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Lunor Mare Basalts A summary of eNd VS. age for lunar rocks (Fig. 1) 
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Age (Go) 2). The simplest explanation of this pattern assumes one- 

Figure 1.  EN^ vs. age for lunar rocks. From (1). time mixing of LREE-enriched crustal components with 
LREE-depleted mantle materials at -4.25 G a  ago 

resulting in a uniform Sm/Nd ratio throughout the source region(s) of the basalts, followed by simple 
radiogenic growth until magma extrusion (Fig. 3). 

A-1 4 more bosolts & highland rocks Giant impacts of the type hypothesized by some 
authors to have formed the so-called Procellarum basin 

10 Hqhlond Igneou. rocks] are a possible cause of crust/mantle mixing. Whitaker (3) 
Gobbronontsr 

Horlte presented evidence supporting the existence of the 
+ 2  - Procellarum basin and concluded that discussions of 

compositions, ages, histories and petrology of lunar rocks 
should recognize the possibility of effects resulting from 
formation of such basins. Recently, remote sensing 

. 0.169  experiments on board the Galileo spacecraft have 

3.7 3.9 4.1 4.3 4.5 4.7 
provided evidence for an ancient South Pole-Aitken 
basin (4,5). In contrast to other large basins, the latter is 

Age (Go) not flooded by mare lavas and mafic units within it may 
Figure 2. vs. age for *pollo 14 mare bwaltsr have been excavated from the mantle (5). Dence (6) has 
pristine crustal cumulate rocks, KREEP basalts, qnd the depth of the transient cavity of the 
lunar granites. G I ,  G4,  and G5' are aluminous mare 
basalts. After (2).  Imbrium basin to have been -160-190 km. The South 

Pole-Aitken and hypothetical Procellarum basins are 
twice the size of the Imbrium basin. It is plausible that either or both may have penetrated the mantle 
and in so doing mixed mantle and crustal materials. 

Fig. 3 illustrates a satisfactory explanation of the Nd- 
\, / isotopic data, but consideration of the REE data for the 
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Apollo 14 basalts suggests that a more complicated model is 
more realistic. The model illustrated in Fig. 3 assumes 
radiogenic growth occurs in mixed sources having the same 
Sm/Nd ratios. The basalts themselves have variable Sm/Nd 
ratios, suggesting derivation from sources of variable Sm/Nd 
ratios, since the Sm/Nd ratio changes little during partial 
melting. Fig. 4 illustrates growth in source reservoirs having 
the same Sm/Nd ratios as the basalts themselves. Clasts of 
G5' and olivine (OB) basalts have the oldest ages and may 

Age (Go) 
have been extruded directly as a result of impact-triggered 
volcanism. They also have the highest eNd values and, in the 

Figure 3. Model illustrating radiogenic growth in 
a mixed crust/rnantle reservoir perhaps produced context of the model, would be among those least 

by a giant impact (Procellarum event?). contaminated with crustal Nd. The next basalts to appear, 
belonging to the G1 and TFB (tridymite ferrobasalt) groups, 
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3 ,--, 
Apollo landing sites within the ring structure. The inner 

Figure 4.  EN^ for Apollo 1 4  aluminous mare basalts 
illustrating growth in source reservoirs with Sm/Nd ring, which bears the closest relation to the crater of 
ratios equal to those in the basalts. excavation, defines a spherical segment whose altitude is 

are inferred to come from sources containing similar proportions of crustal and mantle Nd as the G5' 
and OB basalts, but were extruded later, presumably as the result of melting due to radioactive decay 
in source regions in which the heat-producing elements were significantly augmented by 
contamination. Finally, the last basalts in the sequence seem to have come from more LREE-depleted 
precursors, which, nevertheless, incorporated a high proportion of crustal Nd. This requirement could 
be satisfied by remelting source regions containing a significant proportion of mafic phases which 
crystallized from a mixed melt in which most of the Nd was of crustal origin, for example. 

Alternative explanations of the linear correlation of eNd with age can be considered. By 
analogy to typical mare basalts, one possibility to consider is that the melts were sequentially extracted 
from sources of progressively decreasing Sm/Nd ratios. In this scenario, the earliest melts need to be 
from the most LREE-depleted sources and later melts from LREE-enriched sources. But, a linear 
correlation would not be a ~ r i o r i  expected and would require that the melting interval be a smooth 
function of the Sm/Nd ratio. Furthermore, reduction in the LREE often acconipanies redufiiori-in 
the heat producing elements, so, the melting sequence seems inverted relative to that which is 
expected. This seems an unlikely, but not impossible, scenario. 

Another model to consider is that of a progressive, regular, increase with time in the amount 
of Nd assimilated by melts from "typical" depleted basalt sources as they migrate to the lunar surface. 
Models of this type have been suggested for several of the basalts for which we have data. The linear 
correlation of cNd with age requires that the amount of Nd assimilated is strictly proportional to the 
basalt age. VHK basalts, for which assimilation of alkali elements appears to have been important, 
have the youngest ages of the group, providing some support for this model. Although assimilation 
very probably accounts for the anomalously high K-contents of the VHK basalts, the model results 
suggest that it did not seriously affect their Sm/Nd ratios. 

4 i J  olumrnous mare bosolts For the preferred "one-time, variable 

a significant fraction of a lunar radius. It seems plausible 
to the authors that such a crater would have penetrated the lunar mantle and could have, via mixing 
of fallback ejecta, and/or melt injection into cracks in the basin sub-floor, produced something akin 
to the contaminated source region that the Sm/Nd data seem to suggest. 

Further isotopic studies are needed to confirm the generally linear correlation of fNd with age 
for the Apollo 14 pre-mare basalts. The possibility exists that the geochemistry of many lunar samples 
-- perhaps even all -- has been influenced by the Procellarum Basin event. Orbital geochemical 
mapping of the "Procellarum basin" area combined with carefully selected sampling of areas outside 
its area of influence might yield new insights into the lunar database. 
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3 8 4 o a 2 4 4 J 6 Procellarum Basin by Whitaker (3) and later authors. Its 

Aae (Go ' )  outlines, as deduced by Whitaker (3),  include all the 
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contamination" model, the possibility of variable amounts 
and compositions of contaminating materials, combined 
with source materials of possibly variable compositions, 
presents a very complex picture. Is there a physically 
plausible setting for such processes? 

Several authors have suggested that the nearly 
circular western shoreline of Mare ProcellaCm is due to 
the initial presence of an ancient, lunar basin called the 
Gargantuan basin by Cadogan (7) and, more recently, the 


