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The most distinctive chemical differences between the Earth and the moon 
are the lower volatile/refractory element ratios (eg. Rb/Sr, K/U) in the latter 
body, According to the fission hypothesis, these differences must be 
established during that event, which post-dates core formation. Most lunar 
bulk compositional models show higher Fe/Mg ratios than the terrestrial 
mantle. There is also a general enrichment in refractory elements with most 
lunar models containing more than 30 ppb uranium, in contrast to terrestrial 
mantle models which contain less than 20 ppb. (1) There is general agreement 
that the moon is depleted in volatile elements relative both to the Earth 
and to solar nebula abundances. The Earth (Rb/Sr = 0.031) is depleted in 
Rb relative to C1 chondrites (Rb/Sr = 0.30) while the moon (Rb/Sr = 0.009) 
is depleted relative to the Earth. (2) This volatile/refractory element 
depletion is shown likewise by K/U ratios which are 60,000 for C1, 10,000 
for the Earth and 2,500 for the moon. Since bulk moon and terrestrial 
mantle compositions are distinct, simple versions of the fission hypothesis 
do not work. At least one additional stage, involving loss of volatile 
elements, has to occur following removal of the proto-lunar material from 
the Earth's mantle, but before its accumulation into the moon. 

Volatile element depletion is common in the Solar System, as is shown 
by the widespread variations in K/U ratios in meteorites and planets. Three 
basic questions arise. When does the volatile-refractory element separation 
occur, where is the location and what is the mechanism responsible? The 
meteorites provide some basic clues. They display much variation in metal- 
silicate and volatile-refractory ratios, The production of metal is 
apparently separate from and unrelated to the volatile depletion. The type 
1 enstatite chondrites provide this interesting information since they 
contain all their complement of iron as metal, but retain the primitive 
levels of volatile element abundances. (3) The HI L and LL chondrites display 
both variations in metal and volatile elements. The eucrites provide 
evidence for several episodes of element fractionation. These include loss 
of volatile elements (K/U = 3,100) and depletion of siderophile elements 
either before formation of the eucrite parent body, or by separation of a 
small metallic core, leaving a metal-free silicate mantle. From this mantle, 
the eucrites were derived by partial melting. The Rb-Sr, Sm-Nd and Pb-Pb 
ages for C-1, HI L, LL and E chondrites all point to ages of about 4.56 Ae. 
(4)The eucrite ages are particularly significant, Pb-Pb ages indicating an 
age of 4.54 Ae. Accordingly, the meteorites provide us with evidence that 
both metal-silicate and volatile-refractory element separation was very 
early, occurring at times not easily distinguished from To. 

The mechanisms responsible for the volatile depletion are speculative, 
but some constraints may be noted. The separation of volatile (eg K) from 
refractory (eg U) elements occur on a large scale, so that the Earth, moon, 
the eucrite parent body and other planetesimals acquired differing K/U 
ratios. However, heavy elements cannot be lost by heating from condensed 
bodies of planetesimal size, and the separation must take place in dispersed 
phases before accretion. Separation during condensation from an initially 
hot nebula is unlikely. There is no evidence that the solar nebula was hot, 
and there is considerable evidence, principally from the isotopic hetero- 
geneities (5) but supported by astrophysical observations and theory (6) 
that it was cold. 
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Possible mechanisms for volatile loss include generalised heating of 
inner portions of the nebula by the early sun, or flash heating by early 
solar flare activity. Heating in itself will not necessarily separate volatile 
from refractory elements on a large scale, but possibly finely dispersed 
volatiles can be removed by early strong T Tauri type solar winds. The timing 
of such removal is crucial, since not all volatile elements are removed from 
the inner solar system. Enough material remains to form the volatile components 
in the inner planets. Accordingly, by the time that the early sun is radiating, 
some material must already be in planetesimals capable of surviving dispersion 
by early strong solar winds. Astrophysical observations and theory indicate 
that such early intense stellar activity occurs within a few millions years of 
arrival on the main sequence. (7) In the solar nebula, these events will not 
be clearly separable from the meteorite ages of about 4.56 Ae. If the volatile- 
refractory element separation occurs by such mechanisms then in occurs very early. 

What is the relationship of these events to the origin of the moon? 
Current theories for the origin of the inner planets call for their assembly 
from a diverse suite of planetesimals. The time scale for the accretion of the 
inner planets from a large population of planetesimals is of the order of lo8 
years, although much of the accretion is completed in about half that time. 
Cleariy the Earth accreted from planetesimals which had the bulk property of 
K/U ratios of 10,000 and Rb/Sr = 0.031. The Moon, as noted earlier, is more 
depleted in volatile elements, with K/U = 2,500 and Rb/Sr = 0.009. In the 
lunar fission hypothesis, this depletion has to occur during the fission event. 
This must be post-core formation since all versions of the fission hypothesis 
for the origin of the moon from the earth require prior core separation, to 
lower the density and account for lower total iron content in the moon. 
Accordingly, the Earth must be nearly at its present size, with core and 
mantle separation essentially complete, before fission can occur (ie. about 
lo8 years after To), In principle the Rb-Sr isotopic systematics could provide 
evidence for the time of separation of volatile Rb from refractory Sr (and 
hence also K from U) . The best constraints on the lunar initial 87~r/86~r 
(LUNI) come from measurements on the low Rb/Sr anorthosites. For example, 
sample 60025 has a measured 87~r/86~r ratio of 0.69895+3, which constrains 
LUNI to be equal to or less than that value. (8) This is close to BABI 
(0.6989853). (9) If the moon fissioned from an Earth formed in lo8 years by 
accretion from a suite of planetesimals with bulk Rb/Sr = 0.031, then the 
terrestrial initial 87~r/86~r ratio must be closer to ALL (0.69877+2) than 
to BABI. The simplest interpretation is that the separation of volatile from 
refractory elements (Rb from Sr and K from U) occurred at times not readily 
distinguishable from 4.56 Ae, and not lo8 years later. This imples that the 
basic differences in volatile/refractory element ratios between the Earth and 
the moon were established in precursor phases prior to their formation, and 
that the two bodies accreted from a distinct set of planetesimals. 
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