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Two breccias, a basalt, and four soils returned from Fra Mauro by the Apol lo 14 
mission have been analyzed by mass spectrometry and isotope dilution, i n  replicate, for 
their lead isotopic composition and the concentrations of Pb, U and Th (Tables 1 and 2). 
A l l  samples display extremely radiogenic leads at  significantly higher concentrations than 
previous mission collections. The uranium (3.0 to  4.9 P P ~ )  and thorium (1 1.2 to  18.7~pm) 
represent the highest average concentration levels found a t  any lunar site sampled thus 
far, and are clearly responsible for most of the radiogenic lead observed. Several lines of 
evidence indicate that these enrichments (and similar enrichments observed in  light- 
colored breccias and soils from Apol lo 12 site) are unusually high for the moon. They 
apparently reflect a significant regional radioactivity anomaly in  the crust of the southern 
lmbrian basin region where geologic evidence suggests both the Apollo 14 and 12 breccia 
materials were derived. The geochemica l process(es) responsible for the enrichments of 
U and Th have not fractionated them; the Th/U rat io i s  constant a t  about 3.74 h 0.10 in 
b th roc s nd soils, a value typical of Apol lo 1 1  and 12 samples, also. In contrast, the 
Uq38/Pb~0a ratio, an index of original U-Pb abundances i s  higher by a factor of two or 
more i n  the rocks compared to  the soils, suggesting preferential enrichments of ~ b 2 0 4  in  
the soil (barring contamination effects). However, ~238/?'b204 values for these rocks are 
not significantly different from those observed in the Apollo 11  and 12 basalts which have 
from 1/4 to  1/20 of the uranium levels found here (Tatsumoto 1970, 1971; Silver, 1970, 
1971). Pb-U isotope systematics and apparent ages are represented on the concordia 
diagram of Figure 1 . They fa l l  into two distinct classes, separating soils and soil breccias 
from rocks. 

The basalt, 14310, the most radioactive lunar igneous rock we have analyzed, yields 
concordant apparent ages i n  the range 4.27 i .03 b. . This once again i s  distinctly 5 older than ages suggested by Ar39-~r40, and ~ r 8 7 - ~ b  7 isotope relations (3.9 i 0.1 rn .y. ,  
Wasserburg et a! .  , 1971 ). This rock i s  probably a clast from the Fra Mauro breccias, 
although other interpretations are possible. When compared with the coherent dark-clast 
breccia, 14303, a rock containing clasts of several generations of breccias as wel l  as 
basalt fragments similar t o  14310, the basalt i s  only slightly older than the breccia which 
also yields essentially concordant ages a t  4.20 rt 0.03 m.y. A single clast of dark - older 
breccia from within 14303, yields apparent ages of 4.12 i 0.04 b.y. slightly ounger 
than the composite breccia. This data strongly suggests either that the u - ~ h - k m s  
in  the breccia have been extensively but not completely re-equilibrated by events more 
recent than 4.1 b.y. ,  or that the breccia i s  comprised of a mixture of materials wi th  a 
variety of ages and was aggregated i n  present form more recent1 than 4.1 b .y . Whether 
this significant event (which cannot be much less than 4 .0  b .y . r  i s  the lmbrian impact 
requires extended consideration of the available geological and information 
on the sampling a t  the Fra Mauro site. 

The second breccia, 14047, i s  a l ight gray friable breccia containing significant 
amounts of glass spheres, agglutinates and fragments indicating i t  i s  a soil breccia with a 
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prior interval of regol i thic reworking. The most abundant coarser fragments are light-gray 
to white plagioclase-rich l i thic fragments, up to 2 mm in  diameter, comprising about 
3-5 percent of the rock. The light-colored clasts are similar to those found i n  many other 
breccias (H. Wilshire and E. D. Jackson, Apol lo 14 PET, pers. comm.). Analysis of the 
composite breccia sample shows i t ,  indeed, to be similar In Pb-U systematics to the soils 
(Table 1, Figure I), whereas an analysis of about 10 mg of the light clasts handpicked 
from 14047 i s  indistinguishable in  Pb-U ratios and apparent ages from 14303, and very 
similar to 14310. 

Soil analyses (Table 2) reveal the same systematic enrichments i n  old leads relative to 
uranium and thorium compared to local rocks that were observed at Apollo 1 1  and 12 sites, 
and the occupy a distinctly older region of the concordia diagram. Bulk soil sample 
(< 1 mmr, 14163, was analyzed several times after being sampled from the original 
allocation in different ways. The analyses vary sufficiently to indicate that size and 
aliquoting procedure can affect bulk values significantly by varying the ratio of fines to 
coarse material. Fines contain surface area-related enhancements of a pb207-rich lead 
(discussed in an accompanying paper). 14163 analyses produce a linear array (Figure I), 
which lies on and near concordia i n  the general apparent age region of 4.87 b e y .  These 
values are markedly different from those observed in  Apollo 1 1  and 12 soils in their 
radiogenic ~b207/Pb206 ratios, patterns of discordance and model "ages". They demon- 
strate a significant regional provinciality i n  U-Pb isotope properties which has most 
important imp1 ications. They further support our interpretation (Silver, 1970) that the 
composite U-Th-Pb analysis of an individual soil cannot be argued to represent the age of 
the moon. Three other soils from trench and comprehensive sample areas, 14148, 14149, 
14421, and breccia 14047, fal l  on or near the linear array on "Concordia", reflecting 
different contributions of the surface-correlated pb207-rich leads. The projected lower 
intersection, about 2.90 * 0.05 b .y . may be the artifact of several different mechanisms, 
and cannot be given a unique geologic time significance at this point. It i s  clear, how- 
ever, that components other than the rock materials analyzed in this work must be present 
in the family of soils to explain the pattern observed. 

Analysis of the Apollo 15 contingency sample shows i t  to have also a distinctly 
different set of U-Th-Pb systematics, apparently related to its site. A more systematic 
study of soils and rocks from the Hadley-Apennine region i s  underway. 
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