Grande do Sul (UFRGS).

Franke, D., 2013. Rifting, lithosphere breakup and volcanism: Comparison of magma-poor and volcanic rifted 
margins. Mar Pet Geol 43, 63–87. https://doi.org/https://doi.org/10.1016/j.marpetgeo.2012.11.003

Franke, D., Neben, S., Ladage, S., Schreckenberger, B., Hinz, K., 2007. Margin segmentation and volcano-tectonic 
architecture along the volcanic margin off Argentina/Uruguay, South Atlantic. Mar Geol 244, 46–67. 
https://doi.org/https://doi.org/10.1016/j.margeo.2007.06.009

Franke, D., Neben, S., Schreckenberger, B., Schulze, A., Stiller, M., Krawczyk, C.M., 2006. Crustal structure across 
the Colorado Basin, offshore Argentina. Geophys J Int 165, 850–864. https://doi.org/10.1111/j.1365-
246X.2006.02907.x

Frizon de Lamotte, D., Fourdan, B., Leleu, S., Leparmentier, F., de Clarens, P., 2015. Style of rifting and the stages 
of Pangea breakup. Tectonics 34, 1009–1029. https://doi.org/10.1002/2014TC003760

Geoffroy, L., 2005. Volcanic passive margins. Comptes Rendus Géosciences. Comptes Rendus Géosciences 337, 
1395–1408.

Gerster, R., Welsink, H., Ansa, A., Raggio, F., 2011. Cuenca de Colorado, in: VIII Congreso de Exploración y 
Desarrollo de Hidrocarburos Simposio Cuencas Argentinas: Visión Actua. Instituto Argentino del Petróleo y el 
Gas - IAPG, Buenos Aires.

Gladczenko, T., Coffin, M., Eldhoim, O., 1997. Crustal structure of the Ontong Java Plateau: Modeling of new gravity 
and existing seismic data. J Geophys Res 102, 711–729.

Grassmann, S., Franke, D., Neben, S., Schnabel, M., Damm, V., 2011. Maturity modelling of the deepwater 
continental margin, offshore Argentina. Zeitschrift der Deutschen Gesellschaft für Geowissenschaften 162, 79–
89. https://doi.org/10.1127/1860-1804/2011/0162-0079

Heine, C., Zoethout, J., Müller, R.D., 2013. Kinematics of the South Atlantic rift. Solid Earth 4, 215–253. 
https://doi.org/10.5194/se-4-215-2013

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4958800

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed

https://doi.org/https://doi.org/10.1016/j.earscirev.2020.103461
https://doi.org/https://doi.org/10.1016/j.marpetgeo.2017.02.022
https://doi.org/10.1144/SP294.1
https://doi.org/https://doi.org/10.1016/j.marpetgeo.2012.11.003
https://doi.org/https://doi.org/10.1016/j.margeo.2007.06.009
https://doi.org/10.1111/j.1365-246X.2006.02907.x
https://doi.org/10.1111/j.1365-246X.2006.02907.x
https://doi.org/10.1002/2014TC003760
https://doi.org/10.1127/1860-1804/2011/0162-0079
https://doi.org/10.5194/se-4-215-2013


Hinz, K., Neben, S., Schreckenberger, B., Roeser, H.A., Block, M., Souza, K.G. de, Meyer, H., 1999. The Argentine 
continental margin north of 48°S: sedimentary successions, volcanic activity during breakup. Mar Pet Geol 16, 
1–25. https://doi.org/https://doi.org/10.1016/S0264-8172(98)00060-9

Introcaso, Ramos, V., 1984. La cuenca del Salado: un modelo de evolución aulacogénica., in: IX Congreso Geológico 
Argentino y III Congreso de Exploración de Hidrocarburos. Buenos Aires.

Jungslager, E.H.A., 1999. Petroleum habitats of the Atlantic margin of South Africa, in: N. R., B.R.H., CLURE, V.S. 
(Eds.), The Oil and Gas Habitats of the South Atlantic. Geological Society, London, pp. 153–168.

Keeley, M.L., Light, M.P.R., 1993. BASIN EVOLUTION AND PROSPECTIVITY OF THE ARGENTINE 
CONTINENTAL MARGIN. Journal of Petroleum Geology 16, 451–464. https://doi.org/10.1111/j.1747-
5457.1993.tb00352.x

Kingdom seismic and geological software. 2021. Geologic and Geophysics modules. S&P Global.

