Blobs at the base of the mantile

Using HPC to uncover the evolutionary history of great
geophysical structures

ARCHER?Z2 Celebration of Science 2026
James Panton - Cardiff University / University of Cologne

[@llad School of Earth and
UNIVERSITY Environmental Sciences

PR

IFYSGOL
(CA"RDYD

A0
sfCr %y UNIVERSITY
e g
L) OF COLOGNE
G

Ysgol Gwyddorau'r
Ddaear a'r Amgylchedd



Earth structure refresher
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Insights from seismic tomography
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* Seismic tomography is like taking
an MRI scan of the Earth

 Models consistently show
seismically slow regions at the
base of the mantle 1000 km |
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shear velocity variation
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LLVPs

Why do we care about them?

e 2% - 9% of mantle
volume

S4ORTS | S : ) connected conduit

 Mantle plumes project
onto the low velocity
regions

« May control heat flux
out of the core -
magnetic field

Jackson, et al., 2021
© Sanne Cottaar




LLVPs

What are they?

1)Thermal (or effectively isochemical)
a)Megaplumes
b)Plume clusters
2)Thermochemical
a)Primordial
I)Domes and thermochemical superplumes
i)Primordial thermochemical piles
b)Crustal accumulation
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McNamara, 2019
Van Der Meer et al ., 2018
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LLVPs

What are they?
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How can we simulate LLVP evolution?

Numerical mantle modelling

V-u=20 Mass
V- (n{Vu+ (VU)T}) — Vp=gap (0T — CBAT) Momentum
po Cp (%f | u-VT)—kVQT—H:O Energy

 Boussinesqg approximation
e (C =bulk compostion
B = buoyancy number

 H = Heating rate (including from radioactive decay)

(@) Elg=iglSigt=4 &



How can we simulate their evolution?

e Circulation — assimilate plate velocities
« Buoyancy drives mantle flow 951 Ma
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How can we simulate their evolution?

e Circulation — assimilate plate velocities
e Buoyancy drives mantle flow

e Thermal

e Chemical
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How can we simulate their evolution?

e Circulation — assimilate plate velocities
e Buoyancy drives mantle flow

e« Thermal

e Chemical

dTl Composition
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How can we simulate their evolution?
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How can we simulate their evolution?

Temperature Bulk Composition

Depth = 2212 km

2528 km
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Predicting seismic velocities
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How can we simulate their evolution?

Depth = 2844 km
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Filtering against seismic tomography

e Filter account for the
sparse resolution of
tomography model
(S40RTS)
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Filtering against seismic tomography

Seismic tomography Filtered Model Velocities Raw Model Velocities

Raw - 2890 km
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How can we simulate their evolution?

LLSVP outlines, depth = 2528 km LLSVP outlines, depth = 2844 km
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How can we simulate their evolution?

Composition Distribution Composition Distribution
African Pacific |
LLSVP outlines, depth = 2844 km
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MC2 Project

Library of 3D mantle
circulation simulations ROYAL
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Developed metrics by which
MCMs can be assessed
against disparate
observations
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Extra bits

Average
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Extra bits

23 plumes detected by HDBSCAN
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Extra bits

m_bb 066 _tviscl comp -t ave
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Extra bits

Post perovskite fraction Temperature
Depth = 2755 km Depth = 2755 km
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