TIMING OF DEPTH DEPENDENT STRETCHING ON THE LOFOTEN CONTINENTAL MARGIN: PRE-BREAKUP OR POST-BREAKUP?
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Depth-dependent stretching has been observed at both non-volcanic and volcanic rifted continental margins (Driscoll & Karner 1998, Davis & Kusznir 2003). Stretching estimates, independently determined from upper crustal faulting, whole crustal thinning and post-rift lithosphere thermal subsidence, show that extension increases with depth within ~ 100 km of the COB such that whole-crustal and whole-lithosphere extension is significantly greater than upper-crustal extension. A key question is whether depth-dependent stretching occurs during pre-breakup rifting or during early sea-floor spreading. Flexural backstripping and forward structural-and-stratigraphic modelling show that depth-dependent lithosphere stretching occurs on the outer part of the Norwegian volcanic rifted margin. The Lofoten segment of the margin shows very large thinning of continental lithosphere within 100 km of the COB at continental breakup time (at ~ 54 Ma), while the upper crust shows no significant faulting and extension at breakup, or in the Palaeocene preceding breakup. For the southern Lofoten Margin, beta stretching-factors approaching infinity are required for the 54 Ma rift event west of the Utrøst Ridge to restore Top Basalt and the Top Tåre (~ 54 Ma) to presumed sub-aerial depositional environments in the area of the marginal high. In contrast Palaeocene upper crustal beta stretching-factors are no greater than 1.1. For the mid-Lofoten margin, post-breakup subsidence with a beta stretching-factor of infinity is insufficient to generate observed margin subsidence, implying that an additional Eocene crustal thinning event younger than 54 Ma is required. The absence of significant Palaeocene extension on the Lofoten margin prior to continental breakup, and the additional Eocene subsidence supports the hypothesis that depth-dependent stretching of continental rifted margin lithosphere occurs during early sea-floor spreading rather than during pre-breakup rifting. Fluid-flow models of ocean ridge processes using analytical or finite-element solutions show divergent motion of upwelling mantle beneath the ocean ridge, which when viewed in the reference frame of the young continental margin, predict oceanward flow of lower continental crust and lithospheric mantle of the young rifted margin, so giving depth dependent stretching. 

