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Material in rare meteorites may pre-date solar system
The discovery of anomalously high pro-
portions of oxygen 16 in certain rare
meteorites has led to speculation that
these meteorites may contain remnants
of material with a separate nucleosyn-
thetic history from the bulk of the
solar system. This material appears to
be present in meteoritic inclusions that
have been analyzed1 by Robert N.
Clayton, Lawrence Grossman and
Toshiko K. Mayeda, all geochemists at
the University of Chicago, and may
represent interstellar dust grains that
somehow survived the formation of the
solar system without being vaporized
or homogenized.

If the inclusions are in fact the result
of a single nucleosynthetic event, un-
like all the other homogenized matter
—terrestrial and lunar—so far studied,
theorists would have a good chance to
test their ideas on the origin of the ele-
ments and on solar-system formation.

The Chicago group was studying the
anhydrous high-temperature phases
that occur in the meteorites known as
"C2" and "C3" carbonaceous chon-
drites. Their interest lay in studying
the condensation chemistry—the tem-
peratures at which various minerals
condensed out of the solar nebula dur-
ing the formation of the meteorite.
About half their samples were from
the Allende meteorite, which fell in
Mexico in 1969, and about half from
other C2 and C3 meteorites. In deter-

Cut surface of Allende meteorite with numerous light and dark inclusions that show ano-
malously high proportion of O16. These inclusions are composed of high-temperature sil-
icates and oxides and may have condensed directly from the solar nebula prior to incor-
poration into the meteorite, according to Robert Clayton, Lawrence Grossman and Toshi-
ko Mayeda (Chicago). The O16 component made up 1-2% of the mass of the inclusions.

mining the O18/O16 ratio, they came
upon a surprise: Chemical fraction-
ation (mass-related variations of a few
percent in reaction rates for different
isotopes) should lead to small varia-
tions in the O18/O16 ratio. But the
variations in O18 were too large, and
too little of it was present, compared

with other meteorites.
Over 25 years ago Harold Urey had

noted that chemical isotope effects are
almost linearly proportional to relative
mass differences. The Chicago group
reasoned, then, that for elements with
three or more isotopes, isotope effects
could be used to distinguish between

continued on page 20

Asymptotic freedom invoked to explain SLAC scaling
Recently many particle theorists have
come out in favor of asymptotic free-
dom instead of academic freedom, at
least in the high-energy regime. Some
workers had been looking for a way to
use field-theoretic ideas to explain the
scaling behavior found in deep inelastic
electron-proton scattering at SLAC.
These experiments, which involve vir-
tual photons, allow one to measure be-
havior at very small distances, a fea-
ture not available in normal high-ener-
gy proton-proton scattering.

Now David J. Gross and Frank Wilc-
zek1 (his graduate student) at Prince-
ton and Hugh David Politzer2 (a grad-
uate student of Sidney Coleman's) at
Harvard, have shown that there is a
class of field theories that predict phe-

nomena close to SLAC scaling. These
are genuine Lagrangian field theories
in which you could compute, in a way
essentially independent of perturbation
theory the small-distance behavior;
then you find that the strength of the
interaction goes to zero. The essential
features of the work had been discov-
ered a few months earlier by Gerard 't
Hooft at the University of Utrecht, but
he did not publish his results. In a
rough sense, such asymptotically free
theories are theories in which the in-
teractions between fields go to zero as
the spatial separation goes to zero.

One cause for all the excitement is
that with asymptotically free theories
it is actually possible to make some de-
tailed calculations. Then, too, Cole-

man and Gross have shown3 that nona-
belian gauge fields are necessary for as-
ymptotic freedom (necessary but not
sufficient, because one can build mod-
els involving nonabelian gauge fields
that are not asymptotically free). A
much more restricted version of the
same results was found by Anthony
Zee (Princeton). Such nonabelian
gauge fields have been used by Steven
Weinberg (Harvard) and others in an
attempt to unify the weak and electro-
magnetic interactions. Weinberg feels
that asymptotic freedom allows one ef-
fectively to study a region where the
strong interactions disappear so that
one can "see through to the underlying
field theory." It allows theorists to do
calculations about processes at suffi-
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redundancy, frequently, whereas usual-
ly the bubble chamber has too much
(one doesn't need ten bubbles per cen-
timeter, he notes), although not al-
ways. People criticize bubble cham-
bers because they cannot be triggered.
"The beauty of the bubble chamber is
that it is stupid; it takes everything."
Peyrou is in favor of electronic tech-
niques using non-destructive trigger-
ing. Some experimenters are using the
bubble chamber as a target instru-
ment; the energy is measured down-
stream by a spectrometer. "That
slows down the data taking," Peyrou
notes, "but maybe that's not unfortu-
nate because the analysis takes too
long anyhow." Such a technique is
being considered for CERN.

Samios, too, feels that the present
generation of bubble chambers is prob-
ably the last one. Small chambers will
continue to be used as track-sensitive
targets, he feels. They will be used in
hybrid form, as is presently being done
at NAL and SLAC. One first has a
bubble chamber and then follows it
with electronic equipment such as wire
or drift chambers. This allows very
accurate track measurements, and one
can make decisions on whether or not
to take a picture, depending on some
electronic signal. Such hybrid devices
do not require big chambers. —GBL

Meteorites
continued from page 17
chemical and nuclear processes: A
reaction that produces a two-percent
change in the O18/O16 ratio should
produce a one-percent change in the
same direction in the O17/O16 ratio.

