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Introduction

Most authors agree on the presence of oceanic crust within the Gulf of Mexico (hereafter GoM), the location of the transition between oceanic and continental crust remains controversial (e.g., [START_REF] Eagles | Getting over continent ocean boundaries[END_REF]. The kinematics of this isolated basin is crucial to understand the tectonic evolution of America during the breakup of Pangea. As one of the richest petroleum provinces of the world, it has been explored intensively for several decades and imaged by countless seismic data. More recently, satellite-derived vertical gradient of gravity (VGG) illuminated fracture zones in its western part [START_REF] Bonvalot | World Gravity Map[END_REF][START_REF] Sandwell | New global marine gravity model from CryoSat-2 and Jason-1 reveals buried tectonic structure[END_REF]. Gravity data interpretation remain unclear in some areas, preventing the structure (and therefore the natureoceanic or continental) of the crust to be unraveled. This is the case in the northern GoM, where the gravity signal of thick salt and sediment deposits overprint that of the underlying crust. Based on the Jurassic age (Bajocian to Oxfordian) of this salt [START_REF] Pindell | A revised synthesis of the rift and drift history of the Gulf of Mexico and surrounding regions in the light of improved age dating of the Middle Jurassic salt[END_REF] and the Late Jurassic-Cretaceous age of later sediments (e.g., [START_REF] Galloway | Chapter 15 Depositional Evolution of the Gulf of Mexico Sedimentary Basin[END_REF][START_REF] Snedden | A basin-scale perspective on Cenomanian-Turonian (Cretaceous) depositional systems, greater Gulf of Mexico (USA)[END_REF][START_REF] Lin | Crustal structure of an extinct, late Jurassicto-earliest Cretaceous spreading center and its adjacent oceanic crust in the eastern Gulf of Mexico[END_REF], previous evolution models considered that the GoM started to open during the Jurassic [START_REF] Carey | Continental Drift, a Symposium: Being a Symposium on the Present Status of the Continental Drift Hypothesis[END_REF][START_REF] Bullard | The fit of the continents around the Atlantic[END_REF][START_REF] Pindell | Permo-Triassic reconstruction of western Pangea and the evolution of the Gulf of Mexico/Caribbean region[END_REF][START_REF] Hall | The Rotational Origin of the Gulf of Mexico Based on Regional Gravity Data: Rifted Margins: Field Investigations of Margin Structure and Stratigraphy[END_REF][START_REF] Schlager | Deep Sea Drilling Project Leg 77: Southeastern Gulf of Mexico[END_REF][START_REF] Buffler | Distribution of crust and early history, Gulf of Mexico basin[END_REF]; [START_REF] Ross | A hierarchical tectonic model of the Gulf of Mexico and Caribbean region[END_REF]; [START_REF] Keppie | The Yucatan, a Laurentian or Gondwanan fragment? Geophysical and palinspastic constraints[END_REF]. The counter-clockwise rotation of the Yucatán Block (e.g., [START_REF] Pindell | Permo-Triassic reconstruction of western Pangea and the evolution of the Gulf of Mexico/Caribbean region[END_REF]Marton and Buffer, 1994) is confirmed by paleomagnetic results (e.g., [START_REF] Molina-Garza | Paleomagnetism of the Chiapas Massif, southern Mexico: Evidence for rotation of the Maya Block and implications for the opening of the Gulf of Mexico[END_REF]. Such an opening would be contemporaneous to that of the nearby Central Atlantic [START_REF] Marzoli | Extensive 200-million-year-old continental flood basalts of the Central Atlantic Magmatic Province[END_REF][START_REF] Blackburn | Zircon U-Pb geochronology links the end-Triassic extinction with the Central Atlantic Magmatic Province[END_REF]. However, despite an abundant data set, marine magnetic anomalies related to seafloor spreading-which would provide the structure, the age, and therefore the evolution of the GoMremain elusive and debatable. Several authors (e.g., [START_REF] Nguyen | Gravity and magnetic constraints on the Jurassic opening of the oceanic Gulf of Mexico and the location and tectonic history of the Western Main transform fault along the eastern continental margin of Mexico[END_REF][START_REF] Pindell | Aeromagnetic map constrains Jurassic-Early Cretaceous synrift, break up, and rotational seafloor spreading history in the Gulf of Mexico. In Mesozoic of the Gulf Rim and Beyond: New Progress in Science and Exploration of the Gulf of Mexico Basin[END_REF][START_REF] Lundin | The Gulf of Mexico and Canada Basin: Genetic Siblings on Either Side of North America[END_REF][START_REF] Lin | Crustal structure of an extinct, late Jurassicto-earliest Cretaceous spreading center and its adjacent oceanic crust in the eastern Gulf of Mexico[END_REF][START_REF] Minguez | A fresh look at Gulf of Mexico tectonics: Testing rotations and breakup mechanisms from the perspective of seismically constrained potential-fields modeling and plate kinematics[END_REF] followed the VGG interpretation of [START_REF] Sandwell | New global marine gravity model from CryoSat-2 and Jason-1 reveals buried tectonic structure[END_REF] to locate the GoM fossil spreading center, transform faults, and continent-ocean boundary (COB). They present excerpts of the available global magnetic anomaly maps but failed to recognize a regional magnetic anomaly pattern supporting their interpretation.

