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Abstract:  
 

Torsvik et al. recently presented a revised model for the opening of the South Atlantic Ocean. 
According to these authors, this new plate tectonic model is internally consistent and consistent with 
globally balanced plate motion solutions and takes into account realistic intraplate deformation. 
However, this model shows a number of kinematic and geological problems that we underline here, 
together with some comparisons with the new kinematic model recently proposed by Moulin et al. 
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Two papers were submitted and published recently on the same topic: “The new 
starting point for the South Atlantic Ocean” by Moulin, Aslanian & Unternher (Earth 
Science Reviews, submitted August 2008, 2009) and “A new scheme for the opening 
of the South Atlantic Ocean and the dissection of an Aptian salt basin” by Torsvik, 
Rousse, Labails & Smethurst (Journal Geophysical International, submitted October 
2008, 2009). The two scientific approaches as well as their results are quite different. 
The Moulin et al. paper proposes, after a critical review of the latest published 
kinematic models, a new evolution of the whole Equatorial and South Atlantic Ocean 
based on new interpretation of magnetic anomalies, seafloor isochrons, flow lines, 
fracture zones, continental and oceanic homologous structures and radiometric ages 
of igneous rocks, from the tightest reconstruction (Hauterivian) to Chron C34 
(Campanian). The Torsvik et al. paper considers the Aptian salt accumulation and 
their 
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new COB location of the Central segment of the South Atlantic Ocean in a new kinematic

framework and evolution centred on the kinematic fit of the central segment of the South

Atlantic published by Nürnberg & Müller in 1991. We present here a detailed analysis of the

Torsvik et al. model, which presents a number of kinematic and geological problems.

Intraplate deformation limits

Both studies employ continental intraplate deformation in both South America and Africa

Plates as suggested earlier by Curie (1984), Unternehr et al. (1988) and Nürnberg & Müller

(1991). This deformation may be dispersed throughout large areas, diluted along several fault

zones, but for geometrical purposes this deformation is represented in both articles by simple

lines that must be regarded as symbolic.

In the African Plate, Torsvik et al. (Fig 1) used, without the correct references, the intraplate

boundaries given by Moulin (2003), Moulin et al. (2005a, 2010), Aslanian et al. (2009), which

follow the model of Guiraud & Maurin (1992). Nevertheless, they do not separate the Benue

microplate from the South Africa sub-plate.

In South America plate, some differences are notable: the Tucano block described by Szatmari

et al., (1985), Milani & Davison (1988) and Szatmari & Milani (1999) is missing in Torsvik et

al. model. More importantly, the Transbrasiliano lineament, one of the major intraplate active

features (Sykes, 1978), does not play any role in their reconstruction. Furthermore and strangely

enough, contrary to Nürnberg & Müller (1991), they do not use the Salado and Punta del Este

Basins as an intraplate boundary while they do use the Colorado Basin in this way. This point

has a strong importance in the reconstruction of the Southern Segment as we will show later.

Lastly, they do not separate the Santos microplate from the rest of the Amazonian sub-plate,

which also has strong importance in the genesis of the Santos Basin – Sao Paulo Plateau system

(Moulin et al., 2010).

Kinematic problems and consequences

1- General view

Figure 1 shows a general view of the main problems presented by the fit given by Torsvik et al.

(1) In the Equatorial segment, there is an overlap of more than 100km of the Precambrian Ilha

de Santana Platform on the West African craton. (2) Eastwards, the overlap of the Brazilian

coast and the Benue coast is more than 280km and the extension in the Benue area of more



than 130km is far larger than the amount given by previous authors: 85�km for Fairhead

(1988), between 10 and 50�km for Unternehr et al., (1988) and between 60 and 70�km, with 20

to 30�km of sinistral strike-slip movement, for Nürnberg & Müller (1991). (3) In the area of

Amguid-Gassi Touil-Algéria and 10°N lineaments, the Torsvik et al. model shows an overlap

about 25-80km which implies an extension with no strike-slip movement, while the geological

data indicate a transpressive deformation (Boudjema, 1987, in Guiraud & Maurin, 1992). (4)

In the Tenere Basin, the extension is twice that expected by Fairhead (1988). (5) At last, in

South America, this model shows also an extension of about 145km in the 50km wide General

Levalle Basin (Webster et al., 2004).

2- The Central Segment

Following Unternehr et al. (1988) suggestions, Nürnberg & Müller (1991) presented one of the

first reconstruction including both African and South American intraplate deformation.

Nevertheless, this reconstruction presents a number of important misfits, already discussed in a

previous paper (Aslanian et al., 2009). The model of Torsvik et al., which uses the poles of

Nürnberg & Müller (1991) between the Amazonia and the South Africa plates before the

Aptian time, reproduces therefore some of those misfits. Figure 2 summarizes this discussion

and the consequences of their reconstruction and compares it with our kinematic

reconstruction. The Torsvik et al reconstruction shows: (6) a significant overlap in Niger Delta

(more than 280km), previously quoted, which will be difficult to explain even with a high rate

of sedimentation and delta progradation (less than 150km from Eocene to present day coast,

Heino & Davies, 2007); (7) a misfit of the conjugate lineaments of Sanaga/Ngaoundere and

Pernambuco/Patos lineaments; (8) an overlap of the hinge line of more than 50 km (that is an

overlap of the conjugate unthinned margins) in the northern part of the central area (dark

green area); (9) a small dextral movement in the Paraná area, while Eyles and Eyles (1993)

quoted a 150km dextral movement, and a large extension of about 125km never observed. (10)

