K, Fe(CN), or a,a'-dipyridyl in thio-
glycollate.

Extracts of the lunar sample were
prepared and analyzed by atomic ab-
sorption spectrophotometry. The results
(Table 1) showed that minerals con-
taining Fe—the most abundant of the
ions analyzed—were not solubilized by
water alone, but required H* or Na*.
The results are consistent with cation
exchange phenomena. The spot-test re-
sults obtained on the Type II artifacts
support the cation exchange results. The
reason for the equivocal response by
the type I artifacts to the iron reagents
is not known, but it may be that the
brown color arising around the particle
is an iron mineral at concentrations
barely detectable by the two reagents.
We believe that the higher concentra-
tions of Fe in some lunar particles may
well produce the lobular structures of
the type II artifacts.

We conclude for this sample of the
moon that there was no viable life
present. Our conclusion agrees with that
of the biological quarantine team at the
Manned Spacecraft Center, Houston.

VANCE 1. Oyama, EDWARD L. MEREK,

MELVIN P. SILVERMAN
NASA Ames Research Center,
Moffett Field, California 94035
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Micropaleontological Study of Lunar Material

Abstract. Samples of the lunar dust, rock chips, and thin sections of rocks
from Tranquillity Base have been examined by use of white light and electron
optics. In transmitted and in dark- and bright-field incident light and in the
scanning electron beam the material reveals no indication of biological morphol-
ogy. It is inferred that the lunar regolith has always been devoid of life.

The hope of finding evidence of a
preexistent biosphere, or even of stages
in chemical evolution of organic sys-
tems, on the moon began to fade even
as Astronauts Armstrong and Aldrin’s
early observations began to return to
earth from Tranquillity Base. The as-
sumption that no such evidence would
be found has been fully confirmed, at
least with respect to microorganic struc-
tures that might represent extinct or
extant microorganisms on the lunar sur-
face. The conclusion bears the limita-
tion that the lunar maria, of which the
Sea of Tranquillity is regarded as typi-
cal, are representative of the moon as a
whole during its entire history. It can
be inferred that the lunar regolith has
never possessed life and is inimical to
life.

The samples investigated in this study
consisted of the following: (i) lunar
fines (10086,8) from the bulk sample
container, sieved to various size frac-
tions; (ii) rock chips of microbrecciated
structure, from an outside chip
(10091,6) and an inside chip (10091,7),
respectively; and (iii) thin sections of
microbreccia  (10059,32; 10065,25;
10046,56; 10021,29).

The lunar dust was examined as free
powder, on the untreated surfaces of
glass slides, by normal and polarized,
transmitted, and indirectly reflected
light (dark-field illumination), and by
transmitted light on whole mounts em-
ploying various mounting media, such
as microscope immersion oil, gum
damar, and diaphane.

Rock chips were examined by scan-
ning electron microscopy after deposi-
tion of a 300- to 500-A layer of gold.

Thin sections were examined by
polarized and nonpolarized transmitted
light, by polarized and nonpolarized
direct incident light, and by polarized
indirect reflected light (dark-field illumi-
nation). (Thin sections bearing cover
glasses can be examined by transmitted
light only.)

The merphology and optical prop-

erties of discrete objects in the lunar
fines and in the thin sections of the
rocks, at all magnifications accessible
to white-light microscopy, indicate total
absence of structure that can be inter-
preted as biological in origin.

Studies of the rock chips, both of
outside and inside surfaces, with the
scanning electron microscope likewise
demonstrate complete absence of bio-
logical morphology.

It is appropriate to note that certain
of the ubiquitous glass beads in the
Apollo 11 dust, especially those of
<{10-pm size range and of spheroidal
and ellipsoidal shape, curiously resemble
microorganisms. These “pseudofossils”
occasionally appear to possess double
“walls,” owing to spherical refraction
of light around their surfaces and false
“organelles” resulting from minute in-
clusions within the glass and to minute
particles of adhering dust. Their mineral
origin can readily be determined by
optical properties in different combina-
tions of light response in the white-
light microscope.

All samples examined in this study
were virtually devoid of terrestrial con-
taminants, with the exception of occas-
sional birefringent fibers occurring in
the bulk dust sample and occasional
chemically induced artifacts within the
epoxy mounting medium of the thin
section preparations.
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