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RELATIONSHIP BETWEEN APOLLO 12 HIGH-TI, RED-PICRITIC GLASS AND 
HIGH-TI BASALTIC MAGMATISM. C.K. Shearer and JJ. Papike, Institute of 
Meteoritics, Department of Geology, University of New Mexico, Albuquerque, New 
Mexico 87 131-1 126. 

An exceptionally Ti-rich, red picritic glass was discovered in the 2-4 mm fraction of 
Apollo 12 sample 12033 [I]. Not only is this picritic glass noteworthy because it is 
extremely rare and the only high-Ti basaltic matenal collected at the Apollo 12 site, but it 
also represents a primitive basaltic magma with Ti02 content (to 17 wt%) that exceeds any 
other mare basalt. 

This picritic basalt is olivine normative with a normative mineralogy consisting of 
ilmenite (31%), hypersthene (29%), diopside (16%), ~lagioclase (14%), and olivine (10%). 
Marvin and Walker [I] concluded that the probabil~ty was small that a ma a with the 
major element composition of the red glass could be parental to high-K titani iY erous Apollo 
11 basalts (or other titaniferous mare basalts) by low pressure fractional crystallization or 
other more complex scenarios. Owing to both the small size of individual glass beads and 
the small size and rarity of the 12033 sample, it has not yet been analyzed for trace 
elements. This abstract presents the trace element characteristics of this unusual glass for 
elements typically analyzed by secondary ion mass spectrometry (SIMS) (REE, Co, Sc, V, 
Cr, Sr, Zr, Ba), reports progress on the analysis of elements not commonly determined by 
SIMS in basaltic glasses (Li, B, Be, Cu, Zn, Pb) and offers an interpretation of the results. 

The analysis of eight REE, Co, Sc, V, Cr, Sr, Zr, and Ba were conducted at the 
Woods Hole Oceanographic Institute (WHOI) with a Cameca IMS 3f ion microprobe 
using a primary beam of 160' focussed to a spot of 15 to 30 Prn in diameter. Analytical 
techniques for this type of analysis have been summarized for geological materials by [3,4] 
and for lunar picritic glasses by [5]. B, Be, and Li analyses were conducted on a Cameca 
IMS 3f at WHOI and a Cameca IMS 4f at Sandia National Laboratories (SNL). A primary 
beam of 160- was used in these analyses. Due to the lack of adequate B, Be, and Li 
basaltic glass standards, values reported are intensity ratios of TBe/ISi, and 'Li/ISi. 
These ratios are proportional to concentrations and can, therefore, be used in a 
comparative manner. We are also investigating analysis of Zn, Cu, and Pb using the 
Cameca 4f at SNL. We are currently studying the utility of a Cs+ primary ion beam 
compared to a 0- primary ion beam and (-) vs (+) secondary ion extraction. Our 
preluninary results indicate extreme care must be taken with regard to standard 
documentation and homogeneity and contamination from sample mounting medium, glass 
slide and volatile coating on individual beads. 

A comparison between the A12 red picritic glass and other high-Ti picritic glasses 
are made in Fig. 1 and 2. The A12 red picritic glass is slightly more REE enriched and has 
a slightly larger (-) Eu anomaly compared to the other picritic glass (Figure 1). Its Ba and 
Sr concentrations overlap with those of the A14 high-Ti glasses and are higher than the 
high-Ti picritic glasses from A17, Al l ,  and A15 (Figure 2). Other incompatible elements 
(Zr) show similar comparative relationships. IB/ISi and 'Bepsi for the high-Ti glasses are 
higher than the low-Ti glasses. The A12 glass has B concentrations similar to the A17 
(74220-type) glass, but has substantially higher Be. Sc is higher in concentration in the A12 
glass. Co in this glass is slightly lower than the A17 glass (74220-type) and overlaps with 
the A14 titaniferous glasses. 

In an empirical low pressure fractional crystallization major and trace element 
model, the calculated magma compositions derived from the A12 red picritic glass 
compositions show contrasting trace element concentrations and ratios compared to 
crystalline mare basalts with slmilar Mg, TiO2, and A l 2 0 3 .  This agrees with conclusions 
reached by Marvin and Walker [I] for the A12 red glass, Shearer et al. [6] for the Apollo 
14 picritic glasses and by Lon@ [7] for the entire suite of picritic glasses [7]. Relating the 
A12 red glass with other high-Ti picritic glasses through partial melting models involving a 
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single "high-Ti" mantle source and different degrees of partial melting are not consistent 
with major and trace element characteristics for the suite of high-Ti glasses. This agrees 
with numerous trace element and isotopic studies of crystalline high-Ti mare basalts which 
suggest subtle to striking differences in the mantle sources for this suite. The A14 (Orange 
and Black) and A12 (red) glasses appear to have distinct KREEP signatures (Ba/Sr, Be/B) 
relative to glasses from the other sampling sites (Figure 2). If the incorporation of the 
KREEP signatures are a result of hybndization m the source region, the KREEP 
components in the mantle source from which the A12 high-Ti picritic magma was derived 
may range up to 2%. 

The data for the A12 red glass indicates (1) the picritic magma it represents is not 
related by either low pressure fractional crystallization or varying degrees of partial melting 
to other picritic magmas or crystalline mare basalts, (2) the mare basalt source region is 
chemically heterogeneous and capable of generating a wide range of picritic melt 
compositions, (3) samples representing high-Ti volcanism at A12 and A14 appear to be 
extremely similar in general trace element characteristics, (4) the absence of high-Ti 
crystalline basalts and the rarity of high-Ti glasses at the A12 site may suggest the A12 red 
glass is not locally derived, and (5) Be/B ratios are useful in determining the KREEP 
components in lunar materials. 
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Figure 1. REE patterns for high-Ti picritic glasses. 
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