Torsvik et al. (2009) assume intraplate deformation to position the Aptian salt basins side by

side before breakup but stop the salt south of Salvador, in Brazil. However, there is evidence

that the salt basin continues up to the Sergipe-Alagoas Basin (Mohriak, 2003; Mohriak &

Rosendalh 2003); (11) the definition of their « robust » continent-ocean boundary in the

southern Santos Basin does not include the presence of the aborted oceanic ridge that is

marked by a very large positive Bouguer anomaly just north of the Florianópolis Fracture Zone,



indenting the Aptian salt basin (Mohriak, 2001; Gomes et al., 2002; Mohriak et al., 2008;

Carminatti et al., 2008), neither the complicated kinematic history of the Santos Basin-Sao

Paulo Plateau system (Aslanian et al., 2009, Moulin et al., 2010) and the probable presence of

thickened oceanic crust in the southern São Paulo Plateau (Leyden et al., 1972; 1976; Cande et

al., 1976, 1978; Kowsmann et al., 1977; Gondcalves, 1991; Dermercian, 1996; Karner, 2000;

Mohriak 2001; Meisling et al., 2001; Aslanian et al., 2009). All these misfits have strong

consequences on the understanding of the mechanism of Passive Margin formation (Aslanian et

al., 2009) and clearly show the need of precise and detailed kinematic reconstructions.

3- The Austral Segment

In the Southern segment, Torsvik et al. (2009) used the magnetic data set of Müller et al. (1997).

This data set is a world digital grid with a 6 arc min interval, where each grid node was

determined by linear interpolation between adjacent isochron in the direction of the spreading.

This grid was built using the plate reconstruction poles, especially those from Nürnberg &

Müller (1991) who located an intraplate boundary in the Salado Basin. (12) Using this data set

without implying intraplate deformation in the Salado Basin seems not coherent to us.

Furthermore, since 1997, a lot of further data were acquired and published (Max et al., 1999;

Corner et al., 2002; Zalan & Oliveira, 2005; the BGR data set). Using these data sets and some

industrial magnetic maps, Moulin et al. (2010) re-interpreted the magnetic anomalies (see this

article for details). Figure 3 presents the kinematic reconstructions of Torsvik et al. with these

new isochrons LMA, M4 and M0. The three reconstructions present large gaps and overlaps.

(13) In particular for LMA and M4 reconstructions, the northern part of the Southern

Segment (north to the Salado Basin) presents up to 70km-large gaps while the southern part has

up to 200km-large overlaps. These observations show the importance of the deformation in the

Salado basin, which must play the same role as in the Colorado Basin and divide the Paranà

sub-plate in two parts, as suggested previously by Nürnberg and Müller (1991).

(14) Finally , Torsvik et al., (2009) end the South American intraplate deformation at chron

M4. The main dominant pulse of Paraná-Etendeka is indeed dated between 135Ma and 130

Ma (Milner et al., 1992; 1995; Peate et al., 1992; Renne et al., 1992; Turner et al., 1994).

Nevertheless, geochemical analyses show that the magmatic activity lasted until the

Barremian/Aptian limit or Late Aptian (Lustrino et al., 2005, cited Renne et al., 1992, 1996;



Turner et al., 1994; Stewart et al., 1996; Schmitt et al., 2000; Tello Saenz et al., 2003; Frindt et

al., 2004; Guedes et al., 2005), implying further intraplate deformation in this area.

4- The Equatorial Segment

Figure 4A presents a zoom of both reconstructions. Both reconstructions fit the conjugate

Guinean and Demerara Plateaux. Nevertheless, the overlap of the Precambrian Ilha de Santana

Platform on the West African craton in the Torsvik et al. model is more than 100km (1) and

could not be explained by the very limited extension observed in the main sedimentary Jurassic-

Cretaceous basins (San Luis, Grajau, deep Ivorian Basins…). This overlap decreases (about

50km) but continues eastwards until the Benue area. (15) This position implies a rift evolution

in two phases, never described in field studies (Zalan & Warme, 1985; Conceição et al., 1988;

Matos, 2000; Basile et al., 2005), with a first SSE movement of the South America plate (Fig 4B)

while Moulin et al. (2010) describe the movement from the fit to the Chron C34, with a single

Eulerian pole. Fig 4C presents the reconstruction at Chron C34 of the equatorial segment

given by Nürnberg & Müller (1991) with its well-marked fractures zones, from the ridge to the

margins, which are the imprint of the relative movement between the two plates, and shows

that (16) the second, south westwards movement given by the study of Torsvik et al fails to

describe exactly the Fracture Zones in the Equatorial Segment (white small circles; the pink

small circles are given by Moulin et al., 2010, in comparison). (17) Lastly, the authors propose a

connection with the Central Atlantic by a seafloor spreading propagation north of the Niger

delta at the mid-Albian times (around ~100 Ma) which seems inconsistent with the Late

Aptian/ Early Albian age (112 Ma) of the unconformity defined on various sedimentary basins

in the Equatorial segment (Pontes & Asmus, (1976); Szatmari et al. (1987); Gouyet (1988),

Blarez (1986), Matos (2000); Mohriak (2003) & Zalan (2004), Basile et al., (2005).