In this paper, we present a new geophysical interpretation of the GoM based primarily on marine magnetic anomaly data. The major differences between our and previous works can be summarized in five points:

(1) We compiled, processed and reassessed all the available marine magnetic data in the GoM. As a result, we derived a new, improved magnetic anomaly map of the GoM. This important effort allowed us to observe a symmetrical pattern of intermediate-wavelength magnetic anomalies that we ascribe to seafloor spreading in the basin.

(2) The location of the (main) fossil spreading center is primarily based on the interpretation of the new magnetic anomaly map and corresponds to the symmetry axis of the conjugate magnetic anomalies of the basin. This location differs from those from previous studies (Supplementary Figure S6). Although we agree with the interpretation of [START_REF] Sandwell | New global marine gravity model from CryoSat-2 and Jason-1 reveals buried tectonic structure[END_REF] for the transform faults and fracture zones, we consider their two short segments of abandoned spreading axis in the southwestern GoM as reflecting local ridge jumps further substantiated by the spreading asymmetry seen from the magnetic anomaly interpretation. Conversely, the western part of the main fossil spreading axis constrained by the magnetic anomalies bears no VGG signature, because it is buried beneath the southern Sigsbee Salt Province and its gravity signature is hidden amongst the gravity signals of complex structures related to salt tectonics and/or sedimentation history.

(3) Unlike previous studies, we mostly use our new magnetic anomaly map (with the truncation of continental anomalies and presence of seafloor spreading anomalies), complemented by the VGG (with the shelf-break), to define the location of the COB in the study area. The location of our COB significantly differs from many previous interpretations in the northwestern GoM, off Texas and Louisiana. These previous interpretations cannot be reconciled with the observed magnetic anomalies.

(4) We attempt to date the observed magnetic anomalies by comparison with a filtered geomagnetic polarity time scale. Although not a classical approach, the lack of short wavelength magnetic anomalies on the available data offers no better option.

(5) As a consequence of these different interpretations, we present a new, consistent model for the opening of the GoM based on the new magnetic anomaly map.

Data and methods

Building the Magnetic Map of the Gulf of Mexico

We processed total marine magnetic field measurements and combined them to obtain a new magnetic anomaly map at a grid interval of 3 km (Figure 1a). We recovered the total magnetic field measurements from the data repositories of the National Center for Environmental Information (NCEI) (formerly the National Geophysical Data Center) (Supplementary Figure S1) The magnetic pre-processing included removing spurious data, excluding noisy tracks and performing quality control over navigation and acquisition time along marine tracks (Supplementary Figure S2). We calculated magnetic anomalies by removing models of the Earth's internal magnetic field. To this end, we used the Comprehensive Magnetic Model v.4 (CM4; [START_REF] Sabaka | Extending comprehensive models of the Earth's magnetic field with Ørsted and CHAMP data[END_REF] for the time interval between 1960 and 2002.5, complemented by the IGRF-11 [START_REF] Dyment | Global equivalent magnetization of the oceanic lithosphere[END_REF] for data acquired outside this time range. We performed internal and external leveling of the marine tracks to reduce the misfit at the crossovers (see details in García-Reyes, 2018; Supplementary Table S1). We complemented the map built with marine data with the WDMAM v. 2.0 [START_REF] Lesur | Building the second version of the World Digital Magnetic Anomaly Map (WDMAM)[END_REF] on land. We applied different filters in an attempt to unravel possible magnetic anomalies related to seafloor spreading (Supplementary Figure S3). Applying a Gaussian filter to keep wavelengths > 100 km removed spurious effects from local short wavelength anomalies and artefacts and retains what we regard as the reliable spectral content. The resulting map (hereafter named "intermediate wavelength magnetic anomaly map") is used in all interpretations of this paper.

