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We apply inverse methods to a two-dimensional coupled fluid-flow thermal model of sea floor spreading initiation and rifted continental margin formation in order to determine the rifted margin lithosphere deformation history and structure. The model assumes that stretching of continental lithosphere leading to breakup and sea floor spreading initiation is generated by an upwelling divergent flow field within continental lithosphere and asthenosphere. This flow field is defined by the horizontal divergence velocity Vx and the vertical upwelling velocity Vz. The model outputs are crustal thickness, lithosphere temperature structure, bathymetry, basement subsidence history, crustal and lithospheric stretching factors, free-air gravity and top basement heat-flow. The new rifted model successfully predicts lithosphere depth-dependent stretching at both volcanic and non-volcanic margins and mantle exhumation at non-volcanic rifted margins. The forward problem is characterised by a non-linear relationship between parameters and data and a significant computational burden. We employ a multi-dimensional grid search method to systematically explore parameter space. We minimise the least squares misfit between predicted and observed bathymetry, free-air gravity and upper crustal thinning factors to recover the horizontal (Vx) and vertical (Vz) velocities of the upwelling divergent flow field and the initial pre-breakup lithospheric stretching factor (β). The method has been successfully tested using synthetic data generated by previous runs of the forward model. We present preliminary results from inversions of geophysical data measured on profiles across Atlantic continental margins including the Goban Spur, Iberian and Grand Banks margins. Using a combination of bathymetry, satellite-derived free-air gravity anomalies and upper crustal stretching factors, we extract parameter values which describe the deformation kinematics responsible for the formation of these margins and the resulting crustal thinning, lithosphere temperature structure and bathymetry. Our initial results using observed data from Atlantic margins are consistent with their inferred volcanic or non-volcanic histories. 
