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The isotopic composition of the leads, and the Pb/U and P b b h  concentration ratios 
i n  the fragmental debris sampled by the Apollo 16 mission to the Descartes region of the 
lunar highlands distinguish these complex materials as being among the most ancient 
samples returned from the moon. Eight surface soils, seven segments of deep dr i l l  core, 
and a remarkable plagioclase-rich breccia,taken from the Cayley plains region from 
station 9 to North Ray crater have been analyzed. Volatilization studies of lead in  a 
number of soils are now i n  progress and preliminary results appear to reflect both the 
ancient source materials and recent intense local cratering phenomena. 

The uranium and thorium concentrations are remarkably uniform for al l  soil samples 
reported. The surface soils average 0.622 k0.083 ppm U and 1.971 i0.267 ppm Th. The 
seven segments from the 225 cm of dr i l l  core average 0.655 i 0.106 ppm U and 2.304% 
0.340 ppm Th. The Th/U ratios appear to be distinctly lower in  several of the surface 
soils with a mean surface value of 3.18%0.10 compared to a mean core value of 3.52% 
0.05. The general pattern of U and Th uniformity in  the soils i s  compatible with the 
observations on the very uniform bulk and trace element composition made by LSPET (2). 
The levels are unexpectedly higher than anticipated from gamma-ray studies of other high- 
lands areas. Similar values have been found for other Apollo 16 soils by Tatsumoto et al. 
(3)and Tera and Wasserburg (4). 

The lead concentrations in  the surface soils display a similar constancy, reflecting 
their general correlation with the radioactive parent isotopes. 2 3 8 ~ / 2 0 4 ~ b  values range 
from 100 to 300. The dr i l l  sample data, however, reflect massive terrestrial lead con- 
tamination of the same nature identified i n  Apollo 15 dri l l  core samples (5). The level of 
contamination can be estimated to about 50.3 ppm from the other surface soils. In the 
lowest part of the core and bit, the contamination lead approximately equals the sample 
lead. In higher parts of the core contamination constitutes from 65% to 95% of the total 
lead. Steps have been taken to remove the lead contamination threat to Apollo 17 cores. 

The isotopic composition of lead i n  al l  samples i s  shown in Table 1. These values 
have been corrected for parallel blanks ranging from 10 - 20 ng . The radiogenic character 
of the surface soils i s  apparent. Their radiogenic 2 0 7 ~ b / 2 0 6 ~ b  ratios (korrected for primor- 
dial initial leads) range from 0.76 to 0.90 and as a suite represent the oldest apparent one- 
stage model ages (4900-5300m.y.) determined for l m r  soils. Other Apol lo 16 samples (314) 
show similar 207pb enrichment. The dr i l l  core samples require such large corrections that 
no precise determinations are possible but a similar range i s  indicated when the approximate 
corrections are made. The identification o f  contributing components thus far includes at 
least three end members: (1) radioactive components containing most of the U and Th with 
somewhat youn er associated radiogenic leads, (2) volatile lead in  fractions varying from 
0 to 10% with 907Pb/%'b radiogenic ratios of 1.10 to 1.40, and (3) remarkable plagio- 
clase-rich breccias of the type represented by sample 67075,5 in Table 1 . 
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Rock 67075,5 i s  a nearly-white intensely shattered friable breccia. I t  i s  one of a 
class of Apollo 16 samples called cataclastic anorthosites (type I I )  by LSPET (2). It 
contains more than 95% anorthitic feldspar as crushed matrix and as the major constituent 
i n  clasts with diverse metamorphic intergrowths of orthopyroxene, clinopyroxene, olivine 
or opaque minerals. I t  i s  apparently common on the south rim of North Ray crater. 

