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Foreword

The character of the Apollo 17 mission to Taurus-Littrow was such that it invited
superlatives. By almost all measures, it was an immensely successful voyage of
exploration: the greatest harvest of new scientific data, the most kilometers traveled on
the surface of the Moon, the largest number of scientific experiments performed—both in
real time, by a scientist on the surface, and by automatic instrumentation installed and
left behind—the longest time spent on and around the Moon, and the greatest amount of
lunar samples returned for study in laboratories all over the world. But numerical
measures like these, pleasing though they may be to the thousands of us whe had some
connection with this mission, do not seem an adequate characterization of this sixth and
last of the Apollo series of manned lunar landings.

We cannot now be sure how history will assess this extraordinary enterprise. It may be
that, from the perspective of decades, the Apollo Program will stand out as the most
singular achievement to date in the history of man’s scientific and engineering endeavor.
From this perspective, seen without hubris, it may be seen that all of us will be
remembered for having lived at the time of Apollo. It may be that, in days to come,
Apollo will be perceived as a threshold for mankind from the planet Earth.

Dr, James C, Fletcher
Administrator
National Aeronautics and Space Administration
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Introduction

As the splashdown and recovery of the Apollo 17
crew marked the end of the Apollo flight program,
this final volume marks the end of the Apollo
Preliminary Science Reports. From every aspect,
Apollo 17 was indeed a fitting capstone to the Apollo
missions. Its awesome and magnificent midnight
launch, its flawless operation, its 72-hr lunar stay
time, its deployment of scientific instrumentation, its
return of the richest collection of lunar materials
from any lunar site, its orbital science coverage, and
its glorious splashdown in the Pacific Ocean surely
marked Apollo 17 as the mission most impressively
exemplifying the Apollo Program.

The Taurus-Littrow landing site for Apollo 17 was
picked as a location where rocks both older and
younger than those previously returned from other
Apollo missions and from the Luna 16 and 20
missions might be found. For this mission, it was
hoped that the discovery of younger basaltic rocks,
differing in crystallization age from the 3.2 to 3.7
billion years of previously returned mare basalts,
would lead to an improved understanding both of
volcanism and of the thermal history of the Moon.
Similarly, it was hoped that the discovery of rocks
formed earlier than 3.7 to 4.0 billion years ago would
lead to further understanding both of the early funar
crust and of material present at the time of the
formation of the Moon.

The identification and selection of the landing site
resulted from Astronaut Worden’s Apollo 15 orbital
observations (he noticed dark patterns that looked
like cinder cones in the Littrow region of the Moon)
and from detailed analysis of the Apollo 15 imagery,

“There is nothing more difficult to take in hand,

or perilous to conduct, or more uncertain in its success,
than to take the lead in the introduction

of a new order of things.”

Niccold Machiavelli

The rim of the Serenitatis basin in the Taurus Littrow
region seemed to have all the elements geologists
would want to explore in this final Apollo mission.
Cinder cones and steep-walled valleys with large
boulders at their base presented the possibility of
sampling, at the same location, both young volcanic
rock from depth and older mountainous wall ma-
terial. Thus, the setting for the conduct of the Apollo
17 landing was a unique place in which to carry out
many investigations and to return lunar materials that
could aid in answering many fundamental questions.

From the standpoint both of geologic features and
of samples returned, the Taurus-Littrow region repre-
sents the most diverse landing site of the Apollo
missions. Returned samples include a variety of mare
basalts resembling those of the Apolle 11, 12,and 15
missions and Luna 16; a variety of breccias (including
KREEP-like, anorthositic, and soil types) similar to
those of the Apollo 14, 15, and 16 missions and Luna
20; two coarse-grained igneous rocks of a type not
found on previous missions; dark mantie soils that
appear to be erosional products of basalts; light
mantle soils that appear to be dominantly the
erosional products of highlands; a vadety of exotic
glasses; and, most characteristic of this mission,
boulder samples that provide the best alternative to
inaccessible outcrops of the lunar surface.

