The geological history of  rifts and rifted margins, revealed by 3D-flexural backstripping
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The technique of 3D flexural-backstripping and reverse thermal-subsidence modelling has been used to investigate the stratigraphic, tectonic and thermal history of rift basins now preserved in a variety of tectonic settings. Presented here are examples from three case studies, described in a sequence of increasing geological/tectonic complexity. The geological setting is outlined for each case, together with the objectives and achievements of the backstripping studies.

1. Central North Sea, a Mesozoic rift basin which has not been extended to an ocean margin. The greater Britannia area of the Outer Moray Firth Basin (plus the adjacent South Viking Graben and rift triple-junction areas) has been restored in 3D to the Base Cretaceous (early post-rift). The aim of restoration was to predict Early Cretaceous palaeobathymetry, in order to gain a better understanding of the basin into which the Lower Cretaceous Britannia sands were deposited and to identify/exclude sites of potential Late Jurassic and Early Cretaceous sediment provenance. The restorations show that the Britannia sands were deposited in a water depth of 750-1000m, within a basin whose surface expression was still dominated by Late Jurassic rift topography. Geological complexities which require addressing as input to the backstripped model are (i) a two-stage rift history, (ii) 3D strain and stretching within the triple junction area, (iii) the presence of volcanics in the pre-rift sequence.

2. Norwegian Atlantic Margin, an ultra-large Mesozoic rift subsequently extended to a Tertiary ocean margin. The Møre and Vøring segments of the Atlantic margin have been restored in 2D and 3D to the Base Cretaceous. The restorations have acknowledged a large “end-Jurassic” rift (( factors locally in excess of 2), a geographically-restricted Late Cretaceous rift (( factors ~1.1) and early Tertiary depth-dependent stretching associated with continental breakup. New maps of ( stretching-factor have been produced for all three events. The objectives and results delivered have been many and include: (i) identification of Tertiary and Cretaceous sand fairways, (ii) analysis of the structural growth of Tertiary traps, (iii) quantification of stretching history as input to thermal/maturation modelling. The main geological complexity results from having to account for the full Tertiary geodynamic history in order to be able to restore further back in time through the Cretaceous.
3. Central Caspian Sea, a Tethyan (Jurassic) ocean margin which underwent renewed subsidence during Tertiary plate convergence. The Central Caspian area (between Azerbaijan/Russia and Kazakhstan/Turkmenistan) comprises an inverted Mesozoic rift/ocean margin which now lies within the northern foreland basin of the Caucasus range. The aim of 3D restoration (to the Top Jurassic) was to produce a set of palaeostructure maps/grids, which would define palaeo basin-tilts and hence aid migration modelling. Before standard 3D post-rift backstripping could be used, the flexural tilt of the foreland basin had first to be removed. This was done with a first-order approximation to removal of the Caucasus load, aided by 2D forward modelling of the shape of the foreland basin. With the tilt of the foreland basin removed, the Central Caspian Basin was then backstripped sequentially from the Late Tertiary to the Top Jurassic, with Cretaceous and end-Jurassic inversion structures smoothed en route. The tectonic model adopted during restoration was that of an initial Triassic rift moderately re-extended during formation of the Tethyan margin.