Some of those 17 points can be discussed as they depend on interpretations that could be

debated but some others are based on consensus interpretations of features and their

significance and the whole list disqualifies the Torsvik and co-authors model.

 New plate tectonic models need indeed to be internally consistent. However, this is not the

single condition and all new and old geological and geophysical data have to be considered.

This task implies playing between very detailed studies and global synthesis. A global balanced

plate motion solution could therefore be based on problematic regional plate tectonic models.



The huge task of kinematic studies is to try to invalidate the proposed model for every new data

in order to test its robustness. It is therefore normal that this kind of study progresses step by

step.

Acknowledgements:
The GMT software (Wessel & Smith, 1995) package and the PLACA software (Matias et al.,

2005, http://www.ifremer.fr/drogm/telechargement/placa_version_0_1.) were used in the

preparation of this paper. We thank Marina Rabineau and Alison Chalm for their language

corrections. M. Moulin is sponsored by LATTEX/IDL grant - ISLF-5-32 co-financed by FEDER.

We thank Conall MacNiocaill and two others anonymous reviewers for their useful comments.

References

Almeida, F. F.M., Susczczynski, E. F. & Derze, G. R., 1970. Mapa tectônico do Brasil, Ministério das Minas e
Energia.. 1 map.

Araújo, L.M., Triguis, J.A. Cerqueira, J.R. & da S. Freitas, L.C. (2000). “The atypical Permien petroleum system
of the Parana Basin, Brazil”, in Mello M.R. and B.J. Katz, editors., Petroleum systems of South Atlantic
margins, AAPG Memoir, 73, pp 377-402. Publisher AAPG & Petrobras, USA, http://bookstore.aaog.org

Aslanian, D., Moulin, M. Olivet, J.-L, Unternehr, P., Matias, L., Bache, F., Rabineau, M., Nouzé, H.,
Klingelhoefer, F., Contrucci, I. & Labails, C., 2009. Brazilian and African passive margins of the Central
Segment of the South Atlantic Ocean: kinematic constraints, Tectonophysics (Special Issue: role of magmatism),
468, 98-112.

Basile, C., Mascle, J. & Guiraud, R., 2005. Phanerozoic geological evolution of the Equatorial domain. Journal
of African Earth Sciences, 43, 275-282.

Black, R. & Girod, M., 1970. Late Paleozoic to Recent igneous activity in West Africa and its relationship to
basement structure. Afr. Magm. and Tect., a vol. in honour of W. Q. Kennedy, Clifford, Ed., 185-210.

Blarez, E. 1986. Structure et évolution d’une marge continentale transformante. Paris, Univ. Pierre et Marie
Curie, Paris VI: 188 pp.

Boudjema, A., 1987. Evolution structurale du bassin petrolier « triasique » du Sahara Nord oriental Algérie.
Thèse, Univ. Paris Sud, Paris, 290 pp.

Butler, L.W., 1970. Shallow structure of the continental margin, Southern Brazil and Uruguay. Geological
Society of America Bulletin, 18: 1079-1096.

Cande, S. C. and Rabinowitz, P. D. 1976, Magnetic Anomalies on the Continental Margin of Brazil: Lamont-
Doherty Geological Observatory, 1 sheet.

Cande, S.C. & Rabinowitz, P.D., 1978b. Mesozoic seafloor spreading bordering conjugate continental margins
of Angola and Brazil. 10th Annual Offshore Techonology Conference, Houston, Tex. May 8-11, OTC 3268,
p.1869-1876.

Carminatti, M., Wolff, B., Gamboa, L.A.P., 2008. New exploratory frontiers in Brazil. 19th World Petroleum
Congress, Expanded Abstracts CD,  11p.

Choubert, G., Faure-Muret, A. & Sougy, J., 1968. Carte Tectonique Internationale de l’Afrique, UNESCO, 9
maps.

Conceição, J.C.deJ., Zalán, P.V., Wolff, S., 1988. Mecanismo, Evolução e cronologia do rift sul-atlântico
(Mechanism, evolution and chronology of South Atlantic Rifting). Boletim de Geociências da Petrobras, Rio de



Janeiro 2 (2/4), 255–265.

Contrucci, I., Matias, L, Moulin, M., Géli, L., Klingelhoeffer, F., Nouzé, H., Aslanian, D., Olivet, J.-L., Sibuet,
J.-C. & Réhault, J.-P., 2004. Deep structure of the West African continental margin, between 5°S and 8°S, from
reflection / refraction seismics and gravity data. Geophysical Journal International 158 : 529-553.

Corner, B., Cartwright, J. & Swart, R., 2002. Volcanic passive margin of Namibia: A potential fields
perspective. Volcanic Rifted Margins. In: M. A. K. Menzies, S.L.; Ebinger, C.J. & Baker, J. Boulder (Editors),
Colorado, Geological Society of America, Special Paper, 362, 203-220.

Curie, D., 1984. Ouverture de l’Atlantique sud et discontinuités intra-plaque: une nouvelle analyse. Brest, Univ.
de Bretagne Occidentale, 192 pp.

Demercian, L. S., 1996, A halocinese na evolução do Sul da Bacia de Santos do Aptiano ao Cretáceo Superior
[M.S. thesis]: Porto Alegre, Universidade Federal do Rio Grande do Sul, Brazil, 201 p.

