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LUNAR METEORITE MACALPINE HILLS 88105 AND THE BOMBARDMENT 
HISTORY OF THE MOON G. Jeffrey Taylor, Institute of Meteoritics and Department of 
Geology, University of New Mexico, Albuquerque, NM 87131. 

The latest lunar meteorite might provide an excellent test of the idea (1,2) that the 
Moon suffered a cataclysmic bombardment 3.8-3.9 Ga ago. I have made preliminary 
petrogra hic observations and electron microprobe analyses of one thin section (MAC 
88105,78rfrom the rock. It is a fragmental breccia composed mostly of impact melt brec- 
cia clasts, constituting about 80% of the section and range in size from 0.2 to 5 mm 
(abundances are visual estimates). Granulitic breccias and possible pristine rock frag- 
ments are present, but not abundant. It contains some small glassy objects, but they are 
rare; if MAC 88105 is a regolith breccia, the regolith in which it formed was very immature. 
The hi h abundance of melt rocks suggests that MAC 88105 formed on an extensive melt 
sheet 8 assuming, of course, that section ,78 is representative of the whole rock). If so, the 
melt rocks represent the composition of a sizable volume of lunar crust. Furthermore, the 
melt rocks mght have formed in a large event, perhaps even in a basin-forming event, so 
determining their ages will test the idea of a cataclysmic bombardment of the Moon (1,2). 
I report here the results of broad beam microprobe analyses of matrices of melt rock 
fragments in MAC 88105,78 and compare them to known melt rock groups (3-5). The data 
appear in Table 1. 

Table 1. Compositions of impact melts and granulitic breccias in MAC 88105,78 compared 
to impact melts from Apollo 15, 16, and 17. 
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1. Average of broad beam microprobe analyses of six fragments in MAC 88105,78. 
2. Typical Apollo 16 Group 3 melt, 64504 (ref 3). 
3. Apollo 17 Station 6 boulder, avera e of 5 (ref 4). 
4. Rocks 15445 and 15455, average o i! broad beam analyses (ref 5). 
5. Melt portion of 64475, a typical Apollo 16 VHA melt; group 2 of McKinley et al. (1984). 
6. Average of broad beam microprobe analyses of two granulitic lithic fragments. 

There are three types of melt rocks. The first type constitutes most (90%) of the 
melt rocks in MAC 88105. They are rich in Al 03, averaging 28 wt.% (range 27.3 to 28.6) 
and contain abundant clasts of plagioclase an 2 a small amount of olivine in a fine-grained 
matrix consisting of 75-80% lathy plagioclase (laths 5-20 microns long) intergrown with 
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low-Ca pyroxene crystals. These melt rocks resemble Apollo 16 Group 3 impact melt 
breccias (3). If they represent the melt sheet of a lunar basin, the melted region of the 
crust was more aluminous than those of sampled front-side basins. Their compositions are 
even more aluminous than those ascribed tentatively to the Crisium melt sheet (6), which 
contain 25 wt.% A1203. This su gests formation on the farside, where the anorthositic 
crust is thicker. Alternatively (an % more likely), the high41 impact melts might have been 
produced during the formation of a large, Copernican crater like King (farside) or Tycho 
(frontside). MAC 88105 might have formed on the impact-melt-covered floor of a Coper- 
Illcan crater. 

One fragment of melt rock, designated clast C, is very much like LKFM in composi- 
tion (4,s). LKFM is an important composition that seems to be associated with many 
lunar basins (7-10). Clast C contains 10-20% mineral and rock clasts set in a fine-grained 
(15 microns) groundmass of plagioclase, pyroxene, and residual glass. Although similar to 
LKFM from Apollo 15 and 17 in A1 O3 content (17-18 wt.%) and most other major and 
minor elements, clast C has a much ? ower mg# (Mg/(Mg + Fe) atomic), 52 versus 71-75. 
If the lower mg# is verified, clast C represents a melt composition not previously sampled. 

Another fragment, designated clast D, is much like aluminous LKFM, or VHA 
"basalt". The clast has a micropoikilitic texture and contains about 5% mineral clasts. It is 
similar to Apollo 16 VHA, as represented by 64475 (3), but has a much lower mg#, 60 
versus 71. If subsequent analyses affirm this low value, then this clast also represents a new 
compositional type. 

I also analyzed the two largest granulitic breccias, dubbed clasts K and I. Both 
were only about 0.5 mrn across and heavily shocked. They are even more aluminous than 
the Al-rich impact melts (Table 1). Their aluminous nature is understandable considering 
the aluminous character of the abundant impact melt rocks. MAC 88105 formed in a 
region of the lunar crust dominated by anorthosite. This is consistent with the existence of 
anorthosite-rich areas identified from orbital data (9). 

MAC 88105 and its abundant, previously unsampled impact melts give us an op or- 
tunity to test the fascinating idea 1,2) that there was a cataclysmic bombardment o f' the 
Moon 3.8 to 3.9 Ga ago. Ryder 2) has pointed out that impact melts returned by the 
Apollo missions have no ages older than 3.92 Ga, the probable age of Nectaris (8). Crisi- 
um might have formed at nearly the same time(6). Considering that the three types of 
impact melts in MAC 88105 represent new compositional types, probably from the farside, 
and presuming that they represent melts associated with formation of basins (the LKFM 
types, clasts C and D, almost certainly do), ages around 3.9 Ga for them would support the 
idea of a cataclysm. On the other hand, ages over 4.0 Ga would suggest a less drastic 
bombardment history. 
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