Although using reduced-to-the pole (RTP) magnetic anomalies, which unambiguously lie above their causative sources, would make interpretations and comparisons easier, we have no clear indication whether these anomalies are caused by induced or by remanent magnetization. In the latter case, computing RTP anomalies would require the direction of the remanent magnetization vector to be reliable. Because we lack constraints on this parameter, we preferred not to compute a RTP magnetic anomaly.

From potential field data to plate motion model

We inspected the pattern of the available gravity and marine magnetic data to identify seafloor spreading features and the Continent-Ocean Boundary (COB) in the GoM. We interpreted the magnetic anomalies and built a tectonic map of the basin by recognizing conjugate anomalies with respect to a central magnetic anomaly that marks the extinct ridge axis (Figure 1b). We used each pair of conjugate magnetic isochrons to calculate finite rotations (pole and angle of rotation, Supplementary Table S2), from which we derived stage rotations. We then constructed our plate evolution model for the opening of the GoM (Figure 2). We tried to account for both the interpreted magnetic anomalies and the fracture zones observed on VGG (Figure 1). Since only intermediate wavelength magnetic anomalies related to seafloor spreading could be recognized, we lack precise isochrons determinations and cannot use the statistical method of [START_REF] Chang | Estimating the relative rotation of two tectonic plates from boundary crossings[END_REF] for computing the finite rotation parameters. Instead, we approximated the interpreted fracture zones with small circles, determined great circles perpendicular to those modelled fracture zones (simulating the projection of the rotation axis on a spherical shape), and employed a best-fitting method to determine crossings of the great circles, i.e. possible Euler poles (Morgan, 1968). We considered crossings as trial poles and kept those ones with the higher statistical count. We produced flowlines with the selected poles, building segments of small circles for each stage rotation poles, and compared them with the interpreted fracture zones for validation (Figure 3; Supplementary Figure S5). We qualitatively compared different sets of flowlines (built with different sets of rotation poles) with the interpreted FZs.

The COB shows a major contrast of density and magnetic properties in the crust and the lithosphere. Therefore, we infer that it is located within a relatively narrow zone of high gravity and magnetic gradients in the south and east of the GoM. Although they may not be isochrons senso stricto, we reconstructed the conjugate COBs to determine rotation parameters for the total closure of the GoM (Supplementary Table S2 and Supplementary Figure S7).

Age and Spreading rate

We vainly tried to analyze the few well-oriented individual magnetic profiles for profile-toprofile similarities and similarities to synthetic magnetic anomaly models. We therefore confirm that the amount, resolution and quality of the available magnetic data in the GoM is insufficient to attempt a detailed identification of marine magnetic anomalies within the whole basin. Although this point needs additional data to be conclusively sorted out, we suspect that short wavelength magnetic anomalies related to seafloor spreading may be absent in the GoM for reasons that are developed below.

We therefore attempted to date the seafloor by comparing the observed intermediate wavelength anomalies to various filtered Geomagnetic Polarity Time Scales (GPTS). In order to match the wavelength of the observed magnetic anomalies, each GPTS was filtered using various Gaussian filters to account for a range of different possible spreading rates (Supplementary Figure S11). The filtered polarity time scales were compared to five magnetic profiles extracted from the intermediate wavelength magnetic anomaly map (see above) along flowlines to attempt identifying the magnetic isochrons (Figure 4). Different possible solutions were considered with respect to the available geological data and the most geologically reasonable interpretation was selected, from which ages were ascribed to the anomalies (Supplementary Table S5; Supplementary Figure S13). This exercise implicitly assumes that no major change of angular velocities occurred during the opening of the basin.

We calculated spreading rate and asymmetry along each flowline (Supplementary Tables S3 andS4; Supplementary Figures S9 andS10.