At Shorty Crater, orange and black glasses that
were hopefully young volcanic material were ob-
served and sampled. However, the old age of the glass
and the astronaut observations and photographs
suggest that this impact crater apparently excavated
layers of very old pyroclastic material. Throughout
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this landing site, 10 to 20 percent of each soil sample
consists of these “exotic™ glasses, apparently brought
from subsurface layers and distributed by the garden-
ing effect. The Apollo 17 mission provided the
scientific world with the best lunar sample return in
both potential quantity of information and variety of
sample types. Except for the sampling of one possible
outcrop on Apollo 15, the Apollo 17 boulder samples
should allow the best possibility of placing retumed
lunar materials in their proper structural and strati-
graphic context. One example of how sampling
techniques have become more sophisticated since the
Apollo 11 mission was the collection of samples from
a large boulder at station 6. One part of the bouldesr
was vesicular and green gray; the other part was
practically nonvesicular and blue gray. Samples were
taken from both parts of this boulder, as well as from
various locations up fo and through the contact.
Further analysis suggests that the blue-gray material
reacted to-become more vesicular near the contact;
this  material also occurs as fragments within the
green-gray material on the vesicular side of the
contact. Sampling of this type provides insight into
the evolution of the older crustal materials.
 Khowledge of the Moon was also enhanced by the
correlation of the traverse experiments, which pro-
vided better understanding of the site’s subsurface
relatlonshlps obtained from the interpretation of
seismic, electrical properties, and gravitational data.
Seismic traverse experiments indicate that basaltic
flows extend to a depth of approximately 1.2 km.
The traverse gravimeter experiment has provided
limits to the density of the underlying material, and
the observed gravity anomaly allows development. of
a model for mass variations in the valley and in the
massifs. This model may be of significance in inter-
preting the major mascons of the Moon. The elec-
trical properties experiment has confirmed the gravity
and seismic data by establishing that the basaltic
thickness is between 1 and 1.5 km. These data also
show that the regolith is relatlvely thick, perhaps 20
to .40 'm, with some variation in thickness. The
dielectric constant and loss tangent measurements are
in good agreement with previously determined values
obtained from lunar samples and ground observations.

The heat flow measurements at the Apollo 17 site
have been shown to be roughly the same as those at
the Apollo 15 site, indicating that, at least on.the
near side of the Moon, a reasonable value of heat flow
may be 2 X 107° to 3 X 107® W/cm?/sec. -

Several other surface and orbital experiments were
conducted on the Apollo 17 mission, which include
the Iunar atmospheric composition, the lunar ejecta
and meteorites, the lunar tidal gravimeter, the ultra-
violet spectrometer, the infrared scanning radiometer,
and the lunar sounder. At the time of this writing,
there are insufficient data to give an overview from
these findings, which, in the future, are expected to
give additional information about Taurus-Littrow and
that region of the Moon covered by the command
and service module groundtrack.

The sections that follow present the preliminary
results obtained in the analysis of the Apollo 17 data
to date. As will be seen, the Apollo 17 data fill some
gaps in knowledge about the near-side surface of the
Moon but, at the same time, raise many other
questions. However, one cannot conclude a report on
the Apolic 17 mission without again emphasizing that
it was a fitting finale to the Apollo Program from the
standpoint both of operations and of science. It is
also important to review what has been learned in the
brief 3.5 yr from the first lunar landing of Apollo 11
on July 20, 1969, to the final splashdown of Apollo
17 on December 17, 1972.

Before the Apollo Program, astronomical observa-
tions provided an early picture of the details of the
lunar surface. In those days, intelligent speculation
about the origin and history of the Moon was greatly
inhibited because the scientific data required about
the chemistry and about the internal condition of the
planet ¢ould not be furnished even by the most
powerful telescopes. Some of the most important
scientific observations concerning the nature of the
Moon and existing prior to the manned lunar landings
are summarized below.

The discovery of the physiographic features of the
Moon dates back to Galileo, who observed that the
side of the Moon facing the Earth consisted of
mountainous regions that he designated terra and
smoother regions that he designated mare, similar to
terrestrial continents and oceans. He also observed a
marked difference in reflectivity between these two
regions of the Moon: the mare was much darker than
the terra. Further astronomical studies added much
detail to Galileo’s discovery, including rather fine
features such as the rilles. However, before Apollo,
the cause of these fundamental physiographic differ-
ences was not well understood. Later, some scientists
hyp(r)theSized‘ that the relatively smooth mare basins
were very extensive lava flows. Others theorized that
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they were extensive dust deposits, in fact, dust bowls.
Still other scientists seriously suggested that the maria
were filled by a type of sedimentary rock that was
deposited at a very early stage in lunar history when
the Moon had an atmosphere.

Before man landed on the lunar surface, two
explanations for the origin of the circular depressions
or craters, the most common physiographic feature
on the lunar surface, were continuously debated: (1)
that the features of the craters, similar to calderas on
Earth, were of volcanic origin, and (2) that the craters
were produced by projectiles impacting the lunar
surface, in the same way that meteorites occasionally
excavate craters on Earth. Now it is fully realized that
the surface of the Moon could be sculpted both by
impacts and by volcanic craters, but primarily by
impacts.

Dialogue on the activity of the Moon and on the
role of volcanism on the lunar surface developed into
three schools of thought on the thermal history of
the Moo, One school held that the Moon had been
relatively inactive and had undergone some chemical
differentiation only very early in lunar history.
Another school propounded that the history of the
Moon was similar to the Earth’s long and continuous
record of volcanism and chemical differentiation, and
that lunar volcanoes were active in the recent past.
Others thought the Moon had undergone no volcanic
activity at all.

The chemical nature of the lunar surface, up to the
time of Surveyor V, was totally unknown. However,
there had been a number of suggestions. For example,
it was suggested at one time that carbonaceous
chondrites were typical of the dark mare regions;
others suggested that meteorites known as eucrites
were representative of the lunar surface; still others
suggested that silica-rich glass found in mysterious
objects called tektites must represent parts of the
lunar surface. One could not even be sure that these
hypotheses were mutually exclusive.

