Modelling Sea-floor Spreading Initiation and Rifted Continental Margin Formation: Does Depth Dependent Stretching Occur Pre- or Syn-breakup?

N.J. Kusznir (1) & G.D. Karner (2)

(1) Department of Earth & Ocean Sciences, University of Liverpool, Liverpool, L69 3BX, UK (sr11@liverpool.ac.uk), (2) Lamont-Doherty Earth Observatory, 61 Route 9W, Palisades, New York, 10964, USA (garry@ldeo.columbia.edu).

Depth dependent stretching, in which upper continental crustal extension is much less than that of the lower crust and lithospheric mantle, is a characteristic of both non-volcanic and volcanic rifted margins. A key question is whether depth dependent stretching of rifted margin lithosphere occurs during the initiation of sea-floor spreading or during pre-breakup rifting. A kinematic fluid-flow model of sea-floor spreading initiation has been developed to determine the concomitant distribution and amplitude of rifted continental margin lithosphere thinning and thermal evolution. The ocean-ridge initiation model uses an iso-viscous corner-flow stream-function solution (Batchelor 1967) to predict the divergent lithospheric and asthenospheric fluid-flow field of the extending continental margin lithosphere. The thinning of the continental margin lithosphere is calculated by material advection in the newly initiated ocean ridge fluid-flow field. The ocean-ridge initiation model predicts depth dependent stretching of continental lithosphere. Rifted continental margin lithosphere thinning and thermal evolution are dependent on ocean-ridge spreading rate (Vx), the mantle upwelling velocity beneath the ridge axis (Vz), and the pre-breakup lithosphere beta stretching factor. The sea-floor spreading initiation model predicts that the distribution and magnitude of depth dependent stretching of continental margin lithosphere is highly sensitive to the ratio of Vz/Vx. For volcanic margins Vz/Vx may be > 5 during sea-floor spreading initiation, reducing to Vz/Vx ~ 1 after a few Myr (Nielsen & Hopper 2002), while for non-volcanic margins, lower values of Vz/Vx (~ 1) are expected during sea-floor spreading initiation. For Vz/Vx ~ 1 the sea-floor spreading initiation model predicts that lower continental crust and continental lithospheric mantle adjacent to the margin are advected oceanward and result in rifted margin depth dependent stretching and continental mantle exhumation. For Vz/Vx >>1 lower continental crust and lithospheric mantle near the margin are advected continentward and mantle exhumation is not predicted to occur. The consequences of pre-breakup stretching of continental lithosphere on lithosphere thinning and thermal evolution are also included in the margin formation model using 2D depth independent pure-shear stretching (McKenzie 1978). The combined lithosphere thinning and thermal response to pre-breakup stretching and sea-floor spreading initiation are used to determine the resulting margin bathymetry and subsidence history, top basement heat-flow and gravity anomaly, which are dependent on Vx and Vz during sea-floor spreading initiation and pre-breakup lithosphere beta stretching factor. The magnitude and timing of pre- and post-breakup extension and subsidence predicted by the new model are compared with observations for the Exmouth Plateau margin, the Norwegian Voering and Lofoton margins, and the Woodlark Basin with the aim of determining whether depth dependent stretching of rifted continental margin lithosphere occurs pre- or syn-breakup. 