A New Magnetic Map of the Gulf of Mexico

Unlike most of the previous magnetic maps for the area (e.g., [START_REF] Bankey | Digital data grids for the magnetic anomaly map of North America[END_REF] but in agreement with a recent dense aeromagnetic map of the southern GoM [START_REF] Pindell | Aeromagnetic map constrains Jurassic-Early Cretaceous synrift, break up, and rotational seafloor spreading history in the Gulf of Mexico. In Mesozoic of the Gulf Rim and Beyond: New Progress in Science and Exploration of the Gulf of Mexico Basin[END_REF], our new magnetic anomaly map displays a group of East-West elongated intermediate wavelength and low amplitude (-50 -+50 nT) anomalies. The group is made of three positive and four negative anomalies. The central positive anomaly is the longest one and extends over ~1500 km, whereas the outer positive anomalies are ~1000 km long. The anomalies on both sides of the central one appear to be symmetrical at first order, with similar lateral variations in extent, width, and amplitude. Altogether they define a magnetic fan-like structure that we consider reflects the seafloor spreading evolution of the GoM. Aside from this oceanic domain we identify four distinct magnetic domains surrounding the GoM: the conjugate Yucatán (1, see Supplementary Figure S7) and Florida (2) cratonic blocks show strong anomalies of relatively long wavelength that a proper reconstruction aligns, emphasizing their pre-rift origin, only locally erased by the later Chicxulub impact at 65 Ma.

The Trans Mexican volcanic belt (3) exhibits moderate amplitude and shorter wavelength anomalies. The basins fringing Louisiana and Texas, the Western Gulf Coast Basin and the Texas-Louisiana-Mississippi Salt Basin (4) display an East-West elongated positive magnetic anomaly that was interpreted as intracontinental by previous workers (Houston magnetic anomaly, after [START_REF] Hall | Gulf Coast-East Coast magnetic anomaly I: Root of the main, crustal decollement for the Appalachian-Ouachita orogen[END_REF].

The Continent-Ocean Boundary

The free-air gravity anomaly and its vertical gradient often display a sharp signal at the shelfbreak, which sometimes corresponds to the COB but may also be shifted oceanward depending on the pattern of sediment accumulation and possible underplating or post-rift magmatism. The magnetic anomaly is also not always conclusive, the COB being sometimes -but not systematically -marked by a magnetic anomaly corresponding to synrift volcanic activity. South and Northeast of the GoM (domains 1 and 2), we inferred the COB from both the sharp gradients of magnetic anomalies and vertical gradients of gravity, which show a good agreement (Figure 1). This inference is supported by seismic data (e.g., Christeson et al., 2014). In the western GoM, the signature of fracture zones in gravity data confirms the oceanic nature of its crust (Sandwell et al., 2014, Figure 1c andd). In this area (domain 3), we interpret the Eastern Mexico Transform Margin (also known as Tamaulipas-Golden Lane-Chiapas Transform) as the COB, as proposed by previous authors (e.g., [START_REF] Nguyen | Gravity and magnetic constraints on the Jurassic opening of the oceanic Gulf of Mexico and the location and tectonic history of the Western Main transform fault along the eastern continental margin of Mexico[END_REF].

The location of the COB in the north-western and north-central parts of the GoM (domain 4) has been more widely discussed due to the ambiguous signature of their potential field and seismic data. The gravity signal of the underlying crust is obscured by the thick sediments (including evaporites) of the Sigsbee salt province (Supplementary Figure S4). Seismic reflection and refraction data there suggest a progressive thinning of the crust oceanward We confirmed the location of the COB in the controversial areas by attempting to juxtapose the conjugate COB and close the GoM (Supplementary Figure S7). This is not a plate reconstruction sensu stricto, as the COB is not necessarily an isochron. The observed fan-like shape of the magnetic anomalies implies that the pole of the Euler rotation closing the GoM lies NW of Cuba, immediately south of Florida and east of Yucatán, as suggested by previous studies (e.g., [START_REF] Pindell | Alleghenian reconstruction and subsequent evolution of the Gulf of Mexico, Bahamas, and proto-Caribbean[END_REF][START_REF] Bird | Pangea breakup: Mexico, Gulf of Mexico, and Central Atlantic Ocean[END_REF]; among others). We achieved the closure of the GoM by juxtaposing the conjugate COBs where they are both well constrained, off the North Coast of Yucatán and the West Coast of Florida, respectively. The best-fitting rotation has a pole at 85.18°W, 23.99°N and an angle of 59° (geocentric latitude). Magnetics show a good correspondence between reconstructed Yucatán and Florida, with continuous magnetic anomalies across the margin (Supplementary figure S7). Further West, the Houston magnetic anomaly and a strong parallel magnetic high on the Yucatán Block may mark early magmatism on the passive margin.