The pre-Apollo data obtained by unmanned satel-
tites discovered (1) the mascons, which suggested a
remarkedly rigid or strong lunar interor; (2) either a
very weak lunar magnetic field or no field whatever;
and (3) a physiographic difference between the lunar
far side and the near side, in that the dark mare
regions were cssentially absent from the far side of
the Moon.

As we now look back on the six Apollo landings,
we are infinitely richer in facts concerning the Moon.

Some of these facts and observations have already
been tentatively assembled in models that are leading -
to a much fuller understanding of lunar history.
Although it is extremely difficult to account for the
remaining facts with a consistent explanation, major
areas of understanding can be briefly outlined.

A rather definite and reliable time scale for the
sequence of events of lunar history has been de-
veloped. It has been established with some confidence
that the filling of the mare basins largely took place
between 3.2 and 3.8 billion years ago. This has been
demonstrated from analysis of the mare basalts
obtained from the Apollo 11, 12, 15, and 17 missions
and Luna 16. Because these mare fillings represent a
major physiographic feature on the lunar surface, it
has been inferred that the time of formation of more
than 90 percent of the cratering on the Moon was 4
billion years ago or earlier. In comparison, the ocean
basins of the Earth are younger than 300 million
years. (Terrestrial rocks older than 3 billion years are
almost unknown.) The analysis of the highland
material collected on the Apollo 14, 15, 16, and 17
missions and Luna 20 has shown the widespread
occurrence of breccias with an apparent age of 3.8 o
4.1 billion years. There is strong circumstantial
evidence that rocks dating back to 4.5 to 4.6 billion
years ago must exist within the Moon, although very
few of the Apollo rocks have crystallization dates
lying between 4.0 and 4.6 billion years. It now
appears that heat from the intense bombardment of
the lunar surface by projectiles, ranging in size from
microscopic to tens of kilometers in diameter, was
effective in resetting most of the clocks used to
determine the absolute age of the rocks.

The relative importance of volcanic and impact-
produced features on the lunar surface appears to be
well established with the conclusion of the Apollo
missions. There seems to be almost unanimous
agreement that the dark mare regions are underlain
by extensive lava flows, shown both by rocks
returned by the Apollo 11, 12, 15, and 17 missions
and Luna 16 and by the high-resolution photographs
that give convincing pictures of features comparable
to terrestrial lava flows. Almost all craters appear to
be caused by impacting projectiles, thus leaving the
question of volcanic rocks in the terra regions
unanswered. With the conclusion of Apollo 17, it has
been suggested that volcanic activity in the highland
region subsequent to approximately 3 billion years
ago may be highly restricted or virtually nonexistent.
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Apollo experiments investigating whether the
Moon is “alive™ or “dead” indicate that, compared to
Earth, the Moon is seismically quiet. However, there
are many very small quakes, possibly triggered by
tides, at approximately 800 km below the lunar
surface. Below 1000 km, the Moon is partially
molten, A quiet Moon is consistent with the conclu-
sion that volcanism and other types of tectonic
activity have been rare or absent from the lunar
surface for the last 2 to 3 billion years. Lunar
seismology reveals that the Moon has a crust more
than 60 km thick. Both the precise origin of this crust
and the compositions causing the discontinuity in
seismic velocity are still subjects of debate. From the
Apollo Program, we can conclude that the Moon, at
one time, was very much alive and now is very quiet,

The overall magnetic field of the Moon has been
found to be negligible, as was thought before the
Apollo missions. However, the magnetometers placed
on the lunar surface reveal surprisingly strong local
fields, variable both in direction and in intensity.
Paleomagnetic studies have also determined that mare
lava flows crystallized in a magnetic field that was
much stronger than that of the present Moon. These
discoveries raise the possibility that, during its early
history, the Moon either was exposed to a relatively
strong interplanetary magnetic field or had a mag-
netic field of its own that has since disappeared.

The interior structure of the Moon and its thermal
characteristics have been investigated through a care-
ful study of the fluctuations of the magnetic field
induced by the solar wind, which reveals a relatively
low lunar electrical conductivity. The conductivity of
most silicates is, to the first order, a function both of
temperature and of chemical composition (such as
the abundance of ferrous and ferric iron). With
preliminary measurements from the Apollo 12, 15,
and 16 missions and with fluctuation measurements
of the magnetic field, lunar conductivity can be
derived. In conjunction with various chemical models
of the Moon, this conductivity can be used to place
constraints on the deep lunar interior temperatures,
which are highly model dependent.

The thermal history of the Moon was investigated
on the Apollo 15 and 17 missions through measure-
ments of the heat escaping from the Moon. These
measurements indicate that the energy flux escaping
from the Moon is approximately half that of the
Earth. This is surprisingly high, considering the
relative size of the two planets. If these measurements

prove to be characteristic of the Moon, perhaps the
explanation is that the Moon is richer than the Earth
in the radioactive elements uranium and thorium and
that these elements are strongly concentrated in the
upper parts of the Moon.

