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Fault growth and its contribution to rift 
propagation under rotational extension 
remains unclear and poorly resolved in 
nature!

Models of rotational
rifting help!
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A B S T R A C T   

Continental rifts are the expression of regional horizontal stretching and are in modelling studies often assumed 
to be the result of orthogonal or oblique extension. However, naturally occurring V-shaped rift geometries infer 
an underlying rotational component, resulting in a divergence velocity gradient. Here we use such analogue 
models of rifting in rotational settings to investigate and quantify the effect of such a divergence velocity gradient 
on normal fault growth and rift propagation towards a rotation pole. Particularly, we apply different divergence 
velocities and use different brittle-ductile ratios to simulate different crustal configurations and analyse its effect 
on rift propagation and surface deformation. Surface deformation is captured using stereoscopic 3D Digital Image 
Correlation, which allows for quantifying topographic evolution and surface displacement including vertical 
displacement. In combination with X-Ray computed tomography, we gain insights into the three-dimensional 
structures in our two-layer models. Based on our models, we present a novel characterisation of normal fault 
growth under rotational extension which is described by 1) an early stage of bidirectional stepwise growth in 
length by fault linkage with pulses of high growth rates followed by a longer and continuous stage of unidi-
rectional linear fault growth; 2) segmented rifting activity which promotes strain partitioning among competing 
conjugate faults and 3) along-strike segmented migration of active faulting from boundary faults inwards to 
intra-rift faults allowing different fault generations to be simultaneously active over the entire rift length. For 
models with higher divergence velocities, inward migration is delayed but other first-order observations are 
similar to models with lower divergence velocities. Our quantitative analysis provides insights on spatiotemporal 
fault growth and rift propagation in analogue models of rotational rifting. Although natural rifts present complex 
systems, our models may contribute to a better understanding of natural rift evolution with a rotational 
component.   

1. Introduction 

The understanding of continental rifting has greatly improved over 
the last century by field studies, geophysical techniques, and analogue 
and numerical modelling. While geophysical approaches are strongly 
limited to present-day conditions, the modelling approach has the 
advantage to demonstrate rifting processes over a wide temporal and 
spatial extent. In the case of experimental modelling techniques (Over-
view in review article from Corti (2012)), examples of such temporal 
and spatial evolution are inward migration of faulting (as the result of 
progressive extension in narrow rifts), fault linkage and rift interaction 
as well as rift propagation. 

Inward rift migration describes the process of progressive narrowing 
of tectonic activity towards the rift axis. In this process, tectonic activity 
and related basin subsidence move from large boundary faults inwards 
to intra-rift faults where subsidence results in second generation intra- 
rift subbasins (e.g., Agostini et al., 2009; Corti, 2012; Corti et al., 
2013; Corti et al., 2010; Ebinger, 2005). Inward rift migration represents 
a temporal strain partitioning between early boundary faults and late 
stage intra-rift faults (Ebinger, 2005). 

Other modelling studies have investigated lateral fault growth and 
fault linkage (e.g., Bellahsen et al., 2003a; Bellahsen and Daniel, 2005; 
Schlagenhauf et al., 2008) as well as rift segment linkage structures (e.g., 
Allken et al., 2011, 2012; Brune, 2014; Brune et al., 2017; Corti et al., 
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