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A Revised Reconstruction of The Central Atlantic at Liassic Times

Abstract

Based on a careful analysis of all available seismic data, the mapping of the salt diapir provinces on the American
East Coast and North West African conjugated margins is revisited, and the magnetic data off NW Africa are
reinterpreted. We propose that the magnetic anomaly S1 in the NW Morocco basin and the West African Coast
Magnetic Anomaly (WACMA) offshore Mauritania are located at the western boundary of the salt diapir province,
delineating the ocean / continent boundary on the NW African margin. A new reconstruction of the Central Atlantic
during Liassic times (ca 200 Ma ago) is presented, based on the hypothesis that the SI/WACMA system is the
equivalent of the East Coast Magnetic Anomaly (ECMA), that is generally interpreted as delineating the
ocean/continent boundary on the North East American margin. This reconstruction reconciles plate kinematics and
available geophysical data, seismics and magnetics.

Introduction

Previous initial reconstructions of the Central Atlantic (Le Fort & Van der Voo, 1981 ; Wissmann & Roeser, 1982 ; Le
Pichon et al., 1977 ; Olivet et al., 1984 ; Klitgord et Schouten, 1986) do not take into account the real geometry, at
late Triassic times, of the North West Morocco (on the African plate) and Nova Scotia (on the American plate)
conjugate salt basins. Since then, new seismic data have been collected on the NW Morocco Canadian margin that
provide new constraints for mapping the boundaries of these evaporitic basins. In addition, relatively recent
compilations of magnetic data (Verhoef et al., 1996 and this study) help revisit the identification of magnetic
anomalies on the North West African margin. The initial reconstruction that we propose is based on these new
elements.

Salt diapir provinces of the Central Atlantic conjugate margins

On the NW African margin, the presence of evaporites below the Seine Abyssal Plain was first evidenced by Le Pichon
et al. (Nestlante Cruise, 1970), based on seismic data. Halite sampled by DSDP drillhole 546 was then shown to be
Rhetian - Hettangian, contemporaneous of the early opening stage of the Central Atlantic (Hinz, Winterer et al.,
1984), suggesting that the first basins that were created by the North-America / Africa continental breakup evolved in
confinement conditions that favoured salt deposition.

- On the NW Morocco margin (Fig. 1 & 2), the salt diapir domain extends over 800 km, between about latitudes
34.6°N and 28.5°N. South of 33°N, the position of the western boundary of the domain is generally accepted by all
authors. North of 33°N, however, using seismic data collected during cruises Meteor M67, Rifano and Sismar (Fig. 3a
& Fig. 3b), we show that autochtonous salt diapirs are present as far as 100 km west of the boundary proposed by
previous workers (e.g. Hinz et al., 1982).

- Offshore Mauritania, between latitudes 16°N and 19°N, seismic data show the existence of deep basins, oriented N-

S and filled with evaporites (Wissmann, 1982), supposedly Liassic in age (Lehner & Ruiter, 1977), thus
contemporaneous with the initial stages of intra-continental rifting
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On the north-east American margin (Fig. 4), an important salt diapir province extends from Newfoundland down to
40°N. This province is more or less symmetrical and contemporaneous (of age Rhetian-Hettangian, after Jansa &
Wade, 1975 ; Manspeizer, 1988 ; Holser et al., 1988) to the NW Morocco diapiric basin. This province appears to be
divided into 2 sub-domains :

- South of 42.5°N, the sub-domain is delineated by the East Coast magnetic Anomaly (ECMA), which corresponds to
the ocean / continent transition (Keen & Potter, 1995a). East of ECMA, Jurassic sediment layers are not affected by
diapirism and deposited on oceanic crust (Salisbury & Keen, 1993).

- North of 42.5°N, the diapiric province spreads out, about 100 km east of ECMA. The careful analysis of seismic data
(line 89-1, Keen & Potter, 1995b, for instance) however, suggests that the diapirs present east of ECMA are
allochtonous : the salt has probably glided from its original position west of the ECMA, during a tectonic phase which
affected the evolution of the Central Atlantic in Mid/Upper Jurassic times.

Also, we note that south of 40°N, on the Carolina margin, a narrow salt province is present between 30°N and 35°N,
with diapiric structures oriented NNE-SSW and dated Lower Jurassic (Dillon et al, 1983).

