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UEOCEEMISTRY OF LUNAR MEZEORITES MAC88104 AND MC88185; Marilyn M, 
Lindstrom, NASA Johnson Space Center, Houston TX 77058, Rene Re Martinez and 
David We Mittlefehldt, Lockheed ESCO, Houston TX 77058 

Lunar meteorites are important because they are random samgles of the 
lunar surface which may be more representative of typical lunar material than 
returned Apollo samples. They are complex breccias which provide much 
information both in their bulk compositions and in the nature of their clast 
assemblages. MAC88104-MAC88105 is the largest of the dive (eight individuals) 
lunar meteorites and therefore is ideal for detailed consortium studies of 
cbasts and matrix. 

PROCEDURES: Our allocation of the meteorite consisted of matrix chips 
from MAC88104 and powder, matrix chips, and three clasts from MAC88105. We 
were also allocated thin sections of matrix from the two meteorites and of 
each claot separated from MAC88105. The matrix petrology is described in a 
companion abstract (1). The matrix samples were split for a total of eleven 
subsamplee, Major elements were analyzed by electron microprobe analysis of 
fused glass beads and trace elements were analyzed by PNAA. The INAA data are 
preliminary results based only on the first week's radioassay. 

RESULTS: Analyses are given in Table 1 together with mean compositions 
of other lunar meteorites (2). All eight analyses of the matrix are very 
similar, The composition of MAC88104 is indistinguishable from that of 
MAC88105. Major element composition is very similar to Mason's estimate (3), 
with FeO the only major discrepancy. The A1203 concentration of 28-29% is 
higher than that of a11 other lunar meteorites except Y86032. The mg' 
(Mg/(Mg+Fe)) sf 63 is similar to that of Y791197, and more ferroan than those 
of all the others. The bulk Fe/Mra of 64-68 is decidedly lunar. Siderophfle 
element (Cs, Ni, Ir, Au) concentrations are similar to those of other lunar 
meteorites, while Sc and Cr are lower than most lunar meteorites. REE 
concentrations (Fig I) are the highest of the lunar meteorites, but still very 
low when compared to most lunar polymict breccias. 

Clasts W-1, 0-1, and D-1 from MAC88105 are all feldspathic rocks but 
they differ somewhat from each other and from the matrix composition. Clasts 
W-l and G-l are medium to fine-grained granulitic anorthosites, while D-1 is a 
glassy impact melt. Clasts W-1 and G-1 are more feldspathic than the matrix, 
and more ferroan, while D-1 is more mafic and more magnesian. Siderophile 
element concentrations reveal meteorite contamination in all three clasts, but 
8-1 is particularly rich in siderophiles. REE patterns for the clasts are 
shown in Fig 2. Granulitic anorthosftes W-1 and G-1 have lower REE than the 
matrix, while melt D-1 has higher REE. These clasts are similar to those in 
other lunar meteorites and to lunar granulites and clasts in North Ray Crater 
(NRC) feldspathic fragmental breccia8 (4). 

DISCUSSION: All of the compositional and petrographic characteristics of 
MAC88104/5 are indicative of a lunar origin. The meteorite is very similar in 
composition to the other lunar meteorites, yet significant differences exist. 
MlhC88104/5 is one of the most feldspathic and the most ferroan of the lunar 
meteorites, but it has the highest REf concentrations. Comparison of the lunar 
meteorites to Apollo samples shows that they are most similar in composition 
to lunar granulites and NRC feldspathic fragmental breccias (4). Petrographic 
differences also exist among the lunar meteorites. Although all the lunar 
meteorites are technically regolith breccias, MAC88104/5, Y82192/3 and Y86032 
are all very immature regolith breccias, prompting petrologists (I, 5) to 
compare them to NRC feldspathic fragmental breccias rather than Agio110 16 
regolith breccias as done by (6). These differences, plus the fact that 
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MAC88104/5 was found at a site distant from all the others, precludes its 
being paired with any of the other lunar meteorites. Despite the significant 
differences among the lunar meteorites, they are more similar to each other 
than they are to any Apollo samples. These similarities are particularly 
important because the lunar meteorites appear to represent several different 
sites on the lunar surface and to be our best estimate of average lunar 
surface composition. 
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Table 1. Major end Trace Element Conposition o f  L m r  Meteorites 

S q l e  M104,14 M105,41 M105,42 M105,55 M105,58 M105,60 A81005 Y791197 Y82192/3 Y86032 
Type matrix powder matrix c l  U-1 c l  G-1 c l  D-1 man man mean man 

SiOZ 
Ti02 
ALXU 
Feo 
nso 
CaO 
NaK) 
K20 
w ' 
Sc(ppn) 
C r  
Mn 
Co 
Ni 
Ba 
La 
Ce 
Sm 
Eu 
Tb 
Y b 
Lu 
H f  
I r(ppb) 
Au 
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Fig  1. REE i n  Lunar Meteorites. Fig 2. REE i n  llAC88105. 

20. . . 20.-. . 

m 

2. - 

1 .  ' ' 1:'  ' 

2. 

La Ce Sm Eu Tb Yb Lu La Ce ~a EU m Yb Lu 

- 


