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PETROGRAPHY OF METEORITIC VLT BASALT BRECCIA (87521) FROM 
ELEPHANT MPRA{NE, ANTARCTICA. 

Jeremy S. DELANEJ' and S.R. SUTTON : Dept Geological Sci., Rutgers University, New 
Brunswick, NJ 08903; Dept Applied Sci, Brookhaven National Lab., Upton, NY 11973 

Introduction: EET87521 was originally identified as a eucrite (1) but was subsequently 
recognized to be a very-low-titanium basalt rich breccia using petrographic (2) and independent 
geochemical results (3). Oxygen isotope measurements (4) are compatible with a lunar origin. 
EET87521 is the fiith or six& lunar meteorite (depends on pairing of Y793274) and is the first mare 
breccia to be collected in Antarctica. Thin section 87521,8 contains mafic and felsic components that 
are compatible with a mare basalt origin but does not contain the highlands material seen in 87521,lO 
(3) or in hand sample (5). 

Oliv ine:  Linescans across the thin section yielded 510% modal olivine. The olivine 
composition range in 87521,8, from F06S to FOS, matches that of typical VLT basalts (6,7). The 
distribution of olivine compositions is, however, distinctly bimodal (Fig. 1) with maxima at F060-65 and 
Fos-15. Mg-olivine always occurs as mineral clasts whereas Fe-olivine occurs both as mineral clasts 
and as grains in lithic clasts. The l iFe clasts range from relatively coarse grained to very fine grained, 
and contain olivine associated with typical basaltic assemblages (aug-pig-plag-ox) and in quench 
textured, graphic intergrowths of ilmenite, cpx, and silica. The olivine has high Fe/Mn (mol.) ratios 
compatible with a lunar origin (80-120). The Mg-rich olivine has slightly higher Fe/Mn ratios of 90- 
105 than the Fe-rich grains which have ratios of 80-100. 

Pyroxene: Pyroxene i-s the most abundant phase (45-50% vol.) and is mostly subcalcic augite to 
augite (Fig 2). Most augite has Fc/(Fe+Mg) between 0.6 and 0.75 and is comparable to eucritic 
pyroxene. More magnesian pyroxene is generally pigeonitic with Fe/(Fe + Mg) - 0.3-0.5. The 
distribution of pyroxene compositions may form two clusters (Fig 2) but Fe/(Fe +Mg) in pyroxene is 
correlated directly with Ti and inversely with Cr and Al, trends compatible with normal magma 
fractionation. Fe/Mn is also correlated with Fe/(Ft+Mg). Mg-rich pigeonite has Fe/Mn-50-60 
while Fe-rich augite has ratios -55-75. The Fe/Mn is not related to the Ca content of the pyroxene. 

Plagioclase: Most feldspar is in Fe-rich lithic clasts. The 35-40% (vol.) plagioclase while 
lower than most mare basalts and eucrites is typical of the VLT basalts from Apollo 17 and Luna 24 
sites. Composition of the plagioclase in the lithic clasts is An90-97 with more sodic grains in the breccia 
(1). Fe/Mn measurements of feldspar (by SXRF using a 5pm beam to avoid inclusions) show a range 
from 46 to 87. The low values confirm earlier measurements (8) that unshocked lunar feldspar has 
lower ratios than coexisting mafic silicates (60-100). The range of Fe/Mn may reflect the presence of 
a dissolved mafic component in shock generated feldspathic glass that has subsequently devitrified, 
however, the Fe/Mn ratio does not correlate with Fe as might be expected if the results reflected 
mixing. The maximum range of Sr in feldpsar (100-260ppm) is seen in a single large lithic clast. 

Other phases: The matrix of EET87521 contains glass and devitrified glass. Glass is also 
present in lithic clasts but occurs as late, cross-cutting veins that were injected into the clasts from the 
breccia. Silica polymorphs occur in the lithic clasts, often associated with the oxide and sulphide 
phases. Ilmenite is the most abnndant oxide phase with Al-chromite and an ulvospinel/magnetite 
phase also present (2). The modal abundance of the three oxide phases is less than 1%. 