Two current theories of lunar evolution have
resulted from the consideration of information con-
cerning (1) the concentration and location of radio-
active materials, (2) the inferred voicanic history of
the Moon, and (3) the inferred upper limits of
internal temperature. The first hypothesis is that the
planet was chemically layered during its formation.
The low initial temperature of the lunar interior
(below 500 km) gradually increased, perhaps reaching
the melting point during the last billion years, while
the initial hot temperature of the Iunar exterior
gradually decreased. Volcanism is entirely accounted
for by early melting in the outer 400 km of the
Moon. The alternate model of thermal evolution
assumes that the Moon, chemically homogeneous
during its formation, underwent extensive chemical
differentiation that resulted in surface concentrations
of radioactivity very shortly after its formation. In
other words, much of the Moon was molten at its
origin. Of course, both of these theories will undergo
discussion and revision in the coming years.

The most extensive and diverse data obtained on
the lunar surface are concerned with the chemistry
and mineralogy of the surface materials. The study of
samples from the six Apollo sites and the two Luna
sites teveals a number of chemical characteristics.
Although it is very early to generalize from these
relatively few samples of the whole lunar surface, two
orbital experiments provide excellent data regarding
the regional distribution of various rock types: the
Xray fluorescence experiment and the gamma ray
experiment.

The X-ray fluorescence experiment defined the
prime difference between the chemistry of the mare
and highland regions. The mare regions have alumi-
num concentrations 2 to 3 times lower than those of
the terra or highland regions and magnesium concen-
trations 1.5 to 2 times greater than those of the terra
regions. These differences in chemical concentrations
throughout the equatorial region of the Moon are
consistent with the chemical analysis of the returned
samples. When orbital data and lunar sample data are
combined, they provide an excellent explanation of
the morphological and albedo differences. For ex-
ample, all mare basalts have been found to be
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unusually rich in iron and sometimes rich in titanium.
The high iron concentrations in the mare, as opposed
to the low concentrations in the highlands, is a basic
explanation of the albedo differences, because both
glass and mineral substances rich in iron and titanium
are usually very dark.

The orbital gamma ray experiment results show
that the region north and south of the crater
Copernicus is remarkably rich in radioactive elements.
A band going from north of the Fra Mauro site to
west of the Apollo 15 site contains soil 20 times
richer in uranium and thorium than either mare or
terra in other parts of the Moon. The existence of a
rock rich in these elements was also inferred from
samples from the Apollo 12, 14, and 15 missions. The
differences between lunar rocks and terrestrial rocks
are so marked that the Moon must be chemically
different from the Earth.

The Moon appears to be much richer in elements
that form refractory compounds at temperatures of
approximately 1600 to 1800 K. Many scientists are
now coming to the conclusion that the chemistry of
the lunar surface reveals that some separation of solid
material and gas in the lunar dust cloud took place at
temperatures in excess of 1600 K. The strong
depletion of elements that are volatile at high
temperatures in the outer portion of the Moon is
consistent with the enrichment of refractory ele-
ments.

None of the three theories regarding the origin of
the Moon—separation from the Earth, capture from a
circumsolar orbit, or formation from a dust cloud
surrounding the Earth—can be absolutely eliminated
by the present data. However, the chemical differ-
ences between the Earth and the Moon, the depletion
of volatile elements, and the enrichment of refractory
elements in lunar samples make it unlikely that the
Moon was torn out of the Earth,

In summary, the age of the Moon is well deter-
mined, and the Moon has a crust (the chemical
composition of which is fairly well understood), a
mantle, and a partially molten deep interior. The
understanding of the mascons is well underway. Facts
substantiating the early theories of the atmosphere
have been obtained. Basic questions that were asked 5
yr ago, such as whether the Moon is hot or cold, alive
or dead, or has craters formed by volcanism or
impact, are no longer asked. Apollo data have
changed the types of questions asked. Post-Apollo
questions are more detailed, more specific, and more

sophisticated, Yet, despite the great strides taken in
knowledge about the Moon, its origin and formation
are still unknown.

A storehouse of resources has been retumed from
the Moon: almost 385 kg of lunar materials (obtained
from six different landing sites on the near side of the
Moon), 37 drive tubes, and 20 drill stems. To date,
only 10 percent of this lunar material has been
examined in detail. Approximately 33 000 lunar
photographs and 20 000 reels of tapes of geophysical
data have been collected. Thus, in 4 yr of lunar
exploration, our knowledge of lunar characteristics
has been substantially increased, and vast resources of
scientific data have been collected that will lead to a
decade of data analysis.

