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MINERALOGICAL RESEMBLANCE OF THE Y86032-TYPE LYNAR  METEORITE^ 
TO FELDSPAyICIFRAGMENTAL BRECCIA 67016. Hiroshi Takeda , M. Miyamoto 
and H. Mori , Min ral ical Inst., Faculty of Science, Univ. of Tokyo, 5 O4 
Hongo, Tokyo 113; College of Arts and Sciences, Univ. of Tokyo, 
Komaba, Meguro-ku, Tokyo 153, Japan. 

Among six lunar meteorites that have been described as anortho- 
sitic regolith breccias, Y82192, Y82193, and Y86032 have some affinity 
to feldspathic fragmental breccias (1-4). From the cosmic-ray exposure 
age and the trapped noble gas ratios, Eugster et al. (1) concluded that 
Y86032 is paired with ~82192/3. The maturity of ~82192/3 is extremely 
low, even by regolith breccia standard (1,4,5). These lunar meteorites 
can be viewed as either a well mixed ordinary fragmental breccia never 
exposed to solar wind or an immature regolith breccia that may have 
lost part of its former contents of noble gases due to shock-meta- 
morphism (5). They contain only a minor regolith components (4). In 
many respects, these meteorites are consistently unlike the Apollo and 
Luna highland samples and the low K, Th, U, Au, etc. contents of the 
lunar meteorites imply that many current models for the bulk-Moon 
composition give over estimates for these elements (2). Wentworth and 
Mckay (6) reported the significance of glass fragments in feldspathic 
fragmental breccia 67016, which resembles Y82192/3. We have undertaken 
a mineralogical study of 67016, Y86032 and 60019, which includes, 
electron microprobe analysis and analytical transmission electron 
microscopy (TEM) in order to compare the feldspathic fragmental 
breccias to lunar meteorites. This information will be of importance 
in understanding the unsampled lunar highlands. 

67016 was studied previously by Norman (7) and Lindstrom and 
Salpas (8). The PTS of the representative portion of Y86032 shows all 
characteristics of Y82192/3. Granulitic clasts and clast-laden vitric 
(devitrified) breccias are dominant. The mineral fragments consist of 
plagioclase, pyroxene and olivines. The distribution of pyroxene 
compositions in the pyroxene quadrilateral is similar to those of 
Y82192/3 and 67016,111 (3). One large fragment of inverted pigeonite 
in Y86032 contains blebby augites and another of orthopyroxene shows 
exsolution lamellae of augite. They are from some plutonic lunar 
crustal rocks. However, 67016 is distinct from Y86032, in that clast- 
laden glassy veins in Y86032 are not found in 67016. 

The matrix sample of 67016,304 contains subangular fragments of 
plagioclase set in much finer transparent plagioclase and fine light 
brown glassy materials. The amounts of glass are not as high as those 
of ALH81005, Y791197 and 60019. Some parts of the matrix show fine 
recrystallized texture. The TEM observation of matrix plagioclase of a 
feldspathic clastic breccia clast (60019,25) shows that matrix minerals 
in the clast are up to a few microns in diameter; most are plagioclase. 
Matrix plagioclase grains are heavily shocked, and some are maskelyni- 
tized. 

Chemical zoning of olivines in a granulitic,clast in 67016 has 
been studied to estimate cooling rate of the clast. The method is the 
same as in the chondrite study (9). The Mg/Fe ratios are constant, but 
Ca zoning with Ca enrichment towards the rims has been detected (Fig. 
1). There are coexisting orthopyroxene and augite in the clast, and 
the lowest temperature of equilibration estimated from their 
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chemistries (10) is little below 700°C. The crystallization of primary 
orthopyroxene with mg = 100 X Mg/(Mg+Fe)=56 implies that the initial 
crystallization temperature is below 1000°C. Cooling rate estimated 
for a grain with 50 pm in diameter from 1000°C is faster than 0.3OC/day 
for preserving the Ca zoning and the Fe-Mg homogenization gives rate 
slower than 3OC/day. 

In summary, (1) Similarity in their textures and noble gas con- 
tents between Y86032 and 67016 suggests that formation processes of 
fragmental breccias are important in understanding the lunar meteorite 
genesis. Regolith components and clast-laden melt veins in Y86032 may 
have been introduced by a later near surface events. (2) The preser- 
vation of Ca-zoning in olivines of a granulitic clast indicates that 
the original rocks of the granulite before the metamorphic annealing 
may have had relatively quickly cooled thermal history. 
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Fig. 1. Chemical zoning profiles of Fa (Fe X 100/(Hg+Fe)) (mol %, 
triangles; right-hand scale) and CaO (wt %, solid circles; left-hand 
scale) of olivines in granulitic clasts of 67016 (9). 
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