The Oceanic Basin

In this section, we focus on the oceanic basin to further investigate the GoM plate tectonic history. The tectonic features available to attempt plate reconstructions are (1) the COB as previously defined from gravity and magnetics; (2) the few fracture zones identified on the VGG in the west GoM [START_REF] Sandwell | New global marine gravity model from CryoSat-2 and Jason-1 reveals buried tectonic structure[END_REF]; and (3) conjugate magnetic anomalies.

We identified pairs of conjugate anomalies and the fossil ridge axis within the fan-like structure observed on the magnetic anomaly map (Figures 1 and3). The axis of symmetry is a positive anomaly, marked GoM1, that extends from East to West along the whole oceanic basin and marks the fossil spreading center. It is flanked on each side by a pair of roughly symmetrical positive anomalies marked GoM2. These anomalies are observed off the Mexican Coast in the Western GoM and abut the COB off Florida at ~87°W and off Yucatán at ~89°W. It is worth noting that conjugate anomalies abut conjugate parts of the COB. The truncation of the older anomalies to the East suggests that the seafloor spreading propagated from West to East in this area, in relation to the progressively slower relative plate motion toward the rotation pole.

The conjugate magnetic anomalies constrain the detailed plate tectonic evolution of the GoM. The GoM1 and GoM2 positive anomalies offer three isochrons, namely the older side of GoM1 (GoM1o) and the younger and older sides of GoM2 (GoM2y and GoM2o, respectively), to attempt plate reconstructions. However, the GoM1o isochrons are too close to each other to provide any meaningful results. We therefore limit our magnetic reconstructions to GoM2y and GoM2o. Unlike classical plate reconstructions based on individual magnetic anomaly identification on individual profiles, our isochrons are interpreted from intermediate wavelength anomalies on gridded data. Therefore, instead of attempting to use the whole isochrons, we preferred to match specific features recognized on both conjugate isochrons such as fracture zone offsets to compute the rotation parameters (Figure 3). The resulting plate reconstructions are shown in Figure 2.

We computed stage rotations on both flanks for the GoM2o-GoM2y interval from the finite rotations reconstructing conjugate anomalies GoM2y and GoM2o, respectively. The finite and stage poles all lie between Yucatán and Florida (Figure 3). Finite and stage rotation parameters are given in Supplementary Table S2. The flow lines built from the resulting model are in reasonable agreement with the fracture zone trend observed on the VGG in the western GoM (Figure 3; Supplementary Figure S5) and describes the seafloor spreading evolution of the GoM after the age of anomaly GoM2o.

The eastwards truncation of magnetic anomaly GoM2 at the COB confirms that the COB is not an isochron. Therefore, the total closure reconstruction should only be regarded as an exercise to evaluate the respective initial location of the two continental blocks and the continuity of gravity and magnetic features across their passive margins. Clearly, these margins experienced stretching and deformation when seafloor spreading was already occurring to the west, and therefore an accurate initial reconstruction should take this deformation into account, which is out of the scope of this paper. As a consequence, our total closure rotation parameters do not predict a spreading direction compatible with the observed fracture zones in the Western GoM (Supplementary Figure S8). Two distinct tectonic phases are therefore recognized for the opening of the GoM. In the first phase, the western part of the Gulf was experiencing seafloor spreading whereas the eastern part was still under continental rifting. The breakup progressively propagated eastward. No meaningful reconstruction parameters could be derived for this phase due to the lack of appropriate isochrons. The second phase started once breakup was achieved along most of the basin, at the age of GoM2o. A steadier regime of seafloor spreading established, in which the available isochrons allow us to distinguish two sets of stage rotation parameters for GoM2o-GoM2y and GoM2y-GoM1y. These rotation poles are closely bunched together and would probably be statistically indistinguishable if statistical plate reconstruction methods could be applied in the GoM.