in the past decade, there have been two revolu-
tions in planetary science studies. There has been a
revolution in the new global tectonics describing the
motions of continents and the generation and de-
struction of the sea floor. In its investigations of the
origin, history, and formation of the Moon, the
Apollo Program has led to a revolution in providing
the first deep understanding of a planet other than
the Earth through the development of new tech-
niques of exploration, investigation, and analysis and
through the integration of the scientific knowledge
gained in interdisciplinary fields. The Apollo Program
has provided Earth scientists with 4 yr of anxiety,
excitement, and fulfillment. Apollo lessons may force
a reconsideration of many of the techniques and
models that are currently used in understanding the
early history of the Earth. As we look to future
generations, hopefully, we have developed a scientific
program that carried out worthy and substantial
preliminary investigations and that laid a very firm
foundation for future scientific inquiry. In decades to
come, the analysis of Apollo data may indeed lead to
a polar orbital flight around the Moon or to a lunar
base where men may explore the entire surface of the
Moon. By studying the Moon, we can better under-
stand processes of planetary accretion, evolution, and
composition so that lunar studies have implications
that extend beyond the Moon. Hopefully, our genera-
tion has performed a job that history will recognize as
a commendable scientific endeavor, a contribution of
valuable information-—useful, meaningful, and inspira-
tional.

Anthony J. Calio
NASA Lyndon B. Johnson Space Center



1. Apollo 17 Site Selection

N. W. Hinners?® P

Consideration of an Apollo 17 landing site began
in earnest during debate over the Apollo 16 site,
primarily because the Apollo Site Selection Board
(ASSB) desired to consider Apollo 16 and 17, the last
lunar missions, as a complementary pair. Therefore,
in order to put the Apollo 17 site selection in
context, it is. necessary to discuss highlights of the
Apollo 16 site selection as well. (For more details
about the Apollo 16 site selection, see ref. 1-1.) Some
of the content of this report’ is abstracted or
paraphrased from the minutes of the ASSB meetings
(written by the author) or from other unpublished
documents (also written by the author) used as
background material for or documentation of several
meetings of an Ad Hoc Site Evaluation Committee.
All that material is available on request.

PRE-APOLLO 16 SITE
SELECTION STATUS

At the time of the Apollo 16 site evaluation, soon
after the Apollo 14 flight, there was a clear consensus
among the lunar science community that both the
Apollo 16 and 17 missions should be targeted to
highlands sites. The Apollo 15 mission had not been
flown, but the mare region adjacent to Rima Hadley
and Montes. Apenninus had been selected as the
Apollo 15 site. Only minor support existed for
another mare mission, and it was mainly limited to
the Marius Hills. That candidate site, however, be-
came largely academic when a revised launch schedule
resulted in the. Marius Hills being operationally
inaccessible, or only marginally accessible, for either
the Apollo 16 or 17 time frame.

After imposition of the operational constraints,
mainly accessibility and available photographic cover-
age, and after consideration of the scientific retum,

8National Aeronautics. and Space Administration, Wash-
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Descartes and Alphonsus emerged as the prime
highland contenders for the Apollo 16 site. It was
assumed that one of these two candidates would be
chosen for the Apollo 16 site-and that the Apollo 17
site would be chosen from another candidate list. The
Apolle 17 candidate sites under consideration at that
time are discussed, in priority order, in the following
paragraphs.

Tycho and Davy Crater Chain

No relative priority was established for Tycho and
the Davy Crater chain. The objectives of a Tycho
mission emphasized the southern highlands samples
and impact phenomena.

A mission to the Davy Crater chain had the same
general objectives as an Alphonsus mission, namely
the sampling of highlands, upland basin fill (Cayley
Formation), and rocks of “deep-seated” origin. The
site differs, however, in that (1) the Cayley is not
modified by rilles and other volcanic features peculiar
to Alphonsus, (2) the putative deep-seated material
would be sampled at a crater chain instead of at a
dark-halo crater, and (3) the highlands region (pre-
sumably pre-Embrian) was not considered asapt to be
mantled by the Cayley “volcanic™ material as that at
Alphonsus. (At that time, there was no knowledge of
the brecciated nature of the Cayley Formation as
sampled at Descartes.) It was noted that adequate
photographs of Davy did not exist and would have to -
be obtained on an Apollo 16 mission to Descartes.

Southwest of Mare Crisium and
the *’Central Highlands”

No relative priority was established for a site
southwest of Mare Crisium and the .““central high-
lands.” The Apollo 15 mission was scheduled to
overfly an extensive highlands region southwest of
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Mare Crisium. It was believed that results from
Apollo 15 X-ray and gamrma ray spectrometers would
enable determination of whether gross chemical
differences exist between the Crisium and Hadley-
Apenninus regions. An affirmative answer would
increase the priority of the Crisium areas.

The central highlands between Descartes and
Alphonsus were considered because they are expected
to contain pre-Imbrian materials. As was true for
Davy, a prerequisite to selection was acquisition of
good photographs of the region on the Apollo 16
mission. It was recognized that a potential problem
existed in using Apollo 16 photographs of either
Davy or the central hightands for an Apollo 17
mission, but it was believed that the increased interval
between flights, changed from 6 to 9 months, would
make the turnaround possible.

