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THE MOON: UNSOLVED PROBLEMS AND HOW TO SOLVE THEM 
G. Jeffrey Taylor, Hawai'i Institute of Geophysics and Planetology, Univ. of Hawai'i, 2525 
Correa Rd., Honolulu, HI 96822 

Many difficult and important questions remain to be answered about the origin and 
evolution of the Moon. These involved the formation of the Earth-Moon system, the thermal and 
magmatic history of the Moon, its bombardment history, formation of regolith, the history of the 
Sun as recorded in the regolith, and the nature of the tenuous lunar atmosphere. Furthermore, the 
Moon is an ideal natural laboratory for studying important processes, such as volcanism and 
impact, that affect all the planets. Significant advances in our understanding of the Moon and the 
processes that shaped it can be made from a combination of polar orbiters; sophisticated, 
teleoperated rovers; geophysical networks; sample return missions; and field work by humans. 

UNSOLVED PROBLEMS AND MEASUREMENTS NEEDED 
Although our data base for the Moon seems impressive, unsolved problems abound. I 

outline these here, organized into broad science themes identified by the Lunar Exploration Science 
Working Group. The emphasis is on the types of measurements needed to address these important 
themes in planetary science. 

Formation of the Earth-Moon system. The origin of the Moon is intimately 
connected to the dynamic environment in the inner Solar System and to the origin of the Earth. The 
leading hypothesis at present is that the Moon formed as the result of the impact of a Mars-sized 
object with the growing Earth. This hypothesis is far from proven, however, and even if correct, 
the details of the process are not clear. One way of testing models of lunar origin is to determine 
the bulk chemical composition of the Moon. This requires measuring the abundances of key 
elements or groups of elements. Of central importance are the abundance of Fe, the ratio of FeO to 
MgO, and the concentrations of refractory elements such as Al, U, and Th. At present, the 
composition of the Moon's crust is poorly known, that of the upper mantle even less well known, 
and the composition of the lower mantle is only vaguely estimated. Furthermore, the structure of 
the crust and the size and composition of a metallic core are uncertain. 

Thermal and magmatic evolution of the Moon. Understanding the Moon's 
thermal and magmatic evolution entails understanding the origin of the earliest crust (and if it 
formed from a magma ocean), the duration of primary differentiation, mechanisms for core 
formation, processes in global magma bodies, the thermal and dynamic evolution of the lunar 
mantle, the source of the ancient lunar magnetic field, how magma production rates changed with 
time, and the processes that formed highland igneous rocks and mare basalts. Extracting all this 
information from the Moon is not a simple task, and many questions remain. For example, a 
central idea in lunar science is that the outer part of the Moon melted to a depth of several hundred 
kilometers soon after accretion, forming a global magma ocean. While this concept is widely 
accepted, it must be tested by determining (1) the amount of anorthosite (measurable by the amount 
of A1 relative to other elements) in the crust and (2) the nature of the oldest lunar rocks (do they 
represent compositions that are likely to segregate from a vast magma ocean?). The full range of 
rock types in either the highlands or maria is not known and the age of the youngest igneous event 
is uncertain to f 1 Gy. The variation in the magma production rate vs. time is poorly known, 
hindering our assessment of lunar thermal evolution. 

Bombardment history of the Earth-Moon system. The bombardment history of 
the Moon has enormous implications for the accretion of the Earth-Moon system, the evolution of 
the planetesimal flux early in Solar System history, the development of crusts on the terrestrial 
planets, and the evolution of life on Earth. One of the most hotly contested ideas in lunar science is 
the nature of the variation of the impact flux with time in the period before 3.8 Gy ago. A 
substantial increase in the bombardment rate in the interval 3.85 to 3.95 Gy has been proposed, but 
not proven. If it happened, then a large fraction of landforms visible in the lunar highlands formed 
in this narrow interval. Determining whether such a "cataclysm" occurred will require obtaining 
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samples for radiometric dating; the cumulative experience gained from past studies of rocks from 
terrestrial craters, lunar impact breccias, and shocked and shock-melted meteorites indicate that 
craters are best dated by analyzing the impact melt rocks produced when the craters formed. 

Regolith formation. Studies of the lunar regolith have been informative about regolith 
formation processes on other airless bodies such as Mercury and asteroids. The regolith is what all 
our remote sensing measurements observe, so it is imperative that we understand the relation 
between regolith and the rocks beneath it. Regolith is where virtually all lunar samples were 
collected, and it records part of the lunar bombardment history. The regolith is so complicated that 
understanding it will require a major effort in remote sensing from orbit, detailed field observations 
and in situ chemical analyses, determinations of solar-wind gas concentrations, and geophysical 
studies to measure regolith depths. 

Regolith record of solar history. The regolith contains unique information about the 
history of solar and galactic radiation. Lunar sample studies have shown that there are secular 
changes in the isotopic composition of solar gases. For example, 15N114N has increased by 50% 
during the past 3 Gy. Understanding this better requires analysis of carefully selected regolith 
layers, especially samples of paleoregolith beneath datable layers (such as basalt flows). 

Nature of the lunar atmosphere. The tenuous lunar atmosphere provides a baseline 
for studies of other bodies with similar atmospheres, including Mercury, 10, and asteroids. At 
present, we understand the sources and sinks of atmospheric gases but have not quantified them or 
even determined their relative importance. The details of chemical interactions between the 
atmosphere and the surface are not understood. Intriguing observations of radon and argon 
releases have been only tentatively related to specific features on the Moon or to tectonic events. 

The Moon as a natural laboratory for studying processes. The well-preserved 
nature of ancient geologic features on the Moon's surface provide a museum of planetary 
processes. A tenet of comparative planetology is that certain geologic processes can be best 
understood by observing their operation on different planets. The Moon is an exquisite laboratory 
for the study of impact cratering and volcanism. 

TYPES OF MISSIONS NEEDED 
The science themes described above can be addressed by a combination of several types of 

missions. Each type of mission provides one or more essential measurements that cannot be made 
in other ways. 

Polar orbiting spacecraft. Orbiters are crucial for determining bulk crustal 
composition and structure. The Clementine mission shows dramatically the value of global surveys 
[e.g., see abstracts by Lucey and Taylor, this volume]. 

Geoscience rovers using telepresence technology. Roving vehicles equipped 
with high-quality stereo imaging can make field studies by using telepresence-the ability to project 
human powers of observation into a remote vehicle. This allows detailed field observations that can 
be placed into regional and global contexts by orbital data. Such rovers can also cany instruments 
for chemical, mineralogical, geophysical, evolved gas, magnetic and atmospheric analysis. Rover 
missions are essential for understanding how geological processes, such as volcanism and impact, 
operate on the Moon. 

Geophysical networks. Global networks are required to determine the bulk 
composition and structure of the mantle and the size of the metallic core. Regional networks are 
also useful in investigating local variations in crustal properties. 

Sample return missions. Many studies require that samples be returned to Earth for 
study in terrestrial laboratories because remote analysis would be too difficult or too costly. For 
example, determining the radiometric age and other crucial isotopic characteristics of a sample 
requires complex and costly instrumentation that could not readily be miniaturized and sent to the 
Moon.. 

Geological field work by humans. Once people return to the Moon, they will make 
geological field studies. The large infrastructure required at a lunar base will allow for sophisticated 
field studies, such as extensive trenching of the regolith to thoroughly explore its nature. 
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