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Figure 1 :

océanique, ils surplombent les dikes qui résultent de l'injection verticale de magma depuis la chambre magmatique. érieure de gabbros est le résultat de la cristallisation plus lente des magmas contenus dans la chambre magmatique. D'après Macdonald (1989).

LES ANOMALIES MAGNÉTIQUES MARINES: RÉSULTAT DE L'ACCRÉTION OCÉA NIQUE

il a été démontré que les roches qui composent la croûte océanique témoigne du cheminement du magma asthénosphérique venant combler l'espace créé par la séparation des plaques tectoniques, les magmas fossilisent la direction du champ magnétique dans lequel ils se refroidissent. Ainsi, au cours des temps géologiques, lorsque la croûte océanique se forme, elle enregistre les changements successifs de polarité du champ 

ABSTRACT

Two main problems are encountered in deep-tow three component magnetic surveys. e rst is related to the instrumental error due to the manufacturing of the sensor, its integration in the tow-sh structure and the magnetization of the vehicle carrying the magnetometer; the second is related to the variation in altitude of the instruments during the dive. In this paper, we introduce a new type of calibration approach for deep-tow uxgate magnetometers. We show that the magnetometer can be calibrated with no recourse to the vehicle attitude (pitch, roll and heading, as it is usually achieved) but only using the three components recorded by the magnetometer and an approximation of the scalar intensity of the Earth's magnetic eld. is method, called scalar calibration, allows us to eliminate the intrinsic instrumental errors as well as the magnetization e ect of the tow-vehicle. us, despite the low maneuverability of the tow-sh during the calibration experiment we provide a signi cant improvement in obtaining accurate magnetic anomaly pro les. As only the total eld anomaly and not the magnetic vector is suitable for this method, we investigate the possibility of calculating the three components via an equivalent source approach. erefore, assuming a 2D topographic equivalent layer, we provide a stable and a meaningful magnetization of the oceanic crust. We show that although magnetic data are acquired along uneven tracks, this model based on one single linear inversion is su cient to provide a rst order depth and magnetization intensity of the crust and also to carry out upward continuation of the total anomalous eld as well as its associated vector.

INTRODUCTION

compensation and calibration prior to any data processing or interpretation. Once the magnetometer is instrumental correction. This method is based on a vector calibration and requires both intensity and The aim of this paper is to provide new solutions that overcome the limitations described above. These solutions are developed for the calibration aspect as well as for data processing and preliminary called scalar calibration. This method was already successful for satellite magnetic measurements Mathematically, as the vector calibration not only uses the intensity of the magnetic vector but also its orientation to resolve the calibration parameters, it is more effective than a scalar calibration.

F 0 ) and not the three components (which require vehicle attitude

(3) where b r represents the permanent effect of the vehicle, G distribution of the magnetic susceptibility of the vehicle and R coordinate system to the geographic coordinate system.

(4) (5) (6) (7) 

COMPENSATION OF THE MAGNETIC EFFECT OF THE TOW-VEHICLE

vehicle (f' vector of the magnetometer (f' during data acquisition; most of the papers that deal with marine magnetic data overlooked this any impact on the calibrated data. 

THE EQUIVALENT LAYER, PRELIMINARY INTERPRETATION OF THE MAGNETIC SIGNAL

vehicle path. This signal includes two components that must be removed before it is useful for the crust which can be further used for upward continuation and vector computation.

3.1. THEORY magnetic dipoles.

V at the point x i , y i , i m(m , m y , m ) located at the point y j , y j , j ) can be written as Thus, ¡

(13) (14) ij j i , y ij j i ij j i , where the indices i correspond to the points i corresponds then to the sum of the magnetic effect of all dipoles as A) due to the layer is the projection of the three components in
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we have

where X is the A m is distribution along the M points of the equivalent layer.

