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Recent Sm-Nd studies have indicated surprisingly young ages for cumulate eucrites: 4.41 k0.03 Ga, 
4.46f 0.03 Ga, and 4.457k0.03-5 Ga, for Serra de Mag6 [I], Moama [?I, and Moore County [31, 
respectively. The more fine-grained noncumulate eucrites yield older ages, typically 4.53-4.54 Ga 141, 
although Stannern's Sm-Nd age is 4.48k0.07 151. The eucrite parent body is presumably a relatively 
large asteroid, possibly Vesta [6j. Due to the high closure temperature of the Sm-Nd system, a rock's 
Sm-Nd age is generally interpreted as identical to its igneous crystallization age. However, even a large 
asteroid is probably incapable of sustaining igneous activity over many tens of Ma, let alone 100 Ma, 
with separate pulses of magmatism. A somewhat analogous paradox exists with the oldest rocks from the 
crust of the Moon. Petrologic evidence strongly suggests that the very oldest lunar crust (i.e., the crust 
produced by buoyant segregation of plagioclase over a primordial lunar magma "ocean") consisted almost 
entirely of the geochemically distinctive lithology ferroan anorthosite, or FAN 171. Due to its extremely 
low-Sm, low-Rb composition, FAN is difficult to date with either the Sm-Nd or the Rb-Sr technique. 
However, Carlson and Lugmair 181 recently succeeded in determining an isochron of 4.44f 0.03 Ga for 
FAN sample 6003-5. This is an extremely ancient age, but several equally old Rb-Sr ages have been 
reported for "Mg-rich" suite cumulates that, based on petrologic evidence, are probably at least slightly 
younger than all FAN [8,9] (note: the Rb-Sr ages as cited by 181 are based on a conservatively high decay 
constant of 1.4% 10" ' yr-l). Moreover, unless the Moon formed appreciably later than the canonical age 
of the solar system, interpretation of the 4.44 Ga age of 60035 (which is geochemically and 
mineralogically a typical FAN 1 lo], with no signs of an extraordinarily late pedigree) as an igneous 
crystallization age would imply a surprisingly prolonged evolution of the primordial magmasphere. 

All of the cumulate eucrites, and all of the little-brecciated examples of FAN, have in common 
relatively coarse-grained, cumulate textures, indicative of origins deep within the crusts of their parent 
bodies. A possible explanation for their surprisingly "young" ages is that they date the termination of 
isotopic equilibration during prolonged subsolidus cooling, in the aftermath of igneous crystallization. 
The Sm-Nd closure temperature is high, but it is substantially lower than a basaltic solidus, and it is not 
precisely constained. Carlson and Lugmair [I 1 j suggested that a sustained temperature of 1000 "C might 
suffice to maintain Sm-Nd isotopic equilibration within the lunar crust. Tera et al. [31 considered the 
possibility that an analogous mechanism worked to lower the ages of the cumulate eucrites, but they 
concluded that if so, the cumulates eucrites must have formed > 100 km deep in their parent body. 

The potential for Sm-Nd ages to represent "cooling" ages instead of igneous crystallization ages is 
greatly enhanced by considering the effect that insulation by the megaregolith (and regolith, sensu srricro) 
probably had on the cooling of the crusts of the Moon and the larger asteroids. We have adapted the 
cooling models of Warren and Rasmussen 1121 for the Moon, and Haack et al. 1131 for asteroids, to 
assess the magnitude of the insulating effect under various assumptions regarding the thickness of the 
megaregolith and the depth at which the cumulate rocks might have formed. We assume that megaregolith 
has a thermal conductivity (k) about 10 x lower than the subjacent lithosphere. As reviewed in 1131, 
many accretionary~ratering models predict that the Moon formed a megaregolith many km thick, but it 
seems likely that the thickness of the megaregolith, in the sense of a blanket of highly porous, low-k 
breccias, was limited to not much greater than 2 km by sintering and/or compaction effects. The extent of 
the megaregolith/regolith layer(s) on the eucrite parent body is even harder to constrain. The abundances 
of howardites and polymict eucrites 161 testify to a widely brecciated crust. Sintering and especially 
compaction would have been less important in an asteroidal crust. Many recent models of asteroidal 
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evolution suggest that virtual breakup and reassembly through large-scale collisions, leaving a 
"gravitationally-bound rubble pile" (i.e., a mantle that is megaregolith throughout), may have been the 
norm rather than the exception [e.g., 141. Some models of asteroidal evolution predict remarkably thick 
regoliths (sensu stricto), e.g.,  several km thick for Vesta [15j. All of our lunar models, and one family of 
our asteroid models, assume negligible regolith. Some of our asteroid models assume a 1.25-km thick 
regolith, with k = 0.05 x that of the megaregolith. 

Starting from a solidus Tof 1166 "C (+ 13 deg./kbar), our models predict the average temperature 
at any given time and depth (see Figures). The lunar models shown assume a bulk-Moon U content of 24 
ngtg; the asteroid models assume that the bulk-asteroid U content is 16 ngig. Considering that, especially 
in the Moon, an isotopic equilibration age might reflect a short excursion from the average T(e.g., a rise 
in T due to emplacement nearby of an Mg-suite pluton, or due to a nearby large impact), our results for 
"time to cool to" T should be highly conservative. Assuming that the Sm-Nd closure T is .u 1000 "C,  and 
a 2-krn thick megaregolith, we find that an interval of at lemt 30 Ma would have passed before a 
cumulate formed by primordial igneous crystallization roughly midway (30 km) down through the lunar 
crust would have punched its Sm-Nd clock. For cumulate eucrites, a much thicker megaregolith (or else 
an unrealistically thick basaltic crust) must be assumed to provide a 10' year lag between igneous 
crystallization and Sm-Nd closure. However, such a thickness is not precluded by the meager constraints 
on the k-stratigraphy of the eucrite parent asteroid. 
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