Köning, M., Jokat, W., 2006. The Mesozoic breakup of the Weddell Sea. J. Geophysics 111.

Koopmann, H., Schreckenberger, B., Franke, D., Becker, K., Schnabel, M., 2014. The late rifting phase and 
continental break-up of the southern South Atlantic: the mode and timing of volcanic rifting and formation of 
earliest oceanic crust. Geolgical. Society London. Special publication 420, 315–340.

Kress, P., Catuneanu, C., Gerster, R., Bolatti, N., 2021. Tectonostratigraphic evolution of the Cretaceous Western 
South Atlantic. Marine and Geology 1–56.

Lovecchio, J.P., Rohais, S., Joseph, P., Bolatti, N.D., Kress, P.R., Gerster, R., Ramos, V.A., 2018. Multistage rifting 
evolution of the Colorado basin (offshore Argentina): Evidence for extensional settings prior to the South 
Atlantic opening. Terra Nova 30, 359–368. https://doi.org/https://doi.org/10.1111/ter.12351

Lovecchio, J.P., Rohais, S., Joseph, P., Bolatti, N.D., Ramos, V.A., 2020. Mesozoic rifting evolution of SW 
Gondwana: A poly-phased, subduction-related, extensional history responsible for basin formation along the 
Argentinean Atlantic margin. Earth Sci Rev 203, 103138. 
https://doi.org/https://doi.org/10.1016/j.earscirev.2020.103138

Macdonald, D., Gómez-Pérez, I., Franzese, J., Spalletti, L., Lawver, L., Gahagan, L., Dalziel, I., Thomas, C., Trewin, 
N., Hole, M., Paton, D., 2003. Mesozoic break-up of SW Gondwana: Implications for regional hydrocarbon 
potential of the southern South Atlantic. Mar Pet Geol 20, 287–308. https://doi.org/10.1016/S0264-
8172(03)00045-X

Mann, P., 2022. Crustal structure and tectonostratigraphy of rifted-passive margins with applications for hydrocarbon 
exploration, in: Deepwater Sedimentary Systems. Elsevier, pp. 83–117. https://doi.org/10.1016/B978-0-323-
91918-0.00018-9

Marmisolle, J., Morales, E., 2022. Caracterización Estructural de la Región Central del Offshore de Uruguay, in: XXI 
Congreso Geológico Argentino. Puerto Madryn, Chubut, Argentina.

McDermott, C., Lonergan, L., Collier, J.S., McDermott, K.G., Bellingham, P., 2018. Characterization of Seaward-
Dipping Reflectors Along the South American Atlantic Margin and Implications for Continental Breakup. 
Tectonics 37, 3303–3327. https://doi.org/https://doi.org/10.1029/2017TC004923

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4958800

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed

https://doi.org/https://doi.org/10.1016/S0264-8172(98)00060-9
https://doi.org/10.1111/j.1747-5457.1993.tb00352.x
https://doi.org/10.1111/j.1747-5457.1993.tb00352.x
https://doi.org/https://doi.org/10.1111/ter.12351
https://doi.org/https://doi.org/10.1016/j.earscirev.2020.103138
https://doi.org/10.1016/S0264-8172(03)00045-X
https://doi.org/10.1016/S0264-8172(03)00045-X
https://doi.org/10.1016/B978-0-323-91918-0.00018-9
https://doi.org/10.1016/B978-0-323-91918-0.00018-9
https://doi.org/https://doi.org/10.1029/2017TC004923


McMillan, I., 2003. Foraminiferally defined biostratigraphic episodes and sedimentation pattern of the cretaceous 
drift succession (early Barremian to late Maastrichtian) in seven basins on the South African and southern 
Namibian continental margin. South Afr. J. Sci. 99, 537–576.