£ (19) (20) (21) (22) (23) 
.

we investigate the possibility of using the equivalence layer method to the oceanic crust, (3) the location of the magnetic boundaries (i.e. the location of the reversals of the To do so, as usually assumed for oceanic crust generated at mid oceanic spreading centers, we consider that a 2D source layer draped on the bathymetry with successive polarity inversions is responsible for the observed magnetic of the equivalent layer should satisfy a lower and upper bounds for avoiding respectively aliasing the magnetic anomalies are supposed to be located in the upper part of the oceanic crust and within be empirically estimated by iteratively increasing the depth of the source until both losses of high solution.

APPLICATION

intensity of this equivalent layer. Assuming that a homogeneous 500 m layer accounts for the observed the depth and spacing of the equivalent dipoles nT and its standard deviation 25 nT. Only a few high frequency magnetic anomalies, related to the very the equivalent layer.

The validity of the method was tested through a comparison with classical inversions technique presented here only requires one linear inversion to be computed (equation 22) with no recourse to Therefore, within the rate and the location of the magnetic polarity boundaries. The magnetic block corresponding to chron blocks. This may result from contamination between small adjacent magnetic polarity blocks due to Moreover, magnetic sources could be responsible for this data offset. More investigations have to be done to constrain these points. 

MAGNETIC VECTOR

The combination of the scalar calibration and the equivalent source technique is a powerful layer assumes a 2D geometry of the magnetic sources and does not allow conclusions about local crustal heterogeneities. Thus, the main remaining question concerns what information may have been included in the measured components and what may have been lost due to both the calibration to signal to noise ratio, as the vector calibration uses the components to resolve the magnetic effect of the vehicle, the best resolution is obtained for the strongest geomagnetic component (i.e., the model that is valuable to carry out upward continuation of the anomalous magnetic vector as well as found to be about 3500 nT and reduced to less than 10 nT after calibration. Magnetic data presented As magnetic data were acquired along uneven altitudes, we used an equivalent source approach assume that a standard homogeneous 500 m layer accounts for the observed magnetic anomalies (Gee are calculated in the same way, although we have little knowledge about the source layer thickness (Cannat et al., 2006) associated with striations comparable to the slip surfaces that are commonly

MAGNETIC SIGNAL OVER VOLCANIC SEAFLOOR: A SEAFLOOR SPREADING MODEL

58º uniform full spreading rate associated with a 500 m thick source layer draped over the topography and magnetic anomalies observed over the volcanic crust between adjacent magnetic polarity blocks and preserve the small wavelength anomalies such as account for the two small wavelength events observed on both sides of the central anomaly. 

THE EASTERN CORRIDOR

MAGNETIC STRUCTURE OF THE DIFFERENT TYPES OF SEAFLOOR

INDUCED MAGNETIZED MODEL

To account for the unconstrained lateral and vertical variations in both intensity and direction

DEPTH OF THE MAGNETIC SOURCES

e use the equivalent layer method for the estimation of the rather than the aliasing frequency. An equivalent source located too far below the measurement sources responsible for the magnetic anomalies are usually considered to be located in the upper part of the oceanic crust and within a layer of constant thickness. Therefore, the lower bound (i.e. depth

As for any methods used to estimate the depth of magnetic sources, these results have to be with the 500 m thick basaltic layer generally used to account for the marine magnetic anomalies at mid oceanic ridges. This suggests that the 2D hypothesis used here is reliable in the case of a 2D