Gassendi

A flight to Gassendi was viewed as a central-peaks
mission with Copernicus-type objectives of sampling
highlands materials (of impact-rebound origin) and of
investigating impact phenomena. A missior to
Gassendi had the additional objective of investigation
of the crater floor, which exhibits features inter-
preted to result from isostatic rebound; also, the site
is distant from Mare Imbrium.

Copernicus Central Peaks

The Copernicus central-peaks site, previously of
high priority, was greatly reduced in priority for the
Apollo 17 mission (as it had been for the Apollo 16
mission) because Copernicus ray material had prob-
ably been sampled on the Apollo 12 mission and
because there were already three sites (Apollo 12, 14,
and 15) in the circum-Imbrium region of the Moon.

A farside site—most notably in Tsiolkovsky—was
also briefly considered. Although it was shown to be
possible, at first look, to support the mission by using
a communications relay satellite beyond the Moon, it
was believed that the time schedule for the mission
preparation was too short and that the probability of
a successful mission was less than that for a conven-
tional near-side site.

APOLLO 16 SITE SELECTION MEETING

On June 3, 1971, the ASSB met to select the
Apollo 16 site and to designate a prime candidate site

for the Apollo 17 mission. At the meeting, the ASSB
recognized both Descartes and Alphonsus as good
sites. Descartes was selected as the Apollo 16 site,
mainly for two reasons. First, more was known about
the operational aspects of a Descartes mission be-
cause, in contrast to the only recently considered
Alphonsus, Descartes had been a high-priority candi-
date site since before the Apollo 12 mission. Second,
the Descartes prime objectives (sampling the Cayley
and Descartes Formations) were independent of
Apoflo 14 and 15 results whereas an Alphonsus
mission had 2 common cbjective with the Apollo 15
mission of “old highlands™ sampling.

At the same meeting, the ASSB designated
Alphonsus as the prime candidate site for the Apollo
17 mission. (Alternatively, Descartes would have been
designated had it not been selected as the Apollo 16
site.) Alphonsus was designated partly because the
scientific arguments that had made Alphonsus a
prime candidate for the Apollo 16 site had convinced
the ASSB of the validity of the Alphonsus objectives.
More to the point, however, Alphonsus was known to
be operationally acceptable whereas all other Apollo
17 candidate sites had actual or potential problems.
First, Tycho was deleted from further consideration
because of concern about the rough terrain surround-
ing the landing ellipse. Second, the central highlands
and the Davy Crater chain were questionable because
of the necessity to rely on Apollo 16 photographs
(ie., insufficient time to create operational maps,
models, etc.). Third, Gassendi, although not fully
analyzed, appeared to be dominated by rough terrain.
Fourth, the Copernicus central peaks appeared to be
losing scientific interest. Finally, one could not count
on Apollo 15 successfully photographing a suitable
site in the region southwest of Mare Crisium; that is, a
site that was operationally acceptable and at least of
equal scientific interest as Alphonsus. This, then, was
the situation until after the flight of Apoflo 15, on
which were obtained both excellent photographs of
the highlands between Mare Crisium and Mare Sereni-
tatis and good X-ray and gamma ray data for
extensive regions along the groundirack. The next
task was to determine if suitable sites could be found
in this region.

POST-APOLLO 15 ACTIVITIES

The preliminary Apollo 15 gamma ray and X-ray
spectrometer results indicated that the highlands
region southwest of Mare Crisium is generally low in
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radioactivity and has a high aluminum-to-silicon ratio,
both thought to indicate an anorthositic highlands
crust different from that of the Montes Apenninus
region. Screening of the Apollo 15 photographs
occurred during October 1971. Six highlands-
containing candidate sites, spread between Mare
Crisium and Mare Serenitatis, were selected. Four of
those sites were subsequently eliminated for opera-
tional reasons (too far east to allow sufficient
tracking time between acquisition of signal and
powered descent initiation). The two remaining were
a “pure” highland site, designated “southwest of
Crisium,” and a combination highland-volcanic site
on the southeastern edge of Mare Serenitatis, desig-
nated Taurus-Littrow. (For a detailed discussion of
the site characteristics, see sec. 6 of this report.)

When the two new sites were added to the
still-viable high-priority candidates from the previous
site selection discussion, a total of five Apollo 17
candidate sites emerged. In alphabetical order, they
were Alphonsus, Copernicus central peaks, Gassendi
central peaks, southwest of Crisium, and Taurus-
Littrow. In December 1971, a Site Evaluation Docu-
ment was sent to 32 lunar scientists, most of whom
were either principal investigators for the Apollo 17
experiments or had been intimately involved in lunar
studies and site selection discussions. The document
included a presentation of the general scientific
objectives for the Apollo 17 mission and a discussion
of the particular attributes of the five previously
mentioned sites. Recipients of the document were
requested, first, to respond with their personal
scientific priorities for the Apollo 17 mission and,
second, to indicate how each candidate site might
fulfill all the established objectives. They were cau-
tioned against unrealistically adding new sites, were
told that there could be no dependence on Apollo 16
photographs (the constraint which eliminated Davy
Crater chain and the central highlands as candidates),
and were further presented with the following strong
caveats concerning two of the candidates.

