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Partial melting at the core mantle boundary

Detection of an ultra low
velocity zone (ULVZ) at the
plume root

From Rost et al, 2005, Nature, 435, 666.
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Partial melting temperature of pyrolitic-like
mixture

From Zerr et al, 1998, Science, 281, 243
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Early Earth differentiation
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- Lithophile element : tracers of mantle
differentiation (inert concerning core formation)

EUCRITES

CHOMORITES

Py I Existence of an hidden enriched reservoir !!!

Allancs

O om0 20-30% of very incompatible elements (U, Th, K, ...)

EldiNd

From Boyet et al. Science. 20-60% of “Ar total budget
2003, 309, 576




Magma ocean model

a: Percolation of 1iron by diapiric instabilities




Magma ocean model

a: Percolation of iron by diapiric instabilities
b: Crystallisation from up and bottom with different rates
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Magma ocean model

a: Percolation of iron by diapiric instabilities

b: Crystallisation from up and bottom with different rates
¢: Crystallisation of Fe-enriched solids

d: Actual state with remaining mushy layer and partial melt




Stability of melt layer at the CMB

Gravitionnal stability :

-If enrichment in iron relative to magnesium

-If small or negative melting slope

Chemical stability :

-If complete equilibrium with core, due to low viscosity

-Chemical interaction between core and mantle not well constrained




Evolution model of this melt layer
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Evolution model of this melt layer
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Evolution model of this melt layer

Ti-Tu
==

da

dt

dT
- (MmCpm+ Mccpcld—;+ H (t)— 4ra?pAST,

4dma’k

dé,  3a’Af da

dt ~  ad- bPdt

Analytic

solution Numerical

solution

Thickness (m)
>
Temperatura (K)

?

4000

T : e-fold time of decayv of layer thickness : ~ | Gyr




Evolution model of this melt layer

Ti-Tu
==

da

4dma’k
e dt

dT
- (MmCpm+ Mccpcld—;+ H (t) — 4ma’pAST,

dé,  3a’Af da

dt ~  ad- bPdt

| |
Flux to solid mantle

Power (TW)

Core cooling

Radiogenic heat -
1 Generation of geodynamo

Melt cooling Latert heat

—4 -3 -2 -1 |—> Due to thermal convection
Time (Gyr) *

Evolution of heat production with time No need of compositional
convection for geodynamo




Melt layer at the CMB as hidden reservoir

Formed in the first 100 Myr of the Earth's history (as necessited by £'**Nd)

Nb/Ta and Nb/La ratio of hidden reservoir must be higher than Earth

As Nb 1s more incompatible than Ta and La,
hidden reservoir must be derived from melt.




Melt layer at the CMB as hidden reservoir

Formed in the first 100 Myr of the Earth's history (as necessited by £'**Nd)

Nb/Ta and Nb/La ratio of hidden reservoir must be higher than Earth

As Nb 1s more incompatible than Ta and La,
hidden reservoir must be derived from melt.

So basal magma ocean 1s a good candidate
for the hidden reservorr.
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Evolution of 1sotopic composition of Earth

and basal magma ocean
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Evolution of 1sotopic composition of Earth
and basal magma ocean

MNd
L= 1
Ndw = 5 FraT ()
SI’T'I|
Mol = BL(T- FreF -
Nd, = Ndi (Mg + M) - NdyniMp (23)
Msl
Sr“ﬂ - Sml{M5I+ M'LII:I = SITI“-"M“-.| {2‘”
s

Initial chemical composition of each reservoir

My = Mpe (-5 (25)

Exponential decrease of melt layer mass



Evolution of 1sotopic composition of Earth
and basal magma ocean

Iﬁgmn — '“Smm.e [Aag+ (D5 - H-‘tlvlt-l.bl, (26)
14?5'.““ — ”TSI‘H.“.E [lla;ring-ll."tI'lt-l.F:. (27)
'”Ndm . '“Ndmiedl'n”*'”"['m i | | . (28)
, l“flgm“ :". E‘ Hd =LA 5m FTALLER RN I
142 _ 4 AP, P TI AT, | | Adds ;
Nd, = Md,e '~ 1+ : (29)
" O 2N gl Dya - Dan 148
B Id?Srnm, }.14? E,iDNJ-Ds... rar )it -t i 1
143 143 {1-Dryit-tlfk I .
Nd, = Ndq,; & 1+ ; (30)
m O NGy VRS TR—
146 epheletl hm& 146 1-Dgdit-t; |
sm, = T — SmyMg - "ESmM et Vamlit-tibT (31)
5
,E.—?.uril—t.] h ) i
Il’f.'-'ﬁn.i5 - i '4?5"‘51"-'1.:»; N I4T"5mMmell'l:'s...]“'t.h't B (32
h i
"”Nds — % IdINdI + 14!5-5m 1- 'E.—?.u.,[l—l.] % 142Ndm (33)
b1 -
143 M 1ot hu_; |47 —hiarl= 1) | Mm 143 o
Nd, = M_ Nd; + smy 1 - et : M_ Ndpy,; (34)
5 -3
1
N, = R "MNEM e - "N M (35)
3

Final mass balances equations



Evolution of isotopic composition of Earth
and basal magma ocean

Four independant parameters : -Initial mass of melt layer Myy;
-Its crystallisation time T
-Its time of formation t;
-Its melt fraction F
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Evolution of isotopic composition of Earth
and basal magma ocean

F=80 % (corresponds to ~850 km thick)

Mumi = 0.78 1024 kg

T=3887 Myr

ti = 30 Myr

Time [Gyr)

Good agreement with observed values




Predicted element concentration in present-day
mantle and basal magma ocean

HEE'EE‘E'"‘“M Calculation made by
Solid mantle applyu]g a mass balance
between continental crust

and remaining melt.

i

A "continental crust-like" at
the top of the Earth's core
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Magma ocean model

a : 850 km thick layer extracted by 80% of melting of lower mantle

b-c: Increasing Fe/Mg ratio with time in crystallising material due to
magma differentiation

d: Denser piles accumulate under plume roots and incompatible
elements are trapped in remaining melt
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