When Clayton and his colleagues
looked at O17 abundances and plotted
a certain function of the O17/O16 ratio
versus the same function of the O18/
O16 ratio, they found their data fell on
a straight line with a slope of one, in
sharp contrast with the slope of one-
half for the line linking data points
from all other samples so far analyzed.
The result, they conclude, indicates
that different nuclear processes oc-
curred here from those in the other
samples. (Urey himself, Clayton told
us, had earlier suggested that some
meteorites might contain material
from outside the solar system. His
idea had been to search for meteorites
that had had hyperbolic orbits.)

Before they speculated on a separate
nucleosynthetic origin for the chondrit-
ic inclusions they considered what
other nuclear processes might have led
to the observed ratios. Irradiation by
protons, neutrons or alpha particles,
for example, could remove larger
amounts of the relatively unstable O17

and O18 than of the O16. But, the ex-
perimenters point out, any such reac-
tion must have equal cross sections for

the two heavy isotopes to cause the ob-
served equal fractional depletions of
both. And no peculiarities in the
abundances of other elements or their
isotopes have been observed, as might
be expected from radiation strong
enough to deplete O18 and O17 by the
observed three percent.

Alternatively the samples could be a
mixture of a component with the ordi-
nary composition and varying amounts
of some other component, highly de-
pleted in O17 and 018. This O16-rich
component might be the result of heli-
um burning or of carbon burning, in
our Sun or other stars. If it were de-
rived from the Sun, the amounts of O17

and O18 in the solar wind should be
relatively low. There is as yet no evi-
dence on the abundances of these iso-
topes in the solar wind.

Suppose that the O16-rich compo-
nent in the meteoritic inclusions did
come from outside the solar system.
Previous evidence from isotopic abun-
dance studies, Clayton explained to us,
indicated that all matter in the solar
system had passed through a stage of
complete homogenization, implying
that it had all been in the gaseous
state. Most classic theories of solar-
system evolution, therefore, have in-
cluded a vaporization stage. But,
Clayton points out, there is no appar-
ent astronomical evidence that requires
such a stage: "If you look at regions
where stars are being formed now, you
see clouds of opaque material," he told
us.

The next work to be done is to ana-
lyze the meteoritic inclusions for isoto-
pic anomalies in the other elements
present, in order to determine the
composition of the substance that ap-
parently survived the high-temperature
stage. The Chicago group expects to
have ready a microprobe that will
allow them to do elemental and isoto-
pic analyses on a microscopic scale.
They expect that magnesium and sili-
con will be among the elements found,
both of which—fortunately—have three
stable isotopes. Then, from the known
condensation temperatures of these
minerals, the temperature through
which the solar system passed can be
estimated.

Even if the isotopic composition
shows that the meteoritic inclusions
were solid grains before the formation
of the solar system, there may be no
answer to the question "How long be-
fore?". As Clayton explained to us:
"If the material we're looking at had
the kind of nucleosynthetic history
that could give us enriched O16 with-
out the other elements, it's very likely
that this event just wasn't the one that
made heavy elements, and it's the
heavy elements that are used for age
determinations." A. G. W. Cameron
(Harvard-Smithsonian Astrophysical
Observatory) is somewhat less pessi-

mistic and expects that uranium could
be present.

Cameron has invoked2 initial varia-
tions in isotopic abundance at different
parts of the primitive solar nebula as a
way of explaining apparent large time
differences in meteorite formation.
The standard methods of dating with
strontium and lead sometimes lead to
differences of the order of 107 year,s in
the ages of meteorites that should be
about the same age. Questioning
whether these age differences are real,
Cameron shows how parent and daugh-
ter isotopes could have been created by
separate events and undergone incom-
plete mixing. His estimates, however,
are of a 0.1% isotopic depletion for the
heavy elements he discusses, whereas
the observed change for the oxygen is
three percent. He also explained to us
that any predictions about the O16-rich
component would depend on whether
or not the O17 and O18 resulted from a
common (nuclear) production pro-
cess.

Urey has recently reconsidered the
fractionation question and come up
with a possible non-nuclear explana-
tion for fractionation of O16 relative to
O17 and O18 together, although he does
not consider the process very probable.
Fractionation could be photochemical-
ly induced if a narrow wavelength ra-
diation band that happened to coincide
with an absorption band for a molecule
containing O16 (but not O17 or O18)
were to hit a gas that was in incom-
plete local thermodynamic equilibri-
um. This laser-like radiation could
change the relative abundance of the
O16 quite differently from the change
caused by mass-related chemical frac-
tionation.

Relating this process to conditions in
the primitive solar nebula, Cameron
explained to us that the nebula could
have had regions where the mean free
path for photons was comparable to
the dimensions of a region with chang-
ing temperature and pressure. Acci-
dental coincidences could occur be-
tween, say, emission bands from sili-
cates and absorption bands of a mole-
cule containing O16. "How would you
differentiate between nuclear and non-
nuclear processes?" we asked. For the
nuclear processes you would expect
high relative C12 to accompany the
high O16 because all of these would re-
sult from explosive nucleosynthesis.
For the photochemical case, no such
consistent relation would be expected.
"Whatever the explanation, it's ob-
viously going to tell us some very im-
portant things about nature."

— Marian S. Rothenberg •
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