Dumont, J.-F. 1986. Identification par télédétection de l'accident de la Sanaga Cameroun Sa position dans le
contexte des grands accidents d'Afrique Centrale et de la limite nord du craton congolais. Géodynamique 1: 13-
19.

Emery, K.O., Uchupi, E., Phillips, J., Bowin, C. & Mascle, J., 1975. Continental Margin off Western Africa :
Angola to Sierra Leona. American Association of Petroleum Geologists Bulletin 59: 2209-2265.

Eyles, N. & Eyles C. H. 1993. Glacial geologic confirmation of an intraplate boundary in the Paraná basin of
Brazil. Geology, 21, 459-462.

Fairhead, J. D. 1988. Mesozoic plate tectonic reconstructions of the central South Atlantic Ocean: The role of the
West and Central African rift system. Tectonophysics, 155, 181-191.

Franzese, J., Martino, R., 1998. Aspectos cinemáticos y tectónicos de la zona de cizalla de Gastre en la sierra de
Calcatapul, provincia de Chubut, Argentina. X Congreso Latinoamericano de Geología, Actas 2, Buenos Aires,
p. 3.

Frindt, S., Trumbull, R.B. & Romer, R.L., 2004. Petrogenesis of the Gross Spitzkoppe topaz granite, central
western Namibia: a geochemical and Nd-Sr-Pb isotope study. Chem. Geol., 206, 43-71.

Gomes, P. O., Parry, J. and Martins, W., 2002. The Outer High of the Santos Basin, Southern Paulo Plateau,
Brazil. Tectonic Setting, Relation to Volcanic Events and some Comments on Hydrocarbon Potential: AAPG
Hedberg Conference “Hydrocarbon Habitat of Volcanic Rifted Passive Margins’’, September 8-11, Stavanger,
Norway.

Gondcalves, de Souza, K., 1991. La marge continentale brésilienne sud-orientale et les domaines océaniques
adjacents: structure et evolution [Ph.D. thesis]: Paris, University Pierre et Marie Curie, Paris VI, 230 p.

Gouyet, S., 1988. Evolution tectono-sédimentaire des marges guyanaises et nord-brésilienne au cours de
l’ouverture de l’Atlantique Sud. Thèse de doctorat, Univ. de Pau et des pays de l’Adour, Pau, 374 pp.

Guedes, E., Heilbron, M., Vasconcelos P.M., de Morisson Valeriano C., Horta de Almedia, J. C., Teixeira, W. &
Filho A. T. 2005. K-Ar and 40AR/39Ar ages of dikes emplaced in the onshore basement of the Santos Basin,
Resende area, SE Brazil: implications for the south Atlantic opening and Tertiary reactivation. Journal of South
American Earth Sciences,18, 371-382.

Gueguen, E., 1995. Le bassin Liguro-Provencal, un véritable océan. Exemple de segmentation des marges et de
hiatus cinématiques. Implications sur les processus d’amincissement crustal. Brest, Univ. de Bretagne
Occidentale: 309 pp.

Guiraud, R. & Alidou., S. 1981. La faille de Kandi Bénin, témoin du rejeu fini-crétacé d'un accident majeur à
l'échelle de la plaque africaine. Compte Rendus Geosciences 293: 779-782.

Guiraud, R. & Maurin, J.C., 1992. Early Cretaceous rifts of Western and Central Africa: an overview.
Tectonophysics, 213, 153-168

Heilbron, M., Mohriak, W. U., Valeriano, C. M., Milani, E. J., Almeida, J. & Tupinambá, 2000. From collision
to Extension : The roots of Southeastern Continental Margin of Brazil. In : W. Mohriak & M. Talwani (Editors),
Atlantic Rifts and Continental Margins, Geophysical Monograph 115 : pp. 1-32. Publisher Am. Geophys. Union,
Washington D.C.

Heino, P. & Davies, R.J., 2007. Knickpoint migration in submarine channels in response to fold growth, western
Niger Delta, Marine and Petroleum Geology, 24, 434-449.



Hinz, K., Neben, S., Schreckenberger, B., Roeser, H. A., Block, M., Goncalves de Souza, K. & Meyer, H., 1999.
The Argentine continental margin north of 48 degrees S; sedimentary successions, volcanic activity during
breakup. Marine and Petroleum Geology 161: 1-25.

Jacques, J. M., 2003a. A tectonostratigraphic synthesis of the Sub-Andean basins: implications for the
geotectonic segmentation of the Andean Belt. Journal of the Geological Society, London 160: 687-701.

Jacques, J. M., 2003b. A tectonostratigraphic synthesis of the Sud-Andean basins: inferences on the position of
the South American intraplate accommodation zones and their control on South Atlantic opening. Journal of the
Geological Society, London 160: 703-717Lehner, P. & De Ruiter, P. A. C., 1977. Structural history of Atlantic
margin of Africa. American Association of Petroleum Geologists Bulletin, 61: 961-981.

Karner, G. D. & Driscoll, N. W., 1999. Tectonic and stratigraphic development of the West African and eastern
Brazilian Margins: insights from quantitative basin modelling.  In: Cameron, N. R., Bate R. H. & Clure, V. S.,
(Editors), The oil and gas habitats of the South Atlantic, Geol. Soc. London, Spec. Publ, 153: pp. 11-40.

Karner, G. D., 2000. Rifts of the Campos and Santos Basins, Southeastern Brazil: Distribution and Timing, in
M.R. Mello and B. J. Katz, eds., Petroleum systems of South Atlantic margins: American Association of
Petroleum Geologists Memoir, 73, pp. 301-315.

