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Role of rheology and memory for plate tectonics
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Shear wave mantle tomography

RSAVANI @ 250 km, 8Vpys = 1.20 %

TX2019SLAB @ 250 km, Svyys = 0.80 %
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Global mantle circulation models
based on seismic tomography
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SvsP tomography thermo-chemical effects

TX2019SLAB @ 750 km, 5vm
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Next level
challenges:
Inferring
mantle
rheology
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How weak is the asthenosphere!
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Upper mantle seismic anisotropy as
a constraint for rheology

observed phase velocity fast-directions
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» crystallographic preferred orientation (CPO) of olivine sensitive to time-integral of mantle circulation
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Azimuthal anisotropy in oceanic basins
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Plate velocity predictions
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Predicting plate velocities and
azimuthal anisotropy
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Role of melt

Two classes of
velocity
profiles
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Asthenospheric low viscosity channels and radial anisotropy

Reference Ridge Parallel Low-viscosily Bands Ridge Normal Low-viscosity Bands
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Upper
mantle
radial
anisotropy
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Asthenospheric melt != low viscosity
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Hilst et al. (1991)

Subduction engine

Ferreira et al. (2019)




Role of slab rheology for transition zone dynamics
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Seismic data prefers decorrelation at ~800 km

500

E 4
241000
= ]
a, . I
g RSAVANI
£ 15001 SEMUCB-WM1
g ]
£
2 j .
é 20004
1 G ]
2500
02 0.4 0.6 0.8

radial correlation at Az = 100 km

1.0

depth(km)

relative variance reduction

1.000 1.001 1.002 1003 1004 1.005
] | | | | |
0 il 'H L .I

1000

] ’ Sdelay|,
1500 S delay - Il Visser

i Houser surface

] waves
2000 - Sdelay-l

1 Ritsema

_: P delay
2500 Antolik

] _=




How are slabs weakened?
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Slide-hold-slide test
for different grain
size evolution laws
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Free subduction models with
brittle and ductile damage

logyp(viscosity), Pa-s

Viscosity (Pa.s) T
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* Brittle domain damage by fault weakening
* Ductile domain grain-size evolution following Rozel,
Bercovici et al. including Zener pinning



plate age = 40 Myr, initial grainsize = 3 mm
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Gerya et al. (in press)
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» Segmentation of slab facilitates bending and slab contortion, but allows for efficient force transmission
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Interaction between brittle and ductile

damage required for segmentation
both faults u.veakening and grain size evolution ” . model Iwith grqin size evolution only
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Plate age controls spacing of segments
40 Myr old plate
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Large offset normal faults in bending region
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Slab complexity under Japan
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Comparable segmentation signatures!?
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Gerya et al. (in press)



Conclusions

* Global geodynamics/seismology models allow
hypothesis testing

= Regional observations holds important clues
for refinement

" Melt effects secondary for viscosity

* Full waveform hypothesis testing promising
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