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We have made a petrographic reconnaissance of currently known "basaltic" samples from the Apollo 16 
landing site and have found four samples (6 1249,2; 62245,6; 65905,8; and 645 15,5) which are indeed basaltic in 
hand specimen. These four samples have been analyzed for trace-elements by INA (including siderophiles to 
determine their pristinity). Ir abundances are high (13.5-18.8 ppb) for all four samples, indicating that they are not 
pristine. Careful study of the whole-rock chemistry of these four samples shows that they are elevated in Ca, Al, 
and Sr relative to typical lunar basalts, indicative of mixing with a plagioclase-rich component such as highlands 
anorthosite. A true, pristine, basalt has yet to be found at the Apollo 16 landing site. 
INTRODUCTION -- It is believed that mare volcanism was an important process during the early evolution of the 
highlands. We have evidence for volcanism at all landmg sites, including Apollo 14, but have not been able to 
find true basalts at the Apollo 16 site. It has also been shown that the character of basaltic volcanism at the 
Apollo 14 site was quite different that at the mare sites of Apollos 11 and 12. If basalts were found in the 
highlands, its character is likely to be vastly different than that found in the mare. Such is the case on Earth, 
where oceanic basalts are found to be demonstrably different in chemistry and character from continental basalts. 

We have undertaken a two-pronged approach, in an attempt to find true basalts from the Apollo 16 landing 
site. First, we carefully combed through the Apollo 16 sample catalogs and requested thin-sections be made (for 
those that had no sections made) of all samples which appeared to be basaltic from preliminary descriptions. The 
results of this petrographic reconnaissance will be reported next year. Second, we had allocated a group of existing 
thin-sections of possible basaltic rocks and four whole-rock splits of samples classified as subophitic, 'basaltic" 
melt rocks for trace-element analyses, the results of which are reported below. 
PETROGRAPHY & MINERAL CHEMISTRY OF APOLLO 16 SUBOPHITIC IMPACT MELTS -- 
Sample 67948 is a mesostasis-rich basalt with abundant plagioclase grains subophitically enclosed in pyroxene. 
The plagioclase grains are anhedral to acicular and range from 0.5 mm to 0.3 mm in longest dimension. The 
mesostasis contains glass, metal, and ilmenite. No olivine is present in the sample. F'yroxene varies in 
composition from EQ, to En,,. Plagioclase exhibits a bimodal distribution in composition of Arbo4, and An,,,,. 
One FeNi metal grain contained 2.6% Ni. 

Nearly 80% of rock 67559 in plagioclase of relatively uniform compostion, Ango-,,. The plagioclase occurs as 
subophitic, accicular grains about 0.5 mm long. Pyroxene is common and exhibits a broad range from E s O  to 
Enao Olivine is rare and has a composition of Fo6, Small grains of metal and ilmenite are also present. The 
dominant mineral in 65795 is coarse-grained lath-like to tabular, subophitically enclosed plagioclase with a 
composition of AI-~,-~,.  Fine-grained olivine, metal, and ilmenite are also present. Olivine has a composition of 
-Fo70 and pyroxene ranges in compositions from En6, to En,,. Rock 67747 is also rich in plagioclase (Ang0-95) 
which comprises aproximately 80% of the sample. Large (> lmm), poikilitic olivine ( F o ~ ~ . , ~ )  grains are common. 
Pyroxene is interstitial and also occurs in the mesostasis and ranges in composition from En,,,,. Rock 60635 is 
an especially coarse-grained section with large, phenocrystic plagioclase laths up to 2.5 mm in longest dimension. 
Smaller plagioclase (Ang3-97) and pyroxene (En60-,o) grains are also interstitial. Olivine is absent from this 
section. 

Although all of the rocks above exhibit pristine, subophitic igneous textures, the chemistry of the minerals and 
their relative proportions suggest that they are impact-generated mixtures of basaltic and highlands rocks. The 
samples are too rich in plagioclase and often exhbit bimodal distribution of mineral composiitions within a given 
rock. Furthermore, the anorthite content of most samples is in the range of ferroan anorthosites (Angzg7), not 
typical mare basalts. Only rock 67498 contains plagioclase with a composition in the range of typical mare basalt 
(h6~-80). 
WHOLE-ROCK CHEMISTRY -- A careful search through the Apollo 16 Catalogs [I] led us to request four 
rock samples which had previously been classified as subophitic, 'basaltic'', melt rocks -- 61249, 62245, 64515, 
and 65905. We postulated that, since trace-elements had not been analyzed on these rocks, they could still be 
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'true', pristine, basdts. Sub-samples were allocated and then Table 1: Trace-Elements Analyzed by INAA for 
analyzed by INA for trace-element abundances, including the   pol lo 16 Impact Melts 

siderophile element Ir (Table 1). Sample 612492 62245,6 64515,5 65905,8 

As can be seen, all four samples contain a high level of Ir (13.5- =========- =====-====-== 

