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Introduction:  Recent missions by numerous na-

tional agencies have not merely augmented our knowl-
edge of the Moon in an incremental fashion, but have 
radically transformed our understanding of lunar geol-
ogy and geophysics, and of the origin and history of 
the Earth’s satellite. This has in turn driven and been 
complemented by reanalysis of Apollo era data, and 
detailed study of an ever-expanding suite of lunar me-
teorites. The latter samples, however remarkable, are 
undocumented. This is one clear arena where a return 
to the Moon by scientifically inclined crews could 
prove revolutionary. In addition, reestablishing geo-
physical stations (seismology, heat flow) would leave a 
lasting scientific legacy. 

The Scientific Heritage of Apollo:  In terms of 
scientific importance, it is hard to underestimate the 
Moon: 1) it is the touchstone for all of planetary geol-
ogy; 2) it preserves a geological record prior to 4 bil-
lion years ago, and thus complements the Earth’s; 3) it 
preserves a record of impacts of asteroid and comets 
over subsequent geologic time, including recent ep-
ochs; and 4) it is a laboratory for the study of impact 
phenomena generally. From the Apollo program we 
established that the Moon was dry, volatile depleted, 
and geochemically reduced. We established that Gali-
leo’s ‘maria’ were seas of frozen basaltic lava. And we 
established that the Moon was born hot. 

Returned samples showed that lunar basalts were 
really old, >3.2 billion years. The highlands are more 
heavily cratered than the mare surfaces, so cratering 
rates must have been very high before 3.65 billion 
years ago. This has evolved into the concept of the 
Late Heavy Bombardment (or LHB), which has been 
confirmed to have occurred across the inner solar sys-
tem, and possibly the entire solar system. The occur-
rence of a pronounced spike in solar system cratering, 
well after the tail-off of accretion, is one of the princi-
pal justifications of the so-called Nice model of giant 
planet rearrangement, which threatens to become a 
reigning paradigm for early solar system evolution.  

Highland samples are highly feldspathic (>70% 
plagioclase) anorthosites and gabbroic and noritic an-
orthosites. Such rocks are rare on Earth (and were not 
expected on the Moon). The complementary REE pat-
terns in the two major rock types led early Apollo re-
searchers to propose that the Moon’s crust arose by 
crystallization and flotation in a magma ocean. In turn, 
these ideas, along with a deepening understanding of 

impacts and accretional physics, led to the giant impact 
hypothesis for the origin of the Earth’s moon. 

Recent Discoveries:  One might think from the 
above that the Moon is well understood to first order 
and the Apollo legacy sufficient. The recent suite of 
missions (launched by the US, Japan, India, China, and 
Europe) should disabuse anyone from such compla-
cency. 1) Data from the M3 spectrometer carried on the 
Chadrayaan-1 mission show that the lunar surface con-
tains non-trivial adsorbed water (as H2O and OH–). 2) 
The LCROSS impact experiment showed that a broad 
suite of volatiles are sequestered in cold, polar craters. 
3) Thermal emission measurements from the Diviner 
instrument aboard LRO show that these deep and per-
manently shadowed craters are among the coldest 
places ever measured in the solar system. 4) Extraordi-
nary high-resolution gravity data from GRAIL show 
the lunar highlands crust to be brecciated and porous to 
great depth. 5) A novel constructional volcanic com-
plex has been discovered on the lunar farside, and 
very-high-resolution images from LROC aboard the 
Lunar Reconnaissance Orbiter (LRO) have revealed a 
hitherto unexpected range of volcanic morphologies. 6) 
LRO stereo imaging and laser altimetry have revealed 
impact crater stratigraphy in exquisite detail, while 
LROC has revealed numerous geologically recent im-
pacts and associated impact melts. If these spacecraft-
based discoveries were not enough, Apollo seismic 
data have been reprocessed to indicate a thinner crust 
than previously thought, and new sample analyses 
show that the lunar interior is not bone dry.  

Returning to the Lunar Surface with Humans: 
What is missing from the above is surface science.  
The Chang’e 3 mission promises to send a robotic 
lander and rover to the Moon, but it has been said that 
what a rover can accomplish in a month (or a year) can 
be done by a trained geologist in a single day. The 
ability to select a broad sample suite to return (and so 
to radiometrically date impact melts or exposed layers 
of mare basalt) would in terms of science be worth 
billions in national treasure. Seismic and heat flow 
stations, carefully sighted, and permanently powered 
for seismology, would revolutionize our knowledge of 
the interior of the Moon. These experiments could be 
carried out robotically, but with difficulty (and they 
have not been done before — Lunas 16, 20, and 24 
returned a total of 320 g). At the right price point, 
crewed missions to the Moon return superior science/$. 
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