Lithospheric-scale experiments of continental rifting monitored in an X-Ray CT scanner

Frank Zwaan & Guido Schreurs — University of Bern — frank.zwaan@geo.unibe.ch © Authors

& 3 cameras
(top- and
model

] 1 g oblique view)
;,\, < S
= materials and [ el

“ surface grid >

bar connecting
| sidewalls to
the motors

v

-

&

overlapping J/
plates at short 3 '
> >, K

model ends \ —— . : -
‘, LL\gh(mg l t =255 min

Y 4 .
motors\'* ‘ . _d (62.5 mm)
v/

I I ; : b UNIVERSITAT
EG U g(se;'eer;lalgly 2 O 2 2 gg'es:c':alg:)%?gation BERN



Background: we do analogue tectonic modelling © Authors

« 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 © Authors

*  What is the
influence of
deeper layers
during tectonic
deformation?




Motivation: lithospheric-scale modelling is better! © Authors
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* Dense fluid bottom layer representing the asthenosphere allows for isostacy
« Multilayer model lithosphere is more realistic



Motivation: however, model-internal visualization is poor... ¢ .o

Some internal deformation visible
when cutting open and destroying
the model...
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Motivation: we need to find a way to look inside the model .0

 Problem: no direct visualization of internal deformation



Motivation: we need to find a way to look inside the model .0

« Solution: CT-scanning?

t=150 min t =240 min
(25 mm extension) (40 mm extension)

g \ rift develops }\ pervasive
intitiating j above seed conjugate faulting

conjugate faulting

Zwaan et al. 2019



Motivation: we need to find a way to look inside the model .0

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



Model design: we built a new lithospheric-scale set-up © Authors

M |PEK

INSTITUT FUR PRODUKTDESIGN,
ENTWICKLUNG UND KONSTRUKTION

model

= \, materials and |¢

surface grid

bar connecting
sidewalls to
the motors

4

-
3

overlapping J
plates at short \

model ends

motors




Model design: how it works
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© Authors

Model design: how it works - rifting models
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Model analysis: we use different monitoring techniques

Three camera rigs
for surface
observations:
— Top views
— Oblique views
for topography
reconstruction

X-ray CT-scanning
for unique model-
internal monitoring
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Results: a little time lapse image shows model evolution

© Authors
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Results: extracting topography + surface strain evolution © Authors

topography evolution
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Results: CT-scanning allows for model-internal analysis

Section I: asymmetric double rift
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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 © Authors
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Results: we did some oblique extension modelling as well ¢ .0

topography evolution
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Interpretation: can we compare with nature?
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Interpretation: oblique extension may complicate things! © Authors
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Conclusion: success and new opportunities!

 New machine for lithospheric-scale
modelling in a CT-scanner ©

» Lots of interesting results so far,
and lots of options for the future!

* Paper in review with Tectonics

(preprint already available online!) e 1(222555mmr:]r;
Link: https://doi.org/10.1002/essoar.10510709.1 '

« Questions? frank.zwaan@aeo.unibe.ch




