LUNAR SCIENCE

The moon;

major questions

still remain

With the first lunar sample conference
already history, the scientific study
of the moon is merely beginning

by Kendrick Frazier

Now that all the scientific papers on
the Apollo 11 moon rocks have been
reported to the research community, it
is clear the moon retains much of its
essential mystery. The imminent for-
mal publication of the findings, in a
special issue of the journal SCIENCE,
following by only a few weeks their
initial announcement at the landmark
four-day session in Houston (SN:
1/10, p. 33), tends to impart an air
of finality that does not exist.

Most of the 142 principal investiga-
tors plan to continue their studies for
the next few months, sifting their data,
seeking correlations, refining interpre-
tations. As Dr. Gene Simmons, chief
scientist for the Manned Spacecraft
Center, said at the end of the confer-
ence, “There will be many revisions in
the coming months of the things said
this week.”

And comparison with detailed
studies this year of rocks from Apollo
12 and 13 is expected to further mod-
ify the scientific findings from Apollo
11. All the Apollo 11 investigators
have been invited to continue their
work with the samples from Apollo 12
and 13, and, as one of them put it, “I
don’t know of a single one who has
turned down the opportunity.”

Despite the many uncertainties that
still abound, the Houston meeting and
the three-month period of frenetic lab-
oratory activity it climaxed will go into
scientific history books and memoirs as
a special phenomenon. a unique period
in the lives of the exuberant investi-
gators.

Dr. Robert Walker of Washington
University in St. Louis tried to describe
his emotions: a combination of physi-
cal exhaustion, intellectual excitement
and complete astonishment that, “We’re
really here. . ..”

“I'll make a bet,” he told his col-
leagues during a rare moment of relax-
ation at the conference, “that not many
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of you a year ago September really
honest-to-God believed in your heart
and soul . . . that a year later you'd
honest-to-God have the samples in
your labs.”

It was an extraordinary time for the
investigators. The historic importance
of the activity and the pace imposed by
the conference deadline, as well as the
camaraderie among members of the
teams, planted the seeds of future nos-
talgia in all the participants. It was not
uncommon, said Dr. Walker, to get
into a lively discussion at the labora-
tory on Sunday and have one person
interject, “But the observation I made
last night . . .” and have someone else
top it with, “Yes, but the ones we made
this morning. . . .”

Every participant will have a favor-
ite story about the period. Dr. Walker
tells of a scream from a woman inves-
tigator who had just peered into a
microscope at one of the lunar samples
left in his office for a few days. “It’s
a dead bug!” she exclaimed. Dr. Walk-
er and his colleagues raced to the in-
strument and found she was wrong. It
was not a dead bug but a live one,
waving its antennas at the assembled
audience. The carrier was quickly
identified as the laboratory’s canine
mascot, sitting in the corner scratching.

The purpose of the meeting, how-
ever, was not to tell funny stories but
to report findings of the scientific study
of the first samples of another object
in the solar system ever returned to
earth by man. and to try to draw what-
ever conclusions might be possible
about the origin and history of the
moon.

The most important finding was per-
haps the least surprising one: the pin-
pointing of the age of the moon at 4.6
billion years, nearly identical to the
known age of the earth and of the solar
system itself as shown by the dating of
meteorites.

S. 0. Agrell
Microminiature lunar landscape is revealed on sample.

The age determination comes from
various types of analysis of the fine
lunar soil. But the age of the igneous
rocks brought back from the Sea of
Tranquility by the Apollo 11 astronauts
turns out to be a billion years young-
er, about 3.6 billion years. This is the
time span not from the initial forma-
tion of the components of the rocks,
but from the crystallization of the
rocks themselves, when they locked into
their final, permanent composite min-
eral structure.

This is a tantalizing, if incompletely
understood, clue to the moon’s early
history. It means that some major event
apparently occurred on the moon about
3.6 billion years ago, producing enough
heat to cause widespread, deep melting
and differentiation of the rocks now
found on the surface.

The crucial question is whether
the source of the heat was internal or
external. Internal eruptions causing
general melting can be a result of the
initial heat imparted to the moon by
the gravitational energy of the material
that accumulated to form it, or of the
decay of radioactive minerals in the
interior. There are a number of sophis-
ticated computer calculations of the
temperature history of the moon. They
show that, depending on what one as-
sumes for the initial temperature and
radioactivity content of the moon, a
period of intense melting could occur
at practically any time in the last 4.6
billion years.

But the possibility also exists that the
melting of the moon’s upper layer was
caused by a massive general bombard-
ment of meteorites about 3.7 billion
years ago. An event caused either by
meteorite impact or internal heating
could have melted a significant portion
of the moon, says Dr. Gerald J. Was-
serburg of the California Institute of
Technology.