DISCUSSION

SEAFLOOR SPREADING ANOMALIES

reversals used for the resolution of spreading rates for the last 24 Ma have often been restricted to long reversals of constant polarity, such as chrons C5 and C6, of about one million years duration In classical plate tectonic models, continental break-up is abrupt, resulting in a sharp contact between continental and oceanic crusts. e discovery of a wide transitional domain, partly composed of exhumed subcontinental mantle, at magma poor ri ed margins radically changed this view. At present, the de nition of break-up as well as its timing and location remain debated. e sea oor spreading origin of the magnetic anomalies discovered in the transitional domain is particularly questioned. Here we propose an alternative model based on forward modelling of magnetic anomaly pro les using seismic and drill hole data of the Iberia-Newfoundland margins. We show that the main magnetic anomaly (J anomaly), located at the seaward edge of the transitional domain, is associated with both a basement high and a thick crust and can be explained by excess magma associated with the emplacement of lava ows and underplated bodies on top and below the exhumed mantle, respectively. We therefore suggest that the J anomaly is not a sea oor-spreading anomaly but is the signature of the break-up that triggered oceanic spreading at the Aptian-Albian transition (~112 Ma). As a result, the paleogeographic position of Iberia during early Cretaceous time needs to be revised.

HOW ROBUST IS THE IDENTIFICATION OF THE M SEQUENCE OF MAGNETIC ANO MALIES AT THE IBERIA NEWFOUNDLAND CONJUGATED MARGINS?

Figure 1 : 

THE J ANOMALY: THE MAGNETIC SIGNATURE OF A MAGMATIC EVENT

FORWARD MODELING OF MAGNETIC ANOMALY PROFILES

2006) and refraction (Van Avendonk et al., 2006) seismic data and drill hole data (Tucholke and wide J anomaly whereas the basement topography accounts for the superimposed smaller scale 2007). This is in agreement with depth estimations of magnetic sources (at seamount, we attribute the steep western side and the high amplitude (>500 nT) of the J anomaly to

DISCUSSION

and suggest that the variable width and amplitude of the J anomaly result from the interplay between more magma delivered to the south and that the magma budget decreased northward. The northward decreasing distances between anomaly J and the seaward edge of the area of thinned continental crust some places, volcanic constructions overprinted the topographic high for as much as several millions was spatially distributed before this critical period, eventually focused at the distal margins and may masses beneath the nascent plate boundaries.

The processes inducing the production of large volumes of magma beneath an area that includes 2009). Merle et al.

. validate our conceptual idea. As the few samples of gabbroic rocks collected at these sites are strongly altered and show very low contrasts, we choose to be as consistent as possible with all data available by using, in all forward

METHODS SUMMARY

SUPPLEMENTARY INFORMATION

FORWARD MODELLING OF THE MAGNETIC CONTRIBUTION OF THE UNDERPLATED GABBROIC ROCKS

Thickening of the crust beneath the J anomaly is supported by both geological and geophysical

FORWARD MODELLING OF THE MAGNETIC CONTRIBUTION OF THE SERPENTINIZED MANTLE ROCKS

peridotites which has been proposed to account for both small magnetic anomalies toward the area spreading ridges (Cannat et al., 2006). required alignment of the northern and southern Madeira Tore Rise is too coincidental to be believed.

FORWARD MODELLING OF THE MAGNETIC CONTRIBUTION OF BASALTIC

the unreasonable assumption that an isolated melt anomaly was moving in a northerly direction rift about 112 Myr ago is not a viable proposition and thus that its predicted consequences are not pertinent to the rift evolution.

7.2.2.

Adrien Bronner has been previously proposed (Reston and Morgan, 2004), and we suggested that the J anomaly is the oceanic crust, the basement underneath the J anomaly is polyphased. This implies that it can neither in the absence of robust magnetic anomalies, this point remains unconstrained for times older than chron C34.