The uranium and thorium levels are very low (35.5 and 46.0 ppb) and the Th/U ratio 
(1 -30) i s  the lowest reported for a lunar rock. The lead concentration, however, i s  320 
ppb, with a 2 3 8 ~ / ~ ~ ~ ~ b  of 16.4. In these characteri t*cs i t  resembles the Apollo 15 
anorthosite 14115 (3) and the recently reported 60025i4j, an anorthositic troctolite. The 
isotopic composition of the lead i s  moderately radiogenic but clearly cannot have been 
completely supported by the observed levels of U and Th. Corrected for primordial pb204, 
i t  yields a 2 0 7 ~ b / 2 0 6 ~ b  ratio of 1.24. If this rock type i s  abundant i n  some soils, i t  i s  an 
important source of 207pb-rich leads. No determination of age i s  available i n  order to 
permit a separation of the internally supported and " ini t ia l"  leads. L. Hussain and 0. 
Schaeffer (oral communication) have reported 3 9 ~ r - 4 0 ~ r  rock ages from N. Ray crater of 
4.0 to 4.25 b .y. If one assumes an age of 4.0 b.y. for the last chemical aggregation of 
this rock, the corrected 2 0 7 ~ b / 2 0 6 ~ b  ratio moves to even higher levels suggesting that 
this lead ma contain one of the oldest lunar components identified thus far. 

2 0 6 P b p ~ ~ U  - 207~b/235~ ratios for the samples are shown in figure 1. The surface 
soils have been corrected for primordial 204pb. The dr i l l  core samples have been approx- 
imated with a terrestrial 204pb. The Apollo 16 materials occupy a new region of the 
diagram, one which i n  fact extends beyond its "older" limits. Samples 62281 and 67075 
fa1 l far beyond its range. Comparison with other lunar regoliths can be made: (1) Pb-U- 
Th isotope systematics tend to be regionally distinctive, (2) Apollo 16 debris represents the 
highest Pb/U, Pb/Th and 2 0 7 ~ b / L 0 6 ~ b  ratios observed, (3) regional isotope character 
seems to correlate with the age of the crustal surface, (4) derivation of unique ages for 
the moon or its crust from regolith or breccia data i s  not yet feasible. 

The slightly lower Th/U ratios seen i n  several soils and the very low Th/U ratio i n  
67075 suggests low-radioactivity highlands materials may have distinctive low T ~ / U  ratios. 
Testing of this possibility i s  desirable for understanding lead evolution in  the moon. 
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Table 1 .  

Sample Expt. Station; Pb Isotope Composition Concentrations (ppm) (3) 
No. Depth 206 207 208 Total Contam. 

204 204 264 Pb Pb (2) U Th Th/U 

Surface Soils 
62281,6 1,2 Sta2 168.22 154.14 170.06 2.492 -- 0.573 2.026 3.53 
63321,22 1,3 13 134.60 113.29 129.47 1.828 -- 0.477 1.726 3.62 
63341,15 1,2 13 160.27 130.88 167.96 2.049 -- 0.617 1.803 2.92 
63501,43 1,2 13 190.27 147.93 195.25 1,470 -- 0.604 1.636 2.71 
69941,22 1,2 9 141.81 114.54 148.89 2.341 -- 0.752 2.365 3.14 
69961,25 1 9 170.28 133.72 174.53 2.258 -- 0.711 2.278 3.20 
60051,lO 1,2 10 144.83 131.71 149.75 2.133 -- 0.604 1.819 3.01 
60501,34 1,2 - 10 168.22 154.14 170.06 2.146 -- 0.635 2.1 19 3.34 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ r f l  I-Czre 
60001,6 1 225cm 49.59 38.94 (1) 4.61 2.0 0.819 2.763 3.37 
60003,8 1 180 48.78 39.54 (1) 3.61 1.5 0.647 2.428 3.75 
60004,12 1 140 22.71 18.77 (1) 15.29 13.0 0.672 2.463 3.66 
60004,21 1 103 29.12 23.24 (1) 6.98 4.8 0.641 2.279 3.56 
60006,6 1 55 29.79 25.34 (1) 6.94 4.5 0.722 2.338 3.24 
60007,106 1 2 1 30.08 24.37 (1) 5.96 4.0 0.616 2.212 3.59 
60007,113 1 1.5 25.89 22.07 (1)- 7.59 6.0 0.470 1.648 3.50 - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  
KO&- 
67075,5 1,2 Sta 1 1  49.04 59.12 62.85 0.320 -- 0.0355 0.0460 1.30 
(1)  Spiked with 2 0 8 ~ b ;  (2) Estimated by comparison with surface soils, S . 3  ppm; 
(3) Concentrations have precisions of *l%; minor Pb corrections may be expected when 
spiked-on1 y samples are completed. 

U-Pb Isotope Systematics 
in Lunar Surfaca Materials 
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