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The response of a heterogeneous lithosphere to a compressional stress field is studied using a 
three-dimensional thermo-mechanical finite element model. Weak zones in the lithosphere 
thicken and act as loads that pull down the lithosphere in regions around the weak zones. Strong 
zones are subjected to less lithospheric thickening than the surroundings and produce surface 
depressions and uplift in the surrounding areas. 

The model is used to study the Late Cretaceous and Paleocene differential vertical 
movements in the eastern North Sea area. The Sorgenfrei-Tornquist Zone is assumed to be a pre-
existing weak crustal zone, which inverts during compression and produces marginal basins by 
loading the litho­sphere. The area of the Silkeborg Gravity High is an example of a pre-existing 
strong crustal zone which subsides during compression. Moho topography in the area gives rise 
to lateral strength variations, which result in surface uplift where Moho is deep and subsidence 
where Moho is shal­low. These effects, together with the lateral variations of the thermal 
structure and the stress field, determine the overall Late Cretaceous-Paleocene distribution of 
vertical movements of the area. This has implications for the pattern of erosion, sediment 
transport and the distribution of sedi­ment fades. 
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The vertical displacement pattern of a heterogeneous 
lithosphere under compression depends on the me­
chanical properties of the lithosphere and on the ap­
plied stress field. In this study a three-dimensional 
thermo-mechanical finite element model is used to 
investigate the response of a heterogeneous lithos­
phere to a compressional stress field. In particular we 
wish to elucidate the interacting effects of crustal 
shortening and thickening and flexural effects in the 
lithosphere. In a lithosphere containing weak and 
strong zones, these effects are of significant impor­
tance to the vertical movements and thus to the de­
flections that can be observed at the surface. 

The model is applied to the eastern North Sea area 
to investigate the effects of pre-existing weak and 
strong zones on the Cenozoic tectonic evolution of 
the area. This paper focuses on the pattern of differ­
ential vertical movements related to the Late Creta­
ceous-Paleocene compressional inversion. 

Geological setting 

The Cenozoic evolution of the easternmost part of the 
North Sea area is significantly influenced by the ex­
istence of the Sorgenfrei-Tornquist Zone (Fig. 1) (Li­
boriussen, Ashton & Tygesen 1987, EUGENO-S Work­
ing Group 1988, Mogensen & Jensen 1994, Nielsen & 
Hansen 2000; Hansen, Nielsen & Lykke-Andersen 
submitted). The Sorgenfrei-Tornquist Zone may be de­
fined as a zone of Late Cretaceous/Paleocene inver­
sion (Liboriussen et al. 1987, EUGE-NO-S Working 
Group 1988) which occurred due to the regional 
change of the stress field from extensional to com­
pressional. This change in stress field was related to 
the Alpine orogeny (Ziegler 1990). The Sorgenfrei­
Tornquist Zone has undergone deformation several 
times during the Phanerozoic (Michelsen & Nielsen 
1993, Mogensen 1994) and can thus be considered to 
be a zone of prominent structural weakness. 
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