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Clues from measured short-lived isotopic anomalies
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Deep-rooted plumes sample Hadean refractory domains
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Are "primordial" He-Ne isotope ratios a result of core contamination?

Unlikely, because:

- Small additions of core metal to plume roots are probably insufficient to generate "primordial-like"
He-Ne isotopes, even if they cause the clear W- and weak Xe-isotopic signals in OIBs.

- High ®He/*He is associated with refractory mantle sources (PREMA/FOZO, W-Greenland/Baffin 1.).

- Parts of the refractory sources are Hadean, with u'*2Nd > 0 (Ontong J., Baffin I., Reunion, Samoa, Hawaii).
"Primordial" He & Ne will easily diffuse into refractory bridgmanite domains during the Hadean.
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Short-lived Sm-Nd-system
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- Nd-daughter partitions to melt, relative to Sm
- Hadean bm-residues: u'“2Nd>0 (high Sm/Nd)
- The u'2Nd signal is inherently weak
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Hadean refractory domains, HRD / bridgmanite-enriched ancient mantle structures, BEAMS

Likely origin of the HRD / BEAMS.:
- early magma ocean cumulates, deposited above and below the neutral buoyancy level (~1800 km depth)
- residues from partial (re-)melting above the basal magma ocean Trannes etal. (2019,

Tectonophysics)

\ithosphere

BMO-stage Early refractory cumulates and melting residues dominated

by bridgmanite (bm) with neutral buoyancy and high viscosity
Late cumulates dominated by bm with ~16mol% FeAlO3

Phaneroz. Convective aggregation of refractory residues into BEAMs
or blobs. Plume heads and large plume conduits entrain
material before shallow-level melting of composite
sources containing refractory and fertile (ROC) materials

ROC: Recycled oceanic crust (thin purple layers and irregular slivers)
ULVZ: Ultra-low velocity zone (MgSiOs-rich bm with metallic melt)
LLSVP: Large low shear-velocity province (cumulates + ROC)

LIP: Large igneous province
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Ballmer e: a/- Reactive Crystallization of the Basal Magma Ocean (BMO)
& ‘I 1) Crystallization due to reaction ‘

2) Delivery of (molten) early crust to BMO
| with the overlying solid mantle

I
I
I
k. § I
BMO fractional “
crystallization
sequence: |
Mgsio; |
bridgm.

I

I

I

I

Sety " (partially)
pyrolite ‘

# molten
O Ny \\basaltic

crust

basal magma ocean
pyr.+FeO

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Take home messages:
problem: Fractional crystallization of the BMO should result in a long-lived layer at the base
of the mantle, but such a layer does not exist, at least not on planet Earth

solution: The mantle is in (or evolves to) chemical disequilibrium with the BMO, which
should hence freeze by reaction and not by fractional crystallization due to cooling

alternatively: delivery of early crustal material to the lowermost mantle, and efficient
reaction of the BMO with (partially)

MESHCERS Contact: m.ballmer@ucl.ac.uk for discussion



The lithospheric-to-
lower mantle carbon
cycle recorded in
diamonds
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Eclogite
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Seqguencing Seismograms: A Panoptic View of
Scattering in Core-Mantle Boundary Region

Seismic echoes reveal structures
at the base of the mantle '
Kim D. et al., (2020) Science
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Sdiff/Sdiff postcursors and ULVZs
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Local vs. distributed anomalies beneath the Pacific
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Analysing Lower Mantle Structure using
Slowness Vector Measurements

Jamie Ward”
Andy Nowacki, Sebastian Rost
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Lateral Velocity Gradients in the African Lower Mantle
Inferred From Slowness Space Observations UNIVERSITY OF LEEDS

of Multipathing
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Introduction - Multipathing
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Forward Modelling
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* Velocity gradients in seismic tomography (centre) are not enough to produce observable
multipathing using this method.

* Trebling velocity perturbations in the lower mantle is enough to reproduce our
observations for this example (right).

* The maximum velocity gradient sampled along this path is approximately 0.7% 6V, per 100
km, an order of magnitude lower than the strongest velocity gradient estimates.



Burying Earth’s primitive mantle in the slab graveyard

Workshop on Feedbacks Between
Mantle Composition, Structure, and Evolution

Tim Jones!

Nate Sime2, Peter van Keken?

Linstitute of Geophysics and Planetary Physics, University of California San Diego
2Earth and Planets Laboratory, Carnegie Institution for Science

t6jones@ucsd.edu | DOI = 10.1002/essoar.10504078.1
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Thermochemical piles from recycled slabs

-~~~ Thermochemical pile
—— Ambient mantle
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Three modes of viscous entrainment

Mantle residue Oceanic crust
Tim Jones (UCSD)

Burying Earth's primitive mantle in the slab graveyard

DA



The coexistence of recycled and primordial
heterogenelty in Earth’s lower mantle

a geodynamical perspective

* What is the nature of present-day chemical heterogeneity in Earth’s mantle?
» How are they formed and preserved in the presence of whole mantle convection?

“marble cake” mantle? Viscous “blobs”

Woodhead (2015)

Anna J. P. Gulcher'!, Maxim D. Ballmer®' and Paul J. Tackley’

TInstitute of Geophysics, Department of Earth Sciences, ETH ZUrich, ZUrich, Switzerland
2 Department of Earth Sciences, University College London, London, UK

i u c L Contact: anna.guelcher@erdw.ethz.ch @AnnaGeosc
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Primordial and recycled heterogeneity

« 2D mantle convection models

using StagYY (Hernlund and
Tackley, 2008)

» Visco-plastic rheology

« 2 types of heterogeneity:

Mg/Si = 1.3
512 - 96 cells

» . . * Recycled oceanic crust
> 1 million tracers

bottom heating Primordial (ROC) heterogeneity (Ap)
TO,/'n/ = 1900 K (MgSIO3
enriched) Primordial

(MgSiO;
enriched)

.

Ancient,
Fe-rich layer

Primordial
(MgSiO;

enriched) * Primordial heterogeneity

(An and/or Ap)
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“marble cake” + “plum pudding” mantle?

Coexistence of viscous, primordial blobs in the mid-mantle with dense
piles in the lowermost mantle is robustly predicted! N ‘__:

Gllcher et al. (in prep.) ¥ S e T

Contact: anna.guelcher@erdw.ethz.ch @AnnaGeosc
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Does Mantle Convection Mix the Mantle?

The “fluid-like mantle”: A historically useful (but crude) abstraction
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The fluid-like mantle concept applied to mantle mlxmg
Heterogeneous Mantle Basic Fluid Convection

1 PERICHD

Crust Formation
and Density-Driven

Accumulatlo;

Ottino (1990)

15 FERICDS

(Do) L 10d

Composition- ===t
Dependent
Density/Viscosity

(1S/8 ) "odwio)

Hartetal. (1992)

Ballmer ef al. (2017)



Does Mantle Convection Mix the Mantle?
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