Dating the intermediate-wavelength magnetic anomalies

Our plate tectonic model for the evolution of the GoM still lacks an essential aspect: neither the onset of seafloor spreading nor isochrons GoM2 and GoM1 have been ascribed an age so far. For reasons that are either related to the data distribution and quality, or to the processes of oceanic crust emplacement in young, isolated basins with thick sediments and evaporites (e.g., [START_REF] Dyment | A new seafloor spreading model of the Red Sea: magnetic anomalies and plate kinematics[END_REF]; see below), the classical short-wavelength magnetic anomalies associated to seafloor spreading could not be recognized in the GoM. We compare the sequence of observed intermediate wavelength anomalies with filtered GPTS in an attempt to recognize and therefore date these anomalies. Five representative profiles were extracted from the anomaly map following flowlines defined by the rotation parameters. Considering the uncertainties on the M-series GPTS, we carried out the same procedure on four published GPTS [START_REF] Kent | A Jurassic to recent chronology[END_REF][START_REF] Gradstein | Geological time scale for the Phanerozoic[END_REF][START_REF] Tominaga | Revised Pacific M-anomaly geomagnetic polarity time scale[END_REF]Malinverno et al., 2012, used in Figure 4) to ensure that the result does not depend on peculiarities of a given time scale (Supplementary Figure S11).

Global plate reconstructions and apparent polar wander models suggest that the GoM opened at about 20°N (van Hinsbergen et al., , 2015). Assuming that it was formed at the Equator along an approximately E-W spreading center and observed at the same location predicts magnetic anomalies centered on their causative source with normal polarity generating a negative anomaly and reversed polarity a positive anomaly (i.e., skewness = 180°). We first adopt these simplifying assumptions and, to take into account this effect, we inverted the filtered GPTS before attempting to identify the observed intermediate wavelength anomalies.

We discuss the effect of more realistic paleo-and present latitudes and spreading center directions in Supplementary Figure S12. Although the skewness of the observed intermediate wavelength magnetic anomalies remains an elusive parameter, adopting more realistic assumptions does not affect our interpretation but results in a 50 to 100 km shift of the fossil spreading center and isochrons southward.

Our best fit between the inverted filtered GPTS and the observed profile, obtained for all tested GPTSs, identifies the high of intermediate magnetic anomaly GoM1 with Chron M17r and the high of GoM2 with Chrons M22r and M23r (Figure 4; Supplementary Figure S13).

We acknowledge that other acceptable solutions with different spreading rates and ages may be obtained but consider this solution to be the most geologically plausible, both for the predicted spreading rates and the age of seafloor spreading onset and demise. If correct, this model predicts the onset of seafloor spreading in the GoM before the Tithonian and the cessation of seafloor spreading at the end of the Berriasian. These ages are consistent with geological studies of both conjugate margins (e.g., Stern and Dickinson, 2010; Barboza-Gudino et al., 2012; [START_REF] Marton | Jurassic-Cretaceous Tectonic Evolution of the Southeastern Gulf of Mexico, Constrains on the Style and Timing of Gulf of Mexico Rift-Drift Development, #41945[END_REF]. The analysis of seismic profiles linking stratigraphy from wells on the Florida platform to the fossil spreading center in the Eastern GoM confirms the Berriasian age of the spreading cessation [START_REF] Lin | Crustal structure of an extinct, late Jurassicto-earliest Cretaceous spreading center and its adjacent oceanic crust in the eastern Gulf of Mexico[END_REF].

Discussion

-Proximity of the rotation pole

The finite and stage rotation poles that describe the relative plate motions for the origin of the GoM are all located in the close vicinity of the eastern tip of the oceanic basin, as suggested by the fan-like shape of the observed magnetic anomalies and in agreement with previous studies (e.g., [START_REF] Pindell | Alleghenian reconstruction and subsequent evolution of the Gulf of Mexico, Bahamas, and proto-Caribbean[END_REF][START_REF] Bird | Pangea breakup: Mexico, Gulf of Mexico, and Central Atlantic Ocean[END_REF]; among others). Spreading rates therefore increase rapidly westward across the basin. On average, they vary from less than 20 km/Myr in the East to about 50 km/Myr in the West, i.e. from slow (and probably ultraslow in the easternmost tip of the oceanic basin) to fast spreading (Supplementary Figure 9 and Supplementary Table 3). The magnetic anomaly model presented in Figure 4 is valid for the fast to slow spreading rates of the Western and Central GoM, but it may not be suitable for the Easternmost GoM, where ultraslow spreading rates are expected and more drastic filters would have to be applied to the GPTS to adequately model the observed anomalies. The interpretation of marine magnetic anomalies in ultraslow spreading areas is a difficult exercise and the available data do not allow further elaboration on this matter.