Magnetic anomalies of the Central Atlantic conjugate margins

On the NW African margin (Fig. 1), the main magnetic anomalies that have been identified are : anomaly S1, off
Morocco (Roeser, 1982 ; Verhoef et al., 1996 ; Roeser et al, 2002) ; the West Africa Magnetic Anomaly (WACMA), off
South Morocco and Mauritania (Wissmann et Roeser, 1982) ; and the Senegal Basin magnetic anomaly (Roussel & Liger,
1983). Other magnetic anomalies, of low amplitude, are also identified, such as : anomalies S2, S3 et S4 on the NW
Morocco continental shelf ; and a few magnetic lineaments, visible onshore, in the Senegal basin.

- Anomaly S1 is clearly identified between latitudes 26.2°N and 33.2°N. Over seven degrees of latitude, the anomaly
borders to the west the salt province of the NW Morocco margin. North of 33.2°N, its amplitude decreases and the
anomaly becomes difficult to identify (Fig. 1). According to Roeser et al. (2002), the anomaly is parallel to the coast
line. However, considering that S1 represents the first anomaly after the onset of seafloor spreading, this hypothesis
is not supported by the presence of autochtonous salt diapirs observed east of 10°W on Sismar Lines 4 and 10 (Fig. 3a
; 3b). In this study, we propose that - consistent with the south of 33.2°N - the positive magnetic anomaly that
bounds the salt province to the west actually delineates Anomaly S1 north of 33.2°N.

- The West African Coast Magnetic Anomaly (WACMA) exists between 26.2°N and 21°N. Between 26.2°N and 25.5°N,
this anomaly is located onshore (Querol, 1966 in Wissmann and Roeser, 1982). Between 25.5° and 21°N, its location is
well known, due to a good data coverage (Hayes & Rabinowitz, 1975). South of 20°N, previous workers (Klitgord &
Schouten, 1986 and Olivet et al., 1984) have proposed that the southern continuation of WACMA is represented by the
Senegal Basin magnetic anomaly, visible onshore, between latitudes 18°N and 15°N, along longitude 16°W. However,
this hypothesis is not consistent with the presence in the area of a salt diapir basin, dated Lower Jurassic or older. In
this study, we propose that the WACMA is actually located offshore Mauritania, again bordering the salt diapir basin to
the west (Fig. 1).

On the north American margin, the major magnetic anomalies are (Fig. 4) : the East Coast Magnetic Anomaly (ECMA),
a prominent, high amplitude (300 to 500 nT) anomaly that borders the America East Coast margin along 2500 km,
between 44°N and 30.5°N (Vogt et al., 1973) ; the Brunswick Magnetic Anomaly (BMA), located west of ECMA,
between 30°N and Cape Hatteras ; the Blake Spur Magnetic Anomaly (BSMA), located about 200 to 220 km east of
ECMA and estimated to be of Callovian age (ca 165 Ma), based on DSDP Hole data (Sheridan, Gradstein et al., 1972).

The ocean - continent boundary

On the US East Coast margin, south of 40°N, the ocean-continent boundary is delineated by the East Coast Magnetic
Anomaly (ECMA), which is associated with seaward dipping reflectors resulting from thick volcanic sequences
emplaced during the early rifting phase (Klitgord et al., 1988 ; Talwani et al., 1995). North of 40°N, the progressive
northwards decrease in amplitude of the ECMA suggests that the volcanic activity along the margin decreased north of
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this latitude (Keen & Potter, 1995b). In addition, north of 40°N, the salt diapirs found east of ECMA have been shown
to be allochtonous, reinforcing the hypothesis that there is a ubiquitous correspondence between ECMA and
ocean/continent boundary.

On the NW African margin, the salt diapir province appears to be bounded to the east by Anomaly S1 in the NW
Morocco margin, and by WACMA off southern Morocco and Mauritania. The salt diapirs being autochtonous, we
propose that anomalies S1 and WACMA delineate the ocean - continent boundary on the NW African margin. This
assumption is supported by refraction seismics results (Contrucci et al., 2003), showing a non-oceanic crust east of
the diapir boundary. It implies that the S1/WACMA and ECMA are conjugate magnetic anomalies that mark the first
stage of seafloor spreading, 195 Ma ago (Le Roy & Piqué, 2001).

Our interpretation differs from Klitgord and Schouten (1986), who considered that the African equivalent of the
southern ECMA was the Senegal basin anomaly. In this study, we suggest that the Senegal basin anomaly and the
Brunswick magnetic anomaly could be related to old basement sutures or to intra-continental structures emplaced
during the early rifting phase, comparable to Anomaly S3, on the NW Morocco margin. However, the Blake Spur and E
magnetic anomalies are both oceanic.

