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Meteorites: witnesses of early Solar System evolution

Rocky achondrites
= crustal rock of a
planetesimal

Iron meteorites

Chondrite =
aggregate of dust
from the
protoplanetary disc
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Primitive meteorites as building blocks of the Earth
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Isotope cosmochemistry: forensics in the Solar System
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Many elements, even more isotopes, different physicochemical properties
= a lot of information!
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Isotope cosmochemistry: forensics in the Solar System
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Origin of the “?Nd excess in the Earth's mantle

O,

Evidence for silicate differentiation from the extinct decay system '%Sm-!42Nd (t,, = 92 Ma)

Abundance normalised to Cl

chondrites

100.0

10.0

1.0

0.1

Radioactive decay!?

f_IContinental crust (Rudnick and Gao, 2003)
\ Mantle (Workman and Hart, 2005)

La

Ce

Pr

Nd Sm|

Eu Gd Tb Dy Ho Er Tm Yb Lu

[Nd -more sm o Mantle
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Silicate differentiation
Time

The crust is enriched in Nd relative to Sm compared to
the mantle and leaves a distinct '42Nd signature



Origin of the “?Nd excess in the Earth's mantle
@ Nucleosynthetic heterogeneity?

Chili = presolar grain

Nucleosynthetic anomalies are
due to compositionnally distinct
dust in the protoplanetary disc

Cream = large
nebular reservoir

Nucleosynthetic anomalies act as
genetic fingerprints — source
tracing for building blocks!

Bulk Solar System
dust
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Origin of the “?Nd excess in the Earth's mantle

@ Nucleosynthetic heterogeneity?

a 20 N
2\
10 N
Evidence for nucleosynthetic variations for p'42Nd
0
Nucleosynthetic trends are not well characterised 1ok l _
o =\ NS
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@ Is the excess of '“2Nd in Earth radiogenic or
nucleosynthetic in origin?

What are the implications for the chemical
composition of the Earth?

Frossard, Israel, Bouvier, Boyet, 2022. Earth’s composition was modified
by collisional erosion. Science 377, 1529-1532.

Study carried out in Université Clermont-Auvergne, France

UNIVERSITE
Clermont
Auvergne

Laboratoire Magmas et Volcans

Introd uc_ti.on_}r\ o - i




High-precision Nd isotope analysis

High-precision is required on all
isotope ratios of Nd to constrain
the origin of “2Nd variations

New multidynamic method of

analysis developed by Garg¢on et al.

(2018) Chemical Geology

New data reveals variations not
identifiable with older methods of
analysis

Il148Nd

Il148Nd
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Chemical separation of meteorite components

Stepwise dissolution (leaching) of primitive meteorites to isolate refractory presolar grains that
carry highly anomalous nucleosynthetic compositions

Leachate =
supernatant

o o Presolar grain

Sample powder —

Nittler et al. (2016) Annual Rev. Astron. Astrophys.
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Nucleosynthetic variations in leachates
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Radiogenic excesses in **Nd in differentiated bodies

T T
.. . @ Enstatite chondrites
Determ!n.lng the theoretical 104 ® Ordinary chondrites, |
composition of the Earth
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Data from: Burkhardt et al. (2016), Fukai and Yokoyama (2017, 2019), Saji et al. (2020), Render and Brennecka (2020), Frossard et al. (2021), Fang et al., (2022)



Radiogenic excesses in **Nd in differentiated bodies
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Data from: Burkhardt et al. (2016), Fukai and Yokoyama (2017, 2019), Saji et al. (2020), Render and Brennecka (2020), Frossard et al. (2021), Fang et al., (2022)



Radiogenic excesses in **Nd in differentiated bodies
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Radiogenic excesses in **Nd in differentiated bodies

The Earth and differentiated planetesimals :
. 4 Earth and planetesimals
display excesses in '*Nd

146
—> Excesses of '%Sm «\md—mOfe “Sm @
. o . . . R \(\(j

Already experienced silicate differentiation \2\\0)
in the first million years of the solar system!

Starting composition
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Where are the primordial crusts?

The Earth and differentiated planetesimals
display excesses in 42Nd
- Excesses of 146Sm

Already experienced silicate differentiation
in the first million years of the solar system!

Several hypotheses:
& Primordial crust is buried in the mantle
Planetesimals and Earth did not accrete
from a chondritic composition

See Johnston et al. (2022) Nature

Primordial crust is lost during
accretion

L 142Nd

Earth

and planetesimals

Starting composition
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Silicate differentiation

Time
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Collisional erosion model -

Collisional erosion of primordial crusts

&

@

Most likely model considers a crust

similar to basaltic rocks
- 5to0 20 % lost

Results are consistent with numerical
modelling of collisional erosion and
planet formation theory

(e.g. Bonsor et al., 2015, Icarus; Carter
et al., 2018, EPSL;Allibert et al., 2021,

lcarus)
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Composition of the bulk silicate Earth

Sm/Nd ratio is constrained by the '“2Nd results

Little information on the composition of primitive
crusts of planetesimals

Boyet et al. (2025) ToG calculated the bulk silicate
Earth to account for a Sm/Nd ratio of 0.2012:

Erosion of 17 % of a primitive crust produced by
5-10 % of partial melting

Normalised concentrations

12

11

09

05

04

} <= BSE (TOG)
0= Early-depleted mantle (Hofmannet al., 2022)

Nonchondritic BSE (Jackson and Jellinek 2013)
«o= Early-depleted reservoir 1 (Carlson and Boyet 2008)
Early-depleted reservoir 2 (Carlson and Boyet 2008) | |

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Rb Ba ThU Nb Ta K La Ce Pb Pr Nd Sr Zr Hf Sm EuTi Gd Tb Dy HoY Er Tm YblLu

Boyet et al. (2025)
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Radiogenic power of the bulk silicate Earth

Bulk silicate Earth model of Boyet et
al. (2025) predicts 16.4TW

Consistent within error with the
geoneutrino estimates

Constraints from '“2Nd confirm the
medium radiogenic heat flux scenario

Radiogenic power (TW)

40
] High H
i 33+3TW
35 7] Geoneutrinos
] 21.5+413.6/-12.7 TW|
30
1 McDonough and )
1 Watanabe (2023) Medium H
25 199+3.0TW 20£4TW
1 Boyet et al. (2025) 5)
20 ] 16.4TW
E ® Low H
15 11+2TW
0] :
] from Wipperfurth et al. (2020)
5
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Conclusions

WE OO

Sm—Nd systematic is a critical constraint on the composition of planetary bodies
Earth and early planetesimals carry radiogenic excesses of '“2Nd

Collisional erosion is ubiquitous in the early Solar System and shaped the
composition of planets

Radiogenic power of the bulk silicate Earth is lower than chondritic models

Combination of geoneutrino experiments with cosmochemical and geological
observations is critical in constraining Earth’s bulk composition
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