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Analogue modeling studies of rifting routinely focus on the crustal part of the 
lithosphere, and often the isostatic effects that are related to the thinning of the 
lithosphere are ignored. Some modelers included the whole lithosphere in their 
models by having it float on top of a heavy fluid simulating the sub-lithospheric 
mantle (e.g. Brun & Beslier 1996). Such lithospheric-scale models have provid-
ed highly useful insights into rift evolution. However, monitoring internal model 
deformation is a major challenge, since surface observations often do not pro-
vide direct clues on deformation deep down in the model. We therefore present 
a new set of lithospheric-scale models of orthogonal and oblique rifting, com-
pleted in an X-ray CT-scanner.  
 
The models involved a typical 4-layer lithosphere, with brittle sand layers repre-
senting the competent upper crust and upper lithospheric mantel, and viscous 
layers representing the ductile lower crust and lower lithospheric mantle (Fig. 
1a). This 4-layer lithosphere was built up within a rectangular frame able to ac-
commodate both orthogonal and oblique extension. This frame itself was placed 
within a basin of glucose syrup layer simulating the uppermost part of the sub-
lithospheric mantle (i.e. the asthenosphere). When stretching the model litho-
sphere, deformation was accompanied by syrup flow into the space below the 
model lithosphere (Fig. 1). A “seed” (a ridge of viscous material [ø ca. 1 cm]) 
was inserted at the base of the upper mantle to localize deformation (Fig. 1a). 
Model evolution was closely monitored through high-resolution time-lapse pho-
tography and CT-scanning at 15 min intervals. 
 
Early on in Model 1 (orthogonal extension), the seed localized normal faulting in 
the upper mantle layer (Fig. 1a-b). This deformation was then transferred into 
the upper crustal layer via low-angle shear zones in the viscous lower crust, 
generating dual grabens and a general topographic depression in between 
(Figs. 1b, c). The left-hand one of these grabens was dominant and as exten-
sion progressed, a right-lateral shear zone cutting through the whole lithosphere 
developed (Fig. 1d). Meanwhile, the stretching and thinning of the lithosphere 
split the upper mantle layer, and the lower mantle (and especially the astheno-
sphere) rose up, bringing the former in contact with the lower crust. 
 
Model 2 reveals that 45˚ oblique extension also led to deformation in the strong 
upper lithospheric mantle layer, but did not cause the same localization of de-
formation on the surface as in Model 1 (Fig. 1a, e). Instead, only a general 
topographic depression developed, where upper crustal faulting only occurred 
at the model boundaries, even after > 3 h of extension (Fig. 1e). Hence we in-
creased the extension velocity and thus the coupling between the upper litho-
spheric mantle and upper crustal layers (due to the strain-rate dependent rheol-
ogy of the viscous lower crustal layer). As a result, faulting started localizing in 
the upper crustal layer (Fig. 1f), forming two bands of en echelon grabens on 
both sides of the mantle weakness (Fig. 1g).  
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These first model results show that both the novel modeling machine and the 
set-up function well, especially since the general (orthogonal extension model) 
results are similar to those of e.g. Brun & Beslier (1996). Yet our new CT-scans 
provide the first-ever direct insights into the internal deformation of a complete 
lithospheric-scale rifting model. Future particle image velocitmetry (PIV) analy-
sis of these CT data will provide quantitative insights into internal deformation in 
such models. Furthermore, our second model suggests that oblique extension 
leads to less efficient localization of deformation, as higher extension rates are 
required to induce faulting in the upper crust. This result seems to contradict the 
proposal by Brune et al. (2012) that oblique rifting promotes break-up. 
 

 
 
Figure 1. (a-d) CT sections of Model 1 (orthogonal extension, 10 mm/h over 5 
h). (e-f) CT sections of Model 2 (45˚ oblique extension), with a first slow exten-
sion phase and a second fast extension phase (e) end of phase 1 (10 mm/h for 
195 min), (f) end of phase 2 (30 mm/h for 1:45 h). (g) 3D CT view of Model 2 at 
t = 255 min. 
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