1. The highland site southwest of Crisium is in the
highland terrain unit accessible to a Russian unman-
ned sample return spacecraft. (Luna 20 subsequently
landed in that region.) Additionally, the site is
relatively homogeneous and thus would not make
efficient use of the Apollo sampling system.

2. Most lunar scientists believe that samples from
Copernicus were obtained in ray material acquired on
the Apollo 12 mission.

The responses to the Site Evaluation Document

were considered by an Ad Hoc Site Evaluation
Committee in January 1972. A clear consensus
among respondees and the Ad Hoc Site Evaluation
Committee was apparent in terms of the following
objectives for the Apollo 17 mission (in priority
order). Each objective is discussed in more detait
below.

1. Sampling pre-Imbrian highlands as far from the
Imbrium Basin as possible

2. Sampling “young volcanics”

3. Orbital coverage

4. Traverse geophysics

5. Apollo lunar surface experiments package
(ALSEP) (high priority for the heat flow experiment)

Pre-Imbrian Highlands

Samples acquired to date had been dominated by
mare materials. Relatively much was known about
mare composition and formation but, even consid-
ering the Fra Mauro and Hadley-Apenninus samples,
relatively little was known about the highlands, which
constitute approximately 85 percent of the Moon.
Earth-based photogeologic mapping, Apollo 14 and
15 sample results, and Apollo 15 orbital data all
indicated that the highlands are complex and hetero-
geneous. These factors led to the desire to sample
highlands further, but as far away as possible from
the Imbrium Basin (the source of Apollo 14 and 15
samples and possibly some Apollo 12 samples).

Young Volcanics

The limited lunar isotopic chronology developed
to the time of committee discussion indicated that
major lunar thermal and chemical evolution may have
effectively ceased approximately 3 billion years ago.
It was thought to be important to determine whether
or not ihat theory is indeed true because the
developing models of lunar origin and evolution were
very sensitive to that assumption. The existence of
lunar materials younger than 3 billion years was
predicated on the evidence of superposition and
relative crater densities. The putative “young’ mater-
ials are generally dark and often associated with
cone-type structures or dark-halo craters thought to
be indicative of explosive volcanism. The explosive
nature itself was judged significant for two reasons.

1. Explosive volcanism may indicate a relatively
high content of volatiles in the erupting magmas; such
volatiles were lacking in samples thus far seen.
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2. On Earth, explosive volcanism sometimes
brings deep-crustal or subcrustal rocks {xenoliths) to
the surface in unaltered form.

Orbital Coverage

Orbital science coverage was discussed from two
aspects. On the one hand, there was a desire to
maximize the amount of new photography, which
meant favoring sites the orbital groundtracks of
which least duplicated those of Apollo 15 and 16. On
the other hand, it was argued that some of the new
orbital experiments on Apollo 17 (infrared radio-
meter and lunar sounder) would benefit most by
groundtracks covering both the largest variety of
features and the largest area (high-latitude sites).
There was thought to be additional merit in flying the
infrared radiometer and the lunar sounder. over
regions already covered by the Apollo 15 or 16
X-ray and gamnma ray sensors and over a number of
the circular mascon basins.

Traverse Geophysics

The Apollo 17 mission was scheduled to include
three traverse geophysics experiments: lunar seismic
profiling, surface electrical propertics, and lunaf
traverse gravimeter. Because all these expenments
were designed, basxcally, to detect layering, sites with
a high probability of havmg layering were preferred
by the respective principal investigators. The unani-
mous opinion of the Ad Hoc Site Evaluation Commit-
tee, however, was that the traverse geophysics should
not be a determining factor in the site selection;
rather, it was reasoned that after the site was selected
for other factors, one should determine how best to
use the traverse experiments.

Apollo Lunar Surface Experiments Package

A desire was expressed to emplace the heat flow
experiment in a region significantly different from
that of Apollo 15 (the only other heat flow location)
or of the planned Apollo 16 site and to avpid local
topography of a scale affecting the measurement.
Opinion was also expressed that, given a choice, the
mass spectrometer should be placed at a site that
showed a history of transient events or “recent”
volcanism. It should be noted that the decreased
priority of ALSEP-related factors in the Apoilo 17

site selection resulted mainly from the absence of the
network-type ‘experiments of previous missions {¢.g.,
passive seismometer, magnetometer, and laser ranging
retroreflector).

