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A new two-dimensional dynamic lithosphere model is used to simulate the Late Palaeozoic to end 
Danian evolution of the Norwegian-Danish Basin and the post Permian evolution of the Central 
North Sea including the Central Graben. The transient heat equation and the equations of motion 
are solved using the finite element method. The lithosphere deforms by brittle and ductile proc
esses through an elasto-visco-plastic rheology depending on temperature, pressure, strain-rate and 
material parameters. Strain softening dependent on accumulated strain is incorporated. Deposi
tion, erosion and compaction of sediments are simulated. Results show that it is possible to satisfy 
observations of crustal structure, sediment thickness and surface heat flow for both basins taking 
all major tectonic and thermal events into consideration. The evolution of the Norwegian-Danish 
Basin is modelled using a Late Carboniferous - Early Permian thermal event, main rift phase in 
Early Permian and a minor extensional phase in Triassic. For the Central North Sea two thermal 
and three tectonic events are simulated: Late Carboniferous - Early Permian and Middle Jurassic 
thermal events, Early Triassic and Late Jurassic extension, and Late Cretaceous compression. Re
sults show that strain softening may lead to strain localization during extension and therefore may 
explain observations of upper mantle dipping reflectors in the North Sea. A pure shear dominated 
extensional regime may change into a simple shear system. 
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Basins are generally formed by one or a combination 
of three major basin forming mechanisms: stretching, 
flexure and strike-slip. The present work concerns ba
sins formed by lithospheric stretching. Typical geo
logical and geophysical observations that may be ob
served in relation to extensional basins are: thinned 
crust, high surface heat flow, negative Bouguer 
anomalies, volcanic activity, normal- and listric faults, 
and rapid tectonic subsidence during extension. 

Active and passive rifting are the end-members of 
the rifting process. Often a rift cannot be classified as 
being either active or passive but may have aspects 
of both. In active rifting hot mantle material exerts 
forces at the base of the lithosphere and thermal con
vection, uplift and extension are the results. In pas
sive rifting the upwelling of hot mantle material is 
secondary and the primary thinning is driven by ten
sional stresses in the lithosphere. 

The two end member models of strain geometry 
are pure shear (McKenzie 1978) and simple shear 
(Wemicke 1985). In pure shear models no solid body 
rotations occur. Observations from the Basin and 
Range Province led to the formulation of a simple 
shear model (Wemicke 1985). In simple shear exten
sion the majority of strain is accommodated by de
formation in a large-scale shear zone cutting through 
the entire lithosphere. 

It can be difficult to determine whether a rift has 
been formed by pure shear or simple shear deforma
tion (Klemperer & White 1989). As in the case of ac
tive versus passive rifting a clear distinction between 
pure and simple shear can be inappropriate. 

In the present work a dynamic thermo-mechanical 
finite element model has been used to model basin 
formation and evolution in the Norwegian-Danish Ba
sin (Frederiksen et al. 2001a) and Central North Sea 
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