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BUOYANCY-DRIVEN MELT SEGREGATION IN THE EARTH'S MOON. J.W. Delano; 
Dept. of Geological Sciences; State University of New York; Albany, NY 12222 

The densities of lunar mare magmas have been estimated as functions of 
composition, pressure, and temperature in order to assess the role of 
buoyancy-driven melt segregation in the long-term geochemical differentiation 
of the Moon. The impetus for such work derives from important contributions 
[I-41 made recently with respect to basic and ultrabasic melts in the Earth's 
mantle. In the present study, partial molar parameters [5 I have been used 
to estimate (a) the zero-pressure densities of mare magmas at liquidus 
temperatures and (b) the isothermal bulk moduli of mare magmas. These values 
have been applied to a third-order Birch-Murnaghan equation for 38 mare com- 
positions, including 25 pristine glass compositions [6,71 and 13 crystalline 
mare basalts. The densities of these mare compositions have been estimated 
for pressures up to 47 kbars (center of Moon) for the following range of 
values: slope of liquidus dT/dP = 7-10°C/kbar; pressure-derivative of the 
isothermal bulk modulus = 5-7. 

Figure la shows an important relationship among the pristine mare 
glasses, which are believed to be the best candidates for primary melt 
compositions derived from differentiated mantle source-regions [e.g. 81. Note 
that the zero-pressure density-contrast between equilibrium liquidus olivine 
and melt systematically decreases from 0.40 g/cc for low-Ti liquids to 0.18 
g/cc for high-Ti liquids. Since silicate liquids are more compressible than 
sil'icate solids in chemical equilibrium with those liquids, the small 
density-contrast (0.18 g/cc) for high-Ti melts in Figure la suggests that 
Ap + 0 at modest pressures among these pristine glass compositions. In 
contrast, note in Figure lb that the crystalline mare basalt compositions 
from Apollo 11, 12, 15, and 17 display no systematic relationship. This 
would result if, as suspected [7,81, most of those mare magmas have had their 
compositions modified by low-pressure crystal/liquid fractionation, such that 
their liquidus olivines are relatively enriched in the fayalitic component 
and thereby denser than liquidus olivines aasociated with pristine glass 
compositions. 

Figure 2 shows the density of a very high-Ti melt (12.7 mole % TiO,; 16.4 
weight % TiO,) at its liquidus temperature for a range of pressure from 0 to 
47 kbar. This melt has olivine (FO?~.~) as its liquidus phase from 0 to " 25 
kbar. Low-Ca pyroxene (estimated as replaces olivine as the liquidus 
phase at pressures greater than 20-25 kbar. Although garnet may become a 
liquidus phase at pressures > 30 kbar, that is of little relevance for this 
discussion. The source-regions that produced the magmas represented by the 
pristine glasses are believed to have been located at pressures of 20-25 
kbar (400-500 km depth) based on liquidus phase relations [9-121. Since 
Ap + 0 at 20-25 kbars, it appears from Figure 2 that any magma having more 
than 12.7 mole % Ti02 would not be likely to ascend to the lunar surface. In 
fact, the Apollo 14 black pristine glass is the highest Ti melt composition 
yet observed on the Moon and may be approaching a compositional limit for 
magmas that can be erupted from depths in the Moon of 400-500 km. This view 
is given additional support from calculations modelled after those of Solomon 
[131. If the lunar mantle produced magmas having > 13 mole % TiOz at depths 
> 400 km, those magmas may have sunk deeper into the lunar interior. The 
speculation is offered that the seismic Attenuating Zone [I41 in the present 
Moon at depths > 1000 km, which has been interpreted as a zone of partial 
melting [141, might be the location of dense, high-Ti melts that have 
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migrated downward to produce an interstitial (<  10 volume %) fluid. Such 
melts would have liquidus temperatures at pressures > 38 kbar within the 
range of temperatures estimated to exist now [151 in that region of the Moon. 

From these calculations, it appears that although the Moon possesses only 
modest pressures, the extreme compositional range of its mantle-derived mare 
magmas permits some high-Ti melts to become denser than their equilibrium 
residual solids at pressures approaching 20-25 kbars. Since that is the 
pressure regime of their source regions, a compositional limit of eruptable 
magmas may exist that is, perhaps not coincidentally, similar to the highest- 
TiOz magma actually sampled. 
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