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LIGHT LITHOPHILE ELEMENTS (Li, Be, B) IN LUNAR PICRITIC GLASSES. 
IMPLICATIONS FOR LUNAR MANTLE DYNAMICS AND THE ORIGIN OF 
THE MOON. C. K. Shearer, G. D. Layne, and J. J. Papike. Institute of Meteoritics, 
Department of Earth and Planetary Sciences, University of New Mexico, Albuquerque, 
New Mexico, 8713 1-1 126. 

INTRODUCTION. Lunar picrites represented by high Mg volcanic glasses are thought 
to be products of either partial melting of the deep lunar mantle followed by rapid ascent 
[1,2] or polybaric partial melting initiated in the deep lunar mantle [3]. The near primary 
compositions of these volcanic glasses provide us with a unique perspective for 
evaluating basaltic magmatism, the characteristics and evolution of the lunar mantle and 
the origin of the moon. The light lithophile elements (Li, Be, B) in planetary materials 
have been used to estimate planetary compositions and evaluate magmatic processes. 
Based on the available Li and Be data, [4] calculated the primary proportion of Mg- 
silicates (non-refractory) and high temperature condensates (refractory) during the 
accretion of the Earth, Moon, and Eucrite Parent Body (EPB). Recent studies [5,6,7] of 
LLE in terrestrial basaltic systems have yielded several important insights into terrestrial 
mantle magmatism and LLE characteristics of the terrestrial mantle. In all cases cited, 
basalts analyzed were not of primary magma composition. Here, we present LLE data on 
the lunar picrites and offer insights based on their behavior. 
ANALYTICAL TECHNIQUES. Ion microprobe analyses of the glasses were conducted 
using a Cameca 4f ion microprobe operated on the UNM campus by a UNM-Sandia 
National Laboratory consortium. Standards for Li, Be, and B in basaltic glass matrices 
were kindly provided by Dr. J. Ryan. Precision for Li is better than 1 .O% and for Be and 
B it is better than 2.0%. Calibration curves (LLE130Si x wt% Si02 versus LLE 
concentration) were originally defined by a minimum of five standards for each element 
and are linear for the concentration ranges found in the picritic lunar glasses. Picritic 
glasses analyzed in this study were from the Apollo 1 1, 12, 14, 15, and 17 sites and were 
previously analyzed for major and selected trace elements by electron microprobe and 
ion microprobe. This suite of glass beads ranged in Ti02 fiom 0.3 to 17 wt% and covers 
most of the groups defined by [I]. A total of 70 individual glass beads were analyzed for 
the LLE. In addition, core-rim analyses of individual glass beads were made. 
RESULTS. The LLE show a wide range of variability with Li ranging from 1.2 to 23.8 
ppm, Be ranging from .06 to 3.09 ppm, and B ranging fiom . l l  to 3.87. B/Be ranges 
from 0.40 to 4.6. Lime ranges from 2.7 to 41.7 although 90% of the LiIBe values range 
from 14 to 30. Both B/Be and Lime values for the picritic glasses are less than chondrite. 
Be/Nd for the glasses ranges from .04 to .06 and are similar to that of chondrites (.058). 
Traverses across individual beads indicates that they are generally homogeneous with 
regards to LLE regardless of Ti02 content (Fig. 1 and 2). Beads that exhibited textural 
evidence for slower cooling (i.e. A17 Orange glass a A17 Black glass) generally show a 
increase in LLE from core to rim. Except for the A-17 VLT glasses and the A-1 5 Yellow 
glasses, the individual glass groups show limited variations in LLE characteristics. Even 
these anomalous glass groups plot in clusters with limited deviations from the cluster. At 
individual sampling sites, the LLE content is positively correlated to Ti02. LLE 
concentrations also parallel the enrichment of other lithophile elements such as Ba, Zr, Sr, 
and REE. As noted by [2] for other trace element characteristics, glasses from each 
sampling site have similar LLE signatures. For example, the Apollo 14 glasses generally 
have higher LLE concentrations relative to glasses of similar Ti02 content from other 
sites. As shown in Figure 1 and 2, this LLE enrichment appears to fall along a mixing 
lines between LLE depleted glasses (i.e. A15 Green C) and KREEP. Also shown in Fig. 
2, is that the high Ti glasses are displaced toward higher Li at similar B and Be relative to 
the very low Ti glasses. 
DISCUSSION: The LLE data also support mantle inhomogeneity and cumulate 
overturn models suggested by previous studies [i.e. 21. A KREEP component had been 
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incorporated into some of these picritic glasses. This is consistent with other trace 
elements [2] and probably reflects the recycling of KREEP andlor other late stage LMO 
cumulates into the deep lunar mantle. Other variability in associated glass groups (i.e. 
Apollo 15 Green glasses) suggest local mixing of cumulates may be responsible for LLE 
systematics. The relative enrichment in Li relative to B in the high Ti02 glasses relative 
to the very low Ti02 glasses (Figure 2) most likely reflects the bulk partition coefficients 
for the residuum. The picritic glasses are compositionally distinct from the crystalline 
mare basalts in LLE. Fractional crystallization or partial melting trajectories calculated 
using partition coefficients suggested by [5,6,7] indicate that they are not related by either 
of these processes. This suggests that they were derived from distinctly different mantle 
sources or at least have slightly different mantle components. 

In their approach to estimate the bulk compositions of the earth and the moon, 
[4] suggested that the ratio of Li to Be is a direct measure of the ratio of the Mg-silicates 
to the high temperature condensates (HTC) in a planet. Based on the available Li and Be 
data, [4] calculated that the abundance of high temperature condensates during the 
planetary accretion of the Earth, Moon, and the EPB. The proportion of HTC was 
calculated to be 40% for the Moon, 22% for the Earth and 13% for the EPB. It is 
apparent that if Li/Be is to be used to estimate bulk moon composition, the picritic glasses 
provide a better estimate than the crystalline mare basalts. Differences in D for Li and Be 
indicate that fractional crystallization and partial melting will modify the L B e  ratio. 
Estimates based on the picritic glasses imply a higher L B e  from the bulk Moon than 
estimated from the mare basalts. This would indicate that the bulk Moon is less 
refractory than previously calculated by L B e .  
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