Kowsmann, R., Leyden, R. and Francisconi O., 1977. Marine Seismic Investigations, Southern Brazil Margin:
American Association of Petroleum Geologists Bulletin, 61, 546-557.

Leyden, R., Bryan, G. & Ewing, M. 1972. Geophysical Reconnaissance on African Shelf: 2. Margin Sediments
from Gulf of Guinea to Walvis Ridge. American Association of Petroleum Geologists Bulletin, 56, 682-693.

Leyden, R., Asmus, H., Zembruscki, S. & Bryan, G., 1976. South Atlantic diapiric structures. American
Association of Petroleum Geologist Bulletin, 60, 196-212.

Lustrino, M., Melluso, L., Brotzu, P., Gomes, C. B., Morbidelli, L., Muzio, R., Ruberti, E. & Tassinari, C. C.G.
2005. Petrogenesis of the Early Cretaceous Valle Chico igneous complex SE Uruguay: Relationships with
Parana-Etendeka Province. Lithos, 82, 407-434.

Marton, G., L, Tari, G. C. & Lehmann C. T., 2000. Evolution of the Angolan Passive Margin, West Africa, with
Emphasis on Post-Salt Structural Styles. In: W. Mohriak & M. Talwani (Editors), Atlantic Rifts and Continental
Margins : American Geophysical Union, 115 : 129-149.

Marzoli, A., Melluso, L., Morra, V., Renne, P.R., Sgrosso, I., D’Antonio, M., Duarte Morais, L., Morais, E.A.A.
& Ricci., G. 1999a. Geochronology and petrology of Cretaceous basaltic magmatism in the Kwanza basin
western Angola, and relationships with the Paranà-Etendeka continental flood basalt province. Journal of
Geodynamics 28:341-356

Mascle, J.& Renard, V., 1976. The marginal Sao Paulo Plateau, comparison with the southern Angolan margin.
In: de-Almeida-F. F. M. (Editor), Simposio internacional sobre as margens continentais de tipo atlantico. Anais
da Academia Brasileira de Ciencias. 48; Suplemento pp. 179-190.

Matias, L. M., Olivet, J.-L., Aslanian, D. & Fidalgo González, L., 2005. PLACA: A White Box for Plate
Reconstruction and Best-Fit Pole Determination. Computers and Geosciences, 31, 437-452.

Matos, R. M. D., 2000. Tectonic Evolution of the Equatorial South Atlantic. In W. Mohriak & M. Talwani
(Editors), Atlantic Rifts ans Continental Margins: Geophysical Monograph, 115: 331-353. Publisher Am.
Geophys. Union, Washington D.C.

Max, M. D., Ghidella, M., Kovacs, L., Paterlini, M.  & Valladares, J.A., 1999. Geology of the Argentine
continental shelf and margin from aeromagnetic survey. Marine and Petroleum Geology, 16, 41-64.

Meisling, K. E., Cobbold, P. R., and Mount, V. S., 2001. Segmentation of an obliquely rifted margin, Campos
and Santos basins, southeastern Brazil. American Association of Petroleum Geologists Bulletin, 85, no. 11, 1903-
1924.

Meyers, J. B., Rosendahl, B. R. & Austin, J. A., 1996.  Deep penetrating MCS images of the South Basin:
implications for rift tectonics and post-breakup salt remobilisation. Basin Research, 8, 65-84.

Milani, J.E. & Davison, I., 1988. Basement control and transfer tectonics in the Recôncavo-Tucano-Jatobá rift,
Northeast Brazil. Tectonophysics, 154, 41-70.

Milner, S.C., le Roex, A.P. & O’Connor, J.M., 1995. Age of Mesozoic igneous rocks in northwest Namibia and
the relationship to continental breakup. J. Geol. Soc. London, 151, 97-104.



Mohriak, W.U., 2001. Salt tectonics, volcanic centers, fracture zones and their relationship with the origin and
evolution of the South Atlantic Ocean: geophysical evidence in the Brazilian and West African margins.  7 th
International Congress of The Brazilian Geophysical Society, Salvador - Bahia – Brazil, October 28-31, 2001,
Expanded Abstract, p. 1594.

Mohriak, W. U., 2003a. Bacias Sedimentares da Margem Continental Brasileira. In: L. A. Bizzi, C.
Schobbenhaus, R. M. Vidotti e J. H. Gonçalves (Editors), Geologia, Tectônica e Recursos Minerais do Brasil,
Capítulo III, 87-165, CPRM, Brasília.

Mohriak, W.U. & Rosendahl, B.R., 2003b. Transform zones in the South Atlantic rifted continental margins. In:
Storti, F., Holdsworth, R.E., and Salvini, F. (eds.), Intraplate strike-slip deformation belts. Geological Society,
London, Special Publication, 210, 211-228.

Mohriak, W.U., Nemcok, M. & Enciso, G., 2008. South Atlantic divergent margin evolution: rift-border uplift
and salt tectonics in the basins of SE Brazil. In: Pankhurst, R.J., Trouw, R.A.J., Brito Neves, B.B. & de Wit, M.J.
(eds.), West Gondwana pre-Cenozoic correlations across the South Atlantic region. Geological Society, London,
Special Publications, 294, 365-398.

