Simulating Mantle Convection and Seismic
Anisotropy with Data Assimilation
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Geologist’s view on plate subduction

Courtesy to and in memory of Prof. Paul Heller




Why it matters — to model mantle convection

e How the earth works
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Key challenges

* Clean up boundary conditions

* Large viscosity contrast

* Unknown properties and processes



Potential problems with existing

models
e Most earlier models are in 2D e Recent 3D models used idealized
boundary conditions
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Potential problems with existing
models

* Recent 3D models used fixed slab geometry

(Flament et al.,
EPSL, 2015)




Modeling S. American subduction
history

We try to develop a model that is consistent with all available
geophysical and tectonic constraints:

* Governing Equations

V-i=0
~VP +V-[1(Vii + V'ii)] + (aRaT + Ra,C)é. =0

* Assume the mantle is an incompressible fluid, which satisfies
the Boussinesq approximation



Why Blue Waters

* CitcomS has a very good scalability, up
to ~10,000 CPUs on Blue Waters.
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* Blue Waters is compatible with the
softwares we use, including CitcomS,
DrexS and FSTRACK
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; ; * Larger capacity leads to larger
CPU number . .. .
allocation and shorter waiting time.




Data Assimilation Seafloor age, plate motion, plate geometry, cratons
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Viscosity structure of S. American model

Decoupling Mantle wedge
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Predicted South American subduction since 100 Ma

Model size: 8.6m grids

Maximum resolution:
27 km x 20 km x 8 km

1024 CPUs
~150 hours
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(Hu et al., EPSL, 2016)



Accomplishments

The power of data assimilation:
Fitting upper mantle slab

geometry
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Fitting lower mantle tomography

The model fits to the tomography images
well to 1000 km depth, especially in the
northern part of South America that has
a better seismic coverage than the

southern part.
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Slab tear vs. intra-slab seismicity

(Hu & Liu, EPSL, 2016)



New interpretation of flat slab subduction
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The central Andes are unusual for the abundance of felsic ignimbrites and
their distribution is shown separately from the intermediate to mafic
volcanic centers.

Volcanic zone is significantly broadened since ~30 Ma.
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Geologic implication: S1ab dynamics & Andean evolution

The 30-Ma slab tear
correlates with the
Andean ignimbrite flare-
up both in space and in
time.

New implications on
Andean shortening &
uplift as well?
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Predicting seismic anisotropy

Calculate seismic anisotropy (LPO) by integrating the
mantle flow field

* Integrating the anisotropy in the upper mantle to : . | Amazogla
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Conclusions

e Supercomputers, such as Blue Waters, make it feasible to run
mantle-convection models in 3D with a time scale of hundreds of
million years.

* The implementation of data assimilation method is necessary in
order to directly compare observation with prediction.

* Challenges remain in fast solving fluid dynamics with complex
rheology, such as non-Newtonian rheology and extremely varying
rheology.
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Model size: 51.5m grids ~10,000 CPUs
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Featured research in our group
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Featured research in our group

Observation _ Model | (Dyn. Topo. only)

(Liu et al. 2008; Smith et al. 1994)

Chang et al., in prep.



Thank you!