. la théorie de la dérive des continents, ont été et restent encore un point clef de la années, de nombreuses campagnes océanographiques ont mis en évidence la présence de roches démontré le rôle non négligeable de la tectonique, et plus particulièrement des failles de détachement pour accommoder la divergence des plaques. En raison de la nature des roches qui les composent et ces processus sur les mécanismes de l'océanisation. On retrouve également la même problématique dans le cas de marges plus « magmatiques ».
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 5 Figure 5 : surface est striée car ils se forment en regard d'un plancher océanique volcanique (voir C), les stries s'étendent sur une délimité par les lignes noires, sa surface est lisse car il se forme en
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  Merayo et al., 2000; Olsen et al., 2001) and has been used for laboratory calibration of surface of using the equivalent source technique (Dampney, 1969) to provide an accurate model of the its corresponding vector at any point outside the source. All the methods presented in this paper are implemented via Matlab and scripts are available upon request. The offset errors, b , b y and , b2. SCALAR CALIBRATION2.1. SOLVING THE NINE ERRORS OF MEASUREMENTand are skewed by about 1 sensors is adjusted for a minimum accuracy of 100 nT in the measurement of the total geomagnetic signal. the unprocessed output of the sensor and f is written as(Olsen et al., 2001) the ambient magnetic vector relative to the output of the magnetometer is, using equation 6 and F 0
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 1 Figure 1 :angles u represent the errors of orthogonality whereas angles and represent the orientation of the three sensors in the for a vector calibration.
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 2 Figure 2 : Equations representing the effect of the intrinsic errors of measurement of the magnetometer and the the scalar calibration use the same equations.
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 23 Figure 3 : superimposed. The multibeam bathymetry is represented as a shaded gray scale background. Red circles represent relative
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Figure 1 :

 1 Figure 1 :Magnetic anomaly maps and location of the Iberia-Newfoundland margin system. a, location map. b, c, Magnetic anomaly map of the d, anomaly. J and the thin white parallel lines indicate the location of the J anomaly.

Figure 2 :

 2 Figure 2 : Interpretation of seismic data along SCREECH line 2 showing the thickening of the crust beneath the outer-high et al. et al. et al.

  Figure : Iberia Abyssal Plain et al. (2000) . a, on the interpretation of the seismic velocity structure of van Avendonk et al. (2006); b, et al.
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  ROCKS et al. et al. (2010) to locate the depth and edges of one unique whole amplitude of the J anomaly there.
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  tout d'abord cherché à développer des méthodes de traitement et d'interprétation des anomalies avons testé une méthode de calibration utilisée pour la magnétométrie satellitaire et nous l'avons communément utilisées en géophysique marine, l'interférence magnétique du véhicule tracté pouvait par l'intermédiaire d'une unique inversion linéaire, d'estimer l'aimantation crustale et de recalculer le champ d'anomalie et ses composantes en n'importe quel point en dehors des sources.

2 .

