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A thorough understanding of the lunar regolith is important for several reasons. First, 
since most of the volcanism on the Moon ceased, about 3 b.y. ago, the regolith has been the 
most geologically active part of the Moon. The regolith changes with continued exposure to 
space and to meteorite impacts that redistribute material. Knowing how the lunar surface 
changes with time improves our understanding of the surfaces of the terrestrial planets that we 
cannot visit but can only observe. The Earth and Venus are protected from most impacts by 
their atmospheres, but the evolution of regolith on an atmosphereless body is an important 
planetary process. 

Lunar regolith breccias are rocks formed by compaction and lithification of the lunar 
regolith, itself an impact-derived debris blanket. By virtue of their lithification they are essen- 
tially "closed" to the addition of new material, whereas present-day regoliths and soils (the < 1 
mm regolith fraction) continue to change; they can lose and gain material as a result of meteorite 
impacts, and they become more "mature" with continued exposure (at the surface) to microme- 
teorite impacts. This study is the first comprehensive comparison of regolith breccias and soils 
from each of the Apollo landing sites. The complete results [I] demonstrate that because soils 
evolve and regolith breccias do not, comparison of breccias and soils from the same site can 
show how the regolith at that site changed since the formation of the breccias, if the breccias 
were formed locally. 

A relationship observed at all the Apollo sites is that the regolith breccias contain fewer 
fused soil particles (agglutinates and regolith breccias) than the present-day soils, as shown in 
Fig. 1. Agglutinates form only at the surface as a result of micrometeorite impacts, and increase 
in abundance with increasing surface residence time of a soil. Observations of porous regolith 
breccias which contain intact vesicular agglutinates suggest that these breccias are accurately 
recording the low agglutinate contents of their source regoliths. This means that the breccias 
formed from relatively freshly exposed, immature regolith compared to most of the present-day 
soils that have been sampled. This can be explained by formation of most of the breccias over 
the first - 2 b.y. of lunar history, during and shortly after a time in which large impacts were 
much more common than they are today. Under those conditions, soil mixing and excavation 
of fresh regolith could dominate over maturation, whereas the latter has been dominant for the 
last - 2 b.y. The immature regoliths of the young Moon have been preserved in the regolith 
breccias, in contrast with the regolith now observed, which reflects the progress of maturation 
processes. 

Microprobe analyses of mineral grains in the breccias show that for most breccias, the 
mineral populations generally show only minor differences with the soil populations [I]. This 
demonstrates local formation and occurs because the same dominant local lithologies that 
formed the sources of the breccias are now contributing minerals to the regolith. This is gen- 
erally the case, except at Apollo 12, resulting in similar bulk compositions for breccias and re- 
lated soils (Fig. 2). 

Unlike soil-derived particles and local mineral and rock fragments, other components 
such as non-local rock types and volcanic glasses that are no longer being added to the regolith 
tend to decrease in abundance over time, as they are mixed in and diluted or recycled into agglu- 
tinates. The Apollo 11 breccias contain a group of glasses that is now very rare in the soil; 
Apollo 16 soils and "young" regolith breccias [2] contain mare glasses not found in the 
"ancient" [2] Apollo 16 breccias, indicating that addition of the glasses and most of the mare 
component to the regolith occurred after formation of the "ancient" breccias. The Apollo 14 
samples show evidence of dilution of one~glass type and addition of another glass type 
(probably locally-derived impact glasses) in the soil after breccia formation. Thus, in some 
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cases, comparison of regolith breccias with soils can help us determine the sequence of addition 
of regolith components. 

Comparison of soil samples shows that most of the breccias were formed near where 
they were collected. These breccia-soil suites reveal site-specific characteristics related to the lo- 
cal geology in addition to the general moon-wide effects discussed above. An exception is the 
Apollo 12 suite, in which at least three and possibly six of the eleven samples studied were not 
formed from the regolith present at the site. 

Finally, lunar regolith breccia-soil relationships can be used to infer properties of the 
regoliths of the parent body(ies) of meteoritic regolith breccias, rocks known as howardites. 
The howardites appear to have extremely low fused soil contents (almost nil), as shown in Fig. 
3. If the lunar analogy is valid, then the howardite parent body probably has a regolith similar 
to that preserved in lunar regolith breccias: abundant mineral and lithic fragments, and a matu- 
rity less than that of lunar soils but greater than that of the howardites. This is consistent with 
models of asteroidal regoliths which predict very low fused soil contents based on a high mete- 
orite flux, leading to frequent excavation of fresh material, and wide dispersal of this material 
due to the weak gravity fields of these smaller bodies. 
References: [I]  Simon, S.B. (1988) Ph.D. Dissertation, S.D. School of Mines and 
Technology, 225 pp. [2] McKay, D.S. et al. (1986) PLPSC 16th, D277-D303. 
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