Morales, E., Chang, H.K., Soto, M., Corrêa, F.S., Veroslavsky, G., De Santa Ana, H., Conti, B., Daners, G., 2017. 
Tectonic and stratigraphic evolution of the Punta del Este and Pelotas basins (Offshore Uruguay). Petroleum 
Geoscience 23, 415–426. https://doi.org/10.1144/petgeo2016-059

Morales, E., Chang, H.K., Soto, M., Veroslavsky, G., Conti, B., de Santa Ana, H., Santos Corrêa, F., 2017c. 
Speculative petroleum systems of the Punta del Este Basin (offshore Uruguay). Brazilian Journal of Geology 
47, 645–656. https://doi.org/10.1590/2317-4889201720170078

Morales, E., Conti, B., Soto, M., Viera, B., 2020. Risks inherent in the Cenozoic stratigraphic plays in basins of the 
Uruguayan continental margin. Mar Pet Geol 112, 104072.   
https://doi.org/https://doi.org/10.1016/j.marpetgeo.2019.104072

Moulin, M., Aslanian, D., Unternehr, P., 2010. A new starting point for the South and Equatorial Atlantic Ocean. 
Earth Sci Rev 98, 1–37. https://doi.org/10.1016/j.earscirev.2009.08.001

Novo, R., de Jesus Perinotto, J.A., Castillo, M.G., Conti, B., 2023. Heat flow modelling of the Punta del Este Basin 
(offshore Uruguay) and its correlation with structural crustal domains. Tectonophysics 854, 229812. 
https://doi.org/https://doi.org/10.1016/j.tecto.2023.229812

Pángaro, F., Ramos, V., 2012. Paleozoic crustal blocks of onshore and offshore central Argentina: New pieces of the 
southwestern Gondwana collage and their role in the accretion of Patagonia and the evolution of Mesozoic 
south Atlantic sedimentary basins. Mar Pet Geol 162–183.

Paton, D.A., Mortimer, E.J., Hodgson, N., Van Der Spuy, D., 2016. The missing piece of the South Atlantic jigsaw: 
when continental break-up ignores crustal heterogeneity. Lyell Collection, The Geological Society of London.

Rabinowitz, P.D., LaBrecque, J., 1979. The Mesozoic South Atlantic Ocean and evolution of its continental margins. 
J Geophys Res Solid Earth 84, 5973–6002. https://doi.org/10.1029/JB084iB11p05973

Reuber, K., Mann, P., Pindell, J., 2019. Hotspot origin for asymmetrical conjugate volcanic margins of the austral 
South Atlantic Ocean as imaged on deeply penetrating seismic reflection lines. Interpretation 7, SH71–SH97. 
https://doi.org/10.1190/INT-2018-0256.1

Rossello, E.A., de Santa Ana, H., Veroslavsky, G., 1999. El lineamiento Santa Lucía Aiguá-Merín (Uruguay): Un 
rifting transtensivo Mesozoico abortado durante la apertura atlántica?, in: Anais 5to Simposio Sobre o Cretáceo 
Do Brasil and 1ersimposio Sobre El Cretácico de America Del Sur. UNSP/SBG, Serra Negra, Br, pp. 443–448.

Rossello, E.A., de Santa Ana, H., Veroslavsky, G., 2000. Lineamiento Santa Lucía-Aiguá-Merín (Uruguay): un 
corredor tectónico extensivo y transcurrente dextral precursor de la apertura atlántica. Revista Brasileira de 
Geociências 749–756.

Rowlands, H.J., Paton, D., Mortimer, E., Turner, J.P., Thompson, P., Soto, M., de Santa Ana, H., 2016. New Insights 
Into the Early Development of a Volcanic Passive Margin – 3-D Imaging of Seaward Dipping Reflectors and a 
South Atlantic Transfer Zone, in: AAPG Annual Convention and Exhibition, Calgary, Alberta, Canada.

Soto, M., Morales, E., Veroslavsky, G., de Santa Ana, H., Ucha, N., Rodríguez, P., 2011. The continental margin of 
Uruguay: Crustal architecture and segmentation. Mar Pet Geol 28, 1676–1689. 
https://doi.org/https://doi.org/10.1016/j.marpetgeo.2011.07.001

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4958800

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed

https://doi.org/10.1144/petgeo2016-059
https://doi.org/10.1590/2317-4889201720170078
https://doi.org/https://doi.org/10.1016/j.marpetgeo.2019.104072
https://doi.org/10.1016/j.earscirev.2009.08.001
https://doi.org/https://doi.org/10.1016/j.tecto.2023.229812
https://doi.org/10.1029/JB084iB11p05973
https://doi.org/10.1190/INT-2018-0256.1
https://doi.org/https://doi.org/10.1016/j.marpetgeo.2011.07.001