 2 APPLICATION À L'EXPLORATION MAGNÉTIQUE MARINE tractés à plusieurs centaines de mètres derrière le navire pour s'affranchir de l'interférence magnétique instrument à d'autres types de collecte de données géophysiques (e.g. sismiques) ou géologiques (imagerie, dragage) car les vitesses d'acquisition sont différentes et il y a un risque de perte des également être testée sur navire. Une bonne correction de l'effet du navire (impossible dans le cas d'un magnétomètre scalaire) pourrait ensuite permettre de s'affranchir de la mise à l'eau du magnétomètre scalaire et faciliter la 3. LE SIGNAL MAGNÉTIQUE ASSOCIÉ AUX DOMAINES DE MANTEAU EXHUMÉ DE LA DORSALE SUD OUEST INDIENNE « » acquises lors de la campagne « » (Octobre 2010), dans la partie Est importante de croû 20 mGal), permettait de préserver convenablement les inversions du champ magnétique terrestre. A l'inverse, nous montrons que les des anomalies magnétiques que ni une aimantation induite ni un modèle d'accrétion océanique ne l'étude des propriétés magnétiques des échantillons dragués, nous montrons que les péridotites serpentinisées sont des sources magnétiques instables. A l'inverse des basaltes, elles peuvent présenter une forte susceptibilité magnétique et leur aimantation rémanente n'est pas nécessairement l'hétérogénéité du signal magnétique sur une échelle de quelques kilomètres nous permet de conclure être associées à la formation de linéations magnétiques marines. De fait, ces résultats suggèrent que requise pour préserver les inversions de polarité à l'aplomb des dorsales océaniques. 4. LE SIGNAL MAGNÉTIQUE ASSOCIÉ À LA TRANSITION CONTINENT OCÉAN DES MARGES IBÉRIE/TERRE NEUVE : UNE ANOMALIE LIÉE À UNE RUPTURE CONTINEN TALE MAGMATIQUE ? Dans une dernière partie, nous nous sommes intéressés au signal magnétique au niveau de la De plus, l'échantillonnage par forage montre qu'elles correspondent à des événements géologiques distincts dont certains sont indépendants d'un processus d'accrétion océanique. Tous ces éléments amènent à questionner l'origine des anomalies magnétiques dans cette région du globe. Dans ce travail nous avons mis en parallèle les données de forages et de sismique avec les données d'anomalies séquence « M » d'inversions de polarité du Crétacé inférieur était associée à un haut topographique cet évè premiers dikes qui vont traverser le manteau serpentinisé pour s'épancher en surface sous forme de J sans recourir à des inversions de polarité du champ magnétique mais simplement par un contraste comme une isochrone mais comme une anomalie liée à un évènement magmatique responsable de la l'Atlantique région du globe. 5. IMPLICATIONS SUR L'INTERPRÉTATION DES ANOMALIES MAGNÉTIQUES Ce travail illustre donc les limites de l'interprétation des anomalies magnétiques en domaine associées repose essentiellement sur sa validité et son applicabilité à l'échelle du plus grand système se fait, pour environ 35% de ces dorsales à des vitesses infé ; et al., 2004 est caractérisée par une forte épaisseur de croûte, une forte aimantation et des linéations magnétiques crustale se traduit par une hétérogénéité du signal magnétique. De fait, l'hypothèse d'une accrétion une activité tectonique limitée est requise pour préserver l'enregistrement de la polarité du champ magnétique à travers la croûte océanique.
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 1 Figure 1 :Carte d'aimantation déduite de données magnétiques acquises au niveau de la mer à l'aplomb des segments

Figure 2 :

 2 Figure 2 :Aimantation de la croûte océanique déduite d'une inversion 2D et 3D de données acquises proche du fond,
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Magnetic signature of large exhumed mantle domains of the Southwest Indian

ABSTRACT

We investigate the magnetic signature of an ultrama c sea oor along the eastern part of the Southwest Indian Ridge (SWIR) where large areas of exhumed mantle formed by successive detachment faulting are observed. ey occur in the form of broad ridges associated with smooth, rounded non-volcanic topography and have been suggested to be formed by 11 Myr of continuous exhumation faulting. We present high-resolution data combining deep-tow magnetics, side-scan images and results from dredged samples collected within two exhumed mantle domains. We show that, despite an ultraslow spreading rate, areas where the volcanic upper part of the oceanic crust is clearly established are characterized by well de ned sea oor spreading anomalies. However, the exhumed mantle domains where only a few thin volcanic patches are occasionally observed reveal a weak and highly variable magnetic pattern that neither a spreading model nor an induced magnetization can plainly explain. e analysis of the magnetic proprieties of the dredged samples and careful comparison between the nature of the sea oor, the deep-tow magnetic anomalies and the sea oor magnetization suggest that the serpentinized peridotites do not carry a su ciently stable remanent magnetization to produce sea oor spreading magnetic anomalies in exhumed mantle domains.

CONTROVERSIAL ISSUES

The publication presented in this chapter lead to important discussions through the review under debate.

INTERPRETATION OF SCEECH LINE 1

supplementary information above. The manuscript presented here is slightly different from the one arguments regarding the nature of the crust.

PLATE RECONSTRUCTION

reconstructions. This point is discussed in the correspondence below which has been published in A l'heure actuelle, la problématique liée à l'interprétation des anomalies magnétiques de reconstructions cinématiques. En effet, la première linéation observée dans la partie distale des marges est souvent associées au début de l'accrétion océanique et utilisée pour contraindre les reconstructions en parallèle les interprétations géologique

(1) électionn associés.

