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Suppose (a) solar spectrochemistry and especially C1 meteorites give 
reliable guides to chemistry of solar nebula (b) Earth accretes quantitatively 
all elements less volatile than alkali metals in condensation sequence (e.g.1) 
(c) chemical differentiation begins at low pressure in small planetesimals and 
debris rings produced by disintegrative- and near-capture (d) very volatile 
elements and molecules are mostly lost from small bodies with low escape 
velocity before accretion into big planetesimals (e) basaltic material on 
growing Earth is continually differentiated outwards from heavy peridotitic 
and Fe,S-rich fractions without invoking single catastrophic overturn (f) 
alkali metals are always in near-surface material and much more subject to 
loss by volatilization than S which tends to move in negative diapirs into the 
core (thereby making irrelevant the argument that alkali metals would enter a 
Fe,S-rich core at high pressure: (2)) (g) deep-seated peridotitic material 
ultimately transforms into dense phases such as perovskite (h) late-accreting 
material (perhaps up to 400km thick on Earth) does not reach chemical equilib- 
rium with Fe,S-rich core because of peridotite barrier (3), and does not dif- 
ferentiate into stable gravitational equilibrium because of overturning 
triggered by large impacts up to -4 Gyr and by high radioactive heating; then 
various chemical arguments are pertinent: 
1. Substantial Si is not indicated for the core. Table 1 compares certain 
elemental concentrations in C1 meteorite and the solar photosphere with those 
for Earth with mantle of garnet peridotite composition and core of either pure 
Fe0,95Ni0.05C00,002, or one diluted with 0.25 weight fraction of S or Si or 
one diluted with 0.14wf S (4; see also 5). Low 0 in all Earth models is ex- 
plainable by volatile loss during accretion. A Si-rich core gives poorer 
comparison than core with 0.25wf S. Although S is indicated as the major sub- 
stituent, its proportion is arguable because of (a) uncertainty in physical 
and seismic data (e.g. 6) and (b) unknown loss during accretion. Many 
elements including C,N and P should be considered for the core by analogy with 
iron meteorites, but should not be major substituents. 2. Earth models with 
Si-free core in Table 1 give higher ~ i / ~ e  ratio than for C1 meteorite and 
solar spectrum. Possible resolutions are (a) preferential capture by Earth of 
Fe during disintegrative capture of proto-Moon (7) (b) higher ~e/Si in upper 
than in lower mantle as might be expected for continual separation of Fe-rich 
basaltic material from Fe-poor peridotite during accretion, (c) migration of 
Fe towards Sun by mechanical processes between colliding planetesimals, and 
(d) inapplicability of C1 composition to Earth region of solar nebula. 3. 
The problem of high Ni content of upper-mantle rocks is well-known and is 
compounded by the substantial amounts of noble metals. When normalized to Si, 
Fe,Co and Ni are depleted in peridotites with respect to C1 meteorite about 
10-fold while noble metals (see Econ. Geol., Nov. 1976) and Se are depleted up 
to about lo2- to lo3-fold (partial melting and removal of a S-rich phase 
probably exaggerates the factors). These data confirm Ringwood's (8) con- 
clusion that the upper mantle and crust are not in chemical-gravitational 
equilibrium with the core, but his "inside-out" accretion model is not 
adopted here. Although the Clark et a1 (3) model for a mantle barrier is 
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adopted here, their ideas for direct inhomogeneous accretion from a condensing 
nebula are replaced here by statistically near-homogeneous accretion from 
numerous planetesimals capped by minor accretion from late bodies-some per- 
turbed by Jupiter. Catastrophic overturns of the whole Earth are contra- 
indicated unless followed by late-stage accretion of C1-like material after 
a mantle barrier is re-established. The upper mantle should still be 
differentiating, and negative diapirs of S-rich material (c.f. fescons, 9) 
may be slowly migrating down and perhaps amenable to seismic detection. 
4. Essentially all K is assigned to the outer 200km having been differen- 
tiated into the "basaltic" and later "granitoid" fractions. Phlogopite 
(10 wt.% K) and clinopyroxene( 0.2 wt.%) are indicated as major hosts in 
the upper mantle. Larimer's (10) estimate of 130 + 40ppmw K in the bulk 
Earth can be assigned easily as 90ppmw in crust (11; Table 11) and 40ppm 
in outer mantle ( 0.001wf in garnet lherzolite). 5. If only volatile 
elements undergo major fractionation from a C1 composition during formation 
of the Earth, an estimated bulk composition is readily obtained by modifying 
the Ganapathy-Anders (12) model. Details will be given in the Proceedings, 
but key features are (a) absence of enrichment in early Ca,Al,Ti-condensate 
and lower U content ( 12ppbw) (b) increased S ( 0.045wf) (c) decreased Fe 
( 0.30wf) and alkali metals. Subtle features include possibility of lower 
fractional loss of Na than K. 

