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Insights from seismic tomography

Ritsema, et al., 2011

• Seismic tomography is like taking 
an MRI scan of the Earth


• Models consistently show  
seismically slow regions at the 
base of the mantle 



LLVPs
Why do we care about them?

© Sanne Cottaar
Jackson, et al., 2021

• 2% - 9% of mantle 
volume 

• Mantle plumes project 
onto the low velocity 
regions 

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

 



LLVPs
What are they?

1)Thermal (or effectively isochemical)
a)Megaplumes
b)Plume clusters

2)Thermochemical
a)Primordial

i)Domes and thermochemical superplumes 
ii)Primordial thermochemical piles 

b)Crustal accumulation

McNamara, 2019

Van Der Meer et al ., 2018
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How can we simulate LLVP evolution?
Numerical mantle modelling

Mass

Momentum

Energy

• Boussinesq approximation


• C = bulk compostion


• B = buoyancy number


• H = Heating rate (including from radioactive decay)



How can we simulate their evolution?

• Circulation – assimilate plate velocities 
• Buoyancy drives mantle flow 
• Thermal  
• Chemical
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C=1 C=0

Tracer particle stores bulk (C=0-1)  
and isotopic composition
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Predicting seismic velocities

C = 0.20 
100% Lhz

C = 0.60 
50% Lhz, 50% OC

C = 0.10 
50% Hzb, 50% Lhz

C = 0.30 
16.7% Hzb  
66.7% Lhz 
16.7% OC

C=0.0 C=0.2 C=1.0



How can we simulate their evolution?



Filtering against seismic tomography

• Filter account for the 
sparse resolution of 
tomography model 
(S40RTS)

Ritsema et al.,2011



Filtering against seismic tomography

Raw Model VelocitiesFiltered Model VelocitiesSeismic tomography



How can we simulate their evolution?

• Similar seismic 
signature, 
temperature 
• Different 

compositions



How can we simulate their evolution?

• Similar seismic 
signature, 
temperature 
• Different 

compositions 
• Different ages



MC2 Project

• Library of 3D mantle 
circulation simulations


• Exploring a wide range of 
parameter spaces


• Developed metrics by which 
MCMs can be assessed 
against disparate 
observations 


• Thanks to ARCHER2!



Thanks!
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