18.8 ppb) and cannot be considered chemically pristine. Although 2: @"I 3.59 3.76 3.85 4.06 
95.5 91.3 95.6 103 

the rareearth element (REE) patterns of these rocks are similar to Fe 61.4 71.0 64.4 71.4 
many lunar basalts, REE and K abundances are much higher, ranging 2pm) 1360 1910 2850 

728 785 791 906 
from 100 to 300x chondntes La (Figure 1) and suggesting the addition 
of a REE- and K-enriched component (KREEP?). sc 11.0 13.1 13.4 16.8 

Cr 
THE REGOLITH AT APOLLO 16: '(BASALTS" VS. IMPACT co 

1090 1360 1240 1170 
46.3 63.5 43.9 46.0 

MELTS -- It is perhaps not surprising that these impact melts are Ni 865 955 671 439 
Zn 18 

comprised of mostly highlands material. High Al and modal ca 15 22 
10 

3.8 4.9 5.3 5.8 
plagioclase (up to 80 vol.%) in these rocks are indicative of the large Rb 4.9 8.9 9.9 6.4 

Sr proportion of anorthositic highlands component in these impact melts. 153 151 172 202 478 414 461 1010 
In fact, very little evidence of a true mare basaltic component is found c s  0.18 0.32 -- 0.44 
in the rocks studied from Apollo 16. Furthermore, it is likely that if 236 306 316 602 

24.1 31.5 31.8 61.9 
mare basalt were found at the site it would not be indigenous to the Ce 64.1 89.8 84.0 177 
Apollo 16 site, but could have been transported there by meteorite z i  33.8 49.4 45.1 93.5 

11.4 14.8 14.8 28.7 
impact. Only rock 67498 contains plagioclase which is evolved E, 1.44 1.69 1.76 2.33 
enough to have been derived from a mare basalt. Conversely, this Tb 2.27 2.94 2.99 5.86 

Ho range in plagioclase (&0-80) is also characteristic of Alkali Suite T, 2.74 3.65 4.01 8.88 0.98 1.28 1.27 2.78 
rocks. yb 8.83 11.1 11.1 21.5 

Reimold et al. [2,3] determined that rocks 67948, 67559, and $ 1.01 1.27 1.28 2.30 
8.48 9.88 10.1 20.6 

67447 were indeed impact melts. They suggested that impact melts T, 1.09 1.27 1.29 2.68 

from Apollo 16 could be grouped into 22 distinct melt sheets with ages L @ P ~ )  18.8 13.5 18.8 17.2 

ranging from 3.72 to 3.94 Ga, but grouped into two separate events. 3.82 4.99 4.81 10.1 
0.98 1.25 1.28 2.23 

Rb-Sr and Sm-Nd isotopic modelling pointed to the age of the ............................. 

500 Descartes formation as 4.1 Ga and that of the 
Cayley formation as 3.81-3.86 Ga. The range in 

E + 300 mineral chemistries exhibited by these impact . m 
h melts is also suggestive of the polymict nature of 
W 200 these rocks. The high Ir values for the four INAA 
8 samples also indicate that Apollo 16 impact melts 
E u 100 contain a s igdcant ,  albeit minor, meteoritic 

r( 
component. 

Only two known basalts, both clasts in breccia, 
50 have been reported from the Apollo 16 sample 

30 
collection -- 60639,4 (,5) [4,5] and 60255,21 [6,7]. 
Clast 60639,4(,5) was classified as a high-Ti mare 

20 basalt [5], although its Ti02 content is only 7.3 
La Eu Tb Ho Tm Lu wt.%, much less than typical mare basalts from 

Ce Nd Sm Gd Apollo 11 and Apollo 17. Ir was not measured on 
this sample, but Au contents of 14 to 19 ppb make 

the pristinity of this sample suspect. Hughes et al. [7] claimed that clast 60255,21 is a low-Ti mare basalt, 
although its trace-element content was found to be distinctly different from other low-Ti basalts at Apollo 12 and 
Apollo 15. Furthermore, the chemical pristinity of this clast is still in question as siderophile elements were not 
analyzed. Therefore, we conclude that pristine basalts have yet to be unequivocally confirmed at the Apollo 16 
landing site. The search continues. 
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