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A common simplification is that rifts develop under constant along-strike 
extension conditions. However, extension rates often change laterally along 
strike in natural settings, due to the rotation about a vertical axis for small-scale 
settings or about an Euler pole for global scale systems (Fig 1a). Such 
gradients are thus found in various rift structures or whole ocean basins and 
even compressional deformation on the other side of the rotation pole is 
observed in nature (e.g. in the Arctic, Fig. 1c). 
 
Yet analogue and numerical modelers traditionally use a constant along-strike 
extension rate and few have applied rotational motion in their tectonic 
experiments. To date, a systematical analysis of the structures developing 
under these two fundamentally different conditions is lacking. We therefore 
apply simple brittle-viscous analogue models to compare rift development and 
rift propagation in either a orthogonal extension setting (involving constant 
extension rates along strike) or a rotational extension setting (involving 
extension rate gradients along strike) (Fig. 1a, d). The models are analyzed with 
state-of-the-art CT-scanning and digital image correlation techniques.  
 
Our models provide a good first-order insight in large-scale rift processes and 
the structural differences between rifts developing in orthogonal versus 
rotational extension settings: in the former case, a rift basin with constant along-
strike features develops, whereas rotational extension leads to an along-strike 
structural gradient (Fig. 1d). Rotational extension is furthermore a key factor for 
rift propagation (Fig. 1d). By contrast, rift structures tend to develop 
instantaneously along the whole length of the model in orthogonal extension 
(Fig. 1d). In cases where rifts do propagate in our orthogonal extension models, 
this involves slight rotational motion, related to strain partitioning along the 
model sides that do not occur in natural settings (Fig. 1e). The recognition of 
such boundary effects are of importance for modelers, as they may lead to 
incorrect interpretations when for instance studying fault evolution.  
 
The rifts in some models are similar to features observed at locations where an 
oceanic rift enters continental crust. We interpret that the presence of two such 
domains with different rift styles (i.e. distributed vs. localized) may lead to 
delayed propagation or even halted propagation and the development of a 
transform fault separating both domains (e.g. in the Arctic, Fig. 1c). 
 
The clear differences between orthogonal and rotational extension boundary 
conditions are valid from a purely kinematical point of view. However, various 
geological processes such as magmatism can significantly affect a developing 
rift system (e.g. in Afar, Fig. 1b). 
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Figure 1. (a) Geometries of orthogonal vs. rotational tectonics. (b-c) extension 
gradients in the Red Sea and the Arctic (velocities in mm/y). (d) Top view 
evolution of models (CT-derived topography). (e) Rift propagation in orthogonal 
extension, due to local rotation. 