AD HOC SITE EVALUATION
COMMITTEE DELIBERATIONS

The candidate sites Copernicus and southwest of
Crisium generated no enthusiasm among respondees
to the Site Evaluation Document or among commit-
tee members for the reasons noted previously, All
three remaining sites (Alphonsus, Gassendi, and
Taurus-Littrow) contain highlands material, but the
Ad Hoc Site Evaluation Committee saw no obvious
way to discriminate among the highlands of the sites
regarding either age or composition. Gassendi fulfilled
the objective of being farthest from the edge of the

. Imbrium Basin (apprommately ‘1000 km), but the
‘nearest, Taurus-thtrow, was approximately 800 km

distant. The difference of approximately 200 km was
not deemed significant.'A question remained about
whether the crater wall of Alphonsus, the expected
source of highlands samples, is mantled by Cayley
volcanics. Conversely, the highland blocks at Taurus-
Littrow and the central peaks of Gassendi both
appeared to contain “clean” exposures. Between
Gassendi and Taurus-Littrow, an argument favoring
Gassendi was made in that there had been no
central-peak-type mission in the Apollo Program
whereas Taurus-Littrow was a ring-basin near-side site
similar to Hadley-Apenninus.

Young volcanics are not in evidence at Gassendi,
and a strong argument could not be made regarding
the relative value of the dark-halo craters at Alphon-
sus to the dark mantling blanket at Taurus-Littrow.
Both regions were hypothesized to contain possible
xenoliths or lavas (or both) from deep interior
regions. :

The orbital science coverage arguments were not
compelling. It was recognized that a Gassendi mission
would result in the least duplication of Apolio 15 and
16 photography and would have the positive attribute
of flying over the Orientale Basin in sunlight. How-
ever, more weight was given to the argument that the
infrared radiometer and the lunar sounder could
benefit more by the Taurus-Littrow groundtracks
because of the greater variety of overflown targets.

The Ad Hoc Site Evaluation Committee concluded
that the Taurus-Littrow site was the best candidate,
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followed by Gassendi, with Alphonsus a weak third.
The overall result was based primarily on the fact
that, in terms of sample acquisition, Taurus-Littrow
was a two-objective site (highlands, young volcanics)
whereas Gassendi was a single-objective site (central-
peak highlands). The better orbital photography
coverage for a Gassendi mission was not deemed
equivalent to obtaining a second prime sampling
objective. Alphonsus, also a duval-objective site, did
not measure up to Taurus-Littrow primarily because
of the uncertainty concerning Cayley mantling of the
Alphonsus crater wall and the superior orbital science
for Taurus-Littrow groundtracks. The ranking devel-
oped by the Ad Hoc Site Evaluation Committee, and
presented to the ASSB, was consistent with that
obtained by summarizing the 32 responses to the Site
Evaluation Document.

APOLLO 17 SITE SELECTION MEETING

The ASSB met on February 11, 1972, 1o select the
Apollo 17 site. The scientific arguments and recom-
mendations discussed in the previous subsection were
presented, followed by a presentation of the opera-
tional considerations, of which only selected high-
lights are discussed in this report.

Of the three candidate sites analyzed in detail,
Gassendi presented the most problems. Although the
terrain along the landing approach was acceptable,
the landing area itself presented problems. Outside
the nominal 3¢ landing ellipse, which was acceptably
smooth, the terrain is heavily cratered, rolling, or
contains rilles. If the lunar module were to land down
range of the nominal ellipse, it was likely that, even if
the landing were successful, the crewmen would not
be able to traverse to the prime objective (the central
peaks), particularly if there were a failure of the lunar
roving vehicle (LRV). These problems were deemed
sufficient that the NASA Lyndon B. Johnson Space
Center (JSC) considered Gassendi unacceptable as an
Apollo 17 site.

At Alphonsus, both the approach terrain and the
landing area were judged “highly acceptable,” which
was the status when Alphonsus was being considered
for the Apollo 16 site. It was also determined that in
the contingency situation of a walking mission (LRV
failure), the crewmen could reach both the crater wall
and the dark-halo crater material.

Although early analysis of the Taurus-Littrow site,
performed just after the screening of the Apollo 15
photographs, had indicated that no serious problems
were associated with the site, detailed plotting of the
landing ellipse in the valley showed that with a 90°
azimuth for the approach path and with a constraint
to avoid the sudden rise in topography caused by the
scarp, the fit of the ellipse in the valley became very
tight. Because of the increased precision available
from the Apollo 15 metric camera, however, it was
shown that even without command module landmark
tracking, the ellipse could be placed such that no
landing problem would be caused by topography.
(The westernmost part of the ellipse did include a
small portion of the landslide, but it was well within
the capability of the crew to redesignate out of that
area should they be heading toward it.) In addition,
as in the case of Alphonsus, it was determined that
the prime objective at Taurus-Littrow was achievable
on a walking mission (LRV failure), even if the
landing were made outside the nominal ellipse.

The ASSB accepted the JSC evaluation that
Gassendi was operationally unacceptable and then
focused on Alphonsus and Taurus-Littrow. It was
first noted that, although both Alphonsus and Tau-
rus-Littrow were operationally acceptable, Alphonsus
presented fewer risks. The risks were not related to
safety but to mission success. The differences in
probability of success were not quantifiable; that is,
shades of gray rather than blacks and whites were
involved. Because there were no strong operational
discriminators, the discussion returned to the scien-
tific attributes 