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Differentiation in the Early Earth’s Interior: Constraints from Isotope Geochemistry and
High-Pressure Experiments
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We conducted isotopic model calculations and high-pressure melting experiments in order to estimate the major
element composition of the “missing reservoir”, which is a supposed component that should compensate the
difference in 42Nd/!“4Nd ratio between the bulk silicate Earth and carbonaceous chondrite, from which the
Earth is assumed to have formed. Our estimation demonstrated that the missing reservoir should have picritic to
komatiitic composition, and that it was likely to have been lost from the Earth’s surface by a giant impact event

at the last stage of the Earth formation.
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Fig. 1. Schematic illustrations of the formation of the
missing reservoir (modified from Ref. [1]). (a) The box
model we employed for calculation of the missing reser-
voir formation. We assumed that a fraction (X) of the
mantle, which initially had chondritic composition (CH),
had partially molten and differentiated into melt (=miss-
ing reservoir: MR) with low Sm/Nd, and solid residue
(=residual mantle: RM) with high Sm/Nd. The residual
mantle and the portion of the mantle that hadn’t partially
molten were mixed and formed the present bulk silicate
Earth (BSE). (b) 12Nd/!*Nd evolution curves for MR,
CH, and RM. {: time of the MR formation, #,: time to the
present since the formation of the solar system.
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Fig. 2. Calculated melt fraction required for the forma-
tion of the missing reservoir as a function of the time since
the solar system formation. The gray vertical bar is the

maximum time of the missing reservoir formation
[1,4,20]. Modified from Ref. [1].
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Fig. 3 Schematic illustration of the iterative sandwich
experiments. In each iteration, an initial melt composition
(““meat”’) is equilibrated with the composition of interest
(““bread’’ = peridotite in this case) at the target pressure
and temperature. In the Iteration 1, the composition of
““meat’’ is estimated on the basis of other experimental
data, such as the melt fraction-temperature relationship
determined at higher temperatures. In the Iteration n (n=
2,3,4...), in conventional iterative sandwich experiments
(CISE), the composition of ‘‘meat’’ is the same as the
quenched melt composition measured in the preceding
iteration, whereas in modified iterative sandwich experi-
ments (MISE), the composition of ‘“meat’’ is calculated
from the composition of peridotite (‘‘bread’’) and the
partition coefficients determined from measurements of
the quenched melt and residue compositions obtained in
the preceding iteration.
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Fig. 4 Compositions of melt determined in the MISE for
peridotite at 7 GPa [1]. Squares are measured composi-
tions of quenched melt (error bars of =+ 1 sigma based on
replicated analyses), and diamonds are melt compositions
calculated from the peridotite composition and the parti-
tion coefficients determined from the preceding iteration.
Circles are the composition of the melt estimated for the
iteration 1. Modified from Ref. [1].

261

BIHETOHVRLERTHEON/ OV MK L,
Fi U 7= FIRTEHE L TRD/ AV MR E, W<
DIPDITCEDIAIEEE I OW TR L Th b, S E
HOFEBRTEONZ AV K E, 60HDOFERD
JT2DITEIETRD 72 AV B &, GHREZEOH)
FCT—FK L7720, SEIHOERTH LN/ AL
TG AV ML TS (6 [EHOERITE
BRICIZ T 7% - TR\,

Fig. 51Cid, 5@ HOFEBRTH SN/ AL K,
FThbb, TGPaTON VT V/HEY U X AEE AV
F O A, 1GPa, 3GPa DY )X AEEE AT,
BEU, Kl (Archean : 40 {E4FF(~25 [E4H0)

Near-solidus melt
<) 7 GPa (this study)

@ 3GPaj22]
© 1GPa[21]
Archean igneous rocks
A basalt
e komatiite
19 fa
< 17 A
e ¢
E 13 “g ° o ©
. o 4
@) 11 A @ A4 o %
o A Aaggh ° ®° LX 4
L9 AA‘AO?:‘ ‘el Seg,
. e O g
71 ° °
s L@ :
5 15 25 35
5
<
g ot
= A, ‘
O »
S 4. . o
Z 1 ta pr
A
0 . MUY LY. . |
5 15 25 35

MgO (wt.%)

Fig. 5. Major element compositions of the near-solidus
melts generated at 1 GPa [21], 3 GPa [22] and 7 GPa
(this study), compared with those of Archean basalts and
komatiites. Data sources are from Ref. [1].
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Fig. 6. Geothermal gradient (=geotherm) in the Earth’s interior. (a) Schematic diagram of an upwelling path of mantle
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otherm that permits very small-degree melting. (b) Relationship between potential temperature and thickness of lithosphere.
Two geotherms with the mantle potential temperature (MPT) = 1500°C and 1700°C are indicated. Modified from Ref. [1].
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