Moulin, M. 2003. Etude géologique et géophysique des marges continentales passives: exemple du Zaïre et de
l’Angola, PhD Thesis Univ. de Bretagne Occidentale, Brest, 2 vol., 360 pp, available at
http://archimer.ifremer.fr/doc/00000/82

Moulin, M, Aslanian, D, Olivet, J-L., Matias, L., Labails, C, Rabineau, M. & Unternehr, P., 2005a. A New
Starting point for the History of South and Equatorial Atlantic Oceans, Eos. Transac. Am.Geophys. Un., 86(18)
J t .  A s s e m .  S u p p l . ,  A b s t r a c t  T 5 3 A - 0 2 ,  s e e  t h e  p o s t e r  a t
http://wwz.ifremer.fr/drogm/mediatisation/posters/geodynamique/a_new_starting_point_for_the_history_of_sout
h_and_equatorial_atlantic_oceans

Moulin, M., Aslanian, D., Olivet, J-L., Contrucci, I., Matias, L., Géli, L., Klingelhoeffer, F., Nouzé, H. and.
Réhault, J.-P & Unternehr, P., 2005b. Geological constraints on the evolution of the angolan margin based on
reflection and refraction seismic data ZaïAngo project . Geophys. J. Int. 162: 793-810.

Moulin, M., Aslanian, D., Olivet, J.-L. & P. Unternehr, Typologie des marges - 1ere Partie l’Atlantique Sud,
Rapport confidentiel, TOTAL, mai. 2006.

Moulin, M., Aslanian, D. & Unternher, P., 2010, A new starting point for the South and Equatorial Atlantic
Ocean. Earth Science Reviews, Volume 97, Issues1-4, pp 59-95, doi:10.1016/j.earscirev.2009.08.001.

Müller, D., Roest, W.D., Royer, J.Y., Gahagan, L.M. & Sclater, J.G., 1997. Digital Isochrons of the world’s
ocean floor. Journal of Geophysical Research, 102, 3211-3214.

Nürnberg, D. & Müller, R. D. 1991. The tectonic evolution of the South Atlantic from Late Jurassic to present.
Tectonophysics, 191, 27-53.

Pautot, G., Renard, V., Daniel, J. & Dupont, J., 1973.  Morphology, limits, origin and age of salt layer along
South Atlantic African margin. American Association of Petroleum Geologists Bulletin 57: 1658-1671.

Peate, D.W., Regelous, M. and Rogers, N.W., 1992. Parana magmatism and the opening of the South Atlantic.
In: B.C. Storey, T. Alabaster and R.J. Pankhurst (Editors), Magmatism and the Causes of Continental Break-up.
Geol. Sot. London, Spec. Publ.,68, 221-240.

Pontes, F.C, and Asmus, H.E., 1976. The brazilian marginal basins: Current state of knowledge. In: Proc.
Internat. symposium on continental margins of Atlantic type, Sao Paulo, Brazil, Oct 13-17, 1975: Anais da
Academia Brasileira de Ciências, 48, Supplement, p. 215-329.

Renard, V. & Mascle, J., 1974, Eastern Atlantic continental margins; various structural and morphological types.
In: Burk, C.-A & Drake, C.-L (Editors), The geology of continental margins Springer-Verlag, New York, United
States, pp. 285-291.

Renne, P.R., Ernesto, M., Pacca, I.G., Coe, R.S. Glen, J.M., Prévot, M. & Perrin, M. 1992. The Age of Paranà
Flood Volcanism, Rifting of Gondwanaland and the Jurassic-Cretaceous Boundary. Sciences, 258, 975-979.

Renne, P. R., Deckart, K., Ernesto, M., Féraud, G. & Piccirillo, E. 1996. Age of the Ponta Grossa dike swarm
Brazil and implications to Parana flood volcanism. Earth and Planetary Science Letters, 144, 199-211.

Rosendahl, B.R., Groschel-Becker, H., Meyers, J. & Kaczmarick, K., 1991. Deep seismic reflection study of a
passive margin, southeastern Gulf of Guinea. Geology 19: 291-295.

Rosendahl, B.R. & Groschel-Becker, H., 1999. Deep seismic structure of the continental margin in the Gulf of



Guinea: a summary report. In: Cameron, N. R., Bate R. H. & Clure, V. S., (Editors), The oil and gas habitats of
the South Atlantic, Geol. Soc. London, Spec. Publ. 153: 75-84.

Sandwell, D. T. & Smith, W.H.F. 1997. Marine gravity anomaly from Geosat and ERS-1 satellite altimetry.
Journal of Geophysical Research 102: 10039-10054.

Schmitt, A. K., Emmermann, R., Trumbull, R.B., Buhn, B. & Henjes-Kunst, F., 2000. Petrogenesis and
40Ar/39Ar geochronology of the Brandberg complex, Namibia: evidence for a major mantle contribution in
metaluminous and peralkaline granites. J. Petrol., 41,1207-1239.

Stewart, K., Turner, S., Kelley, S., Hawkesworth, C., Kirstein, L. & Mantovani, M. 1996. 3-D, 40Ar-39Ar
geochronology in the Paranà continental flood basalt province. Earth and Planetary Science Letters, 143, 95-
109.

Sykes, L. R., 1978. Intraplate Seismicity, Reactivation of Preexisting Zones of Weakness, Alkaline Magmatism,
and Others Tectonism Postdating Continental Fragmentation. Reviews of Geophysics and Space Physics, 1, 621-
683.