Discussion: The texture of EET87521 resembles the brecciated eucrites and howardites but 
the high modal olivine content, the high Fe/Mn ratio of the silicates, and the abundance of subcalcic 
augite and augite instead of orthopyroxene and pigeonite are more compatibl~~with a mare lpsalt 
breccia than with a basaltic achondrite. Oxygen isotopic measurements (4) (8 0=5.4%0; 6 0 = 
2.8%0) also confirm the probable lunar origin of this sample. The mafic silicates all have low Ti 
contents and the scarcity of Ti bearing oxide phases is consistent with the meteorite being a very-low- 
Ti lithology. An estimate of the bulk composition of this section based on modal recombination has 
less than 1% TiO2. INAA data for 87521,6 (3) are consistent with a VLT basaltic breccia. The range 
of mafic compositions is quite large but, in [,8] no evidence is seen for a highlands component. All the 
plagioclase rich lithic clasts contain Fe-rich augite that is typical of VLT clasts (6,7) rather than the 
Mg-rich pyroxene typical of many highlands basalts (9). 
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The bimodal distribution of olivine compositions may reflect the presence of clasts from two 
distinct sources. If so, then the magnedan material was probably an olivine-pyroxene assemblage that 
fragmented to mineral clasts during the brecciation process. The iron rich lithologies were more 
coherent basalts preserved as lithic fragments. The presence of two distinct lithologies is not 
supported by the distribution of pyroxene compositions. Although the pyroxene compositions are 
slightly.bimoda1, they may represent the progress of crystallization of a basaltic magma that did not 
fully equilibrate. Combining the modal abundance and composition data for the olivine, pyroxene, 
and plagioclase, the most likely crystallization path for EET87521 involves crystallization of an olivine 
normative composition between an olivine rich end point and the 01- pyx-plag peritectic in 01-SiOt- 
plag-aug space. Cooling such a liquid would initially crystallize olivine (Feu), then pigeonite with 
loss of some olivine on the 01-pyx peritectic surface and, when the liquid reached the peritectic point, 
plagioclase and subcalcic augite would crystallize. As the Fe/Mg ratio increases with late stage 
crystalluation of this liquid, fayafite would increasingly replace pigeonite as the pyroxene stability 
field pinched out. 

The detailed relationships between the Mg-rich'and the Fe-rich lithologies are obscured by the 
shock effects in 87521. All the silicate phases show shock modification: (cracking in olivine; bent 
lamellae in pyroxene; oscillatory and feathery extinction in plagioclase). None of the silicates appear 
to have experienced sufficient shock to have melted. The glassy matrix of the sample, therefore, was 
probably generated elsewhere and injected into the present sample. Where the glass invades the lithic 
clasts, the clast is almost unmodified indicating that the breccia cooled sufficiently rapidly after the 
shock event to prevent gross modification of the silicate compositions. The silicates studied appear to 
be compatible with a monomict or a genomict assemblage. ' The presence of highlands material in 
other samples (3) indicates that it is slightly pdymict. 

EET87521 is the first mare basalt breccia recovered from Antarctica. The Apollo and Luna 
collections contain mostly high-Ti and low-Ti mare basalts, and comparison of those collections with 
remote sensing data for mare basalts indicate that very-low-titanium basalts are poorly represented by 
the returned samples (10). The maria of the moon cover about 17% of its total area. Perhaps 
coincidentally, this first mare meteorite represents 15-20% of the Antarctic lunar meteorites, the rest, 
of course, being highlands breccias. The Antarctic lunar samples, therefore, have provided a more 
random sampling of the surface of the Moon than was provided by the sample return missions. If 
future sampling of lunar meteorites in Antarctica confirms this apparent randomness, then the 
meteorites will be of enormous importance as tests for models of lunar genesis. Models based on the 
geographically restricted Apollo and Luna suites must also be applicable to the meteorite suite if they 
are to be acceptable. The search for lithologies unrepresented in the Apollo and Luna suites should 
prove useful. 
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FIGURE 1: Olivine FFN histogram FIGURE 2: Pyroxene quadrilateral 
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