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Background: we do analogue tectonic modelling 
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•  Aim: Reproducing tectonic processes in the laboratory  

Nature: many km’s, millions of years Lab: cm to m scale, minutes-hours  

Image: Patagonia (Pinterest) Image: Cadell (1888) 



Motivation: crustal-scale models are cool but a bit limited 
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•  What is the 
influence of        
deeper layers 
during tectonic 
deformation? 



Motivation: lithospheric-scale modelling is better! 
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Brun & Beslier 1996 

•  Dense fluid bottom layer representing the asthenosphere allows for isostacy 
•  Multilayer model lithosphere is more realistic 



Motivation: however, model-internal visualization is poor… 
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amplitude abruptly switched to a lateral wavelength amplification, accommodating the outward motion of
the mobile side (Figure 4a). Conversely, in the fast model, the main central bulge amplified vertically. While,
the lateral bulge on the mobile side was characterized by minor amplitude amplification and dominant
sideward migration (Figure 4b). The subordered bulge on the fixed side underwent negligible amplification.

Figure 3. Top views of model (left) NECK-05 and (right) NECK-50. (a) Line drawing of NECK-05 after 5mm of extension: no
deformation features are evident. (b) Photograph of model topography after 10mm of extension (the arrow indicates the
direction of lateral motion of themobile plate). (c) Line drawing of main deformation features of model NECK-50 after 5 mm
of extension. (d) Photograph of model topography after 10mm of extension. (e–g) Line drawings of main deformation
features after 15, 20, and 25mm of extension, respectively, for the slow divergence rate model. (h–j) Line drawings of main
deformation features after 15, 20, and 25mm of extension, respectively, for the fast divergence rate model. (k and n)
Photograph of the model after 30mm of extension of models NECK-05 and NECK-50, respectively. (l and o) Line drawing of
the model after 40mm of extension for the slow and the fast model, respectively. (m) NECK-05 topography photograph at
the end of deformation. (p) NECK-50 topography photograph at the end of deformation.
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•  Some internal deformation visible 
when cutting open and destroying 
the model… 



Motivation: we need to find a way to look inside the model  
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•  Problem: no direct visualization of internal deformation 



Motivation: we need to find a way to look inside the model  
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•  Problem: poor visualization of internal deformation 

•  Solution: CT-scanning? 

F. Zwaan et al.: Comparing experimental set-ups for modelling extensional tectonics 1075

Figure 6. Rubber base (brittle-only) results. (a, b) Top views depicting surface structures of experiments R1 (no seed) and R5 (with seed)
after 40 mm of extension. Note that panel (a) represents the first phase of experiment R1 (8 mm h�1, until 40 mm extension) and (a’) the
second phase where an additional 20 mm of extension with an enhanced extension velocity of 20 mm h�1 was applied to the same experiment
to amplify fault structures. Experiment R5 was run with an extension velocity of 10 mm h�1. These deviations from the reference extension
velocity (8 mm h�1) are permissible, since the behaviour of sand is time-independent. The sand layer is 4 cm thick in both experiments. Note
that the boundary effects are present on both sides of the experiment, but these are partially invisible due to shadow. (c–d) 3-D evolution of
CT-scanned experiment R5. (f, g) 3-D internal evolution of CT-scanned experiment R5.

jugate faults (Fig. 6a’). In contrast to experiment R1, exper-
iment R5 contains a viscous seed that focuses faulting along
the experiment’s central axis (Fig. 6b). As a result, this exper-
iment develops a central rift structure. Similar to experiment
R1, well-defined conjugate faults occur as well.

The CT-derived 3-D images from experiment R5 (Fig. 6c–
g) reveal how deformation localizes along the seed and the
sidewall in the initial stages, forming a cylindrical central rift
structure (Fig. 6d). However, after some 20–25 mm of exten-
sion, the conjugate sets of vertical strike–slip faults start de-
veloping (Fig. 6f), which become pervasive toward the end

of the experiment (Fig. 6e, g). This curious feature is the
result of along-strike compression, as the orthogonally ex-
tending rubber sheet contracts perpendicular to the extension
direction (Fig. 6a’). Yet the rift structure continues to evolve
toward the end of the experiment run (Fig. 6e, g).

Figure 7 shows results of four brittle-viscous rubber base
experiments (set-ups in Fig. 2d, f). Experiment R7, with-
out seed, produces no clear surface structures except for
strong boundary effects along the sidewalls (Fig. 7a). In con-
trast, experiment R8 (with seed) experiences early fault lo-
calization (after 30 min a rift becomes visible at the sur-

www.solid-earth.net/10/1063/2019/ Solid Earth, 10, 1063–1097, 2019

Zwaan et al. 2019 



Motivation: we need to find a way to look inside the model  
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•  Problem: poor visualization of internal deformation 

•  Solution: CT-scanning? 

•  Challenge: building a new machine for lithospheric-scale 
modelling in a CT-scanner 



Model design: we built a new lithospheric-scale set-up 
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Model design: how it works 
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•  Multilayer model lithosphere on top of a heavy 
fluid (glucose syrup, see slide 4) 



Model design: how it works à rifting models 
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•  Various sidewall motions possible 



Model analysis: we use different monitoring techniques 
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•  Three camera rigs 
for surface 
observations: 

–  Top views 
–  Oblique views 

for topography 
reconstruction 

•  X-ray CT-scanning 
for unique model-
internal monitoring 



Results: a little time lapse image shows model evolution 
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t = 0 

t = 2 

t = 3 

t = 4 



Results: extracting topography + surface strain evolution  
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•  Incremental 
train maps 
show active 
normal faults 



Results: CT-scanning allows for model-internal analysis 
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•  Section locations on slide 14 

  Section I: asymmetric double rift  Section III: symmetric double rift 



Results: and we can compare the evolution of both sections 
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Results: we also mapped horizons over time 
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Results: and we quantified in-section deformation too  
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Results: we did some oblique extension modelling as well 
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•  En echelon graben structures! 



Interpretation: can we compare with nature? 
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Gabrielsen 2010 



Interpretation: oblique extension may complicate things! 
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Conclusion: success and new opportunities! 

•  Questions?  frank.zwaan@geo.unibe.ch 
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•  New machine for lithospheric-scale 
modelling in a CT-scanner J  

 
•  Lots of interesting results so far,           

and lots of options for the future! 

•  Paper in review with Tectonics    
(preprint already available online!)          
Link: https://doi.org/10.1002/essoar.10510709.1 

 

 
 