If it was due to a general meteorite
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bombardment, the implications multi-
ply. The oldest rocks found on earth,
for instance, crystallized about 3.6 bil-
lion years ago. Since the earth presum-
ably would have been subjected to the
same massive meteorite barrage that
affected the moon, several scientists,
including Dr. Wasserburg, suggest that
the impacts might also have erased the
earth’s geological record from 3.6 bil-
lion years on back.

There is no evidence, other than
this coincidence in time, for such a
mutual catastrophic event reworking
the surface of the earth and moon
simultaneously. But although caution
was usually urged, speculation was not
always discouraged.

Dr. Robert Jastrow, director of the
Goddard Institute for Space Studies in
New York City, observed that no prim-
itive life forms older than about 3.4
billion years have been found on earth
(SN: 11/15, p. 445). He suggests that
such a major meteorite bombardment
might have destroyed pre-existing life
forms and that life on earth actually
once dated from closer to the planet’s
origin 4.6 billion years ago than is now
presumed. “Chemical evolution,” he
says, “may have begun over again.”

Evidence pointing away from such
an event may already be in hand in
the form of the Apollo 12 rocks, which
have in preliminary study been dated
at about 1 billion years younger than
those from Tranquility Base. This pre-
liminary data, says Dr. Frank Press of
the Massachusetts Institute of Tech-
nology, “does not prove, but suggests
that there may be nothing unique about
the 3.6-billion-year figure either here
on earth or on the moon. It indicates
that we will have other kinds of dates
that will show up as we go to different
places.”

Much of the information in hand as
a result of Apollo 11 concerns lunar
mineralogy and petrology. The re-
turned surface rocks consist largely of
the minerals pyroxene, ilmenite and
plagioclase, with lesser amounts of
such minerals as olivine, troilite and
cristobalite. These same minerals with
somewhat analogous textures are com-
mon in basic igneous rocks found on
earth.

One major difference, though, is in the
proportions of the minerals. In the
lunar samples the pyroxene is most
abundant. In terrestrial basalts plagio-
clase commonly equals or exceeds py-
roxene in abundance. Both minerals
are silicates, composed of silicon and
oxygen in combination with certain
metals.

A second striking difference is the
abundance of ilmenite, a mineral rich
in titanium and iron, reflecting the
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large concentrations of those elements
found on the moon. The lunar rocks
are also totally water-free and lacking
in ferric ions, iron atoms with a va-
lence of plus 3, whereas in terrestrial
basalts both ferric iron and combined
water commonly approach or exceed
one percent of the weight.

Basalts from the ocean crust, ridges
and rises on earth contain approximate-
ly the same amounts of magnesium,
calcium, potassium, phosphorus, uran-
ium, thorium, yttrium and ytterbium as
do the lunar samples, but far less iron,
titanium, barium and zirconium, and
higher concentrations of silicon, alum-
inum and sodium.

Thus even when compared to their
closest analogue on the earth, the moon
rocks show significant differences. in-
dicating a decidedly different history of
geochemical evolution. Variations in
ratios such as aluminum/calcium, sili-
con/magnesium, sodium/potassium and
in amounts of titanium and phosphorus
point up the diversity of the igneous
processes that have produced the rocks
of the earth and the moon in their
present form and composition. The
major process in operation on the
moon seems to be the crystallization of
silicate melts in a highly reducing (oxy-
gen-depleted) environment.

These essential differences lead Dr.
A. E. J. Engel of the Scripps Institu-
tion of Oceanography and others to
emphasize that a variety of igneous
processes are probably responsible for
formation of all planetary igneous
rocks. Deciphering earth-moon origins
will not be easy.

The moon promises to be a rich
and varied place for scientific study of
the solar system, with many secrets yet
to be unfolded and with many pitfalls
for the incautious investigator who
tends too casually to apply his earth-
based assumptions to understanding the
characteristics and history of the similar
but different lunar surface.

“It seems to me that lunar geology
is something which is quite distinct,”
says Dr. S. O. Agrell of the University
of Cambridge, England. Clinging to
earthly geology is like wearing a spe-
cial kind of blinders, he says, which do
not allow the scientist to be imagin-
ative enough.

Dr. Harold Urey of the University
of California at San Diego suggests
one further step. Concerned that sci-
entists studying the moon need to be-
come more intellectually adaptable to
new ways of thinking, he proposes
“that we consider the study of the
moon selenology and not geology. It
is important that we realize we are
working with a distinctly different
object.” a
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