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Ferroan anorthosite has long been recognized as the most likely lunar rock type to have formed by 
buoyant segregation of plagioclase atop a primordial magmasphere (or magma ocean) (e.g., I,?]. Most of 
the pristine lunar rocks of "ferroan" geochemistry (e.g., low mg accompanied by low NaiCa, low EuIAI, 
low GaIAl, etc.) are anorthosites semu srricto, with >90% plagioclase. However, although our sampling 
of the pristine lunar crust may be adequate to establish genetic distinctions based on well-behaved 
geochemical ratios such as mg and EulAI, it is probably woefully inadequate for purposes of establishing 
the mean modal mineralogy (i.e., the mean major-element composition) of ferroan anorthosite. Modal 
mineralogy involves absolute quantities, and among cumulate rocks, modes are notoriously 
heterogeneous. Only 17 pristine ferroan samples are known that have well-established masses > 10 g 
(15415, 60015, 60025, 60055, 60135, 60315, 60515, 61016c, 63236, 62237, 62255, 63375, 64435~, 
65315,65335, 67075c, and 6791%); and only 4 have masses > 300 g (60015 - 4600 g, 6 0 3 5  + 1800 
g, 62255 Q 800 g, 62275 = 443 g). All of these samples are coarse-grained, and in the second largest 
(60025), the "proportion of mafic silicates varies from 1 to 15 [vol ] % in different parts of the rock" (31. 

If a simple mean is taken of the modal mafic silicate contents in the 17 > 10-g pristine ferroan 
samples, the result is 6.6f 7.6 vol%, or 9.3 * 10.5 wt % . (Quoted uncertainties are I-a; conversions from 
vol% to wt% assume a pyroxeneiolivine ratio of 3, with densities from (41.) If a mass-weighted mean is 
used for the same 17 samples, 60015 (99% plagioclase) accounts for 49 % of the total mass, and the mean 
rnafic content falls to 3.7 vol% (4.7 wt%). Nevertheless, it would be rash to conclude, based on such 
limited sampling, that the geochemically ferroan portion of the pristine crust has a mean mafic silicate 
content significantly < 15 wt% (13 ~01%).  Any model sensitive to this parameter should allow for an 
enormous possible range, say 4 to 20 wt%. Korotev and Haskin 151 recently argued that mass balance for 
bulk-crustal Al, Mg and Fe requires that a major proportion of the crust is a ferroan norite and 
anorthositic norite component, "that has not been recognized as volumetrically important among the 
'pristine' rocks." Actually, all that is required to achieve mass balance for bulkcrustal Al, Mg and Fe is 
to assume a realistic mean rnafic silicate content (roughly 15 wt%, instead of 1 wt% as assumed by 151) 
for the ferroan anorthosites - a proportion that might lead one to call the lithology "ferroan noritic 
anorthosite," but certainly does not imply a change to ferroan anorthositic norite, let alone ferroan norite. 

Uncertain as it is, the mean mafic silicate content of the geochemically-ferroan portion of the 
pristine lunar crust is extremely important for models of lunar evolution. The low (mafic 
silicate)/plagioclase ratio of ferroan anorthosite is consistent with buoyancy over its parent magma, 
whereas the more mafic, and hence denser, nonferroan (Mg-suite) cumulates could not, except perhaps by 
rafting over or amidst ferroan anorthosite, float over any plausible parent magma. The magma that 
crystallized the ferroan anorthosites was probably highly enriched in Fe, and hence, dense. In order to 
account for the absence of high-mg varieties of the "ferroan" class of pristine rocks I I], the melt mg must 
have been no higher than -0.45, and generally it was <0.40. The presumably complementary mare 
basalt source regions were extremely Fe-rich (61. In addition, we can infer the compositions of the melts 
that would have crystallized plagioclase over primordial magmaspheres, by coupling constraints from 
experimental petrology with finitedifference models that simulate the fractional crystallization process 
[7-101. An innovative aspect of recent models developed at UCLA is the incorporation of a routine that 
compares the melt density vs. the density of the liquidus crystals (i.e., plag, px, and generally a small 
amount of olivine), and determines a mode (and thus a bulk composition) for the portion of the newly- 
formed crystals that floats atop the magma ocean. The model assumes that the crust incorporates just 
enough mafic silicates to cause its bulk density to match the density of the parent melt. The melt density 
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is calculated using an updated version of the Bottinga and Weill [ 1 1 I method. Some models also simulate 
(albeit in a grossly simplified fashion) periodic replenishment of the magma ocean from below. 

Another novel aspect of the model is that it can simulate the pressuredepth regimes within the outer 
700 km of any terrestrial planet. Such an approach only recently became feasible, thanks to advances in 
high-pressure experimental petrology [e.g., 131. A few model results, all for initial magma ocean 
thicknesses of 500 km, are shown in the Figure below. The upper portion shows results for final 
thicknesses and A1203 contents of the magmasphere-generated crusts, assuming in all cases that the initial 
composition was the same as peridotite KLB-1, for which Takahashi 112) has generated key high-P phase 
equilibrium constraints. The lower portion shows results from models with initial compositions tailored 
to fit the inferred compositions of the planets. For the Moon, the initial composition for this model was a 
2:l mix of Warren's [I31 "SI" melt plus KLB-I ("SIN is remarkably similar, for major elements, to the 
lunar "komatiite" composition inferred by Ringwood et al. 114jj. For Mercury, a 3: 1 mix of the Fe-free 
portions of EH chondrites and KLB-1 was used. For Mars, an average of mantle+crust compositions 
listed in [15] was employed. For Earth, KLB-I was used. Early crystallization of pressure-stabilized 
garnet (and high-Al pyroxene) effectively limits the final yield of magmasphere-generated crust for the 
Earth, holding it to a global mean thickness scarcely different from the modern Earth value, and far 
thinner than the predicted, or observed 161, crustal thickness for the Moon. Mercury also gets a thin 
crust, but in this case the main cause is a paucity of FeO in the parent melts, which consequently can only 
manage to float nearly pure plagioclase. FeO-rich Mars shows the opposite effect, yielding a surprisingly 
thick and Al-poor primordial crust. The Moon's crust is thickest because such a major fraction of its total 
volume is represented by its outer 500 km, and yet little of its Al is sequestered into high-P phases. 

These models imply that, barring high-P complexities, the final Al (i.e., plag) content of a 
magmasphere-flotation crust is strongly related to the FeO content of the parent melt. However, cotectic 
controls over melt crystallization paths ensure that by the time a magma ocean is evolved enough to 
crystallize (stable) plag, its FeO content is strongly correlated with its mg ratio. For the lunar ferroan 
suite, we can confidently infer that the mg ratio of the parent magma was never > >0.45. A wide variety 
of plausible initial melt compositions can be used in lunar magniasphere modeling, but all of those that 
lead to crystallization of (stable) plag over an appropriately FeO-rich melt result in a final mafic silicate 
content for the magmasphere-generated crust in the range 15-30 wt %. These model results appear to be in 
satisfactory agreement with the plag abundance implied by mass balance for Al, Mg, and Fe in the crust, 
as well as with the extremely imprecise mean of observed modes of geochemically-ferroan pristine rocks. 
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