Szatmari, P.J., Milani, E.J., Lana, M.C., Conceicao, J.C.J. & Lobo, A.P., 1985. How South Atlantic rifting
affects Brazilian oil reserves distribution. Oil Gas Journal, 83, 107-113.

Szatmari, P., Batista, J., Francolin, L., Zanotto, O. & Wolff S., 1987. Evoluçao Tectônica da margem equatorial
brasileira. Revista brasileira de Geociências, 17, no. 2, 180-188.

Szatmari, P. & Milani, E.J., 1999. Microplate rotation in northeast Brazil during South Atlantic rifting: analogies
with the Sinai microplate. Geology, v. 27, n. 12, p. 1115-1118.

Tello Saenz, C.A., Hackspacher, P.C., Hadler Neto, J.C., Iunes, P.J., Guedes, S., Ribeiro, L.F.B. & Paulo, S.R.
2003. Recognition of Cretaceous, Paleocene, and Neogene tectonic reactivation through apatite fission-track
analysis in Precambrian areas of southeast Brazil: association with the opening of the South Atlantic Ocean.
Journal of South American Earth Sciences, 15, 765-774.

Torsvik, T.H., Rousse, S., Labails, C., & Smethurst, M.A., 2009. A new scheme for the opening of the South
Atlantic Ocean and the dissection of an Aptian salt basin. Geophysical Journal International,
doi:10.1111/j.1365-246X.2009.04137.x

Trompette, R., 1994. Geology of Western Gondwana 2000-500 Ma: Pan-African-Brasiliano Aggregation of
South America and Africa. A. A. Balkema, Rotterdam, Brookfeild, pp. 350.

Turner, S., Regelous, M., Kelley, S., Hawkesworth, C. & Mantovani, M. 1994. Magmatism and continental
break-up in the South Atlantic high precision 40Ar-39Ar geochronology. Earth and Planetary Science Letters,
121, 333-348.

Unternher, P., Curie. D., Olivet, J.L., Goslin J. and Beuzart P. 1988. South Atlantic fits and intraplate boundaries
in Africa and South America. Mesozoic and Cenozoic Plate Reconstruction. Tectonophysics, 155, 169-179.

Urien, C. M. & Zambrano, J. J. 1973. The geology of the basins of the Argentine continental margin and the
Malvinas Plateau. In: Nairn, A E M and Stehli, F G (Editors), The Ocean Basins and Margins, 1: the South
Atlantic. Plenum press, New York.

Webster R.E., Chebli G.A. & Fisher, J.F., 2004, General Levalle basin, Argentina: A fontier  lower Cretaceous
rift basin, American Association of Petroleum Geologists Bulletin,  88, n° 5, 627-652

Wessel, P. & Smith, W. H. F., (1998). “The Generic Mapping Tools : GMT”, EOS, Trans. Am. Geophys. Un.,
76, 329..

Zalán, P. V. & Warme, J. E., 1985. Tectonics and sedimentation of the Piaui-Camocim sub-basin, Ceara Basin,
offshore Northeastern Brazil. Petrobras, CENPES, Serie Ciência-Técnica-Petróleo, seção: Exploração de
Petróleo, Publicação n°17, 71 pp.

Zalán, P. V., 2004. Evolução fanerozóica das bacias sedimentares brasileiras. In V. Mantesso-Neto, A.
Bartorelli, C.D.R. Carneiro & B. B. Brito-Neves (Coords.), Geologia do continente sul-americano. Evolução da
obra de Fernando Flávio Marques de Almeida, São Paulo: Ed. Beca, 245-263.

Zalán P. V. & de Oliveira J. A. B., 2005. Origem e evolução estrutural do Sistema de Riftes Cenozóicos do
Sudeste do Brasil. B. Geoci Petrobras, Rio de Janeiro, 13, no. 2, 269-300

Figure Caption;



Figure 1: Pre-drift reconstruction of Torsvik et al. (2009) at 180 Ma (Early Jurrasic). The West Africa
block is considered as the fixed plate. Overlaps between the hinge lines are in dark green, gaps in light
green.  Following Curie (1984), Unternehr et al. (1988) and Nürnberg & Müller (1991), these authors
proposed a model with 5 sub-plates in Africa and 4 sub-plates in South American. This model shows
important overlaps, gaps and offsets, in the Equatorial segment (the platform Ilha de Santana on the
West African craton), in the northern part of the Central Segment and in the Southern Segment (see
text for details). Cratons are represented by brown lines (after Trompette, 1994). Sedimentary
Cretaceous basins are represented by green lines (after Choubert et al., 1968; Almeida et al., 1970; Urien
& Zambrano, 1973; Hinz et al., 1999; Turner et al., 1994; Trompette, 1994). The main structural
constraints (lineaments and plateau limits) used for the kinematic reconstructions (blue lines) are drawn
according to Gouyet (1988), Choubert et al. (1968), Gueguen (1995), Almeida et al. (1970) and Curie
(1984). Cretaceous volcanism (in red) and triassic volcanism (in purple) limits are by Almeida et al.
(1970,) Jacques (2003a; 2003b), Turner et al. (1994), Araujo et al. (2000), Marzoli et al. (1999a) and
Choubert et al. (1968). Hinge lines (thick red lines) are based on the compilation of the interpretation of
Unternehr (comm. pers.), Heilbron et al. (2000), Karner & Driscoll (1999) and Moulin et al. (2006). The
“Large Magnetic Anomalies” are based on a new interpretation of Moulin et al., 2009. Mercator
projection.

