Displaced and Faded:

How thermodynamics and kinetics collude to complicate seismic
structures in Earth's mantle

B. Kerswell, J. Wheeler, R. Gassmoller



Seismic
discontinuities
show global
variability

Huang et al. (2019)
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Thermodynamics cannot explain the seismic
variability alone
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Mantle phase transitions are rate-limited
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Mohiuddin & Karato (2018)



Research guestion

What is the impact of stress,
microstructures, and mineral-scale
kinetics on mantle-scale seismic
structures (and dynamics)?



Hypothesis

Variable olivine <= wadsleyite growth rates
In slabs and plumes are consistent with
observed seismic variability



We simulate plumes and

slabs using ASPECT with
a compressible mantle

Bangerth et al. (2025), and others
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Kerswell et al. (in prep)



Growth rate depends on
Kinetic factors, dynamic
., and saturation

Hosoya et al. (2005), and others
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ASPECT Hackathon 2025

ASPECT is a community software project
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About ASPECT

Simplify infrastructure with PECT i d - bl inth | . | . f » he simulati ¢
MongoDB Atlas, the leading ASPECT is a code to simulate problems in thermal convection. Its primary focus is on the simulation of

developer data platform processes in the Earth’s mantle, but its design is more general than that. The primary aims developing

Ad by EthicalAds - & ASPECT are:

G E o M A R « Usability and extensibility: Simulating mantle convection is a difficult problem characterized not only

000000 by complicated and nonlinear material models but, more generally, by a lack of understanding which
' COMPUTATIONAL parts of a much more complicated model are really necessary to simulate the defining features of the
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or

determining what the essential features of convection in the Earth’s mantle are.




ASPECT Hackathon 2025

Bear Lake, Utah




ASPECT Hackathon 2025




Sluggish kinetics in slabs promote ponding
and large metastable olivine regions
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Kerswell et al. (in prep)



Faster kinetics sharpen the slab phase
transition and enable penetration
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Slabs exhibit log-linear relationships between
kinetics and PTZ structure (with thresholds)
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Sluggish kinetics in plumes promote negligible
stagnation and 410 uplift
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Kerswell et al. (in prep)



Kinetic rates are always high in plumes: the
410 remains at its predicted equil. depth
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Plumes show no scaling between kinetics and

PT/Z structure (with a few outliers)
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Kinetics explain
slab stagnation,
deep EQs, and
variable seismic
signals

Kerswell et al. (in prep)



Kinetics cannot
explain uplifted
and/or weak 410
signals near
hotspots
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Seismic observables can constrain phase
transition rates in slabs (?)
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Takeaways from Kerswell et al. (in prep)

* 410 is uniform in plumes, but slabs show displacement and fading

* Kinetics can explain slab dynamics and unusual seismic
observations

* Kinetics cannot explain unusual seismic signals near plumes
* Seismic discontinuities are probes of phase transition rates
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