With this framework, estimates of lunar composition (13,14) can be used 
to constrain the origin of the Earth and Moon. Simple fission would 
probably cause such severe overturning in the Earth that the Ni-rich upper- 
mantle and crust must have accreted later after the Earth had stabilized. 
Would not the Moon also have accreted a similar capping in spite of its lower 
escape velocity, and could this be reconciled with the very low content of 
volatiles and noble metals in lunar surface rocks? The inferred peridotitic 
bulk composition of the Moon does not favor fission (15) because all models 
ultimately traceable to de-volatilized C1-type composition yield peridotitic 
compositions! Simple simultaneous accretion is dynamically improbable if 
accretion occurs via numerous planetesimals. Probabilities for head-on 
collision, glancing collision and disintegration inside the Roche zone do 
not differ greatly, and presence of a thick debris cloud around an accreting 
planet seems probable. Even for a simple 2-body system, the problem of 
attaining a refractory-rich and volatile-poor Moon has not been solved (e.g. 
16). simple capture is dynamically impla~sible, but disintegrative capture 
is feasible (7, 17, 18) if a large enough proto-Moon can grow. New ideas - .  

(19) may allow models which reduce the size range between-planetesimals pro- 
posed by Safronov, and perhaps a proto-Moon grew in orbit close to that of 
Mars. Could a differentiated Earth with a mantle barrier between a core and 
relatively Ni-rich exterior survive disintegrative capture of a proto-Moon 
without major overturn and chemical equilibration? If so, the chemical 
features of the Moon might be explained as follows ( 7 ) . #  The debris cloud 
from the proto-Moon loses Fe and coupled elements (e.g. noble metals) prefer- 
entially to the Earth by momentum differentiation. Volatile elements includ- 
ing S are substantially lost from the large surface area of the cloud. Rapid 
accretion at the Roche limit leads to a hot Moon which differentiates 
efficiently into a crust containing LIL elements, a peridotite mantle, and a 
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tiny Fe-rich, S-poor core. A small amount of C1-type material, perhaps partly 
devolatilized during accretion into planetesimals, is added to both the Earth 
and Moon. Because of the high velocity of late-accreting material, and the 
lower escape velocity of the Moon than the Earth, a lower percentage is re- 
tained on the Moon. 

Disintegrative capture is expected to be a major process during near- 
collision of planetesimals, and to be responsible for much devolatilization of 
accreted material: it is not regarded as a rare ad hoc mechanism (c.f. 20). 
Finally, did a considerable number of eucrite planetesimals form by violent 
disintegrative collisions of planetesimals, and is Vesta one of the rare 
survivors? 
Table 1 Comparison of compositions 

a 
crust upperb bulkC bulkd bulke bulk clg Solar h 

mantle earth earth earth earth meteorite spectrum 
w f w f 1 og log log log log log 

0 .4699 .4378 8.17 7.97 8.17 8.17 8.47 8.79(7) 
Mg .0234 .2166 7.68 7.48 7.68 7.68 7.62 7.55(15) 
A1 .0810 .0147 6.49 6.29 6.49 6.49 6.53 6.47(12) 
Si .2692 .2064 (7.60) (7.60) (7.60) (7 .60) (7.60) 7.60 (8) 
S .0004 .0012 5.30 5.10 7.31 7.06 7.30 7.15(15) 
Ca .0500 .0184 6.40 6.20 6.40 6.40 6.45 6.30(10) 
Fe .0509 .0956 7.73 7.42 7.62 7.67 7.55 7.45(8) 
wf, weighh fraction; log, log atomic concentration normalized to log Si=7.60; 
aref. 11 mean garnet peridotite (21, Table 10, no. 6) c-fcalculated for 
weight fractions of crust, mantle, core at 0.005, 0.670, 0. 25, Ccore 
Fe 0.946 Ni 0.052 Co 0.002 .25 Si in core e0 .2 5 ~  in core '0.14s in core 
gref. 22 href. 23, error in brackets. 
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