Stica, J.M., Zalán, P.V., Ferrari, A.L., 2014. The evolution of rifting on the volcanic margin of the Pelotas Basin and 
the contextualization of the Paraná–Etendeka LIP in the separation of Gondwana in the South Atlantic. Mar Pet 
Geol 50, 1–21. https://doi.org/https://doi.org/10.1016/j.marpetgeo.2013.10.015

Stoakes, F.A., Campbell, C. V., Cass, R., Ucha, N., 1991. Seismic Stratigraphic Analysis of the Punta Del Este Basin, 
Offshore Uruguay, South America. Am Assoc Pet Geol Bull 75, 219–240. https://doi.org/10.1306/0C9B278B-
1710-11D7-8645000102C1865D

Tankard, A.J., Uliana, M.A., Welsink, H.J., Ramos, V.A., Turic, M., Franca, A.B., Milani, E.J., De Brito Neves, B.B., 
Eyles, N., Skarmeta, J., Santa Ana, H., Wiens, F., Ciribian, M., Lopez, P.O., Germs, G.J.B., De UIT, M.J., 
Machacha, T., Miller, R.McG., 1995. Structural and tectonic contros of basin evolution in southwestern 
Gondwana during the Phenerozoic, in: Tankard, A.J., Suárez Sruco, R., Welsink, H.J. (Eds.), Petroleum Basins 
of South America. AAPG, Tulsa, pp. 5–52.

Tavella, G.F., Wright, C.G., 1996. Cuenca del Salado, in: Ramos, V.A., Turic, M.A. (Eds.), Geología y Recursos 
Naturales de La Plataforma Continental Argentina. Asociación Geológica Argentina - Instituto Argentino del 
Petróleo, Buenos Aires, Argentina, pp. 95–116.

Tugend, J., Mohn, G., Emmanuel, M., Manatschal, G., 2018. Rift-inheritance and subduction initiation at magma-
poor rifted margins: implications for the formation of Alpine-type orogens. AGU Fall Meeting Abstracts 2018, 
44A–01.

Ucha, N., de Santa Ana, H., Veroslavsky, G., 2004. La Cuenca Punta del Este: geología y potencial hidrocarburífero, 
in: Veroslavsky, G., Ubilla, M., Martínez, S. (Eds.), Cuencas Sedimentarias de Uruguay. Geología, 
Paleontología y Recursos Naturales. Mesozoico. DIRAC - Facultad de Ciencias - Sociedad Uruguaya de 
Geología (SUG), Montevideo, Uruguay, pp. 173–192.

Velázquez, P., 2021. Estratigrafía del sector sur del margen continental uruguayo. Tesis de maestría en Geociencias 
(PEDECIBA/ Facultad de Ciencias) (MSc). Facultad de Ciencias, Universidad de la República.

Veroslavsky, G., 1999. Geologia da Bacia de Santa Lucía - Uruguai. Tese de Doutorado elaborada junto ao Curso de 
Pós-Graduação em Geociências - Area de Concentração em Geologia Regional, para obtenção do Título de 
Doutor em Geociências (PhD). Universidade Estadual Paulista (UNESP).

Veroslavsky, G., Rodríguez, P.A., Ucha, N., de Santa Ana, H., 2017. Rasgos geofísicos y geológicos del margen 
continental en la determinación del límite exterior de Uruguay.

Will, T.M., Frimmel, H.E., 2018. Where does a continent prefer to break up? Some lessons from the South Atlantic 
margins. Gondwana Research 53, 9–19. https://doi.org/10.1016/j.gr.2017.04.014

Yrigoyen, M.R., 1975. Geología del subsuelo y plataforma continental, in: Congreso Geológico Argentino 6. 
Asociación Geológica Argentina - AGA, Buenos Aires.

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4958800

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed

https://doi.org/https://doi.org/10.1016/j.marpetgeo.2013.10.015
https://doi.org/10.1306/0C9B278B-1710-11D7-8645000102C1865D
https://doi.org/10.1306/0C9B278B-1710-11D7-8645000102C1865D
https://doi.org/10.1016/j.gr.2017.04.014