-Asymmetry and abandoned spreading segments

A more detailed appraisal of the magnetic anomaly map reveals spreading asymmetry in the basin. Two maps and tables are presented, showing the total asymmetry (Supplementary Figure 10a and Supplementary Table S4) and the stage by stage asymmetry (Supplementary Figure 10b and Supplementary Table S4). The stage by stage asymmetry shows quite a large scatter with no systematic trends, especially for the shorter GoM2o-GoM2y stage. This reflects the increasing relative weight of the uncertainties on the isochron location with respect to the stage duration. Conversely, the total symmetry shows four distinct corridors with systematic asymmetry. Flowlines 1-2 show asymmetry to the benefit of the northern flank (corridor A), flowlines 5-10 of the southern flank (corridor B), flowlines 13-14 of the northern flank (corridor C), and flowlines 17-19 of the southern flank (corridor D). The effect of this asymmetry is to progressively reshape the ridge axis, as the arc-shape described by the COBs in the Western and Central GoM progressively evolved to the more sinuous fossil ridge axis. The strongest asymmetry, more than 60%, is observed in corridor B and is most probably accommodated by ridge jumps, explaining the two short segments of abandoned spreading axis left on the southern flank in the Western GoM and identified on the VGG [START_REF] Sandwell | New global marine gravity model from CryoSat-2 and Jason-1 reveals buried tectonic structure[END_REF]; red lines on Figure 1d and Supplementary Figure S5). These segments lie in an anomalously wide magnetic anomaly which reflects a northward ridge jump and the abandonment of a fossil axis on the southern flank.

-Why are short wavelength magnetic anomalies not observed in the GoM?

The reason why short-wavelength magnetic anomalies have not been depicted in the GoM so far is still uncertain. The paucity of marine data and/or their inadequacy to define lineated short-wavelength anomalies may be a reason. However, proprietary aeromagnetic surveys exist over parts of the GoM (e.g., [START_REF] Pindell | Aeromagnetic map constrains Jurassic-Early Cretaceous synrift, break up, and rotational seafloor spreading history in the Gulf of Mexico. In Mesozoic of the Gulf Rim and Beyond: New Progress in Science and Exploration of the Gulf of Mexico Basin[END_REF]. We suspect that the 3 km-interval (EW lines) and 9 km-interval (NS lines) of the proprietary aeromagnetic survey flown some 15 km or less above the basement [START_REF] Pindell | Aeromagnetic map constrains Jurassic-Early Cretaceous synrift, break up, and rotational seafloor spreading history in the Gulf of Mexico. In Mesozoic of the Gulf Rim and Beyond: New Progress in Science and Exploration of the Gulf of Mexico Basin[END_REF] would have allowed the depiction of anomalies of wavelength shorter than 100 km if such anomalies existed. However, we cannot exclude that the aeromagnetic map published by [START_REF] Pindell | Aeromagnetic map constrains Jurassic-Early Cretaceous synrift, break up, and rotational seafloor spreading history in the Gulf of Mexico. In Mesozoic of the Gulf Rim and Beyond: New Progress in Science and Exploration of the Gulf of Mexico Basin[END_REF] was degraded to a lower resolution for the purpose of publication, although this is not mentioned in the paper.

The other possibility is that such short wavelength anomalies do not actually exist. Two scenarios may explain their absence. In the first one, abundant post-accretion sedimentation may have erased the magnetic anomalies due to the extrusive basalt titanomagnetite (Curie temperature ~200°C) by reheating and partial thermal demagnetization, as suggested by [START_REF] Levi | Why are marine magnetic anomalies suppressed over sedimented spreading centers[END_REF] for the Gulf of California, the Gulf of Aden, and the northern Red Sea, and by [START_REF] Granot | The influence of post-accretion sedimentation on marine magnetic anomalies[END_REF] for the South Atlantic margin off Argentina. In the second one, abundant syn-accretion sedimentationand the presence of mobile evaporitic depositswould have inhibited the formation of the extrusive basalt layer, replaced by intrusive (and therefore less magnetic) sills, as suggested by [START_REF] Dyment | A new seafloor spreading model of the Red Sea: magnetic anomalies and plate kinematics[END_REF] for most of the Red Sea. In both instances, the observed intermediate-wavelength magnetic anomalies are caused by the deeper crustal layers whose magnetic mineral, magnetite, has a higher Curie temperature (~580°C).