Figure 2: Comparison of the two initial reconstructions in the Central Segment of the South Atlantic
Ocean. West Africa is fixed. In the Equatorial and Central Segments, blue lines represent the Panafrican
fault systems (Ngaoundéré-Sanaga, Patos-Pernambuco and Kandi-Sobral lineaments: Black & Girod,
1970; Dumont, 1986, De Almeida et al., 1970, Guiraud  & Alidou, 1981). The hinge lines are drawn
according to an industrial compilation (Unternehr, comm. pers.), Heilbron et al. (2000), Karner &
Driscoll (1999) and industrial profiles (Moulin et al., 2006).  Aptian salt extension (pink areas) are based
on a compilation of different sources (Pautot et al., 1973; Renard & Mascle, 1974; Emery et al., 1975;
Lehner & De Ruiter, 1977; Rosendahl et al., 1991; Rosendahl & Groschel-Becker, 1999; Meyers et al.,
1996; Marton et al., 2000; Contrucci et al., 2004; Moulin et al., 2005b for the African side, and Butler,
1970; Mascle & Renard, 1976; Leyden et al., 1976 in Curie, 1984; Heilbron et al., 2000; Unternehr,.
pers. comm.. for the Brazilian side). The dark green areas represent the overlap, while the light green
represent the gap between the 2 hinge lines. 1) the right side presents the reconstruction of Torsvik et al.
(2009) following the Eulerian pole of Nürnberg & Müller (1991) between Amazonia and South Africa.
They improve the position of the conjugate plateaus (Demerara/Guinea) and lineaments (Kandi/Sobral)
with a modification of the African intraplate deformation. As already quoted by Aslanian et al. 2009, the
hinge lines overlap by more than 90 km in this area. 2) the left side presents the reconstruction from
Moulin et al., (2009). In the Central segment, this model shows a gap of 280 km between the two hinge
lines (See Aslanian et al., 2009 for explanations).

Figure 3: Three kinematic reconstructions from the Early Jurrasic (180 Ma – pre-drift reconstruction) to
the Barremian/Aptian Boundary (M0) of the Torsvik et al. model, using the new isochrons defined by
Moulin et al., 2009 (for detail, see their paper). West Africa is fixed and not showed on the figure. The
three reconstructions present large gaps and overlaps, in particular at LMA and M4 times. The northern
part of the Southern Segment (north to the Salado Basin) presents up to 70km-large gaps while the
southern part has up to 200km-large overlaps. These observations show the importance of the
deformation in the Salado basin, which must play the same role than the Colorado Basin and divide the
Paranà sub-plate in two parts, as suggested previously by Nürnberg and Müller (1991). Same legend as in
Figure 1. Oblique Mercator Projection. See Torsvik et al. (2009) for the Eulerian poles used in this
figure.

Figure 4: A) Comparison of the two initial reconstructions in the Equatorial Segment. The red line
represents the African High Gravity Anomaly, whereas the green line represents the South American



High Gravity Anomaly. The blue lines represent the Panafrican fault systems (Ngaoundéré-Sanaga,
Patos-Pernambuco and Kandi-Sobral lineaments: Black & Girod, 1970; Dumont, 1986, De Almeida et
al., 1970, Guiraud  & Alidou, 1981). The grey areas represent the overlap between the 2 High Gravity
Anomalies. 1) The right side shows the reconstruction of Torsvik et al. (2009): they improve the position
of the conjugate plateaus (Demerara/Guinea) and lineaments (Kandi/Sobral) in comparison of
Nürnberg and Müller’s model. Nevertheless this new position implies a too tight reconstruction and
large intraplate deformation in the Benue Trough. 2) On the left side is the reconstruction from Moulin
et al., (2009). This model takes into account a large amount of geological observations and presents the
Equatorial segment as an “incompressible zone”. They describe the movement from the fit to the Chron
C34, with a single Eulerian pole

B) Kinematic evolution of the South America plate in respect to the West Africa plate, for the Torsvik et
al. model (2009), from the fit to the Chron C34. This model implies an evolution in two phases with a
first SSE movement (from M4 and M0: red small circle) of the South America plate and a second NNE-
SSW tranding mouvement (from M0 to Chron C34; orange, and grey small circles).

C) Kinematic reconstruction at Chron 34 (84Ma) with gravity data from Sandwell & Smith (1997) of
the Equatorial Atlantic Ocean after Nürnberg and Müller (1991). Note the well-marked fractures zones,
from the ridge to the margins. The Africa Plate and its attached gravity grid are fixed; the South
American plate and gravity grid have been rotated with the Eulerian pole from Nürnberg and Müller
(1991). The heavy red line represents the accreting ridge at that time. The black dotted lines represent
the small circles (relative movement between the Africa and America plates) calculated with the
intermediate pole between C34 and 112 Ma (Torsvik et al., 2009), whereas the white dotted lines
represent the small circles calculated with the intermediate pole between C34 and 112 Ma (Moulin et
al., 2009). The westwards movement given by the study of Torsvik et al fails to describe precisely the
Fracture Zones in the Equatorial Segment. Same geological structure legends as in Figure 1. Mercator
projection. See respective papers for the Eulerian poles used in this figure.
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