Interplay of near surface rift evolution and deep-seated crustal flow

New findings from fully quantified crustal-scale analogue models
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Rotational rift settings

“V-shaped basins” ...

elevation (km)

» Associated with extension gradients along strike
« Pivoting motion about a Euler pole
« Compressional setting across the Euler pole
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Model set up
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Material properties and model scaling
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Deformation monitoring and quantification
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Methods

« Stereoscopic setup of DSLR cameras
(3D stereo DIC)

« Medical XRCT scanner (DVC)
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Modlified after Adam et al. (2013)




3D stereo Digital Image Correlation Digital Volume Correlation
Spatially and temporally high-resolution data Quantitative insights on CT scans
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Surface analysis — Fault activity

Qualitative description — top view analysis

Mod 2.1

t =240 min 40 mm ext.

» Rift propagation towards the rotation axis

» First order conjugate normal faults (rift boundary
faults)

»  Subseguent inward migration forming higher
order faults and associated grabens
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https://github.com/TimothySchmid/EGU-2021.git

Surface analysis — Fault activity

Quantitative description - incremental strain rate

» Incremental strain rate indicates fault activity O
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» Boundary faults develop within 90 minutes
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* Increasing vertical motions with increasing Rpg

« /one of subsidence in the compressional domain

« Uplift bulge in front of the topographic step

initial tectonic loading

Surface expression of deep-seated flow”?
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Deep-seated deformation - Viscous flow

* Models with Rpg = 1

rotation
* Increasing horizontal, rift-parallel flow with increasing ' ; wF
pressure gradient 3 ¢ O )

e Pocket of maximum flow around the
topographic step (rotation axis)

Cumulative x-displacement Dx
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Channel flow

» Enhanced vertical motions with increasing Rpg
due to increasing horizontal flow in the viscous
part

» Proportionality of u and H requires lower
viscosities for smaller Rpg (channel thickness)

strong foreland
(channel material with high viscosity)

flux—»

Clark & Royden (2000)
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Effective flow regime

Dy Displacement

» Combined channel
flow mode
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Effective flow regime
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Conclusion

N £ Rift propagation is accompanied by .
€ar-suriace inward migration of fault activity and E;’;’;’C
features competing fault growth of conjugate fault J

pairs as the result of strain partitioning of
bulk extension

lower
crustal
. flow
_ Tectonic loading above the compressional vertical
Deep-seated domain induces lower crustal flow which motions
. e . at surface y
features increases with increasing flow channel

thickness

Qut-of-plane motions play an important

role and rifting must lbe considered as a
3D process

Horizontal flow at depth enables vertical
Interaction and horizontal motions at the surface which
IS expressed by deformation features

Conclusion