Solving this pending issue requires access to the existing dense aeromagnetic surveys over the GoM and/or the acquisition of new marine magnetic anomaly profiles along flowlines.

Conclusion

Our compilation and processing of marine magnetic anomalies allowed us to identify intermediate-wavelength magnetic anomalies related to seafloor spreading in the Gulf of Mexico (GoM). We identified the fossil ridge axis and a pair of conjugate positive anomalies and deciphered the GoM plate tectonic history from the magnetic isochrons, fracture zones as imaged by gravity, and the COB depicted from both gravity and magnetics. The fan-shape structure of the observed magnetic anomalies supports a counterclockwise rotation of the Yucatán Block with respect to a pole located NW of Cuba. The older magnetic anomalies abut on the COB, suggesting that oceanization propagated from West to East. The observation of seafloor spreading magnetic anomalies on the offshore part of the Sigsbee Salt Province implies that it is underlain by oceanic crust, as is the offshore part of the Campeche Salt Province. Our plate reconstruction model suggests two stages of evolution: the first one showed continental rifting in the East and seafloor spreading in the West, the latter propagating eastward at the expenses of the former; and the second one, after completion of the breakup, showing seafloor spreading along the entire GoM. Filtering the geomagnetic polarity time scale allowed us to tentatively date the observed anomalies (and therefore the second stage): seafloor spreading onset in the GoM predates the Tithonian (>150 Ma) and stopped during the Berriasian (140 Ma). As reflected by the proximity of the rotation poles, strong spreading rate variations are observed from ultraslow in the easternmost GoM to fast in the West, where the measured spreading asymmetry confirms our interpretation of short, abandoned spreading segments. 

  (e.g., Profiles GUMBO 1 off Texas; Van Avendonk et al., 2015; and GUMBO 2 off Louisiana; Eddy et al., 2018) without a sharp transition that might unambiguously be interpreted as the COB, as in the eastern GoM (e.g., Profile GUMBO 3 off Alabama; Eddy et al., 2014; and GUMBO 4 off Florida; Christeson et al., 2014). Our interpretation of the COB does therefore not contradict the GUMBO seismic data. Conversely, the symmetry of the fanlike anomalies in the GoM oceanic domain requires the COB in domain 4 to lie immediately south of the Houston magnetic anomaly, close to the shoreline. As a consequence, the northernmost anomaly related to seafloor spreading is found ~300 km north of the southern boundary of the Sigsbee salt province, implying that oceanic crust underlies a significant part of this province.

Figure 1 .

 1 Figure 1. Potential field maps of the Gulf of Mexico. (a) Original and (b) interpreted

Figure 2 .

 2 Figure 2. Magnetic anomaly maps of the reconstructed Gulf of Mexico at the time of

Figure 3 .

 3 Figure 3. Tectonic model for the evolution of the Gulf of Mexico. Solid black lines, seafloor

Figure 4 .

 4 Figure 4. Dating intermediate wavelength magnetic anomalies in the Gulf of Mexico. A)

Figure 1

 1 Figure 1

Figure 2

 2 Figure 2

Figure 3

 3 Figure 3

Figure 4

 4 Figure 4

Acknowledgements.

AGR has been supported by a PhD scholarship of Fundayacucho and Campus France and additional support from IPGP, as well as a Postdoctoral Fellowship of Programme PAUSE.

We thank all scientists and crews who collected the marine geophysical data used in this study. This is IPGP contribution xxx.

Data availability. We downloaded marine total magnetic field measurements from the National Center for Environmental Information (formerly National Geophysical Data Center; www.ngdc.noaa.gov/mgg/geodas/trackline.html). Magnetic anomalies on land are from the World Digital Magnetic Anomaly Map (Dyment et al., 2015; Lesur et al., 2016; wdmam.org). Vertical gradients of gravity are available from the Scripps Institution of Oceanography, University of California in San Diego (Sandwell et al., 2014; topex.ucsd.edu). A lowresolution version of the magnetic anomalies supporting the findings of this study will be incorporated in the WDMAM version 2.1. The full resolution version is available from the corresponding author upon request.