(

» ou le « outer high » épaississement crustal (sismique réfraction).

(

(4) Tester la contribution de ces structures à l'aide d'un modèle direct ou d'autre méthodes magnétiques (inversions, signal analytique etc.).

949.

Adrien BRONNER

Les anomalies magnétiques dans les domaines de manteau exhumé

Résumé L'objectif de cette thèse est de comprendre (1) si l'exhumation des roches mantelliques aux dorsales océaniques est compatible avec l'enregistrement des inversions de polarité du champ magnétique terrestre, (2) quels sont les processus associés aux anomalies magnétiques observées à l'aplomb des transitions océan-continent et (3) quelles sont les conséquences de ces processus sur les mécanismes de l'océanisation. Afin de travailler avec des données de résolution maximum, une méthode de calibration et d'interprétation des données magnétiques acquises proches du fond est développée dans le premier chapitre. Dans le deuxième chapitre, cette méthode est appliquée aux données magnétiques acquises à l'aplomb des domaines de manteau exhumé de la dorsale Sud-Ouest Indienne (SWIR). Il est ensuite montré que l'exhumation des roches mantelliques est associée à un signal magnétique de faible amplitude et de faible continuité spatiale rendant impossible l'identification des anomalies magnétiques d'accrétion océanique. De fait, il est proposé que contrairement aux basaltes, les roches mantelliques exhumées de la SWIR ne portent pas une aimantation rémanente suffisamment stable pour fossiliser la direction du champ magnétique terrestre. Dans le dernier chapitre, il est démontré que l'anomalie « J », antérieurement interprétée comme la première isochrone associée à la partie distale des marges Ibérie/Terre-Neuve, est en fait identifiée à l'aplomb d'une structure crustale particulière caractérisée par un haut topographique et un épaississement crustal. Par conséquent, il est proposé qu'un évènement magmatique majeur est à l'origine de la création de cette structure crustale et que cet événement est le déclencheur de la mise en place de la première dorsale océanique.

Mots clés : anomalie magnétique, péridotite serpentinisée, dorsale océanique, marge passive

Abstract

The aim of this work is to constrain (1) whether exhumation of mantle rocks at mid oceanic ridges is compatible with the record of polarity reversals of the Earth magnetic field, [START_REF] Which | SEAFLOOR? 9.2.1. nT), and lack 9.2.2. 2 and 3) and displays high amplitude magnetic anomaly up to 450 nT. This corrugated surface is rather than peridotites. 9.2.3. 9.2.4. mechanism compatible with the recording of[END_REF] what is the origin and the processes responsible for the magnetic anomalies observed at magma-poor rifted margins and

(3) what are the consequences of these processes on continental breakup. In a first part, in order to work with high-resolution data, we develop a method for calibration and interpretation of deep-tow three component magnetic data. In a second part, we apply these methods to the data acquired above the large exhumed mantle domains of the ultraslow-spreading Southwest Indian Ridge. We show that, in these areas, neither the magnetic properties of the dredge samples nor the deep-tow magnetic data are consistent with the seafloor-spreading magnetic pattern commonly observed at mid oceanic ridges. We further suggest that in contrast to mid oceanic ridges basalts the exhumed serpentinized mantle rocks do not carry a sufficiently stable remanant magnetization to produce marine magnetic anomalies. In the last part, we show that the "J" anomaly, previously interpreted as the first seafloor-spreading anomaly of the Iberia and Newfoundland passive margins, is associated with locally high topography and thickened crust. We propose that this peculiar crustal structure results from voluminous magma both erupted at the surface and added beneath the exhumed mantle domain. We therefore propose that the J anomaly did not form during seafloor spreading but instead represents a pulse of magmatism that have triggered continental breakup.