Closure reconstruction of the Central Atlantic

The closure reconstruction presented in this study is based on the assumption that S1/WACMA and ECMA are conjugate
magnetic anomalies that were juxtaposed at Lower Lias times (195 Ma ago). This interpretation implies that :

- the Morocco Meseta block and the Africa block evolved independently during Mesozoic times. The boundary between
these two blocks is supposedly located within the present day Atlas domain, which experienced rifting during Liassic
times and compression after Upper Jurassic times (Mattauer et al., 1977 ; Laville, 1985). Our reconstruction suggests
the existence of a post-jurassic continental shortening of about 20 km to the west and 80 km to the east of the
Meseta (Fig. 5b).

- the 40°N / Kelvin Seamounts structural lineament on the American plate and the South Atlas fault / Canary
seamounts on the African plate are not homolog structures (Fig. 5a), as previously proposed by Le Pichon et al. (1977)
and Arthaud & Matte (1977).

- Conjugate salt basins of the NW African and NE American margins were juxtaposed, suggesting that the crust was of
normal, continental thickness during Triassic times. Models that attempt to explain the formation of the continental
margin should take into account this geological constraint.

Acknowlegments : We thank the Captain and crew of R/V Nadir and R/V Almeida Carvalho for their efforts in
collecting the data during the Sismar cruise. R. Bartolome, H. Nouzé, I. Contrucci and J. Perrot processed the seismic
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Figure captions

Figure 1 : Map of the Northwest Africa margin. Symbols are explained in inset, Figure 4. Black lines indicate
structural features recognized on the free air gravity anomaly map of Sandwell and Smith (1997). Red lines and dots
are for magnetic anomaly contours and maxima. The salt diapir province is shaded in green. Blue dots indicate salt
diapir locations. The S1 magnetic anomaly (Fig.1b) and the West African Coast Magnetic anomaly (Fig. 1c) have been
redefined in the present study, based on the interpretation detailed in insets. S1 anomaly on the NW Morocco margin,
north of 33.2°N, is based on the re-interpretation of R/V Meteor M67 data (Roeser at al., 2002). The WACMA, offshore
Mauritania, is based on magnetic profiles collected by different vessels over the years and compiled in the Geodas
database. The intra-continental Senegal basin and S3 magnetic anomalies are indicated.

Figure 2 : Revised structural map of the North-West Morocco evaporitic basin superposed on magnetic anomaly
contours of Verhoef et al. (1996). The structural information is based on Hinz et al. (1982), and on seismic data from
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Meteor M67 (courtesy H. A. Roeser), Rifano and Sismar cruises. The redefined western boundary of the basin is
delineated by Magnetic Anomaly S1. The location of Sismar and Meteor seismic profiles is shown.

Figure 3 : Interpreted SISMAR seismic lines 4 (Fig. 3a) and 10 (Fig. 3b). Red line indicates the basement ; purple, blue
and green line are not dated, but help appreciate basement depth. Salt structures are underlined by purple symbols "
~ " Note the termination of the purple reflector intersecting a basement high (black arrow) that coincides with the
location of magnetic anomaly S1. Red arrows and numbers indicate Ocean Bottom Seismometers positions. Refraction
seismic results suggest that the crust is not oceanic east of OBS 13.

Figure 4 : Map of the North-East America margin. Symbols are explained in inset (see also caption, Fig. 1). Note : 1)
the presence of salt diapirs off Nova Scotia and in the Carolina basin ; 2) the position of magnetic anomalies ECMA,
BSMA, BMA and E. The ECMA delineates the eastern boundary of the salt province, except north of 42.5°N, where the
salt province spreads out to the east of ECMA. Insets indicate seismic lines 89-1 and 88-1A (Keen and Plotter, 1995)
re-inrepreted in the present study. The basement is in red. Beige, green and blue lines are for Oligocene (AY),
Barremian (B) and Callovian/Lower Oxfordian (J,) discordances (Wade and Mac Lean, 1990). Line 89-1 indicates that

the salt diapirs (purple symbols *) located to the east of ECMA come from a sediment layer lying over the J,
discordance and deposited on oceanic crust. This suggests that the salt diapirs located east of ECMA are allochtonous.

Figure 5 : Reconstruction of the Central Atlantic at Liassic times (200 Ma ago ; Fig. 5a), showing the relative
positions of the Africa - Meseta - North America blocks. Symbols are explained in inset (see also caption, Fig. 1). The
present-day boundaries of the salt diapir provinces off Nova Scotia and off NW Morocco are indicated. Inset (Fig. 5b)
illustrates the juxtaposition of the ECMA/S1 conjugate magnetic anomalies, 200 Ma ago.

Reconstruction poles ; age (200 Ma) :

African plate to North American plate : 65.84 N 12.72 W -76.84
Meseta blok to North American plate : 64.58 N 14.87 W -73.97
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